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1. IucepTauiliHe OOCJiI>)KEHHS CIIPSIMOBAHE Ha aHAaJi3 TaHUX PEHTTeHIBCbKUX CIIOCTEPEXKEHDb 3aJIUILIKIB HATHOBUX
(3H) Ta BUBYEHHS JUHAaMiKU BUCOKOTEMIIEPATYPHOI MJ1a3MU LIUX 00'€KTiB HA OCHOBI IXHIX CIIOCTEpEXXyBaHUX
XapaKTepUCTUK. B paMKkax po60TH IPOBENEHO NeTalbHUI IPOCTOPOBO PO3Ti€eHUN CIIeKTPaIbHUN aHami3
PEHTreHIBCbKOTO BUITPOMIHIOBAHHS [IJIs1 KiJIbKOX MoJiogux 3H 3a IaHMMU CIIOCTEPEKEHb KOCMIYHOI PEHTI€HIBCHKO]
obcepaaropii Chandra Bucokoi po3finbHoi 3naTHOCTI. O6pOOKY Ta ClieKTpajbHe MOJIe/II0BaHHS JaHUX BUKOHAHO 3
BHMKOPHUCTaHHIM NporpamHux naketi CIAO, Sherpa ta SAOImage-DS9, 3a6e3neunBiy KOMIIJIEKCHUIN aHai3
CIIOCTEpEsKEHb. Briepie gociipKeHO XapaKTEPUCTUKY BUIPOMIHIOBaHHS i CTPYKTYPY Pi3HUX KOMIIOHEHT I171a3MU B
1ux o6'extax. Takuil minxin gae 3MOTy IPOCIIiKOBYBAaTH IIPOCTOPOBI 3MiHM BJIACTUBOCTE 30PSHOIO BUKUY Ta
BUSIBJISITU JIOKAJIbHi 0COOJIMBOCTI (Pi3MUHUX YMOB, 1II0 MOXYTb BiZlirpaBaTi BaXKJIMBY POJIb y 3arajbHill JyUHaMilli
3QJIMIIKY, 8 TAKO>XK PEKOHCTPYIOBATU BHYTPIIIHIO CTPYKTYPY 30pi-TIoNepeIHMKa i yMOBU BUOYXY HAJHOBOI.
TlpoBezeHo aHai3 nanux cnocrepexens 3H Tuxo Bpare (SN 1572) Ta Moranna Kerutepa (SN 1604), aki Hanexartb 10

kiacy Mosioaux 3H tury Ia i € KIo4oBUMY 06 €KTaMU [1jis TOCTiIPKEHHS MEXaHI3MiB BUOYXY i BJIaCTUBOCTEN



3opsHOoro Bukuay. [ig 3H Tuxo cTBoOpeHo Manu A1 [iana3oHiB eHepriil OTOHIB, Ki BifTIOBiIal0Th
BUIIPOMIHIOBAHHIO B IBOX HaMsSICKPaBilIMX PEHTIeHiBChbKYUX JIiHisIX: KpeMHilo (Si) Ta cipku (S). OTpumaHno i
IIPOAHAasi30BaHO CIIEKTPaJIbHi KOMIIOHEHTH TEIJIOBOrO Ta CUHXPOTPOHHOTO BUIIPOMIHIOBAaHHS 3 MaJIMX PETiOHIB I10
BCill TOBEPXHi 00’eKTa. 3a NOMJIEPIBCbKMMU 3CYBaMU MTOOYI0BAHO 2D po3noiy MBUAKOCTEN Y3I0BXK IPOMEHS
30py A5 I1a3MH, 36aradeHoi Si 1a S, gKi JeMOHCTPYIOTh 3HAYHY aHI30TPOIIiI0 30PsIHOTO BUKUY. Hamti pesysbTaTtu
BIIEPILE BKA3yIOTh HA BiIMiHHOCTI B IMHAMILli PI3HUX KOMIIOHEHT I1JIa3MU Ta MiITBEPAKYIOTh HEiI30TPOIHUN
XapakTep BUOYXy HaJHOBOI Ta MOJKJIMBE BiIXWJIEHHS Bij ifjeai3oBaHoOi apyBaToi CTPYKTYPH 30pi-NonepesHuKa.
g 3H Kensiepa ocHOBHA yBara npufijieHa goIlepiBCbKM KapTaM IBUIKOCTEN PEHTI€HIBCbKUX JIiHIN
BUNIPOMiHIOBaHHS Si, S Ta Fe. Bniepiie nokasano, mo 3H Kenznepa neMoHCTpy€e BUPa3Hy aCUMETPIl0 B PO3MINUPEHHI
Pi3HUX CKJIa[IOBUX IJIJIa3MHU - Y KOMIIOHEHTAX 30PSHOT0 BUKU/Y, 6araTux Ha Fe, MpucyTHe NepeBakHO CHMHE
3MillleHHs, a 6arati Ha Si JeMOHCTPYIOTh CKJIQIHIIy KiHEMATHUKy. Lle MoXe CBiIYMTH PO NepeMilllyBaHHS
€JIEMEHTIB B 30Pi Ta acpepuyHicTs ii BUOyxy Ta Mpo 0COOGIMBOCTI B3a€MO/ii yaapHOi XBUJIi Ta 30pPSIHOTO BUKUJLY 3
MDK30psIHUM cepepoBulieM. Ha 0CHOBI peHTreHiBChbKUX Ta pajiio CIIoCTepeskeHb BIieplie [I00yA0BaHO KapTy
MaKCHMMaJIbHUAX €HEPTill eJ1eKTPOoHiB y 3aynuky Tuxo. Ha 0CHOBI NOeIHaHHS PEHTTEHIBCbKUX i PaiiOCIIOCTEPESKEHD
[I0Ka3aHoO, 110 BOHU focAraTb 8o0TeB, a cepenHe 3HavyeHHs cTaHOBUTD 2.60+00.90TeB. 11i onjiHKM BaskyiuBi a1
MOJIEJIIOBAHHS IPUCKOPEHHS YaCTUHOK i IIOPIiBHSHHS 3 TEOPETUYHMMU NIPOTHO3aMU MaKCUMAaJIbHUX €HEepPrii
€JIEKTPOHIB B MoJiogux 3H. JoCaiiKeHO €BOJIIOLiI0 PEHTTEHIBCBKOTO Ta FaMMa-BUIIPOMIHIOBAHHS Bif] MOJIOJINX
o6osoukoBUx 3H - SN1987A, Cas A, Tuxo Ta SN1006. Bniepiie npoieMOHCTPOBAHO, 10 OTOKU BUIIPOMiHIOBAHHS
Big 3H Tuxo ta Cas A Ha IBanuaTUPIYHOMY MacIuTabi yacy 3aMmaioTbesl cTabimpHuMU. HaTomicTs B gyxe
MoJiogomy 3anuiiky SN1987A nomiTHe CyTTeBe 3pOCTaHHS PEHTTE€HIBCBKOI ICKpaBoCTi. OTpUMaHi pe3yJbTaTh
IO3BOJISIIOTh BUAIINTY XapaKTePHi BiAMIHHOCTI 4/ NOAIGHOCTI Y Pi3HUX TUIaX BUITPOMIHIOBAHHS Ta MiX Pi3HUMU
00’eKTaMU 1 OLiHUTU €BOJIOLINHI 0CO6IMBOCTI 3a/IMLIKIB Pi3HUX TUIIB. Y POOOTI [MOKa3aHO 3HAUYIIiCTh MOOguX 3H
y KOHTEKCTi JOCIIiIKeHHS [IPUPOAY aHI30TPOITHOCTI BUOYXiB HALHOBUX i B3A€EMOii BUKUHYTOI 30pSIHOI pEYOBUHU U
¥X i3 Mbk3opssHUM cepenoBulieM. KoMIIeKCHUI MPOCTOPOBO-PO3/iIeHUI CIIEKTpaJbHUIN aHali3 pi3HUX 00 EKTIB
IIO3BOJIMB BUSIBUTU $IK CIIiJIbHI pUCH €BOJIIOLIi 3aJIMIIKIB, TaK i BiIMiHHOCTI, IOB'SI3aHi 3i CTPYKTYPOIO 30pi-
NIOTIepEeIHUKA, 3i crien}iko BUOYXY Ta CTPYKTYpPOIO HaBKOJIMIIHBOTO CEPEeOBUIIA. Pe3ynbTaT pob0TH BKa3ylOTh
Ha BiIXWJIEHHS BHYTPIIIHbOI CTPYKTYPH 30pi-TIONE€PEAHMKA BiJl KJIACMYHOI MapyBaTOI MOMEJI BHACIIILOK
nepemillyBaHHs MapiB 10 BUOyxy a0 Ha HECUMETPUYHICTb CaMOro BUOyxy HafiHOBoi. OTpruMaHo HOBY iHpoOpMallito
IIPO BUCOKOEHEPIeTUYHi IPOLECH, 10 CYIPOBOKYIOTh €BOJIoLi10 3H. [IokazaHO 3HaYEHHSI IPOCTOPOBO-
PO3IineH0] peHTreHiBChbKOI CIeKTPOCKOii 17151 BuBUYeHHS (i3uKy BUOYXiB HaTHOBUX, IPUPOLY 3ip-TIONIepeIHUKIB Ta

MEXaHi3MiB BUHUKHEHHS aCUMETPIN Y IX 3aJMIIKax.

2. The thesis is focused on the analysis of X-ray observations of supernova remnants (SNRs) and the study of the
dynamics of their high-temperature plasma based on observable characteristics. A detailed spatially resolved
spectral analysis of X-ray emission was performed for several young SNRs using high-resolution observations from
the Chandra X-ray Observatory. Data processing and spectral modeling were performed using the CIAO, Sherpa,
and SAOImage-DS9 software packages, providing a comprehensive analysis of the observations. The emission
properties and plasma structure of different components in these remnants were systematically investigated for
the first time. This approach allows tracing spatial variations in the properties of stellar ejecta and identifying local
physical conditions that play an important role in the overall remnant dynamics, as well as reconstructing the
internal structure of the progenitor star and the conditions of the supernova explosion. The observational data
analysis was performed for Tycho’s SNR (SN 1572) and Kepler’s SNR (SN 1604), which belong to the class of young
Type Ia SNRs and serve as key objects for studying explosion mechanisms and the properties of stellar ejecta. For
Tycho’s SNR, maps were constructed in photon energy ranges corresponding to the two brightest X-ray emission
lines of silicon (Si) and sulfur (S). Thermal and synchrotron emission components were extracted and analyzed
from small regions across the entire remnant. Based on Doppler shifts, two-dimensional velocity distributions
along the line of sight were obtained for Si- and S-riched plasma, revealing significant anisotropy in the ejecta. Our
results for the first time indicate differences in the dynamics of various plasma components and confirm the non-
isotropic nature of the supernova explosion, as well as a possible deviation from the idealized layered structure of



the progenitor star. For Kepler’s SNR, the main focus is placed on Doppler velocity maps of the X-ray emission
lines of Si, S, and Fe. It is shown for the first time that Kepler's SNR exhibits a pronounced asymmetry in the
expansion of different plasma components: the Fe-rich ejecta are predominantly blueshifted, while the Si-rich
components display more complex kinematics. This may indicate mixing of elements within the progenitor star,
the asphericity of the explosion, and specific features of the interaction between the shock, stellar ejecta, and the
interstellar medium. Based on X-ray and radio observations, a map of the maximum energies of electrons in
Tycho’s SNR was constructed for the first time. By combining X-ray and radio data, it was shown that electrons in
this remnant reach energies up to 8 TeV, with an average value of 2.6 + 0.9 TeV. These estimates are important for
modeling particle acceleration and for comparison with theoretical predictions of the maximum electron energies
in young SNRs. The evolution of X-ray and gamma-ray emission from young shell-type SNRs - SN 19874,
Cassiopeia A, Tycho, and SN 1006 - was investigated. For the first time, it was demonstrated that the emission
fluxes from Tycho’s SNR and Cassiopeia A remain stable on a twenty-year timescale. In contrast, a significant
increase in X-ray brightness is observed in the very young remnant SN 1987A. The obtained results make it possible
to identify characteristic similarities and differences in various types of emission among different objects and to
assess the evolutionary properties of remnants of different types.
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