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The paper assumes a Bayesian estimate of the telecommunication systems availability ratio. Downtime and uptime are described by
gamma distributions with positive integer parameters. Estimates of the distribution parameters are obtained using the maximum
likelihood method. For the set samples, the values of the desired probability distribution densities are found and an expression for
estimating the availability ratio is derived. Numerical estimates for the standard and assumed estimates are given. For a system with
two states, a Bayesian estimate of the availability function with consideration of downtime and serviceable condition takes into
account the features of backup equipment and the effect of its failure defined by performance reliability and features that ensure the
reliability of information signals. The proposed Bayesian approach has the following advantages: it is possible to conduct
quantitative estimates with lack of sufficient statistics on functional use indicators; it takes into account all destabilizing factors of
various nature; the presence of a lower mean square error compared to traditional methods. To implement the proposed approach
that estimates the availability ratio, confidence probabilities are introduced relative to the indicator of failure flows and equipment
recovery. The parameters of the a priori information can be determined by different methods or on the basis of sufficient statistical
data. To illustrate the discussed calculation algorithm, a digital data transmission system of a standard satellite navigation system
consisting of terminal, radio equipment, and a transponder is considered. To estimate the required values, we used data on
interruptions in the operation of equipment due to its malfunction during a conditional year. The frequency of downtime caused by
signal propagation conditions and equipment failures was evaluated. It was shown that the gamma distribution is suitable for
describing the frequency distribution of downtime. The frequency distribution of the cyclicity coefficient with the condition of the
selected time interval was also taken into account. Sample mathematical expectations and mean square deviations of the downtime
coefficient were found. As a result, the numerical example shows the correctness of using the Bayesian estimate of weighted
equipment preparedness.
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INTRODUCTION

The technologies used to create modern facilities for radio engineering flights support and avia-
tion telecommunications (REFS and ATC) cause a high level of operational characteristics [1, 2].
However, the problem with ensuring the reliability of information determined by the operational char-
acteristics using specified equipment is updated. Along with this, there are problems of assessing the
availability of equipment arising from the strict requirements of ICAO for the acceptable time of inter-
ruptions in work, not to mention the specific requirements for the transfer of confidential information.
Any disruption in the operation of REFS and ATC facilities affects the dominant industry indicators,
such as flight safety and the throughput of air traffic control zones (ATCZ) [3, 4]. In addition, methods
for calculating serviceability characteristics that use the assumption of the exponential law of the up-
time function are questionable, since they are based on a priori constancy of the failure rate. In this pa-
per, the authors attempt to assess the availability of equipment and the level of its possible chang-
es [5, 6].

RESEARCH METHODS AND METHODOLOGY
The authenticity of information in telecommunications systems largely depends on the reliabil-
ity of communication channels. The assumption of an exponential distribution of reliability probability

indicators may be unfair if the system operates under changing conditions, which fully applies to tele-
communications systems [7, 8]. Such conditions can be considered as a complex electromagnetic envi-
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ronment, operation during the initial period of operation, the influence of radio wave propagation con-
ditions, etc. In addition, exponential estimates of reliability indicators are inaccurate with limited da-
ta[9, 10]. Also, modern telecommunication systems have a high level of reliability and therefore it is
impractical to carry out maintenance with a constant control step along with the use of a priori selected
uptime probability distribution functions [11].

In this case, due to the randomness of the parameters caused by the unstable operating envi-
ronment, we will use the Bayesian approach to evaluate the system availability [12, 13].

Let's assume that downtime and uptime times have a gamma distribution with positive integer
parameters of the distribution form [14], which allows us to take into account various degradation pro-
cesses that affect information signals and system redundancy. The Bayesian approach used in this case
has the following advantages:

e it is possible to conduct quantitative assessments in the absence of sufficient statistics on

failures and recovery;

e consideration of destabilizing factors with various kinds of nature;

o the presence of a lower mean squared error compared to traditional methods [15, 16].

To generalize the possibility of extending the proposed model to various telecommunications
systems with different communication channels, consider a system that has a "hot" reserve of N, func-
tioning and N, reserve resources [17, 18].

We define K, as the availability ratio for the given parameter values, K, — availability ratio
which takes into account the variation in the availability of resources due to various factors; n — sam-
pling volume; T — the cycle period; T, — time between failures; 1, — time of recovery; a, b — constant
parameters of the gamma distribution; o, 3 — parameters of the G — distribution form; x;, and yj, — the
observed downtime and uptime for i-th cycle respectively; A and p — the failure and recovery rates.

In accordance with we have [19]:

Ny N,
R, = Z (GO = K@K OP + ) () = KO IO, ()

where N; = N, + N,.
We determine the duration of the cycle T by adding one functional state and one defective
state. For known parameters A and p fixed time t:

K.(& 00 = ;“H + ﬁ exp[—(h + wt]. (2)

Estimation of the availability ratio K.(¢; A; ) it is obtained by substituting estimates A and p by
maximum likelihood method (X and fi) into expression (2). The corresponding likelihood functions are
maximized and as a result we have:

noo~ n_
n ;o U= n )
i=1Xi Yie1 Vi

A=

To implement the Bayesian approach, we introduce confidential probabilities on A and p as
statically independent and having gamma distributions:

F.(\; o;a) = F(ah; o), (3)
E,(w; B;b) = F(by; B). 4)
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In relations (3) and (4) F,(A; a;a) = F(ak; o) — a priori distributions of the degree of confi-
dence on A and p, respectively. They are more diverse in shape and content, and, more importantly,
they are consistent with exponential ones. Parameters of a priori information can be determined in var-
ious ways.

Assume that for T, and 1, there is a sampling (x;, y;), i = 1,n. The posterior probability distri-
bution density (PDD) A, f; (A|x4, X5, ..., x,,) has the form

~o+n—-1

FrO)XL(x1,%2, . Xn;A) X exp[-Ma+Xiz, x;)]
7\' ] ) ) = 0 ~ = = o0 ~0+n— ~ ~) 5
fi(hlxy, %z *n) Jo Fr.(R)xL(xy,x2,..20;0)dR Jo & * lexp[—x(a+2?=1xi)]dk (3)
Where
L(xy, X5, e, X3 ) = kex'p[—kZ?:lxi]. (6)
Because,
f0) = —“=ar"" " + hexp[-A(a + Ty x)] (7)

expression (6) can be written as:

Hhxg, X0, vy Xp) = a:(zlrll)x‘ A(a+ X, x)]* " texp[—A(a + X1, x)]. (8)

Expression (8) is a gamma distribution with parameters
AMa+Yi;x)} and (o +n),ie,
FX(}\'lxll X2y wees xn) = FX[}\’(a + Z?=1xi); (O(‘ + n)] (9)

Similar ratio can be obtained for p:

F(ulys, vz, s yn) = Tln(b + X, y0; (B +n)]. (10)

RESEARCH RESULTS

Assuming that the loss function is a square function, the Bayesian estimate K.(t; A; ) it is a
function that minimizes losses in relation to a posteriori model, and in case of static data — the a prior
model A and p, i.e.

hi(t; s Bras b) = ff)7 Ke(ts hs W) fihlxe, Xa, oo ) fi(uly, X, o, X)) ddp, (11)

if there is a sampling (x;, yi), i = 1, 7.
Substituting (9) and (10) in the ratio (11), we get the following formula for preparedness as-
sessment:

(a+37, x)(b+X1, vi)
Ai (t o B a; b) (o+n—-1)(B+n-1)

{f AMa+ Y x) " exp[—A(a + X, x)]dA

B+n—1 3 B ds (12)
Jy uh + 2y y)P " expl—p(b + Ty y)l expl—u(1 — 5)ldn

+ft{
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DISCUSSION OF THE OBTAINED RESULTS

The above results were used for numerical calculation of the radio link availability ratio for
broadcasting information from the satellite navigation and communication system. The statistical data
presented in were taken as a basis [20]. The system belongs to the class of 1x2 (N, =2, N,=1).

Without stopping at intermediate calculations, we present the standard value of r and the value
obtained using Bayesian estimation. They are 0.99996 and 0.9954, respectively.

The proposed algorithm can be useful if it is necessary to obtain the parameters of interest used
when choosing a strategy for technical operation of telecommunications systems and (or) their func-
tional elements.

CONCLUSION

These results differ from the values of the investigated parameters using standard calculation
methods. It should be noted that at various stages of the process of technical operation of equipment in
accordance with [7], it is possible to use other distribution laws, which in turn is a further direction of the
authors’ research. Along with this, it should be noted that the development of this method, in our view,
will allow us to assess the risks that arise when the reliability of information processing is unstable.
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BAHECOBCKASI OLIEHKA TOTOBHOCTH CUCTEM
TEJEKOMMYHHUKAIIUU

1 1
B.E. EmeansinoB', C.I1. MaTbilok
1 o« « o« «
Mockosckuii 2ocy0apcmeenHblli meXHU4eCKull YHUgepcumem epaxcoanckol asuayuu,
2. Mockea, Poccus

B pabore npennonaraercst OaliecoBckast oLieHKa Koa(QHuIeHTa FrOTOBHOCTH TENEKOMMYHHKAIMOHHBIX cucTeM. Bpemena npocrost
U UCIPABHOTO COCTOSIHMS OIMCHIBAIOTCS FaMMa-pPacpeielIeHUsIMH C LIEIbIMU TOJIOKUTENbHBIMU NapamerpamMi. C IOMOIIBIO
METO/la MaKCUMaJbHOTO NPaBIONOAO00MS MOJIyYeHbl OLEHKH IapamMerpoB pacrpereneHus. sl ycTaHOBJIEHHBIX BBIOOPOK
Hal{ZIeHbl 3HaUeHHs] MICKOMBIX IIOTHOCTEH pacrpenenieHuss BEPOSTHOCTEH M BBIBEACHO BBIPOKEHHE UL OLCHKH Kod(uImeHTa
rotoBHOCTU. [IpuBeneHbI YMCIEHHbIE OLEHKH Ul CTAHAAPTHOM M NpearojaracMoi OLEHOK.JIIs CHCTeMbl MMEIOLIEH 1Ba
COCTOSIHMS, OalieCOBCKast OLIEHKA (DYHKIIMM TOTOBHOCTH C Y4€TOM BPEMEHH IPOCTOS M UCIPABHOTO COCTOSHUSA ITO3BOJIIET yYeCTb,
KaK 0COOEHHOCTH Pe3epBUPOBaHMSI 000PYI0BaHUS, TaK 1 A(PPEKT eT0 0TKa30B ONpPEEIeMbIX XapaKTEPUCTHKaMK O€30TKa3HOCTH
U OCOOCHHOCTSMH OOECIICYEHHST JOCTOBEPHOCTH HH()OPMALMOHHBIX CHUTHAIOB. IIpemiaraeMelii OaleCOBCKUI IOIXOJ HMEET
CIIeyIOIe MPEUMYIIECTBA: BO3MOXKHOE INPOBEACHUE KOJIMYECTBEHHBIX OLEHOK NPHU OTCYTCTBUM JOCTAaTOYHOM CTaTHUCTUKU
0 MOKa3aTeNsX  (DYHKIMOHAIBHOTO HCIIONB30BAHMS; YYeT BCeX AeCTaOMIMBUPYIOIMX S(P(EKTOB pa3IMYHON HPHUPOJIBL;
HaJIMYMEMEHbIIEH cpenHell KBaJpaTWYHOW OHMIMOKM TI0 CPaBHEHHIO C  TPaJMIMOHHBIMH MerTofamu. [l peanusanmu
MPEITIOKEHHOTO MOAX0/a OLEHKH K03((UIIEeHTa TOTOBHOCTH BBEIEHBI JIOBEPUTEIIBHBIE BEPOSITHOCTHOTHOCUTEILHOIIOKA3ATENS
MIOTOKOB OTKA30B M BOCCTaHOBJIEHHS 00opynoBaHMs. [lapaMeTpsl anpropHOi MHGOPMALMK MOTYT ONPENEATHCS PasIMIHBIMU
METO/IaMH, WJIM HA OCHOBAHWH JJOCTATOYHBIX CTATUCTUUYECKHX JAHHBIX. JUIs WITIOCTpaL pacCMOTPEHHOTO aJlrfOPUTMa pacyeTa
paccMoTpeHa 1M(poBasi cUCTEMa TPAHCISIMM JaHHBIX CTaHJAPTHOM CIyTHUKOBOW HABHTALMIOHHOW CHCTEMBI COCTOSIIEH W3
OKOHEYHOTO 000pyIOBaHMs, PAIFO000PYI0BAHNS, PETPAHCIATOPA. J{JIsl OIIEHOK MCKOMBIX BEIMUYMH HCTIONB30BAIICH JTAHHBIE 10
niepepbiBax B paboTe 000pyIOBaHMs M3-32 €0 HEHCIIPABHOCTH B TEYEHHE YCIOBHOrO roja. OLEHMBAIMCH YacTOTa IPOCTOEB,
BBI3BaHHAS YCIIOBHSIMH PACIIPOCTPAHEHMSI CHTHAJIOB 1 OTKa3aMH 000py0BaHMs. BBIIO MoOKa3aHo, 9To VIS OMMCAHHS YaCTOTHOTO
pacrpeneneHust JUTMTebHOCTH MPOCTOsl MOAXOAUT TramMMa-pacrpesneneHue. Taike y4WTHIBAMCH YacTOTHOE paclpesiesieHHe
KO3 HUIMEHTa MKINIHOCTH C YCIOBHEM BBIOPAaHHOTO WHTEpBala BpeMEHW. BbUH HaleHBI BHIOOPOYHBIC MaTEMATHICCKHE
OXWJIaHWsl M CPEIHME KBaJpaTUYHbIE OTKIOHEHWs Kod(uimeHTa mpoctos. B pesynbrare, YMCIeHHBIH MPUMEp MOKa3bIBAeT
KOPPEKTHOCTh HCIIONIH30BaHMs 0aleCOBCKOM OIIEHKU B3BEIICHHOW TOTOBHOCTH 000PYIOBAHKSL.

KnroueBbie ci10Ba: KOI(P(UIMEHT TOTOBHOCTH, TaMMa-paclpeielieHue, HMKIbI (DYHKIMOHHUPOBAHUS W IIPOCTOS, OLCHKA
rapameTpoB.
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