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METOWYECKHE YKA3AHWA 10 IMCHHMTUIMHE (sacts 2.2. «MOJIEM»)

1. Monyasuus. OcHoBHbIE ONpeleIeHns
MonynauMa - DpoliecC HIMEHCHHA OJHOIMO H3 IApaMETPOB [EPEHOCHHKA &
COOTBETCTBHH ¢ HMH(DOPMALMOHHBIM MOAYIMPYIOIIMM LHQPOBHIM  CHIHANOM.
Monynamis MO3IBONSET COIMACOBATL TNAPAMETPLI MepeiaBacMoro CHIHana c
napaMeTpaMH KaHana CBA3H:

- OCHOBHas 3HCPrHA CTAHZAPTHOrO HHQOpPMAUMOHHOIO uudposoro CHrHaia
cocpenioTouena B ofnacTu Hu3KMX 4acror, Hanpmmep, ot 20 'm amo 1000 T'u. A
KaHAN CBA3IH HMEET MoNocy npomyckanns, Hanpamep, ot 100020 I'u mo 101000 '
B npouecce MOay/SIMHA MPOHCXOMHT NEPEHOC CNIEKTPa MOJAYIHPYIOIETO CHIHANA B
ananason 100020-101000 I'n;
UIHPHHA CIEKTpa HH(OPMAIHOHHOINO CHrHana MoXeT OnTe Gonuile WK MeHblme,
4eM TIONIoCa YacToT Kawana ceasH. B npouecce moaynsiue QopMupyeTcs
MOAYNHPOBAHHLIl CHIHAI, WHPHHA CNEKTPa KOTOPOIO COOTBETCTBYET NONOCE
HACTOT KaHANA CBA3H;
- B mponecce MOAYNAUMH QoOpMHpyeTcs CHIHAN, NO3BONAIONME peanHIoBaTh
MAKCHMANILHYIO IOMEX0YCTORYHBOCTS NpHeMa HHGOpPMALIHH.

Ecni B nmnpouecce MOAYNSUMH W3IMEHACTCA AMIUIHTYZIa NEPEHOCUHMKE, TO
dopMHpyeTcs CcHrHan muckpersod  aMrutHTyAHOM Momynsumn (JIAM). Ecim
H3MEeRfeTca wacrora MaM ¢asa, TO GOpMHpYOTCK CHIH&JIBI JHCKPETHOH
yactorHol (JIUM) wimm muckpernoit ¢asosoit ([OM) moaynswan. Bosmoxus ¢
CMelIaHHBIe BHALI MOJNYAALMM, KOrJA OJHOBPEMEHHO H3MEHSIOTCS HEeCKONbLKO
napaMeTpoB NEPEHOCYHKA. ’

OnnHovHAR NOCKUIKA HHOOPMAIMOHHOIO CHI'HANA HA3KIBAETCA HumoM.

OurovRaS NOCKIKA MOLYIHPOBAHHONO CHI'HAJA HA3BIBACTCH CHMEOIOM.
Curnan guckperHoil MORynsiu B 06miem Byie Ha UHTEpBANe i-ro CHMBONA
anHTensHOCTHIO T MOXHO 3anucaTh B BHAC:

Si(t) = S, () cos[, 1+ ¢,(N];
rie Sy ; ©; ; ¢ j— AMIUTATY /A, YacToTa ¥ hasa i-ro CHMBOJIA.
Bennunna V=1/T - HasuiBaeTcs CKOPOCTHIO MOAYNALMH, eAHHHLA H3MepeHns - GoJ.
MoaynupopanHblii CHIHAN NPEACTABHM KBAJIPaTYPHLIMH COCTAB/ISIONHMM:
S5,(N=5_(Ncosg,(Ncosat +S_(sing,()sinat = [,(1)cosw, + O, (1)sinw,l
Bua I(t) u Q(t) onpenenser MeTon Momyasigl 1 BaXHEIe cpoficrsa curnana. [ycrs :
L) = a,p(t—iT ), Q,(1) = bg(t—iT),

rae &, by- xoappuumenTh, onpenensiomme nepeaasacmyto Gurosyio xoMbHHanKIO
H BHI MOJLYNSLMK;
_p(t); g(t)- anemeHTapHBIE MOYNHPYIOILHE CHIHANIN B KBAAPATYPHEIX KAHANAX.
B srom Ciiy4ac MOAYNHPOBAHHBIC CHMBOJIB MOXHO 3aNHCATE B BHJIE:
S,(=a, p(t —iT)cosw,t + b, g(t - iT)sinew 1. (n



Ecan p(t) u g(t) suibpars Tak, yTo6bl cocenlne NMOCKUIKH HE NEPEKPLIBANTHCH BO
BPEMEHH — 3TO MOMYIAUHA [OJHBIM OTKAHKOM. Ecam p(t) m q(t) or cocemmmx
HMIY/ILCOB — MEPEKPRIBAIOTCH, TO ITO MOAYISIIHA YACTHIHEIM OTKAHKOM, [lpu >rom
BOIHHKAET MEXCHMBONbLHAS HHTepepeHuHs, HO TaKkHe CHIHANK uMelT Gonee
XOpoILHe CreKTpanbHBe XapaKTePHCTHKH. Jlia  nonyueHus  XOpOIIMX
IHEPreTHYECKHX XAPAKTEPHCTHK MOJY/HPOBAHHOIO CHrHana orubaiomas AoDKHA
OLITE MOCTOAHHOMA, U UIa ynobcTsa HOPMHPOBaHHOI ,T.€. !

P+ 0% (r) = const = 1.
Ilyctes napamerpsl umeloT 3sadenns: p(ty=q(t=1; T2120.
Curnan JIAM moxer Osith nomyden u3 ssipawenns (1), ecnn a; #0, by = 0;
(mnwm a; =0, b; # 0 ). B sTom ciryqae o; =const :

si (1) = a; cos m;t HIIK si(t)=bisinayt . (2)

Ob6a BHIpaKeHHA KBHBANEHTHBI, Oymem paccMaTpHBaTh neppoe M3 HuX. Ecim a
NPHHWMAET TONLKO ABa 3HadeHus 0 u 1, T.e. ocHoBanme kojia mM=2, NONYYHM
asonuHy0 JIAM, nazsBaemyio Taxke AM-2:  so(t) =0 coorsercrayer Guty 0,

s1(t) = cos w;t coorserctayer Outy 1 ( Puc.1).

Pac.1

Ecnu a; npunumaer 4 poamoxusix 3uauenns 0, 0.333, 0.666, 1, T.e.m=4, 10 Mnl
NOMTYyYHM YeThipexyposresyio JIAM:

so(t) = 0 - coorsercrayer nepeaave Gurosoii komGuuamu 00,

s1(t) = 0.333 cos @it - coorsercrayer nepenaye Gurosoil komGunaimm 01,

s5;(t) = 0.666 cos wit - coorsercreyer nepenavue 6uronod komGuHaumn 10,

5:(t) = cos wt - coorsercrByer nepenaye Guropoi komGuralmH 11,

Curnan JIYUM moxer Obite nony4en m3 (1), ecan, nanpumep, a; =1, b; = 0, a wacrora
@; NPHHHUMAET palnuyHbie 3HaYeHus. Ecnn m=2, 1o nmeeM asonuuyio JIUM:



sp(t)=cosagt, s (t)=cosat ( Puc2)

Puc.2

AHanor#uno, npE m=4 noayunM wermpexnosvmmonwnylo UM, T.e. dactora

CHMBOJIOB MOXCT IPHHHMATE OHO W3 YeTHIPEX BOIMOXHAIX 3HAYEHHHA Wy , ©) ,0;,03.

Curnan JI®M moxer 6biTe nonyden w3 (1) npu m; = const. Ecnu m=2, 1o nmeem
psonunyio JIOM wan @M-2  ( Puc.3):

so(t) = cos wyt, npu a; =1, b; =0 - coorpercrayer nepenave bura 0, (3)
s (1) = - cos wgt = cos (et + ) npw a; =1, b; =0 - coorsercTByeT GHTY 1.
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~ Ilpn m=4 nonyaum uernpexdasuyio JIOM, oboznavaemyio, kax ®M-4 (Puc.4).
Kaxnwiii cumBon cooreercTeyer onHoH M3 4-x xombumaumii 6ur. Oasw cumsonos
npuHMMaloT 3nadenus 0, w2, x, 3n/2:
sy()=coswyt npu a =15 =0
s =cos{at-x/npu a,=0,b =1
5 () =-cosaf npu a =-1,6 =0

5,(t) = cosl@ - Ix {2)npu @, =0, b, = -1

(4)



SO o

Ilpn m=8 nomyunmm sBochmudasuyio [IPM wm OM-8 (Puc.5). Kaxumit cumson
COOTBETCTBYET OHOM 13 8-Mu komOunauuii 6ur: 000, 001, 010, 011, 100, 101, 110,
111. Da3sl cuMBONOB NpUHHMAIOT 3Havenua 0, w4, w2, 3n/d4, n, Sw/4, 3In/2, T/4.
CooTeercTene CUMBONOB GHTOBEIM KOMOMHALMAM 06CY M No3Ke :

s,(t)=coswy npu a =15 =0.

5,(1) = cos(w,t —m/4) npu a, =0.707, b, =0.707

sty =cos(@ft-nimpu a, =0,b =1

5,(r) =cos(@t=3x/dmpu a, =-0.707, b, =0.707 (5)
s,()=—cosat mpu a,=-1b =0 ;

(1) = cos(wt —5x/d)npu  a, = ~0.707, b, = ~0.707

ss(1)=coslws ~3n/npu a,=0,b, =-1

5,(1) = cos{w i —Tn/d)npu a, =0.707, b, = -0.707

lNMon6upas COOTBETCTBYIOUHE 3HAYEHHS &; , by MOXHO CHOPMHPOBATE CHIHANM C
aMIIMTYIHO-pazonoil Mopynsuueh (ADM), ¢ aMIIMTY IHO-9ACTOTHON MOAYAIMeH
(AYUM), ¢ wacrorno-paszosoii moaynsumeii (YOM), ¢ aMnaMTYAHO-9ACTOTHO-
tbasonoit mopynsumci (AHOM).

Hanpumep, mns m=4 moxHo chopmuposats carian APM-4 (Puc.6). Onun camson
— HYNEeBOH H 3 CHMBOJIA € NMOCTOSHHON aMmKuTYA0H M dasamu 0, 27/3, 42/3:



5(}=0 npu a,=0,5=0.

s(y=cosawgt npu a =156 =0;

5,(0) = cos(w,t -2/ )mpu @, =~0.5, b, =3 /2

s, () =cos(w,t —4x/3) npu a,=-05b, =-3/2;

(6)

Jins m=8 MoxHo chopmuposats curuan AOM-8 (Puc.7):
ss()=cosat mpu a,=1b =0.
5,(1)=0.52cos( ~x/4) npu a, =0352, b, =0352
s;(N=cos(wt-x/npu a, =0, b, =1
5,(f)=052cos(w,f ~3x/4)npu a, =-0.352, b, =0.352 0
s,(1y=-coswt npu a,=-1,b=0
5,(1) = 0.52cos(a,t — 57/ )npu @, = -0.352, b, = -0.352
s,(r) =cos(wy -3n/2)mpu a, =0, b, =-1
5,(1)=0.52cos(wt~Tx/4)npu a, = 0352, b, = -0.352
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Puc.7

AMIUIHTYAB CHMBONOB W HX ¢ain nonobpann Tak, 4ToOn NpH HOPMHPOBAHHOMN
MaKCHMaTBHO#H aMIUTHTY e pasHo#t © 1, MOMYYHTE MaKCHMAITbHYIO
NOMEXOYCTOHYHBOCTS (CM. ClieaylouHi pasnen).

2. Cornacosanne Koiepa ¥ MOAYARTOPA AIS yBeAHUeHAR dPPeKTHBHOCTH
: cHeTeMbl CBR3H. CHIHANLHO-KO0BBIE KONCTPYKUHK
KauecTno paGoThl CHCTEMBI CBA3H XAPAKTEPHIYETCA COBOKYNHOCTHIO MOKasaTenci,

T.c. HexoTophiM BektopoMm Q=f{Q, ,Q; , ....Q) , xoTopmii sanserca dynxuneh



yacTbix noxasarciel Qi |, f{*) - nexoropas ucncsas dymxums. Yacrawmic
MOKA3ATE/TH CUHTAIOT ENEMNUMU NADAMEMPAMY, SABHCALIHMHA OT SNYMPEeNNUX
napamempos. Hanpuuep, neposTrocTs omnbiH - enewnuil napamemp, 3aBHCHT
OT GHYMPERNUX RAPAMEMPOS: MOIMHOCTH NCPOIATYHKA, JUTHTETLHOCTH
CHMBOJIA, SHCPrHH nNomexH. 3agaua noctpoenus >dwpexTHBHOIN, ommuMamHOH
CHCTEMbI CBAIH CBOJIHTCH K TMOHCKY ONTHMANGHOIO BEKTOPA BHYTPEHHHX
napameTpoB, obecneuymsaroniero maxcumym uenenolf ¢ymapm. OcHoBHbIC
HacTHLIC NOKAATENH CHCTEMbI CBA3N: dHepreTHueckas WwiH B-aoddexmipnocts
gacToTHas WM y-2bdexmHBHOCTE
B=RAPIN,); y=RF; R=H*V (9

R- cxopocTs nepeauy uidbopmaiiu b GHTax Ha ceKyHIY,
Nj - CleXTpaiLEas IUIOTHOCTL JHEPIHH myma, P, - MomusocTs cHriana,

H - sarporms Herounuka, F- nomoca 4acToT KAHANA CBSIH.
Llenepoit dynkimeti MmoxeT GuTs BHGpAH  X03PPUIHEHT HCNONLIOBAHHS
nponyckHol cnocobuocTy kanana casau 1 = {(f,y)

1 = yllog(1 — v/P). (9)

Taxum obpasom, paspabareiBas MOAYARTOP, CACAYCT NPHMCHNTL TOT BHJL
MOOYNAUMH, KOTOPH PpEeAHIYET MAKCHMYM 7], HAH, B COOTBETCTBHH ¢
TeXHHYCCKHM 38JIaHHEM, MAKCHMYM i npu 3a1aHHOM ¥, WIH MAKCHMYM Y NIpH
sananHoM P

W3 Teopun undopmain wisectwo, wro swmponus H, Te. cpeamee
KONMHMeCTBO HMHPOPMAIMM HA CHMBOA JUIN  JHCKPETHOIO  HCTOYHHKA
HezasucHMBIX coobmenmii paso H = logam (m - ocHopanme kopa).
VYeennuusas m, Mkl YBEAHYWHBACM CKOPOCTE MNopeaaud wndopmaumm npu
NOCTOAHHON CKOPOCTH MOIY uiaH V

R =HV = V*log,m, (10)
T.e. yBelHuMBacM qacToTHyI0 3(pdexmurnocts. Opuako, ecim npH  3TOM
CKOPOCTh MOAYJMIIHH H NapaMeTphl KRHANA HC MCHAIOTCH, TO Najacrt
anepreTHucckas  >ddexmBHocTs. OnTHMAMLHLIM SBISETCS pellicHHE, [pPH
KOTOpPOM JOCTHTRCTCH BHIMIPLIN N0 ODOHM NapaMeTpaM M0 CPaBHCHHIO CO
cnocoboM MOYNALINH, NPHHATLIM 33 Gasonsii.

Jlm peamgzain 3toro ycnosus Heobxomumo Beifpars Hawryqmsi
ancamMbib cHMBOMIOB. AHCaMOmL: CHMBONIOB MPH MPMOHHYECKOH HecymieH - 310
COBOKYITHOCTD PEATTHIALMH PANHOHMITYILCOB JUIHTEALHOCTBIO T ¢ patmMyHBIMH
AMIUMTYIAMHM, “acToTaMH ©  $aamu, COOTBETCTBYIONMX PpPAVIHIHBIM
nepenasacMeiM HHpOpMAIHOHHLIM  MOCHCAOBATENLHOCTAM  (OHTOBRIM
NOCACNOBATELHOCTAM ).

C ToukM 3peHHMS NEOMETPHH, BCC UPOCTPAHCTBO CHMBONOB CONCPXMT
Ha0Op CHIHALHLIX TOYeK, BekTopos S; . OGmacTs, oxpyxaonas JaHHYIO TOYKY
S; cuMBONA, ©CTh OGJIACTE, KOTOPYIO Mb TPaxTyes, kax cumson S;. [Tomexa

9



HAKAAALIBAETCA HA CHIHAJ, TAK YTO CyMMapHbIi Nponecc — 3T0 TOMKA NMPOCTPAHCTBA
CHMBONOB, He cooTseTcTBYIOWAs S; . T.0. BCe NPOCTPAHCTBO CHMBOMIOB HALO pasbuTs
Ha o6nacTH Tak, 4Tobsl Cpe/IHAS BEPOATHOCTH OMMOKH Ohina MHHHMANLHA, a CpejlHee
paccrosanmne I'mnebepra d B mpocrpancree L, Mexay CHIHAILHBIMH TOYKaMH,
paBHOe:

.
i j[s,(u-:,(.-}}'d: (11)

AONKHO OLITH MAKCHMAJIBHO MPH YCPeHEHHH N0 BCeM i , j.

OnruMusaums ancambis CBOAMTCA K TAKOMY PaclofiOXEHHI0 CHIHAIBHBIX TOYEK,

npH KoTopoM ob6nactw cuMBoNoB Geutn Ol HAMGONBIUMMH, OJHHAKOBLIMM H
npubmmxkamce no ¢opme Kk N-mepuniM chepam. B maremartnke s1a 3anava
M3BECTHA KAK 3a/1a4a ruloTHeHmeH yKiaiky mapos B AaHHOM obbeme.,
Onnomeproe mpoctpanctso  (N=1) — 310 npamas. [lnoTeelimas yxnaaka
NONYHAeTCs, eCHH CHIHANBLHAIE TOYMKH PacnojaraloTces pasHomepHo ot A ao B. Do
NPOCTPAHCTBO MOXHO PAcCMATPHBATh B KAYeCTBE TEOMETPHYECKOTD MecTa
CHIHANLHBIX TOYEK, ecNH HHOPOPMAUMOHHLIM SBASETCA TONBKO OJIHH napaMeTp:
aMIUIMTY /13, YacToTa wik ¢asa cumMsona.
Ieymeproe npoctpatctao  (N=2) - 3710 miockocts. IlnorHelimas yknanxa
NOMYYAETCA, CCNH CHIHANBHBIE TOYKH SBIKIOTCA UCHTPAMH  OKpYXKHOCTeH
O/IHHAKOBOIO pajHyca. JTO NPOCTPAHCTBO MOXHO PacCMATPHBATE B KadecTse
NeOMETPHYECKOI0 MECTa CHIHANBHEIX TOYEK, ecliH HHPOPMAIMOHHBIMH SBANIOTCS
ABa NMApaMeTpa: AMIUTHTYIA H YacTOTa, WIH (a3a H AMIANTY/Ia CHMBOJIA H T.JL.

Tpexmeproe npoctpanctpo (IN=3) — 310 obsem . [noTheiimas yxnajixa nomyqaercs,
CC/IH CHIHANBHBIC TOYKH ABAAIOTCA UCHTPaMH cep ONHHAKOBOIO pajgHyca. JITo
NPOCTPAHCTBO MOXKHO pPacCMATPHBATL B KaYecTBE FeOMETPHYECKOTO MecTa
CHIHANBHBIX TOYEK, eC/iH HHQOPMAIMOHHBIMM ABAMOTCS TPH  nNapamerpa:
aMIVTHTY/1a, YacToTa M (pa3a cHMBONA.

N - MEpHOE NPOCTPAHCTBO: MJIOTHEHIIAS YKIAAKA NOAYHAeTCH, eCNH CHIHANLHBIC
TOYKH SBASIOTCH HeHTpaMH N — MepHBIX . chep. DTO NPOCTPAHCTBO MOXHO
PaAcCMATPHBATH B KAYECTBE TFEOMETPHYECKOTD MECTA CHIHANBHBIX TOYEK, eCiIu
HHQOPMAIMOHHBIMH ABNSIOTCHA, KPOME YKA3aHHLIX BBILE, H APYrHe NapaMerpsl:
HTy4aeMble OJHOBPEMEHHO HJIH MOOMEpPENHO /IBa CHMBOMA CO CBOMMM 9aCTOTAMM,
AMIUTHTYIAMH W dazaMy, CHMBOJNLI, HITy4aeMble PA3HBIMH AHTCHHAMH M T.J1.
HanGonee uiHpoxo B TEXHHKE CBA3H MCMOALIYIOTCH PE3IYNbTATH, MOMYYEHHBIE VIS
N=1 u N=2, npudem ocHoBanme koaa pasHo m=2" (n = 1,2,3....). INpewnoxens
crneayiomme ancaMbniu MHONONO3HIHOHHALIX CHIHANOB C NAOTHOMN yxnaukoii:

- ancambnu asonunbix cuMBonos JJAM, JIUM, JIOM (m=2, Puc.1,2,3);

- aHcambnu cumeonos mia m=4; maubonee wacTO MCNONBIYKOTCH aHcamOM

®M-4 (Puc.4), AOM-4 (Puc. 6);

- ancambnu cumsonoB min m=8; naubonee wacTO HCMONE3YIOTCH aHcambiM

®M-8 u AOM-8 (Puc.5, Puc.7);

- ancambnu cumsonoB ans m=16; m=32; m=64 u 1.a.; nHaubonee wuacro
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HCronk3yroTcea ancamban AOM-16, AOM-32 u T.a.
Ha puc. 8 noxaszausl MPOCTPAHCTBEHHBIEC HATPAMMBI UL pasHuiX aHcambneld M
H AOM: a) DM-2; 6) DM-4; B) ADM-4; r) DM-8; 1) AOM-8. Kaxnomy cumsony
COOTBETCTBYET TOYKA Ha NMPAMOIA, IUIOCKOCTH WK B N- MEPHOM NPOCTPaHCTBE.

5t
a) B)
51-'1° s8-8’ 52 58
B) )
52 82
rr 83
64 b |
%5 57
S PHC B %

Bubop m=2" ofwacusercs yaobcTsoM nepexona OT ABOMYHON KOMOMHAIMM H3 N
GHT K OJIHOMY M3 M CHMBOJIOB, TAK 4TO OJIHH CHMBOJI HECET N JBOHUHBIX EHHMIL

HHbOpMaLIHH. Paccmorpennbie ancamOGiH NO3BOMAIOT B N pa3s IOBLICHTH
4acTOTHYIO 3(MPEeKTHBHOCTD, T.K. MAKCHMANBHANA SHTPONMA paBHa:
H= log m = log 2" = n. (12)

Onepreruueckas  addextupHocTs onpenensercs paccrosiueM ['wisbepra d »
npoctpancTee L; . T.x. BepostHOCTs OmmMbOKH TeM Mmensine, deM Gomsme d, To
noMexoycroifyapocts Oyaer onpenensTscs  nNpeXAe BCEr0  MHHHMANBHOMH
BeTHYHHON dpip . [ xaxporo w3 ancambnedi no dopmyne (11) Mmoxso Had™ i, j,
ang KoTopsiX d = dyy,. Ouesuano, yem Gonpire m , TeM MeHbIlE Ay,

Onuako, s JIOCTHXCHHA MaKCHMaNLHOH OJHepreTHyeckod s¢gdexTrnnocTn
HEOOXO/MMO TaKKe ONTHMANEHO BHIOpaTh COOTBETCTBHE MEXJY KOAOBBIMM
komOHBHaumamMH W cumsonami. KomOunaumam, paccrosmne Xemmunra Mexay
KOTOPBIMH — MHHHMANBHO, JO/DKHBI COOTBETCTBOBATH CHMBOJ/IBI, PAcCTONHHE
Mmnebepra Mexay KOTOpHIMH TOXe MHHHMANbHO. Cnemoparensho, npespallcHHe
nepeaHHOTO CHMBOMA NOJA AeiicTBHEM noMex B Gmmxaiimuil, NONKHO NPHBOAKTE K
MHHHMANBHOMY KOJNIHYECTBY HEBEPHO MPHHATHIX OMT B KOA0BOA KOMOHHAUMM.

Jins peanmsaumu oTux TpeGopanmit neobxomumo paspaborars onTHMaNLHEE
CHIHAILHO-KO/I0BLIC KOHCTPYKIKM.

OnTHMANIBHOE COOTBETCTBHE CHMBOJIOB i OGHTOBRIX KOMOMHALMI B COOTBETCTBHH C



Pnc.8 cnegyiomee:

-Puc.8a, ®M-2: §; -- "0’ ; S, -*1".

-Puc.86, ®M-4: 54 - 00" ; S, ~‘01"; 8, -~ "11"; S;-'10". (13)

-Puc.8s, AOM-4: S -- 00" ; S, =01"; S, - "11"; S, -*10°.

-Puc.8r, ®M-8: §; -- 000" ; S, -001"; §; -~ "011" ; S5 101", Sy --"111";
Ss='1107; Sg - "100" ; S, -*010".

-Puc.8n, AOM-8: S; -- "000" ; S, -*001";S; --"011"; S3-"101", S4--"111";
Ss=*110%; S - "100' ; §;,-010".

W3 puc.86 mia @M-4 cneayer, 4To npeBpalleHHe MO AEHCTBHCM NMOMEX CHMBOJA
So ¢ dasoii 0B cummon S, c asoli W2 npuBoaET X npHemy komGuHamEn 01
emecto 00, T.e. mesepHo npuust oamH Omr. Ecnu Om mm xomOumammo 11
nepeaasanrA cHMBONIOM ¢ dasoli W2, To npespameHne Mo AelCTBHEM noMeX
cumsona ¢ dasot 0° B cumson ¢ dasoli w2 npreeno 6u k npueMy xombuuamun 11
emecto 00, T.e. HepepHO ObutH Obl npHHSTL ABa GHTa.

Cornacosanne paccrosunit no Xemmuury u no 'nnsfbepry ocymecrsnsercs myrem
Hcnonkzonanus koaa I'pes. Opmaxo, yxe npw m=8 nonHOrO cornacoBamus He
nomny4qaerca (cM. Puc.8r, 8n).

Onuum 13 COBpEMEHHBIX CnNocobOB COrnacoBaHHA KOJEPa H MOAYIATOpPAa ABISETCH

Henoassosanne  obobmennoro xackammoro xomuposanus. Jins sroro Mexommbil
ancambns pasnaraeTca Ha BIOXeHHBIE nojancaMbiE, YIOBIETBOPAIONIHE YCIOBHAM
mnoxeHHocTH: d; < d;.; , m; >my., . Ha puc. 9 nokazan npumep paanoxkenus ancambns
OM-8 na nopancambnn. Mexonneu#i ancambne u3 8-Mu cumpBonos pasbusaerca ua
Apa nopancambna W3 ueTmpex cHMBonoB Kaxmeii. Komosme xomOmuaumu,
COOTRETCTBYIOIIHE CHMBOJIaM JieBOro Tiofancambna, HaguHaioTes ¢ |, a npasoro ¢ 0.
Kaxmeifi w3 mByx nonawcambneit pasbmsaerca emie Ha nsa nopancambns no nsa
camMBona B kKaxaoMm. I[lo Tem e mnpasunam, xoaoBbie  KomOuHanmu,
COOTBETCTBYIOIIHE JieBRIM  mnonancambnsm, comepxatr Bropod Gur 1, a
COOTBETCTBYIOIIHE npaskiM mnopancambnasm -~ (. Hakonen, xewuwiii w3
nonancambneii W3 aByX cHmBonos pasOueaerca Ha aBa nosancambns M3 oaHoro
cuMBona. B pesynsTare nomy4aem COOTBETCTBHE CHMBOJIOB B GHTOBRIX KoMOHHAMI,
NOKA3aHHLIX HA pHC.9,



[Nepebiit GHT KOAMPYETCA NOMEXOYCTONYHBRM KozoM ¢ Gonsinoi Hcnpasnsioimed
cnocobrocThiO. Brophie 6HTH KOOMPYIOTCA KOAOM ¢ HebONMBIOH KOppeKTHpYIoLeH
cnocobrocTeio. Tpersi 6uTH NepesaroTes 6e3b30LITOMHEIM KOAOM.

3. Cmementsie BHAB MOXYASIHH
[Ipn opHOBpeMEHHOH CMEHE CHMBOJIOB B KAXIOM H3 KBaPaTYpPHBLIX KAHANIOB
moayastopa B curnane JIOM nponcxoauT ckavox dassl Ha x. Tak xax JIOM curnan
B AanbHEHIIEM NPOXOMMT Yepes nonocossie GuasTpel, T0 NpH ckavke dassl Ha Bxoae
¢unnrTpa MBI MOJYYMM Ha BEIXONE UnbTpa nepexonHoi npouecc. Ilpn ckauke dazwm
Ha m orufaronias HaNPHKEHNS HA BLIXOJE NOAOCOBOrO GHALTPa yMeHbiuaercs so 0,
T... HIMEEM NAPASHTHYIO AMIUTHTYAHYIO MOAYMAUHIO. JTO HApyINaeT HOPMANbHYIO
pabory ycrpoiicte cHuxponuzauuu. Jlns ycrpanenma ckaykos dazm Ha =
MEMEHTAPHbLIE MOMY/IHPYIOIIME CHIHANK CMEILAlOT Ha Benwauny T/2:
p(t)=1 npn -TR2<t<TR2; q(t)=1 npu 0<t<T. (14)

ChopmupoBantble TAKHM 00pa3oM CHIHAJILI HAILIBAIOTCH CHIHANAMH CMELICHHOM
®M, coorsercreento COM-2, COM-4, COM-8. Ananornynmm obpasomM MOXHO
chopMHpoBaTh H cHrHans: cMemienHod AOM: CAOM-4,CADM-8 u 7.0

AxcaMOnu CHrRAIOB 18 CMELUSHHBIX BHAOB MOAYNAIHH COOTBETCTBYIOT, B NIEPBOM
npubmoxenny, Puc.8.
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Monynstop, ¢QopMHpylomHE CHMHaMM  cMCIICHHOR  MOXYNALIMA,
OTAHYACTCA OT OBLIYHOID MONYMATOPa HANMYHCM B OJHOM H3 KBARAPaTYPHBIX

KAMAJIOB 2JICMEHTa 3aicpXKH Ha Bpema T/2 (Puc. 11).

4. OrnocHTeILHAN asopan moxyasums (ODPM)

HanGonsiyio  noMexoycToliYMBOCTE  MOXHO  NIONYYHTH  [IpH
WCMIONLIOBAHMH  KOPCPCHTHOIO  [ASMOAYANTOpa, ANt paGorel  KOTOpOro
HEOGXOMMO HMETh KONCPEHTHOC OMNOPHOC HANPIKCHHE. DT0 HANPIKCHHE
MOXCHO MOMYYHTH TOJLKO H3 CAMOIO [PHHHMAEMOID CHIHAME, T.K. €ro
napaMcTphl caryvaiino QuIyKTyHpyloT npH pacnpoCTPaHCHHH MO KaHATY CBA3H.
CpopMHpOBAHHOC OINOPHOEC HANPIKCHHME MOJ JCHCTBHMCM NOMEX Cay4waiHo
HIMCHACT CBOIO (hasy CKauKOM Ha = ITo NPHBOAMT K «oOpartHol pabGore», 1.c.
Bce 1 npespamiorcs 8 0 u HaoGopor. Jlam Gopubsl ¢ ITHM HCHOIL3IYETCS
omnocumenasnas gparosan modynsyuzs ODOM.

Ilpp OOM ¢aza panHOrO CcHMBONA § OTCUMTHIBAETCE OT dathi
MpEALIAYIICIO CHMBONA S 1. IIph mepenaye 0 - daza JaRHOro CHMBOJIA paBHa
$ase upeARYIIEro cHMBOIA, HpH nepeaatce 1 - daza aammoro CHMBONIA
MIMEHACTCH Ha X NO CpaBHeHHIo ¢ pazok npeanyrymiero cummosia. B ceasu ¢
ITHM Ha nepeaatomed cropoHe HEoOXOMMO NEPEl MOAYANTOPOM BIMOTHTL
Gnok enecenns orrocHTebHoCTH BBO (Puc.11), cocrommmii n3 cymmaTopa no
momymio 2 (Gaox XOR) 1 anemenTa 3ajiepxxn 1.

BBO ocymectamsicer cyMMHpoBanHe Mo Momymo 2 mansoro G6mma 6; |,
noctynajomero Ha Bxosi bBBO, n npemeinymero 6urma o , NocTynamomero c
ssixona BBO na sropoii sxon BBO uepes mnmno safepwxs (BpeMa 3aJICPHKKH
paBHo jumMTebHOCTH GHta T).

Ancambim curuanos npu OOM cooteercTayior Puc.8.

Ha npueme ¢aza maanoro cuMeoa s; cpasHHBaeTcs ¢ ¢asoff npeasytyuiero
CHMBONA S;.;, JAJICPXRAHAONO HA BpeMs T B IHHHH 30JICPHKH.

5. Cnexrpaibikic XAPaKTEPNCTHKN BRIOE MOXY/INHHN
BaxoibiM TEXHHYSCKHM NAPAMECTPOM MOAYNHPOBAHHOND CHIMANA SBIRCTCH
mHpHHa cnexTpa. JU yMCHBLICHHS B3aHNHLIX NOMEX MEKIY COCEAHHMH 110
YACTOTC KAHANAMH LenecooOpaIHO HCMOJBIOBATL CHIHamLI ¢ Hanbosce
koMnaxkTHeiM cniextpom. llpu dasoeoli m cmemennoft gasosoil Moy IRUHH
IMCPreTHHCCKHH CIICKTP MOTY/THPOBAHHOIO CHTHAJA HMCCT BHJL

G{w) = E(smoT2Y(«T1/2) (15)
rAC @ OTKAOHCHHC YacTOThi OT HecyucH w,,

E- sneprus cumsona.
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B nonoce yacrot F=1/T 3axmouqaercs 0.905 sneprin Bcero cHrsana.

Boree KoMNakTHBIM cCHeKTpOM oONa@loT BB MOAYISUMH, Y KOTOPEIX
ornbaomas  ANEMEHTAPHEIX MOAYNHPYIOWMX CHIHANOB pt) u q(t) ne
IPAMOYTONbHAS, & CKPYTHEHHAS, HANPHMED, MO 3aKOHY KOCHHYCA H CHHYyca:

plt) =tcos(nt/2T) npu-T<t<T 16
q(t) = tsin(m /2T) npu0<t<2T . (16)

Jina dopmupopanns CHIrHANA € KOMIAKTHLIM CIEKTPOM CHMBONE! @; ,b; JO/KHB!
6bITh cMerersl Ha BpeMs T. Takoif MecToa MOAYIAIME Ha3KIBACTCA MOAYNAUMEH c
MHHHMANbHEIM casHroM — MMC. Dro daxrtuyecks cHruan ¢ wacTorHo-hasosoil
monyasuueit YHOM-4, Carnan MMC moxnao 3anucats B cieayromem suzae (Puc.10):

sg=cos(@ot — xt/2T) npw a; =1,b, =I;

sy=cos(wet + nt/2T) npm a; =1,b; =1; (17)
sy=-cos(@ot — 7t/2T) npn a; =1,b; =1;

33%‘“9""‘ MT} up“ a‘l-llh tl;

Puc.10

C 1ouxy 3penus MaHunynsuun Gass curnan MMC noxox na curnan ®M-4, T.e. na
untepsane T pasa curnana MMC usmenserca Ha yron KpaTHsii /2.
Ouepretnaeckuii cnextp curnana MMC umeer Bra:

1 +cos 2wl
Gt =se{ s ) i
B nonoce yacror F=1/T 3axmodeno 97% sceit sneprun curnana MMC.

Jina dopmuposanna curnana MMC » MoaynsTop HeobXoaMMO AONONHHTENLHO
smouHTh (Puc.11):

- ABa nepemuoxuTens (nepemuoxcurenu 1 u 2);

- reneparop ornbaiomeii;

- dasospawarens| na 90 rpanycos.

O6Gobuiennan  cIpykTypHas cxemMa Moayastopa, (opMmupylomero wudposoi
MONYAMPOBAHHMA CMrman, noxasana wWa Puc. Il.
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Hudopmaimonnsiii norox gBoH4HsIX nocsinok 6;— 6uT nmocrynaer na sxop 6noka
BHECCHHS OTHOCHTE/BHOCTH, KOTOPRIH COCTOMT CymMmaropa no Moaymo 2 (XOR) u
anemenTa sanepxka 1. Ha Beixoge cymmartopa no Moaymo 2 momyqauM OHTH ¢ €
BHECEHHON  oOTHOCHTEenbHOCTHIO. [lanee mmoven OGnok paspenenmms GuroBoro
MOTOKA ¢; HA KBAaJpaTypHsie cocTaBnsomme a; # b; , xoropsii Take popmupyer
HeoOXOAMMBIE 3HAYEHHs KBAJPATYPHBIX COCTABAMIONMX JANA  MOMy“eHHs
COOTBETCTBYIOIIEIO BHAa MOAYNAUHK. DnemenT saiepxxu 2 na spems T/2 caenyer
BKJIIOYHMTE B CXEMY, eciH HeoOXomuMo CQOpPMHPOBaTE CHIHAN CMEICHHOMN
mMoxynauus. 'enepatop orubaiomeii cos(nt/2T), pasonpamarens 1, nepemuoxuTenn
1 u2- popmupyror curaan MMC, I'eneparop necyme#l coswt, dasospamarens 2,
nepeMuoXxuTena 3 u 4, cymmarop GOpMHPYIOT BBICOKOYACTOTHEIN CHIHAN C
HYXHBIM BHIIOM MOJYJIALHA.

6. Jlemopyasiuus. Onramansusiii npreMEAK

Jemonynaums — mponecc, obparuwii momynsuwn. B pesynsrare mnponecca
JIEMOAYNAMH (CTEeKTHPOBAHHA) BHLICOKOMACTOTHEIN MOAYNHPOBaHHEIH CHIHAN
NPEBEPAMACTCE B HH3IKOMACTOTHRIH, Moaynmpyoumii uuMdposoli curian B Bmue
butosoro noroxa. B mueane OuroBsili NOTOK Ha BEIXOAE AEMOMYNATOPA JAOJKCH
NONMHOCTHIO coBnagars ¢ OuToBLIM nmoTokoMm 6; Ha Bxoae momynstopa. Oanaxo,
JIHHeHHBIC H HeNWHEHHBIC HCKaXXEHHA MOLYTHPOBAHHOIO CHIHAIA B KAHAIC CBA3H, A
TaKcke amauTHBHBIE X(1) A MynmbTHIDMxaTEBHRE K(l) NOMEXH CYHIECTBEHHO
HCKaXAIOT nepenasaeMblii cumBon s(t) , B peaynsrare vero npomnecc z(t) Ha Bxoze
NPHEMHHKA PaBeH:

2(1)= k(O [, (g (e ~ 7))+ x(0), | (19)

rae  g(t) - MMIYNBECHAS peakilHA KaHala CBA3H.
Tak xak pemieHHa Ha NpHeMe ARIAIOTCA PE3YNLTATOM aHanusa z(t), TO NpHHATHE
OMTHI He BCerjia COBNAAIOT ¢ NepeiaHHbIMK.
Cnocobnocrs cHCTEMB! CBA3H NPENATCTBOBATE MEINANOIIEMY BAHAHHIO NOMeEX
HAILIBAETCH NOMEXOYCTOHYHBOCTEIO CHCTEMB! CBH3N.
Makcamansno AOCTHAKHMAR MOMEXOYCTOHYHBOCTS HAZLIBACTCH
NOTEHUHANLHONH MOMEX0YCTOHIHBOCTEIO.
KonuyectseHnoi Mepoil NOMEX0yCTOHYHBOCTH ABIACTCA BEPONTHOCTE
ownbxu p :
L
p=lm—t (20)
N — obiuee konn4ecTBo nepenaHuux 6ut;
N, — KONHYECTBO OLUHOOK, T.€. KONHYECTBO HEBEPHO NPHHATHIX GHT.
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Beicoko#i TIOMEXOYCTOHIHBOCTH COOTBETCTBYeT Manas BEPOSTHOCTE OMMOKM.
Huskofi (moxoit) nomexoycToluHBOCTH cooTBercTByer Oonkinas BCpOATHOCTE
OHOKH.

[Morenunansnodi  NOMEXOYCTOHYHBOCTH  COOTBETCTBYET — MHHHMAaJbLHAN
BEPORTHOCTH OIMHOKNH.

Peansisie cHcTeMB! CBA3M paboTalOT C TAKHMH BEPOSTHOCTAMH oLuHGOK:

p=10" - 10” —ynornersopuTensHoe KauecTso.

p=10" - 10° - xopoee kauecTso.

p=107 - 10" - ormwanoe xauecTso.

Ecnu N pocrarouno Benmuko, HO He Oeckonewno, 10 p = N, /N HassiBawoT
4ACTOCTHI0 omuboK.

Tak xak Ha mone3Hslil CHrHAN B JIMHHH CBS3H HAKNANLIBAIOTCA NOMEXH, TO
3azia4a paspaboTamKa — CKOHCTPYHPOBATE NPHEMHHK, KOTOPhI HaumyymiM obpasoM
BBIIEJINET CHIHAJ H3 TIOMEX.

IpueMARK, peannm3ywinHii NOTEHNHAALHYH MNOMEXOYCTOHYHBOCTh, HATLIBAIOT
ONTHMANBHLIM (HACAILHBLIM) HPHEMHHKOM.

OnraMansibii NPHEMHHK €T MHHHMAJLHYIO BEPOATHOCTL OMMOKH.
Ona moxer O6uiTh 1 ovens Gonbwiod, o Hukakoll aApyroii npueMERK He aacr
MEHLIIYI0 BEPOSTHOCTSL OIHOKH.

IlpaBuno paborTel ONTHMANLRONO NpPHEMHHKA MOXeT ObITE  TONBKO

CTATHCTHYECKHM.
Jlaxe, ecnH BHanpskeHHE HA BXOAEC NPHEMHHKA TOYHO paBHo «l BOALT », MBI He
MOXEM TOYHO CKa3aTh, YT0 nepepasanock. Moxer 6urh, nepenasany «1 BOJLT »
nomexa pasua « BonsT»; WK nepenasany «0 Bonk™ MW nomexa pasHa «l BonNLT.
CnenosartentHo, MOXKHO TONBKO YKa3aTh BEPOATHOCTH, C KOTOpO# mnpouecc z(t)
TIONYIHACS HIH K3 «1» win 13 «O».

7. llpasnno paGoTel ONTHMAILHOIO NPHEMHUKA
Taxum ofpazom, Ha BXOJI NMPHEMHHKA MOCTYNaeT mpouecc z(t), T.e. CHrHAN TUnoc
wym. Jiis Beisoaa anroputMa paGoTsl ONTHMAaNBHONO NpHeMHUKa yRoOHO cHavana
paccMaTpHBaThL KOHEYHYIO BhIGOpPKY U3 n 3HaueHwi z(t) Ha uHTepBane spemeny ot 0
no T : zty), z(ts),... z(t,). 1y Beibopky Gynem obo3nauars, Kax COBOKYITHOCTE
sHauenmit [2,2; ... z] . Ilpn n — o M nepexoAHM OT KOHeWHOH BRIOOPKH K
HENpPEPLIBHOMY NPOLeCCy.

OnTHMANBLHBIH NPUEMHHK BBHIMHCISET N-MEpHBIE YCIOBHBIC (anocTepHOpHbIE)
BEPOATHOCTH Tiepesiayy si(t) JUis Beex i, eCn Ha BXoJle npueMHiKa Buibopka [2,2; ...
Z,), 7.€. Beamucnner w(s(tyVz,z; ... z,). .

Ecnu cHMBOAK MOTyT NPHHHMATHL TONBKO 2 3nadenux: So(t) u sy(1), npasuno
pabombl ONMUMANEHO20 NPUEMHUKAG NPHHAMAET BHJL:
Ecan w(s;/ 2,z; ... z) > w (8o/ 2123 ... Zy)— TO onTHMAALHLIH NPHEMHAK 1aeT Ha
Buixosne sy(t),
ecnu w(sy/zzy ... ) < W (Sp/ 2323 ... Z,)~ TO ONTHMANLHLII NPHEMHNK A3€T HA
Bhix0ae Se(t) . :
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B ofmem ciyqae, ontHManbHBI MPHEMHHK HAXOAMT apryMeHT $i(t), Npu KOTOpOM
ynxums w (s/ z/Z; ... Z,) NPHHAMAET MAKCHMAIBLHOE JHAYCHHE,

Npasuio paboTLl ONTHMAALHOIO NpEeMHAKa npH obom m:
arg max w (s;/ zz; ... 7,) ann seex §;(t) ,i=0,1,...(m-1). (21)
Ycnosusie u Oc3ycnoBHbIC BEPOATHOCTH CBA3aHBI Mexay coboii dopmynoi
Baiteca. [Tpouecc z(t) Ha BXo/ie NPHEMHHKA MOXKET NONYYHTLCA NPH Niepenaye s;(t).
CosmecTHas BEpOATHOCTh ITHX COOLITHI ANS ONHOIO MOMEHTa BpEMEHH
JAMMHCHIBACTCAH TakK:
Pzus)=p(z)-pisiz2)=p(s) p(@s); (22)
p (z) — GesycnoBHas (anpHopHasn) BEPOATHOCTS NpoLEcca Z;
p (s) — 6esycnosnan (anpropHas) BepOATHOCTH Nepe/jayH S;;
p (2/ s)) - ycnosnas (anoctepHopHas) BepOSTHOCTb Z, €cilH Guina nepenana s;.
p (5 /z) — anocTrepHoOpHas BEPOATHOCTS NEpeaYu Si ECIIH IPHHAT NpOLIece z(t).

H3 pasencrpa (22) nomyuaem:
Ps,) p(z/s,)
/2)= :
pis,/2) G}

Takum obpazom, npasuno pabors! onmruMansHoro npuemHuka (21) npu 3aganuoil
BRICOpKE MOXHO 3aMTHCATH TAK:

— w{sf)w(:,...z,_, f.rj} .

no acem S, w(z,--2,,) =

YcnosHas BCPOATHOCTE, 3anWcaHHas B Buae (23), nasmsaerca obobmenmok
byuxumeit npasaononobus Li, . [lpr n — o nonyanm obobmennsiii ¢pysxumonan
npasnononobus L, .

T.k. obuuno w (s;) = const, TO NPH CPaBHEHHH BHpaXeHH (23) 9TH COMHOXHTENH
MOKHO COKpaTHTh. loria npaswno paboThi ONTHMANLHOIO NPHEMHHMKA MOXHO
3ANHCATH B BHAE:

P Y
PO ..., L3 (24)
no eceM S'. wz,..2,,)

10 oTHOmMEHHE Ha3uBaloT Gynxuxed npapgononobus 1 ,. Tipy n — oo momywmM
dynxunonan npasaononobus J; .

Ecim epuucTBeHHas noMexa B xanale cBa3H - Denniif HOpManbHeIA wyM, T.e.
rayccoB WYM ¢ NTOCTOAHHOMN cniexTpansHoi nnotHocTeIo or 0 10 GeckoneyHoOCTH, TO
¢yukumonan npasjononobus |; u npaswio paboTel ONTHMANLHONO NMpPHEMHHKA
MOryT OBITh 3aMHCAaHbl B BHJE:
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T
exp(- [[2(0) -5, (O dt
8

— (25)

r
noocexS;  exp(~fl2(0) &t

Ha (25) cneayer, 410 ONTHMANBHLN NPHEMHHK JO/DKEH CPABHHBATH TOJNBKO
MOKAZATENM OSKCMOHEHT, cTosmux B uncnurene. [lpw 3ToM MaKCHMANBHOMY

JHadeHMi0 QYHKUHOHANA NpaBAonoaobHA COOTBETCTBYET MHHHMAILHOE 3HAYEHHE
MOKA3aTeNA FKCHOHEHTH B yncnuresne. Cregosarensno, ONTHMANLHLIH npHeMHENK
AOKEeH QABATL Ha BBIXOAe TOT cHMBOA s(t), KoTophlii COOTBETCTBYET

MHHEMYMY HHTErpaJja:

wgmin  [(z(0)~s,(OF d . (26)
no scem Si 0

Ha Puc.12 nokasana CTPYKTypHas CXeMa ONTHMANLHOIO [pHEMHHKA
Korensuuxosa, peammsyiomas anroput™ (26). On nMeer m ONHHAKOBRIX KAHAJIOB,
OTAHHAIOLIHXCA TOJBKO MeHepaTopaMy onopHbix Hanpsxennd TOH, reneprpyrommx
obpasus  si(t). Pemmomee yctpoiicteo (PY) apaer ma Bmixome cuMBon sit),
COOTBETCTBYIONMI KAHANY, NAalONieMy MHHHMATHHOS HanpskeHHe Ha Bxose PY.

i

= pewaouee
4[’
-  |—#{ maapaTop leTTerpaTop

|row sgm-1)

& + = &

-
(R I BB RN ]

Puc.12

MoxHO HecKoNsKo HIMeHHTHs anroput™ (26). M3 suipaxennn (25) cnemyer, uto
MOXHO COKPaTHTh zz(l], BXOAALIEE B MOKA3ATENH YHCIIHTENA H 3HAMCHATENA,
Tonyunm BeipaxeHue:

T
arg max  exp( [[22(0)s, (1)~ 5,(0)") .

mmsj 0

OueBHIHO, 4TO ITO BHPAXKEHHE MAKCHMAIBHO, €C/IH MAKCHMAJICH NOKa3aTeib.
T.o. anroput paGoTh ONTHMANBLHOIO NPHEMHHKA NPHHHMAET BHJL:



T T
arg max [ [2()s, (1) de - 0.5 [s,()dr ]. (27)
no ecem S,. o o

OnTuMansHelif NpHeMHHK, peanusylouwmii  amropurM  (27),  HasmpaerTcs
KOPPEASLMOHHBIM,
T.K. ONTHMAIBLHBI NPHEMHHK NAcT MHHAMATBHYIO BEPOATHOCTH OMMOKH, TO
ONTHMANBHEIH JeMonynaTop AokeH paborars no Tem xe npasunaM. Oxasaxo, Ha
NpakTHKE peann3oBaTs anroputMsel (26) u (27) CAOXHO, MOITOMY MCNONB3YIOTCH
Gonee NPOCTHIE CXEMBL.
Ob6obmennas CTpyKTypHas cxema  jeMoaynaropa Ha Puc.l3 ocymecrsaser
KBaSHONTHMANBHBIH ITPHEM CHIHANOB JUIS BCEX BH/OB MOIY/IALMM, PACCMOTPECHHAIX
BBINEC.

NEPEMHIDOITEN: 1 nepemrmaens 3
i AT JANDPREH =
| » BhTEPETOP |- PY 1
fEHEpETOp i ™ -
DB BN E reweparop
HeCywen
1cos (N2T) 2 coawt NO MOay0 2
—t
1 K
ScIprRITN. ¥OR |-
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B coorsercTBHE ¢ 2T0# cXeMoOil onpefensiOTCA MPOEKHA z(t) HA OPTOroHANbHEIE
OCH H TOCHE HMHTCIPHPOBAHHMA nNonydaeMm 3HadeHus a; W b, Kommyrarop K
npeobpasyer notox a; M b, B GuroBwnii urdopmaumonnsii norox. Ha srixone
kommyTaropa K Bxmoven 610K CHATHA OTHOCHTENLHOCTH, COCTOAIMA M3
cymmaTtopa mo momymo 2 (XOR) wu onementa 3amepxku 1. Dror Gmok
OCYIICCTBANCT B JACMOAYNATOpPe oOnepaumo, ofpaTHyio onepaumMu BHECCHHA
OTHOCHTEILHOCTH Ha Nepefave.

B oTcyTcTBHH noMex nNpHHATHIE 3 W b; coBnajawT ¢ nepeaaHAwmH. [lomexn
Hekaxalor  carsan, [loreHumansHas NOMEXOYCTOHYHBOCTSE  ONTHMAJILHOIO
MNpHEMHHKA ONPCACNACTCA CPeHHM OTHOIUECHHEM SHEPIHH pajHOCTH CHMBOJIOB §; H
Si, KOTOpaa COBMANAeT CO CpeaHHMM KBaapatom paccroanms [mnsbepra, «
CHEKTPANLHOH NIOTHOCTH Benoro myma:

d!

26,
BeposTHoCcTs OWMOKE 3aBHCHT mNpeXie BCErO OT BENHYHHB MHHAMANLHOIO
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paccrosuua ans BeiGpanHoro ancambns cemponos. MHHHMAaNBHOC pacCTOAHHE
COOTBETCTBYET MHHHMANLHOMN JHEPruH pa3HocTH cHMBONOB. IlpH TOM BEpOATHOCTSH

ombxH makcuMaibHa. CnefiopaTenbHo, CpefiHAS  BEPOATHOCTE  OmnOKH
onpenenserca opmynoii:
d
P 51-"[#]; Pua $1-Flh, )
g (28)
d’ = min j[:,(:}-;,(n]’d,
no beem i,k 5
rae

2 2
F(z) = ﬁ _[axp(- %}cﬁ - Tabynupopannan ¢ynxums Jlannaca.

®opmyna (28) nospoaser NONY4UHTh TOMHOE 3HAYEHHE BEPOATHOCTH ommbxa Jis
m=2 W OLIEHKY CBEpXY jns m > 2.

Jins oOTHOCHTENIEHBIX METOAO0B MOJAYNAlHU daza JaHHON MOCKUIKH OTCUHTHIBACTCH
or ¢dasu npeanaymed nocsnkd. CnefosartensHo, NPHHATHE PELICHHA CBA3AHO C
aHanuioM ( CYMMHpPOBaHHEM NO MOZYMO 2) He ojaHoM, a ABYX nocenok. [losromy
nepeaanunifi 61T GyeT NPUHAT BEPHO, €CNH JIaHHAN | NpeBULYIIas nocsuiks 6yayr
obe npuHATH BepHO MK 06e NpuHATH HepepHo. BeposTHOCTS 210r0 cOOMTHA paBHa:

Pro=(1-Po)’ +Pous !
T.o., BepoRTHOCTE OWKOXH NPH NpHEMEe CHIHANA C OTHOCHTENBHON MOmynsuMed
(OdM, COOM, OA®PM, COADM) pasna:
Pogu™1= Pop™ 2Pous = 2Pons’, (29)
TAE Pow - BEPOATHOCTL OMHOKH 118 aBCOMOTHLIX BHIOB MOJLY IRIIHA.

3AJIAHME HA KYPCOBYIO PABOTY «PA3PABOTKA MOJIEMA»
(UACTB 2.2))

B mnepeoil wacTu 3ananna Ha Kypcosyio pabory (uacts 2.1. «Paspaborka xouexa»)
Bu cdopmmpoBanu Ha Beixofe xoaepa uHbopMaumoHHEIR OHTOBMI norok B
COOTBEICTBMM CO CBOMM BAapHanTOM. JT0T OMTOBBIE NOTOK MOCTYNACT HA BXOA
MOy asTOpa.
1. Buibpars 13 nudopmauHonnoro 6urosoro notoka 6 nepesix 6uT 1 HapucosaTs 5
BPEMCHHBIX JIHArPAMM:
- BpeMEHHas [MArPAMMA LIECTH HHPOPMALIHOHHBIX GHT;
- 4eTHpe BpeMEHHBIE IHarpaMMsel cHraanos asonansix JIAM,JTUM, [IOM, JIODM,
COOTBETCTBYIOLLHX NepeiasaemeivM Ouram.
Bpemennnie quarpaMmel gans sa puc.1,2,3 B panuwix MY,
2. Ho tabmuue 1 suibpars cooTsercTayiomui Baiwemy papnanty BAR MOOYNALIEA 0 °
ckopocTs paGotst B Gonax.
3anucaTs AHANHTHYECKHE BHIPAKEHHA W HAPHCOBATH BPEMEHHBLIC IMANPAMMEL JUIR
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KOKA0r0 HW3_m CHMBONOE S(1) AR 3alaHHOTO BHIA MOJYALIHH C YKA3AaHHOM
anaueHu#i a; u b, HapucosaTh ancambim cHMBONOB.

Coomsercreyiome suipakenus nansl dopmynamu (4)(7), Bpemennsie
OWarpamMbl fapsl Ha puc4-7,10, nmﬁmnmommmmpm 8s

nanasix MY,

3. HapucoBaTs CTPYKTYPHYIO cXeMy MmoxyasTtopa (cMm. puc. 11 B AaHnbix
MY) s 3aIaHHOTO BHIA MOIY ISIHH, YKAIATH HATHAYCHHE BoeX G/I0KOB.
4. 3anMcaTs BRIPRKCHHE JUIH SHCPRETHYECKOTO CIICKTPA MOAY/HPOBAHHOIO
curnana (popmysmt (15), (18)). Bummcawms mnonocy wacror, B npeaenax
KOTOpofi 32K/IOYEHA OCHOBHAA JIONIN JHEPIHH cHrHana. PaccuMraTs H MOCTPOHTS
KOPPECARITHOHHYIO  (DYHKIIHIO Orvbalomieii MOMY/MPOBAHHOIO CHIMANA, KaK

npeobpazopanne Bunepa-Xununna ot cnektpa (Gopmyna 15).

5. HapucopaTh CTPYKTYPHYIO CXEMY JISMOJTYRATOPA JUN 38/IAHHOMO BH/A
momyasipan (oM. Prc. 13). Ykasats nasnadcuse poex 60Kkos.

6. BemscmuTs mmuumuocpnncmmrnmﬁepn (popmyms (28),(29))
mw&unmum{yﬂmmmﬂcﬁm:ﬂm
NPEBLIATE Pog. ClICKTPabHAR TUIOTHOCTS Gemoro myma Gy = 107 BT

B Ta6miua |
l_ m g 1 12 I3 |4 5 6 7 g8 |9 |
Bua Moy nspos DOM-4 DOM-E ADM-8 | OM-4 | DME | MMC WOME | OMS -8 MMC

n O IF 12 I3 14 5 6 7 8 |9
Cropocrs, K6on| 128 |64 |288 (384 |64 |144 [128 [384 |288|144
| Ba 107 (107 [10° 110% [ 10 [10* [10% [107 |10* [ 107
m — npeanocaentas uudpa noMepa cryscHucckoro GuicTa,
n - nocaeanss dpa HoMepa cTyiendeckoro Gunera.
hen Onpenesmercs w3 Tabmamm 2
N Tabanua 2
- 107 10”7 10* e OF it
[T e 2.33 3.09 372 425 4.80
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