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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:

Mertolo nocmimkeHHs 6y10 OOy IyBaTH Cy4acHi YMCeIbHI alTOPUTMY, 1[0 CITPOMOJKHI 3 TOCTaTHBOIO TOYHICTIO
ONnuCyBaTH 6araTOYaCTUHKOBI CTAHU Ta MArHiTHI BJIACTUBOCTI ME30CKOIIYHMX CUCTEM, a TAKOXK Ha/laBaTU
MOXJIMBICTb IlependadaTy HU3Ky HoBUX QisnuHux edekTis. Po3pobyieHo MeTo, BapiallifiHOi onTuMisalii
HECKIHYE€HHMX [TPOEKTOBAHMX CTaHIB 3aIlJIyTaHO]I [Tapyu Ha CTUILHMKOBIN IparLi. MeToz 3aCHOBaHMN Ha
aBTOMATU4YHOMY AudepeHLil0BaHHI TPy IepeHOPMYBaHHS KyTOBOI MaTpulli nepexony. [Tigxin 3acTocoBaHo 10
aHTudepomarsiTHoi mogesi ['eitzen6epra 3i criinom -1/2 i pepomarniTHoi mozesi KutaeBa Ha CTiZIbHUKOBIH I'paTL.
Po3pob6sennii popmaism ae KijlbKiCHO TOYHi pe3yJIbTaTU [JIsl OCHOBHUX (i3MUHUX CIIOCTEPEXKYBaHUX i Mae
HeOoOXigHU MMOTeHIjal 1J1s NOJa/IbIIMX PO3LIMpPeHb. Lle mocnimkeHHsl Mae Ha METi BCTAHOBUTH, YU MO>XKYTb iHIII
e(eKTUBHI METOIX CKOPOYEHHS Ha iHIIMX I'PAaTKaxX NPU3BECTH [0 CTAbiIbHOTO BapialliiiHOrO OHOBJIEHHS 3
rpajiieHTaMy, OTPMMaHNMMU 32 IOIIOMOTI0I0 aBTOMAaTUYHOTrO nudepeniioBanHsl. Lle nocifkeHHs 30cepeKeHo Ha
y3arajibHEHHi MiX04y rpyIy IepeHOPMYBaHHS KYTOBOI MaTpULi IIEPEHOCY [0 TEH30PHOI MEPEXKi CTIILHMKOBOI
rparku. lle mociimpKeHHs BiIKpUBae KijlbKa HalPSIMKiB MalOyTHIX JOCiIKEHb. AJITOPUTM MOXKE OYTH IPUPOILHUM
YUHOM 3aCTOCOBaHUM 10 ppycTpoBaHux aHTUdepomarHeTrkis ['eifizeHdepra 3 JajpHIMU B3a€EMOiIMU. 3a IEBHUX
TexHIYHMX MoAuQiKalliil BiH TaKOK MO>Xe OyTU BUKOPUCTAHUM 11711 TPUMKYTHOI reomeTpii rpatku. Kpim toro, 6yio 6
1[iKaBO y3araJIbHUTU METOJ, 171 OiJIbIINX €JIEeMEHTaPHUX KOMIPOK. IHIIMM MOXJIMBUM HAIIPSIMKOM JOCJIiIKEHD €
3aCTOCYBaHH$ BapiallillHOro MeTOly HECKiH4YEeHHUX [TPOEKLiHUX 3aIlJlyTaHUX NTIAPHUX CTaHiB [0 rinepoosivyHoi
reoMeTpii I'pat, 10 Hel01aBHO OYJI0 peasi3oBaHo B eKcIiepuMeHTax. HapeTi, aBTomaTuyHe gudepeHLiloBaHHS
MoOXe 6yTH €(EKTUBHO 3aCTOCOBAHE [0 METOJly TEH30PHOI IPyIIM [IEPEHOPMYBaHHsI Ta 1ioro mopudikanii. Le
BiIKpMBae€ LIJISIX [JIs1 BapialiHOI onTHUMi3alii MeTony HECKIHUEHHUX MTPOEKUINHUX 3aIUIyTAHMX [IaPHUX CTaHIB 3

[IEPEHOPMYBAHHSM TE€H30PIB.

Pedepar aHr1ilicbKOIO:

The goal of the research is to build modern numerical algorithms that favorably describe the multiparticle states
and magnetic properties of mesoscopic systems with sufficient accuracy, as well as provide an opportunity to
transmit a number of new physical effects. A method of variational optimization of infinite projected states of an
entangled pair on a cellular lattice has been developed. The method is based on the automatic differentiation of
groups of renormalization of the angular transition matrix. The approach is applied to Heisenberg
antiferromagnetic model with spin -1/2 and Kitaev ferromagnetic model on a honeycomb lattice. The developed
formalism gives several accurate results for the main physical observables and has the necessary potential for
further extension. This study aims to establish that other effective reduction methods on other grids can lead to a
stable variational update with gradients obtained by automatic differentiation. This research focuses on the
generalization of the angular matrix renormalization group approach transferred to the cellular lattice tensor
network. This study opens several directions for future research. The algorithm can be naturally applied to
frustrated Heisenberg antiferromagnets with long-range interactions. With certain technical modifications, it can
also be used for a triangular geometric lattice. In addition, it would be interesting to generalize the method to
larger unit cells. Application of the variational method of infinite projection entangled pair states to hyperbolic
lattice geometry, something that has long been implemented in experiments, is another possible direction of
research. Finally, automatic differentiation can be effectively applied to the tensor group method of
renormalization and its modifications. This paves the way for variational optimization of the method of infinite



projection entangled pair states with tensor renormalization.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zBa HTII yKpaiHCBKOIO: Teopis MarHiTHUX CUCTEM, SIKi CKJIAIAI0THCS 3i CKIHYEHHOTO YMCIIa B3AEMOIIIOYNX
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 aHrsificbKo0: 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
T'asy3p 3acTOCyBaHHS: KBaHTOBa MexaHika
PeecTpariifiHuil HOMep KapTKH Te€XHOJIOT1i:

Omnuc HTII: Peanizosano Bapianiitny ontumizauito iPEPS y mexkax aBromaTrdHoi gudepeHnuiaii rpymnu
[IEPEHOPMYBAHHS KYTOBOI MaTpULi IIEPEXOAY AJIS1 CTiIIbHUKOBOI I'PaTKU. MeTo[ IepeBipeHo Ha BifTOBIHUAX
aHTU(epoMarHiTHUX Mogesx ['eiisenoepra ta pepomarHiTHi Kuraesa Ta OTpMMaHO pe3yJbTaTy, IOPiBHSHI 3

pe3yJbTaTaMu Cy4acHOr0 KBAaHTOBOT'O MOAieII0BaHHs MoHTe-KapJio Ta nigxonmy TouHOI fiaroHasizarii.

ConiannbHO-eKOHOMIYHA crpsimoBaHicTh HTII: Creopenns npuHumnoBo HOBOI mpoayKuii (Matepiasis,

TEXHOJIOTI} TOILO) /151 3a6€311eYEHHs €KCIIOPTHOrO MOTEHIialy Ta 3aMillleHHIO iMIIOPTY
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