O6J1ikoBa KapTKa [IiP

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0217U002116

Jep>kaBHUH peecTpauiliHUI HOMeP: 0115U001469

Oco06J1uBi TO3HAYKHU: Binkpura

JaTa peectpamnii: 19-01-2017

II. Etran BukoHnauus JiP
Homep eramy: 2

HasBa €TaIy. MarHiToONnTUYHi JOCTIPKEHHs 6/1M3bKO PO3TallOBAaHUX KBAHTOBUX SIM, OJIHA 3 KOTPUX MiCTUTb

PO3YMHEHMI MArHiTHUI HaIIBIIPOBITHUK, & Apyra HEMarHiTHUM; BOCIiI)KEHH HAHOTPAHYIbOBAHUX ILJIiBOK.
IToyaTok eTamy: 03.2016
3akiHyeHHs eTamy: 12.2016

Buz 3BiTHOrO AOKYMEHTA: [IpoMiKHMIA 3BiT

I11. BizomocTi npo BukoHaBus JIiP

IloBHe HaliMeHYBaHHSI IOPUAUYHOI 0co0H (ado ITIB ¢izuyuHOi 0c00H): IncTuTyT disnkun HAH
YKpainu

Kopg 3a €IPIIOY: 05417302

Micue3Haxoa KeHHS:

dopma BaacHoOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudgikarop ROR: He zacrocosyerscs

Poamip opranisarii:

Tenedon: 525-12-20

IV. BimomocrTi nnpo criiBBUKOHaBIIiB [IiP



V. BimomocrTi npo 3amoBHHKa [IiP

IloBHe HaliMeHyBaHHS IOPHAHYHOI 0coou (a6o ITIB PpizuuHO0i 0c06H): HaujoHanbHa akasemis Hayk

Ykpainu

Kopg 3a €EIPIIOY: 00019270

Micue3HaxoaKeHHS: ByJI. Bononumupceka, 54, M. Kuis, KuiBcbka 061, 01030, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujoHanbHa akazemist HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

Poamip opranisanii:

Tenedon: 380442396594

VI. I>kepeJia, HanpsiMHu Ta oocsiru pinaHcyBaHHs JIiP

IlincraBa ojist npoBeaeHHs [iP: 34 - norosip (3aMOBJIEHHS) 3 IEHTPaTbHUM OPraHOM BUKOHABYOI BIajy,

akazemielo HaykK (TOJIOBHUMM PO3NOPSIHUKAMU OI0pKETHUX KOWITIB Ha TposefeHHs HIIJIKP)

Hampsam (l)iHchyBaHHﬂ: 2.1 - pyHIaMeHTabHI JOCIIIPKEHHS
I>kepesia piHaHCYBaHHS

7713 - KOWTH ep>KO0I0A KeTy

Kopg, nporpamuoi kinacudikanii BupaTkis i KpegurysaHHs (KITKBK): 6541030

dakTHyHHi 06car ¢piHaHCYBaHHS (THC. IPH.): 85




VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

JocigpKeHHs CYUiJIbHUX i TPaHYJIIPHUX MarHiTHUX HAHOIUIIBOK i BOBUMIPHUX CTPYKTYP, aKTYaJIbHUX JJIS1 331124

CITIHTPOHIKMU.

Ha3sBa po60oTH aHIJIiHCBHKOIO:

The study of continuous and granular magnetic nano-films and 2D structures that are urgent for spintronics tasks.

Pedepat yKpaiHCBKOIO:

JocnigkeHi eKCUTOHU Y IOABIHUX HAMiBIPOBiIHUKOBUX KBAaHTOBHUX siMax (QW), 0[lHa 3 SIKUX BUTOTOBJIEHA 3
MarHitosmilmanoro (HaniBMarHiTHoro) HamniBnposinHuka, Cdl-xMnxTe, a gpyra 3i 3Bu4aiinoro, CdTe, 3a ymoB
eHeprii poTo-30yA>)KeHHs B OKOJIi €HePrii 6ap'epy, SIK Aello BUlle TaK i gemio Hwkye Hei. [Iupuna Cdl-xMnxTe QW
(15 uMm) 6y71a nocTiiiHOMO, B TOH 4ac, sik y CdTe QW 3minHoBanacs Bif 3.9 no 9.1 um. lllupuna 6ap'epy craHoBuna 1.9
HM, BMicT ioHiB Mn, "X", y HaniBMar#iTHII QW ctaHoBuB 0.05. BcTaHOB/IEHO, 110 32 LIMX TapaMeTPiB, B OKOJII
mrpuHy CdTe QW 9 M, BojHOYAC 3 iHTeHCHBHOIK ¢doTomoMiHecleHuielo (PJI) npsiMux eKCUTOHIB i TPioHiB,
sokanizopanux y CdTe QW, npu NpyKIIafaHHi MarHiTHOTO IOJISI CTAIOTh CIIOCTEPEXXYBAaHUMU i pO3TOPSIIOTHCS 3i
36inbLIeHHSIM 110714 e ABi iHii ®JI, omHa 3 SKuX MoB'sI3aHa 3 IPSIMUMU €KCUTOHAMH, JIOKasi3oBaHuMmu y Cdl-
xMnxTe QW, a gpyra 3 HelpsSIMUMHU B SIKMX €JIEKTPOH IIPOBiTHOCTI jioKasnizoBaHuil y CdTe QW, a Baxkka Aipka, y
Cd1-xMnxTe QW. I1pu upomy ®OJI HENPSIMUX EKCUTOHIB CIIOCTEPIraeThCs 32 YMOB, KOJIM BOHU HE € HAaHIDKYMMU
€KCUTOHHUMMU 30yIPKeHHSIMU y cucTeMi. B okosni mupunu CdTe QW 6.8 HM criocTepeskeHi MPosiBU 3MilllyBaHHS
ctaHiB npsmoro Cd1l-xMnxTe eKCUTOHY i HEIIPSIMOTO €KCUTOHY BKa3aHOI'O TUILY B OKOJIi lepeTUHAHHS
MAarHiTOIIOJIbOBUX 3aJI€XKHOCTEN ix eHepriil. [1j1s1 aHcaM6J110 HAHOTPaHYJIIPHUX OJHOJAOMEHHUX HAHOYACTUHMK 3
CUJIBHOIO aHI30TPOMIEI0 TUITY "JIETKA MJIOMUHA" i BiTHOCHO C1a0KOI0 BHYTPILIHbO-IIJIOIMHHOIO, MIX SKMMH iCHye
(depomarHiTHa B3a€MO/Iis OOMiHHOTO THUILY, KOTPa BeZie 1O YTBOPEHHS Cylep(pepOMarHiTHOTO BIOPSAKYBAHHS,
3anpoIioHOBaHa Moaudikalis npouenypu po3paxyHky MonTe-Kapso (MK) 3 anroputmom MeTtpornosica. Bona
I03BOJIMJIA CKOPOTUTHU HeobxigHe yncao MK itepaliil i KOpEKTHO po3paxyBaTy KOEPLUTUBHY CUJY IIPU
HaMarHivyBaHHi IUIiBKY y IJIOMKHI, B3JOBX OCi HAaWJIETIOro HaMarHiyyBaHHs, B 00J1aCTi TEMIIEPATyp HIKYMX 32
TeMIepaTtypy 6J10KyBaHHs, Tb, i 32 yMOB, KoJI1 TeMIIEpaTypa epexoiy y cyneppepoMarHiTHU CTaH CyTTEBO BUIIA
3a Tb. Pe3ynpTaTii MOXYTb 6YTH BUKOPUCTAaHI IpYU CTBOPEHHI IPUJIA/liB CIIIHTPOHIKY 3 BUKOPUCTAHHSIM IOABIMHUX
QW, a kpiM TOro Ipu po3pood1Li PyHKIIOHATBHUX €JIEMEHTIB HA OCHOBi HAHOTPAHYJISIPHUX ILJIiBOK, BOHU MOXYTb
TaKOX OYTY BUKOPMCTaHHIi B y400BOMY IIPOLIEC] [1JIs1 ONIMACY MPOLIECIB Y HaMiBIPOBiZHUKOBUX QW, 11pu

iHTeprperaljii IOHATTA "cynepdepomarHeTusm" HAaHOCTPYKTYP.

Pedepar aHIJ1iiCBKOIO:

Excitons in double semiconductor quantum wells (QW) are researched. One of these QWs is made of a
magnetically-mixed (semimagnetic) semiconductor, Cd1-xMnxTe, and the other from the ordinary one, of CdTe.
Magneto-optical investigations are fulfilled in the conditions of the energy of photo-excitation in the vicinity of the
energy barrier both slightly higher and slightly below of it. We used a constant width Cd1l-xMnxTe QW (15 nm),
while the width of CdTe QW varied from 3.9 to 9.1 nm. Barrier width was 1.9 nm, the content of Mn ions, "x", in the
semimagnetic QW was 0.05. It was found that along with intensive photoluminescence (PL) of the direct exciton
and the trion, which localized in CdTe QW, are observed and ignite with the field two more PL line for case of the
width of the CdTe QW 9 nm when the magnetic field is applied to structures with these parameters. One of these
lines is connected with direct excitons that are localized in Cd1-xMnxTe QW and the second one with the indirect
excitons in which a conduction electron is localized in CdTe QW, and the heavy hole in Cd1-xMnxTe QW. The PL
of the indirect excitons is observed in this case in conditions where they are not the lowest excitonic excitations in
the system. The manifestations of mixing of states of direct exciton in Cdl-xMnxTe QW and the indirect ones of
above-mentioned type was observed in the region of the intersection of the dependencies of their energies from



the magnetic field in the region of the 6.8 nm width CdTe QW. It is proposed a modification of the calculation
procedure of the Monte Carlo (MC) with the Metropolis algorithm for the calculations of the magnetization
reversal in the ensemble of the nanogranular single-domain nanoparticles with strong anisotropy of the "easy
plane" and relatively weak one in-plane, between which there is a ferromagnetic exchange-similar interaction,
which leads to the formation of superferromagnetic ordering. This modification gives the possibility to reduce the
required number of MC iterations and correctly calculate the coercive force for the case of the magnetization
reversal in a plane along the axis of easiest magnetization at temperatures below the blocking temperature, Tb,
and under conditions where the temperature of the transition to superferromagnetic state is significantly higher
of Tb. The results can be used to create spintronic devices using double QW, and, in addition, for the design of the
functional elements on the basis nanogranular films. They can also be used in the educational process to describe
phenomena in semiconductor QW, and for the interpretation of the concept of "superferromagnetizm" of the
nanostructures.

Inpexc YIK: 548:537.611.44, 548:537.611.46

Koau TemaTHYHHUX PYOpPHK: 29.19.39

KepiBHHUKH po6OTH

BiacHe IIpizBuie Im'sa I10-6aThKOBI: Pa6uenko Cepriit MuxaitnoBud
HaykoBHH CTYIiHb:

Buene 3BaHHS:

InenTudikarop ORCID ID:

JonaTkoBa iHdopmarist:



VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zga HTII yKpaiHCBKOIO: HoBi METO/MKYM CIIOCTEPEKEHD HEMPSIMUX EKCUTOHIB Y TIOABIHNX KBAHTOBUX SIMaxX
i xapakTepu3alii aHcam6J1iB MarHiTHUX rpaHyJ 3 OPi€EHTOBAHOIO aHI30TPOIi€I0 OGHOBICHUX HAHOYACTUHOK Y

HaHOTPaHYJIIPHUX (EPOMarHiTHUX IJIiBKax.

Hassa HTII aHr/1ificbKOI0: New technique of indirect excitons observations in double quantum wells and
characterization of the ensembles magnetic granules with oriented uniaxial anisotropy of nanoparticles in nano-
granular ferromagnetic films.

HTII, aKy nepenba4asiocss CTBOPHTH:
IIpuunnu, yepe3s saki HTII ne 6ysio cTBOpeHoO:
OTpumaHi pe3yJbTaTH:

l'anyss 3acTocyBaHHS: 72.19

PeectpanifiHuii HOMep KapTKH TEXHOJIOTIi:

Omnuc HTII: Tema Briouae criocrepeskeHHS HEMPIMUX EKCUTOHIB Y MO/IBIHIM KBAHTOBII IMi 32 yMOB, KOJIM BOHU
He € HalHWKYMMU 30y I)KeHHSIMU Y CUCTeMI a TaKOK KOMII'I0TepHEe MOIeII0BaHHS MeTofoM MoHTe-Kapio
MarHiTHUX I'PaHyJISIPHUX IUIIBOK 3 OJHAKOBO OPi€HTOBAHOIO MarHiTHOIO aHi30TPOIIi€I0 Ta i3 MIXXTPaHyJIbHOIO
B3a€MO/Ii€10, KOTpa BELE [0 B3AEMHOTO BIIOPSAAKYBAaHHS HAIPSMKIB MarHiTHUX MOMEHTIB IpaHyJl. Pesysbratu €

BYXJIMBUMU 7151 Pi3YHMX OCHOB PO3POOKM HOBUX CTPYKTYP, IIEPCIIEKTUBHUX [J151 32CTOCYBaHb Y CIIHTPOHILI.
ConiaibHO-eKOHOMIYHA cnpsamoBaHicTe HTII:
Bnyins HTII Ha moBKiJjs:
BrnpoBagskeHHs HTII: He snposamxkeHo
ITpakTuyHa peasnizanis HTTI
IToyaToK eramy: 10 pokis.
3aKiHYeHHs eTamy:

Cno>kuBavi NpoayKIii: lucruryr ¢isuku HAH Vkpainu; InctutyT ¢disuku HaniBnposigaukis HAH Vkpainwy;
®i3uKo-TexHIYHUIM iIHCTUTYT HU3bKUX TemnepaTyp HAH Ykpainu; loHeubkuii ¢pisuko-TexHiyHuil incrutyt HAH

Ykpainu; Incrutyt marnetusmy HAH Ykpainu Ta MOH YkpaiHu, KJ1aCU4YHi YHIBEPCUTETH.
IlepcrieKTHBHI PUHKH: Vkpaina, €spomna, CIIA.
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IloTpiOHMI 006CAT iHBECTHILiM, THC. TPH.:
IIpaBa, 0 HaAAIOTHCS iIHBECTOPY MiCJIsA 3aBEpPLIEHHs POOOTH:
HasaBHicTb Oi3Hec-IJIaHY:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:
IloTeH1iaIbHUE 0OCAT IIPOAAIKY, THUC. TPH..
OuiKkyBaHHI TepMiH OKYIHOCTI (POKiB):

HoparkoBa iHdopmamist:



IX. Bi6sriorpadiuHuii onuc

V.M. Kalita, M.M. Kulyk, S. M. Ryabchenko, Hysteresis, critical fields and superferromagnetism of the film with
perpendicular anisotropy, J.Magn. Magn. Mater., v. 411, 18-28 (2016); B.M. Kanura, H.H Kynuk, C.M. Ps6ueHKo,
"MomnTte-Kapio pacuer (pa3oBbIX NEPEXO0OB B CyNeP(PEPOMArHUTHOE COCTOSIHNE 1 KO3PLUTHUBHOM CUJIbI B
aHcambiie o6MeHHO-B3amozelcTByomux CtoHep-BonabdaproBekux yactuy', ®HT, 43, N23, (2017) (nmpuiiHaTa 1o
IpyKy); M. M. Kulyk, V. M. Kalita, S. M. Ryabchenko, Phase transitions and coercivity of blocked superparamagnetic
and superferromagnetic states in the ensemble of Stoner-Wobhlfarth particles. The Monte Carlo simulation,
International research and practice conference "Nanotechnology and Nanomaterials" (NANO-2016). Book of
Abstracts, 542. Lviv, 2016; C.M. Pa6uenko, O.B. Tepneubkuii, B.J1. Cyrakos, I'.B.Bepuumaxa, O.ITepeueHko, G.
Karczewski, EkcuToHu y TyHesibHO-3B's13aHUX KBaHTOBUX siMax CdMgTe /CdTe /CdMgTe /CdMnTe/CdMgTe, VII
YKkpaiHcbKa HaykoBa KOHQepeHLis 3 ¢izuku HaniBnposigHukis, YHKOH-7, [uinpo, YkpaiHa, 26 - 30 BepecHs 2016,
Tesu gonosigeit; 1.I'. KoBanbuyk, C.M. Psi6ueHko, A.B. Bognapyk, B.M. Kanurta, O.1. ToBcTonutkis, A.I'. Binoyc,
Hu3zbko4yacTOTHI 0CO6JIMBOCTI MarHiTHOI CIIPUIHATIMBOCTI HAaHOYacTHHOK LSMO, V HaykoBa KoHdepeH11is
"Hanopo3amipHi cucremu: 6yoBa, BaactusocTi, TexHodiorii’ (HAHCHIC-2016), Kuis, YkpiHa,1-2 rpygns 2016, Te3u
monosinei, c.71; C.M.Psg6uenko, M.M.Kynuk, B.M.Kanura "MartitHi B1acTuBOCTi cynepdepoMarHiTHOro crany
IJIiBKY 3 IIepIIeHIUKYJISIPHOIO aHizoTponiew”, V HaykoBa koHpepeH1is "Hanopo3mipHi cuctemu: 6y10Ba,

BjactuBocTi, TexHosorii" (HAHCHC-2016), Kuis, Ykpina,1-2 rpynns 2016, Te3u pomnosigei, c.14.

X. 3aKkJII04Hi BiZzoMoOCTi

KepiBHUK I0pUIUYHOL 0COOH Auenko Jleowin IleTposn

IlepeJtik 0Cci0O-BHKOHABILiB
boupap OsnekcaHnp BacunboBud
Kanura Bikrop Muxainnosuy
Kynuk Mukosa MukosiaeBu4
Jlozenko Anb6epT Penoposud
Psa6uenko Cepriit Muxannosuy
Tepneubkuin Osier BaieHTHHOBUY

YopHomopenb Hazis GenopiHa

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB
Tenedpon

PeecTpaTtop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peeCTpallilo HayKOBOi

OisIIBHOCTI




