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OUPPOBAS METEOPHAS CUCTEMA INEPEJAYU NTHOOPMALIUH.
NIAEHTUDOUKALUA ITAPAMETPOB MOJAEJIN

BBenenue

B mpeasinymeit cratee [1] paccmoTpena cymectByromas B HYI[ PT mereopnas cucrema
nepenaun uaGopmarmmu (MCIIN). [lanpHeiimei 3aqadeii SBISETCS COBEPIICHCTBOBAHUE CUCTEMBI,
MpHUIaHuE el COBPEMEHHOT'0 yXa U HOBBIX (DYHKIIHIA.

B kauecTtBe OgHOro W3 MpHMepa «HIIEalIOB», K KOTOPOMY MOXHO CTPEMHUTHCS, BO3bMEM
nooOHyI0 cuctemy [2]. B yka3aHHOUH cTaThe OmMmMcaHa MOJydYeHHAs CHCTeMa MaKeTHOTO Paguo00-
MEHa, CO BCEMH 0COOCHHOCTSIMH, TPUCYIIIMMHA KOMITBIOTEPHBIM CETSIM.

MCIIN
Crpykrypnas cxema MCIIU npusenena Ha puc. 1.
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Puc. 1. CtpykrypHas cxema MCIIN

CtpyKTypHas cxema He CO/IEp>KMT HUYEro HOBOTO, JIaHHAS CTAThs MMOCBSAIIEHA TOJIKO aHAINU3Y
MCIIA B TOM BHUJE, KaKk OHa co37aHa B XapbKOBCKPOM HAallHOHAIIbHOM YHUBEPCUTETE PAUOIJIEK-
tporuku (XHYP3) na xadenpe OPT u onmcana B mmteparype [3]. Kparkue xapakTepHCTHKH
cucTtemsl [3]:

— MOITHOCTH TIepeaTanKa 0,3 xkBm;

— paboyas yactoTa 40,6 MT'y;

— BUJT MOJTYJISILIAA mpsiMasi 4acToTHas Tenerpadus;
— IEBHAIUS YaCTOTHI 100 — 150 I'y;

— TIOMEXOYCTOWYMBOE KOJUPOBAHUE OTCYTCTBYET.

OonoBaennas L{CIIU

Crpykrypnas cxema LICIIH, paccmaTpuBaemast B paboTe, MpuBeIeHa HA pUC. 2.
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Puc. 2. CtpykrypHas cxema ucciaeayeMon [udpoBoi CUCTEMBI repenayn nH(OpMaIuu

CornacHo CTpYKTYPHOH CXeMe BBIXOJHOM CUTHAII OJIOKAa «MCTOYHHUK MH(GOpPMAIIUN MPEICTaB-
nsieT coboit moTok O6utoB. DopmMupoBaTenh MpeodpasyeT OMTOBBIA MOTOK B MOCIEAOBATEIHLHOCTD
CUMBOJIOB. YnCiI0 OUTOB HA OJTMH CUMBOJI MOXKET 3a/1aBaThCsl UCCIIEI0BATENeM, B pa0OTe UCIIONIb30-
BaJIMCh 3HaUeHUs 2, 4, 8 uinu 16 6um Ha cuMBOI. Heo0X0[MMO OTMETUTh, YTO HEKOTOPHIC METOIBI
MOJYJIALMNA MOTYT paboTaTh HE ¢ JIOOBIM 3HAYeHHEM OUT Ha CUMBOI [3 — 5]. DTan KOAUPOBAHUS
(4, COOTBETCTBEHHO, JIEKOJUPOBAHUS) SBISETCS CYLIECTBEHHBIM U HEOOXOJIMMBIM, HO €r0 PacCMOT-
peHHE BBIXOAUT 32 PaMKH 3TON cTraThi. MTHGOpMaMOHHBIM (MOIYIUPYIOIIUM) CUTHAJIOM SIBIISIETCS
MIOCJIEI0BATEIBHOCTD MPSAMOYTOJIbHBIX UMITYJIbCOB. AMIUIMTYAA UMIYJbCOB MOXKET OBbITh PAa3HOM,
B 3aBUCHUMOCTHU OT KOJIM4ecTBa OUT B cuMmBouie. [Ipu HenmocpeaCTBEHHOM HCIIOJIb30BAHUN CUTHAJIOB
NPSIMOYTOJIBHON (OpPMBI  JJIT MOAYJISALIMM BO3PACTAET YPOBEHb MEKCHUMBOJBHBIX HCKAKCHHUN
(MCH) 1 BO3HUKAIOT MPOOJIEMBI C MPAaBUIHHBIM BHIOOPOM MOMEHTA MPUHSATHUS PEIlIeHUs] B KBAHTO-
Barene. [loaToMy npeaBapuTeabHBIM 3TAloM, NEpe] MOIYJSALUEH, IPOU3BOIUTCS 00pabOTKa MH-
(hOopMaIlMOHHOTO CHTHANA C MOMOIIBI0 OKOHHOHM (QyHKIIMU. BeIOOp OKOHHOW (YHKIIMH U JAHHON
3aauu paccMmarpuBaercs B padorax [3, 5]. Ha puc. 1 ata onepamus o603Ha4eHa Kak pOpMHpOBa-
HUE UMITyJIbca. B mpreMHON yacTu CUCTEMBI B KayecTBe 0OpaTHOI onepanuy NpOU3BOIUTCS ONTH-
MalibHast (GUIIbTpAIlMs CUTHAJIA [0 U3BECTHOM (hOpMe UMITYIILCHOM XapakTepucTHku (uibTpa [3, 5].
YacToTa Hecymiero kojebaHus Juid BCEX METOJ0B MOAYNIALUHU (pukcupoBaHa. B paboTe B kauecTBe
MOJIETIM KaHajla MCIOJIb30Bajlach JIMHEWHas MOJeNb 0e3 MepeoTpakeHui (TOJIbKO MPSIMOM KaHau)
B YCJOBHSX JAedcTBUs anauTuBHOro ['ayccoBoro Oemnoro myma (ABILI). ITocne pemomymnsimuu u
JIEKOJMPOBAHUS PACIIONOKeHa Touka Msrkoro pemieHusi [3—5]. [locie 3Toit TOUkM KBAaHTOBATEIh
bopmHpyeT U3 JeMOAYIUPOBAHHOIO U AEKOJMPOBAHHOTO CUTHAJIA MOCIIEA0BATEIEHOCTH CUMBOJIOB,
3Ty TOYKY Ha3bIBAIOT TOUYKOM kecTKoro pemeHus [3—5]. Pa3HOCTh CUTHANIOB MEXAY BXOJOM M BbI-
X0JIOM KBAaHTOBATEJIsl CUMTAEM IIIyMOM KBAaHTOBATEJIsl, €CIIM OH cpaboTain 6e3 oMOoK.

[Ipy paccMOTpeHHM CHCTEMbI CUMTAETCs, YTO B TOYKE IpHEMa 4YacToTa W HadaibHas (asa
HECYIIero Koje0aHus U3BECTHA C HYJEBON MOTPELIHOCTHIO, a TAKIKE YTO CUMBOJIbHAS CHHXPOHU3a-
11 OCYILIECTBIISETCS UI€aTbHO.

Oransl MOLYISAUHN U AEMOIYJISIUN PACCMOTPEHHI B [6], a hopMUpOBaHUE UMITYJIbCA M ONTH-
ManbsHas unbTparus — B [7]. Yactora Hecymiero kojse6aHus i BCEX METOJIOB MOAYJISIINNA (DUK-
cupoBaHa. B pabore B kauecTBe MOJIeNIM KaHajla UCIOIb30BaNIach JIMHEHHAs MOJIeNb C aJINTUBHBIM
I"ayccoBbiM Oenoro myma (ABI'LL) npu Hanmu4yuuM TOJNBKO OJHOTO MyTH. BrusiHue nepeoTpaxeHuit
U METOBI cMsrdeHus 3¢ ¢pexra oT HUX paccMOTpeHbl B ctatke [8]. Tlocne qemMoaynsnuu U AeKoau-
poBaHMsI KBaHTOBaTeNlb (GOPMHUPYET U3 AEMOAYIHUPOBAHHOTO M JIEKOJUPOBAHHOIO CHTHaia Mocie-
JI0BATEIbHOCTh CUMBOJIOB [3 — 5]. Pa3HOCTh CHTHAJIOB MEXIY BXOJOM M BBIXOJOM KBaHTOBATEIs
CUMTaEeM IIIyMOM KBaHTOBATEJNs, €CIM OH cpaboTtain 6e3 onmooK.

PaccmarpuBaercst uaeanbHas cucreMa, He TpeOyromas CHHXpOHHU3AlUK YacTOThl U Ha4albHOU
¢a3bl HecyIiero KojaebaHus, a Takke MOCUMBOJIBLHON U TOKaIPOBON CUHXPOHHU3AIIH.

Aneopumm mooenuposanus cucmemsi LJCIIH nns nonydenus 3asucumoctd BER u aucnepcun
IIyMa KBaHTOBATEJS OT COOTHOIICHUS CUTHAJI/IITYM:

— Iepeslaye B X0J1€¢ UMUTALIMOHHOTO SKCIIEPUMEHTA MOAJIEXKUT TEKCTOBAs CTPOKA;

— CTpOKa mpeoOpa3yeTcs B MOCIEI0BATEILHOCTh OUT;
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— TIOCJIEIOBATENBHOCTD OUT (JOPMATUPYETCS B COOTBETCTBUH C BHIOpAaHHOMW JUIMHOW andaBuTa
M,{2,4,6,8}

~ C TIOMOIIBIO 3aJ[aHHOM OKOHHOW (YHKIMHM (OPMHPYETCS CHIHAN JUIMTENBHOCTBIO |
CEKYHJ, COOTBETCTBYIOIIMHA Ka)KJIOMy CUMBOI1Y. MICII0Jb30BaJINCh OKOHHBIE (DYHKIIMU MPSIMOYTOJIb-
HOM (hopMBbl, XOMMHUHTA  KOPEHb U3 MPUIIOJHITOT0 KOocuHyca [3];
BBINOJIHAETCS IOMEX0YCTONUNBOE KOAMPOBAHUE 110 BHIOPAaHHOMY METOY;
IIPUMEHSIETCS MOYJIALINS;
no6asinsiercst AI'BI ¢ 3amanHol Ariciepcueii myma;
MIPUMEHSIETCS JEMOTYIISALNUS;

— OCYILLUECTBIIsICTCS ONTUManbHas (uibTpauus. VMiynbcHas XapakTepUCTHUKA CUUTAETCS
3aJJaHHOM U OTIpeeNsIeTcs 1o MyHKTY "(GopmupoBanue";

— BBINOJIHAETCS KBAHTOBAHUE;

— BBIIOJHAETCS I€KOJUPOBAHUE;

— OIlpeJeNAeTcsl NPUHATAs TEKCTOBasl CTPOKaA, AUCHEPCHs IIyMa KBaHTOBATEJ U YUCIIO OUTO-
BBIX OIITUOOK.

[Tpy BBINOJIHEHUHU aIrOpUTMa /sl Habopa 3HAYCHHUH AUCHEepCUH IIyMa Iojdy4aeM TpeOyemble
3aBUCUMOCTH. Tako# MoIX0/] MO3BOJISET TMOKO MEHATh MHOKECTBO napameTpoB cucteMsl LICIIN.

Moayasauus

Pasnosuonocmu amnaumyonou MmaHunyiayuu.

B cBsa3u ¢ tem, uro LICIIM nmanupyercs MCHOIB30BaTh B YCIOBUSIX METEOPHOrO KaHala,
B KoTopoM AUX CyIIeCTBEHHO HECTAOWMJICH, 3T BUABI MOIYJSIMH HE SIBISIOTCS JTyYIIUM BbIOO-
pom. PaccmarpuBaroTcs 37ech Kak HanboJiee mpocThie, OMUCaHHbIe B guTepatype [3 — 5], T. €. kak
CTapTOBBIN.

Jlns monyuenns mMomysupoBannoro curnana S(t) B ciysae BAM uH(bOpMAIMOHHBIA cUrHAT

Sm ('[) YMHOXAaeTcsl Ha Hecylee konedanue. g knaccuueckoir AM MOZYJSINI0 MOKHO OCYIIe-
CTBUTH TaK e, HO Ha BX0Jie HEOOXOAUMO CPOPMHUPOBATH CYMMY (1+ M AM ° Sm (t)) Hemonyns-

oug MpoOUuCXOAHUT HCMHOT'O CJIOKHEC. ITocne YMHOXKCHUSA MPUHATOIO CUTHAJIA S(t) Ha OIIOPHOC

Kosiebanue HeoOxoaumo, ucrnonb3ys ®HY, n3baButhest or BTOpoi rapmoHuku. [ns BAM storo
nocratouHo. Ecnmu ucnonb3yercs kiaccuuyeckas AM, ayis npaBUIbHOW paOOTHl KBaHTOBATENsS
HE00X0/UMO YJAIUTh MOCTOSHHYIO COCTABJIAIONIYI0. B cilyyae CHHXPOHHOCTH M CHH(A3HOCTH
0 HECYyIeMy KoJIeOaHUIO Pe3yJIbTaT MPEeKpacHbId. B mpOoTUBHOM cllydae, BEIXOJHOM CUTHAJ Oy/eT
3aBHUCETh OT Pa3HOCTH (pa3 HeCymMX KoJeOaHuI B MOYIATOPE U IEMOIYIATOPE COOTBETCTBEHHO.

s(0) Sm(®)
OHY |—

Sm(t) s(t)

cos(mg t)

Puc. 3. Moaynsarop AM Puc. 4. lemonynarop AM

Ecnu ucnonb3oBaTh cXeMbl ¢ ABYMSI KBaJApPaTypHBIMH KaHajlaMH, TO BIMSHHE HEH3BECTHOU
HAYabHOU (Pa3bl MOKHO MOTHOCTHIO UCKIIOYNTh. BAM HCHONB3YIOT, €clii KaHal JeHCTBUTEILHO
TUHENHBIN C HE CIIUIIKOM OOJBIINM 3aTyXaHueM. J[Jis MeTeopHOro KaHalla JaHHBIA METOJT MOy~
U HETIPUEMJIEM.
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Yenosasn mooynayus.

Kaxk u3BectHO [3, 5], KOT€peHTHBIN MPUEM MO3BOJIAET HECKOJIBKO YIYYIIUTh XapaKTEPUCTUKHU
CHCTEMBI B IIEJIOM, HO TpeOyeT 3HaHus (a3bl, YTO NPUBOAUT K CYIIECTBEHHOMY YCIOKHEHHIO CH-
creMbl. [loaToMy moctapaemcs HCHOIB30BaTh HEKOTEPEHTHBIM NMPUEM U KBaJpaTypHbIC KaHAJIbI.
KorepeHTHBIN npueM CI0XEH U B IaHHOM paboTe He paccmaTpuBaeTcs. HekorepeHTHBIN npueM Ha
0a3e cxeMbl C KBaJIpaTypHbIMU KaHaJaMH IIPUBOAUT K TOMY, YTO K JI€MOJYJIMPOBAHHOMY CUTHAIly
n00aBIIseTCS JTMHEHHAsT COCTABIIAIONIAs MPOIOPIIMOHAIBHAS YaCTOTHON pacCTpOHKe IUIIOC Ciydaii-
Has HavajbHasg ¢aza. [Ipy 3TOM HauMHAeT NPOSBIATHCA BTOPOM APHEKT, KOTOPHIM 3aKir0yaeTcs
B IEPUOAMYHOCTH ApKTAHI'€HCA, YTO H3-32 HEOJHO3HAYHOCTU MOXET IPHUBECTH K AHOMAaJIbHBIM
omuoKam.

OcoOenHOCTh paboThl TUGPOBON CHUCTEMBI 3aKIIOYAeTCS B TOM, YTO HH(POPMAITMOHHBIHN
CUTHAJI KYCOYHO-JIMHEHHBIM U MOKET MPUHUMATh TOJIBKO OJHO M3 33JaHHOI0 YKCciia 3Ha4eHU. OT0
yIpouaeT mpueM U mo3BoiisieT 3()(EeKTUBHO MCHONB30BaTh B JalbHEWmeM aekoaupoBanue. s
YIJIOBBIX METOJIOB MOAYJISALMU aMIUIMTYyJa KoJeOaHUs JOJKHA ObITh IOCTOSHHA, 4TO 00Jjerdyaer
paboty APY B yclnoBHsAX M3MEHEHHs aMIUIMTYABI MPHHUMAEMOro curraia. llpu mcronp3oBaHUM
YAaCTOTHBIX METO/I0B MOAYJSALUU Aa)Ke MpH MPSMOYTrojJbHOM OKHe (hopMmupyromero ¢uibTpa He
IIPOUCXOJUT CKA4YKOB 3HAYEHMsI CUTHaia, eciau ¢azy (popMUPOBATH METOAOM HHTETrPUPOBAHMS
3Ha4eHUH vacToThl. [Ipu Mcmonb30BaHMM (a30BBIX METOJOB CKAauKM 3HAYCHMHM CHUIHAjJa MOXHO
MOJTy4YHTh, YETO CIEAYeT TIIaTebHO n3berats [3, 5].

Yacmommuasn manunynayus.

B nudpoBoii peannzanuy pasHOBUAHOCTH YIIIOBOW MOAYIISILIUYU 3auTpajidi Mo-HOBOMY [3, 6].
Cxembl MopynstopoB st UM u @M noutu oauHaKOBH U npuBeaeHbl Ha puc 4(OM) u 6 (UM).
B cxemax neMomynsiTopoB, cM. puc. S u 7, kak ¥ ipu AM, gactoTa u (paza onopHOro CHUrHajia Cuu-
Taerca TOYHO u3BecTHO. Ho naxke ecnu 3T0 M He Tak, IPHU UCIIOJIB30BAaHUU KBApaTypHOro KaHalla
Ha BBIXOJIe OyJeM MMETh MPaBWIbHYIO YacToTy Wi (azy [8] u miroc nBe (Ha3oBBIX JO0ABKUA —
13-32 HECUHXPOHHOCTHU U U3-32 HECUH(A3HOCTH.

UM curnanel UMEIOT OOJIBIIIOE PACIIPOCTPAHEHHUE U3-3a MPOCTOTHI UCIIOJIHEHUSI U HEUYBCTBU-
TeJIbHOCTU K HEU3BECTHOW HavaiabHOH (haze. B xone monenupoBanus ans UM ucnonbp30Bauch BCe
3HaueHus JUIMHbI andasutra M — ot 2 1o 16. YBenuueHnue M MOBBIIAET CKOPOCTh KOJAWPOBAHMUS,
HO U NPUBOJUT K PacCIIUPEHUIO crieKTpa. B 3TOM cMmbiciie Hanbosee SKOHOMHBIM SBJISIETCS MUHH-
MasibHast yacTotHas monynauus (MUM).

Jns UM [5], mocie B3sATUS TPOM3BOAHON OT BBIXOJHOTO CHTHaia, cM. puc. 5 (OGM), gactot-
HOE pacCcorlaCOBaHUE MOBJIMSAET JIMIIb HA MOCTOSHHYIO COCTABJISIIOLIYIO JIEMOYJIMPOBAHHOIO CUT-
Hasa. OHa MOXeT OBITh YCTpaHeHa B Xoje padoThl kBaHTOBaTesl. OT HeXelaTeNbHOW NepuoIuy-
HOCTH apKTaHI'€HCA MOXHO M30aBUTHCS, allllapaTHO PEaM30BaB MPOU3BOJIHYIO OT HETO, CM. pHC. 8.
JleneHue B 3TOM cxeMe Ha KBaJpaT aMIUTUTYAHOI orubaromieil MpuBOIUT K YCTPAHEHUIO BIMSHUS
Mapa3uTHOM aMITUTyHOW Moxyssinuu [5]. K HegocTtaTkam JaHHOTO METO/Ia MOAYJISIIUU CIAEAYeT
OTHECTH PACHIMPEHHE TOJOCHI YACTOT MPHU YBEIMUYCHUHN JITUHBI ajpaBuUTa.
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Puc. 5. Moaynsatop ®M Puc. 6. lemonynsatop ®M
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Puc. 7. Mogynstop UM Puc. 8. lemomynsarop UM

Dazoeas MaHUNYIAYUAL.

Kak BUAHO U3 CTPYKTYpHBIX CXEM BCEX YIJIOBBIX METOJIOB MOIYJALMHU, CM. puc. 5 — 10, Bce
OHU OCHOBAHBI Ha YHHBEPCAJILHOM KBaJIpaTypHOM MoayisiTope. OTIHuYus MEXAY HUMH OOYCIIOB-
JieHsbl crienu UKol KOHKpeTHOro Buaa monynsauuu. s @M cxemsbl noidyyaroTcss Haubonee oomu-
mu. K HeroctaTkam OTHOCST O0JIBIIOE BIMSHUE HECHHXPOHHOCTH M HECHH(A3HOCTH, U3-32 KOTOPO-
ro unornaa npueM ®M ocymiectisercs no cxeme UM — npeodpazoBanue B M. K HecOMHEHHBIM
JOCTOMHCTBAM OTHOCST MEHBIIIEE pacIIMpeHUE CcrieKTpa, yeM B UM [5, 6].

Ksaopamypunasa manunynayus.

Ocob6enHocthio KAM siBiisieTcsi BOSMOKHOCTh YMEHBIIHUTD MPH TEpeiaye CUMBOJBHYIO CKO-
pOCTh B 2 pasa 3a CYEeT OPTOTOHAJIBHOM Mepe/Iaun IBYX KaHAJIOB B OJHOM moJioce (Ha puc. 9 u 10 —
I(t) u Q(t)) [3, 5]. [Ipu xopoireM COOTHOIICHHH CUTHAJ/TIOMEXa METOJ OCOOCHHO BBITOJICH,

BKJIIOYAET JIOCTOMHCTBA U HemocTtatku OM [3, 5].

e O e (X oHuY 0,

A A

sn(®) cos(mpt) s 0 . cos(mg t)

‘ s(t)

dopmupo- -

> pMUp! ( dopmupo
BaTenb n/2 ) > BaTenb >

T

t
®HY 0,

Q)

Puc. 9. Mogymnstop KAM Puc. 10. Aemonynarop KAM

PesynbpTatom paboThI sIBISETCS MOAPOOHOE OMUCAHHE AITOPUTMOB MOIYISIIUU U AEMOIYJIs-
U C TENIbI0 WX JaJbHeHIero ucnoyib3oBanus s peanmsanuu B [IJIMC. OcobeHHOCThIO TaKOMH
peannzanuu OyaeT HEBO3MOXKHOCTb WJIM 3aTPYAHUTEIBHOCTh UCIOIb30BAaHUS CTaH/IAPTHBIX (PYHK-
Ui, Hanpumep, arctan(X), Ho MO3BOJIMT UCIIOJIb30BaTh HECKOJIBKO BBIYMCIUTEIbHBIX SICP.

Brio mpoBeneHo MOAETUPOBAHUE YACTH CHUCTEMBI, M300paKeHHOW Ha pHc. 2, oOnanaromieit
BBICOKOH CJIO)KHOCTBIO M OOJIBIITUM KOJMYECTBOM TMapaMeTpoB. Pe3ynbTaThl MOJETHPOBAHUS TIPHU-
BeleHbl Ha puc. 11. JlaHHBIE 3aBUCHUMOCTH TOJIYYEHBI B MPEANOIOKEHUH O JTUHEWHOCTH KaHalla
nepeayn, MOCTOSTHCTBA ero KO3 UIMeHTa nepeaadyd U HEM3MEHHOCTH €ro BO BPEMEHH, YTO HU
B KOEM CJIy4ae HE COOTBETCTBYET JACHCTBUTEIHLHOCTH, HO 3aTO MO3BOJISET BHIOpATh METOJI MOTYJIsI-
uuu. Mojenbs MmoMexu, Ucroiab3oBaHHas B kaHaine, — ABI'T. Pe3ynbraTel AEMOHCTPUPYIOT XOPO-
1Iee COOTBETCTBUE C Kiaccuueckumu padotamu [5]. Jlyumme xapakTepucTukH rokasbiBaeT OM.
Jlns mpuMmepa mpuBeNeH TpaduK, MOKA3BIBAIOIINN MPEHMYIIECTBA MOAYISIHMUA C HEMPEpPBHIBHON
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¢dazoit. K coxanenuto, 3a pamMmkaMu pabOThl OCTAJINCh CYIIECTBEHHBIE OIPAHUYEHUSI CHUCTEMBI —
OTpaHUYCHHOCTD MEePEJaBaEMOM CPEeIHEN MOLTHOCTH U MOJOCHI MTPOITYCKaHUSI.

-+ KAM
Y korepeHTH
—+— YM HekopereHTH
10 =&~ UM ¢ HenpepuigHoi Gasoi

Yucno Butoesx ownbok
=)

i 5 i i i 4 1
8 1 12 14 18 18
curHan/ nomexa (nb)

o
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=
e

Puc. 11. 3aBucumoctu BER mist pasubix metomos moayssimii. Besne M =4

KoxupoBanmue

Hcnonvzyemvie memoosvl KOOUpOBAHUAL.

ABTODEHI [9] cunTaror "HanboJiee MEPCIEKTUBHBIMU C TOYKU 3PEHUS MPAKTHYECKOTO UCTIOIb-
30BaHMsI, MaKCUMaJbHOIO HPUOJIMKEHUS K NPOMyCKHOW crmocoOHocTH IlleHHOHa B pa3iuYHBIX
KaHajaxX ¥ MPOCTOTHI pean3alliy ... KaCKaJHblE KOJIbl C BHYTPEHHUM CBEPTOUYHBIM KOJOM C JEKO-
JMPOBaHUEM 10 anroput™my BurepOu u BHemHuM kogoM Puna — ConomoHa, cBepTOUYHbIE U OJ0Y-
HbI€ TYpOOKO/IbI U HU3KOIIJIOTHBIE KOJIBI".

bum yemnocmu. JlaHHBIN KoZiep BBINOIHIET CyMMY OMT cUTrHaja o Moxyito 2. Ilpu nexonu-
POBaHMHM BBIMIOJIHAETCS AHAJIOTMYHAs ONepalus U IPOBEPSIETCS COBNAJCHUE WM OTJINYHE PUHSATO-
ro M PacCYUTAaHHOIO B TOUKE Ipuema Oura yetHocTH. [To3Bomsier oOHapyKuBaTh (HE UCIPABIATH)
TOJIBKO OJJMHOYHBIE OMMOKU. Mcronb3yercss Kak 4acTb OJIOKOBOTO KOJa JIMOO B OUEHb KOPOTKUX
xozmax (k =5...8). He Moxer GbITh MCTIONBb30BaH s andasutos ¢ auuHoi M He pasroii 2. Pac-
CMaTpHBAIOTCA 3/1eCh KaKk Haubosiee MpOCTOM, He TpeOYIOMHUN CyIECTBEHHBIX MPOrPaMMHBIX WIIH
anmapaTHbIX 3aTpar, T. €., Kak cTapToBbiit [5, 10].

Koo Xommunea nzBecten ¢ 1950 roga. JlaHHBIN KOJI OTHOCHTCS K OJIOYHBIM JIMHEHHBIM KOJIaM
A MOXeT OBbIThb [JBOMYHBIM W  HEABOMYHBIM. JIMHEHWHBIE Kox  oOo3HayaeTcd  Kak
(n,k,d ;)= (Zm -12"-1-m,d ;. ), rae N — gmaa kKoma, K — umcio MH(OPMALIMOHHBIX CUMBO-

JIOB, M — 1enoe NoJIOKUTEIBHOE YHUCIO0 U d — MHUHUMAJIBHOC PaCCTOAHUC KOJA. KO,Z[ 3aaacTCsA

min
nopoxaaromeii Mmarpuneii G unm nopoxnaromuM noauHOMOM Q ( p) :

Jls HeBbICOKMX 3HaueHUN N MpuU omepanusax ¢ KOJAOM OOBIYHO HCIOIb3YIOT MOPOXKIAIOILYIO
marpuiy. Torma mpoueaypa KogupoBaHus cBogutcs K Beraucnenuto V=U-G, roe U — undop-
Malus Ha BXofe Kojepa, K 6ur, V — undopmanus Ha BEIxoie konepa, N 6ur, G — moposxnaao-
mas MaTpura pasmepom Nx K. Jns nexoampoBaHms MCTONB3ylOT mpoBepounyro Matpuiy H,

onpezensemyo u3 cootnormenus G x H' =0.

[Tponetypa neKoMpOBaHUS CONEPKUT TAaKUE ITAIBL:

a) MycTh MpuHATas KomMOuHaims I comepxut ommOky: =V +€, rue € — BeKTop OMmMUOKY;
0) onpenensercs cuaapom S=1rFxH B) eciu cunrapoM He paBeH HyIO, TO IPOU3OILIA OIIHOKA
npu nepenave. [lo cunnpomy omnpenensiercs BekTop ommoOku € . [l koga XoMMHUHTA B CHCTEMa-
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TUYECKOM BHJI€ TIO3MLIUS €IMHUYHOTO OMTa paBHAa HOMEpY OHMTa, B KOTOPOM MPOU3OIILIA OMIMOKA.
Ho B o0mieM ciyyae moucK BEKTOpa OMIMOKHM MO CHHIPOMY — HETMPOCTas 3a/1aya; T') eClIu UCIpaB-
JISIFOIIEH MOIIHOCTH KOJa JOCTaTOYHO, TO NepenaHHas KoMOuHanms U MoXXeT ObITh MCHpaBiieHa:
u=r+e.[s, 10]

Koo I'ones.
CoBsepiueHHbIH aBonuHbIl ko1 (23, 12, 7) ¢ t = 3. ITockoabKy OH OTHOCHTCS K JIMHEHHBIM U
JBOMYHBIM, MPOIelypa KOJUPOBAHUS U JIEKOJUPOBAHUS aHAJOTHYHA Koay XammuHra. O6pasyro-

it nomuom g(p) = p“ + p10 + p6 + p5 + p4 + p2 +1. Cuuraercs, 4To 115 KOAMPOBAHHUS U

JIEKOJUPOBaHUS yIOOHEE IMOJIb30BaTHCS MATPHUIIAMH, 3 BEKTOP OIIUOKH OMPEIENIATh 10 CHHAPOMY C
MTOMOIIIBIO 3apaHee 3aroTOBICHHOW Tabmuisl [4, 5, 10]. Ecou x koxy [onest 106aBUTh MPOBEPKY Ha
YEeTHOCTh, TO TOJYYHUTCS pacmupeHHbId ko ['omnes. OH sBIsSETCS caMOAyalIbHBIM, T.€. JJISi HEro
IIPOBEPOYHAas U IIOPOXKAAOIast MaTPULILI PABHBL.

Koo boyza — Hoyoxypu — Xoxeuneema (B4X) — 3T0 ABOMYHBIN KOJ, 33JaBaeMblii KOPHSIMHU
MOPOKAAIOMIETO MHOTOWIeHa. Tak Kak JaHHBIA KOJ OTHOCUTCS K IUKIUYECKUM, JJII HMEIOIIETOCs
obpazyrontero nomuHoma J(P) komuposanHsli monuHom V(P) MonydaoT u3 HHGOPMALMOHHOTO

nomuHoMa U(p): V(P) =u(p)-g(p). dexomuposanne BUX koma MOXHO NMPOU3BOIUTH KaK [T

LUKIMYECKOr0 KOJIa, K KOTOPBIM OH U oTHOcHUTCcA. Ho 17151 Ko0B 00JIbIION JUIMHBI €CTh CYHIECTBEH-
HO Ooutee 3¢ dekTuBHBIE anroputMsl [4, 5, 10]: anroput™ bepiekamna — Meccu (BMA), anroputm
Opxnupa(EA), npsmoe perienue (anroputm Ilurepcona).

[Tpouenypa neKOAMpPOBAHUS CONEPKUT Takue dtambl [4, 5, 10]: a) BBUUCIUTH CHHIPOM;
0) onpenenuTs NOTMHOM JIoKaTopoB omubok (EA, BMA); B) onpenenuTs NO3UINUN OMIHOOK (TTOUCK
UYens); T) onpeneanuTh 3HaUYeHUs OMMOOK (aaroputM DOopHHU); CIOKUTH C IPUHATHIM KOJOM.

B knure [5] npuBOaUTCS OLIEHKA BEPOSITHOCTH OMIMOKM JaHHOTO KOJa MPH Mepeaade IBONY-
HbIX curHasnos B ka”ase ¢ ABI'IL, nomyuennsie MeTonom MonTe — Kapino. J{ns pacmmpennsix bUX

smiHoit 16 B 3aBucumoctn ot dj, = 2..4..6..8..16 s BER=10"° tpebyemoe E/N, pasmo:
-1 2.3 3.6 55 8.505.

Koo Puoa-Conomona (PC) — HeIBOWYHBIH, MOJHHOMHAIBHBIN, SBISCTCS IOIMHOKECTBOM
bUX. Xopomuo noaxoauT A COBMECTHOTO HCIOIb30BAHUS CO CIOKHBIMU CXEMaMH MOJYJISALIMU
(ODOM-4, ODOM-16, KAM-4, KAM-16, KAM-64). KogrpoBanue MOXHO TPOU3BOJHUTH KOJIEPOM,
OCYUIECTBJISIONINUM JEJICHHE Ha MOPOXKIAIINKA TOJIUHOM. OCTaTOK OT JENEHUS — Pe3yJbTaT KOAu-
poBanus. Mnu ¢ momMoIpi0 MoJACTaHOBKYA B WH()OPMAITMOHHBIA TTOJIMHOM MPUMUTHBHOTO 3JIEMEHTa
nosist [anmya. B 9ToM cityyae MOKHO HE UCIIOJIB30BATh MTOPOKIAIONTUN TTOJIMHOM.

HexonupoBanue npoBoautcs aHanorugyHo bUX. CpaBHUTENBHO HEAABHO AJI AEKOAUPOBAHUS
nosiBWICA M ucrnonb3dyercss anroput™ Manxy Cynana [10]. TlockonbKy KO HEIBOWYHBIM, OH

MO3BOJIACT UCIIPABIIATH HE 6I/IT, a CHUMBOJI LieIukoM. B cjIydac OOJIBIIION BEIUYUHBI d BO3MOKHO

min
BOCCTAHOBJIEHUE CTEPTOro cumBoyia. PaKTUYECKH HaHHBIM Koia, Hapsaay ¢ bUX, sBiusercs cran-
JapTHBIM BO MHOTHX O0JACTsIX Mepenadyn U XpaHeHus U poBoil uHpopmamnmu.

Jlns onenku nomexoycroituusoctu kona (N,K,d) man nonem GF (Q) mosxno ncnonssosars

OLICHKY CBEpXy BepOSTHOCTH omuOku Ha 6ut B, [5]:

2" & ity (N
R<——— | P, A-P)" T,
b Zm—lizgﬂ n | s( s)

m
I/l BEPOSTHOCTH OMMOKH Ha cuMBoI Ha Bxoge nekoxepa P, =1—(1—p)" u P — BeposrHoCTH
olIMOKM Ha CUMBOJI Ha BXOJI€ JIEKO/Iepa.

C6€pm0’ﬂ-lbl€ x00bl. OCOOECHHOCTH CBCPTOYHBIX KOJOB 3aKIHOYACTCA B TOM, UTO B HHUX IIOCJIC-
AOBATCIBHOCTb CUMBOJIOB HC PAa3ACIsICTCA Ha I/IH(I)OpMaLII/IOHHBIe " MMPOBCPOUHBIC, KOTOPBIC pacCIIo-
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JararoTcs B MOTOKE WHGPOpMAMOHHBIX. [10CKONBKY HOOABISIFOTCS MPOBEPOYHBIE CUMBOJBI, CKO-
pOCTh K0J1a, KaK O0BIYHO, MEHbIIE eAMHUIIbI. CBEpTOUHBIN KOJEP SBISETCS aBTOMATOM C MaMATHIO,
MMEIOIIMI OJIMH BXOJ W HE MEHee JBYX BBIXOAOB. CBEpTOUHBIA KOJ ONHUCHIBAECTCS CTPYKTYPOU
KoJiepa B BOCbMUPUYHOM BUJE, TaOIHIIEeH, 1UarpaMMOil COCTOSHUM WJIH MOPOKIAIOIIUMU MTOJIHHO-
Mamu. PazBepHyTast BO BpeMEHH uarpaMMa COCTOSIHUHM KoJiepa 00pa3yeT peleTyaTyro Juarpammy.
CTpyKTypbl MOTYT COJIepKaTh 0OpaTHBIE CBA3H.

JlekoupoBaHKe CBEPTOYHOTO KOJIa MOXET OBITh MOCIIEI0BATEIBHOIO MOUCKA, METOAa MAKCH-
MaJbHOTO MpaBaoNoAo0us (wiu JiorapudpMa MaKCUMaIILHOTO MPaBA0No100us) u anroputM Burep-
ou. [locmeaHuii 1OCTaTOYHO MOMYJSPEH B peAU3allMM B CXEME C MSATKHUM BBIXOJOM, T.€. KOT/a
KBaHTOBaHUE MPOUCXOIUT TOCie JeKoaupoBaHus. [IpuynHa 3TOro0 eme u B TOM, 4TO, [0 CpaBHe-
HUIO C KECTKUM BBIXOJIOM MPEUMYIIECTBO COCTABISET MPUOIH3UTENHHO 2 0b. CBEpTOUHBIC KOJIbI
IIJIOXO CHPABJISIFOTCS ¢ OJIOKAMH OITHUOOK, YTO SABJISETCSA UX HeAgocTaTkoM [4, 5, 10].

Kombunayuu xodosé B HacTosiIee BpeMsi OypHO pa3BUBAOIIASCS 0071aCTh.

K npocreiiiiuM KOMOMHAIUSAM MOKHO OTHECTH KOJ C JABOMHON NPOBEPKOW Ha YETHOCTb.
Crpoutcs jgoruyeckasi TabmuIa, B KOTOPOH MPOBEPKA Ha YETHOCTh OCYIIECTBISIETCS KaK IO CTPO-
KaM, TaK U 10 CTOJIOIaM.

Jiist 60opBOBI € TpyNIIaMyu OMIMOOK MPOCTHIE KOABI YCIEIIHO MCIIOIB3YIOTCSI COBMECTHO € OJ10-
KOBBIM HJIM CBEPTOYHBIM mepeMexutenem (interleaver), kotopslii mepecTaBisieT psSIOM CTOSIIHE
OUTBI HA OOJIBIINE PACCTOSHHSL.

HauOonee nonynsipHoil komOuHauen sBisiercss BHeHUN ko1 Puna — ConoMoHa ¢ )KeCTKUM
JIEKOJMPOBAHUEM M BHYTPEHHHI CBEPTOUHBIA KOJ C MSATKHM pelieHueM. Pe3ynprar, OnM3kuii K
rpanune llleHHOHa, AEMOHCTpUpYET HEs HUCIOJb30BaHHUSA OOOOIIEHHBIX KaCKaJHBIX KOJIOB U
Typ60-k0z0B [9, 10].

Mooenuposanue noocucmemwvt koouposarnus L{CIIH. JIns nonyydeHus XxapakKTepUCTUK UCTIOIb-
30BaJICS SKCIIEPUMEHT I10 CIIEAYIOIIEH cXeMe.

LUndposbie KOOWNPO- KAHAI JEKOOUMPO- | Uundposblie
naHAbIe Il ™ BanvE [ | nEPEmAUM [ | BAHME II T
| A Y

: LM OLIEHKA

__________________ - KAYECTBA

Puc.12. CtpykTypHas cxeMa KOMITBIOTEPHOTO MOJISTHUPOBAHUS METOI0B KOJIUPOBAHIS

beun mpomoaenupoBansl MeToAbI KoaupoBanusi: ODM?2 6e3 koaupoBanusi, koa ['omes (23,
12, 7), xon BUX (16, 6, 7 ) u (32, 17, 8), xon Puga — Conomona (N =31, t=2...4), cBepTOUHBIH
kox (g, =33, g, =31, M =8), Puna — ConomoHa + cBEpTOUYHBIH KO/I.

Brio mpoBeneHO MOAETUPOBAHUE YACTH CHUCTEMBI, H300paKeHHOW Ha pHc. 2, oOnanaromieit
BBICOKOW CJIOKHOCTBIO M OOJIBIIAM KOJHMYECTBOM TapaMeTpoB. Pe3ynbTaThl MOJEIHPOBAHUS TIPU-
BeneHbl Ha puc. 13. Ilpu BBHIMOTHEHUN MOJICTHPOBAHUS UCTOIB30BAIKNCH HJIEH aITOPUTMOB U Ya-
CTUYHO MPOTpaMMBbl, mpuBeieHHbIE B [4, 10]. Moaens ucmoims30BaHHOTO KaHaJIa — JIMHEHHBINA KaHaT
C TIOCTOSIHHBIM 3aTyxXaHUeM 0e3 mepeoTpakeHuil. Mojens MmoMexu, UCIOJIb30BaHHAs B KaHale, —
ABT'III. Pe3ynbTaThl AEMOHCTPUPYIOT XOPOIIIEe COOTBETCTBUE KJIAaCCHUECKUM pabotaM [5]. Oxuaa-
€MBIN PE3YNbTaT — CIOXKHBIE KOJBI IEMOHCTPUPYIOT KauecTBO, MpubImkaromieecs k npeaeny Lllen-
HoHa. CBOM XapaKTEPUCTHKU OATBepkaatoT koibl PC u BUX.

ISSN 0485-8972 Paouomexnuka. 2013. Buin. 173 117



—a— BPSK

—===RE (7,9, 3)

4N oo & |..n.BCH(16 8 2)
E \.. | R v RS (32, 16)
d --$=--Goley
0,01 --x¢- RS(128,64)
:& X e RC 142, M=6
i 3 3
) % - \‘K .'°.. J
1E-3 - £ - S | -
3 2 e s Z N
& ] : s @ : :
= - | T — o
‘ : & ¥
1E-4 AN 5 f L
3 £t o
] A e \
e . LR | X »
L | 3 3
‘ . “ \
1E-5 - VAN ¥ 7 bt
] w0y X
i B | \
1E'6 T T : ;'Ii‘ T il\ 1
0 2 4 6 8
E/NO
Puc. 13. 3aBucumoct BER my1st pa3Hbix METOI0B KOJUPOBaHUS
Axanranus
Crpykrypnas cxema yactu LICIIH, paccmaTpuBaemasi B paboTe, UMEET BU/I, IPEACTABICHHBIN
Ha puc. 14 [3, 4]:
OT ncrtou- K kBaHTO-
Huka | NMEPEOATYUK A BaTeno
—p N KAHAT K t | MPVEMHUK {» SKBATANSEP |—»
CBA3U
YMNPABJNIEHVE [e———

Puc.14. CtpykTypHas cxema uccieayeMoi nudpoBoi cucteMsbl iepeaadn HHGpopMaun

B cratse paccmarpuBaetcs paborta nmpuemuoit gactu L[CIIN. W3 paccMOTpeHUsT UCKITIOYSHBI
BXO/JTHBIE 1IeTIM IPUEMHHKA U aHAJIIOTOBBIN MpeoOpa3oBaTesib yacToThl. CUrHAN Ha BXOJIE YCHIINTENS
OTHOCHTCS K ITPOMEKYTOYHON 4acTOTE M IOJBEpraeTcss JUCKpeTus3anuu. Bee onepanuu no aemo-
IYJSALINAN U JIEKOJUPOBAHUIO CKPBITHI OT PACCMOTpPEHUs B 010K "mpueMHuK". J{1st 60pbOBI ¢ MHOTO-
JIy4€BOCTHIO B KAHAJIE TPUMEHSETCS IMHEWHBIN YKBAJIAN3ep.

OcobeHnocmu memeopHo2o Kanaia nepeoayu

W3BecTHO, UYTO METEOPHBIH ClIe]] pacCeUBAET MepeaaBaeMblii CUTHAN OOJIBIIUM YHCIIOM HOHOB
U DJIEKTPOHOB, U3 KOTOPBIX cOCTOUT [1]. OHM mepensiydaroT CUTHaja He3aBUCHMO. [[1s1 HeHachI-
IIEHHOT'O cJie/la CYMTAETCs, YTO BOJIHA MPOHUKAET B Clie]l HACKBO3b. BakKHO TO, YTO CUTHAJ B TOUKE
IIPUEMA UHTETPAJIBHO CBSI3aH C OTPAXKEHHUEM KaXJI0M 3apsKEHHOM YacTHULbI, IPUUYEM C YUETOM 4a-
cToThl M (pa3bl. Takoi KaHA MOXKHO MPEACTaBUTh KAaK MHOTOJYUEBBIA C OOIBITUM YHCIIOM JIYYCH.
AMIUIMTY]a CUTHaJa Ha BBIXOJE TAKOTO KaHaja oOJaJaeT TUIMYHBIMM YYaCTKaMU — TJIaJKOTO
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OBICTPOrO pocTa M OCHWIUIIIMNA Ha (oHe 3aryxanus. [lapameTpsl (BpeMsi HapacTaHus, TEMI 3aTy-
XaHUS TIEPUO]T OCITUIUIALINKN ) OTIIMYASTCSI OOJIBIIUM Pa3HOOOpa3ueM.

Aemomamuueckas pe2yiupoexa ycunieHus

ITepen ALIII ucronb3yeTcsi yCHIMTENIh ¢ aBTOMAaTUYECKOW PeryiaupoBKoi ycuieHus (APY)
[3]. B nanno# mmudpoBoii cucreme 1ennb APY — MakcUMallbHO MCTIOIB30BaTh TUHAMUYECCKUI JTHa-
nazon ALII (t.e., "pacTsaHyTh" curHai 1Mo amIuIMTyAe Moyt 10 npeneia ALLIl) B ycnoBusx mepe-
MeHHOTr0 K03 duIrenTa nepenayn kanaia. Lenp anemenTa ynpasieHus, cM. puc. 14, — yCTaHOBHUTH
napametp K (koaddunmeHT ycunaeHus) Tak, YTo0bI

KZ.(rz(t))'_k ~$2(iT) = $°[iT],

rae r(t) — curnan Ha Bxoze ycunmrens, S[iT] — curaan Ha Beixone AL, X — cpeaHee, BRIYHCIICH-
Hoe 3a N otcueros. [Iponenypa amanranun MOXeT ObITh pa3Hoi [3], Hanpumep,

Ko = Ky g1 -5y TTV/3,

r7e | — mapameTp, UrParoIIid KIIF0UYEBYIO POJIb.

Ocmamounas owudKa u ee CHUdMICeHUe ¢ NOMowbIo dKeanalisepa

Ecnu oTCyTCTBYIOT HIyMBI U MHOT'OJIYYEBOCTH WMJIM KaHAJ JIMHEWHBIA M HEUCKAXKAIOIIUM, TO
UMITYJIbCHYIO XapaKTEepUCTUKY KaHama (cM., Hampumep, [3]), MOXHO paccMarpuBaTh Kak
h(t) =K, -3(t—A), rne K, — 3aTyxaHue B KaHaie 1 A — BpeMsl paCIIpPOCTPAHCHUSI CHUTHAJA B Ka-
HaJle, CKOpPEe BCEro, HEM3BECTHOE.

Ecnu xe umerorcs Heckonbko (N) myTel pacpocTpaHEeHuUsl CUrHajla, TO B paMKax JIMHEHHON
MOJEJIA KaHaJIa UMITYJIbCHAsl XapaKTEPUCTUKA IPUMET BUJT

h(t)=K,-0(t—A)+ K, -3(t—A,)+...+ K -0(t—Ay)
Jns mudposoro curnana Y[KT] Ha BXoze mpueMHHKA, C YIETOM IIyMa, OJyUYUM
YIkT] =K, -ulkT]+ K, -u[(k =D)T]+...+ K -u[(k = N)T]+n[kT],

rae U[KT] — Bxomnoii curnan, n[KT] — mrym.

[ens pa3paboTKK 3KBaai3epa — co3iaTh Takow nudpoBoit humistp mist curnana Y[KT], urto-
Obl Ha BBIXOJIe (pribTpa OBUTA TOJBKO OJIHA KOMITOHEHTA. [IpH WCIONh30BaHUH JOTIOTHHTEIHLHON
nuckpernzatmu T, =T /L MoxHO paboTaTh C IIaroM, MEHBIIUM JJIMTEIBHOCTH CHMBOJa T. OTO

MO3BOJISIET TOOUTHCS JIyYlIero KadyecTBa, HO MoTpedyeT MeHbuiero mara. [Ipu 3ToMm MoXHO pac-
CMOTPETD pa3HbIe MOAX0AbI [3]:

a) IMHENHHBIN SKBaslaii3ep, OCHOBAHHBIA HAa METO/I€ HAMMEHBIIINX KBaJPaTOB C 00YUEHHUEM.

Jlns paboThl TaHHOTO BapuaHTa dKBajaiizepa HE0OX0IMMO 3HATh NEPEJaHHbI CUTHAI B TOUKE
npuema. Jlpyrumu cioBamu, B paboTe MpUEMHUKA HEOOXOIMMO MPEIYCMOTPETh MEPUOANYECKYIO
HAcCTpOMKy mo oOydaronieMy curHainy. Eciu 3To Tak, TO JUisl pelieHus 3a/aydl COCTaBJIseTCsl MaT-
pUYHOE ypaBHEHME ISl ONpe/eICHUs OIIMOKH Ha BBIXOJIE SKBaslaii3epa, HEM3BECTHBIMU MapaMeT-
pamu kotoporo sBisitoTcs ko3pduiuentsr KUX ¢unbrpa (3KBanaiizepa) U BEIUYUHBI 3aJ€piKEK
A;. Jlns npoOHOTO 3HAYEHHS BEJIMYUHBI HCKOMOW 3a/IEPKKU B JJAHHOM METOJIE 33/1a4a PELIAETCs

METOZOM HaWMEHbIIUX KBajpaToB. HemocrtaTkoM MeTona sIBISETCS TO, YTO 3a/auy HEOOXOIMMO
peraTh MHOTOKPATHO JUIsl Pa3HbIX NPOOHBIX 3HAYCHUH 3a/IepiKeK A ;.

Ecmu YCIOXHHUTE COCTABIACMOC JId PCHICHUA MAaTPUYHOEC YpaBHCHHUEC, IIOJACTABUB B MaTpUIly
BCE BO3MOJKHBIE 33JIEP>KKH, TO IO MUHUMYMY 3HAuU€HHUs OIIMOKM MOXHO BBIOpATh BEIHUYMHY 3a-
JICPKKHA aBTOMATHYECKH. ITO y100HO, HO TIPUBOJIMT K YBEIMYCHHUIO PAa3MEPHOCTH PelIacMoin 3aj1a-
YU U K YCJIO)KHGHI/HO;

0) TUHEWHBIN dKBaJIali3ep, UCTIOJIB3YIOIINI aIalTaIHIo.
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Martpuria ans onpeaeneHus OMUOKH CTPOUTCS aHATIOTUYHO MPEIbIIYIIEMY METOIY, HO 00pa-
IIaTh MaTPUILy HE HYKHO, HEOOXOAUMO, UCTIOIb3Ysl METO MAaKCUMaJIbHO OBICTPOTO CITyCKa, OLEHH-
BaTh KOHEYHYIO pa3HOCThb. B pe3ynbTaTe 1osiydyuM MHOTOIIArOBbIN aJITOPUTM;

B) pEIlICHHE — OPUECHTUPOBAHHBIN JIMHCHHBIN YKBaJIai3eD.

[Tpu manHOM MOJXO0/E HE TPeOYEeTCs TECTOBBIN (00ydJaroUHii) CUrHaI. DTO MO3BOJISET CYIe-
CTBEHHO YJIYYLIMTh XapaKTEPUCTHKH CUCTEMBI B LI€JIOM. MeTO/l OCHOBAaH Ha OIPENIEIEHUU Pa3Ho-
CTH MEXJy CUTHAJaMHU Ha BXOJE M BBIXOJI€ PEIIAIOLIEr0 YCTPOMCTBA. DTO Pa3HOCTb M CUUTAETCS
omnOkoi. C 3TUM 3Ha4eHHEM OIIMOKHU MCIIOJIb3YyeTCs NPEbLAYIINN METO;

) IMHEWHBIN HKBaJIaii3ep, 1o aroputmy l'ogapna.

B Metone MuHMMH3MpyeTCs JucniepcHs OMNOKY, onpeessieMas Kak B IPebIAYIIEM METOE.

Meron, Kak paBuiio, AA€T CXOIAIIMNICA OTBET U3 XYALIEr0 Ha4aJbHOTO YCJIOBHUS, YEM IIEPBbHIE
JiBa METOJ1a, HO HE TaK HaJIe’KeH, KaKk OHM. [|JI1 KOHKPETHOM 3a/1epKKH, (CpeAHe)KBaApaTHUHAas I10-
BEpXHOCTh (PyHKIMH OmHOOK, yObIBatoIIast BAOJb IPAJUEHTA U3 AITOPUTMA C 00Y4YEHUEM, YHUMO-
nanbHa. TakuM 00pa3oM, HE3aBUCUMO OT TOT'O, I'JIe HOUCK MHUIUATU3UPYETCs, OH HAXOJIUT JKejae-
MBI €TUHCTBEHHBII MHHUMYM, CBS3aHHBIM C HY>KHOW 33/IePKKOH. XapakTrepucThuieckas GpyHKuus
JUCTIEPCUI SBIISIETCS MYJIbTUMOJAJIBHOM.

PesynbraTtom paboThl sBIsIETCS, BO-TIEPBBIX, MojaenupoBanue APY ¢ mpocTeiM mudpoBsIM
ynpasieHueM. Onepainusi ycpeJHeHHUs MOKeT ObITh 3((eKkTuBHO peanuzoBaHa. Beibopom mapa-
MeTpa |I MOXHO peryJupoBaTh CKOPOCTb ajanTauuu Wi cteneHb criuaxusanus. s LICIIA u

MereopHoro kanana p=0.002...0.05. Jlns cHM>KEHHS] OCTaTOYHOM OIIMOKH MCIOJIb30BaH JIMHEH-

HBIM SKBanaiizep, paboTaroUi C NepeAUCKPETU3NPOBAHHBIM CUTHAIOM. UKCII0O BO3MOXKHBIX KaHa-
JIOB 3KBajaii3epa B 3TOM ciydae ONpeessieTcss napaMeTpoM AMCKpeTH3aluu L u AIuTenbHOCThIO
METEOPHOro ciesia (EAUHUIIbI, peXe AECITKU CeKyHN). PaccMOTpeHHbIE METO/IbI TOCTPOEHUSI SKBa-
Jaii3epa MO3BOJISAIOT MOIYYUTh Pa3yMHBIH KOMIPOMHCC MEXKJy CKOPOCTbIO 00pabOTKH M J0CTUTae-
MO} IOTPEMIHOCTHIO.

BriBoabI

B ananusupyemoii cucteme MH(GOpMalLKIO B HEMMIIYJIbCHOM aHAJIOTOBOM BHJE NEpeIaBaTh,
MI0-BUIMMOMY, HET CMbICJIA U3-3a MPEPHIBUCTON NMPUPOJBI KaHala. B KauecTBe MPOCTBIX METOOB
MOJYJILIMM HEJb3d HCIIOJIb30BATh aMIUIMTYAHYIO H3-32 OTCYTCTBHSI TOCTOSIHCTBA AMILTUTY/IbI
kodpdunrenTa nepegayu kaHaaa. Ho MoKHO MCTIO/Ib30BaTh YaCTOTHYIO WM (ha30BYIO.

3Hast BO3MOXHOCTH (pecypchl) KaHalla, MOXKHO YBEJIMYUTh CKOPOCTh Mepeaadn MHPOopMalny,
KOHTPOJIMPYS IPU ITOM KauecTBO NepelaHHON HHPOPMALIUH.

[Ipu nepenave nndopmaruu no tenedony (nmpotoxoisisl V32 u 6onee HOBBIC, cM. [9]) addek-
TUBHAs JUIUTEIBHOCTh MMITYJIbCOB (OMTOB) OYeHb KOPOTKas NMpH 3((HEeKTUBHON MOJOCE YacTOT
KaHaJla, HO amnmaparypa OOeCHedYMBaeT TOJHBIM AYyIUIEKC cO ckopocThto 28800 oOum/c tipu
Af = 3100 I'y. IlpaBaa, mast yBeIHMUYSHHsT CKOPOCTH ammapaTrypa KOHTPOJHPYET KaK MOIYIALUIO,
TaK U Ka4YeCTBO KaHajla, YTO CYIIECTBEHHO YCIIOXKHSIET CUCTEMY.

B coBpeMeHHBIX TEXHOJOTMAX MOOWJIBHBIX TeleKoMMyHuKauui, Hanpumep |EEE 802.11x,
aOOHEHTCKHE CTaHIMM MOTYT PEryJMpoBaTh MOIIHOCTh NEpeaaTyrKa, BUJ U MapamMeTpbl MOAYA-
IIUM, HO CTAaHIMU paboTaloT B MPEANOJI0KEHUH O HEM3BECTHOM KaHaje Mepeladd, yalle BCEro ¢
rI1yOOKHMHU 3aMUPaHUSIMU U B YCIIOBUU OOJIBIIIOTO KOJIMYECTBA Pa3IMYHbIX ToMex [9].

[TosTOoMy, 11 yBeNTUYEHUS TIOMEXOYCTOMYMBOCTH CUCTEMBI CXeMa JIOJDKHA OBITh JIOTOJIHEHA
YCTPOWCTBOM KOJIMPOBAHUS/ IEKOTMPOBAHUS JaHHBIX.

Bo MHOTHX ciy4asx CreKTp MOAYJIHPOBAHHOI'O CUTHAJIA YIydlaeTcs (C TOUKU 3peHust paboThI
KaHajia ¥ CUCTEMBI B 1I€JIOM), €CJIM NIEPEaeTCsl CHMMETPHUYHOE BO BPEMEHU YUCIIO0 HYJEH U eTUHHUII.
UYroObl obecrednTh TaKOH pexuM, TpeOyeTrcs OO0OCHOBAHHO BBIOpAaHHBINM KOZEp, Ha3bIBaeMbIH
oTOenuBareneM, a K HEMy B Mapy — JI€KOJep, BBIIOIHSIOUINI 00paTHYIO MpOLEeAypy MpH Mpueme
CUTHAJA.

B cnennduyeckux ycioBUsSX METCOPHOTO KaHajda B pacCMOTPEeHHO# nuteparype [1, 2, 5] u3
METOZ0B MOAYJSIMU PEKOMEHAYIOT K ucnoib3oBanuio ODOM u He pekomenayior UM u KAM
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c OoNpImIUM YHCIIOM TO4YEK B co3pe3fuu. s UM — mpuunHa B JOMOJHUTEIBHOM PACHIMPEHUU
CIEKTpa 4acTOT MOJYJIMPOBAHHOTO CUTHAJA. /(7151 METEOpHOro KaHana, OTHOCUTENIBHO almnaparypbl
onucaHHOM B [1], BOBMOXHOCTH PacCIIMPEHHUsI MOJIOCHl YaCTOT €CTh, HO OHU HE TaK YK BeJluku. 13
METOJIOB KOIMPOBAHUS MOXKHO HCIIOJIb30BaTh KoMOuHanuio PC U CBEpTOYHOrO KOJUPOBAHUS C
yeperoBanueM. Vcmonp3oBaHue TypOOKOIUPOBAHUS PUBEIET K YCIOKHEHHUIO JIEKOACpa U yBEIH-
YEHHUIO BpeMEHU 00pabOTKU, HO U KayecTBO MPH 3TOM CYHIECTBEHHO Bo3pacrtaer. lMcnonbs3oBanue
APY u skBanaiizepa mo3BOJIHUT MOBBICUTH KAY€CTBO B YCIOBHUSX METECOPHOTO KaHAIA.
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