V]IK 621.371

Al CeMeHKol, A.A. lIoKOTBKO?
1 v . . 1 . “ H ”
Jlep>xaBHUI YHIBEPCUTET TEIEKOMYHIKaIIIH, *Kowmranis “ Bics

OCOBJIMBOCTI INTAHYBAHHS PAIIOPEJIEMHAX
CUCTEM Y MEPEXAX MOBLUIBHOTI'O 3B’ A3KY

© Cemenxo A.1., Lllokomerko A.A., 2014

Iloka3zaHo aKkTyaJlbHICTh BUKOPMCTAHHA pajiopeseHUX CHCTeM Y MepeKax MOOIILHOT0
3B’AI3Ky, fKi /[Jal0Th 3MOIY CTBOPIOBATH PpO3rajy:KeHy Mepexy HOCTYNY 3 BeJHKOI0
NPONYCKHOI0 3AATHICTIO i 3 IO0CTATHHO THYYKOIO AJ 3MiHM TOMNOJIOTi€l0 0e3 BeJMKHMX BTpPaT
KOWTIB i yacy. 3a3HayeHo, o0 edeKTHUBHA Po0OTA pamiopeseliHUX MepexK TOCATAECTHLCSA
TeXHIYHO NPABUJILHUM IUIAHYBAHHAM O00JaJHAHHS, YacTOT, €MHOCTell MpoOJBOTIB i iX
napaMeTpiB, 3a0e3neYyeHHAM MNPAMOI BHIUMOCTI NPOJbOTY, CTIHKOCTI KOHCTpyKUii 10
BITPOBMX HaBaHTa)KeHb, CTAOLILHOCTI eJEeKTPO:KMBJIEHHs], MiHIMaJLHUX 3aBajg 4Yepe3
iHTepgepenuir curuaniB y Mepe:xi. Ilizkpecaioerbest 31aTHicTL pagiopesieiiHOro 06/1afHAHHSA
NpaliOBaTH B TiOPUIHOMY pe:KHMi 3 OJHOYACHMM BHMKOpHCTaHHsIM cranaaprtis PDH/SDH
cninbHO 3 | P makeramu i UM g0csiraTu yHiBepcajJbHOro pillleHHsI /151 NepelaBaHHs JaHUX HA
PiBHi 10CcTYny MOGIIBHUX Mepe:K.

KuarouoBi ciaoBa: Mmepe:ka aoctymy, paaiopesieiiHa cTaHuisi, pamiopeieiina Mepexa,
IUIAHYBAHHS Mepexi, TomoJoris By3.iB, MpAMa BUIUMICTh, 3aBMUPAHHS CUTHAIY.
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FEATURES OF MICROWAVE TRANSMISSION
PLANNING IN THE MOBILE NETWORKS
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Showing the relevance of the use of microwave systems in the mobile networks, which
make it possible to create developed access layer of the transmission network with large
bandwidth and flexibility enough to change topology without great loss of time and money. It's
very actual to use the modern microwave equipment, which works in the range of frequencies,
which are called E-band (70-80 Ghz), and it is possible to reach the transmission speed rates
up to 2.5 Gb/s. Such transmission speed is enough to satisfy the need not only of 3G base
station, but LTE aswell. It is noticed, that in the countryside and in small towns concentration
of base stationsis reduced in comparison with cities, as each station can cover alarge area due
to fewer obstacles to propagation of radio waves and a low density of subscribers. In such
cases, microwave equipment that combines the advantages of low cost and high perfor mance
with characteristics that can compete with the wire communications, also is the best solution
for the deployment of transmission networks on access levels. It is noted that the effective
oper ation of microwave networks is achieved technically by the correct technical planning of
the equipment, frequencies, capacities spans and their parameters, providing direct visibility
of the microwave link, stable design of the supporting structure considering its wind loads,
power sour ces stability, minimal losses caused by interfering signals in the network. In the
current work the main requirement to the microwave networ ks structure and performance in
the mobile operators transmission networks during the planning and implementation stages
are described. The mains point and stages of the microwave transmission networ ks planning
process are listed. The features of microwave transmission systems are described: signal in a
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radio link can be transmitted with vertical or horizontal polarization, vertical polarization
signal is less affected by natural rainfall, but during the frequency planning it is often
necessary to use horizontal polarization signal, the microwave stations are commonly used
parabolic antennas with aperture diameter up to 2m. Depending on the microwave networ k
geographical position it is necessary to take into the account local terrain and climate
conditions, which have strong impact on the microwave links perfor mance and microwave
network planning. Also, it is possible to estimate microwave planning quality by calculating
special indexes which can show the microwave networ k work availability, frequency planning
efficiency. Emphasized the ability of microwave equipment to work in hybrid mode while
using the standard PDH/SDH together with | P packets and thus achieving universal solution
for data -level accessto mobile networks.

Key words: access network, microwave transmission, microwave network, network
planning, networ k topology, line of sight, signal fading.

IMocTanoBka 3amaui. MoOUIBHI OMEpaToOpH 1 MPOBAMIEPH MOCTYT 3B SI3KY CTUKAIOThCA 3 HEOOXiM-
HICTIO TOCTIHHO HApOIIyBAaTH MIBHJKICTH IepeJaBaHHA NaHWUX ISl HaJlaHHS KOPHUCTyBadaM MOBHOTO
CIIEKTpa Cy4acHHUX IOCITYT TOJIOCOBOTO i BiZICO3B’ 13Ky, MIMPOKOCMYTOBOTO JJOCTYIY 10 [HTepHeTy Ta Takux
Mejlia-CepBiciB, SK MOTOKOBE Bimeo. [lyis ycmimHoi poOOTH orepaTopa BKpail BaXKJIMBO MaTh J00pe
posray)eHy Mepexy JIOCTYITY 3 BEJIHKOI MPOITyCKHOI 3IATHICTIO i, OTHOYACHO, 3 JIOCTATHHO THYYKOIO
JUIsl 3MIHH TOTOJIOTi€0 O6e3 BETMKUX BTPAT KOIITIB 1 yacy.

OCHOBHHMM 3aBJaHHSIM TPAHCMICIHHUX Mepex € 3a0e3ledeHHs MepefaBaHHs JaHUX MK KOHTPO-
nepom (BSC, RNC) i 6a3oBuMu cTaHIiisMu. Y MiCbKiif MiCIIEBOCTI BUCOKA KOHIIEHTPAIlisl Oa30BHX CTAHITi
Yyepe3 BEIMKY KUIbKICTh aOOHEHTIB, NMPH 1bOMY HEOOXiIHO 3a0€3MeUnTH SKICHE MOKPUTTS CTUILHUKOBOL
MepeKi B yMOBax HIUTBHOI MichbKOi 3a0ymoBH. BpaxoByroun BapTicTh 0ONaJHAHHS, MPOKIAJaHHS OITO-
BOJIOKOHHOT'O KaOeIIo Ta IUIaTy 3a OPEHAY Miclsg B KaOelbHUX KaHAI3allifX EKOHOMIYHO HEBHUTIITHO
BHUKOPUCTOBYBATH MPOBOJOBUI 3B’ 30K JUIS KOXKHOT 3 0a30BUX CTaHIi. Y 3B’ 3Ky 3 IMM B MEXax MicTa
ONTHMAJILHOIO TOTIOJIOTIIO € MOOYyI0Ba ONTUYHUX BY3JIB arperaiii Tpadiky, A0 SKUX MiJKIOYeHa TIeBHA
KUIBKICTh pajiopenedHux craHmid. OTke, BUKOPHUCTOBYIOUM CyYacHE pajiopenciiHe oOnamHaHHs, IO
mpaitioe B E-miamasoni (70-80 I'ri), MoXkHa JOCATTH HIBHAKOCTI MepeaaBaHHs manux mo 2.5 I'6it/C Ha
KO)KCH CaMT, IO I[IJIKOM JOCTaTHBO Ui 3a0e3redeHHs TpaHcwicii He Tutbku mis 3G, a i mgua LTE
CTaHJapTIB.

VY Mepexax J0cTyIy iHTepHET-poBaiifiepiB HalvacTime paaiopenciine obIaiHaHHsI BUKOPHCTOBY-
€TbCS JUIA OpraHizaiii OCTaHHBOI MWL a00 A Mix €IHAHHS HEBEIMKHX CEJIUIN JO OIMOPHOI MEpexi
npoBaiigaepa. [Ipy 11bOMy BHKOPHCTOBYIOTHCS OJMHUYHI pajiopeneliHi MmpojibOTH, SIKI HE BHMArarTh
CKJIaJIHOTO TUIaHyBaHHs Mepeki. CydacHi paaiopesiciiHi CUCTEMH, 1110 MPAaLOITh B YaCTOTHUX Jiara3oHax
70 — 90 I'rmp Ha BiICTaHB KUIBKOX KITOMETPIiB 1 MarOTh BEIWKY INBUJKICTh MeEpelaBaHHS JaHUX
(2-2,5T6/c), ineanpHO MiAXOIATH IS IIBOTO.

[puHOMNU naanyBaHHs pajaiopeseifHUX cucTeM. Y TPAaHCMICIHHHX Mepexax MOOUTFHUX orepa-
TOPIB IS pajiopeeiHUX MPOJIbOTIB BUKOPHUCTOBYETHCS 00JIaJHAHHS IIMPOKOrO Jiama3oHy 4acToT, IOYH-
mafoun Bifg 6 I'T qo 80 I'T'1r (Tabm. 1). Pamgiopeneiine obnagHanHs 3’ €IHYETHCS Y CKIaHY TOIOJIOTIO, M0
CKJIAZIA€ThCSI 3 BEJIHMKOI KITbKOCTI CTaHIIH, SIKI MAlOTh Pi3HI CXeMH 3axucTy Tpadiky i pe3epByBaHHs
oOagHaHHs. Y 3B’ 3Ky 3 UM epeKTHBHA POOOTa pagiopelieciiHUX MEPEK BUMArae TEXHIYHO MPaBUIILHOIO
TUTaHyBaHHS 00JIaIHAHHS, YaCTOT, EMHOCTEH MIPOJILOTIB 1 MapaMeTpiB pajiopeNeHNX MPOIbOTIB.

[ pyHTyIOUHCh HAa BUXIHUX JAHUX, TOTYIOTh TaK 3BaHUI BUCOKOpiBHEBMI nu3aiin mepexi (high level
design — HLD), o onmcye 3araibHy KOHIIEMIIIIO MEPEXi, TOMOJIOTiI0 KIFOYOBHX BY3ITiB, CEPBICH 1 BHIH 1X
3aXMCTY Ha PI3HUX PIBHAX MEPEXi, PIICHHs IMOAO IHTErpailii oONagHaHHS B CHUCTEMY YIPaBIiHH,
PIIIEHHS 1100 CHHXPOHI3allii, TUIIM BUKOPUCTOBYBAHOIO oOyiagHaHHs Toio. [licis 3aTBeppkenns HLD
JM3aiiHy CTBOPIOETHCS IOIEPEIHs TOMOJIOrT MEPEeXi, 110 MICTUTh KJIFOYOBI BY3JIM MEPEXKi, Ha IMiJCTaBi
sIKO1 (hOPMYETHCS TIEPEITIK HEOOXIAHOTO 00JIaTHAHHS.
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Venin 3a HLD mounHaeThesi miAroToBKa HU3bKOpiBHEBOro au3aiiHy mepexi (low level design —
LLD), sikuit MicTuTh Taky iHdopmarito: (iHanpHUI BapiaHT TOMOJOTIT MEPEXi, PO3paxyHKH MapaMerpiB
BCIX paaiopereHUX MPOJLOTIB, CIIUCOK 00JaJHAHHS, HEOOXIHOTO IS 3alyCKy KOXKHOIO 3 IPOJIbOTIB,
CXEMH MIiIKITIOUYeHHS oOJaJHaHHS, YacTOTHE IUIAaHYBAaHHS MEPEeXi Ta PO3paxyHOK €MHOCTI MpPOJBOTIB,
TUTaHyBaHHS MapaMeTpiB 00aIHaHHS IS IHTErpallii B CHCTEMY yIpaBIIiHHS.

Tabauys 1
OCHOBHI XapaKTepUCTUKU CYYaCHUX pagiopesieiiHMX cTaHIIH
BAT HTILI Harexkc, AO SAF Simens, Huawsi, BrigWav
Hapamerpu Oy, Pocia TeChnl.ka’ Himeuunna Kurait Com,
VYkpaina JlaTBis CIIA
1| Poboua vacrora, | 7-8 7:8;11;13,15; | 7;13;18;38 15;18;23; 7,15;23; 71-76;
IT 19;22;26;38 26 32; 81-86 | 81-86
2| Cmyra 28 - 28 28;56 7,14;28,5 | -
MIPOITYCKaHHS, 6250;500
MI'g
3| IpomyckHa 155 155 155 SDH STM -1 183-2500 | 1250
37aTHICTB,
Moit/c
4| Bun momyssiii 128QAM | 128 QAM 128 QAM 256 QAM 256QAM | 256
- QAM
2048QA
M
5| IoryxHicTh 22 24-15 24-14 19.5-145 24-16 19.5-145
nepenasava, 1bm
6| YymiusicTs - -68 s BER | - 71... - 68 s - 81.5 1 BER | -71.5... - 57 misa
npuiiMaya, 16M 10° BER 10° 103 -56.5 BER 10°
s BER
10°

[Ticnst moromKeHHs Ta BpaXyBaHHS BCIX TAHHUX MPO 00’ €KTU-KAHIUAATH iX KOOPAWHATH BHOCSTHCS B
nporpamy TUIaHYBaHHs JUIsi TIOOYJOBU TOMEPEIHBOI TOMOJOrl MepeKi 3 BUKOPHCTAHHSM IOMYJISPHUX
cepen imKeHepiB omepaTopiB MoOiIIEHOTO 3B’ 13Ky mporpam Pathloss, Atoll, 1Q link ta inmmx.

bazoBuM mnapamerpoM HamamTyBaHb IMPOrPaMHOrO 3a0e3MeueHHs € BHOIp BHKOPHUCTOBYBAHOTO
JIaTyMy JUTsl TIPUB’ 3KH reorpadiyHuxX JaHUX MICIIEBOCTI O MATEMAaTHYHO alpOKCUMOBAHOI MOJIENi 3eMITi.
Haiivacrime BukopuctoByeTbes natym WGS84 (World Geodetic System 1984), oneprkanmuii y pe3ynbrati
TOYHUX CYIyTHUKOBHUX BHUMIprOBaHb. Jlaai HEOOXiqHO 3aJaTH CHCTEMY KOOpPJIMHAT, SIKy BUKOPHCTOBYBA-
THMe TporpaMue 3abesmeuennsn. Cucrema koopauaat UTM (Universal Transverse Mercator) mae mamy
noxuOKy TMiJ] Yyac BH3HAUYCHHS MICHAMOIOXKEHHS 1 PO3paxyHKy HamNpsMKy paJionpoisory. Teputopis
VYxpainu po3mimieHa B 4otupbox UTM 3onax — Big 34N mo 37N.

[Tix yac po3paxyHKy HE0OXiTHOI MiHIMalIbHOI BUCOTH Mi/IBiCY aHTEH y MPOrpaMHOMY 3a0e3leueHHi
BpaxoBYIOTh sBHIIE pedpaxilii pagionpoMeHiB 1 pajiiyc BUKPUBIICHHS 3eMHOI MTOBEPXHi, sIKi BU3HAYAIOTHCS
K-(hakropoM, 1110 3aJeKUTh BiJ KIIMATHYHOI 30HH, J€ PO3TAIIIOBAaHUN paaiopeciHuii npoiit. Y Tadn. 1ta
Ha puUC. 2 HAaBEJICHO YMOBH TIOIIMPEHHsI CUTHAY 3aJiexHo Bix K-daxTopa.

KnimMaTi4Ha 30Ha, B SKid po3TalllOBaHa MiCIIEBICTh, BU3HAYAETHCS KUIBKICTIO PIUYHHX OIMAaJiB.
[TigiOpaT TpaBWIBHY 30HY MOXKHA 3 BHKOPHCTAHHSAM TaOjuili, onucaHoi B pekoMenpamiax |TU-R.
[IpakTuHO BCs TepuTOpis YKpainu po3milmieHa B KiimMaTuuHid 30Hi, ae K=1,133, 3 cepeanboro
IHTEHCUBHICTIO omnaiB 0:113bk0 40 MM/TO[T 1 € CIIPHSITIIMBOIO JUTsl PO3TOPTAHHS PaliOpeICHHUX MEPEK.

[lin yac nnaHyBaHHA MEpPEK BaXIJIMBO BH3HAYMTH HEOOXimHY iH(pOpMaliiHy €MHICTH paiio-
penelHuX JIiHIH, sKa 3aJeXUTh BiJl BHOpaHOI O3UIIIT pajiopeNeHoro mpoasoTy B Tononorii. Ha kpaitaix
MPOJBbOTAX, IO MEePEaatoTh JAaHi Bill JEKIIBKOX 0a30BHX CTaHIiM, 3HAUCHHS HEOOXI1AHOT CyMapHOi EMHOCTI
Ta CMYTHU MPOIYCKaHHS KaHaTy HEBEIHKI, 110 CIIPOIIly€e YacTOTHE IUIaHyBaHHs Mepexi. Ha pamiopeneiiHnx
MpONbOTaX, SIKI arperyioTh Tpadik 3 BEIUKOI KUIBKOCTI CalTIB, MOTPIOHO BHKOPHCTOBYBATH OLIBIII
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3HA4YCHHS MIMPUHHA YACTOTHUX KaHAIIB Ta 0araTorno3uiiiHy MOAYISAIi0. Y Mepexax MiHiMallbHa Kilb-
KicTh TOTOKIB E1 BH3Ha4YaeThCcs MPOCTHM MiJICYMOBYBaHHSM IOTOKIB BiJl KOKHOTO caiiTa. Y BHIIAJIKYy 3
nepenaBanusam Ethernet tpadiky i3 Bukopucranusm texaomorii MPLS kopucHa mporyckHa 31aTHICTh
KaHaIy 3MEHIIYEThCS y 3B'S3Ky 3 TepeJaBaHHIM JOJAaTKOBHX CITy)KOOBUX 3arojoBkiB. [Ipudomy mpo-
MyCKHA 3IaTHICTh CHUCTEM Y pa3i BUKOpHCTaHHs | P TexHoorii 3HauHO BUIIA, HDK 3 BUKOpUcTaHHAM T DM.

Tabauys 2
YMoBM NomIMpeHHs1 CHTHATY 3aie:kHo Bix K-paxTopa
3navennst K-dakropa VMOBH HOUIMPEHHS CHIHAITY
0.67 (2/3) Cybpedpaxkiiist
1 PapmioxBuiti, mapaiienbHi 10 IOBEpXHi 3eMii
1.33 (4/3) HopmanbHi yMOBH MOITHPEHHSI
) Hanpedpaxkiis
-0,5(-1/2) IMoumpenHs paaioXBUIIb B aTMOC(HEPHOMY XBHIICBO/II

Puc. 1. Ymosu nowupenns padioxeunv 3anexcro sio K-gpakmopa

Jani BaXXTMBO BU3HAYMTH HMOBIPHICTH MaJiHHS PIBHA CUTHATY HW)KYE BiJl YyTJIMBOCTI MpuitMayda
BHACJIZIOK 0araTonpoMEHEBOro IOMIUPEHHS pPadioXBHIb. JlOCHIIHO BH3HAUYEHO, IO WMOBIPHICTH
3aracaHHsl pajJiopeicHHOro CUrHaiay 4epe3 eeKT 0araTOmpOMEHEBOTO MOMIMPEHHS PaliOXBUIbL MOXHA
OIKCaTH PO3MOALIOM IIMOBIpHOCTI 3a 3akoHOM Pernes (puc. 3). B Ykpaini 1is nmianyBaHHs paiopeneiiHux
MPOJILOTIB  BHKOPUCTOBYEThCS (opMyna sl PO3PaxyHKy WMOBIPHOCTI 3aBMHUpaHb BiAMOBIIHO [0
pexomen anii I TU-R P.530 - 9.12:

)— 007  0082f-0,00085h, -~

p,, = Kxd%? >{1+|ep| 10, @

ne [ —uacrora curHaiy; fip — BECOTa miABiCY HIKYOT anTeHH; K — reokmiMaTHUHUN KoediIieHT, Ep — KyT

HAXMITy TPAEKTOPIi; A —3arac Ha 3aracaHHs pajiopereiiHOro MpoiboTy; d — TOBKHHA MPOJILOTY.

[licns ommcy XapakTepUCTHKH MICIIEBOCTI MOXKHA TEpeHTH /0 pO3paxyHKy YacTOTHHUX Ta
CHEepreTUYHHX MapaMeTpiB MPONbOTY 1 BHOOPY 00JIalHAHHS, BPaXOBYIOUM HABECHI BEIMYMHU TTapaMeTpiB.

1. JlocTymHICTh pajiopeNeiHOro MpoNboTy Ha pik. 3a3BHYail pajiopeNeHHUH MPOINIT TOBHHEH
¢byukmionyBatu He Menine Hix 99.995 % vacy Ha pik (He OuTbIle HK 26 XBHJIMH HEMpaIe31aTHOCTI).

2. 3HaveHHs 3amnacy Ha 3aracanHs curnany Fading margin>30 nbwm, sikuii BU3HAYa€ThCS SIK PI3HHILIS
MDK MPUAHSATAM CHTHAJIOM 1 YyTJIUBICTIO IpUHMAaYa.

3. Cepenniit piBeHb npuiiHsaToro curaany 44 nbm. Ha KOpoTKHX BiICTAHAX BHUCOKHI PIBEHb CHTHAITY
MOXE TPHU3BECTH JO HECHPABHOCTI padioONOKiB, a TaKOX MJBUINCHOTO piBHS iHTepdepeHiii Mix
paaiopeneiHUMHU MPOIbOTAMH.

Jlnist po3paxyHKy piBHS CUTHAITYy Ha BXOJIi IpUiiMaya BUKOPHCTAEMO (popmyiy:

P, =P, G*X2[16p? L, 2)

ne P, — MOTYXHICTb CUTHaJIy nepenaBada; G — KoedillieHT MIJICUICHHS aHTEHM CTaHIli; A — JOBXHHA

XBHJII CHTHaJTY; L— BTpaTH CUTHANY MiJ] Yac MOMIMPEHHS.
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Puc. 2. Tpusanicmov peree6cokux 3a6Mupams 3aieicHo 6i0 ix enubuHu.
po3nodin Penes —weuoxi 3aemupannsi, po3noodin Patica — noginbHi 3a6MupanHsi

[epmmM mapamerpom, SIKWH BUOMPAIOTh Ha MOYATKY PO3PaXyHKY EHEPreTHYHHUX XapaKTEePUCTHK
paaiopeneHOro mpoyiboTy, € PoOOYMi YaCTOTHUU Hianma3oH. BuOip 4acTOTH 3aJIeKHTh MEpPenyciM Bif
MPOTSHKHOCT1 paliopeneHOro NpoaboTy, KIIIMATHYHIX YMOB Ta MOYKJIMBOCTI OTPUMAaHHS JIIIEH311.

BukopucroByroun texnonorii XPIC (oxHo4acHe nepeaBaHHs [BOX KaHATIB 3 TOPU30HTAIBHOIO Ta
BEPTUKAIBHOIO MOISAPU3AIISMHE), BCTAHOBIIIOIOTE JABOMOIAPHU3AIIiiiHI aHTEHH.

IcHyrOTH pi3HI BUAM iHTepdepeHIlii curHaiiB, sSKi HEOOXiJHO BpaxoByBaTH, BUOMPAIOYM YaCTOTHI
KaHaIM pagiopeneiHiX MPOJbOTIB. BILUIUB BiAJANICEHOTO IHINIOTO PajiopeneidHOro MPOIbOTY; CHTHAIT
CYCITHBOT'O PajiopeIeHHOr0 MPOJIbOTY BIIOMBAETHCS B €IEMEHTIB penbedy B Oik MmpuiiMada; BiIOUTTS
MepeIaHoro CUrHajay B OiK BJIACHOTO MpuiiMaua; iHTepdepeHIliss BHACTIIOK ISMospr3allii nepeaaHoro
CUTHaJly; BIUIMBHU IepelaBavya Ha BiUIAJICHHH MpuiiMad JBOX BiJUIaJICHUX PaaiopeledHUX MPOJIbOTIB ik
Yac MoOyI0BH CHCTEMH 3a TomoJjioriero “ JIaHIoxok” .

Jnst epeKTUBHOTO BHKOPUCTAHHS PaliopecypciB YacTOTHI Jianma3oHW, B SKUX IPAIIOOTh pajio-
peneiiHi cuCTEeMH, PO3AUISIOTHCS Ha YaCTOTHI KaHalu 3 MEeBHOIO ImmpuHo. Pexomenpanii I TU-R cepii F
OINUCYIOTh TpaBMJIa PO3paxyHKY YacTOTHHX KaHAJIB 3aJIeXHO BiJ] YacCTOTHOTO Jialma3oHy, 4acTOTHOTO
pO3HECeHHs] MDK TiepelaBajbHUM OOJNIaJHaHHSIM Ha JIBOX KIHIMX NPOJBOTY Ta HIMPHHH YaCTOTHOT'O
KaHajay. SIKIIO MpaBUIbHO CIUIAHOBAHO TOIOJIOTIIO, 33 YMOB MICIIEBOCTI MOXHa OOIMTHCS 3MIHOIO
MOJIAPH3AIil PO3MIILIEHUX MTOPYY PaIiONPOIbOTIB 3aMiCTh BUKOPUCTAHHS TOJATKOBUX YaCTOTHUX KaHAJIIB.

Sxmo ocnabieHHs Mapa3uTHOTO CHUTHANY 3aBJsSKA Kpoc-

MOJISIPU3AIIHINA CeNeKI[il aHTEeH! Ta XapaKTepUCTUKaM 00JIaHaHHS ...

JUTS KaHaJIB 3 PI3HOK MOJIAPHU3AIIEI0 HEAOCTATHBO JUISl 3MCHILICHHS
piBHS iHTepdepeHmii 10 TPUHHATHOI BEIUYMHH, HEOOXITHO
BUKOPUCTOBYBaTH JONATKOBWUH Habip wuactor. [lpukman Takoi

TOIOJIOT] Ta YacTOTHOrO IUIAaHYBaHHS IOKa3aHO Ha puc. 3, Je
nupaMu MO3HAYCHO HOMEPH YACTOTHUX KaHAIB.
3a3HauMMoO, 10 HA JOBIMX JUISHKaX MEPEXi 3a MICTOM

Puc. 3. Yacmomne naanysanms

JIOIUTFHO BUKOPUCTOBYBATH HU3bKI pOOOYi YaCTOTH, 8 HAa KOPOTKUX padiopenetinux xananis

JUISHKaX Yy MIChKIH MiclleBOCTI — BHCOKI po0OYi 4YacTOTH.
KoedimieHT MOBTOPHOr0 BUKOPUCTAHHS YACTOTHUX KaHAIB MOKa3ye eeKTUBHICTD IIJIaHyBaHHS YaCTOT

FCR = KUIBKICTB pajliopesieHIX MPOJIbOTIiB
(KiJ'II)KiCTB YaCTOTHHUX KaHaJIiB)
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KoedimienT BUKopuCTaHHS CIIEKTpa BioOpaxkae cepeHii MpUpicT MBUAKOCTI st BCi€T MepeKi

CyMa €MHOCTEH BCiX pafliopeeHUX MPOJIbOTiB

NSP= [6it/T] -

(cyMapHm‘/'I JaCTOTHHH CIIEKTP BCiX pagiopeneiHux HpOJ’[BOTiB)

KoHCTpyKTHBHO CcydacHi pajioperneliHi CTaHIlii BUKOHYIOTbCS Y BHUTJISII MOHOOJOKA, JI0 CKIaTy
SIKOTO BXOJISITh €IEKTPOHHI IPUCTPOI Ta aHTEHA.

CyuacHe pajiopeneiiHe oOJaJHaHHS 37aTHE MPAIOBATH B TIOPHIAHOMY PEXHMI 3 OIHOYACHUM
BukopuctanusaM crauaaptis PDH/SDH crinero 3 |P makeramu, mocsraroun yHiBEpCaIbHOTO PIillleHHS TS
nepenaBaHHs JaHUX Ha PiBHI JIOCTYNy MOOUTEHIX MEPEK.

BucHoBku

1. V pa3i cTBOpeHHS MepeX MOOUIBHOTO 3B'SI3Ky B MeXaxX MicTa ONTHMAJIbHOI TOIOJOTII0 €
moOy/IoBa ONTHYHUX BY3MIB arperamii Tpadiky, 10 SKHX I €IHaHa MEBHA KUIBKICTh pajiopeeiHuX
CTaHIlIH, sIKi MOXXYTh peaji3yBaTH IMIBHIKICTH INepefaBaHHs ganux a0 2.5 I'6GiT/C Ha KOXKeH caiT, 1o
LIJIKOM JTIOCTaTHBO JIs 3a0e3neueHHs TpaHceMicii He Tutbku ais 3G, a i ansa LTE cranmapris. [Ipudomy B
pasi 3MIHM TOIOJIOrIT MEpexi pajaiopesciiHe O0JaqHAHHS JOBOJI IPOCTO MEPEHOCHTHCS HA CYCIIHIO
OymiBIIIO 31 30€peKEHHSIM PO3MIIIEHHS KIIIOYOBUX ONTUYHUX CAWTIB.

2. TlonoxeHHsI Ta poJib caiiTa B TOMOJIOTIT TPAHCMICIHHOT MepeXi BU3HAYAETHCS HASBHICTIO TPSMOT
BHJIUMOCTI MK ITMM CalTOM Ta IHIIOK YACTHMHOIO MEPESKi, BITPOBMM HaBaHTa)KEHHS Ha KOHCTPYKIIIIO 3
AQHTEHOIO0, CTAOUTHHICTIO ENIEKTPOXKUBIICHHS Ha CaiiTi, MOXKIIMBICTIO I[1JI01000BOTO TOCTYITY 10 001a THAHHS
CTaHIIil Ta YKJIaJJaHHsI JJOBTOCTPOKOBOT'O JIOT'OBOPY OPEH/IH.

3. Ilix yac po3paxyHKy HEOOXigHOI MiHIMaJbHOI BHUCOTH IIiABICY aHTCH BPaXOBYIOTH SIBHILC
pedpakiii pagionpoMeHiB 1 paaiyc BUKPUBJICHHS 3€MHOI IOBEPXHI, sKi BU3Ha4daroThcs K-akTopom, 110
3aJIeKUTh BiJI KIIMAaTHYHOI 30HH, JI¢ PO3TANIOBaHMN pajiopenciHuil mpomit. [IpakTiaHO BCs TepUTOpIs
VYkpainu posmiimieHa B kiiMaTuuHid 3oHI 3 K=1,133, cepenHbor0 IHTEHCHUBHICTIO OHaiB OJIM3BKO
40 MM/TO[T 1 € CIIPUSITIIMBOIO JUTSL PO3TOPTAHHS pagiopeIeHHIX MEpeK.

4. Y mepexxax MiHIMallbHa KUTbKICTh MOTOKIB E1 BH3HAUa€THCS MPOCTUM MiJICYMYBaHHSM MOTOKIB
BiJl KOJKHOTO caiita. Y Bumanky 3 nepeaaBanusMm Ethernet tpadiky 3 Bukopucranusm texaomorii MPLS
KOpPHCHA TIPOITyCKHA 3/IaTHICTh KaHAy 3MEHIIYEThCS Y 3B’ 3Ky 3 MepelaBaHHsSIM JOJATKOBUX CIYKOOBHX
3arojioBKiB. [IpruoMy IpomyckHa 3JaTHICTh CHCTEM y pa3i BUKopucTaHHsS |P TexHosoriit 3HayHo BHIIa,
HiX 3 BUKopucTanusm TDM.

5. SIk1110 npaBUIbHO CIJIAHOBAHO TOIOJIOTII0 32 YMOB MICIIEBOCTI, MOXKHA OOIATHCS 3MIHOO MOJISIPH-
3amii po3MILIEHUX MOPYY PaioNpPONIbOTIB 3aMICTh BUKOPUCTAHHS TOJATKOBUX YaCTOTHUX KaHAJIIB.
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