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SCHEDULING UAV FLEETS
FOR THE PERSISTENT OPERATION
OF UAV-ENABLED WIRELESS NETWORKS DURING NPP MONITORING

Motivation. During nuclear power plant (NPP) monitoring, unmanned aerial vehicles (UAVS) can be used as
an affordable and cost-efficient tool to deploy a UAV-enabled wireless network (UEWN) for providing the cri-
sis centre (CrS) needed monitoring data from monitoring stations (MSs) of the automated radiation monitoring
system in case of damage of wired networks. However, because of the high electrical power requirement, the
normal operation time of a UAV of a multi-rotor type (MUAV) is just 20 to 30 min, limiting the operation time
of a UEWN during NPP monitoring missions. The subject matter of the paper is the process of ensuring the
persistent operation of a UEWN. The aim of this paper is to develop a queuing theory based approach to
scheduling MUAVs for persistent operation of a UEWN during NPP monitoring. The objectives of the paper
are: to propose a scheme of deployment of a UEWN to connect a MS with the CrS of Zaporizhzhia (ZNPP) in
case of damage of the wired network between the MS and the CrS; to introduce the main parameters charac-
terizing the automatic battery charging station (ABCS) as a multi-channel queuing system; to develop and de-
scribe in detail a queuing theory based approach to scheduling MUAVs of the UEWN for persistent NPP moni-
toring. The following results were obtained. A scheme of deployment of a UEWN, consisting of LoRaWAN and
WiFi segments, to connect a MS with the CrS of ZNPP in case of damage of the wired network between the MS
and the CrS was proposed and described. A shift schedule for 3 MUAY fleets to ensure the persistent operation
of the UEWN during ZNPP post-accident monitoring missions was built. It was shown that the ABCS can be
considered as a multi-channel queuing system, in which two or more channels (battery charge points at the
ABCS) are available to handle arriving MUAVSs. A queuing theory based approach to scheduling MUAYV fleets
of the UEWN for persistent NPP monitoring is developed and described in detail. It was evaluated and illus-
trated by means of plots how the number of occupied channels of the ABCS depends on: 1) the battery charg-
ing time for the MUAV at the ABCS, and 2) the flight distance for the MUAV between its location point in the
WiFi segment and the ABCS. The next research steps can cover issues regarding to: 1) scheduling MUAV
fleets for numerous UEWNSs, 2) developing models of a UEWN operation using a LiFi segment for transmis-
sion of monitoring data, and 3) developing reliability/survivability models of a UEWN taking into account
UAV failures or/and wireless signal interference.

Keywords: unmanned aerial vehicle; nuclear power plant; shift schedule; multi-channel queuing system; au-
tomatic battery charging station; wireless network.

amount of time UAVs can be autonomous during this

mission should be as long as possible.
As numerous abbreviations/notations are used in For prolonging the NPP monitoring

Introduction

time,

the paper, let us present them by means of Table 1 to
make the paper more readable.

During NPP monitoring, UAVs can be used as an
affordable and cost-efficient tool to deploy a UEWN for
providing the CrS of the NPP needed monitoring data
from MSs of ARMS in case of damage of wired net-
works [1-3]. However, because of the high electrical
power requirement, the normal operation time of a
MUAV is just 20 to 30 min, limiting the operation time
of UEWN during NPP monitoring missions.

On the one hand, the NPP monitoring mission du-
ration of typical MUAVS is limited to the capacity of
their energy storage system. On the other hand, the

ABCSs/ABRSs are used.

As the wired networks can be damaged during
both pre- and post-accident NPP monitoring, it is vital
to note that the post-accident period can be character-
ized by amazing factors causing numerous failures of
UAVs and wireless signal interference. These factors
can be taken into account when developing reliabil-
ity/survivability models of NPP post-accident monitor-
ing systems based on UEWNS. In this paper, the authors
assume that there are no problems with both numerous
failures of UAVs and wireless signal interference during
the operation of the considered UEWN.
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contact terminals) laying on the horizontal flat site and

A solution to utilize a drone as the round-the-clock
surveillance system is suggested in [5]. The solution
deals with the active landing-field which can support
automatic charging and landing, the loT-based com-
mand system, and the drone-user interaction application

Reference [6] proposes a fully automatic charging
station which operates wirelessly. The proposed system
allows the drone to land on the platform freely, then, the
station detects the position of the UAV on the platform
and moves the charging coil under the UAV.

In [7], a cost effective automatic recharging solu-
tion for UAVs in outdoor environments is proposed
using WPT. This research proposes a global positioning
system and vision-based closed-loop target detection
and a tracking system for precise landing of quadcopters

Campi et al. [8] propose the design and the optimi-
zation of a WPT charging system based on magnetic
resonant coupling. In this study, a procedure for primary
and secondary coil design is proposed. Key aspects for
the design of the secondary coil onboard the UAV are
the lightness and compactness of the WPT system com-
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Table 1
Abbreviations/notations used powered from the common source.
Abbrew.a tion/ Abbreviation/notation meaning
notation
ABCS automatic battery charging station
ABRS automatic battery replacement station
ARMS automated radiation monitoring system
AUAV unmanned aerial vehicle of an airplane | ©Of the mobile device.
type
CrS crisis centre
h hour
km kilometer
LiFi light fidelity
LoRaWAN low-power wide-area network
min minute
MS monitoring station
MUAV unmanned aerial vehicle of a multi-
rotor type in outdoor environment.
NPP nuclear power plant
RP rendezvous point
UAV unmanned aerial vehicle
UEWN unmanned aerial vehicle-enabled wire-
less network
WPT wireless power transmission
ZNPP Zaporizhzhia nuclear power plant ponents.

The paper is organized as follows. Section 1 dis-
cusses the existing studies on ensuring the persistent
operation of UAVs via ABCSs using WPT and formu-
lates the aim and objectives of the paper. Section 2 pro-
poses and describes a scheme of deployment of a
UEWN to connect a MS with the CrS of ZNPP in case
of damage of the wired network between the MS and
CrS. Section 3 considers a queuing theory based ap-
proach to scheduling MUAVs of the UEWN for persis-
tent NPP monitoring. Section 4 presents the main re-
sults. Section ‘Conclusions’ concisely summarizes the
results obtained and highlights the next research steps.

1. State of the art

In the previous work [3], authors of this paper
primarily analyzed ABRSs/ABCSs using wired power
transmission which requires some physical connection
for drone battery charging. Even though wired power
transmission is more efficient than wireless power
transmission, the WPT technique is currently utilized
for drone batteries charging. In this analysis, we focus
on ABCSs using this technique.

Fetisov et al. [4] proposed to use a group of multi-
copters changing each other on duty over the object and
a special charging station for their maintenance. The
charging station includes a few charging terminals
(2-contact terminals, 1-contact terminals, and non-

The ABCSs analyzed above can be used for the
persistent operation UEWN during the NPP monitoring.

The aim of this paper is to develop a queuing the-
ory based approach to scheduling MUAVSs for persistent
operation of a UEWN during NPP monitoring.

The objectives of the paper are:

— to propose a scheme of deployment of a
UEWN to connect a MS with the CrS of ZNPP in case
of damage of the wired network between the MS and
the CrS;

— to introduce the main parameters characterizing
the ABCS as a multi-channel queuing system;

— to develop and describe in detail a queuing the-
ory based approach to scheduling MUAV fleets of the
UEWN for persistent NPP monitoring.

2. A scheme of deployment of a UEWN
for Zaporizhzhia NPP monitoring

Let us consider a UEWN deployed for ZNPP mon-
itoring to connect MS14 with the CrS in case of damage
of the wired network between MS14 and the CrS locat-
ed on the south outskirt of Enerhodar (Fig. 1).

MS14, MUAV1g, ..., MUAV8g, MUAV9ge1, and
UAV of an airplane-type (AUAVRrg) form the WiFi
segment of the UEWN.

The Low-Power Wide-Area Network (LoRaWAN)
segment is used for AUAVRre2-CrS communication.
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MUAVnNRe: acts both as a gateway for acquiring
and storing data from MUAVS8R and, being a RP, as a
repeater for forwarding the data to AUAVge:.
AUAVRg: gathers the data from MUAVnge: during the
assigned period and transmits them to the CrS.

3 ABCSs are deployed and each of them is availa-
ble to charge batteries of 3 MUAVS simultaneously.
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Fig. 1. Scheme of deployment of a UEWN used
for Zaporizhzhia NPP monitoring (ZNPP) to connect
MS14 with the CrS in case of damage of the wired
network between MS14 and the CrS

The main parameters characterizing the UEWN are
presented in Table 2.

Table 2
Main parameters characterizing the UEWN
Parameter Value

The flight time of each MUAV 0.5 hours
The range of the onboard WiFi 0.12 km
equipment of the MUAV
The length of the WiFi segment 1.8 km
The range of the onboard LoRaWAN 5 km
equipment of the AUAV
The flight distance for each MUAV 1km
between its position in the WiFi seg-
ment and its position at ABCS

3. A queuing theory based approach
to scheduling MUAYV fleets of a UEWN
for persistent NPP monitoring

To ensure the persistent operation of the UEWN,
shown in Fig. 1, Kliushnikov et al. [3] propose to use 2
MUAV fleets (each fleet comprises 9 MUAVS), operat-
ing in accordance with the shift schedule and using
ABRSs for battery replacement. According to [3], the
shift schedule comprises 6 stages shown in Table 3.

Table 3
Stages of the shift schedule
Stage .
notation Stage meaning

Fly on flight of each MUAV of the fleet
from the ABRSto the point of its
location in the WiFi segment

WiFi_conf | setting up the WiFi network configu-
ration

On_duty receiving and transmitting data

Fly _out flight of each MUAV of the fleet
from the point of its location in the
WiFi segment to the ABRS (Fly_out)

Repl_bat battery replacement (Repl_bat)

Waiting each MUAV is waiting for the flight
to the point of its location in the
WiFi segment

Let us assume that we use battery charging via
ABCSs instead of battery replacement via ABRSs. In
this case, we have stage Charge_bat instead of Repl_bat.

The duration of the operation (duty time) for the
MUAV fleet for the case when all the MUAVSs have the
same flight distance (Syyay) between their location
point in the WiFi segment and the ABRS can be deter-
mined by the following expression:

2SMuAV
ton_duty = EMuav — —twiri_conf (h), (1)
VMUAV
where Eppay 1S the endurance of the MUAV (h);
Vpmuay is  the MUAV  (km/h);
twiri _conf IS the time to set up the WiFi network con-

speed of the

figuration (h).

The number of the MUAYV fleets (shifts) for ensur-
ing the persistent operation of the UEWN can be deter-
mined as
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2SMuAV _ way bt _ 2Smuav
IRV +1charge_bat T twiFi_conf wait ~ “on _duty VMUAY @)

k=1+——MUAY ,(2)

ton_duty

where teharge bat 1S the time to charge the battery at
the ABCS.
The waiting time for the MUAV to flight to the

point of its location in the WiFi segment can be calcu-
lated in the following way:

—twiFi _conf — ten arge _bat-

As, traditionally, teharge bat > trepl _bat, We can

face the situation when Charge_bat stage has not fin-
ished yet but On_duty stage has already ended (Fig. 2).

To cope with the problem, the number of the
MUAV fleets (shifts) for ensuring the persistent opera-
tion of the UEWN needs increasing (Fig. 3).
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Fig. 3. Shift schedule for 3 MUAYV fleets ensuring the persistent operation of the UEWN
for ZNPP monitoring missions
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Consider the ABCS as a multi-channel queuing
system, in which two or more channels (battery charge
points at the ABCS) are available to handle arriving

MUAVs.

To ensure persistent operation of the UEWN, the
number of the channels (battery charge points at the

station) should be a multiple of two for each MUAV.
The ABCS operating as a 6-channel queuing system is
shown in Fig. 4. The main parameters characterizing the
ABCS as a multi-channel queuing system are presented
in Table 4. The parameters listed in Table 4, can be cal-
culated by means of formulae (4) — (10).

I 1 A A A A
I
Sy S S, S; Sy Ss Se
B 2n 3u 4u 5p 64

Fig. 4. ABCS operating as a 6-channel queuing system

Table 4

Main parameters characterizing the ABCS
as a multi-channel queuing system

Parameter Parameter meaning
n number of the channels (battery charge
points at the station)
z number of MUAVSs, which are charged
at one ABCS
A arrival rate of MUAVS
m service rate of MUAVs
) occupation rate
Po probability of all channels are idle
Pn probability of all channels are occupied
Np number of occupied channels
Kp occupation coefficient
%= 2 L
2SMuAV _ way
ton_duty - —twiFi _conf
VMuAY
1
p=— 5)
ten arge _bat
A
p =" (6)
p
n pn -1
Po=| > 1 (7
o N!
n
p
Pn = ©))
nb =p(1-Py), ©)

Ky, :%(1—Pn). (10)

4. Main results

Let us evaluate how the number of occupied chan-
nels of the ABCS depends on: 1) the battery charging
time for the MUAYV at the ABCS, and 2) the flight dis-
tance for the MUAV between its location point in the
WiFi segment and the ABCS. Results of this evaluating
are presented in Figs. 5 and 6. (Epyay= 05N,

Vmuay = 40 km/h, twii conf = 0.017 h).

1y,
\

0.25 0.50 0.75 1.00
tcharge_bat (h)
Fig. 5. Dependency of the number of occupied channels
of the ABCS on the battery charging time
for the MUAV at the ABCS

Based on the obtained results, we can make the
following conclusions:

— growth in the flight distance for the MUAYV be-
tween its location point in the WiFi segment and the
ABCS from 1 to 4 km leads to using more than 3 chan-
nels to serve the MUAVs (Fig. 5);

— growth in the battery charging time for the
MUAV at the ABCS from 0.25 to 1 h leads to an in-
crease in occupied channels of the ABCS by 2.5 times
(5 channels are occupied instead of 2 ones)

(Fig. 6).
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Fig. 6. Dependency of the number of occupied channels
of the ABCS on the flight distance for the MUAV
between its location point in the WiFi segment
and the ABCS

Conclusions

A scheme of deployment of a UEWN, consisting
of LoRaWAN and WiFi segments, to connect a MS
with the CrS of ZNPP in case of damage of the wired
network between the MS and the CrS was proposed and
described.

A shift schedule for 3 MUAYV fleets to ensure the
persistent operation of the UEWN during ZNPP post-
accident monitoring missions was built.

It was shown that the ABCS can be considered as
a multi-channel queuing system, in which two or more
channels (battery charge points at the ABCS) are avail-
able to handle arriving MUAVS.

A queuing theory based approach to scheduling
MUAV fleets of a UEWN for persistent NPP monitor-
ing is developed and described in detail.

It was evaluated and illustrated by means of plots
how the number of occupied channels of the ABCS de-
pends on: 1) the battery charging time for the MUAYV at
the ABCS, and 2) the flight distance for the MUAV
between its location point in the WiFi segment and the
ABCS.

The next research steps can cover issues regarding
to: 1) scheduling MUAYV fleets for numerous UEWNSs,
2) developing models of the UEWN operation using a
LiFi segment for transmission of monitoring data, and
3) developing reliability/survivability models of the
UEWN operation taking into account UAV failures
or/and wireless signal interference.
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CRKUIIAJJAHHA I'PA®IKA BUKOPUCTAHHA ®JOTIB BIJIA JJIA 3ABE3IIEYEHHA
BE3NEPEBIMHOI POBOTH BE3/IPOTOBUX MEPEK HA OCHOBI BILIIA
g YAC MOHITOPHUHI'Y AEC

1. M. Kniownikos, I'. B. @ecenxo, B. C. Xapuenko

AxrtyanbHicTs. [lig yac nepea- Ta micisaBapiiiHOro MOHITOpUHTY Ha aToMHil enektpoctaHuii (AEC) 6e3rmino-
THI nitaneHi anapatu (BI1IJIA) MOXyTh BUKOPHUCTOBYBATUCS Y SIKOCTi JOCTYITHOTO 1 €KOHOMIYHO €()eKTHBHOTO iH-
CTPYMEHTY JUIS po3ropTaHHs 0e3npoToBoi Mepexi Ha ocHOBI BITJIA (BITJIA-BM) 3 meroro 3abe3nedeHHsT KpH30BO-
ro uentpy (KL[) HeoOXiqHUMH TaHUMHU MOHITOpUHTY 3 1ocTiB KoHTpouto (I1K) aBromaTn3oBaHOi cUCTEMH KOHTPO-
JIFO pajiariitHol 0OCTAHOBKHU y pa3i MOIIKOKEHHS APOTOBUX Mepek. OHAK Yyepe3 BUCOKI BUMOTH JI0 €JICKTPUUHOL
MOTYXHOCTI, 3BUUaiiHuii yac poboru mynsTupoTopHoro BITJIA (MBITJIA) cranoButhk ycboro 20-30 XBWIIMH, 1O
obmexye gac Bukopuctanas BIIJIA-BM min gac monitopuary AEC. IIpeaqmeroMm cTatTi € mporec 3a0e3neueHHs
6e3mepebiitHoi poooTu BITJIA-BM. MeTtoto nanoi po6oTH € po3poOka 3aCHOBAaHOTO Ha TEOPil MAacOBOTO 0OCIYTrOBY-
BaHHS MIIXOAY J0 CKIamaHHA rpadika Bukopuctanss ¢uotiB BIIJIA mis 3a0esmedenns 6e3mepebiitHoi podoTu BII-
JIA-BM min gac monitopunry AEC. 3aBmaHHAMHU CTaTTi €: 3alponoHyBaTé cxemy posroptaHHs BIIJIA-BM mns
BcTaHoBJIeHHs Oe3npoTtoBoro 3'emHannas Mix [1K i K1 3amopizekoi AEC (3AEC) y pa3i mOmIKomKeHHS JPOTOBOL
mepexxi Mixk TTK 1 KII; BBecTH OCHOBHI MapaMeTpH, IO XapaKTepU3yIOTh aBTOMATHYHY 3apsIHy CTaHIliI0 Oarapei
(A3CB) sik OaraTokaHajbHY CHCTEMY MacOBOI'O OOCIYrOBYBaHHS; PO3POOUTH 1 JETaJbHO ONMCATH 3aCHOBAaHMH Ha
Teopii CHCTEMH MacOBOTO 0OCIyrOBYBaHHs IiIXi 0 CKiIagaHHs rpadika Bukopuctanus ¢uotis BIUIA mus 3a6e3-
nedeHHs 6e3nepediiinoi podbotu BIIJIA-BM mix yac monitopunry AEC. Byiu oTpuMaHi HaCTyIHI pe3yyibTaTH. 3a-
MIPOIIOHOBAHO 1 omnmcaHa cxema po3ropranHs BIIJIA-BM, mo ckiagaetscs i3 cermentiB LORaWAN i WiFi, mis
BcTaHoBJeHHs Oe3poToBoro 3'eqHanHs Mix 1K i KL 3AEC y pa3i nomkomkeHHs aApotoBoi Mepexi mix ITK i KLI.
Cxraneno rpadik Buxkopuctanas 3 ¢aoris MBIIJIA s 3a0e3nedenns 6esnepediiinoi podotn BIIJIA-BM mix wac
moHiTopunry 3AEC. ITokazano, mo A3Ch MoxxHa po3risgaTé sk OaraTokaHaJIbHY CHCTEMY MacOBOTO OOCIyroBy-
BaHHA, y SKiH ICHYIOTH aBa abo Ouible KaHaNiB (TOYOK 3apsaku akymyisitopa Ha A3CB) s oOciyroByBaHHS
MBITTA. Po3po0ieHo 1 TOKJIaIHO OMKUCAHO 3aCHOBAaHUI Ha TEOPil MacOBOTO OOCITYTOBYBAHHSI IMiJXiJ] O CKJIAJaHHS
rpadika Bukopucranus ¢uoti BIIJIA s 3a6e3nedenns 6e3nepediiinoi podorn BITJIA-BM nin yac MoHiTOpHHTY
AEC. OuiHeHO i mpOoUTIOCTPOBAHO 3a JOITOMOTO00 TpadiKiB BIUIMB Ha KiIBKiCTh 3aitHATHX KaHamB A3Ch HacTymHHX
napametpiB: 1) gacy 3apsaku 6atapei MBITJIA na A3CP i 2) Bigcrani mix Toukoro 3HaxomkeHHss MBITJIA B WiFi
CerMeHTi i Toukoro po3MminieHns Horo Ha A3Ch. Hanpsmku moJanbinx TOCHTIIKEHb MOXKYTh OXOIUTIOBATH IMUTaH-
HS, IO CTOCYI0ThCS: 1) ckimamanus rpadikis Bukopuctanasg BIIJIA B intepecax uncnennnx BIIJIA-BM; 2) po3po6ku
moxeneit ¢pynkiionysanHs BITJIA-BM 3 Bukopuctanssim cermenta LiFi 1y mepenadi JaHUX MOHITOPHHTY; 3) pO3-
poOku mopeneit HagiitHOCTI/sKHUBY4Y0ocTi BITIIA-BM 3 ypaxyBauusam BinmoB BIIJIA i/ a6o mepemkon y 6e31poTOBUX
Mepexax.

KarouoBsi ciioBa: Ge3niloTHUH JTiTAIBHUN anapaT; aTOMHa €JIeKTPOCTaHIlisl; 3MiHHUI rpadik; 6araTokaHajabHA
cHCTeMa MacoBOro 0OCIYyrOBYBaHHs; aBTOMAaTHYHA 3apsi/iHa CTaHIis OaTapeii; 6e31poToBa Meperxa.
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COCTABJIEHUE I'PA®HUKA UCIOJIb30BAHUS ®JIOTOB BILIA 1151 OBECIIEYEHUS
BECIHEPEBOMHOM PABOTBI BECIIPOBO/JIHBIX CETEA HA OCHOBE BILIIA
B XOJIE MOHUTOPHUHT'A ADC

HU. H. Knwownuxkos, I. B. ®ecenxo, B.C. Xapuenko

AKTyanpHOCTh. B X0J1e 10- M mocieaBapuifHOTO MOHHTOPHHTa aToMHOU 3nekTpoctaniuu (AEC), 6ecnmioT-
HbIe eraTenbHble ammapathl (BIIJIA) MOTYT MCTIONTE30BaTHCS B KAUECTBE TOCTYITHOTO W SKOHOMHYSCKH 3P PEKTHB-
HOTO MHCTPYMEHTA sl pa3BepThiBaHus OecripoBogHol cetn Ha ocHOBe BITJIA (BITJIA-BC) ¢ nenpio obecreueHus
kpusucHoro nentpa (KII) HeoOXoAMMBIMU JaHHBIMH MOHUTOPHHTA ¢ mocToB KoHTpoJs (1K) aBTOMaTu3npoBaHHO#
CHCTEMbl MOHUTOPUHTA paJUalldOHHON 00CTaHOBKU CHCTEM B CiTydae MOBPEXICHHs MPOBOIHBIX cereil. OHaKo u3-
3a BBICOKHMX TPEOOBAaHUI K 3JEKTPUYECKOW MOIIHOCTH OOBIYHOE BpeMsi paboTel MysbTHpoTOpHOrO BITJIA (MBII-
JIA) cocraBnsier Bcero 20-30 mMuHYT, uTo orpannumBaeT Bpems padoTbl BITJIA-BC B xome monutopuura ASC.
[Ipeamerom cratbm sBisieTcst npoliece obecrieuenust d6ecniepedoiinoit paborsl BITJIA-BC. Lensio naHHO# paboTHI
SIBJISIETCST pa3pabdOTKa OCHOBAHHOTO Ha TEOPUM MAacCOBOTO OOCITY)KMBAaHHUSI MOAXOAa K COCTaBJICHHIO rpaduka uc-
nosp3oBanus Gaotos BITJIA s obecneuenus Oecrniepedoitnoit padotsl BITJIA-BC B x01¢ Monutopunra ADC. 3a-
Ja9aMH CTaThbHU SBJIIOTCS: TPEIJIOKUTh cxeMy pasBepThiBaHus BITJIA-BC mist yctaHOBIIEHUs OSCIIPOBOJJHOTO CO-
equaeHns Mexny T1K n KII 3anopoxckoit AEC (3ADC) B ciaydae moBpexaeHus mpoBoaHoi cetn mexay [TK u KIT;
BBECTH OCHOBHBIC ITApaMETPHI, XapaKTePH3YIOIIAE aBTOMaTHYECKYIO 3apsaHyto crannuto 6arapert (A3CH) kak MHO-
TOKaHAJIBHYIO CHCTEMY MacCOBOTO OOCITYKHBAaHHUS; pa3paboTaTh U MOAPOOHO OMKCATh OCHOBAHHBIN Ha TEOPUH CH-
CTEeMBI MacCOBOTO OOCITYy>KHBaHHSI OIXOJ K COCTaBICHUIO Ipaduka ucnoiap3oBanus ¢iaoros BIIIA mis obecmede-
Hus Oecniepedoiinoit padotel BITJIA-BC B xome mMonutopuara ADC. Bputr MosydeHbl CleAyomue pe3yaIbTaThl.
Ipennoxena u onucana cxema pasBeptbiBanus BIIJIA-BC, cocrosimeit u3 cermenroB LoRaWAN u WiFi, mis
ycraHoBieHus OecripoBogHoro coenunenus Mmexay I1K u KI[ 3ADC B cinydyae mOBpexkICHHS TPOBOIHON CETH MEXK-
ny IIK u KII. CocraBnen rpaduk ucnons3oBanus 3 ¢piaotoB MBIUIA mist obecrieuenus: 6ecriepeOoiiHON paboThI
BIIJTA-BC B xone nmocieaBapuiiHoro Mmonutopunra 3A9C. [Tokaszano, uto A3CH MOXXHO paccMaTpHBaTh Kak MHO-
TOKaHaJNBHYI0 CHCTEMY MaCcCOBOT0 00CITyKUBaHUA, B KOTOPOH CYIIIECTBYIOT [1Ba MU OoJiee KaHAIOB (TOYEK 3apsSaKu
akkymyiaropa Ha A3CB) minsa oocnykuBannus MBITJIA. Pa3zpaboTtan u moapoOHO OomMcaH OCHOBAaHHBIA HA TEOPHH
MacCOBOTO OOCITYXHBaHHUS MOIXO/ K COCTaBIICHHIO Tpaduka ucrnois3oBanus hiaotoB BITJIA mms obecnieuenus dec-
niepeboitHoi padotel BITJIA-BC B x01e MmoHuTOprHTa ADC. OIEHEHO B MPOMJLTIOCTPUPOBAHO C ITOMOIIBIO Tpadu-
KOB BIIMSIHHE HA KOIHYeCcTBO 3aHATHIX KaHainoB A3CH crnexyromux mapamerpoB: 1) BpeMeHH 3apsIKkud aKKyMyJIsTO-
pa MBITJIA nHa A3CB u 2) paccrostHus Mex Iy Toukoi HaxoxaeHuss MBITJIIA B WiFi cerMmeHTe U TOUKO# pa3merne-
uust ero Ha A3CB. HampasieHust ocleIyonux UCCIeA0OBaHNI MOTYT OXBAThIBAaTh BOMPOCHI, Kacaromecs: 1) co-
craBienus rpaduxos ucnosb3zoanus BIIJIA B untepecax muorouncieHHbix BITJIA-BC; 2) paspabotku mozesnei
¢byukuunonuposanust BIIJIA-BC ¢ ucnosp3oBanuem cermenTa LiFi s mepeqaun JaHHBIX MOHMTOPHHTA; 3) paspa-
6otku Mozneneit HagexHoctu/ kuBydectu BIIJIA-BC ¢ yuerom otka3oB BIIJIA u / unu momex B GeclpoBOJHBIX ce-
TAX.

KiroueBble cioBa: OeCIIMIOTHBIHN JIeTaTeIbHBIN alapar; aTOMHas 3JIEKTPOCTaHIMSA; CMEHHBIN rpaduK; MHO-
TOKaHaNbHasi CHCTEMa MAacCOBOTO OOCITYXXHBAHHMS; aBTOMAaTHYecKas 3apsiiHas cTaHuus Oartapeli; OecrnpoBomHas
CeTh.
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