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AHAJIN3 IPUMEHEHUA BILIA B CETSIX CBSI3U IIPU UPE3BBIYAMHBIX
CUTYALUAX

AHHoTanusi. B 1aHHOI cTaThe pacCMOTPEHBI CTPYKTYphl aBapuiiHbIX ceTeil Ha 0a3e BIIJIA
JUIS 4pe3BblUaiiHbIX cuTyanuil. IIpoBeaen 0030p OecrpOBOIHBIX TEXHOJIOTMH U IPEICTaBICHBI
CXEMBbl OpraHM3allu{ CETe Ha OCHOBE PACCMOTPEHHBIX TEXHOJOTWM sl OO0EecCleYeHHs CBS3H B
3oHax OexactBusi ¢ ucnoibzoBanueM BITJIA. Iloctpoena Tabnuia XapakTepUCTUK OECIPOBOIHBIX
TEXHOJIOTMM M IIPOBEACHBI PAcCdyeThl OCHOBHBIX 3HA4YEHMH, C IIOMOIIBIO KOTOPBIX ITOCTPOCHBI
rpaduku 3aBUCUMOCTEl napameTpoB cereld ¢ BITJIA.

KiaroueBble ciioBa: OecriiioTHbIN netarenbHbiid anmnapart (BIIJIA), 6azoas cranmus (bC),
ype3BbyaitHas cutyanus (UC), 6ecipoBoiHas CBSA3b, OECIPOBOIHBIE TEXHOJIOTHH.

BBenenne

YcraHoOBIEHUE HAJIC)KHOH M THOKOH aBapUHO-CIIAcaTEIbHON CBS3M SBIISCTCS OJHOW W3
KITIOYEBBIX 3a/1a4 IMOMCKOBO-CIIACATEIbHBIX CIY)KO B CiTydae CTUXUHHBIX OeACTBUH, OCOOEHHO B TEX
cutyanusix, korma ©OaszoBbie craHiuuu (BC) paspymensl U He MOryT (QYHKIMOHHUPOBATH.
[Ipumenenne B cucremax CBsI3W OCCHWIOTHBIX JeTaTenbHbIX anmapatoB (BIIJIA) cranoButcs
MePCIEKTUBHBIM METOJIOM CO31aHus OecipoBOoAHBIX ceTelt ais YC.

Cetu CBSI3M MUMEIOT CYIIECTBEHHOE 3HAYCHHE I aBapUIHO-CIAcaTeNIbHBIX pabdoT B cllydae
CTUXUUHBIX O€ACTBHI, B OCOOCHHOCTH, KOT/Ia TeJIEKOMMYHUKAIIMOHHBIE COOPYKEHUs (Hampumep,
6azoBble craniuu (BC) cereil coToBOM CBs3M) OKa3bIBalOTCS paspyullieHbl. B HacTosiee Bpems
CYIIECTBYIOIINE METOIbl OPTaHU3AIMU CBS3M HE MOTYT IMOJHOCTHIO O0ECTIEYUTh MOKPBITHE 30HBI
oencteus, rae npomsonuia YC. Taxxe 5TH MeTOAbI HE 00JaJal0T HEOOXOIUMON THOKOCTHIO,
KOTOpasi OTPaHUYUBAETCS OKPYKAIOLIe cpeiol, penbeoM MECTHOCTH M MOTOJAHBIMHU YCIOBUSMHU.
JIst mpeoioneHust 3TUX TPYAHOCTEH XOPOIIMM PEIICHUEM SIBIISIIOTCS OCCHUIIOTHBIE JIeTaTeIbHBIC
anmapaTtsl (BITJIA), koTOphle MOTYT KCIONIB30BaThCs B KauecTBe NeTarommx bC mis obecrneueHus
OECTIPOBOHOTO MOKPHITHS TEPPUTOPUH, HA KOTOPOH MPOU3OILIO CTUXUIMHOE O€/ICTBUE, TTOCKOJIbKY
UM TIPUCYILY TaKWe MPEeUMYIecTBa, Kak THOKOCTh U MOOMIBHOCTS [1].

PaccmoTtpuM pasznnunbie CTpyKTyphl aBapuiiHbix ceteid Ha 6aze BIIJIA mpu UC (Cwm. Puc. 1):

- Cyenapun 1: Cyenapuii c akmuenvimu nazemuvinu bC

becnimiioTHbIE eTaTeNbHBIE allTapaThl MOTYT B3aUMOCHCTBOBATH C YIIEJIEBIIMMU 0a30BBIMHU
CTAaHIMSIMH ISl o0ecrieueHus: OecrpoBOJHOTO OOCTY)KMBaHUs HA3eMHBIX YCTpOWCTB. B sTom
Cilydae TpaeKTOpHs T0JIeTa U TUIAHUPOBAHUE CBS3U MOTYT OBITh COBMECTHO OMTHMHU3HPOBAHBI JIJIsI
MOBBIIICHUS TPOU3BOAUTEIHLHOCTH.

- Cuyenapui 2: Cuyenapuii 6e3 bC

Kpynnomacmrabusiii BITJIA moxeT ucnonb3oBatbes kak Jjeratomas bC mist obecrieueHus
OECTIPOBOJHBIX COCIMHEHHM C TIOMOIIBI0 MHOTO3BEHHOTO coemuHeHus Device-to-Device (D2D)
JUTSL paclIMpeHust 30HbI MOKpeITHs. Kpome Toro, koHCTpykius npueMmonepenarunka BIIJIA moxer
OBITH MCITOJIHL30BaHA JIJIs1 TTOBBITIICHUS HAACKHOCTH [3].

- Mnozozeennaa pempancnayua BIIIA

O6men nHpopManuel MeX Ty 30HaMu OeACTBUS U 3a UX TpeaenaMu kak B CrieHapuu 1, Tak u
B Cuenapuu 2 MoOXeT OBITh peajr30BaH C MOMOIIBI0 MHOTr03BeHHOW perpaHcisiiuu BIUUIA, B
KOTOpPOW ONTUMalbHble mo3unuu 3aBucaHusi BIIJIA Moryr OBITh TONYYEHBI C HEOOJBIION
CJIOKHOCTBIO.
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Cuexapuu 1

‘CueHapum 2

Pucynox 1 - Cmpykmypa asaputinvix cemeti ¢ nomowvto BIIJIA npu YC

Oprann3oBaTh O0ECIPOBOIHYIO CETh CBSI3M MOYKHO C IOMOIIBIO PAa3HBIX TEXHOJOTUM, TAKUX,
KaK CeTU COTOBOM cBs3u, TexHonorun WiMax, Wi-Fi u ceTu cmyTHUKOBOI1 CBSI3H.

[Ipu opranumsamuu cetu coToBoil cBs3u ¢ momornisio BITJIA, BITJIA moakmrouarorcs K
cymiectByromeil cotoBoit cetu cBsizu 2G/3G/4G (Cm. Puc. 2). BIJIA, pacnonoxeHHbIE B 30HE
JIEHCTBUSI OCHOBHOW CETH, TIOJIKJIFOYAIOTCSI K COTOBOM ceTu Hampsimyto, a BIIJIA, naxoasmuecs BHE
30HBI OCHOBHOM CETH, MOAKIIOYAIOTCS K CETU € MOMOILBIO CBSI3U ApYr ¢ ApyroM tuna D2D. Takum
obpazom BIIJIA BHe 30HBI OCHOBHOH ceTH TepemaeT WHPOPMAIMIO Yepe3 IMOIKIIOYCHHBIH K
ocHoBHOI cetn cBsa3u BIIJIA, co3naBas 3BeHbS.

Pucynox 2 - Cxema opeanuszayuu cemu comogoii cesazu ¢ nomowwto bI1JIA

[Tpu opranuzanun WiMax cBsizu ¢ momortbio bBITJIA morvka moakiroueHus Takas ke, Kak U B
CETH COTOBOH CBsI3M C OJHUM HcKiItoueHueMm: BMecto bC cotoBoii cetn ucnonb3yercs bC WiMax
cetu (Cm. Puc. 3) [4].
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Pucynok 3- Cxema opeanuzayuu WiMax cemu ¢ nomowwro bI1JIA

[Tpu opranmzanuu Wi-Fi ceru ¢ momomnisto BIIJIA, BITJIA nonkimrodarorcst k cetn Wi-Fi [6].
Tak xak 30Ha okpeiTus cet Wi-Fi Hebonbimas (no 100m), a yeTpoiicTBO Manbix pazmepoB, Wi-Fi
MpHeMo-TiepeIatoIiee yCTPOMCTBO MOXKET Mepemeniathes mo 3emie BMecte ¢ BIIJIA, obecnieunBas
HenpepbiBHYIO cBs3b (CM. Puc. 4).

Pucynok 4 - Cxema opeanusayuu Wi-Fi cemu ¢ nomowwto BILJIA

IIpn opranuzamuu cnytHukoBoil cetn BIIJIA moaxirodaroTcst K CYIIECTBYIOLIUM
CIIyTHUKOBBIM ceTsM cBsi3u. Mcnons3yrores cpennue BIIJIA 8000M, koTopele jeTaroT ropasno
Bbie cpeaHux BIIJIA 3000M, ¥ MOKpBIBAOT CBS3bIO OOJBIIME 30HBI, HIMKE OyIyT NMPUBEICHBI
COBETYIOIIHNE pacyeThl MOKPHITHS CBs3bI0 (CM. Puc. 5). Takas cxema paccuntana Ha oOecrieueHue
CBSI3bI0 YIAJICHHBIX TEPPUTOPHIL, Iie noaxIoueHne K bC HEBO3MOXKHO MM TPYAHOLOCTYITHO.

Pucynox 5 - Cxema opeanuzayuu cnymuuxogoti cemu ¢ nomowwio bIIJ/IA

V Ka)K[[OI\/'I CXEMBI OpFaHI/I3aI_[I/II/I CBA3HW €CTh CBOM AOCTOMHCTBA W HCAOCTATKH, KOTOpLIe
NpuBeIeHbI B Tabmuie 1.
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Tabnuma 1 - XapaktepucTuku 0€CIIPOBOIHBIX TEXHOIOTHIA

Cxema opraHuzaumuu JlocTouHcTBA HenoctaTkn
CBAI3H
CeTH COTOBOH CBS3U Jlerkocth  mocTpoeHHsi  ceTH, | Bo3aMoxHbIe IOMEXHU oT
HU3KHE  3a/epKKH, BbICOKas | moBpexaeHHbIX bC  coToBoit
CKOpOCTb Iepe/iaur JaHHbIX. CETH.

Cern WiMax cBsi3u

CkopocTh Tepeliaydl  JaHHbBIX,
30Ha MOKPBITUS, BO3MOXXHOCTH
MMOCTPOCHHSI CETH C IIOMOIIBIO
MobOunsHOH WiMax.

HeoOxonumMocTh UCHOIB30BaHUS
COOTBETCTBYIOIINX MpUEMO-
nepeJaroInX yCTPOUCTB.

30Ha NOKPBLITHUA CCTH.

Ceru Wi-Fi cBs3u JlerkocTe mocTpoeHus ceru, | Manas 30Ha HOKpBITHSL.
CTaOMIIBHOCTb.
Cetu criyTHUKOBOM cBsi3u | JlanbHOCTh  JI@HCTBUS  CBSI3M, | 3a/€piKKH, CJIO’)KHOCTb

IIOCTPOEHHUS CETH.

Ha ocnoBe mpumenenusi ¢popmynsl padotsl [10] OpuM mocTpoeHB! TpadUKU 3aBUCUMOCTH

napamerpos cereii ¢ BIUIA. Ucnons3ys popmyist dyps =+/ 2+ Rg-hy+hi +2-Ry-hy, + hiu

Nenna = Sec/Semna » TAC

h, — BBICOTA MMOABEMA HA3EMHOW aHTECHHBL, M;

h, — BbICOTa MOABEMa OOPTOBOI aHTEHHBI, M;

d; 55 — IPEAEIbHAS NAIBHOCTD MIPSIMON BUIUMOCTH, KM;

Sz — miomaas nokpbitust BC, m?;

Senna — WIomans nokpeirust BIUIA, m?;

Ngna — KommdecTBO BIJIA;

R, — pamumyc 3emmn (R3 = 6400 xM [ BBICOKHX PagMoyacToT), ObUIM pacCUUTaHbI
MakCHUMalIbHasg HalIbHOCTH CBI3M ¢ mnomombio bBIIJIA um Bo3moxkHoe kommdectBo bBIIJIA,
MoKphIBatomux 1omaas paiiona YC. Takum oOpazoM, ObUIM MOCTPOEHBI TpadUK 3aBUCUMOCTH
TUIOLIAIA TIOKPBITUS CBsI3U OT BhICOTHI moneTta BITJIA u rpadux 3aBucumoctu komumdecta BITJIA

oT BeIcOTHI oJieta BITJTA.
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Pucynox 6 - I'paghux 3asucumocmu vicomot nonema BII/IA u 30161 nokpvimus c6:23vi0

International Journal of Information and Communication Technologies, Ne2 (6), June, 2021

71



| NH®OKOMMYHUKAIUOHHBIE CETU U KUBEPBE3OITACHOCTD |

12

10 10

Koun-Bo BIUTA

[y
[y
[N

1

-
-

10 20 30 40 50 60 70 80 90 100

BricoTa nonera, M

Pucynox 7 - I'paghux 3asucumocmu konuwecmea om svicomwi notema bIL/IA npu niowaou
nokpweimus cesa3vto 1000 m2

3akiroyenue
[IpoBenenHoe ucciieoBaHue MOATBEPKAAET LiesecoodpazHocTs npuMeHenus BIIJIA B cersax

cBs3u ipu UC. AHanM3 CTPYKTYPHBIX CXEM OpraHHU3aIKi OECIIPOBOIHBIX CETEH C UCMOIb30BAHUEM
BITJTA moxasan BO3MOXXHOCTb TOCTPOCHHSI Pa3HBIX BApUAHTOB CXEM, OOECIICUMBAIONIUX CBS3BIO
30Hy OexnctBus. M3 netanbHOM XapaKTepUCTUKKU OECHPOBOAHBIX TEXHOJOTMH MOXKHO MOHATH, B
KaKUX Cily4asX HPUMEHSTbh ONpPEIENECHHbI BHUI CBA3M. Takke ObUIM NpPOBEIEHBI pacueThl U
nocTpoeHsl rpaduku 3aBucumocteil napamerpos ceteid ¢ BIIJIA, koTopble OyayT MoJIe3HBIMU TIpU
HCCIEAOBAHUM  ONPENEICHHOTO palioHa WIM MECTHOCTH M TO3BOJIAT CHENaTh  aHAIU3
sKoHOMHYecKOH ¢ pexTruBHOCTH puMeHeHus BITJIA B UC.
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Typoexosa K.K.
TeTtenme :xxarnaiinap kesinae 6aitanspic keaijepinge [IYA-HbIH KOJAAHBLIYBIH TAJIay

Anjaarna. byn Makanazna TeTEHIE KarFJailjlapra apHalfaH MUJIOTCHI3 YIIy ammnapaTTapblHa
HET13/IeJITeH anaTThIK XKeIIepaiH KypbUIbIMAaphl TadkbulaHFaH. ChIMCHI3 TEXHOJIOTHsUIapFa IOy
KacallbIHFAH »JKOHE YIIy ammaparTapblHbIH KOMETIMEH amarT aiMakTapblHaa OalIaHBICTHI
KamMTaMachl3 €Ty YIIIH COJl TeXHOJIOTHSIapFa HETI3/IeITeH JKeNIepal YUBIMIACTRIPY CXeMasiapbl
ychiHbUTFaH. CBIMCBI3 TEXHOJIOTHSIUIAD CUMATTaMaapbIHBIH KECTeCl KYPBUIABI JKOHE OJIapJbIH
KOMETIMEH TOYEJIUTIK TpadUKTEP] CATBIHBIN, MAHBI3IBI MOHACPIHE €CETTEYIEp KYPTi3iIi.

Tyiiinai ce3mep: muiorcez ymy anmapartapel (IT¥YA), 6azansik ctanuus (BC), amaTTsik
xarnaii (AXK), ceIMCBI3 OaiiylaHbIC, CHIMCBHI3 TEXHOJIOTHSIIAP.

Turbekova K.Zh.
Analysis of the use of UAVs in emergency communication networks
Abstract. This article focuses on the structures of emergency networks based on UAVs for
emergency situations. It presents a review of wireless technologies and schemes for the organization
of networks based on such technologies to ensure communication in disaster areas using UAVs, a
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table of characteristics of wireless technologies, and calculations of the major values, with which
dependency charts are built.

Keywords: unmanned aerial vehicle (UAV), base station (BS), emergency situation (ES),
wireless communication, wireless technologies.
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