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ABSTRACT. We suppose the relation of source emis-
sion at the decameter and infrared bands as the estimate of
the jet structure contribution relatively the central region
of the source. This relation is examined for the sample of
galaxies and quasars with steep low-frequency spectra
from the UTR-2 catalogue. We have derived the relations
of corresponding flux densities (at the frequency 25 MHz
and at the frequency 1.38:10** Hz (near-infrared band))
and their connection with source’s redshifts, characteristic
ages, jet propagation velocities. At the same value of the
jet emission relation (at the separate value of this relation)
the very close values of the characteristic age and the jet
propagation velocity are derived for the examined galaxies
and quasars with the same steep-spectrum type. So, the
evolution of the galaxies and quasars with the steep linear
radio spectrum (type S) may be similar. Analogously, one
is similar for galaxies and quasars with the steep break
radio spectrum (type C+). The considered relations have
positive correlation for the corresponding redshifts, the jet
propagation velocity. The radio sources with the steep
linear spectrum display the smaller characteristic age
(=107 years) than ones with the steep break spectrum
(~108 years). And the obtained mean values of the jet
propagation velocity for the examined galaxies and qua-
sars with the steep linear spectrum (~10° cm/s) are more
by one order than these for the examined galaxies and
quasars with the steep break spectrum (~108 cm/s). The
derived results may evidence for the cyclic activity of the
steep-spectrum radio sources.

Keywords: steep-spectrum radio sources, jets, galaxies,
quasars, characteristic age of radio sources.

AHOTALIA. Mu npumryckaemo, mo BiTHOIICHHS BH-
MIPOMIHIOBaHHS JDKEpesa B IeKaMeTpOBOMY Ta iHppadep-
BOHOMY Jlialla30HAX € OLIHKOIO BHECKY JKETOBOI CTPYK-
TypH BITHOCHO IIEHTpaJIbHOI oOmacti Jpkepena. Lle Bin-
HOIIIEHHST JOCIi/DKYEThCS JIJIsi BUOIPKU TAIAKTHK 1 KBa3a-
PiB 3 KPyTMMH HU3bKOYACTOTHHMH CIIEKTPAMHU 3 KATaJIOTy
YTP-2. Mu oTpuManu BiTHOIIEHHS BiAMOBITHUX TYCTUH
moTokiB (Ha yactoti 25 MI'1 Ta B Giim3pkoMy iH(ppadep-
BOHOMY jianasoni 1,38-10% I't) Ta iX 38’430k 3 4ePBOHUM
3MIIEHHSAM JPKepen, IXHIM XapaKTepHUM BIiKOM, IIBUAKIC-
TIO TIOIIMPEHHS JUKeTiB. [Ipu 0JfHAKOBIN BENMYHHI BITHO-
IICHHS IS BUIPOMIHIOBaHHS JDKETIB (NP BHUIIJICHOMY
3HAYCHHI I[bOTO BIJHOIICHHS) OTPUMAHO IyKe OJHM3BbKI
BEJIMYMHHA XapaKTEPHOTO BiKY 1 MIBHIKOCTI HOIIMPCHHS

JDKETIB IUIS JOCIHIKYBaHUX TaJIaKTHK 1 KBa3apiB 3 OgHA-
KOBUM THIIOM KPYTHX cIleKTpiB. OTXe, €BOIIOMisS Taiak-
THK 1 KBa3apiB 3 KPYTHM JiHIHHAM pafiocTIeKTpoM (Tun S)
MoOKe OyTH MOJiOHOI. AHAJIOTIYHO, MOI0HA EBOMIOLIS Y
rajJakTUK 1 KBa3apiB 3 KPyTHM paJlioOCIEKTPOM 31 31aMOM
(tunt C*). Po3risHyTi BiJHOIIECHHS MAIOTh MO3HUTHBHY
KOPEJISIIII0 I BIAMOBIAHUX YCPBOHUX 3MIIICHD, IIBU/-
KOCTI NOIIMPEHHS JpKeTiB. Pajiompkepena 3 KpyTHM JTiHIN-
HUM CHEKTPOM BHSBJISIOTH MEHIIMH XapakTepHUH BiK
(~107 poxkiB), HiX pamiomKepeaa 3 KPYTHM CIEKTPOM 3i
snamoMm (~10% pokiB). A oTpuMaHi cepenHi BeJIMYUHU
IIBHIKOCTI NMOIIMPEHHS JUKETIB A IOCHIPKyBaHHX TaJa-
KTHUK 1 KBa3apiB 3 KpyTUM HiHiiiHuM crextpoM (~10° cm/c)
OLUTBINI Ha MOPSAIOK, HiXK BIATIOBIAHI BETMYUHH IS TOCITi-
JDKYBaHHX TaJlaKTUK 1 KBa3apiB 3 KPYTUM CHEKTPOM 3i
snamoM (~108 cm/c). OnepsxaHi pe3yabTaTd MOXKYTh CBijl-
YUTH NPO IMKJIIYHY aKTHBHICTH pajiojkepen 3 KpyTUM
CIIEKTPOM.

Kao4oBi cioBa: pamiomkepena 3 KDyTUM CIIEKTPOM, JDKe-
TH, TaJIAKTHKHY, KBa3apH, XapaKTepHUH BiK pajio/Kepe.

1. Introduction

As we know, the theoretical and observed data prove
the central active nuclei with the supermassive black hole
as the source of energy for galaxies and quasars. Studies
of these objects at the different frequency ranges display
that their central region (accretion disk, dust torus) is more
prominent at the high frequencies (Imanishi et al., 2018).
At that time, the powerful outflows from accretion disk
(jets with cocoons) are more intensive at the low frequen-
cies, corresponding to the decameter wavelength band
(Miroshnichenko, 2023). To continue study the steep-
spectrum sources from the UTR-2 catalogue (Braude et
al., 1978, 1979, 1981, 2003) (particularly, at the frequency
25 MHz) we analyze their properties in connection with
central region of a source. We suppose the relation of
source emission at the decameter and infrared bands as the
estimate of the jet structure contribution relatively the
central region of the source.

2. Jet emission relation for the sources
From the UTR-2 catalogue we have compiled four

samples (Gs, Qs, Ge+, Qc+) of the steep-spectrum galaxies
and quasars: 78 galaxies with steep linear spectrum (radio
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spectrum type S), 55 quasars with steep linear spectrum
(radio spectrum type S), 54 galaxies with steep break
spectrum (radio spectrum type C+), 36 quasars with steep
break spectrum (radio spectrum type C+) (Miroshnichen-
ko, 2023). We have used the NED data base for the neces-
sary data. So, for samples Gs, Qs, Gc+, Qc+ the relation of
emission for examined sources at the decameter and infra-
red bands was determined as the relation 1g(Szs/Sir)
(where Sys is the flux density of source at 25 MHz , Sir is
the flux density of the source at 1.38-10%* Hz - NIR band).
One can see the distribution of the obtained jet emission
relations at the Fig. 1.

The mean values of the derived jet relations and the
corresponding redshifts are:

Gs <Ig(Ss/Sir)>=4.58 (£0.17) (n = 29)
<z>=0.694 (£0.103);

Qs <Ilg(Ses/Sir)> = 4.70(x0.14) (n = 15)
<z>=1.123(£0.100);

Ges < 1g(Ses/Sr)> = 3.67(x0.19) (n = 24)
<z>=0.298(£0.070);

Qc+ < 19(S5/Sir)>=4.30(x0.11) (n=14)
<z>=0.950 (£0.092).

Also we have determined the characteristic ages (Jam-
rozy et al., 2005) of examined steep-spectrum galaxies
and quasars (as the time of synchrotron decay of relativ-
istic electrons):

pl/2
tsyn =50.3 m [Vb(l + Z)]_l/2 y

B — is the magnetic field strength of source in 10° Gauss,
Beme = 0.32(1+2)> — is the equivalent magnetic field
strength corresponding to intensity of microwave back-
ground, in 10 Gauss, w, - is the critical frequency of the
synchrotron spectrum (in GHz). The value B we obtained
earlier, B ~ 10° Gauss (Miroshnichenko, 2012). The im-
portant characteristic of the jet structure of the source is the
jet propagation velocity and it was calculated by us for the
considered radio sources (Miroshnichenko, 2019; 2021).

So, the obtained mean values of the characteristic age
and the jet propagation velocity for the examined steep-
spectrum sources are:

Gs <tgyn>=5.22(£0.36)-10" (years)
Qs <tyn>=5.80(£0.34)-10" (years)
Go+  <toyn>=4.74(£0.41)-108 (years)
Qo+ <tgyn>=12.02(£0.25)-10% (years)

Gs <Vj>=2.97(£0.67)-10° (cm/s)
Qs <Vj>=3.12(x0.31)-10° (cm/s)
Ge+  <Vj>=5.49(+0.39)-108 (cm/s)
Qo+ <Vj>=1.65(+0.46)-10° (cm/s).

Let us consider the evolution of the jet emission contri-
bution relatively the redshift (cosmological epoch), relati-
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Figure 1: Distribution of relation 1g(S2s/Sir) for
ined galaxies and quasars

exam-



92

Odesa Astronomical Publications, vol. 37 (2024)
vely the jet propagation velocity. We obtain the positive
correlation for the jet emission contribution and the red-
shift (Fig. 2), and the same for the jet propagation velocity
(Fig. 3).

It is interesting to study properties of the steep-
~ spectrum sources at the same interval of relation
ﬁn 19(S2s/Sir). We separate the interval 1g(Szs/Sir) = 3,5+3,9
5 and obtain such parameters for the ~ examined galaxies

and quasars, corresponding to the separate value of the jet
emission relation:
3,0 4
" 0|0 0Y1 0I2 OI3 0:4 0]5 0I6 0|7 GS (n = 5)
io(1+2) <1g(Sz5/Sir) > = 3.73(+0.16)
a
) <teyn>=5.07(£2.69)-107 (year)
<Vj> = 6.63(£2.30)-108 (cm/s) ;
GC+ (n = 5)
g‘! <19(S25/Sir) > = 3.76(+0.11)
¢ <tyn> = 5.08(+2.10)-10% (year)
<Vj>=8.21(£7.32)-10" (cm/s) ;
35

6,04

5,5

5,0

45

19(S,/Sz)

3,0

2,5

2,0

4,0

3,5

0.1 0,2 03 04 0,5
lg(1+2)

b)

0,0 0,1 02 03 04 05 06
lg(1+2)
c)
. Q.
5 gt
//
//‘/

T T T T T T T T T 1
010 0,15 020 025 030 035 040 045 050 0,55
Ig(1+2)

d)

Figure 2: Relation of jet contribution vs redshift

Qs (n=2)
<1g(S25/Sir) > = 3.81(+0.03)
<teyn>=5.94(£1.23)-107 (year)
<vj>=1.03(£0.23)-10° (cm/s) ;

Qc+ (n=3)
<lg(Sz5/Sir) > = 3.78(0.09)
<toyn>=2.57(+0.58)-108 (year)
<Vj>=4.83(£1.246:10% (cm/s) .

3. Conclusion

1. The jet emission contribution relatively the central
region of the radio source with steep low-frequency spec-
trum displays positive correlation for the corresponding
redshift, for the jet propagation velocity.

2. At the same value of the jet emission contribution,
the examined galaxies and quasars with the same type of
radio spectrum have mutually closed values for the
source’s characteristic age and the jet propagation veloci-
ty. This may testify on the similar evolution for galaxies
and quasars with steep low-frequency spectrum.

3. It is important, that the characteristic age of sources
with the steep break spectrum (type C+) exceeds by one
order the characteristic age of sources with steep linear
spectrum (type S). This may be as manifestation of the
cyclic activity of the examined galaxies and quasars.
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Figure 3: Relation of jet contribution vs jet propagation velocity
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