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HALULWOHANbHbBIN CTAHAOAPT POCCUWMCKOW SEALEPALUNUMN

PEKOH®PUTYPUPYEMbBIE UHTEJNINTEKTYANNIbHBIE MOBEPXHOCTU

Yactb 2

Mogenu 1 oueHkKa KaHanoB paanocBA3n

Reconfigurable intelligent surfaces. Part 2. Models and evaluation of radio communication channels

Jarta BBefeHua — 2026—01—01

1 O6nacTb NpUMeEHeEHUA

HacTtosawmin ctaHgapT pacnpocTpaHAaeTcsa Ha pekoHUrypupyemble WHTeNNekTyasibHble NMOBEPXHOCTU
(RIS) n yctaHaBnmBaeT MOAeNU U OLEHKY KaHa/oB B 6ecrnpoBOfHbIX CeTAX paanocssasum ¢ RIS.

B HacToAWeM cTaHAapTe yCTaHOBNEHbl MOAENN KaHanoB, yuuTbiBawLwme ahdekTsl NoTepb Ha pacnpo-
cTpaHeHue pajguonyyeli, NOTEPU Ha MHOrOsly4eBOe pacnpocTpaHeHue, a Takke B/USHWE UHTepdepeHuun B
pasnnyHbIX AnanasoHax 4acToT, a Takke TpeboBaHUA K OLEHKEe KaHanoB, MeToAbl OLEHKM KaHa/noB W npuse-
[JeHbl pekoMeHgauuy no NocTpoeHuto 6ecnpoBOAHbIX pagnmoceTeli Ha OCHOBE OLEHKU KaHanoB.

BapuaHTbl pa3BepTbiBaHua U cueHapun ucnonb3osaHusa RIS — B cooTBeTcTBUM ¢ TOCT P 72111.1.

HacToAwwmii ctaHgapT cnefyeT NPUMEHATb Npu pa3paboTke, U3roToBaeHnn n akcnayatauum RIS, a Tak-
Xe npu paspaboTke, NPOEKTMPOBaAHMM U 3KcnayaTauum 6ecnpoBOAHbIX pagmoceTeil n NX NporpaMmMHoOro o6e-
cneyeHus.

2 HopmaTmBHbIE CCbIJIKU

B HacTosAlWem cTaHfapTe UCNO/b30BaHbl HOPMAaTUBHbLIE CCbINIKUM Ha cnefylolwmne cTaHgapThbl:

FOCT P 52210 TenesujeHue BewatenbHoe uudposoe. TepMUHbI 1N OonpeaeneHuns

FOCT P 53731 KauecTBO ycnyr cBA3n. TepMUHbI 1 onpeaeneHus

FOCT P 53801 Csf3b hegepanbHas. TepMuHbl 1 onpegeneHus

FOCT P 72111.1 PekoHuUrypmpyemble UHTeNNeKkTyanbHble NnoBepxHocTu. Yacte 1. BapuaHTbl passep-
TbIBAHWUA U CLEeHapuuM UCMNosib30BaHnA

MpumedyaHne — [Mpu NOMb30BaHMM HACTOSILLMM CTAHAAPTOM Lie/Ieco06pa3Ho NpoBepUTh AeliCTBUE CCbIoY-
HbIX CTaHAAPTOB B MH(OPMALMOHHOWM CUCTEME OBLLETO MOSIb30BaHUS — HA OPMUMA/IbHOM caiiTe deaepasibHOrO areHT-
CTBA MO TEXHUYECKOMY PEery/iMpoBaHuio 1 MEeTPOIorMn B CeT VIHTEPHET Win Mo exerogHoMy UHDOPMAaLMOHHOMY yKasa-
Teno «HauuoHasIbHble CTaHAAPTbI», KOTOPbIA ONy6G/IMKOBaH MO COCTOSIHUKO Ha 1 sHBapsi TEKYLLEro rofa, v no BbiMyckam
€XeMecsiYHOro UH(hOPMAaLMOHHOTO yKasaTtens «HaunoHabHble cTaHAapTbh» 3a TEKYLLMIA rog, ECnm 3aMeHeH CCbINIoYHbIA
CTaHAapT, Ha KOTOpblli JaHa HeAaTMpOBaHHAs CCbIKa, TO PEKOMEHAYETCS UCMOMb30BaTb AEMCTBYIOLLYH0 BEPCUO 3TOMO
CTaHJapTa C YYEeTOM BCEX BHECEHHBIX B JaHHYH BEPCUO M3MeHeHMIA. Ec/v 3aMeHEeH CCbUTOYHbINA CTaHAApT, Ha KOTOopbIi
[laHa AaTMpOBaHHAsH CCbUIKa, TO PEKOMEHAYETCS MCMO/b30BaTh BEPCHIO 3TOTO CTaHAapTa C YKas3aHHbIM BbilLE TOZOM YT-
BepxaeHus (NpuHsTvs). Ecnm nocne yTBepXAEHWs1 HACTOSILLErO CTaHAapTa B CCbUIOUHbIA CTaHAAPT, HA KOTOPLIA AaHa
[laTVPOBaHHAs CCbIIKA, BHECEHO M3MEHEHMWe, 3aTpar1BaloLLee NosIoKeHre, Ha KOTOpoe AaHa CCbiika, TO 3TO MOJOXKEHME
PEKOMEHAYETCS MPUMEHSATL Ge3 yueTa AaHHOTO U3MEHEHUs. EC/M CCbIIOYHbIA CTaHAApT OTMEHEH Ge3 3aMeHbl, TO MoJIo-
XeHUe, B KOTOPOM A@aHa CChl/IKa Ha HEro, PEKOMEHAYETCSl MPUMEHSTL B YaCTW, HE 3aTparvBaroLLei 3Ty CCbUIKY.

M3gaHne opuuynanbHoe
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3 TepMuHbI, onpeaeneHns N cokpalieHus

3.1 TepMuHbI 1 onpeaeneHns

B HacTodAwem cTaHgapTte npuMmeHeHbl TepMuHbl no TOCT P 52210, TOCT P 53731 u TOCT P 53801, a
Takke cneaywlime TEPMUHbI C COOTBETCTBYHLW UMY ONpeAe/IEHUAMU:
3.11

peKoHUrypupyemass nHtesnekTyasibHasd NOBEPXHOCTb; RIS: MporpamMmmupyemasi NnoBepxHOCTHas
CTPyKTypa, ucnonb3yemas ANs ynpaB/ieHWs OTpaXeHuem, npesioMmneHnem, (DOKYyCUPOBKOWM, KoAnMmaum-

en, MO,D.yﬂFILI,VIer/I, nornoweHnem 3N1eKTPoOMarHMTHbIX BOJIH NyTEM U3IMEHEHUA 3NEKTPUYECKNX N MarHUTHbIX
CBOWCTB NOBEPXHOCTMH.

[FOCT P 72111.1—2025, nyHkT 3.1.1]

3.1.2 aKTMBHas peKoHuUrypmpyemas UHTesI/IeKTyasibHass NOBEPXHOCTb; akTusHasa RIS: RIS, B ko-
TOPYI0 BCTPOEHbl 3HEPrOeMKMe pagmovyacToTHbIe CXeMbl M MocnefoBaTesibHble 6/10kM 06paboTKM CUTHANOB.

3.1.3 naccmBHasa pekoHUrypmpyemas MWHTes/leKTyaslbHasds MNMOBEPXHOCTb; naccumBHasa RIS: RIS,
JeicTBylollan Kak nacCMBHOe MeTan/nvyeckoe 3epkasio WM BOJSIHOBOW KO/JIEKTOP, KOTOPYH MOXHO 3amnpo-
rpamMMupoBaTh Ha M3MEHeHWe najatolero 3/1IeKTPOMarHMTHOro Noss Mo CBOEMY YCMOTPEHMUIO.

MpumevaHne — o cpaBHeHUO C akTMBHBLIMU RIS naccuBHble RIS, ka npasnio, COCTOAT U3 HEAOPOrMX U Npak-
TNYECKN NAacCUBHbIX 3/IEMEHTOB, He TPEOYIOLMX BblAENEHHbIX UCTOYHUKOB NMUTAHKA. VX CXeMbl U BCTPOEHHbIE JaTuvKA MO-
ryT MUTaTbLCA OT MOAysieli coopa SHEPruK, YTO NOTEHLMAIBHO Ae/aeT UX No-HACTOsLLEMY SHEPTETUYECKN HENTPasIbHbIMU.

3.1.4

nunoTt-curHanbl (pilots): CnyxebHble Hecyuwme B cocTaBe kagpa OFDM, npepHa3HayeHHble ana ka-
[OPOBON CUHXPOHM3ALMMW, YACTOTHOW CUHXPOHM3AUWW, BPEMEHHON CUHXPOHM3auUWK, OLEHWBaHUA KaHana,
naeHTUrKaumm pexuma nepegayn n KomneHcaunn asosoro wyma.

[FOCT P 55694—2013, nyHKT 3.24]

3.2 CokpaueHus

B HacToslWeM cTaHfapTe NPUMEHeHbl clefyoline CoKpaleHns:

BC — 6a3oBas cTtaHuus;

BY-uenb — BbliCOKOYACTOTHaA Lenb;

BLER — koadhdpuuymeHT owmbok 6510koB (block error rate);

CDS — korepeHTHasa cxema gemopaynsauum (coherent demodulation scheme);

CSI| — uHopmaymsa o coctosHum kaHana (channel status information);

DL — HanpaBneHue paguocurHana ot bC k aboHeHTy (downlink);

FR — pgmanasoH yacTtoT (frequency range);

InNF — mopenb kaHana «gabpuka B nomeweHun» (indoor factory);

INH — mMogenb kaHana «To4yka goctyna B nomeweHun» (indoor hotspot);

LOS — 3oHa npsamoii BugumocTu (line of sight);

MIMO — «MHOXECTBEHHbI1 BXOA, MHOXECTBEHHbI/i BbIXOA» — MeTof NPOCTPaAHCTBEHHO-BPEMEHHOIO
KOAWPOBaHMA C MHOXECTBOM aHTEHH Ha mepegayvyy U MHOXECTBOM aHTeHH Ha npuem (multiple input, multiple
output);

MU — mo6unbHbI nonb3oBaTtens (mobile user);

NCDS — HekorepeHTHas cxeMa gemoaynauum (non-coherent demodulation scheme);

NLOS — nuHus Henpsamoii BugumocTu (non-line of sight);

NR — TexHonorua paguogocTtyna ceTeil NATOro NokosieHus MobunbHoi cBsa3m 5G (new radio);

OFDM — MHOro4yactoTHas cxema MOAY/NALMW C OPTOrOHasIbHbIM YacTOTHbIM pacnpejesieHnemM Hecy-
wunx B nonoce kaHana sewaHus (orthogonal frequency-division multiplex-ing);

RIS — pekoHurypupyemasa nHtennekryanoHasa noBepxHocTb (Reconfigurable intelligent surfaces);

SINR — oTHoweHne curHan/wym n nutepdepeHymsa (signal interference and noise ratio);

SNR — oTHoweHune curHan/wym (signal to noise ratio);

TRP — Touyka npuema u nepepgayun gaHHbix (transmission and reception point);

UE — nonb3oBaTesnibckoe (aboHeHTckoe) o6opypoBaHue (user equipment);

UL — HanpaBneHue paguocurHana ot aboHeHTa Kk BC (uplink);
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Uma — mogenb kaHana «ropoAckoil Makpo», B KOTOpoii BC pacnosioXeHbl Bbllle YPOBHSA Kpblll OKpYXa-
lowmnx 3gaHuii (urban macro);

Umi — Mofesnb KaHana «ropoAcKoil MUKPO», B KOTOPO BC pacnosiokeHbl HUXE YPOBHSA KpbIW OKpYyXa-
IoWwmnx 3gaHuin (urban micro);

3GPP — napTHepckuii NpoekT No cuctemam TpeTbero nokoneHus (3-rd Generation Partnership Project);

5G — nAToe nokosnieHne 6ecnpoBOAHbIX CUCTEM CBA3MN.

4 Mopgenn KaHanoB

4.1 Ha3HaueHne n obLwme NpUHLMNbI MO4eNPOBaHNA KaHa/10B

Mogenu kaHasnoB npegHas3HayeHbl:

- ONS OCyLW,ecTBAEeHNA aHannsa CTPYKTYPHbIX 371eMeHToB RIS gna nx ncnonb3oBaHWsA B pagmnoceTsx U
yyeTta nomex;

- MCNO/Ib30BaHUSA MOAENN CBSA3U ANA OLEHKN NPOU3BOAUTENBHOCTM paanocetTn u oopmMmpoBaHns ad-
gekTnuBHOI RIS.

Mpn MoAennpoBaHMM KaHas/i0B yYMTbIBAOT AMana3oHbl YacToT U WMPKUHY nonockl RIS, a Takke komnpo-
MUCC MEXAY CMOXHOCTbI M TOYHOCTbK. Hanpumep, ecnv npu MoAennpoBaHWM KaHasoB Ha OCHOBE Tpaccu-
POBKM pajguoOCUrHasIOB paccmaTpuBaloT TOMIbKO OAWHOYHOE OTpaXeHue, TO MOAeNb CTaHOBUTCA npouie, HO
npu 3TOM yXyAllaeTcs TOYHOCTb. [lis pacyeta M MoAenvpoBaHus 605ee TOYHOM MOAENU C OTpaxeHuem 60-
Nlee BbICOKOr0O nopsijka Tpebyetcsa 3HauyuTe bHbIA Nepuos BpeMeHu. Hactoswmii ctaHgapT pacnpocTpaHaeT-
CA Ha MoAenun, B KOTOPbIX YYUTbIBAKT OAHO OTPaXeHUe Mexay NpueMHUKOM K nepepaTtymkoM oT ofaHoi RIS,
U MOAENN KacKafHbIX KaHaoB.

4.2 Mopfenu KaHasioB ANs1 pas/iINUHbIX CLEeHapueB NCMNO/Ib30BaHUsSI PEKOH(IUTIYPUPYEMbIX
WHTEN/IEKTYa/IbHbIX NOBEPXHOCTEN

Mogfenu KaHasioB pas/iMyHbIX CLeHapueB ncnosb3oBaHus RIS, KoTopble NPUMEHSAT ANsS MoAennposa-
HUSA KaXgoro yyacTtka kaHana (1. e. BC-RIS, RIS-UE u T. g.), npuBeeHsbl B Tabnuye 1.

Tabnuya 1— Mogenn KaHau0B, NMPUMEHSIEMbIE B CLIEHapUAX Mcnonb3osaHua RIS

o Mogenb Mogenb kaHana Mogenb Mogenb kaHana

CueHapuii UCNonb30BaHNA B YC/IOBUSAX ropoga xaHana BC-UE BEC-RIS xaHana RIS-UE RIS-RIS
MuHumMmnsaums notepb npu HaxoxgeHun UE B Uma/Umi Uma/Umi InH/InF Uma/ Umi/InH/InF
rMomeLLeHMN
RIS, ynpasnsemble UE Uma/Umi Uma/Umi LOS —
RIS B HenocpeaAcTBeHHOWN 6nmn3ocTn oT BC Uma/Umi LOS Uma/Umi Umi
PaclunpeHHoe nokpbiTue Uma/Umi Uma/Umi Uma/Umi Uma/Umi
B nomeLueHumn InH/InF InH/InF/LOS InH/InF/LOS InH/InF

4.3 Mogenu KaHa/loB C MOTEPSIMU MpPU PacnpocTpaHeHun paguocurHania

4.3.1 Mogenn KaHasioB C MNoTepaAMMU MNpu pacnpoCTpaHeHUn

4.3.1.1 Mopgenb KackagHoOro KkaHasna c noTepAMu nNpu pacnpocTpaHeHun pagunocurHana

MoTepn npu pacnpocTpaHeHun pagumocurHana B CBOOGOAHOM NPOCTPAHCTBE B KackaJHOM KaHane
(BC-RIS-UE) PL BbluncnsawT no cdopmyne, AeNCTBUTENbHOW ANA AanbHEro n 6aukHero nonen (npy 3Ttom
npegnonaraeTcs, 4to RIS nmeer M BN anemeHTOB)

64T1:3 1
PL - (1)
GtGrGdxdy X2

IF -=eee- JAn(gn,m+rn,m
jr yj'n.mEn,TQ v ‘—)L

T=1n=1 rn,mrn,m
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roe Gt Gr — koadhpuumeHTbl ycuneHunsa nepegatolLeid 1 NPUEMHON aHTEHHbI COOTBETCTBEHHO;
G — KO3(h(PUMUMEHT ycuneHnsa paccessHuss ogHoro asniemeHTta RIS;
dxn dy — wWwupuHa v gmMHa Kaxaoro anemeHTa RIS COOTBETCTBEHHO;

n :
R 7 paccTosiHUsi OT Kaxaoro anemeHTa RIS fo nepegaTtumka 1 NPUEMHUKA;

Fnm — 06'be/J|I/IH8HHa$| anarpamMmma HanpaBneHHOCTU U3ny4YyeHnAa MOLWLHOCTU nepegatynka, npueMHuka
n RIS;
MT — KoahpULMEHT OTpaxXeHUs Kaxaoro anemeHta RIS;

X — p[NvHa BOMHbI Hecyulel 4acToThl.
KoathpuumeHT ycuneHna paccesHusas ogHoro anemeHta RIS G BbluMCAAKT No hopmyne

G _ 4mcixdy 2

4.3.1.2 Mogenb kaHana B 6MXHEM MoNe ¢ NOTepsAMU MpU pacnpocTpaHeHun pagmocurHana

B 61MXHEM Mosie BAMSHMWE pPa3/InyHbIX 3/IEMEHTOB RIS mMoaenvpyloT HeE3aBUCMMO OT paccTosiHuiA 1 da-
30BbIX CABUIOB.

[Onsa nepepatumka v NpuemHUKa, KOTOpble HaxoaaTcs B 6awwkHem none RIS, npy mogennpoBaHuu no-
Tepb Ha pacnpocTpaHeHue pajuocurHasna UCnosb3ylT ABe pas/inyHble gunarpammbl oTpaxeHus RIS. Ecnu
KoahpuumneHTbl oTpaxeHUsa RIS HacTpoeHbl Ha nepepfayy cUrHanoB B 3aflaHHOM HanpaB/ieHUK, TO noTepwu
npu pacnpocTpaHeHUn paguocurHana B MoAenn kaHana B 6auxHem none PLlafrBbluncnsoT no popmyne

4n(cp +p)
GGr XA 3)

Pl-nf =
raoe A— MakcumanbHbld K03 huymeHT yeunenms anemenTa RIS;
dtn dr — pacctosiHne mMexay nepefaTymkom u LUeHTpom RIS.

Ecnu onTumanbHble KO3 uumneHTbl oTpaxeHns RIS ckoHduryprupoBaHbl 418 pOKyCMPOBKMA curHana B
npYemMHuKe, TO NOTEPU NPWU pacnpocTpaHeHun paguocurHana B Mofenn kaHana B 65vwxHem nosne PL Bbluunc-
nawT no dopmyne (npu atom npegnonaraetcsd, 4yto RIS nmeetr M mN annemeHTOB)

PL = 64n3 @)
yl'fnT
GtGrGdxdyX2A2 '
[TFIFLGmGm
4.3.1.3 Mopenb KaHana B gasnbHeM nose c NoTepsAMu npu pacnpocTpaHeHnn pagumocurHana

Ecnv nepegaTtyuuk HaxoAUTCA B fajibHell 30HEe OT MPUEMHMKa, TO chepuyeckass BoJiHa, reHepupyemas
nepefaTynkomM, annpoKCUMUPYETCS NJIOCKOW BOJIHOW Ha CTOPOHE NPUEMHMKA, NP 3TOM pasfinyHble 3/IEMEH-
Tol RIS MogenupytoT B egMHOM 06bekTe, a hasbl — OTAE/bHO. paHuubl AanbHero n 6awxHero nonei onpe-
LenawT kak pacctosHue ®payHrocgepa. B mogenu kaHana B ganbHeEM Mose, KOrga CUrHasbl, OTPaXeHHble
BCEMU 3neMeHTaMu RIS, BbIpOBHEHbI N0 hase ANA yBE/IMYEHUS MOLHOCTM NPUHUMAEMOro pajuocurHana,
notepu nNpu pacnpocTpaHeHun paguocurHana PL BblumcnswT no dopmyne (Npy 3Tom npegnosiaraeTcs, 4To
RIS nmeetr M mN anemeHTOB)

64n3(dtdr f
GtGrG (MJ1/)2 dxdyX2F (0f ) F (Or,®r) A2

roe F(Of, gf) — HopmManu3oBaHHaa fuarpamma HanpasB/IEHHOCTU Kaxaoro anemeHTta RIS B HanpaBneHuwu
nepegatunka, rge Of u ( npefcTaBAsAT Yroa MecTa M asuMyTasibHblil Yron B HanpasiaeHun oT
ueHTpa RIS Kk nepefartyuky;

F(Or, dr)— HOpmanun3oBaHHasa Auarpamma Hanpas/IeHHOCTU B Hanpas/ieHuu npuemHuka, roe Of u (pf
npeAcTaBAAT Yroa MecTa U a3uMyTasibHbliA Yroa B HanpaB/aeHUn oT LeHTpa RIS K npuemHuky.
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MepemeHHasa A oguHakoBasa Ans Bcex anemeHToB RIS.

4.4 2SMnupuyeckme mogenn KaHasios

Mcnonb3yloT ABe aMNupuyeckne Mogenun KaHanoB pacnpocTpaHeHus paguocurHana. B nepsoit mogenu
n3MepsT napaMmeTpbl KaHanoB 6e3 ncnonb3oBaHus RIS. Bo BTopoii mogenun RIS pa3sepTbiBalT B cpeje pac-
npocTpaHeHusa paguocurHana v U3MepsalT napaMmeTpbl KaHasioB Mexay nNpueMHUKOM W nepegartymkom. [Ans
CpaBHeEHUs 3TUX MofJesnell BblAENAT A4ONOMHUTENbHbIN napameTp Bo3AeincTena RIS 1 BBOAAT pacllVpeHHYo
mozesnb KaHana 3GPP, yuntoiBawowyto RIS. Mogenb kaHana 3GPP 5G NR ucnosb3yloT 414 yyeta notepb Ha
pacnpocTpaHeHue paguocurHana B kayecTBe 6a3oBoii mogenv 6e3 npumeHeHus RIS. Ha BTopom atane RIS
pasBopaymBalT BHYTPU U CHAPYXW MOMELLEHUA N YYNUTbIBAKOT AOMONHUTE/IbHbI KOMIMOHEHT, OTHOCALMNIACA K
Bo3geicTBuio RIS Ha mogenb kaHana.

Mogenb kaHana mexay nepefatymkoM v npuemHukom npu otcytcTBum RIS LT-R (f) BbiumcnsaoT no gpop-
myne

R ( (f fvi
: (0 SJ_rO-lO/ 1+ loQio {d)~Xa, 6)
A) v | 0))
roe d ~b+c — paccTtosiHue no NpsiMoli Mexay nepefaTymkom U MPUEMHUKOM;
bunc — pacctoaHna wmexay nepegaryMkom un ueHtpom RIS un ueHtpom RIS 1 npuemHukom

COOTBETCTBEHHO.

Mogenb kaHana Mmexay nepegatunkom v npueMHukom npu Hanuumm RIS llegR BbiuncnaoT no dpopmyne

UgR =IT-R + *ef +9(fo>leq'4eq'b,c), (7

roe ILRIfS notepu Ha otpaxeHue RIS, KOTOopble AO/MKHbLI ObITb U3BECTHLI NPU U3MEpPEHUN;
re

g(f0, leq, neq, b, ¢) BbluncAsAT No opmyne

f f
f-fn .
9"odeq " eqb,C* —10/eq 1+1eq logio (b +c). ®)

Ona oueHkn BnsaHuA RIS Ha napameTpbl paguoceTeil cHavana u3MepsioT napamMmeTpbl KaHanoB Npuemo-
nepegartymka npu otcytcteum RIS. 3atem pa3sepTtbiBalOT RIS 1 nsmepeHusa nostopsaT. CpaBHUTENNbHbIE pe-
3y/ibTatbl MNOTEPb NPU PacnpocTpaHeHnn pajnmocurHana A1 Hanpas/ieHHbIX PYNOPHbIX U TMOPUAHbBIX aHTEHH
Ha rnepejatyvke U BCeHanpaB/IEHHbIX aHTEHH Ha NMPUEMHUKe npusefeHbl B Tabnuuax 2 n 3 COOTBETCTBEHHO.

Ta6nuuya 2— MapaMeTpbl NOTEPL NPU PacNpPOCTPaHEHUN PaAMOCUTHAMA A1 HANPAB/IEHHbIX PYMOPHBIX U TMEPUAHBIX
aHTEeHH Ha nepefaTyvke

nizizpe:p InH B nometyeHnn (NLOS) UMi BHe nomelleHns (NLOS)
/ 2,15 2,20
a 6,68 ob 6,81 ob
n 0,01 0,01
W 17 1,6
‘leq 0,01 0,01
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Ta6nuya 3— MapameTpbl NOTEPL HA PACNPOCTPaHeHNe paavocUrHana 41l BceHanpas/ieHHbIX aHTEHH Ha NPUEMHIKE

MapameTp 1nH B nomeweHun (NLOS) UMi BHe nomelleHus (NLOS)
/ 2,31 2,28
o 6,79 nb 6,91 ab
n 0,01 0,01
q 1,78 1,70
Tlen 0,01 0,01

4.5 MHorony4deBble MOAesin KaHa10B

451 Mopgenwu KkaHas10B O/19 cpej C BbICOKMM paccesiHMeM B guanasoHe cy6-6 Ty,

B gnanasoHe cy6-6 Ty MHOrony4yeBoe pacnpocTpaHeHne MOAENUPYIT C UCNOb30BaHWeM cToxacTuye-
CKMUX MoAernel, yunTbiBalLWmMX paccemBatowyo (T. e. M130TPONHyto) cpegy. KaHan 3aMupaHus kaxaoro ckauvka
MOZLENNPYIOT C UCMOJIb30BAHMEM KOPPEeNMpoBaHHbIX Mogesell 3amupaHnsa Panesa nnu Paiica. B mogenu 3amu-
paHua Panesd ko3 UUMEHTbI BEKTOPOB KaHasi0B ABAAKTCA KOMMIEKCHbIMU rayCCOBbIMU CAyYalHbIMWU BeNu-
YnMHamm co cpegHuM 3HaveHunem 0 n KoBapuaumoHHol matpuuei dxdy[iR, rae dxdy — pasmep anemeHTa RIS,
aj — cpefHee 3aTyxaHWe MHTEHCUBHOCTU. D/IeMeHT (1, T) NPOCTPaHCTBEHHOI KOppensauMoHHoli maTpuubl R
BbIYMCNAT No hopmyne

|/| — sine ©)

roe un— MecTonosioxeHue Nn-ro anemeHta RIS.
Mogenu 3amupaHnsa Palica nogpasgensioT Ha MynbTUNAINKATUBHbIE N aaUTUBHbBIE.
MynbTunaMkaTuBHbIE MOLENU YYUTLIBAKOT B IMHUAX MexXay nepegatynkoMm u RIS, mexay RIS n npnem-
HUKOM. MyNbTUNANKATUBHYIO MOAE/Ib CKBO3HOrO KaHana H BblumcnsaT no opmyne

H = HDIR + HINDIR- (10)

rae HD|IR — npsimoi kaHan;
Hindir — HenpsMoi kaHan, B KOTOPOM Y4YMTbiBaOT BAUSAHWE RIS 1 BbIMMCAAIOT NO hopmyne

HINDIR =>/PINIDIRH2/r (e) HI> n)

roe H1— martpuuya KkaHana ot nepepgartyvka o RIS;
H2 — martpuuya kaHana oT RIS o npuemHuKa;
F — anarpamma, mogenwvpyowas oTknuk RIS.

MpepnonaraeTcs, 4To 06a kaHana H1u H2 cnepyoT pacnpegeneHuto Paiica, KoTopoe Bk/OYaeT B cebs
NPOCTPAHCTBEHHY KOppPensayuio.

B agAnTUBHBIX MOAENsX MHOro/ly4yeBOoe pacrnpocTpaHeHue OT OKpyXallux paccemBaTesieil yuynTbiBa-
0T NYyTEM Mcnosb3oBaHuA RIS Kak AONOSIHUTENbHbLIX paccenBaTesnieil ¢ UM POBLIM ynpaBieHUeEM, NpU 3TOM
ahPeKTbl paccessHUs BTOPOro nopsiaka UrHopupyTt. AGAUTUBHYH Mofenb kaHana H c ucnonb3oBaHnem RIS
BblUMCAAKT N0 hopmyne

i _ 1jFS 1jFS +HMPC

M - MDIR + MINDIR (12)
rfle HDIR MHOr0/ly4eBO€e pacrnpocTpaHeHne pagumocurHana B cBO604HOM NPOCTpaHCTBE;
MRbIR MHOTO/ly4eBOE pacnpocTpaHeHne paguocurHana B CBOGOAHOM MPOCTPAHCTBE, OTPAXEHHOro

RIS;

LIMPC MHOr0/ly4eBOE pacnpocTpaHeHne pagnmocurHana, KoTopoe MOXHO CMOLENMPOBaTb C NMOMOLLbIO
CTaHAAapTHbLIX MOAenel KaHasoB.
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45.2 KnacTepHble MOAENN KaHa/10B A/19 cpef C BbICOKMM paccesHneM B gmanasoHe cy6-6 Ty,

MHoronyyeBoi kaHan RIS mogenupyoT ¢ UCNO/Ib30BaHWEM KacTepHOro metoga. B cueHapum ganbHe-
ro nons, B KOTOpoM KaHanbl BC-RIS n RIS-UE ucnonbaywoT knactepbl C (KaxXAablil KnacTep cCO4epXuT S nyyei),
KnacTepHyl Modenb kaHana h BbluncnswT no popmyne

Cc
* =11 a(®C,8>¢c,5)’ (13)

roe a(Ocs, @C5) — BekTOp OoTkAuKa peweTkn RIS gna yrna asumyta $C8u yrna mecta 0CS;

Ge— anarpamma HanpaB/IeHHOCTU aHTeHHoro anemeHTa RIS;

Pc— mowHOCTbL KaXaoro knacrepa;

PL— KOMMOHEHT NoTepb pacnpocTpaHeHns pajuocurHana;

®C5— cnyualiHaa hasa kaxgoro paguonyda (c, s).
MyTb nepBoOro knacrtepa paccMmaTtpmBaroT kak Nyt LOS, m KOMNOHEHT mowHocTM LOS pob6aBnsawT K

Pc. B cueHapuu 6nvkHero nons moAenupyrT kaHanbl LOS. KaHan BC-UE moaenvpyloT aHasiormyHo KaHany
B fa/ibHeM nosie 6e3 yyeTa YIr/10B U3NyyeHuUs un npuema. KnactepHyiw mogens kaHana hBU BblumcnswT no
dopmyne

hBY (14)

453 KnactepHble mofenu KaHa/loB AN cpepj C BbICOKMM paccessHMeM B BbICOKOYACTOTHbIX
AnanasoHax

Ecnn RIS pacnonoxeHa goctatodHo ganeko oT BC/UE, To knacTepbl U paguonydm Aas nyteil kaHa-
nos BC-RIS, RIS-UE n BC-UE mogenupytT oTaensHo. Ecan RIS pacnonoxeHa 61u3ko k UE, To knacTepsbl
n paguonyunm mogenupyrTt anga kaHanos BC-RIS. Ecnu kaHanbl BC-RIS n RIS-UE npumeHsawT knactepbl C
(KaxabliA KnacTep coaepXuTt S paauonydeit), To mogenb kaHana h BblunMcnaT no dopmyne

C SC  mmmmmmmmmmmmees
A = YXIS Pc,Sy”e (®c,s>(Pc,s)Ma (®c,S' (Pc,s) + NLOS > M
c=1s=1 v !
roe y — KoathduumneHT HopManunsaumu;
Pcs — KoMNnekcHoe ycuieHne raycCcoBCKOro pacnpefeneHHoro nyTtu;
L — noTepu npu pacnpocTpaHeHUn paguocurHana.
KomnoHeHT kaHana LOS hLOS BbluncnsaT no popmyne

ALOS = e''IAGe (OLOS>(PLOs)/-a (0LOS' (PLOs)> (16)

roe 1 — cnyvaiiHblit ha3oBbIi YNeH.
Tpaektopusa kaHana BC-UE moxeT 6bITb CMOAENMPOBaHa aHanorM4yHbIM o6pa3om, 6e3 yyeta yrnoB m3-
nyyeHun. KnactepHyto mogenb kaHana hBU BbluMcnaoT no chopmyne

BY
hBU LOS-

c=1s=1 (17)
B kauecTBe 06Uleli MOAENN KNacTepHbIX KaHaN0B UCMONb3YT Moaens Canexa-BaneHcyanbl.

4.6 Mopgenu kaHa/l0B MHOTOMOZOBbIX Mepeunssiy4yeHuit

B 3aBMCMMOCTM OT KOH(Urypaumm RIS MoXeT nepeusnyyatb HECKOSIbKO PaAMOCUIHANOB NajaroLero
3N1eKTPOMArHUTHOTO M3NydyeHus. MNepeunsnydyeHHble paccesiHHble cUrHanbl B 6ecnpoBOAHON CBA3U cuMTaloT

7
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nomexamu (HexenatenbHbIMKU 3chhekTamm). Mogenb kaHana € ykasaHHbIMK cBolcTBaMu (X', y') BblUMCAAOT
no cpopmyne

rx'Y)y=z mn=RHmM AmM(x"y)exp(y*n(x"y"), (18)

rge Th— MOLWLHOCTb CUTHasia paccessHHOl N-ii mogpbl;
AT n XTN— KO3 PurLUMEHTbI, KOTOpble onpeaenstoT ha3oByd MOAYAALNIO ANA KaXKLON pacCesiHHOW MoAbl.
Ecnu paccesiHHble BOJHbl ABAAIOTCA NOCKUMU BOMHaMU, TO AT ABNAETCS NOCTOAHHbIM Y/1I€HOM, KOTO-
pbii 04MHAKOB ANSA Kaxaoro anemeHTa RIS.

Ha ocHoBe 3TOli MHOrOMOAOBOII MOAENN MepensnyydeHnin paccesiHHoe 3MeKTPOMarHUTHoe Mu3nydyeHue
En(P) BbluncnaoT no gpopmyne

g Ikr” -jkr" r
£« (p): A sris Kr" Lf” (i mHa (x.y ™) -f SRS  kr' L (Ea(x',y"))-n* ds, (19)
rae
(P, (20)
Ha(P')="~"H-,(P"), (21)
npu 3TOM
E.(P)=W ETP'H , 22)

H,4u(P) =n-(H,(P")-n), (23)

roe Erv Hy— napjatouiue afekTpuyeckue U MarHuTHble MONS.
CxeMa MHOIOMOJ0BOro NepeusfiyueHusi npuBefeHa Ha pucyHke 1.

PucyHok 1— CxemMa MHOromMoZOBOro nepenssnyyeHns
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4.7 Mogenun KaHasloB MHTepPgEePeHLMN U HeXenaTebHbIX NepensnyyeHunii

4.7.1 BO3HMKHOBEHNE MHTEP(EPEHLUN N HEXeNnaTelbHbIX NEPEN3yyYeHnn
4.7.1.1 O6wume NoaoxeHms
Mpn ncnonb3oBaHun RIS nHTepdepeHumsa (nomexa) cosgaeTcs:

camoin RIS n3-3a ee BHYTpPEHHeli CTPYKTYpbl;

apyrumn RIS B paguoceTtu;

ofHOI onepaTopckoii RIS;

HECKO/IbKMMMN 6ecnpoBOfHbIMU CETAMMU CBSA3M pasHbIX ONepaTopos;
npu nNpocnylwmnsBaHnn ansa obecneyeHms 6e30MacHOCTM pajnoCBA3N.

4.7.1.2 TloMexu OT BHYTPUMOMOCHbIX NEPEN3ydYeHnin
B 6ecnpoBogHbix ceTax 6e3 RIS BO3HMKAKT BHYTPUNO/IOCHbIE NOMEXM CreAylLWwnx TUMNOB:

MHOTronosib3oBaTesibCKne noMexu,;
MHOIoCcoTOBbl€ NMOMEXWU.

BHeapeHue RIS B 6ecnpoBOAHY0 CeTb BAUSET Ha KaHa/n pacnpocTpaHeHus pajguocurHana mexay nepe-
JaTynkKoM W© ero uenesbiM MPUEeMHUKOM. B HacToswem nofpasfesie onucaHo pacnpocTpaHeHue noMex B
kaHane c RIS.

Ha pucyHke 2 nokasaHa CBA3b MexAy nepegatynMkom U ueneBbiM NPUEMHUKOM, a TakKe UCKYCCTBEHHble
KaHanbl pacnpocTpaHeHus nomex B 6ecnpoBofHoi cetn ¢ RIS.

MNepepatuunk

PacceuBartenb

MpremMHunK nomex
PacceunBaTtesib

Llenesoii npuemMHuk

Tunbl nyTeli pacnpocTpaHeHms: EcTecTBeHHbIN VICKyCcCTBEHHbIN

YXenatenbHblii: EEEN

PucyHok 2 — CBa3b Mexay nepefaryvkoM U1 LenesbiM NPUeMHUKOM, a TakXe UCKYCCTBEHHbIe KaHaslbl pacnpocTpaHeHus

nomex B 6ecnpoBogHoi cetn ¢ RIS

Ha pucyHke 2 nokasaH NpMeMHUK NMOMEX, PacnO/IOXEHHbI MexXay nepefaTynkom v LefeBbiM NMPUeMHH-
KOM. [JaHHbI cueHapuini onucbiBaeT MHOIOMO/Ib30BATE/IbLCKYIO Nepegayvyy B 6€CnpoBOAHON CeTu CBA3M, Koraa
nepepaTtunk ogHOBPEMEHHO 06CAYyXUBaAET ABa NpUeMHMKa (B MHOromnonb30BaTelbCKON KOHUrypauum), npu
3ToM RIS HacTpoeHa Ha UefieBoit NpUeMHUK ANs 3aWnuTbl OT NOMb30BATENLCKMX NOMeX. Takoli Xe cueHapuii

MOXeT

NMpoOu30iT B MHOTOCOTOBOW KOH(Urypauum 6ecnpoBOAHOW CETU CBA3W, KOrfa paccMaTpuBaeMblii ne-

pefaTunk 06CnyXunBaeT LenNeBo NPUEMHUK, a MPUEMHUK C MoMexamMu 06CcnyxumBaeTca ApYyrMM nepefaTtymkom
(He NnpeAcCTaBNEHHOM Ha PUCYHKe 2), KOTOPbI/i HAXO4UTCS B 30HE NOKPbITUSA (Kak npaBwuio, Ha rpaHuue) nepeo-
ro nepegartuyvka. B aTux cueHapmusax pacCMOTPEHbI TO/IbKO HeXenaTesibHble NepensnyvyeHus, obpasyembie oT
RIS BHYTpn ee nonocbl 4yacTtorT.
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PurcyHok 2 nnnoctpupyeT cueHapuii, B KOTOpoM RIS HacTpoeHa Ha o6cnyxuBaHue LeNeBoro npuem-
HUKa 1 co3faeT HEeCKONIbKO A0MNO/IHUTE IbHbIX BPEMEHHbIX NCKYCCTBEHHbLIX KaHa/iI0B pacnpocTpaHeHna pagmno-
curHana mMexagy nepepatymkoMm U NPUEMHUKOM C noMexamu. OTW KaHasbl NOTeHUManbHO MOTYT Bbi3blBaTb
BHYTPUNONOCHbIE NEepen3nyyeHna paguocurHana, Kotopble npegHasHavyeHbl TO/IbKO A1 LesieBOro npueMHu-
Ka, a He Ana npuemMHuka ¢ nomexamun. RIS po6asnset B 06LYy0 NOMeEXY, NPUHATYI0 MPUEMHUKOM C NoMexamu,
noMexm OT OGOKOBbLIX SIEMECTKOB OTpPaXeHHoro paguonyda RIS. B 3aBucMMOCTM OT cTeneHn yyactusa RIS B
paguoceTn BansHWe RIS MOXeT nMeTb HexenaTtesnibHoe Bo3geicTBune, ecnm RIS pob6aBnaeTt nomexy K obuiei
nomexe n3-3a eCTeCTBEHHbIX KaHa/0B pacnpoCcTpaHeHUa pagnoCcuUrHanoB Mexay nepegatymkom v NpuemMHu-
KOM C noMexamu, unm xenaemoe Bo3geicTene, korga RIS ymeHbwaeT o6uy0 nomMmexy Mexay nepegatynkom
U NPUEMHMKOM C MOMEexaMu, T. €. HakK/lagblBaeTCa OrpaHUYeHne Ha HexenaTesbHbli NyTb pacnpocTpaHeHus
paguocurHana. Ha npaktuke 370 MOXeT ObiTb OAHOCKAYKOBbIA KaHan (0T nepejarynmka K NpUeMHUKY yepe3s
OAMH 3n1ieMeHT RIS) naM MHOrockaykoBbll KaHan (T. €. NpoOXoAsaWniA yepes oguH anemMmeHT RIS n oguH nam He-
CKONIbKO pacceunBaTesiei).

4.7.1.3 HexenaTtenbHble nepeunsniyyeHus (Heoxupgaembie/HeperynsapHbie/NPepbIBUCTbIE BO BPEMEHMU
BHENOJIOCHbIE MEepensnyvyeHus)

Ha pucyHke 3 noka3aHbl UCKYCCTBEHHbIE KaHaslbl pacnpocTpaHeHns NoMex B 6ecnpoBOAHbLIX CETSX CBSA-
31, B KOTOPbIX Ucnosnb3oBaHa RIS arpeccopa.

MepenaTunkKepTBbI

N EcTecTBeHHbI VckycCTBEHHb I
Tvin MyTV pacnpoCTpaHeHus: JKenaresibHbIin

HexxenarenbHbil >

PrcyHok 3 — VcKycCTBEHHbIE KaHaslbl pacrnpocTpaHeHrs noMex B 6ecnpoBOHbIX CETAX CBA3W, B KOTOPbIX
mcnonb3oBaHa RIS arpeccopa

Ha pucyHke 3 a) npuBegeH npumep 6ecnpoBOAHON CeTu CBA3N (KepPTBbl), B KOTOPON MPUEMHUK 1 nepe-
JaTuuK XepTBbl NOABEPralTCA aTake CO CTOPOHbI 3/10YMbILIEHHKA (arpeccopa), UCnosib3ytowero Ans aTux
uenein RIS, He KOHTPONMPYEMYIO XEPTBOIA.

Ha pucyHke 3 6) nokasaHa cCxema HeXefnaTes/IbHOro BHEMOJ/IOCHOr0 NnepensniyyeHuns, Ha KOTOPOM mnpwu-
BefleHbl TO/IbKO HeXesaTesibHble nepensnyyeHns BHe nonockl RIS arpeccopa.

Ha pucyHke 3 nokasaH cueHapuii, B KOTOpoM RIS xepTBbl HacTpoeHa Ha 06CcnyXnBaHne LeseBoro npu-
eMHUKa WU co3faeT HEeCKO/IbKO AOMONHUTEsIbHbIX BPEMEHHBLIX WCKYCCTBEHHbIX KaHas/ioB pacnpocTpaHeHus
pagumocurHasos mexay nepegatynMkom U NMPUEMHUKOM, Ha KOTOPbIV BO3AENCTBYOT nomexu. B 3aBucumocTtu
OT MHopmMauun o KoHdurypauum RIS arpeccopa, KOTOpyl MMeeT o060opyfoBaHWe XepTBbl, 3TW KaHasbl MO-
ryT NOTEHUMAaNbHO Bbi3blBaTb HenpeacKkasyeMble NpepbIBUCTbIE BPEMEHHbLIE U3MEHEHUSA pPaguMoCUrHaNOoB npu
X pacnpocTpaHeHun Mexay nepefaTtyvMkomMm M NpUEMHUKOM XepTBbl, Korga RIS nepeHacTpanBaeTca B COOT-
BETCTBMU C TpebOoBaHNAMM LENeBoro npuemMHuka. B oTanumne ot BHYTPUMNOIOCHbLIX NEPensnyvyeHnii onepaTtop
6ecnpoBOAHON CeTu CBA3U (KepTBa) M ero NPUeMHUK He MOTyT npeAckas3aTb nepeHacTpoliky RIS arpeccopa.
YXyfLlweHne npefckasyeMocT KaHana pacnpocTpaHeHus paguocurHanos yxygllaeT MexaHusmbl agantaunm

10
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K U3MEHSIIOWMMCS YC/IOBUSIM B GeCcnpoBOAHOl ceTu cBA3W. BecnpoBogHas ceTb CBA3W arpeccopa MNoTeHUWU-
anbHO co3faeT HexenaTefbHble NepensnyyeHns. [ONs orpaHNyYeHnss Takux nepeussiydyeHunii cnegyet hopmu-
poBaTb KaHasbl C OAHWM CKaykoM (OT nepepaTuymka K NPUEeMHUKY yepes OAUH aneMeHT RIS) unm ¢ Heckonbku-
MW cKaukamu (T. e. npoxoAsuiMe yepes oAuH anemeHT RIS 1 oguH UM HECKONbKO pacceunBaTeneit).

4.7.2 XapaKTepUCTUKN NHTEPIEPEHLUN N HEXeNnaTe/lbHbIX MepensnyvyeHui

4.7.2.1 O6WMe nonoxeHus
MoOLWHOCTb CUrHaNa n nomex B 6ecnpoBOAHbIX CETAX CBSA3M C UCNosb3oBaHMeM RIS mogenupyloT no
CUEHapuio, MOKasaHHOMY Ha pucyHke 4.

RIS1 &,

BC1
UEL

BC2
UE2

D1 n d2— koadhduumeHTbl oTpakeHns RIS1 n RIS2 cooTBeTcTBEHHO; hn , /712, JI21, 222 — KaHanbl MeXay Kaxaoi napoit BC n RIS; glv
012’ 921' b2 — kaHasbl mexay RIS v UE; In, /12, 21, /2 — kaHasibl mexay BC n UE 6e3 RIS

PucyHok 4 — CueHapwii ©cnosib30BaHUs ABYX KaHas10B CBS3N C AByMs RIS

Ha pucyHke 4 npuBegeHbl ABa kaHana BC1-11E1 n 5C2-UE2, opraHu3oBaHHble ¢ nomouwbio RIS. 3d-
gekTbl hopmumpoBaHusa nydya bC n UE mHTerpupoBaHbl B KaHasbl 4Ns yNpoLweHns 3anncu.

OcHOBbIBasAiCb Ha MOAENW Y3KOMOJIOCHOIO KaHana, MOLWHOCTb npuHMMaemoro paguocurHana UELl S1
BblUMCNAOT No hopmyne

51=P + [71202921 + "yl> (24)

roe P1— mowHocTb nepegaun BC1.
OcHOBbIBasACb Ha MOAENW Y3KOMOJIOCHOIO KaHana, MOLWHOCTb MpuHMUMaemoro paguocurHana UE2 S2
BblUMCAAT No chopmyne

52 % AQIA1ININLD + A22AQNA2D + AQDN (25)

roe P2— mowHocTb nepegaun BC2.
O6wumre nomexn /1un /2 gna xkaxgoro UE BblYMCASAT No hopmyniam:

/Il = P21/21NINLL + N22M2A2A + AN (2®)
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12 - P11%y ®-|9,12 + A12/2/22 + A12I2- (27)

Onsa kaxpgoro UE nomexu cospgatoT RIS, HaCTpOEHHOW Ha TeKywuit kaHan, NnocTOpoHHUMK RIS nnun 6e3
RIS.

4.7.2.2 Tomexu, reHepupyemble RIS

CurHanbel nomex, reHepupyemble RIS1 B UE1l (cM. pucyHOK 4), npeAcTaBnsaOT Kak h21®§g”; cur-
Hasnbl nomex, reHepupyembie RIS2 B UE2, — /712 2 A22- Momexn Takke MOryT reHepupoBaTbCs, Korga

CUrHasbl nepejarymka OTpaxatTCs Ha HECKONLKO NPUEMHUKOB B peXVWMe MHOrOMOOBOIO fnepeunsnyyeHus.
4.7.2.3 Tomexun, reHepupyemMble NOCTOPOHHUMU RIS
CurHanbl nomex, reHepupyemble RIS2 B UE1 (cm. pucyHok 4), NnpeacTaBnsaioT Kak h22®2 n21; cur”
Hanbl nomex, reHepupyemble RIS1 B UE2, — h~ ®1g12. SNR gns UE1 n UE2 npeactaBnsatoT kak SNR1=
= SUN| n SNR2=S2//V2. SINR gns UE1l n UE2 npeactaBnstoT kak SINR1= SVY(A/1+/.) n SINR2 = S2/(N2+ /2).
CkopocTb AByx kaHanoB BC-UE ¢ RIS C1u C2BbluncnsaoT no oopmynam:

c1=Blog2(1 + SINR.,), (28)

C2 =B 10m2(1 + SINR2). (29)

4.7.2.4 MopgenupoBaHue cuUrHanoB M NMOMEX B CLeHapusax ncnosb3oBaHua RIS B 6ecnpoBOAHbIX
O[IHOTO onepaTopa U HECKOJIbKUX onepaTtopos

MogenupoBaHne CUrHanoB M NOMEX B CLEeHapusaxX Mcnosb3oBaHua RIS B 6€CnpoBOAHbIX CETAX OAHOrO
onepaTtopa ¥ HEeCKO/NIbKUX OMepaTopoB OT/IMYaeTCsa M3-3a pasHoi koopAauHauuwn. Ecnu gBa kaHana ynpasnsi-
I0TCA O4HUM onepaTopoM, TOo paboTa nepegatyukoB U RIS gomkHa 6bITb ONTUMU3MPOBAHA AN1A CHUXEHUSA
NoOTEeHUManbHbIX NOMEX M onTMMmM3auumn obuiein NponyckHoin cnocobHocTh. KoapduumeHTsl oTpaxeHua RIS
®1un ©2BbIUMCAAT NO opmyne

{®-),#2} = arg max Gj + C2.
¢, a2

(30)

Ecnu kaHan He 3annaHMpoBaH B KakoM-TO Kafpe, a RIS He HacTpoeHsbl, To RIS A0/MKHbI 6bITb BPpEMEHHO
OTK/IIOYEHbI AN1A YMEHbLIeHNsA nomex. Ansa onTumusauumn paboTtbl nepefatunkos u RIS Tpebyetca coBmecTHoe
MCnonb3oBaHue kaHanoB 1 MHopmaunm RIS mexay sueikamu.

B cueHapuu ncnosb3oBaHua RIS B 6ecnpOBOAHbLIX CETAX HECKO/IbKMX onepaTtopoB RIS gomkHa 6bITb
ONTUMM3NpPOBaHa OTAENbLHO OT KaHana. B atom cnydae koadpdpuymeHTol oTpaxeHns RIS ®1un d2 BbluncnsaoT
no cpopmynam:

®1=argmaxP| |?11¢ 1a11 +--,1 31)

2
®2 =argmax P2 2202122 + /22| . A

Mpu ontumusaynm ® 1He yunteiBaroT curHanbl kaHana BC1-UEL1l mn oTpaxeHHOro RIS2 curHana, tak kak
OHM MOTYT OKa3aTb AeCTPYKTUBHOE B/INSHME HA MOLLHOCTb MPUHUMAaeEMOro paguocurHana. CnegyeT yYuThbl-
BaTb, YTO B CLeHapuu ncnonb3oBaHusa RIS B 6ecnpoBOAHbIX CETAX HECKOSIbLKMX ONepaTopoB NoMexu He MoryT
ObITb MUHUMU3NPOBAHbLI MyTEM HaCTPOIiKM KOHQuUrypauum RIS.

4.7.2.5 TMpocnywwnBaHme ana obecnevyeHus 6e3o0nacHOCTU pagmMoCcBA3N

Kak nokazaHOo Ha pucyHke 5, npu npocnywuBaHuu ans obecneveHnss 6esonacHocTu paguocessn RIS
NCMNONb3YIT ANA NONYYEHUA CUTHANOB, OTNpaB/ieHHbIX uenesomy UE 6e3 npsamoii cBasm ¢ BC.

12
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hs — kaHan ot BC Kk RIS, ®5 — koadhuumeHTbl oTpaxeHus RIS; aE n gs — kaHanbl oT RIS k UE ansa npocnywmBaHusa u uenesomy UE
COOTBETCTBEHHO; /5 — kaHan ot BC go UE

PucyHok 5 — lMpocnywmrBaHne curHana ot RIS

Mcnonb3ya Mofenb Y3KOMOJIOCHOIO KaHasia, CKOpocTb B kaHase, obecneunsaemom RIS mexay BC wu
uenesbim UE, Cs BbluncnswT no popmyne

Cs = Blog2 1+ Fsl/%Qsgs +7| (33)

nic

roe B — wwupunHa nonockl cUCTeMBbI;
Ps — mowHocTb nepegauu;

Ns — mowHocTh wyma uenesoro UE.
CkopocTb B KaHane oT RIS k UE gna npocnywusannsa CE BbIYMCNAIOT No oopmyne

2 AN
CE—B\og2 1 -
N. (34)

roe Ne — mowHocTb wyma UE gns npocnywunsaHus.
4.7.3 [JecTpyKTuBHOe hopMupoOBaHMEe paguosy4ya
RIS MOXeT CHMXaTb MOLLHOCTb NOMIE3HOrO curHana. faHHblii adhekT aBnaeTca 4ecTPyKTUBHON cnocob-

HOCTbIO RIS K chopmmnpoBaHuto paguonyya. [ecTpykTUBHbIA adhhekT ddopMMpoBaHMS paguonyda BO3HMKaeT
B pe3ysbTare:

- HenpaBW/bHOWN KOHurypauum RIS;

- ynpaBneHus RIS 310yMbIlLNEHHUKOM;

- nogassieHuns, nNpy HeobxoAUMOCTHU, pagnocurHana ¢ nomoubio RIS.

MoTeHuMan AeCTPYKTMBHOIO hopMupoBaHUA pagmosiydya OLEeHMBAKT N0 3HAYEHWUI0 BEpPXHEen rpaHuubl
Ana 6ecnpoBOAHbIX CETE C OAHOAHTEHHbIM NepefaTyMkom 7%, 04HOaHTeHHbIM npuemMHukoMm RX n RIS, cocTo-
auwen n3 N oTpaxalwmx aneMeHToB. NoTeHuman ecTPYKTUBHOIO OpMMpPOBaHMS paguonyya onpegenstor
ansa kaHanos UL n DL c eanHbiM MOPTOM aHTEHHbl kak Ans TX, Tak u gna Rx. HexenartenoHoe Bo3AeicTBue
oLeH/BaeTCcAa B 3aABAAEeMOM nojauanasoHe. Ecnu kaHan ABNAETCA YaCTOTHO-CENEeKTUBHbLIM, TO AECTPYKTUB-
HbIl 3d)DEeKT CHMKAeTCA Y BEPXHEN 4AaCTOTHON rpaHuLbl.

B naHHOM nogavana3oHe YpoBeHb CUTHasia y BbIYUCASAT No popmyne

hd + T .hke k9k S* ™ (35)
K

roe hd — komnoHeHT kaHana Tx-RX, nayuwunii mmmo ynpasnsiemoli RIS;
K — Homep oTpaxatwuero anemeHta RIS;

13
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hk — koMnoHeHT kaHana ot Tx fo K-ro anemeHta RIS;

®K — KoathpuumeHT casura asbl K-ro anemeHTta RIS;
OK — KOMMOHEHT KaHasna oT /c-ro anemeHTa RIS go Rx;
S — YpOBeHb CUTrHana 7x;

n— Koap(puMuUMeHT Wwyma.
Ycunenne curHana B kaHane P(0) BbluMcAaT no popmyne

P(0) = (36)

Mpn BbIMOMTHEHUN YKa3aHHbIX YCN0BUI AECTPYKTUBHBIA adhpekT popmumpoBaHua paguosnyda RIS muHn-
MU3NPYETCS COrTacHO BblPaXKeHUIo

'd+IX®*9I< moin- (37)
K

BepxHAsA rpaHuua guanasoHa ABASETCSA NpakTUYeCcKn HefOCTUXMMON, MOCKOJIbKY AN 3TOro Tpebyetcs
yunTbiBaTh B MONIHOM 06beMe napameTpbl kaHanoB RX—RIS n Tx—RIS. Mpu oTcyTcTBUM afanTuBHOro cop-
MUpOBaHUA pajunonyya u 6113Koro pacnosiokeHns RIS n npueMHuUKa BbINOJSIHAETCHA COOTHOLWEHne

A*min) > _  2NA
*NoRIS Admjn (38)
rfle PnoR\S KO3 PULUMEHT ycuneHna kaHana, nayuero mmmo RIS;
N yncno anemeHToB RIS;
A ahhekTnBHAA nnowasb eANHUYHOTO KoadhhuumeHTa oTpaxeHus RIS;

X ONIVHa BOJHbI;

ri  Tx- RIS

Urmin MUHMManbHas ANUHA NyTW pacnpocTpaHeHus paguonyda ot Tx o Rx.

4.7.4 Mopgesnb KaHana rnpu HeCOOTBETCTBUU MH(poOpMaLUM O COCTOAHUM KaHana npu nHtepdepeH-
LUN N HexenaTesibHbIX NepensiyyeHunsax

B HacToswem cTaHgapTe yCTaHOB/IEH MeTo MOAeNupoBaHWsA BO3LENCTBUA HexenaTesibHbIX nepens-
NyyeHun (HeoxXunaaHHble/HeperynspHoie/NpepbIBUCTbIE BO BPEMEHN BHEMNOMNOCHbIE NEPEN3NyyYeHus) Ha agan-
Tauul 3aMKHYTOro KOHTypa CBSA3WU.

Apantaumsa 3aMKHYTOro KOHTypa cBA3u 3aBucuT oT CSl, aganTuBHOro )opmMupoBaHuWs pajmnonyya,
afanTUBHON MOAYNAUUKU, KOAUPOBAHUA WU T. 4.

Ha pucyHke 6 npuBefeHa MoAenb kaHana npu HecooTBeTcTBUM CSI| BCcneacTBre M3MEHSAKLWMXCA BO
BpeMeHN HexXenatesibHbIX nepem3nyquvn7|

Ha pucyHke 6 npusefeHa Mofesib, yunTbiBaloWwasa BPEMEHHble M3MEHEHUs KaHana pacnpocTpaHeHus
paguocurHana B KaHasie XepTBbl, KOTOPbI/A NojBepraetcs BO3AENCTBUID HeXenaTesbHbIX NepenssiyyeHuit,
afanTUpyemMoro 3amMkHyTbIM KOHTYPOM CBSi3W. BpeMeHHOe M3MeHeHMe HexenaTesibHOro kaHana, T. e. kaHana,
nepensnyyaemoro ¢ nomouwbto RIS n pacceunBatensamu, 3aBUCUT OT HENPEPLIBHOIO U3MEHEHUS paccensBaTe-
nein N pQUCKPEeTHOro uaMeHeHus coctosHua RIS. CrnepoBaTefnibHO, BPEMEHHOE WM3MEHEHUE HeXenaTesibHOro
KaHana oT/MyaeTcss OT BPEMEHHOIO W3MEHEHUS HOPMajsibHOTO0 KaHajna pacnpocTpaHeHMs paguocurHana u
HapywaeT HenpepbIBHOCTb BPEMEHHOIO M3MeHeHusa obLero kaHana.

Ha pucyHke 6 a) npuBefeHO cneaylouiee:

- B MOMEHT BpeMeHu t npuemMHuK oueHusaeT Tekywmnii CSI CSI(t), rae CSI(t) — Tekywmii kaHan iH(t), Ha
KOTOPbI OKa3blBalOT BO3AENCTBUA HexenaTesibHble NnepensnyvyeHuns;

- \H(t) yuuTbiBaeT HexenaTtesbHble KaHanbl pacrnpocTpaHeHus paguocurHanos U(t) mexay nepegatum-
KOM 1 npuemHukom 6e3 RIS;

- U(t) asnsetca dyHkumnenn C(t), T. e. koHduUrypaumeii HexenatensHol RIS.

14



C{/): Kordwmrypawys
RIS

" v

H | U(t): HexenaTenbHbI nyTb
B - -..Jr pacnpoctpaHeHus

[ 2) CSI(f) nepepaetcsa
1) CSI(0 m3mepsieTcs Ha 6ase kaHana iH(t)

a) nony4yeHne CSI Bo Bpewms t
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C(f+ .
KoHgmrypauyst RIS

3) Mepepatuuk nepegaeT AaHHbIe ¢
apanraupein cessn Ha 6aze CSI(f)

4) MpreMHVIK MPYHUMAET AaHHble OT kaHana iH(t + dt)

6) Npvem AaHHbIX Bo Bpems t + dt

OrtHoweHmne C/LLU KoathdpmLieHT oLmbok
Ha 6ok JaHHble NPYHSTHI HEKOPPEKTHO
bjA*  BLER( + aif)
fT
| PacxoxpaeHue
BLER(f)
Lenb
t+dt Bpewma
B) pacxoxaeHune CSI r) BLER
KaHan »epTBbl: RIS
KaHan
((@)) PaCcMpOCTpaHeHus,
I . I I roasepraembIn
BO3AENCTBIO
Mepeparuvk MpreMHUK Paccevsarerbs RIS KorTponniep T

PucyHok 6 — Mogesb kaHana npu HecooTBeTCTBUM CSl| BCNeACTB/E U3MEHSIHOLLMXCA BO BPEMEHMN HeXenaTeslbHbIX
nepemnsnyyeHunii

MnaHMpoBLIMK M cxeMa ajanTtauuu KaHana Ha CTOpOHe nepefaTuvka BblbupalwT opmuposaHue pa-
Avonyya, cXxembl MOAYNSALUM U KOAMPOBaAHUS U Tak ganee Ha ocHoBe CSI(t). Mepegatyumk NPOrHO3UPYET OXW-
[AaemMyl Npou3BOAMTENbHOCTb, Hanpumep c yyetom SNR m BLER. SNR(f) o3HauaeT oxugaembii SNR, a
BLER(f) — oxwugaembliii BLER Ha ocHoBe CSI(E) n agantaunn kaHana SNR(f) 1 BLER(f), kak nokasaHo Ha
prucyHkax 6 B) n ).

Ha pucyHke 6 6) npuBegeHo cnegylouee:

- B MOMEHT BpeMeHu t + dt npuemHuK nonyvaeT AaHHble aganTMPOBaHHOTO kaHana (afanTupoBaHHOe
hopmupoBaHue paguonyya, afanTMpoBaHHble CXeMbl MOAYNALMM W KOAWPOBaHWUA W T. 4.) Ha ocHoBe CSI(t)
yepes HOBbLIN Bo3gelicTBYOWMIA kaHan \H(t + dt), rae:

- iH(f + dt) — HexenaTenbHbIN KaHan pacnpocTpaHeHus paguocurHana U(t + dt) mexay nepegatynkom
n npuemHunkom 6e3 RIS,

- U(t + dt) aBnsetcsa dyHkumneit C(t + dt),

- C(t + dt) sBnsieTcs koHurypaumueli HexenatenoHol RIS, npu atom koHdurypauus C(t + dt) otnuua-
etca ot C(f).

MpueMHKK nonydaeT gaHHble ¢ pakTnyeckum SNR-SNR(f + dt), koTopblli 3aBucuT o1 CSI(t), ot \H(t + dt)
n cpakTnyeckoro BLER-BLER(f + dt), nokasaHHbIX Ha pucyHkax 6 B) u ).
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Kak nokasaHo Ha pucyHkax 6 a) u 6), U(t + dt) 3HaunTenbHo otnnuaeTca ot U(t), a iH(t + dt) 3HaunTensHo
oTnmyaetcs ot iH(f). 3To moxeT npuBecTn [cM. pucyHok 6 B)] K yxyaweHuio SNR ot SNR(£) go SNR(f + dt), T. e.
K CUIbHOMY oTpuuatesibHOMy HecooTBeTcTBMIO CSI, a BLER(f + dt) MoxeT 6blTb HAMHOIO XyX€e 0XUAaemoro
3HauyeHnsa BLER(f), kak noka3zaHO Ha pucyHke 6 r).

4.7.5 To60oYHble NepensnyyeHus

HexenatenbHble nepemsnyyvyenns RIS cknafbiBalTCA M3 NOBOYHbLIX NEpPenssiyd4eHnit U BHEMOJSIOCHbIX
nepeunsnyyvyeHnii, kak nokasaHo Ha pUCyHke 7.

HexenatesibHble U3y4yeHus

BHEMNO/OCHbIe N3MyyeHus
Mo6ouHbIe Mo6ouHble
M3nyyeHns PaBouas W3NyueHIs
yacToTa

YacTtoTa

PucyHok 7 — T06G0YHbIE 1 BHEMNOSIOCHbIE U3/TyYEHUS]

Mo60oYHble NepensnyyeHnss — 3TO U3/IYYEHUS Ha YacToTax, KOTopble Haxo4ATcs 3a npegenamMmu Heob6xo-
OVUMOI nonockbl paguMocurHana v ypoBeHb KOTOPbIX MOXET ObiTb CHMXEH 6e3 yuiepba a5 nepefavn AaHHbIX.
CBA3b MexAy NO60YHbIM U BHEMOJIOCHbIM NepeunssniyyeHnsasmMy nokasaHa Ha pucyHke 16. Mob6oyHble nepeuns-
Ny4YeHusa BKIKYAKT B cebs:

- rapMoHMYeckue nepensnyyeHus;

- napasuTHble NepensnyyvyeHus;

- NPOAYKTbl UHTEPMOAYNALNK;

- NpoAyKTbl NpeobpasoBaHNA 4acTOThl.

Mo6ouyHble nepen3nyyeHus (3a WCKAUYEHMEM MHOFOMOLOBOIO NEepeusniyyeHus) ans naccusHoi RIS
ABMIAOTCA HE3HAYUTENbHBIMU N UMU MOXHO NpeHebpeub. MNpu aTom akTuBHaa RIS n3nyvaet 6onblie, yem
naccvBHas RIS. 9To cBA3aHO C TeMm, YTO akTuBHaa RIS ocHalieHa TakMuMW aKTUBHLIMW KOMMOHEHTbI, KaK yCu-
nuTenb UAM MoAynATop, KOTOpble CNOCOBCTBYOT YBEIMYEHUID NOBOYHbIX NEepensnyyeHuii.

Ecnu RIS paboTaeT B OKpY)XeHUU Apyroro ob6opyaoBaHus, To NO60YHbIE MEPEU3TyHYEHUS yXygLarwT ux
Npon3BOAUTENIbHOCTb. UTOObI OrpaHnyYnMTb NOBGOYHbIE MepenssnyvyeHus, HeobxoaMmMOo MPoOBeCTM pafMoyacToT-
Hble UCNbITAHUA Ha 3/1EKTPOMArHUTHY COBMecTUMOCTb. LLnprnHa obnactu TecTtupoBaHus 3aBuCUT OT pabo-
yelh yacTtoTbl RIS. OgHMM M3 NpUMeEPOB ABNAETCH AMana3oH TecTupoBaHua ansa FR1, koTopblli cocTaBnseT oT
30 Mly fo 5-ii rapMOHMKM BEPXHE 4acTOTHOW rpaHuubl paboyero guanasoHa. Ana FR2 gnana3oH TecTtupo-
BaHuA cocTtasnsieT oT 30 My A0 2-i1 rapMOHWUKN BEPXHEl 4aCcTOTHOM rpaHunubl paboyero gmanasoHa.

4.8 Mopenb Nossipu3oBaHHONO 3/1IeMeHTa PEKOHMPUTYPUpYyeMoii NHTeNNeKTyaibHOM
NOBEPXHOCTU

OnemeHTbl RIS nopaepxuBatoT ABOIMHY nonspusauyunio, rage gasoBble cABUrK, obecneymBaemble ane-
MeHTOM RIS, KOHTpONuMpylTCA NyTEM W3MEHEHUS BEPTMKa/IbHOW W rOPM30OHTasIbHOW nonspusauyuii. RIS c
[BOWHON nonspusaynein MOXeT KOHTPONIMPOBaTbL aMNInTyay nav dpasosble CABUTM OTPAXEHHbIX 3/1eKTpomar-
HUTHBIX BOJIH B ABYX OPTOrOHasbHbIX MONAPU3ALMAX, KaK NoKa3aHo Ha pUCYHke 8.

Monapusaunsa anemeHToB RIS MOXeT 6bITb paclivpeHa A0 MynbTunonapusaunn. a8 [OCTUXEHUA Hau-
NYYLWNX XapakTepucTuk CBA3N Npu NPOeKTUPOBaHUN Mogersieli kaHa/noB B 6€CnpoBOAHbIX CeTsAX CBA3N C¢ RIS
Heob6Xo4MMO yuuTbliBaTh BAUAHME nonsapusaumn Ha anemeHTax RIS B fonNofnHeHWe K nonspusaumy Ha aHTeH-
Hax nepepartyvka 1 nNpuemMHuka.
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Ecnn RIS nogpepxuBaeT ABONHYK nonspusauuto (Hanpumep, aByxnonspusoBaHHas RIS), To mogenb
curHana y B anemeHTte RIS BbluncnsaT no dhopmyne

Y =Hpx, (39)
rae x ny BXO[Hble U BbIXOAHbIE NONSIPU30BAHHbIE CUTHANbLI B 3a/ieMeHTe RIS;
H, MaTpuua kaHasna noaspusauum, BelyucaeHHas no gopmyne

fivve-h vv pHVe-j<pHV

‘HH 40
pVH e ~j<pVH p W e yep ( )

roe gP3E [0, 2n] n @?e [0, 1] o603HavYalT hasy n amnauTyay OTPaXeHus, BbI3BaHHbIX 3fieMeHToM RIS
OT nonsipusayum p K nonspusauyunu d;

p — nonapusauusa BOo3AelCTBYOLLElN BOJHbI;
q — nonapusauusa OTPaXEHHON BOJIHbI;
p, q E {V, H}, rae Vu H— BepTuKanbHas 1 ropusoHTanbHas nossipusaunm CooTBETCTBEHHO.

Ecnn RIS MoXeT HacTpauBaTtb hasy M aMnanTyay OTPaXeHUs B KaXAOM KOMMOHEHTe MaTpuubl kaHana

nonspusauun Hp, To nagarowmii NOASPU30OBaHHbIN CUTHaN MOXeT npeobpa3oBbiBaTbCA B HEOOXOAUMBIA NO-
NAPU30BaHHbIA cUrHan.

5 OueHka KaHanoB

5.1 Knaccuyeckue cueHapum OLEHKN KaHanoB

5.1.1 O6wune nosioxeHnsd

B HacToAwWwem nogpasgene npuesefeHbl TpU CLEeHapus OLEeHKW KaHanos C npuMmeHeHnemMm RIS, B KOTOPbIX:
- RIS He BbINONHAET BCTPOEHHYIO OLEHKY KaHana,

- RIS BbINOHAET BCTPOEHHYIO OLLEHKY KaHana;

- RIS obecneunBaeT npsamyw cBasb mexay BC n UE.
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5.1.2 PekoHcurypupyemas WHTennekTyasibHass MOBEPXHOCTb He BbINO/IHAET BCTPOEHHYH
OLIEHKY KaHana

B aToM cueHapuu RIS, ncnonb3yemas B 6ECNpPOBOHON CETW CBA3W, HE MOXET BbIMO/HUTbL OLEHKY Ka-
Hana. RIS ocHalleHa NacCMBHbLIMU 3M1€MEHTaMMK, KOTOpble MOMYT HacTpauBaTbh (Da30Bble CABUIM NagatoLnx
CUTHanoB 1 o6ecneynTb onpeaeneHHblii YpOBEHb YCUIEHUS, KakK NoKa3aHo Ha pucyHke 9.

MaccyBHbIE aM1EMEHTbI

RIS
KoHTtponiep

RIS

RIS-UE
RIS

(?)

BC-UE

UE

PucyHok 9 — CueHapuii ncnosnb3oBaHus RIS, B KOTopom RIS He BbINOHAET BCTPOEHHYH OLEHKY KaHana

RIS He cogepxut BU-ueneit 1 He MOXET BbINOJTHATbL Kakyk-n1mb6o fnokasibHyt0 06paboTKky OCHOBHOI Mo-
NoCbl ANS BbINOMHEHUS OUEHKM KaHana. OueHka KaHana MOXeT 6biTb BbiMOSIHEHA TO/MbKO Ha BC/UE ¢ ncnonb-
3oBaHunem RIS.

51.3 PekoHdurypmpyemass nHtennektyasibHasgd NOBEPXHOCTb BbIMO/IHAET BCTPOEHHYH OLEHKY
KaHana

B atom cueHapum RIS ocHauweHa akTUBHbIMM W MACCUBHbLIMU 3/IeEMeHTaMu (CM. pucyHok 10), KoTopble
OCYLLLEeCTBASAIT akTUBHbII Npuem/nepegady v nokanbHyl 06paboTKy OCHOBHOW NO/OCHI YacToT.

Pa3smelleHne akTUBHbIX 371eMeHTOB B RIS MoxeT 6biTb (PUKCMPOBaAHHBIM WAW TUOKUM C OTAENbHbIMU
BY-uensamu, cBA3aHHbIMU C KaXAbIM aKTUBHbIM 3/71€MEHTOM, WM OLHON BY-uenblo, oblei AN HEeCKONbKUX
aKTUBHbIX 3/1EMEHTOB. /cnonb3ysi akTUBHbIE 3/IeMeHThl, RIS BbINOAHAET 3aja4vyy BCTPOEHHOW OUEHKM KaHa-
na. MouwHocTtb, notpebnaeman RIS, BcneacTBue HanmMums akTUBHbIX 3/1IEMEHTOB YBeNMUYMBAETCs, NpuU 3TOM
noTtepu Ha Tpacce yMeHbllalTCcA U MOLWHOCTb paguocurHana B KaHasie yBe/imymBaeTca MO CPaBHEHUIO Co
cTaHfapTHbIM kaHanom BC-RIS-UE. MeToabl OUEHKM KaHasa, KOTOpble OCHOBaHbl Ha JaHHOW CTPYyKType, pe-
KOMeHAyeTCA MUCNo/sb30BaTh 418 NPOBeAeHUA OTAesbHbIX OLeHOK B kKaHanax BC-RIS u RIS-UE.
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KoHTposnnep I
RIS

BC-RIS RS

BC-UE

UE
BC

] - naccusHble anemeHThbl RIS;

| - akTuBHbIE 3n1eMeHTbI RIS

PucyHok 10 — CueHapuin ncnosnb3oBaHus RIS, B koTopoM RIS BbINOSHAET BCTPOEHHYH OLIEHKY KaHana

514 PekoHurypupyemasi uvHTennekTyasibHasi MOBEPXHOCTb oOb6ecneymMBaeT MPsAMYK0 CBSA3b
Mexay 6a30Boli cTaHUMel U NoMb3oBaTe/IbCKUM (a6OHEHTCKUM) o6opyaoBaHUEM

MeToapbl oueHkn kaHana ¢ RIS mMoryt pasnuuyatbCsa B 3aBUCMMOCTU OT AOCTYMHOCTU MNPAMOrO KaHana
mexay BC n UE. B HacTosweM cTaHgapTe YyCTaHOB/EHbl ABa cueHapusa ucnonb3oBaHua RIS [cMm. pucyHok 11,
a) u 6)].
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BC

a) npsmoii kaHan mexay BC n UE gocTyneH

KoHTporiep
RIS

RIS

X

Kanan BC-UC UE

BnoK1poBaH/HEAOCTYTIEH

6) npsmoin kaHan mexay BC n UE 610kupoBaH/Hea0CTyNeH

PucyHok 11 — CueHapumn ncnosnb3oBaHus RIS, B koTopbix RIS obecneunBaeT npsmyro cBssb Mexay BC n UE

B nepBom cueHapuu [cM. pucyHok 11, a)] noka3saHa npsmas cBs3b Mexay BC-UE BmecTe ¢ oTpaXeHHo
cBA3bl0 Yepe3 RIS, T. e. cBA3b BC-RIS-UE. B 3TOM cueHapuu oueHka kaHana Ha UE (npu nepefaye no HUCXO-
asawen nuHun ceAsn) unm Ha BC (Npu nepegaye no BocxoAswel IMHANM CBA3W) UCMOMb3YeT MeToAbl, KOTOpble
yuuTbiBaloT 06e pgoctynHble nuHun cBasn BC-UE mn BC-RIS-UE. Bo BTOpoM cueHapum [cM. pucyHok 11, 6)]
npaAmasn ceaAsb Mexay bC-UE HepocTynHa, T. €. npaAMas CBA3b NOSIHOCTbLIO 3abn0KMpoBaHa, Tak Kak sBnserca
cnabblM KaHa/loM CBA3M M3-3a 3aTyxaHWsa pajnocurHana B cpefe pacnpoctpaHeHusa. MeToabl OLEHKM KaHana
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B 3TOM ClUeHapun paspabaTbiBaloT TOMILKO MPY HaAUuuyM oTpaxeHHoro nytu mexgy BC u UE, T. e. kaHana
BC-RIS-UE.

5.2 OLI,eHKa CKBO3HOIo KaCkagHoro un pasgesieHHoro KkaHajioB

5.2.1 O6Lwune NosioxeHusd

B HacTosWweM nogpasgene npuBefeHbl METOAbl OLLEHKU:

- CKBO3HOIO KackajHOro kaHana;

- OTAeNIbHOro KaHana.

5.2.2 MeToAabl OUEHKN CKBO3HOIO KackagHoro kaHana

B kaHanax 6ecnpoBofHbIX ceTell paguocBa3vm c RIS, noMumo npAMOro kaHana, UCMNOb3YKT [ONO0N-
HUTEeNbHbIA (CKBO3HOW KackagHblii) kaHan mexay BC/TRP mn UE, koTopblii ocyuwecTBnsietcsa yepes RIS. 3bh-
(hEeKTUBHOCTb CKBO3HOr0O KackaJHOro kaHana OLeHUBalT Mo YCU/IeHUI0 paguocurdHana v pasoBbiM cABuUram,
NONy4YeHHbIM 3a cYeT NpuMmeHeHusa RIS.

OueHKy CKBO3HOr0O KackafHOro KaHana oCyL,ecTBAAKT MeTogamMu:

- MO3/1IEMEHTHON OUeHKN KaHanos ¢ RIS;

- OUEHKM KaHa/l0B Ha OCHOBe ob6uieli KoHgurypauum RIS;

- OUeHKM KkaHanoB ¢ RIS npu ucnonb3oBaHun ofgHoli BY-uenwu.

5.2.2.1 TMoanemeHTHasa oueHka kaHanos ¢ RIS

MeTon N03N1EeMEHTHON OUEeHKU KaHanoB ¢ RIS NpuUMeHAT K MOLEeNN CUCTEMbI, BKIKOYalOLWen ognH ane-
MeHT RIS, UE ¢ ogHOI aHTeHHON u nogHecyuwyto cuctembl OFDM. [laHHbIA MeTogh AOMyCcKaeTcs MPUMEHSATb
K MOAENN CUCTEMbI C MHOTOaHTeHHbIM UE, KOTOpbI/i 06beAnHAET HECKOIbKO NPUHATbLIX CUTHANO0B B OAUH CUT-
Han, ucnonb3yss 06paboTKy NPUEMHMKa, T. €. UMGPOBbIE UM TMOPUAHbIE MeToAbl (DOPMUPOBaHNSA paguosnyyva
nan mx kKoMGuHauuio. MeTod NO3/IEMEHTHON OLEHKM MPUMEHSIIOT K KaHanaMm, Npu 3TOM AaHHbIi MeTo4 Aony-
cKaeTcsa NPUMeHATb K KaHanam UL.

OKBUBANIEHTHbIN KOMM/IEKCHO3HAYHbIN CKaNSAPHbIA curHan, npuHaTblii UE, YT BblUMCAAKT No dhopmyne

YT =(bma>m +

rape bT — KOMNNeKCHO3HauHbI CKansipHbIA KaHan mexagy anemeHTom RIS n UE;

aT — KOMMNJIEKCHO3HAUYHbIA BEKTOPHbI kaHan mexay TRP n anemeHTom RIS padmepHOCTbIO

NTx 1;
BT — KOMNIEKCHO3HAYHbIN cKansipHblili pakTop anemeHta T RIS, rae T =1, ..., M\
d' = [ofo ... — KOMMNJIEKCHO3HAaYHbIN kaHan mexay TRP n UE, 3a ucknw4yeHnem nyteil pacnpocTpaHe-

HusA yepes RIS, pasmepHocTblo N7 X 1;

P — koMnnekcHo3HauHbIi BEKTOpP NpefBapuTENbHOIO KOAUMPOBAHUA pasmepHocTu JI7 * 1,
rgae NT — uncno nepegaruwmx aHTEHH WM aHTEHHbIX MOPTOB Ha CETEBOW CTOPOHE
TRP;

S — KOMMJIEKCHO3HAYHbIA CKanspHbIli CUMBON, T. €. YCTAHOB/MEHHbI OMOPHbLIA CUTHaN UAx
NUNOTHBIA CMMBOSI;

zZ — a,ﬂ.,ﬂ.VITVIBHbIVI WyM 1N NOMeXNn;

CT=bTdT — KackagHblil KOMNIEKCHO3HaYHbIi BEKTOPHbIN KaHan mexay TRP, anemeHToM T RIS u
UE pa3mepHocTbio NT* 1.
MoaneMeHTHas oueHka kaHanoB ¢ RIS B Mogenun cuctemMbl, BKAOYawWwern oguH anemeHT RIS, nokaszaHa
Ha pucyHke 12.
B maccuBHoli RIS dakTtop MOXeT nMeTb (PUKCMPOBAHHYI amnauTyny, T. €. eQUHUYHYK aMnauTyay
(Jdor 1= 1)- B akTUBHOW unm rmbpugHoin RIS amnantyga MoxeT 6biTb MEPEMEHHOI U KOHTponMpyemoii. B He-
KOTOpbIX cay4vasx, B TOM yncne ans naccuBHoro RIS, anemeHT RIS MOXeT ObiTb BbIK/KOYEH, T. €. @f = 0 nnm
)T~ 0. 3nemeHT RIS MOXeT Haxo4UTbCS B COCTOSSHUU LT B ONpeAeneHHbIi MOMEHT BpEMEHU U NPUMEHUM KO
BCEM MOAHECYLW MM B npefesiax yCTaHOB/IEHHON MOMOCHI cUrHana.
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PucyHok 12 — lNoanemeHTHas oueHKka KaHanoB ¢ RIS B Mogenu cuctembl, BKIYAKOLWEN 0auH 3nemeHT RIS

OueHKy kaHanos ¢ RIS B mogenu cuctembl gonyckaeTcsa ynpow,ats nyTeM BKAOYEHUS npepBaputerb-
Horo kogupoBaHus TRP P B kaHan TRP-RIS. B 3ToM cnyyae 3KBMBAJIEHTHbI KOMNAEKCHO3HAYHbIA cKansap-
Hblli curHan, NpuHATLIR UE, YT BbluMCAAT No dhopmyne

YT = (bTaT® m+d)s +z=(cm4>mt+ d)s + z

roe d =d' P — KoMnieKCHO3HauHblii  ckanapHblii  adphekTUBHLIR npamoli  kaHan TRP-RIS (Bkntouas
npegBapuTenbHoe koguposaHue TRP);

aT = dTP — KomMnNeKcHO3HauHbI CKansapHbli kaHan mexay TRP n anemeHToM RIS;

CT = aTbT — KackafHbl/i KOMNIEKCHO3HAUYHbI ckanspHbIi kaHan TRP k anemeHTy T RIS npganee k UE.
MpumepHyo Mofenb, BKIOYalLWyo BCe 3/ieMeHThl RIS, BbluncnsAwT, o6asnsas curdasbl, COOTBETCTBY-
owune scem M anemeHtam RIS (CT qars), no dpopmyne

y = ((@a®b)® +d)s +z = (cd + d)s +z, (43)

roe a — KOMMJIEKCHO3HAauYHbI BEKTOPHbIA kaHan mexay TRP u RIS, pasmepHocTeio 1 * M, rge
M — uncno snemeHTOB RIS;

b — KOMMNMIEKCHO3HaYHbI/i BEKTOPHbIA KaHan mexay anemeHtoM RIS u UE, pasmepHOCTbIO
1x m\

Cc = aOb = bOa — No3neMeHTHOE BEKTOpHOEe npousBegeHue a u b;

® — KOMMN/IEKCHO3HaYHbI/i BEKTOP pasmepHocTbio M x 1, cogepxawmin M chakTopoB afieMmeHTa
RIS dor , npu aTom ® cooTBEeTCTBYeT COCTOAHUIO RIS.

B RIS npsamoyronbHon dpopmbl MXx o603HavyaeT yunmcrio aneMeHToB RIS B ropusoHTasibHOM HanpaBsrie-
HUKM, a My — uyucno anemeHToB RIS B BepTukanbHOM HanpasneHuu, Takum obpaszom M = Mx*My. Mcnonb3ys
MeToA MO3/IeMEHTHON oueHkn kaHanosB RIS, koahduumeHTbl ycuneHns KackafHblX KaHasoB OLEeHMBAaKT Ha
UE nyTeM uHAMBMAYyanbHOro 3axsata adekra ¢pa3oBbiXx CABUIOB, BHOCUMbIX KaxablM 3asniemeHToMm RIS. B
KaHanax 6ecnpoBoAHbIx ceTei cBa3n, rae BC/TRP B3anmogeicteyeT ¢ UE ¢ nomowbio RIS, cocTtosawen ns M
3/1eMeHTOoB (CM. pucyHok 13), o6uyto oueHKy kackagHoro kaHana (BC-RIS-UE) npoBogAaT nyTem BblUUCIEHUSA

apheKkTuBHOro KoadhuumeHTa ycmneHnsa, nonyyeHHoro scemm M snemeHtamun RIS.
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PucyHok 13 — MNoanemeHTHas ougeHKa kaHanoB ¢ RIS B Mogenu cuctembl, BKIOYaKOLWEN BCe 3nemMeHTbl RIS

MeTo4 NO3/EMEHTHOW OUEHKM KaHana siBasietcsa Hambonee 3 eKTMBHbIM 3a cyeT yyeTa (Pa30BbIX
CABUIOB OT KaXxAoro anemeHTta RIS. Mpu 3ToM npumeHeHne RIS 60abWKMX pasMepPOB U CO 3HAYUTEIbHLIM YUC-
NIOM 3/71eMEHTOB MOXEeT MPUBECTU K HexenatesibHbIM 3afepxkaM npu nepegadve faHHbIX U NoTepe MOLWHOCTU
OMOPHbIX CATHANOB M NUNOT-CUTHAIOB, OTPaXaeMbIX KaxablM 3afnemeHToMm RIS.

OAHUM M3 METOAOB MO3/IEMEHTHOM OLEHKU KaHa/noB SABNSAETCS MeTog OUueHKM kaHanos RIS Ha ocHoBe
cybnoBepxHOCTH.

Ona yyeta 3afepxku M (PUHAHCOBLIX 3aTpaT Npu MCNONbL30BaHUW MNUIOT-CUTHA/NIOB B MeTode noasne-
MEHTHOW OLEHKM KaHa/M0B NOJIHYI MOBEPXHOCTb RIS 13 M anemeHTOB fenaTt Ha S cybnoBepxHoCTel, kaxaas
U3 KOTOPbIX COCTaB/AeT rpynny asieMeHToB RIS. B 3TOM cny4yae OLEeHKY KaxAoro KaHana BbINOJMHAKT Ha ypOB-
He cybnoBepXHOCTM, KaK Noka3aHo Ha puUcyHke 14.

PucyHok 14 — MNoanemeHTHas OueHKa kaHanoB ¢ RIS B Moaeny cuctemMbl Ha OCHOBE Cy6GMOBEPXHOCTEN
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PesynbTatoM o6uweli oueHkn kaHana B UE 6yaeT KaHasn, OTpPaXeHHbIN Kaxaolh 13 cybnoBepxHoOCTeN, co-
CTaBNAKLWMNX KacKafgHblli KaHas, OTpaxXeHHbln RIS.

5.2.2.2 OueHKa KaHa/nl0B Ha OCHoOBe 06uwei KoHdurypauymum RIS

ONa yMmeHblUeHNs 3af4epXKn U NoTepu Ha NUIOT-CUTHaNbl B METOAE OLEHKM KaHasloB Ha OCHoBe cy6no-
BEPXHOCTEN pekoMeHAyeTCsi UCNob30BaTb MeToq C NpMMEHEHMeM 3ajaHHol obwein koHdwurypauum RIS, B
KOTOPOM UCMO/b3YIOT HECKOIbKO pajuoslyyeil B pasHbiX HanpaB/ieHUsIX, Kak Moka3aHo Ha pucyHke 15.

RIS

1, 2, 3, ... N— npegonpegeneHHble nyun RIS; h — kaHan ot nepegatumka oo RIS; d — npsAMO KaHan OT NepegaTyvka A0 NPUEMHUKE,;
gN— kaHan ot RIS go nprvemHuka, obpasyemblii N-m nydom RIS

PucyHok 15 — OugHka kaHanoB Ha OCHOBe 06Lei koHurypaumm RIS

OueHKy kaHana Ha ypoBHe RIS BbIMOAHAIT nocnefoBaTesibHO AN KaXA0N 13 npegonpeseseHHbIX KOH-
durypaunii. 9T0T MeToq ABnseTca aPPEKTUBHLIM B AnanasoHe 4yacToT meHee 6 [T, rae YnC/IO 3/1EMEHTOB
RIS He3HauuTenbHO, a focTuraemas HanpaBfeHHOCTb pajuonyya orpaHuyeHa. CneposaTesfibHO, 3ajaHHas
30Ha NoKpbITUA ByaeT oxBayeHa He60bLWUM YNCAOM NpeaBapuUTesibHO YCTaHOBEHHbIX pajuonyye.

5.2.2.3 OueHka kaHanoB RIS ¢ ncnonb3oBaHnem ogHoii BY-uenn

B 6ecnpoBofHON ceTu CBA3N C naccuBHOW RIS TpebyoTcsa ANuTeNbHble Nnepuoabl ANA OLEHKU KaHana.
UToO6bl cOKpaTUTb BpPeEMS OLEHKM, K Bbixoady RIS MOXHO nogknwyuTb OAHY akTUBHYK BY-uenb Ang npuema B
OCHOBHOIi M0J10Ce 4acToT, Kak Nnoka3aHo Ha pucyHke 16.

BY-uenb, o6ecneuynBatLlan oueHKy KkaHana OCHOBHOIM MOMOCLI YacTOT Yepe3 NUAOT-CUrHabl, COCTOUT
N3 MasloWymMALWero ycuanTens, cMecutens, npeobpasylowero curHan n3 BbICOKOYACTOTHOrO B 6a30BYyH0 NO-
Nocy 4acToT 1 aHanoro-unugposoro npeobpasosarens. Takum ob6pa3omM, TOUHYIO OLEHKY KaHana npoBOAAT Ha
RIS, npyu 3ToM Bpems OLEHKM coKpal,arT ¢ NOMOLLbI0 cneunanbHO paspaboTaHHOro anroputma.
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5.2.3 MeTogbl OUEHKN pa3aeneHHbIX/MHOMBNAYaNIbHbIX KaHa10B PEKOHUIYPUPYEMOI WHTES-
NeKkTyaslbHO NOBEPXHOCTbIO

KackapgHblii kaHan (BC-RIS-UE), B koTopom ucnosib3oBaHa RIS, cocTonT u3 ABYX OTAE/NbHbIX pa3gesieH-
HbiXx KaHanoB BC-RIS n RIS-UE. OueHKy pa3geneHHbiXx kaHanos RIS ocyw,ecTtBnaalT nyTem CyMMUPOBaHMUA
ABYyX KaHanos, T. e. KaHanos BC-RIS u RIS-UE, oueHKka KOTOpbIX BbiNOSIHEHA MO OTAE/bHOCTU. Mpn Ncnonb3o-
BaHMN RIS oTaenbHble pasgeneHHble kaHanbl RIS MoryT umeTb 60/51€ee BbICOKUIA pPaHr N0 CpaBHEHMWIO CO CKBO3-
HbIMW KackagHblMWU KaHanamu. BcrefcTBue BbICOKOro paspellueHus yCUieHna MOLHOCTU KaHana oueHka oT-
AeNbHbIX pasfeneHHbix kaHanos RIS obecneunBaeT y/y4ylWeHHYIO NPOU3BOAUTENBHOCTL 6ECNPOBOAHON CeTu
cBA3N 3a cyeT 6osiee BbicOkMx SNR, nponyckHoi cnocobHocTu, ymeHblweHns BLER, yBenuueHns ckopocTu
nepegayn AaHHbiX U T. g. B cueHapusax, rae RIS nan BC/UE ABASAKOTCA HENOABWMXHbIMKW, a nepemMelyarTcs
ToNbKo kaHanbl UE/BC, oueHKa oTAesbHbIX pa3fefieHHblX KaHa/loB UMEEeT pellallee 3Ha4yeHne Ana aHanunsa
B/IMAHNA OTAENbHbLIX KAHaN0B. MeTobl OLEHKN pa3fesieHHbIX KaHanoB 3aBUCAT OoT TuNos RIS. Mpu ncnonb3o-
BaHMM naccumBHOM RIS oueHKy KaHana Ha y3ne RIS He BbINOSHAKT, OLEHKY NpoBoAsAT Tonbko Ha BC nnan UE.
B aTOM cniyyae OuUeHKY OTAEeNbHbIX pa3fefleHHbIX KaHasll0B BbIMOMHAKT C UCNOJ/Ib30BaAHNEM:

- MeTofa pasfieNieHna KackafHblX KaHa/oB Ha KOHLUAax nyTeM OUEeHKU pasfefieHHbIX OTAesNbHbIX KaHa-
JI0B C UCMNONIb30BaAHNEM MHCTPYMEHTOB 06pabOTKN CUTHAI0OB, TaKUX Kak pas3foXeHne CO6CTBEHHbIX BEKTOPOB,
NMOWCK COOTBETCTBMUSA C MPUMeHeHneM 06paboTkn paspexeHHbIX CUTHaNoB, BbINOMHEHHbIN Ha y3ne UE (npwu
nepegave no HUcxoAswen NMHUKU cBA3M) nnn Ha BC (Npn nepegadye no BOCXOAsALWEN MHUW CBA3N);

- MeToja pa3BepTbiBaHUA Yy3/10B ceTbio BC nyTem OLEHKM KaHanoB, KOTOPble PacnosioXeHbl 6/IM3KO K
nosepxHoctaM RIS. Takue y3nbl UCNOAL3YIOT AN1A OLEHKM KaHanoB ¢ nomouibio RIS. Mpn npumeHeHun nony-
aKTUBHOWN MM akTMBHOW RIS akTuBHble anemMeHTbl RIS fo/mKHbI 6GbiTb HACTPOEHbI A1 BbIMOSIHEHUSA OLLEHKM
KaHana.

5.3 MeToabl OLEHKM HECTPYKTYPUPOBAHHbLIX MoZesieil kaHanoB

HecTpykTyprpoBaHHble MOAEeN KaHanoB — 370 MOZLENN, KOTOpble He COOTBETCTBYIOT 3apaHee onpeje-
NIEHHON CTPYKType KaHasoB.

[Nna HecTpyKTypMpoOBaHHbIX Mofesneii KaHan0B NPUMEHSALOT:

- MeToA HaMMeHbLUNX KBaApaToB;

- MeToj AUCKpeTHOro npeobpasoBaHua dypbe;

- MeToAbl, OCHOBaHHblE Ha MaTpuue Afamapa A1a cnydas ¢ O4HUM NoJsib3oBaTesiem;

- MeToA NpsAMOl OLEeHKU KaHana,

- MeToA ucnonb3oBaHusA kaHana RIS-BC gna HecKoNbkux nosib3oBaTesieil;

- TMHEeliHble MeToAbl MUHUMaNbHOW cpefHeKBaApaTUYeCcKoi OWnGKN.

[ns HecCTpyKTypuMpoBaHHbIX MOAeNen KkaHanoB AonyckaeTca NPUMEHATb ApyrMe MeToAbl, Bkalvalouime
B cebs:
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- AudbpepeHumanbHoe npefcTaB/ieHMe pajnosiyya, OCHOBAHHOE Ha nepefayvye HEKOTOPbIX OMOPHBIX
CUTHaNOB ANA NPOBEPKM Pa3/IMyHbIX ha30BbiX KOHPUTYpaLnii;

- OLEeHKY CKBO3HOTO KackagHOoro kaHana ¢ HU3KMMK noTepsaMu Ans8 MO6GUbHbLIX NOMIb30BAaTENENR C y4eTOM
CSI kaHana RIS.

B meToge gudhepeHymnanbHoOro npefcrasieHnsa pagnonyya, BbINOHAA Nepefavy u npuem AaHHbIX,
Ha ocHoBe NCDS, ob6ecneunBaloT nepegavy paguonyda Ha RIS ¢ HyneBbiMM NOTEPSIMU. DTOT METOL COCTOUT
n3 ABYX 3TanoB. Ha nepBom 3aTane HEKOrepeHTHYK nepegayvy BbINOMHAKT No npaMomy kaHany BC-UE. Ha
BTOPOM 3Tane Haunyywas asosas KOHpUrypaums n HekorepeHTHble CUMBO/bI faHHbIX Yepe3 RIS nepepgatot
Mo yCOBEpLIEHCTBOBAHHOMY oTpaxatuwemy kaHany BC-UE. MNonyyeHHble gnddepeHumnanbHble gaHHble BC
NCMoNb3YT AN Bbl6opa Haunydwero paguonyya ana RIS. Takum obpa3om, 3HauyMTesibHO NoBbIWAaeTca ad-
hekTMBHOCTbL paboTbl 6ecnpoBogHol paguoceT. CnegyeT yunTbiBatb, 4To NCDS no cpaBHeHUIo € knaccuye-
ckoil CDS 6onblie NoAXOAWUT ANA NPUMEHEHUS NpWU Nepejadve AaHHbIX B CLEHapusaX BbICOKOW MOGUABHOCTH.

B mMeTofe OLEHKM CKBO3HOIO KaHana C HU3KMMW NoTepsMy ANS MOOGUbHbIX MOMb30OBaTeNIe C yyeToMm
CSI kaHana RIS npoucxoaat HeEKOTOpble nNoTepn MOLWHOCTU paguocurHanos. MNpu ontumusauynm RIS ana 3a-
[aHHON 30Hbl MOKPbITUA BOKPYr KOHKpeTHOro MU cHuxalTcs ceTeBble NMOTepu MOLLHOCTM pPajuocuUrHasios.
CHavyana oueHuBalT nonoxeHne MU, 3atem — pas3oBblit caBur RIS, Heo6xoaumbiil gns 3afaHHOM 30HbI
nokKpbITUA BOKPYr MU. OLEHKY CKBO3HOrO KacKafHOro kaHasna npoBOAAT C WUCMOJ/Ib30BaHWEM CTaHAapTHbIX
MeTO/0B OLEeHKN KaHasa (Hanpumep, meTofa HaMMeHbLUMX KBaApaTos).

5.4 MeTogbl OUEHKN CTPYKTYPUPOBaHHbLIX MOAEeNei kaHa/noB

CTpYKTypupoOBaHHble MOAenn KaHanoB — 3TO MOAE/M, OCYLWeCcTBAAOWME OLEHKY CTPYKTYpPUPOBAHHbIX
ceTeil N CUCTEM, NMOCTPOEHHbIX HA KOMOGMHaLUN CBSI3aHHbIX W 3aBUCUMbIX COCTaBHbIX YacTeil 6ecnpoBOAHbIX
paguoceTeil.

[Nna cTpyKTYpUpOBaHHbIX MOAesieli KaHan0B UCMNOAb3YI0T MeTOAbl UX OLEHKN:

- C O4HMM NOo/b30BaTesieM, NPUMEHSAA O4HO3TaMNHbIE U ABYX3TanHble MeTOAbl OLEHKM KaHanoB ¥ pagno-
nyyeit;

- C HECKOJIbKMMW MOJIb30BaTENAMM, BbIMOMHAS OLEHKY KaHa/o0B Ha OCHOBE [ABOWHOW pa3pexeHHOCTU u
oueHky kaHanoB RIS-BC.

5.5 MeTofbl OLEHKM KaHa/ioB, OCHOBaHHbIE Ha I/IH(*)OpMaLI,I/II/I O COCTOAHNN KaHas1a

O hekTMBHOCTL NPOEKTMPOBaHMUSA 6ecnpoBOAHbLIX ceTeil cBA3M ¢ RIS 3aBucuTt oT goctynHoctu CSI, ¢
NMOMOLLbI0O KOTOPOW BBLIMOJ/THAKT OLEHKY KaHana, U (OMHaHCOBLIX 3aTpaT Ha NpoBefeHne OueHKM KaHana. lMpu
pocTtynHocTn CSI| npoekTupoBaHue 6ecnpoBOAHbIX ceTel cBsA3M ¢ RIS BbIMOMHAKT Ha OCHOBE:

- MrHoseHHoin CSI;

- CSI c gBOiHOIA BpeMEeHHOW LWwKasnoi;

- NOJIHOCTbIO AonrocpoyHoii CSI.

Mpn npoekTpoBaHun 6ecnNpPoBOAHON pagnoceTn, OCHOBAHHOW Ha MTHOBEHHOW CS| Heo6xoAnUMO, YTOObI
obuwas CSI paguocetn 6bina goctynHa BC. KaHanbl, cBa3aHHble ¢ RIS, MOryT 6biTb CKBO3HbIMU KacKagHbIMU
KaHanamy nnu otAefibHbIMWU KaHanamu B 3aBUCMMOCTU OT UCMOJIb3YeMOro mMetofa oueHku kaHana. OueHKy
KaHanoB Heo6X0A4MMO OCYLLEeCTBNATbL B KaXAOM 6/10Ke KOrepeHTHOro kaHasa. Uucno BpeMeHHbIX UHTepBa-
N0B, HEOOXOAMMbBIX A/1 OLEeHKU KaHana, AO/IHKHO ObiTb NPONOPLUOHAbHBIM YUCNY OTPaXalLWwmnX 3/IEMEHTOB.

Ona MUHUMM3NPOBAHUA NOTEPb MOLHOCTU pajuoOCUIHaNoB B MeTofax OLEHKW KaHasioB, OCHOBaHHbIX
Ha MrHoBeHHo! CSI, pekomeHAyeTCsi MCMNOMb30BaTb aaroputmM (GOpMUpPOBaHUA pajunosiyya B ABYX BPEMEH-
HbIX MacwTabax. AKTUBHble BEKTOPbl (hopmupoBaHmusa pagnonydya B bC npoekTUpyT HA OCHOBE MTHOBEHHbIX
adhpekTUBHbIX/arpernpoBaHHbix kaHanos UE-BC, KoTopble ABASAKTCA cynepno3vuneli NpsmMbiX N OTPaXEHHbIX
RIS kaHanoB, npu 3atom casurn has B RIS npoekTupyT Ha OCHOBE A0/rocpoyHoli CSI, Hanpumep napame-
TpoB pacnpegeneHus bC, Bkawyas mMaTpulbl CpefHero kaHana u koBapvauuu kaHana.

B kaxAom 6/10Ke KOrepeHTHOCTUM Heo6XOAUMO OUEeHUBaTb TOSIbKO MFHOBEHHbIN 3 heKT KaHana Kax-
poro UE. MNoTepyn MOLWWHOCTA pajuoCUrHanoB Ha OLEHKY KaHana 3aBucAT oT yuucna UE, 4yTo cooTBeTcTByeT
nokasatensam cuctem 6e3 RIS. fonrocpoyHasa CSI, kak npaBuno, SIBNSETCA MHBapWaHTHON Ans 60MbLIOro
yncna 6/10KOB KOrepeHTHOCTM KaHana, noatomy casurn ¢as RIS mMoryT o6HOBNATLCS C ropasfo MeHbluei
CKOpPOCTbIO, YeM 6GbICTpble 3aTyxawuwme paykTyauumn, YTo 3HAYUTEIbHO CHVDKAET BbIYUC/IUTE/IbHY Harpysky
M NOTEpPM MOLLHOCTW Ha 06paTHYK CBA3b.

B aByxMaclwTabHOM MPOEKTe MTHOBEHHYK 3dychekTuBHY0 CS|I HEOGXOAMMO OLEHUTb B KaxAoM 60ke
KOrepeHTHOCTU. [ANA fasibHENLWEro CHUXEHUA NoTepb MOWHOCTU PaAUOCUTHAN0B Ha OLEHKY KaHana PEKOMEH-
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LyeTcs NPUMEeHSATb NoAXoh, OCHOBAHHLIN Ha Takoil nepegauye AaHHbIX, 4711 KOTOPOI B LENsX OLEHKU KaHana
TpebyeTcs goarocpoyHas CSI. Hanpumep, B Hauyane nepegaun BC oueHMBaeT Wau naMepsieT AO/ITOCPOUHYHO
CSI, Ha ocHoBe KoTopoli BC BbluMCsieT BEKTOP (DOPMUPOBAHMA paanosiyya u ha3oBble CABUMM, UCMOSb3ye-
Mble BO BCeX mocneayowmx 6/10kax KOrepeHTHOCTM A0 Tex nop, noka gonrocpoyHass CSl He nameHuTcs. AToT
noaxo4 3HaunTeNbHO YMeHblUaeT NoTepy MOLLHOCTM PaAMOCUIHAIOB HA OLEHKY KaHana 3a cuyeT He6Oo/bLoro
CHMXEHUS NPON3BOAUTENbHOCTI, KOTOpasi 3aBUCUT OT XapaKTepucTuk KaHana.
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