KsappokonTtepsbl B Wi-Fi-ceTsax

BMecTO BBepeHun

NHTepec K KBaApOKONTEPaAM YBEIMYMBAETCA C Ka)KAbIM AIHEM, paHee Ha nJsowankax nag’'a boina
onybnrKoBaHa cepus CTaTen Ha 3Ty TeEMY:

e KBaJpoOKOMTEP B MHTEPHET-NPOBaNAUHIE
o KBaapoKoNTep Npu CTPOUTENILCTBE CeTel

Ham cTano nHtepecHo, kak ob6cToaT gena B 6ecnpoBoOAHOM MUpPE, N KaK KBaApPOKOMNTEPbl MOryT MOMOYb B
BOMpoCax opraHmsaunm becnpoBoaHbIx ceTeln. K cioBy CKasaTb, UAEN MCMNOJIb30BaTb 6€CnUIoTHLIX APOHOB
019 9TUX Lenen 03By4YMBaOTCA Y)KE HE NEPBLIA rof Npu rnpe3eHTaunm NpoeKToB Ha PasiNyHbIX
KoHdepeHUMsaX (B TOM yncse u B PP). Ha Hawen namMaTn naen ncrnonb3oBaHUs nogobHoro peweHuns boiam
COBEpPLUEHHO pa3Hble: Ha4YMHag OT cnacaTenbHbIX paboT, npoBoanMbix MYC, 1 BNJIOTb 40 OpraHmM3auum
KPaTKOBPEMEHHOIr0 PaaMoNoKpPbITUA Ha BONbLLIMX OTKPLIThIX MAoLWaAKaxX NPy MPOBEAEHNN BCEBO3MOXHbIX
MeponpuaTun. B obuem, Bo Bcex Tex CUTyaumnsax, B KOTOPbIX Heobxoanmo 6bICTpoe pa3BepTbiBaHME
6ecnpoBoHbIX ceTen. K npumepy, Hy>XHO 4Tobbl 6ecnpoBogHas ceTb Havyasla PYHKUMOHNPOBATbL Cpasy xe
Ha 3Tane pa3BepTbiBaHUA NPOEKTa, 414 TOro 4Tobbl Apyrmue cny>bbl y>ke Moram HadaTb paboTy, a B 3T0
BpemMs byneT HacTpamBaTbCH CTaunmoHapHoe obopynoBaHue.

OTronocknm asTux naen ysoasaT Hac K npoekTy SkyBender oT komnaHun Google n Facebook (o koTopom
MHOIMe BO3MO>XHO CJiblLLIaN), B paMKax KOTOPOro 3ayMbiBaeTCsa UCMNOb30BaTh 6onbline
BO34yXoMnaaBaTesibHble Wwapbl ¢ Wi-Fi ToukaMu gocTtyna ans opraHusaumm 6ecrnpoBogHOro MHTEPHETa Mo
BCEMY 3eMHOMY LLapYy:

e Google SkyBender Drone Project Aims To Deliver 5G WiFi
e Project Skybender: Google"s secretive 5G internet drone tests revealed
e KBajapokonTep B paboTe MOHTa>XHUKa-CBA3UCTA

B HalweM cnyyae gns Tex e uenen ncnosib3yeTcs KBagpokonTtep. I KOHLENT NpoeKTa BPOAe Kak MOHATEH:
B BO34YyXe 3aBUCaAeT OPOH, Ha 6opTy KoToporo Haxoamtcs 6ecnposoagHoe Wi-Fi ycTponcTso,
hbyHKLMOHMpPYOLLEee (HanpuMep) B pexxume To4kmn gocTtyna (Access Point). B 3agayy opoHa BxoguT
obecneyvyeHne 6ecnpoBOAHOIr0 PaaMOMNOKPLITUSA Ha onpeneneHHON TeppuTopun. Bpoae Bce NpocTo, ecnin He
6paTb B pacyeT asleKTponuTaHue 3toro "poboTa" n norogHole ycnosus. KoHUeNT BbIFISAUT 3aMaH4YMBO M Ha
nepBbI B3rNs4 A0BOJIBHO MPOCT B peannsaumn, Ho HaM 6osblle MHTEpecHa (husnveckas CTopoHa Bonpoca:
MaKCKMaJibHble peasinldyeMble CKOPOCTW Nepefayn AaHHbIX, OaJIbHOCTb CBA3M U Ap. B nonckax oTeBeTa 6bian
MpoaHa M3NpPOBaHbl aHCN0A3bIYHbIE UCTOYHUKU, B KOTOPLIX CJlaBHble aMepUKaHCKMe napHW NpoBOLAUIN
3KCMNepuMeHTbl ¢ 6ecnUAoTHLIM SleTaTeIbHbIM arnfnapaToM 1 TOYKOW AOCTYMa Ha ero 6opTy. O pe3ynbTaTax
3TMX 3KCMNEPUMEHTOB Mbl Obl 1 XOTeNN NOAENUTLCA B 3TOW CTaTbe.

O MeTo40/10rMM U 0CODEeHHOoCTAX YCTpOﬁCTB, MCnoJib3yeMbiX B dKCnepuMeHTe

B ka4yecTBe OCHOBHOIO 3JleMeHTa CUCTeMbI UCMNoJib30Banack naaTa Intel Galileo. MnaTa ocHoBaHa Ha OCHOBe
32-6uTHOro ueHTpasabHOro npoueccopa Quark SoC x 1000 Intel c TakToBOM YacToTom 400 MI'u. B
3KCMNepuMeHTe MCnosib3oBasiock 06opyaoBaHME NEPBOro NoKoJsieHMs. B kKayecTBe NporpamMmMHoOro
obecnevyeHns ncnonbsoBanack Bepcusa Linux quark 3.19.8 yocto-standard. B kayecTBe NCTOYHUKAE NMUTaAHUSA
MCNoNb30BanCs BHeWHUN akkymynatop 10400 mA4Y. baTapesa moxeT obecneynTb Galileo go 15 4acos
aBTOHOMHOW paboTbl B 3aBUCUMOCTM OT pexmnma paboThl N Harpy3km Tpadurka. B nnate Galileo 4yepes nopT
PCI Express 6blna nogkntodeHa becnposonHas kapTa Intel Dual Band Wireless-AC 7260 (BHewHU BUA ee
HMYEM He npuMeYaTeneH, hopM-haKTop Kak B 0b6bl4HbIX HOYTOyKax). KapTa obecrne4ynBaeT CKOpPOCTb
rnepefayun gaHHbiX 0o 867 MbuT/cek n nogaep>xmBaeT HECKONbLKO cTaHgapToB Wi-Fi (802.11a/b/g/n/ac). K
KapTe 6bIM NOSKJ0YEHBI AiBE BHELLUHMWE aHTEHHbI C ycuieHmneMm B 5 dBi. O6wmin Bec nnaTol Galileo,
aKkyMmynaTopHon 6aTapeun n Bcen aHTEHHOW YacTu coctasun 340 rpamm.

Ha nepBom aTane akcnepuMeHTa BbliM NCCiefoBaHbl TEOPETUYECKNE BO3SMOXHOCTM 061aCTy MOKPLITUSA
BMNJA (becnnnoTHOro netaTenbLHOro annapaTta). PacyeT nponsBoansica C NCNOJb30BaHUEM MoLeNen
pacnpocTpaHeHns pagnocurHana: "Free Space" n mogenb "Wireless Initiative New Radio" ~-WINNER D1.
MoppobHee 0 TOM, 4YTO Takoe MOLAENN PacNpPOCTPaHEHNS pagnoCcurHana MOXXHO NOYNTaTb 34eChb:

e PacyeT paauyca aencreug Todvek goctyna Wi-Fi


http://nag.ru/articles/article/30191/kvadrokopter-v-internet-provaydinge.html
http://nag.ru/articles/article/31118/kvadrokopter-pri-stroitelstve-setey.html
http://www.informationweek.com/mobile/google-skybender-drone-project-aims-to-deliver-5g-wifi-/d/d-id/1324122
https://www.theguardian.com/technology/2016/jan/29/project-skybender-google-drone-tests-internet-spaceport-virgin-galactic
https://geektimes.ru/company/nag/blog/282918/
http://ieeexplore.ieee.org/document/7805730/)
http://nag.ru/articles/article/29259/raschet-radiusa-deystviya-tochek-dostupa-wi-fi.html

Ha ocHoBe 3Tux mogenen 6 paccinTaHbl MaKCUMallbHble 0XKMUOAeMblE OaJIbHOCTN pacnpoCcTpaHeHns ans
BOCXOASLLEr0 N HUCXOOSLEro KaHala CBA3M ONs1 HECKONbKUX Bepcuin ctaHagapTa Wi-Fi. Takxe bbina
3KCMNepuMeHTasbHO M3MepeHa NPOU3BOANTENBLHOCTL NaThl Galileo B KayecTBe NPOMEXYTOYHOI0 y3/1a CeTH
Wi-Fi.

B akcnepumMmeHTe MCNoJsIb30BasioCh ABa pexxuMa paboTbl Tovek goctyna Wi-Fi. MepBbint pexxmum paboTbl -
"MHpaCcTpyKTYPHbIN", OH peann3yeTcsa Ha 6onblmnHCcTBE KoMMepyecknx Wi-Fi poyTepoB. B 3ToM pexume
TOYKa [OCTYyra BbICTYNaeT B poJsn LeHTpasbHoro ysna (Access Point, AP), KOTopas coeauHAET BCe
YCTPOWCTBa B CETU M BbICTYMaeT B POJN LLJIKO3a A5 NOAK/A0YeHNsa K ceTu HTepHeT. To eCTb B 3TOM
pexnme To4ka AOCTyna NpuUHMMaEeT Ha cebsa BCe 3a4ayum Mo ynpaBieHUO CeTblo. B KayecTBe BTOpPOro
pexnma paboTebl paccMaTpuBaeTcs pexnm "Ad-Hoc", KOTOpbI MeHee pacrnpoCTPaHEH B COBPEMEHHbIX
peanusx. B aTom pexxnme HM oanH 6ecnpoBOAHON y3en He BbICTyNaeT B POV LEeHTPaJIbHOro y3na, Bce y3Jibl
paBHOMpaBHbl 1 06pa3yloT Tak Ha3biBaeMyto A4encTyto ceTb (Mesh Network). Tak Kak BCe y3/bl
paBHOMpPaBHbl, TO KaXXAbl y3en B 0TAE/IbHOCTU NPUHMMAET Ha cebs 3afayun KaMeHTa (xocTa) u
MapwpyTmn3aTopa. Kpome Toro, y3nel Ad-Hoc moryT nepemeltatbcs, obpasys Tak Ha3biBaeMyto MOBUBbHYIO
ceTb (Mobile Ad-hoc NETwork - MANET). [JOCTOMHCTBO 3TOr0o peXxmMma 3akJo4aeTcsa B TOM, 4TO coeanHeHne
MeXAy y3/1aMun MoXXeT BbiTb SUHAaMUYECKM U3MEHEHO MPU NepeMeLLeHnn yCTPoncTB. Ho addekTuBHas
paboTa Takom ceTu MOXXeT CUJIbHO 3aBUCETb OT aJIFOPUTMOB MapLLPyTU3aLnmn, oTBEYaloLWmMX 3a LOCTaBKy
nakeT Mexay y3namu cetu. N3-3a AnHaMmn4eckoro xapakrtepa TOMNOJIOrUm ceTn "CTOMMOCTL" NyTn Mexxay
y31aMun JOJKHa Nepuoanyeckn nepecinTbiBaTbCa 4159 NONCKa HAaUyYLWIKUX NyTen.

Ins TecTupoBaHMs 3TUX ABYX pexmnmoB paboTbl Wi-Fi poyTepa, B nccnenyemyio ceTb 6bisin BKJIKOYEHbl OBa
OOMNONHUTENbHbIX YCTPONCTBA. B KayecTsBe y3/10B CeTU BbICTynaan ABa HoyToyka ¢ OC Linux Ubuntu n Wi-Fi
kapTon IEEE 802.11 a/b/g/n. Ha npnemHon ctopoHe 6bin ycTaHOBMIeH HOYTOYK ¢ becnpoBofHoOM KapTon Intel
Centrino Advance-N 6230 1 Ha Apyrom KoHue HoyTOyk ¢ kapTown Intel Dual Band 3160. LleHTpasibHOM 4acTbio
CUCTeMbl BCerga octaBanack nnata Intel Galileo, paboTalwas B pexxume AP (MHpPaCTPYKTYPHbLINA PEXNM),
nnbo B KayecTBe OAHOI0 N3 MPOMEXYTO4YHbIX y310B (Ad-HocC) Mexxay nepefaTynkom n NpuemMHuUKoMm. B
rnocsegHeM ycTponcTee 6bia1 NCNosib30BaH NPOTOKOA MappyTusaumn BATMAN. OH cebs xopoLuo
3apekoMeHoBas Mo CPpaBHEHWUIO C APYTrMMU NPOTOKoAamMu, paboTaowmmm npm 60nbLWNX Harpyskax
Tpaduka. 0na nonyv4eHnUs METPUK CETU UCMOJIb30BaICA XOPOLLO U3BECTHbIA MHCTPYMeHT iPerf3,
MO3BOJIAOLWMIA NPON3BOANTb N3MEPEHME MOJIOChI MPOMNYCKaHMA CEeTU, KOJIMYECTBO NOTEPSAHHbIX MaKeToB,
onpenensaTb 3aepXKU B ceTu 1 np. Takxxe B iPerf’e BO3MOXXHa HacTporiKa HECKOJIbKUX MapamMeTpoB
nepepayun. B 3ToM sakcnepmmMeHTe MCnob3oBajsack Nepefada € NOCTOAHHOW CKOPOCThLIO MEeXAy y31aMun ceTu
CO CriefyoLWMMM NapaMeTpamMun: NPoAOSIKUTENbHOCTbL Nepedayn - 30 cek; CKOpoCTb nepepayn: 1, 3,5, 7, 9,
11 M6uT/cek; pa3mep nakeTta: 512 n 1024 6awnTa.

N3mepeHnsa napaMeTpoB peasibHOW BO34YLLUHOMN CETU MPOM3BOANSINCE NO C/EAYIOWEN CXEME,
npencTaB/IEHHOW Ha pUCYHKe 1:
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PucyHok 1

[lBa OKOHEeYHbIX YCTPONCTBa NOCTEMNEHHO yaananmcb ApYyr OT Apyra Ha onpefejieHHoe paccTosHMe BAOJb
ocu X (TOYKM n3MepeHns nokasaHbl Ha ocn X). B yKa3aHHbIX TOYKax n3Mepsnacb MakCMMasibHas
nponyckHas crnocobHOCTb CeTN C MOMOLLbIO CETEBOro aHanm3saTtopa iPerf3, 1 MakCUManbHbIN YPOBEHb
CUrHana c NoMoLLbIo aHanusaTtopa cnekTpa Rohde&Schwarz FSH3. KsagpokonTep 3aBucan Ha BbicoTe 10 n
20 MeTpoB, Ha KOTOPbLIX U MPON3BOANINCL N3MepeHUs. BHewHun Bna BMNJIA npyBeaeH Ha PUCYHKE HUXKE:


https://cdn.nag.ru/news.public.uploads/upload/images/20170323-0005.png

PucyHok 2

Pe3synbTaTbl U3MepeHUn. Papgunyc nencrema

NTak, pe3loMunpys BCe TO, YTO CKA3aHO BbllLE N3MEPSINCL ABa KJIOYEBbLIX NapaMeTpa cCUCcTeMbl: 061acTb
PaAMONOKPLITUA U CKOPOCTb Nepeaayn daHHbIX.

Kak y>Xe oTMeyasioCb Bbllle, MPOV3BOANIIOCH SKCNEepUMeHTasibHOe n3MepeHne OaJibHOCTU CBA3U, a TakxXKe
TEeopeTUYeCKNI pacyeT pagnonoKpbITUA C UCMOJIb30BaHMEM MOoAesien pacnpocTpaHeHUs pagnoBosH: "Free
Space" (cBoboagHoro npoctpaHcTBa) U Mmoagenb WINNER D1. ®opmyna ®pumnca obbIHHO UCMOb3YETCS, KOraa
HeobxoAMMO onpenennTb CUY paanoCUrHaia Mexay rnepefatymkoMm v MPUEeMHUKOM MNpu OTCYTCTBUN
06BbEKTOB Ha NyTU PacnpPoOCTPaHeHNs PaaMoBOJIH. OTa MOAEsb MPUMEHAETCSA TONIbLKO MPU pacyeTe Nnosien B
OanbHen 30He, pacyeT NMPoM3BOANTCSA No popMyne:

Lprop = 20log;o(d(m)) + 20log,o(f(MHz)) — 27.55

Mopenbs WINNER D1 B oTamyme oT mogenu Free Space npeacTtasiseT cobon cToxacTUYeCKyo Moaerb,
y4uTbiBaoLWYyo noTepn B 6ecnpoBofHOM KaHane CBA3W A5 pa3/INYHbIX TUNOB cpel. JafbHOCTb CBA3M MO
dopmyne WINNER D1 onpegensetca no gpopmyne:
. f-lGH
Lprop = A+ log,o(d(m)) + B+ C-log,, (%)

B Heln HeonpepeneHHble ByKBEHHbIE MepEMEHHbIE UMEIOT cleayowmne 3HavYeHmns A = 21.5,B=44.2, nC =
20. OHM noabupatoTCcsa NCXOASA N3 HaYaslbHbIX YCJIOBUIN MNpU pelleHnn 3agadu, nogpobHee o6 nx soibope
MO>XHO NPOYUTaTb B COOTBETCTBYIOWMX NCTOYHMKAX [1].

Mpwn pacyeTax MOWHOCTbL NepenaTymka ana Uplink n Downlink 6bina npuHAaTa pasHon 20 abm (100 mBT).
PacyeT panbHOCTU CBA3M MPOU3BOAUIICA ANA pa3HbIX Bepcuin ctaHaapTos IEEE 802.11. B Tabnnue Huxe
npuBeeHbl pe3ynbTaThl pacyeToB As HUCXoAsaWwero KaHana (Downlink) n gnsa socxogsauwero (Uplink).
ObpaTuTe BHMMaHMeE, YTO CLLEHaPWIA ANA 3TMX pacyeToB NoKa3aH Ha pUCyHKe 1, n npu pacveTax 6b110
npUHATO, 4TO BINJIA HaxoanTcAa Ha BbicoTe 10 M.

B peanbHOM 3KCMNepUMEHTE OLLEHMBAJICA YPOBEHb MPUHNUMAEMOr0 CMrHana. Ha pucyHke Huxxe npuBoanTCA
YPOBEHb CUrHana B 3aBUCUMOCTU OT PacCTOSHUA A8 MHPPaCTPYKTYPHOro pexxmma paboTel (cnesa) u
pexxuma Ad-hoc (cnpasa) npu paboTe ApoHa Ha BbicoTe 10 MeTpoOB.
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PucyHok 3

Te »Ke aKCcnepuMeHTalibHble AaHHble HO Ans paboTbl ApoHa Ha BbicoTe 20 MeTpOB:

Signal Strength (dBm)

Wwhp—— — — — — — ——— g — —
05 05
15 18 21 24 27 30 313 36 39 42 45 48 15 18 Z1 24 27 30 33 36 39 42 45 48
Mistance (m) Mstance (m)
(a) Infrastructure mode (10 m) (h) Ad-hoe mode (100 m)
PucyHok 4

HabniopnaeTcs [OBO/IbLHO 3aMETHOE OT/INYME MEXY TEOPETUYECKMMN PacYeTHBIMU 3HAYEHNSAMU U
OOCTUTHYTBIMU B 3KCNEpUMeHTe. 3TN pa3/inyus Bbi3BaHbl MHOXXECTBOM [OMOJIHATENbHbLIX (DAaKTOPOB, He
Y4/ TbIBAEMbIX B MOLESIN PacrpoCcTPaHEHUs CUrHaa, HEKOTOpPbIe U3 HUX 3TO: HEYCTONYMBOCTb
KBaJpoKonTepa, HaBOAKW OT €ro waccu, aTMocdepHble ycaosBus 1 np. Ho B LlesIoM MOXXHO OTMETUTD, YTO
YPOBEHb NPMHUMAEMOro CUrHana B UHPPaACTPYKTYPHOM pexxume paboTbl 3HAYMTESNbHO BbILLE, YEM YPOBEHb
CWUrHana, oocTurHyThin B Ad-hoc. Ha pucyHkax b n d nzobpa>keHo MeHblLEe N3MEPEHHbIX KOHTPOJIbHbIX
ToYeK, Tak Kak (PMKCUPOBAJINCh TOJIbKO T€ N3MepeHuns, KoTopble Bbiin nosyyeHsl Npu paboTe 6ecnnnoTHMKa
B Ka4yeCTBe NPOMEXYTOYHOM TOYKU MeXAY ABYMS OKOHEYHbIMWN YCTPOMCTBaMU. Pe3ynbTaTbl, NOJlyYEHHbIE
npuv HenocpenCcTBEHHOM MOAKJIIOYEHUN NepefaTyKa N NpueMHuKa HoyTbyka, B pacHeT He Bpanunce.
ApyrvuMn cnosamu, Korga pacctosHne Mexxay KOHe4YHbIMW To4YKaMu Aoctyna 6bl1o MeHble 60 meTpos (ans
BbICOTbI ApoHa 10 meTpoB) nnm 80 MeTpoB (414 BbICOTbl 20 MeTpOB), KBaAPOKOMTEp He BbICTyMa B
KayecTBe NMPOMe)XyTO4YHOro yCcTponcTBea B pexume Ad-hoc.

Pe3synbTaThbl MBMEPEHMﬁ. CkopocTb nepepavm gaHHbIX

YT06bl OLLEHNTb NPOU3BOANTESNILHOCTE MHPPACTPYKTYPHOIro pexxmma paboTbl n pexxnma Ad-hoc ¢ To4ku
3peHnsa MakCMMaibHOM NPONYCKHOW CMOCOBHOCTM MCMob30Baslack NporpaMma iPerf, C MOMOLLbIO KOTOPOW
3anycKanancb NakeTbl MEXAY OKOHEeYHbIMM TOYKaMn foctyna. CHavana naMepeHuns 6bim Npon3seneHsl B
NnabopaTopHbIX YC/IOBUAX, B KOTOPOM M3MepPSaack CKOPOCTb A/t YKa3aHHbIX PeXXnMoB paboThl n ABYX
pa3MepoB NakeTa (512 n 1024 6ainnTa). Pe3ynbTaThl n3MepeHUin NnpueseneHsbl B Tabnmue HMxXe:
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Pexmum paboTel Paamep nakera (6aiit) MaKcumanbHan

CKOpOCTL Nepefayd  AaHHbIX

(MBuTt/cex)
AP 512 10.5
1024 11
Ad-Hoc 512 4.5
1024 7.5

MNMocne 4yero namepeHus Gbln NPon3BeneHbl B peasibHbIX yC10BUAX. CKOPOCTM B 3aBUCMMOCTU OT
pPacCToAHUSA, NOJIyHYeHHble B pe3yfibTaTe namepeHunn Wi-Fi ceTu, nokasaHbl Ha pucyHkax 5 n 6 Humxe. Mo>xHo
OTMETUTb, YTO CKOPOCTb B UHPPACTPYKTYPHOM pexxmme 3Ha4YNTESIbHO Bbille cKkopocTu B Ad-hoc ceTu. Ang
MHPACTPYKTYPHOro pexxmMma paboTsl (cnesa) n pexmnma Ad-hoc (cnpasa) npn paboTte gpoHa Ha BbicoTe 10
MeTpPOB:

it (Mbps)

o} P

15 18 21 24 27 30 33 36 39 42 45 48 15 18 21 24 27 30 33 36 39 42 45 48
Distance (m) Distance (m)
(a) Infrastmciure mode (10 m) (b) Ad-hoc mode (10 m)

PucyHok 5

Te xe JKCNepuMeHTaJibHblE AaHHbIE HO ON1A pa60TbI OPOHa Ha BbICOTE 20 METPOB!:

] 3

- [

Throughput (Mbps)
w

15 I8 21 24 27 30 33 36 39 42 45 48 15 18 21 24 27 30 33 36 39 42 45 48
Distance (m) Dristance (m)

() Infrastructure mode (20 m) {d) Ad-hoc mode (20 m)

PucyHok 6

MakcnManbHasa CKOpPOCTb Nepefayvn gaHHbix No Wi-Fi paznuyaeTtcsa onsa passiMdyHbIX BepCuUin CTaHdapTa
802.11 n onpepenseTcsa rnaBHbiM o6pa3om MeTogamMm MOy AALNN, KOAVPOBAHNEM U TEXHOJIOrUSAMHU
paclnpeHns cnekTpa, a TakXXe KONM4YeCTBOM NMPOCTPaHCTBEHHbLIX MOTOKOB, WWMPUHON KaHana u np. Huxe
0N CpaBHEHUA NpuBefeHbl MakCMMasibHble TeopeTU4eckKn OCTUXKMMbIe CKOPOCTU nepesadyn AaHHbIX Ans
3a[l@aHHbIX YCJIOBUIM UCMbITaHUIA. B 3KCNepMMeHTe TOYKU AO0CTYMNa HacTpamBauCb Ha CaMONpPOn3BOJIbHbLIN
BbIbop Bepcmmn npoTokona 802.11g-802.11n gna obecnevyeHnsa Hanay4wnx yCaoBuUin nepenayn B
3aBUCMMOCTM OT KavyecTBa KaHasa CBA3N. MakCMMasibHO OOCTUXXKMMbIE CKOPOCTU AJ18 pacCMaTpMBaeMoro
3KCNepuMeHTa npuBeaeHbl HUxe:


https://cdn.nag.ru/news.public.uploads/upload/images/20170323-0017.png
https://cdn.nag.ru/news.public.uploads/upload/images/20170323-0019.png
https://cdn.nag.ru/news.public.uploads/upload/images/20170323-0021.png

10 m 20 m
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15 54 Mbps - 45 Mbps --

18 60 Mbps -- 135 Mbps --

21 54 Mbps -- 90 Mbps --

24 90 Mbps - 30 Mbps --

27 81 Mbps -- 54 Mbps --

30 5 Mbps 6 Mbps 30 Mbps --

33 5 Mbps 6 Mbps 40 Mbps --

36 5 Mbps 1 IMbps 30 Mbps --

39 81 Mbps  |5.5 Mbps| 30 Mbps  [5.5 Mbps
42 81 Mbps |11 Mbps| 81 Mbps  |5.5 Mbps
45 5 Mbps 1 Mbps 5 Mbps 1 Mbps

C yBe/IMYEeHNEM PaCCTOSAHMSA CHUXXAETCA Ka4eCTBO KaHala CBA3M, YTO 3acTaBnseT 6ecnpoBoAHble CETEBLIE
KapTbl nCNonb3oBaTb H0Jlee KOHCEpPBaATMBHbIE METOALI MOAY/ISILMN, YTO B CBOKO 04Yepelb NPMBOAMUT K
YMEHbLLEHNIO MaKCUMalbHOW CKOPOCTU Nepefayvn gaHHbIX. MHOPaCcTPYyKTYpHbIN pexxum paboTbl
obecne4ynBaeT H6onee BbICOKME CKOPOCTM Nepenayn no cpaBHeHMto ¢ pexxnmom Ad-hoc.

3akKnuyeHue

Taknm obpasom, B 3TOM cTaTbe Bbl1 pacCMOTPEH 0AWH U3 Hanbonee 3(h(PEKTUBHbIX BApMaHTOB NPUMEHEHNS
KBaApokonTepoB B 6ecnpoBOAHON CBA3M - AJ19 MOCTPOEHUS aBTOMATUYECKM KOHPUIyprupyeMbix mesh-
ceTen. insA peweHnsa 3Ton 3agaym 6bi10 pacCMOTPEHO ABa pexuMa paboTbl 6ecnpoBoAHOro yCTPOMWCTBa Ha
6opTy gpoHa: Ad-Hoc n nHgpacTpyKTypHbI. CHavYyasla Npon3BOANIICA TEOPETUYECKNI pacyeT AaslbHOCTU
CBSI3U C UCMNOJIb30BaHMeEM OBYX MoJeJsieil pacnpocTpaHeHus curHana "Free Space" n "WINNER D1". Oanee
MPOV3BOANJIOCHL CPABHEHME PeXUMOB paboThl TOYKM AOCTyMNa NO AasIbHOCTU CBSA3U U NMpeaesibHON
MPONyCKHOM cnocobHocTn. MHPpacTPyKTYpPHbIA peXxuM paboTbl NoKasasn aAyylmin pe3ynbTaTbl. HO € TO4YKM
3peHuns sHepronoTpebnenns pexxnm paboTbl Ad-Hoc npnbnusuTtensHo Ha 4% 3 dekTnBHee. becnnnoTHble
JfleTaTesibHble annapaTbl OTKPbIBAOT HOBbIE BO3MOXKHOCTU B chepe TeIeKOMMYHUKaAL A 1, BOSMOXXHO, B
Oyayuwem Mbl yBUOUM UX B KOHLENTE CETEN Cneaylowmx NnokoneHmnn 6ecnpoBogHoOm CBA3N.
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WiFi networks on drones

Google SkyBender Drone Project Aims To Deliver 5G WiFi

Project Skybender: Google"s secretive 5G internet drone tests revealed

KBaOpoKoNTep B UHTEPHET-NMPOBANANHIE

KBaApoKonTep Npu CTPOUTENLCTBE CeTeN

KBagpokonTtep B paboTe MOHTa>XHUKa-CBA3NCTA

KBaapokonTep HayyYnan HaxoAnTb YSA3BUMbIE CETU U Faf KeTbl Ha BOAbLION BbICOTE

ONoUuRkWN
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