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1. MeTta po60TH - € JOCJIiIPKEHHS KOCMIYHOTO BUITPOMiHIOBAaHHSI Pi3HOI IPMPOJY HA HAaWOBUIKX PaliOXBUJISIX 32
IIOTTOMOT'O0 HOBITHIX IMiTIXOIiB Ta Pa/lioTEIECKOIIiB, 06 BCTAHOBUTU acTPOQi3n4Hi MepPCreKTUBU TaKuX
BMMIipIOBaHb. JI7151 JOCSITHEHHS 1liel MeTU HeOOXiNHO PO3B’s13aTU HACTYNHI 3anayi. [To-niepie, po3pobUTu METOIUKY
CIIOCTEPE’KEeHb BUIIPOMIHIOBAHHSI KOCMIYHMX 00'€KTiB Ha HAJOBUINX XBUJISIX, HA SIKi MIKiJJIMBO BIUIUBAIOTh Pi3HOTO
poJly IpUPOHI Ta IITY4YHi pazionepemKkoay, a Takox ionocdepa. [To-npyre, eKCriepuMeHTaIbHO IEPEBipUTH
MO>KJIMBOCTI PafliocaCTPOHOMIYHUX BUMIPIOBaHb 3a JOIIOMOTOI0 IIPOTOTUILY HAJJHU3bKOYAaCTOTHOI aHTEHU JIJISI
MiC4YHOI 06CcepBaTopii y HA3EMHUX YMOBAaX Y YaCTOTHOMY Jiiana3soHi 11o6yu3y ionocdepHoro BigciyeHHs. [To-Tpere,
IIPOBECTHU €KCIIEPUMEHTAJIbHI JOCIiIKeHHS i0HOC(EPHOro BificCiueHHs COHSIYHUX cIieckiB III-Tumny i nopiBHATH ix

BEJINYMHY 3 OJIHOYACHMMU BUMipaMu KpUTUYHOI 4yacTotu F2 mapy ioHocdepy, siki BAKOHYIOTBCS 32 JOTIOMOTOI0



i0HO30HAiB. [Io-yeTBepTe, BUKOHATU €KCIIEPUMEHTAJIbHI JOCIIIIPKEHHSI OCOOIMBOCTEN COHSYHOrO criiecky U-Tuiy
Ha [T0YaTKy HOBOTO LIUKJIy COHSIYHOI aKTMBHOCTI 3 BAKOPUCTAHHSM SIK HA3€MHUX PaJliOTENIECKOIIIB, TaK i COHSYHUX
KOCMIYHMX Miciii. 1o n'dTe, BUKOHATH €KCIIEPUMEHTAIbHI JOCII)KEHHS KOHTUHYAJILHOTO iHTETPAJIbHOTO CIIEKTPY
BUIIPOMIHIOBAaHHS 3aJIMIIKY HagHOBOI Kacciones A 3a 1ornomoroo iHTeppepoMeTpUIHUX CIIOCTEPEKEHD, B SIKUX
pazioranaxkTuka Jle6inb A BUCTYyIA€E B SIKOCTI AKepeJsia KaliopyBaHHS. ¥ mOCTe, IPOBECTU aCTPOPi3nuHy
iHTeprpeTaLilo OTpUMaHUX pPe3yJIbTaTiB i BCTAHOBUTH HAMOIIbII BifiTOBiAHY MOJI€JIb, SIKa OIKCYE TEIJIOBe
IIOTJIMHAHHY PaJioBUNIPOMiHIOBaHHS BcepenHi Ta 30BHI Kaccionei A. O6’eKT [OCiI)KeHb — € KOHTMHYyaJIbHE Ta
CIIOpauyHe PaZioBUIIPOMiHIOBAHHS KOCMIYHMX 00'€KTIB Ha HAWOBIINX XBUJISX. TeOpeTUyHi Ta IpakTU4Hi
pesyabTatu. OTPUMaHi METOAVKU IOCiIKEHb KOCMIYHOTO BUITPOMIHIOBAaHHS HAa HAJOBIINX XBUJISIX MAKOTh
[IPaKTUYHY LIiHHICTb J1J151 CIIOCTEPEXXEHD PI3HOMaHITHUX 00'e€KTiB BCcecBiTy, 10 SIKUX HayleXXaTh 3aJMIIKU HaIHOBUX,
paziorasakTuKy, KBazapHy, IyJbCapy Ta iHINi IpKepesia HU3bKOYaCTOTHOTO BUITPOMiHIOBAaHHSI KOCMOCY.
3anponoHOBaHy METOJMKY BUMIPIOBAaHHS ITapaMETPiB TEIJIOBOTO MOIJIMHAHHS B i0HI30BaHOMY Tra3si, MOXKe OyTH
BUKOPUCTAHO JJ151 OOCiA>KEeHb iHIINX 3aJIMUIKIB HAJHOBUX, AJIs GiJIbIIOCTI SIKMX 1j€ MOKJIMBO 3pOOUTH Ti/IbKY i3
CIIOCTEPE’KEHb iX BUIIPOMIHIOBaHHS Ha HAAOBIIMX XBUJLSIX. [IpakTH4HA LiHHICTb 3alIPOIIOHOBAHOrO MiAX0y 3
3aCTOCYBAaHHSIM BUMIpPIOBaHb Ha pagioTesneckonax YPAH-2 (Ykpaina) Ta NenuFAR (®OpaHuis), intoctpye cunepriio
Pi3HUX iIHCTPYMEHTIB [J151 PaflioaCTPOHOMIYHUX CIIOCTEPESKEHD, KOJIU PE3yJIbTAaTU BUMIPIOBAHb 3 OHOTO
IHCTPYMEHTY CYTT€BO JOIOBHIOIOTh PE3YJIbTATU BUMIPIOBAHb 3 IHIIOTO. Y 1IbOMY BUIAKY 3a LOIOMOrow YPAH-2
BIJAETHCSl BECTU CIIOCTEPEKEHHS Y 4aCTOTHOMY fianas3oni 8-40 MI'l, a NenuFAR criocrepiras Kaccionero A Ha
yacroTax 20-66 MI'l. Takum YMHOM, 3'€JHYIOUN iX CIIEKTPU BIAETHCSI BCTAHOBUTH Oi/IbII IOBHY KaPTUHY
acTpodisnyHUX npouecis. HoBu3Ha HayKOBUX pe3yJbTaTiB. PO3p06s1€HO METOAUKY LIMPOKOCMYTOBUX
CIIOCTEPE’KEHb PaiOBUNIPOMIHIOBAaHHS HAIHU3BKUX YaCTOT Pi3HOI IpUPOAM HA HAalIOBIINX XBUJISIX i3 OJJHOYACHUM
BMKOPHMCTaHHSIM I€PEJOBUX YKPAiHChKUX PaliOTEIECKOIIB Pa30M 3 IIPOTOTUIIOM aHTEHM 1711 MAaOYTHBOI MiCSIYHO]
obcepaaropii. [IpoBefieHo CIisbHI JOCIIPKeHHS Bapianiil KputnyHoi yactotu F2 mapy ioHocdepu 3 ogHOYACHUM
3aCTOCYBAaHHSM pPajlioaCTPOHOMIYHUX CIIOCTEPEKeHb iOHOCPEPHOTro BifiCiY€HHS COHSIYHUX cIlyeckiB III-Tumny Ta
BUMIPIOBaHb 32 JOIIOMOTOI0 iOHO30H/IiB. 3apeeCTPOBAHO Ta JOCHiIKeHO acoujanio U+l COHSYHUX CIIECKIB
nepeznbadyeHy B TEOPETUYHMX MOJIEJIIX FeHepallii CIIJIeCKiB y COHSAYHOI acTpodisulli. 3anpONOHOBAHO KalibpyBaHHS
MOJI€eJli KOPOHU 3a IOIIOMOTOI0 PalioCTIOCTEPEXKEHD COHSAYHUX CIIIecKiB U-TuIly. BCTaHOBIEHO BETMYNHU
IapameTpiB TEIJIOBOrO MOIJIMHAHHS BCEPEAMHI 1 30BHI 3ayMIIKy HagHOBOI Kacciomnes A 3a onomMororo
iHTep(PEepPOMETPUYHUX CIIOCTEPEKEHD LITMPOKOCMYTOBOT0 PalioBUITPOMIHIOBAHHS HAJHM3bKUX YACTOT LIbOTO
IKepesa. Metony nociigpKeHsb. [71g po3B'sI3aHHS [IOCTaBJIEHUX 3aBIaHb BUKOPUCTOBYBAIUCh HACTYITHI METOIU
Cy4yacHOi pagioacTpoHoMii Ta acTpodizuku: (I) ekcriepuMeHTaIbHi AOCIiIPKEHHS 4aCOBOi Ta YaCTOTHOI CTPYKTYypU
PazioBUNIPOMiHIOBaHHS KOCMIYHUX 00’€KTiB HA HAAOBIMX XBUJLX; (II) 06poOKa pe3ysbTaTiB CIOCTEPEXKEHD i
OUMIIEeHHS iX BiJl 3aBaj] 3 3aCTOCYBAaHHSAM HalCy4aCHIIIMX METO/iB CTATUCTUIHOI 0OPOOKY €KCIIEPUMEHTAILHUX
naHux; (III) TeopeTrnyni Mogesti reHepallii COHSIYHUX CILJIECKIB, TEIJIOBOTO MOTJIMHAHHS paliOBUIIPOMiHIOBaHHS B
iOHI30BaHOMY rasi, a TaKOK METOJM YMCEJIbHOTO aHasi3dy. CTyIiHb yIIpoBagkeHHs. OTpUMaHi pe3yybTaTh MaloTh
¢dyHIaMeHTaIbHe 3HAaUY€HHS Yy PO3yMiHHI BcecBiTy, a po3po6JieHi 3aco61 Ta iIHCTPYMEHTH 103BOJISIIOTh IIPOBOAUTH
acTpodi3sM4HO 3HAYYIi BUMIPIOBAaHHS KOCMIYHMX 00'€KTIB pi3HOI IPUPOY B IIMPOKOi CMY3i 4aCTOT aX [0 4aCTOT
ioHocdepHoro BinciuenHs. Chepa BUKOpucTaHHs. Po3pobieHi MeTonu pazioaCTpOHOMIYHUX CIIOCTEPEsKEHb Ta
00pO0KHU JaHuX €(PEKTUBHI I CYTTEBO MiHIMIi3yIOTb BIJINB HE0)KAaHUX CUTHAJIIB HAa pe3yJIbTaTu BUMipIoBaHb. Le
I03BOJIsI€ iX BUKOPUCTOBYBATHU Y JOCIIPKEHHSIX TyXKe CJIa0KUX KOCMIUHUX CUTHAJIB TaKuX, [0 SIKAX 30KpeMa

HaJIEXKUTb CUTHAJI B JIiHil 21 CM HENMTPAJILHOTO TiIpOreHy y paHHbOMY BcecBiTi B enoxy TeMHux BiKiB.

2. The purpose of the work is the studies of cosmic radiation of various natures at the longest radio waves using
the latest approaches and radio telescopes to establish the astrophysical perspectives of such measurements. To
achieve this goal, the following tasks were solved. First, to develop a technique for observing the radiation of space
objects at the longest wavelengths, which is adversely affected by various types of natural and artificial radio
interference, as well as the ionosphere. Secondly, to experimentally test the possibilities of radio astronomical
measurements using a prototype ultra-low-frequency antenna. Thirdly, to conduct experimental studies of
ionospheric cutoff of III-type solar bursts and compare their values with simultaneous measurements of critical



frequencies of the ionosphere F2-layer with the help of ionosondes. Fourth, to perform experimental studies of the
characteristics of a U-type solar burst at the beginning of a new cycle of solar activity using both ground- and
space-based instruments. Fifth, to perform experimental studies of the continuous radio spectrum of Cassiopeia A
using interferometric observations, in which the Cygnus A radio galaxy is a calibration source. Sixth, to conduct an
astrophysical interpretation and establish the most appropriate model which describes the thermal absorption of
radio emission inside and outside Cassiopeia A. The object of research is continuous and sporadic radio emission
of space objects at the longest waves. Theoretical and practical results. The obtained methods of cosmic radiation
research at the longest waves have practical value for observing various objects of the Universe, which include
supernova remnants, radio galaxies, quasars, pulsars and others. From the point of view of practical applications, a
technique has been developed to refine the parameters of the electron density of the solar corona over the active
regions of the photosphere, the magnetic fields of which are bipolar and can generate bursts of types U and III.
The practical value of the proposed approach using measurements on the radio telescopes URAN-2 (Ukraine) and
NenuFAR (France) illustrates the synergy of different instruments for radio astronomical observations, when the
results of measurements from one instrument significantly complement the results of measurements from
another. With the help of URAN-2, it is possible to conduct observations in the frequency range of 8-40 MHz, and
NenuFAR observes Cassiopeia A at frequencies of 20-66 MHz. Thus, by combining their spectra, it is possible to
establish a more complete picture of the astrophysical processes studied. Novelty of scientific results. Techniques
for broadband observations of ultra-low frequency radio emission from cosmic objects of various nature at the
longest wavelengths with the simultaneous use of Ukrainian radio telescopes along with a prototype antenna for
the future lunar observatory have been developed. Joint studies of variations in the critical frequency of the
ionosphere F2-layer were carried out with the simultaneous use of radio observations of the ionospheric cutoff of
type III solar bursts and measurements using ionosondes. The association of U+III solar bursts predicted in
theoretical models was registered and investigated. Calibration of the corona model using radio observations of U-
type solar flares is proposed. The values of thermal absorption parameters inside and outside the Cassiopeia A
supernova remnant were determined using interferometric observations of ultralow-frequency broadband radio
emission from this object. Research methods. The following methods of modern radio astronomy and astrophysics
were used to solve the tasks: (I) experimental studies of radio emission from space objects in time and frequency at
the longest waves; (II) processing the results of observations and cleaning them from radio frequency interference
using the most modern methods of data processing; (III) theoretical models of generation of solar bursts, thermal
absorption of radio emission in ionized gas, as well as methods of numerical analysis. Degree of implementation.
The obtained results are of fundamental importance in understanding the Universe, and the developed means and
tools make it possible to carry out astrophysically significant measurements of space objects of various nature in a
wide frequency band. Scope of use. The developed methods of radio observations and data processing are effective
and significantly minimize the influence of unwanted signals on the measurement results. This allows them to be
used in the study of very weak cosmic signals, such as the signal in the 21 cm line of neutral hydrogen in the early
Universe during the Dark Ages.
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