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Pedepar:

1. Ils puceprauifiHa HAyKOBO-AOCAiTHA pOOOTa IPUCBIYEHA TEOPETUIHOMY JOCIIIPKEHHIO HeJliHIHOI [UHaMiKu
TOpoizanbHuX bo3e-KoHeHCaTiB aTOMapHUX rasiB Ta akCioHHOI TeMHOi MaTepii i3 Pokycom Ha aHasizi reHepai Ta
po3Majli CTINKMX HAAIVIMHHUX IIOTOKIB Yepe3 BUXOPOBY B3a€MOJIiI0, @ TAKOX JOCJIIIPKEHH] iX CTabiIbHOCTI. AKTUBHI
€KCIIEPUMEHTAJIbHI JOCHiI)KeHHs bo3e-ENHIITEeMHIBCLKMX KOHIEHCATIiB aTOMapHUX Ia3iB BELYThCSA IIPOTATOM
OCTaHHIX IeCATUIiTh. 3apa3 B eKCIIepUMeHTaJbHIN (Pi3uili fifie akTuBHA po60Ta i3 BUBUEHHS SIBUII, [TOB'I3aHUX i3
HAJIIJIMHHICTIO, JOCJIiJPKEHHS CTIMKUX HAJIIIJIMHHUX [1I0TOKIB € OQHUM i3 TakuX HanpsiMiB. OCTaHHIM Yacom 6yiu

TOCTaBJI€HHI YMCJIEHHI €KCIIEPUMEHTU i3 CTIMKUMU HaAIIJIMHHUMUA aTOMapHHUMU ITOTOKaMU B bose-



EnHmrenHiBCcbkUxX KOHIeHcaTax (BEK), 3axoneHrMy B IacTKax 3 KijlbLi€BOI reoMeTpielo. EKcriepuMenTy 3
HAJXOJOIHUMU ra3aMy BiIKpMBaIOTh NUBOBIDKHI MOKIJIMBOCTI 11711 QyHAAMEHTaNIbHUX JOCJiIKEeHb SIBUIIA
HAJIIJIMHHOCTI, 1110 MOXe 6yTH BUKOPUCTAHO 1711 BUTOTOBJIEHHS [IPUJIaJiB BUCOKOTOYHOI MeTpouiorii. [Tlepmum i3
HalpsMIiB AUCEPTALHOrO LOCIIIPKEHHS € ONKC Ta aHaJIi3 HeJliHINHOI AuHaMiKy KoHOeHcaTy bose-EiHiTeHa, o
YTPUMYETHLCA B TOPOINa/IbHINM NACTL] Ta IPUBOSUTHCA [0 PYXY LIMPOKUM BiIIITOBXYBAJIbHUM JIA3€PHUM IIYYKOM,
SIKUH TIOBIJIbHO O0€PTA€ETHCS B3[LOBX KiJIblisl, yTBOPIOIOUM JIOKAJII30BaHy 00J1aCTh 3MEHIIEHOI I'YCTUHY ([aJli B TEKCTi
3raZlyeThbCs 5K «cjabka JaHKa»). Taka cucrema MpeJcTaBiise BeJUKUN iHTepec AJ1s1 LOCTiI>KeHHs], 60 110 IpsiMii
aHaJIorii i3 HaANPOBIIHUM KOHTYPOM i3 13)KO3€(PCOHIBCHKUM 2 KOHTAaKTOM, MOXKE BUCTYIIATH B SIKOCTi HEJiHITHOTO
inTepdepomerpa. Brucoka 4yTinBiCTb [UPKYJISLIHOIO CTAaHy KOHIEHCATy IO KyTOBOI IIBUAKOCTI 0O6epTaHHS
IIMPOKOTO JIa3epy aHaJIoriuyHa YyTJIMBOCTI CTPyMY B HaJllIPOBiAHOMY KBaHTOBOMY iHTep(epomMeTpi 10 3MiH
30BHILIHBOTO MArHiTHOrO NoJI4. [lepcrnekTuBa BUKOPUCTAaHHS aTOMapHUX bo3e-KOHIeHCaTiB [J1s1 MaliOyTHIX
PO3pOOOK BUCOKOUYTJINBUX IPUJIATIB, 10 BUMIPIOIOTh KyTOBI IIBUAKOCTI 06€pTaHHS, BUMarae TOYHUX MOJieseH, sKi
YUCeJIbHO BiITBOPIOIOTH SIKiCHI Ta KiIbKICHI XapaKTepUCTUKY eKCIIepUMeHTY. Y nuceprauii 3HaleHi isnyHi
IapaMeTpH JJ1s1 KOPEKTHOI'O YMCEJIbHOTO MOJIE/IIOBAHHS NOCIIIIPKyBaHUX CUCTEM, SIKi MAKCUMAJIbHO TOUHO
BiZITBOPIOIOTh €KCIIEPUMEHT. B HaO/IMKEHHI cepeqHbOr0 MOJIsl TPOBOAUIMCS MOEJIOBAHHS JUHAMIKY €BOJIIOLi
CHCTEMH, MAaKCHUMaJIbHO HabJIMXEHOI 10 eKCIIepUMEHTY. AHaJIITUYHO Ta YMCEJIbHO JOCIIIIPKEHO Mpoliecy reHepariii
Ta po3MNajy CTIMKMX HAAIIJIMHHUX IIOTOKIB aTOMIB y TOpOifanbHUX bo3e-KOHAEHCaTaX, SKi CyIIPOBOIIKY€EThCS
CKJIa[IHOIO BUXOPOBOIO ANHaMiKo10. Hapasi HEeMO>XJIMBO €KCIIEPUMEHTAJIBHO CIIOCTEPIraT BUXOPOBY JUHAMIKY B
peanbHOMY 4Yaci 6e3 OBHOT0 260 YaCTKOBOTO PYIHYBaHHS KOHIEHCATY, OCKiJIbKMA KBAaHTOBI BUXOPY MAlOTh PO3MipH1
MEHIII 32 MiKpPOH, TIOIIPY T€, 110 PO3MipyU TOPOifabHUX KOHAEHCATIB CAraloTh COTEHb MIKPOH. [Ij11 OTpUMaHHS
300pa’keHb BUXOPIiB KOHAEHCAT CIIOCTEPIraloTh y MPOLECi pO3/bOTY IiC/Is1 BAMKHEHHS YTPUMYyI04oi nnactku. Came
TeOpeTUYHi MogeJii TONIoMaraloTh AETalIbHO AOCHITUTY Gi3uHi 3aKOHOMIPHOCTI ITPOIIECiB, 110 BiIOYyBaIOTHCS B
eKcriepuMeHTi. B nucepratii 6y710 JOCTiIKeHO SBuUllle ricTepe3ncy B TopoiganbHuX bo3e-kKoHneHcaTax. ClIoyaTKy
crCTeMa NPUBOAUTLCS 10 PYXY JIA3€PHUM ITy4YKOM, 10 IE€peMilllye KOHAEHCAT i3 IEBHOI0 KyTOBOIO MIBUIKICTIO. [Ipn
IOCSITHEHHI KDUTUYHOI KyTOBOI IIBUIKOCTI, CUCTeMa NIEPEXOAUTD y NIepHINii 30ypKEHNUI UUPKYJIILiMHUN CTaH i3
CTIKAM HAJIUIMHHYM IIOTOKOM, 3aMKHEHUM B KiJbLi. Jlaji cucrema rnepemimyeTrsesl J1a3epom i, Ipy NOCSATHEHHI
iHII01 KPUTUYHOI KyTOBOI MIBUAKOCTI, BiOyBa€THCS PO3MaJ, HAAIVIMHHOTO MNOTOKY. lllupuHa neti ricrepesucy
BM3HAYAETHCS Pi3HULEI0 KPUTUYHUX YACTOT, SIKA 3AJIEXKUTD Bifl iIHTEHCUBHOCTI JIa3€pHOrO Iyyka. Y IuCcepTaliiHii
po6oTi 6ysu 3HalEHi 3 rpaHUYHI TapaMeTpH JIA3€PHOTO Iy4YKa, [TPU SIKUX Bif0yBa€ThCs Nepexi MK KBAHTOBUMU
LMPKYJISLiTHUMYU CTaHAMU, Ta BUXOZ4M i3 Teopii karacTpod, Oysia 3alporoHOBaHA aHAIITUYHA allpOKCUMALLisl
YUCEJIbHUX PE3YyJIbTaTiB. [IpOTArOM €KCIIepUMEHTY YaCcTKa CKOHJIEHCOBAHUX aTOMIB 3MEHIIYETHCS 32 PAXyHOK
TEIJIOBUX (PJIYKTYyaLili, IO NPU3BOAUTDb IO CBOEPITHOTO «BUIIAPOBYBAaHHSI» KOHJEHCATy. MU IPOIEeMOHCTPYBaJIY,

110 3MEHIIEHHS Y1 CJIa aTOMIB IIPU3BOJUTD 0 3MEHIIEHHS IIMPUHU NETJIi TiCTepe3ucy.

2. This thesis is devoted to the theoretical study of the nonlinear dynamics of toroidal Bose condensates of atomic
gases and axion dark matter with a focus on the generation and decay of persistent currents via vortex interaction
and the study of their stability. Experimental studies of Bose-Einstein condensates of atomic gases have started
over thirty-five years ago. Experimental physics is actively working on the study of phenomena related to
superfluidity. The study of persistent currents is one of the directions of these studies. Recently numerous
experiments have been studying persistent currents in Bose-Einstein condensates (BECs) trapped in a ring
geometry. Experiments with ultracold gases open up amazing opportunities for fundamental research of the
superfluidity phenomenon, which can be used to make high-precision metrology devices. In the first chapters of
this work we analyze nonlinear dynamics of Bose-Einstein condensate trapped in a toroidal trap which is driven by
a wide repulsive laser beam that rotates slowly along the ring, forming a localized region of the reduced density
also called as a "weak link". Such a system is interesting for research, because of analogy with a superconducting
circuit with a Josephson contact, it can act as a nonlinear interferometer. The high sensitivity of the condensate’s
phase to the angular frequency of the wide laser is similar to the sensitivity of the superconducting current in a
superconducting quantum interferometer to changes in the external magnetic field. Bose condensates might be
used for future developments of highly sensitive devices for measuring angular frequencies. But this requires



accurate models that numerically reproduce the qualitative and quantitative characteristics of the experiment. We
chose physical parameters for numerical modeling of 8 studied systems with the aim to have the most accurate
reproduction of experiments. In the mean field approximation, we simulated condensate dynamics modeling the
experiment. Numerically and analytically studied conditions for the generation and decay of persistent currents in
Bose-condensates trapped in toroidal traps. Even though condensate is a macroscopic quantum system of tens or
even hundreds of microns in size, quantum vortices are smaller than a micron. To detect vortices, condensate is
observed milliseconds after releasing from the trap. Here theoretical models help to study in details the physical
processes happening in the experiment.
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