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BBEOEHUE

Cuuraercs, u He 6e3 ocHoBaHMH, yT0 XX| Bek — 3T0 BeK HH(POpMATH3AIUH.
[ToaToMy 3HaHUE (yHIAMEHTAIBbHBIX 3aKOHOMEPHOCTEH M METOAOB Iepe/ayw,
npeoOpa3oBaHus U XpaHEHUsT HHPOpMAIHU JJIsI COBPEMEHHOTO YeJIOBEKA HEOOXO-
JUMO HE MEHEe YeM 3HaHWE OCHOBHBIX 3aKOHOB (DM3UKU, XUMUH U JAPYTHX €CTe-
CTBEHHBIX HayK. B moaTBepkJeHHE NOCTATOYHO JIUIIL OTMETUTh, YTO BCS DJICK-
TPOHHAS amnmaparypa co3faetcs sl epenadyu U 00pabOTKHA CHTHAJIOB, HECYIIUX
uHpopmaiuio. VckitoueHrs HaCTOJNBKO PEAKH, YTO MPUJIETCS XOPOIIO MOyMaTh,
9TOOBI MPUBECTH XOTsI ObI 2-3 COOTBETCTBYIOIIUX TIPUMEPA.

Cucrtems! nepegaun undopmarmu (CIIN) sBisiroTCsS 0HOM M3 caMbIX AUHA-
MUYHBIX OTpaciieil MUPOBOM SKOHOMUKH. B yKa3aHHBIX cucTemMax, 0COOCHHO Iu(-
POBBIX, BOIUIONIEHBI IPAKTUUYECKH BCE HOBEUIINE OCTUKEHUSI HAYKU U TEXHOJO-
TUH, IPUMEHSIEMBIE U B APYTUX PAJUOTEXHUUYECKUX cUcTeMax. Her Hu4ero yausu-
TEJIBLHOI0, YTO KHHUTH, cojiepxkKaiiue 0ojiee WIM MEHEE CBS3HOE OMHCAHUE JIUIIb
OCHOBHBIX METOJIOB, UMEIOT BECbMa CONHUIHBINA 00beM [1-3 u ap.].

JlanHoe ydyeOHOe mocobue nmpeHa3HaueHO JIJIsl IEPBOr0 O3HAKOMJICHHUSI C KypCOM
«TEOPUS PAIMOCBA3N . I'naBHas 1ienb, KOTOpas mpeciieoBajiach Mpu BHIOO-
pe cnocoba nmojayu Marepuaia, — 3T0 MaKCUMajlbHasi JOCTYITHOCTh HHOT/A 1aKe B
y1epO CTPOroCTU U MOTHOTE OCBEIIECHUS OTAEIbHBIX BOpocoB. Ecnu y unrarens
CJIOKUTCS LIENBHOE MPEICTABICHUE O IPEAMETE, O HA3HAYECHUH U B3AaUMOCBSI3U
MIPUMEHSEMBIX METOJIOB, 3TO OyJeT Xopolieit 6a3oi i OoJee AeTalbHOro U3y4e-
HUS N30paHHBIX TEM IO JIPYroi y4eOHOW U HAyIHOU JIUTEepaType.

Uto0bl MaTepuall, MpeCTaBICHHBIN B KHUTE, HE BOCIIPUHUMAJICS KakK TPo-
cToil Habop (PaKTOB, HEOOXOUMO MOTYEPKHYTH CIAEAYIOIIEE.

Bo-niepBpiX, HayadbHBIM ATam JOOOTO HMCCIEIOBAaHUS, 3a4acTyl0 TpeOyro-
Ui HauOobIIel KBaTu(UKALIUK, — 3TO CUCTEMAaTHU3aIUs U KOJIMYECTBEHHOE OIH-
CaHHWE TOro, 4ro u3BecTHO 00 oObekre ucciemoBanus. s CIIM sto o3magaer
pa3pabOTKy MaTeMaTHYECKUX MOJENEN CUTHAIOB U nomex. [loaTomy HeT cMmbicia
IPUCTYNaTh K U3YYEHHUIO Kypca, HE BCIOMHUB XOTSI Obl OCHOBHBIE IMOHSITUSI TEOPUU
BEPOATHOCTEU U TEOPUM IEKTPUUECKUX LIENIEU U CUTHATIOB.

Bo-BTOpBIX, IpUeM CUTHAJIOB BCErJa TPEOYEeT BHIHECEHUSI CEPUM PEIICHUN B
YCJIOBUSIX YAaCTUYHOW HEOMpeAerIeHHOCTU. [l03TOMy HY»KHO OCO3HATh, YTO HE
KQKJI0€ U3 OTUX NPUHATHIX PELICHUN OKA3bIBAECTCS MPABWIbHBIM, MOATOMY IIPHU
BBIOOpE METOAOB IMEpe/lauyd U MpHeMa CTPEMSTCS K TOMY, YTOOBI JOJIS YAAUHBIX
penieHnii OblTa MaKCUMaIbHOM.

B-tperbux, ynyumenue oanux xapakrepuctuk CIIM HemsOexHo compo-
BOXKIAETCS YXYIIIEHUEM JIPYTUX, 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 oueHb MIMPOKO MCHOIB3YIOTCS Pa3IMYHbIE MATEMATHUUECKUE
METOBI. XOTS CJIeyeT MPU3HATh, YTO KOJTUYECTBO OCHOBHBIX HJICH HE TaK YK Be-



auko. [ToaToMy 3a BceMHu MaTeMaTHYECKUMHM BBIPQKECHUSIMH HE MeIIano Obl Mpesxk-
Jie BCEr0 pasrisiJieTh COOTBETCTBYIONIYIO uacto. Hemapom sxe OONBITUHCTBO JTy4-
[IUX COBPEMEHHBIX METOJIOB 00pa0OTKH CHUTHAJIOB MEPBOHAYAIBHO OBLIO MPEAIO-
YKEHO TIPAKTUKaMH Ha OCHOBE MHKEHEPHON MHTYHUIIMHU, U JUIITL TOTOM MaTeMaTHKU
CTpPOro 00OCHOBAJIA UX ONTUMAIIbHOCTb.

Her coMHEeHUs1, 4TO 3HaHKE OCHOB TEOPHHM W TEXHUKHU Ieperaadyu uHpopma-
IIMM CYIIECTBEHHO OOJITYUT OCBOCHHUE IMOCIEAYIONIUX CIEUaIbHbIX KYpPCOB.
®dopMmbI pazHbIe, HO CYTh OJIHA — Mepeaada nHpopmarmu!



1 MATEMATUYECKUE MOLOEJIN CUTHAJTOB U MOMEX
1.1 Uucpopmauma n curHanol

HeB03MOXXHO [aTh CTpPOroe M MOJHOE OMUCAHUE JIFOOOr0 W3 MPUPOJIHBIX
00BeKTOB WM siBeHUH. [lo3ToMy nr000€ rpaMOTHOE MCCle0BAaHNUE BCErja Hauu-
HAETCS C MMOCTPOCHUS €T0 Mamemamuieckou mooenu. ITo — yIpoIeHHOe KOJIJe-
CTBEHHOE OIMcaHhe 00BEKTa WU SBJICHUS, IPUTOAHOE JIJIsl PEIIEHUs] KOHKPETHOM
3aia4uu. SICHO, YTO pa3IMYHBIM 3aJladyaM MOTYT YIOBJIETBOPSTH COBEPIICHHO pa3-
HbIE MOZEJIH OJHOT'O U TOT'O XK€ SIBJICHUS.

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

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

Emé nonarator, yto uHGOpMaIs — HE SHEPTusl, IOCKOIbKY OHA, B OTJINYHE
OT PHEPTHH, HE MOXKET MPOSIBIATH ce0sl, MPEBPATUBIIUCH B paboTy.

YtoObl HE cO3AANIOCh BIIEYATIIEHHE, YTO BECh KypC OYIEeT MOCBSILEH U3yye-
HUIO CIIOCOOOB Mepe/iauyn 4ero-iubo OecTenecHOro, AaJuM €Il€ OHO Ompeserne-
Hue. CueHan — smo mMamepuaibHslli NepeHoCYux ungopmayuu, u naGoOpMaIms, B
HEM cojieprKalascs, TpaHC(HOPMHUPYETCS B UBMEHEHUE HEKOTOPBIX CBOMCTB ATOrO
MaTepuanbHOro oobekTa. [103ToMy BMOJIHE €CTECTBEHHO, YTO M3yUEHHUE 3aKOHO-
MEpHOCTEN nepenayr nHGOpMaIMu Mbl, U3 COOOPAKEHUI HATJISTHOCTH, 3a4aCTYIO
OyneM 3aMeHSTh U3YYEHHEM CBOMCTB CUTHAJIOB B IPOLIECCE MX MEpenayd OT McC-
TOYHHKA K MOJIY4aTelo.

Urak, sicHO, yTO nepeaada uHpopMali HeBO3MOKHA 0€3 mepeadyn CUrHa-
noB. O6paTHOE yTBEp:KIE€HUE CIPaBEUIMBO Jajeko He Beerna. Ecnu cBenenus, co-
JIep>Kalecss B CUTHANE, y>K€ JIOCTOBEPHO M3BECTHBI IMOIYYaTeNi0, TAKOH CUTHAJ
He HecéTr uHopmarmu. C Apyroit CTOPOHBI, Al MeHee WH()OPMHUPOBAHHOTO TO-
JTydatessi TOT )K€ CUTHAJl MOKET COJIepKaTh HHPOPMALHIO.

CrnenoBarenbHO, HH(MOpMaIUs — apecHoe noHsATrue. Beerna MOXHO yKasarh
JIBa KOHEYHBIX OOBEKTa B LIENH NpeoOpa3oBaHUil cUrHajla. DTO — UCTOYHUK HH-
dbopManuu u nonyvarenb. Mcmounux ungpopmayuu — 310 00bEKT, TEKYIIEE COCTO-
siHUE KoToporo X uHTepecyeT nonyuarens. [lepenaBaemoe coobuienue X, TpaHc-
dbopMupysich B Ipoliecce Mnepenadyd M3 IMyHKTa, 7€ PacIoioKEH HCTOYHUK, B
IYHKT, TJI€ PACHOJIOKEH MOJy4YaTesb, IPEBPAILAETCA B UTOTE B NPUHUMAEMBIU CU2-
nan Y. IlomyuaTenb, HaOm0mass KOHKPETHYIO PEau3alliio Y, MBITAETCS OIpeje-
JUTh, KAKOBO KOHKPETHOE 3HAYEHUE COOOIICHHUS X.

Otcroga BUJIHO, YTO Y MOIy4YaTess Bceraa JoJKHa ObITh XOTsI Obl HEKOTOpast
HEOIPEJEIEHHOCTh OTHOCUTENIBHO TEKYIIEro coCTOsIHUA nctounnka X. Ecnu Takas
HEOMPEJEIEeHHOCTh OTCYTCTBYET (MCTOYHHMK TapaHTHUPOBAHHO JOJKEH OBbITh B



€AMHCTBEHHOM COCTOSIHUU X,, U TOJIyHaTENI0 3TO YK€ U3BECTHO), TPATUTh PECYP-
Chl Ha MPUEM CUTHAJIA Y HET CMbICIIA (CJIeI0BATENIbHO, U M3y4YaTh B 3TOU CUTYyalluu
HEYEro).

VY 100HBII MaTeMaTUYeCKUil anmapat Juisl OIMUCaHUsl OOBEKTOB, 0XKHIAEMOE
COCTOSIHUE KOTOPBIX SIBISETCS HEOMPEACIICHHBIM, JACT Meopusi 8eposmHOCHell.
[Tosromy nipu paccmorpenun CIIM Bce curHanibl B €U, CBSI3bIBAIOIIEH UCTOYHUK
X ¢ mony4ateneMm Y, pacCMaTpUBaIOT KaK B3aMMO3aBUCUMBIE CITy4yailHbIe OOBEKTHI.

HanoMHrM Ba:KHeiilllue MOHATHSI TeOPUU BeposiTHOCTel. Onvim — 3TO
COBOKYITHOCTb JIEHCTBUM, BBIMOJHAEMbBIX IO 3apaHee OrOBOPEHHBIM JUOO 00IIe-
OPUHSATHIM MpaBUJIaM, HAPUMEP, MOAOPACHIBAHUE MOHETHI;, U3BJICUECHUE KAPTHI U3
KOJIOJIbI; HAOJIO/IEHNE TTOTOIbl B KOHKPETHBIN JI€Hb U Yac; U3MEPEHUE HANPSIKCHUS
B KOHKpPETHOH Touke ycTpoicTBa U T.4. Codvimue A nazvieaemces Cay4atiHbIM CO-
Ovimuem, eciu npu NPoGeOeHUuU ONbiMa OHO MOMCEN NPOUZOUMU, d MONCEM He
npou3oUmu, npuyem ucxoo 3apanee Heuszsecmen. llpumepsl: Beinajienne repda npu
no10pacbIBAHUM MOHETBI; U3BJICYEHUE U3 KOJIOIbl OYOHOBOMW JECSATKHU; CHEromnaj B
nosieHb 20 suBapsa 2010 roga; BenuurHa HaNpsKEHU MeHblie 2 B.

Beposmnocmu p(A) coObITUSI A — 3TO YHUCIIO, XapaKTEPU3YIOIIEE CTEIEHb
BO3MOKHOCTH TMOSBJICHUSI 3TOr0 CcOObITHA. COObITHE HA3bIBACTCS HECIy4dalHbIM
(IeTepMUHUPOBAHHBIM), eciu pP(A)=0 (3TO HEBO3MOXHOE COOBITHE) JHOO
p(A) =1 (3T0 MOCTOBEpHOE COOBITHE). [I71s1 cimyuaiiHoro coObiTus 0< p(A) <1.

JIJisi HEKOTOPBIX COOBITHI BEPOSITHOCTh WX TOSBICHUS MOXHO TOYHO yKa-
3aTh Cpa3y Ha OCHOBE TEOPETUUYECKHUX MPEANOChUIOK. Hanmpumep, BEpOsITHOCTh BbI-
nageHus repOa pasua 0,5. J[111 MHOTHUX APYTUX COOBITUN OCTAETCS JUIIH IKCIIEPH-
MEHTAJIBHBINA CIIOCO0 OLIEHKH BEPOSATHOCTH, T.€. P(A;)~m/n, rae N — oduee Ko-

JUYECTBO MPOBEAECHHBIX OIBITOB; M — KOJIMYECTBO OIBITOB, B KOTOPBIX IMOSIBU-
J0ck coObiTre A. OUEBHIHO, YTO TOYHOCThH OIIEHKH BO3PACTAET MPHU YBEIHMUYECHUU
KOJIMYECTBA OIBITOB N.

Kaxk npaBuiio, 66IBatoT M3BECTHBI MOCIEICTBHS, KOTOPBIE MOBJIEYET 32 COOOM
NOsIBJICHHE (M HEMOSIBJICHHUE) COOBITUS A, TTIO3TOMY €CTECTBEHHO YKEJIaHUE 3apaHee,
710 TPOBEACHUS ONbITA MPUHATH peuieHue OTHOCUTENBHO TOr0, KaK HaWIydlIuM
00pa3oM MOJATOTOBHUTHCS K MPEOJOJICHHIO 3THX TocienctBuil. [Ipobiema B ToM,
YTO CIOCOOBI TTOATOTOBKM K 00OMM HCXO0JIaM MOTYT OBITh JUAMETPATLHO MTPOTUBO-
IIOJIO’KHBIMU, MCKIIIOYAOIIUMHU 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 cieaytomiee coodpaxenue. Ecnu
OyneM cienoBarh €i Mpu NpOBEIeHUH OOJIBIIOIO KOJMYECTBA ONBITOB, TO HAYMHA-
eT paboTaTh 3aKOH OOJIBIIUX YHCEN U MPOSBISIOTCS HEKOTOPbIE 3aKOHOMEPHOCTH.
B namem npumepe npu mpoeraeHur 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), CBSA3AHHBIX C KaXIbIM W3
BO3MOKHBIX UCXOJO0B ONbITa (KCTaTH, BEIMYMHA MOTEPh CO 3HAKOM MUHYC O3Haua-
€T COOTBETCTBYIOIIYIO MPUOBLIB).

Paccmorpum mpumep. Hekto mpepnaraer Bam MOWUTpaTh MO CIEAYIOMINM
npaBmwiIaM: OpocaeTe UrpalibHYIO0 KOCTh U, €CJIH BBIMAAaeT ImecTepka (BepOsTHOCTD
ATOTO0 COOBITHS paBHA 1/6), BBI TIaTUTE 6 pyOJIeH; IPU APYrOM MCXOJI€ BbI MONIY-
gaeTe 1 pyonb. Utak, BenmumunHa OTEeph X — 3TO OUCKPEMHAS CYYAlHAsL 8eluyl-
Ha, OHa UMEET JIBa BO3MOXHBIX 3HaueHUs: X3 = 6 u X, = —1. Ctout nu urpath Ha
Takux ycioBuax? Ha nepBblil B3IJIs1, UTpa KaXeTCsl CIPaBEIJIMBOM, TEM HE MEHEE,
MOJICYUTAEM CPEIHION BeIU4MHY noteph. [lonoxum, Oyner mpoenero 600 orbl-
ToB. [llectepka Beinmaner npumepHo 100 pa3, npu 3Tom Bbl otepsiere 600 pyOsiei.
Wnoit ucxon Oyner mpubmmsutenpHo B 500 ombitax, u Bel noiayuute S00 pyorei.
banaHc HexenaTenbHbIA, CPEAHSS BEJIMUMHA MIOTEPh B PAaCUETE HA OJUH OMBIT CO-
ctaBuT 1/6 pybssa. B Teopun BeposSTHOCTEN dTa YMCIOBAsl XapaKTEPUCTHUKA Ha3bI-
BACTCS MamemMamuyeckum oxcuoanuem cayyaunou genuyunst X. Kak Mbl TOTBKO
4TO yOeIUIIUCh, OHa BBIYUCIISIETCS 1o dbopmyie
m, =X p(X)+ X%, p(x,) =6-1/6-1-5/6=1/6.

MOXHO ONpPENEeNUTh NOAHYIO SPYNNY HeCOBMECMHBIX CAYYAUHBIX COObIMULL
Ai, As,...,Ap. DTO 3HAYUT, YTO B PE3YNIbTATE OIBITA 00s3aTEIBLHO MPOU30UIET OJ1-
HO U3 TIEPEUYHCICHHBIX COOBITUM, HO TOJBKO OJHO M3 HUX. J[JI1 Kaka0ro coObITUS
A, CYLIECTBYET  BEPOSTHOCTH ero MOSIBJICHUS p(Aj), IpUYEM

P(A)+ p(A,)+...+ p(A ) =1. Hampumep, npunsto coodienue, cocrosiee u3 200

OykB. Torjga noiaHoi OyaeT, CKakem, Takasi Ipynna ciaydailHbIX cCOObITUM: A; — B
TEKCTE HET OUO0K; A, — B TEKCTE O/IHA OIIMOKa; A3 — B TEKCTE OT JBYX JO Iisi-
TH OIMMOOK; A4, — B TeKCTe 00JIee AT OMIHOOK.

OnpenenuB UCXOAHBIA MYHKT JIsl IOCTPOCHUS MOJIETH CUTHAJIOB, BO BCEX
MOCIIEYIOIINX pa3jiesiax Kypca Mbl OyJieM 3aHUMAaThCsl BOIIPOCAMHU BEPOSITHOCTHO-
T'O OMHMCAHMS CUTHAJIOB B PA3JIMYHBIX 3BEHBSAX TPAKTa MEpeayu, MPyu 3TOM OCHOB-
HOE€ BHHMMaHHE OyJeM yIensiTh TeM XapaKTepUCTHKAM CHTHajla, KOTOphIE B
HAUOOJIBIIICH CTENEHU 3aBUCST OT nepeaaBaeMoro coodienus: X. CrnocoOsl omnpe-
JIJIeHHs] KOJTMYecTBa HH(POPMAIIUH, COJIEPKAIIEHCsS B CUTHANIE, OYJyT paccMOTpe-
HBI B paszjerne 4.

1.2 UudpoBble curHanbl

Cuenan X, komopulil MOdcem HAXOOUMbCS AUUDL 8 OOHOM U3 M BO3MONCHBIX
COCMOsHULL, HA3bIBAEMCS M-UYHbIM cumeosom. TlepedeHb BCEX BO3MOIKHBIX 3HA-
YeHU CUMBOJA X1,Xp,...,Xm, 00PA3YIOMIUX TMOJHYIO TPYMIy HECOBMECTHBIX COOBI-
THW, Ha3bIBaeTCs aa(aBUTOM, a YHCIO M — OCHOBaHHEM Koja (CHCTEMBI CUMCIIC-
HUSA).

[TonHOE BEpPOSTHOCTHOE OMHMCAHHWE CHMBOJIA JIACT €O P PaCHpeacIICHHS
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Xj | X1 Xa.. Xm
P1P1 P2...Pm

IIpu 3TOM CymMMa 4HCeNn-BEpOATHOCTEN BO BTOPOU CTPOKE paBHA €AUHUIIE.

Ipumepwi: 1) X — pycckas OykBa, M=33, e€ BO3MOKHBbIC 3HaucHHS (ada-
BUT): a,0,...,5%. ECTb 3KCIepUMEHTaIbHbIE JaHHBIE O BEPOSITHOCTSIX MOSBIICHHUS
Kkaxxaon u3 oyks [10].

2) X — necarnunas uudpa, m=10, andasut: 0,1,2,...,9. Ecnu He yuuThIBaTh
Hally JIO00Bb K KPYIJIbIM YHCIAM, MOXXKHO CUUTaTh, YyTO Bce LU(phl andaButa
UMEIOT OJIMHAKOBYIO BEpOSITHOCTH 110 0, 1.

3) X — nBonunas nudpa (out = bit = binary digit), andaswur: 0,1.

Koneuno, ¢popMarbHO MOXHO TIPEACTABUTH CUMBOJI, JIJIT KOTOPOro M=1, HO
NPUHUMATh TaKOM CUTHAN HET cMbicia (cM. paza. 1.1). [lostomy 6um — smo cuenan
npocmeiiwe2o 6uoa, U 0narojgaps 3TOMY CBOMCTBY JIBOMYHbBIC CHUTHAJBI HAILIU
MUpoYaiilliee MPUMEHEHHE B Pa3IMYHBIX YCTPOWCTBAX Mepenadyu, XpaHCHUS |
npeoOpa3zoBaHusl CUTHAJIOB.

Jliist OykB andaBuTa MOKHO MCTIOIB30BaTh JIIOOBIE (pa3yMeeTcsl, pa3InIHbIC)
Ha3BaHUS U 0003HAYEHUS — OT ATOTO CYIIHOCTh CUTHAaJla He U3MEHUTcs. Ecau OyK-
eam angasuma npunucamsv YUCio8ble 3Hauenus, mo cumeon X npespawujaemcsi 8
ouckpemnyto caydatinyro genuyuny. Jna CIIN 310 — TUnmyHas curyauus, mo-
CKOJIbKY pa3JIM4HbIC COCTOSIHUSI CUMBOJIA TIEpEAaroTCsl MyTeM 3aJaHus KOHKpET-
HBIX 3HAYCHHUI 9aCcTOTHI, (Pa3bl, aMIUTUTY/bI M UHBIX KOJUYECTBEHHBIX IMAPAMETPOB
CUTHAA.

[IpakTudecku a00YI0 YUCIOBYIO XapaKTEPUCTUKY TUCKPETHON CllydalHOU
BEJIMUMHBI X MOKHO ONpPEJEINUTh Kak MaTeMaTuyeckoe oxuaanue (M) HekoTopoi
M3BECTHON PyHKIMH Y = ¢(X)

(1.1)

M[¢(X)]=;¢(Xj)pj' (1.2)
<

B wactHOCTH, BBhIuuCHeHUE 10 Gopmyne (1.2) maer: MaTeMaTUYECKOE OXKHU-
nanue m , eciu (x)=x ; mucnepeuro D, ecmu ¢(x)=(x—m, )*; OATHIA HaYaIbHBIH
MOMEHT, eclii ¢(x)=X>; 4ncio M, ecinu ¢(x)=1/p(x), u T.1.

JIro6oe u3 uucen, onpeaenseMbix mo ¢opmyse (1.2), He 1aeT MOJIHOTO OMU-
caHUsl CBOMCTB cuMBOJIa X B OTIM4YHE OT psja pacnpeaenenus (1.1), HO ux uc-
MOJIb30BaHUE TOPOM HMMEET CMBICH OJjarojaps KOMIAKTHOCTH TMPEICTaBICHUS
(ducro, a He TAOIHIIA).

[Ipu nepenaye Kax10My U3 BO3MOKHBIX 3HAYCHUI CUMBOJIA IPUTTACHIBACTCS
OIIpeNeTICHHBI CMBICII B COOTBETCTBUH C 3apaHee OTOBOPEHHOW TaOHIlel KOIu-
poBaHusl, T.€. 3Ta TabNuIla U3BeCTHa mosyyarento. Hanpumep, mpu m=2 coobiie-
HUE O BO3MOXKHOM TPHUE3/Ie KOHKPETHOTO JIMIAa MOKET UMETh CIeAyronuil Bu: 1 —
npuener, 0 — He puener. Eciy uenoiap30BaTh BOCBMEPUYHBIA CHMBOJI, TO MOYKHO
nepenarb Ooyiee neranbHOEe (MHPOPMATHBHOE) COOOIICHHE, COCTABHB TAOJIHILY,
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HarpuMep, Tak: 0 — He npuener; 1 — npueaeT B NOHEAENIbHUK; ...; 7 — NPUEIET B
BocKkpeceHbe. OTCro1a BBIBOM: uem Ooavuie m, mem 6onvue ungopmayuu (ceeoe-
HULL) MOJCHO GLONCUMb 8 OaHHbIl cumeol. HO HCTIOIb30BaHHE CUMBOJIOB C 0OOJIb-
UM M TOPOXKIAET psiji MpoOsaeM (CM., Harpumep, pasi. 2.), IO3TOMY 4YacTo s
nepenayu COOOIICHMS NCTIONB3YIOT HE OAMH, @ HECKOJIBKO M-MYHBIX CHMBOJIOB.

Kopnosas komounamua XM x1?  x" cocrosmas u3 M-UYHBIX CUMBOJIOB,
HEPEJIKO Ha3BIBAETCSl KOOOBbIM C1080M NIWHBI N. J[pyroe BO3MOXXHOE Ha3BaHUE -
3TO N-paspsaHoe M-uaHOe Yucio. [IycTh Bce N CUMBOJIOB, BXOAIINX B 3TO CJIOBO,
UMEIOT OJIMH U TOT K€ alaBUT X, X, ..., X,, -

[Toxa paccMaTpuBaeM 3Ty KOMOWHAITUIO KaK €IUHOE IEI0€ U MEePEUNCIAM
BCE €€ BO3MOXKHBIE COCTOSTHUSI:

VIV A Y U R 3 [ 2 R ) PR | IV I R
XX X0 X X XE s X X X, (1.3)

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

Otcronia cneayer, 4To KOMOMHAIIMS CUMBOJIOB, B MPUHLMIIE, HUYEM HE OT-
JMYAETCs OT OJHOr0 M-WYHOrO CHUMBOJIA, €CJIM HE CUMTATh UCIOJb30BaHUS IPO-
MO3JIKMX 0003HauYCHMM NI Kakaon u3 M Oyks andasura (1.3). U B aToM ciryuae
JUTSI IOJTHOTO ONMCAHUsS CUTHAJa HYXHO 3HaTh pAl pacnpenenenus (1.1), koTopbii
B MEPBOM CTPOKE COAEPNKUT BO3MOXKHBbIE 3HaueHusi curHana (1.3), a Bo BTopoi
CTPOKE — YHCJIa, T.€. BEPOSTHOCTH MOSBICHUS KaXI0T'0 U3 3TUX 3HAYCHUN

p(x X, xM), (1.5)
IPUYEM CyMMa 3TUX M BEPOATHOCTEM, ECTECTBEHHO, PABHA EIMHUILIE.

Hanee, popmyna (1.2) ompenensier crocod BBIUMUCICHUS JTHOOOM YHCIOBOMN
XapaKTePUCTUKHU U JJI KOJOBOW KOMOWHAIIMHU, U B OTOM Cllydae OHa MPUHUMAET
BUT

M[(p(X[”,X[zl,...,X[”])}:

:izm:"’zm:¢(xi[l], XEZI,...,x’[(”])p(xi[ll,X?],_”X’[(n]). (1.6)

i=1 r=1 K=l
Nwmes psin pacnpeneneHus sl KOMOMHAMU B LIEJIOM, MOKHO HalTH BEpO-
STHOCTHBIE U YMCJIOBBIE XaPAKTEPUCTUKH JIJIsl JIFOOOTO CUMBOJIA WJIM TPYIIIBI CUM-
BOJIOB, BXOJIAIIUX B KOMOMHALUIO.
Jlns mpriMepa paccMOTPUM KOMOMHAIMIO X,Y, COCTOSAIIYIO M3 ABYX (N=2)
M-HYHBIX CUMBOJIOB. VIMest M” BEpOATHOCTEH COBMECTHOTO IIOSIBIICHHMS 3HAYCHHI
x; 1y, (1.5), mo ¢opmyne cioxeHns: BEPOATHOCTEH MOKHO HAHTH BEPOATHOCTH

JUISL KOKJIOTO U3 CUMBOJIOB
p()=2p(x %) () =2op (% %) (1.7)
K= j=
Jlanee, BOCTIOJIb30BABIIUCH (DOPMYIJIONH YMHOXKEHHUS BEPOSITHOCTEN

p(x; v )=p(%)p(y./%)=p(y.)p(X 1Y, ). (1.8)
MOKHO HOCTpOI/ITB m YCJ'IOBHBIX pHI[OB paCHpeI[CJ'ICHI/IH CUMBOJIa X, I10 OI[HOMy pﬂ-
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Iy U1 KaKIO0r0 U3 3HaUYeHu k =12,...,m,

p(x;,v,)
X1y, )J=—F—— 1.9
(/v,) o) (1.9)
U aHAJIOTUYHO M YCJIOBHI)IX pﬂ,[[OB pacnpe):[eﬂeHI/m JJIA Y
X, P
ply, /)= plx,.v.) (1.10)

PIX;
Jlns onpeneneHus KakOW-nuOO YCIOBHOM YMCIIOBOW XapaKTEPUCTUKU CHM-
BoJIa X BOcHoJib3yemcsl Toil ke (opmynoit (1.2), HO MOACTaBIATh HYKHO yCJIOB-
HBIE BEPOSATHOCTH, COOTBETCTBYIOIIME KOHKPETHOMY 3HAUYEHHUIO Y CUMBOJIA Y.
JlBa cumBona X n Y sBsiorcs nesasucumsimu, ecn p(x; 1y, )= plx;) u, cue-

nosarensHo, ply, /x;)= p(y,) A1 Becex Bo3MOXHBIX 3HaueHuil | u K. HesaBucn-

MOCTh CUMBOJIOB YIPOILAET UX OMUCAHHE, TOCKOIBKY JIF00asi yCIOBHASI XapaKTe-
PUCTHKA CUMBOJIA paBHA COOTBETCTBYIOIIEH O€3yCIOBHOM.

Onucanue Mmociaea0BaTEeIbHOCTH 3aBUCUMBIX CHUMBOJIOB /Jii OOJBIIMHCTBA
CUTYallUi, TPECTABISIONIUX MPAKTUYECKU WHTEpEC, SBISETCS XOTS U OYCHD
MPOCTBIM TIO CMBICITY, HO MOPOM 4Ype3BbIYANHO TpoMO3AKUM. OTHON M3 CaMbIX
MIPOCTHIX MOJIEIEH, YUUTHIBAIONIUX 3aBUCUMOCTh CUMBOJIOB B UX OECKOHEYHOM I10-
crenoBaTenbHOCTH ..., XM XM xtl | gpnsiercs mpocTas MapKOBCKas IICTIb

p(Xi[k”]/X[,-k], ng—l]'m): p(Xi[k”]/XEk]), (1.11)
TO €CTh BJIUSIHHE BCEX MPEIIIESCTBYIONIUX CUMBOJIOB MEPEAAETCs “No 1enouke”, B
UTOre 3HaYEHUE TEKYIIEero CUMBOJIa (DOPMAIIBHO 3aBUCUT OT OJIHOTO TPEIbLAYIIEe-
ro.

MHuorue cooOimeHnst o CBOEH MPUPOJE SBISIIOTCA YU@Dposvimu, m.e. Co-
CMOAWUMU U3 NOCIE008AMENILHOCIU CUMB0J108. TaKOBBI TEKCThI, Pa3IMYHbIE YHC-
JIOBBIE MacCUBbl. bojiee Toro, B COBPEMEHHOW TEXHHUKE CBSI3M OUYE€Hb YaCTO COO0-
IIEHMsI, KOTOPBIE 110 CBOEH MPUPOJIE HE OTHOCATCA K IUGPOBBIM (HAIIpUMEp, 3BYKH
U u300pakeHus ), mpeodpa3yroTcs B OCIEI0BATEILHOCTh JBOMYHBIX CUMBOJIOB.

1.3. AncKpeTHble cUrHanbl

PaccMoTpuM Takue ciydaiinble QyHKIUKM BpeMEHU X(t), KOTOpbIE SBJISIOTCS
JMCKPETHBIMU BO BpEMEHM l, HO HENpephIBHBI MO BenuuuHe. [loBeneHne takoro
CUTHAJIa MOKHO IIOJHOCTBIO OIKCATh IOcienoBarenbHocTero XM, X4 . xIM co-
CTOSIIIEH U3 N HenpepwviéHbiX CAydYalHbIX BeMW4YrH. HamomHuM, 4To B 1udpoBoM
CUTHAJIE Ka)KJas U3 ITUX BEIUYMH SIBJIIETCS JUCKPETHOM.

Haunewm c mpocreitmiero ciydass n=1, T.e. CATHaJI — 3TO POCTO HelNpepbIB-
Has cjay4yaiiHas BejuuyuHa X. BonpmMHCTBO (PU3MYECKUX BETUYHUH (TEMIepaTy-
pa, AaBJI€HHE, CKOPOCTh, HANPSDKEHHUE U T.11.) SBJISIOTCS HEMIPEPHIBHBIMU CITydaii-
HBIMU BEJIMYMHAMU, T.€. KaXJas U3 HUX MOXKET NPUHSATH JII0OOE 3HaUYCHUE BHYTPHU
HEKOTOPOT0 HEMPEPHIBHOTO MHTEPBAIA.
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ITonHOE onmcaHue HENMPEPHIBHOM CIIYYaWHOU BEIUYUHBI CONEPIKUT €€ IUIOT-
HOCTh BEPOATHOCTEH W (). DT0 HeoTpuuarensHas QYHKIHS, YIOBIETBOPAIOLIAS
YCIOBUIO HOPMHUPOBKH

TW(x)dx:L (1.12)

JIt00y10 M3 YMCIIOBBIX XapaKTEPUCTUK HAXOJUM C MOMOUIbI0 (hOPMYJIbI, MO-
nobHoi (1.2),

M[¢<x>]:_]°¢<xw(x)dx, (1.13)

3a1aB QyHKIMIO ¢(X) COOTBETCTBYIOMIETO BUaa. OQHOM U3 CaMBIX MOJNE3HBIX MO-

JieNield SIBISIETCS HOPMANbHAA (2AYCCOBCKAs) CAYYAUHA 6elUYUHA, JUISl KOTOPOU
KpHBas UIOTHOCTU BEPOSITHOCTEN — KOJIOKOJIBHOI'O BUIA

2
exp ——(X_mX)

1
V270, 207

rac m, 1 o,— MarCMAaTUYCCKOC OKHUIAHHUC U CPCAHCKBAAPATHUICCKOC OTKIIOHCHHC

W (x) = , (1.14)

COOTBETCTBEHHO.
[TonHOM XapaKTEPUCTUKOW MOCJIEA0BATEIbHOCTH HENPEPbIBHBIX CJIy4Yai-
HeIx Besmuun XM X x" gpngercs coBMecTHas IIOTHOCTH BEPOSTHOCTEM

W(x[” X3 x[”]).

Jlist oTnipeieNieHus] YUCIIOBBIX XapaKTEPUCTUK UCTIONB3YeTCs aHAIor (hopmy-
w1 (1.6)

(1.15)

YroObl HCTIONB30BaTh 0OJiee KOMITAKTHBIE 0003HAUEHHUS, CUCTEMY CIIydaii-
HbIX BCIINYUH y,Z[06HO npeacTaBuThb B BUAC BCKTOPA-CTPOKHU
X =(xW X% x), (1.16)

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

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

m, = (m[ll,m[Zl’m’ m[“]) -M [(X[”, xe X[“])] (1'17)
U KOBapHallMoHHas Matpuiia R, ajeMeHTaMu KOTopoil Cirykat uucia
Rix =M[(XU=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, IIOTOMY

W (x[”,x[z],..., x[”]) :Wl(x[” )W2 (x[z])---Wn (x[“]) (1.19)
U, CIICIOBATEIILHO, KOBApHAIMOHHAS MaTpuIa R sBIIseTcst AMaroHaaIbHOM.
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Cuctema N raycCOBCKMX CIyYallHbIX BEJIMYMH ONHUCHIBAECTCS MIIOTHOCTHIO
BEPOSITHOCTEN

W (x)=(27) " (detR)™* exp{—%(x— m, )R (x" —ml)}, (1.20)

rae detR — onpenenurens Mmatpuirsl R,
X" — BEKTOP-CTOJIOCIT X .

1.4 HenpepbiBHble cUrHanbl

MartemaTuyeckoil MOJIeIbI0 HETPEPHIBHOTO (aHAJIOTOBOT0) CUTHAJA SIBIISET-
Csl HEMpepbIBHBIM ciaydaiinblii npouece X (t). Takodl mpouecc xapakTepusyercs

aHcamOineM (MHOXECTBOM) peanu3aiuil. 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(t) A

v

Puc. 1.1. YacTts ancaMO:1s1 peanuzaiiuii HepepbIBHOTO
CIIy4allHOTO Ipolecca

a BCSI CIIyYallHOCTb 3aKJIFOYAETCS B TOM, UTO 3apPAHEE HEU3BECTHO, KOTOPAsI U3 ATUX
peanu3anui MosBUTCA.

BeposATHOCTHOE OINKCAaHUE HEMPEPBIBHOTO MPOIECCa TPAAULIMOHHO HAYMHA-
€TCAd C TOr0, YTO MBICIEHHO MPOBOMST €r0 KBAHTOBAHUE MO BPEMEHH C IIArOM
At=T/n, TI€ N — KOJIMYECTBO OTCYETOB, MOJYHAIOIIUXCA B PE3YJbTATE KBAHTOBA-

Hus. B urore HempepbIBHBIN CllydaifHbIN mporecc X (t) 3aMeHseTcst ImocieaoBa-

TELHOCTBIO HEMPEPHIBHBIX CIYYalHBIX BennyuH-oTcueToB XM X XM JTamee
JUISL 3TOM CHUCTEMBI CIyYaMHBIX BEJIUUUH OIPEAEISIOT KeTaeMble BEPOSTHOCTHBIE
XapaKTEPUCTHKH 10 METOAMKE, ONMUCAHHON B pa3a. 1.3. U, HakoHel, mpeamoara-
0T, YTO TpEIe/IbHBIE 3HAUEHHS DTHX XapaKTEPUCTHK MPH At — 0 SBIIAIOTCS Xapak-
TEPUCTUKAMH CaMOT'0 CIIy4aitHOro mpomuecca X (t).

Haubonee BakHbIe YMCIOBBIE XapaKTEPUCTUKH HETIPEPHIBHOTO CIyYalHOTO
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mpolecca: MareMaTuueckoe okupanue m (t) —merepmuHupoBaHHas (GyHKIUs (
anainor Bekropa (1.17)) u koBapuanuonnas Gpyuxuus R(t,,t,) (anamor (1.18)).

Ui cmayuonapro2o ciyyaiHo2o npoyecca MaTeMaTU4ECKOe OXKHUIaHHE —
3TO KOHCTAaHTa m , a KOBapHallMOHHAs (PYHKIUS SBISETCA JETEPMUHUPOBAHHOU

‘s
(GyHKIMENH OTHOM EPEMEHHON 7 =t, —t, .

JIisl CTAIMOHAPHOTO CIIyYaifHOro TMpOLECCa HArIISHOW XapaKTEepUCTHKOM
ABIISIETCA CHEKTP IUIOTHOCTH MOIIHOCTH G(w), CBS3aHHBI C KOBapUalMOHHON
¢yukumeit R(r) mapoit mpeoOpazoBanuii Pypbe
Glw)= '[R(r)exp(—ia)r)dr,

5 (1.21)
R(r)= 1 [G(w)explior)do.

[TonsiTHe HENMpephIBHON CIy4aiHOW (DYHKIIMM MIUPOKO TPUMEHSIETCS s
OMMCAaHUsI MHOTHUX PEaJbHbIX CUTHAJIOB. B 4acTHOCTH, 3ByKOBOW CUTHAN — 3TO He-
IpEpBIBHBIN ciydaiiHblii nponecc X (t). M300paxeHue — 310 citydyaiiHas QyHKIMS

X (Y,,Y,) ABYX IPOCTPAHCTBEHHBIX KOOPAUHAT Y, U Yy, (CIy4aliHyIO (YHKIIUIO He-
CKOJIbKMX MEPEMEHHBIX HA3bIBAIOT CIy4alHbIM TOJIEM).

1.5 AaauTnBHbIE N MYNbTUNJIMKAaTUBHbIE NOMEXU

Curnan Ha BBIXOZE nepenaTdrka X(t), pacIpocTpaHsach BONIbL JIUHUM, CBS-
3BIBAIOIIEH IMyHKTHI TIEpeavun U IpueMa, U3MeHseT cBoro (opMy. B uTore Ha BbI-
X0Jle TMHUK (Ha BXOJ€ IPMEMHHUKA) UMEEM CUrHai Y(t), OTIIMYAOMMICS OT mepe-
nanHoro. IIpoGiema 3akiro4acTcsi B TOM, YTO 3TH U3MCHEHUS CIydalHbI (1erep-
MUHHUPOBAHHBIC N3MCHCHHS CUTHAJIA, BOSHUKAOIINE B JIMHUH, B TIPUHIIAIIC, BCETIA
MOTYT OBITh TOYHO YYTEHBI M ITOJIHOCTHIO CKOMIICHCHPOBAHBI, IIO3TOMY TOKa MBI
uX He OyJaeM paccMaTpuBath). Takas ciyuaiHas mpanc@hopmayus cUeHald 8 Jji-
HUU HA3bI8AEMCS 8030€lCmEuemM CAy4auHou noMexu.

ITomexa Z(t) Ha3pIBaeTCsA aJAMTHBHOM (0T aHrimiickoro add-npubaBisTs),

eciu
Y (t)=kX (t)+Z (1), (1.22)
riae K — moctosiHHbIN K03 (h(QUITUCHT Tiepeadu JTUHHH.

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

B kauecTBe moldenu adoumusnoil nomexu 0ObIYHO NPUHUMAIOM OeNblll WYM,
T.€. CTAlMOHAPHBIN I'aAyCCOBCKUM CIYYAWHBIN IMPOLIECC, UMEIOIINN HYJIEBOE MaTe-
MATHYECKOE OXKHUIAHUE U PABHOMEPHBIA U 0ECKOHEUHO IMUPOKUI CIIEKTpP MIOTHO-
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ctu MomHocTU. Ecnu peannzanuio Genoro myma Z(t) moAaTs Ha BXOJ UI€AIbHO-

r'0 MOJI0COBOTO (PriIbTpa, 00JaAAI0NIET0 SAUHUIHBIM KO3 (GUITMEHTOM TIepeaady B
TI0JI0CE YacTOT

Af =1, -1, (1.23)
TO Ha BbIXOJ€ (UIbTpa OyJeM HUMETh peau3alfi0 TakKe CTAlMOHAPHOIO rayc-
COBCKOTI'0 CllyyaiHoro mporecca V (t) ¢ HyJeBbIM MaTeMaTHUECKUM OXKUAAHHUEM,

HA3bIBAEMOI'0 OIPAHUYEHHBIM 110 M0JIOCE OEJIBIM IIITYMOM.
ITpu mo6eIx f, > f, >0 ero nucnepcus (CpeaHss MOLHOCTD IIIyMa) paBHA

o2 =P, = N,Af, (1.24)
a N OTCYETOB V;,...,V,, B3ATBIX C IIaroM At=1/(2Af), onpenensaeMbIM TEOPEMOHN OT-

cueroB HalikBrucTta-KoTenbHHKOBA, SBISIIOTCS HE3aBUCUMBIMU CIIyYalHBIMU BEJU-
YWHAMH U OMKUCHIBAIOTCA N-MEPHOU COBMECTHOM IUIOTHOCTHIO BEPOSITHOCTEN
W(Vl""’vn) :W(Vl)'“W(Vn) =
1 1 &,
=——exp| ——— » V: |
(27)"? 0" 207 z !

g j=1

(1.25)

Bennuuna N0 — 9TO CIICKTpaJIbHAA INIOTHOCTH MOIIHOCTHU oeoro mymMa 1 B COOT-

BercTBuU ¢ (1.24) oHa MMeeT pa3MepHOCTh SHepruu Br-c.

MyabTUIVIMKATHBHAsE TioMexa (OT aHriamiickoro multiply-yMHOXKaTh)
OOBIYHO SIBJISETCS CICACTBHEM MHOTOYYEBOCTH TP PAJANOCBSI3U B YCIOBHSIX, KO-
r/1a DJIEKTPUUECKHE CBOMCTBA aTMOC(ephl Uin peibed MOACTUIAIONIEH TOBEPXHO-
CTH CIIY9aliHBIM 00pa30oM HM3MEHSIOTCS B MPOCTPAHCTBE M BO BPEMEHH (pacIpo-
CTpPaHEHHE PANOBOIH B TOPOJIEC WU B HEOTHOPOIHOM atMocdepe).

OOmmiA MoAXo K ONMUCAHWUI0 MYJIbTUILIMKATUBHOW ITOMEXH 3aKJIF0YaeTCs B
TOM, YTO JIMHHUS C MHOTOJYYEBOCTHIO MPEACTABISACTCS KaK JUHEHHBIN (QUIBTP CO
CIIy9aiiHO M3MEHSIOIIMMHUCS ITapaMeTpaMu

¥() =5 [Ht 0B, (o)explit o, (1.26)

e S, (w) — cekTp curnana x(t),

H(t,w) — nepemarounas (QyHKUMsS 5TOro (GUILTPa, KOTOpas SBISETCS
KOMIUIEKCHOM CilydailHOW (QyHKIMEeN ABYX MepeMEHHBIX (IJisi OOBIYHOTO (QUIbTpa
C MOCTOSTHHBIMH MapaMeTpaMu OHA 3aBUCHT JIMIIb OT ®).

Hawnbonee BaxkHbIe YUCIOBBIE XapaKTEPUCTUKUA CTATUCTUUECKU OJHOPOTHOM
nepenaroyHod (GyHKUMM — 3TO IIUPUHA At, €€ BpEMEHHON KOoBapHallMOHHOMN

byHKIIH

R(At)=M[H(t,o)H" (t+At,0)] (1.27)
U IUpUHA Aw, €€ YaCTOTHON KOBapUAIMOHHOW (DYHKITUU
R(Aa)):M[H (t,a))H*(t,a)+Aa))]. (1.28)

[IpakTHuecKu AJs BCEX PealbHBIX KaHanoB H(t,®) MeWIEeHHO H3MeHseTcs
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mo t u o (At, UIMeeT TOPSIOK J0Jeil CEKYHIbI, Af, =Aw, /27 IMEET TOPSIOK Jie-
CATKOB KHJIOTEPII U JIaxke GOJIee), U B UTOTE
At - A >>1. (1.29)
Brarofapst mocieiHeMy CBOWCTBY ylaeTcsi HaOIIOaTh TIOYTH B YHCTOM BH-
Jie MyJIbTHILUIMKATHBHbIE IOMEXH JIBYX THIIOB.
Eciti BXOJHON CHUTHAJ Y3KOIOJOCHBIM B TOM CMBICIIE, YTO €r0 CIeKTp S, (o)

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

4TO mepenarouHas (QyHKIMA KaHajla NPAKTUYECKW IMTOCTOSHHA B II0JIOCE YacTOT
Aw, T0 ecth H(t,)~ H(t,0,), TIe ®,— IeHTpalbHas 9acToTa crekTpa. Torma us3

(1.26) umeem
y(t)=H (o )x(t), (1.30)

TIOCKOJIBKY x(t):2i I S, (w)exp(iot)dw.
71-—00

Otcroga BHUIIHO, YTO TIOMEXA MPOSIBISETCS KaK CIy4dailHble M3MEHEHUSI BO
BpeMeHH ko3 duiimenTa nepenayd, U 3TO NPUBOAUT K CIy4alHBIM MeEJIECHHBIM
baykryanusm aMrauTyabl U (asel curHana. Eciu npu 3TOM JIIMTEIBHOCTH die-
MEHTOB (MMIIYJbCOB, HAIIPUMEDP), U3 KOTOPBIX COCTOMT CUTHAJI, MEHbIIE YeM At ,

TO (popmMa UMITYJIbCOB MPAKTUYECKU HE MEHseTca. TeM He MeHee, opMa CreKTpa
BBIXOJHOTO CHUTHaNa S (w) CIydalHBIM 0Opa3oM OTIMYAETCH OT S, (), IPU 3TOM

CIIEKTP B CPEIHEM HECKOJBKO pACIIUpsieTcs (BEIMYMHA DPACIIMPEHHs CIIEKTpa
MIMeeT TOPSIoK 1/At, ).

Takoii TUI MOMEXM KIACCUPUIMPYETCS KAK BPEMEHHble CeleKMUeHble 3d-
mupanus (Genunr). GIyKTyauun ypoBHS CUTHATA IPUBOST K TOMY, YTO Ka4eCTBO
CBSI3U CIIy4YaiiHO M3MEHSETCS BO BPEMEHH, a B OT/ICTIbHBIC TEPHO/IBI, TPU HAHOOIIee
r1yOOKHX 3aMUPAHUSIX, CBSI3b MOYKET HAPYIIATHCS MOJHOCTHIO.

Hanuure moMexu BTOPOrO THIIA MOXXHO OOHApPYXKHUTh, €CIH OJHOBPEMEHHO
mepe/iaBaTh Ba Y3KOMOJOCHBIX CHTHAA, UMEIOLINE IEHTPAIbHbIC YaCTOThl @, U
w,. X 3amupanust OyayT APy HbIMH (IIOYTH CHHXPOHHBIMU BO BPEMEHH), €CITH

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

[TomMexa BTOPOro THUIA IIPeobIaaeT B ciIydae, KOrjaa JINTeIbHOCTh CHIHANa
At << At,, ¥ TIOOTOMY MOKHO HPHOIMKEHHO cuutarth H(t,®)~ H(t,,®), rae t,— Mo-

MEHT BPEMEHHU, COOTBETCTBYIOUIMI LIEHTPY 3TOro CUrHaia (umiyinbca). Torma us
(1.26) nonyuaem
S,(@)~ H(t,, @)S,(), (1.31)
T.€. MHOTOJIYY€BOM KaHAJI BO3JCHCTBYET HA MepeaBaeMblii CUTHAII 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 TOMEXHU IEPBOr0 THUIA MOXXHO NEPEHECTH Ha MOMEXY BTOPOTO
THIA, IOMEHSB MECTAMHU MEPEMEHHBIE t U @, T.€. caM CUTHaa Y(t) U €ro CIeKkTp

S, (). CrmydaiiHble MCKa)XCHHS CIIEKTPA CUTHANA MIPUBOIT K TOMY, YTO HMITYJIBCHI

B IIpOLECCE MEpeadu CIydaliHbIM 00pa30M HCKaXKaroTCsl, paCTATHBAIOTCS (pacce-
MBAIOTCs1) BO BPEMEHU TEeM OoJbllle, yeM OOJIblIe OTHOWIEHUE Aw/A®, , IPU ITOM

CPEIHssl BEIMYMHA PACCESIHUSA BO BPEMEHHU UMEET NOPSIOK 1/Af, .

[ToHSATHO, YTO MOMEXOYCTOMYMBOCTH IMpHEMa CUTHANA, (opMa KOTOPOTO
cily4aiiHa, HUXE 10 CPAaBHEHMIO C CUTYallMel, Korjaa goopMa OKuJaeMoro CUurHaita
U3BECTHA 3apaHee. boiee Toro, paccessHue BO BPEMEHH MPUBOAUT K HAJOKEHUIO
COCETHUX UMITYJIbCOB APYr HA JAPYra U K UX JOIOJHUTEIbHBIM UCKaXEHUsIM. Ta-
KO€ SIBJICHUE U3BECTHO KaK MENCHIMNYIbCHAS UTU MENCCUMBOIbHAS uHmepghepen-
Yus.

Ecimu At << At, U Aw << Aw,, TO (hopMa CUTHaJIA HE UCKAKACTCS

y(t)=H(to, @) x(t), (1.32)
XOTS NPH 3TOM MOIYJIb M apryMEHT IOCTOSHHOTO Ko3()(HIMEHTa Iepenadu
H(ty, w,) SBIAOTCA CilydaliHbIMU BEIMYMHAME. B utore 1o onpenenser ciydvaii-

HOCTb aMIUTUTYIbl U (a3bl NpUHUMaeMoro curxana y(t). Ecam xe At>At, u

Aa)>Aa)H, TO CYICCTBCHHO COBMCCTHOC BJIMAHHUC MYHLTHHHHKaTHBHOﬁ IIOMCXHU

000uX THIIOB.

bonee Toro, MHOrony4eBOCTbh NPUBOAUT €UIE U K MOSBICHUIO HPOCMPAH-
CMBEHHBIX CeNeKMUBHBIX 3aMUPaHULl, T.€. K CIIlydalHbIM UCKa)KEHUSAM B IIPOCTPAH-
CTBE aMIUIUTY] U (pa3 BOJIH B MyHKTE npuema. B urore (rmykryanuu CUTrHaOB,
MPUHUMAEMBIX JIBYMsI pa3HECEHHBIMH B IIPOCTPAHCTBE aHTEHHAMU, CTAHOBSTCS BCE
MEHEee 3aBHUCHUMBIMU TIPH YBEIMYCHHH pa3HeceHus. 711 OOJBITMHCTBA KaHAJIOB
npu pazHeceHUH aHTeHH Ha paccrosinue B (10...100) 4 >t QuykTyanuu CTaHOBSIT-
Csl MPAKTUYECKU HE3aBUCUMBIMU.

Hanuune mo6oit momexu (aaJuTUBHONW WIM MYJIbTUIUTUKATUBHOW) MPUBO-
JUT K TOMY, 9TO NPMHUMAEMBII CUrHal Y(t) IPaKTUYECKH BCETA OTIMYAETCS IO

dopme ot nepenannoro curnana xt).

1.6 MeToAbl aHAaNNTU4YECKOro U reoMeTPMUYeCcKoro
npeacTtaBfeHUs CUrHanoB U nomex

BeposiTHOCTHBIE MO/E€NM CUTHAJIOB U MOMEX, ONMCaHHble B pa3n. 1.1-1.5,
BIIOJIHE NIPUTOJHBI B KaYE€CTBE UCXOJHOr0 Marepuasa Jijisi peuieHus: OOJbIIMHCTBA
3a/1a4 TEOpUHU dIEKTPUIECKOi cBsi3u. [loaToMy pazpaboTka HOBBIX MOJIENIEH HE SIB-
JsieTCsl UEeNbl0 JAHHOTO paszfena. 37eCh Mbl HAIIOMHMM T€ HM3BECTHBIE 00pa3bl
GyHKIMiA, 3aga0mux (OpMy CUTHAJIOB U MOMEX, KOTOpPbIE MO3BOJAT B JalbHEH-
IIEM YIPOCTUTh U CAENaTh OOJiee HAIJISIHBIM ONMHUCaHHE onepanuii (He MEHss UX
CyTH), KOTOpbIE MbI OyJIEM MPOBOJIUTH HAJl CUTHAJIAMH.
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Kaxk Ob110 0T™MEueHo, 110001 curHai (c momexou win 0e3 Hee) — 3TO PyHK-
uus Bpemenu U (t), XapakTepu3yromias H3MEHEHUE HAIPSUKEHUS WM TOKA B HEKO-
TOPOM TOYKE TPAKTA MEPEHAUU.

Y3K0Mno0JI0CHBII CUTHAJI, Y KOTOPOTO IMHUPHUHA CIIEKTPa A@w HAMHOTO MEHbB-
1€ HECYIIEH YacTOThl w,, OoJee yTO0OHO NPENCTABUTh B BUJIE

U(t)= Alt)coso(t) = Alt)cosgt +(t)] (1.33)
rae Gyukiuuu At)>0 u ¢(t) B SBHOM BHIE 3a1a0T 3aKOHBI aMIUIUTYAHON U (a3o-
BOH MOMIYJISIMHA COOTBETCTBEHHO. 3adacTyro emié Oojiee yaoOHA 3aluCh TaKOIo
CUTHajIa B BHJIE CYMMBI IBYX KOJIcOaHHA

U (t)=C(t)cosawyt +S(t)sinmgt, (1.34)
rae C(t)=A(t)cose(t) m S(t)=-A(t)sing(t) — xeadpamypuvlie cocmasnaroujue
CUTHAJIA.

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

u(t)=A(t)exp[iat+ip(t) | =U (t)exp(iayt), (1.35)
T.€. KOMIUIEKCHOM (PYHKIINH, Y KOTOPOH peasibHas yacTh coBnagaert ¢ (1.33)
U (t) =Re[u(t)]. (1.36)

GOyuaknps U (t) MOKeT OBITH Ha3BaHa KOMILIEKCHOM Orvbarolneil BHICOKOYa-
CTOTHOTO curHaina U (t) u onpenemnsercs cIeayonmM oopazoM

U (t) = A(t)exp[ip(t)]=
A(t)cosp(t)+iA(t)sing(t) =C(t)-iS(t).

OCHOBHOE JIOCTOMHCTBO MPUBEIECHHBIX CIIOCOOOB ONMUCAHMUS Y3KOIOIOCHOIO
currana U(t) mpoucrekaer u3 toro, uro Gynkuun A(t), ¢(t),C(t),S(t),U(t)- sro

(1.37)

MeIJICHHOMEHSIOMMECsT QYHKIUH, T.€. KaKIas W3 HUX OTHOCHTEIHHO Majo M3Me-
HSETCs Ha UHTEpBaje BpeMeH! T = 27/ w, , pABHOM MIEPUOTY HECYIIEH YacTOTHI.
Jlerko yOeauThCsi B 9TOM MPEUMYIIECTBE, €CIU BOCTIOIH30BATHCSI BEKTOP-
HBIM HpeJcTaBjieHHeM curHaja U (t), T.e. oToOpaXxaTb €ro B BHIE BEKTOpa Ha
IUIOCKOCTH B JICKApPTOBOH CUCTeMe KoopawHaT XOy TakK, 4TO B JIFOOOH MOMEHT
BpEMEHHU JJIMHA BEKTOpa paBHa A(t), a yrom ¢ oceto Ox paseH 6(t). IIockoabKy
nonHas (asa currana O(t) pacTer JOBOIBHO OBICTPO, BEKTOpP OYAET COBEPIIATH B
cpenHem f, 000poTOB B cekyHay. Vcmonb30BaHue OHATHS aHATMTUIECKOT'O CHT-
HaJla (WJIM KBaJPaTYPHBIX COCTABJISIONIMX) IMO3BOJISCT MPUMEHHTH TO K& TPEJ-
CTaBJIEHHE K KOMIUIEKCHOU Beimumue U(t). B uTore ckopocTh BpaiieHus: BEKTOpa

OKa)KETCSl 3HAUMTEJIbHO MEHbIIIE, TI03BOJIsAs O0see AETaTbHO MPOCIEANTh AUHAMMU-
Ky pa3BuTHUsl KosieOaHui. B 3TOl cuTyanuu HampaBieHUs JIBYX OCEd KOOpAMHAT
CUMBOJIM3UPYIOT KOJIEOAHUSI OJIHOM U TOM e 4acToThl f,, HO CABUHYTHIE IO (aze

Ha 90°.
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Jpyrast BOSMOKHOCTB JIJIsl CO3/IaHMsI JOBOJBHO HArJISAHOTO 00pasa curHalia
— 9TO UCIOJH30BAHUE reOMeTPHUYECKOro MpeAcTaBieHus curHana. Takas Bo3-
MOKHOCTB BBITEKAET U3 €CTECTBEHHOW WJIM MCKYCCTBEHHO CO3JaHHOM JTUCKPETHO-
ctu curHana U(t) Bo BpeMEHH M MOXKET IPUMEHSATHCA K CUTHAIAM C JF000M MUpy-
HOU cmektpa. Hampumep, mudpoBoil curHan (MoOCiaenoBaTeNbHOCTh CHMBOJIOB-
mudp) S,,S,,..., S, MOKHO (HOPMAIBHO CUYUTATH DIIEMEHTAMH BEKTOPA

$=(s,S,,.. S,) (1.38)
WA KOOpJIMHATaMM TOYKH B N-MEPHOM IPOCTPAHCTBE.
ITociie KBaHTOBaHUS O BPEMEHHU HENPEPBIBHOIO CUTHAIIA U(t) C marom At

Ha uHTepBaje 0<t<T TaKXKe IOJIy4aeM IOCJIEI0BATEIbHOCTh YHCEN-OTCUETOB
U, Uy, ..., Uy,

U(t)>U=(U,U,,..U,) = (U, Uy,....u, VAL, (1.39)
KOTOPYIO aHaJIOTHYHO MO>KHO cUuTatTh 35eMeHTaMu Bekropa U. Ilepexon k npene-
Ay pu At — 0, n—> o0 MO3BOJSIET HE YUUTHIBATh OLIMOKM KBAaHTOBAaHHUS MO BpeMe-
HU (BBUY BO3MOXKHOCTH MCIIOJB30BaHMs TAKOTO MEpPeXoaa KaKblil AJIeMEHT BEK-
Topa U cpa3y YMHOXKHJIU Ha IIOCTOSHHYIO BEIMUHHY /At ).

WTak, Ka)KIOMy CUTHAly COOTBETCTBYET CBOSI TOYKAa (BEKTOpP) B N-MEPHOM
IOPOCTPAHCTBE (HE IMyTaTh C ONKUCAHHBIM BBIILE BEKTOPHBIM IPEACTABIEHUEM KO-
nebanumii). IloaTOMy MOCMOTPUM, Kakue CBOWCTBA CUTHAJIOB OTOOpa)arOT OCHOB-
HbIE T€OMETPUYECKUE ITOHATHS.

1) Hopma (nynna) BekTopa U B €BKIIMA0BOM MIPOCTPAHCTBE paBHA

(1.40)

Ecnu ucxomusiii curran U(t) ObLI HENpephIBHBIM, TO IEPENIEM K PEAETy U

I[MOJIy4ruM
n T
u|= /mzljuf-m = [Ju(t)dt=E,, (1.41)
1= 0

rae E,— Heprus curHaia (1o yMOJYaHUIO MPUHUMAETCS, YTO BXOJHOE COIPOTHUB-
nenue nenu R, =10M). BosmoxHsle 3HageHus 0<|U|<o. OOpaTuM BHUMaHHE Ha

3TOT (PaKT: IJIMHA BEKTOPA, COOTBETCTBYIOIIETO CUTHATY, 3aBUCUT HE OT HAMPSKE-
HUSl, TOKA WM MOLIHOCTH, & OT JHepeuu 3TOr0 CUrHaja. ITo 0OCTOATEIHCTBO
onpenenser A MUGPOBLIX CUTHAIOB CIIOCO0 BBEJICHUS TAKOTO BaXKHOT'O MOHSITHUS,
KaK OTHOIICHHE CUTHAJ/IIYM.

Eciu curnan (1.38) — 310 mocieaoBaTeIbHOCTh JIBOMYHBIX CHMBOJIOB (HY-
Je U eNUHMIT), TO yJ00HEe UCIIOIb30BaTh N-MEPHOE MPOCTPAHCTBO XAIMMHHTA. B
HEM JUIMHA BEKTOpa YHCIICHHO paBHa ero Becy [S|=W(S), T.e. ompenensercs kak

KOJINYECTBO €IVHUIl B 3TOM BeKTope. Bo3moxHble 3HaueHus |S|=0;12;..;n — 310

OCJIbIC YHCIIA.
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2) PaccrosiHue MeXay OBYMs HENpPEPLIBHBIMU cHrHamamu U(t) u V(t), T.e

paccTosiHue MEXAY TOYKaMH, OTOOPaKAIOLUIMMH 3TH CUTHAJIBI B €BKJIUA0BOM IpO-
CTpPAaHCTBE,

d(u, \/HL"OZ( v,) At =\/i[u (t)-v ()] dt (1.42)

TaK)Ke MOXKET MPUHUMATD JIF0ObIE HEOTPHUIATENIbHbIE 3HaUCHHs 0<d <oo.
Paccrosaue Mexay IByMs TBOMYHBIMH TOCTeA0BaTeNbHOCTAME S 1 C — 3TO
paccrossHue X3MMHUHTa
n
d(5,C)=W(s®C)=3 (s, @C)) (1.43)
J=!
rae @® — 3HaK CYMMHPOBaHMS IO MOy 2  (HAaIOMHUM, 4TO
0©0=0, 0©1=1®0=1 1®1=0). JpyrumMu cilOBaMH, PACCTOSHHE MEXAY ABYMs
KOMOMHAITUSIMUA YUCIICHHO PaBHO KOJUYECTBY CUMBOJIOB, B KOTOPBIX OHHM OTJIMYa-
IOTCS OJHAa OT JApyrod. Bo3moxHbIE 3HAaYE€HUS PACCTOSSHUSA XAMMHHIa
d=0;%2;..;n
3) CkamsipHoe mpousBeneHune nByX BekTopoB U u V, oroOpaxaronux He-
IIPEPBIBHBIE CUTHAJIBI, PABHO
(U, V)= Iim( uyv, At} fu(tv (1.44)

At—0

OTH /1Ba CUTHAJIA CYUTAIOTCS OPTOrOHAIBHBIMY, ecii (U,V)=0.

4) JIuueitHas HE3aBUCUMOCTD cucTeMbl N QyHkImit U, (t), U, (t)..., U, (t), kak

U CUCTEMBI, COCTOsIIEeH 13 N BEKTOPOB, 3aKIIFOYAETCA B TOM, YTO HUKAKas U3 3THX
(GyHKIMI HE MOXKET OBbITh MPEACTaBlICHA B BHUJE B3BEIICHHON CyMMbI OCTaJIbHBIX
GyHKUUNA, HATTPUMED

* Z K;U;(t) (1.45)

IpH JIIOOBIX 3HAYEHUAX KOIPPuumenTos K.

JUist cuctemsl, cocTtosiiied U3 N JABOMYHBIX N-pa3psaHbIX KOMOMHALMM,
OIIpEEIICHUE JIMHEMHOW HE3aBUCHUMOCTH AHAJIOTMYHO, HO NP 3TOM MpEIIoiara-
eTCsl TTODJIEMEHTHOE CyMMUpPOBaHUe KoMOuHanuii mo mod 2, a BecoBbie K03 hu-
LIMEHTBI K| — JIBOUYHEIE HU(PBHI.

[Tepeunciennbie cBoiictBa cucteMbl N Qynkumid U, (t),U,(t)..,U,(t) B eB-

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

Iy Ty oo Ty
r- Ty Ty o Ty,
[ I ’ (1.46)
r, r r
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rae T =(U,U,)= TUj(t)Uk(t)dt.

Torna
‘UJ‘:\/ITH’ d(U;, U ) =T+ =20 (1.47)
Cucrema QyHKIMI TUHEHHO HE3aBUCHUMA, €CITU OIPEIETUTENh MAaTPHULIBI
I'pama He paBeH HyITIO
detT" =0, (1.48)
a OPTOTOHAJIbHOU cucTeMe (DYHKIIMI COOTBETCTBYET AMAaroHabHast MaTpuiia [ 'pa-
Ma.
Cucrema QyHKIMIA HA3BIBAETCSI HOPMUPOBAHHOM, €CIIM BCE CUTHAJIBI 00J1a-
JAI0T eIMHUYHOM sHepruell (T'; =1 mpu Beex j). [l Takoi cucTeMbl BEIUYMHA

pj =T, Ha3pIBaeTCsA KOOYPUIMEHTOM KOPpENsIUU CurHainos U, (t) u U, (t), a
paccTOsTHUE MEKIY STUMHU CHUTHAIAMH PaBHO

d(Uj’Uk):'\lz(l_pjk) . (1.49)

B 3akmrouenue CICAyCT CACjIaTb OAHO 3aMCYAHUC. I/ICHOJIBBYH ImocJjcaoBa-
TEJIbHOCTh YHCEII-OTCYETOB u,U,,...,u, 4Jis1 OMMUCAHUSA HCIPCPBIBHOI'O CHUI'HAJId, MbI

IPOU3BOJIBHO 3a/1aBaJId UX KOJIMYECTBO M JAXKE€ HCIOJIb30BAIM YCIOBUE At — 0,
n—oo. OTCIOAa MOXKET CIIOKUTHCS BIIEYATIIEHUE, YTO BCEr/la MOXKHO C(HOpMHUPO-
BaTh CKOJIb YIOJIHO HE3aBUCHUMBIX WJIM OPTOTOHAJIbHBIX CUTHAIOB. TeopeTnuecku
3TO BEPHO, HO Ha MPAKTUKE BCEr/a CYIIECTBYIOT OFPAHMYEHHUS Ha JUIMTEIbHOCTH
curHana t, <T u mupuHy ero crnekrpa f <F. Torga MakcUManibHOE YHUCIO OTCUE-

TOB, 3HAYCHHUA KOTOPLIX MOJKHO 3aJdaBaTbhb IIPOMU3BOJIbBHO, HC HApyIadsd 3adaHHBIX
OFpaHquHHﬁ, HA3BIBACTCS YUCIOM cmenerell c60000bl CucHaia N PaBHO

n, = 2TF . (1.50)

BOHpOCbI AnA CaMOKOHTPOIA no rnase 1

=

B uem paznuna nonstuit “undopmarus’ u “curnan’?

2. llpuBenure npumepsl paguodIeKTPOHHBIX YCTPOIMCTB, MPeIHa3HAYECHHBIX HE
TUTsI TIepeiaur HHPOPMAIIUH.

3. Ha3zoBuTe /1Ba OCHOBHBIX NMpHU3HAKA TOrO, YTO CUTHAJ HE HeceT WH(popMa-
1007078

4. Tlouemy aJjisi MaTeMaTUYECKOr0 OMUCAHUS CUTHAJIOB HCIOJIB3YIOT BEPOSAT-
HOCTHBIE MOJIENIH?

5. Moer 1 IeTepMUHUPOBAHHBIN CUTHAJ IEPEHOCUTHh MH(OpMaIIHiO?

6. Kakue ciyuaiinpie cOOBITHS (BETUYMHBI) HA3bIBAIOTCSI HE3aBUCUMBIMU?

7. UTo HYXHO 3aJaTh ISl MOJHOTO BEPOSITHOCTHOIO OMUCAHMS: CHUMBOJA?
MOCJIEI0BATEIIBHOCTH CUMBOJIOB?

8. Chopmynupyiite, B 4eM COCTOUT OTJIMYKE IIU(PPOBOr0 CUTHAJIA OT JIUCKPET-

HOT'0, OT HENPEPBHIBHOTO.
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9. Chopmynupyiite, B 4eM COCTOUT OTJIMYKE IUGPPOBOTO CUTHANIA OT JAUCKPET-
HOT'O, OT HEMPEPHIBHOTO.

10.Yto HYKHO 3aJaTh JJISI MOJIHOIO BEPOSTHOCTHOI'O OMHUCAHHUS: IMOCIEI0Ba-
TEIbHOCTU OTCUYETOB CUTHAJIA? HENPEPHIBHOW Cy4yalHON pyHKInuU?

11.B 4yem oTiiMuMe aiIUTUBHON MOMEXHU OT MYJIbTUIUTMKATUBHON? [IpuBenute
PUMEPHI KAHATIOB CBSI3U C TAKUMH IOMEXAMMU.

12.Kakue mpeuMyIecTBa JaeT MPEICTABICHUE CUTHAJIOB KaK JJIEMEHTOB BEK-
TOPHOTr'0 MPOCTPaHCTBA?

13.B uem otnuuue EBKIM0Ba MPOCTpaHCTBA OT MPOCTPAHCTBA XAIMMUHTA?

14.byayt nu JIMHEWHO HE3aBUCUMBIE CUTHAJIbI OPTOrOHAJIBHBIMU ?
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2 MPEOBPA3OBAHUNA CUTHAIIOB
2.1 Mogenb cuctembl nepenavv nHgpopmaumum

Ha pucynke 2.1 npeacTtaBieHa yKpyImHEHHas cXeMa CHUCTEMBI Tiepeiadn WH-
dopmanuu (CIIN).

X(t) u(t) V(1) Y(t)

HcTounnk | Ilepenat- JInnus | Tlpuemnuk | Homyua-
" YUK " " TEIb
A
N(t)
HcTounnk
IoMeX

Puc. 2.1. Ykpynnennas cxema CIIN

HUcmounux ungpopmayuu — 00bEKT, COCTOSTHUE KOTOPOTO MHTEPECYET MOTY-
yarens. O003HaYMM IepenaBaeMoe coodmenune kak X(t).

Ilonyuamens — 0OBEKT, HAPUMEP YEJIOBEK, KOTOPHIN, HAaOJ0/1asi KOHKPET-
HyI0 peaim3anuio curraia Y(t), mpiTaeTcs Kak MOXKHO TOYHEE OMPEACTUTh 3HaYe-
HHUE TiepeaanHoro cooodmenus X(t), T.e. chhopmupoBath oneHky K(t) = f[y(t)]. 3aua-
CTYIO Takasi orileHKa (OpMUPYETCs yKE B IPUEMHUKE.

Jlunusi — 3TO cpenia, B KOTOPOH pacipOCTPAHSIIOTCS CUTHANIBI U3 IYHKTA Ie-
penadyu B MyHKT MpueMa (3JIEeKTPUUECKUN WU ONTHYECKUM Kabenb; atMocdepa, B
KOTOPOI pacrpoCTPaHSIOTCS PaIHOBOJIHBI).

Hcmounuk nomex — ycnoBHOe 0003HaUE€HHUE COBOKYIMHOCTH OOBEKTOB, BO3-
JCHCTBHE KOTOPBIX MPUBOJUT K TOMY, YTO CHTHAJI Ha Bbixoje juHuM V(1) ciryuaii-
HBIM 00pa3oM oriudaercsi oT curHana U(t) Ha ee Bxome. B pasgene 1.5 Obim pac-
CMOTpEHBI OCHOBHBIE BUBI MToMeX. ClielyeT OTMETUTh, 4TO, B MPUHIIUIIE, T10]100-
HbIE€ TIOMEXM CYIIIECTBYIOT BO BCEX TOYKAaX TpaKTa mepeAadyd OT MCTOYHUKA WH-
dbopManuu 10 moaydaTess, HO CTENEeHb MCKaKEHHUsS] CUTHAJIa B HAauOOJIbIIeH Mepe
3aBUCUT OT OTHOILIECHMSI YHEPIUi CUTHAJIa U TIOMEXU (OTHOIIIEHUE CUTHAJI/TIOMEXA).
[Tpu nepenaye mo TUHUU OOIBIION MPOTSHKEHHOCTH CUTHAN CYIIECTBEHHO OCiIal-
JSIeTCsl, TIOATOMY PEIAIOIIUM OKa3bIBAECTCS BIMSHUE TTOMEX, BOZHUKAIOIIUX B JIH-
HUU TIepeaavu.

B mmupokom cMbicie QyHKIIMU nepedamuuka MOKHO OIPEACIUTh Kak CO-
rJlacoBaHWE MCTOYHMKA MH(OpMAIMU C JIUHHEH. boree KOHKpeTHO, mepeaaTyuk
BBITIONTHSIECT Takue (YHKIMH, KaK MpeoOpa3oBaHHUE MepeaBaeMoro COOOIICHHS B
dbopMy, IPUTOAHYIO IJIs MepeJaydl CUTHala M0 KOHKPETHOM JMHUM (TIEpeBOJ CO-
oO1IIeHN B POpMY SIEKTPUUECKUX UM ONTUYECKUX CUTHAJIOB; KBAHTOBAHUE HE-
NPEPHIBHOTO CUTHANA, TMPEeoOpa3oBaHUE €ro B IMOCIEN0BATEIHLHOCTh CHUMBOJIOB;
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MOJTYJISIITUST HECYIIIEH TepeaBaeMbIM COOOIICHUEM U T.I1.).
3adaua npuemnuka 3axKn0uaemcs 8 mom, Ymoosvl N0 NPUHAMOU Pearu3ayuu
v(t) yeaoamo, Kaxas uMeHHO U3 BO3MOJICHWIX peanusayuil coobwenus X(t) Ovlia

nepeoaua.

MoxxHo copMyIUpoBaTh JIBE KPYMHBbIE CTATHCTHYECKHE 3a[a4U, OTHO-
csamuecsi k CIIN B mesiom.

3agaua cmamucmudeckozco auanuza koHkperHou CIIN 3akimrouaercss 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 X KOJIMYECTBEHHBIC Xa-
PaKTEPUCTUKH.

3amaua cmamucmuyeckozo cunmesa CIIN 3axmtogaercss B BEIOOpE HaMTyd-
KX CIOCO00B MPeoOpa30BaHUl CUTHAJIOB, MO3BOJIAIONIMX MOCTPOUTH ONTUMAITh-
Hyto cuctemy. [Ipu 3TOoM GeccMbIcieHHO TpeOoBaHUE OJTHOBPEMEHHO 00€CIEUUTh
MaKCHMaJIbHbIC 3HAYCHHSI 000MX TOKa3aTelNiel, MOCKOIbKY MOBBIIICHUE CKOPOCTH
nepeaavyd Npu MPOUYMX MOCTOSHHBIX YCIIOBMSIX, KaK MPaBUJIO, BEJAET K CHUKEHUIO
MIOMEXOYCTOMYUBOCTU M HA000poT. [loaTomy onmumansroti mosxxcno naseams ma-
kyto CIIU, komopasa npu 3a0aHHOU cKopocmu nepedauu obecneyusaem Maxcu-
MANLHO B03MONCHYIO HOMEXOYCMOUYUBOCMb, TUOO NPU 3A0AHHOU NOMEXOYCMOUYU-
80CMU — MAKCUMATLHYIO cKOpocmb. 1Ipr KOPpPEKTHOM PELIEHHH 3aJlayd CHHTE3a
00a KpUTepus MPUBOAAT K OJJHOMY U TOMY K€ Pe3yJIbTary.

Hawnbomnee cnoxHOM B MaTeMaTUYECKOM OTHOILIEHHH SIBISIETCS 3a7ada COB-
MECTHOM ONTHUMHU3AIMHU crocoba mepenaun U crocoba mpuema. Brepsbie Takyro
3a/1a4y yAaJIOCh PEIIUTh (pa3yMeeTcs, YaCTUYHO, 0 OTHOUIEHUIO K KOAEpYy W Jie-
koaepy uudposoit CIIN) B 1948 roay Knony lllenHony — tBopIty Teopuu uHGOP-
Manuu. HackoiabKo CIOXKHOM (C TOYKM 3peHUs TEOPUH U MPU MPAKTHUECKOU pea-
Jau3auun) siBisieTcs 3agava nosHoro cunre3a CIIN naxke npu cambix OsaronpusT-
HBIX YCIIOBUSX €€ (DYHKIIMOHMPOBAHHWSA, MBI MOMBITaEMCS MOKa3aTh B pasa. 2.13.
[ToaToMy HambosbLIEEe KOTUYECTBO padOT MOCBSILIEHO 3a/1a4u€ YaCTUYHOIO CHHTE3a
CIIN, a uMeHHO, ONTUMU3AIMH CITOCO0a MpUeMa TPH 3aJJaHHBIX XapaKTePUCTUKAX
IepeaTyuKa U JIMHUU C TIoMeXaMu. boiiee Toro, mo Tou K€ NPUYMHE 3a4aCTYHO
paccMaTpHUBAIOTCS “HAMTYUIIHE CIOCOOBI peah3aIlii TE€X WJIM WHBIX Oleparui
HaJ CUTHAJIAMH B TIEPEIAaTUYMKE WU B MPUEMHHUKE (KaBBIUKH 3/IECH UCIIOIb30BaHbI
MOTOMY, YTO MPU 3TOM OOBIYHO HET YBEPEHHOCTH B TOM, SIBJISFOTCS JIM HAWTYYIllH-
MU U JIPyTHE OIEepalliy HaJl CUTHAJIAMU B OCTAJIbHBIX 3BEHbSX MEepelaTiunKa U MpHU-
€MHHUKA).

[TosTOMYy M MBI IPU U3YYEHUU Kypca OOBIYHO OyJeM FOBOPUTH 00 ONTUMH-
3allMu OTJENbHBIX 3BEHHEB NEPEAATUNKA U IPUEMHHUKA. [[15 3TOro KpaTko oxapak-
TepU3yeM Ha3HAUYCHHUE U CYTh OCHOBHBIX MPeo0pa30BaHuii, KOTOPHIM MOABEpTa-
€TCs DJIEKTPUYECKU curHai B nepenaruuke u npuemuuke CIIU. Ilpu atom u3 co-
oOpakeHuit yno0cTBa OyaeM orepupoBaTh JUOO CaMHM CHUTHAIOM U(t), TIPUHU-

MaloIIUM JEHCTBUTENIbHBIE 3HAYEHUS, TUOO €ro crnekTpoMm S(w). M3BecTHO, 4TO
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o0e (hyHKIMH CBsi3aHbI Tapoi npeodpazoBannii Dypne

S(w) = T u(t) exp(-ict)dt,

; ’ (21)

u(t) =— j S(w)exp(iot)dw
2r =,

rae | — MHAMas eQUHULA.

N3 nmpeobpa3zoBaHuil aHAJOTOBBIX CHTHAJIOB HAa30BEM XOPOIIO M3BECTHBIE
U HIMPOKO MPUMEHSIEMbIE U B IPYTUX PaJUOIEKTPOHHBIX YCTPOUCTBAX JHUHEWHbIE
oOpaTuMblie MpeoOpa3oBaHuUs, TaKUE KaK YCWICHHE CUTHAJIA, €ro CABUT IO OCH
BpeMEHHU (3a/epikka) 0e3 n3MeHeHHsI (OPMbI, CABUT €0 CHEKTPa MO OCH YacTOT
(mpeobpa3zoBaHue YaCcTOThI) 6€3 U3BMEHEHUS ()OPMBI.

Mopynsauuss — 3TO HENUHEWHas omepalys, B pPe3yjbTare KOTOPOW CIIEKTpP
CUTHaja MEePEeHOCUTCS B 00JacTh 0ojiee BHICOKMX YacTOT M 3a4acTyl0 U3MEHSETCS
ero ¢popma. Heobxoamma st mpuBeAeHUsl CUTHANIA K BUY, IPUTOJIHOMY JJIsl T1e-
penayu mo JMHUM KOHKpETHOro Tuna. OueBruaHO, YTO AEMOAYISIHS 3TO 00paTHOE
npeoOpa3zoBaHUE CUTHAJIA B IPUEMHUKE.

Crenyroniyie JBe ONepaiy HAIpaBIIEHbl HA YIPOIIEHUE CTPYKTYpPHI CHTHA-
Ja ¥ MO3TOMY He SIBIITIOTCS BIIOJIHE OOPATUMBIMHU, TO €CTh IIPH 0OpaTHOM IIPeo0-
pPa30BaHUU BOCCTAHOBUTH MCXOJIHBIN CUTHAJ yAA€TCs JIUIIb C HEKOTOPOU morper-
HOCTBIO.

Bo-nepBbIX, 3TO KBaHTOBaHUE IO BPEMEHH, B pPe3y/ibTaTe KOTOPOro HEmpe-
pbhIBHas ciydaiiHas (yHKUus u(t) Ha HHTepBasie BpeMeHH 0<t<T 3ameHseTcs
HaOOpOM YHCENl — HETIPEPBIBHBIX CIy4YailHBIX BEIUYUH U,,...,U . B obmiem Buae nu-

HelHasl mpolielypa KBaHTOBAHUS MOXKET OBITh ONpejesieHa HabOpOM COOTHOIIIE-
HUU

uj = Iu(t)fj(t)dt, j=1,...,n,. (2 2)
rae  f(t) — OasucHble (BecoBble) (QyHKuMU. C reOMETPUYECKOM TOYKU 3PEHHUS

(pa3n. 1.6) 3To — omeparuu NPOSKTUPOBAHUS BEKTOpa- CUTHAJIA HA OA3MCHBIE BEK-
TOPBI.

CymiecTByeT HaOOp OPTOTOHATBHBIX 0a3WCHBIX (PYHKITUH, TIPH UCIIOTH30BA-
HUM KOTOPOTO IO PSAIY YUCET U,,...,U HUCXOIHBIM CHTHAJI BOCCTAHABJIMBACTCS TIO

dbopmye
a(t) :,Z_llu" f;(t) (2.3)

U IIpHu 3TOM oOecrieunBaeTcss MUHUMAaJIbLHAs Cp€aAHCKBaApPaTHICCKas omuoOKa

o= | [lu®-aof dt . (2.4)

Torga (2.3) HassiBaercs paznoxkennem Kapynena-Jloasa [2,9].
Ha npakTuke 0OBIYHO HCHOJB3YyeTCs 00Jiee MPOCTOM CMOCO0: U3MEPSIOT
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3HaueHus QyHKIuM u(t) ¢ marom At (paszz. 2.4).

Bo-BTOpbIX, 3TO KBAaHTOBaHUE MO YPOBHIO, TO €CTh MpeoOpa3oBaHUE HEIpe-
PBIBHOM CiIydyallHOW BEJMYWHBI U, 3a1aHHON Ha uHTEepBayie (Uy, Uy), B JUCKPETHYIO
ciydaiiHyro BenmrmuuHy (M-uaHbiii cuMBoi). O0brano M=2K, rae K — memnoe uuciio, u
JUISl peaju3aliii 3TOro npeoOpa3oBaHUs JIOCTATOYHO MOCIEA0BATEIBHO MPOBECTU
K omeparuii cpaBHEHHS BETUYHHBI U ¢ 33JJaHHBIMUA OIIOPHBIMH 3HAYCHUSAMU (pasl.
2.6).

JIMCKpeTHBIH CUTHAT Uy,..., U , (pa3a. 1.3) oObuHO Mony4aercs B pe3yibTa-

T€ KBAaHTOBAaHMS 110 BPEMEHHU Ha MHTEpBasie 0<t<nAt C maroMm At HEPEpHIBHOTO
curHasa u(t), MO3TOMY OH MOXKET MOJABEPraThCA TEM K€ MpeoOpa3oBaHMIM, HO B
HECKOJIbKO MHOM (hopme.

[IpeobpazoBanust (2.1) mpoBoaarcs B (opMe MpsIMOTO M OOpaTHOrO JIHC-
KpeTHBIX npeodpazoBanuil ypee (AI1D)

1 n-1 . 1 n-1 .
S, =—>Suf¥* u=—oNgfk,
k \/ﬁ;: j = k;.: k (
2.5)
rae f =exp(2zi/n), j,k=0,...,n—1.
Yucna So,...,Sp.1 MOXKHO ¢ HEKOTOPBIM MPHUOJIMIKEHUEM CUHUTATh OTCYCTaAMHU

1
ero cuekrpa S(f), B3ATBIMU C mIarom Af = AL IIpU YCJIIOBHUH, YTO BECH CIIEKTD 3a-
n

1
KJIIOYEH B uHTEpBaje 0..—.
2At

Taxue mpeoOpa3oBaHus BBITIOIHSAIOTCS B YHCIOBOM MPOIECCOPE C UCTIONb-
30BaHMEM ONEPALUI HAJ YMCIAMH C IUIABAOIIEH TOYKOW, IIPU 3TOM ITPUMEHSIETCS
0oJiee SKOHOMHBIN alropuTM ObICTpOro npeodpazoBanust Oypee (BI1D).

OunpTpanys AUCKPETHOTO CHTHAJIA MPOBOAUTCSA MPH MOMOIIM HHU(POBOTO
bunbTpa (pazm. 2.7).

[Toxxanyii, Haubosee pasHOOOpPa3HbIM M HMHTEPECHBIM OKa3bIBAETCS HAOOP
npeobpazoBaHuil HH(POBHIX CUTHAJIOB.

Curnanom, IpUMEHSEMbIM Ui NepeJaud CUMBOJIA, OOBIYHO SIBJIIETCS UM-
NyJabC TOKAa WIM HANpSDHKEHHS, MOITOMY €CTECTBEHHO, YTO HMMEETCS IIUPOKHA
HAOOp DdJIEMEHTApHBIX MpPeoOpa3oBaHUN, HEOOXOAUMBIX ISl TMpeoOpa3oBaHUS
(GbopMBbI UMITYTTECOB, U3MEHEHUS TIOPAJIKA UX CIIEAOBAHMS, XPAHCHHUSI, BHITTOJTHEHUS
psaa JIOrMYeCKUX onepanuii u T.1. (pasn.2.2).

Bonee cnoxupie npeoOpazoBaHusl, B KOTOPHIX YYAaCTBYIOT II€JIbI€ TPYIIIbI
CUMBOJIOB, OOBEAMHEHBI 1O OOIIMM Ha3BaHUEM ‘“‘KoaupoBanue”. TunuuHas cuty-
arust TakoBa. Ha BX01 KOIHMPYIOIIETO yCTPOMCTBA MOCTYIAET MOCIEeI0BATEIILHOCTh
M-HYHBIX CHMBOJOB UIHHOMN K (BCero BO3MOKHBI N, = M* BapHaHTOB), U B OTBET
KOJIEp BBIJAET Ha BBIXOJ MOCIEIOBATENBHOCTh TAKUX K€ M-MYHBIX CUMBOJIOB JJTH-
HOIA N (Bcero Bo3MOkKHBI Ny, = M" BApHaHTOB).

PasznuyaroT Tpu Buaa KOJUPOBAHUS

1. Koouposanue ucmounuxa ¢ UEIbIO COKpAIEHUS] W30BITOYHOCTH, CONEP-
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XKalleics B CUTHAJE, TO €CTh MpeacTaBieHue curiaia U(t) B Hanbosee 5KOHOMHOM
BUJIE TaK, YTOOBI B KOHEUHOM HUTOT'€ TIPOU3BEACHHUE €ro JJTUTEIHPHOCTA Ha 3aHUMa-
€MYIO TI0JIOCY YacTOT ObUIO MUHUMaNIbHBIM. Hanmpumep, 6e3vi3661mounoe kooupo-
6aHue TIO3BOJISIET TiepeAaTh COOOIICHUE, HCIOIb3ysI MUHUMAIbHOE KOJIUYECTBO
CHUMBOJIOB N B MOCIEN0BATEILHOCTH Ha BBIXOJI€ KOJIepa, B UTOTe OKa3bIBaeTcs N <
k. JIoOuThCs Takoro pe3ysbTaTa MOXKHO JIMIIb B TOM Cliydae, KOrjJa BO3MOYKHBIC
CUTHaJIbl Ha BXOJI€ KOJIepa MMEIOT CYIIECTBEHHO pa3Hble BEPOATHOCTHU. TodHEe,
Cpelli BO3MOXKHBIX TTOCIIEIOBATEIHHOCTEH UMEIOTCS CTOIb MaJIOBEPOSTHBIC IK3EM-
IUISIPBI, YTO MOYKHO JIayK€ HE PE3epBUPOBATH CUTHAJIBI JIJI UX Mepenadu, Oyaydu
TIOYTH YBEPEHHBIMH B TOM, YTO HH OJHA M3 HUX HA BXOJIC KOJepa HE MOSBUTCS. Pe-
3yJbTaT TAKOTO KOAUPOBAHUS — ATO MOBBIIIIEHUE CKOPOCTHU TIepenadn nHpopManuu
(pazn. 4.2).

2. Kananvnoe (nomexoycmotiuusoe) xoouposauue, T.e. hopMmupoBanue nud-
poBoro curnaia U(t) Takum oOpa3oM, 4TOOBI B MpoIecce MpUeMa MOsSBUIACh BO3-
MOXHOCTh OOHApY>KUTh M HUCIPaBUTh OOJBIIYI0 YacTh OIIMOOK, BO3HUKIIUX B
npuHaToMm curHaie V(1) u3-3a BIUSHHUS MOMeX. JTa orepalus, Hao00poT, OOBITHO
TpeOyeT BBEICHHS B TIEPEIaBaCMbIi CHTHAJ JOIOJHUTEIbHBIX, H30BITOYHBIX JJIe-
MEHTOB, B UTOre okaxkercs N > K. OOCyXIEeHHIO IPOOJIEM MOMEXOYCTOHYHMBOIO
KOJMPOBAHUS IMOYTHU LIETMKOM TOCBSIIEH pa3. 3.

3. lugposanue, T.e. NCTIOIB30BAHNE TAKOTO KO/, CIIOCOO JAEKOIUPOBAHUS
KOTOPOT'O M3BECTEH JIMIIIb 3aKOHHOMY ajpecary (Ipu 3ToM 00bI4HO N = K).

MO’XHO 3aMETHTh, UTO TIepeiadya CUTHAJIOB BO MHOTOM HAallOMHHAET OObIY-
HYIO TPAHCTIOPTHPOBKY I'PY30B U3 OJTHOTO MyHKTA B ApYyroi. Paznmunbie mpeameTs
NIEPEBO3SAT JIUIIL TIOTOMY, YTO OHHU HECYT B ceOE€ BO3MOXXHOCTH YIOBIICTBOPCHUS
HEKOTOPBIX YEJIOBEUYECKUX NOTPEOHOCTEN (CUrHAJbI EpEJatoT paanu UHPOpMaLUH,
B HHUX cojepkalieics). B yem BpIcmIasi CyTh 3THUX HNOTPEOHOCTEH, BPSA JIM KTO
CMOXeT chopMyIUpOBaTh, XOTS U MpelaracTcsi HeMajao CIocoOOB, KaK KOJIUYe-
CTBEHHO OIICHUTDH CTETMEHb WX YIOBJICTBOPEHUS (B HACTOSIIEE BpEMs MMEETCS He-
CKOJIKO Pa3JIMYHBIX CIOCOOOB OMPEACIICHUS KOJIMYECTBa HMH(OpPMAIIUHU, COJEP-
JKalllecsl B CUTHAJIE).

Baron, amxyiuiica o penbcaMm (JIMHUS TIepeIadn), UMEEeT OrpaHuYeHHbBIN
00beM, TO3TOMY €CTECTBEHHOM SIBJISIETCS 3a7ja4a SKOHOMHOW YKJIQJIKU TPpy3a, 1axKe
MyTeM YaCTUYHON Pa30OpPKH HEKOTOPBIX TPOMO3JIKHX KOHCTPYKIMH (3amada Oe-
3U30BITOYHOT0 KOJIUPOBAHMSI), IPH 3TOM B MYHKTE Ha3HAYEHUs MPOBOIUTCS COOP-
Ka.

Pazymeercs, Takas skOoHOMHas yKjajKa JOIMYCTUMA JIMIIb B CIydae, KOorjia B
IyTH OTCYTCTBYIOT (PaKTOPbI, CIIOCOOHBIE UCTIOPTUTH I'py3 (momexu). st 3amuThl
OT BPEIHBIX BO3JICUCTBUI MPUXOIUTCS TEPEBO3UTH JTOTIOTHUTEIHHBIC TIPEIMETHI —
yIaKoBKY (IIOMEXOYCTOMYHMBOE KOJMPOBaHHE). B MyHKTe Ha3Ha4YeHUs YIIaKOBKa,
BBITIOJIHUBIIAS CBOIO (DYHKITUIO, OTJIETSIETCS OT MOJIE3HOIO0 Tpy3a (yaalieHue u30bi-
TOYHBIX CUMBOJIOB TTOCJIe OOHAPYKEHHS ¥ HCTIPABIICHUS OIIHOO0K).

HTak, MO)KHO HAMETHUTBH CIICIYIONIUH MOPSIOK MpPeoOpa3oBaHU CHTHAJIA B
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nepenaTyrvke HuppoBON CUCTEMBI.

1) Ananoro-mudpoBoe rnmpeodpazoBanHue, T.e. Mpeodpa3oBaHUE HETPEPHIBHO-
r0 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 MOJIOCY YacTOT.

6) Pacmupenue crnekrpa (Takoe mnpeoOpa3oBaHHeE, B pe3yabTaTe KOTOPOIro
IIMpHHA CrieKTpa curHaia U(t) Ha BXOje JTMHUU OKa3bIBAETCS CYIMIECTBEHHO 0OJb-
1Ie, YeM Ta IIUpHUHA, KOTopasi Obljia Obl MUHUMAIBLHO HEOOXOIMMa JJIsi HOpMaslb-
HOU Tepegayu 3TOro COOOIEHUs ), HATpUMep, Uil 00ecTiedeHus: CKPhITHOCTH TIe-
penauu.

Pazymeercs, He Bce MepeyuciIeHHbIE Onepaluyl HEOOXOAUMO MPOBOIUTH B
kaxaoi CIIM, u mocnenoBaTenbHOCTh NEPEUUCIEHHBIX NPEOOpa3oBaHUN MOXKET
HECKOJIbKO OTIMYaThCS OT yKa3aHHOW. B mpuemHHKe, eCTECTBEHHO, MPOBOASTCS
oOpatHbIe TpeoOpa3oBaHuUs.

B 3axiroueHre OTMETHM T€ JOMNOJHUTENbHBIE ONEpalMi C CUTHAJIAMHM, KO-
TOpbIE HY>KHO MPOBOAUTH B TOM Clly4ae, KOrJa JJif OJHOBPEMEHHOIl mepeaadu
CUTHAJIOB OT HECKOJIBKHUX HCTOYHHKOB MCIOJb3YIOTCH 001IHe pecypcehl.

1) Ha puc. 2.1. uzobpaxkena cxema cumiiekcaon CIIU, mpennasHaueHHON
Ul Iepeayl MH(opManuu B OJHOM HampaBieHuu. JlJis opraHu3alud OJHOBpE-
MEHHOW JBYCTOPOHHEH mepenayuu, Hampumep, B TelIePOHUHU, C HCIOIb30BAaHUEM
oO111ei JIMHUHU, HEOOXOIUMO PEUIUTh IPOOIEMY OynieKkcuposanus, T.e. ChopMHUpPO-
BaTh cUrHaNIBI U,(t) 1 Uy(t) Takum oOpa3oM, 4ToObI MPHU MPUEME pa3IeiaTh CUTHA-
JIbI TIPSIMOTO M OOPATHOT'O HAMPAaBICHUN 0€3 UX B3aMMHOT'0 UCKaKEHUSI.

2) Jlns ofTHOBpEMEHHOMU Mepeayll CUTHAJIOB OT N UCTOYHUKOB, HaXO/ISIIHUX-
Csl HA OJIHOM KOHIIE OOIIEH JUHUY, K N MOIyYaTeNsM, HaXOAAIIMMCS Ha IPYyrOM €€
KOHIIE, OCYIIECTBIISICTCS YHIOMHeHUe (MYIbMUnieKcuposanue) NpeaBapuTeIbHO
npeoOpa3oBaHHBIX CUTHAIOB (0OBIYHO 3TO cymMMmHpoBaHue). [l 3TOro nepeaana-
€MbI€ CUTHAJIbI JOJIKHBI UMETh TaKOW BUJ, KOTOPBIN MO3BOJSET B IIYHKTE MpHEMa
BBIICTISATh KXl CUTHAJ U3 CYMMBbI U HAIPABJIATh CBOEMY IOJIyYaTento 0e3 B3a-
UMHBIX MCKakeHUH. Takas cucTemMa Ha3bIBAECTCS MHOSOKAHANLHOU (N-KAHATbHOLL)
CIIN.

3) B cucremax paguocBs3u 0OBIYHO BO3HUKAET MOTPEOHOCTh B COBMECTHOM
UCIIOJIb30BaHUM OOIIEro peTpaHciasaTopa-npueMoriepeaTunka, HaXOoAsIIerocss Ha
0a30BOil cTaHIIMM B cucTeMax coToBoi cBsa3u win Ha MC3. IIpu sTom Bce ucTou-
HUKHA U BCE€ NOJIy4aTeNd HaXOJATCS B Pa3IMYHbIX MyHKTaxX. Takas opraHu3anus
COBMECTHOM pPaOOTHI HA3BIBACTCS MHOCOCMAHYUOHHBIM (MHONCECMBEHHbIM) OO0-
CMynom, IpU 3TOM, B OCHOBHOM, UCIOJIb3YIOTCS T€ K€ METO/bI, YTO U IIPU MHOTO-
KaHAJIbHOU CBS3U.

4) Ilpu noctpoeHuu cucteMbl oOMeHa nHpopmaluen (CeTH IEKTPOCBI3N),
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npeHa3HAYeHHOU JIJIsi OOCITYKUBaHUS OOJIBIIIOr0 KOJIMYECTBA MOJIb30BATENCH, HC-
XOJISAT U3 TOTO, YTO OOJIBIIMHCTBY a0OHCHTOB HE HYKEH MTOCTOSIHHO 3aKPETUICHHBIN
KaHaJl 3JIEKTPOCBSI3H, TIOCKOJIBKY Y HUX JIUIIb 3MU30INYECKH BO3HUKAET MOTPEO-
HOCTH B Tiepeiadye CPaBHUTEIHLHO KOPOTKUX COOOIIEHUH TOMY MM HHOMY IOJTyda-
temto. [loaTomy 001MEe pecypchl, HaIpUMeEp JIMHUH, CIIOCOOHBI 00ECIIEUUTh OHO-
BPEMEHHYIO TIepe/iadyy COOOIIEHUM JIUIIh KaKOW-TO YacTH OT OOIIEro KoJu4yecTBa
a0OHEHTOB 0 MEpe BO3HUKHOBEHHS HEOOXOMMMOCTH. JIJIsl TaKMX ceTel XapakTep-
Ha OIEpalusl KoMmymayuy (nepexniouenus) TuHuL o Mepe MOCTYIJICHUsS Tpedo-
BaHWI OT a0OHEHTOB, YTOOBI 00ECTICUHTH Iepeaady cooOIeHus (M ero 4acTu-
MaKeTa) B MMyHKT HAa3HAYCHMSI.

2.2 dnemMeHTbI Nnpeobpa3oBaTenen

B kayecTBe HANOMUHAHUS IMEPEUUCIUM TE DIEMEHTAPHBIE TEXHUYECKUE
YCTPOMCTBA, KOTOPHIE CIYKaT “KUpPHUYMKAMU~ MPHU CO3JaHUU MpeolOpazoBarene
CUTHaJIa B TPAKTE IEPEIayU.

SAueiika namsaTu (puc. 2.2a) npeaHa3HaYeHa sl XpaHEHUs] 3HaYEHUsI OJTHON
M-naH0# TUPHI.

OueHnb yacto M=2, 1 Toraa 3T0 MOXKET OBITh, HAIIPUMEP, OOBIYHBII TPUTTED.

Peructp namsatu (N-pa3psiaHblil) — 3T0O HAOOP HE3aBUCUMBIX SIYEEK MAMSITH,

npeIHa3HAYeHHBIN ISl XpaHEeHHs KOMOWHAIIMH, 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 >
Baix. Brix. napan.
r) ) €)
Howmep Howmep

Bx. Bex.  Bx. ¢ Bex.  Bx. ¢ Brix.

M2 P MUX L, I DMUX [
—> —> >

Puc. 2.2. DnemenTs! npeoOpa3oBarTeneil CUTHAIIOB!

a) sTYeiKa MmamsTu; 0) perucTp nmamsTu;

B) PETUCTp CIBUTA; r) cymmarop modz2;

1) MYJIbTHUILIEKCOD; €) IEMYJIbTUILIIEKCOP.

Peructp cnBura (N-paspsiHblil) MTOCTPOEH Ha OCHOBE N-Pa3psiAHOrO pPEru-
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CTpa MaMATH U MpPEHA3HAYEH JJIsl OpTraHU3alliH JIBMOKEHUSI OYepedu CHUMBOJIOB.
[Ipu ogHOBpemeHHOW monaye TakToBoro mmiynbca (THW) Ha Bce stueiiku, copep-
KHAMOE KaXJ0M STYEUKHU MEPEHOCUTCS B CIECIYIOUIYIO, a B IEPBYIO SYEHUKY 3aIKCHI-
BAETCSI OUEPEIHON BXOIHOW CUMBOJI. CUUTHIBAHUE COJIEPKUMOIO PETUCTPA MOKET
IPOBOJUTHCS KaK B MMapauiebHON (opMe, Tak U B NOCIEI0BATEIbHON (CUMBOII 32
CHMBOJIOM).

JIBOMYHBIA CYETYHUK COCTOMT U3 N TPUITEPOB, COCAWHEHHBIX IMOCIIEI0BA-
TEJIbHO U pabOTaIOIIMX B CUETHOM pexkuMme. [Ipu nmogave Ha BXoa ABOMYHOTO YKC-
na (0 wiu 1), 3T0 YUCIIO CyMMUpPYETCS ¢ N-pa3psIHBIM JBOMYHBIM YUCJIOM, COJEp-
KaIUMCS B STYEHKaX CUETUYHKA.

Ecnum Ha BXOI cyeTYMKa MOJABaTh MEPHOJUYECKYIO IOCIEIOBATEIbHOCTh
TaKTOBBIX MMITYJIbCOB (€IMHUL) C mepuoaoM At, TO ero COCTOSIHUS IUKIUYECKU
TIOBTOPSIOTCS, IIPU ATOM JUIUTEILHOCTD LUKIa paBHa T=2"At.

Jlornueckue cxemol U, NJIM, HE B koMMeHTapusiX HE HYKIAIOTCA.

Cymmarop no moayio 2 (mod 2) uMmeer aBa BXOJa U OJHUH BBIXOJ (pHC.
2.2r). Ilpyn omHOBpEMEHHOU Mojave Ha €ro BXO/bl JBOMYHBIX CUMBOJOB U; U Uj
JBOMYHBIN CUMBOJI HA BBIXOZE V=U, ®U, ONPEAEIAETCS 110 IPABUIIAM:

0©0=0, 0@1=1 1©0=1 1©1=0. (2.6)

IIpy TakOM NOAXOAE CIIOKEHUE U BBIUUTAHUE OKA3BIBAIOTCS YKBUBAJIICHTHBI-
MU.

MynbTumIekcop (3IEKTPOHHBINA mepekmouarens) umeer N=2" BXomoB u
OJIUH BBIXOA (pHUC. 2.2/1) U COAEPKUT N-pa3psIHbIA PETUCTP NMAMATH, B KOTOPOM B
JBOMYHOM (popMe 3amucaH HOMEpP TOr0 BX0J1a, KOTOPBIM B JaHHBII MOMEHT COE/IH-
HEH ¢ BbIXOAOM. IIpu OOHOBIEHUHM COAEPKUMOIO perucTpa (MpH 3arruch HOBOTO
HOMEpa), MPOUCXOJIUT MEPEKITI0YEHNE Ha COOTBETCTBYIONIMM BX0J. BMecTo peru-
CTpa maMsATU MOXKHO HCIIOJIb30BaTh N-pa3psiAHbIN TBOMYHBIA CUETYMK M MOJIaBaTh
Ha €ro BXOJ NEPUOAUYECKYIO IMOCIEA0BATEIbHOCTh TAKTOBBIX MMITYJbCOB. Torma
MYJIbTUILIEKCOP OYAET MOJKII0YaTh BXObI B MOPSAKE BO3PACTAHUS UX HOMEPOB, U
ATOT Hpolecc OyAET HUKINYECKUM.

Hemynpruriexcop (puc. 2.2e) umeer onuH Bxoa u N BwixomoB. Ilporecc
NEPEKITIOUYEHUS TPOUCXONUT TOYHO TAK K€, KAK B MYJIbTUILIEKCOPE.

2.3 Npeobpa3oBaHue HEINTEKTPUYECKUX CUTHANOB
B 3J1IeKTpU4ecKue

BrniepBbie Takoil npeoOpa3zoBartesb, NPUrOIHbBIN JIJIsl IIMPOKOTO MCIOIb30Ba-
Hus1, ObuT ipeioked B 1837 roxy. OH comepskain TenerpadHblil KIIFOY U TaOJIHILY
a30yku Mop3ze u ObUI NpeaHa3HAYEeH ISl npeodpasosanus mekcma B MOCIIEI0BA-
TEIBbHOCTh UMITYJIbCOB 3JIEKTPUUYECKOTO TOKA.

Bbonee coBpemeHHbIN MeTO OBLIT IPUHAT B KauecTBe cTaHaapra B 1932 romy
JUTSL ICTIOJIb30BaHUs B TeJlerpauu U U3BECTEH KaK MEKIYHAPOAHbIN TenerpadHbIi
kox Ne2 (MTK-2). B3ameH kaxaoro 3Haka MepegaBaeMoro TeKCTa reHepUpyeTcs



32

KOJOBasi KOMOMHAIMS, COCTOAIIAsI U3 TISITH JBOUYHBIX CUMBOJIOB JITTUTEIIHHOCTHIO
no 20 MC KaxIbli, T.e. TEXHUYECKass CKOpPOCTh mepemaun cocrtasiser V=50
umn/c=50 boa. UToOpl obecrneunTh B3aWMMHYIO CHHXPOHU3AIMIO TEpeaaTdynka U
NpUEMHHKA, MPUMEHSIETCSl CTapT-CTOIHBIA METOJ| Mepejadyu: B Havyalle KOMOMHa-
LMY [IEPENACTCA CTAPTOBBIM MMITYJIbC JIUTENBHOCTHIO 20 MC, @ B KOHIIE — CTOIO-
BbII UMITYJIBC IIUTENBHOCTHIO 30 Mc. B utore ais nepegadn oHOro 3HaKa Tpedy-
ercsa He MeHee 0,15 ¢. DToT cTaHmapT JaBHO yCTapena W B Pa3BUTHIX CTpaHax HE
UCTIONTb3YyEeTCHA.

B 1968 roay mns tenerpaduu u 11 nepedayu oannvix (MHGOPMAIUHU, TTEpe-
JTaBaeMOM OT KOMITBIOTEpA K KOMITHIOTEPY) MPEAJIOKEHO MCTOIB30BaTh Tele(oH-
Hble TuHUU 1 7-0uToBbIl Kou (KOU-7, MTK-5, ASCII). B nocnenyromem ObL1
OPUHAT PSAJ CTAaHAAPTHBIX CKOpOCTEW mepenayu B auanasoHe ot 50 mo 33600
our/c.

[IpeoOpazoBatenb 38yk06020 cueHana B SNEKTPUUECKUH — 3TO MUKPOQOH.
[Tocie qIUTENBHBIX SKCIIEPUMEHTOB OBIJIO HAMIEHO KOMIIPOMHUCCHOE PEIICHHE, U 8
Kawecmee cmanoapma 0jisi meiegonno20 cucHala (nepedava pedu) yCmaHosieHa
nonoca yacmom 300 — 3400 ['y. 1Ipu niepenadye CUrHAIOB PAJAUOBEIIAHUS T10 JIU-
HUU CBSI3M BhIIEsIeTCs Oomnee mupokast moioca yactot (30 — 15000 'y nist cuctem
BBICIIIETO KJlacca).

[IpeoOpazoBaTeneM HenoodsuxscHo20 U300padcenss B aHAJIOTOBBIN SJIEKTPU-
YecKkui curHan ((pakCUMHIIbHAS CBS3b, (hakc) siBisieTcs (hoTonpeodpa3oBaTelb Mpu
UCIIOJIb30BaHUU METOAa CKAaHMPOBAHUS (CTPOUYHOU pa3BepTkh). CKOPOCTh CKaHH-
poBaHUs MOAOOpaHa TakuM 00pa3oM, YTOOBI CHTHAJ Ha BbIXoJe (hakc-ammapara
3anuMan nojocy 4actoT 300 — 3400 'y 1 asia ero mepegayu MOKHO ObLIIO OBl HC-
MI0JTb30BaTh CYIIECTBYIONINE JIMHAH TeIe()OHHOU CBSI3H.

[IpeobpazoBanue odsudicyueeocs uzobpasicenuss B DIASKTPUYECKUN CUTHAI
(TenmeBUIEHNE) OCYIIECTBISCTCS TeM ke MeTonoM. B Poccum mpuHST cTraHgapt
625 cTpok/kanp, 25 KaapoB/c, COOTHOIIIEHNE BHICOTHI K MIUPUHE Kajpa paBHO 3:4,
MOATOMY TI0JI0Cca 4acTOT BuacocurHaina ot 50 I'u o 6 MI'w.

BaxHbIll BUT DJIEKTPOCBSI3N — TO meiemempus, T.e. iepeaada CUTHAIOB OT
JATYMKOB, U3MEPSIONIUX TEKYIIHE 3HAYeHUS (U3UUECKUX MapaMeTPOB HEKOTOPOTO
oObekTa. Takue curHajIBl MOTYT OBITh KaK aHAJIOTOBBIMH, TaK W IU(PPOBBIMH, a
3HAYEHUS UX OCHOBHBIX MMAPAMETPOB MOTYT OTJIMYATHCS HA HECKOJIBKO MOPSIKOB, B
3aBUCUMOCTH OT HA3HAYEHUSI CUCTEMBI.

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

2.4 KBaHTOBaHUe NO BPEMEHU HeNnpepbIBHOIO
cuUrHana

KBantoBanue (Auckperusanus) MO BPEMEHU — 3TO 3aMEHa HEeNpepbIBHOM
¢ynkuuu U(t), 3aganHoi Ha wHTepBasie 0<t<T, mOCIIe0BaTEIILHOCTHIO €€ MIHO-
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BEHHBIX 3HaUYEHHUI-0TCYeTOB Ui=U(ty), U=uU(tp), ... , Up=U(t,). OHHU U3MepstOTCS B
MOMEHTBI BpEMEHH 1, b, ..., Ty, OTCTOAIIME OOUH OT APYroro Ha Benuyuny At=tj-t;.
1=T/n, Ha3BIBAEMYIO UiA2OM KEAHMOBAHUAL.

B03MOXHOCTh TOYHOT'O BOCCTAHOBJICHUSI UCXOHOU QyHKIMU U(t) o cepuu
€e OTCYETOB JI0Ka3aHa B meopeme omcuemos Haiikeucma—Komenvnukosa: mobas
(GyHKIMSI, UMEoINas CHEKTP, 3aKJIIOYEHHbIH B OTrpaHUYEHHOW I10JIOCE YacToT
0...F;, MONMHOCTBIO OMpeaensercs Mocaea0BaTeIbHOCThIO OTCYETOB, B3ATHIX C Ila-
rOM

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

Hpyrumu cioBamu, yactota kBaHtoBanusi F.=1/At nomkHa ynoBiIeTBOPSTH
yciouto F, > 2F,.

[Tpu noxazarenbcTBe TEOpEeMbl CHOPMYIUPOBAH U CIIOCOO BOCCTAHOBJICHHUS
curnaina u(t)

u(t):iujh(t—jAt), 2.8)
_sin(zt/At)
rae hit)= (nt/At) (2.9)

Kcratn, dopmyma (2.8) sBusiercs paznoxenuem Kapynena-Jlossa (2.3)
ML B ciydae, koraa curHan U(t) ecTh cTallMOHApHBIA CIydalHBIA Mpoliecc,
CHEKTpP TUIOTHOCTA MOIHOCTH KOTOPOTO IENHKOM 3aKJIIOUEH B T0J0CE YacTOT
0...F; u paBHOMEpEH B HEH.

u(t) A a) S, 4
0 ‘ —
~ t
F 0 F 1
(0 4 6) S04
0 — 2F. _F 0 R 2¢
v(t)A B) S.(f)
|| |, W W
T 0 T

Puc. 2.3. ®yHkumu, y4yacTBYIOIIKE B MPOLEAYpe
KBaHTOBAHHS BO BPDEMEHH, U UX CIIEKTPHI:
a) rmepeaaBaeMoe HempepbiBHOE coodieHue U(t);
0) ummynscHas Hecymas r(t);
B) MOCJICIOBATEIBHOCTh UMITYJILCOB-OTCUYETOB V(1)
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Puc. 2.3 unarocTpupyeT COOTHOILIEHNE MEXTY CIeKTpaMu (PyHKIUH, ydacT-
BYIOIIUX B MPOIECCE KBAHTOBAHUS BO BPEMCHH.

[TockonbKy cepusi KOPOTKHUX HMMITYJIbCOB-0TcUeToB V(t) Tomydaercss B pe-
3ynbrare nepemHokenus ¢yukimii U(t) u r(t), cnekrp npoussenenus V() paBen
ceeptke pynkmmid Sy(f) u Si(f), B utore o, mogodHo criektpy Si(f), Takxke sBIseTCS
neproauYecKoi GyHKIMEH U 3aHMMAaeT 0ECKOHEUHO OOJIBIIYIO MOJI0CY.

[Ipu anamm3e puc.2.3B CTAHOBUTCS OYCBHIHBIM CITOCOO BOCCTAHOBJICHUS
nepenanHoro cooomenus U(t): mis storo cepuio orcueToB V(i) HYXKHO MMOJaTh Ha
Bxo7 uaeanbHoro ®HY, nMmeroniero 4acTOTHyI0 XapakTepPUCTUKY TPSIMOYTOIbHOM
¢dbopMbI (TyHKTHPHAS TUHUS HA pUC. 2.3B)

() 1, |f|<F,
(f)= o, |f|>F, (2.10)

C
rone F.=F,=F/2 —gacrora cpe3a ®HUY.

HMnyabCHast XapaKTepUCTHKA Takoro (uibTpa coBmajgaeT ¢ (yHKIUEH
(2.9), Torna Beipaxenue (2.8), B CyIITHOCTH, OMMHMCHIBAET OIMEPAIUIO0 CBEPTKU (PyHK-
it V(t) u h(t).

Ha npaktuke TOUHOMY BOCCTaHOBIIEHHIO cooOmieHus U(t) memaer ps 00-
CTOSATEIBCTB. YKaKEM OCHOBHbIE MPHYMHBI BOBHHKHOBEHHUSI OIIMOOK NMPH BOC-
CTAHOBJIECHHH coo0meHust U(t).

Curnan d(t) Ha Beixone ®HY-meMoaynsTopa ¢ 4aCTOTHOM XapaKTEPUCTUKOM
K(f) umeer criektp

S4(f)=K()S,(f), (2.11)
u Torna curaai ommokwm e(t)=u(t)-d(t) mmeer criekTp

S,(1)=8,(F)=S(), (2.12)
a HOPMHUPOBaHHAsI BEJTMYMHA CPEIHETO KBaJparTa OMTUOKHU ONpPEIEIsIeTCS BhIpaKe-
HHEM

o0 o0

, j le@)|” dt j IS, ()| df
of =78 = == - (2.13)
7 [uoFde [ls,(f)f df |

—00 —00

[lepBast mpuuMHa MOSBICHUSI OITUOOK — 3TO BbIHYIHCOCHHOE HapYUleHUue mpe-
boearull meopemvl omcuemos, m.e. keanmosauue ¢ wacmomotu F,<2F,. Kcraru,
OUYEBUHO, YTO 3/IECh, B OTJIMYUE OT UJICATILHOIO Clly4as, BO3MOXXEH HEKOTOPHIN
IPOU3BOJ MPH BEIOOPE YacToThl cpe3a f, DHY-gemomymsTopa.

Ha puc.2.4. BUIHO, 4TO B 3TOM CIy4ae MPOUCXOIUT MEPEKPHITUE OTACITbHBIX
gacteld cnektpa curHana V(t). M3-3a 3Toro BO3MOXHO TOSIBIICHHE OMIHOOK JIBYX
BUJIOB.
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Su(f) 4 K(f)
\
1 :
F. 0 f. F, F. T

Puc. 2.4. Cnextp cepun orcueroB B cinydae F<2Fg u vacToTHas xapakrte-
puctuka ®HY-nemonyssitopa (ITyHKTAPHAS JTUHUS )

Ommbka mepBOro poja — 3TO MPONAJaHNE BBICOKOYACTOTHBIX COCTaBJISIO-
[I[MX CUTHAJIA, UMEouX 9acToTsl f,>f..

Ommbka BTOPOro pojia — 3T0 TpaHChOopMaIlis COCTABISIONINX CIIEKTPa CUT-
Haya U(t) ¢ wvacroramu f<f,<F,, u B pe3ynprate Ha Beixoge ®HY — nemoaynsaropa
TOSIBIIIIOTCSL HOBBIE cOCTaBJisiomue ¢ yactoramu fy = F — f, (BcmomuuTe, Kak Ha
KMHODKpaHe BeAyT ce0s Kojeca IKUIaxa, Korjia OH Ha0UpaeT CKOPOCTh).

Ecmu BeiOpats f. = F—F;, To Oyaer nmpucyTcTBOBATh JIHIIH OMIHOKA TIEPBOTO
pona, a nipu f, = F, — numibs ommbka Broporo pojaa. Jlias GOJIBIIMHCTBA peaibHBIX
curHajioB U(t) aMIUTUTYIBI CIIEKTPATbHBIX COCTABIISIONINX YOBIBAIOT C POCTOM Ya-
CTOTHI (Kak Ha puc. 2.3.), TOITOMY /1T MUHUMH3AIIMN CPETHETO KBaIpaTa OMMOKH
cienyer B3saTh fo = F /2, XOTs pu 3TOM COBMECTHO CYIIECTBYIOT OIIMOKH 00OMX
BUIOB. B 3TOM mocnemHeM ciydae IMOJE3HBIM OKKETCS CICHYIOMUNA TPHEM:
MOKHO HMCKYCCTBEHHO YOBJIETBOPUTH TPEOOBAHUSIM TEOPEMBI OTCUETOB, a UMEH-
HO, TIepe]] KBAHTOBAaHWEM COOOIIECHHWE MPOMYCTHTh Yepe3 TaKOW K€ HIeaTbHBIN
®HUY ¢ yacroroii cpesa f. = F,/2. 13 puc. 2.4. Xopo110 BUIHO, YTO TaKas JOMOTHH-
TenbHas (UILTPAIMS TTO3BOJIMT YMEHBIIIUTD CPEAHUN KBaApaT OIIMOKY B JIBa pasa,
T.K. OHAa YCTPaHSIET BO3MOXXHOCTD MOSBIICHUS OIMMOOK BTOPOTO POJIA.

Bropas mpuunHa NosBiIeHHS] OMIUOOK — 3TO HENnpSAMOY20ibHOCHb YaCHOm-
HbIX Xapakmepucmuk gurbmpos, B yactHoctu ®HUY-nemonynsitopa (puc. 2.5). B
pe3ynbTaTe, BO-TIEPBBIX, MPOUCXOAT YaCTOTHBIE MCKAKEHHsI CHTHAja B O0JACTH
f|<Fs, 1, BO-BTOpBIX, B CHIEKTpE CUTHAJA HA BBIXOAC JEMOIYJATOPA TOSBISIOTCS
HOBEIE cocTaBisiromue ¢ yacroramu [f|>F..

Puc. 2.5. Cnektp cepun oTcueToB (CIJIONIHAS JIMHUS ), YACTOTHASL XapaKTepH-
ctuka ®HY-nemonynsatopa B uaeaqibHOM ciydae (MyHKTHP) U YaCTOTHAs Xa-
paktepuctuka peasibHoro ®HY (turpux-myHKTHD)
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Tperbst mpuunHa 00yCIOBIIEHA TEM, YTO, B COOTBETCTBUH C TEOpHEH Mpeoo-
pazoBanuii Dypee, 1106as GYHKYUA KOHEYHOU OTUMENbHOCU 80 8PEMEHU UMeen
beckoneuno wupoxkui cnekmp u Haobopom. Ilo3TomMy, naxke €ciu HCXOIHOE CO-
obmienue U(t) umeno orpanuueHubli crekTp 0...Fg, HO U3 OECKOHEUHOM CepUH ero
OTCYETOB, B3ATHIX ¢ marom At = 1/2F3, o muHUM CBs3M ObLIA MepeaHa KOHeUHas
MOCJIEIOBATEIBHOCTh, COCTOSIIAs M3 N OTCYETOB, MPU BOCCTAHOBJIEHUU OTPE3Ka
curHaia U(t), qaske Ha MHTEpBAJIe €ro nepeaavyn, BOSHUKHET OIIMOKA.

dakTUYeCcKd, MpHU Mepeaade OTpe3Ka CUrHajga HapylieHbl TPeOOBaHUS TEO-
pembl orcueToB. Puc. 2.4. WiumocTpupyer mpueMbl TOYHOI'O aHallh3a BEJTUYHHBI
omnOku. ['py00 BenmnImHy OMIMOKH MOKHO OTPEISTUTh 10 (hopmyiie

02 z]/ n, (214)
KOTOpasi JAJisl CTATUCTUYECKU CTAllMOHAPHOI'O CHTHajlia mpu N >> 1 gaer BHOJHE
yIOBJICTBOPUTEIILHYIO TOYHOCTD.

OueBUIIHO, YTO B PEANBHBIX YCIOBUSIX HEU30EKHO COBMECTHOE IMOSIBICHHUE
OIIMOOK BCEX BUJOB, MOATOMY YacTOTY KBaHTOBaHMs F, BRIOMpAIOT ¢ HEKOTOPHIM
3anacoM. Hanpumep, cTangapTHbIM aHAIOrOBBIA TeePOHHBIN CUTHAT 3aHUMAET
nosiocy yactoT 300...3400 I'u, a cmanoapmuas yvacmoma Keanmosanus 0is He2o
yemanosnena F,, = 8000 omcuemos/c.

2.5 MoayJasiuusi UMIYJIbCHOM HeCylleil aHAJIOTOBBIM
CUTHAJIOM

B pesynbraTe KBaHTOBaHMS 1O BPpEeMEHHM HemnpepbiBHas (yHKIus U(t) 3ame-
HSIETCS TOCJEeI0BaTEeIbHOCThIO OTCYETOB. B HTOre coolIieHne CTaHOBUTCS JUC-
KPETHBIM BO BPEMEHU, HO KaX/IbIli U3 OTCUCTOB SIBIIACTCS peaTu3alieil HEMpephIB-
HOM CITy4alHOW BEJIWYVHBI.

CymiecTByIOT TpU OCHOBHBIX METOJ]a AaHAJIOTOBOM Mepeavyd IOCJIeI0Ba-
TEJIIBHOCTH OTCUETOB.

Amnaumyono-umnynvcuas mooyaayus (AVUUM): nepenaBaemMblii CUTHAI €CTh
NepUOoUYecKas MOCIeI0BATEIbHOCTh MPSMOYTOJIbHBIX UMITYJIbCOB, CIAEAYIOMIUX C
neprooM At ¥ UMEIOIMKUX OJUHAKOBYIO JTUTEIBHOCTh T, HO aMIUTUTY/1a KaKI0TO
UMITyJIbCAa TIPOIOPIIMOHATIFHA 3HAYEHHUIO TEePeaBaéMOro COOOIIeHusl (0TCUeTa) B
COOTBETCTBYIOIIMI MOMEHT BpeMeHH (puc. 2.6).

[lpu wupommuo-umnynvcroti mooyrayuu (ILIMM) ammnuTyaa uMIyiabCOB HE
MEHSIETCS, HO JUTUTENbHOCTh KaXKJI0I0 UMITYJIbCa MPOMOPIIMOHAIbHA 3HAYEHHUIO CO-
oTBeTCTByIOIIEro orcuera. Ha mpaktuke Oonee ynobHa omHoctoponHsas LIMM
(OLINM), xorga MIUTENIBHOCTh Ka)XJAOT0 UMITYJIbCAa MU3MEHSETCA 3a CYET CIBUTa
oHOTO (PpOHTA, HAPUMED 3aTHETO, a TIOJTOKEHHUE TIepeAHero GpOHTa BCEra COB-
najaeT ¢ TAKTOBBIM MOMEHTOM BPEMEHHU (MOMEHTOM B3STHS OTCUETA).

Ilpu epemsa-umnynvcuou mooyasayuu (BUM) aMmmuTyasl U JIUTEILHOCTH
UMITYJIbCOB TIOCTOSIHHBI, a 3a/IepKKa Ka)KA0r0 UMITYJIbCa OTHOCUTEIHHO TAKTOBOTO
MOMEHTa BPEMEHH MPOMOPIHOHATbHA BETMUYUHE OTCYETA.
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PasnoBunnoctu AVUM, IIUM u BUM, a taxxe (OpMBbI CIEKTPOB TaKUX
CUTHAJIOB J€TaJbHO paccMarpuBaroTcs, Hanpumep, B [11]. Teopernuecku crekrp
KaXX/I0r0 M3 CUTHAJIOB OECKOHEUHO LUIUPOKUN, U MPUXOJUTCS OrpaHUYMBATH MOJO-
cy nepenaBaeMbix yactot uHTepBanom 0...f., rae f.~(2...4)/At. [Ipu ymenpmienuu f,
YBEJIMYUBAETCS IJIUTENBHOCTh (DPPOHTOB MUMIYJIbCOB, 3TO 3aTPYAHIET U3MEpPEHHUE
UH(GOPMAIIMOHHOTO TIapaMeTrpa (aMIUIUTYAbI, JJIUTEIHHOCTH WM 3aI€PKKU HUM-
yJibca).

YHUBEpPCAIBHBIN METO AEMOAYJSIIUMA — 3TO ucrnonb3oBanne ®HY ¢ yacro-

u(t) A
N— _
N —
’\—'_\/K-_/
0 >
A t
AVIM
0 ! ! >
A t
OlIMM
0 >
A t
BUM
0 >

Puc. 2.6. IlepenaBaemoe coodmienue U(t) u CI/IrHaJIIE.I c
AWM, OIIINM, BUM

Toui cpesa [f|>F;. U3 sneprernueckux coobpaxenuii curnasi ¢ BUM nepen nemo-
OyJSIUe 0OBIYHO TPeBapUTEILHO Mpeodpa3yroT B curHain ¢ OINM.

B HacTosiiee BpeMsi NEpEUYUCIICHHbIE METOMBI IEpelayd HCIONb3YITCS
CpaBHHUTENBHO peako. [Ipennoutenue oraaercs UGpPOBBIM METO/aM, KOrjaa 3Ha-
YEHUE KaXJOro OTCYeTa MPEJCTABISACTCA B BHIC KOMOWHAIMK M3 K JIBOMYHBIX
CHUMBOJIOB.

2.6 Anasnoro-uugposoe u unppoaHaIorosoe
npeodpazoBaHmusi

Lenv ananoco-yugposoeco npeodpazosarnus (ALIl) — 3amenums Henpepols-
HYI0 QyHKYUIo U(t) nociedosamenbHocmovio M-uyHbix cuMB0.7108.
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AIIII ocymecTBasiercs: B ABa 3tamna. [IepBbiil 3Tamn — 3T0 KBAHTOBAHUE BO
BpeMeHH HenpepbiBHOro curnaia U(t) (pasa. 2.4). B pesynbrare momydaercs Imo-
CJI€10BAaTENIbHOCTh UMITYILCOB-OTCUYETOB, cCleAyromux ¢ marom At (puc. 2.3B).

Bropoit atan — 310 onudpoBka kaxaoro orcyera. [loaroroBka k 3Toi orme-
pauuu 3aKio4aeTcsi B clieayromeM. J(nana3oH BO3MOXKHBIX 3HAUEHUMN HaIpsiKe-
HUN (Unin, Umax) JICTTUTCS Ha M UHTEPBAJIOB JUTMHOM

AU = (U — Ui )/M (2.15)
Kb, Bennumna AU Ha3bIBaeTcsl wiazom keanmosarusi no ypostio (puc. 2.7).
Jlanee uHTEpBaIBI HYMEPYIOT M-UYHBIMU UG paMU CHU3Y BBEpX, HAUMHAs C 1A }-
pb1 0.

N,  Nw U 4u(®) Unax
111 [ 7 [u; 1 T

110 | 6 | ug 1 / N [Au

101 | 5 | us 1 \

100 | 4 | u, 1 \

011 [ 3 |us T T~ / \

010 | 2 | u, ] N / \L

001 |1 [u 1 N/ T
000 | 0 | up 1 N Unin
M-uuHbIe 3 2 0 5 7 6 1t
JIBon4uHEBIE 011 010 000 101 111 110 o001

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

Jlnst orupoBKU OuepeaHON MMITYJIbC-OTCUET ~TPUKIaAbIBaeM” K IIKaje U
3amensieM ero M-uuHoit 1udpoit Ny, paBHOW HOMEPY TOrO HHTEpBaJa, B KOTOPHIN
nonajia BEpUIMHA MUMITyJibca. B UTOre, BMECTO CEPUHU, COCTOAILIEN U3 N OTCUETOB,
nepeaaeTcs MociaeA0BaTeIbHOCTh M-UUHBIX U(p JTUHOM N.

[TockonbKy B TEXHHUKE HauOoOJiee YacTo ISl Mepeladynd MCIOIb3YIOTCS JBO-
WYHBIE CUMBOJIBI, TO 3HaUeHUE M BBIOUpaIOT mo popmyrie

M =2, (2.16)
¥ HOMEp OYEepEeHOr0 MHTEpBaja Iepenaercs B BUIe K-pa3psiHON TBOUYHON KOM-
ounanuu (N, Ha puc.2.7). B urore KOau4ecTBO MepenaBacMbIX CHUMBOJIOB-IIU(D
yBenuauBaeTcs B K pas.

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

[TepBsiii aTam — 310 HOpMUPOBAHUE UMITYIIBCOB, COOTBETCTBYIONTUX KaXKIOM
M-nunoit udpe (wm K-paspsaHoit KoMOMHAIMK TPU Tiepeaaye JBOUYHBIX CHM-
BOJIOB). B kauecTBe MOATOTOBKM K 3TOM OMepariii BHYTPU KakI0ro u3z M uHTEp-
BaJIOB BbIOMpaeTcs Touka. OOBIYHO OHA COOTBETCTBYET LIEHTPY MHTEpBaia — 3TO
TOYKHU Ug, Uy, ..., Uy-1 HA puc.2.7. Torna aMminryga o4epeqHoro UMITyJibca, COOT-
BETCTBYIOLIETO IM(pe j, ycTaHaBiuBaeTcst paBHOU Uj. Takum oOpas3om, B urTore
IIPOBOJIMTCS] OKPYTJICHUE 3HAYEHUS KaXJA0r0 OTCUETA.
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Ommnbka Takoro oKpyriaeHus € = U — Uj, Tae U — HCTUHHOE 3HAa4€HHE OTCUe-
ta. Ecnu mar kBaHToBaHUs AU J0CTaTOYHO Majl (COOTBETCTBEHHO, YHMCJIO MUHTEP-
BajoB M BENWKO), BEIMYWHA CIy9alHOW OIMMOKH e MMEET MOYTH PaBHOMEPHOE
pacnpenelieHue B MHTEpBajie MUPUHBI AU, TOITOMY CpEIHEKBAIPATUUECKOE 3HA-
YEHUE OMIMOKM KBAHTOBAHUS 110 YPOBHIO PABHO

Oy =Au/(2J§). (2.17)

Bropoii stanm I[JAIl — 310 ipeoOpazoBaHne CEpUM UMITYJIbCOB-OTCUYETOB B
HENpPephIBHYIO (YHKIUIO — MPOBOAUTCS Kak OObIYHO (paza. 2.4) mpu MOMOIIU
®HY ¢ npssMOyroibHOM YaCTOTHOW XapaKTEPUCTUKOM.

Takoe kBaHTOBaHME IO YPOBHIO, KOT/1a BCe M MHTEPBATIOB UMEIOT OJIMHAKO-
ByI0 JUIMHY (2.15), Ha3bIBACTCS pasHoMepHbIM W SIBIAETCS Haumbojee MPOCThIM B
TEXHUYECKOM oOTHoueHuu. IIpu ¢uxcupoBaHHOM 3HaueHMu M 3Ta mpoueaypa
o0ecrieynBaeT MUHUMAIbHOE 3HAYCHUE CPETHEKBAAPATUYECKON OLUIMOKH KBaHTO-
BaHUS JIMIIb JUIS TaKKX cUrHaioB U(t), y KOTOPBIX BEIWYMHA HANIPSDKCHUS PaBHO-
MEpHO pacrpenenieHa B HHTEpBaI€ (Unin, Unax). PeasIbHbIE CUTHAIIBI, TAKHE KaK 3BY-
KOBOM, XapaKTepU3yIOTCs pacipe/ieieHueM BEPOSITHOCTEN, UMEIOLIUM y3KUM 1IEeH-
TPaJbHBIM MUK U JJIMHHBIE “XBOCTHI (pHUC.2.8).

JIJIsi TaKUX CUTHAJIOB MPEANOYTUTENbHEH HEpaBHOMEPHOE KBAHTOBAHUE TIO
YPOBHIO, KOTJ]a JUIMHBI UHTEPBAJIOB OEpyT MEHBIIUMHU B 00J1aCTH Haubojee Bepo-
SATHBIX 3HAYCHWI HANMPSIKCHUS W YBEIUYHMBAIOT WX B OOJACTH MAaJIbIX BEPOSITHO-
CTEH.

W(u)

0 u

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

Tor xe 3¢ dext nocturaercs 0osiee TPOCTHIMU TEXHUUECKUMHU CPEJICTBAMHU.
ChHauana curran U(t) mogBeprarT xomnpeccuu no ypoeHio, T.e. MPOIyCKAIOT Yepes3
YCTPOMCTBO, aMITUTY/IHAs XapaKTEPUCTHKA KOTOPOro JUHEHHA JUIIb B 00JIacTh
MaJbIX 3HAYEHUW BXOJHOTO HAIPSDHKEHMS, a TP JAPYrUX 3HAYCHHUSX OIMUCHIBACTCS
norapudmudeckon kpuBout (puc.2.9). B urore pacnpeneincHue HanpsyKEHUs CHUT-
HaJla Ha BBIXOJI€ KOMIIPECCOpPa CTAHOBUTCS CYILIECTBEHHO OJIM>KE K paBHOMEPHOMY.

Puc. 2.9. AMnutynHas
XapaKTEePUCTUKA
KoMIipeccopa
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[Tocne koMmmpeccun nNpoBOAAT cTanaaptHyto npouenypy ALII ¢ paBHOMep-
HbIM KBaHTOBaHWEM. B myHkTe npuema, nocie cranaaptHoro LIAII ciexyer mpo-
BeCTH 00paTHOE HENMHEHHOEe MmpeoOpa3oBaHUE, XOTs, KaK MOKa3bIBa€T MPAKTHKA,
HEpEIKO MOKHO O0ONTHUCH U 0€3 HETO.

s nposedenuss ALl menegponnoco cuenana ucnonib3yom cmaHoapmHsle
sHauenus napamempos: F,=8000 omcuemos/c, k=8 6um/omcuem, m.e. M=256. B
umoee noayyaemcs CmaHoapmHbll Yyughposoti meneq)oHHbIL CUSHAN, KOMOPbIU Xa-
paxkmepuszyemcsi CKopocmoio yugposoco nomoka Ha e6vixode ALlll, pasHotl
V=8000x8=64 xoum/c [2,6].

Cepus IBOMYHBIX UMITYJILCOB, MOJlydaeMasi B pe3ysibTaTe TaKkoro mpeodpa-
30BaHMsI TeIE(OHHOTO CUTHAJA, Ha3bIBACTCS CUTHAJIOM C UMNYIbCHO-KOOOBOU MO-
oynayueu (MKM).

[1pu 3anucu My3bIKabHBIX TPOU3BEACHUN HA KOMITAKT-IUCK 3HAYEHUS dTUX

napaMeTpoB PaBHBI: F=44100 OTCUETOB/C,
k=16 6ut/orcuer, 1.€. M=65536, V=705,6 xOur/c.

2.7 JIuneiinas uugposas puabTpanus U reHepupoBaHHe MOCJIe10BaATEIbHO-
cTeil CHMBOJIOB

Ha Bxon nugpoBoro gpuisTpa nogaercs CKojab yrogHO JUIMHHAS MOCIIE10Ba-
TEIBHOCTb YUCEI ..., Uj, Ujs1,..., @ HA BBIXOAE (POPMUPYETCS MOCIEN0BATENBHOCTD
qucen ..., Vj, Vj+1,..., CAHXDOHHAs BO BPEMEHH C BXOJHOMU IOCIIEA0BATENBHOCTHIO.
B nuHeiiHOM (unbTpe ouepeHON BBIXOAHON CUMBOI Vj IOJIY4aeTCs B PE3yJIbTaTe
JIMHENHOMN OIepaluy, MIPOBOJAUMON € BXOJHBIMHA CUMBOJIAMH ...Uj.1, Uj, TIOCTYIIUB-
IIMMU K TAHHOMY MOMEHTY.

JUis onMcaHus MOCIEAOBAaTEIbHOCTEN Ynucen YAO0OHO HCIOJIb30BaTh MOJIH-
HOMBI

e U U U
SUX) =+ U X U, XU, X
(2.18)
I
SV(X) =V X v Xy, x4

B MaremaTuke TO JXK€ caMoe TIPEICTAaBJICHWE MPUMCHSIOT B BHIE Z-
npeoOpa3oBaHus, KOTopoe noiydaercs u3 (2.18) myrem popmManbHOM 3aMeHbI X =
71

Hampumep, mycTh HavaJio TOCIEAOBATEIPHOCTA HA BXOJIE MMEET CIEIYIO-
i BUI: Ug, Uy, Up...=3,5,7,1,0, 1, ..., TOr/1a eif COOTBETCTBYET IMOJIMHOM U(X) =
345X+ TX+X X+ ..,

Tpanceepcanvuwiii punbmp r-20 nopsaoka (purbmp ¢ KOHEUHOU UMNYIbCHOLL
Xapaxkmepucmukot) CONEPKUT I-pa3psIHbIA PETUCTP CIBUTA, YIPABISIEMBIA ITO-
CIIEIOBATEIbHOCTHIO TAaKTOBBIX MMITY/TbCOB (TH), CHHXpOHHBIX BO BPEMEHHU C MO-
MEHTaMH TIOCTYIUICHUSI OYCPEAHBIX BXOJIHBIX CHMBOJIOB. Pajy HarjasaHOCTH Ha
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cxeme puc. 2.10 0003HaueHUsT BXOJHBIX M BBIXOJHBIX CUMBOJIOB BBICTPOEHBI B I10O-
pAAKE odepenu, ABWKYIIEWCS CJIeBa HAMpaBO. 3HAYCHHS COMHOXHUTENEH (o,
J1,-.-,0r, YJACTBYIOIIUX B ONEPALMAX YMHOXKEHHUS, — 3TO KOHCTAHTHI, 3aJaBacMble
3apaHee, a cyMmmaTop (D)) mpoBOAUT OOBIYHOE apuPMETHIECKOE CYMMUPOBAHHUE.

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

Vi = 2 Ui (2.19)

KOTOpasi B JUCKPETHOM (opMme 3a7aeT OMepanio CBEPTKH OTCUETOB BXOJHOTO
CUTHaJIa U OTCYETOB (o, Ji,...,0r UMIYJIbCHON XapaKTEPUCTUKU 3TOro (PUIbTpA.
™

v ‘ ‘

< Ujr1, Ui .. ...ui_l.; Ui o Ujer ...

Jo 01 02 Or

Vi Ve

| > —

Puc. 2.10. TpancBepcanbHblii iudpoBoit GuiasTp

Pagu ynoOctBa Bce 3TH OTCYETHI OOBIYHO HOPMHPYIOT, T.€. YMHOXKAIOT Ha IO-
CTOSTHHOE YHMCJIO TaK, YTOObI ObLIO go=1.

Jlerko mpoBepUTH, YTO COOTHOLIECHHE MEXKIY IOJIMHOMAMM OIIPEHEISAETCS

bopmyoi

v(x) =u(x)g(x), (2.20)
r7ie TMOJIMHOM ¢(X), KO3PPUIMEHTH KOTOPOro paBHbI OTCUETAM MMITYJIBCHOM Xa-
pPaKTepUCTUKH QUIBTPA, HAZBIBACTCS €T0 nepedamoyrol hyukyuet. Ilycts mocie-
JOBaTENbHOCTH YUCEN ..., Uj, Uj+1,... ¥ ..., Vj, Vjs1,... — OTO OTCYETHI JBYX HEIpE-
PBIBHBIX cUrHaiIoB U(t) 1 V(1) ¢ OrpaHUYEHHBIM CIIEKTPOM, IOJYYEHHBIE C I1aroM
At, KOTOpBIIl YAOBIETBOPSET TPEOOBAHUAM TEOPEMBI OTCUETOB. Tora YaCTOTHYIO
XapaKTEPUCTUKY K(w) HENMpPEepbIBHOIO JUHEHHOr0 (GUiIbTpa, KOTOPBIN Npeodpas3o-
BbIBaJ Obl curHan U(t) B curHai V(t), MOXHO MOJYYUTh U3 NEpPEeIaTOuHON (PyHK-
MU SKBUBAJIEHTHOI'0 LU(PPOBOro GuiabTpa myreM 3aMeHbl X = exp(iwAt) .

Ecnu 4yucno orcueroB curHana Ha BXone Up,..., Uy KOHEYHO, TO MOXKHO I10-
CTpOUTh UPPOBOHN Gurvmp, coenacosannwiii ¢ cuenarom U(t). Ero nmmynbcHas
XapaKTEPUCTHUKA SIBISIETCS 3€pKaJbHBIM OTOOPAKEHHWEM psiia OTCUETOB CHIHaja
g,=U,...,d, =U,, U YUCJIOBAS TIOCIEAOBATEIBHOCTh HA BBIXO/E (PUIIbTPA COBMAIAET
C OTCUeTaMH aBTOKOppENsLMOHHONW (QyHkumMu curHana U(t). Ecim ke Ha BXxon
¢unbTpa nmoctynaer Apyroi curan X (t), To Ha BBIXOJE€ UMEEM OTCYEThl B3aUMHO-
KOPPEISUMOHHON PYHKIIMU 3TUX cUTHANIOB U(t) u X(t).
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Pexypcuesnviii counomp r-co nopsioka (ghunomp ¢ b6eckoneuHolu uUMnyIbCHOU
Xapaxkmepucmuxot) OTINIaeTCs TEM, YTO COJEPKUT Ien 00paTHON CBS3H.

Haubonee HarnsgHo cxeMy Takoro (uibTpa MOKHO OIpPENEIUTh CIeayIOo-
UM oopaszoM. [lorpebyem, 4ToOBI 3TOT (GUIBTP BBINOIHSII ONEPAIUIO, OOPATHYIO
onepanuu (2.19), Torna Kaxaplii CHMBOJI Ha BBIXOZAE Vj MOKHO OIIPEIEIIATH, PEIINB
CHUCTEMY YpaBHEHUU BUA

U; :;Vj—kgk =VjQo V19 .. +V; 0, (2.21)

Ortcroga, nonaras, 4to go=1, nmoiyyaem
Vi =U; =V 40, —V; ,0, —..— V0. (2.22)
Bunno, uto ¢unetp, cxema KkoToporo u3zoOpaxena Ha puc.2.11, BeImonHseT
UMEHHO Takyro omepanuto. OYeBUIHO, YTO JJIS IMOJMHOMOB CIIPABEIJIUBO COOT-
HOIIIEHUE
v(x)=u(x)/g(x), (2.23)
UCTUHHOCTh KOTOPOT'O IPH KEJaHWU MOXKHO €Ille pa3 MPOBEPUTh, MPOBOIS JeTIe-
HHE TTOJIMHOMOB CTOJIOMKOM.

- Ujrg, Uy ... V1. Vi o Vjre..

D ®

— : |

Puc. 2.11. PekypcuBHbIi nppoBor QMIBTP

Urak, cxema pucynka 2.10 cOOTBETCTBYET ONEpPALMU YMHOMCEHUSL BXOTHOT O
NoJTMHOMA Ha rmoyitHOM g(X), a cxema puc. 2.11 — oneparuu denenus Ha g(X). Cie-
JIOBaTeNIbHO, MOCJIEI0BATENbHOCTD (o, J1,...,0r He A8IAemcsa OTCYETaMU UMITYJIbC-
HOM XapaKTepUCTUKHU PEKypCUBHOro guibtpa puc. 2.11. UToObl HAliTH 3TH OTCUE-
ThI Ng, Ny,..., HY)KHO BBIYMCIIUTH COOTBETCTBYIOUIHIA MOJMHOM, ITPOBEJIS ONEPAIUIO
JIeJICHUS

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

O4eBHUHO, UTO 3Ta MOCIEI0BATEIILHOCTh OYAET UMETh OECKOHEUHYIO JUIH-
HY, UTO U ompenesnser HazBanue ¢puiapTpa. Toraa BMecTo (2.23) MOXKHO HCHOIB30-
BaTh COOTHOIICHHE, Mogo0H0e popmye (2.20)

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

OTMeTuM 0COOEHHOCTH MOCTPOEHHUSI 1 OCHOBHBIE CBOMCTBA 080UUHO20 YuUp-
po6020 Punbmpa, B KOTOPOM BCE MOCIEN0BATENBLHOCTH Uj, vj, §j COCTOAT U3 JIBO-
WYHBIX LUQp (HyJed unm enaunwuil). Bo-mepBhiX, OoTHagaer HEOOXOAUMOCTb HC-
NOJIb30BaHMUS CIELUUAJIBHBIX 3JEMEHTOB-TIEPEMHOXKUTENEN JABYX CHUTHAJIOB, IO-
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CKOJIbKY yMHOKeHWEe curHasia Ha 1 miam 0 COOTBETCTBYET BKJIIOUEHUIO HIIA BbI-
KJIIOYSHHUIO 3TOTO CUTHAJA (€CTh MPOBOJHUK JUIS MOAAYM TOT'O CUTHAJIA WM €To
HeT). Bo-BTOpBIX, BCe omepanud CyMMHUPOBAHUS TBOMYHBIX YUCET BBITIOTHSIIOTCS
10 MOYJIIO JIBA.

W, nakoHel, UMeeTcs elle OJHO BaXKHOE MPUMEHEHHE PEKYyPCUBHOTO UG-
poBoro QuibTpa, TO €CTh, PErHCTpa CABUTA C OOpaTHBIMH CBsI3sIMHU. Ecnmu BXxOnI
buIpTpa OTKIIOUYUTH OT UCTOYHMKA CUTHAJIA (JTM00, TO K€ camMoe, IPOIOKUTh I10-
JlaBaTh CEPUIO HYJICH), TO IPH MOCTYIJICHUHA OYEPETHOr0 TAKTOBOTO MMITYJIhCa Ha
BBIXOJI€ CXEMBI OyJIET MOSBIATHCS 0YEPEIHOE YHUCIIO Vj TO €CTh, HAa BBIXOJE (DUIIb-
Tpa OyZeM UMeTh OECKOHEUHYIO YHCIIOBYIO MOcieaoBareabHocTh. Ee Bua 3aBucur
OT UCXOJHOTO cOCTOsiHUs peructpa. Eciam Bo Bcex siuelikax ObUIM HYNH, TO OYe-
BUHO, YTO BBIXOAHASI TIOCIEN0BATEIHHOCTh HUKAKOTO HHTEpECca He MPECTaBIISIET,
MIOCKOJIBKY OYIET COCTOSTh M3 OJHUX HYJIeH. B MpOTHBHOM cilyyae Ha BBIXOJIE TIO-
Jy4UM HEHYJIEBYIO MEPUOANUECKYIO TTOCIEA0BATEIIbHOCTh, TO €CTh PErUCTP CBUTA
C 0OpaTHBIMHU CBSI3SIMH MPEBPATUIICS B TeHEPATOP YMCIOBOM MOC/Ie10BATEIHLHO-
CTH.

Haubonbmuit uaTepec, 6iarogapsi CBOMM 3aMeyaTelIbHbBIM CBONCTBAM, BBI-
3BIBAIOT 0BOUUHblE Ncesdocnyuatinvlie nociedosamenvhocmu (IICII) maxkcumans-
Hotl Onunsl (M-nociedoeamenvrnocmu). IlepBoe HazBaHUE OOYCIOBJICHO TEM, YTO
IpH 3aJJaHHOM KOJMYECTBE I siueeKk B peructpe casura (puc. 2.11) takas nmociemo-
BaTEIbHOCTh UMEET MAKCHMAaJIbHO-BO3MOXHBIN Meproa (KOJIMYECTBO TAaKTOB, Ue-
pe3 KOTOpOoe BUJI MOCIEIOBATEILHOCTH B TOYHOCTH MTOBTOPSIETCS ), U OH PaBEH

M=2"-1, (2.26)

Takue mocnenoBaTeIbHOCTH MOTYT OBITh IOJYYCHBI JIMIINb B CXeMax, I0-
CTPOEHHBIX Ha OCHOBE MOJWHOMOB ¢(X) ompeaeneHHoro Buaa. [Ipumepsl Takux
IOJIMHOMOB I  =n—k <11 nansl B [Ipunoxkenun 1, a 0 HEKOTOPBIX UX CBOMCTBAxX
OyJneT IOMOJIHUTENFHO CKa3aHo B pas. 3.5.

Hrak, ykaxeM ocHoBHbIE cBoicTBa [1CII.

1) IMepuomuanocTs (2.26) .

2) B nm06oM oTpe3ke mociaeaoBaTeNIbHOCTH, JJIMHA KOTOPOr'0 paBHa MEpHO-
1Ty, KOTUYECTBO HYJICH W €TUHHUII TOYTH OAMHAKOBO (HYJIEH Ha OJUH MEHBIIIE).

3) B moboM oTpe3ke Mmociea0BaTeIbHOCTH, JJIMHA 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 BcTpedaercst Ha OJIUH
pa3 MeHblIE, 4eM JIt00as U3 TPeX OCTAIbHBIX).

4) Takoe k€ PaBEHCTBO YACTOT HAOJOMAETCS I BCEBO3MOXKHBIX TPOCK,
YETBEPOK U T.J[. COCEHUX CUMBOJIOB BILIOTh JI0 -pa3psAHbIX KOMOUHAIUH.

5) Eciu u3 6eckoneunoit [ICIT B3siTh nBa M-pa3psiaHbIX OTpe3Ka, CIBUHY-
THIX Ha MPOU3BOJILHOE YHCIIO TAKTOB, HE KpaTHOE Mepuoay M, TO 3TH JIB€ KOHEU-
HBIE MOCJIEI0BATEILHOCTH OKA3bIBAIOTCS MOYTH OPTOrOHAJIBHBIMU: TIPU MOMAPHOM
CpPaBHEHUHM CHMBOJIOB, CTOSIIUX HA OJJWHAKOBBIX MMO3HIIHIX, KOJIMYECTBO COBIMA/Ia-
IOIUX Tap Ha OJIHY MEHBIIIE YeM KOJIMYECTBO HECOBMAIAIOIIHX.
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6) CriekTp IIOTHOCTH MOIIHOCTH OWITOJSIPHOTO JIBOMYHOTO CUTHAJA, Tepe-
Hocsero 3HadyeHus 3yeMeHToB [ICII (0 — mpsMOYroJbHBIN MMITYJIBC MOJIOMKU-
TEJIbHOU MOJSAPHOCTH, | — UMITYJIBC OTPULIATENBHON MOJISIPHOCTH TOM K€ JJIUTEIb-
HOCTHU T), UMEET IOYTH TaKyl k€ OopMy, KaK CIEKTP IJIOTHOCTH MOILHOCTH OJU-
HOYHOI'0 UMIyJibca. ABTOKOppensiunoHHas QyHkuus orpeska [ICII nnuHoii B ne-
puoa M, coBnajaromasi no popMe ¢ CUTHaJIOM Ha BBIXOJ/I€ COTJIACOBAaHHOTO (hUIb-

R
16 I
12
8
4
il | L L1 AL . VAL il
0 AV W/

-20 -10 0 10

Puc. 2.12. Curnan Ha BbIXoJie (UIBTPa, COTJIACOBAHHOTO C UM-
MyJIbCHBIM JIBOMYHBIM 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 aBTOKOPPEALHUOHHAs (PYHKIUS MOCIEeI0Ba-
TEIBHOCTH CIy4YalHBIX HE3aBUCUMBIX uUMIyibcoB. Utak, IICII obradaem noumu
MaKumMu e Ce0UCmeamu, KaK OMUHHASL UCMUHHO CAYYAUuHAs Nociedo8amellb-
HOCmb, TIONY4YE€HHas, HAalpuMep, B pe3yibTaTe MHOTOKPATHOTO MOJOpachIBaHUS
MOHeThl. OOpaTUTe BHUMAHHWE Ha PEryJIsipHOE MCIOIb30BaHHME CIOBA “TOYTH”,
OrPaHUYUTENBHBIM CMBICII KOTOPOTO TEM MEHbIe, ueM Oombiie nepuog M. B To
xe Bpems [ICII He siBsieTcst cmydaifHOM, Tak Kak, 3Has cXxeMy reHeparopa (mpous-
BOJISIIMN TIOMMHOM (X)) ¥ MCXOMHYIO JBOMYHYIO KOMOWHAIIMIO B PETHUCTPE, MBI
MOXEM IIPEACKA3aTh €€ 3HAYCHUsI Ha CKOJIb YTOAHO TaKTOB BIIEPEL.

Takass mocienoBaTeIbHOCTh JIETEPMUHUPOBAHA, HO [JII ITOCTOPOHHETO
HabmogaTens obnagaeT CBOWCTBAMHU CIy4YailHOM MOCIEAOBATEIBLHOCTH, MOITOMY
OHA HAlllJTa MHOTOYHCIICHHbIE IPUMEHEHUS, HAIIPUMEDP, ITPU KOJOBOM pa3IeJICHUN
kaHajoB (paza. 6.4).

2.8 Moayasiuusi rapMOHUYECKO Hecylleil nu(ppoBbIM CUTHAJIOM

IIpocmetiwuti cnocob nepedauu 8 080UYHOM KaHane — 3TO IPUMEHEHUE OJ1-
HOIIOJIAPHOTO JBYXYPOBHEBOTO KOJAMPOBAHUS O€3 BO3BpaTa K HYIIO, TO €CTh 0e3
nay3 MEXIy COCCIHHMH CHMBOJAMH, KOTJa CUMBOJNY | COOTBETCTBYET MPSIMO-
YrOJIbHBIN UMITYJIbC JIJTUTEIILHOCTH T, @ CUMBOJy () — may3a TOH Ke JUTUTEIbHOCTH
(u(t) Ha puc. 2.13). DToT crOcOO MPUMEHSICTCS BO BHYTPH- U MEKOJIOYHBIX COCIU-
HEHHSIX B PAIMO3JICKTPOHHOM ammaparype, a Takke MpH Tepeaadye CUTHAIIOB I10
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METHOMY Ka0esto Ha HeOOBIITNE PACCTOSHHUS.

u(t) 1

RiviE /\/\/\/\f\/\ /\/\/\/\
VWUV YUYW Y

Puc.2.13. Meroapl Mmoaysanuu rapMOHI/IqGCKoﬁ HECylen
MOCJICJIOBATEIILHOCTHIO JIBOMYHBIX CHUMBOJIOB

ooM

[Ipu ucroONb30BaHMM HMMITYJIBCOB MPSIMOYTOJIBHON (DOpPMBI AJIs TMepeaaydu
CUMBOJIOB CHTHAJIbI, COOTBETCTBYIOIIUE CUMBOJIAM C PA3HBIMHU MOPSIKOBHIMU HO-
MEpaMH, OKa3bIBAIOTCS B3AUMHO Opmo2oHanbHbiMu. OHU HE NMEPEKPBIBAIOTCA BO
BpeMeHH, nodTomy unrerpai (1.44) mist HUX paBeH HyJ0. brarogapst aToMy B03-
MOKHO pa3/IeIeHHE TaKUX CUTHAJIOB 6e3 63aUMHbIX NOoMeX TIPU TIOMOUIU MPOCTHIX
JMHENHBIX YCTPOWCTB, TAKUX KaK JEMYJIbTHUIUIEKCOP WIW KOPPEISLUMOHHBIA MpPH-
eMHUK (pazz. 2.9).

K coxainenunto, B OJHOM Mepe BOCTIONb30BATHCS ’TUM CBOMCTBOM HE YJ1aeT-
csa. CHekTp Takoro Curiajia CiIy4aeH, MOCKOJIbKY CllydallHa cama IepeaaBaeMasi
MOCJIEIOBATEIbHOCTh CUMBOJIOB, HO CpEAHEE 3HAUEHUE KBaJpaTa MOAYJIA CIEKTpa
no ¢opme MOBTOPSET KBaapaT MOJIYJA CHEKTpa OJMHOYHOTO UMIyibca (pHuc.
2.14). CnekTp curHaiga OECKOHEYHO IIMPOK, U €CTECTBEHHO, YTO MpH Iepeaayde

ISP

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

MOIIHOCTH ITOCJICA0OBATCIIBHOCTHU
ABONYHBIX UMITYJIBCOB
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J000r0 W3 CHUTHAJIOB MPHUXOJIUTCS OTPAaHUUYMBATHL 3aHMMAEMYyI0 UM OECKOHEUHO
OO0JIBIIYIO MOJOCY YACTOT.

OO6bruno coxpansitor juuis nonocy (0,...,F;), 3aHUMaeMyl0 TJaBHBIM Jie-

IIECTKOM CIIEKTpa, WIH JIaXKe HECKOJIBKO MCHBIIIE,
rie F,=(0,6...1,0)/t=(0,6...1,0)V,, (2.27)
V, — TeXHUYEeCKasi CKOPOCTh Nepeaavn, HMITyJILCOB/C.

HarmomuuM, 49TO TpHM CY)KEHWH TMepeaBaeMoi IMOJIOCH 4acTOT B 00JIacTH
BEPXHHUX YACTOT PACTITHBAIOTCS (PPOHTHI PaHOUMITYILCOB, TIO3TOMY ITPOUCXOJIUT
HAJIOXKEHUE COCETHUX HMMITYJILCOB JIPYr HA JApyra W UX B3aUMHOE HCKaxeHHe. B
UTOT'e CHMYKAETCS HAJIEKHOCTh PACIIO3HABaHMS, KAKO€ IMEHHO 3HAYCHHE TBOMYHO-
ro cumBojia (0 wim 1) ObIO TIEpeNaHO C JAaHHBIM HMITYJIbCOM. Takoe SIBICHHE
HA3BIBACTCS MENHCCUMBONbHOU UHMEPhepeHyuell.

Tem HEe MeHee, CyIeCTBYeT CIIOCO0 Mepenadynd B OrpaHUISHHOM Tojioce 0e3
MEKCUMBOJIBHOW WHTEpPEpeHIIMU. BMecTo NMpsAMOYyrolbHBIX HMIYJIbCOB HYKHO
UCIIOJIb30BaTh UMIYJILCHI B Bue ¢yHKIMu KorenpHrukoBa

= sin(7t/7)
MO == (2.28)

[Ipumep Takoro CurHajga IMpU Iepeaade IMOCISAOBATCILHOCTH JBOMYHBIX
CHUMBOJIOB IIPUBENIEH Ha puc. 2.15.

Puc. 2.15. Cnaraembie, (opMUPYIOIINE CUTHAT HA BXOJIE
JMHUU TIPU TIepeaayde Mocaea0BaTeIbHOCTH IBOUYHBIX
CUMBOJIOB UMITyJibcaMu B Bujie pyHKkuuu KotenbHukoBa

NMnynbCehbl IepeKpbIBalOTCS BO BPEMEHU, TEM HE MEHEE, OHH B3aUMHO OpTO-
roOHaJIbHbI. OUIIBTP, COTVIACOBAHHBIM C TAKUM CUTHAJIOM — 3TO uiaeanbHbii @HY ¢
gacToTol cpe3a F, = 1/(2t1), mosTomy mocne ¢uibTpanuu Gopma MOIE3HOTO CHUT-
HaJa HE MEHSIETCSl, YMEHbIIAETCS JUIIb MOIIHOCTh aJJIUTUBHOIO OEJOoro myma.
JInsi BbIHECEHHUSI PELICHUs] O 3HAYEHUU OUYEpPETHOr0 CHUMBOJIA HYXKHO MPOCTO HC-
M0JIb30BaTh OTCYET CUTHAJa B COOTBETCTBYIOIIMI TAKTOBBIH MOMEHT BpPEMEHH.
3ameThTe, YTO 3HAYCHUS BCEX OCTAIBHBIX UMITYJILCOB B 3TOT MOMEHT PaBHbBI HYJIIO,
TO €CTh MEXCHMBOJIbHAsI UHTEephEpEHIUs OTCYTCTBYeT. MTak, TeXHHuYeckasi CKo-
pocth niepeaaun V, = 2F,.

Jloka3aHo, 4TO HE CYHIECTBYET APYTHX CHOCOOOB, KOTOPBIE MPHU yCIOBUH
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OTCYTCTBUS MEKCHUMBOJHHON HHTEP(EPEHIINU MO3BOJIMWIN Obl JTOCTUTHYTH OOJIb-
mero 3HadeHus V, B TOM K€ OrpaHUYeHHON mosioce yactoT [1,2]. DTo ke yTBep-
KJIEHUE CIPABEUIMBO U B TOM Clly4yae, KOrjia rmepeada oCyleCTBISIETCS C TpUMe-
HEHUEM OJIHOTO M3 METOJOB MOJIYJALMH TapMOHMYECKOW Hecyied (paaronM-
yJIbCOB, IMepenaBaeMbIX B mosoce 9actot Af). s 1ocTHKeHHS MaKCUMaIbHOTO
3HAYCHUS

V.=1/t=Af (2.29)
orubaromas paguouMIyibca JohKHa nMeTh Bu (QyHkiuu KorembHukoBa. Uc-
M0JIb30BAaHUE UMITYJIBCOB TaKOTO BHJIa BCE-TAKU BBI3BIBAET TEXHUYECKHE TPYAHO-
CTH.

TpaguumoHHbId MeTOA Moodyrayuu (MaAHunyIAyuy) TapMOHUYECKON HECy-
el UPpPOBBIM CUTHATIOM COCTOUT B TOM, UYTO KaXJbli M3 M-UYHBIX CHUMBOJIOB,
MOCTYMNAIOKUX HA BXOJ MOJYJISITOPA, MPEBPALIAETCS B OTPE30K CUHYCOUAAIBHOTO
Kosie0aHust (MPSMOYTOJIbHBINA PAMOUMITYJIBC) JITUTEIBHOCTHIO T.

MeToapl MOIYJISIIIMKA JBOMYHBIM CUTHAJIOM (M=2) — aMILTUTy/Hasl, YaCTOT-
Has u ¢azosas (puc.2.13).

JInst mosydeHusl curHajia ¢ amnaumyouou mooyaayueu (AM) mocTaTouHO
UMETh TCHEepaTOp HeCcymero kojebanus ¢ 9actotou f, m mepekioyaTenb (MyJIbTH-
IUIEKCOp € JBYMSI BXOJIaMH), YIPABISIEMBIM BXOJHOU MOCIEA0BATEILHOCTBHIO JIBO-
WYHBIX CUMBOJIOB (puc.2.16).

Yacmomusiii mooynamop (UM) comepKuT JiBa Te€HEpaToOpa pa3IMYHbIX Ya-
CTOT W mepekitouarens. s peanuzanuu gazosoti modyrayuu (OM) ucnonb3yrot-
Csl CUTHAJIbl, CHUIMa€MbI€ C MPSIMOI0 M MHBEPCHOI'O BBIXOJOB OJHOTO T'€HEPATOpa,
T.€. HauajbpHas (pa3a BBIXOAHOrO KoJieOaHUs 3a/1a€TCs MPaBUIIOM

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

rae S — 3HaYeHue nepeaBaeMoro CUMBOJIA.

JI71s1 Bcex Tpex METOJIOB TUIUYHA Olepalius epekiitoueHus (Bbioopa) oJIHO-
ro U3 JIByX CUTHAJIOB, ITO3TOMY 4aCTO BMECTO TEPMHUHA ~MOIYJIALHUS TPUMEHSCT-
CA TEPMUH “‘MaHUMYJIAIUA .

0 Brix.
I'enepartop f, . y | I'eneparop fo 0
1 AM T N—

Teneparop f; 1 Bex
uMm

r Q Brix. ®M
eneparop f, A I
$

1

Puc. 2.16. Cxemsl, wimoctpupytouye npuHiuunsl AM, UM u ®M
MIPH TIepeiaue TBOUNYHBIX CHMBOJIOB
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Ha npaxTtuke, 4To0bl N30€kKaTh UCIOIH30BAHUS T€HEPATOPOB, 00IATAOIITUX
Ype3BbIUAHO BBICOKOM CTAOMJIBHOCTBIO 4acTOThI, BMecTo @M mpumensiercs om-
Hocumenvhasa ¢hazosas manunyaayus (ODM), pu KoTopoil HadanbHas (asza Te-
KyHOIETO PAaJUOUMITYJIbCA (] ONPEAENAETCS 10 OTHOIIEHMIO K HayalbHOM (Qase
IpeablIyHIEro UMITyJIbCa @j.1, TO €CTh

0, S=1
180" S=0. (2.31)

Buemnue curnansr ®M u ODM He oTiMyaroTrcs, o0JIaJar0T OJMHAKOBBIM
CHEKTPOM IUIOTHOCTH MOIIHOCTH, HO MPU JEMOAYJISLUHU, €CTECTBEHHO, JAIOT pas3-
JIMYHBIE [TOCIIEA0BATEILHOCTH CUMBOJIOB (pHC. 2.13).

Cuekrp 1100010 U3 MOAYJIMPOBAHHBIX CUTHAJIOB — Ciy4yaiiHas (DyHKIIMS,
IIOCKOJIBKY MOIYJIUPYIOIINKA cUrHai cirydaeH. Curian AM — 310 cymma npsmo-
YTOJIbHBIX PaJMOUMITYJILCOB OJMHAKOBOM UIMTENBHOCTH T CO CIy4ailHBIMH He3a-
BUCHUMBIMHU aMIUTUTYJaMH, TIO3TOMY CIIEKTpP IUIOTHOCTHM MOIIHOCTH AM curhana
coBnaiaer 1no ¢GopMe Co CIEKTPOM IIOTHOCTH MOIIHOCTU OJAMHOYHOTO PaJUOUM-
MyJIbCa U COICPIKUT, KPOME TOTO, TAPMOHUKY ¢ YacToToi Hecymiei f, (puc. 2.17)

B sinfzr(f - 1,)]]°
G(f)—&(f—fo)+{ ) } (2.32)

AHanornyHyno (GpopmMy UMEIOT CIEKTpPbl MIOTHOCTU MomHOcTH ®M 1 OOM
CHUTHAJIOB, HO TAPMOHUKH C YaCTOTOM HECYIIIEH OHU HE COJIEpPKAT.

Curnan UM ¢opmManbHO MOKHO MPEICTABUTh Kak cymMmMmy NByX AM curna-
JIOB, MOIYJINPOBAHHBIX MPOTUBOIOJI0KHBIMU JBOWYHBIMU MOCIEI0BATENBHOCTIMHU
¥ MMCIOIIUX pa3Hbie Hecymue dacTothl fo u f;, mosromy ero cmekTp 1uroTHOCTH
MOIITHOCTH MOXHO TPHUOIMKEHHO MPEACTABUTh, KAK CYMMY CIIEKTPOB IJIOTHOCTH
MOITHOCTH 3THX AM curHamoB. MUHUMAaIbHAsI BETMYMHA Pa3HECCHUs 4acToT fo
f1, TPU KOTOPO#t CUTHAJIBI CTAHOBSITCSI OPTOTOHATIBHBIMH, PaBHA

|f,— f,|=1/7. (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.

Qi =P =
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fo-20r  folir f, fo+1 42/ f
A G(f) T T

v

..........

fo'l/T fo fl f1+1/ f

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

Ecnu Bocnonb3oBatbest kputepueM (2.34) U yuecTb, YTO CIEKTP MOIYJIUPO-

BAaHHOTO CUTHAJIa UMEET JIBE OOKOBBIE MOJIOCHI, TO
Af =(1,2..2,0)/r=(1,2...2,0)V,. (2.34)

st curnana YM npu takom moaxonae Tpedyercs mosioca yactot B 1,5...2
pasa mmpe.

[Ipu ocy1iecTBICHUY MHOTOMO3MIIUOHHBIX METO0B MAHUILYJIAMH YHUCIIO
M BO3MOXHBIX CUTHAJIOB BBIOMPAETCS U3 3HAKOMOI'O COOTHOIIEHUSI M = 2" roe k —
L[EJI0€ YHCIIO.

a) k=1, M=2
14 . >0
6) k=2, M=4 B) k=3, M=8
25010
4 1-01 35011 1 1001
2510
o 0500 4 100« > 05000
V3511 5—101 v 7—111
6,110

Puc. 2.18. BekTopHoe nipeacTaBiaeHue KojeOaHu
Ipu MHOrokpatnon ®M
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Bo3moykHbie curHanbl npu MHorokpaTHoi (K-kpammot) @M ynodHO 1300-
paxkaTb B BHJIE BEKTOPOB Ha IUIOCKOCTU C JIEKapTOBbIMU KoopauHatamu C u S
(puc. 2.15), oroOpakaromumMu KBaapaTypHbie konebanus (paszz. 1.6).

[TpoTuB KaXxxa0ro BeKTOpa ykazaHa M-udHas nudpa u K-paspsaHas qBowd-
Hasi KOMOMHALMs, KOTOPOM 3TOT BEKTOp cooTrBeTcTBYeT. Knaccuueckas @M (puc.
2.13) MoxxeT OBITh Ha3BaHA OJIHOKPATHOM, U, KaK YK€ OTMEUanoch, IBYM pa3lidy-
HBIM 3HaueHUsM M-U4HOM UPPBI COOTBETCTBYIOT KOJIEOAHUS C HaYaIbHOU (hazoi
0° u 180°. Ilpu aBykpatHOit MM BO3MOKHA IEpEada CHIHANA C OJHHM M3 YEThI-
pex 3HaueHmi HavanbHoi ¢assl (0°, 90°, 180°, 270°), T.e. npu HOMOILIM OJHOrO pa-
JUOMMITYJIbCA MOKHO Cpa3y MepeaaTh 3HaUE€HUs JByX OUTOB, U T.JI.

M-nosuyuonnas  xkeadpamypuo-amnaumyonas manunyasyus (KAM-M)
IpelycMaTpUBAET COBMECTHOE M3MEHEHHE aMIUIMTYZA U (a3 meperaBaeMblX HUM-
nyJbCOB-CUMBOJIOB. Ha puc. 2.19 kaxaplil U3 BO3MOXHBIX CUTHAJIOB OTOOpaKaeT-

KAM-4 KAM-16

Puc. 2.19. 'eomerpuueckue o6pa3sl M MO3UIIMOHHBIX
CUTHAJIOB C KBaIPATYPHO-aMIUIUTYAHON MOAYJISIUEH

Csl HE BEKTOPOM, a TOYKOM, COOTBETCTBYIOIIEH KOHIYy 3TOro Bekropa. Keraru, cet-
Ka, B y3JIaX KOTOPOH pacHoSIOKEHBI 3TU TOYKH, HE O0S3aTEIbHO JOJKHA HUMETh
KBaJ[paTHBIC SIUCHKH; UHOTA, OCOOCHHO eci K — OOJIbIIIOe M HEYETHOE YHCIIO,
NPEANOYTUTENIbHEE UCIIONb30BAHUE TPEYTOJIbHOM WM paguaibHO-KPYTrOBOW CET-
KH.

Jlerko 3ametuth, uto curHai ¢ KAM-4 moaynupoBaH TONbKO 10 (a3e u oT-
JMYaeTcs OT CUrHama ¢ AByKpaTHO ®OM muis cnBurom (assl BCEX BO3MOMXKHBIX
CHTHAJIOB Ha 45°.

OnuH nMmiynbe Ha Beixone monaynstopa 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 MAHUNYIAYUU
00bIYHO NPUMEHSIOMCS 8 OMHOCUMeNbHOU hopme, T.€. pa3za ouepeTHOr0 UMITYIIb-
Ca OTCUMTHIBAETCS HE MO OTHOILIECHHIO K (pa3e MECTHOTO OMOPHOro KoeOaHus, a 1o
OTHOIIEHUIO K (a3e MpeabIAylero UMITYIbCa.

Haubonee npuBnekarenbHOe JOCTOUHCTBO MHOT'OMO3UIIMOHHBIX METOJIOB —
ATO BO3MOKHOCTb, HE U3MEHSISI JIIUTEILHOCTH UMITYJbCOB, U, CIEI0BAaTEIbHO, 3a-
HHUMAaeMO MOJIOCHI YacTOT, B K pa3 yBeIMUNTH OUTOBYIO CKOPOCTH TEpPEIayH.
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C npyroii CTOpOHBI, €CIIU CPEIHEE 3HAUEHUE YHEPTUU BCEX BO3MOKHBIX CHUT-
HAJIOB HEU3MEHHO, NP yBEIUYEHUU M YMEHBIIAETCS PACCTOSHUE MEKY CHUTHA-
JaMH, H, CJI€0BATEIbHO, BO3PACTACT BEPOSTHOCTD OIIMOKHU MPH PANUYECHUH ITHX
CUTHAJIOB Ha (oHe nomex. [losmomy npumereHue MHO20NOZUYUOHHBIX Memoo0o8
MAHURYTIAYUU 803MONCHO TUULL NPU nepeoaye CUSHAN08 NO JUHUU, GHOCAUlel Ma-
JIble UCKAdICeHUsl U obecneuusaouell 8blcoOKoe OMHOUEeHUe CUSHAT/UYM.

Haubomnee mmpoko npuMeHsieMble METOIbl B HacTosmiee Bpems: — 310 ODM,
nBykpatHas u TpexkpatHas ODM (paauopeneliHble U CIYTHUKOBBIE JIMHUHU, MO-
nembl), KAM-16, ..., KAM-256 (Mmoaemsi).

IIpn MHOromo3mumoHHoM AM HeEpauMOHAJIBbHO HMCIOJIB3YETCS MOLIHOCTH
nepenarurka, npu UM — momoca 4acToT, NO3TOMY TAaKHME METOAbI IIPAKTUYECKU HE
MIPUMEHSIFOTCS.

B 3aknroueHne oTMETHM, 4TO HE BCErJa B KAYECTBE HECYIIEN UCIIONIb3YIOTCS
rapMoHUYecKue kojebanusi. MOXXHO B35Th MEPUOJIUYECKYIO MOCIEA0BATENIbHOCTh
YEPEAYIOIIMUXCS TOJIOKUTEIBHBIX U OTPULIATENBHBIX MUMITYJIBCOB JJIUTEIBHOCTBIO
T/2 KaXX1bIi (Takas MocaeA0BaTeIbHOCTh HAa3bIBACTCS MEAHAPOM) U MOYJIUPOBATh
ee TOCJIeA0BaTEIbHOCThIO JBOMYHBIX CUMBOJIOB MO 3akoHy ®M. Takoit crnocob
IIPEACTABJICHUS] IBOMYHOI'O CUMBOJIA B BHUJI€ MApPbl OJMHAKOBBIX Pa3HOMOJSPHBIX
UMITYJIbCOB Ha3bIBAE€TCSI MAaHYECTEPCKUM KO OM.

2.9 KoppeasiuMOHHBbII MpUeM U COTJIACOBAHHASA
buabTpanus

KoppeasiunoHHbIii NMPUEMHHUK (CMHXPOHHBIN JAETEKTOP) — 3TO NPHUHIIU-
NUAIBHBIA 3JIEMEHT AEMOIYJISITOPA JIF0OOro U3 HM(POBBIX CUTHAIOB, OMMCAHHBIX B
pazn. 2.8. OH npeoOpasyer HempepbIBHBII curHan U(t), HampuMep paarnouMITyJIbC,
NOCTYHAIOIINK Ha €T0 BXOJ, B YUCJIO V B COOTBETCTBUU C MTPABUIIOM

v=[uwat, (2.35)

H

rae t, u {, — MOMEHTBI Hauajla ¥ OKOHYAHUS II0JI€3HOIO0 CUTHAjIa Ha BXOJIC,
W(t) — BecoBas (ormopHas) GyHKIIHSL.

CpasnuBas (2.35) u (1.44), Buaum, 4yTO BEIUYMUHA V, BBIUUCIAEMAs KOppe-
JSIUMOHHBIM MPUEMHUKOM, paBHa CKaJSIPHOMY MPOW3BEICHUIO BEKTOPOB U U W,
oroOpaxaromux curranbl U(t) u w(t), T.c. mpomopiuoHaabHa JUIMHE MPOCKIUU
BEKTOpa U Ha HaIpaBJeHUE, 3a]]aBa€MOE BEKTOPOM W.

OO6bryHO QyHKIUA U(t) HA BXOE MPHEMHHKA — 3TO CyMMa TI0JI€3HOTO CUTHAa-
na (hopma koToporo Uc(t), 3a HCKITIOUEHHEM MHOKUTENS @, U3BECTHA) U CIydaiHO-
ro mryma U, (t)

ut)=a-u,(t)+u,(t), (2.36)
IIO’TOMY M BBIXOJIHASI BEJIMYMHA V SBJISETCS CYMMOW IOJIE3HOM V. U IIYMOBOM V,,
COCTaBJISIOIIUX
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t, t,

v=y,+v, =afu Ow(t)dt + [u, Ow(t)dt. (2.37)
t, t |

BosBpaiasich k reoMeTpuyeckuM o0pazaM CHUTHAJIOB, OTMETHUM, YTO BEJH-

YHHA CKISIpHOTO mpowu3BeaeHus (Ug,W) MakCcuMalibHa, eclii W = Ug, T.€. BECOBas

(bYHKHI/ISI JOJI>KHA COBIIAJAAaTh I10 q)opMe C OXKNIA€MbIM I1OJIC3HBIM CUT'HAJIOM
u(), t<t<t, 2.38
. 239

"

0, BHE 3TOT'0 MHTEpBaJa.

[Ipu TexHUYECKOW peanu3alu KOPPEISIMOHHOTO MPHUEMHHKAa B KaueCTBE
nepeMuoxxurenst Gyakmuid U(t) m w(t) mpumensiercs ¢aszopsiii gerekrop (DJ]), a B
KauecTBe MHTErpaTopa — uHTerpupytomas RC-1emns (B 3TOM ciiydae clieayeT JUllb
IPEyCMOTPETh BO3MOXKHOCTh OOHYJICHHS BBIXOIHOT'O HANIPSDKCHHS B MOMEHT 1,).

JluHelHbI purbmp ¢ MOCTOSHHBIMU MapaMeTpaMu, CO2IACOBAHHBIU C CUe-
nanom Ug(t), IMeeT UMITYJIbCHYIO XapaKTePUCTHKY

g(z)=u.(t —7), (2.39)
KOTOpasi ABJISIETCS 3€PKAIbHBIM OTOOPaKEHUEM HTOTO CUTHaJla OTHOCUTENIBHO TOY-
ku t = t.. Curnan v(t) Ha BBIXOZE Takoro (puibTpa ONMPENENSICTCS WHTETPAIOM

CBEPTKHU
t t

v(t) = [ut)gt-t)dt, = [ u(t)u, (t, —t+t)dt, (2.40)

—00 —00

Ecnu B34Th OTCUET ATOro HampsbkeHuss B MoMmeHT t=t, u yuects (2.38), TO
MOJIyYUM

v(t,) = [u)wt)dt, (2.41)

Takum 00pazom, mapa “‘coriacoBaHHbIA (PUIBTP — OTCUETHOE YCTPOMCTBO™
BBIITOJIHSIET TE K€ ONEpaly, YTO U KOPPEJSIMMOHHBIN npueMHuK. Kcrarn, ceiiyac
BO MHOTHMX CIIy4asiX HAMHOI'O IPOILE€ OKA3bIBAE€TCS MPOBECTH KBAHTOBAHUE CHUTHA-
JIOB I10 BPEMEHU U BBIIOJIHATH OIEPAlUNA KOPPEIALMOHHOTO PUEMa WU COIJIaco-
BaHHOW (pHUIbTpanuu B UdpoBoM Buje (pasm. 2.7).

2.10 Moayasiuusi rapMOHMYECKOM Hecylien
HelnpepbIBHBIM CUTHAJIOM

Camu MeTOJIbl MOAYJISIIUM XOPOIIO M3BECTHBI — 3T0 AM u UM. IlosTomy
Hallla 33/1a4a — JIMIIb YTOYHUTh, KAKOBA Ta MUHUMAJIbHAS TI0JIOCA YACTOT, KOTOpas
HeoOXouMa ISl Tiepeaui MOAYJIUPOBAHHOTO CUTHAIA.
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Crextp curaana AM cocTouT u3 Hecymie f, 1 1ByX O0KOBBIX IMOJIOC, KOTO-
pble 10 opMe MOBTOPSIIOT CHEKTP HepenaBaemoro coodmienus U(t) (puc. 2.176).

Su(f) Sv(f) 1

»

Fu F, f,-F, fo fo+F,

w
<

—~~
—h
o —
| -
»

0 I
fo' FB fO' FH

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

[IIupuna crekrpa paBHa Afay = 2F,. B wactHOCTH, /I TIepeaadn cTaHaapT-
Horo tenedonnoro curnana (F,=300 I'u, F,=3400 I'i1) TpeGyeTcst mosioca 4acToT
mpuHoun 6,8 k.

Hecymrast He comepxut nHpopmaiuy o mepeIlaHHOM COOOIIEHHH, A2 U BTO-
pasi OokoBasi ToJIoca SIBIISIETCSA 3€pKajIbHBIM OTOOpaxkeHueM mepBoil. Cnemosa-
TeJIbHO, 00JIe€ SKOHOMUYHBIM SIBJIIETCSI CIIOCO0 amnaumyOHoU MOOYAAYUU C OOHOU
bokosou nonocou (AM OBII) — 0OBIYHO OCTABISIOT HUKHIOK OOKOBYIO IOJIOCY
(puc. 2.20B). 3xech g nepenaun Tpedyercs monoca yactot Afogn = F, — Fy, uto
1U1st Tene)OHHOTO cUrHajna cocraiser Bcero 3,1 kI,

Ecnu nns gemonynsuuu AM curHaia ucnoiib3yrOT MPOCTON aMIUTUTYIHBIHN
nerexktop (Beimpsamurens mwioc ®HY), to nius gemonynsuun curnana AM OBbII
HeoOxomuMo puMeHuTh dazoBbii getektop (PJ1). Ha omopusriil Bxoxg ®/] momarot
rapMOHHUYECKOe KoyeOaHue ¢ 4actotodl f. or mectHoro reneparopa. B wumeane
nokHo ObITh f. = f,. Eciu ske 3TH 9acToThl pa3ivdHbl, IPH JSMOAYJISIIUN BO3HH-
KaIOT UCKAKCHHUS COOOIICHHMS: CIBUT BCEX 4acTOT BBepX, ecnu f. > f,, u BHU3, eciin
f.<f,. st reneonnu npunsita nomycrumas Benuurna casura | f.— fo[<10 I'm.

Cuenan ¢ yacmomuou mooynayueti (4YM) MOXHO TIPEJCTABUTH B BUJIC

v(t) = Acos coo+a)a%t : (2.42)

rae A —ammmuryna, f,= @./21 — Hecymas gacTora,

f,= ©,/21 — neBUaLMs YACTOTHI,

Py — cpemnsis MomrHOCTh curHaia U(t).

Omnpenenenue GpopMbl ciektpa UM-curHana — TpyaHas 3ajgada. Eciou neBu-
alst 4acToThl f, CyIlIeCTBEHHO MEHbIIIE, YeM BEpXHsSA I'paHUYHas yacTora F, rme-
penaBaemoro cooOmienus U(t), To mojgoca 4acTOT, 3aHMMaeMasi CHTHAJIOM, IpH-
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MepHO paBHa 2F,, kak nipu o6braHOit AM. Ecim xe f, > F;, curnan ¢ UM craHo-
BUTCS LIUPOKOIOJIOCHBIM, U JUJISl €r0 yJIOBJIETBOPUTEIHHON Mepenaun Tpedyercs
110J10Cca 4acToT [ 7]
Afy=(2...4) f,. (2.43)
JlJ1si MHOTOKaHaJIBHOU Nepe/iayu TeJle(OHHBIX CUTHAJIOB M0 MEIHOMY Kabe-
mo npuMensiercs AM OBII, a B paguocBs3u mupokoe npuMeHeHue Hama YM ¢
nojiocoi yactot nepenasaemoro curnana 10..30 k' (paauopeneiinbie, COTOBbIE U
CITyTHUKOBBIE JINHUN) [4].

2.11 KanaJsbl nepegaym CUrHAJIOB

Kananom Ha3bIBaeTCs COBOKYNMHOCTh OOBEKTOB (JIMHUS MEepeAayu U HEKOTO-
pBle YyCTPOMCTBA NMpeoOpa30BaHUsl CUTHAIOB B MEPEAATUMKE U MPUEMHUKE), IPE-
Ha3HAYEHHBIX YISl Tepeadl COOOIIEeHUN omnpeneneHHoro Buaa. KaHnamsl MOXHO
KJ1acCU(ULIMPOBATH MO Pa3HbIM BUIAM MPU3HAKOB.

B pa3za. 1 Obun oxapakTepu3oBaHbI TP Kiacca COOOIIEHUN U CUTHAJIOB B
3aBUCUMOCTH OT UX CHPYKMYpbl: HENPEPbIBHbIE, NUCKpETHbIE U 1uppoBbie. COOT-
BETCTBEHHO MO>KHO Ha3BaTh TPU BHJ1a KAHAJIOB.

Henpepuisnuiii (ananoeoswlii) kanan npelHa3HAUYEH IJIs Mepeayl CUTHAJIOB,
NPEACTaBIISIONINX PeATH3alliid HENPEPBIBHOW Cy4aiHOi ¢yHknmu Bpemenu U(t)
(pasn. 1.4), u OH MOCTOSTHHO 3aHAT BO BpeMs Mepeaadn 3Toro curnana. Jlrobas iu-
HUS CBSA3U (MEIHBIM MU ONTUYECKUN Kabenb, paJuoInHus) axe 0e3 Kakux-1udo
JOTIOJTHUTENIBHBIX YCTPOMCTB MOXKET BBIIIOJIHATH POJIb aHAJIOroBOro kaxana. OnHa
U3 OCHOBHBIX XapaKTEPUCTUK TAKOT0 KaHaja — ero nojoca nponyckanus. [loatomy
HENPEMEHHOM COCTABJISIFOLIEH JH000r0 aHAJOrOBOr0 KaHaja SBIISIETCS COBOKYII-
HOCTh YaCTOTHO-CEJIEKTUBHBIX AJIEMEHTOB, OINpPEACNAIONIMNX 3Ty mojocy. Hampu-
Mep, TpocTeduil TeneOHHBIN KaHal SBISETCS aHAJIOTOBBIM M HMEET MOJIOCY
nponyckanus mupuHoit 3100 I'u, nexamyro B unreppaiie 300 — 3400 I'y (paszn.
2.2).

B ananorosom kaHaie mpoueaypa nocrpoeHust ¢yHkumuu X(t), ¢ Makcu-

MaJIbHBEIM ITPUOIMKEHHEM OTOOPAKAIOIEH IepenanHoe coodmenne x(t) B ycio-
BUSIX, KOIJd [PUEMHHUKY [OCTYIHA JIMIIb pealu3aius V(t) IOJIe3HOro CUrHaua ¢

IIyMOM, Ha3bIBaeTCs 3aaaueil purvmpayuu cryuaiinozo npoyecca V(t) [9]. Iloka-
3aTeNieM KauecTBa NpHUEeMa CIYXKHUT OObIYHO (YHKIUS ommOKu AX(t)=x(t)-X(t).

Ota ¢yHKUMA ciyyaliHa. 3aMETUM, YTO B aHAJOrOBOM KaHaje OHAa MPaKTUYECKU
HUKOT/Ia HE paBHA HYJIO, TO €CTh B TAKOM KaHaJe MepeJaHHOe COOOIIeHUE B JITO-
00l MOMEHT BOCHPOU3BOJIUTCA C MOTPEITHOCTHIO. JJOBOJIBHO YacTO KOJUYECTBEH-
HBIM I[10KA3aTEIEM CIIY)KUT CPEAHEKBAAPATUUECKAS BEJIMYMHA 3TOW IMOTPEIIHOCTH.
Jluckpemmuwiii kanan TpeqHA3HAYEH ISl Mepelladyd JUCKPETHOrO CUTHala,
KOTOpPBIM, KaK MPaBUJIO, MOJYYAETCS B PE3YyJbTaTE KBAHTOBAHUS MO BPEMEHH HE-
MPEPHIBHOTO 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 NOCTYIIEHUSI OUEPEIHOr0 UMITYJIbCA HAa BXOJ NPUEMHHKA
(1ar0T KOMaHAy MPUEMHHMKY HadaTh 00pabOTKy ouepeaHoro ummnyibsca). Urak, on-
HAa U3 BAXXHEMIIHNX XapaKTEPUCTHUK JUCKPETHOrO KaHaja — 3TO TaKTOBas 4acTOTa.
Hanpumep, B AMCKpETHOM KaHale, peAHa3Hau€HHOM /IS [lepeauu Tese)OHHOTO
CUTHAJIa MTOCJI€ €r0 KBAHTOBAHUS 110 BPEMEHU, TaKTOBask yacToTa paBHa 8 KI 1.

[IpreMHHK B JUCKPETHOM KaHaje MO KaXJAOMY MPUHATOMY UMITYJbCY, CIIY-
YaiHBIM 00Pa30M HMCKaKEHHOMY IOMEXaMHU, IMbITAETCS ONpPEe/eInuTh, KaKOl BeIH-
YUHBI ObLJIAa aMIUTUTY1a X 3TOT0 MMITYJIbCA IPU €ro Mnepeaayde, TO €CTh J0 UCKaKe-
HHS TIOMeXaMH. JTO 3a/1a4a oyenku napamempa [9], 1 pe3ynpTaToM ee perieHus
ABIIsIeTCs olleHKa (uuciio) X. M B 3TOM ciiydyae MOrpemHoCTh MOXKET ObITh OOJb-
IIOM WJIM MAJICHbKOW, HO OHa MPHUCYTCTBYET IPH OLEHKE JII000ro MMIyJbca-
oTCUeTa.

Lugpposou M-uynwiii kanan NpeHa3HAYEH ISl TTOCJIEIOBATEIbHON nepeaa-
yn M-n4dHbIX cUMBOJIOB. [Ipu mepenaye npumMeHseTcss OIMH U3 METOJ0B, ONUCAH-
HBIX B pa3a. 2.8. [{ns nmepenaun KaxkJIoro CMMBOJIA, HE3ABUCUMO OT TOTO, Kakoh y
HEro NOPSIAKOBBI HOMEP U KOTOPOE U3 M BO3MOXKHBIX 3HAYEHUU OH IMPHUHSJ, OT-
BOAUTCS OJWHAKOBBIA MHTEPBAJI BPEMEHH T, TO €CTh KaXKIbId CUMBOJ MMEET BU[
UMITYJIbCAa TOrO WM MHOTO BUJA, Pa3MEIICHHOIO0 HAa 3TOM MHTepBasne. OUeBHUIHO,
YTO U B IU(PPOBOM KaHaJIE HYy>)KHAa CUCTEMA TAKTOBOW CUHXPOHM3AIUHU, U TAKTOBAs
4acTOTa BXOJUT B YMCIJIO OCHOBHBIX NapaMmeTpoB. [IpuHATO Ha3bIBaTh €€ mexHuue-
CKOU cKopocmbio nepedayu u m3MepsaTh B 6oxax (1 box = 1 uMiynbc B ceKyHIy).
[Ipu MCnonb30BaHUM CIOXKHBIX METOJIOB Moayisuuu, Hanpumep KAM, kaxabii
nepeiaBaeMblii UMITYJIbC HECET 3HAUEHHUS] HECKOJIbKUX JBOMYHBIX CHMBOJIOB, I10-
ATOMY TEXHMYECKYIO CKOPOCTh Mepeaul MOXHO U3MepsITh U B Out/c. Hampumep,
CTaHJAAPTHBIN TBOUYHBIN LUPPOBON TelneQOHHBIN KaHall XapaKTepU3yeTcs TeXHU-
YECKOM CKOPOCTHIO IIepeaaun B 64 kout/c (paszm. 2.6).

Takum oOpazom, B cocTaB u(ppoOBOro kKaHaia KpoMe JIMHUM Tepefadn o0si-
3aTeIbHO BXOJAT YCTPOMCTBO (POPMHUPOBAHUS CUTHAIOB (HAIIPUMEP, MOAYIATOD) B
IYHKTE Mepelayi U pellarolee YCTPOUCTBO (HapUMep, IEMOAYIIATOP) B MyHKTE
npuema. Pemaromiee yCcTpoWCTBO B MOMEHT OKOHYAHMSI OYEPEIHOIO HMITYJIbCa
JOJDKHO yKa3aTh, KOTOpoe U3 M BO3MOXKHBIX 3HaYEHHM cHMMBOjia ObLIO MepeaaHo
IIPU MTOMOIIM JAHHOTO MMITYJIbCAa. DTO 3aJaya npoGepKu CMAmucmu4eckux 2uno-
me3 [9], u pe3ynbTOM SBIISIETCS peuterue X, MIPUHATOC TPUEMHHKOM, pa3yMeeTcs,
JUIIb OAHO U3 M BO3MOXKHBIX. [I0CKONIBKY B TMHUM MEpENAUH AEUCTBYIOT IOMEXH,
CiIy4ailHbIM 00pa3oM HCKakaroliue (GopMy CUrHaja, BBIHECEHHE TAKOTO pelIeHuUs
ABJISIETCS JAJIEKO HE TPUBHAIBHOM 3a7aydeid, U MOHATHO, YTO IEMOAYJSATOP MHOrAa
omuodaercs.

B HopmanbHbIX ycnoBusax (pyHkiuonupoBanusa CIIN mpu nepenaue mocine-
JI0BAaTEIbHOCTU CUMBOJIOB, COCTaBISIOUIMX COOOIIEHHE, 3HaYEHUs] OOJbIINHCTBA
U3 HUX (@, MOXKET ObITh, U BCEX) MPUEMHUKY YAAETCs yraJarh, T.€. 3HAYCHUS ITUX
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CUMBOJIOB (WUJTU Ja)Ke BCErO COOOIIEHUS) MEPENAIOTCs abcontomuo mouxo. VI munb
HEKOTOpasi UX 4acTh BOCCTAHABIMBAETCS C OIMIUOKOM.

B omom 3axniouaemcsa npunyunuaibHoe omiauyue yupposvlx mMemooos ne-
peoauu om ecex ocmanvuwix. Ludpposas CIIN He npusHaer “noiyToHOB”: OHA JIU-
00 BBIMOJHAET CBOU (DYHKIIMU UJI€AJIBHO, TUOO0 COBEPIAET OMUOKH, U TAKUE YaCTH
COOOIIEHHS] MOTYT MCKaXXaThCs JOBOJBHO CYIIECTBEHHBIM 00pa3oM JHOO yTpa-
YUBAIOTCS BOOOIIIE.

17
X,= 0 i 0 y1=0

Xo=1 o 0 y:=1

Puc. 2.21. IlepexoaHbie BEpOSITHOCTH JIBO-
UYHOI0 CUMMETDUYHOI0 KaHala

[TonynsipHast Mogens 1U(POBOTO KaHaIa — 3TO JBOWYHBIA CUMMETPUYHBIN
KaHaJl ¢ HE3aBUCUMBIMU OIIMOKAaMH, KOTOPBIM MOKHO OINMHUCATh MPHU MOMOIIU Tpa-
da, n300paxkeHHoro Ha puc. 2.19, rae X; U X, — BO3MOKHbIE€ 3HAYEHUS CUMBOJIA Ha
Bxone (Hanpumep, 0 u 1), y; ¥ Y, — BO3BMOXKHbBIE 3HAYEHUSI CUMBOJIA HAa BBIXO/IE.
CumMmeTpusl KaHaja MPOSIBISIETCS B TOM, YTO BEPOATHOCTH OLUIUOOK O0OMX BHJIOB
(1 — BBIOOD Y, TIPH YCIIOBUH, YTO MEPENaH X;; 2 — BEIOOp Y1 NPH YCJIOBHH, YTO IIe-
penaH X,) paBHbI MEXy COOOW. DTa BeIMUUHA ) HA3BIBACTCS OUMOBOL 8ePOAMHO-
cmblo owudOKYU B KaHase (BO BCEM MHpe IIMPOKO Ucmoib3yercs adbopeBuatypa BER
= Bit Error Rate).

Ecnu mapameTpsl JIMHUM Tepeladyd MOCTOSIHHBI, & €IMHCTBEHHOM MOMEXO0M
SIBJISIETCS aAAUTUBHBIA O€JIbIA rayCCOBCKUW IIyM, TO HE TaK Y CI0XHO MpUMeE-
HUTH TaKOW METO] BBIHECEHUS PEIICHUS, TIPU KOTOPOM OUUOKY 8 PA3TUYHBIX CUM-
gonax O6yoym He3as8ucumvl, TO €CTh BEPOSTHOCTh OIIMOKH MPU MPUEME JAaHHOTO
CUMBOJIA HE M3MEHSETCS B 3aBUCUMOCTH OT TOTO, MOSIBISUIMCH JIM OIIUOKU TIPH
npueMe MpeabIAyIUX CUMBOJIOB. MIHOT/Ia TakoW KaHajl Ha3bIBAIOT KaHajioM Oe3
aMSTH.

Kak yxe oTrMeuanoch, CHEKTp MNPSMOYTOJIbHBIX HMITYJICOB OECKOHEYHO
mupok (cM. puc.2.14 u 2.18), a mosioca nponyckaHusi JUHUM OrpaHuydeHa. M3-3a
ATOr0 BO3HUKAET MEKCUMBOJIbHAS nHTepdepeHius. OHa He MPUBOIUT K 3aBUCH-
MOCTH OIIMOOK B KaHaje WIM K UX FPYNIUpoBaHuto, HO BennunHa BER npu stom
BO3pPACTaeT.

Ecnu e B kaHaie uMeercs euie U MyJIbTUIDIMKATUBHAS TIOMEXa, TO B TE IIe-
pUO/BI BPEMEHH, KOTJ]a YPOBEHb CUTHAJA BEJIUK, OMIMOKU MPOUCXOIAT PEJIKO, HO
HAa MHTEpBajaxX, COOTBETCTBYIOUIMX 3aMUPAHUAM CHIHAJIa, YacTOTA IMOSBIICHUS
OIMOOK PE3KO BO3paCTaeT U JIaKe MPOUCXOJUT epynnuposanue ouubox. B Takom
CIydae TOBOPSIT, YTO BOSHUKAIOT nAuKu (nakemovl) ouuOOK, IPUIEM JJIMHA KaXKI0-
ro makera, pa3yMeercs, cllydaiiHa. 3J1eCb OJHOW BEJIWYUHBI P HEAOCTATOYHO IS
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HOJTHOTO ONpEeeNeHHs HaIeXKHOCTU IMepeladyl B TaKOM KaHaje, TaK Kak OIIMOKH
CTaHOBSITCS 3aBUCUMBIMH, HY>KHO XapaKTE€pPU30BaTh U JUIMHY MAKETa.

B coctaB mudpoBoro kaHaiga MOryT BXOAWTh HECKOJIBKO IOCIIEI0BATEbHO
BKJIFOUEHHBIX YCTPOUCTB ()OPMHPOBAHUS CHTHaja B IMepeAaTurKe, HalpuMep, Ko-
IUpYIolee YCTPOMCTBO M MOAYIATOP. COOTBETCTBEHHO, M MPOLIECC BBIHECEHUS
pELICHNs] B IPUEMHUKE TAK)KE€ MOMKET OCYIIECTBIISITBCA B HECKOJIBKO 3TanoB. Ha
BCEX ATamax, KpoMe MOCIEAHEro, BO3MOXKHBI TpH pekuMa. OnuilieM ux Ha mpume-
pe paboThl 1eMOAYNIATOpa JBOMYHBIX UMIYJIbCOB. B owcecmrxom peowcume BbiHECE-
HUSl PELICHUS JEMOIYJISATOP MO KAXKJIOMY IMPUHITOMY HMITYJIbCY BBIHOCHT KOH-
kpetHoe pemierue (0 wiu 1). B msexom pescume neMonynsTop He Ha3bIBa€T KOH-
KpPETHOE 3HaYEHUE OYEPEAHOr0 CUMBOJIA, & BBIJIAET YUCIIO Py, PABHOE BEPOATHOCTH
TOr0, YTO C JAHHBIM MMIYJbCOM ObLT mepefaH cumBoi 0. SIcHO, 4TO mpH 3TOM
P =1-p.

B msaekom pescume co cmupanusamu (3T0 NIPOMEKYTOUHBIA BapuaHT) JEMO-
TyJSATOp MU(PPOBOro KaHaida HACTPOEH TaKMM 00pa3oM, YTO OH BBIJAET KOHKPET-
Hoe 3HaueHue (0 wim 1) ouepeqHoOro CUMBOJIA JIMILb B TOM Cllydae, KOrjaa MpuHs-
THIl UMITYJIbC OKA3aJICs HE CJIMILKOM HMCKa)XEHHBIM IIOMEXaMH, [I03TOMY HET OCO-
OBIX COMHEHUN OTHOCHUTEIIBHO TOT0, YTO UMEHHO ObLIO mepenaHo. B ocTanbHBIX
ClIydasiX, KOrja HEeOIpEAeIEHHOCTh BEJIMKa, AEMOIYJIATOP OTKA3bIBAETCS HA3BaTh
3HAYEHUE CUMBOJA. TakOW CUMBOJI CUMTAETCS CHepmbiM, HO TO3HUIMS CHUMBOJIA,
pazyMmeercsi, COXpaHseTcsi C TeM, 4YTOObI JEKOJIUPYIOIIee YCTPOWCTBO BIIOCIEN-
CTBHUHU MOTJIO ITOCTAaBUTh HA 3Ty MO3ULHIO KOHKPETHOE 3HaueHHe. OTcro/1a MOHT-
HO, YTO MOCJIEAHEE PEelIarollee YCTPOMCTBO B LM MOXKET padoTaTh JUIIb B KECT-
KOM PEXHUME.

MoskeT moka3aTbcsi CTPaHHBIM, HO 3TO (aKT: P BCEW €ro HeomnpeIeIeHHO-
CTH pEILIEHHUE, BbIIABAEMOE B MATKOM PEXHUME, OKa3bIBaeTcs Oosiee nHpOpMaTHB-
HBIM JUJIS1 TTOCJIENYIOIIUX YCTPOMCTB, XOTS UX CTPYKTYypa HPU 3TOM YCIIOXKHSIETCS.
[Ipumep U3 XKU3HM: CiIylIasi MPOTHO3 MOTOJIbI, MBI Tpeanouan Obl ¢pa3y “moxab
Oyner ¢ BeposATHOCTHIO 0,7 yCHBINIATH IEJIMKOM BMECTO YPE3aHHOTO U KaTero-
pPUYHOTO BapuaHTa “noxabp Oyaer”. [losTomy HET HUUEro YIWBUTEIHLHOTO B TOM,
4yT0 B coBpeMeHHbIX CIIW MArkuii pesxuM paboThl pelIaronX YCTPOMCTB UCTIOb-
3yercs Bce mupe (cM. paza. 5.7).

2.12 IlocenoBaTeIbHBIN U MAPaJJIeJILHbIH CIOCO0BI
nepemxavu

EcrecTtBenHO# sABIsSCTCS nociedosamenvuas iepeaada CoOOIICHUS 110 Mepe
MOSIBJICHUS 3JIEMEHTOB 3TOT0 COOOIIIEHHS Ha BBIXO/I€ HCTOYHHKA.

B kadecTBe anbTEpHATUBBI MOXHO TPENICTABUTH NAPALIENbHbIL CNOCOO Tie-
penaun coobrmieHus1, cocrosmiero u3 N cuMBosoB. J[Jist 3TOro HY>KHO pecypchl Ka-
Haja pacnpeaenuth Mexay N cyOkaHamamu, Torja B KaXJIoM U3 CyOKaHaIoB
MOKHO OJHOBPEMEHHO TepeNaTh JHIIb MO0 OJHOMY CHMBOIY coobmenus. [lpu
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ATOM JJIUTENILHOCTh CMMBOJA B KaXKJOM M3 CyOKaHaJOB MOXXHO yBeIHYuTh B N
pa3, CIel0BaTeIbHO, BO CTOJIBKO )K€ pa3 YMEHbIIUTCS TpedyeMas Moioca 4acToT,
TaK 4TO BpeMs Iepenayd COOOUICHUsI U CyMMapHasi 10j0ca 4YacTOT He U3MEHATCS
(3TO MBI ¥ Ha3bIBaeM “‘pacrpeieuTh pecypchl kaHama’).

ScHo, yTO mpU mepenaye AJIMHHOTO COOOIIEHHs] OPTaHU30BaTh Takoe OONb-
10€ KOJIMYECTBO CyOKaHAJIOB HE BCErla yJaeTcs, MOAITOMY Ha MPAKTUKE TpHUMe-
HSIIOT KOMOWHHUPOBAHHBIN, nOCIe008amenbHO-napalienbHblil Coco0 Mepenayu.
3nech mepegaBaeMyro MOCIeA0BATEIbHOCTh CUMBOJIOB JICNAT HA TPymmbl (KOMOU-
HAI[MHU) IO N CUMBOJIOB B KaXKIOM, U JUIsl UX OJIHOBPEMEHHOM Mepenaun UCIOIb3y-
10T N HapajuiesIbHbIX CYOKaHaJoB.

HazoBem Heckonbko HamboJee MPUMEHSEMBIX METOJOB OpTaHH3alliU Tia-
pajieIbHBIX CyOKaHAJIOB.

Bo-niepBeIX, 3TO METOI npocmpancmeenno2o paszoeieHus. 31eCb CUMBOJIBI
OJTHOBPEMEHHO Tepe/latoTcs 0 N MapajuiebHbIM IMHAM (0OBIYHO MEIHBIM IPO-
BoaM). Takoil croco0 mpuMEHseTcs JMIlb IpHU Neperaye Ha OYEHb Malble pac-
CTOSIHUSI, HAIIPUMEP, MEX Y OJIOKaMH anmapaTyphl.

Bo-BTOpbIX, BecbMa MOIyJsipHA OJTHOBPEMEHHAs Mepeadya JByX CUMBOJIOB
Ha JIBYX K8aOpamypHulX cOCMABNAIWUX, TO €CTh B KaXKIOM U3 JBYX CyOKaHaJOB
UCIIOJIb3YIOTCSl HECYIIIME TOM K€ YacTOThl, HO CABUHYTHIE N0 ¢aze Ha 90°. Jlerko
yOEIUThCS, YTO €CIIM KAXKAYIO U3 KBaAPATYPHBIX COCTABJISIONIUX MOJBEPrHYTh AM
C YIAJEHUEM U3 CIIEKTpa HECYIIEH, a 3aTEM 3TH CUTHAJIbI CJIIOXKUTh, TO €CTh Mepe-
JaTh 1Mo o01el TuHUH, TO TorydyuM curHalil ¢ KAM (puc. 2.19).

B-TpeTrbux, CymecTByeT MeTOJ Nepeladyu ¢ MCIOJIb30BAHUEM OPHIOSOHANb-
Hulx yacmomuo-pazoenennvix cucnanos (Orthogonal Frequency-Division Multi-
plexing (OFDM)). [lns ero peanm3aruu B moyioce yactor Af = 1/t, MuaMMansHO
HEOOXOIMMOM ISl TIOCJIeIOBATEIbHON Mepefadn paJuouMIyIbCOB JUTUTEIbHOCTH
T (2.29), opranu3zyroT N rapMOHUYECKUX MOJHECYIUX C I1aroM IO 4acToTe, paB-
HeIM Af /n. CuMBoOJIBI KOMOWHAIIMK TIEPEIAIOT OJTHOBPEMEHHO Ha 3THUX TOIHECY-
HIMX, UCTIOJB3YS OJIMH U3 METOJIOB MAHUITYJISIINK, OMUCAHHBIX B pa3i. 2.8 (kpome
UM, st KOTOpOM HYKHBI IBe TofgHecymue). B kaxmom cyOkaHale mepenaroTcs
PAAMOUMITYJIBChI MPSMOYTOJIBHOM (POPMBI, IPU ATOM POPMY CHEKTpa KaKIOro U3
HuX 3a5aeT pynkuus KoreapHUKOBa, CIBUHYTAast IO ocu yacToT. [IpencraButh, Kak
BBITJISIAT CIIEKTPHI CUTHAJIOB BO BCEX CyOKaHajax IMpH Mepenade KOMOWHAIUU U3
N = 15 ABOMYHBIX CUMBOJIOB C AM, MOXKHO, OOpaTUBIIUCH K TOMY ke puc. 2.15 u
3aMCHUB B HeM Bpems t Ha gacToTy f.

brnarogapst Tomy, 4TO CHEKTp CUTHaAla B KaKJIOM W3 CyOKaHAJIOB CTal B N
pa3 yxe, o0uiee orpaHMu4eHue MOJIOChl YaCTOT OYEHb MaJI0 UCKAXKAeT ero Gopmy
(cmemoBaTeNbHO, MaJIO UCKaXkaeTcsa U (popMa caMuX UMIYJIBCOB), YTO 0OeCIednBa-
€T MaJIOCTh MEXKCUMBOJIBHON MHTEp(EPEHIIUN KaK MEXAY CHUMBOJAMH, Pa3HECEH-
HBIMU BO BpeMEHHU (B OJHOM cyOKaHaje), TaKk U MEXJy CHUMBOJaMU, NepeaaBae-
MBIMHU Ha Pa3HbIX MOJAHECYIIIHX.

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 COCTABIIAIOLIUX.

DTOT METOJT U3BECTEH YK€ HECKOJIBKO JECSITUIETUI, HO HadaJl IPUMEHSThCS
JMILIB B TIOCJIEIHUE TObI IPU IIEpelade JaHHBIX 110 MEIHOMY KaOelto, HO 0COOEH-
HO IIMPOKO B cUCTEeMax paauonocrtymna. KomnuectBo mogHecymumx N MOXKET CO-
CTaBJISITh COTHH U Aa)ke Thicsiuu. [IpencraBuTh cebe nepeaaTiyuk Uin NpUEMHHUK, B
KOTOPOM HMMeEEeTCS N KOMIUIEKTOB ammnaparypbl Uisi OAHOBPEMEHHOW 00pabOTKH
TAaKOTO KOJIMYECTBAa CUTHAJIOB, JOBOJBHO TpyaHO. [loaTomy omepanus dopmupo-
BaHUSI CYMMbI CUTHQJIOB U3 YaCTOTHO-PA3HECEHHBIX CyOKaHAJIOB M ONepanus pas-
JICJIEHHs] 3TUX CUTHAJIOB BhINOMHAIOTCA nocie ux ALl B undpoBomM curHambHOM
IpoLECCOPEe, PEAIU3YIOLEM MPOLEAYPhl MPSIMOT0 U 0OpaTHOro OBICTPOro Mpeod-
pazoBanus Oypne (2.5).

UeTBepThiil METO/ MapaJIEILHON MEPEIaYd CUMBOJIOB KOMOMHAIIMU MOKHO
Ha3BaTh METOAOM k0008020 paszdenenuss (Code Division _Multiplexing (CDM)).
31ech Bce N CUMBOJIOB KOMOMHAIIMM TIEPEIAIOTCSI OTHOBPEMEHHO U MOJIHOCTBIO 3a-
HUMAT OAVH MU TOT K€ MHTEPBaJ BPEMEHM UIMTEIBHOCTH T, IPU 3TOM CIEKTP
KaXJIOTO M3 HHUX pa3MEIICH B OJHON M TOi ke mojoce yactor Af. BosmoxxHOCTB
pa3JieNieHusl 3TUX CUMBOJIOB B IyHKTE MpHeMa 00yCIOBII€HA TE€M, UTO Iepell Mnojaa-
4yell Ha BXOJl JINHUMU K&Kl U3 3TUX CUMBOJIOB (PaZMOMMIIYJIbCOB) IOJBEPraeTCs
JOTIOJTHUTENIBHOM BHYTPUUMIYJIbCHOM JBOMYHOM (Da30BOM MaHUMYJIALMH, IMPHU
TOM B pa3HbIX CyOKaHajdaX MPUMEHSIOTCS pPa3Hble 3aKOHbl MaHUMYJISLUHU Tak,
YTOOBI BCE MEpPEJaBaeMbl€ CUTHAJIBI OKA3aJIUCh B3aUMHO OPTOIrOHAJIbHBIMHU.

Ceituac MbI 00CY’KJaJIH, KaK TTOTOK CHMBOJIOB, CO3/1aBa€MbIi OJHUM HCTOY-
HUKOM, TIepe/laBaTh OJHOBpPEMEHHO 1Mo N kaHaiaMm. Ho aktyanbHa u oOpaTHas 3a-
nava. Jlomyctum, Mbl IME€EM N IMOTOKOB CUMBOJIOB, OJHOBPEMEHHO CO3aBAEMBIX
pa3HbIMM MCTOYHHMKaMH MHpopManuu. MIX MOXKHO mepenaTtbs OZHOBPEMEHHO IO N
napajiyieibHbIM KaHajaMm, HO BE€Jlb MOXHO UCIOJIb30BaTh U OAMH KaHAJ C OOJbIICH
BEIUYHMHON V, JUIsl TTOCIIE0BAaTENbHON NEpPEelayn BCEX MOCTYIAOIINUX CHUMBOJIOB.
[Toaromy oOcyxaeHue NoA0OHBIX MPOOIEM MbI IIPOAOIIKUAM B pasi. 6.

2.13 CrarucTnueckuii cuuTe3 HM(ppoBOH CHCTEMBI
nepeaayu vHpopmauuun

B 3akirouenue pazena mocMOTPUM, BO YTO BBUIMBAETCS MpoOJieMa MOJTHOTO
CTaTUCTUYECKOTO CHHTE3a IU(POBOM crcTeMbl niepenaun nadopmaruu. Mccnemy-
€M HJeaTU3UPOBAHHYIO CUTYAIIUIO, K KOTOPO MOYKHO JIMIIL MPUOITU3UTHCS Ha
TIPAKTUKE:

1) ucrouHuk MHGOOPMALIMK BBIIACT OJHO U3 M BO3MOXKHBIX COOOIIECHHH X1,
... ,Xm, IPUYEM BCE OHU PABHOBEPOSITHBI,

2) umeeTcst Habop CUrHAIOB W3BECTHOM (opMbI Uy(t), ..., Uw(t), 3amaHHbIX Ha
uaTepBaiie 0 <t < T, u mepenaTdyuk Mpu MOSBICHUM COOOIIEHUS Xy TIEpeaacT B JIH-
HUO curHaT Uy(t);
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3) nuHUA nepenaun uaeanbHa, TO €CTh B HEW UMEeTCs JIMIIb aITUTUBHAS
nomexa (1.22) B Buze Oenoro myma, a 3HaueHne KodppuuuenTa nepeayu JMHUHA
K u3BecTHO, B uTore popma Jr000ro U3 0XKHMIaEMbIX CUTHAJIOB Ha BXOJI€ TIPUEM-
HHKa MOJIHOCTBHIO U3BECTHA;

4) 3amana npoctas (QyHKIUSA IOTEPh, TO €CTh, MOTEPH CUYUTAIOTCS OJJUHAKO-
BBIMU TPU BOSHUKHOBEHUHU OIMIMOOK JIF000T0 BUA.

3amanuM nosiocy 4actoT Af = f, — f,, B KOTOpOi 3aB€10MO IOJHOCTHIO IO~

MEILAETCS CIEKTP JHO0r0 U3 CUTHAJIOB, U 3alIMIIEM COBMECTHYIO INIOTHOCTh Be-
POSITHOCTH JUIst =T / At OTCYETOB CUT'HAJIA C IIIYMOM Ha BXOJ€ IIPUEMHHKA IIPU

YCJIOBHH, YTO Tiepeaaetcs curHai Uy(t)
WO, Vo TUy gy U ) =WV TU ) WY, Ty ) =
_ At < 2 (2.44)
=z eXP ——22("1 ‘Um) :
(272.) O-ﬂ ZO'E j=1
Ecnu 3amana mpocras GyHKIMS MOTEPh, TO CPEIHSS BEIWIUHA ITOTEPh MU-
HUMaJIbHA, €CJIM MPUEMHHUK BBIOMpAET TOT U3 M CUTHAJOB, JIJIi KOTOPOTO BEPOST-
HOCTb €ro nepeaaur npu HabJro1aeMoi peasiu3au Vv,,...,V, MakcumaibHa [9]. OT1o

METOJl MAKCUMYyMa aroCTEPUOPHON BEPOSATHOCTH.

ITockonbky Bce M 3HaUYEHUM CHUTHAJIA PABHOBEPOATHBI, METOJ MaKCHMyMma
aroCTEPUOPHON BEPOATHOCTH MPEBPAIAECTCS B METOJ MAaKCUMaJIbHOI'O MPAaBIOIIO-
nobus [9], To ecTb MPUEMHUK BBIOMPAET TOT U3 M CUTHAIIOB, JJI1 KOTOPOIO BEIH-
yiHa (2.44) oka3ajgach MaKCHUMAaJIbHOM.

Oto tor curHan Uy(t), mis koroporo cymma B (2.44) MuHUMabHA (CM.
(1.42)). Urak, nonb3ysick reOMETPUUECKUMHU MPEJICTABICHUSIMHA, UMeeM M BEKTO-
POB Uy, ...,Up, OTOOpaKaIOIIMX BO3MOKHbBIE 3HAUEHUSI MOJIE3HOI0 CUrHajla Ha BXO-
7€ IPUEMHHUKA, U BEKTOP V, OTOOpaKaroIUid UMEIOLIYIOCS peaJnu3aliio CUTHaja ¢
mrymoM. [IpruemMHuK oIKeH BBIOpaTh TOT U3 BEKTOPOB Uy, .. .,Up, KOTOPBIN OKa3all-
cs1 HauOoJsee OJIM3KUM K BEKTOPY V.

OnpenenuB anroputM padOThl MPUEMHUKA, TOMBITAEMCS BBISCHHUTH, Kak
HYKHO 3a7aTh M BEKTOPOB Uj,...,Uy, YTOOBI MUHUMHM3UPOBATH MOJTHYIO BEPOST-
HOCTh omuOKu. [ImoTHOCTE BeposTHOCTH (2.44) o0namaer MEHTPaTbHOU CUMMET-
puel, TO €CTh €€ 3HAYEHHUE 3aBUCUT JIMILb OT PACCTOSHMS MEXIY Uk U V, HO HE OT
HanpasieHus. OTcrola cleayer, 4To BeKTOPhl Us,...,Upn JOIKHBI pacroiaraThCs
Ha MAaKCHUMaJIbHO BO3MOXHBIX PACCTOSHMSIX APYT OT Apyra.

Teoperudecku mpobiema pemaercs Ype3BblYaiiHO MPOCTO — HYKHO YBENH-
YUTh MOIIHOCThH IEpeAaTyuka, U OyleM HMETh JHObIE CKOJIb YrOJHO OOJbLINE
paccTostHUs. TONbKO MpPaKkTUKU OyAYyT HE B BOCTOPre OoT Takoro pemienus. [1oaTo-
My MpoOJemMy Jydlle peuaTh Npyu YCIOBUU, YTO CPEIHSS BEIMYMHA YHEPTUU CHUT-
Hana E. puxcuposana.

Bo Bce ycinoBus M BBIPAaKEHHsI, KOTOPbIE Mbl MPUBOIWUIN, M BO3MOXKHBIX
CUTHAJIOB BXOJST Ha PaBHBIX OCHOBaHMSX. [103TOMy MOXKHO 03KHMI1aTh, UTO €CIU U
camMa CHCTeMa CUTHaJIOB OyJeT o0jaaaTh MOJ00HON CUMMETpHel, OyaeM HMETh
HEKOTOpBIA AKCTpeMyM (MakKCUMyM WIM MUHHUMYM) JUIsl TIOJIHOM BEPOSTHOCTH
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OIHUOKHU.

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

1) Bce curHaibl 001aAal0T OAWHAKOBOM 3HEPrueul (IJIMHBI BCEX BEKTOPOB
OJINHAKOBBI);

2) paccrosiHus d MEXTy BCEMH CHTHAJIAMU OJIMHAKOBBI M MAKCHMAJIbHBI.

CurnHasisl, YIOBJIETBOPSIONINE 3TUM YCIOBHUAM, HA3bIBAKOTCS CUMNIEKCHBIMU.

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

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

i(iuk,ijz At=0. (2.45)

j=1 \_k=1
3aMeHHM KBaJpaT CyMMbI JBOMHON CYMMOI U y4Te€M yCIIOBUE HOPMHUPOBKHU
u (1.44)

n

Ziiuk jumjAtziirkm =M +(M?*-M)p=>0.
c ima (2.46)

j=1 k=1 m=1
MakcuMyM pacCTOSTHUS MEXy BEKTOpaMU OOECIEUMBAETCS MPU HAUMEHbB-
1IEM 3HAYECHUU p , JJIs1 KOTOPOTO HMEEM

1
PETM L (2.47)
Paccrosinue mexay ar00bIMH 1ByMs curHaiamu u3 (1.50) paBHo
2M (2.48)
du;,u,)= M1

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

Puc. 2.22. CUMIUIEKCHBIE CUCTEMBI
BEKTOpPOB 115t M=2 u M=3

Bo-miepBbIX, €CiIM peannu30BaHbl OrOBOPEHHBIC BBILIE YCIOBUSA, OH JIOJDKEH
00ecrneynTh MUHUMAaIbHO-BO3MOXKHYIO BEPOSITHOCTh OLIMOKM NPU MPUEME TBOUY-
HOT'O CHUTHAaJja.

Bo-BTOpBIX, OH HIUPOKO UCIIONB3YETCS MPU TEHEPUPOBAHUU PA3TUYHBIX CH-
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CTEM CHUTHAJIOB npu M > 2. Jleno B TOM, UYTO HEMOCPEACTBEHHOE T€HEPUPOBAHUE
CUMILJIEKCHBIX CHUTHAJIOB Mpu M >> 1 cBSI3aHO C ONPEJIETICHHBIMU TPYIHOCTSIMHU.
3HAUYUTENBHO MPOIIE PeAIM30BaTh 3TO B JIBa ATalla: CHayalla TeHepUpyeTcs Mociie-
J0BaTeNIbHOCTD, cofepkamias M — 1 ABOMYHbIN CUMBOJ (CUMIUIEKCHBIN KOJ), a 3a-
TEM 3Ta MOCIEA0BATEIBHOCTh MOAaeTCsl Ha ABOWYHBIN PM-Monynsatop. CHrHamsl
(He 00s3aTeNbHO CUMIUIEKCHBIE), TIOJTYyYEeHHbIE TAKUM 00pa3oM, HA3bIBAIOTCS Cle-
HANbHO-KOOOBbIMU KOHCIMPYKYUAMU.

N3 (2.47) BugHo, uto nipu M >> 1 CUMIUIEKCHAs CUCTEMa CUTHAJIOB MaJio
OTJIMYAETCSI OT OPMO2OHANILHOU cucmembul, JUisl KOTOpoll p=0. Hakonen, mpome-
KYTOUHOE TIOJIOKEHHE 3aHUMAET OUOPMO2OHANbHAA CcUcmemd, B KOTOPOWU s
KQXJIOro CUrHana Uy CYIIECTBYET MPOTUBOIOJIOKHBIA CUTHA —Uy, a BCE OCTallb-
HbI€ CUTHAJIBI OPTOTOHANIbHBI cUrHamy Ux. Kak Oyner mokazaHo B pasi. 5, BbICOKast
sHeprerudeckasi 3pHEKTUBHOCTh MPU UCIOJIB30BAHUM TMOJAOOHBIX CUCTEM CUTHA-
JIOB MOXKET OBITh IOCTUTHYTA JIUIIb npu M >> 1.

Wrak, 1 0IHOr0 YaCTHOI'O MAEAJIM3UPOBAHHOTO CIIy4yas Mbl PELIWIN 3a1a-
9y CTAaTUCTUYECKOTO CHHTE3a BCEW CHUCTEMBI Tepenadu mHbopMmaiumu, U yxe Ha
3TOM MPUMEPE YBUJEIU TE€ TPYIAHOCTH, KOTOPbIE IPUAETCS NPEOJOJIETh MPU MpaK-
TAYECKOW peanu3auuu ontuMaiibHoi CIIN.

Bo-1niepBbIX, 3TO TPYJHOCTH MPHU T€HEPUPOBAHUU CAMUX CUTHAJIOB, HO, Kak
y’KE€ OTMEYAJIOCh, OHM YaCTHYHO MPEOAOJEBAIOTCSI MYTEM HCIOIb30BaHUS CHT-
HAJTbHO-KOJOBBIX KOHCTPYKIUH.

Bo-BTOpBIX, KaKIbIi CUTHAJ U3 CUCTEMBI, cojepxaien M = 2 Takux cur-
HAJIOB, 3aHUMAET JI0BOJIBHO IIHUPOKYIO MoJiocy yacToT. Heobxoaumas nosjoca Oblia
OBl HAMHOT'O MEHBIIIE, €CIIH OBl TO YK€ COOOIIEHUE MEPEIaBaAIOCh OOBIYHBIM CITOCO-
OOM TIpH TOMOIIM KOMOHHAIIMH, COCTOAIICH U3 K JIBOMUHBIX CHMBOJIOB.

B-Tperbux, npoBecTu 00pabOTKy NPUHUMAEMOIr'0 CUTHAIa B COOTBETCTBHUH C
BbIpakeHUEM (2.44) MOXKHO TIPH MTOMOIIHU KOPPEJSIMOHHOTO NpueMHukKa. B utore
B IYHKTE MpHUeMa HY>KHO UMETh M TapajuielibHO paOoTaloImMX KOPPEISIMOHHBIX
MPUEMHUKOB, KaXblil N3 KOTOPBIX HACTPOECH HAa MPHUEM CBOETO CUTHAJIA. JTa MPO-
1e/lypa Ha3pIBaeTCs “TIPUEM CUTHAJIA B LIEJIOM .

B-uerBepThix, ecnu ycnoBus padotsl CIIW Havath mpuOIMKaTh K peanbHbIM
(HEpaBHOBEPOSTHOCTh CUTHAJIOB Ha BBIXOJI€ HCTOYHMKA MH(GOPMAIINH; HECTAOMITb-
HOCTh MapaMeTpPOB YCTPOMCTB, T'EHEPUPYIOUIUX U 00pabdaThHIBAIOIIUX CHUTHAJIBI;
HaJIU4YMEe MYJIbTUILUIMKATUBHOM MOMEXU U T.II.), 3aJlaya CTaTUCTUYECKOrO CHUHTE3a
Bceil CIIM cTaHOBUTCSI HEPA3PELIIUMOIA.

OTO eme 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 Nepeaayun, U B IMpoLecce npuema npo-
BOAUTH MOATAITHO, [IPU 3TOM HET MOJIHOW YBEPEHHOCTH B TOM, UTO HAa KaXKJIOM 3Ta-
1€ MbI UJEM K KOHEUHOU LEJIN KpaTYallIuM IIyTEM.
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BOHpOCbI ANs CaMOKOHTpons no rnase 2

OnumuTe 3Tansl aHaIoro-IUGPOBOTO MPeoOpa3OBaHUs HEMPEPHIBHOTO CHUT-
HaJa.

Onuiute 3Tamnsl HU(po-aHaTIOroBoro NpeoOpa3oBaHusl.

N306pa3ure 00001IEHHYI0 MOJIETh CUCTEMBI Tiepenayn uHbopmarmu. Onu-
muTe QYHKIMU KoJiepa U JAeKojepa.

[IpuBeauTe HECKOIBLKO MPUMEPOB TIpeoOpa3zoBaTeneii COOOIICHUS B TIEpBUY-
HBIA CUTHAIL.

3auem HyxHa moayssiuusi? HazoBute BUJIbI aHAIIOTOBON MOJYJISIIIUN TapMO-
HUYECKOM HECYIICH.

HazoBute criocoObl MaHUMNYJAIMU FapMOHUYECKON Hecyieil. Yem 00yciioB-
JIEH BBIOOP TOTO WJIM HHOT'O criocoba?

KakoBbpl HEZOCTaTKM MHOT'OMO3UIIMOHHBIX METOJOB MAHHUITYJISIIIUU TapMo-
HAYECKOW HECyIIEeH?

N3 xakux cooOpa’keHui BEIOUpAETCS 1Iar KBAHTOBAHUSI HEMPEPHIBHOTO CHUT-
HaJjla: Mo HAIPSKEHUIO?

N3 xakux cooOpakeHUii BEIOMpAETCS IIar KBAaHTOBAHUS HEMPEPHIBHOTO CHUT-
HaJIa:1mo BpeMeHu?

10. laiiTe onpeneneHuss TEPMUHOB: COOOIIEHNE, CUTHAJ, ITOMeXa, KaHaJl CBSI3H,

JUHHA CBA3HW, MHOI'OKaHaJIbHas CBA3b, MHOFOCTaHHHOHHBIfI AOCTYII, TCXHHU-
YCCKas CKOPOCTh Iepcaadn.

11.TTouemy mrar KBaHTOBAHUS HETPEPHIBHOTO CHTHAJIA TI0O BPEMEHU BBHIOMPAET-

Cs1 MCHBIIC TOI'O 3HAYCHUA, KOTOPOC CICAYCT U3 TCOPCMbI OTCYETOB?

12.Yxaxure cTaHAApTHYIO YaCTOTY KBAaHTOBAaHUS BO BPEMEHHU (OTCUETOB/C) Te-

JIC(l)OHHOFO CHUI'HaJIa.

13. Vkaxkure xonuuectBo paspanoB B crannaptHom AL, mpumensemom mnpu

npeoOpa3oBaHuU TeJe(OHHOTO CUTHAA.

14. Yto ynoOHee MpUMEHSTh HAa MPAKTUKE —KOPPEJSATOp MM COIJIaCOBAHHBIN

bubTp?



64

3 KOOUPOBAHUE KAHATA.
3.1 Koppektupyrouwme Kkoabl

Hanmuune noMex B JMHHUU nepeaadyn CUrHajJioB INpUBOJUT K TOMY, 4YTO IIpHU
ACMOAYJIOUN IIPUHUMACMOI'O CUI'HaJIa C IMOMEX O ACMOOYJIATOP HC BCCrAa BEPHO
yraablBa€T 3HAYCHHEC OYCPCIAHOTO M-UYHOTO CHMBOJIA, T.€. BMECTO HMCTHHHOIO
SHAYCHUS X; BbIAACT APYTOC 3HAYCHUC X, , B3ATOC U3 aJ'I(I)aBI/ITa Xis Ko yeeey Xy B takom

Ciydae TOBOPST, YTO B JIAHHOM CHMBOJIE MPOM30ILIa omuoka. OmuOKu BO3ZHHUKA-
I0T CIy4alHbIM 00pa3oM, MO3TOMY HET rapaHTHH TOr'0, YTO B MPUHSITOM CHUTHAJIE
OHM OTCYTCTBYIOT.

B Takux ycnoBusax panpHeimas obpaboTka (JexkoaupoBaHue) HHGPPOBOTO
CUTHAJIa C BBIXOJIa IEMOAYJISITOpa OCHOBAHA HA aHAJIM3€ B3AMMOCBSI3U MEXK]Y CUM-
BOJIaMU B moclieoBaTeNbHOCTU. Eciu nekojiep mMpuXoauT K BBIBOJY, UTO Takas
MIOCJIEIOBATEIbHOCTh CUMBOJIOB B NPUHIIMIIE HE MOTrja OBITh NEpefaHa, TO TaKoe
pelieHre Ha3bIBaeTCsl 0OHapyceHuem owubok. Ha nanHHOM 3Tane Jekoaep He Ibl-
TAeTCsl BBISICHUTH, KAKME UMEHHO CHUMBOJIBI MPUHSATHI OMTUOOYHO U KaKOBBI UX HC-
TUHHBIE 3HAYEHHUSI, BAKHO JIUIIb YCTAaHOBUTH (paKT, 4TO B MPHUHATOM MOCiIenoBa-
TETHHOCTH XOTs OBl OJIMH CHMBOJI COACPKUT OMMOKY. Takum oOpa3om, 3Tam oOHa-
pPY)KEHHUS OIIMOOK 3aBepIIaeTCsl BbIJA4eil pelieHus B JIBOUYHOW (dopme: “HeT
omuOoK”, “ecTh X0Ts Obl OJHa omuOKa”. Eciau mpuHSATO mepBoe pelieHue, 1eKo-
JMPOBAHKUE OYEPEIHOU MPUHATON MOCIEAOBATEILHOCTH HAa 3TOM (haKTHUECKH 3a-
BEpIIIAETCA.

Ecnu B cucteme nepenaun uHpopmanuu OTCYTCTBYET OOpaTHBIM KaHal, TO
€CTh, HET BO3MOKHOCTH COOOIIMUTH B MYHKT MepeAadyu O MPUHITOM PEIICHUH, Jie-
KOJIep TMocJie 0OHApYKEHUSI OIMOOK MPEANPUHUMAET IMOIBITKY BOCCTAHOBUTH Ii€-
pemanHoe cooOmieHue. Ecnu eMy yaanoch yrajuarh MOJIOKEHHUE OMTMOOYHBIX CUM-
BOJIOB U UX UCTHUHHBIC 3HAUYCHUS, CYUTAIOT, YTO MIPOU3OLLIO UCHPABIeHUE OUUOOK.

OueBUJIHO, YTO yTaJIbIBAaHUE JAJIEKO HE BCErJla 3aBEpIIAeTCs YCIEXOM, MO-
ATOMY HE BCE BO3MOXKHBIE COUYETAHUSI OINIMOOK MOTYT OBITh HUCIIPABIEHBI U JAXKe
oOHapyxeHbl. B uTore nHorjga Ha BBIXOJE J€KOJIepa BCE-TAKU OYIYT MOSBIISITHCS
MOCJIEIOBATEIIBHOCTH CUMBOJIOB, cojiep Kaliue omuoku. [1oaToMmy ocHOBHOM 3aja-
4yeil Teopur MOMEXOYCTOMYMBOIO KOJAMPOBAHUSA SIBISIETCS MOUCK TAKUX TOCIENO-
BaTEJIbHOCTEM CHMBOJIOB, TMPHU MCIOJb30BAHUHM KOTOPBIX MPOIEHT OLIMOOYHBIX
KOMOMHAIMI Ha BBIXOJIE JIeKojiepa ObUT ObI KaK MOXKHO HUXKE.

Urak, xoppekmupyrowum nHazviéaemcs maxkot Koo, UCNOIb308aHUe KOMOPO-
20 0aém 803MONACHOCMb 8 Npoyecce NPUEMA YUPPOBO2O CUSHALA OOHAPYIHCUBAMND 8
HéM Hanudue ouuOOK U, B03MONCHO, 0adCe UCNPABIAMb HEeKOmopbvle U3 ouubou-
HbIX CUMBOI08.

Cpenn KOppeKTHPYIONUX KOAOB HAUOOJbIIEE PACTPOCTPAHCHUE TOTYUHITH
O10YHbIe 08oUYHbBIE KOObL, TO €CTh Mepeladya JBOMYHOTO COOOIICHUSI TPOU3BOIUT-
cst OioKamMu, IPUIEM KKl OJIOK COAEPKUT N TBOMYHBIX CUMBOJIOB. Konupona-
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HUE U JEKOAUPOBAHKUE KAXKAO0T0 OJI0Ka MPOU3BOAUTCS HE3aBUCUMO OT JIPYTUX OJ10-
KOB.
Hamomuunwm, 4to paccmosinue Xommunea (1.43) d,, Mexmy IByMs KOIOBBIMH

KOMOWHAIUAMA & W D YHCICHHO pPaBHO KOJIHYECTBY CHMBOJIOB, B KOTOPBIX 3TH
KOMOWHAIIMK OTJIMYAIOTCs oAHa oT apyrod. Hampumep, mycte n=5, a=01101,
b=00001, Torma d, =2.

Bec kombumayuii paBeH KOJWYECTBY EIWHUIL, COJACPIKAIIMXCS B HEH.
Hanpumep, W(a)=3, W(b)=1. OueBuno, uto 0<W<n,

Paccrossaue XsMMmuHra yao0HO BBIYUCIATD, MOJIB3YSICh ONEpalue CyMMHU-
POBaHHUSA IO MOAYJIO 2

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

B nmanpHeimemM cyMMHpOBaHHE ABOMYHBIX KOJOBBIX KOMOWHAITMNA WA HX
3JIEMEHTOB MPEIOJaraeTcsi MPOBOIUTH JIMIIIB 0 Mmod 2, Jaxe eciid UCTIOIb3YeTCs
OOBIYHBIN 3HAK CYMMHPOBAHUSI.

Bexmop owubxu € — 310 N-pazpsiaHas ABOMYHAsS KOMOMHAIUS, B KOTOPOM
MIOJIOKCHUE SIMHUI] YKA3bIBACT Ha MOJIOKEHUE OMTUOOYHBIX CUMBOJIOB B TIPUHSTON
koMOuHamuu Y. [1ycTh npu 3TOM nepeiana KOMOMHAIIMS X , TOT/1a

y=x+e. (3.2

Hampumep, ecun n=6, x=011010, e=010100, To y=001110.

Kpamnocms owubku ( — 3T0 KOJIUYECTBO OMIMOOYHBIX CUMBOJIOB B IPHHSI-
TON KOMOHMHAIINU

G=W(e)=W(x+y)=d,. (3:3)
npuaém 0<q<n.

Benuuuna ( ciryyaiiHa, B KaHaJlaX ¢ HE3aBUCHUMBIMH OITHOKaMHU €€ MaTeMa-
THUYECKOE OJKUJIAHUE My=pN, rJe P — BEPOATHOCTb IOSABJIECHUS OUIMOKU B OJHOM
CHMBOJIC Ha BBIXOJE JeMOAYJIITOpa (OMTOBask BEPOSITHOCTH OIIMOKH). B peabHBIX
KaHajJaX CBSI3M OTHOIIEHHE CHUTHAJI/TiIoMeXa OOBIYHO HACTOJILKO BEIHWKO, YTO
pn<<l. D10 3HAYMT, YTO OOIBIIMHCTBO KOMOMHALIMI OyAyT NMPUHATH 0€3 omInbd oK
(0=0), u3peaka OyayT BCTpedaThCss KOMOMHAIIMH, COAEPIKAIIUE TI€-TO OJMH OIIH-
O0ouHbIil cuMBoOa (0=1), emé pexxe — KOMOMHAIIUUA C JABYKPATHBIMU OIIMOKaMH U
T.11. TO ecTh, MpuHATas KOMOMHAIMS JISKUT HEAAICKO OT IePEIaHHOM.

Od4eBUAHO, YTO HUKAKOW KOJ HE CIIOCOOCH OOHAPYKHTh W HCIPABHUTH BCE
BO3MOXXHBIC OIMMOKH BIUIOTH 10 (=N. BO3MOXHOCTH JTFOO0T0O KOJla OTpaHUYCHHI,
MIO3TOMY B MEPBYIO OYEPE/Ib HYXKHO HAMPaBUTh YCWIHMSA Ha OOphOY ¢ TEMU BUIAMU
OIMOOK, KOTOpPBIE BCTPEUAIOTCS HAMOOJIee 4acTo, TO €CTh C ONITMOKAMH MaJIbIX
KPaTHOCTEMN.
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Crioco0 KoAMpOBaHUS TMOJHOCTHIO OMpeNenéH, eclau 3a7aHa Kodosas mao-

Ta6muna 3.1 — [Ipumep
KOJT0BOM TabuIbI (N=6)

BbykBa | KomOuHamnus
a 000000
0 000111
B 111000
r 111111

Juya, B KOTOPOU TIEPEUHCIICHBI BCE BO3MOXKHBIC COOOIIECHUS U COOTBETCTBYIOIINE
UM N-paspsiHbIe KOJOBBIE KOMOMHammu. Hampumep, eciu Kakmas KOMOHWHAIUS
COOTBETCTBYET OJHOM OyKBE ayipaBUTA, a B HCIIOJIb3yeMOM ajihaBUTE Beero 4 Oyk-
BbI, KOJIOBasi Ta0JUIIa MOXET UMETh Ciienyromuil Buj (Tadi.3.1).

Mo3KHO BBIYHCIUTH paccTosHUE Ojx MEXay AByMs JHOOBIMU KOMOMHAIUAMHU
B KOJOBOH Ta0auIle. MUHHMAJILHOE €r0 3HAUECHUE
HA3bIBACTCS KOJIOBBIM PACCTOSTHUEM U CITYXKUT OJTHON M3 BAXKHEUIITUX XapaKTepH-

d.,, =mind, (3.4)

j=k
CTUK BBIOPAHHOTO CIIOC00a KOJUPOBAHMSI. DTO MOKA3aTeNlb OTINYUS JIBYX HAnOO-
Jee OJIM3KUX KOMOMHAIUK B Tabnwuie. B npuBenéHHOM npumepe
d,=3,d,=3,...,d_,=6,Burore d_,=3.

JIOBOJIbHO TPYAOEMKHH, 3aTO YHUBEPCAIBHBII CIIOCO0 IEKOIUPOBAHUSA — ITO
0exoouposanue no MuHumMymy paccmosanus. IlpuHsatas KoMOUHAINS CPAaBHUBACTCS
oouepéaHO CO BCeMU KOMOUHAIMAMU B Tabnuie. Eciu Takas koMOuHAIMS €CTh B
Tabnuie, TO JEKOJUPOBAHHWE 3aKaHumBaeTcs. KOHEYHO, MPW ATOM HET MOJHOU
YBEPEHHOCTH B TOM, YTO B MPUHATON KOMOWHAIIMM OTCYTCTBYIOT OIIMOKH, XOTS
3TO BechMa BeposiTHO. [IpocTo 3/1ech HET Mydlllero BapuaHTa, MOCKOJIbKY OOBIYHO
PaBHOBO3MOXHA TIepeiaya JIF000N 13 KOMOMHAIIMIA, BXOASIINX B TAOTUILY.

B mportuBHOM ciydae (puHSTas KOMOWHAIIMS HE COBMAJaeT HU C OHOM
KOMOMHaNMel B KOJOBOM TaOJuIEe) CleyeT HECOMHEHHBIA BBIBOJ: B IPUHATON
KOMOWHAIIMU €CTh OIMOKa M, MOXET OBITh, HE OJHA (IIPOU3OIILIO0 OOHAPYKEHHE
OIMOO0K).

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

0, = dmo -1. (35)

B npuBenénnom npumepe (tada. 3.1) kog oOHapyKUBaeT BCe OAHOKPATHHIC
U JIByKpaTHBIC OMIMOKH. ITOT )K€ KO CIIOCOOEH O0HAPYKUBATh TaKKEe HEKOTOPHIC
omuOku 0osee BRICOKUX KpaTHOCTEH, HO He Bce. B yacTHoCTH, OMMOKK B MEPBBIX
TpEX CUMBOJIaX KOJIOBOM KOMOMHAITMY HE OYAyT 3aMEUCHBI.

[Tocne obnapyxenus omu60ok B CIIM ¢ oOpaTHBIM KaHAJIOM MOCHLIAIOT 3a-
IIPOC Ha TIOBTOPHYIO Mepeaavy JaHHON koMOuHanuu. [Ipu oTCyTCTBHU KaHaIa Te-
pecnpoca clieyeT MOMbITaTbC HCIPABUTH ONIMOKH, TO €CTh HAWTH B KOJOBOU
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Tabuile KOMOMHAIINIO, HanboJee OJIM3KYIO K TOM, KoTopasi ObUia mpuHsiTa (Haubo-
Jee npapaonoo0Hy). Jlaxe eciiu B TaOIMIlE HAILIACK JIMIIIL OJHA Takas KOMOU-
HAIUs, OTO €I HE CIYXUT TapaHTHEeW TOro, 4TO OMMOKH MCIPABJICHBI BEPHO.

Mooicno eapanmuposanto ucnpasums a0ovle OUUOKU KPAmHOCmu
d_, -1
q, <—2—.
2 (3.6)
Hanpumep, xox (tabn. 3.1) crnocoOeH HUCHpaBUThH JOOYI0 OJHOKPATHYIO
omunOKy. YOenuTech Ha MpUMeEpPax B TOM, YTO PECYPChI KOJa UCTIOIB3YIOTCS T0JI-

Hee, ecnu d_, sBIsSeTCa HEYETHBIM yuciaoM. Kpome Toro, BULHO, YTO UCHIPABIATH

OIUOKHU TPYyJIHEE, HEXKEIIN UX O0HApYKUBaTh. PazyMeercs, BO3MOXKHBI ClTydau, KO-
r7la UCTIPABJISIIOTCSI HEKOTOPBIE OMIMOKHU 00Jiee BRICOKUX KPAaTHOCTEH, YeM clielyeT
u3 (3.6), HO He Bce.

3.2 JIuHenHbIe ONOYHbIe KoAbl

Korga konuuecTBo CUMBOJIOB N B KOJAOBOM KOMOMHAIIMKM BEIUKO (HA IMpak-
THUKE OHO MOXET COCTABJISITH HECKOJBKO THICSAY), KOIOBas Tabiuiia 0JI09HOTO KoJia
MOKET COZAEpPKaTh O'POMHOE KOJIMYECTBO KoMOuHanui. KogupoBanue u nekonu-
POBAaHUE OKAa3bIBAKOTCS CIHIIKOM TPYAOEMKUMHU. [103TOMY BIIOJHE €CTECTBEHHO
KellaHue pa3padoTaTh TaKhe KOJbI, KOTOPhIE TO3BOJISIIOT MPOBOAUTH 3THU OIMepa-
IIMU, HEe 00paIlasiCh K KOAOBOU TabJinile, a UCTIOb3YS JIUIIL HEKUl HAaOOp CBOMCTB,
NPHUCYITUH BCeM KOMOWHAIMSIM B KOJIOBOM Ta0uIe. IMEHHO TaKkyr0 BO3MOXHOCTh
peoCTaBiIseT NPUMEHEHHUE JIMHEMHOTr0 0J10YHOr0 Koa.

JIroOoi unetinvlil O10unbIL KOO 0003HAYaeTcs kKak (N,K)-kox, rae: K - komu-
4ecTBO MH(OPMAIMOHHBIX CUMBOJIOB, TO €CTh JIJTMHA TBOMYHOM KOMOWHAIIUU, TTO-
CTyHarole Ha BX0/ KojAepa; N - KOJUYECTBO CUMBOJIOB B KOMOMHAIIMU HA €O BhI-
xoze. Ha BxoJ koepa MOXeT MOCTynath Jodas K—paspsaras komOuHarws. Yucio
TaKMX KOMOMHAIIMN PaBHO

N =2, (3.7)

Ecnu Ob1 KoMpoBaHue He MPOBOAMIOCH (N=K, TO €cTh BXOAHAS KOMOUHAIHS
cpa3y NMOCTyMHaeT Ha BBIXOJ KOJIEpa), TAKOM KO HE 00J1a/1all Obl HUKAKUMH KOPPEK-
TUPYIOIIUMH CBOWCTBAMM, MOCKOIBKY JJIsl Hero d , =1, ¥ Jt00ble OIMOKU B MPH-

HATOM KOMOMHAIIUM OKa3aJucCh Obl HE3aMEUEHHBIMHU.

[Tosromy st KOppeKTHpyoIero koaa N>K, u pasHOCTh F=N-K ecTh YnciIo
IIPOBEPOUYHBIX CUMBOJIOB. 3HAUEHHUSI ’TUX CUMBOJIOB BBIUMCIISIETCS 110 UH(POPMAIU-
OHHBIM CUMBOJIaM C UCIIOJIb30BAHUEM Psifia TUHEUHBIX OINEpaIUi.

OueBuIHO, UTO JIJIs1 caMoro mpoctoro koja r=1. Takoi koa Ha3bIBAETCS KO-
oom ¢ nposeprou na yémnocms (N, N-1). Ha BXxox kxomepa mocTymaer KOMOWHAITUS
a=(a,a,,..,a,). Kogep noBTopser 3Ha4eHUs dTUX CHUMBOJIOB S =4a,,...,S, =& H J0-

OaBisieT K HUM eIm€ OJIUH, MPOBEPOUYHBIM CHMBOJ (HAIIOMHHAeM 00 Omeparuu

mod2)
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S = +a,+..+a,. (3.8)

B urore mobas koMOuHAIMS S HA BBIXOJE KOAEpPa COACPKUT YETHOE KOJIU-
YEeCTBO €AMHUIL. ITO U €CTh TO CAMOE CBOMCTBO, KOTOPOE MPUCYIIE BCEM IMepeaaH-
HBIM KomOwmHanusMm. Hampumep, npm k=7 wmmeem: a=0110100—s=01101001,
a=0000000—s=00000000; a=1111111—-s=11111111. Ilpu nexogupoBaHUH HO-
CTaTOYHO MPOBECTH OOIITYIO MTPOBEPKY HA YETHOCTH

C, =S +.+5, (3.9)

Ecnu mposepxka mpomwia (¢, =0), TO 3TO JHIIb O3HAYAET, YTO TaKas KOMOU-
HaIMsl MorJia ObITh Tiepenana. Ecnu ke npoBepka He mnpomwia (¢, = 1), To B puHs-
TOW KOMOHWHAIIMH, HECOMHEHHO, €CTh OITHOKH.

KonoBoe paccrosinve ajisi Kojia ¢ MPOBEPKOM HA YETHOCTh PABHO JIBYM, I10-
ATOMY B COOTBETCTBUHU C (3.5) oH 0O0Hapy>KMBAeT JIIOOYI0 OJHOKPATHYIO OILIHOKY.
bonee Toro, oH crnoco6eH 0OOHAPYKUTH JTIOOYIO OMMUOKY HEUETHOM KPATHOCTH, HO
UCTIPABJISITH OITUOKHA OH HE MOYKET.

Omneparuu (3.8) u (3.9) — upe3BbluaifHO NpocThie. s peanu3anuu Kaxmaou
U3 HUX JOCTATOYHO MUMETh OAWH CUETHBIA Tpurrep. Torma cpasy BO3HHMKaeT uiaes
JUTSI TIOBBIIIIEHUSI KOPPEKTUPYIOMIEH CIOCOOHOCTH KO/a MCIOIL30BaTh HE OJHY, a
HECKOJIBKO MPOBEPOK HA YETHOCTD. [Ipu 3TOM 04EBUAHO, UTO B KaXJAOW MPOBEPKE
y4acTBYIOT HE BCE N CUMBOJIOB, a JIUIIIh UX YaCTh. A B Pa3HBIX MPOBEPKAX JOKHBI
y4acTBOBATh Pa3HbIC TPYIITHI CHMBOJIOB.

B kaudectBe npumepa paccmoTpuM ko (5,2). 3agaauMm ero B cucmemamuye-
cKoll ¢hopme, TO €CTh MEpBbie K CHMBOJIOB BBIXOJHOW KOMOWHAIIUW JIOJIKHBI ITO-
BTOPSITHh BXOJHBbIC WH(POPMAIIMOHHBIC CUMBOJIBI, @ Ha OCTaBIIMXCS F=N-K=3 mo3u-
ITUSX Pa3MEIIAIOTCS IPOBEPOYHBIC CHMBOJIBI, KOTOPBIE MPEACTOUT BBIYUCIUTH MIPH
KOJAUPOBAHUH, TO €CTh

s=(a,b), (3.10)
rJie & — BEKTOP-CTPOKa WH(OPMAIIMOHHBIX CUMBOJIOB, D — BEKTOp-CTpOKa MpoBe-
POYHBIX CUMBOJIOB. B 4acTHOCTH, paCCMOTPEHHBIN BBIIIE IPOCTOM KOJ C IIPOBEP-
KOH Ha YETHOCTH TOXKE SBIISICTCS CUCTEMATHYCCKHIM.

Utak, nnsa xona (5,2) uz N, =2"=32 BCEBO3MOXXHBIX MATUPA3PSAIHBIX KOM-
OMHAIIMI B KOJOBYIO TAaOJIUIly BKJIIOYHMM JIMIIb TaKKME KOMOMHAIIUH, KOTOPBIE YI0-
BJICTBOPSIOT BCEM TPEM 3aJIaHHBIM MPOBEPKaM Ha YETHOCTH (KOJHMYECTBO IMPOBE-
POK Ha 4€THOCTH BCETZla PaBHO I). Pe3ynbTaThl MpoBeACHUS 3TUX I IPOBEPOK IS
KOHKPETHOM KOMOWHALIMK MPEACTaBUM B BHJI€ BEKTOpaA-CTPOKH ¢ =(c,C,,...,C,), KO-

TOPBIM UMEET MEAUIIMHCKOE HAa3BaHUE “‘CUHIPOM, TO €CTh, COUYECTAaHUE MPU3HAKOB,
XapaKTEPU3YIOUIUX ONPEAETEHHOE COCTOsIHUE. J[OmycTUM, Uil HAIlIETO KOJia MBI
BbIOpaJIU CIETYIOIIYIO CUCTEMY IPOBEPOK

C =S +S;,; C,=S+S,+S,; C,=S,+5,, (3.11)
TO €CTh, B IEPBOM IIPOBEPKE YUACTBYIOT CUMBOJIBI, CTOSIIIME HA TIEPBOU U TPEThEHN
NO3ULUSAX, U T.4. B kogoByto Tabnuiy (Tuna tads. 3.1) BKIOYUM JIHILIb T€ KOMOU-
HaIu, Uit KoTopbix BekTop C=0. Oxa3pIBaeTcs, 4TO WX BCErO 4, Kak U CIEI0BAIO
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oxunaars (3.7).

Tabiauua 3.2. KonoBas
Tabauua xoxa (5,2)

a S
00 00000
01 01011
10 10110
11 11101

ITo npuBenénHoi tabnuue (Tadsa. 3.2) nerko Haiity, yto d_, =3, TO €CTh 3a-

JJaHHasi HAMU CUCTEMa MPOBEPOK Ha YETHOCTH (3.11) AEHCTBUTENHHO OJJHO3HAYHO
OTIpeIEeNSIeT CUCTEMAaTUYECKUM KOPPEKTUPYIOIMIHMA KOJI, CIIOCOOHBIN HE TOJNBKO 00-
HAPYXKUTh JIFOOBIE OJTHOKPATHBIC U JIByKpPaTHBIC OLIMOKH, HO Ja)K€ HCIPABIISIThH
BCE OJHOKpATHBIE OIMHOKH.

Cuctemy npoBepok (3.11) MoxHO Oojiee HArISAHO MPEICTaBUTH B BHUJE
puc.3.1.

|31 |52 ‘53 |34|35|

— — [lepBas
Bropas
— = Tperbs

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

[TepBsIii ATan AEKOAMPOBAHUS — OOHAPYKEHUE OMMUOOK — (DAKTUIECKU CBO-
JUTCSL K TIPOBEACHUIO I' IPOBEPOK Ha 4€THOCTH (3.11) B MpUHATON KOJOBOW KOM-
Oounanuu. Cuuraercs, 9To omuooK HeT, ecau C=0.

Ecnu ¢#0, BTOpOIi 3Tanm — ucnpaBieHrne OMUOOK — TaKKE MOKHO TTPOBECTH,
noJib3ysch cxemoi puc.3.1 u paccMatpuBas pa3iauuHble BapuaHThl. Hanpumep, ec-
nu npuHsaTa komOuHaus Y=11110, to maxonqum ¢=011 u neraem BBIBOA O HAIIH-
YU OUIMOOK B MPUHATON KOMOMHaIMU. Mcxoas u3 BO3MOKHOCTEH TaHHOTO KOJa
(d_, =3), nenaeM mpennoaoKeHue, YTo MPOU30IILIa OJHOKpAaTHAs OmuOKa (rapaH-

TUPOBAHHO HCITPABJIATH OMUOKK 00Jiee BHICOKMX KPAaTHOCTEH 3TOT KO BCE PAaBHO
He MoxeT (3.6)). PaccMarpuBasi pa3Hble BapUaHThl PACIIOIOKEHUS dTONH OJIMHOY-
HOW OIIMOKH, BUJHMM, YTO HaOmrogaeMblid pe3yiabTaT C=011 Mor OBITH MONTy4YeH
JMII B CTydae, KOrja 3Ta OmMMOKa pacloiloKeHa BO BTOPOM CHMBOJIE, CIEI0Ba-
tensHo, X=10110 1 a=10.

YroOs! HE TIepeOupaTh pa3IundHbIC BAPUAHTHI KXKIBIH pa3 MpH JIEKOIUPOBa-
HUU OYEPEHOW KOJOBOW KOMOWHAIWH, TMOJE3HO 3apaHee 3arOTOBUTH TAOIUILy, B
KOTOPOH IMEepPEUYHCIIUTh BCE BO3MOXKHBIC BEKTOPBI UCIPABIISIEMBIX OIMIUOOK (OIHO-
KpaTHBIX B HaIlleM MPUMEpPE) W  COOTBETCTBYIOIIME WM 3HAYCHHSI BEKTOpa-
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cuaapoma (taba. 3.3). Ecnu Ob1 koa ObLT cIOCOOEH MCTIPABIATH €IIE U BCE JBY-
KpaTHbl€ OIIMOKM, B ATy TaOJMIy CJIEAO0BAJIO Obl BKIIOYHUTH JIOMOJHUTEIBHO
CZ =10 BEKTOpPOB Takux OmIKOOK, B yactHoctu 11000, 10100 u T.71.

Tabnuma 3.3. Tabnuma cOOTBETCTBHS BEKTOpa OMIMOKA
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) NEeHCTBUTENBHO CIOCO-
OCH HCIpaBUTh JIIOOYI0O OJHOKPATHYIO OLIMOKY, IMOCKOJBbKY BCE 3Ha4Y€HHs C pas-
JUYHBI, @ KaXJIOMy C COOTBETCTBYET E€IMHCTBEHHBIM BEKTOp omuoOku €. Jlerko
yOenuThCs, 4TO IJIsl IBYKPATHBIX OIMIMOOK TaKOTO OJHO3HAYHOTO COOTBETCTBUS
yKe He OyferT.

UtoOs! 3aBepIIUTh 00CYXKICHUE TEX BBIYUCICHUH, KOTOPHIE HYKHO MPOBO-
JUTh TPU KOAMPOBAHUU U JIEKOJUPOBAHUHU JTMHEHHBIX OJIOYHBIX KOJIOB, MOJIE3HO
IPOJIOKUTE UX (OpMaTU3aIMIO, B YaCTHOCTU, BBECTH JIJIsi HUX 00Jie€ KOMIAKT-
HYy10 (GOpMY 3aIHCH.

BwmecTto cxemsbl puc. 3.1 yno0HO HCTHIONB30BaTh npogepounyo mampuyy H,
coziepKaryto I' cTpok u N cton61oB 1 coctosmyto u3 0 u 1. Kaxgas ctpoka coot-
BETCTBYET OJIHOM IPOBEPKE HAa YETHOCTb, MPUYEM IOJOKEHUE CIMHUIl B ATOMN
CTpPOKE YKa3bIBa€T HA MO3UILIMU CUMBOJIOB KOJIOBOM KOMOMHAIIMHU, YYACTBYIOIIUX B
JaHHOM npoBepke. Jjis paccMOTpeHHOTo Koja (5,2) Takasi MaTpHIla UMEET BH/T

10100

H =|11010 |.
01001 (3.12)

Ecnu nuneliHbIA OJOYHBIA KOJ K TOMY K€ SIBIISICTCS CHCTEMATHYECKHUM,
marpuily H MoxxHO ycioBHO pasnenuth Ha aBa Oioka H=(Q,l,), npuyem neswbrii
010k mMeeT pasmepsl (IxK), a mpaBbiii 010K - 3TO enuHUYHAsS MaTpuna (rxr). s
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' - TpaHcnioHupoBaHHas Matpuna H.
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Konep cucremaTrueckoro Koja 3amoyiHseT nepBbie K mo3uiuit uadpopmaru-
OHHBIMU CHUMBOJIAaMH, MOCTYMUBIIUMU Ha €ro BXxoj. Ha octaBiiuecs I mo3uiui oH
CTaBUT MPOBEPOYHBIC CHMBOJIBI, TP 3TOM BBIYHCISCT WX 3HAYEHUS TaK, 4TOOBI
JUISL N-pa3psiIHOM BBIXOAHOM KOMOMHanuu okazanock C=0. [lns paccMOTpeHHOro
npuMepa s =a, S,=4a,, a U3 cooTHoumeHui (3.11) HaXonUM TpPU HPOBEPOUYHBIX
CHUMBOJIa, 3aBepIlasi KOJUPOBAHUE:

S3=5 §, =518, §=5,. (3.15)

[IepBeIil aTan JEKOAUPOBAHMS IPUHATON N-pa3psIHON KOMOMHALIMM Y — 3TO
oOHapyXeHHe OITMOO0K, U OH TaKXKe ornpeaensiercs cooTHomeHueM (3.14)

c=yH". (3.16)

HarmomuuM, 4To B cOOTBETCTBUU C (3.2) BEKTOP OMIMOOK € MO3BOJISET BhIpa-
3UTh MPUHATYI0 KOMOMHAIIMIO Y Yepe3 nepeAaHHyo S, To ectb y=S+e. [loacraBum
3Ty cymmy B (3.16) u HanmomMHuM, 4TO ISl JIHOOOM MepenaBaeMoil KOMOMHAIUU
sH" =0. B utore monyuum

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

TO €CTh, CHHAPOM, BHIYMCICHHBIN 110 MPUHATON KOMOWHAIIMU, HE 3aBUCHUT OT TOTO,
Kakasi KoOMOMHaIuMs U3 KOAOBOM Tabmuubl Obula MepeaaHa, a OnpeaesseTcs JUllb
BEKTOpOM omubOOoK. IMEHHO O 3TOM MPUYHMHE MPU OOCYKICHUU OTepanuid AeKOo-
JUPOBAaHMS y HAC HE BO3HUKIIO MOTPEOHOCTH OOpalaThCs K KOJOBOM Tabiule, a
OTPAaHUYMJIUCH JIMIIIb AaHAJTU30M MPEAINONaraeMoro Xapakrepa BO3HUKAIOIIUX OLIH-
6ok. Herpynno goragatbes, 9yTo u Tabj. 3.3. OblIa cOCTaBjICHA ¢ UCIIOIb30BAaHUEM
dopmyisr (3.17), To ecTh c=eH".

He HYXHO CcTpOWTHh KOO TaK, 4TOOBI pe3yjbTaT KaKOW-THOO TPOBEPKH HA
YETHOCTH CIEN0BAJ U3 OCTAIBHBIX MPOBEPOK — ATO MycTas TpaTa pecypcoB. Kpome
TOTO, JIFOOOM M3 N CUMBOJIOB KOMOWHAIIMU JIOJXKEH Y4aCTBOBAThH XOTSI ObI B OJTHOM
npoBepke. [Ipu BbIMOMHEHMH 3THX YyCIOBUHM 000N Matpuiie H cooTBeTrcTByeT
enuHcTBeHHAas maTpura G pasmepa (kxn), Ha3zbIBaeMasi npoussooswel (eeHepa-

mopHOot) mampuyeti TaHHOTO Koja. O0e MaTpUIlbl CBSI3aHbl YPaBHEHUEM
GH' =0, (3.18)
rae 0 — myneBas matpuia pasmepa (kxr).

Ecnu 3amana marpuna H, to, pemnB ypaBHenue (3.18), MOKHO HailTU mat-
punty G. Ilponienypa pemieHus: oKa3bIBaeTCsl MPOCTOM, €CIM KO SIBJISIETCS CUCTe-
MaTudyeckuM. Torma u marpuily G yclmoBHO MOXKHO pa3OuTh Ha JiBa OJoka
G=(,Q"), rue lx — enuanynas matpuia (kxk). Mcnonas3ys 01049HbIE TIPEACTaB-
JeHus1 00eruX MaTpHIl, UMEEM

.
TO €CTh IMOCTPOCHHAss TakuM oOpazoM Marpuria G yJIOBIETBOPSET ypaBHEHUIO
(3.18). B wactHoctu, i (5,2)-xkoxa (3.11) marpunia G umeer Bua
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G 10110
- (01011]' (3.20)
N3 ckazanHoro sicHo, uto marpunia G, kak u matpuna H, moirHocThio ompe-
nenser kol. [ToaTroMy npyras MHTEpIIpeTalys TeX *e€ MPOLEeCcCOB KOJUPOBAHUS U
JEKOIMPOBAHUS MOXKET OBITH OCHOBaHa Ha Matpuie G.
KoaupoBanue nuHelHbIM OJIOYHBIM KOJIOM MOKHO MPOBOAUTH 1O (popMmyiie
s=aG. (3.21)
Ucnonb3ys onpenenenue (3.18), BUANM, YTO CUHAPOM JIJisi TIOTYYEHHON Ta-
KUM 00pa30M KOJIOBOM KOMOMHAIIMY BCET/1a PAaBEH HYIIO
c=sH"=aGH' =a0=0, (3.22)
TO €CTh 3Ta KOMOMHAIUS BXOJUT B KOJIOBYIO TaOJIHILY.
B03MOXXHOCTh JIeKOUPOBaHUS (BBIYUCIECHUS CUHAPOMA) MPUHATON KOMOU-
HAIlMU C UCMOJb30BaHUEM MaTpullbl G CTAaHOBUTCS BMOJHE OYEBHIHOM, €CIIU KO
apisieTcs: cucremarudeckuM (3.10). M3 npunsaroit komOunamuu s, =(a,,b,) Oepyt

BEKTOP-CTPOKY MH(GOPMAIMOHHBIX CUMBOJIOB &, U 110 HEW 3aHOBO MPOBOJSIT KOJIU-
poBanue, Hamnpumep, o (opmyne (3.21), momydass HOBOE 3HAYEHUE BEKTOpa-
CTPOKH IPOBEPOYHBIX CUMBOJIOB b,
s, =a,6=2a,(1,,Q") =(,,a,Q") =(a,.,b,). (3.23)
[To onpenenennto (3.16), BEKTOP-CUHAPOM JI MPUHITON KOMOWHALIMM Sy
paBeH
c=sH' =(a,b )(QTJ:a Q' +b_=b_+b_,
n wPul| | n n =0, D0, (3.24)

)
TO €CTb JJIsl BBIYMCIICHUS CUHJIPOMA JIOCTaTOYHO CJIOKHUThH JIBa BEKTOpa MPOBEPOU-
HBIX CUMBOJIOB: IPUHSTHIA U BHOBb BHIYUCIICHHBIN.

Kpome criocoOHOCTH 00HApYKUBATh U UCTIPABIIATH OLMIUOKU, OJIOYHBIE KOJIBI
00J1a1at0T eIlle U CIIOCOOHOCThIO 80CCMAHABIUBAMb CMepmble CUMB0blL (CM. pas3/l.
2.11).

JlorycTuM, poOBEIEHO KOAMPOBAHKHE PACCMOTPEHHBIM KoJoM (5,2), U KOM-
Ounanus Ha Bxoje Aekonaepa umeer Bua 1 X10X, raoe 6ykBoii X 0003HaU€HBI MTO3U-
UM CTEPTHIX CUMBOJIOB. CUMTaeM, YTO OCTaJbHbIE CUMBOJBI OLIMOOK HE COJIEp-
*atT. B nepBoii npoBepke Ha 4eTHOCTH (puc. 3.1) cTepThie CUMBOJIBI HE YYACTBYIOT.
UtoOBl yIOBIETBOPUTH TPEOOBAHUSM BTOPOW MPOBEPKH, HA BTOPYIO MO3UIIMIO B
ATON 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 KOMOUHAIUS U3 KOJOBOW Tal-
JIUIIBI.

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

B 3aknrouenue crenaeM HECKOIbKO 3aMeYaHui.

1) JlroOoii nuHelHbINH OJI0YHBINA KOJT 00J1alaeT CIETYIOIIMM CBOMCTBOM: €CIIN
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U3 KOJIOBOM TaOIHIIBI B3ATh JBE (Win Oosiee) KOMOMHAIIMI U CIOXKUTh UX (pazyme-
eTcs, 10 MOAYJIIO 2), TO MOJTYyYUM KOMOMHALIMIO, IPUHAJIEKALLYIO TOH e Taliu-
e.

2) Onepanyio YMHOXEHUSI BEKTOPA-CTPOKM HA MATpUIly yIOOHO MPOBECTH
CIIEIYIOMUM 00pa3oM: JIEMEHTHI 3TOT0 BEKTOpa 3allMChIBAEM MPOTUB CTPOK MaT-
PHIIBL, @ 3aTEM CYMMHUPYEM T€ CTPOKHU, TPOTUB KOTOPBIX OKA3AIUCH €UHUIIBI.

3) Ilo onpenenenuto (3.4) KOJOBOE PACCTOSTHUE HYKHO HaXOJUTh MO KOJIO-
BOH TaOmwmie. [ AuHEHHBIX OJOYHBIX KOJOB CYIECTBYET MEHEE TPYAOEMKHI
cnoco0: k Matpuiie G Hy)XHO JoHCaTh CTPOKY, COCTOSIIYIO U3 HYJEH, U TeM ke
criocobom (3.4) ompenenuTs MUHUMAJIbHOE PACCTOSHUE ISl MOJIYYCHHON TaOIiu-
IIBI.

4) Kaxnas ctpoka nposepounoi mampuyst H COOTBETCTBYET OJHOM IMPO-
BEpKE HA YETHOCTh, IPUUEM MOJIOKEHHE €AUHULl B ’TOW CTPOKE yKa3bIBaeT Ha IO-
3UIIMHM CUMBOJIOB KOJOBOM KOMOMHAIINH, YYaCTBYIOIINX B IaHHOMN MPOBEPKE.

5) Kaxaplii cronben npogepounoii mampuyst H COOTBETCTBYET CHUHIPOMY
JUTsl OAHOKPATHOT'O OMIMOOYHOI0 CHMBOJIA, HOMEP KOTOPOTO B KOAOBOM KOMOMHA-
IIMM COBIMAJaeT C HOMEpPOM cToilna. JTo mo3BoisieT mo Matpuie H onpenenuts
Koppekmupyiowyio cnocoonocms xona. Tak. Kon criocoben oonapyscums monvko
O0OHOKPAMHYI0 OWUOK), €CITU BCE CTOJOIBI HeHyedble U ecmb 00uHakosvie. byner
OoOHapyXeHa O08YKpamHas owubka WIA UCHPABIeHAd OOHOKPAMHAs, €CIU BCE
cmonbysl HeHynesvle U pasHvle. B o01eM ciydae ko0osoe paccmosnue pasHo mu-
HUMATbHOMY YUCTY TUHEUHO 3a8UCUMbIX cmonoyo8 mampuysl H.

6) OnHOBpEeMEHHAs OJMHAKOBAs MepecTaHoBKa cToooB Matpur G u H na-
€T HOBBIM KOJI, SKBUBAJICHTHBI MCXOAHOMY, IMOCKOJBKY 3TO MPUBOIUT K aHAJO-
THYHOM MEePEeCTaHOBKE COOTBETCTBYIOIIMX CHMBOJIOB BO BCEX KOJOBBIX KOMOHMHA-
musix. TOT ke pe3ynbTar OyAer, eCiau OJUH U3 JBYX CTOJIOLIOB 3aMEHUTh UX CYM-
MOii. MHOTOKpaTHOE TOBTOPEHHE TOJOOHBIX ONeparuii MOXXHO TPHUMEHUTH,
HarmpuMmep, Uil IPUBEACHUS KoJla K CcTeMaTu4yeckon hopme.

7) IlpuMeHnsitoTcs 1Ba crioco0a peanu3aiuu Kojepa U JeKoepa: MporpaMm-
HBII (IIPU KUCTIOIB30BAaHUM KOMIIBIOTEPA) U amnmnapaTtHbeiid. [Ipu annapaTHol peaniu-
3alMK KOAMPOBAHUS /IS JII0OOr0 JIMHEWHOTO OJOYHOTO KOJa MOXXHO NMPUMEHHTH
TaKOM YHUBEPCAIbHBIN (CJI€10BATEIbHO, HE CAMBIA SKOHOMHBII) CIIOCO0: BXOJHYIO
K - paspsmHyr0 MOCIenoBaTeIbHOCTh HMH()OPMAIIMOHHBIX CHMBOJIOB ITOCIIEIOBA-
TENLHO, CHMBOJI 32 CHMBOJIOM, BBECTH B K — pa3psIHBIN BXOAHON PErHCTp CABHra,
9TOOBI UMETh BO3MOXKHOCTH MPOBOAUTH OJHOBPEMEHHO OIEpAIlH CO BCEMU CHM-
BOJIaMH; TIpU MOMOIIM HAObOpa CyMMaTOpPOB MO MOIYJIO 2 BBIYUCIUTH Pa3lieIbHO
BCE N CUMBOJIOB KOI0BOM KOMOMHauu 1o gopmyie (3.21) ¢ yuérom npumeyaHus
2 (mns CUCTEeMAaTHYECKOTO KOJa MOKHO OTPAaHMYUTHCS BBHIYMCIEHHEM JIHIIb MPO-
BEPOUYHBIX CUMBOJIOB 110 (opmyinam Tuma (3.15)); mpu momomiu N-BXOAOBOTO
MYJBTHIUIEKCOPA BBIBECTH IMOCIIEOBATEIFHO BCE N CHMBOJIOB B HYXKHOM TOPSIKE
(pa3ymeercs, U JJIsl BEIBO/IA CUMBOJIOB MOXHO MPUMEHHUTH N-pa3psIHbINA PETUCTP
C/IBHTa, MPEABAPUTENHHO 3aMUCaB B HETO N BBIYMCICHHBIX CHMBOJIOB KOJOBOM
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KOMOHWHAITUN ).

YHuBepcaibHBIN CIOCOO JEKOIUPOBAHUS TIPEAIONIaraeT CleaAyrolue Jeiu-
CTBUS: N MPUHUMAEMBIX CUMBOJIOB TIOCIIEIOBATENBHO BBOAATCS B N-pa3psaHbIN pe-
TUCTp CABUTA; MPU MOMOIIM Habopa CyMMaTOpPOB MO MOAYJO 2 BBIYUCISIOT BCe I
3JIEMEHTOB cuHApoMa 1o popmynam tumna (3.11) (MOxKHO TOACUUTATH TOTPEOHOE
KOJINYECTBO CYMMAaTOpOB Jake C y4€TOM AyOIHMpPOBaHUSI HEKOTOPBIX OMepanuil);
Opv MOMOIIHU JIOTHYECKOTO YCTPOMCTBA (HA30BEM €ro aHaau3aTOpOM CHHIPOMA),
HOJIB3YSCh TaOuIeH (€—C), MO BBIYUCICHHOMY 3HAYCHHWIO C HaxO[AT €, TO eCTh
HOMEpa OIMMOOYHBIX CHMBOJIOB; TIPU MOMOIIHU K-BX0OI0BOTr0 MYJIBTHUILICKCOpPA MPH-
HATHIE MHPOPMAIIMOHHBIE CUMBOJIBI TTOCJIEIOBATENFHO MOIAI0T HA BXOJ CyMMATO-
pa 1o MOJyJI0 2, a Ha BTOPOU BXOJ CyMMAaTopa B TOM K€ MOpSIKE ¢ aHaJIu3aTopa
CHUHJIpOMa TOJIAI0T HAl/ICHHBIE 3JIEMEHTHI BEKTOpa OIIMOOK, B UTOTE B 3TOM CYM-
MaTope OMIMOKH IMOCIIE0BATEIFHO UCIIPABIIAIOTCS B MpoIlecce BbIBOIa MHPOpMa-
IIUOHHBIX CUMBOJIOB.

8) M30bITOYHOCTD (B TEXHUYECKOM CMBICIIE) JIJIsl IMHEHHOTO OJI0YHOTO KOoJia
paBHa

R=r/n. (3.25)

VYBeNUYUTh KOJIOBOE PacCcTOsiHUE (M KOPPEKTUPYIOIIYIO0 CIIOCOOHOCTh) KoJa
py 3aJaHHOM N yIA&Tcs JUIIb LIEHON yBEIMYEeHUsI U30BITOYHOCTH, MOATOMY OC-
HOBHOU 0e8U3 NOMEXOYCMOUYUBO20 KOOUPOBAHUSL — MUHUMAIbHOE 3HAYEHUE ¥ NpU
3a0annvix nu d,,, .

9) Koxa, yKOpO4eHHBI MO CPaBHEHHUIO ¢ MCXOJHBIM CHUCTEMaTHYECKUM KO-
JIOM, TIOJIYYalOT CIEAYIOMIMM 00pa3oM: ISl Mepeiadyd COOOIICHHS HCMONb3YIOT
AT TIOCJIEAHUE M MO3UINH K-pa3psaHOro BeKTopa &, a rmepsble K-m mo3uimii 3a-
MOJTHSIOT HYJISIMH, 3aT€M KOJUPYIOT 00bIYHBIM 00pa3zoM. [1o nmuHuu cBsi3u nepena-
€Tcsl yKOpoUYeHHasi KOMOMHALMsA, @ B MYHKTE Npuéma mnepes JeKOAUPOBAHUEM 3a-
IIMCBIBAIOT HYJIM Ha Hexocrarolmue no3uuuu. [Ipu takom ykopouenuu d_, u I He

U3MEHSIFOTCS, HO M30BITOYHOCTh BO3PACTAET 3a CYET YMEHBIICHHS N, TO3TOMY 3TOT
Croco0 cieayeT NPUMEHSTh JIUIIb B cy4yae KpaitHel HeoOX0IMMOCTH.

3.3 Koabl XaMmmMuHra

[TponomxuM paccMOTpeHHE JTUHEWHBIX OJOYHBIX KOJOB, O0JIaJaroIUX KO-
JOBBIM paccTosiHueM d, , =3 U B COOTBETCTBUU C (3.6) CIIOCOOHBIX UCIIPABUTSH JIIO-

OyI0 OIMHOYHYIO OIIMOKY B MIPUHATOW N-pa3psaaHON KOMOMHAIIHY.

Tabnuua (e—C) Tuna tadia. 3.3 colepXUT N CTPOK, MPU 3TOM BCE 3HAYEHUS I-
pa3psAHOTO BEKTOpa C JOJDKHBI OBITh pa3iuMuHbIMU. Torga MaKCHUMallbHO-
BO3MOXKHOE 3HaueHue N onpezensercs GopMmyoit

n=n_ =2"-1, (3.26)
I7ie BBIUNTAHUE €UHUIBI OOYCIOBJICHO TEM, YTO HyJeBas KOMOMHAIIHS, COOTBET-
CTBYIOII[asi OTCYTCTBHUIO OITUOOK, B TAOJIUIIE HE COECPIKUTCS.
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Koowi, obnadarowue maxumu napamempamu, Hazvleaiomcs Kooamu X>m-
munea. K uum otnocsites konst (3,1), (7,4), (15,11), (31,26) u T.1.
Kcraru, kox (5,2), paccmorpeHHslit B pa3zaene 3.2, Takxke umeer d_, =3, HO

HE SBISIETCS KOJOM XIMMUHTA.

Hamomunm, uTo 3Ta Tabnmma (€-C) mocTpoeHa ¢ UCIOIb30BaHuEM (HOPMYIIBI
c=eH', U B HEll 3HAYCHUS BEKTOpA-CHHIPOMA COBIAJACT C COOTBETCTBYIOIIMMU
cTonOIamMu MaTpuilsl H, moaToMy gaxke HET HYXIbl B IOCTPOSCHUU TOM TaOJIHIIHI.
K coxanenuto, Takoe MpoCTOe COOTBETCTBUE XapaKTEPHO TOJBKO JII KOJOB, HC-
NPAaBISAIONIUX OMHOYHBIE OLTHOKH.

Utak, myst koga XaMMHUHTa B KauecTBe CTOJIONOB MaTpullbl H HyXHO 3amnu-
caTh pa3NUyHbIC I-pa3psaHbIE ABOMYHBIC YKCIA, KPOME HYJIEBOTrO (KpacoTa Heu
MOCTPOEHUS KOJIa XOMMUHIA CTAHET TMO3kKe OoJiee MOHATHOM, €CIM UX 3aIlucaTh B
MOPSJIKE BO3PACTAHMUS).

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

0001111
H=|0110011 |. (3.27)

1010101

B kadecTBe MpOBEPOUHBIX ISl KOJAA XAMMHUHIA MOXHO CUMTATh JItOObIE I
CUMBOJIOB, HO BBIYMCIICHHE MX 3HAYCHHUI MpHU KOJAUPOBAHUU CJIETKa yIPOLIAeTCs,
€CJIM B Ka4eCTBE MPOBEPOUHBIX B3SITh T€ CUMBOJIBI, KOTOPhIE OXBAau€HbI JIUIIbL OJI-
HOW TIPOBEPKOI Ha YETHOCTH. B HameM mpumepe 310 Sy, Sy, S4, TOTZIA HHPOPMAIIH-
OHHBIMU CHUMBOJIAaMU OYyAYyT Sz, Ss, S, S7. IlepecTaHOBKO CHUMBOJIOB KOJi MOKHO
NPUBECTH K CUCTEMATUYECKOMY BHUJY, HO TMOJb3bl OT TAKOW OMEpalu B JaHHOM
ClIy4ae Mmoka He BUIHO.

KonupoBanue s (7,4)-kona MpOBOAMUTCS CIEAYIOIIMM 00pa3oM: YEThIpE
WH(GOPMAIIMOHHBIX CUMBOJA &,,a,,3,,d,, NOCTYIIMBIIIKE HA BXOJ KOJEpa, 3alHChl-

BAlOTCSl HA MO3ULIUHU S3, Ss, Sg, S7, @ 3aTEM HAXOIAT TPU MPOBEPOYHBIX CUMBOJIA MO
TOM ke MeTouKe, Kak u (3.15)
S, =S,+S+S,, S,=S,+S,+S,, S, =S +S,+5,. (3.28)
JlekonupoBaHrue HauWHAeTCs C BbIuucieHus cunapoma (3.16). Ecmu c¢=0,
CUMTAIOT, YTO OLIMOOK HET. B MpOTHBHOM ciydae BHIYMCIECHHOE 3HAU€HHE C COB-
najsaeT ¢ HOMEPOM OIIMOOYHOI'0 CHMBOJIA, 3alMCAHHBIM B IBOMYHOHN (opMme.
st (7,4)-xona BBIUMCIECHUE DJIEMEHTOB CHHPOMA MPOBOAUTCS 1O (popmy-
jaam
C,=S,+S,+S+S,, C,=S,+S,+S,+S,, C;=S +S;+5 +5,. (3.29)
Hanpuwmep, nns npunstort komOounanuu Yy=0111100 umeem ¢=000, moaTomy
CUHMTBIBAEM 3HAYEHUS Y, Y, Vs, Y, ¥ TIOJJAaEM UX Ha BBIXOJ JieKojepa (TpOBEPOUHbIE

CUMBOJIBI CBOIO POJIb YK€ CHITPAIIA M TIOJyYaTeII0 OHA HE HYXHBI). [[7151 koMOnHa-
i 1010001 mmeem €=101, TOo ecTh ommOKa B IMITOM 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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MANbHbLIM KOOOM, MO ecmb, cpedu cex KOO08 C 3A0AHHLIMU 3HAYEHUAMU T U
d. , =3 Hem Opyeoco KoOa, Komopwli Obl 001a0aNl MeHbulel U3DLIMOYHOCTbIO

(3.25). bonee Toro, OH OTHOCUTCS K KJIACCY COBEPUICHHBIX KOO0, TO €CTh, UCIIPaB-
Js1s1 TH00YI0 OTHOKPATHYIO OLIMOKY, OH HE CIIOCOOEH MCIPAaBUTh HU OAHOM OIIMO-
k1 OoJiee BBICOKOW KPaTHOCTH. XOTsSI OOHAPYXHUTh OH MOXKET W OJHOKPATHBIC, U
nByKpaTHble omuOku. [loaToMy mpu oOHapykeHuu omuOOK (c¢=0) AanbHeiiiee
JEKOJIMPOBAHNUE TPOBOJUTCS B MPEAMNOIOKEHUH, YTO B KOJOBOW KOMOWHAIUU
nmpou3oInia 6ojiee BeposiTHasl, OJHOKpaTHas omubka. Takum oOpa3om, coBepIIeH-
CTBO KOJIa 3aKJIFOUAETCSl B TOM, YTO OH BCE PECypChl HANPABIIAET HA MCIIPABICHHE
OJTHOKPATHBIX OIIUOOK.

OTO CTpeMJeHHEe TPOCMATPUBAETCA B CXEMe MPOBEPOK, MOCTPOEHHOM
HaunOoJiee paloHaNIbHBIM 00pa3oM, €CJIU BCIOMHUTD, YTO PE3YyJIbTaT Kax 101 npo-
BEpKU BBIAAETCS B IBOMYHON dopme (na - Her). [IpeacraBum cebe, 4To mepen ze-
KOJMPOBaHMEM KOMOMHAIMS JIOTIOJIHEHA CJIeBa €lI€ OJHUM 3HAKOM S, =0, CUMBO-

JU3UPYIOIIUM OTCYTCTBHE OLIMOOK B OCTaJbHBIX CHMBOJIaX. Torjaa mpoBeicHUE
MIPOBEPOK HA YETHOCTHh HAIIOMHMHAET MPOILIEAYPY YraJAbIBAaHUS YUCIIA, KOTOPOE MO-
KET NPUHATH Jr000e u3 2" 3HaueHuid. Cxema NMPOBEPOK Ha YETHOCTh YKa3bIBAET,
KAKUM JIOJKEH OBITh CMBICI KaXKJI0T0 U3 3a/1aBa€MbIX BOIPOCOB IMPHU YCIOBUHU, YTO
Ha KaXKJbI U3 HUX Ja€Tcs OTBET “‘Aa” uiu “Her”’. CxeMa mpoBEpOK Koja XIMMUH-
ra TakoBa, YTO MO3BOJIET YBEPEHHO OMPEALIUTh 3aJJaHHOE YHCIO TPU MUHUMAJTb-
HOM KOJIMYECTBE BOIPOCOB I

3.4 Uuknunyeckue koAbl

Crnenyer OTMETHTb, YTO MUKINYECKUN KO — 3TO OJHA U3 CAMBIX SIPKHUX HJI-
JIOCTpAIMil TOro, KaK pa3yMHOE MPUIOKEHUE Pe3yIbTaTOB a0CTPAKTHONW MaTeMa-
TUYCCKON TEOPHH IMTO3BOJIUIIO CO3aTh BEChMa MPOCThIC U d(PPEKTUBHBIC TEXHUYEC-
CKHE€ YCTPONCTBA — KOJAECPHI M IEKOJICPHI.

[{ukinyeckuit Kol — 3TO Pa3HOBUJIHOCTH JIMHEWHBIX OJIOUHBIX KOJIOB, IO-
ATOMY ISl HETO CIpaBEJJIMBO BCE, UYTO ObLIO CKa3zaHO B pazgenax 3.1 u 3.2. B
YaCTHOCTH, CyMMa JIByX KOMOMHAIIUM, B3SThIX U3 KOJOBOM TaOJIHUIIBI, 1aeT KOMOU-
HAIMIO, TIPUHAIICKAITYI0 TOH ke Tabmuie. [lukmndyeckrne Koasl 00JIaaloT emne
OJTHUM, JTOTIOTHUTEIHHBIM MPU3HAKOM: KOMOWHAIINS, TIOTyYeHHAS ITOCIE UK e-
CKOM MepecTaHOBKHU CUMBOJIOB B MOCJIEIOBATEIHLHOCTH, B3SITOM U3 KOJOBOM TaOJIu-
1bl, IPUHAJICKUT TOU e TaOIuIIe.

CtumysoM ISt CO3JIaHusl TAKUX KOJOB SIBUJIOCH JKETIAHWE UCTIONBH30BATh TS
KOAWPOBAHUS W JEKOAUPOBAHMS IPOCTHIE YCTPOWCTBA, MOJOOHBIC JTUHEHHBIM
G poBbsIM QrtbTpaM (paza. 2.7).

[ToaTOoMy U 37€Ch JUJIsi ONMUCAHUs N-pa3psIHBIX KOMOMHAIMI S, COCTOSALIUX
13 M-UYHBIX CHMBOJIOB, YI00HO HCITOJIb30BATh MOJUHOMBI (2.13)

S=(SysSy - Spg) —> S(X) =5 X" + 5 X" +... 45, X", (3.30)
rae 5=0; 1;...; M-1.
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Cpazy cienyer 3allOMHUTh T€ 0COOBIE MpaBuiIa OOpaIieHUus C MOJUHOMAMH,
KOTOpbIE 00YCIIOBIIEHBI OCOOBIMH CBOMCTBAMH IUKJIMYECKHUX KOJIOB 110 CPAaBHEHHUIO
C ApyruMu U(PPOBEIMU TTOCIECOBATETHHOCTIMHU.

Bo-niepBhIX, Mbl OrpaHUYMMCS] U3YYEHHEM JIMIIb JBOMYHBIX KOJOB, KOI'Ja
000M CHMBOII Sj B JIIOOOW TOYKE TPAKTA MEPeJadyd MOKET IPUHUMATD JIUIIb OJHO
u3 AByx 3HadeHui: 0 wim 1 (kcratu, oOmias Teopus MUKIUIECKUX KOJIOB OXBAThI-
BaeT M HEJBOMYHBIC KOJBI, PUYEM MPHU OONBIINX 3HAYCHUSAX M koa mpuobperaer
HEKOTOphIE HOBBIE CBOMCTBA, HO 3Ta TEOPHS, ECTECTBEHHO, HECKOIBKO CIIOKHEE).
UtoOb1 06ecIeYnTh 3TO OTpaHUYCHHUE, CYMMHUPOBAHUE CUMBOJIOB (KO3 (PHUITMEHTOB
MNOJMHOMOB) HYXXHO MPOBOAMUTH MO MOAyit0 2 (cMoTpu dopmynsl (2.1)). B manb-
HEHIIeM, paau MPOCTOTHI, OyJeM HCIOIB30BaTh 3HAK OOBIYHOI'O CYMMHUPOBAHUS,
HaATIpUMep,

X+x=X(1+1)=0, x*+x°+x’=x>, (@+xX*+x)+@A+x*+x)=x"+x>.

Bo-BTOpBIX, MUKIMYECKUA KOJI OJIOYHBIHN, CIIeI0BATEIbHO, CUTHANBI, TOJY-
yaeMble B pe3ysbTare JIF0OBIX MPeoOpa3oBaHuid, - 7TO KOMOUHAIIMH, COCTOSIIINE U3
n 6ut. [TosTOMyY TTpM YMHOXEHUH TTOJTMHOMOB TIPUHSITO COTJIAIIICHUE

x™ =1, (3.31)
rje m — aro0o0e 1e10e HEOTPUIIATEIbHOE YUCTIO0, ClieaoBaTeNnbHo, X™ +1=x" -1=0,
X"+1=0, x™ =x) mT.10.

Hanpumep, npu n=5 umeem
A+ xHC+xD) =X+ X+ X%+ X =X + X + X+ x> =x+x°. B urore nmo060ii MOJIMHOM
OyneT comep>kath YiICHBI ¢ X B CTEIICHHU, HE TIpeBbImatomei N-1.

Wtak, mpy yMHOKEHUU TOJMHOMOB HMCIOJIB3YIOTCSI COTJIAIIEHUS O CYMMHMU-
poBanuu mod 2 u (3.31), a mpaBwiIa AeNCHUS TTOJIUHOMOB, Pa3yMEETCs, BBITEKAIOT
U3 MPaBUJI X YMHOXKCHHUS.

[Tockonbky K03 UITMEHTH TOJIMHOMOB — IIeNible (IBOMYHBIE) YMCIIA, MPU
JICJICHUH TIOJJMHOMAa Ha TIOJMHOM TOJIy4aeM TIOJMHOM-YacTHOE W TOJTUHOM-
ocratok. Hanpumep, npu N=5 nociie BLIIOIHEHUs onepaun (X+x*)/(1+x?) uMeeM
gactHoe (1+x”) W ocTtaTtok (1+X). B ormnmmume or ciydas GuiabTparmu OOBIYHBIX
curHanoB (pasa. 2.7) npu paboTe ¢ HUKIMYECKUM KOJIOM HE MMeEeT 3HAUCeHHMs, Ka-
KUM TIOJTYYHJIOCh YaCTHOE, BAXKHO JIMIIb, KAKOBO 3Ha4YeHUE ocTarka. /(s 0603Ha-
YCHHUS TIOJIMHOMA, COOTBETCTBYIOIIEIO OCTaTKy OT jaejicHus a(xX) Ha b(X), Oyaem
UCIIOJIb30BaTh OJIMH U3 JIBYX BapHaHTOB:

res(X) wmm a(x)mod b(x), (3.32)
IpU 3TOM BUIHO, YTO MAaKCUMAaJbHBIM MOKa3aTelb CTEMEHH MOJIMHOMA res(X) He
npeBbIIaet pP-1, rae p — creneHb monuaOMa b(X).

B wactHocTH, u cornamenue (3.31) o3HayaeT, 4TO 3aBepIIAOIIAsT OTIEPALIHS
Ha/l oJMHOMOM a(X), TOJyYeHHBIM B pe3yJIbTaTe KaKux-JIM0O0 MpeoOpa3oBaHui, -
3TO BBIYHCIICHUE OCTaTKa

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

Hpyrast ocoOeHHOCTh, BhITeKaromas w3 Gopmyn (3.31) u (3.33), 3akmouaer-
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Csl B TOM, YTO IUKIIMYECKAsl MMePECTaHOBKAa CUMBOJIOB BIIPABO B N-pa3psiaHON KOM-
OMHAIUU OTOOpaXKAETCS YMHOMXKEHHWEM COOTBETCTBYIOIIETO TMOJMHOMA Ha X.
Hanpuwmep, npu n=7 ans komOounaanmu S=0110011, s(x)=x+x*+x°+x° mocje 1uK-
JIMYECKOM MmepecTaHOBKH uMeeM s =1011001, TO ecTh S (X) =1+ X* + x> +x® = xs(X) .

CrocoObl KOUPOBAHUS M JIEKOJUPOBAHUS KOHKPETHBIM ITUKINYECKHM KO-
JIOM TIOJHOCTBIO OMPEACISIIOTCS €0 NpPou3800auuUM (NOPOACOAOWUM, 2eHepa-
MOPHBIM) NOTUHOMOM CTETICHU I

g(X) =g, + g X+...+ 9, X, (3.34)

rae g, =0;1, mpuaéMm Beceraa g, =g, =1. PopmMaabHO 3TOT IMOJIMHOM TOKE COAEPIKUT
N 4JIEHOB, IPOCTO y HETO §; =0 mpu j>r.

DynoamenmanvHoe CEOUCMBO YUKIULECKO20 KOOA COCMOUm 6 MOM, Ymo
NOIUHOM S(X), coomeemcmaywull 000U paspeuénHoll (nepedasaemoti) Komou-
Hayuu S, denumcs 6e3 ocmamka Ha NPou3800AWULL NOTUHOM

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

OTcroza ciaeayer METoJ JICKOJUPOBaHUs MPUHUMAeMON KoMOWHAIUU V(X):
HY)KHO BBIYHMCIIUTBH OCTATOK res(X) oT aenaeHus 3toro noiauHoMa Ha ((X). CrerneHb
NoJIMHOMa res(X) He MpeBBIaeT -1, TO €CTh 3TOT OCTAaTOK COJMEPXKHUT I OuT. Ecim
0Ka3ayioch, 4To res(X) =0, TO 3TO HECOMHEHHO yKa3bIBa€T HA HaJW4yue OUIUOOK B
NpUHATON KOMOWHAIMKU (0OHApyXEHHUE OITHOOK).

HamomuuMm, 9To mepemanHas S W MpUHATas V KOMOWHAIIUU CBSI3aHBI COOT-
HomieHue (3.2), OTKy/1a cieayeT

v(x)=s(x)+e(x), (3.36)

rie e(xX) — monuHoM omu6ok. Tormaa ¢ yuérom (3.35) uMeeM COOTHOIIIEHHUE, aHAIO-
ruaHoe ¢popmyne (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 3aBUCUT OT TOTO, Kakas KoMOuWHaius Oblila Tiepesa-
HA, @ 3aBUCHUT JIMIIb OT TOT0, KaKhe MpOou30NUId omuoku. Takum oOpa3oM, ocTa-
TOK res(X), BRIYMCICHHBIN TIPU JEKOAUPOBAHUU, 00JIaIa€T TEM e CBOWCTBOM, UYTO
U CUHJIPOM C JIF0O0r0 JTMHEHHOr0 6JI0YHOT0 KOJa.

OTtcroga BBITEKAET MepBOE TPEeOOBAHKME, KOTOPOMY JOJKEH YIOBIETBOPSTH
“Xopomuii” MPOU3BOASIIMKA MOJMHOM: €CIIM HY)KHO OOHApyY)XMBaTh BCE OIIMOKHU
KpPaTHOCTU (<(,, TO JJIs BCEX TaKUX MOJMHOMOB €(X) MpH BBIYUCICHUU 110 Hop-

myiie (3.43) TOJDKEH MOMy4aThCsl HEHYIe80U OCMAMOK.

W3 onucaHHOM TpoLeAyphl IEKOAUPOBAHUS CTAHOBUTCS OYEBUIHBIM U CIIO-
co0 HWCIpaBJICHUs] OMIMOOK: BBIYKCIIMB OCTATOK JUIsS MPUHATON KoMOuHarmu V(X),
HY)KHO ITOJICTaBHTh €ro 3HaueHue B ypaBHeHue (3.37) res(x)=e(x)mod g(X) u Haiitu
U3 Hero BekTop omuobok e(X). Torma oueBUaAHO BTOpOEe TPEOOBAaHHE K TOJIUHOMY
g(X): ecmu HY)KHO HCIIPABIISATH BCE OMIMOKU KPaTHOCTH 1<(<(,, TO BCEM TaKUM
nonuHOMaM €(X) JTOJKHBI COOTBETCTBOBAThH pa3jIMYHbIC HEHYJICBbIC OCTATKH, WHA-
4e He yAacTca OJHO3HAYHO pemuTh ypaBHeHue (3.37). KcraTn, MakcumanbHoe KO-
JMYECTBO Pa3IMYHbIX HEHYJIEBBIX OCTATKOB ONpPEAENAeTCs OUYEeBUAHBIM 00pa3oM
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N, =2"-1, (3.38)
a YHCJI0 Pa3NIUYHBIX OJJHOKPATHBIX OIIMOOK PaBHO N, YHUCIO JBYKPATHBIX OIMIHUOOK
paBHO C’ W T.1.

OOpatuMcst k mipodsieme kooduposanusi. Ecau momuHom a(X) cremenu k-1,
COOTBETCTBYIOIIUNA BXOJHOW KOMOHWHAITMM WH(POPMAIIMOHHBIX CHMBOJIOB, YMHO-
KUTH Ha TIPOU3BOJIAIINN TTOTUHOM

s(x)=a(x)g(x), (3.39)

TO TIOJIYYHMM TIOJIMHOM, YAOBJIeTBopstomuid yciaosuto (3.35) (cpaBHuTE ¢ hopmy-
noii (3.21)). Koxa, hopmupyemsiii Takum o0pa3oM, HE SIBIISIETCS CUCTEMATUYECKUM.
st koouposanus 6 cucmemamudecxkou ¢popme (MHPOPMAITMOHHBIE CUMBO-
JIBl @; MOCJIEIOBATENLHO NEPEHOCATCA B KOJOBYI0 KOMOMHALMIO S U 3aHMMAIOT K

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

Omnepanuu, omnpeaenseMble 3TUM BBIPAKEHUEM, MOXKHO JI€TaJU3UpPOBATH
CIeAYIOIM 00pa3oMm:

1) ymHoxkenue a(X) Ha x" o3Ha4aer, 4To K MHYOPMAIIMOHHBIX CHMBOJIOB
C/IIBUraeTCs Ha I MO3UIKK BIIPABO U B UTOre 3aHUMAIOT K cTapiiux (1Mo CTEMeHsIM X)
pa3psmIoB; I pa3psoB ClIeBa MPU ITOM OKa3bIBAIOTCS HYJICBBIMU,

2) BbIYMCIISIETCS I-pa3psIHbIA OCTAaTOK res(X) OT JeneHus moyimHoma x'a(x),
COOTBETCTBYIOIIETO MOTYYEHHON TakuM 00pa30oM KOMOWHAIINY;

3) 3TH I' BJIEMEHTOB OCTaTKa MOMENIAI0TCA Ha I HyJIeBbIX MO3ULIUNA KOMOUHA-
IIUU, TIOJTy4YCHHOHN B TyHKTE |, B KAYeCTBE MPOBEPOYHBIX CUMBOJIOB.

Jlerko mpoBepUTh, YTO Takass KOMOMHAIIMS yAOBICTBOpseT ycinoBuio (3.35).
Konwi, momydennsie mo ¢popmynam (3.39) u (3.40), 5KBUBaJICHTHBI, HO 3TO Pa3HbIC
KOJIbl, TO €CTh UM COOTBETCTBYIOT pa3Hble KOJ0BbIe Tabnuibl. Ho mockonbky oba
KO/a 00JIaaroT OJHUM M TeM e CBOMCTBOM (3.35), anropuTmMbl 0OHApPYKEHUS U
UCTIPABJICHHSI OITUOOK /IS HUX JIOJDKHBI OBITH OJTMHAKOBBI.

TpeboBanus, npeabsBiIsgeMble K MoauHOMY ((X) Koza, CrocCOOHOro oOHapy-
KUBATh M WUCIIPABJIATH OIMTUOKU 3aJJaHHBIX KPATHOCTEH, CBUACTEILCTBYIOT, YTO J1a-
JIEKO HE BCAKUUN MOJUHOM CTEIEHU I' MOXKET OBITh MPOU3BOISIIMUM MOJIMHOMOM. B
pe3ynbTaTe MaTeMaTHYECKOr0 aHalli3a, OCHOBAHHOIO Ha OOUIMX IMOJIOKEHUSAX aj-
reOphl, OBUIO MOKa3aHO, YTO MapaMeTpPbl U MPOU3BOISIINN MOJIUHOM XOPOIIETro
UKJIMYECKOT0 KOJa JOJKHBI 00J1a1aTh CIEAYIOIIMMHI CBOMCTBAMHU.

Bo-nepsebix,

n=2°"-1, (3.41)
rJie p — Uuejioe Yuciio (p=3);
r<pq,, (3.42)

r71e (,- MaKCUMaJIbHas KpPaTHOCTb FapaHTUPOBAHHO MCIPABISEMBIX OLIMOOK, IIPU
3TOM KoA0BOe paccrosuue d_, =2q, +1. [Ipu r <<k 3TO HEpaBEeHCTBO OOBIYHO 00-

pamaercsi B paB€HCTBO.
Bo-BTOpBIX,
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g(x) modb(x) =0 (3.43)
qutst mroooro b(X), ecimu b(x) #1 1 b(x) # g(x) . DT0 3HAYUT, YTO MHOTOUICH J(X) sIB-
JISI€TCS HETPUBOJUMBIM (IIPOCTBHIM), TO €CTh HE JIEUTCS 0€3 OCTaTKa HU Ha KaKou
JPYroii MHOTOWIEH, KpoMe 1 u camoro ceosl.

B-Tperbux,

g(x)h(x) =x"+1=0, (3.44)
TO ecTh ABywWIeH X" +1 genutcs O0e3 ocratka Ha §(X) (cpaBHHTE 3TO ¢ Popmysoi
(3.18)).

Konpl, obnanaroniue ykazaHHBIM HAaOOpOM CBOMCTB, Ha3bIBAIOTCS KOAAMU
BUX. Tabauipl MpoOu3BOASIIMNX TOJHHOMOB ISl TAKMX KOJOB JaHBI B PsJiec KHUT
[2,8]. HekoTopkie n3 monmHOMOB npuBeneHsbI B [Ipunoxenun 1.

OOpatute BHUMaHue, uto npu q, =1, d _, =3 i (3.48) umeem p=r u nus

(3.41) momyunm
n=2"-1. (3.45)
Takum 06pazom, camwiti npocmoti yukiuveckuti koo bYX sxkeusanenmen Ko-
0y Xommunea (3.26) u, cnedosamenvpHo, maxxice s611emcsi ONMUMAIbHLIM U CO-
BEPULEHHBIM.
[TonmuuoMm crenenu K, Bxomsmuii B (3.44),
h(x) = h, +hXx+...+h x (3.46)
HA3BIBACTCS NPOBEPOUHBIM NOJUHOMOM JAHHOTO IUKIMIECKOTO KOJa, MPUIEM BCE-
raa h,=h =1. Tabmuipl MPOBEPOYHBIX MOTMHOMOB HE MPHUBOIATCS, MOCKOIBKY

€ro JIErKo MOKHO Haith u3 (3.44).

BronHe ectecTBeHHO, UTO JJISI KOMUPOBAHUS M JICKOJAUPOBAHUS BMECTO T10-
nuHOMa ((X) MOXKHO HCIOJIB30BaTh mosuHoM h(X), mpu stoM ¢hynoamenmanvroe
ceoticmeo (3.41) bopmynupyercs ClIeTyomuM o0pa3om

s(x)h(x) mod(x" +1) = s(x)h(x) =0, (3.47)
TO ecTh npousBeaeHue S(X)N(X) memutcs 6e3 ocratka Ha X" +1, MPU 3TOM 0003HA-
yeHue mod(x" +1) OmyIleHo, MOCKOJIbKY 3Ta ONepalus yXe Obljla HaMUu MPUHATA B
cornamenusix (3.31) u (3.33). Kcraru, NMKIMYECKU KOJI — 3TO JIMHEWHBIN 0J104-
HBIN KO/, TO3TOMY HEYAUBUTEIIBHO, YTO 3Ta (opMyJsia HarloMUHAET (3.22).

Pazymeercs, 3TO COOTHOIIIEHNE TaKKE€ MOYKHO HMCIIOIB30BATh JJIsl IEKOIUPO-
BaHWs, TO €CTh JI OOHapyKeHHs omuOoK. MTak, m xomep, U JACKOACP MOXKHO
CTPOHTH JUOO0 Ha OCHOBE MPOM3BOJAIIECTO MOJIMHOMA, JTUOO0 Ha OCHOBE MPOBEPOU-
Horo. Bo Bcex cimydasx Kozep M JACKOJep COAepkKaT PETUCTp CABUTA M CYMMAaTOPHI
110 MOAYJIIO 2, IPUYEM KOJIMYECTBO SYEEK PETUCTpa CIBUTa PaBHO CTEIECHU TOJIH-
HoMa. Ha mpakTrike 0OBIYHO MPUMEHSIOT KOJbI C MaJION M30BITOYHOCTHIO, IS KO-
TOPBIX I' <<k, MMO3TOMY KOJAEP M JEKOJAEp BBITOJHEE CTPOUTH Ha OCHOBE MPOU3BO-
nsrero moauHoMa g(X).

3aBepmras 00CyXJIeHUE OOIINX TMOJIOKEHUH, OTMETHM, YTO ISl KOAHPOBa-
HUS [IUKITMYECKUM KOJIOM M JCKOJMPOBAHUS HE TPEOYETCsS MCTOIB30BAHMS JaXe
NIPOM3BOSIICH U MMPOBEPOYHON MATPHIL, HE TOBOPS YKE O KOJIOBOM Tadmuie. Tem
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HE MEHEE, OTH MATPHIBI CYLIECTBYIOT U UMEIOT CIEMYIOIIMI BHI:

9(x) ] | (h(x)).
xg(x) (xh(x)).

G=|xg(x) [, H=|(xX*h(X),

(3.48)

X9 (x) | (X*h(x), |
rae (h(x)), - mosmHOM, coriacoBaHHbIN ¢ N(X), TO ecTh KOA(PPHUIMEHTHI ITOTO IO-

JIMHOMA 3amucaHbl B 0OpaTHOM mnopsake h;=h , ;. Hampumep, npu n=7 nusa

;-
h(x) =1+x+x* +x* umeeM (h(x)), =x* +x* +x°>+x°.
Paccmorpum koHkpeTHbId mpumep. st (N,K) — K010B ¢ KOAOBEIM paccTosi-
HUEM TPH, UCIIPABJISIIONINX BCE OJTHOKPATHBIC OMHMOKHU ([IUKINYECKUX KOJIOB X3M-
muHTa), B [Iprioxennn 1 nmpuBeAcHBI CIENYONMEe BO3MOKHBIC 3HAUCHUS Tapa-
metpoB: (7,4), (15,11), (31,26), u 1.1. [Ipoananu3zupyeM Hamboaee KOPOTKUN KO
(7,4). Jlns Hero maHel JBa BapuaHTa MPOHM3BOMSIILErO MOMMHOMA: g(X)=1+X+Xx°
b0 g(x)=1+x*+x*. Koasl, MoCTpOeHHBIE HA OCHOBE JIO0Or0 M3 HUX, OKa3bIBa-
I0TCS pa3HBIMH, HO DKBUBAJICHTHBIMH. BriOepeM 151 onpenen€HHOCTH TIEPBBIN ITO-
auHOM g(X) =1+ X+ X°.
Jlanee HaiiAéM IPOBEPOUHBIN ITOJIMHOM U3 COOTHomeHus (3.44),
JUIS1 TOTO BBIMOJIHUM JAelieHue (1+X") Ha g(x) crondukom (puc.3.2).

+ X;+15 4 )4(13+)§+1
X +X°+X XX +x+1
. xz+x‘3‘+12
XX +X
XHxCHx+1
X x>+
x3+x+1
T xCx+1
0
Puc.3.2. Boluncienue npoBepo4HOro

nosuHoMa s (7,4)-koaa

Takum 006pa3oM, MPOBEPOUHBII MOJTUHOM UMeeT BUI h(X) =1+ X+ X* +X* .
[Tonp3ysice crocoboM (3.54), 3amuiieM NPOU3BOASIIYI0 M IPOBEPOUYHYIO
MaTpPHULBI

1101000
0010111
_| Q0100 T 01110
"1 0011010 |’ - ' (3.49)
1011100
0001101

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

K L 1 vl
as,...,dg
— 0 |
M2 JﬁMZ S6y. -390

G O 92 g3
Puc. 3.3. Cxema kouepa necucmemamuuecxoeo (1,4)-
KOJIa Ha OCHOBE IPOM3BOISIIETO MOJHHOMA
kioue K B konep BBoAsATCS 4 MHPOPMAIIMOHHBIX CUMBOJIA, IIPU 3TOM B CXEME BBI-
YUCIISIOTCS U BBIBOASITCS 4 MEPBBIX CUMBOJA S,...,S, KOAOBOM KoMOMHauuu. [lanee
ko4 K pa3mbikaercs, U B TEUEHUU CIEIYIOMUX TPEX TAKTOB BBIUUCISIOTCS U BhI-

Jo 01 02

’% v H

< ©«
N w
N =
=
w
=
w
(o2}

Puc. 3.4. Cxema xonepa cucmemamuueckozo (7,4)-
KOJIa Ha OCHOBE MPOM3BOJISILETO MTOJTHHOMA

BOJISITCS] 3HAYEHUS S,,S;, S -

Cxema Kojiepa CUCTEMaTHYECKOTO Koja, peanusytomias merop (3.34), nana
Ha puc. 3.4.

D10 cXxema jefieHus MmoimHoMa X'a(X) Ha moauHoM g(X), HO, B OTJIMYHE OT
cxembl puc.2.11, oHa mocTpoeHa HECKOIBKO MHAYE, MOCKOJIbKY OPUEHTUPOBAaHA HE
Ha BBIYUCJICHHE YaCTHOTO, @ Ha BhIYKCIIEHUE ocTaTKka. Peructp obHymsercs, nepe-
Kiroyarens 11 nepeBoauTces B monokeHue 2, U B Te4eHUE 4 TaKTOB B KOJAEP BBOMSAT
4 wHbopMaIMOHHBIX CUMBOIA. OJHOBPEMEHHO 3TH CHMBOJIBI MOCTYIAIOT HA BBI-
X0l B KauecTBe MH(OPMAIMOHHOW YacCTH KOJOBOM KOMOMHALUU S, =a,,...,S; =3,

(oOpaTuTe BHHMMaHUE, YTO BBOJ M BBIBOJ INPOM3BOJATCA B OOpaTHOM MOpSJKE,
HaurHas ¢ KO3(PPUIMEHTOB MPHU CTApIIUX CTeNeHax X). B aTo Bpems B peructpe ¢
OOpaTHBIMU CBSI3MU HAUMHAETCSl BBIUMCIIEHUE OCTaTKa. 3aTeM mepekitoyaTens [1
NIEPEBOJUTCS B MOJIOKEHUE |, OTKIIFOYAst BXOJ, U B TEUEHUE CIEAYIOUINX 3 TAKTOB

K iy T -l
Vo,...,Ve
el fi =
P

9o 01 02 03

Puc. 3.5. Cxema nexonepa (7,4)-koqa Ha OCHOBE
IIPOM3BOISIIEIO ITOJIUHOMA
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3aBEpIIAETCS BBIYMCICHUE OCTaTKa M €ro AJIEMEHTHI BBIBOJATCS HA MECTE MPOBE-
POUYHBIX CUMBOJIOB KOJIOBOWM KOMOWHAIIUU

Cxema nekojepa, IpuBeAEHHAs Ha pUC. 3.5, Tak)Ke OPHEHTHUPOBAHA HA BHI-
YHCIICHUE OCTAaTKa OT jejeHus nojauHoMa V(X) Ha moauHoM §(X) (popmyna (3.43)),
MO3TOMY OHA MPAKTHYECKU HE OTJIMYAETCS OT MpelbIayiier cxembl. Peructp o0-
HyJsieTces, Kitod K 3aMbIKaercs, U B TEYEHHUE / TAKTOB B PETUCTP BBOAATCS 7 CUM-
BOJIOB MPUHATON KOMOMHAIMU, HauMHas ¢ Vg (cTtapuiero paspsaa). [locie 3aBep-
IICHHs] BBOJIA B SUEHKAX PETHUCTpa OKA3bIBAETCS 3alMCAHHBIM 3HAYEHHUE OCTAaTKa
res(X). Eciu res(x)=0 (B 3 suciikax perucTpa OKa3aluCh HYJIH), CUATAIOT, YTO B
NPUHITOW KOMOWHAIIMK OMMOOK HET, ¥ HAa ATOM JEKOANPOBAHNUE 3aKaHUYNBACTCS.

B nporuBHOM ciydae (res(x) =0), kiou K pa3mbikaercs (hakTUYecKH 3TO
COOTBETCTBYET CUTYallMH, KOTJa MOCJIEIYIONMEe BXOAHbIE CUMBOJIBI paBHBI HYJIIO),
Y TIO/IAIOT e1I€ 7 TAKTOBBIX UMMYJbCOB, (OPMATIBLHO MPOIOJIKAS MPOLIECC ACTICHUS.
Homep TakTta, Ha KOTOpOM B suelKax perucrTpa okasbiBaercs komOunamms 100
(T0 cityyait res(X)=1, yuuThIBaeTCs 0OpaTHBIN MOPAIOK CIEAOBAaHUS CUMBOJIOB), U
€CTh HOMEp omuOouHOro cuMBoia. [lociae 3Toro ucmpamiaeHue dTOTO CUMBOJIA U
oTJierieHrue NHGOPMAIIMOHHBIX CUMBOJIOB — 3TO TPUBUAJIbHBIE OTMIEPALIUH.

YTo0bI HE OBUIO COMHEHUM, 3aMETHM, 4TO OXKHMaaemas komOmHamus 100 B
TE€YeHHE 7 TAKTOB 00s13aTE€IHHO MOSIBUTCS, MPUIEM OJIMH pas. Jlemo B Tom, 4TO npu
OMKNIOUEeHUU 8X00a cxeMa puc. 3.5 npespawjaemcsi 8 2eHepamop 080UUHOL NCeG-
odocnyyaunou M-nocnedosamenvrocmu ¢ nepuoaom (2.21) paBubsiM 7. CBoICTBa
M-niocienoBaTeNbHOCTH TaKOBBI, UTO B TEUYCHHE MEPHOJIa B siUeMKax reHepaTtopa
00s13aTeNIbHO 0 OJTHOMY pa3y OKa3bIBAlOTCS 3alMCAaHHBIMU BCE I-pa3psiaHbIC TBO-
WYHBIC KOMOWHAIINN, KPOME HYJIEBOH, pa3yMeeTcsl.

OOpaTuTe BHUMaHHUE, YTO HAIMYKME CYMMATOPOB Ha CTBIKAX MEXAY sSuehKa-
MU PETUCTpa CABUTA ONMPEACIASTCS 3HAYCHUAMHU KO3(PPUIIMEHTOB momHoMa g(X):
CYyMMATop €CTh, €CIIM §; =1, U OH OTCYTCTBYET, ecii g; =0. Takum oOpasom, 3nasn

g(x), ModcHO cpa3y cocmasums cxemvl Kooepa u 0ekooepa OJisi 1006020 YUKiuye-
cK020 Koda (unu cxemy eenepamopa M-nociedosamenvrocmu).

Kak moka3siBaeT mpakTuka, GopMalbHOE 3alIOMUHAHNE TTPUBEAEHHBIX COOT-
HOIIIEHUU U CXEM MaJjio 4TO AA€T JIJIsl MOHUMAaHUs CYyTH BOMPOCA, €CIIN JIETATHHO HE
pa3o0path XOTS OBl JECATOK KOHKPETHBIX YHCIEHHBIX MPUMEpOB. B wacTHOCTH,
€CJIM HY)XHO 3aKOAMPOBaTh MH(OpManMoHHYIO mocieaoBaTenbHocTh 0011, mms
KOTOpO# a(x) =x*+x°, TO, IPOCICANB TAKT 3a TAKTOM PabOTy cxeMbl puc.3.4 u 3a-
MUCHIBasi COJAEPKUMOE STYEEK, MOKHO YOEIUThCS B TOM, YTO HA BBIXOJE MOSBUTCS
xomOuHarms 1100010, KOTOpO# COOTBETCTBYET MOJUHOM S(X)=X+X>+Xx° (3Haue-
HUE 3TOr0 MOJMHOMA BBIYUCIUTE OTACNBHO 10 hopmyie (3.46) u cpaBHUTE C KOM-
OuHaIuen).

B 3aximroueHme 00s3aTEIbHO HY)KHO OTMETUTH CIIEAYIOIIee 00CTOSTENBCTRO.
brnaromapsi MUKINYECKOMY CBOWCTBY, NMPU KOAWPOBAHUU U JIEKOIUPOBAHUU ITHK-
JMYECKOr0 KojAa yAaéTcsi OpraHu30BaTh KOHBEHEPHYIO 00pabOTKY JIMHHBIX TO-
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CJIEIOBATEIHbHOCTEN CHMBOJIOB B YCTPOWCTBAX, COAEPKAIIMX YAUBUTEIHHO Majioe
KOJIMYECTBO MPOCTEUIINX JIOTMUECKUX dJeMeHTOoB. Hanpumep, nis koaa (255,247)
KOJZIEp U JEKOAEP COAEpKAT MO § sSYeeK PErucTpa cABUra v mno 4 cymmaropa Io
MonyIto 2. brnarogapst 5ToMy LIEHHOMY Ka4eCTBY cpeou 8Ce803MONCHBIX TUHEUHBIX
OJ104YHBIX KOO08 UMEHHO YUKAIUYeCcKUue KoObl Haullu Haubonee wupoxKoe npumeHe-
Hue.

Bonee Toro, B mocienHee BpeMsl HaILIU MIUPOKOE MPUMEHEHUE HedBOUUHbLE
yukauyeckue koovl — omo koovi Puoa-Conomona.

Kaxxnpie cMMBOJ KOJOBOM KOMOMHAIIMM TAaKOro Koja siBisieTcss M-uyHOM
uudpoii, rae, kak 0obraro, M = 2", mpuyem M — nenoe uucno. Kak u y mo6oro
apyroro nuHeitHOro 6younoro (N,K)-koma, kogoBoe ciioBo koxa Puma-Comomona
(o0o3nayaercs RS(N,K)) comepkut N CUMBOJIOB, U3 HUX K MHPOPMAIMOHHBIX H I
POBEPOUHBIX, mpuueM N = M-1.

["apanTHpoBaHoO, 4TO MPHU IEKOJAUPOBAHUU B KOJIOBOM CJIOBE OyAyT oOHapy-
KEHBI ¥ UCTIPABIICHBI { = I/2 CHMBOJIOB HE3aBUCUMO OT UX PACIIOJIOKEHUS BHYTPHU
KoxoBoro ciioBa. [lapamerp t HOCUT Ha3BaHUE KOPPEKTUPYIOIIEH CIIOCOOHOCTH KO-
na. JInbo MoryTt ObITh BOCCTAHOBJICHBI I' CTEPTHIX CUMBOJIOB.

RS(n,k)-kon Taxke MOTHOCTHIO OMPEACIIICTCS MPOU3BOISAIIUAM MOJTUHOMOM
cTeneHu I, Ho K03 GULMEHTHI MoTMHOMA — 3T0 M-u4dnbie udpsl. Kogep u nexo-
JIEp CTPOSITCS 10 CXEME PEruCTpa CIABUTa C OOPATHBIMH CBSI3SIMHU, HO STUYCHKH PETH-
CTpa pacCUMTaHbl HA XpaHEHHE M-UUHBIX UG, TAKUMHU K€ SBISIOTCS U BECOBbBIE
KO3 (PULIMEHTBI, 8 CYMMHPOBAHKE TPOBOJUTCS 110 MOAYIIO M.

Ha npaktuke npu ucnonb3oBannn RS(N,K)-koma mocienoBaTenbHOCTD JIBO-
WYHBIX CUMBOJIOB, TTOCTYIIAIOIIMX HA BXOJ KOJEpa, pa30MBAIOT HA TPYMIIBI, JOITY-
cTuM, 1o K = 8 OHT B KaXJI0#, U J0Jiee ¢ KaXKJIbIM OalTOM ONEpHPYIOT Kak ¢ 256-
UYHBIM CHUMBOJIOM. B wurore komoBoe cinoBo Oyner (DaKTHUECKH COJEpKaTh
8-(2°-1)=2040 Out. Ecnu xon conmepxxut, Hanpumep, 40 MpOBEPOUHBIX CUMBOJIOB,
TO OH MOXET UCHPaBUTH 10 160 ommOOYHBIX OUT MpPU YCIOBUU MX KYUYHOI'O pac-
nojokeHus: B 6airtax. Otrcroga BuaHO, uto RS(N,K)-kox Hermmoxo paboraer mpu
HAJIMYUU TTAKETOB OIITUOOK.

3.5 lexoaupoBanne B CIIU ¢ kanajoM nepecnpoca

PaccmoTpum curyanuro, Korga KpoMe MpsiMOro KaHaja, MpeJHa3HaY€HHOI O
JUTsl Tiepeaur MHGOpMalMK U3 MyHKTa A B yHKT B, cymectByer emé BcoMmora-
TENbHBIA OOpAaTHBIN KaHal U3 MyHKTa B B MyHKT A, Ha3bIBa€Mblil KaHAJIOM Iepe-
cripoca. EAMHCTBEHHOE HAa3HAYEHUE 3TOr0 KaHajla — IMOBBICUTh JOCTOBEPHOCTH II€-
penauu nHopManuu B MPSIMOM KaHaJe.

[TakeTsl, mepenaBaeMblie B PSIMOM KaHale, KOAUPYIOTCS OJIOUHBIM KOJIOM, U
B nyHkme B ocywecmensemcs nuwb obGHapydicenue owubOK 8 NPUHAMOU M-
paspsaoHot komounayuu. ITociie 3aBepIiieHust TO MPOoIenyphl B KaHAT TIEPECTIPO-
ca nepenaércs BCEro oJuH OUT, Ba BO3MOXKHBIX 3HAUEHUSI KOTOPOrO0 UMEIOT, J0-



85

MyCTUM, clieqyromui cMpicia: 0 — omMOOK He OOHAPYKEHO, HY)KHO IepeaaBaTh
CIEAYIONIYI0 KOMOMHaIN; | — oOHapyXeHue OMOKHU, HYXKHO €II€ pa3 nepeaaTh
JaHHYI0 KOMOWHaIM0. Bo3MOXKHBI Takue HEOJAroNpHUsITHBIE CUTYallUU, KOT/Ia T0-
BTOpHa nepeaayda Oyner NpoBOIUTHCS OoJiee YeM OJIMH pas.

B Takoii cucreme noiyvarento OyJeT BbllaHa OIIMOOYHAs KOMOMHALUSA, €C-
JIM TIPOU3OUAET XOTSI OBl OTHO U3 COOBITHIA:

1) B npuHATON KOMOMHAIIMU MPOU3OIUIA OIIUOKH CIUIIKOM BBICOKOM KpaT-
HOCTH (>d_,, KOTOpbIE HE CIIOCOOEH OOHAPYKHUTHh MPUMEHSEMBIN Koa (CM. Qop-

myiy (3.5)). BeposITHOCTh Takoro COOBITHS

n

Po= 2. P(), (3.50)

4=0eoo
rrne P(Q) — BEeposSTHOCTB TOTO, YTO POBHO (] OMT B PUHSTOMN N-pa3psiiHONA KOMOH-
HAIMU SBJISIIOTCS OIIMOOYHBIMU. B KaHasne ¢ He3aBUCUMBIMU OLIMOKAaMHU 3TY BEpPO-
ATHOCTb MO>KHO HaiTH 1o OMHOMMaNIbHOM Qopmyre bepruymnu
P(@)=Clp*-p)"*, (3.51)
n!

g!(n—q)!

P — BEpOATHOCTb OIIMOKHU B OJJTHOM CHUMBOJIE, TO €CTh B JUIMHHOM IOCJIEI0BA-
TEJILHOCTH CUMBOJIOB, IIEPEaBAEMBIX B IPSIMOM KaHaJe, OJHA OLIMOKA MOSBISETCS
B cpeHeM Ha 1/p cUMBOIIOB;

2) npou3zonuia ommoka B oOpaTHoM KaHajne. O003HauMM BEPOSITHOCTh 3TOI'O
coOwITHA P,

B urore BeposITHOCTh BbIJJaYM OIIMOOYHON KOMOMHALUU HAIEM 1O (popmy-
JIE CII0KEHUSI BEPOATHOCTEN

rae C) = - YUCJIO COYETaHUM U3 N 110 (,

P =P +P,~RR, (3.52)
Ha npaktuke o6sruno P <<1, P,<<I, noatomy P ~P, +P,.

B CIIN 6e3 xanana nepecnpoca B MyHKTe B npuxoaurcst He TOIbKO 0OHa-
PYKHUBaTh, HO U UCIIPABJISATH OLUIMOKH, TPU 3TOM BEPOSITHOCTh BbIJIAUU OLTMOOUHON
KOMOWHAITMHU paBHA

n
Pt = q_qZM P(a), (3.53)
I7I€ ¢, - MAKCUMaJIbHAsi KPaTHOCTh UCIIPaBIsieMbIX OmHOOK (3.6).

YucneHnHble pacuéThl MOKA3bIBAIOT, YTO MPHU TOM K€ BETUYMHE U30BITOYHO-
cta R=r/n CII1 ¢ oOpaTHBIM KaHAJIOM O0ECHIEUHBAET OOJBIIYIO TTOMEXOYCTONYH-
BOCTb, €CJIM OMMOKHU B MPSIMOM KaHaje MPOUCXOIAT peako (pn<<1l), a oOpaTHbIN
kaHan emé€ oonee HagéxeH (P, <P).

Paccmorpum npumep. Tlycth 3amano p=10", P,=10", B mpsAMOM KaHaje
npumensercst koJ Xsmmunra (127,120). Toraa umeem
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P=P@)+..+P127)= P(3) =
125120127 1922.0,9999 ~ 3,310,
npuuéM omyiensl ciaraembeie P(4), P(5),..., BHOCSIIHE HEeCYIECTBEHHBIA BKIIA/.
J1J1st UTOroBOM BEPOSITHOCTH OIITUOOK UMEEM
P.=3310"+10°-33.10" ~3,4.10".
B orcyrcTBue kaHana rmepecrnpoca TOT K€ KOJ UCIOJIb3YeM IS UCITpaBlie-
HUS OIIMOOK (BCEro JUIIb OJHOKPATHBIX) U UMEEM
P..=P@2)+..+P127)= P(2) =
126-127 414, 0,9999'% ~ 7,910,
TO €CTh BEPOSATHOCTH OITUOKHA HAMHOT'O BBIIIIE.

BepostHocTh oBTOpHOM nepenaun komOuHanuu B CIIN ¢ mepecnpocom B

HAIlIEM TIPUMeEpe

P...=PO+P(2)=PQ~1 26-1072,
TO €CTh B CpeAHEM IpUMEpHO oaHa u3 80 kKoMOWHAIMi OyneT mepeaaBaThCs MO-
BTOPHO, YTO HEHAMHOI'0 YBEJIWYUBACT M30BITOYHOCTH, XOTS PECYpC BPEMEHHU s
MOBTOPHBIX Tepeaad, pa3yMeeTcs, Hy)KHO BBIJICTIATh.

Ecnu nexonep Bbigan ommoOOYHyI0 KOMOWHAIIHMIO, TO 3TO Oy/IEeT Ipyras KOM-
OuHaIMs 13 KOJIOBOM TaOJMIIbI, CKOpee BCcero, Haubosee 0au3Kas K TOH KoMOuHa-
UM, KOTOpas B JACHCTBUTENHHOCTH Obla TiepenaHa (BCIIOMHUM, YTO B peajbHBIX
CIIN nambomee BEpOSITHO MOSBIICHHE OMMOOK MaJibIX KpaTHocTel). CienoBaTesb-
HO, B TAKOW KOMOMHAILIMK U3 OOIIET0 KOJUYECTBA N CUMBOJIOB JUIIE (,,) CHMBOJIOB
SIBJISIFOTCS OIIMOOYHBIMU. Torma 6umosas 6eposimHocms OuWUOKU HA 8bIX00€ OeKO-

depa TIPUOIMHKEHHO paBHA
d

p ~ Pom m)()’

° (3.54)

TO €CTh Ha BBIXOJIE AEKO/Iepa OJIHA OIIMOKA MOSABIISIETCS B CpelHEM Ha 1/p, OuT.
EcTecTBEHHO, 4TO METOJ Mepecrnpoca AOCTaTOYHO HIMPOKO NMPUMEHSETCS B

coBpeMeHHbIX U poBbix CITN.
3.6 CBépToUHbBIE KOIBI

Cpeny HEOJIOYHBIX KOJOB HAWOOJNbINEE MPUMEHCHHWE HAIJIA CBEPTOYHBIC
koabl. Ha BeIXOze kKozepa popMupyercss HenmpepbIBHAS MOCIEI0BATEILHOCTD CBSI-
3aHHBIX MEXKITY COOOH TBOMYHBIX CHMBOJIOB TaK, YTO B 3TOW MOCJIEAOBATEIILHOCTH
HENb3s BBIICIUTH OJIOKH, HE3aBHCHMBIC OT APYTHX, JJIS TOT'O, YTOOBI JCKOJIHPO-
BaTh UX Pa3ACIbHO.

Tem He MeHee paau yno0CcTBa CBEPTOUYHBIM KO/ TAK)KE XapaKTEPU3YIOT JBY-
Ms TOJIOKHTENBHEIMYA urciaaMi N U K. OrHomenue >tux umcen K/n HaspiBaeTcs
cmenenvio Koouposanus (k<n). DTO 3HAYUT, YTO B OECKOHEYHO JJIMHHOU ITOCTIE-
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JIOBATEIbHOCTH HA BBIXOJIE KOAEpa Ha Kaxable N mepeaaBaeMbIX CUMBOJIOB MIPUXO-
autcst K mHpOpMaMOHHBIX U I' = N — K MPOBEPOYHBIX CHMBOJIOB. M30BITOYHOCTD
KOJIa IIPH 3TOM, KaK OOBIYHO, ONPEAeIsAeTCS OTHOIIeHneM R = r/n.

Koznep cBéprounoro koja coaepxut K-pa3psiiHbIi perucTp casura, N MHO-
TOBXOJIOBBIX CyMMaTOpoB mod2 u N-BXOA0BbIN MynbTUILIEKCOP (puc. 3.6). Llenoe
yucio K Ha3bIBaeTCs JJIMHON KOJOBOTO OTPAaHUYEHUS 110 BXOY.

| K siueek peructpa cipura
I

|
Wnd.
o 1212 [k P 2] [k - 12 kl_)

M2; P MUX

M22 = >

M2, b

Puc. 3.6. O0mas cxema Kojiepa CBEpTOYHOTO KO/Ia
CO CTENEeHBIO KoaupoBaHus K/n

B Teuenue K TakTOB B perucTp caBura ObICTPO BBOASATCS ouyepeaHbie K vH-
(OpMalIMOHHBIX CHUMBOJIOB, a 3aT€M MYJbTHUIUIEKCOP COBEpLIAET LHMKI OIlpoca
CyMMaTOpOB, BblJIaBasi OYEPEIHbIE N CUMBOJIOB Ha BBIXOJ Kojaepa. [lanee yka3aH-
HBII [IUKJI MHOTOKPATHO TIOBTOPSIETCS B TOU K€ MOCJIEN0BATENbHOCTH.

Croco0 MOJKIIOUEHHsI KaXKJIOr0 CyMMaropa K sYedKaMm perucrpa CABUra
ornpezensercss I1M00 BEKTOPOM CBS3ZU g =(J,, J;rer Ui y) » JTMOO COOTBETCTBYIOLIUM

K-1

€My TEHEPAaTOPHBIM MOJIMHOMOM ((X) =g, + g, X+..+ gy X" ', TpU4éM OOBIYHO Ha

BXOJl OJTHOTO CyMMaropa moaaércst He 00Jiee 4eM M0 OJHOMY CHMBOJTY U3 KaXKI0M
K-paspsiaHoit nHOOPMAIIMOHHON TO/IIOCIIe0BATEIIBHOCTH.

Takum 00pazom, 01 nOIHO20 ONUCAHUSL CROCOOA KOOUPOBAHUSL HYIHCHO 3d-
0ams N 8eKMOpO8 ces3U (2eHepamopHuix noaunomos). Ecnu K mepBbIx reHepatop-
HBIX TTOJMHOMOB PaBHBI §,(X)=1, g,(X)=X, ..., g, ,(X)=x“", momy4aercs cucrema-

TUYECKHIH CBEPTOUHBIA KOJI, Y KOTOPOI'O U3 KaKIbIX N MO3HUIMHA MepBbic K mo3HImii
3aHUMAIOT WH()OPMAITMOHHBIC CUMBOJIBI.

B kxauecTtBe nmpumMepa pacCMOTPUM OYE€Hb IIPOCTOM CUCTEMATHUUYECKHM CBEP-
TOYHBIA KOJ[, Y KOTOPOIO JOBOJIBHO HU3Kas cTereHb KoaupoaHus K/n = 1/3, BbI-
cokast u30bITouHOCTh R = 2/3 u HeOombIas JyiMHa KOJIOBOTO orpaHndeHus K=3.
3agaaum AJist 3TOro KOJa TPHU F€HEPATOPHBIX MOJIUHOMA

gl(X):l, gz(x):l+x, gs(x):1+xz | (355)
U3 KOTOPBIX @,(X) TeHepupyeT (TouHee, TOKIAECTBEHHO mnepenaér) nHpOpMaImoH-

MUX
M2 ,

M2 |

Puc. 3.7. Cxema KoJiepa CHCTEMAaTHIECKOTO
cBeprounoro kozaa g k/n=1/3



88

Hyto nocnegosarenbHocTh (M), a g,(x) 1 g,(x) renepupytoT nepsyto (I11) u BTO-
pyto (I12) mpoBepouHbIE MOCIEI0BATEILHOCTH COOTBETCTBEHHO. Cxema Kojepa
JlaHa Ha puc. 3.7.

B Tabmune 3.4 mist 3amaHHON WH(POPMAIIMOHHOW MOCIIEI0BATEIHHOCTH TI0-
Ka3aHO, KaKOBBIMU OKAa3bIBAIOTCS 00€ MPOBEPOUYHBIC IMOCIEIOBATCIBHOCTH U TI0-
CIIeIOBATEHbHOCTh HA BBIXOJIE KOZEpA.

CyIecTBYIOT pa3HbIe CIIOCOOBI JEKOIUPOBAHUS CBEPTOUYHBIX KOJ0B. OI1H
U3 CaMBIX MPOCTBIX — ATO MEMO0 NOPO20BO2O OeKOOUPOBAHUSL.

Taomumna 3.4. IlocnenoBaTeabHOCTA CUMBOJIOB

B Kojiepe cBépTouHoro koxaa k/n=1/3
n 10| 1 1 0 0 1 ...
I11 41 1 0 1 0 1 ...
112 Jeol O 1 1 1 1 ...
Bexog | .|...| 110 | 101 | 011 | 001 | 111 | ...
KoJiepa

OnuieM ero cyTb Ha IMpuBENEHHOM IpuMepe. Ha ouepenHom mare, mepe-
XOZs1 K pACCMOTPEHHIO OUEPETHOT0 MH(POPMALIMOHHOI'O CUMBOJIA, MBITAIOTCS OTBE-
TUTh HAa BOIPOC, €CTh JIU B 3TOM CUMBOJIE OIUOKa. J[Ji1 3TOro mo MpUHATHIM HH-
(OpMaLIMOHHBIM CUMBOJIAM IO T€M K€ NpaBwiIaM (puc. 3.7) BBIYUCIAIOT ABE HO-
BbIE IIPOBEPOYHBIE MTOCIEN0BATENLHOCTH. B HTOre 171 aHain3a uMeercs IsTh I10-
CJIeI0BaTENbHOCTEN: HHPOPMALIMOHHAs, JBE IPUHSITHIE IPOBEPOYHBIE U JIBE HOBBIE
npoBepouHkie (Tabm. 3.5).

Tabmumna 3.5. I1ociienoBaTeIbHOCTH CUMBIIOB,
YYaCTBYIOILIUE B IOPOTOBOM JEKOJUPOBAHUU

H U M U U H
[Tpunsteie | nl nl ml ml nl nl
m2 m2 n2 2 o2 n2
HoBrlie nl ol ml ml ol ol
n2 o2 m2 m2 n2 n2

Jlanee momapHO CpaBHMBAIOT MPUHATHIE W BBIYUCICHHBIE IPOBEPOYHBIE
CUMBOJIBI, IPUYEM B ATOM HPOLEAYpPE YYACTBYIOT JIMIIb T€ MPOBEPOYHBIE CUMBO-
JIbl, KOTOPBIE€ 3aBUCAT OT JAAHHOIO MH(OPMAIMOHHOIO CUMBOJA (OHU MTOMEUYEHHI B
Tabu. 3.5). BeiHocHMOE pelieHne (MCpaBisaTh JaHHBIM HHPOPMALMOHHBINA CUMBOII
WIK OCTaBUTh 0€3 M3MEHEHUSs) ONpEeeNsieTcsl KOJIUYECTBOM COBMAJIAIOIIMX Map.
Ecnu yncno coBnagarouux nap MEHbIIE MOpora, paBHOTrO JBYM, MH(pOpPMaIlUOH-
HbIM CUMBOJI U3MEHSIOT Ha MPOTHUBONOJIOKHBIN. PacCMOTpEB pa3inyHbIe BAPUAHTHI
pacnoyioKeHUs] OMIMOOK B TOJNYYEHHOW NATEPKE MPUHATHIX CHMBOJIOB, CIEAYET
yOemuThCS, YTO TaKUM CIOCOOOM BEIOWpaeTcs Hanboliee MPaBIOTOI00HOE JIO-
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KaJIbHOE pELICHUE.

Kcraru, 3TOT X€ MeTOoA JEKOAMPOBAHUS MOXKHO MPEICTaBUTh B IPYroil WH-
TEpHpPETalNU: PACCMATPUBAIOTCS J1BA BO3MOYKHBIX BapuaHTa 3HAYEHUU TEKYLIEro
uHpopMarmoHHoro cuMpoia (0 win 1) m A Kaxaoro BapUaHTa BBIYUCIISIOTCS
0’KHUJJa€MbIE 3HAUYECHHS BCEX IISITH CUMBOJIOB. BeIOMpaeTcs TOT BapuaHT, sl KOTO-
pOro OXHjaeMble 3HaUEHUsI CUMBOJIOB B 3TOM NATEPKE OJMXKeE K TOMY, 4TO HabIto-
JaeTcsl B ACMCTBUTENBHOCTH (ITO KOJIMYECTBY COBMAJACHHUI).

HmenHo 3Ta uzes peanusyercs B 0oJiee CI0XKHBIX aIrOpuTMax JIeKOAUpOBa-
HUS, IPUYEM PAacCMATPUBAIOTCS Pa3jMYHbIC BapUAHTHI HE JUISl OJHOIO, a JUIS Lie-
JIOM CepuM MPEAbLAYIINX HHPOPMAIIMOHHBIX cuMBOJIOB. [llupuHa okHa neKoAupo-
BaHUS — 3TO YMCJIO NOCIECIHUX NPHUHATBIX CUMBOJIOB, KOTOPOE HYXHO XpPaHUTh B
nekozaepe. C yBeTUYEHUEM ATOM HIMPUHBI YBEIMYUBAECTCS 00bEM BBIYMCICHUM, HO
3aTO BCE JIy4Yllle MCIOJB3YIOTCS NOTEHLHAIbHbIE BO3MOXXKHOCTH Koza. [lpenen
yJAydlIeHus] OOBIYHO HACTYMAaeT, KOrja IIMpUHA OKHA CYIIECTBEHHO IPEBBIIIAET
NOJIHYIO JUIMHY KOJOBOI'O OFPAHUYEHHS.

Pa3zymHBIN KOMIIpOMHCC 00ECTIEYMBAIOT XOPOLINE COBPEMEHHBIE AT OPUTMBI
JEKOANPOBAaHUS, OCHOBAHHbIE Ha TOM, YTO aHAJIW3 BHIOPAHHOTO BapuaHTa 3aKaH-
YUBAETCSI JOCPOUHO U OH OTOpAachIBaeTCs, €CJIM B MPOLIECCe aHalu3a yKe HaOIto-
JAIOTCS CYLIECTBEHHBIE PACXO0XKICHHS OKUIAEMOr0 ¢ JeHCTBUTENbHBIM. OIUH U3
caMbIX 3((HEKTUBHBIX — AITOPUTM JEKOANPOBaHUA BurepOu, mo3BOISIONINI NpH-
OJIM3UTHCA K MOTEHIUAIBHBIM XapaKTePUCTUKaM KO/ia, HO y HETO 00bEM BBbIUHUCIIE-
HUU MpU AEKOJAUPOBAHUHU PACTET IKCIOHEHIUAIBHO C YBEJIIMYEHUEM JJIMHBI KOJO-
BOT0 OIpaHUYEHHUS, TO3TOMY OHA OOBIYHO HE OoJiee AECATH.

OaHO W3 rIaBHBIX JOCTOUHCTB CBEPTOYHOIO KOJIa — MPOCTOTA peaju3allui,
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.

Koppekrtupytomass crnocoOHOCTh HECHCTEMaTHYECKMX KOJIOB HECKOJIBbKO
BBIILIE, HO OHU MOT'YT OBITh KaTacTpO(hUUECKUMH, TO €CTh 110CII€ CEPUM HEYAAUHBIX
UCTIPABICHUI MOXKET BO3HUKHYTh OECKOHEYHOE YHCIO OUIMOOK Ha BBIXOAE JIEKO-
nepa. HyxHo, 94To0Obl N MPOU3BOASIINX MHOTOYJIECHOB HE MMEIM OOLIUX JETIUTe-
JEH.

Jlns ocnmabienus mogo0HBIX A(h(PEKTOB MHOTA HCIOIB3YIOT CICTYIOITUI
OpuéM: HENpEphIBHBIA CBEPTOUYHBIA KOJ HMCKYCCTBEHHO NPEBpAIIAlOT B “0J104-
HBII”, TO €CTh MEPUOJIUYECKH MPEKPALIAIOT N01a4y HHPOPMALMOHHBIX CUMBOJIOB
Ha BXOJ] KOjiepa Ha BpeMs, JOCTaTOYHOE JUIsl TOIO, YTOObI BBIBECTH COJEPKUMOE
KOZIEpa U OUUCTUTh PErHCTPHI IEKOJIEpa.

3.7 Ilepeme:keHHEe CHUMBOJIOB

AHaH3 CBOWCTB MTOMEXOYCTOMYUBHBIX KOJOB ITOKa3bIBACT, YTO KOPPEKTUPY-
IoIasi CIIOCOOHOCTH JTIF000ro OJI0OYHOTO KoJia orpaHuyeHa. B dacTHOCTH, KOJ MO-
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KET TPABUIHBHO BOCIPOM3BECTH KOJOBYIO KOMOMHAIUIO JIUIIHL B TOM cliydae, Ko-
rja KOJIMYECTBO OLIMOOYHBIX CHMBOJIOB B HEH Majao, a UMEHHO, YJOBJIETBOPSET
ycioBuio (3.6).

B kanane ¢ He3aBHCHMBIMH OINMOKaMU KOIOBOE paccrosiHue Uy, Bcerma
MOKHO BBIOpATh TakK, YTO MOJIABJISIIOIIEE OOJBIIMHCTBO OMIUOOYHBIX KOMOMHAIUN
OyJzleT yIOBIETBOPATH 3TOMY YCIOBHIO, CJICIOBATEIIbHO, OIMOKH B HUX OyIyT HC-
npaBieHbl. [1aBHOE, YTO M30BITOYHOCTh MPU ATOM HE CJIMIIKOM BEJIHKA, TO €CTh
NIPUMEHEHUE KOJIUPOBAHUS OKa3bIBaeTCs dPHEKTHUBHBIM.

B kananie ¢ rpynmnupoBaHHEM OIIMOOK IMPH TOM K€ MX OOIIEM KOJIMYECTBE
OKa3bIBACTCS, YTO OOJBIIMHCTBO KOMOMHAIIMA BOOOIIE HE COMEPKUT omuOoK. B
OCTaJIbHBIX KOMOMHAIUSAX WX TaK MHOTO, YTO KOJI HE MOXKET MX HCHpaBUTh. U B
TOM, U B IPYTOM Clly4ae MPUMEHEHHE KOPPEKTUPYIOIIEro KOoJia OKa3biBaeTcs Oec-
MOJIE3HBIM M JIaXK€ BPEAHBIM: SHEPrUI0, KOTOpas 3aTpauyuMBaeTCs Ha nepeaady npo-
BEPOUHBIX CHUMBOJIOB, Jy4llle ObUTO OBl IIEIMKOM BIIOXKUTH B MH(GOpMAIMOHHBIE
CHUMBOIJIbI, TO €CTh BOOOIIIE OTKa3aThCsl OT MMOMEX0YCTOMUHUBOTO KoaupoBanus. [1o-
TOOHBIN (PP EKT MPOU3BOAUT U BO3ICUCTBHE UMITYJILCHBIX ITOMEX.

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

N3 ckazaHHOTO SICHO, UTO €CJIA YK UCIOJIb30BaTh MTOMEX0YCTOMUYUBOE KOJH-
pOBaHUE, TO OYEHB MOJIE3HBIM ObLT ObI CIIOCO0, MO3BOJISIONINM OMIMOKHU U3 MAKETOB
0oJiee WM MEHEe PaBHOMEPHO paclpeeisTh M0 KOJOBBIM KoMOMHaIusIM. MmeH-
HO JUISI 3TOrO TPEJIOKEH METOJ, KOTOpPbIH HOCUT Ha3BaHUE IMEPEMEKCHUE
(interliving).

Hanbonee mupoko nmpumeHsieTcss mepeMeXeHue Mo BpeMeHHU (IocieoBa-
TEJIbHBIN CIOCOO Tepenayu), XOTsS B IMOCJIEAHEE BpEeMsl B CUCTEMax pauOCBsI3U
HAYMHAET HUCTOJB30BAThCS MEPEMEKEHHE MO YacToTe (mapauielIbHbI croco0 Tie-
penaumn).

BecpMma momynsipeH TaOMWYHBIA CIIOCOO TepeMekeHus: 1Mo BpemeHu. Jis
ATOTO N-pa3ps/iHbIe KOMOMHAIIMKA C BBIXOJAa KOJIepa 3alUChIBAIOTCS B BUJEC CTPOK
psIMOYTOJIbHOM Tabymiibl. [Toce 3anmomHeHnss M-CTPOK CYUTHIBAHUE U Tepeada B
JVMHUIO TIPOU3BOJUTCA MO CTOjiO0maM. 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, €y B JUHUM BO3HUKAET IaKeT,

—

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

6) L ]

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

peMexeHus 1o BpeMernn (N = 3, m = 4):
a) TMOCJIeIOBATEIFHOCTH CUMBOJIOB C BBIX0OJIa KOJIEPa;
0) mocaea0BaTeIbHOCTh CUMBOJIOB, MIOIABAEMbIX B JIMHUIO
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cocrosuui U3 = 3 ommOOK (9TU MO3UIIUU 3aTEMHEHBI), TO MOCJE JIeTIepEeMEeKe-
HHST OKa)KETCs JIMIIb 110 OJHOM omuOke B 1, 3 u 4 koMOMHAaIMAX.

Ecnu ncno ctpok M B Tabnuiie Ooibiie, YeM MaKCUMalbHash BO3MOXKHAS
JUIMHA TIaKeTa OLIMOOK, TO B KaXJI0M KOJOBOM KOMOMHAIIMM OKa)XeTcs He Oolee
OJTHOTO OIMOOYHOro cumBoa. Eciu ucnonp3yercst Xotsd Obl KOJ X3MMHHIA, TO
BCE OHM OYAYyT UCIIPABJICHBI.

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

Ctporo roBopsi, camo 1o ce0e MepeMeKeHUE HE SBISIETCS CIIOCOOOM TIOMe-
XOYCTOMYHUBOI'O KOAUPOBAHMS, TaK KaK U30BITOYHOCTh IIPU ATOM HE YBEITUUMBACT-
cs. CienoBarenbHO, MOJIb3a OT NMEPEMEKEHUS MOXKET OBITh JIUIIL TOT1a, KOTJ1a OHO
MPOBOJUTCS MOCIIE KOAUPOBAHUS KOPPEKTUPYIOIIUM KOJIOM.

3.8 Kom0uHupoBaHue Ko/10B

Paccmotpum cutyanuio, Korja mnepeaBaeMoe COOOIIEHHUE Y4acTBYET HE B
OJIHOM, KaK 3TO MpeAIoiarajioch paHee, a B HECKOJIbKUX aKTaX MOMEX0yCTONYHBO-
ro koaupoBaHus. CyIIECTBYIOT MOCJIEAOBATEIbHBIC W MMAPAIUICIbHBIE METOMIBI
KOMOMHUPOBAHMS KOJIOB.

Kon, monydarommuiics B pe3yibTaTe nOCI€008aMeENbHOlU PEATU3AIud He-
CKOJIbKMX MPONEAYp KOAUPOBaHUs (KOJIaMH OJTHOTO THUIIA WM pa3HbIMH), Ha3bIBa-
eTCsl Kackaouwvim. JlomycTrM, Ha KaXKIOM dTare MPUMEHSIOTCS TUHEHHBIC OJI0UHbIE
konbl. Toraa nepBeiid Kojep, MoaydnuB K HHGOPMAIIMOHHBIX CHMBOJIOB, J100aBIISIET
K HUM Iy IPOBEPOYHBIX CUMBOJIOB U BCE BMECTE MOJAET Ha BXOJl BTOPOr'O KOjepa B
KauecTBe MH(POPMAITMOHHBIX CUMBOJIOB. TOT, B CBOIO ouepeilb, 100aBIsSIeT K HUM
eue r, NpPOBEPOYHBIX CUMBOJIOB U T.A. [IepBbIM KO B ATOM LENMM HA3BIBAETCS
BHYTPEHHHUM KO OM.

B urtore mocie npoxoxAeHUs LENOYKHU U3 p KOJAEPOB HA BBIXOJIE MMEEM
KOMOWHAIIMIO JIMHEHHOTO0 OJIOYHOTO KOJa, COACpXKAIIYI0 Te ke K HH(pOopMaIuoH-
HBIX CHMBOJIOB U I = 1 +...+ I, IpOBEPOYHBIX CUMBOJIOB. Bo3pacratoT u30bITou-
HOCTb KOJIa U €0 KOPPEKTUPYIOIIasi CIOCOOHOCTb.

Ilpumep 1. JIByMEpHBIM KOMMO3MUIMOHHBIA KOJ TOJy4YaeTcs CIEIYHOIUM
obpazom. [IpsamoyronbHas Tabnauiia, coaepskaiasi N; CTOAOIOB U Ny CTPOK, JCIIHT-
cs Ha uetbipe Oyoka. JleBwiit Bepxuauii 0510k (K; cTon0moB u K, cTpok) 3amomHsiercs
WH()OPMAIIMOHHBIMM CHMBOJIAMH OT MCTOYHMKA. 3aTeM KaK/Ias CTPOKa OTHEIbHO
xkoaupyercs (Ng,Ky) TUHEHHBIM OJIOYHBIM KOJIOM, ITPH 3TOM I = Ny — K3 ipoBepod-
HBIX CHMBOJIOB KaXJ0W CTPOKH MOMELIAIOT B MpaBblil BepxHuil Os0K. Jlanee kax-
IbIi cTos0er kogupyetcs (N,,Ky)-koaoM. B urore momyunm HoBbIl (N,K)-kom, Tae N
= nin,, Kk = kik;. Ha puc. 3.9 npuBeneH nmpumep KOAMPOBAHUS, KOTJa Ha 000UX
ATanax UCIOIb3yeTCs KOJ C MTPOBEPKOM HA YETHOCTb.
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Puc. 3.9. [Ipumep xogupoBaHusl 1ByMEPHBIM
KOMITO3ULIMOHHBIM KoJioM (32,21)

OpuHouHasg omMOKa HapyllaeT yCJIOBHE YETHOCTH B COOTBETCTBYIOLIUX
CTPOKE U CTOJOIE, MO3TOMY €€ MOJIOKEHHUE MOXET OBITh OIpPENeNeHO, HO JIBE
OLIMOKU KOJl YX€ HCIpPaBUTh HE MOXKeT. OJHOKpaTHOE KOAMPOBaHHE KOIOM C
IPOBEPKON HA YETHOCTH MO3BOJISAET JIUIL OOHAPYKUBATh OJJUHOYHbBIE OIIMOKH, HO
HE UCHPaBIATh MX. WTak, NMpUMEHEHHE IBYKPATHOTO KOJWPOBAHUS IO3BOJIMIO
HOBBICUTh KOPPEKTHPYIOIIYID CIOCOOHOCTh koja. Ilpu 3TOM  uHTEpecHO
IOCMOTPETH, BeuKa ju 1eHa. U3 [lpunoxxenust 1 Mbl BUIUM, YTO MPUMEPHO TE K€
3HaueHus mapamerpoB umeeT (31,21)-kom BUX, HO OH crocoOeH HCTPaBIAThH U
JT00bIe ABYKPATHBIE OIIHMOKHU.

Ipumep 2. Tloctynatomue Ha BXOJ Kogepa k=2"-1-r uH(OpPMALHOHHBIX
CUMBOJIOB KOJMPYIOTCA KOZOM X3MMMHIA, a 3aTEM K MOJIYYEHHBIM N=K+r CUM-
BOJIaM J00aBIIIE€TCS €€ OJUWH IMPOBEPOYHBIA CUMBOJ, YTOOBI OpPraHU30BaTh 00-
IIYI0 IPOBEPKY HAa YETHOCTh. B MTOre KOIOBOE PaccCTOSIHUE KOZA IMOBBIIIAECTCA C
TpeX N10 YEeThIpeX, U OH MpUOOpeTaeT CIOCOOHOCTh OOHAPYKUBATh OLIMOKU 10
TPEXKPATHON BKIKOYUTEIBHO.

JlekoqupoBaHuE KoOJa TakKe MPOBOJAUTCA B ABa 3Tama. Ha mepBom sTame
OpUHATas KOMOMHALMS MTOIBEpraeTcs 0011Iel MPOBEpPKE HA YETHOCTh, B PE3yJIbTaTe
KOTOPOM IOJIy4aroT OTBET HA BOMNPOC, YETHOW WJIM HEYETHOU SIBISAETCS KPAaTHOCTH
OIIMOOK. 3aTeM IMOCJEeIHUIA MPOBEPOUYHBIN CUMBOJI OTOpPACHIBAETCS, U MO OCTaB-
IIMMCSl CHMBOJIAaM BBIYMCIISIETCS CHHJIPOM IO IpaBWiIaM JEKOAUPOBAHMS KOAa
XsmmuHra. CornocTaBlieHUE Pe3yJIbTaTOB Ha 000MX 3Tarax MO3BOJISET Jaxe oIpe-
JIEUTh KPaTHOCTh OIIMOKH (caM mo cede KoJi XAMMHHTa Ha 3TO HE CIIOCOOEH) U B
3aBHCHUMOCTH OT 3TOT'O NMPEANPHUHATH HY>KHbIE JeHCcTBU (€ciu omuOKa OJJHOKpAT-
Has, KoJ XAMMHUHIA €€ MOXET UCIPaBUTh; €CIU JABYKpAaTHAs WIA TpeXKpaTHas,
HY’KHO CJIeJIaTh 3alpoc Ha MOBTOPHYIO nepenayy koMOuHauuu). CHOBa OTMETHM,
YTO TaKMMH K€ XapaKTepUCTUKaMH oOiamaer kon Puma-Manepa ¢ K0OBBIM pac-
CTOSIHUEM, PABHBIM YETBIPEM.

MHOX€eCTBO IPUMEPOB MOKA3BIBAET, YTO BCErJa MOXHO HAWTH TAKOM KOJ,
KOTOPBIM MPU TEX K€ 3HAUCHHSIX N ¥ K MPU MCIIOIb30BAHUU OJTHOATAITHOM TPOIIe-
Aypbl KOAUPOBAHMS OOECIIEUMBACT JYUIIYIO (MM HE XYALIYIO) MOMEXOYCTONYH-
BOCTh, YEM KaCKaJHBIN KOJ, (OopMUPYEeMbIii B HECKOJIBKO 3TANOB. 3aueM ke Torja
OPUMEHSIOTCA KacKaaHble Koabl? JIUIb MOTOMy, YTO Ha KaXXAOM 3Tare MOXHO
UCIIOJIb30BaTh OTHOCUTENBHO MPOCTHIE U KOPOTKUE KOJBI U MEHEE TPYILOEMKHUE Me-
TOJBl KOJUPOBAHUS W JEKOAUPOBaHUSA. B 4YacTHOCTH, IpH 3alKUCU Ha KOMIIAKT-
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JUCK TpeOyeTcsi MPUMEHSTh KOJl, CIIOCOOHBIA UCIIPABIATh MAKEThI, COJEpKaIue
ThICSYM OMHOOK. M OH peanmsyercss MyTeM MHOTOKPATHOTO MOCIEA0BATEIIBHOTO
BBITIOJTHEHUS OTIEPAIIHi IEpEMEeXeHUs U KoaupoBaHus kogoM Puma-ComomoHa.

Bo3MOXXHO U napanienvhoe ucnonv3osanue HeCKOIbKUX Npoyeoyp KoOupo-
6anus. 371eCh TOCIEI0BaTeNbHOCTh WH()OPMAIIMOHHBIX CHMBOJIOB OJJHOBPEMEHHO
KOAUPYETCS, JOMYCTUM, IBYMSI CUCTEMaTUYECKUMH KoaaMmHu. Jlydiie, eciu Ha BXOJ
BTOPOTO KOJiepa OHa OyJIeT Mo/laBaThCs MOCe nmepeMekenus. [lanee mo TMHUM Te-
pemaroTcsi caMu UH(POPMAIIMOHHBIE CUMBOJIBI M TPOBEPOYHBIC 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-k000s6. JlanbHeiliee pa3BUTUE dTUX WA 1aHO B pas3f. S5.7.

BOﬂpOCbI AnA CaMOKOHTPO-NA No rnase 3
1. UYewm omnpenensiercs KoppekTHpylomas crnocoOHocTh koaa? llosicHute
Ha [puMepe.
2.  Kakwue Ko/ibl Ha3bIBAIOTCSI KOPPEKTUPYIOITUMU ?
3.  Uro 3HauuT “00HAPYKUTH OMMOKK TIPHU JAEKOIUPOBAHUU KOJIOBOM
KOMOUHAIUU?
4.  Yro 3HAYUT “UCNPAaBUTH OMIMOKHK’ TPHU JEKOJUPOBAHUH KOJOBOH KOM-
onHanmn?
5. KakoB xapakTepHbIi MpU3HAK, MO3BOJISIOMINN OTIMYUTH KOJIOBYIO Ta0-
JUIY JIMHEHHOTO OJI0OYHOI0 KOJIa OT KOJIOBBIX TaOJIUIl IPYTUX KOJIOB?
6. Uro Takoe mpoBepoyHas MaTpulia JUHEHOro 6ouHoro kona? Kak ona
WCIIOIBb3YeTCs MPU OOHAPYKEHUU OIIMOOK B MIPUHATON KOMOUHAIN?
7. KakoB xapakTepHbIil PU3HAK, MTO3BOJISIONIUNA OTIUIUTH KOJIOBYIO Ta0-
JUITY HUKJIMYECKOr0 KOJIa OT KOJIOBBIX TaOJIUI[ APYTUX KOIOB?
8. Uemy paBHO KOJIMYECTBO KOMOWHAIIMK B KOJIOBOU TaOJHIIE JIMHEHHOTO
0J10uHOrO KOsIa?
9. Ilouemy B mpOBEpPOYHON MaTpUIlE HE MOXKET ObITh HYJEBBHIX: CTOJO-
1I0OB? CTPOK?
10. Kakoii cMbICT UMEIOT CTPOKU TPOBEPOYHON MATPHULIBI?
11. Tlo xakuM MpU3HAKAM MOKHO OIpPEAENIUTh, YTO MPOBEPOUYHAs MaTpuULa
MPUHATICKUT KOIY, CHOCOOHOMY MCIIPaBUTH JIO0YIO OJIMHOYHYIO OIITHOKY?
12. Yem oOycioBiieHa MONYJISPHOCTh UUKINYECKUX KOJI0B? M3 Kakux jo-
TMYECKUX 3JIEMEHTOB COCTOST KOAEP U AeKOAEp?
13. B dewm 3akiouaercs QpyHaaMeHTaTIbHOE CBONCTBO KOMOWHAIIMK UK~
4eCKoro koxa?
14. MoxeT 1 TOMEeX0yCTOMYUBBIN KO/ ObITh 0€3U30bITOUHBIM?
15. Tlouemy JnekomMpOBaHHE MO MHHUMYMY PACCTOSHUS TPUMEHSETCS
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penko?

16. SBnstorcs M CBEPTOYHBIE KOJbI OJIOYHBIMU M Y€M OOYCIIOBJIEHA UX
NOMYJSIPHOCTH?

17. KakoBa 11enb nepemMexeHus CMMBOJIOB?

18. Kakwue cmocoObl KOMOMHUPOBAHUS KOJOB UCTIOIB3YIOT B CUCTEMAaxX CBS-
3u?

4 KOOUPOBAHUE UCTOYHUKA

4.1 CobOcTBeHHas uH(popMarus " U30BITOYHOCTD
(mupOBBIE CUTHAIIBI)

CHavasa ompeaeluM, CKOJIBKO MH(POPMAIMU COIEPKUTCS B COOOICHUN X
Ha BbIXOJIe UcTOUHMKA nHPopMannu. CooluieHne nMeer HudPpoByro hopmy, U pa-
1 YOpoIleHus: o0O03HaueHW# mojaraeM, 4yTo X — 3TO M-UYHBIA CUMBOJ, a
X1,X2,. . .,Xm — €F0 BO3MO>KHBIE 3HAYEHUSI.

UToObl UCKIIIOUUTH BIIMSHUE OCTAJbHBIX 3JEMEHTOB TpakTa Mepenadd Ha
puc. 2.1 (nepenatyuk, TUHUS, IPUEMHHUK), TIOJIAaraeM, 4TO IMOJIy4aTelb UMEET BO3-
MOKHOCTh HEMOCPEACTBEHHO HAOJIONATh COOOIEHHE, BbIIABAEMOE WCTOYHHKOM,
TO ecTh Y=X. KoHeuHas 11eJib moJyqaTes 3aKI04aeTCs B TOM, UYTOOBI ONPEEIUTh,
KaKo€ MMCHHO 3HAYEHHUE X MOSABMJIOCH HA 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 Jx COOTBETCTBY-
€T €MHCTBCHHOE 3HAYECHHUE Xj, TIO3TOMY II0 IPUHATOMY CHTHAIY BCErla MOXKHO
0e301H1O0YHO BOCCTAaHOBUTH NepeaHHoe cooluenue. Hanpumep, kaHai, B KOTO-
POM MPOU3BOAUTCS TOXKAECTBEHHOE MPeoOpa3zoBaHUE MepeaaBaeMoro cooOIeHus
Xj—>Yj, ABJISETCSA CaMOM IIPOCTON M HATJIAIHOM (opMoli KaHajia O€3 IoMeX.

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

Xj X1 Xo Xm (4.1)
POX) | P(X1) [ P(X2) | ... | P(Xm)}

Jlaxe npu 3TOM 0o nepedauu coodwenus npu m=>2 6ce2oa cyuwjecmayem He-
ONnpeoeneHHoCmMb OMHOCUMENLHO 020, KAKOe UMEHHO 3HaYeHue NOA8UmMcs HA 8bl-
xo0e ucmounuka. Ilocie MosBIEHUSI KOHKPETHOrO 3HAYEHUs, HANpPUMEp X3, He-
OMPENIEICHHOCTh UCUE3aeT, U 00hEeM 3HAHUUN HaOIOAaTeNsl BO3pacTaet (He 3HaIl —
y3Hal).

KonuuectBo wmHpopManmu, mnoigydaemMoil HaOJrofaTeNneM NpPHU TOSBICHUU
3HaueHus xj, Kiog IlleHHOH IpeaoKu onpeaensTs 1o Gopmyie

1(%;) = — 10gap(X)) (4.2)
Y Ha3Ball 3Ty BEIUYUHY COOCMEEHHOU uHGopmayueli CAMBOIA X;.

Bre16op ocHoBanwms norapudma a onpenensieT eIUHUIly KonndecTBa nHpop-

Manuu. Ecin a=2, To enuHMIAa HA3bIBAETCSA JIBOMYHOU (OUT), Ipu a = € = 2,72 —
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HaTypanbHOU, a ipu @ = 10 — necsatuunoi. [lepexon oT omHOM cucTeMbl Jorapud-
MOB K JIpyTOii paBHOCHJICH U3MEHEHUIO SIMHUIIBI KOJIMYEeCTBA MH(POpMAITUU
log, p=log, a-log, p, (4.3)
TO ecTh 1 HaT. en.=log,e 6ur~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 Xp. Torma xonuuectBo uHGOp-
Malliy, COACpIKAIICHCS B JTFOOOM M3 3TUX CHUTHAJIOB, OJMHAKOBO W paBHO |(X;) =
I(x2) = —log(1/2) = 1 Owr.

[ToaToMy ABOMYHBIE €AUHUIBI HH(GOPMAIIMKM HCIOJIL3YIOTCS Hambosee ya-
cTo. B nanbHeiiieM no yMOJTYaHUIO Mbl TakKe OyleM HCIOJIb30BaTh JIBOMYHBIC
eAUHUIBI (OTMETUM, YTO HE CJEAYyeT MyTaTh 08d PA3IUYHLIX 3HAYEHUs Cl08a
“Oum”: 1) TBOWYHBIN CUTHAN; 2) TBOWYHAS €IUHUIIA KOJTUYECTBA MH(POPMAIIUH).

Omnpenenenue (4.2) He ABISIETCS €IMHCTBEHHO BO3MOXKHBIM. [Ipenoxensl u
JIpYrue crnocoObl ompejeneHus KoiaudecTBa MHopmanuu (cM. pasa. 4.6), HO K
HACTOSIIIEMY BPEMEHU UMEHHO Teopusi nHpopmaluu no [lleHHOHY mo3BoJuiIa mo-
JYyYUTh HAaUOOJbIIEE KOJIMYECTBO MOJIE3HBIX /IS MPAKTUKHU PE3yIbTATOB.

CaolicTBa COOCTBEHHON MHPOPMALIUHU:

1) 1(x))=0, mpuuem 3HaK paBEeHCTBA NIMEET MECTO JIUIIb B CUTYALUH, Koraa X
— NETePMHHUPOBAHHBINA CUTHAM, T.€. P(X1)=1 , clieoBaTeabHO, JIOOBIC IPYTrHUe CO-
CTOSIHUS CUTHAJIa HEBO3MOXHBI (M=1);

2) BenuurMHA COOCTBEHHOUN MH(MOpMAaIMK TeM OO0JbIle, YeM MEHEe BEPOSITHO
JTAHHOE COCTOSIHUE;

3) 0ObIYHO 3apaHee HE M3BECTHO, CKOJIBKO MH(GOpMAIMU OyJIeT COomepk aTh
CHMT'HaJI, IOCKOJIBKY 3apaHee HEe N3BECTHO, KAKOE HUMEHHO 3HAYECHUE Xj IOSBUTCA Ha
BBIXOJ1€ UCTOYHUKA.

[NocnenHee 0OCTOSTENBCTBO MO3BOMSAET caMy BenuuuHy |j=1(Xj) cuurtars oxn-
HUM M3 BO3MOXHBIX 3HAYEHUU HEKOTOPOW IUCKPETHOM CIIy4YalHOW BEIMYMHBI,
VMMEIOLLEN Pl paclpeeIeHUs

TR (4.4)
P(Xi) | p(X1) | p(X2) | ... | P(Xm) |

Hanpumep, nycts yeTBepuuHblii curdan ¢ Asykparnon M xapakrepusyer-
Csl 3HAUCHUSIMU HA4YaJIbHOU (ha3bl

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

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

MaremaTtudeckoe OXUAaHUE CIy4alHON BENUYMHBI “‘COOCTBEHHast MHQOP-
Marusi” paBHO

H(X) =M[-log p(X)] -3 p(x,Ylog p(x, (4.6)
=
U Ha3bIBaCTCS 9Hmponuel cuenaia X.
Jls mpumepa (4.5) umeem H(X)=—0,1xlog0,1-0,6xlog0,6—
—0,18xl0g0,18-0,12xlog0,12= 1,587 Gwur.
Yr1o6bl yIPOCTUTH MOAOOHBIC OAHOTHUITHBIE BBHIYMCIECHUS, B IIpunoxennn 2
naHa tabsmna 3HadeHunid Gpyakuu h(p)=—plog(p), a Ha puc. 4.1 — ee rpaduxk.

0. 10)

04 /’ \\

0,2

0,0 1 \‘p
0 05 1 P

Puc. 4.1. BcuomorarenbHas

ynxus h(p)=—plog,p

CBolicTBa SHTPONUMU:

1) H(X)>0, npuuem 3HaK paBEHCTBAa MMEET MECTO JIUIIb MPU JTETCPMUHHPO-
BAaHHOM curHaje X (3TO JIETKO MOKa3aTh, yOeAuBIIUCH B ToM, 4T0o h(p)=0 numib
npu p=0 u ipu p=1);

2) cuenan X, umerowuii m 03MONCHbIX COCMOSIHUL, 001a0aem MaKCuMaib-
HOU dHmMponueu

H(X) <Hmax=logm 4.7)
6 clyyae, Ko20a 6ce JMu COCMOAHUA pasrhogeposamuel, m.e. P(X)=1/m.

B cnpaBennmBOCTH 3TOr0 yTBEPKIECHUS MOYKHO yOEIUTHCA, MPOBEPUB, YTO
“BbIpaBHUBAHNE” BEPOSTHOCTEH JIFOOBIX ABYX COCTOSIHHUM BEACT K YBEITUUCHHUIO HH-
TpONUHU. J[eCTBUTENBHO, UMEEM

2h(%)z h(p,)+h(p,),

nocKoJIbKY GyHKIHs h(p) — BeITyKITas.

DTH J1Ba CBOMCTBA MOKA3bIBAIOT, YTO SHTPOIHS, B JOMOJHEHUE K CBOEMY OC-
HOBHOMY HAa3HA4YEHHIO (CpeIHEe KOIMYECTBO COOCTBEHHOM MH(OpPMAITUU B CUMBO-
je X) MOXET HUCTOJb30BAThCS KaK Mepa HeonpeodeieHHOCMU UCX00a ONnblma Hao
caydainvim 0ovekmom X.

Outponus H(X) — nerepMUHUPOBaHHAs BEIMYUHA, IO3TOMY €€ yno0Hee uc-
MOJIb30BaTh JJI ONUCAHUS WHPOPMAIMOHHOTO COJAEpP>KaHUSI CUTHAJIOB, HEXEIU

(4.8)
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HaOop 3HaueHui (4.2).

Uto0bl yBENIMUYUTH KOJIMYECTBO BO3MOXKHBIX BapuaHToB N, mepemaBaemoe
coobmIeHre 00BIYHO (POPMUPYIOT B BUE MOCIENOBATEILHOCTH JUIMHBI N, COCTO-
SIed M3 M-UYHBIX CHUMBOJIOB X:X[l] X[z] X["], e KaXXJIbIM CHMBOJ MOKET

IPUHATH OJHO U3 3HAYEHUU X, X,,...,X,, IpA 3TOM N =m"

o Xy
CobOcTBeHHast nHpOpMAIIMS TTOCIEIOBATEIHFHOCTH xi[l],xj[z],...,xk[”] onpeaens-

eTCsl TeM K€ crocoOoMm (4.2)
LM, %, x Ty = —log p(x ™, x ... x I (4.2a)
U, €CTECTBEHHO, 00JIaJlacT TEMH K€ CBOMCTBAMHU. K HHAM MOYKHO JOOABHUTH JIUIIb
CBOLICMBO addumuenocmu BBEITEKAIOIICE U3 (1)OpMYJ'IBI YMHOKEHHSI BEPOSTHOCTEM,

I(X 2] X [3] [n l [n]) — |Og p(x )_

—~log p(x,# 7 xH)~log p(x, /1 x, x ) —...-

—log p(x " /%M, x 2, x ) =
(4.9)

= 1)+ 10 oy + 1B B x By 4+

0, x L x T,

r
rae obosnauenue 1(a/b) mcnonp30BaHO IS ONPEACICHUS YCIOBHOU COOCMEEHHOU
ungopmayuu, T.¢. HHOOPMAIHH, COAEPIKAIIEHCS B CHMBOJIE @ TIPU YCIOBHH, YTO K
ATOMY BpPEMEHH HAOJIOJATENI0 YK€ M3BECTHBI 3HAUCHHS BCEX CHMBOJIOB, BXO/IS-
muX B rpymry b.
DHTPOIHUS MOCICIOBATEIHPHOCTH CHMBOJIOB TaK)Ke OIMPEIEIICTCS CIIOCOO0M
(4.6)
H(X) = H(x[”,x[zl,...,x[”l)z
m mm (4.6a)
=222 PO, x . x ) log pe®, x ... x ).

i=l j=L k=l

Boraucnss popmanbHO MaTeMaTHyecKue OXHIAaHUS OOeMX YacTeil paBeH-
ctBa (4.9), BUIUM, 4TO U SHTPOIHSI TIOCIEIOBATEIIBHOCTH 00JIa1aeT CBOMCTBOM a/JI-
JTUTUBHOCTH

HX)=HXD)+HXE Xy +..+
+HXMxB x B x e,

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

CJIeJI0BAaTEIbHOCTH MAKCUMaJIbHA
H(X)<H, ., =logN=nlogm=nH__, (4.11)

korja Bce N cocTostHMIT paBHOBEPOSITHBI. DTO BO3MOXKHO JIMIIb B TOM Clly4dae, Ko-
I71a ¥ 0J151 Kaxco020 CUMBOJIA 6Ce e20 M COCMOSIHUL PAGHOBEPOSIMHbL, A CUMBOIbL 8
nocne008amenbHOCMU He3a8UCUMDL.

C 3TUM CBOWMCTBOM CBSI3aHO BEChbMa Ba)KHOE MOHITHE M30BITOYHOCTH CHUTI-
Haja. Curnan X o6nanaer u30bITOYHOCTBIO, €CJIM KOJTUYECTBO UHPOpMALIMK (IH-

(4.10)
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tponust) H(X), comepskalieiics B HeM, MEHbIIIE TOI0 MaKCUMaJIbHOTO KOJIMYECTBA
Himax ,KOTOpOE OH B MPUHITUIIE MOT Obl COZEepKaTh MpH Tex ke M u N. Koadduiu-
€HT U30BITOYHOCTH OTpeiesieTcs o Gpopmyie

R=1-H(X)/H, (4.12)
U MoxeT npuHuMaTh 3HadeHus: 0<R<I. MHorma ymoOHEe HCMOIL30BATh JPYTYIO
dbopMyITy, TIPUBOSIIYIO K TOMY K€ PE3YNIbTATY,

R=1-L /L=L/L, (4.13)
rae L — cpenHee KOJIM4ECTBO CUMBOJIOB B COOOIICHUH (CpelHEe 3HAUEHUE MOMXKET
OBITH Ta)ke IPOOHBIM);

Limin — MUHUMAJIbHOE CPE/IHEEe KOJIMYECTBO CUMBOJIOB, HEOOXOAUMOE JIJIsl TO-
ro, 9TOOBI BMECTUTH TO )K€ KOJMYECTBO MH(MOPMAINH, CICTOBATEIHHO, BEIIMYNHA
L, ecTb cpeHEee KOMTUYECTBO U30BITOYHBIX (“TTUITHUX"") CHMBOJIOB.

Hecmomps na enewnee cxoocmeo ghopmyn (3.25) u (4.13), onu onpedensirom
U30bLIMOYHOCb NO-PASHOMY: 8 NepP8OM Clyyde — 8 MEXHUYECKOM CMblcle, d 80
emopom — 6 bojee obwem, UHGOPMayuoHHom cmulicie. Pe3ynbTaThl BHIYUCICHUN
o obenmM (opmysam Il CHTHaj A Ha BRIXOJE JACKOJAEpa COBMAMAIOT B €AMHCTBEH-
HOM CJIy4ae, KOrJa JIBOMYHBIM CUTHA HA €r0 BXOJE HE COJEPKUT M30BITOUHOCTH,
TO ecTh Bee ero N=2" komGuHarmii PABHOBEPOSTHBL.

N3066ITOYHOCTh TMCHMEHHBIX TEKCTOB B JTIOOOM M3 €BPOIEHCKHUX SI3BIKOB J10-
BOJIbHO Benuka: oHa coctaBisier 70-80%. Vcnonb30BaHME pa3iMUHBIX COKpaIlle-
HUI €CTh CIOCOO YMEHBIEHUS W30BITOYHOCTH. B MHBIX ciydasix W30BITOYHOCTH
CO3HATENHHO YBEJIMYMBAIOT, HAIIPUMEP, yKa3biBasg CyMMY IPOIUCHIO B (DMHAHCO-
BBIX JOKYMEHTax. Vcrmonp30BaHNE KOPPEKTHPYIONINX KOJOB TAaKKe OCHOBAHO Ha
BBEJICHUU B MepeAaBaeMbIii CUTHAT N30BITOYHBIX, IPOBEPOUYHBIX CHMBOJIOB.

U3 sxonomuueckux coobpasicenuti 6ce20a xomenocs bvl chopmuposams ne-
peodasaemblil CUSHAT, HE COO0epHCAUUll U30bIMOYHOCMU, OOHAKO CMABUMb MO
2NIABHOU Yeblo NPU KOOUPOBAHUU OONYCIMUMO UL NPU nepedaye CUSHAIA 8 Ka-
Hane 6e3 nomex. B kamane ¢ nomexamu nepeoasaemvlii CUSHALL OONHNCEH COOep-
JHcamov uU30IMOYHOCMb mem 601bULYI0, Yem evlule yposeHs nomex. Mmenno onazo-
oapsi >moil u3obImoYHoCmu yoaemcs obecnedums mpedyemoe Kaiecmeo nepeoayu
3a cuem mo2o, Umo 6 npoyecce npuema NosAGIAEmMcs 603MONCHOCMb OOHAPYIHCU-
8amv U UCHPABTIAMb ODONLUUHCIMBO OUUOOK, BOZHUKAIOWUX 8 KAHAe.

4.2 KopnpoBaHue B KaHane 6e3 nomex

CooO1ieHue Ha BbIXOZE JIF0O0ro peasbHOro HCTOYHUKA HHPOopManuu (TEKCT,
peub, “300pakeHue u T.I.) obsagaer u30bITOUHOCThIO. Henb3s cka3aTh, 4TO OHA
Oecrosne3Ha (CM. BBIIIENPHUBEACHHBIE 3AMETKH O POJIM U30BITOYHOCTH), HO B IO-
JaBJISIIOIIEM OOJIBIIMHCTBE CIIydaeB BBEJCHA J1aJIEKO HE CaMbIM pallMOHaJIbHBIM
obpazom. IlosToMy nepen Tem, Kak MPOBOAUTH KAaKHE-TO MPEOOpa3OBaHUs COOO-
HICHUS, Jy4lIe OT 3TOU U30BITOYHOCTU U30aBUTHCS.

IIpeobpazosanue yugposoco cuenana, HanpasieHHoe HA COKpAWeHue u3s-
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ObIMOYHOCIU, HA3LIBAECMC KOOUPOBAHUeM ucmoyhuxka. PaHbIe TOT ke MpoIece
Ha3bIBAJIM KOJAUPOBAHUEM B JIUCKPETHOM KaHasie 0e3 moMex.

Hanpumep, npu ABOMYHOM KOJMPOBAaHHHU ajipaBuTa, comepkaiiero S = 5
OyKB, KoJoBas TabauIa MOJKET MMETH [ (1 0% 01112078 BU]I
(tabi. 4.1). JIna xaxnoi OykBBI X; B TaOJIMIIE YKa3aHA BEPOATHOCTD €€ MOSBICHUS
P(X;) 1 cooTBeTCTBYIOMAs KOOBasi KOMOMHANNS, a Takke JUnHA | 3Tol KoMOuHa-
1y (B 0011IeM ciaydyae KOMOMHAITUU MOTYT COAEPKaTh Pa3HOE KOJIUYECTBO CUMBO-
JIOB).

OOGbyHO KOJOBasi TabJWIIA HMCIOJIB3YETCS MHOTOKpaTHO ([Uis mepeaadyu
MHOTOOYKBEHHOTO TEKCTa), M Hanbojee 0ObEKTUBHBIM MMOKa3aTEIIeM YKOHOMUYHO-
CTH KOJIa SIBJISICTCSI CPEAHSS JIJTMHA KOJIOBOM KOMOMHAIIUH

L:jzzllljp(xj):3-0,2+...+6-O,1:3,26I/IT/6yKBy. (4.14)

[Ipu 3TOM H30BITOYHOCTH CUTHAJIa HA BBIXOJE KOAEpPa MOXXHO OINpPEACIHUTH
no ¢popmyre (4.13), monaras, 9To Lpyjn €CTh MUHUMAIHHO BO3MOXKHOE CPEIHEE KO-
JMYECTBO M-UYHBIX CUMBOJIOB, IPUXOSAIINXCS HA OAHY OYKBY TEKCTA.

ITonbITaeMcs HAUTH OTBETHI HA JBa BOIIPOCA:

1) KakOBO YHCIIEHHOE 3HAaYEHHUE TEOPETHIECKOro npeaena Luyin?

2) KaK HY»HO KOJUPOBATh, YTOOBI JOCTUTHYTh 3TOr0 MPEENa UIH XOTs ObI
K HEMY TpHUOTU3UTHCS ?

Kcraru, oueBuano, uto s andasuta 1abdi. 4.1 cymecTByIOT Jydline KOabl,
HEXEJIN KOJl, YKa3aHHBIN B IIPUMEDE.

Ta6muma 4.1. [Ipumep
KOJIOBOM TaOJIUIIBI

Xj | p(x) | Komossie lj
cioBa

a |02 |101 3

6 |05 |[010 3

B |01 0 1

r |01 |1001 4

x (01 |110000 6

[IpoBenem mpocThie, XOTS U HE OYEHb CTPOTHE, PACCYKIEHUs, MO3BOJISAIO-
IIMe OTBETHUTH Ha TIEPBHIN BOIPOC.

CobcrBennas nnpopmanus Oykssl X; pasHa |(Xj))=—logp(x;). Crombko xe uH-
(opMaru JOIKHO COIEPHKATH J-€ KOJIOBOE CIIOBO.

C npyroii CTOpOHBI, MAKCUMAJIbHOE CpeIHEE KOJIMYEeCTBO MH(pOpMaLuu, KO-
TOPOE MOXET MEePEHECTH OJWH M-UYHBIA CUMBOJI Ha BBIXOJE KOZAEpa, B COOTBET-
ctBuH ¢ (4.7) paBuo Hpya=logm. Toraga kKoau4ecTBO TaKUX CHMBOJIOB, TpeOyeMoe
JUIA pa3MeNIeHns UMEIoIeicst HHPOPMAIIUH, TOJKHO YAOBIETBOPSATH OYEBUTHOMY
HEPaBEHCTBY
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> I(Xj) . —Iog p(Xj)

i= Hmax - |ogm ) (415)
HepaBeHcTBO cripaBeyiinBo u zmﬂ MaTeMaTUYECKUX OKUJaHUN 00erX JacTei
ZI pOx;) 21— { Zp(x )log p(x, )} (4.16)
Torna Ha ocHoBanuu onpeneneHuii (4.6) u (4.14) umeem
L>-——22 HOX) :
logm ™ (4.17)

Takum oOpa3om, OTBET HA MEPBBII BOMNPOC MOTYUECH.

BbisicHuM, Tpy KakuX YCJIOBHSIX HepaBeHCTBO (4.17) moxeT oOpaTuThCs B
PaBEHCTBO, T.€. KOT/la CYIIECTBYET 0€3bI30BITOUHBIN KOA. [ 3TOro HeoOXoaMMo,
9TOOBI Kaxkaoe ciaraemoe B (4.16) oOpaTuiiock B paBeHCTBO, T.€. 0OpaTUIIUCH B
paBeHcTBa Bce S BbIpakeHnH (4.15). JleBast gacts |; — 370 KOMMUECTBO CHMBOJIOB B
J-1i KOMOMHAIINH, T.€. MOJOKUTEIBHOE 1e0€e Ynciao. [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 JUIIb B Cly4dae, KOT/ia pacupeene-
HUE BEPOSITHOCTEN OYKB TaKOBO, YTO KaXKJasi U3 BEPOATHOCTEH MOXKET OBITh Mpei-
CTaBJI€HA B BUJE OTPULATEIHHON LETOUYNCIEHHON CTETIEHH OCHOBAaHUS KoJia M

p(x;)=m". (4.18)

[IpuBeeHHBIE COOTHOIIEHHSI OTOOPAXAIOT COEpKAHUE JI0Ka3aHHOM CTPOro
meopemvl [llennona o koouposanuu 6 OUCKpemHOM Kauaje 6e3 nomex.

Ilpu xoouposanuu argpasuma X ¢ sumponueti H(X) cpeouss onuna kooosoi
Komounayuu e modcem ovimb menvute H(X)/logm. Eciu eeposmnocmu 6yke ne
ABNAIOMCL OMPUYAMETbHBIMU YETIOYUCTEHHbIMU CIMENeHAMU YUCIA M, MO MOYHOe
docmudicenue YKa3anHoU HUNCHeU 2PaHUu He8O3MONCHO, HO NpU KOOUPOBAHUU OO-
CMAamoyHo ONUHHLIMU OJOKAMU K Hell MONACHO CKOJb Y200HO NPUOIUSUMBCAL.

[Tocnennee yTBep»KAeHUE TEOPEMbI, O KOAMPOBAHUU OJIOKaMH, OYyIEeT Mpo-
WJUTIOCTPUPOBAHO MO3KE.

®opmyna (4.15) gaet nuiis BecbMa 0011ee yKa3aHHE O CIIOCO0e KOAMPOBA-
HUs: O0Jee BEpOATHBIM OyKBaM JOJKHBI COOTBETCTBOBAThH 00Jiee KOPOTKUE KO/0-
Bble KOMOMHAIMU. DTO — NPUHYUN CIMATMUCIUYECKO20 KOOUPOBAHUSL.

[IpensnokeHo HECKOIBKO CIIOCOO0B KOAMPOBAHUS C MaJION U30BITOUHOCTHIO.
Haunyuwwuii uz nux — ko0 Xagpmana. Bennuvna L, nonydyaemast npu KOAUpOBaHUH
ATUM KOJIOM, He OOJIbIIIe, YeM IIPHU KOJUPOBAHUH JTIOOBIM JIPYTUM KOJOM.

[Iponenypa koaupoBanusi ABOMYHBIM (M = 2) kojoM XadMaHa mpeaycMar-
puBaeT (S — 1)-KpaTHOE MMOBTOPEHUE OJHOW W TOW K€ OIepalliy, BKIIOYAFOIICH
CIelyIoUIue AeUCTBUS:

1) OykBbI andaBuTa, MOIYYEHHOTO Ha MPEABIAYILIEM IIare, pacrioiaratoTcs B
NopsiJIKe YObIBaHUS MX BEPOSTHOCTEH;

2) MpoBOAUTCS COKpallleHre ajndaBUTa Ha OJJHY €AUHMUILY, T.€. IBE€ HAUMEHEE
BEPOSTHBIC OYKBBI OOBEIUHSIIOTCS M 3aMEHSIFOTCSI OJHOW HOBOM OYKBOM, JJIsi KOTO-
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pOii BEPOSITHOCTh €€ TMOSIBIICHUS, €CTECTBEHHO, paBHa CyMMeE BEPOSITHOCTEH 00b-
eINHSEMbIX OYKB.

[Ipomecc xoaupoBanus ya00HO rpadUuecKu WLTIOCTPUPOBATH MPU TOMOIIH
TOPU30HTAIBHO PACTIONIOKEHHOTO JiepeBa (CieBa — BETBHU, CIIpaBa — KOPEHb), Y KO-
TOPOTO BCEr/ia JIBE€ BETBU O0BbEAUHSIOTCS B OJIHY, O0onee KpyrnHy. O0benruHsieMble
BETBU 0003HAYAIOTCA NBOUYHBIMU Iu(pamu: BepxHsis — 1, HkHss — 0. UToOb! 3a-
MUCaTh KOJAOBOE CJIOBO, COOTBETCTBYIOIIEE JAaHHON OyKBE, HY>)KHO JIBUTAThCs K HEl
OT KOPHS JIEpeBa U CUNTHIBATH ATU JIBOUYHBIC IIHU(PHI.

IIpumep. 3axonupoBaTh OYKBBHI ayndaBuTa, MpUBEAECHHOr0 B Tabn. 4.2, u
OIICHUTHh HM30BITOYHOCTH MOJYICHHOTO KOJIA.
Tabsuna 4.2 — Tpumep psiaa pacrpeeieHus
BEpOSATHOCTEH OYKB andasura
Xj X1 | Xo X3 X4 X5 X6
p(x) 1 0,1/0,2/0,25|0,05|0,25| 0,15

DHTPOMNUS UCTOYHUKA COOOIIIEHHUI paBHA

H(X) =-0,1 x log0,1 — ... — 0,15 x log0,15 = 2,423 6ut/0OyKBY.

O4eBUAHO, YTO U3-3a HEPABHOBEPOSITHOCTU OYKB andaBuTa COOOIIEHUE HA
BBIXO/I€ UCTOYHHKA UMEET U30BITOYHOCTh

R =1-H(X)/H(X),., =0,0627,

rae H(X)max = l0gs = 2,585 6ut/0ykBy.

KonoBoe nepeBo mokazaHo Ha puc. 4.2, rie B pa3pbhiBaXx BETBEH yKa3aHbI
CyMMapHbI€ BEpOSITHOCTU 00bEAUHSIEMBIX OYKB.

1
r0,55 —’_1]00 .
0

Kombu- | X; — 0,45 1
Hauus — 0,30
10 X3 | -
0,25 0
01 Xs5 025 1
00 Xo
—0,20

' 0
111 Xs 015 1
1101 X1 — 010 1 }‘
1100 | % | _ o }0'15 0

’ 0

Puc. 4.2. KomoBoe aepeBo koma Xahmana

Cpenusst qjyiMHa KomoBoro ciioBa (4.14) Ha BeIXxoje kKojepa paBHa L = 2 x
0,25 + ... + 4 x 0,05 = 2,45 (6ut/0yKBY), 1 U30BITOUHOCTH (4.13) »TOrO CUTHaNMa
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cocrasisier R =1 —2,423/2,45 = 0,011.

Utak, andaBUT MUCTOYHHMKA YAQIOCHh 3aKOJUPOBATH C MaJol 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 U30BITOYHOCTh CUTHAJIa Ha BBIXOJ€ KOJlepa Bceraa OyAeT MeHbIIe, YeM U3-
OBITOYHOCTH UCXOAHOTO alipaBuTa. Bo3aMokHa Takasi, Ha MEPBbIN B3IJIA] MAPATOK-
caJibHasl CUTYyalus, Korjaa Bce S OykB andaBuTa paBHOBEPOSTHBI U, CIIEA0BATENbHO,
BXOJHOW CUTHAJI HE COAEPKUT U30BITOUHOCTH, HO BBHIXOAHOW CUTHAJ U30BITOYEH.
[TosTomy emie pa3 MOAYEPKHEM, YTO KOIWPOBAHHWE C HYJIEBOM H30BITOYHOCTHIO
BO3MOXXHO JIMIB JUJIS PaclpeesIeHU BEPOSITHOCTEN CIIEUAIBHOIO BH/1A, 4 UMEH-
HO, KOI'/Ia BEPOSTHOCTH BceX OYKB MOT'YT OBbITh IpeJCTaBiIeHbI B popMme (4.18).

Hpyroit Becbma xopomuii ko — 370 koA Llennona-®dano. 31ech Takxke
OyKkBbI aj(aBuTa IPEIBAPUTEILHO PACIIOIAralOTCs B MOPSAJIKE YOBIBAHUS BEPOST-
HocTel. KogupoBaHue 1BOUYHBIM KOIOM ITPOBOIUTCS B HECKOJIBKO TAIOB:

1) Bech andaBUT AEAUTCS HA JIBE TPYMNIbI (BEPXHIO M HUKHIOKO) TaK, YTO-
Obl CyMMapHbI€ BEPOSTHOCTH B KaXKJ10M U3 TpyIi ObUIM 1O BO3MOKHOCTH PaBHBI
ApYT Apyry (K COXKaJeHUIO, €CIM BEPOATHOCTH BCeX OYKB HE MOTYT OBITH Mpej-
cTaByieHbl B BUj€ (4.18), Ipy BBINOIHEHUHU 3TOM Onepany BO3MOXKEH CyOBEKTUB-
HBI MOJAX0/); 3aTeM JJI KaXA0W OyKBBI 3aIIUCHIBAETCS MEPBbIII CUMBOJ KOJOBOTO
cioBa: 1— g OykB, MOMABIIMX B BEPXHIOW rpymmy, u 0 — 1 OyKB U3 HIDKHEH
TPYIIIBI;

2) xaxjas rpyImnia AeJIUTCs, B CBOKO O4YEpe/lb, HA IBE PABHOBEPOSATHBIE MO-
IPYNIBL, U B K&KIOM KOJJOBOM CJIOBE 3alIUCHIBAETCS BTOPOM CUMBOJ IO TOMY K€
110)2060012003'2

Takoe neneHue u JONMCBIBAHUE CUMBOJIOB IIPOBOJUTCS 0 TEX IOp, IOKA B
Ka)KJ0M MOATpYyNIE HE OCTAHETCA M0 OJJHOM OyKBeE.

Ecnu m > 2, Ha KaX/10M 11are mpoBOAUTCS JI€JICHHE TPYIIbl OyKB Ha M paB-
HOBEPOSITHBIX MOATIPYIII U JJI1 X HyMEpaluu UCIONIb3YyI0TCs cuMBOIbL 0,1,...,(M—
1).

OOpaTtuTe BHUMaHHUE, YTO NPU KOJHUPOBAHUU U KOJIOM XadMaHa, U KOJOM
[IlenHoHa-®aHO B caMOl CTPYKTYype KOJOBOM TaOIMIIbI YK€ 3aJI0)KEHA BO3MOXK-
HOCTb Pa3JeleHMs IIPU MPUEME TOCIEA0BATENBHO NEPEIABAEMbBIX KOJOBBIX KOM-
Oounauuii. Hanpumep, npu KogupoBaHUM KOJOM pHC. 4.2 TpuHATas ABOUYHAS I10-
cnenoBarenbHOCTs 001100010011 10nHO03HaYHO nEKOAMPYETCA Kak MOCIEI0BA-
TEJIBHOCTb OYKB X2X4X5XoX . DTO OOYCIIOBIEHO TE€M, YTO B KOJOBOM Ta0JMle HUKa-
Kasi KOMOWHALIMS HE SIBJISIETCS] HA4aJIOM JIPYroM, Oosee IIMHHON KOMOMHALIMH.

[Tpu ucnionbp3oBaHuKM 000UX KOAOB J1t00as1, Jaxke OAMHOYHAS OIIMOKA B MPU-
HATOM IOCJIENO0BATEIBHOCTH JIMIIAECT IPUEMHUK BO3MOKHOCTH IPABUIIBHO JIEKO-
JUpOBaTh €€ OCTAaBIIIYIOCS 4YacTh, HO ATy MpolOsieMy oOCykJaaTh He OyaeMm, mo-
CKOJIBKY, HallOMHUM, 3TH KOJABI NPEIHA3HAYEHBI HCKIFOYUTEIBHO JUISI KOJAHPOBA-
HUSl TIPU OTCYTCTBUU MOMEX (peanbHO, B CUTYallMH, KOT/1a BO3MOXKHOCTD TOSIBIIE-
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HUS OIIUOKH MPEHEOPEKUMO Maja).

Koauposanue 6iokamu, ynomuHaemoe B teopeme lllennona, nmpenmnonaraer
UCIIOJIb30BaHUE TEX JK€ KOJIOB, HO KOJOBAasi TAOJIUIIA COACPKUT HE OTACIbHbBIE OYK-
BbI IIEPEIABAEMOr0 TEKCTa, a UX KOMOMHALINY (IBYXOYKBEHHBIE, TPEXOYKBEHHbBIEC U
T.J.), TIPXA 3TOM, €CTECTBEHHO, HY)KHO yYKa3aTh BEPOSITHOCTH TOSBICHUS 3THX KOM-
ounanuii. [Ipu konupoBaHuM N-OYKBEHHBIX KOMOWHAIMH 00bEM KOTOBOM TaOJIHIIBI
pasen N = s", T.e. JKCIIOHEHIIMANIBEHO PACTET C YBEIMYEHUEM JIMHBI OJI0KOB. I10-
JIOXKUTENHHBIA dPPEKT MPU ATOM 3aKITIOYAETCS B TOM, YTO BEPOSTHOCTH BCeX N-
OyKBEHHBIX OJIOKOB BC€ 00Jie€ TOYHO MOT'YT OBITh MpeacTaBieHbl B Gpopme (4.18),
T.€. I30BITOYHOCTh MOXKET OBITh ClIeTIaHa CKOJIb YTOJTHO MaJIOH.

I nasnwiii Hedocmamok 060uUx K0008 3aKI0UAIOMCSL 8 MOM, YMO 015 UX NPU-
MEHEHUsl HYHCHO 3HAMb 8ePOSIMHOCMU Nos6leHus OyKke (WM X KOMOWHALUNA MTpU
KOAMPOBAHUM OJIOKaMHM), a Ha MPAKTUKE TaKasi OjaronpusiTHas CUTyaIusi BO3HUKA-
€T Ype3BbIYalHO PEIKO.

Kon Jlemnena-3uBa [1-3] cBoOomeH OT 3TOro HexocTaTka. 31€Ch KOIOBas
Ta0JIMIIA, U3HAYAJIHO MOYTH IyCTasl, 3aroJHSIETCs OHOBPEMEHHO B ITYHKTaX Iie-
penadu M nmpuema B Ipoliecce KOAUPOBaHUs (IEKOAUPOBAHUS), IPUYEM B ATy Ta0-
JMITy BHOCSITCS JIWIITb Takue Bce Oosiee JUIMHHBIE OTPE3KH TEepPeaBaeMoro cooo-
IICHMsI, KOTOPBIE €llle HEe BCTpedanuch paHee. KaxaoMmy oTpe3ky B Tabiuile MpHu-
cBauMBaeTcs N-pa3psansbii HoMep. [lpu BHeceHMH oyepeaHOM 3amucu (CTPOKH) B
TabNHIly Tiepenaercs 070K, COAepKaIIU:

1) HomMep oTpe3Ka, y)Ke UMEIOIIErocs: B TaOJHIIE;

2) CUMBOJI, CJICTYIONINI B TIEpeIaBaeMOM COOOIIEHUH 32 3TUM OTPE3KOM.

PaccMoTpuM mpuMep KoaupoBaHHUS JBOWYHBIM KojoM Jlemriena-3uBa JIBO-
nyHoro cooOmenuss 0010101000101, CoobuieHue KOpOTKOE, MO3TOMY MOXHO
B35Th HEOOIBINIOE 3HAUEHHE N = 3.

Ha puc. 4.3 moka3aHbl TBOWYHBIC MTOCIICIOBATEIHHOCTH HA BXOJIC M BBIXOJIC
Kojiepa, MPUYEeM pajyd HArJSITHOCTA OHU Pa30UTHhI Ha YaCTH, COOTBETCTBYIOIIHE
oT/ienbHBIM maram. CIUIONIHBIE JIMHUM YKa3bIBAIOT, KaKUE HOMEpa HM3BICKAIOTCS
U3 KOJIOBOU TAaOJUITHI M TTOMAIOTCS HAa BRIXOA Kozaepa. [IITprxoBbie IMHUH TTOKA3HI-
BaIOT MYTh BHECEHMsI OUYEPE/IHBIX 3alrced B KOJOBYIO TaOnuily (miepBas 3amuch
“npoben” u ero Homep 000 BHeceHbI B TaOIMILy 3apaHee). Y 0enuTech, YTo Mo me-
pemaBaeMoil mocIe0BaTEIbHOCTH B IIYHKTE TIpUeMa MOKHO B TOM K€ MOPSAKE 3a-
HOJIHATH KOJOBYIO TAOJIMILY U I€KOJIMPOBATH CUTHAIL.

JUtst nanpHeUero CoKpamieHus: M30bITOYHOCTH MOJIE3HO T€ OTPE3KH B KO 0-
BOM Ta0nuIle, A KOTOPBIX YXKE CYIIECTBYIOT BCEBO3MOXKHbIE O0siee JUIMHHBIE T10-

Bxon 0 01 010 1 00 0101
Brixon 0000 | 0011 | 0100 | 0001 | 0010 | 0111
Otpe3ox | Homep ’ s g
- 000
0 001
01 010
010 011 T T et
1 100 [ o7 LT
00 100 [ .-~
0101 110 T

Puc. 4.3. I[Ipumep kogupoBanus kojaoM Jlemnena-3uBa
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CJIeIOBAaTENbHOCTH (JTMHA OOJbIE HA €IMHMILY), UCKIIOYATh W3 TAOJUIIBI U TO-
BTOPHO MCIOJIB30BaTh OCBOOOAUBIIINECS HOMepa. Hampumep, mosie 3anucu oTpeska
00 MOXxHO OBITO OBI HCKITIOYUTH OTPE30K 0, T.K. IJIT HETO YK€ CYIIECTBYIOT Ooee
ninuHaHbIe 01 1 00, HO MBI 3Ty ONEpalyIO HE BHITTOIHSIIN.

N3 npuBeneHHOro npuMepa BUIHO, 4TO koA Jlemriena-3uBa faxke yBeIn4u-
BaeT M30BITOYHOCTH MPU KOAUPOBAHUU KOPOTKUX cooOIIeHni (Ha Bxoje Obuto 13
OuT, a Ha BBIXOJIe cTajo 24), 0AHAKO MIPU KOJAUPOBAHUHU OoJiee JJIMHHBIX COOOIIe-
HUI 3TO COOTHONIIEHME MOCTENEHHO yiyuinaercs. JlokazaHo, 4TO aCUMITOTUYECKHU
(Mpu yBENWYEHUM JUIMHBI COOOIEHHS) M30BITOYHOCTh 3TOI0 KOJA CTPEMHTCS K
HYJIIO.

Kon Jlemniena-3uBa sIBIsIETCS OCHOBOM MHOTMX IMPOLEAYP apXUBHPOBAHUS
Gbaiinos.

Bce paccMOTpeHHBIE BBIIIE METOABL — 3TO VHUBEPCATIbHbIE MEMOObl, NO360-
JAOWUe Koouposams roboe yugpposoe coobwerue b6e3 nomepu uHpopmayuu.

Pa3paloTaHnbl Takke cneyuanuszuposanHvie mMemoosl, KaxXIblil U3 KOTOPbIX
npelHa3HavYeH JUIsl KOJMPOBAHUSI COOOIICHUI OMpeneeHHOro Buia (TOJIOCOBBIX,
BUJICOM300paKEHUI U T.II.) U OCHOBAH Ha yueTe OCOOCHHOCTEW NaHHOTro BUjaA [2—
4]. KonupoBaHre TaKUMU METOJaMU MPOU3BOJUTCS ¢ YACTUUHOM mOTepeit nHbop-
MaIliH, YTO BBUIMBAETCS B MOTPEIIHOCTH MPU BOCCTAHOBJIECHUU COOOIIEHUS B MPU-
eMHUKe. MOXXHO YBEJIMUUTh CTENEHb CXKATHSI 32 CUET YBEIUUYEHUS MOTPEIIHOCTEM.

4.3 B3zanmHaa nHdopmaums

B kanasie ¢ moMexaMu BO3MOXHBI CUTYaIMH, KOTJa MPUHATOE 3HAaYCHUE M-
MYHOT'O CUMBOJIA Yy OTJIMYAETCs OT MEePEJAHHOIO 3HAYEHUsI Xj, XOTSI B HOPMAJIbHBIX
YCJIOBHSX BCE-Taku 0ojiee BEPOSITHO, uTo K=]. B mpuHIIKIE, BO3MOKHO TOSIBIICHHE
000 Mapsl X;, Y.

Konuuecmso ungpopmayuu, uzsenekaemoii nonyuamenem u3 NpuHAmoz20 cue-
Hana yy, Koz20a € oeicmeumenvHocmu nepeoasanocst coobuenue xj, K. Illennon
TIPEIIOKUI OTIPEALISITH TI0 (hopMyJie

1(x;; yk):logM.
p(x;) (4.19)
OTMeTUM HEKOTOPBIE OYEBUIHBIE CBOMCTBA BeMYHUHEI (4.19).
1) CBOWCTBO CUMMETPUH

|(Xj;yk)=|(yk;xj):|ogM:
p(X;)
o P(Y/%;) p(X;, Yy (4.20)
g =lo
P(Y,) p(X;) P(Yy)

BBITEKaeT W3 (opMysbl YMHOKEeHHST BepositHoctel (1.8). BeneactBue Toro, uro
3HAYEHME NEPENAHHOI0 COOOIIEHH Xj U 3HAYEHHE IIPUHATOrO CUTHAJIA Yy BXOIAT B
(4.20) ogquHaKOBBIM 00pa3oOM, 3Ta BETMYMHA TOTy4YHIa 00Jee KOPOTKOE Ha3BaHHE
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83AUMHOU UHGOpMaAYUU MEHCOY Xj U Y.
2) B xanane 6e3 momMex BO3MOJKHBI JIMIIb TaphI Xj, Yj, TO3TOMY ISl OCTallb-
HBIX TIap HAXOJUTh B3aUMHYI0 MH(POPMAITUIO MPOCTO HET cMbIcia. [l Takux map
UMeeM
L(Xj5y) =1(x;)=1(y)), (4.21)
T.K. B TakoM KaHaze Bcerga P(Xfy;))= p(yj/Xj)=1. B xanaie 6e3 nomex, Kak yxe OT-
MeYanoch, Bcs MHGOpMAIIUs, CO3/1aBaeMasi ICTOYHUKOM, JIOCTHTAET MOTyJdaTers.
3) Bszaumuas wHpOpManHs €CTh Pa3HOCTh JABYX COOCTBEHHBIX WH(pOpMa-
1105051
L% ) = 10G) = 1% 7y ) = 1) = H (% %) (4.22)
W B xaHazne ¢ momMexamu Mpu OOJIBIIIOM OTHOIIEHUW CHTHAJ/TIOMeXa Hanoo-
Jiee BEPOATHBIM sBJIAeTCA K=], moaToMy 0ObIMHO p(X;/y;)> p(X;) H, ClIeI0BaTEb-

Ho, 1(X;/y;)<I(X;), Torna 1(X;;y;)>0. Ho unorna Bce-Ttaku ciryyaercs k # j, U B 3TOH
CUTyaIluu BIIOJHE BO3MOXHO, 4To I(X/yi)>I(X;) u, ciemoBaTenbHO, KOIMYECTBO
noxydaemMoii nHpopmanuu orpurarensHo 1(X;yx)<O.

4) Ecaum X u Y He3aBHUCHMBI (ITOMEXa IMOJHOCTHIO MOAABIISAET IMOJIE3HBIN
cursain), Bcerna I(X;;yx)=0, T.x. P(X;/yi)=P(X;).

MaremaTrnyeckoe OXHIAHHE CIIY9ailiHOW BEIWYMHBI “B3aWMHas WHQOpMa-
s’ paBHO

m m
I(X,Y)—;; POX; YT (X ¥i) (4.23)
Y Ha3bIBACTCS cpedHell 83aumMHou ungopmayuei mexcoy X u Y, mpudaeM BMECTO
1(Xj;Yk) MOXKHO MOACTaBUTH JI000E U3 TPEX COOTHOLICHUH (4.20).

CpenHsis B3anMHass HHPOPMAITUS TaKKe 00J1aJIaeT CBOMCTBAMHU: CHMMETPHH
10X;Y)=I(Y;X); B xanane 6e3 momex I(X;Y)=H(X)=H(Y); nnsa ne3aBucumbix X u Y
Bceraa 1(X;Y)=0, a B o0miem ciayyae umeem

L(X;Y) = H(X)-H (X 1Y), (4.24)

Hanomunwm, uro H(X) >0 u H(X/Y) > 0.

Bocnonb3oBaBiuck HepaBeHcTBOM MeHnceHa nist gorapudmuyeckon QyHK-
uu ipu Z>0

M[log Z]<logM[Z] (4.25)
u, monoxus Zj =P (x;)/P(Xjyx), MoxxHO mOKa3atk, 4TO
1(X;Y)=0. (4.26)

Ortcrona, kcrarty, caeayert, uto Beerga H(X/Y)<H(X).

B cBere ckazaHHOrO BeIMUMHBI, BXOs1IKe B hopmyiy (4.24), mpuobperaror
BITOJTHE OmpezelieHHbrid cMbici. Muadopmarus H(X), co3nanHas MCTOYHUKOM, Jie-
JUTCS Ha JBE YaCTH:

I(X;Y) — To, UTO TOXOMMT JO MOTYYaATEIIS;

H(X/Y) — To, 4T0 MOTEpSIHO B KaHAJIC N3-3a BO3JICHCTBHUS ITOMEX Ha CHTHAJL.

CooTHOIIIEHHE MEKTY STUMHU JABYMsI YacTSAMHU B MIEPBYIO OYepPE/b 3aBUCUT OT
OTHOIIIECHUS] CUTHAJI/TIOMEXa.
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[IpuBeneHHbIE BbIIIE COOTHOUIEHUS, KOHEUYHO, IO CBOEH c%rm cn[paBez[nHBm
U B OoJiee o01IeM ciiydae, Korja rnepejaHHoe coodiieHne X= =x " u TIPUHS-
TBIA CUTHAII Y = Y[l] Y[n] 9TO MOCJIEA0BATECILHOCTH AJIUHEI N, COCTO?IIHI/IG u3 M-
UYHBIX CUMBOJIOB.

B3aumnas uadopmaiys MeXIy KOHKPETHBIMU peaiu3alsiMu 3TUX TMOCTe-
JIOBATEJIbHOCTEN paBHa

p(xi[l] x[n] / y[1] . ygﬂl)
[1 [n]. [1] [nly _
FOG - X Y e Y ) = log p(x, . x) (4.27)

U B JIONOJHEHHUE K MEpEeYHCIECHHBIM BBIILIE CBOMCTBAM 00JIaJaeT €llle U CBOWCTBOM
aAIUTUBHOCTHU (c110c00 (hOPMaTLHOTO BBIPAYKEHUSI 3TOIO CBOIMCTBA 3aBUCUT OT TO-
ro, Kakoil U3 MHOT'OYHUCIIEHHBIX BapHaHTOB (POPMYJIBl YMHOXKEHHUSI BEPOSTHOCTEN
MBI U30epeM sl IPEACTaBICHUS YUCIUTENS U 3HAMEHATEIIs B BeIpakeHu (4.27)).
Cpennsist B3auMHasi HH(GOpMaIMs MEXY OCIe0BaTENbHOCTIMHU X U Y
I,= (XM, XMy # ity =

=3 e, x My H Ly Ty x (4.28)

i=1 j=1g=1 s=1
[ (1., [ [n]
X OG5 Y e Vs )

SIBJISIETCSI OCHOBHOM XapaKTEpPUCTUKOMN, MCIOJIb3YEMON NIl OMMCAHUS BO3MOXKHO-
cTeil HUpPOoBBIX NHPOPMAITMOHHBIX CUCTEM.
JInst Hee TaKoke CIpaBeIIuBO CoOTHOIIeHuE (4.24)
l,=H,—H

%

Il
4N

(4.29)

nycn?
rae H, =H(XY, .., XMy,
H, .. =HXY. . XMyy® vy — sprponus u yciioBHas SHTPONHMS Iepea-

nyor
BaeMoro cooOieHust X cooTBeTcTBeHHO. [Tockonbky Bce wiensl B (4.29) Bo3pac-
TAlOT MPU YBEIWYEHUU JUTHHBI IMOCIEIO0BATEILHOCTEN N, yno0HEee MPOBECTH HOP-
MHUPOBKY H MPEACTaBUTh 3TO COOTHOIIICHUE B BUJIE
I=H-H,_,, (4
.30)
rne H=H./n — ckopocmw cozoanus ungopmayuu;,

I=I./n — ckopocmb nepedauu ungopmayuu (ToruuHee ObUIO OBl HA3BATh ATY
BEJIMYMHY CKOPOCTHIO MprueMa MHGOPMAIIMH, HO MEPBBIH TEPMHUH YK€ IMPOYHO BO-
1IeJ B yIOTpeOJIeHHE);

Hyex=Hn yea/N — ckopocms nomepo ungopmayuu.

Bce Tpu BenmumHBI H3MEpSIOTCS B OWTax Ha CUMBOI. [lomenuB 3Tu BeTuvu-
HBI Ha JUIMTEIbHOCTh CUTHAJa, COOTBETCTBYIOIIETO OJHOMY CHUMBOJY, OyIeM H3-
MEpSTh UX B OUTaX B CEKYH]Y.

4.4 IIponnycKkHasi ClIOCOOHOCTh KAaHAJIA U T€OPeMbI 0
KOAMPOBAHNM B IU(PPOBOM KaHAJIE ¢ TOMEXaMU
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Ckopocts niepenaun uHpopmanmu (4.30) — ato xapakrepuctuka CIIN B 1e-
aoM (puc.2.1), HO3TOMY OHA 3aBUCUT OT MHOTHX (DAKTOPOB: MPOU3BOAUTEIHLHOCTH
uctounnka H, cmocoba mepemaun (kogupoBaHus), crmoco0a mpueMa U XapaKTepu-
CTHUK JIMHUM Tepeayu (MOoJI0Chl IPOIYCKaHUsl, OTHOLLIEHUS CUTHAJ/TIOMEXA U T.I1.).

Ilponycknas cnocobnocms kauana

C=max| - (4.31)

MO HAUOONBULAS BO3MONCHASL 8 IMOM KAHANe CKOPOCMb nepedayu UHQpop-
mayuu (bum/cumeon uiu O6um/c) npu 3a0AHHBIX OSPAHUYEHUSAX HA 3HAYEHUS Pod
€20 Qusuyeckux napamempos.

[Tonywaercs, uto Bceraa /<C. YToObl TOCTUTHYTh CKOPOCTH NEepeaadu, pas-
HOW MPOMYCKHOM CIIOCOOHOCTH KaHajla, HY’)KHO HMMETbh JIOCTaTOYHO INPOU3BOIIH-
TEJbHBI UCTOYHUK MH(OPMAIMH ¥ UCIOIH30BaTh ONTHUMAIIbHBIE CIIOCOOBI Tepe-
Jla4d ¥ TIprueMa.

Hanpuwmep, nponyckuas cnocobnocms m-uunozo xamana 6e3 nomex Ha 0OC-
HoBanuu (4.11) u (4.21)
our
CHMBOI (4_32)
UtoObl TOOMTHCS MaKCHMAJIBHOM CKOPOCTH Tepeaadr WHQpOpMaIuu, HeoO-
XOJIUMO U JIOCTaTOYHO, YTOOBI CUTHAJI Ha BXOJI€ KaHajla HE cojepkKayl U30bITOYHO-
CTH.

C =logm,

B kadectBe BTOpOro npumepa HaiijieM HNPONMYCKHYI CIOCOOHOCTH JBOUY-
HOI0 CHMMETPHUYHOI0 KaHaja ¢ ommokamu (puc. 4.4), o6o3naunB X u Y=X®E
— TOCJIETIOBATEIFHOCTH CUMBOJIOB Ha €r0 BXOJ€ W BBIXOJE COOTBETCTBEHHO; E —

p=p(y’ =1/x' =0)=
p(y'=0/x =1)-

HOSIBJICHUS OIIMOKH B OYEPEIHOM, j-M JBOMYHOM CHMBOJIE (OUTOBAst BEPOSITHOCTh
OIIMOKM), IPU 3TOM MNPEANOJIAraeTcs, YTO OMIMOKU B OT/ACIbHBIX CUMBOJIAX HE3a-

BucuMbl (cM. Takke (3.57)). Uuciao BO3MOXHBIX 3HAYCHHM KaXaou u3 N-
paspsaHBIX MociefoBarensHocTell papHo N=2"

CIIy4yalHBIA BEKTOp OMKMOOK (cMoTpu Takxke (3.2)); BEPOSITHOCTD

X]_:O

eke]

X, =1 p »0 Y2=1

Puc. 4.4 — IlepexoaHbie BEpOATHOCTU ABOUYHOTO
CUMMETPHUYHOT0 KaHaja

[Tonw3ysch cBoiicTBOM cummeTpuu (4.20), 3anuiiiem
I(X;Y)=H(Y)-H(Y/X). (4.33)

OmubKyM B CUMMETPUYHOM KaHajle HE 3aBHUCIT OT 3HAUYCHUN TMepeaHHBIX
CHMBOJIOB, [I03TOMY BEJIMYMHA
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H(Y/X)=H(E)=n[-p-log p—(1- p)-log(l- p)] (4.34)
TaK)K€ HE 3aBUCUT OT BEPOATHOCTHBIX XapaKTEPUCTHK MEPEIaHHOro curHaiga X u
ABJIIETCSL DHTPONUEN CiydailHOro BekTopa omubok E. CrenoBaTenbHO, YTOOBI
MaKCUMH3UPOBaTh BeNUunHy (4.33), Hy)HO (popMUpOBaTh nepegaBaeMblii CUTHAI
X takum ob6pazom, 9to0bl H(Y)=H(Y)mnx=nlogm=n npu m=2. DT0 BO3MOXHO
JIMILB B TOM CJIy4ae, KOrJa BCE CHMBOJIBI B IIOCIEA0BATEIIBHOCTH Y HE3aBUCUMBI, a
KK CUMBOJI C OJAMHAKOBOW BEPOATHOCTBIO NpHHMMaeT 3HadeHue 0 wnm |
(curHan Y He COAEPKUT U30BITOYHOCTH). ITO, B CBOIO O4epelib, pu p # 0,5 BO3-
MOKHO JIMIIb TOTJA, KOTr/Ia NepelaBaeMblid cUrHail X TakXe He COAEPIKUT U30bI-
TOYHOCTH. B uTore nosyunm gpopmMyiy uisi IPOMYCKHON ClIOCOOHOCTH
C=1+p-log p+(@-p)-logd- p), ﬂ
JIB.CHIMB (4.35)
Ota 3aBUCUMOCTH TIpe/icTaBlieHa Ha puc. 4.5 (aHanmm3upys rpaguk, y4THUTe,
YTO IpH p=1 mociie UHBEPTUPOBAHUS BBIXOAHOTO CUTHaNAa Mbl (PaKTHUECKHU MOJY-

C, out/cumB

06 [ /
0n [\ /
0r |\ 7

9] \ __/ p

Puc. 4.5. IlpomyckHasi CiOCOOHOCTH IBOUMYHOTO
CUMMETPUYHOTO KaHayia 0e3 mamsTu

yaeM KaHai 6e3 omuooK).

Kak 6wu10 mokazano B paszaene 3.1, curHai, He 00Jiaaroniuil N30bITOUYHO-
CTBIO, HE TIPEIOCTABIISET BO3MOXXHOCTEH OOHApYKHMBATh M HCIPABISTH ONIHOKH.
Takum oOpaszom, npumenerue Koppekmupyowe2o kooa u nepedaia uHpopmayuu ¢
MAKCUMANBLHO 803MOJHCHOU ckopocmblo [=C — nonsamus Hecoemecmumvole. Broisic-
HUM, BO3MOHO Ji1 3710 Tipu 1<C.

“YanuHuM” KaHal, T.€. BKJIIFOYMM B €r0 COCTaB KOJEp U JIeKoaep, 1 0003Ha-
yuM A U B — mmdpoBble CUTHAJIBI Ha €r0 BXOJ€ W BBIXOAE COOTBETCTBEHHO.
HamomamnM, 9T0 crmoco0 KoAMpOBaHUs ONMPEIeeH, €CJIM U3 001Iero konudaecta N
BO3MOXKHBIX mocnenoBarenbHocTeil X BboIOpaHbl Na<N mocnenoBaTenbHOCTEH,
NPU3HAHHBIX B KA4e€CTBE pa3pelIEHHBIX K Mepefade (BKIIOYEHHBIX B KOJOBYIO
TalauIly), Mpu 3TOM KaxaoMmy U3 Na BO3MOXKHBIX COOOIIEHUN & COOTBETCTBYET
cBos mocienoBarenbHOCTh X=f(a). B cBorO ouepens, pynkuus b=g(y) onpenenser
crioco0 JiekoupoBanus. Tormga umeem

I(A;B)=H(A)-H(AIB). (4.36)
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[IpyuHIMNIHAIBHBIA BONPOC TEOPUU IMOMEXOYCTOWYMBOIO KOAWPOBAHUS B
YIPOIICHHOW MOCTAaHOBKE MOXHO C(HOPMYIHPOBATh CIECIYIONIUM 00pa3oM: CyIlie-
CTBYIOT JIM TaKue TpeoOpazoBanus f v ¢, KOTOpbIC TTO3BOJISAIOT KaHAT C OMTUOKAMHU
nocje “yaIMHeHus” IpeBpaTUTh B KaHall 0e3 omuook, T.e. odecneunts H(A/B)=0.

OTtBeT Ha 3TOT BOMpoC MatoT TeopeMbl IlleHHOHA 0 KOAUPOBAHMHU B JHC-
KpeTHOM KaHaJjie ¢ mymMoMm (1948 ron).

Ilpamaa meopema. Ecnu ckopocms cozdanusi ungpopmayuu H ucmounukom
Ha 6x00e KAHaLA ¢ OWUOKAMu ¢ nponyckHou cnocobnocmoio C MeHbule NponycK-
HOU CNOCOOHOCMU, MO CYUWecmeyenm maKou Koo, KOmopblil cnocoben obecneuums
CKOJIb Y200HO MAIYIO 8EPOSAMHOCHb OWUOKU NpU 0eKOOUPOBAHUU, NPU IMOM CKO-
pocmwb nepedauu ungopmayuu I moscem 6vimsv CKOIb Y20OHO OAUKA K CKOPOCMU
ee cozoanus H.

[Ipu moka3aTenbCTBE TEOPEMBI MPEAINONAraioch, YTO KOJ CIy4aeH, T.e. OT-
60p Na pa3perieHHbIX KOJ0BbIX KoMOuHarui X u3 obiiero ux koauuectsa N mpo-
U3BENICH CIyY9ailHBIM 00pa3oMm. Jlanmee 3anmuchIBAIOCh COOTHOIIEHUE TSI BEPOSTHO-
CTH IPAaBUJIBHOIO JEKOAUPOBaHUS Pyp, T.€. BEPOATHOCTU TOTO, YTO IPHUHATAS KOM-
OMHAIMS Y OKaXeTcsl OMMKe K meperaBaeMoil KOMOMHAIMU X, HEXENHU K JII0Oon
Apyrou pa3pemeHHoi komounanuu. ITockonbKy 1 cirydaiiHoro koga Py, — Toxe
Clly4ailiHas BEJIMYMHA, HAXOJUIOCH €€ MareMartudeckoe oxunanue M[P,,] (cpexn-
Hee 3HaYeHHE). 3aTeM OCYIIECTBISICS MPEAETbHBIN Mepexol Ipu N—o U OKa3a-
nock, uto M[P;,]—1, cnenoBarenbHo, BEPOATHOCTh OUIMOKU MPU E€KOIUPOBAHUU
M[Powu]—0, M[H(A/B)] —0, M[I(A;B)] —H(A). 1, HakoHell, OYEBHIHO, YTO B
ATOM aHCaMOJie CITy9alHBIX KOJIOB CYIIECTBYET XOTS ObI OJMH KO, JAJiT KOTOPOTO
XapaKTEPUCTHKH MOMEXOYCTONUMBOCTH HE XYXKE CPEHUX, T.€. Py <M[Pyy].

B gacTHOCTH, eciiu Bce mocaenoBaTeabHocTh A, X, Y, B — 1BouuHbIC, U BCE
Na 3HaueHuit cooOIIeHUsI A PaBHOBEPOATHBI, yciaoBue H<C o3HayaeT

H - logN, _k <C

n n (4.37)

rae K — JIJMHA 1MoceIoBaTeIbHOCTH A, T.€. KOJIMYECTBO MH(DOPMAIIMOHHBIX CHM-
BOJIOB TIPY UCTIOJIB30BAaHUU JIMHEHHOTO 0109HOTO Komaa (N,kK).

[Ipsimass Teopema He yTBEPHKIAET, UTO BO3MOXHA Oe301IMOO0YHas mepeaadya
(Pow=0), MOXHO JIHIIIb 00ECIICYUTH JTIFOOOE CKOJIb YTOAHO Majoe HeHYJIeBOE 3HaYe-
Hue P,,. Kak mokas3pIBaeT 4WCICHHBIA aHAIW3, B TOM YKCIIE U JUJI U3BECTHBIX JIU-
HEHHBIX OJIOYHBIX KOJOB, YEM MEHbIIE TpeOyemoe 3HaueHue Py, TeM OOIbIIUMU
3HAYCHHUSAM N U K JTOJDKEH XapaKTepu30BaThCS KOPPEKTHPYIOMIMHA KO (IIPH 3TOM
KOZIEp U JEKOAEp CTAaHOBSTCS 00Jiee CIOXKHBIMH, U BO3PACTAIOT 3aI€PKKU MPHU TIe-
penaye u npueme).

Oopamnasa meopema. Ecnu H>C, nukakou k00 He NO3801UM NOJYYUMDb
CKOJIb Y20OHO MANYI0 8epOSIMHOCIb ouwubku Py, u obecneyums ckopocms nomepo
ungopmayuu Hy; menvuryio, wem H-C.

U3 (4.30) umeem H,,=H-I. Ilo ompenenennto (4.31) I<C, cnenoBaTenabHoO,
Hy;>H-C>0. Ho P,,;—0 B0o3MO>XHO nuib 1pu Hy.,—0, OTKyza U cienyer yrBep-
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KJICHHUE TEOPEMBI.

Kcratu, ecnu H>C, yBenudeHue JJIMHBI KOJIOBBIX KOMOHMHAIMK N, Ha00o0-
pOT, BEAET K YBETUUYEHUIO BEPOSTHOCTU OIIHOKU Py,

Jloka3zatenbcTBO TeopeMm IlleHHOHAa Aal0 MOIIHBIM TOJYOK Pa3BUTHIO TEO-
pUH TOMEXOYCTOMYMBOrO KOAUPOBaHKs. OCHOBHOE MPAKTUYECKOE UX TPUMEHEHHUE
OUYEBHUJIHO: IIPEKIE YEM KOHCTPYHUPOBATH KOPPEKTUPYIOLIUNA KO C 3aJaHHBIMU Xa-
PaKTEpUCTUKAMH JIsl PUMEHEHUs C KOHKPETHBIM HCTOYHUKOM HH(OpMAIUU U
KOHKPETHBIM KaHaJIOM, MTOJIE3HO BBIYUCIUTH U cpaBHUTHh H u C.

4.5 NMponyckHas cnOCOOGHOCTb HENpPepbLIBHOIO KaHana ¢ WwymMom

bonbiast yacTe U3 TOro, 4To OBUIO CKa3aHO 00 MH(POPMALIMOHHBIX XapaKTe-
pUCTHKaX IHU(POBBIX CUTHAJIOB, MO CYTH, MIPUMEHUMO U K HEMPEPHIBHBIM CUTHA-
naMm. B wactHocTH, eciiu X 1 Y — HeNpepbIBHbIE Cy4yailHble BEIUUYUHBI, TO BEIU-
YMHa B3aMMHOM MH(pOpMaIMU MEXIy X 3HaUeHUsIMU X U Y, nogodHo (4.19), pas-
Ha

) W (x/y)
I = I _
(x;y) =log W(x) (4.38)
a BeJTMYMHA CpeaHel B3auMHOW HH(pOpMAIUU
1(X:Y) = j jW(x, y)1(x; y)dxdy. (4.39)

—00 —00

[TpuHIMTIHATBHOE pa3IMUnue MEKIY MUPPOBBIMU M HEMPEPHIBHBIMU CUTHA-
JaMH 3aKJII0YaeTcs B cieayromeM. i HempephIBHOTO CUTHajga 0€CCMBICICHHBIM
SBIIIETCSl TIOHATHE “KaHan 6e3 momex”. JIeiCTBUTEIhbHO, €CIIM MBI TOBOPUM O Tie-
penade B KaHasie 06e3 MOMeX, 3TO 3HAYUT, YTO MOTydaTellb WMEET BO3MOXKHOCTH
TOYHO OIpPEAEIUTh 3HAUYCHUE TepeaaHHoro cooOmieHus. [Ipu yragpiBanuu mepe-
JAHHOTO 3HAYCHHS HEMPEpPHIBHOI'O CHUTHAJIa Bcerga OyneM JOIMycKaTh OIIMOKY,
yCTh OYCHb MAJICHBKYIO (BEPOSTHOCTH TOMAIaHUS B TOUYKY Ha HEMPEPHIBHOM OT-
pe3Ke ecTh OECKOHEYHO Mallasg BeJIMYMHA). TakuM o0pazoM, HeonpeoeieHHOCHb
024CUOAEMO20 3HAYEHUs. HEeNPEPLIBHOU CIYYAUHOU 8eIUYUHbl Meopemuiecky Oec-
KOHEeYHO eluKd.

[To 3TOM MpUYMHE CIEAyeT BHUMATEIBHO OTHOCUTHCS K COOTHOIICHHSM, B
KOTOPBIX (PUTYpHPYET MOHATHE SHTPOITMH HETIPEPHIBHOU CITyYaliHON BETUIHHBI

H. (X) =_LV\/(X)|ogw(x)dx. (4.40)

Kak BumHo, mox 3HakoM Jiorapudma 371eCh CTOUT pa3MepHas BEIUMYHMHA
(HamoMHMM, 4TO pasmeprocTh W(X) ecTh pasMepHOCTh BeamdHHBI X ). IloaToMy
BennurHa H(X) 3aBUCHT OT BbIOOpA CIMHHMII, B KOTOPBIX H3MEPSIETCS 3HAYCHHUE X.
Benmuuunsl (4.38) u (4.39) onpeneneHbl KOPPEKTHO M TaKOM 3aBUCUMOCTH HE UMeE-
IOT.

Benmnuune (4.40) MOXKHO mpunuUcaTh cleayromuid cMbici. OHa MOKa3bIBAET,
HACKOJIbKO HEOIPEAECIICHHOCTh OKHMJA€MOI0 3HAYEHUs CIy4allHOM BeNWYUHBI X
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0oJIbIIIe, YeM HEOIPEACIICHHOCTh OKUAEMOT0 3HAYEHUS IPYTrOM, TaJJOHHOU CITy-
yallHOW BeJWYMHBI X,, UMEIOIIEH pPaBHOMEPHOE pacIpe/eicHue Ha HWHTEpBalie
SIMHUIHON JUTUHBL. YTOOBI OTMETHTH 3Ty ocobeHHOCTh, H,(X) HasbBatoT nudde-
PEHUMAIBHOU YHTPOIHUEN.

OnuH n3 HanboJee BaXHBIX PE3YIBTATOB TEOPHH HHPpOpMauu — 3TO ¢op-
MYJIa JIJIl IPOIMYCKHOM CIIOCOOHOCTH HENMPEPHIBHOI0 KAHAJIA C IIIyMOM.

IIpennomaraercs, 4To:

1) mapameTpsl MCTOUYHMKA WHGOPMAIMU TOCTOSHHBI BO BPEMEHHU, TO €CTh
nepenaBaembiid curaan X(t) — 3To cTalMoHapHbBIN CITy4alHbIN MPOIIECC;

2) nmuHUs nepenadyr o0J1aaaeT 3aJaHHOM mojiocol mpomyckanus Af u ee ma-
paMeTphl TaKXKe MOCTOSHHBI, TO €CTh OHA HE BHOCUT HUKAKUX UCKAKECHUU B Tiepe-
JIJaBa€MbIM CUTHAJI;

3) €eIMHCTBEHHOM MOMEXOM Ha BXOJIe MPUEMHUKA SIBJISIETCS aIIUTUBHBIN Oe-
JIBIA TAYCCOBCKUH IIIYM CO CTIEKTPAIbHOM TUIOTHOCTHIO N,

[TpomyckHast ciocoOHOCTH KaHalla paBHA

C=Aflogl+P,/P,), 6ur/c, (4.41)
rae P, u Py, — cpeqHne MOIHOCTY MOIE3HOTO CUTHAJA U IIyMa Ha BBIXOJIE€ KaHama
(Ha BXOjE MPHUEMHHKA) COOTBETCTBEHHO, mpuueMm s Oenoro myma wu3 (1.24)
nMmeeM P, = N Af.

Yro6sl HE M300paxkaTh CeMENCTBO TpadukoB, BBeAeM (OpMaIbHO HOPMHU-
PYIOIILYIO BEJIMUMHY

Af =P /N, (4.42)

TOT/Ia 3aBUCUMOCTH MPOITYCKHOHN CIIOCOOHOCTH OT 00oux mapamerpoB Af u
P. MOXHO MIpeCTaBUThL OJIHON KpuBOH (puc. 4.6).

W3 mpuBeIeHHOM 3aBUCHMOCTH BHJIHO, YTO:

1) mpenenbHOE 3Ha4Y€HHE CKOPOCTH Mepenadyd MH(pOpMaMHU HA EIUHUILY
MOII[HOCTH TI0JIC3HOr0 CHTHajla Ha BXoje mpueMHuka paBHO Cpax = (l0g.e)/N, =
1,4427/N, (6ut/BT°'c) M MOXeET OBITh OCTUTHYTO JIUIIb ACUMITOTHYECKH IPH
Af—>oo, To ecTh mpenenbHas 3Heprermdeckas 3¢dexkruBHOCTh CIIM, paBHas
1,4427/N, (out/[Ix) mocTuraercs Mpyu ee BeChbMa HU3KOH 4YacTOTHOH 3 (EKTUBHO-
ctu; HO Toraa u P/P,—0, mosTomy moTpedyeTcsi IpUMEHSITh Ype3BbIYaiiHO MOII-
HBIN (M CIIOXKHBIN) KOPPEKTUPYIOIIHHI KOJI;

2) UMEET CMBICI paCIIUPSITh MOJIOCY MPOIMYCKAHMS KaHalla 10 TeX Mop, MOoKa
P, =N,Af <P, Tak Kak Npu JajbHEHIIeM yBEIUYEHUH OJIOCHl IPUPOCT IPOIYCK-

CIAf,
15 = s
1,44 | ]
1
0,5
0

0 1 2 3 4 AfIAT,

Puc. 4.6. IIpomyckHasi ctocoOHOCTh He-
NPEPHIBHOTO KaHajia ¢ OCJIbIM ITyMOM
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HOW CIIOCOOHOCTH CYIIECTBEHHO 3aMEJISETCA.

YroOb1 00ecneunTh CKOPOCTh Mepeaadn, paBHYIO MPOMYCKHON CITOCOOHOCTH
KaHaja, Hy>)KHO, YTOOBI ¥ TIOJIE3HBIN CUTHAJI HAa BXOJI€ TUHUU SIBIISLICS TAyCCOBCKUM
CJIy9aifHbIM TIPOIIECCOM C PAaBHOMEPHBIM CIIEKTPOM IIOTHOCTH MOITHOCTH B TOJIO-
ce Af, To ectb ObLT MO00CH Oenomy myMmy. Pa3paboTka v TeXHUYECKas peaan3a-
1Sl aHAJIOTOBBIX QJITOPUTMOB TaKOTO MPeoOpa3oBaHUs Il OOJBITUHCTBA Peajb-
HBIX COOOIICHUN CONPSDKEHBI ¢ OONBITUME TPYAHOCTSIMHU. 3HAYUTEIHHO MPOIIIE BO
MHOTHX CITy4asX OKa3bIBA€TCS MCIOIB30BaTh MU(GPOBBIC METOBI EPEIaYH aHAIO-
TOBBIX CUTHAJIOB.

3aki04uTeIbHbIC 3aMEYAHUS 0 3HAYCHUM Teopuu HHGopManmnu.

1) JIro6Gas Teopust HHGOPMALIMKA ONEPUPYET JIMILb BEPOSATHOCTHBIMH XapaK-
TEPUCTUKAMU CUTHAJIOB U SBJISIETCS MaTeMaTH4ecKoM Teopuei. [loatomy oHa yHU-
BepcalibHa, TO €CTh MOXKET OBbITh MPUMEHEHA K JIFOOBIM CUTHAjaM HE3aBUCHUMO OT
ux ¢puzndeckon GopMel.

2) OcHOBHBIE PE3yJbTATHl TEOpUU UH(HOPMAIIMN UMEIOT BUJl HEPABEHCTB, TO
€CTh, OHA OIpEHENsAeT MpeleNbHble, NMOTeHIHANIbHbIE XapakTepuctuku CIIN, He
BCEI/Ia YKa3bIBasl MMyTH JUIsl UX JOCTH>KEHMs. HarmsimHoe cpaBHEHHE: €clii Hac MH-
TEpecyeT, KaKOB 00bEM COCYJa CIOXKHOU (HOPMBI, TO, ONMPEEITUB €r0 MaKCUMallb-
HBIN JTMHEWHBIN pa3Mmep d, MbI yXKe 3HaeM, 4TO ITOT 00heM HHKAK HE MOXET OBITh
Gonbme wd*/6 (uIst TeX, KTO He 3HAET, KAKAM 3aMedaTeIbHBIM CBOMCTBOM 00Ja1a-
er o0beM Imapa jauamerpa O, MyTH JOCTHXKCHHS 3TOTO MPEASIbHOTO 3HAYCHUS
OCTaIOTCSl BECbMa TYMaHHBIMHU).

3) Craructuyeckue Teopuu HH(OpPMAIMKM HE YYUTHIBAIOT IEHHOCTH KOH-
KpPETHOr0 COOOIIEeHHs ISl ero nony4varesnsd. [{onbITku uCIpaBUTh 3TO MOJNOKEHUE
HE TPUBEJH K OCA3aEMbIM pe3yiIbTaTaM, OCKOJIbKY LIEHHOCTh COOOIEHUS — MOHS-
THE CYOBEKTHUBHOE. 37eCh Jyullle NMPUAEPKUBATHCS JI€BU3a LIMBUIM30BAaHHON 00-
CIIY>KMBAIOIIIEH OpraHU3alliu: €CIIM MOTPEOUTENb IJIATHT 3a Iepeaady cooOmeHus,
3HAYUT, JJIsI HETO 3TO BaXKHO.

Utak, Teopust nHGOpMALIMK — HE CPEACTBO Ha BCE CIy4yau KU3HU, HO NPU-
MEHEHHasl “K MeCTy”’, OHa MOXXET CYIIIECTBEHHO YCKOPUTb M YHPOCTUTH IPOIECC
npoektupoBanus U ananuza CIIN.

Bonpoch! Ansa caMoKoHTpons no rnase 4

1. Yro Takoe coOcTBeHHAss MH(OpPMALUS U SHTPONUS TUCKPETHOU Cirydaid-
HOU BEITMYUHBI?

2. Ilpu Kakux yCIIOBUSX MAaKCHUMaJIbHA SHTPOIMSI COBOKYITHOCTH JIBYX CHM-

BOJIOB M UEMY OHA paBHA?

Yro Takoe n30BITOYHOCTh IUCKPETHOIO HCTOYHUKA?

MoskeT 11 paBHOMEPHBII KOl ObITh ONTUMAJIBHBIM (0€3U30BITOUHBIM)?

5. Haiite onpeneneHre B3auMHOM MH(POPMAIIUX TTEPEAAHHOTO U MPUHSATOTO
cumBoIIOB. Kak BiusieT Ha ee BENTUYMHY MHTEHCHUBHOCTh NTOMEX B KaHaJe

B~ w



113

CBsI3U?

6. Uto Takoe M30BITOYHOCTh curHaja? B kakux ciaydasx OoHa IOJIe3Ha, a KO-

raa Her?

Korma nmone3no npuMeHaTh KOAUPOBaHUE C MaJION U30BITOYHOCTHIO?

8. Kakoi#t cMpICT BKIIAJBIBAIOT B TOHATHSA: “KOAMPOBAHHME UCTOYHHUKA ? “Ka-
HaJIbHOE KOJUpOBaHuE ?

9. KakoBo 3HaueHHWE MHUHUMAJIBHO-BO3MOXXHOW CpEIHEH JIMHBI KOJOBOMU
KOMOWHAINH ?

10.Bcerma nu ymaercst 3aKoUpOBaTh CUTHAI TakK, 4TOOBI M30BITOYHOCTh Ha
BBIXOJI€ KOZiepa Oblia HyJIeBOM ?

11.Koraa rmone3Ho KoaupoBaTh OJIOKHU OYKB, a HE OT/IeJIbHBIEC OYKBBI?

12.Kakoii crioco6 pasjaeneHusi KOAOBbIX KOMOWHAIIUN PUMEHSETCS B KO/AaX,
00J1aaF0IIMX MaJIOH U30BITOYHOCTHIO?

13.B 4em 3akirouaercs riaBHBIM HeToCcTaToK KojoB Xadwmana u lllenHona-
dano?

14.O1kyna Gepercs KojoBasi TabaUIA, UCIIOJIb3yeMasl PU KOJUPOBAHUU KO-
oM Jlemmena-3uBa?

15.0t1 4ero 3aBHCHUT TPOITYCKHASI CITOCOOHOCTH HETIPEPHIBHOT'O KaHAJA CBSI3H
C aJIMTUBHBIM O€JIbIM IIIyMOM?

~
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5 AEMoaynAaAunAa UMePOBbIX CUTHAIIOB
5.1 Ponb anpnopHon nHdopmaumm

B uudposoit cucreme nepenaun undopmaruu (CII1N) nepenaBaemslii cur-
HaJl SIBJISIETCSI TOCJIE0BATENIbHOCThIO M-MUHBIX CUMBOJIOB, IIPU 3TOM, KaK MpaBH-
710,
M = 2%, (5.1)
3HaueHUe KaXJ0ro CHMBOJA IEpelaeTcs NpU MOMOIIM pPaJHOUMIIYJIbCa
OpSMOYTOJIBHON (POPMBI, UCTIONB3YsI OAMH W3 METOJIOB MOIYJSLINHU, OMUCAHHBIX B
pa3n. 2.8. B mporecce nepegaun curHana mo JIMHUM 3TH MUMITYJIbChl CIyd4alHBIM
o0pa3oM HcKaxaroTcs (OOBIYHO 3TO MPOMCXOAMT W3-3a HAJIUYMS MYJIbTUIUIMKA-
TUBHOM ITOMEXH) U MOSBIISIETCS aAAuTHBHasA nomexa (pasa. 1.5).

JleMoayasTOp K MOMEHTY OKOHYAHHUSI OYEPEIHOr0 MPUHUMAEMOI'0 UMITYJIb-
ca JIOJDKEH yKa3aTh (BepHee, yrajaTh), KOTopoe U3 M BO3MOXKHBIX 3HAYEHUH CUM-
BOJIa OBUIO NEPENAaHO C JAHHBIM UMIYIbCOM. OYEBUIHO, UTO HHOT A AEMOAYIISTOP
OyZeT BbIIaBaTh OMIMOOYHBIE PEIICHUS, MOITOMY JKEeTIaTebHO MPUMEHSTh TaKO
croco® 00pabOTKM UMITYJbCa, KOTOPBIA MPHU 3a/laHHBIX XapaKTePUCTUKAX CUTHA-
JIOB U NOMEX OOECIEUMBAECT MUHUMYM HOIHOU 8eposmuocmu owubku P. 310 n
€CTh IJIaBHBIM KpUTEpH KauecTBa npuema B nudposoi CIIN.

YtoO»lI ciienoBaTh 3TOMY KPUTEPUIO, JIJIsT 00paOOTKH OYEPETHOr0 UMITYJIbCa
HY’)KHO MCIIOJIb30BaTh TAKOW aJrOpUTM, KOTOPBIM YYHTHIBAET BCE CBEIECHHS 00
0KUJAEMOM HMITYJIbCE, KOTOPbIE U3BECTHBI K TaHHOMY MOMEHTY (MOMEHT IpPHUXO-
Ja U JUIMTEeNbHOCTh, HECYIlas 4yacToTa U HadalibHas (pa3a, XapakTep HCKaXeHUH
ormOarouiel U 3aKOH IMapa3UTHOW BHYTPUUMITYJIIBCHOW (PAa30BOM MOIYJSALMUA U
T.I.). DTO U €CTh allpUOPHBIE CBEICHUS, U YeM UX OOJbllIe, TEM MEHbIlIE Oy/IEeT Be-
POATHOCTh OIIUOOK, OIMYCKAaeMbIX AEMOAYISITOPOM, KOTOPBIA YUYUTBIBAECT JTH
CBECHUS.

HekoTopsle nmapamMeTpbl 0XKHUAa€MOTI0 UMITYJIbCA U3BECTHBI C BBICOKOM TOY-
HOcThI0. HanmpuMep, B KaHale ¢ MOCTOSHHBIMH MapaMeTpaMu MPUHUMAEMBINA CUT-
HaJl TOBTOPSiET MO (opMe IepeiaBaeMblil, T03TOMY U3BECTHBI JUIMTEIBHOCTh UM-
nyjabca U ero amrutyna. Cuumraercsd, YTO M3BECTHBI TAKXKE TEKYLIHUE 3HAYECHHS
HECYUIEH YacTOThl U YaCTOTHI MOBTOPEHUSI UMITYJIBCOB, HO 371€Cb MHOTO€ 3aBUCHUT
OT CTaOMJIBHOCTH F€HEPATOPOB, 33JAI0IINX 3TH YaCTOThI B IEpEJaTUnKe, U FeHepa-
TOPOB, BOCIIPOM3BOSIINX ITH K€ KoJIeOaHUs B MpueMHHUKE. DaKTUUECKU ITH Te-
HEpaTOphl UTPAIOT POJIb YACOB, 110 KOTOPBIM IUIaHUpPYETCs rpaduk GopMUpoOBaHUS
(0OpaboTKK) curHana B nepeaaTyuke (MpueMHuKe). YeM BbIllle CHHXPOHHOCTh XO-
Jla 4acoOB NPUEMHHUKA 10 OTHOIIEHHIO K YacaMm MepeJaTyrKa, TEM BBILIE Ka4E€CTBO
npueMa.

Te ycTpoiicTBa NpUeMHHKA, KOTOPbIE 00ECIIEYMBAIOT YCIOBUS, IPH KOTOPBIX
YyacToTa M JAake TeKyllas (aza reHeparopa HeCyIlled B IPUEMHHUKE C JOCTaTOYHOU
TOYHOCTBIO COBMAJAIOT C COOTBETCTBYIOUIMMH IapaMeTpamMu reHeparopa B mepe-
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JaTYMKE, Ha3bIBAIOTCS CUCTEMOM 00eCTeueHus! Ko2epeHmuocmu. AHaJIOTU4HO, CHU-
CcTeMa TaKTOBOW cumxponuzayuu GOpPMHUPYET B NPUEMHHUKE TAKTOBBIE UMITYJIbCHI,
KOTOpPBIE C JOCTATOYHOW TOYHOCTHIO YKa3bIBAlOT MOMEHT BPEMEHH, KOT'/1a HAYNHA-
€TCsl OUepeTHON MPUHUMAEMBII UMITYJIbC (CIIeI0BATENbHO, 3aKAHUYUBACTCS MPEIbI-
YA ).

OO0ecrnieunTh Ka4eCTBEHHYI0 CHUHXPOHHM3AlMIO OOBIYHO OBIBA€T TIPOIIIE,
HEXeJId KOT€PEHTHOCTh, MOCKOJIbKY HECyIlas 4YacToTa, Kak MPaBUIIO, CYIIECTBEH-
HO BBIIIE TAKTOBOUM 4acTOThL. B CBSI3M C 3TUM MPUHITO paccMaTpUBaTh TPU THUIA
CUCTEM I10 CTMEeNneHU UX KO2epeHmHOCmU.

Kozepenmmuou nHaspiBaercs CIIM, B KOTOpOU OXuaaeMble 3HAYEHUS Hadajlb-
HBIX (pa3 BCeX MPUHUMAEMBIX UMITYJIbCOB (BILUIOTH O OKOHYAHHS CEaHCa CBSI3H)
U3BECTHBI 3apaHEE, U 3TH CBEACHUS UCIONb3YIOTCSA MPU IEMOAYISINNA UMITYIbCOB.
Jpyrumu cioBamu, T€HEpaTOpbl HECYIIEH B MEPENATUNKE U NIPUEMHUKE JTOJKHBI
00Ja1aTh CTOJb BBICOKOM CTaOMILHOCTBIO, YTOOBI (pa3bl BbIIABAEMbBIX KOJIEOaHMI
HE PACXOAWIMCH 3aMETHO B TeueHue ceaHca cBsa3u. Korepentnas CIIN — 3to uae-
aj, KOTOPBIN UCIONb3YyEeTCs JUIlb 1Js cpaBHeHUs ¢ apyrumu CIIN, peanuzyembi-
MU IPAKTUYECKHU.

Yacmuuno-kocepenmnoti Ha3biBaeTcst CIIN, B kKoTOpoi OXKKJaeMble 3HaYe-
HUSl HayaJdbHBIX (a3 BCEX MPUHUMAEMBIX UMITYJICOB 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 nepenaryuka. lloxcrpoiika ocymiecTBisiercs
0 CaMOMy MPUHHMAaeMOMY curHaiy. I B 3TOM cilydae reHepaTtopbl Hecylleu
JOJDKHBI 00J1a1aTh HEKOTOPOU CTAOMIIBHOCTBIO 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 KO2EPEHMHOL.

Hexozepenmnou wnazpiBaerca CIIM, B KOTOpol 0OXHJaeMble 3HAYCHHS
HavYaJIbHBIX (a3 BCEX MPUHUMAEMbBIX UMITYJIbCOB HEM3BECTHBI M HE OLICHUBAIOTCS B
npoiiecce npueMa (OAITY ne npumensercs). [Ipuem odepenHoro umiymnbca pac-
CMaTPHUBAETCS KaK MPUEM CUTHAJIa CO CIydailHOW HavyalbHOW (ha30ii, paBHOMEPHO
pacnpeneneHHoi B untepBaie 0—2m. Jljist 3TOro reHepaTopbl HECYIIEN B nepeaar-
YMKE U MPUEMHHKE JOJHKHBI 00J1aaTh JIMIIb TaKOM CTaOMIBHOCTBIO, UTOOBI (ha3bl
BBIJIaBAEMBIX KOJICOAHUN HE PacXOIWINCh 3aMETHO XOTA Obl B T€UEHHE OJHOTO
umitynbca. [loatomy HekorepenTHas CIIM oka3bIBaeTcs mpolie U IEeBIIE.

OueBuano, uro korepentHas CIIN, B npuHIUNE, MOXKET 00ECIIEUUTh MEHb-
IIYI0 BEPOATHOCTh OMIMOKHU, YEM YaCTHUHO-KOT€pEeHTHas W, B elle OoJblIei cTe-
neHu, HekorepentHas CIIN.

[Tomo6HBIM 00pa3zoM MoxHO KiaccuduimpoBars mudpossie CIIN kak cun-
XpOHHBIC U acuHXpOHHBIC. B cunxponnot CIIN nepenaya kaxjaoro cumMBosia (UM-
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IyJIbCa) HAYNHAETCS B TAKTOBBI MOMEHT BPEMEHHU, IIPU 3TOM IIEPUOANYECKAs 10-
CJIEJIOBATENbHOCTh TAKTOBBIX HMMITYJIBLCOB T'€HEPUPYETCsl MOCTOSAHHO. biaromaps
9TOMY B NPUEMHHUKE MMEETCSA BO3MOXKHOCTh ocymecTBiATh PAIIY mecTHOrO Te-
HEpaTopa TAaKTOBBIX HWMIYJbCOB IO MPUHUMAEMOMY CHUTHAIY M MPEACKa3bIBaTh
0’KUJJa€MbIE MOMEHTBI MPUXO0Ja JAJI1 OOJBIIOr0 KOJIWYeCcTBa OMMKalIIMX CUMBO-
JIOB.

B acunxponnou CIIN mepemada mepBOro CMMBOJIA KOJOBOM KOMOWHAIUU
HAQYMHAETCSI B IPOU3BOJIBHBI MOMEHT BPEMEHH, IpaBAa, OCTAJIbHBIE CHUMBOJIBI
CJIENYIOT 3a HUM YE€PE3 PaBHBbIE MHTEPBAJIBI U3BECTHOM BEIMYMHBL. B CBA3U ¢ 3TUM
B Hauaje KakKJ0l KOAOBOM KOMOWMHAIIMM 0053aTENbHO HYXHO NepeaaBaTh J0MOJI-
HUTENBHBINA, CMAapmoebiti UMITYJIbC, KOTOPBIE 3aIlyCKaeT B MPUEMHUKE KITYLIUN
TeHEepaTop TAKTOBBIX MMITYJILCOB C TOW K€ YACTOTOM MOBTOPEHMs. TakuMm croco-
O0M MpeAcKa3bIBaeTCs OXKHJIaeMO€ BpeMs MPUXOAa BCEX HMITYJIbCOB, HO TOJBKO
JUIA JaHHOW KOJIOBOW KOMOWHAIAH.

B coBpemennsix CIIM nmepenaya cMMBOIOB, Kak IPaBWIIO, NMPOBOIUTCS B
CUHXPOHHOM PEXKMMeE, & aCHHXPOHHBIN PEXUM B Cilydae HEOOXOAMMOCTH MpUMeE-
HSI€TCS JIMIIb JJIs TMepefayd JOCTaTOYHO JJIMHHBIX KOJOBBIX KOMOMHAIM (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 HauyaidbHbE (hazbl
NPUHUMAEMBIX UMITYJIbCOB JIOCTATOYHO MEJJIEHHO, HO CIy4ailHbIM 00pa3oM HU3Me-
HSIOTCS. BO BpeMEHHM. J[eMOoayIaius MpeBpalaeTcss B NpUEM HUMITYJIbCOB HU3BECT-
HOU (OpMBI, HO CO CIyYalHBIMU 3HAYEHUSIMU aMIUTATY[ M HadalbHbIX (a3, npu
3TOM, KakK MPaBuio, y1aeTcsa 00eCIeYUTh YaCTUUHYI0 KorepeHtHocTs CIIN.

[Ipy BO3AEHCTBUM MYJBTUIUIMKATUBHOW MOMEXH B BUAE YACTOTHBIX CEJICK-
TUBHBIX 3aMHUpaHui (popmMa MPUHUMAEMBIX UMIYJIbCOB CTAHOBUTCA CIIy4ailHOM, HO
HEU3MEHHOW BO BPEMEHM, U AEMOIYJISILUS IPEBPAILAETCS B IPUEM UMITYJIbCOB HE-
U3BECTHOM (CiyualiHOW) (OpMBI.

[Tpu Bo3ACHiCTBUN MYJIBTHIUIMKATUBHOM momMexu obiero Buaa (1.26) dopma
IPUHUMAEMBIX UMITYJIbCOB CTAHOBUTCS CIIyYalHOU U IPHU 3TOM MEJIEHHO U3MEHS-
ercst (payKkTyupyeT) BO BpEMEHH, YBEIUUYMBAETCS MEKCHMBOJIbHASI MHTEpP(EpEH-
mus. ONTHUMaJIbHBIA NPUEM TAaKUX CHUTHAJIOB CYIIECTBEHHO YCIIOXKHSETCS, IMPHU
ATOM 3aMETHO YBEJINYMBAETCS BEPOSTHOCTh OIITUOKH.

Takum oOpazom, npu 6vibope cnocoba 0emooVIAYUU UMNYIbCO8 U TIPU BbI-
YUCJIICHUH JOCTHUTaeMOM MPH STOM BEPOSTHOCTH OLIMOKU HEeOoOX0OUMO HemKo
onpedenums Xxapakmep aOOUMUBHLIX U MYIbMUNIUKAMUBHBIX NOMeEX, BO3JICH-
CTBYIOLIMX Ha CUTHAI.

PaccmoTpum cHauana 3ajady JeMOIYJSIIMK ABOMYHOI0 HUMILYJIbCAa, TEepe-
JTAHHOT'O B KaHajie C MOCTOSIHHBIMU TlapaMeTpaMH MPU BO3ACHCTBUM aIUTUBHOTO
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0eroro rayccoBCKoro myma. B Takux ycioBHsiX, XOTS Obl B IPHUHIIUIE, MOXKHO
obecrieunth korepeHTHOCTh CIIM M mcmonb3oBaTh 1000 M3 CIIOCOOOB MaHUITY-
asuuMu rapMmoHnyeckoit Hecymeit: AM, UM win ®M (pasa. 2.8).

JleMoynsITOp K MOMEHTY OKOHYaHUSI OYEPETHOr0 UMITYJIbCa JOHKEH ompe-
JeMUTh, KOTOPOE U3 ABYX 3HaueHui cumBoia (0 unu 1) Obuio mepeaaHo aubo, 4To
TO e caMoe, KOTOPBIH U3 ABYX curHayioB (Ug(t) mium uy(t)) 6bu1 mepenan. B Tepmu-
HaX CTaTUCTHUYECKOW PaTMOTEXHHUKHU 3TO — KJIacCUYeCcKas 3a7avya pa3IndCHUS IBYX
CUTHAJIOB U3BECTHOU (pOpMBI HA (POHE ATTUTUBHOTO OEIIOTO IyMa.

JlokazaHo, UTO onmumanbHullti Cnocob npuema BKIIIOYAET JBa dTana:

1) mpeoOpa3zoBaHre cUrHalIa HAa BXO/€E PUEMHUKA

ut) =u,(t)+u, (t), (5.2)
COCTOSIIEr0 U3 pealn3aliu MoJIE3HOro CUruana u (t) u peanusanuu myma u, (t), B
YUCJIO V MPU MOMOITY KOPPEJSIITUOHHOTO ITpueMHuKa (2.35)

Ve j.u(t)w(t)dt ; (5.3)

2) BBIHECEHHE PELIECHUSI OTHOCUTENIBHO MPEANIONAaraeMoro 3HauyeHus § mnepe-
JAHHOTO CHUMBOJA S IyTEM CPABHEHUS IOJIYYEHHOI'O 3HA4E€HHS V C IOPOrOBBIM
3HauYeHHEM (ITOPOroM) Vy, IO MPaBUITY

s {0, ecau V>V ,

1, ecmm V<V, . (5.4)
BecoBast pyHK1us J0omKHA COBNAAATh MO (POPME C pa3HOCTHBIM CUTHAJIOM
W(t) = Uo(t) — us(t). (5.5)

OOBIYHO CHUMBOJIBI-UMITYJIBCBHI CIEAYIOT OJMH 32 JPYruM Oe3 MyCThIX 3a-
IIUTHBIX WHTEPBAJIOB, II03TOMY IpHU Hcnonb3oBannu AM u @M renepartop omnop-
Horo curHana W(t) mpeBpaiaercs B reHepaTop rapMOHUYECKOT0 KOJIeOaHUs Hecy-
€N YaCTOTBI.

[Tockonbky B (2.37) BenuuuHa v=v,+Vv, 0Opa3yercs Kak CymMma JeTepMU-

HUPOBAHHOM V, U CIIy4alHOM I'ayCCOBCKOU V, COCTABJISIOIINX, OHA TAKXKE SIBJIACT-
Cs CIIy4aliHOW BEIMYMHOM, UMEIOIIEN HOPMAJIBHOE PACIIPEEIECHNE BEPOSITHOCTH

1 (V_mi)2 :
W(v):mexp | j=0;1. (5.6)

Kak BusiHO 13 (2.37), 3HaueHHE MaTEeMaTHYECKOT0 OXKUTaHHUS

m, =M[v,]+M[v, ] =tj.u_/(t)w(t)dt+0 =

t

"

tjuo (t)[u, () —u, (t)]dt,  ecnms=0,

Tul(t) [up (t) —uy (©)] dt, ecin S =1 (5.7)
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3aBHCHUT OT TOr'0, KOTOPBIN W3 JIByX CHUTHAJIOB mepenaBaics. Ecnu sHeprun odoux
CUTHAJIOB 0inHaKoBbl (UM, ®M), To m =—

3HaueHHE CPETHEKBAJAPATUYECKOrO OTKIOHEHHUS IMOJYYUM C YYETOM TOrO,
YTO KOppensnuoHHas GyHKIus 0emoro myma — 3To aenbra-pyHkmus [1,2], a ona
obnanaer GUIBTPYIOIMIMM CBOWCTBOM,

o =M[u,, = | [M[u, (@)U, ()] wiwe)dsat, -

tE te

- Ng”g t,—t, )w(t,)w(t,)dtdt, =N IW(t) ad  (58)

Y BUJIUM, YTO OHO HE 3aBUCHUT OT TOT'0, KOTOPBIM U3 CUTHAJIOB HepejlaBaJICSI.
OmHouieHue cueHal/ wym no sHepeuu

) o) - (0T ot

T (5.9)

0

ABNAEMC OMHOWEHUEM IHEP2UU PA3HOCMHO20 CUCHAAA K CNEKMPATbHOU NIOMHO-
cmu wyma.

Ha puc. 5.1 uzo0paxeHbl yCIOBHBIE IUIOTHOCTH BEPOSITHOCTU BEIUYHUHBI V
s ciy4dasi, korjpa ucnonb3dyercss @M. Iloporosoe 3HaueHue V,, MPUHATO PaBHBIM
HYJIIO.

W(v/1) (v/0)

(0

ml‘ 0 mO‘ v

Puc. 5.1. YcnoBHbIE IIIOTHOCTH BEPOSTHOCTH CUTHANA Ha
BBIX0J1€ MHTErPaTopa KOPPESAILMOHHOIO IPUEMHHKA

W3 pucyHKka BUAHO, YTO BO3MOKHA CUTYallus, Korja mnepenaercss cuMBod 0,
HO BEJMYMHA V OKa3bIBA€TCA HIKE MOPOra, MO3TOMY JEMOIYISATOP B COOTBET-
CTBUU C UHCTPYKIIHEH (5.4) BBIHOCUT pEIlIEHUE O TOM, YTO nepeaan cumBoi 1. Ta-
KOM MCXOJ MOXET OBbITh Ha3BaH OwuOKOU nepeoco podd, U BEPOSATHOCTh TaKOU
OIIMOKHU paBHA

o= jw W/ 0)dv . (5.10)

AHANOTUYHO, OWUOKA 6MOPO20 poda BO3HUKAET TOTJa, KOT/Aa JAEMOYJISITOP
BbI1aeT cuMBO 0, HO (hakTHUecKu nepenaBaiics cuMBoid 1. BeposTHOCTh mosiBie-
HUS TaKo# OIMOKHU paBHA
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B = VTW(V/ 1)dv. (5.11)

I

[Ipu yBenu4eHuu mopora Bo3pacTaeT BEIWYUHA O, HO 3aTO YMEHbIaeTcs f3,
NP CABUTE MOpOTa BIIEBO 3Ta 3aBUCUMOCTH MEHsieTCsl Ha oOpaTHyto. OOBIYHO B
CIIN cumBoinbl 0 1 | mepenatoTcst ¢ OQMHAKOBOM BEPOATHOCTHIO, & HEMPUATHOCTH,
00YCIIOBIIGHHBIE TIOSIBJICHHEM OIIMOOK O0OMX BHJOB, OJAMHAKOBHI. Torma oObek-
TUBHOW XapaKTepUCTUKONW KadyecTBAa NpPUEMa CTAHOBUTCS IOJIHAS BEPOSITHOCTH
omnOKN (OMTOBass BEPOSATHOCTh OIIMOKHM WM, B aHTJIOS3BIYHOW juTeparype, Bit
Error Rate (BER))

p=P(0)a+P@)A=05(+p). (5.12)

Jlerko yoemuthbest, yto AJisi curHanoB @M sra BeIudrMHAa MUHUMANIBHA, €CIIH

V=0, Kak moka3zaHo Ha puc. 5.1, u paBHa

p=a=p=1-d(Qq/2), (5.13)
rae ®(q) — WHTErpajg BEpOSTHOCTH (TabiMila 3HAYCHUM HMHTErpajga BEPOSTHOCTH
npuBezeHa B [Ipunoxenun 3).

O6patute BHuMmanue, uro BER 3aBucut numis ot otHomeHus (5.9) suepruu
PA3HOCMHO20 CUSHANA K CIIEKTPAIBHOW IUIOTHOCTH IIyMa U, pa3yMeeTcs, YMEHb-
IIaeTCs MIPU YBEIUYEHUU STOTO OTHOIIEHU).

[ToCMOTpPHM, KaK BEIMYMHA (° 3aBHCHT OT OTHOLICHHS CUTHAJI/TITyM B OOBIY-
HOM CMBICJI€, TO €CTh OT OTHOIICHUS CpeoHel IHepeuu UMnyibca Ha BXOJE JIEMO-
NyJIATOpa K CHEKTPaJIbHOM IUNIOTHOCTH IIyMa, Itonarast cuMBoiibl 0 1 1 paBHOBEpoO-
STHBIMMU:

2 _ m_z ﬂz—ité 2 2 _E+E
W =PO PO gy [ O s == (5.14)

s curnana ¢ ®M umeem Ey=FE;, noatomy u3 (5.9) nonyuum (cM. Takxke
puc. 2.18a) q=2q,.

Jliist curHana ¢ AM 3TO COOTHOIIICHUE SIBJISETCS HAMIYYIINM, KOT1a OAUH U3
IByX CHTHAJIOB, cKaxeM, Ui(t) = 0, u umeeM q=+/2q, .

Jliist curaana ¢ UM 3TO COOTHOIIICHHME 3aBHCHT OT MOAYJIS Pa3HOCTH HECy-
mux yactor Af =|f, - f,| u paBHO

o \/5{1_ sin(;zAfr)}qc |
AfT

Ecimu Af =n/7, Tae N — 1el10€ MOJ0KUTEILHOE YHUCIO0, CUTHAJIBI

Ug(t) u Uy(t) cTaHOBATCS OPTOrOHANBHBIMH, M (=+20,, TO €CTh HOMEXOYCTOWYH-

(5.15)

BocThb AM n UM curnanoB oauHakoBa. IMEHHO AJis 3TOro ciyyasi 1Jisi KOrepeHT-
Hoit CIIM Ha puc. 5.2 mokazaHa 3aBUCHMOCThH BEPOSTHOCTH OIIMOKH, BHIYUCIICH-
HOU 10 opmyre (5.13), OT OTHOIICHUSI CUTHAJ/TITIYM (.
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KorepenTHas HekorepenTtHas

0.1 ¢ N

BeposTHocTb ommbku

0,01 ¢ \

0,001

-20 -15 -10 -5 0 5 10
OtHomeHnue curLan-mym, nb

Puc. 5.2. 3aBUCHMOCTb BEpPOSITHOCTU OMIMOKHU OT OTHOILIEHUS CUT-
Ha/mym (¢ B CIIU ¢ n1ByMsi OpTOroHaIbHBIMU CUTHATAMHU

WTak, OTHOILIEHHE CUTHAJ/IIyM MaKCHMAalbHO U, cliegoBarenbHo, BER npu
JEMOAYJISIIMU MUHUAMAaJbHA 1y1s1 curHainoB ¢ @M. boree toro, nokazano, ytro @M
— 9mo uodean, mo ecmov npu nepeodave 0BOUYHBIX UMNYIbCO8 NPU 3A0AHHOU BelU-
yune (¢ He cywecmagyem 0py2020 cnocoba Mooyiayuu, KOmopwli npu npueme Ha
gone benoco wyma obecneuun ool menvuuee 3nadenue BER, uvem OM.

PaccmoTpum MeTObI AeMOAYJIAMHA CUTHAJIOB MPHU UCHOJIb30BAHUUA MHO-
rONO3UIHOHHBIX METOA0B MOJYJISINMU, TO €CTh B Clly4ae, KOT/ia repeaBaeMbli
PaTMOUMITYJIBC MPSMOYTOJbHOU (POPMBI MOXKET MPUHATH (Kak MpaBUIIO, C OJIMHA-
KOBOM BEPOSTHOCTBIO) OXHO m3 M=2" sHauenuii: Uo(t), Ui(t),..., Uy_1(t), oTmuato-
HIUXCS APYT OT Apyra HadaJdbHBIMU (pa3aMu U JJa)Ke aMIUIUTYIaMH (TIPU UCIIONb30-
Bannuu KAM-M). HanmomHuM, 4T0 M-U4YHBII HOMEp CHrHaja Mpu mnepenadye ooby-
HO 3aMeHsIeT K-paspsiaHyto KOMOUWHAIIUIO JIBOUYHBIX
CHUMBOJIOB (CM., Hanpumep, puc. 2.18), mosToMy moJiHask BEPOSATHOCTh OLIUOKHU TIPU
JEeMOJIYJISIINY TPHUHUMaeMoro uMmnyiabca P He coBmaaaet ¢ BER.

31ech NeMOIyJALMS TakKe OCYILIECTBISIETCS B J[Ba dTana, HO Ha TMEPBOM
ATare Ipy MOMOIIM JIBYX NapaJijieIbHO BKIIOUEHHBIX KOPPEISIIMOHHBIX TPUEMHHU-
KOB BBIYUCIISIIOTCS JIB€ BEJTUYHHBI Vi U Vo, COOTBETCTBYIOIIHE JIBYM KBaJAPaTypHBIM
COCTAaBJISIOIIMM MPUHUMAEMOro curHaia ¢ mymoM (1.34), koTopblii 0OJTHOBpEMEH-
HO TI0JIA€TCS Ha BXOJIbI 000MX MPpUEeMHUKOB. OYEBUIHO, UYTO ISl ITOTO B KAYECTBE
ornopHoro kojebanus W(t) Ha BXOJ MEpBOro MPUEMHUKA MTOTAIOTCS KOJICOaHHs He-
cyiieit ¢ “HyneBoi” HadanbHOU (pazoi (ock C Ha puc. 2.19, XoTs s curHana c
nBykpatHoi ®M 3HauuTeNnbHO yaoOHee 3ajaTh HaudajdbHYIO ¢asy, paBHYO T/4).
OnopHoe kosiebaHue Ha BXOJ/I€ BTOPOro MpUEMHUKA OoTiinyaeTcs no (ase Ha m/2.

Jlist BeIOOpa crmoco0a oOpabOTKH Ha BTOPOM dTare (BHIHECEHHE PEICHUs)
yuTeM, 4YTO 00JIACThIO BO3MOXHBIX 3HAUEHHUI BETMYMH Vi U V, SIBJISIETCS BCS ILIOC-
kocTh CS Ha puc. 2.18 u 2.19. [IpaBuio BeIHECEHUS pEIISHUS OUYEBHIHO: B Kade-
CTBE NEPEAAHHOI0 CUUTAIOT TO 3HAYEHHUE MOJIE3HOTO CUTHAJIA U3 M BO3MOXKHBIX,
KOTOPOE€ OKa3bIBaeTCs HamOoJsiee OJIM3KUM K TOUke ¢ KoopauHatamu (Vi,Vz), 0TOO-
paxarole MPUHIATYIO pealIn3allii0 CUTHAJIA ¢ ITyMOM. 3JHAUY€HHE MEePe1aBaeMOro
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CUMBOJIA, BBIOPAHHOE TaKUM CIIOCOOOM, HA3BIBACTCS MAKCUMAILHO NPABOONO000-
Hoim. UTOOBI pU MIpUEME CEPUM UMIYJbCOB KaXbIi pa3 He ompenenste M pac-
CTOSIHHIM, clienyeT 3apaHee Tiockoctb CS pa3duth Ha M YacTeil, COOTBETCTBYIO-
MIMX KaXIOMY M3 CUTHAJOB (IIPUMEpP TAaKOro paz0MEHUs! IITPUXOBBIMU JIMHUSMU

st curHana ¢ KAM-16 nan Ha puc. 5.3).
S A

!
|
|
|
t
|
|
|
_____ R s e e =
|
|
|
1
|
|
|
|

Puc. 5.3. [loqMHOXeCTBa, COOTBETCTBYIO-
mpe KaxaomMy u3 curaaioB KAM-16

CymectBytoT omuboku  M(M—1) BUIOB, IpHYEM, B OTJIIMYHE OT JBOMYHOTO
citydasi, ONTMOKM Pa3HBIX BHUJOB HEPABHOBEPOATHHI. [10CKOIEKY HOpMaJIbHAS JIBY-
MepHasi COBMECTHAS TUIOTHOCTh BEPOSTHOCTH IIYMOBBIX COCTABJISIFOIITUX KOOPIH-
HaT TOYKU (Vi,Vp) UMEET KPYrOBYIO CHMMETPHUIO, M3 BCEX BO3MOXHBIX BHUOB
OlIMOKA HamboJee BEPOSATHO IMOMNAJaHUE TOYKH, COOTBETCTBYIOLIEH MNPUHATOMY
CUTHAJIy C IIIyMOM, B COCEIIHIOIO 00JIaCcTh (110 TOPU3OHTAIN JTUOO MO BEPTUKAIIN).
[Ipu 3TOM Yale BOZHHKAIOT OIMIUOKH MPU JEMOAYJISAINHA CHTHAJIOB, KOTOPHIM CO-
OTBETCTBYIOT BHYTPEHHHE TOYKH Ha JUarpaMMe TuIa n300pakeHHOW Ha puc. 5.3
(y HUX OoJblie coceei).

Toraa TouHoe u NpUOIMKEHHOE (C HEKOTOPHIM MPEBBIILIEHUEM) BBIPAXKEHUS
JUTSI TIOJIHOW BEPOSTHOCTH OIIMOKU TPU JAEMOIYJAINA TPUHUMAEMOTO HMITYJIhCa
mpu M =m° uMeroT BUX

P=4p(1-Ym)-4p*(1-2/m+1/m*)~4p(1-1/m), (5.16)
rie  p=1-0(Aq/2) — BepOATHOCTH OImMOKHU (5.13) mpu AEMOIYIANNUNA JBOUIHOTO
®M curnana,

AQ® — OTHOIICHHE YHEPTHH PASHOCMU 08YX GAUNCATUUX CUCHALOB K CIICK-
TPaJIbHOM TUIOTHOCTH IIIyMa.

Jlist nBykpaTHO# U TpexkpaTHoit @M (puc. 2.18) npu Aq >4...6 hopmyna
JUTSI TIOJTHOM BEPOSITHOCTH OIIMOKU UMEET CIEYIONTUHN BU/L;

P~2[1-®(Aq/2)] . (5.17)
®opmyisl (5.16) u (5.17) Tem TouHee, yem Oombie M u A(Q.

O4eBUAHO, YTO yBEIUYEHHE OUTOBOM CKOPOCTH MEpenayu, KOTOpoe JT0CTH-
raeTcsi Mpyu UCIOJIb30BAaHUU MHOTOIO3UIIMOHHBIX METOJIOB MOYJISIINH, TTOTPEOyeT
CYILECTBEHHOT'O YBEJIMYEHUSI CPEIHEN SHEPrUU MOJE3HOI0 CUrHaja Ha BXOE Mpu-
eMHHKa, TIPOIIOPIUHOHAIBHON BeIMUHHe (.. 30ech uacmomuas >dexmusnocme



122

cucmemvl YIyuuaemcsi 3a cuem CHUMNCEHUs. ee IHepeemudecKkoll d¢hgexmusrnocmii.
B tabnuie 5.1 npuBeneHbl 3HAUEHUS] OTHOILICHUS (qC/Aq)2 JUJISl pa3HbIX BUJIOB MO-
INAIE1007078

B 3akmroueHre oTMETHM, YTO MPH UCIIOJIH30BAHUU MHOTOIMO3UITMOHHBIX Me-
TonoB moayisiuuu BER 3aBucur emie u oT cnocoda KOIUPOBKH BO3MOXKHBIX 3HA-

Tabmuua 5.1. 3HadeHus
otHomeHus (q,/Aq)’

Bua moaynsuuu ( g / Aq)2

oM 0,25
KAM-4 0,5
nBykpatHas ®M 0,5
TpexkpatHas ®M | 1,71

KAM-16 2,5
KAM-64 10,5
KAM-256 42,5
KAM-1024 170,5

YeHUH M-WYHOTO CHUMBOJIA MPH MOMOIIH K-pa3psiiHBIX IBOWYHBIX KOMOHMHAITHIA.
Haunydmum siBisieTcss Takol KOJ, KOT/la COCEAHHUM 3HAUYEHHUSM HMITYJIbCa COOT-
BETCTBYIOT KOMOWHAIIMH, OTJIMYAIONIAECS JHUIIL B OJHOM cuMmBoje. Koapl, moka-
3aHHbIEC HA puc. 2.180 u 2.18B, HE yAOBIETBOPSIOT 3TOMY TpeOoBaHUI0. B yacTHO-
CTH, TIPH UCIIONB30BaHUU TpexkpaTHOH OM s mpeoOpa3oBaHUs BOCBMUPUYHON
mupsl B JBOMYHYIO KoMOMHauuio cymectByer kox I'pes (0<-000; 1-001;
2011; 3010; 4110; 5111; 6-101; 7-100). 3necs npu BO3SHUKHOBEHUHU
HanboJiee BEPOSTHBIX OMIMOOK M3 TpeX OMTOB KOMOMHAIIUM OMIMOOYHBIM OKa3bIBa-
eTCsl JIUIb O/iMH, B utore yisi BER umeem p = P/3.

5.3 HekorepeHTHbIe CUCTEMbI

B nekorepentnoii CITN Moryt ucnonb3oBarbest auiib AM niu UM, noato-
My B TaKOW CHCTEME HEBBITOAHO MPUMEHATh MHOTOIIO3ULIMOHHBIE METO/IBI IIepeaa-
yi. B cBSI3M ¢ HEONpeIeaeHHOCThI0 HauyaabHOU (ha3bl 0KUAAEMOr0 MMITYJIbCa BO
BpEMs IIpUEMa HE MMEET CMbICIAa MOHITHE Pa3HOCTHOrO cUrHajia. OnTuMaabHbBIM
CIIOCOOOM TpEeABAPUTEIBHON 00paOOTKM CUTHaja ¢ OelbIM IIYMOM U B 3TOM CIIY-
qae SBJIAETCS KOPPEISLMOHHBIN MPUEM, HO HEOOXOAMMO MCIIOJIb30BaTh JBa (s
AM) unu getsipe (ay11 UM) napaiiensHO BKIOYEHHBIX TpueMHuKa. Kaxaas napa
NPUEMHUKOB HACTPOEHA Ha MPUEM JBYX KBAJPATYPHBIX COCTABISAIOIIMX UMITYJIbCA
OIPENIETICHHOI'0 BU/IA, MIO3TOMY B HEW HCIIOJIb3YIOTCS OMOpPHBIE KOJIEOAHUSI COOT-
BETCTBYIOIIEH HECYLIEN YaCTOThl, HO CIBUHYTHIE 1O (a3e Ha 90° (HaOMHUM, YTO
npu AM JuIIb OMH U3 IBYX CUMBOJIOB SIBJISIETCS UMITYJIBCOM, & BTOPOM — 3TO Ma-
y3a, I03TOMY HY>KHa JIMILb OJIHA IIapa MPUEMHHUKOB).
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Obo3nauenus:
I'f; — renepatop
KoJe0aHuii yacTo-
90° THl fj;
I'fy + 90° — daszocasuraro-
11as 1erb,;
@O/ — dhazoBwrit
u (t) 0 ACTEKTOD,
] 1. RC —unrerpupyro-
bl o1 Bl RC P X2 mast RC-uemns;
T X2 - IIETIb C
90° KBaJpaTHYHOH aM-
If + IUIATYIHOU
! XapaKTePUCTUKON;
+ — cymmarop
Sl ®JT | RC Pl X2 — K — komnaparop.

Puc. 5.4. ®yHkimoHanpHas cxeMa JIeMOAyJIATopa
HEKOIepeHTHOro curnaia ¢ YM

Ha puc. 5.4 npuBenena ¢yHKIMOHAIBHAS CXeMa JEMOIYJATOpa
HEKOrepeHTHOro curHaina ¢ YM, npuueM ¢a3oBble 1ETEKTOPHI UIPAIOT POJIb NEpe-
MHOKHUTEJEN BHICOKOYACTOTHOI'O BXOJHOIO CUTHAJIA M TAPMOHUYECKOT'O OIMOPHOTO
koniebanuss, a RC-uenp ¢ MOCTOSHHOW BpeMEHH, HAMHOT'O MPEBbIIAIOIMIEH JIH-
TENbHOCTh MMITYJIbCA BXOJHOI'O CHTHAja, BHIMNOIHSAET (DYHKIMHU HUHTErpaTopa (cMm.
dbopmyny (2.27)). Kommaparop BeIHOCUT perieHue “nepenan cumpos 07, eciau B
MOMEHT OKOHYAHMSI UMITYJIbCa HAIPSKEHUE HA BBIXO/IE BEPXHETO CyMMaToOpa OKa-
3aJI0Ch OOJIBIIIE, YEM Ha BBIXOAE HHXKHETO.

OOpaTtuTe BHUMaHKE, YTO HAa CXEME HYKHO ObUIO OBl I10Ka3aTh LIEMH, 110 KO-
TOPBIM MOJAIOTCA TAaKTOBbIE UMITYJIbCHI, 33/1at0II1E€ MOMEHThI CpabaThIBAHUS KOM-
napaTtopa M OCYIIECTBIISIOIIME OOHYJIEHHE MHTETPUPYIOIIEH IETIOYKH HEMoCpe/l-
CTBEHHO IEpe]l HAYaJIOM Ka)K0ro MMITyJIbCa.

BepostHocTh ommOKku mpu AEMOAYIALIMU ABOMYHOrO umnyibsca (BER) mu-
HUMaJlbHa IIPYU 33JaHHON BEIWYMHE (¢, KOI/Ia MEPENaeTcss OAMH U3 JIBYX OpPTOrO-
HaJIbHBIX CUTHAJIOB PaBHBIX 3HEpruil, Hanpumep, ¢ UM, u onpenensierca popmy-
b (0)71

p=P=0,5exp(-0’/2). (5.18)

Bunno, uto u B HekorepeHTHOM CIIN BeposATHOCTH OLIUOKHU OMpeessieTcs
BEJIMYMHON DHEPTrUM NMPUHUMAEMOI'0 MMIYJIbCA MO OTHOLICHUIO K CHEKTPaJIbHOU
IUIOTHOCTH IIyMa. JTa 3aBUCHUMOCTH TakK)Xe MPEJCTaBlieHa Ha puc. 5.2, 4yToObI
MOKHO OBLIO CPaBHUTH KA4yeCTBO IEpeauyd CUTHajla B KOT€PEHTHOM M HEeKore-
PEHTHOM cUCTeMax NP MPOYHUX PaBHBIX YCIOBHSIX.

Kak u cnemoBanio oxuaats (cMm. paza. 5.1), BER B xorepentHoii cucteme
BCET/Ia MEHbBIIIE YeM B HEKorepeHTHOH. [Ipu npueme cuibHOro curnana (BeauanHa
BER mana, HixHss mTpuxoBas npsiMasi Ha puc. 5.2), 4ToObl B HEKOTEPEHTHOM CH-
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cTteme oOecrieuuTh TO ke 3HaueHue BER, xoTopoe mocturaercss B xorepeHTHOM
CIIN, Hy>XHO JINIIIL HEMHOT'O YBEJIUYUTh MOIIHOCTh MEPEAaTUNKa — Ha €AMHUIIBI U
Jake ToJn Jenuoena (HamoMHUM, 9To B feruoenax mo ¢popmyie 10-1g(E1/E;) BbI-
pakaeTcsi OTHOILIEHHWE PHEPruil WM MOUIHOCTEeW ABYyX curHanoB). [lpu npueme
OYEHb CJIA0Oro CHrHaja 3TO OTHOUIEHUE BO3PACTAET J0 €IMHHMI] U JECATKOB JELU-
0eq, TO eCTh UIMEHHO B ATHX YCIOBUAX NpeumymiectBo korepeHTHoit CIIN oco-
O6eHHO onryTuMo. OTMETHM, KCTaTH, YTO B HOPMAJIbHBIX YCIOBUAX (YHKIIMOHUPO-
Banus CIIU BennuuHa ¢ 00b14HO mipeBbimiaeT 10—15 nb.

5.4 YacTUYHO-KOrepeHTHbIe CUCTEMbI

B 4acTMYHO-KOr€peHTHOM CHUCTEME ONTUMAIIbHBIN IEMOAYJIATOP JOJKEH
BBITIONHSATH T€ ke oneparuu (5.3) u (5.4), Ho Tekymas (aza reHeparopa OmopHOTo
KoseOanus W(t) moacTpauBaeTcs MOA M3MEHEHHUs TOrO MmapaMmerpa B NMpUHUMae-
MoM curHazie npu nomonu cuctembl @AIIY. Cxema Takoro reneparopa g CIIA
¢ AM wiam UM npencraBiieHa Ha puc. 5.5, rae obo3HaueHo: /] — da3oBwIii 1e-
tektop; ®HY — ¢unstp HmwxkHux vactor; ['YH — renepatop, ympaisemblid
HaIpsKEHHEeM. DTO MpOCTEedIIasi CUCTeMa aBTOMATHYECKOro peryinupoBaHus. B

w(t)

u(®)

D

®J1 I'VH

OHY

Puc. 5.5. 'enepaTop onopHOro KojieGaHUs C
nerneir DAY

HEell Tpu paccoriiacoBanuu (pa3el reHepaTopa OTHOCHTEIHLHO BXOJHOTO CHUTHAja B
Ty WK APYTYIO0 CTOPOHY Ha Bbixojae DJI mosBisieTcs HANPS)KEHUE COOTBETCTBYIO-
miero 3Haka. OHO BO3JEHCTBYET Ha YacTOTY W, CJIEN0BaTeIbHO, (pa3y reHeparopa.
Ounetp HY, y KOTOpOro yacrora cpe3a BO MHOTO pa3 MEHBIIE YaCTOTHI ITOBTOPE-
HUSL UMITYJIBCOB, CIY>KHUT JUIsl CIUIAKUBAHUS (PIIYKTyallud YMpaBISIOIIErO HaIps-
YKEHUSI, 00YCIIOBJIICHHBIX IITYMOM.

Eciu B CIIN s KaKaoro u3 BO3MOKHBIX CUTHAJIOB UMEETCSI MPOTHUBOIIO-
JIOKHBINA CUTHAJ (OAHOKpaTHas win MHOrokpatHas ®M nub6o OOM, KAM), Takoi
redeparop paborate He Oyjaer, Tak Kak B mporecce ¢uibTpanuu B ®HY stu cur-
HaJbl, TOSBISISICH B CPEJHEM OJMHAKOBO YACTO, MPAKTUYECKU YHHUTOXKAIOT APYT
npyra (B CHEKTPE KaXKJOro U3 TAKUX CUTHAJIOB OTCYTCTBYET COCTABJISIIOIIASI HECY-
I 4acTOTHI).

[To 5TO¥ MpUYMHE B YaCTUYHO-KOTEPEHTHOU CHUCTEME MEPEUMCICHHbIC Me-
TOJBI MOAYJISIIIMYA TPUMEHSIOTCS JIUITh B OTHOCUTENIbHOU (popMe. DTO MO3BOJSET
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npoBoauth @AITY He HA caMoll Hecylel YacToTe, a Ha OJIHOM U3 €€ TApMOHUK.

B ywactaocth, B aBonuHoit CIIN ¢ O®M noacTporKy reHeparopa cieayer
IPOBOJIMTH HA YJIBOEHHOU Hecylien dactore (puc. 5.6). IIlpu ynBoeHUM 4acToThI
HavasibHas (pa3a KakJoro U3 UMITYJIbCOB TAKXKE YABAaMBAETCS, B UTOT€ HA BBIXOJIE
MOJIy4aeTcs HENpepbIBHOE KojebaHue, 4yTo oO0ecrnedyrBaeT YCTOMUYMBYIO PabOTy
nenu @AIIY ¢ BBICOKOH TOYHOCTEIO.

w(t)

— ff2

u(t)
— | =2 L on I'YH

|
®HY

Puc. 5.6. 'eneparop onopHoro KoyeOaHus ¢ neTiien
DAITY Ha yaIBOEHHOU HECVILIEN YaCTOTE

Tem He menee, npumeHATh @M B TakoM CUCTEME HE CIEAYET, MOCKOJBKY
dbopmMupyemoe oropHoe KojebaHue Bce-Taku 00J1alaeT HEKOTOPOH Heomnpe/eeH-
HOCTBI0. KitacCMYecKui THIT IENUTENs YaCTOThl — 3TO CUETHBIM Tpurrep. B 3aBu-
CUMOCTH OT CIy4YalHOI'O HA4aJbHOI'O COCTOSIHUSI 3TOrO TPUITEpPA HA €ro BBIXOAE
dbopMupyeTcst oJjHa U3 JIBYX MPOTUBOIOJIOKHBIX MOCeqoBaTenbHOCTeH. B urore,
XOTSl ¥ 00ECTICUNBAETCS XOPOIllas B3auMHasi KOTepeHTHOCTh Koyiebanuit W(t) u xo-
nebaHuil nMpuHUMaeMoro curhama, Ho W(t) moxker ObITh OO cuH(pa3Ha, JIHOO
npoTruBO(da3Ha MO OTHOIIEHHIO K curHainy. B mepBoMm ciyuyae curnan ¢ ®M mnpu-
HUMAETCs HOPMaJIbHO, BO BTOPOM CJIy4ae BCE CUMBOJIBI Ha BBIXOZE JEMOIYIATOPA
U3MEHSIOTCSl Ha 00paTHbIC. DTO SIBJIEHHWE HA3bIBACTCSl 0OpaTHOM pabOTOM AETEKTO-
pa. Koneuno, M0o>kHO ObUTO OBl IEPUOANYECKH MEPEIaBaTh KaKyl0-HUOYIb HACTPO-
€UHYIO MOCJIEI0BAaTEIbHOCTh CUMBOJIOB, YTOOBI OINPENENsATh, B KOTOPOM M3 JIBYX
PEXKUMOB HAXOAMUTCS IEMOAYJISATOP, HO, KaK MOKa3ajia MpakTUKa, HAMHOI'O MPOILLE
U HaJiexxkHee puMeHaTr ODM.

Toraa ycTpoicTBO, BBIHOCAIIEE PEIICHUE 0 KaKIOMY MTPUHUMAEMOMY HM-
nyJabCy B cOOTBeTCTBHM C (5.4) Tak, kak Oyaro Obl npuHuMaerca OM-curhain,
JOJIKHO OBITh JOIMOJHEHO CXEMOM, CpaBHHMBAIOLIEH pEIICHUS, BHIHECEHHBIE I10
KaXJbIM JIBYM COCEIHMM MMIyJbcaM. Takas cxeMa COCTOMUT U3 SMEMKHU CABUTA U
cyMmartopa o Moayito 2 (puc. 5.7) U 0OJUHAKOBO XOPOIIO pabOTaeT Kak MpH Mmpsi-
MOH, TaK W TIpu oOpaTHOU padote aemoxaynsaropa (5.4). Onucanuviii cnocob demo-
oynayuu cuenana ¢ ODPM nazvieaemcs Ko2epeHmMHBIM.

BeposTtHOoCTh OIMOKM Ha NEPBOM dTane Py, ONMCHIBAEMOM BBIPaXKEHUEM

A

ou»
(@}
17

10l
T L J 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 dTane (puc. 5.7) npo-
U30MET B OJJHOM M3 JBYX CIy4aeB:

1) Ha mepBoM 3Tamne mpu AEMOIYJISIUU MEPBOrO U3 JIBYX UMITYJIBCOB IPO-
M301LIa OMIKOKa, BTOPOM UMIYJIBC MPUHSAT IPABUIBHO;

2) nepBbIil UMIYJbC MIPUHAT NPABUIBHO, BTOPOM — C OIIMOKOIA.

B utore 6uToBasi BEpOATHOCTh OIIMOKHU MpH eMoAysiiuu curaana ¢ OOM
paBHa

Pror =2Po (1-Po )=20(a/2)(1-0(a/2)). (5.19)
Ha npaktuke 06140 g>>1, oTKyaa 1- py; ~1, IO3TOMY
Proi *2Psi (5.20)

T0 ecTb BER 6 uacmuuno- xocepenmmuou CIIH ¢ ODPM ececo nuwb 6 08a pasa
bonvute uem BER 6 uoeanvnoii, xocepenmmuou CIIHM ¢ @M. Itum OOBACHSIETCS
CTONIb IIHMPOKOE Hcmoib3oBaHre ODM U KOrepeHTHOro MeToja MpueMa TaKHhX
CUTHAJIOB.

CymiecTByeT Tak:Ke HEKOT€pPeHTHBI MeTo] AeMOAYJSIUH CUTHAJIA ¢
ODM. [lns peanuzanuu 3TOro Meroja Ha (a3oBbIA JAETEKTOp MPUEMHUKA, pac-
CUMTAHHOTO Ha Aemonyssinuio OM-cUrHANOB U, CIIE0BATENbHO, Pa0OTAIOLIErO B
coorBercTBuH ¢ (5.3) u (5.4), momaercs B KadecTBe omopHoro konedanus W(t)
NPEIBIAYIUN TPUHATBIA PaIUOUMITYJIBC. ETO MOXKHO MONYYUTH C BBIXOZA JIMHUH
3a1EPIKKHU.

buToBy10 BEpOSTHOCTH OIMIMOKH MOKHO BBIYMCIUTH 1Mo popmyne (5.18), HO
BEJMUNHY (> CIICLYeT YIBOUTb, TAK KAK PELICHHE BBIHOCHTCS IIOCIE IPHEMa CO-
CTaBHOT'O CHUTHaJa, COJEpKAIllero JBa UMITylbca. 3nech BennunHa BER Gonbie,
YeM MPU UCIOJIb30BAHUM KOTEPEHTHOI'0 METOo/a MpUueMa, TaK Kak OMOpPHOE KoJie-
O0aHMEe KPOME COCTaBIAIONICH, KOT€PEHTHOM C TOJIE3HBIM NMPUHUMAEMbIM CHUTHA-
JIOM, COJIEPKUT TaKKe IIYMOBYIO COCTABJISIONIYIO. DTa pa3HULa TeM OOoJIbllIe, YeM
MEHBIIIE OTHOIICHUE CUTHAJI/IITYM.

[Ipu ncCroNb30BaHWKA MHOTONMO3UIIMOHHBIX METOJ0B MOXYJSALMH, KPOME
AM u UM, Heobxonumo npoBoauth GAIIY onopHoro reneparopa Ha rapMOHHKAX
HECyIel 4acToThl 6osee BrICOKOTo nopsiaka. Tak, ¢ CIIU ¢ dosykpamuou @M unu
¢ KAM zenepamop noocmpaueaemcs no uemeepmou 2apMoOHUKe, a Ol mpex-
kpamnou @M HydrcHo nepeumu Ha 80CLMYIO0 2APMOHUK) .

B 3axnrouenune ormerum uHTEpecHyro ocobeHHocTh CIIM, mcnonb3yronmx
OTHOCHUTENIbHBIE METOJIbI MAHUITYJIALIMK B JII000H popme. D10 — naproe epynnupo-
sanue owudOK, TO €CTh MPU YBEIUYCHUN OTHOIIECHUS CUTHAJI/IITYM BO3PACTaeT OT-
HOCHTEJbHAS J10JIsl OLIMOOK, TOPaXKAIOUUX JIBa COCETHUX CUMBOJIA, 10 CPABHEHUIO
C OJWHOYHBIMHU OIMUOKaMH. DTO CBONCTBO HYXHO YYHTHIBATH IPHU BHIOOPE KOP-
pekTupymomiero koga. Hanpumep, kol ¢ mpoBepKoil Ha YETHOCTh HE OyAeT 3ame-
4YaTh TaKue OIIMOKHU, €CIIU BHYTPU KOJOBOM KOMOMHAIIMK OKAXXYTCS 00a CUMBOJIA
napbl, YTO BECbMa BEPOSITHO MPHU UCITOJIb30BAHUH JJIMHHBIX KOMOWHATIHI.
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55 anIeM CUrHasna B ycrnoBusix MHOrosiy4eBocCTu

Kak BumHO M3 00CYyXKIeHus, MPOBEAECHHOTO B pa3id. 5.1, peanmsarus Kore-
pentHoit CIIM Obuta ObI BO3MOYKHA JIMILIb TIPU WCIIOJIL30BAaHWM KaHajla TMepeiadu
CUTHAJIOB, UJICAIHLHOTO B TOM CMBICJIE, YTO €r0 aMIUIUTYAHO-4acTOTHas U (pa3o-
YacTOTHAsI XapaKTEPUCTUKA HEU3MEHHBI BO BPEMEHU H, CJIEAOBATEIBHO, MOTYT
OBITHh TOYHO M3BECTHBHI B MYHKTE MpuemMa. YaCTUUHO-KOTepeHTHAs U HEKOT€pPEHT-
Has CIIM takke pa®oTaroT B yCIOBHSAX, ITOYTH HCaTbHBIX, KOraa (a30BbIM CIBHUT
B KaHaJie MEJICHHO MEHSETCSl BO BpEeMEHHM OJMHAKOBO Ha Bcex yacToTax. Obecrie-
YUTh TAaKHE YCJIOBHUS MOXHO MPHU Iepeaye CUrHajia Mo KaOeabHOW JIMHUHU JIHOO
IIPA PAAUOCBA3U, KOTJA paguoTpacca MPOXOAUT B OJHOPOAHOW Cpele BIAIU OT
00BEKTOB, MOT'YIIIUX BbI3BATh OTPAKEHUE WJIM PACCESHUE PAIMOBOJIH, HAIPUMED, B
JIMHUU CITYTHUKOBOW CBS3U.

[Ipu pacrpocTpaHeHUU PagMOBOIH B HEOJHOPOJIHOW Tpomocdepe Ha pac-
CTOSIHUE BCETO JIUIIb B JIECATKA KUJIOMETPOB, HAJl HEPOBHOM 3€MHOW WJIM BOJHOMU
MOBEPXHOCTHIO U, TEM O0Jjiee, B YCIOBHIX TOpoja 1ojie, majaroiiee Ha PUEMHYIO
AQHTEHHY, SIBJIIETCSI CYMMOM OOJIBIIIOrO KOJIMYECTBA BOJIH, YACTO HA3BIBAEMBIX JY-
yaM{. DTH BOJIHBI OOYCIIOBJICHBI OTPAKCHHUSIMHU MEPBUYHOTO IO OT Pa3IUIHBIX
00BEKTOB (371aHUM, JEePEBbEB, ABTOMOOMIICH, XOJIMOB | T.II.), HAXOAIINXCS BOJIH-
3 Tpacchl. Pa3ienuTh 3TH y4d U ONPEeTUTh mapaMeTphbl KaK10r0 U3 HUX OObIY-
HO HE IPEJICTABIISICTCS BO3MOXHBIM, IMO3TOMY IOJIATalOT, YTO aAMIUIMTYIbl U 3a-
JEpKKU (caeaoBaTenbHO, U (ha30BbIE CABUTH) BCEX JIydel CIydailHbl U J1ake B3a-
UMHO HE3aBHCHMBI. J{JI IMOTHOTHI KapTHUHBI JT00ABHM, YTO OOBIYHO BCE ATH Iapa-
METPBI eI1e U CIYYalHBIM 00pa30oM M3MEHSIOTCSI BO BpeMeHU. Takol KaHall Ha3bl-
BACTCS KAHANOM CO CAYHYAUHO USMEHAIOWUMUCS napamempamu, a UCKaAKEHUs CUT-
Haja, TepelaBaeMoro B TaKOM KaHajle, KJIAcCHU(PUIUPYIOTCS KaK BO3JCHCTBHUE
MynbmuniukamusHou nomexu (cMm. paza. 1.5).

Ha puc. 5.8 B kauecTBe npuMepa NpUBECHA OJHA U3 peau3alui cliydaiiHO
WU3MEHSIIOIIECHCS aMIUIUTY/ bl IPUHUMAEMOTO CUTHaa.

Jlaxe ecnu cpeliHee 3HAYEHHE AMIUIUTYIbI A TOCTATOYHO BEJIMKO, CYIIE-
CTBYIOT TaKue€ CJIy4alHO PAaCIIOJO0XXECHHbIE MHTEPBAJIBI BPEMEHU CIIYYalHOW JUJIH-
TEILHOCTU (TIOMEUYEHBI >KUPHBIMHU JIMHUSIMU), KOTJa aMIUIMTyAa NaJaeT HUXKE
ypoBHS A, NIpU KOTOPOM €Ill€ BO3MOKEH HOPMaJIbHBIM MPUEM CHUTHAJIA, TO €CTh
ero aemonayssiuus ¢ 3agaHHod BenumunHOoW BER. MoxHO cumrtaTh, 4yTO TIpu 3TOM
cBsi3b Hapymaerca. O4eBUIHO, YTO BenuunHa A, ompeaensercs YpOBHEM ajjiu-
TUBHOTO IIIyMa Ha BXO/JI€ MPUEMHHKA.
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Puc. 5.8. Ilpumep daykTyaruii aMIIUTy bl TPUHUMAEMOTO
CUTHAJIa B KAHAJIE C MHOT'OJIY4YEBOCTBIO

OOBIYHO TMONArarmT, YTO ClydyaiiHas aMIUTUTYy/la CUTHAJIA UMEET PEIeeBCKOe
pacrpeneneHue BEpOITHOCTH

W(A)—Aex —ﬁ A>0

) (5.21)
/1€ G — CPEIHEKBAAPATUYECKOE 3HaUCHUE (DIYKTyaluil KaX 01 U3 KBaJpaTypHBIX
COCTaBJISIONIUX CUTHala, nmpu 3toM A=1,2533c

(puc. 5.9). BepoaTHOCTB TOTO, YTO B 33JJaHHBIA MOMEHT BPEMEHHU aMIUTUTY/A CHT-
Haja OKa)XeTCs HIbKE mopora A, onpeaensiercs OObYHbIM 00pa3oM

A, A2
P= _([ W(A)JA =1— exp(— ZO?ZJ (5.22)

Y YUCJICHHO paBHA IUIOIIA/IA 3alITPUXOBAHHOTO yyacTka Ha puc. 5.9. Yacto A,
<<o, no3ToMy (5.22) ynpomaercs

2

P~ A"2 npu A, <<o.
20

(5.23)

Torna BenmMunHy CpeaHero CyMMapHOrO BPEMEHH HAPYLIEHUs CBS3U HAa UH-
TepBasie 7 MOXKHO OMPEACIuTh Kak T =TP,.

W(A)

0 A A A

Puc. 5.9. PeneeBckoe pacnpeneneHne BEposSTHOCTU
aMIUIMTVIIBI CUTHAJIA

KoHeuHO, yMEHBIIUT 3TO BpEMS MOKHO MyTEM YBEIUYEHHSI MOIIHOCTH I1e-
penarurka, HO CYyIIECTBYET OoJiee M3SIIHBIA U, MOXHO CKa3aTk, Oomnee 3hdexTnB-
HbIN c110c00. OH HA3bIBACTCS pA3HECEHHbIM NpUemMoM 1 TIPUMEHSIETCS Kak B aHaJIo-
rOBbIX, TaK U B UG posbix CIIN.

JUts peanuzannu N-KpaTHOro pasHeceHHOIro NpueMa, BO-IEpBbIX, OpraHu-
3ytoT N mapasiesibHbIX KaHaloB (BETBEH pa3HEceHus) AJisi OIHOBPEMEHHOM mepe-
Ja4l OJJTHOTO M TOT'0 Y€ CUTHAJIA U, BO-BTOPBIX, IPUMEHSIOT CIIEHUAIBHOE YCTPOil-
CTBO JUIsl TOr0, YTOObI M3 3TUX N MPUHATHIX CUTHANIOB C(OPMHUPOBATH OJUH CUT-
HaJl, 00JIaJa0IMI JTYYIIIMMHU CBOMCTBAMU, HEXKENIM CUTHAJIBI B BETBSIX PA3HECEHHUS.

Ecnu ¢aykryanuu cUrHajiaoB B BETBSIX Pa3HECEHUS MOJIHOCTHIO WEHTHUYHBI
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(kodpdurmeHT Koppensauuu Juist 1ro00k mapsl F=1), CUTHaJI Ha BBIXOJIE YCTPOIMCTBA
KOMOMHUPOBAHMS HE MPUOOPETET HOBBIX CBOMCTB, TaK KaK IpepbIBaHUE CBS3H OY-
JET TPOUCXOJNUTh OJHOBPEMEHHO BO BCEX BETBSX pasHeceHUs. Daykmyayuu cue-
HAN08 8 8emBAX pa3HeceHUs 00JHCHbl Obimb Hezasucumvl. [Ipu 3TOM yCllOBUU Be-
POSITHOCTh OJHOBPEMEHHOI'O MPEPBHIBAHUS CBSI3U BO BCEX BETBSIX Pa3HECEHUS MU-
HUMaJlbHa (CTPOro rOBOPS, HAWIYUYIIUN BapUaHT — 3TO MPUEM JIBYX CUTHAJIOB MpHU
I =—1, HO TaKOro B peaJIbHBIX KaHaJaX, K COXKaJICHUIO, HEe Ha0Jt01aeTcs).

B HacTosee Bpems yaiie Apyrux NPUMEHSIOTCS CIEAYIONIUE Cloco0bI 0p-
ranusanuu N BeTBeil pa3HeceHus .

IIpocmpancmeennvlil pasnecennviii npuem, KOrja npueM OJHOr0 U TOro e
curHana ocyuiectsisiercss Ha N MpUEMHBIX aHTE€HH, Pa3HECEHHBIX B IPOCTPAHCTBE
Ha paccrosinue mnopsaka 10...100 pauH BoJH (JIydille MOMEPEK TPacChl), YTOOBI
o0ecneunTh He3aBUCUMOCTh (PIYKTyalui, MPUYEeM MEHbIINE 3HAUCHUS XapaKTep-
HBI JIJIS1 YCJIOBUM pacTipOCTPpaHEHUs B TOPO/IE.

Yacmommuwili pasHeceHHblll npuem, KOTaa mnepenada (COOTBETCTBEHHO, U
pUEM) OJHOTO U TOTO € COOOIIEHUS MPOU3BOIUTCS C UCIOIB30BAHUEM OOIIEH
nepenaromei (mpuemHoi) anrenHsl Ha N Hecymux, paznecennbix Ha 100...10000
kl'm.

IIpocmpancmeenno-yacmomuulil pa3sHeCceHHblll npuem, KOTJla COYETaroTCs
nepenaya Ha N, HECYIIUX U OHOBPEMEHHBIN npueM Ha N, aHTeHH, IPU 3TOM I10-
aydaercss N = NyN, BerBeil pa3Hecenus. Becbma momyisipeH METOH YEThIpEX-
KpPaTHOT'O pa3HeceHUs (IB€ HECYLIUX U JIBE AHTECHHBI).

B pesynbprate komOuHMpoBaHUs N pa3HECEHHBIX CUTHAJIOB aMIUIUTY/la CHUT-
HaJa Ha BBIXOJE YCTPOMCTBA KOMOWMHUPOBAHHUS CTAHOBHUTCS 0oJiee yCTOMYMBOMN
(yMeHbLIaeTcss pa3Max (pIyKTyaluuid OTHOCHTENIbHO CPEIHEr0 3HA4Y€HHUs), BCIE[-
CTBHE YEr0 OJHOBPEMEHHO YIYUIIAlOTCA JABE BaXKHBIE XapaKTEPUCTUKU IUDPOBOI
CIIA: P, u BER. O0bI4yHO NpUMEHSIETCSI OJIUH U3 TPEX METOA0B KOMOMHHMPOBA-
HMUSA.

A6mosblO0p MAKCUMAILHO20 CUCHANA, TO €CTh HA BBIXOJl YCTPOWCTBA KOM-
OMHUPOBAaHUSA MOCTYNAET TOT W3 CUTHAJIOB, KOTOPHIA B JAHHBIH MOMEHT HMEET
MaKCUMaJIbHYI0 aMIuUTyAy. [lycTh OTHOIIIEHHE CUTHAN/IIYyM JOCTATOYHO BEJIHUKO
JUISL TOTO, YTOOBI BEPOATHOCTh HApPYILIEHUS CBA3M 0€3 MPUMEHEHHMsI pa3HeceHus P
MOKHO ObLTTIO0 ompenenuTsh 1o Gopmyne (5.23). Toraa npu UCMIONB30BAHUU Pa3HeE-
CEHHOT0 MpueMa CBs3b OyJeT HapyIllIeHa, eClI OJHOBPEMEHHO BO BCEX HE3aBUCH-
MBIX BETBSIX AMIUIATYJIa OKAXKETCA HHUXKE IMopora, B utore Poy = (PSI)N. Hanpuwmep,
P,1=0,1, Toraa npu ucnosb30BaHUM JaKke ABYKpaTHOro pazuecenus P, = 0,01.

[Ipu3HaeM, 4TO NpUBEIECHHBINA MPUMEP HE BHOJHE YJa4€H MMOTOMY, UYTO MpHU
nepexoae 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 Gomee KoppekT-
HBIM OYJIET CpaBHEHUE B OJIMHAKOBBIX YCIOBUSX, KOTZIa NpU nepexooe K pa3HeCeH-
HOMY npuemy CYMMAapHas 3Hepeus NPUHUMAEMbIX CUSHA08 OCMAEmcs Heu3MeH-
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HOLVl, IIpHu 3TOM, €CTCCTBCHHO, OTHOIICHHC CI/IFHaJI/HIyM C]C2 B Ka}K,Z[OI\/Jl BCTBU PA3HC-

cennst ymenpmaercs B N pas. Tora Ui IPUBEICHHOTO MPHMEpPa BETHUMHA G- B
KaXX10M BETBU YMEHBIIAETCS BABOE, TOATOMY uMeeM P, = 0,04,

Tem He MeHee, U3 MPUBEICHHOIO IPUMEPA HE CIEAYET AENIaTh MOCHENIHbINA
BBIBOJ O TOM, YTO NMPUMEHEHHE PA3HECEHHOr0 NpHeMa Ja)ke NMPH HEU3MEHHOM
CyMMAapHOW 3HEPruy MPUHUMAEMbIX CUTHAJIOB BCEr/a MOJIE3HO, TOCKOJIBbKY JOJK-
HBIM 00pa30M HE YY4TE€HO BIMSHUE HEraTUBHOTO (haKTopa, a UMEHHO, YMEHbIICHUS
OTHOUIEHUS] CUTHaJ/IIyM. boiiee 0ObEKTHBHBIM OYyJE€T CpaBHEHHE METOAOB IpPH
JIOTIOJTHUTENIBHOM TpeOOBaHUU OOecreYeHus: OJJHOro U Toro ke 3HaueHus BER,
4TO MBI C/I€JIAaEM II03XKE, a MOKa OINPENEIUM OCTAJIbHBIE METO/IbI KOMOMHUPOBAHUS
CUTHAJIOB.

Jlunetinoe cnodcenue cueHanog, To €CTb Ha BBIXOJ| YCTPOHCTBA KOMOUMHUPO-
BaHUS MOCTYNAET CyMMa CUTHAJIOB U3 BETBEH pa3HECEHUs

0= 20,0 (5.24)

OnmumanvHoe crodiceHue CucHalo6, TO €CTb HAa BBIXO/[ YCTpOﬁCTBa KOMOMU-
HUPOBAHUA ITOCTYIIACT B3BCHICHHAA CyMMa CUT'HAJIOB HU3 BETBEH Pa3HCCCHUA

N
u(t) = 2_k;(®u;(®),
jz_ll I (5.25)
rae k,(t) — BecoBast (GyHKIHMS, MOAYJIb KOTOPOK MPOINOPLUHUOHAIEH TEKYIIEMY 3Ha-
YEHHIO aMILIUTYJIbl CUTHAA U, (t) B j-i BETBU pa3sHECEHHs, B UTOIE 00JIEeE CHIILHEIE

CUTHAJIBI CYMMUPYIOTCS C OOJIBIITUM BECOM.

CymiecTBYIOT /Ba BapuaHTa JUIsl pealu3alnu JI000ro M3 METOAOB CIOXe-
HUS: 10 IETeKTopa (CYMMUPOBAHUE PATUOMMITYJILCOB Ha BHICOKOW WIJIM TTPOMEXKY-
TOYHOH YacTOTE) W TMOCJE JAeTeKTopa (CyMMHUPOBAHHE HHU3KOYACTOTHBIX UMITYIIb-
COB C IITyMOM C BBIXOJIa OOBIYHOT'O JTUHEHHOTO JIETEKTOpa, MPUMEHSIEMOTO B KaXkK-
1o BeTBH). [lpu cymmuposanuu 0o oemexmopa 00s3amenbHolU A615emcs onepa-
Yus npedsapumenbHo20 83aUMHO20 (Pa3upo8aHus 6cex paouoCcueHanlos, 4Toobl Te-
Kymre ga3bl BCEX cllaraeMbIX ObLITU OJIMHAKOBHI.

OTH TpU METOJla KOMOMHUPOBAHMS PACIIONIOKECHBI B IMOPSAKE BO3pacTaHHs
CIIOHOCTH HMX peaTn3allid W, OJIHOBPEMEHHO, B TOPAJIKE YOBIBAaHUS BETUYMHBI
BER, koTOpy10 OHU CITOCOOHBI OOECIICUUTD.

Ha puc. 5.10 nana 3aBUCHMOCTh OMTOBOM BEPOSAATHOCTH OMIMOKM TIPU pas3-
JMYECHUH JIBYX PABHOBEPOSITHBIX OPTOTOHAJIBHBIX CHUTHAJIOB OT KPAaTHOCTH pa3He-
CEHUS TIPU PA3JTMYHBIX 3HAYCHUSX CYMMApPHOT'O OTHOIICHUS CHTHAJ/IIYM B TIPE]I-
MOJIOKEHUH, 4TO (DIYKTyaluu OT HMMITyJIbCca K HMITYJIbCY HE3aBUCHMBI. Pacuer
IPOBEJIEH JJI C0co0a ONTUMAIIBHOTO CIOXKEHUsSI. XOTA KpaTHOCTh pazHeceHust N
— 3TO TEJN0e YHUCIIO, P HATJISTHOCTH Ha PUCYHKE MTPOBEICHBI CIUTONIHBIE JIMHUH.
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Puc.5.10. 3aBucumMocTbh OMTOBOM BEPOSITHOCTH OLIMOKHU IIPU pa3IuyCHUU
JIBYX PABHOBEPOSTHBIX OPTOTOHAJIBHBIX CUTHAJIOB OT KPaTHOCTHU Pa3HECEHUS
IPY PA3IMYHBIX 3HAYEHUSX OTHOLIEHHS CUTHAJ/IIIYM

BunHo, 4TO MpUMeHEHHE Pa3HECEHHOT0 MpHeMa Jaxke Npu (PUKCUPOBAHHOMN
CyMMapHOW SHEPTHM CUTHAJIOB, €CJIM CYMMapHO€ OTHOIIEHHE CUTHAJ/IIyM OOJb-
me 5-10 nb, mo3Bossier obecneyuTh MeHbly0 BennuuHy BER mo cpaBHeHuio ¢
BapUaHTOM HEPA3HECEHHOTo npuema. [lpu 11060M OmMHOUEHUU CUSHAT/WYM Cyuje-
cmgeyem onmumanvroe 3uaverue N,,,, npu Komopom 6eposimHoCmb OWUOKU MU-
Humanoua. Ilpu > 15...20 ab nansg onTUManbHOM KPAaTHOCTH nMeeM
N, ~q°/3,2. [IpueM crabbIX CHUTHAJIOB JIy4Ilie IPOBOIUTH Oe3 pa3HeceHus. Takum

06pa30M, HCIIOJIb3OBAHUC PA3HCCCHHOI'O IIpUCMa 3(1)(1)€KTI/IBHO JIMIb B TOM CJIy4ac,
Koraa mnppuHUMacMbIC CUTHAJIBI JOCTATOYHO CUJILHBIC.

5.6 PereHepauusa umdpoBoro curHana B petpaHcnsitopax

[Ipu mepenaye Ha OoJbIIME PACCTOSIHUS CUTHAJI MOXET OBITh OCIa0JIeH
HACTOJIbKO, YTO MPHUEM CTAHOBHUTCS HEBO3MOXKHBIM. UTOOBI M30€XkaTh 3TOro, Ha
OIPEIEIICHHBIX PACCTOSAHMIX BAOJb JIMHUU CBS3U (3...5 KM IIpHU niepenade 1no Mej-
HOMY KabOento, 40...60 kM B paauoOpeNeiiHON JIMHUM) YCTAHABIMBAIOT MPOMEKY-
TOYHBIE ITYHKTBI, B KOTOPBIX IPOM3BOAMUTCS BOCCTAHOBJIEHUE OCIAOJEHHOIO CHTI-
HaJa.

Hcnonb3yroTcs ABa pexxruma 00paboTKH MPUHUMAEMOro HU(PPOBOTro CUrHaia
B TaKOM PETPaHCIATOpE:

1) oObIYHOE yCHUJIEHUE 10 TOTO YPOBHSI, KOTOPBIN 3TOT CUTHAJ UMEJ Ha BbI-
X0J1€ IPENBIAYIIEr0 PETPAHCIATOPA;

2) ycwieHue, IeMOAYJISIIHS KaKI0ro MPUHATOrO UMITYJIbCa, TO €CTh BBbIHE-
CEHHUE pPEeIIECHU O TOM, KaKO€ HMEHHO 3HAaUY€HHWE CHMBOJIA Nepenaercs, U GopMu-
pPOBaHME UMITYJIbCA MPABUIBLHON (OPMBI B COOTBETCTBUU C MPUHATHIM PEIICHUEM
(TOJIBKO B 3TOM PEKHME, CTPOTO TOBOPSI, POU3BOJUTCS peceHepayus CUCHANA).



132

B nepBom pexxkume npu nepenade CUrHajga BJIOJb JIMHUU B HEM HAKANAUBA-
IOMcs uiymvl, BHOCUMbIE KaXKIbIM M3 peTpaHciaaTopoB. B urtore Ha Bbixoge N-
MPOJIETHOW JMHUW OTHOIICHHE CUTHAI/IIYM MO »Hepruu okaszwiBaercs B N pa3
MEHBIIE TOTO, YTO ObUIO OBl IpH Mepenaye mo 6ojgee KOPOTKOM, OJHOMPOIETHON
JUHUU

oy =0 /N (5.26)

EcrtecTBeHHO, 3TO BjeYeT yBeNWYEHUE OWTOBOWM BEPOSTHOCTH OIIMOKHU B
MyHKTE MpUeMa.

Bo BTOpOM pexuMme IIyMbl HE HaKaruuBaroTcs (g =q), HO 3aTO HaKaniu-

gaiomcs. owubKY, VHOTA BO3HUKAIOIIME B PETPAHCIATOpPaxX MpHU AEMOIYJIALMH
(BBIHECEHHH PEIICHUH).

Wrtak, npyu yBEeNWYEHUU JIMHBI JIMHUM MOMEXOYCTOMYMBOCTH INEpEAayu B
000MX CITy4asiX yXyIIaeTcs, BOIPOC JIMIIb B TOM, HACKOJIIBKO ObICTpo. B kauecTBe
npumepa BorunciumM BER nnst Hexkorepentno#t nyxmnponernoit CIIN, ucnonb3y-
IOIIEN OPTOrOHAJIBHBIE CUTHAJIBI.

[To ¢opmyne (5.18) naxogum BER nna omnoro mpoiera p1=0,5exp(—qf/2),

TOT/Ia Ha BBIXOZIE JIMHUH O€3 pereHepaiuy uMeeM p, =0,5exp(—o7/4)=1/p, /2.

Ha BbIXOjIe TMHUM C pereHepalueil curuaia oumoKka MPOUCXOAUT B OJTHOM
U3 JIBYX CITy4aeB:

1) ommbka mpu nepenaye Ha EPBOM MPOJIETe, HA BTOPOM OITUOKH HET;

2) ommOKa Mpu nepeaaye Ha BTOPOM IPOJIeTe, Ha MEPBOM OITUOKH HET.

B wurore mia BER nonyuum p,=2p(1-p,). O6srano CIIU paGortaer B ycino-

BUAX, Korga P1<<l. Torga Bennunna BER npu ncnons3oBanuu perenepanuu npu-
MepHO B 1/,/8p, pa3s MeHbIue, 4eM B cHCTeME (€3 PereHepalyy, IPHYEM Pa3HHIA

TEM CYILIECTBEHHEH, UeM 0OJIbIIE OTHOIIEHUE CUTHAI/ITYM.

MBeI paccMOTpenu NPUMED peceHepayuu CUSHALA HA HU3UEM, NEPEOM YPOBHE
— ypoBHe “Moaynsuuu-geMmonyisiuun’. Ecou B CIIM npumeHseTcs moMexoycToi-
YUBOE KOJIUPOBAHUE, TO BOBMOXKHA peceHepayus CUSHALA euje U Ha 8MOpOM YPoeHe
“KOIMPOBAHUS-AECKOIUPOBAHUS ", YTO JONOJHUTEIHHO IIOBBIIIAET MTOMEXOYCTOM-
yuBocTh CIIN.

B ananorossix CIIU pereneparnus curnansa HeBo3moxkHa. Ecnu B nudpoBoit
CIIM B OONIBIIMHCTBE CIy4aeB yIA€TCs MOYHO BOCIPOU3BECTH 3HAUEHUS MepeaH-
HOro curHaiia, To B aHamoropor CIIN u3-3a BO3AEMCTBUSA MOMEX MPU JEMOIYJIS-
[IMU TMIPUHATOrO CUTHAJIA OIUMOKHU, MYCTh MaJible, MPOUCXOIAT Beerna. Benencraue
ATOTO PEreHEPUPOBATh, TO €CTh BOCIIPOU3BECTH HEUCKAKEHHBIN CUTHA HE YyAaeT-
csl.

B03MOXHOCTB pereHepaly curaajia — 3T0 OFPOMHOE PEUMYIIECTBO HU(-
POBBIX METOJIOB Mepelauu Mepe]] aHAJIOT OBBIMH.

OTMeTnM, YTO IJIATOM 3a 3TO MPEUMYILIECTBO SIBJISIETCS MOBBIIIEHUE CTOU-
MOCTH JIMHUU nepenaun. [lorTomy npu mepegadye mo MeIHOMY KaOeato Ha OJIUH
00CITy>KMBAaeMbIl pereHeparmoOHHbIA MYHKT Mpuxoautcs 20...40 oObIYHBIX YCUIIHU-
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TEIbHBIX MYHKTa (MX HAa3bIBAIOT HEOOCITY)KUBAEMBIMU PETCHEPAIMOHHBIMU TyHK-
TaMmu).
5.7 Oco6eHHocTU CIU, B KOTOPbLIX NPpUMEHsieTCs
NoOMexoycToM4YMBoOe KogupoBaHue

HauneMm c Bompoca: Beeraa jM nNpuMeHeHHEe IMOMEX0yCTOMYUBOIr0 KOIU-
poBaHus noBbimaer nmomexoycroimunBocts CIIM? Ha niepBbiil B3MJIs1, CleyeT
JaTh TOJOXKUTEIBHBIA OTBET, MMOCKOJIBKY B MPOIIECCE JEKOAUPOBAHMS yAaeTCs 00-
HapyX UTh U XK€ HCIPaBUTh 3HAYUTEIbHYIO YacTh OLIMOOK, BO3HUKAIOIIMX B
MpoIIecCe IEMOYJISIIMUA TPUHUMAEeMbIX CUMBOJIOB. Eciu ske ydecTh, 4To Oecriat-
HBIX MIPEUMYIIECTB HE OBIBAET, TO OTBET HE OY/IET CTOJIb OJHO3HAYHBIM.

Hanpuwmep, eciiu B CITM npuMeHHUTh TUHEWHBINA OJOYHBIN KO, TO BMecTO K
WH(POPMAITMOHHBIX CUMBOJIOB 3a TO € BpeMs IpuieTcs mepeaarb N = K + r cum-
BosIOB. Kaxk/iplil mepegaBaemMbplii UIMIYJIbC IIPU TOM CTAHET KOPOYE, U IIPU TOM XKe
MOIIHOCTH NEpeAaTIYnKa SHEPTUS KAKAOT0 UMITYJIbCa U, CJIEI0BATEIbHO, OTHONIE-
HHUE CUTHAJI/IIyM ¢ Ha BXOJE AeMoayisitopa ctanyT B N/K pa3 menbiie. Pe3ysbra-

ToM siBiisieTcss yBenunuenue BER. Jlpyrumu cinoBamu, Mbl yBEJIMUMBAEM KOJIMYE-
CTBO OLIMOOYHBIX CMMBOJIOB Ha BXOJ€ AeKojepa JJis TOro, YToObl OH MOT UCIIpa-
BUTh HEKOTOPbBIE U3 HUX.

PH/P

2,5
7. =3

. s\
_ \ g

N

AN

-10 -5 0 5 10 15 Q., b

Puc.5.11. Otnomenue BER na BbIxoze aexonepa kona XaMMHHra ¢ I mpoBepoy-
HbIMU cuMBoJIamMH K BenuunHe BER B nHexorepentnoit CIIN 6e3 koaupoBanus

0

Ha puc. 5.11 npuBeaeHs! pe3yiabTaThl pacueTa OTHOLIEHUSI OUTOBOM BEpPOSIT-
HOCTH OIIMOKHK Ha BBIXOJIE€ JIeKO/iepa Koja X3MMUHIa € I' MPOBEPOYHBIMU CUMBO-
JamMu K BenuyuHe OuToBOM BepositHocTu omuOku B CIIM Ge3 koampoBaHus.
CpaBHeHUE MPOBECHO B OJWHAKOBBIX YCIOBHUSX, TO €CTh IIPU TOM K€ MOIUIHOCTHU
nepenarunka HekorepentHoit CIIU, mpudem (. — 9TO OTHOIIEHUE CUTHAJI/IIYM B
CIIA 6e3 kogupoBanus. JJemoaynsitop paboTaer B xxecTkoM pexume. Kanain nepe-
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CIpoca OTCYTCTBYET, TO €CTh KOJ XA3MMHUHIA HCHOJb3YETCS IS UCHPABIEHUS.
ouuob oK.

Bunno, 4to mpu mpweme cnadbiX CUTHAJIOB (OTHOIICHWE CHUTHAJ/IITyM
Menblie 9,3 n1b) npuMmenenue a000r0 U3 KOJOB XAMMUHTA JIMIIb YXY/IIAeT BEp-
HOCTh mnepefayu. B tabnuie 5.2 n1aHbl MUHMMAaJIbHbIE 3HAYEHUS! OTHOIIEHUS CHT-
Ha/mym (B gerubenax) B CIIM Ge3 komupoBaHusi, MpU KOTOPHIX MCIIOIB30BAaHUE
Koja XoMMuHTa ymMeHbinaer BER.

W3 naHHBIX, MIPUBEICHHBIX B Ta0JMIIE, BUJIHA 3aKOHOMEPHOCTD, XapaKTepHas
JUISL KOJIOB C OOJIBIIIMM 3HAYE€HHUEM N: YeM JUIMHHEEe KOMOMHAIINH, TEM OOJIbIIIe MU-
HUMaJIbHOE 3HAYEHUE (¢, TPU KOTOPOM MUMEET CMBICT IPUMEHATH JaHHBIN KOJI.

Tabmuna 5.2. MuanMansHO€ 3Ha4eHHE (¢, P KOTOPOM HCIIOIH30BAaHUE KOIa XIM-
MuHra ymenoinaer BER

r 3 4 5 6 7 8
(n,k) (7,4) | (15,11) | (31,26) | (63,57) | (127,120) | (255,247)
g 2B | 133 9,8 9,3 9,3 9,6 9,9

r 9 10 11 | 12
(nk) | (511,502) | (1023,1013) | (2047,2036) | (4095,4083)
9, 16 10,3 10,8 112 | 11,6

DTa e MBICJIb HOJITBEPKIACTCS JaHHBIMU TAONHIIBI 5.3, B KOTOPOIl MpHBeE-
JIEHbl UHTEPBaJIbl 3HAYCHUI OTHOIICHUSI CUTHAJI/IIIYM, B KOTOPBIX JIAaHHBIN KOJI SIB-
JISI€TCA HAWITYUYIITUM CPEIU BCEX KOJIOB XIMMUHTA.

Tabmuua 5.3. InTepBan 3HaueHUi O, B KOTOPOM KOJI X3MMUHIa C YKa3aHHbIM YUCIIOM
MIPOBEPOYHBIX CHMBOJIOB oOecrieunBaeT MUHUMYM BER

r 0 (6e3 xkogupo- 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€Ie€CO00Pa3HOCTh HUC-
MOJIb30BAHUS KECTKOM WM MATKOH Mpoueayp NPUHATHUS pPelieHus.

Paccmotpum cHauana npoueaypy NpUHITHUSL PELICHUS B IEMOAYISATOPE JIBO-
nyHoit CIIU, kortopas ompexaensiercs dopmyioi (5.4). DTy omnepanuio MOXKHO
HA3BaTh JIBOUYHBIM KBAaHTOBAaHUEM HEMPEPHIBHOW BEIMYUHBI V, MOCTYMAIOUIEH C
BbIXOZla KOPPETISLUOHHOTO MPUEMHUKA, MOCKOJIbKY 00JIaCTh BO3MOXKHBIX 3Haye-
HUM 3TON BETUYUHBI (-00<V<c0) pa3OuTa Ha JBa UHTEpBajia TOUKou V. Pemiaromiee
YCTPOUCTBO yKa3bIBaeT Jullb HOMep uHTepBana § (0 wiaum 1), B KOTOPBII monano
3Ha4YeHHUE V JIJI1 TaHHOTO MPHUHSITOrO MMIyJbca. Takasi mpoieaypa NpUHITHS pe-
IICHUSI Ha3bIBAETCSI HCECHKOLL.
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Bo3MoxkeH u npyroi moaxon, Koraa 00J1acTh BO3MOXKHBIX 3HAUYCHHUM BEJIH-
YUHBI V pa30uTa Ha TpU UHTEpBaja TOUYKAMHU Vo U Vy; (puc. 5.12). Torga peuenue,
KOTOPOE JOJDKEH BBIHECTU JEMOIYJIATOP, ONPEACISAECTCS CICAYIONMIEH HHCTPYKINEN

0, ecm V2=V g,
§ =< CHMBOJI He omIpesieNieH, eciu V,, >V >V ., (5.27)

1, ecmm V<V, ,.

Takas nmporeaypa NpuUHATHSA PELIEHUS HA3BIBAETCS MACKOU, TIPU ITOM JIEMO-
DYJIATOP IPOU3BOAUT TPOMYHOE KBAHTOBAHUE HENIPEPHIBHON BEJIMYHHBI V.

W(v/1) W(v/0)

Vo mO‘ v

Puc. 5.12 — YcnoBHbIE INIOTHOCTH BEPOSITHOCTH CUTHAJIA
Ha BBIX0JI€ HUHTETPaTOpa KOPPEISLIMOHHOTO MPUEMHHUKA

N3 puc. 5.12 xopomo BHUIHO, YTO AEMOAYJATOP YKa3bIBA€T KOHKPETHOE
3HaUY€HHE CUMBOJIA JIUIIH B TEX CIIy4asx, KOrjaa HaOmo1aeMoe 3HaueHHe V SIBIISIET-
Csl JOCTaTOYHO OOJBIIMM WX JOCTATOYHO MaJE€HbBKUM, TO €CTh UMEETCS BBICOKAs
CTENEHb YBEPEHHOCTH B TOM, KaKO€ MMEHHO 3HAYC€HHE CHMBOJA MEpelaeTcss B
JaHHbIH MOMEHT. CUUTAIOT, YTO B OCTAJIbHBIX CIy4asiX cumeon cmupaemcs (MO3U-
1[Usl TAaHHOTO CUMBOJIA, Pa3yMEETCs, COXPAHAETCS, U Ha 3Ty MO3UIIMIO CICAYIOIINE
YCTPOWCTBA JOJIKHBI BCe-Taku MOcTaBUTh () v 1).

[Ipu rcnonb30BaHUM MATKOM MPOIIEAYpPhl YMEHBIIIAIOTCS BEPOSTHOCTU OIIHU-
00K o, B 1 p, HO OABIISIETCSI HEKOTOPOE KOIMYECTBO CTEPTHIX CUMBOJIOB. [1oaTomy
MSACKYI0 NPOYeoypy 0emoOYIAYUU MONCHO UCNONb3068AMb UL 6 MOM Clyyde, KO-
20a npUMeHAemcs NOMex0yCmouyugoe Kooupoganue, 4ymoodsvl 0ekooep KOppeKmu-
pyrouezo Kooa Moz 60CCMaHO8UMb 3HAYEHUS CINEPMbIX CUMBOJI08.

Hanuuue crepThIX CUMBOJIOB YCIIOXHSET paboTy Jekonaepa (Ipu UCIOIb30-
BaHHM CBEPTOYHOrO KOJIa U aIrOpUTMA JAEKOAUpOoBaHusi ButepOu 3T0 yClIoKHEHUE
HE3HAYUTENbHO), HO 3aTO CYIIECTBEHHO MOBBINIAET noMexoycroitunBoctsh CIIN.

Mo:kHO pa3BUTh 3Ty UJICIO Jlajbliie, U 00J1aCTh BO3MOXKHBIX 3HAYCHUM BEIH-
YUHBI V pa3OUTh HE Ha JIBa, a, CKAXKEM, Ha BOCEMb MHTEpBAIOB. Torjaa aeMoays-
TOp B KaU€CTBE pelieHus: OyAeT BbIJJaBaTh OJIHY U3 CIEAYIOMIMX KoMOuHammii: 111,
110, 101, 100, 000, 001, 010, 011, re mepBoIiA OUT yKa3bIBAECT HA MPEAIIOIAracMOe
3HaY€HHE MPUHUMAEMOr0 IBOMYHOIO CUMBOJIA, a B OCTAIbHBIX OUTa XapaKTepH-
3yIOT CTENEHb HAJAEKHOCTH 3TOro pemieHus. Mcnonb3zoBanue Takoil eie Oomee
MSITKOHM MPOIENYyphl MO3BOJIAET MOCIE JEKOIUPOBAHUS 00ECTICUUTh TO K€ 3Haye-
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nue BER, 4To u B j)xecTkOM pexume, HO Tpedyemasi MOIIHOCTh CUTHAIa IPUMEPHO
Ha 2 nb menbie [2]. [lekoaupoBaHue IPU ’TOM CTAHOBUTCS €IE CIOKHEE.

JanbHeliee yBenuueHue uucia uHTepBaioB N (mepexon k aOCOMIOTHO
MSITKOM Tpolneaype paboThl JeMOAYISATOpPA) TAaKKe MOBBIMIAET TOMEXOYCTONYH-
BocTh CIIM, HO BBIMIPBINI YK€ HE3HAUMUTENECH. JTa NMPEAEIbHAs CUTYallusl HOCUT
Ha3BaHUE npuema 8 Yeiom.

Msirkuii pexxum paboThl IEMOAYJIATOPA U IEKOJIEPOB HEPEJIKO MPUMEHSIOT B
YCIIOBUAX KOMOMHHPOBaHUS KOJOB. BecbMa XapakTepHBIM SIBISETCS HUCIIOIb30BA-
HUE TYp0O-KO/0B.

OHU OCHOBaHBI HA HECKOJIBKHUX IPHHIIMIAX.

1) Mcnonp3oBaHME HECKOIBKHUX KOAUPYIOUIUX (COOTBETCTBEHHO, IEKOIU-
pyIOIMX ycTpoiicTB). B mepBom u3 nmpennoxkeHHsix Typ0o-koaos (1993 rox) mpu-
MEHSJIMCh JIBa CUCTEMATHYECKUX CBEPTOUHBIX KOAA CO CTEHNEHBIO KOAUPOBAHHUS
1/2. B nunuio nepenayv nojaBaiuch MHGOPMAIIMOHHBIE CUMBOJBI U 00€ MpOBe-
POYHBIE ITOCIEA0BATEIBHOCTH.

2) Ha Bxoj mepBOro kojepa mocieoBaTeIbHOCTh HH(POPMAIIMOHHBIX CHUM-
BOJIOB TIOJIAE€TCS] HEMTOCPEACTBEHHO, a HA BXOJl BTOPOr'0 — IOCJIE MIEPEMEKEHUS.

3) Aemonynstop npueMHHKA pPabOTaeT B MSATKOM PEKUME.

4) B npouecce OeKOIUPOBAHMS MPOU3BOAUTCS HECKOJIBKO HWTEpaluid, Ha
KQKJIOM M3 KOTOPBIX YTOUHSIIOTCS OLICHKH BEPOATHOCTEM CUMBOJIOB. OLIEHKH, MO-
Jy4YEHHBIE OJTHUM JIEKOJAEPOM, MEPEAaroTcs IPyromMy JIEeKoJIepy B KauecTBE alpu-
OPHBIX JAHHBIX.

5) Ha kaxnoil urepaiuu AeKoJepbl NPUHUMAIOT MSTKHE PELICHUS, U JIUIIb
NOCJIEIHSS 3aBEPIIAETCS KECTKUM PELIEHUEM.

[To cBOMM CBOMCTBaM TypOO-KO/bI OJM3KHM K CIIy4ailHBIM KOAAaM U UX SHEp-
rerudeckasi 3 (HEKTUBHOCTh BbICOKA. YK€ Y IEPBOro KO/Ia OHA OKa3aiach JIUIIb Ha
0,5 nb HMxe TeopeTnyeckoro npeaena [2].

Bonpocbl Ans caMoKoHTpoOns no rnasee 5

=

Jaiite onpenesneHust KorepeHTHoM u HekorepeHTtHou CITH.

2. Copmynupyiite 3amady, penraeMmyro AeMOAYISITOPOM CUTHanIa B nudpo-
Boi CIIN.

3. Onuiure nmpeoOpa3zoBaHus MPUHUMAEMbIX UMITYJIbCOB MPHU AEMOYIISIIIUU
JBOMYHOT'O CUTHAJIA, HE UCKA)KEHHOT'O B KaHAJIE IIepeaavu.

4. TlpuBenure cxeMy ONTHUMAIBHOTO JAEMOJYJSITOpPA JBOMYHBIX CUTHAJIOB B
korepentHou CIIN.

5. IlpuBegure cxemy ONTHUMAIBHOTO JAEMOIYISATOPA ABOMYHBIX CUTHAJIOB B
yactTuuHo-korepentHor CIIN nipu ucnonbzoBanuun ODPM.

6. 3amummre Gopmymy AT ONpeneieHHs MOJTHON BEpOSITHOCTH OMIMOKHA Ha

BBIXOJIC ONTHUMAJIBHOIO JIEMOAYJISATOPA JBOMYHBIX CUTHAJIOB B KOT€PEHT-
gou CIIN.
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/. 3anummre HopMyiy IS ONpeneieHHs MOJHOM BEpOSITHOCTH OMIMOKH Ha
BBIXOZI€ ONTUMAJILHOIO AEMOIYJISTOPA ABOMYHBIX CUTHAJIOB B YaCTHUYHO-
korepeHTHOM CIIN nipu ucnonszoBanuu OOM.

8. Tlouemy B mudposeix CIIM He mpumenstorcs metoabl ODPM ¢ kpaTHO-
CThIO OOJbIIIEH TpEeX?

9. B xoropoit u3 paguonunuit — ‘3emist — UC3’ unm ‘UC3 — 3emnst’ — Mox-
HO 00ecreunuTh 00J1ee BRICOKOE KaueCTBO MepeIaun U noyeMy?

10.ITokaxkute, 9yTO TPU OOJBIIOM OTHONIICHHH CHUTHAJI/IIIYM HEKOTEepEHTHas
CIIN mano ycrymnaet korepentHoit CITH.

11. Vkaxkure puznueckue siBICHUS, IPUBOASAIINE K TOMY, UTO I1€PEIATOUHbBIE
XapaKTEPUCTUKYU KaHajla CBA3U CTAHOBSTCS CIIyYalHBIMHU.

12.JTaiiTe onpeneneHue MHOTOTYYEBOM JTUHHH.

13.Ilpu KakuX yCIOBHUSX CTAHOBSITCS CYIIIECTBEHHBIMHU HCKa)XCHHs CHUTHAa,
00YyCJIOBJIEHHBIE YaCTOTHO-CEIEKTUBHBIMU 3aMUPAHUSIMU ?

14.Kakoii MeToJ1 sIBJSIETCSI OCHOBHBIM ISl TIOBBILICHUS] YCTOMYHUBOCTH CBSI3U
B KaHajax C 3aMUpPaHUSIMU?

15.OnumuTe MeTo1bl KOMOMHUPOBAHUS PA3HECEHHBIX CUTHAJIOB.

16.ITouemy npruMeHEeHHE aBTOMATUYECKOM PEryJIUpPOBKH YCUJIEHUS MIPHU OJIH-
HOYHOM IMPUEME CUTHAJIA B KaHAaJe C 3aMUPAHUSIMU HE YMEHBIIIAET BEPO-
SATHOCTH OIIMOKH NP €ro AEMOIYISUHU?

17.Bcerna nu nenecoodpa3Ho NPUMEHATh MOMEXOYCTOMYMBOE KOJUPOBAHUE
JUTSl YMEHBIIEHUSI UTOrOBOM OMTOBOM BEPOSITHOCTU OIIMOKH?

18.11pu Kakux yCcIOBHUSX MOXKHO MCIOJIb30BaTh MATKYIO MPOLIEYPY BhIHECE-
HUS PEIlIeHUs B MpoILecce MprueMa HUPPOBbIX CUTHATIOB?

19.Kaxoit 06paboTke moaBepraercs muQpoBOi CUTHAI B pereneparope?

20.ITepeuncnure npeumymiectsa nudposbix CIIN nepen anamoroBsImMu.

21.KaxkoBa cyTb moporosoro 3@gdekra, xapakrepHoro ais uudposbix CIIN u
IPOSBIIAIOIIETOCS IPU U3MEHEHUM YPOBHS IOJIE3HOIO CUTHAJIA MO OTHO-
HIEHUIO K YPOBHIO ITOMEX.
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6 MHOITOKAHAIIbHASA NMEPEAOAYA
N MHOIMOCTAHLUMOHHbIXN OOCTYMN

6.1 MeToaAbl MHOrocTaHLUMOHHOrO AocTyna

Cucrema mnepenaur uHGOPMAITUK U3 OJHOTO IyHKTa B JAPYTOW Ha3bIBACTCS
MHO20KaHabHOU (N-KaHAJILHOW), €CJIM B HEU 110 OJTHOMY KaOeIto OCYIIECTBIISACTCS
00HO8peMenHas nepedaya N coooujeHutl.

Mmnozocmanyuonnvim oocmynom (MJ1) Ha3bpIBaeTCs METOI, O3BOISIONIMIA N
CTaHIUSIM PAJANOCBSI3U (BO3MOXKHO, pa3OpOCAHHBIM Ha OOJBIION TEPPUTOPHUN)
COBMECHHO UCNOIL308AMb PECYPCbl 0OHO20 PEeMPAHCIAMOpA.

B cymnoctu, o6a onpeneneHus COBNAIAIOT; pa3indue, onpeaenstonee o0-
JacTh MUCTONB30BAHUSA KAXKIOTO M3 HHUX, 3aKJIIOYaeTcs JIMIIb B TOM, Kakas cpena
nepeayu CUrHaJlOB UCHOJIb3yeTcs: Kabenb uinu 3¢up. [loaToMy HET HUYEro yau-
BUTEJILHOT'O B TOM, YTO BO3MOXKHBIC MemoObl peanu3ayuu 06eux mexHoaocuil 00u-
HAKOBbl.

Ha puc. 6.1 u3o0paxeHna ynporeHHas (comeprxariasi JUIlb TPUHITUITHATIHEHO
HEO0OXOJIMMBbIE JIEMEHTHI) CXeMa Mepearolleld 1 TPUEeMHOM YacTei MHOTOKaHab-
Hoii CIIN, nmpeaHazHayeHHON AJi mepenayd B OJHOM HAaIpaBJEHUU, I/ie 0003Ha-

yeHo: Ui, ..., U, — ucrounnku uHbopmamuu (coodbmenuii); [Tl — reneparopsl
noaHecymux; M, ..., M, — ka"aiabHble MOnyisATOpel; YYK — yCTpoicTBO
yIioTHeHHs: kaHaioB; YPK — ycrpoiicTtBo pasnenenus kananos; i, ..., Iy —
KaHaJIbHBIC eMonynsaTopsl; Iy, ..., [1, — momydyarenu cooOmeHu.
n - M s1(0) — i o I
: . YVK S—(tz —| YPK : :
i, m, [ SE
1
I

Puc. 6.1. YnpoienHas cxema MmHorokanansHou CITA

['enepaTop mojaHeCcylmMX BbIJIa€T N MEPUOAUYECKUX CUTHAJIOB (TapMOHHYE-
CKHX, MOCJIeIOBATEIbHOCTEN UMITYJIBCOB U T.I1.), UMEIOIIMX pa3Hylo (Gopmy B pas-
HBbIX KaHanax. Buj moaHecymux u, cjieioBaTelIbHO, BO3MOXKHBIE CIIOCOOBI UX MO-
IYJISLUU ONPEAEISIIOTCS METOAOM YIUIOTHEHHS! KaHaioB. MoAylupOBaHHbIE MOJ-

Hecymue Si(t), ..., Sp(t) Ha3pBarOTCA KananvubiMu cuenaramu. Oneparus yIioT-
HEHUSI KaHaJIOB — 3TO 0OBIYHOE CYMMHPOBAHNE KAHAJIBHBIX CUTHAJIOB
n
s(t)=)> s.(t).
2 (6.1)

B pe3ynbTate 3T0r0 nosnydaercs epynnogot cuenan st).
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Jlna pa3geneHuss KaHAJIOB, KAaK IPABWJIO, MPUMEHSIIOTCA TAKXKE JIMHEUHBIC
ycTpoicTtBa. CUMTAIOT, YTO B MPUEMHUKE MPOUCXOAUT Pa3[ACICHUE KAHAIBHBIX
CUTHAJIOB 0€3 BOSHUKHOBEHUS MeHCOVKAHAIbHBIX NOMeX, €CITU BBITIONHSIETCS Clie-
JYIOIee YCIOBUE: TIPH JIOOBIX 3HAUEHUSX COOOIIEHUH, IepelaBaeMbIX B KaHaIaX,
HaNpsDKEHUE Ha |-M BBIXOJIC JIMHEHHOTO YCTPOMCTBA pa3JelICHUs KaHAJIOB PAaBHO
HYJTIO TOT/Ia U TOJIBKO TOT/1a, Koraa s, (t) =0.

N3BeCcTHO, YTO /1JI BBIMOJHEHUS 3TOTO YCIOBHUS HEOOXOAUMO U JOCTATOYHO,
4TOOBI cucmema N GYHKYUll, ONUCHIBAIOWUX KAHATIbHbIE CUCHATBI, ObLIA JUHElHO
He3a8UCUMOU NpU TI00bIX 3HAYEHUAX nepedasaemuvlx coobujenuti. POpMaIbHO 3TO
YCJIOBUE MPOBEPSAETCS TAK: CUCTEMA JUHEWHO HE3aBUCHMA, €CIM HE PAaBEH HYIIIO
onpenenurens Matpuilbl ['pama (1.47)

detI"' =0, (6.2)

Ecnu BBIMOMHSETCS JUIIL 3TO YCIOBHE, YCTPOWCTBO pa3eieHHUs] KaHAJOB
MOKET 0Ka3aThCs IOCTATOYHO CJI0KHBIM. [103TOMY OOBIUHO BBIJIBUTAOT €III€ OJTHO,
JIOTIOTHUTENIbHOE TpeOOBaHNE: KaHABHBIE CUTHAJIBI JIOJDKHBI OBITH K TOMY K€ T0-
MapHO OPTOTOHAJIbHBI

e E IE J = k,
Iy =sz(t)5k(t)dt={o’ ik, (6.3)

rae E; —oHeprus j-ro kaHanpHOro curuana. Ilpu sTom marpuna I'pama cTaHOBUT-

Cs1 JUaroHaJIbHOM.

IIpuBenem npumepsbl THNIHYHBIX CIIN, HCHOJIB3YIOIIMX OPTOrOHAJIBHbIE
KaHaJIbHbIe CUTHAJIBI.

1) KananpHble cCUTHANIBI HE IEPEKPBIBAIOTCS BO BpeMeHHu (puc. 6.2). YciaoBue
opTOoroHasibHOCTH (6.3) 3/1€Ch, HECOMHEHHO, BBIMIOIHSETCS, TaK KakK MpH JroOoM t
MOABIHTETPATIbHOE BBIPAKEHUE PABHO HYJIO NpU j=k. DTO METOH 6pemeHH020
pasoenenus kananos (BPK). Mcnons3yroTcst Takske TEPMUHBI: BPEMEHHOE MYJIbTH-

IJICKCUPOBAHHUC, MHOFOCTaHHI/IOHHHﬁ A0CTYII C BPEMCHHBIM Pa3AaCICHUCM KaHAJI0B
(MJIBP), Time Division Multiple Access (TDMA).

s(t) si(t)  so(t) Sn(t)

Puc. 6.2 KananpHble CUTHANBI, HE IEPEKPHI-
BAIOIIMECS BO BPEMEHU

DaKTUYECKU JIMHUSA CBSI3U [TOOYEPEAHO MOAKIYAETCS HA KOPOTKOE BpeMs K
KKJIOMY U3 UCTOYHHUKOB. [loaTOMY nmpuHIIMNIHAIBHBIMY dieMeHTamu Takorn CIIN
ABJISIFOTCS. MYJIBTUIUIEKCOP (YCTPOMCTBO YIJIOTHEHHS KaHAJIOB) M JAEMYJbTHUILIEK-
cop (YCTpOWCTBO paslefieHHs] KaHaJlOB), BCerja paloTarolue CUHXPOHHO (pHC.
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6.3). [loatomy Heomwvemnemou cocmasrot yacmoio nooou CIIU ¢ BPK asnsemcs
cucmema CUHXpPOHU3AYUYU NPUEMHO20 YCIMPOLICMEA.

Bx. Nerems Brix.
S nepenauyn .

-| MUX —————J DMUX -
[ [

Howmep
cioTa

CenexTop
CHHXPOCHTHAJIOB

Puc. 6.3. [Ipunuunuansueie anementsl CIIM ¢ BPK

BaxxHO OTMETHUTH, YTO JJIMTENBHOCTh KaHAIBHOT'O MHTEpBaJIa (CI0Ta) Malia
(B IPOTMBHOM cllydae y MOJb30BaTened ucye3HeT dPQPeKT “oIHOBPEMEHHOCTH
nepenayu), Mo3TOMY 3a BPEMS OJHOIO MOAKIIOYEHUS K JIMHUM YJAeTCs Mepeaarhb
JIMIIb MaJyl0 YacTh COOOIIEHUS: OJIUH OUT, ONUH OAlT, OMH OTCUET JUOO MaKeT,
TO €CTh HEOOJIBIIIYIO TPYNITy MOJI0OHBIX 3J1eMeHTOB. UTOOBI yCHIeTh OMPOCUTH BCE
VCTOYHHUKHA U HEOAHOKPATHO IMOBTOPSATH 3TOT MPOLECC, BCE NEPEUNCICHHBIE dJIe-
MEHTBI CUTHAJIOB UCTOYHUKOB JIOJPKHBI OBITh CXKaThl BO BPEMEHH IO KpailHel mepe
B N pas.

2) CnexkTpbl KaHAJIbHBIX CHUTHAJIOB HE MEPEKPHIBAIOTCS HA OCH YacCTOT.
CriekTp rpynmnoBoro curaaia (CymMma CreKTpOB KaHaJbHbIX CUTHAJIOB) MOKa3aH Ha
puc. 6.4. YcioBue opToroHanbHOCTH (6.3) 3/1€Ch BBINOIHSIETCS JJIs1 CIIEKTPOB, Clie-
JIOBaTENIbHO, U JUIsl QYHKLIMHA BpeMEHU. DTO METOJl YACMOMHO20 pa3oeneHusi KaHa-
706 (UPK). HMcnonb3yloTcsi Takke TEPMUHBI: YaCTOTHOE MYJbTHUILUIEKCUPOBAHHUE,
MHOT'OCTaHITMOHHBIN JOCTYII ¢ YacTOTHBIM pa3zjencHueM kanaimoB (M/IUP), Fre-
quency Division Multiple Access (FDMA).

sh 1 s s (1)
AW a
\ T | L 1 f

Puc. 6.4. CnexTpbl KaHAJIbHBIX CUTHAJIOB,
HE MEepPEKPbIBAIOIIUECS Ha OCH YaCTOT

Kaxnol nmape “UCTOYHMK-IIONY4YaTeNb~ BbIIEIEHA CBOA ITosoca 4acToT. [lo-
ATOMY MPUHIUIUATHHBIME d5ieMeHTamMu Tako CIIU sBasitores 610k N reHeparo-
POB TapMOHUYECKHUX KOJe€OAHWUN pa3HbIX YACTOT-TMIOAHECYIIMX B MEpelaTyuke U
Habop nonoCo8bIX GUILMPOS OJisl pa30eNeHUs KAHATbHBIX CUCHAN08 8 NPUEMHUKE.
[TockonbKy HEBO3MOXKHO MOCTPOUTH KaHAJIbHBIE MOJOCOBBIE (PUIBTPHI C UACAIb-
HOM INPSAMOYTOJIBHOW 4aCTOTHOM XapaKTEPUCTUKOM, MEXKIY IOJIOCaMU, 3aHITBIMHU
KaHaJIbHBIMU CUTHAJIAMU, BCETJa MPEAYCMAaTPUBAIOT MYCTBIE 3aWUMHbIE YACHMOM-
Hble UHMEPBAlbl.

3) Bce kaHanbHbIE CUTHAJIBI NEPEAAIOTCS OJHOBPEMEHHO (TIEPEKPHIBAOTCS
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BO BPEMEHHU) B OJHOM OOIIEH MoJoce 4acTOT (MX CHEKTPhI TAKKE MEPEKPHIBAIOT-
cs1), HO B3aMUMHasi OPTOTOHAJILHOCTh CHTHAJIOB O0ECIICUYEeHA 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 MOIAETCS MPUHUMAEMBIN TPYIITIOBOW CUTHAI.
B xaxmom npuemHuke BecoBas ¢yHkuus W(t) coBmamaer mo ¢GopMe ¢ COOTBET-
CTBYIOIIUM KaHAJIbHBIM CHUTHAJIOM, ITO3TOMY OH pearupyeT JIHIIb Ha CUTHAJ JaH-
Horo kaHana. [locnegHee TpeOoBaHWE yIaeTCs BBITIOJIHUTH JUIIL B IU(POBOIA
CIIN.

Takolf MeTOJl Ha3bIBACTCS MHO2OKAHAILHOU nepedayel ¢ pazoeleHuem no
¢opme cucnanos. B xauecTBe HaOOpa KaHAJBHBIX CUTHAJIOB MOXKHO HMCITIOJIh30BaTh
T00YI0 M3BECTHYIO M3 Kypca MaTeMaTHKU CHCTEMY OPTOTOHAJIBHBIX ()YHKIIHHA
(pynkum Ipmuta, Jlareppa, UeObImeBa u T.11.), HO Bce 3T (QYHKIIUHA UMEIOT J0-
BOJIBHO CJIOKHYIO (popMy. [1oaToMy i mpakTUUECKOro MCHOIb30BAHMS MPEAIIO-
KeH OoJsiee TPOCTON BapWaHT METO/AA, KOT/Ia B KAaueCTBE KAHAJIBHBIX CHUTHAJIOB
MPUMEHSIOTCS UMITYJIbCHl ¢ BHYTPUUMITYJILCHOM (Da30BOM MOmynsiiuen, npuiyem
3aKOH MOAYJISIINN KaXKI0T0 KaHAIBHOTO CUTHANA 33/1a€TCS WHIUBUIYaTbHOU JABO-
WYHOU KOJIOBOM KOMOMHAIIHEH.

B TakoM BuJe METOI MOJYYWJ Ha3BaHUE KOO0B020 paA30eleHUs KAHAN08
(KPK). Ucnonb3yroTcsi Tak:ke TEPMHUHBI: KOJIOBOE€ MYJIbTUILIEKCUPOBAHUE, MHOTO-
CTaHIMOHHBIN JTOCTYII ¢ KOJOBBIM pasnaeicHueM kanaiaos (MJIKP), Code Division
Multiple Access (CDMA).

Ha npakTuke npu MCIONb30BaHUN JTFOOOTO METOAA YIUIOTHEHUS KaHATBHBIX
CUTHAJIOB TIOCJIC MX pa3JieJICHUs B MPHUEMHHUKE BO3SHUKAIOT MeENCOYKAHAIbHbIE NO-
Mexu, TO €CTh CHTHAJ Ha BBIXOJIE KAaHAIBHOTO IEMOIYJIATOPa 3aBUCHUT HE TOJBKO
OT TOrO, YTO OBLIO MepeAaHo B JAaHHOM KaHaje (3TO HOpMa), HO U OT TOT0, 4TO Tie-
penaBaioch B APYrMX KaHajgaX (MHAYe TOBOPAT, UTO OTCYTCTBYET ITOJIHAS pa3Bsi3Ka
MeXy KaHanamu). Eciu kaHanbHBIE CUTHAIIBI BO BCEX 3BEHBSIX CKBO3ZHOTO TPAKTa
nepelayd OCTAIOTCS OPTOTOHANBHBIMH, 3TO, MO OMNPEEICHUIO, FapaHTUPYET OT-
CYTCTBHE MEXKIyKaHAIBHBIX ToMeX. [loaTomy obweli npuuunol 603HUKHOBeHUS
MENCOYKAHATLHBIX NOMEX AGNAIOMCS MAKUe UCKANCEHUS KAHAIbHLIX CUSHATIO8 8
npoyecce ux nepeoavu, Komopwvie npueooam K HapyueHuio ux opmo20Ha1bHOCMU.

B pasn. 6.2—6.4 Gomee moapoOHO pacCMOTPEHBI OCOOEHHOCTH KaXKJIOTO M3
TpPEeX METOJIOB MepeaayH.

6.2 MHOroCcTaHUMOHHbLIN JOCTYMN C YaCTOTHbIM
pasgeneHuemM KaHanos

MeTto1 4acTOTHOTO pa3zesieHusl KaHaJoB Uil Iepe/ladyi CUTHAJIOB C UCIOJIb-
30BaHMEM OOWIEil Cpellbl OCHOBAH Ha TPAJULMOHHBIX METOJAaX PAJAUOTEXHHKU WU
HayajJ HIMPOKO MPHUMEHATbcs B Hauyane 20 Beka mocie M300peTeHus yao0HOro
npulopa 115l yCUJIEHUs CUTHAJIOB — AJIEKTPOHHOM JIAMITBI.
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Kak yxe ObLIO CKa3aHO, MOAHECYIIME — 3TO TapMOHMYECKHE KoyeOaHus
pa3HbIX 4actoT. [loaToMy npu nepenade HENPEPHIBHBIX CUTHAIOB MOYKHO MCIOJIb-
3o0Bath AM, AM OBII, UM (pa3z. 2.10), a nns nepenayu udpOBBIX CUTHAIOB —
METOAbl, ONUCaHHble B pa3l. 2.8. Ilociie kaXmoro KaHaJbHOIO MOZAYJSATOPA, KAaK
IPABWJIO, BKJIIOYAIOT MOJIOCOBOM KaHAIbHBIA (PUIBTP, UIACHTUYHBIM KaHAJIbHOMY
GbuIbTpy B MpUEMHUKE, CIYXKAIUA ISl yCTPAHEHUs HEXeNaTeIbHBbIX MPOJTYKTOB
MOJYJISILIMM, YaCTOThl KOTOPBIX OKA3aJIMCh BHE IOJOCHI, OTBEIECHHOU JJIs1 JAHHOTO
KaHaJa.

OtMeTuM 1Be 0COOCHHOCTH, XapaKTepHBIE JIs CUCTEM, UCTIONb3yonmx AM
OBII. Bo-miepBbIX, caM mpoiiecc MOAYJSAIUNA OOBIYHO OCYIIECTBIISIOT B JIBA TPHE-
Ma: cHayana GOpMHUPYIOT CUTHAI ¢ OOBIYHON JBYXMOJOCHOW AM, a 3aTeM Mpu Io-
MOILM KAaHAJIBHOIO MOJIOCOBOrO (PWIBTPAa B CHEKTPE 3TOr'0 CUTHAJIa OCTABIISIIOT
JIMIITb OJHY (Yale HUKHIOW) 0OKOBYIO MOJIOCY, TTOJIABIISsI HECYIIYIO U BTOPYIO 00-
KOBYIO 10JI0CY. BO-BTOpBIX, B IPUEMHHUKE B KAUECTBE AEMOAYJIATOPA CIEAYET UC-
N0JIb30BaTh (Pa30BbIN JETEKTOp, HA BTOPOM BXOJl KOTOPOIrO HY>KHO IOAAaBaTh rap-
MOHHYECKOE KoJieOaHUEe C 4acTOTOM Hecylier. DTo KojebaHue BbhIpabaThIBAETCS
MECTHBIM T'€HEPATOPOM, MO3TOMY E€ro 4acTOTa MOYKET HECKOJIBKO OTJIHYAaThCS OT
4acTOThl HECYLIEH JAHHOIO0 KaHajla B mepedaTdyvke. B urtore mpu aeMonmynsuuu
BO3HUKAET XapaKTePHOE MCKAXEHUE COOOIICHHS: BCE COCTABJISIONINE B €0 CIEK-
TpE BMECTE CABUIAIOTCS BBEPX WM BHU3, IPUYEM BEINYMHA U HAIIPABIICHHUE CABU-
ra paBHbl COOTBETCTBEHHO BEJIIMYHMHE U 3HAKY PA3HOCTU HECYIIMX 4acToT. [1oaro-
My NpU MHOTOKAHAJIBHOW Iepenade TelnePOHHBIX CUTHAJIOB CYIIECTBYET HOpMA:
OTJINYKE HECYIIIUX YaCTOT HE N0IxKHO npeBbimats 10 I'm.

OTMeTuM JBe Ti1aBHbIE IPUYMHBI BOZHUKHOBEHUS MEXIYKaHAIbHBIX TTOMEX.

1) HeuneanbHOCTh (HEMPSIMOYTOJIBLHOCTh) YaCTOTHOW XapaKTEPUCTUKHU Ka-
HAJIBHOT'O TOJIOCOBOTO (DUIIbTpa, HalpuMep, B MPUEMHHKE JIMOO CMEIIEHUE €ro
LEHTPaJIbHON YaCTOThI, MPEBBIIIAIOIIEE INUPHUHY 3aIMUTHOIO YaCTOTHOTO UHTEPBA-
na. Torga Ha BXOM AEMOYJIATOpa HApsAy C CUTHAJIOM JAHHOTO KaHaia OyayT Imo-
CTyHaTh HEKOTOPbBIE YAaCTOTHBIE COCTABIIAIONIME, MPUHAJIEKANIME OJHOMY WIU
JIBYM COCEIHUM KaHaJbHbIM CUTHaNaM. BiusHue Oosee anekux KaHajoB, KOHEU-
HO, OyZeT HaMHOTO ciabee, MOITOMY Takasl TOMeXa Ha3bIBACTCS NOMEXOU NOo CO-
ceonemy kauanmy. JlJie yMEHbBILIEHUS YPOBHS TaKOW MOMEXHU MOYKHO, BO-TIEPBBIX,
UCIOJIb30BaTh 0oJjiee COBEpIIECHHBbIE (QUIBTPHI, YTO 3aMETHO IMOBBIMIAET UX CTOU-
MOCTh M Maccora0apuTHbIE XapaKTEPUCTUKHU, U, BO-BTOPBIX, YBEIUUYUBAThH 3aIlIUT-
HBIE YACTOTHBIE HHTEPBAJIBI, YTO, OYEBUIHO, IPUBEAET K YBEIIMUYECHUIO TIOJIOCHI Ya-
CTOT, HEOOXOIUMOM ISl IepeJavyy TPYIIOBOr0 CUTHAA.

2) HenvHEWHOCTh aMILTUTYIHOM XapaKTEPUCTHKU IPYIIOBOro tpakra. Kak
U3BECTHO, HEJIMHEWHBIE UCKAKEHUA JaXe MpHU nepenaye KojaedaHus 0JHOW 4acTo-
Thl IPUBOJIAT K IMOSIBJICHUIO JIOMOJIHUTENbHBIX KOJIEOAHUN KPATHBIX YacTOT (BbIC-
KX FapMOHUK). ['pynmoBoil curnaii, Kak BUJIHO Ha puc. 6.4, 3T0 cymmMa Kojebda-
HUW pa3HbIX YacTOT, MOATOMY HEIMHEHHbIE UCKAKEHUS MPUBOIAT K MOSBICHUIO
MHO>KECTBA HOBBIX KOJICOAHUN C pa3IMYHBIMU CYMMApHBIMU U Pa3HOCTHBIMHU Ya-
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cToTamMu (KOMOMHAITMOHHBIX COCTABJISIONINX ), KOTOPBIX HE OBLJIO B CIIEKTPE Iepe-
JTaBa€MOTr0 CUrHaia. SICHO, 4TO MpH OOJIBIIOM YHCIIE KAaHAJIOB B MIOJIOCY MPOMYyCKa-
HUS KaHAJIBHOTO TIOJIOCOBOTO (MIBTpa B MPUEMHHKE OyJeT MmomajaTh OOJBIIOE
KOJIMYECTBO TaKMX KOMOMHALIMOHHBIX COCTABJISIONINX, 00pa30BaHHBIX U3 CUTHAJIOB
npyrux kaHaioB. [Tocne nemonynsiuu oHu OyyT BOCIPUHUMATHCS KaK JOMOJIHHU-
TeNbHBIN ITyM. Takas moMexa Ha3bIBACTCS KOMOUHAYUOHHOU NOMEXOLL.

HazoBeM nBa cioco6a ymMeHbIIeHHs] KOMOWHAIIMOHHBIX TTOMEX.

1) YMmeHblIeHHE aMIUTUTYI KaHaJIbHBIX CUTHAJIOB U, B UTOrE, aMILTUTYbI
IPYNIIOBOTO CUTHaNa, 4TOOBl paboTaTh B MpeAesiax CPaBHUTENbHO JIMHEWHOTO
Y4acTKa aMILIMTYAHOM XapaKTEpUCTUKH TPYNIIOBOro TpakTa. IlnarToit 3a aTo sABIIs-
€TCsl YMEHBIIIEHUE OTHOIICHUS CUTHAJ/IIYM B KaXJIOM KaHale (TIOJIe3HbIA CUTHAI
Ha BXOJIe MPUEMHUKA YMEHBIIWIH, a IIyM ocTajcs npexxHum). Kpome Toro, padora
YCWINTENSI MOITHOCTH B JIMHEHHOM PEKHUME OOBIYHO MPHUBOIUT K CHUKECHHUIO €T0
KII, uto KpaliHe HEXKEeNaTelbHO, HAallpUMEp, B CIYTHUKOBBIX PETPAHCIATOPAX,
7€ MOIIIHOCTh UCTOYHUKA MUTaHUsI (COJTHEUHOM OaTapen) orpaHUYeHa.

2) Bp16op yacToT mogHECymux TakuM o0pa3om, 4ToObl HauboJiee CUIIbHBIC
KOMOMHAIIMOHHBIE COCTABIISAIOIINE OKA3aJUCh 3a MpeAesiaMH TOJIOChI, UCIOIb3Yye-
MOU Il TIepe/laud TPYIIOBOr0 CUTHaja. JTO CAenaTh TeM IPOIle, YeM MEHbIIE
4yuciio kaHaioB. [1oaToMy mpu OONBIIOM YMCIE KAHAJIOB BHITOJHO MCIIOJIb30BATh
MHOI'OCTYTICHUATYI0, JAPEBOBUIHYIO, HEPAPXUUYECKYI0 CTPYKTYpPy YCTPOWCTBA
YIUTOTHEHUSI KAHAJIOB, YTOOBI Ha KaXK/IOM YpOBHE OJIOK YIIJIOTHEHHUS MMEN Majioe
YHCIJIO BXOJIOB.

OTHU NPUHIUIBI 3aKPEIICHbl B JICHCTBYIOIIEM CTaHAApTe, ONPEACISIONIeM
CMPYKmMypy U napamempsl YCmMpoucmea Yacmomuo20 YNIOMHEHUs aHAI0208blX
mene@oHHbIX cUcHAI08 NI UX nepenadyu no meanomy kabento (IIpunoxkenue 4).
[IpenycMOTpeHBbI YETHIPE CTYNEHU YIUIOTHEHHUS, IIPU 3TOM BO BCEX CTYINEHSIX MPHU-
MEHSETCSl aMIUTUTYAHAs MOYJISIIIUS ¢ HIDKHEW OOKOBOM MOJIOCOH.

Ha 12 BX010B mepBoil CTyNeHU YIUIOTHEHHUS! MOCTYyHarT 12 cTaHIapTHBIX
aHaJIOroBbIX TenePoHHBIX curHaioB ¢ mojocoi 300-3400 'y xaxnaerit. biok co-
JEepKUT 12 reHeparopoB MOAHECYIIUX ¢ yactoramu 64, 68, 72, ... ,104, 108 xI'n
(oTcrofa BUAHO, YTO HA KaXKJIbIH KaHall oTBOAMTCS mmojoca 4 kI'), 12 kaHaIbHBIX
MOAYJATOPOB Jyist hopmupoBaHusi AM KaHaIbHBIX CUTHAJIOB, PA3HECEHHBIX MO OCH
4acToT, ¥ 12 KaHAIBHBIX MOJOCOBBIX (UIBTPOB 1Jisi mpeobpazoBanusi AM B AM
OBII. B utore (cm. puc. 2.17) Ha BbIxojie 6JI0Ka NIepBbIN KaHAJIbHBIA CUTHA 3aHU-
MaeT mosiocy 60,4-63,7 kI, BTOpoil KaHAIBHBIM CUTHAT — TTosiocy 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 Nep8uuHblil 2pynnosou cueuan, 3anumaromui monocy 60,4-107,7 I,
OOGBIYHO yKa3bIBAIOT OKpYyTJIeHHBIE 3HaueHust 60 — 108 kI'11, To ecTh mMpUHA CIIEK-
Tpa MEPBUYHOIO IPYNIOBOro curHajia pasHa 4-12 = 48 kl m.

sl O I ol I

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 IrpyInItoBOro CUrHajua
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Tpu mocnenyromuye CTyIeHH OPraHU30BaHBI 10 TOMY K€ IPUHIUITY U UMeE-
I0T 110 5 BXOJOB KakJas. B 4acTHOCTH, Ha BXOJbl BTOPOM CTYIEHU YIIJIOTHEHUS
NOCTYMAlOT 5 MEPBUYHBIX TPYMIOBBIX CUTHAIOB, 3aHUMarommx mnojocy 60-108
K[l Ka)Kblii, @ HA BBIXOZE NOIYHYACTCS 8MOPUUHBIU 2PYNNOBOU CUCHA, CTIEKTP KO-
Toporo Jiexkut B nosioce 312-352 kI'u (60 tenedonubix kaHanoB Ha 240 kI'1).

6.3 MHOrocTtaHUMOHHBLIU AOCTYN C BPEeMEHHbIM
pa3geneHueM KaHanos

Meroag BpEMEHHOTO pa3JeieHUs KaHaJOB OCHOBAaH Ha UCIOJIb30BaHUU
OOJIBIIOrO0 KOJMYECTBAa Pa3HOOOPA3HBIX HMIYJIbCHBIX YCTPOWCTB, MOITOMY OH
HayaJl MHUPOKO MpuUMeHsATbes B 60-x romax 20 Beka, Korja MosiBUJIACh YJ00Has
31eMeHTHas 0a3a — TPaAaH3UCTOPBI U TPAH3UCTOPHBIE MUKPOCXEMBI.

CymiecTByIOT B2 OCHOBHBIX PEXKHUMa BPEMEHHOI'O MYJIbTHUIUIEKCHPOBAHUS
CUTHAJIOB.

Pesicum cunxponnoti (yuxnuueckoii) nepeoauu OCHOBAH Ha TOOYEPETHOM,
CTPOr0 MEPUOJAMYECKOM MOIKIIOUCHUN HMCTOYHUKOB COOOIICHHM K JIMHUM CBS3U
BCEr1a B OJIHOM M TOM K€ MOCJIEI0BATENBHOCTH. braromaps 3ToMy IpUHAIICK-
HOCTB Ka)KJIOTO 3JIEMEHTA I'PYMNIIOBOIO CUTHANIa KOHKPETHOMY MCTOYHHUKY OIpE.e-
JISIETCA €r0 BPEMEHHBIM MOJIOKEHHUEM (HOMEPOM KaHAJIbHOTO MHTEpBaja) BHYTPHU
Kazpa (1MKIa), TO3TOMY JI0CTAaTOYHO JUIIb U3PEAKa, HAIIPUMED, B KOHIIE KaXIO0r0o
IIMKJIa Tepe/laBaTh CIEIHAIbHBIE CUHXPOCUTHAJBI, MO3BOJISIONINE MPUEMHUKY pa-
00TaTh CHHXPOHHO C MEePeIaTINKOM (puc. 6.6). MOXKHO UCTIOTH30BATh AHAJIOTOBBIC
1160 M pPOBBIE METO/IBI MTEpEIaUn.

N kajpa (1rKa) j j+l
N kanana (ciota) .. [1]2]3]4]1]2[3][4]..
IIuknoBBIN CHHXpOCUTHAT | ... 7 7

Puc. 6.6. Bpemennas nuarpamMma rnepeiadn B CHHXpOHHOU
tpexkaHainbpHOU CIIU ¢ BpeMeHHBIM pa3efieHHeM KaHaJIOB
(IMKIIMYecKas mepenayva)

Peosicum acunxpomnnoii nepedoauu npumensiercs Toiabko B 1udposbix CIIN.
[Ipn mojKIOYEHUH UCTOYHMKA K JMHUM NEpeNaeTcsl MakeT, TO €cTh HeOoblas
4yacTh cooOlIeHus, Hanpumep ¢aiina, coaepxaiiasi 0ObIYHO OT COTEH 10 HECKOJIb-
KUX ThIcSY OuT. IlopsSaoK MOAKIIOYEHUS UCTOYHUKOB K JIMHUU — MPOU3BOJIBHBIN,
[0 MEpe BO3HUKHOBEHHUSI HEOOXOIMMOCTH, MOITOMY LIMKIIbI, KAaK TAKOBBIE, 3]1€Ch
OTCYTCTBYIOT (pHc. 6.7). B HauanbHOW 4acTU KaX10ro MMaKeTa UMEETCsl 3aroJI0BOK,

ITaker ot ucrounuka Ne | ... 5 8 1 6
[Tay3a

Puc. 6.7. BpemeHHas [uarpaMMa nepeiayu nakeToB B
acuaxponHoii CIIN ¢ BpeMeHHBIM pa3ciIeHUuEM KaHaJIOB

t
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r7ie, KpoMe MpodYero, o0si3aTeabHO yKazaH HoMmep moiydarens. OcoOeHHOCTH U
IPEUMYIIECTBA ACHHXPOHHOI'0 METO/1a Mepeiauu Mbl 00CYIUM M03Ke, B pa3i. 7.2.

B cunxponnoii CIIN B TeueHHe ITUKJIA UCTOUHUK MOAKIIOYAETCS K JIMHUHU
OJIUH pa3, CJIENO0BATENbHO, KOJUYECTBO MOAKIIOUYECHHI B CEKYHAY PABHO 4YacTOTE
nepenaun nukiaoB. B anamorosoit CIIM, opueHTMpOBaHHON Ha mepenady Tele-
(OHHBIX CHTHAJIOB, B K&KJOM CIIOTE MepeAaeTcsl OAUH OTCYET ATOr0 CUrHajia, mo-
3TOMY 4acCTOTa CIIE€IOBAHUS LIMKIIOB J0KHA cOCTaBATh 8000 IUKIOB B CEKYHAY,
U JUIMTEIBHOCTD IMKJIAa paBHa 125 mMkc. OTcueTbl MOXKHO MEepeaaBaTh C UCIOIb30-
BaHHMEM JII0OOr0 M3 METOJIOB MOAYJALMU UMMYJIbCHOM Hecymieh — AWM, ILINM
win BUM (pazn. 2.5).

B mudposoii cunxponnoit CIIN mmurensHOCTh Kaapa 3amaercs Takxke 125
MKC U3 T€X K€ COOOpaK€HUM, TOT/1a B CIOTE TOXKE MEPEIACTCS 10 OJHOMY OTCUETY
B IU(PPOBOI (hopMe OT KaKIOIo HCTOYHHKA, TO €CTh 10 8 OuT (cMm. pasa. 2.6). [lpu
ATOM CKOPOCTh Iepelaur B TPYINIOBOM curHajie V =8000-8-n our/c, re N — ¢ak-
TUYECKOE YUCIIO KaHAJOB (CIOTOB B IMKJIE), BKIIIOYAs U CIY>KEOHbIN KaHal, Ipe-
HA3HAYEHHBIN JI Mepeladyu IUKJIOBOr0 CUHXPOCHUTHAIA.

[lepenaua kaxxaoro OUTa OCYIIECTBISETCS MPU TOMOIIU OOBIYHBIX UMITYJIh-
COB MpAMOYroibHOM ¢opmbl (1 — umnynbe, 0 — may3a), HO yaule NPUMEHSIETCS
OJIMH W3 METOJOB MOJYJSIIMA TaPMOHUYECKOW HEeCyIled MU(POBBIM CHUTHAJIOM
(pazn. 2.8). OmpeneneHHBIMU JOCTOMHCTBAMHM 00JIajjaeT Takxke MeToia (a30Boii
MaHUMYJISLIUA TIPU UCIIOJIH30BAHUU HECYIIEH B BUJE MEPUOAUUYECKON MOCIe0Ba-
TEJIbHOCTU MPSIMOYTOJIBHBIX MUMIYJbCOB MPU UX CKBAXKHOCTH, PABHOW JIBYM (Tak
Ha3bIBaeMbIi MeaHip). Ecnu nmepuos Hecyiel paBeH JUIMTENBLHOCTH OUTa, TO IO-
CJIe MOIYJIATOpa €My Oy/IeT COOTBETCTBOBATH Mapa UMITYJILCOB TPOTHUBOIOIOKHOM
MOJISIPHOCTH — MAaHUYECTEPCKUM KOJI.

Teopernuecku CHEKTp MPSAMOYTOJbHBIX UMITYJICOB OECKOHEUHO NIUPOK,
MO3TOMY MPH NEepeaade NPUXOIUTCS €ro OrpaHuurBaTh (pasi. 2.8). ITO BbI3BIBAET
UCKa)XEHUsI (POPMBI MPUHUMAEMBIX HMITYJILCOB, B YACTHOCTU PACTATUBAHUE HX
(GpOHTOB, YTO, BO-TIEPBBIX, MPUBOJIUT K MENCCUMBOILHOU unmeppepenyuu (B3a-
UMHOE HCKaKEHHE COCEIHHX MMITYJIbCOB), BO-BTOPBIX, K BO3SHUKHOBEHUIO nOMeX
no coceoHemy kauany (B3aMMHOE HCKaXXEHUE COCEIHUX HUMITYJIbCOB, MpHUHAJIE-
KaIIMX pa3HbIM KaHajlaM, TO €CTh CTOSIIIUX Ha KpasX CJIOTOB). Te ke HEmpUSITHO-
CTH BO3HHUKAIOT W MpH Iepejaue rpynrnoBoro CUrHajga B KaHajlie ¢ MYJbTHUILIAKA-
THUBHOM ITIOMEXOW B BUJIE YACTOTHBIX CEJIEKTUBHBIX 3AMUPAHHM.

[Tapametpsl 1udpoBsix CIIN ¢ BpeMeHHBIM pa3/ieJI€eHUEM KaHAJIOB TaKXKe
cTtaHjapTuzoBaHbl. [lepBblii U3 Hanbonee BaXKHBIX CTAHIAPTOB HOCUT Ha3BaHUE
miie3noxponHoii mudposoii nepapxuu (I1L[H) — Plesyochronous Digital Hierar-
chy (PDH) — u onpexnensier cnoco® MyJIbTUIUIEKCUPOBAHUS CTAaHAAPTHBIX IH(PO-
BbIX TeJIe(DOHHBIX CUTHAJIOB JIJISl UX Trepeaadn no meanomy kabemo (Ilpunoxenune
5). Hanomaum (pasn. 2.6), 4To cTaHAapTHBIN IM(poBOol TenepOHHBIN CUTHAT
(DSO) nonyuaercs B pesynbrare ALIl ctanmapTHOrO aHAIOrOBOrO Telie()OHHOTO
CUTHAJIa U XapaKTepU3yeTcs CKOPOCThI0 64 KOUT/C.
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[lepBas crynenp ymiotHeHuss PDH (anmapatypa MKM-30) paccuntana Ha
opraHuzanuio 32 KaHajJoB METOJIOM BPEMEHHOro MoOaWTHOIrO MYJbTHUILIEKCHPO-
BaHWs, B UTOre Ha BbIxonme (dopmupyercs 1udpoBoir motok El co ckopocThio
64:32 = 2048 x6ut/c. I3 HUX 2 KaHaja sBJSIOTCS CIIYKEOHBIMU (TIepeiadya CUrHa-
JIOB LMKJIOBOM CHHXPOHM3ALMH, Mepeaadya KOMaH[ Uisl YIPaBICHUS KOMMYTUPY-
forumu ipudopamu Ha ATC u ap.), a octanbHble 30 — TOTB30BATENHCKUMHU.

Kaxnas u3 cryneneir Oosnee Bbicokoro ypoBHs (ammapatypa MKM-120,
NKM-480, UKM-1920) paccuntana Ha yIUIOTHEHUE YETHIPEX MU(PPOBBIX MOTOKOB
HU3IIEro YPOBHS METOAOM BPEMEHHOI'O MOOUTHOIO MYJIbTUILIEKCUPOBAHHUS, a Tis-
ThIl YPOBEHb [OKAa HE UMEET anmnapaTypHOU peanu3anuu (1, o-BUIUMOMY, HE OY-
JIeT UMETh U3-32 KOHKYPEHLIMU C METOAAMH Eepelayyl 110 ONTUYECKOMY Kalelo).

JlononHuTenbHble (YHKUWU, BBINOJHSAEMbIE amnmaparypod 3THUX YeThbIpex
ypOBHE#, 00YCIIOBJIEHBI CIENYIOMNM 00CTOATENbCTBOM. [lne3noxponnas uudpo-
Bas Mepapxus co3jaBajach JUisi pabOThl B MOYTH CUHXPOHHBIX (IJI€3MOXPOHHBIX)
CETSIX CBA3M, KOI'/1a CKOPOCTH OAHOTUIHBIX HHU(PpoBbIX noTokoB E1, E2 unu E3 Ha
BXOJIaX Ka)XJOW CTYNMEHH HECKOJBKO OTJIMYAKTCs Apyr oT Apyra. [lostomy mpu
MYJIbTUIJIEKCUPOBAHUU YETHIPEX BXOJHBIX MOTOKOB BO3HUKAET MpoOJieMa BbIpaB-
HUBaHUA UX CKopocTed. OHa pemraercs MmyTeM BCTaBKH “MyCTHIX OUTOB, €CIH
CKOPOCTh JaHHOT'O BXOAHOI'O MOTOKA OKa3ajach HHMXKE CKOPOCTH MYJIbTHUILIEKCH-
pOBaHUs B 3TOM CTYNEHH, JIMOO MyTEM Nepelay “TUIIHUX OUTOB MO CIIYKEOHBIM
KaHajlaM B TIPOTUBHOM clly4ae. Takol CIIOXKHBIN CIIOCO0 mepeaadyu MmoTokKa 1Mo He-
CKOJIKUM MYTSAM CYLIECTBEHHO 3aTPYAHSIET €ro U3BJICUYEHHUE U3 IPYNIOBOIO CHT-
HaJia B MyHKTE MpUeMa.

Jpyroyi BaXHbIM CTaHAApPT HOCUT Ha3BaHUE CHHXPOHHOM uHMGpPoOBOI
uepapxuu (CII1) — Synchronous Digital Hierarchy (SDH) — u onpenenser cro-
c00 MYJIBTHUIUIEKCUPOBAHUS HU(PPOBHIX MOTOKOB JIJISl UX IMEpeadyud MO ONTOBOJIO-
koHHOMY KaOemto ([Ipunmoxenue 6). Anmaparypa SDH He mpeanazHadeHa s
MYJIbTUTIEKCUPOBAHUS MENKUX U(PPOBBIX MOTOKOB, MOCTYNAIONIUX OT MOJb30Ba-
Tesnel (11 aToro ucnonb3yercs anmnapatrypa PDH, nanpumep MKM-30), ona npu-
MEHsSIeTCS JJI1 TPAHCIOPTUPOBKU O0jee KPYIHBIX MOTOKOB MEXKIY Y3JIaMU CETH.
CunxponHasi nudpoBas uepapxus Co37aBajach JJisg pabOThl B CHHXPOHHBIX CETAX
CBS3H, T'JI€ CYILIECTBYET CHHXPOHM3ALUS BCEX Y3JI0B CETH U3 €IMHOro LeHrpa. bia-
rojapsi 3TOMy CKOPOCTH Iepefadyd BCEX OJHOTHUIIHBIX MOTOKOB CTPOr0 OJHWHAKO-
BbI.

[lepenaua nudpoBBIX CUTHAIOB HA KaXXJIOM YPOBHE MYJIbTUILIEKCUPOBAHHUS
OCYIIECTBIISICTCS OJIOKaMH IIUTENbHOCTBIO 125 MKc. Takoii 0710k Ha3bIBACTCS CUH-
xponnvim mparcnopmuvim mooynem yposus N (Synchronous Transport Module of
level N) wiu, koporko, STM-N. Hanmpumep, STM-1 comepxur 2430 GaiiT (TO ecTh
19440 6uT), u3 kotopbix 2340 GalT — 3TO MoOJIE3HAs Harpy3Ka, a OCTaJIbHONH 00beM
(90 OaiiT) mpenHa3HAYEH IS IEpeayu CIIyKeOHOU HH(OpMaLUU.

[Tonesnas narpy3ka STM-1 He 3amonHseTCs MyTeM IMUKIMYECKOTO OIMpoca
BXO/JIOB, 37IECh NPUHAT UHOM, O0Jee TMOKUIA U YHUBEPCATIbHBIN MPUHIUII, IPUTO]I-
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HBI KaK JUII CUHXPOHHOrO, TaKk M JUIsl aCHHXPOHHOI'O peXMMOB nepenauu. OHa
3alOJIHSAETCS OJTHUM WJIM HECKOJbKUMHU “‘BUPTYAJIbHBIMU KOHTEWHEPAMU , TO €CTh
HNOPLMSMU BXOAHBIX NOTOKOB. Kax b1l KOHTEITHEP B CBOEH Ci1y:KeOHOM 4acTu co-
JEP’KAT YHUCIOBOM aJpec TOro y3ia CETH, B KOTOPOM €ro CIEAYET “BBIIPY3UTH .
CrannapTu30BaHbl KOHTEHHEPHI MATH THIIOB Pa3HbIX 00BEMOB, IIPU 3TOM MEJIKHE
KOHTEMHEphl MOI'yT NOMeIIaTbes B Oojiee KpymHble. Takas opraHu3anusl TpaHC-
HNOPTUPOBKHU MO3BOJISIET B JIIOOOM y3J1€ CETU OBICTPO U MPOCTO HAXOAUTH HYXKHBIE
KOHTeMHephl 0e3 pacmakoBKU Bcero coaepxkumoro STM-1, a Takke BCTaBIATH
Jpyryue KOHTEMHEphl Ha CBOOOIHBIE MECTA.

CHHXPOHHBIN TPAHCIOPTHBIM MOJYJIb YPOBHS 4 3alOJHSETCS OAMH 33 JIpY-
rum 4eTeipbMs STM-1. Takast xe omnepariusi MpoAeTbIBAETCS U C MOTYJISIMU OoJiee
BBICOKHX YPOBHEM.

6.4 MHOroctaHUMOHHbLIN AOCTYN C KOAOBLIM
pa3pgeneHuem KaHanos

OTOT METOJ MPUMEHSETCA TOJILKO B JIBOMYHBIX HHU(poBbix CIIN ¢ OM.
Haunem ¢ o6bprnOM ogHoKkaHanpHOM CIIN ¢ @M, rae ms nepegavu Kaxaoro oura
OT MCTOYHUKA MCTOJB3YETCS PAIUOUMIYILC MPSIMOYTOIbHON (OpMBI, HayalbHAs
(haza KOTOPOro onpeAeseTcsl 3HayeHueM 3Toro oura, Hanpumep, 0° npu nepenaye
enuauIBl U 180° npu nepenave wyns (puc. 2.12). JlnurensHocTh 3TOr0 HH(POpMAa-
IIMOHHOr 0 UMIyineca 7, =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 opraHu3anyy KOJAOBOTO pPa3AeieHUs KaHAIOB B MHOrokaHainbHOM CIIN
KaKbI KaHATBHBIM MHGOPMAIIMOHHBIN UMITYyNIbC (puc. 6.8a) moaBepraercs -o-
NOJTHUTEIBHON BHYTPUUMIYJIbCHON (azoBod Moxyisuuu (puc. 6.86). [ns sroro
UMIyJIbC pazOuBaercs Ha B uacreil paBHOM miuHbBI (Ha B Oonee KOPOTKHX MM-
yJCOB-YUIIOB), MPU ITOM yucio B Hazwieaemcsa 6aszou cuenana. J1jis TaHHOTO

Y NANANANANAAANNNN
VVVVVVVVVVVUVYVY t

O NN AAAMANMAAN AN
VWVVY VWV VUVWV

+1 -1 -1 +1 -1 +1  +1 @ 1

Puc. 6.8. IIpeoOpazoBanue nHGHOPMAIIMOHHOTO UMITYJIbCA B CUTHAJ C
BHYTPUUMITYJIbCHON OM:
a) 10 mpeoOpa3zoBaHusi; 0) mocie mpeoOpa3oBaHUs.

KaHalla pa3 W HaBcerja 3afaHa B-paspsanHas QBOMYHAS MOCIEAOBATENBHOCTD,
onpeJeNsonas 3aKOH BHYTPUUMITYJIbCHON (pa30BOM MOAYJISILIUU, IPUYEM FJIEMEH-
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ThI ATOM MOCJIEOBATEIbHOCTH Y00HO 0003HAaYUTh Kak +1 1 —1 BMecTo Tpaaulu-
oHHbIX | 1 0. Jlamee kaablil 2JIEMEHT CUTHAJIA YMHOKA€ETCSI HA COOTBETCTBYIOIINI
AJIIEMEHT MOCJIEeI0BAaTENIbHOCTH, TO €CTh OCTaeTcs 0e3 M3MEHEHHM, €CIM MHOXH-
TeNb paBeH +1 W uHBepTUpYyeTCcA B ciiydae —1.

B utore mmpuHa crniekTpa KaHaJIbHOTO CHTHAJa YBEJIMYMBAETCA B B pa3 1o
CPaBHEHHUIO C TPAJUIMOHHBIM METOOM Iepenauu 0e3 BHYTPUUMITYJIbCHOM MOAY-
JSIUUY, TaK Kak Tenepb cUrHall (PaKTUYECKU COCTOUT U3 0oJiee KOPOTKUX UMITYJIb-
coB. Kcratu, meron BHyTpunmnyinbcHOU @M dABIsIeTCS caMbIM pacHpOCTPAHEH-
HBIM METOJIOM MCKYCCTBEHHOI'O PACIIMPEHUs CIIEKTPa CUI'HAJIA U YacTO MPUMEHS-
eTcsl B APYruxX 00JaCTAX paJu03JEeKTPOHUKH, HATPUMED B PaIUOIOKALIHH.

Bce kananvuvie cucnanvl nepeoaromcsi 0OHOBPEMEHHO 6 OOHOU U MO e
wupokou noaoce yacmom. Kak1oMy KaHaJIbHOMY CUTHAJy IPUCBAUBAETCS CBOS
JBOMYHAS TIOCJIENOBATEIBHOCTD, ONPEAEISIONAs 3aKOH BHYTPUUMITYJIbCHOU DPM,
TaK, YTOOBI CUTHAJIbI BCEX KaHAJIOB OBLJIM B3aMMHO OPTOrOHaJIbHBI. OUEBUIHO, YTO
JUISl IPOBEPKU OPTOTOHAJIBHOCTH J1a’K€ HE HY)KHO BBIUHCIIATH 3HAUEHUE UHTETpasa
(6.3). /IBa xananbHbIX OM curHasa opTOroHaJIbHbI, €CJIU B JIBOMYHBIX MOCIIEI0BA-
TEJIHOCTAX, ONPEACIAIOIINX 3aKOHbI UX BHYyTpUUMIyJbcHOH DM, uyncio cosmna-
JAOIIMX 3JIEMEHTOB PAaBHO 4YMCIly HecoBnaAaeHun. Hanpumep, ecian oqHOMY M3 Ka-
HAJIOB IIPUCBOEHA ITOCIIEA0BATEIBHOCTD, IOKa3aHHAs Ha puC. 6.8, TO IpyruM KaHa-
JaM MO>HO MPUCBOUTH, JOMYCTUM, TaKue mocienosarenbHoctu: +1, -1, +1, -1, —
1,+1,-1,+1;+1,-1,-1, +1, +1, -1, -1, +1, ...

B cucremax M/IKP onepanuu BbeIAEIEHNS HY)KHOTO KaHAIBHOTO CUTHAJIA U3
CYMMAapHOT 0, TPyIIIOBOI'O CUTHANa U JEMOAYJISALMU MOKHO COBMECTHUTB. [l 3T0-
r0 MOKHO MCTOJIB30BAaTh KOPPEISLIMOHHBIN MPUEMHUK (MU 3aMEHSIOIINNA €ro co-
IJIACOBAaHHBIN (DUIBTP) U B KAUECTBE OMOPHOro curHaia (2.35) ucrnonb3oBath Lie-
JIMKOM UMITYJIbC ¢ BHYTpuuMITylIbCcHOM PM. CpaBHEHHE C IOPOrOM BEIUYMHBI V,
BBIJJAHHON KOPPEJALMOHHBIM PUEMHUKOM, MMO3BOJINT BBIHECTH PELICHUE OTHOCH-
TEJIbHO 3HaYEHUS NEPEeJaHHOr0 ABOMYHOr0 cuMBoja. Takum o0pa3zom, B cuctemMax
MIKP ycmpoiicmeo pazdenenusi kananoé u KauaivbHvle 0eMOOVIAMOPbl — MO
Haoop, cocmoawuli u3 N KOPPENAYUOHHBIX NPUEMHUKOS.

Makcumanvrnoe uucio opmo20HANLHBIX nociedosamenvHocmeti pagHo B,
CJIeI0BaTENbHO, UIMEHHO TaKOBO KOJIMYECTBO KaHAJOB, padoTaroniux 0e3 B3auM-
HBIX ITOMEX.

Jna B=2", rge M — 1esioe MOJIOKUTEIBHOE YUCIIO, CYIIECTBYET IIPOCTOM
CHoco0 OMpeAENIeHHs] CHCTEMbl OPTOrOHAIBHBIX ABOMYHBIX MOCIEI0BATENBbHOCTEN
B BHJIE CTPOK Marpulbl Anamapa. Marpuna Axgamapa BTOpOro nopsiika UIMeeT BHUT

H = ‘+1 +].‘ _
2+ -1 (6.4)
Martpuna nopsiika 2p COCTOUT U3 OJIOKOB — MATPHI] OPSIIKA ]
H =‘ H P H p
2 ZIH, —H, | (6.5)
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+1 +1 +1 +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, curHai, 3agaBaeMslii IEpBOU
CTPOKOM MaTpuilel Axamapa, (aKTUYECKH HE COAEPKHUT BHYTPUUMITYJIBCHOW MO-
NYJIALUU, TO3TOMY €ro CIEKTp He pacuupsiercs. M3-3a 3Toro s mpakTHYECKOro
OPUMEHEHUS] TOIOMPAIOT MOCIEI0BATENbHOCTH, OOJaAaOUIUe JIYUYIIHUMH CIIeK-
TpPaJIbHbIMU CBOMCTBAMHU. XOPOIIHWE PE3yJIbTAaThl JAET UCIIOJIb30BAHUE OTPE3KOB
ncesoocayyaiinou 0souynol nocieoogamenvrhocmu (IICII) (cMm. paza. 2.7).

[IpyunHON MexaykaHadbHbIX moMex B cucteMe MJIKP moryr cimyxutsb
M00bIe MCKa)KeHUsl (JIMHEHHbIE M HEJIMHEWHbIE) TPYNIOBOTO CUTHAJA, MPUBOJS-
IMe K HApYyLICHUIO B3aMMHOM OPTOrOHAJIBHOCTH KAaHAJIBHBIX CHUTHANOB. Bo-
IIEPBBIX, 3TO OrPAHUYECHHUE MOJIOCHI MPOIYCKAaHUS T'PYIIIOBOTO TPAaKTa U MYJIbTH-
IUIMKATUBHAs MIOMEXA B KaHAJE Nepeaadyu, BO-BTOPbIX, HETMHENHbBIE UCKAKEHUS B
OKOHEYHOM KAaCKaJle IepeaaTynKa.

Nuorga BO3MOMKHOCTH Il BOBHUKHOBEHUS MEKIYKAHAIBHBIX IOMEX CO-
31ar0TCs yKe Ha stane npoektupoBanusi CIIN. Hanpumep, ucnonb3zoBanue oTpes-
koB IICII nnsa BayrpunmnynbcHOt @M. Kak yxe oTMeuyanoch, OHU HE BIIOJIHE Op-
TOrOHAJIbHBL. [[pyras npuurHa 3aKiarodaercs B TOM, 4To paau ynpouenus CIIN ve
MPEyCMATPUBAETCS B3aMMHAasi CHHXPOHU3ALMs KAaHAJIOB, TO €CTh MOJIYJIUPYIOIIUE
MOCJIEIOBATENBHOCTH B Pa3HbIX KaHAJIAX MPOU3BOJIBHO CABUHYTHI BO BPEMEHH, YTO
HapyILIAeT UX OPTOrOHAIBHOCTb.

Meron M/IKP ucnosnb3yercs moka Jiviib B rpakIaHCKUX U BOCHHBIX CUCTE-
MaxX PaguoCBsI3U C MOJBIKHBIMH OOBekTamMu. CremyeT ymoMsiHyTh cTaHmapt IS-
95, B COOTBETCTBUU C KOTOPHIM MOCTPOeHBI coToBbIe cucTteMbl CDMA u ciyTHu-
KOBasi CHCTEeMa CBsI3W ¢ MHOABMXKHBIMA oObekTamu Globalstar (B=64, mmpuna
CIEKTpa IPYNIOBOr0 U KaXKJ10r0 U3 KaHAJIbHBIX CUTHAJIOB paBHa 1,25 MI'n).

Hanpuwmep, H, =

6.5 CuHxpoHusauma B CIMN ¢ MHOroCTaHLUUOHHBLIM
AOCTYNnom

[Ipobiiema cUHXpOHU3ALMKU HE BO3HUKAET Jullb B aHanorossix CIIU ¢ YPK.
Bce anemenmul, npeonaznayenuvie 0nisi npeobpa308anus UMNYJIbCHbIX CUSHANO08, 8
ocmanvrvix CIIU pabomarom noo ynpaenenuem makmogvix UMNYIbCO8, 3A0AI0UJUX
pumm ux pabomsi. B xauecTBe UCKIIIOUCHHS MOKHO Ha3BaTh ®HU-nemoaynsarop B
NpUEMHHUKE, MPeoOpa3yroluil MOCIeI0BATEIbHOCTh UMITYJILCOB-OTCYETOB B He-
IIPEPBIBHBIN CUTHAJL.

PaGotoii nepenaronieit yactu MmuorokanajibHoii CIIM B cMuHXpOHHOM pe-
JKMMe mepeaayM yIpaBiisgeT JOCTAaTOUYHO CTAOWIbHBIM NEPBUYHBINA T'€HEPATOP TaK-
TOBBIX MMITYJIbCOB. llepmon ciienoBaHusl 3THMX KWMIYJIBCOB PAaBEH JIUTEIBHOCTH
caMoro KOpOTKOro 3jieMeHTa rpymnmnoBoro curtaia. B mudporoit CITM ¢ BPK sto
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onud out, B CIIM ¢ KPK 310 onuH u3 B 31eMeHTOB MH()OPMAIIMOHHOTO OWTAa.
Hanpumep, B annapatype MKM-30 TakTOBBIE MMITYJIBCHI MMEIOT 4acToTy 2048
Kl ',

TakToBBIE MMITYJIBCHI OOJI€€ BBICOKMX MOPSAIKOB (DOPMUPYIOTCS MyTEM Jie-
JIEHUs 4acTOTBI IEPBUYHOTO TeHeparopa. Hanpumep, B Toit ke annaparype UKM-
30 xKaxIbIii KaHaAJ MMOJKIIFOYAETCs Ha BpeMs Iepeaadn 8 OUT, MOITOMY KaHaJIbHbBIC
MMITYJIbCBI UMEIOT 4acToTy 256 KI'1; IHMKI cOCTOUT H3 32 KaHAJIbHBIX UHTEPBAJIOB,
MO3TOMY Hayajio Ka)KIO0ro IHUKJIAa 3aJal0T UKIOBbIE UMITYJILCHl 4acToThl 8 KI'I,
dbopmMupyembie U3 KaHAIbHBIX UMITYJIbCOB JEICHUEM HUX YacTOThl Ha 32; pa3iauya-
I0TCSl YeTHbIE U HeueTHble nuKibl. Jlanee B IKM-30 gacToTa HUKIIOBBIX UMITYJIb-
coB jaenutrca Ha 16 mius popmupoBaHus cBepXIUKIoB. st ynpaBieHus paboTon
AIII Ha xaxxgom u3 30 BXO0B HY>KHbI TAKTOBbIE UMITYJIbCHI ABYX BHJIOB: C YaCTO-
toit 64 xI'1 nst hopmupoBanms ouepeHOTo OUTa U ¢ yacToTor 8 KI 1M /17151 3armycka
nuKJia npeodpazoBanus cieayromero orcuera. Eciu B CIIN npumensiercst 61104-
HBI KOPPEKTUPYIOIIMI KOJ, TO HY’KEH €lle OAUH JIeUTENb YaCTOThI 1uisl popmMu-
pPOBaHUS UMIYJbCOB, 3aJAI0NMX MOMEHT Haydaja O4YepeIHON KOJIOBOM KOMOHWHA-
11U, U T.1.

TouyHo Takoi ke KOMIUIEKT I'€éHEpaTOPHOro OOOpYAOBAaHUS HCHOIb3YETCS
JUIs yripaBiieHusl pabotoii Bcex ycTpoiicTB B nmpuemHou yactu CIIU. Cucmema
CUHXPOHU3AYUU NPUEMHO20 ycmpoucmea O0eCIeUUBAET YCIOBUSA, NPHU KOTOPBIX
TaKTOBbIE€ UMIYJbChl BCEX BHUJIOB B MpPUEMHUKE (HOPMHUPYIOTCS OJHOBPEMEHHO C
COOTBETCTBYIOIIMMH TAaKTOBBIMU UMITYJIbCAMH B IE€peAaTUMKe (TOUHEE, C OAHOU U
TOM K€ 3aJEP>KKOW, PAaBHOW TEKYIIEMY BPEMEHH PACIPOCTPAHEHUS CUTHAJIA OT Iie-
penaTyrka K IpUEeMHHUKY).

YToObl crcTeEMa CUHXPOHU3ALMK MOTJa BBIIOJHATH CBOM (DYHKLIMH, KPOME
CUTHAJIOB, HECYIIMX MH(GOpPMAIMIO O MepeaBaeMblX COOOIIEHUSAX, HEOOXOAUMO
€lle MepeNaBarTh CIEUUAIbHBIE CUHXPOCUCHANL! PA3HBIX BUAOB. [loaTOMy B mepe-
natoriei yactu CIIN umerores gpopmuposamenu cunxpocuernanog pa3HbIX BHUJIOB,
3aIlyCKa€Mbl€ COOTBETCTBYIOIIMMHU TAKTOBBIMU HMMITYJIbCAMH OT T'€HEPATOPHOIO
obopynoBanus. B mpuemuoit wactu CIIN uMmeroTcst cenexmopuvl CUHXPOCUSHANO08,
KOTOpbIE TTOCTOSIHHO CPAaBHMBAIOT BPEMEHHOE IMOJI0KEHHE NMPUHUMAEMbIX UHDOP-
MalMOHHBIX U CUHXPOHHU3UPYIOIINX CUTHAJIOB, C OJTHOM CTOPOHBI, U TAKTOBBIX M-
MyJIbCOB OT MECTHOI'0 I'€HepaTOPHOro OO0OpYyIOBaHUS, C IPYrod CTOPOHBI, U IO
Mepe HEOOXOJUMOCTH MOIalI0T KOMAH/Ibl HA KOPPEKIIUIO TOCIETHUX.

CnenmanbHble CHHXPOCUTHAJIBI B MOMEHT Hadyayla O4€peHOIO MEJIbYaNIIEero
AJIEMEHTA TPYIIIOBOTO CHrHajla, HampuMmep OuTa, He mnepeaaroT. [ns pabothl ce-
JIEKTOpA TAKTOBBIX UMITYJIbCOB B MPUEMHHKE JOCTATOYHO TEX U3MEHEHUN B CUTHA-
Je, KoTopble mpoucxoaat npu nepexoje ot 1 k 0 unu ot 0 k 1 (mpu @M 310 cKkau-
ku Qa3pl Ha 180°). [IpaBaa, uHOrAa B CUTHAJIE BCTPEYAIOTCA JIJIMHHBIE CEPUU HY-
JIel WY eIMHMIL, TOTJA 3TH CKaYKH OTCYTCTBYIOT, U pabOTa CENeKTOopa 3aTpyaHs-
ercsi. UToObl 00sIeT4uTh PaboOTy CENEKTOpa TAKTOBBIX WMITYJIHCOB, KaXKIbld OUT
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 PACIIMPSIOT CIEKTpP MEPEAaBaeMOro CHUrHajia, MO3TOMY
MIPUMEHSIOTCS TaJIEKO HE BCEra.

Bunumbix rpaHul] Mexay KOAOBBIMU KOMOWHALMSAMH, MPUHAISKAIUMU
COCEHUM KaHaJIaM, B TPYIIIOBOM CUTHajJ€ HET. TeM He MEHee, KaHAJIbHbBIE CUH-
XPOCUTHAJBI, KaK MPABUJIO, HE MEPENAIOT. JJOCTATOUHO TOT0, YTO MEpEACTCs Kal-
POBBIN CUHXPOCUTHAJ B Hadajle Ka)KJI0ro Kajpa (CUrHaJIbl TOYHOTO BPEMEHU BEJlb
HE MEepe/latloT €XKECEKYHAHO WIN €XKEMHUHYTHO, IOCTATOYHO NEpeaaBaTh pa3 B yac).
[ns nepenaym KagpoBOro CHHXPOCUTHANA BBIJENSAETCSA OTJEIbHBINA KaHAL, U B HEM
B udponoit CIIN nepenaercs crenuanbHas KOA0Bass KOMOWHALIMS TOM e JIJTUHBI,
4TO U B II0OOM Jpyrom kanajie. Hanpumep, B anmaparype MKM-30 B Hayane kax-
JIOTO YETHOTO IMKJIa Ha 2-8 OUTOBBIX MO3UIUAX MEPEIACTCS CUHXPOCUTHAN BUA
0011011. EnpHCTBEHHOE OTIIMYME IHUKJIOBOTO CHHXPOCHTHAJA OT KOMOMHAIIUNA B
MH(OPMAITMOHHBIX KaHaJlaX COCTOMT B TOM, YTO OH BCErJla OJUH U TOT ke, a KOM-
OuHanMu B THGOPMAIMOHHBIX KaHAJIaX U3MEHSIFOTCSL.

Ucxonsa u3 npunimna GopMHUpPOBAHUS TAKTOBBIX MMITYJIHCOB PAa3HBIX YPOB-
Hel (JeJIeHrne YaCTOThl TAKTOBBIX UMMYJIbCOB MIEPBOTO YPOBHS), JIETKO J0Ta1aThCs,
4TO CeleKmop MaKmo8blX UMNYIbCO8 NEPBO20 YPOBHSL O0JICEH OblMb AHANO208bIM,
a cenexmopul Ooee 8blCOKUX YpO8Hel — 2mo yugposvie ycmpoiicmea. Ilpasna, B
MOCJTIETHEE BPEMSI M ISl BBIACICHHUSI TAKTOBBIX UMITYJIbCOB HEPEIKO MPUMEHSETCS
1u(pOBOI CENEKTOP, HO, B CYIIHOCTH, B HEM BBITOJIHSIIOTCS T€ € OIlepalud B
uudposoii popme.

B kauecTtBe NEpBUYHOrO reHEepaTopa B MPUEMHHUKE IIPUMEHSIETCS TEHEPATOP
TaKTOBBIX UMITYJILCOB, yIpaBiseMmbii HanpspkeHueM (I'YH), Hanpumep redeparop
uMItyIcoB yactoThl 2048 kI'u B UKM-30, B KOTOPOM OCYIIECTBISIETCS hazo8as
asmonoocmpotixa yacmomul 1O cxeme puc. 5.5. Ha Bxox ¢azoBoro aerekropa-
JTACKPUMHUHATOPA TMOJAETCA MPUHUMAEMbId TPYIIOBOM CUTHAJ TOCJE JETEKTOpa
(ammutyaHOTrO0, Pa30BOrO IUOO YACTOTHOTO B 3aBUCUMOCTH OT BHIa MOJYJISIIHH).
Hy)XHO OTMETUTH JUIIL OJJHO OOCTOSITEIbCTBO: €CJIM CHUMBOJIBI NEPENAIOTCS HM-
MyJbCaMH JITTUTENBHOCTU T 0€3 Tay3 MeXAy HHMH, TO B CIIEKTPE TAKOTO CUTHAJIA
OTCYTCTBYET COCTABJIAIOLIASl C YACTOTOW MOBTOPEHUS CUMBOJIOB F,=1/7 (3Ta co-

CTaBJISIOIIAsl COBIAJAET C YACTOTOW, HA KOTOPOMl CHEKTpaJIbHAsI INIOTHOCTh PaBHA
HYJII0), TO €CTh OTCYTCTBYET MH(popMauus g padboTsl AUCKpuMHUHaTopa. [losTo-
My MPOJIETEKTUPOBAHHBIN CUTHAJ, MEPE] TEM KaK MOAATh €ro Ha BXOJ JTUCKPUMHU-
HaTOpa, MOJIBEPIatoT JIONOIHUTEIbHOW 00paboTke. Hanpumep, 3TOT curHain Mox-
HO MpomycTuTh uepe3 auddepenuupyromyo RC-uens v 3areM WHBEPTUPOBATH
UMIIYJIbChl OTPULIATEIBHON MOJMSIPHOCTU. B nTore Ha BXoJ AMCKpUMHUHATOpPA OyIyT
II0/1aBaTbCsl KOPOTKUE MMITYJIbCHI B T€ MOMEHTBI, KOIZja CUMBOJI M3MEHSETCA Ha
MPOTHUBOIOJIOKHBIN.

B nmr06oM aHamoroBoM yCTpONCTBE aBTOMATUYECKOTO PEryIUPOBAaHUS HMe-
I0TCSI TIOTPEIIHOCTU TPEX BUJOB: CHCTEMAaTHUYeCKas, TO €CTh IMOCTOSIHHOE CMelle-
HUE BPEMEHHOI'O IOJIOKEHUSI TaKTOBBIX MMITYJIbCOB, €r0 MEUICHHBIEC CIIydailHble
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Bapuaiuu (BaHzuep) U ObICTpBIC CilydaiiHbie (QIYKTyallli UX BPEMEHHOTO MOJIOXKe-
HUs (JUKUTTEP).

['maBHasi mpu4MHA MOSABICHUS NOCTOSHHOW cuUCmeMamuyeckou OwuOKu —
HETOYHas MepBOHAYANIbHAS HACTPOMKA 3JIEMEHTOB, HAPUMEp, OTINYHUE COOCTBEH-
Hoil yactoTel 'VH (npu Hyn€BOM ymHpaBIISIOIIEM HAOpsHDKEHUHM) OT 4acTOThI Iep-
BUYHOI'O TE€HepaTopa B IepenaTdyuke, JUOO M3MEHEHHE HAaCTPOMKU B Ipolecce
crapeHust sneMeHToB. Hammune ®AIIY ymeHblIaer, HO HE CBOAUT 3Ty MOrpe-
HOCTb K HYJIIO.

Banoep o0ycnoBieH TUHAMUYECKHUMH ONIMOKAMU CIEIAIEH CUCTEMBI MPH
MEJIEHHBIX U3MEHEHHUAX YacTOT F€HEPaTOPOB MO0 3a/1€pKKU B KaHAJIE MepeaadHu.

JIicummep BBI3BIBaE€TCA HAIMYUEM OBICTPHIX (DIYKTYyalMii 4acTOT 000UX re-
HEpaTOpOB, BIMSHUEM IIIyMa U 3aMUPAaHUN TPUHUMAEMOI'O CUTHAA.

[TocKONBbKY TaKTOBBIE HMITYJIbChl YIPABISIOT pPabOTOM JEMOAYIATOPA,
HaJIM4YMe TOrPEIIHOCTEH BCEX BHUIOB MPHUBOAUT K YBEIUYEHHUIO BEPOSITHOCTH
onOKK npu JeMoayisunu. Ha cenmekTopbl CUHXPOCUTHAJIOB BEPXHUX YpPOBHEH
MOCTYIAET CUTHAJ C BBIXOJIa IEMOAYJISTOPA, IIOATOMY 3TH K€ MOTPEIIHOCTH, B KO-
HEYHOM HUTOT€, YBEJIMYMBAIOT U BEPOSATHOCTH cOOSl CUHXPOHU3ALMU Ha 3TUX YPOB-
HSIX.

Jroboit yughposoui cenexkmop cumnxpocuenanos B KOHLE KaXJOro mnepuojaa
(3TOT mepHoj paBeH MEPUOAY MOBTOPEHUU CHHXPOCUTHANIA TAaHHOI'O YPOBHS) BbI-
HOCHUT OJTHO W3 JBYX perieHuil: 1) CMHXpOHM3aIusi UMeeTcs; 2) mpousolien coon
CUHXPOHU3ALIHH.

UToOBI BEIHECTH PEIICHUE, CEIEKTOP aHATM3UPYET MPUHUMAEMBIA CUTHAN B
TeYeHUE N NPEbIAYIIMX MEPUOAOB M MOJCUYUTHIBAET KOJIMYECTBO M CilydaeB, KO-
I71a Ha MO3ULHH, YKa3aHHON COOTBETCTBYIOUIMM TAaKTOBBIM MUMITYJIbCOM OT MECT-
HOTO TEeHEpaTopHOro oO0OpyaoBaHuUsA, (GopMa NMPUHUMAEMOIO CHTHaja COOTBET-
CTBYET OXKMJIa€MOMY CHHXPOCHTHally. Ta olepalnus Ha3bIBa€TCS HAKOIICHUEM
uMITyJIbcoB. Ecim m > my, rae m, — 3apaHee yCTaHOBJIEHHOE ITOPOrOBOE 3HAUEHUE,
TO MPUHUMAETCS TEPBOE U3 JBYX BO3MOXHBIX pEUICHUH, B IPOTUBHOM Cllydae —
BTOPOE.

Hanpumep, B UKM-30 MOXHO KaXXIblid pa3 aHaIU3UpOBaTh N=5 moapsn
UYIIUX YETHBIX IIUKIIOB U YCTAaHOBUTH M, = 4. ['eHepaTop YETHBIX IUKIOBBIX UM-
MYJIbCOB B KAXKJIOM U3 3TUX ISATH IUKIIOB BBIJAEISAET OJUH CIOT U3 TPUILATH JABYX.
Ecnu B ueThIpex wiM MATH BBIJICTICHHBIX CIIOTaX oka3ajgach komOuHarus 0011011,
TO CJIEAYET NPUHATH PEIICHUE O HATUYUH CUHXPOHU3ALMY.

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 MPHUHSI pPEeUIEHUE O HAIMYMK CUHXPOHM3ALUHU, TO 3TO — OMIHOKa
BTOPOI'O POJIA.

[Ipeanonoxum, 4to B npuBeaeHHOM Bbilie npumepe A MKM-30 omubku
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Ha BBIXOJE IEMOAYJISITOpa OTCYTCTBYIOT. Torga mpu N = 5 clieAyeT NpuHATh M, =
5, ¥ BO3MOXHO JIMIIIb BO3HUKHOBEHHME OIIMOKK BTOPOT'O poOjia B CUTYyallMH, KOTJa
BO BCEX IMATH ITOMEUEHHBIX ITOJIb30BATCIBCKUX KaHAJIAX ITOSIBUTCS KOMOWHAIHS
0011011. Tak kak B IIOJB30BATEILCKUX KaHaJaX MMEETCS IOCJIEI0BATEILHOCTH
MPAKTUUYECKU HE3aBUCHUMBIX PABHOBEPOSITHBIX CHMBOJIOB, TO BEPOSITHOCTh TAKOT'O
coObITHA P, =0,5% ~2,9-10™"" TOBOJILHO MaJa.

B peanpHOl cuTyaruu OMMOKK Ha BBIXOJAE JIEMOAYJSATOpAa BCTPEUAIOTCH,
MO3TOMY B paboTe HU(PPOBOrO CEIEKTOpa CUHXPOCUTHAJIOB BO3MOXKHBI OIITUOKH
000MX BUJOB, U CIEAYET MOA00paTh TaKOE 3HAYEHUE TTopora My, IpyU KOTOPOM MU-
HUMAaJIbHa MOJIHASL BEPOSTHOCTH OLTUOKH.

Ecnu cenekTop npuHsII pelieHrne o c00e CHHXPOHHU3AUMHU, TO OH MEePEXOIUT
B PEXHUM IIOMCKA, TO €CThb MPOBEPSET MOAPAI BCE CIOTHI JO TEX MOp, MOKa HE
Bcrperutcs komOuHarust 0011011, Tlocne sToro mepexoauT B HOpMaJbHBIN pe-
UM, TO €CTh PEXKUM CJICKEHUSI, IPU ITOM HE UCKIIOUEHO, YTO 4epe3 N MepuooB
OH CHOBA ITOBTOPUT MOUCK.

EcTecTBEHHO, UTO mpebosanusi K nOMexoycmoudusoCmu ceieKmopa Cum-
XPOCUSHANI08 CYWECMBEHHO Gbluie, YeM mpebo8aHus K NOMexXoyCmouuusocmu opy-
eux pewarowux ycmpoucme. Hanpumep, omudka B 0JHOM OUTE Ha BBIXOJE JIEMO-
TyJSATOpa UCKA3UT JUIIH OJIHY KOJIOBYIO KOMOWHAINIO, a COOM CHHXPOHM3AINU Ha
HEKOTOpOE BpeMsl HapymuT paboty Bcelr MHOorokanaiasHoi CIIM. YMeHbIIUTH Be-
POSITHOCTh HapyIIEHUsI CHHXPOHU3AIIMKA MOKHO, YBEJIMUMB 3HaUCHHUE TTapamMeTpa N,
HO MPH 3TOM BO3PACTAET BpEMsI BOCCTAHOBJICHHS] CHHXPOHU3AIIUH.

Pemenrie mpoOeMbl CUHXPOHHU3AIMU B CHCTEMAaX PaJMOCBI3H C MHOIO-
CTAHUMOHHBIM JOCTYIIOM HMEET psiJi ocoOeHHOCcTel. Eciu B MHOrOKaHaJIbHOM
CII1 popmupoBanue nu@ppoBOro CurHaiia, KOAUPOBAHUE, MOMYIISIIUS U YIJIOTHE-
HUE KaHAJIOB OCYLIECTBIISIIOTCS 8 nyHKme nepedayu NOJ YIPaBIECHUEM OO0IIEero re-
HEPaTOPHOT0 O0OpYy/OBaHUS, TO B CUCTEMaX PaJUOCBS3U nepeoamyux, yCmpou-
CM60 YnjomHeHusi KaHAIbHBIX CUTHAJIOB (0a30Bas CTaHIMSA B CHUCTEMax COTOBOM
CBsA3M, perpaHcisitop Ha MC3 B cuctemax CIyTHUKOBOM CBSI3U U T. 1.) U NPUEMHUK
HAX00SIMCA 8 PA3HbIX NYHKMAx. 31eCh MPUXOJIUTCA HAIaKUBATh COBMECTHYIO CHH-
XpOHHYIO padoTy HE JIBYX, a mpex 00bEKTOB B YCIOBUSX, KOI/la paCCTOSHUS MEX-
Jly HUIMH MEHSAIOTCS BO BpPEMEHU (CIEA0BATEIbHO, MEHSIOTCS U 3aJ€P>KKU CUTHa-
7a).

B Takux cucremax, Kak MpaBuiio, OCYIIECTBIISIETCS ABYCTOPOHHSS Mepeaaya
uH(pOpMAIUH, TO €CTb Ha 000UX Y4acmKax UmMeromcs 08a paGHOYEHHbIX KAHANA: B
npAMOM U 0OpamHoM Hanpaeienusx. 3AeCh 6edyujas poib NPUHAONEHCUM pe-
Mpauciamopy, MO3TOMY B HEM HaXOJIUTCS TEHEPATOPHOE 00OpYyIOBaHHE, 3aJat0-
1iee BpeMeHHOU rpaduk paboThl Bceil cucTteMbl, U (OPMUPOBATENN CUHXPOCUTHA-
n0B. [TpuemMHMKH Bcex aDOHEHTOB CHHXPOHU3UPYIOT CBOE T€HEPATOPHOE 000PY10-
BaHUE IO CUTHAJIaM, MepeAaBaeMbIM PETPAHCISATOPOM, U ITO K€ 000pyIOBaHHE
YIOPAaBIISIET pabOTOM CBOEr0 NepeaTyuKa.

OcraeTcst TUIIb OJIUH BOMPOC: C KAKUM OTIEPEKEHUEM JTOJKEH paboTaTh Te-
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penatuuk, 4yToObl €ro CUTHAJ JOCTHT PETPAHCIATOpa K TOMY MOMEHTY, KOrja
HAYHETCS HYKHBIM BpEMEHHOM cl0T? /[ OLlEHKH TEKylIero BpEMEHH 3anas3/iblBa-
HUS HA IyTH OT CTAHLHUH JO0 PETPAHCIATOPA KaX1ask CTaHUUSA NEPUOJUIECKU NPU-
HUMAET CBOW CHUTHAJ, BO3BPATUBIIMICS OT PETPAHCIATOPA, U U3MEPSET €ro 3amas-
JBIBAHUE 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 Ja)Ke Ha MEPBBIX JABYX YPOBHSX (OUTHI M OANTHI)
CIOCO0 CMHXPOHU3ALMK HE OTJIMYAETCS OT TOro, 4yto xapakrepHo aiusa CIIN B cun-
XPOHHOM pEXUME NEepeIayn.

Onumiem ABa TUIMMHYHBIX CIOC00a 00eCreYeHus CHHXPOHHU3AlMU Ha TPEThbEM
YPOBHE, II€ CUCTEMAa CUHXPOHHU3ALMH JTOJKHA YKa3aTh MPUEMHUKY OalThI, COOT-
BETCTBYIOLIME HaYaly ¥ KOHIly IaKeTa.

1) B Hauane u B KOHIIE KaXJIOr0 MakeTa nepenaercs ¢.iae, T0 €CTh CHEIU-
anbHas BOChbMUOMTOBass KomOuHanwms, gornyctum, 01111110, Takas komOuHaIUs
HE MOXXET BCTPETUTHCS HUT/E OOiblle BHYTpU makeTa. EcTecTBEHHO, 4TO mociie-
JIOBaTENIbHOCTh CHMBOJIOB OT MCTOYHHKA MH(POPMAIIUA MOKET HE YTOBJICTBOPATH
TOMY TpeOOBaHUIO, TO3TOMY OHA MOJBEPTaeTcs MePeKOIUPOBKE: MOCIE CEpUU U3
ISITU €IMHUL] BCTABJSIETCSA JOINOJHUTENbHBIM HyIb. Hampumep, mocienoBaTenb-
HOCcTh 010111110011111110 mpeo6pazyercss 8 01011111000111110110. Cenexrop
CUHXPOCHUTHAJIa TIPOBEPSET BCE BOCBMUOUTOBBIE MOCIEI0BATEILHOCTH U MEPBYIO
obHapyxeHnyto komomHaruio 01111110 uaerTuduupyeT Kak Hadaao Makera, a
BTOPYIO — KaK €ro KOHell.

2) Homep 0Oaiita, COOTBETCTBYIOIINM Hayaly MakeTa, U KOJIM4eCTBO OAlTOB B
MaKeTe MepearoTcs MO OTACIbHBIM, CIYKEOHBIM KaHasIaM.

Kak BuaHO Ha puc. 6.7, CylecTBYIOT CBOOOJHBIE MHTEPBAJIbI, HE 3aHSTHIC
JUI Tiepefiladyd TakeToB. B JeMCTBUTENBLHOCTA B 3TO BpeMs Iepenaercs “mycras’
MOCIIEI0BATEIbBHOCTh CHMBOJIOB JIJISI TOTO, YTOOBI 00ECIEUUTh YCTOMUHBYIO paboTy
CEJIEKTOPOB CUHXPOCHUTHAJIOB B puemMHou yactu CIIN.

6.6 PacumpeHune cnekTtpa curHana

3aBepias 00CyKJIeHHE CBOMCTB CUTHajoB, ucnoib3yeMbix B CIIU ¢ koxgo-
BBIM Da3J€leHUEM KaHaJOB, PACCMOTPUM OCHOBHBIE CIOCOOBI PpacHIMpPeHHs
CIIEKTPAa CUTHAJIA.

Pacmupenue crnekTpa curhaiza — 3TO MNPOLEAYpa, B pe3yJjbTaTe KOTOPOM
CHEKTp LU(POBOro CUTHATIA CTAHOBUTCS HIMPE, YEM 3TO MUHUMAIBHO HEOOXOJUMO
JUISl €0 TMepeladn, a MPOUECcC PAaCIIMPEHHs NMPOUCXOAUT MPU yYaCTHUH YUCIOBOU
MOCJIEI0OBATEIBLHOCTH, HE 3aBUCSIIEH OT nepenaBaeMoro coobuienus [2]. [pume-
HEHUE BHYTPUUMIYJIbCHON KOJ0BOM @M — 3TO OJIMH U3 ABYX OCHOBHBIX CIIOCOOOB
pacmMpeHus crekrpa curaana. Kak Mol yxe yBunenu (pasn. 6.4), 3nech oda npu-
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3HaKa MPUCYTCTBYIOT.
Hpyroii cnocod pacimpeHus CreKTpa — 3T0 CKauKO0Opa3HOE nepekatouenue
Hecyujel 4acmomul CUSHANA.
Jlsiss 5TOrO 3apaHee yCTaHABIMBAIOT (TOYHEE, 3aKJIAIBIBAIOT B MPOTPAMMY
paboThl cUHTEe3aTopa Hecyllen) psan (ukcupoBaHHbIX vacTtoT f,..,f,, U mepe-

KJIFOUeHUEe (BBIOOp HOMEpa OuYepedHOW YacTOThbl) MPOU3BOAMUTCS YEpe3 pPABHBIE
IIPOMEXYTKU BPEMEHU T B COOTBETCTBUM C OYEPEAHBIM DJIIEMEHTOM IICEBIOCIY-
YalHOW yIpaBisroned M-U4HON YUCIIOBOU MOCIIEN0BATEIBHOCTH.

Bo3moxkeH pexum Ovicmpozo nepexmouenusi (7 <<rt, ), TO €CTb HeCyIias 4a-

CTOTa MepeKIroyaeTcs B pa3 3a BpeMs nepeiadd 0AHOro MHGOPMaIMOHHOTO CUM-
Bosta. CBOMCTBA TaKUX CUTHAJIOB BEChbMa OJIM3KHM K CBOMCTBAM CHUTHAJIOB C BHYTPH-
UMITYJIbCHOM KO710BOM DM, HO co3/laHue CTOJIb OBICTPOJCHCTBYIOIIETO CHHTE3a-
TOpA YacTOT — CJIOKHAA 3a/1ay4a.

B 0Gonee nmpocToM pexuMe meodneHHo20 nepekioueHus 4acToThl (7>>7,) B

WHTEpBAJIC T MepeaaeTcs cepust HHPOPMAIIMOHHBIX UMITYJILCOB HA HEU3MEHHOM He-
CyIlleW 4acToTe, U B UTOre B MpeJiesiax dTOr0 MHTEpBaia MOTYUYHUBIIMNCS CUTHAI
HUYEM HE OTJIMYAETCS OT OOBIYHOTO Y3KOIOJIOCHOT'O CUTHAIA.

KakoBbI MpenMyniecTBa CUTHAJIOB C PACIIUPEHHBIM CIIEKTPOM?

Ecnu 0a3a curHana Benuka, Mpu Mepeaade B paJuoKaHajae CIEKTp CUrHala
pacnpesnensieTcsl Mo MUPOKOM MoJIoce YacTOT, TaK YTO Ha JII0OOM y4acTKe OTHO-
IIEHUE CPEIHUX MOIIHOCTEN CUTHaIa U IIIyMa MOXKET ObITh 1K€ HAMHOTO MEHbIIIE
eNUHUIIBL. B Takux yciaoBUsSX 00€CIIeUUBACTCSA CKPbIMHOCHb TIEPEIadu, TTIOCKOJIBKY
YBEPEHHO OOHApPYXUTh caM (DaKT HAJIUYMS TOJIE3HOTO CUTHAIA YK€ He YyJaeTcs.
Ou4eBUIHO, YTO CKPBITh OJTHOBPEMEHHYIO PabO0Ty OOJIBIIOT0 KOJIMYECTBA UCTOUYHU-
KOB TakUM 00pa3oM yxke TpynHee. CUTHaJI ¢ IIMPOKOW MOJIOCON MEHbIIE MOABEP-
KEH BO3JICUCTBUIO Y3KOMOJIOCHOW MOMEXH, MOPa)Xarolleil JUIIb YacTh €ro CIeK-
Tpa.

Curnan ¢ pacuidpeHHbIM CIEKTPOM 00JaJaeT U HEKOTOPOW KPUIITOYCTOM-
YUBOCTHIO, MOCKOJBKY JJISI €r0 HOPMAJIbHOTO MpueMa (CoKaTusl) HEIOCTaTOYHO
3HATh HECYIIYIO YAaCTOTY M O0ECIEYUTh CHMHXPOHMU3AIUIO TPUEMHUKA, HY)KHO €IIle
3HATh YMCIOBYIO IOCJIEI0BATEIBbHOCTD, YNPABISIOUIYI0 MPOLUECCOM PACIIUPEHUS
crnektpa. C 3TUM K€ CBS3aHA W TOBBIINIEHHAS YCTOWYMBOCTh TAKMX CUTHAJIOB K
BO3JICVICTBUIO IIMPOKONOJIOCHON MOMEXHU. Takas moMexa XOpoIIO BO3JECHCTBYET Ha
KOPPEJISIIUOHHBIN MPUEMHUK JIMIb B Clydae, KOrJa OHA MOXO0XKa Ha MOJIE3HBIM
CUTHAJI, HO JIJI CO3/IaHUsI TAKOM MTOMEXU TaKXe€ HY>KHO 3HATh PACIIMPSIOLIYIO YK C-
JIOBYIO ITOCJEN0BATEIBHOCTb.

NHorna MOXXHO BCTPETUTHh YTBEPKICHHE, UYTO CUTHAJIBI C PACHIMPEHHBIM
CHEKTPOM CIIOCOOHBI 00ECIIEYUTh MEHBIIIYI0 BETUYMHY BEPOSTHOCTH OIIMOKH MpU
JEMOAYJISINU, YeM Y3KOMOJIOCHBIE CUTHAJIBl. JTO YTBEPKIECHHE OMIMOOYHO, MO
KpaitHeil mepe, o otHomeHuto k CIIW, ucnonp3yromieil KaHall ¢ MOCTOSHHBIMU
napaMeTrpamMmu, rockojbky B HemM BER 3aBucutr nuine ot oTHOIIEHUST SHEPTUU WH-
(hOpMaIMOHHOTO UMITYJIbCA K CIIEKTPATLHOM MIIOTHOCTH IITyMa, a TIPU PACIIUPECHUN
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CIIEKTPA 3TA SHEPTUsl HE YBEIUYMUBAETCA.

3aTo 6 KaHaie ¢ MyIbMUNIUKaAMU8HOU noMexol TPEUMYILECTBA CUTHAJIOB C
pPacCUIMPEHHBIM CIEKTPOM (TOYHEE, BO3MOKHOCTH, KOTOPHIMHU €I€ HYXKHO YMETh
BOCIIOJIb30BaThCs1) HE MOABEPTAIOTCSI COMHEHHUIO.

JIeHCTBUTENBHO, CIIEKTP Y3KOMOJIOCHOI'O CUTHANIA MOXET LIETUKOM OKa3aThb-
Csl BHYTPHM YaCTOTHOT'O MHTEpBaja, HaA KOTOPOM KOI(PPUIMEHT Nepenayu JIMHUH
OYEHb MaJl, KaK MOKa3aHO Ha puc. 6.9, 4YTO MpUBEIET K MOSBICHUIO MAKETa OLIU-
00K, a TO U K mpephIBaHuIo CBs3U. KoHeuHo, uepe3 HeKoTopoe BpeMst (hopma 3Toit

i~ S A s
i VA 'NAY

f
Puc. 6.9. [Ipumepsl “MrHOBEHHON™ aMIUTUTYHO-4YACTOTHOM XapaKTepH-
CTUKH KaHaJla ¢ YaCTOTHO-CEJIEKTUBHBIMU 3aMHUPAHUSIMU (CIUIOLIHAS JTU-
HUS), CTIEKTPOB Y3KOMOJOCHOTO (IITPUX-TTYHKTUP) U MIUPOKOIOIOCHOTO
(IITpUX) CUTHATIOB

cnyyaiHou AUX U3MEHUTCS M, BO3MOXKHO, YPOBEHb CUTHAJIA BO3PACTET, HO YaCTh
COOOIIEHHUSI YK€ MOBPEKCHA.

CymMmapHasi MOIIIHOCTh IIMPOKOIOJIOCHOI'O CUTHAajla Ha BBIXOZE JIMHUM MpU
T00BIX m3MeHEeHUsX Gopmbl ee AUX ToKe MEHSETCS, HO 3HAYUTEILHO MCHBIIIC.
W3 sToro moka He cienyer, 4to, 00padaThiBasi ITOT CUTHA TPU MTOMOIIH KOPpes-
ITMOHHOT'O TIPHEMHHKA, 00CCIICYNM TTOYTH CTOJIb YK€ HAJICKHYIO CBSI3b, KaK B KaHa-
Jie ¢ TIOCTOSTHHBIMH Tlapamerpamu. OOui TpuHIHN yKe OblT cHOpPMYyTUPOBAH B
pasn. 5.5: ecnu ecTh MyJIbTUIUIMKATUBHAS TIOMEXa, TO HY’KHO OPraHU30BaTh KaKoe-
TO KOJMYECTBO HE3aBUCHMBIX BETBEU pa3HECEHHBIX Mepefavd W (Wiu) mpuemMa u
chopMHpOBaTh CUTHAJI HA BXOJE PEIIAIONIETO YCTPOWCTBA MyTEM KOMOMHHPOBA-
HUS OTUX PA3HECCHHBIX CUTHAJIOB.

Ha mepBbIii B3rIs1] KaXKETCs, 9TO MTyTEM PACIIUPEHUS CIIEKTPa OPTaHU3yeTCs
YaCTOTHO-pa3HECEHHas Mepeaaya, HO PH 3TOM, B OTJIMUKE OT TPAJAULUOHHOTO Me-
TOJia YaCTOTHOTO pa3HeceHus (pa3f. 5.5), BO-MEPBBIX, HA KaXKJIOW YacTOTE Mepena-
ercsi He 1enbld curHan (MH(QOpMAlMOHHBIM OWT), a TOJIBKO €ro 4acTh, U, BO-
BTOPBIX, 3/IECh HEBO3MOXKHO CIIEKTP MPUHUMAEMOI'0 CUTHAJa Pa3/eUTh HA KOHEU-
HOE€ YHCJIO HE3aBUCUMO (IYKTYHPYIONUX cOocTaBistonux. [loatoMmy, He BIaBasch
B TOHKOCTH KJlacCU(UKAIMU, PACCMOTPUM MPUMEHSAEMble METOAbl KOMOMHUPOBA-
HUS YaCTEU TAKOr0 CUTHAJA.

Buvioenenue cocmasnsiowux cuenana, ux pazoenvHas oopabomka u KomoOu-
HUpPOBaHue BO3MOXKHBI B YaCTOTHON M BpEMEHHON 00JIaCTSIX.

Obpabomka 8 yacmommnou 001acmu C80OUMCS K UCHOAb308AHUIO A0ANMUG-
HO20 3K6aal3epa, TO eCTh JIMHEMHOro (QUIbTpa ¢ U3MEHSIEMOIN YaCTOTHOW Xapak-
TepUCTUKON. Takas BO3MOXHOCTh OOYCIIOBJIEHA TEM, YTO YACTOTHAsl XapaKTepH-
CTHKa KaHaja U3MEHSETCS TOCTaTOYHO MEJIJIEHHO, TO €CTh, OHA MOYTH HE U3MEHSI-
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€TCs 32 BpeMsl, B TEUEHHE KOTOPOTO MOXHO MPHUHATH JECATKH U COTHU MH(pOopMa-
IMOHHBIX WUMMYJbcOB. [0 3TUM HMMyJbcaM MPUEMHHUK OIIEHUBAET (PopMy uUX
cuekrpa S, (f). @opMa criekTpa cursaia Ha BXojae kaHana S, (f) u3BecTHa, IO-

BbIX

TOMY OLICHUBAETCS dopmMa  yacTOTHOM XapaKTEpUCTUKU KaHaya
K(f)=~S,, (f)/S, (f). HacroTHas XapakTepUCTUKA DKBAJIa3€pa BBIYUCIAECTCA OUYe-

BUJIHBIM 00pa3om Ky ()= K(f)™", B UTOre 4acTOTHAs XapaKTEPUCTHUKA CKBO3HOI'O

TpaKTa CTAaHOBUTCS MOYTH PAaBHOMEPHOM U, CIIE/IOBATEIIbHO, YMEHBIIAIOTCS HCKa-
&KeHUST (POPMbI TPUHUMAEMBIX UMITYJIHCOB.

JIJ1st HEKOTOPBIX BUIAOB MOIYJSIITUU cUTHaANOB (Hampumep, KAM nmbo pas-
HOoBUAHOCTU PM) yTBEpXkKAEHHE O TOM, UYTO B MYHKTE MpHeMa H3BecTHa dopMma
CIIEKTpa CUTHaJla, HE COOTBETCTBYET JIEMCTBUTEIBLHOCTH, TAK KaK M3-3a CIy4ailHO-
CTH WH()OPMAIMOHHBIX MMIYJHCOB W3BECTHA JUIIH (POpMa CHEKTpa IIOTHOCTH
MOIIHOCTH curHana. [loaToMy nepuoiuyecku MPUXOJIUTCS MepenaBaTth 00yyaro-
IIYI0 MOCJIEI0BATEIbHOCTh UMITYJIBCOB, KOI/Ia BMECTO CIIy4allHOW cepuu MH(Op-
MaIlMOHHBIX CHMBOJIOB Ha BXOJl MOAYJSTOpA IMOAAETCS M3BECTHAsl cepusi OUTOB.
TakoM UMKII aJanTaluy dKBAJIanu3epa MOBTOPSAETCA NECATKA U JaKe COTHU pa3 B
CEKYHAY.

Kak BUOHO M3 NpUBEAEHHOIO ONUCAHMS, AJANTUBHBIN JKBANIA3ep MOXKHO
MPUMEHATh HE TOJBKO JJIsi NPUEMA CHTHAJIOB C HMCKYCCTBEHHO PAaCUIWPECHHBIM
cniekTpoMm, HO U B 060 CIIU, ncronb3yrorieit ais nepegayu 10CTaTOYHO KOPOT-
KH€ UMITYJIbCHI, KaK 3TO JIENaeTCs, HalpuMep, B COTOBOI cucteme cranaapra GSM.

Obpabomka 60 8pemeHHOU 0biacmu TPEANONaraeT BBITIOTHEHUE CIEAYIO-
X ONEpaLni.

1) IlpuHuMaeMblii CUTHAJ, COCTOSAIUMH W3 CEpUM WH(OPMALMOHHBIX HM-
MyJbCOB JUIMTENLHOCTBIO 7, C BHyTpuuMIyJibcHOH @M (puc. 6.80), momaroT Ha

BXOJl (UIBTPA, COTIACOBAHHOTO C TaKUM HMIYJIhCcOM. COracoBaHHBIA (UIBTP
CKUMaEeT KaXIblii UMITYJIbC B B pa3, Tak 4To Kaxkaas KBaJpaTypHas COCTaBJISIONIAS
CUTHAJIa UMEET BUJ] KOPOTKOTO UMITYJIbCa ¢ MHOYKECTBOM MaJTbIX OOKOBBIX JICTIECT-
KoB (puc. 2.12).

[TockonbKy TpU HaJWYUKM MHOTOJYYEBOCTH B IYHKTE IpUEMa HMEETCS
0O0JBIIOE KOJWYECTBO CUTHAJIOB, OTPAKEHHBIX OT Pa3HBIX OOBEKTOB U MOITOMY
UMEIOIIUX CITy4aiHble 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 MMITYJIbCA, U3MEPSIOT 3Haue-
HUST KQXKI0W KBaJAPaTypHOU cocTaBisioniei. Takum 0O0pa3oM U3 CyMMapHOTO CHUT-
Hajla BBIICTSIOT N HE3aBUCUMBIX CIaraeMblX, KaXKJ0€ U3 KOTOPBIX COAEPIKUT Iepe-
naBaeMoe coobOmienue. /lanee 93Tu pa3HeCeHHbIE CUTHAIIBI MOKHO KOMOWHUPOBATH
OJTHUM W3 U3BECTHBIX METOAOB (pa3m. 5.5).

Rake (rpabmun) — 370 Ha3BaHUE, KOTOPOE JaJI IIEPBOMY ITPUEMHHKY, B KOTO-
poM OBLIT peann30BaH 3TOT CIOCO0 pa3HECEHHBIX Mepenadu-npuemMa. B Hacrosmiee
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BpeMsi OH BCE€ IIMpPE MPUMEHSETCS B IIUPOKOMOJIOCHBIX CHUCTEMax Iepeayw,
HaIpUMeEp, B COTOBBIX CUCTEMAaX CBS3H C KOJIOBBIM pa3/ieIieHHEM KaHAJIOB.

Ecnmu pacmmpenne crekTpa mpou3BOAUTCS MyTEM MEIJIEHHOTO TEpeKITIoYe-
HUSl YaCTOTBI, BO3MOKHOCTH OOPHOBI C MYJIbTUILITUKATUBHOM MOMEXO0M CYIlIECTBEH-
HO HIDKE. EMWHCTBEHHOE, UTO Ta€T ATOT METOJ - ’TO OTPAHWYCHHUE BPEMCHH, B Te-
YeHHe KOTOPOro cucteMa OyAeT HempephIBHO paboTaTh B HEOIATOMPUSTHBIX YCIO-
BUSX. SICHO, 94TO B OOJIBITMHCTBE CIYYacB 3TOT MHTEPBAJ HE MPEBHIIIACT TIEPHO/IA
MEePEKITIOYEHUS YaCTOTHI T.

B 3axmrouenue cienyer mog4epKHYTh, YTO MOJIOKHUTEIbHbIE KaueCTBa CHUT-
HAJIOB C PACHIMPEHHBIM CTIEKTPOM JOCTHUTAIOTCS 33 CUET CYIIECTBEHHOT'O CHIKE-
Hust yactotHou 3pdextuBHoctu CIIU. TlosTOMy Takue CUTHANIBI, KaK IMPaBUIIO,
WCIIOJIB3YIOTCS JIUIITh B YCIOBHSX MHOTOCTAaHIIMOHHOTO JOCTYIIA, KOTJa 3Ta IIHPO-
Kasl I0J10ca COBMECTHO UCTIONIb3YETCsl MHOTUMHU a0OHEHTAMH.

Bonpocbl Ansi camOKOHTPOnNA no rnaee 6

1. Ilpu kakoM HEOOXOIMMOM YCIOBUH BO3MOXHO JIMHEHHOE pa3iejieHue Ka-
HaJLHBIX CUTHAJIOB 0€3 B3aUMHBIX MOMeX B MHOTrokaHaibHOU CITN?

2. TlosicHuTe MPUHIHUIIBI YACTOTHOTO, BPEMEHHOT'O M KOJOBOTO Pa3felICHHS
KAaHAJIOB.

3. [Houemy B mMHorokananbHO#M CIIV kaHanmbHBIE CHTHAIBI B3aUMHO OPTOTO-
HaAJIBHBI, XOTS ATO HE SIBISETCA 00A3aTEIBHBIM YCIOBUEM JUISI UX pasjie-
JeHus 0e3 MeXTyKaHaJIbHBIX TTOMEX.

4. V3 kakux COOOpakKeHWW BBHIOMPAETCS IIUTEIHHOCTH IHMKJIA TEepeaydl B
MHorokanaiapHou CIIN ¢ BPK?

5. YUto ucnonb3yeTcsi B KAUECTBE YCTPOUCTB YIUIOTHEHUS U pa3feieHus Ka-
HaJIbHBIX CUTHAJIOB B MHOrokaHainbHOM CIIN: ¢ YPK? ¢ BPK? ¢ KPK?

6. Tlouemy BO3HHKaET HEOOXOIUMOCTh OCYIIECTBIICHUS] TAKTOBOM U IUKJIIO-
BOM CHHXPOHU3AIIMU IpHUEMHUKA B MHOrokaHanbHou CITH.

7. YKaxuTe NpUYMHY BOBHUKHOBEHHUS MEXKIYKAHAIbHBIX TOMEX B MHOI'OKa-
HaneHbIX CIIU: ¢ YPK? ¢ BPK? ¢ KPK?

8. Kakue TpeGoBaHUs NPEIBABIAIOTCS K PACHIUPSIONIIM MTOCIEI0BATEIbHO-
CTSM IIPU KOJIOBOM pa3/IeJICHUU KaHasa?

9. HaiiTe ompeneneHusi CHHXPOHHOTO M aCHHXPOHHOTO PEXHMMOB Tepeiauu
U(POBBIX CUTHAJIOB.

10. Ykaxxure 06JaCTH IPUMEHEHUS KOPPETIAITNOHHOTO TIPUEMHHKA.

11.Vkaxxutre OCHOBHBIE pa3lIMyusl JBYX CTaHAApTOB MHOTOKAHAJIBLHOM Iepe-
Jla4M ¢ BpEMEHHBIM MyJibTuIiekcupoBanueM: PDH u SDH.

12.Yem ompenensieTcss MaKCUMaIbHOE YUCIIO KaHATBHBIX CUTHAJIOB B MHOTO-
ka"anbHOM CIIN ¢ KPK?

13. Ilouemy B mHorokananbHbix CIIM: ¢ YUPK Tpebyercst BhicOKas JTHHEH-
HOCTb aMIUTUTYAHON XapaKTEPUCTUKHU TPYIIIOBOrO TpakTa?
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7 NIPUHLUUNbI NOCTPOEHUA CETEU SNEKTPOCBA3U
7.10npepeneHus, knaccudpukaums, CTPYKTypbl ceTen

Kanan — 310 COBOKYMHOCTh TEXHUUYECKUX CPENICTB, 00ECIICUNBAIOIIUX TIepe-
a4y COOOUIEHUHM OINpPEETICeHHOr0 BHIA OT OKOHEYHOIro O0OpYJIOBaHUS OJHOIO
M0JIb30BATENSI K OKOHEYHOMY O00OPYJOBAaHUIO APYroro. Pa3nuuaroT KaHajbl: CHUM-
IJIEKCHBIE, MPEAHA3HAYEHHBIE Ui MI€pElayy TOJIBKO B OJIHOM HAIpaBJICHUU; AyII-
JIEKCHBIE JJI1 OJJHOBPEMEHHOM Iepenayn B 000MX HalpaBlEHUSX; MOJIyAyIUIEKC-
HbI€, TIO3BOJIAIOLIME TIepeaBaTh B 000UX HAMpaBICHUIX, HO TOOYEPETHO.

Cemb 31€Kmpocesa3u — 3TO COBOKYIHOCTh TEXHUUECKHUX CPEICTB, 0Oecreyu-
Barolas 0OMeH nHpopmalmen 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 JIMHUH B OOJIBIIIMHCTBE CITy4YaeB SIBJSIOTCS OJTHOKAHAIBHBIMH,
MEKIIEHTPOBbIC JIMHUU, KaK MMPaBUJIO, MHOTOKaHaJIbHbIE. B ceTu B J1IT000 MOMEHT
BPEMEHM CYIIECTBYET KaKOe-TO KOJIUYECTBO KaHaioB. KaHan, cBs3bIBatOIIUNA ABYX
a0OHEHTOB CETH, HAa3bIBACTCS HEKOMMYmupyemvim (ApEHI0BAHHBIM, TOCTOSIHHBIM),
€CJIM OH TIOCTOSTHHO TOTOB K TMepeaade, Tak Kak HE MCIOIb3yeTCsl IpyruMu ado-
HEeHTaMUu. Kommymupyemolil kanan CO3JaeTcs JIMIb Ha BpeMs Iepeaadyu coooIe-
HUs MO0 ero 4acTH (MakKeTa), B OCTAIbHOE BPEeMsl 3TH TEXHUUYECKHUE CPEICTBA HC-
TIOJIB3YFOTCS JJIsl CO3J]aHUs MOJOOHBIX KaHAJOB IS APYTux aOoHEHTOB. TO ecTh,
nepenavdy cooOIIeHHs] MOKHO HayaTh JIMIIb MOCJE TOTO, KaK CETh MPOU3BEAET
HY’KHOE COEJIMHEHHE.

Ilepsuunas cemsv — 3TO JIMHUUA U KOMMYTAIIMOHHOE 00OPYJIOBaHUE, CITyKa-
miee /Uil 00pa3oBaHus KaHAJIOB CO CTaHIAPTHBIMU XapaKTEPUCTUKAMU, IPUTOTHBIX
JUTSl TIepeiaur COOOILEHUI pa3HbIX BUAOB. Bmopuunas cemv — 3TO CTPYKTYpa, Op-
raHu3ymooias oOMEH COOOIICHUSIMH OIPEACIEHHOTO BHJA C HCIOJIb30BAaHUEM
apeHJI0OBAaHHBIX PECYPCOB MEPBUYHOM CETU M COOTBETCTBYIOIIETO OKOHEYHOIO
obopynoBanus. [IpuMepsl BTOPUYHBIX ceTel — 3TO Tene(OoHHAs CETh, CETh (haKCH-
MUJIBHOU CBsI3H, TelerpadHas CeTh, CETh MEPeaaun ra3eTHBIX MOJI0C, CETH PaIUo-
Y TEJIEBU3MOHHOTO BEIIaHUsI, KOMIILIOTEPHBIC CETH U T.]I.

Cemb cuenanusayuu — 3TO CETh, IPEAHA3HAYEHHAS JIJIsl 0OCITYKUBaHUS TIEP-
BUYHOM CETU W WCHOJb3yeMas IS Mepefaydl KOMaHJ, YNPaBISIOMUX padoTon
LEHTPOB KOMMYTAIlU1 KaHAJIOB.

[To mmomaam oxBara pa3ivyaroT JOKaIbHbIE, MECTHBIE, TOPOJICKUE, 30HAJb-
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HBIC, 00IIIETr0CYIaPCTBEHHBIC U T100ATbHBIC CETH.

B 3aBucumMocTH OT IPUHATICKHOCTH CETH OBIBAIOT TOCY/IaPCTBEHHBIMH, Be-
JIOMCTBEHHBIMHU U YACTHBIMH.

CTpyKTypa CETH B 3HAYMTEIHHOW CTETICHU OMPEIESISICTCS MPUHATHIM B HEU
CIIocO0OM KOMMYTAIIHH.

ITycTh 1IeHTpBl KOMMYTAllMd B CETH OTCYTCTBYIOT, KOMMYTAITUS IPOM3BO-
JIATCS CaMHM OTIIPABHTEIIEM COOOIICHUS. EMMHCTBEHHOM BO3MOKHOM CTPYKTYPOM
SBIISIETCSL NOHOCEA3HAA (KAXKABIA ¢ KaxabpIM) (puc. 7.2a). DTa CTpyKTypa camas
XKUBy4Yas (B clydyae aBapuu Hailnercss 0OOXOIHBIM MyTh) U camasi JOPOTrOCTOSIIAS.
Takum 00pa3oM coeMHEHBI, HATTPUMED, LIEHTPHI 30H B TeNE(HOHHOM CETH CTPAHBI.

ITycTh EHTPHI KOMMYTAITUU B CETH OTCYTCTBYIOT, HO KOMMYTAIIUS TTPOH3-
BOJUTCSA MoOJydaTeneM cooOuieHrs. EqUHCTBEHHON BO3MOXKHOM CTPYKTYPOU SIBJISI-
eTcst oowasn wuna (o0mmas cpena nepeaadn) (puc. 7.26). 1o Haubosee Momysip-

R
ool
B) r)

a) 0)

Puc. 7.2. BapuaHTbl CTPYKTYpPBI CETH: a) TIOJTHOCBSI3HAS,
0) oOmias muHa; B) 3B€31a; T) PaluaIbHO-KOJbIEBAS

Hasl CTPYKTYpa JUIS JTOKATBHBIX KOMITBIOTEPHBIX CETEH, CeTeH BEIIaHMsI.

[Ipy HamMUUK EHTPOB KOMMYTAllUM HamOoJiee paclpOoCTpaHEHHBIMU SIBIISI-
I0TCSl CTPYKTYpPBI TUIA “‘3Be3Aa’” U “panuanbHO-KobLieBas” (puc. 7.2B U 7.2r) s
HEOOJIBIIINX CETEH (CeTh MPEANPHUATHS, HAPUMED) U paduanvho-y3noseas (puc. 7.1)
U1t 6osee KPYITHBIX CEeTeH, BKIIFOYas M rio0aibHbie. CEeTH TaKOTo THIA TIOCTPOe-
HBI, KaK MPABWJIO, 10 UEPAPXUIECKOMY MPHUHIIAITY, TO €CTh UMEIOT IICHTPHI KOMMY-
TallMM Pa3IUYHBIX ypoBHeW, Hanpumep, ATC npennpusitusi, paiioHa, TOPOACKas
ATC niist MeXIyropOaHOM CBSI3U U.T.I.

U, nakoHen, cetu, cojepKalire HeHTPbl KOMMYTaIlUH, TTOAPA3IETSIOTCS Ha
CETU C KomMmymayueu Kananros (aHaJoroBbie MO0 MUGPOBBIE) U CETU C KOMMYMa-
yueti nakemos (TOIBKO MU(PPOBBIC).

7.2 KommyTauumsa KaHanoB U KOMMYyTaLMS NaKeToB

B cetu ¢ xommymayueti kananos (KK) nepenauy cooOuieHus (Tenerpamma,
daiin, TenedOHHBI pa3rOBOP) MOKHO HAYaTh JUIIH MOCIE TOTO Kak Oyaer opra-
HU30BaH CKBO3HOM KaHall OT MCTOYHHUKA K moiiydarento. Ecnu xoTs Obl oguH U3
YYacTKOB 3aHAT, WHUIIMATOP COCAWHEHUS TOJydaeT OT CETH OTKa3 (Hampumep,
BCEM 3HAKOMBIE€ YACThIE T'YKH) U Ye€pe3 HEKOTOPOE BPEMSI MOXKET MOBTOPUTH I10-
nbITKy. [Ipumep — TenedoHHas ceTs.
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B cetu ¢ kxommymayueti nakemos (KII) ouepenHoii maker (Manasi 4acTb CO-
oOuieHus) nepenaercs 10 OIMKailiero HeHTpa KOMMYTallUuK, TaM OH BHOCHUTCS B
naMsTh, CTABUTCS B OUEPEAb U NIEPEAAETCS T0JbIIIE, KaK TOJIBKO HAUAETCS CBOOOI-
HBII KaHaJl B MEXUEHTPOBOM JIMHUM B HY)KHOM HalpaBJeHUU. 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 abOHEHTOB 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 aGOHEHTOB MMeeTCsi 000OpyHIOBaHHUE,
BXOJISIIIIEE B MIEPEUCHB PA3PELICHHOT0 000PYyA0BaHuUs (3TOT MEPEUYECHb MOXKET OBITh
JIOBOJIBHO OOJIBIITMM); @0OHEHTHI COTJIACHBI C TEM, UYTO MAaKeThl OYAYT TOCTABIATH-
C4 C 3aJICPKKOM, BETMUYNHA KOTOPOH CIIydaiHa.

Bbe16op TOro wim apyroro Meroja KOMMYTAllUW ONpPENEseTcs, B MEPBYIO
ouepeib, XapaKTepoM Harpys3kH, CO37aBaeMOil HICTOYHUKAMU UH(GOPMAIUU B 3TOM
cetu. B 3T0i1 K1accuduKaum ¢ 0JHONM CTOPOHBI MOYKHO PACIOI0KUTh HCTOYHUKH,
CO3JIAIOIIUE NOCMOAHHYIO HA2PY3KY BO BpeMsl Mepenadyu cooOmeHus. TUnuaHbIM
IIPEACTABUTENIEM SIBIIIETCS UCTOYHUK TEJIEBHU3MOHHOI'O CUTHAlA: HE3aBUCUMO OT
XapakTepa MepeaBacMoro CrokeTa yepe3 Kaxasie 1/25 cexkyHabl Hy»KHO nepeaa-
BaThb HOBBIM KaJp. XapakTepy TAaKOro MCTOYHHKA JIYYIll€ COOTBETCTBYET METO
KK.

C npyroii CTOpOHBI PacHoOKUM HCTOYHUKH, 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 kaHami cBsi3u He
HyxeH. Meton KII u Ob11 mipeioxKeH Juisl COrjlacOBaHMs METoja Mepeiadn ¢ Xa-
PaKTEPOM TAKUX UCTOUHUKOB.

B Toii unu uHON Mepe nynscupyrowuli xapakmep umeem HazpysKa, co30a6a-
emas bonvuuncmseom ucmounuxog. Hampumep, Bo BpeMsi ceanca TeaeOHHON CBS-
3u Mbl 50% BpeMeHU MOJIYMM, clymias coO0eceHUKa (ecld pa3roBapuBaIOT >KEH-
[IMHA ¥ MY>KYMHA, TO JJI1 HETO 3TOT MPOLEHT 3HAYUTENbHO BbIlIE). MHOr0O Bpeme-
HU 3aHUMAIOT Tay3bl MEXIY CIIOBaMH, (ppa3amu, KOT/a MOXHO KaHajd HE 3aHHU-
MaThb.

CpaBnutensHas xapakrepuctuka MetonoB KK u KII.

1) Ucnons3oBanue merona KII Gmaromapsi BOSMOXKHOCTH CO3/1aTh OYepeb
NO3BOJISIET obecneyums noYmu CMonpoOYEeHmHoe UCNOIb308AHUE NPONYCKHOU CHO-
coonocmu medxcyenmposuix aunuu, a B ceTsix ¢ KK k atomy npegeny npuOian3nTb-
Csl HEJB351, IOCKOJIBKY BEPOSTHOCTh CO3/IaHUSI CKBO3HOI'O KaHaja MaJaeT C yBEJIHU-
YeHUeM Harpy3ku B cerd. Hampumep, mycThb il CO3JaHMsSI CKBO3HOI'O KaHaia
HY>XHO COeIMHUTH 10 HE3aBUCUMBIX YYaCTKOB, U JJISl KaXJA0T0 BEPOATHOCTh HaJH-
yusi cBOOOIHOrO KaHana paBHa 0,7. Torna BepoSATHOCTh YCTaHOBUTH COEAMHEHUE C
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NEepBOM MOMNBITKU paBHA P = 0,7'°= 0,028, o ectb HEJOMYCTUMO MaJia. DTO SIBIIS-
€TCsl caMbIM TJIaBHBIM J10CTOMHCTBOM MeTona KII, mockoibKy CTOMMOCTb JTUHUI
COCTaBJISIET OOJIBIITYIO YaCTh CTOUMOCTH JIFOOOU CETH, 0COOEHHO KaOeIhbHOM.

2) Ilocne ycranoBnenus coeauHeHus B cetu ¢ KK abonenty rapantupyercs
OIPEIEICHHOE Kauecmeo o0cnydcusanusi, TO ecTb (PMKCUPOBAaHHAs MOJOca Mpo-
NyCKaHUs KaHala U, KaK CIEICTBUE, CKOPOCTh NEepeaayl HE HUKE 3apaHee OIpee-
JIEHHOTO 3HauYeHUS, (PUKCUPOBAHHBIC 3HAYEHUS OUTOBON BEPOSITHOCTH OIIMOKHU U
3a/Iep’KKU CUTHAJIa B KaHalle, MPUYEM BCE 3TU MapaMeTphbl HE 3aBUCSAT OT BO3HHUKA-
folux norpedHocrel npyrux aboneHtoB. B cetu ¢ KII Bce mapamerpsl, onpese-
JSIFOIIME KAa4eCTBO OOCIY)KMBAaHHMsSI, 3aBUCAT OT aKTHMBHOCTH IPYrMX aOOHEHTOB,
MO3TOMY CJIy4alHbIM 00pa3oM H3MEHSIOTCS BO BPEMEHM W B 4Hac HamOOJbIIEH
Harpy3ku (UHH) MoryTt npuHsATh HEIOMYCTUMbIE 3HAYEHUS.

3) B cetu ¢ KK 3anepxka ciaydailHOW BETUYMHBI BO3HUKAET MEPE] HAaYaIoM
nepenayu cOOOIIeHHs], BO BpeMsl MOMBITOK YCTaHOBUTH coeiMHeHue, a B ceTu ¢ KII
nepes HayajaoM Iepeayu 3aJepKK1 HET, HO 3aTO CIIydalHasl 3a/1ep’KKa BO3HUKAET
B [IPOIIECCE MEepEaayn.

4) B ceru ¢ KK xapakTepucTUKu CKBO3HOI'O TpaKTa B HAMOOJbIIEH CTENEHU
OMpENIENAIOTCA XapaKTepUCTUKAaMH HauXyauiero 3seHa B uenu, a npu KII nepena-
Yy MAKETOB B 3TOM 3BE€HE MOYKHO BECTH C IMOHMKEHHOU CKOPOCTBIO, C UCIIOJIb30Ba-
HUEM 00J1e€ MOILIHOTO KOAUPOBAHHMS, HAMPABIISAA YAaCTh NAKETOB B 00XO U T.II.

5) B ceru ¢ KII nepenaya Mexa1y COCEIHUMH [IEHTpPaMU KOMMYTAIlUU BEAET-
Csl B HSKOMMYTHPYEMBIX KaHaJlax, 00JaJatouX CKOPPEKTUPOBAHHBIMHU YaCTOTHOMN
u (a30BOI XapaKTEPUCTUKAMH; B ICHTPAX KOMMYTAIIUU OCYIIECTBISCTCS JIBYX-
YpOBHEBasi pereHepanusi CUrHaiza (MOIYJISATOP-AEMOIYJIATOP, KOAEP-IEKOAEP);
0OBIYHO MCTIONB3YETCsl KaHall nepecmnpoca. biaarogaps atomy cets ¢ KII cnocobna
00€ecCIeyuTh Ha HECKOJbKO MOPSAKOB Oojee HU3KYI BEPOATHOCTb OIIMOKH IO
cpaBHeHUIO ¢ ceTblo ¢ KK.

6) B ceru ¢ KII kaxapIii makeT UMEET 3arojloBOK, B KOTOPOM COJIEPKUTCA
BCs cly>)keOHass uHopMaius, HeoOXoaumMas i ero JAOCTAaBKU IO Ha3HAUYEHHUIO
(azpeca MCTOYHMKA U MOJIyYaTels, MOPSAKOBbIA HOMEp MaKeTa B CEPUH, 3HAUCHHUS
JIPYrUuX MapaMeTpoB JIAHHOTO TMakKeTa, TPeOOBAHMS K KauyecTBY OOCTYXUBaHUS U
T.11.). [Ipn KK Takas unpopmanus nepenaercs TOIbKO OJUH pa3, BO BpeMs YyCTa-
HOBJIEHUSI cOoelMHEeHus], ToaToMy (popmansHo B ceTu ¢ KII u3bbrtouHocts (OTHO-
IIEHHE JIJTMHBI 3aroJIoBKa K JIMHE makera) Beiile, 4yeM B cetu ¢ KK. dakTudecku
CUTYallMs U3MEHSETCA HAa OOPATHYIO, €CIIM YYECTh, YTO B May3aX MEXIY COCEIHU-
MU TMaKeTaMHU KaHaJl UCTIONb3YEeTCs JIJISl Mepelaun MakeToB OT APYruX aOOHEHTOB
(cm. m.1).

7) B cetn ¢ KK paboTy mo opraHuzaiuu COeIMHEHHS, HATIPUMEP, HEOTHO-
KpaTHBIM HaboOp HOMEpa, BKIIOYas Ja)ke BbIOOp MapuipyTta (B TeneOHHOH ceTH
HY’KHO 3HaTh KOJ CTPaHbl, KOJA ropoja, HoMep ab0OHEHTA), BBINOIHSIET BbI3bIBAIO-
it aboHeHT; B ceTu ¢ KII Gombliryto 9acTh 9T0il pabOThI BHITIOTHSET CETh.

8) B cetu ¢ KK mpu aBapuu Ha 11000M U3 Y4aCTKOB CKBO3HOM KaHAII pa3py-
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maercsi, a B cetd ¢ KII meHTpbl KOMMyTaIluu MOTYT CaMOCTOSITEIIbHO HANpPaBUTh
OCTaJbHBIE TMAKETHl MO0 OOXOMHOMY MYTH, & B OKOHEYHOM IICHTPE KOMMYTAIIHH
NpPOU3BECTU COOp U PACCTAHOBKY MOCTYIMHUBIIUX MaKETOB B COOTBETCTBUU C HX IIO-
PSAIKOBBIMU HOMEpPAMHU.

9) B ceru ¢ KK panukanbHasi MoOJIepHU3ALMs, BKJIIOYAIOLIAs W3MEHEHUE
CIIOCOOOB MOIYJISIIINU, KOAUPOBAHUS U T.II., MOXKET OBITh MPOBEJICHA JIUIIIb BO BCEH
cetu cpa3y; B cetu ¢ KII Takyro MOJepHU3AIIIO MOXHO MTPOBOAMTH IO YACTSIM.

[TpoBeneHHOE cpaBHEHHE MOKA3bIBAET, UTO Cemb ¢ KOMMymayuel naxkemos
obnadaem boavuiell 2uOKOCMbio U CNOCOOHA 0becnedums 6ojiee 8bICOKYIO HAOeC-
HOCMb U 00CMOBEPHOCMb Nepedadu coobujenul npu bonee 3¢pexmusHom ucnoisb-
308aHUU Pecypco8 cemu, a cems C KOMMymayuel Kauanoe obecneuugaem 0OoJee
8bICOKYIO 2apanmuio CmaduibHO20 Kayecmeda OOCHYIHCUBAHUS, XOMs 8 YEoM €20
Ypoeenb Modcem Oblmb HUCE.

Torga Bo3HUKaeT BOMpoC: HacKoibko yHuBepcaieH meroa KII, B kakoil me-
pe Takasi CeTh MPUTOIHA JIJIS TIepeladr BCEBO3MOKHBIX COOOIICHH, 0COOEHHO CO-
OOIIEHUH OT UICTOYHUKOB, CO3/IAI0IINX MTOCTOSHHYIO Harpy3ky? B wactHocTu, npu-
TOJ[HA JIU Takas CeTh JUIs opraHu3anuu TenedoHHo csa3u? Ha 3ToT Bompoc MOxk-
HO OTBETHUTHh YTBEPAUTEIBHO XOTs OBl MOTOMY, YTO YK€ CYIIECTBYET U YCIIEIITHO
pa3BUBAETCSl MEXKIYropoaHas u MexxayHapoaHas IP-tenedonus, To ectb BeneHue
Tene(OHHBIX MTEPEroBOpoB depe3 ceTh MHTepHeT, B KOTOpOW MPUMEHSETCS METOT
KOMMYTAIMHU TTaKEeTOB.

Oxa3bIBaeTcs, BOMPOC HE B TOM, CYIIECTBYIOT JIM 3aJIeP>KKU B TpoIlecce Te-
pemaur MakeToB, a B TOM, HACKOJBKO BEIMKA CPEIHSS BEIWYMHA 3aJCPKKH H,
IJJaBHOE, HACKOJIBKO BEJMKHU CIy4YalHbIE BapvallMu 3TOM 3aAepxku. Hampuwmep,
BCE YK€ IIPUBBIKIIM K TOMY, 4TO faxe B cetu ¢ KK npu nepenade curnana gepes
CIIyTHUKOBBIN PETPAHCIISATOP HA T€OCTAllMOHAPHON OopOUTe (BBICOTA OKOJIO 36 THIC.
KM) CYILECTBYET 3a/iepkKa mpumepHo B 0,3 ceKyHbl. DTO, KOHEYHO, CO3/IaeT KO-
MY-TO HEOOJbININE HEYI0OCTBA MPU BEJAECHUHU Tele(OHHOro Auanora, HO JIsl TeJe-
BHU3MOHHOI'O BEIIaHUS U, OCOOEHHO, MpU oOMeHe (aiiiaMu MOXKHO ObLIO ObI CMU-
PUTHCS U ¢ OOJbIIEH 3aepKKOU. [ TaBHOE, UTO €€ BEeNMYHUHA [TOCTOSTHHA.

Crnenyer OTMETUTH OJIHO 3aMeUaTeIbHOE CBOMCTBO, BHITEKAIOIIEE U3 3aKOHA
OOJIBIIUX YHUCET TEOPUU BEPOATHOCTEH: yeM OoJbllle a0OHEHTOB OOCTYKHBAET
cetb ¢ KII u ee ornenpHbIE Y4acCTKU, TEM OTHOCHUTEIBHO CTAOMIbHEE CTAHOBUTCS
CyMMapHbIN MOTOK TpeOOBaHUN a0OHEHTOB M, CJIE€AOBATEIbHO, TEM MEHbIIIE CTAHO-
BATCSL CPEIHSISI BEITMYMHA 3aJCPKKU MPHU Tepeaye MakeToB M BEIUMYMHA €€ CIy-
YJailHpIX Bapuanuii. Pazymeercsi, Bce 3TO TOJBKO MPH YCIOBHH, YTO MPOITYyCKHAs
CIIOCOOHOCTh YYacTKOB CETH BHINIE, YEM CyMMapHas Harpyska, co3gaBaemas abo-
HeHTamu. OTHOCUTENIbHASA BEIMUMHA HEOOXOAMMOTO MPEBBIIICHNUS (3amaca) TakxKe
YMEHBIIAETCS C YBEIMYEHHEM KOJIMYecTBa aOOHEHTOB (MOApoOHEee 00 3TOM CM.
pasa. 7.5).

Takum o0OpaszoM, npu nepedaue 6OILUIUX NOMOKOE UHDOpMAYUU 8 CemU C
KII umeemcs peanvras 603Mo#CHOCMb 0becneyums 8blCOKOe Kayecmao 00CyHCU-
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BAHUSL NPU BLICOKOU 3P HEKMUBHOCMU UCNONb30BAHUSL PECYPCO8 CEMU.

CnpaBennmBocTy paau oTMeTuM, 4to U B cetu ¢ KK npu yBennuenuu noro-
KOB TOBBITIIAETCS 3()PEKTUBHOCTH, HO TO HUKAK HE YMEHBIIIACT IPEUMYIIECTB Ce-
T ¢ KII, oTMEUEHHBIX BBIIIIC.

CospemenHas meHOeHyusi npu CO30aHUU HOBbIX CEeMesblX MEXHOJI02Ull 3a-
Ktouaemcst 8 paspabomie “‘2ubpuonvix”’ Memooos ¢ mem, 4moobvl UCNONIb308AMb
docmouHcmea 06oux Memooos u, no 03MONCHOCMU, OCIADUMb UX HEOOCMAMKU.
3a OCHOBY Oepercsi METOJ KOMMYTAaIlMM IaKEeTOB U JOIOJHSAETCS HEKOTOPBIMU
npoueaypaMu, NPUCYIIMMUA METOAY KOMMYTAIlMU KaHAJIOB, HAIpUMEP, MPOLEAY-
POl IpeIBapUTEIBHOTO CO3/IaHMSI CKBO3HOI'O “BUPTYyaJIbHOTO” KaHaa (pasa. 7.4).

7.3 LleHTpBI KOMMYTALIMHA

[IpyHIUNBI TTOCTPOCHUS M (PYHKIIMH HEHTPAa KOMMYTAIUM KAHAJIOB pac-
CMOTpHUM Ha Ipumepe apToMarnueckon tenedonnou cranuuu (ATC).

OcHoBHas 3anmaya nearpa KK — 3to opranuzanus nmo tpeboBaHui0 (usnye-
CKOI'0 COEMHEHHUsI JTI000M M3 N BXOJHBIX JUHUM C JIFOOOU Jpyrod u3 N BBIXOAHBIX
JUHUN ¥ yAep)KaHUEe 3TOr0 COSAWHEHMS Ha BpeMms Iepenadn cooOmieHus. L{eHtp
KK nomkeH oJHOBpEMEHHO MOAAEPKUBATh A0 M Takux coenuHeHuil. Hemocpen-
CTBEHHO ATy 33/1auy peIIaeT YCTPONUCTBO KOMMYTAIMU (KOMMYTAIIMOHHOE T10JIE).

UtoOBI pemuTh ATy 3aAady, IEHTP KOMMYTAIIMU JOJKEH MPUHUMATh U aHa-
JU3UPOBATH COOOIIIEHMS, TOCTYNAIOIINE U3 CETU CUTHAU3aluu, GOpMUpPOBaTh MO-
N0OHbBIE COOOILEHHSI M HaNpaBJsITh UX B Apyrue 1neHTpsl KK, kouTponuposars co-
CTOSTHHME KaHAJIOB Iepeauyd M BhIPaOAThIBAaTh COOTBETCTBYIOIIME KOMAaHIbI MPU
U3MEHEHUU CUTYallMM, BECTU YUYeT U Tapu(UKAIMIO MPOU3BEICHHBIX COCTUHEHUH,
MPOBOJINTh TECTUPOBAHHE COCTOSHHUSA OOOPYyIOBaHUS, OPraHU30BBIBATH IIPEJIO-
CTaBJICHHE a0OHEHTaM psifa JOMOJHUTENBHBIX YCIyr U ToMy moaoOHoe. Bece aTu
(YHKIIMN BBITIOJHAST YCTPOUCTBO YIPABICHUS IIEHTPAa KOMMYTAITUH.

[To-BUAMMOMY, MOKHO BBIACIUTH TPU OCHOBHBIX 3Tana pa3sutus ATC.

Ilepsoe noxonenue — smo dexkaoHo-uiazogwvle (anekmpomexanudeckue) ATC.
DJIEMEHTOM YCTPONCTBAa KOMMYTAIIMU SIBJISIETCS JI€KaHO-1IAroBbld uckarenb. OH
conepkut 10 HEeMOABMKHBIX KOHTAKTOB, PACTIOI0KEHHBIX MO OKPYHOCTHU, U OJUH
MOJIBMKHBIN KOHTAKT, TIO3TOMY CIIOCOOEH MPOM3BOAUTH raJIbBAHUYECKOE COCTMHE-
HUE JIFOOOM U3 JECATH BXOAHBIX JIMHUM ¢ OJTHOM BBIXOJIHOW JIMHUEHN 1100, nMpu 00-
paTHOM BKJIIOYEHUM, OJJHON BXOJHOM € JIFOOOU U3 AECATH BBIXOAHBIX (puc. 7.3).

Brix.

E‘IIIEIIJ

Puc. 7.3. Cxema nexagHO-IIarOBOr0 UCKaTeIs
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[IepemenieHre NOJBUKHOIO KOHTAKTa M3 MCXOJHOIO MOJOKEHHS MPOU3BO-
JUTCA DJIEKTPOMArHUTOM, Ha KOTOPBIM MMOJAETCs cepus, coaepxkamas or 1 mo 10
uMmIyJsibcoB. [lpu mogaye ouepeHOro UMITyJIbca KOHTAKT NMEPEMEIIAETCsS Ha OJMH
mar. ['eHepaTopoM 3TOI cepur MMITYJIbCOB MpU Habope ouepenHor udpsl Teme-
(OHHOr0 HOMEpA SABIIAETCA JUCKOBBI HOMEpPOHAOUpaTENb B TEIEPOHHOM anmnapa-
T€ BBI3BIBAIOILIETO a0OHEHTa. B urore /uist opraHu3anuu COeIMHEHMs], 3a/1aBa€MOT0,
HanpHUMep, IECTU3HAYHBIM HOMEPOM, U yJEp>KaHUsI €ro Ha Bce BpeMs Telle(OHHO-
ro pasroBopa OyAyT 3aJeiiCTBOBAaHbBI LIECTh JAEKaJHO-IIArOBbIX MCKATENEH, Haxo-
nsmuxcs gaxe B pa3Hbix ATC, pacnonoXeHHbIX BOJIb JIMHUH CBSI3H.

Oo6opynoBanue aexagHo-maroBoii ATC umeer Oosbliie Maccy U pa3Mepshl,
BBICOKYIO CTOMMOCTb, JIUIsl HErO XapaKTepHbl 3HAYUTENbHbIE KOJIeOaHUsI CONPOTHB-
JIEHUSI KOHTAKTOB, OTKPBITHIX JIJIsi BHEITHUX Bo3aecTBuid. [locnennee o0cTosATENb-
CTBO SIBJIIETCSI IPUYMHON KPATKOBPEMEHHBIX (ITOpsAJIKA €IUHUL MUJUIUCEKYH]T) 3a-
MUpPaHUI CUTHAJA, 4YTO 0OCOOECHHO MaryoHO BIUSET HA Mepenavy JaHHbIX. JlekanHo-
marosie ATC MOpaJIbHO yCTapenn M CHATHI C IPOU3BOJCTBA, XOTS €HIe KOe-TAe
HAXOJSTCS B DKCIUTyaTalllu.

Bmopoe nokonenue — smo koopounamuwvie ATC (ATC ¢ npocmpancmesennot
Kommymayuei). DIEMEHTOM YCTPOMCTBA KOMMYTAIIUH SIBJISIETCS MHOTOKPATHBIN
koopauHaTHeIM coeaunuTenb (MKC). OH comepxut Habop U3 N “TOPU3OHTAIIb-
HBIX” ¥ N “BEPTUKAJIBHBIX  IIWH, [IPU 3TOM B KAXKIOM Y3JI€ UMEETCS yIPaBISAEMbIN
K104 (puc. 7.4). Kitou — 310 Masiopa3MepHbIii repMETU3UPOBAHHBIN KOHTAKT (Tep-

T A W
T I W
T I W
T A I W

Puc. 7.4. Cxema MHOT'OKPATHOT'O KOOPAWMHATHOT'O COCANHUTECIIA

KOH), B KOTOPOM 3aMbIKaHH€ KOHTAKTOB MPOUCXOIUT MOJ] BO3/I€HCTBUEM BHEIIHETO
MarHuTHOIO IOJIsSI, CO3JaBa€MOI0 MUHUATIOPHBIM 3JIEKTPOMArHUTOM. Y IIPABJISIO-
M€ HAMpSKEHUS Ha 3THU AJIEKTPOMATHUTHI MOAAKOTCA OT YCTPOMCTBA YIPABIICHHUS
ATC. B urore m000i1 BX0J MOKHO COETMHUTH C JHOOBIM BBIXOZOM, IPUYEM OIHO-
BPEMEHHO MOAAEPKUBATH 10 N COCTUHEHUM.

Koopaunatueie ATC 0651aatoT TeMU e HEJO0CTaTKaMU, HO B 3HAYUTEIIBLHO
MeHblIel creneHu. brnarogapst Tomy, uro Bce MKC pabortaioT mo curHainam us3
ycrpoiictBa ynpasieHuss ATC, To ecTb U3 CHEMAIM3UPOBAHHOIO KOMIIBIOTEPA,
€CTh BO3MOXHOCTb IIPEOCTABIIATh AOOHEHTAM Psifl IOMOTHUTEIbHBIX YCIIYT.

Tpemve nokonenue — smo anexkmponuvie (yugposvie) ATC. DneMeHTOM
YCTPOMCTBA KOMMYTAalMH SIBJISIETCS Iapa MYJIbTUIUIEKCOP-AEMYJIbTUILIEKCOpP (pHUC.
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7.5), orkyna cineayer, uto B ATC 3Toro trma npousBoASTCs TaKHe ke mpeodpas3o-

Bx. BbIx.
= Mux || bmux =
Howmep Homep
CcII0Ta clIoTa

YcTpoUCTBO YIIpaBJIEHUA

Puc. 7.5. Cxema koMMyTaTOpa Bp€MEHHBIX HHTEPBAJIOB

BaHUs CUTHAJIOB, Kak B MHorokaHaiasHOU 1udposoit CIIN ¢ BPK (puc. 6.3). Mme-
IOTCS JIUIIb JBA OTJIMUMS. BO-TIEpBBIX, HE HYKEH CEJNEKTOP CUHXPOCUTHAJIOB, TAK
KaK MYJIBTUIUIEKCOP U JAEMYJIbTUILIEKCOP HAXOIATCS PAJIOM M paboTaroT Mo Ko-
MaHJlaM OT OOIIEro yCTpoWCTBa ympaBieHus. BTopoe oTinuue CBA3aHO C MOPSi/I-
KOM ToAKIroueHus N BXoa0B U N BbixonoB. B CIIN ¢ BPK B m1000if MOMEHT Bpe-
MEHHU HOMEP A BXOJHOW JMHHM, MMOJKIIOUYAEMON K BBIXOAY MYJIbTHUILUIEKCOPA, COB-
najgaeT ¢ HoMepoMm B Toil BBIXOJHOM JIMHUM, KOTOpash MOAKIIOYAETCS K BXOAY J€-
MynbTUILIEKCOpa. B kommyTtaTtope ATC 3T ABa HOMEpa BCerja pa3jiuyHbl, XOTS B
1[€JIOM BC€ N Map HOMEPOB MOBTOPSIIOTCS] B TOM K€ MOPSJIKE OT UKIIA K LIUKITY (4de-
pe3 125 MKc) A0 Tex mop, MoKa He 3aKOHYUTCS KaKoW MO0 pa3roBop JMOO HE IMo-
CTYNUT TpeOOBaHKME HA HOBOE COEMMHEHHE. Toraa mpoucxoauT nepedopMupoBa-
HUE Tap, HO OHO, pa3yMeeTcsl, He 3aTparuBaeT HoOMepa CIOTOB TeX aOOHEHTOB, KO-
TOPBIE €IIE HE 3aKOHYMIIN Pa3roBOp.
Hanpumep, npu N=4 Homepa yepeyroTcsi B CIEAYIOLIEM MOPSIJIKE

Homep |...|1|2|3|4(1/2|3|4|1/2 3|4
A
Homep | ... 3141213421 |3|4/2|1
B

DTO 3HAYUT, YTO B MIEPBOM CJIOTE MEPBHINA BXOJ] MOAKIIOYEH K TPEThEMY BbI-
X0/, BO BTOPOM CIIOTE€ BTOPOM BXOJ] MOJAKIIOYEH K YETBEPTOMY BBIXOJY M TakK Jia-
Jee B KaxJaoM Iukie. Takod croco0 HOCHT Ha3BAHUE KOMMYMAYUS 8PEeMEHHbIX
unmepeanos. Her HUKaKUX MPEMATCTBUM NJIi TOTO, YTOOBI HECKOJIBKO BXOJHBIX
JIMHUW COEIUHUTH C OJHOW BBIXOJHOW JIMHUEW IUISI OPraHU3alid COBMECTHOIO
pasroBopa.

3a BpeMsi OJJHOTO MOJKIIOYEHHs (B OJHOM CIIOTE) MEepPENaeTCcsi OJIUH OTCYET
TeneOHHOro curHana B mudpoBoit popme, To ectb 8 6ut. [losTomy Bce aHaoro-
Bble Tene()OHHBIE CUTHANBI, MPUXOISIINE 10 a0OHEHTCKUM JMHUSM, Ha BXOJE B
ATC mnoaseprarorcs a”aoro-nmugpoBomMy MnpeoOpa3OBaHHWIO, a BCE CHUTHAIBI,
HamnpaBisieMble B a0OHEHTCKHUE JUHUU — IU(PO-aHATIOTOBOMY MPeoOpa30OBaHUIO.
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Hepenxo (koraa ob6a abonenrta obcmyxkuBatorcsa ogHo ATC) ob6a mpeodbpazoBaHus
JIEJIat0TCS JIUILb JUIsl TOTO, YTOOBI OCYIIECTBUTH KomMmyTanuio B ATC.

OcHoBHas 3a/1a4a HEHTPA KOMMYTALMH MAKETOB Ta )K€ — 3TO OpraHU3aLus
1o TpeOOBaHMIO (PU3MUECKOT0 COSAMHEHUS JII0OOM M3 N BXOAHBIX JUHUN C JTIO00H
OpYrod U3 N BBIXOIHBIX JUHUM, HO COXPAHAEmMCs 3MoO coeOuHeHue aullb Ha KO-
PpOmKOe 8pems — Ha 8pemMs nepeoadu 00Ho20 nakema. HemocpeacTBEHHO ATy 3aja-
4y pelraeT yCTpoUCTBO KOMMYTalluu U(GPOBBIX CUTHAJIOB.

YtoOsl pemuTh 3Ty 3a/ady, MEeHTP KOMMYTAIMH JOKEH MPOU3BOIUTH Jle-
MOJIYJISIIIUIO IPUHUMAEMBIX UMITYJIBCOB U JIEKOJUPOBAHUE KOMOMHAIMN KOPpEK-
TUPYIOIIETO KojAa (MIPOBOAWTH OOHApPY)KEHHE OIIMOOK), BBIACIATH U aHATH3UPO-
BaTh 3aroJIOBKU MAKETOB (XOTs ObI JJIsl TOTO, YTOOBI OMPEAEIUTh, B KAKOM HaIpaBs-
JIEHUM €ro OTNPABUTh AAJIbIIE MO0 KyJa HAPaBUTh 3alpPOC HA MOBTOPHYIO Mepe-
Javy MakeTa B crydae oOHapYy>KeHHsI B HEM OIMMOO0K), C YI€TOM TEKYIIeH HAarpy3Ku
U COCTOSIHMSI JIMHUM BbIOpaTh HampaBlIeHUE JajbHEUIIeH Mepeaaun Mmakera v Io-
CTaBUTbh €r0 B OU€pe/lb, MPOBECTU KOJUPOBAHUE U MOAYIISLUIO MEpel OTIPABKOM
nakera, KOHTPOJIHMPOBATh COCTOSIHUE KaHAJOB Iepefadyd, BECTH YYET BEIMYUHBI
Tpaduka U TapudUKaIKIO, TPOBOJAUTH TECTUPOBAHUE COCTOSIHUSI OOOPY/IOBaHUS U
TOMY MOJ00HOE.

[IpuBeneHHBIN N1aeko HE TOJHBIM TMEpPeuyeHb IMOKA3bIBAET, 4TO (YHKIHMH
uentpa KII HamHOro cioxhHee u pazHoodpasHee, yeM ¢pynkuuu nenrpa KK, mo-
sToMy Hepeako ueHTp KII — »To MHOronpoueccopHas BHIYUCIUTENbHAS CUCTEMA.

O4eBUAHO, YTO B OONBIIMX CETAX C KOMMYTalMEW MAaKEeTOB HET HEOOXOH-
MOCTH B TOM, YTOOBI BCE IEHTPHI KOMMYTAIlMU ObUTH CITOCOOHBI BBITIONHSITH BCE
nepedrcieHHble (QYHKIMN B TIOTHOM 00beMe, a B MaJIbIX CETSIX MHOTHE U3 QyHK-
i BooOmie He HYyXHbI. [103TOMy CyIIECTBYIOT HEHTPhl KOMMYTAllMd TaKETOB
Pa3HBIX KJIACCOB. YKaXXeM HEKOTOpPbIE U3 HUX, YUUTHIBAS, YTO OJJHA U3 BAXKHEHIITUX
PAa3HOBHUIHOCTEN CETEN C KOMMYTAIMENW TAKETOB — 3TO KOMIIBIOTEPHBIE CETH.

Mocm (bridge) menur oOmyro cpeay, B KOTOPOW IIEPEHAIOTCS MAKETHI,
Hanpumep, o0iyto muHy (puc. 7.26), Ha yacTu (IOJCETH) U BBIMYCKAET MaKeT 3a
npeneabl JaHHOW MOACETH JIMIIb B Cilydae HeoOXoauMocTu. Mimeer oquH npouec-
COpHBI OJIOK.

Kommymamop (switch) uMeer mporieccop Ha Ka)JJa0M MOPTE, TO €CTh 3TO —
COBOKYMHOCTh MOCTOB. CriocoOeH o0pabaThiBaTh MakeThl HE3aBUCUMO B Tapai-
JIIbHOM PEXHUME.

Mapwpymuszamop (router) criocoOeH BbIOMpaTh HauOoJee palOHAIbHBIHN
MapIIpyT, UCTIOIb3Ys SIBHYIO YUCIOBYIO aipecallrio MoJICeTel ¢ YIETOM UX Hepap-
xun. CrnocoOeH npeodpa3oBbiBaTh (hopMaT Makera JJjisl CBSI3U MOACETEN ¢ pa3HOu
CETEBOU TEXHOJIOTHUEM.

[Imo3 (gateway) obGamaeT MOMHBIM HaOOPOM (YHKIUN U MOXET 00Bbemau-
HATh CETU C Pa3HBIMU TUIIAMH CHCTEMHOI'O M MPHUKJIAJAHOrO MPOrpaMMHOro odec-
HEYEHUS.

Kpome Toro, mis kaxaoro Buaa COOOIIEHUHN CYIIECTBYIOT ONTHUMAaJbHbIC
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3Ha4YeHUsl MapaMeTpoB nakeToB. Hampumep, npu nepenade TEIEBU3MOHHOTO WU
TeNe(pOHHOI0 CUTHAJIa >KEeNATeIbHO HCIOJIb30BaTh KOPOTKHE MAKEThI, YTOOBI HE
YBEIMYUBATH 33JIEPKEK, CBSI3aHHBIX C (POPMHUPOBAHUEM, a TaKXKe 00paOOTKON MpH-
HUMaeMbIx mnakeroB. [Ipu mepenaue ¢aiinoB TOMyCTUMO HUCIOJIb30BaHUE Oonee
JUIMHHBIX TAaKETOB JUIsl YMEHbIIEHHUSI U30bITOYHOCTH. OTMETUM €Ill€, YTO CO3/1aHO
OrPOMHOE KOJIMYECTBO BTOPHUYHBIX CETEH C KOMMYTAllMEeH MAKETOB CaMOro pa3Ho-
00pa3HOro Ha3HAYEHUSI.

Bce 3To BhIIBUTAET HA MEPBbIN MIaH MP00JaeMy YHU(PUKAIUHN, CTAHAAPTH-
3allMM CTPYKTYpPhl U MapaMeTpoB MAKETOB, a TaKke CIOcO00B MX 0O0pabOTKM Ha
pasHbIX »Tanax nepenaun. Ocoboe BHUMAHHUE JOIDKHO OBITh YAECNEHO CTaHIApTH-
3auu uHmepgheticoé (CTHIKOB), TO €CTh TPaHUIAM pa3jelia JIBYX YCTPOMCTB WU
CUCTEM.

[lIupoko TmpUMEHSIEMBI METOJ CTaHIApTH3AIMd — 3TO pa3padOTKa IPOTO-
KoJIOB 0OMeHa uHpopmanueit. /[lpomokon — 3TO corjlallieHue, Kacarouieecs: yrpas-
JeHUs] TpoueaypaMHu MH()OPMALMOHHOTO OOMEHa MEXAY B3auMOJACHCTBYIOIIMMU
00BEKTaMH, TO €CTh yIpaBlieHus (popmaToMm cooOiieHuid, GOpMUPOBAHUEM KOH-
TPOJIbHOUW HMH(pOpPMAIIUK, TOTOKOM KOMaH]J U JEHUCTBUSIMHU, KOTOPBIC MPEINPUHU-
MaloTCs B ciydae oOHapyxeHus omuOok. [Ipenmonaraercs, 4To 3TH 0OBEKTHI HE
UMEIOT CPEJICTB MPsIMOro oOMeHa MHOpMalMel, HO MOT'yT IepechbliaTh JIaHHbIE
4yepe3 COOTBETCTBYIOUIMH JIOKAJbHBIA MHTEp(dEiic MPOTOKOJIaM HWXKHEro YpPOBHS,
noka He OyJeT JOCTUTHYT camblii HIDKHUM — Qusnueckuil. Uupopmanusa nepena-
€TCs B yJIaJIEHHBIN MYHKT C UCMOJIb30BAaHUEM MPOTOKOJIA CAMOr0 HU3KOTO YPOBHS U
Jlajiee MPOJIBUraeTCsl BBEPX 4Yepe3 CHCTEMY HMHTEp(EiicoB 10 COOTBETCTBYIOILIETO
YPOBHS B IyHKTE Ha3HaueHHUs. [ Kak10i1 ceTh Hy>KEeH Habop MPOTOKOJIOB, OIpe-
JEJSIOMMNX CI0c00 B3aMMOJEHCTBUS YAAIEHHBIX OOBEKTOB HAa JAHHOM YPOBHE, U
HaOOp uHTEepGENCOB, ONPENEISIONUX CITOCO0 B3aUMOACHCTBUS MEKY COCETHUMHU
ypoBHAMH. Takoii HaOOp Ha3bIBAETCS MAKETOM (CTEKOM) MPOTOKOJIOB. MIMEHHO OH
orpezenser crnocod 00padoTKM MAKETOB B IIEHTPAX KOMMYTAIIHH.

B nacrosiee Bpemsi pa3paboTaHo 00JIbIIOE KOJIMYECTBO MPOTOKOIOB Pa3HO-
r0 YPOBHS, TIOATOMY CO3[]aHa KOHIEMIIHS, COTIIACHO KOTOPOil CBSI3HOE 000pyA0Ba-
HUE C Pa3TUYHBIMU MPOTOKOJIAMHU MOKET OOBEAUHSATHCS B CUCTEMY C IOMOIIBIO
CEeTH Iepeaauyn AaHHbIX. Takoil CTaHAapT CTAaHAAPTOB HA3BIBAETCS CEMUYPOBHEBOT
SMANOHHOU MOOENbIO 83aUMOOetcmausi omkpbimbvix cucmem. OH ONpPENENseT CEMb
YpOBHEW B3aMMOJICUCTBHS, HAUYMHAS C HIDKHETO: (PU3WYECKUM, KaHaJbHbIN, CeTe-
BOM, TPAHCIIOPTHBIM, CEAHCOBBIM, MPEACTABIICHNS TaHHBIX U NMpUKIAaIHOU. [lepBbIe
TPU YPOBHSI OTHOCSTCS K Mepenade v Mapuipyrusauuud AaHHbX. [lociaeanue tpu
YPOBHA OOCTYKHUBAIOT MOJIb30BATEIbCKUE MpPHIOKEHUS. UeTrBepTblii YpOBEHBb
o0ecrneunBaeT CTHIKOBKY TPEX HMKHHUX M TPEX BEPXHUX YPOBHEU. DTa MOAENb IMO-
Ka HE peain30BaHa B BUJIE 3aKOHYEHHOTO MHOKECTBA MPOTOKOJIOB ISl BCEX YPOB-
HEH, HO YK€ JJae€T BO3MOXKHOCTh YIOPSI0YUTh UMEOIIUECS TIPOTOKOJIBI.
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7.4 JenTtarpaMmMHbIN MeTO4 Nepenayu u nepepava
C npeaBapuTesibHbIM YCTaHOBJIEHUEM coeANHEeHUA

JNeiitarpamma (datagram) — 3T0 caMOCTOSITENIbHBIN TAKET, B 3ar0JIOBKE KO-
TOPOTr0 COAEPKUTCS ToTHAsA nHpopMalus, HeoOXxoauMast JJisl ero nepeaadu oT uc-
TOYHHUKA K MMOJYyYaTENI0 HE3aBUCUMO OT BCEX MPEAbIAYIINX U TOCIEIYIOIIHX MaKe-
TOB, J1a’K€ €CJIM OHU SABJISIOTCSA YacCTSAMHU OAHOrO cooOueHus. [loatoMy B kaxxaom
IIEHTPE KOMMYTAIMU KOKIYIO MPUXOJIAILYIO leWTarpaMmMy o0pabaThiBalOT KaK HO-
BOE COOOIIICHHE, BCJIEICTBUE YETO BO BPEMsI CeaHca CBS3H JIBYX a0OHEHTOB MaKEThl
MOTYT NPUXOAUTH B MMYHKT HA3HAUYEHUS 11O PA3HBIM IMYTSAM, C Pa3JIMYHBIM 3ama3ibl-
BaHHEM M JJa)Ke HE B TOM IOPSKE, B KAKOM OHU ObuM Tiepenanbl. Hekoropsie ma-
KETbl MOTYT OBITh MOTEPSIHBI (MCKAXKEHBI U3-3a BO3AEHCTBUS MToMex). JleiTarpamm-
HBII crIoco0 mepeaadyu — 3TO HauboJee MOJTHOE BOIUIOICHUE UEH METO/Ia KOMMY-
TallMy TTAKEeTOB.

IIpumepoM ceTr, B KOTOPOW HCHOJIB3YETCS AEUTarpaMMHBIN METO Mepena-
uu, siBisgercss MHTepHeT (cTek nmporokosioB TCP/IP). 3aronoBok makera COaep UT
cienyonyro uHdopMaiuo: HoMep Bepcun npotokona IP; qnuna 3aronoBka; Tpe-
OyeMbIil TUTT OOCTyKMBaHUS (Mayasi 3aJiepikKKa, BHICOKAs HAJSKHOCTh U T.I1.); 00-
mias JJIMHA TMaKeTa; oOmias JiMHa, (uiar U BeJIHYMHA cMelleHus ¢gparmeHTa (MH-
dbopmanus, HeooxoauMasi g cOOpKU MakeTa U3 (PparMeHTOB, HA KOTOPBIE B CIY-
yae HEOOXOAMMOCTH OH ObUT pa3OUT B OJHOM M3 IICHTPOB KOMMYTAIIMH); BpPEMs
KU3HU (YMCIIO MapLIPYTU3aTOPOB HA IMYTH MAKETa, MOCIE MPOXOXKIACHHUS KOTOPBIX
MaKeT YHUYTOXAETCS KaK 3a0IyqWBIIUNCA); THUIM MPOTOKOJIA BEPXHETO YPOBHS,
HY>KHOTO /111 00pa0OTKHM JAaHHBIX B MAKETE; KOHTPOJbHAsA cymMMa (IMPOBEPOYHBIE
OUTHI) 3aroJIOBKA; MOJHBINA YUCIOBOM ajpec OTHpPABUTENS; MOJHBIA YHUCIOBOM ai-
pec moJyydarens u mpoyee.

OTOT CHUCOK MPUBEAEH JIMIIb Uil TOrO, YTOOBI MOKa3aTh, YTO JUIMHA 3aro-
JIOBKa BeNMKa. Beren 3a 3arooBkoM uaeT nHGOpMaIMOHHAsS 9acTh MaKeTa, KOTO-
pasi TakKe KOAUPYETCS LHUKIMYECKUM KOJOM ¢ 16 MpOBEpOYHBIMH CHMBOJIAMHU.
UtoOBbl M30BITOYHOCTH ObUTA HE CIMIIKOM OOJBINONW, WHPOPMAIMOHHYIO YacCTh
CJIEJIyeT YBEJIMYUTh, B UTOTE O0IIas JUIMHA MaKeTa MOXKET JOXOAUTH 110 64 KOauT.

Cetb, B KOTOpPOIl MPUMEHSAETCS JeUTarpaMMHBIA METOJI Nepefayun, QyHKIH-
OHHPYET O MPHUHIIUITY CAMOOPTaHU3AIMHU, OHA HE UMEET OOIIEeTO yIpPaBICHHUS, XO-
TS €cTh 001IKe 0a3bl JaHHBIX. VICHOMB3YIOTCS TOBOJIBHO MPOCTHIE MPOTOKOJBI, B
y371aX CETU UMEETCSI MUHUMYM HH(pOpMAIlMU O MPOXOSAIIMX MaKeTaX U KaueCTBe
oOcnyxxuBaHusi. Bce 3To obecreunBaeT BBICOKYIO KUBYYECTh CETH U OTKPBHIBAET
IIUPOKUE BO3MOKHOCTH JIJIsl €€ HapallluBaHUsI U U3MEHEHHUS CTPYKTYPHI.

C nmpyroii CTOpOHBI, B KaXIOM y3Jie (IIEHTpe KOMMYTAaIliK) B CiIy4ae oOHa-
PY’KEHHUS OIIMOOK B MPEIBIIYIIHA y3€l MOCHLIAETCS 3alpoC Ha MOBTOPHYIO Tepe-
nauy makera. [locnarh Takol 3ampoc MOKHO TOJNBKO IOCJE 3aBEPLICHUS IpHemMa
Bcero nakera. M3-3a 3Toro npu nepeaave JIMHHBIX MTAKETOB O HU3KOCKOP OCTHBIM
JIUHUSAM, XapaKTEPU3YIOIIMMCSI BBICOKOW BEPOSITHOCTHIO MOSBJICHUSI OITUOOK, BO3-



170

HUKAIOT OOJBIINE CIydalHbIe 3aJIepKKU. B uTore upe3BbiuaiiHO TPYIHO obectie-
YUTh BBICOKOE KAYECTBO 00CITYKUBAHUSI.

Takum 00pazom, AerTarpaMMHBIN METOA MAJONPUTONEH JJIi CKOPOCTHOU
BBICOKOKQYECTBEHHOM mepenayn O0JbIINX 00beMOB MH(POPMAIUHU. DTO TMOJIOXKE-
HUE MOXXET U3MEHHUTHCS, €CIIM Ha BCEX y4acTKaX TpakTa OT UCTOYHHKA K TMOJIyda-
TeNI0 OyIyT MCTONB30BAThCS KAaHANBI C BBICOKOM MPOMYCKHOM CIOCOOHOCTHIO U
CTOJIb MaJIOW BEPOSITHOCTBIO MOSBJICHUSI OIIMOOK, TPU KOTOPOM MOBTOPHBIE MEpe-
Jlayi TAaKETOB CTAHYT BEChbMa PEJIKUMHU.

VYKa3aHHBIM HEJAOCTATOK JEUTarpaMMHOrO METOAa NpHUBEN K pa3paboTke
METOA0B NepeJavyn ¢ KOMMYTanMel NMaKeTOB C NMpeABAPUTEIbHbIM YCTAHOB-
JICHHEeM COeIMHEeHHs, OCHOBAaHHBIX Ha UJIEE€ CO3JaHusl BUPTYaJIbHOI'O KaHaa.

[lepBblli TaKeT U3 CEpUM MAKETOB, MPEACTABIISIIONIECH COOOIIEHUE, KOTOPOE
NPEACTOUT IMepeaTh KOHKPETHOMY TOJy4aTeNto, HampaBisieTcsl 10 OJKaiiiero
[EHTpa KOMMYyTalluu. DTOT MAaKEeT UMEET 3arojoBOK OOJIBIIOr0 o0bemMa U Mo100eH
3aroJIoBKy JAedTarpaMMbl, TO €CTh COJEPKUT BCIO HEOOXOAUMYIO HH(pOpPMALIUIO
JUTSL €r0 JIOCTaBKU B IMyHKT Ha3HaueHud. [103ToMy OH mepenaercsi TakuM ke o0pa-
30M, KakK IepeaaBajach Obl jaeltarpamma. PazHuia 3akirodaercss B CIEIYIOUIEM.
[Ipu vcnonb30BaHUM IEUTArPaMMHOTO METOJA LEHTPY KOMMYTAIMH, Yepe3 KOTO-
PBI IPOXOJUT OYEPETHOM MaKET, HET HEOOXOAMMOCTH 3allOMUHATH CBEJIEHUS, CO-
JieprKalrecs B 3arojIoBKE 3TOr0 MakeTa, TaK KaK B 3ar0JIOBKE CIEAYIOLIEro MakeTa
Oynet To ke camoe. Ilpu nepedaue nakemog ¢ npeodsapumeibHbIM YCMaHo81eHUeM
COEOUHEHUsI 8 KAXCOOM YEeHmpe KOMMYMAayuu, 4epe3 Komopbwviti NpOXooum nepebulil
nakem cepuu, 3aNOMUHAIOMCS C8E0EHUSL, COOEPAHCAUUECS 8 €20 3A20108Ke, OISl MOo-
20, 4mo0Obl 3HAMb, YMO HYIHCHO 0eNlamb C OCMAIbHbIMU NAKEMamMu Mol e cepuu.

Bce ocTanbHble makeThl CEPUU MOUIYT 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 M30ekKaHUE IMyTAHMIIBI MPU
MOBTOPHBIX TEpeaadax MaKkeToB C OIMIMOKAaMM) M KpaTKOe YKa3aHWe Ha MPUHA/I-
JIEKHOCTh JAHHOTO IMMAKETa K KOHKPETHOW CEpHM, TaK KaK Ka)Iblil LIEHTP KOMMY-
Tallui OJJHOBPEMEHHO OOCTYKHBAET HECKOJIBKO CEPUH.

Takum 00pa3om TEpBBIA MAKET CEPUU MPOKIIABIBAET MYTh OCTAJILHBIM Ia-
KETaM, TO €CTh CO3/1A€T CKBO3HOW upmyanvubii Kanai. OH Tak Ha3bIBAETCS MOTO-
MY, YTO CYIIECTBYET MOCTOSIHHO B TE€YEHHUE BCETO BPEMEHHU IEepeayl CEpUH TaKe-
TOB HE KakK peajlbHOE COCAVWHEHHUE JIMHUM Iepelayd, a JUllb B BUAEC 3alUCEN B
[EHTpaX KOMMYTallud BIOJb MaplipyTa. BupTyaibHbI KaHal MpeBpaliaceTcs B
buznuecknii KaHai JIMIIb HA KOPOTKOE BpeMs Mepe/ladyd OYepeHOro Mmakera ot
OJIHOTO IIEHTpa KOMMYTaIuu K coceaueMy. [locnennuii maker cepuu HeCeT KOMaH-
Ny YJIaduTh U3 MaMsITH HEHTPOB KOMMYTAllMU T€ CBEAEHUS, KOTOpPbIE ObLIM Tepe-
J@HbI C MEPBBIM MMAKETOM, IIOCJIE YErO TaHHbI BUPTYaJIbHbBIA KaHAJ MPOCTO IMepe-
CTaeT CYIIECTBOBATH (MPOU3OILIO pazbeauHeHne abonentoB). Eciu Bo Bpems me-
peaadyu Cepuu Ha OJJHOM M3 YYaCTKOB MPOU30IIIIA aBapHusi, TO, B OTIMYHE OT JIeHTa-
rPaMMHOI'0 METO]Ia, Mepeaaya MakeToB MPEphIBAETCs, U BUPTYaJIbHBIA KaHa pas-
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pymaercs. YToObl MPOJOIIKUTH Mepeady, Hy’KHO 3aHOBO OCYIIECTBUTH MPOLEAY-
Py YCTaHOBJIEHUS COEIMHEHMS (BCE OMMCAHHOE HATIOMUHAET TO, YTO MPOUCXOAUT B
CETH C KOMMYTAIIMEN peaabHbIX KAaHAJIOB).

[leHTp KOMMYyTalH, HANpPABISAS OYEPEIHONW NMAKET K COCENHEMY LIEHTDY,
BHOCHT B 3aroJIOBOK 3TOrO IAKETa KOPOTKHM MOPSAAKOBBIM HOMEpP, KOTOPBIA IIPHU
YCTaHOBJICHUH COEIMHEHUs ObUI MPUCBOEH JaHHOU cepun. Ha kaxmom ucxonsiuem
HAIpaBJICHUH BEAETCs COOCTBEHHAs HyMepalus, NMPU 3TOM HOMEpa, OCBOOOAMB-
Hecs] TOCTe OKOHYAHMS KaKOW-TUOO CEepuH, HMCHONB3YIOTCS I HyMeparuu
BHOBb CO3/IaHHBIX COCIMHEHUN. TakoM KOpPOTKHMH HOMEpP, HA3bIBAEMbIN HOMEpPOM
ucxoosue2o0 8UpmMyalbHO20 KAHAAA, BIIOJIHE 3aMEHSET JIJIMHHBIN IMOJHBIA ajapec
NyHKTAa Ha3HaueHud. {15 clienyromero neHTpa KOMMYTAlUU 3TOT HOMEpP WUrPaeT
POIIb HOMeEpa 6X005We20 8UPMYalbHO20 KAHALA, U €T0 BIIOJIIHE IOCTATOYHO, YTOOBI
ONpPEAENNTh, K KAaKOM CEepur MpUHAIEKHUT nakeT. HampaBissa naker nanbuie,
LHEHTP KOMMYTAllMd BHOCHUT B 3aroJIOBOK 3TOr0 MaKeTa CBOM HOMEp MCXOJSIIETO
BUPTYaJbHOIO KaHAJA.

I nagnoe npeumywecmeo memooo8 naxkemuoll nepeoaiu ¢ npeosapumelib-
HbIM YCIMAHOBNIeHUEeM COeOUHeHUsl N0 CPABHEHUIO ¢ 0eumazpamMmHbiM Memooom —
MO CYWeCmBeHHO MeHbulas ONUHA 3a20]108K08 Nepeodasaemvlx naKemos, 4ro 3a-
METHO YMEHbIIAET U30bITOYHOCTh. MOKHO HCTIOJB30BATh 00JIee KOPOTKHE MAKETHI,
YTO TaK)K€ MOBBIIIAET CKOPOCTh U JOCTOBEPHOCTh Nepenauu. C Ipyroil CTOPOHHI,
00paboTKa MaKeToB B IIEHTPaX KOMMYTAIIUU yCIOKHSIETCSI.

OagHuM U3 MepBBIX MPOTOKOJIOB TAKOTO THUMA, OMPEAEISIONIMX MPUHLIUIIBI
(GYHKIIMOHUPOBAHMSI BTOPUYHBIX CETEH HA OCHOBE HHM3KOCKOPOCTHBIX IH(PPOBBIX
WIM CHAa0XEHHBIX MOJEMaMU AaHaJOrOBBIX KaHAJIOB, SBJsieTCs npomokon X.25
(1974 ron). OuepenHoii maket (Kajp) B Hayajae U B KOHIE UMEET CUHXPOCUTHAI —
daar 01111110. Homep BupTyasibHOTO KaHaja coeput ot 6 g0 10 out. s 00-
Hapy»XeHUsl OMMOOK MPUMEHSIETCS] KOAUPOBAHUE LIMKIMYECKUM KOJ0M ¢ 16 mpoBe-
POYHBIMHU cUMBOJIaMU. Eciin oOHapyXeHbI OMIMOKH, B MPEABIIYIIHA y3€ MOChLIa-
€TCsl 3aIIpOC Ha MOBTOPHYIO IMEpelady NakeTa, YTO IPUBOAUT K JTONOJIHUTEIbHBIM
3anepxkkaM. [Iporokon X.25 eme cimabo MCHONB3yeT MPEUMYIIECTBA IpPeIBApPHU-
TEIHHOTO YCTAHOBIICHUSI COSAUHEHUS, IOATOMY TFapaHTUH Oo0ecIrieueHus: TpedyeMo-
ro KayecTBa oOCIyKMBaHUSI HE HAMHOI'O BBILIE MO CPABHEHUIO C JAeHTarpaMMHBIM
METOJIOM.

Crnenyromuii mar 1no UCHojb30BaHUIO 3TUX MPEUMYILIECTB ObLI CAENaH MPHU
pa3paboTtke mexnonoeuu Frame Relay, opueHTHpOBaHHOH Ha WCIOJIb30BAaHUE
ONTOBOJIOKOHHBIX JIMHUH. OHU OTJIMYAIOTCS BBICOKON BEPHOCTBIO MEpEeAadu, TO
€CTh KOJIMYECTBO OLIMOOYHBIX MMAKETOB OKa3bIBaeTCsd Ha 1-3 mopsiika MeHbIIE, YeEM
IpH [epeaade ¢ UCIOIb30BAHUEM JIPYTUX JIMHUN. YUHUTBIBas 3TO, BO BCEX MPOMe-
KYTOUYHBIX y3JIaX MPOBOJUTCSA OOHAPYKEHHE OITMOOK JIMIIb B 3ar0JIOBKAX MaKETOB,
a nH(pOpMaMOHHAs YacTh HE MpoBepsercs. Eciiu B 3arojioBke ommOOK HE OOHa-
PYKEHO, TO cpa3y, HE JOKHUAsACh OKOHYAHUS BBOJIA BCETO MTAKETa, HAYMHAETCS €r0
nepenaya kK ciueaywoimemy y3iy. Ecnu B 3arojgoBke oOHapy>KeHbl OMIMOKH, MAKET
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YHUYTOKAETCS.

OGHapyxeHue OomuOOK B MHGOPMAIMOHHOW YacTU TMakKeTa IPOBOJIUTCS
JIMIITh B OKOHEYHOM y371e. Eciii B makeTre oOHapyKEHBI OITUOKH, 3apoC Ha €ro IMmo-
BTOPHYIO Tiepenauy (M nepeaady MOTEepsHHBIX MMaKETOB) HAIMPaBJISETCS B MEPBbIN
y3ell. 9T0, KOHEUHO, HEMHOT'O YBEJIMYMBAET HArPy3Ky B CE€TU, HO 3aTO CYIIECTBEH-
HO YCKOpsieT 00pabOoTKy MaKeTOB B y3JlaX CETH.

Hcnonp30Banre ONTOBOJIOKOHHBIX JIMHUN TIpEIionaraercss u B emie Oosee
COBPEMEHHOW TEXHOJIOTMU, HAa3bIBAEMOW ACHHXPOHHBIM PEXKUMOM MEPEHOCca, HO
00BIYHO TpHMEHsIETCs cokpalienHoe HasBanue ATM (Asynchronous Transfer
Mode). B nonoxHeHue k Tomy, 4To ObLTO CKa3aHo o TexHouoruu Frame Relay, Bce
NakeThl, Ha3bIBaeMble sueiikamu ATM, uMeroT (UKCUPOBAHHYIO M JOBOJHHO Ma-
ayro JuHy — 53 Gaiita. M3 HUX 5 0ailT — 3TO 3arojioBOK, ocTalibHbIe 48 OalT — UH-
dbopmanmonnas 9acth. M3 40 6wt 3aromoBka 8 MO3UIMK OTBEICHO /IS MIPOBEPOU-
HBIX CHMBOJIOB IIMK/THYECKOr0 KOAA C MOPOXKAAOMIM monuHoMoM g(X) = X2 + X
+ x+ 1.

JlnnHa siueiiku BhIOpaHa HA OCHOBE KOMIIPOMHCCA MEXIY MOTPEOHOCTAMHU
TenedoHun (GKENaTeIbHO HCMOJb30BaTh KOPOTKUE MAKEThl JJIsi YMEHBILICHUS 3a-
JIEp>KeK) U TIepeiaun TaHHbIX (3KeTaTeIhbHO UCTIOIb30BaTh 00Jiee JITMHHBIC TTAKEeThI
JUIsl yMEHbILIeHUsT U30bITOYHOCTH). EMuHbBIN pa3smep siueek HEe3aBUCUMO OT MX CO-
JEP>KMMOT0 3aMETHO YMPOIIAET U YCKOPSET X 00pabOTKy B y3J1aX CETH.

Btopoe otnnune cetu ATM 0T ocTalbHBIX CETeH ¢ KOMMYyTalMel MaKeToB —
ATO eapanmusi obecneyeHus 3asi61eHH020 KAYyecmea O0OCIYHCUBAHUs, PA3ZYMEETCH,
JIUUIb MOCJE YCTAHOBJICHUSI COEAMHEHUS (HATOMHUM, YTO UIMEHHO 3TO Mbl OTMETH-
JIY KaK TJIAaBHOE JIOCTOMHCTBO METO/1a KOMMYTAIlUU KaHAJIOB).

[Tockutast 3ampoc Ha YCTAHOBJIEHHUE COEAUHEHMs, a0OHEHT 3asiBISIET CBOU
TpeOOBaHUS K CpeHEN CKOPOCTH MEepeiaydu, JOMYCTUMbBIM BEIMYMHAM 33JIEPKEK U
BEpOATHOCTU OMHKOOK. CeTh aHANM3UPYyeT TpeOOBaHUS Te€X a0OHEHTOB, AJISI KOTO-
pPBIX OHA YK€ YCTaHOBWJIA COEAMHEHUs (pa3yMeercsi, BUPTyaIbHbIE), U OLICHUBAET
CBOM BO3MOXXHOCTU YJIOBJIETBOPUTH TpeOOBaHUS HOBOW 3asiBKU. Eciu BO3MOXK-
HOCTh €CTh, 3aiBKa IPUHUMAETCSI, €CJIM HET, TO CJIEAYET OTKa3 B yCTAHOBJIEHUU CO-
enrHeHus. BoI3piBaroniuii aOOHEHT MOXKET CJeNIaTh HOBYIO MOIBITKY (KaK B CETHU C
KOMMYTAaIMel KaHaJoB).

ITockonbKy mepeada makeToB — NPOLECC CIyYalHbIid, CETb MOXKET OLCHHUTh
CBOM BO3MOXKHOCTH JIMIIb B BEPOSTHOCTHOM CMbIcie. MOXET BO3HUKHYTh CUTYya-
M1, KOTJla Ha KaKOM-TMOO y4acTKe Harpy3ka MPEeBHIIIAET €ro MPOMYyCKHYIO CIO-
COOHOCTB, ITOITOMY YacTh MAKETOB MPUJETCS BIOpOCUTh. B mepByto ouepenib yHU-
YTOXKAIOTCS MAKEThl OT T€X a0OHEHTOB, KOTOPhIE MPEBBIIMIAIOT CBOM TPEOOBaHUSI,
HO YPOBEHb MPUOPUTETA MPU FTOM YUHUTHIBAETCS, KaK U B JIIOOON IPYyroi cucreme.

Texnonmoruss ATM ynuBepcaiibHa (B siueiikax ATM MoxHO pa3meniaTb Ou-
ThI IU(GPOBOTO CUTHAJA JIIOOOTO MPOUCXOXKICHUS) U MPUTOAHA JJIsSI IEpeiadyn WH-
dbopmaruu co ckopoctsamu a0 10 I'6ut/c u naxe Boime. SAdeiiku ATM nepeHocsT-
cs1 B OUTOBOM MOTOKE, CPOPMUPOBAHHOM B HEKOTOPOM APYrOM CTaHAAPTE, MPUHS-
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TOM B niepBUYHON ceTu, Hanpumep PDH wnm SDH. OueBuaHO, 94TO BTOPOI CTaH-
JapT NOJIXOJIUT HecpaBHEHHO Ooubiie. Aueliku ATM npocTo pazMeniaroT oJHy 3a
JIpYroli B BUPTyaJIbHOM KOHTEWHepe ueTBepToro nopsaka VC-4 mo ero 3amoiHe-
HUS, U OTOT KOHTEeHHep nomeniaT B STM-1.

Takum 00pa3oM, HOBBIC CETEBBIC TEXHOJOTUU JEMOHCTPUPYIOT SBHYIO TCH-
JICHITUIO K COEIMHEHUIO MOJOKUTEIBHBIX OCOOCHHOCTEH JIBYX METO/I0B KOMMYTa-
ITUH.

7.5 AneMmeHTbI TeOpUuU TeneTpadumka

Kpome nHnuBuayasbHbIX aODOHEHTCKOTO 000py/I0BaHUsI 1 AOOHEHTCKUX JIH-
HUI B C€TU UMeeTCs U 000pyA0BaHUE OOLIETr0 MOJIb30BaHUS (LIEHTPbI KOMMYTAIIUH,
MEXKIICHTPOBbIE a0OHEHTCKWE JIMHUUA M T.I.). Eciu OBl 4MCIIO 00CITYKMBAIOIIAX
npubopoB N B TakoMm oO0ieM oOOpyIOBaHUU (HANpUMEp, YHUCIO OJTHOBPEMEHHO
NOJJIEP)KUBAEMBIX cOeqUHEHUN B LeHTpe KommyTauu ATC) ObUIO paBHO YMCITY
aboneHToB M, oOcayxuBaeMbix gaHHOM ATC, To Kaxablii aDOHEHT Bcerjaa mojy-
gai Obl 0OCITy>)KMBaHHE 10 IEPBOMY TpeOOBaHUIO, U 00CYKIIaTh B IaHHOM paszele
ObLI0 OBl HEUero.

Od4eBuAHO, YTO Takas UicalbHAas CUCTEMa HPKOHOMHYECKH Hed(hdeKkTHBHa,
MOCKOJIBKY Yy KaKI0r0 aOOHEHTa JUIIb WHOTAA, CIy4ailHbIM 00pa3oM BO3HHKAET
HEO0OXOJIMMOCTh MPOBEeCTH ceaHc cBs3u. [loaromy Bcerma N < M, HO ¢ ymeHbIe-
HueM N yxyamaercss KauecTBO 00CTyKMBaHUS, TOCKOIBKY YacTh 3asBOK He Oyaer
oOciykeHa b0 OyaeT oO0CIyKeHa Tociie OKHUIaHUs B odepeau. Te MeToabl, KO-
TOpBIE MBI 00CYKIanu B pa3a. 7.2—7.4, 0puth pa3paboTaHbl sl pa3pelieHus 3TOr0
IPOTHUBOPEYHS, HO HUKAKUX KOJWYECTBEHHBIX OIIEHOK, XapaKTEPU3YIOIHUX Kade-
CTBO OOCITY>KMBaHMsI, Mbl TTOKa HE JIeJIaIH.

VIMeHHO 3TO cOCTaBIseT MpeIMeT TEOPUN MacCOBOTO OOCTYKUBAHUS U TEO-
puu odepesecii, mpuueM IMepBbIe MCCIEAOBAHUS B O0JIACTH TEOpUHU Tenerpaduka
ObLTH TpOBEAEHBI AaTCKUM yueHbIM A.K. DpraHrom mMerojamu T€OpUU BEPOSTHO-
creii [4,5].

KitoueBbiM siBiisieTcst ToHsiTHE Harpy3ku. Haunem ¢ uodeanvHoti cucmemsl
oocnyacusanuss (N = M). Ilycte moBenenue aboHeHTa HOMEp | Xapakrepuzyercs
0e3pa3MepHOM CTalMOHAPHOU CITydaifHON (DYHKITMEH ero akTUBHOCTH

a,(t) = {1, KOTJIa OH TiepeaeT MH(OPMAIHIO,
0, B ocTanbHOE BpeMsl. (7.1)

MatemaTudeckoe oxugaHue 3TOM (QPYHKIIUU, TO €CTh CPEHEee 3HAUCHUE aK-
TUBHOCTH a0OHEHTa

m, =P[a,(t)=1]=A Dpn (7.2)
YUCJIICHHO paBHO BepOHTHOCTI/I TOTO, 4TO B HpOI/I3BOHI)HO BbI6paHHBIﬁ MOMCHT
BpCMCHU a6OH€HT AKTHUBCH. BTa TAaKXKC 6e3pa3MepHa51 BCJIIMUMHA HOCUT HA3BAHHC

HAaz2py3Ku, co30a8aemol OaHHbIM AOOHEeHMOM, U U3MEPSETCS B dpJiaHrax. JKcIie-
PUMEHTAIIBHO €€ MOKHO OIIEHUTh KaK
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A1 zTé /T, (73)
rae 1, — cyMMapHOe Bpems Tiepenaun nHGOpMaIUK 3a JITUTEIbHBIN MPOMEXYTOK
BpeMeHHU 7.

[TockombKy aKTUBHOCTh a0OHEHTa MMEET MMITYJIbCHBIM XapaKTep, MOJIe3HO
BBECTH €III¢ JBa TapaMeTpa:

C; — cpeaHee KoIM4ecTBO TpeOoBaHUM Ha oOcyKuBaHHE (BbI30BOB WJIM Ma-
KETOB), MOCTYNAIOIMUX OT a0OHEHTa 3a Bpemsi 7 (0OBIYHO ATO 4Yac HauOOJbIIEH
Harpysku (UHH)),

T — CpPEIHsIS NPOAOKUTEIBHOCTh 00CITY>KMBaHUS OJTHOT'O BBI30BA.

Torna B coorBercTBUU C (7.3)
T

A=,

rae 4 =C; /T — CpeaHsAs UHTCHCUBHOCTD MOCTYILUICHUS BBI30BOB OT a0oHeHTA.

(7.4)

Hanpumep, xaxnapiii kBaptupubiii Tenepon B8 UHH cosznmaer Harpysky A; =
0,05-0,1 Dpi, mpu 3TOM CpeaHss MPOIODKATEILHOCTh pa3roBopa T = 3—4 MUH U
A1=1-2 BBI30OBa B 4ac.

Jlanee momaraem, 4To (YHKIIMM aKTUBHOCTHM BCEX aOOHEHTOB 00JaJaroT
OJIMHAKOBBIMH CBOWCTBAMH, TOT/Ia MOKA3aTEIM CYMMapHOW aKTUBHOCTU aOOHEH-
TOB paBHbI

a(t):kz;ak(t), C=CM, A=iM, A=AM=ir, (75)

rae A — oowas nocmynarowas HazpysKa.
CuuTaem, 4To BCce aDOHEHTHI IEUCTBYIOT HE3aBUCHUMO OJIMH OT Apyroro. Be-
POSITHOCTh TOT'O, YTO B MPOU3BOJIBHO BHIOPAaHHBII MOMEHT BPEMEHU POBHO ( abo-

HEHTOB HaXOAATCS HAa OOCTY>KMBAHUH, HAXOIUM 110 OMHOMHAIILHOM (hopmyIie
— M! q M-q
P@ = g A A 76)

Ha puc. 7.6 nns npumepa npuBeneH rpaduk OMHOMHUATHHOTO pacmpesese-
HUsl cymMmMapHoi akTuBHOCTU 30 aboHeHTOB yupexaeHueckoit ATC nnsa A4,=0,1, To
ecTb oOIIas mocrynaromas Harpy3ka 4 = 3 u, B NpUHIHIE, MOrjia Obl OBITH 00-
ciyxeHa Tpems npudopamu. 3aech auiib B 0,0089% BpeMenu asist 00CTyKUBaHUS
Tpebyercst Gosnbiie 10 mpubOOpoB, a BEPOSTHOCTh TOr'O, UTO ISl OOCITYKHWBaHUS

Tpebyercs Gombie 15 mpuGopos P(q > 15) = 3,7-10"° upespbruaiito mana.

P(q)

0,25 -
0,2
0,15
0,1
0,05
0

a a

0] 10 20 30
Puc. 7.6. bunomunanbHoOe pacnpenenacHue npu
A1=0,1u M=30
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JlaHHbIE pUMepa MOKAa3bIBAIOT, YTO KOJUYECTBO MPUOOPOB 0O0CTYKUBAHUS
N MoxeT ObITh BO MHOTO pa3 MeHblle yucia abonentoB M. TakoB mpuHIun mno-
CTPOEHUS BCEX CUCTEM MAcCCOBOr0 00CTyKUBAHUSI.

Paznuuaror nBe rpynmbl METOAOB aHANW3a: JJIsl CUCTEM C MOTEPSIMU WU IS
CUCTEM C OXHuAaHUEeM. B cucmeme ¢ nomepsmu B ciiydae, Korja ooiasi Harpy3ka
MPEBBINIAET MPOITYCKHYIO CIIOCOOHOCTh CUCTEMBI, paBHYIO N, H30bITOUHBIN Tpaduk
0TOpachIBAaETCsl, B UTOT'€ 0OCYHCeHHAs: Hazpy3Ka A, MEHbIIIE YeM MoCTymaromas A.
TakoB xapakTep 00CITy>XHBaHUS B CETAX C KOMMYTAIMEH KaHAJIOB.

B cucmeme ¢ oorcuoanuem w30ObITOUHBIA TpadUK COXPAHSETCS, BBI3OBBI
HaXO/ASTCS B OUEpear, TOKa HE OCBOOOAATCA YCTPOMCTBA, KOTOPHIE MOTYT MX 00-
cinyxutb. Ecnu, B uzeane, AimHa ouepenu, Urparolei posib 0ydepa, criaxubaro-
1iero KosueOaHus MocTynarouiel Harpy3ku, He orpannyena, 1 4 <N, to 4,= A4, 1o
€CTh BCS MOCTYMNAIOIIasi Harpy3ka Korjaa-To Oyzaer oOciyxeHa. B peanbHbIX ycio-
BUSX JUTMHA OYEpEaM OrpaHUYeHa, U CUCTEMA C OXKUJAAHUEM YaCTUYHO NMpuodpeTa-
€T YEepThl CUCTEMBI C MOTEPSIMU. TakoB XxapakTep OOCIYKUBAHHS B CETAX C KOMMY-
Taler NaKeToB.

[Ipu yuCIEHHOM aHaIW3€ CUCTEMBbl MAaCCOBOIO OOCITYKMBAaHMS B JOIMOJIHE-
HHUE K MOKa3aTelsiM aKTUBHOCTU a0OHEHTOB HEOOXOIUMO 3a7aTh BEPOATHOCTHBIE
XapaKTEpPUCTUKU TOTOKA TpeOOBaHUM, TO €CTh MOTOKA 3agBOK HAa yCTAHOBJIICHHE
coenunenus npu KK 6o noroka nakeros mpu KII. IIpocTeiimas u 1oBoabHO pe-
IUCTUYECKasi MOJEIb, ISl KOTOPOM MOyuyeHO OOJIBIIMHCTBO PE3yJIbTaTOB, OCHO-
BaHa Ha CJIEIYIOLIUX NPEINOIOKEHUAX:

1) B m1000#i 1OCTaTOUHO MaJIblii HHTEPBAJI BPEMEHU MOXKET MOCTYIUTh TOJb-
KO OJIHO TpeOOBaHUE;

2) BeposSITHOCTh P = A-At mocTyrieHus TpeGoBaHMs B 000N JOCTATOUYHO
MaJblil ”HTEpPBaJ BpeMeHH At mponopiuoHalibHa JJIMHE 3TON0 UHTEPBAJIa;

3) BEpOSTHOCTb MOCTYIUIEHUs TpeOoBaHUs B Jt0OOH (DUKCUPOBAHHBIA WH-
TEpBaJl BDEMEHHU HE 3aBHCHUT OT KOJIMYECTBA TPEOOBaHUI, MOCTYMAIOMIUX B IPYTUX
UHTEpBasiaX (OYEBHUIHO, YTO ITO MPEAMNOIOKEHNE OCHOBAHO Ha ycioBun N << M);

4) nIUTEeNhbHOCTH OOCTYKMBAaHHS OJHOTO BbI30Ba I, 0e3 ydera BpeMeHH
O0XKUJAHUS B OUEPEIIN SABJISAETCS HEIPEPHIBHOW CIIyYaWHOW BEIUYMHOW Y NOAYUHSI-
€TCs SKCIIOHEHI[MAIIbHOMY 3aKOHY paclpeeIeHus

P(t, >t) =exp(-t/7). (7.7)

CnyuaiiHO BbIOpaHHBIA MHTEpBaI t pa300beM Ha N MajbIX UHTEPBAJIOB At =
t/n 1 BOCHONB3yeMCs TTEPEUUCIICHHBIMU TPEANOIOKEHUSIMH U (HOPMYJIONH YMHO-
KEHUSI BEPOSTHOCTEN HE3aBUCUMBIX COOBITUH, YTOOBI BBIUUCIUTH BEPOSITHOCTD TO-
ro, 4TO B TEYEHHE MHTEpBaJa t HE MOCTYNUT HU OAHOTI'0 TpeOOBaHMs,

P,(At) = (1 p)" = (1- AAL)"* =exp(-At) . (7.8)

[Tonb3ysich TeMH ke MPEANOI0KEHUSIMH, MToydeHa Ooiiee obmias gopmyia,
0 KOTOPOM BBIUUCISIOT BEPOSITHOCTh TOTO, YTO B T€UEHUE MHTEpBaja t mocTynst
POBHO | TpeOOBaHMUH
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P,(At) =[ (A1) / j |exp(~At) . (7.9)
Ot1o0 — 3aKkoH [lyaccoHa, Mo3TOMY Takoil nomok mpebosanuil Hazvl8aemcs nyacco-
nosckum. @opmyna (7.8) sBisercst yacTHbIM cirydaem (7.9) mpu j = 0.

B cucreme ¢ morepsimu cutyanus, Korjga ooiias aKTUBHOCTh a0OOHEHTOB
MPEBBIIIAET MPOMYCKHYIO CIIOCOOHOCTD CUCTEMBI (YMCIIO IPUOOPOB OOCITY KHBAHHUS
N), Ha3pIBaeTCs O10KuUposxoi. B mpuBeneaHoM npumepe (puc. 7.6) mpu N = 10 Be-
POSITHOCTb OJIOKMPOBKU paBHA 8,9-10°°.

B cucmeme ¢ agnvimu nomepsamu 3a010KMpPOBaHHBIE BHI3OBHI (ITONYYHUBIINE
0TKa3 MpHU MEPBOM MOMBITKE) TEPAIOTCS, TO €CTh AOOHEHTHI HE JIENAIOT MOBTOPHBIX
MOTMBITOK YCTAaHOBHUTH COEIMHEHWE, a HAMNpaBSIOT 3TO COOOIIEHHE IPYTHUMH,
HanpuMep 00XOTHBIMU MTYTSMHU.

BeposiTHOCTh OJIOKUPOBKM B TaKOW CHCTEME OIpPEAENSeTcsl M0 M3BECTHOU
dbopmyne Dpranra

B= A .
NI[1+A+ A /24 A’ /3 A [ake .+ A" N1 (7.10)

Ha puc. 7.7 nana 3aBUCUMOCTb BEPOSITHOCTH OJIOKMPOBKH OT HArpy3KH, MO-
CTYMAIOIIe Ha KaHajl O0OCITYKMBaHUS, B CUCTEME C SBHBIMU MOTEpAMH. B cBsi3u C
notrepell HEKOTOpPbIX TPeOOBaHUI Harpys3ka, OOCIy)KEHHas KaXAbIM MPUOOPOM,
HECKOJIbKO MEHbIIIE MTOCTYNAIOIIeH Harpy3KH U paBHA

A IN=(1-B)A/N. (7.11)

XOpoI10 BUITHO, YTO NPU YEEIUUEHUU PAZMEPOS CUCTNEMbL U COOMBENMCMEY-
roujem gospacmanuu Haepysku A u wucia npubopos oocayxcusanus N agpghexmus-
HOCMb UCNOIb308aHUSL NPUbOpos obcayxcusanus AJN eospacmaem u npubnudxica-
emcs K eOuHuye npu mom dxce kavecmee oocnyscuganuss (pU TON ke BEPOITHOCTU
onokupoBku). Hanpumep, npu B = 0,001 u N = 4 yBenuuenue oOuieil Harpy3Kku B

0,1000 Bl // 7

2 T L
0,0100 / % 8 / // /

16
32
0,0010
/ 64

0,0001 e

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 MpuOoOpoB 00CIy-
*uBaHus (¢ 4 10 §) 3a cYET TOro, 4TO Harpy3ka, KOTOPYIO 00pabaThIBACT KA bl
npuOop, YBEIUUUBAETCS IPUMEPHO B 2,5 pasa.
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O4eBUAHO, UTO OOBETMHEHHE MAJIBIX OOCTY)KHUBAIOIIMX CUCTEM B OOJIBIITYIO
CUCTEMY I03BOJISIET MOBBICUTH €€ 3(PPEKTUBHOCTh, TO €CTh MPU UCIOJIb30BAHUU
MEHBILIET0 YnciIa IpUOOpPOB 00ECTIEUUTh OOCITYKMBAaHUE TOW K€ HArpPy3KH C TOM
K€ BEPOATHOCTHIO OJIOKUPOBKHU.

[1nata 3a BeICOKYIO 3(PHEKTUBHOCTD OOJIBIIONW CUCTEMBI — 3TO €€ MOBBIIICH-
Hasl YyBCTBUTEJIBHOCTh K MEpPErpy3KaM, MOCKOJIIbKY OHa UMEET MEHBIIUMN 3arac Mo
IPOIYCKHOM criocoOHOoCcTH. Hanmpumep, npu To# e BeposITHOCTH OJOKUPOBKU B =
0,001 B manoit cucreme npu N = 4 yBenuuenne Harpy3ku Ha 10% npuBener kK He-
CYILIECTBEHHOMY BO3PAaCTaHUIO BETUYUHBI B, B TO BpeMs Kak B OoJiee KPYIHON CH-
creme npu N = 128 T0 ke Bo3pacTaHue Harpy3kH yBEIHUYHUBAET BEPOSITHOCTh OJ10-
KHPOBKHU Ha MOPSAIOK.

bonee peanuctryeckuii BApUaHT CUCTEMBI C TOTEPSAMH — ITO cucmema ¢ no-
emopubvimu 6v1306amu. OHA aHATU3UPYETCS MPU CIETYIOIUX NPEATOIOKEHUAX.

1) Bce 3a0510KkHpOBaHHBIE BBHI30BBI B OU€pE/b HE CTaBATCS, HO aOOHEHTHI
JIEJIAl0T MHOTOKPAaTHbIE MOBTOPHBIE MOMNBITKU JI0 TE€X MOp, IMOKAa HE Mojydar 00-
CITY’KUBaHUS.

2) Kaxmas u3 MOBTOPHBIX MOMBITOK MPOBOAUTCS Yepe3 CIydalHbIi UHTEP-
BaJl BPEMEHU MOCJI€ MPEAbIYIIEH, MPUYEM IIUTEIbHOCTA BCEX MHTEPBAJIOB B3a-
UMHO HE3aBHCHMBI, a CPEIHSs JJIMHA KaXKJIOT0 MHTEpBaja MPEBBIIIAET CpeaHee
BpeMs 00CTyKMBaHUSI AOOHEHTA T.

JIJ1s1 MTHTEHCUBHOCTU TOCTYIUICHHSI BHI30BOB MEPBOM MONBITKA MBI YK€ HC-
NoJIb30BaJI 0003HaueHue A. 11t BeposiTHOCTH OJIOKUPOBKH B 3TOW CUCTEME C MO-
BTOPHBIMU BBI30BAMH HUCIIONB3yeM 0003HaueHue B.

[TockonbKy 10751 3a0JI0KMPOBAHHBIX BHI30BOB paBHA By, TO Bckope mpou3oii-
neT ByA MOBTOpHBIX MOMBITOK, U3 HUX YacTh CHOBa OyAeT 3a0JOKMpOBaHA U TaK
nanee. B utore B COCTOSIHUM CTaTHCTHYECKOTO PABHOBECHS CUCTEMBI OOIasi WH-
TEHCUBHOCTbH MOCTYIUIEHHS] BBI30BOB ONpEENseTcsl Kak cymMMma yObIBarolleil reo-
METPHUYECKOU MPOTrPECCUN

A =A+BA+B?A+BA+..=1/1-B.), (7.12)
rae B, — BepodaTHOCTh OJIOKMPOBKHU, pacCUUTaHHAs JJIsl TaKOW K€ CHCTEMBI C SIB-
HBIMU TIOTEPSIMU, HO TPU UHTEHCUBHOCTU Harpy3KH A,.

B 3TOM ypaBHEHHMH JBE HEM3BECTHBIC BEUUUHBI B, U A;, MOATOMY €ro MOX-
HO PEUINTh METOAOM MOCIE0BATEIbHBIX MPUOIMUKEHUN 110 METOAUKE pacyeTa CH-
cTteMbl ¢ siBHBIMU TotepsiMu (7.10): cHayana mist (aKTUYECKOro 3HAYCHHUS A IO
(7.10) Haxonum miepBoe MpuOIMKeHUe Ui By 1 ucnonab3yeM ero Jjsi BHIYUCICHHUS
nepBoro npuomkeHus: as Ay o gopmyne (7.12). Jlanee 3To 3HaYeHUE A, MOJ-
crasisieM B (7.10), HaxoquMm BTOpoe npudmmKenue s B, u tak nanee.

OOGBIYHO BEPOSITHOCTh OJOKMPOBKHM HeBenuka (B << 1), mo3ToMy Xopoiias
TOYHOCTh MOJIY4AETCsl YK€ MOCIIe IEPBOr0 NPUOIMKEHUS

A, zﬂ,/(l— B), (713)
OTKy/la BUAHO, YTO MOBTOPHBIE BBI30BbI HE CHJIBHO YBEIMYUBAIOT HArpy3Ky, Tak
kak (1-B)=~1. Utak, B, onpenensiem u3 (7.10) ¢ ucnonnzoanuem (7.13). Kcraru,
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pacnpoCTpaHsATh 3TO YTBEPXKACHUE HA OUEHb OOJIBIINE CUCTEMBI CIEAYET C OCTO-
POKHOCTBIO, TAK KAK OHM BEChbMa YYBCTBUTENBHBI JaXK€ K MAJIBIM MEPETPY3KaAM.

B cucreme ¢ oxkuaaHuem m30BITOYHBIA TpadUK MOMENIACTCS B OYEPENb U
coxpaHsieTcsi 0 Havajia oOciyxuBaHud. [Ipu aHanmusze mpUMeM Te€ Ke MPOCThIe
npennonoxenus: A < N; M >> N; nnuna ouepenu He OrpaHUYeHa; JUIUTEIbHOCTh
00CTy>KMBaHMS BbI30Ba MOAUYMHAETCS SKCIIOHCHIIMAIbHOMY 3aKOHY pacmpe/eneHus
(7.7).

BeposTHOCTH TOro, 4TO BBI30OB CTAJIKHBAETCSl C MEPETPY3KOM CHUCTEMBI W,
CJIe/I0BaTEeNbHO, IOMENIAETCS B OUepe/lb, TAKkKe Oblila orpeiesieHa DpaaHroM

5 ___NB
" N-A(l-B)’ (7.14)
rie B — BeposiTHOCTH OJIOKUPOBKHU B CUCTEME C IBHBIMU TToTepsimu (7.10).

BeposTHOCTH TOTO, 4TO BBI30B, OKA3aBIIUICS B OYEpEId, KIET Hadajga 00-

CIIy’KUBaHUA HE OoJiee BpeMeHu t, paBHa

P.(t. <t)= exp[—(N;TA)t} (7.15)

I7I€ T — CPelHsAs JIUTEIbHOCTh OOCITYXKUBaHUs (HE OKUIAHUs), ONpesaeeHHas B
(7.7). OTcroa BUIHO, UTO CpEHEE BPEMS OKHUJIaHUS B OUEPEIU PABHO
_ T
CN-A (7.16)
OOparure BHUMaHue, 4to B (hopmynax (7.14) — (7.16) ¢purypupyer He OT-
Homerre A/N, a pasHocth 3tux BeiauunH N-A. Uem Oosbliie 3Ta pasHOCTh, TEM
MEHBIIIE BEPOATHOCTh TOTO, YTO BHI30B HE OyaeT OOCIy)XEeH cpa3y W TOomajeT B
oyepeb, U TEM MEHbIIE BpeMsl 0KHJIaHUS B OYEPEIH, €CiIu OH Tyaa nonai. Oue-
BUHO, YTO B KPYITHOHM cucTeMe, pu Oonbpimx 3HaueHusx A u N, merue obecrie-
YUTh OOJBIIIOE 3HAYCHHE 3TOM Pa3HOCTH JakKe MPH OYEHb BBHICOKOHN 3()PEeKTHUBHO-
CTH UCIOJIb30BaHUs 00CTyKMBArOUUX MpuOopoB (A/N ~1), HEXENU B MAJIOU CH-
cTeMeE.
Wtak, npuBeIeHHbIE COOTHOIICHHUS KOJIMYECTBEHHO JOKAa3bIBAIOT CIpPaBel-
JMBOCTh T€X YTBEPKIEHUN, KOTOpbIE ObUIH BhICKa3aHbI B KOHIE pa3A. 7.2.

Bonpochl AN caMOKOHTponsa no rnase 7

1. [aiite ompeneneHus CUMIUIEKCHOTO, AYIUIEKCHOIO W TMOJYAYIUIEKCHOIO
KAaHAJIOB.

2. JlaiiTe ompeneneHus METOMIOB TMEpeIadyu ¢ KOMMYyTaIluel KaHAIOB U KOM-
MyTaluen MaKeToB.

3. Tlepeuuncnure ycimoBUs, TMpHU KOTOPHIX BO3MOKXHO NMPUMEHEHHE METOAA:
KOMMYTAILlMU KaHAJIOB; KOMMYTAI[MH IAKETOB.

4. JlaiiTe CpaBHUTEIBHYIO XapaKTEPUCTUKY METOJ0B KOMMYTAIlUU KaHAJIOB
Y KOMMYTaIl¥ [TaKETOB.

5. Oxapakrtepu3yiTe AelTarpaMMHBIN METOJ] TIEpe/layd B CETH.
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B 4yem paznuune pu3nuecKoro 1 BUPTyaJIbHOrO KaHAJIOB?

[Touemy nexkanHo-marossie ATC MopanbHO ycTapenu?

Yo Takoe KOMMYTalUsi BpEMEHHBIX HHTEPBAJIOB?

. Kak ocymectBisiercss kommyTanus B koopauHatHod ATC?

10 KakoBo Ha3HaueHHE CETH CUTHAIM3ALUU ?

11.Ilepeuncanure OCHOBHBIE THIIBI TOIOJIOIMYECKUX CTPYKTYp CETEH AJIeK-
TPOCBSI3U U YKAXKUTE, MPU KAKUX YCIOBUSX HMX ILI€IeCO00pa3HO IpHUMe-
HSTb.

12.Kakue 4uciaoBble XapaKTEPUCTUKHU HCIONb3YIOTCS JJIs ONMMCAHUS aKTHB-
HOCTH a0OHEHTa B CHCTEME MacCOBOTO OOCITYKUBaHUS ?

13.laiiTe onpeneneHne eUHUIL, B KOTOPBIX U3MEPSIETCS BEIMUMHA TpaHKa.

14.Tlouemy B OOJBLIMX CETSIX ANEKTPOCBI3U MOXKHO Oosee 3 (HEeKTUBHO HcC-
MOJTb30BaTh O0OPYOBAHHE MPU TOM K€ KA4eCTBE OOCTY)KUBAHWS ?

15. laiiTe onpeneneHue cpeiHed HHTEHCUBHOCTH MOCTYIUIEHUS! BHI30BOB OT
abOHEHTa.

16.Ilpu kxakux YCIOBHSAX IOTOK TpeOOBaHMM Ha OOCITY)KHBaHHUE MOXKHO
Ha3BaTh IyaCCOHOBCKUM?

17.11pu Kakux YCIIOBHUSAX YHUCIO OOCTYKMBAIOIIMX MPUOOPOB MOXKET OBITh
MHOT'O MEHBIIIE Yncia aDOHEHTOB B CETU?

18.JlaiiTe onpesenenus cucTeM 0OCITy>KUBAHUS C SIBHBIMH MOTEPSIMU U C TI0-
BTOPHBIMH BBI30BaMHU.

19.Yto0 3aBUCHUT OT MpeAeNbHON JIMHBI OUYepPEeIn B CUCTEME MacCOBOTO 00-
CILY’>KUBAHUS C 0KMJIaHHEM?

20.1TpuBenure hopmysy sl CPETHETO BPEMEHU OXKUIAHUS B CUCTEME Mac-
COBOI'0 OOCITYKUBaHHS.

21.11pu KaKuX yCIOBUSIX B CUCTEME MAacCOBOI'0 OOCITY>KHUBAHUS C 0XKHUIAHHEM

MOKHO 00€CTIeUUTh JH00YI0 MAIYI0 BEPOSTHOCTH OJIOKUPOBKU?

© N
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3AK/IIOYEHUE

B kHUre nmpeacTaBieHa JHIIb Majlasg 4acTh TOTO OTPOMHOIO apceHana METO-
JI0B, KOTOPBIA UCTIONB3YETCSI B COBPEMEHHBIX cHUCTeMax oOMeHa nHpopmanmeit. [la
U CaMU METOJIbl OYepYEHbl CXEeMaTUYHO, Ha YPOBHE OCHOBHOM HjeH, mouTu 0e3
BCAKUX TOHKOCTEW, XOTSI Ha MPAKTUKE OHM MOTYT HMETh OOJIbLIOE 3HAYCHUE.
['maBHOE, 4TOOBI crcTeMa oOMeHa MH(pOpPMaIIUE BOCIPUHUMAIACh HE TIPOCTO KaK
HAO0Op MOIYJISTOPOB, KOJAEPOB M MPOYUX YCTPOUCTB, a KaK €AMHOE IeToe, PyHK-
IIUOHUPYIOIee paau peuieHust obmieit 3agaun. Eciu k 3ToMy 700aBUTH YBEpEH-
HOCTh B TOM, YTO JIt000€ YIydllleHWE OJHUX XapaKTEPUCTHUK CUCTEMBI IMepenaydu
uHbOpMAIN 0053aTENTbHO HYKHO COIMOCTABIATh C HEOOXOAUMBIMHE JJIsl 3TOTO 3a-
TpaTaMu JIUOO YXYAIICHUEM JAPYTUX XapaKTEPUCTUK, TO YUTATENb BIIOJHE CO3pe
1utst OoJiee rTyOOKOro U3y4eHHs] HHTEPECYIOIIUX €ro BOIMPOCOB.

Korma uger peyr 0 kakoM-1u00 mpeoOpa3oBaHUU CUTHAJIOB B TIPUCYTCTBUH
IryMa, MoMeX, TO MOYKHO CMEJIO CUUTATh, YTO BbI HE JOOPAIHUCH A0 €0 CYTH, MTOKA
HE TOJIYYUJIM OTBETHI Ha CJICAYIOIINE BOIIPOCHI:

1) Yro u3 cebst mpeacTaBisieT MoJjie3Has 4YacTh CUTHAJIA Ha BXOAE (CHUMBOII,
TIOCJIEIOBATEIBHOCTh CHMBOJIOB, HETIPEPHIBHYIO (DYHKIIMIO U T.I1.) U KAKUE BEPOST-
HOCTHBIE XapaKTEPUCTUKHU U3BECTHHI?

2) KakoB tun nomex (aJauTUBHBIC, MYJIbTUIUIMKATUBHBIC WU UHBIC), BO3-
JIEHCTBYIONIUX Ha IMOJIE3HBIM CUTHAJ JI0 U B Ipoliecce JaHHOrO mpeodpa3oBaHus?
KakoBbl [1711 HUX 3aKOHBI paclpee/eHUs BEPOSITHOCTEN U YKCIIOBbIE XapaKTEpH-
CTUKH?

3) KakoBa 1ienp manHoro npeoOpaszoBaHusi? Ecium 9T0 pemnaromiee ycTpoi-
CTBO (IEMOIYJISATOP, AEKOAEP U T.II.), TO MEPEUUCTUTD U IaTh SICHOE ONpPEICICHUE
KKJOMY U3 PEIICHUH, KOTOPBIE MOTYT OBITh MMPUHSTHI 3TUM YCTPOHUCTBOM.

4) KakoBa 11eHa Ka)JI0i U3 BO3MOXHBIX OMIMOOK, KOTOPbIE MOTYT OBITh J0-
NYyIIEHbl B MPOIECCE BBIHECEHUs pelIeHul, 100 MCKaKeHWM CUTHalla MpU €ro
npeobpa3zoBaHuu?

5) EcTb 11 B U3BECTHOM JIMTEpAType ONMUCAHUS NPEoOpa30BaHUN CUTHAJIOB,
COBIIAJIAIOIINX C JIAaHHBIM ITpeoOpazoBaHueM 1o mi. 1-4? VIMeroTcs i CBeIeHUs O
TOM, YTO KaKOe-TO U3 3TUX PEOOpa30BaHUM SBISETCS ONTUMATBHBIM?

VYcnexoB B JajdbHEWIIEM OCBOEHUH 3KCIOHEHIIMAIBHO PAaCIIUPSIONIETOCs
Habopa CpeaCTB, MPUMEHSIEMBIX JIJIs Tiepenadn nHpopmarum!
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IMPUJIOKEHUA

[Ipunoxenue 1
Koaddunments! (B BocbkMepruuHOit hopme) 1JIsI HEKOTOPHIX
MPOU3BOIAIINX IMOJUHOMOB HUKINYECKUX Koa0B bUX [2,8]

n | K |Q g(x) n K |0 9(x)
7141]1]13,15 127 | 120 | 1 |211; 217,
1511| 1 |23;31 113 | 2 | 235
712721 106 | 3 | 41567
5 | 3 |2467 99 | 4 | 11554743
31|26 1 |45;75; 67 92 | 5 |3447023271
21| 2 | 3551; 3557 624730022
16 | 3 | 107657 85 | 6 327
11| 5 | 5423325 130704476
6 | 7 | 313365047 78 |7 322273
63|57| 1 |103; 147 2623000216
51| 2 | 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 | 5 | 23157564
65547 726421
1810 [17323260 | 511 | 502 | 1 |1021; 1131
404441 1023|1013 | 1 | 2011; 2415
16 | 11| 136302651 | 2047 | 2036 | 1 | 4005; 4445
2351725
10 | 13 | 633114136
7235453
7 | 15| 472622305
527250155
5231045543
503271737

]YpuMettaHue: JJIMHHBIC ITOCICAOBATCIIbHOCTH 3aIIMCAaHbI B IBC CTPOKMH.
Ipumep: 721-111010001—> g(x)=x+ x"+ x°+ x*+1.
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[Tpunoxenue 2

Tabuima 3Hauenuii BcnomorareabHor ¢pyHkimu h(p)= -plog,p

p

h(p)

P

h(p)

p

h(p)

p

h(p)

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
3)
0,268
6
0,291
3)
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
3)
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
3)

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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Tabnuia 3HaueHUM UHTErpajga BEPOATHOCTH D(z) _ L j ex —X—2 X
p p N ) P >

0

0,01

0,02 0,03 0,04

005 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 0,5120 0,5160
0,5478 0,5517 0,5557
0,5871 0,5910 0,5948
0,6255 0,6293 0,6331
0,6628 0,6664 0,6700
0,6985 0,7019 0,7054
0,7324 0,7357 0,7389
0,7642 0,7673 0,7704
0,7939 0,7967 0,7995
0,8212 0,8238 0,8264

0,5199 0,5239 0,5279
0,5596 0,5636 0,5675
0,5987 0,6026 0,6064
0,6368 0,6406 0,6443
0,6736 0,6772 0,6808
0,7088 0,7123 0,7157
0,7422 0,7454 0,7486
0,7734 0,7764 0,7794
0,8023 0,8051 0,8078
0,8289 0,8315 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
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 0,8485 0,8508
0,8686 0,8708 0,8729
0,8888 0,8907 0,8925
0,9066 0,9082 0,9099
0,9222 0,9236 0,9251
0,9357 0,9370 0,9382

0,8531 0,8554 0,8577
0,8749 0,8770 0,8790
0,8944 0,8962 0,8980
0,9115 0,9131 0,9147
0,9265 0,9279 0,9292
0,9394 0,9406 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 0,9484 0,9495
0,9573 0,9582 0,9591
0,9656 0,9664 0,9671
0,9726 0,9732 0,9738

0,9505 0,9515 0,9525
0,9599 0,9608 0,9616
0,9678 0,9686 0,9693
0,9744 0,9750 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 0,9788 0,9793
0,9830 0,9834 0,9838
0,9868 0,9871 0,9875
0,9898 0,9901 0,9904
0,9922 0,9925 0,9927
0,9941 0,9943 0,9945
0,9956 0,9957 0,9959
0,9967 0,9968 0,9969
0,9976 0,9977 0,9977
0,9982 0,9983 0,9984

0,9798 0,9803 0,9808
0,9842 0,9846 0,9850
0,9878 0,9881 0,9884
0,9906 0,9909 0,9911
0,9929 0,9931 0,9932
0,9946 0,9948 0,9949
0,9960 0,9961 0,9962
0,9970 0,9971 0,9972
0,9978 0,9979 0,9979
0,9984 0,9985 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-®(2) = D(-2) ~

d(z)= 0,5+

1
N27z

z

2z

2

22
exp[——] npu z>3

npu |z|<<1.
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[Ipunoxenue 4

nedoHHBIX curHaNoB ¢ mosiocoit 300-3400 I'ng
no 'OCT 21655-87

ITonoce! curnanos, KI'1g

Howmep YacToTsl
CTIZEG- HOHHIT;ZIHIHX’ KaHaJIbHBIX IPYIIIOBOTo
1 64, 68, 72, | 60-64, 64-68, 68- 60-108
ooy 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 (€BpornenucKuil BApuaHT)
o 'OCT 26886-86 B coorBeTcTBUM ¢ pekoMeHnamnuein G.703.

VYposens 1udpo- Vv, N K | Tun anmna-
BOU KOuT/Cc paTypsl
uepapxuu
0 (ocHOBHOI1) — 64 1 —
DSO
1 (mepBuunsbii) — | 2048 | 30 | 30 | MKM-30
El
2 (Bropuunbi) — | 8448 | 120 | 4 | UKM-120
E2
3 (tpetnunsbiii) — | 34368 | 480 | 4 | MKM-480
E3
4 (4eTBEpUYHBIIA) 139 1 4 | UKM-1920
— E4 264 920
5 (matupuunbii) — | 564 7 4
E5 992 680

(V — ckopocTh mepeauu Ha BBIXOJIE;
N — KOJTMYeCTBO OCHOBHBIX HU(POBBIX KAaHAJIOB;
K — koo purimenT MynbTUTIIIEKCHPOBAHUS BXOIOB)
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CunxpoHHas uuppoBas uepapxus

VYposenb | Ckopocts | KoapduumeHt mymb-
uQppoBoil | nepenaywy, TUILUIEKCUPOBaHUS
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 | 9953,28 4
STM-256 | 39 813,12 4

[Tpunoxenue 6
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YCJIOBHBIE OBO3HAYEHMA 1 COKPAIIEHUM .

AUM — aMIImuTyITHO-AUMITYJIbCHAS. MOAYJISALIMS.
AM — amMnuTyiHasE MOAYJISALIMS.

AM OBl — amunutyaHas MOAYJISIIUS C OJHON OOKOBOM MOJIOCOA.
ATC — aBTOMatuueckas TenedoHHas CTaHIUS.
AI]Il — ananoro-uudpoBoe npeodpa3oBaHuE.
BUM — BpeMa-UMITyIbCHASI MOJYJISLIMS.

O®M — ortHOocutenbHas (pa3zoBasi MOAYJISAIMS.
CIIA — cucteMsbl iepenayu HHPOPMAIIH.

@M — dazoBast MOYIISIIHS.

L[[AIl — umndpoananoropoe npeodpazoBaHue.
YM — yacToTHAst MOYJISLIHSL.

LTUM — mmpOTHO-UMITYJIbCHAS MO YJISLIUA.
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I'JIOCCAPHUIA.

Angasum — iepevdeHb BCEX BO3MOXKHBIX 3HAYCHUIN CUMBOJIA X1,X2, . . ., Xn,. 00-
Pa3yIoLUX MOJIHYIO TPYIIY HECOBMECTHBIX COOBITHIA.

AWM — aMIUIUTYJHO-UMITYJIbCHAS. MOTYJISILIUS.

AHanoeosvwlil cueHan — HEMPEPHIBHBIN CUTHAJ HENPEPHIBHOTO BPEMEHH.

AM — aMrnmuTyAHasT MOAYJISLIMS.

AM OAFII — amrmuTyTHasE MOIYJISIINS C OAHONW OOKOBOM MOJIOCOH.

Acunxponnas CIIH — nepenada nepBoro CUMBOJIa KOJIOBOM KOMOWHAITUN
HA4YMHAETCS B MMPOU3BOJILHBI MOMEHT BPEMEHH.

ATM (Asynchronous Transfer Mode) — crioco0 acHHXpOHHO# Mepeaadn pas-
HOPOJHOM MH(OPMAIIMK IO ACUHXPOHHBIM CETSM CBS3H.

ATC — aBromaTnueckas Tene)OHHAS] CTAHIIHSL.

ALTI — ananoro-uudpoBoe npeodpa3oBaHUeE.

bum — neonunas udpa (bit = binary digit).

brokupoexa évi306a — moTeps BbI30BA, OTKA3 B PEJOCTABIECHUH PECYPCOB
CETH.

I'pynnosou cuenan — cymma KaHaJIbHBIX CUTHAJIOB, IIEPEAABAEMBIX 10 JUHUU
CBSI3U.

Hetimaepamma (datagram) — 3To caMOCTOSITEITLHBIN TTAKET, B 3ar0JIOBKE KO-
TOPOTO COAECPIKUTCA MOTHAsT UHPOpMaLKs, HEOOXOouMast JIJIsl €ro TIepeiadu OT UcC-
TOYHMKA K MOJIyYaTEN0 U JOCTAaBISIEMBIN aJpecaTy HE3aBUCUMO OT JIPYTHX MakKe-
TOB.

BUM — BpeMsa-UMITyJIbCHAsT MOLYJISALIMS.

BPK (Time Division Multiple Access — TDMA). —BpeMeHHOE pa3JieiicHHE
KaHanoB(curtanioB). [lpuHnun pasneneHus: mepenaBaeMbIX CUTHAIIOB, 0a3upylo-
IIMNACS HA TEPUOJUYECKOM BBIJCICHUM Ka)XXOMYy CUTHAIy ONPEACICHHOTO MpPOo-
MEKyTKa BPEMEHHU.

Bmopuunaa cemv — 3TO CTPYKTypa, OpraHu3ymoias 0OMEeH COOOIIEHUSIMU
ONPEAECIEHHOr0 BU/Ia C UCITOIb30BAHUEM APEHIOBAHHBIX PECYPCOB MEPBUYHOU Ce-
TH ¥ COOTBETCTBYIOIIET'O OKOHEYHOTO 000PY10BAHMUSI.

Jlemooynsayus — BbIICICHUE U3 MEHSIIOIIUXCS BO BPEMEHU MapaMETPOB BBICO-
KOYaCTOTHOI'O MOJIYJIMPOBAHHOIO CUTHAJIA UCXOAHOI0 HU3KOYAaCTOTHOI'O CUTHAJIA.

Jluckpemuzayus — 3aMeHa HeNIPEPbIBHOW (DYHKIIMM €€ TUCKPETHBIMU 3HAYEHU-
SIMH, OTCUYUTBIBAEMBIMH YEPE3 ONPEICIICHHBIE UHTEPBAJIbl BPEMEHMU.

Jluckpemmubiii cuenan — NTUCKPETHBIN CUTHAII TUCKPETHOTO BPEMEHMU.

Hnpopmayus —310 CBEICHUS, 3HAHUS, HOBOCTH, UJICH U T.II. HE3aBUCHUMO OT
(hOopMBI UX TIpEACTaBICHUSI

Hemounuk ungopmayuu — 310 00BEKT, TEKYIIIEE COCTOSHUE KOTOPOro X WH-
TE€pPECYET MOyUYaTes.

KAM-M — M-no3ullMOHHas KBaJpaTypHO-aMIUIMTYyAHAs MAaHUITYJISIIMS,
npeaycMaTpuBaeT COBMECTHOE M3MEHEHHE aMIUTUTYA W (a3 mepenaBaeMbIX UM-
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MyJTECOB-CUMBOJIOB.

Kamnan — 3T0 COBOKYITHOCTh TEXHUYECKUX CPEACTB, 00ECTICUNBAIONINX TEpe-
Jady CcOOOLICHHI OMpENeNeHHOT0 BUAA OT OKOHEYHOro OOOpYHOBaHHUS OJIHOTO
MIOJIK30BATENS K OKOHEYHOMY 000PYIOBAHHIO IPYTOrO

Kananvnoe (nomexoycmotiuusoe) koouposanue — popmupoBanue uppoBo-
ro CUTHaJIa TAKUM 00pa3oM, 4TOOBI B Mpoliecce MpueMa MosiBUiIach BO3MOKHOCTD
O0OHAPYKUTh WU UCTIPABUTH OOJIBIIYIO YACTh OIMOOK, BOZHUKIIIMX B MMPUHSATOM
CUTHAJIC U3-3a BIUSHUS TTOMEX.

KBaHTOBaHME — 3aMEHA OTCUETHBIX 3HAYCHUM CUTHAJIa Pa3pEIlICHHBIMU 3HAUe-
HUSIMU.

Kozcepenmuas CIIH — oxunaeMble 3HaUCHHS] HaYalbHbIX (Da3 BCEX MPUHU-
MaeMbIX UMITYJIbCOB (BILUIOThH 10 OKOHYAHUSI CEaHCa CBSI3U) U3BECTHBI 3apaHee.

Koouposanue ucmounuxa — coxkpanieHre n30bITOUHOCTH, COJIEpKAIENCS B
CUTHaJIE UICTOYHHMKA.

Koo Xommunea —cucteMaTHuecKuii KO ¢ KOJIOBBIM paccTossareM y=3.

Kooosoe paccmosnue — MUHUMaIIbHOE ISl TAHHOTO KOJIa PACCTOSIHUE XAM-
MUHTa.

KPK (Code Division Multiple Access — CDMA).— kodosoe paszoenenue kana-
7106. IcIoNb3yI0T TakkKe TEPMUHBI: KOJJOBOE MYJIbTUILIIEKCUPOBAHUE, MHOTOCTAH-
MOHHBIN JOCTYII ¢ KOJIOBBIM pazzenenneM kaHanoB (M/IKP).Curnansl nepenarot
B OJIHO BpEMS U B OJIHOM TOJIOCE YacTOT. PazsiesieHne CUrHaaoB MpOUCXOUT 1O
kony (dhopwme).

KK (kommymayus xkaumanog) — 3TO OpraHu3amus Mo TpeOoBaHUIO (u3nye-
CKOI'0 COEAMHEHUS 000 U3 N BXOAHBIX JIMHHUM C 000U APYroi u3 M BBIXOAHBIX
JVHUHI U yJep>KaHue 3TOT0 COeIMHEHUS Ha BpeMs Mepeaadyn COOOEHUS.

Kommymamop — kommyTarionHasi cxema (MaTpuiia) ¢ N BXogaMu U M BBIXO-
JlaMHU, B KOTOPOH COEMHEHNE BXO/a C BBIXOJIOM YCTAHABIIMBAETCS C TOMOILBIO
OJIHOTO KOMMYTAllHOHHOT'O 3JIEMEHTA.

Kommymupyemvoiii kanan — co3aaeTcs JIMIb HA BpeMsl iepeaadyu COOOIIECHUS
1100 ero yactu (makera)

Kommymayus nakemos — 310 opranuszanus no TpeOOBaHHIO (HU3MUECKOrO
COEIMHEHU JIF0OOM M3 N BXOAHBIX JIMHUUM € JIIOOOW APYrol u3 M BBIXOJHBIX JIH-
HUH, HO COXpausaemcs 9mo coeouHenue Julb Ha KOpOmKoe 8pemMs — HA 8peMs ne-
pedauu 00H020 naKema.

Kommymayusa coobuenuti — pa3HOBUHOCTh KOMMYTAIIUH, IPU KOTOPOH CO-
oOLIEHUs IEPEeNAIOTCS LIEITUKOM.

Konumeiinep — ucnionb3zyercs 1yisi pa3MenieHus UG POBBIX TOTOKOB OT Pa3iInd-
HBIX UCTOYHHUKOB Mepe]] epeiayeii uX B CETSIX ¢ CHHXPOHHOM L poBOi uepap-
XUEH.

Jlunus — 3T0 cpena, B KOTOPOM PacipOCTPAHSIIOTCS CUTHAJIBI U3 IIYHKTA Mepe-
Jla4yu B MyHKT MpUeMa
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Mamemamuueckas mooenv — 3TO YIPOIIEHHOE KOJTUIECTBEHHOE OMMCAHUE
00BEKTa WK SBJICHHUS, IPUTOAHOE JIJIsl PEIISHHUs] KOHKPETHOM 3a/1a4uH.

Meorccumeonvrasn unmepgepenyus — HalOXKEHUE COCETHUX UMITYIIbCOB APYT
Ha JIpyra U UX B3aMMHOE UCKAKEHHUE.

MHoecokananvuas cuctema — 1o OJAHOM JIMHUU CBSI3H OCYIIECTBIISETCS 00OHO-
spemenHas nepeoada N cooouyeHull

Mmnococmanyuonnwiti docmyn (MJl) — MeToJ, MO3BOJISIFOUIMNA N CTaHLUSIM
paanocBs3u (BO3MOXKHO, pa30pOCaHHBIM Ha OOJBIION TEPPUTOPHUH) COBMECHIHO
UCNOIb308AMb PeCypPCbl 0OHO20 PEMPAHCIAMOPA.

Mooynayus — nporuecc, 3aKII0YarONINNICI B N3MEHEHUH BO BPEMEHU MapaMeT-
POB BBICOKOYACTOTHOT'O TAPMOHMYECKOT0 KoJieOaHusl (aMIUTUTY/IbI, YACTOTHI, (ha-
3b1) 10 3aKOHY U3MEHEHHUS BO BPEMEHN HU3KOYaCTOTHOT'O CUTHAJIA, TTOAJIEKAIIIETO
nepenaye.

Hexommymupyemwiti (apeHI0BaHHbBIN, TOCTOSIHHBIN) KaHAT — MOCTOSIHHO TO-
TOB K TIepeiaue, Tak Kak He UCTONb3yeTCa JPYTUMHA a0OHEHTaMHU

OcHosanue kooa (06vem angasuma) — 4UCIO BOSMOKHBIX 3HAUSHUN CUMBO-
J0B UcTOYHUKA. OCHOBOM LIM(PPOBON KaHAJl —KaHaJl CO CKOPOCTBIO Mepeaadu
64 Kour/c.

O®M — otHOCUTENbHAS (pa30Bast MOTYJISALIMS.

Ilakem — 4acTh COOOIIEHHMS, TPEICTABIICHHAS B BHJIE€ OJIOKA C 3aTOJIOBKOM,
UMEIOIIEr0 YCTAaHOBJICHHBIN (hopMaT (CTPYKTYPY IaHHBIX) U OTPAHUYCHHYIO JIJIH-
HYy, ¥ TIepe/iaBaeMas 1o CeTH KaK eIUHOE 1eoe.

[Tepemexxenue (interliving) — mepemenmnBaHnue CUMBOJIOB, CHOCO0, TTO3BO-
JSIFOIIMIA OMIMOKY M3 TTAaKeTOB OoJiee MM MEHEee paBHOMEPHO PaCIpeensiTh Mo KO-
JIOBBIM KOMOWHAITHSIM.

llepsuunas cems — 3T0 JIMHUU U KOMMYTAIlMOHHOE 000PYI0BaHUE, CITyXKalllee
U1 00pa30BaHUs KaHAJIOB CO CTAHAAPTHBIMU XapaKTEPUCTHKAMU, IPUTOIHBIX IS
nepeaavyr COOONIEHUM pa3HbIX BUJIOB.

IInesuoxponnas yugposas uepapxus (Plesyochronous Digital Hierarchy -
PDH) — uepapxus ckopocTeii npu 00beIMHEHHH UPPOBBIX IOTOKOB HA CETsIX 0e3
o0111el CHHXPOHU3AIIUH.

IIponycknas cnocobnocmsv kanana — 3TO HaHOONbIIAs BO3MOXHAs B 3TOM
KaHaJie CKOPOCTh Tiepenayn nHbopmaruu (OUT/CUMBOI WK OUT/C) TIpU 3aJaHHBIX
OrpaHUYCHMSIX HA 3HAUCHHUA psja ero GU3H4ecKuX napaMeTposB.

Pazoenumbiii k00 — KO, B KOAOBBIX KOMOMHALIMSX KOTOPOT'O 3JIEMEHTHI MOYKHO
pa3zienuTh Ha HHPOPMALIMOHHBIE U IPOBEPOYHBIE.

PaszHeceHHbIi TprieM — IPUEM OJTHOTO CUTHAJIa IO HECKOJIBKUM KaHalaMm, pas-
HECEHHBIM 10 YaCcTOTE, BPEMEHH, B IPOCTPAHCTBE U T. II..

Paccrosinue XsMMuHra — CTeleHb pa3auyus KoMOUHaIMi koaa. Onpeaensercs
JUIsL TFOOBIX IBYX KOMOWHAIIMI YKCIIOM HECOBNAJAIONIUX CUMBOJIOB.

Perenepaiust — BoccraHoBieHHE (POPMBI UCKAKEHHOT'O ABOUYHOTO LU(POBOTO
CUTHAaJIa MMOCJIe TIepejayr ero Ha ONpeAeIEHHOE PACCTOSTHUE.
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Cemb cuenanuzayuu — 3TO CETh, MPETHA3ZHAYCHHAS JIsl OOCTY)KUBAaHUS TIEP-
BUYHOM CETU U UCTIOJIb3yeMast JIsl iepeaud KOMaH/I, YIPaBISIONNX padoTon
IEHTPOB KOMMYTAIIMU KaHAJIOB

Cemb 31eKmpoces3u — 3TO COBOKYITHOCTh TEXHUYECKUX CPEACTB, 00eceyu-
BaroIas oOMeH MH(PpOpMALIMEN MEXIy MHOKECTBOM I0OJIb30BaTENEH, pa3HECEHHBIX
B IIPOCTPAHCTBE.

CBepTOUHbIE KOJIbI — HEMPEPHIBHBIEC KOJIBI.

Cuenan — MaTepuaIbHbIN TEPEHOCYUK WH(GOPMAIINH C TIOMOIIBIO (PU3UIECKOM
BEJIUYMHbBI, U3MEHEHHE OHOTO WJIM HECKOJBKHX MapaMeTpoB KOTOPO 0ToOpaXkaer
COOOIIIEHHE.

Cunxponuzayus — IPOUECC YCTAHOBIICHUS U MOJJIEPAKAHUS ONPEAEIEHHbBIX
BPEMEHHBIX COOTHOILICHUN MEXY IBYMs WJIM HECKOJIBKUMU MPOIECCAMH.

Cunxponnotui CIIN — nepenada KaxJ0ro CUMBoJia (MMIYJIbCa) HAUMHAETCSA B
TaKTOBBIII MOMEHT BPEMEHU

Cunxponnas yugposas uepapxusi(SDH) — nepapxus ckopocTeit nmpu o0beIu-
HEHUU IU(GPOBBIX MTOTOKOB, pa3pelieHHas K MPUMEHEHHUIO Ha CETAX oOIIei CHH-
XPOHU3AIIUH.

Ckopocmb nepedayu uHgopmayuy —C peIHee Yucio OUT, nepeaaBaeMbIX O/
HUM CHUMBOJIOM WJIA B CEKYHAY.

Ckpembauposanue — cioxenue NuppoBOro CUrHajga no MOAYJIIO JIBa C ICEB-
JIOCITY4YaiiHOM MMOCJIEN0BATEIbHOCTBIO.

CIIH — cuctembl iepeadn HHGOpMaLUH.

@M — pazoBast MOTYIALUS.

Luxnuueckuii kK00 — Pa3HOBUJIHOCTD TIMHEHHOT O OJIOYHOT'O KOJIa, OCHOBHOE
CBOMCTBO KOTOPOT0 3aKJIF0YAETCA B CIEAYIOIIEM: KOMOMHALMS, ToJlydaemMasi yTeM
UKIINYECKON MEPECTAaHOBKH DJIEMEHTOB pa3pelIeHHOW KOJIOBOM KOMOMHAIINH,
TAK¥KE SABJISICTCS PA3PEUICHHOM.

Lughposoii cuenan — nocaen0BaTEIbHOCTh, COCTOALIAS U3UEPEAYIOLIUXCS CITY-
YaiiHBIM 00pa30M UMITYJILCOB JIByX THUIIOB, OJJUH U3 KOTOPbIX 0003HavaeT 1, a BTO-
poit 0.

L[AIl — nudpoananoroBoe nmpeodpa3zoBaHue

YM — qacToTHass MOIYJISALIUSL.

YPK — 4acTOTHOE pa3/ielieHe KaHAIOB(CUTHAJIOB) —[TPUHLIUI Pa3CIeHUs T1e-
peaBaeMbIX CUTHAJIOB, 0Aa3UPYIOMIUIICS HA OTBEIEHUH KaXK]IOMY CUTHATYy CBOEH
NOJIOCHI YaCTOT B 33JJaHHOM YaCTOTHOM JMana3oHe.

LITHUM — mimpOTHO-UMITYJIbCHAS MOYJISILIUA.

Oumponus —Mepa HeONPeeIeHHOCTH UCTOYHUKA COOOIIEHUH, MPOU3BOIH-
TEJIbHOCTh HCTOYHUKA(OUT/CUMBOJT WIIA OUT/C).

OFDM (Orthogonal Frequency-Division Multiplexing) — Mmoaysnsmust opTo-
TOHAJIBHBIX HECYIIUX, 0a30Basi TEXHOJOTUsI OECIIPOBOIHBIX IIUPOKOMOIOCHBIX CH-
CTEM CBSI3H.



http://en.wikipedia.org/wiki/Frequency-division_multiplexing
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