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ABSTRACT. Earlier we have determined that the
UTR-2 radio sources with steep linear spectra possess
greater jet propagation velocity and lesser characteristic
age than the UTR-2 radio sources with steep break spec-
tra. Also examined galaxies and quasars with steep break
spectra display greater mean values of the central black
hole masses and mass accretion rates, than corresponding
these for galaxies and quasars with steep linear spectra.
Besides, as we have determined, the radio structure of the
UTR-2 steep-spectrum sources is giant, its linear size has
Mpc-scale. The source’s giant structure is formed by jets
with enveloped radio lobes. So, this indicates on the pow-
erful jets of the radio sources with the steep low-frequency
spectra. Since the source jets are connected with the accre-
tion disk of the source, it is important to examine relations
of their physical characteristics. With this purpose we
obtain estimates of the jet kinetic luminosity for the UTR-
2 steep-spectrum sources on the assumption of the equali-
ty of the corresponding mass accretion rate and the jet
matter flux. Using our calculated values of the jet propa-
gation velocity and the mass accretion rate for the UTR-2
steep-spectrum galaxies and quasars, we estimate their jet
kinetic luminosities. The obtained values of the jet kinetic
luminosities are ~ 10% erg/s, pointing out the great power
of jets for the examined steep-spectrum sources. It is es-
sential, that the examined objects display the relation of
their kinetic luminosity and corresponding redshift (cos-
mological evolution).

Keywords: Steep-spectrum radio sources, jets, galaxies,
quasars, mass accretion rate, kinetic luminosity.

AHOTAIISL. Panimie Mmu OTpUMAIH, 110 PaIiopKepesa
3 karanory YTP-2, saxi MarOTh KpyTi JiHIHHI CIEKTpH,
MAalOTh OUTBITY IIBUAKICTh MOIIMPEHHS JHKETIB 1 MEHIIUH
XapakTepHH# Bik, HiX YTP-2 mkepena 3 KpyTHMH CIIEKT-
pamu 3i 3mamoM. Takoxk IOCTiIKyBaHI TalaKTHKH 1 KBa-
3apH 3 KPYTHMH CIIEKTPaMH 3i 3J1aMOM HPOSBISIOTH O17b-
o1 cepelHi BEIMYMHM Mac LEHTPAIBHUX YOPHUX Aip i
TEMITiB aKpellii MacH, HiXK BiJIMOBIAHI BEJIMIUHY JIJIS Tala-
KTHK 1 KBa3apiB 3 KPyTUMH JiHiitHUMHU cniekTpamu. Kpim
TOTO, MU OTPUMAJIH, IO pagiocTpykTypa YTP-2 mxepen 3
KPYTHUMH CIIEKTPAMH € BEJIETEHCHKOIO, ii JIIHIHHUIA po3Mip
Mae MeramapcekoBuii macmrad. Llg BelreTeHChKa CTPyK-
Typa jKepen (GOpMYeThCsl JUKETaMH Ta IXHIMU pajiorie-
moctkamu. OTxe, 1€ BKa3zye Ha IOTYXXHI JUKETH paiio-
JOKEpeIl 3 KpYyTUMH HU3bKOYaCTOTHUMH crieKTpamu. Ocki-
JBKHM JDKETH JDKepelia TOB’A3aHi 3 aKpemiiHUM JHCKOM

JUKepena, BaKIIUBO JOCIIAUTH CITIBBITHOIICHHS 1X (i3ud-
HUX XapaKTEPUCTHUK. 3 II€I0 METOI0 MU OTPUMYEMO OILIiH-
KM KIHETMYHOI CBITHOCTI JpkeTiB mist YTP-2 mxepen 3
KPYTHUMH CIIEKTPAMU, IPUITYCKAIOYH PiBHICTH BiMOBITHO-
ro TEeMIly akpelii Macu Ta MOTOKY PEYOBHHH jkera. Bu-
KOPUCTOBYIOUH OOYMCIICHI HAMH BEIMYUHHM IIBUAKOCTI
MIOITMPEHHS KETIB 1 TemIry akperii macu s YTP-2 ra-
JIAKTHK 1 KBa3apiB 3 KPYTHM CIIEKTPOM, MH OJIEPIKalH OIi-
HKY KiHCTHYHOI CBITHOCTI iXHiX JKerTiB. OTpuMaHi 3Ha-
4eHHs KiHEeTMYHOi CBITHOCTi [KETiB cTaHOBIATH ~ 104
epr/c , BKa3ylO4H Ha BENUKY MOTYXHICTh DKETIB PO3TIIS-
HYTHX JDKepel 3 KpyTUMHU CeKTpamu. BaxiuBo, mo noc-
JKyBaHi 00’€KTH MOKa3yIOTh 3aJIeXKHICTh iXHBOI KiHe-
TUYHOI CBITHOCTI BIJHOCHO BIAMOBIIHOTO YEPBOHOTO
3MIIEHHS (KOCMOJIOTIYHY €BOIIOIIIIO).

Karouosi cioBa: Pagmiomkepena 3 KpyTUM CHEKTPOM,
JDKETH, TAIAaKTHKH, KBa3apH, TEMIT akpewii Macu, KiIHeTHY-
Ha CBITHICTb.

1. Introduction

It is known that extragalactic radio sources — galaxies
and quasars contain active nuclei. In active nuclei of gal-
axies and quasars the supermassive black hole accretes the
surrounding matter. Modern studies show the structure of
the active galactic nuclei at the scales by order of some
tenth of light year (Fig. 1). This structure includes the su-
permassive black hole, accretion disk with its crown, gas-
dust torus and extended jets — narrow beams of energetic
particles. The emission of accretion disk is connected with
optical and high-frequency radio emission. The crown of
accretion disk is emitter of X-rays. The gas-dust torus is
connected with infrared emission, and jets and their radio
lobes are bright regions of low-frequency radio emission.
At the decameter wavelengths — at the lowest frequency
range for the ground radio telescopes — the jets may be
very intensive at the steep spectrum of synchrotron radia-
tion of the source. Indeed, the UTR-2 steep spectrum
sources (with value of the spectral indices @ > 1) possess
the great luminosity at the decameter wavelengths.

2. Estimate of the jet kinetic luminosities for the
UTR-2 sources with the steep low-frequency spectra

As we have derived before (Miroshnichenko, 2010 —
2021), sources with the steep low-frequency spectra from
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Figure 1: The scheme of active nucleus of radio source

the UTR-2 catalogue (Braude et al., 1978, 1979, 1981,
2003) have great monochromatic luminosity at the deca-
meter band (the monochromatic luminosity at the frequen-
cy 25 MHz is ~ 10 W/(Hzsterad), the giant radio struc-
ture (its linear size is ~ Mpc), the great characteristic age
(108 years), the sublight jet propagation velocity (~ 0.1 s ),
the great mass of the central black hole (108 — 10° Mo).
These sources have two spectral types: S (steep linear radio
spectrum) and C+ (steep break radio spectrum) (Fig. 2). For
determining of the characteristics of the steep-spectrum
sources, we examine the sample of these sources from the
UTR-2 catalogue (78 galaxies and 55 quasars with steep
linear radio spectrum, and 54 galaxies and 36 quasars with
steep break radio spectrum). Corresponding identifications
of the sample sources in the centimeter, infrared, optical,
X-ray bands have been made with the NED data base. As
the result we have composed 4 subsamples: 53 galaxies
with steep linear spectrum (Gs), 37 galaxies with steep
break spectrum (Gc+), 45 quasars with steep linear spec-
trum (Qs), 29 quasars with steep break spectrum (Qc+).

Before (Miroshnichenko, 2019) we have determined
that the UTR-2 sources with steep linear spectrum possess
greater jet propagation velocity than the UTR-2 radio
sources with steep break spectrum:

Gs <Vj>=2.97*10° (+- 0.67*10°% cm/s ;
Ge+  <Vj>=578*108 (+- 4.09*10%) cm/s ;
Qs <Vj>=3.12*10° (+- 0.31*10°% cm/s ;
Qc+ <V;>=1.65*10° (+- 0.45*10° cm/s .

Also, the examined galaxies and quasars with steep
break spectrum display greater mean values of the central
black hole masses and mass accretion rates, than corre-
sponding ones for galaxies and quasars with steep linear
spectrum (Miroshnichenko, 2018).

Since the source jets are connected with the accretion
disk of the source, it is important to examine relations of
their physical characteristics. The process of accretion on
the black hole of source is characterized by the mass ac-
cretion rate (‘Z—M) (Shakura & Sunyaev, 1973). In the
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theory of accretion disks it is usually assumed that the lu-
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Figure 2: Examples of spectral types S (a) and C+ (b) for
steep-spectrum sources from the UTR-2 catalogue

minosity of the disk is bounded by the Eddington lumi-
nosity (Frank et al., 2002; Li, 2012). The Eddington lumi-
nosity Leqq is the limit luminosity of source when the light
pressure is balanced with the gravity force (Shakura &
Sunyaev, 1973).

We obtain the estimate of the kinetic luminosity of jets
for examined sources from the assumption about the ap-
proximate equality of the mass accretion rate and the jet
matter flux:

y 2
L — MV
k 2 '
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Figure 3: The relation of jet kinetic luminosity and redshift for Gs (a), Ge+ (b), Qs (c) and Qc+ (d).

where M is the jet matter flux, Vj is the jet propagation
velocity. Then we obtain:

de 2

< MYy

LMY :( dt Jews

kinet 2 2

The derived values of the kinetic luminosity point out

the powerful jets of source with low-frequency steep spec-
trum:

Gs (Lyine ) == 8.90(£5.58)-10 erg /s ;
Ge+ (Lgnet ) ==3.52(+3.52)-10* erg /s ;
Qs (Lgner ) = 4.41(£1.20)-10% erg /s ;
Qo: (Lyw)=—335(<1.83)-10erg/s .

Since the examined objects cover the redshift range z =
0,017 to z = 3,57, we consider the relation of the obtained
kinetic luminosities and the corresponding redshifts. The
sample objects with steep break spectrum display consid-
erable relationship from redshift in comparison with the
linear spectrum objects (see Fig. 3(a,b,c,d)):

Gs k=091
Linet = 6.82(10.42) lg (l+ Z) + 42.55(i0.11) ;
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Ge+r k=091
Liinet :13.12(10.99) Ig (1+ Z)+40.09(iO.15) ;
Qs k=070
Liret = 4.62(i0.73) Ig (l+ Z)+ 43.74(i0.23) ;
Qc+ k=084

Linet = 9.54(11.17) Ig (1+ z) + 41.69(i0.35) .
3. Conclusion

To continue the study of radio sources with steep low-
frequency spectra from the UTR-2 catalogue, the esti-
mates of the jet kinetic luminosity in these sources have
been derived.

The obtained estimates of the jet kinetic luminosities
point out the great power of jets of the steep-spectrum
sources (10% erg/s).

The relationship of the kinetic luminosity of jets and
redshift (as cosmological evolution) is revealed, especial-
ly, for sources with steep break spectrum.
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