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PaccmaTtpuBaroTcst 001Iue MOJO0XKEHUSI CTaTUCTHUYECKOW TEOpUM Mepenadyu
CUTHaJIOB. BBoasTCs Maremarnueckue MOJENIM CHUTHAjJOB W TOMEX, OMHMCaHbI
OCHOBHBIE TMPe0oOpa3oBaHUs, KOTOPHIM MOABEPralOTCsS CUTHAJBI B MPOIECCE HUX
nepe- Jgaud W npuema. PaccMoTpeHbl 0a30Bbl€  AJIEMEHTBI  YCTPOWCTB,
OCYULIECTBJISIIOIIMX YKa3aHHble MpeoOpazoBanus. PaccMoTpeHbl Takke 0Oa30BbIe
METO/Ibl aHAJIOTOBOM M HU(POBON MOIYNSIIUU, HCIOJb3yEeMble B COBPEMEHHBIX
cucTteMax mnepenayud WH- ¢Gopmanuu. bosjblioe BHUMaHHE YAEJIEHO BOIpPOCaM
KOJUPOBAHMS CUTHAJIOB: JJISI COKPAIICHUS] M30BITOYHOCTH WM JISI TTOBBIMICHUS
MOMEX03alUIIEeHHOCTH. OCBEIlIeHbl METO/bl MPUEMA CUTHAJIOB B KOT€PEHTHBIX U
HEKOT€PEHTHBIX CHUCTEMaxX CBSI3M NPU HAJIWYUU IIyMa, a TaKXe B YCIOBHSIX
MHOTOJy4eBOCTH. JlaH aHajmM3 METOJOB MHOIOCTAHLMOHHOTO JOCTyIlla C
YAaCTOTHBIM, BPEMEHHBIM U KOJIOBBIM pa3lieliecHneM KaHalioB. OrmnpeeneHbl
MPUHITUITEI 0OMeHa HGOPMAITUEH B TEIIEKOMMYHHUKAITMOHHBIX CETSX.

[Ipumensercs npu u3ydeHun aucuuiiuH — OO6mias teopust cBszu, OOmas
TEOpUsl PaAMOCBI3U, Teopusi SJIEKTPUUYECKOM CBS3M, LUU(pOBas CBA3b U HUHBIC
JUCHUTUIMHBI CBSI3HOTO U MHKEHEPHOT'O HANPABIICHUS.

JI1s1 MH)KEHEPHO-TEXHUYECKUX HAMPaBICHUN MOATOTOBKHU.
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BBEOEHUE

Cuuraercs, 1 He 6e3 ocHOBaHMH, yT0 XXI BeK — 3T0 BeK HH(POpMATH3AIUH.
[ToaToMy 3HaHUE (yHIaMEHTAIbHBIX 3aKOHOMEPHOCTEH M METOIOB IMepelayw,
npeoOpa3oBaHus U XpaHEHUs: UHPOpMAIUU JJIsI COBPEMEHHOTO YeJIOBEKAa HEO0XO-
JUMO HE MEHEe YeM 3HaHWE OCHOBHBIX 3aKOHOB (DM3UKU, XUMUH U JAPYTHX €CTe-
CTBEHHBIX HayK. B MoaTBepkJeHHE NOCTATOYHO JIUIIL OTMETUTh, YTO BCS DJICK-
TPOHHAS ammaparypa co3faetcs sl epenadyu U 00pabOTKHA CHTHAJIOB, HECYIIUX
uHpopmaiuio. VckitoueHrs HaCTONBKO PEAKU, YTO MPUJIETCS XOPOIIO MOyMaTh,
9TOOBI MPUBECTH XOTsI ObI 2-3 COOTBETCTBYIOIINUX TIPUMEPA.

Cucrtems! nepegaun undopmarmu (CIIN) sBisitoTCs 0HOM M3 caMbIX AUHA-
MUYHBIX OTpaciiel MUPOBOM SKOHOMUKH. B yKa3aHHBIX cucTemMax, 0COOCHHO Iu(-
POBBIX, BOIUIONIEHBI MPAKTUYECKU BCE HOBEUIINE OCTUKEHUSI HAYKU U TEXHOJO-
TUU, IPUMEHSIEMBIE U B APYTUX PAJUOTEXHUUYECKUX cUcTeMax. Her Hu4ero yausu-
TEJIBLHOI0, YTO KHUTH, cCojiepxkaliue 0ojiee WIM MEHEE CBS3HOE OMHCAHUE JIUIIb
OCHOBHBIX METOJIOB, UMCIOT BEChbMa CONMIHBIN 00BbeM [1-3 u nip.].

JlanHoe ydyeOHoe mocodue nmpeHa3HaueHO JIjIsl IEPBOr0 O3HAKOMJICHHUSI C KYpCOM
«OBIIAS TEOPUS CBSI3U». ['maBHas 11enb, KOTOpast MpeciaenoBaiach Mpu BEIOOpE
cnoco0a nmojayu MaTepuana, — 3T0 MaKCUMallbHas JOCTYITHOCTh MHOT/A JaXKe B
y1epO CTPOrOCTU U MOJTHOTE OCBEIIEHUS OTAENIbHBIX BOpocoB. Ecnu y unrarens
CJIOKUTCS LIENBHOE MPEICTABIECHUE O IPEAMETE, O HA3HAYECHUH U B3AaUMOCBSI3U
MPUMEHSIEMBIX METOJIOB, 3TO OyJeT Xopoliei 6a3oi i 6oJee AeTalbHOro u3y4e-
HUST N30paHHBIX TEM TI0 JIPYroi y4eOHOW U HAyIHOU JIUTEepaType.

Uto0b1 MaTepuall, MpeCTaBICHHBIN B KHUIe, HE BOCIIPUHUMAJICS KakK MPo-
cToil Habop (PaKTOB, HEOOXOUMO MOTUEPKHYTH CIAEAYIOIIEE.

Bo-nepBpiX, HauajdbHBIMN ATam JO0OTO HMCCIENOBAaHUS, 3a4acTyl TpeOyro-
Ui HauOobIIel KBaTu(UKAIUK, — 3TO CUCTEMAaTHU3aIUs U KOJIMYECTBEHHOE OIH-
CaHHWE TOro, 4ro H3BeCTHO 00 oObekre umcciemoBanus. s CIIM sto o3magaer
pa3paboTKy MaTeMaTUYECKUX MOJENEN CUTHAIOB U nomex. [loaTomy HeT cMmbicia
OPUCTYNaTh K U3YYEHUIO Kypca, HE BCIOMHUB XOTSI Obl OCHOBHBIE IMOHSITUSI TEOPUU
BEPOATHOCTEU U TEOPUM IEKTPUUECKUX LIENIEU U CUTHATIOB.

Bo-BTOpBIX, IpUeM CUTHAJIOB BCErJa TPEOYeT BHIHECEHUSI CEpUM PEIISHUN B
YCJIOBUSIX YAaCTUYHOW HEOMpeAerneHHOCTU. [lo3ToMy HY»KHO OCO3HATh, YTO HE
KOKJI0€ U3 OTUX NPUHATHIX PEIICHUI OKA3bIBAETCS MPABWIBHBIM, MOATOMY IPHU
BBIOOpE METOOB MEpe/lauyd U MpHUeMa CTPEMSTCS K TOMY, YTOOBI JOJIS YAAUHBIX
penieHnii OblTa MaKCUMaTbHOM.

B-tperbux, ynyumenue oanux xapakrepuctuk CIIM HemzOexHo compo-
BOXKIAETCS YXYAIIEHUEM JIPYTrUX, MO3TOMY HUKOTJA HENb3sl pACCMATPUBATH JIUIIIb
OJIHy cTopoHy Meaanu. Takum obpazom, npoektupoBanue CIIN u ee snemeHTOB
CBOJUTCS K KOJMYECTBEHHOMY 00OOCHOBAHUIO 1€ KOMIIPOMUCCHBIX BAPUAHTOB.

B Teopun CIIN odeHb MIMPOKO MCHOIB3YIOTCS Pa3IMYHbIE MATEMATHUUECKUE
METOBI. XOTS CJIeIyeT MPU3HATh, YTO KOJIUYECTBO OCHOBHBIX HJICH HE TaK YK Be-



auko. [ToaToMy 3a BceMru MaTeMaTHYECKUMH BBIPQKECHUSIMH HE MeIano Obl Mpesxk-
Jie BCEr0 pasrisi/ieTh COOTBETCTBYIONIYIO uacto. Hemapom sxe OONBITMHCTBO JTy4-
IIUX COBPEMEHHBIX METOJIOB 00pa0OTKH CUTHAJIOB MEPBOHAYAIBHO OBLJIO MPEAIO-
YKEHO TIPAKTUKaMH Ha OCHOBE MHKEHEPHON MHTYHUIIMHU, U JIUIITL TOTOM MaTeMaTHKU
CTpPOro 0OOCHOBANIA UX ONTUMAIIbHOCTb.

Her coMHeHUs1, 4TO 3HaHKE OCHOB TEOPHHM W TEXHUKH Teperaadyu uHpopma-
IIMM CYIIECTBEHHO OOJITYUT OCBOCHHUE IMOCIEAYIONIUX CIEUaIbHbIX KYpPCOB.
®dopMmbI pazHbIe, HO CYTh OJIHA — Mepeaada nHpopmarmu!



1 MATEMATUYECKUE MOLEJIN CUTHAJTOB U MOMEX
1.1 Uncpopmauma n curHanol

HeB03MOXHO 1aTh CTpPOroe M IOJHOE OIMUCAHUE JIFOOOr0 W3 MPUPOJHBIX
00BbeKTOB WM siBeHUH. [lo3TomMy 11000€ rpaMOTHOE MCCle0BAHNUE BCEra Hauu-
HAETCS C MMOCTPOCHUS €T0 Mamemamuieckou mooenu. ITo — yIpoIeHHOe KOJIYe-
CTBEHHOE OIMcaHhe 00BEKTa WU SBJICHUS, IPUTOAHOE JIJIsl PEILIEHUsI KOHKPETHOM
3a7a4i. SICHO, YTO pa3jIMYHBIM 3aJa4aM MOT'YT YJOBJIETBOPSATH COBEPIIEHHO pa3-
HbIE MOZEIIH OAHOT'O U TOT'O XK€ SIBJICHUS.

B cBsi3M ¢ 3TUM COMHHTENBHO, YTO KTO-TO MOYET JaTh CTPOrO€ M yJOBIIE-
TBOPSIIOLIEE BCEX ompeaeneHue nouatusa “uHdopmanus’. IIpuHATO cuMuTaTh, 4TO
ungopmayus — 3mo ceedeHus, 3HAHUA, HOBOCMU, udeu U m.n. HE3aBUCHUMO OT
(GbopMBI UX MpeACTaBICHUS.

Cumraror Takxke, yTo uH(pOpMalMs — HE Marepus, T.e. HAIUYUE €€ HEBO3-
MOKHO OOHApYKUTh C MOMOIIbIO OPTaHOB YYBCTB UJIU MPUOOPOB.

Emé nonarator, yto uHpOpMaIs — HE SHEPTusl, IOCKOIbKY OHA, B OTJIMYHE
OT PHEPTHH, HE MOXKET MPOSIBIATH ce0s1, MPEBPATUBIIUCH B paboTy.

Yto06bl HE co3AaNIOCh BIIEYATIIEHHE, YTO BECh KypcC OYeT MOCBSILEH U3yye-
HUIO CIIOCOOOB Mepe/iaun 4ero-iubo OecTenecHOro, AaJuM eIl€ OIHO Ompesene-
Hue. CueHan — amo mMamepuanbHulii nepeHocyux ungopmayuu, U nadpopmanus, B
HEM cojieprKalascs, TpaHC(HOPMHUPYETCS B UBMEHEHUE HEKOTOPBIX CBOMCTB ATOTO
MaTepuanbHOro oobekTa. [103ToMy BMOJIHE €CTECTBEHHO, YTO M3yU€HHUE 3aKOHO-
MEpHOCTEN nepeaayr nHGOpPMaIMU Mbl, U3 COOOPAKEHUI HATJISTHOCTH, 3a4aCTYIO
OyneM 3aMeHSTh U3YYEHHEM CBOMCTB CUTHAJIOB B IPOLIECCE MX MEpenayd OT McC-
TOYHHMKA K MOJIy4aTeNIo.

Urak, sicHO, 4yTO nepeaada uHpopMali HEBO3MOXKHA 0€3 mepeadyn CUrHa-
noB. O6paTHOE YyTBEpKIE€HUE CIPaBEUIMBO Jajeko He Beerna. Ecnu cBenenus, co-
JepKalllhecss B CUTHAJIE, YK€ JOCTOBEPHO M3BECTHBI MOJYYATENI0, TAKOM CHUTHAI
He Hecér uHopmarmu. C Apyroit CTOPOHBI, Al MeHee WH()OPMHUPOBAHHOTO I1O-
Jydatessi TOT )K€ CUTHAJl MOYKET COJIepKaTh HHPOPMALHIO.

CrnepnoBarenbHO, HH(MOpMaIUs — agpecHoe nousATrue. Beerna MOXHO yKkazarh
JIBa KOHEYHBIX OOBEKTa B LIENHU MpeoOpa3oBaHUi cUrHajla. DTO — UCTOYHUK HH-
dbopManuu u nonyvarenb. Mcmounux ungpopmayuu — 310 00bEKT, TEKYIIIEE COCTO-
saHHe KoToporo X MHTepecyer nonyuarens. [lepenaBaemoe coobuienue X, TpaHc-
dbopMupysich B Mpoliecce Nnepenadyd M3 IMyHKTa, 7€ pPacIoJioKEH HCTOYHUK, B
NYHKT, TJI€ PAaCHOJIOKEH MOJy4YaTesb, IPEBPAILAETCA B UTOTE B NPUHUMAEMBLU CU2-
nan Y. Ilomyuatenb, HaOmOmass KOHKPETHYIO PEaTn3alllio y, MBITAETCS OIpejie-
JUTh, KAKOBO KOHKPETHOE 3HAYEHUE COOOIICHHUS X.

Otcroga BUJIHO, YTO Yy MOdy4YaTess Bceraa JoJKHa ObITh XOTsl Obl HEKOTOpast
HEOIPEEIEHHOCTh OTHOCUTENIBHO TEKYILIEro cOCTOsIHUSA ncTouHnka X. Eciu Takas
HEONPEJEICeHHOCTh OTCYTCTBYET (MCTOYHHK TapaHTHUPOBAHHO JOJKEH OBbITh B



€IMHCTBEHHOM COCTOSIHUU X,, U TIOJIy4aTENII0 3TO YK€ U3BECTHO), TPATUTh PECYP-
Chl Ha MPUEM CUTHAJIa y HET CMbICIIA (CJIeI0BATENIbHO, U U3y4YaTh B 3TOU CUTYyalluu
HEYEro).

VY 100HBII MaTeMaTUYecKUil anmapatr Juisi OIMUCaHUsl OOBEKTOB, OXKHIAEMOE
COCTOSIHUE KOTOPBIX SIBJISIETCA HEOIPENEIECHHBIM, JTAET mMeopusi 8eposimHOCMeEl.
[Tosromy nipu paccmorpenun CIIM Bce curHanisl B 1€1H, CBSI3bIBAIOIIEH HCTOYHUK
X ¢ mony4aresneM Y, paccCMaTpUBaIOT Kak B3aUMO3aBUCUMBIE CIIy4alHbIe OOBEKTHI.

HanoMHuM BaKHeiilllue MOHATHSI TEOPUU BeposiTHOCTeil. Onvim — 3TO
COBOKYITHOCTb JIEHCTBUM, BBITIOJHAEMbBIX IO 3apaHee OrOBOPEHHBIM JUOO 00IIe-
NPUHSATHIM MpaBUJIaM, HAPUMEP, MOAOPACHIBAHUE MOHETHI, U3BJICUECHUE KAPTHI U3
KOJIOJIbI; HAOJIOIEHNE TTOTOIbl B KOHKPETHBIN JI€Hb U Yac; U3MEPEHUE HANPSIKCHUS
B KOHKPETHOH Touke ycTpoicTBa U T.4. Codvimue A nazvieaemces Cay4atiHbIM CO-
Ovimuem, eciu npu NPoGeOeHUU ONbiMa OHO MOMCEN NPOUZOUMU, d MONCEM He
npou3oUmu, npuyeM ucxoo 3apanee Heuszsecmen. llpumepsl: BeinaieHue repda npu
no10pacbIBAHUM MOHETHI; U3BJICUEHUE U3 KOJIOJIbl OYOHOBOW JECSATKH; CHEromnaj B
nosieHb 20 suBapsa 2010 roga; BenuurHa HaNpsHKEHU MeHblie 2 B.

Beposmnocmv p(A) coObITHUSI A — 3TO YHCIIO, XapaKTEPU3YIOLIEE CTENEHb
BO3MOKHOCTH TOSBJICHUSI 3TOr0 CcOObITHA. COOBbITHE HA3BIBACTCS HECIydalHbIM
(leTepMUHUPOBAHHBIM), €clii  p(A)=0 (3TO HEBO3MOXHOE COOBITHE) JHOO
p(A)=1 (310 HOCTOBEPHOE COOBITHE). [lIst CimydaiiHoro cobeiThsa 0< p(A)<1.

JIJisi HEKOTOPBIX COOBITHI BEPOSITHOCTh WX TOSBICHUS MOXHO TOYHO yKa-
3aTh Cpa3y Ha OCHOBE TEOPETUUYECKUX MPEANOChUIOK. Hanmpumep, BEpOSITHOCTh BbI-
nageHus repOa pasua 0,5. J[111 MHOTHX APYTUX COOBITHUH OCTACTCS JUIIH IKCIIEPH-
MEHTAJIBHBIA CIIOCO0 OLIEHKHM BEPOSATHOCTH, T.€. p(A ,)~m/n, Iie n — 00lee KO-

JUYECTBO MPOBEAECHHBIX OIBITOB; M — KOJIMYECTBO OIBITOB, B KOTOPBIX IMOSIBU-
J0ck coObiTe A. OUYEBHIHO, YTO TOYHOCThH OIIEHKH BO3PACTAET MPHU yBEIUYECHUU
KOJIMYECTBA OIBITOB 71.

Kaxk nmpaBuiio, 66IBatOT U3BECTHBI MOCIEICTBHS, KOTOPBIE MOBJIEYET 32 COOOM
NOsIBJICHHUE (M HEMOSIBJICHUE) COOBITUS A, TO3TOMY €CTECTBEHHO KEJIaHUE 3apaHee,
710 TPOBEACHUS ONbITA NPUHATH peuleHue OTHOCUTENBHO TOr0, KaK HaWIydlIuM
00pa3oM MOJATOTOBHUTHCS K MPEOJOJICHHIO 3THX TociienctBuil. [Ipobiema B ToM,
YTO CIOCOOBI TMTOATOTOBKY K O0OMM HCXO0JIaM MOTYT OBITh JUAMETPATLHO MTPOTUBO-
IIOJIO’KHBIMU, MCKIIFOYAOIIUMHU Apyr apyra. Hanpumep, eciu p(A)=0,98, TO MBI,
CKOpee BCEro, NPUMEM pelIEHUE TOTOBUTHCS K TOMY, YTO COOBITHE A MOSBUTCS.

KoHeuHo, MBI MOKeM OIIMOUTHCS B CBOMX IPOrHO3ax. TeM He MeHee, npa-
BUJILHOCTH M30paHHOM CTpaTeruu MOATBEPKAACT cienytomiee coodpaxenue. Ecnu
OyneM cienoBarh €i Mpu NpOBEIEHUH OOJIBIIOIO KOJUYECTBA ONBITOB, TO HAYMHA-
eT paboTaTh 3aKOH OOJIBIIUX YHCET U MPOSBISIOTCS HEKOTOPhIE 3aKOHOMEPHOCTH.
B namem npumepe npu mpoBereHun n = 10000 onbITOB coObITHE A MOSBUTCS
npumepHo m = 9800 pa3 n He nosBUTCA Beero B 200 omnbITax.



Pemenne Oyaer eme 6ojiee 000CHOBAHHBIM, €CITH €CTh BO3MOYKHOCTH KOJIH-
YECTBEHHO OIpPEACIUTh BEIUYUHBI PUCKOB (IIOTEPh), CBA3AHHBIX C KaXIbIM W3
BO3MOKHBIX UCXOJO0B ONbITa (KCTaTH, BEJIMYMHA MOTEPh CO 3HAKOM MUHYC O3Haua-
€T COOTBETCTBYIOIIYIO MPUOBLIB).

Paccmorpum mpumep. Hekto mpepnaraer Bam MOWUTpaTh MO CIEAYIOMINM
npaBmiIaM: OpocaeTe UrpalibHYIO0 KOCTh U, €CJIH BBIMAaeT ImecTepka (BepOsSTHOCTD
ATOrO COOBITHS paBHA 1/6), BBI TIaTUTE 6 pyOJIeH; IPU APYrOM MCXOJI€ BbI MONY-
gaete 1 pyosnb. Utak, BenmuunHa oTeph X — 3T0 OUCKPEMHAS CYYAlHAs 8eluYl-
Ha, OHA UMEET JIBa BO3MOXHBIX 3HAaUCHUs: x| = 6 U x, = —1. CTOUT I UrpaTh Ha
Takux ycioBuax? Ha nepBbliil B3I/, UTpa KaXeTCsl CIPaBEIJIMBOM, TEM HE MEHEE,
MOJICYUTAEM CPEHION BeIU4MHY noteph. [lonoxum, Oyner mposenero 600 orbl-
ToB. lllectepka Brimaner npumepHo 100 pa3, mpu 3Tom Bbl otepsiere 600 pyoOsie.
WNnoit ucxon Oyner mpubmmsutenpHo B 500 ombitax, u Bel noiayuute S00 pyoiei.
bananc HexenaTenbHbIA, CPEAHSS BEJIMUMHA MIOTEPh B PAaCUETE HA OJUH OMBIT CO-
ctaBuT 1/6 pybissa. B Teopun BepoOsSTHOCTEN dTa YMCIOBAsl XapaKTEPUCTHUKA Ha3bI-
BACTCS MamemMamuyeckum odxcuoanuem cayyaunou genuyunst X. Kak Mbl TOTBKO
4TO yOeIUIIUCh, OHa BBIYUCIISICTCS 1o dbopmyiie
m, =xp(x)+xp(x,)=6-1/6-1-5/6=1/6.

MOXHO ONpPENEeNUTh NOAHYIO SPYNNY HeCOBMECMHbIX CAYUAUHBIX COObIMULL
Ay, As,...,A,,. DTO 3HAYUT, YTO B PE3yJIbTATE OIbBITA 00s3aTEIHLHO MPOU30UIET OJ1-
HO U3 TIEPEUYHCICHHBIX COOBITUM, HO TOJBKO OJHO U3 HUX. JJI1 Kaka0ro coObITUS
A;  CyllecTByeT  BEPOSATHOCTb ero MOSIBJICHHUS p(A ), IpUYeM

p(A)+ p(Ay)+...+p(A,)=1. Haipumep, npunsaTo coobienue, cocrosuee u3 200

OykB. Torga noiaHoi OyaeT, CKakem, Takasi Ipynna ciaydalHbIX cOObITUM: A| — B
TEKCTE HEeT OnO0K; A, — B TEKCTE O/IHA OIMOKa; A3 — B TEKCTE OT JBYX JO IIsi-
TH OIMMOOK; A4 — B TeKCTe 00JIee AT OMIHOOK.

OnpenenuB UCXOAHBIA MYHKT JUIsl IOCTPOCHUS MOJIETH CUTHAJIOB, BO BCEX
MOCIIEYIONINX pa3jiesiaXx Kypca Mbl OyJIeM 3aHUMAaThCsl BOIIPOCAMHU BEPOSITHOCTHO-
T'O OMHMCAHMS CUTHAJIOB B PA3JIMYHBIX 3BEHBSAX TPAKTa MEperayu, MPU 3TOM OCHOB-
HOE€ BHHMMaHHE OyJeM yIensiTh TeM XapaKTepUCTUKAM CHrHajla, KOTOphIE B
HAUOOJIBIIICH CTENEHU 3aBUCST OT mnepeaaBaeMoro coodmenuss X. CrnocoOsl omnpe-
JIEJIeHHs] KOTMYecTBa HH(POPMAIINH, COJIEpKAIIEeCs B CUTHANIE, OYJyT paccMOTpe-
HBI B pazjene 4.

1.2 UudpoBble curHanbl

Cuenan X, komopbwiii Modicem HAX00UMbCSL UL 8 OOHOM U3 M BO3MONCHBIX
COCMOsIHULL, HA3bl8AEMCcsT M-UuHblM cumeonom. IlepedeHb BceX BO3ZMOXKHBIX 3HA-
YEHUW CUMBOJA X1,X3,...,X,, 0OPA3yIOIIUX MOJHYIO T'PYIIYy HECOBMECTHBIX COOBI-
THW, Ha3bIBaeTCs aa(aBUTOM, a YHCIIO 7 — OCHOBaHMEM Koja (CHCTEMBI CUHCIIC-
HUSA).

ITonHOE BEpPOSTHOCTHOE OMHCAHWME CHUMBOJIA JIA€T €ro Psj pacrpeaeieHUs
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Xi | X1 X2.. . Xm (1.1)
P | P1 P2..Pm

IIpu 3TOM CymMMa 4HCENn-BEPOATHOCTEN BO BTOPOU CTPOKE paBHA €IUHUIIE.

Ilpumepwi: 1) X — pycckas OykBa, m=33, e€ BO3MOXKHbIEe 3HaUeHUs (anda-
BUT): a,0,...,5. ECTb 3KCIEpUMEHTAIbHbIE JaHHBIE O BEPOSITHOCTSIX MOSBIICHHUS
Kax10i u3 Oyks [10].

2) X — necarnunas mudpa, m=10, andasur: 0,1,2,...,9. Eciu He yduThIBaTH
Hally JIO00Bb K KPYIJIbIM YHCIAM, MOXXKHO CUUTaTh, YyTO Bce Hu(phl andaButa
UMEIOT OJIMHAKOBYIO BEpOSITHOCTH 110 0, 1.

3) X — nBonunas mudpa (6ut = bit = binary digit), andasur: 0,1.

Koneuno, ¢popMarbHO MOXHO TIPEICTABUTH CUMBOJI, JIJIsT KOTOPOTo m=1, HO
IPUHUMATh TaKOM CUTHAN HET cMbicia (cM. pasza. 1.1). [lostomy 6um — smo cuenan
npocmeiiwe2o 8uoa, U 0narojgaps 3TOMY CBOMCTBY JIBOMYHbBIC CHUTHAJIbI HAILIU
MUpoYaiilliee MPUMEHEHHE B Pa3IMYHBIX YCTPOWCTBAX Mepenadyu, XpaHCHUs |
npeoOpa3oBaHusl CUTHAJIOB.

Jliist OykB andaBuTa MOKHO MCTIOIB30BaTh JIIOOBIE (pa3yMeeTcsl, pa3InIHbIC)
Ha3BaHUS U 0003HAYEHUS — OT ATOTO CYIIHOCTh CUTHAaJa He U3MEHUTCA. Ecau OyK-
eam angasuma npunucamsv YUcCio8vle 3HadeHus, mo cumeon X npespawujaemcsi
ouckpemuyro caydatinyro genuyuny. Jna CIIN 310 — TUnuyHas curyauus, mo-
CKOJIbKY pa3JIM4HbIC COCTOSIHUSI CUMBOJIA TIEpEAaroTCsl MyTeM 3aJaHus KOHKpET-
HBIX 3HAYCHUH 9aCTOTHI, (Pa3bl, aMIUTUTYIbI M UHBIX KOJUYECTBEHHBIX IMAPAMETPOB
CUTHaA.

[IpakTudecku a00YyI0 YUCIOBYIO XapaKTEPUCTUKY TUCKPETHOHN CllydalHOU
BEJIMUMHBI X MOKHO OINpPEJEINUTh KaKk MaTeMaTuudeckoe oxkujaanue (M) HekoTopoi
M3BECTHOU PyHKIUH y = ¢(x)

M[qo(X)]=Zl(p(x,)p,. (1.2)
=

B wactHOCTH, BBhIuuCHeHUE 10 Gopmyne (1.2) maer: MaTeMaTUYECKOE OXKHU-
nanue m,, ecna ¢(x)=x; aucnepcuto D, ecid (x)=(x—m, )’ ; NATHIA HaYaIbHBIH
MOMEHT, €Cii ¢(x)=x"; aucno m, ecnu ¢(x)=1/p(x), u T.1.

JIroboe u3 uucen, onpeaenseMbix mo ¢opmyie (1.2), He 1aeT MOJIHOTO OMU-
CaHUsl CBOMCTB cuMBOJIa X B OTaM4He OT psjga pacnpeaenenus (1.1), HO ux wuc-
MOJIb30BaHUE TOPOM HMEET CMBICH Ojarogaps KOMIAKTHOCTH TMPECTaBICHUS
(ducro, a He TAOIHIIA).

[Tpu nepenaye Kax10My U3 BO3MOKHBIX 3HAYCHUI CUMBOJIA PUTTACHIBACTCS
OIIpeNIeTICHHBI CMBICII B COOTBETCTBUH C 3apaHee OTOBOPEHHOW TaOiHIlel KOIu-
poBaHHMs, T.€. 3Ta TabIMIIa U3BECTHA monydarento. Hanpumep, mpu m=2 cooOruie-
HUE O BO3MOXKHOM TPHUE3/Ie KOHKPETHOTO JIMIA MOKET UMETh CIeAyronuil Bu: 1 —
npuener, 0 — He puener. Eciy uenoiap30BaTh BOCBMEPUYHBIA CHMBOJI, TO MOYKHO
nepenatb Ooyiee neranbHOe (MHPOPMATHBHOE) COOOIICHHE, COCTABHB TAOJIHITY,
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HarpuMep, Tak: 0 — He npuener; 1 — npueaeT B NOHEACNIbHUK; ...; 7 — NPUEIET B
BocKkpeceHbe. OTCro1a BBIBOM: uem Ooavuie m, mem 6oiavue ungopmayuu (ceede-
HULL) MOJCHO 8LONCUMb 8 OaHHbI cumeo. HO HCTIOIb30BaHHE CUMBOJIOB C 0OOJIb-
UM M TIOPOXKIAET psiji poOseM (CM., Harpumep, pasi. 2.), IO3TOMY 4YacTo JJis
nepenayu COOOIICHS NCTIONB3YIOT HE OAMH, @ HECKOJIBKO M-HYHBIX CHUMBOJIOB.

Konoast komomuanmusa X" X% . x"l cocrosias u3 m-u4HBIX CHMBOJIOB,
HEPENIKO HA3BIBAETCSl KOOOBbIM CA080M NIWHBI n. J[pyroe BO3MOXXHOE Ha3BaHUE -
3TO n-paspsaHoe m-uaHoe Yucio. [IycTh BCe # CUMBOJIOB, BXOAIIUX B 3TO CJIOBO,
UMEIOT OJIMH U TOT K€ andaBuT x,,Xx,,..., X,, .

IToxa paccMaTpuBacM OTY KOM6HHaLII/IIO KaK €IUHOC LCJI0€ U MNEPCUUCTIUM
BCE €€ BO3MOKHBIE COCTOSIHUS
11,121 [n]. 11 ,12] [n]. . [11 ,12] [n]
XX e X X X e X ey XX X (1.3)

m>7m 2 "m

HUucno 3Tux COCTOSAHUM paBHO
M=m". (1.4)

Ortcrona cneayer, 4To KOMOMHAIIMS CHMBOJIOB, B MPUHLMUIIE, HUYEM HE OT-
JMYAETCs OT OJHOrO0 M-WYHOrO CHUMBOJIA, €CJIM HE CUMTATh MCIOJb30BaHUS IPO-
MO3JIKMX 0003HaUYCHMM NI Kakaou u3 M Oyks andasura (1.3). U B aToM ciryuae
JUTSI IOJTHOTO ONMCAHUS CUTHAja HYXHO 3HaTh pAl pacnpenenenus (1.1), koTopbii
B MEPBOIl CTPOKE COAEPKUT BO3MOXKHbIE 3HaueHusi curHana (1.3), a Bo BTopoi
CTPOKE — YHCJIa, T.€. BEPOSTHOCTH MOSBICHUS KaXI0T0 U3 3TUX 3HAYCHUN

p(xf'],xg.z],...,x,[(”]), (1.5)
IPUYEM CyMMa 3TUX M BEPOATHOCTEM, ECTECTBEHHO, PABHA EIHMHULIE.

Hanee, popmyna (1.2) onpenensier crocod BBIUMUCICHUS JTHOOOM YHUCIOBOMN
XapaKTePUCTUKHU U JJI KOJOBOW KOMOWHAIIMHU, U B OTOM Cllydae OHa MPUHUMAET
BU/T

M| (X1, X7, x"7) | =

m m m ) ) 1 2 (1‘6)
_ Z...Z(p(x}],xg],...,x,[(”])p(xf],xg],--~,X,[<n])-

i=l r=1 K=l

Nmes psig pactpeneneHus st KOMOMHAIMK B 1IEJIOM, MOKHO HaWTHU BEPO-
STHOCTHBI€ U YMCJIOBBIE XaPAKTEPUCTUKH JIJIs1 JTFOOOTO CUMBOJIA WIIM TPYIIIBI CUM-
BOJIOB, BXOJISIIIIMX B KOMOWHAIIHIO.

Jlyist ipumepa paccMOTpUM KOMOWHAIMIO XY, COCTOSIIIYIO U3 NBYX (n=2)
M-MYHBIX CUMBOJIOB. VIMesi m’ BEpOSITHOCTEH COBMECTHOTO MOSBICHHS 3HAUCHHI
x; u y, (1.5), mo dpopmyne crnokeHUs BEPOATHOCTEH MOKHO HAWTH BEPOATHOCTH

JUISL KOKJIOTO U3 CUMBOJIOB
p(xj)=z;p(xj,yk), p(yK)=Z:‘p(xj,yK). (1.7)
K= j=
Jlanee, BOCIOJIb30BABIIUCH (DOPMYIJION YMHOXKEHHUS BEPOSITHOCTEN

p(x.3)=p(x)p(3e /%) =p(3) p(x; 15, ); (1.8)
MOXHO HOCTpOI/ITb m YCJ_IOBHBIX pﬂI[OB paCHpeI[eJIeHI/IH CHUMBOJIA X, 110 OI[HOMy pﬂ—
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Iy U1 KOKAOTO U3 3HAYEHUMN k =1,2,...,m,

p('x j o yK )
Ay )= 1.9
)= (-
Hn aHAJIOTUYHO m YCJIOBHI:IX p}I,[[OB pacnpez[eﬂeHH;I JJIA Y
p(‘x j 2 yrc)
X )= 1.10
ply x,) o) x (1.10)

Jns onpeneneHus Kakoi-nMO0 yCIIOBHOM YMCIOBOM XapaKTEPUCTHKH CHM-
BoJIa X BOcHoJib3yemcsl Toi ke (opmyinoit (1.2), HO MOACTaBIATh HYKHO YCJIOB-
HBI€ BEPOSATHOCTH, COOTBETCTBYIOIME KOHKPETHOMY 3HAUYEHHUIO y CUMBOJIA Y.

JBa cumBosa X U Y ABIAIOTCA He3a6UucCUMbIMU, €CIIHA p(xj /y.)= p(xj) , cle-

nosarensHo, ply, /x;)= p(y,) A1 Becex BO3MOXHBIX 3HaueHuil j u k. HesaBucn-

MOCTh CUMBOJIOB YIIPOILAET UX OMUCAHHE, TOCKOIBKY JIF00asi yCIOBHASI XapaKTe-
pUCTHKA CHMBOJIa PaBHAa COOTBETCTBYIOIIECH 0€3yCIIOBHOM.

OmnuncaHue IOCIEIOBATCILHOCTH 3aBUCHMBIX CHMBOJIOB JUISI OOJBIIMHCTBA
CUTYallMi, MNPEACTABIISIIOIINX IMPAKTUYECKUA HHTEPEC, SIBIACTCS XOTS U OYEHb
MPOCTBIM TIO CMBICITY, HO MOPOM 4Ype3BbIYANHO TpoMO3AKUM. OTHON U3 CaMbIX
IPOCTBIX MOJICIEH, YIMTHIBAIOIINX 3aBUCUMOCTh CUMBOJIOB B UX OSCKOHEUHOU TO-
CIIEOBATEIBHOCTH ..., X1 XM XU gpisercs mpocTas MapKOBCKas IICTIb

p(xi[kﬂ] /xgk],xgk—l]"“) _ p(xi[kﬂ] /xgk])’ (1 1 1)
TO €CTh BJIMSIHUE BCEX MPEANIECTBYIONIMX CUMBOJIOB NEPEAAETCS “TIO LEMOYKE™, B
UTOT€ 3HAUEHHE TEKYIIEero CUMBOJIa (DOPMaIbHO 3aBHUCUT OT OJTHOT'O MPEIbIIYIIe-
ro.

MHorue cooOIIeHUsI MO CBOCH NPHUPOJIC SIBISIOTCA yugpposvimu, m.e. co-
CMOAWUMU U3 NOCIE008AMENILHOCIU CUMB0J108. TaKOBBI TEKCThI, Pa3IMYHbIE YHC-
JIOBBIE MacCUBBI. bojiee Toro, B COBpEMEHHOW TEXHHUKE CBSI3M OUYE€Hb YaCTO COO00-
IICHUS, KOTOPBIE IO CBOEH MPUPOJIE HE OTHOCATCS K IM(POBBIM (Hanmpumep, 3BYKU
U n300pakeHus ), mpeodpa3yroTcs B OCIEI0BATEILHOCTh JBOMYHBIX CUMBOJIOB.

1.3. ANCKpeTHble cUrHanbl

PaccMoTpuM Takue ciydaiinble QyHKIUKM BpEMEHU X(7), KOTOPBIE SBJISIOTCS
JUCKPETHBIMM BO BPEMEHU f, HO HENPEPBIBHBI MO BenuuuHe. [loBeneHne takoro
CHTHAJIa MOYKHO IIOJHOCTBIO OINKCATh IociemoBaTeabHoCcThI0 XM X . XM co-
CTOSIIIIEH U3 N HenpepuléHblX CAydYarHbIX BeMW4YWH. HamomHuM, 4To B 1udpoBoM
CUTHAJIE Ka)KJas U3 ITUX BEJIUYMH SIBJIIETCS JUCKPETHOM.

Haunewm ¢ mpocreiimiero ciydas n =1, T.€. CATHaJI — 3TO MPOCTO HeNpepPbIB-
Hasl ciay4yaiiHas BejuuyuHa X. BonpmMHCTBO (PU3MYECKUX BETUYHMH (TeMIepary-
pa, AaBJI€HHE, CKOPOCTh, HANIPSDKEHHUE U T.11.) SBJISIOTCS HEMPEPHIBHBIMU CITydail-
HBIMU BEJIUYMHAMU, T.€. KaXJas U3 HUX MOXKET NPUHSATH JII0OOE 3HaUYCHUE BHYTPHU
HEKOTOPOT0 HEMPEPHIBHOTO MHTEPBAIA.
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ITonHOE onmcaHue HENMPEPHIBHOM CIIYYAWHOU BEJIUYUHBI CONEPIKUT €€ IUIOT-
HOCTh BEPOSATHOCTEH W(x). DT0 HeoTpuuaTenbHas QYHKLHS, YIOBIETBOPAIOLIAS
YCIOBUIO HOPMHUPOBKH

TW(x)dx:I. (1.12)

Jt00y10 M3 YMCIIOBBIX XapaKTEPUCTUK HAXOJUM C MOMOUIbIO0 (DOPMYJIbI, MO-
nobnot (1.2),

MIp(x)]= [l (51, (113)

3a1aB QyHKIMIO @(x) cOOTBETCTBYIOMIETO BUaa. OQHON U3 CaMBIX MOJIE3HBIX MO-

JieNiel SIBISIETCS HOPMANbHAA (2AYCCOBCKAs) CAYYAUHAs 6elUYUHA, JUISI KOTOPOU
KpHBas MUIOTHOCTU BEPOSITHOCTEN — KOJIOKOJIBHOI'O BHIA

1 (x—mx)2
W(x)zmexp —T ) (114)

rjae m, M o, — MaTeMaTUYECKOE OXKUAAHUE U CPEAHEKBAIPATUUECKOE OTKIOHEHHUE
COOTBETCTBEHHO.

[TonHOM XapaKTEPUCTUKOW MOCJIEA0BATEIbHOCTH HENPEPbIBHBIX CJIy4Yai-
HbIX BeauuuH XU XP X" gpusgercs coBMeCTHas IUIOTHOCTh BEPOSTHOCTEH

1 2
W(x[ It ],...,x[”]) .
I[JIH OIIpCACICHUA YUCIIOBBIX XAPAKTCPUCTHK HCIIOJIB3YCTCA aHAJIOr (1)OpMy-
w1 (1.6)
MoV X x)] -

= T T ¢(x['],x[2],...,x["])W(x[l],x[z],,_.’x["])dx[ll oo dd™. (1.15)

YroObl MCHONb30BaTh 00JIee KOMIIAKTHBIE 00O3HAYEHMS, CUCTEMY Cilydai-
HBIX BEJINYMH YAOOHO MPEICTaBUTh B BUJIE BEKTOPA-CTPOKU
X:(X“],X[”,...,X[”]), (1.16)

a BEKTOp €€ KOHKPETHBIX 3HAUYCHUU TOYHO TaK K€ 0003HAYUTH CTPOUYHON OYKBOM
X.

HawnbGonee 4acto MCHONB3YIOTCS CIEAYIONINE YHUCIOBBIC XapPaKTEPUCTUKHU:
BEKTOP-CTPOKA MATEMATUYECKUX OKUTaHUM

m, = (", ) = M[ (XU, X, X (1.17)
Y KOBapHalMoHHas Marpuna R, anemenTamu KOTOpoil cirykar yucia
Ry =M[(XV=m,)-(X" =m)], jk=12,..n (1.18)

I[J'I?I HC3aBHUCHUMBIX CJIy‘—I&fIHBIX BCIWYHUH HECT HGO6XOI[I/IMOCTI/I HCIIOJIB30BaTh
IIOHATHUC YCHOBHOﬁ IINTOTHOCTHU BGpO)ITHOCTCﬁ, IIO2TOMY

W (2,2, = W ()W (6T) W () (1.19)
", CJICAOBATCIIbHO, KOBApHAllMOHHAA MaTpula R saBasgercs HHaFOHaHBHOﬁ.
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Cucrema n raycCOBCKMX CIyYallHbIX BEJIMYMH OMHUCHIBAETCS MIIOTHOCTHIO
BEPOSITHOCTEN

W(X) = (27[)_"/2 (detR)_l/2 exp{—%(x—mx)R'1 (XT -m] )}, (1.20)

rae detR — onpenenurens maTpuils R,
x' — BEKTOP-CTOJIOCIT X .

1.4 HenpepbiBHble cUrHanbl

MatemaTnyeckoil MOJIebI0 HETIPEPHIBHOTO (aHAJIOTOBOT0) CUTHAJA SBIISET-
Csl HENpephIBHBIM ciaydaiinelii npouece X (7). Takod mpouecc xapakTepusyercs

aHcamOieM (MHOXECTBOM) peanu3aiuidl. HuuToxxHasi 4acTh 3TOr0 MHOXECTBA TSt
npuMepa rmokazana Ha puc. 1.1 (kcratu, ecnu Obl 3TH 5 peanu3anuii, H300paKeH-
HBIX Ha PHCYHKE, COCTABJISUIM BCE MHOXKECTBO, TO MX C TOJHBIM MPABOM MOXHO
ObLI0 OBl CUMTATh CUTHAJIAMH, OTOOPAKAIOMIMMH 5 BO3MOKHBIX 3HAUYCHUN TISTH-
PUYHOTO CHMBOJIA).

Bun xaxxmoro sneMeHTa 3TOro MHOXKECTBA, B TIPUHIIAIIE, U3BECTCH 3apaHee,

X() A

v

Puc. 1.1. YacTts ancaMO:1s1 peanuzaiiuii HepepbIBHOTO
CIIy4alHOTO Ipolecca

a BCSI CIIyYallHOCTb 3aKJIFOYAETCS B TOM, UTO 3apAHEE HEU3BECTHO, KOTOPAsI U3 ATUX
peanu3anui mosBUTCA.

BeposATHOCTHOE ONKCAaHUE HEMPEPBIBHOTO MPOIECCa TPAJULIMOHHO HAYMHA-
€TCAd C TOr0, YTO MBICJIEHHO MPOBOJST €r0 KBAHTOBAHWE MO BPEMEHH C IIArOM
At=T/n, TI€ n — KOJIMYECTBO OTCYETOB, MOJYHAIOLIUXCA B PE3YyJbTATE KBAHTOBA-

Hus. B urore HempepbIBHBIN ClTydaiHBIN mporecc X (f) 3aMeHseTcsl MocieaoBa-

TENILHOCTBIO HEMPEPHIBHBIX CIIYYalHbIX BennduH-oTcueToB X!, X7 X! Janee
JUISL 3TOW CUCTEMBI CIyYalHBIX BETUUUH OMPEICISIOT XKelaeMble BEPOSITHOCTHBIC
XapaKTEPUCTHKH MO0 METOAMKE, ONMMCaHHOH B pa3a. 1.3. U, HakoHel, npearmoara-
0T, YTO TIPE/E/IbHBIC 3HAUCHHS dTHX XapPAKTEPUCTHK MPHU Ar —> 0 SIBIISIOTCS XapaK-
TEPUCTHKAMH CaMOT0 CIIy4aifHOTo mpornecca X (t).

Haubonee BakHbIe YMCIOBBIE XapaKTEPUCTUKH HETIPEPHIBHOTO CIyYalHOTO
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mpolecca: MareMaTHueckoe Oxkupanue m (t) —aerepMuHupoBaHHas (GyHKms (
ananor Bekropa (1.17)) u koBapuanuonnas Gpyuxuus R(z,,t,) (anamor (1.18)).

Tl cmayuonapro2o ciyuaiino2o npoyecca MaTeMaTHYeCKoe OXKUJIAHUE —
3TO KOHCTaHTa m,_, a KOBapHAlMOHHAs (DYyHKIUA SABISETCS AETEPMHHMPOBAHHOM
(GyHKIMENH OTHOM IEPEMEHHON 7 =1, —1, .

JIst CTAlMOHAPHOrO CIIy4aifHOro IPOLECCA HATIISAIHOM XapaKTEpUCTHKOM
ABIISIETCA CIHEKTP IUIOTHOCTH MOIIHOCTH G(®), CBS3aHHBIA C KOBapUalMOHHON
¢yukumeit R(r) mapoit mpeoOpazoBanuii Pypbe

G()= [R(r)expl-iwr)dr,
- (1.21)

0

R(7)= 1 G(w)explior)do.

[TonsiTe HENMpephIBHON CIy4ailHOW (DYHKIIMM MIUPOKO TPUMEHSIETCS s
OMMCAaHUsI MHOTHUX PEaJbHbIX CUTHAJIOB. B 4acTHOCTH, 3ByKOBOW CUTHAN — 3TO He-
IPEPBIBHBIN ciydaiiHblil nponecc X (). M300paxeHue — 310 cirydyaiiHas QyHKIMS

X (,,y,) ABYX HPOCTPAaHCTBEHHBIX KOOPJUHAT y, U y, (CilydaliHYIO (QYHKIHIO He-
CKOJIbKUX MEPEMEHHBIX HA3bIBAIOT CIyYalHBIM T10JIEM).

1.5 AaauTnBHbIE N MYNbTUNJIMKAaTUBHbIE MOMEXU

Curuajn Ha BBIXOZIE IepenaTdrka x(t), pacpoCTPaHsACh BONb JIUHUM, CBS-
3BIBAIOIIEH IMyHKTHI TIEpeavun U IprueMa, U3MeHseT cBoro (opMy. B uTore Ha BbI-
X0Jle TMHUK (Ha BXOJE€ IPMEMHHUKA) UMEEM CUTHAN y(r), OTIIMYAIOMIMICS OT Iepe-
nanHoro. IIpoGiema 3akimro4aeTcss B TOM, YTO 3TH U3MCHEHUS CIydalHbI (1erep-
MUHHUPOBAHHBIC N3MCHEHHS CUTHAJIA, BOSHUKAOIINE B JIMHUY, B TIPUHIIATIC, BCETIA
MOTYT OBITh TOYHO YYTEHBI M IOJIHOCTHIO CKOMIIEHCHPOBAHBI, IIO3TOMY TOKa MBI
uX He OyaeM paccMaTpuBath). Takas ciyuaiHas mpanc@hopmayus cUueHald 8 Jji-
HUU HA3bI8AEMCS 8030elCmEuemM CAy4auHoU noMexu.

ITomexa Z(tr) Ha3pIBaeTCA aJAMTHBHOM (0T aHrimiickoro add-npubasisTs),

eciu
Y(t)sz (t)+Z(t), (1.22)
r/ie k — IOCTOSTHHBIN KO3 UIIMEHT TIepenaun JIUHUH.

[TpunHON BO3ZHUKHOBEHHUS AJJUTUBHON MOMEXHU ABIISIIOTCSA CYLIECTBYIOLINE
BCET/Ia TEIUIOBOM IIYM, BJIEKTPOMArHUTHBIE I0OJs, CO3/1aBA€MbI€ IOCTOPOHHUMU
VCTOYHHUKAMHU H3JIy4YEHUsI €CTECTBEHHOI'O U MCKYCCTBEHHOI'O IPOUCXOKICHUS, U
T.IL

B kauecTBe moodenu adoumusroil nomexu 06bIYHO NPUHUMAIOM OeNblll UYM,
T.€. CTAlMOHAPHBINA I'AyCCOBCKUM CIYYAWHBIN IMPOLIECC, UMEIOIINN HYJIEBOE MaTe-
MATHYECKOE OXHUJTAHUE U PABHOMEPHBIA U 0ECKOHEUHO MUPOKHUI CIEKTpP MIOTHO-
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ctu MomHocTU. Ecnu peannzanuio Genoro myma Z(¢) NoAaTh Ha BXOJ UI€AIbHO-

r'0 MOJI0COBOTO (PriIbTpa, 00IaAAI0MIET0 SAUHUIHBIM KO3((MUIIMEHTOM TIepeaaydu B
TI0JI0CE YacTOT

N =fi—f (1.23)
TO Ha BbIXOJ€ (UIbTpa OyJeM HUMETh peau3alfi0 TakKe CTAlMOHAPHOIO rayc-
COBCKOTI'0 CllyyaiHoro mporecca V (r) ¢ HyJeBbIM MaTeMaTHUECKUM OXKUAAHHUEM,

HA3bIBAEMOI'0 OI'PAHUYEHHBIM 110 M0JIOCE OEJIBIM IIIYMOM.
ITpu m00BIX f, > f, >0 ero nucnepcus (CpeaHss MOLHOCTh IIIyMa) paBHA
2
o, =F, =N,Af, (1.24)
a n OTCYETOB V,,...,v,, B3ATBIX C IIAroM Ar=1/(2Af), olpenensieMbIM TEOPEMOH OT-

cueroB HalikBrcTta-KoTenbHUKOBA, SBISIIOTCS. HE3aBUCUMBIMU CIIyYalHBIMU BEJU-
YUHAMH U ONKUCHIBAIOTCA N-MEPHOU COBMECTHOM IUIOTHOCTHIO BEPOSITHOCTEN

W(vl""’vn) :W(Vl)"'W(vn) =

12 ivjz . (1.25)

=————exp| —
7ol T\ 200 &

Benunuuna N0 — 9TO CIICKTpaJIbHAA INIOTHOCTH MOIIHOCTHU oemoro mymMa 1 B COOT-

BercTBUM C (1.24) oHa nmeeT pa3MepHOCTh dHepruu Br-c.

MyabTUIVIMKATHBHAsE TioMexa (OT aHriamiickoro multiply-yMHOXKaTh)
OOBIYHO SIBJISIETCS CIEACTBUEM MHOTOIYYEBOCTH TP PAJAMOCBSI3U B YCIOBHSX, KO-
r/1a DJIEKTPUUECKHE CBOMCTBA aTMOC(epbl Uiu peibed MOACTUIAIONIEH TOBEPXHO-
CTH CIIy9aliHBIM 00pa30oM HM3MEHSIOTCS B MPOCTPAHCTBE M BO BPEMEHH (pacIpo-
CTpaHEHHE PAMUOBOIH B TOPOJIC WU B HEOJTHOPOIHOM atMocdepe).

OOmmii MoaXo K ONMUCAHUI0 MYJIbTUIIMKATUBHOW ITOMEXH 3aKJIF0YaeTCs B
TOM, YTO JIMHHUS C MHOTOJYYEBOCTHIO MPEACTABIISACTCS KaK JUHEHHBIN (QUIBTP CO
CITy4aitHO U3MEHSIOIUMHUCS TTapaMeTpaMHu

20) =5 [ HG.0).(@)explorio, (1.26

rae S () — cnekTp curHana x(t),

H(t,0) — mepemarounas QyHKOMsS 5TOro (GUIbTpa, KOTOpas SBISETCS
KOMIUIEKCHOM CilydaiiHOW (yHKIMEN ABYX MEepEeMEHHBIX (IJ1si OOBIYHOTO (UIbTpa
C IOCTOSIHHBIMU MapaMeTpaMH OHA 3aBUCUT JIUIb OT ®).

Hawnbonee BaxkHbIe YUCIOBBIE XapaKTEPUCTUKUA CTATUCTUUECKU OJHOPOIHOM
nepenaroyHod (GyHKUMH — 3TO IIUpPUHA Ar, €€ BPEMEHHON KOBapHallMOHHOMN

byHKIIN

R(At)=M|[H (t,0)H" (t+At,0) ] (1.27)
U IUpUHA Aw, €€ YaCTOTHON KOBapUAIMOHHON (DYHKITUHU
R(Aw)=M[H (t,0)H" (,0+A0)]. (1.28)

[IpakTH4ecKu AJs BCEX PEANbHBIX KaHANOB H(f,®) MENIEHHO H3MEHSETCS
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o +t 1 w (AIH MMEET TOPSAIOK JI0JIENM CEKYHIIbI, A, =Aw, /27z UMECT MOPSAAOK Ae-
CSATKOB KHJIOTEPII M JIayKe O0JIee), U B UTOTE
At - Af, >>1. (1.29)
brnaromapst mociaegHeMy CBONCTBY yaaeTcsi HAOIOATh MMOYTH B YHCTOM BH-
1€ MYJIbTUIUIMKAQTUBHBIE [IOMEXH ABYX THIIOB.
Eciii BXOJHON CUTHAJ Y3KOIOJIOCHBIM B TOM CMBICIIE, YTO €ro CrekTp S, (o)

COCPCAOTOYUCH B y3KOﬁ MOJIOCE YaCTOT Aw << A(OH ,» MOXXHO HpI/I6HI/I)KCHHO CUHTaTh,

YTO mepenarouHas (QYHKIMsA KaHajua MPAKTHYECKH MOCTOSHHA B MOJIOCE YacTOT
Aw, T0 ectb H(t,w)~ H(t,,), T ®,— IEHTpalbHAs 9acToTa Crekrpa. Toraa us3

(1.26) umeem
y(t)zH(t,a)O)x(t), (1.30)

IOCKOJIBKY x(t)zzL I S (@)exp(ior)de .
71-—00

Otcroga BHUIIHO, YTO TIOMEXA MPOSIBISETCS KaK CIy4dailHble M3MEHEHUS BO
BpeMeHH ko3 duimenTa nepenayd, U 3TO NPUBOAUT K CIy4alHBIM MeEJIEHHBIM
baykryanusm aMruTyabl U (asel curHana. Eciu npu 3TOM JAIMTEIBHOCTH dJie-
MEHTOB (MMIIYJbCOB, HAIPUMEDP), U3 KOTOPBIX COCTOUT CUTHAJI, MEHbIIE YeM Af, ,

TO (hopMa UMITYJILCOB IIPAKTHUYECKH HE MEHseTcs. TeM He MeHee, opMa CIeKTpa
BBIXOJAHOI'0 CUTHaNa S (w) CIIydalilHbIM 00pa3oM OTJIMYAeTCs OT S (@), MPU 3TOM

CIEKTp B CPEIHEM HECKOJBKO pacimmMpsieTcs (BEIMYMHA pACIIUPEHUS CICKTpa
UMeEET NOPSIOoK 1/Az, ).

Takoit TN moMexu KIacCUDHUIMPYETCS KaK 8peMeHHble CeleKmUHble 3a-
mupanus (heaunr). OIyKTyaIuyu ypoBHS CUTHAJIA MIPUBOIAT K TOMY, YTO KaueCTBO
CBSI3M CITy4aifHO M3MEHSETCS BO BPEMEHH, a B OT/ICIIbHBIE TIEPUOIbI, IPHU HanboIee
[IYOOKUX 3aMUPAHUSIX, CBSI3b MOXKET HAPYIIATHCSI TIOTHOCTBIO.

Hanuure moMexu BTOPOro THIIA MOKHO OOHApPYXHUTh, €CIIH OJHOBPEMEHHO
nepeaaBaTh JABa Y3KOIOJIOCHBIX CHUTHAJIA, MMEIOIIHME IEHTPAJbHBIC YacTOTHl @, U
w,. X 3amMupanust OyayT APYKHBIMHU (IMIOYTH CHHXPOHHBIMH BO BPEMEHH), €CITH

o, —,|<< Aw,. B TPOTUBHOM city4ae, NpH OOJBIIOM PA3HECEHUM II0 YacTOTE
|, - w,| > Aw, , 3aMHUpaHNs CUTHAJIOB IPAKTUYECKU HE3aBUCHMBI.

[TomMexa BTOPOro THUIIA IIPe0OIaNaeT B ciIydae, KOrja JINTeIbHOCTh CHIHANA
At << At,, ¥ TIOOTOMY MOKHO NPHOIMKEHHO cuutarth H(r,w)~ H(t,,®), Tae t,— Mo-

MEHT BPEMEHHU, COOTBETCTBYIOUIMHN LIEHTPY 3TOr0 CUrHaia (umiyinbca). Torma us
(1.26) nonyuaem
S, (@)~ H(t,0)S (), (1.31)
T.€. MHOTOJIYY€BOM KaHAJI BO3JCHCTBYET HA MepeaBaeMblii CUTHANI KaK (GUIBTP C
IIOCTOSIHHOM BO BPEMEHHU, HO CIIYYalHOM 4YaCTOTHOU XapaKTEPUCTUKOM.
CpaBnuB Boipaxenus (1.30) u (1.31), MbI MOXEM CUHUTATh MIOMEXY BTOPOTO
THUIA KaK Yacmommule celeKmusHvle 3amupanusi. boaee Toro, NpuBeAECHHYIO BBIIIE
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XapaKTepUCTUKY TMOMEXHU IEPBOr0 THUIA MOXXHO NEPEHECTH Ha MOMEXY BTOPOTO
THIA, IOMEHSAB MECTAMHU NEPEMEHHBIE / U @, T.€. CaM CUTHAN y(1) U €ro CIeKTp

S, (@). CryuaiiHple NCKaXEHHS CIIEKTPA CHTHANA MPUBOIT K TOMY, YTO MMITYJIBCHI

B IIPOLIECCE MEPeNayu CIydaliHbIM 00pa30M HCKaXKaroTCsl, paCTATHBAIOTCS (pacce-
MBAIOTCs1) BO BPEMEHU TeM 0oJbllle, yeM OOJblle OTHOWIEHUE Aw/Aw®, , IPU ITOM

CpenHssA BEIMYMHA PACCESIHUS BO BDEMEHU UMEET NOPANOK 1/Af, .

[ToHSATHO, YTO MOMEXOYCTOMYMBOCTH IpHEMa CUTHANA, (opMa KOTOPOTO
cily4aiiHa, HUXE 10 CPAaBHEHMIO C CUTYallMel, Korjaa goopMa OKuJaeMoro CurHaia
M3BECTHA 3apaHee. boiiee TOro, paccessHue BO BPEMEHH MPUBOAUT K HAJOKEHUIO
COCEHUX UMITYJIbCOB JAPYr HA APYra U K UX JOIOJHUTEIbHBIM UCKaXEHUSIM. Ta-
KO€ SIBJICHUE U3BECTHO KaK MENCIMNYAbCHAS UTU MENCCUMBONIbHAS UHmepghepen-
Yus.

Eciu At << At, 1 Aw << Aw,, TO (hopMa cUTHaJIA HE UCKAKACTCS

y(t)=H(t,,0,)x(1), (1.32)
XOTS NPH 3TOM MOIYJIb M apryMEHT IOCTOSHHOTO Ko3()(HIMEHTa Iepenadu
H(t,,w,) SBIAIOTCA CIyYaiiHBIMU BEJIUYMHAMH. B UTOrE 3TO ONpenenser ciyJaii-

HOCTh aMIUIUTYAbl U (a3bl mpuHHMaeMoro curHama y(r). Ecmm xe Ar>Ar, u
Aw>Aw,, TO CYLIECTBEHHO COBMECTHOE BIIMSAHUE MYJBTUILUIMKATUBHOM IIOMEXU

000uX THIIOB.

bonee Toro, MHOrony4eBOCTh NPUBOAUT €UIE U K MOSBICHUIO HPOCMPAH-
CMBEHHBIX CeNeKMUBHBIX 3aMUPAHUll, T.€. K CIIlydalHbIM UCKa)KEHUSAM B IIPOCTpPAH-
CTBE aMIUIUTYJ U (pa3 BOJIH B MyHKTE npuema. B urore (uaykryanuu CUTHaIOB,
MPUHUMAEMBIX JIBYMsI pa3HECEHHBIMH B IIPOCTPAHCTBE aHTEHHAMU, CTAHOBSTCS BCE
MEHEee 3aBHUCHUMBIMUA TIPH YBEIWYCHHH pa3HeceHus. i1 OOJBITMHCTBA KaHAJIOB
npu pazHeceHUH aHTeHH Ha paccrosinue B (10...100) 4 >t QuykTyanuu CTaHOBSIT-
Csl MPAKTUYECKU HE3aBUCUMBIMU.

Hanuune mo6oit momexu (aaJUTUBHONW WM MYJIbTUIUTMKATUBHOW) MPHUBO-
JUT K TOMY, 9YTO HPMHUMAEMBII CUTHAN y(f) IPAKTUYECKH BCET/A OTIMYAETCS IO

dopme ot nepemannoro curuana x(z).

1.6 MeToAbl aHAaNNTU4YECKOro U reoMeTPrUYeCcKoro
npeacTtaBfeHnUs CUrHanoB U nomex

BeposATHOCTHBIE MOJIENM CUTHAJIOB U IOMEX, ONMUCcaHHble B pa3n. 1.1-1.5,
BIIOJIHE NIPUTOJHBI B KaYE€CTBE UCXOJHOr0 Marepuasia Jijisi peueHus: OOJbIIMHCTBA
3a/1a4 TEOpUHU dIEKTPUIECKOi cBsi3u. [loaToMy pazpaboTka HOBBIX MOJIENIEH HE SIB-
JSieTCsl UEeNbl0 JAHHOTO paszjena. 37ech Mbl HAIIOMHMM T€ HM3BECTHBIE 00pa3bl
GyHKIMiA, 3aaa0mux (GOpMy CUTHAJIOB U MOMEX, KOTOpPBhIE MO3BOJAT B JalbHEH-
IIEM YOPOCTUTh U CAENaTh OoJiee HAIJISIHBIM ONMUCaHHe onepaunuii (He MEHss UX
CyTH), KOTOpbIE MBI OyJIEM POBOJIUTH HAJl CUTHAJIAMH.
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Kax Ob110 0T™MEUeHO, 110001 curHai (C momMexou win 0e3 Hee) — 3TO PyHK-
uus BpeMenu U(t), XapakTepu3yrollas H3MEHEHUE HAIPSKEHUS WM TOKA B HEKO-
TOPOM TOUYKE TPAKTA MEPEHAUU.

Y3K0Mno0JI0CHBII CUTHAJI, Y KOTOPOTO IMHUPHUHA CIIEKTPa A@w HAMHOTO MEHbB-
11€ HECYIIEH YacTOThl w,, OoJee yT0OHO NPENICTaBUTh B BUJIE

U(r)= Alt)cosO(t) = At )cos|ayt + olt)], (1.33)
rae Gyukuuu A(r)>0 U () B SBHOM BHIE 331al0T 3aKOHBI aMIUIUTYAHO! U (a3o-
BOM MOIYIIAIMH COOTBETCTBEHHO. 3adacTyro emé Oosiee yaobHA 3alHCh TAKOI'O
CHIHaJjIa B BUJIE CYMMEI JBYX KOJI€0aHHi

U(t)=C(t)cosm,t+S(t)sinayt, (1.34)
rae C(t)=A(t)cosp(r) m S(1)=-A(t)sing(t) — xeadpamypmuvle cocmasnaroujue
CUTHaJIa.

I/I, HaKOHCL, IJIA HCﬁCTBHT@J’IBHOI‘O Y3KOIIOJIOCHOT'O CHUTHaJIa HIMPOKO HC-
IMOJIB3YCTCA NPCACTABIICHHUC B BUIC “ananumuueckoco cuenana’”

i(r)=A(t)exp [ia)ot + i¢(t)] =U(t)exp(ioyt), (1.35)
T.€. KOMIUIEKCHOM (PYHKIINH, Y KOTOPOH peasibHas yacTh coBnagaert ¢ (1.33)
U (1) =Re[u(r)]. (1.36)

Oyukups  U(r) MOKET OBITH Ha3BaHa KOMILIEKCHOM OrvbaroIeil BHICOKOYa-
CTOTHOTO CUTHaza U (¢) ¥ onpenernsieTcs CIeayonmM o0pazoM

U(t)=A(t)explip(r) =
A(r)cosg(t)+iA(t)sinp(r)=C(r)—iS(z).

OCHOBHOE JOCTOMHCTBO IPHUBEAEHHBIX CIIOCOOOB ONMMCAHUS Y3KOIMOJIOCHOIO
currana U(t) mpoucrekaer u3 Toro, uro GyHkuun A(r),¢(t),C(t),S(t),U(t)- 310

(1.37)

MeIJICHHOMEHSIOMMECsT QYHKINH, T.€. KaKIas W3 HUX OTHOCHTEIHHO Majo M3Me-
HSETCS Ha UHTEpBaje BpeMeHu T = 2r/w,, pABHOM NIEPUOTYy HECYIIEH YacTOTHI.
Jlerko yOeauThCsl B 9TOM MPEUMYIIECTBE, €CITU BOCTIOIH30BATHCSI BEKTOP-
HBbIM MpeJCcTaB/ieHHeM CHTHaja U(r), T.e. OTOOpaXaThb €ro B BHIE BEKTOpa Ha
IUIOCKOCTH B JICKAPTOBOH CHUCTEME KOOpAHMHAT xOy TaK, 4TO B JIFOOOH MOMEHT
BpEMEHHU JJIMHA BEKTOpa paBHa A(f), a yron ¢ ocelo Ox paseH 6(t). IIoCKOIbKY
nonHas (asa curHana O(t) pacTeT JOBOIBHO OBICTPO, BEKTOpP OYHET COBEPIIATH B
cpemHeM f, 00OpOTOB B ceKyHAy. VIcIoib30BaHue IOHATHS aHATMTUIECKOT'O CHT-
HaJla (WJIM KBaJPAaTYPHBIX COCTABJISIOIIMX) IMO3BOJISACT MPUMEHHTH TO K& TPEJ-
CTaBJIEHHE K KOMIUIEKCHOW BeinumHe U(r). B uTore ckopocTh BpaleHusi BEKTOpa

OKa)KETCSl 3HAUMTEJIbHO MEHbIIIE, TI03BOJIsAs OOJee AETANbHO MPOCIEANTh JUHAMMU-
Ky pa3BuTHUsl KoieOaHui. B 3TON cuTyauuu HampaBieHHUs JIBYX OCed KOOpAMHAT
CUMBOJIM3UPYIOT KOJIEOAHUSI OJIHOM U TOM e 4acTOThl f,, HO CABUHYThIE IO (aze

Ha 90°.
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Jlpyrast BO3MOXKHOCTb JJIsl CO37aHuUs JOBOJBHO HAIJISIAHOTO o0pa3a curHajia
— 3TO WCMOJb30BAHUEC FeOMETPHUYECKOTo MpeacTaBjJIeHnsl CUrHaga. Takas BO3-
MOKHOCTh BBITEKAET U3 €CTECTBEHHOW WJIM MCKYCCTBEHHO CO3JIaHHOM JTUCKPETHO-
CTH cUrHana U(r) BO BpEMEHH M MOXKET IPUMEHATHCA K CUTHAIAM C JH000M MUpy-
HOW cmekTpa. Hampumep, mudpoBoil curHan (IOCiIeI0BaTeIbHOCTh CHMBOJIOB-
udp) S,,S,,.... S, MOKHO (HOPMAIBHO CYUTATH DJIIEMEHTAMH BEKTOPA
S=(s,,5,.,...S,) (1.38)
WM KOOPJMHATAMH TOYKH B 1-MEPHOM ITPOCTPAHCTBE.
I[Tociie KBaHTOBAaHMs 110 BPEMEHM HENPEPHIBHOIO cUrHana U(r) ¢ marom Ar

Ha MHTepBaje 0<¢<7 TaKke IOJIy4aeM IIOCIENOBATEIbHOCTh YHCEI-OTCUETOB
U, Uy,.... U,

U (1) > U=(U,,Uy.0sU, ) = Wty ot WAL (1.39)
KOTOPYIO aHaJIOTHYHO MO>KHO cuuTath 3eMeHTaMu Bekropa U. Ilepexon k npene-
Ay ipu At — 0, n—>oo MO3BOJISIET HE YUUTHIBATh OLIMOKM KBAaHTOBAaHHUS IO BpeMe-
HU (BBUY BO3MOXKHOCTH MCIIOJIB30BaHMs TAKOIO MEpPeXoAa KaKblil 2JIeMEHT BEK-
TOpa U Cpa3y YMHOXKHIU HA IOCTOSHHYIO BETHUUHY ~/Ar ).

WTak, Ka)KIOMy CUTHAJy COOTBETCTBYET CBOSI TOYKAa (BEKTOp) B 7-MEPHOM
IOPOCTPAHCTBE (HE MYyTaTh C ONKUCAHHBIM BBIILE BEKTOPHBIM IPEACTABIEHUEM KO-
nebanumii). [loaTOMy MOCMOTPUM, KaKuMe CBOWCTBA CUTHAJIOB OTOOpa)arT OCHOB-
HbIE T€OMETPUYECKUE ITOHATHS.

1) Hopma (nynna) BekTopa U B €BKIMA0BOM IPOCTPAHCTBE PaBHA

(1.40)

Ecnu ucxomusiil curaan U(t) ObLI HENPEPBIBHBIM, TO HEPENIEM K PEAETy U

I[MOJIy4YruM
u|= /Eg})i:uf-m - !U(r)dz - JE,. (1.41)

rae E,— SHeprus curHaia (Mo yMOJYaHUI0 TPUHUMAETCS, YTO BXOJHOE COIPOTHUB-
nenue nenu R, =10M). BosmoxHsle 3HageHus 0<|U|<o. OOpaTuM BHUMaHHE Ha

3TOT (PaKT: IJIMHA BEKTOPA, COOTBETCTBYIOIIETO CUTHATY, 3aBUCUT HE OT HAMPSIKE-
HUS, TOKA WM MOLIHOCTH, & OT 3JHepeuu 3TOr0 CUrHajia. ITo 0OCTOSATEIHCTBO
ornpeaensieT s MU(PPOBBIX CUTHAJIOB CIIOCOO BBEICHUS TAKOTO BAYKHOTO TOHSTHSA,
KaK OTHOIICHUE CUTHAJI/IITYM.

Ecnu curnan (1.38) — 3T0 mociaeqoBaTeabHOCTh ABOMYHBIX CUMBOJIOB (HY-
Je ¥ eUHMIT), TO yJ00HEe UCIIOIb30BaTh N-MEPHOE MPOCTPAHCTBO XIMMHHTA. B
HeM JUIMHA BEKTOpa YHCIICHHO paBHa ero Becy [S|=W(S), T.e. ompenensercs kak

KOJINYECTBO €MHUIl B 3TOM BeKTope. Bo3moxHble 3HaueHus |S|=0;1;2;..;n — 3TO

OCJIbIC YHCIIA.
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2) PaccrosiHue MeXIy OBYMs HENPEPLIBHBIMU CHrHamamu U(t) u V(t), T.e.

paccTosiHue MEXAYy TOYKaMH, OTOOPAKAIOLUIMMH 3TH CUTHAJIBI B €BKJIUA0BOM IpO-
CTpPAHCTBE,

d(G,V)= \/Bgﬁ;(”f —v,) Ar= \/i[U(t)—V(t)]z dt (1.42)

TaKKe MOXKET MPUHUMATh JIt00bIe HEOTPHUIATEIbHbIC 3HAUEHUS 0<d <oo.
PacctosiHue Mex1y AByMs IBOMUHBIMU TociieioBatesibHOCTIMU S U C — 3TO
paccrossHue X3MMHUHTa

4(8,C)=W(s®C)=3 (5,8, ) (1.43)
j=1
rie @® — 3HaK CYMMHPOBaHMS IO MOAyI0 2  (HAaIOMHUM, 4TO
0©0=0, 0®1=1®0=1, 1®1=0). JpyrumMmu cioBaMH, PaCCTOSHHE MEXKAY ABYMsI
KOMOMHAITUSIMUA YUCIICHHO PaBHO KOJUYECTBY CUMBOJIOB, B KOTOPBIX OHHM OTJIMYa-
IOTCS OJHAa OT JApyrod. Bo3moxkHbIE 3HAYE€HUsS PACCTOSHUSA XAMMMHIa
d=0;1;2;...;n..
3) Ckamsipaoe npousBeneHue nByx BekTopoB U u V, oroOpaxaronmx He-
IIPEPBIBHBIE CUTHAJIBI, PABHO
n T
(G,V)= Eg}](;ujvjm} = .([U(I)V(t)dt. (1.44)

OTu 1Ba CUTHAJIA CYUTAIOTCSI OPTOrOHAIbHBIMY, eciii (U, V) =0.

4) JIuueiiHas HE3aBUCUMOCTb cHCTeMbl N GyHkiwmit U, (t), U, ()., U, (f), kak

U CUCTEMBI, COCTOSIIIEH 13 N BEKTOPOB, 3aKJIFOYAETCA B TOM, YTO HUKAKas U3 3THX
(GYHKIMI HE MOXKET OBbITh MPEACTaBlICHA B BHUJE B3BEIICHHON CyMMbI OCTaJIbHBIX
byHKUUNA, HATTpUMED

U023 KU, (1.45)

IpH JIIOOBIX 3HAYEHUAX KOOPPUIHMEHTOB K ;.

JUist cuctemsl, COCTOsIEd M3 N JABOMYHBIX A-pa3psaHbIX KOMOMHALMM,
OIpEEIICHUE JIMHEMHOW HE3aBUCHUMOCTH AHAJIOTMYHO, HO IPHU 3TOM MpEIoiara-
eTCsl MTODJIEMEHTHOE CyMMUpPOBaHUe KoMOuHanuii mo mod 2, a BecoBbie K03 hu-
LIMEHTBI K ; — JIBOUYHEIE HUA(PBHI.

I[Tepeuncnennbie cBoMcTBAa cucteMbl N (yukuumii U,(t),U,(t).... U, () B €B-

KIIMJOBOM IIPOCTPAHCTBC y,Z[O6HO 3a1aTb B BHUJC CHMMCTpH‘I@CKOﬁ MaTpubl Fpa-
Ma

1—‘11 FIZ 1n
re r, r,, .. T,
[ ’ (1.46)
r. r r
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rae T, =(U,U,)= TU‘j(t)Uk(t)dt.

Torna
U|={T;. dU,U)=T,+T,-2r,. (1.47)
Cucrema QyHKIMI TUHEHHO HE3aBUCHUMA, €CITU OIPEIETUTENh MAaTPHULIBI
I'pama He paBeH HYyITIO
detT'#0, (1.48)
a OPTOTOHAJIbHOU cucTeMe (DYHKIIMI COOTBETCTBYET AMAaroHabHasi MaTpuiia [ 'pa-
Ma.
Cucrtema QyHKIMIA HA3BIBAETCSI HOPMUPOBAHHOM, €CIIM BCE CUTHAJIBI 00J1a-
Jar0T €IMHUYHOM dHepruel (I, =1 npu Beex j). [l Takoi CUCTEMBI BETUYUHA

p; =T, Ha3pIBaeTCA KOD(YPUIMEHTOM KOPPEISALUN CUIHAIOB U, (1) u U, (1), a
paccTOsTHUE MKy STUMHU CHUTHAJIAMH PaBHO

d(U,,U,) =20~ p,). (1.49)

B 3aximrouenue cienyer caenatb ogHO 3amedanue. Mcnonmp3ys mocienoBa-
TEJIBHOCTb YUCEN-OTCUETOB i, U,,...,u, 1 ONIMCAHUS HEIPEPBIBHOIO CHUTHAJA, MBI

IPOU3BOJIBHO 3a/1aBaJId UX KOJMYECTBO M JAXKE€ HCIOJIb30BAIM YCIOBUE Ar—0,
n—o0. OTCI0J]a MOXET CIIOKHUTHCS BIEUATICHHE, YTO BCET/Ia MOXHO chopMHpo-
BaTh CKOJIb YI'OJIHO HE3aBUCHUMBIX WJIM OPTOTOHAIbHBIX CUTHANOB. TeopeTrnuecku
3TO BEPHO, HO HA MPAKTUKE BCEr/a CYLIECTBYIOT OFPAHMYEHHUS Ha JUIMTEIbHOCTh
curHana 7, <T ¥ HIUPHUHY €ro crekrpa f, <F. Torga MakCUMalbHOE YHUCIO OTCUE-

TOB, 3HAUYCHHUA KOTOpBIX MO>XXHO 3aJ1aBaTb HpOI/I3BOJ'II>HO, HC Hapymaﬁ 3a1aHHBIX
OFpaHquHHﬁ, HA3bIBACTCA YUCTIOM cmeneneﬁ C8060()bl cucHala n paBHO
n, =2TF. (1.50)

BOHpOCbI AnA CaMOKOHTPOIA No rnase 1

B uem paznunia nonstuit “undopmarus” u “‘curnan’?

IIpuBenuTe mpuMeps! paauo3IEKTPOHHBIX YCTPOUCTB, IIPEIHA3HAYCHHBIX HE

JUIS Tiepenayu uH(pOopMaIuH.

3. HazoBuTe 1Ba OCHOBHBIX IPU3HAKa TOrO, YTO CUTHAJ HE HECEeT MH(OopMa-
UH.

4. Ilouemy mjie MaTEMaTUYECKOrO OMMCAHUSl CHUTHAJIOB HMCIOJB3YIOT BEPOAT-

HOCTHBIE MOZIENN?

Mo>keT 1 AeTEpMUHUPOBAHHBIN CUTHAJ EPEHOCUTH UH(OpMALIIIO?

Kakue cinyualinble cOObITHS (BEIMUNHBI) HA3bIBAIOTCS HE3aBUCUMBIMU?

7. UTo HYXXHO 3a1aTh JJIs IOJIHOTO BEPOATHOCTHOI'O OINHCAHUSA: CUMBOJA?
NIOCJIEOBATEIBHOCTA CUMBOJIOB?

8. CdopmynupyiiTe, B UeM COCTOUT OTJIMYUE HU(PPOBOrO CUrHANIA OT JUCKPET-

HOT'O, OT HENPEPBIBHOTO.

N —

S
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9. ChopmynupyiiTe, B 4eM COCTOUT OTJIMYHE ITU(PPOBOTO CUTHAJIa OT JUCKPET-
HOT'O, OT HENPEPBIBHOTO.

10.YTo HyXHO 3a1aTh Ui MOJTHOTO BEPOATHOCTHOIO OIHMCAHMSA: IOCIEI0BA-
TEJIBHOCTH OTCUETOB CUTHaJIa? HENPEPBIBHOM ClydallHOM (pyHKImu?

11.B yem oTnuuue aiIUTUBHON MOMEXHU OT MYJbTUILUIMKATUBHOWU? [IpuBenure
IPUMEPBI KaHAJIOB CBS3HM C TAKUMU ITOMEXAMHM.

12.Kakue npenmyiiecTBa JaeT NPEACTABICHUE CUTHAIOB KaK 3JIEMEHTOB BEK-
TOPHOT'0 MPOCTPaHCTBA?

13.B ueM omiinune EBKIIMI0BA IPOCTPAHCTBA OT MMPOCTPAHCTBA X3MMUHIra?

14.BynyT v AMHENHO HE3aBUCHUMBbIE CUTHAIIBI OPTOTOHAJIBHBIMU ?
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2 MPEOBPA3OBAHUA CUTHAIIOB
2.1 Mogenb cuctembl nepegaym nHdopmaumum

Ha pucynke 2.1 npeacTtaBieHa yKpyImHEHHas cXeMa CHUCTEMbI Tiepeladn WH-
dopmanuu (CIIN).

X(r) u(o) V(1) ()

HcTounuk | Ilepenat- JInnus | Tlpuemnuk | Homyua-
" YUK — " " TElb

A N(l‘)

Hctounuk

IIoMex

Puc. 2.1. Ykpynnennas cxema CIIN

HUcmounux ungpopmayuu — 00bEKT, COCTOSTHUE KOTOPOTO MHTEPECYET MOTY-
yatens. O003HauuM rnepenaBaeMoe coobiieHue kaxk X(r).

Ilonyuamens — 00BEKT, HAIPUMEP UYETOBEK, KOTOPBIM, HAOII0ast KOHKPET-
HYIO peau3aluio curHaia y(f), mpITaeTcsa Kak MOKHO TOUHEE ONpEe/eTUTh 3Haue-
HUE TIEPEIaHHOro coo0IeHus x(f), T.e. chopMUpOBaTh OLEHKY x(7)= f[y(¢)]. 3aua-
CTYIO Takasi orileHKa (OpMUPYETCS yKE B IPUEMHUKE.

Jlunusi — 3TO cpenia, B KOTOPOH pacipOCTPAHSIIOTCS CUTHAJIBI U3 ITYHKTA Ie-
penadyu B MyHKT MpueMa (3JIEeKTPUUECKUN WIU ONTHYECKUM Kabenb; atMocdepa, B
KOTOPOI paclpoCTPaHSIOTCS PaIHOBOJIHBI).

Hcmounuk nomex — ycnoBHOe 0003HaUE€HHUE COBOKYIMHOCTH OOBEKTOB, BO3-
JIEHCTBUE KOTOPBIX MPUBOJUT K TOMY, UTO CUTHAJ Ha BBIXOJE JIUHUM V(f) Caydaii-
HBIM 00pa3oM OTJIMYaeTCs OT CUrHana u(t) Ha ee BXxojae. B pasnmene 1.5 Obutn pac-
CMOTpEHBI OCHOBHBIE BUBI MToMeX. ClielyeT OTMETUTh, YTO, B MPUHIIUIIE, T10]100-
HbIE€ TIOMEXM CYIIIECTBYIOT BO BCEX TOYKAaX TpaKTa mepeAadyd OT MCTOYHUKA WH-
dbopmanuu 10 moaydaTess, HO CTENEeHb WCKaKEHUsS] CUTHAJIa B HAauOOJIbIIEeH Mepe
3aBUCUT OT OTHOIIECHMS SHEPIUi CUTHAJIa U TIOMEXU (OTHOIIECHUE CUTHAJI/TIOMEXA).
[Tpu nepenadye mo TUHUU OOIBIION MPOTSHKEHHOCTH CUTHAN CYIIECTBEHHO OCiIal-
JSIeTCsl, TTOATOMY PEIIAONIUM OKa3bIBAECTCS BIHMSHUE TTOMEX, BOZHUKAIOIIUX B JIH-
HUU TIepeavu.

B mupokom cMbicie QyHKIMU nepedamuuka MOKHO OIPEACIUTh Kak CO-
rJlacoOBaHWE MCTOYHMKA MH(OpMAIMU C JIUHHEH. boree KOHKpeTHO, mepeaaTyuk
BBITIONTHSCT Takue (YHKIMH, KaK MpeoOpa3oBaHHUE MepeaBaeMoro COOOIICHUS B
dbopMy, IPUTOAHYIO AJIs MepeJayll CUTHala M0 KOHKPETHOW JMHUM (TIEpeBOJ CO-
oO1IeHN B POpMY SIEKTPUUECKUX UM ONTUYECKUX CUTHAJIOB; KBAHTOBAHUE HE-
NPEPHIBHOTO CUTHANA, MPeoOpa3oBaHUE €ro B IMOCIEN0BATEIHLHOCTh CHUMBOJIOB;
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MOJTYJISIITUST HECYIIIEH TepeaBaeMbIM COOOIICHUEM H T.I1.).
3adaua npuemnuka 3axKn0uaemcs 8 mom, Ymoosvl O NPUHAMOU Pearu3ayuu
v(t) yeaoamo, Kakdas UMEHHO U3 BO3MOICHLIX peanusayuti coobwenus x(t) Ovlia

nepeoaua.

MoxxHo copMyIUpoOBaTh JIB€ KPyHHBbIE CTATHCTHYECKHE 3a[a4U, OTHO-
csmuecsi kK CIIN B nesiom.

3agaua cmamucmudeckozco auanuza koHkperHou CIIN 3akimrodaercss B
OTIpEIEICHUH KOJTUYECTBEHHBIX 3HAUCHUN OCHOBHbIX nOoKazameinell (CKopocmu ne-
pedauu ungopmayuu u NOMexoyCmoudueoCcmu) B CUTyallu, KOrjaa 3aaaHbl CIoco-
OBl MpeoOpa30BaHMI CUTHAJIOB BO BCEX 3BEHBSX TPAKTA U MX KOJIMYECTBEHHBIC Xa-
PaKTEPUCTUKH.

3amaua cmamucmuyeckozo cunmesa CIIN 3aximtogaercss B BEIOOpE HaMITyd-
KX CIOCO00B MpeoOpa30BaHUl CUTHAJIOB, MO3BOJIAIONINX MOCTPOUTh ONTUMATb-
Hyto cuctemy. [Ipu 3TOoM GeccMbICIeHHO TpeOOBaHUE OJTHOBPEMEHHO 00€CIEUUTh
MaKCHMaJIbHbIC 3HAYCHHSI 000MX TOKa3aTeNiel, MOCKOIbKY MOBBIIICHUE CKOPOCTH
nepeaavyv Npu MPOUYMX MOCTOSHHBIX YCIIOBHSIX, KaK MPaBUJIO, BEJAET K CHUKEHUIO
IOMEXOYCTOMYUBOCTU M HA000poT. [loaTomy onmumansroti modxcno naseams ma-
kyto CIIU, komopas npu 3a0aHHOU cKopocmu nepedauu obecneyusaem Maxcu-
MANLHO B03MONCHYIO HOMEXOYCMOUYUBOCHb, TUOO NPU 3A0AHHOU NOMEXOYCMOUYU-
80CMU — MAKCUMATLHYIO cKOpocmb. 1Ipr KOPPEKTHOM PEIIEHUH 3aJjauyd CHHTE3a
00a KpUTepus IPUBOAAT K OJJHOMY U TOMY K€ Pe3yJIbTary.

Haunbosnee cnoxHOM B MaTeMaTUYECKOM OTHOIIEHHH SIBISETCS 3a7ada COB-
MECTHOM ONTHUMHU3AIMHU crocoba mepegaun U crocoba mpuema. BrepBbie Takyro
3a/1auy yAaJIOCh PEIIUTh (pa3yMeeTcs, YaCTUYHO, 0 OTHOUIEHUIO K KOAEpYy W Jie-
koaepy uudposoit CIIN) B 1948 roay Knony lllenHony — TBopIty Teopuu HHGOP-
Maiuu. Hackoiabko CIOXKHOM (C TOYKM 3pEeHUs TEOPUHM U MPU MPAKTHUECKOW pea-
Jau3auun) siBisieTcs 3agada nosHoro cuHrte3a CIIN naxke npu cambix OsiaronpusT-
HBIX YCIIOBUSX €€ (DYHKIIMOHMPOBAHHWSA, MBI MOMBITaEMCS MOKa3aTh B pasa. 2.13.
[ToaToMy HamOosbIIEE KOTUYECTBO padOT MOCBSIIEHO 3a/1a4€ YACTUYHOIO CHHTE3a
CIIN, a uMeHHO, ONTUMU3AIMH CITOCO0a MpUeMa TPU 3aJJaHHBIX XapaKTePUCTHUKAX
IepeaTyuKa U JIMHUU C TIOMeEXaMu. boiiee Toro, mo Tou K€ NPUYMHE 3a4aCTYHO
paccMaTpHUBAIOTCS “HAMTyUIIHe CIOCOOBI peaiu3aIlii TE€X WJIM WHBIX ONeparui
HaJ CUTHAJIAaMH B TIEpEIaTUYMKe WU B MPUEMHHUKE (KaBBIUKH 3/I€CHh HMCIIOIb30BaHbI
MOTOMY, YTO MPU 3TOM OOBIYHO HET YBEPEHHOCTH B TOM, SIBJISFOTCS JIM HAWIYYIlH-
MU U JIPyTHE OlEepaliy HaJl CUTHAIaMU B OCTAJIbHBIX 3BEHbSX MEepelaTuiKa U MpHU-
€MHHUKA).

[TosTOMYy M MBI IPU U3YYEHUU Kypca OOBIYHO OyJeM FOBOPUTH 00 ONTUMH-
3allMU OTJENbHBIX 3BEHHEB NIEPEAATUNKA U IPUEMHHUKA. [[15 3TOro KpaTko oxapak-
TEpU3yeM Ha3HAUYE€HHE U CYTh OCHOBHBIX MPeo0pa30BaHuii, KOTOPHIM MOABEpTa-
€TCs DJIEKTpUYECKUl curHai B nepenatuuke u npuemuuke CIIU. IIpu atom u3 co-
oOpakeHnil yno0cTBa OyaeM oIepupoBaTh JUOO CaMHM CHUTHAJIOM u(t), TIPUHU-

MaloIIUM JEHCTBUTENIbHBIE 3HAYEHUS, JTUOO €ro CrnekTpoMm S(w). M3BecTHO, 4TO
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o0e (hyHKIMH CBsi3aHbI Tapoi npeodpazoBannii Dypne
S(@) = [ u(®)exp(-iar)dt,

D ) 2.1)
u(t)= Py I S(w)exp(iot)dw

rae i — MHAMas €JUHUIIA.

N3 nmpeoOpazoBaHuil AaHAJOTOBBIX CHTHAJIOB HAa30BEM XOPOIIO M3BECTHBIE
Y [IUPOKO MPHUMEHSIEMBIE U B IPYTUX PAJUO3IEKTPOHHBIX YCTPOMCTBAX JIMHEHHBIE
oOpaTuMblie MpeoOpa3oBaHuUs, TaKUE KaK YCWICHHE CUTHAJIa, €ro CABUT IO OCH
BpeMEHHU (3a/epkka) 06e3 n3MeHeHHsi (OPMbI, CABUT €0 CHEKTPa MO OCH YacTOT
(mpeobpa3zoBaHKe YaCTOThI) 6€3 U3BMEHEHUS ()OPMBI.

Mopynsauuss — 3TO HENUHEWHas omepalys, B pPe3yjbTare KOTOPOW CIIEKTP
CUTHAJIa IEPEHOCUTCA B 00acTh 00Jiee BBICOKMX YACTOT M 3a4acTyH) U3MEHSETCS
ero ¢popma. Heobxoamma st mpuBeAeHUsl CUTHANIA K BUY, IPUTOJIHOMY JJIsl T1€-
penauu 1o JJMHUKM KOHKPETHOro Tuia. OYeBUIHO, YTO AEMOIYJIALMS 3TO 00paTHOE
npeoOpa3oBaHUE CUTHAJIA B IPUEMHUKE.

Crnenyromue Be onepaluy HalpaBJeHbl HA YNPOIIEHUE CTPYKTYpPbl CUTHA-
Ja ¥ MO3TOMY He SIBIISIOTCS BIIOJIHE OOPATUMBIMHU, TO €CTh IIPH 0OpaTHOM IIPeo0-
pPa30BaHUU BOCCTAHOBUTH MCXOJIHBIN CUTHAJ yAA€TCs JIUIIb C HEKOTOPOU morper-
HOCTBIO.

Bo-nepBeIX, 7TO KBaHTOBAaHUE 10 BPEMEHH, B PE3YNbTaTe KOTOPOrO HEIpe-
pBhIBHas ciydaiiHas (yHKUUS u(f) Ha HUHTEpBalie BpeMEHU 0<7<T 3aMeHsIETCS
HaOOpOM YHCENl — HETIPEPBIBHBIX CIYYallHBIX BEIUYUH u,,...,u,. B o0IIeM Bujae Ju-

HelHasi mpolielypa KBaHTOBAHUS MOXKET OBbITh OmNpejesieHa HabOpOM COOTHOIIIE-
HUU

o= [u 0. =t (22)

rae  f;(t) — OasucHele (BecoBble) QyHKUMU. C reOMETPUYECKOM TOYKU 3PEHHUS

(pa3n. 1.6) 3To — omeparuu NPOSKTUPOBAHUS BEKTOpa- CUTHAJIA HA Oa3HMCHBIE BEK-
TOPBI.

CymiecTByeT HaOOp OPTOTOHATBHBIX 0A3WCHBIX (PYHKITUH, TIPH UCIIOTH30BA-
HUU KOTOPOIO MO PSAY YUCEN u,...,u, HICXOJAHBIA CUTHAJ BOCCTAHABIMBAETCS I10

dbopmyiie
ﬁ(t):;ujfj(t) (23)

" IIpHu 3TOM oOecrieunBaeTcss MUHUMAaJIbHAs CpeaAHCKBaApPaTHICCKas omuoOKa

o= |[lun)-a@) dr . 2.4)

Torga (2.3) HaszsiBaercs paznoxkenunem Kapynena-Jloasa [2,9].
Ha npakTuke 0OOBIYHO HCHOJB3YyeTCs 00Jiee MPOCTOM CMOCO0: U3MEPSIOT



27

3HaueHus QyHKIUM u(t) ¢ waroMm At (paszz. 2.4).

Bo-BTOpbIX, 3TO KBAaHTOBaHUE MO YPOBHIO, TO €CTh MpeoOpa3oBaHUE HEIpe-
PBIBHOM CiIy4yallHOW BEJIMYWHBI U, 3aIaHHOW Ha UHTEpBaNE (U, Uy), B JUCKPETHYIO
CIIy4JailHy10 BeTUYHHY (m-W4dHbIA cuMBOI). OObIuHO m=2k, T7I€ kK — 1Ie710€ YUCIOo, U
JUTSl peaju3aliii 3TOro npeoOpa3oBaHUs J1IOCTATOYHO MOCIEA0BATEIbHO MPOBECTU
k onepaiuii CpaBHEHUS BEJIMYHUHBI U C 3aJJaHHBIMUA OMOPHBIMU 3HAYEHUSMHU (pa3l.
2.6).

JIMCKpeTHBIH CUTHAT u,,...,u, , (pa3d. 1.3) oObIYHO MONyYaeTcs B pe3yibTa-

T€ KBAaHTOBAaHMS IO BPEMEHU Ha MHTEpBayle 0<f<nAr C MIaroM At HENPEPHIBHOTO
CUTHala u(f), MOITOMY OH MOXET IOABEPraThCsl TEM K€ MPeoOpa3oBaHUsAM, HO B
HECKOJIbKO MHOM (opme.

[IpeobpazoBanust (2.1) mpoBoaarcs B (hopMe MpsIMOTO M OOpaTHOrO JIHC-
KpeTHBIX nTpeodpazoBanuii ypee (AI1D)

n—1
Sk=%2ujf_-’k, uj=%;;5kf’k, (
2.5)
rae f =exp(2zi/n), jk=0,...,n—1.
Yucna S,...,5,.1 MOXKHO C HEKOTOPHIM MPHOIMKEHHEM CYMTATh OTCYCTAMHU

1
€ro cruexkrpa S(f), B3ATBIMHU C IIaroM Af = A7 IIpH YCJIIOBHUH, UTO BECh CIIECKTp 3a-
nAt

1
KJIIOYCH B HHTEepBajiae 0..—.
2At

Taxue mpeoOpa3oBaHus BBITIOIHSAIOTCS B YHCIOBOM MPOIECCOPE C UCTIONb-
30BaHMEM ONEPALUU HaJ YMCIAMHM C IUIABAOIIEH TOYKOW, IIPU 3TOM ITPUMEHSIETCS
0oJiee SKOHOMHBIN alropuTM ObICTpOro npeodpazoBanust Oypre (BI1D).

OunpTpanys AUCKPETHOTO CUTHAJIA MPOBOAUTCS MPH MOMOIIHM HU(POBOTO
bunbTpa (paza. 2.7).

[Toxxanyii, Haubosiee pa3sHOOOPAa3HBIM M HMHTEPECHBIM OKa3bIBA€TCS HAOOp
npeodpazoBaHuil HH(PPOBHIX CUTHAJIOB.

Curnanom, IpUMEHSIEMbIM Ul NEpeJaud CUMBOJIA, OOBIYHO SIBJIIETCS UM-
NyJdbC TOKAa WIM HANpSOHKEHHS, MOITOMY €CTECTBEHHO, YTO HMMEETCS IIUPOKHM
HAOOp DdJIEMEHTApHBIX MpeoOpa3oBaHUN, HEOOXOAUMBIX I TMPeoOpa3oBaHUS
(GbopMBbI UMITYJTLCOB, U3MEHEHUS TIOPAJIKA UX CIICAOBAHMS, XPAHCHHUSI, BHITTOJTHEHUS
psaa JIOTMYECKUX onepanuii u T.1. (pasna.2.2).

Bonee cnoxupie npeoOpazoBaHus, B KOTOPHIX YYAaCTBYIOT II€JIbI€ TPYIIIbI
CUMBOJIOB, O0BEAMHEHBI 1O OOIIMM Ha3BaHHUEM ‘“‘KoaupoBanue”. Tunuuxas cuty-
arust TakoBa. Ha BXo KOAMPYIOIIETO yCTPOMCTBA MOCTYIAET MOCIEeI0BATEILHOCTh
M-MYHBIX CHMBOJIOB JTHHOM k (BCEro BO3MOXKHBI Ny, = m" BapHaHTOB), M B OTBET
KOJIEp BBIAET Ha BBIXOJ MOCIEIOBATENbHOCTh TAKUX )K€ M-UYHBIX CUMBOJIOB JJTH-
HOM 1 (BCEro BO3MOKHBI Ny, = m'" BapUAHTOB).

PasznuyaroT Tpu Buaa KOJUPOBAHUS

1. Koouposanue ucmoynuka ¢ 1EIbI0 COKpAIIEHUs M30BITOUHOCTH, COZIEP-
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JKaIIeicsl B CUTHaJe, TO €CTh MpeJCTaBlIeHue curHaia u(f) B Haudoiee 5JKOHOMHOM
BUJIC TaK, YTOObI B KOHEYHOM MTOTe MPOU3BEJICHHUE €TI0 JJIUTEIbHOCTH Ha 3aHUMa-
€MYIO TI0JIOCY YacTOT ObUI0 MUHUMaNIbHBIM. Hanmpumep, 6e3vi3661mounoe kooupo-
eanue TO3BOJIIET TepefaTh COOOLIEHUE, MCTOIb3ysd MHUHUMAJIbHOE KOJUYECTBO
CHUMBOJIOB /1 B MOCJIEI0BATEILHOCTA HA BBIXOJI€ KOJIEpa, B UTOTe OKa3bIBACTCS n <
k. JoOutbcst Takoro pe3ysibTara MOXKHO JIMIIbL B TOM CJlydyae, KOrja BO3MO>KHBIE
CUTHaJIbl Ha BXOJI€ KOJIepa MMEIOT CYIIECTBEHHO pa3Hble BEPOATHOCTHU. TodHEe,
Cpeay BO3MOXHBIX MMOCIEN0BATEIbHOCTE UMEIOTCS CTOJIb MAJIOBEPOSITHBIE SK3EM-
IUISIPBI, YTO MOXHO JaKe HE PE3epBUPOBATH CUTHAJIBI JUIS UX Tepenadu, Oynydu
MOYTH YBEPEHHBIMU B TOM, YTO HU OJIHA U3 HUX HA BXOJI€ Kojepa He mosiBUTCs. Pe-
3yJbTaT TAKOTO KOAUPOBAHUS — ITO MOBBIIIIEHUE CKOPOCTHU TIepenaun nHpopManuu
(pazn. 4.2).

2. Kananvnoe (nomexoycmoiiuusoe) xoouposanue, T.e. GopMupOBaHUE TH -
pOBOro cUrHaia u(f) TakuM o0pa3oM, 4TOOBI B IMpoOIlecce MpUeMa MOsSBUIACH BO3-
MOXHOCTh OOHApY>KWUTb M HUCIPaBUTh OOJBIIYI0 YacTh OIIMOOK, BO3HUKIIUX B
NPUHITOM CUTHase V(f) U3-3a BIUAHMS OMEX. DTa orepalus, Hao00poT, OOBIYHO
TpeOyeT BBEIICHUS B MEpe/laBaeMblii CUTHAJ JOTOJHUTENIbHBIX, U30BITOYHBIX dJIe-
MEHTOB, B UTOre¢ OKaxkercs n > k. OOCYXIEHHIO TIPOOJIIEM MOMEX0YCTONYHBOTO
KOAMPOBAHUS MMOYTH IIEJIMKOM IMOCBSILEH pa3[. 3.

3. llughposanue, T.e. UCTIOIIB30BAHUE TAKOTO KOJa, CIOCO0 EKOIUPOBAHUS
KOTOPOTO U3BECTEH JIUIITh 3aKOHHOMY ajipecaTy (IIpu 3TOM OOBIYHO 1 = k).

MoKHO 3aMEeTUTh, YTO Tepeadya CUTHAJIOB BO MHOIOM HallOMHHAaeT OObIY-
HYIO TPAHCIIOPTUPOBKY I'PY30B U3 OJIHOTO MyHKTA B APYroil. Pazinunbie mpeameTsl
MEePEBO3SAT JIUIb MOTOMY, YTO OHU HECYT B c€0€ BO3ZMOXKHOCTH YIOBJICTBOPEHUS
HEKOTOPBIX YEJIOBEUYECKUX NOTPEOHOCTEN (CUTHAJBI EPENatoT paau UHPOpMaLUH,
B HUX cojiepkaieiics). B yem BwIcIIasi CyTh 3TUX MOTPEOHOCTEW, BPSAI JU KTO
CMOXeET chopMyIUpOBaTh, XOTS M MpelaracTcsi HeMajao CIocoOOB, KaK KOJIUYe-
CTBEHHO OLIEHUTh CTENEHb WX YJIOBIECTBOPEHUS (B HACTOSIIEE BPEMs MMEETCS He-
CKOJIbKO Pa3JIMYHBIX CIOCOOOB OINpEACICHHs] KOoMu4yecTBa MHGOpMAIUHU, COAEp-
JKalIllecsl B CUTHAJIE).

Baron, amxyiuiica o penbcaMm (JIMHUS TIepeIadn), UMEEeT OrpaHUYeHHbBIN
00bEM, TO3TOMY €CTECTBEHHOM SIBIISIETCS 3a7a4a SKOHOMHOW YKJIQJIKU TPy3a, 1axKe
MyTeM YaCTUYHON DPa30OpPKH HEKOTOPBIX TPOMO3JIKHUX KOHCTPYKIMH (3amada Oe-
3U30BITOYHOIO KOAUPOBAHMUS), IPU ATOM B IIYHKTE Ha3HAYEHHS MPOBOAUTCS COOP-
Ka.

Pazymeercs, Takas 95KOHOMHas YKJIaJiKa JOIyCTUMA JIHIb B clydae, Korja B
IyTH OTCYTCTBYIOT (PaKTOPbI, CIIOCOOHBIE UCTIOPTUTH I'py3 (omexu). st 3amuThl
OT BPEJHBIX BO3JACHCTBUIN MPUXOAUTCS MEPEBO3UTH JOTOJIHUTEIbHBIE TPEAMETHI —
yIaKoBKY (IIOMEXOYCTOMYMBOE KOAMPOBaHUE). B MyHKTEe Ha3HAUEHUs YIAaKOBKa,
BBITIOJIHUBIIIAS CBOIO (DYHKITUIO, OTZIETSIETCS OT MOJIE3HOTO0 Tpy3a (yaalieHue u30obi-
TOYHBIX CUMBOJIOB TTOCJIe OOHAPYKEHHS ¥ HCTIPABIICHUS OIIHOO0K).

NTtak, MOXXHO HaMETUTh CICIYIOMHUI MOPSI0K MpeoOpa3oBaHUN CUTHAJIa B
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nepenaTyrke HuppoBON CUCTEMBI.

1) Ananoro-mudpoBoe npeodpazoBanHue, T.e. MpeoOpa3oBaHUE HETPEPHIBHO-
IO CUTHAJIa B MOCJEN0BATEIbHOCTh CUMBOJIOB.

2) KoaupoBaHue UCTOYHUKA.

3) lludposanue.

4) KananbHO€ KOJIUPOBAHHE.

5) Monynsiuusi TapMOHUYECKOM HECYILEe nepegaBaeMbIM CUTHAJIOM C Lie-
JBIO NIEPEHOCA €r0 CIIEKTPA B BBIJIEIECHHYIO MOJI0CY YacTOT.

6) Pacmupenue crnekrtpa (Takoe mnpeoOpa3oBaHHE, B pe3yabTaTe KOTOPOIro
IMIMPUHA CIIEKTpa CUrHaia u(f) Ha BXOJE JIMHUM OKA3bIBAETCS CYIIECTBEHHO OOJb-
1Ie, 4eM Ta IIMpHUHA, KOTopasi Obljia Obl MUHMMAIBLHO HEOOXOIMMa JJIsi HOpMasib-
HOU Tepefayu 3TOro COOOIEHUS ), HATpUMep, sl 00ecTiedeHus: CKPhITHOCTH TIe-
penayu.

Pazymeercs, He Bce MepeyuciIeHHbIE ONepaluyl HEO0OXOAUMO MPOBOIUTH B
kaxaoi CIIM, u mocnenoBaTenbHOCTh NEPEUUCICHHBIX NPEOOpa3oBaHUN MOXKET
HECKOJIBKO OTIMYaThCsl OT yKa3aHHOW. B mpuemHHKe, eCTECTBEHHO, MPOBOASTCS
oOpaTtHbIe TpeoOpa3oBaHuUs.

B 3axiroueHre OTMETHM T€ JOMOJHUTENbHBIE ONEpalMy C CUTHAJIAMHM, KO-
TOpbIE HY>KHO MPOBOAUTH B TOM Clly4ae, KOrja JJif OJHOBPEMEHHOI mepeaadu
CHTHAJIOB OT HECKOJILKHUX HCTOYHHKOB MCIOJIb3YIOTCH 001Me pecypcehl.

1) Ha puc. 2.1. uzobpaxkena cxema cumiiekcaor CIIU, mpennasHaueHHON
Ul Iepeiayl MH(opManuu B OJHOM HarpaBieHuu. JlJis opraHu3aluu OJHOBpE-
MEHHOW JBYCTOPOHHEH mepenayuu, Hampumep, B TelIePOHUHU, C HCIOIb30BAaHUEM
oO111ei JIMHUHU, HEOOXOIUMO PEUIUTh IPOOIEMY OynieKcuposanus, T.e. ChoOpMHUpPO-
BaTh CUTHAJIBI Uy(f) U Uy(f) TakuM 00pa3oM, 4TOOBI MPU MPUEME Pa3JeisiTh CUTHA-
JIbI IPSIMOTO M OOPATHOT'O HAMPABICHUN 0€3 UX B3aMMHOT'0 UCKaKEHUSI.

2) Jlns ofHOBpEMEHHOM Mepeayll CUTHAJIOB OT 71 UICTOYHUKOB, HaX OJISIIHUX-
Csl Ha OJTHOM KOHIIE OOIIEH JTMHUY, K 1 MTOIYyYaTeNsiM, HaXOAAIIMMCS Ha IPYrOM €€
KOHIIE, OCYIIECTBIISICTCS YHIOMHeHUe (MYIbMUnieKcuposanue) NpeaBapuTeIbHO
npeoOpa3oBaHHBIX CHUTHAIOB (0OBIYHO 3TO cymMMmHpoBaHue). s 3TOro nepeaana-
€MbI€ CUTHAJIbl JOJIKHBI UMETh TaKOW BUJ, KOTOPBIN MO3BOJSET B IYHKTE MpHEMa
BBIICTISATh KXl CUTHAJ U3 CYMMBbI U HAIPABJISITh CBOEMY IOIyYaTento 0e3 B3a-
UMHBIX MCKakeHuH. Takas cucTemMa Ha3bIBAECTCS MHOSOKAHANLHOU (N-KAHATbHOU)
CIINA.

3) B cucremax paguocBs3u 0OBIYHO BO3HUKAET MOTPEOHOCTh B COBMECTHOM
UCIIOJIb30BaHUU OOIIEro peTpaHciasaTopa-npueMoriepeaTunka, HaXoAsIIerocss Ha
0a30BOi1 cTaHlIMM B cucTeMax coToBoi cBsa3u win Ha MC3. IIpu a3Tom Bce ucTou-
HUKHA U BCE€ NOJIy4aTeNd HAaXOJATCS B Pa3IMYHBbIX MyHKTaxX. Takas opraHu3anus
COBMECTHOM pPaOOTHI HA3BIBACTCS MHOCOCMAHYUOHHBIM (MHONCECMBEHHbIM) OO0-
CMynom, IpU 3TOM, B OCHOBHOM, UCIIOJIb3YIOTCS T€ K€ METO/bI, YTO U IIPU MHOTO-
KaHaJbHOU CBS3U.

4) I1pu noctpoeHuu cucteMbl oOMeHa nHpopmaluen (CeTH IEKTPOCBI3N),
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peIHa3HAYeHHOU JJIsi OOCITYKUBaHUS OOJIBIIIOr0 KOJIMYECTBA MOJIb30BATENCH, HC-
XOJISAT U3 TOTO, YTO OOJIBIIMHCTBY a0OHCHTOB HE HYKEH MTOCTOSIHHO 3aKPETUICHHBIN
KaHaJl 3JIEKTPOCBSI3H, TOCKOJIBKY Y HUX JIUIIb 3MU30INYECKH BO3HUKAET MOTPEO-
HOCTH B Tiepeiadue CPaBHUTEIHLHO KOPOTKUX COOOIIEHUH TOMY MM HHOMY IOJTyda-
temto. [loaTomy 001IMEe pecypcehl, HaIpUMeEp JIMHUM, CIIOCOOHBI 00ECIIEUUTh OIHO-
BPEMEHHYIO TIepe/iadyy COOOIIEHUM JIUITh KaKOW-TO YacTH OT OOIIEro KOJu4ecTBa
a0OHEHTOB 0 MEpe BO3HUKHOBEHHS HEOOXOMMMOCTH. JIJIsl TaKMX ceTel XapakTep-
Ha OIEepalusl KoMmymayuy (nepexiiouenus) TuHuL o Mepe MOCTYIJICHUS Tpedo-
BaHHMI OT a0OHEHTOB, YTOOBI 00ECTICUHTH Iepeaady cooOIeHus (MIu ero 4acTu-
MaKeTa) B MMyHKT HAa3HAYCHMSI.

2.2 dnemeHTbI Npeobpa3oBaTenen

B kayecTBe HANlOMUHAHUS IMEPEUUCIUM T€ DIEMEHTAPHBIE TEXHUYECKUE
YCTPOMCTBA, KOTOPbIE CIYKaT “KUPHUYMKAMU~ TPHU CO3JaHUU MpeoldpazoBarene
CUTHaJIa B TPAKTE MEpEIayU.

SAueiika namsaTu (puc. 2.2a) npeaHa3HaYeHa ISl XpaHEHUs] 3HaYEHUsI OJTHON
M-naH0# U PHI.

OueHnb yacto M=2, 1 TOrAa 3T0 MOXKET OBITh, HAIIpUMEP, OOBIYHBII TPUTTED.

Peructp namsatu (n-pa3psaHblil) — 3T0O HAOOP HE3aBUCUMBIX SIYEEK MAMSITH,

npeIHa3HAYCHHBIN JUIsl XpaHEeHUsT KOMOUHAIIMH, COCTOSIIEH U3 n-CUMBOJIOB (pHC.
2.20).

a) 0) B)
Bx. ™ Brix.
Bx Brix. ¢ ¢ ¢ Bx I I l nocJe.
— T T |T [T — T[T |T >
Brix. Brix. napan.
r) ) e)
Homep Howmep

Bx. Bex.  Bx. ¢ Bex.  Bx. ¢ Brix.

M2 P MUX |, _,] DMUX [
—> —> >

Puc. 2.2. DnemenTs! npeoOpa3oBareneil CUTHAIIOB:

a) sTYeiKa MmamsTu; 0) perucTp nmamsTu;

B) PETHCTp CABUTA; r) cyMmmMaTop mod?2;

1) MYJIbTHUILIEKCOD; €) IEMYJIbTUILIIEKCOP.

Peructp cnpura (n-pa3psiHblil) MOCTPOEH Ha OCHOBE N-Pa3psiAHOTO pPEru-
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CTpa MaMsATH U IPEAHA3HAYEH ISl OpPraHu3alvy JIBMKEHUS O4YepeIr CHUMBOJIOB.
[Ipu ogHOBpemeHHOW mojaye TakToBoro mmiynbca (TH) Ha Bce stueiiku, copep-
KHAMOE KaXJOM STYEHUKHU MEPEHOCUTCS B CIECIYIOUIYIO, a B IEPBYIO SYCHUKY 3aIKCHI-
BAETCSI OUEPEIHON BXOAHOW CUMBOJI. CUUTHIBAHUE COJIEPKUMOIO PETUCTPA MOKET
IPOBOJUTHCS KaK B MMapauiebHON GopMe, Tak U B NOCIE0BATEIbHONU (CUMBOII 32
CHMBOJIOM).

JIBOMYHBIA CYETYUK COCTOMT U3 N TPUITEPOB, COCAWHEHHBIX IMOCIIEI0BA-
TEJIbHO U pabOTaIOIIMX B CUETHOM pexkuMme. [Ipu nmogave Ha BXoa ABOMYHOTO YHC-
na (0 wiu 1), 3T0 YUCIO CYMMUPYETCS C n-pa3psIHbIM JBOMYHBIM YUCJIOM, COJEp-
YKAIUMCS B TYEHKAX CUETUYHKA.

Ecnn Ha BXonx cuerunmka moaaBaTh NEPUOAUYECKYHO IOCIEIOBATEIBHOCTh
TaKTOBBIX UMITYJIbCOB (€IMHUL) C MEepuoaoM Az, TO €ro COCTOSHUS LUKINYECKU
HIOBTOPSIFOTCS, IIPH 3TOM JUTUTEIBHOCTD IMKIa paBHa T=2"At.

Jlornueckue cxemor U, NJIM, HE B koMMeHTapusiX HE HYXKIAIOTCA.

Cymmarop no moayio 2 (mod 2) uMmeer aBa BXOAa U OJHUH BBIXOJ (pHC.
2.2r). Ilpun omHOBpEMEHHOH Mojave Ha €ro BXO/bl JBOMYHBIX CUMBOJIOB U U U
JBOMYHBIN CUMBOJI HA BBIXOZE v =u, ®u, ONPEAEISAETCS 110 IPABUIIAM:

0®0=0, O0@l=1, 1®©0=1, 1&1=0. (2.6)

IIpy TakOM NOAXOAE CIIOKEHUE U BBIYUTAHUE OKA3BIBAIOTCS YKBUBAJICHTHBI-
MU.

MynbTuruiekcop (37eKTPOHHBIN Tepekaouarens) uMeer N=2" BXOmOB H
OJIUH BBIXOA (pHUC. 2.2/1) U COAEPKUT N-pa3psAIHbIA PETUCTP NAMATH, B KOTOPOM B
JBOMYHOM (popMe 3amucaH HOMEpP TOr0 BX0J1a, KOTOPBIM B JaHHBII MOMEHT COE/IH-
HEH ¢ BbIXOAOM. IIpn OOHOBIEHUU COAEPKUMOIO perucTpa (MpU 3arruch HOBOTO
HOMEpa), MPOUCXOJIUT MEPEKITI0YEHNE Ha COOTBETCTBYIONIMM BX0J. BMecTo peru-
CTpa MaMsTA MOXKHO MCIIOIb30BaTh N-Pa3PsAIHbIA IBOMYHBINA CUETUUK U IMOJaBaTh
Ha €ro BXOJ NEPUOAUYECKYIO IMOCIEA0BATEIbHOCTh TAKTOBBIX MMITYJIbCOB. Torma
MYJIBTUIIEKCOP OYAET MOJKII0YaTh BXObI B MOPSAKE BO3PACTAHUS UX HOMEPOB, U
ATOT Hpolecc OyAET HUKINYECKUM.

Hemynpruriekcop (puc. 2.2e) umeer onuH Bxoa u N BbixonoB. Ilporecc
NEPEKITIOUEHUS TPOUCXOINUT TOYHO TAK K€, KAK B MYJIbTUILIEKCOPE.

2.3 Npeobpa3oBaHue HEINTEKTPUYECKUX CUTHANOB
B 3J1IeKTpU4ecKue

BrniepBbie Takoil npeoOpa3zoBaresb, NPUrOIHbBIN JIJIs IIMPOKOTO MCIOIb30Ba-
Husl, ObuT ipeioked B 1837 roxy. OH comepskain TenerpadHblil KIIFOY U TaOJIHILY
a30yku Mop3ze u ObUI NpeaHa3HAuYeH IS npeodpasosanus mekcma B MOCIIEI0BA-
TEIBbHOCTh UMITYJIbCOB 3JIEKTPUUYECKOTO TOKA.

Bbonee coBpemeHHbIN METO] OBLIT IPUHSAT B KauecTBe cTaHaapra B 1932 romy
JUTSl ICTIOJIb30BaHUs B TeJlIerpauu U U3BECTEH KaK MEXKIYHAPOAHbBIN TenerpadHbIi
kox No2 (MTK-2). B3ameH kaxaoro 3Haka MepesaBaeMoro TeKCTa TeHepUpyeTcs
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KOZ0Basi KOMOMHAIUS, COCTOAIIASI U3 TISITH JBOUYHBIX CUMBOJIOB JITTUTEIIHHOCTHIO
nmo 20 MC KaxIblid, T.€. TEXHHYECKAass CKOPOCTh mepenadn cocrasiser V=50
umn/c=50 boa. UtoOpl obecrneunTh B3aMMHYIO CHHXPOHU3AIMIO TEpeaaTdynka u
NpUEMHHKA, MPUMEHSIETCSI CTapT-CTOIHBIA METOJ| Mepejayn: B Hayalle KOMOMHa-
LMY TIEPENACTCA CTAPTOBBIM MMITYJIbC JIUTENBHOCTHIO 20 MC, @ B KOHIIE — CTOIO-
BbII UMITYJIBC IIUTENBHOCTHIO 30 Mc. B utore ais nepegaun oqHOro 3HaKa Tpedy-
ercsa He MeHee 0,15 ¢. DToT cTaHgapT JaBHO yCTapena W B Pa3BUTHIX CTpaHax HE
UCTIONTb3YyEeTCH.

B 1968 roay mns tenerpaduu u s nepedayu oannvix (MHGOPMAIUU, TTEpe-
JTaBaeMOM OT KOMITBIOTEpA K KOMITHIOTEPY) MPEAJIOKEHO HCTOIB30BaTh Tele(oH-
Hble TuHUU 1 7-0uToBbIN Kou (KOU-7, MTK-5, ASCII). B nocnenyromem ObLT
IOPUHAT PAJ CTAaHAAPTHBIX CKOpOCTeW mepenayu B auamna3oHe or 50 mo 33600
our/c.

[IpeoOpazoBaTenb 38yKk06020 cueHana B SNEKTPUUECKUI — 3TO MUKPOQOH.
[Toce IIMTENbHBIX SKCIIEPUMEHTOB OBIJIO HAWIEHO KOMITPOMHUCCHOE PEIICHHE, U 8
Kawecmee cmanoapma 0jisi meieponno20 cucHala (nepedava pedu) yCmaHosieHa
nonoca yacmom 300 — 3400 ['y. 1Ipu niepenadye CUTHAIOB PAJAUOBEIIAHUS T10 JIU-
HUU CBSI3M BhIIIETsIETCs Oornee mupokas moioca yactot (30 — 15000 'y aist cuctem
BBICIIIETO KJacca).

[IpeoOpazoBaTeneM HenoodsuxscHo20 u300padicenss B aHAJIOTOBBIN AJIEKTPU-
YyecKkui curHan ((pakCUMHIIbHAS CBS3b, (hakc) siBisieTcs (hoTonpeodpa3oBaTelb Mpu
UCIIOJIb30BaHUM METOAa CKAaHMPOBAHUS (CTPOUYHOU pa3BepTkH). CKOPOCTh CKaHH-
poBaHUs MOAOOpaHa TakuM 00pa3oM, 4TOOBI CHTHAJ Ha BbIXOJe (hakc-ammapara
3anuman nojocy 9actoT 300 — 3400 ' u asis ero nepegayu MOKHO ObLIIO ObI HC-
MI0JTb30BaTh CYIIECTBYIONTNE JIMHAH TeIe()OHHOU CBSI3H.

[IpeobpazoBanue Odsudicyueeocs uzobpadiceruss B DIASKTPUYSCKUN CUTHAI
(TenmeBUIEHUE) OCYIIECTBISCTCS TeM K€ MeTonoM. B Poccum mpuHST cTaHgapt
625 cTpok/kanp, 25 KaapoB/c, COOTHOIIIEHNE BBICOTHI K MIUPUHE KajJpa paBHO 3:4,
MOATOMY TI0J10Cca 4acTOT BuAcocurHaina ot 50 I'u go 6 MI'w.

BaxHbII1 BUT DIEKTPOCBSI3N — TO meiemempus, T.e. iepeaada CUTHAIOB OT
JATYMKOB, U3MEPSIONIUX TEKYIIHE 3HAYCHUS (PU3UUECKUX IMapaMeTPOB HEKOTOPOTO
oObekTa. Takue cUrHaiIBl MOTYT OBITH KaK aHAJIOTOBBIMH, TaK M IU(PPOBHIMH, a
3HAYEHHUS UX OCHOBHBIX MMAPAMETPOB MOTYT OTJIMYATHCS HA HECKOJIBKO MOPSIAKOB, B
3aBUCUMOCTH OT HA3HAYEHUSI CUCTEMBI.

B cucremax meneynpasnenus nepemaBaeMble CHUTHAIBI — 3TO KOMaHIbI, U
JMana3oH BO3MOXHBIX 3HAYCHUN WX TTApaMETPOB TaK)Ke YPE3BBIUANHO HIHPOK.

2.4 KBaHTOBaHMe NO BPEMEHU HenpepbIBHOIO
CuUrHana

KBantoBanue (Auckperusanus) MO BPEMEHU — 3TO 3aMEHa HeNpepbhIBHON
bynkuun u(t), 3ananHor Ha uHTepBaie 0<r<7, mocieqoBaTEIbHOCTbIO €€ MIHO-
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BEHHBIX 3HAYEHUU-0TCUETOB u =u(t)), u=u(ty), ... , u,=u(t,). OHU U3MepsIOTCA B
MOMEHTBI BPEMEHU 1}, 1, ..., t,, OTCTOALINE OAUH OT IPYrOro Ha BEINYHMHY At=t-1;.
1=T1/n, Ha3BIBAEMYIO ULA2OM KEAHMOBAHUS.

B03MOKHOCTh TOYHOTO BOCCTAHOBJIEHUSI UCXOAHOW DYHKIMH u(f) IO CEpUU
€e OTCYETOB JI0Ka3aHa B meopeme omcuemos Haiikeucma—Komenvnukosa: mobas
byHKIMSA, UMEIOIIasi CHEKTP, 3aKIIOYEHHBbIH B OrPAaHUYEHHOW II0JIOCE YacTOT
0...F;, TOJIHOCTBIO OMpEIEIAeTCS MOCIEA0BATEILHOCTRIO OTCUETOB, B3STHIX C Ia-
roMm

At <1/(2F). (2.7)

Hpyrumu cioBamu, 4actota KBaHTOBaHus F,=1/At nomkHa ynOBIETBOPSTH
ycnoBuio Fy > 2F,.

[Ipu nokazaTenbCcTBE TEOpEeMbl CPOPMYIUPOBAH U CIIOCOO BOCCTAHOBIICHUS
curHana u(t)

u(t) =3, e~ j D), 2.8)
_sin{t/Ar)
rae h(t)_ (ﬂt/At) * (29)

Kcratn, dopmyma (2.8) sBusercs paznoxenuem Kapynena-Jlossa (2.3)
JUIIb B CiIy4ae, Korja CUTHall u(f) €cTh CTAallMOHAPHBIM CIy4aillHBIA Mpoliece,
CHEKTpP TUIOTHOCTA MOIHOCTH KOTOPOTO IENHKOM 3aKJIIOUEH B T0J0CE YacTOT
0...F; u paBHOMEpPEH B HEW.

u(t) 4 a) S.() 4
0 ‘ —,
~ t
F, 0 F, 7
(1) 4 6) SN 4
0 ~  2F  F. 0 F. 2P
V(t)A B) Sv(f)
| 1 R .
0 > »

Puc. 2.3. ®yHkuuu, y4yacTBYIOIIKE B MPOLEAYpE
KBaHTOBAHMSI BO BPEMEHU, U UX CIIEKTPBHI:
a) mepeiaBaeMoe HEMPEePhIBHOE COO0IIeHUE U(?);
0) umiynbcHas Hecymas r(t);
B) IIOCJIEIOBATENILHOCTh UMITYJILCOB-OTCUETOB V(f)
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Puc. 2.3 unarocTpupyeT COOTHOIIIEHNE MEXTY CIEKTpaMu (PYHKIUH, ydacT-
BYIOIIUX B MPOLECCE KBAHTOBAHUS BO BPEMEHH.

[TockonbKy ceprsi KOPOTKMX HMIIYJbCOB-OTCUETOB V(f) IOIYy4Yaercs B pe-
3yJabTare MepeMHOKeHus GyHKIuN u(f) u r(t), CeKTp NMpou3BenaeHus V() paBeH
cBeptke pyHkuwmii S,(f) u S,(f), B urore oH, nogo0HO cuekTpy S,(f), TaKxke sBAseTCS
NepruoaInYecKoi pyHKIMENH U 3aHUMaeT OECKOHEYHO OOJBIIYIO MOJI0CY.

[Ipu anammuze puc.2.3B CTAaHOBUTCS OYEBUIHBIM CIIOCOO BOCCTAHOBJIEHUS
HepeaHHOro COOOIIeHus u(f): Ui 3TOTO CEPUI0 OTCUETOB V(f) HYXHO MOAATh Ha
Bx0J uaeanpHoro ®HY, umeroniero 4acToTHy0 XapakTepUCTUKY MPSIMOYTOIbHOM
¢dbopMBbI (TyHKTHPHAS TUHUS HA pUC. 2.3B)

Lo |f]<E,
K(f)= 0. |f|>F
) o>
rae F.=F,= F,/2 —4acrora cpeza ®HUY.

NmMritynbcHast XapaKTEpHCTHKA TaKoro (GuiIbTpa COBMaAaeT ¢ (YHKIHMCH
(2.9), Torna Beipaxenue (2.8), B CYyIITHOCTH, OMMKMCHIBAET OMEPAIUIO0 CBEPTKU (PYHK-
it v(t) u h(t).

Ha npakTuke TOYHOMY BOCCTAHOBJIEHHIO COOOLIEHUS u(f) Melaer psajx o0-
CTOSITENIbCTB. YKaKeM OCHOBHbIE MPUYMHbI BOSHUKHOBEHHS OIIMOOK MPH BOC-
CTAHOBJIEHHH CO00IIEeHUs U (f).

Curnan d(t) na Beixone ®HY-nemoaynsTopa ¢ 4aCTOTHOM XapaKTEPUCTUKON
K(f) umeet criekTp

(2.10)

S,(f)=K(f)S,(f), (2.11)
U Torja curHan omuoku e(r)=u(t)-d(t) umeeT cuekTp
S.(f)=S,(f)=S8,(f), (2.12)

a HOpMUPOBaHHAs BEJIMYMHA CPEIHETO KBajpaTa OIIMOKHU OMPEEsIeTCs] BhIpaxke-
HUEM

o0 o0

, [lefdr [18.00F df
o= - 2.13)
@ ar [18.0F df

—00 —00

[lepBasi mpuuMHa MOSBICHUSI OITUOOK — 3TO BbIHYIHCOCHHOE HapYUleHUue mpe-
boeanull meopemvl omcuemos, m.e. keanmosanue ¢ wacmomotu F.<2F, Kcraru,
OUYEBUHO, YTO 3/I€Ch, B OTJIMYUE OT UJICATLHOrO Clly4as, BO3MOXXEH HEKOTOPbIN
IPOM3BOII TP BBIOOpE yacToThl cpesa f, DHU-nemoaynsropa.

Ha puc.2.4. BugHO, 9TO B 3TOM ClIy4ae MPOUCXOIUT MEPEKPHITUE OTICTbHBIX
yacTel crekTpa curHaia v(f). M3-3a 3Toro BO3MOXKHO MOSIBIIEHUE OMIMOOK JIBYX
BUJIOB.
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S,(H 4 K(f)
\
_]-7'K 0 fc FB FK ?

Puc. 2.4. Cnextp cepun 0TCUeTOB B cinydae F,<2Fg 1 4acTOTHas XapakTe-
puctuka ®HY-nemoynsatopa (MyHKTUPHAS JTUHUS)

Omnbka mepBoro poja — 3TO MpoMajaHUe BHICOKOYACTOTHBIX COCTABIISIIO-
IIUX CUTHAJIa, UMEIOIINX YacCTOTHI f,>f..

Ommbka BTOPOro pojia — 3T0 TpaHchopMallis COCTABISIONIUX CIIEKTPa CUT-
Hana u(f) ¢ yacroramu f.<f,<F,, u B pe3ynbraTe Ha Bhixojne ®HY — nemoaynsTopa
NOSIBIIIFOTCS HOBBIE COCTABJISIOIINE C yacToTamu f; = F — f, (BCIIOMHUTE, KaK Ha
KMHODKpaHe BeAyT ce0s Kojeca IKUIaxa, Korja OH HaOUpaeT CKOPOCTh).

Ecnu Be1Opats f. = F— F;, To OyaeT nNpucyTCTBOBATH JIUIIL OLIHOKA IIEPBOTO
pona, a ipu f, = F, — numib ommOka BToporo pojaa. s 6onbIIMHCTBA peaTbHbIX
CUTHAJIOB u(f) aMIUTUTY/bl CIEKTPAIbHBIX COCTABJISIONINX YOBIBAIOT C POCTOM Ya-
CTOTHI (Kak Ha puc. 2.3.), TOITOMY /1T MUHUMH3AIIUN CPETHETO KBaIpaTa OMMOKH
cienyer B3sTh f, = F /2, XOTs Ipu 3TOM COBMECTHO CYIIECTBYIOT OIIMOKU 0O0UX
BUJOB. B 3TOM mocnenHeM ciyyae MOJE3HBIM OKAXKETCS CIEAYIOIIUNA IpHEM:
MOKHO HMCKYCCTBEHHO YJOBJIETBOPUTH TPEOOBAHUSIM TEOPEMbI OTCUETOB, a UMEH-
HO, TIepe]] KBAHTOBAHUEM COOOIIEHHE MPOIMYCTUTh Yepe3 TaKOW K€ HieanlbHbIN
®HUY ¢ yactoroii cpesa f. = F,/2. U3 puc. 2.4. X0opoI1110 BUHO, YTO TaKas TOMOIHHU-
TeabHas (GUIbTPaIlKs MO3BOJIUT YMEHBIIUTh CPEHUN KBapaT OMMOKHU B JBa pasa,
T.K. OHa YCTPaHSIET BO3MOXXHOCTD MOSIBJICHUS OIMMOOK BTOPOTO POJIA.

Bropas mpuunHa NosBIEHHS] OMIUOOK — 3TO HENpAMOY20ibHOCHb YaCHOm-
HbIX Xapakmepucmuk gurbmpos, B yactHoctu ®HUY-nemonynsitopa (puc. 2.5). B
pe3ynbTaTe, BO-TIEPBBIX, MPOUCXOAT YaCTOTHBIE MCKAKCHHsI CHTHAja B O0JACTH
[f|[<F,, W, BO-BTOPBIX, B CIEKTPE CUTHAJA Ha BBIXOJI€ AEMOAYJIATOpA MOSIBISIOTCS
HOBBIEC COCTABJISIONINE C YaCTOTaMu |f|>F.

F, Fo f

Puc. 2.5. Cnektp cepun oTcueToB (CIJIONIHAS JIMHUS ), YACTOTHASL XapaKTepH-

ctuka ®HY-nemonynsatopa B uaeaqabHOM ciydae (MyHKTHP) U YaCTOTHAs Xa-
paktepuctuka peasibHoro ®HY (uTpux-myHKTHUD)
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Tperbst mpuunHa 00yCIOBIIEHA TEM, YTO, B COOTBETCTBUH C TEOpPHEH Mpeoo-
pazoBanuii Dypee, 1106as PYHKYUA KOHEYHOU OTUMENbHOCU 80 8PEMEHU UMeem
beckoneuno wupoxkui cnekmp u Haobopom. IloaTomMy, naxke €ciu HCXOIHOE CO-
oO1ienue u(t) umeno orpaHudeHHbI criekTp 0...Fp, HO U3 0ECKOHEYHOM Cepuu ero
OTCUETOB, B3AThIX C marom Ar = 1/2Fp, 10 nTMHUU CBA3U ObUla NiepefaHa KOHEeYHas
MOCJIEIOBATEIBHOCTh, COCTOSIIAsl M3 N OTCYETOB, MPU BOCCTAHOBJIEHUU OTPE3Ka
curHana u(t), Jaxke Ha UHTEpBaJie ero nepeayu, BO3HUKHET OInOKa.

dakTUYeCcKH, MPHU Mepeaade OTpe3Ka CUrHaja HapylieHbl TPeOOBaHUS TEO-
pembl orcueToB. Puc. 2.4. WumocTpupyer nmpueMbl TOYHOT'O aHallh3a BETUYHHBI
omnOku. ['pybo BenmnImHy OMIMOKH MOKHO OMPEICTUTh 10 (hopmyiie

o’ ~1/n, (2.14)
KOTOpasi JJisl CTAaTUCTUYECKU CTAllMOHAPHOI'O CHUTHajla Mmpu n >> | gaer BHOJHE
yIOBJICTBOPUTEIIbHYIO TOYHOCT.

OueBUIIHO, YTO B PEANbHBIX YCIOBUSIX HEU30EKHO COBMECTHOE IMOSIBIICHHE
OIIMOOK BCEX BUJOB, MOITOMY YacCTOTY KBAHTOBaHUS F BHIOMPAIOT C HEKOTOPHIM
3anacoM. Hanpumep, cTangapTHbIM aHAIOrOBbIA TeeQOHHBIN CUTHAT 3aHUMAET
nosiocy gactoT 300...3400 I'u, a cmanoapmuas yvacmoma Keanmosanus Ois He2o
yemanosnena F,, = 8000 omcuemos/c.

2.5 MoayJasiuusi UMIYJIbCHOM HeCylleil aHAJIOTOBBIM
CUTHAJIOM

B pe3ynbTaTe KBaHTOBAaHMS MO BPEMEHHM HemnpephiBHAs QyHKIMS u(t) 3ame-
HSIETCs TOCJEeI0BAaTEeIbHOCThIO OTCYETOB. B HTOre coolIrieHne CTaHOBUTCS JUC-
KPETHBIM BO BPEMEHHU, HO KaX/IbIil N3 OTCUETOB SIBIISICTCS PeaTM3aIfeid HeIpEephIB-
HOM CITy4alHOW BEJIWYVHBI.

CylecTBYIOT TpH OCHOBHBIX METO/Ia aHAJOTOBOW Iepefaud IOCiel0Ba-
TEJIILHOCTH OTCUETOB.

Amnaumyono-umnynvcuas mooyaayus (AVUM): nepenaBaemMblii CUTHAI €CTh
NepUoUYecKas MOCIeI0BaTEIbHOCTh MPSMOYTOJIbHBIX UMITYJIBCOB, CIEAYIOIIUX C
nepruosoM At U UMEIOIINX OJUHAKOBYIO JUIUTEIBHOCTD T, HO aMIUTUTYyJa KaXI0TrO
UMIIyJIbCa MPOIMOPLUOHAIIbHA 3HAUEHUIO MEPEAaBaeMOro cooOIeHus (oTcuera) B
COOTBETCTBYIOIIMI MOMEHT BpeMeHH (puc. 2.6).

[lpu wupommuo-umnynvcrot mooyrayuu (ILIMM) amMmnuTyaa uMIyinbCOB HE
MEHSIETCS, HO JUTUTENIbHOCTh KaXKJI0I0 UMITYJIbCa MPOMOPIIMOHAIbHA 3HAYEHHUIO CO-
oTBeTCTByIOIIEro orcuera. Ha mpaktuke Oonee ynobHa omHoctoponHsas LIMM
(OLINM), xorga MIUTENIBHOCTh Ka)XJAOT'0 UMITYJIbCa MU3MEHSETCA 3a CYET CIBUTa
oHOTO (PpOHTA, HAPUMED 3aTHETO, a TIOJIOKEHHUE TIepeAHero GpOHTa BCEra COB-
NajaeT C TAKTOBBIM MOMEHTOM BpeMEHH (MOMEHTOM B3SITHS OTCUETA).

Ilpu epems-umnynvcuou mooyasayuu (BUM) aMmmuTyasl U JIUTEILHOCTH
UMITYJIbCOB TIOCTOSIHHBI, a 3a/Iep’KKa Ka)KAO0r0 UMITYJIbCa OTHOCUTEIHHO TAKTOBOTO
MOMEHTa BPEMEHHU MPOIOPLIUOHANIbHA BEIMYMHE OTCYETA.
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PasnoBupnoctu AVM, IIUM u BHUM, a taxxe (GOpMBbI CIEKTPOB TaKUX
CUTHAJIOB JE€TaJbHO paccMarpuBaroTcs, Hanpumep, B [11]. Teopernuecku crekrp
KaXX/I0r0 M3 CUTHAJIOB OECKOHEUHO LUIUPOKUN, U MPUXOJUTCS OrpaHUYMBATH MOJO-
cy nepenaBaeMbIx yacToT uHTepBaioMm 0...f,, rae f.~(2...4)/At. Ilpu ymeHblIeHUH f;,
YBEJIMYUBAETCS JIUTENBHOCTh (DPPOHTOB MMIYJIbCOB, 3TO 3aTPYAHIET U3MEpPEHHUE
UH(GOPMAIIMOHHOTO TIapaMeTpa (aMIUIUTYAbI, JJIUTEIHbHOCTH WM 3aICPKKU HUM-
nyJibca).

YHUBEpCAIBHBIN METOJ AEMOAYISIIUKA — 3TO ucrnonb3oBanne ®HY ¢ yacro-

u(l’) A
N— _
x} /\/
—\—__\//__/
0 >
A t
AVM
0 ! ! >
A t
OlIMM
0 >
A !
BUM
0 >

Puc. 2.6. IlepenaBaemoe cooOienue u(t) u CHTHANAL ¢
AWM, OIIINM, BUM

Toi cpesa |[f[>F,. W3 sHeprernueckux coobdpaxenuit curnan ¢ BUM nepen nemo-
OyJSIUe 0OBIYHO TPeBAPUTENIbHO Mpeodpa3yroT B curHain ¢ OINM.

B HacTosiiee BpeMsi NEpEYUCIICHHbIE METOMBI IEpelayd HCMONb3YITCS
cpaBHUTENBbHO penko. [Ipennourenue orgaercs HUPPOBBIM METOJAM, KOrja 3Ha-
YeHHE Ka)X/0ro OTCueTa MPEACTaBIsETCS B BUJE KOMOMHAIMM U3 k JIBOMYHBIX
CHUMBOJIOB.

2.6 Anasnoro-uugposoe u undppoaHaaIorosoe
npeodpazoBaHmusi

Lenv ananoco-yugposoco npeodpazosarnus (ALIl) — 3amenums Henpepols-
HYI0 yHKYUIo U(t) nociedosamenbHocmovio M-uyHbIX CUMBOI08.
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AIII ocymecTBasiercs: B ABa 3tana. [IepBbiii 3Tanm — 3T0 KBAHTOBAHUE BO
BpEMEHM HemnpepbhiBHOro curHana u(f) (pasa. 2.4). B pesynbraTe momgydaercst mo-
CJI€10BATEIbHOCTh UMITYJILCOB-OTCUYETOB, CAEAYIOMMUX ¢ marom At (puc. 2.3B).

Bropoii atan — 310 onudpoBka kaxaoro orcyera. [loaroroBka k 3Toi orme-
palmu 3aKII04aeTcs B clenyroneM. J(nanasoH BO3MOXKHBIX 3HAYEHUW HaIpsKe-
HUN (Upiny Upmax) NETUTCS HA M UHTEPBAIIOB JUTUHOM

Au=u,, —u,,)/M (2.15)
Kb, Benuunna Au HazbIBaeTcsl wiazom keanmosanusi no ypostio (puc. 2.7).
Jlanee uHTEpBaAIBI HYyMEPYIOT M-UYHBIMU UG paMU CHU3Y BBEPX, HAUMHAs C 1 }-
pb1 0.

N2 NM U; 4 M(l) Umax
11 [ 7 [u; - T

110 | 6 | ug / N |Au

101 | 5 | us - \

100 | 4 | u, - \

011 [ 3 |us T T~ / \

010 | 2 | u, ] N / \L

001 |1 [u 1 N/ ]

000 | 0 | up 1 N Unmin
M-ndHbie 3 2 0 5 7 6 1 1
J[BomuHEBIE 011 010 000 101 111 110 001

Puc. 2.7. Tlpumep ananoro-uudpoBoro npeodpazoBaHus
HEMPEPBIBHOTO curHana u(t) mist M=8 (k=3)

Jlnst orupoBKU OUepeaHON UMITYJIbC-OTCUET ~TPUKIaJbIBaeM” K IIKaje U
3aMmeHsieM ero M-uaHoiu udpoit Ny, paBHOW HOMEPY TOTO MHTEpPBAJa, B KOTOPHIN
nonajia BepUIMHA MUMITyJibca. B UTOre, BMECTO CEPUHU, COCTOAILEN U3 N OTCUETOB,
nepeaaeTcs Mocaea0BaTeIbHOCTh M-UUHbBIX TUDP JITUHON A.

[TockonbKy B TEXHHUKE HauOoJiee 4acTo JIsl Mepeladyn MCIOIb3YIOTCS JBO-
WYHBbIE CUMBOJIBI, TO 3HaUeHUE M BBIOUparoT mo Gopmysie

M =2", (2.16)
Y HOMEP OYEpEeIHOr0 MHTEpBaa Mepeaaercs B BUAE k-pa3psigHOl IBOMYHOW KOM-
Oounanuu (N, Ha puc.2.7). B urore KOau4ecTBO IepeaaBaeMbIX CUMBOJIOB-IIU(D
yBEIUYHUBAETCS B k pas.

OO6parnoe, T.c. nudpoananorosoe npeodpaszopanue (L{AIT) rakxe mpoBo-
JIATCS B JIBA HTaIlA.

[TepBsriii aTanm — 310 HOpMUPOBAHUE UMITYIIBCOB, COOTBETCTBYIONTUX KaXKIOM
M-vuHoit tudpe (Win k-pa3psaaHod KOMOMHALIMM TP Tepeaayde IBOMYHBIX CUM-
BOJIOB). B KauecTBe MOATOTOBKM K ATOM OMepariui BHYTPU KakI0ro u3z M uHTEp-
BaJIOB BbIOMpaeTcs Touka. OOBIYHO OHA COOTBETCTBYET LIEHTPY MHTEpBaia — 3TO
TOYKU Uy, Uy, ..., Uy HA prc.2.7. Torna aMminryga o4epeqHoro UMITyJbca, COOT-
BETCTBYIOLIETO LM(pE j, yCTaHABIMBAaeTCsd paBHOW u;. Takum oOpa3zoM, B HTOre
IIPOBOJIMTCS] OKPYTJICHUE 3HAYEHUS KaXJA0r0 OTCUETA.
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OmnbKka Takoro OKpyrjiaeHus e = u — uj, TA€ U — UICTUHHOE 3HA4E€HHE OTCUe-
ta. Ecnu mar kBaHTOBaHUSI Au J10CTaTOYHO Majl (COOTBETCTBEHHO, YHMCJIO MHTEP-
BajoB M BENWKO), BEIMYMHA CIy9alHOW OIMMOKH e MMEET MOYTH PaBHOMEPHOE
pacnpenelieHue B MHTEpBajie MUPUHBI Au, TOITOMY CPEIHEKBAIPATUUECKOE 3HA-
YEHHUE OMIMOKY KBAHTOBAHUS 110 YPOBHIO PABHO

o, = Au/(2\3). (2.17)

Bropoii stanm I[{AIl — 310 ipeoOpa3oBaHne CEpUM UMITYJIbCOB-OTCUYETOB B
HENpephIBHYIO (YHKIUIO — MPOBOAUTCS Kak OObIYHO (pa3a. 2.4) mpu MOMOIIU
®HY ¢ npssMOyroibHOM 4YaCTOTHOW XapaKTEPUCTUKOM.

Takoe kBaHTOBaHUE MO YPOBHIO, KOT/1a BCe M MHTEPBAIIOB UMEIOT OJIMHAKO-
ByI0 JUIMHY (2.15), Ha3bIBACTCS pasHOMepHbIM W SIBIIAETCS Hanbojee MPOCThIM B
TEXHUYECKOM OTHouleHuu. IIpu ¢uxcupoBaHHOM 3HaueHMH M 3Ta mpoueaypa
o0ecrieynBaeT MUHUMAIbHOE 3HAYCHUE CPEIHEKBAAPATUUECKON OLIMOKH KBaHTO-
BaHUS JIUIIb JIJIST TAKUX CHTHAJIOB u(f), Y KOTOPHIX BEJIMYMHA HATIPSDKCHUS PaBHO-
MEpPHO pacrpenesieHa B HHTEPBAIE (Ui, Upmqy). PEATbHBIE CUTHAIIBI, TAKUE KaK 3BY-
KOBOM, XapaKTepU3yIOTCs pacipe/ieIeHueM BEPOSITHOCTEH, UMEIOLUM y3KUM 1IEeH-
TPaJIbHBIM MUK U JJIMHHBIE “XBOCTHI (pHUC.2.8).

JIJIsi TaKUX CUTHAJIOB MPEANOYTUTENbHEN HEpaBHOMEPHOE KBAHTOBAHHUE TI0
YPOBHIO, KOTJ]a JUIMHBI UHTEPBAJIOB OEpyT MEHBIIUMHU B 00J1aCTH Haubosee Bepo-
STHBIX 3HAYCHWI HAMPSIKCHUS W YBEIUYHMBAIOT WX B OOJACTH MaJIbIX BEPOSITHO-
CTEH.

W(u)

0 U

Puc. 2.8. Pacnpenenenue BepoOITHOCTEN YPOBHS
CUTHAaJa Y 1IKaja HEPABHOMEPHOTO KBAHTOBAHUS

Tot xe 3¢ dext gocturaercs 6o1ee NPOCTHIMU TEXHUUECKUMU CPEJCTBAMMU.
Cuauana curdan u(f) OJABEPTratOT KOMNpeccuu no yposuio, T.e. IPOMyCKalT yepes
YCTPOUCTBO, aMIUIUTYHAS XapaKTEPUCTHKA KOTOPOro JUHEWHA JUIIL B 00JacTU
MaJbIX 3HAYEHUW BXOJHOTO HAIPSIKEHMS, a IPU JAPYTUX 3HAYCHHUSX OIMUCHIBACTCS
norapudmudeckoir kpupoi (puc.2.9). B urore pacnpeneneHue HaNpsHKCHUS CHUT-
HaJla Ha BBIXOJI€ KOMIIPECCOpPa CTAHOBUTCS CYIIECTBEHHO OJIMKE K pABHOMEPHOMY.

Uppix V
>
J O uBX

Puc. 2.9. AMnutynHas
XapaKTEePUCTUKA
KoMIIpeccopa
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[Tocne xoMmmpeccun nNpoBOAAT craHnaptHyto npoueaypy ALII ¢ paBHOMep-
HbIM KBaHTOBaHWEM. B myHkTe npuema, nocie cranaaptHoro LIAII ciexyer mpo-
BeCTH 00OpaTHOE HENMHEHHOEe MpeoOpa3oBaHUE, XOTs, KaK MOKa3bIBa€T MPAKTHKA,
HEpEeIKO MOKHO 000NTHCH U 0€3 HETO.

s nposedenus ALl menegponnoco cueHana ucnonvb3yom cmaHoapmHbsle
sHauenus napamempos: F,=8000 omcuemos/c, k=8 6um/omcuem, m.e. M=256. B
umoee noyyaemcs CmaHoapmHwll Yyughposoti meneq)oHHbIL CUSHAN, KOMOPbIU Xa-
paxkmepuszyemcsi CKopocmoulo yugposoco nomoka Ha e6vixode ALlll, pasHotl
V=8000x8=64 xoum/c [2,6].

Cepus IBOMYHBIX UMITYJILCOB, MOJlydaeMasi B pe3ysibTaTe Takoro mpeodpa-
30BaHMs TeIe(OHHOTO CUTHAJA, Ha3bIBACTCS CUTHAIIOM C UMNYIbCHO-KOOOBOU MO-
oynayueu (MKM).

[1pu 3anucu My3bIKaTbHBIX TPOU3BEACHUN HA KOMITAKT-UCK 3HAYEHUS dTUX

I1apaMeTpoB PaBHBI: F=44100 OTCUETOB/C,
k=16 out/orcuer, T.e. M=65536, V=705,6 xb6ut/c.

2.7 JInneitnas uudposBasi GpuiabTpanus ¥ reHepMpPoOBaHHE MOCJIe0BATeIbHO-
cTeil CHMBOJIOB

Ha Bxon nugpoBoro gpuisTpa nogaercst CKojab yrogHO JUIMHHAS MOCIe10Ba-
TEIBHOCTb YUCEI ..., Uj, Uji],..., & HA BBIXOAE (OPMUPYETCS MOCIEN0BATENBHOCTD
4uCell ..., Vj, Vjil,..., CAHXPOHHAsI BO BPEMEHHU C BXOJHOU IOCIIEA0BATEIbHOCTBIO.
B nuHeiHOM (uibTpe ouepeqHON BBIXOAHON CUMBOJ V; MOJIY4aeTCs B PE3yJIbTaTe
JIMHENHOMN OIepaluy, IPOBOJAUMON C BXOJHBIMHU CUMBOJIAMH ...U;.|, U;, TIOCTYIIUB-
IIMMU K TAHHOMY MOMEHTY.

JUis onMcaHus MOCHIEAOBAaTEIbHOCTEN Ynucen YAOOHO HCIOJIb30BaTh MOJIH-
HOMBI

N N RN I
- j j+l 2
—u(xX)=..tu, X tu X tu X+ (2.18)
s Vs ViV igse =
_ j Jj+l Jj+2
V() =ty xl v Xy T L

B Marematuke TO JXK€ caMoe TIPEICTAaBJICHHWE MPUMCHSIOT B BHIC Z-
npeoOpa3oBaHusi, KOTopoe noiydyaercsa u3 (2.18) myrem ¢popManbHON 3aMEHBI X =
Zfl

Hampumep, mycTh Havalio TOCIEAOBATEIPHOCTH HA BXOJIE MUMEET CIIEAYIO-
Ui BUI: Uy, U, Up...=3,5,7,1,0, 1, ..., TOrna el COOTBETCTBYET MOJIUHOM uU(x) =
3+5x+ 70+ + 0+

Tpanceepcanvhwiii puibmp r-20 nopsoka (purbmp ¢ KOHEUHOU UMNYIbCHOLL
Xapakxmepucmuxou) COIAEPKUT r-pa3psAIHBbIN PErucTp CIBHra, yNpPaBIISEMbIA MO-
CIIEIOBATEIbHOCTHIO TAaKTOBBIX MMITYTbCOB (TH), CHHXpOHHBIX BO BPEMEHHU C MO-
MEHTaMHU TIOCTYIUICHHUSI OYEepPETHBIX BXOJIHBIX CHUMBOJOB. Pamu HarisjgHOCTH HA
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cxeme puc. 2.10 0003HaueHUsT BXOJHBIX M BBIXOJHBIX CUMBOJIOB BBICTPOEHBI B I10-
pSAAKE odepenu, ABWKYIIEWCS ClIeBa HAMpaBO. 3HAYCHHS COMHOXHUTENEH g,
g1,---,8r YJACTBYIOIIUX B ONEPALUAX YMHOXKEHHUS, — 3TO KOHCTAHTHI, 3aJ]aBacMble
3apaHee, a cyMmmaTop (D)) IpoBOAUT OOBIYHOE apuPMETHIECKOE CYMMHUPOBAHHUE.

N3 cxembl BUJHO, YTO OYEPETHONM CHMBOJI BBIXOJHOM IOCIIENOBATEIBHOCTH
BBIYHUCIISIETCSA 110 (hopMyIie

ERPIELE (2.19)

KOTOpasi B JUCKPETHOM (opMme 3a7aeT OMepanyio CBEPTKH OTCUETOB BXOJHOTO
CUTHAJIa U OTCYETOB go, &1,...,gr UMIYJIbCHON XapaKTEPUCTUKU 3TOro (PUIbTpA.
™

v ‘ ‘

Uik, U ..U Ui Uy

8o 81 &2 8r

Vit Vi

| >

Puc. 2.10. TpancBepcanbHblii iudpoBoit GuiasTp

Panu ynoOctBa Bce 3TH OTCUETHI OOBIYHO HOPMHUPYIOT, T.€. YMHOXAIOT Ha I10-
CTOSIHHOE YHCJIO TaK, YTOOBI OBLIO go=1.

Jlerko mpoBEpUTH, YTO COOTHOIIEHUE MEXKIAY IOJUHOMAMHU OIPEAEISIETCS

dbopmynoi

v(x)=u(x)g(x), (2.20)
r7ie TIOJTMHOM g(x), KOd(PPUIIMEHTH KOTOPOTrO paBHbI OTCUYETAM UMITYJILCHOU Xa-
paKkTepuUCTUKH GUIBTPA, HA3BIBACTCS €T0 nepedamoyrol hyukyuet. Ilycts moce-
JIOBAaTEILHOCTH YUCE ..., Uj, Ujs1,... U ..., Vj, Vii1,... — OTO OTCYETHI JIBYX HEIpe-
PBIBHBIX CUTHaJIOB U(t) U V(¢) C O'paHUYCHHBIM CIIEKTPOM, ITOJIYYEHHBIE C [IaroM
At, KOTOpBIIl YyAOBIETBOPSET TPEOOBAHUSAM TEOPEMBI OTCUETOB. TOra YaCTOTHYIO
XapaKTEPUCTUKY K(w) HEMPEPBIBHOIO JUHEHHOr0 (GUIbTPa, KOTOPBIN NMpeodpaszo-
BbIBaJ Obl cUrHaji U(r) B cUrHaji V(r), MOXHO MOJYYUTh U3 NEpEelaToOuHON (hyHK-
MU SKBUBAJIEHTHOI'O HU(PPOBOTro GUIbTpa MMYyTEM 3aMEHBI x = exp(i®Ar) .

Ecnu yucno oTrcueTroB cUrHajga Ha BXOJIE U,..., U, KOHEYHO, TO MOXKHO I10O-
CTpOUTh LUPPOBOHN Gurvmp, coenacosannwiii ¢ cuenarom U(r). Ero ummynbcHas
XapaKTEPUCTHUKA SIBISIETCS 3€pKaJIbHBIM OTOOPAKEHHUEM psiia OTCUETOB CHIHaja
8o =U,,...,g, =U,, 1 YACIOBAS MOCIEIOBATEIbHOCTb HA BBIXO/E (PUIbTPA COBMAIAET
C OTCYETaMH aBTOKOPPENSLUOHHON (pyHKIMU curHana U(r). Ecnm ke Ha BXoj
¢unbTpa nmocTynaer Apyroi curHan X (), TO Ha BBIXOJE€ UMEEM OTCYEThl B3aUMHO-
KOPPEISIUMOHHON PYHKIIUU 3TUX CUTHANOB U(r) U X (¢).
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Pexypcuesnviii ounomp r-co nopsioka (gpunomp ¢ b6eckoneuHo uUMnyIbCHOU
Xapaxkmepucmukot) OTINIaeTCs TEM, YTO COJEPKUT Ien 00paTHON CBS3H.

Haubonee HarnsgHo cxeMy Takoro (uibTpa MOXKHO OIpPENEIUTh CIeayIo-
M oopaszoM. [lorpebyem, 4ToOBI 3TOT (GUIBTP BBITOIHSII OTNEPAIUIO, OOPATHYIO
onepanuu (2.19), Torna Kaxabplii CHMBOII Ha BBIXOZE V; MOKHO OIIPEIEIIATh, PEIINB
CHACTEMY YpaBHEHUU BUA

U, =D V. 8 =V.8 V. & +.hV, g
J kZ:(; ]_kgk ]go ]—lgl _]—rgr (2.21)
Orcroza, nonaras, 4to g,=1, nomydaem
VEU V8 V58—V, 8, (2.22)

Bunno, uto dunetp, cxema KkoToporo uzoOpaxeHa Ha puc.2.11, BeImonHseT
UMEHHO TaKkyio omepanuto. OYeBUIHO, YTO JJIS IMOJMHOMOB CIIPABEIJIUBO COOT-
HOIIICHWE

v(x) =u(x)/g(x), (2.23)
UCTUHHOCTb KOTOPOTO MpPH KEJIAHUH MOKHO €Il pa3 MPOBEpUTh, MPOBOJIA Jiese-
HUE MTOJIMHOMOB CTOJIOMKOM.

Ui, Ujens Vi Vi woeVipeen

D Py

— : |

Puc. 2.11. PekypcuBHbIi nppoBoi QMIBTP

Urak, cxema pucyHnka 2.10 COOTBETCTBYET ONEpPALMU YMHOMCEHUSL BXOTHOTO
MOJIMHOMA Ha MOJIMHOM g(x), a cxema puc. 2.11 — onepauuu denerus Ha g(x). Cne-
JI0BaTeNIbHO, MOCJIEI0BATENbHOCTD g0, &1 .-,8, HE ANIAemcsa OTCUYETAMU UMITYJIbC-
HOM XapaKTepUCTUKHU PEKypcUBHOro guibtpa puc. 2.11. UToObl HAaliTH 3TH OTCUE-
ThI hy, hy,..., Hy’KHO BBIYUCIUTb COOTBETCTBYIOLIMI ITOJIMHOM, IPOBES ONEPALIUIO
JIEJICHUS

h(x)=1/g(x). (2.24)

OueBHUHO, UTO 3Ta MOCIEI0BATEIILHOCTh OYAET UMETh OECKOHEUHYIO JUIH-
HY, UTO U ompenenser HazBanue ¢puiabTpa. Toraa BMecTo (2.23) MOXKHO HUCHOIB30-
BaTh COOTHOIICHHE, Mogo0H0e popmye (2.20)

v(x) = u(x)h(x). (2.25)

OTMeTuM 0COOEHHOCTH MOCTPOEHUSI 1 OCHOBHBIE CBOMCTBA 080UUHO20 YuUp-
po6020 Punbmpa, B KOTOPOM BCE MOCIEN0BATENbHOCTH Uj, U, g COCTOAT U3 JIBO-
WYHBIX LUQp (Hyned unu enaunwuil). Bo-mepBhIX, OoTHagaer HEOOXOAUMOCTb HC-
NOJIb30BaHMUS CIIEUUATBHBIX 3JEMEHTOB-IIEPEMHOXKHUTENEN JABYX CHUTHAJIOB, IO-
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CKOJIbKY yMHOKeHWEe curHasiia Ha 1 miam 0 COOTBETCTBYET BKIIIOUEHHUIO HIIA BbI-
KJIFOUEHHUIO 3TOro CUrHajia (€CTh MPOBOJHUK ISl MOAAYM 3TOTO CUTHANA WK €ro
HeT). Bo-BTOphIX, Bce omepanu CyMMHUPOBAHUS TBOUYHBIX YUCE BBIMOIHSIIOTCS
10 MOZYJIIO JIBA.

W, HakoHell, UMeeTCsl elle OJJHO BaKHOE MPUMEHEHUE PEKYPCUBHOIO LU}-
poBoro QuiIbTpa, TO €CTh, PErHCTpa CABUTA C OOpaTHBIMH CBsi3sIMHU. Ecnmu BxOn
buapTpa OTKIIOUYUTH OT UCTOYHUKA CUTHAJIA (JTU0O0, TO K€ caMoe, IPOJIOKUTh I10-
JaBaTh CEPUI0 HYJIEH), TO MPU MOCTYIUIEHUH OYEPETHOr0 TAKTOBOTO UMITYJIbCA Ha
BBIXOJI€ CXEMBI OyJ€T MOSBIATHCS 0YEPEIHOE YHCIIO V; TO €CTh, HAa BBIXOJE (DUIIb-
Tpa OyJeM UMeTh OECKOHEUHYIO YHCIIOBYIO MOCIEN0BATENbHOCTh. E€ BU 3aBUCHT
OT MCXOIHOTO COCTOsHMs peructpa. Eciam Bo Bcex siuelikax ObUIM HYNH, TO O4Ye-
BUJIHO, YTO BBIXOJIHAS MOCJIEA0BATEIbHOCTh HUKAKOIO HHTEpPECa HE MPECTaBIISET,
MOCKOJIBKY OYZI€T COCTOSITh U3 OJJHUX HYyJel. B MpOTUBHOM cilyyae Ha BBIXOJI€ MO-
JYy4UM HEHYJIEBYIO MEPUOANUECKYIO TTOCIEA0BATEIIbHOCTD, TO €CTh PErHCTp CBUTA
C OOpaTHBIMU CBA3SIMU IIPEBPATUIICA B TeHEPATOP YMCJI0BOM MOC/IeA0BaTeIbHO-
CTH.

Haubonbmuii uaTepec, 6iarogapsi CBOMM 3aMeyaTelIbHbBIM CBONCTBAM, BBI-
3BIBAIOT 0BOUUHblE Ncesdocnyuatinvlie nociedosamenvhocmu (IICII) makcumans-
Hotl onunsl (M-nociedoeamenvrnocmu). IlepBoe HazBaHUE OOYCIOBJICHO TEM, YTO
IpH 3aJJaHHOM KOJMYECTBE 7 siUeeK B perucrpe casura (puc. 2.11) takas nmociemo-
BaTEJIbHOCTh UMEET MAaKCHUMAalbHO-BO3MOXKHBIA IMepuoj (KOJIUYECTBO TAKTOB, 4Ye-
pe3 KOTOpOe BUJ NIOCIEA0BATEIBHOCTA B TOYHOCTH MTOBTOPSIETCS ), U OH PaBEH

M=2"-1. (2.26)

Takue mocienoBaTeIbHOCTH MOTYT OBITh IOJIYYEHBI JIUIIbL B CXEMax, IO-
CTPOCHHBIX Ha OCHOBE IOJMHOMOB g(x) ompeleneHHoro Buaa. [IpumMepsl Takux
IOJIMHOMOB Il r=n—k <11 gansl B [Ipunoxxenun 1, a 0 HEKOTOPBIX UX CBOMCTBAxX
OyJIeT MOMOJIHUTENBFHO CKa3aHo B pasm. 3.5.

Hrak, ykaxeM ocHoBHbIE cBoiicTBa [1CII.

1) Ilepuoguunocts (2.26) .

2) B nmo6oM oTpe3ke mociaea0BaTeNIbHOCTH, JJIMHA KOTOPOr'0 paBHA MEpHO-
1y, KOJIMYECTBO HYJIEH U €TUHUI] IOUYTH OJUHAKOBO (HYJIEH HA OJMH MEHBIIIE).

3) B mo0oM oTpe3ke MmocienoBaTeNbHOCTH, JIJTMHA KOTOpOro paBHa M+1,
cpenu M map tuma 00, 01, 10, 11, oOpa3oBaHHBIX U3 PSIAOM CTOSIIUX CUMBOJIOB,
KaXXJIbI TUI BCTPEUYaeTCs MOYTH OAMHAKOBO yacTo (mapa 00 BcTpeudaercst Ha OJIUH
pa3 MeHblIIe, 4YeM JIt00as U3 TPeX OCTAIbHBIX).

4) Takoe € paBEHCTBO YAaCTOT HAONIOJAETCS NJII BCEBO3MOXKHBIX TPOEK,
YETBEPOK U T.J[. COCEAHUX CUMBOJIOB BILIOTh JI0 F-Pa3psAHbIX KOMOUHAIUH.

5) Ecnu u3 6eckoneunoi TICII B3sTh nBa M-pa3psiiHbIX OTpE3Ka, CIABUHY-
THIX HA MPOU3BOJIBHOE YHCIIO TAKTOB, HE KpaTHOE Mepuoay M, TO 3TU JBE KOHEY-
HBIE MOCJIEI0BATEILHOCTH OKA3bIBAIOTCS MOYTH OPTOrOHAJIBHBIMU: MIPH MOMAPHOM
CPaBHEHUHU CHMBOJIOB, CTOSIIMX HA OJMHAKOBBIX MO3HIMIX, KOJIMYECTBO COBMA/ia-
IOIIKX Tap HA OIHY MEHbIIE YEM KOJIMYECTBO HECOBNAAAIOIIUX.
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6) CrexTp MmIOTHOCTH MOITHOCTH OWITOJISIPHOTO JTBOMYHOI'O CHTHAja, Tepe-
Hocsero 3HadyeHus 3yeMeHToB [ICII (0 — mpsMOyroJbHBIN HMMITYJIBC MOJIOMKU-
TEJIbHOU MOJSAPHOCTH, | — UMITYJIBC OTPULIATENBHON MOJISIPHOCTH TOM K€ JJIUTEIb-
HOCTH T), UMEET MOUYTH TaKylo ke (popMy, KaKk CHEKTP IIIOTHOCTU MOIIHOCTH OfH-
HOYHOI0 UMIyJjibca. ABTOKOppensiunoHHas QyHkuus orpeska [ICII nnuHoii B ne-
puoa M, coBmajaromasi no popmMe ¢ CUTHaJIOM Ha BBIXOJ/I€ COTIACOBAaHHOTO (hUIb-

I
16 |
12
8
4
A INACAL Ll
0 ANA VW ./
-4
220 -10 0 10

Puc. 2.12. Curnan Ha BbIXoJie (UIbTPa, COTJIACOBAHHOTO C UM-
MyJIbCHBIM IBOMYHBIM BXOJHBIM CUTHAJIOM (CBEPXY), 3a/IaHHBIM
MOCJIEZIOBATENILHOCTHIO BU/IA!
-1,-1,-1,1,-1,-1,1,1,-1, 1,-1, 1, 1, 1, 1

Tpa (puc. 2.12), uMeeT y3KHil LIEHTPaJIbHBIM MUK U MaJible OOKOBBIE JIENIECTKU, TO
€CTh, UMEET MOYTH TAKOH K€ BUJ, KAK aBTOKOPPEISALHUOHHAs (PYHKIUS MOCIEeI0Ba-
TEIBHOCTH CIy4YalHBIX HE3aBUCUMBIX uUMIyibcoB. Utak, [ICII obradaem noumu
MAaKuUMu Jice CeotUCmeamu, Kaxk ONUHHAS UCMUHHO CLYYAUHAs NOCIe008amelb-
HOCmb, TIONY4YE€HHas, HAalpuMep, B pe3yibTaTe MHOIOKPATHOTO MOJOpachIBaHUS
MOHeThl. OOpaTuTe BHUMAHHWE Ha PEryJIsipHOE MCIOIb30BaHME CIOBA “TIOYTH,
OrPaHUYUTENBHBIM CMBICII KOTOPOTO TEM MEHble, ueM Oombiue nepuog M. B To
xe Bpems [ICII He sBsieTcst cydaifHOM, Tak Kak, 3Has cXeMy reHeparopa (mpous-
BOJSIIIIMM MOJIMHOM g(X)) M UCXOAHYIO JBOMYHYIO KOMOWHAIIMIO B PETUCTPE, MBI
MO>KEM IPEJCKA3aTh €€ 3HaAYEHUS Ha CKOJIb YTOJHO TaKTOB BIIEPE.

Takass mocienoBaTeNIbHOCTh JIETEPMUHUPOBAHA, HO [JII ITOCTOPOHHETO
HabmogaTens obnagaeT CBOWCTBAMHU CIY4YailHOM MOCIEAOBATEIBLHOCTH, MOITOMY
OHA HallIa MHOI'OYUCIICHHBIE IPUMEHEHUs, HalIpUMEDP, IIPH KOJOBOM PA3ICIICHUH
KaHayoB (paza. 6.4).

2.8 Moayasiuusi rapMOHUYECKO Hecyllel nu(ppoBbIM CUTHAJIOM

IIpocmetiwuti cnocob nepedauu 6 080UYHOM KaHane — 3TO IPUMEHEHUE OJ1-
HOTIOJISIPHOTO JBYXYPOBHEBOTO KOIHUPOBaHUS O€3 BO3BpaTa K HYJI, TO €CTh 0e3
nay3 MEXIy COCEIHHUMH CHMBOJIAMH, KOTJa CUMBOJIY | COOTBETCTBYET MPSMO-
YTOJNBHBIA UMITYJIBC JUTHTEILHOCTH T, @ CUMBOITY O — may3a TOH ke JTUTEIIBHOCTH
(u(f) ma puc. 2.13). DT0T cocOO MPUMEHSIETCS BO BHYTPU- U MEKOIOUYHBIX COCIH-
HEHHMSIX B PAIMO3JICKTPOHHOM ammaparype, a TakKe MpH Tepenadye CUTHAJIOB I10
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MEIHOMY Ka0emto Ha HEOOBIITNE PACCTOSHHUS.

u@® ¢ 1 ¢+ 0 1 1 + 0 ¢ 1

o AN AN
RS EAR

Puc.2.13. Metoabl MOAYJIALIMY TAPMOHUYECKON HECYIIIEH
MOCJICJIOBATEIILHOCTHIO JIBOMYHBIX CHUMBOJIOB

ooM

[Ipy ucroNb30BaHUM HMMITYJIBCOB MPSIMOYTOJIBHONH (HOpPMBI AJis Tepeaaydu
CUMBOJIOB CHTHAJIbI, COOTBETCTBYIOIIUE CUMBOJIAM C PA3HBIMHU MOPSIKOBHIMU HO-
MEpAaMH, OKA3bIBAIOTCS B3AUMHO Opmo2oHanbHbiMu. OHU HE NMEPEKPHIBAIOTCA BO
BpeMeHH, nodTomy unrerpain (1.44) mis Hux paBeH Hy/0. brnarogapst aToMy B03-
MOKHO pa3/IelIeHHE TaKUX CUTHAJIOB 6e3 63aUMHbIX NOMeX TIPU TIOMOUIU MPOCTHIX
JMHENHBIX YCTPOWCTB, TAKUX KaK JEMYJIbTHUIUIEKCOP WIW KOPPEISLUUMOHHBIA MpPH-
eMHUK (pazz. 2.9).

K coxainenunto, B OJHOM Mepe BOCTIOJIb30BATHCS ’TUM CBOMCTBOM HE YJ1aeT-
csa. CHekTp Takoro CurHaia CiIy4yaeH, MOCKOJIbKY CllyyallHa cama IepeaaBaeMasi
MOCJIEIOBATEIbHOCTh CUMBOJIOB, HO CpEHEE 3HAUEHUE KBaJlpaTa MOAYJIA CIEKTpa
no ¢opme MOBTOPSET KBaapaT MOJIYJA CHEKTpa OJMHOYHOTO UMIyibca (pHuc.
2.14). CnekTp curHaiga OECKOHEYHO IIUPOK, U €CTECTBEHHO, YTO MpH Ieperayde

SOF

0 1/t 2/t f
Puc. 2.14. Cnextp mioTHOCTH

MOITHOCTH ITOCJICA0OBATCIIBHOCTHU
ABONYHBIX UMITYJIBCOB
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J000r0 W3 CHUTHAJIOB MPHUXOIUTCS OTPAaHUYMBATHL 3aHMMAEMYyI0 UM OECKOHEYHO
0O0JIBIIYIO MOJIOCY YACTOT.

OO6bruno coxpansitor juuib nonocy (0,...,F;), 3aHUMaeMyl0 TJaBHBIM Jie-
TIECTKOM CIIEKTpa, WIH JIaXKe HECKOJIBKO MCHBIIIE,

rae F,=(0,6...1,0)/t=(0,6...1,0)V,, (2.27)
V. — TexHu4eckas CKOpOCTh Iepeauu, UMITYILCOB/C.

HarmomuuM, 49TO TpHM CY)KEHWHU TMepeaBaeMoi IMOJIOCHl 4acTOT B 00JIacTH
BEPXHUX YaCTOT PACTITHBAIOTCS (PPOHTHI paHOMMITYILCOB, TTIO3TOMY ITPOUCXOJIUT
HAJIOXKEHUE COCETHUX HMMITYJILCOB JIPYr HA JApyra W UX B3aUMHOE HCKaxkeHHe. B
UTOT'e CHYKAETCS HAJIEKHOCTh PAaCIlO3HABaHMS, KaKO€ IMEHHO 3HAYCHHE TBOMYHO-
ro cumBojia (0 wim 1) ObIO TEpeaHO C JaHHBIM HUMITYJIbCOM. Takoe SIBICHHE
HA3BIBACTCS MENHCCUMBONbHOU UHMEpPhepeHyuell.

Tem HEe MeHee, CyIeCTBYET CIIOCO0 MepeTadyd B OrpaHUISHHOM Tojioce 0e3
MEKCUMBOJIBHOW WHTEpPEpeHIIMU. BMecTo MpsAMOYyroibHBIX HMIYJIbCOB HYKHO
UCIIOJIb30BaTh UMIYJLCH B Bue ¢yHKMu KorenpHrukoBa

_sin(zt/7)
== (2.28)

[Ipumep Takoro CurHajga IMpU Iepeaade IMOCISIOBATCILHOCTH JBOMYHBIX

CHUMBOJIOB IIPUBENIEH Ha puc. 2.15.

Puc. 2.15. Cnaraemsie, (OopMUPYIOIINE CUTHAT HA BXOJIE
JIMHUU TIPU TIepeayde Mocaea0BaTeIbHOCTH IBOUYHBIX
CUMBOJIOB UMITyJIbcaMu B Bujie pyHKunu KoTenbHukoBa

NmiynibChl EpEKPHIBAKOTCS BO BPEMEHU, TEM HE MEHEE, OHU B3aUMHO OpPTO-
rOHaJIbHbI. OUIIBTP, COTNIACOBAHHBIM C TAKUM CUTHAJIOM — 3TO uiaeanbHbii @HY ¢
gacToTol cpeza F, = 1/(2t1), mosTomy mocne ¢puibTpanuu Gopma MOIe3HOTO CHUT-
HaJa HE MEHSIETCSl, YMEHbIIAETCS JUIIb MOIIHOCTh aJJIUTUBHOIO OEJOoro myma.
JIns BBIHECEHHMSI PEIICHUS] O 3HAYECHUU OYEPEAHOrO0 CHUMBOJIA HYKHO MPOCTO HC-
II0JIb30BaTh OTCUET CUTHAJa B COOTBETCTBYIOLIWM TAKTOBBII MOMEHT BPEMEHHU.
3aMeThbTe, YTO 3HAYEHHUS BCEX OCTAIBHBIX UMITYJIbCOB B 3TOT MOMEHT PaBHbI HYJIIO,
TO €CTh MEXCHMBOJIbHAsI UHTEepPhEpPEHIUs OTCYTCTBYeT. MTak, TeXHUuYeckasi CKo-
pocth niepenaun V, = 2F,.

Jloka3aHo, 4TO HE CYHIECTBYET APYTHX CIHOCOOOB, KOTOPBIE MPHU yCIOBUH
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OTCYTCTBUS MEKCHUMBOJHHON HHTEP(PEPEHIINU MO3BOJIMWIN Obl JTOCTUTHYTH OOJIb-
niero 3HavueHus V., B TOM K€ OrpaHMYEHHOM mnojoce 4dactot [1,2]. D10 xe yTBep-
KJIEHUE CIPABEUIMBO U B TOM Clly4yae, KOria nepeiada oCyleCTBISIETCS C TpUMe-
HEHUEM OJIHOTO M3 METOJOB MOJIYJALMH TapMOHMYECKOW Hecyuied (paaronM-
MyJIbCOB, TIEpeaaBaeMbIX B mojoce 4actoT Af). i nocTkeHuss MaKCUMaJIbHOTO
3HA4YECHUS

Vi=1/t=Af (2.29)
orubaromas paguouMIyibca JobkHa uMeTh Bu (QyHkiuu KorembHukoBa. Uc-
M0JIb30BAaHUE UMITYJIbCOB TaKOTO BHJIa BCE-TAKU BBI3BIBAET TEXHUYECKHUE TPYAHO-
CTH.

TpaguumoHHbI MeTOA Moodyrayuu (MaAHunyiAyuy) TapMOHUYECKON HECy-
el UPpPOBBIM CUTHATIOM COCTOUT B TOM, UYTO KaXJbli U3 M-UYHBIX CHMBOJIOB,
MOCTYHAIOIMUX HA BXOJ MOJYJISITOPA, MPEBPALIAETCS B OTPE30K CUHYCOUAAIBHOTO
KosieOaHust (MPSMOYTOJIbHBINA PAMOUMITYJIBC) JITUTEIBHOCTHIO T.

Metoasl MOIYASIIUA TBOUYHBIM CUTHAJIOM (M=2) — aMIUTUTY/1HAsl, 4aCTOT-
Has u ¢azosas (puc.2.13).

JIns mosydeHusl curHaja ¢ amnaumyouou mooyaayueu (AM) mocTaTouHO
UMETh TeHepaToOp HECYIIEro Kojie0aHusl ¢ 4acTOTOH f, U epeKIodaTeNb (MyIbTH-
IUIEKCOp € JBYMSI BXOJIaMH), YIPABISIEMBIM BXOJHOMW MOCIEA0BATEILHOCTHIO JIBO-
WYHBIX CUMBOJIOB (puc.2.16).

Yacmomusiii mooynamop (UM) comepKuT JiBa Te€HEpaTOpa pa3IMYHbIX Ya-
CTOT W mepekiouarens. s peanuzanuu gazosoti modyrayuu (OM) ucnonb3yrot-
Csl CUTHAJIbl, CHUIMaeMbI€ C MPSMOr0 U MHBEPCHOI'O BBIXOJOB OJHOTO T'€HEPATOpa,
T.€. HaYabHas (pa3a BBIXOAHOTO KOJeOaHUs 3a7aeTCs MPABUIIOM

0, S=1,
"liso, s=o. (2.30)

rjae S — 3HaueHHe repeaaBaeMoro CUMBOIA.

JI71s1 Bcex Tpex METOJIOB TUIMYHA Olepalius epekitoueHus (Bbi0opa) oJIHO-
ro U3 JIBYX CUTHAJIOB, ITO3TOMY 4aCTO BMECTO TEPMHUHA ~MOIYJIALHS TPUMEHSCT-
CA TEPMUH “‘MaHUMYJIAIUA .

0 Brix.
I'eneparop f, AN ) I'eneparop f 0
1 AM AN R

Teneparop f 1 Bex
uMm

0
Teneparop f, [ Beix. ®M
$

1

Puc. 2.16. Cxemsl, wimoctpupyrouye npuHuunsl AM, UM u ®M
MIPU TIepeiade TBOMYHBIX CHMBOJIOB
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Ha npaxTtuke, 4To0bl N30€KaTh UCIOIB30BAHUS T€HEPATOPOB, 00IATAOIITUX
Ype3BbIUAHO BBICOKOM CTA0MJIBHOCTBIO 4acTOThI, BMecTo @M mpumensiercs om-
Hocumenvhasa ¢hazosas manunyaayus (ODM), pu KoTopoili HadanbHas (asza Te-
KyHOIETO PAaJUOUMILYJIbCA (; ONPEAENAETCS 10 OTHOIIEHMIO K HayalbHOM (Qase
IpeiblIyHIero UMITyIbCca @), TO €CTh

0, S=1,
=P = 180°, S =0. (2.31)

Buemnue curnansr ®M u ODM He oTimyaroTcs, o0JIaJar0T OJJMHAKOBBIM
CHEKTPOM IUIOTHOCTH MOIIHOCTH, HO MPU JEMOAYJISILUHU, €CTECTBEHHO, JAIOT pas3-
JIMYHBIC ITOCIE0BATEIILHOCTU CUMBOJIOB (puc. 2.13).

Cuekrp 1100010 U3 MOAYJIMPOBAHHBIX CUTHAJIOB — Ciy4yaiHas (DyHKIIMS,
IIOCKOJIBKY MOAYJIUPYIOIIMKA cUrHai ciydaeH. Curian AM — 310 cymma npsmo-
YT OJIbHBIX PaJMOUMITYJILCOB OJMHAKOBOM JUIMTENHHOCTH T CO CIIy4ailHBIMH He3a-
BHUCHUMBIMU aMIUTUTYJaMH, TIO3TOMY CIIEKTpP IUIOTHOCTHM MOIIHOCTH AM curhana
coBnajaer mno ¢GopMe Co CIEKTPOM IIOTHOCTH MOITHOCTU OJAMHOYHOTO PaJHOUM-
NyJbCa U COJIEPKUT, KPOME TOr0, TapMOHMKY C YaCTOTOW HecyuleH f, (puc. 2.17)

GOP =S sin[m(f—fo>]}2_
(f)=8(f fo)+{ e

AHanornyHyrno (GpopmMy UMEIOT CIEKTpPbl MIOTHOCTU MomHOcTH ®M 1 OOM
CHUTHAJIOB, HO TAPMOHUKH C YACTOTOM HECYIIIEH OHU HE COJIEPKAT.

Curnan UM ¢opManbHO MOXKHO MPEICTABUTh Kak cymMmMmy NMByX AM curna-
JIOB, MOIYJIMPOBAHHBIX MPOTUBOIOJI0KHBIMA JBOMYHBIMU MOCIEI0BATENBHOCTIMHU
U UMEIOIINX pa3Hble HECYIHUE YaCTOTHI fy U fi, TO3TOMY €ro CIEKTp IIOTHOCTU
MOIITHOCTH MOXHO TPHUOIMKEHHO MPEACTABUTh, KAK CYMMY CIIEKTPOB IUIOTHOCTH
MOIIHOCTH 3TUX AM curHanioB. MyuHMManbHas BEIMYMHA PA3HECEHUS YacToOT fy U
f1, IpH KOTOPOIl CUTHAJIBI CTAHOBSITCS OPTOrOHAJIBHBIMHU, PABHA
f,-fil=1/z (2.33)
NmenHo 3TOT ciyyaii npeacrasieH Ha puc. 2.17B.

CrexTp 11000ro U3 MOJYJIMPOBAHHBIX CUTHAIOB TaKke 0ECKOHEYHO IIUPOK,
Y [IPUXOAUTCS OTPAHUYMBATH 3aHUMAEMYIO UM I10JIOCY YaCTOT.

(2.32)
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A G()
AM

£/t £l I f+l/ 42 f
A G(f) T T

oM
M

Iy
Y

A G
M

..........

fo-l/7 Jo fi fi+1l/ f

T
Puc. 2.17. Cnextpbl I0THOCTH MOITHOCTUAM, OM,
O®PM u UM curnaion

Ecnu Bocnonb3oBatbest kputepueM (2.34) U yuecTb, YTO CHEKTP MOIYJIUPO-
BAaHHOTO CUTHAJIa UMEET JIBE OOKOBBIE MOJIOCHI, TO
A =(1,2..2,0)/7=(1,2..2,0)V, . (2.34)
Jlist curnana UM npu takom moaxonae Tpedyercs mosioca yacTot B 1,5...2
pasa mmpe.
[Ipu ocyiiecTBICHUY MHOTOMO3MIIUOHHBIX METO0B MAHUILYJIAMH YHUCIIO

_ ~k
M BO3MOXXHBIX CUTHAJIOB BLI6I/Ipa€TCH 13 3HAKOMOI'0 COOTHoIIeHus M = 2 , TIC k —
OeJa0€ 4ucio.

a) k=1, M=2
| < . >0
6) k=2, M=4 B) k=3, M=8
25010
4 1-01 35011 4 1001
210
o 0500, 100 > 0000
5—101 7—111
v3-ll 635110

Puc. 2.18. BekTopHoe nipeacTaBiaeHue KojaeOaHu
IIpu MHOrokpatHon ®M
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Bo3MmoskHBIE CUTHANIBI TIPU MHOTOKpATHOU (k-kpammuoti) @M ynobHO U300-
paxkaTb B BHJI€ BEKTOPOB Ha IUIOCKOCTU C JEKapTOBbIMHU KoopamHatamu C u S
(puc. 2.15), oroOpakaromumMu KBagpaTypHbie konebanus (paszz. 1.6).

[IpoTuB Ka)xgoro BeKTopa ykazaHa M-uyHas uudpa u k-paspsaHas 1BOWY-
Hasi KOMOMHALMs, KOTOPOM 3TOT BEKTOp cooTrBeTcTBYeT. Knaccuueckas @M (puc.
2.13) MoxxeT OBITh Ha3BaHA OJIHOKPATHOM, U, KaK YK€ OTMEUaioCh, IBYM pa3lidy-
HBIM 3Ha4YCHUSM M-UIHOW UQPPHI COOTBETCTBYIOT KOJIeOaHUs ¢ HAaYaIbHOH (pa3oii
0° u 180°. ITpu aBykpatHOit MM BO3MOXKHA IEPEada CHIHANIA C OJHHM M3 YEThI-
pex 3HaueHmi HavanbHoi ¢assl (0°, 90°, 180°, 270°), T.e. IpU MOMOILIM OJHOIO pa-
TUOWMITYJIECA MOYKHO Ccpa3y MepeaaTh 3HaueHHs ABYX OUTOB, U T.1.

M-no3uyuonnas  keaopamypHo-amniumyonas manunyiayus (KAM-M)
NpeayCMaTpUBAET COBMECTHOE M3MEHEHHE aMIUTUTYJ U (a3 mepenaBaeMbIX HM-
nyJbCOB-CUMBOJIOB. Ha puc. 2.19 Kaxaplil U3 BO3MOMXHBIX CUTHAJIOB OTOOpaKaeT-

KAM-4 KAM-16

o

Puc. 2.19. 'eomerpuueckue o6pa3sl M MO3UIMOHHBIX
CUTHAJIOB C KBaIPATYPHO-aMIUIUTYIHON MOAYJISIUEH

Csl HE BEKTOPOM, a TOYKOM, COOTBETCTBYIOIIEH KOHIYy 3TOro Bekropa. Kcraru, cet-
Ka, B Y3JIaX KOTOPOH pacHoOSIOKEHBI 3T TOYKH, HE O0S3aTEIbHO JOJKHA HUMETh
KBaJIpaTHbIE SYEMKHU; MHOTNAa, OCOOCHHO €cii k — OOJIbIIOEe U HEYETHOE YUCIIO,
NPEANOYTUTENIbHEE HCIIONb30BAHUE TPEYTOJIbHOM WM paguaibHO-KPYTrOBOW CET-
KH.

Jlerko 3ametuth, uto curHasi ¢ KAM-4 moaynupoBaH TOJIbKO 10 (a3e u oT-
JMYaeTcs OT CUrHaia ¢ AByKpaTHOW ®OM nuis ciBurom (assl BCEX BO3MOMXKHBIX
CHTHAJIOB Ha 45°.

Onun nMmiynbe Ha Beixone monynstopa KAM-16 cnocobeH nepeHecTu 3Ha-
yeHue 16-uuHoi 1udpsl, MO0 cpa3y 3HAYEHHUS YEThIpEX OWUTOB, COOTBETCTBYIO-
IUX 3ToU nudpe.

MOoXHO 10ragaTbcs, 4TO U 8Ce MHO20NO3UYUOHHbIE MEMOObl MAHUNYIAYUY
00bIYHO NPUMEHSIOMCS 8 OMHOCUMeNbHOU hopme, T.€. pa3za ouepeTHOr0 UMITYIIb-
Ca OTCUUTHIBAETCS HE MO OTHOILIECHHIO K (pa3e MECTHOIO OMOPHOro KoeOaHus, a 1o
OTHOIIEHUIO K (a3ze MpeabIAyIIero UMITYIbCa.

Haubonee npuBnekarenbHOe JOCTOMHCTBO MHOT'OMO3UIIMOHHBIX METOJIOB —
3TO BO3MOKHOCTb, HE U3MEHSISI JIIUTEIbHOCTH UMITYJIbCOB, U, CIEI0BAaTEIbHO, 3a-
HUMAaEMOH MOJIOCHI YacTOT, B kK pa3 yBEJIUYUTh OUTOBYIO CKOPOCTh MEpEeAayu.
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C npyroii CTOpOHBI, €CIU CPEIHEE 3HAUEHUE YHEPTUU BCEX BO3MOKHBIX CHUT-
HAJIOB HEU3MEHHO, NPHU yBEIUYEHUU M YyMEHBIIAETCS PACCTOSHUE MEKIY CHUTHA-
JaMH, ", CJI€0BAaTEIbHO, BO3PACTACT BEPOSTHOCTh OIIUOKHU MPH PANUYECHUH ITHX
CUTHAJIOB Ha (oHe nomex. [losmomy npumereHue MHO20NOZUYUOHHBIX Memooos
MAHURYTIAYUU 803MONCHO UL NPU nepeoaye CUSHAN08 NO TUHUU, GHOCAUiel Mda-
JIble UCKAdICeHUsl U obecnedusaouell 8blcoOKoe OMHOUEHUe CUSHAT/UYM.

Haubonee mmpoko npuMeHsieMble METO/Ibl B HacTosmiee Bpems: — 310 OOM,
nBykpatHas u TpexkpatHas ODM (paauopeneiiHble U CIYTHUKOBBIE JIMHUHU, MO-
nembl), KAM-16, ..., KAM-256 (Mmoaemsi).

[Ipn MHOromo3unMoHHOM AM HepalurOHAIbHO HCHOJIB3YETCS MOLIHOCTb
nepenarunka, npu UM — nomgoca 4acToT, NOITOMY TAaKHUE METOAbI IPAKTUYECKHU HE
MPUMEHSFOTCS.

B 3aknroueHne OTMETHM, YTO HE BCErJa B KAYECTBE HECYIIEN UCIIONIb3YIOTCS
rapMoHUYecKue kojebanusi. MOXXHO B35Th MEPUOJIUYECKYIO MOCIEA0BATENbHOCTh
YEPEAYIOIIMUXCS TOJIOKUTEIBHBIX U OTPULIATENBHBIX MUMITYJIBCOB JJIMTEIBHOCTBIO
T/2 KaX1bI (Takas MocaeA0BaTeIbHOCTh HAa3bIBACTCS MEAHAPOM) U MOTYJIUPOBATh
ee TMOCJIeA0BaTEIbHOCTRIO JBOMYHBIX CUMBOJIOB MO 3akoHy ®M. Takoit crnocob
MIPEACTABJICHUS] IBOMYHOIO CUMBOJIA B BHUJI€ MApPbl OJMHAKOBBIX Pa3HOMOJSPHBIX
UMITYJIbCOB Ha3bIBAE€TCSI MAaHYECTEPCKUM KO OM.

2.9 KoppeasiuMOHHBbII MpUeM U COTJIACOBAHHASA
buabTpanmus

KoppeasiunoHHbIi NMPUEMHHUK (CMHXPOHHBIN JAETEKTOP) — 3TO NPHUHIIU-
NUAITBHBIA 3JIEMEHT AEMOIYJISITOPA JIF0OOro U3 HM(POBBIX CUTHAIOB, ONMCAHHBIX B
pasn. 2.8. OH npeoOpaszyeT HENpephIBHBIN CUTHAMT u(f), HATPUMEDP PATHUOUMITYIIBC,
NOCTYMAIOIIMNA HA €ro BXO/I, B UUCJO V B COOTBETCTBUU C MPABUIIOM

. j.u(t)w(t)dt, (2.35)

rje t, U t, — MOMEHTHI HavaJla U OKOHYAHMsI TI0JIE3HOTO CUTHAJIa Ha BXO/JIE,
w(t) — BecoBas (oriopHasi) (pyHKITHSI.

CpaBnuBas (2.35) u (1.44), Buaum, 4yTO BEJIUYMHA V, BBIUUCIAEMAas KOppe-
JSIUMOHHBIM MPUEMHUKOM, paBHa CKAJSIPHOMY MPOM3BEICHUIO BEKTOPOB U U W,
OTOOpKAIOIMIUX CHUTHANBI u(f) U w(f), T.e. MPOMOPIMOHAIbHA JJIMHE MPOCKIIUU
BEKTOpA U Ha HaIpaBJIeHHUE, 3a]]aBa€MOE BEKTOPOM W.

OO6bruHO QyHKIMA U(f) HA BXOJIe MPUEMHUKA — 3TO CyMMa T0JIE3HOTO CUTHA-
na (hopma KOTOporo u.(t), 3a UCKITIOUEHUEM MHOKHUTENS a, U3BECTHA) U CIydaiHO-
ro myma u,(t)

ut)y=a-u(t)+u,(t), (2.36)
IIO’TOMY Y BBIXOJIHASI BEJIMYMHA V SABJISETCS CYMMOW IOJIE3HOM V. U IIYMOBOU V,,
COCTaBJISIOIIUX
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v=v, +v, = afu Owe)de+ [u, Owid:. (2.37)

"

Bo3zBpaiasch k reoMeTpuyeckuM 00pazaM CHUTHAJIOB, OTMETHM, YTO BENU-
YUHA CKaJSIPHOrO Mpou3BeAeHus (Uq,W) MaKCUMallbHa, €CIIM W = U, T.€. BECOBas
GyHKIMS JOJKHA COBIAAATh MO (hOPME C 0KUIAEMBIM MOJIE3HBIM CUTHAIOM

w0, 1, <<t (2.38)
wn = {O, BHE 3TOT0 MHTEpBAA.

[Ipy TexHHUYecKOW peanu3aluyd KOPPEIALHMOHHOIO MPUEMHUKA B KAauecTBE
nepeMHoKuTens GyHKiui u(t) u w(f) mpumensercst ga3oBsiii gerekrop (D), a B
KayecTBE MHTErparopa — uHTerpupyromas RC-uens (B 3TOM ciyuyae ciaeayer Jullb
IPEAYyCMOTPETh BO3MOXKHOCTh OOHYJICHHS BHIXOJTHOT'O HAMPSKEHUSI B MOMEHT £,.).

JluHelHbI purbmp ¢ MOCTOSHHBIMU MapaMeTpaMu, CO2IACOBAHHBIUL C CUe-
Hanom u.(t), AIMEeT UMITYJIbCHYIO XapaKTePUCTUKY

s =u(t,~7), (2:39)
KOTOpas SIBJISIETCS 3€pPKAJIbHBIM OTOOPayKEHUEM 3TOT0 CUTHAJIA OTHOCUTENBHO TOY-
ku t = t,. Curnan v(f) Ha BBIXOJI€ TAaKOro (GUIbTpa OMPENENSIETCS WHTErpajioM
CBEpPTKH

t

v(r) = f ()t =1)dty = [ u(e)u (1, ~t-+1,)dr, (2.40)

—00

Ecnu B34Th OTCUET ATOr0 HANpPSDKEHUS B MOMEHT f=t, U yudecTh (2.38), TO
MOJIyYUM

W(1,) = [utt (), (2.41)

Takum 00pazom, mapa “‘coraacoBaHHbIA (PUIBTP — OTCUETHOE YCTPOMCTBO™
BBIITOJIHSIET TE K€ ONEpalry, YTO U KOPPEJSIMMOHHBIN npueMHuK. Kcrarn, ceiiyac
BO MHOTMX CIIy4asX HAMHOI'O IIPOILE OKA3bIBAECTCS IMPOBECTH KBAHTOBAHUE CHUTHA-
JIOB I10 BPEMEHU U BBIIOJIHATH ONEPALUN KOPPEIALMOHHOrO pUEMa UiIn COIJIaco-
BaHHOU (uiIbTpanuu B udpoBoM Bue (pazi. 2.7).

2.10 Moayasiuusi rapMOHMYECKOM Hecylen
HelnpepbIBHBIM CUTHAJIOM

Camu MeTOJIbl MOAYJISIIUM XOPOIIO M3BECTHBI — 3T0 AM u UM. IlosTomy
Hallla 33/1a4a — JIMIIb YTOYHUTh, KAKOBA Ta MUHUMAJIbHAS TI0JIOCA YACTOT, KOTOpas
HeoOXouMa sl Tiepeaui MOAYJIUPOBAHHOTO CUTHAIA.
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Crnektp curnana AM cocTouT U3 Hecylen f, U IByX OOKOBBIX MOJIOC, KOTO-
pbie 110 (opMe MOBTOPSIIOT CHEKTP nepenaBaemMoro coooduenus u(t) (puc. 2.1706).

Su(f) Sv(f) A
a) 0)
/ f
0 F, F: 0 fi-F, fo foﬂ;%
S.(f) 4
B)
0 J

Puc. 2.20. ®opMbI CIIEKTPOB: Mepe1aBacMOrocoo0IeHus (a),
AM curnana (6) u AM OBII curnana (B)

[IIupuna cniektpa paBHa Afay = 2F;. B wacTHOCTH, U151 IEepeaadyu CTaHaapT-
Horo tenedonnoro curtana (F,=300 I'u, F,=3400 I'1) Tpebyercs mosoca 4acToT
mpuHoun 6,8 k',

Hecymiast He comepxut nHpopmaIum o mepe1aHHOM COOOIIEHNH, A2 U BTO-
pasi OokoBasi ToJioca SIBIISIETCA 3€pKajIbHBIM OTOOpaxkeHueM mepBoil. CnemoBa-
TEJIbHO, 00JIe€ SKOHOMUYHBIM SIBJIIETCSI CIIOCO0 amMnaumyOoHoU MOOYAAYUU C OOHOU
bokoeoul nonocou (AM OBII) — 0OBIYHO OCTABISIOT HUKHIOK OOKOBYIO IOJIOCY
(puc. 2.20B). 3aech s nepenaaun Tpedyercs nonoca 4actot Afogn = Fy — Fy, 4TO
JU1sl Tene)OHHOTO cUrHajna cocraiser Bcero 3,1 kI,

Ecnu nns gemonynsuuu AM curHaia ucnosib3yrOT MPOCTON aMIUTUTYIHBIHN
nerexktop (Beimpsamurens mwioc ®HY), to nius gemonynsuun curnana AM OBII
HeoOxomuMo TpuMeHUTh dazoBbii getekTop (PJ1). Ha omopusriil Bxog ®/] momarot
rapMOHUYECKOe Koyie0aHHE C 4YacTOTOM f. OT MecTHOro reneparopa. B wuaeaie
JIOJKHO OBITH f; = f,. Ecnu ’ke 3Th 4acTOTHI pa3NuyHbI, IPU JEMOMYJISIINNA BO3HHU-
KalOT UCKAKEHUS COOOIIECHMS: CBUT BCEX YaCTOT BBEPX, €CIU f.> f,, U BHU3, €CIU
fr<fo. Ans Tenedonnn npuHsATa AOMycTUMAas BenuunHa casura | fr— fo|<10 I'm.

Cuenan ¢ vacmomuoui mooyaayueti (4YM) MOXHO TIPEJCTABUTH B BUJIC

v(t)=Acos a)o+a)aM te, (2.42)

JE
riae A — aMIuiuTyaa, f,= 0./27 — Hecylas 4acToTa,
Jfi= ®,/2T — neBuanus 4acTOTHI,
P, — cpenHsst MOIIHOCTh cUTHANA u(?).
Omnpenenenue dhopmsel criektpa UM-curnana — tpyaHas 3amada. Eciou neBu-
aIusl 4acCTOTHI f; CYIIECTBEHHO MEHBIIIE, YeM BEPXHSS I'paHWYHAs 4yacToTa F, Iie-
penaBaemMoro cooOmieHust u(t), TO Mojoca 4acToT, 3aHMMaeMmasi CUTHAJIOM, TpH-
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MepHO paBHa 2F,, kak npu oosryHOM AM. Ecnu xe f, > F;, curnan ¢ UM crano-
BUTCS LIMPOKOIIOJIOCHBIM, U JUJIS €r0 yJIOBJIETBOPUTEIHHON Mepenayn Tpedyercs
1oJioca 4acTtoT [ 7]
Afgy=(2...4) f+. (2.43)
JIJ1si MHOTOKaHaJIBHOU Nepe/iayn TeJle(OHHBIX CUTHAJIOB M0 MEIHOMY Kaoe-
mo npuMensiercs AM OBII, a B paguocBs3u mupokoe npuMeHeHre Hama YM ¢
nojiocoi yactot nepenasaemoro curnana 10..30 k' (paauopeneiinbie, COTOBbIE U
CITyTHUKOBBIE JIUHUN) [4].

2.11 KanaJsbl nepeaaym CUrHAJIOB

Kananom Ha3bIBaeTCs COBOKYNMHOCTh OOBEKTOB (JIMHUS MEepeAayd U HEKOTO-
pBIe YyCTPOMCTBA MpeoOpa30BaHUsl CUTHAIOB B MEPENATUMKE U MPUEMHUKE), IPE-
Ha3HAYEHHBIX JUIsl Tepeadl COOOIIEeHU ompeneneHHoro Buaa. KaHamsl MOXHO
KJ1acCU(ULIMPOBATH MO Pa3HbIM BHIAM MPU3HAKOB.

B pa3za. 1 Obun oxapakTepu3oBaHbl TP Kiacca COOOIIEHUN U CUTHAJIOB B
3aBUCUMOCTH OT UX CHIPYKMYpbl: HENPEPbIBHbIE, NUCKpPETHbIE U 1U(ppoBbie. COOT-
BETCTBEHHO MO>KHO Ha3BaTh TPU BHJ1a KAHAJIOB.

Henpepuisnuiii (ananoeosulii) kanan npelHa3HAUYEH IJIs epejaul CUTHAJIOB,
NPEICTaBIAIONINX peaTu3aluid HENPEPhIBHON CiaydyallHON (DYHKIIMU BpeMeHu u(f)
(pasn. 1.4), u OH MOCTOSTHHO 3aHAT BO BpeMs Mepeaaun 3Toro curnania. Jlrobas nu-
HUS CBSA3U (MEIHBIM MU ONTUYECKUN Kabenb, paJuoIMHus) axke 0e3 Kakux-1udo
JOTIOJTHUTENIBHBIX YCTPOMCTB MOXKET BBIIIOJIHATH POJIb aHAJIOroBOro kaHana. OnHa
U3 OCHOBHBIX XapaKTEPUCTUK TAKOr0 KaHaja — ero nojoca nponyckanus. [loatomy
HENPEMEHHOM COCTABIISIFOLIEH JH000r0 aHaJOrOBOr0 KaHaja SBIISIETCS COBOKYII-
HOCTh YaCTOTHO-CEJIEKTUBHBIX AJIEMEHTOB, OINpPEACNAIONINX 3Ty mojocy. Hampu-
Mep, IpocTeHuil TeneOHHBIN KaHal SBJSETCS aHAJIOrOBBIM M HMEET MOJIOCY
nponyckanus mupuHoit 3100 I'u, nexamyro B unreppaiie 300 — 3400 I'y (paszn.
2.2).

B ananorosom kaHaie npoueaypa HOCTpoeHust (QyHKIUM £(7), ¢ MaKCHU-

MaJIbHBEIM ITPUOIMKEHHEM OTOOPAKAIOUIEH IEpeNaHHoe cooOmenre x(t) B ycio-
BUSIX, KOIJd [PUEMHUKY JOCTYIHA JIMIIL PEaln3alus v(¢)IOJE3HOr0 CUrHANA C

IIyMOM, Ha3bIBaeTCs 3aaaueil urbmpayuu cryuaiinozo npoyecca v(t) [9]. Iloka-
3aTeNieM KauyecTBa MpUeMa CIy)KHUT OObIYHO (YHKIUS OMHUOKU Ax(r)=x(r)—x(t).

Ota ¢yHKUMA ciyyaliHa. 3aMETUM, YTO B aHAJOrOBOM KaHaje OHAa MPAaKTUYECKU
HUKOT/Ia HE paBHA HYJIO, TO €CTh B TAKOM KaHaJe MepeJaHHOe COOOIEeHUE B JITO-
00l MOMEHT BOCHPOHU3BOJIUTCA C MOTPEIIHOCTHIO. JJOBOJIBHO YacTO KOJUYECTBEH-
HBIM I10KA3aTEIEM CIIY)KUT CPEAHEKBAAPATUUECKAS BEJIMUMHA 3TOW IMOTPEIIHOCTH.
Jluckpemmuwiii kanan TpeqHA3HAYEH ISl MEepeladyd JUCKPETHOrO CUTHala,
KOTOpPBIM, KaK MPaBUJIO, MOJYYAETCS B PE3yJbTaTE KBAHTOBAHUS MO BPEMEHH HE-
PEPHIBHOTO CUTHAJIA U TIO3TOMY MPEACTABIAET COOOM MOCIEA0BATEILHOCTh UM-
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yJIbCOB-OTCUETOB. B cocTaB AMCKpeTHOro KaHajga 00s3aTeNIbHO BXOIAT YCTPOU-
CTBa TAKTOBOW CMHXPOHM3AIMU, KOTOPbIE€ YKA3bIBAIOT T€ MOMEHTBI BPEMEHHU, B KO-
TOPBIE CIEAYET OKUAATh NOCTYIJIEHUSI OUEPEIHOr0 UMITYJIbCA HAa BXOJ NPUEMHHKA
(aroT KOMaHAy MPUEMHHUKY HadaTh 00pabOTKy ouepeaHoro ummnyibsca). Urak, o-
HAa U3 BOXXHEMIIHNX XapaKTEPUCTHUK JUCKPETHOrO KaHaja — 3TO TaKTOBas 4acTOTa.
Hanpumep, B AMCKpETHOM KaHale, IpeAHa3Hau€HHOM /IS [lepeauu Tesie)OHHOTrO
CUTHAJIa MTOCJI€ €r0 KBAHTOBAHUS 110 BPEMEHU, TAaKTOBask yacToTa paBHa 8 KI'wI.

[IpueMHUK B JUCKPETHOM KaHaJIE MO Ka)XJIOMYy NPUHATOMY MUMIIYJIbCY, CIYy-
YaiHBIM 00Pa30M HMCKa)KEHHOMY IOMEXaMHU, IMbITAETCS ONpe/eIuTh, KaKOl BeIu-
YUHBI ObLJIAa AMIUTUTY1a x3TOr0 MMITYJIbCa MPU €ro Mnepeaayde, TO €CTh J0 UCKaKe-
HUS TTIOMEXaMH. OTO 3aJayda oyeHku napamempa [9], U pe3yabTaToM €€ pelieHus
ABIIsIeTCs OlleHKa (uuciio) i. M B 3TOM ciiydae MOrpemHoCTh MOXKET ObITh OOJb-
IIOM WM MAJIEHbKOW, HO OHa MPHUCYTCTBYET IpPH OLEHKE JII00Oro MMIyJbca-
oTCUeTa.

Lugpposou M-uynwiii kanan NpeHaA3HAYEH ISl TTOCJIEI0BATEIbHON nepeaa-
yn M-n4dHbIX cUMBOJOB. [Ipu nepenaye npuMeHseTcss OIUH U3 METOJ0B, ONUCAH-
HBIX B pa3a. 2.8. [{ns mepenaun KaxkJI0oro CUMBOJIA, HE3ABUCUMO OT TOTO, KaKOH y
HEro NOPSAKOBBI HOMEpP U KOTOPOE U3 M BO3MOXKHBIX 3HAYEHUU OH IPHUHSJ, OT-
BOAUTCS OJWHAKOBBIA MHTEPBAJ BPEMEHH T, TO €CTh KaXKIbId CUMBOJ MMEET BU[
UMITYJIbCAa TOrO WJIM MHOTO BUJA, Pa3MEIICHHOIO0 HAa 3TOM uHTepBase. OUeBHUIHO,
4TO U B IU(PPOBOM KaHaJe Hy’KHA CHCTEMa TaKTOBOW CUHXPOHU3ALMH, U TAaKTOBas
4acTOTa BXOJUT B YMCIIO OCHOBHBIX NapaMmeTpoB. [IpuHATO Ha3bIBaTh €€ mexHuue-
CKOU cKopocmbio nepedadu u n3MepsaTh B 6oxax (1 box = 1 uMiynbc B ceKyHIy).
[Ipu MCnonb30BaHUM CIOXKHBIX METOJIOB Moayisuuu, Hanpumep KAM, kaxabii
nepeaBaeMblii UMITYJIbC HECET 3HAUEHUS] HECKOJIBKUX JBOMYHBIX CHMBOJIOB, I10-
ATOMY TEXHMUYECKYIO CKOPOCTh Mepeaurl MOXHO M3MeEpsITh U B Out/c. Hampumep,
CTaHAAPTHBIN TBOUYHBIN LUPPOBON TeleQOHHBIN KaHaNl XapaKTepU3yeTcs TeXHU-
YECKOM CKOPOCThIO IIepeaaun B 64 kout/c (pasza. 2.6).

Takum oOpazom, B cocTaB u(ppPOBOro KaHaia KpoMe JIMHUM Tepefadn o0si-
3aTeIbHO BXOJAT YCTPOMCTBO (POPMHUPOBAHUS CUTHAIOB (HAIIPUMEP, MOAYIATOD) B
IYHKTE Mepe/ladil U pellarolee YCTPOUCTBO (HapUMep, IEMOAYNIATOP) B MyHKTE
npuema. Pemaromiee ycTpoWCTBO B MOMEHT OKOHYAHMSI OYEPEIHOI0 HMITYJIbCa
JOJDKHO yKa3aTh, KOTOpoe U3 M BO3MOXKHBIX 3HaYEHHM CHMMBOJa ObLIO MepeaaHo
IIPU MTOMOIIM JAHHOTO MMITYJIbCa. DTO 3aJaya npoGepKu CMAmucmu4eckux 2uno-
me3 [9], u pe3yabTOM SBIAETCS peuieHue x, IPUHATOE IIPUEMHUKOM, pa3yMeeTcs,
JUIb OAHO U3 M BO3MOXKHBIX. [I0CKONIBKY B TMHUHM MEPENAYH AEUCTBYIOT IOMEXH,
CiIy4ailHbIM 00pa3oM HCKakaroniue (opMy CUrHaja, BBIHECEHHE TAKOTO pelIeHus
ABJISIETCS JANIEKO HE TPUBHAIBHOM 3a7a4eid, U MOHATHO, YTO JAEMOAYJSATOP MHOrAA
omubaercs.

B HopmanbHbIX ycnoBusax (pyHkiuonupoBanusa CIIN mpu nepenaue mocine-
JI0BAaTEIbHOCTU CUMBOJIOB, COCTABJISIOUIMX COOOIIEHHE, 3HaYEHUs OOJBIINHCTBA
U3 HUX (2, MOKET ObITh, U BCEX) MPUEMHUKY YAAETCS yTraJaTh, T.€. 3HAYCHUS ITUX
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CUMBOJIOB (UJTU Ja)K€ BCErO COOOIIEHUS) MEPENAIOTCs abcoitomuo mouxo. VI munb
HEKOTOpasi UX 4acTh BOCCTAHABIMBAETCS C OMIUOKOM.

B amom 3axniouaemcsa npunyunuaibHoe omiauyue yupposvlx Memooos ne-
pedauu om ecex ocmanvuwix. Lludpposas CIIM He npusHaer “noiyToHOB”: OHA JIU-
00 BBIMOJHAET CBOU (DYHKIIMU UJI€AJIbHO, TUOO0 COBEPIIAET OMIUOKH, U TAKUE YaCTH
COOOIIEHUS] MOTYT MCKaXXaThCsl JOBOJBHO CYIIECTBEHHBIM 00pa3oM JOO yTpa-
YUBAIOTCS BOOOIIIE.

1—
x=0 d o y=0
pP

x=1 4 o »=1

1-p

Puc. 2.21. IlepexoaHbie BEpOSITHOCTH IBO-
MYHOIO0 CUMMETDUYHOIO KaHala

[Tonynsipast Mogens 1MU(POBOTO KaHaIa — 3TO JBOWYHBI CUMMETPUYHBIN
KaHaJl C HE3aBUCUMBIMU OIIMOKAaMU, KOTOPBIM MOXKHO OIMHUCATh MPHU MOMOIIU Tpa-
da, n300paxkeHHoro Ha puc. 2.19, rae x; u x, — BO3MOKHbIE€ 3HAYEHUS] CUMBOJIA Ha
Bxone (Hanpumep, 0 u 1), y; U y, — BO3BMOXKHbIE 3HAYEHUSI CUMBOJIA HAa BBIXO/IE.
CumMmeTpus KaHaja MPOSIBISIETCS B TOM, YTO BEPOATHOCTH OLIUOOK O0OMX BHJIOB
(1 — BBIOOp y, MpH YCIOBUH, UTO MEPENAH Xi; 2 — BBIOOP y; MIPU YCIOBUU, YTO TIE-
penaH x,) paBHbI MEXy COOOW. DTa BEIMUUHA p HA3BIBACTCS OUMOBOL 8ePOAMHO-
cmblio owudOKYU B KaHaie (BO BCEM MHpE IIMPOKO Ucmob3yercs abopeBuarypa BER
= Bit Error Rate).

Ecnu mapameTpsl JIMHUM Tepeladyd TMOCTOSIHHBI, & €IMHCTBEHHOM MOMEXO0H
SIBJISIETCS JAUTUBHBINA O€JIbIA rayCCOBCKUW IIYM, TO HE TaK YX CI0XHO MpUMeE-
HUTH TaKOW METO] BBIHECEHUSI PEIICHUS, TIPU KOTOPOM OUUOKYU 8 PA3TUYHBIX CUM-
goniax O6yoym He3asucumvl, TO €CTh BEPOSTHOCTh OIIMOKH MPU MPUEME JAHHOTO
CUMBOJIA HE M3MEHSETCS B 3aBUCUMOCTH OT TOTO, MOSIBISUIMCH JIM OIIUOKU TIPH
npueMe MpeabIAyIIUX CUMBOJIOB. MIHOT/Ia TakoW KaHajl Ha3bIBAIOT KaHajioM Oe3
NaMSTH.

Kak yxe oTMeuanoch, CHEKTp MNPSIMOYTOJIbHBIX HMITYJICOB OECKOHEYHO
mupok (cM. puc.2.14 u 2.18), a mosioca nponyckaHusi JUHUKM OrpaHuueHa. M3-3a
ATOr0 BO3HUKAET MEKCUMBOJIbHAS nHTepdepeHius. OHa He MPUBOIUT K 3aBUCH-
MOCTH OIIMOOK B KaHaje WIM K UX FPYNIUpoBaHuto, HO BennunHa BER npu stom
BO3pacTaerT.

Ecnu e B kaHane uMeercs euie U MyJIbTUIUIMKATUBHAS TIOMEXa, TO B TE IIe-
pUO/BI BPEMEHH, KOTJ]a YPOBEHb CUTHAJA BEJIUK, OMIMOKU MPOUCXOIAT PEIKO, HO
HAa MHTEpBajaxX, COOTBETCTBYIOUIMX 3aMUPAHUAM CHTHAJIa, YAacTOTA IMOSBIICHUS
OIMOOK PE3KO BO3pACTAET U JIaKe MPOUCXOJUT epynnuposanue ouudox. B Takom
CIIydae TOBOPSIT, YTO BOSHUKAIOT nAuKu (nakemol) ouuOOK, IPUIEM JJIMHA KaXKI0-
ro makera, pa3yMeercs, cliydaiiHa. 3/1eCb OJHOW BEJIWYUHBI p HEAOCTATOYHO IS
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HOJTHOT'O ONpeJeNeHHs HaIeKHOCTU Mepeladl B TaKOM KaHaje, TaK Kak OIIMOKH
CTaHOBSITCS] 3aBUCUMBIMH, HY>KHO XapaKTE€pPU30BaTh U JUIMHY MAKETa.

B coctaB mu¢poBoro kanaiga MOryT BXOAWTh HECKOJBKO MOCIIEI0BATEbHO
BKJIFOUEHHBIX YCTPOUCTB ()OPMHPOBAHUS CHTHAja B IMEpeAaTurKe, HalpuMep, Ko-
IUpYIolee YCTPOMCTBO M MOAYIATOP. COOTBETCTBEHHO, M MPOLIECC BBIHECEHUS
pELICHNs] B IPUEMHUKE TAK)KE€ MOYKET OCYIIECTBILITHCS B HECKOJIBKO 3TanoB. Ha
BCEX ATamax, KpoMe MOCIEAHEr0, BO3MOXKHBI TpH pekuMa. OnuilieM ux Ha Ipume-
pe paboThl 1eMOAYNIATOpa JBOMYHBIX UMIYIbCOB. B owcecmrxom peowcume BbiHECE-
HUSl PELICHUS JEMOIYJISTOP MO KAXKIOMY IMPUHITOMY HMITYJIbCY BBIHOCHT KOH-
kpetHoe pemierue (0 wiu 1). B msaexom pescume nemonynsatop He Ha3bIBa€T KOH-
KPETHOE 3HaYEHUE OYEPEAHOr0 CUMBOJIA, & BBIJIAET YUCIIO Py, PABHOE BEPOATHOCTU
TOr0, YTO C JAHHBIM MMMYJbCOM ObLT mepefaH cumBoi 0. SIcHo, 4TO mpu 3TOM
p=1=p,.

B msaekom peswcume co cmupanusamu (3T0 NIPOMEKYTOUHBIA BapUaHT) JEMO-
IyJATOp MU(PPOBOro KaHaida HACTPOEH TaKMM 00pa3oM, YTO OH BBIJAET KOHKPET-
Hoe 3HaueHue (0 wim 1) ouepeqHOro CUMBOJIA JIMILb B TOM Cllydae, KOrjaa MpUHs-
Tl UMITYJIbC OKa3aJICs HE CIMILKOM HMCKa)XEHHBIM IIOMEXaMH, [I03TOMY HET OCO-
OBIX COMHEHUN OTHOCHUTEIIBHO TOT0, YTO UMEHHO ObLIO mepenaHo. B ocTanbHBIX
ClIy4asiX, KOrja HEeOIpeIeIEeHHOCTh BEJIMKa, JEMOIYJIATOP OTKa3bIBAETCSI Ha3BaTh
3HAYEHUE CUMBOJA. TakoW CUMBOJI CUMTAETCS CHmepmbiM, HO TO3HUIMS CHUMBOJIA,
pazyMeeTcsi, COXpaHseTcsi C TeM, 4YTOObI JEKOJIUPYIOIIee YCTPOWCTBO BIIOCIEN-
CTBHUHU MOTJIO ITOCTABUTh HA 3Ty MO3UILHI0 KOHKPETHOE 3HaueHHue. OTcro/1a MoHT-
HO, YTO MOCJIEAHEE PelIarollee YCTPOMCTBO B LIETH MOKET padboTaTh JUIIb B KECT-
KOM PEKHUME.

MoskeT moka3aTbcsi CTPaHHBIM, HO 3TO (aKT: IPHU BCEW €ro HeomnpeeIeHHO-
CTH pEIIEHUE, BbIIABAEMOE B MATKOM PEXHUME, OKa3bIBaeTcs Oosiee MH(pOpMaTUB-
HBIM JUJIS1 MTOCJIEYIOIIUX YCTPOMCTB, XOTS UX CTPYKTYypa HPU 3TOM YCIIOXKHSIETCS.
[Ipumep U3 XKU3HU: CiIylIasi MPOTHO3 MOTOJIbI, MBI Tpeanouan Obl ¢pa3y “moxab
Oyner ¢ BeposATHOCTHIO 0,7 yCHBINIATH IEJIMKOM BMECTO YPE3aHHOTO U KaTero-
pUYHOTrO BapuaHTa “moxap Oyaer”. [losromy HET HUYEro YIWBUTEIHLHOTO B TOM,
4yT0 B coBpeMeHHbIX CIIW MArkuii pesxuM paboThl pelIaronInX YCTPOMCTB UCTIOIb-
3yercs Bce mupe (cM. paza. 5.7).

2.12 IlocnenoBaTeIbHBIN U MApaJJIeJIbHbIH CIOCO0BI
nepemaavu

EcrectBenHoO sABISCTCS nociedosamenvuas iepeaada CoOOIICHUS 110 Mepe
MOSIBJICHUSI DJIEMEHTOB ATOTO COOOIIECHMSI Ha BBIX0JI€ UCTOYHHUKA.

B kadecTBe anbTepHATUBBI MOXHO TPEICTABUTHh NAPALIENbHbIL CNOCOO Tie-
penadyu cooOIeHHs, COCTOSIIEro u3 N CUMBOJIOB. {711 ATOro HY>KHO pecypchl Ka-
Haja pachpeaciuTh Mexay N cyOkaHalamu, TOrJa B KaXJIOM U3 CyOKaHaIoB
MOKHO OJHOBPEMEHHO NepeAaTh JIMIIb [0 OJHOMY CHUMBONY coooOuieHus. [Ipu
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ATOM JJIUTEIbHOCTh CMMBOJIA B KaXKJOM M3 CyOKaHAJIOB MOXHO YBEIUYHUTH B N
pa3, CIel0BaTeIbHO, BO CTOJIBKO )K€ pa3 YMEHbIIUTCS TpedyeMas Moioca 4acToT,
TaK 4TO BpeMs IMepefavyn COOOIEHUS U CyMMapHas Mojioca YaCcTOT HE M3MEHSTCS
(3TO MBI ¥ Ha3bIBaeM “‘pacrpeieuTh PeCypchl kaHama’).

ScHo, yTO IpU mepenaye AJIMHHOTO COOOIIEHHs] OPTaHU30BaTh Takoe OONb-
10€ KOJIMYECTBO CyOKaHAJIOB HE BCErla yJaeTcs, MOATOMY Ha MPAKTUKE MpHUMe-
HSIOT KOMOWHUPOBAHHBIN, nOCI€008amenbHO-napalieNbHblil Cloco0 Mepenayu.
3nech mepegaBaeMyro MOCIEA0BATEILHOCTh CUMBOJIOB JICNAT HA TPyMIbl (KOMOU-
HallMW) 1O 1 CUMBOJIOB B K&XKJIOHM, U JJISI KX OJHOBPEMEHHOW NEPEAAYM UCIIONb3Y-
0T 71 TApAJUIENIbHBIX CYOKaHaJOB.

HazoBem Heckonbko HamboJee MPUMEHSEMBIX METOJOB OpPTaHH3alldU Ta-
pajieIbHBIX CyOKaHaIOB.

Bo-nepBeIX, 3TO METOI npocmpancmeenno20 paszoeieHus. 31eCb CUMBOJIBI
OJTHOBPEMEHHO TIEPEIaloTCsl 10 7 MapauIebHbIM IMHAM (0OBIYHO MEIHBIM MPO-
BoaM). Takoil crioco0 MpuUMEHsAETCs JMIb IPHU Neperadye Ha OYEHb Malble pac-
CTOSIHUSI, HAIIPUMEP, MEXK Y OJIOKaMH amnmapaTyphl.

Bo-BTOpHBIX, BecbMa MoOIysipHa OJHOBPEMEHHAs IMepeada IByX CUMBOJIOB
Ha JIBYX K8AOpamypHulX cOCMABNAIWUX, TO €CTh B KaXKIOM U3 JBYX CyOKaHaJOB
UCIIOJIb3YIOTCSl HECYIIIME TOM K€ YacTOThl, HO CABUHYTHIE 1O ¢aze Ha 90°. Jlerko
yOEIUTBCS, YTO €CIIM KAXKAYIO U3 KBAAPATYPHBIX COCTABJISIONIUX MOJBEPrHyTh AM
C YIAJE€HUEM U3 CIIEKTpa HECYIIEH, a 3aTEM 3TH CUTHAJIbI CIIOXKUTh, TO €CTh Mepe-
JaTh 1Mo o01el TuHUH, TO ToryuyuM curHalil ¢ KAM (puc. 2.19).

B-Tperbux, cymecTByeT MeTOJA Nepelayu ¢ MCIOJIb30BAHUEM OPHIOSOHANb-
HBIX yacmomHno-pazoenennvix cuenanos (Orthogonal Frequency-Division Multi-
plexing (OFDM)). Jlns ero peanu3aiuu B mojnoce 4yactot Af = 1/1, MUHUMAIBHO
HEOOXOIMMOM JJIsI TIOCJIeIOBATENBHOM Mepeaul paJuouMIyIbCOB JUTUTEIbHOCTH
T (2.29), opraHu3yrT n TapMOHUYECKUX MOJHECYIIUX C I1aroM IO 4acToTe, paB-
HbIM Af /n. CHMBOJIBI KOMOWHAIIMH TIEPEIal0T OJHOBPEMEHHO HA ITUX TOJIHECY-
IIMX, UCTIONB3YS OJIMH U3 METOJIOB MAHUITYJISIINK, OMUCAHHBIX B pa3i. 2.8 (KkpoMme
UM, nis KOTOpOW HYXHBI JIB€ MOAHECylue). B kaxnoM cyOkaHalle mepenarTcs
PAAMOUMITYJIBChI MPSMOYTOJIBHOM (POPMBI, IPU ATOM POPMY CHEKTpa KaKIOro U3
HuX 3aaeT pynkuus KoreapHUKOBa, CIBUHYTas IO ocu yacToT. [IpencraButh, Kak
BBITJISIAT CIEKTPHI CUTHAJIIOB BO BCEX CyOKaHajax IMpH Mepenade KOMOWHAIUU U3
n = 15 IBOMYHBIX CUMBOJIOB ¢ AM, MOXHO, OOpaTUBIIUCH K TOMY kK€ pucC. 2.15 u
3aMEHUB B HEM BpEMsl f HA YaCTOTY f.

brnarogapsi ToMmy, 4TO CHEKTp CHUTHaANIA B KaXKIOM U3 CyOKaHAJIOB CTall B N
pa3 yxe, o0liee orpaHu4eHue MOJIOChl YaCTOT OYEHb MaJI0 UCKAXKaeT ero Gopmy
(cmemoBaTeNbHO, MAJIO UCKaXaeTcs U (hopMa caMuX UMITYJIbCOB), YTO 0OECTICUnBa-
€T MaJIOCTh MEXKCUMBOJIBHOM MHTEp(PEPEHIIUN KaK MEXAY CHUMBOJAMH, Pa3HECEH-
HBIMU BO BpeMEHHU (B OJHOM cyOKaHaje), TaKk U MEXJy CHUMBOJaMH, NepeaaBae-
MBIMHU Ha Pa3HbIX MOJHECYIIHX.

3nech 0e3 MoTepy B3aMMHOM OPTOrOHATBHOCTH CUTHAJIOB MOXHO UCIOJIb30-
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BaTh U KAM, To ecTh mapasienbHO nepeaaBaTh pa3Hble CUMBOJIBI Ha 00EUX KBa/l-
pPaTypHBIX COCTABIIAIOIIUX.

DTOT METOJI U3BECTEH YK€ HECKOJIBKO JECITUIETUI, HO HaYaJl IPUMEHSThCS
JMIIb B MOCJEHNUE TO/Ibl MIPU Mepeade TaHHbIX M0 MEAHOMY Ka0emto, HO 0cOOeH-
HO IIMPOKO B CHUCTEMax paauonocrymna. KomnuectBo mogHecymux n MOXKET CO-
CTaBJISITh COTHU U Aa)ke Thicsiuu. [IpencraButh cebe nepeaaTyuk Uin NpUEMHHUK, B
KOTOPOM HMMEETCSl 1 KOMIUIEKTOB amnmaparypbl Uisi OAHOBPEMEHHOW 00paboTKu
TAaKOTO KOJIMYECTBAa CUTHAJIOB, JOBOJBHO TpyaHO. [loaromy omepauus dopmupo-
BaHUs CYMMbI CUTHAJIOB U3 YaCTOTHO-PA3HECEHHBIX CYOKaHAIOB M OIepaius pas-
JICJIEHHs] 3TUX CUTHAJIOB BbINOMHAIOTCA nocie ux ALl B undpoBom curHambHOM
IpOLECCOPE, PEAIU3YIOLEM MPOLEAYPhl MPSIMOT0 U 0OpaTHOro OBICTPOro Mpeod-
pazoBanus Oypne (2.5).

UeTBepThiil METOJ MapaJIEILHON MEPEeIayd CUMBOJIOB KOMOMHAIIMU MOKHO
Ha3BaThb METOAOM K0006020 pazdenenus (Code Division _Multiplexing (CDM)).
351ech BCE 1 CUMBOJIOB KOMOMHAIIMM NIEPEIAIOTCSI OTHOBPEMEHHO U MOJIHOCTBIO 3a-
HUMAIOT OJIMH M TOT € WHTEPBAJ BPEMEHHU JIUTEIBHOCTHU T, MPHU 3TOM CIEKTp
KaXJ0r0 M3 HUX Pa3MElIeH B OJHOW M TOM ke mojioce 4acTtoT Af. Bo3MOXKHOCTb
pas3/ieNieHusl STUX CUMBOJIOB B IyHKTE MpHeMa 00yCIOBII€HA TE€M, UTO Iepes Mnojaa-
Yyeil Ha BXOJl JIMHUM KaXKIbIM U3 ATUX CUMBOJIOB (paJHOUMITYJILCOB) TOJIBEpraeTcs
JOTIOJTHUTEIBHOM BHYTPUUMIYJbCHOM ABOMYHOM (Da30BOM MaHUMYJISALWH, MPU
TOM B pa3HbIX CyOKaHajdaX MPUMEHSIOTCS Pa3Hble 3aKOHbl MaHUMYJISIUHU Tak,
YTOOBI BCE MEpPEJaBaeMble CUTHAIIBI OKa3aJUCh B3aUMHO OPTOIrOHAJIbHBIMHU.

Ceituac MbI 00CY’KJaJIH, KaK TIOTOK CHMBOJIOB, CO3/1aBa€MbIi OJHUM HCTOY-
HUKOM, TIepe/laBaTh OJHOBPEMEHHO 1O n kaHaiaMm. Ho aktyanbHa u oOpaTHas 3a-
nava. Jlomyctum, MBI IMEEM 71 TIOTOKOB CUMBOJIOB, OJHOBPEMEHHO CO3aBAEMBIX
Pa3HBIMU UCTOYHHKAMU MH(pOpManuu. VX MOXKHO nepenatb OJHOBPEMEHHO IO K
napajiyieIbHbIM KaHajdaMm, HO BEJlb MOXHO UCIOJIb30BaTh U OAWH KaHAJ C OOJbIIEH
BEIIMYMHOM V. 11 MOCIEN0BAaTENbHON NEpeaadY BCEX MOCTYNAIOINUX CUMBOJIOB.
[ToaToMy oOcy>k1€eHHE MTOAOOHBIX TPOOIEM MbI IIPOJIOJIKUM B pasi. 6.

2.13 CrarucTnyeckuii cuuTe3 UM(ppoBoOH CHCTEMBI
nepeaayu MHpopmauuun

B 3akmrouenue paszzena mocMOTpUM, BO YTO BBUIMBAETCS IPOOJIEMa MOITHOTO
CTaTUCTUYECKOTO CHHTE3a IU(POBOM crcTeMbl Tiepenaun nadopmaruu. Mccnemy-
€M UJICANTM3UPOBAHHYIO CUTYAIMIO, K KOTOPOM MOYXHO JIUIIh TPUOIU3UTHCS HA
TIPAKTUKE:

1) nctounuk MHGOPMAIMH BBIIAET OJTHO M3 M BO3MOXKHBIX COOOIIEHUN X1,
... ,X), IPUYEM BCE OHU PABHOBEPOSITHBI;

2) umeeTcs HabOp CUTHAJIOB U3BECTHOU QOpMBI U (1), ..., Uy (t), 3aJaHHBIX HA
unTepBane 0 < ¢ < 7, u epeaTyuK Mpy MOSIBJICHUU COOOIICHHUS X; TIEpeIaeT B JU-
HUIO cUTHAI Uy(1);
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3) nuHUA nepenavn uaeaibHa, TO €CTh B HEW UMEEeTCs JIMIIb aITUTUBHAS
nomexa (1.22) B Buze Oenoro myma, a 3HadyeHne KodppuuuenTa nepeayu JMHUHA
K u3BecTHO, B UTOre (hopma Jr000r0 U3 0)KUIAEMBIX CUTHAJIOB HA BXOJIE MPUEM-
HHUKA IIOJTHOCTBIO U3BECTHA;

4) 3amana npocrtas QyHKIUS TOTEPh, TO €CTh, MOTEPH CUYUTAIOTCS OJUHAKO-
BBIMU TPU BOSHUKHOBEHUHU OIMIMOOK JIF000T0 BUA.

3ajaauM MoJIoCy 4acToT Af = f, — f, , B KOTOPOH 3aB€A0OMO MOJHOCTHIO IO~

MEIIAETCs CIEKTP JIF0OOro U3 CUTHAJIOB, U 3aIIUIIIEM COBMECTHYIO IJIOTHOCThH Be-
POSATHOCTHU 111 n=7 /At OTCYETOB CHUT'HaJIa C IIyMOM Ha BXOJIC IPUEMHHUKA IPU
YCIIOBUH, YTO NEPENAETCS CUTHAI Uy (t)

WO,ewv, sty ) =W Ju )W, Tu ) =

At < 2 2.44
:—(27[)”/20_” CXp = Z(Vj _”k,j) J ( )

e Jj=I

Ecnu 3amana mpocras GyHKIMS MOTEph, TO CPEIHSS BEIWINHA MOTEPh MU-
HUMaJIbHA, €CIIM MPUEMHHUK BBIOMpAET TOT U3 M CUTHAJOB, JIJIi KOTOPOTO BEPOST-
HOCTb €ro nepeaaur npu HabJro1aeMoi peasiu3auu v,,...,v, MakcumaibHa [9]. 9T1o

METOJl MAKCUMYyMa aroCTEPUOPHON BEPOSATHOCTH.

ITockonbky Bce M 3HaUEHUN CHUTHAJIA PABHOBEPOATHBI, METOJ MaKCHUMyMma
aroCTEpUOPHON BEPOSITHOCTU MPEBPAIAETCA B METOJ MAKCUMAJIBLHOTO TIPABIOIIO-
nobus [9], To ecTb MPUEMHUK BBIOMPAET TOT U3 M CUTHAIIOB, JJI1 KOTOPOIO BEIH-
ynHa (2.44) oka3ajgach MaKCUMAaJIbHOM.

D10 TOT curHan ut), mis Kotoporo cymma B (2.44) muHuUManbHa (CM.
(1.42)). Urak, nonb3ysicb reOMETPUUECKUMHU MPEJICTABICHUSIMUA, UMeeM M BEKTO-
POB Uy,...,Uy;, OTOOPAXKAIOIIMX BO3MOKHBIE 3HAUEHUS MOJIE3HOI0 CUrHajla Ha BXO-
7€ IPUEMHHUKA, U BEKTOP V, OTOOpaKaOIIN UMEIOLIYIOCS peaJnu3aliio CUTHAJa C
mrymoM. [IpueMHuK oJKeH BBIOpaTh TOT U3 BEKTOPOB Uy, ..., Uy, KOTOPBIN OKa3all-
cs1 HauOosee OJIU3KUM K BEKTOPY V.

OnpenenuB anroputM padbOThl MPUEMHUKA, TOMBITAEMCS BBISCHHUTH, Kak
HYKHO 3a7aTh M BEKTOPOB Uyj,...,Uy;, YTOOBI MUHUMH3UPOBATH MOJTHYIO BEPOST-
HOCTh omuOKu. [ImoTHOCTE BeposTHOCTH (2.44) o0namaer MeHTPaTbHOU CUMMET-
puel, TO €CTh €€ 3HAYEHHUE 3aBUCUT JIMILb OT PACCTOSHMS MEXKIY Uk U V, HO HE OT
HanpasieHus. OTcrola cleayer, YTO BEKTOPhl Uy,...,Uy JOJDKHBI PacoliaraThCs
Ha MAaKCHUMaJIbHO BO3MOXHBIX PACCTOSHMSIX APYT OT Apyra.

Teoperudecku mpobiema pemaercss Ype3BblYaiiHO MPOCTO — HY>KHO YBENH-
YUTh MOIIHOCThH IEpeAaTyuka, U OyleM HMETh JHObIE CKOJIb YIOJHO OOJbLINE
paccTostHUs. TONbKO MpaKkTUKK OYAYyT HE B BOCTOPre OoT Takoro pemienus. [1oato-
My MpoOJeMy Jydlle peuaTh Npyu YCIOBUU, YTO CPEIHSS BEIMYMHA YHEPTUU CHUT-
Hana E. puxcupoBana.

Bo Bce ycnoBus M BbIpa)Ke€HHUS, KOTOpble Mbl HMPUBOJIWIN, M BO3MOKHBIX
CUTHAJIOB BXOJST Ha PaBHBIX OCHOBaHMSX. [103TOMy MOXXHO 0KHMJ1aTh, UTO €CIU U
cama CHUCTeMa CUTHaJIOB OyJeT o0jajaTrh MOJ00OHON CUMMETpHel, OylaeM HMETh
HEKOTOpBIA 3KCTpeMyM (MakKCUMyM WJIM MUHHUMYM) JUIsl TIOJIHOM BEPOSTHOCTH
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OIHUOKH.

HetictButensHo, B.A. KoTenpHHKOBBIM ObLI0 TIOKa3aHo [1,6,7], 4To MUHU-
MyM TIOJTHOM BEPOSITHOCTH ONIMOKH JOCTUTAETCS B TOM Ciydae, KOorja cucTema
CUTHAJIOB 00JIaJIaeT CIAEAYIOIIUMU CBOMCTBAMM:

1) Bce curHanbl 001aAal0T OJUHAKOBON dHEPrueil (IJIMHBI BCEX BEKTOPOB
OJINHAKOBBI);

2) paccTossHUS d MEXAYy BCEMU CUTHAJIaMU OJMHAKOBBI 1 MAaKCUMAJIbHBI.

CurnHaisl, yOBJIETBOPSIOIINE STUM YCJIOBHUSIM, HA3bIBAKOTCS CUMNIEKCHBIMU.

JInsi Takoil CHUCTEMBbI CUTHAJIOB IIOCII€ €€ HOPMHPOBKHM BCE 3JIEMEHTHI Ha
IaBHOM nuaroHanu marpuilsl ['pama (1.47) paBHBI envHUIE, a BCE OCTAJIbHBIC
3JIEMEHTBI TAKKE MPUHUMAKOT OJHO U TO XK€ 3HaueHue p . Halmem 3To 3HaueHue.

O‘{CBI/I,IIHO, 4TO CIIPaBCAJINBO HEPABCHCTBO

5(Su, | azo .45

1
j=1
3aMeHHM KBaJpaT CyMMbI JBOMHON CyMMOI U y4TeM yCIIOBUE HOPMHUPOBKHU
u (1.44)

22 2y AL =D DT, =M+ (M =M)p20. (2.46)

Jj=1 k=1 m=1 k=1 m=1
MakcuMyM pacCTOSTHUS MEXy BEKTOpaMU OOECIEYMBAETCS MPU HAUMEHbB-
McM 3HAa4YCHUU o, JId KOTOPOIro UMCCM
1

M-1 (2.47)
Paccrosinue mexay aro00bIMH 1ByMst curHaiamu u3 (1.50) paBHo
2M (2.48)
d(Uj,Uk) = m .

Ha puc. 2.22 u300paxeHbl CUMIUIEKCHBIE CUCTEMBI BEKTOPOB st M =2 u M
= 3. IIlpu M = 2 BeKTOpbl COOTBETCTBYIOT JBYM IMPOTHUBOIOJIOKHBIM CUTHAJIAM.
HNmenno Ttakue curHansl Gopmupytorcs npu OM (puc. 2.18a). Takum obGpazom,
merog @M 3aHnMaer ocodoe MECTO Cpelu IPYruX METOAOB MOJYJISLUU B JBOUY-
HBIX CHCTEMax.

Puc. 2.22. CUMIUIEKCHBIE CUCTEMBI
BEKTOpPOB it M=2 u M=3

Bo-1niepBbIX, €CiiM peanu30BaHbl OrOBOPEHHBIC BBILIE YCIOBUSA, OH JOJDKEH
00ecreynTh MUHUMaIbHO-BO3MOXKHYIO BEPOSITHOCTh OLIMOKM NPH MPUEME TBOUY-
HOT'O CHUTHAaJa.

Bo-BTOpBIX, OH HIUPOKO UCIIONB3YETCS MPU TEHEPUPOBAHUU PA3IUYHBIX CH-
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CTEM CHUTHAJIOB mpu M > 2. Jleno B TOM, UYTO HEMOCPEACTBEHHOE T€HEPUPOBAHUE
CUMILJIEKCHBIX CHUTHAJIOB Mpu M >> 1 CBSI3aHO C ONPENIETICHHBIMU TPYIHOCTSIMHU.
3HAUYUTENBHO MPOIIE PeAIN30BaTh 3TO B JIBa ATalla: CHayalla TeHepUpyeTcs mociie-
JOBaTeNIbHOCTD, cofepkamias M — 1 ABOMYHBIN CUMBOJ (CUMIUIEKCHBIN KOJ), a 3a-
TEM 3Ta MOCIEA0BATEIBHOCTh MOAAeTCs HAa ABONYHBIN PM-Monynstop. CHrHambI
(He 00s3aTeNbHO CUMIUIEKCHBIE), TIOJIYyYEeHHBIE TAKUM 00Pa3oM, HA3bIBAIOTCS Cue-
HANbHO-KOOOBLIMU KOHCIMPYKYUSAMU.

N3 (2.47) BugHo, uto nipu M >> 1 CUMIUIEKCHAs CUCTEMa CUTHAJIOB MaJlo
OTJINYAETCSI OT OPMO2OHANLHOU cucmembl, s KOTopon p=0. Hakonen, npome-
KYTOUHOE TIOJIOKEHHE 3aHUMAET OUOPMOSOHANbHAA cucmemd, B KOTOPOWU s
KQXJIOr0 CUTHaJIa Uy CYIIECTBYET MPOTUBOIOJIOKHBIA CUTHAI —Ug, & BCE OCTallb-
HbI€ CUTHAJIBI OPTOTOHAJIbHBI CUTHANY Uy, Kak Oyner mokazaHo B pasi. 5, BbICOKas
sHeprerudeckast 3pGHEKTUBHOCTh MPU UCIOJIB30BAHUU TOJAO0HBIX CUCTEM CUTHA-
JIOB MOXKET OBITh IOCTUTHYTA JIUIIb Tpu M >> 1.

Wrak, 1 0IHOro0 YaCTHOI'O MAEAJIM3UPOBAHHOTO CIIy4yas Mbl PELIWIN 3a1a-
9y CTAaTUCTUYECKOTO CHHTE3a BCEW CHUCTEMBI Tepenadu mHbopMmaimu, U yxe Ha
3TOM MPUMEPE YBUJIEIU TE€ TPYIAHOCTH, KOTOPbIE IPUAETCS MPEOJOJIETh MPU MpaK-
TAYECKOW peanu3auuu ontuMaibHoi CIIN.

Bo-1niepBbIX, 3TO TPYJHOCTH MPHU T€HEPUPOBAHUU CAMUX CUTHAJIOB, HO, Kak
y’)KE€ OTMEYAJIOCh, OHM YaCTHUYHO MPEOAOJEBAIOTCS NMYTEM HCIONIb30BaHUS CHT-
HAJbHO-KOJOBBIX KOHCTPYKIUH.

Bo-BTOpBIX, KaXKIbli1 CUTHAJ U3 CUCTEMBI, cojiepxauien M = 2% rakux cur-
HAJIOB, 3aHUMAET JI0BOJIBHO IIHUPOKYIO MoJiocy yacToT. Heobxoaumas nosnoca Oblia
OBl HAMHOT'O MEHBIIIE, €CIIH OBI TO YK€ COOOIIEHUE MEPEIaBaAIOCh OOBIYHBIM CITOCO-
OOM MpU MOMOIIY KOMOWHAIIUHY, COCTOSIIEH U3 kK TBOMYHBIX CHMBOJIOB.

B-Tperbux, npoBecTu 00pabOTKy NPUHUMAEMOr0 CUTHAIa B COOTBETCTBUU C
BbIpakeHUEM (2.44) MOXKHO TIPU MTOMOIIHM KOPPEJSIMOHHOTO NpueMHuKa. B utore
B IIYHKTE MpHUeMa HY>KHO UMETh M TapajuielIbHO paOoTaomMX KOPPEISIMOHHBIX
MPUEMHUKOB, KaXblil U3 KOTOPBIX HACTPOECH HA MPHUEM CBOETO CUTHAJIA. DTa MPO-
1e/lypa Ha3pIBaeTCs “TIpUEM CUTHAJIA B LIEJIOM .

B-uerBepThIx, ecnu ycnoBus padotsl CIIW HauaTh mpuOIMKaTh K peanbHbIM
(HEpaBHOBEPOSTHOCTh CUTHAJIOB Ha BBIXOJI€ HCTOYHMKA MH(GOPMAIINH; HECTAOMITb-
HOCTh MapaMeTPOB YCTPOMCTB, T'EHEPUPYIOMIUX U 00pabdaTHIBAIOIIUX CHUTHAJIBI;
HAJIU4YUE MYJIbTUILUIMKATUBHOM MOMEXU U T.II.), 3aJlaya CTaTUCTUYECKOrO CHUHTE3a
Bceil CIIM ctaHOBUTCSI HEpA3PEUIUMOI.

OTO emie pa3 MOATBEPKIAET MBICIb, BBICKA3aHHYIO B pa3d. 2.1: CIOXKHYIO
3a/1auy M0 HEOOXOAUMOCTH MPUXOIUTCS pa30oUBaTh Ha psij OoJiee MPOCTHIX 3a/ad,
TO €CTh 00pabOTKY CUTHAJIOB U B MpOIIECCE Nepeaadn, U B MpoLecce npuema npo-
BOAUTH MOATAITHO, [IPX 3TOM HET MOJIHOW YBEPEHHOCTH B TOM, UTO Ha KaXKJIOM 3Ta-
1€ MbI UJEM K KOHEUHOU LEJIN KpaTYallIuM ITyTEM.
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BOHpOCbI AnsA CaMOKOHTPOIA No rnase 2

. Onummre 3Tansl aHaIoro-mu¢pPOBOro MPeodpa3oBaHUs HEMPEPHIBHOTO CHUT-

HaJIa.
OmnwuinTe 3Tamnsl IA(PO-aHATIOroBOro Npeodpa3oBaHus.

. M300pa3ute 00001IEHHYI0 MOJIENbh CUCTEMBI nepenaun uHpopmarmu. Omnu-

muTe QYHKIMU KoJiepa U JAeKojepa.
[IpuBenuTEe HECKOJIBKO MMPUMEPOB MpeoOdpa3oBaTeieii COOOIICHHS B TIEPBUY-
HBIN CUTHAJI.

. 3aueM HyxHa MoAyJsauus? Ha3oBuTe BUbI aHAIOTOBOW MOJYJISILIUU FapMo-

HUYECKOM HECYIICH.

Ha3oBute criocoObl MaHUMYJISLUKA TAPMOHUYECKON Hecyield. Yem o0ycioB-
JIEH BBIOOP TOTO WJIM HHOT'O criocoba?

KakoBbpl HEZOCTaTKM MHOT'OMO3ZUIIMOHHBIX METOJOB MAHUITYJISIIIUU TapMo-
HUYECKOW HECYIIEH?

. 13 xakux C006pa}K€HI/Iﬁ BI)I6I/Ipa€TCH mar KBaHTOBAaHHA HCIIPCPBIBHOI'O CUT-

HaJjia: Mo HAIPSKEHUIO?
N3 xakux cooOpa’keHnii BEIOMpAETC IIar KBAaHTOBAHUS HEMPEPHIBHOTO CHUT-
HaJa:1o BPEMEHU?

10./laitTe onpeneneHus TEPMUHOB: COOOIIEHUE, CUTHAJI, TIOMEXa, KaHaJl CBSI3U,

JUHHA CBA3HW, MHOI'OKaHaJIbHas CBA3b, MHOFOCTaHHHOHHBIﬁ AOCTYII, TCXHHU-
YCCKas CKOPOCTh Iepcaadu.

11.TTouemy miar KBaHTOBaHUS HEMIPEPHIBHOT'O CUTHAJA 110 BPEMEHU BHIOUpAET-

Cs1 MCHBIIC TOI'O 3HAYCHUA, KOTOPOC CICAYCT N3 TCOPEMbI OTCYETOB?

12. Ykaxute CTaHAAPTHYIO YaCTOTYy KBAaHTOBaHUS BO BPEMEHU (OTCUETOB/C) Te-

JIC(l)OHHOFO CHUI'HaJIa.

13.Ykaxure konmuecTtBO pa3psaaoB B ctaHgapTHoMm AlLIIl, npumensemom mnpu

npeobpa3oBaHuU TeIe(OHHOrO CUTHAIA.

14. Yro ynoOHee mpUMEHSTh Ha MPAKTHKE —KOPPENISITOP UM COrIACOBAHHBIN

bubTp?
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3 KOOUPOBAHUE KAHAITA.
3.1 Koppektupyrouwme Kkoabl

Hanmuune noMex B JMHHU nepeaadyn CUrHajJioB HNpUBOJUT K TOMY, UYTO IIpHU
ACMOAYJIOUN IIPUHUMACMOI'O CUI'HaJla C MMOMEX O ACMOOYJIATOP HC BCCrAa BEPHO
yragablBa€T 3HAYCHHUEC OYCPEAHOI0 m-MYHOI'0 CHUMBOJA, T.€. BMCCTO HMCTHHHOI'O
3HAYCHUS x; BBIAACT APYTOC 3HAYCHHUC x, , B3ATOC U3 aJ'I(I)aBI/ITa XXy peues X,y B takom

CiIydae TOBOPST, YTO B IAHHOM CHMBOJIE MPOM30ILIa omuoka. OmuOKd BO3ZHHUKA-
I0T CIy4yalHbIM 00pa3oM, MO3TOMY HET rapaHTHH TOr'0, YTO B MPUHSITOM CHUTHAJIE
OHM OTCYTCTBYIOT.

B Takux ycnoBusax panpHeimas obpaboTka (JekogupoBaHue) HUGPPOBOTO
CUTHAJIa C BBIXOJIa IEMOAYJISITOpa OCHOBAHA HA aHAJIM3€ B3AUMOCBSI3U MEXK]Y CUM-
BOJIaMU B moclieoBaTenbHOCTU. ECiu ekojiep MpuXoauT K BBIBOJY, UTO Takas
MIOCJIEIOBATEIbHOCTh CUMBOJIOB B NIPUHIIMIIE HE MOTrja OBbITh MEpefaHa, TO TaKoe
pelieHre Ha3bIBaeTCsl 0OHapyceHuem owubok. Ha naHHOM 3Tane Jekoaep He Ibl-
TAeTCsl BBISICHUTH, KAKME UMEHHO CHMBOJIBI MIPUHSATHI OMTUOOYHO U KaKOBBI UX HC-
TUHHBIE 3HAYEHHUSI, BaKHO JIUIIb YCTAaHOBUTH (paKT, 4TO B MPHUHATOM MOCiIenoBa-
TETHHOCTH XOTsI OBl OJIMH CHMBOJI COACPKUT OMMOKY. Takum oOpa3om, 3Tan oOHa-
PY)KEHHUs OIIMOOK 3aBepIIaeTCsl BbIJA4eil pelieHus B JIBOUYHOU (dopme: “HeT
omuOoK”, “ecTh X0Ts Obl OJHa omuOKka”. Eciau mpuHSATO mepBOe pelieHue, 1eKo-
JMPOBAHKUE OYEPETHON MPUHATOW MOCIEAOBATEILHOCTH HAa 3TOM (haKTHUECKH 3a-
BEpIIIAETCH.

Ecnu B cucteme nepenaun uHpopmanuu OTCYTCTBYET OOpaTHBIM KaHal, TO
€CTh, HET BO3MOKHOCTH COOOIIMUTH B MYHKT MepeAadyu O MPUHITOM PEIICHUH, Jie-
KOJIep TocJie OOHAPYKEHUSI OIMOOK MPEANPUHUMAET IMOMBITKY BOCCTAHOBUTH Ii€-
pemanHoe cooOmieHue. Ecnu eMy yaanoch yrauarth MOJIOKEHHUE OMTMOOYHBIX CUM-
BOJIOB U UX UCTHHHBIEC 3HAUCHUS, CYUTAIOT, YTO MIPOU3OILILIO UCHpABIeHUe OUUDOK.

OueBUJIHO, YTO yTaJIbIBaHUE JAJIEKO HE BCEr/la 3aBEpIIAETCs YCIEXOM, MO-
ATOMY HE BCE BO3MOXKHBIE COUYETAHUSI OIIMOOK MOTYT OBITh UCIIPABIEHBI U JIAXkKe
oOHapyxeHbl. B uTore nHorjga Ha BBIXOZE JEKoJiepa BCE-Taku OYIyT MOSBIATHCS
MOCJIEIOBATEIIBHOCT CUMBOJIOB, cojiep KaIiie omuoku. [1oaToMmy ocHOBHOM 3aj1a-
4yeil Teopuru MOMEXOYCTOMYMBOIO KOJAMPOBAHUSA SIBISIETCS MOUCK TAKUX MOCIENO-
BaTEJIbHOCTEM CHMBOJIOB, TMPHU MCIOJb30BAHUHM KOTOPBIX MPOIEHT OMIMOOYHBIX
KOMOMHAIMI Ha BBIXOJIE JIeKojiepa ObUT Obl KaK MOXKHO HUXKE.

Utak, xoppekmupyrowum nHazviéaemcs makou Koo, UCNOIb308aAHUe KOMOPO-
20 0aém 803MONCHOCMb 8 Npoyecce NPUEMA YUPPOBO20 CUSHALA OOHAPYIHCUBAMND 8
HéM Hanudue ouUOOK U, B03MONCHO, 0adCe UCNPABIAmMb HEeKomopbvle U3 ouubo-
HbIX CUMBOJI08.

Cpenn KOppeKTHPYIOMUX KOAOB HAUOOJbIIEE PACTPOCTPAHCHHUE TOTYUHITH
O10YHbIe 08oUYHbBIEe KOObL, TO €CTh Mepeladya JBOMYHOTO COOOIICHUSI TPOU3BOIUT-
cst O11okamMu, PUIEM KKl OJIOK COAEPIKUT 7 IBOMYHBIX CUMBOJIOB. Konupona-
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HUE U JEKOAUPOBAHKE KAXKIO0T0 OJI0Ka MPOU3BOAUTCS HE3ABUCUMO OT JIPYTUX OJ10-
KOB.
Hanomuum, uro paccmosanue Xommunea (1.43) d,, Mexny AByMs KOJOBBIMU

KOMOUHAIMSIMA @ U b YUCIEHHO PaBHO KOJIMYECTBY CHUMBOJIOB, B KOTOPBIX 3THU
KOMOWHAIIMU OTJIMYAIoTCsS ofHa oT apyrou. Hampumep, mycts n=5, a=01101,
b=00001, Torma d, =2.

Bec kxombumayuii paBeH KOJMYECTBY €IUHMI], COJEPKAIIUXCS B HEM.
Hamnpumep, W(a)=3, W(b)=1. OueBugno, uto 0<W<n.

Paccrosinue XsMMuHra ya00HO BBIUUCIATH, MOJIB3YSICh OMEpalue CyMMHu-
POBaHHUSI IO MOJIYJIO 2

d, =W(a+b). (3.1)

B nmanpHeimemM cyMMHpOBaHHE ABOMYHBIX KOJOBBIX KOMOWHAITUNA WA HX
AJIEMEHTOB MPEIO0JIaraeTcsi MPOBOIUTD JIUIIB 110 mod 2, 1a)ke ecliu UCTIONIb3YeTCs
OOBIYHBIN 3HAK CYMMHUPOBAHUSI.

Bexmop owubku e — 3T0 n-pa3psaHas ABOMYHAs KOMOWHAIMS, B KOTOPOUH
MOJIOXKEHUE €IMHUI] YKA3hIBAET HA MOJ0KEHUE OMIMOOYHBIX CUMBOJIOB B IPUHSATON
koMOuHamuu y. [1ycTh npu 3TOM nepeiana KOMOMHAIIMS X , TOT/1a

y=x+te. 3.2)

Hanpuwmep, ecnu n=6, x=011010, e=010100, To y=001110.

Kpamnocms owubku g — 3T0 KOIMYECTBO OMIUOOYHBIX CUMBOJIOB B MIPUHSI-
TOM KOMOMHAIUHN

g=W(e)=W(xty)=d,, (3.3)
npuaém 0<g<n.

Benuuuna ¢ ciyvaitHa, B KaHajax ¢ HE3aBUCUMBIMU OIIMOKaMu €€ MaTtema-
TUYECKOE OKUNAHUE M,~pn, Ie p — BEPOATHOCTD IOSBICHUS OIIMOKUA B OJHOM
CHUMBOJIC Ha BBIXOJI€ IEMOAYJATOpa (OUTOBast BEPOSITHOCTh OnOKK). B peanbHBIX
KaHajlaX CBSI3W OTHOIIEHUE CHUTHaJ/loMexa OOBIYHO HACTOJIBKO BEJIMKO, YTO
pn<<l. DTO 3HAUUT, YTO OOJBUIMHCTBO KOMOUHAIIMI OyayT MPUHATHI O€3 OO oK
(g=0), uzpenka OyayT BCTpeyaThCsi KOMOMHAIIMM, COAEPKAIIHME T/I€-TO OJIUH OIIU-
O0ouHbIil cuMBOJ (g=1), emé pexxe — KOMOMHAIIUUA C JABYKPATHBIMU OIIMOKaMH U
T.1. To ecTh, mpuHATasE KOMOWHAIIUS JISKUT HEIaJIeKO OT MepeaaHHOM!.

Ou4eBUIHO, YTO HUKAKOW KOJI HE CIOCOOEH OOHApYKHUTh M HCIIPAaBUTh BCE
BO3MO>KHbBIE€ OIIMOKK BIUIOTH 0 g=n. BO3MOXXHOCTU J110O00OTO KOJa OTpaHUYECHBI,
M03TOMY B MEPBYIO OYepe/ib HY>)KHO HAMPaBUTh YCWIHs HA O0pb0y ¢ TeMU BUIAMU
omuOOK, KOTOPbI€ BCTpeUaroTcsi Hanbosee 4acTo, TO €CTh C OUIMOKaMU MaJlbIX
KPaTHOCTEN.
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Croco0 KoAMpoOBaHUS TMOJHOCTHIO OMpENeNéH, eclau 3ajaHa Ko0osas mao-

Ta6muna 3.1 — [Ipumep
KOJIOBOM TaOJUIhI (1=0)

BbykBa | KomOuHanus
a 000000
0 000111
B 111000
r 111111

JUYya, B KOTOPOU TIEPEUHCIICHBI BCE BO3MOXKHBIC COOOIIECHUS U COOTBETCTBYIOIINE
UM n-paspsiHble KOJOBBbIe KOMOMHamuu. Hampumep, eciu Kakaas KOMOHWHAIUS
COOTBETCTBYET OJHOM OyKBE ayipaBUTA, a B HCIIOJIB3yeMOM ajihaBUTE Bcero 4 Oyk-
BbI, KOJIOBasi Ta0JUIIa MOXKET UMETh Clienyromuil Buj (Tadi.3.1).

MoO>KHO BBIYHMCIIUTH PACCTOSIHHUE dj; MEXKIY ABYMs JIIOOBIMU KOMOMHALUAMHU
B KOJOBOM Ta0auIle. MUHHMAJILHOE €r0 3HAUECHUE
HA3BIBACTCS KOJIOBBIM PACCTOSTHUEM U CITYXKUT OJTHON U3 BAXKHEUIITUX XapaKTepH-

d,, =mind, (3.4)

Jj#k
CTUK BBIOPAHHOTO CIIOC00a KOJUPOBAHMSI. DTO MOKA3aTeNlb OTINYUS JIBYX HanbOO-
Jee OJIM3KUX KOMOMHAIUK B Tabnwuile. B nmpuBenéHHOM npumepe
d,=3,d,=3,...,d,=6,BHUrore d,,=3.

JIOBOJIBHO TPYAOEMKHH, 3aTO YHUBEPCATBHBIN CIIOCO0 IEKOIUPOBAHUSA — 3TO
0eKoouposanue no MuLumMymy paccmosanus. IlpuHsatas KoMOUHAIINSI CPAaBHUBACTCS
oouYepéHO CO BCeMH KOMOUHAIMAMU B Tabnuie. Eciu Takas koMOMHAIMS €CTh B
Tabnuie, TO JEKOJUPOBAaHHWE 3aKaHuumBaeTcs. KOHEYHO, MPU ATOM HET MOJHOU
YBEPEHHOCTH B TOM, YTO B MPUHATON KOMOWHAIIMM OTCYTCTBYIOT OIIMOKH, XOTS
3TO BechMa BeposiTHO. IIpocTo 3/1eCch HET Jydlllero BapuaHTa, MOCKOJIbKY OOBIYHO
PaBHOBO3MOXHA TIepeiaya JIF000N U3 KOMOWHAIIMIA, BXOASIINX B TAOTUILY.

B mportuBHOM ciydyae (mpuHSTas KOMOWHAIIMS HE COBMAJaeT HU C OHOM
KOMOMHaNuMel B KOJOBOM TabiuIEe) ClelyeT HECOMHEHHBIA BBIBOJ: B IPUHATON
KOMOWHAIIMU €CTh OIIMOKAa M, MOXET OBITh, HE OJHA (IIPOU3OIILIO0 OOHAPYKEHHE
OIIKOO0K).

Jlormyecku paccyxaasi 1 pacCMaTpuBas IPUMEPBHI, JIETKO YOSIUTHCS B TOM,
YTO MOIHCHO 2APAHMUPOBAHHO OOHAPYHCUBAMD THOObIE OUUOKU KDAMHOCTU

q,<d.,—1. (3.5)

B npuBenénnom npumepe (taba. 3.1) kog oOHapyKUBaeT BCE OAHOKPATHHIC
U JIByKpaTHBIC OMIMOKH. ITOT K€ KO CIIOCOOEH O0HAPYKUBATh TaKKe HEKOTOPHIC
omuOku 0osiee BRICOKUX KpaTHOCTEH, HO He Bce. B yacTHOCTH, OMMOKY B MEPBBIX
TpEX CUMBOJIaX KOJIOBOM KOMOMHAITMY HE OYAyT 3aMEUCHBI.

[Tocne obnapyxenus omm6ok B CIIM ¢ oOpaTHRIM KaHAJIOM MOCHLIAIOT 3a-
IIPOC Ha TIOBTOPHYIO Mepeaavy JaHHON koMOuHanuu. [Ipu oTCyTCTBUU KaHaIa Te-
pecnpoca cleyeT MOMbITaTbCd HCIPABUTH OIIMOKH, TO €CTh HAWTH B KOJOBOU
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Tabyuile KOMOMHAIINIO, HanboJee OJIM3KYIO K TOM, KoTopasi Obuia mpuHsiTa (Haubo-
Jee npapaonoao0Hy). Jlaxe eciiu B TaOMIle HALLIACK JIMIIIL OJHA Takas KOMOU-
HAIUs, 9TO €mI€ HE CIYXUT TapaHTHEW TOro, YTO OIMMOKH WCIPABICHBI BEPHO.

Mooicho eapanmuposanno ucnpasums 1r00ble OWUOKU KPAMHOCHU
dKoO _1
q, <—20—.
2 (3.6)
Hanpumep, xox (tabn. 3.1) crnocoOeH HUCHpaBUThH JOOYI0 OJHOKPATHYIO
omnOKy. YOenuTech Ha MpUMEpPax B TOM, YTO PECYPChI KOJa UCTIONB3YIOTCS T0JI-

Hee, eCu d_, SBAsSETCA HEYETHBIM yuciaoM. Kpome Toro, BULZHO, YTO UCHPABIATH

OIUOKHU TPYyJIHEE, HEXKEIIM UX 00HApYKUBaTh. PazyMeercs, BO3MOXKHBI ClTydau, KO-
r7la UCTIPABJISIIOTCSI HEKOTOPBIE OMIMOKHU 00Jiee BRICOKMX KPAaTHOCTEH, YeM ClielyeT
u3 (3.6), HO He Bce.

3.2 JIuHenHbIe ONOYHbIe KoAbl

Korma xonmyecTBO CUMBOJIOB 77 B KOAOBOW KOMOMHALIMM BEJIHUKO (HAa MpaK-
THUKE OHO MOXET COCTaBJISATh HECKOJIBKO ThICSY), KOAOBas Ta0iuIa OJ0YHOro Kojia
MOKET COZAEpPKaTh OrPOMHOE KOJIMYeCTBO KoMOuHanui. KogupoBanue u nekoau-
POBAaHHE OKAa3bIBAIOTCS CIMIIKOM TPYIOEMKMMH. 1103TOMY BIIONHE €CTECTBEHHO
KellaHue pa3paboTaTh TaKHe KOJAbI, KOTOPbIE MO3BOJISIIOT MPOBOJUTH 3TU OIeEpa-
1[MU, HEe 00paIlasiCh K KOAOBOU TabJinile, a UCTIONb3YS JIUIIL HEKUIl HAa0Op CBOMCTB,
NPHUCYITNH BCeM KOMOWHAIUSIM B KOJOBOM Ta0uIe. IMEHHO TaKkyro BO3MOXHOCTh
peloCTaBiIseT NPUMEHEHHUE JIMHEMHOTr0 0J10YHOr0 Koja.

JroOoit unetinbiii 610unbIL KOO 0003HAYaeTCs Kak (n,k)-Kofd, rae: k - KOJIu-
4ecTBO MH(OPMAIMOHHBIX CUMBOJIOB, TO €CTh JIJTMHA TBOMYHOM KOMOWHAIIUU, TTO-
CTYTAOIIEN Ha BXOJ KOAEPA; 7 - KOJIMYECTBO CUMBOJIOB B KOMOMHAIIMU HA €r0 BbI-
xoze. Ha Bxon koepa MOXeT MOCTynath Jodas k—pa3psaHas komOuHamus. Yucio
TaKMX KOMOMHAIMN PaBHO

N =2, (3.7)

Ecnu Ob1 KonupoBaHue HE TPOBOAUIIOCH (n=k, TO €CTh BXOJ{HAsl KOMOUHAIIUS
cpa3y MOCTyHaeT Ha BBIXOJ KOJIepa), TAKOW Kol He 00J1aj1an Obl HHKAKUMU KOPPEK-
TUPYIOIIUMH CBOWCTBAMM, MMOCKOJIBKY JJIsl HEro d , =1, U J100ble OIMOKU B MPH-

HATOM KOMOMHAIIUM OKa3aJuch Obl HE3aMEUEHHBIMHU.

[TosToMy mJIs1 KOPPEKTUPYIOIIETo Kofa n>k, U pa3HOCTb r=n-k €CTh YHCIIO
IIPOBEPOYHBIX CUMBOJIOB. 3HAUEHUS STUX CUMBOJIOB BBIUYMCIISIETCS 110 WH(MOpMAITHU-
OHHBIM CUMBOJIaM C HCIIOJIb30BAaHUEM Psijia JIMHEHHBIX ONEpalIini.

Od4eBUAHO, YTO JUISI CAMOTO MPOCTOTro Koja r—1. Takoi Ko/l Ha3bIBAETCS KO-
oom ¢ nposepkou Ha yémnocms (n, n-1). Ha BXoa kozepa nocrynaer KOMOUHAIUS
a=(q,a,,...,a,). Konep moBTOpseT 3HaYEHUS ITHUX CUMBOIIOB s, =d,,...,5, =a, U JIO-
O0aBiseT K HUM emi€ OJIUH, MPOBEPOYHBIM CHMBOJ (HallOMHHAeM OO0 oreparuu
mod?2)
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Sy =@ +a,+..+a,. (3.8)

B urore mobas koMOMHAIMS § HA BBIXOJIE KOAEpPa COACPKUT YETHOE KOJIU-
YECTBO €AMHUIL. ITO U €CTh TO CAMOE CBOMCTBO, KOTOPOE MPUCYIIE BCEM IMepeaaH-
HbIM KoMmOunanmsiM. Hampumep, mpu k=7 umeem: a=0110100—s=01101001;
a=0000000—s=00000000; a=1111111—s=11111111. Ilpu nexomupoBaHUU IO-
CTAaTOYHO MPOBECTH OOIIYIO MTPOBEPKY HA YETHOCTH

¢ =5 +..+s,. (3.9)

Ecnu nposepka mpomia (¢, =0), TO 3TO JHIIb O3HAYAET, YTO Takas KOMOU-
HaIusl Moruia ObITh Tiepenana. Ecnu ke npoBepka He mnpouuia (¢, = 1), To B puHS-
TOW KOMOHWHAIIMH, HECOMHEHHO, €CTh OITHOKH.

KonoBoe paccrosiuue ajisi Kojia ¢ MPOBEPKOWM Ha YETHOCTh PABHO JIBYM, I0O-
3TOMY B COOTBETCTBUU C (3.5) oH 0OHaApY’>KMBAET JIIOOYI0 OJHOKPATHYIO OILIHOKY.
bonee Toro, oH cnoco0eH 0OHaPYKUTh JTIOOYIO OMMOKY HEUETHOM KPATHOCTH, HO
UCTIPABJISITH OITUOKHA OH HE MOYKET.

Omneparuu (3.8) u (3.9) — upe3BbIuaifHO NpocThie. s peanu3anuu Kaxmaoi
U3 HUX JOCTaTOYHO MUMETh OAWH CUETHBINA Tpurrep. Torna cpasy BO3HHMKaeT uies
JUTSI TIOBBIIIIEHUSI KOPPEKTUPYIOMIEH CIMOCOOHOCTH KO/a MCIOIB30BaTh HE ONHY, a
HECKOJIBKO MPOBEPOK HA YETHOCTH. [Ipu 3TOM 04EeBUAHO, UTO B KaXJAOW MPOBEPKE
y4acTBYIOT HE BCE # CUMBOJIOB, a JIUIIIh UX YaCTh. A B Pa3HBIX MPOBEPKAX JOKHBI
y4acTBOBATh Pa3HbIC TPYIITHI CHMBOJIOB.

B kaudectBe npumepa paccmoTpuM ko (5,2). 3amaauMm ero B cucmemamute-
cKoli ¢popme, TO €CThb TEpPBbIE k CUMBOJIOB BBIXOJHOM KOMOWHAIIMU JOJAKHBI I10-
BTOPSATHh BXOJHBbIE MH(OPMAIIMOHHBIE CUMBOJIBI, @ HA OCTABIIMXCA r=n-k=3 IMO3U-
ITUSX Pa3MEIIAIOTCS TPOBEPOYHBIC CHMBOJIBI, KOTOPBIE MPEACTOUT BBIYUCITUTH TIPH
KOAUPOBAHUH, TO €CTh

s=(a,b), (3.10)
IJIe 4 — BEKTOP-CTPOKa WH(OPMAITMOHHBIX CUMBOJIOB, b — BEKTOp-CTpoKa mpoBe-
POYHBIX CUMBOJIOB. B 4acTHOCTH, paCCMOTPEHHBIN BBIIIE IPOCTOM KO C IIPOBEP-
KOH Ha YETHOCTH TOXKE SBIISICTCS CUCTEMATHYCCKHIM.

Urak, nna xona (5,2) uz N, =2" =32 BCEBO3MOXKHBIX MATUPA3PATHBIX KOM-
OMHAIIUI B KOJOBYIO TaOJIUIly BKJIIOUHMM JIUMIIb TaKME KOMOWMHAIIUH, KOTOPBIE YI0-
BJICTBOPSIOT BCEM TPEM 3aJIaHHBIM MPOBEPKaM Ha YETHOCTH (KOJHMYECTBO IMPOBE-
POK Ha 4€THOCTH BCETZIa PaBHO 7). Pe3ynbTaThl MPOBEACHUS 3TUX F TIPOBEPOK IS
KOHKPETHOM KOMOWHALIMK MPEICTABUM B BHJI€ BEKTOPA-CTPOKH ¢ =(c,,C,,...,C,), KO-

TOPBIM UMEET MEAUIIMHCKOE HAa3BaHUE “‘CHHIPOM, TO €CTh, COUYECTAaHUE MPU3HAKOB,
XapaKTEepU3YIOIIUX OIpeaeaéHHoe cocTosiHue. JlomycTum, NI Haliero Kojaa Mbl
BBIOpAJN CIICTYIONIYIO CUCTEMY MTPOBEPOK

C,=5+58; C,=8+5,+5; ¢, =s,+5,, (3.11)
TO €CTh, B IEPBOM IIPOBEPKE YUACTBYIOT CUMBOJIBI, CTOSIIIME HA TIEPBOU U TPEThEMN
NO3ULUSAX, U T.4. B KogoByto Tabnuiy (Tuna tads. 3.1) BKIOYUM JIHIIb T€ KOMOU-
HaIMH, JJ11 KOTOphIX BeKTop ¢=(0. Oka3pIBaeTcs, YTO UX BCEro 4, Kak M CJIeI0BajI0
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oxunaars (3.7).

Tabiauua 3.2. KonoBas
Tabauua koxa (5,2)

a S

00 00000
01 01011
10 10110
11 11101

ITo npuBenénnoi tabnuue (Tadsa. 3.2) nerko Haitu, 4yTo d,, =3, TO €CTh 3a-

JJaHHasi HAMU CUCTEMa MPOBEPOK Ha YETHOCTH (3.11) AEHCTBUTENBHO OJJHO3HAYHO
OTIpeeNSIET CUCTEMAaTUYECKUM KOPPEKTUPYIOIIHMA KOJI, CIIOCOOHBIN HE TOJNBKO 00-
HAPYXKUTh JIFOObIE OJTHOKPATHBIC U JIByKpPaTHbIC OLIMOKH, HO Ja)K€ HCIPABIISITH
BCE OJHOKpATHBIE OIHOKH.

Cuctemy npoepok (3.11) MoxHO Oojiee HaArISAHO MPEICTaBUTH B BHUJE
puc.3.1.

|Sl |S2 ‘53 |S4 |Ss|

— — [lepBas
Bropas
— = Tperbs

Puc. 3.1. Cxema npoBepok
Ha 4Y€THOCTH UIs Koja (5,2)

[TepBsIii oTan AEKOAMPOBAHUSA — OOHAPYKEHUE OMMUOOK — (DAKTUIECKU CBO-
JIUTCSL K TIPOBEACHUIO ¥ TIPOBEPOK Ha 4€THOCTH (3.11) B MpUHATON KOJOBOW KOM-
omnanuu. Cuuraercs, 9To omuoOoK HeT, ecnu ¢=0.

Ecnu ¢#0, BTOpOIi 3Tanm — WCnpaBieHNne OMUOOK — TaKKE MOKHO MTPOBECTH,
noJb3ysch cxemoi puc.3.1 u paccMatpuBas pa3iuuHble BapuaHThl. Hanpumep, ec-
au npuHsaTa komOuHaius y=11110, To mHaxongum ¢=011 u neraem BBIBOA O HAIIH-
YU OUIMOOK B MPUHATON KOMOMHAIMU. McXoas U3 BO3MOKHOCTEH TaHHOTO KoJa
(d_, =3), nenaeM OpeanojaoxeHue, 4To Mpon301uia OJHOKpaTHas omuOKa (rapaH-

TUPOBAHHO HCIPABJIATH OMMOKU 00Jiee BHICOKMX KPAaTHOCTEH 3TOT KO BCE PAaBHO
He MoxeT (3.6)). PaccMarpuBasi pa3Hble BapUaHThl PACIIOIOKEHUS ITONH OJIMHOY-
HOM OIIMOKM, BUIUM, 4TO HaOmromaembiii pe3yibTar ¢=011 Mor ObITH MONy4YEH
JMII B Cydae, KOTrja 3Ta OMMOKa pacloioKeHa BO BTOPOM CHMBOJIE, CIIEIO0Ba-
tenbHO, X=10110 m a=10.

YroOrl HE TIepeOupaTh pa3IndHbIC BAPUAHTHI KXKIBIH pa3 MpHU JIEKOIUPOBa-
HUU OYEPETHOW KOJOBOW KOMOWHAIWMH, TMOJE3HO 3apaHee 3arOTOBUTH TAOIUILY, B
KOTOPOM TMEPEYUCIUTh BCE BO3MOXKHBIC BEKTOPHI MCIIPABIISIEMBbIX OMIUOOK (OJHO-
KpaTHBIX B HaIlleM MPUMEpPE) W  COOTBETCTBYIOIIME WM 3HAYCHHSI BEKTOpa-
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cuapoma (tabs. 3.3). Ecnu Obl ko4 OBLT CIIOCOOEH UCTIPABIATH €II€ U BCE JBY-
KpaTHble OMIMOKHM, B ATy TaOJMILy CJIEAO0BaJIO Obl BKIIOYHUTH JIOMOJHUTEIBHO
C? =10 BEKTOpPOB Takux omuoOoK, B yactHocTy 11000, 10100 u T.1.

Tabnuma 3.3. Tabnuma cOOTBETCTBHS BEKTOPa OMINOKA
u cuHapoma s (5,2)-kona

e c
10000 110
01000 011
00100 100
00010 010
00001 001

N3 Tabn. 3.3 BUAHO, UTO aHANU3UPYEMBIX KOJ (5,2) NEHCTBUTENBHO CIOCO-
OCH HCIpaBUTh JIIOOYI0O OJHOKPATHYIO OLIMOKY, IMOCKOJBbKY BCE 3HAUYECHHS C pa3-
JUYHBI, a KaXJIOMY € COOTBETCTBYET €IMHCTBEHHBIM BEKTOp OmHOKHM e. Jlerko
yOenuThCs, 4TO ISl IBYKPATHBIX OIMIMOOK TaKOTO OJHO3HAYHOTO COOTBETCTBUS
yKe He OyferT.

Uto0Os1 3aBepIINTh 00CYKICHUE TEX BBIYUCICHUH, KOTOPHIE HYKHO MPOBO-
JUTh TPU KOAUPOBAHUU U JIEKOJUPOBAHUHU JTMHEHHBIX OJIOYHBIX KOJIOB, MOJIE3HO
OPOAOJKUTE UX (OpMann3aliio, B YaCTHOCTH, BBECTH JJIsI HUX 00J€e KOMIIAKT-
HY10 (OpMY 3aIHCH.

Bmecto cxemsbl puc. 3.1 yno6HO ucnonb3oBath npogepounyio mampuyy H,
COJIEp>KaIILYIO ¥ CTPOK U 1 cToa01oB U coctosauryo u3 0 u 1. Kaxxnas ctpoka coot-
BETCTBYET OJHOM MPOBEPKE HA YETHOCTh, NMPHUYEM MOJIOKEHUE €JIMHMI] B ITOU
CTPOKE YKa3bIBAET Ha MO3ULIUHA CUMBOJIOB KOJOBOM KOMOMHAIIMHU, YYaCTBYIOIIUX B
JaHHOM npoBepke. JJig paccMOTpeHHOTo Koja (5,2) Takasi MaTpHIla UMEET BH/T

10100

H=|11010.
01001 (3.12)

Ecnu nunelHbI OJOYHBIA KOJ K TOMY K€ SBIISICTCS CHCTEMATHYECKHUM,
matpuity H MoxHO ycinoBHO paszaenuth Ha jaBa Onoka H=(Q,I,), npuuem neBbiit
0110k mMeeT pa3Mepsl (rxk), a TpaBbIil 010K - 3TO equHUYHAs Matpuna (rxr). Jlms
HaIEro npuMepa

10 100
Q=|11], I =|010].
01 001 (3.13)
Omnepanus BeuuciieHus cuaapoma (3.11) umeer ciaenyromui Bus
c=sH", (3.14)

rae H' - TpancnionnpoBannas matpuia H.
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Koznep cuctematnyeckoro Kojaa 3amoiHseT nepBbie k Mo3unuii nHdopmaIu-
OHHBIMU CHUMBOJIAaMH, MOCTYMUBIIMMHU Ha €ro Bxoj. Ha octaBiiuecs r nmo3uiui oH
CTaBUT MPOBEPOYHBIC CHMBOJIBI, TP 3TOM BBIYHCISCT WX 3HAYEHUS TaK, 4TOOBI
JUTSL n-pa3psiIHOM BBIXOAHOW KOMOMHanuu okazanoch ¢=0. [[ns paccMOTpeHHOro
npuMmepa s, =a,, s,=a,, a U3 cooTHomeHui (3.11) HaXonUM TpPU HPOBEPOUYHBIX
CUMBOJIA, 3aBEpIlasi KOJUPOBAHUE:

S =8, S,=5+5, 5,5, (3.15)

[IepBrIil aTan JEKOAUPOBAHMS IPUHATON n-pa3psIHOd KOMOMHALIMK Yy — 3TO
oOHapyXeHHe OIMOOK, U OH TaKXKe omnpeaensercs cooTHomeHueM (3.14)

c=yH". (3.16)

HarmomuuM, 4To B cOOTBETCTBUU C (3.2) BEKTOP OMIMOOK € MO3BOJISET BhIpa-
3UTh MPUHATYI0 KOMOMHAIIMIO y Yepe3 MepeAaHHylo S, To ectb y=ste. [logcraBum
3Ty cymmy B (3.16) U HanmoMHuM, 4TO IS JIHOOOM MepeaaBaeMoil KOMOMHAIUU
sH" =0. B utore mosyanm

c=(s+e)H =sH' +eH"' =eH", (3.17)

TO €CTh, CHHAPOM, BHIYMCIICHHBIN 110 MPUHATON KOMOWHAIIMU, HE 3aBUCUT OT TOTO,
Kakasi KoOMOMHauuMs U3 KOAOBOW Tabmuubl Obula MepeaaHa, a OnpeaesseTcs JUlllb
BEKTOpOM omuOOoK. IMEHHO O 3TOM MpUYHMHE MPU OOCYKIECHUU OTepanuid JeKOo-
JUPOBaHMS y HAC HE BO3HUKIIO MOTPEOHOCTH OOpamaThCs K KOJOBOM Tabiule, a
OTrPaHUYMJIIMCH JIMIIb AHAJTU30M MPEANOIAaraeMoro XapakTepa BO3HUKAIOIINX OLIU-
6okx. HerpynHo goragatbes, 9yto u Tabj. 3.3. OblIa cOCTaBjIeHA ¢ UCIIOIb30BAaHUEM
dopmyisr (3.17), To ecTh c=eH".

He Hy)XHO CcTpOWTHh KOA TaK, 4TOOBI pe3yjbTaT KaKOW-THOO TPOBEPKH HA
YETHOCTD CIIE0BAN U3 OCTAIBHBIX IMTPOBEPOK — ATO MycTas Tpata pecypcoB. Kpome
TOr0, JII00O0I U3 1 CHMBOJIOB KOMOMHALIMK JOJKEH Y4acTBOBATh XOTs Obl B OJTHOM
npoBepke. [Ipu BemomHeHnn 3THX yciaoBui moboi marpuinie H coorBercTByeT
eauHcTBeHHass Matpuna G pa3mepa (kxn), Ha3bIBaeMasi npous3goosuell (2emepa-
MopHOoI) mampuyeti TaHHOTO Koja. O0e MaTpUIlbl CBSI3aHbl YPaBHECHUEM

GH' =0, (3.18)

rae 0 — nyneBas marpuiia pazmepa (kxr).

Ecnu 3anana marpunia H, To, pemmup ypaBuenue (3.18), MOxkHO HaliTU Mat-
punty G. Ilponienypa pemieHus: oKa3bIBaeTCsl MPOCTOM, €CIM KO SIBJISIETCS CHUCTE-
maTudyeckuM. Torma u marpuily G ycnmoBHO MOXKHO pa30uTh Ha JBa OJoka

G=(1,,Q"), rue Iy — enuanuHas marpuna (kxk). Mcmonb3yst 0J0YHbBIE MPEICTaB-
JeHus1 00enx MaTpHIl, UMEEM
T
GH' = (Ik,QT)[;2

j:Q”QT:"’ (3.19)

TO €CTh IMOCTPOCHHAs TakuM oOpazoM Marpuria G yJIOBIETBOPSET YypaBHEHUIO
(3.18). B wactHoctu, i (5,2)-xkoxa (3.11) marpunia G umeer Bua
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10110
G= .
(01011] (3.20)
N3 ckazanHoro sicHo, uto marpuinia G, kak u matpunia H, moimHocThIO ompe-
nenser kol. [ToaTroMy npyras MHTEpIIpeTalys TeX *e MPOLEeCcCOB KOJUPOBAHUS U
JNEKOAUPOBAaHUS MOXKET ObITh OCHOBaHa Ha marpuue G.
Koauposanue nuHedHbIM OJIOYHBIM KOJIOM MOKHO MPOBOAUTH 1O (popMmyiie
s=aG. (3.21)
Ucnonb3ys onpenenenue (3.18), BUANM, YTO CHHAPOM JIJIsi TIOTYYEHHON Ta-
KUM 00pa30M KOJIOBOM KOMOMHAIIMU BCET/1a PAaBEH HYIIIO
c=sH' =aGH' =a0=0, (3.22)
TO €CTh 3Ta KOMOMHAIMS BXOJUT B KOJIOBYIO TAOJIHILY.
B03MOXXHOCTB JIeKOUPOBaHUS (BBIYUCIIECHUS CUHAPOMA) MPUHATON KOMOU-
HAIlMU C MCMOJb30BaHHEM MaTpullbl G CTAaHOBUTCS BMIOJHE OYEBMIHOM, €CIIU KO
apisieTcs: cucremarudeckuM (3.10). M3 npunaToit komOuHauu s, =(a,,b,) Oepyt

BEKTOP-CTPOKY MH(GOPMAIIMOHHBIX CUMBOJIOB &, U IO HEW 3aHOBO MPOBOJSIT KOJIU-
poBanue, Hamnpumep, o Gopmyne (3.21), momydass HOBOE€ 3HAYEHUE BEKTOpa-
CTPOKH IPOBEPOYHBIX CUMBOJIOB b,

SH :anG:an(Ik’QT):(an’anQT):(an’bn)‘ (323)
[To onpenenennto (3.16), BEKTOP-CUHAPOM MJI MPUHITON KOMOWHALIMM S
paBeH
QT
I

r

c=s H' =(an,bn)( ]:a“QT +b_=b_+b_,

(3.24)

TO €CTb JJIsl BBIYMCIICHUS CHHJIPOMA JIOCTaTOYHO CJIOKHTh JIBa BEKTOpa MPOBEPOU-
HBIX CUMBOJIOB: IPUHSATHIA U BHOBb BHIYUCIICHHBIN.

Kpome criocoOHOCTH 00HApYKMBATh U UCTIPABIIATH OMIUOKU, OJIOYHBIE KOJIbI
00J1aJ1at0T eIle U CIIOCOOHOCThIO 80CCMAHABIUBAMb Cmepmble CUMB0bL (CM. pas3/l.
2.11).

JlorycTuM, mpoBeIeHO KOAUPOBAHKUE PACCMOTPEHHBIM KoJoM (5,2), U KOM-
OuHanus Ha Bxoje Aekonaepa umeet Bua 1 X 10X, rae 6ykBoii X 0003HaU€HBI MTO3H-
UM CTEPTHIX CUMBOJIOB. CUMTaeM, YTO OCTaJbHbIE CUMBOJBI OLIMOOK HE COJEp-
*atT. B nepBoii npoBepke Ha 4eTHOCTH (puUc. 3.1) cTepThie CUMBOJIBI HE YYACTBYIOT.
UtoOBI yIOBIETBOPUTH TPEOOBAHUSM BTOPOW MPOBEPKH, HA BTOPYIO MO3UIIMIO B
ATOM KOMOMHAIIMY HY>KHO MOCTaBUTH 1, Torna ona npumet Bua 1110X. U3 Tpets-
el MpOBEPKU BUJIHO, UTO U MOCIEIHUN CUMBOJ JOJKEH OBITh eAuHuUIe. B urore
NPUHSITO pElIeHHe, YTo ObUIa MepejaHa YeTBepTas KOMOUHAINUS U3 KOJOBOW Tal-
JIUIIBI.

MosxHo Ha mpuMepax yOeIHUThCS B TOM, YTO KOJi TApAaHTUPOBAHHO MOXKET
BOCCTaHOBUTH JIIOOBIE ¢, CTEPTHIX CHUMBOJIOB, €CIU ¢. YJIOBJIETBOPSAET TOMY K€
ycioBuio (3.5).

B 3aknroueHue crenaemM HECKOIbKO 3aMeYaHu .

1) JlroOoii nmuHelHbINH 0JI0YHBINA KOJT 00JIalaeT CIETYIOIIMM CBOMCTBOM: €CIIN
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U3 KOJIOBOM TaOIHIIBI B3ATh JBE (Wi Oosiee) KOMOMHAIMM U CIOXKUTH UX (pazyme-
eTcs, 0 MOAYJIIO 2), TO MOJTYyYUM KOMOMHALIMIO, IPUHAJIEKALLYIO TOH e Talnu-
e.

2) Onepanyio YMHOXEHUSI BEKTOPA-CTPOKU HA MATPUIy yIOOHO MPOBECTH
CeyomuM 00pa3oM: 3JIEMEHTHI 3TOr0 BEKTOPA 3alUChIBAEM IIPOTUB CTPOK MaT-
pHLIBI, a 3aTEM CYMMUPYEM T€ CTPOKH, IPOTUB KOTOPBIX OKA3AJIUCH €UHHUIIBI.

3) Ilo onpenenenuto (3.4) KOJOBOE PACCTOSTHUE HYKHO HaXOJUTh MO KOJIO-
BOU TaOmumie. (s nuHEHHBIX OJOYHBIX KOJOB CYIECTBYET MEHEE TPYHAOEMKHUI
croco0: k Matpuile G Hy)XKHO JIOTHCATh CTPOKY, COCTOSIIYIO U3 HYJEH, U TeM XKe
crocobom (3.4) ompenenuTs MUHUMAJIbHOE PACCTOSHUE ISl MOJNIYYEHHON TaOIu-
IIBI.

4) Kaxnas ctpoka npogepounot mampuyst H cOOTBETCTBYET OJHOHN Mpo-
BEPKE Ha YETHOCTb, IPUYEM IOJOKEHHUE EIMHUI] B 3TOM CTPOKE yYKa3bIBAET HA I1O-
3UIIMKM CUMBOJIOB KOJOBOM KOMOMHAIINH, YYaCTBYIOIINX B IaHHON MPOBEPKE.

5) Kaxaplii cronben npogepounoii mampuyst H COOTBETCTBYET CHUHIPOMY
JUTSI OAHOKPATHOT'O OMIMOOYHOIO0 CHMBOJIA, HOMEP KOTOPOTo B KOAOBOM KOMOMHA-
MU COBIAJAET C HOMEPOM CTOoJ0Ia. ITO nmo3BoiseT no marpuue H onpenenuts
Koppekmupyiowyio cnocoonocms xona. Tak. Kon criocoben oonapyscums monvko
O0OHOKDPAMHYI0 OWUOK), €CITU BCE CTOJOIIBI HeHyeable U ecmb 00uHakosvie. byner
OoOHapyXeHa O08YKpamHas owlubka WIA UCHPABIeHAd OOHOKPAMHAs, €CIU BCE
cmonoysl HeHynesvle U pasHvle. B o01eM ciydae Kko0osoe paccmosnue pasHo Mu-
HUMANbHOMY YUCTY TUHEUHO 3a8UCUMbBIX cmoaoyoe mampuysl H.

6) OnHOBpeMEeHHas OJIMHAKOBas nepecTaHoBka ctonomos matpull G u H na-
€T HOBBIM KOJI, 5KBUBAJICHTHBI MCXOJAHOMY, MOCKOJBKY 3TO NPHUBOJUT K aHAJIO-
TMYHOM MEPECTAaHOBKE COOTBETCTBYIOIIMX CUMBOJIOB BO BCEX KOJOBBIX KOMOWHA-
musix. TOT ke pe3ynbTaTr OyAer, eciau OJUH U3 JBYX CTOJIOLIOB 3aMEHUTh UX CYM-
MOIl. MHOrokpaTHoe NOBTOPEHUE TMOAOOHBIX ONEpaluii MOXXHO HPUMEHUTH,
HarmpuMmep, Uil IPUBEACHUS KoJla K CcTeMaTu4yeckon (opme.

7) IlpumensitoTcs 1Ba crioco0a peanu3aiuu Kojepa u JIeKoepa: nporpaMm-
HBII (IIpU KUCTIOIB30BAaHUM KOMIBIOTEPA) U amnmnapaTtHbeiid. [Ipu annapaTHol peaniu-
3alUK KOJAMPOBAHUS /IS JIIOOOTr0 JIMHEWHOTO OJOYHOTO KOJa MOXXHO NMPUMEHHTH
TaKOM YHUBEPCAJIbHBIN (CJI€10BATEIbHO, HE CAMBIA SKOHOMHBII) CII0CO0: BXOJHYIO
k - paspsAHyl0 MOCIEA0BAaTEIbHOCTh MH(GOPMAIMOHHBIX CHMBOJIOB IOCIIEIOBA-
TEJIbHO, CUMBOJI 32 CUMBOJIOM, BBECTU B k — pa3psiIHbINA BXOJHOW PETUCTp CIBUTa,
YTOOBl UIMETh BO3MOXXHOCTbH ITPOBOJIUTH OJHOBPEMEHHO ONEPALUA CO BCEMH CHM-
BOJIaMH; TIpU MOMOIIM HAOOpa CyMMaTOpPOB MO MOJYJIO 2 BBIYMCIUTH Pa3lieIbHO
BCE 71 CUMBOJIOB KO/I0BOM KOoMOMHauu 1o ¢gopmyie (3.21) ¢ yuérom npumeyaHus
2 (m14 CUCTEMAaTHYECKOr0 KOJa MOYKHO OTPAaHUYMTHCS BBIYMCIEHHEM JUIIb MPO-
BEPOUYHBIX CUMBOJIOB 110 (opmyinam Tuma (3.15)); nmpu MOMOIIU 7-BXOJOBOTO
MYJIBTUILIEKCOPA BBIBECTH IOCJIEN0BATENBHO BCE 71 CHMBOJIOB B HYKHOM MOPSIKE
(pa3ymeercs, U IJi1 BbIBOJA CUMBOJIOB MOKHO NMPUMEHUTDH N-Pa3psIHbIA PETUCTP
CABUTa, MPEIBApPUTENLHO 3alMCAaB B HErO 71 BBIYMCIECHHBIX CHMBOJIOB KOJOBOWU
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KOMOHWHAITUN).

YHuBepcaibHBIN CIOCO0 JIEKOIUPOBAHUS TIPEAIOaraeT CieaAyrolue Iei-
CTBUS: 1 IPUHUMAEMBIX CUMBOJIOB IOCJIEA0BATEIBHO BBOJATCS B N-pa3psIHbII pe-
TUCTP CABUTa; MPU MOMOIIM Ha0Opa CyMMaTOpPOB MO MOAYJIIO 2 BBIYUCISIOT BCE 7
AJIEMEHTOB cuHApoMa 1o popmynam tumna (3.11) (MOxKHO TOACUUTATH TOTPEOHOE
KOJINYECTBO CYMMAaTOpPOB Jake C y4€TOM AyOJIHMpPOBaHUS HEKOTOPBIX OMepaiuil);
IpY MOMOIIHU JIOTHYECKOTO YCTPOMCTBA (HA30BEM €ro aHaau3aTOpOM CHHIPOMA),
HOJB3YSCh TaOMIeH (e—C), MO BBIYUCICHHOMY 3HAYEHHUIO € Haxo[fT €, TO €CTh
HOMEpa OUTMOOYHBIX CUMBOJIOB; MPU MOMOIIIH k-BXOJIOBOTO MYJIbTHUILIEKCOpA MPH-
HATHIE MHPOPMAIIMOHHBIE CUMBOJIBI TTOCJIEIOBATENFHO MOIAI0T HA BXOJ CyMMATO-
pa 1o MOAYJIIO 2, a Ha BTOPOM BXOJ CyMMaTopa B TOM K€ MOPSJIKE ¢ aHAIM3aTopa
CUHpPOMA MOJIAal0T HAMJIEHHBIE 3JIEMEHTBl BEKTOpa OLIMOOK, B UTOTE B ITOM CYM-
MaToOpe OMIMOKH IMOCIIE0BATEIbHO UCIIPABIIAIOTCS B MpoIlecce BbIBOIAa MHPOpMa-
IIUOHHBIX CUMBOJIOB.

8) M30bITOYHOCTD (B TEXHUUYECKOM CMBICIIE) JJIsl TUHEHHOT0 OJIOYHOTO Koja
paBHa

R=r/n. (3.25)

VYBeNUYUTh KOJIOBOE PacCcTOsiHUE (M KOPPEKTUPYIOIIYIO0 CLIOCOOHOCTh) KoJa
pU 33JJaHHOM 71 YIAETCS JUIIb LIEHON yBEIMYEeHUsI U30BITOYHOCTH, MOATOMY OC-
HOBHOU 0e8U3 NOMEXOYCMOUYUBO20 KOOUPOBAHUSL — MUHUMAIbHOE 3HAYEHUE ¥ NpU
3a0anHbLIX 1 U d, .

9) Kon, yKOpOYEHHBIN MO0 CPAaBHEHUIO C UCXOAHBIM CHUCTEMATUYECKUM KO-
JIOM, TIOJIYYalOT CIEAYIOMIMM 00pa3oM: ISl Mepeiadyd COOOIICHHS HCIONb3YIOT
JIUIIb MOCHEAHUE M TTO3ULNI k-pa3psIHOTO BEKTOpa a, a epBble k-m MO3ULIM 3a-
MOJTHSIOT HYJISAMH, 3aT€M KOJIUPYIOT 00bIYHBIM 00pa3zoM. [1o nmuHuum cBsi3u nepena-
€Tcsl yKOpoUYeHHasi KOMOMHALMsA, @ B MYHKTE Npuéma mnepes JeKOAUPOBAHUEM 3a-
IIMCBIBAIOT HYJIM Ha Hexocrarolmue no3uuuu. [Ipu takom ykopodueHuu d,, U r HE

U3MEHSIFOTCS, HO M30BITOYHOCTh BO3PACTAET 3a CYET YMEHBIICHHUS 71, TO3TOMY ITOT
croco0 cieayeT MPUMEHSTh JIUIIb B cly4yae KpaitHel HeoOX0IUMOCTH.

3.3 Koabl XaMmmMuHra

[TponomxuM paccMOTpeHHE JTUHEHHBIX OJOYHBIX KOJOB, O0JIaJaroluX KO-
JIOBBIM PACCTOSIHUEM d, , =3 U B COOTBETCTBUU C (3.6) CIIOCOOHBIX UCIPABUTSH JIIO-

OyI0 OIMHOYHYIO OITUOKY B MIPUHITON n-pa3psiTHON KOMOWHAIUH.

Tabnuia (e—c) Tuna Tad. 3.3 COAEPKUT 1 CTPOK, IPU ITOM BCE 3HAYCHUS -
pa3psAIHOTO BEKTOpa € JIOJDKHBI OBITh pa3UYHBIMH. ToOrma MakCUMaibHO-
BO3MOKHOE 3HaUEHUE 1 onpeensercs GopMynoi

n=n_ =2"-1, (3.26)
/I BBIYUTAaHUE SAMHHIBI 00YCIOBJICHO TEM, YTO HyJeBas KOMOWHAIIHMS, COOTBET-
CTBYIOII[asi OTCYTCTBHUIO OITUOOK, B TAOJIUIIE HE COMCPIKUTCS.
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Koouwl, obnadarowue maxumu napamempamu, Hazvleaiomcst Kooamu X>m-
munea. K uum otnocsites konst (3,1), (7,4), (15,11), (31,26) u T.1.
Kcraru, kox (5,2), paccMoTpeHHbI B pa3zaene 3.2, Takke UMeeT d,,, =3, HO

HE SBJISIETCS KOJOM XIMMUHTA.

Hamomunm, uTo 3Ta Tabimma (e-c) mocTpoeHa ¢ UCIOIb30BaHuEM (HOPMYIIBI
c=eH', 1 B Heil 3HaUEHUSI BEKTOpPA-CHHJIPOMA COBIAJAET C COOTBETCTBYIOIIUMHU
cron6ramu Matpuilel H, mosToMy gaxe HET HYXIbl B IOCTPOSHUHU ITOM TaOJIHIIBI.
K coxanenuto, Takoe MpocToe COOTBETCTBHE XapaKTEPHO TOJBKO JII KOJOB, HC-
TIPABJISIFOIINX OAMHOYHBIE OITHOKH.

Urak, myst koga XaMMUHTa B KadyecTBe cTosiOnoB MaTpuilbl H HyXHO 3amnu-
caTh pa3NU4yHbIC r-pa3psAHbIE ABOMYHBIE YKCIA, KPOME HYJIEBOro (KpacoTa Heu
MOCTPOEHUS KOJIa XOMMUHIA CTAHET TMO3kKe OoJiee MOHATHOM, €CIM UX 3alucaTh B
HOPSJIKE BO3PACTAHMUS).

Jlis npumepa 3anumem matpuny H s (7,4)-kona

0001111
H=|0110011]|. (3.27)
1010101

B kadecTBe MpOBEPOUHBIX ISl KOJA XAMMHHIA MOXHO CUHUTaTh JIIOOBIE 1
CHUMBOJIOB, HO BBIUMCIICHHE UX 3HAYEHUH MPU KOJUPOBAHHUM CJIErKa YMNPOIIAETCS,
€CJIU B Ka4eCTBE MPOBEPOUHBIX B3SITh T€ CUMBOJIBbI, KOTOPHIE OXBAau€HbI JIUIIbL OJI-
HOW TIPOBEPKOI Ha YETHOCTh. B HameM mpumepe 310 Sy, §, S4, TOTIa HHPOPMAIIH-
OHHBIMU CHUMBOJIAaMU OYAYT 83, Ss, S¢, S7. IlepeCTaHOBKON CHUMBOJIOB KOJI MOKHO
NPUBECTH K CUCTEMATUYECKOMY BHUJY, HO TMOJb3bl OT TAKOW OIMEpalvu B JaHHOM
Clly4ae MoKa HE BUIHO.

KonupoBanue s (7,4)-kona MpOBOAMUTCS CIEAYIOIIMM 00pa3oM: YEThIpe
WH(GOPMAIIMOHHBIX CUMBOJA a,,a,,d;,a,, TOCTYIIMBIIIME HA BXOJ KOJEpa, 3alHuChl-

BalOTCS HA MO3ULIUU S§3, Ss, Sg, 57, & 3ATEM HAXOIAT TPU MPOBEPOYHBIX CUMBOJIA MO
TOM ke MeTouKe, Kak u (3.15)
S =8 +5+8, §,=85+5+5,, 5, =855+5 +S,. (3.28)
JlekoqupoBaHue HayuHAeTCa C BbluMciaeHus cunapoma (3.16). Ecim ¢=0,
CUMTAIOT, YTO OIIMOOK HET. B MpOTHBHOM ciydae BHIYMCICHHOE 3HAYEHHE C COB-
najaeT C HOMEPOM OIIMOOYHOT'0 CHMBOJIA, 3alMCAHHBIM B IBOMYHOHN (opMme.
st (7,4)-kona BBIUMCIECHUE DJIEMEHTOB CHHJPOMA MPOBOAMUTCS 1O (popmy-
Jaam
C =S, 485 +8g+8, C=8+8+S5,+8, C,=5+58+5+5,. (3.29)
Hanpuwmep, nns npunstort komounanuu y=0111100 umeem ¢=000, mosTomy
CUMTBHIBAEM 3HAYECHHUS Y, Y,V ,y, U MOJAEM UX Ha BBIXOJ AeKojiepa (IpoBEpOUHbIE

CHUMBOJIBI CBOIO POJIb YK€ CHITPAIIA M TIOJyYaTeI0 OHA HE HYXHBI). [[7151 koMOnHa-
i 1010001 mmeem ¢=101, To ecTh ommOKa B IMSITOM CHMBOJIC — €TI0 HY)KHO H3-
MeHUTH Ha oOpaTHbIi (0 Ha 1).

Koo Xommunea onpedenén ¢hopmynoii (3.26), nosmomy ou s61semcs onmu-
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MATbHBIM KOOOM, MO eCmb, Cpedu 6cex KOO08 C 3A0AHHbIMU 3HAYEHUsMU T U
d.,, =3 Hem Opy2020 K004, KOMOpwvill Obl 001a0an MeHbulel U30bIMOYHOCMbIO

(3.25). bonee TOoro, OH OTHOCUTCS K KJIACCY COBEPULEHHBIX KOOO8, TO €CTh, UCITPaB-
Js1s1 TH00YI0 OTHOKPATHYIO OLIMOKY, OH HE CIIOCOOEH MCIPAaBUTh HU OAHOM OIIMO-
K1 0osiee BBICOKOM KpaTHOCTU. XOTS OOHAPY>KUTh OH MOXKET U OHOKpaTHbIC, U
nByKpaTHble omuOku. [ToaToMy npu oOHapykeHuu omHOOK (c¢#0) AanbHeiiiee
JEKOIMPOBAHNUE TPOBOJUTCS B MPEAMNOIOKEHUH, YTO B KOJOBOW KOMOWHAIUU
nmpou3oIuia 6ojiee BeposiTHasl, OJHOKpaTHas omubka. Takum oOpa3om, coBepIIeH-
CTBO KOJIa 3aKJIFOYAETCS] B TOM, YTO OH BCE PECYPChl HAIIPABIISET HA MCIPABICHUE
OJTHOKPATHBIX OIIUOOK.

OTO CcTpeMJIeHHE MPOCMATPUBAETCS B CXEME€ IMPOBEPOK, MOCTPOCHHOU
HaunOoJiee paloHalIbHBIM 00pa3oM, €CJIM BCIOMHUTD, YTO PE3YyJIbTaT Kax 101 npo-
BEpKHU BbIIAETCS B ABOMYHOU (opme (Aa - Her). [IpencraBum cebe, uTo mnepes ne-
KOJMPOBAaHMEM KOMOMHAIMS JIOTIOJIHEHA CJIeBa €lI€ OJHUM 3HAKOM s, =0, CUMBO-

JU3UPYIOIIUM OTCYTCTBHE OILIMOOK B OCTaJbHBIX CHMBOJIaX. Torjga mpoBejicHUe
MIPOBEPOK HA YETHOCTH HAIIOMMHAET MPOLIEAYPY YraJbIBaHUS YUCIIA, KOTOPOE MO-
KET MPUHATH J000e u3 2" 3HadeHui. Cxema MpoBEpOK Ha YETHOCTh YKa3bIBAeT,
KAKUM JIOJKEH OBITh CMBICI KaXKJI0T0 U3 3a/1aBa€MbIX BOIPOCOB MPHU YCIOBUHU, UYTO
Ha KaXKJbI U3 HUX JA€TCs OTBET “‘Aa” uiu “Her’. Cxema mMpoBEpPOK Koja XIMMUH-
ra TakoBa, YTO MO3BOJIIET YBEPEHHO OMPEALIUTh 3aJJaHHOE YUCIO TPU MUHUMAJTb-
HOM KOJIMYECTBE BOIIPOCOB 7.

3.4 Uuknnyeckue Koabl

Crnenyer OTMETHTb, YTO MUKINYECKUN KO — 3TO OJHA U3 CAMBIX SIPKHUX HJI-
JIOCTPAIMA TOT0, KaK pa3yMHOE MPHUIIOKEHHUE PE3YyIbTaTOB aOCTpaKTHOM MaTeMa-
TUYCCKON TEOPHH IMTO3BOJIMIIO CO3JaTh BEChMa MPOCThIC U d(PPEKTUBHBIC TEXHUYEC-
CKHE YCTPONCTBA — KOJCPHI M IEKOJICPHI.

[uKIM4ecKkuii Koa — 3TO Pa3HOBUIHOCTH JIMHEHHBIX OJIOYHBIX KOJOB, TO-
ATOMY ISl HETO CIPaBEIJIMBO BCE, UYTO ObUIO CKa3zaHO B pazgenax 3.1 u 3.2. B
YaCTHOCTH, CyMMa JIByX KOMOWHAIIUM, B3SAThIX U3 KOJIOBOM TaOJIHUIIBI, 1aeT KOMOU-
HAIMIO, TIPUHAICKAITYI0 TOW ke Tabmuie. [lukmndeckne Koapl 00JIaaroT emre
OJTHUM, JTOTIOTHUTEIHHBIM MPU3HAKOM: KOMOWHAIIHS, TIOTyYEHHAS ITOCIE UK e-
CKOM TIepEeCTaHOBKM CHMBOJIOB B MOCJICIOBATEILHOCTH, B3STOM M3 KOJOBOM TabIH-
b, IPUHAJICIKUT TOU e TaOIuIIE.

CtumyJioM JIJIs CO3IaHUS TAKUX KOJIOB SIBHJIOCH JKEJIAHUE MCITOIb30BaTh IS
KOAWPOBAHUS M JEKOAUPOBAHMS IPOCTHIE YCTPOWCTBA, MOJOOHBIEC JTUHEHHBIM
G poBbsIM GritbTpaM (paza. 2.7).

[TosToMy W 37€Ch AJIsI OMUCAHUS n-pa3psIHBIX KOMOMHAIIMNA S, COCTOSIIHNX
U3 M-U4HBIX CUMBOJIOB, YIOOHO MCIIOIL30BaTh MOJTUHOMEI (2.13)

S =(Sy»SprernS, ) —> S(x) = 5,x° + 5% +.. 45, X", (3.30)
rae s;7=0; 1;...; M-1.
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Cpazy cienyer 3allOMHUTh T€ 0COObIE MpaBuiIa OOpaIieHus C MOJUHOMAMH,
KOTOpPbI€ 00YCIOBJIEHBI OCOOBIMU CBOMCTBAMHM ITUKIMUECKUX KOJIOB IO CPABHEHUIO
C ApyruMu U(PPOBBIMU TTOCIECOBATETHHOCTIMHU.

Bo-niepBhiX, Mbl OrpaHUYMMCSI U3YYEHHEM JIMILb JBOMYHBIX KOJOB, KOI'Ja
M000M CHMBOII §; B JIIOOOW TOYKE TPAKTA MEPeJadyd MOKET IPUHUMATD JIUIIb OJHO
u3 AByx 3HadeHui: 0 wim 1 (kcratu, oOmias Teopus MUKINIECKUX KOJIOB OXBAThI-
BaeT W HEJABOUYHBIC KOJIbI, PUUYEM MIPHU OONBIINX 3HaAYEHUsAX M KOJ mpuodpeTaer
HEKOTOPbIE HOBBIE CBOWMCTBA, HO 3Ta TEOPUs, €CTECTBEHHO, HECKOJIBKO CIIOXKHEE).
UtoOb1 06eCcTIeYnTh 3TO OTPpaHUYCHHUE, CYMMHUPOBAHUE CUMBOJIOB (KO3 (PHUITMEHTOB
MNOJMHOMOB) HYXXHO MPOBOAMUTH MO MOAyJt0 2 (cMoTpu dopmynsl (2.1)). B manb-
HEHIIeM, paju MPOCTOTHI, Oy/eM HCIOIB30BaTh 3HAK OOBIYHOI'O CYMMHUPOBAHUS,
HaIpuMmep,

xtx=x(1+1)=0, X’+xX’+x’=x", (+xX +xH)+A+x"+xH)=x"+x.

Bo-BTOpBIX, UKIMYECKUA KOJI OJIOYHBIHN, CIIeI0BATEIbHO, CUTHANBI, TOJY-
yaeMble B pe3ysbTare JIFOOBIX MPeoOpa3oBaHuid, - 7TO KOMOMHAILIMH, COCTOSIIINE U3
n 6ut. [lo3TOMy Ipy YMHOKEHUU TOJIMHOMOB IIPUHSTO COTJIAlICHUE

X" =1, (3.31)
rae m — J1000¢e 1eJ1I0€ HEOTPUIIATEIbHOE YUCTIO0, CIeI0BaTeNbHO, x™ +1=x" -1=0,
X'+1=0, x™ =x' uT.I

Hanpumep, npu n=5 umeem
I+xHXF+xX) =X+ X +x° +x' =x* + X +x+x* =x+x . B urore 1o00# moJIuHOM
OyneT comepkath YiICHBI C X B CTEIICHHU, HE TIpeBbImatomei n-1.

Wtak, mpy yMHOKEHUU TOJMHOMOB HMCIOJIb3YIOTCSI COTJIAIIEHUSI O CYMMHMU-
poBanuu mod 2 u (3.31), a mpaBuia JieJ€HUS TOJTUHOMOB, Pa3yMEETCs, BHITEKAIOT
U3 MPaBUJI X YMHOXKCHHUS.

[Tockonbky K03(h(UITMEHTH TOJIMHOMOB — IeNible (IBOWYHBIE) YMCIIA, MPU
JICJICHUW TOJMHOMA HAa TOJMHOM TOJy4aeM IOJMHOM-YaCTHOE€ M TOJHMHOM-
ocraTok. Hampumep, npu n=5 mociie BEIOJHEHUS OMeparuu (x+x* )/ (1+x°) umeeM
gacTHOe (1+x°) W octaTok (1+x). B oTimuue oT cimydas GuibTparuu OOBIYHBIX
curHanoB (pasa. 2.7) npu paboTe ¢ HUKIMYECKUM KOJIOM HE MMeEeT 3HAUCeHHMs, Ka-
KUM TIOJTYYHJIOCHh YaCTHOE, BAXKHO JIMIIb, KAKOBO 3Ha4YeHUE ocTarka. /(s 00o3Ha-
YeHHsI TIOJIMHOMA, COOTBETCTBYIOIIErO0 OCTaTKy OT JeineHus a(x) Ha b(x), Oymem
UCII0JIb30BaTh OJIUH U3 JBYX BapUAHTOB:

res(x) wmm a(x)mod b(x), (3.32)
IpU 3TOM BUIHO, YTO MAaKCUMAaJbHBIM MMOKa3aTelb CTEMEHH IMOJIMHOMA res(x) He
IpeBbIIIaeT p-1, rie p — CTeneHb nojuHoMa b(x).

B wactHocTH, u cormamenue (3.31) o3Hayaer, 4TO 3aBepIIArOIIAs ONepaIus
HaJ MOJIMHOMOM a(x), MOJIYYEHHBIM B pe3ylbTaTe Kakux-i1u0o npeodpa3oBaHuil, -
3TO BBIUUCIIEHHE OCTATKA

res(x) = a(x) mod(x" +1). (3.33)

Hpyrast ocoOeHHOCTh, BhITeKaromas u3 Gopmyi (3.31) u (3.33), 3akmouaer-
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Cs B TOM, YTO IUKJIMYECKas IMEPECTaHOBKA CUMBOJIOB BIIPABO B 7-Pa3psaHON KOM-
OMHAIIMK OTOOpaKaeTCss YMHOKCHHEM COOTBETCTBYIOIIErO IOJIMHOMA Ha X.
Hampumep, npu n=7 mist komouHanmu s=0110011, s(x)=x+x"+x" +x° MOCIE IUK-
JMYECKOM MepecTaHOBKU UMeeM s =1011001, TO eCTh s (x)=1+x" +x +x° = xs(x) .

CrocoObl KOIUPOBAHUS M JICKOAUPOBAHUS KOHKPETHBIM IUKIMYSCKHM KO-
JIOM TIOJHOCTBIO OMPEACISIIOTCS €0 Npou3800auuUM (NOPOAHCOAOWUM, 2eHepa-
MOPHBIM) NOAUHOMOM CTETICHH

g(xX)=g,+gx+..+gx", (3.34)

rae g, =0;1, mpuaéM Beeraa g, =g, =1. PopMaabHO 3TOT IMOJIMHOM TOKE COAEPIKUT
71 YJICHOB, IIPOCTO Y HETO s, =0 Ipu j>r.

DynoamenmanvHoe CEOUCMBO YUKIULECKO20 KOOA COCMOUm 6 MOM, Ymo
NOIUHOM S(X), coomeemcmaywull 000U paspeuénHol (nepedasaemoti) Komou-
Hayuu s, 0enumcs 6e3 ocmamka Ha NPpou3800AuWULL NOJUHOM

s(x)mod g(x)=0. (3.35)

Orcroga cieayeT MeTol JEeKOJUPOBAaHMS MPUHUMAeMOW KOMOHWHAIu v(x):
HY’KHO BBIYHMCIIUTH OCTATOK res(x) OT JeJeHust 3Toro noauHoma Ha g(x). CreneHpb
MOJIMHOMA res(X) He MpeBbIIaeT -1, TO €CTh ATOT OCTATOK COAEPKUT r Out. Ecin
0Ka3aJioCh, 4TO res(x)=0, TO 3TO HECOMHEHHO yKa3bIBa€T HA HaJW4yue OUIUOOK B
NpUHATON KOMOWHAIUKU (0OHApYKEHHUE OITHOOK).

HamomuuMm, 9To mepemaHHas § ¥ MPUHATAs V KOMOWHAIIMU CBSI3aHBI COOT-
HomieHue (3.2), OTKy/1a cieayeT

v(x)=s(x)te(x), (3.36)

rjae e(x) — monuHoM omuoOok. Torna ¢ yu€rom (3.35) umMeeM COOTHOIIIEHUE, aHAIO-
ruaHoe ¢popmyse (3.17),
res(x)=v(x)modg(x)=s(x)modg(x)+e(x)modg(x)=e(x)modg(x), (3.37)
TO €CTh BEIMYMHA OCTaTKa HE 3aBUCHUT OT TOTO, Kakas KoMOuHaius Obliia Tiepea-
Ha, @ 3aBUCHUT JIMIIb OT TOTO, KaKhe MpOou30NuId omuoku. Takum oOpazoM, ocTa-
TOK res(X), BBIYMCICHHBIA TIPHU JEKOAUPOBAHUU, 00JIaIa€T TEM KE€ CBOWCTBOM, YTO
U CUHJIPOM C JIF0OOT0 JTMHEHHOr0 6JI0YHOT0 KOJa.

Otcroga BBITEKAET MepBOE TPeOOBAHKME, KOTOPOMY JOJKEH YIOBIETBOPSITH
“XOopomuii” MPOU3BOASIIMM MOJMHOM: €CIIM HY)KHO OOHApY)XMBATh BCE OIIMOKHU
KpPaTHOCTH ¢ <¢,, TO JUIsl BCEX TaKUX MOJIHMHOMOB e(X) MPHU BBIYUCIECHUH MO (op-

myiie (3.43) TOJDKEH MOMy4aThCsl HEeHY1e80U OCMAMmOK.

W3 onucanHOM TpoLeAypsl NEKOAUPOBAHUS CTAHOBUTCSI OYEBUIHBIM U CIIO-
co0 WCTIpaBlICHUs] OMIMOOK: BBHIYHMCIUB OCTATOK JJISl MPHHITON KOMOWHAIMH V(X),
HY>KHO MOJICTaBUTh €ro 3HaueHue B ypaBHeHue (3.37) res(x)=e(x)mod g(x) u HaliTu
U3 HEro BeKTOp omHuOoK e(x). Torna oueBUIHO BTOpOE TpeOOBaHHE K MOJUHOMY
g(x): ecam HY)XHO HCHpPABIATH BCE OIMMOKU KPAaTHOCTH 1<¢g<g,, TO BCEM TaKUM
TIOJTMHOMAaM e(X) JOJDKHBI COOTBETCTBOBATh PA3NIMYHbBIC HEHYJIEBBIE OCTAaTKH, HHA-
4ye He yJlacTcs OJHO3HAYHO pemuTh ypaBHeHue (3.37). Kecratu, MakcuManbHOE KO-
JMYECTBO Pa3IMUHbIX HEHYJIEBBIX OCTATKOB ONpPEAENsAeTCs OUYEeBUAHBIM 00pa3oM
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N, =2"-1, (3.38)
a YHCJIO Pa3JIMYHBIX OJHOKPATHBIX OMIKOOK PABHO 71, YHCIIO JBYKPATHBIX OLIHMOOK
paBHO C. W T.1.

OO6parumcst k mpodiieMe xoouposanusa. Ecnvu monuHoM a(x) creneHu k-1,
COOTBETCTBYIOIIUNA BXOJHOW KOMOWHAITMM WH(POPMAIIMOHHBIX CHMBOJIOB, YMHO-
KUTh Ha TIPOU3BOJIAIITUN TTOTUHOM

s(x)=a(x)g(x), (3.39)
TO TIOJIYYHMM TIOJIMHOM, YAOBJIEeTBOpstomuid yciaosuto (3.35) (cpaBHuTe ¢ hopmy-
joii (3.21)). Koxa, hopmupyemsiii Takum o0pa3oM, HE SIBIISIETCS CUCTEMATUYECKUM.

s koouposanus 6 cucmemamudecxkou ¢popme (MHPOPMAITMOHHBIE CUMBO-
JIBI a; TIOCNIEIOBATENBHO IEPEHOCATCA B KOJOBYI KOMOMHALMIO § M 3aHUMAIOT k

MEPBbIX MO3UIUI) MOXXHO TPUMEHUTH APYrOol METO]T
s(x)=x"a(x)+[x"a(x)]mod g(x). (3.40)

Omnepanuu, omnpeaenseMble 3TUM BBIPAKEHHUEM, MOXKHO JI€TaJU3UpPOBATH
CIeAYIOIIMM 00pa3oMm:

1) ymHoxkeHue a(x) Ha x° O3Ha4yaeT, 4YTo k MHGOPMAIMOHHBIX CHUMBOJIOB
CABUTAETCS HA ¥ O3ULMI BIIPABO U B UTOr€ 3aHUMAIOT k CTApIIUX (MO CTENEHSIM X)
pa3psI0B; ¥ pa3psAa0B CIEBA IIPU ITOM OKa3bIBAKOTCS HYJIEBBIMU;

2) BBIUMCISETCS r-pa3psaiHbI OCTATOK res(x) OT JAeNeHus MOIUHOMA x'a(x),
COOTBETCTBYIOIIETO MOTYYEHHON TakuM 00pa30oM KOMOWHAIINY;

3) 3TH r PIIEMEHTOB OCTaTKa MOMENIAIOTCA Ha 7 HYJIEBBIX MO3ULIUNA KOMOUHA-
I[MU, TTIOJIyYEHHOMU B MMyHKTE 1, B KauecTBE MPOBEPOUYHBIX CUMBOJIOB.

Jlerxko mpoBepuTh, UTO Takask KOMOUHAIIMS YJIOBIETBOPSET yciaoBuio (3.35).
Konwi, momydennsie mo ¢opmynam (3.39) u (3.40), 5KBUBaJICHTHBI, HO 3TO Pa3HbIC
KOJIbl, TO €CTh UM COOTBETCTBYIOT pa3Hble KOJ0BbIe Tabuuibl. Ho mockonbky oba
KozAa 00JaJaroT OJTHUM M TE€M K€ CBOMCTBOM (3.35), anropurmbl OOHAPYKEHUS U
UCTIPABJICHHSI OITUOOK /IS HUX JIOJKHBI OBITH OJTMHAKOBBI.

TpebGoBanusi, mpeabsIBIseMble K MOJUHOMY g(X) KO/a, CIIOCOOHOTO OOHApy-
KUBATh U UCIPABJIATH OLIMOKU 33JaHHBIX KPATHOCTEW, CBUAETENBCTBYIOT, YTO Jla-
JIEKO HE BCAKUU MOJUHOM CTEIECHU 7' MOXKET OBITh MPOU3BOISIINUM MOJIMHOMOM. B
pe3ynbTaTe MaTeMaTHYEeCKOr0 aHalln3a, OCHOBAHHOIO Ha OOLIMX IMOJIOKEHUSAX aj-
reOpbl, OBUIO MOKa3aHO, YTO MapaMeTpbl U MPOU3BOISIINN MOJIUHOM XOPOIIETro
UKIMYECKOT0 KOJa JOJKHBI 00J1a1aTh CIEAYIOIIMMHI CBOMCTBAMHU.

Bo-nepBsix,

n=2"-1, (3.41)
rae p — ueioe Yucio (p =3);
r<pq,, (3.42)
I ¢,- MaKCUMaJIbHas KPaTHOCTb FapaHTUPOBAHHO HCIPABISEMBIX OLIMOOK, IIPU
3TOM KOAOBOE paccrosuue d ,=2q, +1. I[lpu r<<k 3TO HEpaBEHCTBO OOBIYHO 00-

pamaercsi B paB€HCTBO.
Bo-BTOpBIX,
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g(x)modb(x) #0 (3.43)
U1 1100010 b(x), ecinu b(x)#1 | b(x) # g(x). DTO 3HAYUT, YTO MHOTOUJICH g(X) 5B-
JISI€TCS HETPUBOJUMBIM (IIPOCTHIM), TO €CTh HE JIETUTCS 0€3 OCTaTKa HU Ha KaKou
JpYyroii MHOTOWIEH, KpoMe 1 u camoro ceosl.
B-Tperbux,

g()h(x)=x"+1=0, (3.44)
TO €CTh JABYWIEH x"+1 menuTcst 6e3 octaTka Ha g(x) (cpaBHUTE 3TO ¢ OpMYION
(3.18)).

Konpl, obnanaroniue ykazaHHBIM HaOOpOM CBOMCTB, Ha3bIBAIOTCS KOJAAMU
BUX. Tabaumpl MpOU3BOAAIIMX MOJHHOMOB ISl TAKMX KOAOB JaHBI B PsJiec KHUT
[2,8]. HekoTopskie n3 monmHOMOB npuBeneHsbI B [Ipunoxenun 1.

OOpaTtute BHUMaHHe, 4ToO Npu ¢, =1, d,,=3 i (3.48) umeem p=r u nus
(3.41) nonyuum

n=2"-1. (3.45)

Takum 06pazom, camwiti npocmoti yukiuveckuti koo b4X sxkeusanenmen Ko-
0y Xommunea (3.26) u, cnedosamenvHo, maxxice s611emcsi ONMUMAIbHLIM U CO-
BEPUIEHHBIM.

[TonuHom ctenenu k, Bxomsuuii B (3.44),

h(x) = h, +hx+...+h x" (3.46)
HA3BIBACTCSL NPOBEPOUHBIM HOAUHOMOM JAHHOTO IUKINYECKOro KOJia, MPpUUEM BCe-
raa h,=h,=1. TaOnauipl NPOBEPOUYHBIX MOJMHOMOB HE NMPUBOASATCS, MOCKOIBKY

€ro JIErKko MO>KHO HaiTu u3 (3.44).

BrionHe ecTecTBEHHO, UTO ISl KOJUPOBAHUS U JIEKOJAUPOBAHUS BMECTO IO-
JMHOMA g(X) MOYKHO MCIIONB30BaTh MOJUHOM /(X), TIPU 3TOM (DYHOAMEHMANbHOE
ceoticmeo (3.41) bopmynupyercs ClIeTyromuM o0pa3om

s(x)h(x)mod(x" +1) = s(x)h(x) =0, (3.47)
TO €cTh IpousBeneHue s(x)h(x) nenurcs 6e3 ocraTka Ha x"+1, MPU ATOM O00O3HA-
yeHrue mod(x" +1) OMyIIEHO, MOCKOJIbKY 3Ta orepanus yxe Obljia HaMy IPUHATA B
cornamenusix (3.31) u (3.33). Keraru, nukiInyeckuii KoJl — 3TO JIMHEWHBIN 0J104-
HBII KO/, IO3TOMY HEYAUBUTEIBHO, YTO 3Ta (opMysia HarloMUHAET (3.22).

Pazymeercs, 3TO COOTHOIIEHHE TaK)Ke€ MOKHO UCIIOJIB30BATh ISl IEKOAUPO-
BaHMs, TO €CTh JJig OOHapyXeHus omuOok. MTak, u komep, U JAEKOJIep MOXKHO
CTPOUTH JIMOO HAa OCHOBE MPOU3BOMSAIIETO MOJIMHOMA, JTUOO HA OCHOBE IPOBEPOU-
Horo. Bo Bcex ciyuasx Koziep U JEKOAEep COMAEpKaT PErUCTpP CABUTA U CyMMATOPBI
M0 MOJYJIO 2, IPUYEM KOJUYECTBO SYEEK PErucTpa CIBUTa PaBHO CTETICHU MOJIH-
HoMa. Ha mpakTrke 0OBIYHO MPUMEHSIOT KOJbI C MaJION M30BITOUHOCTBIO, /IS KO-
TOPBIX r <<k, IO3TOMY KOJEp U JEKOJIepP BHITOJHEE CTPOUTHh Ha OCHOBE MPOU3BO-
JIAIIETO MoJTuHOMa g(X).

3aBepiiasi 00CyXJI€HHE OOIIUX TMOJOKEHUU, OTMETUM, YTO JIJIsi KOAMPOBA-
HUS IUKJIMYECKUM KOJIOM M JI€KOJUPOBAHUS HE TPEOYeTCs UCTIOJb30BAHUS JaXkKe
IPOU3BOSIICH U MMPOBEPOYHON MATPHIL, HE TOBOPS YKe O KOJIOBOM Tadiuie. Tem
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HE MEHee, 3TH MAaTPHUIIbl CYIIECTBYIOT U UMEIOT CJIEIYIONIMIA BUI:
g(x) ] (h(x), ]
xg(x) (xh(x)),
G=|xg(x) |, H=|(h(x),

o

(3.48)

|2 (x) | (" h(x)), |
rae (h(x)), - TOJTMHOM, COTJIACOBAHHBIN C /(X), TO ecTh KOA()(PUIIMEHTHI ITOTO TOo-

JIMHOMA 3alucaHbl B OOpaTHOM nopsake h,=h,, .. Hanpumep, npu n=7 nis
h(x) =1+x+x"+x* umeeM (h(x)), =x" +x* +x° +x°.

Paccmotpum konkpeTHbiii mpumep. st (n,k) — KOJIOB € KOAOBBIM PacCTOs-
HUEM TPH, UCIIPABIISIIONINX BCE OJTHOKPATHBIC OMHMOKHU ([IUKINYECKUX KOJIOB X3M-
muHra), B Ilpunoxkennun 1 mpuBeneHsl ciaeAyrolue BO3MOXKHBIC 3HAUCHUS TMapa-
metpoB: (7,4), (15,11), (31,26), u 1.1. [IpoananuszupyeM Hamboaee KOPOTKUN KO
(7,4). Ins Hero maHbl JBa BapHaHTa MPOU3BOAIICIO MOJIHMHOMA: g(x)=I1+x+x
an00 g(x)=1+x>+x". Koapl, mOCTpOCHHbIE HA OCHOBE J00Or0 M3 HHX, OKa3bIBa-
I0TCSI Pa3HBIMM, HO 9KBUBAJIEHTHBIMU. BeiOepem ist onpeneiéHHOCTH TIePBhIN 1MO-
JUHOM g(x)=1+x+x.

Jlanee HailIEM MPOBEPOUYHBIN MOJMHOM U3 COOTHOIIEHUs (3.44),
JUIS1 TOTO BBIMOJIHUM jAenieHue (1+x") Ha g(x) ctondukom (puc.3.2).

+ x;+15 ) 323+x2:+1
x'+x +x X' 4x"+x+1
o+t
xo+x 4’
padn s |
x*x’+x
+x+l
T Pxtl
0
Puc.3.2. Boluncienue npoBepo4HOro

nosuHoMma s (7,4)-xoaa

Takum 00pa3oM, MPOBEPOYHBIH MOJIMHOM UMEET BU A(x)=1+x+x" +x*.
[Monb3ysice crmocoboMm (3.54), 3amuineM MPOU3BOMAIIYI0 U MPOBEPOUHYIO
MaTpPHIIbI

1101000
0010111

OTTO1001 11 o101110

0011010 |’ (3.49)
1011100

0001101

Y6enurech, 4TO TU MATPHIIBI YIOBIECTBOPSIOT COOTHOIIEHUIO (3.18).
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Cxema kojepa, peanmsytomiero meton (3.45) B coorBerctBuu ¢ puc. 2.10,
npuBeeHa Ha puc. 3.3. Sueliku peructpa OOHYJSIOTCS, 3aTE€M MPU 3aMKHYTOM

K ¢ T T Th
as, ..., Ay
- - TV:L
S6y+++»50
2 M2|
8o 81 &2 &3

Puc. 3.3. Cxema xogaepa necucmemamuueckozo (7,4)-
KOJ/Ia Ha OCHOBE MTPOU3BO/ISIIETO TTOJTMHOMA

kioue K B konep BBoasATCA 4 MH(GOPMALIMOHHBIX CUMBOJIA, IPU 3TOM B CXEME BbI-
YUCIISIIOTCS U BBIBOASITCS 4 MEPBBIX CUMBOJA s,,...,s, KOJOBOM KoMOMHauuu. [lanee

kiarou K Pa3MBIKACTCA, 1 B TCUCHUU CJICTYIOIINUX TpéX TAaKTOB BbIYUCIIAIOTCA U BbI-

8o 81 $) &3
[ I I 1 ™
— » 1 I1 50, .- +»56
| A
aop, ..., A3

Puc. 3.4. Cxema xozaepa cucmemamuuecxkoeo (7,4)-
KO/Ia Ha OCHOBE MTPOU3BOISIIETO TTOJMHOMA

BOJAATCS 3HAYEHUSA s,, S, S, -

CxeMa Kojepa cHUCTEMaTUYECKOro Koja, peanusyromas meron (3.34), nana
Ha puc. 3.4.

D10 cxema JefieHus MOoJMHOMa x'a(x) Ha MOJIUHOM g(x), HO, B OTIWYHE OT
cxembl puc.2.11, oHa mocTpoeHa HECKOIbKO MHAYE, MOCKOJIbKY OPUEHTUPOBAaHA HE
Ha BBIYUCJICHHE YaCTHOTO, @ Ha BhIYKCIIEHUE OocTaTKa. Peructp oOHymsercs, nepe-
Kirouatens 11 nepeBoauTces B monokeHue 2, U B Te4eHUE 4 TaKTOB B KOJAEP BBOMSAT
4 wHbopMaIMOHHBIX cCUMBOIa. OJHOBPEMEHHO 3T CHMBOJIBI MOCTYIAOT HA BBI-
X0l B KauecTBe MH(OPMAIMOHHOW YacCTH KOJOBOM KOMOMHALUU s, =d,,...,s, =d,

(oOpaTuTe BHHMMaHUE, YTO BBOJ M BBIBOJ INPOM3BOJATCA B OOpaTHOM MOpSKE,
HaurHas ¢ KO3(PPUIMEHTOB MPHU CTAPIIUX CTEMEeHAX X). B 3To BpeMs B peructpe ¢
OOpaTHBIMU CBSI3MU HAUYMHAETCSl BBIUMCIIEHUE OCTaTKa. 3aTeM mepekitoyaTens [1
NIEPEBOJUTCS B MOJIOKEHUE |, OTKIIIOYAst BXOJ, U B TEUEHUE CIEAYIOUINX 3 TAKTOB

K iy 7 T Th
Vo, .. V6
Rl
—
8o 81 82 83

Puc. 3.5. Cxema nexonepa (7,4)-koqa Ha OCHOBE
IIPOM3BOISIIETO ITOJIUHOMA
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3aBEpIIAETCS BBIYMCICHUE OCTAaTKa M €ro AJIEMEHTHI BBIBOJATCS HAa MECTE MPOBE-
POUYHBIX CUMBOJIOB KOJIOBOW KOMOWHAIIUU

Cxema nekojepa, IpuBeAEHHAs Ha pUC. 3.5, TaK)Ke OPUEHTHUPOBAHA HA BHI-
YUCJIEHWE OCTaTKa OT JieJeHus MoJIMHOMa V(x) Ha nmojauHoM g(x) (popmymna (3.43)),
MO3TOMY OHA MPAKTHUYECKU HE OTJIMYAETCS OT MpelbIayiier cxembl. Peructp o0-
HyJsieTces, Kito4d K 3aMbIKaercs, U B TEYEHHUE / TAKTOB B PETUCTP BBOAATCS 7 CUM-
BOJIOB MPUHATON KOMOMHAIIMU, HaUMHAs C Vg (cTapuiero paspsaa). [locie 3aBep-
IIEHUSI BBOJIA B SlUEMKAaX PETrHCTpa OKA3bIBAECTCS 3alMCAHHBIM 3HAUYEHHUE OCTAaTKa
res(x). Ecimm res(x)=0 (B 3 siueiikax perucrpa oka3ajuch HYJIH), CUATAIOT, YTO B
NPUHITON KOMOWHAIIMK OMMOOK HET, U Ha ATOM JEKOANPOBAHNE 3aKaHUYNBACTCS.

B nporuBHOM ciydae (res(x)#0), kiou K pa3mbikaercs ((hakTHYeCKH 3TO
COOTBETCTBYET CUTYallMH, KOTJa MOCIEIYIONMEe BXOAHbIE CUMBOJIBI paBHBI HYJIIO),
U TIO/IAIOT e1I€ 7 TAaKTOBBIX UMMYJbCOB, (OPMAILHO MPOI0JIKAS MPOLIECC ACTICHUSI.
Homep TakTta, Ha KOTOpOM B suelKax perucTpa okasbiBaercs komOunamms 100
(9T0 cityyait res(x)=1, yuuThIBaeTCs 0OpATHBIN MOPSAIOK CIEAOBAaHUS CUMBOJIOB), U
€CTh HOMEp OomuOoYHOro cuMBoia. [lociae 3Toro ucmpariaeHue dTOTO CUMBOJIA U
oTJiefieHue HHGOPMAIIMOHHBIX CUMBOJIOB — 3TO TPUBUAIBHBIC OMIEPALIUH.

YTo0BI HE OBUIO COMHEHUM, 3aMETHM, 4TO OXKHaaeMmas komOmHamus 100 B
TE€YeHHE 7 TAKTOB 00s13aTE€IHHO MOSIBUTCS, MPUIEM OJIMH pas. Jlemo B Tom, 4To npu
OMKIIOUEeHUU 8X00a cxeMa puc. 3.5 npespawjaemcs 68 2eHepamop 080UUHOLU NCeG-
odocnyyaunou M-nocnedosamenvrocmu ¢ nepuoaom (2.21) paBubsiM 7. CBoICTBa
M-nociie1oBaTeNbHOCTH TAKOBBI, YTO B T€UEHHE NEPUO/A B AYEUKax reHeparopa
00s13aTeIbHO IO OJTHOMY pa3y OKa3bIBAlOTCS 3alMCAHHBIMU BCE r-pa3psiaHbIC JTBO-
WYHBIC KOMOWHAIIUN, KPOME HYJIEBOH, pa3yMeeTcsl.

OO6paTuTe BHUMaHHUE, YTO HAIMYKME CYMMATOPOB Ha CTBIKAX MEXAY sueiKa-
MU PETUCTpa CABUra OMPEACNSIeTCsl 3HaUCHUSIMU KO3(PPUIIMEHTOB morHOMa g(x):
CYyMMaTop €CTh, €CJIM g, =1, U OH OTCYTCTBYET, € g, =0. Takum o0OpasoM, 3Has

g(x), ModCHO cpa3y cocmasums cxemvl Kooepa u 0ekooepa O0Jisi 1006020 YUKIuye-
CK020 KoOa (unu cxemy eenepamopa M-nociedosamenvrocmu).

Kak mokassiBaeT mpakTrka, GopMalbHOE 3alIOMUHAHNE TTPUBEAEHHBIX COOT-
HOIIIEHUH U CXEM MaJjio 4TO AA€T JJIsi MOHUMAaHUS CYyTH BOMPOCA, €CIIU JIETATHHO HE
pa3o0path XOTS OBl JECATOK KOHKPETHBIX YMCICHHBIX MPUMEpoB. B wacTHOCTH,
€CJIM HY)XHO 3aKOAMpPOBaTh MH(OpManMoHHYIO mocieaoBaTenbHocTh 0011, mms
KOTOPOH a(x)=x"+x’, TO, IPOCICANB TAaKT 3a TAKTOM pabOTy cXeMbl puc.3.4 u 3a-
NUCHIBAsI COJIEPKUMOE STUEEK, MOXKHO yOCIUThCS B TOM, YTO Ha BBIXOJE MOSBUTCS
xomOuHarus 1100010, KOTOpO¥ COOTBETCTBYET MOTUHOM s(x)=x+x’ +x° (3HaUe-
HUE 3TOr0 MOJIMHOMA BBIYUCIUTE OTACNBHO 10 hopmyie (3.46) u cpaBHUTE C KOM-
OuHaIuen).

B 3aximroueHme 00s3aTEbHO HY)KHO OTMETUTH CIEAYIOIIee 00CTOSTEIBCTRO.
brnaromapsi MUKINYECKOMY CBOWCTBY, NMPU KOAWUPOBAHUU U JIEKOIUPOBAHUU ITHK-
JMYECKOTO KO/a ynaércsi OpraHM30BaTh KOHBEHEPHYI OOpaOOTKY JIMHHBIX TO-
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CJI€I0BATEIbHOCTEN CHUMBOJIOB B YCTPOMCTBAX, COJIEPKAIIUX YIUBUTEIBHO MaJloe
KOJIMYECTBO MPOCTEUIINX JIOTMUECKUX deMeHTOoB. Hanpumep, nis koaa (255,247)
KOJZIEp U JEKOAEP COAEpKAT MO § sSYeeK PErucTpa cABUra v no 4 cymmaropa o
MonyIto 2. brnarogapsi 3ToMy LIEHHOMY Ka4eCTBY Cpeou 8CeB03MONCHBIX TUHEUIHBIX
OI04YHBIX KOO08 UMEHHO YUKAUYeCcKUue KoObl Haullu Haubonee wupoxKoe npumeHe-
Hue.

Bonee Toro, B mocienHee BpeMsl HaIlLIU MIUPOKOE MPUMEHEHUE HedBoUUHbLE
yuxkauyeckue koovl — 5mo koovl Puoa-Conomona.

Kaxxnpie cMMBOJ KOJOBOM KOMOMHAIIMM TAaKOro Koja sBJsieTcss M-u4yHOM
mudpoii, Tae, kak 00braro, M = 2", mpuyem m — 1enoe uucio. Kak u y mob6oro
JIpyroro JuHEHHOro Ojo4yHOro (1,k)-Koma, KogoBoe cioBo koaa Puma-Comomona
(o603Hauaercst RS(n,k)) comepkuT n CUMBOJIOB, U3 HUX k UHGOPMAIIUOHHBIX U F
MIPOBEPOYHBIX, IpuyeM n = M—1.

["apanTHpoBaHO, 4TO MpHU IEKOJAUPOBAHUU B KOJIOBOM CJIOBE OyAyT oOHapy-
YKEHbI U UCTIPABJICHBI ¢ = /2 CUMBOJIOB HE3aBUCHUMO OT UX PACTOJIOKEHHUS BHYTPHU
KoaoBoro ciioBa. [lapameTp ¢t HOCUT Ha3BaHUE KOPPEKTUPYIOIIEH CIIOCOOHOCTH KO-
na. JInbo MoryTt ObITh BOCCTAHOBJICHBI 1 CTEPTHIX CUMBOJIOB.

RS(n,k)-kon Takke MOJHOCTHIO OMPEESAETCS MPOU3BOJSIIINM MOIUHOMOM
CTENEHH r, HO KO3 PULMEHTHI MoTMHOMA — 3T0 M-uunbie udpsl. Kogep u nexo-
JIEp CTPOSITCS MO CXEME PErucTpa CIABUra C OOpAaTHBIMU CBSI3SIMU, HO STYEUKU pEru-
CTpa pacCUMTaHbl HA XpaHEHHE M-UUHBIX UG, TAKUMHU K€ SBISIOTCS U BECOBbBIE
KO3 (PULIMEHTBI, 8 CYMMHPOBAHKE MTPOBOJUTCS 110 MOAYIIO M.

Ha npakTtuke npu ucnoias3oBanuu RS(n,k)-koga mociaenoBaTenbHOCTh JIBO-
WYHBIX CUMBOJIOB, MOCTYIAIOIIUX HA BXOJ KOjepa, pa3OMBaIOT Ha TPYIIIbI, JOMY-
CTUM, TI0 k = 8 OUT B KaXKJIOH, U JJ0JIe€ C KaXKJIbIM OalTOM ONEpUpPYIOT Kak ¢ 256-
UYHBIM CHUMBOJIOM. B wurore komoBoe cinoBo Oyner (DakTHYECKH COJEpKaTh
8-(2°~1)=2040 Out. Ecnm xon comepxut, Hanpumep, 40 IpoBEpOYHBIX CUMBOJIOB,
TO OH MOXET MCHPaBUTH 10 160 ommOOYHBIX OUT MpU YCIOBUU MX KYUYHOI'O pac-
nojiokeHust B Oaiirax. Otcroga BumHO, 4To RS(n,k)-kox Heroxo pabotaer mpu
HAJIMYUU MTAKETOB OIITUOOK.

3.5 lexkonupoBanue B CIIU ¢ kaHajioM nepecnpoca

PaccmoTpuM curyanuro, Korga KpoMe MpsiMOro KaHaja, MpeJHa3HaY€HHOI O
JUTs Tiepeiaur MHGOpMalMK U3 MyHKTa A B yHKT B, cymiectByer emé BcoMmora-
TENbHBIA OOpAaTHBIN KaHal U3 NMyHKTa B B MyHKT A, Ha3bIBa€Mblil KaHAJIOM Iepe-
cripoca. EAMHCTBEHHOE HAa3HAYEHUE 3TOr0 KaHajla — MOBBICUTh JOCTOBEPHOCTH Ii€-
penauu nHdopMauu B MPSIMOM KaHaJe.

[TakeTsl, epenaBaeMblie B MPSIMOM KaHalle, KOAUPYIOTCS OJIOUHBIM KOJIOM, U
B nyHkme B ocywecmensemcsa nuwib oOHapydicenue OwubOK 8 NPUHAMOU N-
paspsoHot komounayuu. ITociie 3aBepIieHus: TOi MPOoIenypsl B KaHAT TIEPECTIPO-
ca nepenaércs BCEro oJuH OUT, Ba BO3MOXKHBIX 3HAUEHUSI KOTOPOrO0 UMEIOT, J0-
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IyCTUM, cleayromuil cMpicia: 0 — omMOOK He OOHAPYKEHO, HY)KHO IepenaBaTh
CIEAYIONIYI0 KOMOMHaIN; | — oOHapyXKeHue OMOKHU, HY»KHO €IlI€ pa3 nepeaaTh
JAHHYI0 KOMOWHANHI0. BO3MOXKHBI Takue HEOIaronpusITHbIE CUTYalllH, KOTJa I10-
BTOpHas nepeaayda Oyner NpoBOIUTHCS Oojiee YeM OJIMH pas.

B Takoii cucreme noiy4arento OyJeT BbllaHa OLIMOOYHAs KOMOMHALUSA, €C-
JIM TIPOU3OUAET XOTS OBl OJTHO U3 COOBITHIA:

1) B npuHATON KOMOMHAIIMU MPOU3OIUIA OIIUOKH CIUIIKOM BBICOKOM KpaT-
HOCTH ¢ >d_,, KOTOpblE HE CIIOCOOEH OOHAPYKHUTHh MPUMEHSEMBIN Koa (CcM. Qop-
myiy (3.5)). BeposITHOCTb Takoro COOBITHS

P = P
g qzd: @, (3.50)
rae P(g) — BEpOSITHOCTb TOTO, YTO POBHO ¢ OUT B MPHUHATOU n-pa3psiHON KOMOU-
HAIMU SBJISIIOTCS OLIMOOYHBIMU. B KaHasne ¢ He3aBUCUMBIMU OLIMOKAaMHU 3TY BEpPO-
SATHOCTh MOKHO HaWTH 110 OMHOMUaIBHOU Qopmyiie beprymiu

P(q)=C/p*(1-p)", (3.51)
rae C! = . YHCJIO COYETAHUM U3 7 TIO ¢,
q'(n—q)!

P — BEpOSITHOCTh OLIMOKU B OJJTHOM CUMBOJIE, TO €CTh B JIJTMHHOMW MOCJEA0Ba-
TEJILHOCTH CUMBOJIOB, IIEPEaBAEMBIX B IPSIMOM KaHaJe, OJTHA OLINOKA MOSBISETCS
B CpeHEM Ha 1/p CUMBOIIOB;

2) npou3zonuia omuoka B oOpaTHOM KaHajie. O003HauMM BEPOSITHOCTD 3TOr'O
coOwITHS P,

B urore BeposITHOCTh BbIJa4M OIIMOOYHON KOMOMHAUUU HAWIEM 1O (popmy-
JIE CII0KEHUSI BEPOATHOCTEN

P,=P,+P,—PRP, (3.52)
Ha npaktuke o6b14Ho P <<l, P,<<I, noatomy P ~P, +P.

B CIIN 6e3 xanana nepecnpoca B MyHKTe B nmpuxonurtcst He ToabKO 0OHa-
PY)KUBaTh, HO U HCTIPABIISATH OIMIMOKH, TIPH 3TOM BEPOSTHOCTH BBIIAYN OIIHOOTHON
KOMOMWHAITUU paBHA

n

Poml = Z P(Q)a (353)

q=q,+1
I71€ g, - MAKCUMaJIbHAsl KPaTHOCTh UCIIPaBIsieMbIX OMHOOK (3.6).

YucnenHble pacyEThl MOKA3bIBAIOT, YTO MPHU TOH K€ BETUYMHE HU30BITOYHO-
ctu R=r/n CIIMA c oOpaTHbBIM KaHAJIOM OO€ecleuynBaeT OOJBIIYI0 TOMEXO0YCTONYH-
BOCTB, €CJIM OIIMOKH B MPSIMOM KaHalle IPOUCXOIAT peaKo (pn<<1), a oOpaTHBbI

KaHan emé€ 0osiee HagExeH (P, <P)).
Paccmotpum npumep. Ilycth 3amano p=10", P, =10", B IpsAMOM KaHaje
npumensercs kog Xsmmunra (127,120). Toraa umeem
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P =P3)+..+P(127)= P(3) =
125-126-127 0 -0,9999'* ~3,3-107,
npuuém onyieHsl ciaraembie P(4), P(5),..., BHOCAIINE HECYIIECTBEHHBIN BKJIA/I.
J1J1st UTOroBOM BEPOSITHOCTH OIITUOOK MMEEM
P =33-107+10"-3,3-10"" ~3,4-107.
B orcyrcTBHE KaHalla mepecrpoca TOT K€ KOJ UCIOJIb3yeM JUIsl UCTIpaBiie-
HUS OIIMOOK (BCEro JMIIb OJHOKPATHBIX) U UMEEM
P =PQ)+..+P(127)~ PQ2) ~
w-m* -0,9999' 7,910,
TO €CTh BEPOSITHOCTh OIIMOKK HAMHOTO BBIIIIE.

BepositHocTh moBTOpHOM nepenaun komouHaruu B CIIN ¢ mepecnpocom B

HaIlleM MpUMepe

P =P0)+P(2)~P()~1,26-107,
TO €CTh B CpeAHEM MpUMEpPHO oaHa u3 80 kKoMOWHAIMi OymeT mepeaaBaThCs MO-
BTOPHO, YTO HEHAMHOTO YBEIMYMUBAET M30BITOUHOCTH, XOTS PECYpPC BPEMEHH IS
MOBTOPHBIX MEpeiay, pa3yMeeTcs, HyKHO BbIJCIATh.

Ecnu nexonep Bbgan ommOOYHyI0 KOMOWHAIIHMIO, TO 3TO Oy/IEeT Ipyras KOM-
OuHaIMs U3 KOJIOBOM TaOJMIIbI, CKOpee BCero, Haubosee 0au3Kas K TOH KoMOuHa-
I[MU, KOTOpas B JIEUCTBUTEIHHOCTU ObLa MepeaaHa (BCIOMHUM, YTO B peaibHBIX
CIIN naubomnee BepoOsSTHO MOSIBJIECHUE OMIMOOK MallbIX KpaTHocTei). CinempoBarenb-
HO, B TAKOW KOMOWHAILIMK U3 OOIIEro KOJIUYeCTBa 7 CUMBOJIOB JIUIIb d,,y CAMBOJIOB
SIBJISIIOTCS OIIMOOYHBIMU. Torma 6umosas 6eposimHocms OWUOKU HA 8bIX00€ 0eKO-
depa NPUOIMHKEHHO paBHA

omr

~P M’
Py n (3.54)

TO €CThb Ha BBIXOJIE AEKO/Iepa OJIHA OIIMOKA MOSABIISIETCS B CpelHeM Ha 1/p, OuT.
EcTecTBEHHO, 4TO METOJ Mepecrnpoca AOCTaTOYHO HIMPOKO IMPUMEHSETCS B
coBpeMeHHbIX ¢ poBbix CITHN.

3.6 CBépTounble KOABI

Cpenu HEOJIOYHBIX KOJOB HAWOOJNbINEE MPUMEHCHHWE HAIJIA CBEPTOYHBIC
kKozel. Ha BeIXOze Komepa GpopmupyeTcsi HempepbiBHAS MOCIEA0BATEIbHOCTD CBSI-
3aHHBIX MEXKY COOOM JTBOWYHBIX CUMBOJIOB TaK, YTO B 3TOI MOCIEA0BATEILHOCTH
HEJb3s BBIICIUTH OJOKH, HE3aBUCHUMBIC OT JIPYTUX, JJIA TOTO, YTOOBI JIEKOIUPO-
BaTh UX pas3acibHO.

Tem He MeHee paau yno0CcTBa CBEPTOUYHBIM KO/ TAK)KE XapaKTEPU3YIOT JBY-
Ml TIOJIOKHUTEIBHBIMHA YHciIaMu 1 U k. OTHOIIIEHUE 3TUX YHCET k/n Ha3bIBaeTCs
cmenenvio Koouposanus (k <n). DTO 3HAYUT, YTO B OECKOHEYHO JJIMHHOU ITOCTIE-
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JIOBAaTEIbHOCTH HA BBIXOJIE KOAEpa Ha KaXAble 1 IEpeAaBaeMbIX CUMBOJIOB MTPUXO-
nuTcs k MHOOPMAIIMOHHBIX U ¥ = 1 — k TIPOBEPOUYHBIX CUMBOJIOB. M30BITOUHOCTD
KO/Ia TPY ATOM, KaK OOBIYHO, OTIpEIeseTCsl OTHOIEeHneM R = r/n.

Koznep cBéprounoro koja coaepkut K-pa3psiiHbI perucTp CABUra, 1 MHO-
TOBXOJIOBBIX CyMMaTOpoB mod2 u n-BXOJ0BbIN MynbTUILIEKCOP (puc. 3.6). Llenoe
yucio K Ha3bIBaeTCs JJIMHON KOJOBOTO OTPAaHUYEHUS 110 BXOY.

| K siueek peructpa cipura
I

|
Wnd.

ores L2 Lk Pl 2] [k - 2] kl_)
I M2; P MUX

:MZZ_) >

M2, B

Puc. 3.6. O0mas cxema Kojiepa CBEpTOYHOTO KO/Ia
CO CTENEHbIO KOJIMPOBAHUS k/n

B Teuenue k TakTOB B perucTp caBUra OBICTPO BBOJSATCS OYepeaHBbIC k WH-
(OpMaIIMOHHBIX CHMBOJIOB, a 3aT€M MYJBTHIUIEKCOP COBEpINAeT ILHUKI Ompoca
CyMMaTOpPOB, BBIJIaBasi OYEPEIHBIC 11 CUMBOJIOB Ha BBIXOJ Kojepa. [lanee yka3aH-
HBIW IIUKJI MHOTOKPATHO MTOBTOPSIETCS B TOM YK€ MOCIEA0BATEILHOCTH.

Croco0 TOIKIIIOUEeHHST KaKIIOTO CyMMaropa K sueidkaMm perucrpa CIBHUTa
ofpeensiercs: MO0 BEKTOPOM CBSZU g =(g,,& - &x_,)» JTMO0 COOTBETCTBYIOIIUM

K-1

€My T'EHEpATOPHBIM MOJIMHOMOM g(x)=g,+gX+..+g, X" ', IpU4éM OOBIYHO Ha

BXOJI OJTHOTO CyMMaropa moaaércs He 00Jiee 4eM M0 OJHOMY CHUMBOJY W3 KaXKIOM
k-pa3psiqHON WH(GOPMAITMOHHOH TTOIIIOCIIEI0BATEIHHOCTH.

Takum 00pazom, 01 nOIHO20 ONUCAHUSL CROCOOA KOOUPOBAHUSL HYIHCHO 3a-
0ambv n 86eKMopos cé:3U (eenepamophvix noauHomos). Eciau k nepBeIx reHepaTop-
HBIX MTOJTMHOMOB paBHBI g,(x)=1, g,(x)=x, ..., g, ,(x)=x"", momy4aercs cucrema-

TUYECKUM CBEPTOUHBIN KOJI, Y KOTOPOTO U3 KaXIbIX 1 TO3UILIAN TIEpBbIE k TO3ULINI
3aHUMAIOT WH()OPMAITMOHHBIC CUMBOJIBI.

B kxauecTtBe nmpumMepa pacCMOTPUM OUYE€Hb IIPOCTOM CUCTEMATHUUYECKHU CBEP-
TOYHBIM KOJ, Y KOTOPOTO JOBOJIBHO HHM3Kasi CTENEeHb KoAupoBaHus k/n = 1/3, BbI-
cokast m30BITOYHOCTh R = 2/3 m HeOompas IjIMHa KOJIOBOIO orpaHudeHus K=3.
3agaauM ISl 3TOTO KOJia TPU T€HEPATOPHBIX MOJIMHOMA

g(=1, g=1+x, gx)=1+x*, (3.55)
U3 KOTOPBIX g,(x) TeHepupyeT (ToYHEee, TOXKJIECTBEHHO nepenaaét) nHhOopMaluoH-

MUX
M2 ,

M2 |-

Puc. 3.7. Cxema Kojepa CHCTEMATHYECKOTO
CBEPTOYHOI0 Koja g k/n=1/3
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Hyto nocnegosarenbHocTh (M), a g,(x) u g,(x) renepupytoT nepsyto (I11) u BTO-
pyto (I12) mpoBepouHbIE MOCIEI0BATEILHOCTH COOTBETCTBEHHO. Cxema Kojepa
JaHa Ha puc. 3.7.

B Tabmune 3.4 mist 3amaHHON WH(POPMAIIMOHHOW TOCIIEI0BATEIHHOCTH T10-
Ka3aHO, KaKOBBIMU OKAa3bIBAIOTCS 00€ MPOBEPOUYHBIC IMOCIEIOBATCIBHOCTH U TI0-
CIIeIOBATENHHOCTh HA BBIXOJIEC KOZEPA.

CyIecTBYIOT pa3HbIe CIIOCOOBI JEKOIUPOBAHUS CBEPTOUYHBIX KOJ0B. OI1H
U3 CaMBIX MPOCTBIX — ATO MEMO0 NOPO20BO20 OeKOOUPOBAHUSL.

Tabmuna 3.4. IlocnenoBaTeabHOCTA CUMBOJIOB

B KoJiepe CBEPTOUHOrO Koja k/n=1/3
141 1 0 1 1 0 0 1
I11 J 1 1 0 1 0 1
112 Jeof O 1 1 1 1
Bexox | .| ...| 110 | 101 | O11 | 001 | 111 | ...
Kozjepa

OnuieM ero cyTb Ha IMpuBEeNEHHOM IpuMmepe. Ha ouepenHom mare, mepe-
X051 K pACCMOTPEHHIO OYEPeTHOT0 MH(POPMALIMOHHOI'O CUMBOJIA, MBITAIOTCS OTBE-
TUTh HAa BOIPOC, €CTh JIU B 3TOM CUMBOJIE OIIKOKa. J[Ji1 3TOro mo MpUHATHIM HH-
(hOpMaLIMOHHBIM CUMBOJIAM IO T€M K€ IpaBwiiaM (puc. 3.7) BBIYUCIAIOT ABE HO-
BbIE IIPOBEPOYHBIE MTOCIEN0BATENRHOCTH. B UTOre U1 aHaim3a uMeercs MsTh I10-
CJIeI0BaTENbHOCTEN: HHPOPMALIMOHHAs, JBE IPUHSITHIE IPOBEPOYHBIEC U JIBE HOBBIE
npoBepouHbie (Tabm. 3.5).

Tabmumna 3.5. I1ociienoBaTeIbHOCTH CUMBIIOB,
Y4aCTBYIOILIUE B IOPOTOBOM JEKOUPOBAHUU

H U M U U H
[Tpunsateie | nl nl ml ml nl nl
n2 n2 m2 m2 n2 n2
HoBrlie nl ol ml ml ol ol
n2 o2 m2 m2 n2 o2

Jlanee momapHO CpaBHMBAIOT TMPUHATHIE W BBIYUCICHHBIE IPOBEPOYHBIE
CUMBOJIBI, IPUYEM B ATOW MPOLEAYPE YYACTBYIOT JIMIIb T€ MPOBEPOYHBIE CUMBO-
JIbl, KOTOPBIE€ 3aBUCAT OT JAAHHOIO MH(OPMAIMOHHOTO CUMBOJA (OHM MTOMEUYEHHI B
Tabu. 3.5). BeiHocuMoOe pelieHne (MCpaBisaTh JaHHBIM HHPOPMALMOHHBINA CUMBOII
WIK OCTaBUTh 0€3 M3MEHEHUSs) ONMpEEeNsieTCs] KOJIUYECTBOM COBMAJIAIONIMX Map.
Ecnu yncno coBnmagarouux nap MEHbIIE MOpora, paBHOrO JBYM, HH(OpPMalMOH-
HbIM CUMBOJI U3MEHSIOT Ha MPOTHUBONOJIOKHBIN. PacCMOTpEB pa3inyHbIe BAPUAHTHI
pacnoyioKeHUs] OMIMOOK B TMOJNYYEHHOW NATEPKE MPUHATHIX CHMBOJIOB, CIEAYET
yOemuThCS, YTO TaKUM CIOCOOOM BEIOWpaeTcs Hanboliee MPaBIOTOI00HOE JIO-



&9

KaJIbHOE pELICHUE.

Kcraru, 3TOT %€ MeTOoA JEKOAUPOBAHUS MOKHO MPEICTaBUTh B IPYroil WH-
TEepHpPETallU: PACCMATPUBAIOTCS J1BA BO3MOYKHBIX BapuaHTa 3HAYEHUH TEKYLIEro
uHpopMarmoHHoro cuMaoia (0 wiam 1) u A Kaxaoro BapuaHTa BBIYUCIISIOTCS
0’KHUJJa€MbIE 3HAUYECHHSI BCEX IISITH CUMBOJIOB. BbIOMpaeTcs TOT BapuaHT, sl KOTO-
pOro OXHjaeMble 3HaUEHUsI CUMBOJIOB B 3TOM MATEPKE OJMXKeE K TOMY, 4TO HaOJto-
JaeTcsl B ACMCTBUTENBHOCTH (ITO KOJIMYECTBY COBMAJACHHUI).

HMmenHo 3Ta uzes peanusyercs B 0oJiee CI0XKHBIX aIrOpuTMax JeKOAUpOBa-
HUS, IPUYEM PAacCMATPUBAIOTCS Pa3jMYHbIE BApUAHTHI HE JUISl OJHOIO, a JUIS Lie-
JIOM CepuM MPEAbLAYIINX HHPOPMAIIMOHHBIX cuMBOJIOB. [llupuHa okHa neKoAupo-
BaHUS — 3TO YMCIIO NOCIECIHUX NPHUHATBHIX CUMBOJIOB, KOTOPOE HYXXHO XPaHUTh B
nexozaepe. C yBeTUYEHUEM ATON IIMPHUHBI YBEIMUYUBAECTCS 00bEM BBIYMCICHUM, HO
3aTO BCE JIy4Yllle MCIOJB3YIOTCS NOTEHLIHAIBHBIE BO3MOXXKHOCTU Koza. I[lpenen
yJIy4dlIeHUs] OOBIYHO HACTYMAET, KOrja IIMpUHA OKHA CYIIECTBEHHO IPEBBIIIAET
NOJIHYIO JUIMHY KOJOBOT'O OFPAHUYEHHUS.

PazymHBIN KOMIIpOMHCC 00ECTIEYMBAIOT XOPOLINE COBPEMEHHBIE AT OPUTMBI
JEKOANPOBAHUS, OCHOBAHHbIE Ha TOM, YTO aHAJIW3 BHIOPAHHOTO BapuaHTa 3aKaH-
YUBAETCSI JOCPOUHO U OH OTOpAchIBaeTCs, €CJIM B MPOLIECCe aHalu3a yKe HaOIto-
JAIOTCS CYLIECTBEHHBIE PACXO0XKICHHS OKUIAEMOr0 ¢ JeHCTBUTENbHBIM. OIUH U3
caMbIX 3((EKTUBHBIX — AJITOPUTM JEKOANPOBaHUA ButepOu, mo3BOISIONINI NpH-
OJIM3UTHCA K MOTEHIUAIBHBIM XapaKTePUCTUKaM KO/a, HO y HETO 00bEeM BBbIUHUCIIE-
HUI NpU AEKOJAUPOBAHUHU PACTET SKCIOHEHIUAIBHO C YBEJIIMYEHUEM JJIMHBI KOJO-
BOT'0 OIpPaHUYEHHUS, TO3TOMY OHA OOBIYHO HE OoJiee AECATH.

OaHO U3 rIaBHBIX JOCTOMHCTB CBEPTOYHOIO KOJIa — MPOCTOTA peau3allui,
NO3BOJISIONIAs MPOBOJANUTH KOAUPOBAHKUE C BBICOKOM CKOPOCTHIO. [[pyroe nocrons-
CTBO — 3TO CIIOCOOHOCTh OOHApY’>KMBATh U UCIPABIIATH MAKETH! (BCIBILIKK) OLIU-
OOK, ecu JJIMHA MaKeTa MeHblle yeM K.

Koppekrupytomasi crnocoOHOCTh HECHCTEMaTHYECKHX KOJIOB HECKOJbKO
BBIILIE, HO OHU MOT'YT OBITh KaTacTpO(UUECKUMH, TO €CTh 110CII€ CEPUU HEYAAUHBIX
UCTIPABICHUI MOXKET BO3HUKHYTh OECKOHEYHOE YHCIO OUIMOOK Ha BBIXOJAE JIEKO-
nepa. HyxHo, 4ToObl 7 MPOU3BOASIINX MHOTOYJIEHOB HE MMEIM OOLIUX JETUTe-
JEH.

Jlns ocnmabienus mogo0HBIX A(h(PEKTOB MHOTIA HCIOIB3YIOT CICTYIOITUI
OpuéM: HENpEphIBHBIA CBEPTOUHBIM KOJ HCKYCCTBEHHO IPEBpAIIAlOT B “0JI0Y-
HBII”, TO €CTh MEPUOJAUYECKH MPEKPALIAIOT N01a4y HHPOPMALMOHHBIX CUMBOJIOB
Ha BXOJ] KOjiepa Ha BpeMs, JOCTaTOYHOE JUIsl TOrO, YTOObI BBIBECTH COJEPKUMOE
KOZIEpa U OUUCTUTH PETHCTPHI IEKOIEpa.

3.7 llepemexeHnne CHUMBOJIOB

AHaJn3 CBOWCTB MTOMEXOYCTOMYUBBIX KOJOB IOKa3bIBACT, YTO KOPPEKTUPY-
I0Iasi CIOCOOHOCTH JTIF000ro OJI0OYHOTO KOJia orpaHuyYeHa. B dacTHOCTH, KOJ MO-
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KET TIPABUIHBHO BOCIPOM3BECTH KOJOBYIO KOMOWHAIMIO JIUIIL B TOM cliydae, Ko-
rja KOJIMYECTBO OIIMOOYHBIX CHMBOJIOB B HEH Majao, a UMEHHO, YJOBJIETBOPSET
ycioBuio (3.6).

B kanane ¢ He3aBUCHUMBIMHU OIIMOKAaMU KOJOBOE pacCTOsIHUE dy,, BCEria
MOKHO BBIOpATh TaK, UTO MOJIABJISIIOIIEE OOJBIIMHCTBO OMIUOOYHBIX KOMOMHAIUN
OyzleT yIOBIETBOPATH 3TOMY YCIOBHIO, CJIEIOBATEIIbHO, OIMOKH B HUX OyIyT HC-
npaBieHbl. [1aBHOE, YTO M30BITOYHOCTh MIPU ATOM HE CIIMIIKOM BEJIHKA, TO €CTh
NIPUMEHEHUE KOJAUPOBAHUS OKa3bIBaeTCs Y(PHEKTHUBHBIM.

B kxananie ¢ rpynmnupoBaHHEM OIIMOOK IMPH TOM K€ MX OOIIEM KOJIMYECTBE
OKa3bIBACTCS, YTO OOJBIIMHCTBO KOMOMHAIIMIA BOOOIIE HE CONEPKUT ommbOoK. B
OCTalIbHBIX KOMOMHAIUSAX WX TaK MHOTO, YTO KOJI HE MOXKET MX HCHpaBUTh. U B
TOM, U B IPYTOM Clly4ae MPUMEHEHHE KOPPEKTUPYIOIIEro KoJa OKa3biBaeTcs Oec-
MOJIE3HBIM U J]aXK€ BPEAHBIM: SHEPTHUI0, KOTOpas 3aTpauyrMBaeTcs Ha nepeaady npo-
BEPOUHBIX CHUMBOJIOB, Jy4llle ObUTO OBl IIEIMKOM BIIOXKUTH B MH(GOpMAIMOHHBIE
CHUMBOIJIbI, TO €CTh BOOOIIIE OTKa3aThCsl OT MMOMEX0YCTOMUUBOTO KoaupoBanus. [1o-
TOOHBIN (PP EKT MPOU3BOAUT U BO3ICUCTBHE UMITYJILCHBIX ITOMEX.

To xe camoe, npapja, B 6oJiee 3aByaTMpoBaHHOM dhopme, TPOUCXOAUT U TIPU
UCII0JIb30BAHUU CBEPTOYHBIX KOJIOB.

N3 ckazaHHOTO SICHO, UTO €CJIU YK UCIOJIb30BaTh MTOMEX0YCTOMUYUBOE KOJH-
pOBaHKE, TO OUYE€Hb MOJIE3HBIM ObLIT ObI CIIOCOO, MO3BOJISIFOITUN OITMOKU U3 TTAKETOB
0oJiee WM MEHEe PaBHOMEPHO paclpeesTh M0 KOJOBbIM KoMOUHaIusIM. MmeH-
HO JUISI 3TOrO TIPEJIOKEH METOJ, KOTOpPbIH HOCUT Ha3BaHUE IMEPEMEKCHUE
(interliving).

Hanbonee mupoko npumeHsieTcss mepeMeXeHue 1Mo BpeMeHHU (ITocieioBa-
TEJIBHBIN CIOCOO Tepeaayu), XOTsA B IMOCJIEAHEE BpEeMsl B CUCTEMax pajuOCBsI3U
HAYMHAET HUCTOJB30BAThCS MEPEMEKEHHE MO YacToTe (mapauielIbHbIi croco0 Tie-
penaumn).

Becbma momyisipeH TaOIWYHBIA CIIOcO0 TepeMekeHusl 1Mo BpemeHu. Jis
ATOTO n-pa3ps/IHbIe KOMOMHAIIMKA C BBIXOJA KOJepa 3alUChIBAIOTCS B BUJEC CTPOK
psIMOYTOJIbHOM Tabymibl. [Toce 3anmomHeHus m-CTPOK CYNTHIBAHUE U Tepeada B
JUHUIO TIPOU3BOJUTCA MO CTOJO0ImaM. B mpueMHuKe OCyliecTBiseTcss oOpaTHOe
npeoOpa3oBaHue: 3aMUCh MO CTOJNOIAM, CUMTHIBAaHUE U T0jJjaya Ha BXOJ JIeKoiepa
— O CTPOKaM. DTO AKBUBAJICHTHO IMEPEMEILEHUI0 CUMBOJIOB BO BPEMEHH, IMOKa-
3aHHOMY Ha puc. 3.8. B moka3zaHHOM mpumepe, €Ccilu B JUHUM BO3HUKAET IaKeT,

—

) [ I I L 1T L1 1 [ ]]

6) L ]

t
Puc. 3.8. Cxema, niutocTpupyrolas TabJIu4HbIN cr1ocob re-

pemMexxeHus o BpeMeHu (n =3, m = 4):
a) TMOCJIeI0BATEIbHOCTH CUMBOJIOB C BBIXOJIa KOJIEPa;
0) mocaea0BaTeIbHOCTh CUMBOJIOB, MIOIABAEMbIX B JIMHUIO
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cocTosnui U3 ¢ = 3 ommOOK (9TU MO3UILIUU 3aTEMHEHBI), TO MOCJE JIeTIepEMEeKe-
HHST OKa)KETCs JIMIIB 110 OJJHOM omuOke B 1, 3 u 4 koMOMHAaINMAX.

Ecnu gncno ctpok m B Tabnuiie Ooibiie, 4eM MaKCUMalbHash BO3MOYKHAS
JUIMHA TIaKeTa OLIMOOK, TO B KaXJI0M KOJOBOM KOMOMHAIIMM OKa)XeTcs He Ooliee
OJTHOTO OIMOOYHOro cumBoiia. Eciu ucnonp3yercst Xotsd Obl KOJ X3MMHHIA, TO
BCE OHM OYAYyT UCIIPABJICHBI.

[lepeMexxkeHre MO YACTOTE UMEET CMBICI MPOBOAUTH JIMIIL B TOM ClIy4ae,
KOI'/Ia Ha pa3HbIX OPTOrOHAIBHBIX HECYIIUX (CM. pa3a. 2.12) oIHOBpEMEHHO Mepe-
JAI0TCS CUMBOJIbI HE OIHOM, @ HECKOJIBKUX KOJIOBBIX KOMOUHAITUHA.

Ctporo roBopsi, camo 1o ce0e TepeMeKeHUE HE SBISIETCS CITIOCOOOM TIOMe-
XOYCTOMYHUBOT'O KOAUPOBAHMS, TaK KaK U30BITOYHOCTh IIPU ATOM HE YBEITUUMBACT-
cs. CienoBarenbHO, MOJIb3a OT MEPEMEKEHUS MOXKET OBITh JIUIIIL TOT1a, KOTJIa OHO
MPOBOJIUTCS MOCJIE KOAUPOBAHUSI KOPPEKTUPYIOIIUM KOJIOM.

3.8 KomOuHupoBaHue KO10B

PaccMmoTpumM cutryanuio, Korjaa nepenaBaeMoe COOOIIEHHE Y4YacTBYET HE B
OJIHOM, KaK 3TO MPEJIOIarajlioch paHee, a B HECKOJIbKUX aKTaX MOMEX0YyCTOWYHBO-
ro kogupoBaHusd. CylIeCTBYIOT MOCJIEAOBATEIbHBIE W NapajuIeIbHbIE METObI
KOMOMHUPOBAHMS KOJIOB.

Kon, momywatomuiicsi B pe3yJIbTaTe nOCIe008ameNlbHOU PEean3alnu He-
CKOJIbKMX MPONEAYp KOAUPOBaHUS (KOJIaMHU OJTHOTO THUIIA WM Pa3HbIMH), Ha3bIBa-
eTCsl Kackaoubim. JlomycTrM, Ha KaXKIOM dTare MPUMEHSIOTCS JTUHEHHBIE OJI0UHbBIE
Kojpl. Torma nepBbiii Koaep, MoaydnB k MHGOPMAIMOHHBIX CUMBOJIOB, 100aBJIsSET
K HUM 7| IPOBEPOYHBIX CUMBOJIOB U BCE BMECTE MOJAET Ha BXOJl BTOPOr'O KOjepa B
KauecTBe MH(POPMALIMOHHBIX CUMBOJIOB. TOT, B CBOIO Ouepelb, 100aBIse€T K HUM
elle 7, NPOBEPOYHBIX CUMBOJIOB U T.A. [IepBbIM KO B ATOM LIENMM HA3BIBAETCS
BHYTPEHHUM KOJIOM.

B urore mocine npoxoxkAEHUs LENOYKH U3 p KOJAEPOB HA BBIXOJE MMEEM
KOMOWHAIIMIO JIMHEHHOTO0 OJIOYHOrO KO/a, COACPXKAILYIO T€ e kK HHPOpMAIMOH-
HBIX CHMBOJIOB U 1 = r| +...+ r, IPOBEPOYHBIX CUMBOJIOB. Bo3pacraroT u30bITOu-
HOCTb KOJIa U €r0 KOPPEKTUPYIOIIAsl CHOCOOHOCTb.

Ilpumep 1. JIByMEpHBIM KOMMO3MIIMOHHBIA KOJ TOJy4YaeTcs CIEIYHOIUM
oOpazom. [IpsamoyronbHas Tabauia, coaepxaias 7n; CTOIOLOB U 1, CTPOK, JAEIUT-
csl Ha yeThlpe Osoka. JIeBblil BepxHHid OJI0K (k| CTOJIIOLOB U k; CTPOK) 3alOJIHSAETCS
UH(GOPMAITMOHHBIMUA CUMBOJIAMU OT UCTOYHHUKA. 3aTeM Ka)kaash CTpOKa OTAEIbHO
Komupyertcs (n;,k;) TMHEHHBIM OJIOUYHBIM KOAOM, MPU I3TOM 1| = n; — k; IPOBEPOU-
HBIX CHMBOJIOB KaXJ0W CTPOKH MOMEIIAIOT B MpaBblil BepxHUil Os0K. Jlanee kax-
JBI cToNOen koaupyercs (n,,k;)-kogoM. B utore momyunm HOBBIH (11,k)-Ko1, TIE 1
= mn,, k= kk,. Ha puc. 3.9 npuBeneH npumep KoJUpPOBaHUs, KOrga HA 000OUX
ATarax UCIOoIb3YyeTCs KOJ C MPOBEPKOM HA YETHOCTb.
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Puc. 3.9. [Ipumep xogupoBaHusl 1ByMEPHBIM
KOMITO3ULIMOHHBIM KoJioM (32,21)

OpuHouHas omuOKa HapyllaeT yCJIOBHE YETHOCTH B COOTBETCTBYIOLIUX
CTPOKE U CTOJOIE, MO3TOMY €€ MOJIOKEHUE MOXET OBITh OIpPENeNeHO, HO JIBE
OLIMOKM KOJl YX€ HCIpaBUTh HE MOxKeT. OJHOKpaTHOE KOAMPOBAHHE KOIOM C
IPOBEPKON HA YETHOCTH MO3BOJISAET JIUIL OOHAPYKUBATh OJJUHOYHbBIE OIIMOKH, HO
HE UCHpaBIATh MX. WTak, NMpUMEHEHHE IBYKPATHOIO KOJWPOBAHUS IMO3BOJIMIO
HOBBICUTh KOPPEKTHPYIOIIYKD CINOCOOHOCTh koja. Ilpu 3TOoM  uHTEpecHO
IOCMOTPETH, BeauKa ju 1eHa. 3 [lpunoxxkennst 1 Mbl BUIUM, YTO MPUMEPHO TE K
3HaueHus mapamerpoB umeeT (31,21)-kox BUX, HO OH crocoOeH HCTpaBIATh U
JT00bIe ABYKPATHBIE OIIHMOKHU.

Ilpumep 2. TlocTynatomue Ha BXOJ Kogepa k=2"—1-r WH(OPMALMOHHBIX
CUMBOJIOB KOJMPYIOTCA KOZOM X3MMMHIA, a 3aTEM K MOJIYYEHHBIM n=k+r CUM-
BOJIaM J00aBII€TCS €€ OJUH NMPOBEPOYHBIA CUMBOJ, YTOOBI OpPraHU30BaTh 00-
IIYI0 IPOBEPKY HAa YETHOCTh. B MTOre KOIOBOE paccTOSHUE KOZa IMOBBIIIAETCA C
TpeX N10 YEeThIpeX, U OH MpUOOpeTaeT CIOCOOHOCTh OOHAPYKUBATh OLIMOKU 10
TPEXKPATHON BKIKOYUTEIBHO.

JlekoqupoBaHUE KOJa TakKe MPOBOJAUTCS B ABa 3Tama. Ha mepBom sTame
OpUHSATas KOMOMHALMS [TOABEpraeTcs 001Iei MPOBEPKE HA YETHOCTh, B PE3yJIbTaTe
KOTOPOM IOJIy4ar0T OTBET HA BOMPOC, YETHOW WJIM HEYETHOU SIBISAECTCS KPATHOCTH
OIIMOOK. 3aTeM MOCJEeIHUIA MPOBEPOUYHBIN CUMBOJI OTOpPACHIBAETCS, U 1O OCTaB-
IIMMCSl CHUMBOJIaM BBIYMCIISIETCS CHHJIPOM IO NIpaBWiIaM JEKOAUPOBAHMS Koza
XsmmuHra. CornocTaBlieHUE Pe3yJIbTaTOB Ha 000MX 3Tarnax MO3BOJISET Jaxe OIpe-
JIEUTh KPaTHOCTh OIIMOKH (caM mo cede KoJi XIMMHHTa Ha 3TO HE CIIOCOOEH) U B
3aBHUCHUMOCTH OT 3TOT'O NMPEANPUHATH HY>KHbIE JeHCTBUS (€ciu OmuOKa OJJHOKpAT-
Has, KoJ XAMMHUHIA €€ MOXET UCIpPaBUTh; €CIU JABYKpAaTHAs WIA TpeXKpaTHas,
HY’KHO CJIeJIaTh 3alpoc Ha MOBTOPHYIO nepenayy koMOuHauuu). CHOBa OTMETHM,
YTO TaKMMH K€ XapaKTepUCTUKaMH oOiamaer kon Puma-Manepa ¢ K0oOBBIM pac-
CTOSIHUEM, PABHBIM YETBIPEM.

MHOXK€eCTBO IPUMEPOB IMMOKA3BIBAET, YTO BCErJa MOXHO HAWTH TAKOM KOJ,
KOTOPBIW MPU TEX K€ 3HAYEHHUAX N U Kk MPU KUCIIOJIb30BAaHUN OJHO3TAMHON Mpole-
Iypbl KOAUPOBAHMS OOECIIEUMBACT JYUIIYIO (MM HE XYALIYIO) MOMEXOYCTONYH-
BOCTh, YEM KaCKaJHBIN KOJ, GOopMUpYyeMbIii B HECKOJIBKO 3TANOB. 3aueM K€ Toraa
OPUMEHSIOTCA KacKaaHble Koabl? JIUIb MOTOMY, YTO Ha Ka)XXAOM 3Tale MOXHO
UCIIOJIb30BaTh OTHOCUTENBHO MPOCTHIE U KOPOTKUE KOJBI U MEHEE TPYILOEMKHUE Me-
TOJBl KOJUPOBAHMS W JEKOAUPOBaHUSA. B 4YacTHOCTH, IpH 3alKUCU Ha KOMIIAKT-



93

JTUCK TpeOyeTcsi MPUMEHSTh KOJl, CIIOCOOHBIA UCIIPABIATh MAKEThI, COJEpKaIue
ThICSYM OMHOOK. I OH peanm3yercss MyTeM MHOTOKPATHOTO MOCIEAOBATEIIBHOTO
BBITIOJTHEHUS OTIEPAIIHi IEpEeMEeXeHUs U KoaupoBaHus kogoM Puma-ComomoHa.

Bo3MOXXHO U napanienvhoe ucnonv3osanue HeCKOIbKUX Npoyeoyp KoOupo-
6anus. 371eCh TOCIEeN0BaTeNbHOCTh WH(OPMAIIMOHHBIX CHMBOJIOB OJJHOBPEMEHHO
KOAUPYETCS, JOIMYCTUM, IBYMSI CUCTEMaTUYECKUMH KoaaMmHu. Jlydiie, eciu Ha BXOJ
BTOPOTO KOJiepa OHa OyIeT Mmo/iaBaThCs MOCie nepeMekenus. [lanee mo TMHUM Tie-
pemaroTcsi caMu UH(POPMAITMOHHBIE CUMBOJIBI U TPOBEPOYHBIE CHMBOJIBI C BBIXO/IOB
obonx komepoB. OYEBUIHO, YTO B OTJIIMYHE OT KOJUPOBAHUS, UMEET CMBICI JIUIIIH
coeMecmHuas paboma 0eKo0epos nymem 63aumMHo20 0bMeHa ungopmayuetl 8 npo-
yecce 0exkooupogarus. VIMEHHO Ha 3TUX MPUHIUIIAX TOCTPOCHO HCIIOIb30BAHUE
myp6o-k00086. JlanbHeliee pa3BUTUE dTUX WA 1aHO B pas3fd. S5.7.

BOﬂpOCbI AnA CaMOKOHTPO-NA No rnase 3
1. Yewm ompexaensiercs KOppeKTUpYIOIasi crocooHocTh koma? IloscHute
Ha [puMepe.
2. Kakwue KoJbl Ha3bIBAIOTCSI KOPPEKTUPYIOLIUMU ?
3. UYto 3HauuT “OOHApYXKHUTh OIIMOKK TPHU JIEKOJAUPOBAHUU KOJOBOU
KOMOUHAIUu?
4.  Yro 3HAYMUT “UCNPaBUTHh OMIMOKK TPHU JEKOJUPOBAHUH KOJOBON KOM-
onHanmn?
5. KakoB XapakTepHbIil PU3HAK, [TO3BOJSIOMIUNA OTINYUTH KOJOBYIO Ta0-
JUIY JIMHEHHOTO OJI0OYHOI0 KOJIa OT KOJIOBBIX TaOJIUIL IPYTUX KOJIOB?
6. Uto Takoe mpoBepoUHas MaTpulla JuHEHHOro OoyHoro koaa? Kak ona
WCIIOb3YeTCs MPU OOHAPYKEHUU OIIMOOK B MIPUHATON KOMOMHAIN?
7.  KakoB XapaKTepHbIN MPU3HAK, TO3BOJISIOMNA OTIMYUTH KOJTOBYIO Ta0-
JUITY HUKJIMYECKOr0 KOJIa OT KOJIOBBIX TaOJIUI[ APYTUX KOIOB?
8. Uemy paBHO KOJIMYECTBO KOMOMHAIIUA B KOAOBOU TaOIUIE TUHEUHOTO
0J1ouHOrO KOMIa?
9. IloueMy B MpOBEPOYHOI MaTpulE HE MOXKET ObITh HYJIEBBIX: CTOJO-
1I0OB? CTPOK?
10. Kaxkoii cMbICII UMEIOT CTPOKH MPOBEPOYHON MATPUIIHI?
11. Ilo kakuM MpHU3HAKAM MOKHO OIPENEIINTh, YTO MPOBEPOYHAS MATpPHUILIA
MPUHAIICKUT KOIY, CHOCOOHOMY MCIIPaBUTH JIO0YIO OJIMHOYHYIO OIITHOKY?
12. Yem o0ycnoBieHa MOMYISPHOCTh LUKIMYECKUX KOAO0B? M3 kakux jo-
IMYECKUX 3JIEMEHTOB COCTOST KOAEP U JEKOAEp?
13. B uewm 3akiouaercd ¢GpyHAaMEHTAIbHOE CBOMCTBO KOMOMHAIIUHN IMKIIH-
4eCKoro koxa?
14. MoxeT 11 TOMEXOYCTOHIUBBIN KOJT OBITh OE3U30BITOUYHBIM ?
15. ITlouemy nekonupoBaHUME MO MHUHHUMYMY pacCTOSHUS TPUMEHSETCS
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penko?

16. SBndroTcs IM CBEPTOUYHBIE KOABI OJOYHBIMU M 4YeM OOYCJIOBJIEHA X
NOMYJSIPHOCTH?

17. KakoBa 1enb nepeMexeHusi CAiMBOJIOB?

18. Kakue cnocoObl KOMOMHUPOBAaHUS KOJAOB HCIIOIB3YIOT B CUCTEMAX CBS-
3u?

4 KOOUPOBAHUE UCTOYHUKA

4.1 CoOcTBeHHas uH(popMarus " U30BITOYHOCTD
(mupOBBIE CUTHAIIBI)

CHavasa onmpeieliuM, CKOJBKO MH(POpPMAIMU COIEPKUTCS B COOOIeHUN X
Ha BbIXOJIe UcTOUHMKA nHPopManuu. CooluieHne nMeer HuPpoByro hopmMy, U pa-
1 YOpOIIeHUus: 00O03HAaueHWM mojaraeM, 4yTo X — 3TO m-UYHBIA CUMBOJ, a
X1,X2,. . ., X — €TO BO3MO>KHBIE 3HAYEHUSI.

UToObl UCKIIIOUUTH BJIMSHUE OCTAJbHBIX JJIEMEHTOB TpakTa Mepenadd Ha
puc. 2.1 (nepenatyuk, TUHUS, IPUEMHHK), TIOJIAaraeM, 4TO MOJIy4aTelb UMEET BO3-
MOKHOCTh HEMOCPEACTBEHHO HAOJIOIATh COOOIEHHE, BbIIABAEMOE HCTOYHHKOM,
TO ecTh Y=X. KoHeuHas 11e/ib mojyqaTes 3aKI04aeTcs B TOM, UYTOOBI ONPEIEIUTh,
KaKo€ MMCHHO 3HAYEHHUE X; MOSABMUJIOCH HAa BBIXOJAE MCTOYHHKA. DTy 3ajady OH
MOKET PEIIUTh CTOJb K€ YCIEIIHO, €CIM HAaXOAUTCS Ha IPYroM KOHIE HU(poBOro
Kanana 6e3 nomex, B KOTOPOM Ka)JIOMY W3 BO3MOKHBIX CUTHAJIOB J; COOTBETCTBY-
€T €JMHCTBCHHOE 3HAYECHHUE Xj, TIO3TOMY II0 IPUHATOMY CHTHAIy BCErja MOXKHO
0e301H100YHO BOCCTAaHOBUTH NepeaHHoe cooluenue. Hanpumep, kaHai, B KOTO-
POM MPOU3BOAUTCS TOXKAECTBEHHOE MPeoOpa3zoBaHUE MepeaaBaeMoro cooOIeHus
X;—>Yj, ABJIAETCS CaMO# IIPOCTOM U HarJAAHONW (OPMOIl KaHaa 0e3 IIoMeEX.

[lycTh 3a1aHO MOJTHOE BEPOSATHOCTHOE OMKCAHUE MEPEIAHHOTO COOOIIECHUS
X (ero psin pacmpeneneHus)

X; X1 X Xm 4.1)
px) | px) | pOo) | ... | pln)

Jlaxe npu 3TOM 0o nepedauu coodwenus npu m=>2 6ce2oa cyuwjecmayem He-
ONpeoeneHHoCmb OMHOCUMENLHO 020, KAKOe UMEHHO 3HaYeHue NOA8UMCs HA 8bl-
xo0e ucmounuka. Ilociae MosBIEHUSI KOHKPETHOrO 3HAYEHUs, HANPUMEp X3, He-
OMPENIEICHHOCTh UCUE3aeT, U 00hEeM 3HAHUUN HaOIOAaTeNsl BO3pacTaeT (He 3HAIl —
y3Hal).

KonnuectBo umHpopManuu, mnoigydaemMoil HaOrogaTeneM NpPHU TOSBICHUU
3HaueHus x;, Koz IlleHHOH IpeaoKu onpeaensTs 1o Gopmyie

1) =~ log.p(x) 42)
Y Ha3Ball 3Ty BEIUYUHY COOCMEEHHOU UHGopmayueli CAMBOIA X;.

Bre16op ocHoBaHwms norapudma a onpenensieT eAuHUIly KoIndecTBa nHpop-

Manuu. Eciin a=2, To enuHMIAa HA3bIBAETCSA JIBOMYHOU (OUT), Tipu a = e = 2,72 —
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HaTypainbHOU, a ipu @ = 10 — necsatuunoi. [lepexon oT omHOM cucTeMbl Jorapud-
MOB K JIpyTOii paBHOCHJICH U3MEHEHUIO CIMHUIIBI KOJIMYEeCTBA HH(POpMAITUU
log, p=log, a-log, p, (4.3)
TO ecTh 1 HaT. en.=log,e 6ut~1,443 Our,
1 nec. en.=log,10 6uT~3,32 Owur.

B TexHuku cBs3M HanboJee MUPOKO MPUMEHSIOTCS JBOUYHBIC CUTHABI, 00-
JaIaroIIre PaBHOBO3MOKHBIMU COCTOSIHUSIMU X| U X,. Toraa KoiuuecTtBo uHGOp-
MalliM, cojiepkarieiics B JJi000M U3 3TUX CUTHAJIOB, OJJMHAKOBO W paBHO I(x|) =
I(x;) =—log(1/2) =1 Owur.

[ToaToMy ABOMYHBIE €OUHUIBI UHGOPMAIIMK HCHOJIB3YIOTCS Hambosee ya-
cTo. B nanbHeiiieM nmo yMOJTYaHUIO Mbl TakKe OyleM HCIOJIb30BaTh JIBOMYHBIC
eAUHUIBI (OTMETUM, YTO HE CJEAYyeT MyTaTh 08d pPA3IUYHbLIX 3HAYEHUS Cl08a
“Oum”: 1) TBOWYHBIN CUTHAN; 2) TBOWYHAS €IUHUIIA KOJTUYECTBA MH(POPMALIUH).

Omnpenenenue (4.2) He ABISIETCS €IMHCTBEHHO BO3MOXHBIM. [Ipenoxensl u
JIpYrue crnocoObl ompejeneHuss KoaudyecTBa MHopmanuu (cM. pasza. 4.6), HO K
HACTOSIIIIEMY BPEMEHU UMEHHO Teopusi nHpopmaluu no [1leHHOHY mo3BoJuiIa mo-
JYy4YUTh HAaUOOJbIIEE KOJIMYECTBO MOJIE3HBIX /IS MPAKTUKHU PE3yIbTATOB.

CaolicTBa COOCTBEHHON MHPOPMALIUHU:

1) 1(x;)=0, mpuuem 3HaK pPaBEeHCTBA MMEET MECTO JIUILIb B CUTyalluH, Korga X
— JIETEepPMUHUPOBAHHBIN CUTHAI, T.€. p(x;)=1 , ciegoBarenbHO, JOObIE Ipyrue co-
CTOSTHUSL CUTHAJIa HEBO3MOXHBI (m=1);

2) BenuurMHA COOCTBEHHOM MH(MOpMaIMu TeM OOoJbIle, YeM MEHEee BEPOSITHO
JTAHHOE COCTOSIHUE;

3) 0ObIYHO 3apaHee HE W3BECTHO, CKOJIBKO MH(GOpMAIMU OYJIeT COmepkKaTh
CHMT'HaJI, IOCKOJIbKY 3apaHee HEe N3BECTHO, KAKOE UMEHHO 3HAYECHUE X; TIOSIBUTCA Ha
BBIXO/I€ UCTOYHUKA.

[TocenHee 0OCTOATENBCTBO MO3BOJIAET caMy BenuuuHy [=I(X;) cuuTaTh Of-
HUM M3 BO3MOXHBIX 3HAYEHUU HEKOTOPOW JUCKPETHOM CIIy4YalHOW BEIMYMHBI,
VMMEIOLIEN Pl paclpeeIeHUs

L L | L .. ] 1, (4.4)
p(x) | p(x1) [ p(x2) | ... | pOo) |

Hanpumep, nycts yeTBepuuHblii curdan ¢ AsykparHon M xapakrepusyer-
Csl 3HAUCHUSIMU Ha4YaJIbHOU (ha3bl

x=¢;| 0° | 90° [ 180°]270° (4.5)
p(x) | 0,10]0,60] 0,18 | 0,12

TOr/Aa PsiJi pacnpeaejeHus 1Jsi BeJMYNHbI COOCTBeHHO MH(OpMAIIUM MMeeT
BH/JT
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| I=-logp(x)) | 3,32]0,74 [ 2,47 3,06
p(x) 10,10]0,60]0,18 0,12 |

Marematudeckoe OXHUAaHUE CIy4alHON BETUYMHBI ‘‘COOCTBEHHast MHQOP-
Maiusi” paBHO

H(X) = M[log p(X)] =3 p(x)log p(x,) (4.6)
W Ha3bIBACTCS SHmponuel cueHaia X.

Jlns mpumepa (4.5) umeem H(X)=0,1xlog0,1-0,6x1og0,6—
—0,18xlog0,18-0,12xlog0,12= 1,587 Owur.

YroObI yIPOCTUTH MOTOOHBIC OJHOTHITHBIC BBIYMCICHUS, B [Ipunokenun 2
naHa Tabnuna 3HaveHnit Gpyakaun h(p)= —plog(p), a Ha puc. 4.1 — ee rpaduk.

0’6h(17)
04 4 S
.4 L

0,0 V \p

0 0,5 1 P
Puc. 4.1. BcunomorarenpHas

dynkuust h(p)=—plog,p

CBoliCcTBa SHTPONUMU:

1) H(X)=0, npuueM 3HaK paBEHCTBA UMEET MECTO JIMIIb MPHU JIETEPMUHUPO-
BaHHOM curHaje X (3TO JerKo Mmoka3aTh, yOeIUBIIUCH B TOM, 4To h(p)=0 nuuib
npu p=0 u npu p=1);

2) cuenan X, umerowjuti m 603MONCHbIX COCMOSAHUL, 001a0aem MaKCUMAlb-
HOU dHmMponueu

H(x)<H,.,,=logm 4.7)
6 cyuae, K020a 6ce Smu COCHOAHUA PABHO6epoAmHbl, m.e. p(x;)=1/m.

B cnpaBennmBOCTH 3TOr0 yTBEPKIECHUS MOYKHO yOEIUTHCA, MPOBEPHUB, YTO
“BbIpaBHUBAHNE” BEPOSTHOCTEH JIFOOBIX ABYX COCTOSIHHM BEACT K YBEITUUCHHUIO YH-
TpONUHU. [[eCTBUTENBHO, UMEEM

21{%] > h(p,)+h(p,),

MOCKOJIBKY (PyHKIIMS A(p) — BBITyKIIas.

DTH J1Ba CBOMCTBA MOKA3bIBAIOT, YTO SHTPOIHS, B JOMOJIHEHUE K CBOEMY OC-
HOBHOMY HAa3HA4YEHHIO (CpeIHEe KOIMYECTBO COOCTBEHHOM MH(OpPMAIIUU B CUMBO-
je X) MOXET HUCTOJIb30BAThCS KaK Mepa HeonpeodeieHHOCMU UCX00a ONnblma Hao
caydainvim 0ovekmom X.

Ourponust H(X) — neTepMUHUpPOBAaHHAS BEJIUYHHA, TTOITOMY €€ yao0Hee HC-
MOJIb30BaTh JJI ONUCAHUS MHPOPMAIMOHHOTO COJAEP>KaHUSI CUTHAJIOB, HEXEIU

(4.8)
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HaOop 3HaueHui (4.2).

YroObl yBEIMYUTh KOJUYECTBO BO3MOXHBIX BapHaHTOB N, mepeaaBacMoe
coobtmIeHre 00BIYHO (POPMUPYIOT B BUE MOCIENOBATEILHOCTH JUIHHBI 7, COCTO-
smeit u3 m-nuasix cumBonoB X=X xP . x" rne xaxmeri cumBom Moxer

IPUHATH OJHO U3 3HAYEHUH X, X,,..., X, ,[IPU ITOM N =m".

A Lx " onpenens-

CobctBennas mHGOpMAIIUS TOCIEA0BATEILHOCTH x[[l],xj[
eTCsl TEM K€ crocoOoMm (4.2)
1 2 n 1 2 n
I(x[[],xj[ ],...,xk[ ]) =—10gp(xi[],xj[ ],...,xk[ ]) (4.2a)
U, €CTCCTBECHHO, 00JIajaeT TEMH K€ CBOWMCTBaMH. K HUM MOXXHO JOOABHUTH JIUIIIH
CB0LICMB0 Aa0OUMuUeHOCmMU, BEITEKaromiee u3 (GOpMyJbl YMHOKEHHUS BEPOSITHOCTEMH,

I( xi[l], xj[Z], xqm,..., xr[nfll’ xk["] ) =—log p( Xi[l]) _
—log p(xj[2] /xl.[l]) —log p(xqm /xi[ll,xj[z]) —

—log p(xk["] /xl.[l], xj[z],..., xr[H]) =
(4.9)
= I(x,.[l]) + I(xj[z] /xi[l]) + I(xq[B] /x,.[l], xj[z]) +..+

+I(xk["] /xi[l],xj[z],..., X ["71])

r 9

rae odozHaueHue I(a/b) UCronb30BaHO JJIs ONPEICICHUS VCI0BHOU COOCMBEHHOL
ungopmayuu, T.e. THPOPMAIIH, COACPKAIICHCI B CUMBOJIE @ TIPH YCIOBHH, YTO K
ATOMY BpEMEHH HaOJIOJIATENI0 y)KE€ M3BECTHBI 3HAUCHUS BCEX CHUMBOJIOB, BXOIS-
X B rpynny b.
DOHTpONUs MOCIEI0BATEIbHOCTH CUMBOJIOB TAK)XKE OMpPEENseTcs] Clioco0oM
(4.6)
HX)=H(x", xP _ xty=

- _ZZZ p(xi[l]’ XI[Z]""’ xk[n]) log p(xi[l]’ xj[Z]a..., Xk[n]).
k=1

i=1 j=1 =

(4.62)

Boeruucnss dopmanbHO MaTeMaTUYECKHE OXMIAHMS O0EUX 4YacTed paBeH-
ctBa (4.9), BUIUM, 4TO U SHTPOIHSI TIOCIEIOBATEIIBHOCTH 00JIaIaeT CBOMCTBOM aJI-
JTUTUBHOCTH

HX) =HXM+mXP/ x4+ +
+H(xM xU xB L x b,

YTouHsIs CBOMCTBO 3KCTpEMaIbHOCTHU (4.7), OTMETHM, YTO M SHTPOMHUS IO-

CJIeJI0BAaTEIbHOCTH MAKCUMaJIbHA
H(X)<H,  =logN =nlogm=nH

max >

(4.10)

4.11)

Korja Bce N COCTOSIHHI paBHOBEPOSITHBI. DTO BO3MOXKHO JIMIIb B TOM Cllydae, Ko-
I71a U 0J18 Kaxic0020 CUMBOJIA 6Ce €20 M COCMOSHUL PABHOBEPOSIMHbBL, d CUMBOJIbL 8
nOC1e008aMeNbHOCIU HE3AB8UCUMDL.

C 3TUM CBOWMCTBOM CBSI3aHO BEChbMa Ba)KHOE MOHITHE M30BITOYHOCTH CHUTI-
Haja. Curnan X o6mnanaer u30bITOYHOCTBIO, €CJIM KOJUYECTBO UHPOpMALIMK (IH-
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tponus) H(X), coaep:kaiieiicss B HEM, MEHbIIIE TOT0 MAaKCUMaJIbHOI'O KOJIMYECTBA
H,1ax ,KOTOPOE OH B MPUHITUIIE MOT OBl COJIEPKaTh MpHU TexX ke m u n. Koadduiu-
€HT U30BITOYHOCTH OTpeiesieTcs o popmyiie

R=1-HX)/H,,. (4.12)
¥ MOXeT npuHHMaTh 3HadeHus: 0<R<I. MHorma ymoOHEEe HCMOIL30BATh JPYTYIO
dbopMyITy, TIPUBOMSIIYIO K TOMY K€ PE3YIIbTATY,

R=1-L_/L=L/L, (4.13)
riae L — cpeHee KOJIMYEeCTBO CUMBOJIOB B COOOIICHHUH (CpeIHEe 3HAUYCHUE MOXKET
OBITH Ta)ke TPOOHBIM);

Linin — MUHUMAJIBHOE CPEJIHEE KOJIMYECTBO CUMBOJIOB, HEOOXOIMUMOE JIJIsl TO-
ro, 9TOOBIl BMECTUThH TO )K€ KOJMYECTBO MH(MOPMAINH, CICTOBATEIHHO, BEIIMUYNHA
L, ecTb cpeiHEee KOTUYECTBO M30BITOYHBIX (“TUITHUX"’) CHMBOJIOB.

Hecmomps na enewnee cxoocmeo ghopmyn (3.25) u (4.13), onu onpedensirom
U30LIMOYHOCb NO-PASHOMY: 8 Nep8oOM Clyyde — 8 MEXHUYECKOM CMblcle, d 80
emopom — 6 bojee obwem, UHGOpMayuoHHom cmolicie. Pe3ynbTaThl BHIYUCICHUN
o obenmM (opmysam JJIsl CHTHajIa Ha BBIXOJE JACKOAEpa COBMAMAIOT B €AMHCTBEH-
HOM CJIy4ae, KOrjJa JIBOMYHBIM CUTHAI HA €r0 BXOJE HE COJAEPKUT M30BITOUHOCTH,
TO ecTh Bce ero N=2" komGuuariuit PaBHOBEPOSTHBI.

N306bITOYHOCTh TMCHMEHHBIX TEKCTOB B JTIOOOM M3 €BPOIEHCKHUX SI3BIKOB J10-
BOJIbHO Benuka: oHa coctaBisier 70-80%. Vcnonb3oBaHME pa3iiMYHBIX COKpaIlle-
HUI €CTh CIOCO0 YMEHBIEHUS W30BITOYHOCTH. B MHBIX ciydasx W30BITOYHOCTH
CO3HATENHHO YBEJIMYMBAIOT, HAIIPUMEP, yKa3biBasg CyMMY IPOIHUCHIO B (DMHAHCO-
BBIX JOKYMEHTax. Mcrmonp30BaHNE KOPPEKTHPYIONINX KOJOB TaKKe OCHOBAHO Ha
BBEJICHUU B MepeAaBaeMblii CUTHAT N30BITOYHBIX, IPOBEPOUYHBIX CHMBOJIOB.

U3 sxonomuueckux coobpasxiceHuti 6ce20a xomenocs ovl chopmuposams ne-
peodasaemvlil CUSHAT, HE COO0epHCAUuUll U30bIMOYHOCMU, OOHAKO CMABUMb MO
2NIABHOU Yeblo NPU KOOUPOBAHUU OONYCIMUMO UL NPU nepedaye CUsHAla 8 Ka-
Hane 6e3 nomex. B kamane ¢ nomexamu nepeoasaembvlii CUSHALL OOIHNCEH COOep-
JHcamo uU30IMoOYHOCMb mem 601bULYI0, Yem evlule yposeHs nomex. Mmenno onazo-
oapsi >moil u3obIMmoYHoOCmu yoaemcs obecnedums mpedyemoe Kaiecmeo nepeoayu
3a cuem mo2o, Umo 6 npoyecce npuema NosGIAEmMcs 603MONCHOCMb OOHAPYIHCU-
8amv U UCNPABIAMb ODONLUUHCIMBO OUUOOK, BOZHUKAIOUWUX 8 KAHAe.

4.2 KopnpoBaHue B KaHane 6e3 nomex

CooO1ieHue Ha BbIXOZE JIF0O0ro peasbHOro HCTOYHUKA HHPopManuu (TEKCT,
peub, U300pakeHue u T.I.) obsagaeT u30bITOUHOCThIO. Henb3s cka3aTh, 4TO OHA
Oecrosne3Ha (CM. BBILIENPHUBEACHHBIE 3AMETKH O POJIM U30BITOYHOCTH), HO B IO-
JaBJISIIOIIEM OOJIBIIMHCTBE CIIydaeB BBEJCHA J1aJIEKO HE CaMbIM pallMOHAJIbHBIM
obpazom. IlosToMy mepen Tem, Kak MPOBOAUTH KAaKHE-TO MPeoOpa3OBaHUs CO0O-
HICHUS, Jy4lIe OT 3TOU U30BITOYHOCTU U30aBUTHCS.

IIpeobpazosanue yugposoeo cucnana, HanNpagieHHoe HA COKpaujeHue us-
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ObIMOYHOCIU, HA3LIBAECMC KOOUPOBAHUeM UcmoyHuka. PaHbIe TOT ke MpoIece
Ha3bIBAJIM KOJAUPOBAHUEM B JIUCKPETHOM KaHase 0e3 moMex.

Hanpumep, npu ABOMYHOM KOJMPOBAHUHU ajpaBUTa, CoAepKaiiero s = 5
OyKB, KOJ0oBas TabauIa MOJKET HMETH [ (1 4% 00112078 BU]I
(tabu. 4.1). JIna xaxnoi OykBHI Xx; B TaOJIMIIE YKa3aHA BEPOATHOCTD €€ MOSBICHUS
p(Xj) 1 COOTBETCTBYIOIIAsl KOAOBasi KOMOMHAIMS, a TAKXKe JUIMHA [; 5TOM KOMOHUHA-
1y (B 0011IeM ciiydyae KOMOMHAITUU MOTYT COAEPKaTh PA3HOE KOJIUYECTBO CUMBO-
JIOB).

OO6byHO KOjOBasi TabJWIIA HMCIOJIB3YETCS MHOTOKpaTHO (Ui mepeaadyu
MHOTOOYKBEHHOTO TEKCTa), M Hanbojee 0ObEKTUBHBIM MMOKA3aTEIIeM YKOHOMUYHO-
CTH KOJIa SIBJISICTCSI CPEAHSS JIJTMHA KOJIOBOM KOMOMHAIIUH

L=S"7 p(x)=3-0,2+..+6-0.1=3.2 Gur/ GyKay.
;Jp(xj) ,24..46-0, ,2 out/ OyKkBY (4.14)

[Ipu 3TOM H30BITOYHOCTH CHUTHAJIa HA BBIXOJE KOAEpa MOXKHO OINPEAECIHUThH
no ¢opmyre (4.13), monarasi, 94T0 Ly, €CTh MUHUMAIHHO BO3MOXKHOE CPEIHEE KO-
JMYECTBO M-UYHBIX CUMBOJIOB, IPUXOSIINXCS HA OAHY OYKBY TEKCTA.

ITonbITaeMcs HAUTH OTBETHI HA JBa BOIIPOCA:

1) KakOBO UHCIIEHHOE 3HAaUEHHUE TEOPETUUECKOro npeaena Luy,,?

2) KaK HY’HO KOJUPOBATh, YTOOBI JOCTUTHYTh 3TOr0 MPEENa UIH XOTs Obl
K HEMY TpHUOTU3UTHCS ?

Kcraru, oueBuaHo, uto /i andasuta Tabdi. 4.1 cymecTByIOT Jydline Koabl,
HEXEJIN KOJl, YKa3aHHBIN B IIPUMEDE.

Ta6muma 4.1. [Ipumep
KOJIOBOM TaOJIUIIBI

x; | p(x;) | KonoBbie l;
c10Ba

a (02 |101 3

6 |05 |010 3

B [0, |0 1

r [ 0,1 |1001 4

a 10,1 |110000 6

[IpoBenem mpocThie, XOTS U HE OYEHb CTPOTHE, PACCYXKICHUS, MO3BOJISAIO-
1€ OTBETUTDH Ha NIEPBBIN BOIPOC.

CoOcTBenHas nH(popManus OykBbl x; paBHa I(x;)=—logp(x;). CTONBKO e uH-
(opMaIum JT0JKHO COAEPIKATh j-€ KOJOBOE CIIOBO.

C npyroii CTOpOHBI, MAKCUMAJIbHOE CpeIHEE KOJIMYECTBO MH(pOpMaLuu, KO-
TOPOE MOXET MEPEHECTH OJIMH M-UYHBIA CUMBOJI Ha BBIXOJE KOZAEpa, B COOTBET-
ctBuM ¢ (4.7) paBHo H,=logm. Torna KonmuecTBO TaKUX CUMBOJIOB, TpeOyeMoe
JUTS pa3MeNIeHns UMEIoIeicss HHPOPMAIIUH, TOJKHO YAOBIETBOPSATH OUEBUTHOMY
HEPaBEHCTBY
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[ > I(‘xj) _ _10gp(xj)

ISH logm (4.15)
HepaBeHcTBO cripaBesIMBO U ISl MATEMAaTHYECKUX OKHIaHUN 00enX yacTei
S1p(s)> @{—Z plx,)log p(x,.)}. (4.16)
Torna Ha ocHoBanuu onpenenenuii (4.6) u (4.14) umeem
L2
logm ™ (4.17)

Takum o0Opa3om, OTBET HA MEPBBII BOMPOC MOTYUECH.

BbisicHuM, Tpy KakuX YCJIOBHSIX HepaBeHCTBO (4.17) mMoxeT oOpaTuThCs B
PaBEHCTBO, T.€. KOTJIa CYIIECTBYET 0€3bI30BITOUHBIN KOA. [ 3TOro HeoOXoanMo,
9TOOBI Kakaoe cinaraemoe B (4.16) oOpaTwiiock B paBeHCTBO, T.€. 0OpaTUINCH B
paBeHCTBA Bce s BoIpakeHuil (4.15). JleBasd yacTh /; — 3TO KOJIMYECTBO CUMBOJIOB B
J-¥ KOMOMHAIIUH, T.€. MOJOXKHUTENbHOE 11eJioe unciio. [loatomy paBeHcTBO B (4.15)
BO3MOXKHO JIMIIIb B TOM Clly4ae, KOI/ia U IpaBas 4acTh — IMOJIOXKHUTEIBHOE II€JI0€
yucio. B urore paBeHcTBO B (4.17) BO3MOXKHO JIUIIb B Cly4dae, KOT/ia pacupeesne-
HUE BEPOSITHOCTEN OYKB TaKOBO, YTO KaXKJasi U3 BEPOATHOCTEH MOXKET OBITh MPei-
CTaBJIEHa B BUJE OTPULIATEIbHON LIETOUUCIEHHON CTENEHN OCHOBAaHUS KO/IA M

px)=m". (4.18)

[IpuBeeHHBIE COOTHONIEHUSI OTOOPAXKAIOT COIEpKAHUE JI0Ka3aHHOM CTPOro
meopemvl [llennona o koouposanuu ¢ OUCKpemHOM Kauaje 6e3 nomex.

IIpu xoouposanuu argpasuma X ¢ sumponueti H(X) cpeouss onuna kooosoi
Komounayuu e modcem ovimsb menvute H(X)/logm. Eciu eeposmnocmu O6yke ne
ABNAIOMCL OMPUYAMETbHBIMU YETIOUUCTEHHbIMU CIMENeHAMU YUCIA M, MO MOYHOe
0oCmudiceHue YKa3anHoU HUNCHeU 2PaHUu He8O3MONCHO, HO NpU KOOUPOBAHUU OO-
CMAmMoyHo ONUHHLIMU OJOKAMU K Hell MONACHO CKOJb Y200HO NPUOIUSUMBCAL.

[locnennee yTBep» AeHUE TEOPEMbI, O KOAMPOBAHUU OJIOKaMH, OYIET Mpo-
WUTIOCTPUPOBAHO MO3KE.

®opmyna (4.15) gaet numis BecbMa 00111ee yKa3aHHE O CIIOCO0e KOAMPOBA-
HUs: O0Jee BEpOATHBIM OyKBaM JOJKHBI COOTBETCTBOBAThH 00Jiee KOPOTKUE KO/0-
Bble KOMOMHAIIMU. DTO — NPUHYUN CIMATMUCTUYECKO20 KOOUPOBAHUSL.

[IpensnokeHo HECKOIBKO CIIOCOO0B KOAMPOBAHUS C MaJION U30BITOUHOCTHIO.
Haunyuwuii uz nux — ko0 Xagpmana. Bennuuna L, nmoirygaemasi Ipu KOIUPOBAHUHU
ATUM KOJIOM, HE OOJIbIIIe, YeM IIPHU KOJUPOBAHUH JTIOOBIM JIPYTUM KOJOM.

[Iponenypa koaupoBaHusi ABOMYHBIM (m = 2) KojoM XadMaHa mpeaycMar-
puBaet (s — 1)-KpaTHOe MOBTOPEHHE OJHON W TOHM K€ OMepalluy, BKIHOYAIOIIEH
CJelyIoUIUe AeUCTBUS:

1) OykBbI angaBuTa, MOIYYEHHOrO HA MPEABIAYILIEM IIare, pacrioiaratoTcs B
NopsiJIKe YObIBaHUS MX BEPOSTHOCTEH;

2) NpoBOAUTCS COKpallleHre ajndaBUTa Ha OJJHY €AUHMUILY, T.€. IBE€ HAUMEHEE
BEPOSTHBIC OYKBBI OOBEIUHSIIOTCS M 3aMEHSIFOTCSI OJHOW HOBOM OYKBOM, JJIsi KOTO-
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pOii BEPOSITHOCTh €€ TMOSBIEHUS, €CTECTBEHHO, paBHa CyMMeE BEPOSITHOCTEH 00b-
eINHSEMBbIX OYKB.

[Ipotecc koaupoBanus ya00HO rpadUuecKu WLTIOCTPUPOBATH MPU TOMOIIH
TOPU30HTAIBHO PACTIONIOKEHHOTO JiepeBa (CjeBa — BETBHU, CIIpaBa — KOPEHb), Y KO-
TOpPOTO BCEr/ia JIBE€ BETBU O0BEAUHSIOTCS B OJIHY, OoJee KpyrnHyt. O0benuHsIeMble
BETBU 0003HAYAIOTCS IBOUYHBIMU Iu(pamu: BepxHsis — 1, HkHssA — 0. UToOb! 3a-
MUCcaTh KOJAOBOE CJIOBO, COOTBETCTBYIOIIEE JAaHHON OYyKBE, HY>)KHO JIBUTAThCs K HEl
OT KOPHS JIepeBa U CUNTHIBATH ATU JIBOUYHBIC IIU(PHI.

Ilpumep. 3axonupoBaTh OYKBBI ayndaBuTa, MpUBEAECHHOr0 B Tadn. 4.2, u
OIICHUTHh HM30BITOYHOCTH MOJYICHHOTO KOJIA.
Tabsuna 4.2 — Tpumep psiza pacipeieieHus
BEpOSATHOCTEH OyKB andaBura
Xj X1 X2 X3 X4 X5 X6

p(x)]0,1]0,210,25[0,05]0,25]0,15

DHTPOMUS UCTOYHUKA COOOIIIEHUI paBHA

H(X) =-0,1 x log0,1 — ... = 0,15 x log0,15 = 2,423 6ut/0yKBYy.

O4eBUAHO, YTO U3-32 HEPABHOBEPOSITHOCTU OYKB andaBuTa COOOIIEHUE HA
BBIXO/I€ UCTOYHHKA UMEET U30BITOYHOCTh

R =1-H(X)/H(X),_ =0,0627,

rae H(X)m.x = logs = 2,585 6ut/OykBy.

KonoBoe nepeBo mokazaHo Ha puc. 4.2, rie B pa3pbhiBaXx BETBEH yKa3aHbI
CyMMapHbI€ BEpOSITHOCTU 00bEAUHSIEMBIX OYKB.

1
0.55
[ 7 oo —
Kombu- | x; — 0,45 0

HaLHs — 0,30 1
10 X3 — 025 _

01 X5 025 1 ’
00 X —0.20 :(|)‘

111 X6 015 1

1101 Xl o0 1 }*

00 [ | s ](:0*15 0

Puc. 4.2. KomoBoe aepeBo koma Xahmana

Cpenusst ayimHa KogoBoro ciioBa (4.14) Ha BeIXxoje Kojepa paBHa L = 2 x
0,25 + ... +4 x 0,05 = 2,45 (6ut/0yKBY), 1 U30BITOUHOCTH (4.13) ATOrO CUrHaNMa
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coctaBisgeT R =1 —2,423/2,45=0,011.

Wtak, andaBUT MUCTOYHMKA YAQIOCHh 3aKOJUPOBATH C Majoi H30BITOYHO-
CTBIO, Ja)KE€ MEHBIIIEH, YeM U30BITOYHOCTh BXOJHOI'O CUTHAJIA.

Crnenyer OTMETHTh, YTO HCIOJB30BaHUE KoAa XadmaHa IMO3BOJISIET IOJNY-
YUTh CUTHAJ C MUHUMAJIBHO BO3MOXHOW M30BITOYHOCTBIO, HO U3 3TOr0 HE CIEAY-
€T, UTO U30BITOUHOCTh CUTHAJIA Ha BBIXOJI€ KOZlepa Bceraa OyAeT MeHbIe, YeM U3-
OBITOYHOCTH UCXOAHOTO alpaBuTa. Bo3MokHa Takas, Ha MEePBbIN B3IJIA]l MAPATOK-
caJibHas CUTYyalus, Korjaa Bce s OykB andaBuTa paBHOBEPOSTHBI U, CII€A0BATENbHO,
BXOJIHOW CUTHAJl HE COAEPKUT U30BITOUHOCTH, HO BBHIXOAHOW CUTHAJ U30BITOYEH.
[TosTomy emie pa3 MOAYEpPKHEM, YTO KOJWPOBAHHWE C HYJIEBON H30BITOYHOCTHIO
BO3MOXXHO JIMIIB JUIS paclpeesIeHU BEPOSITHOCTEN CIENUAIbHOIO BU/1A, 4 UMEH-
HO, KOI'/Ia BEPOSTHOCTH BCeX OYKB MOT'YT OBbITh IpeCTaBiIeHbl B popme (4.18).

Hpyroit Becbma xopomuii koj — 370 koA Lllennona-®ano. 31ech Takxke
OyKkBbI aj(aBuTa IMPEIBAPUTEILHO PACIIONATalOTCs B MOPSAJIKE YOBIBAaHUS BEPOST-
HocTel. KogupoBaHue 1BOUYHBIM KOJIOM ITPOBOJIUTCS B HECKOJIBKO TAIOB:

1) Bech andaBUT IEAUTCS HA JIBE TPYMNIbI (BEPXHIO M HUXKHIOK) TaK, YTO-
Obl CyMMapHbI€ BEPOSTHOCTH B KaXKJ10M U3 Ipymi ObUIM 1O BO3MOKHOCTH PaBHBI
ApYT Ipyry (K COXKaJeHUIO, €CIM BEPOATHOCTH BCeX OYKB HE MOTYT OBITH Mpe-
cTaByieHbl B BUj€ (4.18), mpy BBINOIHEHNUHU 3TOM Omnepanuy BO3MOXEH CyOBEKTUB-
HBI MOJAX0/); 3aTeM JJI KaXA0W OyKBBI 3alIUCHIBAETCS MEPBbIIl CUMBOJ KOJOBOTO
cinoBa: 1— g OykB, MOMABIIMX B BEPXHIOW rpymmy, u 0 — 11 OyKB U3 HIDKHEH
IpYIIIBI;

2) xaxjas rpyImnia AeJIUTCs, B CBOKO O4YEpe/lb, HA IBE PABHOBEPOSTHBIE MO-
IPYNIbL, U B K&KIOM KOJJOBOM CJIOBE 3alIUCHIBAETCS BTOPOM CUMBOJ IO TOMY K€
OPUHIUITY.

Takoe neneHue u JONMCBIBAHUE CUMBOJIOB IIPOBOJUTCS 0 TEX IOp, IOKA B
KaXKJI0M MOATpYMIE HE OCTAHETCA M0 OJJHOM OyKBeE.

Ecnu m > 2, Ha Kax/10M 11are mpoBOAUTCS JI€JICHUE TPYIIbl OYKB Ha 171 PaB-
HOBEPOSITHBIX MOATIPYMII U JJI1 X HyMEpPalUu UCIIONIb3YI0TCs cCUMBOIBL 0,1,...,(m—
1).

OOpaTtuTe BHUMaHHUE, YTO NPU KOJUPOBAHUU U KOJIOM XadMaHa, U KOJOM
[IlenHoHa-®aHO B caMOl CTPYKType KOJOBOM TaOIMIBI YK€ 3aJI0)KEHA BO3MOXK-
HOCTb pa3JEeleHMs IIPU MPUEME TOCIEA0BATENIBHO NEPEIABAEMbBIX KOJOBBIX KOM-
OounHauuii. Hanpumep, npu KogupoBaHUM KOJOM pHC. 4.2 TpuHATas ABOUYHAS I10-
cnenoBarenbHOCTs 001100010011 10nH03HaYHO nEeKOAMPYETCA Kak MOCIEI0BA-
TEJIBHOCTh OYKB XpX4X5X,Xs . DTO OOYCIIOBIEHO TE€M, YTO B KOJOBOM Ta0JMle HUKa-
Kast KOMOMHALIMS HE SIBJISIETCS] HA4YaJIOM JIPYroM, Oosee IITMHHON KOMOMHALIMH.

[Tpu ucnonbp3oBaHuKM 000UX KOAOB JIt00as1, Jaxke OAMHOYHAS OIIUOKA B MPU-
HATOM IOCJIENO0BATEIBHOCTH JIMIIAECT IPUEMHUK BO3MOYKHOCTH IPABUIIBHO JIEKO-
JUPOBaTh €€ OCTAaBIIIYIOCS 4YacTh, HO ATy MpolOsieMy oOCykJaTh He OyaeMm, mo-
CKOJIBKY, HAaIlOMHUM, 3TH KOJBI NPEIHA3HAYEHbI HCKIFOUUTEIBHO JUISI KOJAHPOBA-
HUSl TIPU OTCYTCTBUU MOMEX (peanbHO, B CUTYallMH, KOT/1a BO3MOXKHOCTD TOSIBIIE-
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HUS OMIUOKH MPEHEOPEKUMO Maja).

Koauposanue 6iokamu, ynomuHaemoe B teopeme lllennona, nmpenmnonaraer
UCTIOJIb30BaHUE TEX JK€ KOJIOB, HO KOJOBAas TAOJIUIIA COACPKUT HE OTACIbHbBIE OYK-
BbI IIEPEIABAEMOr0 TEKCTa, @ UX KOMOMHAIINH (BYXOYKBEHHBIE, TPeXOYKBEHHbBIEC U
T.J.), IPX 3TOM, €CTECTBEHHO, HY)KHO yYKa3aTh BEPOSITHOCTH TOSBICHUS 3THX KOM-
ounanuii. [Ipu konupoBaHuM n-O0yYKBEHHBIX KOMOWHAIMN 00bEM KOTOBOM TaOJIMIIBI
paBed N = s", T.e. 9KCITOHEHIIMAJIBHO PACTET C YBEIUUEHHUEM JUTHHBI 0J0KO0B. ITo-
JIOXKUTENHHBIA dPPEKT MPU dTOM 3aKITIOYAETCS B TOM, YTO BEPOSTHOCTH BCEX 7i-
OyKBEHHBIX OJIOKOB BC€ 00Jie€ TOUYHO MOT'YT OBITh MpeacTaBieHbl B popme (4.18),
T.€. U30BITOYHOCTH MOXET OBITh CIIE/IaHa CKOJIb YTOJHO MaJloil.

I nasnwiii Hedocmamok 060uUx K0008 3aKIOUAIOMCSL 8 MOM, YMO 015 UX NPU-
MEHEHUsl HYHCHO 3HAMb 8ePOSIMHOCMU Nos6leHus OyKke (WM X KOMOWHALUNA MTpU
KOAMPOBAaHUM OJIOKaMHM), a Ha TPAKTUKE TaKasi OiaronpusiTHas CUTyalusi BOSHUKA-
€T Ype3BbIYalHO PEIKO.

Kona Jlemnena-3uBa [1-3] cBOOOAEH OT 3TOr0 HEAOCTAaTKA. 3/1€Ch KOJI0Bas
Ta0JIMIIA, U3HAYAJIBHO TOYTH ITyCTasl, 3aloJHSIETCS OJHOBPEMEHHO B ITYHKTaX Iie-
penadu M nmpuema B Ipoliecce KOAUPOBaHUs (JEKOAUPOBAHUS), IPUYEM B ATy Ta0-
JMITy BHOCSITCS JIWIITb Takue Bce Oosee JUIMHHBIE OTPE3KH TEepeaBaeMoro cooo-
IICHUsI, KOTOPBIE €llle HEe BCTpedanuch paHee. KaxaoMmy oTpe3ky B Tabiuile MpHU-
cBaMBaeTcs n-pas3psanHbii HoMmep. [lpu BHeceHMH oyepeaHOM 3amucu (CTPOKH) B
TaONHIly Tiepenaercs 070K, COAepKaIn:

1) HomMep oTpe3Ka, yKe UMEIOIIErocs: B TaOJHIIE;

2) cUMBOJI, CJICTYIOIINI B TIEpEIaBaeMOM COOOIIEHUH 32 3TUM OTPE3KOM.

PaccMmoTprM mpuMep KoaupoBaHHUS JBOWYHBIM KojoM Jlemriena-3uBa JIBO-
nyHoro cooOmenust 0010101000101, CoobuieHne KOpOTKOE, MO3TOMY MOXHO
B35Th HEOOJIBIIIOE 3HAUCHUE N = 3.

Ha puc. 4.3 nokaszaHbl JBOUYHBIE MOCIEIOBATEILHOCTH HAa BXOJ€ M BBIXOE
Kojiepa, MPUYEeM pajayd HArJSITHOCTA OHU Pa30MTHhI HA YaCTH, COOTBETCTBYIOIIHE
oT/enbHBIM maram. CIUIONIHBIE JIMHUM YKa3bIBAIOT, KAKUE HOMEpa M3BIIEKAIOTCS
U3 KOJIOBOW TAaOJIHUITHI M TTOMAIOTCS HAa BRIXOMA Kozepa. [IITprxoBbie IMHUH TTOKA3HI-
BAIOT MYTh BHECEHMsI OUYEPE/IHBIX 3aIlrced B KOJOBYIO TaOiuily (miepBas 3amuch
“npoben” u ero Homep 000 BHeceHbI B TaOIMILy 3apaHee). Y 0enuTech, YTo Mo me-
pemnaBaeMoil mocIe0BaTEIbHOCTH B IIYHKTE TIpUeMa MOKHO B TOM K€ MOPSAKE 3a-
MOJIHATH KOJIOBYIO TAOJIMILY U I€KOJUPOBATH CUTHAIL.

JUtst nanpHeUero coKpamieHus: M30bITOYHOCTH TOJIE3HO T€ OTPE3KU B KO 0-
BOM Ta0nuIle, A1 KOTOPBIX YXKE CYIIECTBYIOT BCEBO3MOXKHbIE O0Jiee JUIMHHBIE T10-

Bxon 0 01 010 1 00 0101
Beixox | 0000 | 0011 | 0100 | 0001 | 0010 | 0111
Otpe3ox | Homep ' - g
- 000
0 001
01 010
010 011 LT T et
1 100 [ -7 -7
00 101 [ .-~
0101 1o I

Puc. 4.3. [Ipumep kogupoBanus kojaoM Jlemnena-3uBa
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CJIeIOBATENbHOCTH (JJTMHA OOJIbINE HA €IMHMILY), UCKIIOYATh U3 TAOJUIIBI U TO-
BTOPHO MCIOJI30BaTh OCBOOOAMBIIINECS HOMepa. Hanmpumep, mosie 3anucu oTpe3ka
00 MOXHO OBITO OBl HCKITIOYUTH OTPE30K 0, T.K. IJIT HETO YK€ CYIIECTBYIOT Ooee
nnuHHbIe 01 1 00, HO MBI 3Ty ONEpalrIO HE BHITIOIHSIIN.

N3 nmpuBeneHHOro npuMepa BUIHO, 4TO koA Jlemrena-3uBa axke yBeIU4u-
BaeT M30BITOYHOCTH MPU KOAUPOBAHUU KOPOTKUX CcOooOIeHui (Ha BXxoje Obuto 13
OuT, a Ha BBIXOJIe CcTajo 24), 0AHAKO MPU KOJAUPOBAHUU OoJiee JIMHHBIX COOOIIIe-
HUMN 3TO COOTHONIIEHUE MOCTENEHHO yiyuinaercs. JlokazaHo, 4TO aCUMITOTUYECKHU
(Mpu yBETWYEHUM JUIMHBI COOOIEHHS) M30BITOYHOCTh 3TOI0 KOJA CTPEMHTCS K
HYJTIO.

Kon Jlemniena-3uBa sIBisieTCS OCHOBOM MHOTMX IPOLEAYP apXUBHPOBAHUS
Gbaiinos.

Bce paccMOTpeHHBIE BBIIIE METOABI — 3TO YHUBEPCAIbHbIE MEMOObl, NO360-
JAWUe Koouposams iroboe yugdposoe coobwerue bes nomepu uHpopmayuu.

Pa3paboTanbl Takxke cneyuanuszuposanHvie mMemoobvl, KaxXJblil U3 KOTOPbIX
npelHa3HauYeH JUIsl KOJUPOBAHUS COOOIIECHUI OMpeneeHHOro Buia (TOJIOCOBBIX,
BUJICOM300paKEHUM U T.II.) U OCHOBAH Ha yueTe OCOOCHHOCTEW NaHHOTO BUaA [2—
4]. KonupoBaHre TaKUMHU METOJaMU MPOU3BOJUTCS ¢ YACTUUHOM moTepeit nHbop-
MalliH, YTO BBUIMBAETCS B MOTPEIIHOCTH MPU BOCCTAHOBJIECHUU COOOIIEHUS B MPU-
eMHUKe. MOXXHO YBEJIMUUTh CTENEHb CXKATHSI 32 CUET YBEIUUYEHUS MOTPEIIHOCTEM.

4.3 BaanmHasa nHdopmaums

B kanasie ¢ moMexaMu BO3MOXHBI CUTYaIMH, KOTJa MPUHATOE 3HAYCHUE M-
MYHOI'O CUMBOJIA Y OTJIMYAETCs OT MEPEJAHHOIO 3HAYEHUsI X;j, XOTSI B HOPMAJIbHBIX
YCIIOBUSIX BCE-TaKM Oosiee BEpOSTHO, uTO k=j. B mpuHIINIIE, BO3MOXKHO MOSIBICHHE
000 Mapsl X;, Yy.

Konuuecmeo ungopmayuu, uzenekaemou noayuamenem u3 NPUHAMO20 CUe-
Hana yy, Koz20a € oeicmeumenvHocmu nepeoasanocst coobuenue xj, K. Illennon
TIPEIIOKUIT OTIPEALISITH IO (hopMyJie
p(x;/y)

) (4.19)
OTMeTUM HEKOTOPBIE OYEBUIHBIE CBOMCTBA BEIMYHUHEI (4.19).
1) CBoiicTBO cUMMETpHUH

I(x;;y,)=log

109, = 13y x,) = log 25 /20)
p(x;)
Cog PO PX ) (4.20)
=log =lo
r(y) p(x;)p(y,)

BBITEKaeT W3 (opMysbl YMHOKEHHST BepositHoctel (1.8). BeneactBue Toro, uro
3HAYEHHE NEPENaHHOI0 COOOIIEHN X; U 3HAYEHHE IIPUHATOrO CUTHAJIA Y BXOIAT B
(4.20) omquHaKOBBIM 00pa3oM, 3Ta BEIMYMHA TOTyYHIa 00jee KOPOTKOE Ha3BaHME
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83AUMHOU UHGDOpMaAYUU MEHCOY X; U Vi
2) B kanazne 06e3 momex BO3MOXKHBI JIMIIb MAPbI Xj, Yj, HOITOMY AJISL OCTallb-
HBIX M1ap HaXOJIUTh B3aHMHYIO MH(OPMALMIO IPOCTO HET cMbIcia. [y Takux map
uMeeM
I(x;;y)=1(x;)=1(y,), (4.21)
T.K. B TAKOM KaHaje Bcerna p(xy/y;)= p(yy/xj)=1. B xanaye 6e3 nmomex, Kak y»xe OT-
MeYajoch, BcA HH(pOpMaLus, CO3/1aBacéMasi HICTOUHUKOM, TIOCTUTaeT MOIyqaTess.
3) BzaumHas uHpOpManus €CTh PasHOCTh ABYX COOCTBEHHBIX MH(pOpMa-
Ui

I(x;3)=1(x)~1(x;/y,)=1(y)~1(y,/x;). (4.22)
W B xaHasie ¢ momMexamu Mpu OOJBIIIOM OTHOIIEHUW CHTHAJI/TIOMeXa Hanoo-
Jiee BEPOSITHBIM SIBIIIETCS k=], OATOMY OOBIYHO p(x ;/y;)> p(x;) U, clieaoBarelb-

Ho, I(x/y;)<I(x;), Toraa I(x;;y;)>0. Ho uHorga Bce-taku cirydaercs k # j, 4 B 3TOH
CUTyallud BIIOJHE BO3MOXHO, 4TO I(xi/y;)>I(x;) W, Clel0BaTEIbHO, KOIUYECTBO
HOJIy4aeMoil HHpOpManuK OTpULATENbHO I(x;;y;) <0.

4) Ecmu X u Y He3zaBucuMBbI (IOMeXa IMOJTHOCTBIO MOJABIISIET TOJIE3HBIN
curHain), scerna I(x;;y,)=0, T.x. P(x/y,)=P(x;).

MaremaTuyeckoe OXUAAHHE CIy4yalHOM BENWYWHBI “B3auMHash MHGpoOpMa-
s’ paBHO

TXY) =22 p(x, 3 (xj33,) 4.23)
U HA3bIBACTCS CpeoHel 63aumMHOU uHgopmayueti medxcoy X u Y, mpuyeM BMECTO
I(x;;yx) MOXKHO TIOACTaBUTB JIIOO0OE U3 TpeX cooTHoueHu (4.20).

Cpennsisi B3auMHasi nHPOpMAIKS TaKKe 001a1aeT CBOMCTBAMH: CUMMETPUH
I(X;Y)=I1(Y;X); B xanaiue 0e3 nomex I(X;Y)=H(X)=H(Y); niis He3aBUCUMBEIX X U Y
Bcerna I(X;Y)=0, a B 0011eM cityyae uMeem

I(X;Y)=H(X)-H(X/Y). (4.24)

Hamomuum, uro H(X) >0 u H(X/Y) > 0.

Bocnonb3oBaBiuck HepaBeHcTBOM MeHcena st gorapudmuyeckon QyHK-
uuu npu Z>0

M[logZ]<logM[Z] (4.25)
U, ONIOXKUB Z; =P(x;)/P(xi/yi), MOXHO IIOKa3aTh, 4TO
I(X:Y)>0. (4.26)

Ortcrona, kcratw, cieayer, uro Beerna H(X/Y)<H(X).

B cBere ckazaHHOrO BeIMUMHBI, BXOs1ue B hopmyiy (4.24), mpuobperaror
BIIOJTHE ompeseneHabii cMbici. Mudopmarus H(X), co3manHas HCTOYHUKOM, JIe-
JIUTCS HA JIBE YaCTH:

I[(X;Y) — TO, 4TO TOXOAUT JI0 MOTY4aTes;

H(X/Y) — T0, 4TO NTOTEPSIHO B KaHAJIE U3-3a BO3ACUCTBUS IOMEX Ha CUTHAJI.

CoOTHOILIIEHUE MEXAY ITUMH JABYMSI YACTSIMU B TIEPBYIO OYEPEb 3aBUCHUT OT
OTHOIIIEHUS] CUTHAJI/TIOMEXa.
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[IpuBeneHHBIEC BHIIIE COOTHOIICHUS, KOHEUHO, [0 CBOCH CYTH CIIPaBEIJIUBBI
¥ B Gonee obIeM cirydae, Koria mnepeaannoe coobmerne X=X",..., X" u npums-
oiit curaan Y=Y, .., ¥ - 910 mocnemoBaTensHOCTH MIHHBL 11, COCTOSIIHE U3 M-
UYHBIX CUMBOJIOB.

B3aumuas uHbOpManms MeXIy KOHKPETHBIMH PEeaTU3aIlUsIMU 3TUX IOCIe-
JIOBATEJIbHOCTEN paBHa

1 [n] / 0] [n]
. p(xi s X7 Yy s ¥ )

G, Xy, y) =1
(xt ’ ’x] ’yq >eees Y ) 0g p(xt[l],m,xﬁ_"]) (427)

U B JIOTIOJTHEHHUE K MEPEUYHUCICHHBIM BBIIIIE CBOMCTBAM 00JIaJjaeT elie U CBONCTBOM
aAIUTUBHOCTHU (c11oc0o0 (hOpPMaTLHOTO BBIPAYKEHUSI 3TOIO CBOIMCTBA 3aBUCUT OT TO-
ro, Kakol M3 MHOTOYHCIICHHBIX BapUAHTOB (POPMYJIBI YMHOXKEHUSI BEPOATHOCTEH
MBI U30epeM JjIsl IPEeACTaBICHUS YUCIIUTENS U 3HAMEHATENs B BeIpakeHu (4.27)).
Cpenusst B3aumHas uHGOpMaIvs MEXy MOCIeA0BaTENbHOCTIMU X U Y
L=1(x",_ x"y" y")=

= Z...ZZ...Zp(xi“],...,xj[”],yq“],...,ys[”])>< (4.28)

SIBJISIETCSI OCHOBHOM XapaKTEpPUCTUKOMN, MCIOJIb3YEMOW NIl OMMCAHUS BO3MOXKHO-
cTeil HUpPOoBBIX NHPOPMAITMOHHBIX CUCTEM.
JI71s1 Hee TakKe CpaBeNIMBO COOTHOUIEHUE (4.24)

1,-H,-H (4.29)

n ycin ?
rne H =H(X",...x"),
H, =HX",.  x"/y" . yY") — sHTpomus U yCJIOBHAs SHTPONUS Iepesa-

n yer
BaeMmoro cooOmieHust X cooTBeTcTBeHHO. [Tockonbky Bce wiensl B (4.29) Bo3pac-
TAIOT MPU YBEIWYEHUU JUTHHBI MMOCIEIO0BATEILHOCTEN 1, yI0o0HEee MPOBECTH HOP-
MHUPOBKY H MPEACTaBUTh 3TO COOTHOIIICHUE B BUJIE
I=H-H,,, (4
.30)
rne H=H,/n — ckopocmv coz0anusi ungpopmayuu;

I=1,/n — ckopocmo nepedauu ungopmayuu (1oruaHee ObLIIO OB HA3BAThH ATY
BEJIMYMHY CKOPOCTHIO MprueMa MHGOPMAIINH, HO MEPBBIA TEPMHUH YK€ IMPOYHO BO-
I1eJ1 B yIOTpEOJICHHE);

Hy;,=H, y./n — ckopocmb nomeps ungopmayuu.

Bce Tpu BenmumHBI H3MepsOTCS B OWTax Ha CUMBOI. [lomenuB 3Tu BeTuvu-
HBl Ha JUIMTEIbHOCTh CUTHaja, COOTBETCTBYIOIIETO OJHOMY CHUMBOJNY, OyIeM H3-
MEpSTh UX B OUTaX B CEKYH]Y.

4.4 IIponnycKkHasi ClIOCOOHOCTh KAaHAJIA U TEOPeMbI 0
KOAMPOBAHNM B IU(PPOBOM KaHAJIE ¢ IOMEXaMU
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Ckopoctsb niepenaun uHbopmanuu (4.30) — ato xapakrepuctuka CIIU B 1e-
aoM (puc.2.1), HO3TOMY OHA 3aBUCUT OT MHOTHX (DAKTOPOB: MPOU3BOAUTEIHLHOCTH
ucTouHuka H, crocoba nepenayu (KOOUpOBaHUsA), Coco0a MprUeMa U XapakTepu-
CTHUK JIMHUM Tepeayu (M07I0Chl IPOIYCKaHUsl, OTHOILIEHUS CUTHAJI/TIOMEXA U T.I1.).

Ilponycknas cnocobnocms kauana

C=maxI - (4.31)

MO HAUOONLULAS BO3MONCHASL 8 IMOM KAHANe CKOPOCMb nepedayu UHQpop-
mayuu (bum/cumeon uiu o6um/c) npu 3a0AHHBIX OSPAHUYEHUSAX HA 3HAYEHUS POd
€20 usuyecKux napamempos.

[Tonywaercs, uto Bceraa I<C. YToObl TOCTUTHYTh CKOPOCTH Nepeaadu, pas-
HOW MPOMYCKHOM CIIOCOOHOCTH KaHajla, HY’)KHO MMETbh JIOCTAaTOYHO INPOU3BOIH-
TEJBHBIN UCTOYHUK MH(DOPMAIMH ¥ MCIOIH30BaTh ONTHUMAIIbHBIE CIIOCOOBI Tepe-
Jla4d ¥ TIpreMa.

Hanpuwmep, nponyckuas cnocobrnocms m-uunozo xanaia 6e3 nomex Ha 0OC-
HoBanuu (4.11) u (4.21)
our
CHMBOJ (4.3 2)
UtoObI T0OMTHCS MaKCHMAJIBHOM CKOPOCTH Tepeaadyr WHQpOpMaIuu, HeoO-
XOJIUMO U JIOCTaTOYHO, YTOOBI CUTHAJI Ha BXOJI€ KaHajla He cojepKayl U30BITOYHO-
CTH.

C =logm,

B kauecTBe BTOpOro mpumepa HaiJleM MPOIYCKHYK CHOCOOHOCTH JIBOMY-
HOI0 CHMMETPHUYHOI0 KaHaJja ¢ ommokamu (puc. 4.4), o6o3naunB X u Y=X®E
— MOCJE0BATEILHOCTA CUMBOJIOB Ha €r0 BXOJE M BBIXOJIE€ COOTBETCTBEHHO; E —

p:p(yj =1/x' :O):
p(yj =0/x’' =1)—

MOSIBJICHUSI OITMOKHU B OYEPEIHOM, j-M JTBOUYHOM CHUMBOJIE (OUTOBasi BEPOSTHOCTh
OIIHUOKM), IPU 3TOM MHPENOJIAraeTcs, YTO OMIMOKU B OT/ACIbHBIX CUMBOJIAX HE3a-

BucuMbl (cM. Takke (3.57)). Uuciao BO3MOXHBIX 3HAYCHHM KaXIOW W3 n-
Pa3pAIHBIX IIOCIEI0BATEILHOCTEN paBHO N=2""

CIy4yalHBIA BEKTOp OMMOOK (cMoTpu Takxke (3.2)); BEPOSITHOCTD

1-p

x1=0 oy=0
p
p
=1 »0 »n=1
l-p

Puc. 4.4 — IlepexoaHbie BEpOATHOCTU ABOMYHOTO
CUMMETPHUYHOT0 KaHaja

[Tonw3ysack cBoiicTBOM cummeTpuu (4.20), 3anuiiiem
IX;Y)=H(Y)-H(Y/X). (4.33)

OmubKyM B CUMMETPUYHOM KaHajJe HE 3aBHUCIT OT 3HAUCHUN TMepeaHHBIX
CHMBOJIOB, [I03TOMY BEJIMYMHA
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H (Y/X) =H(E)= n[—p-logp —(l—p)-log(l—p)] (4.34)
TaK)K€ HE 3aBUCUT OT BEPOATHOCTHBIX XapaKTEPUCTHK MEPEIaHHOro cUrHaiga X u
ABJIIETCSL DHTpONUEN ciydaiiHoro Bektopa omubok E. CrenoBaTenbHO, YTOOBI
MaKCUMH3UPOBaTh BeNHunHy (4.33), Hy)HO (popMUpOBaTh nepegaBaeMblii CUTHAI
X Ttakum ob6pazom, uto0bl H(Y)=H(Y )nx=nlogm=n mpu m=2. 3T0 BO3MOXHO
JIMILB B TOM CJIy4ae, KOrJa BCE CHMBOJIBI B IIOCIEA0BATEIIBHOCTH Y HE3aBUCUMBI, a
KQKJBIA CUMBOJI C OJAMHAKOBOW BEPOATHOCTBIO NpHHMMaeT 3HadeHue 0 wmm |
(curHan Y He COAEPKUT U30BITOYHOCTH). ITO, B CBOIO Ouepelb, npu p # 0,5 BO3-
MOKHO JIMIIb TOTJA, KOr/a NepelaBaeMblid CUrHail X TakXe He COAEPIKUT U30bI-
TOYHOCTH. B uTore nosyunm gpopmMyiy [uisi IPOIMYCKHON ClIOCOOHOCTH
our
JIB.CHMB (4.35)
Ota 3aBUCUMOCTH TIpe/icTaBlieHa Ha puc. 4.5 (aHanmm3upys rpaQuk, y4aTure,
YTO IpH p=1 mociie UHBEPTUPOBAHUS BBIXOAHOIO CUTHANA Mbl (PaKTHUECKHU MOJY-

C=1+p-logp+(1-p)-log(l-p),

C, but/cuMB
1

ol 7
AN 7
NN /

0 \ / p

Puc. 4.5. IlpomyckHasi CiOCOOHOCTh IBOMYHOTO
CUMMETPUYHOTO KaHayia 0e3 mamsTu

yaeM KaHai 6e3 omuooK).

Kak 6wu10 mokazano B paszzaene 3.1, curHai, He 00Jiaaroniuil N30bITOUYHO-
CTBIO, HE TPEIOCTABIISET BO3MOXXHOCTEH OOHApYKHMBATh M HMCIPABISATH ONTHOKH.
Taxum oOpaszom, npumenerue Koppekmupyowe2o kooa u nepeoaia uHgpopmayuu ¢
MAKCUMATLHO 803MO4CHOU ckopocmblo I=C — nonamus necoemecmumsie. Bplsic-
HUM, BO3MO>HO Ji1 310 nipu I<C.

“YanuHuM” KaHal, T.€. BKJIIFOYHM B €0 COCTaB KOJEp U JIeKoaep, 1 0003Ha-
yuM A U B — mmdpoBble CUTHAJIBI Ha €r0 BXOJE W BBIXOAE COOTBETCTBEHHO.
HanomuuM, 4To croco® KoAUpoOBaHUS ONPEIENIEeH, €ClI U3 O0IIero koiuyectsa N
BO3MOXKHBIX TMocienoBarenbHocTeil X BbIOpaHbl N4<N TOCIEI0BAaTEIbHOCTEN,
IPU3HAHHBIX B KAYECTBE pa3pEIICHHBIX K Mepenade (BKIIOUECHHBIX B KOJOBYIO
Ta0JauIly), PU STOM KaxaoMy U3 N4 BO3MOXKHBIX COOOIIEHUN & COOTBETCTBYET
CBOS TOCIIEIOBATENbHOCTh X=f(a). B cBoto ouepenn, pynkuus b=g(y) onpenensier
cnocob aexonupoBaHus. Toraa umeem

I(A;B)=H(A)-H (A/B). (4.36)
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[IpyuHIMNIMAIBHBIA BONPOC TEOPUM IMOMEXOYCTOWYMBOIO KOAWPOBAHUS B
YIOPOIIEHHONW MOCTAHOBKE MOXHO C(HOPMYJIMPOBATH CIEIYIOMUM 00pa3oM: CyIile-
CTBYIOT JIM Takue mpeoOpa3oBaHus f U g, KOTOpPbIE MO3BOJISIOT KaHal ¢ OlIMOKaMu
nociie “yaauHeHus” MpeBpaTUTh B KaHal 0e3 omuobok, T.e. ooecnieunts H(A/B)=0.

OtBer Ha 3TOT Bompoc JalT TeopemMbl IllleHHOHA 0 KOAMPOBAHMU B JIUC-
KpeTHOM KaHaJjie ¢ mymoMm (1948 ron).

Ilpamaa meopema. Ecnu ckopocms coz0anusi ungpopmayuu H ucmounuxom
Ha 6x00e KaHala ¢ OWUOKaMu ¢ nponyckHou cnocobnocmoio C meHbuie nponyck-
HOU CNOCOOHOCMU, MO CYUWecmeyen makou Koo, KOmopblil cnocoben obecneuums
CKOJIb Y200HO MAYIO 8EPOSAMHOCHb OWUOKU NpU 0eKOOUPOBAHUU, NPU IMOM CKO-
pocmub nepedauu ungopmayuu I mosxcem 6vimsv CKOb Y20OHO OAUKA K CKOPOCMU
ee cozoanus H.

[Ipu nokazaTenbCTBE TEOPEMBI MPEANONAraioch, YTO KOJ CIy4YaeH, T.e. OT-
60p N, pa3pelieHHbIX KOJOBhIX KoMOnHanuii X U3 o0uiero ux koaudyectsa N mpo-
U3BEJEH CIy4ailHbIM 00pa3oM. Jlanee 3anmuchiBaaIoCh COOTHOIIEHUE ISl BEPOATHO-
CTH IPAaBUIIBHOIO JEKOIUPOBAHUS Py, T.€. BEPOSTHOCTU TOTO, YTO IPHUHATA KOM-
OMHAIMS Yy OKaXeTcsl ONMKe K IepelaBaeMoil KOMOMHAIMU X, HEXENH K JII0O0on
Apyrou pa3pemeHHoi komOuHanuu. I1ockoabKy 11 CilydaliHOro Koga Py, — TOXe
Clly4ailiHas BEJIMYMHA, HAXOJUIOCH €€ MaTreMaTtudeckoe oxunanue M[P,,] (cpexn-
HEe 3HaUYCHME). 3aTeM OCYIIECTBIISIICA MPEASIbHBIN Nepexo ] Mpu n—0o0 U OKaza-
nock, yto M[P;,]—1, cnenoBarenbHO, BEPOATHOCTh OUIMOKU MIPU 1€KOIUPOBAHUU
M[P,,]—0, M[H(A/B)] —0, M[I(A;B)] —H(A). 1, HakoHEll, OYEBUIHO, YTO B
ATOM aHCaMOJie CITy9alHBIX KOJIOB CYIIECTBYET XOTS ObI OJMH KO, JJIT KOTOPOTO
XapaKTEPUCTUKHU TTOMEXO0YCTOMUUBOCTH HE XYK€ CpeaHux, T.e. Py <M[Poy].

B gacTHOCTH, eciiu Bce mocienoBaTeabHocT A, X, Y, B — 1BouuHbIC, U BCE
N, 3HaUeHM cooO1eHnus A paBHOBEPOSTHBI, yciioBue H<C o3Hayaer

H:—k)gNA :£<C
n n (4.37)
rae k — JUIMHA MOCJIeI0BATENbHOCTH A, T.€. KOJIMYECTBO MH(MOPMAIIMOHHBIX CUM-
BOJIOB TIPH MCTIOIB30BAaHUH JINHEWHOTO 0J109HOTO KOMa (71,k).

[Ipsimass Teopema He yTBEPKIA€T, UTO BO3MOXHA Oe301IMOOYHas mepeaadya
(Pow=0), MOXHO JINIIIb 00ECTIEYUTH JIF000€ CKOJIb YTOAHO MajiO€ HEHYJIEBOE 3HAYE-
Hue P,,. Kak mokasplBaeT 4WCICHHBIA aHAIA3, B TOM YHCIIE U JJI1 U3BECTHBIX JIU-
HEHHBIX OJIOYHBIX KOJOB, YEM MEHbIIE TpeOyemoe 3HaueHue Py, TeM OOJbIIUMU
3HAYCHUSIM 1 U k JIOJDKEH XapaKTepHU30BaATHCS KOPPEKTUPYIOMIUN koA (IIpU 3TOM
KOZIEp M JEKOJAEp CTAaHOBSTCS 00Jiee CIOXKHBIMH, U BO3PACTAIOT 3aI€PKKU MPH TIe-
penade u npueme).

Oopamnasa meopema. Ecnu H>C, nukakoiu k00 He N0O3801UmM NOJY4UMDb
CKOJIb Y20OHO MAYI0 8epOsIMHOCIb ouwubku Py, u obecneyums ckopocms nomepo
ungopmayuu Hy; menvuyro, wem H-C.

U3 (4.30) umeem H,,=H-I. Ilo onpenenennto (4.31) I<C, cnenoBaTeiabHO,
Hy;>H-C>0. Ho P,,—0 Bo3MO>XHO numb 1pu Hy.,—0, OTKyza U cienyer yTBep-
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KJICHHUE TEOPEMBI.

Kcratu, ecnu H>C, yBenudeHue JJIMHBI KOJIOBBIX KOMOWHAIIMKI 71, Ha000-
pOT, BEAET K YBETUYECHUIO BEPOSITHOCTU OIIUOKU Py,

Jloka3zatenbcTBO TeopeMm llleHHOHAa Aal0 MOIIHBIM TOJYOK Pa3BUTHIO TEO-
pUH TOMEXO0YCTOMYMBOTO KOAUPOBaHUs. OCHOBHOE MPAKTHYECKOE UX TPUMEHEHNE
OUYEBHUJIHO: IIPEKE YEM KOHCTPYHUPOBATH KOPPEKTUPYIOLIUNA KO C 3aJaHHBIMU Xa-
PaKTEpUCTUKAMU JIsl PUMEHEHUs C KOHKPETHBIM HCTOYHUKOM HH(pOpMAIUU U
KOHKPETHBIM KaHAJIOM, MTOJIE3HO BBIYUCIUTE U cpaBHUTH H u C.

4.5 NMponyckHaa cNnOCOOGHOCTb HENpPepPbLIBHOIO KaHarna ¢ WwymMom

bonbiiast yacTe U3 TOro, 4To ObUIO CKa3aHO 00 MH(POPMALIMOHHBIX XapaKTe-
pUCTHKaX HHU(POBBIX CUTHAJTIOB, MO CYTH, MIPUMEHUMO U K HEMPEPHIBHBIM CUTHA-
naMm. B wactHocTH, eciin X Y — HenpepbIBHbIE Cy4yaiiHble BEIMYUHBI, TO BEIU-
YMHa B3aMMHOM MH(pOpMaIMU MEXIY X 3HAYEHUSIMU X U y, ogo0Ho (4.19), pas-
Ha

W(x/y)
I(x;y)=log———,
(e =loe =, (4.38)
a BeJIMYMHA CPEIHEH B3aMMHOW WH(MOpMAIUU
I(X:Y) = [ [ W, y)I(x; y)dxdy. (439)

—00 —00

[TpuHIIMTIHANTBHOE pa3IMUre MEKIY HMUPPOBBIMA M HEMPEPHIBHBIMU CUTHA-
JaMH 3aKJTI0YaeTcs B cienayromeM. i HempephIBHOTO CUTHajia O0€CCMBICICHHBIM
SIBIISIETCS TIOHATHE “KaHan 0e3 momex”. JIeWCTBUTEIhHO, €CIM MBI TOBOPUM O Tie-
penade B KaHase 06e3 MOMeX, 3TO 3HAYUT, YTO MOTydaTelb WUMEET BO3MOXKHOCTH
TOYHO OIpPEAEIUTh 3HAUYCHUE TepeaaHHoro cooOmieHus. [Ipu yragsiBanuu mepe-
JAHHOTO 3HAYCHHS HEMPEpPHIBHOI'O CHUTHAJIa Bcerga OyneM JOMycKaTh OIIHOKY,
MyCTh OYCHh MAJICHBKYIO (BEPOSTHOCTH TIOMAIaHUS B TOUYKY Ha HEMPEPHIBHOM OT-
pe3Kke ecTh OECKOHEYHO Mallasg BeJIMYMHA). TakuM o0pazoM, HeonpeoeieHHOCHb
024CUOAEMO20 3HAYEHUs. HENPEPLIBHOU CIYYAUHOU 8eIUYUHbl Meopemudecky Oec-
KOHEeUHO enuKd.

[To 3TOM TpUYMHE CIEAYyeT BHUMATEIBHO OTHOCHUTHCS K COOTHOIICHHSM, B
KOTOPBIX (PUTYpHPYET MOHATHE SHTPOITMH HETIPEPHIBHOU CITyYaliHON BEITUIHHBI

H,(X)=- j W (x)logW (x)dx. (4.40)

Kak BumHo, mox 3HakoM Jiorapudma 371eCh CTOMT pa3MepHas BEIMYHMHA
(HAIIOMHHUM, 9TO pa3sMepHOcTh W(x) ecTh pasMEpHOCTb BemuuuHbI X ). [loaTOMYy
BennmunHa H(X) 3aBUCUT OT BBIOOpA €AMHUIL, B KOTOPHIX M3MEPSIETCS 3HAUCHUE X.
Benmuuunsl (4.38) u (4.39) onpeneneHbl KOPPEKTHO M TaKOM 3aBUCUMOCTH HE UMeE-
IOT.

Benmnuune (4.40) MOXKHO mpUNUcaTh cleAyromuid cMbicia. OHa MOKa3bIBAET,
HAaCKOJILKO HEOMNPEAECICHHOCTh OXXUIAAEMOr0 3HAYEHUS CIIy4YallHOM BENUYMHBI X



111

0oJIbIIIe, YEM HEOIPEACIICHHOCTh OKUAEMOT0 3HAYEHUS IPYTrOM, STaJJOHHON CITy-
YallHOM BEJIMYMHBI X,, MUMEIOUIEU PAaBHOMEPHOE pPACHPENCIICHUE HA HHTEpBAje
eMMHUYHON JIMHBI. UTOOBI OTMETUTH 3Ty 0coOeHHOCTh, H (X) Ha3biBatoT qudde-
PEHUMAIBLHOU YHTPOIHUEN.

OnuH 13 HamOoJiee BaXKHBIX PE3YyJIbTATOB TE€OPUU UHPOpMaIuu — 3TO (op-
MYJIa I IPONYCKHOM CIIOCOOHOCTH HENPEPbIBHOI0 KAHAJIA C IIyMOM.

IIpennomaraercs, 4To:

1) mapameTpsl MCTOYHHMKA WH(GOPMAIMU TOCTOSHHBI BO BPEMEHH, TO €CTh
nepeaaBaeMblii curHail X(f) — 3TO CTallMOHAPHBIN CIyYalHBIN TIPOIIeCC;

2) nuHUA nepeaadn 00J1alaeT 3aaHHOM MOJIoCON mpornyckanus Af U ee ma-
paMeTphl TaKXKe MOCTOSHHBI, TO €CTh OHA HE BHOCUT HUKAKUX UCKAXKECHUN B Tiepe-
JIJaBa€MbIM CUTHAI;

3) €eIMHCTBEHHOM MOMEXOM Ha BXO/Ie MPUEMHUKA SIBJISICTCS aIIUTUBHBIN Oe-
JIBIA TAYCCOBCKUM LIYM CO CHEKTPAIBHOM IUIOTHOCTBIO N,

[IpomyckHasi cHocOOHOCTh KaHala paBHa

C=Aflogl+P/P,), Gur/c, (4.41)
rae P. u Py, — cpeHre MOIIHOCTH MOJIE3HOTO CUTHAJa U IIyMa Ha BBIXOJI€ KaHaja
(Ha BXOjE TNPHUEMHHKA) COOTBETCTBEHHO, mpuueM s Oenoro myma wu3 (1.24)
umeeM P, = N Af.

UroOsl HE M300pakaTh CeMENCTBO TpadukoB, BBeAeM (OpMaIbHO HOPMHU-
PYIOIILYIO BEIMUMHY

Af,=P/N,, (4.42)

TOrJ1a 3aBUCUMOCTb MPOMYCKHOW CIIOCOOHOCTU OT 000MX mapameTpoB Af u
P. MOXHO TIpeICTaBUThL OJIHOM KpUBOH (puc. 4.6).

N3 nmpuBeneHHON 3aBUCUMOCTH BUIHO, UTO:

1) mpenenbHOE 3HAYEHWE CKOPOCTU Tepenadyd WHOOpPMAIMU Ha CIUHUILY
MOIITHOCTH TOJIE3HOTO CUTHala Ha Bxoje npueMHuka paBHO C.. = (loge)/N, =
1,4427/N, (6ut/Bt:c) 1 MOXET OBITh JAOCTUTHYTO JIMIIIb ACUMNTOTHUYECKU MpHU
Af—>o0, TO ecTh mpenenbHas sHepreruudeckas s¢dexruBHocTh CIIU, paBHas
1,4427/N, (6ut/I1x) nocTuraercsi mpu €€ BeChMa HU3KOM 4acTOTHOU 3(PhEeKTUBHO-
ctu; HO Toraa u P/P,—0, moaToMy notpedyeTcsi MPUMEHSITh Ype3BbIYaiHO MOIII-
HBII (M CIIOKHBIN) KOPPEKTUPYIOIIHHI KOIT;

2) UMEET CMBICIT paCUIUPSITh MOJIOCY MPOIMYCKAHMS KaHalla 10 TeX Mop, MOoKa
P,=N,Af <P, Tak KaK IIpH JaJdbHEHUIIIEM YBETUYEHUU MOJIOCHI MPUPOCT MPOMYCK-

C/A,
1,5 = P
1,44 |
1
0,5
0

0 1 2 3 4  AfN,

Puc. 4.6. IIpommyckHasi ciocoOHOCTh He-
IPEPHIBHOTO KaHaja ¢ OCJIbIM ITyMOM
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HOW CIIOCOOHOCTH CYIIECTBEHHO 3aMEJISETCA.

YroOb1 00ecneunTh CKOPOCTh Mepeadn, paBHYIO MPOMYCKHON CITOCOOHOCTH
KaHajia, Hy>KHO, YTOOBI ¥ TIOJIE3HBIN CUTHAJI HAa BXOJI€ TUHUU SIBIISIICS TAyCCOBCKUM
CIIy9aifHbIM TIPOIIECCOM C PABHOMEPHBIM CIIEKTPOM IIOTHOCTH MOITHOCTH B IOJIO-
ce Af, To ecTb ObUT MOJ00eH OeoMy 1mymy. PazpaboTka U TexHuyeckas peanusa-
1Sl aHAJIOTOBBIX AJITOPUTMOB TaKOTO MPeoOpa3oBaHUs Il OOJBITMHCTBA Peajb-
HBIX COOOIICHUN CONPSDKEHBI ¢ OONBITUME TPYAHOCTSIMHU. 3HAYUTEIHHO MPOIIE BO
MHOTHX CITy4asX OKa3bIBA€TCS MCIOIB30BaTh MUGPOBBIC METOIBI TIEPEIaYH aHAIO-
TOBBIX CUTHAJIOB.

3aki04uTeIbHbIC 3aMEYAHNS 0 3HAYCHUM Teopuu HHGopManmnu.

1) JIro6as Teopust nHPopMaMK ONEPUPYET JUITL BEPOATHOCTHBIMH XapaK-
TEPUCTUKAMU CUTHAJIOB U SABJISIETCS MaTeMaTH4ecKoM Teopuei. [loatomy oHa yHU-
BepcalibHa, TO €CTh MOXET ObITh MPUMEHEHA K JIFOOBIM CUTHAjaM HE3aBUCHUMO OT
ux ¢puzndeckon GopMal.

2) OcHOBHBIE PE3yJbTATHl TEOPpUU UH(HOPMAIIMH UMEIOT BUJl HEPABEHCTB, TO
€CTh, OHA OIpEHENsAET MpeleibHble, NMOTeHIHAIbHbIE XapakTepuctuku CIIN, He
BCErJa yKa3blBas MyTH JUIsl UX JOCTHKEeHUs. HarnsimHoe cpaBHEHHE: €ciii Hac UH-
TEpecyeT, KAaKOB 00bEM COCYJa CIOXKHOU (HOPMBI, TO, ONMPEEITUB €r0 MaKCUMaJb-
HBIN JTUHEWHBIN pa3Mep d, Mbl YK€ 3HaeM, YTO STOT 00BEM HUKAK HE MOXET OBbITh
Gonbiie 1d /6 (1 TeX, KTO He 3HAeT, KaKUM 3aMedaTelIbHBIM CBOMCTBOM 00J1aia-
eT o0beM Iapa auamerpa d, MyTH JOCTHXKEHHUS ATOTO MPEACIbHOTO 3HAYCHUS
OCTAIOTCSl BECbMa TYMaHHBIMHU).

3) Craructuyeckue Teopuu HMH(OpPMAIMKM HE YYUTHIBAIOT IEHHOCTH KOH-
KPETHOT'0 COOOIIEHUs JUIsl ero nojy4daresns. [IonbITKH UCTIPaBUTh 3TO MOJ0KEHUE
HE TIPUBEIH K OCA3aEMBIM Pe3yJbTaTaM, MOCKOJIbKY IIEHHOCTh COOOIIEHNUST — TIOHS-
THE CYOBbEKTHUBHOE. 37eCh Jyullle NMPUACPKUBATHCS JI€BU3a IUBUIM30BAaHHON 00-
CIIY>)KMBAIOIIIEH OpraHu3alliu: €CIIM MOTPEOUTENb IJIATHT 3a Iepeaady CooOmIeHus,
3HAYUT, IJI1 HETO 3TO BAXKHO.

Urak, Teopust uuopManrim — He CPEACTBO HA BCE CIydyau >KU3HU, HO MPU-
MEHEHHasl “K MeCTy”’, OHa MOXXET CYIIIECTBEHHO YCKOPUTb M YHPOCTUTH IPOIECC
npoektupoBanus U ananuza CIIN.

Bonpochkl Ansa caMoKOHTpons no rnaee 4

1. Yto takoe coOcTBeHHass MH(POpPMALUS U SHTPOINHUS AUCKPETHOM Ciydaii-

HOU BEJTMYUHBI?
2. Ilpm Kakux yCIOBHUSAX MaKCHMAaJIbHA SHTPOIHS COBOKYITHOCTH JIBYX CHUM-
BOJIOB M UEMY OHA paBHA?
UYro Takoe n30BITOYHOCTh TUCKPETHOIO HCTOYHUKA?
MoskeT 11 paBHOMEPHBII KO ObITh ONTUMAIBHBIM (0€3U30BITOUHBIM)?
JlaiiTe ompezeneHre B3auMHOW WHQPOpPMAIIUU TEPEAAHHOTO U MPUHSATOTO
CUMBOJIOB. Kak BiMseT Ha €€ BEIMYMHY MHTEHCUBHOCTH IIOMEX B KaHaJe

kW
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CBS3U?

6. Uto Takoe M30BITOYHOCTh curHaja? B kakux ciaydasx OoHa IOJIe3Ha, a KO-
raa Her?

7. Korpga nosie3Ho npuMeHsITh KOAUPOBAHKUE C MaJION U30BITOYHOCTHIO?

8. Kakol cMbICT BKJIabIBAIOT B MOHATHUSA: “‘KOJIUPOBAHME UCTOYHMKA ? “Ka-
HaJIbHOE KOJUpOBaHUE ?

9. KakoBo 3HaYe€HHE MUHHMMAaJIbHO-BO3MOXKHOM CpEeIHEW IJIMHBI KOJOBOMU
KOMOMHAIu?

10.Bcerna nu ymaercst 3aKoJupoOBaTh CUTHAN TaK, YTOObI M30BITOYHOCTHh Ha
BBIXOJI€ KOziepa Oblia HyJIeBOM ?

11.Koraa none3no KogupoBath 0JI0KH OYKB, a HE OT/AC/IbHbIE OYKBbI?

12.Kako# croco0 pa3ieneHus KOJAOBbIX KOMOMHALMI MPUMEHSETCS B KOJIaX,
00J1a1AF0IINX MaJION H30BITOYHOCTHIO?

13.B 4em 3akitodaercs TJIaBHBIM HEAOCTaTOK Koj0B Xadmana u IllenHoHa-
®aHo?

14.01kyna O6epercst KogoBasi TabIMIlA, UCTIONIb3yeMasl MPU KOJAUPOBAHUHU KO-
noM Jlemmena-3uBa?

15.0t 4ero 3aBUCUT MPOITYCKHAs CIIOCOOHOCTh HEMPEPHIBHOTO KaHAJIA CBSA3U
C aJIIUTUBHBIM OEJIbIM IIIyMOM ?
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5 AEMoaynAaAumnAa UMePOBbIX CUTHAIIOB
5.1 Ponb anpunopHon nHdopmaumm

B uudposoit cucreme nepenaun undopmaruu (CIIA) nepenaBaemslii cur-
HaJl SIBJISIETCSI MOCJIE0BATENIbHOCThIO M-MUHBIX CUMBOJIOB, IIPU 3TOM, KaK MpaBH-
710,

M =2F, (5.1)

3HaueHUe KakJ0ro CHMBOJA IEpelaeTcs IpU MOMOIIM PaJHOUMIIYJIbCa

OpSMOYTOJIBHON (POPMBI, UCTIONB3YsI OAMH U3 METOJIOB MOIYJSLINHU, OMUCAHHBIX B

pa3n. 2.8. B mporecce nepegaun curHana Mo JIMHUM 3TH MUMITYJIbChl CIIyd4alHBIM

o0pa3oM HCKaxaroTcs (OOBIYHO 3TO MPOMCXOAMT W3-3a HAJIUYMUS MYJIbTUIUIMKA-
TUBHOM ITOMEXH) U MOSBIISIETCS aAAuTHBHAsA nomexa (pasa. 1.5).

JleMoayasTOp K MOMEHTY OKOHYAHHUSI OYEPEIHOr0 MPUHUMAEMOI0 UMITYJIb-
ca JIOJDKEH yKa3aThb (BepHee, yrajaTh), KOTopoe U3 M BO3MOXKHBIX 3HAYEHUU CUM-
BOJIa OBLIO NEPEAHO C JAHHBIM UMIYIbCOM. OYEBUIHO, UTO HHOT A AEMOAYIISTOP
OyzZeT BbIIaBaTh OMIMOOYHBIE PEIICHUS, MOITOMY JKEeNIaTeIbHO MPUMEHSTh TaKOM
croco® 00pabOTKM UMITYJIbCa, KOTOPBIA MPHU 3a/laHHBIX XapaKTEpUCTUKAX CUTHA-
JIOB U NOMEX OOECIEUMBAECT MUHUMYM HOIHOU 8eposmuocmu owubku P. 310 n
€CTh IJIAaBHBIM KpUTEpH KauecTBa npuema B nudposoi CIIN.

YToO»lI ciienoBaTh 3TOMY KPUTEPUIO, JIJIsT 00paOOTKH OYEPETHOr0 UMITYJIbCa
HY’)KHO MCIOJIb30BaTh TAKOW ajJrOpUTM, KOTOPBIM YYHMTBHIBAET BCE CBEIEHHS 00
OKUJAEMOM HMITYJIbCE, KOTOPbIE U3BECTHBI K TaHHOMY MOMEHTY (MOMEHT IpPHUXO-
Ja U JUIMTEeNIbHOCTh, HECyIlas 4yacToTa U HavalibHas (a3a, XapakTep HCKaXeHUH
ormbarouiel U 3aKOH IMapa3UTHOW BHYTPUUMITYJIBCHOW (PAa30BOM MOIYJSALHMUA H
T.I.). DTO U €CTh allpUOPHBIE CBEICHUS, U YeM UX OOJbllIe, TEM MEHbIlEe Oy/IET Be-
POATHOCTh OIIUOOK, OIMYCKAaeMbIX JAEMOAYISITOPOM, KOTOPBIA YUYUTBIBAECT JTH
CBECHUS.

HekoTopsle nmapameTpsl 0XKHUAa€MOI0 UMITYJIbCA U3BECTHBI C BBICOKOM TOY-
HocThl0. HampuMep, B KaHale ¢ MOCTOSHHBIMH MapaMeTpaMu MPUHUMAEMBINA CUT-
HaJl TOBTOpPsieT MO (opMe IMepeiaBaeMblil, T03TOMY U3BECTHBI JUIMTEIbHOCTh UM-
nyjabca W ero amrutyna. Cuuraercs, YTO M3BECTHBI TAKXKE TEKYLIHUE 3HAYECHHS
HECYUIEH YacTOThl U YaCTOTHI MOBTOPEHUSI UMITYJIBCOB, HO 371€Cb MHOTO€ 3aBUCHUT
OT CTaOMJIBHOCTH F€HEPATOPOB, 33JAI0IINX 3TH YAaCTOThI B IIEpEJaTUUKE, U TeHepa-
TOPOB, BOCIIPOM3BOAIINX ITH K€ KoneOaHusl B mpueMHuKe. DaKTUYECKH 3TU Te-
HEpaTOphl UTPAIOT POJIb YACOB, 110 KOTOPHIM IUIaHUpPYETCs rpaduk GopMHUpOBaHUS
(0OpaboTKK) curHana B nepeaaTyuke (MpueMHuKe). YeM Bblllle CHHXPOHHOCTh XO-
Jla 4acoOB NPUEMHUKA 10 OTHOIIEHHIO K YacaMm MepeJaTyrKa, TEM BBILIE Ka4eCTBO
npreMa.

Te ycTpoiicTBa NpUeMHHKA, KOTOPbIE 00ECIIEYNBAIOT YCIOBUS, IPH KOTOPBIX
YyacToTa U Aa)ke TeKyllas (aza reHeparopa HeCyIllel B IPUEMHHUKE C JOCTaTOYHOU
TOYHOCTBIO COBMAJAIOT C COOTBETCTBYIOUIMMU MapaMeTpamMu reHeparopa B mepe-
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JaTYMKe, Ha3bIBAIOTCS CUCTEMOM 0OecreueHus! KoeepeHmuocmu. AHaJIOTU4HO, CHU-
cTeMa TaKTOBOW cuuxponuzayuu GOPMHUPYET B MPUEMHHUKE TAKTOBBIE UMITYJIbCHI,
KOTOpPBIE C JOCTATOYHOW TOYHOCTHIO YKa3bIBAlOT MOMEHT BPEMEHH, KOT'/1a HAYMHA-
€TCsl OUepeTHON MPUHUMAEMBII UMITYJIbC (CJIeI0BATENbHO, 3aKAHUYUBACTCS MIPEIbI-
TyTIIAR).

OO0ecrnieunTh Ka4eCTBEHHYI0 CHUHXPOHHM3AlMI0 OOBIYHO OBIBA€T IIPOIIIE,
HEXeJId KOT€PEHTHOCTh, MOCKOJIbKY HECyIas YacTOTa, KaK MPaBUIIO, CYIIECTBEH-
HO BBIIIE TAKTOBOUM 4acTOThL. B CBSI3M C 3TUM MPUHITO paccMaTpUBaTh TPU THUIA
CUCTEM I10 CTNeNneHU UX KO2epeHmHOCHU.

Kozepenmmuou nHaspiBaercs CIIM, B KOTOpOU OXuaaeMble 3HAYEHUS Hayajlb-
HBIX (pa3 BCeX MPUHUMAEMBIX UMITYJIbCOB (BILUIOTH O OKOHYAHHS CEaHCa CBSI3M)
U3BECTHBI 3apaHEe, U 3TH CBEACHUS UCIONb3YIOTCSA MPU IEMOAYISINNA UMITYIbCOB.
Jpyrumu cioBamu, T€HEpaTOpbl HECYILIEH B MEPENATUNKE U IPUEMHUKE JTOJKHBI
00J1a1aTh CTOJb BBICOKOM CTaOMILHOCTBIO, YTOOBI (pa3bl BbIIaBAEMbIX KOJIEOAHMI
HE PACXOAWINCH 3aMETHO B TeueHue ceaHca cBsa3u. Korepentnas CIIN — 3to uae-
aj, KOTOPbIN UCIONb3YyEeTCs JUIllb Js cpaBHeHUs ¢ apyrumu CIIN, peanuzyembi-
MU IPAKTUYECKHU.

Yacmuuno-kocepenmnoti HazbiBaetrcst CIIN, B KoTOpol OXKKJaeMble 3HaYe-
HUS HayaJdbHBIX (a3 BCEX MPUHUMAEMBIX UMITYJILCOB 3apaHee HEU3BECTHBI, HO B
npoLecce MpueMa OHU OLIEHHUBAIOTCSA, U 3TU CBEACHUS HCIOJIB3YIOTCA MPU JIEMO-
OyJSUAA UMITYJIbCOB. J[pyTMMM CIIOBaMM, T€HEpPATOp HECYIEW B MPUEMHHUKE IPU
noMmouy ycrpoiictBa (a3oBoil aBronoactpoiiku 4vactoTel (PAITY) mocrosHHO
CUHXPOHU3HUPYETCS ¢ TeHepaTropoM nepenartyuka. lloxcrpoiika ocymiecTBisiercs
0 CaMOMy MPUHHMAaeMOMY curHaiy. M B 3TOM cilydae reHepaTtopbl Hecylleu
JOJKHBI 00J1a1aTh HEKOTOPOU CTAaOMIIBHOCTBIO YaCTOTHI, IOCTATOYHOM, HAIPUMED,
JUTst TOro, 4ToObl B ciydae paspbia nenu OAITY ¢a3bl BbgaBaeMbIX KoJieOaHUM
HE PacXOJIUJIUCh 3aMETHO XOTSl Obl B TEUEHHE HECKOJIbKHX COTEH MMITYJIbCOB, YTO
BIIOJIHE peann3yemo. [1loatoMy umeHHO uacmuuno-kocepenmuyio CIIH na npax-
muKe 00bIYHO HA3bIBAIOM KO2EPEHMHOLL.

Hexocepenmmuou wnazpiBaercs CIIM, B KOTOpoil OKHIaeMble 3HAYCHHS
HavYaJIbHBIX (a3 BCEX MPUHUMAEMbBIX UMITYJIbCOB HEM3BECTHBI M HE OLICHUBAIOTCS B
npoiiecce npueMa (OAITY ne npumensercs). [Ipuem odepenHoro umiynbca pac-
CMaTPHUBAETCS KaK MPUEM CUTHAJIa CO CIydailHOW HavYalbHOW (ha3oii, paBHOMEPHO
pacnpeneneHHoi B untepBaiie 0—2m. st 3TOro reHepaTopbl HECYIIEN B nepeaar-
YMKE U MPUEMHHKE JOJKHBI 00JaaTh JIMIIb TaKOM CTaOMIBHOCTBIO, UTOOBI (ha3bl
BBIJIaBAEMBIX KOJICOAHUN HE PACXOIWINCh 3aMETHO XOTA Obl B T€UEHHE OJHOTO
umiynbca. [loatomy HekorepenTHas CIIM oka3bIBaeTcs mpolie U IEMEBIIE.

OueBuano, uro korepentHas CIIN, B npuHIUNIe, MOXKET 00ECIIEUUTh MEHb-
IIYI0 BEPOATHOCTh OMIMOKHU, YEM YaCTHUHO-KOT'€pEeHTHas W, B eule OoJblIei cTe-
neHu, HekorepentHas CIIN.

[Tomo6HBIM 00pa3zoM MoxHO Kiaccuduimponars mudpossie CIIN kak cun-
XpOHHBIC U acUHXpOHHBIC. B cunxponnot CIIN nepenaya kaxaoro cumMBosia (UM-
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IyJbCa) HAYNHAETCS B TAKTOBBIA MOMEHT BPEMEHHU, IIPH 3TOM IIEPUOANYECKAs 10-
CJIEJIOBATENbHOCTh TAKTOBBIX HMMITYJIBCOB T'€HEPUPYETCs MOCTOSAHHO. biaromaps
9TOMY B NPUEMHHUKE MUMEETCSA BO3MOXKHOCTh ocymecTBiATh PAIIY mecTHOrO Te-
HEpaTopa TAaKTOBBIX HMMIYJbCOB IO MPUHUMAEMOMY CHUTHAIy M NPEACKa3bIBaTh
0’KAJJa€MbIE MOMEHTBI MPUXO0Ja JAJI1 OOJBIIOr0 KOJIWYecTBa OMMKalIlIMX CUMBO-
JIOB.

B acunxponnou CIIN mepemada mepBOro CMMBOJA KOJOBOM KOMOWHAIUU
HAYMHAETCSI B IPOU3BOJIBHBI MOMEHT BPEMEHH, IpaBAa, OCTAJIbHBIE CHUMBOJIBI
CJIENYIOT 3a HUM YE€PE3 PaBHBIE MHTEPBAJIbI U3BECTHOM BEJIMYMHBL. B CBSA3U € 3TUM
B Hauaje KakKJ0i KOAOBOM KOMOWHAIIMN 0053aTENbHO HYXHO NepeaaBaTh J0MOJI-
HUTENBHBIN, CMapmoebiti UMITYJIbC, KOTOPBIE 3aIlyCKaeT B IPUEMHUKE KITYLIUN
reHepaTop TAKTOBBIX MMITYJILCOB C TOW K€ YACTOTOM MOBTOPEHHs. TakuMm Croco-
O0M MpeAcKa3bIBaeTCsl OXKHJIaeMOe BpeMsl MPUXOAa BCEX HMMITYJIbCOB, HO TOJIBKO
JUIA JaHHOW KOJIOBOW KOMOWHAIH.

B coBpemennsix CIIM nmepenaya cMMBOIOB, Kak IPaBWIO, NMPOBOIUTCSA B
CUHXPOHHOM PEKHMMeE, & aCHHXPOHHBIN PEKUM B ClIydae HEOOXOAMMOCTH MpUMeE-
HSI€TCS JIMIIb JJIs TMepefayd JOCTaTOYHO JJIMHHBIX KOJOBBIX KOMOMHAIMM (CM.
paza. 6.5).

Hpyroii ¢hakTop, onpeaesomnil ypoBeHb allpUOPHBIX CBEASHUN O CUTHAJIE,
3TO MYJbTUIUIMKATUBHAS noMexa. [Ipu Bo3aeiicTBUM MyJIbTUILNIMKATUBHON TOMEXHU
B BUJC BPEMEHHBIX CEJIEKTHBHBIX 3aMUPAHUN aMIUIMTYAbl U HaudaiabHblE (hazbl
OPUHUMAEMBIX UMIYJIbCOB IOCTATOYHO MEJJIEHHO, HO CIy4ailHbIM 00pa3oM HU3Me-
HSIOTCSI BO BpeMEHHM. J[eMOoayIaus MpeBpalaercss B NpUEM HUMITYJIbCOB HU3BECT-
HOU (OpMBI, HO CO CIy4YalHbIMU 3HAYEHUSIMU aMIUTATY[ M HadalbHbIX (a3, npu
3TOM, KakK MPaBmio, y1aeTcsa 00eCIeYnTh YaCTUUHYI0 KorepeHtHocTs CIIN.

[Ipy BO3AEHCTBUM MYJIBTUILUIMKATUBHOW MOMEXH B BUAE YACTOTHBIX CEJICK-
TUBHBIX 3aMHUpaHui (popmMa MPUHUMAEMBIX UMIYJIbCOB CTAHOBUTCS CIIy4YailHOM, HO
HEU3MEHHOW BO BPEMEHM, U AEMOIYJISLS IPEBPAILAETCS B IPUEM UMITYJILCOB HE-
U3BECTHOM (CiyuaiiHON) (OpMBI.

[Tpu Bo3melCTBUU MYyJIbTUIUIMKATUBHOW momexu obmrero Buzaa (1.26) dopma
IPUHUMAEMBIX UMITYJIbCOB CTAHOBUTCS CIIyYalHOU U IPHU 3TOM MEJICHHO U3MEHS-
ercst (payKkTyupyeT) BO BpEMEHH, YBEIUUYMBAETCS MEKCHMBOJIbHASI MHTEp(EpEH-
mus. ONTHUMaJIbHBIA NPUEM TAaKUX CHUTHAJIOB CYIIECTBEHHO YCIIOXKHSETCS, IMPHU
ATOM 3aMETHO YBEJIMYMBAETCS BEPOSTHOCTh OIITUOKH.

Takum oOpazom, npu evibope cnocoba 0emooyIAYUU UMNYIbCO8 U TIPU BbI-
YUCJIICHUH JOCTHUTaeMOM TPH STOM BEPOSTHOCTH OLIMOKU HEeOoOX0OUMO HemKo
onpederums Xxapakmep aOOUMUBHLIX U MYIbMUNIUKAMUBHBIX NOMeEX, BO3JICH-
CTBYIOLIMX Ha CUTHAJI.

Paccmotpum cHauana 3ajady JeMOIYJSIIMK ABOMYHOI0 HUMILYJbCAa, IEepe-
JTAHHOTO B KaHajie C MOCTOSIHHBIMU TlapaMeTpaMH MPU BO3ACHCTBUM aIUTUBHOTO
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0eroro rayccoBCKoro myma. B Takux ycioBHsIX, XOTs Obl B IPHUHIUIE, MOXKHO
obecnieunth korepeHtHocTh CIIM u ucnonb3oBath J1000M U3 CIOCOOOB MaHUITY-
UMy rapMmoHunyeckoit Hecymeit: AM, UM wiu OM (pasa. 2.8).

JleMoynsITOp K MOMEHTY OKOHYaHUSI OYEPETHOI0 UMITYJIbCa JOHKEH ompe-
JeMUTh, KOTOPOE U3 ABYX 3HaueHui cumBoia (0 unu 1) Obuio mepeaano aubo, 4To
TO JK€ camMoe, KOTOPBIN U3 ABYX CUTHAJOB (uo(f) nnu u(t)) Obut nepenan. B Tepmu-
HaX CTaTUCTHUYECKON PaIuOTEXHUKH ATO — KJIaCCUYECKas 3ajiada pa3IndeHus IByX
CUTHAJIOB U3BECTHOU (pOpMBI HA (POHE ATTUTUBHOTO OEIIOTO IIyMa.

JlokazaHo, UTO onmumanbHullti Cnocob npuema BKIIIOYAET J[Ba dTana:

1) mpeoOGpa3zoBaHre cUrHajla Ha BXO/€ PUEMHUKA

u(t) =u,(t)+u, (1), (5.2)
COCTOSILLETO U3 PEATU3alINU MMOJIE3HOI'0 CUTHAJIA u () ¥ peanr3alnu myma u, (t), B
YUCJIO V MPU MOMOITY KOPPEJSIITUOHHOT O TpueMHuKa (2.35)

V= j;u(t)w(t)dt ; (5.3)

2) BBIHECEHHE PELIECHUSI OTHOCUTENIBHO MPEATNIONaraeMoro 3HaueHus § Iepe-
JAHHOTO CHUMBOJA § IIyTEM CPABHEHUS IOJIYYEHHOI'O 3HA4YE€HHS V C IOPOrOBBIM
3HauYeHHEM (ITIOPOroM) vy, IO MPABUITY

: {0, ec v>v, ,

I, ecmu v<v,. (5.4)
BecoBast pyHK1us 0oKHA COBIAAATh MO (hOPME C Pa3HOCTHBIM CUTHAJIOM
w(t) = uo(?) — ur(?). (5.5

OOBIYHO CHUMBOJIBI-UMITYJIBCBI CIEAYIOT OJMH 32 JPYruM Oe€3 MyCThIX 3a-
IIUTHBIX UHTEPBAJIOB, II03TOMY IpHU Hcnoib3oBannu AM u @M renepartop onop-
HOT'0 CUTHajia w(f) MpeBpalaeTcsl B TeHEpaTop TapMOHMYECKOr0 KojaeOaHus Hecy-
1[€N YaCTOTBHI.

[Tockonbky B (2.37) BenuuuHa v=v,+v, OOpa3yercs Kak CymMma JeTepMU-

HUPOBAHHOM v, U CIIy4alHOM I'ayCCOBCKOM v, COCTABJISAIOIINX, OHA TAKXKE SIBJISACT-
Cs CIIy4aliHOW BEMYMHOM, UMEIOIIEN HOPMAJIBHOE PACIIPEEICHNUE BEPOSITHOCTH

1 (V_mj)2 :
W(V)=EGXP Byt J=0;1. (5.6)

Kak BusiHO 13 (2.37), 3HaueHHE MaTEeMaTHYECKOTO OXKUTaHHUS
,K
m, =M[v.]+M][v,]= [u ()w(t)dt +0 =

1,

"

tk'

[u@[uy () —,(0]dr,  ecns =0,

[0 -w,(]dr,  ecms=1 (5.7)

t

H
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3aBUCHUT OT TOT'0, KOTOPBIN U3 JBYX CUTHAJIOB TepeaaBaics. Eciau sHeprum odomx
curHanoB onuHakoBbl (UM, ®M), T0 m, =-m, .

3HaueHHE CPETHEKBAJAPATUYECKOIO OTKJIOHEHUS IMOJYYUM C YYETOM TOrO,
9YTO KOppensinuoHHas GyHKIus 0emoro myma — 3To aenbra-pyHkmus [1,2], a ona
obnangaer GUIBTPYIOIMIMM CBOWCTBOM,

o’ = M[vﬁ v, ] = TTM[% (t)u, (tz)]w(tl)w(tz)dt]dt2 =

=N, [ [t =1 ) wit i e, = N, [wiey’ e (5.8)

Y BUJIUM, YTO OHO HE 3aBUCHUT OT TOT'0, KOTOPBIM U3 CUTHAJIOB TEpe1aBacs.
OmHouieHue cueHan/ wym no 3Hepeuu

o o)~ o)
o - N

o

(5.9)

ABNAEMC OMHOWEHUEM IHEP2UU PA3HOCMHO20 CUCHAAA K CNeKMPATbHOU NIOMHO-
cmu wyma.

Ha puc. 5.1 uzo0paxeHbl yCIOBHbIE IUIOTHOCTH BEPOSITHOCTH BEJIMYHUHBI V
s ciy4dasi, korjpa ucnonb3dyercss @M. Iloporosoe 3HaueHue v, MPUHATO PABHBIM
HYJIIO.

W(Q/1) W(/0)

(0

nmy 0 mO‘ v

Puc. 5.1. YcnoBHbIE IIIOTHOCTH BEPOSITHOCTH CUTHANA HA
BBIXO0JI€ MHTErPaTopa KOPPESAILMOHHOI0 IPUEMHHKA

W3 pucyHka BUAHO, YTO BO3MOXKHA CHUTYallus, KOrja mnepenaercss cuMBod 0,
HO BEJIMYMHA V OKa3bIBAECTCS HIXKE IOPOra, MO3TOMY JEMOAYJISATOP B COOTBET-
CTBUH C UHCTPYKIIMEH (5.4) BBIHOCUT pEIlIEHUE O TOM, YTO nepeaaH cumBoi 1. Ta-
KOM MCXOJl MOXET OBbITh Ha3BaH OwuOKOU nepeoco podd, U BEPOATHOCTh TaKOU
OIIMOKHU paBHA

(44 :J:W(V/O)dv. (510)

AHANOTUYHO, OwUOKA 6MOPO20 poda BO3HUKAET TOTJa, KOT/a AEMOYJISITOP
BbI1aeT cuMBO 0, HO (hakTHUecKu nepenaBaiics cuMBoid 1. BeposTHOCTh mosiBie-
HUS TaKo# OlMOKHU paBHA
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B= ij(v/l)dv. 5.11)

iy

[Ipu yBenu4eHuu mopora Bo3pacTaeT BEIWYUHA O, HO 3aTO YMEHbIaeTcs f3,
NP CABUTE MOpOTa BIIEBO 3Ta 3aBUCUMOCTH MEHsieTcsl Ha oOpaTHyto. OOBIYHO B
CIIN cumBoubl 0 1 | mepeaatoTcsi ¢ OAMHAKOBOM BEPOATHOCTHIO, & HENMPUATHOCTH,
00YCJIOBIICHHBIE TIOSIBJICHHEM OITMOOK O0OMX BHJIOB, OJAMHAKOBHI. Torma oObek-
TUBHOW XapaKTEpUCTUKONW KadyecTBAa NpPUEMa CTAHOBUTCS IOJIHAS BEPOSITHOCTH
omuOKku (OUTOBasi BEPOSATHOCTHh OUIMOKHM WIIM, B aHTJIOS3BIYHOM juTeparype, Bit
Error Rate (BER))

p=PO)a+P1)B=0,5c+p). (5.12)

Jlerko yoemuthbest, yTo At curnanoB @M sra BeIndnMHAa MUHUMAJIbHA, €CIIH

vy = 0, Kak nmokas3aHo Ha puc. 5.1, u paBHa

p=a=p=1-d(q/2), (5.13)
rae ®(g) — WHTErpajg BEpOSTHOCTH (TabiMila 3HAYEHUM HUHTErpaja BEPOSTHOCTH
npusezaeHa B [Ipunoxenun 3).

O6patute Baumanue, uro BER 3aBucut numis ot otHomeHus (5.9) suepruu
PA3HOCMHO20 CUSHANA K CIIEKTPAIBHOW IUIOTHOCTH IIyMa U, pa3yMeeTcs, YMEHb-
IIAeTCs TIPU YBEIUYEHUU dTOTO OTHOIIEHU).

[ToCMOTpPHM, KaK BEIMUYNHA ¢~ 3aBHCHT OT OTHOLICHUS CHTHAI/IIYM B OOBIY-
HOM CMBICJI€, TO €CTh OT OTHOIICHUS cpeoHel IHepeuu UMNnyibca Ha BXOJE JIEMO-
AyJIATOpa K CHEKTPAJIbHOM INIOTHOCTH IIyMa, Itonaras cuMBoiibl O 1 1 paBHOBEpO-
STHBIMMU:

E,+E

1

2 _ m_é ﬁ - Lté 2 2 =
0’ =POZ+POZ =5 I [0+ 0 Jdr = (5.14)

s curnana ¢ ®M umeem Ey=FE|, noatomy u3 (5.9) nonyuum (cM. Takxke
puc. 2.18a) g=2gq,.

o

Jlns currana ¢ AM 5TO COOTHOLIEHHUE SBIISETCS HAMIYYIIMM, KOTJa OJHH U3
JIByX CHTHAJIOB, CKaxeM, u;(f) = 0, 1 umeeM q=+/2q, .

Jlst curnana ¢ UM 3TO COOTHOLIEHHE 3aBUCUT OT MOJYJIS Pa3HOCTH HECY-
IUX 4acToT Af =|f, - f;| u paBHO

g= Hli- sin(7AfT) g
TAfT
Ecnu Af =n/7, TA€ n — 11€JI0€ MOJ0KUTEILHOE YHUCIIO0, CUTHAJIBI

(5.15)

uo(t) m u,(f) CTAHOBATCA OPTOrOHANBHBIMH, U ¢=+2g,, TO €CTh IIOMEXOYCTONYH-

BocThb AM n UM curnanoB oauHakoBa. IMEHHO AJisg 3TOro ciyyasi 1Jisi KOrepeHT-
Hoil CIIM Ha puc. 5.2 moka3zaHa 3aBUCUMOCTh BEPOSTHOCTU OLIUOKH, BBIUMCIICH-
HOM 1o opmyre (5.13), OT OTHOIIEHHUS CUTHAJ/TITIYM (.
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KorepenTHas HekorepenTtHas

0.1 | N

BeposTHoCTb 0mmbku

0,01 \

0,001

-20 -15 -10 -5 0 5 10
OtHomeHnue curHan-mym, n1b

Puc. 5.2. 3aBUCHMOCTb BEpPOSTHOCTH OMIMOKHU OT OTHOILIEHUS CUT-
Ha/mym g. B CIIU ¢ n1ByMs: OpTOroHaIbHBIMU CUTHATAMHU

WTak, OTHOILIEHHE CUTHAJ/IIyM MaKCUMAalbHO U, cliegoBarenbHo, BER npu
JEMOAYJISIIMU MUHUAMAaJbHA 1151 curHainoB ¢ @M. boree toro, nokazano, yto @M
— Mo udean, mo ecmv npu nepeodave 0BOUYHBIX UMNYIbCO8 NPU 3A0AHHOU BelU-
YyuHe q. He cywecmeayem 0py2020 cnocoba MoOyIAyuU, KOmMopwli npu npueme Ha
gone benoco wyma obecneuun ool menvuuee 3nadenue BER, uem OM.

PaccmoTpum MeTObI AeMOAYJIAIMHA CUTHAJIOB MPH UCHOJb30BAHUUA MHO-
rONO3UIHOHHBIX METOA0B MOJYJISIMHU, TO €CTh B Clly4ae, KOT/ia repeaBaeMblid
PaIMOUMITYJIBC MPSMOYTOJIbHOU (POPMBI MOXKET MPUHATH (Kak MpaBUIIO, C OJIMHA-
KOBOIl BEPOSTHOCTBIO) OfHO 13 M=2" smauenwuii: uy(7), ui(f),..., up_1(f), OTIMHALO-
IIUXCS APYT OT Apyra HadyajdbHBIMU (pa3aMu U JJa)Ke aMIUTUTYIaMH (TIPU UCTIONb30-
BaHuu KAM-M). HanmomHuM, 4T0 M-M4YHBII HOMEp CHrHaja Mpu nepenaye ooby-
HO 3aMeHsIeT k-pazpsaHyto KOMOUWHAIIUIO JIBOUYHBIX
CHUMBOJIOB (CM., Hapumep, puc. 2.18), mosToMy moJiHask BEPOSATHOCTb OLIUOKHU TIPU
JIEeMOAYJISIIUY pUHUMaeMoro uMmnyibsca P He coBnagaer ¢ BER.

31ech NeMOIyJALMS TakKe OCYIIECTBISIETCS B J[Ba dTana, HO Ha MEPBOM
ATare Ipy MOMOIIM JIBYX NapaJijieIbHO BKIIOUEHHBIX KOPPEISIIMOHHBIX TPUEMHHU-
KOB BBIYHCIISIFOTCS] IB€ BEJIUYUHBI V| U Vo, COOTBETCTBYIOLIME JIBYM KBaJpaTypHbIM
COCTAaBJISIOIIMM MPUHUMAEMOro curHaia ¢ mymoM (1.34), koTopblil OJTHOBpEMEH-
HO TIOJIA€TCS Ha BXOJIbI 000MX MPUEMHUKOB. OYEBUIHO, UTO ISl ITOTO B KAYECTBE
OMOPHOTro Koiebanus w(t) Ha BXOJ MEPBOro MpHUEeMHHUKA MOJAI0TCs KoneOaHus He-
cyiieit ¢ “HyneBoi” HauanbHOU (pazoii (ock C Ha puc. 2.19, XoTs s curHana ¢
nBykpatHoi ®M 3HauuTeNnbHO yaoOHee 3ajaTh HaudadbHYIO ¢asy, paBHYHO T/4).
OnopHoe kosiebaHue Ha BXOJ/I€ BTOPOro MpUEMHUKA OoTiinyaercs no ¢ase Ha m/2.

Jliist BeIOOpa crmoco0a oOpaboOTKM Ha BTOPOM dTare (BHIHECEHHE PEIICHUs)
yuTeM, YTO 00JIACThIO BO3MOXHBIX 3HAUEHHUI BEJTMYHUH Vi U V, SIBJISETCA BCS IIOC-
kocTh CS Ha puc. 2.18 u 2.19. IIpaBuio BeIHECEHUS PELICHUS OUYEBUAHO: B Kaue-
CTBE NEPEAAHHOI0 CUUTAIOT TO 3HAYEHHUE MOJIE3HOTO CUTHANIA U3 M BO3MOXKHBIX,
KOTOPOE€ OKa3bIBaeTCs HamOoJiee OJIM3KUM K TOUKE C KoopauHatamu (vi,v;), 0T0O-
paxarolie NPUHITYI0 peaIn3allli0 CUTHAJIA ¢ ITyMOM. 3HAUY€HHE MEePeIaBaeMOro
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CUMBOJIA, BBIOPAHHOE TaKUM CIIOCOOOM, HA3BIBAETCS MAKCUMAILHO NPABOONO000-
Hoim. UTOOBI pU MIpUEME CEPUM UMITYJIbCOB KaXIbli pa3 He omnpenenste M pac-
CTOSIHHIH, CJIeNyeT 3apaHee IIockocTh CS pa3duth Ha M 4acTeil, COOTBETCTBYIO-
MIMX KaXIOMY M3 CUTHAJOB (IIPUMEpP TAKOro paz0MEHUs! IITPUXOBBIMU JIMHUSMU

st curHana ¢ KAM-16 nan Ha puc. 5.3).
S A

!
|
|
|
i
|
|
|
_____ R s e e =
|
|
|
1
|
|
|
|

Puc. 5.3. [ToqMHOXeCTBa, COOTBETCTBYIO-
e Kaxaomy u3 curaaioB KAM-16

CymectBytoT omubku ~ M(M-1) BugoB, npuyeM, B OTJIUYUE OT IBOMYHOTO
ciiydasi, OLIMOKM pa3HbIX BUJOB HEPABHOBEPOATHBI. [10CKONBKY HOpMaJIbHAS IBY-
MEpHasi COBMECTHAsl IJIOTHOCTh BEPOSITHOCTH IIYMOBBIX COCTABJISIIOIIUX KOOPIH-
HAT TOYKHU (Vi,V,) UMEET KPYrOBYIO CHMMETPHUIO, M3 BCEX BO3MOXHBIX BHUOB
OlIMOKA HamboJee BEPOSATHO IMOMNMAJaHUE TOYKH, COOTBETCTBYIOLIEH MPUHATOMY
CUTHAJIy C IIIyMOM, B COCEIIHIOIO 00JIacTh (110 TOPU3OHTAIN JTUOO MO BEPTUKAIIN).
[Ipu 3TOM Haille BOZHUKAIOT OLIMOKU MPU JEMOAYISLMUUA CUTHAJIOB, KOTOPHIM CO-
OTBETCTBYIOT BHYTPEHHHE TOYKH Ha JUarpaMMe TUIa n300pakeHHOW Ha puc. 5.3
(y HUX OoJblie coceei).

Toraa TouHoe u NpUOIMKEHHOE (C HEKOTOPHIM MPEBBIIIIEHUEM) BBIPAXKEHUS
JUTSI TIOJIHOM BEPOSTHOCTH OIIMOKU TPU JEMOIYJIAINA TPUHUMAEMOTO HMITYJIhCa
upu M= m° MMEIOT BHI

P=4p(1-1/m)-4p*(1-2/m+1/m* )~ 4p(1-1/m), (5.16)
rne  p=1-0(Ag/2) — BEpOATHOCTH OIMMOKHU (5.13) mpu AEMOIYISANNN JTBOUIHOTO
®dM curnana,

Ag® — OTHOIIGHHE SHEPIUH PASHOCHU 08X GIUNCATUUX CUCHATO8 K CIICK-
TPaJIbHOM TUIOTHOCTH IIIyMa.

Jist nBykpaTHO# U TpexkpaTHoit @M (puc. 2.18) npu Ag >4...6 hopmyna
JUTSI TIOJTHOM BEPOSITHOCTH OIIMOKU UMEET CIEIYIONTUN BU/L:

P=2[1-D(Aq/2)] . (5.17)
®dopmyiel (5.16) u (5.17) Tem TouHee, uem Oombiie M u Ag.

O4eBUAHO, YTO yBEIUYEHHE OUTOBOI CKOPOCTH MEpenayu, KOTOpoe JT0CTH-
raeTcsi Mpy UCIOJIb30BAaHUU MHOTOIO3UIIMOHHBIX METOJIOB MOYJISIINH, TTOTPEOyeT
CYIIECTBEHHOT'O YBEJIMYEHUSI CPEIHEN IHEPIrUM MOJE3HOI0 CUrHaja Ha BXOE Mpu-
eMHHKA, [PONOPIHOHAIBHON BEIHUHHE ¢, . 30ech yacmomuas >dhexmusHocms
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cucmemvl YIVUuIaemcs 3a c4em CHUMNCEeHUs ee IHep2emuieckou 3@ dexmusnocmu.
B tabnune 5.1 npuBeneHbl 3HaYEHUS! OTHOIICHUS (qC/Aq)Z IUI pa3HBIX BUIOB MO-
YIS,

B 3aknroueHure OTMETUM, YTO NPU UCIIOJIB30BAHUN MHOTOIIO3UIIMOHHBIX MeE-
TonoB Moayisiuuu BER 3aBucut eme u oT cnocoda KOAMPOBKU BO3MOXHBIX 3Ha-

Tabmuua 5.1. 3HadyeHus
otHomenus (g,/Aq)

Bua moaynsunu (q‘ / Aq)2

oM 0,25
KAM-4 0,5
nBykpatHas @M 0,5
Tpexkpatas ®M | 1,71

KAM-16 2,5
KAM-64 10,5
KAM-256 42,5
KAM-1024 170,5

YeHU M-UYHOro CMMBOJIA MPU MOMOIIM K-pa3psIHBIX JIBOMYHBIX KOMOWHALIUM.
Hawnnmyumum siBisieTcs Takoul KoJ, KOrga COCEAHUM 3HAYCHUAM HMITyJbCa COOT-
BETCTBYIOT KOMOWHAIIMM, OTJIMYAIOLIMECS JUIIL B OJHOM cuMmBoje. Koapl, moka-
3aHHbIC HA puc. 2.180 u 2.18B, HE yAOBIETBOPSIOT 3TOMY TpeOoBaHut0. B yacTHO-
CTH, TIPH UCIIONB30BaHUU TpexkpaTHOH PM 11 mpeoOpa3oBaHUs BOCBMUPUYHON
mupsl B JBOMYHYIO KoMOuMHauuio cymectByer kox I'pes (0<-000; 1-001;
2011; 3010; 4110; 5111; 6-101; 7-100). 3necs npu BO3SHUKHOBEHUHU
HanOoJiee BEPOSTHBIX OMIMOOK M3 TpeX OMTOB KOMOWHAIIUM OMIMOOYHBIM OKa3bIBa-
eTcs iiIb oauH, B utore njsg BER umeem p = P/3.

5.3 HekorepeHTHblIe CUCTEMbI

B nekorepentnoit CIIN Moryt ucnonb3oBarbest uiib AM niu UM, noato-
My B TaKOW CHCTEME HEBBITOAHO MPUMEHATh MHOTOIIO3ULIMOHHBIE METO/IBI IIepeaa-
yi. B cBSI3M C HEONpeneaeHHOCThI0 HauaabHOU (ha3bl 0KUAAEMOr0 MMITYJIbCa BO
BpEMs IIpUEMa HE MMEET CMbICIAa MOHITHE Pa3HOCTHOIO cUrHaja. OnTuMaabHbBIM
CIIOCOOOM TpEeABAPUTENIBHON 00paOOTKM CUrHaja ¢ OeNbIM IIYMOM U B 3TOM CIIY-
qae SBJIAETCS KOPPEISLMOHHBIN MPUEM, HO HEOOXOAMMO MCIIOJIb30BaTh JBa (s
AM) unu getsipe (ay11 UM) napaiiensHO BKIOYEHHBIX pueMHuKa. Kaxaas napa
NPUEMHUKOB HACTPOEHA Ha MPUEM JBYX KBAJPATYPHBIX COCTABISIOIINX UMITYJIbCA
OIpENIETICHHOI'0 BU/IA, MIOATOMY B HEW HCIIOJIb3YIOTCSI OMOpPHbIE KOJIEOAaHUSI COOT-
BETCTBYIOILEH HECYLIEN YaCTOThl, HO CIBUHYTHIE 1O (a3e Ha 90° (HalOMHUM, YTO
npu AM nuIb OMH U3 IBYX CUMBOJIOB SIBJISIETCS UMITYJIBCOM, & BTOPOM — 3TO Ma-
y3a, I03TOMY HY>KHa JIMILb OJIHA ITapa IPUEMHUKOB).
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Obo3nauenus:

I'f; — renepaTop

KOJIeOaHUH 4acTo-
90° THI f};
I'f, + [ 90° — hazocaBHTaLO-

1ast LIETIh,;
@O/ — dhazoBwrit
u(?) 0 JETEKTOD;
] 1~ RC —wunrerpupyio-
Sl o1 bl RC bl X2 M mast RC-niens;

T X - Hens ¢
90° KBaJIpaTHYHON aM-
Tf + TUTUTY THOM N
XapaKTepPUCTUKOM;

+ — cymMMarop
St dJ Pl RC Pl X° K — xommaparop.

Puc. 5.4. ®yHkimoHanpHas cxeMa JIeMOAyJIaTopa
HEKOIepeHTHOro curnaia ¢ YM

Ha puc. 5.4 npuBenena ¢yHKIMOHAIBHAS CXeMa JEMOIYJIATOpA
HEKOrepeHTHOro curnaia ¢ YM, npuueM ¢azoBbie 1€TEKTOPbI UTPAIOT POJIb Mepe-
MHOHUTENEN BBICOKOYACTOTHOIO BXOAHOTO CUTHAJIA U TAPMOHUYECKOT0 OITIOPHOTO
koneOanus, a RC-1ienb ¢ MOCTOSHHOW BpPEMEHHM, HAMHOI'O TPEBBIIIAIOMICH JUIH-
TEIbHOCTh MMITYJbCA BXOJHOI'O CHTHAja, BHINOIHAET (DYHKIMH HUHTErpaTopa (cMm.
dopmyny (2.27)). Kommaparop BeIHOCUT perieHue “niepeman cumBos 07, eciau B
MOMEHT OKOHYAaHUS UMITYJIbCA HANPSKEHNE HAa BBIXOAE BEPXHETO CyMMaTopa OKa-
3aJI0Ch OOJIBIIIE, YEM Ha BBIXOAE HHXKHETO.

OOparute BHUMaHUE, YTO HA CXeMEe HY>KHO ObLIO ObI IMOKa3aTh LIEMH, 10 KO-
TOPBIM MOJAIOTCA TAaKTOBbIE UMITYJIbCHI, 33/1at0IIHE MOMEHThI CpabaThIBAHUS KOM-
napaTtopa M OCYIIECTBIISIONIME OOHYJICHHE MHTETPUPYIOIIEH IETIOYKH HEMoCpe/l-
CTBEHHO IE€pE]l HAYaJIo0M Ka)KJI0r0 UMITYJIbCA.

BepoatHocTh ommOKku mpu AEMOAYIAIMU ABOMYHOro ummyibsca (BER) mu-
HUMaJIbHA IIPU 3aJ1aHHOM BEJIMYMHE (., KOTJa IMEepefaeTcs OJUH U3 JIBYX OpPTOrO-
HaJIbHBIX CUTHAJIOB PaBHBIX 3HEpruii, Hanpumep, ¢ UM, u onpenensierca popmy-
J01

p=P=0,Sexp(—qf/2). (5.18)

Bunno, uto u B HekorepeHTHON CIIN BeposATHOCTH OLIUOKHU OMpeiessieTcs
BEJIMYMHON DHEPTrUM NMPUHUMAEMOI'0 MMIYJIbCA MO OTHOLICHUIO K CHEKTPaJIbHOU
IUIOTHOCTH IIyMa. DTa 3aBUCHUMOCTH TaK)Ke MpEJCTaBlieHa Ha puc. 5.2, 4yToObl
MOKHO OBLIO CPaBHUTH KAdyeCTBO IEpeauyd CUTHajla B KOT€PEHTHOM M HEeKore-
PEHTHOM CHUCTEMax MPH MPOYUX PABHBIX YCIOBUSX.

Kak u cnemoBanio oxuaats (cMm. paza. 5.1), BER B xorepentHoii cucteme
BCET/Ia MEHbBIIIE YeM B HEKorepeHTHOH. [Ipu nmpueme cuibHOro curnana (BeauanuHa
BER wmana, HuxHSIS IITpUXOBast mpsiMasi Ha puc. 5.2), 4TOOb B HEKOT'€PEHTHOW CH-
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cTteme oOecreuuTh TO ke 3HaueHne BER, xoTopoe mocturaercs B KOrepeHTHOM
CIIN, Hy>XHO JINIIIb HEMHOT'O YBEJIUYUTh MOIIHOCTb MEPEAaTUNKa — Ha €AMHUIIBI U
nake 1oau nenubena (HamoMHUM, 9To B fnenubenax no ¢popmyne 10-1g(E/E,) BbI-
pakaeTcsi OTHOILIEHUWE PHEPruil WM MOUIHOCTEeW ABYX curHanoB). [lpu npueme
OYEHb CJIA0Oro CHrHaja 3TO OTHOUIEHUE BO3PACTAET J0 €IMHHMI] U JE€CATKOB JEIU-
0eq, TO eCTh UIMEHHO B ATHX YCIOBUAX NpeumymiectBo korepeHTHoit CIIN oco-
O6eHHO onryTuMo. OTMETHM, KCTaTH, YTO B HOPMAJIbHBIX YCIOBUAX (YHKIIMOHUPO-
Banus CIIU BennuuHa g, 00b1uHO mipeBbimiaeT 10—15 nb.

5.4 YacTU4YHO-KOrepeHTHbIe CUCTEMbI

B 4acTMYHO-KOr€peHTHOM CHUCTEME ONTUMAIbHBIN IEMOAYJATOP IOJKEH
BBITIONHSATH T€ ke oneparuu (5.3) u (5.4), Ho Tekymas (aza reHeparopa OmopHOTO
KosieOanust w(f) MOJACTPAUBACTCS MOJ] U3MEHEHHUsS 3TOro MapaMmerpa B MpUHUMAE-
MoM curHazie npu nomonu cucrembl @AIIY. Cxema Takoro reneparopa s CIIA
¢ AM wam UM npencraBiieHa Ha puc. 5.5, rae obo3HaueHo: )] — da3oBbIii 1e-
tektop; ®HY — ¢unbtp HmwxHux yactor; ['YH — renepatop, ynpaisemblid
HaIpsKEHHEeM. DTO MpOCTEedIIasi CUCTeMa aBTOMATHYECKOro peryiupoBanus. B

w(t)

u(?)

D

®J1 I'VH

OHY

Puc. 5.5. I'enepaTop onopHOro KoJieGaHUsI C
netneir GAITY

HEel Tpu paccoriiacoBaHnu (pa3el reHepaTopa OTHOCHTEIHLHO BXOJHOTO CHUTHaja B
Ty WK APYTYIO0 CTOPOHY Ha Bbixoje D/ mosBisieTcs HANPS)KEHUE COOTBETCTBYIO-
miero 3Haka. OHO BO3JEHCTBYET HAa YacTOTY W, CJIEN0BaTeIbHO, (pa3y reneparopa.
Ounetp HY, y KOTOpOro wacrora cpe3a BO MHOTO pa3 MEHBIIE YaCTOTHI ITOBTOPE-
HUS UMITYJIBCOB, CIY>KHUT JUIsl CIUIAKUBAHUS (PIIYKTyallud YNpaBISIOIIETrO HaIps-
YKEHUSI, 00YCIIOBIICHHBIX IITYMOM.

Eciou B CIIN s KaKaoro U3 BO3MOKHBIX CUTHAJIOB UMEETCSI MPOTHUBOIIO-
JIOKHBINA CUTHAJ (OAHOKpaTHas win MHorokpatas ®M nuo6o OOM, KAM), Takoi
reHeparop paborate He Oyjaer, Tak Kak B mporecce ¢uibTpanuu B ®HY stu cur-
HaJbl, TOSBISISICH B CPEJHEM OJMHAKOBO YACTO, MPAKTUYECKU YHHUTOXKAIOT APYT
Jpyra (B CHEKTPE KaXKJOro U3 TAKUX CUTHAJIOB OTCYTCTBYET COCTABJISIIOIIASI HECY-
1€ 4acTOTHI).

[To 5TO¥ MpUYMHE B YaCTUYHO-KOT€PEHTHOU CHUCTEME MEPEUMCIICHHbIC Me-
TOJBI MOAYJISIIIMYA TIPUMEHSIOTCS JIUITh B OTHOCUTENbHOU (popMe. DTO MO3BOISET
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npoBoauth @AITY He Ha caMoll Hecylel YacToTe, a Ha OJTHOM U3 €€ TApMOHHUK.

B ywactnoctu, B nBonunoit CIIN ¢ O®M noactporKy reHeparopa cienyer
IPOBOJIMTH HA YJIBOEHHOU Hecyliel dactore (puc. 5.6). [Ipu ynBoeHUM 4acToThbl
HavaJibHas (pa3a KakJoro U3 UMITYJIbCOB TAKXKE YABAaMBAETCS, B UTOTE€ HA BBIXOJIE
MOJIy4aeTcs HEMpepbIBHOE KojebaHue, 4yTo oO0ecnedyrBaeT YCTOMYUBYIO DPaboOTy
nenu @PAIIY ¢ BBICOKOH TOYHOCTHIO.

X0 I im

u(t)
— i f2f L on I'YH

|
®HY

Puc. 5.6. 'eneparop onopHoOro KoyeOaHus ¢ neTien
DAITY Ha yaBOEHHOU HECVILIEN YaCTOTE

Tem He meHnee, npumeHATh @M B TakoM CUCTEME HE CIEAYET, IMOCKOJBKY
dbopmMupyemoe oropHoe kKojebaHue Bce-Takd 00J1alaeT HEKOTOPOW HeomnpeeeH-
HOCTBIO. KitacCMYecKui THIT IENUTENS YaCTOThl — 3TO CUETHBIM Tpurrep. B 3aBu-
CUMOCTH OT CIy4YalHOIO HA4aJbHOI'O COCTOSIHMSI 3TOrO TPUITEpPA HA €ro BBIXOJAE
dbopMupyertcst oJjHa U3 IBYX MPOTUBOIOJIOKHBIX MOceqoBaTenbHOCTe. B urore,
XOTA ¥ 00€CIeUnBaETCsl XOpOIllasi B3aMMHasi KOr€pEeHTHOCTh KojebaHu w(f) u Ko-
ne0aHuii MPUHUMAEMOT0 CHrHaja, HO w(f) MOXeT ObITh OO0 cuH(pazHa, TUOO
npoTruBO(da3Ha MO OTHOIIEHHIO K curHany. B mepBom ciyuyae curnan ¢ ®M mnpu-
HUMAETCsl HOPMaJIbHO, BO BTOPOM CJIy4ae BCE CUMBOJIBI HAa BBIXOZE JEMOMYIATOPA
U3MEHSIOTCSl Ha 00paTHBIC. DTO SIBJICHHWE HA3bIBACTCSl 0OpaTHOM pabOTOM JAETEKTO-
pa. Koneuno, M0o>xHO ObUTO OBl IEPUOANYECKH TEPEIaBaTh KaKyl0-HUOY b HACTPO-
€UHYIO MOCJIEI0BAaTENIbHOCTh CUMBOJIOB, YTOOBI OIPENENATh, B KOTOPOM M3 JIBYX
PEXKUMOB HAXOAMUTCS IEMOAYJIATOP, HO, KaK MOKa3ajia MpakThKa, HAMHOI'O IMPOILIE
U HaJiexxkHee puMeHaTr ODM.

Toraa ycTpoicTBO, BBIHOCAIIEE PEIIEHUE 0 KaKIOMY MIPUHUMAEMOMY HM-
nyJaeCy B cOOTBeTCTBHM C (5.4) Tak, kak Oyaro Obl npuHuMaerca ®OM-curhain,
JIOJIKHO OBITh JOIMOJHEHO CXEMOM, CpaBHHMBAIOLIEH pEIICHUS, BHIHECEHHBIE I10
KaXKJbIM JIBYM COCEIHMM HMIyJbcaM. Takas cxeMa COCTOMUT U3 SIYEMKHU CABUTA U
cyMmartopa 1o Moayito 2 (puc. 5.7) U 0OJUHAKOBO XOPOIIO pabOTaeT Kak MpH Mmpsi-
MO, TaK W TIpu oOpaTHOU padbote aemoxaynaropa (5.4). Onucanuviii cnocob demo-
oynayuu cuenana ¢ ODM nazvlieaemcs KocepeHmMHbIM.

BeposTtHOCTh OMMOKM Ha NEPBOM 3Tale Pgp, ONMCHIBAEMOM BBIPaXKEHUEM

Soi St ol
T L mod2 |—
——
i
Puc. 5.7. Cxema cpaBHEHUs pelLICHU, BHIHECEHHBIX
110 COCEAHUM UMITYJIbCam
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(5.4), onpenensiercst popmyoit (5.13). Ommbka Ha BTOpOoM dTarne (puc. 5.7) npo-
U30MET B OJJHOM M3 JBYX CIy4aeB:

1) Ha mepBoM 3Tamne mpu AEMOIYJISIUU [EPBOrO U3 IBYX UMITYJIBCOB IPO-
M301LIa OMIKOKa, BTOPOM UMIYJIBC MPUHSAT IPABUIBHO;

2) nepBbIil UMITYJIbC MPUHAT IPABUIBHO, BTOPOM — C OIIMOKOIA.

B utore 6utoBasi BEpOSATHOCThH OIIMOKHU MpH eMoAysiiuu curaana ¢ OOM
paBHa

Pioi =2Poi (1= por )=20(q/2)(1-0(¢/2)). (5.19)
Ha npaktuke 06140 ¢>>1, oTKYyna 1-p,; ~1, IO3TOMY
Proi ®2Poi 5 (5.20)

T0 ecTh BER 6 uacmuuno- koeepenmuou CIIH ¢ O®PM ececo nuwb 6 08a pasa
bonvute uem BER 6 uoeanvhoti, kocepenmmuou CIIHM ¢ @M. Itum OOBACHSIETCS
CTONIb IIHMPOKOE Hcmoiab3oBaHre ODM U KOrepeHTHOro MeToja MpueMa TaKHX
CUTHAJIOB.

CymiecTByeT Take HEKOTepeHTHbI MeTOd AeMOAYJSAUMH CHTHaJa ¢
ODM. [lns peanuzanuu 3TOro Meroja Ha (a3oBbIA JAETEKTOp MPUEMHUKA, pac-
CUMTAHHOTO Ha Aemonyssinuio OM-cUrHANOB U, CIIEI0BATENbHO, PAa0OTAIOLIErO B
cootBercTBUM € (5.3) u (5.4), momaercs B KayecTBE OMOPHOro kosieOaHus w(t)
OpEeABITYIINN TPUHATHIA PaTuOUMITYJIbC. Er0 MOXKHO MOMYyYHUTH C BBIXOJA JIMHUU
3a1EPIKKHU.

buToBy10 BEpOSTHOCTH OIIMOKH MOKHO BBIYMCIUTH 1O (popmyie (5.18), HO
BETHYHHY ¢, CIIGAYeT yIBOHTh, TAK KAK PEIICHHE BBIHOCUTCS MOCTIE TIPHEMA CO-
CTaBHOI'O CHUTHAJa, COJEpKAIllero JABa UMITyibca. 3nech BennunHa BER Oonblire,
YeM IMPU MCTOJIb30BAHUM KOTEPEHTHOI0 METO/a MpUueMa, TaK Kak OMOpPHOE KoJie-
O0aHMEe KPOME COCTaBIAIONICH, KOT€PEHTHOM C TOJIE3HBIM NMPUHUMAEMbIM CHUTHA-
JIOM, COJIEPKUT TaKKe IIYMOBYIO COCTABJISIONIYIO. DTa pa3HULa TeM OOJIbllIe, YeM
MEHBITIE OTHOIICHUE CUTHAJI/IITYM.

[Ipy uCHONIb30BaHUM MHOTONMO3MIMOHHBIX METOJ0B MOAYJSIIUU, KpOME
AM u UM, Heobxonumo npoBoauth GAIIY onopHoro reneparopa Ha rapMOHHKAX
HECyIel 4acToThl 6osee BrICOKOTO nopsiaka. Tak, ¢ CIIU ¢ osykpamuou @M unu
¢ KAM zenepamop noocmpaueaemcs no uemeepmou 2apMoOHUKe, a Ol mpex-
kpamnou @M Hys#cHo nepeumu Ha 80CLMYIO 2APMOHUK) .

B 3axnroduenune ormeTum uHTEpecHyro ocobeHHocTh CIIU, mcnonb3yronmx
OTHOCHUTENbHBIE METOJIbI MAHUITYJIALMK B 000N popme. D10 — napuoe epynnupo-
sanue owudOK, TO €CTh MPU YBEITUYCHUH OTHOIIECHUS CUTHAJ/IITYM BO3PACTaeT OT-
HOCHTEJIbHAS J10JIsI OLIMOOK, TTOPaXKaIOLUX JIBa COCETHUX CUMBOJIA, 10 CPABHEHUIO
C OJWHOYHBIMHU OIMUOKaMH. DTO CBONCTBO HYXXHO YYHTHIBATH MPHU BHIOOPE KOP-
pekTupymomiero koga. Hanpumep, kol ¢ mpoBepKoil Ha YETHOCTh HE OyAeT 3ame-
4YaTh TaKue OIIMOKH, €CIIU BHYTPU KOJOBOM KOMOMHAIIMU OKAXXYyTCs 00a CUMBOJIA
napbl, YTO BECbMa BEPOSITHO MPHU UCITOJIb30BAHUY JJIMHHBIX KOMOWHATIHI.
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5.5 Npuem curHana B ycrnoBusX MHOrosly4eBOCTHU

Kak BumHO M3 00CYyXKIeHUs, MPOBEACHHOTO B pa3id. 5.1, peanmsarus Kore-
pentHoit CIIM Obuta ObI BO3MOYKHA JIMILIb TIPU WCIIOJIB30BAaHWM KaHajla TMepeadu
CUTHAJIOB, UJICAIHLHOTO B TOM CMBICJIE, YTO €r0 aMIUIUTYAHO-4acTOTHas U (pa3o-
YacTOTHAsI XapaKTEPUCTUKH HEU3MEHHBI BO BPEMEHHU H, CJIEAOBATEIBHO, MOTLYT
OBITHh TOYHO M3BECTHBI B MYHKTE MpuemMa. YaCTUUHO-KOTepeHTHAs U HEKOT€pPEHT-
Has CIIM takke pa®oTaroT B yCIOBHSAX, ITOYTH HCaTbHBIX, KOraa (pa30BbIi CIBHUT
B KaHaJie MEJICHHO MEHSETCSl BO BpEMEHHM OJMHAKOBO Ha Bcex yacToTax. Obecrie-
YUTh TaKUE YCJIOBUS MOXHO MpHU Iepeaye CUrHajia Mo KaOeabHOW JIMHUU JIMOO
IPA PAAUOCBA3U, KOTJA paguoTpacca MPOXOAUT B OJHOPOAHOW Cpele BIAIM OT
00BEKTOB, MOT'YIIIUX BbI3BATh OTPAKEHUE WJIM PACCESIHUE PAIMOBOJIH, HAIPUMED, B
JIMHUU CITYTHUKOBOW CBS3U.

[Ipu pacrpocTpaHeHUU PaguoOBOIH B HEOJHOPOJHOW Tpomocdepe Ha pac-
CTOSIHUE BCETO JIUIIb B JIECATKA KUJIOMETPOB, HAJl HEPOBHOM 3€MHOW WJIM BOJHOMU
MOBEPXHOCTHIO U, TEM O0Jjiee, B YCIOBHIX TOpoja 1mojie, majaroiiee Ha MPUEMHYIO
AQHTEHHY, SIBJISIETCSI CYMMOM OOJIBIIIOrO KOJIMYECTBA BOJIH, YACTO HA3bIBAEMBIX JIY-
yaM{. DTH BOJIHBI OOYCIIOBJICHBI OTPaKCHHUSIMHU MEPBUYHOTO IO OT Pa3IUIHBIX
00BEKTOB (371aHUM, JEePEBbEB, ABTOMOOMIICH, XOJIMOB | T.I1.), HAXOAIINXCS BOJIH-
3 Tpacchl. Pa3ienurs 3TH Ty4d U ONpeeuTh HapaMeTphbl KaK10r0 U3 HUX OObIY-
HO HE TIPEJICTABJISICTCS BO3MOXHBIM, IMO3TOMY IOJIATalOT, YTO AMIUIMTYIbBI U 3a-
JEpKKU (caeaoBaTenbHO, U (ha30BbI€ CABUTH) BCEX JIydel CIydailHbl U J1ake B3a-
UMHO HE3aBHCHMBI. J{JI IMOTHOTHI KapTUHBI JT00ABHM, YTO OOBIYHO BCE ATH Iapa-
METPBI eI1e U CIYYalHBIM 00pa3oM MU3MEHSIOTCSI BO BpeMeHU. Takol KaHal Ha3bl-
BACTCS KAHAAOM CO CAYHYAUHO USMEHAIOWUMUCS napamempamu, a UICKaAKEHUs CUT-
Haja, TepelaBaeMoro B TaKOM KaHajle, KJIAcCHU(PUIUPYIOTCS KaK BO3JCUCTBUE
MyrbmuniukamusHou nomexu (cMm. paza. 1.5).

Ha puc. 5.8 B kauecTBe npuMepa NpuUBEJCHA OJHA U3 pean3aluil cliydaiiHO
W3MEHSIIOIECHCS aMIUIUTY/ bl IPUHUMAEMOTO CUTHaa.

Jlaxxe eciiv cpeaHee 3HAYCHUE aMIUIMTYAbl A, JOCTaTOYHO BEJIHMKO, CyLIE-
CTBYIOT TaKue€ CJIy4alHO PAaCIIOJO0XKECHHbIE MHTEPBAJIBI BPEMEHU CIIYYalHOW JUJIH-
TEILHOCTU (TIOMEUYEHBI >KUPHBIMHU JIMHUSIMU), KOTJa aMIUIMTyAa NaJaeT HUXKe
YPOBHSI A, IPU KOTOPOM €III€ BO3MOXEH HOPMAaJbHBIM IPUEM CHUTHAJIA, TO €CTh
€ro JIeMonyssanusa ¢ 3aaaHHon BennunHoM BER. MoxHO cuuraTh, 4TO mpu 3TOM
CBs3b Hapymaercs. OUeBUIHO, YTO BEIMYMHA A, ONPEIENIeTCS YPOBHEM aJJIu-
TUBHOTI'O IIIyMa Ha BXO/I€ MPUEMHHKA.
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Puc. 5.8. Ilpumep daykTyaruii aMIIUTy A6l TPUHUMAEMOTO
CUTHAJIa B KAHAJIE C MHOT'OJIY4YEBOCTBIO

OOBIYHO TMONArarmT, YTO ClydyaiiHas aMIUTUTYy/la CUTHAJIa UMEET PEeIeeBCKOe
pacrpeneneHue BEpOITHOCTH

A A’
W(A)=;exp(—?‘2j, AZO, (521)

I7Ie G — CPEIHEKBAAPATUYECKOE 3HaUCHNE (DIYKTyaluil KaX 01 U3 KBaJpaTypHBIX
COCTaBJISIONIUX CUTHaJA, mpu 3ToM A=1,2533c

(puc. 5.9). BeposiTHOCTB TOTO, UTO B 33JJaHHBIII MOMEHT BPEMEHU aMIUIUTY/1a CUT-
Haja OKa)XEeTCs HIDKE mopora A, onpeaensiercs 0ObYHbIM 00pa3oM

A, A2
P =|WA)IA=1- - —=
= [ W exp( 202) (5.22)

Y YMCJICHHO paBHA IUIOIIA/IN 3alITPUXOBAHHOIO ydacTka Ha puc. 5.9. Hacto A
<<o, noatomy (5.22) ynpouaercs

2
P~ pu A, <<o.

* 207

(5.23)
TOFI[a BeJ'II/I‘-II/IHy cpe,uHero CYMMapHOFO BpeMeHI/I HapynleHI/IH CBs3U HA UH-
TCPpBAJIC T MOXHO OIMPCACIINTDL KaK 7; =TPg .

W(A)

0 A A A

Puc. 5.9. PeneeBckoe pacnpeneneHne BEpOSTHOCTU
aMIUIMTVIIBI CUTHAJIA

KoHeuHO, yMEHBIIUT 3TO BpEMS MOKHO IyTEM YBEJIUYEHHS] MOIIHOCTH Tie-
penarurka, HO CyIIECTBYET OoJiee M3SIIHBIA U, MOXHO CKa3aTk, O6omnee 3hexTnB-
HBII c110c00. OH HA3BIBACTCS PA3HECEeHHbIM NPUemMom 1 IPUMEHSIETCS KaK B aHAJI0-
rOBbIX, TaK U B U posbix CIIN.

Jns peanmn3anuu N-KpaTHOr0 pa3HEeCEHHOIr0 MpueMa, BO-IIEPBBIX, OPraHU-
3y10T N mapajijiesibHbIX KaHalIoB (BETBEH pa3HEceHus) JJis OJHOBPEMEHHOM mepe-
Ja4¥l OJJTHOT'O U TOT'O Y€ CUTHAJIA U, BO-BTOPBIX, IPUMEHSIOT CIIEHUATBHOE YCTPOil-
CTBO IS TOTO, YTOOBI U3 3TUX N HPHUHATHIX CUTHAIOB CPOPMHUPOBATH OJIMH CHT-
HaJl, 00JIaJa0IMi JTYYIIIMMHU CBOMCTBAMU, HEXKENIM CUTHAJIBI B BETBSIX PA3HECEHHUS.

Ecnu ¢uykryanuy curHaioB B BETBSIX PAa3HECEHUS TTOTHOCTHIO MIEHTUYHBI
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(kodpurmeHT Koppensuuu Juist 1ro00# napsl 7=1), CUTHAJI Ha BBIXOJIE YCTPOIMCTBA
KOMOMHUPOBAHMS HE MPUOOPETET HOBBIX CBOMCTB, TaK KaK IpepbIBaHUE CBS3H OY-
JET TPOUCXOINUTh OJHOBPEMEHHO BO BCEX BETBSX pasHECeHUs. Daykmyayuu cue-
HAN08 6 8eMBAX pa3HeceHUsl 00JIHCHbl Obimb Hezasucumyl. [Ipu 3TOM yclloBUU Be-
POSITHOCTH OJTHOBPEMEHHOI'O MPEPHIBAHUS CBS3U BO BCEX BETBSIX PA3HECEHUS] MU-
HUMaJlbHa (CTPOro roBOPS, HAWIYYIIUN BapUAHT — 3TO IMIPUEM JIBYX CUTHAJIOB MpHU
r =—1, HO TaKOTO B peajbHbIX KaHaJIaX, K COXKAJICHUIO, HE HAOII0aeTCs).

B Hacrosiiee BpeMs yaille Jpyrux MpUMEHSIOTCS CIEAYIONINE CIoCcCo0bI Op-
ranu3zanum N BeTBeil pa3HeceHus.

IIpocmpancmeennvlil pasnecennviii npuem, KOrja npueM OJHOr0 U TOro e
CUTHaa OCYUIECTBIAETCS HA N MPUEMHBIX AaHTEHH, PAa3HECEHHBIX B MIPOCTPAHCTBE
Ha paccrosinue mnopsaka 10...100 aauH BoJH (JIydille TOMEPEK TPacChl), YTOOBI
00ecreynTh HE3aBUCUMOCTh (IYKTyalluid, IpUYeM MEHbBIINE 3HAUYCHUS XapaKTep-
HBI I YCIIOBUM PacIpOCTPAHEHUS B TOPOJIE.

Yacmommuwili pasHeceHHblll npuem, KOTna mnepenada (COOTBETCTBEHHO, U
IIPUEM) OJHOTO U TOTO € COOOIIEHUSI MPOU3BOIUTCS C UCIOIb30BAHUEM OOIIEH
nepenarwolen (mpuemMHon) anteHHsl Ha N Hecymux, pa3HeceHnbix Ha 100...10000
kl'm.

IIpocmpancmeenHo-4acmomuwlii pa3sHeCeHHbIli npuem, KOrga COYETAKTCS
nepeaava Ha N, HECYUIUX U OJHOBPEMEHHBIN MpueM Ha N, aHT€HH, NPU ITOM I10-
nyqaercst N = NuN, BeTBed pa3zHeceHusa. Becbma MmomysisipeH METOJ YEThIpeX-
KpPaTHOT'O pa3HeceHUs (IB€ HECYUIUX U JIBE AHTECHHBI).

B pesynprare koMOnHUpOBaHUSI N Pa3HECCHHBIX CUTHAJIOB aMIUIATY/Ia CUT-
Haja Ha BBIXOJE YCTPOMCTBAa KOMOWHUPOBAHUSI CTAHOBUTCSA 0oJiee yCTONYMBOMN
(ymenbIIaeTcss padMax (IykTyanuil OTHOCUTEIBLHO CPEIHEro 3HAYEHUs), BCIE.I-
CTBHE YEr0 OJHOBPEMEHHO YIYYIIalOTCS JABE BaXKHBIE XapaKTEPUCTUKU IUDPOBOI
CIIM: P, nu BER. O0bIyHO mpUMEHSIETCSI OJIUH U3 TPEX METOA0B KOMOMHHMPOBA-
HHSL.

A6mosblO0p MAKCUMATLHO20 CUCHANA, TO €CTh HA BBIXOJl YCTPOMCTBA KOM-
OMHUPOBAHUS TMOCTYHAaeT TOT U3 CHUTHAJIOB, KOTOPHIA B JAHHBIH MOMEHT HMEET
MaKCUMaJIbHYI0 aMIuuTyAy. [lycTh OTHOIIIEHHE CUTHANI/IIYyM JOCTATOYHO BEJIHUKO
JUISl TOTO, YTOOBI BEPOSITHOCTh HAPYILIEHUS CBSI3U 0€3 MPUMEHEHUS pa3HEeCeHUs P
MOHO ObLTIO0 ompenenuTh 1o Gopmyne (5.23). Torna npu UCMONB30BAHUN Pa3HeE-
CEHHOTO MpueMa CBs3b OyJeT HapyIllIeHa, eClIl OJHOBPEMEHHO BO BCEX HE3aBUCH-
MBIX BETBSIX AMIUIUTYJa OKAXKETCA HUXKE MOopora, B UTore P,y = (PSI)N. Hanpuwmep,
P,;=0,1, Toraa npu UCNojib30BaHUU JIa’K€ IBYKPATHOTO pasHeceHus P, =0,01.

[Ipu3zHaeM, 4TO MPUBEICHHBIA TPUMEP HE BIIOJIHE YJa4eH MOTOMY, UYTO MIPHU
nepexoie K N-KpaTHOMY Pa3HECEHHUIO MPEIOoJIaraeTcsi COOTBETCTBYIOLIEE YBEIIH-
YeHUE CYMMApHOM 3HEPruu MPHUHSITHIX CUTHAJIOB, a 3TO, OYEBUHO, CaMO 10 cede
JOJKHO PHUBECTH K yiyulueHuto xapakrepuctuk CIIN. IToatomy Oosee KoppekT-
HBIM OYJIET CpaBHEHUE B OJIMHAKOBBIX YCIOBUSX, KOTIa NpuU nepexooe K pa3HeCeH-
HOMY Npuemy CYMMAapHas 3Hepeusi NPUHUMAEMbIX CUCHAN08 OCMAemcs HeU3MeH-
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HOL?, IMpHu 3TOM, €CTCCTBCHHO, OTHOIIICHHC CI/IFHaJI/HIYM qcz B Ka}I(,Z[Oﬁ BCTBU PA3HC-

ceHust yMeHbImaercsi B N pas. Toraa juis IPUBEICHHOTO MPHMEPa BETHUYHHA G- B
Ka)KJOM BETBU YMEHBILIAECTCS BABOE, TO3TOMY umeeM Py, = 0,04.

Tem He MeHee, U3 MPUBEIECHHOIO MIPUMEPA HE CIEAYET AENIaTh MOCHENIHbINA
BBIBOJI O TOM, YTO NPHMEHEHHE PA3HECEHHOI'O NPHEMa AaKE IPU HEU3MEHHOU
CyMMapHOW 3HEPruu MPUHUMAEMbIX CUTHAJIOB BCEr/a MOJIE3HO, TOCKOJIBKY JOJK-
HBIM 00pa30M HE YY4TE€HO BIMSHUE HEraTUBHOTO (haKTopa, a MUMEHHO, yMEHbIICHUS
OTHOUIEHUS] CUTHaJ/IIyM. boiiee 0ObEKTHBHBIM OyJE€T CpaBHEHHE METOAOB IPH
JIOTIOJTHUTEJIbBHOM TpeOOBaHUU oOecredeHus: OJHOro U Toro ke 3Hauenust BER,
4TO MBI CJI€JIAEM II03)XKE, a M0Ka ONPEIEIUM OCTAJIbHbBIE METO/IbI KOMOMHUPOBAHUS
CUTHAJIOB.

Jlunetinoe cnodcenue cueHanog, To €CTb Ha BBIXOJ] YCTPOHCTBA KOMOMHUPO-
BaHUs [IOCTYNAET CyMMa CUTHAJIOB U3 BETBEH Pa3HECCHMUS

u(t) = 2,,(0) (5.24)

OnmumanvHoe crodiceHue CucHalo6, TO €CTb HAa BBIXO/[ YCTpOﬁCTBa KOMOMU-
HUPOBAHUA ITOCTYIIACT B3BCHICHHAA CyMMa CUT'HAJIOB M3 BETBEH Pa3HCCCHUA

N
u®)=> k.(t)u.(t
() ; j() j()) (5.25)
rac k.i(t) — BE€COBasi q)YHKHI/ISI, MOIYJIb KOTOpOﬁ IMPOIMOPHIUOHAJICH TCKYIICMY 3HaA-
YCHUIO aMHHI/ITy,HBI CUI'HaJia I/tj ([) Bj-ﬁ BCTBH PA3HCCCHUA, B UTOI'C 60)166 CHUJIBHBIC

CUTHAJIBI CYMMUPYIOTCS C OOJIBIITUM BECOM.

CymiecTByIOT /Ba BapHaHTa Uil peaju3aluy J000ro U3 METOAOB CIIOXKe-
HUS: 10 IETeKTopa (CYMMUPOBAHUE PATMOMMITYJILCOB Ha BHICOKOW WIIM TTPOMEKY-
TOYHOM YacTOTE) U MOCJE JETeKTOpa (CYMMHUPOBAHME HU3KOYACTOTHBIX UMMYJIb-
COB C IITyMOM C BBIXOJIa OOBIYHOT'O JTUHEHHOTO JIETEKTOpa, MPUMEHSIEMOTO B KaXkK-
1ol BeTBM). [lpu cymmuposaruu 0o oemekmopa 00s3ameibHolU A6/I51emcs onepa-
Yus npedsapumenbHo20 83aUMHO20 (Pa3upoeanus 6cex paouoCcueHanlo8, 4Toobl Te-
Kymue ga3bl BCEX cllaraeMbIX ObLITU OJIMHAKOBBHI.

OTHU TpU MeToJla KOMOMHUPOBAHUS PACIIONIOKEHBI B MOPSJIKE BO3PACTAHUS
CIIOHOCTH HMX pean3allid W, OJHOBPEMEHHO, B TOPSAJIKE YOBIBAaHUS BEITUYNHBI
BER, koTtopyro oHM ClTOCOOHBI 00ECTICUHUTb.

Ha puc. 5.10 nana 3aBUCHMOCTh OMTOBOM BEPOAATHOCTH OMIMOKM IIPU pa3-
JMYECHUH JIBYX PABHOBEPOSITHBIX OPTOTOHAJIBHBIX CHUTHAJIOB OT KPAaTHOCTH pa3He-
CEHUS TIPU PA3JTMYHBIX 3HAYCHUSX CYMMApPHOT'O OTHOIICHUS CHTHAJ/IIYM B TIPE]I-
MOJIOKEHUH, 4TO (DIYKTyaluu OT WMMITyJIbCca K WMITYJIbCY He3aBUCHMBI. Pacuer
IPOBEJIEH JI CIIOco0a ONTUMANILHOTO CIIOKEHUS. XOTA KPAaTHOCTh pa3HeceHust N
— 3TO 1IeJI0€ YUCJIO0, PAJY HAIJISIAHOCTH HA PUCYHKE MPOBECHBI CIUTOIIHBIC IMHUH.
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Puc.5.10. 3aBucuMocTbh OMTOBOM BEPOSITHOCTH OLIMOKU IIPU pa3IuyCHUU
JIBYX PAaBHOBEPOSTHBIX OPTOTOHAJIBHBIX CUTHAJIOB OT KPaTHOCTH pPa3HECEHUS
IPU PA3JIMYHBIX 3HAYEHUSX OTHOLIEHHS CUTHAJ/IIIYM

BunHo, yTo mpuMeHeHne pa3HECEHHOT0 MprueMa Jake Ipu (GUKCUPOBAHHOM
CyMMapHOW SHEPTHM CUTHAJIOB, €CJIM CYMMapHO€ OTHOIIEHHE CUTHAJ/IIYM OOJb-
me 5-10 nb, mo3Bossier obecneunth MeHblylo BennuuHy BER mo cpaBHenuio ¢
BapUaHTOM HEPa3HECEHHOTo mpuema. /lpu 11060M OmHOUEHUU CUSHAT/WYM Cyuje-
cmeyem onmumanvHoe 3HayeHue N, npu KOmMoOpoM 8epOsSMHOCMb OUWUOKU MU-
Humanoua. Ilpu g > 15...20 nb nns onTUManabHOM KPAaTHOCTH nMeeM
N.,~q"/3,2. [Ipuem cnaObIX CHTHAJIOB Jy4Ille TIPOBOAMTE 0e3 pa3HeceHus. Takum
00pa3oM, UCTIOJIb30BaHUE Pa3HECEHHOT 0 preMa 3P (GEKTUBHO JIUIIL B TOM CiIyYae,
KOr'/1a MPUHUMAEMbI€ CUTHAJIBI IOCTATOYHO CHIIBHEIE.

5.6 PereHepauusa umdpoBoro curHana B petpaHcnsatopax

[Ipu mepenaye Ha OoJbIIME PACCTOSIHUS CUTHAJI MOXET OBITh OCIa0JIeH
HACTOJIbKO, YTO MPHUEM CTAHOBHUTCS HEBO3MOXKHBIM. UTOOBI M30€KaTh 3TOro, Ha
OIPEEIICHHBIX PACCTOSAHMIX BAOJb JIMHUU CBS3U (3...5 KM IIpHU niepenaye 1no Mej-
HOMY KabOemto, 40...60 kM B paauopeeiiHON JTMHUM) YCTAHABIUBAIOT MPOMEKY-
TOYHBIE ITYHKTBI, B KOTOPBIX ITPOM3BOAMTCS BOCCTAHOBJIEHUE OCIAOJIEHHOIO CHI-
HaJa.

Hcnonb3yroTcs ABa pexxruma 00paboTKH MPUHUMAEMOro HU(PPOBOTo CUrHaia
B TaKOM PETPAHCIATOpE:

1) oObIYHOE yCHUJIEHUE 10 TOTO YPOBHSI, KOTOPBIN 3TOT CUTHAJ UMEJ Ha BbI-
X0JI€ IPENBIAYIIEro PETPAHCIATOPA;

2) ycuieHue, IeMOAYJSAINS KaXA0ro MPUHATOIO0 UMITYJIbCa, TO €CTh BBIHE-
CEHHUE pPEeIIECHUs O TOM, KaKO€ HMEHHO 3HAaUY€HHUE CHMBOJIA Nepenaercs, 1 popMu-
pPOBaHME UMITYJIbCA MPABUIBLHON (OPMBI B COOTBETCTBUU C MPUHATHIM PEIICHUEM
(TOJIBKO B 3TOM PEXHUME, CTPOTO TOBOPSI, MPOU3BOJIUTCS peceHepayusl CUCHALA).
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B nepBoMm pexuMme npu nepegaye CUrHajia BAOJIb JIMHUU B HEM HAKanIuea-
omcs wiymMovl, BHOCUMBIE KaXJIBIM W3 PETPAHCIATOPOB. B urore Ha BbIxOoAe N-
MPOJIETHOW JMHUW OTHOIICHHE CUTHAJI/IIYM TIO SHEPTUU OKa3biBaeTcs B N pa3
MEHBIIE TOT0, YTO ObUIO OBl IpH Mepenaye mo 6ojgee KOPOTKOM, OJHOMPOIETHON
JUHUU

0= /N. (5.26)

EcrtecTBeHHO, 3TO BjeYeT yBEeNWYEHUE OWTOBOW BEPOSTHOCTH OIIMOKHU B
MyHKTE MpuemMa.

Bo BTOpoM peknMe IIyMbl HE HaKaIIMBAIOTCS (qy =¢; ), HO 3aTO HAKAN/U-

gaiomcs. owubKY, VHOTA BO3HUKAIOIIME B PETPAHCIATOpPaxX MPHU AEMOIYJIALMH
(BBIHECEHHH PEIICHUH).

Wtak, npyu yBEeNWYEHUU JIMHBI JIMHUM MOMEXOYCTOMYMBOCTH INEpPEAayu B
000MX CITy4asiX yXyIIaeTcs, BOIPOC JIMIIb B TOM, HACKOJIIBKO ObICTpo. B kauecTBe
npuMepa BbruuciauM BER mig HekorepentHoit nyxmposerHor CIIN, ucnonb3y-
IOIIEH OPTOrOHAJIBHBIE CUTHAJIBL.

[To gopmyne (5.18) maxogum BER nana omnoro mposera p, =O,Sexp(—q12 /2),

TOT/Ia Ha BBIXOJIE JIMHUH O€3 pereHepalii UMeeM p, =0,5exp(-q./4)=1/p,/2.

Ha BbIxone nmuHUM ¢ pereHepanyeil curaaiga omuoka MPOUCXOAUT B OJTHOM
U3 JIBYX CITy4aeB:

1) ommOka mpu nepenaye Ha TEPBOM MPOJIETe, HA BTOPOM OITUOKH HET;

2) ommOKa Mpu nepejgaye Ha BTOPOM IPoJieTe, Ha MEPBOM OITUOKH HET.

B wurore myig BER nonyuum p,=2p,(1-p,). O6sran0 CIIU paGortaer B ycino-

BUsIX, Koraa p;<<l. Torma Benmnunna BER npu mucnonp30Banum pereHepannuy npu-
MEPHO B 1/ J8p, pa3 MeHbIIE, YeM B CHCTEME O€3 pereHepalyu, MpUYeM pasHuIa

TEM CYILIECTBEHHEH, UeM 0OJIblIe OTHOIIEHUE CUTHAI/IITYM.

MBeI paccMOTpenu NpUMED peceHepayuu CUSHALA HA HU3ULEM, NEPEOM YPOBHE
— ypoBHE “Moaynsuuu-geMmonyisiuun’. Ecou B CIIM npumeHseTcs moMexoycToi-
YUBOE KOJIUPOBAHUE, TO BOBMOXKHA peceHepayus CUSHALA euje U Ha 8MOpPOM YPOGHe
“KOJIMPOBAHUS-AECKOIUPOBAHUS ", YTO JONOJHUTEIHHO ITOBBIIIAET MOMEXOYCTOM-
yupocTh CIIN.

B ananorossix CIIU pereneparnus curnana HeBo3moxkHa. Ecnu B nudpoBoit
CIIM B OONBIIMHCTBE CIIy4aeB yIAaeTCs MOYHO BOCIPOU3BECTH 3HAUEHUS TepeaH-
HOro curHaiia, To B aHaioropor CIIN u3-3a BO3AEMCTBUSA MOMEX MPU JEMOIYJIS-
[IUU TMIPUHATOTO CUTHAJIA OIMOKH, MYCTh MaJible, MPOUCXOIAT Beerna. Benencrpue
ATOT0 PEreHEPUPOBATh, TO €CTh BOCIIPOU3BECTH HEUCKAKEHHBIN CUTHA HE YyAaeT-
csl.

B03MOXHOCTB pereHepaliyi Curaajia — 3T0 OrpOMHOE IIPEUMYIIECTBO HU(-
POBBIX METOJIOB MEpelauu Mepe]] aHATOT OBBIMH.

OTMeTnM, YTO IJIATOM 3a 3TO MPEUMYILIECTBO SIBJISIETCS MOBBIIIEHUE CTOU-
MOCTH JIMHUU nepenauu. [loaTomy npu mepegadye mo MeIHOMY KaOeato Ha OJIUH
00CITy>KMBAaeMbIl pereHeparmoOHHbIA MYHKT npuxoautcs 20...40 oObIYHBIX YCUITHU-
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TEIbHBIX MYHKTa (MX HAa3bIBAIOT HEOOCITY)KUBAEMBIMU PETEHEPAIMOHHBIMU TyHK-
TaMmu).
5.7 Oco6eHHocTU CIU, B KOTOPbLIX NPpUMeEHsieTcs
NoOMexoycToM4YnMBoOe KogupoBaHue

Haunem c Bompoca: Bceraa jM nNpuMeHeHHEe IMOMEX0yCTOMYUBOIr0 KOIU-
poBaHus noBbimaer nmomexoycroimunBocts CIIM? Ha niepBbiil B3MJIs1, CleyeT
JaTh TOJOXKUTENHHBIM OTBET, MMOCKOJIBKY B MPOIEcCe JEKOAUPOBAHMS YAaeTCs 00-
HApPYXXUTh W JaXe HCIPABUTh 3HAYUTEIBbHYIO 4YacTh OMIMOOK, BO3HMKAIOIIMX B
MpoIIecCe IEMOYJISIUUA TPUHUMAEeMbIX CUMBOJIOB. Eciu ske ydecTh, yTo Oecriat-
HBIX MIPEUMYIIECTB HE OBIBAET, TO OTBET HE OY/IET CTOJIb OJHO3HAYHBIM.

Hamnpumep, ecniu B CIIM npuMeHuTh TMHEWHBIN OJOYHBIN KOJ, TO BMECTO k
WH(OPMAITMOHHBIX CHMBOJIOB 33 TO JK€ BpeMs MPUAETCS mepenats n = k + r cum-
BOJIOB. Kaxk/1blil epenaBaeMblii UMITYJILC MIPU ATOM CTaHET KOpPOYE, U MPU TOH XKe
MOIIHOCTH TEpeAaTIYMKa SHEPTUS KAXKA0T0 UMITYJIbCa U, CJIEI0BATEIbHO, OTHONIE-
HHE CUTHAJI/IIYM ¢’ Ha BXOJE AEMOAYJISITOpa CTaHyT B n/k pa3 meHbie. Pe3yibra-
ToM siBisierca yBenndenue BER. [Ipyrumu ciioBamu, Mbl yBEJIMYMBAEM KOJIMYE-

CTBO OIIMOOYHBIX CHMMBOJIOB Ha BXOAC ACKOoACpa MJIsA TOro, YTOOBI OH MOT HcIpa-
BUTb HCKOTOPLIC U3 HUX.

PHIP
2,5
7. r=3
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s AN
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Puc.5.11. Otnomienne BER Ha BbIxoz€ 1ekojepa koja X3MMHUHTA C ¥ IPOBEPOY-
HbIMU cuMBoJiamu K BenuunHe BER B nHexorepentnoit CIIN 6e3 koaupoBanus

Ha puc. 5.11 npuBeaeHs! pe3yiabTaThl pacueTa OTHOLIEHUSI OUTOBOM BEpPOSIT-
HOCTH OIIMOKHK Ha BBIXOJI€ JIeKO/Iepa Koja XOMMUHIa C 7 MPOBEPOYHBIMU CUMBO-
JamMu K BenuyuHe OuToBOoM BepositHocTu omuOku B CIIM Ge3 xommpoBaHus.
CpaBHeHUE MPOBECHO B OJWHAKOBBIX YCIOBHUSX, TO €CTh IIPU TOM K€ MOIUIHOCTHU
nepenarunka HekorepentHoit CIIU, mpudem g. — 9TO OTHOIIEHUE CUTHAJ/IIYM B
CIIA 6e3 kogupoBanus. JJeMoaynsTop paboTaer B )xecTkoM pexume. Kanain nepe-
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CIpoca OTCYTCTBYET, TO €CTh KOJ X3MMHUHIAa HCHOJB3YETCS ISl UCHPABIEeHUs
ouuob oK.

Bunno, 4to mpu mpmeme cnadbIX CUTHAJIOB (OTHOIICHUE CHUTHAJ/IITyM
Menblie 9,3 n1b) npuMmeneHnue ar000r0 U3 KOJOB XAMMUHTA JIMIb YXY/IIAEeT BEP-
HOCTh nepenauyu. B tabnuie 5.2 naHbl MUHUMAaJIbHbIE 3HAYEHUS! OTHOIIEHUS CHT-
Ha/mym (B aerubenax) B CIIM 6e3 komupoBaHusi, MpU KOTOPHIX HCIIOIB30BAaHUE
Kozma XamMuHra ymenbinaer BER.

W3 naHHBIX, MIPUBEICHHBIX B Ta0JMIIE, BUIHA 3aKOHOMEPHOCTD, XapaKTepHas
JUISL KOJIOB C OOJIBIIIMM 3HAYEHUEM 71: YeM JUIMHHEEe KOMOMHAIINH, TEM OOJIbIIIE MU-
HAMAJIbHOE 3HAYEHUE (., IPU KOTOPOM UMEET CMBICI TPUMEHSTh JaHHBIN KO/I.

Tabmuna 5.2. MuHUMaNbEHOE 3HAYCHHE ¢, TP KOTOPOM HCIIOIH30BaHUE KOaa XIM-
MuHra ymenomaer BER

r 3 4 5 6 7 8
(n,k) (7,4) | (15,11) | (31,26) | (63,57) | (127,120) | (255,247)
4., 1B 13,3 9,8 9,3 9,3 9,6 9,9

r 9 10 11 | 12
(n,k) (511,502) | (1023,1013) | (2047,2036) | (4095,4083)
qe, 1B 10,3 10,8 11,2 | 11,6

DTa e MBICJIb HOJITBEPKIACTCS JaHHBIMU TaONHIBI 5.3, B KOTOPOIl MpUBeE-
JIEHbl UHTEPBaJIbl 3HAYCHUI OTHOIICHUSI CUTHAJI/IIIYM, B KOTOPBIX JIAaHHBIN KO/ SIB-
JISIETCA HAWTYUYIITUM CPEIU BCEX KOJIOB XIMMUHTA.

Tabmuua 5.3. IHTepBan 3Ha4eHUi ¢, B KOTOPOM KOJI X3MMUHIa C YKa3aHHbIM YUCIIOM
POBEPOYHBIX CHMBOJIOB obecnieunBaeT MUHIMYM BER

r 0 (6e3 xoaupo- 5 6 7 8
BaHMS)
qc, 1b <9,3 9,3-10,0 | 10,0-12,5 | 12,5-14,8 | 14,8-17,1

Bropas npo6iema, KOTOpYI0O Mbl PacCMOTPUM, ATO 11€e€CO00pPa3HOCTh HUC-
MOJIb30BAHUS KECTKOM WJIN MATKOH Mpoueayp NPUHATHUS PelieHus.

Paccmotpum cHauana npoueaypy NpUHITHSL PELICHUS B IEMOAYISATOPE JBO-
nyHoit CIIU, kortopas ompexaensiercs dopmyioit (5.4). DTy omnepanuio MOXKHO
HA3BaTh JIBOUYHBIM KBAaHTOBAaHUEM HEMPEPHIBHOW BEIMYUHBI V, MOCTYMAIOUIEH C
BbIXOZIa KOPPEISLUOHHOTO MPUEMHUKA, MOCKOJIbKY 00JIaCTh BO3MOXKHBIX 3Haye-
HUMN 3TON BETUYUHBI (-00<y<co) pa3OuTa Ha JBa MHTEpBaJia TOUKOU Vv;. Pemiaromniee
YCTPOMCTBO yKa3bIBaeT Jullb HOMep uHTepBana § (0 miau 1), B KOTOPBII monano
3Ha4YCHHUE V JIJIs JTAaHHOTO MPHUHSITOrO MMIyJbca. Takasi mpoieaypa NpUHITHS pe-
HIEHUS HA3BIBAETCS HCECMKOU.
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Bo3moskeH u npyroit moaxo, Korjga 001acTb BO3MOKHBIX 3HAUCHUN BENU-
YUHBI Vv pa30uTa Ha TPU UHTEPBaja TOUKAMHU Vi U vy (puc. 5.12). Torga peuenue,
KOTOPOE TOJKEH BBIHECTU JEMOAYJISITOP, ONPENEIAETCS CIEAYIOIEN HHCTPYKIUEN

0, ecu v2=v, ,
§ =< CHMBOJI HE OIIpeJIeTIeH, eCIH V,, >V >V, , (5.27)

1, ecrm v<v,,.

Takas nmporeaypa NpuUHATUSA PELIEHUS HA3BIBAETCS MACKOU, TP ITOM JIEMO-
IYJIATOP IPOU3BOAUT TPOMYHOE KBAHTOBAHUE HENPEPHIBHON BEIIMUHHBI V.

W(/1) W(/0)

t T
ny Vi Vno mgy

Puc. 5.12 — YcnoBHbIE INIOTHOCTH BEPOSITHOCTH CUTHAJIA
Ha BBIX0JI€ HUHTETPaTOpa KOPPEISILIMOHHOTO MPUEMHHUKA

N3 puc. 5.12 xopomo BHUIHO, YTO AEMOAYJATOP YKa3bIBAET KOHKPETHOE
3HaUY€HHE CMMBOJIA JIUIIb B TE€X CIIy4asx, KOrjaa HaOIoaeMoe 3HAaUCHHE V SIBIISIET-
Cs JOCTaTOYHO OOJBIINM WX JOCTATOUYHO MaJEHBKUM, TO €CTh UMEETCS BBICOKAs
CTENEHb YBEPEHHOCTH B TOM, KaKO€ MMEHHO 3HAYE€HHE CHMBOJA MEpelaeTcss B
JaHHbIH MOMEHT. CUUTAIOT, YTO B OCTAJIBHBIX CIy4asiX cumeon cmupaemcsi (MO3U-
I[Usl JTAaHHOTO CUMBOJIA, pa3yMEETCs, COXPAHAETCS, U Ha 3Ty MO3UIIMIO CICAYIOIINE
YCTPOWCTBA JOJIKHBI BCE-TaKu MOCTaBUTh () v 1).

[Ipu rcnonb30BaHUM MATKOM MPOIEAYpPhl YMEHBIIIAIOTCS BEPOSATHOCTH OIIH-
00K o, B 1 p, HO OABIISIETCSI HEKOTOPOE KOIMYECTBO CTEPTHIX CUMBOJIOB. [1oaTomy
MSACKYIO NPOYeoypy 0emMoOYIAYUU MONCHO UCNONb3068AMb JIUULL 8 MOM Clyyde, KO-
20a NPUMeHAemcs NOMex0yCmonyugoe Kooupoganue, 4ymoodsvl 0ekooep KOppeKmu-
pyrouezo Kooa Moz 60CCMaHO8UMb 3HAYEHUS CIEPMbIX CUMBOI08.

Hanuuue crepThIX CUMBOJIOB YCIOXKHSET paboTy Jekonaepa (Ipu UCIOIb30-
BaHHM CBEPTOYHOrO KOJIa ¥ aIrOpUTMA JAEKOAUpoBaHusi BurepOu 3T0O yClaoKHEHUE
HE3HAYUTENbHO), HO 3aTO CYIIECTBEHHO MOBBINIAeT noMexoycroitunBoctsh CIIN.

Mo:kHO pa3BUTh 3TY UJICIO Jajbliie, U 00JaCTh BO3MOXKHBIX 3HAYCHUM BEIH-
YUHBI V pa3OUTh HE HA JIBa, a, CKAXKEM, Ha BOCEMb MHTEpBaIOB. Toraa aeMoays-
TOp B KaU€CTBE pelieHus: OyAeT BbIJJaBaTh OJIHY U3 CIEAYIOMIMX KoMOuHammii: 111,
110, 101, 100, 000, 001, 010, 011, re mepBoIi OUT yKa3bIBAE€T HA MPEAIIOIATacMOE
3HauY€HHE MPUHUMAEMOr0 IBOMYHOIO CUMBOJIA, a JBa OCTAIbHBIX OUTa XapaKTepu-
3yIOT CTENEHb HAJACKHOCTH 3TOro pemieHusi. Vcnonb3zoBanue Takoil eie Oosee
MSITKOHM TMPOIENYyPhl MO3BOJIAET MOCIE NEKOIUPOBAHUS OOECTICUUTh TO K€ 3Haye-



136

nue BER, 4to u B j)xecTkoM pexume, HO TpeOyemasi MOIIHOCTh CUTHAIA IPUMEPHO
Ha 2 n1b menbie [2]. [lekoaupoBaHKe TPU ’TOM CTAHOBUTCS €LIE CIOKHEE.

JlanpHelilee yBenv4eHUE yuciia UHTepBajioB N (mepexo] K aOCOMIOTHO
MSITKOM Tpolneaype paboThl JEeMOAYISATOpPA) TAKKe MOBBIMIAET MTOMEXOYCTONYH-
BocTh CIIM, HO BBIMIPBINI YK€ HE3HAUNTENICH. JTa NMPEAEIbHAsl CUTYalllsl HOCUT
Ha3BaHUE npuema 6 Yeiom.

Msirkuii pexxum paboThl IEMOAYJIATOPA U IEKOJIEPOB HEPEJIKO MPUMEHSIOT B
YCIIOBUAX KOMOMHHPOBaHUS KOJOB. BecbMa XapakTepHBIM SIBISETCS HUCIIOIb30BA-
HUE TYp0O-KO/0B.

OHU OCHOBaHBI HA HECKOJIBKUX MPHHIIMIAX.

1) Wcnonp3oBaHME HECKOIBKHUX KOAUPYIOUIUX (COOTBETCTBEHHO, IEKOIU-
pyroIMX ycTpoiicTB). B mepBom u3 nmpennioxkeHHbix Typ0o-koaos (1993 rox) mpu-
MEHSUINCh JBA CHUCTEMATHYECKMX CBEPTOYHBIX KOAA CO CTENEHBIO KOIMPOBAHMS
1/2. B nuHuio nepenayu nojaBaiuch MHGOPMAIIMOHHBIE CUMBOJBI U 00€ MpOBe-
POYHBIE ITOCIEA0BATEIBHOCTH.

2) Ha Bxoj mepBOro kojiepa mociie0BaTeIbHOCTh HH(POPMAIIMOHHBIX CHUM-
BOJIOB TIOJIAE€TCS] HEMTOCPEACTBEHHO, a HA BXOJl BTOPOr'0 — IOCJIE MIEPEMEKEHUSI.

3) Aemonynstop npueMHHKA PabOTaeT B MSATKOM PEKUME.

4) B mpouecce OeKOIUPOBAHMS MPOU3ZBOAUTCS HECKOJIBKO WTEpaluid, Ha
KQKJIOM M3 KOTOPBIX YTOUHSIIOTCS OLICHKH BEPOATHOCTEM CUMBOJIOB. OLIEHKH, MO-
JIy4€HHbIE OJHUM JEKOAEPOM, IEPENAIOTCA APYIOMY JIEKOAEPY B KaueCTBE allpu-
OpHBIX JTAHHBIX.

5) Ha kaxnoil urepaiuu AeKoJepbl IPUHUMAIOT MSTKHE PEIICHUS, U JIUIIb
NOCJIEIHSS 3aBEPIIAETCS KECTKUM PELIEHUEM.

[To cBOMM CBOMCTBaM TypOO-KO/bI OJIM3KM K CIIY4aiiHBIM KOAAaM U UX SHEp-
rerudeckasi 3 (HEeKTUBHOCTh BbICOKA. Y)Ke Y IEPBOro KO/Ia OHA OKa3aiach JIUIIb Ha
0,5 nb HMxe TeopeTuyecKoro npeaena [2].

Bonpocbl Ans caMOKOHTPOns no rnaee 5

Jaiite onpenesneHust KorepeHTHoM u HekorepeHTtHon CIIN.

Chopmynupyiite 3amauy, peliaeMyo J1eMOAYISATOPOM CUTHaNa B Uppo-

Boi CIIN.

3. Onuiure nmpeoOpa3zoBaHus MPUHUMAEMbIX UMITYJIbCOB MPHU AEMOYIISIIIUU
JBOMYHOT'O CUTHAJIA, HE UCKA)KEHHOT'O B KaHAJIE ITepeaavu.

4. TlpuBenure cxeMy ONTUMAIBHOIO JEMOAYJATOpPA JTBOUYHBIX CHUTHAJIOB B
korepentHoun CIIN.

5. IlpuBeaure cxeMy ONTHUMAIBHOTO JAEMOAYJISITOPA JBOMYHBIX CUTHAJIOB B
yactuuHo-korepentHon CIIN nipu ucnonb3zoBanuun ODPM.

6. 3anumure Gopmyny s ONPEACIICHUs] TOJTHOW BEPOATHOCTH OIITMOKHU HA

BBIXOJIC ONTHUMAJIBHOI'O JIEMOAYJISATOPA JBOUYHBIX CUTHAJIIOB B KOTE€PEHT-
aou CIIN.

N —
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7. 3anummre GopMyiTy A ONpeneieHHs MOJHOM BEpOSITHOCTH OMIMOKH Ha
BBIXOZI€ ONTUMAJIBLHOIO AEMOYJISATOpPA ABOMUYHBIX CUTHAJIOB B YaCTHUYHO-
korepeHTHOM CIIN nipu ucnonszoBanuu ODOM.

8. Ilouemy B 1mudpoBbix CIIN He npumenstorcs Meroasl ODM ¢ kpatHo-
CThIO OOJbIIEH TpeX?

9. B xoropoit u3 paaunonunuid — ‘3emis — UC3’ wim ‘UC3 — 3emnst” — MOxk-
HO o0ecneunTh 00J1ee BHICOKOE KaueCTBO MepeIauu U nmoyeMy?

10.[Tokaxwure, 4TO MpH OOJBIIOM OTHOLIEHUH CUTHAJ/IIYM HEKOTepeHTHas
CIIN mano ycrymnaet korepentHoit CITH.

11.Ykaxute Qpusnueckue BJICHUs, IPUBOJAIIME K TOMY, YTO ME€PENATOUHbBIE
XapaKTepUCTUKU KaHaja CBSA3U CTAHOBSITCS CIy4YailHbIMHU.

12.]JlaitTe onpeneneHne MHOIOJIy4Y€BOW JIMHUH.

13.11py KaKuX yCIOBHUSIX CTAHOBSTCSA CYIIECTBEHHBIMH MCKAXXEHHS CUTHAJIA,
00yCJIOBJIEHHBIE YaCTOTHO-CEIEKTUBHBIMU 3aMUPAHUSIMU ?

14.Kaxoil METOXI ABJIAETCS OCHOBHBIM JUJISI TTOBBIIIEHUSI YCTOMUYUBOCTH CBS3U
B KaHajax C 3aMUpPAHUSIMU?

15.0numure MeToabl KOMOMHUPOBAHUS PA3HECEHHBIX CUTHAJIOB.

16.ITouemy nprMeHEHUE aBTOMAaTUYECKON PEryJIUPOBKU YCUJIEHUS MPU OJH-
HOYHOM IPUEME CUTHAJIA B KaHAaJe C 3aMUPAHHUSIMU HE YMEHBIIIAET BEPO-
ATHOCTU OUIUOKU MPU €r0 AEeMOAYISAIUN?

17.Bcerna nu uenecooOpa3zHO MPUMEHTh TOMEXOYCTONUNBOE KOJIMPOBAHUE
JUISl YMEHBIIEHUSI UTOTOBOM OMTOBOM BEPOSITHOCTU OIIMOKH?

18.1Ipy KakuX yCIOBUSAX MOKHO MCIOJIB30BaTh MATKYIO IIPOLIEAYPY BbIHECE-
HUS PeIlieHUs B MpoIecce MprueMa HUPPOBbIX CUTHATIOB?

19.Kakoit o0paboTke noasepraercs nudpoBoil CurHai B pereneparope?

20.Tlepeuncnure npeumyiectna mudpossix CIIM nepen aHamoroBbIMu.

21.KakoBa cyTb noporoBoro 3¢ dekra, xapakrepHoro s mudpossix CIIA u
IPOSIBJIAIOIIETOCS TP U3MEHEHUM YPOBHS IOJIE3HOTO CUTHAJIA MO OTHO-
HIEHUIO K YPOBHIO ITOMEX.
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6 MHOIOKAHAIIbHASA NMEPEOAYA
N MHOIMOCTAHLUMUOHHbIXN AOCTYIN

6.1 MeToaAbl MHOrocTaHLUMOHHOrO AocTyna

Cucrema mnepenayr WHGOPMAITUK U3 OJTHOTO ITyHKTa B APYTOW Ha3bIBACTCS
MHO2OKAHAIbHOU (N-KaHATLHOM), €CJIM B HEW TI0 OJJTHOMY KaOero OCYIIECTBIISIETCS
00HOBpeMeHHAs nepedayd n coooujeHutl.

Mmnozocmanyuonnvim oocmynom (MJ]1) Ha3bIBaeTCs METO/, TO3BOJISIONIUN 1
CTaHIUSIM PAJMOCBSI3U (BO3MOXKHO, pa3OpOCAaHHBIM Ha OOJBIION TEPPUTOPHUN)
COBMECHHO UCNOIL308AMb PECYPCbl 00HO20 PEMPAHCIAMOPA.

B cymnocty, o6a onpeneneHus COBNAIAIOT; pa3inyne, onpeaenstomnee o0-
JacTh MUCTONB30BAHUSA KAXKIOTO M3 HUX, 3aKJIIOYaeTcs JIMIIb B TOM, Kakas cpena
nepeiayu CUTHaJlOB UCHOJIb3yeTcs: Kabenb unu 3¢up. [loaToMy HET HUYEro yau-
BUTEJILHOT'O B TOM, YTO BO3MOXKHBIC MemoObl peanuzayuu 06eux mexHoaocui 0ou-
HAKOBYL.

Ha puc. 6.1 u3zo0paxeHna ynporeHHas (comeprxarias JUIlb TPUHIUITHATIBEHO
HEO0OXO/IMMBbIE JIEMEHTHI) cXeMa Mepearolleld U MIPUEeMHOM YacTeil MHOTOKaHab-
Hoii CIIN, nmpeaHazHayeHHON AJi mepenayd B OJHOM HAaIpaBJIEHUU, I/ie 0003Ha-

yeno: U, ..., U, — ucrounnku undopmamuu (coodbmenuii); I'Tl — reneparopsl
noaHecymux; M, ..., M, — kxananbHble MOnyisATopel; YYK — yCTpoicTBO
yIioTHeHus: kaHaioB; YPK — ycrpoiicTtBo pasnenenus kananos; i, ..., [, —
KaHaJIbHBIC HemMonynsaTopsl; Iy, ..., I1, — momyuyarenu cooOmeHu.
I/Il > M1 Sl(t) () > 211 > H1
s(t
: ] YYK —— —{ VPK : :
Sul?)
u, M, = A o 1L
-1
I

Puc. 6.1. Ynpoiennas cxema MmHorokanaasHou CITA

['enepaTop MOAHECYIIMX BBIJAET 71 MIEPUOAMYECKUX CUTHAJIOB (TapMOHUYE-
CKHUX, TIOCJIEIOBATEIILHOCTEH UMITYJIBCOB U T.II1.), IMCIOIIHUX pa3Hyro (GopMmy B pas-
HBIX KaHajaX. Bum mogHecymmx u, cieloBaTelbHO, BO3MOXKHBIE CIIOCOOBI MX MO-
TyJSIAA ONPEACIIIOTCS METOIOM YIUIOTHEHUSI KaHajJoB. MolylMpOBaHHbIE TIO-
Hecymue sy(t), ..., s,(f) Ha3BIBAIOTCS KaAHANbHbIMU cueHanamuy. Onepanus yrioT-
HEHUS KaHAJIOB — 3TO OOBIYHOE CYMMHUPOBAHHE KaHATBHBIX CUTHAJIOB

s(t)zzn:sj(t).

B pe3ynbTaTe 3T0ro noyy4aercs epynnogou cueHan s(r).

(6.1)
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JIma pa3geneHuss KaHAJIOB, KAaK IPABWJIO, MPUMEHSIIOTCA TAKXKE JIMHEUHBIC
ycTpoicTtBa. CUMTAIOT, YTO B MPUEMHUKE MPOUCXOAUT Pa3[ACICHUE KAHAIBHBIX
CUTHAJIOB 0€3 BOSHUKHOBEHUS MEHCOYKAHAIbHBIX NOMeX, €CITU BBITIONHSIETCS Clie-
JyIOIee YCIOBUE: TIPH JIOOBIX 3HAUEHUSAX COOOIIEHUH, IepelaBaeMbIX B KaHaIaX,
HaIpsH>KEHUE HA j-M BBIXOJI€ JMHEMHOTO YCTPOMCTBA PA3/ICICHUS KaHAJOB PaBHO
HYJIIO TOTJIa ¥ TOJIBKO TOTJ1a, KOTJa s, (t)=0.

N3BeCTHO, YTO /1JI BBIMOJHEHUS 3TOTO YCIOBHUS HEOOXOAUMO U JOCTAaTOYHO,
4TOOBI cucmema n QYHKYuli, ONUCHIBAIOUUX KAHAIbHbIE CUSHAbI, ObLIA JTUHElHO
He3a8UCUMOU NpU TI00bIX 3HAYEHUAX nepedasaemulx coobuenuti. POpMaIbHO 3TO
YCIIOBUE MPOBEPSAETCS TAK: CUCTEMA JUHEWHO HE3aBUCHMA, €CIM HE PAaBEH HYIIIO
onpenenurens Matpuilbl ['pama (1.47)

detT'=0, (6.2)

Ecnu BbINIONHSETCS JIMIIL 3TO YCIOBHE, YCTPOMCTBO pa3AElICHUS] KaHAJOB
MOKET 0Ka3aThCs JOCTATOYHO CJIOKHBIM. [103TOMY OOBIUHO BBIJIBUTAIOT €III€ OJTHO,
JIOTIOTHUTENIbHOE TpeOOBaHNE: KaHAbHBIE CUTHAJBI JIOJDKHBI OBITH K TOMY K€ T0-
MapHO OPTOTOHAJILHBI

i E;, j=k
Ly = I s;(0)s, (1)dt = {O, ixk, (6.3)

—00

rae E; — SHeprus j-ro KaHajabHoro curuajia. Ilpu stom marpuia I'pama ctaHoBHT-

Cs1 JUaroHaJIbHOM.

IIpuBenem npumepsbl THIHYHBIX CIIN, HCHOJIB3YIOIIMX OPTOrOHAJIBHbIE
KaHaJIbHbIe CUTHAJIBI.

1) KanansHble cCUTHANIBI HE IEPEKPBIBAIOTCS BO BpeMeHHu (puc. 6.2). YciaoBue
opToroHasibHOCTH (6.3) 3/1€Ch, HECCOMHEHHO, BBIMIOIHSETCS, TaK KaK MpH JIIOOOM
MTOABIHTETPATIbHOE BBIPAKEHUE PABHO HYJIO NPU j#k. DTO METOJ 6PEMEHHO20
pasoenenus kananos (BPK). Mcnons3ytoTcst Takske TEPMUHBI: BPEMEHHOE MYJIbTHU-

MJICKCUPOBaHUE, MHOTOCTAHITMOHHBIN JOCTYI C BPEMEHHBIM pa3/IelICHUEM KaHAJIOB
(MJIBP), Time Division Multiple Access (TDMA).

s(7) si(f)  s:(2) sa(1)

Puc. 6.2 KananpHble CUTHANBI, HE IEPEKPHI-
BAIOIIMECS BO BpEMEHU

DaKTUYECKU JIMHUSA CBSI3U [TOOYEPEAHO MOAKIYAETCS HA KOPOTKOE BpeMs K
KKJIOMY U3 MCTOYHHUKOB. [loaTOMYy nmpuHIIMNIUAIbHBIMU d1eMeHTamu Takorn CIIN
ABJISIFOTCS. MYJIBTUIUIEKCOP (YCTPOMCTBO YIJIOTHEHHS KaHAJIOB) M JAEMYJbTUILIEK-
cop (YCTpOWCTBO pa3lefieHHs] KaHaJlOB), BCerja paloTarolue CUHXPOHHO (pHC.
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6.3). [loatomy reomwvemnemou cocmasroti yacmoio aooou CIIH ¢ BPK sensemcs
cucmema CUHXpOHU3AYUYU NPUEMHO20 YCIMPOLICMEA.

Bx. N Brix.
S nepenauyn N

- MUX | ———r—1 DMUX |
[ [

Howmep
ciloTa

CenexTop
CHHXPOCHTHAJIOB

Puc. 6.3. [Ipunuunuansueie anementsl CIIM ¢ BPK

BaxxHO OTMETUTH, YTO JJIMTENBHOCTh KaHAIBHOT'O MHTEpBaJIa (CI0Ta) Malia
(B IPOTMBHOM cllydyae y MOjib30BaTenel ucye3Her dPQPeKT “oIHOBPEMEHHOCTH
nepenayu), Mo3TOMY 3a BPEMS OJHOIO MOAKIIOYEHUS K JIMHUM YIOAeTCs Mepeaarhb
JIMIIIb MaJyl0 YacTh COOOIIEHUS: OIUH OUT, ONUH OAlT, OMMH OTCYET JMOO MaKeT,
TO €CTh HEOOJIBIIIYIO TPYNIy MOJI0OHBIX 3JeMeHTOB. UTOOBI yCHeTh OMPOCUTH BCE
UCTOYHUKH Y HEOJHOKPATHO MOBTOPSATH 3TOT IPOILIECC, BCE MEPEUUCIICHHBIE die-
MEHTBI CUTHAJIOB UCTOYHUKOB JIOJPKHBI OBITh CXKaThl BO BPEMEHH IO KpaiflHel mepe
B 11 pas.

2) CnexkTpbl KaHAJIbHBIX CHUTHAJIOB HE MEPEKPHIBAIOTCS HA OCH YacCTOT.
CrekTp rpynmnoBoro curaaia (CymMma CreKTpOB KaHaJbHbIX CUTHAJIOB) MOKa3aH Ha
puc. 6.4. YcioBue opToroHainbHOCTH (6.3) 371€Ch BBINOIHSETCS JJIs1 CLIEKTPOB, Clie-
JIOBaTENIbHO, U JUIsl GYHKIMA BpeMEHU. DTO METOJl YACMOMHO20 pa3oeneHusi KaHa-
706 (UPK). HMcnonb3yloTcsi Takke TEPMUHBI: YaCTOTHOE MYJbTUILUIEKCUPOBAHMUE,
MHOT'OCTaHITMOHHBIN JOCTYII ¢ YacTOTHBIM pa3zjencHueM kaHainoB (M/IUP), Fre-
quency Division Multiple Access (FDMA).

s(f) s1(f) s2(/f) $x(f)
U ()
| | | | f

Puc. 6.4. CnexTpbl KaHAJIbHBIX CUTHAJIOB,
HE MEepPEeKPbIBAIOIIUECS Ha OCH YaCTOT

Kaxnol nmape “UCTOYHMK-IIONYYaTeNb  BBIIEIEHA CBOA ITosoca yacTot. [lo-
ATOMY MPUHIUIHATBHBIME d7ieMeHTamu Tako CIIU sBasitores G0k n reHeparo-
POB TapMOHMYECKHUX KOJI€OAHUN pa3HbIX YACTOT-TMIOAHECYIIMX B NEpelaTyuke U
Habop nonoCo8bIX GUILMPOS OJisl pa30eNeHUs KAHATbHbIX CUSHAN08 8 NPUEMHUKE.
[TockonbKy HEBO3MOKHO MOCTPOUTHh KaHAJIbHBIE MOJOCOBBIE (PUIBTPHI C UACAIb-
HOM NPSAMOYTOJIBHOW 4aCTOTHOM XapaKTEPUCTUKOM, MEXKIY I0JI0CaMU, 3aHITBIMHU
KaHaJIbHBIMU CUTHAJIAMU, BCETJa NMPEAYCMAaTPUBAIOT MYCTBIE 3aUMHbIE YACMOM-
Hble UHMEPBAlbl.

3) Bce kaHanbHbIE CUTHAJIBI NEPEAAIOTCS OJHOBPEMEHHO (TIEPEKPHIBAOTCS
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BO BPEMEHH) B OJHOM OOIIEH Mojoce 4acTOT (MX CHEKTPhI TAKKE MEPEKPHIBAIOT-
cs1), HO B3aMMHasi OPTOTOHAJILHOCTh CHTHAJIOB OOECIICUeHA TEM, YTO BCE OHU MMeE-
10T pasHyto popmy. Torma ycmpoiicmeo pasoenenus xananog — smo Habop n na-
PAJLNENIbHO BKIIOUEHHBIX KOPPENAYUOHHBIX NPUEMHUKO8 UNIU CO2NACOBAHHBIX (DUTb-
mpog (pa3m. 2.9), Ha BXOJbI KOTOPHIX MOIAE€TCS MPUHUMAEMBIH TPYIITIOBOW CUTHAI.
B kaxnom mpuemHuke BecoBas GyHKIMS w(f) coBmamaer mo GopMe ¢ COOTBET-
CTBYIOIIIUM KaHAJIbHBIM CHUTHAJIOM, ITO3TOMY OH pearupyeT JIHIIb Ha CUTHAJ JaH-
Horo kaHana. [locnegHee TpeOoBaHWE yMaeTCs BBITIOJIHUTH JUIIL B IU(POBOI
CIIN.

Takoil METOJl Ha3bIBAETCS MHO2OKAHANLHOU Nnepedaueil ¢ pasoeneHuem no
@opme cucnanos. B xauecTBe HaOOpa KaHAJBHBIX CUTHAJIOB MOXKHO HMCTIOJIb30BaTh
T00YI0 M3BECTHYIO M3 Kypca MaTeMaTHKH CHCTEMY OPTOTOHAJIBHBIX (DYHKIIHHA
(pynkuu Ipmuta, Jlareppa, UeOnImeBa u T.11.), HO Bce 3T (GYHKIIUU UMEIOT J0-
BOJIBHO CJIOKHYIO (popMy. [ToaToMy msis mpakTUUECKOro MCHOIb30BAHMS MPEAIIO-
KeH OoJsiee TPOCTON BapWaHT METO/AA, KOT/Ia B KAaueCTBE KAHAJIBHBIX CHUTHAJIOB
MPUMEHSIOTCS UMITYJIBCHl ¢ BHYTPUUMITYJILCHOM (Da30BOM MoOmynsiiuen, npuiyem
3aKOH MOAYJISIINN KaXKIOT0 KaHAIBHOTO CUTHANA 33/1a€TCS WHIUBUIYaTbHOU JABO-
WYHOU KOJIOBOM KOMOMHAIIHEH.

B TakoM BuJe METOI MOJY4YWJ Ha3BaHUE KOO08020 pA30eleHUs KAHAN08
(KPK). Ucnonb3yroTcsi Tak:ke TEPMHUHBI: KOJIOBOE€ MYJIbTUILIEKCUPOBAHUE, MHOTO-
CTaHIIMOHHBIN JOCTYN ¢ KOA0BBIM pazneneHuem kaHainoB (MJIKP), Code Division
Multiple Access (CDMA).

Ha npakTuke npu UCIONB30BaHUM JTFOOOTO METO/AA YIUIOTHEHUS KaHATBHBIX
CUTHAJIOB TIOCJIC WX pa3/ieJICHUs B NMPHUEMHHUKE BO3SHUKAIOT MeENCOYKAHAIbHbIE NO-
Mexu, TO €CTh CHTHAJ Ha BBIXOJIE KAaHAJIILHOTO EMOIYJIATOPa 3aBUCUT HE TOJIBKO
OT TOrO, YTO OBLIO MepeAaHo B JaHHOM KaHaje (3TO HOpMa), HO U OT TOTr0, 4TO Tie-
penaBaioch B APYrUX KaHajgaX (MHAYe TOBOPAT, UTO OTCYTCTBYET ITOJIHAS pa3Bsi3Ka
MeX1y KaHanamu). Eciu kaHanbHBIE CUTHAIIBI BO BCEX 3BEHBSIX CKBO3HOTO TPAKTa
nepelayd OCTAIOTCS OPTOTOHANBHBIMHU, ATO, MO OMNPEEICHUIO, FapaHTUPYET OT-
CYTCTBHE MEXKIyKaHAIBHBIX TIoMeX. [loaTomy obweli npuuunol 6803HUKHOBEHUS
MENCOYKAHALHBIX NOMEX AGNAIOMCS MAKUe UCKAHNCEHUS KAHAIbHLIX CUSHANIO8 8
npoyecce ux nepeoayu, Komopwvie npueoosam K HapyueHuio ux opmo20Ha1bHOCMU.

B pa3n. 6.2—6.4 Gomee moapoOHO pacCMOTPEHBI OCOOEHHOCTH KaXKJIOTO M3
TpeX METOJIOB MepeaayH.

6.2 MHOroCcTaHUMOHHbLIN JOCTYMN C YaCTOTHbIM
pasgeneHuemM KaHanos

MeTto1 4acTOTHOrO pa3zesieHnsl KaHaJloOB Uil Iepe/ladyi CUTHAJIOB C UCIOJIb-
30BaHMEM OOWIEHl Cpellbl OCHOBAaH Ha TPAJULMOHHBIX METOJAaX PAJAUOTEXHHKU WU
HayaJ HIMPOKO MPHUMEHATbcA B Hauyane 20 Beka mocie M300peTeHus yao0HOro
npulopa 15l yCUJIEHUs CUTHAJIOB — AJIEKTPOHHOM JIAMITBI.
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Kak yxe ObLIO CKa3aHO, MOJHECYIIME — 3TO TapMOHHYECKHE KoyeOaHus
pa3sbix yacToT. [loaToMy npu nepenaye HeNpepbIBHBIX CUTHATIOB MOXKHO MCIOJb-
3o0Bath AM, AM OBII, UM (pa3z. 2.10), a ans nepenauu mudpoOBBIX CUTHAIOB —
METOAbl, ONUCaHHble B pa3l. 2.8. Ilociie kaXIoro KaHaJbHOIO MOZIYJSATOPA, KaK
PABWJIO, BKJIIOYAIOT MOJIOCOBOM KaHAIbHBIA (PUIBTP, UACHTUYHBIM KaHAJIbHOMY
GbuIbTpy B MpUEMHUKE, CIYKAIUKA IS yCTPAHEHUST HEXKENaTeIbHBIX MPOIYKTOB
MOJIYJISIIUH, YACTOThl KOTOPBIX OKA3aJIUCh BHE MOJIOCHI, OTBEAEHHOM JJIsl TaHHOTO
KaHaJa.

OtMmeTuM 1Be 0COOCHHOCTH, XapaKTepHBIE JIs CUCTEM, UCTIONb3yIomux AM
OBII. Bo-miepBbIX, caM mpoiiecc MOAYJSAIUNA OOBIYHO OCYIIECTBIISIOT B JIBA TIPHE-
Ma: cHavyana GOpMHUPYIOT CUTHA ¢ OOBIYHON JBYXMOJIOCHOW AM, a 3aTeM Mpu 1o-
MOILM KAHAJIBHOIO MOJIOCOBOrO (PMIBTPAa B CHEKTPE 3TOr'0 CUTHAJIA OCTABIISIIOT
JMIIB OJHY (Yale HUKHIOK) OOKOBYIO MOJIOCY, TTO/IABIISsI HECYIIYIO U BTOPYIO 00-
KOBYIO M0OJI0CY. BO-BTOpBIX, B IPUEMHHUKE B KAUECTBE AEMOAYJIATOPA CIEAYET UC-
10JIb30BaTh (Pa30BbIN JETEKTOp, HA BTOPOM BXOJl KOTOPOIr'O HY>KHO IMOAAaBaTh rap-
MOHHYECKOE KoJieOaHuEe C 4acTOTOM Hecylier. DTo KojebaHue BbhIpabaThIBAETCS
MECTHBIM T'€HEPATOPOM, MIO3TOMY €r0 4acTOTa MOYKET HECKOJIbKO OTIMYAThCS OT
4acTOThl HECYLIEH JAHHOIO0 KaHajla B NepedaTdyuke. B urTore mpu aeMonmynsiuuu
BO3HUKAET XapaKTePHOE MCKAXKEHUE COOOIICHHS: BCE COCTABJISIONINE B €0 CIEK-
Tpe BMECTE CABUTalOTCS BBEPX WJIM BHU3, IPUYEM BEJIMUMHA U HAINPABJIECHUE CIBU-
ra paBHbl COOTBETCTBEHHO BEJIMYHMHE M 3HAKY Pa3HOCTH HeCcylMX 4acToT. I1o3ro-
My NpU MHOTOKaHAJIBHOW Iepenade TelnePOHHBIX CUTHAJIOB CYIIECTBYET HOpMA:
OTJINYME HECYIIUX YaCTOT HE N0IxKHO npeBbimars 10 I'm.

OTMeTuM JBe TJIaBHbIE IPUUMHBI BOZHUKHOBEHUS MEXITYKaHAIbHBIX TTOMEX.

1) HeuneanbHOCTh (HEMPSIMOYTOJIBLHOCTh) YaCTOTHOW XapaKTEPUCTUKHU Ka-
HAJIBHOT'O TOJIOCOBOTO (DUIIbTpa, HalpuMep, B MPUEMHHKE JIMOO CMEIIEHUE €ro
LHEHTPATbHON YacCTOTHI, MPEBBIIIAIONIEE ITUPUHY 3aIIUTHOTO YACTOTHOTO MHTEPBa-
na. Torga Ha BXOM AEMOYJIATOPa HapsAy C CUTHAJIOM JAHHOTO KaHaia OyayT Imo-
CTyHaTh HEKOTOPHIE YACTOTHBIE COCTABIIAIONIME, MPUHAJIEKAIIME OJHOMY WIU
JBYM COCEIHUM KaHaJbHbIM CUTHaNaM. BiusHue Oomnee anekux KaHajaoB, KOHEU-
HO, OyZeT HaMHOTO ciabee, MOITOMY Takasl TOMeXa Ha3bIBACTCS NOMEXOU NO CO-
ceonemy kauamy. JlJid yMEHbBIIEHUS YPOBHS TaKOW MOMEXHU MOXKHO, BO-IIEPBBIX,
UCTOJIb30BaTh 0oJjiee COBEpIIECHHbIE (QUIBTPHI, YTO 3aMETHO IMOBBIMIAET UX CTOU-
MOCTbh M Maccora0apUTHbIE XapaKTEPUCTUKHU, U, BO-BTOPBIX, YBEIMUYUBAThH 3allIUT-
HbI€ YACTOTHBIE MHTEPBAJIbI, YTO, OUEBHJIHO, IPUBEAET K YBEIUUYECHHIO MOJIOCHI Ya-
CTOT, HEOOXOIUMOM ISl epeJavyy TPYIIOBOr0 CUTHAA.

2) HenvHEWHOCTh aMILTUTYIHOM XapaKTEPUCTHKU TPYIIOBOro tpakra. Kak
U3BECTHO, HEJIMHEWHbBIE UCKAXKEHUA JaXe MpHU nepenaye KojaedaHus 0JHOW 4acTo-
Thl IPUBOJIAT K IMOSIBJICHUIO JOMOJHUTENbHBIX KOJIEOAHUN KPATHBIX YacTOT (BbIC-
KX FapMOHUK). ['pynmoBoil curHai, Kak BUJIHO Ha puc. 6.4, 3To cymMa Kojebda-
HUW pa3HbIX YacTOT, MOATOMY HEIMHEHHbIE UCKAKEHUS MPUBOIAT K MOSBICHUIO
MHO>KECTBA HOBBIX KOJIEOAHUN C pa3IMYHBIMU CYMMApHBIMU U Pa3HOCTHBIMHU Ya-
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cToTamMu (KOMOMHAIMOHHBIX COCTABIISIONINX ), KOTOPHIX HE OBLJIO B CIIEKTPE Iepe-
JTaBa€MOro CUrHaia. SICHO, 4TO MpH OOJIBIIOM YKCIIE KAaHAJIOB B MIOJIOCY MPOMYyCKa-
HUSl KaHAJIBHOTO TIOJIOCOBOTO (MIBTpa B MPUEMHHKE OyJeT MmomajgaTh OOJBIIOE
KOJIMYECTBO TAaKUX KOMOMHALIMOHHBIX COCTABJISIOUINX, 00pa30BaHHBIX U3 CUTHAJIOB
npyrux kaHaioB. [Tocne nemoaynsiyyu oHu OyyT BOCIPUHUMATHCS KaK JOMOIHHU-
TeNbHBIN ITyM. Takas moMexa Ha3bIBACTCS KOMOUHAYUOHHOU NOMEXOLL.

HazoBeM nBa cioco6a ymMeHbIIeHHs] KOMOMHAIIMOHHBIX TTOMEX.

1) YMmeHblIeHHE aMIUTUTYI KaHaJbHBIX CUTHAJIOB U, B UTOrE, aMILTUTYIbI
IPYNIIOBOrO CUTHaNa, 4TOOBl paboTaTh B MpeAesiax CPaBHUTENbHO JIMHEWHOTO
Y4acTKa aMILIUTYAHOM XapaKTEpUCTUKU TPYNIIOBOro Tpakra. I1narToit 3a aTo sABs-
€TCsl YMEHBIIICHUE OTHOIICHUS CUTHAJ/IIYM B KaXJIOM KaHalie (TIOJIe3HbIA CUTHAI
Ha BXOJI€ MPUEMHUKA YMEHBILIWIH, a IIyM ocTajcs npexxHum). Kpome Toro, padora
YCWINTENSI MOITHOCTH B JIMHEHHOM PEKHUME OOBIYHO MPHUBOJIUT K CHUKEHHUIO €T0
KII, uto KpaliHe HEXKENaTelbHO, HAallpUMEp, B CIYTHUKOBBIX PETPAHCIATOPAX,
7€ MOIIIHOCTh UCTOYHUKA MTUTaHUsI (COJTHEUHOM OaTapen) orpaHUYeHa.

2) Be16op yacToT mogHECymux TakuM o0pa3om, 4ToObl HauboJiee CUIIbHBIC
KOMOMHAIIMOHHBIE COCTABIISIOIINE OKA3aJUCh 3a MpeAesiaMH TOJIOChI, HCIOIb3Yye-
MOU ISl TIepe/ladyd TPYIIOBOr0 CUrHajga. DTO CAenaTh TEM IpOIle, YeM MEHbIIE
4yiciio kaHaioB. [1o3ToMy mpu OONBIIOM YMCIE€ KAHAJIOB BHITOJHO HCIIOJIb30BATh
MHOI'OCTYTICHUATYI0, JAPEBOBUIHYIO, HEPAPXUUYECKYI0 CTPYKTYPy YCTPOWCTBA
YIUTOTHEHUSI KAaHAJIOB, YTOOBI Ha KaXX/IOM YpOBHE OJIOK YIIJIOTHEHHS MMEN Majioe
YHCJIO BXO/IOB.

OTHU NPUHIUIBI 3aKPEIUICHbl B JICHCTBYIOIIEM CTaHAApTe, OMPEACsSIOneM
CMPYKmMypy U napamempsl YCmMpoucmea Yacmomuo20 YNIOMHEHUs aHAI0208blX
mene@oHHbIX cUcHAI08 NI UX nepenadyu no meanomy kabemto (IIpunoxkenue 4).
[IpenycMOTpeHbl YETHIPE CTYIIEHU YIUIOTHEHHUS, IIPU 3TOM BO BCEX CTYNEHSX MPHU-
MEHSETCSl aMITUTYAHAs MOYJISIIIUS ¢ HIDKHEW OOKOBOM MOJIOCOH.

Ha 12 BX0I0OB mepBoil CTyneHU YIUIOTHEHUS! MOCTYHarT 12 cTaHJapTHBIX
aHaJIoOroBbIX Tene@oHHBIX curHaioB ¢ mojocoi 300-3400 'y xaxnaerit. biok co-
JIepKUT 12 reHeparopoB MogHECYUX ¢ yactoramu 64, 68, 72, ... ,104, 108 xI'n
(oTcrofa BUAHO, YTO HA KaXKJIbIH KaHall OTBOAMTCS mojoca 4 kl'1), 12 kaHaabHBIX
MOAYJATOPOB Jyist hopmupoBaHusi AM KaHaIbHBIX CUTHAJIOB, PA3HECEHHBIX M0 OCH
4acToT, ¥ 12 KaHAIBHBIX MOJOCOBBIX (UIBTPOB HJsi mpeobpazoBanusi AM B AM
OBII. B utore (cm. puc. 2.17) Ha BbIxojie 6J10Ka TIepBbIN KaHAJIbHBIA CUTHAJ 3aHU-
Maet nonocy 60,4-63,7 kI, BTOpoi KaHaIbHBIN CUTHAI — 1tojocy 64,4-67,7 k' u
T.1. (puc. 6.5). Mexny KaHaJIbHBIMU CUTHAJIAMU TPEYCMOTPEHBI 3alllUTHbIC WH-
TepBaibl wuprHOU 1o 0,9 kl'n kaxnapii. Bmecte 12 xaHaiabHBIX CUTHAJIOB OOpa-
3YIOT Hep8UYHbIL 2PYNNO8OU CcucHal, 3aHuMaromuii mojocy 60,4-107,7 xl'm.
OOGBIYHO yKa3bIBAIOT OKpYyTJIeHHBIC 3HaueHust 60 — 108 kI'11, To ecTh mMpUHA CIIEK-
Tpa MEPBUYHOIO IPYNIOBOro curHaia pasHa 4-12 = 48 kl m.

mmm(‘ (‘(‘f»ﬂu

60,4 63,7 68,4 71,7 104,4 107,7
64,4 67,7 72,4 75,7

Puc. 6.5. Cnextp nepBUYHOIO IrpynIioBOro CUrHaua



144

Tpu mocnenyromuye CTyIIeHH OPraHU30BaHBI 10 TOMY K€ IPUHIUILY U UMeE-
I0T 110 5 BXOJOB Kakaas. B 4acTHOCTH, Ha BXOJbl BTOPOM CTYIEHU YILJIOTHEHUS
NOCTYHalOT 5 MEPBUYHBIX TPYIIOBBIX CUTHAIOB, 3aHMMarouuMx mnojocy 60—108
K[l KaXblii, @ HA BBIXOAE MOIYYAETCS 8MOPUYHBIU 2PYINOBOU CUCHA, CTIEKTP KO-
Toporo Jiexkut B nojioce 312-352 kI'u (60 tenedonubix kananoB Ha 240 k['1).

6.3 MHOrocTtaHUMOHHBLIN AOCTYN C BPEeMEHHbIM
pa3geneHueM KaHanos

MeTtoa BpPEMEHHOTO pa3JeieHUs KaHaJOB OCHOBAaH Ha UCIOIb30BaHUU
OOJIBIIOTO0 KOJMWYECTBAa Pa3HOOOPA3HBIX HMIYJIbCHBIX YCTPOWCTB, MOITOMY OH
HayaJl MHUPOKO MpuUMeHsATbes B 60-x romax 20 Beka, Korja MosiIBUJIACh YJ00Has
31eMeHTHas 0a3a — TPaAaH3UCTOPBI U TPAH3UCTOPHBIE MUKPOCXEMBI.

CymiecTByIOT B2 OCHOBHBIX PEXKMMa BPEMEHHOI'O MYJIbTHUIUIEKCHPOBAHUS
CUTHAJIOB.

Peosicum cunxponnoti (yuxnuueckoii) nepeoauu OCHOBAH Ha TOOYEPETHOM,
CTPOr0 MEPUOJAMYECKOM MOIKIIOUCHUN HWCTOYHUKOB COOOIIECHHM K JIMHUM CBS3U
BCEr1a B OJHOM M TOM K€ MOCJIEI0BATENBHOCTH. braromaps 3ToMy IpUHAIICK-
HOCTb Ka)KJIOTO 3JIEMEHTA I'PYMNIIOBOTO CUTHAIa KOHKPETHOMY MCTOYHHUKY OIpE.e-
JISIETCA €r0 BPEMEHHBIM MOJIOXKEHHUEM (HOMEPOM KaHAJIbHOTO MHTEPBaja) BHYTPHU
Kazapa (1MKIa), TO3TOMY J0CTaTOYHO JIUIIb U3PEAKA, HAIIPUMED, B KOHIIE KaXI0T0
IIMKJIa Tepe/laBaTh CIEIHAbHBIE CUHXPOCUTHAJBI, MO3BOISIONINE MPUEMHUKY pa-
00TaTh CHHXPOHHO C MEePeIaTINKOM (puc. 6.6). MOXKHO UCTIONH30BATh AHAJIOTOBBIC
1160 M pPOBBIE METO/IBI NTEpEIaUn.

N kangpa (mwikoa) j Jtl
N kanana (ciota) o[ 1]2]3]4]1]2]3][4]..
TIuknoBBIN CHHXpOCUTHAT | ... 7 7

Puc. 6.6. Bpemennas nuarpamMma rnepeiadn B CHHXpPOHHOU
tpexkaHainbpHOU CIIU ¢ BpeMeHHBIM pa3/efieHHeM KaHaJIOB
(IMKIIMYecKas mepenayva)

Peoicum acunxpomnnoii nepeoauu npumensiercs Toiabko B 1udposbix CIIN.
[Ipn mojKIOYEHUH UCTOYHMKA K JIMHUM NEpeNaeTcsl MakeT, TO ecTh HeOobluas
4yacTh cooOlIeHus, Hanpumep ¢aiina, coaepxaiiasi 0ObIYHO OT COTEH 10 HECKOJIb-
KUX ThIcSY OUT. IlopsaoK MOAKIIOYEHHS UCTOYHUKOB K JIMHUU — MPOU3BOJIBHBIN,
[0 MEpe BO3HUKHOBEHHUS HEOOXOJMMOCTH, MOITOMY LIMKJIbI, KAK TAKOBBIE, 3]1€Ch
OTCYTCTBYIOT (pHc. 6.7). B HauanbHOW 4acTH Kak10ro MaKeTa UMEETCsl 3arojI0BOK,

ITaker ot ucroynuka Ne | ... 5 8 1 6
[Tay3a

Puc. 6.7. BpemeHHas tuarpaMMa nepeiayu nakeToB B
acuaxponHoit CIIN ¢ BpeMeHHBIM pa3iciIeHuEM KaHaJIOB

t
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rjie, KpoMe MpoYero, o0si3aTelbHO yKazaH HoMmep moiydarens. OcoOeHHOCTH U
IPEUMYIIECTBA ACHHXPOHHOI'O METO/1a Mepeiayu Mbl 00CYIUM T03Ke, B pa3i. 7.2.

B cunxponnoii CIIN B TeueHHe ITUKJIA UCTOUYHUK MOAKIIOYAETCS K JIMHUU
OJIMH pa3, CJe0BAaTEIbHO, KOJIUYECTBO MOJKIIOUEHUN B CEKYHAY PaBHO YacTOTE
nepenaud nukioB. B anamorosoit CIIM, opueHTMpOBaHHON Ha mepeaady Tele-
(OHHBIX CHTHAJIOB, B K&KJOM CIIOTE MepeAacTcsl OAUH OTCYET ATOr0 CUrHaia, mo-
3TOMY YacCTOTa CII€IOBAHUS LIMKIIOB JOKHA cOCTaBATh 8000 IUKIOB B CEKYHAY,
U JUIMTEIBHOCTD IMKJIAa paBHa 125 mMkc. OTcueTbl MOXKHO MEpeaaBaTh C UCIOIb30-
BaHHMEM JIIOOOr0 M3 METOJIOB MOAYJALMU UMMYJIbcHOW Hecymieh — AWM, ILINM
win BUM (paza. 2.5).

B mudposoii cunxponnoit CIIN mmurensHOCTh Kajapa 3amaercs Takxke 125
MKC U3 T€X K€ COOOpaK€HUM, TOT/1a B CIOTE TOXKE MEPENACTCS 110 OJHOMY OTCUETY
B IU(PPOBOI (hopMe OT KaKIOI0 HCTOYHHKA, TO €CTh 10 8 OuT (cMm. pasa. 2.6). Ilpu
ATOM CKOPOCTh IEpelaur B TPYIIOBOM curHajie V =8000-8-n Owur/c, T1e n — ¢ak-
TUYECKOE YUCIIO KaHAJOB (CIOTOB B IMKJIE), BKIIIOYAs U CIY>KEOHbIN KaHal, Ipe-
HA3HAYEHHBIN JI Mepeladyu IUKJIOBOr0 CUHXPOCHUTHAIA.

[lepenaua kaxxaoro OMTa OCYIIECTBIISETCS MPU TOMOITU OOBIYHBIX UMITYJIh-
COB MpAMOYroibHOil ¢opmbl (1 — umnynbe, 0 — may3a), HO yaule TPUMEHSIETCS
OJIMH W3 METOJOB MOJIYJSAIIMA TaPMOHUYECKOW HECyIlel MU(POBBIM CHUTHAJIOM
(pazn. 2.8). OmpeneneHHBIMU JOCTOMHCTBAMHM 00JIajaeT Takxke MeToia (a3oBoii
MaHUMYJISLIUA TIPU UCIIOJIB30BAHUU HECYIIEH B BUJE MEPUOAUYECKON MOCIe0BA-
TEJIbHOCTU MPSIMOYTOJIBHBIX MUMIYJbCOB MPU UX CKBAXKHOCTH, PABHOW JIBYM (Tak
Ha3bIBaeMbIi MeaHip). Ecnu nmepuoj Hecyiel paBeH JUIMTENBLHOCTH OUTa, TO IMO-
CJIe MOIYJIATOpa €My Oy/eT COOTBETCTBOBATH Mapa UMITYILCOB TPOTHUBOIOIOKHOM
MOJISIPHOCTH — MAHUYECTEPCKUM KOJI.

Teopernuecku CHEKTp MPAMOYTOJbHBIX HMITYJIBCOB OECKOHEUHO IIUPOK,
MO3TOMY MPH NEepeaade NPUXOIUTCS €ro OrpaHuyYrBaTh (pasi. 2.8). ITO BbI3BIBAET
UCKa)XeHUsI (POPMBI MPUHUMAEMBIX HMITYJILCOB, B YACTHOCTU PACTATUBAHUE HX
(GpPOHTOB, YTO, BO-TIEPBBIX, MPUBOJIUT K MEHCCUMBOILHOU unmepdepenyuu (B3a-
UMHOE HCKKEHHE COCEIHHMX MMITYJIbCOB), BO-BTOPBIX, K BO3SHUKHOBEHUIO nOMeEX
no coceoHemy kauany (B3aMMHOE HCKaXXEHUE COCEIHUX HUMITYJIbCOB, MpPHUHAJIE-
KalIMX pa3HbIM KaHajlaM, TO €CTh CTOSIIIUX Ha KpasX CJIOTOB). Te ke HEMPUSITHO-
CTH BO3HHUKAIOT W MpH Iepeaue rpynnoBoro CUrHajga B KaHajie ¢ MYJbTUILIAKA-
THUBHOM ITOMEXOW B BUJIE YACTOTHBIX CEJIEKTUBHBIX 3AMUPAHHM.

[Tapametpsl 1ugpoBsix CIIN ¢ BpeMeHHBIM pa3lieJIeHuEM KaHAJIOB TaKXKe
cTtaHjapTuzoBaHbl. [lepBblii U3 Haunbosnee BaXKHBIX CTAHIAPTOB HOCUT Ha3BaHUE
mie3noxpoHHoii mudponoii uepapxuu (I1111) — Plesyochronous Digital Hierar-
chy (PDH) — u onpenenser cnoco0 MyJbTHUIUIEKCUPOBAHUS CTaHAAPTHBIX HU(pO-
BBIX TeJIe(DOHHBIX CUTHAJIOB JIJISl UX Trepeaadn no meaHomy kabemo (IIpunoxenune
5). Hanomaum (pazn. 2.6), 4To cTaHAapTHBIN IM(poBON TenepOHHBIN CUTHAT
(DSO) nonyuaercs B pesyabrare ALIl crangapTHOro aHanOroBOro TeneoHHOTo
CUTHAJIAa U XapaKTepU3yeTcs CKOPOCThI0 64 KOUT/C.
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[lepBas crynenp yminotHeHuss PDH (anmapatypa MKM-30) paccuntana Ha
opraHu3aluio 32 KaHajJoB METOJIOM BPEMEHHOro MoOaWTHOIrO MYJIbTHUILIEKCHPO-
BaHUs, B UTOre Ha BbIxonme (Gopmupyercs 1mudpoBoit motok El co ckopocThio
64:32 = 2048 x6ut/c. I3 HuX 2 KaHaja sBJISIOTCS CIIYKEOHBIMU (TIepeiadya CUrHa-
JIOB LMKJIOBOM CHHXPOHM3ALMH, Nepeaadya KOMaH[ ISl YIPaBICHUS] KOMMYTUPY-
forumu ipudopamu Ha ATC u ap.), a octanbHble 30 — TOTB30BATENIHCKUMHU.

Kaxnas u3 cryneneii 6onee BbicOkoro ypoBHs (ammaparypa MKM-120,
NKM-480, UKM-1920) paccuntana Ha yIUIOTHEHUE YETHIPEX MU(PPOBBIX MOTOKOB
HU3IIEro YPOBHS METOAOM BPEMEHHOI'0 MOOUTHOTO MYJIbTUILIEKCUPOBAHHUS, a Ts-
Tl YPOBEHb [10OKAa HE UMEET anmnapaTypHOU peanu3anuu (1, Mo-BUIUMOMY, HE OY-
JeT UMETh U3-32 KOHKYPEHLMU C METOAAMH Eepelayyl 110 ONTUYECKOMY Kaleo).

JlononHuTenbHble (YHKUWH, BBIIOJHSAEMbIE aNnapaTypod 3THUX YeThIpex
ypOBHE#, 00YCIIOBIEHBI CIENYIOMINM 00CTOATENbCTBOM. Ilne3noxponnas uudpo-
Bas Mepapxus co3aaBajach JUisi pabOThl B MOYTH CUHXPOHHBIX (IJI€3MOXPOHHBIX)
CETSIX CBA3M, KOI'/1a CKOPOCTH OAHOTUIHBIX LHU(PpoBbiX noTokoB El1, E2 unu E3 Ha
BXOJIaX KaXKJOW CTYIEHH HECKOJBKO OTJIMYAOTCA Apyr oT apyra. [loatromy mpu
MYJIbTUIJIEKCUPOBAHUU YETHIPEX BXOJHBIX MOTOKOB BO3HUKAET MpoOieMa BbIpaB-
HUBaHUA UX cKopocTed. OHa pemraercs MmyTeM BCTaBKH “MyCTHIX’ OUTOB, €CIH
CKOPOCTh JaHHOTO BXOJHOTO MOTOKAa OKa3aJlaCh HMXKE CKOPOCTH MYJIbTHUILIEKCH-
pPOBaHUS B 3TOM CTYNEHH, JIMOO MyTEM Mepeadn “TUIIHUX OUTOB MO CIYKEOHBIM
KaHajlaM B TIPOTUBHOM cliy4ae. Tako CIIOXKHBIN CIIOCO0 mepeaayu MoToKa 1Mo He-
CKOJIBKUM MYTSAM CYLIECTBEHHO 3aTPYAHSIET €ro U3BJICUYEHHUE U3 IPYNIIOBOIO CHT-
Haja B IyHKTE MpHema.

Jpyroii BaXHbIM CTaHAApPT HOCUT Ha3BaHUE CHHXPOHHOM uHMGpoOBOH
uepapxumn (CLI) — Synchronous Digital Hierarchy (SDH) — u onpenensier cno-
c0o0 MYJIbTUIUIEKCUPOBAHUS HU(PPOBHIX MOTOKOB JIJISl UX IMEpeadyu MO OMTOBOJIO-
koHHOMY KaOemto ([Ipunmoxenue 6). Anmapatrypa SDH He mpeaHazHaueHa s
MYJIbTUILUIEKCUPOBAHUS MENKUX IIU(PPOBBIX MOTOKOB, MOCTYMAIOIIUX OT MOJIb30Ba-
Tenel (11 aToro ucnonb3yercs anmnapatrypa PDH, nanpumep MKM-30), ona npu-
MEHsSIeTCS JJII TPAHCIOPTUPOBKU OO0J€e KPYIHBIX MOTOKOB MEXKIY Y3JIaMU CETH.
CunxponHasi nudpoBas uepapxus co37aBajach g pabOThl B CHHXPOHHBIX CETAX
CBS3H, T'JI€ CYILIECTBYET CHHXPOHM3ALUS BCEX Y3JI0OB CETH U3 €IMHOro LeHrpa. bia-
rojapsi 3TOMy CKOPOCTH Iepefadyd BCEX OJHOTHUIIHBIX MOTOKOB CTPOr0 OJWHAKO-
BB

[lepenaua nudpoBBIX CUTHAIOB HA KaXXJIOM YPOBHE MYJIbTUILIEKCUPOBAHUS
OCYHIECTBIISICTCS OJIOKaMH IIUTENbHOCTBIO 125 MKc. Takoii 070K Ha3bIBACTCS CUH-
XpoHHbIM mpancnopmuvim mooyiem yposusi N (Synchronous Transport Module of
level N) unu, kopotrko, STM-N. Hammpumep, STM-1 conepxxut 2430 6aiiT (TO ecTh
19440 6uT), u3 kotopbix 2340 GalT — 3TO MOJIE3HAs HArpy3Ka, a OCTAJIbHONH 00BheM
(90 OaiiT) mpenHa3HavYEH IS IEpeayu CIIykeOHOU HH(OpMaLUH.

[Tone3nas narpy3ka STM-1 He 3amoyiHsIeTCs MyTEM LUKIWYECKOro OIpoca
BXO/JIOB, 37IECh NPUHAT UHOM, O0Jee TMOKUIA U YHUBEPCATIbHBIN MPUHIUII, IPUTO]I-
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HBI KaK JUII CUHXPOHHOrO, TaK M JUIsl aCHHXPOHHOI'O peXMMOB nepenauu. OHa
3alOJIHSAETCS OJTHUM WJIM HECKOJBKUMH “‘BUPTYAJIbHBIMM KOHTEHHEPAMU , TO €CTh
NOPLMSMU BXOAHBIX NOTOKOB. Kax /b1l KOHTEITHEP B CBOEH Ci1y:KeOHOM 4acTu co-
JNEPKUT YMCIOBOM apEC TOTO y3Ja CETH, B KOTOPOM €ro CIEAYET “BBITPY3UTH .
CrannapTu30BaHbl KOHTEHHEPHI MATH THIIOB Pa3HbIX 00BEMOB, IIPU 3TOM MEJIKHE
KOHTEHMHEphl MOT'yT NMOMeIIaTbes B Oojiee KpymHble. Takas opraHu3anusl TpaHC-
HOPTUPOBKHU MO3BOJISIET B JIIOOOM y3J1€ CETU OBICTPO U MPOCTO HAXOAUTH HYXKHBIE
KOHTCHHEpBl 03 pacmakoBKH Bcero coaepxkumoro STM-1, a Takke BCTaBIATH
Jpyrue KOHTEeHephl Ha CBOOOHBIE MECTA.

CHHXPOHHBIN TPAHCIOPTHBIM MOJYJIb YPOBHS 4 3alOJHSETCS OAMH 33 JIpY-
rum deTbipbMs STM-1. Takast xe omnepariusi MpoAeIbIBATCS U C MOJIYJISIMHU OoJiee
BBICOKHX YPOBHEM.

6.4 MHOroctaHUMOHHBLIN AOCTYN C KOAOBLIM
pa3pgeneHuem KaHanos

OTOT METOJ MPUMEHSETCA TOJIbKO B JIBOMYHBIX HHU(poBbix CIIN ¢ OM.
Haunem ¢ o6branOM ogHokaHanpHOM CIIN ¢ @M, rae ns nepegavu Kaxaoro oura
OT MCTOYHUKA MCHOJB3YETCS PAIUOUMIYIbC MPSIMOYTOILHON (OpMBI, HaYaIbHAS
(haza KOTOPOro onpeAeseTcs 3HayeHueM 3Toro oura, Hanpumep, 0° npu nepenaye
enuauIbl U 180° npu nepenave wyns (puc. 2.12). JlnurensHocTh 3TOro HH(POpMa-
IIUOHHOT0 UMIynbeca 7z, =1/V, rae V — ckopocts nepenaun, out/c. llupuna crek-

Tpa TAKOTO CUTHAJIA IPUMEPHO paBHA Af ~2/7, =2V . Ilpu manou ckopocTu nepe-

Jla4y CUTHAJ 3aHUMAET y3KYI0 MOJIOCY YacTOT.

JInst opranu3anyy KOJAOBOTO Pa3AeieHUs] KaHAIOB B MHOrokaHainbHoOW CIIN
KKbI KaHATbHBIM MHGOPMAIMOHHBIN UMITyNIbC (puc. 6.8a) moaBepraercs 10-
NOJTHUTEIBHON BHYTPUUMIYJIbCHON (azoBoM Moxyisuuu (puc. 6.86). [ns sroro
UMITyJIbC pa3OuBaercs Ha B uyacteil paBHOM JJIMHBI (Ha B 0oinee KOPOTKHX HM-
yJbCOB-YUIIOB), MPU ITOM yuclio B Hazwieaemcsa 6aszou cuenana. J1jis TaHHOTO

Y NANANANANAAAANNANN
VAVRVAVAVAVRVAVAVAVAVAVAVAVAVAVERN

O AMAAAMA AMANN AN
VWVVVY VWV VUVWV

1 0 -1 -1 41 -1+ L

Puc. 6.8. IIpeoOpazoBanue nHGHOPMAIIMOHHOTO UMITYJIbCA B CUTHAJ C
BHYTPUUMITYJIbCHON OM:
a) 10 mpeoOpaszoBaHusi; 0) mociue mpeoOpa3oBaHUs.

KaHajga pa3 M HaBcerjga 3ajaaHa B-paspsaHas ABOMYHAS IIOCJIEA0BATEIBHOCT,
OnpeeNAroNIas 3aKOH BHYTPUUMITYJIbCHON (pa30BOM MOAYJISILIMY, TPUYEM AJIEMEH-
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ThI ATOM MOCJIEOBATEILHOCTH Y00HO 0003HAaYUTh Kak +1 u —1 BMecTo Tpaauiu-
oHHbIX | 1 0. [lamee kaablil 2JIEMEHT CUTHAJIA YMHOKA€ETCSI HA COOTBETCTBYIOIINI
AIIEMEHT MOCJEeI0BAaTEIbHOCTH, TO €CTh OCTaeTcs 0e3 M3MEHEHHM, €CIM MHOXH-
Tenb paBeH +1 U uHBepTUpyETCs B ciaydae —l.

B utore mmpuHa crniekTpa KaHaJIbHOTO CHTHAJa YBEJIMYMBAETCA B B pa3 1o
CPaBHEHHUIO C TPAJULMOHHBIM METOOM Iepeauu 0e3 BHYTPUUMITYJIbCHOM MOAY-
JSIUUY, TaK Kak Tenepb cUrHall (paKTUYECKU COCTOUT U3 0oJiee KOPOTKUX UMITYJIb-
coB. Kcratu, meron BHyTpuuMmnyinbcHOU @M dABisieTCS caMbIM pacHpOCTPAHEH-
HBIM METOJIOM MCKYCCTBEHHOI'O PACIIMPEHHs CIIEKTPa CUIHAJIA U YaCTO IMPUMEHS-
eTcs B APYrux o0JacTAX pagnuo3JEeKTPOHUKH, HATPUMED B PaIUOJIOKALIUH.

Bce kananvuvie cucnanvl nepeoaromcsi 0OHOBPEMEHHO 6 OOHOU U MOU e
wupokou noaoce yacmom. KakJI0My KaHAJIbHOMY CUTHAJy IPUCBAUBAETCS CBOS
JBOMYHAS TIOCJIETOBATEIBHOCTD, ONPENEIAONIAs 3aKOH BHYTPUUMITYJIbCHOU DPM,
TaK, YTOOBI CUTHAJIbI BCEX KaHAJIOB OBLJIM B3aMMHO OPTOrOHaJIbHBI. OUYEBUIHO, YTO
JUISL IPOBEPKU OPTOTOHAJIBHOCTH J1aK€ HE HY)KHO BBIUHCIIATH 3HAUEHUE UHTETpasia
(6.3). /IBa xananbHbIX M curHasa opTOroHaJIbHbI, €CJIU B JIBOMYHBIX MOCIIEI0BA-
TEJILHOCTAX, ONPEACIAOIINX 3aKOHbI UX BHYyTpUUMITyJbcHOH DM, yncio cosmna-
JAOIIMX 3JIEMEHTOB PAaBHO 4YMCIly HecoBnaaeHun. Hanpumep, ecan oqHOMY U3 Ka-
HAJIOB IIPUCBOEHA ITOCIIEA0BATEIBHOCTD, IIOKa3aHHAas Ha puC. 6.8, TO IpyruM KaHa-
JlaM MOKHO MIPUCBOUTH, JOMYCTUM, TaKHe nocienosarensuoctu: +1, —1, +1, -1, —
I, +1,-1,+1;+1, -1, -1, +1, +1, -1, -1, +1, ...

B cucremax M/IKP onepanuu BbIaEIEHNS HY)KHOTO KaHAJIBHOTO CUTHAJIA U3
CYMMAapHOI 0, TPYIIIOBOI'O CUTHANa U JEMOAYJISALMN MOKHO COBMECTHUTB. [l 3T0-
r0 MOKHO MCIOJIB30BAaTh KOPPEISLIMOHHBIN MPUEMHUK (MM 3aMEHSIOIINUNA €ro co-
IJIACOBAaHHBIN (DUIBTP) U B KAUECTBE OMOPHOro curHaia (2.35) ucrnonb3oBath Lie-
JIMKOM UMITYJIbC ¢ BHYTpuuMIlyibCcHOM PM. CpaBHEHHE C IOPOrOM BEIUYMHBI V,
BBIJJAHHON KOPPEJALMOHHBIM PUEMHUKOM, MMO3BOJINT BBIHECTH PELICHUE OTHOCH-
TEJIbHO 3HaYEHUS NEePEeJaHHOr0 ABOMYHOr0 cuMBoJa. Takum o0pa3om, B cuctemMax
MIKP ycmpoiicmeo pazdenenusi kananoé u KauaivbHvle 0eMOOVIAMOPbl — MO
Haoop, coCMoAWUI U3 N KOPPENAYUOHHBIX NPUEMHUKOS.

Makcumanvnoe uucio Opmo20HANLHBIX NociedosamenvbHocmeli pagHo B,
CJIeJI0BAaTENbHO, UIMEHHO TaKOBO KOJIMYECTBO KaHAJOB, padoTaronux 0e3 B3auM-
HBIX IIOMEX.

s B=2", rae m — LENOE MOJIOKUTEIBHOE YUCIIO, CYLIECTBYET IIPOCTOM
CIoco0 OMNpeAeNIeHHs] CUCTEMbl OPTOrOHAIBHBIX ABOMYHBIX MOCIEI0BATENBbHOCTEN
B BHJIE CTPOK Marpulbl Anamapa. Marpuna Axgamapa BTOpOro nopsijka UIMeeT BT

H. = ‘ﬂ i (6.4)
Martpuna nopsiika 2p COCTOUT U3 OJI0KOB — MATPHIL IOPSIAKA p
i 5}
» ~|H, -H, (6.5)
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+1 41 41 +1
+1 -1 +1 -1
+1 +1 -1 -1
+1 -1 -1 +1

['1aBHBIA HETOCTATOK TAKOW CUCTEMBI KAHAJIBHBIX CUTHAJIOB COCTOUT B TOM,
YTO HE BCE€ OHM UMEIOT LIMPOKUHU ciieKTp. Hanmpumep, curuai, 3agaBaeMslii I€pBOU
CTpOKOM MaTpuilel Anamapa, (aKTUIECKH HE COAEPKHUT BHYTPUUMITYJIBCHOW MO-
YJISALUU, TO3TOMY €ro CIEKTp He pacuupsiercs. M3-3a 3Toro s MpakTHIECKOro
OpPUMEHEHUS] MOIOMPAIOT MOCIEI0BATENbHOCTH, O0JaAaoUIMe JIYUYIIHUMH CIIEeK-
TpPaJIbHbIMU CBOMCTBaMHU. XOPOIIWE PE3yJIbTaThl JAET UCIIOJIb30BAHUE OTPE3KOB
ncesoocayyaiinou 0souynou nocieoogamenvrnocmu (IICII) (cMm. paza. 2.7).

[IpuunHON MexaykaHadbHbIX moMex B cucteMe MJ/IKP moryr cimyxurthb
JM00bIe MCKa)KeHUsl (JIMHEHHbIE M HEJIMHEWHbIE) TPYNIOBOrO CUTHAJA, MPUBOS-
M€ K HApYyLICHUIO B3aMMHOM OPTOrOHAJIBHOCTH KAaHAJIBHBIX CHUTHAIOB. Bo-
IIEPBBIX, 3TO OrPAHUYECHHUE MOJIOCHI MPOITYCKAaHUS T'PYIIIOBOTO TPAaKTa U MYJIbTH-
IUIMKATUBHAs MIOMEXA B KaHAJE Nepeadyu, BO-BTOPbIX, HETUHENHbBIE UCKAKEHUS B
OKOHEYHOM KAaCKaJle IepeaaTuuKa.

NHoraa BO3MOMKHOCTH Il BOBHUKHOBEHUS MEKIYKAHAIBHBIX IMOMEX CO-
31ar0TCs yKe Ha stane npoektupoBanus CIIN. Hanpumep, ucnonb3zoBanue oTpes-
koB IICII nnsa BayrpunmnyinbcHOt @M. Kak yxe oTMeuyanoch, OHU HE BIIOJIHE Op-
TOrOHAJIbHBL. [[pyrasi npuurHa 3aKiarodaeTcs B TOM, 4To paau ynpouenus CIIN we
MPEyCMATPUBAETCS B3aMMHasi CHHXPOHU3ALMs KAHAJIOB, TO €CTh MOJIYJIUPYIOIIUE
MOCJIEIOBATENBHOCTH B PAa3HbIX KaHAJIAaX MPOU3BOJIBHO CABUHYTHI BO BPEMEHH, YTO
HapyIIAeT UX OPTOrOHAIBHOCTb.

Meron M/IKP ucnosnb3yercs moka Jiviib B rpakIaHCKUX U BOCHHBIX CUCTE-
Max paJuoCBs3U C MOJABWKHBIMU OObekTaMu. CieayeT ynoMsiHyTh cTaHaapt IS-
95, B COOTBETCTBHM C KOTOPBIM MOCTPOEHBI cOTOBbIE cucTeMbl CDMA U criyTHU-
KOBasi CUCTeMa CBsI3U C NOABMXKHBIMU oObekTamMu Globalstar (B=64, mupuna
CIEKTpa IPYNIOBOr0 U KaXKJ10r0 U3 KaHAJIbHBIX CUTHAJIOB paBHa 1,25 MI'n).

Hanpuwmep, H, =

6.5 CuHxpoHusaumsa B CI1N ¢ MHOroCTaHLUUOHHBLIM
AOCTYNnom

[Ipobiiema cuHXpOHU3alMKM HE BO3HUKAET Jullb B aHanorossix CIIU ¢ YPK.
Bce anemenmul, npeonaznayenuvie 0nisi npeobpa308anus UMNYJIbCHBIX CUSHANO08, 8
ocmanvrvix CIIU pabomarom noo ynpaenenuem makmogvix UMNYIbCO8, 3A0AI0UUX
pumm ux pabomsi. B xauecTBe UCKIIIOUCHHS MOKHO Ha3BaTh DHU-nemonynsarop B
MpUEMHHUKE, MPeoOpa3yroluid MOCIeN0BATENILHOCTh UMITYJILCOB-OTCYETOB B He-
IIPEPBIBHBIN CUTHAJL.

PaGotoii nepenaromieit yactn MmuorokanajibHoii CIIM B cMuHXpOHHOM pe-
JKMMe mepeaayM yIpaBiisgeT JOCTAaTOUYHO CTAOWIbHBIM NMEPBUYHBINA T'€HEPATOP TaK-
TOBBIX MMITYJIbCOB. [lepmon ciienoBaHusi 3THUX KWMMYJIBCOB PAaBEH JIUTEIBHOCTH
caMoro KOpOTKOIo 3jieMeHTa rpymnmnoBoro curtaia. B mudporoit CITM ¢ BPK sto
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onud owut, B CIIM ¢ KPK 310 onun u3 B 31eMeHTOB MH(OPMAIIMOHHOTO OWTAa.
Hanpumep, B annapatype MKM-30 TakTOBBIE MMITYJIBCHI MMEIOT 4acToTy 2048
Kl

TakToBBIE MMITYJIBCHI OOJI€E€ BBICOKMX MOPSAIKOB (DOPMUPYIOTCS MyTEM Jie-
JIEHWs 4acTOTBI IEPBUYHOTO TeHeparopa. Hanpumep, B Toit ke annaparype MKM-
30 KaxIbIii KaHAJ MMOJKIIFOYAETCS Ha BpeMs Iepeaadn 8 OUT, MOITOMY KaHaJIbHbBIC
MMITYJIbCBI UMEIOT 4acToTy 256 KI'1; MK cOCTOUT H3 32 KaHAJIbHBIX UHTEPBAJIOB,
MO3TOMY Hayajio Ka)KJO0ro IHUKJIAa 3aJal0T IUKIOBbIE UMITYJIbCHl 4acToThl 8 KI'i,
dbopmMupyembie U3 KaHAIBHBIX UMITYJIBCOB JEICHUEM UX YacTOThl Ha 32; pa3iuya-
I0TCSl YeTHbIE U HeueTHble nuKibl. Jlanee B IKM-30 gacToTa HUKIIOBBIX UMITYJIb-
coB jaenutrca Ha 16 mius popmupoBaHus CBepXIUKIOB. it ynpaBieHus paboToun
AT Ha xaxxaom u3 30 BXOJ0B HY>KHbI TAKTOBbIE UMITYJIbCHI ABYX BHUJIOB: C YaCTO-
toit 64 xI'1 nst hopmupoBanms ouepeHoro OuTa U ¢ yacToTor 8 KI ' 17151 3amycka
nuKJia npeodpazosanus cieayromero orcuera. Eciu B CIIN npumensiercst 65104-
HBI KOPPEKTUPYIOIIMI KO/, TO HYKEH €lle OAUH JIeJUTENb YaCTOThI Uil popmu-
pPOBaHUST UMIYJIbCOB, 33JAI0NIMX MOMEHT Haudajia O4YepeIHON KOJIOBOM KOMOHWHA-
11U, U T.J.

Touyno Takoi k€ KOMIUIEKT I'€éHEepaTOPHOro OOOPYAOBAaHUS HCIOIb3YETCS
JUIs yripaBiieHusl pabotoii Bcex ycTpoiicTB B mpuemHou yactu CIIW. Cucmema
CUHXPOHU3AYUU NPUEMHO20 ycmpoucmea OOeCIeUUBAET YCIOBUSA, NPHU KOTOPBIX
TaKTOBbIE€ UMIYJbChl BCEX BHUJIOB B MpUEMHUKE (HOPMHUPYIOTCS OJHOBPEMEHHO C
COOTBETCTBYIOILIMMH TaKTOBBIMU MUMITYJIbCAMH B IE€peAaTUrKe (TOUHEE, C OAHOU U
TOM K€ 3aJEP>KKOW, PAaBHOW TEKYILIEMY BPEMEHH PACIIPOCTPAHEHHUS CUTHAJIA OT Iie-
penaTyuka K IpUEeMHHUKY).

Yro0Obl crcTeMa CUHXPOHU3ALMK MOTJa BBINOJHATH CBOM (DYHKLIMH, KPOME
CUTHAJIOB, HECYIIMX WH(GOpPMAIMIO O MepeJaBaeMbIX COOOIIEHUSX, HEOOXOAUMO
€Ille MepeNaBarTh CIEHUAIbHBIE CUHXPOCUCHANL! PA3HBIX BUAOB. I[loaTOMy B mepe-
natoriei yactu CIIN umerores gpopmuposamenu cuHxpocuenanog pa3HbIX BHUIIOB,
3aIlyCKa€Mbl€ COOTBETCTBYIOIIMMHU TAKTOBBIMU HMMITYJIbCAMHU OT T'€HEPATOPHOIO
obopynoBanus. B mpuemuoit wactu CIIN umeroTcst cenexmopuvl CUHXpOCUcHanos,
KOTOpbIE TTOCTOSIHHO CPAaBHMBAIOT BPEMEHHOE IMOJ0KEHHUE MPUHUMAEMbIX UHDOP-
MalMOHHBIX U CUHXPOHHU3UPYIOIINX CUTHAJIOB, C OJJHOM CTOPOHBI, U TAKTOBBIX M-
MyJIbCOB OT MECTHOI'0 I'€HepaTOPHOro OO0OpYyIOBaHUs, C IPYrod CTOPOHBI, U IO
Mepe HEOOXOJUMOCTH MOJal0T KOMAH/Ibl HA KOPPEKIINIO TOCIETHUX.

CrnenuanbHble CHHXPOCUTHAJIBI B MOMEHT Hadyajla O4€peHOTO MEJIbYaNIIEero
AJIEMEHTA TPYIIIOBOTO CHrHaja, HampuMmep OuTa, He mnepeaaroT. [ns pabotsl ce-
JIEKTOpA TAKTOBBIX UMITYJIbCOB B MPUEMHHKE JOCTATOYHO TEX U3MEHEHUN B CUTHA-
Je, KoTopblie mpoucxoaat npu nepexoje ot 1 k 0 unu ot 0 k 1 (mpu @M 310 cKkau-
ku Qa3pl Ha 180°). [IpaBaa, uHOr/Aa B CUTHAJIE BCTPEYAIOTCA JIJIMHHBIE CEPUU HY-
JIel WY eIMHMIL, TOTJA 3TH CKaYKH OTCYTCTBYIOT, U pabOTa CENeKTOpa 3aTpyaHs-
ercsi. UToObl 00JIeT4uTh paboTy CENeKTOpa TAKTOBBIX WMITYJIHCOB, KaXKIblii OWUT
nepeialT HE OAHUM, a JIBYMS MMIYJIbCaMU Pa3HBIX MOJISIPHOCTEH (MaH4ecTep-
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CKHUM KOJIOM), BBOJISIT CIICIIMAJIBHO Tay3bl MEX1y CUMBOIaMH U T.11. K coxanenuto,
BCE 3TU MEPbl HECKOJIBKO PACHIMPSIOT CIEKTpP MEPEAaBaE€MOr0 CUrHaJa, MO3ITOMY
MIPUMEHSIOTCS TAJIEKO HE BCEra.

Bunumbix rpaHul] Mexay KOAOBBIMU KOMOWHALMSMH, MPUHAJISKAIIUMU
COCEHUM KaHaJIaM, B TPYIIIOBOM CUTHajJ€ HET. TeM He MEHee, KaHAJIbHbBIE CUH-
XPOCUTHAJBI, KaK MPABUJIO, HE MEPENAIOT. JJOCTATOYHO TOT0, YTO MEpENACTCs Kal-
POBBIN CUHXPOCUTHAJ B Hadajle KaXKJI0ro Kajpa (CUrHaJIbl TOYHOTO BPEMEHU BElb
HE MEepe/laloT €XKECEKYHAHO WIN €XKEMHUHYTHO, IOCTATOYHO NEepeaBaTh pa3 B yac).
Jns nepenaym KagpoBOro CUHXpPOCUTHANA BBIAENSETCSA OTJEIbHbBINA KaHAL, U B HEM
B iudporoit CIIN nepenaercs crienpanbHas KOA0Bass KOMOWHAIIMS TOM e JIJTUHBI,
4TO U B II0OOM Jpyrom kanajie. Hanpumep, B anmaparype MKM-30 B Hayaie kax-
JIOTO YETHOTO IMKJIa Ha 2-8 OUTOBBIX MO3UIUAX MEPEIACTCS CUHXPOCUTHANI BUA
0011011. EnpHCTBEHHOE OTIIMYME IHUKJIOBOTO CHHXPOCHTHAJA OT KOMOMHAIIUNA B
MH(OPMAIIMOHHBIX KaHaJlaX COCTOMT B TOM, YTO OH BCErJla OJJMH U TOT ke, a KOM-
OuHanMu B UHGOPMAIMOHHBIX KaHAJIaX U3MEHSIFOTCSL.

Ucxonsa u3 npunimna GopMHUpPOBAHUS TAKTOBBIX MMITYJIHCOB PAa3HbBIX YPOB-
Hel (J1eJIeHne YaCTOThl TAKTOBBIX UMMYJIbCOB MIEPBOTO YPOBHS), JIETKO J0Ta1aThCs,
YTO CeeKmop MaKmo8blX UMNYIbCO8 NEPBO20 YPOBHSL O0JIHCEH OblMb AHANO208bIM,
a cenexmopul Ooee 8bICOKUX YpO8Hell — 2mo yugposvie ycmpoiicmea. IlpaBna, B
MOCJIETHEE BPEMSI M ISl BBIACICHHSI TAKTOBBIX UMITYJIbCOB HEPENKO MPUMEHSETCS
1u(ppOBOI CENEeKTOp, HO, B CYIHOCTH, B HEM BBITIOJTHSIOTCS T€ YK€ OTEpaluu B
uudposoii popme.

B kauecTtBe nEpBUYHOrO reHepaTopa B MPUEMHHUKE ITPUMEHSETCS TEHEPATOP
TaKTOBBIX UMITYJILCOB, yIpaBiseMmbii HanpspkeHueM (I'YH), Hanpumep rereparop
uMItyIcoB yactoThl 2048 kI'u B UKM-30, B KOTOPOM OCYIIECTBISIETCS hazo8as
asmonoocmpotixa yacmomul 1O cxeme puc. 5.5. Ha Bxox ¢azoBoro aerekropa-
JTACKPUMHUHATOPA TMOJAETCS MPUHUMAEMbId T'PYIIOBOM CHUTHAJ TOCJE JETEKTOpa
(ammuTyaHOTO0, Pa30BOr0O JTUOO YACTOTHOTO B 3aBUCUMOCTH OT BHIa MOJYJISIIVH).
HyXHO OTMETUTH JUIIL OJHO OOCTOSITEIbCTBO: €CJIM CHUMBOJIBI NEPENAIOTCS HM-
MyJbCaMH JITTUTENBHOCTU T 0€3 Tay3 MeXIy HUMH, TO B CIIEKTPE TAKOTO CUTHAJIA
OTCYTCTBYET COCTABJIAIONIASl C YACTOTOW MOBTOPEHUS CUMBOJIOB F. =1/7 (3Ta Co-

CTaBJIAIOIIAS COBITAJIAET C YACTOTOM, HA KOTOPOM CHEKTpajbHas MIIOTHOCTh PaBHA
HYJII0), TO €CTh OTCYTCTBYET MH(pOpMaLUs JJg paboThl TUCKpUMUHaTopa. [1oaTo-
MY IPOJAECTEKTUPOBAHHBIN CUTHAJ, MEPE] TEM KAK MOAATh €ro Ha BXOJ JTHUCKPHUMHU-
HaTOpa, MOJIBEPrarT JOMOIHUTEILHON 00padoTke. Hampumep, 3TOT curHaim Mox-
HO mponycTuTh depe3 nuddepenuupyromyro RC-1iens u 3aTeM WHBEPTUPOBATH
HUMITYJILCHI OTPHIIATEIBHOM MOISIPHOCTH. B MTOore Ha BX01 TMCKpUMHUHATOpA OYAyT
MOJABAaThCSI KOPOTKUE UMITYJIBLCHl B T€ MOMEHTBI, KOTJla CUMBOJI U3MEHSAETCA Ha
MPOTHUBOIOJIOKHBIN.

B nmro60oM aHamoroBoM yCTpPOMCTBE aBTOMATHYECKOTO PETyJIMPOBAHUS UMeE-
FOTCS TIOTPEIIHOCTU TPEX BUIOB: CUCTEMATHUYECKAs,, TO €CTh MOCTOSHHOE CMEIle-
HHE BPEMEHHOI'O MOJIOKEHHSI TaKTOBBIX MMIYJILCOB, €0 MEJCHHBIC CIIyYailHbIC
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Bapuaiuu (BaHzuep) U ObICTphIC ciiydaiiHbie (QIYKTyallli UX BPEMEHHOTO MOJIOXKe-
HUs (JUKUTTEP).

['maBHasi mpuyvHA MOSABICHUS NOCTOSHHOW CUCMeMamuyeckou OwluOKu —
HETOYHas MEepBOHAYaNIbHAS HACTPOMKA 3JIEMEHTOB, HAPUMEp, OTINYHUE COOCTBEH-
Hoil yactoTel 'YH (npu Hyn€BOM ymHpaBIISFOIIEM HAOPsHKEHUHM) OT 4acTOThI Hep-
BUYHOI'O T€HepaTopa B IepenaTdyuke, JUOO M3MEHEHHEe HAaCTpPOMKU B Ipolecce
crapeHust sneMeHToB. Hammune ®AIIY ymeHblIaer, HO HE CBOOUT 3Ty MOrpe-
HOCTb K HYJIIO.

Banoep o0ycnoBieH TUHAMUYECKHUMH ONIMOKAMU CIEIAIEH CUCTEMbI MPH
MEJIEHHBIX U3MEHEHHUAX YacTOT F€HEPaTOPOB MO0 3a/1epKKU B KaHAJIE MepeaadHu.

JIicummep BBI3BIBAETCA HAIMYUEM OBICTPHIX (DIYKTYyalMii 4acTOT 000UX re-
HEpaTOpOB, BIMSIHUEM IIIyMa U 3aMUPAaHUN TPUHUMAEMOIO CUTHAA.

[TockonpKy TaKTOBBIE HMITYJIbCHl YIPABISIOT paboOTOM JeMOaynsATopa,
HaJIMYME TOrPEIIHOCTEH BCEX BHUIOB MPHUBOAUT K YBEIUYEHUIO BEPOSITHOCTH
oMOKK npu JneMoAyisunu. Ha cenekTopbl CUHXPOCUTHAJIOB BEPXHUX YpPOBHEU
MOCTYIAET CUTHAJ C BBIXOJIa IEMOAYJISTOPA, IIOITOMY 3TH K€ MOTPEIIHOCTH, B KO-
HEYHOM UTOT€, YBEJIMYMBAIOT U BEPOATHOCTH cOOSl CUHXPOHU3ALMU Ha 3TUX YPOB-
HSIX.

Jroboit yughposou cenexkmop cumnxpocuenanos B KOHLE KaXIOro mnepuojaa
(3TOT mepHuoj paBeH NMEPUOAY MOBTOPEHUU CUHXPOCHUTHANIA TAaHHOI'O YPOBHS) BBI-
HOCHUT OJTHO M3 JBYX perieHuil: 1) cMHXpOoHM3aIusi uMeeTcs; 2) mpousolien coon
CUHXPOHU3ALIHH.

UToOBI BEIHECTH pPEIICHUE, CEIEKTOP aHAUTM3UPYET NPUHUMAEMBIA CUTHAI B
TEUEHHUE /1 MPEIbIAYIIMX MEPUOAOB U MOJICUYUTHIBAET KOJIMUYECTBO /1 CIy4aeB, KO-
I71a Ha MO3ULHH, YKa3aHHOM COOTBETCTBYIOUIMM TAaKTOBBIM MMITYJIbCOM OT MECT-
HOTO TEeHEpaTopHOro oO0OpyaoBaHUsA, (GopMa NMPUHUMAEMOIO CHTHaja COOTBET-
CTBYET OXKMJIa€MOMY CHHXPOCHTHally. OTa olepalnus Ha3bIBaeTCS HAKOIUICHUEM
uMIyJbcoB. Ecim m > my, rae m, — 3apaHee yCTaHOBJIEHHOE ITOPOrOBOE 3HAUEHUE,
TO MPUHUMAETCS MEPBOE U3 JBYX BO3MOXHBIX PEUICHUH, B TPOTUBHOM Clly4ae —
BTOPOE.

Hanpumep, B UKM-30 MOXHO KaXXIblid pa3 aHAIU3UPOBATh N=5 NOAPAJ
UYIIUX YETHBIX IIUKIIOB U YCTAaHOBUTH M, = 4. 'eHepaTop YETHBIX IUKIOBBIX UM-
MYJIbCOB B KAXKJIOM M3 3TUX ISATH IUKIIOB BBIAEISAET OJUH CIOT U3 TPUILATH JABYX.
Ecnu B ueThIpex WM MATH BBIJICTICHHBIX CIIOTaX oka3anach koMOuHarus 0011011,
TO CJIEAYET NPUHATH PELICHUE O HATUYUH CUHXPOHU3ALUY.

B pabore mmudpoBoro ceinekropa CHHXPOCUTHAIOB BO3MOXKHBI OUUOKU O8YX
6u00s6. JlonyctuMm, reHepaTopHoe 00opynoBaHue chazupoBaHO MPaBUIILHO, HO Ce-
JIEKTOp MPUHSI pelieHue o cboe cuHxpoHu3anuu. HazoBem 3Ty cuTyanuio omuo-
KoM mepBoro poaa. Eciu ke npu HeBepHOU (pa3upoBKe reHepaTOpHOro o0opyao-
BaHUS CEJIEKTOP MPUHSII PEUIEHUE O HAIMYMU CUHXPOHM3ALUHU, TO 3TO — OIIHOKa
BTOPOI'O POJIA.

[Ipeanonoxum, 4to B npuBeaeHHOM Bbilie npumepe g NUKM-30 omubku
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Ha BBIXOJE IEMOAYJISITOpa OTCYTCTBYIOT. Toraa npu n = 5 clieAyeT NPUHATh My, =
5, ¥ BO3MOXKHO JIMIIb BO3HUKHOBEHHUE OIIMOKK BTOPOI'O poOjia B CUTYyallMHu, KOTrJa
BO BCEX IMATH ITOMEUEHHBIX ITOJIb30BATCIBCKUX KaHAJIaX ITOSIBUTCS KOMOWHAIHSA
0011011. Tak kak B IIOJB30BATEILCKUX KaHaJaX MMEETCS IMOCJIEI0BATEILHOCTH
MPAKTUUYECKN HE3aBUCHUMBIX PABHOBEPOSITHBIX CHMBOJIOB, TO BEPOSITHOCTh TAKOTO
COOBITHSA p, =0,5° ~2,9-10™"" TOBOJILHO MaJa.

B peanpHOl cuTyaruu OMMOKK Ha BBIXOJAE JIEMOAYJSATOPAa BCTPEUAIOTCH,
MO3TOMY B paboTe HU(PPOBOrO CEIEKTOpa CUHXPOCUTHAJIOB BO3MOKHBI OIITUOKH
000MX BUJIOB, U CIEAYET MOA00PaTh TAKOE 3HAYEHUE TIOPOTa /My, IPU KOTOPOM MU-
HUMAaJIbHA MOJIHASL BEPOSTHOCTH OLIMOKH.

Ecnu cenektop nmpuHsI pemieHrne o c00e CHHXPOHU3AUU, TO OH MEPEXOIUT
B PEXHUM IIOMCKA, TO €CTh MPOBEPSET MOAPAI BCE CIOTHI JO TEX MOp, MOKa HE
Bcrperutcs komOuHarust 0011011, Tlocne sToro mepexoauT B HOpMalbHBIN pe-
UM, TO €CTh PEXKUM CJICKEHUSI, IPU ITOM HE UCKIIOUEHO, UTO Yepe3 /1 MEePUooB
OH CHOBA ITOBTOPUT MOUCK.

EcTecTBEHHO, UTO mpebosanusi K noMexoycmoudusoCmu ceieKmopa Cum-
XPOCUSHATI08 CYWECMBEHHO Gblule, YeM mpebo8aHus K NOMexoyCmoudusocmu opy-
eux pewarowux ycmpoicme. Hanpumep, ommndka B 0JHOM OUTE Ha BBIXOJE JIEMO-
TyJSATOpa UCKA3UT JIUIIH OJHY KOJIOBYIO KOMOWHAINIO, a COOM CHHXPOHM3AINU Ha
HEKOTOpOE BpeMsl HapymuT padboty Bceld MHOrokaHnaiasHoi CIIM. YMeHbIIUTH Be-
POSITHOCTH HApYIIEHUSI CHHXPOHU3AIIMK MOKHO, YBEJIMYMB 3HaUCHUE TTapaMeTpa n,
HO MPH 3TOM BO3PACTAET BPEMsI BOCCTAHOBJICHHS] CHHXPOHU3ALIHNH.

Pemenrie mpoOeMbl CUHXPOHU3AIMU B CHCTEMAaX PAaJMOCBI3H C MHOIO-
CTAHUMOHHBIM JOCTYIIOM HMEET psiJi ocoOeHHOcTel. Eciu B MHOroKaHalbHOM
CII1 popmupoBanue nu@ppoBOro CurHaiia, KOAUPOBAHUE, MOMYJISIUS U YIJIOTHE-
HUE KaHAJIOB OCYLIECTBIISIIOTCS 8 nyHKme nepedayu NOJ YIPaBIECHUEM OOIIEro re-
HEPaTOPHOr0 O0OpYy/OBaHUS, TO B CUCTEMaX PaJUOCBSI3U nepeoamyux, yCmpou-
CM60 YnjiomHeHusi KaHAJIbHBIX CUTHAJIOB (0a30Bas CTaHIMSA B CUCTEMax COTOBOM
CBsA3M, perpaHcisitop Ha MC3 B cuctemMax CIyTHUKOBOM CBSI3U U T. 11.) U NPUEMHUK
HAX00sIMCs 8 PA3HbIX NYHKMAxX. 31eCh MPUXOJIUTCA HAIaKUBATh COBMECTHYIO CHH-
XpOHHYIO padoTy HE JIBYX, a mpex 00bEKTOB B YCIOBUSX, KOT/la paCCTOSHUS MEX-
Jly HUMH MEHSIOTCS BO BpPEMEHU (CIEA0BATEIbHO, MEHSIIOTCS U 3aJ€P>KKU CUTHa-
na).

B Takux cucremax, Kak MpaBuiio, OCYIIECTBIISIETCS ABYCTOPOHHSS Mepeaaya
uH(pOpMaIUH, TO €CTb HA 0O0UX Y4acmKax umMeromcs 08a pAGHOYEHHbIX KAHANA: B
npAMOM U 0OpamHoOM Hanpaeienusx. 3AeCh 6edywjas poib NPUHAONEHCUM pe-
Mpauciamopy, MO3TOMY B HEM HaXOJIUTCS TE€HEPATOPHOE 00OpYIOBaHHE, 3aJat0-
1iee BpeMeHHOU rpaduk paboThl Bceil cucTteMbl, U (OPMUPOBATENN CUHXPOCUTHA-
noB. [TpuemMHMKH Bcex aDOHEHTOB CHHXPOHU3UPYIOT CBOE T€HEPATOPHOE 000PY10-
BaHUE IO CUTHAJIaM, MepeaBaeMbIM PETPAHCISTOPOM, U ITO K€ 000pyHOBaHHE
YIOpAaBIISIET pabOTOM CBOEro NepeiaTyuKa.

Ocraercst TUIIb OJIMH BOTPOC: C KAKUM OTIEPEKEHUEM JTOJKEH padoTaTh Tie-
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penaTyuk, 4yToObl €ro CUTHAJ JOCTHI PETPAHCIATOpa K TOMY MOMEHTY, KOrja
HAYHETCS HYKHBIM BpEMEHHOM cIOT? /[ OLlEHKH TEKyIIero BpEMEHH 3anas3/iblBa-
HUS HA IyTH OT CTAaHLUH JO PETPAHCIATOPA KaX1ask CTaHUUSA NEPUOJUIECKU NPU-
HUMAET CBOW CHUTHAJ, BO3BPATUBIIMICS OT PETPAHCIATOPA, U U3MEPSET €ro 3amas-
JIbIBAHUE OTHOCUTENBHO MEPEAAHHOT0 CUTHAJIA.

Pa6ora CIIM B acHHXpOHHOM peskuMe mepenaum (mepenaya MakeToB IO
Mepe BO3HMKHOBEHUSI TpeOOBaHUN) UMEET psAll 0COOEHHOCTEW. Bce cospemenmbie
NPOMOKOAbL Mpedyiom, 4umoodbl nakem codepcan yenoe yucio oaimos. [loatomy
Ha MEpBOM ypoBHE (OMTHI) WM JaXKe Ha MEPBBIX JABYX YPOBHSX (OUTHI M OANTHI)
CIOCO0 CMHXPOHU3ALMK HE OTJIMYAETCS OT TOro, 4yto xapakrepHo aiusa CIIN B cun-
XPOHHOM pEXUME NEepeIayn.

Omnumiem ABa TUIMMUYHBIX cIOC00a 00eCreYeHusi CHHXPOHHU3AMU Ha TPEThbEM
YPOBHE, II€ CUCTEMAa CUHXPOHHU3ALMH JIOJKHA YKa3aTh MPUEMHUKY OalThI, COOT-
BETCTBYIOILIME HaYaly W KOHIlYy TaKeTa.

1) B Hauane u B KOHIIE KaXJIOr0 MakeTa nepenaercs ¢.iae, T0 €CTh CHEIU-
anbHas BOCbMUOMTOBas kKomOuHanwms, momyctum, 01111110, Takas komOuHaIMs
HE MOXXET BCTPETUTHCS HUT/E OOiblle BHYTpU makeTa. EcTecTBEHHO, 4TO mociie-
JIOBaTEIbHOCTh CHMBOJIOB OT UCTOYHHKA MH(POPMAIIUA MOKET HE YJTOBJIETBOPATH
ATOMY TpeOOBaHUIO, TO3TOMY OHA MOJBEPraeTcs MepeKOIUPOBKE: MOCIE CEpUU U3
ISITU €IMHUL] BCTAaBJISIETCSA JOIMOJHUTENbHBIM HyIb. Hampumep, mocienoBaTenb-
HOocTh 010111110011111110 mpeo6pazyercss 8 01011111000111110110. Cenexrop
CUHXPOCHUTHAJIa TIPOBEPSET BCE BOCBMUOUTOBBIE IMOCIEI0BATEILHOCTH U MEPBYIO
obHapyxeHHyto komouHaruio 01111110 uaerTuduupyeT Kak Hadaao Makera, a
BTOPYIO — KaK €ro KOHell.

2) Homep 0Oaiita, COOTBETCTBYIOIINM Hayaly MaKkeTa, U KOJIU4eCTBO OAlTOB B
MakKeTe MepeIaroTcs MO OTACIbHBIM, CIYKEOHBIM KaHasIaM.

Kak BuaHO Ha puc. 6.7, CylecTBYIOT CBOOOJHbBIE MHTEPBAJIbI, HE 3aHSTHIC
JUI Tiepe/iladyd TakeToB. B JeMCTBUTENBLHOCTA B 3TO BpeMs Iepenaercs “mycras’
MOCIIEI0BATEIbBHOCTh CHMBOJIOB JIJISI TOTO, YTOOBI 00ECIEUUTh YCTOMUUBYIO paboTy
CEJIEKTOPOB CUHXPOCHUTHAJIOB B ipuemMHou yactu CIIN.

6.6 PacumpeHune cnekTtpa curHana

3aBepias o0CyKJIeHUEe CBOMCTB CUTHaJoB, ucnoib3yeMbix B CIIU ¢ koxgo-
BBIM Da3JEeIeHUEM KaHajJOB, PACCMOTPUM OCHOBHBIE CIOCOOBI PpacHIMpPeHHs
CIIEKTPA CUTHAJIA.

Pacmimpenue crnekTpa curhaiza — 3TO MNPOULEAYpa, B pe3yJbTaTe KOTOPOM
CHEKTp LU(POBOro CUTHATIA CTAHOBUTCS HIMPE, YEM 3TO MUHUMAIBHO HEOOXOIUMO
JUISL €r0 TMepeladn, a MPOUECC PAaCIIMPEHHs MPOUCXOAUT MPU yYaCTHUU YUCIOBOU
MOCJIEI0BATENBLHOCTH, HE 3aBUCSIIEH OT nepenaBaeMoro coobuienus [2]. [Ipume-
HEHUE BHYTPUUMIYJIbCHON KOJ0BOM M — 3TO OIMH U3 ABYX OCHOBHBIX CIIOCOOOB
pacmvpenus crekrpa curaana. Kak Mol yxe yBunenu (pasn. 6.4), 3necb oda npu-
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3HaKa MPUCYTCTBYIOT.
Hpyroii cnocod pacimpeHus CreKTpa — 3T0 CKauKO0Opa3HOE nepekatouenue
Hecyuell 4acmomul CUSHAA.
Jl7iss 3TOr0 3apaHee yCTaHABIMBAIOT (TOYHEE, 3aKJIAIBIBAIOT B MPOTPaMMY
paboThl CUHTE3aTopa Hecyllew) psan (UKCUPOBAHHBIX 4acToT f,...,f, , U Hepe-

KJIFoUeHUEe (BBIOOp HOMEpa OuYepeqHOW YacTOThbl) MPOU3BOAMUTCS YEpPe3 pPABHBIE
IIPOMEXYTKHM BPEMEHU T B COOTBETCTBUM C OYEPEHHBIM DJIIEMEHTOM IICEBIOCIY-
YalHOW yIpasisronied M-U4HON YUCIOBOU I1OCIIEN0BATEIBHOCTH.

Bo3MoxkeH pexum 6vicmpozo nepekntouenus (t<<t, ), TO €CThb HeCyllas 4a-

CTOTa MEpeKIroYaeTcs B pa3 3a BpeMs nepeadd 0AHOro HHGOPMaIMOHHOTO CUM-
Bosta. CBOMCTBA TaKUX CUTHAJIOB BEChbMa OJIM3KHM K CBOMCTBAM CHUTHAJIOB C BHYTPH-
UMITYJIbCHOM KO710BOM DM, HO co3/laHue CTOJIb OBICTPOJCHCTBYIOIIETO CHUHTE3a-
TOpA YacTOT — CJIOKHAA 3a/1ay4a.

B Ooiniee mpocToM pexuMe MeoneHH020 nepeKkatoueHus 4acToTel (7 >>17,) B

WHTEpBAJIC T NepeaaeTcs cepus HHGOPMAIIMOHHBIX UMITYJILCOB HA HEU3MEHHOM He-
CyLIEH 4YacTOTe, U B UTOr€ B MPEAETIax 3TOr0 MHTEPBAIA MOJIYUYUBIIMKACS CUTHAI
HUYEM HE OTJIMYAETCS OT OOBIYHOTO Y3KOIOJIOCHOT'O CUTHAIA.

KakoBbI MpenMyniecTBa CUTHAJIOB C PACIIUPEHHBIM CIIEKTPOM?

Ecnu 0a3a curHana Benuka, Npu Mepeaade B paJuoKaHajae CIEKTp CUrHala
pacnpesnensieTcsl Mo MUPOKOM MoJIoce YacTOT, TaK YTO Ha JII0OOM y4acTKe OTHO-
IIEHUE CPEHUX MOIIHOCTEHN CUTHaIa U IIIyMa MOXKET ObITh J1aK€ HAMHOTO MEHbIIIE
enUHUIIBL. B Takux yciaoBUsSX 00€CTIEUUBACTCS CKPbIMHOCHb TIEPEIauu, TTIOCKOJIBKY
YBEPEHHO OOHApPYX UTh caM (DaKT HAJIUYMS TOJIE3HOTO CUTHAIA YK€ He YJIaeTcs.
Ou4eBUIHO, YTO CKPBITh OTHOBPEMEHHYIO PabOTy OOJIBIIOT0 KOJIMYECTBA UCTOUYHU-
KOB TakKUM 00pa3oM yxke TpynHee. CUTHaJI ¢ IIMPOKOW MOJIOCON MEHbIIE MOABEP-
YKE€H BO3JEHUCTBUIO Y3KOIOJIOCHOW MOMEXH, MOPAKAIOUIEH JIMIIb YaCTh €ro CIIEK-
Tpa.

Curnan ¢ pacuiupeHHBbIM CIEKTPOM 00JaJaeT U HEKOTOPOM KPUIITOYCTOM-
YUBOCTHIO, MOCKOJBKY JJISI €r0 HOPMAJIbHOTO MpueMa (CoKaTusl) HEIOCTaTOYHO
3HATh HECYIIYIO YaCTOTY M OOECIEYUTh CHHXPOHU3AIUIO TPUEMHUKA, HY>KHO €Ille
3HaTh YUCJIOBYIO IIOCJIEI0BATEIBbHOCTD, YIIPABIIAIOLIYIO IPOLIECCOM PACIIUPEHUS
cnektpa. C 3TUM K€ CBS3aHA W TOBBIINIEHHAS YCTOWYMBOCTh TAKMX CUTHAIOB K
BO3JEHCTBUIO IIUPOKOIOJIOCHON TOMeXHU. Takas momexa XOopoIIo BO3IEMCTBYET Ha
KOpPPESALMOHHBIA NMPUEMHUK JIMIIb B CiIy4ae, KOrJa OHA IOX0XKa HA IOJIE3HBIN
CUTHAJI, HO JUJI CO3JaHMS TAKOW MOMEXM TAKKE HYKHO 3HATh PACIIUPSIONIYIO YHC-
JIOBYIO IIOCJIEAOBATEIBHOCTb.

NHorga MOXXHO BCTPETUTH YTBEPIKICHHUE, YTO CUTHAJIBI C PACIIMPEHHBIM
CHEKTPOM CIIOCOOHBI 00ECIIEYUTh MEHBIIIYI0 BETUYMHY BEPOSTHOCTH OMIMOKH MpHU
JEMOAYJISINU, YeM Y3KOMOJIOCHBIE CUTHAJIBl. JTO YTBEPKJECHHE OMIMOOYHO, MO
KpaitHell mepe, o otHomeHuto Kk CIIW, ucnonp3yromnieil KaHall ¢ MOCTOSHHBIMU
rapaMeTpaMu, NOCKOJIbKY B HeM BER 3aBUCHUT NulIb OT OTHOLIEHUS DHEPTUU HUH-
(hOpMaIOHHOTO UMITYJIbCA K CIIEKTPATLHOM MIIOTHOCTH IITyMa, a TIPU PACIIUPEHUN
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CIIEKTPA 3TA SHEPIUsl HE YBEIUYMUBAETCA.

3aTo 6 KaHane ¢ MyIbMUNIUKaAmMueHoOU noMexol TPEUMYILECTBA CUTHAJIOB C
pacCUIMPEHHBIM CIIEKTPOM (TOYHEE, BO3MOKHOCTH, KOTOPHIMHU €I€ HYXKHO YMETh
BOCIIOJIb30BAThCs1) HE MOABEPTaIOTCSI COMHEHHUIO.

JIeHCTBUTENBHO, CIIEKTP Y3KOMOJIOCHOI'O CUTHANA MOXET LIETUKOM OKa3aThb-
Csl BHYTPU YaCTOTHOT'O HMHTEpBaja, HaA KOTOPOM KOI(PPUIMEHT Nepenayu JIMHUH
OYEHb MaJl, KaK MOKa3aHO Ha puc. 6.9, 4TO MpUBEIET K MOSBICHUIO MAKETa OLIU-
00K, a TO U K mpephIBaHuIo CBs3U. KoHeuHo, yepe3 HeKoTopoe BpeMst (hopma 3Toit

B WIS A A T W
i VA 'NAY
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Puc. 6.9. [Ipumepsl “MrHOBEHHON™ aMIUTUTYJHO-YaCTOTHOW XapaKTepH-

CTUKH KaHaJla ¢ YaCTOTHO-CEJIEKTUBHBIMU 3aMUPAHUSIMU (CIUIOLIHAS JTH-

HUS), CTIEKTPOB Y3KOMOJOCHOTO (IITPUX-ITYHKTUP) U IUPOKOIMOIOCHOTO
(IITpUX) CUTHATIOB

cnyyaiHou AUX U3MEHUTCS M, BO3MOXKHO, YPOBEHb CUTHAJIA BO3PACTET, HO YaCTh
COOOIIEHHUS YK€ MOBPEKCHA.

CymMmapHasi MOIIIHOCTh IIMPOKOIIOJIOCHOIO CUTHAjla Ha BBIXOZE JIMHUM TPU
T00BIX m3MeHEeHUAX GopMmbl ee AUX ToKe MEHSETCS, HO 3HAYUTEILHO MECHBIIIC.
W3 sToro moka He cienyer, 4To, 00padaThiBasi ’TOT CUTHAJ TPU MTOMOIIN KOppes-
ITMOHHOT'O TIPHEMHHKA, 00SCIICYNM TTOYTH CTOJIb YK€ HAJICKHYIO CBS3b, KaK B KaHa-
Jie C TOCTOSTHHBIMH TlapaMmerpamu. OOmui TpUHIKN yKe OblT cHOpMYyTUPOBaH B
pasa. 5.5: ecnu eCcTh MyJIbTUILIMKATHBHAS TTIOMEXa, TO HY)KHO OPraHW30BaTh KaKoe-
TO KOJIMYECTBO HE3aBUCHMBIX BETBEU pa3HECEHHBIX Mepefavd W (Wiu) mpuemMa u
chopMHpOBaTh CUTHAJ HAa BXOJE PEIIAIONIETO YCTPOWCTBA MyTEM KOMOMHHPOBA-
HUS DTUX PA3HECCHHBIX CUTHAJIOB.

Ha mepBbIii B3rIs1] KaXKETCs, 9TO IMTyTEM PACIIUPEHUS CIIEKTPa OPTraHU3yeTCs
YaCTOTHO-pa3HECEHHas Tepeaada, HO P 3TOM, B OTJIMYKE OT TPAJAUIIMOHHOTO Me-
TOJa YaCTOTHOTO pa3HeceHus (pa3f. 5.5), BO-MEPBBIX, HA KAXKJIOW YacTOTE mepeia-
ercsi He 1enblid curHan (MHQOpMAlMOHHBIM OWT), a TOJIBKO €ro 4acTh, U, BO-
BTOPBIX, 37I€Ch HEBO3MOXKHO CIIEKTP MPUHUMAEMOI'0 CUTHANIA Pa3/IeuTh Ha KOHEY-
HOE€ YHCJIO HE3aBUCHMO (IYKTYHPYIONUX cOocTaBstonux. [loatoMmy, He BIaBasch
B TOHKOCTH KJIacCH(HUKAIIMU, PACCMOTPUM MPUMEHSIEMbIE METOAbl KOMOMHHUPOBA-
HUS YaCTEW TAKOrO0 CUTHAJA.

Buvioenenue cocmasnsiowux cuenana, ux pazoeivHas oopabomka u KomoOu-
HUpPOBaHue BO3MOXKHBI B YaCTOTHON M BPEMEHHON 00JIaCTSIX.

Obpabomka 6 yacmommou 001acmu c80OUMCS K UCHOAb308AHUIO A0ANNUG-
HO20 9K8azatizepd, TO €CTh JIMHEHHOTo (QUIBTPA C U3MEHSEMONW YaCTOTHOM Xapak-
TepuCTUKON. Takas BO3MOXHOCTh OOYCIIOBJIEHA TEM, YTO YACTOTHAsl XapaKTepH-
CTHKa KaHaja U3MEHSETCSl TOCTaTOYHO MEJIJIEHHO, TO €CTh, OHA MOYTH HE U3MEHSI-
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€TCs 32 BpeMsl, B TCUCHHE KOTOPOTO MOXXHO MPHUHATH JECATKH U COTHU MH(OopMa-
IMOHHBIX WUMMYJbCcOB. [0 3TUM HMMyJIbcaM MPUEMHHUK OIIEHUBAET (PopMy uUX
cuekrpa S, (f). PopMa cliekTpa cursaia Ha BXOJA€ KaHana S, (f) U3BECTHA, IIO-

BbIX

ATOMY OLICHUBAETCS dhopma YaCTOTHOMU XapaKTEPUCTUKH KaHasa
K(f)=S,. (]S, (f) . HacToTHas XxapakTepUCTUKA dKBajlali3epa BBIYUCIISETCS OYe-

-1
BUIHBIM 00pa3oM K, (f)=K(f)', B MTOre 4aCTOTHAsi XapaKTEPUCTUKA CKBO3ZHOI'O

TpaKTa CTAHOBUTCS MOYTH PABHOMEPHOMW W, CIEAOBATEIBHO, YMEHBIIAKOTCS HUCKA-
KeHUST (POPMbI TPUHUMAEMBIX UMITYJIHCOB.

JIJ1st HEKOTOPBIX BUIAOB MOIYJSIITUU cUTHaANOB (Hampumep, KAM nmbo pas-
HoBUAHOCTU PM) yTBEpXkKJAEHHE O TOM, UYTO B MYHKTE MpHeMa u3BecTHa dopMma
CIIEKTpa CUTHaJla, HE COOTBETCTBYET JIEMCTBUTEIBLHOCTH, TAK KaK M3-3a CIy4ailHO-
CTH WH(DOPMAIMOHHBIX MMITYJbCOB W3BECTHA JUIIH (POpMa CHEKTpa IIOTHOCTH
MOIIHOCTU curHana. [loaToMy nepuonuyecku MPUXOIUTCS MepenaBaTth 00yuaro-
IIYI0 MOCJIEI0BATEIbHOCTh UMITYJIBCOB, KOI/Ia BMECTO CIIy4allHOW cepuu MHOOp-
MaIMOHHBIX CHMBOJIOB Ha BXOJl MOAYJSTOpA IMOAAETCS M3BECTHAsl cepusi OUTOB.
TakoM UMKII aganTaluy dKBAJIanu3epa MOBTOPSAETCA NECATKA U JaKE COTHU pa3 B
CEKYHAY.

Kak BMOHO M3 NpUBEAEHHOIO ONUCAHMS, AJANTUBHBIN JKBalA3ep MOXKHO
MPUMEHATh HE TOJBKO JJIi NPUEMA CHTHAJIOB C HMCKYCCTBEHHO pPaCUIWPECHHBIM
cniekTpoMm, HO U B 060 CIIU, ncronb3yrorieit ais nepegayn 10CTaTOYHO KOPOT-
KHE UMITYJIbCBI, KaK 3TO JENAEeTCs, HallpuMep, B COTOBOM cucteme ctangapra GSM.

Obpabomka 60 8pemenHOU obiacmu TPEANONATaeT BHITIOJHEHUE CIEAYIO-
IHAX ONEpaLni.

1) IlpuHuMaeMblii CUTHAN, COCTOSAIUMN W3 CEpUM MH(OPMALMOHHBIX HM-
MyJbCOB JUIMTENbHOCTBIO 7, C BHyTpuuMIylibcHOH @M (puc. 6.80), monaroT Ha

BXOJl (MIBTPA, COTIACOBAHHOTO C TaKUM HMIYJIhCcOM. COracoBaHHBIA (GUIBTP
CKUMaeT KaXIblii UMITYJIbC B B pa3, Tak 4To Kaxkaas KBajpaTypHas COCTaBJISIONIAS
CUTHAJIa UMEET BUJ] KOPOTKOT'O MMITYJIbCa ¢ MHOYKECTBOM MAaJTbIX OOKOBBIX JICTIECT-
KoB (puc. 2.12).

[TockonbKy TpU HaJIWYUKM MHOTOJYYEBOCTH B IYHKTE IpHEMa HMEETCS
0O0JBIIOE KOJWYECTBO CUTHAJIOB, OTPAXKEHHBIX OT Pa3HBIX OOBEKTOB U MOITOMY
UMEIOIIUX CITyYaiHble aMIUTUTYAbl U CIy4alHbIe 3aJep>KKH, Ha BBIXOJIE COrJaco-
BAaHHOTO (PWIIbTpA MPUCYTCTBYET CyMMa TaKUX HE3aBUCUMBIX OTKJIUKOB, U B UTOTE
MMEEM CUTHAJI, PaCCESTHHBIN, PACIIMPEHHBIN BO BPEMEHHU.

2) C marom, paBHBIM JUIUTEIIBHOCTH CKATOTO UMITYJIbCA, U3MEPSIOT 3Haue-
HUST KQXKJ0W KBaJApaTypHOU cocTaBisonieil. Takum 0O0pa3oM U3 CyMMapHOTO CHUT-
Hajla BBIICTSIOT 71 HE3aBUCUMBIX CJIaraeMblX, KaXK0€ U3 KOTOPBIX COAEPIKUT Iepe-
naBaeMoe coobOmienue. /lanee 93TH pa3HeCeHHbIE CUTHAIIBI MOKHO KOMOWHUPOBATH
OJTHAM W3 U3BECTHBIX METOAOB (pa3m. 5.5).

Rake (rpabmm) — 310 Ha3BaHue, KOTOPOE AaJIM IEPBOMY MIPHUEMHHKY, B KOTO-
poM OBLIT peann30BaH 3TOT COCO0 pa3HECEHHBIX Mepenadu-mnpuemMa. B Hacrosiiee
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BpeMsi OH BCE€ IIMpPE MPUMEHSETCS B IIUPOKOMOJIOCHBIX CHUCTEMax Iepenayw,
HaAIpUMeEDP, B COTOBBIX CUCTEMAaX CBS3H C KOJIOBBIM pa3/ieICHHEM KaHAJIOB.

Ecnu pacmmpenne crekTpa Mpou3BOAUTCS MyTEM MEIJICHHOTO TEpeKIToYe-
HUSl YaCTOTBI, BO3MOKHOCTH OOPHOBI C MYJIbTUITTUKATUBHOM MOMEXOM CYIlIECTBEH-
HO HIDKe. EMWHCTBEHHOE, UTO aeT ATOT METOJ - ’TO OTPAaHWYCHHUE BPEMCHH, B Te-
YeHHe KOTOPOro cucreMa OyAeT HEmpephIBHO padoTaTh B HEOIATOMPUSTHBIX YCIO-
BUSX. SICHO, 94TO B OOJBITMHCTBE CIYYacB 3TOT MHTEPBAJ HE MPEBHIIIACT MIEPHO/Ia
MEePEKITIOYEHUS YaCTOTHI T.

B 3axmrouenue cienyer mog4epKHYTh, UYTO MOJIOKHUTEIbHbIE KaueCTBa CHUT-
HAJIOB C PACHIMPEHHBIM CTIEKTPOM JOCTHUTAIOTCS 33 CUET CYIIECTBEHHOT'O CHIKE-
Hust yactotHou 3dpdextuBHoctu CIIU. TlosTOMy Takue CUTHANIBI, KaK IMPaBUIIO,
WCIIOJIB3YIOTCS JIUIITh B YCIOBHSIX MHOTOCTAHIIMOHHOTO JOCTYIIA, KOTJa 3Ta IIHPO-
Kasl TI0J10Ca COBMECTHO MCTIONIb3YETCsI MHOTUMHU a0OHEHTAMH.

Bonpocbl Ansa caMokoHTpons no rnase 6

1. Ilpu kakoM HEOOXOAMMOM YCIIOBMU BO3MOKHO JIMHEHHOE pa3/iesieHrue Ka-
HaJbHBIX CUTHAJIOB 0€3 B3aUMHBIX MOMeX B MHOTrokaHaibHoU CITN?

2. TloscHMTE NMPHUHLMIIBI YACTOTHOIO, BPEMEHHOIO U KOJOBOI'O pa3JeieHus
KAaHAJIOB.

3. Ilouemy B MHOrokanansHou CIIM xaHaIbHBIE CUTHAJIBI B3aHMHO OPTOTO-
HaAJIBHBI, XOTS ATO HE SIBISETCA O0SA3aTEIbHBIM YCIOBHEM JUISI UX pa3ie-
JeHus 0e3 MeXITYKaHAbHBIX MTOMEX.

4. U3 kakux cCOOOpaKeHWU BBHIOMPAETCS IMTEIHHOCTh IHKJIA TEepeaydl B
MHorokanaiasHou CIIN ¢ BPK?

5. YTo ucnonp3yeTcs B KQ4ECTBE YCTPOWCTB YIUIOTHEHMS M pa3feNeHus Ka-
HaJbHBIX CUTHAJIOB B MHOrokaHainsHoM CIIN: ¢ YPK? ¢ BPK? ¢ KPK?

6. [louemy BO3HMKaeT HEOOXOANUMOCTb OCYILIECTBICHHSI TAKTOBOM U LIUKIIO-
BOM CHHXPOHM3AIIMU IpHUEMHUKA B MHOrokaHanbHou CITH.

7. YKaxuTe NpU4YMHY BOBHUKHOBEHUS MEXIYKaHAJIbHBIX TOMEX B MHOI'OKa-
HanpHbIX CIIU: ¢ YPK? ¢ BPK? ¢ KPK?

8. Kaxkue TpeboBaHUs NPEIBIBISIOTCS K PACHIUPSAIONIMM MOCIIEI0BATEIbHO-
CTSIM IIPY KOJIOBOM pa3/IeJICHUH KaHaya?

9. [aiite onpeneneHus CHHXpPOHHOI'O M aCUHXPOHHOI'O PEXHMMOB IEpeadu
U(POBBIX CUTHAJIOB.

10. YkaxuTe 001acTy NPUMEHEHHS KOPPEISIIITMOHHOTO IPUEMHUKA.

11.Ykaxxutre OCHOBHBIE pa3IN4Ms ABYX CTAHIApTOB MHOIOKAaHAJIbHOW mepe-
Jlayu ¢ BpeMEHHbIM MyJbTuILiekcupoBannem: PDH u SDH.

12.Yem ompenensercs MaKCUMaJIbHOE YHCIO KAHAIBHBIX CUTHAJIOB B MHOIO-
ka"anbHOM CIIA ¢ KPK?

13. Tlouemy B mHorokananbHbeix CIIW: ¢ YPK tpebyercst BhicOKasi JMHEM-
HOCTb aMIUTUTYAHON XapaKTEPUCTUKHU IPYIIIOBOrO TpakTa?
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7 NIPUHUMNbI NOCTPOEHUA CETEN 3JIEKTPOCBA3U
7.10npepeneHus, Knaccudukaums, CTPYKTYpbl ceTen

Kanan — 310 COBOKYNMHOCTh TEXHUUECKUX CPENICTB, 00ECIIEUNBAIOIIUX TIepe-
a4y COOOUIEHUM OINpEETIeHHOr0 BHUA OT OKOHEYHOIro 00OpYIO0BaHUS OJHOIO
M0JIB30BATENSI K OKOHEYHOMY O0OPYJIOBAaHUIO APYroro. Pa3nuuaroT KaHajbl: CUM-
IJIEKCHBIE, IPEHA3HAYEHHBIE I Mepeladyd TOJIBKO B OJIHOM HAIpPAaBJICHUU; AyII-
JIEKCHBIE JJI1 OJJHOBPEMEHHOW Iepenayr B 000MX HalpaBlE€HUSX; MOJIyAyIUIEKC-
HbI€, TIO3BOJISAIOIIME TIepeaBaTh B 000UX HANpPaBICHUIX, HO TOOYEPETHO.

Cemb 31€Kmpocesa3u — 3TO COBOKYIHOCTh TEXHUUECKHUX CPEICTB, 0Oecreyu-
Barolas 00OMeH nHpopmanmen MeKIy MHOKECTBOM I0JIb30BaTeNeH, pa3HECEHHbIX
B IpocTpaHcTBe. OCHOBHBIE COCTABIIIOIINE CETU MPEACTABICHBI HA puc. 7.1.

Obosnauenus:

°  abOHEHTCKOE
o0opy0BaHuE;
HEHTP KOMMYTaIIUH;

~ a0OHEHTCKas JINHUSA,

MCXKUOCHTPOBAasA JIMHUA.

Puc. 7.1. CoctaB ceTu 31eKTpOCBA3U

AOOHEHTCKHE JIMHAH B OOJIBIIIMHCTBE CITy4YaeB SIBISIOTCS OJTHOKAHAIBHBIMH,
MEKIIEHTPOBbIC JIMHUU, KaK MMPaBUJIO, MHOTOKaHaJbHbIE. B ceTu B 11000 MOMEHT
BPEMEHU CYIIECTBYET KaKOe-TO KOJIMUECTBO KaHaioB. KaHas, cBs3bIBalOIIUNA ABYX
A0OHEHTOB CETH, HAa3bIBACTCS HEKOMMYmupyemvim (ApEHI0BAHHBIM, TOCTOSIHHBIM),
€CJIM OH TOCTOSTHHO TOTOB K TMepeaade, Tak Kak HE MCIOIb3yeTCsl IpyruMu ado-
HEeHTaMUu. Kommymupyemvblil kanan CO3JaeTcs JIUIb Ha BpeMs Iepeaadyu coooIe-
HUS MO0 ero 4acTH (MaKeTa), B OCTAIbHOE BPEeMsl 3TH TEXHUUYECKHE CPEICTBA HC-
TIOJIB3YFOTCS JUIsl CO3J]aHUs MOJOOHBIX KaHAJOB IS APYyTux aboHEHTOB. ToO ecTh,
nepenady cooOIIeHHs] MOKHO HayaTh JIMIIb MOCJE TOTO, KaK CETh MPOU3BEAET
HY’KHOE COEJIMHEHHE.

llepsuunas cemsv — 3TO JIMHUUA U KOMMYTAIIMOHHOE 00OPYJIOBAaHUE, CITyKa-
miee Juisi 00pa3oBaHus KaHAJIOB CO CTaHIAPTHBIMU XapaKTePUCTUKAMU, TIPUTOTHBIX
JUTSL TIepe/iaur COOOILEHUI pa3HbIX BUAOB. Bmopuunas cems — 3TO CTPYKTYpa, Op-
raHu3ymoIas OOMEeH COOOIICHUSIMH OIPEACIEHHOTO BHJA C HCIOJIb30BAHUEM
apEHJI0OBAHHBIX PECYPCOB NEPBUYHOM CETHU M COOTBETCTBYIOIIETO OKOHEYHOIO
obopynoBanus. [IpuMepsl BTOPUYHBIX ceTel — 3TO Tene(OoHHAs CETh, CETh (haKCH-
MUJIBHOU CBsI3H, TenerpadHas CeTh, CETh MEPeaauu ra3eTHBIX MOJI0C, CETH PaIUo-
Y TEJIEBU3MOHHOTO BEIIaHUsI, KOMIILIOTEPHBIE CETH U T.]I.

Cemb cuenanusayuu — 3TO CETh, MIPeAHA3HAYEHHAS JIJIs1 0OCITYyKUBaHUS TIEP-
BUYHOM CETU W HCHOJb3yeMas IS Mepefayd KOMaHJ, YNPaBISIOMUX padoTon
LEHTPOB KOMMYTAaIlU1 KaHAJIOB.

[To mmomaam oxBara pa3ivyaroT JOKaIbHbIE, MECTHBIE, TOPOJICKHE, 30HAJb-
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HBIC, 00IIETr0CYIaPCTBEHHBIC U I100ATbHBIC CETH.

B 3aBucumocTH OT IPUHAITICKHOCTH CETH OBIBAIOT TOCY/IaPCTBEHHBIMH, Be-
JIOMCTBEHHBIMU U YACTHBIMH.

CTpyKTypa CETH B 3HAUMTEIHHOW CTETICHU OMPEACSISICTCS MPUHATHIM B HEU
CIIOCOOOM KOMMYTAIIHH.

ITycTh 1IeHTpBl KOMMYTAllMd B CETH OTCYTCTBYIOT, KOMMYTAITUS IPOM3BO-
JIATCS CAaMHM OTIIPABHUTEIIEM COOOIICHU. EMMHCTBEHHOM BO3MOKHOM CTPYKTYPOM
SBIISIETCSL NOHOCBA3HAA (KAXKABIA ¢ KaxabIM) (puc. 7.2a). DTa CTpyKTypa camas
XKUBy4Yas (B clydyae aBapuu Hailercs oOXOIHBIM MyTh) U camasi JOPOTrOCTOSIIA.
Takum 00pa3oM coeMHEHBI, HATPUMED, LIEHTPHI 30H B TeNE(HOHHOM CETH CTPAHBI.

ITycTh EHTPHI KOMMYTAITUU B CETH OTCYTCTBYIOT, HO KOMMYTAIIUS TTPOH3-
BOJUTCSA MOJIy4aTeneM cooOuieHrs. EquHCTBEHHON BO3MOXKHOM CTPYKTYPOU SIBJISI-
eTcst oowasn wuna (o0mmas cpena nepeaaun) (puc. 7.26). 1o Haubosee Momysip-

R
b
B) )

a) 0)

Puc. 7.2. BapuaHTbl CTPYKTYpBI CETH: a) TIOJTHOCBSI3HAS,
0) oOmas muHa; B) 3B€3/1a; T) PaiuaabHO-KOJIbIEBAS

Hasl CTPYKTYpa JUIS JTOKAIbHBIX KOMITBIOTEPHBIX CETEH, CeTeH BEIIaHusl.

[Ipy HamUUYUK EHTPOB KOMMYTAllUM HamOoJiee paclpOCTpaHEHHBIMU SIBIISI-
I0TCSl CTPYKTYpPBI TUIA ““3Be3Aa’” U “panuanbHO-KobLieBass” (puc. 7.2B U 7.2r) aid
HEOOJIBIINX CETEH (CeTh MPEANPHUATHS, HAPUMED) U paduanvho-y3ioseas (puc. 7.1)
U1t 6osee KPYITHBIX CETeH, BKIIFOYas M rio0aibHbie. CEeTH TaKOTro THIA TIOCTPOe-
HBI, KaK MPABWJIO, 10 UEPAPXUIECKOMY MPHUHIIAITY, TO €CTh UMEIOT IICHTPHI KOMMY-
TalluM Pa3IudHBIX ypoBHeW, Hanpumep, ATC npennpusitusi, paiioHa, TOPOACKas
ATC niist MeXIyropogHON CBSI3U U.T.I.

U, nakoHen, cetu, cojepKalire HeHTPbl KOMMYTaIlUU, TTOAPA3IETSIOTCS Ha
CETU C Kommymayueu kananros (aHaJoroBbie MO0 MUPPOBBIE) U CETU C KOMMYMa-
yueti nakemos (TOIBKO MU(PPOBBIC).

7.2 KommyTaumsa KaHanoB U KOMMYyTaLMS NaKeToB

B cetu ¢ xommymayueti kananos (KK) nepenauy cooOuieHust (Tenerpamma,
daiin, TenedOHHBI pa3rOBOP) MOKHO HAYATh JUIIH MOCIE TOTO Kak OyaeT opra-
HU30BaH CKBO3HOM KaHall OT MCTOYHHUKA K moiiydarento. Ecnu xoTs Obl ouH U3
yYacTKOB 3aHAT, WHUIIMATOP COCAWHEHUS TOJydaeT OT CETH OTKa3 (Hampumep,
BCEM 3HAKOMBIEC YACThIE T'YIKH) U Ye€pe3 HEKOTOPOE BPEMSI MOXKET MOBTOPUTH I10-
nbITKy. [IpumMep — TenedoHHas ceTs.
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B cetu ¢ kommymayueti nakemos (KII) ouepenHoii maker (Manasi 4acTb CO-
oOureHus) nepenaercs 10 OMMKailiero HeHTpa KOMMYTallUuK, TaM OH BHOCHUTCS B
naMsATh, CTABUTCS B OUY€PEAb U NIEPEAAETCS T0JbIIIE, KaK TOJIBKO HAUAETCS CBOOO/I-
HBII KaHaJl B MEXUEHTPOBOM JIMHUM B HY’KHOM HalpaBJieHUU. B cienyromem 1eH-
Tpe KOMMYTallMU MOBTOPsieTCA TO ke camoe. [Ipumepsl — TenerpadHas ceTb, KOM-
NBIOTEPHBIE CeTU. B Takoil ceTu BhI3bIBAIONIMN a0OHEHT HE TMOJIy4aeT OTKa30B, HO
BO3MOXKHBI HETIPEACKA3yeMbI€ 3aJIEPKKU B JJOCTABKE MAKETOB.

Yenosus npumenenus memooa KK: y Bcex aDOHEHTOB MMeETCsl 000py0Ba-
HUE, MOJHOCTBIO COBMECTHMOE MO BCEM XAPAKTEPUCTUKAM: IO METOJIAM MOAYJs-
1M, KOAUPOBaHUS, MKU(POBAHUS, CKOPOCTH MEpPEAayur U T.1I.

Ycnosus npumenenus memooa KII: y aOOHEHTOB MMeeTcsi 000OpyaOBaHHUE,
BXOJISIIIIEE B MIEPEUCHB PA3PEIICHHOT0 000PyA0BaHuUs (3TOT MEPEUYECHb MOXKET OBbITh
JIOBOJIBHO OOJIBIITNM); @0OHEHTHI COTJIACHBI C TEM, UYTO MaKeThl OYAYT NOCTABIATH-
C4 C 3aJICPKKOM, BETMYNHA KOTOPOM CIIydaiHa.

Bb16op TOro wim apyroro Meroja KOMMYTalUW ONPENENseTcs, B MEPBYIO
ouepeib, XapaKTepoM Harpys3kH, CO37aBaeMOil HCTOYHUKAMU WH(GOPMAIUU B 3TOM
cet. B 3T0i1 K1accuduKkaum ¢ 0JHONH CTOPOHBI MOYKHO PACTOI0KUTh HCTOYHUKH,
CO3JIAIOIIUE NOCMOAHHYIO HA2PY3KY BO BpeMsl Mepenadu cooOmeHus. TUnuaHbIM
NIPEACTABUTENIEM SIBIIAETCS UCTOYHUK TEJIEBU3MOHHOI'O CUTHANA: HE3aBUCUMO OT
XapakTepa MepeaaBaeMoro CrokeTa uepe3 Kaxasie 1/25 cekyHabl HY»KHO nepeaa-
BaThb HOBBIM KaJip. XapakTepy TAaKOro MCTOYHHKA JIyYIlle COOTBETCTBYET METO
KK.

C apyroii CTOpOHBI PacHoIOKUM HCTOYHHUKH, CO3LAIOLIUE NYIbCUPYIOUYTO
Haepy3ky. TUNUYHBIA MpPENCTAaBUTENIh — 3TO KOMIIbIOTEp B ceTu. Hampumep, BO
BpeMsI UHTEPAKTUBHOTO OOMEHa ([Majiora) Jullb U3pe/iIka BO3ZHUKAET HEOOXOU-
MOCTb B TI€pe/iaue CPaBHUTEIBLHO KOPOTKHUX COOOIIeHnH. B may3ax kaHai cBsi3U HE
HyxeH. Meton KII u Ob11 mipeioxKeH Juisl COrjlacOBaHMs METo/a Mepeiadn ¢ Xa-
PaKTEpPOM TAKUX UCTOUHUKOB.

B Toii unu uHOM Mepe nynscupyrowuli xapakmep umeem HazpysKa, co30a6a-
emas bonvuuncmeom ucmounuxog. Hampumep, Bo BpeMs ceanca TeaeOHHON CBSI-
3u Mbl 50% BpeMeHU MOJIYMM, clymias coO0eceHUKa (ecli pa3roBapuBalOT >KEH-
IIMHA ¥ MY>KYMHA, TO JJI1 HETO 3TOT MPOILEHT 3HAYUTENbHO BbIlIE). MHOrO Bpeme-
HU 3aHUMAIOT Tay3bl MEXIY CIIOBaMH, (ppa3amu, KOT/a MOXKHO KaHaj HE 3aHU-
MaThb.

CpaBnutensHas xapakrepuctuka metonoB KK u KII.

1) Ucnons3oBanue merona KII Omaromapsi BOSMOKHOCTH CO3/1aTh O4Yepeb
NO3BOJISIET 0becneyums noYmu CMonpoOYeHmHoe UCNOIb308AHUE NPONYCKHOU CHO-
coonocmu medxcyenmposuix aunuu, a B cetsix ¢ KK k aTomy npegeny npubGian3nThb-
Csl HEJB3sl, IOCKOJIBKY BEPOSTHOCTh CO3/IaHUSI CKBO3HOI'O KaHaja MaJgaeT C yBEIHU-
YeHUEeM Harpy3ku B cerd. Hampumep, mycThb il CO3JaHMsSI CKBO3HOI'O KaHaia
HY>KHO COeMHUTH 10 HE3aBUCUMBIX YYaCTKOB, U JJISl KaXJA0T0 BEPOATHOCTh HaJH-
yusi cBOOOIHOrO KaHana pasHa 0,7. Torna BepoSATHOCTh YCTaHOBUTH COEAMHEHUE C
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IIEPBOM TOMNBITKU paBHA P = 0,710 = 0,028, TO ecThb HEAOMYCTUMO Mayia. ITO SBIIS-
€TCs CaMbIM TJIaBHBIM J0CTOMHCTBOM MeToaa KII, mockonbKy CTOMMOCTbH JIMHUMN
COCTABJISIET OOJIBIITYIO YaCTh CTOUMOCTH JIFOOOU CETH, 0COOEHHO KaOeIhbHOM.

2) Ilocne ycranoBnenus coeauHenus B cetu ¢ KK abonenty rapantupyercs
OIIPEIEIIEHHOE Kauecmeo 00cnydcusanusi, T0 ecTb (PMKCUPOBAaHHAs MOJ0ca Mpo-
MyCKaHUS KaHala U, KaK CIEJICTBUE, CKOPOCTh NEepeaayr HE HUKE 3apaHee OIpee-
JIEHHOTO 3Ha4YeHMS, PUKCUPOBAHHBIC 3HAYEHUS OUTOBON BEPOSITHOCTH OIIMOKH U
3aIep’KKU CUTHAJIa B KaHalle, IPUYEM BCE 3TU MapaMeTphbl HE 3aBUCSAT OT BO3HHUKA-
folux norpedHocren npyrux aboneHtoB. B certu ¢ KII Bce mapamerpsl, onpese-
JSIFOIIME KAa4eCTBO OOCIY)KMBAaHMSI, 3aBUCAT OT aKTHMBHOCTH IPYrMX aOOHEHTOB,
MO3TOMY CIy4alHbIM 00pa3oM HM3MEHSIOTCS BO BPEMEHM W B 4Hac HamOOJbIIEH
Harpy3ku (UHH) MoryTt npuHsATh HEIOMYCTUMbIE 3HAYEHUS.

3) B cetu ¢ KK 3anepxka ciaydailHOW BETUYMHBI BO3HUKAET MEPE HAaYaIoM
nepenayu coOOOIIeHHs], BO BPEMS MTOMBITOK YCTAaHOBUTH coeinHeHue, a B ceTu ¢ KII
nepe HayajaoM Iepeayu 3aJepKK1 HET, HO 3aTO CIIydalHasl 3a/1ep’KKa BO3HUKAET
B [IPOIIECCE MEpEaayn.

4) B ceru ¢ KK xapakTepucTUKU CKBO3HOI'O TpaKTa B HAMOOJbIIEH CTENEHU
OMPENIENAIOTCA XapaKTepUCTUKAMH HauXyauiero 3seHa B uenu, a npu KII nepena-
Yy MAKETOB B 3TOM 3BE€HE MOYKHO BECTH C IMOHWKEHHOW CKOPOCTBIO, C UCIIOJIb30Ba-
HUEM 00J1e€ MOIHOTO KOAUPOBAHMS, HAMPABIISAA YAaCTh NAKETOB B 00XO/ U T.II.

5) B ceru ¢ KII nepenaya Mexa1y COCEIHUMH [IEHTpPaMU KOMMYTAIlUH BEAET-
Csl B HCKOMMYTHPYEMBIX KaHaJlax, 00JaJatouuX CKOPPEKTUPOBAHHBIMHU YaCTOTHOMN
u (a30BOI XapaKTEPUCTUKAMH; B IICHTPAX KOMMYTAIIUU OCYIIECTBISCTCSA JIBYX-
YpOBHEBasi pereHepanusi CUrHaita (MOIYJISATOP-AEMOIYIATOP, KOAEP-IEKOAEpP);
0OBIYHO MCTOJNB3YETCsl KaHall nepecmnpoca. biaarogaps atomy cets ¢ KII cnocobna
00€ecCIeyuTh Ha HECKOJbKO MOPSAKOB Oojee HU3KYH BEPOATHOCTH OIIMOKH IO
cpaBHeHUIo ¢ ceTbio ¢ KK.

6) B ceru ¢ KII kaxap1ii makeT UMEET 3arojloBOK, B KOTOPOM COJIEPKUTCA
BCA ciy>)keOHass uHopMaius, HeoOXoaumMas JJisg ero JOCTAaBKU IO Ha3HAYEHUIO
(azpeca UCTOYHMKA W MOJIyYaTels, MOPSAKOBbIA HOMEp MaKeTa B CEPUH, 3HAUCHUS
JIPYrUuX MapaMeTpoB JIAHHOTO TMaKeTa, TPEOOBAHMS K KauyecTBY OOCTYXKHBAaHUS U
T.11.). [Ipn KK Takas unpopmanus nepenaercs TOJIbKO OJUH pa3, BO BpeMs yCTa-
HOBJICHHSI COeTMHEHUS, odTOMY ¢dopmanbHO B cet ¢ KII u30bITouyHOCTh (OTHO-
IIEHHE JIJTMHBI 3aroJIoBKa K JIMHE makera) Boiiie, 4yeM B cetu ¢ KK. daktuuecku
CUTYalllsl U3MEHSETCA HAa OOPATHYIO, €CJIM YYECTh, YTO B May3axX MEXIY COCEIHU-
MU TaKeTaMHU KaHaJl UCTIONb3YEeTCs JIJISl Mepeladn MakeToB OT APYruX aOOHEHTOB
(cm. m.1).

7) B cetn ¢ KK paboTty mo opraHuzaiuu COeIMHEHHS, HATIPUMEpP, HEOTHO-
KpaTHBIM HaboOp HOMEpa, BKIIOYas Jake BbIOOp Mapuipyra (B TeneOHHOH ceTH
HY’KHO 3HaTh KOJ CTpPaHbl, KOJA ropoja, HoMep a0OHEHTA), BBINOIHSIET BbI3bIBAIO-
muii aboHeHT; B ceTu ¢ KII Gombliryto 9acTh 9T0il pabOThI BHITIOTHSET CETh.

8) B cetu ¢ KK mpu aBapuu Ha 11000M M3 Y4aCTKOB CKBO3HOM KaHAI pa3py-
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maercsi, a B cet ¢ KII meHTpbl KOMMyTaIluu MOTYT CaMOCTOSITEIIbHO HANpPaBUTh
OCTaJbHBIE TMAKETHl MO OOXOMHOMY MYTH, & B OKOHEYHOM IICHTPE KOMMYTAIIHH
NPOU3BECTU cOOp U PACCTAHOBKY MOCTYIMHUBIIUX MaKETOB B COOTBETCTBUU C HX IO-
PSAKOBBIMU HOMEpPAMHU.

9) B ceru ¢ KK panukanbHasi MOJIEepHU3ALMs, BKIIOYAIOLIAs W3MEHEHUE
CIIOCOOOB MONYJISIIIMH, KOAUPOBAHUS U T.II., MOKET OBITh MPOBEEHA JIMIIIb BO BCEH
cetu cpa3y; B cetu ¢ KII Takyro MOJepHU3AIIIO MOXHO MTPOBOAMTH IO YACTSIM.

[TpoBeneHHOE CpaBHEHHE MOKA3bIBAET, UTO Cemb ¢ KOMMymayuel naxkemos
obnadaem doavuell 2ubKOCMbIO0 U CNOCOOHA 0becneduums 6oJiee 8bICOKYIO HAOEC-
HOCMb U 00CMOBEPHOCMb Nepedadu coobujenutl npu bonee 3¢hpexmusHom ucnoisb-
308aHUU pecypco8 cemu, a cems ¢ KOMMymayuel Kauanos obecneuugaem oOo.ee
8bICOKYIO 2apanmuio CmaduibHO20 Ka4ecmeda OOCHYIHCUBAHUS, XOMs 8 YEoM €20
Ypogeenb modcem Obimb HUdICe.

Torga Bo3HUKaeT BOMpocC: HacKoibko yHuBepcaieH meroa KII, B kakoit me-
pe Takasi ceTh NMPUTOIHA JIJIs TIepeladr BCEBO3MOKHBIX COOOIICHH, 0COOEHHO CO-
OOIIEHUHN OT UICTOYHUKOB, CO3/IAI0IINX MTOCTOSHHYIO Harpy3ky? B wactHocTu, npu-
TOJ[HA JIU Takasi CeTh JJIs opraHu3aiuu TenedoHHoi csa3u? Ha 3ToT Bompoc Moxk-
HO OTBETHUTHh YTBEPAUTEIHHO XOTs OBl MOTOMY, YTO YK€ CYIIECTBYET U YCIIEITHO
pa3BUBAETCS MEXKIYropoaHas U MexxayHapoaHas [P-tenedonus, To ecTb BeneHue
Tene(OHHBIX MEPEroBopoB depe3 ceTh MHTepHeT, B KOTOpOW MPUMEHSETCS METOT
KOMMYTAIMHU TTaKETOB.

Oxa3bIBaeTcs, BOMPOC HE B TOM, CYIIECTBYIOT JIM 3aJI€P>KKU B TpoIlecce Te-
penaur TakeToB, a B TOM, HACKOJBKO BEIMKA CPEIHSS BEIWYMHA 3aJCPKKH H,
IJJaBHOE, HACKOJIBKO BEJIMKHU CIy4YalHBbIE BapvallMu 3TOM 3aiepxku. Hampumep,
BCE YK€ IIPUBBIKJIM K TOMY, 4TO fgaxe B cetu ¢ KK npu nepenade curnana gepes
CIIyTHUKOBBIN PETPAHCISATOP HA T€OCTAllMOHAPHON OopOuTe (BBICOTA OKOJIO 36 THIC.
KM) CYILECTBYET 3a/iepkka mpumepHo B 0,3 cekyHIbl. DTO, KOHEYHO, CO3/IaeT KO-
MY-TO HEOOJbININE HEYI0OCTBA MPU BEJAECHUHU Tele(OHHOro Auanora, HO JIsl TeJe-
BHU3MOHHOI'O BEIIaHUS U, OCOOEHHO, MpU oOMeHe (aillaMu MOXKHO ObLIO ObI CMU-
pUTHCS U ¢ OOJbIIEH 3aAepKKOU. [ TaBHOE, UTO €€ BEeNMYHUHA [TOCTOSTHHA.

Crnemyer OTMETUTH OJIHO 3aMeyaTeIbHOE CBOMCTBO, BHITEKAIOIIEE U3 3aKOHA
OOJIBIIUX YHUCET TEOPUU BEPOATHOCTEH: yeM Oosbille a0OHEHTOB OOCTYKHBAET
cetb ¢ KII u ee ornenpHbIE Y4aCTKU, TEM OTHOCHUTEIBHO CTAOMIbHEE CTAHOBUTCS
CyMMapHbIN MOTOK TpeOOBaHUN aOOHEHTOB M, CJIEAOBATEIbHO, TEM MEHbIIIE CTAHO-
BATCSL CPEIHsISI BETMYMHA 3aJCPKKU MPHU Tepeayde MakeToB M BEIUYMHA €€ CIy-
yailHpIX Bapuaimii. Pazymeercsi, Bce 3TO TOJBKO MPH YCIOBHH, YTO IMPOITYCKHAS
CIIOCOOHOCTh YYacTKOB CETH BHINIE, YeM CyMMapHas Harpyska, co3gaBaemas abo-
HeHTamMu. OTHOCUTENbHASA BEIHMYMHA HEOOXOAMMOTO MPEBBIIICHNUS (3amaca) TakxKe
YMEHBIIAETCS C YBEIMYEHHEM KOJIMYecTBa aOOHEHTOB (MOApoOHEee 00 3TOM CM.
pasa. 7.5).

Takum 00paszoM, npu nepedaue O6OILUUX NOMOKOE UHDOpMAYUU 8 CemuU C
KII umeemcs peanvrnas 603mMoicHOCMb 0becneyums 8blCOKOe Kauecmao 00CIyHCU-



164

8aHUsL NPU BLICOKOU AP HEKMUBHOCU UCNONL30BAHUSL PECYPCO8 CEMU.

CnpaBennmBocTy paau oTMeTuM, 4to U B cetu ¢ KK npu yBennuenuu noro-
KOB TOBBITIIAETCS 3()PEKTUBHOCTh, HO TO HUKAK HE YMEHBIIIACT IPEUMYIIECTB Ce-
tH ¢ KII, oTMEYeHHBIX BBIIIIE.

Cospemennas meHOeHYUss Npu CO30AHUU HOBLIX CEeMeBblX MeXHOI02Ull 3a-
Kouaemcs 8 paspabomie “‘2uOpuoHvix”’ Memooos ¢ mem, 4moobvl UCNONb308AMb
docmouHcmea 0b6oux Memooos u, N0 03MONCHOCMU, OCIADUMb UX HEOOCMAMKU.
3a ocHOBY Oepercssi METOJ KOMMYTAIMM TAKETOB M JOMOJHSAETCS HEKOTOPBIMU
poLeaypaMu, TPUCYITUMHA METOY KOMMYTAIIMU KaHAJIOB, HAIpUMeEp, MPOICTy-
pOii MpeIBApUTEIIHLHOTO CO3/IaHKsI CKBO3HOT'O “BUPTYaJIbHOT0”” KaHaa (pasa. 7.4).

7.3 lleHTpBI KOMMYTALIMHA

[IpyHIUMBI TTOCTPOCHUS M (PYHKIIMHM HEHTPAa KOMMYTAIUM KAHAJIOB pac-
CMOTpHUM Ha Ipumepe aBTomarnueckon tenedonnon cranuuu (ATC).

OcHoBHas 3anaya nearpa KK — ato opranuzanus mo tpeboBaHuio Gusnye-
CKOTI'0 COEMHEHHUsI JTI000M M3 1 BXOJHBIX JIMHUM C JIFOOOU JPYyrod u3 n BBIXOAHBIX
JUHUN U yAepKaHHue 3TOr0 COSIMHEHHS Ha BpeMs mepenadn cooOmeHus. L{eHTp
KK nomkeH oJHOBpEMEHHO MOAAEPKUBATh A0 m Takux coenuHeHuil. Hemocpen-
CTBEHHO ATy 33/lauy peIIaeT YCTPONUCTBO KOMMYTAIMU (KOMMYTAIIMOHHOE T10JIE).

UtoOBI pemuTh 3Ty 3aAady, IEHTP KOMMYTAIIMU JOJKEH MIPUHUMATh U aHa-
JU3UPOBATH COOOIIEHUS, TOCTYNAIOIINE U3 CETHU CUTHAIU3aluu, OpMUPOBATh MO-
n00HbBIE COOOIIEHHSI U HaNpaBsITh UX B Apyrue 1neHtpsl KK, konTponuposats co-
CTOSTHHME KaHAJIOB Iepeayd M BhIPaOAThIBATh COOTBETCTBYIOIIME KOMAHIbI MPHU
U3MEHEHUU CUTYallMM, BECTU YUY€T U Tapu(UKAIMIO MPOU3BEICHHBIX COCITUHEHUH,
IIPOBOJINTh TECTUPOBAHHE COCTOSHHUS OOOPY/IOBaHUS, OPraHU30BBIBATH IIPEJIO-
CTaBJICHHE a0OHEHTaM psifa JOMOJHUTENBHBIX YCIyr U ToMy moaoOHoe. Bece 3Tu
(YHKIIMU BBITIOHAET YCTPOUCTBO YIPABICHUS IIEHTPAa KOMMYTAITHH.

[To-BUAMMOMY, MOKHO BBIICIUTH TPU OCHOBHBIX 3Tana pa3sutus ATC.

Ilepsoe noxonenue — smo dekaoHo-uiazogvle (anekmpomexanudeckue) ATC.
DJIEMEHTOM YCTPONCTBAa KOMMYTAIIMU SIBJISIETCS JIEKaHO-IIAroBbld uckarenb. OH
conepkut 10 HEeMOABMKHBIX KOHTAKTOB, PACTIOI0KEHHBIX MO OKPYKHOCTHU, U OJUH
MOJIBMKHBIN KOHTAKT, TIO3TOMY CIIOCOOEH MPOM3BOAUTH raJIbBAHUYECKOE COCTMH -
HUE JIF0OOM U3 JeCATH BXOAHBIX JIMHUM ¢ OJTHOM BBIXOJIHOW JIMHUEHN 1100, nMpu 00-
paTHOM BKJIIOYEHUH, OJHON BXOIHOMU € JII0OOM M3 IECATH BBIXOJHBIX (puc. 7.3).

o

OO0 VN PRWN—

u};u

—_—

Puc. 7.3. Cxema nexagHO-IIarOBOr0 UCKaTeEIs
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[IepemernieHre NOJBUKHOIO KOHTAKTa M3 MCXOJHOIO MOJOKEHHS MPOU3BO-
JUTCS DJIEKTPOMArHUTOM, Ha KOTOPBIM MOJAETcs cepus, coaepxkamas or 1 mgo 10
uMmIyJsibcoB. [Ipu mogaye oyeperHOro MMITyJIbca KOHTAKT NEPEMEIIAETCS Ha OJMH
miar. ['eHepaTopoM 3TOM cepur MMITYJIbCOB MpU Habope ouepenHor 1udpsl Teme-
(OHHOr0 HOMEpA SBIIAETCA JUCKOBBI HOMEpPOHAOUpaTENlb B TEIEPOHHOM anmnapa-
T€ BBI3BIBAIOILIETO a0OHEHTa. B urore /uist opraHu3anuu COeIUHEHMs], 3a/1aBaeMOrT0,
HanpHUMep, ECTU3HAUYHBIM HOMEPOM, U yJep>KaHUsI €ro Ha Bce BpeMs TeleOHHO-
ro pasroBopa OyAyT 3aJeiiCTBOBAaHbBI LIECTh JAEKAJHO-IIArOBBIX MCKATENEH, Haxo-
nsmuxcs gaxe B pasHbix ATC, pacnonoXeHHbIX BOJIb JINHUH CBSI3H.

Oo6opynoBanue aexagHo-maroBoii ATC umeer Oosblie Maccy U pa3Mepsbl,
BBICOKYIO CTOMMOCTb, JUIsl HETO XapaKTepHbl 3HAYUTENbHbIE KOJIeOaHUsI CONPOTHB-
JIEHUSI KOHTAKTOB, OTKPBITHIX JIJIsi BHEITHUX Bo3aecTBuid. [locnennee o0cTosATENb-
CTBO SBJISIETCS] IPUYMHOM KPATKOBPEMEHHBIX (ITOpsAJIKA €IUHUL] MUJUIUCEKYH]T) 3a-
MUpPaHUI CUTHAJA, 9YTO 0OCOOECHHO MaryoHO BIUSET HA Mepenavy JaHHbIX. JekanaHo-
marosle ATC MOpaJIbHO yCTapeln U CHATHI C IPOU3BOJCTBA, XOTS €HIe KOe-TAe
HAXOJSTCS B DKCIUTyaTalNu.

Bmopoe noxonenue — smo koopounamuvie ATC (ATC ¢ npocmpancmeenHol
Kommymayueil). JINEeMEHTOM YCTPOMCTBA KOMMYTALIMH SIBJIIETCS MHOI'OKPATHBIN
koopauHaTHbIM coeaunuTenb (MKC). OH comepxut HabOp W3 1 “TOPU3OHTAIIb-
HBIX" U 1 “BEPTUKAJIBHBIX  IIWH, [IPU 3TOM B KAXKIOM Y3JI€ UMEETCS yIPaBIAEMbIN
K104 (puc. 7.4). Kitou — 3170 Maliopa3MepHbIii TepMETU3UPOBAHHBIN KOHTAKT (Tep-

T A I W
T A I W
T I W
T I W

Puc. 7.4. Cxema MHOT'OKPATHOT'O KOOPAWMHATHOT'O COCANHUTECIIA

KOH), B KOTOPOM 3aMbIKaHH€ KOHTAKTOB MPOUCXOIUT MO/ BO3/I€HCTBUEM BHEIIHETO
MarHuTHOIO IOJIsSI, CO3JaBa€MOI0 MUHUATIOPHBIM 3JIEKTPOMArHUTOM. Y IIPABJISIO-
M€ HANpSKEHUSI Ha 3THU AJIEKTPOMATHUTHI MOAAKOTCA OT YCTPOMCTBA YIPABIICHHUS
ATC. B urore m000i1 BX0J MOKHO COETUHUTH C JHOOBIM BBIXOZOM, IPUYEM OIHO-
BPEMEHHO MOAAEPKUBATD 10 1 COSTUHEHUM.

Koopaunatueie ATC 0651aatoT TeMH e HEJ0CTaTKaMU, HO B 3HAYUTEIIbHO
MeHblIel creneHu. braarogaps Tomy, uro Bce MKC paGortaioT mo curHainam us3
ycrpoiictBa ynpasieHuss ATC, To ecTb U3 CHEMAIM3UPOBAHHOIO KOMIIBIOTEPA,
€CTb BO3MOXHOCTb IIPEOCTABIIATh AOOHEHTAM PsiJl 1OMOTHUTEIbHBIX YCIIYT.

Tpemve noxonenue — smo 21ekmponnvie (Yyugposvie) ATC. DneMeHTOM
YCTPOMCTBA KOMMYTAalMH SIBJISETCS Napa MYJIbTHUIUIEKCOP-AEMYJIbTUILIEKCOpP (pHUC.
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7.5), orkyna cinenyer, uto B ATC 3T0oro trma npou3BoASTCs TaKHe ke mpeodpas3o-

Bx. BbIx.
= MUX || DMUX =
Howmep Homep
CII0Ta cloTa

YCcTpoUCTBO YIIpaBJIEHUSA

Puc. 7.5. Cxema koMMyTaTOpa Bp€MEHHBIX HHTEPBAJIOB

BaHUs CUTHAJIOB, Kak B MHorokaHaiasHOU 1udposoit CIIN ¢ BPK (puc. 6.3). Mme-
IOTCS JIUIIb JBA OTJIMYMS. BO-NIEpBBIX, HE HYKEH CENEKTOP CUHXPOCUTHAJIOB, TAK
KaK MYJIbTUIUIEKCOP U JAEMYJIbTUILIEKCOP HAXOIATCS PAJIOM M padoTaroT Mo Ko-
MaHJlaM OT OOIIEro yCTpoWCTBa ympaBieHusa. BTopoe oTivuue CBA3aHO C MOPSi/I-
KOM TIOAKJIIOUEHHS 7 BXOA0B U n BbixosioB. B CIIN ¢ BPK B m1000#f MOMEHT Bpe-
MEHHU HOMEP A BXOJHOW JIMHHM, MMOJKIIOUYAEMON K BBIXOAY MYJIbTHUILUIEKCOPA, COB-
najgaeT ¢ HoMepoMm B Toil BBIXOJHOM JIMHUM, KOTOpash MOAKIIOYAETCS K BXOAY Je-
MynbTUILIEKCOpa. B kommyTtaTtope ATC 3T ABa HOMEpa BCerja pa3jiuyHbl, XOTS B
1[€JIOM BCE€ 1 TIap HOMEPOB MOBTOPSIIOTCSI B TOM K€ MOPSJIKE OT IUKJIIA K LIUKITY (4de-
pe3 125 MKc) A0 Tex mop, MoKa He 3aKOHYUTCS KaKoW JTuOO0 pa3roBop JMOO HE IMo-
CTYNUT TpeOOBaHKME HA HOBOE COEMUWHEHHE. Torma mpoucxoauT nepedopMupoBa-
HUE Tap, HO OHO, pa3yMeeTcsl, He 3aTparuBaeT HoOMepa CIOTOB T€X aOOHEHTOB, KO-
TOPBIE €€ HE 3aKOHYMIIN Pa3roBOp.
Hanpumep, npu n=4 Homepa 4epe1ytoTcsi B CIEAYIOLIEM MOPSJIKE

Homep |...[1(2(3|4/1|2|3|4]|1|2|3|4
A
Homep |...|3/4(2|1/34|2|1|3]4|2]1
B

DTO0 3HAYUT, YTO B MIEPBOM CJIOTE MEPBBINA BXOJ] MOAKIIOYEH K TPEThEMY BbI-
XOJy, BO BTOPOM CIIOT€ BTOPOM BXOJ] MOJAKIIOYEH K YETBEPTOMY BBIXOJY M TakK Ja-
Jee B KaXJaoM IuKie. Takod croco0 HOCHT Ha3BAaHUE KOMMYMAYUs 8PeMEHHbIX
unmepeanos. Her HUKaKUX MPEMATCTBUM NJii TOTO, YTOOBI HECKOJIBKO BXOJHBIX
JIMHUWA COEIUHUTH C OJHOW BBIXOJAHOW JIMHUEW IUIsI OPraHU3alid COBMECTHOIO
pasroBopa.

3a BpeMsi OJJHOTO MOJKJIIOUEHHs (B OJHOM CIIOTE) MEepPEAaeTCsl OJIUH OTCYET
TeneoHHOro curHana B mudpoBoit ¢popme, To ectb 8 6ut. [loaTromy Bce aHaoro-
Bble Tene()OHHBIE CUTHANBI, MPUXOISIINE 10 a0OHEHTCKUM JMHUSM, Ha BXOJE B
ATC mnoasepraroTcs a”aoro-nugpoBomMy mMnpeoOpa3OBaHWIO, a BCE CHUTHAIBI,
HamnpaBisieMble B a0OHEHTCKHUE JUHUU — IU(PO-aHATIOTOBOMY MPEe0oOpa30OBaAHUIO.
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Hepenxo (koraa ob6a abonenrta obcmyxkuBatorcs ogHor ATC) ob6a npeodbpazoBaHus
JIEJIat0TCs JIUILb JJIsl TOTO, YTOOBI OCYIECTBUTH KomMmyTaluio B ATC.

OcHoBHas 3a/1a4a HEHTPA KOMMYTALMH MAKETOB Ta )K€ — 3TO OpraHU3aLus
1o TpeOOBaHMIO (PU3MUECKOT0 COSAMHEHUS JII0OON U3 71 BXOAHBIX JTUHUN C 000N
JIPYrod U3 1 BBIXOIHBIX JIUHUM, HO COXPAHAEMCs 35MoO coeOuHeHue aullb Ha KO-
PpOmKOe 8pems — Ha 8peMs nepeoadu 00Ho20 nakema. HemocpeacTBEHHO ATy 3aja-
4y peliaeT yCTpoUCTBO KOMMYTalluu U(GPOBBIX CUTHAJIOB.

UYtoOs! pemuTh 3Ty 3a/ady, MEeHTP KOMMYTAIMH JOKEH MPOU3BOIUTH Jle-
MOJIYJISIIUIO IPUHUMAEMBIX HUMITYJIBCOB M JIEKOJUPOBAHUE KOMOMHAIMN KOPPEK-
TUPYIOIIETO KojAa (MIPOBOAWTH OOHApPY)KEHHE OIMOOK), BBIACIATH U aHATH3UPO-
BaTh 3ar0JIOBKU MAKETOB (XOTs ObI JJIsl TOTO, YTOOBI OMPEAEIUTh, B KAKOM HaIpas-
JIEHUM €ro OTIPABUThH AAJIbIIE JIMOO KyJa HAlpPaBUTh 3alPOC HA MOBTOPHYIO Mepe-
Javy MakeTa B Crydae OOHapYy>KeHHs B HEM OIMHMOO0K), C YI€TOM TEKYIIeH HAarpy3Ku
U COCTOSIHMSI JIMHUM BbIOpaTh HampaBlIeHUE NajbHEUIIeH Mepeaun Mmakera u Io-
CTaBUTbh €r0 B OY€pE/lb, MPOBECTU KOJUPOBAHUE U MOAYISLUIO MEpel OTIPABKOM
nakera, KOHTPOJIMPOBATH COCTOSIHUE KaHAJIOB Iepefadyd, BECTH YYET BEIIUMYUHBI
Tpaduka U TapudUKaIKIO, TPOBOJAUTH TECTUPOBAHUE COCTOSIHUSI OOOPY/IOBaHUS U
TOMY MOA00HOE.

[IpuBeneHHBIN N1aJeko HE TOJHBIM TMEepeueHb IMOKA3bIBAET, 4TO (YHKIMH
nentpa KII HamHOro cioxhHee u pazHoodpasHee, yeM ¢pyHkuuu nenrpa KK, mo-
sToMy Hepenko neHtp KII —3To MHOromnponeccopHas BBIYMCIATEIbHAS CUCTEMA.

O4eBUAHO, YTO B OONBIIMX CETAX C KOMMYTalMEW MAaKEeTOB HET HEOOXOH-
MOCTH B TOM, YTOOBI BCE IEHTPHI KOMMYTAIlUU ObUTH CITOCOOHBI BBITIONHSTH BCE
nepeyrciaeHHble PYHKIUMU B MOJHOM 00beMe, a B MaJIbIX CETSAX MHOTUE U3 (PYyHK-
Uil BooOIIe He HYXHbI. [I03TOMY CyHIECTBYIOT LIEHTPbl KOMMYTALIMHM IAKETOB
Pa3HBIX KJIACCOB. YKaXXeM HEKOTOpPbIE U3 HUX, YUUTHIBAS, YTO OJJHA U3 BAXKHEHIITUX
Pa3HOBHUIHOCTEW CETEN ¢ KOMMYTAIIMENW TAKETOB — 3TO KOMIIBIOTEPHBIE CETH.

Mocm (bridge) memut oOmyro cpemy, B KOTOPOW MEPEHArOTCS TMaKETHI,
Hanpumep, o0iyto muHy (puc. 7.20), Ha yacTu (IOJICETH) U BBIMYCKAET MaKeT 3a
npeneabl JaHHOW MOACETH JIMIIb B Cilydae HeoOXoauMocTu. Mimeer oquH npouec-
COpHBII OJIOK.

Kommymamop (switch) umeer npoiieccop Ha KaxJaoM MOpTe, TO €CTh 3TO —
COBOKYMHOCTh MOCTOB. CriocoOeH o0pabaThiBaTh MakeThl HE3aBUCUMO B Tapai-
JICIBHOM PEXHUME.

Mapwpymuzamop (router) cnocoOeH BbIOMpaTh HanbOOJIEe paMOHAIBHBIN
MapIIpyT, UCTIOIb3Ys SIBHYIO YUCIOBYIO aJIpecallvio MoJICeTel ¢ YIEeTOM UX Hepap-
xun. CrnocoOeH npeodpa3oBbIBaTh (HopMaT Makera sl CBSI3U MOACETE ¢ pa3HO
CETEBOU TEXHOJIOTHUEM.

LlIno3 (gateway) oOiagaeT MOJHBIM HAOOpOM (YHKIIUN M MOXKET 00beIH-
HATh CETU C Pa3HBIMU TUIIAMH CHCTEMHOI'O M MPHUKJIAJAHOrO MPOrpaMMHOro odec-
NICYECHUS.

KpoMme Toro, mis kaxxaoro Buaa COOOIIEHUN CYIIECTBYIOT ONTHUMAaJbHbIC
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3Ha4YeHUsl NapaMeTpoB nakeToB. Hampumep, npu nepenade TEIEBU3UMOHHOTO WU
TeNe(POHHOI0 CUTHAJIa >KEeNaTeIbHO HCIOJIb30BaTh KOPOTKHE MAKEThI, YTOOBI HE
YBEIMYUBATH 33JIEPKEK, CBSI3aHHBIX C (POPMHUPOBAHUEM, & TAKXKe 00paObOTKON MpH-
HUMaeMbIX mnakeroB. [lpu mepenaue QaiinoB HOMycTUMO HMCIOJb30BaHUE Oolee
JUIMHHBIX TAaKETOB JUIsl YMEHbIIEHHUS U30bITOYHOCTH. OTMETUM €Ille, YTO CO3/1aHO
OrPOMHOE KOJIMYECTBO BTOPUUYHBIX CETEH C KOMMYTAllMEH MaKeTOB CaMOro pa3Ho-
00pa3HOro Ha3HAYECHUSI.

Bce 3To BpIIBUTAET HA MEPBbIN MIIaH MP00JaeMy YHU(PUKAIUHN, CTAHAAPTH-
3alliM CTPYKTYpPhl U MapaMeTpoOB IMAKETOB, a TaKX e CIOcO00B MX 0O0pabOTKM Ha
pa3HbIX 3Tanax nepegadd. Ocoboe BHUMAaHHUE JTOMKHO OBITH YAETIEHO CTaHIapTH-
3auu uHmepgeticog (CTHIKOB), TO €CTh TpaHUIAM pa3jelia JIBYX YCTPOMCTB WU
CUCTEM.

[[Iupoko TpUMEHSIEMBI METOJ CTaHIAPTH3AIMA — 3TO pa3padOTKa IPOTO-
KoJIOB 0OMeHa uHpopmaiueit. /[lpomokon — 3TO corjlalieHue, Kacarouieecs: yrpas-
JeHUs] TpoueaypaMHu MH()OPMALMOHHOIO OOMEHa MEXAY B3auMOJACHCTBYIOIIMMU
00BEKTaMH, TO €CTh yIpaBlieHus (popmaToMm cooOiieHuid, GOpMUPOBAHUEM KOH-
TPOJIbHOU HH(pOpPMAIIUK, TOTOKOM KOMaH]l U JEHUCTBUSIMU, KOTOPBIC MPEIPUHU-
MaloTCs B ciydae oOHapyxeHus omuOok. [Ipenmonaraercs, 4To 3TH 0OBEKTHI HE
UMEIOT CPEJICTB MPsMOro ooMeHa MHOpMaIeil, HO MOT'yT HepechbliaTh JIaHHbIE
4yepe3 COOTBETCTBYIOUIMH JIOKAJbHBIA MHTEp(dEiic MPOTOKOJIaM HHKHEro YpPOBHS,
1oka He OyJeT JOCTUTHYT camblii HIDKHUM — Qu3nueckuit. Uupopmanusa nepena-
€TCs B yJIaJIEHHBIN MYHKT C UCMOJIb30BAHUEM MPOTOKOJIA CAMOr0 HU3KOT'O YPOBHS U
Jlajiee MPOJIBUraeTCsl BBEPX 4Yepe3 CHCTEMY HMHTEp(EcoB 10 COOTBETCTBYIOILIETO
YPOBHS B IyHKTE Ha3HaueHHUs. [ K101 ceTH Hy>KEeH Habop MPOTOKOJIOB, OTpe-
JEJSIOMNX CI0c00 B3aMMOJEHCTBUS YAAICHHBIX OOBEKTOB HAa JAHHOM YpPOBHE, U
HaOOp uHTEepGENCOB, ONPENEIIIOMUX CITOCO0 B3aUMOACHCTBUS MEXKY COCETHUMHU
ypoBHAMH. Takoii HaOOp Ha3bIBAETCS MAKETOM (CTEKOM) MPOTOKOJIOB. MIMEeHHO OH
ornpezenser cnocod 00padoTKM MAKETOB B IIEHTPAX KOMMYTAIIHH.

B nacrosiee BpemMsi pa3paboTaHo G0JbIIOE KOJIMYECTBO MPOTOKOIOB Pa3HO-
r0 YPOBHS, TIOATOMY CO3[laHa KOHIEMIIHS, COTIIACHO KOTOPOil CBSI3HOE 000pyA0Ba-
HUE C Pa3UYHBIMU MPOTOKOJIAMHU MOXKET OOBEAUHSATHCS B CUCTEMY C IOMOIIBIO
CEeTH Iepeaayn AaHHbIX. Takoil cCTaHAapT CTAaHAAPTOB HA3BIBAETCS CEMUYPOBHEBOT
SMANOHHOU MOOENbIO 83aUMOOetcmausi omKkpbimbvix cucmem. OH ONpPENENET CEMb
YpOBHEW B3aMMOJICUCTBHS, HAUYMHAS C HIKHETO: (PU3WYECKHUM, KaHaJbHbIN, CeTe-
BOM, TPAHCIIOPTHBIM, CEAHCOBBIM, MPEACTABIICHNS TaHHBIX U NMPUKIAaIHOU. [lepBbIe
TPU YPOBHSI OTHOCSTCS K Mepenade W Mapuipyrusauuud AaHHbx. [lociaeanue tpu
YPOBHA OOCTYKHUBAIOT MOJIb30BATEIbCKUE MPHIOKEHUs. UeTrBepTblii YpOBEHB
o0ecrneunBaeT CTHIKOBKY TPEX HMXKHHUX M TPEX BEPXHUX YPOBHEU. DTa MOAENb IMO-
Ka HE peain30BaHa B BUJIE 3aKOHYEHHOTO MHOKECTBA MPOTOKOJIOB ISl BCEX YPOB-
HEH, HO YK€ JJa€T BO3MOXKHOCTh YIOPSIOYUTh UMEIOIIUECS TIPOTOKOJIBI.
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7.4 JenTtarpaMmMHbIN MeTO4 Nepenayu u nepepaya
C npeaBapuTesibHbIM YCTaHOBJIEHUEM coeANHEeHUA

Jeiitarpamma (datagram) — 3TO caMOCTOATENbHBIN MAaKET, B 3ar0JIOBKE KO-
TOPOTr0 COAEPKUTCS ToTHas nHGopMalus, HeoOxoauMmast JJisl ero nepegayu oT uc-
TOYHHUKA K MMOJYyYaTEN0 HE3aBUCUMO OT BCEX MPEAbIAYIINX U TOCIEIYIOIINX MMaKe-
TOB, J1a’K€ €CJIM OHU SABJISIOTCS YacCTSAMHU OAHOro cooOieHus. [loatoMy B kaxkaom
IIEHTPE KOMMYTAIMHU KOKIYIO MPUXOJIAIIYIO IeTarpaMmMy o0pabaThiBaOT KaK HO-
BOE COOOIIICHHE, BCJIEICTBUE YETO BO BPEMsI CeaHca CBS3H JIBYX a0OHEHTOB MAKEThl
MOTYT NPUXOAUTH B MMYHKT HA3HAUYEHUS 11O PA3HBIM IYTSAM, C Pa3JIMYHBIM 3ama3ibl-
BaHHEM M JJa)Ke HE B TOM IOPsKE, B KAKOM OHU ObuM miepenanbl. Hekoropsie ma-
KETbl MOTYT OBITh MOTEPSIHBI (MCKAXKEHBI U3-3a BO3AEHCTBUS MToMex). Jlefitarpamm-
HBII crIOocOo0 mepeaadyu — 3TO HauboJee MOTHOE BOIUIOIICHUE UEH METO/Ia KOMMY-
TalllX MTAKETOB.

IIpumepoM ceTr, B KOTOPOW HCHOJIB3YETCS AEUTarpaMMHBINA METO Mepena-
yn, ssisiercs Mareprer (ctek mporokonoB TCP/IP). 3aromnoBok makera coaepKUT
cienyrouyro nHbopMaluo: Homep Bepcun nporokona IP; nnuna 3arosioBka; Tpe-
OyeMbIil TUTT OOCTy>KMBaHUS (Mayasi 3aJiepikKKa, BHICOKAsl HaJSKHOCTh U T.II1.); 00-
mas JJIMHA MaKeTa; o0mias JUiMHa, uiar U BeJIWYMHA cMelleHus ¢gparmeHTa (MH-
dbopmanus, HeodxoauMmasi g cOOpKHU NakeTa u3 (parMeHTOB, HA KOTOPBIE B CIY-
yae HEOOXOAMMOCTH OH ObUT pa3OUT B OJHOM M3 IICHTPOB KOMMYTAIIMH); BpPEMs
AKU3HU (YMCIIO MapLIPyTU3aTOPOB HA IMYTH MAKETa, MOCIIE MPOXOXKIACHHUS KOTOPBIX
MaKeT YHUYTOXAETCS KaK 3a0IyJUBIIUNCA); THUI MPOTOKOIA BEPXHETO YPOBHS,
HY>KHOTO /111 00pa0OTKM JaHHBIX B MAKeTe; KOHTPOJbHAsA cymMMa (IMPOBEPOYHBIE
OUTHI) 3aroJIOBKA; MOJHBINA YUCIOBOM ajpec OTHPABUTENS; MOJHBIA YHUCIOBOM ai-
pec Moy4aTens U Mpoyee.

OTOT CHUCOK MPUBEAEH JIMIIb ISl TOrO, YTOOBI MOKa3aTh, YTO JUIMHA 3aro-
JIOBKa BeNMKa. Beren 3a 3aroioBKkoM uaeT nHGOpMaIMOHHAsS 9acTh MaKeTa, KOTO-
pas TakKe KOAUPYETCS LUKIMYECKUM KOAOM C 16 MpOBEPOYHBIMU CUMBOJIAMH.
UtoOBbl M30BITOYHOCTH ObUTA HE CIMIIKOM OOJBINONW, WH(POPMAIMOHHYIO YacTh
CJIEJIyeT YBEJIMYUTh, B UTOTE O0II[as JUIMHA MaKeTa MOXKET JOXOAUTH 110 64 KOauT.

Cetb, B KOTOPOIl MPUMEHSAETCS JeHTarpaMMHBIA METOJI Nepenayun, QyHKIH-
OHHPYET 0 MPHUHIIUITY CAMOOPTaHU3AIMHU, OHA HE UMEET OOIIEeTO yIPaBICHHUS, XO-
TS €cTh 001Ke 0a3bl JaHHBIX. VICHOMB3YIOTCS TOBOJIBHO MPOCTHIE MPOTOKOJBI, B
y371aX CETU UMEETCSI MUHUMYM HH(pOpPMAIMU O MPOXOSAIIUX MaKeTaX U KaueCTBe
oOcnyxxuBaHusi. Bce 3To obecreurnBaeT BBICOKYIO KUBYYECTh CETH U OTKPBHIBACT
IIUPOKUE BO3MOXKHOCTH JIJIsl €€ HapallluBaHUsI U U3MEHEHHUS CTPYKTYPHI.

C nmpyroii CTOpOHBI, B KXKIOM y3Jie (IIEHTpe KOMMYTAIliK) B CiIy4ae oOHa-
PY’KEHHUS OIIMOOK B MPEIBIIYIIHA y3€l MOChLIAETCS 3alpoC Ha MOBTOPHYIO Tepe-
nauy makera. [locnmarh Takoi 3ampoc MOKHO TOJBKO IOCJE 3aBEpLICHUS IpHeMa
Bcero nakera. M3-3a 3Toro npu nepeaave JIMHHBIX MAKETOB O HU3KOCKOP OCTHBIM
JUHUSAM, XapaKTePU3YIOIHUMCS BBICOKOW BEPOSTHOCTHIO MOSIBICHUS OIIHUOOK, BO3-
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HUKAIOT OOJBIINE CIydalHbIe 3a/IepKKU. B uTore upe3BbuaiiHO TPYIHO obectie-
YUTh BBICOKOE KQUECTBO 00CITYKUBAHUS.

Takum o0pazom, AerTarpaMMHBIN METOA MAJONPUTONEH JJIsi CKOPOCTHOU
BBICOKOKAQYECTBEHHOM mepenayn OO0JIbIINX 00beMOB MH(POPMAIUHU. DTO TMOJIOXKe-
HUE MOXXET U3MEHUTHCS, €CIM Ha BCEX y4YacTKaxX TpakTa OT UCTOYHHKA K TMOJIyda-
TeN0 OyIyT MCTIOJIB30BAThCSl KaHANBI C BBICOKOM MPOMYCKHOM CIOCOOHOCTBIO U
CTOJIb MaJIOW BEPOSITHOCTBIO MOSBJICHUSI OIIMOOK, TPU KOTOPOU MOBTOPHBIC TEpe-
Jla4i TAKETOB CTAHYT BEChbMa PEJIKUMHU.

VYKa3aHHBIM HEAOCTATOK JAEUTarpaMMHOrO METOAa TNpHUBEN K pa3paboTke
METOA0B NepeJavyn ¢ KOMMYyTauMel NMaKeTOB C NMpeABAPUTEIbHbIM YCTAHOB-
JICHHeM COeJMHEeHHs, OCHOBAaHHBIX Ha UJIEE€ CO3JaHusl BUPTYaJbHOI'O KaHaa.

[lepBblli TaKeT U3 CEpUM MAKETOB, MPEJCTABIISIIONIECH COOOIIEHUE, KOTOPOE
NPEACTOUT MepeaTh KOHKPETHOMY MOJy4aTeNto, HampaBisieTcsl 10 OJiKaiiiero
[EHTPa KOMMYTalluu. DTOT MaKEeT UMEET 3arojoBOK OOJIBIIOro o0bemMa U Mo100eH
3aroJIoBKy JAedTarpaMMbl, TO €CTh COJEPKUT BCIO HEOOXOAUMYIO HH(pOpPMAIHUIO
JUTSL €r0 JIOCTABKU B IMyHKT Ha3HaueHud. [1oaToMy OH mepenaercsi TakuM ke o0pa-
30M, Kak InepenaBajnach Obl jaeirarpamma. PazHuia 3akirodaercss B CIEIYIOUIEM.
[Ipu ncnonb30BaHUM IEUTArpaMMHOTO METOJA LEHTPY KOMMYTAIMU, Yepe3 KOTO-
PBIM IPOXOJIUT OYEPETHOM MAKET, HET HEOOXOAMMOCTH 3allOMUHATH CBEJIEHUS, CO-
JeprKalecs B 3arojIoBKE 3TOr0 MakeTa, TaK KaK B 3ar0JIOBKE CIEAYIOLIEro Makera
Oynet To ke camoe. Ilpu nepedaue nakemog ¢ npeod8apumelbHblM YCMaHo81eHUemM
COEOUHEHUsT 8 KAXCOOM YEeHmpe KOMMYMAayuu, 4epe3 Komopbwviti NpoXooum nepebulil
nakem cepuu, 3aNOMUHAIOMCS C8€0EHUSL, COOEPAHCAUUECS] 8 €20 3A20]108Ke, OISl MOo-
20, Ymobbl 3HAMb, YMO HYIHCHO 0elamb C OCMAIbHLIMU NAKEMAaMUu IMOU JHce Cepull.

Bce ocTanbHble makeThl CEPUU MOUAYT MO TOMY K€ MapuIpyTy, TOITOMY UX
3aroJIOBKM MOT'YT ObITh OYEHb KOPOTKMMH. B 3aroiioBke Kakaoro makera JocTa-
TOYHO yKa3aTh €ro MOPSJIKOBBI HOMEP B cepuu (BO M30€kKaHUE IMyTAHMIIBI MPU
MOBTOPHBIX TEpeaadax MaKeToB C OMIMOKaMM) M KpaTKOe yKa3aHWe Ha MPUHA/I-
JIEKHOCTh JAHHOTO IMAKETa K KOHKPETHOW CEpHM, TaK KaK Ka)Iblil LIEHTP KOMMY-
Tallui OJJHOBPEMEHHO OOCTYKHBAET HECKOJIBKO CEPUH.

Takum 00pa3oM TEpBBIA MAKET CEPUU MPOKIIABIBAET MYTh OCTAJIBHBIM Ia-
KETaM, TO €CTh CO3/1a€T CKBO3HOU gupmyanvHbiu Kanai. OH Tak Ha3bIBAETCS MOTO-
MY, YTO CYIIECTBYET MOCTOSIHHO B TE€YEHHUE BCETO BPEMEHHU Iepeaayrl CEpUH TaKe-
TOB HE KakK peajlbHOE€ COCAWHEHHUE JIMHUM Iepelayd, a JUllb B BUAEC 3alUCEN B
[EHTpPaXx KOMMYTallud BIOJb MaplipyTa. BupTyaibHbI KaHal MpeBpaliaercs B
buznyuecknii KaHai JIMIIb HA KOPOTKOE BPEeMs Tepe/ladyd OYepelHOro Mmakera ot
OJIHOTO IIEHTpa KOMMYTaIuu K coceaueMy. [locnennuii maker cepuu HeCeT KOMaH-
Ny YJIaduTh U3 MaMsITH HEHTPOB KOMMYTAllMU T€ CBEAEHUS, KOTOpPhIE ObLIM Tepe-
J@HbI C MEPBBIM MMAKETOM, IIOCJIE YErO aHHbI BUPTYaJIbHbIA KaHAI MPOCTO Iepe-
CTaeT CYIIECTBOBATH (MPOU3OILIO pazbeauHeHne abonentoB). Eciu Bo Bpems me-
peaadyu CEpuu Ha OJJHOM M3 YYaCTKOB MPOU30IILIIA aBapHusi, TO, B OTIMYHE OT JIeUTa-
rPaMMHOI'0 METO]Ia, Mepeaaya MakeToOB MPEphIBAETCs, U BUPTYaJIbHBIA KaHA pas-
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pymaercs. YToObl MPOJOIIKUTH MEepeady, Hy’KHO 3aHOBO OCYIIECTBUTH MPOLEAY-
Py YCTaHOBJIEHUS COEIMHEHUS (BCE OMMCAHHOE HATIOMHUHAET TO, YTO MPOUCXOAUT B
CETH C KOMMYTAIIMEN peaabHbIX KAaHAJIOB).

IleHTp KOMMYTalMK, HANPABISAS OYEPEIHONM NMAKET K COCENHEMY LIEHTDY,
BHOCHT B 3aroJIOBOK 3TOr0 IAKETa KOPOTKHM MOPSAAKOBBIM HOMEpP, KOTOPBIM IIPHU
YCTaHOBJICHUH COEIMHEHUs ObUI MPUCBOEH JaHHOU cepun. Ha kaxmom ucxonsiem
HAIpaBJICHUH BEAETCS COOCTBEHHAs HyMepalus, NMPU 3TOM HOMepa, OCBOOOAMB-
Mecs MOocie OKOHYaHHUsS KaKOH-IMOO cepHuM, HCHONB3YIOTCS M HyMepaluu
BHOBb CO3/IaHHBIX COCAMHEHUN. TakoW KOpPOTKHMH HOMEpP, HAa3bIBAEMbIN HOMEpOM
ucxoosaue2o 8UpmMyalbHO20 KAHAAA, BIIOJIHE 3aMEHSET JIJIMHHBIN IMOJHBIA ajapec
NyHKTAa Ha3HaueHud. [ clienyromero neHTpa KOMMYTAlUU 3TOT HOMEpP WUrPaeT
POIIb HOMeEpa 6X00We20 8UPMYalbHO20 KAHALA, U €T0 BIIOJIIHE IOCTATOYHO, YTOOBI
ONpPEAENNTh, K KaKOM CEpur MPUHAIEKHUT nakeT. HampaBiss naker nanbuie,
LHEHTP KOMMYTAllMd BHOCHUT B 3aroJIOBOK 3TOr0 MAaKeTa CBOM HOMEpP MCXOMSIIETO
BUPTYaJbHOIO KaHAJA.

I nasnoe npeumywecmeo memooo8 naxkemuol nepeoaiu ¢ npeosapumelib-
HbIM YCIMAHOBNIeHUeM COeOUHeHUsl N0 CPABHEHUIO ¢ 0eumazpamMmHbiM Memooom —
MO CYWeCmBeHHO MeHbulas ONUHA 3a20]108K08 Nepeodasaemvlx naKemos, 4ro 3a-
METHO YMEHbIIAET U30bITOYHOCTh. MOKHO HCTIOJIB30BaTh 00JIee KOPOTKHE MAKETHI,
YTO TaK)Xe MOBBIIIAET CKOPOCTh U JOCTOBEPHOCTh Nepenauu. C Ipyroil CTOPOHHI,
00paboTKa MaKeTOB B IIEHTPaX KOMMYTAIIUU yCIOXKHSIETCS.

OagHuM U3 MepBBIX MPOTOKOJIOB TAKOTO THUMA, OMPEAEISIONIMX MPUHLIUIIBI
(GYHKIIMOHUPOBAHMSI BTOPUYHBIX CETEH HA OCHOBE HHM3KOCKOPOCTHBIX IH(PPOBBIX
WIM CHAa0XEHHBIX MOJEMaMU AaHaJOrOBBIX KaHAJIOB, SBJIsieTCs npomokon X.25
(1974 ron). OuepenHoii maket (Kajp) B Hayajae U B KOHIE UMEET CUHXPOCUTHA —
daar 01111110. Homep BupTyasIbHOTO KaHajia coepKuT ot 6 g0 10 out. s 00-
Hapy»XeHUusl OMMOOK MPUMEHSIETCS] KOAUPOBAHUE LIMKIMYECKUM KOJI0M ¢ 16 mpoBe-
POYHBIMHU cUMBOJIaMU. Ecnin oOHapyXeHbI OMMOKH, B MPEABIIYIINA y3€l MOChLIa-
€TCsl 3aIIpOC HA MOBTOPHYIO Mepelady NakeTa, YTO IPUBOAUT K JTONOJIHUTEIbHBIM
3anepxkkaM. [Iporokon X.25 eme cimabo MCHONB3yeT MPEUMYIIECTBA IpeIBapHU-
TEIHHOTO YCTAHOBIICHUS COSAUHEHUS, IOITOMY FapaHTUH o0ecrieueHus: TpedyeMo-
ro KauyecTBa oOCIyKMBaHUSI HE HAMHOI'O BBILIE MO CPABHEHUIO C JAeHTarpaMMHBIM
METOOM.

Crnenyromuii mar 1no UCHojb30BaHUIO ITUX MPEUMYILECTB ObLI CAENaH MPHU
pa3zpabotke mexuonocuu Frame Relay, OpueHTUPOBAHHOW Ha WCIIOJIb30BAaHUE
ONTOBOJIOKOHHBIX JIMHUH. OHU OTJIMYAIOTCS BBICOKON BEPHOCTBIO INEpEAadyu, TO
€CTh KOJIMYECTBO OUIMOOYHBIX MMAKETOB OKa3bIBaeTCs Ha 1-3 mopsiika MEHbIIE, YeM
IpH [epeade ¢ UCIOIb30BAHUEM JIPYTUX JMHUN. YUHUTBIBas 3TO, BO BCEX MPOMe-
KYTOUYHBIX y3JIaX MPOBOJUTCSA OOHAPYKEHHE OITMOOK JIMIIb B 3ar0JIOBKAaX MaKETOB,
a nH(pOpMaMOHHAs YacTh HE IMpoBepsercs. Eciiu B 3arojioBke ommOOK He OOHa-
PYKEHO, TO cpa3y, HE JOKHUasACh OKOHYAHUS BBOJIA BCETO MAKETa, HAYMHAETCS €r0
nepenaya K ciueaymomeMmy y3iy. Ecnu B 3arojnoBke oOHapy>KeHbl OIIMOKH, MaKeT
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YHUYTOKAETCS.

OGHapyxeHue omuOoK B MHGOPMAIMOHHOW YacTH TMakKeTa IPOBOJUTCS
JIMIITh B OKOHEYHOM y371e. Eciii B makeTre oOHapyKEHBI OITUOKH, 3apoC Ha €ro IMmo-
BTOPHYIO Tiepenauy (M nepeaady MOTEepsHHBIX MMaKETOB) HAIPABJISETCS B MEPBbIN
y3ell. 9T0, KOHEUHO, HEMHOT'O YBEJIMYHMBAET HArPy3Ky B CE€TU, HO 3aTO CYILIECTBEH-
HO YCKOpsieT 00pabOoTKy MaKeTOB B y3JIaX CETH.

Hcnonp30Banre ONTOBOJIOKOHHBIX JIMHUN TIpEIionaraercss u B emie Oosee
COBPEMEHHOW TEXHOJIOTMU, HAa3bIBAEMOW ACHUHXPOHHBIM PEXKUMOM MEPEHOCa, HO
OOBIYHO TpPUMEHSIETCS COKpaimieHHoe Ha3Banue ATM (Asynchronous Transfer
Mode). B nononmHeHne K ToMy, 4TO OBIJIO CKa3aHo o TexHojoruu Frame Relay, Bce
NakeThl, Ha3bIBaeMble sueiikamu ATM, uMeroT (GUKCUPOBAHHYIO M JOBOJHHO Ma-
ayro ey — 53 Gaiita. M3 HUX 5 0aiiT — 3TO 3arojioBOK, ocTalibHbIe 48 OalT — UH-
dopmanmonnas 9acth. M3 40 6wt 3aronoBka 8 MO3UIMK OTBEICHO /IS MIPOBEPOU-
HBIX CHMBOJIOB IIMK/THYECKOT0 KOJA C MOPOXKIAIONIAM MOTHHOMOM g(x) =x" + x°
+ x+ 1.

JlnnHa siyeiiku BhIOpaHa HA OCHOBE KOMIIPOMHKCCA MEXIY MOTPEOHOCTIMU
TenedoHun (GKENaTeIbHO HCMOJIb30BaTh KOPOTKUE MAKEThl JJIsi YMEHBILICHUS 3a-
JIEp>KeK) U TIepeiaur TaHHbIX (3KeTaTelbHO UCIOIb30BaTh 00Jiee JITMHHBIC TTAKEeThI
JUIsl yMEHbILIeHUsT U30bITOYHOCTH). EquHbI pa3mep siueek He3aBUCUMO OT MX CO-
JEP>KMMOT0 3aMETHO YMPOIIAET U YCKOPSET X 00pabOTKy B y3J1aX CETH.

Btopoe otnnune cetu ATM 0T ocTalbHBIX CETEW ¢ KOMMYyTalMel MaKeToB —
ATO eapanmusi obecneyeHus 3asa61eHH020 KAYyecmea O0OCIYHCUBAHUs, PA3ZYMEETCH,
JIUUIb MOCJE YCTAHOBJICHUSI COEAMHEHUS (HATOMHUM, YTO UMEHHO 3TO Mbl OTMETH-
JIU KaK TJIaBHOE JIOCTOMHCTBO METO/1a KOMMYTAIlUU KaHAJIOB).

[Tockutast 3ampoc Ha YCTAHOBJIEHHUE COEAMHEHMs, a0OHEHT 3asiBISIET CBOU
TpeOOBaHUS K CpeHEN CKOPOCTH Mepeiaydu, JOMYCTUMbBIM BEIMYMHAM 3aJIEPKEK U
BEpPOATHOCTU OMKOOK. CeTh aHANM3UPYyeT TpeOOBaHUS TeX a0OHEHTOB, AJISI KOTO-
pPBIX OHA YK€ YCTaHOBHWJIA COEAMHEHUs (pa3yMeeTcsi, BUPTyalIbHbIE), U OLICHUBAET
CBOM BO3MOXXHOCTU YJIOBJIETBOPUTH TpeOOBaHUS HOBOW 3asiBKU. Eciu BO3MOXK-
HOCTh €CTh, 3asiBKa IPUHUMAETCSI, €CJIM HET, TO CJIEAYET OTKa3 B yCTAHOBJIEHUU CO-
enrHeHus. BoI3piBaroninii aOOHEHT MOXKET CJeNIaTh HOBYIO MOIBITKY (KaK B CETHU C
KOMMYTaIMel KaHajoB).

ITockonbKy mepeada makeToB — NPOLECC CIyYalHbIl, CEThb MOXKET OLCHHUTh
CBOM BO3MOXKHOCTH JIMIIb B BEPOSTHOCTHOM CMbIcie. MOXET BO3HUKHYTh CUTYya-
Y1, KOTJla Ha KaKOM-TMOO y4acTKe Harpy3ka MPEBHIIIAET €ro MPOMYyCKHYIO CIO-
COOHOCTB, MTOITOMY YacTh MAKETOB MPHUETCS BIOpOCUTH. B mepByto ouepenib yHU-
YTOXKAIOTCS MAKEThl OT T€X aOOHEHTOB, KOTOPhIE MPEBBINMIAIOT CBOM TPEOOBaHMUSI,
HO YPOBEHb MPUOPUTETA MPU FTOM YUHUTHIBAETCS, KaK U B JIIOOON IPYyroi cucreme.

Texnonoruss ATM ynuBepcaiibHa (B siuerikax ATM MoxHO pa3meniaTb Ou-
ThI IIU(GPOBOTO CUTHAJA JIIOOOTO MPOUCXOXKICHHS) U NPUTOAHA JJISl TIEpeiadyn WH-
dbopmaruu co ckopoctsamu a0 10 I'6ut/c u naxe Boime. Sdeiiku ATM nepeHocsT-
cs1 B OUTOBOM MOTOKE, CHOPMUPOBAHHOM B HEKOTOPOM APYrOM CTaHAAPTE, MPUHS-
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TOM B nepBuuHOi cetu, Hampumep PDH unu SDH. OueBnaHO, 4TO BTOpOM CTaH-
JapT NOJIXOJUT HecpaBHEHHO Oosbiie. Aueliku ATM npocTo pazMeniaroT oJHy 3a
JIpYyroil B BUPTyalbHOM KOHTeHHepe ueTBepToro nopsaka VC-4 1o ero 3amosiHe-
HUS, U 3TOT KOHTEHep noMemarot B STM-1.

Takum 00pa3oM, HOBBIE CETEBbIE TEXHOJOTUHU JAEMOHCTPUPYIOT SIBHYIO TEH-
JICHITUIO K COEIMHEHUIO MOJO0KUTEIBHBIX OCOOCHHOCTEH JIBYX METO/I0B KOMMYTa-
1007078

7.5 AnemeHTbI Teopuu TenetTpadumka

Kpome nHnuBuayasbHbIX aODOHEHTCKOTO 000py/I0BaHUsI U AOOHEHTCKUX JIU-
HUI B C€TU UMeeTCs U 000pyA0BaHUE OOLIETro MOJIb30BaHUS (LIEHTPbI KOMMYTAIIHH,
MEXKIICHTPOBbIE a0OHEHTCKHE JIMHUU M T.I.). Eciu OBl 4MCIIO 00CITYKMBAIOIIAX
npuOopoB N B TakoM 00IeM 000pynOBaHMM (HApUMeEp, YUCIO OJTHOBPEMEHHO
HNOJIEP)KUBAEMBIX cOeqUHEHUN B LeHTpe KommyTaluu ATC) ObLIO paBHO YMCITY
aboHeHTOB M, oOcayxuBaeMbIx gaHHOM ATC, To Kaxablii aDOHEHT Bcerjaa mojy-
yaii Obl 00CITy>KMBaHUE 110 EPBOMY TPeOOBaHHUIO, M 00CYk/1aTh B IaHHOM pa3jielne
ObLIO OBl HEYero.

Od4eBuAHO, YTO Takas UcalbHAsI CUCTEMa IKOHOMHYECKU Hed(h(dEeKTUBHA,
MOCKOJBKY y KaXJ0ro abOHEHTa JIMIb WHOT/AA, CIy4ailHbIM O00pa3oM BO3HUKAET
HEO0OXOJIMMOCTh MPOBECTH ceaHC CcBs3U. [loaromy Bcerma N < M, HO ¢ yMeHblIIe-
HUeM N yXyauiaeTcs KauecTBO 0OCTY>KMBaHUS, TOCKOIbKY YacTh 3aBOK HE OyAeT
oOciykeHa b0 OyaeT oOCTy)KeHa Tociie OKHUIaHUs B odepeau. Te MeTombl, KO-
TOpPbI€ MBI OOCYXAaIu B pa3f. 7.2—7.4, OblIM pa3paboTaHbl JJIs1 pa3pelieHus TOTO
MPOTUBOPEUHUS, HO HUKAKUX KOJIMYECTBEHHBIX OIICHOK, XapaKTEPU3YIOUIUX Kaue-
CTBO OOCITY)KWBaHMUsI, Mbl TIOKa HE JIeTIaIH.

NMeHHO 3TO cOCTaBIseT MPeAMET TEOPUU MACCOBOT'0 OOCITYKUBAHUS U T€O-
puu odepesei, mpuueM IMepBhIe HMCCIEAOBAHUS B 00JIACTH TEOpUHU Tenerpaduka
ObLTH TIpOBEEHBI AaTCKUM yueHbIM A.K. DpraHrom mMerojamMu T€OpUHU BEPOSTHO-
creil [4,5].

KitoueBbiM siBiIsieTcst ToHsITHE Harpy3ku. Haunem ¢ uodeanvHoti cucmemsl
oocayaxcusanus (N = M). Ilycte noBenenue aboHeHTa HoMep | xapakTepusyercs
0e3pa3MepHO CTalMOHAPHOU CITydaiftHON (hYHKITMEH ero akTUBHOCTH

o (1) = {%), KOTJIa OH TiepeaeT HH(OPMAIHIO,
, B OCTAJIbHOE BPEMSL. (7.1)

MatemaTudeckoe oxugaHue 3TOM QPYHKIIUHU, TO €CTh CpEHEee 3HAUCHHUE aK-
TUBHOCTH a0OHEHTa

m, =Pla,(1)=1]=A Dpn (7.2)
YHCIEHHO PaBHO BEPOSITHOCTH TOTO, YTO B MPOHU3BOJILHO BBIOPAHHBIH MOMEHT
BpEMEHU a0OHEHT aKTHBEH. JTa Takke Oe3pa3MepHasl BeIMYMHA HOCUT Ha3BaHUE

Haz2py3Ku, co30a8aemol 0aHHbIM AOOHEHMOM, U U3MEpSAETCS B dpJiaHrax. JKcIie-
PUMEHTAIIBHO €€ MOKHO OIIEHUTh KaK
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A=T,/T, (73)
rae 1, — cyMMapHOe BpeMs Tiepenadn nHGOpMaIUK 3a JITUTEIbHbBIN MPOMEXKYTOK
BpeMEHHU 7.

[TockobKy aKTUBHOCTH a0OHEHTa MMEET WMITYJIhCHBIM XapakTep, MOJIe3HO
BBECTH €III¢ JBa TapaMeTpa:

C) — cpeaHee KoIM4ecTBO TpeOOBaHUM Ha oOcyKuBaHKE (BHI30BOB WJIM Ma-
KETOB), MOCTYNAIOIMUX OT a0oHEHTa 3a Bpems 7 (0OBIYHO ATO 4Yac HauOOJbIIEH
Harpysku (UHH)),

T — CPEIHSIS NPOAOIKUTEIBHOCTh 00CITY>KMBaHUSI OJTHOT'O BBI30BA.

Torna B coorBercTBUU C (7.3)
_Gr _
A= =AT (7.4)
rae A, =C,/T — cpeqHssi MHTEHCUBHOCTb IIOCTYIIJIEHUS BBI30BOB OT a0OHEHTA.

Hanpumep, xaxnapiii kBaptupubiii Tenepon B UHH cozmaer narpysky A, =
0,05-0,1 Dpa, ipu 3TOM CpenHssd MPOAOIKUTEIBHOCTh Pa3roBopa T = 3—4 MUH U
A1 = 1-2 BBI30OBa B 4ac.

Hanee nonaraem, 4yTo (YHKIMH aKTMBHOCTH BCeX aOOHEHTOB 00J1aJaloT
OJIMHAKOBBIMHU CBOMCTBaMH, TOTJa MOKa3aTeld CyMMapHOW aKTUBHOCTH a0OHEH-
TOB pPaBHbI

M
a(t)=>a (), C=CM, A=iM, A=AM =Ar,
= (7.5)
rae A — oowas nocmynarowas HazpysKa.

CuuTaem, 4To Bce aDOHEHTHI IEUCTBYIOT HE3aBUCUMO OJIMH OT JApyroro. Be-
POATHOCTBH TOT'0, YTO B MPOU3BOJILHO BHIOPAHHBI MOMEHT BPEMEHH POBHO ¢ abo-
HEHTOB HaXOAATCS Ha OOCITY>KMBAHUH, HAXOIUM 110 OMHOMHANILHOM (hopmyIie

— M! q M-q
P(Q)—q!.(M_q)!A‘(l AT (7.6)

Ha puc. 7.6 nns npumepa npuBeneH rpadguk OMHOMUATHHOTO pacmpesese-
HUsl cymMmMapHoi akTuBHOCTU 30 aboHeHToB yupexaeHueckoit ATC nnsa 4,=0,1, To
ecTb oO0IIas mocrynaromas Harpy3ka 4 = 3 u, B NpUHIHIE, Moria Obl OBITH 00-
ciyxeHa Tpems npubopamu. 3aech auiib B 0,0089% BpeMenu asisi 00CTyKUBaHUS
Tpedyercst O6osnbiie 10 mpubOOpoB, a BEPOSTHOCTh TOrO, UTO ISl OOCITYKHMBaHUS
Tpebyercst Gombiie 15 mpubopos P(g > 15) = 3,7-10" upesBbrdaiiHo Maa.

P(q)
0,25

0.2
0,15
0.1
0,05

0 q

0) 10 20 30
Puc. 7.6. bunomunanbHOe pacnpenenacHue npu

A1=0,1u M=30
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JlanHbie MpuUMepa MOKa3bIBAIOT, YTO KOJIUYECTBO MPUOOPOB OOCITYKUBAHUS
N MoeT ObITh BO MHOTO pa3 MeHbIlle ynciia aboHeHToB M. TakoB mpHUHIMI TO-
CTPOEHUS BCEX CUCTEM MAcCOBOr0 00CITyKUBaHUS.

Paznuuaror nBe rpynmbl METOAOB aHANW3a: JJIsl CUCTEM C MOTEPSIMU WU IS
CUCTEM C OXuAaHueM. B cucmeme ¢ nomepsamu B ciiydae, Korja ooOiasi Harpy3ka
MPEBBINIAET MPOIMYCKHYIO CIIOCOOHOCTh CUCTEMBI, paBHYIO N, U30BITOYHBIN Tpaduk
0TOpachIBACTCSl, B UTOT'€ 0OCYIHCeHHAsl Hacpy3Ka A, MEHbIIIE YeM MocTymaromias A.
TakoB xapakTep 00CITy>KHBaHUS B CETAX C KOMMYTAIIMEH KaHAJIOB.

B cucmeme ¢ oorcuoanuem w30OBITOUHBIA TpadUK COXPAHSETCS, BBI3OBBI
HaXOMASTCS B OYEpeaH, TOKa HE OCBOOOAATCA YCTPOMCTBA, KOTOPHIE MOTYT MX 00-
cnyxuth. Ecnu, B uneane, avHa ouepenu, urparoiiei poib Oydepa, Criiakubaro-
Iero Kojie0baHus MOCTYMAaroUIel Harpy3ku, He orpanuueHa, U 4 <N, 10 A,= A, To
€CTh BCS MOCTYMNAIOIIasi Harpy3ka Korjaa-To Oyzaer o0ciyxeHa. B peanbHbIX ycio-
BUSX JUTMHA OYEpEaM OrpaHUYeHa, U CUCTEMA C OXKUAAHUEM YaCTUYHO MpuodpeTa-
€T YepThl CUCTEMBI C TOTEPSIMU. TaKOB XapakTep 0OCITY>KMBAHUS B CETSIX C KOMMY-
Taler NaKeToB.

[Ipy yuCIEeHHOM aHaIW3€ CUCTEMbl MAaCCOBOIO OOCITYKMBAHMS B JOIMOJIHE-
HUE K TOKa3aTellsiM aKTUBHOCTH aOOHEHTOB HEOOXOIUMO 3a/1aTh BEPOSITHOCTHBIE
XapaKTEPUCTUKU TOTOKA TpeOOBaHUM, TO €CTh MOTOKAa 3asgBOK Ha yCTAHOBJIIEHHUE
coenunenus npu KK nmubo noroka nakeros mpu KII. IIpocTeiimas u 1oBoabHO pe-
ANMMCTUYECKasi MOJIENb, JUIsl KOTOPOW MOMYy4YeHO OOJBIIMHCTBO PE3YJIbTaTOB, OCHO-
BAaHA HA CJIEIYIOIINX MPEAITONIOKECHUIX:

1) B m000# 1OCTATOYHO MAJIBI HHTEPBAT BPEMEHU MOXKET TIOCTYITUTh TOJIb-
KO OJIHO TpeOOBaHUE;

2) BEpOSITHOCTh p = A-At MOCTyIUIEHUs TpeOOBaHMs B 000N JOCTATOUYHO
MaJiblil ”HTEPBAJ BpEMEHH At MPONOPLIMOHAIbHA JJIMHE 3TONO UHTEPBAJIA;

3) BEpOSTHOCTHh MOCTYIUIEHHs TpeOoBaHUs B Jt0OOH (DUKCUPOBAHHBIA WH-
TEpBaJ BPEMEHU HE 3aBUCHUT OT KOJWYECTBA TPEOOBAHMI, TTOCTYMAOMINX B APYTUX
UHTEpBaIax (0OYEBUHO, YTO ITO MPEANOIIOKEHIUE OCHOBAHO Ha yciioBuu N << M);

4) nIUTEeNhbHOCTH OOCTYKMBAaHHS OJHOTO BBI30Ba f. 0€3 ydeTa BPEMEHH
O0XKUJAHUS B OUEPEIIN SABJISETCS HEIPEPHIBHOW CIIyYaWHOW BEJIUYMHOW Y NOJAYUHSI-
€TCS DKCIIOHEHIIMAJIbHOMY 3aKOHY PaCHpPEIEIICHUS

P(t. >1)=exp(-t/7) . (7.7)

Crny4aliHO BHIOpaHHBI UHTEPBAJ { pa300bEM HA 1 MaJbIX UHTEPBAJIOB At =
t/n 1 BOCHOJb3YEMCS MEPEUUCICHHBIMU TPEANONOKEHUSIMU U (HOPMYJION YMHO-
YKEHUS BEPOSTHOCTEH HE3aBUCUMBIX COOBITHM, YTOOBI BEIUUCIUTH BEPOSTHOCTD TO-
ro, 4YTO B TEUCHUE MHTEPBAJIA ¢ HE TTOCTYIUT HUA OJTHOTO TPEOOBaHMSI,

P =(-p) =(1-2A0)" =exp(—Ar). (7.8)

[Tonb3ysich TeMH ke MPEANOI0KEHUIMH, MToydeHa 6oiiee obmias gopmyia,
M0 KOTOPOH BBIYMCIISIIOT BEPOSITHOCTh TOTO, UTO B T€UCHUE MHTEpBaJa ¢ MOCTYMST
POBHO j TpeOOBaHUM
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P.(At) =[ (AAt)’ [ jt]exp(=At) . (7.9)
Ot10 — 3aKkoH [lyaccoHa, mo3TOMY Takoil nomok mpebosanuil Hazvl8aemcs nyacco-
Hoeckum. @opmyna (7.8) siBnsiercst yacTHbIM citydaeM (7.9) mipu j = 0.

B cucreme ¢ morepsimu cutyanus, Korjga ooiias aKTUBHOCTH aOOHEHTOB
MPEBBIIIAET MPOMYCKHYIO CIIOCOOHOCTH CUCTEMBI (YMCIIO IPUOOPOB OOCITY KHBAHHUS
N), Ha3bIBaeTcs O10Kkuposkoii. B mpuBeneaHom npumepe (puc. 7.6) npu N = 10 Be-
POSTHOCTb GIOKHPOBKH paBHa 8,910,

B cucmeme ¢ agnvimu nomepsamu 3a010KMpOBaHHBIE BHI3OBHI (ITONYYHUBIINE
0TKa3 MpHU MEPBOM MOMBITKE) TEPAIOTCS, TO €CTh AOOHEHTHI HE JIENAIOT MOBTOPHBIX
MOTMBITOK YCTAaHOBHUTH COEIMHEHWE, a HAMNpaBSIOT 3TO COOOINEHHE IPYTHMH,
HanpuMep 0OXOTHBIMU MTYTSIMHU.

BeposiTHOCTh OJIOKUPOBKH B TaKOW CHCTEME OIpPEAENseTcsl M0 M3BECTHOU
dbopmyne Dpranra

B= A :
NI[1+A+ A2 A 31+ A*[4l+ .+ AV N 1] (7.10)

Ha puc. 7.7 nana 3aBUCUMOCTb BEPOSITHOCTH OJIOKMPOBKH OT HArpy3KH, MO-
CTYMAOIIe Ha KaHaj OOCITYKMBaHUS, B CUCTEME C SIBHBIMU MOTEpAMH. B cBsi3u C
notrepell HEKOTOpPbIX TPeOOBaHWI Harpys3ka, OOCIy)KEHHas KaXXIAbIM MPUOOPOM,
HECKOJIbKO MEHBIIIE TIOCTYNAIONEeH HArPY3KH U paBHA

A /N=(1-B)A/N. (7.11)

XOpoI10 BUITHO, YTO NPU YEEeNUUEHUU PAZMEPO8 CUCTEMbL U COOMBENMCMEY-
rowjem gospacmanuu Hazpysku A u yucna npubopos obcnycusanusi N agpgpexmus-
HOCMb UCNOBL308aHUSL NPUOOPos obcayxcusanus AN eo3pacmaem u npubaudica-
emcs K eOuHuye npu mom dxce kavecmee oocnyscuganuss (pU TON ke BEPOITHOCTU
omnokupoBku). Hanpumep, npu B = 0,001 u N = 4 yBenuueHue oOuiel Harpy3Ku B

B

0,1000
s 1 /

Ayl // v 77/
0,0100 8

16
32
0,0010 / o
N=128

0,0001 ! !

00 01 02 03 04 05 06 07 08 09 AN

Puc. 7.7. BeposiTHOCTb OJIOKMPOBKH B 3aBUCUMOCTH OT Harpy3Ku Ha KaHal
00CJIV)KMBAHUS B CUCTEME C SIBHBIMH [TOTEDSIMU

CeTH B 5 pa3 moTpedyeT JUIIb JBYKPATHOTO YBEIMUEHUS Yncia MpuOOpoB 0OCIy-
*uBaHus (¢ 4 10 §) 3a cYeT TOro, 4TO Harpy3ka, KOTOPYIO 00padaThHIBAET KA IbIi
npuOop, yBEIUUUBAETCS IPUMEPHO B 2,5 pasa.
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O4eBUAHO, UTO OOBETUHEHHE MAJIBIX OOCTY)KHBAIOIIMX CUCTEM B OOJIBIITYIO
CUCTEMY I03BOJISIET MOBBICUTH €€ 3(PPEKTUBHOCTh, TO €CTh MPU UCIOJIb30BAHUU
MEHBILIETO YnCiIa IpUOOpPOB 00ECTIEUUTh OOCITYKHMBAaHUE TOW K€ HArpy3KH C TOM
K€ BEPOATHOCTHIO OJIOKUPOBKHU.

[1nata 3a BeICOKYIO 3(PHEKTUBHOCTD OOJIBIIIONW CUCTEMBI — 3TO €€ MOBBIIICH-
Hasl YyBCTBUTEJIBHOCTh K MEpPErpy3KaM, MOCKOJIIbKY OHa UMEET MEHBIIUMN 3arac Mo
IPOIYCKHOM criocoOHOCTH. Hanmpumep, npu To# e BeposITHOCTU OJIOKUPOBKU B =
0,001 B manoit cucreme npu N = 4 yBenuuenue Harpy3ku Ha 10% npuBener kK He-
CYILIECTBEHHOMY BO3PAaCTaHUIO BETUYUHBI B, B TO BpeMs Kak B OoJiee KPYIHON CH-
creme ipu N = 128 TO ke BO3pacTaHuE Harpy3Ku yBEIUYMBAET BEPOSTHOCTH OJ10-
KHUPOBKH Ha MOPSAIOK.

bonee peanuctryeckuii BApUaHT CUCTEMBI C TOTEPAMH — ITO cucmema ¢ no-
emopnvimu 6v1306amu. OHA aHATU3UPYETCS MTPU CIEIYIOIUX NPEATOIOKEHUAX.

1) Bce 3a050kMpOBaHHBIE BBHI30BBI B OU€pE/b HE CTaBATCS, HO aOOHEHTHI
JIEJIAl0T MHOTOKPATHbIE MOBTOPHBIE MOMNBITKU 10 TE€X MOp, IOKAa HE Mojydar 00-
CITYKUBaHUS.

2) Kaxmas u3 MOBTOPHBIX IMOIMBITOK MPOBOAUTCS Yepe3 CIydalHbIi UHTEP-
BaJl BPEMEHU MOCJI€ MPEAbIYIIEH, MPUYEM IIUTEIbHOCTA BCEX MHTEPBAJIOB B3a-
UMHO HE3aBHCHMBI, a CPEIHSs JJIMHA KaXKJIOT0 MHTEpBaja MPEBBIIIAET CpeaHEe
BpeMsi 00CTy)KMBaHUSI AOOHEHTA T.

JIJ1s1 MTHTEHCUBHOCTU TOCTYIUICHHSI BBI30BOB MEPBOM MONBITKA MBI YK€ HC-
NoJib30BaNId 0003HaueHue A. 11 BeposiTHOCTH OJIOKUPOBKH B 3TOW CUCTEME C MO-
BTOPHBIMU BBI30BAMH HUCIIONB3yeM 0003HaueHue B,.

[TockonbKy 107151 3a0JJOKMUPOBAHHBIX BHI30BOB paBHA B,, TO BCKOpE MPOU30ii-
JeT B,A TOBTOpPHBIX MOIBITOK, U3 HUX YacTh CHOBa OyAeT 3a0JOKHMPOBaHA U TaK
nanee. B urore B COCTOSIHUM CTAaTHCTHYECKOTO PABHOBECHS CUCTEMBI OOIasi WH-
TEHCUBHOCTbH MOCTYIUICHHS] BBI30BOB ONpEEseTCsl Kak cymMma yObIBarouieil reo-
METPHUYECKOU MPOrPECCUN

A =A+BA+B’A+BA+..=2/(1-B.), (7.12)
rjie B, — BepOoATHOCTh OJIOKMPOBKHU, pacCUUTaHHAs ISl TaKOW K€ CHCTEMBI C SIB-
HBIMU TIOTEPSIMU, HO IPU UHTEHCUBHOCTHU HArPY3KHU A,.

B 3TOM ypaBHEHHMH JBE HEH3BECTHBIC BEIMUUHBI B, U A,, TOATOMY €r0 MOX-
HO PEUIUTh METOAOM MOCIE0BATEIbHBIX MPUOIMKEHUHN 110 METOAUKE pacyeTa CH-
cTteMbl ¢ siBHBIMU TotepsiMu (7.10): cHauana misi (aKTUYECKOro 3HAYCHHUS A MO
(7.10) HaxonuM miepBo€ MPUOTMKEHHUE ISl B, U UCTIOIB3YEM €ro JJIsl BHIYUCIICHHUS
nepBoro npuommkeHus: aig A, no gopmyne (7.12). Jlaiee 3To 3HaueHUe A, MOj-
ctaiusieM B (7.10), HaxoquM BTOpOe NpUOIMKEeHNe s B, 1 Tak janee.

OOGBIYHO BEPOSITHOCTh OJOKMPOBKHM HeBenuka (B << 1), moaToMy Xopoiias
TOYHOCTh MOJIYYaETCs YKeE MOCJIE MEPBOTr0 MPUOIMKEHUS

A ~1/(1-B), (7.13)
OTKYyJla BUIHO, YTO TOBTOPHBIC BHI30BHI HE CWJIBHO YBEIMYMBAIOT HATPY3KY, TaK
kKak (1-B)~1. Utak, B, onpenensieM u3 (7.10) ¢ ucnonn3zoanuem (7.13). Kcraru,
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pacmpoCTpaHsITh ATO YTBEPKIACHUE HA OUEHb OOJIBIINE CUCTEMBI CIEAYET C OCTO-
POKHOCTBIO, TAK KAK OHM BEChbMa YYBCTBUTEJIBHBI JaXK€ K MAJIBIM MEPETPY3KaAM.

B cucreme ¢ oxkuaanuem m30BITOYHBIA TpadUK MOMENIACTCS B OYEPENb H
coxXpaHsieTcsi 0 Havaja oOciyxuBaHud. [Ipu aHanmusze mpUMeM Te Ke MPOCThIe
npeanonoxenusa: A < N; M >> N; nnuHa odepeau He OTPaHUYEHA; JJIUTEIbHOCTD
00CTy>KMBaHHS BbI30Ba MOAUYMHSAETCS SKCIIOHCHIIMAIbHOMY 3aKOHY pacrpe/eneHus
(7.7).

BeposTHOCTH TOro, 4TO BBI30OB CTAJIKHBAETCS C MEPETPY3KOM CHUCTEMBI W,
CJie/IoBaTeNbHO, IOMENIAETCS B OUepeib, TAKkKe Oblila orpeiesieHa DpiaaHroM

P :L
" N-A(1-B)’ (7.14)
rie B — BeposiTHOCTH OJIOKUPOBKHU B CUCTEME C IBHBIMU TToTepsimu (7.10).

BeposTHOCTH TOTO, 4TO BBI30B, OKA3aBIIMICS B OYEpEIU, XKIET Hadajla 00-

CIIy’KUBaHUS HE 0oJiee BPEMEHH £, paBHA

PH(zHSt):exp{—(N;TA)t}, (7.15)

I7I€ T — CPelHAsA JIUTEIbHOCTh OOCITYXKUBaHUS (HE OKUIAHUs), ONpesaeeHHas B
(7.7). OTcroa BUIHO, UTO CpEHEE BPEMS OKHUJIaHUS B OUEPEIU PABHO
T..= ‘ .
" N-A (7.16)
OOparure BHUMaHue, 4to B (hopmynax (7.14) — (7.16) ¢purypupyer He OT-
HomeHue A/N, a pa3HOCTb ATUX BeluunH N—-A. Uem Oosbliie 3Ta pa3HOCTh, TEM
MEHBIIE BEPOATHOCTh TOTO, YTO BBI3OB HE OyAeT OOCIyXeH cpa3y WU MONaJeT B
ouepenb, U TEM MEHBLIE BPEMs OKHUIAHUSA B OYEPEAM, €Cau OH Tyxaa nonai. Oue-
BUJIHO, YTO B KPYIHOW CHUCTEME, MpHU OOoNbIIMX 3HaueHusix A u N, nerue obecrie-
YUTHh OOJBIIIOE 3HAYEHHE 3TOM Pa3HOCTH Jake MPH OYEHb BBHICOKOU 3(hPEeKTHBHO-
CTH UCIOJIb30BaHUsS O0CTYKMBAIOUIUX MPUOOPOB (A/N ~1), HEXKENU B MAJIOU CH-
cTeMeE.
Wtak, npuBENEHHBIE COOTHOLIEHUSI KOJIMYECTBEHHO JOKAa3bIBAKOT CIPABEN-
JMBOCTH T€X YTBEPKIEHUU, KOTOpbIE ObUIH BhICKa3aHbI B KOHIE pa3A. 7.2.

Bonpochl Ansa caMOKOHTponsa no rnase 7

1. [aiite onpeneneHusi CUMIUIEKCHOIO, AYIJIEKCHOI'O U IMOJIYAYIUIEKCHOTO
KAHAJIOB.

2. JlaiiTe ompenenieHus METOAOB NEpeAaUYnd C KOMMYTalUel KaHaJI0B U KOM-
MyTaluen MaKeToB.

3. Ilepeunciure ycnoBus, IpH KOTOPBIX BO3MOKHO INPUMEHEHHE METOJA:
KOMMYTAaIIMU KaHAJIOB; KOMMYTAallU TAKETOB.

4. JlaliTe CpaBHUTEIBHYIO XapaKTEPUCTUKY METOJOB KOMMYTAllUM KaHAJIOB
Y KOMMYTallM1 IAKETOB.

5. OxapakrepusyiTe JedTarpaMMHbBIA METOJ TIepelaun B CETH.
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B 4yewm paznuuune Gpu3nuecKoro 1 BUPTyaJIbHOTO KaHAJIOB?

[Touemy nexkanHo-marossie ATC MopanbHO ycTapenu?

Yo Takoe KOMMYTalUsi BpEMEHHbBIX HHTEPBAJIOB?

9. Kak ocymiectBisiercss KommyTalus B koopauHatHod ATC?

10.KaxoBO Ha3HAYEHUE CETU CUTHATU3ALUH ]

11.Ilepeuncnure OCHOBHBIE THUIIBI TOMOJIOIMYECKUX CTPYKTYp CeTell aJek-
TPOCBSI3U U YKAXKUTE, MPU KAaKUX YCIOBUSX HMX LI€IeCO00pa3HO IpHUMe-
HSTb.

12.Kakue 4ucioBble XapaKTEPUCTUKU HCIIONb3YIOTCS AJIl ONUCAHUS aKTHB-
HOCTH a0OHEHTa B CHCTEME MacCOBOTO OOCITYKHUBaHUS ?

13. laiiTe onpeaeneHue eqUHUL, B KOTOPbIX U3MEPSAETCS BeIUYMHA TpaduKa.

14.Tloyuemy B OONBIIMUX CETAX IEKTPOCBA3ZU MOKHO Oosiee 3 PEKTUBHO HC-
MOJIb30BaTh O0OPYOBAHHUE MIPU TOM K€ KQ4eCTBE OOCTY)KUBAHWSI ?

15.Haiite onpeneneHue cpeiHeld NHTEHCUBHOCTU MOCTYIUIEHUSI BBI3OBOB OT
aOOHEHTa.

16.Ilpn kakux YCIOBHAX HOTOK TpPeOOBaHUN Ha OOCIIY>)KMBaHHE MOXHO
Ha3BaTh IyaCCOHOBCKUM?

17.11pn KakuX YCIOBHUSIX UYHCIO OOCIYKHMBAIOIIHUX MPUOOPOB MOXKET OBIThH
MHOT'0 MEHBIIE YnCila A00OHEHTOB B CETU?

18./laliTe onpeneneHus CUCTEM OOCIYyKUBAHUS C IBHBIMU MOTEPSIMU U C I10-
BTOPHBIMH BBI30BaMHU.

19.YT0 3aBUCHUT OT MpEeAENbHON JIMHBI OYEpEeH B CUCTEME MACCOBOIO 00-
CIIY’>KUBaHUS C 0KHJIaHHEM?

20.IIpuBenure hopmyiy sl CPEIHETO BPEMEHH OXKHUJAAHHUS B CUCTEME Mac-
COBOI'0 OOCITYKUBaHHS.

21.11pu Kakux yCIOBHSIX B CUCTEME MacCCOBOI'O OOCITYKUBAHUS C OKUAAHUEM

MOKHO 00€CTIeUUTH JH00YI0 MATYIO0 BEPOSTHOCTh OJIOKUPOBKU?

=R
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3AK/IIOYEHUE

B kHuUre mpeacTapieHa JMIIb Majlasg YacTh TOTO OTPOMHOIO apceHana METO-
JI0B, KOTOPBIA UCTIONB3YETCSI B COBPEMEHHBIX cUCTeMax oOMeHa mHdpopmanmeit. [la
U CaMU METOJIbl OYepYEHbl CXEeMaTUYHO, Ha YPOBHE OCHOBHOHM HjeH, moutu 0e3
BCAKUX TOHKOCTEW, XOTS Ha MPAKTUKE OHU MOTYT HMETh OOJbLIOE 3HAYCHUE.
['maBHOE, 4TOOBI crcTeMa 0OMeHa MH(pOpMaINUe BOCIPUHUMAIACh HE TIPOCTO KaK
HA0Op MOIYJISTOPOB, KOJAEPOB M MPOYUX YCTPOUCTB, a KaK €AMHOE IeToe, PyHK-
IIUOHUPYIOIee paau peuieHust obmieit 3agaun. Eciu k 3ToMy 100aBUTH YBEpEH-
HOCTh B TOM, YTO JIt000€ YIydllleHWE OJHUX XapaKTEPUCTHUK CUCTEMBI Mepenaydu
uHbOpMAITNN 005S3aTETbHO HYKHO COIMOCTABIATh C HEOOXOAUMBIMHE JJISl 3TOTO 3a-
TpaTaMu JIUOO YXYAIICHUEM JAPYTUX XapaKTEPUCTUK, TO YUTATENb BIOJIHE CO3pe
Uit OoJiee rTyOOKOro U3y4eHHs] HHTEPECYIOIUX €ro BOIPOCOB.

Korma uger peyr 0 kakoM-1u00 mpeoOpa3oBaHUU CUTHAJIOB B TIPUCYTCTBUH
IryMa, MoMeX, TO MOYKHO CMEJIO CUUTATh, YTO BbI HE JOOPAIHMCH A0 €0 CYTH, MTOKA
HE TOJIYYUJIM OTBETHI Ha CJICAYIOIINE BOMPOCHL:

1) Yro u3 cebst mpeacTaBisieT MoJjie3Hasi YacTh CUTHAJIA Ha BXOAE (CHUMBOII,
TIOCJIEIOBATEIBHOCTh CHMBOJIOB, HETIPEPHIBHYIO (DYHKIIMIO U T.I1.) U KAKUE BEPOST-
HOCTHBIE XapaKTEPUCTUKHU U3BECTHHI?

2) KakoB tun nomex (aJauTUBHBIC, MYJIbTUIUIMKATUBHBIEC WU UHBIC), BO3-
JIEHCTBYIONIUX Ha IMOJIE3HBIM CUTHAJ JI0 U B Ipoliecce JaHHOrO mpeodpa3oBaHus?
KakoBbl J1711 HUX 3aKOHBI paclpeeseHUs BEPOSITHOCTEN M YKCIIOBBIE XapaKTEpH-
CTUKH?

3) KakoBa 1enp manHoro npeoOpaszoBaHusi? Ecium 3To pemnaromiee ycTpoid-
CTBO (IEMOIYJISTOP, AEKOAEP U T.I1.), TO MEPEUUCTUTD U IaTh SICHOE ONMpPEACICHUE
KKJOMY U3 PEIICHUH, KOTOPBIE MOTYT OBITh MMPUHSTHI 3TUM YCTPOHCTBOM.

4) KakoBa 11eHa KaJ10i U3 BO3MOXHBIX OMIMOOK, KOTOPbIE MOTYT OBITh J0-
NYyIIEHbl B MPOIECCE BBIHECEHUS pelieHul, 100 MCKaKeHW CUTHAlla MpU €ro
npeodpa3zoBaHuu?

5) EcTb 1 B U3BECTHOM JIMTEPAType ONUCAHUS MPEOOPa30BaHUN CUTHAJIOB,
COBIIAJIAIOIINX C JIAaHHBIM ITpeoOpa3oBaHueM 1o mi. 1-4? VIMeroTcs i CBeIeHUs O
TOM, YTO KaKOe-TO U3 3TUX IPEOOpa30BaHUM SBISETCS ONTUMATBHBIM?

VYcnexoB B JajdbHEWIIEM OCBOEHUH JKCIOHEHIMAIBHO PAaCIIUPSIONIETOCs
Habopa CpeqICTB, MPUMEHSIEMBIX JIJIs TIepenadn nHpopmarum!
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IMPUJIOKEHUA

[Ipunoxenue 1
Koaddunments! (B BocbMepruyHO# hopme) 1Sl HEKOTOPHIX
MPOU3BOIAIINX IMOJUHOMOB HUKINYECKUX Koa0B bUX [2,8]

n |k |qu g(x) n k | qu g(x)
714 ]1][13;15 127 | 120 | 1 |211; 217;
1511 1 |23;31 113 | 2 |235
712721 106 | 3 | 41567
513 2467 99 | 4 | 11554743
31126 1 |45;75;67 92 | 5 |3447023271
21| 2 |3551;3557 624730022
16 | 3 | 107657 85 | 6 327
11| 5 | 5423325 130704476
6 | 7 1313365047 78 | 7 322273
6357 | 1 |103; 147, 2623000216
512|155 6130115
45| 3 | 12471; 255 | 247 | 1 |435;551
39| 4 | 11625 239 | 2 | 267543
36| 5 | 1701317 231 | 3 | 156720665
30| 6 | 166623567 223 | 4 | 756266
1033500423 41375
24 | 7 | 1574641 215 | 523157564
65547 726421
18 |10 | 17323260 | 511 | 502 1021; 1131
404441 | 1023 | 1013 2011; 2415
16 | 11| 136302651 | 2047 | 2036 4005; 4445
2351725
10 | 13| 633114136
7235453
7 | 15 | 472622305
527250155
5231045543
503271737

HpuMettaHue: JJIMHHBIC ITOCIICAOBATCIIbHOCTH 3aIIMCAHbI B IBC CTPOKMH.

Ipumep: 721—111010001— g(x)=x"+ x'+ x*+ x*+1.
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[Tpunoxenue 2

Tabnuua 3HaueHnii BcnoMorarenbHol GyHkuun h(p)= -plog,p

4

hp)

4

Mp)

D

hp)

4

hp)

0,0
0
0,0
1
0,0
2
0,0
3
0,0
4
0,0
5

0,0
6
0,0
7
0,0
8
0,0
9
0,1
0

0,1
1
0,1
2
0,1
3
0,1
4
0,1
5

0,1
6
0,1

0,000
0
0,066
4
0,112
9
0,151
8
0,185
8
0,216
1

0,243
5
0,268
6
0,291
5
0,312
7
0,332
2

0,350
3
0,367
1
0,382
6
0,397
1
0,410
5

0,423
0
0,434

0,2
6
0,2
7
0,2
8
0,2
9
0,3
0

0,3
1
0,3
2
0,3
3
0,3
4
0,3
5

0,3
6
0,3
7
0,3
8
0,3
9
0,4
0

0,4
1
0,4
2

0,505
3
0,510
0
0,514
2
0,517
9
0,521
1

0,523
8
0,526
0
0,527
8
0,529
2
0,530
1

0,530
6
0,530
7
0,530
5
0,529
8
0,528
8

0,527
4
0,525
6

0,5
1
0,5
2
0,5
3
0,5
4
0,5
5

0,5
6
0,5
7
0,5
8
0,5
9
0,6
0

0,6
1
0,6
2
0,6
3
0,6
4
0,6
5

0,6
6
0,6
7

0,495
4
0,490
6
0,485
4
0,480
0
0,474
4

0,468
4
0,462
3
0,455
8
0,449
1
0,442
2

0,435
0
0,427
6
0,419
9
0,412
1
0,404
0

0,395
6
0,387
1

0,7
6
0,7
7
0,7
8
0,7
9
0,8
0

0,8
1
0,8
2
0,8
3
0,8
4
0,8
5

0,8
6
0,8
7
0,8
8
0,8
9
0,9
0

0,9
1
0,9
2

0,300
9
0,290
3
0,279
6
0,268
7
0,257
5

0,246
2
0,234
8
0,223
1
0,211
3
0,199
3

0,187
1
0,174
8
0,162
3
0,149
6
0,136
8

0,123
8
0,110
7
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0,1
0,1

0,2

0,2
0,2
0,2
0,2

0,2

0,445
0,455

0,464

0,472
0,480
0,487
0,494

0,500

0,4
0,4

0,4

0,4
0,4
0,4
0,4

0,5

0,523
0,521

0,518

0,515
0,512
0,508
0,504

0,500

0,6
0,6

0,7

0,7
0,7
0,7
0,7

0,7

0,378
0,369

0,360

0,350
0,341
0,331
0,321

0,311

0,9
0,9

0,9

0,9
0,9
0,9
0,9

1,0

0,097
0,083

0,070

0,056
0,042
0,028
0,014

0,000
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o 1
Tabnuia 3HaYeHUI UHTErpaia BEPOSITHOCTU D(z) = —— I

186

Z

N2

P 2

Jo

0

0,01

0,02

0,03 0,04

0,05 0,06

0,07

0,08

0,09

0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9

0,5000
0,5398
0,5793
0,6179
0,6554
0,6915
0,7257
0,7580
0,7881
0,8159

0,5040
0,5438
0,5832
0,6217
0,6591
0,6950
0,7291
0,7611
0,7910
0,8186

0,5080
0,5478
0,5871
0,6255
0,6628
0,6985
0,7324
0,7642
0,7939
0,8212

0,5120 0,5160
0,5517 0,5557
0,5910 0,5948

0,6293 0,6331

0,6664 0,6700
0,7019 0,7054
0,7357 0,7389
0,7673 0,7704

0,7967 0,7995

0,8238 0,8264

0,5199 0,5239
0,5596 0,5636
0,5987 0,6026
0,6368 0,6406
0,6736 0,6772
0,7088 0,7123
0,7422 0,7454
0,7734 0,7764
0,8023 0,8051
0,8289 0,8315

0,5279
0,5675
0,6064
0,6443
0,6808
0,7157
0,7486
0,7794
0,8078
0,8340

0,5319
0,5714
0,6103
0,6480
0,6844
0,7190
0,7517
0,7823
0,8106
0,8365

0,5359
0,5753
0,6141
0,6517
0,6879
0,7224
0,7549
0,7852
0,8133
0,8389

1,1
1,2
1,3
1,4

b

1,5

0,8413
0,8643
0,8849
0,9032
0,9192
0,9332

0,8438
0,8665
0,8869
0,9049
0,9207
0,9345

0,8461
0,8686
0,8888
0,9066
0,9222
0,9357

0,8485 0,8508
0,8708 0,8729

0,8907 0,8925

0,9082 0,9099

0,9236 0,9251

0,9370 0,9382

0,8531 0,8554
0,8749 0,8770
0,8944 0,8962
0,9115 0,9131
0,9265 0,9279
0,9394 0,9406

0,8577
0,8790
0,8980
0,9147
0,9292
0,9418

0,8599
0,8810
0,8997
0,9162
0,9306
0,9429

0,8621
0,8830
0,9015
0,9177
0,9319
0,9441

1,6
1,7
1,8
1,9

0,9452
0,9554
0,9641
0,9713

0,9463
0,9564
0,9649
0,9719

0,9474
0,9573
0,9656
0,9726

0,9484 0,9495
0,9582 0,9591
0,9664 0,9671

0,9732 0,9738

0,9505 0,9515
0,9599 0,9608
0,9678 10,9686
0,9744 0,9750

0,9525
0,9616
0,9693
0,9756

0,9535
0,9625
0,9699
0,9761

0,9545
0,9633
0,9706
0,9767

2.1
2.2
2.3
2.4
2.5
2,6
2.7
2.8
2,9

0,9772
0,9821
0,9861
0,9893
0,9918
0,9938
0,9953
0,9965
0,9974
0,9981

0,9778
0,9826
0,9864
0,9896
0,9920
0,9940
0,9955
0,9966
0,9975
0,9982

0,9783
0,9830
0,9868
0,9898
0,9922
0,9941
0,9956
0,9967
0,9976
0,9982

0,9788 0,9793

0,9834 0,9838

0,9871 0,9875

0,9901 0,9904
0,9925 0,9927

0,9943 0,9945

0,9957 0,9959
0,9968 0,9969
0,9977 0,9977
0,9983 0,9984

0,9798 0,9803
0,9842 0,9846
0,9878 10,9881
0,9906 0,9909
0,9929 0,9931
0,9946 0,9948
0,9960 0,9961
0,9970 0,9971
0,9978 10,9979
0,9984 0,9985

0,9808
0,9850
0,9884
0,9911
0,9932
0,9949
0,9962
0,9972
0,9979
0,9985

0,9812
0,9854
0,9887
0,9913
0,9934
0,9951
0,9963
0,9973
0,9980
0,9986

0,9817
0,9857
0,9890
0,9916
0,9936
0,9952
0,9964
0,9974
0,9981
0,9986

1-®(z) =D(-2) ~

D(z)= 0,5+

1
N2z

L

2z

2
exp[—%] npu >3

npu |z[]<<I.
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[Ipunoxenue 4
[TapameTpbl CTaHAAPTHOTO YCTPOMCTBA YACTOTHOTO YILUIOTHEHHUS aHAIIOTOBBIX Te-
nedoHHBIX curHasioB ¢ mosocoit 300-3400 I'ng
no 'OCT 21655-87

Howmep YacToTsl ITonoce! curnanos, KI'1g
CTyme- | HOAHECYIIUX, KaHaJIbHBIX
- k1 CPYIIIOBOIO
1 64, 68, 72, | 60-64, 64-68, 68- 60-108
72,...,

104, 108 100-104, 104-108
2 420, 468, | 312-360, 360-408,
516, 564, | 408-456, 456-504, | 312-552

612 504-552
3 1364, 1612, | 812-1052, 1060-
1860, 2108, 1300, 812-2044
2356 1308-1548, 1556-
1796,
1804-2044

IIpuioxenue S
[1ne3noxponHas nudpoBas uepapxus (€BpornenucKkuii BApuaHT)
o 'OCT 26886-86 B coorBeTcTBUM ¢ pekoMeHaamnuein G.703.

VYposens 1udpo- V, N K | Tun anna-
BOU KOuT/Cc paTypsbl
uepapxuu
0 (ocHOBHOI) — 64 1 —
DSO
1 (mepBuunbli) — | 2048 | 30 | 30 | HUKM-30
El
2 (BropuuHbii) — | 8448 | 120 | 4 | UKM-120
E2
3 (tpetnunsbiii) — | 34368 | 480 | 4 | MKM-480
E3
4 (4eTBEpUYHBII) 139 | 4 | UKM-1920
—E4 264 920
5 (matupuusbiil) — | 564 7 4
ES 992 680

(V — ckopocCTh nepeauu Ha BBIXOJIE;
N — KOJTMYECTBO OCHOBHBIX ITU(DPOBBIX KAHAIIOB;
K — xoadpurueHT MyabTUIIIIEKCUPOBAHUS BXOJIOB)
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CunxpoHHas uu(poBas uepapxus

VYposenb | Ckopocts | Koadduument mymb-
uQpoBoil | nepenaywy, TUIUIEKCUPOBAHUS
uepapxuu | MoOut/c BXOJIOB

STM-0 51,84 —
STM-1 155,52 3
STM-4 622,08 4
STM-16 | 2 488,32 4
STM-64 | 9 953,28 4
STM-256 | 39 813,12 4

[Tpunoxenue 6
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YCJIOBHBIE OBO3HAYEHNA 1 COKPAIIEHUM .

AUM — aMImuTy ITHO-UMITYJIbCHAS. MOAYJISALIMS.
AM — amMnuTynHAas MOAYJISALIMS.

AM OBII — amnnutyaHas MOAYJSIIUS C OJHOM OOKOBOM MOJIOCOA.
ATC — aBTOMatuueckas TenedoHHas CTaHIIH.
AL]I] — ananoro-uudpoBoe npeodpa3oBaHue.
BUM — BpeMsa-uMITyIbCHAS. MOJYJISLIMS.

O®M — otHOocutenbHas (pa3zoBasi MOAYJISAIMS.
CIIH — cucteMsbl iepenayu HHPOPMAIIH.

OM — bazoBast MOTYALIHUS.

L[AIl — umndpoanaioropoe npeodpazoBaHue.
YM — ygacToTHass MOIYJISLIHSL.

LTHUM — mmpOTHO-UMITYJIbCHAS MO YJISLIUA.
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I'JIOCCAPHIA.

Anghasum — mepedeHp BCEX BO3MOKHBIX 3HAUCHUH CUMBOJIA X{,X3,. . .,Xy,. 00-
Pa3yoIIMX MOJHYIO IPYNIy HECOBMECTHBIX COOBITUH.

AWM — aMIUIMTYJHO-UMITYJIbCHAS. MOTYJISILUS.

AHnanozoswlil cueHan — HEMPEPHIBHBIN CUTHAJ HEMTPEPHIBHOI'O BPEMEHH.

AM — aMrnuTyAHas MOAYJISIIHS.

AM OAFII — amrmuTyTHasE MOIYJISINS C OAHOW OOKOBOM MOJIOCOH.

Acunxponnas CIIH — nepenada nepBoro CUMBOJIa KOJIOBOM KOMOWHAITUN
HAYMHAETCS B TPOU3BOJIbLHBIA MOMEHT BPEMEHHU.

ATM (Asynchronous Transfer Mode) — cioco0 acCHHXpOHHOU Tiepeiayu pas-
HOPOJHOM MH(OPMAIIMK IO ACUHXPOHHBIM CETSM CBS3H.

ATC — aBromaTnueckas Teie)OHHAS] CTAHIIHSL.

ATIIIT — ananoro-nudpoBoe nmpeodpa3oBaHue.

bum — nBonunas uudpa (bit = binary digit).

brokuposka évi306a — moTeps BbI30BA, OTKA3 B MIPEIOCTABICHUN PECYPCOB
CeTH.

I'pynnoeoii cuenan — cymMma KaHaJIbHBIX CUTHAJIOB, MEPEIaBA€MbIX MO JIMHUHU
CBSI3H.

Jeumazepamma (datagram) — 3T0 CaMOCTOSITEIILHBIN MAKET, B 3ar0JIOBKE KO-
TOPOT'O COACPKUTCS TOoTHAs HHBOpMaIKs, HeoOXxoauMast Il ero mepeaadu oT 1c-
TOYHHMKA K MOJIy4aTeII0 M JIOCTaBJISIEMbIN ajpecaTy HE3aBUCHUMO OT APYrUX Make-
TOB.

BUM — BpeMs-uMnyJibCHast MOAYJISLIMSL.

BPK (Time Division Multiple Access — TDMA). —BpeMeHHOE pa3/ieiieHUe
kaHanoB(curHayioB). [IpuHIMN pa3jeneHus IepeaaBacMbIX CHUTHAJIOB, 0a3upyro-
IUACAd Ha TIEPUOJAMYECKOM BBIJICICHUHM Ka)KJIOMY CHUTHAJy OMPEIEeJICHHOTO IMpo-
MEXKYTKa BPEMEHH.

Bmopuunas cemv — 3TO CTpyKTypa, OpraHu3yromias oOMeH COOOIIEHUSIMU
OTMPEJIEICHHOr0 BU/Ia C UCIOJIb30BAHUEM apEeHI0BAaHHBIX PECYPCOB MEPBUYHOU Ce-
TH U COOTBETCTBYIOIIETO OKOHEUYHOT'0 000PYI0BaHUS.

Jlemooynayus — BbIICICHUE U3 MEHSIIOIIUXCS BO BPEMEHU MapaMeTPOB BBICO-
KOYaCTOTHOT'O MOJTYJIMPOBAHHOTO CUTHAIa UCXOAHOTI'0 HU3KOYAaCTOTHOI'O CUTHAJIA.

Jluckpemuzayus — 3aMeHa HeTPEePLIBHON (DYHKIIMU €€ TUCKPETHBIMU 3HAUYCHH-
SIMH, OTCUATHIBAEMBIMU YEPE3 ONPEACIICHHbIC HHTEPBAIbl BPEMEHHU.

Jluckpemuwiii cueHa — TUCKPETHBIM CUTHAJ JUCKPETHOTO BPEMEHH.

Hnpopmayus —310 CBEICHUS, 3HAHUS, HOBOCTH, UJICH U T.II. HE3aBUCHUMO OT
(hOpMBI BX TIPEACTABIICHHS

Hemounuk ungpopmayuu — 310 00BEKT, TEKYIIIEE COCTOSHUE KOTOpOro X WH-
TE€pPECYET MOyHYaTes.

KAM-M — M-no3uiiMoHHas KBaJApaTypHO-aMIUIUTYJHAs MaHUMIYJISAIKS,
npeaycMaTpuBaeT COBMECTHOE M3MEHEHHE aMIUTUTYA W (a3 mepenaBaeMbIX UM-
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yJECOB-CUMBOJIOB.

Kanan — 370 COBOKYITHOCTh TEXHUYECKUX CPEACTB, 00ECTICUNBAIONINX Tepe-
Jady CcOOOLICHUI OMpENeNeHHOT0 BUAA OT OKOHEYHOIO OOOpYHOBaHHUS OJIHOTO
MIOJTH30BATENS K OKOHEYHOMY 000PYIOBAaHHIO IPYTOTO

Kananvnoe (nomexoycmouuugoe) koouposanue — popmupoBanue uppoBo-
ro CUTHaJIa TAKUM 00pa3oM, 4TOOBI B MpoIliecce MpueMa MosiBUiIach BO3MOKHOCTD
OOHAPYKUTh WU UCTIPABUTH OOJIBIIYIO YACTh OMMOOK, BOZHUKIIIMX B MMPUHATOM
CUTHAJIC U3-32 BIUSHUS TTOMEX.

KBaHTOBaHME — 3aMEHA OTCUETHBIX 3HAUYCHUM CUTHAJIa Pa3pellIeHHBIMU 3HAUE-
HUSIMU.

Kozcepenmuas CIIH — oxunaeMble 3HAUCHHS] HaYaJIbHbIX (Da3 BCEX MPUHU-
MaeMbIX UMITYJIbCOB (BILUIOThH /10 OKOHYAHUSI CEaHCA CBSI3M) U3BECTHBI 3apaHee.

Koouposanue ucmounuxa — coxkpanieHre nu30bITOUHOCTH, COJIEpKAILEHCS B
CUTHaJIE UICTOYHHMKA.

Koo Xammunea —cucteMaTnueckuii KoJi ¢ KOJIOBBIM paccrosiHueM dy=3.

Kooosoe paccmosnue — MuHUMaIIbHOE U1l TAHHOTO KOJIa PACCTOSIHUE XAM-
MUHTa.

KPK (Code Division Multiple Access — CDMA).— kodosoe pazdenenue kana-
7106. IcIonb3yI0T TakKe TEPMUHBI: KOJJOBOE MYJIbTUILIEKCUPOBAHUE, MHOTOCTAH-
LMOHHBIN JOCTYI ¢ KOJIOBBIM pazzaenenreM kaHanoB (M/IKP).Curnansl nepenarot
B OJIHO BpEMS U B OJIHOM TOJIOCE YacTOT. Pa3z/iesieHne CUrHaaoB MpOUCXOIUT 1O
koxy (dhopwme).

KK (xommymayus xkaumanog) — 3TO OpraHuzamusi 1o TpeboBaHUIO ¢u3nye-
CKOI'0 COEAMHEHUS 000 U3 1 BXOIHBIX JIMHUM C 000U APYroi U3 m BBIXOAHBIX
JVHUHI U yJep>KaHue 3TOTO COCIMHEHUS Ha BpeMs Mepeaadyn COOOEHNUS.

Kommymamop — kommyTanimoHHasi cxema (MaTpuliia) ¢ n BXOJAaMHu U M BBIXO-
JlaMHU, B KOTOPOH COEMHEHNE BXO/a C BBIXOJIOM YCTAHABIMBAETCS C TOMOILBIO
OJIHOTO KOMMYTallHOHHOT'O 3JIEMEHTA.

Kommymupyemvoiii kanan — co3gaeTcs JIMIb HA BpeMsl iepeaadyu COOOIIECHUS
1100 ero yactu (makera)

Kommymayusa nakemoe — 3T0 opranuzanus 1no TpeOOBaHHIO (PU3MUECKOrO
COEIMHEHUS JIF0OON U3 1 BXOAHBIX JIMHUM C JIIOOOW APYrol U3 m BBIXOJHBIX JIH-
HUM, HO COXpausaemcs 9mo coeouHenue Julb Ha KOpOmKoe 8pemMs — Ha 8pems ne-
peoauu 00H020 nakema.

Kommymayus coobuenuti — pa3HOBUTHOCTh KOMMYTAIIMH, IPU KOTOPOH CO-
oOLIEHUs IEPEeNAIOTCS LIEITUKOM.

Koumetinep — ucnonb3yercs 11 pa3MelieHns Hu(pOoBbIX MOTOKOB OT pa3yiny-
HBIX UCTOYHHUKOB MepeJ] epeiayeii uX B CETSIX ¢ CHHXPOHHOM ¢ poBOi uepap-
XUEH.

Jlunus — 3T0 cpena, B KOTOPOM PacipOCTPAHSIIOTCS CUTHAIBI U3 IIYHKTA Mepe-
Jla4u B MyHKT MpUeMa
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Mamemamuueckas mooenb — 3TO YIPOIIEHHOE KOJTUIECTBEHHOE OMMCAHUE
00BEKTa WU SIBJICHHUS, IPUTOAHOE JIJIS1 PEIICHHUs] KOHKPETHOM 3a/1a4H.

Meorccumeonvrasn unmepgepenyus — HalIOXKEHUE COCETHUX UMITYIIbCOB APYT
Ha JIpyra U UX B3aMMHOE UCKAKEHHUE.

MHozcokananvuas cucrema — 1o OAHOM JIMHUU CBSI3H OCYIIECTBIISAECTCSA 00OHO-
8peMeHHas nepeoaia n coooueHull

Mmnococmanyuonnwiti docmyn (M]l) — MeTOJ, MO3BOJISIIOUIMNA 7 CTAHLIUSIM
paanocBs3u (BO3MOXKHO, pa30pOCaHHBIM Ha OOJBIION TEPPUTOPHUH) COBMECHIHO
UCNONIb308AMb PeCypPCbl 00HO20 PEMPAHCIAMOpPA.

Mooynayus — nporiecc, 3aKITI0YAIONINICI B N3MEHEHNH BO BpEMEHU MapaMeT-
POB BBICOKOYACTOTHOT'O TAPMOHUYECKOT0 KoJieOaHusl (aMIUTUTY/IbI, YACTOTHI, (ha-
3b1) 110 3aKOHY U3MEHEHHUS BO BPEMEHN HU3KOYaCTOTHOT'O CUTHAJIA, MTOAJIEKAIIIETO
nepeaye.

Hexommymupyemwiti (apeHI0BaHHbBIN, TOCTOSIHHBIN) KaHAT — IMOCTOSIHHO TO-
TOB K Tlepeiaue, Tak Kak He UCTONb3yeTCsa JPYTUMHA a0OHEHTaMHU

OcHosanue kooa (06vem angasuma) — 4UCIO BOSMOKHBIX 3HAUCHUN CUMBO-
J0B UcTOYHMKA. OCHOBOM LIM(PPOBON KaHAIl —KaHaJl CO CKOPOCTBIO Mepeaadn
64 Kour/c.

O®M — otHOCUTENbHAS (pa30Bast MOTYJISALIMSL.

Ilakem — 4acTh COOOIICHHMS, TPEICTABICHHAS B BHJIE OJIOKA C 3aTOJIOBKOM,
UMEIOIIEr0 YCTAaHOBJICHHBIN (hopMaT (CTPYKTYPY IaHHBIX ) U OTPAHUYCHHYIO JIJIH-
HYy, ¥ TIepe/iaBaeMas 1o CeTH KaK eIUHOE 1e0e.

[Tepemexxenne (interliving) — mepemenmnBaHnue CUMBOJIOB, CIOCO0, TO3BO-
JSIFOIIHIA OMIMOKH M3 TTAaKeTOB OoJiee MM MEHEee paBHOMEPHO PACIIpEeNeNsTh Mo KO-
JIOBBIM KOMOWHAITHSIM.

Ilepsuunas cemsv — 3T0 JIMHUU U KOMMYTAIlMOHHOE 000PYI0BaHUE, CITy)Kalllee
1T 00pa30BaHUs KaHAJIOB CO CTAHAAPTHBIMU XapaKTEPUCTHKAMU, IPUTOTHBIX IS
nepeaayr COOONIEHUM pa3HbIX BUJIOB.

IInezuoxponnas yugposas uepapxus (Plesyochronous Digital Hierarchy -
PDH) — uepapxust ckopocteit npu 00beAMHEHNN TU(GPOBBIX MOTOKOB Ha CETSIX 03
001116l CHHXPOHHU3AIIUH.

IIponycknas cnocobnocms kauana — 3TO HauOOMbIIAsT BO3MOXKHAS B ATOM
KaHaJie CKOPOCTh Tiepenayn nHbopmaruu (OUT/CUMBOI WK OUT/C) TIpU 3aJaHHBIX
OTrpaHUYCHMSIX HA 3HAUYCHHUA psJa ero GU3H4ecKuX napaMeTpos.

Pa3zoenumviii k00 — KO, B KOAOBBIX KOMOMHALIMSX KOTOPOT'O 3JIEMEHTHI MOYKHO
pa3zienuTh Ha HHPOPMALIMOHHBIE U IPOBEPOYHBIE.

PasHeceHHbII TprieM — IPUEM OJTHOTO CHTHAJIa IO HECKOJIBKUM KaHalaMm, pas-
HECEHHBIM 10 YaCcTOTE, BPEMEHH, B IPOCTPAHCTBE U T. II..

Paccrosinue XsMMuHra — CTENEeHb pa3auyus KoMOUHAIMi koaa. Onpeaensercs
JUIs1 TFOOBIX IBYX KOMOWHAIIMI YKCJIOM HECOBNAJAIONIUX CUMBOJIOB.

Perenepaiiust — BoccTaHoBjIeHHE (POPMBI UCKAKEHHOT'O ABOUYHOIO LU(POBOTO
CUTHAaJa MOCJIe Iepejayr €ro Ha ONpeIeIEHHOE PACCTOsSHHE.
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Cemb cuenanuzayuu — 3TO CETh, MPETHA3ZHAYCHHAS JUIsl OOCTY)KUBAaHUS TIEP-
BUYHOM CETU Y UCTOJb3yeMast JIsl iepeau KOMaH/I, yIPaBISIONNX padoTon
LEHTPOB KOMMYTAIIMU KaHAJIOB

Cemb 31eKmpocessu — 3TO COBOKYITHOCTh TEXHUYECKUX CPEACTB, o0eceyu-
BaroIas oOMeH MH(PpOpMaLMEer MeX Iy MHOKECTBOM I0OJIb30BATENEH, pAa3HECEHHBIX
B IIPOCTPAHCTBE.

CBepTOUHbIE KOJIbI — HEMPEPHIBHBIEC KOJIBI.

Cuenan — MaTepuaIbHbIN TEPEHOCYUK WH(GOPMAIUH C TIOMOIIBIO (PU3UIECKOM
BEJIUYMHBI, U3MEHEHHE OJHOTO WJIM HECKOJIBKHX MapaMeTpoB KOTOPOW 0TOOpaXkaer
COOOIIIEHHE.

Cunxponuzayus — IPOUECC YCTAHOBIICHUS U OJJIEPAKAHUS ONPEAEIEHHbBIX
BPEMEHHBIX COOTHOILLICHUN MEXIY IBYMs WJIM HECKOJIBKUMU MPOIECCAMH.

Cunxponnotui CIIN — nepenada KaxJ0ro CUMBoJia (MMITYyJIbCa) HAUMHAETCS B
TaKTOBBIII MOMEHT BPEMEHU

Cunxpounnas yughposas uepapxusa(SDH) — uepapxusi CKopocTel mpu o0be1u-
HEHUU IU(GPOBBIX MTOTOKOB, pa3pelieHHas K MPUMEHEHHUIO Ha CETAX oOIIei CHH-
XPOHU3AIUH.

Ckopocmb nepeoayu uHgopmayuy —C peIHee Yucio OUT, nepeaaBaeMbIX O1-
HUM CHMBOJIOM WJIA B CEKYHAY.

Ckpembauposanue — caoxenue quppoBOoro CUrHaaa no MOAYJIIO JIBa C ICEB-
JIOCITY4YaiiHOM MMOCJIEN0BATEIbHOCTBIO.

CIIH — cuctembl iepeadn UHGOpMaLUK.

@M — pazoBas MOTYIALUS.

Luxnuueckuii kK00 — Pa3HOBUJHOCTD IMHEHHOT O OJIOYHOT'O KOJIa, OCHOBHOE
CBOMCTBO KOTOPOTO 3aKJIFOYAETCA B CIEAYIOIIEM: KOMOMHAMS, ToJlydaemMasi MyTeM
UKINYECKON MEPECTAaHOBKH 3JIEMEHTOB pa3pelIeHHOW KOJIOBOM KOMOMHAIINHY,
TAK¥KE SABJISICTCS PA3PEUICHHOMN.

Lughposoii cuenan — nocaenoBaTEIbHOCTh, COCTOALIAS H3UEPEAYIOLIUXCS CITY-
YaiHBIM 00pa30M UMITYJILCOB JIByX THUIIOB, OJUH M3 KOTOPbIX 0003Ha4aeT 1, a BTO-
poi 0.

LAl — mudpoananoroBoe npeodpa3zoBaHue

YM — qacToTHasA MOIYJISALUSL.

YPK — 4acTOTHOE pa3/ielieHe KaHAIOB(CUTHAJIOB) —[TPUHIIUI Pa3eIeHUs T1e-
pelaBaeMbIX CUTHAJIOB, 0Aa3UPYIOMIUIICS HA OTBEIEHUH KaXK]IOMY CUTHATYy CBOEH
NOJIOCHI YaCTOT B 33JJaHHOM YaCTOTHOM JMaNa3oHE.

LTHUM — mimpOTHO-UMITYJIbCHAS MOYJISILIUA.

Sumponus —Mepa HeONPeeIeHHOCTH UCTOYHUKA COOOIIEHUH, MPOU3BOIH-
TENHHOCTh UCTOYHHUKA(OUT/CUMBOI WIIN OUT/C).

OFDM (Orthogonal Frequency-Division Multiplexing) — Moxynsiiisi OpTO-
TOHAJIBHBIX HECYIIUX, 0a30Basi TEXHOJOTUsI OECIIPOBOIHBIX IIMPOKOMOIOCHBIX CH-
CTEM CBSI3H.



http://en.wikipedia.org/wiki/Frequency-division_multiplexing
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