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PE3YJIbTATHU TA 3ACOBU ONIHKU EPEKTUBHOCTI CUCTEM
®OKYCYBAHHA JJIA NIIBUIEHHSA JOCTYITHOCTI
B BE3ITPOBOJOBUX MEPE/KAX

Awnoraunis. lllupoke nomupeHHs: 0e3MPOBOIOBUX TEXHOJIOTIH TPU3BOIUTH JI0 MOCTIHHO 3pOCTaHHS
KIJIBKOCTI KOPHCTYBadiB 1 MOCTIHHO (YHKI[IOHYIOUMX MNPUCTPOIB. AJie 3pOCTaHHS KiJIBKOCTI
0e3MpOBOZOBIX KOPHCTYBAauyiB B OOMEXEHOMY MPOCTOpPi i OOMEKEHOMY 4acTOTHOMY iara3oHi
NPU3BOJUTH JI0 3pPOCTaHHS IX B3a€EMHOIO BIUIMBY, L0 B KIHIEBOMY MiJCYMKY HETraTUBHO
MIO3HAYAETHCS Ha MPOMYCKHIN CIIPOMOYKHOCTI OE3IIPOBOOBUX KAHATIB 1 HABITh HA MPANe3JaTHOCTI
CHCTEMH B LIOMY. Y CTaTTi HaBEJEHO CTATHCTHKY 1 TEHJICHIII MOMIMPEHHs Oe3NMpOoBOJOBUX
Mepex cucreM cranmapty IEEE 802.11, a Takoxx mpoaHali30BaHO OCHOBHI MpoOieMu, o
BUHHUKAIOTh B XOJli PO3IIUPEHHS iX BHKOpHUCTaHHSA. OOTpYHTYBaHHS i BHOIp IUIAXiB MOOJAHHS
OUX TPYOHOIIIB 0ararto B YOMYy 3aJIeXHTh BiI OO0 €KTHBHOTO KOHTPOIIO IapaMeTpiB
BUTIPOMIHIOBaHHSI TOYOK JIOCTYITY i aOOHEHTCHKHX KOIITIB B KOHKpeTHiil oOctaHoBHi. HaBeneHo
OIS/ IITATHUX 3aC00IB KOHTPOIIIO, Nepe0ayeHrX po3poOHIKaMHu 00JIaIHAHHS, 1 3alIPOTIOHOBAaHI
aBTOPCHKI BapiaHTH EKCIIEPUMEHTAJIbHUX BHUMIPIOBAIBHUX KOMIUIEKCIB, IO JI03BOJSIIOTH
KOHTPOJIIOBATH CUTHAJIbHI Ta iH(popMalliiiHi napamerpu cucteM Wi-Fi. [Ipeacrasneni otpumani 3
BUKOPDHCTAHHSIM 3a3HaYeHUX KOILUTIB EKCIIEPUMEHTAJbHI pE3y/IbTaTH OLIHKK MiJBUILEHHS
JOCTYITHOCTI ~Ta MNPOMYCKHOI 3MaTHOCTI Ha  OCHOBI  3aCTOCYBaHHS  IPHUCKOPIOIOYOL
METAJIOIIACTHHYACTOT JIIH3H SIK JI0JJaTKOBOI'O aBTOHOMHOT'O €JIeMEHTY JuIst (POKYCYBaHHS MOJS B
ToMy umchi i mis cucteM MIMO, BIIIMBY IPHCKOPIOIOYOI METaJOIUIaCTUHYACTOI JIH3M Ha
MPOCTOPOBHH PO3IOJLT TOJISA, HA CIIEKTPAJIbHY CTPYKTYpY curHaiy. KpiMm Toro, mociipKyBamucs
noisgpuzaniiini - epextd. OOroBOPIOIOTBCS  MOXJIMBI  IIUIAXM  MOJAJBIIOTO  ITiABUIIEHHS
JOCTYITHOCTI, IiJlicHOCTI iH(popMamii Ta eHepreTH4Hoi e(EeKTHBHOCTI CHCTeM Oe3NMpOBOIOBOTO
JOCTYIy. ABTOpW TIPONOHYIOTH OIIBII MPOCTI 1 MEHII BHUTpPaTHI BapiaHTH IIiABUIICHHS
CIPSMOBAHOCTI BUIIPOMIHIOBAHHS Ha OCHOBI NPHCKOPIOIOYOi METANOINIACTUHYACTOI JIIH3H, IO
BUIIPOOYBAHO €KCIIEPUMEHTAIBHO, & TAKO)K BUKOPUCTAHHS 30HYBaHHS MPOCTOPY Ha 1usixy EOM.

KuamouoBi ciioBa: 0e3mpoBoiOBa Mepeka; METAOTUIACTHHYACTA JIiH3a;, MPUCKOPIO0YA JTiH3a;
JH30Ba aHTEHA; TOYKa JOCTYIy; moJspusaiis; MIMO.

© B. M. Acranens, B. 0. Cokonos, M. Tamxkini, 2019.
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1. BCTYII

He3zanepeunoro mnepeBaroro cucTeM O€3MpPOBOAOBOrO JOCTYMY 10 iH(MOpMAIiiftHuX
pecypciB, ski HaOyBarOTh BCE OUIBIIOIO TOMIUPEHHS, € 3pPYYHOCTi, IO HATAIOTHCS
KOPUCTYBa4aM. 3pOCTa€ CTYIiHb MOKPHUTTS TEPUTOpii, 30UIBIIYEThCA IIBUIKICTH Nepemadi
iHpopmMarii, mpomycKkHa 3AATHICTh CHUCTEMH, YHUCIO TOYOK JIOCTYMy, IIUIBHICTh iX
PO3MIIIEHHS, OCOOIMBO B MicTaX, MICIX pO3TAllyBaHHS OpraHizamiil i ycTaHoB, B 30Hax
BIMIOYMHKY 1T.I., MO UIIOCTPYE CTAaTUCTHKA PO3BUTKY Takoi (opMU HaJgaHHS
iHpopmamiitnux nocayr. lupoke mommpeHHss 6e3MPOBOAOBUX TEXHOJOTIH MPU3BOIUTH 0
MOCTIHHO 3POCTAaHHS KiJIBKOCTI KOPHCTYBauiB 1 MOCTIHHO (DYHKIIOHYIOUHX MPUCTPOIB. AJe
3pOCTaHHs KUTbKOCTI 0€3MPOBOIOBUX KOPHCTYBAaUYiB B 0OMEXEHOMY MPOCTOPi 1 0OMEKEHOMY
YaCTOTHOMY Jialla30Hi MPU3BOJMTH JO 3POCTAHHS iX B3a€MHOTO BIUIMBY, IO B KiHIIEBOMY
MiJICYMKY HETaTHBHO MO3HAYAETHCS HA MPOIYCKHIN CIPOMOKHOCTI 0€3MPOBOIOBUX KaHAMIB 1
HaBITh Ha MPaIE3JaTHOCTI CUCTEMH B LIJIOMY.

OkpeMuM TOKa3HUKOM € IepioJl OIBOEHHS KITBKOCTI O€3MPOBOJOBHX MEPEK (TUTBKH
ns cranaapty IEEE 802.11) [1]. 3 rpadika, moka3aHoro Ha puc. 1, BUIHO, 110 CEPEIHIN Jac
MOHOBJICHHSI CTAHOBHUTH MEHIIIC JIBOX POKIB 1 JOOpEe Y3roJLKyeThCs 3 3akoHOM Mypa. Ha
rpadiky BUIHO, Mo kpu3za 2008 mpuBIB J0 3aTPUMKH POCTY MPHOIHM3HO HE TPH POKH, sKa
NOTIM KOMIIEHCYBaiacs MPHUCKOPEHUM 3POCTaHHSM KUIBKOCTI TOYOK JOCTyIy. SIKimo
YCepeAHUTH IIBHIKICTh POCTY KUIBKOCTI (Ha rpadiky Mmoka3aHO MYHKTHPHOIO JIHIEI0), TO
BUIHO, III0 TIPOIIEC TIOCTYIIOBO CIIOBIIBHIOETHCS, ajle BCE K HOCUTh HApOCTAIOUMIl XapaKTep.
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Puc. 1. Tepminu noosoenns Kinbkocmi 6€3npo8o008Ux movox 00CMyny

I'padix mo3BoOJIIE CHPOrHO3YyBaTH HACTYITHE TOJBOEHHS KUIBKOCTI OE3MPOBOIOBUX
Mepex Ha nmoyatok 2020 poky.

2. OI'JIsA A ATAPATHOTI O 3ABE3TIEYEHHSA JJ151 AHAJII3Y CIHEKTPY

Pazom 3 TuM, OypxJsiMBe 3pOCTaHHS HOIMYJSPHOCTI 1 KIIBKOCTI O€3MPOBOJOBUX MEPExX
(oco0a1BO B yMOBax HIUIbHOT MICHKOT 3a0yJ0BH) MPHU3BOAUTH IO B3aEMHOT'O BIUIMBY MEPEK
npyr Ha apyra. KpiM Toro, 30iIbIIyeThCSI KUTBKICTh MOOUTHBHHX MPHUCTPOIB 1 BOYZOBaHUX
CHCTEM, SIK1 MOXKYTh OyTH BUKOPHCTaHI B SIKOCTI OE3MPOBOJIOBHUX TOYOK JOCTYMY (HAIIPUKJIIA],
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moaydi cimeiictBa Espressif ESP8266, ESP32, Onion Omega 2, Realtek RTL8710, RDA5981
tomo). Ile HeMHHyYe MOPOKYye CBOI MpPOOJIeMU 1 3arpo3d, B TOMY YHUCHI 1 Juis Oe3meKu
iHpopmMarii (mopymeHHs IITICHOCTI, MPOoOJIeMU 3 AOCTYHHICTIO 1T.1H.). Jlo HUX MOXHa
BiJHECTH $K OaHaJbHy HEHABMHUCHY NEPEBAaHTAKEHHS CHCTEMH JOCTYNY, Tak 1 OLIbII
crieniiivyHi 1 HaBITH BUTOHYEHI MOTPO3U: HECAHKIIIOHOBAHOMY JOCTYNY J0 Mepexi; DoS-
aTaku; miapoOKa caykO0BUX MMAKETiB; IPUMYCOBA JAeaBTEHTH(]IKAIsI KOPUCTYBAYiB; CIUIECKU
PiBHIB HEHAaBMHCHHX Iepemkoa (y BCbOMY BHKOPHUCTOBYBAaHOMY Jiara3oHi abo OKpeMux
YaCTOTHUX KaHalax); 3arpo3a ITOCTAaHOBKM HAaBMHCHHUX AaKTHBHUX IIEpPEIIKOJ] B YMOBHU
KOHKYpeHTHOI 0opoThOM abo TepopuctuyHux Mid. I[lpm 1poMy BCl ICHYIOUI CHCTEMH
0e3mpPOBOAOBOTO IOCTYNY (CTITFHUKOBUH 3B’ 530K, Wi-Fi, po3yMHui OyIUHOK 1 1HIII) MalOTh
ICTOTHUI HEJOJIK, — BOHU MAalOTh Jy’K€ HU3bKY €HEpPreTMuHy e€(eKTUBHICTb, TAaK SK JIUIIIE
HEe3HaYHa YaCTHHA BUIPOMIHIOBAHHS €HEPTii CIPUIMAETHCS MPUIMAaIbHOIO aHTEHOIO.

[TeBHOIO MiporO 7Sl MMOJMOJIAHHS 3a3HAYEHMUX IMPOOJIEM MOXXYTh BHUKOPHUCTOBYBATHUCS
TaKi METO/IH.

1. IlinBuiieHHs e()eKTUBHOTO BUKOPUCTAHHS YAacTOTHOTO pPeCypCy; A BHpIIIEHHS
I[bOTO 3aBJIAHHS:

— aJMIHICTpaTHBHE IICHTPAIi30BaHe IUIaHYBaHHS O€3MpPOBOJOBOI 1H(PPACTPYKTYpH,
3aKOHOJIaB4i 0OMEKEHHS Ha PIBEHb CUTHAITY a00 MOTY>KHICTh BUIIPOMiHIOBAYiB Ta iH.;

— peryJispHUIA MOHITOPHHT 1 aJjaNnTallis CUCTEM BPYUHY;

—3aCTOCYBaHHS aJaNTHBHHUX CHCTEM IijcTporoBaHHsS Ha piBHI mpoTokoniB (IEEE
802.11f, IEEE 802.11k), MOHITOpPHHT 1 aBTOMIAJAIITYBAaHHS HA PiBHI MPUHMAIBHOTO TPAKTY Y
nesikux BUpoOHUKIB (Atheros Spectral Scan mode), BUKOpHCTaHHS TOJATKOBUX NPHCTPOIB
Ui 300py iHpopMalii mpo craH 6e3MPOBOIOBOI CUCTEMHU.

2. BrpoBa/KeHHST METOJIIB MPOCTOPOBOTO (KYTOBOTO) IMOMITY a0OHEHTIB HAa OCHOBI
aHTEH 3 BY3bKMMM 1 KEpOBAHMMH XapaKTEPUCTHKAMU CIPSIMOBAHOCTI aX 10 (ha30BaHMX
AQHTEHHUX PELLIITOK.

3. Buno3Mminy 1 gooGnaqHaHHs cepeloBHUILA (PYHKIIOHYBaHHS 0€3MpOBOJOBOI CUCTEMHU
JIOCTYITy ©6€3 1CTOTHOT 3MIHM KOHCTPYKIIIi 00JIaIHaHHS TOYOK JOCTYNY 1 aDOHEHTChKHX 3aC0O01B.

VY 3a3HaueHUX yMOBax IOMITHY poJib B 3a0e3MeueHHi JKUBYYOCTI iH(popmauiiHol
MepeX1 MOXKYTh 3IrpaTé 3aC00M MOHITOPUHTY Ta KOHTPOJTEO CTaHy CUCTEMH OE3MPOBOOBOTO JIOCTYITY,
1110 3a0e31e4yroTh 00’ €KTUBHY OIIIHKY TapaMeTpiB CUCTEMHU 1 JO3BOJISIOTH BUPOOUTH a/1€KBaTHI
3aX0/M IOJI0 YCYHEHHSI NMPUYUH 3HMKEHHS JOCTYIHOCTI Ta IUIICHOCTI 1H(popMalii siK Ha
eTari 11 po3ropTaHHs 1 HANATOKEHHS, TaK 1 IS afanTailii B peaJlbHOMY Yaci.

IToniGH1 3acobu mpencTaBiieHl B JIIHIMKaX MPOIYKTIB JUIsl O€3MPOBOIOBOrO JOCTYIY Y
Cisco, Ubiquiti, HP Ta in. bararo BupoOHUKIB 6€3MpoBOAOBOr0 00JIaAHAHHS BOYIOBYIOTH
QITOPUTMH aBTOMAaTHYHOTO BHOOPY KaHANiB, aje CIEKTpP CKaHYyeTbCs Jumie B 00iacTi
pO3TalIyBaHHs TOYKH JOCTymy. IIpu 1bOMy He BpaxoBYIOTHCS OCOOJIMBOCTI pO3TalllyBaHHS
KJieHTIB. Touka MOCTymy IMOYMHA€E MpAIlOBaTH Ha CaMOMY BUIBHOMY KaHail B MicHi ii
pO3TallyBaHHs, IO B NEBHIM Mipi Hokpaiiye poOOTy Bcie€i Mepexi, aje He poOuThH ii
ONTUMAJBHOIO (TaK SK HEMOXIMBO BpaxyBaTH Bci mnapamerpu B ad hoc wmepexi:
NOJISIPU3ALliI0, BUCOTY PO3TAllyBaHHS, €KpAaHYBAaHHS 1 MEPEBIOUTTS, a TAKOX MEPEMIIIeHHs
KopucTyBaua). Tomy KpiM iH@oOpMalii Bil TOYKM JOCTYIY CIIiJI BpPaxOBYBaTH YacCTOTHY
00CTaHOBKY 1 piBE€Hb CUTHaJly B MICIIi pO3TalllyBaHHS KOPHCTYBauiB (BCix a00 BUOIPKOBUX) 1,
BUXOJSIYM 3 OTPHMAaHUX JaHUX, BHOMpPATH ONTUMAIBHUM YacTOTHUH KaHail [l 300py
iH(popMallii MOKHAa BUKOPUCTOBYBATH BXKE€ ICHYIOUl O€3MpOBOAOBUI KapTH, aje o0aacTh ix
BUJUMOCTI yacTo oomesxeHa nuiie mepexxamu crannapty IEEE 802.11 (a gesiki kapTu HaBiTh
He OayaTh «IPUXOBAHUX» MEpEX); HE BPAXOBYETHCS BIUIMB IHIIMX OE3MPOBOJOBUX
TEXHOJIOT1H, Ki MPaIoOTh B TOMY K YaCTOTHOMY Jiara3oHi, HApUKIIA/, 3a CTaHIapTaMu
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IEEE 802.15.1 (Bluethooth), IEEE 802.15.4 (ZigBee, WirelessHART, MiWi, ISA100.11) Ta
IHIINX HECTaHAAPTHHUX MPHUCTPOIB, @ TAKOK NOOYTOBHX 1 MPOMHUCIIOBUX MEPEIIKO/.

OpmHak 111 KOIITH BOJIOAIIOTH HE BCI BJIACTHBOCTI 1 (PYHKIISAMH, HEOOXITHUMH IJIs
aHaJi3y TOKa3HUKIB THUX YAOCKOHAJEHb, SKi aBTOPH TPOMOHYIOTh JJs IiABUIICHHS
JIOCTYITHOCTI Ta IUTICHOCTI iH(opMarllii B cucreMax Oe3MPOBOJIOBOTO JOCTYIY CTaHAAPTY
IEEE 802.11.

Bunukia HeoOXiHICTh BUKOPHUCTOBYBATH JOJATKOBI HE3aJ€kKHI MPUCTPOi KOHTPOIIO
piBHS CHTHally, CIEKTpa BUIIPOMIHIOBAaHHS y BChOMY BHUJiIEHOMY Jiama3oHi i (OakaHo)
MPOIYCKHOI 3/1aTHOCTI CUCTEMH.

J1o 11X IpUCTPOiB KOHTPOJIIO TP IBJICHI TaKi BUMOTH:

1. MoxJuBICTh PO3MIIIEHHS B KIIOYOBHX TOYKaX I1HQPACTpyKTypu 1 B MiCLIX
po3TanIyBaHHS KOPHCTYBaUiB.

2. JliarpamMa CrOpsIMOBaHOCTI aHTEHU ITOBUHHA HaOJmxkaTucs 10 chepuyHoi (aHTeHa
HECIPSMOBAaHA).

3. BumiproBaHHs piBHS CUTHAITY.

4. Anamiz CHeKTpy BHIIPOMIHIOBaHHS y BChOMY BHIIUJIGHOMY Jiana3oHi, a TaKoX
CIIEKTpa CUTHAITy, BAKOPUCTOBYBAHOTO B €KCIIEPUMEHTI.

5. Ouinka iH(opMaIifHUX XapaKTEPUCTHK KaHATY.

6. Jlns nmepenayi pe3ynbTaTiB MOBUHHI BUKOPUCTOBYBATHUCS 0€3MPOBOAOBI a00 MPOBiIHI
KaHaJIM 3B’SI3KY, SKi BUXOJSTh 32 MEXKi 00’ €KTy CKaHYBaHHS YaCTOTHOT'O Jlialla3oHy.

7. MiHiMaJIbHE €HEPrOCTIOKUBAHHS (JIJ711 MOXKJIMBOCTI aBTOHOMHOTO KHBJICHHS ).

Tomy anst 3a0e3nedeHHs MPOBEACHNUX (Ta MEPCHEKTUBHHUX) €KCIIEPUMEHTAIBHUX POOIT,
aBTOpamMu OyB pO3poOJIeHMH, BUTOTOBJIEHHMH 1 3aCTOCOBAHMN BHMMIPIOBAIBHUI KOMIUIEKC
KOHTPOJIIO CIIEKTpa 1 piBHS BUIIPOMIHIOBAHHS, a TAaKOK HEOOX1JH1 /Ul Horo pyHKII1IOHYBaHHS
IporpaMHi 3aco0M aHaNi3y K XapaKTepUCTHK CUTHATY, TaK 1 iHpOopMaLiiHUX MOTOKIB.

Sk aHamizaTopiB CrIEKTpa BUOUPAIHCS MPUCTPOI 3 MPEICTABIEHUX HAa pUHKY (puc. 2). 3
ycixX aHami3atopiB HaiOutbm 3pydyHuM BusiBUBCs Pololu Wixel, Tak sk BiH Mae no0pe
NPOJAyMaHy apXIiTeKTypy, 1ocTyn 10 3miHM npomuBkHd 1 SDK (#a moBi nporpamysanus C) 3
MOBHOIO JIOKyMEHTalli€ro. JlocTynmHa IiHa NPUCTPOIO J03BOJIE OJHOYACHO 3aIyCKaTH
JIeKUIbKa JaTYuKIB, a JAaHUX 3 HUX 30MpaTH OJHOYACHO 1 MapajesibHO aHai3yBaTh. Takox
Oyno HamucaHo mporpamHe 3abe3neueHHs MDRV (Ha MoBi mporpamyBanHs Java) mis
OJIHOYACHOT pOOOTH 3 IeKiTbKOMa aHaTI3aTOpaMH CIIEKTpa.

3. 3ACTOCYBAHHA PO3POBJIEHUX 3ACOBIB KOHTPOJIIO

B xon1 gociigkeHb MOKIMBOCTEN MIABUIIEHHS TOCTYIHOCTI 1H(opmaii (1 301IbIIeHHS
JanpHOCTI AocTyny) B cucremMax Wi-Fi Ha OCHOBI BUKOPUCTaHHS MPUCKOPIOIOUOL
MmetanorutactuHyactoi JiH3u ([IMJI) Ha pi3HHMX eTamax 3acTOCOBYBAJIOCS pi3HE amapaTHe
3a0e3medeHHs K JUIsl oprasizanii 0e3mpoBOJOBHUX TOUYOK JIOCTYIy, TakK 1 JUIsl aHAJIi3aToOpiB
criektpa [2]. Y nepmmux excriepuMenTax [3—10] OyB BUKOpUCTaHUIN KOMITIEKT Y CKJIaIi:

— TOYKH 0e3MpoBOJOBOro Joctyny (mepenaBau) Asus N16 (Ha 6a3i MiKpOKOHTpoJiepa
Broadcom 4718A, 533 MI'n 3 mpommBkoo DD-WRT v24-sp2 mega i HeHampaBiIeHOi
AHTEHOI0);

— 30BHIIIHIN Oe3npoBoOBOi afantep (mpuitmMad) Ha 0a3l MiKkpokoHTposiepa Realtek
RTL8187L 3 HeHampaBieHOi aHTEHOI0. AHaJII3 CIIEKTPY CUTHAITY MPOBOJUBCS 32 JIOTIOMOTOIO
anamizaropa cnektpa Ubiquiti AirView2 (auB. puc. 21).

[le 103BOJIMIIO OLIHWUTH CTYMIHb MiJBUIICHHS MPOMYCKHOI crpoMoxkHocTti 3 I[IMJI B
MOPIBHSHHI 3 BUTIAJKOM POOOTH MpoMuciaoBoro poyrepa 6e3 [IMJI (3a iHIuX piBHUX YMOB).
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B excnepumenTax mo ouiHii MoxiauBocTi 3actocyBanus [IMJI B cucremax MIMO [8—
10] cucrema KOHTpONIO Oyla BAOCKOHAJICHA 33 PAaXyHOK BHKOPHUCTAHHS IMPOMUCIOBOTO
poytepa 31 cxemoro MIMO 2%3:2 3 BUKOpPUCTAaHHSIM JIBOX (3 TPbOX AOCTYIIHUX) aHTEH, SIKi
Oynu BUHHATI 3 KOpITyca i J0AaTKOBO pO3HECEeHI. BumiproBanbHUi CTEH]T BKIIIOYaB B cede:

— TOUYKy 0e3mpoBoAOBOro aoctymny (mepenaBau) Asus N16 (Ha 6a31 MIKpOKOHTpoJjepa
Broadcom 4718A, 533 MI'u 3 npommekoro DD-WRT K2.6 Big Generic rev. 14896);

— MepexeBy Kapty (mpuiimau) Atheros AR9287 (MIMO 2x2:2);

— B pOJIi JATYUKIB TOJI BUKOpHCTaHI mporpamoBani moxyni Popolu Wixel (ma 6a3i
mikpokoHTposiepa TI CC2511F32), nokazaHni Ha puc. 2x.

[adopmariisi 06pobsTacs 3a TOMOMOTOIO CIEHiaJbHOTO MPOrPAMHOTO 3a0e3MeYCHHS
MDRYV, sike 30upae naHi 3 JaTUYUKIB 1 B pEeKHUMI pealbHOrO 4yacy BiJloOpakae pe3ysbTaT y
3BeJICHIN OopMi Ha 3araibHiil giarpami peaigpHoro vacy [8—10].

80000000
oo ocooo

Puc. 2. 3acanvnuii 6uenso niam ananizamopis cnekmpa:
a — Metageek Wi-Spy 2.4i; 6 — CYWUSB6935 (LPT),; ¢ — Wi-detector;
2— T1 eZ430- RF2500,; 0 — Ubiquiti AirView2;
e — Metageek Wi-Spy 2.4x i sic — Pololu Wixel
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IIpu nocmimxenni edexry 3arinenHs I[IMJI [11] komruiekc 3aco0iB MOHITOPHHTY
JnocTynHocTi OyB BUKOHaHMK Ha Moaynsax Popolu Wixel, ska npamroe 3a crannaprom IEEE
802.15.4 3 MSK. VY nepenaBaibHUX 1 TPUHOMHHUX MOAYJISX BOYIOBaHI IUJIaHApHI aHTCHU. Y
[[bOMY BUIAJKY KUIBKICTh TOYOK KOHTPOJIIO JOBEIEHO JO LIECTH. 3aBISKU IIbOMY BJIAIOCS
KUIBKICHO OIIIHUTH 00JIacTh 3aTiHeHHsS, cTBoproBaHy IIMJI, ska oOGciyroBye omHOro 3
aOOHEHTIB MO BiJHOIICHHIO /10 1HIINX a0OHEHTaM.

OcraHHIi BapiaHT MOOYJOBH KOMIUIEKCY I EKCIEPUMEHTAIBHUX JOCHIKEHb 1
MOHITOPUHTY TapaMeTpiB €JIEKTPOMArHiTHOTO IOJIs, MPOIYCKHOI 34aTHOCTI, a B MiJACYMKY —
JIOCTYITHOCTI Ta MUIICHOCTI 1H(oOpMalii nependadaeTbCsi JIOMOBHUTH B  KiUIBKICHOMY
BiHOMIEHH] (KUTBKICTh JaTYMKIB) 1 MUISAXOM YIOCKOHAJIEHHS MPOrPaMHOI CKJIaJ0BOT
NPOIIMBKY JIaTUYMKIB JJISI IPUCKOPEHHS PO3PaXyHKIB OOUYMCIIEHHS IIBUJKOTO MEPETBOPEHHS
®yp’e 1 Python-ckpunTiB ans aHamizy naHUX BiJ AEKUIBKOX NATYMKIB B PEXKHUMI PEaTbHOTO
yacy. Y MepCHeKTUBi 1€ AO3BOJIUTH AOCTIAUTU OLIbII CKIAAHI BapiaHTH MOOYIOBH CHUCTEM
0e3MPOBOOBOTO JOCTYITY 3 YIPABIIHHIM IPOCTOPOBOTO PO3MOJITY JTOCTYITHOCTI Ha OCHOBI
3aCTOCYBAHHS CIPSIMOBAHUX aHTEHHUX CUCTEM.

Kpim Toro, gocmimkyBanacss MOXKIHMBICTh BUKOPHCTAHHS TOJSIPU3AI[IITHOTO PO3HECEHHS
KaHaliB 200 3 METOK JIBOKAHAJILHOI IO MOJISApHU3allii mapajeabHol nepenadi JaHux, adbo s
30UTBIIICHHS YUCJIa A0OHEHTIB MIISXOM iX MOJSIPU3AIIIHOTO TIOILTY.

JlocnmiKeHHs BIUIMBY MOJISPU3ALIMHUX YMHHUKIB 31MCHIOBATIOCS IJISIXOM BHSIBIICHHS
3MiHHM PiBHIB CHTHAJIIB B 3aJISKHOCTI BiJ pO3TallyBaHHS MPUHMAaIBHOI 1 epeaBaibHOl aHTeH
nepezaasaya i1 npuiiMada. by noOynoBaHuil eKCiepMMEHTAIbHUIN KaHa 3B’ A3KY:

—T1ouka Oe3mpoBopoBoro noctymy (mepemaBau) TP-Link TL-WR340G (anaparna
Bepcisa 4 Ha MikpokoHTposepi Atheros AR2317, 200 MI'n 31 cranapTHOO npomuBKo0 Stock
4.18.19.110701);

— 30BHILIHIN 6e3npoBosoBoi anantep (npuitmay) Linksys WUSB54G (amapatHa Bepcis
4 na mikpokoHTtpoiepi Ralink RT2500USB).

OO6uaBi ctopoHu Oynu o0dagHaHI OJHAKOBUMH YBEPTHXBWIIOBUMM BiOpaTopamul 3
MOBOPOTHUM MEXaHI3MOM, aHali3 PIBHIB CUTHAJIB MPOBOAMBCS B IPOrpaMHOMY aHali3aTopi
crnektpa NetStumbler Bepcii 0.4.0 [5-7].

Ile nocnimkeHHs MOKa3alo, IO HaxWi BIEpe] MpHiimae BiOpaTopa (B IUIOIIMHI
NOLIMPEHHs) NPU3BOAUTH 1O HE3HAYHOTIO MiJABMILEHHS piBHA curHany (Ha 2 abmBT,
MOJKJIMBO, 3@ PaXxyHOK MPHUIOMY XBHJI, B1Jl SIKOi IOTEPAIOTh B MiJICTHIBHOI MOBEPXHI). 3
1HIIOro OOKy, HaxXxmi B 3BOPOTHY CTOPOHY Jla€ 3HWKEHHS 3a pPAXyHOK 3MEHIICHHS
Koe(irieHTa MOCUIICHHS.

OproroHanizaiii npuiMaroTh 1 NepeJaBaibHUX AaHTEH MOKE JaBaTh PO3MOAUTY 3a
piBHsMU 10 15 nbMBT B mnpuMinieHHSX 3 HE3HAYHOIO KIJIBKICTIO €JIEMEHTIB, IO
BioOpaxkaroTh 1 mumie 4 1bMBT — 3 BeIHKOIO KUIBKICTIO METAJEBHX KOHCTPYKIii. Takum
YUHOM, ISl IEBHOI KaTeropii cnopy/ (BUCTaBKOBI 3aJIM, CTAJI0HU, KPUTI CIIOPTHUBHI CIIOPYAH
1 T. 1H.) MOoXJIMBO mossipu3aniite mojaisl abOHEHTIB.

Jns pexumy MIMO BusiBuiIocs, 110 B HNPUMILIEHHSAX 31 CKJIAJHOI T'€OMETPIE0 1
BEJIMKOIO KUIBKICTIO TEPeIIKo/l 1 eKpaHiB BHKOPHCTaHHS 0araTonpoOMEHEeBOi mepejaadi jaae
3HaYyHE TMOJIIMIIEHHS $KOCTI 3B’SI3KY 3a pPAaxXyHOK HOJSPHU3AI[IIfHOTO pPO3HECEHHS aHTEH.
[H(dopmaniiiHa MBUAKICT MOXKE 30UIBIIUTUCS MPHOIU3HO B TpH pasu [5—7].
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4. CIIPSIMOBAHI BJIACTUBOCTI BE3ITPOBOJ1OBOI'O OBJIATHAHHSA

[TigBuIIeHHS CHIPSIMOBAHOCTI aHTEH, BUKOPHCTOBYBAaHUX B OE€3MPOBOJIOBHX CHCTEMax
JIOCTYITY, MOK€ 1ICTOTHO PO3IIUPHUTH MOMJIMBOCTI 1 €PEKTUBHICTh ITUX CHCTEM. 30UIBIIUTHCS
JANBHICTh 3B’A3KY, MIJBUIIUTHCS JOCTYMHICTH 1 IUTICHICT iH(OpMaIlii, 3pocTe CTIHKICTH 1
PO3LIUPATHCS MOXKIIMBOCTI IIOJI0 3aCTOCYBaHHS METOAIB 3aBaJl03aXMUIIEHHOCTI, 3HU3UTHCA
piBEHb B3aEMHOTO BIUIMBY 3ac00IB 1 YacTKa BUIPOMIHIOBAHHA, SKI HE NOTPAIUIIOTH Ha
OpuiiMallbHy aHTEHY, a IEepPETBOPIOIOThCA Ha CBOEPIAHUN EJIEKTPOMArHiTHUHA CMITTS.
3acTocyBaHHS CIPSIMOBAHOTO BUIIPOMIHIOBAHHS B OiK KOHKPETHOTO KOPUCTYBaya IiJBHILYE
HOTO 3axXUIIEHICTh BiJ HECAHKI[IOHOBAHOTO MIAKIIOYEHHS IHIIUX KOPUCTYyBayiB. K10
301IbIIYBaTH  CHPSIMOBAHICTh  BUIPOMIHIOBAaHHS KOWITIB CamMoOro KOpHCTyBaya, TO
3MEHIIYETHCS PU3HK [IEPEXOIUIEHHS MepelaHuX M ITOB1IOMIICHb.

OpHak BHWHHKA€ NPOTHPIYYS MK HEOOXiTHICTIO PIBHOMIPHOTO TOKPUTTS BCi€i
00ciyroByBaHoOi 30HU 3acob0amu 0a30BUX CTaHLiA ab0 poyTepiB (B MPUIYIIEHHI, 1[0 MiCIe
poO3TanIyBaHHS KOPHUCTYBa4iB HEBiZOMO) 1 TParHeHHSM BUKOPHUCTOBYBaTH IIPOCTOPOBE
pO3IIeHHs1 aDOHEHTIB, sIKe BUMAarae 3HaHHs HOro KyToBoro posranryBaHHs. [lepmm kpokom
y BHUpIOICHHI [BOTO NHTaHHS OYyJIO BUKOPHUCTAaHHA B MEpEeXax CTUIBHUKOBOTO 3B’S3KY
CEKTOPHOI'O IMOKPUTTS 30HM B a3UMYTalbHIM IUIOLIMHI. 3aCTOCYBaHHS OUIBII JOCKOHAIMX
AHTEHHUX CHUCTEM, HAIIPHUKJIaM, (hazoBaHUX aHTeHHHX perriTok (DAP) moku posrisgaeTscs Ha
TEOPETUYHOMY 1 eKCHEpUMEHTaIbHOMY piBHI [12—16] mpoTe MPUHIMIIOBUX MEPEIIKOi Ha
HUIXY 1X BIPOBAPKEHHS Hemae. HalOuIbIn mepcrieKTUBHUM 1 J1a€ MUPOKI MOKIMBOCTI €
3acrocyBaHHs OararonpomeneBux PAP. [lutanns ckopimie opraHizauiiHUNA 1 €KOHOMIYHUM.
OcHOBHMMH MO’KHA BBa)kaTH JBa BapiaHTH: cekTopHl DAP 1 kinmbueBi ®AP. OcranHi LIIKOM
OpURHATHI JUId TOYOK JocTyny cucteM Wi-Fi, ams 4yoro icHyIOTh peanbHiI NMEpeayMOBH,
HANpUKIJIAJ, PI3HOBUJIM POYTEpiB HAOOpOM pO3TAIIOBaHUX MO NepumeTrpy aHTeH Linksys
WRT1900AC (4 antenn), D-Link DIR-895L/R AC5300 (8 anrten), Asus RT-AC5300U (8
aHTeH) 1 1H. PaKTUYHO, 3aJMIIAE€THCA OJUH KpoK mo Monudikamii ix B ®AP, 30inbmuBLIIM
KUJIBKICTh BHUITPOMIHIOBAUiB 1 JIOMOBHUBIIM CHCTEMOIO YNpPaBIiHHS B3aeMHUMH (azamu. Lle
30UIBIINTG CKJIAJHICTD 1 LIHY 0oOJaaHaHHsA, Horo rabdaputu. Ilpu nmepexonl Ha OUIBLI BUCOKI
po060Yi YaCTOTH 115 33/1a4a MOJIETIIYEThCS.

B minomy x BrpoBamxeHHS pi3HOBUAIB DAP B TOuKax AOCTYyNy BIAKPUBAE MIMPOKI
MOYJIMBOCTI O BHKOPHCTAHHIO AJalTUBHUX METOJIB SIK 3 YIpPaBIiHHSA OpIEHTALIEI Ta
dbopMoIO niarpaMy CHPSMOBAaHOCTI OKpPEMMX KaHaliB (aX 1O CYNpOBOJY KOpHCTyBaya 3a
KYTOBUMH HalpsIMKaMH), Tak 1 [0 KOMITEHCallli aKTUBHUX IMEPELIKO Pi3HOTO MOXOJKEHHS.
KpiM TOro, MoxiuBe moJaibllle BJOCKOHAJEHHS OpraHizamii MOOUIBHOTO JOCTYIY,
3a0e3MeUnBIIH OJIT A00HEHTIB 1Mo JanbHOoCTI [17, 18].

binpime TeXHIYHMX TPOOJIEM BHKIMKA€ BUKOPHUCTAHHS CIPSIMOBAaHUX aHTEH B
oOlaJHaHHI KOPUCTYBAdiB 4Yepe3: MalluX pO3MIpiB TajpkeTa, HEBU3HAUEHOCTI Micls
3HAXO/PKCHHS KOPHCTyBauda 100 0a30BOi CTaHIl (HAmpsIMOK Ha pOyTep BHU3HAYATH JICIIO
IpOCTillle); BUMAAKOBOI OpieHTalii rajpkera B MPOCTOpi (3 HOYTOYKOM JIEIIO MPOCTIile);
oOMexeHb (00’€KTUBHUX 1 CyO’€KTMBHUX) Ha Trabaputu obOnagHaHHS. Alle 1 B LbOMY
HanpsIMKy poOoTH BeayThcs. Jleske miABUIIEHHS Koe(illieHTa TOCHJICHHS aHTEHU
MOO1TFHOTO Tesie(OHY MOXKITMBO 3a PaxyHOK 1i MojepHizatii [19].

MokHa 3amporoHyBaTH 1 OUIbII paguKalbHUM, aje MOPIBHSAHO CKJIAJHUNA BapiaHt, -
BUKOPUCTaHHA KOH(OPMHOI aHTEHOI0 peunTku (a B mepcrnekTuBl KoHpopmHOI DAP),
BUIIPOMIHIOBaul SIKOI MOXKHa pPO3TAllyBaTH B OJs31 KOpHCTyBauya, HANpUKIAA, B SKIHCh
crienianbHii KypTii. Ha wactori 2,4 I'T1 11e 103BOMMTh MaTH B TOPU3OHTAIBHIN TUIOIIMHI
peuriTku 3 3—4 eneMeHTiB, a Ha yacToTi 5 [T — 57 (y BepTUKaNIbHil IUIOMIKMHI €EMEHTIB
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MOke Oyt OinbIne). 3po3yMijio, BHUHHMKAIOTh TPYIHOII 13 3a0e3neueHHsM (a3yBaHHS
BUIIPOMIHIOBAUiB, YIPABIiHHAM OPI€HTALIE€I0 MAaKCUMYyMY XapaKTEPHUCTUKHU CHPSIMOBAHOCTI,
3pocTa€e IiHa 1T.1H., AJle I psAy CHUTyalliil Takuil BapiaHT MOXe OyTH KOPHUCHHUH
(HampuKIaa, A BiJaneHux Bij 0a30Boi cTaHMii TypHCTIB, aJIbIiHICTIB, PATYBAIbHUKIB). B
yMoBax 0e3mpoBOIOBOTO 0OCTYyroByBaHHsS O(ICHHUX KOMII FOTEPIB OCOOJIMBUX TPYAHOIIIB 3
posmimenasM @AP He nependavaeTbes.

JlolaTKOBUM apryMEHTIB Ha KOPUCTh 3aCTOCYBAaHHS CIPSIMOBAHOTO BUIIPOMIHIOBAHHS €
HEOOX1THICTh TiABUIICHHS €(EKTUBHOCTI BUKOPUCTAHHS BHUIIPOMIHIOBAHOI MOTYXHOCTI. Ha
JKalb JIUIIe He3HayHa il YacTWHA CHPHUMMAETHCS MPHUMMAIBHOI aHTEHOIO. SIKIIO BBECTH
KOe(IIiEHT BUKOPUCTAHHS MOTYKHOCTI SK BiJHOIICHHS MPUUHATOI 0 BUIPOMIHIOBAHHS, TO
BiH BUSBHUTHCA KaracTpo(iyHO ManuM. BuUKOpUCTOBYHOYM KiacuyHi cmiBBigHOIICHHS [20]
Otpumyemo Juist BimbHOTO TPOCTOPY Kycn p = [G(0,0) - Acg(0,9))] / 47R?, e G(6,9) —
KOe(ILIEHT MOCUIIEHHS NepeaaBanbHoi aHTeHH; Acy(0,9) — edexTuBHa mioma npuiimManbHol
aHTEHHU, SKa NPSIMO NpomopuLiiHa Koe]ilieHTy MOCHUJICHHS MNpHUManbHI aHTeHH; R —
BiJIcTaHb MK aOoHeHTaMu. ToJii, HANPUKJIAJ, IPU BUKOPHCTAHHI ITATHUX aHTCH B CHCTEMI
Wi-Fi 3 xoedimienTaMu MOCHICHHS TOPSAKY 2 BeauunHa Kyen p Ha AambHOCTI 10 M CcKitaje
npu6iu3Ho 3,8-107°.

3 HaBeneHUX (POPMYIT BHIIHO, IO OJHHUM i3 CIIOCOOIB 3MEHIIICHHS BTPAT MOTYKHOCTI €
BUKOPHUCTAHHS OLIbII CHPSIMOBaHUX aHTeH. OJHAK 3MEHIIUTH BTPATU Ha KiUIbKA MOPSAKIB
TaKUM IUIIXOM HE BAACThCS. BuHUKae muTaHHs mpo 11 yruiizanii. Jeski npukiagn nporo €.
Hanpuknan, B [21] nponoHyrOTECS TEXHIUHI PIlIEHHS, CIIPSIMOBaHI Ha MEPETBOPEHHS eHEPTii
€JIGKTPOMATHITHOI XBHJII B €NEKTPUYHHUN CTpyM. Lle MOXyTh OyTH CTpPYKTypH, MOAiOHI 110
COHSYHMX OaTapell Ha OCHOBI HANiBIPOBIAHUKOBUX TEXHOJOIiH abo pO3MOJiIEH] aHTEHHI
cTpykTypu. HaltnpocTimmii Bapiant yrumnizaunii eHeprii EOM — pazionornuHatode NOKpUTTS
BHYTPILIHIX MOBEPXOHb MPHUMIILIEHb, 110 NepeTBopioe eHeprito EOM B TemoBy (B X0JI0IHY
MOpY POKY 1€ MOXKe OYTH KOPUCHUM).

5. MEPCIHEKTHUBHU NOAJAJIBIINX JOCJJTIIKEHDb

ABTOpH TUIaHYIOTH TIPOJOBKUTH JOCIIIKEHHS TPUCKOPIOIOTH JIH30BHX AHTEH JUIS
HiJBUILIEHHS CIPSIMOBAHOCTI BUIIPOMIHIOBAHHS K B CTOPOHY TOYKM JIOCTYIY, Tak 1 B OiK
KOPHUCTYyBaya, 10 OOIPYHTOBAHO TEOPETHYHO [2, 3] 1 MIATBEPKEHO EKCIIEPUMEHTAIBHO [4—
10]. Hanwmii miaxig € MeHm (yHKIIOHANIBHUN B mopiBHSIHHI 3 DAP, ane gemieBiie i OiIbII
npoctuil. BiH He BuMarae KOHCTPYKTMBHOI'O 3MIiHM IITaTHOro o6nagHaHHs. OnHak 1ei
croci6 J103BOJIsIE MOMINIIUTH YMOBH JIOCTYIY OOMEXEHOMY YHCIY BiJIaJIeHUX aOOHEHTIB (B
cunny edexrty 3arineHHs qiH3W) [11]. B pami BunaakiB 1e KoM MPUAHATHO, HAIPUKIIAI, B
odici 3 He Iayxe IIJIBHUM, aje BIAJAJIEHUM pPO3TAllyBaHHAM a0OHEHTIB, IO MOKa3aJlu
JociipKeHHs edeKTy 3aTiHeHHs JiH3. [IpoBeaeH] ekcniepuMeHTaNbH1 JocmikeHHs B [3] 1 [4]
NoKa3alii, 110 MOTY)XHICTh €JIeKTPOMArHiTHOI XBWJII B TOYLI HPUHOMY 3 BUKOPUCTAHHSIM
[IMJI 30inpmmnacs B cepenHboMy Ha 5—7 nbMBT, a mpomyckna 3natHicts — Ha 4%.
JanbHicTh 3B’s13Ky 301nbIIyeThes B 1,8—2,2 pa3u npu ¢GikcoBaHOMY SIKOCTI, a00 JOCSATAETHCS
3017bIICHHS IIBUAKOCTI mepedadl npu ¢ikcoBaHii nanbHOCTI. 3actocyBanHs [IMJI B
cucreMax MIMO Bumarae monudikauii npodimto minsu [10]. HailOinpm noumineHuUM €
ycraHoBka [IMJI Onu3bko aHTeH KopucTyBaya (MIHIMI3YETbCSI BIUIMB Ha 1HIIHUX
KOPUCTYBayiB, 1HAMBIIYaJbHO 30UIBLIYEThCS AaIbHICTh). HallOmmkyl ekcriepuMeHTH OyayTh
nmoB’s13aH1 3 pociipkeHHsM BIuBy [IMJI Ha po3moain mosst y BepTUKAIbHIN TUTONTUHI 1 HA
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CHEKTpaJIbHy CTPYKTYypy curHaiy. lle MOXIMBO 3aBASKH 3raJJaHOMYy BHILE YJOCKOHAJCHHS
BUMIPIOBAJILHOTO KOMILJIEKCY.

Ille oauH NuISX 30UTBIMIEHHS MAIbHOCTI JOCTYNY 0€3 KOHCTPYKTHMBHUX 3MiH IITATHOTO
oOnagHaHHA MOXe OyTH 3acCHOBaHMI Ha €KpaHyBaHHS HapHUX (OCOOIMBO APYrHid) 30H
Openens [12]. Lle mo3Boisie AOCATTH MIABUIICHHS HAMPYXXEHOCTI MOJISI B TOYI MPUHOMY
npubIM3HO B MiBTOpa pazu. CTOCOBHO 10 OE3MPOBOJOBHX CHUCTEM Il Croci0 ImiIBUIECHHS
JOCTYIHOCTI BHUMAarae J0JaTKOBUX TEOPETUYHHMX 1 EKCIIEPUMEHTAIbHUX AoCHimkeHb. [Ipu
HEBEJIMKOMY YHCIi 1 pPO30CEPeKEHOMY 3a KYTOBUMH HampsMKaMH pO3TallyBaHHI
KOPHUCTYBa4iB BiH HUIKOM NpUHAHATHUNA. OMIHOYHI pO3paxyHKH PO3MIPIB €KpaHy APYTroi 30HU
@penenst g 3aco0iB, 110 MpaloOTh B Aiana3zoni 2,4 ['T1 moka3yoTs, M0 PO3MIPH TaKHX
€KpaHiB HE MEePEeBHIYBATUMYTh IO 30BHIIIHBOMY AiameTpy 2,5 metpiB. [lpu mpomy s
aboneHTa Ha Binctani 50 MeTpiB KyTOBHH KOHYC 3aTiHEHHS IHIIMX aO0OHEHTIB CTAaHOBUTHME
npubnan3Ho 4°. HaOmmkeHHS Takoro eKpaHy 3MEHINYe HOro JiaMeTp 1 3MEHIIye KyTOBHA
pO3Mip KOHyca 3aTiHEHHS, IO JTO3BOJISIE MiHIMI3yBaTh e(eKT 3aTiHEeHHS TaKOro eKpaHy Ha
cyciiHix aboHEeHTIB. SIKII0 Mik aODOHEHTOM 1 TOYKOIO JOCTYILY € CTiHa, TO Ha Hill HE CKJIaJHO
PO3MICTUTH TaKkuil eKpaH 0e3 3axapalieHHs MpoCcCTopy.

ExcniepuMeHTanbHa OLIHKA PO3TJISHYTUX BHINE METOJIB MiJBUILICHHS OCTYIMHOCTI
IIIJIKOM MOXKHA peali3yBaTH 1 IUIAHYETHCS 3 BHKOPHCTAHHSIM HABEJICHUX BHUIIE 3ac00iB
MOHITOPHHTY.

6. BACHOBKHU

Tak gk icHyroul cucTeMH O€3NMpPOBOJOBOrO JOCTYNY BHMAarar0 BJIOCKOHAJIEHHS, TO
OJIHUM 3 aKTyaJbHMX HANpsSMKIB € TMIJBUIICHHS CIPSAMOBAaHMX BJIAcCTHBOCTEH 3aco0iB
BUIIPOMiHIOBaHHA 1 nmpuiioMmy. HaiiGinpm nepcnekTuBHUM € BrpoBakeHHs DAP, mo He y
BCIX BUIIQ/IKaX MOKe OyTH peai30BaHO B MOBHII Mipi.

ABTOpH NPONOHYIOTH OUTBII MPOCTI 1 MEHII BUTPAaTHI BapiaHTH MiABUILIEHHS
CIIPSIMOBAHOCTI BUIPOMiHIOBaHHS Ha ocHOBI [IMJI, mo BunmpoOyBaHO €KCIIEpUMEHTAIBHO, a
TAaKO’)X BHUKOPUCTAHHS 30HYBaHHs mpocropy Ha nuisixy EOM. OOunBa BapiaHTu He
BUMAararTh KOHCTPYKTUBHHX 3MiH IITaTHUX 3ac00iB cucteM Wi-Fi.

JUis  eKcriepuMEHTalbHUX JIOCTIKEHb 3alpOIOHOBAHUX BapiaHTIB  PO3pOOJIeHUI
BHUMIPIOBAJIbHUN KOMIUIEKC, WO JO03BOJISE€ OILIHIOBaTH MPOCTOPOBUH PO3MOJLT PIBHIB
BUIIPOMIHIOBaHHS, X CHEKTPAJIbHY CTPYKTYPY 1 IPOITYCKHY 34aTHICTh KaHAMIB.
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RESULTS AND TOOLS FOR EVALUATING THE EFFECTIVENESS
OF FOCUSING SYSTEMS TO IMPROVE ACCESSIBILITY
IN WIRELESS NETWORKS

Abstract. The widespread use of wireless technologies leads to an ever-increasing number of
users and permanently functioning devices. However, the growth of the number of wireless users
in a limited space and a limited frequency range leads to an increase in their mutual influence,
which ultimately affects the throughput of wireless channels and even the performance of the
system as a whole. The article presents the statistics and tendencies of the distribution of wireless
networks of the IEEE 802.11 standard systems, as well as analyzes the main problems that arise
during the expansion of their use. Substantiation and choice of ways to overcome these difficulties
largely depends on the objective control of radiation parameters of access points and subscriber
funds in a particular environment. The review of the state control facilities provided by the
developers of the equipment is presented, and author's variants of experimental measuring
complexes are offered, allowing to control signal and information parameters of Wi-Fi systems.
The experimental results obtained with the use of the indicated means, obtained using the
accelerating metal-plate lens as an additional autonomous element for focusing the field, including
for MIMO systems, the effect of the accelerating metal-plate lens on the spatial distribution of the
field, on the spectral structure of the signal are presented. In addition, polarization effects were
investigated. Possible ways to further increase the availability, integrity of information and energy
efficiency of wireless access systems are discussed. The authors propose simpler and less costly
options for increasing the direction of radiation on the basis of an accelerating metal-plate lens,
experimentally tested, as well as the use of zone zoning on the path of the computer.

Keywords: wireless network; metal-plate lens; accelerating lens; lens antenna; access point;
polarization; MIMO.
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