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ABSTRACT. When signal from radio source propagates
through irregularity layer in the ionosphere it has
fluctuations of the amplitude (scintillations) which time
spectrum has power form with index @ = 3. It was shown
that such form of the time spectrum of amplitude
fluctuations caused by power form of the spatial spectrum
of electron concentration ionosphere irregularity with index
p=a+1,ie p=4. Based on theoretical preconditions
for such form of the spatial spectrum the frequency
dependence of scintillation index m (scintillation intensity
characteristic) was obtained in form power function: m «
f™ n=(p+2)/4, thus n=1.5. Similar frequency
dependence of the scintillation index was observed
experimentally for case of weak scintillations (m < 0.5). In
this work the frequency dependence of scintillation
parameters was analyzed on long-term observations of
power cosmic radio sources on radio telescope URAN-4 at
20 and 25 MHz. The results were compared with results of
earlier carried out investigations.
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AHOTAIISA. TIlpm  npoxomkeHHI  CHTHANY  Bif
pamiopkepenia 4yepe3 HEOMHOpIMHWN 1map B iOHOCHEpi
BUHUKAIOTh  aMIDNTyAHI  (UIyKTyalmii — pagiocHrHaiy

(MepexTiHHS), YaCOBUH CIIEKTP SKHX Ma€ CTETICHEeBY (GopMy 3
iHgekcoM o = 3. Bymo moxasaHo, mo Taka (hopmMa 4acoBOTO
CHEKTPY aMIUNTYAHUX (UIyKTyamiii BUIDIMBae i3 (opMu
MPOCTOPOBOTO  CHEKTPY i0HOC(hEpHUK HEOJHOPITHOCTEH
€NeKTPOHHOI KOHIIEHTpAIlii 3 iHgekcoM p = a+1, Tobto p=4.
Buxozsun i3 TEOPETMYHMX HNPHITYILEHb JUI Takoi (GopMu
MPOCTOPOBOT'O CHEKTPY OyJia OTpMMaHa YaCTOTHA 3aJICKHICTh
IHIEKCY MepexTiHb M (XapaKTepucTHKa I1HTEHCHUBHOCTI
MepexTiHb) B (opmi cremeHeBoi QyHKii: m o< fT
n = (p+2)/4, tobto N=1.5. TloxibHa YacTOTHA 3aNEKHICTH
IHAEKCY MEpEXTiHb EKCIEePHMEHTAIBHO CIIOCTepiranach y
Bunaaky crnabkux wmepextinp (M<0.5). B 1iii mpami
MpOaHaTi30BaHa YaCTOTHA 3AJICKHICTh MTAPaMETPiB MEPEXTiHb
0 JIOBFOTPUBAIIMM CHOCTEPEKCHHSAM MOTY)XHUX KOCMIYHHX
pamiomkepen  (3C144, 3C274, 3C405, 3C461) Ha
pamioreneckomni YPAH-4 Ha yactorax 20 1 25 MI'113 1998 mo
2007 pik. Innekc 4acTOTHOT 3aJIeXHOCTI OyB BUYMCIICHUH 13
iHJICKCIB MEPEXTiHb, OTPUMAHUX Ha IBOX YacToTax. J{yist Beix
paiomkepeN iHAEKC N HE € TMOCTIHUM, a 3aJeKHTh Bij
BEIIMYMHU 1HAEKCY MepexTiHb. [IpoaHamizoBaHi cepeaHi
3HAYEHHsS 1HJEKCIB YacTOTHOI 3aJIe)KHOCTI, a TaKOX

OTPUMAHHMX 13 HHMX CHEKTPIbHUX IHIEKCIB P Uit 4-X
pamiomkepei. CekTpaibHi iHIEeKCH P OyIM TaKo>X BUUUCIICH]
i3 IHIEKCIB @, OTPUMaHMX 13 CIIEKTpiB 10HOC(EPHHX
¢GuyKTyalii 1o 3ammcam  CIIOCTEpEeXEHb PaJlio/pKEperl.
[NopiBHSIHHS IIMX BEIUYHH MiXK COOOI0 MOKA3ajIo, 0 TUTBKU
st pamiomkepena 3C405  pesynpTar  criBmamae 3
nepen0adeHNM — TEOpi€ro, sSKa JIOMyCKae OJHOKpaTHE
pO3CitoBaHHS palioXBWIb B ioHOChepi. IloxiOHI pesynpraTn
OynH OTpHMaHi B paHiIie IPOBEICHNX JOCTIKEHHAX 1HIITNX
aBTOPIB 1 HOTPEOYIOTH IMOHAWMEHIIIE IPUIAMATH 0 YBard TaKi
(dakTopu BIUIMBY SIK TeoMeTpisi eQeKTy MepexTiHb i
Garatopa3oBe pOo3CilOBaHHS Pa/liOXBHIIb.
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1. Introduction

When signal from cosmic radio source propagates in the
inhomogeneous ionosphere it has fluctuations of intensity or
scintillations. Scintillation effect can be characterized by
scintillation index and time spectrum of fluctuations.
Scintillation index defines as (Liu et al., 1986): m =
JA®) = (1)?/(1)?, where I — intensity of the received
radio signal, angle brackets are the time averaging. Time
spectrum of the intensity fluctuations has power shape with
exponent @ = 3 and caused by the power form of the spatial
spectrum of the ionosphere plasma irregularities @y, (k) o«
k~P (k —wave number) with index (Yeh, 1982):

p=a+1l 1)

Scintillations on the medium irregularities can originate
under the conditions of strong and weak wave scattering
(Franke, 1987). If m =~ 1, then scintillations are strong,
saturated and if m<« 1, (usually m <0,5) then
scintillations are weak. The single scattering of the radio
signal occurs at weak scintillations and radio signal suffers
multiple scattering in a case of the saturated scintillations.
Data interpretation complicates by absence of the analytic
decisions for strong scintillations, the approximate methods
are use in this case.

lonosphere scintillations were observed in the range
from 10 MHz up to 6 GHz (Wu, 1983). For weak
scintillations the frequency dependence was obtained as
(Liu et al., 1986): m o f~™. Thus scintillation effect is
more significant as wave length of radio signal is larger.
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Figure 1: Behavior of the spectral index: a —

histograms; b — dependences of the scintillation index

(25 MHz), solid line — approximation by polynomial of
the third order
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Frequency dependence cannot be determinate in the case of
saturated scintillations. Theoretical calculations associate
spectral index n with the spatial spectrum exponent p as
(Liu et al., 1986):

n=(p+2)/4 2
In such case for power form of the spatial spectrum n =
1,5. In the present work the analysis of the ionosphere
scintillation spectral indices calculated from scintillation
indices obtained from observations of power radio sources
at frequencies 20 and 25 MHz was carried out.

2. Observation data

lonosphere scintillation parameters were obtained from
observations of power cosmic radio sources — 3C144, 3C274,
3C405, 3C461 which were carried out on the radio telescope
URAN-4 during 1998-2007 at 20 and 25 MHz. Observation
method and processing technique were considered in the
works (Derevyagin et al., 2005; Panishko et al., 2019).

Index a can be determined on the slant part of the time
power spectrum received from observation. Index n can be
derived on the index a from equation (1) and also index n
can be obtained from the scintillation index measured at
two frequencies (equation (2)) as (Yeh et al., 1982):

n(f1/f2) = —loglm,(f1)/m,(f2)1/10g (f1/f2) (3)

where f; =25 MHz, f, =20MHz, m; and m, -
scintillation indices on the corresponding frequencies.

Thus number of 3529 values of the spectral index was
obtained with using observation records of good quality
(without radio interferences) and analysis of this data will
be considered in the next section.

3. Results and their discussion

Histograms of the spectral indices calculated from
equation (3) are presented on the Fig. la for 4-th radio

sources. The negative part is remarkable in all pictures that
mean the larger values of scintillation index at the higher
frequency. Similar result was obtained in the work
(Rashkovsky, 2004) on the observations of the ionosphere
scintillations of radio source 3C405 at the decameter radio
wave range and this do not agree with theoretical concepts.

The dependence of spectral index n from scintillation
index m at frequency 25 MHz is shown on the Fig. 1b. Data
for plots was obtained by meaning of index n on scintillation
index intervals with step 0.1 in limits from 0.01 up to 0.50
(weak scintillations). The dependence trend is emphasized
by polynomial of the third order. From graphs you can see
that the values of the spectral index do not stay constant and
depend from scintillation index that coincide the case of the
multiple radio wave scattering (Yeh et al, 1982). Also you
can note that dependence for radio sources 3C405 and 3C461
is more sloping than for 3C144 and 3C274. Most likely that
connected with the high on which radio source observed
because the first sources located higher than the second and
respectively the conditions of the scintillation occurrence are
different (Panishko et al., 2019).

The mean values of the scintillation index and spectral
index are presented in the Table 1. You can note that values
of the index n and also p are consistant with theoretical
values for case of the single radio wave scattering only for
3C405 that was showed by results of the work
(Rashkovsky, 2004). These values are remarkably larger
for 3C144 and 3C461 and smaller for 3C274 than predicted
by the theory. Estimations of the indices p; and p, obtained
from the radio source records have less discrepancy with
theoretical data however 3C274 also have the smaller
values of the spectral index.

Table 1. Mean values of the scintillation parameters

Source m  mp n pr p2 p
3C144 029 042 18 37 34 54
3C274 019 025 12 31 34 28
3C405 020 0.28 16 46 4.6 43
3C461 0.18 028 19 40 41 54

4. Conclusions

From the observations of 4-th power radio sources on
RT URAN-4 at 20 and 25 MHz the values of the spectral
index were obtained during 1998-2007. Frequency
dependence differs for each source that means different
conditions of scintillation occurrence. Interpretation of this
data requires the attraction of many factors which influence
on the results including multiple radio wave scattering and
geometry of the scintillation effect.
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