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Pedepar:

1. PoboTa npucesueHa JOCiI)KeHHIM BIVIMBY OCOOJIMBOCTEN CTPYKTYPU IPOCTOPY HA MJIAHKIBCbKMX MaclITabax Ha
BJIACTUBOCTI KBAHTOBMX Ta KJIACUYHUX CUCTEM. Y OucepTallii BUBYa€TbCS TEOPisi KBAHTOBAHOTO IIPOCTOPY,
no6yoBaHa Ha OCHOBI ifei Jedopmallii 3BUMHMX KOMYTalLiliHUX CHiBBiJHOLIEHD /1J1 OIEPAaTOPiB KOOPAMHAT Ta
orepaTopiB iMnysbCiB. BcTaHOBIIEHO, 110 ifiest PO 3B'SI30K apameTpiB fepopMOBaHUX aIre6p 3 Macolo BiIKpUBae
MO>KJIMBICTb OOYAOBU TEOpii KBAHTOBAHOT'O IPOCTOPY 3i 36epekeHuMI PyHIaMeHTaIbHUIMU 3aKOHAMU Ta
[IpUHIMIIAMU. BaXXnuBicTs 1€l inei minTBepmKyeThCs KibKicTIO fedopMoBaHuX anrebp (anre6pa CHaiinepa,
anrebpa Kemnda, anredbpa KaHOHIYHOTO TUILY, HEKOMyTaTUBHa anredpa Jli Tumy, aaredpa 3 nedopmaliieio KpydeHHs)
Ta YKCJIOM Pe3yJIbTaTiB (30€peXeHHS BJIACTUBOCTEN KiHETUYHOI €HePrii, pO3B'sI3aHHS IPOOIeMHU KiHEMaTUYHUX

3MiHHUX, 30€peXeHHs TPOIOPLiTHOCTI iIMIYJIbCiB Maci, BilHOBJIEHHS IPUHIIUITY €KBiBaJIEHTHOCTI, HE3aJIEXKHICTh



PYXY BiJIbHOI YaCTMHKU BiJj MacH), sIKi MOXKYTb OYTH OTpUMaHi npu ii po3rsiai. JJociigKeHo CUMeTpiliHi BIaCTUBOCTI
HEKOMYyTaTUBHOTO (azoBoro npocropy. [IobynosaHo cheprniHo-CUMETPUYHY airedpy, sika € iHBapiaHTHA BiTHOCHO
iHBepcii Yacy Ta He 3yMOBJIIO€ [IOPYLIEHHS IPUHIUITY €KBiBaJIEHTHOCTI. SHAIE€HO BIIJINB KBAHTOBAHOCTI IIPOCTOPY
Ha BJIACTUBOCTI (Pi3MYHMX CUCTEM (BijIbHA YACTHMHKA, CHMETPUYHA MepeKa FTapMOHIUHUX OCLUJISITOPIB, JTAHIII0>KOK
OCLIMJIATOPIB, aTOM BOLHIO, aHTUIIPOTOHHUM redtiii). JociIsKeHo BIIJIMB HEKOMYTaTaBHOCTi KOOPIVHAT Ta
HEKOMYTAaTUBHOCTI iMITyJIbCiB Ha pyx cucteMu CoHLe-3emis-Micsip Ta 3cyB nepuresiio Mepkypito. OTpumMaHo
BEPXHIO MEXY [IJIs [TapaMeTpa iMITyJIbCHOI HEKOMYTAaTUBHOCTI, fIKa WoHarMeHIIe Ha 10 MopsaKiB okpaiye
pe3yJIbTaTy, IpeiCTaBJeHi y liTepaTypi. 3HalIEeHO 3B’130K HYJIiB KOpeJsSILiHUX (QYHKLiN 603€e-Ta3y y IpOCTopi 3
MiHIMaJIbHOIO IOBXHHOIO Ta MiHIManIbHUM iMIIyIbCcOM (q-AedopmMoOBaHOro 603e-razy) 3 HyJIIMU CTaTUCTUYHOI CYMHU.
BcTaHOB/I€EHO HOBi MOKJIMBOCTI €KCIIEPUMEHTAJIBHOTO CIIOCTEPEKEHHS HYJIIB CTATUCTUYHOI CYMHU, SIKi MAlOTh

(dyHIaMEHTaJIbHY BaKJIMBIiCTh Y CTATUCTUYHIN (Pisuii.

2. The work is devoted to studies of influence of features of space structure on the Planck scale on the properties
of quantum and classical systems. Significant increasing of interest to such studies in the last years is caused by
the development of the String Theory and Quantum Gravity. In the work, the theory of quantum space
constructed on the basis of the idea that the ordinary commutation relations for operators of coordinates and
momenta can be deformed was studied. Noncommutative algebras of canonical type, Lie type, and nonlinear
deformed algebras were considered. Properties of the kinetic energy of a macroscopic body, independence of
coordinates of mass, the weak equivalence principle were recovered in a space which is characterized by
nonrelativistic Snyder algebra and in the space with deformed Kempf algebra. We obtained that in the case when
parameters of coordinate noncommutativity are proportional inversely to mass and parameters of momentum
noncommutativity are proportional to mass the noncommutative coordinates do not depend on mass and can be
considered as kinematic variables, the properties of the kinetic energy are preserved, the problem of description of
motion of a composite system is solved (the total momentum can be introduced as integrals of motion, the motion
of the center-of-mass is independent of the relative motion), the weak equivalence principle is recovered, the
trajectory of motion of free particle does not depend on mass. The motion of the Sun-Earth-Moon system was
studied in noncommutative phase space of canonical type and the corrections to the Edtvos-parameter for Earth
and Moon caused by noncommutativity were analyzed. On the basis of studies of perihelion shift of the Mercury
planet with taking into account features of description of motion of a macroscopic body in noncommutative phase
space the upper bound for the parameter of momentum of noncommutativity which at least 10 orders less than
results presented in literature was obtained. The problem of violation of the time reversal and rotational
symmetries was studied in noncommutative phase space of canonical type. We found that because of
noninvariance of noncommutative algebra upon time reversal the transformation of coordinates and momenta
upon time reversal depend on their representation, period of the circular motion depends on its direction.
Noncommutative algebra which is rotationally-invariant, time reversal invariant and equivalent to the
noncommutative algebra of canonical type was constructed. It was found that idea to relate parameters of
noncommutativity with mass is also important for solving the problem of description of motion of many-particle
system and problem of violation of the equivalence principle in rotationally-invariant noncommutative phase
space. The spectrum of system of interacting harmonic oscillators (symmetric network of harmonic oscillators,
harmonic oscillator chain) was obtained in the noncommutative phase space with rotational symmetry. It was
shown that noncommutativity of coordinates and noncommutativity of momenta affect on the frequencies of the
systems. It was found that noncommutativity of coordinates better appears in spectrum of atoms with large
reduced mass, the influence of momentum noncommutativity is bigger in the case of atoms with small reduced
mass. The influence of noncommutativity on the spectrum of the hydrogen atom and exotic atoms (muonic
hydrogen, antiprotonic helium) was found and analyzed. On the basis of comparison of obtained results with
experimental ones the upper bounds for the parameter of coordinate noncommutativity and parameter of
momentum noncommutativity were found. It was concluded that studies of antiprotonic helium open good
possibilities for estimation of the minimal length. The problem of description of motion of macroscopic body and
the problem of violation of the equivalence principle in a space with noncommutative algebra of Lie type was



solved due to relation of parameters of noncommutativity with mass. Therefore we concluded that the idea of
relation of parameters with mass opens possibility to build theory of quantum space with preserved fundamental
laws and principles. Importance of this idea is justified by the number of deformed algebras and number of results
that can be obtained due to its consideration. It was found that zeros of the correlation functions of Bose gas in a
space with minimal length and minimal momentum (q-deformed Bose gas) are related with Fisher zeros of
partition function. Complex temperature is caused by q-deformation and evolution of correlation function. Similar
relation of zeros of partition function with zeros of correlation functions was found for the interacting Bose gas
and for spin systems in the ordinary space. The obtained results open new possibilities for experimental
observation of zeros of partition function, which have fundamental importance in statistical physics.
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