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Onucano HanpsAMM PO3BUTKY KOHUeNUii IHTePAKTUBHOI reTepOreHHOl TeJeKOMYHika-
uifinoi cucremu (II'TC) i micme cymyrHMkoBoro paxiokaHaiay B Takiii mepexi. IToka3ano
nepeBarum i HeqoudikM cymyTHuUKoBOi JiHii B apxirektypi II'TC. Po3riasiHyro npuHUUNM
no0yI10BH Mepe:Ki po3moaily mocjayr aboOHeHTaM 3aJ1i3HUYHOr0 ekcnpeca. Po3risiHyTo curian
HA NepeAaBAJIbHIi Ta mpuiiManbHii cTopoHax. 3aNPONOHOBAHO MepeKY PO3MOALTY MOCIYT
abonenTtam ekcnpeca. Posrnigsnyro EMC cucremu po3moainy iHgopmanii Bix umeHTpanbHoi
cTaHIii ekcnpeca 10 a0OHEHTIB.

Kuarouogi ciaoBa: [I'TC, curnan, 3anisuuunuii ekcnpec, Mmepe:xxa, EMC.
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DISTRIBUTION NETWORK FOR TELECOMMUNICATIONS
SERVICES FOR SUBSCRIBERS OF EXPRESS TRAIN

© Bezlyudnov D.E., Kubasov I.S., Sunduchkov K.S, 2014

This article describes the new concept of providing multimedia services, which require
bandwidth 12 Mbit/sec, for mabile subscribers moving at speed of 250-350 km/h on train
express. This concept is called — interactive heter ogeneous telecommunication system (IHTS).
Also describe a place of a satellite channel in this network. There are advantages and
disadvantages of satellite trunk line in architecture IHTS are also observed in this paper. We
consider the signal at the transmitting and receiving side. Defined restrictions on group
channel and OFDM symbol separately. Calculate the following parameters of OFDM symbol
that will be used in downlink channel from base station to central station on the railway
express:

1. Bandwidth of one subcarrier.

2. Pulse length.

3. Pulse widening factor.

4. Maximum number of servicesin 400 MHz bandwidth.

5. Maximum number of subcarriersin one OFDM-symbol.

6. Bandwidth of one OFDM -symbol.

Also calculated the total number of OFDM-symbols which require for transmit the
whole traffic for 200 subscribers. We have composed those OFDM-symbols in 1 GHz group
channels and calculate the total bandwidth. We calculate that parameters for 12Mbit/sec for
one service and for two hundred subscribers. It is proposed part of the scheme for the receiver
of the OFDM signal for central station on train car. Defined the key operations that should be
done for receive complex signal. That scheme will receive OFDM-symbols, unpack it,
multiplex sub-channels and produce prepared for future distribution services. Also discussthe
principles of construction of distribution network services to subscriber’s railway express.
Define some key feature of placing routers in the train cars. Proposed 2 different model of
distribution network, using Wi-Fi technology, and pros and cons of them are considers.
Questions of electromagnetic compatibility for distribution system information from a base
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station to express subscribers are considered. Problem that reduces the power of the signal at
the receiving side ar e represented. Proposed the following solutions:

1. Usecarrier frequency 5 GHz for Wi-Fi 802.11n technology.

2. Decrease radiant power of routers at the central station that transmit signal to routers
at train car.

3. Rationally allocate frequencies for Wi-Fi technology.

4. Use a protective coating on the train car roof to reduce the multipath signal. The
formulafor calculatethe length of protective coat from receiver router are offered.

5. Use protective shields on the train car roof to reduce the multipath signal. The
formula for calculate the height of protective shields and length, at which the protective shield
should be placed from receiver router are offered. Described other possible negative impacts
on distribution system.

Key words: IHTS, signal, railway, network, EMC.

Beenenue. M3nagansno kounenius U TC mpenmonaransa HadIMIUe TOJIBKO ONTOBOJIOKOHHBIX CETel
nocraBku Tpaduka K 06a3oBbiM craHmusM (BC). OnToBojOKOHHAsl JIMHHS TMPEACTABISICTCS MPOCTHIM
pellicHHEM, OJHAKO B OIPEACICHHBIX CIydasX HET BO3MOXKHOCTM HCIIONB30BaTh Ha3eMHYIO HWHpa-
CTPYKTYpPY CBSI3H, €CIIH CEThb MOOMIIBLHOM CBSI3U MPOXOJHUT B TPYAHOJOCTYITHBIX MECTaX WU 3HAYUTEIHHO
yraneHa oT WHQPacTpyKTypbl cBsizu. K HemocTaTkaM J0OCTaBKM TpaduKa K yIalleHHBIM y4acTKaM CETH
MOCPEACTBOM ONTOBOJIOKHA MO’KHO OTHECTH 3HAYHTENFHYIO 3aBUCHMOCTh Ka4eCTBa JJOCTABKH CUTHAJIOB BO
BCE CETH OT MOBPSXKICHWN NMHUM Ha JroboM ydactke. Kpome Toro, mpokmagka kaOens BIOJb
MarucTpaid WIH >KeNEe3HOAOPOKHOI'0 IMMYTH MOXKET OBITh HEBO3MOXKHOHM M3-3a 0coOEHHOCTEH penbeda u
3actpoiiku. Ceromguss MI'TC paccmarpuBaeT 1Ba BapuaHTa MaructpanbHOil juHuu (MJI) moctaBku
Tpaduka k BC: oNTOBOJIOKOHHAS TMHHUA M CIIYTHUKOBask paanonuaus. [Ipu moboM u3 IByX BapHaHTOB Ha
MJI HaknagpBaroTCst TpeOOBaHUS 110 CHHXPOHHOCTH JIOCTaBKU TpaduKa U MPOMYyCKHON CIIOCOOHOCTH.

Cxema c UCIONB30BaHUEM CITyTHUKOBOTO KaHaa Ipe/icTaBlieHa Ha puc. 1.
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Puc. 1. Cmpyxmypuas cxema UI'TC, ucnonv3yrowas cnymHukogulii paouokanal

O6mas cxema UI'TC cocTouT M3 36MHOTO KOMMYTAIIHOHHOTO IIEHTpPa, CIIyTHHUKOBOT'O pETpaHCIIs-
TOpa, HECKOJIBKUX 3€MHBIX CTaHHI/Iﬁ CHYTHHKOBOﬁ CBsA3H1, HCCKOJIbKUX JIA3€PHBIX MOAYJIATOPOB U JIMHUHN
3aJIePXKKH CHTHAJa, CHHXPOHHOH ONTOBOJIOKOHHOM CETH, MHOXECTBa 0a30BBIX CTAHLMH BIOJNb TPAcCChI,
MOOHMJIBHOT'O TEPMHHAIA.
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Tpeboanus UI'TC 1o BBICOKOH MPOMYCKHOW CHOCOOHOCTH M CHHXPOHHOCTH CHTHAJIOB IPEMIIO-
JararoT cieAyromue QYHKIMH I KaKJ0Tr0 U3 SJIEMEHTOB CETH.

3emHoii kommyTannoHHbIH 1eHTp (3KLI) Gpopmupyer rpymmnoBoii CUrHai, COCTOSIMNA U3 MHOXKECTBA
nepenaBaeMbIX YCIyT, MpeJHa3HaueHHbIX BceM aO0oHeHTaM ceTd. s popMupoBaHMs TPYNIIOBOIO CHT-
Hasa ucrons3yercs Texaonorusi OFDM, a coBokymHbIii criekTp curHana cocrasisier 2—4 ['Tu. ['pynmosoit
CHTHAJ JIOCTaBJISETCS Ha CITYTHHKOBBIN PETPAHCIATOP OCPEACTBOM CIIYTHUKOBOTO paJloOKaHaa.

OCoOEHHOCTBIO CIYTHHKOBOTO paJMOKaHaNa SBISAETCS BBICOKas MPOMYCKHAs CIHOCOOHOCTh H
NIUPUHA 3aHMMAaeMOro CIeKTpa OoJbllle MIMPUHBI pPadovell IOJOChI OJHOTO TpPAHCIOHJAEpa Ha
CIIyTHUKOBOM PETPaHCISATOPE.

CrIyTHHKOBBIH PETPAHCISTOP, PACIONOKEHHBIA Ha TEOCTAIMOHAPHOH OpOWTe, KOTOPHIA MpPUHUMAET
rpymmoBoii curHan ot 3KI, chopmupoBanssiii nmo texaonorun OFDM. TpaHcnupyeT NpHHSTBIA CHTHAT B
HAIpaBJICHUH BCeX pabOTAIONIMX B CETH 3eMHBIX CTAHIMI CITyTHUKOBOT'O MPHEMa MOCPEICTBOM CITYTHHKOBOTO
panroKaHaia, KOTOpbIil He OTJIMYAeTCs M0 CTPYKTYPE OT BBIIIEOMHUCAHHOI0 CITyTHUKOBOT'O paIioOKaHaa.

3emuas cranuus cnyTHukoBoi cBs3u (3CCC) mpuHMMaeT W yCHIMBACT CIYTHHUKOBBIM CHTHAI.
3CCC pacmnonoxeHa Ha HEKOTOPOM PACCTOSHUU OT TPACChl, TAKUM 00pa3oM, 4T00 CyMMBI JUTMH IyTEH OT
3CCC a0 tpaccet u ot 3CCC mo CP mis Bcex 3CCC, paborarommx B ceT, Obutn paBHbiMH. 3CCC
IepenaeT YCUJICHHBIM IPYNIIOBOM CHUIHAJ, KOTOPBIA IOCTYNWI W3 CIYTHHKOBOI'O PAJHOKaHAJA, Ha
JIA3€pHBIIA MOLYJIATOP.

Jlazepusiit momymstop (JIM) dopmupyer TpymnmoBOil CHTHAd B ONTOBOJIOKOHHOW JIMHHH IS
nocaenyroierd nepenaun. OOnamaer BHICOKOW IMPONMYCKHON CHOCOOHOCTBIO M mojuiepkuBaer 1DMA u
FDMA texHOIOrM#M MOAYISIUY TIpH MprHe criekTpa curnana 2—4 I'Tn. [Tocne JIM curnan nogaercs Ha
0a30BbIC CTAHIMM, PACHOIOKEHHBIE BAONb Tpacchl. B ToM cimywae, korma TpeOyercss BHECEHHE
JIOTIOTHUTENLHOM 3a/IepKKH, MOXET ObITh UCIIOIb30BaHA ONTOBOJIOKOHHAS JIMHUS 3aJICp)KKH CUTHAIIA.

OnTOBOJIOKOHHAS JIMHUA 33Jep>KKH CUTHaJIa BHOCUT JIOTIOJIHUTENBHYIO 3aJIepKKy CHUTHaja Ha MyTH
CIIYTHUKOBBIH peTpaHcisiTop — Oa3oBas crTaHmus. TakuM o0pa3oM Ha BXOIBl BCEX CHHXPOHHBIX
OTITOBOJIOKOHHBIX paclpeeUTEIbHBIX CETEH MOCTYNaloT CHH(a3HbIe CUTHAIBI TM00 U3 JINHUU 3aJICPKKH,
160 OT JIa3epHOT0 MOIYJIISTOPA.

CuHXpOHHAsE ONTOBOJIOKOHHAs pacnpenenutenbHas ceth (COPC) obGecreunBaer TpaduKkoM
MHOXecTBO BC, pacmnonokeHHbIX Ha OrpaHHYEHHOM yd4acTKe Tpacchl. VIMeeT OpeBOBUIHYIO CTPYKTYPY
ISt oOecreueHrsi CHHXPOHHOCTHU Tpauka Ha Bcex 0a30BBIX cTaHIMAX. [IJTMHA ONTOBOIOKOHHOH TUHUH OT
BXOJIa B PaCIpPEICIUTENBHYIO CETh 10 KXKI0H 0a30BOW CTAHIIUH OJMHAKOBASI.

basoBasi cranims (BC) BeimonHser ¢yHkiuio perpanciasinui npunstoro or COPC curnamna B
paauokanan. BC coctouT u3 (oromerekTopa M PyHOPHOH aHTeHHBI. Bee 0a30BbIC CTAHIIMU BJOJb BCEH
Tpacchl U3TYYAIOT OJIMH M TOT JKE IPYIIIOBOM CUTHA OJHOBPEMEHHO U CHH(]Aa3HO.

Tpacca — xeIe3HOMOPOKHBIN MyTh WINW aBTOMOOHIIbHAS MAarkCTpalb, BIOIb KOTOPOH PacmoiIoKeHO
MHOkecTBO BC, H3/Iydaromux COBOKYIHBIH TPYNIIOBOH CHrHaN, CPOPMHUPOBAHHBIA IO TEXHOJIOTHH
OFDM. B n1060# Touke Tpacchl eCTh BO3MOXKHOCTD JIETEKTHUPOBATh U MPHUHATH JIH000€ KOJIUYECTBO YCIIYT,
KOTOpBIC TPEJIOCTABIISIFOTCS CeThi0. Bomb Tpacchl hopMupyercst eAMHBIA paJroKaHall, epenaroluii Bce
YCIIYTH CETH BO BCE TOYKU TPACCHI OTHOBPEMEHHO U CHHXPOHHO.

[IpobGnema obecrieueHUs CBA3bIO a0OHEHTOB, JABHIKYIIUXCS C BBICOKOH CKOPOCTBHIO, CTAHOBUTCS BCE
Oosiee 4eTKO BhIpaykeHHOI. [IpuMepoM MOXKET CIyXuTh K.JI. 3kcrpecc Hundal “Carncan”, KOoTOpbIi yxe
BHenpen B okcruryatanuio B KHP [1]. CoBpeMeHHBINH ypOBEHH TEXHHMKM IIOKA ITO3BOJISIET OOECIICYHTH
CKOPOCTh JIOCTyIIa K ceTn aboHeHTaM »K.1. Kcrpecca Ha ypoBHe 100 Kout/c. Takas CKOpOCTh HE MOKET
YIIOBIETBOPHUTH OTPEOHOCTH a0OHEHTOB B CKOPOCTH JIOCTYIIA K ceTh MHTepHer.

J7ist yoBIIeTBOPEHUsT TIOTPEOHOCTEH TAKOTO YPOBHS HY>KHO OPHEHTHPOBATHCS HA XapaKTEPUCTHKH
curnajioB nokosienus 4G. J{nst obecnieuenus OecriepeOOiHOr0 U KOM(GOPTHOrO IIPOCMOTPA OHJIANH BHJICO
HY)XHa CKOpocTh 6—12 Mo6ut/c.

PaccMoTpuM yIOMSIHYTBIN BBILIE XK.JT. SKCIPECC, IBUKYIIUICS C IOCTATOYHO OONBIION CKOPOCTHIO —
250-350 kM/gac. DTOT IKCIIPECC COCTOMT M3 JECATH BAaroHOB. B KaxmoM BaroHe MokeT ObITh 10 20
abonentoB. Bece 3T 200 aGOHEHTOB K.JI. SKCIpecca JOJKHBI TONyYUTh BHICOKOKAYECTBEHHBIH JOCTYM B
WHTepHeT npy BEICOKOW CKOPOCTH MEPEAAYN.
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B pabGorax aBropoB [2-4] mo pasButhio MHTEpaKTHBHOW TeTEPOreHHON TEIEKOMMYHHKAIMOHHOM
cuctembl (UI'TC) koHIenTyasbHO 0003HAYCHBI MPOOJIEMbl U MYTH PEUICHHS MOBBINICHHS MPOIYCKHOI
CHOCOOHOCTH M éMKOCTH CETH, o0ecreunBaroieit 1—2 Tricsiun aOOHEHTOB, IBUXKYIMXCS 10 aBTOOAHY WIIH
B JK.JI. akcrpecce co ckopoctbio 300-350 km/gac, CKOPOCThH Tepemadd JaHHBIX KakKaoMy aOOHEHTY
6-12 M6ut/c. OCHOBHBIE MPEIUIOKECHHUS B ATUX paboTax Takue:

- pa3HECTH MPSAMOM M 3alPOCHBIM KaHajbl MO JUana3oHaM 4YacToT; MPSIMOM BBICOKOCKOPOCTHOM
KaHaj Tepefavyy AaHHBIX OpraHH30BaTh B MIJUIMMETPOBOM JAMarna3oHe JUIMH BOJH, a 3alpOCHBIN KaHaj
BBITIOJTHUTH B CAHTUMETPOBOM JHamna3oHe JJIMH BOJH, HAIpUMep, UConb3ys cetb L TE;

* pa3paboTaTh ¥ MPUMEHHUTH CEIEKTUBHOE MPeoOpa3oBaHie MPUHIUMAEMbIX HECYIIUX YacTOT B MUJLIH-
METPOBOM JIMaIla30HEe, OCYIIECTBISIONIEE B paJiOKaHalle ¢ MPOMYCKHOW CIIOCOOHOCTBIO Iepeavyd JIAHHBIX
nopsiaka 24 I'6ut/c BeigeneHre ogHoOro mwin Heckombkux OFDM-CUMBOIIOB ¢ CyMMapHO# TOJI0COH pabodmx
YacToT, pa3MelaeMoi B qranaszone yactot Hke 1 [T, rae Boamoxkaa nudposas 00paboTka CHIHAIIOB.

B pobotax Taxke mpemoKeH psill APYTHX TONOKEHHH, TAKMX KakK: Mepepacrpenenenie QpyHKimi
BC, oTka3 or agpecHol pa3aadd CHTHAJIOB YCIIYT 0a30BBIM CTaHIMSIM, IPUMEHEHUE TEXHOJIOTHUS “PaIno Mo
BOJIOKHY" U Jp.

Bboun paccMoTpeHsl METOABI TepeJayd CUTHAJIOB YCIYT OT KOMMYTAllMOHHOIO IIEHTpa /IO amma-
paTypsl Ha ABMXKYyIIeMcs oObekTe. B Hamem ciydae TpeOyercsl CUTHAIBI YCIYT JOHECTH 10 KaKIOro U3
aOOHEHTOB CETH, HaXOMAIIMXCS B Pa3HBIX BaroHax dKcmpecca. B HameM npumepe UMeeM XK.J. IKCIIPecc ¢
200 aboHEHTaMM, KOTOpPbIE OTHOCHTEIBHO IICHTPAJIbHOH CTAHIMM Ha J3KCIPECCe HE SBIIAIOTCA
MOOUJIBHBIMH.

Janee Oynem paccMaTpHBaTh TOJNBKO “MpsMol” KaHall, @ UMEHHO CHUTHAJ Ha MPHUEMHOM CTaHIIMU
X.JI. DKCIIpecca U CTAIlMOHAPHYIO CETh pacIpeeeHus yCIyr aboOHEHTaM XK.Jl. dKCIpecca.

O0padoTka curHajga Ha NMpPUEeMHOI cTopoHe. J[s Toro 4To0Bl paccMaTpUBaTh MPHEM CHTHAIA,
HYXHO 3HaTh TO, KaK ero (opMupoBali Ha Tepenaromed cTopone. s 3Toro paccMoTpuM OCHOBHBIC
npuHIuIe moctpoenuss OFDM cumBona.

OOpaboTka a1000r0 HHU(GPOBOro cHUrHaia BO3MOXKHA TOJNBKO Ha dactore Huxke 1 I'Tu. Dto
00YCITOBIIEHO TEM, YTO 3JIeMeHTapHas 6a3a nupoBoii 06paboTku curHaia, B ToMm uuncie AL (anamoroso-
1 poBoii peodpazoBaTeis), MOKET paboTaTh TONBKO Ha yactore Hrnke 1 I'Tr.

Hcnons3zoanne OFDM cumBona ¢ OOJBIIMM KOJHMYECTBOM IIOJAHECYIIMX HE IPEACTABIISICTCS
BO3MOXXHBIM, Tak Kak omudpoBaTh ero Oymer HeBo3MoxHO. Kpome Toro, mist obecrieueHHs BBICOKOTO
OTHONICHUS “ CUTHAN—IyM” MaKCHMaJbHas Mojoca pa0odnX YacTOT CHTHAIIOB YCIYT, YMAKOBAHHBIX B
omaHoM uiaH Heckonbkux OFDM-cumBoIax, 1omKHa OBITh MeHbIIIE, 4eM Frqa = 300-400MT 11 [5].

Jnst 3TUX orpaHmyeHni paccunThiBaeM napamerpsl OFDM cumBona. 3ajgaHHast CKOPOCTh TIepeiadn
Kaxmoi ycinyru paBHa 12 Mowut/c. Ucnonezys momyiasitop QAM-128, momyunm Tpebyemyio TOiocy
MPONYCKaHUS JUIsl OJTHOM MOAHECYILECH:

Df =12X0°/7=1,71MTIy . (1)
JmiHa uMITyIibca MU JaHHBIX YCIOBHUX OyleT paBHA:
T =i=;6=0,58>§].0'60=0,58MKC. 2
Df  1.7140

Ouenp Majas JUIMHA HMMITYJIbCA HE TO3BOJMT CO3/aTh 3allUTHBIM HMHTEpBAI s OOpPBOBI C
MEKCHMBOJIbHOM uHTepdepeHnueii. [1o3ToMy HYKHO YBEIHYUTH [UIMHY HUMIYJbCa, IS TOr'O0 YTOOBI
peain30BaTh 3alUTHBIN MHTEepBaN. Takke, eClii yBEIUYUTh JJIUHY UMITYJIbCa B IEJIO€ YUCIIO pa3, TO U3-3a
KpPaTHOCTH COXPaHUTCS yCIOBHE OPTOroHanbHOCTH noaHecymux OFDM cumBorna.

OmHO M3 JyYIIMX COOTHOLICHHH JUIMHBI UMITYJIbCa K JJIMHE 3alllMTHOrO MHTepBasa paBHo 4 k 1. B
paborax [6—8] ckaszaHo, 4TO JATHHA 3AIIMTHOrO HHTEPBAJIA T0/UKHA OBITH He MeHee 4 MKC.

YuyuTteiBas BCE BBIIIECKAa3aHHOE, JJIMHA MMITyJbCa JO/DKHA OBITH B YeThIpe pa3a Ooibliine 4 MKC U
kpatHoi 0,58 Mkc. PaccunTaeM, BO CKOJIBKO pa3 1 HAAO YBEIUYUTh UMITYJIBC, IIPH YCIOBUH, YTO 1) — IIEI0€:

T

h=_ s =2758® 28 3
T 0.25 pas @
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To ecTh HANO YBENWYHTH JUTUHY UMITYJIbCa B 28 pa3, HO IIPH 3TOM CKOPOCTh TaKXke yrajer B 28 pas.
UrtoOBl COXpaHUTh CKOPOCTh, HY’)KHO MapajuieNbHO HcIonb3oBaTh 28 nognecymmx OFDM cumBona.

Paccuntaem M — MakcuMalibHOE KOJMYECTBO YCIYT, KOTOPBIE MOKHO Pa3MECTUTh B MAKCUMAIILHOM
mojioce 4actot, papuoi 400 MI'1.

M <[ e =[5 012828 ey @
Paccunraem N — MakcuMaibHOE KOJIMUECTBO nmoaHecymux B onHoM OFDM cumBore:
M sh =8X28 =224 wum. 5)
[Ipu TakoM 3HaUCHUHU KOIMHYECTBA MOAHECYIIUX nosioca yactor OFDM cumBona Oyner paBHa:
DF = NXDf =2244,71=383,04 MIy. (6)

B monoce 1 I'T1y moxkHO pa3mectuts qBa OFDM-cuMBosia ¢ 3alIMTHBIMH MHTEpBajiaMH. Toraa Ha

3aIUTHBIC HHTEPBAIIBI OCTAHETCSI:
1000MT1y - 383,04M1y X2 =233 MIy. @)

[Ipemnaraercs pa3aenuth Beto mojocy yactotr B 1 I'T'iy Ha ae wactu mo 500 MI'11, u B Kaxkayro U3
THX 4YacTed nocepeaunHe pasmectuth OFDM cuMBoMN, 1o KpasMm 3THX YacTed pa3MECTHTh 3alllUTHEIC
WHTEPBAJIBL.

Paccuntaem 3aIMTHYIO MOJIOCY YacTOT KaKJ0H dacTu obOieii momockl yactoT. [lomoca B 1 I'Tn
pa30uTa Ha JABE YaCTH, M B K&XKIOH 4acTH INpeiaracrcs OpraHu30BaTh JBa 3alllMTHBIX WHTepBaia. [Ipu
TaKOM YCJIOBHH IIMPHHA Ka)KJOr0 3allIMTHOrO MHTEpBajia Oy/IeT paBHA:

233, MI'y | 4=58,48MTy (8)

Ha puc. 2 nuzo6paxkeno pasmerienue n1syx OFDM cumponos Ha nonoce B 1 [T,

[ OFDM chus. 11\;1@96 11 OFDM cums.

58,48 | 383,04 MI'n |« u . 383.04MI'mp | 58,48
Ml [© " MI'n
pane I B oo B =
0 250 Ml 500 Ml'u 750 Mt 11To

Puc. 2. Pasmewenue OFDM cumeonos 6 nonoce 1 I'Ty

Kak Obuto ckazano panee, B omHoMm OFDM cuMBoie MOXXHO pa3MeCTHTh JIHIIb BOCEMb YCIYT.
OpHako, Kak OBUIO CKa3aHO paHee, HY)KHO oOecrieunTh cBs3bio 200 aGoHeHTOB 3kcmpecca. T.e. s
obecredeH st BCeX MOJIb30BaTENIeH HYKHO:

200ycnyz =25 wm. 9
8ycye
Ecnu nomectuth nosiockl B 1 I'T1r, koropeie coneprkat nmo nsa OFDM cumMBoIa, mocienoBaTenbHO
OJIHY 3a JIpyToii, To s pasmerneHus 200 ycayr Hy)kHa CyMMapHasi 1moJjioca;
250FDM - cums.

A ITy=1251Ty. (20)
20FDM - cuwms.

PacnakoBka OFDM cumBosia. Ha npuemnoit cropone Hy:kHO ¢ OFDM CHMBONOB MOMYy4UTH
YCIyTH M NepeaaTh ux aboHeHTy. CUTHAI IPU IpUeMe MPOXOIUT Psii (GUIBTPOB U CMECHTEIICH, KOTOpPhIS
CHIDKaIOT YyacTtory curHana a0 1 I'T'h, rae Bo3amoxkHa nmudpoBas 00padboTka curHana. Jlaaee STOT cUrHaml
JOJDKEH OBITh NPaBWIBHBIM 00pa3oM 00paOoTaH, 4YTOOBI U3 HEro MOXHO OBUIO TOJTYYHTh
WH(POPMAITMOHHYIO TIOCIIEIOBATEIFHOCTE, KOTOPYIO 3aKJIaIpIBAIM Ha TIEpEIAtoIIei CTOPOHE.

Jliis BBIZICTICHUS YCIyT CHavajia Hajo BeIACIUTh oTaenbHble OFDM crMBOIIBI TPYIIIOBOrO KaHajia B
1TTu. st atoro Mmoo mpumenuTs IO (monoconponyckaromue GuasTpsl). Hago uMers 18a GumbTpa
¢ neHTpanbHbIMU YactoraMu 250 MI't u 750 MI'n 1 € nosocoii nponyckanus B 383,04 MI'. Ha Beixome
Ka)KJI0r0 U3 TaKOro (GUabTpa MOXKHO MOAY4YHTh oTaenbHbi OFDM cumBsoi.
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[Tocne Boigenenus ortaeabHbix OFDM cuMBoIOB HyXHO uX ouudpoBath, ucnonb3ys ALl [danee
onr(poBaHHBIN CUTHAI MOAAaeTCsS Ha OJI0K ObICTpOro mnpsiMoro mnpeobdbpaszoBanus @ypre. Ha Bbixome 3Toro
Osioka oOpasyercst HaOOp YacTOT, KOTOphie cOOTBEeTcTBYIOT momHecymuM OFDM cumBona. [amee atu
YacTOTHI, & TOUYHEE 3HAYCHUS YaCTOThI, a3l U aMIUTUTY/IbI, TOJDKHBI ObITh MYJIbTHIDICKCHPOBaHbI. Jlaee
YCTaHOBJICHBI JIEMOJYJIATOPBI, KOTOphie chOPMHUPYIOT Ha CBOEM BBIXOJIE IIU(PPOBHIE TIOCIEI0BATEITBHOCTH.
Tak kak mpu 3arpyske OFDM cumBona 28 momnecymmx, a TouHee 28 HUQPOBBIX TOTOKOB, OBUIH
BBIJICNICHBI T10]] OJHY YCIYTY, TO HaJ0 MOCie JAEMOIYJSTOPOB yCTAaHOBUTH MYJIbTHUILUIEKCOp. Ha Bhixome
MYJIBTUIUIEKCOPA MTOTYYUM IU(PPOBEIE MOCIEN0BATEILHOCTH, KOTOPBIE COOTBETCTBYIOT yCIIyraM aboHEeHTa.

Ha puc. 3 u300pakena yactb cXeMbl IPHEMHHUKA, KOTOpasi OTBEYAET 3a BhIJEICHUE U “ PaclakoBKy”
OFDM cumBona.
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Puc. 3. Yacmb cxemvl npueMHuUKa CusHaios8 yciye

Pacnpenenenue ycayr aGoHeHTtam. Jlajgee TpeOyercs 3TH YCIYTM KaKMM-TO 00pa3oM IepenaTh
abonenTaM. Tak Kak aOOHEHTHI pPasHECEHBI MO BaroHaM W OTH BAaroHbI JO/UKHBI MMETh BO3MOXKHOCTH
PacCOeqMHSTCS, TO UCIIOIB30BATh IIPOBOIHOE PEIIEHUE HE TIPEICTABIAETCS BO3MOKHBIM.

Ipeamonaraercss ucmoiap3oBanue OecrpoBoaubix TexHomoruit WiFi w/unmn LTE. DT Texnomorun
BBIOPAHBI, TIOCKOIBKY OHH ITO3BOJISIFOT 00ECIIEYNTE BBICOKYIO ITPOIYCKHYIO CIIOCOOHOCTS.

Kaxaplif BaroH, y4uTeIBas TO, 4TO Kaxkablii aboHeHT Tpebyer 12 MbOut/c u B Barone 20 uenoBexk,
JOJDKEH UMETh CYMMAapHYIO TIPOITYCKHYIO CIIOCOOHOCTH

12M6um | ¢ X0a6. = 240 Mboum| c . (11

D1y ckopocTh crnocoOHa obecrieunth cuctema |EEE 802.11n (WiFi). CremoBatenbHO, BHYTpPH
BaroHa Jurst 6ecIipoOBOAHOrO J0CTyMa aboHeHTaM Oyer ucronb3oBaThes cucrema WiFi. Texunomoruio LTE
WCIIOJIb30BaTh HEPAIIMOHAIBHO, TaK KaK pa3Mepbl 000pyJOBaHUS U €ro LieHa Oolblie, YeM 000pyI0BaHuUs
WiFi, yuntsiBasi, uro WiFi ynoBieTBopsier Hali TpeOOBaHUSI.

Tak kak npenenbHas ckopoctb Texromorun WiFi 802.11n mpu UCmoab30BaHUH POYTEpa C YEThIPbMS
anTenHamu paBHa 600 MOuT/c, TO 3Ta TEXHOIOTHS MO3BOIUT 00ECIECUYNUTh OECIIPOBOAHBIM JOCTYIIOM JIBA
BaroHa rnoesza. YuuTeiBasi, 4to BaroHoB 10, oOmias mpomyckHasi criocoOHOCTh BCEro Moe3/ia paBHa:

240M6um | ¢ A0sae. = 2,4 I'bum/ c. (12)

Hcxons w3 3TOoi TpeOyeMoil MPOIMYCKHOM CIIOCOOHOCTH, WCIIONIb30BaTh I10CIEIOBATEIbHYIO
repesady OT BaroHa K BaroHy He MPeCTaBIISIETCS BO3MOKHBIM.

BapuanThl pacnosio:keHus poyTepoB Ha BaroHax 3kcmpecca. Bapuanm 1. U3 atoro pacuéra
CIIe/IyeT, 4TO TpeOyeTcsl yCTAHOBUTD OOJBIIE YeM OJMH pOyTep Ha HEKOTOpPhIC BarOHBI, YTOOBI HMETh BO3-
MOXHOCTh KaK pa3JaBaTh YCIYTH 1O BaroHy, Tak U npuauMaTh curaan ¢ L{C. Ha LIC HyxHO ycTaHOBHTH
TaKoe KOJIMYECTBO POYTEPOB, KOTOPOE PAaBHO KOJIMUYECTBY BATOHOB C OOJIBIIIE YEM OJTHUM POYTEPOM.

IIC pacmonokeHa Ha BaroHe moj HomMepoM 5 (o0o3HayeHa OOJBIIUM CTOJOMKOM Ha puc. 4).
[IpomexyTo4YHBIE POYTEPHI MOXKHO YCTAHABIMBATH B MPAKTHUECKU JIFOOOH KOMOHMHAIIWY, TJIABHOE, YTOOBI
BBIMOJTHSJIOCH TIPABUIIO — Ha Kakpie 1Ba BaroHa tpedyercs 1 WiFi poyrep. Takxke npumMeM BO BHUMaHUE
TaKkrue 0COOEHHOCTH:
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1. Paccrosinue MeXIy IICHTPalIbHOW CTaHIMEH M poyTepaMH JODKHO ObITh MUHHMAJBHBIM, JUIS
yMeHblIeHus 3aTyxanus OMIIL.

2. YcTaHaBIMBaTh pOyTephbl Ha BaroHax ¢ Homepamu 1 1 10 HepanmoHanbHO (MCXoms U3 MyHKTa 1).

3. [To BOBMOXXHOCTH YCTAaHOBUTH POYTEp HAa MATHIA BaroH, Juist opranuzanmu cBsizu ¢ LIC mo kabento.

Bribepem HOMepa BaroHOB, Ha KOTOpbIE OyIyT YCTaHOBIICHBI poyTephl: 2, 4, 5, 7, 9.

Tak kak mpu npuéMe ¢ UEHTPATBHOH CTaHIMHU TPYNIBl CUTHANOB Ui JBYX BaroHOB C OOIIeH
MPOIYCKHOM CIIOCOOHOCTBIO:

240Mbum | ¢ Resaz.= 480Mo6um |/ c . (13)

Ecnu mporyckHast criocoOOHOCTh MPEBBINIACT MMOJIOBHHY MaKCHMaJIbHOW MPOMYCKHOH CIOCOOHOCTH
WiFi poyrepa, To poyTep Ha BaroHe He CMOXKET MepeiaTh MOJIOBUHY CUTHAlIA, KOTopas MpeIHa3Havanach
COCemHEeMY BaroHy, Tak Kak ero kaHam Oymer 3aHsaT. s pelieHust SToH NpoOJieMbl BMECTE C
yerbipexanTeHHbIM WIiFi poyrepoM mpemnaraercs ycTaHOBHTh elI€ OOMH poyTep (IOCTATOYHO IBYX
aHTEHH), KOTOpbIA OBl MeperaBaj 4yacTh YCIAYr Ha coceiHMi BaroH. Ha3oBéMm cucTemy U3 MpUEMHOTO
YETBIPEXaHTEHHOI'O U TIEPEIAIONIEro ABYXaHTCHHOIO POYTEPOB MPOMEKYTOUHON CTaHIeil (MTpOMEeKyTod-
Has craHIms oOo3HAYeHa JIMHHBIM CTOJIOMKOM Ha BaroHax ¢ Homepamu 2, 4, 5 7, 9 ma puc. 4).
[IpomexxyTouHas CTaHLKA COEOUHSETCA C POYTepOM, KOTOPBIN pa3fgaér yciayrd BHYTPH 3TOrO BaroHa Io
kabemo (MHUS 0003HAa4YeHA MyHKTUPOM Ha puc. 4), a k cocequemy Barony mo WiFi kanany (toueuynas
JUHUS Mexay BaroHamu Ha puc. 4). Ha pucynke WIiFi poyrepsl, KOTOpbie HEIOCPEACTBEHHO pa3ialoT
ycayra aboHeHTaM, 0003HAYEHBI KOPOTKUMH TMAJI0YKaMH Ha Ka)KJIOM BaroHe.

Puc. 4. Pacnonooicenue poymepos na sxcnpecce

Bapuanm 2. Tlocumtaem o6inee komumdectBo poyrepoB WiFi, xoropoe Hamo obOecmeduTd ist
BapranTa 1. YuTeM TakKe, 4TO [eHa poyTepa IPUMEPHO MPOIOPIHOHaIbHA KOJHYECTBY aHTEHH pOyTepa.

- 5 poyrepos ¢ 4 anternamu Ha [IC;

- 5 IpUEMHBIX POyTEPOB ¢ 4 aHTEHHaMU Ha MPOMEKYTOYHON CTaHIIHH;

- 5 mepenaronux poyrepoB ¢ 4 aHTCHHAMH Ha MMPOMEKYTOYHOW CTAHIIHH;

- 10 mepenaronmx poyTepoB ¢ 4 aHTEHHaMH Ha Ka)kJOM BaroHe.

Hmeem 25 poyTepoB, 4TO SBJSETCA JOCTATOYHO OOJBIIMM YHCIOM. Takke K MHHYcaM IIEpBOTO
BapHaHTa MOJKHO OTHECTH TO, YTO IIEPECTaHOBKAa BArOHOB C MPOMEXYTOYHOM CTaHIMEHd MOKET O4YeHb
HEraTHBHO IOBJIHATH HAa BCIO CHCTEMYy pas3jadd yCIyr B menoM. Hamo KakuM-TO oOpa3oMm caenaTh Tak,
YTOOBI IIEPECTAHOBKA BarOHOB HE BJIMsIA Ha paOOTOCIOCOOHOCTh BCEH CHCTEMBI.

3;__[-4

Puc. 5. Cxema coedunenus poymepos u I]C

Ha puc. 5 nuzo0paxeH BTOpoil BapuaHT pa3MelieHus: poyTepoB. Bce poyTepsl Ha BaroHax CBSI3aHBI C
poyrepamu Ha LIC mo kanamy WiFi, kpome poyTepa Ha MATOM BaroHe, KOTOPBIA CBsI3aH MO KaOemto
(HamprMep, OMTOBOJIOKHY). DTOT BapHaHT BO3MOXKEH HM3-3a TOTO, YTO HA KaXKJIOM BaroHE HCIOJIb3YeTCs
YeThIPEXaHTEHHBI POYTEpP C MPOMYCKHOH criocoOHOCThIO B 150 MOuT/Cc Ha Kaxayto anteHHy. OnHa mapa
aHTEHH 3TOr0 poyTepa HACTPOCHA Ha IpHeM, a Jpyras mapa — Ha nepegady. Takum oOpa3zoM, oOmas
Hepeaoas MPoIyCcKHas ClIoCOOHOCTh OOIbIIIe, YeM Ta, KOTOPYIO TpeOyeT caM BaroH.

150 M6um/!c % 2 anmennvr =300 Moum [ ¢ > 240 Moum |/ c . (14
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[Tpuemnas mpomyckHasi ciocodHocTh Takxke paBHa 300 Mbut/c. DToii mpomycKHO# CIOCOOHOCTH
TaKXXE 1O0CTAaTOYHO IJIA TOTO, LITOGI)I MIPUHATH CUTHAJIbLI YCIIYT JJIA a60HeHTOB BaroHa sKkcmpecca.

JlocTaToOuHO MPOCTO MOKHO BHETh, YTO MEPECTAHOBKA JTF000T0 BaroHa He BIHSET Ha BCIO cucTeMy. [Ipu
TMIEPECTAaHOBKE Barona BO3MOXKHbLI JIMIIb HE3HAYNUTCIIBHBIC 3aTyXaHW CUTrHaJIa U3-3a USMCHCHHA PaCCTOAHUA OT
LC k poyrepy Ha BaroHe. Tarke mocuutaB oOrmiee 4ucio poyrepoB — 10 nByxantenHeix Ha 1[C u 10
YCTBIPEXAHTCHHBIX Ha Ka)XIOM BAaroHe, JICTKO BUJICTh, YTO 3TOT BapHUaHT S(I)q)eKTI/IBHee 1 JCHICBJIC, TaK KaK B
9TOM BapUaHTC Mbl UMEEM Ha IIATh POYTEPOB MCHLIIC C MCHbBIIIMM KOJIMYCCTBOM aHTCHH.

OueBHIHO, ATOT BapHAaHT JIydllle TI0 BCEM MapaMerpaM IMpeIbLIyIero, Mo3TOMY BEIOEpeM ero Jyis
JalbHEHIIIEro paccMOTPEHUS.

Yayumenue IMC cucrembl paszaayu ycuayr. Tak kak OONBIIMHCTBO TelIEKOMMYHHUKAIIMOHHBIX
cucTeM pabotaer Ha yactoTax, onuskux apyr k apyry (WiFi 802.11n 2.4 T'T wm 5 [T, LTE 2.7 I'T),
T0 Hajgo obecreunth DMC cuUCTeMBl. JTO OUEHb BAXKHO TaKXKe, YUYUTHIBAS TOT (akT, UYTO MBI HMEEM
19 GecnipOBOHBIX KaHAJIOB, B KOTOPHIC BXOJISIT:

* 10 kaHaJIOB OT TOJIB30BATENS K POYTEPY, KOTOPBIN pa3JacT yCIyTH Ha BaroH;

* O xaHaJoOB OT poyTepoB Ha Baronax o LIC.

W3MeHsITh TEXHONOrWM HEpalMoHabHO, HO MOXKHO PalMOHAJIbHO BBIOpPATh HECYIIYI0 YacTOTy H
KaHaJIbl, Ha KOTOpBIX padotaer TexHonorus Wi-Fi, a Takke MOIIHOCTD U3ITy4deHUS KaXKI0r0 pOyTepa.

Boioop Hecymieii wacrorbl. Texuomorus WiFi 802.11n moxer paboTraTh Ha IBYX HECYIIUX
yacrorax 2,4 I'Tu u 5 I'Tu. Ha ugacrore 2,4 I'Ty texuomorus Wi-Fi 802.11n umeer 14 kaHayioB ¢
MEpEeKPhITHEM WIH TPU KaHana 0e3 MepeKphITHS, CIEI0BATEIbHO, pallioHaIbHEE MCIIONb30BaTh UMEHHO
gacrory 5 [T

Pacnpenenenue kaHanoB Mexkay poyrepamu. Kamam cucremsr WiFi — sro Ta menrtpanbhas
4acToTa, Ha KOTOPOH HeT mepenava B >ToT MoMeHT BpeMenn. Cucrema WiFi 802.11n Ha gactore 5 I'Tn
uMmeer 12 kaHamoB. OJTH KaHAJIbl HYXHO pPalMOHAJbHO DPACHpPENCIUTh MEXKIy pOyTepamH, KOTOpbIe
Haxonsates Ha L[C, u poyrepamu, KOTOpbIe TIepelaloT YCIYrH a00OHEHTaM.

ITpumem, uto minHa BaroHa paBHa 25 M [4]. TIpuMeM Takike, 9TO BCE POYTEPHI PACIIONIOKEHBI B
OJTHMX W TEX )K€ MECTax B BaroHaxX M BCE POYTEPHI PACIIONOKEHBI Ha PACCTOSHUU JBYX BaroHOB APYT OT
npyra. [Iponymepyem Bce mpoMexyrounbie cTaHiuu oT 1 mo 10. YuuThiBass MaKCHMalbHBIH paanyc
neticteus Texaonaorun WiFi, pasusrii 250 m Outdoor u 100m Indoor [5], MmoxHO BHaETh, UTO i-#f poyTep He
BJIMSIET HA j-H, €CIIH:

|i- j|3 4=100 m/25 m. (15)

YyuteiBas 3TH OCOOEHHOCTH, MOXHO HCIIOJIb30BaTh OJWHAKOBBIC YAaCTOTHl Ha Pa3HBIX KOHIAX
10€3/1a, ¥ 3TH YaCTOThI HE OYyIyT MEIIaTh APYT APYTY.

CdopmupyeM HeKOTOpbIE TIpaBUiia, KOTOPbIE HYXKHO YUECTh MPH paclpeleliecHHH KaHaJlOB MEXIY
poyTepamu:

1. Kanane! Mmexay poyrepamu Ha BaroHaxX U L[C no/mKHBI Kak MOXKHO MEHBIIIE BIMATH APYT Ha Apyra
W Ha KaHaJIbl, KOTOPbIE Pa3/laloT yCIyrd abOHEHTaM.

2. JIBa cocemHUX poyTepa, KOTOpBIE pa3IaroT yCIyrd abOHEHTaM, JIOJKHBI UMETh Pa3HbIC YaCTOTHI.

3. Poyrtep, xoropsiii pazmaer yciuyru aboHEHTaM, JOJDKEH UMETh JIBE Pa3HbIE YaCTOTHI. OIHA JUIS
npuéma, a BTopast JUIs epeiadu.

4. Bce gacrotsl, koTopble coeaunsioT LIC u poyTep Ha BaroHe, JDOJKHBI ObITh pas3Hble. Kakmprid
poyTep MO/DKEH MPUHUMATh UMEHHO Ty TPYIIY YCIYT, KOTopas MpeaHa3HaueHa i ero Barona. Eciu Obl
4acTOThl OBbLIM OJMHAKOBBI, TO JIBa BaroHa ¢ OJAMHAKOBBIMHM YaCTOTaMU HE MOIJIM Obl OTJIMYMTh, KaKOW
CUTHAJI KOMY ITPHUHAIJICHKUT.

MOXHO TIPEATIOKHUTh HECKOIBKO YHUKAIBHBIX CXEM PACIpENleICHHUs KaHAIOB MEXIy pOyTepaMH Ha
Baronax u L{C, a Bce octanbHbIe OyayT KOMOMHAIMSMU M3 JaHHBIX YHHKaNIbHbIX. OHAKO BHIOEPEM TaKOE
pacrnpeeneHue 4acToT:

- i-if BaroH, BHYTpY BaroHa, MCIOJIB3YeET i-10 YacTOTY,
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- i-it Baron s cs3u ¢ LIC mcmonb3yer §1;o5§ 4acTOTy, KpOME S5-T0, KOTOpbIM HCIONb3yeT
MPOBOJHYIO CBsi3b (HAMPHMEp, MO ONTOBOJIOKHY)

JlaHHBII BapuaHT MMEET CBOM OCOOCHHOCTH: BCE BAaroHbI MMEIOT CBOIO Mapy YacToT, KOTOpas
pasnuyHa JUIs KaXIOro M3 BaroHa. JTO JIaeT BO3MOXKHOCTH B TIPOW3BOJILHOM IOPSAKE TEPECTaBISTH
Barousl, He Hapymas ontumusanua DMC. Ocrarorcs cBobomueiMu aBa kaHama (11 u 12). Ceobomubie
KaHaJIbl MOXXHO TPUMEHSATh B JIPYTUX IIEJSIX, HAIpuUMep, JJIsl OpraHu3allMyd CETH 3ampoca WM JUIs
OpTaHU3aIMU CBSI3H MO HKCIPECCY OT MAIIMHKUCTA K MTACCAXKHUPAM U T.J.

Bbi6op MoOIIHOCTH M3JY4YeHHS POYTEpPOB. DbBONBIIMHCTBO pOYTEPOB HMMEIOT BO3MOXHOCTH
M3MEHATh MOIIHOCTh INepefaTyrKa. T eXHUYeCKre NaHHbIe O MaKCUMAalbHOH NadbHOCTH CBSI3M YKa3aHbI
MpH MaKCUMAaJbHONH MOIIHOCTH W3My4deHus. [Ipu CHMKEHHH MOUTHOCTH H3IIyYeHHS MOXKHO TOTYYHThH
HEKOTOpbIEe MPENMYIIIeCTBA:

1. Cawxenne oOMy4YeHHUs Ha YeIOBEKa.

2. [oBeimenne DMC Mexay BaroHaMu.

3. CHMXEHHE MOIIHOCTH MOTPEOJICH s poyTepa.

OpxHaKo MOXHO BBIICIUTh HEKOTOPbIE HEraTUBHBIE TOCIECTBHS CHUYKEHHS MOIIHOCTH!

1. CHmxeHne ToMeX0yCTOHUYNBOCTH.

2. CHWXeHMe YPOBHS CUT'HaJla Ha IPHEMHOM YCTPOMCTBE.

VYyuteBas OTpHUIATENbHBIE TIOCIEACTBHUS CHIDKEHHS MOIIHOCTH, MHOTONY4€BOCTh Cpeabl U
paccrosaue Mmexay LIC 1 poyTepoM Ha Kpblllie BaroHa, KOTOPOe MOXKET AOCTHraTh 125 METpOB, CHIIKEHHE
MOIIIHOCTH Ha 3TOM YYacCTKe CETH He SIBJISIETCS 1eIeco00pa3HbIM.

VYuuteiBas Bce BBIIECKa3aHHOE, MOXKHO CIENaTh BBIBOJBI, YTO POYTEp, KOTOPBIA pa3maeT yCIyru
aboHeHTaM, MOJKET paboTaTh Ha MOHMKEeHHOH MormHOoCcTH (75 % mmn 50 % oT MakCHMAaIbHON MOIITHOCTH
uznydenusi). Kanan, padoratomuit mexay LIC u poyrepoM Ha BaroHe, JOJKEH M3Iy4aTh MaKCHMAaIbHYIO
MOIIHOCTb JIJIsl MAKCUMaITLHOH OOpBOBI ¢ ITOMEXaMu BHEITHEH cpellbl U MHOTOTY4YEBOCTHIO.

Pemrenne mpodsieMbl MHOTOJy4€éBOCTH. Ha Kpbllax BaroHOB OAKCIIpPecca HAXOMHUTCS OOJbIIOe
KOJIMUECTBO aHTeHH. KaXkas U3 3THX aHTeHH, Kak ObLI0 000CHOBAHO paHee, paboTaeT Ha CBOCH 4acTOTe U HE
MeraeT apyroil. OmHaKo BaroH, COCTOSIIMM M3 CTajiM, Xopouio orpaxaeT OMB. BenenctBue storo kanai
Mexay LIC u poyTepoM BaroHa MOXET IPUHATh CUTHAJI, OTPAXKECHHBIM OT KPBIIIA. DTOT CUTHAI MOXET ObITh
npoTHBO(MA3HBIA MPSMOMY CHUTHAIy, YTO B CyMME JacT Pe3yJbTUPYIOUIMI CUTHal Ha MPUEMHON CTOPOHE,
paBHBIN HyJFO. DTOro IOMycKaTh HEMb3s, Tak kKak ckopocTh TexHonorun WiFi 802.11n 8 300 Mb/c 06ycios-
JICHA JOCTATOYHO BBICOKOKA4YE€CTBCHHBIM KaHAJIOM. Hy)KHO IIPUHATE MEPBI 110 CHUKCHHUIO MHOI'OJTY4YEBOCTH.

-

LN

Puc. 6. Tpu sacona ¢ pasnuunvimu aywamu cuenana LJC

Ha puc. 6 cxemaruuno uzobpaxkena LIC u aHTeHHa Ha KOHEYHOM i-M BaroHe. Takke Ha ITOM
pucyHKe u300paxkeHo Tpu Jiyda curHana WiFi: mpsimoii (CrutomiHasi JIMHUS); OTPaKEHHBIN, KOTOPBIA He
NPUHUMAETCS aHTCHHOH poyTepa Ha BaroHe (TOYeuHas JIMHHSA); OTPAKEHHBIH, KOTOPBIA MPUHUMAETCS
AHTEHHOW poyTepa Ha BaroHe (IITpuxoBas JuHHA). Kak BUIHO U3 PUCYHKA, Jy4, KOTOPBIA MPHUHUMACTCS
aHTEHHOH poyTepa, OTpakaercs B HEMOCPEACTBEHHOH ONM30CcTH OT NPUEMHOro poyrepa. MoXHO
MPEUIOKUTh HECKOJIBKO BHAOB 3alUTHI OT MHOTOJTYY€BOCTH B 3TOM KOHKPETHOM CITydae:

1. CHmxeHne BBICOTHI MPUEMHOI aHTEHHBI HaJl YPOBHEM KPBIIIM BaroHa, 4To MpHUBEIET K TOMY, 4TO
MEHbIIIee KOJMMYECTBO OTPa)XCHHBIX Iyded Oynmer momajgath Ha aHTeHHY. OIHAKO 3TO TakKe CHU3UT
Ka4yeCcTBO MPUEMa M3-3a TOTO, YTO NMPSMON CHTHAJ TakKe Oy/IeT MPUHUMATHCS B MEHBIIIEM KOJIMYECTBE.
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2. CHmxeHne Kod(pOUIMEHTa OTPaXKEHUsI OT KPBIIIN BaroHa Oiaronmaps NPUMEHEHHIO Pa3HYHBIX
3aIUTHBIX MAaTEPHAIOB, KOTOPBIC MOTJIONMIAIOT MIIH paccenBatoT OMB.

3. DkpaHupoBaHUe NPUEMHOW aHTEHHBI OT OTOMTHIX JIydYei, C MCIOIb30BAHHEM JKPaHOB B BHUJIC
oTpaxkaromux péoep.

[epBBIii BapriaHT HE MOJIHOCTHIO PAIMOHAJBHBIN, M3-3a TPeOyeMOro BHICOKOTO KadyecTBa KaHalla
WiFi. [ToaToMy paccMOTpUM JiBa IPyrHX BapuaHTa.

[Ipu pacuére Bcex NOMOTHHUTENBHBIX KOHCTPYKIMH Ha KpBIIIAX BaroHoB y4TéM TO, 4to 1o 'OCT
9238-83 “I'abapuThl NpUOIMKEHHUS CTPOCHHA M TMOJBMXKHOIO COCTaBa KeJe3HbIX gopor komem 1520
(1524) mm” MakcHMalbHBII TabapuT coctaBa MOeT coctaBisaTh 6250 MM u BbicoTa moe3zma Hundai
“Camcan” paBHa 4400 mm. CremoBaTelbHO, Ha KPBIIIE BaroHa MOXKHO pa3MEIIaTh JONOIHUTEIbHBIC
KOHCTPYKIIMH BBICOTOH JI0:

6250 mm - 4400 mm =1850 mm =1,85 m. (16)

Pacuért 3ammuTHOrO0 cjos. Paccuntaem, Kako y4acTOK BaroHa HaJO MOKPBITh 3AIIUTHBIM CIIOEM,
norjomarnmM IMB, 4TOOB! TOIABUTE MHOTONTY4EBOCTh CUCTEMBI pa3nauu yeiuyr Wi-Fi.

L

Puc. 7. Jlunetinvie pasmepot ompasxcaoueti cucmemol

Ha puc. 7 nzo0paxeno Tpu Barona. Ha omnom u3 mHux pacnonoxena LIC, a Ha apyrom mpuemMHBIH
poytep. BBemem HekoTopble 00o3HaueHWs: L — ropu3oHTaIbHOE pPACCTOSIHHE MEXAY NPHUEMHBIM U
nepenaromuM poyrepom; hy — Beicora I[C; h — nauna antenns! (BpicOTa aHTeHHBI Hax BaroHoM unu 11C);
| — mIMHa 3aUTHOTO TIOKPBITHS.

HaiineM MUHHUMaIIBHBIN Yroi NaJeHus JIyda CUTHaNA, IPY KOTOPOM OTPa)KEHHBIH JIyd €lle NonaaacTt
Ha MPUEMHYIO aHTeHHY. PaccMaTpuBaTh MaKCHMAaNbHBIA Yron majeHusl He Hy)kHO. CunTaeM, 4YTO aHTEeHHa
pacrionokena mox yrioM 90° K TNIOCKOCTH KpBINIK BaroHa. IIpou3Benst pacuersl, HoMyIuM GopMyITy Uit
pacuéra TpeOyeMOi JATUHBI 3aIIUTHOTO MTOKPBITHS:

_ hx
(h+h)+h

W3 nonmyueHHo#H (hOpMYJIbI MOKHO CIE/IaTh HEKOTOPBIC BHIBOIBI:

(17)

1. JInvHa 3alIMTHOTO TOKPBITHSA MPSAMO MPONOPIIHMOHAJIbHA PACCTOSHUIO MEXAY NPUEMHBIM H
nepeaarmum poyreépamMu, T.€. JJIMHA 3allIUTHOI'O IMMOKPBLITHA 3aBUCUT OT HOMEpA BaroHa nu Gyﬂer pactu €
yIaJCHUEM OT IIEHTPAJIbHOW CTAHIIUH.

2. JIns cHWKEHUS JUTMHBI 3alIUTHOTO MOKPBITUS MOXHO YBENHYUTH BbicoTy LIC MM yMEHBIIHMTH
BeicoTy aHTeHHbl (N B uymcnuTene Bimser Oojbliie, 4YeM B 3HaMeHaTene). HerenecooOpa3HOCTh
YMCEHBUICHH BBICOTBI aHTCHHBI O6OCHOBaHO BBINIE. YBeJIMUEHHNE BLICOTHI ]_IC MOXKET 6BITB HEBO3MOXHbBIM
n3-3a, HaIIpuMEp, MaKCHUMaJILHOM BBICOTHI BaroHa MJIN APYTrux TCXHUYCCKUX oKa3aTesel BaroHa.

Paccuntaem HaI/I6OHBIHy}O JUIMHY 3aIIUTHOT'O MOKPBITUA JJI4 IMOCICIHETO BaroHa.

_ 56aeX25mx0,1u
(0,21 +0,6:) +0,1m

YuutbiBas TO, YTO MPUEMHBII POYTEP HAXOAUTCSA B LIEHTPE BaroHa, CJI0M 3al[UTHOTO MOKPHITUA IS

=15,625 u. (18)

i-ro BaroHa JIOJDKEH HaXOMHTHCSA HE TONBKO Ha i-M Barone, Ho W Ha (i-1)-M Barome. Jta 0COOEHHOCTH
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YXyIIIAaeT BO3MOXKHOCTh MCIOJIb30BAHUS PELICHUS C UCIOJIb30BaHUEM 3alUTHOrO ciaos. OJHAKO Takoe
peleHne MOXKET JI0OCTATOYHO 3PPEKTUBHO CHU3UTh MHOTOJTy4EBOCTD.

TonmuHa 3aIMTHOTO MOKPHITUS IOJHOCTBIO 3aBUCHT OT MaTepHaina, M3 KOTOpPOro OHO Oyner
cocTosTh. LlluprHa 3amUTHOrO TOKPBITHS JODKHA OBITH HE MEHBIIIE, YeM JIMHEHHbIC pa3Mepbl aHTCHHBI.
Taxxe mUpHHA 3aIIUTHOTO TMOKPHITHS 3aBHUCHUT OT BBHIMYKIOCTH BaroHa. C yBelW4YeHHEM BBITYKJIOCTH
MOXHO cJieflaTh IIMPHHY 3alIUTHOTO MOKPBITUS MEHbINE, W3-32 TOr0, YTO YacTh CHTHayia Oyzaer
paccenBaThCs B CBOOOIHOE ITPOCTPAHCTBO.

Takoe 3alUTHOE TIOKPBITHE HE MOXET IMOJHOCTBIO JIMKBHIMPOBATH MPOOJIIEMY MHOTOITYYEBOCTH,
MOTOMY YTO caMa CTPYKTypa KpBIIIM BaroHa MOXeT ObIThb HEPOBHOW M Ha KpBIIIE MOTYT OBITh
PacoiIoKeHbl pa3inyHble APYTHEe BCIIOMOTaTelbHbIe CTPYKTYPhl. DTH HEOAHOPOAHOCTH MOTYT TaKXkKe
orpa3uTh Jy4 oT LIC B cTOpoHy MpUEMHON aHTEHHBI M yXY/IIUTh CUTHAJI Ha TPUEMHON CTOpOHE.

Pacuér 3arpaxkpamomero 3KpaHa. PaccuuTaeM IOJIOXKEHUE U JIMHEHHBIE DPa3MeEpbl JKpaHa,
norjomaoiiero OYMB, 4ToObl TOTABUTE MHOTOJTY4EBOCTh CUCTEMBI pazaaun yciayr WiFi.

Ha puc. 8 usoOpaxensl Tpu BaroHa c poyrepamu WiF u sammrtHbii skpan — OzD. Ilpu
WCTIOJIb30BAHMH dKPaHa Ba)KHO, YTOOBI DKpaH HE MelIall MPOXOXICHHUIO mpsiMoro Jiyda. ClieoBaTenbHo,
BEPXHS TOYKA dKpaHa JODKHA HaXOMUThCs Hiwke tyda AO,.

B npenpinymem paszene, npu pacuére moriomaoniero NoKphITHs, Oblia HaliJieHa caMasi TANbHSS OT
MPUEMHOTO POyTepa Ha KPBIIIE BaroHa TOYKa, B KOTOPOH JIyd, MaJarolliid B 3Ty TOYKY OT IMEpeaaromiero
poyTepa, emié rnomaaaer Ha npuéMHy anteHHy. Ha puc. 8 3o Touka C.

PaccMOTprM HECKONBKO OTpaKEHHBIX JTy4deil OT TOYeK, KOTOPhIE PACIIOIOKEHBI Ha OTPE3Kax:

- O;C — oTpakEéHHBIH Y4 YXOIUT B CBOOOHOE IPOCTPAHCTBO BhIIIIC AHTCHHBI;

- CO3 — oTpaXEHHBIN JTyY JOJDKEH OTPAXKaThCS OT DKPaHa;

- 030, — Ty4 He MOXKET TONACTh B 3Ty O0JIACTB, T.K. SKPaH MPEMSTCTBYET MOMaJaHuI0 Tya IPSIMOTo

nIyda.

Puc. 8. Jlunetinvie pasmepwt s3xpanHol cucmemol

[IpoBeast HeCHOXKHBIE MaTeMaTHYECKHE IpeoOpa3oBaHus, MONydYuM (GopMysbl uis  pacuéra
OCHOBHBIX TTapaMETPOB dKpaHa — paccTosHue ot mpuéMuoro poyrepa O30, U BBICOTY dKpaHa HaJ KPBIIICH
Barona O3D:

o,=Mxh*h) (19)
3h+2h,

0= (20)
3h+2h,

W3 moTyueHHBIX BhIpaKEHUH MOKHO CZeIaTh HECKOIBKO BHIBOOB!

1. BricoTa 3KpaHa He 3aBHCHT OT PACCTOSIHHS MKy MTPUEMHBIM M ITEPEAAIOIINM POYTEPAMH.

2. PacrionokeHre SKpaHa Ha KpHIIIE BaroHa 3aBHCHT OT DACCTOSHHMS MEXKAY MPHEMHBIM H
MepeIaouM POyTEpaMu.

3. Ilpu onpemenéHHOM PACCTOSIHHH MEKAY POYTEPAMH MOJKET IONYYHTHCS, YTO IKpaH MPUAETCS
CTaBHTh MEX/y BaroHaMu. B TakoM ciiydae SKpaH ClieayeT IepeBUHYTh Ha BarOH, KOTOPHIH OJIMIKE BCErO
k Touke C Ha puc. 8.
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W3 mepBoro BBIBOAAa BHAHO, YTO JHMHEWHBIE pa3Mephl STOr0 JKpaHa HAMHOTO MEHbIIE, YeM
3alIUTHOTO TOKPBITHA. Takke dKpaH (QU3NYECKH MpeAcTaBisieT coOoi IUIACTHHY TOKOMPOBOMASIIETO
MeTaJlla, MPUBAPEHHYIO K KpbIIIe BaroHa, YTO OCYHIECTBUTH IOpa3zo IMpoIlle, YeM HaHECEHHE 3aIlUTHOrO
MOKPBITHS Ha OoMbllyl0 4YacTh BaroHa. ClenoBaTeNbHO, NMPUMEHSTH 3alIMTHBIM SKpaH JIydlle, 4eM
3alIUTHOE TIOKPBITHE.

OpHako Bce NPEAIOKEHHBIE METOMABI MOHIKEHHS MHOTOMY4EBOCTH HETAaTHBHO CKAa3bIBAIOTCS HA
BO3MOKHOCTH TIEPECTaBJIATh BaroHsl B CIy4ailHOM TMOpAake. OTO MPOUCXOJUT H3-3a TOTO, YTO
pachoioKeHne SJIEMEHTOB, KOTOpble MPOTHBOJCHCTBYIOT MHOTONY4EBOCTH, 3aBUCHUT OT PAaCCTOSHHS
MEX]ly poyTepaMHu.

BeiBoa. @opMrpoBaHUe CUTHANA YCIYT SBJIAETCS TOCTATOUHO CIOKHBIM MPOIIECCOM H3-3a TOTO, YTO
HYy)KHO pasmectuth B 1 T mocTaToyHO OOJIBIIOE KOTMYECTBO BBICOKOCKOPOCTHBIX ycuyr. Ilpuem
curHaina, a Tounee pacnakoka OFDM-cumBoia, sIBIIsieTCsl MPOCTHIM MPOLIECCOM U peaii3yercs Ha JTaBHO
CO3JIaHHBIX YCTpOHCTBaxX. Pa3znada mojydeHHBIX YCIYT sBJsieTCs Oojiee CIOXHOM 3amayeit. [IpemnoxeHo
CXeMy PacCIONIOKEHHsI POYTEPOB, KOTOPBIE UCIOIB3YIOT TexHomornio Wi-Fi 802.11n.

Teopernueckn 3Ta CcXeMa BBIMISAIUT JOCTATOYHO A(PQGEKTHBHO, HO Ha TIPAKTHKE BO3MOXKHBI
JOCTaTOYHO OOJBINKE MPOOJIEMBI, CBS3aHBI C MHOTOIYYEBOCTBIO, TaK KaK IKCIPECC COCTOUT U3 OOJBIIOr0
KOJIM4YecTBa MeTailjla, KOTOpBIM, Kak HM3BECTHO, Xopomo orpaxaer OMB. YactuuyHo cuTyaluio c
MHOTOJIY4EBOCTHI0 MOKHO PEIINTh, €CIH TMPAaBHIBHO BHIOPATh KaHAIBI M MOIIHOCTH HW3Ty4eHHs, Ha
KOTOpbIX pabotatoT poyrepsl WiFi. TIpenoTBpaTUTh MHOTOMYYEBOCTh BO3MOXHO TaKXKe MPUMEHCHHUEM
3aIIMTHOTO TOKPBITUS Ha KPBIIIE BaroHa MM YCTAHOBKOM 3aIIUTHOTO SKpaHa.

IIpennaraercs:

1. Ucnionp3oBaTh 2-10 TOMOJIOTHIO CETH PAaCHpENelieHUs] CHTHAJIOB YCIYr MpsSIMOro KaHaia
aboHeHTaM sKcmpecca (puc 5).

2. Ucnionp3oBath Hecymyto yacrory 5 [T,

3. CHU3UTh MOIIHOCTh HM3IYyYEHHUs pOyTepa, KOTOpBIH pasmaer ycimyru aboHeHtaM, no 75 % or
MaKCHMyMa.

4. Vicionb30BaTh 3alIUTHBINA 9KpaH, a He 3aIUTHOE TIOKPBITHE JJIs1 00PbOBI C MHOTOIY4EBOCTHIO.

Ho Bce »Tu Mepbl He HUCKIIOUAIOT BO3MOXKHOCTH HAaBENIEHMS IIYyMOB OT JAPYIHX YCTPOWCTB,
paboraromux Ha gactotax 2,4 I'Ti u 5 I'Ti. Takumu ycrpoiictBaMu MoryT ObITh: abonentckue Ad-hoc
Wi-Fi cetu, npyrue cern Wi-Fi, LTE cerb u np. DTy cuTyanuo MOXHO yAy4IIHTh, €CJIH HUCIOIb30BATh
0oJsiee HOBBIC pOYyTEpPHI, MoaaepkuBaromue Texuoaoruio |EEE 802.11ac, unu Gosiee HOBYIO TEXHOJIOTHIO
|EEE 802.11.
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