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ITEPEYEHD NCITIOJIb30BAHHBIX COKPAIIIEHUIA

ALIl — aHamoro-uudgpoBoi mpeoOpazoBaTeib;
BY — Beludraromiee ycTpomcTBo;
I'OCT — rocynapCTBEHHBIN CTaHIAPT;
JHAM — nuckpeTHast aMIUIUTYAHAs MOJYJISIIIMS;
JAKC — JHCKpEeTHBIN KaHaJl CBA3H,
JNODOM — nuckpeTHast OTHOCUTENbHAS (pa3oBasi MOILYJISAIINS;
JUM — nuckpeTHas 4acTOTHAas MOMYJIALIUS,
ECK]J[ — emuHasa cucreMa KOHCTPYKTOpCKOM qokyMeHnTaiuu (cuctema ['OCToB);
NKM — uMIy’abCHO-KOAOBas MOAYJIALMSA,
NC — UCTOYHHK COOOIICHHI;
KIT — «korepenTHas oOpaboTKa (IIprueM) CUTHaa,;
JI3 — JuHUsA 3aepKKu;
HIT — HekorepenTHas oOpaboTka (IpueM) CUTHaa;
HKC — HenpepbIBHBIN KaHaJ CBS3H,
OTC — OCHOBBI TEOpPUH CBS3HU;
ITIY — mnepenaroiiee yCTPOUCTBO;
[MII® — mnonocHO-IpomycKaMUl GUIbTP;
I[IPY — npuemHOe yCTpOMCTBO;
PY — pemaromee ycTpoucTso;
CII — cpaBHeHue nossipHocTe (MeTo mpueMa curaaioB JJOOM);
CIIM — cucrema nepegaun uHGoOpMaIuy,
CK3 — cpeaHekBaIpaTHYECKOE 3HAUYEHUE HEKOTOPOIl IEPEMEHHON;
CKO — cpenHekBaapaTuueckas OIImoKa;
Cd — cpasuenue ¢a3 (Meton npuema curHaion JJODOM);
C/MI - orHomeHUe curHan/mym;
YI'Tl — y3KOMmoJIOCHAsi TayCCOBCKas ITIOMEXA;
®HY — GuabTp HWKHUX YaCTOT;
®OH - QopmupoBaTeIb ONMOPHOTO HAMPSKEHNUS,
®IIB - (¢yHKUUSA IUIOTHOCTH BEPOATHOCTH;
LHAIT - uudpo-aHanoroselii mpeoOpa3zoBaTeb.



ITEPEYEHD NCIIOJIb30BAHHBIX OBO3HAUYEHUN
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aBTOKOppEJIAIMOHHas pyHKIuMs curHaia g(t);
B3aMMOKOppesironHas GyHkius curaanos X(t) u v(t);
COOOIICHHE UCTOYHUKA;

OPUHATOE COOOIIEHNUE;

KOJIOBOE PACCTOSIHAE MEXKY |-0if 1 M-0i KOTOBBIMU KOMOU-
HaIMSMH OJMHAKOBOU JJIMHBI;

MIEPBUYHBINA SJIEKTPUICCKUAN CUTHAT COOOIICHNUS,

CUTHaJ COOOIICHHs Ha BBIXO/I€ IPUEMHHUKA,

sHepreTHueckuii criekTp curHana g(t);

YaCTOTHAs XapaKTepUCTUKA QUIBTPA;

HOPMHPOBAHHAs aBTOKOPPEIIAIIMOHHAs pyHKIMs curHaia g(t);
CUTHAJI COOOLIEHUS C OTPAHUYEHHBIM CIIEKTPOM;
JTUCKPETU3UPOBAHHBIN CUTHAN COOOIICHHS;

CUTHAJI COOOUIEHUS C OTPAHUYEHHBIM CIIEKTPOM Ha BBIXOJE
NPUEMHUKA;

NepUoIuYEcKas MOCieI0BaTeIbHOCTD O-PYHKIUT;

MHTEPBaJI BpeMEHHON JUCKPETU3ALINH;

busnuecku peanuzyemble BXOHbIe ypoBHU cpaBHeHust ALIIL;
BBIXOJHBIE YpOBHU cocTosiHus ALIIT;

KBaHTOBAaHHOE 3HAUEHHUE CUTHaIa COOOIICHNSI B MOMEHT Bpe-
MeHH KAt

KBAaHTOBAHHOE 3HAUEHHUE CUTHaIa COOOIICHNSI B MOMEHT Bpe-
menu kAt Ha BbIXo/€ MPUEMHHUKA,

KOJI0OBasi KOMOMHAIIMSI COOOIIEHNsSI B MOMEHT BpeMeHu kAt, co-
JeprKalas |\ pa3psaos,;

paspsanocts AL,

Hecylllee rapMOHUYECKOe KoJieOaHue;

Hecylee Kojiebanue, MOy IMpoBaHHOE cooOIieHneM byt;
HecyIee KoJiebaHue, MOIyJIMPOBaHHOE cooOmeHueM D!, Ha
BBIXOJIE IPUEMHUKA;

CUTHAJI, IEpPeIaBaEMbIii 110 JTUHUU CBSI3H;

oMexa B JIMHUU CBA3U;

CUTHAJI HA BXOJI€ MPUEMHUKA, MOCTYMUBIIUMA U3 JIMHUU CBSI3U;
YUCJIO HYJIEH U YUCIIO €AMHUI] B KOJAOBOW KOMOWHAIINU;
IIMPUHA CIIEKTPa MEPBUYHOTO CUTHANIA;

LIMPHUHA CIIEKTPa CUTHAIA C JUCKPETHOM MOIYJIALIUEN;
HIMpUHA CIEKTpa UG POBOTro CUTHANA;

qyacToTa cpesa (GuiIbTpa HIXKHUX YacToT;

4acTOoTa IMCKpPETU3alluu CUTHAJA,;

MPOITyCKHAsi CHOCOOHOCTh KaHaJla CBA3H;

ko3¢ umeHT ocinabiaeHus CUTHaIA IIPU PaCIpPOCTPAHEHUH 110
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JUHUU CBS3H;

oTeparys CTATUCTUYECKOTO YCPETHEHHS TT0 MHOYKECTBY PeaT3allHii;
OJTHOMEepHas (DYHKIIUS pacpeieNieHNs! ITIOTHOCTH BEPOSITHOCTH
CIIy4yaiiHOTO Tpoliecca (CUTrHalia);

XapakTepucTHueckas (yHKIUS CIIy9aifHOTO CUTHAJA,
a¢deKTHBHAS IIMPHHA XapaKTEPUCTHUECKON (DYHKIMU CITy4aitHOTO
CUTHaa,

MOTPEITHOCTh KBAHTOBAHUS K-T0 OTCUeTa CHTHaJa;

CKO ¢unwsrparnum coodmenuss GHY;

IITyM KBAaHTOBAHUS,

CK3 mrymMa KBaHTOBaHUS,

CK3 myma nepenayu;

CKO BoccTaHoBII€HHSI COOOIIECHUS.



BBEJIEHUE

Juctumaa «OcHoBbl Teopun cBsizu» (OTC) sBnsieTcs 6a30BoOM i U3yUe-
HUS CHEUANTbHBIX TUCHUIUIMH: «CeTu CBSI3M U CUCTEMbI KOMMYyTaluu», «Opranusa-
U TEXHOJIOTMYECKMX cerel cBs3u», «lludpoBeie cucTemMbl oOnepaTUBHO-
TEXHOJIOTUYECKOU CBsI3U» U JIp. 3aaada qucuuriinibl OTC — U310KUTh B JJOCTYITHOM
dbopmMe 1 Hay4YHUTh UCIIOJIB30BATh OCHOBHBIC TTOHSATHUS, TIOJIOKEHUS U XapaKTEPUCTUKU
pa3zeioB: TEOpHs JETEPMUHUPOBAHHBIX M CIIYYAWHBIX CUTHAJIOB, TEOPHUS MOYJISIIUN
U JICTeKTHUPOBaHUS, Teopus WHGOPMAIMN U KOAUPOBAHMS, TEOPUS ONTHUMAIHHOTO
npueMa curHayioB u ap. KypcoBoii mpoeKT SIBJISETCS 3aBEpIIAIONIUM 3TalloM OCBOE-
HUs 1 cucteMaruzanuu matepuana OTC.

Ocoboe BHUMaHHUE B MPOEKTE YACISIETCS Croco0aM MpeoOpa3oBaHMs aHAIO-
TOBBIX CUTHAJIOB B I poByto Gopmy (ALIII) u udpoBsiM MeTO1aM UX 0OPAOOTKH U
nepeaadr. ITo CBA3aHO C MIMPOKUM BHEJIPEHUEM Ha JKEJE€3HOJOPOKHOM TPAHCIIOPTE
HU(POBBIX METOJOB, 00OPYIOBAaHUA M CUCTEM Mepenayd MH(opManuu, UCIoib3ye-
MBIX B IU(PPOBBIX HHTETPATBHBIX CETSIX.

Jlist cornacoBanusi U(GPOBBIX CUTHAJIOB C AHAJIOTOBBIM KaHAJIOM JIMHUM CBSI-
3M MCHOJIb3YIOTCSl Pa3iuyHble BUAbl AHAJIOTOBOM U JTUCKPETHOW MOIYJALMH (MaHH-
nynauun). TpeOyemass mOMeX0yCTOMYMBOCTh MEpeaul CUTHAIOB MO KaHaly CBSI3H
MOKET ObITh oOecrieyeHa BEIOOPOM BUAA MOJIYJISIIMHM, TOMEXOYCTOMYUBBIM KOAUPO-
BaHHUEM, TUIIOM IPUEMHHUKA U APYTUMHU METOJIAMHU.

B naHHBIX METOOMYECKHX YKA3aHUSX H3JI0KEHbBI OCHOBHBIE TEOPETHUECKHUE
CBEJICHUS U COOTHOIICHUS, HEOOXOUMBIE ISl BHITIOJIHEHHS PACUE€TOB, IPUBE/ICH aJl-
TOPUTM BBIIIOJIHEHUSI KYpPCOBOTO IIPOEKTa, TpeboBaHUs Mo ero opopmieHuro. Mzio-
YKEHa TI0CIIeIOBATEILHOCTh BBHIIIOJHEHHS pacueToOB M yKa3aHa HeoOXoaumas JJid pa-
OOTHI IUTEpaTypa.

1 OBIIUE ITOJIOKEHUA

1.1. Jenu xypcosoco npoexma

KypcoBoii mpoeKT cTaBUT LIeJN CUCTEMAaTU3UPOBATh, 3aKPEIUTh U yTITyOUThH
TEOPETUYECKHE 3HAHUS CTYJCHTOB, IPUBUTH HABBIKU MIPOBEJCHHS aHAIN3a U CUHTE3a
OTJENBHBIX YCTPONCTB M CHCTEMBI CBSI3U B IIEJIOM, OCBOUTHh TEXHHUKY pacdeTa mapa-
METPOB CHUCTEM CBSI3U. DTO JOCTUTAETCA B Mpollecce 0OOCHOBAHUS M BHIOOpA BUIOB
CUTHAJIOB, HCIIOJIb3YEMBIX B CHCTEMax Mepenayu uHpopMannu, 000CHOBAHMS CIIOCO-
0a MOAYJISILIMM CUTHAJIOB B KaHaJE CBsI3U, BEIOOpa U 000CHOBAHUS CIIOCOOOB KOAUPO-
BaHUS, MOCTPOEHHSI CXEMbl ONTHMAIBHOTO IMPHEMHHUKA, pacueTa OICHOK MOMEXO-
YCTOMUMBOCTU U TMPOITYCKHOM CIMOCOOHOCTH KaHAJOB CBSI3H, & TAK)KE MOTPEIIHOCTH
IIPY BOCCTAHOBJICHUU IIPUHSATOTO CUTHANA (COOOIICHNS).

1.2. 3a0anue na kypcogoti npoexm

IIpy BBIIIOIHEHUH KyPCOBOI'O IIPOEKTAa B COOTBETCTBUM C WHIAMBUAYAJIbHBIM
3a/laHueM (MCXOJHBIMU JAHHBIMH) CTYAEHT JOJDKEH MPOAEMOHCTPUPOBATh YMEHHE
ITOJIb30BAaThCS OCHOBHBIMHU PAaCUYETHBIMA COOTHOILICHUSIMH IO pa3JesiaM AUCLUIIIINHBI



«O01mas Teopusi CBSA3M», UCIIONB3Ysl TIOJyYCHHBIC 3HAHUS, a TaKXKe y4eOHYI0, METO-
JUYECKYIO U CIIPABOYHYIO JIUTEPATYPY.

Kaxxnplil cTyA€HT OJKEH BBINOJHUTH KYpPCOBOM MPOEKT B COOTBETCTBUM C
WHIUBUYyAIbHBIM 3aiaHueM, ¢popma KoToporo npuseneHa B [punoxenun 1, u uc-
XOJIHBIMU JTaHHbIMU u3 Tabnuibl 1. Homep 3amanus (Neyy) onpenenserca mo ABYM
nociaeaauM nudpam mudpa cryaenrta (NaNy) U3 COOTHOIICHUI:

n,n, ecaii 01 < n,n; < 40;

Neyp=4 npn; —40, eciu 41 < n,n; < 80;

n,n; — 80, ecsim 81 < n,n; < (1)00.

1.3. Cooepoicanue u 06vem Kypcosoco npoexma

KypcoBoii poeKT COCTOMT M3 OMUCATENBHOM M pacueTHou uvactend. Omnuca-
TeJIbHAsl YacTh BKJIOYAET B ce0s1 000CHOBaHUE BHIOPAHHON B COOTBETCTBHM C WH[IU-
BUAYAIbHBIM 3aJIaHUEM CTPYKTYPHOW CXEMBI CHCTEMBI CBA3HU, CAECIAHHOE C MCIOJIb-
30BaHMEM PEKOMEHJIOBAHHOW M MHOM JUTEPATyphl. B pacueTHON 4acTh NmpUBOAATCSA
MAaTEMAaTHYECKUE BBIPAXKEHUSI W PE3YJIbTAThl BBINOJHEHUS pacyeTroB. B mpoekre
JOJDKHBI OBITh TPHUBEJCHBI HCIOJIb3yeMble TpadUKu, PUCYHKH, CTPYKTYpHBIE H
(GyHKIIMOHATBHBIE CXEMBI CHCTEMBI TIepeaun HH()OPMAITUU U OTJAEIBHBIX YCTPOMCTB.

[TosicHuTenpHAS 3aMKUCKa KYpCOBOTO MPOEKTa, 00beMOM HE MEHEe 25 CTpaHuIl
TEKCTa, JOJDKHA COAEPKATh:

Turynenbiii suct ([punoxenue 2);

Conepxanue (ITpunoxenue 3);

WNuausuayanbHoe 3ananue ([Ipunoxkenne 1);

BreneHnue;

OCHOBHYIO 4aCTh, BKJIIOYAIOIIYIO B CEO:

— 000CHOBaHUE BHIOPAaHHOM CXEMBI CUCTEMBI CBSI3H;

— pacueT PHEPreTUYECKUX XaPAKTEPUCTUK MHPOPMAIIMOHHOTO CUTHAJIA;

— pacyeT CpeIHEKBaIPAaTHYHON IMOTPEIIHOCTH (PUIbTparuu UHPOpPMAIIU-
OHHOI'O CUTHAJa;

— OIMCAHHUE 3JICMEHTOB CUCTeMbI nepenadn napopmarmu (AL u xp.);

— CTPYKTYPHYIO cXemy U pacuet napameTpoB ALIII;

—pe3yJIbTaTbl KOJAWPOBAHUS -Pa3PSAIHBIX IOCIEAOBATEIBHOCTEN [IBOWY-
HBIM 0€3U30BITOYHBIM KOJIOM;

— pacyeT CIEeKTpa CUTHAJIA C JUCKPETHON MOIYJISILUEH;

— pacyeT napameTpoB I'ayCCOBCKOIO HEMPEPHIBHOTO KaHAJIA CBSI3H;

— (DyHKIIMOHAJIBHYIO CXEMY JEMOMAYJSATOpa MPUEMHUKA CUTHAJIOB C JIMC-
KPETHOU MOIYJIALAEH;

— pacuer napaMeTpoB AUCKPETHOTO KaHAJa CBS3H;

3aKIIIOuYeHHE;

CHnucox UCroab30BaHHOMN JTUTEPATYPHI;

[Ipuiioxkenue, comepkamiee CTPYKTYPHYIO CXEMY CIPOCKTUPOBAHHOM CHUCTE-

MBI CBSI3H.



2 METOAMYECKUE YKA3AHUA 110 BBIIIOJIHEHHUIO
KYPCOBOI'O ITPOEKTA 1 OCHOBHBIE PACYHETHBIE
COOTHOULIEHHUA

2.1. Obwue yxazanus

JlaHHble METOIUYECKUE YKa3aHUs MpeaiaraloT OCHOBHBIC MyTH BBIMOJHEHUS
KypcoBoro rnpoekTta. CTyJIeHTbl MOTYT BbIOMpATh UHBIE METO/BI PEIlICHUs 3a]1ay, IO-
CTaBJICHHBIX B KYPCOBOM MPOEKTE, MPUBOASIINE K MPABUIBHOMY PE3yJIbTaTy.

B pasnenax KypcoBOTro NpoeKTa I0JKHO OBITh OTPAKEHO CIIETYIOLIEE.

B copep:xaHuM NEpEeYUCIAIOTCS B COOTBETCTBYIOIIEM MOPSAKE MYyHKTHI BbI-
MOJIHEHHOT'O MTPOEKTA C YKa3aHWEM HOMEPOB CTPAHHUIL.

Bo BBemeHHM HEOOXOIMMO OOOCHOBATH BO3MOXKHOCTH U IIEJIECO00PA3HOCTH
IPUMEHEHHUS NMPOSKTUPYEMON CHCTEMBI Mepefadyrd MH(POpMalMu Ha SKEeJIE3HOA0POXK-
HOM TPaHCIOPTE, UCTIOJB3YsI MaTepuall TUCHUIUIMHBI «OO0I1ast TECOpUs CBI3U» U APY-
T'i€ NICTOYHUKHU.

B ocHOBHOI1 YyacTH clielyeT PUBECTH:

1) onpenenenuie cucremsl nepenaun naopmaru (CITN), knaccudukarmro CITHU
TI0 UCTIONIB3YEMBIM COOOIIICHHUSIM, CUTHAIaM, JIMHUSIM CBSI3U, YUCITY UCIIONB3YEMBIX Ka-
HAJIOB CBSI3U U JIP., CTPYKTYPHYIO CXEMY IPOSKTUPYEMOW CUCTEMBI CBS3H;

2) 00OCHOBaHHME BBIOPAHHBIX CTPYKTYPHBIX M (DYHKIIMOHAJIBHBIX CXEM, pe-
3yJBTAThl PacueTOB TPeOYEeMBbIX BEIIMYMH U XapPaKTEPUCTHUK, BHIMIOJTHEHHBIX Ha OC-
HOBAHHUH U3BECTHBIX MaTEMaTUUYECKUX BbIPAXKEHUI.

B 3aku0ueHuM cieayeT NpuBeCTH 00O0OIIAIOIINE BBIBOBI MO MPEABLAYIIIM
INyHKTaM, OTMETUTh, B YEM MPEUMYILIECTBO BHIOPAHHOW CXEMBbI, yKa3aTh IMYTH MOBbI-
meHust 3 HEKTUBHOCTH pabOTHI AIeMeHTOB KaHaia cBsizu u Bceit CIIU B iemom.

B cnucke JguMTepaTypbl HEOOXOIMMO IPUBECTH PEKOMEHIOBAHHYIO, JOMOIHU-
TEJIbHYIO U UHYIO JINTEPATYpy, KOTOpast OblTa UCMOIb30BaHa B KYPCOBOM ITPOEKTUPOBAHHUH.

B npusiokeHun MPUBOAUTCS CTPYKTYpHAsl CXeMa CIIPOEKTUPOBAHHOM CHCTe-
MBI CBSI34, BBINIOJIHEHHAss B BHJE uepTexa c coOmroaeHueM TpedboBanuit ECK]]
(TOCT 2.105-95; T'OCT 2.701-2008, T'OCT 2.702-75, T'OCT 2.710-81,
['OCT 2.721-74 u np.).

2.2. Ucxoonvie oannvie

HenpepsiHoe cooodmienne C(t), cozmaBaemoe uctounukom coodmenuit (MC),
NpeACTaBIsIeT cOO0N pealn3alyio CTAlMOHAPHOIO IayCCOBCKOrO CIIyYaifHOIO MpoLecca C
HYJIEBBIM CPETHUM 3HAYCHHWEM M W3BECTHON (QyHKImel koppersun B.(t). IlepBrynbIii
npeoOpa3oBareNb OCYLIECTBISIET JIMHEHHOE MpeoOpa3oBaHNe COOOIICHUS] B TEPBUYHBIMA
anekTpudeckuii curaain g(t), Hecynwii nHGpOpMauro (COOOIICHNE) 1 IMEIOIIHIA TaKHe JKe
CTaTUCTUYECKU XAPAKTEPUCTUKU. DTOT CUTHAI HEOOXOAUMO IEPEAaTh IMOJIyYaTero Mo
CMEIIaHHOM, aHanoro-uugpoBoii cucteme nepenaun uapopmarmu (CI1HN).

B nepenatomem ycrpoiicte (ITIJIY) cmemannoit cucremsl niepenadn uHOOP-
Maluu a”anoro-uudposoil npeodpazoBarens ALII npeoOpaszyer nepBUUHbBIN CUTHAT
B 1udpoBoi curHan by, KOTOpBIH MOAYIHPYET OJWH W3 MHPOPMALMOHHBIX Tapa-
METPOB FapMOHUYECKOT0 MepeHocunka (Hecymiei) Uy(t). B pesymprate hopmupyercs
muHeWHbIH curHan S(t, b') ¢ muckperHol aMruTyaHOW Moayssiiuer (JJAM), muc-
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KpEeTHOU yacToTHOUW Momyisiuen (JJUM) wim IUCKpeTHOW OTHOCHTENBHOM (ha3oBOi
Moxaynsamuei (JJOOM).

CurHasi ¢ COOTBETCTBYIOIIEH TUCKPETHOW MOAYJISAIUEH (MaHUIYJISIITUEH) Tie-
penaeTcs o rayccoBckomy HernpepbiBHOMY KaHany cBsizu (HKC).

B npuemnom yctpoiictBe (IIPY) cucremsl cBsS3W NpuHsATas aaIdTUBHAsS
cmech curHana u myma Z(t) = xS(t) + n(t) moasepraercs korepentnoi (KIT) mim He-
korepertHor (HIT) o6paboTke ¢ mocnemyronuM mo3JIeMEHTHBIM IPUHATHEM pellie-
HUS O TMOCTYMHBIIEM CHUTHAJE METOJOM OIHOKpaTHOro oTcuera. Ilpwem curhana c
JTOD®M MOKET OCYIIECTBIAThCA MeToAaMu cpaBHeHUs (a3 (CD) unu cpaBHEHUS 10-
asipaocteit (CII).

Pemmenue o ToM, Kakol CUTHaJI, HECYITHI cOOOIIeHHe, ObLT MepeaH (OleHKa Tie-
PEIAHHOTO CHTHAJIA 110 MPHHATOMY ¢ MCKaKCHUAMM ITU(PPOBOMY CHUTHAITY), TOJIy4acTCs
IyTEM JIETEKTUPOBAHUS, IEKOIUPOBaHUs U LM (ppo-aHanoroBoro npeodpazosanus (LIAII)
BBIXOJ/IHOTO CUTHAJIa TPUEMHHUKA C TTOCIIEAYIONIEH HU3KOYaCTOTHOM (DPUIhTpaIEH.

B kypcoBoM mpoekTe HEOOXOMMO MOYIHUTh OIIEHKH MTPOIYCKHOW CITOCOOHOCTH
KaHaJia CBS3M M TIOTPEITHOCTH MTPU BOCCTAHOBIICHUU TIPUHSITOTO CUTHAJIA (COOOIIIEHMS).

WcxonHble naHHbIE I PacueTOB MPUBEJACHBI B Tabnwuile 1, rae ucrosib30Ba-
HBI CIIEYIOIINEe 0003HAYCHUS:

» Py = 64%, B> — MOIIHOCTH NMEPEMEHHOM COCTABISIOIIEN (IUCIIEpCHs) MEPBUY-
HOTO CHTHaJIa cooOmeHust Ha conpoTusieHnu 1 Owm;

» B, mc! — mokaszarens 3aTyxanus QyHKIME Koppensuuu Be(t);

» 0 — KO3(DPUIIMEHT NOBBIILIEHUS YACTOThI AUCKPETU3AIINY;

» fo, MI'y — Hecyas yactora B cucteme ¢ AM u ODM,;

» f1 u fy, MI'y — 3HaUeHHs Hecymel 9acToThl B cucteme ¢ UM,

» No, mBm/I'y — CTIEKTpaJIbHAs TUIOTHOCTH MOIIIHOCTH IITyMa B HETIPEPHIBHOM Ka-
HaJIe CBSI3H;

» h? — 1pebGyemoe otHOmERKe curnan/urym (C/IL) Mo MOIHOCTH Ha BXOJIE JETEKTOPA,;

» 82,0 — JOIyCTHMAas OTHOCUTENbHAs cpexHekBaaparudeckas ommbka (CKO)
BOCCTAHOBJICHUSI COOOIIICHMUSI.

B xypcoBoM npoekTe He0OX0UMO:

2.2.1 N3o0pa3uTh CTPYKTYPHYIO CXE€MY CMEIIAHHOW CHCTEMBI CBS3U U TIOKa-
3aTh CUTHAJIbI B PA3JIMYHBIX €€ CEUYCHUSIX (TOYKaXx);

2.2.2 Paccuurars:

— crektp iotHocTH MotHOCTH Gy(f) mepBuynoTO curnana (coodOmenus), mo-
crpouth rpaduku Be(t) u Gy(f);

— cpeanekBaaparndeckyro omuoky (CKO) dpuiapTpanuu coodmeHus 5(12);

— MomHOCTh Py = 6,2, wactory f, = 20fy u unTepBan At, BpemenHoli 1ucKpeTH-
3auu BbixogHOro curHaina @HY npu mopade mepBUYHOIO CHrHaja Ha €ro BXO/I.
CunTaTh, YTO MEPBUYHBIA CHTHAN MMeeT mupHuHy crektpa fg, a ®HY uneanbHsIi ¢
gyactoroi cpesa f, = fg;

— MHTepBall KBAHTOBAaHMS Ay, Toporu kBaHToBaHus Ui, i€ {1,L}, BbIXOJHbBIE
ypoBuu Vj, € {1, L + 1}, u pa3psinaocts p ALIT;

— CKO kBaHTOBaHUS % B ALIIT;



VcxomHble JaHHBIE /IS pacYeTOB (MHIMBUIYAIbHbIC 3a1aHHU)

Tabmuna 1

Hcrounux

Kanan

[Tpuemnoe

Ne cooOITIeHni Hepenaromee yerpoiicrso CBSI3U YCTPOWCTBO HAI Pynkups
3a/1aH. Py, B2 | B, me? " Croco6 Yacrora, My No, 1B ¢ h2 Cno?o6 oon KOPPESIUHI COOOIICHHUS
nepenaun | fo (f2) f1 npuéma Be(7)

1 1,0 13 15 AM 20 0,0001 14,5 KO 0,1

2 15 14 2,0 yM 21 22,5 0,001 8,5 HO 0,12 P, e Pl oo <7 <on,
3 2,0 15 2,5 OOM 22 0,0028 4,3 CD 0,14

4 2,5 16 3,0 AM 23 0,0002 15,0 HO 0,16 fg=2p.

5 3,0 17 3,5 yM 24 255 | 0,0011 9,0 KO 0,18

6 3,5 18 3,5 OOM 25 0,0029 5,2 cIl 0,2

7 12 | 29 | 30 AM 26 0,0003 | 155 KO 0,09 {PgCOSZ(ﬂBT), il < 1/2;
8 27 | 30 | 25 UM 27 | 288 | 0,0012 9,5 HO 0,11 0, [l > 1/2;
9 2,2 31 2,0 OOM 28 0,003 4,6 CD 0,13 fo= 1.5p.

10 2,7 32 15 AM 29 0,0004 16,0 HO 0,15

11 3,2 33 15 qM 30 31,5 | 0,0013 10,0 KO 0,17

12 37 | 3 | 20 | oom 31 0,031 | 49 c 0,19 P, - e 05F° T,

13 1,4 17 2,5 AM 32 0,0005 16,5 KO 0,1 O <T< o,

14 1,9 18 3,0 qM 33 345 | 0,0014 10,5 HO 0,12 f,=p.

15 2.4 19 3,5 OOM 34 0,0032 5,5 CP 0,14

16 2,9 20 3,5 AM 35 0,0006 17,0 HO 0,16 in(an0

17 3,4 21 3,0 yM 36 375 | 0,0015 11,0 KO 0,18 & onpr

18 3,9 22 2,5 OOM 37 0,0033 5,8 cI 0,2 —00 < T < 00

19 | 40 2.0 AM 38 00001 | 175 | KO 0,09 fo=P

20 4,2 15 yM 39 40,5 | 10,0007 11,5 HO 0,11
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No Czlgéfuq;ﬁ{ﬁ [Iepenaromee ycTpoicTBO Iﬁ;:;i }E%I;I SII;ITT(;Z HAII OyHKIUS
3a/1aH. Py, B2 | B, me? " Croco6 Yacrora, My No, 1B ¢ h2 Cno?o6 oon KOPPESIUHI COOOIICHHUS
nepenaun | fo (f2) f1 npuéma Be(1)
21 4,4 15 OOM 40 0,0022 6,1 CP 0,13
22 4,6 8 2,0 AM 41 0,0008 18,0 HO 0,15 sinzngr)®
23 | 48 25 um 42 | 435 | 00017 | 120 | xo 0,17 Trl(?f/%;
24 5,0 10 3,0 OOM 43 0,0023 6,4 cIl 0,19 f= B
25 3,8 13 3,5 AM 44 0,0009 18,5 KO 01
26 3,3 14 3,5 qM 45 46,5 | 0,0018 12,5 HO 0,12
27 2,8 15 3,0 OdM 46 0,0024 6,7 CD 0,14 chos(zﬂzﬂ’
1-(4PBt
28 2.3 16 2,5 AM 47 0,0004 19,0 HO 0,16 . i f i o
29 18 17 2,0 yM 48 495 | 0,0019 13,0 KO 0,18 fy = 4.
30 13 18 15 OOM 49 0,0025 7.0 cI 0,2
31 3,6 15 AM 50 0,0005 19,5 KO 0,09 (B.cos(28e), | < 1
32 3,1 8 2,0 yM 51 52,5 0,002 13,5 HO 0,11 { 8 T ApY
33 2,6 2,5 OOM 52 0,0026 73 CP 0,13 Lo k> %;
34 2,1 10 3,0 AM 53 0,0006 20,0 HO 0,15
35 1,6 11 3,5 yM 54 55,5 | 0,0021 14,0 KO 0,17 fo=3p.
36 11 12 3,5 OOM 55 0,0027 76 cIl 0,19
37 1.2 6 3,0 AM 56 0,0009 8,0 HO 0,12 P,(1 - Bleexp(~Bo);
38 15 2,5 qM 57 585 | 0,0011 10,0 KO 0,13
39 17 12 2,0 OOM 58 0,0015 12,0 Cd 0,14 fy = 2p.
40 1,9 15 15 AM 59 0,0018 15,0 KO 0,15
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— pacmpenenenue BepositHocteit pj, ] = {1, L + 1}, u unTerpansHoe pacnpese-
nenue BeposatHocteii Fj, j = {1, L + 1} kBantoBanHoii nocnenosatensHoctu {Vil};

— sHTponuto Hy, mponsBoaurenbHOCTh Ry M M30BITOYHOCTH ( KBAHTOBAaHHOM IO-
CleZIoBaTeNIbHOCTU. B crcTemMe ncnosb3yeTcsi KBAHTOBAHUE C PABHOMEPHBIM LIAroOM.

2.2.3 3akomupoBaTh L-muHyio mocienosarensHocTs {V} Ha Beixoge AL
JTBOUYHBIM 0€3U30BITOYHBIM OJIOYHBIM KOJIOM {Dy"}, BBITUCATHh BCE KOAOBBIE KOMOU-
HAITMU | TIOCTPOMTH TAOJUITYy KOJOBBIX paccTossHuid {Oim}, I,m € {1,L + 1} kona.

Paccunrare anpuopnsie BepositHocTd p(0) n p(1) nepenaun HyJIeBOTO U €H-
HUYHOTO CHMBOJIOB COOTBETCTBEHHO 10 ABonyHOoMY [IKC, a Takxe mupuHy CeKTpa
udposoro curnana Afy,.

2.2.4 N300pa3uTh CHEKTp CUTHAjJA C JTUCKPETHOW MOAYJISIMEN M paccuuTaTh
ero mpuny Af.

2.2.5 Paccunrars:

» MOIIHOCTH Ps, mpuxoasiiytocst B CpelHEM Ha OJIUH JBOMYHBIA CUMBOJ (OUT);

» amruintyay Uy curHana IUCKpeTHOM MOIYJISIIIUU, HEOOXOaUMYIO 1Jisi o0ec-
TeueHus TpebyeMOro COOTHOIIEHHS CUTHAJ/IyM h? Ha BXoJie IIPUEMHHKA;

» nponyckHyto crnocoOHocts C rayccopckoro HKC.

2.2.6 N300pa3uth cxeMy NMpPUEMHHMKA CHUTHAJIa JTUCKPETHOM MOAYJSALMH (BbI-
MOJIHSETCS PU MTOCTPOEHUU CTPYKTYPHOM CXEMBI BCEH CUCTEMBI).

2.2.7 Paccuurats:

— CPEIHIOI0 BEPOATHOCTh OIMIUOKU Do U CKOPOCTH Mepenaun nHpopmanuu R
1o 1BonyHoMy cuMmerpuuHomy JIKC;

— moka3arenb 3PGEeKTUBHOCTH NEpeJaud CUTHaia AUCKPETHOM MOIyIsSuu I
o HKC;

— ckopocThb nepenaun nHpopmanuu Ry mo L-uunomy JIKC u oTHOCHTEIBHYIO
MOTEPIO B CKOPOCTH Niepenauu uHpopmalm;

2.2.8 PaccunTaTh cpejiHee KBaJpaTUUECKOE 3HAYECHME IIyMma Iepenaud &2, u
oTHOCUTENbHYIO cyMmMapHyto CKO E2%5 BOCCTaHOBJIEHHUS HENPEPHIBHOTO COOOLIECHHS.

YKa3aTh NYTH YMEHBIIEHNS BEJINUUHBI 25, €ClIM OKakeTcs, 9To E2x > 8%,

2.3. CmpykmypHhas cxema cucmemvl nepeoayu uHghopmayuu

B undpoBbIX U TUCKPETHBIX CHCTEMAX CBSI3M BO3HHKAET HEOOXOJIUMOCTH Iie-
penaud HEmpepbIBHOTO COOOIIEHUSI MO TUCKPETHOMY (LIM(GPOBOMY) KaHAIIy CBSI3H.
Ota mpobiieMa permaeTcs MpyU UCIOJb30BaHUM CMEMIAHHON cucTeMbl cBsizn. OmHOU
U3 BO3MOXHBIX SIBJISIETCS] CUCTEMA Mepeaadu HEMPEPHIBHOTO COOOIICHHSI C UCTIOIb30-
BAHMEM HMMITyJIbCHO-KOH0BOM Momynsuun (MKM)?. CtpykTypHas cxema Takoil CH-
CTEMBI IIPUBEJICHA Ha pucC. 1.

! BrImonHseTcs M0 OTAENBHOMY 3aJaHHIO TIPETIOIABATENSL.

2 OO6IIeNPUHATHINA TEPMHH IPOLEAYPHI IPEOOPA30BAHUS HENPEPHIBHOTO (aHATOrOBOr0) CHIHaja B IU(BPOBYIO GOpMY.
dakTHyecKH HE COJEPKUT HECYLIEro KojIeOaHust 1 MOYJISIIMY, KaK TIpoliecca N3MEHEHUs ero rapamMerpa B COOTBET-
CTBHH C MOAYIHUPYIOIIUM CUTHAJIOM.

12



Ty ppmmme : 5
: s I'eneparop | AN [eneparop :
! 3(t i !
HcTouHuK | ' i |
[TepBuyH. ipeo6- i [duckpern-| |KBanrosa- 5 BrixogHoe ycT-BO | |
pazoBareib > OHY ] > 3aTop TCJb Kozep » Monynarop ]= Ty i
c(t) g(t) x(t) x(k-At) ' byt s(t, bik) s |
S A 1
n(t) v
HcTounuk - JIuans
TIOMEX i CBA3U
o(t) H0) (1) G |
[Tonyuarens B é'lz(t) E
oA 3(t, brk) i
5 v :
BbIX0AHOM j JleTexTop BxozaHoe ycT-BO |
npeobpaszoBarenb | OHY (< i Hurepriossmop (PY) < 1Py i

Puc. 1. CtpykTypHas cxema CHCTEMBI Tiepeaaun nHpopmarmm
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Omna coctout u3 ucrounnka coodmienunit (MC), ananoro-nmudpoBoro mpeodpa-
3oBarens (ALIT), nBonyHoro quckperHoro kanania cBs3u (JIKC), coctaBHOl yacTbio
KOTOpOTo sABJsieTcsl HenpepbIBHBIN KaHan quHuK cBsizu (HKC), uudpo-ananorosoro
npeodpazoBarens (LJAII) u BeIxogHOTO NMpeoOpa3zoBaTelisi CUTHAJIa B COOOIIEHHE.

Ncrounnk cooOIeHuid — 370 HEKOTOPBIA OOBEKT WM cCUcTeMa, HHPOPMAIIHIO O
COCTOSIHUM WJIM TOBEJCHUU KOTOPBIX HEOOXOIUMO MepeaTh MOIydaTeno, HaXosiie-
Mycst Ha yaaneHud. [IpudaemM 0ObeKTOM WM CUCTEMOM MOXKET ObITh YesioBek, DBM, mo-
€3], COCTOSIHHE CTPEJIOK U cBeTO(OpOB Ha CTaHLIMU U T. 1. [lepeaaBaembie cooOreHus,
N0 UX IMOCTYIUIEHUS], MOIY4aTeI0 HEU3BECTHBI. [103TOMY KOJIMYECTBEHHYIO MEPY WH-
(dopmarum, nepeaaBaeMoil o CUCTEME CBSI3H, B TEOPUH JIEKTPOCBSI3H BBIPAXKAIOT Uepes
CTaTUCTHUYECKHUE (BEPOATHOCTHBIC) XapaKTEPUCTUKN COOOICHUI (CUTHAJIOB).

Coobmenne — 310 (pusuyeckas Gopma mpeacraBienuss nHbopmamuu. [lep-
BUYHBIN MpeoOpa3oBaTesib MPEACTaBIsAET COOOUICHUE B BHJI€ NMEPBUYHOIO JJIEKTPH-
yeckoro curHaia g(t) — M3MEHSIFOIIErocsi BO BPEMEHU HAINPSDKEHUS WM TOKa, 0TO0-
paxarolero nepeaaBaemyio uHpopmanuio. Hanpumep: B TenedoHun — 3T0 U3MEHe-
HUE BBIXOJHOTO HANPSIKEHUS WM TOKa MUKPO(OHA IMOJA BO3AECHCTBHEM 3BYKOBOIO
JABJICHUSI OT PEYM YEIOBEKa; B TEIEBUJICHUU — 3TO U3MEHEHHUE HANPSHDKEHUS WU TO-
Ka Ha BBIXOJIE BUJECOKAMEPbl B COOTBETCTBUU C U3MEHEHHEM SIPKOCTH U LIBETHOCTH
0TOOpa)KaeMoro 0ObEKTa; B TeJlerpapuu — TOKOBbIE UM OECTOKOBBIE MOCHUIKU KOJIO0-
BbIX KOMOUHAIIMI Ha BBIX0JI€ TejerpadHOro anmnapara  T. 1.

B II/1Y nepBuunslii curHai npomyckaercs yepe3 @HY ¢ uenbro orpaHnueHus
ero CIeKTpa HEeKOTOpol BepxHeH 4yacToToil fe,. D10 HEeoOXomumo It yMEHbIICHUS
MOTPEIIHOCTH MOCIEAYIOIEro npeodpazoBanus auckperuzaropom ALl BerxogHOTO
curnaza ®HY x(t) B mocnemoBaTeibHOCTh O0TCYeTOB Xk = X(K-At). OT™Mernm, 4TO
¢GunpTpanys cBA3aHa C BHECEHHWEM CBOEH, HO MeHbIIeH, morpemHocta Ep(t), coort-
BETCTBYIOIICH TOW 4acTU cooOImIeHus, kotopas noaapisiercs B @HY. Otcuersl {Xy}
KBaHTYIOTCS 0 ypoBHIO B kBaHToBaresne ALl IIponecc kBaHTOBaHUS CBsI3aH C He-
JMHEHHBIM TPe0oOpa30BaHUEM HENPEPHIBHOZHAYHBIX OTCYETOB {Xk} B JHMCKPETHO-
snaunsle {VW}, j € {1,L + 1}, 4To Taxke BHOCHT HOTPELIHOCTb, HA3BIBAEMYIO MO-
IpemHOCTEIO (IryMoM) KBaHToBaHus &q(t). 3Hauenus yposHell kBantosanus {Vid} na-
Jiee KOJUPYIOTCS JBOMYHBIM 0€3M30bITOYHBIM KO0M — KoMOuHarmsmu {by"}.

[TocnenoBaTeTbHOCTh KOJOBBIX KOMOWHaImii {Dk"} oOpasyer curHai, Ha3bl-
BaeMblii curHajiom KM, koTopbli oiaeTcss Ha MOAYJATOpP — YCTPOMCTBO, MpeaHa-
3HAQUYEHHOE JIJIS1 COTJIACOBAHUS CIEKTpa CUTHaNa, HECYLIEro COOOIEHNE, C YaCTOTHOM
XapaKTEPUCTUKON UCITOJIb3yEMOM JIMHUU CBSI3HU.

Monynsarop dopmupyer nuHerHbINH curaan S(t, by!'), KoTopsIid MpeacTaBiIseT
co0OM 3NEKTPUYECKOE WJIU AJIEKTPOMArHUTHOE KojiebaHWe, CIOCOOHOE pachpocTpa-
HSATHCS IO JIMHUU CBS3M U OJIHO3HAYHO CBSI3AHHOE C MepeaBaeMbIM COOOIIEHUEM (B
JAHHOM ciiy4ae ¢ Hu@poBbIM curHajiom). [Ipu ucnoiab30BaHUM rapMOHUYECKON He-
cymeit Uy(t) = Ugcos(2nf, + @o) pasmuuaror curHaisl ¢ aMiuiuTyaHoi (AM), 4acToT-
Hoii (UM) u dazosoii (PM) Moayasaiueii WM MaHUITY/ISIUCH.

JJist mo1aByieHNsl BHETIOJIOCHBIX U3JTyYeHU B OJJHOKAHAJIBHOW CUCTEME CBSI3U
WIN TIPU OpraHU3alliid MHOTOKAHAJILHOM CBA3M, a TaKXKe Ui yCTaHOBJIEHHs TpeOye-
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moro otHomreHnus: C/I1I Ha Bxoae npuemuuka, curnain S(t, be*) puisrpyercs u ycunu-
BaeTCs B BbIX0aHOM Kackaze [1J1Y, popmupys curaan S(t).

C Beixoma ITJTY S(t) moctynaeT B JIMHHIO CBSI3H, IJIE HA HETO BO3JICHCTBYET
nomexa N(t). Ha Bxox I[IPY moctymaetr cymma z(t) = xS(t) + n(t) nepenansoro curHa-
na u nomexu. Koaddumument y < 1 yuursiBaet nporecc ocnadnenus curaana S(t) mpu
pacrpoCTPaHEHUH T10 JTUHUU CBSI3H.

Bo Bxomnom kackane IIPY z(t) ycumuBaercs, GuiIbTpyeTcs W MogaeTcss Ha
nerexrop. [Ipyn nemMomymsiiuu u3 MpuHATOTO curHama S(t, bﬁ) BBIACIIACTCS (PYHKITUS
M3MEHEHHST WH(OOPMAITMOHHOTO MapaMeTpa, KOTOPBIA B TAHHOW CHUCTEME IPOTIOPITH-
OoHaJIeH 1udpoBOoMy cuTHaIY. [Ipu 3TOM 1Sl BBIIETICHUS TMEPEIAHHBIX JIBOWYHBIX
CHMBOJIOB K BBIXOJy JEMOJYJIATOpA MOJKII0YEHO pematoiee ycrpoictso (PY). Ilpu
nepegavye TBOMYHBIX curHaoB ¢ aindasutom Be{l, 0} mo JAKC, Hanuume momex B
HKC npuBoguT k HenmpaBWIbHBIM petieHusiM (omuodkam) PY, 4yTo BeI3bIBa€T HEKOTO-
pO€ OTINYME MPUHATHIX B{i KOJIOBBIX KOMOMHAIIMHI OT MepenanHbIX Dy,

JI71s1 BOCCTaHOBJICHUS! TIEPEIaHHOTO HENPEPHIBHOTO CHIHAJIA COOOIIEHHS — TOMY-
YeHwus ero orieHKH g(t), MpUHATHIC KOJOBbIC KOMOMHAIIUY TIOABEPTAIOTCS JICKOAUPOBAHHIO,
MHTEPHOJISIIMY U HU3KOYacTOTHON (uutbTpauuu. [Ipu 3ToM B ekoaepe no ABOMYHBIM KO-
JIOBBIM KOMOWHAIIUSM BOCCTAHABJIMBAIOTCS L-U4HbIE YPOBHU {W}, je{1,L+1}

Hamnune ommbok B aBonunoMm JIKC npuBoaut k ommOkam nepenaud B L-
nyHoM JIKC u x BO3HMKHOBeHHIO Iryma mnepenaun &q(t). CoBokymHOe AeiCTBUE TMO-
IPEIHOCTH (PUIIbTpAllMK, IIYMOB KBAaHTOBAaHUS W TEpe/layd MPUBOJUT K HEOJHO-
3HAYHOCTH MEXKTy IePEAaHHBIMU M MMPUHATHIMU CUTHaIamMu coobmiernid g(t) # g(t).

PabGoTa cucrembl nepemaun MHGOPMAIMKM CUUTACTCS YAOBJICTBOPUTEIHHOM,

ecm cymmapHas otHocutenbHas CKO BOCCTaHOBIEHHMS IIEPBHYHOIO CHMIHAja HE
T A
IPEBOCXOJUT JOMYCTUMYIO, T.€. &% = | . le® - g(t)]?dt < 8%, rae T — AAUTEIL-

HOCTB IIepBUYHOTO curHaia g(t).

2.4. Ananuz cmamucmu4eckux Xapakxmepucmux u napamempos nepeoan-
HO020 cO0OUeHUs.

[To ycnoBuro 3amaHusi UCXOAHBIA MEPBUYHBIA CHTHAJ HENPEPBIBHOTO COOO-
mienns g(t) npeacrarisier cOOOW CTAIMOHAPHBIN TayCCOBCKHMA CITyUalHBIA MPOIIECC C
HYJIEBBIM MaTeMaTU4ecKuM oxkupanueM g, = M{g(t)} = 0, rne M{-} — omepanus
CTATUCTUYECKOTO YCPEIHEHHUs 10 MHOXXECTBY peanu3auuii. MOmHOCTh (Jucnepcus)
nponecca Py = 662 = M{[g(t) — 9ep]?} ¥ dymkums xoppensmun Be(t) = M{[g(t) -
Jepl* [9(t+7) — Qcp]} mepBHUHOTO cHTHANA 331aHBI B TA0I. 1.

CrarmmoHapHbI TayCCOBCKUM (HOPMaJIbHBIN) CIIyYalHBIN MPOLIECC C HYJIEBBIM
CpeHUM 3HAYEHUEM B JIFOOOM MOMEHT BpeMEHH XapakTepusyercs ogHoMepHoi OIIB
CIEAYIOLIErO BUAA:

1
Wg(u) - ogV2m

exp {— u—zz}, Ue[-o0; oo]. (1)

ch

CrarmoHapHbIi Cly4allHBIN MPOIIECC BO BPEMEHHOM 00JIaCTH XapaKTepHU3yeT-
csi pyHknuerd koppensiuu B¢(t) U B 4acTOTHOH 00JacTH — CHEKTPOM IUIOTHOCTH
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MOIITHOCTH HJIM SHEpreTUYecKuM criekTpoM Gy(w), rie o = 2af. Dtu xapakrepuctuku
CBsI3aHBI MEXK]Ty cOOOM Mmapoi mpeobpazoBanuii Bunepa-XuHunHa:

Gy(w) = [ B(t)e Iotdr,
Bc(1) = %fjooo Gg(w)e'Tdw. )

VYuuThiBas, 4TO 711 CTALIMOHAPHOTO CIIYy4YalHOTO Mpoiiecca 00e 3Tu GyHKIUU
JNEUCTBUTENBHBI U YE€THBI, COOTHOLIEHUS (2) MOKHO MPEACTaBUTh B BUJIE:

Gy(f) =2 fooo B.(1)cos(2nfr)dr,
Be(1) = 2 [ Gg(f)cos(2nfr)df.

HcxonmHoe cooOmieHne mepes; ero a"aioro-Iu@poBeIM TpeodpazoBaHuEM
nponyckaercst uepe3 unaeanbublii @HY (cm. puc. 1). OunbTpanusi — 3T0 JIMHEITHOE
npeoOpazoBanue. [loatomy otknmk x(f) ®HY nHa rayccoBckoe BozmelcTBue Oymaer
TaK)Ke TayCCOBCKHUM CIIYYailHBIM TPOIECCOM C HYJIEBBIM MAaTEMaTUYECKUM OXKUaHU-
eM (Xep = M{x(t)} = 0) 1 MomIHOCTEIO, ONpeeIsIEMON U3 COOTHOIICHUS:

P, = 2 [{® Gy(f) - HA(Ddf = 2 [ G,(P)df,

rne H(f) — ammmurynno-yacrotnas xapakrepuctuka GHUY,
fo, — gacTora cpesa ¢puibTpa.
34€Ch YUYTEHO, 4YTO aMIUIMTYJHO-4YaCTOTHAs XapaKTepUCTHKA HACATbHOTO
®HY pasna egunutie B nojioce gactot [0, f,] 1 Hym0 BHe 3T0# nosockl. Kpome To-
ro, €ro moJioca MPONYCKAHUS MPUHATA PABHOM IIMPUHE DHEPIETUYECKOIO CIEKTpa
cooOmieHus, modtoMy vacrora cpeza ®HY pasna fo, = fg. D10 roBoput o ToMm, uTo
otkiuk ®HY mpeacraBisier co00il OrpaHUYEHHBIM MO CHEKTPY CUTHAJ COOOIICHUSI.
B HeM He COIepHTCS COCTABISIOMIMX UCXOMHOTO coodmieHus ¢ yactotamu f > f;.
KonndectBeHHO moTepw mpu (GUIBTpAIUU COOOIICHHS] XapaKTEPU3YIOTCS CpeaHe-
kBaipaTryHOi ommokoi (CKO):

£ =2 ff:’ Gg(f)df = P, — P,
rae fo, = fg.

2.5. Ananu3z xapakmepucmuk u pacuem napamempos aHaio2o-yu@dposoco
npeobpazosanusi cCoooOweHus

Amnanoro-nudpoBoe peoOpa3oBaHNEe UCXOAHOTO COOOIIEHHS OCYIIECTBIISET-
cs B Tpu dtana (cM. puc. 1). BHagaire mepBuuHblii curHai X(t) AHCKpeTH3UpyeTCs 1o
BpeMeHH, nanee orcuerhl X(kAt) KBaHTYIOTCS MO YPOBHIO, a 3aTéM KBaHTOBAHHBIC
YPOBHH Vi KOJIUPYIOTCS, B pe3yjIbTaTe 4ero popMupyercs HuppPOBOH CHIHAIL.

Bce »t mpeobpa3oBanus MmoKazaHbl Ha pUc. 2, T1€ MOKa3aHbl, TaKkxke, QyHK-
WS pacrpeieNieHusl TIOTHOCTH BEepOsTHOCTH nepBudyHoro curHana Wy(X), pacnpe-
JeTIeHUs1 BepOATHOCTEW KBaHTOBaHHOTO P(V)) 1 koaupoBanHoro P(by) curnaos.

B ocHoBe auckperuszanuu JexuT Teopema B. A. KoTenbHHKOBa, KOTOPYIO
MOKHO cpOpMYJIUPOBATh B clieayromeM Buje [1, 4].
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Jrobas nenpepuvisnas ¢hynxyus X(t), cnexkmp xomopoti ne cooepoicum cocmas-
Jsiowux ¢ wacmomamu eviue T, nornocmio onpedensiemes beckoneunol nociedo-
samenvrHocmoio ceoux omcuemos X(t), 63samoix 6 momenmol epemenu ty = kAt, kpam-
Hble UHMePB8aly OUCKpemu3ayuu

At<—.
2fB

[To ncxomupiM JaHHBIM TpoekTa curHan X(t) Ha BbIXOAe miaeanbHOoro ®HY
COOTBETCTBYET TPEOOBAHMIM JaHHOU TeopeMbl. [103TOMy ero MOKHO MPOAUCKPETH-
3UpOBaTh, T.€. MPEOOPa30BaTh U3 aHAIOTOBON (opMbI X(t) B TUCKPETHO-aHAIOTOBYIO

X(kAt) ¢ yacTOTOM AMCKPETH3AIIMH:
1

fn= == 2afg = Zafg,.
rae o> 1.

JluckpeTuzatop MOXKET OBbITh peaJ30BaH B BHUAC TEPEMHOXKHUTENS IBYX
GyHKIMA: HempepbIBHOrO coobinenus X(t) U meprHoaMyYecKor MOCIeI0BATEIBHOCTH
JAUCKPETU3UPYIOIMX UMITYJILCOB B BHAC O-QyHKImA — Op(t) = Yy _ 6(t — kAt)
(cMm. puc 2,0).

Brixoguoii curnan muckperuzatopa x(kAt) = x(1)- Ype_o 6(t — kAt) u3006-
paxeH Ha puc. 2,B. JIUTENBHOCTh peaIbHBIX JUCKPETU3UPYIOLUIUX HMITYJIBCOB To
MHOT'O MEHbIIIE UHTEpBaja (Ieprojia) TMCKpeTu3anuu to << At u, mo3TOMy, U3MEHe-
HUSMH aMIUTATY/Ibl UMITYJIbCOB B HHTEPBAJIC Tp YaCTO MPEHEOPETaloT.

B MomeHTsI ty = kAt UMITySTECBI Ha BBIXOZIE TMCKPETU3aTOPA MOTYT PUHUMATH
mo0o0e 3HaueHue u3 auamnaszona Dy = Umax — Umin, HA36IBAEMOro TMHAMHYECKUM JUarla-
30HOM cooOITIeHns. B paBHOMEpPHOM KBaHTOBATeNe ¢ maromM AU 3TOT Juana3oH pa3ou-
BAeTCS HAa KOHEYHOE YHCIIO YPOBHEW KBAaHTOBAHUS, COCTOSIIMX M3 BEKTOpa YPOBHEH
cpasaenus U e {U;, i € {1,L}} u Bextopa yposueii coctosuus V € {v;, j € {1,L + 1}}.
Ha puc. 2,8 u 2,r nokaszana npoueaypa kantoBanusi B ALl ¢ =3 (L = 7), a Ha puc. 3
— BUJI aMIUTUTYIHON XapaKTEPUCTUKU 3TOTO MTPeoOpazoBaTers.

Bei6op mapamerpo ALl s cioydaliHBIX CUTHAJIOB HEOOXOIMMO HAUMHATH C
orpeneieHus 1ara (MHTepBaJia) aMIUIUTYHOTO KBaHTOBaHHS Au, 00€CHeurBaroIlero
BOCCTaHOBJICHHE OTHOMEPHOU (DYHKITMH pactpeieNieH st TNIOTHOCTH BeposiTHOCTH Wy(X).

OyHKIMU pacnipeneNieHus TNIOTHOCTH BepOsITHOCTH Wy(X) KBaHTYeMOTO CHT-
Haja COOTBETCTBYET XapaKTepucTuiyeckas QpyHKIus

o -
Bg(jv)= [Wq(x)eIXdx. (3)
—0o0
Ecnu xapakrepuctuueckas QyHkuus (3) HE COIEPKUT COCTaBISIOLIUX CO

3HAYCHUSIMU IEPEMEHHOM V BbIIIE Am, TO OHA UMEET BU/L:
. ng(ju), |U| <A,
6,(jv)=
0, |U| > AL
Jlst TakoTO CIy4alHOTO CUTHAlIa MOXKET ObITh c(hOpMyIupoBaHa TeopeMa aMILIH-
TYyTHOTO KBAaHTOBAHUS JJISI OJHOMEPHON (DYHKIIMU pacHpeiesICHUs] TUIOTHOCTH BEPO-
ATHOCTH [4] B ciieyrorieM BHIE.
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a) A X(t) “1
Wyq(X)
> 0 >
At t
0) LO1(t) _ .
| —~ H ;
B) 0 11 %) 13 tk t
UL Ax(kAt)
ULs [
| _ :
I u t
uz
F)\ljl Vlj ;;;;; AyJ
L+1 4 AU \"Ii_-rl :
VL Vi —&._
_________ t P\(VJ')
V2 V2 e
Vl N , Tenm Vl :
N4 by" M i S
01 0{1{1{1 0{1{1{0 0{0{1{1 0{0{0i1 0:1:0{0 1.00:0 p(1)
0 ! A P b I P HEEEIR: At p(©) o Pbm)
0 1 2 3 k k+1

Pucynok 2 Ananoro-uudpoBoe npeoOpa3oBaHne CUTHATIA
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[ Un 00'(X) =
u.u, — X dx/dy

~

V1
Puc. 3. AMmMtyaHas XapakTepucTruKa aHaJIoro-1uGpoBoro npeodpazoBaTes

Ecnu xapaxmepucmuueckas ¢ynxyusi 04(Jjo) cayuatinoeo cuenana He umeem co-
cmasnaowux eviuie Ay, mo eé @yHkyus pacnpeoeneHusi NIOMHOCMU 8EPOSIMHOCIU
nonHoCmbio onpeoensiemcs ceoumu 3uavenusmu W(lAy), £/e{0; 1; 2; ...}, nonyuennol-
mu ¢ unmepsanom Aur < /Am. /1 6occmanognenus ucxoOHo20 pacnpeoesienus Heooxo-
OUMO NPOCYMMUPOBAMb KEAHMOBAHHYIO CIYYAUHYIO 8EIUYUHY U HE3ABUCUMYIO CTYYali-
HYI0 8E/IUYUHY C PABHOMEPHOU Xapakmepucmuueckou (hynxkyuell 6 nonoce |v| < 2m/Au;.

Ecnn xBaHTyeMBIN CIydaliHBIM MIPOLECC UMEET HEOTPAHUYECHHYIO XapaKTepH-
CTHYECKYIO (DYHKIIHIO, TO, B IEPBOM MPUOJIMKEHUH, MOXKHO UCIIOJIB30BaTh €€ 3 hek-
TUBHYIO IIIUPUHY.

Jlnst xapakrepuctiaeckoit pyHkImu 0y(jv) adexTrBHAs MpHUHA ONPEAEIETCS KaK

ACCTN =i % T (U'Ucp)z‘eg(ju)(zdu’ (4)

o0
rae A= | ‘eg(jo)(zdv — HOPMHPYIOIIHH MHOKUTET,

o0

17 . 2 o
Ucp = X I U‘Gg (Ju)( dv — cpeaHee 3HAYCHUE XapaKTCPUCTHICCKOU YaCTOTHI.
o0

IIpy BBIIOJTHEHHUH YCIIOBHS.
Au1 < T/AB»¢p,

riae AOsop OMpeaenseTcs COOTHOIIEHUEM (4), MOTPEIHOCTh AMILIUTYIHOTO KBAHTO-
BaHUs Oy/IeT TEM MEHbIIIE, YEM CHIIbHEE BBITIOIHSIETCS HEPABEHCTBO.

JIJisi BOCCTaHOBJICHHSI ABYMEPHOW WIIM YCIOBHOW (PYHKITUH pacrpenesieHus
IJIOTHOCTH BEPOSITHOCTU TEPEaBaeMOro MEPBUYHOTO CUTHAIA HEOOXOIUMO JOTIOJ-
HUTEJILHO BBIITOJIHUTE yciioBue [4]:

Auycn < 1/0m Yoy

rac Omycn onpeaciACTCA COOTHOMCHUCM!

17 - 2
em yern — A_ I 02 ‘eYCﬂ[J(U/ul’At)” dU_U?'Cp’
Yy o
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Ay= | \eym [j(u/ul,At)]‘sz — HOPMUPYIOIMI KO (QULUEHT;

o0

o0
Vyep = | o‘eycn [j(o/ul,At)”sz — cpeJTHee 3HaYeHHE YCIIOBHOM XapaKTEepPHCTHUECKOM (DYHKIHH.

o0

[Ipu ymMeHbpIIEHNN UHTEpBaJla BpEMEHHOU AUCKpeTH3aunu At KoppearpoBaH-
HOCTb OTCUETOB YCHJIMBAETCS, AMCIEPCUS YCIOBHOW (PYHKIMHU pacupeesieHus
W,en(Uo/U1, At) cTaHOBHTCS MEHBIIE, a YCJIOBHAs XapaKTepUCTHYecKas (QYHKIHS
Oyca[J(vo/u1, At)] — pacmmpsieTcs. DTo onpeenseT 3aBUCUMOCTb IIara aMILIUTYAHOTO
KBAaHTOBaHUS OT MHTEPBaJIa BPEMEHHOM JUCKpETU3alMK U ¢ yMeHblIeHneM At HeoO-
XOJUMBIN I1ar KBAHTOBAHUS AUyc; YMEHBIIAETCS.

Br16op paspsimHOoCTH [ aHANOTrO-IU(pPOBOro mnpeodpasopareis (ducia ypoB-
Hel L) onpenensercs HauMeHbIIMM U3 3HaueHUR Ayp U Alyc,, a TaKKe TOIMYCTUMOU
BEJIMYMHOMW TTOTPEIIHOCTH yCeueHHs UCXOAHOTo pactpenenenus W(X) 3a cuer orpa-
HUYEHHOTr 0 JMHaMHu4eckoro auana3zona AILIIL

Bri6opom nosnokenust ypoBHeit xapakrepuctuku ALl npu ¢pukcupoBanHoM
3HAYEHUHU |l MOXHO JONOJHUTEIBHO MUHUMHU3UPOBATH MOTPEIIHOCTD YCEUEHHUs, HO
npu 3toM ycnoxHsores AL u LIAIT (HepaBHOMEpHOE KBaHTOBAaHHUE).

Ilo 3amaHnIO KBaHTYETCS HOPMAJIbHBIM CTAllMOHAPHBIA CIIy4alHBIN IIPOLIECC C
HyJIEBBIM CPEIHMM 3HAYEHHEM, JIUCIEPCHEN G° U HOPMHUPOBAHHON KOPPENSAIMOHHOM
dynxmmeii r(KAt), umerommii xapakrepuctudeckyro Gynkiuio 0(v) = exp(-0,56%v?) n
YCIIOBHYIO XapaKTEPUCTUUYECKYIO (DYHKIUIO

Oyenli(vo/ug, At)] = exp{-0,5 ll-rz(At)02u§ +ju1r(At)02}.

Hcnonb3yst COOTBETCTBYIOIIHE COOTHOIICHHUS, ONPEISTNM 3HAYCHUS AOspg 1 Omycr:
2 Tk
Agmbq’ = »\/EG 1 0m yci = 27[(\/50(1 1- rz(At)) '
g

Hcxonst u3 0THOMEPHOTO pacIlpeacsICHus, 11 00eCIeueHUs MajloTO YPOBHS
OIIMOOK IIIar KBAaHTOBAHUS HEOOXOIUMO BHIOUPATh U3 YCIOBUS

Aup < n/Aan)q, = Og /\/E

Y HOpMaJILHOTO CITy4yaifHOTo Mporecca 3((HEeKTUBHAS IUPUHA YCIOBHOM Xapak-
TEPUCTHUECKON (PYHKINU O ycx HE 3aBUCUT OT Ui M MHTEpBaJl aMIUIUTYAHOIO KBaHTOBA-
HUSL, 17151 COXPAHEHHUs IBYMEPHOTO pacIpeieNieH s, TOKEH BEIOUPAThCS U3 YCIIOBHS

Au,,, <oy 1-12(At)/42.

[lar kBaHTOBaHUS AUy, OyneT B M = Ayui/Alyc; pa3 MEHbLIE I11ara, onpese-
JICHHOTO JIJI1 OJHOMEPHOTO pacnpezeneHus. B Tabnuie 2 npuBeeHb! BBIPAXKEHUS 1)
JUI. HOPMAJBHOTO pacIpesiesieHUs] U BOCbMH BUJOB KOPPESIMOHHBIX (YHKIIHI
(BOCBMU BHJIOB SHEPTETHYECKHUX CIICKTPOB) KBAHTYEMOTO TIpOIIecca.

Ha puc. 4 npuBenensl rpaguky 3aBUCUMOCTEH 3HAUEHUN 1) OT MHTEepBaja
BPEMEHHON TUCKPETU3ALUH, U3 KOTOPHIX BUAHO BIIMSHUE (POPMBI SHEPIETUUECKOTO
CIIEKTpA Ha CTENEHb B3aUMOCBSI3U UHTEPBAIIOB AU 1 At.
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Tadmuma 2

OHEpPreTUYeCcKUil CIIeKTp Hopmuposassas T'pacpux
() KOppPEISALUOHHAS n Ha pH-
yHKIWS CYHKE
Go (1 1 1 L
z “7a)r(-72) z
B )2 2 Lo (12025 oy 1
((2“ * a=12fAt> 1 J1- (-5 e (-7
| el
Go[l-f— <5, sin(n/a) |° sin(a/a) |
: info) ) i
0, [f|>fq, a=1/2fAt> 1
Go 1
_ xp(-1/4
£2+f2 PeCiHa) /Jl—exp(—i) 3
21 o= 1/2f;At > 1 2a
Go, [f| <fy, sin(n/c1) . 2
e, T | [
0. [>Ty o= 1/2fAt> 1 (n/a)
(e
Gosin ("/5) cos2(n/30) 1/ -
2 /A
f<1 - (é) ) o= 1/264At> 1 \/1 - cos*(3g)
Gn4B2 mf Cos 7[/3(1 1
0P COS( /ZB) ( ) \/1—0052 (l) 0
nZ(pZ — £2) a=1/2fAt> 1 3a
Gocos X f]<f cos(n/a) 2
olifren | g | f? |
0, |f|>f,, o= 1/2f,At> 1 1 (2/a)
! 1
T2f2 exp (— —2>
Goexp (— 2 ) 4a /\/ 1 8
p2 1—expl—5=
a0 =1/2fAt > 1 ( 20‘2)
[Ipumeuanue. 3nauenue Go onpenensieTcss U3 yCIOBHS:
Py =2 [ G(Haf

Jlis onpeseseHus Iara KBaHTOBaHUSA Ay M ypoBHeil kaHToBaHus Uj, i€ 1,L
y4TeM, 4TO € BepOATHOCTHIO 0,997 rayccoBCKMil Ciy4yalHBII IpolLecc HaXOAUTCS B
nuanaszoHe Dy = UL — Uy = 66, rae U = — Up. (BBuay cummetpun ®I1B). Eciau B 3TOM
Juana3oHe pa3MecTuTh L—1 BBIXOAHBIX YPOBHS, a /iBa YPOBHsI OTBECTU Ha 00JACTH
BHE OTOr'0 JAMAIAa30Ha, T.€. Vi < U1 ¥ Vi+1 > U, TO paspaaHocts ALII MoxkHO paccyu-
TaTh CJAEAYIOLIUM 00pa3oM:
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1= o (55 + 2).

rie |x[ o3Havaet OroKaiiiee mMea0e Yucao, KOTOPOe HEe MEHBIIIE X.
Uwucno BXOAHBIX ypoBHEN L MOXXHO onpenenuTh U3 cooTHomenus L = 24 — 1,
a (aKTHUYECKHH IIar aMIUTUTYHOTO KBAaHTOBAHHSI

_ 69y
Ay = _1
BXxo0HbIE YPOBHU KBAHTOBAHUS MOKHO HAWTH U3 BBIPAKEHHMS:
u; = =30, + (i— 1Ay, i € [1,L]. ()
BbIxonHbIe yPOBHHM KBAHTOBAHHUS ONPEAEISIOTCS COOTHOIIEHUSIMHU:
Vj=—304+ (j—1,5)Au, je[1,L + 1]. (6)

Pucynok 4. 3aBucUMOCTb 1ara aMIIMTYAHOTO KBAaHTOBAaHUS OT UHTEPBaJIa BPEMEH-
HOW IMCKpeTU3auuu

Takum 00pa3oM, MpaBUIO KBaHTOBaHUSA O0TCUYETOB X(KAt) COCTOUT B CleayrO-
mieM. Ecnm BXogHOM oTcdeT momagaeT B MHTEpBal Uiq < Xk < Uj, TO Ha BBIXOJIC KBaH-
ToBaTelIs OyjeT 3HaueHue V' (cM. puc 2,8 1 2,r).

B npolecce KBaHTOBaHHs BO3HUKAET IOIPEIHOCTb & = (Vi' — Xi), HasbIBae-
Masi IIyMOM KBAaHTOBaHUS. BBIUMCINM CpeaHEKBaIpAaTUYECKOE 3HAUCHHUE IIyMa
KBaHTOBaHUs (MOIIHOCTh ITyMa KBAaHTOBaHUs), OCYHIECTBIISAS yCPEAHEHHE MO MHO-
KECTBY pealu3alii B MOMEHTHI BpeMeHH tx = kAt u momnaras, aro At >> 1¢:

Elzcs = M{( (V11< - Xk)z)} = Py — 2By, + B (7)
3neck Py u Py - MomtHOCTH TIepeMeHHON COCTaBIISIFOIIEH (IUCIIepCru) BXOIHO-
IO ¥ BBIXOJHOTO CUTHAJIOB KBAaHTOBATENsl, COOTBETCTBEHHO; Byy — K03 dummeHT B3a-
UMHOM KOpPEJSIIMU MEXIY dTUMU cUrHajdamu. Ycpennernue M{+} ocymiectBisercs
10 aHcaMOJII0 pealn3alnii CTalMOHAPHOTO cirydaiiHoro mporecca X(kAt), mostomy pe-
3yJbTaT OT HOMepa oTcyera K He 3aBucuT. Benmunny By, ais rayccoBckoro mnpoiecca
HAXOJAT U3 BBIPAKCHUS:
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By, = &0,% = &Py, (8)
r7ie NOCTOsIHHAs & OmpesienseTcs CleyIoUM 00pa3oM:

& = [* q)()Wy(x)dx = Au T}k, W, (uy). 9)

B 5TOM cooTHomeHuH (o'(X) — NpoM3BOJHAS OT OOPATHOI XapaKTepHCTUKHU
kBaHTOBaHHA X = (o(Y) (cM. puc. 3) u Wy(X) — PIIB rayccoBckoil BeTUUUHBI X, ONpe-
nensemas cootHomenuneM (1), B kotopom 42 = Py. Ioxacrasnss (9) B (8), a pesynbrar
— B (7), oxonuarenpHo 1t CKO KBaHTOBaHUS ITOTYIHM:

s = (1 —-2&) + P,

MomsaocTs Py kBanTOBanHOTO TIporiecca Y(kAt) = Vix mpu HyneBOM cpeaHeM

3HaueHuu npouecca X(kAt), paBna:
P, = M(y?) = ZiZ (v)?pi = 225V (v)?pi = P,

B nmanHOM cooTHomeHuu pacmnpenenenue BepositHocted P, ie€{1,L + 1},

CITy4alfHOW BEJIMYMHEI Yk = Vik C yaeToM (5), pacCUMTHIBAIOT 110 popMyIIe:

p; = f‘:’ii“Wg(z)dz = | (";—?) % (:—;) , (10)
rae ®(z) — tabynupoBanHas Gpyukius Jlammaca [5]:
1 [z t2
d(z) = \/T_T[f—oo exp (— ?) dt.
3nauenus Gyukuuu O(z) npusenensl B [Ipunoxenuu 4.
HuTerpanbHOE pacipeie]eHIe BEPOSITHOCTH HAXOIAT IO BRIPAKEHUIO!
0, j<1,
j
Fj = pi, 1<j<L+1, (11)
i=1
1, i>L+1.

[Tonaras, uro orcuetsl x(kAt) Ha BBIXO/I€ TUCKPETU3ATOPA HEKOPPEIUPOBAHBI
MEXy COOOM, a JUIs TayCCOBCKOTO MPOIECCa OHM HE3aBUCHMBI, ONPEACIuM UHPOP-
MaIMOHHBIE XapaKTEPUCTUKH BBIXOJHOTO CUTHAJIa KBaHTOBATEINS {VYk}, SBISIONIETOCS
BXOAHBbIM curHanoM L-uunoro JIKC. KsaHTOBaHHAs IOCIENOBATENBLHOCTD Yk = Vi,
j€{1,L+ 1}, ¢ yueTroM HE3aBHCUMOCTH €€ 3HAYCHHI OMPEACISIETCS OJHOMEPHBIM
pacrpejeiieHueM BeposiTHocTel u3 BeipakeHus (10).

OHTtponus Hy KOJIMYECTBEHHO XapaKTEPU3YEeT MEPY HEONPEAEICHHOCTH O CO-
obmenuu {Yx} 10 ero mpueMa u onpeaensercs mno Gopmyie:

Hy = — X pilog,p;.
3urauenus — 10g2(pi) u — pilogz(pi) s HekoTOPBIX 3HAUEHUH Pi puBeaeHBI B [Ipwito-
KEHUH O.
[Tpon3BOAUTENEHOCT, UCTOYHUKA COOOIICHUH HIIM CKOPOCTh BBOAA MHQOP-
manuu B /IKC onpenensieTcsi COOTHOILIEHUEM
Ry = H//At.
N366ITOYHOCTD BBIXOAHBIX coobmenuii Yk = Vi, j € {1, L + 1}, paBHa:
C_, = (Hmax - Hy)/Hmax,
r1e Hmax - MakcumanbHast sHTponus. J[jis CTOYHMKA JUCKPETHBIX COOOIIEHHH OHA paBHA
Hmax = l0g2(L+1).

B xomupyromeM ycrpoiictee (koaepe) ALl mociemoBarensHoOcTs Vi, j €

{1,L + 1}, |k| = 0,1,2,... npeoOpa3yeTcs B MOCICIOBATEILHOCTh KOJOBBIX KOMOMHA-
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it b, B cuctemax mudpoBoii CBSA3M MIMPOKOE PaCIpPOCTPAHEHUE MOTYUYUIIO JIBO-
UYHOE KOJUPOBAHHUE, KOT/Ia KOJIOBBIC CUMBOJIBI TPUHUMAIOT JiBa 3HaueHus b € {0; 1}.

CoOCcTBEeHHO TIporeaypa ABOMYHOTO O€3M30BITOYHOTO OJOYHOTO KOIWPOBA-
HUs 0TCYeTOB {Vi} coctout B cnenyromeM. dusuyeckue yposuu {VW}, j € {1,L + 1},
BHaUaJle HYMEPYIOTCS, T. €. 3aMEHSIOTCSA JEeCATUYHBIM yuciom oT 1 mo L + 1.
Hanpumep, qist L = 7 HOMepa ypoBHEi | € {1,8} NpUHUMAOT 3HayeHus 1, 2, 3, 4, 5,
6, 7, 8 (cm. puc. 2,B). 3aTeM 3TU JECATUYHBIC YHUCIA MPEICTABISIOT B JBOUYHON CH-
CTEME CUUCIICHUS C Pa3psAIHOCTBIO L. DTO MpEeACTaBICHHUE JJid 3HAYEHUN W =3 U | =
4 nokaszaHo B Tabnuile 3.

Ta0muna 3
Vi V1 V2 V3 Vg Vs Vg V7 Vg
Jecsatuaaoe 1 2 3 4 5 6 7 8
YHCIIO
b3 001 010 011 100 101 110 111 000
b;* 0001 0010 0011 0100 0101 0110 0111 1000

TakuM 06pa3oM, B MOMEHTHI BpeMeHH ty = kAt ypoBHM Vi TIepeBosTCS B KO-
noBele komOuHanuu by, B pesynbrate popmupyercs nudpooii curnai. [Ipumep Ta-
KOTO IpeoOpa3oBaHus MPHUBEACH Ha puc. 2,T U pUC.2,1 A OOIIETO Yncia YpOBHEH
KBaHTOBaHus L = 7.

KomoBeiM paccTosiHueM Oijm MEXIy ABYMS JBOMYHBIMH KOJOBBIMU KOMOWHA-
usiMu D v byt Ha3BIBAIOT pe3ysibTaT MOPA3PSAIHOIO CYMMHUPOBAHHMSI 10 MOIYJIIO J1Ba
KOJIOBBIX CUMBOJIOB Haj nosunusx (JE€ {1, u}) cpaBHUBaEMBIX KOJOBBIX KOMOWHALIHIA:

=Y, b/ @, b, Lme (T, L+1)

3HaYeHUS CyMM T10 MOJYJIIO JIBa PaBHBI: (12)

09,0=0; 0,1=1; 1®,0=1; 1,1=0.

Tabnua KoOBBIX pacCTOSTHUH cTpouTcst Ha ocHoBe (12), mpudem | — HOMEp
CTPOKH, a M — HOMEp CTOoJIOIa ATOM Tabmuiel. Tak Kak TabauIa CAMMETPUYIHA OTHO-
CHUTEJIbHO IVIABHOW JMAroHalld, Ha KOTOpo# | = M, To B Hel JOCTAaTOYHO ONMPEICTUTh
TOJIKO DJIEMEHTHI BHIIIC TJIABHOM JMAarOHAaIH.

Jlns Berumciaenus: BepositHocted p(0) — mosiBiieHust Hynst ¥ p(1) —mosBIeHUS
equnauiibl B curHasie KM (cm. puc. 2,1) oopatumcs k puc. 2,r. CripaBa Moka3aHbl Be-
positHOCTH pi, § € {1, L + 1} mosiBIeHnst KOJOBBIX KOMOMHAIIMIA, a Ha PUC. 2,1 CaMH KO-
JoBbIe KOMOMHaIMuU b u cnpaBa — BepositHocTH TosiBieHus 0 u 1 [p(0) u p(1)]. Pac-
Npe/iCIICHUE BEPOSITHOCTEH KOMOMHAIUK D" OTHOCHTENILHO CPETHETO YPOBHS CHUMMET-

puuHo. CpeiHee YMCIo eIUHMII M HYJICH B KOJAOBBIX KOMOMHaNusIX D", cCOOTBETCTBYIO-

IUX STUM ypOBHAM, Takke cummerpuuno, T. €. n(0) = n(1), n(1) = ¥4 ' nlp;,

m = }‘+11 n()pl

Tak kak cpemHee 4nCIIO HyJIeH W CpEIHEe YHUCIIO SAWHUI] B IIM(POBOM CHTHAJIE
OJIMHAKOBO (9TO crpaBeuBO Tpu rayccoBckord DIIB coobmieHus u TaHHOTO crocoda
KOJMPOBAHUs), TO U BEPOATHOCTH UX MosiBJieHUs oquHakoBel p(0) = p(1) = 0,5.
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Tenn = At/ = At/[logz(L+1)] (cMm. puc. 2,1).

[IIupuHa cCrieKTpa 3JEMEHTAPHOTO MPSMOYTOJIBHOTO UMITYJIbCa OOpaTHO MPO-
MOPIIMOHATIFHA €T0 JUTUTEIIbHOCTH |, CJIEIOBAaTEIbHO, MIMPUHA CIEKTpa MU(PPOBOTO
CUTHAJIa paBHA:

k, k,log,(L+ 1)
Teum B At
rae ki — koo dunment, pasuwiit 1,5 ... 3; fy — mmpuHa criekrpa curnana cooOeHus
X(t), a At = 1/2af, = 1/2afy.

2.6. Xapaxmepucmuxu u napamempvl CUCHAN08 ¢ OUCKPEMHOU MOOYaayuell

AfI/IKM = = Z(ngkllogz (L + 1),

JIBOMYHBIE KOMOBBIE CUMBOJIBI MM(POBOTO CUTHATIA MOTYT OBITh MEPENaHbI C TIO-
MOIIBIO PA3TTMYHBIX BHUJIOB JAUCKPETHOW MOIYISIMH (MAHHITYJISIIIMN) TIApaMETPOB TIepe-
Hocurka. Ha puc. 5 moka3aHbl HCXOAHBIA MOTYJMPYIONHi curHain cooomenust b (puc.
5,a) u Moaymupyrommii curHan b™(t) B Buze OMITOISIPHBIX MMITYJILCOB, CBSI3aHHBINA C HC-
XOJIHBIM COOOIIIEHHEM TPOCThIM cooTHoIeHreM b™(t) = 2b™ — 1 (puc. 5,0). Ha puc. 5,8
n300paxxeHa rapMonmdeckast Hecymias Buaa U(t) = Uvcos(2aft — n/2), rue: Up — amrumry-
na; f, — yactoTa; m/2 — HavapHas (aza @ (py pacuyerax MOXKHO cuuTath Qo = 0).

Ha puc 5 npuBeaeHs! curHaiibl AUCKpeTHOM amruinTyaHoi (JJAM — puc. 5,r),
nuckpetHol yactotHor (JIUM — puc. 5,1) u auckperHoi ¢azosoit (JIPM — puc. 5,¢)
MOIYJIAIMHA. MOAYIHPYIOIIMA CUTHAT COOOIIEHUS B BHUJIE MMITYJIbCOB OTHOCHTEIh-
Horo kona by,"(t), HeoOxomuMBbIH [Ist HOPMUPOBAHUSI CUTHAIA JUCKPETHONH OTHOCH-
TenbHOU (azoBoit monysaiuu (JJODM), npuseaen Ha puc. 5,k, (cam curnan JOOM
n3o0paxxeH Ha puc. 5,u). [Ipu 3ToM UMITYJIBChI OTHOCUTEIBHOTO KOAa (POPpMHUPYIOTCS
o nipasmity bo,"(t) = b™(t)b™(t — 1,), Tme b™(t — 1,) — curran cooOmieHMSI, 3aaepKaH-
HBII Ha JUIMTEIHOCTh CHMBOJIA Ty, IpaueM Dj,bj = +1.

PaccMoTpuM aHanmuTHUECKOE MPEACTABICHNUE CUTHAIOB TUCKPETHOW MOTYJIs-
Uy (MaHUTYJSWAN) | WX creKTpoB. C 3TOH 1eNbI0 B KaYECTBE MO MaHUITYJIH-
PYIOILEro UMITYJILCHOTO CHTHaIa coooIneHus D,,"(t) mprumem curHai Buaa:

bgfﬁ={ by=1, —1,<t<Q0;
b, = -1, 0<t<rt,

[Ipenmonarasi, 4To 3TOT CHUTHAJ COOOMICHHUS MEPUOJUYECCKHI C TMEPUOIOM

Ty = 214, IpeACTaBUM €r0 TPUTOHOMETPUIECKUM psimoM Dyphe (6e3 yuera (ha3oBbIX

CIIBUTOB):
1 coskn i 1

T—t——Zk 1k51n Tt k=123, ... (13)

)44

bng= Zk 1~ 5,

Kax cnenyer u3 (13), ATOT CUTHAJ MMEET TOJbKO HEYETHbIE CHEKTpaIbHbIC

COCTaBJISIFOIIME HA YACTOTAX:
fi =kf, = kT, =k/2t,, k=1, 3,5, ...; 7. = 1/(2Af4log,L).
Curnaa JIAM MoxeT ObITh TTPEICTABIICH B BUJIC:

Spam(t) = 0,5U,[1 +b™(t)] sinw,t = {

So(t) = 0;
S, (t) = Uy, sin 2mf, t.
[TocraBnsas (13) B (14), monydyaem cleayrolnee CIEKTpaIbHOE Pa3ioKCHHUE
curHana JJAM:

(14)
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. w  Um . :
Spam(t) = 0,5U,, sin 2mf,t + Zkzom [sin 2nt(f, — 2k + Df )t — sin2n(f, + (2k +

Df,t]. (15)
Hlupuna cnekrpa curnana JIAM B aBa pa3a Oosbliie HIMPUHBI CTIEKTPa MOIY-
JUPYIOIIETO CUTHANA coo0IIeHus (IIM(pPOBOTO CUTHANA):

AfﬂAM = 2AfMKM (16)
Curnau I4YM c pa3pbiBoM (a3bl IPEACTABISAETCS B BUE:
t

0

So(t) = Uy, sin 2mf; t;
Sl (t) = Um Sln 2T[f2t .

rae 2nf, = o, — Hecymas yacToTa,
Aw, — neBuanys (MaKCHMaJIbHOE OTKJIOHGHHUE) YaCTOTHI;
Aoy =2n(f1 = 2)/2; 2= oy — O, ™1 = ©4 + O
ITocne psaa npeobpazoBanmii paznoxkenue curaanga UM no rapMoHuyeckum
COCTaBJIAKOLIUM NMPUHUMAET CIEAYIOIIUN BUI:

Spu () = Ty | SHEORM IO o m(f,, + KE . 17)

2

31ech Myy — MHAEKC YaCTOTHON MOIYJISIIIHH:
) S e ¥

qu == ) fl > fz.

Awykm  2Afukm
C moctaTo4HOM JUIsl MPAKTUYECKUX 1IE€JIEH TOYHOCTHIO IIMPHUHA CIIEKTpa CHUT-

Haja JIYM moxkeT ObITh OmpejiesieHa Tak:
Afqav = Z(qu + 1)Afuxm = [f1 — fo| + 2fuxm. (18)

Curnan JI®M npencraBisieTcs B BUAE:

Ston(® = Unsinla -+ mayb™ (9] = 0 = ym SEETn
r7e Mom = 7/2 uHIEKC (a30BON MOAYJISAINH (MAaKCUMaIbHOE OTKIOHEHUE (Da3bl CUT-
Hasa JIOM oT HavyanbHOU (a3bl HECYIIeH, MPUHSITON paBHOU HYIIIO).
Paznoxenue curnana I®M 1o rapMOHMYECKHM COCTABIAIOIIMM HUMEET ClIe-
JIYIOIINN BU:
Snom(t) = Uy, cos(mgy sin 27fy,) - Z‘{":O% [sin 2m(f, — (2i + Dfym)t +
sin 2n(f, + (2i + Dfym)t]. (20)
[Iupuna cnektpa curana JJOM moxxeT ObITH OnpeseneHa CleayoluM 00-

(19)

pazoM:
Af);[qu = Z(mqu + I)AfHKM = (2 + TE)AfI/IKM. (21)
Cunekrp curnana JIO®M ananoruyeH cnektpy curnana JJOM.

ITo ogHomy u3 BeipaxkeHuit (15), (17) unu (20) — B COOTBETCTBUH C 3aaHHEM,
HEOOXOMMO MMOCTPOMTH COOTBETCTBYIOIINI aMIUIUTYAHbIA CIEKTP CHUTHAIA JIUCKPET-
HOH MOJIYJISIIIMK Ha TUIOCKOCTH ¢ KOOPAMHATAMU: aMILTUTY/1a TApMOHHYECKON COCTaB-
Jstorieit — yacrora (B MI'n).
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2.7. Xapakmepucmuku u napamempul y3K0N0JI0CHO20 HENPEPBLIBHO2O
2ayCcco8CK020 KAHANA CBA3U

Mopenb y3konosiocHoro rayccosckoro HKC ¢ mrymamu npeacrasisier coooi
MOCJIEIOBATEIBHOE COEUMHEHNE BXOAHOTO uieanbHoro [, nuaun cBs3u 6e3 moTepb
C QIAUTHUBHOM TayCCOBCKOW ITOMEXOM, MMEIOIIEH PAaBHOMEPHO PacCIpPEACIEHHYIO
CIIEKTPAIbHYIO INIOTHOCTh MOIIHOCTU U BBIXOAHOTO HieasibHoro I1®. IlenTpanbHas
yactoTa [1® coBmamaer ¢ yactoToil Hecymiero kojiebanus (mepeHocuuka). Ilomoca
nponyckanus [1® paBHa mupuHe CrieKTpa CUTHaNAa JUCKpeTHON monaymauuu Afs. B
noJioce rpornyckanust kKoagouiuent nepenayu [1d cunraem paBHbIM €AHHHULIE.

ITomexy ¢ paBHOMEpPHOM CHEKTPAJIbHOM IUIOTHOCTHIO MOIIHOCTH HAa3bIBAIOT
oenpiM mrymoM. CrieKTpajbHas TUIOTHOCTh MOIIHOCTH 3TOTO ImymMa paBHa Gu(w) =
No, ® > 0.

MomHOCTh rayccoBekoro 6emoro myma Py, = 6,2 B monoce mpomyckanus 110D
MOYKHO OITPEICIUTh KaK IUIOMIAIb MPSMOYTOJIbHUKA ¢ BBICOTOM No 1 ocHoBaHueM Af:

PI_H = NOAfS; (22)
rae Afs onpenensror u3 coornomenuii (16), (18) nau (21) B 3aBUCMMOCTH OT BHUA
MOZYJIALINH.

YuurteiBas (22) u 10, uTOo Tpebyemoe cooTHomeHue curHan/mym (C/I)
h? = P./P,, Ha BBIXOZIE J€TEKTOPA IPUEMHHUKA M3BECTHO, HAXOUM MOLIHOCTh CHTHAJIA
JTMCKPETHOW MOAYJISIMU, obecreyrnBaroryro 3to C/I1I:

Pc = h?P,, = h2NpAf.

Ha niauTenbHOCTH MOCHUIKM CUTHANI AUCKPETHOW MOAYJISALIMU UMEET BUJI Tap-
MOHHYECKOTO KoJjiebaHusi (CM. puc. 5). MOIIHOCT, TapMOHHYECKOTO KOJEOAHUS B
5ToM cirydae paBHa Pe = Up?/2 (3T0 MOLIHOCTE, BBIAEISIOMALCS HA COMPOTHBICHUM
1 Om). YuutsiBas cneunduky popmuposanus curaanos JAM, 1UM u JIOM, nomny-
YaeM CIEAYIOIIHNE COOTHOWIEHUS Il UX MOIIHOCTEN U aMIUIMTYA, B CPEAHEM ITPUXO-
JSAIIAXCSA HA OOUH JBOWYHBINA CUMBOJI MOZYJIMPYIOIIETO CUTHANA:

PﬂAM:PC/Z, Um:w/P,Z[AMa
Pum =P, Un= A/ ZPAqM,
PI[CDM = PI[OCDM =P, Un= A/ ZPM)M-

IIponyckHas cnocobHocte HKC xapakrepu3yeT MakCUMallbHO BO3MOKHYIO
CKOpPOCTb Iepeayr NH(OPMALIUY 10 JaHHOMY KaHainy. MakCUMyM HIIETCS 110 BCEM
BO3MOXKHBIM DPAaCHpEACIICHUSIM BEPOSITHOCTEM CHUTHAJIOB, IMOCTYIIAIOIIMX HA BXOJ
HKC. B Teopun 351€KTpOCBA3U T0KA3BIBAETCS, YTO MaKCUMaJlbHasi CKOPOCTh Mepe/a-
g uHopmarmu nmo HKC Oyzaer obecrieyeHa mpu Takux METOJaX KOAUPOBAHUS U
MOJYJIALIMY, KOTOpBIe MPUBOAAT K ¢opmupoBanuio B [1IY curnama ¢ rayccoBCKUM
pacrpezieiecHueM MTHOBEHHBIX 3HaueHui. [Ipu TakoMm curHanse mpomyckHas Crocoo-
HocTb rayccoBckoro HKC paBHa:

Pc
C = Ay logs (1 +22) = Ay logo (1 + 1), (23)
riae Af, — mostoca nponyckanus kanana csizu. Cunraem Af, = Afs,
B ciyuae, korga curaan Ha Bxoge HKC oTcyTcTByeT, B HEM JCHCTBYET JIUIIb

IIMPOKOIOJIOCHBIH myM B mojioce Afy,. IIpu Bo3melicTBHM 3TOrO IIyMa Ha IMOJIOCOBOM

(GWIBTp Ha ero BbIXoJie OyAeT IyM B mojioce 4actoT Afs.
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Ecmu otnomenune Afy/Afy, >> 1, To Takoil mryM Ha3bIBaIOT Y3KOIIOJIOCHBIM.
YacTo y3KOIOJIOCHYIO TayCCOBCKYIO momexy N(t) mpeacTaBisioT B BHJE BBICOKOYA-
CTOTHOT'O TapMOHHUYECKOIO KOJeOaHMsI, MOAYJIMPOBAHHOIO IO aMIUTUTYAC H dase.
MO>HO MCIIOJIb30BaTh JIBE (POPMBI TAKOTO MPEICTABICHHUSI

n(t) = Ny(t)cos[wut + D(1)],
N(t) = Nuc(t)cosmut + Nys(t)sinmyt,

re Nu(t), Nuc(t), Nus(t) 1 d(t) — HU3K04aCTOTHBIE CITyYaiHbIC MPOIIECCHI, CBSI3aHHBIC
COOTHOIICHUSIMH:

Nu(t) = /N2.(t) + NZs(t), @) = arctg( ””())

Nyus (D)
Nuc(t) 1 Nys(t) — cundasHas v KBagpaTypHas COCTABIISIONINE ITOMEXH.

@yHKIMS paclpeaesieHns IIOTHOCTH BepossTHOCTH (PIIB) MrHOBEHHBIX 3HA-
YeHH HU3KOYACTOTHOTO IIyMa OIKCBHIBAIOTCS TayCCOBCKHUM pacHpeesieHueM (CM.
(1)) ¢ unCcIOBBIMU XapaKTEPUCTUKAMH:
Ny =Ny = Nys = 0, Onw? = ONuwe? = ONus® = Ow® =P

Orubaromast Ny (t) (cnmyuaiiHo M3MEHSIONIASICS aMILIATY/1a) TayCCOBCKOM IO~
MEXH pacrpeziesieHa o 3akony Panes, T. e.

2
Wy (V) = ;—51 exp {;Tﬁ}’ v>0. (24)
B cinyuae, xorna B HKC Ha nerekTtop AeCTBYeT aJIUTUBHASI CMECh rapMo-
HUYECKOTO CUTHAJIA M Y3KOIOJIOCHOM TayCCOBCKOM MOMEXH, MPUHATHIN CUTHAT MOX-
HO TIPEJICTABHUTH B BUJIC:
Z(t) = Umcos(mct + ¢o) + N(t)] = U n(t)cos[oct + D7 (t)] = Ue(t)cos(wet) + Us(t) sin(wmct)
rae U'e(t) = Umcos@o + Nue(t) 1 U's(t) = Upsingo + Nys(t).
OyHKIUS pacnpeiesieHus ITIOTHOCTH BEPOSITHOCTH MIHOBEHHBIX 3HaueHMi Z(t)
B Cllydae, ecii @p pacnpezenacHa pasaomepro [W(qpo) = 1/27, -1t < o < 1], umeeT BH:

_ 1 gL (v— Um cos ¢)?
W,(v) = TV/2Toy, fO p{ 20 }dd)
I'padukn sroit @IIB nns HeCKOMBKUX 3HaYCHMH mapaMeTpa h = II:—S = \/;‘;‘

IpUBEICHBI Ha pHC. 6.
®I1B orubaromeit U™ (t) mpuHMMaeMOro curaana mog4uHsIeTcss 0000IEHHO-
My pactpezaenenuto Panes (pacnpenenenuto Paiica):

Wy(v) = (:—51]0 (va) exp{ (ﬁ + hz)} v=0, (25)

rae Jo(B) — dynkuus Beccenst mepBoro pojaa HyJjeBoro nopsjaka [5].

2.8. Oyenka nomexoycmouyusocmu u 3¢hpexmusHocmu npuema CUcHa108
OUCKPEMHOU MOOYIAYUU

IIprem cHrHaIOB AUCKPETHOW MOZIYJIALIMU MOKET OCYIIECTBIATHCS Pa3Ivy-
HBIMU crioco0aMu. B mpakTuke 35eKTpoCBsI3u MIMPOKOE PacTpOCTpaHEHHE MOTYUHIN
J1BAa BUJA IPUEMA — KOTEPEHTHBIN U HEKOTEPEHTHBIN.

Korepentnsiii npuem (KIIT) npennonaraer ucnonszoBanue B [IPY korepeHt-
HOTO (CHHXPOHHOT0) JE€TEKTOpa, MPEICTABIAIONIEr0 cCOO0H TUHEHHYIO CUCTEMY C Tie-
PEMEHHBIMU IIapaMeTPaMHU.
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Cxema J1eTeKTOpa COCTOUT M3 MEPEMHOKHUTENS U (QUIbTPa HUKHUX YacTOT
(®HY). B nepemuoxxutene mpuHATBHIA curHan Z(t) ymMHOXaeTcsl Ha OMOpHOE (CHH-
xporHoe) konedanue U.(t) = U.cos(m;t + o).

PaccMOTprM BBIXOJHOM CUTHAT KOTEPEHTHOTO JAETEKTOPA.

[TycTh Ha BXOJ AECTEKTOpa MOCTyMHaeT KojeOaHue B BUJE CYMMBI TapMOHHYE-
CKOTO CHTHAJIa M y3KOIOJIOCHOTO rayccoBckoro myma Z(t) = Uncos(wyt + ¢y) + n(t).
Torma mpu paBeHCTBE YacTOT My = My (YCIOBUE CHHXPOHHOCTH) U €AMHUYHOM KOA(]-
duueHTe mepenayn IeTeKTopa Ha ero Bbixoje Oymer curHai Ug(t) = Uys(t) + Ugw(t).
3nmech Ugs(t) = UnCoS(@r — (o) — mosie3Has (CHTHaJbHAs) COCTABIIAIONIAS 3TOTO OT-
KITUKa, Ugy(t) = Nie(t)CcoSer + Nys(t)Sing, — myMmoBast cocTaBiistomnas 3Toro OTKJIMKA.

A

Puc. 6. ®yHKIMS IJIOTHOCTH BEPOSITHOCTH CMECU CUTHAJIA C ITyMOM

[Tone3nast cocraBisArOmIas ABISETCS JETEPMUHAPOBAHHOM, a IIyMOBAasi COCTaB-
JISTIOIIAs UMEET TayCCOBCKOE pachpeieiieHue BepostHocteil. CienosarensHo, OPIIB oT-
KJIMKa KOT€PEHTHOIO JETEKTOpa MpH ACWCTBUN HA BXOJE CUTHAJIA U IIIyMa paBHA:

2
W, (u) = \/z_+omeXp {_ [u UmC(;Z(Lz:Pr ®o)] } (26)

[Ipu oTcyTcTBUM Ha BXOJE€ JETEKTOpa CUTHANA OTKJIMK OYAET ONpenessThCs
IIyMOBO# rayccoBcKkoii coctaBisromieii ¢ @IIB, onpenensemoit cootHomeHnem (26),
Ho npu U, = 0.

[Tpu vexorepentHoM npueme (HIT) B [IPY ucnons3yercst HEKOrepeHTHBIH J1e-
TEKTOP, MPEJCTABISIONNNA COO0N HETMHEHHBIN (YacTO JUOIHBIN) MpeoOpa3oBaTelb U
OHY. DTOT THN AETEKTOPa HA3BIBAIOT €II€ AMIUIUTYIHBIM JETEKTOPOM (AETEKTOPOM
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oru0aromieii), Tak Kak B OTIIMYHE OT KOTEPEHTHOTO JIETEKTOPa €ro OTKIMK HE 3aBUCUT
OT (a3bl BXOJJHOTO CUTHAJIA.

Ecnu Ha BXOJie HEKOT€PEHTHOTO JETEKTOPA ACHCTBYET TOJBKO Y3KOIMOJIOCHAs
rayccoBckas momexa N(t), To OTKIMK AeTeKTOpa OyIeT IMPOIOPIMOHANICH e¢ Oornoda-
IOIIEeH U TIpU eAMHUYHOM Koddduimente nepenayu aetekropa umeetr OIIB, onuck-
BaecMyI0 3akoHOM Pasies (cm. (24)). [Ipu neiicTBUM CyMMBI TapMOHHYECKOIO CHTHAja
Y Y3KONOJIOCHOTO rayccoBckoro myma DIIB oTkimka HEKOrepeHTHOro JIETEKTOpa
cosnagaer ¢ PIIB orubaroreit BXOIHON cMecH, T. €. MOJYUHEHO PacCHpeeTICHUI0
Paiica (cm. (25)).

ITpuem curnanos JIUM MOKHO peann3oBaTh KaK C KOT€PEHTHBIM, TaK U C HEKO-
TEPEHTHBIM JieTekTrpoBanreM. Eciu npu npueme curnanos J[UM BeleneHne nocbuiok
Pa3HbIX YaCTOT MPOU3BOIUTH JIBYMsI TIOJIOCOBBIMU (PUIIBTPAMHU, TO B KXKJOM W3 KaHAIOB
MOYKHO TaK)K€ UCTIOJIb30BaTh JIMOO KOTEPEHTHBIN, TMO0 HEKOT€PEHTHBIN JETEKTOP.

Jns nerektupoBanus curHasioB J{MM ucnonb3yroT ga3oBblil 1€TEKTOp, SAB-
JISTFOIIMICS CHHXPOHHBIM JICTEKTOPOM.

Crenyer OTMETUTB, YTO IpUeM cUTHAJIOB JIOM Ha mpakTHKE CONMPOBOKIAACT-
CSl pSIIOM TPYAHOCTEN: BBICOKOM CIIOKHOCTBIO 00€CeueHHs] HEOOXOAMMOM CTa0MIIb-
HOCTH YaCTOThI @y U (a3bl @, ONMOPHOTO KOJeOaHus; sBIEHUEM O0OpaTHOW PabOThI —
CIy4allHbIM M3MEHEHHUEM TeKylleil (a3bl Ha MPOTUBOMNOJOXKHYIO (Hampumep, Npu
U3MEHEHUHU JAJIBbHOCTH), YTO MPHUBOAST K HENPABUILHOMY OINO3HABAHUIO KOJIOBBIX
cuMBoJIOB. [loaToMy Gosiee mrpokoe MpUMEHEHNE Ha MPAaKTUKE Hallla OTHOCUTEIb-
Has (a3oBasi MAHUITYJISIIHSL.

HerextupoBanue curHaioB JJOPM npousBoauTCS ABYMsI METOAAMHU: METO-
JIOM CpaBHEHUs (a3 WK METOJIOM CpaBHEHU mojsipHocTel. [Ipu MmeTone cpaBHeHUS
da3 B pazoBOM JETEKTOpE CpaBHUBAIOTCS (Da3bl TEKYIIETO W MPEABIAYINETO, 3aep-
KAHHOTO Ha BpeMs T,, KoyieOaHui. B MeToie cpaBHEHUS MOJSIPHOCTEN TTPOU3BOIUTCS
CpaBHEHHUE MPOJETEKTUPOBAHHBIX TEKYIIEH U 3aJep>KaHHOW Ha BPEMS Ty, MOCHUIOK
MPUHUMAIOIIKX JBa 3HaUeHus . +1 nmm —1.

CxeMbl TPUEMHUKOB CHUTHAJIOB PAa3JIMYHBIX BUJOB JUCKPETHON MOMYISIUU
npuBeAeHbI Ha puc. /. Ha cxemax ucnosb30BaHbl CIAEAYIOMIME 0003HAYCHHUS:

[MI1® — mosiocHO-mporycKaromui GuibTp Ha dactore fy ¢ momocoit Afgam
nin Afﬂqu;

[P 1 — monocHo-mponyckaroiiumii GpuisTp Ha yactote fy ¢ momocoit Af << f; — f;;

[I1®2 — monocHo-Tponyckarommii GpuisTp Ha gactote T, ¢ monocoit Af << f; — f;;

BY — BelunTaromee ycTpoucTBo;

JI3 — nuHuA 3a7€P>KKU HA BPEMS Ty;

®OH - popmupoBaTesb OOPHOTO HATIPSIKEHUSI.

3neck noaraercs, yro f; > fo.

Kpome onucaHHBIX BbIllIE€ AETEKTOPOB, UMEIOTCS JIEMEHTBI MOCIIEIETEKTOP-
HOM 00paboTku. K HUM OTHOCSATCS AMCKpETH3aTOp M periaroiiee ycTpouctBo (PY).
Ha muckperusaTop Hapsay ¢ OTKIUKOM JeTeKkTopa Uy(t) mogaroTcs AMCKpEeTH3UPYIO-
[I1e UMIYJIbChI C mepuoaoM At, HeoOX0IUMBbIE JJi B3ATHUS OJHOTO OTCYETa B cepe-
JUHE TIOCBUIKU JUTUTETbHOCTBIO Ty
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a) [Ipuemnnk curnanos ¢ JIAM

z(t)
—>

[I1D

\4

0) [Ipuemuuk curranos ¢ J[UM

z(t)

\ 4

[I1P1

[Herexrop

A 4

Tu

[I1D2

HerexTop

HerexTop

=)
T

B) [IpuemHuuk curnanos ¢ JJOOM (meron cpaBHeHHs (a3)

z(t)
—>

[P

HerexTop

T

JI3
Tu

—

r) [Ipuemunk curanos ¢ JIOOM (MeTo cpaBHEHUS MOISIPHOCTEN)

z(t)

—>

[I1D

da3zoBbIit
JETEKTOP

A

OOH

v

S {L Ur = Uy
Juckperuszarop > Py —> 0, Uk < Uo
T Sun(t) T Uo
1, U, = U,
Juckperuszarop > Py —> 0, Uk < Uo
15t Tuo=0
»| Jluckpernsarop > PVY > {1, U, = Uy
0, U, < U,
T duu(t) T Uo
PY > CpaBHeHHev {1' U, >0
MOJSIPHOCTEH 0, U, <0
T
JI3
| Tu |

Puc.7 CxeMbl IpUEMHUKOB IUCKPETHON MOAYIISILIUM
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B PV otcuersl Uk cpaBHHMBaroOTCs ¢ HOporoBbiM HampspkeHuem Ug u npuHu-
MaeTcs pelieHue — nepenana «1», ecnmu Uyx > Uy, nmu nepenan «0» ecou Uy < Uy.

N3-3a BO3AEHCTBUA NOMEX HAa CUIHajl B KaHaje cBsA3U PY Moxker nmpuHuUMAarh
HEenpaBWIbHbIE (OIIMOOYHBIC) perieHus. OmmMOoYHbIe pellieHUsT ObIBAIOT JIBYX BHIOB:
nepexoa 0 B 1 (mepemaBasica 0, HO PY Bwimano pemenue 1 ), xapakTepu3yrOIUncs
YCIIOBHOM (amoctepuopHoii) BepositHocThIo ommOku P(1/0), u nepexon 1 B 0 (nepena-
Bajach 1, HO PY Beimano pemienue (), XapakTepU3yrOIMIMIACS YCIOBHON BEPOSTHOCTHIO
ormmoku pP(0/1).

3a KOJIMYECTBEHHYIO MEpPY MOMEXOYCTOMYMBOCTU B CUCTEMAX 3JIEKTPOCBS3U
MPUHUMAIOT CPETHIOI0 BEPOSTHOCTH OIMUOKY HA OJIUH OUT:

Pou = p(0)p(1/0) + p(1)p(0/1).

[Tpu paBeHcTBe anpropHbIX BepositHocTed p(0) = p(1) = 0,5, a Takxe mpu pa-
BeHCTBE ycinoBHBIX BepositHocTel p(0/1) = p1 = p(1/0) = po (YCIIOBUS CHMMETPUYHOTO
JKC), cpenusis Ha OUT BEpOSITHOCTH OIIMOKU COBIAJIAET C OAHOU U3 YCIOBHBIX BEPO-
ATHOCTEH Pow = P1 = Po-

VYca0BHBIE BEPOSTHOCTH OIIMOOK HAXOIATCS HHTETPUPOBAHHEM YCIOBHBIX
OIIB OTKIMKOB JETEKTOPOB;

P(1/0) = fir Wo(u)du; p(0/1) = [0 Wi (u) du, @0

rane Wo(u) u Wi(u) — OIIB OTKIMKOB AETEKTOPOB MPHU YCIOBUH (POPMUPOBAHHS HA
nepemayde O mim 1 COOTBETCTBEHHO.

O1neHUM MOMEXOYCTOMYMBOCTD MEpPEeaydl IBOUYHBIX CUMBOJIOB TIPU Pa3jIHy-
HBIX CUTHAJIAX JUCKPETHOM MOIYJISIIMUA U PA3TUYHBIX METOJIaX MX MpUEMa.

[Ipu mepenave curHaioB JIAM (cm. puc. 5,r) cumBon 0 COOTBETCTBYET OT-
CYTCTBHMIO CHTHajla, a CUMBOJI 1 — mepefade curHajga ¢ MOCTOSSHHON aMIUIMTYIOM.
[Ipu »ToMm Ha BeIXOAE nerekTopa [IPY npu nepenaue cumBosna 0 HanpspkeHue OyaeT
umeth OIIB myma Wy(u), a mpu nepenave 1 — ®IIB curnana u mryma Wi(U) B coot-
BETCTBHUU C pUC. /,a.

KorepenTHsiii mpuem (o0padotka) currana JJAM (npu ¢, — @o = 0) xapakre-
pusyercs rayccockor OIIB oTkimka gerekropa:

Wy(u) = . exp (— u—z) W;(u) = . exp (—M) (28)
V2moy, 202/’ 1 V2mo? 202

s cummerpuanoro JIKC Bemomnasiercst paerctBo p(1/0) = p(0/1) = p1. D10
nocruraercs rpu nopore PY Ug = Uy/2. Tloacrasiss (28) u 3nauenne Ug B (27), o-
JTy4daeM:

1 ~Up/2 u? h
PowaMkn = P1 = 1 — \/T_nf—oo exp {_ E} du=1-¢ (\/_5) ’ (29)
rae O(-) — rabynupoBannas Gpyukuus Jlammaca (cm. ITpunoxxenue 4); h = ;J_m
[Ipu HekorepeHTHOM mnpueme curHaina JJAM Ha BbIXOJ€ AETEKTOpa CUTHAI
XapaKTEpU3yeTCs PAIEEBCKUM U palicOBCKUM pactpeneneHuamu OIIB Buna:
2 2+U%, Um
Wo(w) = exp (—5) Wi = Zexp (552) o (522). (30)

2
201 o

[Moxcrasnss Beipaxenus (30) B (27), moayyaem:
0 z U 2402, Um
p(1/0) = [, —exp (- =) du; p(o/1) = [}" <7 €XP (=552) 3o (522) du. (31)

00 202 202 o2
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3neck Jo(B) — dyHKIMs Beccens nmepBoro poja HysIeBoro mopska [5].
VuauteiBast, uto JIKC cuMMeTpHuHBIA U BBIIOJHSETCS paBeHcTBO p(1/0) =

p(0/1) = py pu 3HaueHun mopora PY Uy = Un/2, a Taoke npencrasus Uy, = V20,,h,
u3 (31) nonyuum:

oyh u u? 2 u-h
S X
3aBUCUMOCTD Poy OT 3HaueHUs N, MONyYeHHBIE ITyTeM PEINEHHS yPABHEHUS

(32), npencrasiiena B Tad. 4.
Tabnuna 4

Pow |5-10%|2-10%| 10! |5-102| 102 |5-10°| 10° |5-10*| 10*
h? 0 2,82 | 537 | 7,77 | 13,8 | 164 | 229 | 26,7 | 33,2

BeNuuMHY Poy 718 IPOMEKYTOUHBIX 3HAYEHUI h? MOXHO HAHTU METOZOM 3KCTpAIo-
JISILHAH.

IIpu nepemaue curHanoB JIYM (cMm. puc. 5,1) cumBos «0» COOTBETCTBYET Iie-
penade curHana Ha yactote fp, a cumBoa «1» - mepenade curnana Ha yactore f;. U3
puc. 7,0 caenyer, uto npu nepeaade «0» uepes I1I1D, nacTtpoeHHbIN Ha vacToty T,
OyzIeT mpoXoIUTh CUTHAJI C HeCylel yactoTou f; u mryMm B mosoce npormyckaHus 3To-
ro [II1®. Yepes [I1D, nacTpoeHHsblid Ha yacToTy f1, mpu nepenade Hyns Oyaer mpo-
XOJIMTh TOJIBKO IIyM B mosioce nponyckanus storo IIID. Ananornyseii pe3ynbrar
NOJIy4aeTCs pHU Mepeaadye CUMBOJIa «1»,

OmmbouHble pemeHus 31ech OyAyT TOr/a, Korja OTKJIMK JETeKTopa B KaHa-
JIe, 110 KOTOPOMY CUTHAJI HE IepeaeTCs, MPEB30MIET 3HaYEHNE OTKIIMKA JIETEKTOpa B
KaHaJe, 10 KOTOPOMY CUTHAJI IIEpEIaeTCsl.

JLst cammveTpuuanoro JIKC, ¢ yueToM npUBEIEHHBIX BBIIE 3aMEUaHHM, ITOTyYaeM:

Pou = P(O/1) = p(1/0) = || WoGOW, (wexdu (33)

[MoxcraBnsst pyukiuo OIIB u3 (28) nau u3 (30) B (33) mpu KOrepeHTHOM MPHUEME,
MOJTyYHM:

Powtamin = p1 = 1 — D(h).
[Tpu HEKOTEPEHTHOM MPUEME BBIPAKEHUE IS Pory UIMEET BUJL:
Powmuvan = p1 = 0,5exp{-h?/2}.

[Tpu nepenave curHanoB JI®M [cMm. (19) u puc. 5,e] cumBoa «0» cooTBert-
CTBYET Iepeiaue CHrHalla ¢ HadaubHOU (a3oif -n/2 , a cumBon «1» — mepenave cwur-
HaJla ¢ HaYaJIbHOH (a3oit +7/2. B 3TOM ciiydyae OTKIHMK KOrepeHTHOro ((pa3oBoro) ae-
texTopa Oynet nmets OIIB Buna (26). Beidpas a3y omopHOro HampsoKeHHs paBHYHO
¢r = +1/2, momyyaem:

1 _ (u+Up)? _ 1 _ (u-Up)?
Wo () = \V2moy, €Xp ( 202 )' Wy () = V2mo?, €Xp ( 202 ) (34)

[MonxcraBnss BeipaxkeHus (34) B (27) u Beioupas Up = 0 mns cummerpuaroro JIKC,
HOJTyYaeM:

Powgom =p1=1 — CD(\/Eh).
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OueHnM MOMEX0yCTOMYHMBOCTh MEpPe/laud ABOUMYHBIX CHUTHAJIIOB IIPU OTHOCH-
TeIbHOU (Pa30BOM MOIYNALIMM, KOT/Ia MPUEM IPOU3BOAUTCS MO METOLY CPAaBHEHMUS
¢da3 (CD ) u no meroay cpaBHeHus nossipaocteit (CII).

OmmnbounbIi pueM aBoudHoro cumBosa npu JJODM-CII Bo3HUKaeT, Korja
OCYILIECTBIISIETCS OJTHO U3 JIBYX HECOBMECTHBIX COOBITHH (CM. pUC. /,T):

1) naHHBIM CUMBOJI IPUHSAT NPABWIBHO, @ IPEABLAYIIUN OMIMOOYHO;
2) TaHHBINA SJIEMEHT MPUHSAT OMMUO0YHO, a MPEBIAYIIUN MPABUIBHO.
BeposTHOCTh TOSIBICHUST KAKOTO-JIM0O0 M3 ATUX JIBYX HECOBMECTHBIX COOBITUI
€CTb Pom Npu JTODPM-CII:
PowodM-cit = P1 =2Pomaom(1l — Powgom) = ZCD(\/ih) [1 — CD(\/ih)]
[Tpu npueme curaaina JJOPM o meroay cpaBHeHHs (a3 (CM. pucC. 7,B) HIMEEM:
Powoom-co = p1 = 0,5 exp(-h?).

CkopocTth nepegaun HHGOpMAaILMK MO JUCKPETHOMY KaHaly cBa3u R ompene-
JSIOT KaK KOJWYECTBO B3auMHOM uHbpopmaruu I(y, x), nepenaBaemoit o JIKC B
€IMHUILY BPEMEHH:

R==1(xy) = (Hy — Hy), (35)
rae i JIKC aBowdHble CHMBOJIBI (HYJIM W €IUHUIBI) OYIyT COOTBETCTBEHHO
X = {bi} — Ha mepenaue, uy = {Bj} — Ha MpHEeMe;
Hy — 9HTpOMHS IPUHSATOMN MOCIIEI0BATEIBHOCTH IBOUYHBIX CANHHMIL:

Hy = — X} p(bj)logzp(by); (36)
Hyx — yciioBHast aHTpOnHS:
Hy/ = — 211:0 p(b;) Zjl:o p(bj/bi)logzp(bj/bi)- (37)

s nonyHoro cummetpuuHoro JIKC, korma
p(bo =0/by = 1) =Pp1 = p(b1 =1/by = 0)
U OJIMHAKOBBI anpuopHbie BepostHocTh nepeaaun p(0) = p(1), dopmyna (35), ¢ yue-
ToM (36) u (37) MOXKeT ObITh MPEACTaBIICHA B BUJIC:
R, = %[1 + pilogzp; + (1 —py)logy (1 —py)].

Tak xKak BEpOATHOCTH OIMIMUOOK Poy = P1 JUTSI PA3IMYHBIX BUIOB CUTHAJIOB 3a-
sucar ot ornomenus C/I1I h? ma Bxone gerextopa, To R; Takke 3asucur ot C/I11.

Jlns cpaBHEHUs ckopocTH nepenaun uHpopmanuu R, = ¥(h?) npu nanHOM
BUJIE MOIYJISIIIUU M CTIOCO0E TprueMa ¢ mpomyckHoi criocodnocthio HKC (ckopocThio
nepenayy MHPOPMAIMHU IIPU UeadbHOM Koauposanuu U moayiaiuu) C = @(h?) (23)
BBOJISIT MOKa3zaTesb 3pHEKTUBHOCTH:

2 =Ry/C.

D¢hheKTHBHOCTD CUCTEMBI TIepeiaun Bbicoka, ecin D — 1 (Ry — C), u apdexTus-
HOCTb HU3Ka npu I — 0.

2.9. Ananuz xapaxmepucmux u napamempos yu@dpo-ananioco8020 npeoopaso-
sanusi coooujenus

[udpo-ananorosoe npeodbpazopanue (L{AIl) mo3Bosser Ha MPUEMHOM KOHIIE
CHCTEMBI CBSI3H BOCCTAHOBHUTB HETPepbIBHOE cooOdIeHune &(t) mo mpuHITHIM KOIOBBIM

xoMOunarmsam by curaana MKM. DTo OCYIIECTBISETCS ¢ MOMOIIBIO CIEIYIOIIHX
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npouenyp (cM. Ha puc. 1): 1eKOIMPOBaHUSA-BOCCTAHOBJICHHS TUCKPETHBIX YPOBHEH

\7{( 10 by, HHTEPIONAMA U HU3KOYACTOTHOHN (ubTparui. OHIbTp-HHTEPIOIATOP —

9TO JIMHEWHBIH (PHIIBTP ¢ 3aJlaHHOW MMITYJIbCHOUM peaknuenn Jo(t). B coBpeMeHHBIX
1, te [0, T]
0, t&[0,T]
BOJUT K YBEIIMUCHUIO JJIUTEIHHOCTH MUMITYJIHCOB C BEJIMYUHBI Ty Y VL 710 BEITUYHHBI
To y X(t). IMocaenyromuit ®PHY criaxxuBaeT HEMpepbIBHO-AUCKPETHOE COOOIICHHE
X(t), B pesynbTare yero odpasyercs curuain g(t).

OTH Mpolecchl MOSICHAET PUCYHOK 8, Ha KOTOPOM TMOKa3aH MCXOIHBIN CUTHAT
(puc. 8,a), momexa (BEKTOp OmmOOK — puc. 8,0), IpUHATHIN curHai (puc. 8,B) U ACKO-
JTUPOBAHHBIN cUTHAI (pHC. &,T).

OmmoOKH B TBOMYHOM KaHAJIC CBSI3H NMPUBOJIAT K HECOBIAICHHUIO MTEPEIaHHBIX
U IPUHSATHIX KOAOBBIX KoMOuHarmii curaana MKM (cm. puc. 8,a,0). Ha puc. 8,8 mo-
Ka3aHa pean3aius MocIe/I0BaTeIbHOCTH OJIOKOB OMMUOOK Ey 1 IpHHSITAsK TOCIIe0-

BaTEIBHOCTH D!, AlIeMeHThI KOTOPOH ornpenesstoTces Kak b; = b; @, e;. [Ipuuem b; =
bimpuei=0ubi#b;mpuei=1,i€ {1,u}.
B nexonepe LIAII nBouuHble OMIMOKM B TOW WJIM MHOM TMO3UIIMU KOJIOBOM

KOM6I/IHaHI/II/I IMPUBOAAT K HCCOOTBETCTBHIO BOCCTAHABIIMBACMBIX VLI/I rnepcaaBacMbIX

Vi ypoBHeii (cMm. puc. 8,r). Pasnocts §; = \7{( — Vj, Ha3bIBAIOT IIyMOM Tiepeaaun. Pea-

JM3aIUs 9TOTO IIyMa Ha BBIXOJIE JIeKoAepa (MMITYJIbChI JIIMTEIBHOCTBIO Tp) M Ha BhI-
XO07Ie MHTEPHOJsATOpa (MMITYJIbCHI ITUTeNbHOCTRIO T) puBeeHa Ha puc. 8, 1.
Jlns onpeneneHus: ckopoctu nepeaaun nHdpopmanuu Ry no L-uunomy JIKC

BOCTIOJIb3YEMCSI COOTHOIIICHHEM, aHAIOTHYHBIM (35):
1

Ry = T (Hy - Hy/X)-
OnHako 371ech X U 'y — 3To L-uvHbBIe ypOBHU Ha BXOJIe W BBIXOje L-maHOTO
JKC. Ucnonb3ys Beipaxenus (36) u (37), HO ¢ yueToM L-WUYHBIX ypOBHEH, M TOJI-
CTaBJIsisl MX B BBIpOKEHHE I R\, momydaem:

L
_ 1L+t i ol
Ry = 521:1 j+=11 p(Vllo Vk)logz

LIATI npuMeHSIFOT CTYNEHYATYI0 MHTEPIOAILNIO ¢ go(t) = { 9TO IpH-

p(vi7L)
_ _ p(vi)p(9)) |
rae p(vi, VL) = p(Vki)-p(i\/L/Vki) = pipij = p(i, ]) ~BEpOsATHOCTH COBMECTHOT'O HACTYILIE-

HUs COOBITUIA: Vi Ha mepenaye u VL Ha TpUeMe;

pi, i€{1, L + 1} — pacnipenenetre BeposTHOCTEH, onpeernsieMoe u3 cootHorenwst (10);

Pij, 1,je{1,L + 1} — sneMeHTHI MaTPHIIBI MIEPEXOJHBIX BEPOSTHOCTEH L-naHOTO
JKC, koTopsie OnpeaensitoTcsi BhIpaKEHUSIMU:

pir = PORK) = ol (1 = pou)*™Y, 1je(T, L+,
rae W — 3HauHocTh Koaa (paspsaHocts ALIIT), p = logz(L+1); dij — komoBoe paccto-
STHUE MEXIY 1-OU U |-0i KOJOBBIMH KOMOMHAIUSAMH; Pow — BEPOSTHOCTH OIIMOKU B
nBonyHOM cumMmerpudHom JIKC.
B cootHomenun (38) pacmpenencHue BEpPOSTHOCTEH NPHUHATHIX L-MYHBIX
YPOBHEU ONPENECIISIIOTCA TaK:
Pj = p("}k) = ZiL:ll p(V11<. <\Ik) = ZiL:ll PiDjj je{1,L + 1}.
36
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BennunHa OTHOCHTENBHBIX TIOTEPh B CKOPOCTH Tepeaaun uHpopmammu 1o L-
nuynomy JIKC paBHa:

Ry—R
8R — 4 L’
Ry
__log,(L+1)
rac RI/I MaKCHUMaAJIbHAasA HpOI/IBBOILI/ITCJILHOCTB L -MYHOI'O UCTOYHHKA, R T

Ouenum cpeaHior kaapatudeckyro mnorpemHocts (CKO) myma nepenauu
€2 B L-mynom JIKC (cm. puc. 8,1). ITycts B L-nunom JIKC 6bL1 mepean curHan Vi,
KOTOPBII Ha OCHOBaHUH (6) paBeH:

Vil = = 0,5A4(L — 1) +iA,.

[Tox nericTBHEM MOMEX OH MOXET NIEPEUTH B

P =—0,5A4(L - 1) +jA,.

Torma mym nepemaun & = Au(j — K) MoxkeT OBITH IIpeCTaBICH B BUAC IMO-
CJIEIOBATENILHOCTH HEKOPPEIUPOBAHHBIX MPSMOYTOJIbHBIX HMITYJIBCOB C HYJIEBBIM
MaTEMaTUYECKUM OKHJIAHMEM U CO CIIy4allHO pachpelieleHHbIMH aMmiuintyaamu. Ha
BBIXO/JIE MHTEPIOIATOPA JUIUTETLHOCTh 3TUX UMITYJICOB paBHa At.

CrexTp MIOTHOCTH MOIIHOCTH IIIyMa Mepeavu:

- 2
Go(w) = 2Atc? (%) , (39)

rae 6,2 mucrepcus (MOIHOCTB) INIOTHOCTH PACIpPENeleHHs CIydalHbIX aMILIHTY
UMITYJIbCOB, PABHAS:

of = M{A%(j — )%} = AZ X S pypy G — D2 (40)

[Tonarass ®HY na Beixome ALIIl maeanbHBIM ¢ MmoJIocor mpomyckaHust Afy,
Haiinem CKO myma nepegayu mytem I/IHTerI/IpOBaHI/IH (39)

g = [, Ga(Ddf = 22 [siCr) - 2] (41)

3nech si(x) = f(;( sin(a)

Beipakenue (40) s qucniepcuy aMILTATY]T MOYXKHO YIIPOCTHTD, €CITH HCTHH-
HBbIC BEPOSTHOCTH OIMMOOK Poy 3aMEHUTH YCPETHEHHON BEIMYMHONW BEPOSTHOCTH
OILIIMOKM:

da — ¢hyHKIHS HHTETpaTbHOTO CHHYCa [S]:

= _ L+1 yL+1
Pow = L+1Z j=1 Pij-

Torma mocrne psina npeodpa3oBaHuil MOTyYaeM:

271 _ _ v
0'1_% _ 2Aq [1L-(|-11 Pow) "] %=1(L + 1 — i)zFi, (42)

rae Fi, i € {1,L + 1} unTerpanbHblii 3aKOH pacrpeieieHUs] BEPOATHOCTEH, onpejie-
asiembiid u3 (11).

[MoxcraBmsis (42) unm (40) B (41), onpenensiror CKO myma nepenadm.

BBuay Toro, 4To norpemHocTs GuiIbTpauu &g (M. pasnen 2.4), nyM KBaH-
TOBaHUS & (CM. pazzmen 2.5) u mym mnepenayu &, HE3aBUCHUMBI APYT OT Apyra, TO
cymmapraas CKO BoccTaHoBiIeHUs HemnpepbiBHOro cooOmieHus X(t) Oymer paBHa
cymme CKO yka3aHHBIX MPOLIECCOB:

& =& + & + &L
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OtHocutenbHas cymmapHass CKO BoccTaHOBIEHUS! COOOIIEHUS paBHA!

2
62 = EE/O_(Z:

Benuunna oOpaTtHast 1/0y ecTh OTHOIIEHHE CHUTHA/IIyMm, oOecredynBaeMoe
CUCTEMOH Tiepejaui HEMPEPHIBHBIX COOOIICHHIA.
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1. JIeGenpko E. I'. Teopernueckue ocHoBbl niepenaun nadopmaruu. — CII6.: Jlans, 2011.
2. PaguorexHuyeckue 1enu v curHaibl. [Ipumepsl u 3amaun: YueO. mocodue s
BVY3os. Ilox pen. ['onoposckoro U. C. — M.: Paauno u cBs3b, 1989.

3. backakoB C. M. PagnorexHnyeckue Lenu U CUTHajbl. PYKOBOJICTBO K PELIEHUIO
3ama4: Yue0O. nocodoue mist BY30B. — M.: Bricmias mkoia, 1987.

4. Kuprie U. I1. Ananoro-mudpoBoe npeodbpa3oBaHue CUTHAIOB B MH(POPMAIIUOH-
HBIX cucTemax. Ydu. moc. — M.: PTOTVIIC. 2008.

5. fuxke E., Omae @., JIém @. Crnenuansubie pynkiuu. — M.: Hayka, 1977.
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Kadenpa «KenesnonopoxxHast aBTOMaTUKa, TEIEMEXaHUKA U CBSI3b»

3AJAHUE
Ha KypCOBOU ITPOEKT I10 JUCLUIUINHE

«OBIIAS TEOPHUSA CBA3U»

Tewma npoekra:

«Cucrema nepefauu anajgoroBoit nupopmaruu ¢ ALTI»

CryneHt
I'pynma
udp
JlaTa BbIJIa4M 3aJ1aHUS
JlaTa okoHUaHUS PaOOTHI

Hcxongnrie nanHbIe

Hcrounuk coobme- . Kanan TIpuemnoe
N | ALy | TIPSO yepORCTSO | gy | yerpoierno | WA | @vmeann
Ja- 2 1 Crnioco0 Hactora, 2 Crnioco0 COOOIIIeHHS
Py, B B, c o My No, MBm h N Oon
HUSI mepesiaH ¢ ® | npuéma Bc(1), [1, Mc]

Conepxanue poexTa

1. 1300pa3uth CTPyKTYpHYIO CXEMY CHCTEMbl HHPOPMALIUH, TOSICHUTh HA3HAYCHHUE HIIEMEHTOB
CXEMBI, IPUBECTH KJIACCU(PHUKALINIO CUTHAJIOB M TIOMEX B KaHAJIE CBA3H.

2. Paccuntarh OCHOBHBIE XapaKTEPUCTUKH CIIy4YaHHOT'O CUTHAaJa.

3. Paccunrare CKII ¢punpTpannn nHGOPMAIIMOHHOTO CUTHANA, 4acTOTy Auckpetuzanuu AL, mo-
crosiHHy0 BpeMenu @HY, momHocTs curnana Ha Beixoge GHY.

4. Paccuutarph napametpsl kBantoBaresst ALIl — nuaamudeckuii iuana3oH, mar (MHTEpBall) KBaH-
TOBAHUS U Pa3psIHOCTb.

5. 3akoaupoBaTh L-muHbIe HHPOPMALMOHHBIE OCIEI0BATEIBHOCTH ABOMYHBIM 0€3U30BITOUYHBIM
0JIOYHBIM KOJIOM U MOCTPOUTH TaOIHIly KOAOBBIX PACCTOSTHUM Ul JAHHOTO KOAA.

6. Paccuntath ¥ MOCTPOUTH aMIUIUTYTHO-4aCTOTHBIN CIIEKTP CUTHAJIA TUCKPETHONU MOYIISIINH.

7. PaccuntaTh mapamMeTpsl U XapaKTEpPUCTHKHM CUTHAJIA U TIOMEXU B ayCCOBCKOM HENPEPHIBHOM Ka-
Haine cBa3u HKC, noctpouts ®IIB curnana u nomexu.

8. PaccuuTath cpe/iHee KBaJpaTHUeCKOe 3HAUYEHHUE IITyMa Mepeiadt &2 M OTHOCUTENbHYIO CyMMap-
Hyto CKO &%s BOCCTaHOBIIEHHUS HETIPEPHIBHOTO COOOIIEHHS.

VKa3aTh MyTH YMEHBIICHUS BENUHHBI E25, €CITM OKAXKETCS, 9To E25 > 8% 0m.
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«POCCUHUCKHNHN YHUBEPCUTET TPAHCIIOPTA (MUHUT)»
(PYT (MHUHT)

Kadenpa
«Kene3HoopoKHass aBTOMATHKA,
TEJIEMEXAHUKA U CBA3b»

CHeHI/IaHbHOCTBI HHClJOKOMMYHI/IKaHI/IOHHBIe TCXHOJIOTHHU U CUCTCMBbI CBA3U

KYPCOBOM IPOEKT

«Cucrema nepenayu anagoroBoi uapopmanuu ¢ ALII»

(OOm1as Teopus CBS3M)

Brinoanui.
crynent MBanos 1. N.
(udp) NnoONuUCh

PykoBoaurens npoekra:
noueHrt Ilerpos II. I1.

NOONUCH

20XXr.
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COJIEP)KAHUE

Crp.
I/IHILI/IBI/IL[yaHbHOC 3aJaHUC 3
Bsenenne 4
1 Ob6ocHOBaHME BHIOPAHHOM CTPYKTYPHOM CXEMbI CHCTEMBI CBSI3U
2 Pacuet cucreMsl cBsSI3U
2.1 Pacuer XapaKTCPUCTUK I/IH(i)OpMaHI/IOHHOFO CUrHala
2.2 Pacuer xapaktepuctux AL
3aKI04YeHUE
CHOHCOK UCIIOJIb30BaHHOU JIATEPATYPhI
[Ipunoxenne CTpyKTypHas CXe€Ma CUCTEMBI CBSI3U
KIN.OTC.2KATC.TC.MUUT-POAT
Usm. | Jlucm Ne dokym. lMoodnuck |ama
Paspab. UNeaHoe U. U. Cuctema nepenaumn Jlum. Jluem Jlucmos
lposep. lMempos I1. 1. aHanoroBom VIH(*)OpMaLl,VIVI I I 45 XX
Peuens. 45 ¢ AUM
H. Kormp. MUUT-POAT
Ymeepo. 13 Kag. KATC




[Tpunoxenue 4

WuaTerpanbHas QyHKINS HOPMaJIbHOTO 3aKOHA PacIpeesICHUs] BEPOSATHOCTH
1 (v t2
Dd(v) =— ex (— —) dt
() ==/ exp(—3

v d(v) v d(v) v D(v) v d(v)

0,00 0,500 1,25 |0,8944 2,50 0,9938 3,75 | 0,9(4)12

0,05 0,5199 1,30 0,9032 2,55 0,9946 3,80 | 0,9(4)28

0,10 0,5388 1,35 0,9115 2,60 0,9953 3,85 | 0,9(4)41

0,15 0,5596 1,40 0,9192 2,65 0,9960 3,90 | 0,9(4)52

0,20 0,5793 1,45 0,9265 2,70 0,9965 3,95 | 0,9(4)61

0,25 0,5987 1,50 0,9332 2,75 0,9970 4,00 | 0,9(4)68

0,30 0,6179 1,55 0,9394 2,80 0,9974 4,05 | 0,9(4)74

0,35 0,6368 1,60 0,9452 2,85 0,9978 4,10 | 0,9(4)79

0,40 0,6554 1,65 0,9506 2,90 0,9981 4,15 | 0,9(4)83

0,45 0,6736 1,70 0,9554 2,95 0,9984 4,20 | 0,9(4)87

0,50 0,6935 1,75 0,9600 3,00 0,9987 4,25 | 0,9(4)89

0,55 0,7088 1,80 0,9641 3,05 0,9989 4,30 | 0,9(5)15

0,60 0,7257 1,85 0,9678 3,10 |0,9(3)03 4,35 | 0,9(5)32

0,65 0,7422 1,90 0,9713 3,15 10,9(3)18 4,40 | 0,9(5)46

0,70 0,7580 1,95 0,9774 3,20 ]0,9(3)31 4,45 | 0,9(5)57

0,75 | 0,7734 | 2,00 | 09783 | 3,25 |09(3)42| 450 | 0,9(5)66

080 | 07881 | 2,05 | 09798 | 3,30 |0,9(3)52| 455 | 0,9(5)73

085 | 08023 | 210 | 09821 | 3,35 |0,9(3)60| 4,60 | 0,9(5)79

0,90 0,8159 2,15 0,9842 3,40 |0,9(3)66 4,65 | 0,9(5)83

0,95 0,8289 2,20 0,9861 3,45 10,93)72 4,70 | 0,9(5)87

1,00 0,8413 2,25 0,9878 3,50 |0,9(3)77 4,75 | 0,9(6)00

105 | 08531 | 2,30 | 09893 | 355 |0,9(3)80| 4,80 | 0,9(6)21

1,10 0,8643 2,35 0,9906 360 10,9(3)84| 4,85 | 0,9(6)38

115 | 0,8749 | 2,40 | 0,9918 | 3,65 |0,9(3)87| 4,90 | 0,9(6)52

1,20 0,8846 2,45 0,9929 3,70 10.9(3)89 4,95 | 0,9(6)61

[Tpumevanue — CHMBOJIMYECKAsl 3alUCh 3HaUYeHU GyHKIMM, Hanpumep d(4,70) —
0,9(5)87, o3nauaer ®(4,70) =0,9999987.
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BeposTHOCTB ¥ KOJIMYECTBO UHPOPMALIUH

[Ipunoxxenue 5

P — logz(pi) — pilogz(pi) Pi — logz(pi) — pilogz(pi) P — logz(pi) — pilogz(pi)
0,01 6,643 0,06643 0,34 1,556 0,52917 0,67 0,578 0,38710
0,02 5,644 0,11288 0,35 1,514 0,53010 0,68 0,556 0,37835
0,03 5,059 0,15177 0,36 1,474 0,53061 0,69 0,535 0,36938
0,04 4.644 0,18575 0,37 1,434 0,53073 0,70 0,514 0,36020
0,05 4,322 0,21609 0,38 1,396 0,53046 0,71 0,494 0,35082
0,06 4.059 0,24353 0,39 1,358 0,52980 0,72 0,474 0,34123
0,07 3,936 0,26855 0,40 1,322 0,52877 0,73 0,454 0,33144
0,08 3,644 0,29151 0,41 1,286 0,52738 0,74 0,434 0,32146
0,09 3,474 0,31265 0,42 1,252 0,52565 0,75 0,415 0,31128
0,10 3,322 0,33219 0,43 1,217 0,52356 0,76 0,399 0,30091
0,11 3,184 0,35029 0,44 1,184 0,52115 0,77 0,377 0,29034
0,12 3,059 0,36797 0,45 1,152 0,51840 0,78 0,358 0,27959
0,13 2,943 0,38264 0,46 1,120 0,51533 0,79 0,340 0,26866
0,14 2,836 0,39711 0,47 1,089 0,51196 0,80 0,322 0,25754
0,15 2,737 0,41054 0,48 1,059 0,50827 0,81 0,301 0,24624
0,16 2,644 0,42302 0,49 1,029 0,50428 0,82 0,286 0,23477
0,17 2,556 0,43459 0,50 1,000 0,50000 0,83 0,269 0,22312
0,18 2,474 0,44531 0,51 0,971 0,49543 0,84 0,252 0,21129
0,19 2,396 0,45523 0,52 0,943 0,49058 0,85 0,234 0,19929
0,20 2,322 0,46439 0,53 0,916 0,48545 0,86 0,217 0,18759
0,21 2.252 0,47282 0,54 0,889 0,48004 0,87 0,201 0,17479
0,22 2,184 0,48057 0,55 0,862 0,47437 0,88 0,184 0,16229
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pi — loga(pi) — pilogz(pi) pi — loga(pi) — pilogz(pi) pi — loga(pi) — piloga(pi)
0,23 2,120 0,48767 0,56 0,836 0,46844 0,89 0,168 0,14963
0,24 2,059 0,49413 0,57 0,811 0,46225 0,90 0,152 0,13680
0,25 2,000 0,50000 0,58 0,786 0,45581 0,91 0,136 0,12382
0,26 1,943 0,50529 0,59 0,761 0,44912 0,92 0,100 0,11067
0,27 1,889 0,51002 0,60 0,737 0,44218 0,93 0,095 0,09737
0,28 1,836 0,51422 0,61 0,713 0,43500 0,94 0,089 0,08391
0,29 1,786 0,51790 0,62 0,690 0,42759 0,95 0,074 0,07030
0,30 1,737 0,52109 0,63 0,667 0,41994 0,96 0,059 0,05654
0,31 1,690 0,52379 0,64 0,644 0,41207 0,97 0,044 0,04262
0,32 1,644 0,52603 0,65 0,621 0,40397 0,98 0,029 0,02856
0,33 1,599 0,52782 0,66 0,599 0,39564 0,99 0,014 0,01435
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Meroandeckue ykazanus K KypcoBOMY MPOEKTy no nucturuinae OO0rmas Teopus CBsi-
3u 1o cnernuanbHocti 210700.62 «MHPpOKOMMYHHUKAIIMOHHBIE TEXHOJOTHH U CUCTE-
MBI CBSI3HY.

Kadenpa (()KCJIC?)HOI[OPO}KHa}I ABTOMATHKa, TCIICMCXaHHUKAa U CBA3b».

CocraButenb: 1. T. H., npod. Kusimer U. I1.
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