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Y po60Ti PO3IJISIHYTO IPOLIEC YTBOPEHHSI TOII-KBapKa i aHTU-TOI-KBapKa B €JIEKTPOH-TIO3UTPOHHIN aHirinsuji.
JociiKeHo eHepreTUyHi pO3NoAinyu 60TTOM-KBAapKiB Ta aHTUOOTTOM-KBapKiB y Mexxax CrangapTHoi Mogesni (CM)
Ta 3 ypaxyBaHHSM BHeCKiB (i3uku nosa ii mexxamu. OCHOBHY yBary NpuAijieHo aHasisy epekriB nopymeHHs CP-
cumeTpii y B3aemogii poTtoHa Ta Z-6030Ha 3 TOI-KBAPKaMU. 3alIpOIIOHOBAHO ACUMETPil eHepreTUYHUX PO3IO/iIiB,
sKi 3ayexxars Big CP-nopylyodnx 4ieHiB jarpanxkiaHa. Po3paxoBaHO 3a1€KHOCTI LIMX aCUMETPIl Bif] iHBapiaHTHOI
eneprii 1o 1,2 TeB i npoananizoBaHo iXHIO MTOBEAIHKY 3 ypaxXyBaHHAM YaCTKOBOI MOJIApU3allii 1I04aTKOBOTO ITy4Ka
eJ1eKTpOoHiB. OTpUMMaHi pe3ysbTaTH CBifyaTh, 0 NOiOHI CIIOCTEPEXKYBAaHI MOXKYTb OyTH €KCIIEPUMEHTAIbHO
BUMIDSHI Ha Mali6yTHIX €JIEKTPOH-TIO3UTPOHHUX KoJlaifepax. byso nokasaHo, 3a SKMX yMOB HE MOKHA HEXTYBaTH
KBaHTOBUMU e(eKTaMU B IMHAMIlli YJOpHUX Iip. 3 ypaxyBaHHSIM KBaHTOBUX €(EKTiB OyJI0 OTPUMAHO CUHTYJISIPHY
IIOBEIiHKY BEKTOPA T'YCTUHU iMITyJIbCY, IO BiANOBia€ IpKeTaM GiloJIspHOro BUIIPOMIHIOBAaHHS BiJ] YOPHOI Aipu Ta
BHKUJIAM €Hepril BcepenuHi akpeliliHoro nucka. bysa po3pobyiena Mmofens, 1o 3abe3neydye neTajabHilni Onmc

AxTrBHMX ['aNakTUYHUX Slfep, HiXX paHille 3alIpONOHOBaHI MOJEII.
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The paper considers the process of top quark and anti-top quark formation in electron-positron annihilation. The
energy distributions of bottom quarks and anti-bottom quarks are investigated within the Standard Model (SM)
and taking into account the contributions of physics outside it. The main attention is paid to the analysis of the
effects of CP-symmetry violation in the interaction of the photon and Z boson with top quarks. Asymmetries of
energy distributions are proposed that depend on the CP-violating terms of the Lagrangian. The dependencies of
these asymmetries on the invariant energy up to 1.2 TeV are calculated, and their behavior is analyzed taking into
account the partial polarization of the initial electron beam. The obtained results indicate that similar observables
can be experimentally measured at future electron-positron colliders. It was shown under which conditions
quantum effects in the dynamics of black holes cannot be neglected. Taking into account quantum effects, a
singular behavior of the momentum density vector was obtained, corresponding to jets of bipolar radiation from
the black hole and energy emissions within the accretion disk. A model was developed that provides a more
detailed description of Active Galactic Nuclei than previously proposed models.
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l'asmy3b 3acTOCYBaHHS: sinepHa ¢isuka

PeecTpanifiHuil HOMep KapTKH T€XHOJIOTii:

Omnuc HTII: Bukonano anasis npoiecy eJeKTpOH-03UTPOHHOI aHITIALil B APy TOM-KBaPKiB 3 ypaxyBaHHAM
y3araJibHeHOro JlarpaHiaHa B3aemo[iii POTOHIB i Z-6030HiIB 3 Tomn-KBapkamu. Taka B3aeMOo[Iisl BKIII0Ya€ 30KpemMa
IOIaHKY, [T0B’s13aHi 3 nopymeHHsM CP-iHBapiaHTHOCTI. B x07i po60Tu 6ys10 3alpOIIOHOBAHO Ta IIPOAHAi30BaHO
CIIOCTEPE’XyBaHy BEJIMUMHY, SIKA iIHTEPIIPETYEThC K Mipa aCHUMETPIi B pO3IOLii €eHepriii MiXX 60TTOM KBapKOM i
60TOM-aHTUKBAPKOM Y KiHIIEBOMY CTaHi. SIKIO LSl aCUMETPisl € HEHYJIbOBOIO, i€ CBiTYUTh [IPO T€, L0 MIPOIieC
YTBOPEHHSI Ta PO3Majly YaCTUHOK He € CUMETPUYHUM BiJHOCHO €Hepriil KBapKa Ta aHTUKBAapKa, 1110 Oyjie BKa3yBaTu
Ha nopymeHHs CP-cuMertpii B ipomy npotieci. Taka acumeTpis Oysia po3paxoBaHa B 3aJI€XKHOCTI Bifl iHBapiaHTHO]
€Heprii eJIEKTPOH-TIO3UTPOHHOI [TapHY 3a Pi3HUX CTYIIEHIB NTOJIApU3allii T0YaTKOBUX IIy4KiB €JIEKTPOHIB i IIO3UTPOHIB.
Lli peaysnbTaTy CBigyYaTh, 10 ACUMETPIs, Ta OAIOHI Jo Hei criocTepesKyBaHi, IPeLiCTaBIISIOTh iHTepec IJIs
€KCIIEPMMEHTAJIbHUX JIOCIIiI)KeHb Ha MalOyTHIX eJIeKTPOH-TIO3UTPOHHUX KoJaiepax, Takux sik CLIC, ILC i FCC-
ee. Y BUNAJIKY, KOJIM CUCTEMA BKJIIOYAE B3a€MOJIiI0Ui 11015 TSDKiHHS, MakcBeJia Ta 3apsiKeHe CKajsipHe T0JIe,
KBaHTOBI €(PeKTH MaIOTh KyMYJISITUBHUI XapaKTep, ajle [J1sl LbOro NOTPiOHO MaTu JUHAMIKY, KA 320€311e4yeThCs
PO3KJIaJaHHAM I0JIiB 3aJIEXKHUX Bif] 4aCcy Ha rpasiTallilHOMY TJIi YOpHOIi Aipu Keppa. Takuii xapakTep KIaCUYHUX i
KBaHTOBUX MO T10J1iB 3a0e3I1euye CUHTYJISIPHY [TOBEJiHKY BEKTOpa I'YCTUHU IMITyJIbCY, SIKQ, 30KPEMA, BifI0Binae
IpKeTaM GiNoJIIpHOrO BUIIPOMIHIOBAaHHS Bif] YOPHOI ipH, @ TaKO>K BUKUIAM €HEPTii BCepeyHi aKpPeLiliHOTO J1CKa.
3a3HaunMo, 1o OiNOJISIPHI IHPKeTH YaCTHHOK HAAMAaCUBHUX YOPHUX JIip CIIOCTEPIraloThCs 330BHi, TOXK PO3TJISIHYTA
TYT MOJieJIb 3abe3nedye, IPMHaiMHI YaCTKOBO, AeTa/IbHIINK ONMC AKTUBHUX ['anakTH4yHUX Snep, HiX paHile
3aIpOIIOHOBaHI MogeJl. LlikaBo 3a3HaYUTH, 10 TAKOTO COPTY CUHTYJIIPHOCTI XapaKTEePHi [J1s1 y3araJabHEHb METPUKU
Keppa Ha 4opHi Aipu B OTOYEHHI MaTepii, IPUYOMY CUHTYJISPHOCTI LIbOTO TUIY SIBHO KOPEJIIOIOTh i3 BUMOTamMu

piznyHOCTI A1 OB MaTepii: MO3UTUBHICTIO €Heprii Ta TPUYNHHICTIO.
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