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MO3J10BXXHII PO3BUTOK T'AMMA-BUITPOMIHIOBAHHS B IIUPOKI ATMOC®EPHIN 3JIUBI
B EHEPTETUYHIN OBJIACTI «KOJITHA» TA «TOMIJIKH»

BusiBiieHHs 110310BXKHBOTO Mpodisto mupokux armocheprux 3muB (EAS) mae BupimanbHe 3HaYESHHS UL JOCII-
JUKEHHSI TIOXO/DKEHHSI Ta XapaKTePUCTHK KOCMIYHUX IIPOMEHIB HaJBUCOKOI eHeprii. Y IbOMYy JOCIHiIKeHHI
MognemoeThest EAS, iHtyKoBaHuii raMmMa-BHIIPOMiHIOBaHHSM y fianasonax eneprii 10'° eB («xomino») ta 1018 - 10%° eB
(«rominka») 3a nmomomoroto makery AIR-shower Extended Simulations (AIRES) (Bepcis 19.04.10) 3 agpoHHMMEH
mozaensiMu QGSJET-11-04 ta EPOS-LHC npu 3enitHux kyrax 0° Ta 25°. AMIutiTyja 37IMBH NapaMeTpH30BaHa 3a
noromororo I'aycciana. BusBnseTbes, o0 MaKCUMYM 3ITHBH Xmax PO3BUBAETHCS JIOTApH(PMIUHO SK (QYHKITISI ITO9aTKOBOT
eneprii. ['ycTMHa raMMa-IIpOMEHIB JlocaTace Tika y mMOImmx mapax atMocdepu ~580 - 864 r/cM? jist BUIIMX €HEPTii.
30kpemMa, MOXMI 3IMBH 25° NEMOHCTPYIOTh INUPIIMI PO3MOMLT YAaCTUHOK 3aBASKM OUIBININ JOBXHHI LUIIXY B
aTMocepi, mo y3romkyerbes 3 pesyiasratamu Bix CORSIKA. OtpumaHi BUCHOBKH 00MEXYIOTh MOZET B3a€MOZIT IS
excriepumenTiB Cherenkov Telescope Array i LHAASO, TuM camMiM 3MEHIIYIOYM CHCTEMaTH4YHI MMOMWJIKHA B aHawi31
CKJIaJly KOCMIYHUX IPOMEHIB.

Kniouosi cnosa: raMma-BUIIPDOMIHIOBAaHHS, WO3MOBXKHIM po3BuTok, cucrema AIRES, o6macti «xomiHa» Ta
«TOMUJIKIY, IIUPOKa aTMOcepHa 31IuBa.
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LONGITUDINAL DEVELOPMENT OF GAMMA-RAY EXTENSIVE AIR SHOWER
IN THE KNEE AND ANKLE ENERGY RANGES

Identifying the longitudinal profile of extensive air showers (EAS) is crucial for investigating the origin and
characteristics of ultra-high-energy cosmic rays. This study simulates gamma-ray-induced EAS in the knee 10'3 eV and
ankle 10'%- 10V energy ranges using the AIR-shower Extended Simulations (AIRES) system (Version 19.04.10)
with QGSJET-II-04 and EPOS-LHC hadronic models at zenith angles of 0° and 25°. The shower patterns are
parameterized using a Gaussian amplitude function, which reveals that the shower maximum Xm. develops
logarithmically with primary energy. Gamma-ray density peaks in deeper atmospheric layers ~580 - 864 g/cm? for
higher energies. Particularly, slanted showers 25° display wider particle distributions due to longer atmospheric path
lengths, which is consistent with CORSIKA. These findings limit the harmonic interaction models for the Telescope
Array and LHAASO experiments, thereby reducing systematic errors in cosmic ray composition analysis.
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