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FOPEKTUBHBIE AJITOPUTMbI TOMEXOYCTOMYMUBOTO
KOAUPOBAHUA AJIsA IIM®PPOBbLIX CUCTEM CBSI3U

B.B. 3o10TapéB, seaywmin Hayunwin cotpyaruk HUMP, g.7.H.

I'.B. OBeuknH, accuctent kaeaps! PA3aHCKOR rocy1apcTBEHHOM PaAMOTEXHUYEHCKON aKanemMun, K.T.H.

Iepeaaua uadopmaunn No KasaNaM CBR3H CYILIECTBEHHO YCJIO0K-
HEETCR H3-32 UOMeX H HCKaXkeHHH B KaHajge. DPPeKTHBHBIM
CPeCTBOM NOBLULICHHA J0CTOBEPHOCTH NepenaBaeMoil hE(gopMamHn
fB/ISETCH NOMEXO0YCToHMBOe KoaupoBanue. B craTthe npoussoanTces
CpaBHeHHe OCHOBHBIX AJITOPHTMOB JEKOJHPOBAHHS MOMEXOYCTOHH-
BbIX KOJIOB, C/€JaHHOe N0 MaTepHAIaM HAyYHO-TeXHHYECKHX KOH-
¢depenmmii 1 Ny0THKAIMAM NO TEOPHH KOXHPOBAHMS.

Kpnarepun 3¢dexTHBROCTH KoaHpoBanus. 3a 12 jeT, mpouies-
mHMe ¢ MoOMeHTa nybnukanuu o630pHOM crathu [l], Teopus
MIOMEXOYCTOWYHBOTO KOAHPOBAHUA MPOJBHHYJIACH JAJIEKO BIEPed.
INosiB#IACE MOLIHBIE KOABI U METOIbl MX JEKOAMPOBAHHA, 00ec-
neunsatoiye paboTy cucteM cBA3u BOAM3KM npomyckaol cnocob-
HocTH ¥aHana. HauGosee obmmM mnokasateseM KadecTBEHHOM
OLEHKH METOJOB AECKOJUPOBAHHSA SIBIACTCA SHEPreTHYECKHHl BBIU-
rpeili kogupoBaHus (IBK), mokasniBaloiid CHHXEHHE IHEPTHH,
HeoOXo MO [UIA nepedayd OHOro GuTa JaHHbIX (IPH HEKOTOPOR
BbIOpaHHOM CpeaHell BepoATHOCTH oluuOkH Ha 6ut Pi(e)) B ciyuae
HCTIOJIb30BaHHUA TEX MJIH HHBIX airOpHTMOB KOIHUPOBAHHS H
JAEKOIMPOBAHMS, 1O CPABHEHUIO CO CIyYaeM, KOraa KOJMPOBAHMS
HET.

3apybexHble cneumandcTbl G6onee 20 jneT Hasal OLEHHABAIM
xaxawiii 1 1B DBK B Musutnonsl gonnapos [2]. Ceityac neHHOCTH
DBK Bo3pocna ewe 60bile, NOCKONBKY MOSBUIACHE BOZMOXHOCTh
yMEHbIIATh pa3Mepbl OYeHb JOPOTMX AHTEHH WM HOBBIIATH
JaJbHOCTh CBSI3H, YBEJMUYMBATEH CKOPOCTh NEPERayYd MJIM CHHXATb
HeobXO0AMMYHO MOLIHOCTD IIEPENaTIHKA, YAYUIIATE ApYTHe BaXHbie
CBOHCTBa COBPECMEHHBIX CHCTEM CBf3M. 3a8METHM, 4TO HX CTOH-
MOCTb pacTeT Bce OBICTpee M yXe COBEPLICHHO HECONOCTaBUMA C
TEMH 3aTpaTaMH, KOTOPble OBIIH HEOOXOAMMBI HECKOJILKO AECATH-
neTMA Hazan. KpoMe toro, cyliecTBeHHO BO3pacTaloT B3aUMHEBIE
OMEXH IPHEMY MEXJY Pa3/IM4HBIMU CHCTEMAMH, NOSBJISETCH BCE
60JIbllle IKOJIOTHYECKHX OTPAaHHMYCHHH Ha MOLUHOCTh HEpeNaTdH-
KOB, pacteT nOTPeOHOCTD B PE3KOM YBEJIHYEHHH CKopocTeil oOMeHa
JaHHBIMM MEXIY CETAMHK, d TaKKe B 3HAYMTEIBLHOM pOCTE HX
IOCTOBEPHOCTH.

U B nanpHeHuleM, B YCJIOBHSAX I100aiH3anud 3KOHOMHMKM |
B3pbiBHOH HEdopMaTH3aumu oOulecTBa 3TH TeHAcHUMM OyayT
TOJbKO yCHIHBaTbcA. OTCIOAA MOKHO CHIeNaTh BbIBOJ O TOM, YTO
BO3pACTaHHE HA HECKOJILKO MOPAAKOB (!) 3KOHOMHYecKO#l (kak M
JKOJIOTHYEeCKOH H, BooOlue, cucreMmHoif) nearoctH DBK ma Gase
METOJOB NOMEXOYCTOHYHBOTO KOOHPOBAHUS CTAHOBHTCH YPE3BbI-
4a#HO aKTyaJbHBIM U TpeGyeT BHEAPEHHS TCOPETHUECKHMX JOCTH-
KEeHUH B o06racTH MOMEXOYCTOMYHBOTO KOJWPOBAaHHS NMPH CO3/a-
HHH KOMIBIOTCPHBIX CHCTEM CBA3M.

XapakTepHcTHKH JekoaepoB. Ha puc. | npeacrapiieHa 3aBUCH-
MOCTb BEPOATHOCTH OlIHOKH Ha 6MT P,(e) Ha BhIXOzE AeKoJepa OT
ypoBHa myMa E,/Ny B IBOMYHOM CHMMETPHYHOM KaHaie Oe3
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namatd (JCK). Owubku BosHukaroT npu paborte xKecTkoro
MoJeMa ¢ ABOMYHOH ¢hazoBoit Moaynsauued B KaHajle C aIOUTHB-
HBIM GeJIbIM TayCCOBCKMM IIYMOM, KOTAa B JIeKOJepe HE HCIOJb-
3yIOTCA OLIEHKM OOCTOBEPHOCTH MHPUHSATHIX CHMBOJIOB. Takas
MOJ€Jb KaHalla JOCTATOYHO TOYHO ONMCHIBAET peasibHbie CIyTHH-
KOBBIE M HEKOTODBIE APYIHE THIBI KAHAJIOB.

KpuBnie I, 2, 3 COOTBETCTBYIOT IIHPOKO HCNOJIb3YEMOMY
anroputMmy Butep6u (AB) [3, 4] mis xomoBoil ckopocTd R =1/2
M [UIMHBI KOAMpYlowero peructpa k =7, 11 u 15. lasHbiii MeTon
SIBJISIETCS. ONTHMAJIBHBIM, OJHAKO €ro CJIOXKHOCTB pacreT 3KCHO-
HEHUMAILHO C POCTOM k M IIO3TOMY Ha MPaKTHKE AEKOAEPHI ¢ k > 9
HE HCHOJb3YIOTCH. B pelynbTare BOIHHKAET HeoOXOOMMOCTD
noucka Gojiee MPOCTHIX (C TOYKM 3peHHs IPAaKTH4ECKOH peasusa-
MH) JeKoJepoB, oGECHedHBAIOLIMX B TO XK€ BpeMsl DJIHM3KOE K
ONTUMAJILHOMY [EKOJUPOBAHHE.

Myoronoporosble a;ropaTmMbl. OJHH U3 MPOCTEHIINX aNrOpHT-
MOB KODpeKIMH omubok — noporoesiii aexogep (I11) Meccu [5],
OPHHUMAIOMIMI penleHMe O 3HAYEHHW KaXJIOTO IEKOIUPYEMOro
CHMBOJIa Ha OCHOBe 06hiyHOro "rosiocosanus" mposepok. Cxema
HOPOTOBOr0 AEKOAEpa CBEPTOYHOIO CaMOOPTOrOHAJBHOIO KOHa
(COK) ¢ xO0AOBBEIM paccTOSHHEM d =5, KOIOBOH CKOPOCTBIO
R = 1/2 u pnnHO# K0A0BOrO OrpaHUyYeHus ny = 14 npeacrasieHa
Ha puc. 2. OH COCTOHMT M3 ABYX IBOMHYHBIX PETMCTPOB, HECKOJIbKHX
[0JIyCyMMaTopoB (cyMMaTopoB 1o mod 2) # 1oporoBoro jeMeH-
Ta 7', KOTOpBIH OPOCTO CYMMMpPYET JBOHYHBIE IIPOBEPKH IEKOIH-
pyeMOro CUMBOJIA M CPaBHUBAaeT MX C NOPOrOM, H3MEHSS ITOT
CHMBOJI M BCE OTHOCAIIMECH K HEMY IIPOBEPKH, €CJIM CyMMa
TIPOBEPOK NPEBLICHIIA HEKOTOPOE Noporosoe 3uadenune. Ho naunbiii
METO/I MMEET HEBBICOKYIO KOPPEKTHPYIOUIYIO COCOGHOCTD, H3-32
4ero pelKO IIPUMEHSETCS B CHCTEMaXx NepeAayu JadHHBIX.

3HaYUTENBHO JMYYIUHMH XapaKTEPUCTHKaMH 00J1a1al0T MHOTO-
moporosble gexkogepbt (MILH) [6], sBasromnuecs Moaupukanueit
npeacrasaenHoro Beie I1J]. MIT/] B npouecce KOHTPOJISA NPHHS-
ThIX KOJOBBIX MOCJEAOBATENLHOCTEH MHOTOKPAaTHO HCIPaBIAOT
HHGOPMAIIMOHHBIE CHMBOJIbI IIPUILECAIIErO U3 KaHana coobLIcHUS.
OTtH gexoaepbl o0jafaroT BaXKHEWIIMM CTPOrO AOKa3aHHBIM
CBOMCTBOM — CXOJMMOCTBIO K DEILLEHHIO ONITHMAJILHOIO JEKOepa
(01), coxpanss JAMHEAHYI0 OT IJIHHBI KOJA CJIOXKHOCTb peaju3a-
AN,
Cxema MIIJ ceeprounoro COK ¢ d =05, ngy = 14 u aByms
ATepaldssMH JIEKOJUPOBAHHS NpexacraBineHa Ha puc. 3. Tlpum
66sbleM yHCae UTepanrii, 00bIYHO HEOOXOAUMOM AN paboThl B
obnactu GoJpIIMX INYMOB KaHaja, NOCIEXYIOUIHE MTEpaliyH
TOJHOCTLIO aBANOruyHbl Bropoil. Kak BUAHO M3 NMpeACTABICHHOM
cxemsl, kaxaas urepanus MIIJ otmuyaercs ot obsrdHoro T[]
TOJNLKO HamMuMeM "pa3HoCTHOro" perucrpa, B KOTOPOM OTMe-
4a10TCH H3MEHEHHBIE IOPOroBbIM dieMeHToM (I12) nudopmannon-
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AJITOPUTMOB JCKOOUPOBAHUA NPH UCHOILIOBAHAH
MATKOTO MoOJ€Ma, OLCHUBAIOIUEIO IDOCTOBCPHO-
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TOBAHWEM BLIXOAAa Ha () =16 ypoBHe# ans
BbILIENEPCUUCIEHHBIX KONOB. M3 comocTaBieHus

puc. 1 u 4 BuAHO, YTO MNEPEXOA K MATKOMY
MOJeMy TIpM ucnosib3osanum AB moasosiser no-

JIyunTh pononaArensabid IBK nopsaxa 2 b, a
npu ucnons3oBanuy MIIJ - 1,4...1,7 1. Hon s

Tloporosniit
3MEMEHT

Puc. 3

Hble cAMBOJIBI. CylecTBeHHO, 4To pemeHns I3 u3 pasHOCTHOrO
perHcTpa 3areM HCNosas3yroTcs ApyraM [1D Ha cneayromei
wrepaumy gexoavposanms. Ha xaxgoi utepammu MIVJ] npm
JIEKOAHPOBAHHN WHQOPMAIMOHHOTO CHAMBOJA i Ha [ID — enmm-
CTBEHHOM aKTHBHOM O3JIEMEHTE JAekofiepa (NpH WCHOJIb30BAaHHH
xecTkoro mozema B JJCK) BHINONHSAIOTCS CIEOYIOLIME OIEPalVH.

1. BorimcnsieTcs cyMMa MPOBEPOK (KaxJas H3 KOTOPBIX [is
cay4ast JICK pasna 0 wm 1), T. e. pyRxmus

J
L, = Z ng + i,
m=1

rae J = d — 1 — KOJH4YeCTBO MPOBEPOK (HEHYJEBLIX 3JIEMEHTOB g,
IOPOXAAIOIIEro MOJHHOMA Koxa (7); r; — CHMBOJI Pa3HOCTHOTO
PETHCTPa, OTHOCAIUMAICH K HEKOANPYEMOMY CHMBONY i, TaKke
pasautit 0 wmm 1; S, — m-# 3MEMEHT CHHAPOMHOTO perucrpa,
BXOIMUMH B MHOXECTBO IPOBEPOK OTHOCHTENIBLHO HEKOAUPYEMOTO
CHMBOJIA if.

2. Ecom L;>T, rae T >(d—1)/2 - 3naueHue nopora
MOPOTrOBOro 3JIeMEHTa, TO HHGOPMAIMOHHBIH CHUMBON i, BCE
CBA3aHHbE C HAM HpOBepKH {Sp,},._;; M CHMBOJI 7; MHBEPTH-
pylOTCS.

3. INepexon x OEKOANPOBAHHUIO CICTYIOIETO CMMBoJIa (11. 1).

33MC’1‘HM, 4YTO NOpA NPHMCHCHWH MATKOro MojaeMma, Korja B
TAYCOBCKOM KaHajie ONEHMBAETCs HAJEXKHOCTH NPHEMa KaXIoro
JABOMYHOTrO cuMBoJa, B MIIJI BRINONHSIOTES TE XKE OnepauyH, HO
IPOBEPKH CYMMHPYIOTCS YXKe C BECAMH, OTpPEeICIAIONMMHA HaEXK-
HOCTb OLIEHOK TIPHHATHLIX M3 KaHana OmroB. INoporw T 1na
IEKOTUPYEMBIX CHMBOJIOB OYRYT INepeMEHHBIMH, a He (uKcHpoO-
BaHHRIMHM, Kax B cnydae JICK.

Anamm3 xapaxtepictak MILJI. Kpusas 4 Ha puc. 1 cooTset-
cteyet pabore MI1J ceeprournoro COK ¢ R = 1/2, MARAMAa/b-
HBIM KOIOBRIM paccrosiaueM d = 9; JUIMHOH KOZOBOTO OrpaHpve-
AU ng = 4168 Outr ® I =15 HTepamMax IekoaupoBaHHUs [6).
Boamoxuoct MIIJ ¢ R=1/2, d =11 u I = 20 upeacTaBiaeHL
Ha pHc. | kpuBoii 5. [TyHKTUPOM Ha PHUCYHKE NOKa3aHbl BEPOSTHO-
cTH owrbOYHOrO AEKOAUpOBaHHS koja ¢ d = 9 u d = 11 onTHMa-
abReM  fexopmepoM. Kak cnemyer u3 rpadukos, MITJ (mns
IOCTaTOYHO JIMHHBIX KOZOB) OKa3LIBAETCA JIYULIE AAXE 3aBEIOMO
HepeaJln3yeMoro ontuMmamreHOro AB ¢ k = 15 u 6osee. OT™MeTHM,
YTO C POCTOM JIMHBI KOJZOBOI'O OIPaHHYCHMS N4 ¥ YBEIWYCHHEM
yucna Hurepanuit xapaktepuctuku MIIJ Owictpee cxomaTca k
XapaKTepHCTHKaM ONITHMAJILHOIO JeKoJepa.
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aToM ciydae MITH, coxpasss npoctoTy oGbidHO-
ro ITJ, cymecTBeHHO npeBocxoJuT AB no 3¢dek-
THBHOCTH. OCHOBHLIE COOTHOLLICHHS MEXAY JTH-
MH aJTOPHTMAMHM HMEIT MECTO M TPR IPYrAX
KOZOBBIX CKOPOCTAX.

IlpuBeneHHbIC BbIE NAHHBIE MOKA3BIBAIOT,
YTO NOCTYNHBIE IS PEAM3alMM ONTHMAJbHbie
AB ycrymaror MIIJI, B KOTOPOM MOTYT JIETKO AeKOAHPOBATHCH
JUTMHHBIE KOJBI, B IMHPOKOM JHaNa3oHe KOJOBBIX CKOPOCTEil 1pH
HCTIONb30BAHKH KaK JKECTKOTO0, TaK H MATKOTo MoaeMoB. I1pH 3ToM
MI1/l BhmMOIHAET TOJILKO NPOCTEHIlINe ONEpAUNM CIOXKEHUH H
CpaBHEHHS HEGOJBIIMX ILEJIBIX YHCE, 4TO OOYCIaBIHBAET €ro
KpaliHIoI0 NPOCTOTY MpPH BCEX BapHaHTax MNPOTPAMMHOM HIH
annapaTHo# pead3auuu.

CyIleCTBEHHOE YJIYUIICHHE XAPAaKTEPUCTHK AEKOJMPOBAHMA
obecmeunBarOT KackaJHbie METOARI KOAUPOBaHHs [7] NpH MeHbIUEH
CNOXHOCTH DPEajM3alMH NO CPABHCHWIO C HekacKaguwwmu. [lpu
3TOM HCXOHHBIC JaHHBIE KOIMPYIOTCA aBYMA M GoJsiee koaamu,
KOTOPBIE 3aTEM OIpeeSeHHBIM 06pa3oM JeKOMUPYIOTCS COOTBET-
CTBYIOIIMMHE 3TUM KOJiaM METOAAMH.

IddexTHBROCTL TypGokoaoB. PaccMOTpiM OTKpEITHIE B 1993 1.
myp6oxoder [8-10] — KOIBI ¢ HMApALIETLHBIM KACKAJMPOBAHHEM.
OHR CO3Jal0TCA C TMOMOINBIO ABYX H 0O0Jee CHCTEMAaTHYeCKHX
KOJIepOB, CBS3aHHBIX MexAy coboit nepemMexure/siMH. Hazpande
"ryp60" oTpaxaeT CBOMCTBA HCMOJIB3YEMOrO NIPH JEKOIHPOBARKHK
UTEPATHBHOIO AJIrOpUTMA: MHPOpPMAuUHMA ¢ BLIXOJa ONHOH HTepa-
ILMH JE€KOAUPOBaHMS ABIIACTCH BXOMHOH A/ CACAYIOLIEH HTEPALIUH.
B nmexozmepax coOCTaBISAIOIMX KOKOB OOBIYHO NPHMEHSIOT ONTHMA-
JILHBIA aJI'OPUTM ACKOOMPOBAHHA [10 MAKCHMYMY ANOCTEPHOPHOM
BepoATHOCTH (MAP-a/IrOpuTM) MM €ro YNpPOUICHHbIH BADHAHT —
max-log-MAP (MLM).

Ha puc. 5 nokasaHbl XapaKTepHCTHKH TYpOOKOZOB: kpHBas [ —
R=1/2, K = 65536, MAP; xpusas 2 - R = 1/2, K = 1000, MAP;
kpuBas 3 — R=1/2, K=1000, MLM. 3pecs K - nnuma
uadopmauronHoro 6soka. Ilpy monydenuu rpagMkoB BLIIOJHS-
aock Ao 20 urepanuit nexogupoBanus. Koabl HOKa3LiBalOT OYEHb
XOPOILIME XapaKTEPHCTHKH IPHA OOIBLIOM LIyMe B KaHaje cBs3u. C
HX IOMOIILIO focTaraercs Py(e) = 10~° npu E, /Ny = 0,7 ab, uT0
BCEro JiMib Ba 0,5 nb Bhillie TEOPETHYECCKY JOCTH-XUMOM IPaHMIIL.
OpfHako OpH CHIDKCHHH YPOBHA ILuyma Habmomaerca addext
"HachleHHs" BepOATHOCTH OLIHGKH, BOHHKAIOUIMA M3-33 He-
G0JIBIOro KOJOBOIO PACCTONHUN NPUBEAEHHBIX KOLOB.

CoXHOCTB [eKOAepoB TYpOOKOLOB O4YeHb Besnka. Hampumep,
TypGokon, ocHoBaHHbIH Ha MAP-nekonepe, BRINOAHSET NOpAaka
12N FLOP/IB/Iter, a na MLM - 30N AEO/IB/Iter. 3necs N —
YHCII0 BO3MOXHBIX cocTosHuH konepa, FLOP/IB/Iter — konudecTBo
onepanuii. ¢ BElICCTBEHHBIMH YHCNAMH (BK/HOYas YMHOXEHHE H
CIIOXEHHE), NPUXOAALUUXCA HA OJMH MHPOpPMALMOHHLIA OHMT Ha
xaxpoit utepaumu, a AEO/IB/Iter — KOJM4ECTBO CJIOXEHHH,
BBIYHTAHUHA U CPaBHEHHMIl LETbIX TUCEIL.
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JlpyruM BHAOM KacKaJHBIX KOJOB SBJIIIOTCA NOCAe008amieb-
Hble Kackadwsie koodwt 11}, muA nexooMpoBaHHs KOTODHIX TaKXe
OPHMEHAETCA MTEpaTHBHas cxeMa. VX BO3MOXKHOCTH Takxe IO-
ka3agbl Ha puc. 5: xpusas 4 - R = 1/2, K = 1000, MLM; kpusas 5
-R=1/2, K = 1000, MAP. Koas 061anaioT GOIBIIAM KOIOBLIM
PacCTOSHHEM H TOITOMY MOKA3bIBAIOT JIYYIIHE XapaKTepHCTHKH
IIpH CPeIHEM H HU3KOM YPOBHE IyMa.

I1remenvie K0dwr [12-15] Takxke ABISIOTCA NOCICAOBATEILHBIME
KacKaJHbIMH KolaMu. B Kojepe NaHHOTO KOoAa PAX BHEIIHHX
KONCpOB M BHYTpeHHHH kak Om mepemnerarorca. Ha puc. 5
OpeICTaBJieHl BO3MOXHOCTH IUIETEHBIX KOJOB: KpHBas 6 —
R=1/2, K =10000, MLM; xpuBas 7 - R=1/2, K = 1000,
MLM; kpasas 8 — R = 1/2, K = 1000, MAP. Kozxs! oka3sisarorcs
Xyxe TypOo npH 60JIBIIOM YPOBHE LIIyMa | JIy4IIe — [IPH CPEAHEM H
HH3KOM.

W3 prc. 5 BuaHO, 4TO B Cirydae paboTH IpH yMEPEHHBIX ITyMax
MII]I, xapaxrepm3yroimiics BRICOKUM OBICTpOmeiicTBHEM H fIpO-
crorod (MIIA ¢ d =9 Bumommser nopsankxa 12 AEO/IB/Iter),
CBOHCTBCHHO¥ BCEM MaXODATADHBIM aJIrOpATMaM, HUYEM He
YCTYNIAET PacCMOTPEHHBIM KacKalIHbIM cxeMaM. Kpome Toro, npu
TakoM mryme oumbku Ha Beixoge MIIJ] B oCHOBHOM OOHHOYHBIE
[6], 91O mO3BONAET YCHEIIHO UPHMEHATH €r0 B QYEHb TPOCTHIX
KacKaJHbIX KoZax pnaxe Ge3 HCIONB30BaHHA MOMOJHHTEIHHBIX
nepemexureneil. Kpusnie 9 u 10 Ha pHc. 5 oTpaxaroT BO3MOXKHO-
CTH KacKagHelX cxeM Ha ocHoBe MII/l m koma ¢ KOHTpoOJIEM
yetHocTH (KKY): 9-MIIAc R=1/2,d=9,n4 = 4168 u KKY ¢
n=>50; 10 -MIIlc R=1/2,d=7, ng = 3052 u KKY ¢ n = 50.
Hcoosnp3opanne qanHOM KackaAHOI CXeMbl IO3BOJISET YMEHBIIHTE
BEPOATHOCTb OLLMOKHU JexomupoBanus B 10-100 pa3 no cpaBHeHMIO
¢ apocteiM MIT/I.

3amernm, yTo 4mCcio omnepauuit B MIIJ{ (u Ge3 Toro oveHs
He6OLIIOE) MOXHO €II¢ COKPAaTHTL — B HEKOTOPHIX CIOydasx
HPHEMEPHO B 4 pa3a 6e3 notepd 3(¢eXTHBHOCTH AEKOIUPOBAHUA,
YTO 3HAYHTEJIBHO YBEJIMYMBAEeT CKOPOCTh pabOTH aJIropuTMa.

CpaBHenHe a/JropHETMOB AeKOJMPOBaHMSA. 3aBEPIIHAM COIOCTAB-
JICHHE aITOPHTMOB paccMOTpeHmeM obecneauaemMoro umu IBK.
Ha pmc. 6 orpaxeHa 3HepreTuyeckas 3¢ ¢exTHBHOCTD aITOPATMOB
JCKOAMPOBaHMs npH paboTe ¢ xKecTkuM MoaeMoM: xpupsasi / — ABc
k=7 R=1/2; xpusast 2 - MIIA ¢ R=1/2, d=19; xpuBas 3 —
MIT ¢ R=1/2, d=11; xpuBas 4 — xackagusii: KKU ¢ n =50 u
MIIA ¢ R=1/2, d=9. Puc. 7 nokasmsaer IBK anropurmon
JICKOTHPOBaHUA NpH pabore ¢ MATkMM MozemoM: Kpusast /] - AB ¢
k=17, R=1/2; xpusas 2 - typbo ¢ R=1/2, K = 65536, MAP;
kpuBas 3 — Typ6o ¢ R = 1/2, K = 1000, MLM; xpusas 4 - MI1[ ¢
R=1/2, d=9. Kackanabie cxembsl Ha ocHoBe MIT[J ¢ d=9 u
d = 7 npezactaBiieHbl KpUBHIME 5 ¥ 6. VI3 puCYHKOB BHAHO, 4TO
MIIJ u xackaiHbie CXeMBl Ha €r0 OCHOBe TpHM Majbix Fj(e)
HE3HAYHTEIILHO YCTYNAT Typbokonam.

IMpuBeeHnbie pe3yTbTaThi OTHOCAIACH K JBOMYHBIM KOOaM H
CHCTeMaM ¢ aBoM4HO# (a3oBoft Mogynamueii. Ha ocHOBe BaxHe#-
LIIEro CBOHCTBa cXoguMOCTH pemtenns MI1/] x onTumanbHOMY npH
BCEX M3MEHEHHAX ACKOAHPYEMBIX CHMBOJIOB [6] peaM30BaHbI
HegponyHsle MINJ], obecnieunBaromine XapakTEPHCTHKH, OJIM3KHE
HWIH Heckonbko bosee Bhicokme, yeM Yy koo Puma—Cosomona.
AHaJIOTHYHO, BBICOKH¢ XxapakTepuctHku MIIJI, oGecneuuBaeMbie
HMH B KaHAJIaX CO CTHPAHHAMH H B CHCTEMAaX C MHOTONO3UIMOHHOM
MOAyNANMeEHd, ZIeN1al0T UX YHHUBEPCANHLHBIM CPENCTBOM INIPOCTOTO
JOCTHXEHHS BHICOKOTO YPOBHS TTOMEXO3aIIHILEHHOCTH COOOIIeHHIH
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B CACTEMaX HIMPOKOro CHCKTpa NPUMEHCHMI. Hpn 3TOM COXpa-
HACTCA TakKafd X€ CJIOXKHOCTh p€ajiM3aluyl, Kak ¥ B HpOCTCf"HHCM
OOPOroBOM LECKOHEPE.

3akam04enHe Baacrosmee BpeMs BO3MOXKBOCTH TeXHO-
JIOTHH TIO3BOASIOT AAXE AJS BLICOKOCKOPOCTHLIX KAHAJIOB CO3Aa-
BaTh ANNAPATHO-NPOrpAMMELIC BEPCHM JCKOJACPOB, KoTophie GyxyT
ycheBaTh BLINOJHATH JOCTATOYHO G0JIbllIoe YMCJIO onepammii C
KaKIObIM JeKOQHPYEMBIM CHMBOJIOM. JT0 IaeT BO3MOXHOCTH
CTpoHTL Bee GoJiee CIOXKABIE KOIOBHIE KOHCTpyKumd. Oamako
aJroOpHTMbl, HEPAINMORAILHO HCNO.Ib3YIONME BHIMHC/MTEbHbIE pe-
CYPChl, BCe %€ 3HATNTEJIbHO NPONTPhIBAIOT ropa3nioe GoJee mpocThIM,
HO PemaomEm 3a/1a9y Aekoaupopanns Golee 3¢ dexTnnHO.

Hecomuenno, 4uTo mpobieMbl ¢JI0KHOCTH PeaTH3AHH KOIHPOBA-
HHS coxpausrcs B ofo3pumMom Oynymem, a B CBA3M C PoCcTOM
cxopocreli 06Mena HngopMamueii TpeGoBarnr GoJiee npocToil peasn-
3amMl JexolepoB OyayT Bce akTyaabHee, CaMbIMH JemeBLIMH HpH
BCEX BAPHAHTAX Pea/M3AIMM OKAKYTCH Te AJTOPHTMBLI, KOTOpHIE
BLIIOJHAIOT TOJbLKO OuYeHb NPOCThie, OAHOPoAHbie B ObicTphie
onepaipd. HauGonee moimo 31EM TpeboBanmeM YIOB/IETBOPEIOT
MIIJ. A cooTBeTCTBHE €ro BO3MOXHOCTEH XapaKTepHCTHKaM
CaMBLIX CJIOKHBIX aaropaiMoB Jenser MIL/l eme Gonee npuBiexa-
TEJIbHLIM.

Koneuno, npu Be00X0HMOCTH JOCTHKEHHS YPOBHEH JHEpreTHYC-
CKOI'0 BLIHIPIlIa, CPABHEMOIO ¢ JYYIIHMH Typ6oxoaamn, pasmepnl
pamams MILJ{ # mcno BhmoONHACMBIX WM ONCPANME CJONKCAHA
3aMeTHO Bo3pacTaloT. Ho Jake B 3TOM cCiaydae CJIOKHOCTD HX
peaTH3aEB OCTaHeTcHd, BRIHMO, CyllecTBeHHO Menbiueli. Onmaxo
Ae00X0ME-MOCTh PeaAH3ANHH JeKOACPOB /Il ANNAPATYPLI CBSI3H C
IHEPreTHKOH BCEro HA HECKOJBKO JECATHIX Aemmbenn, T.e. na 2-4%
MeHbIeH Npeie/TbHO BO3MOKHELIX 3HAUeHHH, TpelyeT Gonee riryGoxoi
TEXHOJIOTHYeCKoH npopaboTku ¥ oGocuonaums, Bumumo, 3TH Bonpo-
cbl CTAHYT [eHCTBHTETLHO AKTYAILHLIMH HEe paHee, 4eM depe3
HECKOJBKO JIET.

TakuM o6pa3oM, B HcTeKinmit nocie nybmxams [1] nepaoa Goum
CO3MaHKl YCJIOBHS /i JOCTHAKEHMS YpOBHell 3HEPreTHKH, BeCchMa
OAN3KEX K TeopeTHYeCKHM mpeaeiaM I/is KAHAJIOB KOCMHYECKOH M
CNyTHHKOBO#H CBH3H. BhLicOKHe XapAKTEPHCTHKH MOTYT O0ecneunTh
HECKO/IbKO MeTo0B. OaHako HX CJI0KHOCTL NPH CODOCTABHMBIX
ypoaax IBK noxaspBaerT, uro aJropuTMbl ra Gasze MILJ Gamaxe
00 YMCIY oNepamiii K WPOCTeflIeMY AEKOAEPY LOPOroBoro THNA.
HodroMy B GosnummmacTse caydaes MILJ sBasiorca nanGosee
npeanoYTHTEILHLIM AJTOPHTMOM [I€KOIHPOBARNSA B BHICOKOCKOPOCT-
HbIX CHCTEMAX CBS3H.
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B uukne W3 4eTbipex NeKUMA nanoxeHbl obue nogxoawl M
KOHKPETHbLIE anropuTMbi MHOTONOPOrosoro pexoguposanua (MNA)
GnOKOBLIX U CBEPTOYHLIX KOAOB B KaHanax ¢ GONbliuM YpPOBHEM
wyma. [JeMoHCTPUPYeTCA MYMbThUNbM, WNNIOCTPUPYICWLMA BO3MOX-
HocTu MMM — MmeToga, KOTOpeI OCYLIECTBNRGT NPEKTUYECKN ONTHME-
NbHOe [eKOAVPOBAHWE ANUHHbLIX KOAOB NPA NUHEAHOA CNOXHOCTW
peanmaaunv. Ha npocthix npumepax GygeT noxasano, yto MM
BLINONHAST NPUMEPHO HA fBa NOPALKA MEHBbIe ONepaunid, qem
TYp6ogexofeps ¢ conocrasuMoi adpdpexTusHoctbio. Ocoboe BHUMAE-
Hue GyfeT yAeneHO NepcnekTueam NpUMEeHeHWs NeKoAepoB Koppek-
TUPYIOWMX KOAOB B CHCTEMAaX CBA3MN.
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