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[TpoTOoKON BecrnpoBOHON CBSA3U

WLEi Wi-Fi — Toprosas mapka Wi-Fi Alliance — Toprosas
mMapka Wi-Fi Alliance ons 6ecnpoBoaHbIX ceTen Ha base
ctraHgapta IEEE 802.11. lNog abbpesnaTtypon Wi-Fi (OT
aHrmMncKkoro cnosoco4veTtaHus Wireless Fidelity, KoTopoe
MOXHO [OCIOBHO MnepeBecTu Kak «becnpoBogHoe

s beEole KadecTBO» Unn «becnpoBogHasi TOMHOCTb») B HACTOALLEE

CreLmdpmMKaLms: IEEE 802.11 BpeMA pa3BUBAETCA LiEeJ1oe CEMEWNCTBO CTaHOapTOB
st i nepeaayun LMdpoBbIX MOTOKOB JaHHbIX MO pagvoKaHanam.

JTroboe obopynoBaHme, cooTBeTCTBYOWEE cTaHaapTy IEEE
802.11JTtob60e obopynoBaHne, COOTBETCTBYIOLLEE
cTaHaapTy IEEE 802.11, MOXET ObITb NPOTECTUPOBAHO
Wi-Fi 661 co3gaH B 1991 miVi A banceas man pla%lcopmsiitcRe(lonratepmMdhiikaT
Obin co3gaH B 1991 roay N@mpagmraieg@HidalVoreTasen\WoEiaH B 1991 rogy NCR
Corporation/AT&T (Bnocneacteun — Lucent TechnologiesWi-Fi 6bin co3aaH B 1991
roay NCR Corporation/AT&T (Bnocneactemm — Lucent Technologies n Agere SystemsWi-Fi
Obin co3gaH B 1991 roay NCR Corporation/AT&T (BnocneacTsum — Lucent
Technologies 1 Agere Systems) B HomBerenHWi-Fi 6611 co3gaH B 1991 roay NCR

_on/AT&T (Bnocneancteun — Lucent Technologies n Agere Systems)

LiabDArAIall Hisnmoeanmawurmne: TInAR\/FTLL RO FALIASLIANIADILHAAAA IA9LIALIA ML LIA M MAaA
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Ctangapt IEEE  802.11nCtaHpapT IEEE  802.11n 6bIn  YTBEPXAOEH
11.09.2009 r. Ero npumMmeHeHme NO3BOMSAET MOBLICUTL CKOPOCTb Nepegaymn
OAHHbIX MNPaKTUYEeCKM BYETBEPO MO CpPaBHEHUIO C YCTpoUCTBaMu
ctaHgaptoB 802.11gCtaHaapT IEEE 802.11n 6bIn yTBEPXKAEH 11.09.2009 T.
Ero npumeHeHne no3BOSiIAET MOBLICUTL CKOPOCTb nNepefavn AaHHbIX
NpaKTUYEeCKH BYETBEPO no CpaBHEHUIO C  ycTpoucTBamu
ctaHgapToB 802.11g (MakcuMaribHaa CKOPOCTb KOTOPbIX paBHa 54
MOwuT/C), Nnpn ycrnoBuMnm WUCMoNbL30BaHMA B pexume 802.11n ¢ ApyrMmu
ycTponctBamu 802.11n. TeopeTtnyeckn 802.11n crnocobeH obecneunTb
CKOpPOCTb nepefadn AaHHbiX o 600 Mowut/c. C 2011 no 2013 rrT.
pa3pabatbiBancsa ctaHgapT IEEE 802.11ac. CkopocTb nepegadn gaHHbIX
npyu mucnonb3oBaHMM 802.11ac MOXET AoCTuUratb HecKonbkux [Out/c.
BonblWMHCTBO  Beaywux  npousBoanTenenm  obopyaoBaHuUs  yxe
aHOHCKpoBanu ycTponcTea noggepXxuesarlime gaHHbIM cCTaH4apT.

27.07.2011 1. IHCTUTYT UHXEHEPOB 3NEKTPOTEXHNKN U
U VIHCTI/ITyT MH)KeHepOB SNEKTPOTEXHUKN U
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-Fi, Obwme cBeneHuns
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CaMbiii COBPEMEHHBIN, NPOCTOM U YA0OHLINA

Wireless LAN (WiFi 802.11) pa3pa6arbiBanach ans " cnocod nomnovenn k Bawecery
pelleHns 3aaaqv 6ecnpoBoaHOro =0
LLIMPOKOMONOCHOIO AOCTYNa K CEeTAM nepeaayu ‘ |
[aHHbIX Ha BbICOKUX ckopocTax. OcHoBHas Lienb U J:L | Ry . fomorep
CMbICIT TEXHOMNOMMN 3TO NpeaocTaBneHne T 4 % '
MOGUINBHOCTM MOMb30BATENSAM C pasHbIMU TmnalTvim_,l p ~ R
HOCUMBbIX YCTPOWCTB: ek P v P, T\

- lanTonbl/HETOYKN

- NNaHWeTHbIE KOMMbIOTEPbI

- CMapT(OHbI
- Wi-Fi paguoTtenedoHsb! (VolP over Wi-Fi) u T.n.

[Monb3oBaTernb gocTtyna ctaHgapta Wi-Fi
CTaHOBUTCA He NPUBA3AHHbLIM K KOHKPETHOMY
CTOny unu poseTke Ethernet, a MOXeT
nepemMeLLaTbCs rno Bcemy odomcy nnm BCcen 3oHe
nokpbiTMA cetn WiFi n Besge nmetb 4OCTyn K




S\V///é [MpuHUMN paboThbl

Ob6bI4HO cxema Wi-Fi ceTu coaep>XnT He MeHee ogHoW ToYkm ocTynaOBbbIYHO
cxema Wi-Fi CETU COOEPXKNT HE MEHEE OQHOW TOYKM JOCTyNa N He MeHee 0QHOro
KNnMeHTa. Takke BO3MOXXHO NOAKITIOYEHME ABYX KITMEHTOB B PEXMME TOYKA-TOYKA
(Ad-hoc)O0bI4HO cxema Wi-Fi ceTn coaepXXuT He MeHee OHOM TOYKM OOCTYyNna U He
MEHee OHOro KNueHTa. Takke BO3MOXKHO NOAKMNIOYEHNE OABYX KITMEHTOB B
pexmnme TodKka-Touka (Ad-hoc), kKorga Touka 4OCTYyna HE UCMOSb3YEeTCH, a KNUEHTLI
coeauHAKTCA NnocpeacTBoM ceTeBbix aganTepoBOOLIYHO cxema Wi-Fi ceTu
COLEPXUT HE MeHee OAHOW TOYKM AOCTyNna N He MeHee OOHOro KrineHTa. Takxke
BO3MOXHO MNOAKITIOYEHME OBYX KITMEHTOB B PEXMME ToYKa-TouKa (Ad-hoc), koraa
TOYKa AOCTYyna He UCMOSb3YEeTCH, a KNNEHTbI COeANHSATCA NOCPEaCTBOM CETEBbIX
aganTepoB «HanpsMyto». Touka OOCTyna nepenaeT cBoM NOEHTUIMKATOP CeTU
(SSIDOBLIYHO cxemMa Wi-Fi ceTu coaepXXuT He MeHee OHOM TOYKM A0CTYyNna U He
MEHee OHOro KNueHTa. Takke BO3MOXKHO NOAKMNIOYEHNE OABYX KITMEHTOB B
pexmnme Todka-Touka (Ad-hoc), Korga TouKa 4OCTYna HeE UCMOSb3YEeTCH, a KIUEHTHI
COeINHSATCA NOCPEaCTBOM CETEBLIX adanTepoB «HanpsAMyo». Todka goctyna
nepenaeTt ceon ngeHTudgukatop cetu (SSID (aHrn.)pycck.ObbI4HO cxema Wi-Fi ceTu
COLEPXUT HE MeHee OHOW TOYKM AOCTyNna N He MeHee OOHOro KrnneHTa. Takxke

ﬂlmo OOAKIIYEHUE NBYX KIUMEHTOR B PeXME ToYKa-TodKa (Ad-hoc), Koraa
OCTVMa He UCMOoMNb3yeTcs, a KNNeHTbl COeaNHATCS NOCPeaCTBOM CeTEBbLIX




§’///Z MpyHLMN paboThl

Mo cnocoby 06beanHEHUSs TOYEK AOCTYNa B €4NHYI0 CUCTEMY MOXHO
BblOENNTD:

+ABTOHOMHbIE TOYKN JOCTYNa (Ha3blBalOTCA TaKXXe CaMOCTOATENbHbIE,
AelUeHTpanm3oBaHHble, YMHbIE)

+»ToYkM gocTyna, paboTatoLime noa ynpasrneHneM KOHTpornepa (HasbiBakoTCS
TaKKe «JIerkoBECHbIE», LIeHTpann3oBaHHbIe)

+BbeckoHTponnepHble, HO He aBTOHOMHbIE (YnpaBnsieMble 6e3 KOHTponepa)

+[No cnocoby opraHnsaumn 1 ynpasneHnsa paguokaHanamMmm MOXKHO BblAENNTb
6ecnpoBoaHbIE NOKalbHbIE CETHU:

1 Co ctaTndeckumMm HaCcTporkamu pagnokaHanos
1 C aMHamMmnyeckMmun (aganTMBHbIMW) HACTPOWMKaMKU pagnoKkaHarnos
1 Co «CnoncTon» Nim MHOroCrIOMHOW CTPYKTYPOW pagnoKkaHasroB
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2.: [NpenmyliectBa Wi-Fi

[To3BonsaeT pa3BepHyTb CETb Oe3 NpoKNaaku kabensd, 4To MoXeT
YMEHbLUNTb CTOMMOCTb pa3BePTLIBAHUA N/ paclumpeHus cetn. Mecra,
rae HeNb3d NPonoXuTb Kabernb, HanNnpMMep, BHE NOMELLEHUN U B 30aHUSIX,
NMEILLIMX NCTOPUYECKYIO LLEHHOCTb, MOryT 0DCyXMBaTbLCS
BbecnpoBOgHbLIMU CETSIMM.

[No3BonseT MeTb OOCTYM K CETU MOBUIbHBLIM YCTPONCTBAM.

Wi-Fi yCcTponcTBa LUMPOKO pacnpoCcTpaHeHbl Ha pbiHKe. [apaHTupyeTtcd
COBMECTUMOCTb 060pyaoBaHma bnarogapsa obssarensHon cepTudunkaymm
obopynoBaHus ¢ norotunom Wi-Fi.

MobunbHOCTb. Bbl 6ornblle He NpUBSA3aHbl K OAHOMY MECTY U MOXETe
nonb3oBaTbcs MIHTepHeETOM B KOMOPTHOI Ans Bac obcTaHOBKe.

B npenenax Wi-Fi 30HbI B ceTb VIHTEPHET MOTyT BbIXOAUTH HECKOJSTBbKO
nonb3oBaTefien ¢ KOMNbLITEPOB, HOYTOYKOB, TENEdOHOB U T. 4.

N3ny4eHune oT Wi-Fi yCTPOACTB B MOMEHT Nepeaayu AaHHbIX Ha Nopsaok (B
10 pa3) MeHbLLE, YeM Y COTOBOrO TenedoHa.
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&\*’///Z Hepoctatku Wi-Fi

B onanasoHe 2,4 GHz paboTaeT MHOXECTBO YCTPOMCTB, TAKUX Kak YCTPOUCTBA,
nogaepxusatowme BluetoothB ananasoHe 2,4 GHz paboTtaeT MHOXECTBO YCTPOWCTB,
TaKNX Kak yCTPOWCTBa, nogaepxusatouime Bluetooth, n ap. n gake MUKPOBONHOBbLIE
reyun, YTo yxyaLaeT f1IeKTPOMarHMTHY COBMECTUMOCTb.

npOI/l3BOD,I/ITeJ'IFIMI/I o6opy,£|,03aH|/|ﬂ yKa3bIBaeTCA CKOPOCTb Ha L1 (OSl), B pesyribraTte
Yero co3gaeTcd UNm3uns, YTo npomn3BoanTerb O60py,El,0BaHVIFI 3aBbllLIaeT CKOPOCTb,
HO Ha camoMm gene B Wi-Fi BeCbMa BbICOKU cny>|<e6Hb|e «HaKItagHble pacxoabl».
I'IonyqaeTcsq, YTO CKOPOCTb Nepenayn gaHHbIX Ha L2 (OSI) B Wi-Fi ceTn Bcerga Hmxe
3as1BfIeHHOMN ckopocTu Ha L1 (OSl). PeanbHas CKOPOCTb 3aBUCUT OT 011N CJ'Iy>Ke6HOFO
Tpacbvn(a, KOTOpad 3aBUCUT YiKEe OT Hallndn4a mexay yCTpOIZCTBaMM CbVI3I/I‘-IeCKI/IX
nperpag (Me6eﬂb, CTEHbI), HaNNM4ynsg NnomMex ot Aapyrmnx 6eCI'Ip0BO,EI,HbIX yCTpOﬁCTB nnn
3ﬂ€KTpOHHOI7I arnnapartypebl, pacronoxxeHus yCTDOIZCTB OTHOCUTENBbHO ApYyr Apyra n .
M.

YacToTHbIN gManasoH 1 aKcnnyaTauMoOHHbIE OrPaHNUYEHUS B PpasnuyHbIX CTpaHax He
oAnHaKoBbl. Bo MHOrMx eBponencknx CTpaHax paspeLleHbl ABa 4ONONTHUTENbHbIX
KaHana, kotopble 3anpeuieHbl B CLLIAYacTOTHLIN Anana3oH 1 aKkcnnyaTtaunoHHbIe
orpaHn4yeHns B pasnnyHbIX CTpaHax He 04MHaKoBbl. BO MHOIrMX eBponemnckmnx
CTpaHax pa3peLleHbl ABa A0NOSTHUTENbHLIX KaHara, kKoTopble 3anpeuweHbl B CLUA;

NOHMMYaCTOTHbIN AnanasoH U IKCNyaTauMoHHbIe OrpaHUYeHNs B pasinyHbIx
aHaXx He OOMHAaKOBL!. BO MHOMMX €eBPONENCKIX CTpaHaxX pa3petieHb! n8a
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Kak 6b1no ynomsiHyTo Bhile — B Poccum Toukmn 6ecnpoBogHOro 4ocTyna, a
Takke agantepbl Wi-Fi c UM, npesbiwatowien 100 MBT (20 abm), noanexart
oba3aTenbHON perncTpaumu.

Crangapt wudposaHnaCraHgapT wndposaHusa WEPCTaHgapT wudpoBaHmd
WEP MOXET ObITb OTHOCUTENBHO NIErKO B3fTIOMaH ga)ke npu npaBuibHOM
KoHdurypaumm (13-3a cnabow CTOMKOCTH anroputma). HoBble ycTponcTBa
nogaepxmBatoT 6bonee coBepLUeHHble NPOTOKONbI LUMGPOBaHUS
AaHHbIX WPACTaHaapT wndpoBaHuss WEP MOXET ObITb OTHOCUTENBHO NErko
B3NTOMaH gaxke npuv npaBuUnbHOM KOHdUrypaumm (u3-3a crabom CTOMKOCTH
anroputMa). HoBble ycTponcTBa nogaepxuneatot 6o5ee CoBepLUEHHbIE
NPOTOKOSIbI LUMPPpOBaAHUA
aaHHbIX WPA n WPA2CTtaHaapT wudpoaHus WEP MOXET ObITb OTHOCUTENBHO
nerko B3rioMaH gaxe npu npaBuiibHON KoHuUrypauum (n3-3a cnadbon CTOMKoCTur
anroputMa). HoBble ycTponcTBa nogaepxuneatot 6o5ee cCoBepLUEHHbIE
NPOTOKONbI LWNppoBaHus gaHHbIXx WPA 1 WPA2. INpuHaTne ctaHgapta I[EEE
802.11iCtangapT wundpoBaHna WEP MOXET BbITb OTHOCUTESbHO NErko B3rioMaH
Oaxe npuv npaBubHOW KOHMUrypauum (n3-3a cnabon CTOMKOCTK anroputma).
HoBble ycTponcTBa nogaepxmearoT bonee coBepLleHHbIE NPOTOKOSbI
dpoBaHug aaHHbLIX WPA 1 WPA?2, [1puHdaTue ctaHaapTa IEEE
11i (WPA2CTaHaapT wndpoBaHus WEP MOXeT BbITb OTHOCUTENBHO NErko
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IEEE 802.11 — 6a30BbIV CTaHOapT Ans ceten Wi-Fi, KoTopbin onpeaensieT Habop
NPOTOKOMNOB A1 CaMbIX HU3KNUX CKOPOCTEU rnepenaym AaHHbIX (transfer).

IEEE 802.11b — onuncbIBaeT bonbLUME CKOPOCTU Nepeaayn u BBoAUT dornbLue
TEXHOMNOMMYECKUX OrpaHnYeHnin. ATOT CTaHAAPT LUMPOKO NpoaBurancsi co
cTopoHblI WECA (Wireless Ethernet Compatibility Alliance) n n3Ha4anbHO
Ha3biBarics Wi-Fi.

cnonb3yoTca YacTOTHLIE KaHarbl B cnekTpe 2.4GHz.

PatnduumposaH B 1999 roay.

cnonb3yemas pagnodyactoTHasa TeXHonoruns: DSSS.

KogmnpoBaHue: Barker 11 n CCK.

Mopaynsaumn:  DBPSK n DQPSK,

MakcumanbHble CKOPOCTU Nepeaayvn aAaHHbIX (transfer) B kanane: 1, 2, 5.5, 11
Mbps.
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IEEE 802.11a — onucbIBaeT 3Ha4YNTENBbHO Horee BbICOKME CKOPOCTU Nnepenayu (transfer)
Yyem 802.11b.

Acnosnb3yoTcs YaCcTOTHbIE KaHarbl B YaCTOTHOM criekTpe 5GHz. [NpoTokon He
coBmMecTuM ¢ 802.11b.

PatndoumumposaH B 1999 roay.

cnonb3yemasa pagnodyactoTHast TexHonorns: OFDM.

KoaonpoaHue: Convoltion Coding.

Moagynsuun:  BPSK, QPSK, 16-QAM, 64-QAM.

MakcnmanbHble CKOPOCTU Nepeaaydn aHHbIX B KaHarne: 6,9, 12, 18, 24, 36, 48, 54 Mbps.

IEEE 802.11g — onncCbIBaeT CKOPOCTU Nepeaaydn daHHbIX 9KBMBarieHTHbIe 802.11a.
Mcnonb3yoTca YacTOTHbIE KaHarnbl B criekTpe 2.4GHz. [poTokon coBmecTum ¢ 802.11b.
PaTtuduunposaH B 2003 rogy.

Mcnonb3yemblie pagnoyacToTHbIE TEXHOSOrMmM: DSSS n OFDM.

KoguposaHue: Barker 11 n CCK.

Mopaynsauuun: DBPSK n DQPSK,

MakcumarbHble CKOPOCTU Nepeaayun AaHHbIX (transfer) B kaHane:

-1,2,5.5,11 Mbps Ha DSSS u

-6,9,12, 18, 24, 36, 48, 54 Mbps Ha OFDM.
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IEEE 802.11n —Wi-Fi-cTaHOapT, ( Takke paspeLleH Kk npuMeHeHuto 802.11ac). B 802.11n
MCNONb3YTCHA YAaCTOTHbIE KaHarbl B YAaCTOTHbIX cnekTpax Wi-Fi 2.4GHz u 5GHz.
CoBMecTuUM c 11b/11a/11g. XOTA peKkOMeHAYEeTCsA CTPOUTb CETU C OpUEHTaLUeNn TOMNbKO
Ha 802.11n, T.K. TpebyeTcs KoHUrypnpoBaHue crneumarnbHbiX 3aLUUTHBIX PEXUMOB Npu
HeobxoanMoCT 06paTHOW COBMECTMMOCTM C yCTapeBLUMMU cTaHaapTamMu. 3To BeAeT K
OonbLLIOMY NMPUPOCTY CUrHANBLHOW MHAOPMAaLIMKN U CYLLIECTBEHHOMY CHUXEHMIO
[OCTYMHOW NOe3HoM NPON3BOANTENBHOCTM paanonHTepdenca. CobcTBEHHO aaxe
OOWH KNeHT WiFi 802.11g nnu 802.11b noTpedyeT cneLmnanbHON HaCTPOWMKM BCEN CETU U
MrHOBEHHOW ee CyLLeCTBEHHOWN AerpaaaLmm B 4acTu arperMpoBaHHON
NPOV3BOANTENBHOCTH.

Cam ctaHpgapTt Wi-Fi 802.11n Bbiwwen 11 ceHTabpsa 2009 roaa.

[MooaepxmBaroTCcsl HaCTOTHbIE KaHanbl Wi-Fi LunpmHon 20MHz n 40MHz (2x20MHz).
cnonb3yemas pagmovactoTHas TexHosornsa: OFDM.

Ncnonbayetca TexHonorna OFDM MIMO (Multiple Input Multiple Output) BS10Tb 40
ypoBHS 4x4 (4xINepenatynka u 4xlNpnemuuka). [Npu atom MruHUMyM 2xlepenatymnka Ha
Touky loctyna n 1xlNepegaTtymk Ha Nosfib3oBaTeNbCKOE YCTPOUCTBO.




[MpuMepbl BO3MOXHbIX MCS
(Modulation & Coding Scheme)
Ansa 802.11n, a TaKkxke
MaKCUMarsibHble
TEeopeTnYecKme CKopocTH
nepenayvuv gaHHbIX (transfer) B
pagnokaHarne:

3aecb SGI 3T0 3aWUTHbIE
NHTEepBanbl Mexay
dpenmamm.

Spatial Streams 3TO KONMMYeCTBO
NPOCTPAHCTBEHHbIX MOTOKOB.
Type 9TO TN MOAYNALUN.

Data Rate 3TO MakcumanbHas
TeopeTnyeckasd CKOpPOCTb
nepenadv gaHHbIX B
pagnokaHane B MOuT/cexk.

[ pynna ctaHgaptoB WiFi IEEE 802.11

Data Rate (Mbps)

Data Rate (Mbps)
with 40 MHz CH

MCS Coding | Spatial with 20 MHz CH
Index Type Rate Streams — 300 ns — 300 s
(SGI) ; (SGI)
0 BPSK 1/2 | 6.50 7.20 13.50 15.00
| QPSK 1/2 | 13.00 14.40 27.00 30.00
2 QPSK 3/4 ! 19.50 21.70 40.50 45.00
3 16-QAM 1/2 | 26.00 28.90 54.00 60.00
B 16-QAM 3/4 | 39.00 4330 81.00 90.00
5 64-0AM 2/3 | 52.00 §7.80 108.00 120.00
6 64-QAM 3/4 | 58.50 65.00 121.50 135.00
7 64-QAM 5/6 | 65.00 72.20 135.00 150.00
8 BPSK 1/2 2 13.00 14,40 27.00 30.00
9 QPSK 1/2 2 26.00 28.90 54.00 60.00
10 QPSK 3/4 2 39.00 43.30 81.00 90.00
i1 16-QAM 1/2 2 £2.00 57.80 108.00 120.00
12 16-QAM 3/4 2 78.00 86.70 162.00 180.00
13 64-QAM 273 2 104,00 115.60 216.00 240.00
|14 64-QAM 3/4 2 117.00 130.00 243.00 270.00
15 64-0AM 5/6 2 130,00 144 .40 270.00 300.00
16 BPSK 1/2 3 19.50 21.70 40.50 45.00
3l 64-0AM 5/6 - 260.00 288.90 540.00 600.00
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BaxHO nog4YepKHYTb, HTO YKa3aHHbIE CKOPOCTM COOTBETCTBYIOT MOHATUIO channel rate n
SIBMNSAKOTCS NpeaenbHbIM 3HAYEHWUEM C UCMOb30BaHNMEM JAaHHOIo Habopa TEXHOMOorMm B
pamMKax onncbiBaeMOoro ctaHaapTta (COOCTBEHHO 3TU 3HAYEHUS, Kak Bbl BEpOATHO
3aMEeTUNU, NPON3BOANTENMU NULLYT N Ha Kopobkax gomallHnX WiFi-yCTpONCTB B
MarasmHax).

Ho B peanbHOM XXU3HU 3TU 3HAYEHUA HE OOCTUXKUMBI B CUNY Crieumgukn camom
TexHonoruu ctaHgapta WiFi 802.11. Hanpumep 3gecb CUNbLHO BIAUSIET
"MONUTKOPPEKTHOCTL" B YacTn obecneveHnst CSMA/CA (yctponctea WiFi TOCTOHHO
cnyLwaroT 3up U He MOryT nepeaasaTb, €Crv cpea nepenadu saHaTa),
HeoOX0ANUMOCTb NOATBEPKAEHNS KaXKA0ro OHMKACTOBOro hpenma, nonyayniekcHas
npupoaa Bcex ctaHaapToB WiFi 1 TonbKo 802.11ac/Wave-2 CMOXET 3TO HadaTb 06X0ANTb
¢ MU-MIMO n 1.4.. Noatomy npaktnyeckaa apdpekTUBHOCTL yCTapeBLUMX CTaHOAPTOB
802.11 b/g/a HUKOrga He NpeBbiaeT 50% B naearnbHbIX YCNoBUsaX(Hanpumep ong
802.11g MakcumMarbHasi CKOPOCTb Ha aboHeHTa 0bbI4HO He Bbllwe 22M6/c), a angd
802.11n 3(pPEKTUBHOCTb MOXKET BbITb 40 60%.

Ecnu e ceTb paboTaeT B 3aLLMLLEHHOM PEXMME, YTO HYacTo U MPOMCXOOUT N3-3a
CMELLIaHHOro NPUCYTCTBUS pPasnnyHbIX WiFi-4MnoB Ha pa3nu4YHbIX YCTPONCTBaX B CETH,
TO Aaxke ykaszaHHasi oTHocuTenbHast 3eKTUBHOCTb MOXET ynacTb B 2-3 pasa. 970
KacaeTtcq, Hanpumep, Mukca ns Wi-Fi yctponcTs ¢ Ymnamu 802.11b, 802.11g B ceTU C
| BmWouKamu goctyna WiFi 802.11g nnm yctponctsa WiFi 802.11g/802.11b B ceTn C TOUKammMapta, 2015

==y s VAL OND 11 v 228 == =




§%_ [pynna ctangaptoB WiFi IEEE 802.11

-OTO cTaHaapT 6becnpoBoAHbIX ceTen IEEE 802.11ac cemenctBa 802.11 anst WIFI ceTen Ha
yactoTax 5-6 GHz (I'Tu.). YcTponcTea paboTatoLime Ha 3ToOM cTaHaapTe, obecneymsatoT
CKOPOCTb Nepeaayvn gaHHbIX bonee 1 Gbit/s ( [0unt/c) go 6 Gbit/s ( Mount/c) 8x MU-MIMO*
(Multi-User multiple in, multiple out). 9TO BO MHOroO pa3s BbllLE, YEM CYLLECTBYIOLMI HA
JaHHbI MOMEHT 802.11n.

s[daHHbIN cCTaHOapT pacynTaH Ha ncnosb3oBaHne 4o 8 aHTeHH MU-MIMO 1 paclmpeHme
kKaHana oo 80 — 160 MHz (Mru,.) o Bepcuu komnaHum Broadcom, AaHHbIA CTaH4apT
OTHOCUTBLCS K CETAM HOBOIO NMOKOSIEHUS 5G.
Ha Havyano 2013 roga HeKOTOpbIE NPOM3BOANTENN, @ UMEHHO: Quantenna, Broadcom,
Buffalo, Cisco y>xe npeacrtaBmnu Ynnsl, nogaepxueatowime paboty Ha ctaHgapTe IEEE
802.11ac Draft 0.1.

* MU-MIMO ( aHrr. Multi-User multiple in, multiple out) (pyc. MHorononb3oBaTesibCKOe CO
MHOIMMMM BXOogamMum 1 BbIXogamMmu)

MU-MIMO - B otnnyune ot SU-MIMO (Single User) MU-MIMO 3To
MHorononb3oBaTenbckad MIMO KOTOPYH MOryT MCMNOSMb30BaTh Cpa3y HECKOSbKO
nonb3oBaTenen eauHOBPEMEHHO (PaKkTUYECKU ABNAETCA NPOCTPAHCTBEHHbIN
KOMMYTaTop (CBUYEM).




’///Z YacToTHbIe nonockl U KaHanbl Wi-Fi

MVIpOBaFI MPaKTuKa NCnoJyib3oBaHMA HENMMUEH3NPYEMOIo HaCTOTHOIO CrneKTpa:

ISM- Industrial, Scientific, Medical

1. Industrial/llpomMbIWwneHHbIN: 902 — 928 MHz (LumMpuHa 26 MHz),

2. Scientific/Hay4HbINn: 2400 — 2500 MHz (WwmnprHa 100 MHz),
3. Medical/MegunumHCcKun: 5725 - 5875 MHz (wmnpuHa 150 MHz).

30ecbk 0nsi cemeli cmaHOapma Wi-Fi ucrorb3yemcsi 8 OCHOBHOM Yacmb duarna3oHa 2400 -
2500 MH:.

UNII — Unlicensed National Information Infrastructure
Habop Nosioc B AnanasoHe 4acToT 5150 — 5825 MHz (YaCTUYHO UCNOoNb3yeTcs A
ycTpoucTs WiFi).

BbIG0Op KOPPEKTHbLIX YACTOTHbLIX KaHAroB SIBNSAETCS OAHOW U3 KIoYeBbIX 3a4au
Ana npoektmpoBaHua cetn ctaHgapta WiFi 802.11. Npwu aTom npouecc Bbibopa AOmMKeEH
YyUNTbIBaTb (PyHOAMEHTanNbHbIN BbIOOP YaCTOTHOW apXUTEKTYpbl noaxoasawero WiFi-

peleHna: MHorokaHanbHaga nnu ogHokaHanbHaga apxmTekTypaz?. OTa I/IH(*)OpMaLI,I/IFl TaKxe

KpanHe BakHa Npy NpoBeaeHnn paanoobenenoBanus (site survey) 30HbI MOKPbLITUA
oyayuien cetn Wi-Fi.
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Kanan WiFi HwxkHas yactoTta LleHTpanbHas yactota BepxHas yacTtoTa

.

N\

o'YHERjV

1 2.401 2.412 2.423
2 2.406 2.417 2.428
3 2.411 2.422 2.433
4 2.416 2.427 2.438
5 2.421 2.432 2.443
6 2.426 2.437 2.448
7 2.431 2.442 2.453
8 2.436 2.447 2.458
9 2.441 2.452 2.463
10 2.446 2.457 2.468
11 2.451 2.462 2.473
12 2.456 2.467 2.478
13 2.461 2.472 2.483

Obwas guarpamma nepekpbiTUS YacToTHbIX kaHanoB WiFi B 2.4GHz

1 2. % 4§ B8:. 7 8 9 10 11 12 13 14

2400 2410 2420 2430 2440 2450 2460 2470 2480 2490 2500
GHz GHz GHz GHz GHz GHz GHz GHz GHz GHz GHz
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B nonoce YacTtot WiFi 2.4GHz 40CTYnNHbI 3 HENMepeKpbIBaOWMXCA KaHana: 1, 6, 11.

[laHHOE BblaeneHmne cTpoutcs Ha TpedoBaHun IEEE no ob6ecnevyeHnto MMHMMyma B 25MHz
AnNg pasHeceHns LEHTPOB HENEPEKPLIBAOLLNXCS YaCTOTHbIX KaHanoB WiFi. [Npu aTom

LLUMPUHA KaHana coctaBndeTt 22MHz.

~

.
\\\\\\

=

25 MHz —_— 25 MHz

2400 2.412 GHz 2,437 GH2 2 462 GH2 9 4835
GHz Channel 1 Channel 6 Channel 11 GHz
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UacToTHble nonockl 1 kaHanbl WiFi B 5 GHz
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Eazosas mMupoeasd ripakmuka, Komopasd Mmo>xxem CywecCcimeeHHO USMEeHAMbCHA 0 CmpaHam.

UNII-1: 5150 — 5250 MHz (4OCTYNHO 4 YacTOTHbIX kKaHana WiFi)
UNII-2: 5250 — 5350 MHz (4OCTYNHO 4 YacTOTHbIX KaHana WiFi)
UNII-2 Extended: 5470 —-5725 MHz (OCTYNHO 11 YacTOTHbIX KaHanoB WiFi)
UNII-3: 5725 — 5825 MHz (OOCTYMNHO 4 YacTOTHbIX kKaHana WiFi)

Cemeka pabo4yux kaHanoe WiFi u Hacmomabl 8 5GHz:

UenTpanbHas (5180 |5200 [5220 |[5240
yacrora, MH:z

Monoca UNII-1
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UacToTHble nonockl 1 kaHanbl WiFi B 5 GHz

SSHER,,
/7%
o

=
§

SFed \&o

%

s 52 |s6 |60 |64 |100 |104 (108 |112 (116 [120 |[124 128 [132 [136 [140

UentpaneHan [5260 |5280 (5300 (5320 |5500 |5520 |5540 |5560 |5580 |5600 |5620 |5640 |5660 |5680 [5700
yacrorta, MH2z

Monoca UNII-2

i 148 [153 |157 |161

UeHTpanbHan (5745 (5765 |5785 |5805
yacrora, VH:z

[na BblYUCIIEHUS LLEHTPANbHOM YacToThl KaHana WiFi MOXXHO UCrnonbL3oBaThb
creayoLuyo popmyny:

5000+(5*N) / MHz
roe N - 9To HoMep KaHana WiFi, Hanpumep 36, 40 U 1.4.




dopmumpoBaHue kaHanoB WiFi B 5 GHz

30 MHz —— 30 MHz
| : | : : | :
| | | | | | |

5150 5180 5200 5220 5240 5260 5280 5300 5320 5350

I'IpM 3TOM AUCTaHUMA OT rpaHnUYHbIX gnana3oHoB cocTaBndaeT 30 MHz, a MeXXkaHanbHoe
pa3HeceHune coctaBsndet 20MHz.
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[Topagok ncnofb3oBaHUA YaCTOTHOIO
A cnekTpa WiFi 2.4GHz B PO
L

Kanan HwkHaa yacTtota LeHTpanbHas 4yactota BepxHasa yacToTa

|
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72
gl

1 2.401 2.412 2.423
2 2.406 2.417 2.428
3 2.411 2.422 2.433
4 2.416 2.427 2.438
5 2.421 2.432 2.443
6 2.426 2.437 2.448
7 2.431 2.442 2.453
8 2.436 2.447 2.458
9 2.441 2.452 2.463
10 2.446 2.457 2.468
11 2.451 2.462 2.473
12 2.456 2.467 2.478
13 2.461 2.472 2.483

Tabnuya coomeemcmeyem obwum pekomeHdauusam epyrrbl cmaHOapmos WiFi IEEE802.11

30eCb MOXXHO BbIBECTU CrieaytoLyo dopMyny NOCTPOEHUS paaa LeHTParbHbIX YaCcToT KaHanoB
B PD:

2412 Mri+ i5 Mri * Nii rﬁe N=Oi 1i2i3i4i5i6i7i8i9i10i11i12.
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Wik YacTtorTa, KaH.an YacTtoTa, TR YacTtorTa, Raisai YacTtoTa,
rmuy rmy rmy My
34 5,17 62 5,31 149 5,745 177 5,885
36 5,18 64 5,32 15 5,755 180 5,905
38 5,19 100 55 152 5,76
40 52 104 5,52 153 5,765
42 521 108 5,54 155 5,775
44 5,22 112 5,56 157 5,785
46 5,23 116 5,58 159 5,795
48 5,24 120 56 160 58
50 5,25 124 5,62 161 5,805
52 5,26 128 5,64 163 5,815
54 527 132 5,66 165 5,825
56 5,28 136 5,68 167 5,835
58 5,29 140 5.7 171 5,855
60 53 147 5,735 173 5,865




% [lopagoK MCNonb30BaHNA YaCTOTHOIO
s cnekTpa WiFi 5GHz B PO

S
(w3 MpunoxeHus K peweHnto N'KPY ot 28.04.2008, Ne 08-24-01-001)

1. Monoca 5150-5250MHz, 0o 100 MBT. >>> ama nonoca o6bi14HO ucrionb3yemcs Orisi
Kommepyeckux Wi-Fi peweHuU, UCrosib3yrouux criekmp 5GH:z.

PaspelwlaeTtcs ncnonb3oBaHWe TOMbKO B Npeaenax 3gaHum, COoOpyXeHUn, 3aKpbITbIX
NPOMBILLUMNEHHbIX U CKNaacKux nnoLlankax,

2. Nonoca 5250-5350MHz, 10 100 mBT.

[MosBmnacek MHopMaLms, YTO JaHHbIA AMana3oH OTKPLIT 4S9 NCMOSIb30BaHNA BHYTPU
nomeLueHnin. NposepanTe!

- [Ins nokanbHbIX ceTen cny>kebHoM CBA3M SKMNaxa BO34YLLUHOro cyaHa - paspeLuaeTcs
Mcnosib3oBaHMe Ha BOPTY BO3AYLLUHbLIX Cy4OB B paniOHe aspornopTta 1 Ha BCeX aTanax rnoneTa,
- [Ins nokanbHbIX ceTen 6ecnpoBOAHOro AocTyna obLLero nonb3oBaHNSA - paspeLlaeTcs
ncrnonb3oBaHne Ha 6opTy BO3OYLLIHLIX CYA0B B MOSieTe, Ha BbICOTE He MeHee 3000 M,

3. 5650-5825MHz, 1o 100MBT.

PaspeluaeTtcs ncnonb3oBaHne Ha 60pTy BO3AYLLHbLIX Cy4OB B NOSIETE HA BbICOTE HE HMXe 3000
M.




[Topsagok ncnonb3oBaHna WiFi B PO
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KpaTtkuu nopsaaok BBoaa B akcnnyatauuto PIC LUMNLA
(becnpoBogHas ceTb Nnepenadun gaHHbIX wi-fi, wi-max, 2,4 Ty, 3,5MTyuns5MTy):

1. MaTepuansl 4ns npoBeneHuns akcneptnasl otnpasnatoTca B Py MPYL (MThaBHbin
Pagno4acToTHbIN LEHTP)

2. [lonoXxutenbHOe 3aKnNYeHne aKCNepTnU3bl BMECTe C JOKYMEeHTaMu Ha nosiydeHne NnuUeH3nm
Ha yCnyru nepefayv AaHHbIX 1 TenemMaTtnyeckme ycryrm ¢ UCnosib3oBaHMeM pagmo4acTtoTHOro
crnekTpa oTtnpasndercd B PockomHaasop.

3. [locne nony4yeHnsa NUuUeH3nn, NONOXUTENbLHOE 3aKNiYeHne 3KCNepTn3bl OTNPaBAeTCS B
PockoMHagsop 4ns nony4vyeHus paspeLleHns Ha UCrnonbL3oBaHmne 4acToT.

4. BbInonHAETCs NPOeKT ceTn 6ecnpoBoaHOW Nepeaayun JaHHbIX.

5. NpoekT otnpasngaetcs B ®I'Y LleHtp MUP UT ona npoeBeaeHust 9KkcnepTusbl.

6. BoinonHsTCs nsamepeHns 3adaBneHHbIX Xxapaktepuctuk P3C.

7. [NpoBogaTca meponpusaTnsa nNo caade obbekTa CBA3N B KCMyaTaumio ¢ npeacTaButensamm
PockomHagsopa.

TOrbKO Nocre 3Toro MOXXHO Ha4YMHaTh JieranbHO OKa3sblBaTb ycnyru!




§’/Z//_ [MpoekTnpoBaHne 6ecnpoBOAHbIX CETEN

PAONOOBCIEOOBAHUE

- [epen Tem, Kak NPUCTYNUTb K UCNOMb30BaHMO 6ecrnpoBogHon cet Wi-Fi, Hy>KHO
obs3aTenbHO Npom3BecTn pagnoobcnenoBaHne. [JaHHasa npoueaypa Heobxogmma ans
obecneyeHust becnepebonHom paboTbl 060pyaAOBaHNA NPU AanNbHENLLEN SKCnnyaTaumn,
OHa UCMnonb3yeTcd Ans BbiBNEHUsSI MOCTOPOHHMX MOMEX M LUYMOB, KOTOPbIE MOTryT
BOCNPENATCTBOBaTb HOPManbHOMY UCMONb30BAHUIO CETW.

-PagnoobcnenosaHue gaet Hanboree nosHy MHpopmMaumo 0 TOM, Kak
pacnpoCTpaHaeTcs curHan B NOMeLLEeHUM, CTENEHU ero 3aTyxaHusi B neperopoakax u
cTteHax. [lony4nTb AaHHble 4OCTaTO4HOM TOYHOCTU NPY UCMNONb30BaHUN MeToaa
KOMMNbIOTEPHOIO MOAENMPOBaHMS HE NPEACTaBNSAETCS BO3MOXHbLIM, MO3TOMY
pagnoobcnenoBaHmne NpoOBOAMTCA TONbKO 3KCNepuMeHTanbHo. NpoeBeageHne gaHHoOM
npoueaypbl NO3BONUT HACTPOUTb paboTy Wi-Fi Hanbonee apdekTUBHLIM 06pa3om, YTo
0COBEHHO Ba)XKHO ANt KOPNOPATUBHBLIX CETEN.




: 3. 2 MpoekTpoBaHmne 6ecrpoBoaHbIX CeTe

OcobeHHOCTU pagunoobecnenoBaHna Wi-Fi

an/l nposeaeHnn pa,u,moo6cne,u,03aHM;| Wi-Fi cneumanncTt nony4vyaeTt OTBETbl Ha
cneayrwine BorpocChl:

- Kaknm 06pa3oM Hy>KHO pa3aMeCcTUTb TOYKM JOCTYNa, YTOObI MOMy4YnTb Hauny4llee
PaAMOMNOKPbITUE Ha 3TOM OOBLEKTE.

- KakoBa cteneHb cBoboabl HAacToALWEro paanoadupa ang BHeapeEHNSI HOBOW
©ecnpoBogHOM CETW.

- MmetoTca nn cTopoHHME nomMexu (0T Apyrnx 6ecnpoBOaHbIX CETEN).
-ImetoTca nu TexHnyeckune npobnemsl B pabote Wi-Fi.

Mepen Tem, Kak NPUCTYNUTb K paanoodcnenoBaHuio, crneLmanmcT noapobHo nsyvaet
nnaH NoMeLLieHns, rae NnaHnpyeTcs (UNK y)ke ycTaHoBMEH) NnpuMeHeHue Wi-Fi. Nanee,
0ObeKT ocMaTpuBaETCs BU3yarnbHO, A1 BbISBIEHUS NPENATCTBUN (Hanpumep,
MeTannuyeckoro wkada). Motom onpeaensaoTcs Mecta pasMeLleHns Todek JocTyna.
MNpoBoanTCcsa Nx paamnoodcnenoBaHue (C MCNoNb3oBaHNEM CrieLmnanbHOro
060opynoBaHUA 1 B HECKOIBKO 3TamnoB) U HacTpanBaeTcs 6ecnpoBoaHas ceTb. Bee
pe3ynbTaTbl paboThbl 063aTENBHO AOKYMEHTUPYIOTCS.
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Indoor prediction legend
RSRP
[dBm}
>-50.00
55.00
£0.00
65.00
00
5.00
80.00
85.00
90.00
95.00
100.00
105.0¢
‘ 26GHz-LTE

[TIpoekTnpoBaHne BecrnpoBOHbLIX CETEN
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[TIpoekTnpoBaHne BecrnpoBOHbLIX CETEN

[INaoar preaicuon legend
Power
[dBm)

>.40,00 (17,2%)
>-45,00 (28.3%)
»-50,00 (45,7%)

>-55,00 (72,5%)
1 >-60.00 (91.1%)
>.65.00 (96,6%)
»-70,00 (98,9%)
>.75,00 (99.8%)
1§ >.80.00 (100.0%)
" >-85.00 (100.0%)
>-90,00 (100,0%)
>-Q5.00 (1N 0%

*100,00(100,0%)
24 GHz - WiFi-802.11n
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$\\’//z_ [MpoekTupoBaHne 6ecnpoBOOHbIX CETEW

-C KaxgbIM gHEM BO3pacTaeT Harpyska Ha 6ecnpoBOAHYIO CETb. DTO NPOUCXOAUT
NOTOMY, UYTO YBENMNYNBAETCHA KONMMYECTBO MODUIBbHBLIX YCTPOMUCTB U MoAuM CTaloT vYalle
MMM Nonb3oBaTbes. Bece 6ornblue cTaHOBUTCS MODUITbHBIX YCIYT U NPUMNOXEHWUIA,
KOoTopble TPebyoT 60nbLLon ckopocTn Nnepeaaydn. OcyLLecTBNAETCA NPOEKTUPOBaHNE
©ecnpoBogHOM CETU U UCNOMb3YHOTCA 6eCNPOBOAHLIE NOKarNbHLIE CETU AN pa3rpy3ku
COTOBbIX CETEMN.

~3HauMTENbHOE YXYALLEHNE XapakTEPUCTUK CETU, U HEAOBONLCTBO Ero NoMb3oBaTeNemn o
TOM, YTO Wi-Fi He cnpaBnsieTcs ¢ 60NbLLOW Harpy3kon, criy4aeTcst OT TOro YTO He
COOTBETCTBYET 3annaHMpoBaHHas NponyckHas cnocobHOCTb 6ecnpoBOAHOM NTOKaNbHOW
ceTn u bbicTpopacTyLumii Tpadumk. Ho npocTble npaBuna NpoekTupoBaHusl, obecneyat
BaM JOCTaTOYHYH MPOMYCKHY CNocoBHOCTL Wi-Fi ceTu. Kak nokasbiBatoT yaayHble
NPOEeKTbl, B OAHOM MECTe yaacTcsi 06CNyXnUTb ThiCSAYM NOMNb30BaTENEN.

-MpoekTnpoBaHne 6ecnpoBOAHON CETU UMEET OCHOBHYHO 3aaaqy - TLaTeNbHOe
NnaHnpoBaHMe 30HbI NOKPbITUS. YTOObI yBENNYMTL MPOMYCKHYHO CNOCOOHOCTL 0b6paTute
BHMMaHME Ha TakMe napameTpbl: MOLHOCTb NepeaaTynKoB TOYEK A0CTYNa, Hy>KHas
CKOPOCTb Nepeaayun AaHHbIX, NPUMEHSIEMbIV AMana3oH YacToTbl, pacnpeneneHue un
LUMPMHA NOSI0C UCNOSMb3yEeMbIX KAaHAIOoB, TUM aHTEHH N pasMeLLEHMst TOYEK JOCTyna.
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[MnaHupys 6ecnpoBoaHyto ceTb Ansi 6onbLIOro KonmMyecTea nosnb3oBaTenemn, obpatuTe
BHMMaHMWe Ha Takue napameTpbi:

1. NHTepepeHumns Ha ogHOM KaHane curHanosB Wi-Fi (CokaHanbHas nHTepdepeHuus) -
caMblil CIOXHbIN TUM MHTepdepupytoLLero curHana. Ero 6onbLast MOWHOCTb eLle He
3HAYUT YTO STO XOPOLLMI KaHar.

2. PaspelwieHHas n tpebyemasi CKOpoCTb ANs nepeaaym gaHHbIX nogxoauT Ang
HebOoNbLIOro KonmyecTBa KNUeHToB. MoXeT Bbi3BaTb HEraTUBHbLIE 3PAEKTLI B CETU C
OonbLUOK HAarpy3kon. ATo MOTOMY UYTO YEM HMXKE CKOPOCTb, TEM MEHbLLE DyaeT ero
CyMMapHas rnponyckHas CnoCoBOHOCTb.

3. CymmapHas nponyckHasi cnocobHoCTb 6ecnpoBOAHON CETU 3aBUCUT OT LUMPUHBI
nosnocbkl YacToT.4. MOLWHOCTL NepeaaT4YnKoB KIMEHTCKUX YCTPOUCTB. Nonb3oBaTenu
BecnpoBogHOWN CETU TakXKe MOTYT camMu co3aBaTb COKaHarnbHY NHTEPGEPEHLMIO.

5. [1o 254 KNMEHTOB MOTYT NOAKITIOYNTLCA K OAHOW TOYKE JOCTYNa, HO Nofy4vaTt OHU
OYEHb Marnyro NPonyckHyt cnocobHocTb. NoTomMy TpebyeTca MHOro TO4EK 4oCTyna n nx
NS0THadA ycTaHOBKa.

6. [pon3BoanTENBLHOCTL APYrMX KOMMNOHEHTOB CETM BECnpoBOAHOIo A4OCTYynNa.
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ObopygoBaHmne Wi-Fi

%, SFedU é’x

"Olv oon 1Y ™

Mapuwpytu3atop ASUS RT-AC65U

o'iﬁERjV
Yol
m N\t
Syant

Cranpaptbl IEEE 802.11 a/b/a/nfac (2,4 Ty + 5 M)
Yyuncer/KoHTponnep Broadcom BCM4708A0 (800 Mry) + BCM4352 + BCM43217
Mamarb RAM 256 M6aiT/ROM 128 M6ainT

AHTEHHbI 2 X BHYTPeHHMWe 2x2:2 ANR KHKAOro AWSNa30Ha

it s LI 64/128-6ut WEP/WPA/WPA2 (Enterprise), 802.1x, WPS;

6 X rocTeBas CeTh

802.11ac: po 867 Mbéut/c,
MakcuManbHas ckopoctb  802.11n: go 300 Méut/c,
802.11g: po 54 Mbut/c

S x 10/100/1000 Méut/c Ethernet,
UuTepdencol 1 x USB 2.0,
1 xUSB 3.0

MuTaHne/WPS,

2 x Wi-Fi,

1 x LAN,

2 x WAN,

2 x USB;

5 x LAN/WAN (c3aau)

UHauKaTOopbl

AnnapaTtHbie KHOMKH MuTaHue, oTkndeHne Wi-Fi, cbpoc HacTpoek, WPS




J ObopynoBaHune Wi-Fi

BO3MOXHOCTH

OeoitHoi WAN;

Cepeep DLNA, FTP, SMB;

MpuUHT-C2pBEp;

IPv6 (Static/DHCP, 6to4, 6in4, 6rd);

MeHemxep 3akauek (BitTorrent, NZB, HTTP, ED2K);
AiCloud

CepBHCbl

Virtual Server, Port Triggering, UPnP, DMZ;
Mpobpoc noptoB
KoHTpone poctyna
Moaaep)xka QoS WMM, KOHTPONL NONOCH NPONYCKaHUSA
Cepsucbl Dynamic DNS Asus, DNS-O-Mztic, DynDns, Comexe, NO-IP, Tunnelbroker, TZO, ZoneEdit

PPTP, L2TP, IPSec, PPPOE;
Mpobpoc VPN RTSP, SIP, H.263;
BcTpoeHHBIN PPTP-cepeep

bpangmayap 3awmTta ot DoS, SPI, duneTpaums no IP/URL/KNOYEBEIM CNOBEM
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Aucneruep
Tpadmka

PoautenbCKkui
KOHTPO/b

USB-npunoxenne

. Tenepb Bbl MoXxeme K USB- o u

AiCloud

[ononuuTenbHbie
HaCTPOHKH
becnpoBoaHan
cetb

JlokanbHana ceTb

Wnrepuer

VPN cepsep

Bbpangmaysp

AnMUHHCTDH-
poBanue

CucreMHbIH
JKypHan

CeTeBbie yTMAWTbE

ObopynoBaHue Wi-Fi

. Ckavaiime npunoxetue ASUS AiCloud 0ns menegoHa unu nnaHwema c :

Available on the

P> Google play D App Store

. [Todkntoyume yempodicmeo iOS unu Android kK RT-AC56U yepe3 Wi-Fi. Macmep AiCloud nomoxem Bam

8 rpoyecce ycmaHo8KuU.

ycmpoticmeam (Samba),
MOOKMoYeHHbIM K RT-AC56U.

Bbl MOXeme Hacmpoumb llepeadpecauus nopmoe uiiu DMZ 0ns nonyyeHus docmyna K npusamHbiM IP-
adpecam. [ns AiCloud ucrionb3ytlme nopmsi 8082 u 443. Bbl MOXeme u3MeHUmb HacmpoLKu Mopmos
30eck. [100pobHYI0 uHopmayuo cmompume 6 FAQ flepeadpecauus nopmoe FAQ u DMZ FAQ.

Ans np pa u npociy
Cmompume pexomMeHAayuU HUXe :
o 768 Koum unu ebile 0na My3biKu.
o 5 MO6um u ebiue 0na SD 8udeo.
o 15 M6um u ebiwe ns 720p 6udeo.
o 30 M6um u ebiwe dns nomoxoso2o 1080p HD eudeo.
CKopocmb 3a2py3Ku MOXem 6apbUpOsambCs 6 3a6UCUMOCMU Om fposalidepa u dpy2ux (haKmopos.
Ecnu Bbi He P nod 12 K MimepHem, o6p K nposadidepy unu

80CrMoNb3yIMect OHNALH-MECMOM C KOMILIOMEPa, MTOAKITHYEHHO20 K POymepy.

) LWUPOKOIOMIOCHOE MOOKITIoYeHUe K cemu YHmepHem.

Ins co3darus obnayHo20 ducka HeobXo0UMO
y 6 poymep USB-HaKo! , 3amem

00 (i duck ON( ). [Ans docmyna
K 0bnayHoMy OUCKY UCTIOMb3YUme y4emHyto 3anuch

Cloud Disk poynena,
Adpec 0bnayHo20 ducka h!gg://muter.asus.cam,

Smart access nonysaem Hacmpouxu u3 Cemeeozo

OKp, , Hanpumep y 3anucu
nonb3osamened, obujue nanku u npoyee. 3mo

T nonyyams yn K i cemu
(Network Place/Samba) 6 no6oe spems, 6 11o6omM
mecme.

@yHKyus WOL (Wake-On-LAN) nossonsem pasoydums
KOMblomep ¢ 11106020 yempoLlicmea 6 cemu.

Ymo maxoe WOL ?

Smart Access

[ins ucnions3oeanus Smart Sync HyXHO 80UMU 8 y4emHyto
3anucs ASUS webstorage, 3amem 6K/H04UMb 00Na4HbIL
ouck u Smart Sync. Yoedumecs, Ymo K poymepy
USB-Hi NEPEATA
Banycmume AiCloud, Ha 0bna4yHoM ducKe ebibepume




MoOunbHbIE NPUNOXEHUA ANA aHanus3a
ceten ctaHagapta Wi-Fi (WiFi Analizer)

MO>XHO CHMMAaTb NoKka3aTtenu YPOBHA curHana ot pa3nunyHbiX Wi-Fi-UCTOYHUKOB,
onpenenAdatb YpoBHU 3arpy>X€HHOCTU HYaCTOTHbIX KaHAaJ10B Wi-Fi, nepeKkpbiTne Mmexay

KaHalnamu, HanpasJjieHne Ha MICTOYHUK U T.4..
(FloMHUME MOoribKO, 4mo 3mo UMEHHO aHanusamop cuesHana Wi-Fi yacmomabl U He
cmoum rielmamabCA CHAIMb roKka3amersiu u3siy4eHus MUK,OOGO.I'IHOGOU reyku!, 0ns amoao

Clriy>Kam aHarsiu3amopbl qbu3uquKoeo YPOBHSH)

?Wifi Analyzer & A wacteoitkn iy : = wifi A

‘ MoaxknueHue K: (68:7f:74:1 ¢ :1)
IP-agpec: 192.168. 0 .104

w Is (90:94:e4:e :a5: )
‘QLH 2 2417 MHz [ 6 dBm
[WPA-PSK-TKIP+CCMP]WPA2-PSK-TKIP+CCMP][ESS]

(68:7f:74:1 ¢ 1)
@B cH 11 2462 mHz [ER: dBm /

[WPA2-PSK-CCMP][WPSJ[ESS]




“U « MoBUMbHbIE NPUMOXEHUS ONA aHanM3a
ceten ctaHaapTta Wi-Fi (Network Info |l)

o Network Info Il :
e I 3aecb Bbl MOXeTe B KOMMaKTHOM BUAE MOSNYYNUTh
e av e cegswian o
MHOrO NMonesHon MHpopMaL MM 0 TOYKe A0oCTyna u

cetn WiFi-ctTaHgapTa B Lernom.
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-x1. Hostname (R)

DEVICE WIFI

MAC

1200 s

WiFi Settings
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\\\y// . MoOunbHbIE NPUNOXEHUA ANsa aHanus3a
T N\ Z. 5
%rns  ceTeun CTaHAdapTa Wi-Fi (Flng)

Fing

= Beeline_WiFi_FREE

~—=172.17.0.1
:“7:"‘02 (’:;m nene Fing BbINOSMHSAET UccrnegoBaHne pagnoobCTaHOBKMY,
5% 0000SE0001A3  USCINFORMATION SCIENCES INST cobupas gaHHble o Bcex Wi-Fi ycTponcteax u
g g npenocTaBnsAeT CnMcok. [lonesHo bbiBaeT cpasy
Nnony4Y1Tb Ha3BaHWe Npon3BoaMTENA YCTPOUCTBA, B
AaHHOM cryvyae npousBoguTerb TOYKM A0CTYNa

Beeline_WiFi_FREE 3TO Nortel

= Beeline_WiFi_FREE

Type Wireless network
Network 172.17.0.0/16
Local address 172.17.57.205
Gateway 172.17.00

DNS 19467.2114
BSSID 00:* ~90
Speed 9 Mbps

Access Local network
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MoOunbHblE MPUNOXEHUA ANs aHann3a
s ceTen ctaHgapTa Wi-Fi (inSSIDer)

Bbl nony4aeTte CNUCOK OKpYyXXatoLmMX ToYEK

AO0CTyrna C Ux napamMeTpamm u pexxmmom

MWHU-pagmnoobcrnegoBaHns NpPSMo B

OCHOBHOM 3KpaHe, rae OTPMCOBbIBAETCS

rpadomk cmrHarna Tom TOYKK, K KOTopou

NPUCOENHUIOCH Balle YCTPOMCTBO C 3TUM
6. NPUIOXEHNEM.

ASUS

[Mones3HbIn yHKUMOHAanN 34echb AaeT
BO3MOXHOCTb BUAETb Cpa3y KOSIM4ecTBO
TOYEK paboTaroLMX Ha KaXKAOM YaCcTOTHOM
KaHane n Korm4yecTBO TOYEK,
nepeKkpbIBaOLLNX OOAUH YACTOTHbLIW KaHar




