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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

MarHiTHi BJIaCTUBOCTI ME30CKOIIIYHUX CUCTEM 13 BHYTPIIIHIMU CTYIIEHSMMU BiJIbHOCTI

Ha3sBa po6oTH aHIJIilICbKOIO:

Magnetic properties of mesoscopic systems with internal degrees of freedom

PedepaT ykpaiHCbKOIO:

O6’'eKTOM OCIiIKEeHHSI HAYKOBO-A0CAiTHOI pOGOTH € MarHiTHi CUCTeMU CKJIafieHi 3i CKiHUeHHOI KibKOCTi
B32€EMOJ{I0YMX aTOMIB Y BUPOJI’KEHUX 6araTouaCcTUHKOBUX KBAHTOBUX CTaHAX ileasbHUX rasis, MigIopsaKOBaHUX
craructuui boze-EftnmTeiina a6o ®epmi-Jlipaka, 3axomnaeHux B rapMOHIYHUX MTOTEHITiasaX ONTUYHUX MACTOK JIJISI
HEWUTpaJbHUX aTOMiB. MeTOI0 pOOOTH € BUSIBJIEHHS IPOSIBIB CKIHUYEHHO] KiJIbKOCTi aTOMIB y TEPMOJMHAMIYHUX
XapaKTepUCTUKAaX ra3iB, BIOCKOHAJIEHHS TOYHOCTI TEOPETUYHOTO aHAai3y 3a JOIIOMOTrOI0 CY4YaCHUX YACEJIbHUX
QJITOPUTMIB MOJIEKYJISIDHOI AMHAMIKY, TOYHOI JliaroHasi3alii raMisIbTOHiIaHiB. MU PO3IJISIHYJIN MEXi 3aCTOCOBHOCTI
HaMiBKJIACUYHOTO Nifgxony. [y uboro 6ysiy nobynoBaHi TOUHI TeMIlepaTypHi 3a/1€’KHOCTI XiMIYHUX IOTEHIiaiB y
CHUCTEMaX, 0 CKJIAJAI0ThCS 31 CKIHYEHHOI KiJIbKOCTi 3aXOIVIEHUX aTOMiB. JI71s ra3y 3i cratuctukoo ®epmi mu
IIPOJ€EMOHCTPYBAJIY BiIXWUJIEHHS B 3HAU€HHAX eHeprii GepMi, 1[0 MOXOIATh Bif] IUCKPETHOI CTPYKTYpU CHEKTPA, i
[I0Ka3aJly, 1J0 BOHU 3'SIBJISIIOTHCS JIULIE [17151 HEBEJIMKOI KiJIbKOCTi YaCTHUHOK. JI7151 603€-ra3y CIIoCTepeskeHe
XapaKTepHe IOM'SKIIEHHS 0COOJINBOCTEN (pa30BOro NepPExoy, 0 KOHTPACTYE 3 HAlliBKJIACUYHUMU [TPOTHO3aMHU Ta
aHaJIOTiYHUMU HabJIMKEeHHSIMU. MU 3alIpONIOHYBajIi TOYHY METOOJIOTII0 BUSHAYEHHSI [T0IIPABOK 10 KPUTUIHOI
TeMIIepaTypH Yepe3 CKiHUeHHY KilbKiCTb aToMiB. BomHOYac 3a3Ha4nMO, 1110 KOHIEMNLis (pa3zoBOro nepexomny B LUX
CHCTEeMax He € CIIPaBeJJIMBOIO0 B CTPOTOMY CEHCI uepes IIJIaBHMI XapaKTep YCiX TEPMOAUHAMIYHUX QPYHKLIiM.
OTpuMaHi pe3ysbTaTy € LiHHMMU 3 TOYKY 30PY TEOPETUYHUX ITiIXOMIB i EKCIIEPUMEHTIB, CIIPSIMOBAHUX HA TOYHE
BU3HA4YEHHS 3MiHU TeMIIepaTypu Nepexofy B c1ab0B3aeMOiHNX 603€e-ra3ax. YIOCKOHAIIOYX ONUC CUCTEM 3i
CKiHYEHHOIO KiJIbKiCTIO YaCTMHOK, MO>KHA JATH TOYHIlLI TPOTrHO3H 100 BILJIMBY €(EeKTiB B3aeMOIii B CUCTEMAX 3
XOJIOIHUMU aToMaMu. Lle akTyasbHO 3 OIJIsiNy Ha OCTaHHI PO3POOKU B TEOPETUYHUX i €KCIIEPUMEHTAJIbHUX

MigXomax y Ui ramysi.

Pedepar aHIJIiHCBKOIO:

Magnetic systems composed of a finite number of interacting atoms in degenerate multiparticle quantum states of
ideal gases subject to Bose-Einstein or Fermi-Dirac statistics, captured in harmonic potentials of optical traps for
neutral atoms are the object of the research work. The purpose of the work is to identify the manifestations of a
finite number of atoms in the thermodynamic characteristics of gases, to improve the accuracy of theoretical
analysis using modern numerical algorithms of molecular dynamics, and to accurately diagonalize Hamiltonians.
The limits of applicability of the semi-classical approach is considered. For this purpose, precise temperature
dependences of chemical potentials in systems consisting of a finite number of trapped atoms are constructed. For
a gas with Fermi statistics, the deviations in the Fermi energy values originating from the discrete structure of the
spectrum are demonstrated. It is shown that they appear only for a small number of particles. A characteristic
softening of the features of the phase transition is observed for the Bose gas, which contrasts with semiclassical
predictions and similar approximations. The accurate methodology for determining the corrections to the critical
temperature due to the finite number of atoms is proposed. At the same time, it is noted that the concept of phase
transition in these systems is not correct in the strict sense due to the smooth nature of all thermodynamic
functions. The obtained results are valuable from the point of view of theoretical approaches and experiments
aimed at the exact determination of the transition temperature change in weakly interacting Bose gases. By
improving the description of systems with a finite number of particles, it is possible to make more accurate
predictions about the influence of interaction effects in systems with cold atoms. This is relevant in view of the
latest developments in theoretical and experimental approaches in this field.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zga HTII yKpaiHCBKOIO: T€Opisi MarHiTHUX CUCTEM, sKi CKJIA[AI0THCS 3i CKIHYEHHOTO YMCTIA B3AEMOAIIOUNX
aTOMiB y BUPOJIKEHUX 6araTo4aCTUHKOBUX KBAaHTOBUX CTaHAX ifleasbHUX rasis, MiANOPsIKOBAaHUX CTaTUCTHULI Bo3e-
Eftnmrerina a6o ®epmi-Jlipaka, 3aX0MieHUX y FapMOHIYHUX IIOTEHI[ialax ONTUYHUX IIACTOK 71 HEUTPAJIbHUX

aTOMIiB.

Hazpa HTII aHrsifchKoI0: the theory of magnetic systems consisting of a finite number of interacting atoms
in degenerate multiparticle quantum states of ideal gases subject to Bose-Einstein or Fermi-Dirac statistics
trapped in harmonic potentials of optical traps for neutral atoms.

HTII, sixy nepezn6a4asiocsi CTBOPUTH:
Ipuyunu, yepes siki HTII we 0yJi0 cTBOpeHo:
OTpumaHi pe3yJIbTaTH: Martepianu, MeToau, Teopii

l'asy3p 3aCTOCYBaHHS: KiGepHeTrKa, KOMITIOTEPHI TEXHOJIOTI, KOHCTPYIOBAaHHSI KBAHTOBUX KOMITIOTEPIB Ha

KybiTax
PeecTpanifiHuil HOMep KapTKH T€XHOJIOT1ii:

Onuc HTII: xoportkuit onuc HTTIL: Bysio no6yn0BaHO TOYHI TEMIIEPATYPHI 3aJI€)KHOCTI XiMiYHUX [TOTEHIIiaIiB ¥
CUCTeMax, 10 CKJIAJAI0ThCS 31 CKIHUEHHOTO YMCJla 3aXOIJIeHNX aToMiB. [lis ragy 3i ctaructukoro Gepmi 6yso
IIPOJIEMOHCTPOBAHO BiIXMJIEHHS B 3HaY€HHX eHeprii Pepmi, o MoxonsaTh Bifl AMCKPETHOI CTPYKTYPH CIEKTPA, i
II0Ka3aHo, 1110 BOHU 3'SIBJIIOTHCS JIMLIE 711 HEBEJIMKOTO YMCJIa YaCTUHOK. JI71s1 603e-ra3y ClocTepeskeHe
XapaKTepHe IOM'SKIIEHHS 0COOJINBOCTEN (pa30BOro NepPexoy, o KOHTPACTYE 3 HAliBKJIACUYHUMU [TPOTHO3aMHU Ta
QHAJIOTIYHUMU HAOIMKEHHSIMU. ByJ10 3alIpONIOHOBAHO TOYHY METOM0JIOTiI0 BUBHAYEHHS IOITPABOK [0 KPUTUYHOI
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ITpakTuyHa peasisanis HTTI
IloyaTok eramy:
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