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1. [IprCKOpEHHS KOCMIYHUX IIPOMEHIB y ['iNepHOBUX 30psX, 3a/MuIKax [inepHOBUX 3ip Ta y CKYITYEHHSIX raJIaKTHUK.

2. Acceleration of cosmic rays in Hypernovae, Hypernova remnants, and in galactic clusters.

Pedepar:

1.V puceprauii gociigpKeHO IPUCKOPEHHS KOCMIYHMX [IPOMEHIB B yIAPHUX XBUJIAX [iNepHOBUX 3ip i 3a/MIIKIB
l'nepHoBux 3ip 'azlakTUKY Ta SOCIIIKEHO HETEIVIOBE PEHTI€HIBChKE BUIIPOMiHIOBAHHS KOCMIYHUX IIPOMEHIB,
IIPUCKOPEHUX BEJIMKOMACIITAOHMMU YIAPHUMU XBUJISIMU 3 MQJIUM YMCJIOM Maxa y CKylueHHsIX rajaktuk Hercules
A, Hydra A Ta MS 0735.6+7421. Y po60Ti po3po6sieH0 Mozesi GOpMyBaHHS eHepreTUYHUX CIIEKTPiB KOCMIUHUX
IIPOMEHIB, IPUCKOPEHMX BIIPOLOBXK €BoJIoLLii ['inepHoBOi 30pi i eBosmoLii 3anuiKy ['inepHoBoi 30pi. YTOYHEHO
CIIEKTP KOCMIYHUX IIPOMEHIB, IPUCKOPEHUX B yAApHiN xBuUJli ['inepHOBOI 30pi, i OTpMMaHO, 110 KOCMIiYHi IIPOMEHI,
npuckopeti ['inepHoBuMY 30psAMU ['anlakTHKY, JAIOTh BHECOK 1% y criocTepeXyBaHUM MOTIK KOCMiYHUX IIPOMEHIB 3
eHeprismu 10717-10"19 eB. 3HaigeHo, 10 KOCMidHi IPOMEHi, MPUCKOPeHi 3anuiKkamuy inepHoBux 3ip ['ayakTuky,
JAIOTh BHECOK Ha PiBHI IECATKIB BiICOTKIB Yy CIIOCTEPEKYBAHMI MMOTIK KOCMiYHUX TPOMEHIB 3 eHeprismu 107 (16-18)
eB. EHepreTnyHui CeKTp Lux KOCMIiYHUX IPOMEHIB Ma€ KBa3iCTENEHEBY (POPMY i3 HEBEJIMKMM YKPYYEHHSIM Ha

eHeprisx 107 (14-18) eB Ta mBUAKUM CIaZAHHSM Ha BUIIKX eHeprisix. CepeiHe HYKJIOHHE YMCJIO IMX KOCMIYHUX



npoMeHiB € 7-10 Ha eHeprisix MeHie 10715 eB i1 3pocTae Ha BULIMX €HEPrisx, gocsaraioyn 13 Ha eHeprisax 10718 eB.
[IpoBeeHO NMOIYK 3 MAKCMMAJIbHO MOJKJIMBOIO HA CbOTOLHI YyT/IMBICTIO Ta BUILOIO KYTOBOIO PO3LiJILHOIO
3/IaTHICTIO, HIX y iCHYIOUMX POOOTax, CIIOCTEPEXHUX IIPOSIBiB HETEINJIOBOI'O PEHTI€HIBCHKOTO BUIIPOMIiHIOBaHHSI BiJl
BEJINKOMACIITAO0HUX yIAPHUX XBUJIb i3 MaJIMM 44CJIOM Maxa y cKynmyeHHsIX rajnaktuk Hydra A, Hercules A Ta MS
0735.6+7421. 3HaiiieHo, 110 HaBiTh BUKOPUCTAHHS yCiX apXiBHUX CIIOCTEPEXXEHb PEHTTEHIBCHKOI 06cepBaTopii
Chandra i 3acTocyBaHHS aJalITUBHOTO KYTOBOTO 6iHyBaHHS HE J03BOJIMJIO BUSIBUTH LIyKaHe BUIIPOMiHIOBAaHHS.
OTpuMaHO BEPXHIO MEXY 17151 KiJIbKOCTi HETEeIJIOBUX (POTOHIB Y LIMX apXiBHUX crlocTepesxeHHsx: 42 ¢poronu (Hydra

A) Ta 28 ¢oronis (Hercules A i MS 0735.6+7421) y cmy3i 0.3-7.5 keB y KO’KHOMY T€KCeJli KapTy >KOPCTKOCTI.

2. The dissertation is devoted to the study of the cosmic ray acceleration in shock waves of Hypernovae and
Hypernova remnants in the Galaxy, and to the study of the nonthermal X-ray radiation of cosmic rays accelerated
by large-scale shock waves with small Mach number in galactic clusters Hercules A, Hydra A, and MS 0735.6+7421.
In this work, the models of energy spectrum formation of cosmic rays accelerated during the Hypernova and
Hypernova remnant evolution were developed. The spectrum of cosmic rays accelerated in the Hypernova shock
wave was clarified, and it was found that cosmic rays accelerated by the Galaxy Hypernovae contribute 1% to the
observed flux of cosmic rays with energies 10717-10"19 eV. It was found that cosmic rays accelerated by the
Galaxy Hypernova remnants contribute at the level of tens of percents to the observed flux of cosmic rays with
energies 107 (16-18) eV. The energy spectrum of these cosmic rays has a quasi-power law shape with a slight
increase in slope at energies 107™(14-18) eV and rapid decrease at higher energies. The average nucleon number of
these cosmic rays is 7-10 at energies below 1015 eV, and it grows at higher energies, reaching 13 at energies 10718
eV. The search of observational manifestations of the nonthermal X-ray radiation from large-scale shock waves
with small Mach number in galactic clusters Hercules A, Hydra A, and MS 0735.6+7421 was performed with the
highest now possible sensitivity and higher angular resolution, compared to the existing works. It was found that
even the use of all archival observations of X-ray Observatory Chandra and application of adaptive angular binning
didn't make it possible to detect the desired radiation. The upper limits for the amount of nonthermal photons in
these archival observations were obtained: 42 photons (Hydra A) and 28 photons (Hercules A and MS 0735.6+7421)
in band 0.3-7.5 xeB in the each texel of hardness map.
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