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MNPAKTUYECKOE 3AHATHUE Nel

Pacuér Oromkera JIMHMM PAAHOCBS3H

B Teopum CBs3M BaKHBIM TOHSTHEM SBISETCS KaHalla CBS3H.
OOBIYHO TIOJl KaHAJIOM CBSI3M IIOHUMAIOT TY 4acTh CHCTEMBI CBSI3H, KOTOpas
BKJIFOYAET MCTOYHMK MH(OpPMALUK, YCTPOWCTBO KOJMPOBAHUS M MOJIYJISALINH,
npenaroliee yCTpPOWCTBO, (HU3MYECKHH KaHayla (Cpely paclpoCTpaHEeHUs
CHUTHAJA), IPUEMHUK C YCTpocTBaMH 00padOTKH MH(POPMAIIHH U TIOTydaTeIh
uHGOpPMALMK. AHANIN3 KaHaJ CBS3H BKIIOYACT OIOMKET KaHajJa — pacyer
NOTeph OSHEPrHH CHUTHaJa, CBA3AHHBIX C (U3HYECKUMHU IPOLECCAMH,
NPOTEKAOLIMMHE B YCTPOMCTBAX C cpelie pacnpocTpaHeHus. bromker — 3ToT
METOJ OLEHKH, II03BOJSIFOLIMI ONpPENeNUTh JIOCTOBEPHOCTh Hepeaadu
napopMmanyn. Cpela pacipoCTpaHEHHs WIIH JICKTPOMArHUTHBIN TPaKT CBS3H,
COCeIMHSAIONIMI Tepesaroniee U IPUEeMHOE yCTPOICTBAa HAa3bIBACTCS KaHAJIOM
CBSI3H.

AHTEHHBI

AHTeHHa SBIIETCA OJHUM H3 OCHOBHBIX D3JJICMCHTOB CHCTCMBbI
GecripoBofHON CBs3M. B KadecTBe mpocTedinel MoenH Iepenaromeit
AQHTEHHBI, HCIONB3yeMOH WIpM aHajJHM3€e paJuOKaHala, pPacCcMaTPHUBACTCS
M30TPONHBI  W3Ny4yareslb —  WJcalbHAs  aHTEHHA,  W3JIydaromas
JJICKTOMarHUTHBIE BOJIHBI BO BCEX HANpaBIEHUSIX paBHOMepHO. Jlis
M30TPOITHOTO M3ITydarelisl INIOTHOCTh ITOTOKA MOITHOCTH Ha PAacCTOSHHU I OT
AQHTEHHBI oTpesenseTcs GopMyIon

Sty =722

4mr?’
rae PZ' nsjrydacMasi MOIIHOCTD.

JUis peanbHBIX aHTEHH XapaKTEPHO HEPAaBHOMEPHOE paclpesesieHHe
M3Ty4aeMOW MOIIHOCTH B IPOCTPAHCTBE, OIpEAeNsieMoe IuarpaMMoin
HaIlpaBJICHHOCTH.

B kadecTBe 4MCIEHHON XapaKTEPUCTUKU HAIPABICHHBIX CBOMCTB
AQHTEHHBI BBOJUTCA KOA((HUIMEHT HAIPABICHHOTO JEHCTBHA — 3TO YHCIIO,
KOTOpO€ II0Ka3bIBA€T BO CKOJIBKO pa3 MOIIHOCTb AHTCHHBI B JJAHHOM
HarpaBJIeHUH OOJIbIIIe MOIIHOCTH HM3JIy4EeHUs] TMIIOTETHYECKOH HM30TPOIHOM
AQHTEHHBI, OTHECEHHON K €IMHUIIE TEJIECHOrO yIla MpH YCIOBUU PaBEHCTBA
MOIIHOCTEH U3ITy4eHUs] 00EHX aHTEHH.

KpOMe TOT'O aHTCHHBI XapaKTCPU3YHOTCA:
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KoaddummenT mone3Horo neicTBUA — OTHOLIEHHE MOIIHOCTH H3JIyYEHUS
AHTEHHBI K MOIIHOCTH, TIOJBOANMOI K aHTCHHE;

D¢ dexruBHAS UIOMAAF AHTCHHBI
22
A=—@G,
4m

e G — k03 PUIUCHT YCUITCHUS] aHTCHHEI.

OOBIYHO W3JTyyaeMasi MOIIHOCTh CPABHUBAETCS MO0 ¢ MOIIHOCTHIO
m3orponHoro wusny4uarens (Effective Isotropic Radiated Power), nu6o c
MOIIHOCTBIO, HU3iydaemMoill monyBoiHoBbiM maumnonem (Effective Radiated
Power).

B mepBom ciryaae — EIRP = P-G;
Bo Bropom cinydae — ERP = P-G/1,64;
Crnenosarensto ERP(dBd) = EIRP(dBI) — 2,15 ab.

brogxer kanaJja cBsizu

JlocToBEpHOCTD Tepeaadn HHPOPMAIIMHU ONPEEISIeTCs] HECKOJIIbKUMU
(akropamu, cpenu KOTOPBIX MOXKHO BbIIeiauTh oTHomeHue Curnan/llym, a
TaK)Ke UCKaKCHHS CHTHAJIa, BHI3BAHHBIC MEKCHBOJILHOU MHTepdepeHiueii. B
IUGPOBON CBA3M BEPOSTHOCTh OIIMOKM 3aBHCUT OT HOPMHPOBAHHOTO
ornomenus E, /Ny, tme E, - sHeprus ommHoro Outa, Ny - CHEKTpaibHas
IUIOTHOCTH MOLTHOCTH LIyMa.

Vmenbluenne oTHomeHnss Curnan/Lllym MoxeT OBITH BBI3BAaHO
CHW)KCHHEM MOIIHOCTH CHTHAJIA, IOBBIIICHHEM MOLIHOCTH LIyMa WIH
MOITHOCTH CHTHAJIOB, HHTEP(YEPUPYIOIIUX C TOJE3HBIM CHIHAIOM. OTH
MEXaHW3MbI HAa3BIBAIOTCS, COOTBETCTBEHHO, NOTepsAMH (ociabieHueM) u
nrymoM (nHTepdepeHnneii).

OcnabieHne MOXET NPOWCXOIUTh B pe3yibTare IMOTIOUICHUS
OHCPIUKU CUTHAJIa, OTPAXKCHHUA YaCTU OHEPIruu CHUTHAJIa WU pacCCIHUA.
CyIecTByIOT HECKOIBKO HICTOYHUKOB IIIYMOB M HHTEP(HEPEHIINH — TEIUIOBON
IIyM, TaJaKTHYeCKHH IIyM, aTrMoc(epHble ¥ TPOMBIIUICHHBIE IOMEXH,
MEepeKPECTHBIC M MHTEP(EPHPYIOIINE CUTHAIIBI OT APYTUX UCTOYHHUKOB.

Hepe‘H/ICHI/IM HCKOTOPLIC ITPUYUHBI IOTEPb:

1. HOTCpI/I, CBA3aHHBIC C OTPAHUYCHHUEM I10JIOCHI KaHaJia.
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MexcuMBOIIbHAS HHTEP(HEPCHIHS.
MonynsSIMOHHBIE TTOTEPH.
HHTepMORyIAIOHHbIE TIOTEPH.
[TongpuzanmoHHbIE NOTEPHU.
[IpocTpaHCTBEHHBIE IOTEPHU.
ITomexu cocenHero kaHaia.

ATMOC(IJepHLIe 1 TaJJaKTU4ECKUE ITYMBI.

© © N o gk~ w DN

CoOcTBeHHBIE IIIYMbI IPHEMHUKA

'_\
©

[ToTepu B aHTEHHO-(QHUIEPHOM TPAKTE.

IIpu ananm3e paguoKaHaJa YacTO HCMOJB3YIOTCA  MOJAENb
CBOOOIHOTO TPOCTpPaHCTBA. B pamMkax 3TOH MOJETH MPEAINOJIaraeTcs, 4Tto B
KaHaJe OTCYTCTBYIOT TaKH€ MPOLECCHl, KaK OTpaXEHHE, IPEIOMIICHHE,
MONIONIEHUE, paccesHue U Audpaxnus paguoBonH. Ecnm paccmarpuBaeTcs
pacmpocTpaHeHHEe pPaguoOBOJIH B armMocdepe, TO OHa IpenoyaracTces
OHOPOZHOW W  YAOBICTBOPSIOIICH  yKa3aHHBIM  BBINIE  YCIOBHSM.
IIpeamnonaraercs, 4To 3¢MHas MOBEPXHOCTh HAXOJHUTCS TOCTATOYHO JAJIEKO OT
pamuo Tpaccel, TaKk 4YTO €€ BIMSHHEM MOXHO NpeHeOpedb. Mogenb
CBOOOIHOTO  TPOCTpPaHCTBA  SIBISAETCS ~ OTAJIOHHOM  NpWM  aHaiuse
pactpocTpaHEHHUs] pajMOBOJIH Ha pa3JIMYHBIX Tpaccax. B pamkax sToi
MOJETM DHEPrusi CHUrHajla 3aBUCHT TOJBKO OT PACCTOSHHUS MEXAY
MepefaTYukoM U TIPHEMHUKOM U yObIBaeT 0OpaTHO MPONOPIHOHAIBHO
KBaJ[paTy pacCTOSHUSL.

Ananu3 OmoopkeTa KaHala HAuyMHACTCS, Kak IpaBWwIo, C
JUCTAaHIMOHHOTO YpaBHEHHsI, CBS3BIBAIOIIETO MOIIHOCTh Ha  BBIXOZE
NPUEMHOTO YCTPOMCTBA C H3Iy4aeMOW NepeNaTdnkoM MoIIHocThio. Ha
HNEpBOM J3Tale paccMaTpUBAETCs HEHANpaBlIeHHAas AHTEHHAa, PaBHOMEPHO
U3Ty4arolias B TEIECHOM YIiIy 47cTepagial — U30TPONHBINA U3ITydaTellb.

HpI/IHI/IMaeMaH MOIITHOCTb MOXKET OBITh 3aIlCaHa B BUC:

Pnep‘Anpue,w
I = S(T) : Anpue/w =

npuem Arr2

e Apyer YPOEKTHBHAS TUTOWANL NPUEMHON aHTEHHBI, Py, MOIIHOCTH Ha

BXOJC IMpPUEMHUKA, Pnep' MOIIHOCTh Hepenardyuka, I — pacCTOSHHUEC MEXKAY

NEPEAATYNKOM U IPUEMHUKOM.
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Brimenpusenennoe ypaBHEHHE MHOTZA Ha3bIBACTCS
JVCTAaHIMOHHBIM YPaBHCHUEM.

HHH H30TPONHBIX aHTEHH AUCTAHIMOHHOC YPAaBHCHHUE MOXET OBITH
3alMCcaHo:

P — PVIHP —
npuem — (4-7r/l)2 - L’

rae L - cymmapHble NOTEpH B CBOOOIHOM HPOCTPAHCTBE, OINpEACIseMbl
thopmymoit

L= (4m/1)%

Ecmm JIIA nepegain n npuemMa CHUTrHaJia HCIOJIb3YIOTCA
HaAIIpaBJICHHBIC aHTCHHBI, TO MOXXHO 3alIMCATh:

P _ P, nep'Gnep'anueM
npuem — I '
rie B,,- MOIIHOCTb, MOJBOAMMAs K TEPENAIOMIEH aHTEHHE, & Gyepr Grpyen -
KOB(I)(I)I/ILII/IGHTBI YCUIICHUA Hepe/:[alomeﬁ n HpHeMHOﬁ AHTCHH.

Takum 06pa30M MOMIIHOCTb Ha BXOAC MPUCMHUKA MOKEM 3aIlINCATh:

2
P _ Pnep'G/1ep'G/1pueM'/1
npuem — (47.”)2 !

OOBIYHO BEJIMYHMHY IOTEPh B CBOOOJHOM IPOCTPAHCTBE MU3MEPSIIOT B
neruoenax:
Pnep
L(oF) = 10lg .

npuem

L(0B) = 20lg(4m - r/2) = 201g(f) + 20lg(r) — 147,56.

3AJJAYA Nel

PaccunTars MakCUMallbHYIO HAlIbHOCTh PAJAUOCBSI3U AL CUCTEMBI
panuocss3u. Ecnu MolHOCTh M3MydeHus nepeparduka cocrasiseT 20 nbw,
MUHMMAJbHO JONyCTUMash MOINHOCTb npueMHuka -90 nbwm, 3amac Ha
3amupanust 30 nb, kod3hUIMEHTH ycWIIeHHs Iepelarolleil W NpUEeMHOU
aarenH 20 gb.
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3AJIAYA Ne2

Jlnst obecriedennss BepOSTHOCTH OuToBOiM ommbkm BER = 10°

npuemanky BPSK TpeGyercss ormomenne Ep /Ny = 6ab, wmommocts
TEMIOBOro Imyma paBHa -93 nBMm. PaccTosiHMe MeXIy TNepenaTdvukoM U
npueMHuKOM cocTasnser 10 km. Kosd@uimentsl ycunenus nepenaiomeil u
npuemMHONl  aHTeHH cocTtaisior 10 b,  HeoGxomumo — ompenenuTh
MHHHMaJbHYI0 MOIIHOCTh MepeaTunKa s odecneuenus Tpebyemoro BER.

ﬂOMaIIIHee 3aJaHue

1. ITpopaborare MaTepua, KacaroIHiCs pacIpOCTPaHEHUSI PaliOBOIH
B CBOOOZIHOM TIPOCTPAHCTBE.

2. PaccunTars manpHOCTH pamuocCBsi3y, eciu B 3axade Nel M3MEHHTH
ko3¢ durmenT ycuneHus npuéMHoi anteHHH! ¢ 20 1o 30 ab.

3. Paccuntarh MHHUMAaNbHYIO MOIIHOCTh TEpeIaTuynuKa €Clii B 3ajade
Ne2 ucnons3yercss QAM-16.

MNPAKTUYECKOE 3AHSTHUE Ne2

Pacuer npoduiist mposiera paauopeseiiHbIX JUHUMI
CBSI3U

PammopeneiiHpie CHCTEMBI CBS3M NpETHA3HAYCHBI JJIS CO3aHUS HA3eMHBIX
BBICOKOCKOPOCTHBIX JIMHUH M CETeH CBSI3M Ha 0a3e CTallMOHAPHBIX HA3eMHBIX
panuopeneitapix uaUH (PPJT).

[To apxuTekrype (CTpYKType) MOCTPOCHUS pagHOpeIeiHbIe CHCTEMBI
CBSI3U Pa3ACIAIOTCS Ha CICTYFOIIIE TPYIIIBL:

- PPJI cBs3m «TOYKa - TOUKAY;

- paiMopeieHbIE CEeTH CBS3H;

- paauopeneiiHBIE CHCTEMBl «IIOCIEOHEH MWIN» THIA «TOYKa -
MHOTOTOYKa.
ITo ycroBusiM pactpOCTpaHEHHUs PAAVUOCUTHAIOB PaTUOPEICHHBIE CHCTEMBI
CBSI3U KJIACCU(PHUIUPYIOTCS KaK:

- PPJI npsimoit BugumMocCTH;

- Tportocdepusie PPII;

- paguopeleldHble  CHCTEMbl  CBSI3U € MCIOJb30BaHUEM
PETPAHCIATOPOB Ha CTPATOCHEPHBIX IUIATPOPMAX H JIETHO-TIOABEMHBIX
CpelIcTBax.
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PPJI cBsa3m «rouka - Touka» momonHsAoT cucteMsl ¢ BOJIC. B
Hacrofmiee BpeMst 1o ckopoctu nepenadu 155Mout/c PPJI nemesne BOJIC.
PPJI mnpoko MCHONB3YIOTCS AJIS CO3MaHMsI MaruCTpalbHbIX JIMHUM CBSA3H, a
TaKk€ BBICOKOCKOPOCTHBIX JIMHHM CBSA3M B TOpOAAX, TOPHBIX U
TPYAHOAOCTYTIHBIX MECTHOCTSIX.

PPJI co cropoctsamu nepenadn nHpopMauu B ctBose 1o 10 Mout/c
OTHOCSTCA K cuctemaM Manoil emkoctu. PPJI co ckopoctsmMu mnepenauu
nundopmaruu B ctBosie oT 10 1o 100 MOuT/C OTHOCATCS K CHUCTEMaM CpeiHel
EMKOCTH, a cO ckopocThio Oonee 100 MOut/c — kK cucremMam OONBIION
€MKOCTH.

Paccrosinue npsiMmoii BUAMMOCTH

1
]

h
L hz

BriBemeM 3aBHCHMOCTH PacCTOSHHS MNpsIMOM BHIMMOCTH 0e3  yueTa
pedbpaxiuu:

005¢:L~1—hl/R;
R+h

cosp~1-¢° 12 idép<< 1,
L= R =2hR;
r,=2h,R;
r:rl+r2:«/ﬁ(\/ﬁ+\/€);
r=357(Vh 4y,

rme R = 6378km; hl, h2 B meTpax.

B 3aBHCHMOCTH OT BeIWYMHBI TPOCBETA HHTEPBAIBI IMOJPA3AEIAIOTCS HA
CJIeIyIOIIHE:

Otxkperteie, mia xotopeix H > Hy, tme Hy, M, cooTBercTByeT paamycy
MUHUMaJNbHON 30HbI DpeHens:
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1A-R;-(R—Ry) |1
= [3r R K- Ky).

3 R
ITomyotkpsiThie, g koTopsix Hy = H > 0;
3akpeIThle, 11t koTopsix H < 0.
OnpenenstoT OTHOCUTENBHBIN IPOCBET Ha Tpacce:

p(g) = H(g)/H,

OCHOBHBIM KPHUTEpHEM ISl pacdeTa BBICOTHI IOBECA AHTCHH Ha IIPOJIECTE
ABISETCS YCIOBUE OTCYTCTBHS 9KPAaHHPOBKU MPEMATCTBHAMH MHHHUMAIBHON
30H6I Ppenens npu cydpedpaxkuuu paguoBosH. M3BECTHO, YTO OCHOBHAs
4acTh JHEPrHM TIIEepefaTdhKa pACIpOCTpaHAETCS B CTOPOHY IPHEMHOM
AQHTEHHBl BHYTPH MHHMMalbHOM 30HBI DpeHensd, MNpencTaBIAIOIIUN
SJUTMIICOM BpallleHHsi ¢ (OKycaMH B TOUKaxX Iepelarolleil M NpHeMHOMN
AQHTEHH.
[Toctpoenue u aHanu3 NpoGuId PagUOPENeiiHOro MHTEpBaia MPOU3BOAAT B
MOpsi/IKe YKa3aHHOM HIKE B COOTBETCTBUH C [1].
PaccunthIBaeTcs 3KBUBAJICHTHBIN paguyc 3eMH a,, M,

6370000 »
&= 13185000 ¢’ 1)
rme g - 3HaueHWe  S()QPEKTUBHOIO  BEPTHKAIBHOIO  I'PAIMEHTA

JIDJIEKTPUYECKOM IPOHUIIAEMOCTH BO3AyXa, 1/M.

PaccunThiBaeTCS TMHUIO YCIOBHOTO HYJIEBOTO YPOBHS HA MHTEpBAJe IJIUHOI:
2

R
y=5—"K(l-K)), (4.2)

2-a,
roe K; = Ri/ R — OTHOCHTENbHAs KOOPAMHATA TEKYILEH i-0i TOUKM;
R; — paccTosiHue 10 TeKylel TOUKY, M.
Vcrnone3yss MHOXECTBO 3HAa4eHHIl M3 TaOJMIBl, HAHOCSTCA BBICOTHBIC
OTMETKH penbe)a MECTHOCTH OTHOCHTENILHO YCIOBHOTO HYJIEBOTO YPOBHSI.
CoenuHss BBICOTHBIE OTMETKH OTpE3KaMH JIMHHUW, CTPOUTCS TPOQHIb
penbeda MECTHOCTH.
B coOTBETCTBUH C 3aJaHHBIMH BBICOTaMH aHTeHH hy, N,, cTaBaATCS Ha TOUKax
0 # R cOOTBETCTBYIOIINE BRICOTHI aHTEHH OTHOCHTEIBHO MPOQUIS MECTHOCTH
Y COEUHSIOTCS NPSIMOH JIMHUEH.
Ompenensiercst mpocBer Tpaccsl H(g), kak MUHHManbHAs PA3HOCTH BBICOT
MEXIy MpopuiIeM paguopelerHOro HHTEpBajia W IPSIMOM, COeIUHSIONMEH
LEHTPBI JIEBOW ¥ NPABOM aHTEHH, ¢ Beicotamu hy, h, coorBeTcTBeHHO [3]:

H(g) = H(0) + AH(g), (4.3)
rae H(0) — 3Hauenne mpocBeTa MpH OTCYTCTBHH pedpakiiu, ONpeaeisieMoe
U3 IPOQHIST MECTHOCTH;
AH(g) — npupaiienue npocsBeTa Ipyu H3MEHEHUH g.
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RZ
AH(g) = — 78 Kip (1 —Kpp), (4.4)

e K, - OTHOCHUTENbHAS KOOPIMHATA HANBBICIIEH TOYKH TIPOQHUIIS IPOJIETA.

3AJIAUA Nel

Jnst mposera paguopeneiHON JIMHUM, TOKa3aHHOTO HA PUCYHKe, 0e3
yuera pedpakuumy pajMoBOIH B arMocdepe ONpeneuTe MHUHUMAIbHYIO
BBICOTY II0JIBECA aHTCHH IIPU YCIOBUX:

Jmaa BonHbL A = 10 cM.
BricoTy aHTeHH B Toukax A U B npuHATE paBHBIMU.

IoscHuTe MeTOMUKY pacdera.

A B

-
\ R \QDZE’ I

1 km 49 xm

100

3AJIAYA No2

g mponera paguopeneHON JIMHUM, NOKa3aHHOIO Ha PUCYHKE,
oTpeieNInTe MUHIMAJIbHYIO BBICOTY IIOABECA AHTEHH NPH YCIOBHSX:
JlmHa BOHBI A = 5 cM.
BeprukaipHbIl IpajiMeHT OUANIEKTpUUecKoil nponunaemoctu g = -8.0%10-8
1/™m.
BricoTy anTeHH B Toukax A ¥ B npuHSATE paBHBIMU.

[MosicunTe MeToanKy pacyera.

A B
—

25 M l_

15 km

40 kM
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JlomalHee 3agaHue

1. [Ipopaborate  MaTepuain OTHOCHTENBHO  pacdera  Tpacc
panuperneiHoi cBs3u [5].

2. [Ipoussectu pacuetsl B 3agade Nel i JUIMHBEI BOJHBI 5 CM.

MMPAKTUYECKOE 3AHATHUE Ne3

Pac4er 300 nokpoiTHs 10 Moaean Oxkamypa-Xara

Mopgens Oxamypa-XaTa IpefHa3HaueHa JJI MpelCcKa3aHus ypOBHA
CHrHajia B OOJIBIIMX COTaX CHCTeM MOOWIBHOH cBsizu. Mopens Okamypsl
OCHOBaHa Ha OKCIICPUMEHTAJIbHBIX pe3ynbTarax, TMOJTYYCHHBIX npu
CIIEAYIOIIMX YCJIOBUAX: BBICOTA MojBeca aHTeHHbI bC HaJ cpegHeM YpOBHEM
KBasurmagkod  mectHoctH 200 M. Xara  0600mmn  pe3yabTaThl
MHOTOUYHUCIIEHHBIX 3KCIEPHUMEHTAIBHBIX H3MepeHud OkaMypbl M HOITY4HIT
sMIUpuyecKre GopMyIIsl [l pacdeTa CpefHuX motepb currana Ly (r, f, he,

huc)-

MOIIIHOCTh Ha BXOJIE NpPHEMHHKA C IOMOINBI0 JAHHON MOIEIH
BEIpa)KaeTcs

Py (7, f, hger hye) = Poc + Gpe + Gy — [Lp (r, fr hoer hue) + Mo + Me].-

PesynbraTel pacdera mo Mojenu XaTa COBHAJAOT C pe3yJIbTaTaMH
Oxamypsl ¢ TouHOCThIO | b B mperenax Tak Ha3bIBAEMOH «OCHOBHOM
oOmacTm», KoTopas XapakTepu3yrTcs auanazoHoM vactoT (150..1500) MIm,
npotsokeHHOCThI0 Tpaccehl (1..20) kM, BeicoTod aHTeHHB BC (30..200)M,
BbicoToi aHTeHHBI MC (1..10)Mm.

Ipu 200 MI'u < f <400 Mru st «60nbioro» ropona («0onpIon
TOpOA» XapaKTepU3yrTCs IJIOTHOM 3acTpoiikoil 3pmaHusmu, He meHee 50%
KOTOPBIX HMEIOT 5 araxkedd m 0Ooje, a HEKOTOpPbIE MOXHO OTHECTH K
«Hebockpedam»):

L, = 70,65 — 13,82 - Ig(hs.) + 26,16lg(f) — 8,29[1g(1,54 - h,,)]* +
+[44,9 = 6,55 - g (heo)]lg (1),

rae f — wacrora paguocurnana, MI'n;
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hs. — BBICOTA aHTEHHBI 0A30BOM CTAHLIAU, M;
hye — BBICOTa aHTEHHBI MOOMIILHON CTAHIUH, M;
I — pacCTOsIHUE MEXK/1y aHTCHHAMH, M;
IMpu 400 MI'u < <1500 MTI'11 1u1st «OOBIIOTOY» ropoja:

L, = 74,52 — 13,82 - Ig(hs.) + 26,161g(f) — 3,2[lg(11,75h,,)]* +
+[44,9 — 6,551g(hs)]lg ().

Jis «cpemHero W Maioro» ropoaa («CpemHHi W Majblid TOpOI
XapakTepU3yeTcsl TUIOTHOM 3acTpoiikoil 3maHusmu, Oonee 50% KOTOPBIX
umerot 4-5 sTaxeil)

L, = 68,75 — 13,82 - g (hs) + 27,72lg(f) — [L11lg(f) — 0,7 hy +
+[44,9 — 6,551g(hs)]lg (r).

Hust «opuroposay («Opuropomy - KpPYIHHBIH HACEJIeHHBIH MYyHKT ¢
HHU3KOH MIOTHOCTBHIO 3aCTPOMKH JKHIIBIX JOMOB M XO3SHCTBEHHBIX MOCTPOCK
BBICOTOM 3-4 3Taxa):

L, = 63,35 — 13,82 - lg(hsc) + 27,72Lg(f)-2[Lg (f/28)]> +
+[44,9 — 6,551g (hso)]lg () — [L1lg(f) — 0,7]hy

Jns «CEJIbCKOM MECTHOCTHY («cenbckas MECTHOCTb
XapakTepU3yeTcsl HAIWIMeM OTKPBITBIX y4acTKOB JMuHON He MeHee 300 M,
Yyepeayromuxcs ¢ 1-2 3TaKHBIMA IOMaMu):

L, = 27,81 — 13,82 - Ig (hg.) + 46,0519 (f)-4,78[lg (/)] +
+[44,9 — 6,551g (he.)]Lg () — [L,1Lg(F) — 0,7]hpe.

I[J'IFI «OTKpBITOﬁ MECTHOCTH» (OTKpLITLIe Y4aCTKu MECTHOCTU C
BO3MOKHBIM HAJIMYHUEM OTACJIIBHO CTOAIINX I[epeBLCB)

L, = 27,81 — 13,82 - lg(hs.) + 46,0519 (f)- 4,78[lg(f)]? +
+[44,9 — 6,551g(hs)]lg(r) — [1,1Lg(f) — 0,7]hye.

C HeCKOJBKO OONBIIeH MOTPEIIHOCTRIO MPUBEICHHYIO MOJIENTb XaThl
MOXKHO  HCHONB30BaTh  JUIi  «PACIIMpPEHHOH  oOnacTw»,  KOTOpas
xapakTepusyercs auamnazoHoM gactora (150..1800) MI'm, mpoTskeHHOCTBIO
tpaccsl (1..80) kM, BbICOTOM No1Beca MoOMIbHON cTaHumu (1..10) M.

[NostBIeHME COTOBBIX CHUCTEM MOOMJIBHOW CBs3HM, pabOTaromux Ha
yactoTax okoisio 2 I'T'n, crumymuposaio nosienenue mogenu COST 231 Xara,
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KoTopast mpuMeHsieTcs B auarnazoHe (1500..2000) MI' nmpu mpoTsKeHHOCTH
Tpaccel (1..20) kM, BeicoTe aHTeHHBI 0a3oBoii ctannuu (30..200) M, BeicoTe
aHTeHHBI MOOMIBbHOMN cTanmuw (1..10) M.

s cronmudHOro ropoja:
L, = 48,5 — 13,82 - lg(hg.) + 34,411lg(f)-[1,1lg(f) — 0,7]hy +
+[44,9 — 6,551g(hs)]lg ().

Jns cpeaHero ropona M TPUTOPOAHOTO LEHTpa C yMEPEHHOH
TUIOTHOCTBIO MOCAKU JEPEBbEB:

L, =48,5—13,82-lg(hs) + 34,41lg(f)- [1,1lg(f) — 0,7]hy. +
+[44,9 — 6,551g (hs)]lg (7).
JI71st cenbCckoi MECTHOCTH:

L, =9,56 — 13,82 - lg(hs.) + 53,73lg(f)-
—[L1g(f) = 0,7]hye — 4,78[lg(f)]* + [44,9 — 6,551 (he.)]lg (1)

J1s1 OTKpBITOM MECTHOCTH

L, = 4,56 — 13,82 - lg(hg.) + 53,731g(f)- [L1lg(f) — 0,7]hyc —
—4,78[1g(f)]* + [44,9 — 6,551g (hs)]lg (r)

MO,HeJ'II/I Xara He YUYHUTBIBAKOT XapaKTepa MECTHOCTHU (HaKHOH TpPacCChI,
Tpacca 3eMJId-Boa, Tpacca € XOJIMaMu U l"OpaMI/I). OI[HaKO 9TO YUYCT MOXKCT
OBITH IPOBCACH C UCTIOJIb30BAHHUEM PE3YJIbTATOB OKaMprI.

Oco0eHHOCTH KOPOTKHUX Tpacc

B ropuzoHTansHOM MmiI0ckocTH aHTeHHbl bC UMeroT 1o KpyroByro
JIUarpaMMy HalpaBJICHHOCTH, JINOO CEKTOpHYI0. B BepTHKaIbHOHN MIOCKOCTH
JUIA TIOTy4eHus Hanbonbmiero kod(h¢uimeHTa ycmieHus y aHTeHHb bC
(hopmupyeTcs y3Kas AuarpaMma HalpaBJICHHOCTH.

B monenn Oxamypbl 1 Xara HanMeHbIIas JAJIMHA TPAcChl BhIOpaHa
paBHOH 1 KM. DTO OOYyCJIOBIICHO TeM, YTO Ha 0Oojiee KOPOTKHX Tpaccax
BO3MOXHO Tonaganue MC B 30HY TEHH H3-3a OCOOCHHOCTEH JUarpamMMEl
HalnpaBJIeHHOCTH aHTeHHbI bC B BepTUKaJIbHON IIOCKOCTH.
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3AJJAYA Nel

C wucnomp3oBanmeM  Mozenun  Okamypwl-Xara  pacCUMTarh
YCpeIHEHHYIO MEIHAHHYIO MOIITHOCTD CUTHANA OT 0a30BOH CTAaHIINU CHCTEMBI
coroBoii renepornu NMT Ha paccotsarmsax | kM, 3xm, 5 kM, 10 kM, 20 kM, 30
KM U «CPEIHET0» TOpoJa, €CIH BBICOTa aHTEHHHBI 0a30Boi crtaHmuu 50 M,
BBICOTA aHTEHHBI MOOWIBHOH cTraHmmy 1.5 M. MomHocts nepexaranka bC 4
Bt, xoa¢pduuments ycunenust anrennsl bC 6 n1b, MC 6 nb, motepst B
¢dbunepax ans 6a3oBoi U MoOWIBHON cranmit 1 u 0 1b. YactoTa curnana 460
MI 1.

3AJIAYA No2

Onpenenuts 30HY YBEPEHHOrO IMpHeMa curaHaia oT 0a30Boil
CTaHIIMM C MOIIHOCTBhIO m3nmydeHus 20 nbm, Ko3(QQHUIMEHTOM YyCHICHUSI
aateHHsl 10 nb w BeIcoTOl momBeca anteHHel 20 M. [lotepu B ¢uumepe
0a30Boif cTaHIMH cOoCTaBIAOT 3 nb. MoOwibHas CTaHIMSA HMEET MOpOT
qyBCTBUTENHHOCTH -85 nbm. KoaddummenT ycunenus antenst 3 nb, moreps B
¢umepe HeTy. AHTEHHa MOOWIJIBHOW CTaHIIMK HAXOMUTCA Ha BbIcOoTe 1.5 M. B
KaHaJle BO3MOXKHBI 3aMupaHus rryonHoi o 30 ab.

I[OMaIlJHee 3aJJaHuC

1 ITpopaborare MaTepuas, KacarollUiics MOJENH pacHpOCTPaHEHUs
panuoBosH B OkamypsI-Xara.

2. CpaBHUTH pe3ynbTaThl pacueToB 3a7a4i Nel MpakTHUECKOTO 3aHSATHUS
Nel mis Momenu pacmpocTpaHeHHS PadOBOIH B CBOOOTHOM MPOCTPAHCTBE U
coracHo Mozenu Okamypbl-XaTa.

IMPAKTUYECKOE 3AHATHUE Ned

JlokanbHble 6ecripoBoanblie cetn Wi-Fi

®opmar ¢peiima PLCP

Ha pucynke npusenen gopmar ¢peiima.
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Opeiim  coctoutr w3 PLCP mpeamOymbr, PLCP 3aromoBka wu
CcOOCTBEHHO TaHHBIX.

! PLCP 3aronoBok !

i >
1 1
Rate |Peseps| OnuHa [YetHocTtb|  Tail Cepsuc | PSDU Tail Pad
4 6utal 16ut | 12 6ut 1 6ur 6 6uT 16 6ut 6 6ut
S - 1 1
~.. 1 !
~< 1 1
Se < 1 1
PLCP preamble CurHan [aHHble
12 cumBornos 1 OFDM CwumBon

brox mox wmasBammem “Curman” ssiagercs OFDM  cumBoiiom
nepexnatoreMcs ¢ monymsanueit BPSK u ckopocTpio komupoBaHus V5.

IMone Rate onpesensieT MOTYISIHMIO U CKOPOCTh KOAUPOBAHUSI B [OJIE
nmanebix. [lome dimHa ompenenser xommuectBo Oaiit B mome PSDU. Iloxe
YETHOCTH [00aBJSET B 3arojoBOK | eciy Mpeablayliee YHCIO CAMHUIl He
4eTHO U nobaniseT 0 eCli NPEeabIIyIee YUCIO0 SIUHHIL YETHO.

PLCP preamble cocrour u3 10 KOPOTKHX TPEHHPOBOUYHBIX
[OCJIEZIOBATENIBHOCTE M ABYX JJIMHHBIX. JlaHHBIE IOCIENOBATEIbHOCTH
CIyXar U1 OIPEHENICHUS 4YaCTOTHOH, BPEMEHHOM pacCTpOMKH, a TaKkxke
PEryIupOBKY YCUWICHUS IPUEMHHUKA.

. 8 MKC . 8 MKC . 4 mKc

1 [P
< L |
1 1 1
1 1 1
1

v
A

. A

|t ta|ta|ts|te|t7 ]| ts] to]|tio] GI2 T T, G

SIGNAL

BpeMeHHBIe COOTHOILICHU B CUT'HAJIC IPUBCACHBI B Ta6J'II/II_I€
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Table 79— Timing-related parametsrs

Parsmeter

Value

Mep: Number of datz subeariers

45

Mep: Number of pilot subeamers

4

Mep: Nunoher of sobeamriers, total

52 (Nogy + Mg

Az Subearrier frequency spacing

0.3125 BTz (=20 hiFz/Ed)

Trpy: FFLFET period

3.2 s (Ldg)

Trgmanz1s: FLCP preamble daration

16 ps (Topopr + Toowes)

Tongaar - Durasion of the SIGHAL BPSE-OFDM symbol

1.0 HE '._'T,;: + Tpp_-}

T Gl duratice

0.2 s (Teprid)

Ty Tratming symbeal G duration

1& y;-ﬂm-’_‘]

Tzyy: Symbol imgerval

4 s (T = Trprd

Tzgrpr: Short training sequense daration

B s (10 = Tppr M)

T'_E-'.'EG: Lomg training sequence daration

Bus CGE +1 -:TF.F._-_':

KOpOTKI/Ie TPEHUPOBOYHBIC IMTOCIICAOBATCILHOCTH COCTOAT U3 12 MNoAHCCYyINnX,
KOTOPBIC MOAYIHUPYIOTCA 3JICMCHTAMU IMOCIICAOBATCIbHCOUT S.

S 25 26="(13/8) « {0, 0, 145, 0,0, 0, -1, 0,0, 0, 1+5. 0, 0.0, -1, 0,0, 0, -1, 0.0, 0, 1+5, 0,0, 0, O,

0,0,0,-1=,0,0,0,-1-,0, 0,0, 1+, 0,00, 1+, 0,0,0, 1+, 0, 0,0, 1+, 0,0}
Koad¢urment, crosmuii mnepea  MOCIENOBATCIbHOCTHIO  CIYXKHT IS
BBIPaBHMBAHMUA MOIMHOCTH curHaja. OH HeoOXoJuM T.K. B CHMBOJIE
WCIIOJNIb3yeTCs Beero 12 mogHecynmx BMecTo 52.
CurHan npeamOynabl JIOJK€H OBITH
CJIETYIOIIEMY BBIPAKESHHUIO!

CTEeHEPUPOBAH  COTIIACHO

W2

Tsworr(t) = Wrsgorr(t) ¥ Spexp(j2lakdgr)

[
TTockonbKy JHIIb Kakias 4-s1 TOMHECylas HE HyJeBas, TO pe3yJbTar
npeoOpa3oBaHusi OyleT MMETh TEPHOJ] TOBTOPEHHUs B 4 pa3a MEHBIIE YeM

IEpruoJ CUMBOJIa C JaHHBIMHU.

JUIMHHasg TpEeHMPOBOUYHAsl MOCIEJOBAaTENbHOCTh COIEPKHUT 53
MOJHECYIIUX
La2s={,1-1-111-1,1-1111111-1,-1,11-11-111110,
1,-1,-1,1,1,-1,1,-1,1,-1,-1,-1,-1,-1,1,1,-1,-1,1,-1,1,-1,1,1,1, 1}

Pesynbrar momkeH ObITh MOTYYEH IPH TIOMOIIH Ipeo0pa3oBaHus
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N
Trowe(t) = Wrrowg(t) 3 Lyexp(j2akdg(t—Tgy;))
E-lN_

P

roe TGy, = 1.6 Mkc.

IMapamerpsr Toist ckopocty (Rate) npuBeeHs! B TabIuIE.

CkopocTb Mon. CKOpocCTh Yucno 6ut | Yucino 6ur Yucno He R1-R4
Mowur/c KOAMPOBAHUS Ha Ha CUMBOJI | KOAUPOBAHHBIX
MIOTHECYILIYIO OHT Ha CHMBOJI
6 BPSK 1/2 1 48 24 1101
9 BPSK 3/4 1 48 36 1111
12 QPSK 1/2 2 96 48 0101
18 QPSK 3/4 2 96 72 0111
24 16-QAM 12 4 192 96 1001
36 16-QAM 3/4 4 192 144 1011
48 64-QAM 2/3 6 288 192 0001
54 64-QAM 3/4 6 288 216 0011

IMone «CepBuc» conmepxut 16 Outr. IlepBeie 7 OWT ciyxar s
HHULUAIM3AHUU JecKkpeMOiiepa, 0CTanbHbIe 3ape3epBUPOBaHEL.

IInnoTHbIe MOaHECYIIHE
B xaxxnpom OFDM cumBosie copepKuTcs 4 MUIOTHBIX CUI'HANA C
HoMmepamu -21 -7 7 21. IlunotHble noaHecymue MoayaupoBansl BPSK.

IMMPAKTUYECKOE 3AHATHE Ne5
BecnpoBoansie cetu Wi-MAX Mobile

Crpykrypa xaapoB OFDMA wucmoms3yeT Tmoapa3ielieHHe Ha
BOCXOJSIIMNA W HACXOMSIINN CyOKanphl (Kak BpEeMEHHOE, TaK U 4aCTOTHOE).
JnurensHOCTh Kajpa MOXKET cocTaBisTh 2; 2.5; 4; 5; 8; 10; 12,5 u 20 mc.
Kanp - sto mocnenosarenpHocTh OFDMA-cuMBonoB. Kaxnmeriit OFDMA-
CHUMBOJI BKJIFOUaeT HaOOp MOaKaHaioB. [IakeThl JaHHBIX MOTYT MEpeaaBaThCs
OHOBpeMeHHO, Ha pa3nuaabix OFDMA-monkananax.
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Homepa OFDMA-cumeonos

k+33

|k | k1 k43 [ k+5 [ k+7 | k+9 k+11 k+13 k+15 kt17 | k+20 k+23 1 k+26 k+30 k+31
w1 FCH FCH
2 | UL-naket 1
| Dl-naker 3
4 a | B
4 <<
4 =
g8l 1 &
5 H| =] UL-naket 2
é = Dl-naket |
B e
o
182 |% Sl=
€| = Dl-norert 4 3
? | § s foeer UL-noket 3 = EI
4 a s |z
= c |8
o —
2 |
3 | DL-naxer 2 Dl-naket 5 Ul-naker 4
| 71
| I
.| UL-naket 5
s+ CyBraHan KoHkypeHT-
HOMo AOCTYNA
DL-cybranp UL-cybranp

st onucanus cTpykTypsl kaapa B OFDMA ucnons3yeTcst HOHSTHE CII0Ta
- MHHUMAJBHOIO pecypca Juisi mepenadd JAaHHbIX. CIIOT 3aHUMaeT OAMH
MOJKaHAT W OT oxHOro a0 Tpex mocienoBarenbHeIx OFDMA-cumBonos. B
HUCXOIAIIEM CyOKaape UIMTENFHOCTh CIOTa - OJWH WM JIBa CHMBola (B
pexumax FUSC m PUSC, cooTBeTCTBEHHO - CM. Jaiee); B BOCXOISIIEM
cyOKape JITUTEIHHOCTH cIoTa Beeraa paBHa TpeM OFDMA-cuMBomam.

[omkamanm — 310 Habop Hecymux dactoT (kak uw B OFDM).
PacnipenencHre Hecymmux 1O MMOJKaHAIaM, PaBHO Kak M YUCIO HECYIIUX Ha
OJMH TMOJIKAHAJI, 3aBUCHT OT HANpaBICHHs T[EpeAadd W  MeToja
pacnpenenenuss Hecymux. Crangapt IEEE 802.16 ommchiBaeT HECKOJIBKO
CHoco0OB pacripesieieHus: HeCylIMX Kak B HHUCXOJIIEM KaHajle, Tak U B
BocxogsmieM. [Ipuaiunuansao o noapasaenssrorces Ha FUSC (full usage of
the subchannels) — omHOE HcOIB30BaHKE TOAKAHATIOB TiepenardankomM bC, n
PUSC (partial usage of subchannels) — ucmons3oBanue rpymnmn MoJKaHAIOB
(cermMeHTOB), T.€. HE BCEro JOCTYITHOTO JMamna3oHa. Kakume wWMeHHO
nofkaHanbl ucnons3dyorca B pexkume PUSC, oaHo3HauHO ompenenstor
Homepa cermeHToB. B meromax PUSC u FUSC (u mx Bapmanusix) oJHOMY
cyOKaHally TpHCBaWBalOTCS HECYIHe, PaBHOMEPHO paclpeesicHHbIE II0
BCEMY JOCTYITHOMY (DM3HMYECKOMY KaHaIy.
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Hucxogsaumit OFDMA - kanaa

B Hucxozmsmem kaHane TEpBHIA CHMBOJI - 3TO npeamOyna. Hecymme B
CHUMBOJIaX TpeaMOyn1 MomymupytoTcst mocpernctBoM BPSK  cmenmansHpM
TICEBIOCITYyYafHEIM KOJOM, 3aBHCAIINM OT HCIOJIB3YeMOro CerMeHra (B
pexume PUSC) u mepemennoii IDcell, 3amaBaemoit Ha MAC-yposHe. B
npeaMOyiie MOIYIHPYETCs KakKIas TPeThs Hecyllas BCero kaHanma (Kpome
HECYIIMX 3aIUTHBIX UHTEPBAJIOB U IICHTPAJIBHOMN), MPUYEM HAYAIbHBIA CIABHUT
[0..2] 3amaeTcs momomHHTENbHO. Pacmo3HaB Tum mpeamOyibl, aOOHEHTCKAS
crauius (AC) cpasy ompezensier 3Hauenue nepemennoit IDcell u pexum
pabotel 6a30Boii ctannuu (bC).

3a mpeamOys0ii CIeqyloT Ba CHMBOJA, IEPEIalolIne 3arojoBOK Kajapa
FCH wu xapry pacmpenencHus moned Hucxopsmero kanama DL-MAP.
3aronoBok TpaHcHpyetcs mocpeactBoM QPSK co ckopocThro KoaupoBaHUsS
1/2. O coxepxur npedukc Hucxomsuiero kanama (DL Frame prefix), B
KOTOPOM YKa3BIBAIOTCS HCHOJB3yeMbIe CErMEHTHl W TapaMeTphl KapThl
HUcxomsmero kanana DL-MAP (mnnHa, ncnonb3yeMblii MeTo, KOTUPOBAaHUS
U YHCJIO TIOBTOPEHMI), TPaHCIUPYEMOH Cpasy 3a 3aroJIoBKOM Kazpa. Takke B
3aroJIOBKE HCHONB3yeTcs (Iiar, YCTAaHOBKa KOTOPOTO O3HAYaeT M3MEHEHHE B
PacIoIOKEHUH 001aCTH KOHKYPEHTHOTO TOCTYIa B BOCXOIAIIEM CyOKaape 1o
OTHOIICHHUIO K MPEABIAYIIEMY Kapy.

Hanee Tpancnupyetrcss kapta Bocxoxasmero kanaina UL-MAP wu
HUCXOJISIIIINE MAKEThI JaHHBIX 71 pa3Hbix AC.

Pe:xum FUSC o3Hadaet, 4TO MCMONB3YIOTCS BECh AMAana3oH (pr3nuecKoro
KaHaya (Bce BO3MOXHBIE Hecymme). I1o 1702 Hecymme MHQOpMAIMOHHEIE
4acTOTHl W 3aIIUTHEIN wHTepBan (173 m 172 Hecymux B Bepxy U HHU3Y
JTMara3oHa, COOTBETCTBEHHO). LleHTpanmpHas dactoTa ¢ mHAekcoM 1024 He
UCIIOJIE3YeTCSI.

B pexume FUSC npexae Bcero Ha3HayaroTCsl MUJIOTHBIE 4acTOThl. OHU
MOApA3ACIAIOTCA Ha (UKCHPOBAHHBIC W TiepeMeHHbIe. CITUCKHU TeX W JPYTHX
NpHUBEACHBl B CTaHAapTe. TepMHH '"TepeMeHHBIE NIJIOTHBIE YacTOTHI"
o3HauaeT, 4Tto B KaxaoM detHoM OFDMA-cuMBoie HUX HHIEKCHI
COOTBETCTBYIOT TpuBeneHHBIM B jJokymeHTe I[EEE 802.16, B xkaxmom
HEYeTHOM — yBenmuuBaioTcs Ha 6 (aymepammsi OFDMA-cumBooB
HaunHaeTcs ¢ 0). Beero nmpemycmorpero 166 MWIOTHBIX 9acTOT, U3 HUX 24 —
(uxcupoBanubie. M1 (UKCHPOBAaHHBIC, U MEPEMCHHBIC MUIOTHBIC YaCTOTHI
pa3OuTel Ha J1Ba HaOOpa, OJMHAKOBBIX MO0 00BEMY. DTO pa3dueHHE HUMEeT
3HAuCHHWE TOJBKO NPHU paboTe ¢ aTaNTHBHBEIMH AHTCHHBIMH CHUCTEMaMH B
PEeXUMeE MIPOCTPAHCTBEHHO-BpeMeHHOT0 KonupoBanus (STC).

ITocne ompeneneHuss MUIOTHBIX YacTOT ocraBmiuecs 1536 Hecymmx
NmpeHa3HaueHbl s Tmepenadd  JMaHHBIX. OHH  TOApa3NessIoTcs Ha
Nsubchannels= 32 momkanana o Nsubcarriers= 48 Hecymmx B kaxkaoMm. Ha
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3HaYeHHe WHQPOPMALMOHHBIX HECYyIIMX MOAKAHAJIAM IPOHCXOOHT B
COOTBETCTBHH C (POPMYJIIOH:

subcarrier (k, 8) = Noypohamers M + {P1(S + 1) mod Ny popanne] +

+ 1Dcell} mod Nyyponanneis (1)

roe subcarrier (k,s) — WHOEKC Hecywled k B nogkaHane s,
S= [0"'Nsubcnanneis - 1]! k= [0"'Nsubcamers - 1]!
M = (k+ 138) mod Ngpmiers IDCell — uaeHTMGUKATOP OTAENBHOIO
cermenTa BC, onpenensemelii Ha MAC-ypoeHe (3apaBaemasi 6a30BOiA
CTaHUMel Lenas nepemenHas B auanasone 0—31). P(x) o3Hayaer x-biid
ANEMEHT NOCNEefoBATENLHOCTM NEepecTaHoBoK {P}, NpuBefeHHOR B
cradpapte (P = {3, 18, 2, 8, 16, 10, 11, 15, 26, 22, 6, 9, 27, 20, 25,
1,29,7, 21,5, 28,31, 23, 17, 4, 24, 0, 13, 12, 19, 14, 30}). Onepa-
umMs X mod k — aTo OCTaToK OT X/K.

OueBugHO, 4YTO Hepel NPUMEHEHHEM IPHBEACHHOM  (OPMYIEI
MH(OpPMAIIMOHHBIE HECYIINE NOJDKHBI OBITh MEPEHYMEPOBAHBI TaK, YTOOBI UX
UHJEKCHl yKIaabBaduch B auanazoH 0-1535 (mocneaHee 3HaueHue
coOTBeTCTBYeT (pusnueckomy mHzaekcy 1702), T.e. IpOHyMEpOBaHBI HOAPAL,
6e3 ydera NMUIOTHBIX 4acTOT. IIOCKONBKY B YETHBIX M HEYETHBIX CHMBOJIAX
pacrosioxeHue MTUJIOTHBIX 4acToT Ppa3iIuYHo, pacmpeneneHue
MH(OPMAIMOHHBIX HECYIIUX JJIsI HUX TAKXKe HY>KHO BBIUUCIISITH HE3aBHCHMO.

B pexume PUSC Bech nocTynHblii auana3oH noapaszaensercs Ha 60
nozakanainoB. [lo ompenenenuto, [y pabOTHl MCHONB3YeTCs JIMIIb YacTh M3
HHUX, HO He MeHee 12. [logkaHasibl TPYNIUPYIOTCS B INECTH CEIMEHTAaX, M3
HUX Tpu 0a30BBIX (cerMeHTH 0, 1 1 2), Kakapril BkirodaeT 12 moakananos (0—
11, 20-31 m 40-51 moakaHambl, COOTBETCTBEHHO). OYEBUAHO, WCXOAS W3
TpeboBaHMSI MHMHHUMyMa B 12 TonkaHajoB, HE 0a30BbIE CETMEHTHI MOTYT
HCIIOJIB30BATECSl JIMIIbL COBMECTHO ¢ 0a30BBIMH. JleneHume Ha CErMEHTBHI
BBeZieHo, 4To0sl BC ObIO mpomie coo0marh, B KAaKUX IOJKaHAJaX OHa
paboTaer (ZOCTaTOYHO COOOLIUTH HOMEPA CErMEHTOB).

CumBon B pexume PUSC ¢dopmupyeTcss Mo CleayromeMy MPHHIIHITY.
Bcero mpexycmotpeno 2048 gactot, u3 HUX LeHTpanbHas (¢ naAekcoM 1024)
n 3amuTHble (184 HwkHNX 1 183 BepxHHX) He Hcmonb3yroTca. OcraBmmecs
1680 Hecymux mocieaoBaTeNbHO pa30ouBaroT Ha 120 KiIacTepoB, KaKABIH
comepxur 14 necymmx. [locie 3Toro mnocnemoBartenbHble (QU3MUECKUE
KJIacTepbl TEPEHYMEPOBHIBAIOTCA B '"JIOrMYeckue" B COOTBETCTBUU C
dopmynoit LogicalCluster = RenumberingSequence [(PhysicalCluster+13
IDcell) mod 120], rome RenumberingSequence (x) — COOTBETCTBYIOIIUHA
aneMeHT npuseneHHo B cranaapre IEEE 802.16 nocnemoBaTenbHOCTH
nepectanoBok, [Dcell — onpenensemsiit Ha MAC - ypoBHe HICHTH(HUKATOP
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otaenpHOTO cermenTa bC (3amaBaemast 6a30BOH cTaHIKEH meast mepeMeHHas
B muana3one 0-31). Dra omepanms (akTHUECKd O3HAYAET MEpEeMEKCHHE —
pacrpenesneHie MOCIEA0BATENbHBIX TPYII HECYIIUX [0 BCEMY AHMANA30HY
¢usmueckoro kanana. Jlamee JOTHUECKHE KIacTephl pa3OMBAIOTCA Ha ILIECTh
rpymm (0-23, 24-39, 40-63, 6479, 80-103, 104-119), mo 24 u 16 k1acTepos.
Bonpme rpynmel COOTBETCTBYIOT OONBIINM CerMeHTaM (IO yMOTYaHUIO,
rpynna 0 cooTBeTcTBYeT cermeHTy 0, rpymma 2 — cermeHty 1, rpymma 4 —
cerMeHTy 2). B kaxoMm kiacrepe onpenessifoTcsl MUIOTHBIE HECYIUe — JUIs
YETHBIX CHMBOJIOB 3TO 5-51 M 9-51 Hecyue, st HedeTHBIX — 1-s1 1 13-41.

O O HeuetHue
CHMMBOEI
O O YeTHuie

CHMMBONLI

MHDOPMALMOHHKE HECYILME O MunoTHee Hecywme

CrpykTypa Kiacrepa.

Takum oOpa3oMm, Habopy MOIKAaHAJIOB B IpeAelax CErMEeHTa I He
CKOJIbKUX CEIrMEHTOB OKa3bIBAeTCsl MOCTABJICHHBIM B COOTBETCTBHE HAaOOD
Hecymux (it 12 moxkaHanoB — 336 Hecymux, U3 HUX 24 NHIOTHBIE U 288
nHdopmaonnsix). MHbopMaMOHHbBIE HECyllMe B CErMEHTE HyMEpYIOTCS
MOAPSAA, HE YUMTHIBas NHJIOTHBIE YAaCTOTHI, IOCJIE Yero B COOTBETCTBHUHU C
thopmymoii (1) kaxxIoMy oAKaHATY Ha3HA4YArOTCA Mo 24 Hecymux. B maHHOM
ciygae B gopmyne (1) ucmomp3yrorcst 3HadeHuss Nsubchannels= 12 wmm 8§,
Nsubcarriers= 24, a  Takke  CHeHUajbHbIE  EPECTAHOBOYHBIC
nocienoBarenbHoct P12m P8mus cermenroB m3 12 w8 KaHaloB,
COOTBETCTBEHHO (TIPHBEAEHBI B cTaHAapTe). KpoMe paccMOTpEHHBIX METO/IOB
pacrpesiesieHHsI HECYIINX, B CTaH JapTe MPEeayCMOTPEHBI U OMI[HOHAIbHBIC
MEXaHU3Mbl — B 4acTHOCTH, T.H. optional FUSC, npuHuunuansHo He
OTIMYAOUTUICA OT PACCMOTPEHHOTO.

Bocxoasmii kaHag

Bocxomgsamuii cyOkanp creayeT HENOCPEICTBEHHO 3a HUCXOISIINM HYepe3
uaTepBan TTG. OH comepXUT MakeThl OT a0OHEHTCKUX CTAaHIWN W MHTEPBaT
JUISL  3ampoca  JOCTyNa/MHUIMANIM3aud. MUHUMaNbHBIH pa3Mep OIHOTO
cooOmennst B BocxosmeM cyokaape (cior) — 3 OFDMA cuMBoia B OIHOM
nojxanane. OTo npuseno k nossineHuto B fokymente IEEE 802.16 Tepmuna
"¢hparment"” (MO3aMYHBIN 1€MEHT, tile).
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O O Cumeon 0

Cumeon 1
O O Cumeon 2

MudbopmaumonHbie Hecywme
O Munothbie Hecywme
Crpykrypa "(hparmMeHra” BOCXOISIIEro KaHaja.

®parmeHT npeacTabiseT co00i COBOKYITHOCTh TPEX CHMBOJIOB M YETHIPEX
HECYIIHUX, B KOTOPOM IIOJIOKEHHS MMJIOTHBIX YacCTOT JKECTKO ONpEEeNEHBI.
Becp uvactoTHbIM auana3oH kaHanma (1680 Hecymiux) pasobuBaerca Ha 420
MOCIIEI0BATENbHBIX ()ParMEHTOB, 10 4 HECyIINX B KakaoM. [IpemycMmorpeno
70 monkananoB. Kaxnerii u3 HUX BKIIo4aeT 6 (hparMeHToB — T.e. 24 Hecymue
Ha CHMBOJI B OZJHOM NozkaHaie. Pacnpenenenue GpparMeHToB 10 IMogKaHAIaM
MPOMCXOMUT cienyromumM obpazom. Bee 420 ¢pparmeHToB pazdmBatoTcs Ha 6
rpynn o 70 ¢parMeHTOB. B KaXKABIA IMOJKaHAN BKIIFOYACTCS IO OTHOMY
(hparMeHTy U3 Ka)XJO! IPyNIbl B COOTBETCTBUH C YPaBHEHHEM:!

Tile (n, s) = 70n + {P[(n + s) mod 70] + UL IDcell} mod 70,

rae Tile(n, s) — dparmeHT n nopkavana s, n = [0...5], s = [0...69]. P(x)
— MepecTaHoBOYHas nocnenosarenbHocTb, UL IDcell — nepementas B
nvanasone 0-69, 3anasaeman BC Ha MAC-ypoeHe. B pesynbrarte kax-
[0MY NoAKaHany B KAXA0M CUMBOJIE HA3HAYAETCA CBOI HABOP HECYLLIX.

Ilocne pacnpeneneHnss 1O  IMOJKAHAJIAM IPOMCXOAWUT  HyMepanus
MHQOPMAITMOHHBIX HECYIINX B K&XKIOM CJIOTE — BCETO UX B TPEX CUMBOJax 48.
WudopmarmoHHple 4acTOTBI B TIOAKAHANE HYMEPYIOTCS HauyuHas C
HauMeHbIIeH Hecylled (parMeHTa ¢ HauMEHbIIUM HHJIEKCOM — CHavaja B
MepBOM CHMBOJIE, 3aTeéM BO BTOPOM M TpEeTheM. 3aTeM HH(pOPMalMOHHbBIE
HECyIHe B KaXIOM CIJIOT€ IE€PEHYMEPOBBIBAIOTCS B COOTBETCTBHH C
dopmymoit subcarrier (n, s) = (n + 13s) mod 48, toe S — HoMep moaKaHama, N =
[0...47] (re. MPOHCXOIUT LHUKIUYECKUH CABHT HyMepanuu
MH(POPMALMOHHBIX HECYIHUX Ha 13S B Ka)JOM HOIKAHAIE S).

OtmeTnm, uto B Tekcre nokymenra |IEEE 802.16 mpoucxomur mogmena
TEpPMHHOB: TIOJIKAHAJIOM B BOCXoIsleM cyOkanpe aBropsl Tekcra |EEE
802.16 Ha3pIBAIOT UIMEHHO CJIOT, HHPOPMAMOHHYIO CTPYKTYpY pa3Mepom 24
Hecylux Ha 3 cuMBoIIa. M Korna B JOKyMEHTE HalMCaHo, 4To B cyOkaHaie 48
MHQOPMAITMOHHBIX HECYIIHX, CJIEAYeT IOMHHTb, YTO C TOYKH 3PEHUS
MIPaBUIBHOM TEPMHUHOJIOTHH peyb UIET He 0 cyOKaHaje, a o cioTe. PearbHBIX
ke Hecymux (T.e. PU3MUEeCKUX 4acToT) B cyOkaHane Bcero 24. YMHOXas MX
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Ha 3 (uncio OFDMA-cIMBOIIOB B €lI0TE€) M BRIYMTAS 24 MIUIOTHBIC HECYINHE,
Kak pa3 1 noxydnM 48 HHPOPMAITMOHHBIX HECYIIIHX.

JIlureparypa

1. TOCT P.53363-2009. Lludpossie paguopeneiinsle nuHuu. [lokazarenn
kauecTBa. Metojpl pacueta. — M. Cranmapturdopm, 2010.

2. Tpoxwuc [Ix. Ludporas cBszb. —M. :Panuo u cBs3p, 2000 -797 c.

3. Bacunenko I'O., Mumorud E.P. Pacuer mnoxa3sareneii KadecTBa H
TOTOBHOCTH IU(POBBIX pagropereHbIx muHmid cBsi3u. — CII6.: UznarembcTBO
«JImak», 2007.

4. BomkoB JL.H. u ap. Cucremsl nnpoBoil paarocBsa3u: 0a30BbIC METOABI U
XapakTepucTHKH: YuyeOHoe nocodue. M.: Dko — Tpenns, 2005.

5. Fundamentals of WiMax: understanding broadband wireless networking/
Jtffrey G. Andrews, Arunabha Ghosh, Ria Muyamed. 2007, 449 p.

6. IaxxoBuu M. Cern ropoackoro macmrada: perieHus paboueil Tpyrs
IEEE 802.16 — B sxu3nb! — DJIEKTPOHUKA: HTB, 2003, Ne§.

7. IlaxmoBua U. Cranmapt mmpoxomonocHoro nocrymna IEEE 802.16 mns
nuama3oHoB Hoke 11 I'To. — DJIEKTPOHUKA: HTB, 2005, Nel.

8. IEEE Std IEEE 802.16?2004 (Revision of IEEE Std IEEE 802.16 2001).
IEEE Standard for Local and metropolitan area networks. Part 16: Air
Interface for Fixed Broadband Wireless Access Systems. — IEEE, 1 October
2004.



