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Pedepar:

1. Il pucepratifiHa HAyKOBO-A0CJigHA POOOTa IPUCBIYEHA TEOPETUYHOMY NOCJIiIKEHHIO HeJliHIHOI MHAMIKU
TOpoizanbHUX Bo3e-KOHIeHCaTiB aTOMapHUX ra3iB Ta akCcioHHOI TeMHOi MaTepii i3 pokycom Ha aHaizi reHepanii Ta
posmafi CTiKMX HaAIVIMHHUX TIOTOKIB Yepe3 BUXOPOBY B3a€MOJLiI0, @ TAKOX JOCJIIIPKeHH] iX cTabibHOCTI. AKTUBHI
€KCIIEPUMEHTAJIbHI JOCTiI)KeHHs bo3e-EMHIITEeMHIBCbKMX KOHIIEHCATIB aTOMAaPHUX I'a3iB BEIYThCS IIPOTATOM
OCTaHHIX eCcATUIiTh. 3apa3 B eKCIlepUMeHTaJIbHIN ¢i3nLi fifie akTHBHA Po6OTa i3 BUBYEHHS SIBULY [1OB13aHUX i3
HAJIIJIMHHICTIO, JOCiIKeHHS CTINKMX HaJIIJIMHHYX [1I0TOKIB € OOHUM i3 Takux HanpsiMiB. OCcTaHHIM yacom 6ynu
IIOCTaBJIEHHI YMCJIEHHI €KCIIEPUMEHTH i3 CTIKMMU HAAIUJIMHHYMY aTOMapHUMU NIOTOKamu B bose-
EnHmrenHiBcbkUx KoHIeHcaTax (BEK), 3axonyieHMMy B IaCTKax 3 KijlbL[€BOI reoMerpieto. EkcriepuMenTu 3
HaJIXOJIOOHUMU ra3aMU BiIKDMBAIOTh JUBOBIKHI MOKIJIUBOCTI 17151 (PYHIaMEHTAIbHUX JOCIiIKEHD SIBUILA

HAJIIJIMHHOCTI, 1110 MOKe OyTH BUKOPUCTAHO 111 BUTOTOBJIEHHSI [IPUJIaJiB BUCOKOTOYHOI MeTpoJiorii. [Tlepmum i3



HaNpsMiB gUcepTalifiHOro AOCIiIKEHHS € OIKUC Ta aHaJli3 HeJIiHIMHOI AMHaMiKu KoHaeHcaTy bose-EnHiTenHa, mo
YTPUMYETBLCS B TOPOifa/IbHIN NACTLi Ta IPUBOAUTHCS 0 PYXy LIMPOKUM BilIITOBXYBAJIbHUM JIA3€PHUM IIYYKOM,
SIKUI TIOBIJIBHO O0EPTAETHCS B3[IOBX KiJIblisl, yTBOPIOIOYM JIOKAJII30BaHy 00J1aCTh 3MEHIIEHOI I'YCTUHY (faJli B TEKCTI
3raZlyeThbCs sK «cjabka JaHKa»). Taka cucrema MpeCcTaBiise BeJUKUI iHTepec AJ1s JOCIiIKeHHs, 60 10 ImpsiMii
aHasiorii i3 HaJIIPOBiIHUM KOHTYPOM i3 15k03e(COHIBCHKUM 2 KOHTAaKTOM, MO>K€ BUCTYIIATH B SIKOCTi HEJIiHIHOTO
inTepdepomerpa. Brucoka 4yTinBiCTb UUPKYJISLIHOIO CTAaHY KOHIEHCATy IO KyTOBOI IIBUAKOCTI 06€epTaHHs
IIMPOKOTO JIa3ePy aHaJIOriuHa YyTJIMBOCTI CTPyMY B HaJIIPOBiAHOMY KBAaHTOBOMY iHTep(epoMeTpi 10 3MiH
30BHIIIHBOTO MATHITHOTrO 10151 [lepcrneKkTrBa BUKOPUCTAHHS aTOMapHUX bo3e-KoHeH aTiB 1151 MailbyTHiX
PO3pOOOK BUCOKOUYTJINBUX IPUJIALIB, 110 BUMIPIOIOTh KyTOBI IIBUAKOCTI 06€pTaHHSI, BUMarae TOYHUX MojeJieH, sKi
YMCEJIBHO BiITBOPIOIOTH SIKiCHI Ta Ki/IbKiCHI XapaKTepUCTUKY €KCIIEPUMEHTY. Y nuceprauii 3HaleHi (isuydHi
napaMeTpH AJ1s1 KOPEKTHOT'O YMCEJIbHOTO MOJIEIIOBAHHS JOCIIIIPKYBaHUX CUCTEM, SIKi MAKCUMAJIbHO TOYHO
BiATBOPIOIOTh €KCIIEPUMEHT. B HabIMKeHHi cepeiHbOro M0JIs TPOBOLMIINCS MOJIEe/II0BAHHS AUHAMIKY €BOJIOLi
CHCTEMH, MAaKCUMaJIbHO HabJIMXEeHOI 10 eKCIIepUMEHTY. AHaJIiTUYHO Ta YMCEJIbHO JOCIIIPKEHO Mpoliecy reHepariii
Ta po3Najy CTIMKUX HaAIVIMHHUX II0TOKIB aTOMiB y TOpoifanbHUX Bo3e-KoHAeHcaTax, siki CyIIpOBOIKYEThCS
CKJIaJHOIO BUXOPOBOIO AMHaMiK010. Hapasi HeMOXXJIMBO €KCIIEPUMEHTAJIBHO CIIOCTEPIraTu BUXOPOBY JVMHAMIKY B
peasibHOMY 4aci 6e3 IOBHOr0 ab0 4aCTKOBOI'O PyHHYBaHHS KOHAEHCATY, OCKIJIbKY KBAHTOBI BUXOPH MalOTh PO3MipHU
MEHIII 32 MiKpOH, IIOIPU T€, 10 PO3MipH TOPOiAaJIbHMX KOHIEHCATIB CAraloTh COTEHb MIKPOH. [IJ11 OTpUMaHHS
300pa’KeHb BUXOPIiB KOHAEHCAT CIIOCTEPIraloTh y MPOLECi pO3/bOTY MiCjIsl BAMKHEHHS YTPUMYI04oi nactku. Came
TEOpeTUYHi MoJeJii 1OIIoMaraloTh AETaTbHO AOCHITUTH (i3uHI 3aKOHOMIPHOCTI IIPOIIECIB, 10 BinOyBalOTHCS B
eKcrepuMeHTi. B nucepratiii 6ys10 JOCHiIKeHO sIBUllle ricTepe3ncy B ToOpoifanbHuX bo3e-koHaeHcaTax. ClloyaTKy
cHCTeMa NIPUBOJUTLCS [I0 PYXY JIa3€PHUM ITyYKOM, 110 IEpPEMilllye KOHJIEHCAT i3 IeBHOI0 KyTOBOIO MIBUAKICTIO. [Tpn
IOCSITHEHHI KPUTUYHOI KyTOBOI IIBUAKOCTI, CUCTEMA IEPEXOUTD y NIEPLIMI 30YI)KeHNI UUPKYJISILIAHMIA CTaH i3
CTiMIKMM HaJIVINHHUM II0OTOKOM, 3aMKHEHHUM B KisbLli. [laji cucteMa nepemilyeTsCsl 1a3epoM i, Ipu JOCATHEHHI
iHI101 KPUTUYHOI KyTOBOI MIBUAKOCTI, BilOyBA€THCS PO3MaJ, HAAIVIMHHOTrO NOTOKY. lllupuHa neti ricrepesucy
BM3HAYAETHCS Pi3HULEI0 KPUTUYHUX YACTOT, SIKA 3AJIEXKUATD Bifl iIHTEHCUBHOCTI JIa3€pHOrO IyyKa. Y IUCEepTaLiliHil
po6oTi 6ysu 3HaleHi 3 rpaHUYHI TapaMeTpH JIA3€PHOTO Iy4Ka, [TPU SIKUX Bif0yBa€ThCs MEPEXi/ MK KBAHTOBUMU
LVPKYJISLIHUMU CTaHAMU, Ta BUXOJ4M i3 Teopii katacTpod, OyJia 3allporIoHOBaHa aHAIiTUYHA allpOKCUMaLlList
YUCEeJIbHUX Pe3ysbTaTiB. [IpOTIrom eKCriepuMeHTY YacTKa CKOH/I€HCOBAHMX aTOMIB 3MEHIIYETHCS 32 PaXyHOK
TeNI0BUX (PIYKTyallili, 10 IPU3BOAUTH 4O CBOEPIAHOTO «BUIIAPOBYBAHHS» KOHMIEHCATy. MU TPOAEMOHCTPYBaJIH,

110 SBMEHIIEHH Y1 CJia aToOMiB MPpU3BOJNTDL 4O SMEHIIIEHHA NIMPUHU neTi FiCTCpGBI/ICy.

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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