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TocymapcTBeHHBIN YHUBEPCUTET TeJIeKOMMYHUKanuii, Kues

lnghpoBu3aynsa ananoroBbix pagnopeneiiibix THHWA:
AJITOPUTMUWYECKAA MOJEJb

"DI(HJHHD, YTO NPH HCNONb30BAHWH AN NEPEAAYH YHIPPOBLIX NOTOKOB Pa3BEPHYTbIX AHANOTOBbIX pannnpeneﬁﬂbm JIHHHIA
JAOCTHIaeTca BbICOKHI ahhext — Kak TEXHHYECKHI, TaK H IKOHOMUYECKHI.
KnioueBbie cnoBa: aHanorosas pafviopenenHas NuHug; anroputMnyeckas Moaens NepeaaloLLero v NpYeMHOro TPakToB.

Beegenne

[anbHeilwee yBennyeHne oGbema nepefaBaemol LMpoBoi
NHCOPMALMK, @ TakXe BbICOKasi CTOMMOCTb Pa3BepTbIBaHIAS NIHIAN
nepefaym Ha Gase COBPEMEHHbIX LMpPoBbIX TexHonorn (SDH,
PDH, nunuin BOC) — ato Te hakTopbl, ¢ Y4eTOM KOTOpbIX MMEET
CMbICIT UCMONb30BaTh /1S Nepeaayin uAdpoBbIX NOTOKOB, 0COBEH-
HO B CEMbCKMX 1 NMPUrOPOMHbIX PaiioHaX, pPa3BepHyTbie aHarnoroBble
pagvopenenHble nuHan (PPM).

llenb cratbw — nath oUEHKY 3thEKTMBHOCTY (KaK TexHIYe-
CKOW, TaK 11 AKOHOMUYECKOIT) UppOBI3aLMI MHIAN HA OCHOBE Cy-
LLIECTBYIOLLX AHANOroBbIX paaropeneiiHbix cTaHui (PPC).

CoOTBETCTBYIOLLIME TEXHIYECKME PELLEHIS OTPaXeHbl B ny6nn-
kauvax [1-6] n sanateqtosanbl [5; 6]. [Mpegnaraembie fanee
TEXHUYECKIE PELLEHUS NO3BONSIOT UCTONb30BaTh NPaKTUYECK! BCE
oGopynosatue aHaroroson PPC, nononHeHHoe thopmupoBaTenem
MPOMOYNPOBAHHOMO LMAPOBOr0 NOTOKA C NOCNeayoLLeil YacToT-
Hon mopynauvert (HM) B nepepatoLLem TpakTe 11 YacTOTHON Jemo-
[ynAuvei B NpMEMHOM TpakTe CpefcTBamit aHanorosoi PPC.

OcHoBHas yactb

3HAYUTENbHBIN VHTEPEC NPENCTABNSET WCCNEeA0BaHNE TEXHU-
yeckoil (npexpe BCero cnekTpanbHoi) 3tteKTUBHOCTI CUCTEMbI
C KoM6uHMpoBaHHoi (aBoitHon) Mopynauvei [5; 6], obecneynsa-
HOLLEA MaKkCMMyM 3KOHOMUYecKoin adithekTBHOCTI Bnarogapst uc-
Mnonb30BaHMI0 CYLECTBYIOLMX MayT 1 annapatypsl PPI1.

Y70 e KacaeTcs MOBbILIEHUS CNEKTPanbHOM 3thEKTBHOCTY
KaHarnoB CBS3M, TO C 3TOV LIENbI0 MMEET CMbICIT NPUMEHUT MHOI0-
NO3ULIMOHHYI0, Hanpuvep amnnuTyaHo-basosyio (QAM), mopyns-
umio. Tpebyemblil pe3ynsraT JOCTUMAETCS 38 CHET CHUXEHUS CUM-
BONbHOI CKOPOCTM NPV PaBHbIX BUTOBbLIX CKOPOCTSX. 3TO NO3BONSET
Ha 6Ga3e LWTaTHOro o6opymoBaHus PPC ocylIecTBUTb 4YacTOTHyI0
MOAynAUMIo CUMBOMOB. Takum 06pa3om, M0 KaHamny nepenaeTcs
YM curHan, KoTopbIi, NCMOMb3ys OrpaHYEHIe YPOBHS, NOAABMSET
napasuTHyl0 aMnIUTyOHYI0 MOAYASUMIO, Kak 3TO MPOUCXOANT 1 B
cnyyae 06bi4HON aHanorosoit PPIT npu nepepayve YM curHana.

[lpeanaraemoe uccnenoBaHne UMENo LENbio OaTb OLEHKY ag-
(heKTUBHOCTI NPUMEHEHUS KOMBUHUPOBaHHOI (ABOIHOM) Moayns-
LMK B YCIOBKSX peanbHoro ucnonb3osanus PRI,

AHanu3 npoBoaMCS Ha 0CHOBE CreuyanbHo pa3paboTaHHoi an-
ropuTMIYeckoit Mogenu (cMm. pucyHok).

bbina nocTaBneHa 3apaya onpeaeneHns NoMexoyCTo41BOCTY
ouMhpoBaHHOrO KaHana cBa3w, peanuaoBanHoro Ha PPJT ¢ ncnons-
30BaHEM CYLIECTBYIOLIEr0 MayToBOro o06opymoBaHus. [pu aTom
ONHa NPOneToB AO0MKHA Bbina GbiTb HE MEHbLUE AfMHbI Mpore-
TOB B aHanorosoi PPJ1, opraHu3oBaHHO/ Ha 6a3e CTaHUMIA TUMa
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Anroputmuueckas cxema nepegaiowero (a) n npuemuoro (6) Tpakra:
1 — ncTouHuK Hthopmaummu (KoHTeHTa);
2 — annapatypa ounhpoBKM KOHTEHTa U hopmupoBaHus notoka SDI,
a TaKXKe annapatypa cxatus (MynbTURAEKCHpOBaHue
¥ thopMupoBaHue 0611ero TpAHCNOPTHOrO NoToka, Hanpumep ASI);
3 — mopynarop B ctanpapre DUB-C;
4 — npeobpa3oBarenb 4acToTbl CUrHana; 5 — YacToTHbIH MogynATOp;
6 — BbIXOAHOW NMHEIiHbIH TPAKT; 7 — AHTEHHa;

8 — wckamenune curiana npu YM (BepTukanbHas cTpenka
YKa3bIBAET TOUKY Pe3yNbTHPYIOLLEro BANSHAA HCKaXEHUS
CHrHana 3a cyer XapaKTepucTHK nepeaatowero Tpakra YM);

9 — antenna; 10 — npueMHbli NHHEAHbIA TPaKT;

11 — pemopynartop YM; 72 — yuchpoBoi gemopynaTop;

13 — pexopep; 14 — wckaxaiowme hakTopbl Ha BXoge
NuHeiHoro TpaKkTa NpuemMonepeaaTumKa;

15 — uckaxaowme thakropsl Ha Bxofe Aemopynaropa Y,
onpefensiowWMe OTHOWEHHE CUrHaN/wym

(peanbHoe B KaHane u Heo6KoAMMOE ANA KAYECTBEHHOro npuema)
«Kypc». Tpe6oBanoch Takke onpeaenuTb napameTpbl (DOPMUPOBa-
Tensa u1hpoBoro noToka, 06ecneYnBaoLLe NPUEMIEMOE Ka4eCcTBo
nepegayn v 3KOHOMUYECKY0 3D(EKTUBHOCTL CUCTEMBI.

AHanu3 npoBofuncs No MpUBEAEHHON Ha PUCYHKE anropuTMu-
4ecKol MOAEenu B NMPEenonoXeHun, 4To (hopMIpoBaTESb NOTOKA
(yanbl 2 1 3 yka3aHHoM Mogenu) BbINOMHEH B COOTBETCTBUW CO
cTaHgapTom [7], npudem uckaxenus, BHOCUMbIE (hopMUpoBaTe-
NeM, He MPEeBbILIAOT 3HAYEHWIA, PErnamMeHTUPOBaHHbIX CTaHdap-
TOM. [NapameTpbl yanoB NiHeiiHoro TpakTa (y3en 4) cooTBETCTBYOT
NCKaXXeHNsAIM, BHOCMbIM Ha HyNeBoM YPOBHE 3HEPreTUHeCKnX no-
Tepb [8]. Takum 06pa3om, B nepefalollem TPakTe OXWLaeMbIMY
NCTOYHMKAMI MELLIAILLMX BO3OENCTBUA ABNAOTCA YaCTOTHBLIA MO-
OynaTop 1 TpakT 6, COOTBETCTBYIOLMI TPR6OBAHMAM, NPeabsaBNse-
MbIM K nepeaade aHanorosoro YM curana.

Ha npremHoit CTOPOHE 1CTOYHUKOM WCKaXEHMIA TaKKe MOryT GbITh
LUTATHbIE Yanbl NMHEHOro TpakTa u gemoaynatop YM (YM[).

[A3BECTHO, YTO NOBbILLEHIE MHAEKCE YACTOTHOA MOAYNALAM NpK-
BOAMT K PACLUMPEHMIO NONOChI YacToT, 3aHumaemoin YM curHanom,
11 K CHUKEHIO OTHOLLEBHUS curHan/tym Ha sbixoge YM.
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[ns nprbnnKeHHON OLEHKI LUMPUHBI MONOCk NponyckaHus BY
TpakTa paavopeneiHoi cuctembl nepegaun (PPCI) ncnonbaytot
opmyny Kapcona [9].

B Hawewm cny4ae nonoca nponyckaina AFy,, TpakTa npoMexy-
TOYHOW YacTOTkl NpUBNKEHHO paBHa 27 ML 1 onpenenseTcs co-
OTHOLLEHNEM

AFyy = 1,1(2AF, + 2F, )

max”’
re Afy — npepenbHo [ONYCTUMaR [EBaLVMS NPOMEXYTO4HON
4acToTbl; F.. — MaKCMMaNbHOE 3Ha4eHe YaCTOTbI IPynnoBoro
curHana TB cTeona, F = 8,5 MIu.

Mepenalolin 1 NpUeMHbIA TPAKTbI, yKa3aHHble B anropUTMu-
Yeckon MOMEnN, COEAMHSIOTCS 3WPHBIM padKUoKaHarnoM, npu
PacnpocTpaHeHU Mo KOTOPOMY PaavocurHan nofBepraeTcst BO3-
[ENCTBUI0 PAfa HeraTUBHbIX (HaKTOPOB, TakMX Kak TEnnoBOA LyM
Pa3NN4HOr0 MPOMCXOXOEHUS, (IUKCMPOBAHHAs CUrHanonopoGHas
nomexa 11 mp.

Ha Bxone undposoro gemopynstopa (cm. pucyHok, nos. 712)
CUTHan nofBepraeTcs WCKaXeHWsIM, BbI3BaHHbIM BCEMM Mellato-
WmI hakTopamu, OeicTeyloWmMmM B kaHane cBsan. OueHka uc-
KaXXEHUS CUrHana npu pasnnyHbIX BUOAX LMCPOBOA MOpynaLmK
Mo KPUTEPUIO aHepreTu4eckix noteps npueenexa B [8]. Cnepyer,
0fiHaKo, Y4ecTb, YTO YACTOTHAs MOMynALMS LMAPOBOrO CuUrHana,
ocnabrgs BRMSHWE OfHUX MELatolmx hakTopos, cama SBnseTcs
WCTOYHVKOM ApYriAX Takux (akTopos.

Ha Gase [aHHO anropyTMMYeckoid Momenu Gbino MonmyyeHo
BbIDaXEHe, MO3BONSIOLIEE OLEHUTb OTHOLLEHWE CUrHar/momexa
Ha BbIXoe LhpOBOrO EMOAYNSTOPA MO U3BECTHOMY OTHOLLEHMIO
CUrHan/nomexa Ha ero BXOAE Npi HanMuuK B KaHane Nepeaayi rap-
MOHWYECKOr0 CUrHarna 1 y3KononocHoro rayccoBoro Lyma, BO3aen-
CTBYIOLLVX HA YACTOTHbII AETEKTOP:

(CM,,,, = 3leag /Q, T/,

e op Q... = m — uxpgekc ymosoi mopynauue; (G/M),,,
(C/M),,, — OTHOLIEHIE CUrHar/MoMexa COOTBETCTBEHHO Ha BXOE
11 BbIXO[IE IEMOAYNATOPA.

Bbino ycTaHOBNEHHO, YTO NpY WHOEKCE YrNoBOW MOAYNSL,
ncnonb3yemom B PPC, oTHOLIEHME curHan/momexa Ha BbiXofe
nemoaynstopa YM 6GyneT noytv Ha 5 Ab npeBbIWaTh OTHOLLEHWE
CUrHan/noMexa Ha ero BXofe.

BbiBop
[TpMeHEHME OMUCAHHOM anropUTMUYECKOA MOMENM MoKasbl-
BAET, 4YTO HAa Ga3e UMEIOWMXCS aHanoroBbIX NIMHUA CBS3W U CO-

OTBETCTBYIOLE/ VHIPACTPYKTYPbI MOXKHO C AOCTATOYHO BbICOKUM
YPOBHEM Ka4ecTBa 0GeCneymnTb nepeaady LMthpoBoi MHAhopMaLm,
C3KOHOMMB NPV 3TOM 3HAUUTENbHbIE MATEPUasbHbIE PECYPCHI.
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V. Ya. Kazimirenko
ANALOG MICROWAVE LINES AS TRANSMITTERS OF DIGITAL FLOWS: ALGORITHM MODEL
It's shown that analog microwave lines using for digital flows transmitters has a lot of preferences concerning technical and economic

effectiveness.

Keywords: analog microwave line; algorithm model of transmission and reception path; frequency modulation; demodulator; signal-

to-interference ratio.
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