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AHHOmayua. Ypogeuv cucHaia u nomex 8 O0eKaMemposom OUANA30He PAOUOBOIH NOOBEPIHCEH
SHAUUMENbHBIM  CIVHAUHBIM UBMEHEHUSIM, UYMO OKA3bleaem 6IUsHUE HA HAOEICHOCHb PAOUOCES3U.
Haoesicnocms paduocessu 6 0ekamemposom OUana3one onpeoensemcs. OMHOUEHUEM CPeoHe20 VPOBHs.
CUSHANA K YPOBHIO WYMA HA 6X00€e NPUEMHUKA K €20 OONYCIUMOMY 3HAUEHUI0, KOMopoe, 8 C8010 04epedb,
3aeucum om 6vlOpanHou pabouel uacmomsl. Taxoce GaANCHBIM NOKA3AMENEM SGNAEMCA CIMAHOAPMHOE
OMKIIOHEHUEe (CPeOHEeK8AOPATNUYECKOe OMKIOHEHUE) COOMHOUEHUS CUSHATI-NOMEXA HA 8X00e NPUEMHUKA.
Tocneonee npunamo cyumams nOCMOAHHOU eeaudunou u cocmaensem 14 ob. Tem ne menee, coenacto
IKCNEPUMEHMATLHOIM  OAHHBIM, CMAHOAPMHOE OMKIOHEeHUe (CpedHeK8aopamuieckoe OmKIOHeHUe)
OMHOWEHUS MOWHOCMU CUSHANA K MOWHOCMU WYMA HA 8X00e NPUEMHUKA 8 0eKaMempOo8OM OUAna3oHe
MOJiCem  8apbUpPOSAMbCa 8 3AGUCUMOCHU OM  HACMOMbL, YMO MONCEM CKA3AMbCs HA MOYHOCHU
PACYemo8 HAOEeHCHOCU CEA3U.

KiaroueBble ¢j10Ba: KOPOTKOBOJIHOBAS PaJMOJIMHUSA, BHIBI PAJUOINIOMEX, CPEIHEKBAAPATHUECKOES
OTKJIOHCHHE, HIDKHSS JCLIUIISI, BEPXHSS ACIIAIISL

Js uurupoBanus: [ punes E. M., [lawunyes B. I1., I'anywxo FO. U. Onpedenenue wacmommuvix

3asucumocmeti deyunei omuowenus cuenanr-nomexa // Cospemennas nayka u unnosayuu. 2023. Ne 4
(44). C. 25-31. https://doi.org/10.37493/2307-910X.2023.4.3

Abstract. The level of signal and interference in the decameter range of radio waves is subject to
significant random changes, which affects the reliability of radio communications. The reliability of radio
communication in the decameter range is determined by the ratio of the average signal level to the noise
level at the receiver input to its permissible value, which, in turn, depends on the selected operating
frequency. Also an important indicator is the standard deviation (standard deviation) of the signal-to-
noise ratio at the receiver input. The latter is considered to be a constant value and is 14 dB.
Nevertheless, according to experimental data, the standard deviation (RMS deviation) of the ratio of
signal power to noise power at the receiver input in the decameter range may vary depending on
frequency, which may affect the accuracy of communication reliability calculations.

Keywords: short-wave radio line, types of radio interference, standard deviation, lower decile,
upper decile
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Introduction. It is known [1-5] that the key factor for ensuring the reliability of radio
communications in the decameter range is the probability that the reliability of communications
will meet or exceed the permissible level.

Materials and research methods. As a rule [1, 2], the reliability of radio communications

D, Z is determined by the average value of the signal-to-interference ratio Z [ EC/E_ i.e. the
ratio of the average values of the electromagnetic field strength of the signal E_Cand radio

interference E_nin the receiving device. The reliability of radio communications D, is calculated
as:

D, = F((Z—ZHDH)/GZ), ab,
where Z is the average value of the signal-to-interference ratio (dB), Z ., 1s the permissible

signal-to-interference ratio (dB), o, is the standard deviation of the signal-to-interference ratio
(dB).

It must be emphasized that, as noted in the source [3], the standard deviation of the signal-
to-noise ratio at the input of a shortwave radio link receiver can vary significantly: from
c,=6..111bday to o, =10...16 nbnight. Taking such a wide range of values into account can

have a significant impact on the accuracy of shortwave communications reliability calculations.
For this reason, average values obtained from statistical data are traditionally used to calculate
the reliability of decameter radio communications. For example, in the method [4] it is proposed

to use the same value o, =14 nbfor all operating frequencies.

The standard deviation (RMS) of the average signal-to-noise ratio o, at the receiver input
is determined by the deviation of the upper DUZ or lower D,Zdecile of the average signal-to-
noise ratio: o, =D,Z/1,28, o, =D,Z/1,28. Since the deviation of the upper D,Z and lower
D,Zdeciles depends on the frequency f , therefore the standard deviation of the average signal-

to-noise ratio also depends on the frequency o,(f)=D,Z(f)/1,28, o,(f)=D,Z(f)/1,28.

The purpose of the report is to establish the dependence of the values of the deciles of the
signal-to-interference ratio, depending on the choice of operating frequency.

Research results and their discussion. Study of the dependence of signal-to-interference
ratio deciles in the shortwave range on frequency. The main indicator of the quality of decameter
(DCM) radio communication [1-4] is reliability, or the probability P of providing
communication with reliability no worse than acceptable (i.e. P <P _ ). In accordance with

oI a0t

the recommendations [6], the calculation of communication reliability D, is carried out for two
cases:
1) if the average signal-to-noise ratio is greater than the permissible value (Z >Z ), then

D,, the value of the lower decile of the average signal-to-noise ratio is determined D,Z as

Z-7
D, =130-80| 1+ ——=2 | (%),
DZ
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signal-to-noise ratio D, Z as

), then D_ is determined by the value of the upper decile of the average
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In accordance with the recommendations [6], the deviation of the upper DUZ decile of the
average signal-to-interference ratio is determined by the formula:

DUZ:((DUIDCd)2+(DP ) +(DF )2);:((DP ) +(D,p,) +

u'ch 1" apg u'cd u'ch
1
2\5
Fama Fam p Fam g 2 (d B) ' (4)
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where D,P.,is the deviation of the top decile of the signal from day to day (dB), D,P., —

u'cd

deviation of the upper decile of the signal during the hour (dB), D,F,, — deviation of the lower

decile of the total power (combination) of atmospheric ( a ), industrial ( p ) and galactic ( g )
interference (dB).

Decile of the average signal-to-noise ratio is determined similarly [6]: DIZ

1
D|Z=((D|Pcd)2+(D|Pch)2+(DUFaPG)2)2:((D'F)Cd)2+(D'F)Ch)2+
FonatDya Fans+Dup Fang+Dug \ )2 % (dB), (5)
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where D,P,, is the deviation of the lower decile of the signal from day to day (dB), D,P.,—
deviation of the lower decile of the signal within an hour (dB), D,F,— deviation of the upper

decile of the total power (combination) of atmospheric (a), industrial (p) and galactic (g)
interference (dB).

A number of parameters included in (4, 5) depend on the operating frequency f as
follows.

It is known [6] that for long-term signal fading (day from day), the deviation of the upper
D,P.,and lower D,P,,deciles depend on the ratio of the operating frequency f to the main

u'cd

MUF of the path. Frequency dependencies D,P.,(f)are D,P,(f)given in Table 2 of the

recommendation [6].

In accordance with the recommendation [7], short-term deviations (within an hour) of
signal deciles from the season of the year, time of day and frequency do not depend and are:
upper —D,P,, =5 dB, lower—-D,P,, =8 dB.

The determination of the frequency dependencies of the median values of the power of
atmospheric F, . (f)and industrial interference F,  (f)and galactic noise included in (4, 5)
F.no (T)are described in detail in the method [8], which takes into account the data of the IRI -

2016 abstract model [9].
The frequency dependences of the deviations of the upper D, (f)and lower D, (f)

deciles of atmospheric interference are determined using data on the variability and nature of
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atmospheric interference depending on the frequency f and time of day and year, presented in

Figures 13c-36¢ of the recommendation [10].

According to [10], deviations of the upper D, and lower D, deciles of industrial
interference and galactic noise D, , ( D,,) do not depend on the season of the year, time of day
; =D, =20dB.

Taking into account the frequency dependencies D,P.,(f), DP,(f), F,,.(f), K, (f),
Fang (), D,.(f)and D, (f)formulas (4) and (5), to determine the deviation of the upper DuZ

or lower D, Z decile of the average signal-to-interference ratio, it takes the following form:

and frequency f and are set at the same level: D,/ =D, , =D,

D,Z(F)=((D.Py (D) +(B,R ) +(DFug (D) =((BP (1) +

1

Fana()  Fanp(1) Fang(f) 2)2 (dB), (6)
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Thus, in the obtained expressions (6, 7), in addition to constant parameters,
(DUF'ch =5xb5,DP,, =81b,D,,=D,,=D,, =D, =2 )IE) a number of frequency dependencies
are included, which are determined: D,P,(f), D,P,(f)— according to Table 2 of the
recommendation [6]; F,..(f), F,,, (f), R, (f), D,,(f)and D,,(f)according to the method
[8], D,,(f)and D,,(f)- according to the recommendation [10].

In accordance with expressions (6, 7) and the initial data used in the method [8, 11], the

graph (Figure 1a) shows the frequency dependences of the deviation of the lower D,Z(f)decile

(solid line) and the upper Duf(f)decile (dashed line) of the average signal-to-noise ratio in the
receiver frequency bandb =200 Hz, for the summer season at 00 hours 00 minutes.
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A) b)
Figure 1 — Frequency characteristics: a) deviations of the upper DUZ(f)and lower D, Z(f)deciles of
the average signal-to-noise ratio; b) the standard deviation of the signal-to-noise ratio s,

Analysis of the presented graphs (Figure 1a) shows that the deviations of the lower and
upper deciles of the average signal-to-interference ratio depend significantly on the operating

frequency. The largest deviation value of the lower decile is D|Z:14,7 dB at frequency
f =1 MHz, top decile DUZ =9,9 dB at f =3,2 MHz frequency. The smallest deviation value of

the lower decile is DIZ =13,3dB at a frequency f =7,20f MHz, the upper decile DUZ =9is dB
at a frequency of f =10MHz. The maximum difference between the deviation values of the
lower decile of the average signal-to-interference ratio depending on frequency reaches
AD,Z =14,7-13,3=1,4 dB, between upper decile deviation values —AD,Z =9,9-9=0,9 dB.
The graph (Figure 1b) shows the frequency dependence of the standard deviation of o, (f)
the average signal-to-noise ratio and the standard deviation o, = const =14 dB according to [4].

Analysis of the presented graph (Figure 1b) shows that the standard deviation of the
average signal-to-interference ratio significantly depends on the operating frequency. The largest
value of the standard deviation isc, =11,5 dB at f =1MHz frequency, least —c, =10,4 dB at

frequency f =7,2 MHz. The maximum difference between the deviation values of the standard

deviation of the signal-to-interference ratio depending on frequency reaches
Ac,=11,5-10,4=1,1 dB. The resulting frequency dependences of the standard deviation

o, ( f)differ significantly from the standard deviation o, = const =14 dB in accordance with [4].
The smallest discrepancy is observed at frequency f =1 MHz and isAc, .. =14—-11,5=2,5 dB,
highest — Ao, ., =14—10,4=3,6at frequency f =7,2 MHz, which can significantly affect the

reliability of communications in the DCM range.
According to the graph (Figure 1b), at a frequency f =7,20f MHz the standard deviation

of the average signal-to-interference  ratio at the  receiver input is
o,=D,Z /1, 28=13,3/1,28 ~10,4 dB. This value corresponds to experimental data [3], where in

the summer season at night the value of the standard deviation at the input of the DCM radio link
receiver can vary from ¢, =10...16 dB.

It should be noted that when calculating the reliability of communication D_ in a DCM
radio link, the standard deviation o, is determined taking into account the deviation of the lower

zmin

decile of D,Zthe average signal-to-interference ratio. If communication reliability D_ is less

than 50 %, MSD o, is determined by the deviation of the top decile DUZ of the average signal-

to-noise ratio.

Conclusion. Based on the results of the study, assessing the values of the deciles of the
signal-to-interference ratio, depending on the choice of operating frequency, allows us to draw
the following conclusions:

1. The upper and lower deciles take different values depending on the operating
frequency in the decameter range. The maximum difference between the deviation values of the

lower decile of the average signal-to-noise ratio reaches AD,Z =1,4 dB, between upper decile

deviation values —AD,Z =0,9 dB.

2. The standard deviation of the signal-to-noise ratio also depends on the choice of
operating frequency and differs from the statistical value ino, =const =14 dB. The largest
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difference in the values of the frequency dependence of the standard deviation o,(f)on
o, =const =14 dBisAc, =3,6 dB.
In accordance with the established frequency dependencies of the lower DIZ( f)and upper

deciles D,Z(f)and, therefore, standard deviation o,(f), communication reliability D, can
take on different values.
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