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IIEPEUEHB UCITOJIb30BAHHBIX COKPAILIEHU

ALIl - amanoro-udpoBoi npeodpazoBaTeb;
BY — BpelYMTamIee yCTporucTBO;
I'OCT — rocysapCTBEHHBIH CTaHAAPT;
JAM — jnuckpeTrHast aMIUTUTyIHas MOAYJIALINS;
JAKC — JIUCKpeTHBIN KaHaJ CBS3H;
JOOM — nuckpeTHas OTHOCUTENbHAs dha3oBas MOTYJISIIHS;
JYUM — jauckpeTHad 4aCcTOTHAsA MOIYJISALIMS,
ECKJ — eaunHas cucteMa KOHCTpYKTOpcKo# mokymeHTarun (cuctema ['OCToB);
NKM — uUMIyJIbCHO-KOAOBAs MOIYJISIINS;
UC — HCTOYHHK COOOILICHHII;
KII — korepeHTHas oOpaboTKa (MpUeM) CUTHAIIA;
JI3 — nuHwuA 3a0€pKKy;
HIT — wnekorepenTHas oOpaboTka (IpueM) CUrHania;
HKC — HenpepbIBHBIM KaHAJ CBS3H,
OTC - oOwas Teopus CBA3H;
IIJIY — mnepenatoiiee yCTPOUCTBO;
[IIId - mnonocHO-TIpomycKaouwi GUILTP;
I[IPY — npuemHOe yCTpONCTBO;
PY — pewarouiee ycTpoucTBO;
CII - cpaBHenue nossipocTelt (MeTo1 ipuema curaainoB JJODM);
CIIM1 - cucrema niepegaun nHGopmauy;
CK3 — cpeaHekBaJpaTUYECKOE 3HAUEHUE HEKOTOPOI IIEPEMEHHOM;
CKO — cpenHekBaapaThueckas OIIMOKa;
C® - cpasHenue ¢a3 (Meron npuema curHaios JJODOM);
C/III — OTHOILIEHHE CUTHAN/IIYM;
YITI — y3KOIOJIOCHAs rayCCOBCKas MOMEXa;
®HY - (uiabTp HUKHUX YACTOT;
®OH - dopmupoBaTenb OMOPHOTO HANPSIKEHUS,
®IIB - ¢yHKOHS INIOTHOCTH BEPOSTHOCTH;
HAII - uudpo-aHaIoroBeiil mpeoOpa3zoBaTCIIb;
OBM — 3jieKTpOHHAsi BBIYUCIIUTEIbHAS MallIMHA (KOMIIBIOTED).



IIEPEUEHbB MCIIOJIb30BAHHBIX OBO3HAYEHUN
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aBTOKOppesionnas GpyHkuus curnana g(t);
B3aUMOKOPPEIAIIMOHHAS ()YHKIAS CUTHAIOB X(t) 1 v(t);
coof1enre UCTOYHHKA;

MPUHATOE COOOILECHHUE;

KOJOBOEC PACCTOSIHUE MEXKY /-0i U m-0il KOJTOBBIMU KOMOU-
HAITUSIMU OJIMHAKOBOM JIJTUHBI,

NEPBUYHBIN ANCKTPUUCCKUN CUTHAI COOOIICHHUS;

CUTHAJI COOOITICHUS Ha BBIXOJC MPUCMHUKA;
HHEPTEeTUYCCKUM CIIEKTp curHania g(t);

4aCTOTHAS XapaKTCPUCTHKA (DUITBTPA;

HOPMUPOBAHHASI aBTOKOPPENSIIUOHHAS (PYHKIIUS CUTHAJIA
g(t);

CUTHaJ COOOIIEHHUS C OTPAaHUYEHHBIM CIIEKTPOM;
JTUCKPETU3UPOBAHHBINA CUTHAJI COOOILICHMUS;

CUTHaJ COOOIIEHHUS C OTPAaHUYEHHBIM CIIEKTPOM Ha BBIXO/JIE
MPUEMHUKA;

NEePUOINYECKAS MTOCIEA0BATEIBHOCTD O-(OYHKIIMIA;
MHTEPBaJl BPEMEHHOM JUCKPETU3AIINH;

(hM3UYCCKHU pealin3yeMbIC BXOIHBIC YPOBHU CPaBHCHUS
ALII;

BbIXOJIHbIE YPOBHU cocTosiHus ALl

KBaHTOBAHHOE 3HAYEHUE CUTHAJIa COOOIICHUSI B MOMEHT Bpe-
MeHH KAt;

KBAaHTOBAaHHOC 3HAYCHHUC CHTHAJIA COOOIICHHS B MOMCHT BpE-
MecHU kAt Ha BBIXOJIC TPUEMHMKA;

KOJIOBasi KOMOMHAITUSI COOOIICHUSI B MOMCHT BpeMcHU kAt,
CoJIeprKalliasl | pa3ps/ios;

paspsaHocts AL,

HECYIIIEEC TaPMOHMYCCKOC KOJIcOaHmce;

Hecylee KojiebaHue, MOTyJIMPOBAHHOE COOOIICHUEM byH;
Hecyllee Kojiebanue, MOy IMpOBaHHOE cooliieHneM bi*, Ha
BBIX0JI€ IPUEMHUKA;

CUTHAJ, N€pe1aBaeMblii [0 JTUHUU CBSI3H;

MOMeXa B JIMHUH CBSI3H;

CUTHAJ Ha BXOJI€ MPUEMHHUKA, MOCTYMUBIIUA U3 TUHUH
CBSI3U;

YUCJIO HyJIeH U YUCJIO €IMHUI] B KOJIOBOM KOMOUHAITUY;
ITUPUHA CIIEKTpa MEPBUYHOTO CUTHAIA;

HIUPUHA CIIEKTPA CUTHAJIA C JUCKPETHON MOILYJIAIUEH;
ITUPUHA CIIeKTpa IU(POBOro CUTHAIIA;

4acToTa cpe3a PUIbTpa HIKHUX YacTOT;
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JacToTa IMCKPETU3allUy CUTHAJA;
NPOIMYCKHAs CIOCOOHOCTh KaHaa CBS3H;

ko3¢ ¢uLmenT ocnabiaeHus CUTHANIA IPYU PacpOCTpaHEeHUH
10 JINHUH CBSI3W;

Onepalys CTAaTUCTUYECKOTO YCPETHEHHS [T0 MHOYKECTBY pean3a-
LIHH;

oaHoMepHas (PYHKIUS pacipeesieHHs ITIOTHOCTH BEPOSITHOCTH
ClIydafHOTo mpoliecca (CUTHAJIA);

XapakTepucTHUecKas QYHKITHS CIIyIaifHOTO CUTHAJA,
a¢deKTHBHAS HIMPHUHA XapaKTCPUCTHUCCKOM (DYHKITH CTydaii-
HOTO CUTHAJIA;

MOTPEITHOCTh KBAaHTOBAHHUS K-Tr0 OTcueTa cUrHana;

CKO dunsrpanuu coodmenns OHY;

IITyM KBaHTOBAHUS;
CK3 mrymMa KBaHTOBAaHUS,

CK3 myma nepenaun;

CKO BoccTaHOBJIEHHUS COOOIIICHUS.



BBEAEHUE

Juctmmnunaa «O061mmas Teopus cess3u» (OTC) apisercst 6a30BOM 11 U3yUSHUS
CHeUUaIbHBbIX AUCUMIUIMH: «CeTH CBA3M M CHUCTEMBI KOMMYTalLMH», «OpraHu3anus
TEXHOJOTHUECKHX ceTeil CBs3m», «lludpoBble cHCTEMbI OmepaTUBHO-TEXHOIOTHYE-
CKOH cBsi3u» W Jp. 3agaua qucuunianHbl OTC — U3710KUTh B AOCTYNHOU (hopme H
HAyYHUTh UCIIOJIB30BATh OCHOBHBIE ITOHATHUSA, MOJOKEHHS U XaPAKTEPUCTUKH Pa3EIOB:
TCOPUSI JETCPMUHUPOBAHHBIX U CIIYyYalHBIX CUTHAJIOB, TCOPHUS MOTYJISIIIUM U JICTCKTH-
pOBaHUs, TCOpHUsi UHPOPMAIIUK U KOJUPOBAHUS, TCOPHS ONTUMAILHOTO MIPUEMa CHT-
HaJoB U JIp. KypcoBolt IpoeKT ABIACTCSA 3aBEPIIAIONIAM 3TATIOM OCBOCHUS U CUCTEMa-
tr3anuu Marepuaia OTC.

Ocoboec BHUMaHHE B MIPOCKTE YJICISACTCS criocodaM npeodpa3zoBaHus aHAIOTO-
BBIX cUrHaJIOB B 1udpoByto dhopmy (ALIIL) u nudpoBeiM mMeToam nx oOpabOTKH U
nepeaavyn. ITO CBA3AHO C IMIMPOKUM BHEAPEHHEM Ha JKEJIE3HOAOPOKHOM TPAHCIIOPTE
HU(POBBIX METOJOB, OOOPYIOBAHUS M CUCTEM Iepeaadd MH(pOpMaLuu, UCIIONb3ye-
MBIX B HH(PPOBBIX HHTETPAIBbHBIX CETSX.

JIist cornacoBanus HU(PPOBBIX CUTHAJIOB C aHAJIOTOBBIM KaHAJIOM JIMHUU CBSI3H
WCITOJIB3YIOTCS PA3IMUHBIE BUAbI AHAJTIOTOBOM U TUCKPETHON MOAYJIAUUA (MAHUITYJISI-
uun). TpeGyemass noMEXOyCTOMYMBOCTD MEPEAAUN CUTHAIOB MO KaHAIY CBS3U MOXKET
OBITh OOecrieueHa BRIOOPOM BHAA MOIYJIALMH, MOMEXOYCTOHUMBBIM KOAUPOBAHHUEM,
THTIOM TIPUEMHHUKA U JPYTUMH METOJIaMH.

B maHHBIX METOAMYCCKUX YKAa3aHUSAX H3JI0KCHBI OCHOBHBIC TCOPCTHUYCCKUC
CBCJICHUSI M COOTHOIIICHUS, HCOOXOIUMBIC ISl BBITIOJIHCHUS PAcUCTOB, MPUBEJICH aJl-
TOPUTM BBIIIOJIHEHUSI KYPCOBOT'O IIPOEKTa, TpeOoBaHus 110 ero odopmiicHuto. Hsio-
JKEHA II0CJICIOBATEIILHOCTD BBIIIOJHEHHS PACUeTOB M yKa3aHa HeoOXxoaumas uisd pa-
OOTHI JIUTEpaTypa.



1. OBIIUE I10JIOKEHMU S

1.1. [{enu xypcosozo npoexma

KypcoBoil mpoeKT cTaBUT LETN CUCTEMAaTU3HPOBATh, 3AKPEMUTh U yTIAyOUThH
TEOPETUUECKHE 3HAHUS CTYJEHTOB, IPUBUTH HABLIKK MPOBEACHUS aHAIM3a U CHHTE3a
OTJENBHBIX YCTPOHCTB M CUCTEMBI CBSI3H B LIEJIOM, OCBOMTH TEXHUKY pacueTa napameT-
POB CHCTEM CBSI3U. JTO JOCTUTAETCA B IpoLiecce 0OOCHOBAHMS U BHIOOpa BUAOB CHI-
HaJOB, UCMOJNB3YEMBIX B CUCTEMaxX Nepeaadyd MH(popmanuu, o0OCHOBaHHUS crocoba
MOJYJIAIIMY CUTHATIOB B KaHAJIE CBS3U, BRIOOpA K 0OOCHOBAHUS CIIOCOOOB KOAMPOBa-
HUS, TIOCTPOCHUS CXEMBI OTITUMAIHFHOTO TPUEMHHKA, pacdeTa OICHOK ITOMEX0YCTOH-
YHBOCTHU M TIPOITYCKHOU CIIOCOOHOCTH KaHAJIOB CBSI3H, a TAK)KE TMOTPEITHOCTH TIPH BOC-
CTAHOBJICHUH IIPUHATOTO CUTHAJA (COOOIICHUA).

1.2. 3a0anue na Kypcogot npoexm

[Ipu BBIIIOJIHEHUH KYPCOBOI'O IIPOEKTA B COOTBETCTBUU C MHIUBUIYAJIbHBIM 3a-
JaHueM (UCXOJHBIMHU JIaHHBIMHU) CTYJICHT JOJDKEH MPOJAESMOHCTPUPOBATH YMEHHE
ITOJIB30BATHCSA OCHOBHBIMHU PACYETHBIMHA COOTHOLUEHHSIMU 10 pa3aeiaM JIUCLUIIIUHBI
«OO011ast Teopus CBI3W», UCMONb3YS MOJYUYECHHbBIE 3HaHUS, a TAKXKE YUEOHYI0, METOAM-
YECKYH0 U CIIPABOYHYIO JTUTEPATYPY.

Kaxaplil CTyAEHT IOKEH BBINOJHUTH KYPCOBOM MPOEKT B COOTBETCTBUY C UH-
JTWBUyalbHBIM 33JaHreM, (popMa KOToporo npuseneHa B [lpunoxenuu 1, u ucxon-
HBIMH AaHHBIMU U3 Ta0auLel 1. Homep 3apanus (Neyjp) onpeaensiercst o AByM NOCIIE -
HUM mudpaM mudpa cryaeHra (nan;) U3 COOTHOIICHUH:

n,n,, ecaiu 01 < n,ny < 40;

Neyj=4 npn; —40, ecan 41 < nyn; < 80;

n,n; —80, ecniu 81 < n,n; < (1)00.

1.3. Cooeporcanue u o6vem npoekma

KypcoBoii 1poeKkT cOCTOMT U3 OIUCATEIIbHON M pacueTHON yactel. Ornuca-
TEJIbHAS YaCcTh BKJIIOYACT B ¢ccO 000CHOBAaHNE BEIOPAHHOM B COOTBCTCTBUM C MHANBU-
JlyaJlbHbIM 33JIAHUEM CTPYKTYPHOH CXEMbI CUCTEMBI CBSI3H, CJICJIAHHOE C UCIIOJIb30Ba-
HHUEM PEKOMEHIOBAHHOW U MHOU JINTEPATYPbl. B pacyeTHOM 4acTH IPUBOLATCS MaTe-
MaTUYECKNUE BBIPAKCHUS U PE3YJIbTaThl BBIIIOJHCHUS PACUYETOB. B MpPOEKTE J1OJKHBI
OBITH MPUBEICHBI UCIIOIB3YCMbIC TPaUKH, PUCYHKH, CTPYKTYPHBIC U (PYHKITMOHAITb-
HBIE CXEMbI CUCTEMBI Tiepeaadr UHGOPMAIUU U OTIETbHBIX YCTPONCTB.

[losicHuTenpHAS 3aMMCKa KYpPCOBOTO MPOEKTa, 00bEMOM HE MEHEe 25 CTpaHMUII
TEKCTa, TOJ’KHA CO/IEPKATh!

Tutynensiit tuct (I[punoxenue 2);

Conepxanue ([Ipunoxenue 3);

WnnusunyansHoe 3ananue ([punoxenue 1);

BBenenue;

OCHOBHYI0 4acTb, BKIIFOUAIOIIYIO B CEO:

— 000CHOBaHNE BEIOPAHHOMN CXEMBI CUCTEMBI CBSI3H;
— pacyeT PHEPTETUYECKUX XaPaAKTEPUCTUK HHPOPMAITMOHHOTO CUTHAIIA;



— pacueTr CpeaHEKBaAPATUIHON MOTPEIIHOCTH (HUIBTpAIIMi HHPOPMAIIOH-
HOTO CHUTHAJa;
— OMHCAHME PJIEMEHTOB CUCTeMBI niepenadun uapopmammu (AL u ap.);
— CTPYKTYpPHYIO cxeMy U pacuet napamerpos ALIII;
—pe3yAbTaThl KOAUPOBAHUS LL-PA3PSIAHBIX MOCAEI0BATEILHOCTEN JBOUYHBIM
0e3U30BITOYHBIM KOJOM;
— pacyeT CNeKTPa CUTHAIIA ¢ TUCKPETHON MOAYJIISALIMEM;
— pacyeT mapamMeTpoB I'ayCCOBCKOTO HENPEPHIBHOTO KaHAJIA CBSI3H;
— (DYHKITMOHAJIBHYIO CXEMY JEMOIYJISITOpa IPUEMHUKA CUTHAJIOB C JUCKPET-
HOWU MOZYJIALIUCH;
— pacyeT napaMeTpoB JUCKPETHOTO KaHAJIA CBA3H;
3aKiIoucHuce;
CHucoK UCI0JIb30BAHHOM JIMTEPATYPBI;
[Ipunoxenue, copepxaiiee CTPYKTYPHYIO CXEMYy CIPOEKTHPOBAHHOW CH-
CTEMBI CBSI3U.



2.METOIUYECKHUE YKA3AHUA 110 BBIITOJIHEHUIO
KYPCOBOI'O ITPOEKTA 1 OCHOBHBIE PACUETHBIE
COOTHOIIEHUA

2.1. Obwue yrazanus

JlanHbple METOAUYECKHE YKa3aHUsSl NIPEAIaraloT OCHOBHBIE ITyTH BBINOJHEHUS
KypcoBoro npoekrta. CTyIeHTbl MOTYT BBIOMPATh UHBIE METO/bI PEIICHHs 3a]1ad, Mo-
CTaBJIEHHBIX B KYpPCOBOM MPOEKTE, MPUBOIALLINE K MPABHUILHOMY PE3YJbTaTy.

B pasnenax KypcoBOro mpoekTa I0JKHO OBITh OTPaXKECHO CleIyIoIIee.

B coaep:kaHuM mepeUMCIIAIOTCS B COOTBETCTBYIONIEM TOPSIKE MYHKTHI BBI-
MOJIHCHHOTO MIPOEKTa C YKa3aHUEM HOMEPOB CTPAHHUII.

Bo BBeaeHum HeoOX0IUMO OOOCHOBATH BO3MOXKHOCTH U II€IECO00pPa3HOCTD
MIPUMCHEHUS MPOCKTUPYEMOU CHUCTEMBI Tiepelaud WH(OpMAIlUK Ha JKEJIC3HOO0POXK-
HOM TPaHCIOPTE, UCIIOJIb3YsI MaTepHall JUCUUINIMHBL «OO0I1as Teopusi CBI3U» U ApY-
'€ UCTOYHUKHU.

B 0CHOBHOI1 YacTH CIEIyET NPUBECTHU:

1) onpenenenue cucteMsl nepenaun nHpopmarmu (CITN), knaccudukanuro CTIA
0 UCTIOIB3YEMBIM COOOLIEHUSIM, CUTHAJIAM, JIMHHAM CBS3U, YHCITY HCIIOb3YEMBbIX Ka-
HAJIOB CBSI3U U JIP., CTPYKTYPHYIO CXEMY IPOEKTHPYEMOU CUCTEMBI CBS3H;

2) o0ocHOBaHUE BHIOPAHHBIX CTPYKTYPHBIX U (PYHKLIMOHAIBHBIX CXEM, PE3YJIb-
TaThl PacyeTOB TPEOYEMBIX BEIHYHUH U XapAKTEPUCTHUK, BHIMOJHEHHBIX HA OCHOBA-
HUU U3BECTHBIX MaTEMAaTUYECKUX BBIPAKCHUH.

B 3akaroueHum ciegyer npruBecTd 0000UIAONINE BBIBOJIBI 110 IIPEABLIY M
IYHKTaM, OTMETUTh, B YEM [IPEUMYLIECTBO BRIOPAHHON CXEMBI, YKa3aTh IIyTH I1OBBI-
nicHus 3 HEKTUBHOCTH pabOThI AIIEMEHTOB KaHaia cBsizu u Beewt CIIU B miemom.

B cnincke uTepaTyphl HCOOX0MMO PHUBECTH PEKOMEHIOBaHHY 10, JIOIIOJIHATE b
HYIO U UHYIO JITTEPATypy, KOTopasi Obula HCIOJIb30BaHa B KYPCOBOM IIPOCKTUPOBAHNH.

B npuiokeHMH MPUBOAUTCS CTPYKTYpHAas CXe€Ma CIPOCKTUPOBAHHOW CH-
CTEMBI CBSI3M, BBIIIOJIHEHHAs B BUJE deprexa ¢ cobmoaeHreM TpedoBanuid ECKJI
(I'OCT 2.105-95; 'OCT 2.701-2008, 'OCT 2.702-75, TOCT 2.710-81; 'OCT 2.721-

74 u np.).
2.2. HUcxoonble OarnHble

HenpepriBroe cooOuieHue c(t), coznaBaemoe uctouHukoMm coobmienuii (MC),
NpeACTaBIsieT cOOON peann3aluio CTAllIOHAPHOTO rayCCOBCKOTO CITyYaiHOIO MPOLECCa C
HYJIEBBIM CPETHUM 3HAYEHWEM M M3BECTHOM (yHKImer koppemsiiun B.(t). [lepsuunbrii
npeoOpa3oBarenb OCYLIECTBISET JIMHEHHOE MPpeoOpa3oBaHUe COOOLICHUS B TEPBHYHBIHN
AEKTPUIECKUH curHan g(t), Hecyrmii nHpOopMaIuio (COOOIeHNE) M UMEIOIININ TaKne Ke
CTAaTHCTUYECKN XApPaKTEPUCTUKU. DTOT CUTHAT HEOOXOIMMO TEepeaaTh MOydaTeiro o
CMEIIaHHOM, aHATOro-11(ppoBo cucteme nepeaaqn uapopmaruu (CITN).

B nmepenatomem ycrpoiictee (I1J1Y) cMmemannoil cucremsl nepemxaun uHdop-
Malliu aHaynoro-nu@poBoil nmpeodpazosarens AL npeoOpazyeT nepBUUHBIN CUTHANT
B IU(PpoBOH curHai byt, KOTOPBIM MOYIUPYET OJUH U3 UHPOPMAIIMOHHBIX MTapameT-
POB TApMOHUYECKOTO MepeHocurKa (Hecymei) uy(t). B pesynsraTe hopmupyercs mu-
HeWHbI curHan s(t, by"') ¢ auckpeTHOM aMmauTymHON Momyssmmed (JJAM),
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JHUCKpEeTHOM yacToTHOW Moayauuei (JJYM) win gucKpeTHOH OTHOCUTENIBHOM (ha3o-
Boi moayJsnueit (JIO®M). Bun ucnonszyeMoil MOAYJIALINY ONPEACTSAETCS 3alaHUEM.

CHrHan ¢ COOTBETCTBYIOIIEH AUCKPETHON MOAYJIALME (MaHUMyIsIUUEn) 1e-
penaeTcs no rayccoBCKOMY HernpepblBHOMY kaHany cBsizu (HKC).

B npuemHom ycrpoiicte (IIPY) cuctemsl CBS3M NpUHATAS a1IUTUBHASI CMECh
curnana u myma z(t) = ¥ S(t) + n(t) c IAM unu JITYM nonsepraercs korepentHoit (KI1)
win HekorepeHTHo (HIT) oGpabGoTke ¢ mociieayonuM Mo3JIEMEHTHBIM MPUHATHEM
PEIIEHHS O MOCTYIUBIIIEM CUTHAJIE METOJIOM OJJHOKpAaTHOro oTcuera. [Ipuem curnaa
¢ IODM moxer ocymiecTBIATECS MeToaamMu cpaBHenus ¢a3 (CD) nnm cpaBHeHus
nonsipaocteit (CIT).

Pemenue o TOM, Kakol curnas, HeECyHi cooOuienue, Obul nepeaan (OueHKa Ie-
PETAHHOTO CUTHANIA TI0 TPUHSATOMY C UCKKEHHSIMU ITU(PPOBOMY CHUTHAITY), TIOTyYaCTCS
MyTeM JACTEKTUPOBAHUS, IEKOAUPOBaHUs U 1udpo-aHanoroBoro npeodpazopanus (LTAIT)
BBIXOJ/IHOTO CUTHAJA MIPUEMHHUKA C MTOCJIEAYIOLIEH HU3KOYaCTOTHON (PUITbTpaliueil.

B KypcoBOM MpoekTe HEOOXOAUMO MOTYUHUTh OLIEHKU MPOIMYCKHOW CTOCOOHOCTH
KaHaJia CBSI3U M MIOIPCIIHOCTH ITPH BOCCTAHOBIICHUH TIPUHSITOTO CUTHAJIA (COOOIIICHUS).

WcxomHbic TaHHbBIC JIJIs pACYCTOB IPUBEICHBI B TAOIHUIIC 1, T/I€ MCIIOJIB30BAHBI
cieayrome 0003HauCHUS:

» P, = 6,%, B” — MOIIHOCTB IIEPEMEHHOM COCTABIAIOMIEH (IMCIIEPCHUS) IIEPBUYHOTO
CUTHaJIa COOOIeHUS Ha conpoTuBiicHHH 1 OMm;

» B, mc! — nokaszarens 3aryxanus QyHKIUH Koppensuun Be(t);

» 0 — KO3 (OUIIUEHT MOBBIIEHUS YaCTOThI JUCKPETU3AIINUH,

» fy, MI'y — Hecyias yactora B cucteMe ¢ JJAM u JJODM;

» f) u £, MI'y — 3Ha4YeHUS HecyIci YacToThl B cucTeme ¢ JJTUM;

» No, uBm/['y — ClIEKTpajibHas IVIOTHOCTh MOIIIHOCTH IIyMa B HEIIPEPHIBHOM Ka-
HaJi€ CBSI3H;

» h? — Tpebyemoe oTHomeHue curHa/yM (C/11) o MOIHOCTH Ha BXOJIE JACTEKTOPA;

> 3%on — JOIyCTHMasi OTHOCUTEIBHAs cpeaHekBaaparudeckas ommbka (CKO)
BOCCTAHOBJICHHUS COOOIICHMSI;

» Afy — IIMpUHA CIIEKTPA MEPBUYHOTO CUTHAJIA COOOIICHHUS.

B kypcoBoM npoekTe HEOOX0AUMO:

2.2.1 I300pa3uTh CTPYKTYPHYIO CXEMY CMEIIaHHOM CUCTEMBI CBS3U U TTOKA3aTh
CUTHAJIbI B Pa3IMYHBIX €€ CCUCHMIX (TOUKAX);

2.2.2 Paccuurars:

— CIIEKTP IUIOTHOCTH MOIMHOCTH (,(f) mepBuuHOrO curHana (cooOuieHus ), no-
cTpouTs rpaduxn B (1) u Gy(f);

— cpenaekBagpaTrdeckyro ommoky (CKO) ¢unprpanuu coobiieHus eé;

— MOIHOCTE Py = 6%, wacrtoty f; = 2af, u uHTEpBAN At; BpEMEHHOM TUCKpPETH-
3a1uu BeIXO/IHOTO curHana @HY npu nmojgayue nepBUYHOTO CUTHANIA HA €T0 BXOJ. Cun-
TaTh, YTO MEPBUYHBII CUTHAI UMEET MUPHUHY cnekTpa f,, a DHY naeanbublii ¢ yacTo-
TOM cpe3a fp = fy;

— WHTepBaJ KBAHTOBAHMA A,, MOPOTM KBAHTOBAaHMSA Ui, i€ {1,L}, BHIXOIHBIE
ypoBHU V;, € {1,L + 1}, u pa3zpsanocts p ALII,

— CKO kBanToBanus % B ALILI;
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Ucrounnk . Kanan [Ipuemnoe
No R a— [Iepenaromiee ycrpoiicTBO B3I JCTpOHCTEO HAII DyHKIUA
3a/aH. Py, B e " Croco6 Yacrora, My No, uBm-c 2 Cno.c‘:o6 0n KOppENSILIH COOOLICHNS
nepenaun | fo (f2) fi npuéma Be(7)
21 4,4 7 1,5 JODdM 80 0,0022 6,1 Co 0,13
22 4,6 8 2,0 JAM 81 0,0008 18,0 HO 0,15 sin(2mB1)?
8 (2mBv)? °
23 4,8 9 2,5 J4UM 82 83,5 0,0017 12,0 KO 0,17 7| < 1/2B;
24 5,0 10 3,0 JOOM 83 0,0023 6,4 CII 0,19 Af,=P
25 3,8 13 3,5 JAM 84 0,0009 18,5 KO 0,1
26 3,3 14 3,5 UM 85 86,5 0,0018 12,5 HO 0,12
27 2,8 15 30 | JOdM 86 0,0024 6,7 Cd 0,14 Pgcos(2nft)
1-(4p0)? °
28 2,3 16 2,5 JAM 87 0,0004 19,0 HO 0,16 o0 < T < 0;
29 1,8 17 2,0 UM 88 89,5 0,0019 13,0 KO 0,18 Afg = 4.
30 1,3 18 1,5 JODOM 89 0,0025 7,0 CII 0,2
31 3,6 7 1,5 JAM 90 0,0005 19,5 KO 0,09 1
Pycos(2rfr), |t| < —;
32 3,1 2,0 J4UM 91 92,5 0,002 13,5 HO 0,11 4B
33 2,6 9 2,5 JOOM 92 0,0026 7,3 Co 0,13 0, |z| > %;
34 2,1 10 3,0 JAM 93 0,0006 20,0 HO 0,15
35 1,6 11 3,5 JUM 94 95,5 0,0021 14,0 KO 0,17 Afy = 3.
36 1,1 12 3,5 JOOM 95 0,0027 7,6 CII 0,19
37 1,2 6 3,0 JAM 96 0,0009 8,0 HO 0,12 P, (1 — BltDexp(—Blt]);
38 1,5 9 2,5 JUM 97 98,5 0,0011 10,0 KO 0,13
39 1,7 | 12 | 20 | DO®M | 98 0,0015 | 12,0 Cd 0,14 Af, = 2.
40 1,9 15 1,5 JAM 99 0,0018 15,0 KO 0,15
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— pacnpenernenue BepoatHocteil p;, j = {1,L + 1}, u unrerpansnoe pacnpeze-
nenue BeposatHoctelt Fi, j = {1,L + 1} KBaHTOBaHHOM MOCIIEI0BATENLHOCTH {ViJ};

— suTporuio Hy, mponsBoanTensHOCTh Ry M M30BITOUHOCTE { KBAHTOBaHHOM TO-
CIIEI0BATENILHOCTH. B crcTemMe ucnosb3yercss KBAaHTOBaHUE C PABHOMEPHBIM IIATOM.

2.2.3 3akoaupoBath L-uuHyI0 I0CIe10BaTeNnbHOCTS {vid} Ha Beixoae ALITT aBo-
WYHBIM 0€31M30BITOYHBIM OJIOUHBIM KOJIOM {by"}, BEIITHCATH BCE KOJIOBBIC KOMOUHAITUN
¥ TIOCTPOUTH TaOJHILy KOAOBBIX paccTosHuil {dm}, /,m € {1,L + 1} koxa.

Paccuutats anpuopnsie BepositHocTH p(0) u p(1) mepenayu HyJEBOTO U €/IU-
HHYHOTO CHUMBOJIOB COOTBETCTBEHHO 10 ABonuHOMY JIKC, a Taxke mupuHy criekTpa
1idpoporo curHana Afy.

2.2.4 1300pa3uTh CIEKTp CUTHAJIA C TUCKPETHON MOTYJIAIMCH U pacCUUTATh €TO
mupuny Afs.

2.2.5 Paccuurars:

» MOIIHOCTb Py, MPUXOMSIIYIOCS B CPETHEM HA OJIUH JIBOUUHBIA CUMBOJI (OUT);

» ammuiutyay Uy, CUTrHajga AUCKPETHOW MOAYISLMU, HEOOXOAUMYIO 11 o0ec-
TeueHns TpebyeMOro COOTHOIIEHHs CHTHAN/ITyM h? Ha BXO/ie TIPUEMHUKA,;

» npornyckHyto cnocodHocTs C rayccosckoro HKC.

2.2.6 PaccunTath CpelHEKBAAPATHYECKOE 3HAUECHHE IIyMa Nepefadn &2, U OT-
HocUTeNnbHYI0 cymmapHyo CKO &g BOCCTAHOBIIGHHS HENPEPLIBHOTO COOOIIEHHS.

VKasarh yTH YMEHBIICHHS BEJIMYUHBI &2y, eclti oKaxeTcs, 9to &y > 8% .

2.2.7. N3006pa3uTh cXeMy IPUCMHHKA CUTHAJA JUCKPCTHOW MOIYJISIUN (BBI-

MOJIHACTCS IPU MTOCTPOCHUHU CTPYKTYPHOM CXEMBI BCCH CUCTCMBI).

2.3. Cmpykmypnas cxema cucmembvl nepeoasu UHpopmayuu

B ¢ poBbIX U JUCKPETHBIX CUCTEMAaX CBSI3M BO3HUKAET HEOOXOJAUMOCTb IIE-
pemadu HENPEPHIBHOTO COOOIICHNUS TI0 TUCKPETHOMY (I POBOMY) KaHAITY CBSI3H. JTa
npoOemMa penIaeTcs Mpy UCIOIb30BaHUM CMEIIAHHON CUCTEMBI CBA3H. OIHOI U3 BO3-
MOKHBIX SIBJIIETCS CHUCTEMA Mepeaadl HEMPEPHIBHOTO COOOIEHUS C UCTIOIb30BAHUEM
MMITYJI5CHO-KO0BON Moaysaiuu (MKM)!. CTpykTypHas cxema Takol CUCTEMBI TIPH-
BeJEcHA Ha puc. 1.

Omna coctout u3 ucrounuka cooduenuit (MC), ananoro-uudposoro npeobpa-
3oBatens (ALLIl), nBoruHoro auckpetHoro kanana cBssu (JIKC), coctaBHOM yacThio
KOTOPOTO SBJISETCS HENMpEPbIBHBIN KaHan ¢ nuHuen cBsizu (HKC), uudpo-ananorosoro
npcodpazoBarens (LIAIT) u BeixogHOTO ITpeoOpa3oBarelis CurHaia B COOOIICHUE.

! O6menpuHATEI! TepMHH PONEAYPHI HPeo6pa3oBaHus HEPEPHIBHOTO (aHAIOTOBOTO) CHIHAJA B TH(POBYIO GOPMY.
@DakTHYCCKH HE COACPKUT HECYIIEro KoeOaHus 1 MOIYIISINH, KaK [Ipollecca H3MEHEHNUS €TI0 TapaMeTpa B COOTBET-
CTBHHU C MOAYIHPYIONINM CHTHAJIOM.

13






HcTounnk cooO1ieHn — 3T0 HEKOTOPBIM 0OBEKT WITH CUCTEMa, HH(GOPMAIHIO O
COCTOSTHMU WJIM TIOBEJCHHUH KOTOPBIX HEOOXOAWMO TMepeAaTh MOIydaTesio, HaXoAsIe-
Mycs Ha yjanenuu. [IpuueM oObEKTOM WM CUCTEMON MOXKET ObITh uenoBek, IBM, no-
€3]1, COCTOSIHIE CTPEJIOK U cBETO(GOPOB Ha cTaHIMH U T. 1. [lepenaBaemble cooOmenus,
JI0 MX MTOCTYTIJICHUS, TTOTy4yaTenio Heu3BecTHb!. [[03ToMy KomruecTBeHHYI0 Mepy HH(Op-
MaLHH, ePEeIaBaeMOi IO CHCTEME CBSA3H, B TEOPUU AIEKTPOCBA3H BBIPAXKAIOT Yepe3 CTa-
TUCTHYECKHUE (BEPOATHOCTHBIE) XAPAKTEPUCTUKN COOOIIEHUH (CUTHANOB).

Coobmenne — 3to dusnueckas GopMa npeactapiicHus nHdopmaiuu. [leppuy-
HBIM mpeoOpa3oBaTeib MPECTaBIsCT COOOIECHHUE B BHUJIC TEPBUYHOIO BIICKTpUYC-
CKOTO CUTHaJIa g(t) — MU3MEHSIONICTOCS BO BPEMCHHU HANPsLKCHUS UK TOKa, 0ToOpaka-
I0IIETo MepeaaBacMyto nHpopmanuio. Hanpumep, B Tene@oHuH — 3T0 U3MECHCHUC BhI-
XOJTHOTO HAIIPsDKCHUS WM TOKa MUKpOGhOHa IOJT BO3JICHCTBUEM 3BYKOBOTO JTABJICHUS
OT PEYH YEJIOBEKA; B TEJICBUICHUHU — 3TO U3BMEHEHUE HAIIPSYKEHUS UJIM TOKA HA BBIXOJIE
BUJIEOKaMEPhl B COOTBETCTBUH C M3MEHEHUEM SIPKOCTH M IBETHOCTH OTOOpaXaemMoro
00beKTa; B TENErpaduu — TOKOBbIC UM O€CTOKOBBIE MOCHIIKM KOJOBBIX KOMOUHAIIMIMA
Ha BBIXOJE TeJlerpadHOro anmnapara v T. M.

B ITAY nepBuunsli curnan nponyckaercs yepe3s @HY ¢ nenpro orpannyenus
€ro CHeKTpa HEKOTOPOH BepXHeH 4acToTOM fep,. OTO HEOOXOAUMO ISl YMEHBILECHUS
MOTPEUIHOCTH MOCIeayIoWero npeodpazoBanusa auckperuzatropom ALl BeixoaHoro
curnaina ®HUY x(t) B mociienoBaTeibHOCTh OTCUETOB Xi = X(k*At). OT™MeTHUM, UTO DUITB-
Tpalusi CBA3aHa C BHECEHHEM CBOEH, HO MaJION NOIPEIHOCTH Eg(t), COOTBETCTBYIOLIEH
TOM yacTH cooOIieHus, kotopas mojasisiecrcs B @HY. Otcuersl {Xx} KBAaHTYIOTCS 110
ypoBHaio B kBanToBatese AL Ilporiecc kBaHTOBaHUS CBSI3aH C HEITMHCHHBIM ITPE00-
Pa30BaHMEM HEIPEPHIBHO3HAYHBIX OTCYETOB {Xi} B JMCKPETHO3HAYHBIE (v}, j €
{1,L + 1}, 9ro Taxke BHOCUT IOTPEITHOCTh, HA3BIBACMYIO TIOTPEITHOCTHIO (IITyMOM)
KkBaHTOBaHUs Ey(t). 3HAUEHHs yPOBHEH KBAaHTOBaHHS {Vvi/} Jajee KOMUPYIOTCS JBONY-
HbIM 0€3U30bITOUHBIM KOJIOM — KOMOUHAIUSIMU {by*}.

[TocnenoBaTenbHOCTH KOJAOBBIX KOMOMHAIMM {bi*} 00pa3yeT curHas, Ha3biBa-
eMblid curHasioM KM, KOTOpsIi ogaeTcst Ha MOAYISATOP — YCTPOWCTBO, MpeIHA3HA-
YEHHOE JIJISl COTJIACOBAHMS CIIEKTpa CUTHaja, HECYILETO COODIEHNE, C YACTOTHOM Xa-
PAKTEPUCTUKON UCTIOJIB3YEMOM JIMHUU CBSI3H.

Monynsitop popmupyer auHEHbIH curHan s(t, by"), KOTOpbIN pencTaBigeT
CO0OM 3JIEKTPUYECKOE WJIM AJIEKTPOMArHuTHOE KoJicOaHHue, CIIOCOOHOE pacIpocTpa-
HATHCS 110 JIMHUW CBSI3M U OJIHO3HAYHO CBSI3AHHOC C TIEPE/IaBacMbIM COOOITIICHUEM (B
JAHHOM ClJIy4ae ¢ U POBBIM cUTHaANIOM). [Ipu ncmonp30BaHUM rapMOHHYECKON HECY-
et ux(t) = Upcos(2nfy + o) pasnuyaroT cUrHajibl ¢ aMIuIMTyqHOM (AM), 4acTOTHOM
(UM) u dazosoii (OM) Moaynsuend Uiau MaHUIYJISIIMEN.

14 noiaBiieHyst BHEMIOJIOCHBIX U3JIYUYEHHN B OJTHOKAHAJIBHON CUCTEME CBA3U
WM TIPU OpraHU3allid MHOTOKaHAJIBHOW CBA3M, a TAKXKE JUIsl YyCTAaHOBJIEHUS Tpelye-
moro otHotieHust C/I11 Ha Bxoje mpueMHUKA, cUrHam s(t, b*') puasTpyetcs u ycunu-
BaeTcs B BRIXoAHOM Kackaze [1J1Y, popmupys curnan S(t).

C Beixona IIJIY S(t) moctymaer B JUHHIO CBSI3U, I'JI€ HA HETO BO3JCHCTBYET
aaautuBHas nomexa n(t). Ha Bxoa IIPY mocrymaer cymma z(t) = yS(t) + n(t)
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nepeaaHHoro curuana u nomexu. Koadouuuent y < 1 yuutsiBaer npouecc ociabie-
Hus (3aTyxaHus) curana S(t) mpu pacnpocTpaHeHUH MO JIUHUU CBS3H.

Bo Bxonnom kackaze IIPY z(t) ycunuaercs, GUnbTpyeTcs U nojaeTcs Ha je-
tektop. [Ipu nemoaymnsuu u3 npunsaToro curuana S(t, bﬁ) BbLAESETCS QYHKIUS U3~
MEeHEHUS MHPOPMAITMOHHOTO TTapaMeTpa, KOTOPBIM B TaHHOW CUCTEME MPOTOPLIHOHA-
aen uudpoBomy curnany. [Ipu 3ToM U1 BeIAeIeHNs TIEPEAAHHBIX JBOMYHBIX CHMBO-
JIOB K BBIXOAY AEMOAYJATOPA MOAKIIOUEHO petatoiee ycrpoiicto (PY). Ilpu nepe-
Jave ABOWYHBIX curHanoB ¢ andasutom Be {1, 0} mo JAKC, nammune momex B HKC
MIPUBOJUT K HETIPABWIBHBIM pelicHUsIM (ommubdkaM) PV, 4To BRI3BIBACT HEKOTOPOE OT-
JUYHE TIPUHATHIX Bﬁ KOJIOBBIX KOMOMHAIIUH OT MepeJaHHbIX by,

JI71st BOCCTaHOBJIEHUS TIEPEAAHHOTO HEIPEPLIBHOTO CUTHAA COOOIICHHUS — MOTyYe-
HHSA €10 OLEHKH &(t), MPUHATHIE KOIOBbIe KOMOWHAIIMN NTOABEPIaloTCs AEKOANPOBAHHIO, HH-
TEPIIOSILIMK U HU3KOYaCTOTHOM (ubTpanmu. [Tpu 3TOM B fiekoaepe mo JBOMYHBIM KOIO0-
BBIM KOMOMHALMAM BOCCTaHAB/IMBaroTCs L-runbie yposuu {Vi},j € {1,L + 1}.

Hamuuane ommbok B nponmunoMm JIKC npuBoauT K ommuOkaM nepemadd B L-
nyHoM JIKC u x Bo3HMKHOBCHHIO miyMa repeaaun &y(t). CoBokymHOE JIeHCTBHE IMO-
IPEIHOCTH GUIBTPALIMH, ITyMOB KBAHTOBAHUS M TIEpE/Iaui PUBOJIAT K HEOJHO3HAY-
HOCTH MEX]Ty TIEPE/IaHHBIMU U PUHITHIMHA CHUTHAIAMH coo01eHuit g(t) # g(t).

Pabora cucrembl nepegadun MHGOPMAIMKY CHHUTACTCS YIOBICTBOPUTCIHHOM,

ecnu cymmaphast orHocutesbHas CKO BoccTaHOBJIEHUS IEPBUYHOIO CUTHAJIA HE IIpe-

T, .
BOCXOJIUT JIONYCTUMYIO, T.€. &% = | . [s(® - 8(t)]%dt < 8%you, i Te — JUIMTENBHOCTD

MEPBUYHOTO curHazia g(t).
2.4. Ananuz cmamucmuyeckux XapaKxmepucmux U napamempos cooOueHu sl

[To ycnoButo 3agaHust UICXOAHBINA MEPBUYHBIN CUTHAI HENPEPBIBHOTO COOOIIIE-
HuUs g(t) npeacrapigeT coOOM CTAlIMOHAPHBIN rayCCOBCKUM Cy4alHBII MPOLECC C HY-
J€BbIM MaTEMaTHUYECKUM OKHJAHUEM g, = M {g(t)} =0, rne M {-} — onepanus cratu-
CTUYECKOr0 YCPEIHEHHUs MO MHOXECTBY pealin3aiuii. MomHoCTh (aucnepceus) npo-
necea P, = 0> = M {[g(t) — gepl’} 1 bymumms oppermsiit Bo(1) = M {[g(t) - gepl-[(t+7)
— gcp|} IEPBUYHOIO CUTHAJA 33J1aHbl B Ta0II. 1.

CramoHapHbIi rayCCOBCKUN (HOPMAJIBHBIN ) CIIyHaitHBIA MPOIIECC C HYJICBBIM
CPCIIHUM 3HAYCHHUCM B JIFOOOI MOMCHT BPEMCHH XapakTepusyercs ogaomepaoit OI1B
CJICIYIOLIErO BHJIA:

wg(u) = chl/ﬁ exp {— u—z}, ue[-00; . (1)

2
205

CranMoHapHblid CoydalHBIA MPOLECC BO BPEMEHHOW 00JIaCTH XapaKTepusy-
eTcs GyHKiMen xkoppensiuu By(t) 1 B 4aCTOTHOM 00J1aCTH — CHEKTPOM TLJIOTHOCTU
MOILHOCTH WJIM SHEPTeTUYeCKUM CeKTpoM Gg(®), rae o = 2nf. DT XapaKTepuCTUKH
CBSI3aHBI MKy cO00M mapoit mpeodpasoBanuii Bunepa-XuHnunna:

Gg(w) = ffooo B.(t)e 1@ dr,
Bu(®) = 5= /7, Gy(@)el® o, ?)
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VYuuThiBas, 4TO JIJIS CTAIIMOHAPHOTO CIYYaHHOTO Mpoiiecca 00¢ 3Tu GyHKIHH
JNEUCTBUTEILHBI M YETHBI, COOTHOILICHUS (2) MOXKHO MPEACTABUTH B BUJIE:

Gy(H) =2 fooo B.(T)cos (2rfr)dr,
B(1) =2 [, Gy(f)cos (2nfr)df.

HcxomHoe coobliieHue epest ero aHaaoro-1u@poBbIM Mpeodpa3oBaHUEM MPO-
nmyckaeTcs uepes uaeanbHpit ®HY (cM. puc. 1). unpTpalius — 3To JUHCHHOE IIPeod-
pazoBanue. IToatomy otkiauk x(t) ®HY Ha rayccoBckoe BozaeicTBHE OyIeT TakkKe
rayCCOBCKUM CITyYaliHBIM IIPOIIECCOM C HYJIEBBIM MAaTEMaTUUECKUM OKUAAHUEM (Xcp =
M {x(t)} = 0) 1 MOIIHOCTHIO, OTIPEACIIICMON U3 COOTHOIICHUS:

B, =2 [ Gg(D) - H2(H)df = 2 [, Gy(DdF,

rae H(f) — ammmitynHo-yacroTHas xapaktepuctuka ©HY;
f.p — uacTora cpesa uibTpa.

31eCh YYTEHO, YTO AaMIUIMTYIHO-YAaCTOTHAs XapaKTEPUCTHKA HICAIBHOTO
@®HY paBHa enunuLe B nojoce yactot [0, f,] 1 HyIr0 BHE 3T0 nonocsl. Kpome Toro,
€ro MoJjoca NPoNyCKaHUs MPUHATA PABHOM IIMPUHE SHEPreTHUECKOTO CIIEKTPa CO00-
meHus, nosromy vacrora cpeza ®HU pasna f., = Af;. D10 roBOpUT 0 TOM, YTO OTKIIMK
®HY npeacrapnseT co00i OrpaHMYEHHBIN TIO CIIEKTPY CUTHAJI cooOLeHus. B HeM He
COACPKUTCS COCTABISIOIIUX MCXOAHOro cooOmenus ¢ gyactotamu f > Af,. Konuue-
CTBEHHO NMOTEPU MPH PUIbTpALUY COOOUIEHUSI XapaKTEPU3YIOTCS CpEIHEKBAIPATHY-
Hoi omuokoi (CKO):

Eé =2 ff:: Gg(f)df = Pg - K,
rae fo, = Af,.

2.5. Ananuz xapaxmepucmux u paciem napamempos aHaio20-yu@dpoeozo
npeobpazosanus

Amnanoro-iu¢ppoBoe 1mpeodOpa3’oBaHUE HCXOJHOIO COOOIICHUS OCYUICCTBIIA-
eTcs B Tpu atama (cm. puc. 1). Bradane nepBudnbiil curaan x(t) TMCKpETU3UPYETCS 110
BpeMcHH, nainee orcdeTsl x(kAt) KBaHTYIOTCA 1O ypOBHIO, a 3aT€M KBAaHTOBAHHBIC
YPOBHH Vi) KOIUPYIOTCS, B PE3yJIbTATE 4€r0 (GOPMHUPYETCS UUPPOBOH CUTHAIL.

Bce T npeoOpazoBanmsi moka3aHbl Ha PUC. 2, TJIC TTOKA3aHbl, TAKKE, QyHKINS
pacripeienieHus INOTHOCTH BEPOSITHOCTH MEPBUUHOTO cUrHana Wy(X), pactpeaeneHus
BEPOATHOCTEH KBAaHTOBAHHOTO P(Vv;) u kogupoBaHHOro P(b.,) curnanos.

B ocHoBe amckperusanmu JexuT Teopema B. A. KoTeslbHHKOBa, KOTOPYIO
MOXHO chOpPMYJIUPOBATH B cleAyomieM Buje [1, 4].

Jlobas nenpepwvienas yuxyus x(t), cnekmp Komopou He COOepICUm coOCmas-
JAOUWUX C YACMOMAMU 8blLUe 3, NOTHOCMbBIO ONpedensemcs becCKoOHeyHolU noca1edosa-
MeNbHOCMbIO C8OUX OMCYEMO8 X(ty), 83MbIX 8 MOMEHMbl 8peMenu t, = kAt, kpammuvle

unmepeaiy 0ucxpemu3az¢uu

At<—.
2fB
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[To ucxoaHBIM TaHHBIM TIPOCKTa cUrHal X(t) Ha BeixoAe uacanpHoro ®HY co-
OTBETCTBYET TpeOOBaHUSAM AAaHHON TeopeMbl. [[03TOMYy €ro MOXHO IPOANCKPETHU3H-
pOBaTh, T.¢. IpeoOpa3oBaTh W3 AHATOTOBOM (OpMBI X(t) B IUCKPETHO-aHAIOTOBYIO
x(kAt) ¢ yacTOTON AMCKPETU3AIINH:

1=+ = 20fy = 20Af,,
rae o> 1 — ko3¢ UIMEHT MOBLIMICHUS YaCTOTH TUCKPCTH3AINY.

JIucKpeTru3aTop MOXKET OBITh peaIn30BaH B BUJIE MEPEMHOKUTENS ABYX (DyHK-
LIMI: HENPEPBIBHOrO cOOOIEHUS X(t) U NEPUOIUIECKOM MOCIEI0BATETLHOCTH JUCKPE-
TH3UPYIOIINX UMIYJIBCOB B Buae d-hyukuui — &¢(t) = Yy _, 6(t — KAt) (cMm. puc
2,0).

BrixomaHoii curnan guckperuszatopa X(kAt) = x(t)- Ype_o, 6(t — kKAt) uszobpa-
*KeH Ha puc. 2,B. JJIUTEIRHOCTh peAbHBIX TUCKPETU3IUPYIOIIUX UMITYJIBCOB Tg MHOTO
MCHBIIIC UHTEpBaja (IIEpHo/Ia) AUCKPETU3AUU To << At W, OITOMY, H3MCHCHUSMHU
aMIUTUTY]Ibl HIMITYJIECOB B MHTEPBAJIC To 4aCTO IPCHEOPCTaroT.

B mMomeHTHI ty = kAt UMITYJIBCBI Ha BBIXOJIE JUCKPETH3aTOpa MOTYT IPUHUMATH
modoe 3HaueHue 3 auamna3zoHa Dy = Upax — Uiy, Ha36IBAGMOro TMHAMHUYSCKUM JIHAIA-
30HOM cooOlIeHHs. B paBHOMEpPHOM KBaHTOBATEJIE € IIAroM Au 3TOT AHana3oH pa3OvBa-
€TCsl Ha KOHEYHOE YHCIIO YPOBHEH KBAHTOBAaHUS, COCTOSAIIMX M3 BEKTOpa YPOBHEH cpaB-
nernst U € {u;, i € {1,L}} u BexTOpa ypopHei coctosnua V € {v;,j € {1,L + 1}}. Ha
puc. 2,8 u 2,r nokazaHa npoueaypa kBanroBanusi B ALl ¢ p=3 (L =7), a Ha puc. 3 —
BUJI aMIUTUTY IHOW XapaKTEPHUCTHKH 3TOTO TTPpeoOpa3oBaTes.

Bri6op napamerpoB kBaHtoBarens AL s ciydaiiHbIX CUTHAJIOB HEOOXOAUMO
HAUMHATh C OTPE/IeNieHUs ara (MHTepBalia) aMIUIMTYAHOIO KBaHTOBaHUA Au, o0ecreyu-
BAIOIIEr0 BOCCTAHOBJIEHUE OJJHOMEPHOU (PYHKIMH pacnpeaeeHus INIOTHOCTH BEPOSTHO-
et Wy(x).

OyHKUMH pacIpeeSICHUs INIOTHOCTH BEPOSITHOCTH W y(X) KBAHTYEMOI'O CHTI-
Haja COOTBETCTBYCT XapaKTepUCTUICCKas (PyHKITUS

o0 .
Bg(jv)= [Wy(x)e!dx. (3)
—o0
Ecam xapakrepuctuieckas QyHknus (3) HE COACPKUT COCTABISIONTUX CO 3HA-
YEHUSAMU [IEPEMEHHOM VU BbIIE A, TO OHA UMEET BUJL:
0..jv) V<A ,
Hg(jU): gO(.] ) | ‘ m
0, ‘U‘ >A,.

Jl71st TakoTO Cy4alHOTO CUTHANIA MOXET ObITh CHOPMYITUpPOBaHA TEOPEMA aMILITUTY/I-
HOT'O KBAHTOBAHUS JIJIsl OJHOMEPHOU (DYHKITUU pacripe/ieeHUs IIIOTHOCTH BEPOSTHO-
cTu [4] B crienyonieM BU/IE.
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AY =) Y

—= Upx qO/(X) -
uoou o — X dx/dy
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Puc. 3. AMnmuntyaHas XxapakTepuCTHKa aHAJIOTO-IIM(PPOBOro nmpeodpa3oBaTens

Ecnu xapakxmepucmuueckas ynxkyus Og(jv) cnyuaiinozo cuenana ne umeem co-
cmasisarowux sviue A, mo eé pynryus pacnpeoeienus nIOMHOCMU 8EPOIMHOCIU NOJI-
Hocmblo onpedelisiemcst ceoumu 3navenuamu WlAy), K/e{0; 1; 2; ...}, noryyennvimu ¢
uumepsanom Ay < /Ay, . [na eoccmanognenus ucxooHo2o pacnpeoeneHusi Heooxooumo
NPOCYMMUPOBAMb K8AHMOBAHHYIO CIVYAUHYIO GETUYUHY U HE3ABUCUMYIO CIYUAUHYIO 6e-
JIUYUHY C PABHOMEPHOU Xapakmepucmudeckol gyuxkyuell 6 noaoce |v| < 2m/Ay;.

Ecny xBaHTyeMBIM CIIydalHBIM MTPOLECC UMEET HEOTPAHUYECHHYIO XapaKTepH-
CTHUYECKYIO (PYHKIIHIO, TO, B IEPBOM MPHUOIMKESHUH, MOKHO HCIIOJIB30BaTh €€ 3(dek-
TUBHYIO [IUPUHY.

Jloist xapakrepuctideckoit (pyHKmn O4(ju) addexruBnast mmpuHa onpeaesieTcs Kak

o0

ABs0a =ﬁ % ] (U'Ucp)z‘eg(jU)‘sz ) 4)

o0

e A= | ‘ 0 g(ju)(zdv — HOPMHUPYIOIITUH MHOKHTEIT,

17 N2 o
Vep = N j U|e g(JU] dv — CpeaHCC 3HAUCHUC XapaKTCPUCTHICCKOH YaCTOTHI.

IIpy BBIIOTHEHUH YCIIOBUSL:

Aul < 1/ABs00,

rie ABspe OIpPEIEIsICTCS COOTHOMICHUEM (4), MOTPEITHOCTh AMILUIUTYAHOTO KBAHTO-
BaHMsI OyJeT TEM MEHbILIE, YEM CHIIbHEE BBITTOIHIETCS HEPABEHCTBO.

JUIsi BOCCTAHOBJIEHHSI JABYMEPHONW WMIIM YCIOBHOW (PYHKIUH pacnpeneneHus
TJIOTHOCTH BEPOSITHOCTH NEPEIaBAEMOro MEPBUYHOTO CUTHaNa HEOOXOJUMO JIOMOJI-
HUTENBHO BBITIOJIHUTH yCJIOBHUE [4]:

Auycn S 7T/eﬂl ycCin

171€ Omycy OTIPEAEITIAETCS COOTHOLIEHUEM:

1 : 2
6rnch: A— I 02 ‘GYCH[J(U/ul’At)H dU_U%Cp’
y o0
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P 2
Ay= | ‘eycn[j(U/ulaAt)” dv — mopMupyromMil Ko3pGUIKEHT;

o0

2
Uyep = J U ‘eyc alilorug,At)] ‘ dv —cpetree 3HaYEHHE YCIOBHOM XapaKTEPHCTHYECKOM (DYHKLIFI.

o0

[Ipn ymeHbIIEHNY UHTEPBAIA BPEMEHHOU OUCKPETH3AIUU At KOPPEITUPOBAH-
HOCTb OTCHETOB YCHJIMBAETCS, AMCIEPCHS YCIOBHOW (YHKIHMH pacnpeaeseHus
Wya(uo/ug, At) cTaHOBUTCA MeEHBIIE, a YCIOBHAs XapaKTepuUCTHUecKas (yHKIUS
Oyen[J(v2/u1, At)] — pacmupsieTcsi. 3T0 OIpeAeIIseT 3aBUCUMOCTD IIara aMIUIUTYAHOTO
KBaHTOBAHUS OT MHTEpBaJIa BpEMEHHOM JUCKPETU3ALMH U C yMEHbIIEHHEM At HEOO-
XOJUMBIH I1ar KBAaHTOBAHUS AUy, YMEHBIIAETCS.

Br16op paspamHocTu | aHajgoro-mudpoBoro nmpeodpazopatens (Ynciaa ypoBHEH
L) onpenensiercs HAMMEHBIIUM U3 3HAYEHUN Ayt H Alyey, @ TAKXKE JIOITyCTUMOM BEJIH-
YUHOW MOTPEIIHOCTH YCeUEHUs UCXOIHOTO pacnpeneneHus W(X) 3a cueT orpaHuyeH-
HOTO AuHaMHu4eckoro guana3zona AILIII.

Bri6opom nosioxkenust ypoBHeil xapaktepuctuku AL npu pukcupoBaHHOM
3HAYEHHUH LI MOXXHO JOMOJHUTENHHO MUHUMH3UPOBATH MOTPEIIHOCTHh YCEUEHHs, HO
nipu 3ToM ycnoxHsaTes AT u ITATI (HepaBHOMEpHOE KBAHTOBAHHUE).

[1o 3apaHuI0 KBaHTYETCS HOPMAJIbHBINM CTAlIMOHAPHBIN CIIyYaWHBIN MPOLECC C
HyJIEBBIM CPEIHMM 3HAYECHHEM, JMCIEPCUCH G° M HOPMHUPOBAHHOM KOPPEJIALMOHHOM
dynkuueit r(kAt), umerommii Xxapakrepuctudeckyr Qynkuuo 0(v) = exp(-0,56*0?) u
YCIIOBHYIO XapaKTEPUCTUUYCCKYIO (DYHKITHIO

Oven [j(oz/ul,At)] = exp{- 0,5 [l-r2 (At)Jc%% + juyr(At)oy }

Hcriosb3yst COOTBETCTBYIOLME COOTHOMIECHHS, OITPEIEIIM 3HAYCHUS ABspp U Omyer:
2z

Aeed@:\/ac ) ‘9mycn=2”(\/§0g\/1'rz(m))l-
g2

Hcexoas u3 OIHOMEPHOTO paclpeeieHts], s 00eCTIeUeHUsT MaJIOTO YPOBHS
OLIMOOK Iar KBAaHTOBaHUS HEOOXOAUMO BEIOMPATH U3 YCIOBUS

Auy < ﬂ/Aeaq@ = Oy /V2 .

Y HOpMasTbHOTO CitydaiHOro npouecca 3¢ ()eKTHBHAS UPUHA YCIOBHON Xapak-
TEPUCTUIECKON PYHKIMH Oy yor HE 3aBUCUT OT Uj U MHTEPBAJ aMILTUTYIHOTO KBAaHTOBA-
HUS, JJTs1 COXPAHEHUSI IByMEPHOTO paclpeesieH s, AOKEH BHIOMPATHCS U3 YCIOBHSA

Aug,, <0+ l—rZ(At)/\E.

[ar kBaHTOBaHUS AUyc; OyaeT B N = Ayi/Auye, pa3 MEHBIIE 11ara, OMpe/IesIcH-
HOTO JIJIs1 OJITHOMEPHOTO pacrpenenenus. B tabnuie 2 npuBeeHbl BRIPAKEHHS 1) JUIs
HOPMAJILHOTO PACTIPEECICHUS] U BOCBMU BUJIOB KOPPENSIMOHHBIX (DYHKIUI (BOCBMH
BUJIOB DHEPTETUYECKUX CIEKTPOB) KBAHTYEMOTO IpoIIecca.

Ha puc. 4 nmpuBeeHsl rpapuku 3aBUCUMOCTEN 3HAUYEHUH 1] OT HHTEpBaja Bpe-
MEHHOUN TUCKPETH3AIUH, U3 KOTOPBIX BUJTHO BIUSIHUE POPMBI JHEPTETUUECKOTO CIIEK-
Tpa Ha CTENEeHb B3aUMOCBSI3H UHTEPBAIOB Au u At.
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PE3YIIBTAT OT HOMCPA OTCUCTA k HE 3aBHCHT. BGHI/I‘{I/IHy By JJIA TayCCOBCKOTI'O IIponecca
HaXOJAT U3 BbIPAKCHUA:

BXV = &ze = &PX, (8)
IJIe MOCTOSIHHAS & OTIPENesIeTCs CASAYIONHMM 00pa3oMm:
&= 7 qh(OWy(x)dx = Au Tk, W, (u)). (9)

B sToM cooTHOmEHHH (o/(X) — IpOU3BOIHAS OT OOPATHOM XapaKTEPUCTUKH
KBaHTOBaHUA X = qo(y) (cM. puc. 3) 1 Wy(x) — OIIB rayccoBckoii BEIMUUHEI X, OIpe-
nensemas cootHomenneM (1), B kotopoM o,> = Py. [loacrasnss (9) B (8), a pe3yibTar
— B (7), okonuarenbHo 111 CKO KBaHTOBaHUS MOTYyUHM:

g = P(1—-2&) + P,

MomHocTh Py kBaHTOBaHHOTO Mpouecca Y(kAt) = vix IpH HyJIE€BOM CpeIHEM
sHaucHuH Tporiecca x(kAt), papHa:

B, = My = i (v)?ps = 2505V (vi)?p; = .

B manHoM cooTHOIIEHNH pactipenesieHue BepositHocTel p, i €{1, L + 1}, ciy-
YaliHOUW BEJIUYMHBI Yk = Vik C YU€TOM (5), pacCUMTHIBAIOT 10 hopmyIie:

pi = fv‘?“ W, (z)dz = |® ("G;) - o (Z—g) : (10)
rae O(z) — tabynupoBanHas pyukius Jlamnaca [S]:
1 gz t?
CD(Z) = \/T_T[f—oo exp (— ;) dt.
3nauenus QpyHkuuu O(z) npuseneHsl B [Ipunoxennu 4.
HNHTerpanbHoe pacnpeaeineHue BEpOATHOCTH HAXOIAT MO BBIPAKEHUIO:
0, j<1,
j
F; = pi, 1<j<L+1, (11)
i=1
1, j>L+1.

[Tonaras, uyto orcuetsl X(kAt) Ha BbIXO/Ie TUCKPETU3ATOPA HEKOPPEIUPOBAHBI
MeXx Iy co00ii, a 171 rayCCOBCKOI0 MpoLecca OHU HE3aBUCUMBI, OTIpEIENnM HHpopma-
IIUOHHBIE XAPAKTEPUCTUKU BBIXOJIHOTO CHUTHaNa KBAHTOBATENA {Vyi}, SBISIOIIETOCS
BXOAHBIM curHanoM L-munoro JIKC. KBaHTOBaHHAS MOCIEN0BATENLHOCTD Yk = Vi, j €
{1,L + 1}, ¢ yueToM HE3aBUCHUMOCTH €€ 3HAYEHUI OMpeAeaseTCs OJIHOMEPHBIM pac-
npeaeeHueM BeposiTHOCTEN 13 Beipakenud (10).

OHTponus Hy KOIM4eCTBEHHO XapaKTepU3yeT MEPY HEONPEAECIEHHOCTH O CO-
oO1ieHuu {yx} 10 €ro mpuemMa v onpeaenseTcs no hopmyie:

Hy, = — Yii pilog,p;.

3uauenus — logx(pi) u — piloga(pi) 111 HEKOTOPBIX 3HaYEHUH Pp; MpUBeneHb! B [Ipuiio-
KEHUHU 5.

[Tpou3BOAUTENBHOCTH HCTOYHHKA COOOIICHHUI UM CKOPOCTh BBOJIa HH(OpMa-
nuu B JIKC onpenensiercss COOTHOIIEHUEM:

Ry = H,/At.
N36BITOYHOCT BBHIXOAHBIX CO0Omenui yx = v, j € {1,L + 1}, paBna:
C = (Hmax - Hy)/ Hmax,
7€ Hmax - MakcuMansHast sHTpomHs. J[71s1 ICTOYHMKA TUCKPETHBIX COOOIICHUI OHA paBHA
Himax = loga(L+1).
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B xomupyromeM ycrpoiictse (komepe) ALl mocienoBaTensHOCTh ViJ, j €
{1,L + 1}, k| =0,1,2,... npcobpasyeTcs B MOCICAOBATCIBLHOCTS KOAOBBIX KOMOHHAITHI
bit'. B cucremax 1ugpoBoil cBA3M MIMPOKOE PaCIpOCTPAHCHHUE MOIYUYWIO JIBOUYHOC
KOJMPOBAHUE, KOT/Ia KOJOBBIC CUMBOJIBI IPUHUMAIOT JIBa 3HaucHus b € {0; 1}.

Co06CcTBEHHO TpOTEeAYpa ABOMYHOTO 0€3M30BITOYHOTO OIIOUHOTO KOJTUPOBAHUS
oTCueToB {vi} cocrout B crneayomeM. Ousnueckue yposnu {vy}, j € {1,L + 1}, Bua-
qajie HyMEpYIoTcs, T. €. 3aMCHAIOTCS JeCATHYHBIM unciaom oT 1 go L + 1. Hampumep,
nns L = 7 Homepa yposneii i € {1,8} npunumaror 3navenns 1, 2, 3,4, 5, 6, 7, 8 (cMm.
puc. 2,B). 3aTeM 3TH JICCATUYHBIC YHCIIa TIPE/ICTABIIAIOT B IBOMYHON CUCTEME CUHCIIC-
HUS C Pa3pAIHOCTHIO L. DTO MpEACTaBICHHUE AJI 3HAUCHUM L = 3 U | = 4 MOKa3aHo B
tabnuue 3.

Tabmuma 3
Vi Vi V2 V3 V4 Vs Ve V7 Vg
Hecarua-
froe wreo 1 2 3 4 5 6 7 8
b’ 001 010 011 100 101 110 111 000
b;* 0001 0010 0011 0100 0101 0110 0111 1000

Takum 06pa3oM, B MOMEHTHI BpeMeHH ty = kAt ypoBHH Vi) TIepeBOAATCS B KO-
noBble KoMOMHALMK b*. B pesynbrare popmupyercs uudposoit curnan. [Ipumep Ta-
KOTO MpeoOpa3oBaHusi IPUBCACH HAa pUcC. 2,I' U pUC.2,]1 JUIsl OOIIETro Yucia YPOBHEH
KBaHTOBaHus L = 7.

KomoBeiM paccrosinuem dim MEKIy IBYMS JBOMYHBIMU KOJOBBIMH KOMOHMHA-
usMu bi* 1 by HA3BIBAIOT pe3yJIbTAT IOPA3PSTHOTO CYMMHPOBAHUS 110 MOJIYJITIO J1Ba
KOJIOBBIX CUMBOJIOB Ha J nosuiusax (JE {1, u}) cpaBHUBAEMBIX KOJOBBIX KOMOMHALIUHA:

=X b} ®, bl, Lme{I,L+1)

3HAYEHUSI CYMM I10 MO/IYJIIO /IBA PABHBbL: (12)

00,0=0; 01 =1; 1®,0=1; 1D,1=0.

Tabnvua KOJOBBIX pacCcTOSAHUN CTpoUTCs Ha ocHOBe (12), mpuyem [/ — HOMep
CTPOKH, @ m — HOMEP CToJO1a 3Toi Tabnmuikl. Tak Kak Tabiua CHMMETPUYHA OTHO-
CUTCJIBLHO IJIABHOW JMAroHalId, Ha KOTOPOH / = m, TO B HEH JIOCTATOYHO OIPECIACIIUTH
TOJILKO 3JIEMEHTHI BBIIIE IJIaBHOM JHaroHalu.

Jliia BerauciieHus: BepositHoctelt p(0) — nosiBiieHus HyJisi ¥ p(1) —11osiBiieHUS e11-
Hu1p! B curiaie KM (cwm. puc. 2,1) oopatumcs k puc. 2,r. Crpaa oKka3aHbl BEPOSITHO-
ctu p;, § € {1, L + 1} nosBieHus Ko 0BBIX KOMOHHAIMH, a Ha pUC. 2,71 CaMH KOJIOBBIE
KoMOuHaImu bi* u cipasa — BepositHocTH nosiienust O u 1 [p(0) u p(1)]. Pacnpenenenue
BEPOSTHOCTEM KOMOMHAINHU by" OTHOCHTENBHO CPelHEro YpoBHs cuMmmMeTpudHo. Cpe-
HEE YHCJIO0 SAMHHL H HyJIeH B KOZOBBIX KOMONHALMSIX bi, COOTBETCTBYIOLINX STHM yPOB-
HSIM, Takoke cumMmMerpryato, T. €. 1(0) = n(1), n(1) = Yk n} L+1p0

i=1 NiPi» 1’1(0) = Zij=1 0 Pi
Tak kak cpe/iHee YHCIIO HyJIEH U CpellHeE YUCIIO €AMHUIL B TU(POBOM CUTHANE

OJIMHAKOBO (ATO CTIpaBeAIMBO NpU rayccoBckoil MIIB cooluienns u JaHHOTo crocoda

KOJIMPOBaHUs), TO U BEPOSITHOCTH UX MosABJIeHUS oiuHakoBhI p(0) = p(1) =0,5.

25



upuna cnekTpa HHGPOBOTO CUTHANIA HAXOAUTCS U3 CIEAYIOIIUX COOOpaxke-
nuii. Ha untepBane auckperusanun At npu 6;104HoM 0€3u30BITOUHOM KOAUPOBAHHH
JOJKHO Pa3MECTUTBHCS L JEMEHTAPHBIX KOJOBBIX CUMBOJIOB. CJe10BaTENbHO, 1JHU-
TENBHOCTH OJJHOTO KOJOBOTO CUMBOJIA Temy AODKHA OBITH paBHA (CM. pHUC. 2,1):

T = At/ = At/[loga(L+1)].

Takum 00pazoM, MOAYIMPYIOMIMH CHUTHAN TPEACTABISIET COOOM mepuoande-
CKHE TOCIE0BATEIHLHOCTH KOAOBBIX KOMOWHAIMM, CIEAYIOMNX ¢ MHTEpBAIOM At,
MPUYEM KOJIUYECTBO CUMBOJIOB « 1» B KOMOMHALMY 3aBUCHUT OT 3HAYEHUS AHAJIIOTOBOTO
curnana. Eciay 3HaueHHe KBaHTyEMOI'O CMTHajla B TEYEHHE HEKOTOPOTO BPEMEHHU TO-
CTOSTHHO Y B KOJIOBON KOMOMHAIIMK TOJBKO OJIHA «1», TO CIEKTP MEPUOUUYECKOM MO-
CJIEOBATEIBHOCTH IIPSAMOYTOJIBHBIX UMITYJIbCOB OYJET HMETh BI, H300pa’keHHBIHN Ha
puc. 6.

A

190 T ISH(f)VUO

®
0,75 +
®
0,5+
0259%
I I A
O f T I I f 1 —>

Puc. 6 AMIUIMTYIHBIH CHIEKTP MOAYJIUPYIOUIErO CUrHAJIA 1Ipu L = 4

[[IupuHa CIIEKTpa IEMECHTAPHOTO IMPSMOYTOJIBHOTO UMITYJIbCa (110 TICPBOMY
HYJII0 Ha puc. 6) oOpaTHO MPONMOPIHUOHAIBHA €TI0 JUTMTCIBHOCTH U, CIICAOBATEIIBLHO,

NIUPUHY CIEKTPa IU(POBOTO MOIYIHPYIOMICIO CUTHANIA MOYXHO CUATATh PABHOM:

k, Kkylog,(L+1
Ay == LI ng(t ) _ 20 fykylog, (L + 1),
CUM

rae ki — koapdunuent, papusiii 2 ... 3, Af, — mupuHa crnekTpa curaana cooOICHHS
x(t), a At = 12afe, = 1/20Af,.

Crnextp curnana Ha Beixoqe Al Afyxy OyaeT otnuyaThes OT ciekTpa puc.6
HaJTMYMEM JOTIOTHUTEIBHBIX KONeOaTeTbHOCTEHW Y orudaromnieil (MyHKTUPHAS JTHHUS),
3aBUCSIIMX OT KOHKPETHOI'O BHAA KOA0BOM KomOmHaImu. OMHAKO IIMPHHA CIICKTPa
MIPHU 3TOM OcTaeTcst Hem3MeHHOM: Afyxn = Afy,.

2.6. Xapaxmepucmuxu u napamempvl CUCHAL08 ¢ OUCKPEMHOU MOOYIayuell

JIBOMYHBIE KOJIOBBIE CUMBOJIBI IIM(PPOBOTO CUTHANA MOTYT OBITh NEepeaaHbl ¢
MOMOIIBIO PAa3IUYHbIX BUJOB JUCKPETHON MOAYJSIUN (MaHUIYJISAIUMH) TApaMETPOB
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HCXOJIHBIM COOOIICHHUEM IIPOCThIM COOTHOMIEHHEM b™(t) = 2by™ — 1 (puc. 7,0). Ha puc. 7,8
n300pakeHa rapMonndeckas Hecyras Bunaa u(t) = Uyicos(2nfyt —n/2), rne: Uy —ammmTya;
f, —gacToTa; /2 — HavabHas (aza @ (Mpu pacyeTax MOKHO CUUTATH (O = 0).

Ha puc. 7 npuBeneHbl CUrHaIbI TUCKPETHON aMImuTyaHoi (JIAM — puc. 7,r),
nuckperHoit yactotHoit (JIUM — puc. 7,1) u auckpetHoit ¢dazoBoit (JIOM — puc. 7,e)
MOAYIAIMUA. MoAynUpyIONIMiA CUTHAN COOOIIEHUSI B BUJE MMIYJIHCOB OTHOCHTENb-
HOTO KOJa be,™(t), HeoOXoaumblid asist (GOPMUPOBAHMS CUTHANA TUCKPETHOW OTHOCH-
TenpHOI dazoBoit Monysaiuu (JODM), npusencH Ha puc. 7%, (cam curian JODOM
n300pakeH Ha puc. 7,u). [Ipu 3ToM UMITyJIbCHI OTHOCUTEIBHOTO KO (hOPMHUPYIOTCA
110 MpaBmLy by, ™(t) = b™(t)b™(t — ty), T b™(t — T4) — CUTHAI COOOITICHNUS, 3a/ICPKAHHBIN
Ha JUIUTEIFHOCTh CUMBOJIA Ty, IPUYEM 3HaUeHHS bi,b; € [—1; +1].

PaccMoTpuM aHanuTHUECKOE MPEACTABICHUE CUTHAIOB TUCKPETHOW MOIYJIs-
MU (MaHHITYJISIUUHU ) M KX CTIEKTPOB. B 0011eM ciiyyae MOIyJIMPYIOMIMI CUTHA — LU}-
POBOM, IEPUOAUYECKUHN € NIEPUOAOM Ty, Pa3psAHOCTHIO L U JUIMTEIBHOCTBIO CUMBOJIA
ty. CHEKTp MOAYJIUPYIOIICTO W MOJYJMPOBAHHOTO CHUTHaia OyayT HamboJjiee Mmpo-
CTBIMH IIPH L = 2, a MAHUITYJIMPYIOMUNA CUTHAIA CO00IICHUS by, ™(t) TprMeM Bua:

bm={ by=1, —-1,<t<0;
o (b, = —1, 0<t<rt,

B atux ycinoBusx T, = At = 21y, @ ty = Team , TOTJA COOOMICHUE TTPE/ICTABUM

TpUTroHOMETpHUUCCKUM psiioM Dypee (6e3 yuera (pa3oBbIX CABUTOB):

b = %Z?ﬂ%sini—:t - %Z;ﬁo:l%sini—:t, k=123,... (13)
Kak cnenyer u3 (13), 3TOT curHai; UMEET TOJIBKO HEUCTHBIC CIICKTPAIbHBIC CO-
CTaBJIAIOLIME HA YACTOTaX:
fi=kfu=k/Tu=k/21,, k=1,3,5, ...; tu= 1/(2Af,log,L). DTOT CrIeKTp MOKHO HATJIATHO
MPCACTaBUTH U3 pUC. 6, IpH 1L = 2 U GUKCUPOBAHHOM 3HAUYCHUH At.
Curnan IAM MoxeT ObITh TIPEICTABIICH B BUJIC:

Spam(t) = 0,5Up[1 +b™ ()] sinw,t = {

So(0) = 0; (14)
S,(t) = Uy, sin 2mf,t.
[ToctaBnss (13) B (14), mostygacem ccayoIiee CIEKTPAIbHOC PA3I0KCHUC CUT-
HaJia JIAM:
Spam(t) = 0,5Uy, sin 27, t + zg’zoﬁ [sin 2(f, — (2k + 1)f,)t — sin2m(f, + (2k +
Dft]. (15)
[upuna criektpa curnana JIAM B 11Ba paza O0JIbIIC MMPHUHBI CICKTPa MOJTY-
JUPYIOIIETO CUTHaa coobmenus (udppoBOTro CUrHana):
AfﬂAM = Afs = 2Af1/H<M (16)

Curnaa JUM c pa3psiBom ¢a3bl IPEICTABIACTCS B BUAE:
t

0
rae 2nfy = g — HecyIas yacToTa, KOTopasi IPUHUMAET OJTHO U3 JIBYX 3HAUCHUIA;
Awy — neBuanus (MaKCUMaJIbHOE OTKJIOHEHHE) YaCTOTHI;
Aoy, =2n(fi —£)/2; o»=0s— g ®1=0s+ o

So(t) = Uy, sin 2mf;t;
Sl(t) == Um Sln 2T[f2t .
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[Tocne psaa npeodbpazoBaHuM pazioxkeHue curaaiga JJUM no rapMoHHYECKUM
COCTAaBJISIIOIMM IPUHUMAET CACAYIOIIUN BU:

_ 2UpyMyyM voo sin[rt(myy+k)/2]
spum(t) = Tzk=—°° = cos 2m(f, + kf,)t. (17)
3mech Myy — MHAEKC YaCTOTHOM MOy TSIV
f,—f
qu = (,L)[[ = 2 y fl > fz.

Awypgm  2Afyxy
C nocTaToyHOM ISl MPAKTUYECKUX LIEJIEH TOYHOCTHIO IIMPUHA CHEKTpa CHUT-

nana JIYM moxket ObITh onpeiesieHa Tak:
Afiran = Afy = 2(my,, + DAfiiem = [ — £] + 2Afuion. (18)

Curnaa JI®PM npencTapiseTcsa B BUJC:
. So(t) = Uy, sin(2mf,t — m/2),
— m _ 0 m H
SACDM (t) - Um Sln[(DHt + mCDMb (t)] - {Sl(t) — Um SiIl(ZT[th + 1_[/2), (19)

rae mey = /2 UHAEKC (a30BOM MOAYJIALMU (MAKCUMATLHOE OTKJIOHEHUE (Pa3bl CUT-
Hasia JIOM ot HauanpHOM (ha3bl HECYIICH, TPUHATOM PABHON HYJIIO).
Paznoxenne curnaina /IOM 110 rapMOHUYECKMM COCTABIISIFOIIUM UMEET CIICTY-

FOIIIMY BHUJI:
oo 2Umg sinmgy

Spom(t) = Up, cos(mgy sin 27f,) - 372, @D [sin 2n(f, — (2i + Df )t +

sin 2n(f, + (2i + Df)t]. (20)
[MIupuna cnextpa curtana JJOM MoxeT ObITh ONpeAeieHa CIeIYIIUM 00pa-
30M:
Afﬂq;M = Afs = 2(1’1’1(131\/[ + I)AfMKM = (2 + TE)AfMKM. (21)
Cunekrtp curnana JIOPM ananoruydeH cuekrpy curtana JJOM.

[To ognomy u3 Beipakenuit (15), (17) unu (20) — B COOTBETCTBUU C 3aJIaHUEM,
HEOOXOAUMO TMOCTPOUTH COOTBETCTBYIOLIUN aMITUTYAHBIA CIIEKTP CUTHAJIA JUCKPET-
HOM MOJYJIALIMH HA IUIOCKOCTH C KOOPJIMHATAMU: aMILIUTY/Ia TAPMOHUYECKON COCTaB-
nsttoreit —gacrora (B MI'mr). Criektp HC0OX0IMMO IOCTPOUTE B OKPECTHOCTSX HECYIIICH
4acTOThI, 33JlaHHOM B UCXOAHBIX JIAHHbIX.

2.7. Xapaxmepucmuxu u napamempul Y3KOHOJIOCHO20 HENPEPbIEHO20
2aycCco8CKO20 KaHald ces3u

Mogens y3komnonocHoro rayccockoro HKC ¢ mymamu npeacrasisier codoi
MOCJIeI0OBATEIBHOE COEITMHEHHE BXOJHOTO HJiealbHOro nonocoBoro ¢guistpa (I[1D),
JUHUU CBSI3U 0€3 MOTeph C aJAUTUBHON rayCCOBCKOM MOMEXOM, HUMEIOIIEH paBHO-
MEPHO PACTIPENEIIEHHYI0 CIEKTPAIBHYIO TNIOTHOCTHh MOIITHOCTH M BBIXOJTHOTO H/1€aJIb-
Horo [1®. [{entpanbhas yactota [1D cornagaer ¢ vacToTOM HECYIIETO KOJieOaHus (Tie-
penocunka). [Tonoca nmponyckanus [1d paBHa mmpuHe crieKTpa CUTHANIA € TUCKPET-
HoUl Monynsiueit Af,. B monoce npomyckanus kodddunueHt nepeaauu [1D cunraem
PaBHBIM €IUHUIIE.

[Tomexy ¢ paBHOMEPHO# CITEKTPATbHOM MJIOTHOCTHIO MOIIHOCTH Ha3bIBAIOT Oe-
JbIM 1ryMOoM. CneKkTpalibHasi IJIOTHOCTh MOLIIHOCTH 3TOr0 yma paBHa Gu(®) = Ny, ®
> 0.
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MomHOCTE TayccoBeKoro 6enoro myma Py = o,,° B noaoce npormyckaaus [1d

MO’KHO OMPEAETUTH KaK IIOIIAIb IPSIMOYTOJIbHHKA C BBICOTOM Ny U ocHOBaHHEM Afj:

Pu = NoAf;, (22)
rae Af; onpenensiior u3 cootnomenuit (16), (18) wiu (21) B 3aBUCUMOCTH OT BUIa MO-
TYJSIIAN.

YuuteiBas (22) u 1o, uTo TpeOyemoe cootHomenue curHan/mym (C/II)
h? = P/P,, Ha BBIXOJIE IETEKTOpa NPMEMHMKA U3BECTHO, HAXOIMM MOIHOCTH CUIHAIIA
JTUCKPETHOM MOTyJISINH, obecnieunBaroiiryto 3to C/I:

P. = h?Py, = h2NyAf,.

Ha nimTenbHOCTH NOCBUIKM CUTHAJI JUCKPETHOW MOJYJISIMY UMEET BUJ rap-
MOHHYECKOTO KoJicOaHus (CM. puc. 7). MOITHOCTh TApMOHUYECKOTO KOJICOAHUS B STOM
ciaydae paBHa P, = U,%/2 (3T0 MOIIHOCTD, BBIAEIIAIOIASACS Ha COMPOTUBIeHUH 1 OMm).
YuuteiBas ctienuduxy dhopmuposanus curaanoB JJIAM, TUM u JIOM, nionyuaem ciie-
OYIOIINAE COOTHOLIEHMS JI1 UX MOIIHOCTEW W aMIUIUTY[, B CPEAHEM MPUXOISIIUXCS
HAa OJWH ABOMYHBIN CUMBOJ MOAYJIMPYIOLIErO CUTHAJIA:

PZ[AM = Pc/za Un= P,Z[AM:
PI[LIM = Pc; Um = ZPAqMﬂ
PZ[(DM = PZ[O(DM =P, Un=,/2P JdM -

ITponycknas crocoOHocTe HKC xapakTepu3yeT MaKCUMalbHO BO3MOKHYIO
CKOPOCTH Tiepe/iaun HH(POPMAIMH IO JAHHOMY KaHaiy. MakCUMyM HINETCS 10 BCEM
BO3MOHBIM PaclpeeIeHUsIM BEPOSTHOCTEH CUTHAJIOB, Ioctynatonmx Ha Bxo HKC.
B Teopuu 31€KTpOCBsI3U JIOKa3bIBACTCS, YTO MaKCUMAJIbHAsi CKOPOCTh IlepeJayu UH-
dopmanuu o HKC Oyxaer obecrieucHa mpy Takux METOJIaX KOAUPOBAHMS U MOJLYJIsI-
IIUH, KOTOPBIC IPUBOAAT K (hopmupoBanmio B [1J[Y curHaia ¢ raycCoBcKkuM pacmpee-
JICHUEM MTHOBCHHBIX 3HAauCHUH. [Ipu TakoM curHasie npomyckHas CliocOOHOCTh Tayc-
coBckoro HKC pagsha:

P
C = Mun 08z (14 12) = Afislog (1 + 1), (23)

rae Af — mosioca nponyckanus kaHana cBsizu. Cunraem Af = Af.

B cnyuae, korna curnan Ha Bxogae HKC oTcyTCcTBYET, B HEM NEUCTBYET JIUIIb
IIUPOKOIOIOCHBIN yM B nosioce Afy,. [Tpu Bo3aelicTBUM 3TOTO LIyMa Ha MOJIOCOBOM
(GunbTp Ha ero BeIxoze OyAeT IyM B nmojioce 4acToT Afs.

Ecau otnomrenne Afy/Afy, >> 1, TOo Tako# IIyM Ha3bIBAIOT y3KOIMOJIOCHEIM. Ya-
CTO Y3KOIIOJIOCHYIO I'ayCCOBCKYIO 1IOMeXY Nn(t) IpeACTaBISIOT B BUJIE BBICOKOYACTOT-
HOT0 TaPMOHUYECKOT0 KoeOaHus, MOIYJTUPOBAHHOTO 110 aMILTUTY e U (pa3e. MoxHO
UCIIONIB30BaTh JABE (DOPMBI TAKOTO MPEACTABICHUS:

n(t) = Ny(t)cos[@ut + D(1)],
n(t) = Nic(t)cosOmt + Nis(t)Sinmyt,
1€ Ni(t), Nic(t), Ns(t) 1 D(t) — HU3KOUaCTOTHBIE CIIy4alfHbIE TTPOIIECCHI, CBSA3AHHBIE
COOTHOIICHHUSIMHU:
Nuc(D)
Nu(®) = VNG + Ng(®, () = arctg ({32).
Nume(t) 1 Nus(t) — cundbazHas U kBajipaTypHas COCTaBJISIONIUE TOMEXH.
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DyHKIUA pacnpeAesICHUs IOTHOCTH BeposATHOCTH (DIIB) MrHOBEHHBIX 3Ha-
YeHUI HU3KOYACTOTHOTO IIyMa ONHCBIBAIOTCS TayCCOBCKHM PACIpENeICHHEM (CM.
(1)) ¢ YMCNOBBIMU XapaAKTEPUCTUKAMMU:
N, =Ny.= Ny, =0, oxu’ = ONuwe’ = ONus> = Om> =P

Orubaroniast Ny(t) (cnyuaitHO H3MEHSIOMAsACS aMIUTUTYa) TayCCOBCKOM IMO-
MeXH pacrpezenena o 3akony Panes, T. e.

2
Wy (V) = é exp {2‘;51}, v>0. (24)
B cinyuae, korna B HKC Ha neTexktop nelcTByeT aJAuTUBHAs CMECh TapMOHU-
YECKOr0 CUTHajla W y3KOMOJIOCHOM IayCCOBCKOW MOMEXH, MPHUHATHIA CUTHAJI MOYKHO
IIPE/ICTaBUTh B BUJIC:
z(t) = Uncos(mct + o) + n(t)] = U'n(t)cos[oct + D(t)] = U'y(t)cos(mct) + U (t) sin(mct)
rae U'y(t) = Uncos@o + Nue(t) 1 U'y(t) = Unsingg + Nys(t).
DyHKIMSL pacpeIeICHUs] INIOTHOCTH BEPOSITHOCTH MTHOBEHHBIX 3HAUCHUH Z(t) B
cIIydac, eClv (g pactpeesicna paBaomepHo [W(po) = 1/2n, —nt < o < 1], umeeT BU;

W0 = e (-5 .

I'paduku y1oit PIIB 15 HEecKOIBKUX 3HAYCHUHN napameTpa h =

P Um

S
P, 2oy

IIPUBEICHBI HA PUC. 8.
®IIB orubaromeii Uy (t) IpUHEMAEMOro CUrHaua MOAYMHAETCS 000OLICH-

HOMY pacnpenaeneHuto Panes (pacnpez[eneﬂmo Paiica):
vUm
Wy+(v) = o o ( ) )exp {— (2 ~+ hz)} v>0, (25)
rae Jo(B) — dynxmms Beccenﬁ [IEPBOI'O PoJia HYJICBOrO nopsizika [5].

2.8. Oyenxa nomexoycmouyugocmu u dQHexmusHocmu npuema CUCHAI08
OUCKPEMHOU MOOYIAYUU

[Ipuem curHamOB AUCKPETHOU MOIYJIALIMU MOXKET OCYIIECTBIATHCS pa3and-
HBIMH cITocoOaMu. B MpakTHKe 371eKTPOCBA3U IHUPOKOE PACHPOCTPAHEHUE TTOJTYYHIIN
JIBa BUJIA MPUEMA — KOTEPEHTHBIA U HEKOTEPEHTHBIM.

Korepentnsiii mpuem (KIIT) npeanonaraer ucnons3oBanue B [IPY korepeHT-
HOTO (CHHXPOHHOTI'0) JIETEKTOpA, MPEACTABISIONIETO CO00M TUHEHHYIO CUCTEMY C Tie-
PEMEHHBIMH MapaMeTpaMHu.

CxeMa AeTexkTopa COCTOMT M3 NEPEMHOXKUTENS UM (UIbTPA HIKHUX YaCTOT
(®HY). B nepemHoxuTENE MPUHATHINA CUTHAI Z(t) YMHOXKAETCSl HA OMOPHOE (CUHXPOH-
Hoe) KoseOanue uqt) = Urcos(mt + ¢r).

PaccMmoTpuM BBIXOTHOM CUTHAII KOTEPEHTHOTO JIETEKTOPA.

[TycTh Ha BXOa AETEKTOpPA MOCTYMaeT KojeOaHne B BUIAE CyMMBl TapMOHHIYE-
CKOr0 CHTHAJIa U Y3KOIMOJOCHOTO rayccoBckoro myma z(t) = Uncos(mat + @) + n(t).
Torna mpu paBEHCTBE YaCTOT My = My (YCIOBHE CUHXPOHHOCTH) M €AMHUYHOM KO3 (-
dbuUllreHTe TIepeadn JIETEKTOpa Ha €ro BBIXOJE OYJET CUTHAT Uy(t) = Ux(t) + Wym(t).
3nech Uy(t) = Uncos(pr — o) — moJie3Hasi (CUTHaJbHAs) COCTABISIONIAs ITOTO OT-
KIIUKA, Uym(t) = Nc(t)cos@r + Nis(t)sing, — mrymMoBasi COCTaBIIsIOIIAsl ’TOTO OTKJIMKA.
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Ulo,,

-6 -4 -2 0 2 4 6
Puc. 8. @yHKIMSA NIIOTHOCTH BEPOATHOCTH CMECH CUTHAJIA € IIyMOM

ITonesnas cocraBsromas ABIACTCA AETEPMUHUPOBAHHOM, 4 IIIyMOBAsi COCTABIIS-
I0IIAas UMEET TayCCOBCKOE pacrpeaciieHre BepostHocTed. CnegoatenbHo, DIIB ot-
KJIMKA KOT€PEHTHOrO JETEKTOpa NPU ACUCTBUM HA BXOJE CUTHANIA Y IIIyMa PaBHA:

1 u—Upcos(@r—@o)]?
Wﬂ(u) _ N ex {_ [u=Um zc(gclpr ©o)] } (26)

[Ipu oTCyTCTBHM CUTHAJIa HAa BXOJIC JCTCKTOPA OTKIIMK OYJICT OMPEICIATHCS
NTYMOBOH rayccoBcKol coctasisitomici ¢ OIIB, onpenensiemoit cootHomenuem (26),
Ho nipu Up, = 0.

[1pu nexorepentoM npueme (HIT) B [IPY ucnonbs3yercs HeKOrepeHTHBIN Je-
TEKTOP, MPEACTABIISIIONIUN cOO0M HEMMHENHBIN (4acTO TUOAHBIN) Mpeodpa3oBaTelib U
®HY. DTOT TUN AETEKTOPA HA3BIBAIOT €11I€ AMIUTUTYIHBIM JIETEKTOPOM (JETEKTOPOM
Oruaroiei ), Tak Kak B OTJIMYHE OT KOTEPEHTHOTO JETEKTOPA €0 OTKIUK HE 3aBUCUT
OT (pa3bpl BXOJHOTO CHTHAJIA.

Ecnu Ha BXOJi€ HEKOTEPEHTHOTO JIETEKTOPA JCHCTBYET TOJBKO Y3KOIOIOCHAsS
rayccoBckas noMexa n(t), To OTKJIUK JAeTeKTopa OyJeT MponopiuoHaieH ee orudaro-
e ¥ npu equHUIHOM Kod(duruente nepenayum aerekropa umeer OIIB, onuckiBae-
My 3ak0HOM Panes (cM. (24)). [Ipu nelicTBUM CyMMbl TApMOHUYECKOTO CUTHAJaA U
Y3KOMOJOCHOTO rayccoBckoro myma OIIB oTkinKa HEKOrepeHTHOTO AETEKTOPa COB-
najgaet ¢ OIIB ormbaromeit BXOHON CMecH, T. €. IOJYMHEHO pacipeaeiacHuto Paiica
(cm. (295)).

IIpuem curnanos JHM MOKHO pean30BaTh Kak ¢ KOTEPEHTHBIM, TAK U C HEKOTe-
PEHTHBIM JIETEKTUpOBaHHEM. Eciu npu npueme curHanioB /UM BbIjieieHHE MOCBHUIOK
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Pa3HbIX 4acTOT MPOU3BOAUTE ABYMs MOJIOCOBBIMU (DMIIBTPAMU, TO B KQXKJOM U3 KaHAJIOB
MO’KHO TaKKE HCHONb30BaTh TMO0 KOTEPEHTHBIN, TMO0 HEKOTEPEHTHBIN IETEKTOP.

Jlns nerektupoBanus curHasioB J1®M ucnosib3yroT (a30Bblid J€TEKTOP, SBIS-
IOLIUIACS CHHXPOHHBIM JETEKTOPOM.

Cnenyetr OTMETHTD, UTO pueM curHasioB JIOM Ha npakTHKE COMMPOBOKAAETCS
PAAOM TPYAHOCTEH: BBICOKOH CJIOXKHOCTBIO oOecreduenns HeoOX0IMMOM CTaOUIbHO-
CTH YaCTOTHI ®r U (ha3bl ¢ OMIOPHOIO KOJIEOAHUS; IBICHHEM O0paTHOU padOThI — CITy-
YaifHBIM U3MEHEHHEM TeKyIleH (a3bl Ha MPOTUBONOJIOKHYIO (HAllpUMeEp, IIpU H3Me-
HEHHUU JATBHOCTH), YTO IPUBOJAT K HETIPABUIBHOMY OITO3HABAHUIO KOJOBBIX CUMBO-
noB. [loaToMy Gonee mupokoe MPUMEHEHNE HA IIPAKTUKE HAIIIA OTHOCUTEIbHAS (a-
30Basi MAHUILYJISLINS.

HerextrpoBanue curHaiaoB JOOM npousBoauTcs ABYMsS METOJAMHU: METO-
JIOM cpaBHEHHUS (a3 MiIx METOJOM CpaBHEHUs nosgpHoctei. [Ipu meTone cpaBHeHUs
(a3 B (a30BOM JETEKTOpPE CpaBHUBAIOTCS (ha3bl TEKYLIETO U MPEABLIYIIETO, 3aI€pKaH-
HOTO Ha BpeMd T,, KoneOaHuid. B MeTone cpaBHEHUS MOJISIPHOCTEH MPOU3BOAMUTCS
CpaBHEHUE MPOAETEKTUPOBAHHBIX TEKYILIEH W 3aJep:KaHHOW Ha BPEMS Ty, IMOCBUIOK
NMPUHAMAIOINX ABa 3HaYeHus: +1 v —1.

CxeMbl TPUEMHUKOB CHTHAJIOB PAa3IUYHBIX BHJIOB JHUCKPETHOH MOIYJSALUU
npuBeAeHbl Ha puc. 9. Ha cxemax Kcronb30BaHbl CIEAYOIUE 0003HAYEHUS:

[T1® — nonocHo-npornyckarmui puiabTp Ha yactoTte f, ¢ monocoit Afjam niu
Afjiom;

[ITD1 — nosocHo-Tiponyckaromui GuisTp Ha yactoTe ] ¢ osocoit Af << [f; — 3

[ITD2 — nosocHo-Tiponyckaromui GuisTp Ha yactote f> ¢ osocoit Af << [f; — 3

BY — BeiunTarouiee ycTpoucTBo;

JI3 — nuHUA 33JICPKKK HA BPEMS Ty;

OOH — popmupoBaTeIib ONIOPHOTO HATIPSIKCHUSI.

Kpome onucaHHBIX BBILIE AETEKTOPOB, HMEIOTCSA 3JIEMEHTHI MOCIEIETEKTOP-
HOI 00paboTKu. K HUM OTHOCSTCS AMCKpEeTU3aTOp M pemaroiiee yctpoictso (PY). Ha
JUCKPETU3aTOp Hapsily ¢ OTKIMKOM JETEKTOpa Uy(t) MOAAOTCS AUCKPETUIUPYIOLIUE
MMITYJILCBI C IepruoaoM At, HEOOXOAUMBIE JJIs1 B3SITHSI OJJHOTO OTCUETA B CEPEAUHE T10-
CBUTKH JUTUTEIBHOCTBIO Ty
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a) [Ipuemunk curnaios ¢ JJAM

Z(t) - ] {1 y Uk 2 UO
—> [I1D > [leTexTop » JluckperuzaTop > Py —> 0, U, < U,
Tuo ] ) [uo
0) [Ipuemuuk curxanos ¢ JJUM
z(t)
> [IP1 > ETEKTO
Hleteicrop 1, U, = U,
@ JuckpeTnsarop > Py — > |0, U, < U,
> [I1D2 > Jlerextop MR TSm(t) TUO =0

B) [Ipuemuuk curnanos ¢ JJOOM (MeTton cpaBHeHHd Ppa3)

z(t
L [P > JlerekTop »| [lnckpeTnsarop > 1% —— (1 U 2 Uy
; T T 0, Uy < U,
Sent Uo
3 (t)
LT
r) [Ipuemunk curnanos ¢ JIO®M (MeToa cpaBHEHUS MOJSPHOCTEH )
(1) DazoBsi C
I a30BbIi > Py | Cpasuenue | (1, U, =0
JIETEKTOp MOJISIPHOCTEN 0 U, <0
A T » Yk
®OH 23
—

Puc.7. CxeMbl NPUEMHUKOB JUCKPETHON MOIYISLINU
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B PVY otcuersl Uy cpaBHUBAIOTCA C NOPOTOBBIM HampsikeHueM Uy 1 npuHUMa-
eTcd peuenne — nepenana «1», ecnm Uy > Uy, nim nepeaan «0» ecnm Uy < U,

N3-3a BO3#EHCTBYA TOMEX HA CUTHAJI B KAHAE CBA3H PY MOXeT nmpuHuMaTh He-
npaBuiIbHbIE (OmrOouHbIe) pemenus. Omrdounsle penenus ObIBaloT IBYX BUIOB: Tie-
pexon 0 B 1 (nepenasascs 0, Ho PY Bbinano pemwenue 1), XxapakTepu3yromuiics yCI0BHON
(armoctepropHoii) BepositTHOCTRIO orOku p(1/0), u mepexon 1 B 0 (mepenaBanach 1, HO
PV Boigano pemrenue 0), xapakTepu3yIONUIHiics yCIoBHOHN BeposaTHOCTHIO oOKu p(0/1).

3a KOJMYECTBCHHYIO MEpPY MOMEXOYCTOMYMBOCTH B CHCTEMaX JJICKTPOCBSI3U
MIPUHUMAIOT CPEAHIOI0 BEPOATHOCTH OMIMOKU Ha OJIMH OUT:

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

[Ipu paBeHcTBE anpuopHBIX BepostHocTel p(0) = p(1) = 0,5, a Takke npu pa-
BEHCTBE YCIOBHBIX BeposTHocTeit p(0/1) = p1 = p(1/0) = po (YCIOBHSA CUMMETPHIHOTO
JIKC), cpennsis Ha OUT BEpOSITHOCTH OITHOKH COBIIAJACT C OJHOU U3 YCIIOBHBIX BEpPO-
ATHOCTEH Pom = P1 = Po.

VYca0BHBIE BEPOATHOCTH OLIMOOK HAXOIATCS WHTETPUPOBAHUEM YCIOBHBIX
OIIB OTKIMKOB AETEKTOPOB;

p(1/0) = [ Wo(wdu; p(0/1) = [1° W, (u) du, 27)
rae Wo(u) u Wi(u) — OIIB oTKIMKOB JICTCKTOPOB MPH YCIOBUU (POPMUPOBAHUS HA
nepenade O win 1 cCOOTBETCTBEHHO.

OleHuM 1I0MEX0YCTOMUYHUBOCTD IIEPEAAYU JABOMYHBIX CUMBOJIOB IIPU pa3Jiky-
HbIX CUTHAJIAX JUCKPETHON MOJIYJISIIIUKA U PA3IMYHbIX METOaX UX IpUEMa.

[Ipu nepenaue curnasioB JIAM (cm. puc. 7,r) cumBoi1 O COOTBETCTBYCT OTCYT-
CTBHUIO CUTHAJIa, a CUMBOJI | — niepejaye curHasia ¢ MOCTOSHHOW amiuutyaou. [lpu
3TOM Ha BbIxoJie AeTekTopa [IPY npu nepenave cumBona 0 HanpsokeHue OyIeT UMETh
®I1B myma Wy(u), a npu nepenaye 1 — OIIB curnana u mryyma Wi(u) B COOTBETCTBHH
¢ puc. 9,a.

KorepeutHnsiii mpuem (o0padbotka) curdana JJAM (nipu ¢ — @o = 0) xapakre-

pusyercs rayccockoit @IIB oTknuka nerexropa:

_ 1 . u? _ 1 _ (u-Up)?
Wo(uw) = V2moy, €Xp ( 202 )' Wi (u) = V2no? exp( 20?2 ) (28)

11 j11¢

Jns cummerpuadoro JIKC pemosasercs paBeHCTBO P(1/0) = p(0/1) = p1. D10
nocturaercs npu nopore PY Uy = Uy/2. Toncrasiss (28) u 3nauenune Ug B (27), 110-
Jy4JacM:

_ _ 1 Un/2 u? _ h
PowgaMkn = P1 = 1- \/T_th—oo exp {_ 2031} du=1-90 (ﬁ) ’ (29)
rjie O(-) — tabynupoBanHas ¢pyHkuus Jlarmnaca (cm. [Ipunoxenue 4); h = [;—m

[Ipu HekorepeHTHOM MpuemMe curnana JIAM Ha BbIX0/i€ JE€TEKTOpa CUTHal Xa-
PaKTEpU3YETCA PIICEBCKUM U paricOBCKUM pacmpeaeneHusmu OIIB Buaa:
u u? u u?+U%, uUp
Wo(u) = —exp (——202); Wi (W) =0—2exp( )-Io( z ) (30)
I I 11 i1

2
201 o

[Toacrassist Beipaxkenusd (30) B (27), nomydaem:
o 2 U 2+U%, Un
p(1/0) = f =) du; p(0/D) = f," Zexp (=) o (2

exp
0% p 20 202 c

3necwy Jo(B) — byukus beccens nepBoro pojia HyJIeBOTo nopsiaka [S].

u

)du. (31)
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VuuteiBasg, yto JAKC cUMMETpUYHBIH M BBINOJHACTCS paBeHCTBO p(1/0) =
p(0/1) = p; rpu 3uauennu nopora PY Uy = Uy/2, a Takxe npeacrasus Uy, = vV20,,h,
u3 (31) nomyqum:
2
Pougaman = Pr = [y " Zexp [~ (5= +h2)] - Jo () du. (32)
3aBUCHMOCTB Doy OT 3HadeHMsi h?, MoJydeHHbIE MyTeM pEIICHUs ypABHEHHS
(32), npeacranieHa B Ta0I. 4.

Tabnuma 4
Pow | 5-101(2-10'| 10t |5-10%| 102 |5-10°| 10° |5-10%| 10*
h? 0 2,82 | 537 | 7,77 | 13,8 | 164 | 229 | 26,7 | 33,2

Benuumny poy AT IIPOMEKYTOUHBIX 3HAYEHUM h? MOKHO HalTH METOZOM 3KCTpamo-
JISILHH.

ITpu nepenauve curHanoB JITYM (cM. puc. 7,1) cumBona «0» COOTBETCTBYET IIe-
penade curnaia Ha yacrote fr, a cumBon «1» - nmepenade curnana Ha yacrote fi. U3
puc. 9,6 crnenyert, uro nipu nepeaade «O» uepes [T1D, nacTpoeHHbIH Ha yacToTy f),
OyZeT NpOXOAUTh CUTHAJ C HECYIIEH YacTOTO! f; M IIyM B 10J1I0CE MPOIMYCKaHUS 3TOrO
[II1®. Yepes [I1D, nacTtpoeHHbI Ha yacToTy fi, npu nepeaade Hysst OyAeT MpoXo-
JIUTh TOJILKO IIYM B 110s10ce mpoiryckanus 3toro [I1®D. Ananoruysslii pe3yiabrar 1no-
JIy4aeTcs Ipu 1epejade cumposia «1».

OmubouHsbIc penieHus 37ech OYyT TOT1a, KOT/1a OTKJIMK JCTCKTOPa B KaHAJIE,
110 KOTOPOMY CHUI'HAJI HE IIEPEAACTCS, IIPEB3OMAET 3HAYCHHUE OTKJIMKA JIETEKTOPA B Ka-
HaJie, [10 KOTOPOMY CUTHAJI IIEPEAACTCSI.

JUtst cuvmveTpuasoro JIKC, ¢ yueToM NpuBEIEHHBIX BBILIE 3aMEYAHUI, TTOJTy4acM:

Pow = P(0/1) = p(1/0) = j f Wo () W; (u)dxdu. (33)
0

[Moacrainss dyukiuto OIIB w3 (28) wau u3 (30) B (33) npu KOrepeHTHOM TIpUEME,
MOTYYVM:

PowmuMxn = P1 = 1 - cD(h)
[1pu HEKOTEPEHTHOM TIPUEME BBIPAKEHUE TSI Poyy IMEET BHI:
PomZ[LIMHH =p1 = O,Sexp{-h2/2} .

[Ipu nepenave curHanoB JIDPM [cm. (19) u puc. 7,e] cumBoa «0» COOTBET-
CTBYET IICpe/Iauc CUTHAIA C HAYaIbHOU (ha3oi -1/2 , a CUMBOII « 1 » — Tiepeiaue CurHaia
C HaYaTbHOH (ha30i +7/2. B 3TOM ciydae OTKIMK KOTepeHTHOTO ((ha30BOro) AeTeKTopa
oynet umets OIIB Buaa (26). BeiOpaB a3y onopHOro HanmpsKEHUs paBHYIO @ = +1/2,
MOJTy4aeM:

— ; _M — 1 _ (u_Um)z
Wo(w) = VZron eXp( 207, ) Wi (W) = VZmol, eXp( 202, ) (34)

[Toacrarmnsist Bepakenus (34) B (27) u Beioupas Uy = 0 ansa cummerpuunoro JIKC,
MOJIy4aeM:

Powom =p1=1 — CD(\/Eh).
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OuneHuM MOMEXOYCTONYMBOCTh IIEPENAUU JBOMYHBIX CUTHAJIOB IIPH OTHOCH-
TeNbHOM (Pa30BOM MOIYIISAIINH, KOTJA TPHUEM MPOU3BOAUTCS MO METOAY cpaBHEHUS (a3
(C® ) u no merony cpaBuenus noasipuocteit (CII).

Ommbounsblid mpueM aBondHoro cumpona npu JODM-CII Bo3nukaer, koraa
OCYLIECTBJISIETCS OIHO U3 JBYX HECOBMECTHBIX COOBITHH (CM. pHC. 9,1):

1) AaHHbBIN CUMBOJ NPUHSAT MPABUILHO, a MPEABITYIINN OITMO0UHO;
2) AaHHBIN 3JE€MEHT NMPUHAT OITMO0YHO, a MPEAbIAYIINNA TPABHILHO.

BeposTHOCTE NOSABIICHUS KaKOTO-THOO0 U3 3TUX JBYX HECOBMECTHBIX COOBITHIA

€CTh Pom IIpu JODM-CII:

Powgtoom-ctt = P1 =2Pomsiom(l — Powiom) = ZCD(\/ih)[l — CD(\/Eh)]
[Tpu mpueme curnana JJO®M no merony cpaBaenus ¢a3 (cM. puc. 9,B) umeeM:
Pomjioom-co = p1 = 0,5 CXP('hZ)-

2.9. AHanu3z xapaxmepucmux u napamempos yughpo-anano2o8020 npeobpazo-
8aHUsL COOOUEHUS

[udpo-ananorooe npeodpazosanue (LIAIT) mo3Bosser Ha TPUEMHOM KOHLE
CUCTEMBI CBSI3U BOCCTAHOBUTH HELIPEPBHIBHOE COOOIIEHUE &(t) 110 IPUHATHIM KOJIOBBIM

KOMOWHALIUAM bkm curasia MKM. D10 oCylIeCTBIISCTCS C IIOMOIIBIO CJIC Y IOMIMX IIPO-

: s
uenyp (CM. Ha puc. 1): 1eKOIMPOBAHUS-BOCCTAHOBIEHHS AUCKPETHBIX YPOBHEM V) 110

Akm, UHTCPHIOJSAINN U HUI3KOYaCcTOTHOU (prutbTpariuu. OuibTp-UHTEPHOIATOP — ITO JIH-
HCHHBIN (PUIIBTP € 33/1aHHON UMITYJILCHOM peakmueit go(t). B coBpemennsix IAII mpu-
1, te [0, T]
0, t& [0, T]
JUYEHUIO JJIUTEIBHOCTH UMITYJILCOB C BEJIMYUHEI Ty Y \7{( 1o sBenuunHbl To y X(t). IMo-
caenyronmii ®HY criiaxuBaeT HEMPEPbIBHO-TUCKPETHOE coolieHue X(t), B pe3yiib-
Tare 4yero oopasyercs curaan g(t).

OTH NIPOLIECCHI MTOACHSIET PUCYHOK 9, HA KOTOPOM I10Ka3aH MUCXOJHbINA CUTHAJ
(puc. 10,a), nomexa (BekTop ommbOoKk — puc. 10,0), npuHsATeI curHan (puc. 10,B) u
JEKOAUPOBaHHbINA curHan (puc. 10,r).

Omrbku B ABOMYHOM KaHAJIE CBSI3U MPUBOAAT K HECOBNAACHUIO MEPEIaHHbIX
Y TIPUHATHIX KOJOBBIX komMOuHanuii curnana UKM (cM. puc. 10,a,0). Ha puc. 10,8
MoKa3aHa peaau3aius MocaeJoBaTeILHOCTH 0J10KOB omnook Ex v npuHsTas nocie-
JOBATEIBHOCTD by, SIEMEHTBI KOTOPOil OmpenersoTes kak b; = b; @, e;. [Ipudem b;
=b;mpre;=0ubi#b;npue=1,i € {1,u}.

B nexonepe IHAII nBonvHbIE OITUOKH B TOM HJIM HHOM ITO3UITUN KOJIOBOM KOM-

6I/IHaIII/II/I MPUBOJAAT K HCCOOTBCTCTBHIO BOCCTAHABJIMBACMBIX VLI/I nepeaaBacMbIX Vll(

ypoBHe# (cM. puc. 10,r). PasHocTs §; = VL — V. Ha3bIBAIOT IIyMOM Mepe/ayn. Peanu-

3aI[usi TOTO LIyMa Ha BBIXOJIE JIeKoAepa (MMMYJIbChl JUIMTENbHOCTBIO To) M HAa BBIXO/IE
HUHTEPNOIsATOpa (MMIYJIbChl JIUTENLHOCTHIO T) npuBeaeHa Ha puc. 10,1.

MEHSIIOT CTYTNICHYATYI0 HHTEPIONISAHIO ¢ gy (t) = { YTO IPUBOIUT K YBE-
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OLCHUM CPEIHIOK KBagpaTHdccKylo norpemuocts (CKO) myma nepenadu &2
B L-munom JIKC (cm. puc. 10,1). I[Iycts B L-munom JIKC GBI Iepeian CUTHAI Vi,
KOTOPBIM Ha OCHOBaHHH (6) paBCH:

vil == 0,5A4(L — 1) +iA,.

[lox nericTBUEM MOMEX OH MOJKET IIEPEUTH B

0 == 0,5A(L — 1) +jA..

Torna mym nepenaun Ex = Auy(j — k) MokeT OBITH IIPEICTABJICH B BUJIC TIOCIIC-
JIOBATCIBHOCTH HEKOPPEIUPOBAHHBIX MPSIMOYTOJIBHBIX UMIIYJIbCOB C HYJICBBIM MaTe-
MaTHUYECKUM OXHWJIAHUEM U CO CIy4YalHO pacrpeAcieHHbIMU aMIUIUTyaamMu. Ha Bbi-
X0J/ie HHTEPHOJIATOPa JJIUTENHHOCTh ATUX UMITYJILCOB paBHa At.

CHexTp MI0THOCTH MOIIHOCTH IIyMa MePeIayuu:

: 2
Go(®) = 2Atc? (%) , (39)

1€ G2 qucIepcus (MOIHOCTE) IIOTHOCTH PACIIPEAEICHHS CIIy4aiHbIX AMILIUTY I UM-
11yJIbCOB, paBHAasL:

of = M{A%(j — )%} = AZ X2 D pipy G — D2 (40)

[Tonaras ®HY Ha Beixone LIAIl maeansHbIM ¢ mosiocod mponyckanus Afy,
Haiinem CKO myma nepeagaun mytem uHTerpupobanus (39)

= [, Gu(Ddf = 22 siCr) — 2], (4D

Beipaxxenue (40) miig aucnepcun aMIUIUTYI MOKHO YIIPOCTHUTb, €CIIM UCTHUH-
HBIC BEPOSITHOCTH OIIHOOK Pom 3aMEHUTH YCPEIHCHHOM BEJIIMYMHON BEPOATHOCTU
OLIUOKHU:

do — pyHKIMSA HHTETpANBHOTO CHUHYCA [5]:

= _ _1 yL+1vyL+1
Pow = 157 ic1 2je1 Pij-
Torna nocie psijra npeoOpa3oBaHU MOTyHaACM:
2Aq*[1-(1-pow)” .
o2 =220 10PN oL (1 4 1 — j)2F,, (42)

L+1
rae Fi, i € {1, L + 1} unTerpanbHblil 3aKOH pacipeieieH st BEPOATHOCTEH, onpeess-
embli u3 (11).

[Moncrasinsis (42) unu (40) B (41), onpenenstor CKO myma nepenauu.

BBuay T0oro, 4To NOrpenHocTs GuiIbTpauni g (CM. pasaen 2.4), iryMm KBaHTO-
BaHUS &y (CM. pazfen 2.5) u myM nepenadu &, He3aBUCUMBI JPYT OT Apyra, TO CyM-
MapHasi CKO BoccTaHOBJIEHUSI HETIPEPHIBHOTO cO0O0IIeHUs X(t) Oy/JeT paBHa cCymMme
CKO yka3aHHBIX IPOIIECCOB:

& = & + &%, + &2.

Otnocutenbaas cymmapuas CKO BoccTaHOBIEHUST COOOIICHUS paBHA:

T2
82 = EE/GE.

Bennuuna obpatHas 1/0sx €cTh OTHOLIEHHE CUTHAJ/IITYM, 00eCTIEeYMBAEMOE CH-
CTEMOM Mepejau HEMPEPBIBHBIX COOOIICHU.
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Kadenpa «Cucremsl ynpasienus: TpaHCIOPTHOM HHAPACTPYKTYPOID)

3ATAHUE
Ha KprOBOﬁ IIPOCKT I1O AUCITNUITIIIMHC

«OBIIAA TEOPUA CBA3U»

Tema npoexra:

«Cuctema nepenauu ananoroBoit ungopmanuu ¢ ALII»

CryneHr
['pyma
mudp
Jlara BbljIa4yH 3aJIaHUSL «...» 20XXTr.
JlaTa okoHUaHus pabOTHI 20XXr.
HUcxonHble JaHHBIC
Hcrounuk coobiie- . Kanan IIpuemnoe
No N Ilepenatomee ycTpolicTBO R JCTPOHCTBO HATI OyHKIHA
KOPPESIHA
sana- Crnocob Hacrora, Crnoco® COOOMICHHS
mas | P, B’ | B¢l |« My No, mBmc | h? N Sron
mepeaaqu fo (B | f, puéma B.(7), [T, mc]

Conepxanue npoexTa

1. 1306pa3uth CTPYKTYPHYIO CXEMY CUCTEMBI HHPOpMAIIIH, TOSICHUTH HA3HAaUEHUE DJIEMEH-
TOB CXE€MBI, IPUBECTH KJIACCU(PUKAIIUIO CHTHAIOB U MIOMEX B KaHAJIE CBS3H.

2. PaccunTaTh OCHOBHbBIE XapaKTEPUCTUKHU CIIy4YalHOI'O CUTHAJIA.

3. Paccunrate CKII ¢unbrpanmu HHPOPMAIIMOHHOTO CUTHANA, YACTOTY JIMCKPETU3AIINN
AIllI, nocrosHnyro Bpemenn @HY, momHoCTh curnana Ha Beixoae @HY.

4. Paccuurath napamerpsl kBanropareis ALl — nunamudeckuil 1uamna3oH, mar (MHTEpBai)
KBAaHTOBAHHS U Pa3psAHOCT.

5. 3axonupoBaTh L-uuHble HH(QOPMAIIMOHHBIE MOCIEI0BATEABHOCTH IBOMYHBIM O€3U30bI-
TOYHBIM OJIOUHBIM KOJIOM M IIOCTPOUTH TAa0JIMIY KOJAOBBIX PACCTOSHUM JUIsl JAHHOT'O KOJA.
6. PaccunTarh U IOCTPOUTH aMILIUTYAHO-4aCTOTHBINA CIIEKTP CUTHAJIA C JJUCKPETHON MOJLy-
JIAIUCH.

7. PaccunTath mapaMeTpsl U XapaKTEPUCTUKHM CUTHAJIA U TOMEXH B FayCCOBCKOM HEIPEPHIB-
nom kanaiie cBsizu HKC, nocrpouts ®IIB curnaia u nomexu.

8. Paccunrath cpeiHee KBaApaTHIECKOE 3HAYECHUE IIyMa EPENAYH &y H OTHOCHTEBHYIO
cymmapHyto CKO E%s BOCCTaHOBJIEHUS HENPEPHIBHOTO COOOIECHHS.

VKa3arh yTH YMEHBIIEHHS BEMYMHBI &5, €CITN OKAKETCSA, 9TO £%5 > 8%j0n.
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«POCCUMCKWI YHUBEPCUTET TPAHCIIOPTA (MUUT)»
(PYT (MUMT))

Kadenpa
«CHCTEeMBI YIIpaBICHUS TPAHCIIOPTHOM

UHPPACTPYKTYPOiD»

CHC]_II/IaHI)HOCTb: HH(i)OKOMMYHI/IKaHI/IOHHbIC TCXHOJIOTHUHN U CUCTCMbI CBA3HU

KYPCOBOM IIPOEKT

«Cucrema nepenayu anaaorosoit unpopmanuu ¢ ALID»

(OO1as Teopust CBSI3H)

Boimonuun cryaent rp. 3UT-XXX
Weanos U. U.
(Iudp) HOONUCH

PykoBoautens mpoekra
noueHt [lerpos I1. I1.

NOONUCH

20XXr.
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COAEPXAHHUE

Crp.
NHnuBuayanbHOE 3a1aHNE 3
Brenenne 4
1 O6ocHOBaHNE BHIOPAHHOM CTPYKTYPHOM CXEMBI CUCTECMBI CBSI3H
2 Pacuet cucteMsl CBsI3M
2.1 Pacyer XapakTepuCTUK HHPOPMALMOHHOTO CUTHAJIA
2.2 Pacuer xapakrepuctuk AL
3aKIOuYeHHE
CHnucoK UCMOTb30BAHHOM JTUTEPATYPhI
[Tpunoxenue CTpyKTypHasi CX€Ma CUCTEMBI CBS3U
KI.OTC.CYTU.TC.MUNT-POAT
Usm. | [lucm Ne Gokym. lModnuce | Jama
Paspab. Usaros U. U. CucteMa nepesau Jlum. Jlucm Jlucmos
Mposep. | Tiempos 1. 1 aHanorosoit uHcbopmaumu || 46 XX
Peuyens. 46 ¢ AUN
H. Kormp. MHUHT-POAT
Vmeepo. 113 Kag. CYTU













Metoaudeckue ykazaHusi K KypcoBOMY IIPOEKTY 110 JucuuiuinHe O01as Teopus CBA3U
no cneuraibHocTH 210700.62 « MHPOKOMMYHHKAMOHHBIE TEXHOJIOTUU U CHUCTEMBI
CBA3MY.

Kadenpa «Cuctemsl ynpasienus TPaHCIIOPTHON UHPPACTPYKTYPOID».

CocraButens: A.T. H., npo¢d. Kubmues 1. I1.
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