OT Hay4HOro pepakropa

Bcé Gosee mMpokoe HCMOJMb30BaHHE CHUCTEM (DOPMHUPOBAHUSI MH(OP-
MalMOHHBIX TOTOKOB M HX 00pabOTKH, a TakKxKe XpaHeHHS, BOCCTAaHOB-
JIEHUsI, COTPOBOXKIEHHSI W Tepefadyu Mo pasHoOoOpa3HbBIM KaHaJjaM CBSI3H
SIBJISIETCS. OCHOBOW YCKOPEHHOTO Pa3BUTHs Halllel TeXHOJOTHYeCKOH LHU(-
POBOH LIMBUJIHU3ALUH.

Kak u nobast oTpacib HayKd W TeXHHKH, LUHA(poBas HHPOpPMATHKa
ocBauBaeT BcE 0OoJjiee IIMPOKHe 0ONACTH COBPEMEHHBIX TEXHOJOTHH, akK-
THBHO BHEpsieTCs B IIPOM3BOACTBEHHbIE LUKJbI IPENNPUSITHH, B Pa3H000-
pasHble CUCTEMBl MOHUTOPHUHTA MIPUPOALI, B TOM YHCJE U CUCTEMBl TUCTaH-
[IMOHHOTO 30HIUPOBAHUS 3eMJIH, a TaKXKe CTAHOBUTCSI OCHOBOW MPUHIIUITH-
aJIbHO HOBBIX IOJXOJ0B B HayYHOH NesiTeJbHOCTU. Takoe BceoObeMJIIOLIEE
NPOHUKHOBEHHE LIM(PPOBOH HAEOJOTHH BO BCE CTOPOHBI KM3HU COBPEMEH-
HOTO 00LIECTBA COMPOBOXKIAETCS MOSIBJEHNEM J0BOJBHO 60JbIIOr0 Habopa
TPYAHBIX HAYUHBIX U TEeXHHYECKHUX MpoOJeM caMoil TeOpUM HH(OPMALUU.

OcHoBHble TIpo6JieMbl HH(POPMATHKH, KaK 3TO HU IMOKaXKeTCs CTpPaH-
HBIM, JIeXXaT B c(epe CaMblX OCHOB TeOpHM HMH(OPMAaLUHWH U B TOH eé
CJI0XKHeHIIeH U, KOHeUHO, HHTepecHek el (1) yacTH, KOTOPYIO COCTABJSIOT
TEOpHsl, TEXHOJOTHH, METOIBl U aJTOPUTMbI TOMEXOYCTOHUHBOrO KOIHUPO-
BaHHUs. DTO OINpeNessieTCss TeM, YTO Mepenada G0JbLINX 00BEMOB JAaHHBIX
B LIU(PPOBBIX CETAX PA3JHUHOrO YPOBHS M UX MCIIOJAb30BaHHE, XpaHeHHe U
BOCCTAHOBJIEHHE BO3MOXHbI TOJbKO TPH BBHICOKOM yPOBHE NOCTOBEPHOCTH
3TUX JAHHBIX, KOTOPbIE OKa3bIBAIOTCS OECIMONE3HBIMH, eCH A0Js OLIHO0K
B LUH(POBBIX AaHHBIX OYIET CJAMIIKOM 3aMeTHOH. B atom cayuae He GynyT
pa6oTaTbh OGOJIBLIMHCTBO MPOTOKOJOB OOMEeHa, MpOorpaMMHble MOMYJ/H, Ie-
penaHHble ¢ OIIMOKAMH, H OYeHb MHOTHe ApyTHe cepBuch. ObecrneyeHHeM
HeoOXOAMMOr0 yPOBHSI OCTOBEPHOCTHU LU(POBBIX AAHHBIX U 3aHHMaeTcs
TeopHusl TNOMeXOYCTOMUHMBOTO KONHUPOBAHHUS, AOCTHUKEHHUS KOTOPOW 3a HC-
tekmne 70 JieT e€ pa3BUTHSI BeCbMa 3HAUMTEJbHBL. YK€ MHOrO AECSTH-
JIETUH KOAHMpOBaHHWe 00s513aTeJbHO K HCIIOJNb30BAHHIO B IU(PPOBBIX CHCTE-
Max CBSI3M BO MHOTHX TE€XHOJIOTHYECKH Pa3BUTBHIX CTPAHAX, YTO M03BOJISET
MHOT'OKPATHO TMOBBIILIATh CKOPOCTh Mepefaur 1aHHbIX U UX J0CTOBEPHOCTbD,
a TaKyKe CHMKATb pas3Mephl NOPOTHX aHTeHH. MolHble KObl HCIOJb30-
BaJIMCh el B MpOLLIOM ThicsiueseTuu B npoekte NASA «Kaccuuu» nJs
uccaenoBanuil CaTypHa, KOTOPBIH OBl YCIIEIIHO 3aBEpPIIEH B CeHTOpe
2017 ropa. Ilupoko mpuMeHSIOTCS pa3/jWdHble KOABI U B CHCTEMAxX KOM-
NbIOTEPHOH MaMsATH, MOOUJBHON CBSI3U, B ObITOBOM TeXHHKe, a TaKxe BO
MHOXECTBe NPYTHMX BaXKHBIX CHUCTEM LU(PPOBOrO MHPAa W HALIEro TEXHO-
KpaTH4eCcKoro o01ecTsa.

OnHako 10 HelaBHEro BpeMeHH MOTeHLHaJlbHble BOSMOXKHOCTH O04YeHb
JOPOTUX AMCKPETHBIX KaHaJOB U Pa3JHUYHBIX LU(POBHIX CeTel HCIOJb-
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30BaJIMCh HEOCTATOYHO IOJHO M3-3a BCE ellé BecbMa MaJsod 3(PpQeKTus-
HOCTH MHOTHX aJIFOPUTMOB KOPPEKLHH OLIMOOK, CO3JaHHe KOTOPHIX fB-
JsieTcss HauboJsiee CJIOXKHOU MpoGseMOH Teopudu HHGOPMALUU U TEOpUu
MIOMEXO0YCTOHUHUBOIO KOAHPOBAHHUS.

KoHeuHO, KOHKpETHblE YCIeXW TEOPUH M TEXHOJOTHH KONHPOBaHHS
OOLIMPHBl ¥ HecOMHeHHBl. OIHAKO W HEPEIEHHBIX MPOOJIEM 3TOH MO CYTH
BaXKHOH HayKH LH(POBOro MHpa [0 HeJaBHero BpeMeHH OblJI0 Heolpas-
IAHHO MHOTO, YTO B 3HAYMUTEJIbHOH Mepe omnpefiesisieTcsl IPUBEPKEHHOCTHIO
BecbMa OOJIBLIOTO YKCJaa YUEHBIX, paboTamoLIUMX B 3TOH cdepe, anredpau-
4eCKUM OCHOBaM 3ToH Teopud. Ho, Kak yxe naBHO H3BeCTHO, ONTUMAaJb-
HOe pelleHUe, T. €. HAWIYULIHH 10 BEPOSITHOCTH HeOOHAPYKEHHOH OLIMOKH
pe3ysbTaT NpU AEKONUPOBAHUH KOAOB, BO MHOTHX CJyuasX MOXeT OBITb
JNOCTUTHYT W TIPH TMOHMCKe I100aJbHOr0 3KCTpeMyMa (pyHKIMOHAJMA B JHC-
KPeTHBIX NPOCTPAHCTBAX HA IKCIIOHEHLHANbHO PACTyILLEM C AJHHOH Kona
MacCHBe BO3MOXKHBIX pelieHHH. M Takoe onTHMaJ/IbHOE pellieHHe, HO TOJb-
KO [1J5 TIIAaTeJbHO MOAO0OPaHHBIX KOLOB, MOXXHO HaWTH Jake MpH OueHb
BBICOKMX YPOBHSIX LIyMa KaHajla, 4TO, KOHEYHO, 0COOEHHO 1I€HHO.

ITH pe3y/bTaThl U CTAJH OTHPABHOH TOUKOH MATHOECSATHUJETHHX HC-
cJIe[OBaHUH aBTopa 3TOH MOHOrpauH, MOJYYHUBIIETO aBTOPCKOE CBHUE-
TeJIbCTBO HA TAKOE HEOXHAAHHOe pelleHHe NPobJeMbl TOMeX0yCTOHUHBO-
ro KOAMPOBaHMs IOUTH IOJNBeKa Hasax. Anre6panueckast TEOPUS] KOMH-
poBaHHus Oblja NIPeKPACHOH CTapTOBOH MJIOIIAJKOH Ha HayasbHBIX 3Tanax
UCCJ/IeIOBAHUH W TOHUCKOB aJrOPUTMOB KOpPpeKLUHH olub6oK. OHa Mo3Bo-
JIUJla Ha TIEepBOM 3Talle H3yueHHs KOAOB MPHOOILHTb K HUM Hay4yHOe CO-
0011eCcTBO Yepe3 MHOTOMepHble JUCKDPEeTHbIE NO0JIST U APYTUe CliellhajbHble
MateMaTH4eCcKHe CTPYKTypbl. DTo co3fasno B 60-e roasl Mpouljoro Beka
YCJIOBHSL ISl peLIeHUs] MHOTHX Npo6JeM NOCTHXKeHHs] TpedyeMOH HOCTO-
BEPHOCTH LIU(POBLIX [IOTOKOB B Pa3/U4YHbIX KaHa/lax. Pa6oTsl aBTOpa Mo-
HOrpaMy M ero HayuHOH LIKOJbl MOKa3a/H, UTO NOCTHKEeHHS CO3[4aHHOH
umu OntumusaunonHodl Teopuu (OT) momexoycTOHUHBOrO KOAHPOBAHHUS
SIBJISIIOTCS. OCHOBOH OCOOEHHO IMPOCTBIX aJTOPUTMOB MOWCKA T100aJbHOTO
9KCTpeMyMa (PYHKLHMOHAJOB, KOTOPble MPaBUJIbHO NEKONUPYIOT MPUHSITHIE
cooblIeHUs] HermocpeAcTBeHHO BOJU3U TrpaHuibl [lleHHOHA, UTO U SABJIS-
eTcsl KOHeYHOH I11eJIbI0 TEOPHUH KOOMpOBaHHUs. M3soxeHH0 Ha aGCOMIOTHO
HOBOM MJe0JI0OTHUecKOM ypoBHe pedyabTaToB OT u nocssileHa paHHas
MOHorpagus.

HanomHMM, 4TO HOCTOBEPHOCTb CBSI3H W 3(PPEKTHBHOCTH HCIOJb30-
BaHMS KaHAJOB CBfI3H B pellaiolliell CTeNeHH ONpenessioT UMEHHO NpUMe-
HsieMble aJTOPUTMbl KOPPEKIHH OLIKOOK, T.e. AekoaupoBaHus. Ho 6oJb-
IIMHCTBO M3BECTHBIX aJTOPUTMOB 3TOTO THIA 10 HEJaBHErO BPEMEHH OKa-
3bIBAJIMCh BCE eIl HeONPaBAAHHO MeMJIEHHBIMH UJIH CJIHIIKOM CJIOKHBIMH.
[Ipo6siema mpocTOro U BICOKOAOCTOBEPHOT'O NEKOAUPOBAHUS MPU GOJBLIOM
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YPOBHe LIyMa, KOTrAa KaHaJbl UCIOJb3YIOTCS C MaKCUMaJbHO BO3MOXKHON
3(ppeKTUBHOCTbIO, T.e. paboTa B HEMOCPeACTBEHHOH OJM30CTH OT HUX INPO-
MYCKHOH CMOCOOHOCTH XOTSl M MOApasyMeBaJjach BCeraa Kak CyILLEeCTBYIO-
masi, Ho (paKTHIEeCKH OHa OYeHb JOJIFO He CTABHJACh BO IVIABy yriia. DTO
U HeyIUBHUTENbHO, T.K. AJIf 3TOrO He ObLJIO OCHOBaHHWH H3-32 HaJU4HS
TOJIKO J0BOJIbHO CJa0BIX HJM CJHILIKOM Me[JIeHHBIX ajJropuTmoB. [laxke
3HAYUTeJIbHBIH Mporpecc 6asbl MUKPOJEKTPOHUKU NOC/EAHUX JecsTH/le-
THUH He MOBJUSJ CKOJNbKO-HUOYIb PEIIMTeNbHO Ha MOMUCK MyTeH pelleHus
3TOU TJ1IaBHOH mpobJseMbl HU(PPOBOH cBsA3M, chopmynupoBaHHoi 70 ser
Hasazn Kionom IllenHoHoM. M3BecTHBIE HOCTH2KEHUS! TEOPUHU KOLUPOBAHUS
Ha OCHOBe ajre6panuecKux W psja INOAOOHBIX UM aJTrOPUTMOB 3a MOCJe]-
HHe JeCATUNETHS TaK U He YJIYULIWJIH pealbHbIX BO3MOXHOCTEH MpPUKJAL-
HbIX METOJOB 3TOH KJIACCUYECKOW TEOPHUH U He yKa3aJd HOBbIX MyTed A5
YCHELIHOr0 TeXHOJIOTMYeCKOr0 Pa3BUTHS CHUCTEM NEKOILHPOBAHHS.

HiMeHHO B 3THX YCJIOBUSIX B TedyeHHe yxKe MHOIMX [ecsiTU/eTHH B
Poccun passuBaercs OntuMusanuoHHas TeopHst MOMeXOyCTOHYHBOIO Jie-
konupoBaHusi. OHa Ha cOBeplLIEHHO HOBOM YPOBHE YCIIEIIHO pellaeT Mpo-
6sieMbl ONTHMAaJbHOIO, HaWJ/ydllero Mo JOCTOBEPHOCTH [eKOIHUPOBaHHUS
npu G0JbIIMX YPOBHAX LIyMa M, YTO KpailHe BaKHO, IIPU TeOpeTHUeCKH
MHUHHMMaJIbHOH, JIHHEHHOH OT MJIMHBI KOJa CJOXKHOCTH. A MHUHMMaJsbHas
BO3MOXKHas CJIOKHOCTb Kak pa3 M M03BOJseT AeJaTb NPOCTble U OYeHb
ObICTpble AeKOofepbl AJf BecbMa JJHHHBIX KOJOB, KOTOpble TOJbKO U MO-
TyT MNO3BOJIMTb NOCTHYb MaKCHMaJbHOH NPONYCKHOH CIOCOOHOCTH KaHaja
CBSI3H.

ABTopEl 1 Ge3yc/lOBHBIE MEPBOOTKPBIBATENH 3TOTO HANpPaBJEHHS B
CBOMX, KOHEYHO ’K€, BeCbMa HeTPaJHULHOHHBIX 110 CTUJIO M pe3y/bTaTaM
KHHUTaX M CTaTbsIX 32 3TH JECSATHJ/IETHS NT0Ka3aJau COBepILIeHHO ocobble BO3-
MOKHOCTH U JaBHO M3BECTHBIX METOJOB THIIa 3aMeyaTesbHOIO ajlropuTMa
Butep6u (AB), Ha KOTOpBHIHl OHM HENABHO MOJYYHJIH MaTeHT, U HOBBIX
UTepaTHBHBIX CIIOCOOOB KOPPEKIMH OLIMOOK Ha OCHOBE MHOIOMNOPOrOBBIX
nekozepo (MIIJL), peanusyiomux odeHb 3(Q(PeKTHBHEIE NPOLEAYPHI IJIO-
6a/bHOrO TOHCKA.

DTo He OyHeT Kas3aTbCsl CJMIIKOM YIAMBHTEJbHBIM, e€CJH OOpaTHUTh
BHHMaHHe Ha To, 4TO 3a HcTekiue 50 jeT mocse oTkpeitHs AB yBesu-
YeHHe Ha HeCKOJbKO IMOPSAKOB MPOU3BOAUTENBHOCTH 3JIeMEHTHOH 06asbl
U pasBUTHe CpeJCTB NPOrpaMMHUPOBAHMs Ha CaMOM [eJle Upe3BbluaiHoO
CUJIbHO U3MEHUJIM CUTYalHI0 C COOTHOLIEHUEM BO3MOXXHOCTEH MOUYTH BCex
aJrOPUTMOB, KaK OTKPBITBIX HENABHO, TaK M M3BECTHBIX yKe AaBHO. I'paH-
JIMO3HBIH POCT BO3MOXKHOCTEH 3JIeKTPOHHKH, HalpUMep, CHJIbHO M3MeHseT
Jaxke NOCTYIMHble HHXKeHepaM XapaKTepUCTHKHM SKCIIOHEHLHA/NbHO CJI0XK-
Horo AB. B 370l MoHorpaduu eé aBTOp MOKAa3bIBAET, UYTO MHOXKECTBO
JIaBHO U Temepb YK€ XOPOILLO HM3BECTHBIX MPHEMOB HCIIOJb30BAHHUS psilia
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MPUBBIUHBIX A/JATOPUTMOB M03BOJISIET HA COBEPLIEHHO HOBOM YPOBHE pelliaTh
3a/layd NOMeXOYyCTOHUHBOrO KOAMPOBAHUS BIIOJIHE YCIELIHO H, YTO OYeHb
BayKHO, BecbMa INpocTo. M BecbMa 4acTo 3TH «CTapble» MeTOLbl OKa3bl-
BAIOTCS JIyUllle «HOBEHIIHX» Pe3yJbTaToOB B 00JaCTH anredpandeckux (1
IPYTUX OJNU3KHX K HUM) aJTOPUTMOB JNEKONUPOBAHUS U MO 3((HeKTHBHO-
CTH, U MO CJIOXKHOCTH.

KioueBoll Temoli, onpenessioliell LEeHHOCTb AaHHOH MOHOrpaduu,
SIBJISIIOTCS Pa3HOOOpPA3Hble pe3y/bTaThbl, YOeoUTeJbHO AEMOHCTPUPYIOLLHE
BIOJIHE TEXHOJIOTHUHBle pellleHHs] noctasjeHHo# 70 ser Hazam Kio-
noM IlleHHOHOM mNpoGJEeMbl NPOCTOr0 BHICOKOLOCTOBEPHOrO J1eKOAHPOBa-
HHS BOJIM3H NPOIMYCKHOH CIIOCOOHOCTH KaHasa Ha 6a3e ONTHMHU3aLHOHHOH
Teopuu noMexoyCTOHYMBOr0 KOAHPOBAHHUSI.

CrapToBo#i ycTaHOBKOH B 3TOH HOBOH TeopuH KopupoBaHus ctana Oc-
HoBHass Teopema MHoromoporosoro aekonuposanuss (OTMIIJI), koropas
TOBOPHT O TOM, UTO NPaBUJIbHO OPTaHH30BaHHbIE POCTeHIINEe MaXKOpHUTap-
Hble 110 CBOEH CYTH UTepaTHBHbIE aJTOPUTMbI MPU KaXKJIOM H3MeHEHHH Jle-
KOAHUPYEMBIX CUMBOJIOB CTPOTO MPUOJIHMAKAIOTCSA K PELIeHHI0 ONTUMaJ/bHOTO
nekonepa (Ol), o/ist 1OCTHXKeHHUs] KOTOPOrO paHblie 0ObIUHO TPeGOBaIoCh
OCYLIeCTBJISAITb [0JHbIH 9KCIOHEHLHAIbHO CJIOXKHBIH Iepe6op, 4To B pas-
JUYHBIX TEXHHYECKHX CHCTeMax J[eJsaeT, Halnpumep, ajiroputM Burtep6u.
Crporoe nokasateabctBo OTMITJ] caMbIM peBOJIIOLUOHHBIM 00Pa3oM IO-
MEHSJIO MOCTAHOBKH 3ajfad AeKOAMPOBAHUS [/ BCeX BHULOB KaHAJOB C
He3aBUCUMBIMU HCKaxKeHUSIMU. Terepb CTajs0 BO3MOXKHBIM HCHOJNB30BaTh
MITJ nekonepsl MpakTHUYeCKH AJS JIOOBIX KJACCOB MAaKOPUTAPHO IEKO-
IUPYEeMBIX KOIOB M MPH BCEro JUIIb JUHEeHHOH (!) OT AMUHBI KOJa CJI0XK-
HOCTH a/JropurMa pocturatbh pemieHudl OJl naxe mpu GoJbLIOM ypPOBHe
IyMa KaHasa.

ABTop ykasaj, 4TO NpU pelleHHH ONTHMH3alMOHHOH 3ajaud IeKo-
IMpOBaHHUs c(OPMYJUPOBAaHHAs UM 0co0asi KpaeyroJbHas HJis ero HayKH
OTMILJ] Teopema BoBce He 006eIiaeT 00513aTeNbHOTO JOCTHXKEHHS pellle-
Hua O]l, T.e. MHOromoporoBblil Aekoiep, yBbl, He onTuMaseH. KMeHHO
TM03TOMY YJIeHbl HAy4YHOH LIKOJIBI aBTOpPa MOHOrpauHu, K HacTOsILIEMY Bpe-
MeHH CO3[aBIIHe 3Ty MOJHYI MacwitabHylo OnTuMusanuHoHHyl Teopwio,
BCE 3TH TOJbl OCYILECTBJSNN MOUCK YCJIOBHH, KOTOpble HOJI2KHBI BBIIOJ-
HATbCS [J1S1 TOrO, YTOObl MPOLECC YCIELIHOro AeKONUPOBAHMUS, T.e. MOoUC-
Ka ry106anbHOro 3KcTpeMyMa (DyHKLHOHasa, Obl1 10 BO3MOXHOCTH 0oJee
poaruM. OdeHb BaKHO, YTOOBI 3TOT IOMCK He MNpeKpallajcs riae-HUOy1b
Ha TOJIIYTH K ONTHMAaJbHOMY peLIeHHIO, KOTOPHIM SBJSETCS KOLOBOE CJIO-
BO, OsiMzKaMllee K IPUHSATOMY U3 KaHaJja coobiieHuto. M npu aTom Bcerna
Tpe6oBa/IoCh CJeIUTh, YTOOB CJOXKHOCTb COOTBETCTBYIOLLErO HEKOAEPa,
€CTeCTBEHHO MOHHMaeMasi KaK 4HCJ/IO BbIIOJHSEMbIX UM ONepaLui, ocra-
BaJacb TeOpPeTHUYeCKHW MUHUMAaJbHOH, JIMHEHHO pacTylled C AJUHOW Kona



Jaxe IpH OOMBIINX YPOBHAX LIyMa KaHaJa.

Bce oueBuiHBIE, a MHOTZA W JOBOJBHO HEOXKHMIAHHBIE CIIOCOOBI 10-
cruxenus peureHuss OJ] Ha ocHoBe MIIJl anaroputmMoB M psiia APYTHUX
MEeTO/IOB KaK pa3 M M3J/I0XKEeHbl BO BCEM CBOEM MHOro00pasuu B NaHHOH
KHHUre. ABTOp HOCTYIIHO M MOHSTHO MOKA3bIBaeT, YTO MAJisi GOJIBLIOrO YHC-
Jla KaHaJI0B U KOJOB YK€ BO3MOXKHO JOCTUXKEHHEe OYeHb BBICOKOI'O YDOBHS
UTOTOBOH H0CTOBepHOCTH Ha ocHoBe MIIJ] nekomepoB W psina MpOU3BOL-
HbIX OT HUX METONOB HermocpeiacTBeHHO BOiM3M rpaHulbl IlleHHona. Kak
OyZeT BHUIHO M3 MOCJAENYIOLIEr0 MaTepuasa, 3Ta 3ajada NeHCTBHUTEJNBHO
y2Ke B O4eHb MHOIMX CJy4asiX BIIOJIHE YCIIELIHO pellleHa aBTOPOM M JJIs
HEKOTOPbIX KONOBBIX KJACTepOB (THIHYHBIX COYETAHHUE MapaMeTpoB KOLOB
W KaHaJoB) oHa Oynet peieHa yxe ussecTHbiMu B OT mertomamu. [Toaro-
My aBTOp, 6€3yCJIOBHO, SIBJSIeTCS CIeLUaJUCTOM, KOTOPBbIE HMeeT MpaBo
3asiBUTb O pelleHUH UM npobsembl [lleHHOHA A/ BCeX OCHOBHBIX THIIOB
IU(POBBIX KAaHAJOB C HE3aBUCUMbIMU HCKaKEHUAMHU. 3afadya pacliipeHus
CIIMCKA TaKHUX KOJOBBIX KJacTepoB OyleT Telepb IIOCTOSHHO pellaTbCcs U
y2Ke MHOTOUHCJIEHHBIMH M3BECTHBIMH, W, KOHEUHO, HOBBIMH METOIAMH, a
nosie OT ObICTPO pa3BUBATLCS; BCE YCJOBUS IJs 3TOrO HAyUHOH LIKOJIOH
aBTOpa y2Ke CO3/aHbl.

YpoBenb poctuxkenu#t aBropa OT u B 06s1aCTH TEXHOJOTHUECKOH 10-
CTYHHOCTH aJIFOPUTMOB, M3JI0KEHHBIX B 3TOH MOHOrpauu, sBjseTcs He
MeHee 3HaYHMbIM, XOTSl OH B OCHOBHOM 3aHMMaeTcs (yHIaMeHTaJbHbIMH
uccienoBaHusaMU. OkasblBaeTcs, 4YTO OH U €ro Hay4Has LIKoJa MOJY4YHIIH
Lesblil PAL UCKJIIOUUTENbHO BaXKHBIX PE3yJbTAaTOB B CaMbIX Pa3/MYHBIX
TeXHOJIOTHYeCKUX cpepaX, CBS3aHHBIX C TeOpHeH M TeXHHUKOH KOAMPOBa-
nus. HauboJsee cyuiecTBeHHbIM NpHKAafHbIM nocTHxkeHHeM OT sBnsercs
pacuiupenune obsactu aeiictBus OTMIT/] dakTHyeckd HAa BCE MHOXKECTBO
MeTO/IOB UTepPaTUBHOIO NEKOAWPOBAHUS JMHEHHBIX KOLOB — KaK O0JI0KO-
BbIX, TaK W CBEPTOYHBIX: 3TO KacCKaJHble CXeMbl Pa3HbIX THIIOB, KaHaJbl
CO CTHPaHHUSIMM, CBepxOBICTpble anmapaTHble W MPOrpaMMHble BapHaHTHI
JeKOJEepoB, a TaKXKe, UTO TOXKe COBEpLIEHHO HeOOblYHO U JaxKe HeOoXU-
JlaHHO BoOOIle /151 BCell TeOpPUU KOAMPOBAHUS, BTOPUYHO IE€PEOTKPLIThIE
UM CHMBOJIbHbIE KOJIBI.

CHMBOJIbHBIE KOABI OTHOCATCS K HELBOHMUHBIM MayKOPHUTAPHO MIEKO-
nupyeMblM KofaM. OHM OblIM OTKPBITHl, KaK W OObIYHBIE [OPOrOBbIE aJl-
TOPUTMbI, OCHOBOIIOJIOXKHHKOM 3TOTO HalpaBJeHHs, BbIAIOLUIUMCS aMepH-
kKaHckuM yuéHbM J[k. Meccn B 60-x romax XX Beka. OnHako B CBOeM
aHa/lu3e TaKHWX KOJLOB OH MOTpe6oBas OT HUX TAKMX HCKJIIOUHUTENbHO Bbl-
COKHX XapaKTEPUCTHK, KOTOpble Te B NPHUHLMIE He MOIJIM 06eCleduTh.
U B pesy/braTe HeMaJsoro BCJeCTBHE TOrO pa3oyapoBaHUsl OH OTKasail-
cs1 OT JaJsibHeHIIero aHaau3a TaKUX KOLOBBIX CTPYKTYP. A 3TOT 0TKa3 cran
IPUYHMHOH TOTO, UTO UCCJIEOBATENH BCero MUPA, (haKTHUECKH 6e3yCJ0BHO
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TIOBEPHB €r0 MHEHHIO, B TedeHHe nocjenyomux 50 jer o4eHb pPefKo NpPH-
MEHSJIM Ma*KOPUTApHBIE AJTOPUTMBI K HEIBOMYHBIM KOLAM, KOTOPBIX Kak
6bl 1 He Obl10. Ho Tak moJsyunsioch, 4TO U BCe TMPOYHe HeIBOUYHBIE KOIBI
U [eKOJephl, CO3/laHHble KIAaCCHUYECKOH anreOpanyeckod TeopreH 3a 3TOT
IJTUTEJBbHBIH TTEPUOJ, TOXKe He CTaJIM BbIJAIOLUIUMUCS NOCTHXKEHUSIMH Hay-
KU, XOTSl ¥ OblJIM OYeHb MOJIE3HBIMH BO MHOTMX TEXHHUECKHX CHCTEMaX.

A BOT aBTOp MOHOrpa)MU U €ro IIKoJa OYeHb BHUMATENbHO OTHeC-
JUCh K KOAaM, KOrja-To OTBeprHyThiM MeccH, Y€TKO OTHEJNMNH HX OT
MPOYUX THIIOB HEIBOMYHBIX KOLOB M Ha3Ba/lM CHMBOJbHBIMH. K Hacro-
lleMy BpeMEeHH OHHM CO3[ajd MOJHYI TEOpHI0 HJs HHUX, a Takxke IJs
oco60 npocTbix cuMBobHBIX MIIJl nekogepoB Ha NPUHLUNAX [J0OaJbHO-
O NOUCKA, KOTOpble 3(h(heKTUBHO KOPPEKTHUPYIOT OLIHUOKK B 3TUX KOLOBBIX
cTpyKTypax. M mocko/bKy OCHOBHblE MapaMeTpbl CHMBOJBHBIX KOIOB, T. €.
pasMep asndaBuTa U AJMHA, aOCONIOTHO HE3aBUCHUMBI APYr OT ApPyra, TO
XapaKTepUCTUKH BCeX 3THX CHMBOJBHBIX aJrOPUTMOB abCOJMIOTHO M Ha-
BCEr/la CTald HENOCTHXKHUMBl 1/ KAKUX-JUO00 HHBIX HeIBOMYHBIX KOMLO-
BBIX CHCTEM, He HCIIOJb3YIOLUX MeTOAO0B MOHMCKA I100a/JbHOIO 3KCTpPeMY-
Ma ¢yHKuHoHana. Ho 3To W HeynuBHTeJbHO, T.K. KJaccH4yecKas Teopus
KOAMPOBaHUs MouTd 3a 60 JjieT pa3BUTHS He co3fasa HUuero Gosee 3¢-
(heKTUBHOrO BO MHOXECTBe HeJBOMYHBLIX KOJOB, UeM BecbMa cJjabble MO
s¢dexTuBHOCTH Koibl Puna — CoJsioMoHa, T. K. peasbHO 10 CHUX NOp MOX-
HO HCII0JIb30BaTh TOJIBKO OYeHb KOPOTKHE BapHaHTbl KOLOB 3TOr0 THIIA.
Kcraty, oyeHb mosiesHo 0OpaTUTb BHHMaHHE UUTaTesed 3TOH KHHUTH Ha
TO, UTO [IJs NeHCTBUTEJbHO TPUYM(AJBbHOTO IIECTBUSI CUMBOJIbHBIX KO-
IIOB 110 MHPY CHCTEM KOIUPOBAHMS aBTOPBl CHMBOJBHBIX aJTOPUTMOB Cpa-
3y 2Ke HEMHOTO TIOMEHSJIM M 3aNaTeHTOBaJ/Hd NPaBUJIO0 PabOThl MOPOTOBBIX
3/eMEHTOB — [JIaBHBIX aKTHBHHIX y3J0B BO Bcex MIIJ], B TOoM uymcse
CUMBOJIbHBIX. FIMEHHO 3TOT MOMEHT U pelInJ/ cyab0y MUPOBOTO KOHKypcCa
Cpelr HeIBOMUHBIX anroputMoB. OH MIPOCTO HE COCTOSJICS, YTO HAa3bIBAeT-
csl, «3a SIBHBIM TIPEUMYLIECTBOM» CHMBOJIbHBIX KOJOB 110 BCEM MapaMeTpaM
3((eKTUBHOCTU U CJIOKHOCTH. B 3TOM MOxHO yOeiHTbCS, YUTas COOT-
BETCTBYIOLLME pa3fiesibl STOH MOHOrpaUy WM paHee U3NaHHBIE KHUTH H
CTaThbd aBTOpa 1o 3TOH TeMaTuke. Hayunoit mkosoit OT yxke omy6suko-
BaHO HeCKOJbKO KHHI 1o TeMaTHke OT UM cIpaBOYHHK MO KOAHMPOBAHMIO,
a MexnyHapoaHbiit coo3 sgekTpocBsisd (MC3/ITU) B cBo#t 106uaeHHBIN
2015 rom wmsman pocraTodHo mosHylo MoHorpaduio mo OT Ha aHrmid-
ckoM si3bike. IIpH TOM BaxKHO NOAYEPKHYThb, YTO BOOOLIE BCe BapUAHTHI
MIIJ] anropuTMoB, HECMOTPSl Ha 3a/I0KEHHble B HHUX He BCerga O4eBHI-
Hble Ued 3(PPEeKTUBHOTO IJI06aMbHOTO MOUCKA, SIBJASIOTCS KpalHe MpOCThI-
MM YCTPOHUCTBAMH HJIM MPOTPAMMaMH C XOPOLIO MOHSITHBIMH MPUHLHIAMH
paboTbl, YTO KpalHe MoJe3HO I/15 00y4eHHUS CTYAEHTOB W CIIELUaJHUCTOB,
a Takxe 1Jis1 pa3paboTOK WU MPUMEHEHHUS.
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B moHorpaduu ypensercss riy6okoe BHUMaHHE M MHOTHM JAPYTHM
unesM, BO3HUKIIUM B npouecce pa3Butusg OT: nmpuHUUNy OUBepreHLUH,
napaJJ/eqbHOMY KacKaJlHpPOBaHUIO, KOIAM C BbIeJ€HHBIMH BeTBSMH U APY-
TMM CHCTEMaM M TPHUHLHUIAM OpPraHH3alHHd HOBOTO, OYeHb HEOOBIYHOTO
CTHJISL IeKOJMPOBaHUs, 00pa30oBaBILINM CBOE 0co6oe OOLIMPHOE HHTeJIeK-
TyaJbHOe npocTpaHcTBo napagurm OT. Bee oHM neficTBUTENBHO TOMOTraOT
CO3[aHHIO, UCCJEJOBAHUSAM M pean3alid HUCKJIOUYUTE/]bHO NPOCTHIX Me-
TOJIOB [E€KOAHPOBAHHUS NPH O0JbLIOM ypoBHe lymMa. OTMeTHM, 4TO paHee
HHM OQHOTO M3 3THUX IepeyUc/eHHBIX NMOHATHH B TEOPUM KOAMPOBAHHS He
6er10. Ho ux poss B OT u B ycnemHoM pemleHHH npo6jeM IeKOAHPOBa-
HUA OKasaJlach Ype3BblyaiiHO BaxkHOH. HekoToprle U3 pe3y/bTaToOB aBTOpa
SIBJISIOTCS OTKPBITUSIMM B TEOPUH KOIHUPOBAHHUS.

YkaxeM Ha ellé oovH U3 HauboJiee 3HAYUMBIX METOIOJNOTHUECKUX pe-
3yJIbTaTOB TEOPUU aBTOpa — BblAe/eHHe B 0COOYIO IDYIIY AEKOAEpPOB C
npstMbiM KoHTposieM MeTpuku ([AITKM). DTo okasanoch 0COGEHHO MoJes-
HBIM U Jlaxke abCOoJIIOTHO HeOOXOAUMBIM IIPH peLleHUH 3a1a4 KOIHPOBAHUS
B KaHa/jaX ¢ 3KCTpeMaJsbHO OosbiuM ypoBHeM wwyMa. K rpynme OITKM
HayyHasl 1IKoJa aBTOpa OTHOCHT BCe MeToibl ¢ Hcrosb3oBaHheM MILJI
u AB, kortopble 00/1afal0T BaXKHEHIIUM CBOHCTBOM TOUHOIO H3MEpEeHHsI
pPacCTOSTHUH, MUHHUMH3HUPYEMBIX 3THMH aJTOPUTMaMH. DTOT TOAXOJ BbI-
BOJIUT HCCJENOBaHUs JaekomepoB Ha ocHoBe AB u MIIJl Ha emwé Gosee
BBICOKMH ypOBeHb, paoTa Ha KOTOPOM YK€ M03BOJIKJIA NOJYYUTh YPE3BhI-
YalHO BaXKHBIH pe3y/bTaT — CO3/laHHE W TaTeHTOBaHHe GJIOKOBOH BEpPCHHU
anroputMa Butep6u (BAB) co cs0KHOCTBIO, GJIM3KOH K CIOXKHOCTH KJac-
cugeckoro AB nsisi cBEPTOUHBIX KOMOB. DTOT pe3ysnbTaT IJs OLHOTO H3
CaMbIX IJIaBHBIX aJTOPUTMOB MPOLIJIOro BeKa BIeyaT/aseT U caM mo cebe,
T. K. OLIEHKH CJIOXKHOCTH KJIaCCUYeCKOH TeOpUM KOAMPOBAHHUS AJsl APYTUX
6/710k0BBIX Bepcuil AB (akTHuecKH COOTBETCTBYIOT yIBOEHHOMY ITOKa3a-
TEJII0 JKCIOHEHTHl CJIOXKHOCTH 110 CPaBHEHHIO CO CBEPTOYHBIMHM KOIAMH,
YTO, KOHEUHO, JeJajo UX COBEpLIEHHO HENPHUTOAHBIMH MAJsl MPHMEHEHHS
B peasbHblX cucTeMax. [losiBjieHHe cTO/Ib ke 3((PEeKTHUBHOrO U OTHOCH-
TeJbHO MPOCTOTO METOHA, KOTOPHIH HOJT0 M YCHELIHO NPHUMEeHsJCS AJs
CBEPTOUHBIX KOJOB, B CBOEM 0JIOKOBOM BapHaHTe MHOIOKPATHO YIPOLLAeT
npouenypsl KOppeKUUH OolHOOK AJsi BooOlle BceX OJIOKOBBIX ABOMYHBIX
KOIOB U YHH(DUIHUPYeT uX Ha enuHod ocHoBe I[ITKM mertonos.

B monorpadusix mo MITJ u OT pust wimoCcTpauyd MHOTHX Pe3yJ/bTa-
ToB MIIJ] anropuTMoB yrKe HEOMHOKPATHO HCIIOJNb30BAJHCh BO3MOKHOCTH
ceTeBbIX mnoptasoB www.mtdbest.ru u www.mtdbest.iki.rssi.ru Hay4yHoH
IIKOJIBl aBTOPA, TEPBBIH U3 KOTOPBIX NOCTATOYHO YACTO OOHOBJSIETCS. DTO
MHOTOKpaTHO ofJ/ieryaet MpaBU/bHOe TOHUMaHue pedysnbratoB OT 3auHTe-
PeCOBaHHBIMH UHTATEJSIMU. BO3MOXKHOCTH MCNONB30BAHUS PECYPCOB 3TUX
MOPTaJoB B JaHHOH MOHOrpauy OKa3blBalOTCS ellé 6oJsiee pa3HOOOPa3HbI-
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MH H TOJIE3HBIMH.

Unensl HayuHoH mkosbel OT mosyunsin yxe Gosee 15 maTeHTOB Ha
CBOM METOJIbl H aJTOPUTMBI, B TOM UHCJE U 338 PyOEKOM.

3aBepiuasi NpeacTaBJeHHe HAYYHO-TEXHHIECKOMY COOOIIECTBY MOHO-
rpaguu npodeccopa B.B. 3os0Tapésa, Hesnb3sh He OTMETHUTb U HEKOTOpBIE
npo6seMbl, CB3aHHbIe ¢ ero Teopuei. Paspaborka MIIJ] anropurMoB B
TeueHHe MOJyBeKa HUCCAENOBAHUH MaXKOPHUTAPHBIX M OJM3KHUX K HHUM Me-
TONOB, & TaKXe WX MOMAepKKa BeAYUIMMH MHCTUTYTAMH OTPaC/U CBSI3H
NPOIEMOHCTPUPOBAJH IeHCTBUTE/BHO IIMPOKHE BO3MOXKHOCTH 3TOr0O Ha-
NpaBJeHHUs B TEXHOJOIMAX [NEeKOOUPOBAHHS M IIOJHOE COOTBETCTBHE CO-
3naBaeMbix MIIJ] neKonepoB TeOpEeTUYECKHM TOJIOKEHUSM aBTOPa. DTOMY
CII0COOCTBOBANO M 3HAYMTEJbHOE KOJMYECTBO 3aNaTEHTOBAHHBIX aBTOPOM
TEeXHHUUECKUX pelIeHHH, GOJbIIMHCTBO KOTOPHIX OBLIM MPOBEPEHbI ammna-
paTHO, Ha MakKeTaxX, MPH MOAEJIUPOBAHUHU W APYTHMH HCCJENOBATE/SIMU.

MMesi Takylo cepbé3Hyl0 U BCECTOPOHHIOI MOAAEPKKY CBOMM pa-
6oTaM, aBTOp MOHOrpauu BIOJHE PE30HHO MpPETEeHIYeT Ha TO, 4TO €ro
TEOpUsl OKAa3bIBAeTCSl HOBBIM Pa3fiesioM TEOPUH TOUCKA TII00aNbHBIX IKC-
TPEMYMOB (PYHKIIMOHAJIOB B ClEUU(PHUUECKUX YCJIOBUAX AUCKPETHBIX MPO-
crpaHctB. [Ipy aTOM ecThb Bce mMepBUYHBlE HEOOXONUMBIE YCJOBHUSA /s
TAKOU MOCTAHOBKH 3a/lauM: KO, YBeJUUYeHHE IJUHBI KOTOPOTO MPUBOIHUT K
IKCTIOHEHI[HaNbHO OBICTPOMY POCTY UHCJA NOMYCTUMBIX PellleHHH — KOjIo-
BbIX ¢JI0B U T. 1. IIpu 3ToM BecbMa H3o6peTaTesbHO NMPUAYMaHHblE aBTO-
POM MeTOAbl IeHCTBUTENBHO TT03BOJIAIOT AaKe NpH OOJBLIOM LIyMe KaHaJa
HaXOMUTb UMEHHO ONTHMaJbHble PellleHUs IJisi BBIOPAaHHBIX UM KOJOB, TO-
ckosbky B OT cylecTByloT Bce HeOOXOAHMMble KPUTEPHUH ONTHUMAaJbHOCTH
pelLleHHsl, KOTOPOe COOTBETCTBYET NOCTHXKEHHIO I106aJbHOTO MHHHMYyMa
PacCTOSIHUS 3TOTO pelleHHs IO MPUHATOrO M3 KaHajla BEKTopa.

Cutyauus ¢ OT cuabHO HamoMuHaeT paboty A.Butep6u, KoTopbii
noJiBeKa TOMY Hasal (DaKTHUeCKH B3fJl [/ CBOEro KpakHe I0JIe3HOro
MeTOla NEKONUPOBAHUS YXKe XOPOLIO H3BECTHYIO TPOLENYPY U3 AMHAMU-
YeCKOro MporpaMMHpoBaHUsi. Ero ajiropuTM cTaj OTHMM M3 OCHOBHBIX
METOJOB KOPPEKLHH OLIMOOK B LU(PPOBOH CBS3H HA MHOTHE MOCJEAYIOIHe
NeCSTHJIETHS.

B cBfi3W ¢ 3TUM MPUXOAUTCS 3a4aThCsi BOMPOCOM, TMOYEMY Y aBTOpa
NAHHOH MOHOrpa(uu Ha caMOM HeT MoKa 4&TKOro IOHUMAaHUs TOro, MPH-
HaJJIeXXaT JId ero MeTOAbl, YCIELIHO NPUMeHsieMble UM [JIsi BCEX THIIOB
KaHaJOB C HE3aBUCUMBIMH HMCKa)KEHUSIMH, K KaKHM-JIMOO CTaHIAPTHHIM
KJlaccaM mpouenyp rio6ajbHOH ONTHMHU3aLKUH. Bo3MOXHO, UTO yCelHoe
pasBuTHe mapaiurM d TexHosoruit OT noka)keT NMPUHALJEKHOCTb ITOH
TEOPUU K HEKOTOPOH CTaHAApTHOH NOCTAaHOBKe 3aiay I00aNbHOrO I0-
ucka. Torga cutyauus nepeHoca NapagurM M3 ONHOH HaydyHOH oTpaciu
B PYrylo, aHaJoru4yHas ajaroputmy Butep6u, moptepautcs. BreceHue
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onpejeNéHHOCTH B TOT BONpOC OyleT CIocoOCTBOBAaTh NPUMEHEHHUIO BCe-
o apceHaJia Teopui ro6anbHOro MOUCKa K 3afauaM TeOPHH KOIUPOBaHHUS,
4TO M MPEACTaBJSET OCOOLIH HHTEpEC.

Ecim e aBTop cMoxkeT o60cHOBaTh cBoto Teoprio OT Kak mosiieHHe
6e3yCcJ/IOBHO HOBOIO KJacca 3ajay I106a/bHOro MOKUCKa, TO ero OTAEe/bHBIN
BKJAJ ellé U B npobjeMaTUKy 06aJbHOIO MOUCKA MOXKHO OYHeT TOJb-
KO NPHUBETCTBOBaTh. B J1060M ciydae ycTpaHeHHE OUEBHAHOH Heompeje-
JéHHOCTH B npuHamiexxHoctd OT cospact ycaoBus aas e€ pajbHedinero
yCIHeLHOro pa3BuTHs. PellleHue 3Toro Bompoca ciaefyeT noJaraTb BecbMa
aKTyaJbHOH 3ajauen.

[Tepexonsi K 3aKJIIOUUTENbHBIM 3aMeUaHHsIM 00 3TOH KHHTE, CKaxy,
YTO MOHOrpacgusi 3HaMeHyeT coOOH Mepexon MPUKJIANHOW TEOpPUH KOOU-
poBaHHUSl B HOBYIO (a3y pasBUTHs, OPUEHTHPOBAHHYIO Ha CO3[aHHE MPO-
CTBIX 3((EeKTUBHBIX AJATOPUTMOB KOppeKUHWH omubok. OHa CTaHOBUTCS
BIIOJIHE TMOHATHOH W pelllaeMOl ONTHMH3aLUOHHOH Npo6JaeMOod B OUCKpeT-
HBIX TPOCTpPaHCTBaX. MHOTHe M3 pacCMOTPeHHBIX B 3TOH KHHre ajro-
PUTMOB YCIIELIHO paboTalT B HENOCPeACTBEHHOH GJM30CTH OT IpaHHULbI
[lleHHOHa, a HOCTHXKeHHe U [/1s1 aOCOJIIOTHOIO GOMBbIIMHCTBA APYTUX aJro-
putmoB kiacca JIITKM oxkpecTHocTelt 3To# rpaHulbl, Kak caenyet uz OT,
W3JI02KEHHOH B 3TOH MOHOTPa(UH, yKe IPelCTaBJIseTCss IPOCTO BONIPOCOM
BpeMeHH.

Oco6oe 3HaueHUe BbIXOJA B CBET CTOJb BaXKHOH MOHOrpauu orpe-
nensiercss TeM, uto 2018 rox siBasieTcs 0OWUJIEHHBIM [/ TEOPHH KOIH-
poBanusi: 70 sner Hazan Kmox [leHHOH BBIABHHYJ MpobJeMy MPOCTOro H
3(ppeKTHBHOr0 [EeKONHMPOBAHHUS Mepel HAayKOH M TeXHUKOW B CBOell 3ame-
yartesbHOH craTbe «Maremaruueckasi Teopus cBsidu». OTpasHO HalTH eé
yCIelIHOe pellleHue B 3TOM [00HJ/eHHOM rofly B MOHOTrpa(uu poCCHHCKOro
Y4€Horo.

Axkanemuk PAH, H.A. KysHeros
Jlaypeat TocynapcrBenHoii npemun CCCP



Ot aBTOpAa

Beixon B cBer B 1963 rony kuuru [Ixk.JI. Meccu «IloporoBoe ne-
KOIMPOBaHHE» O3HAMEHOBAaJ HOBBIH 3Tal B Pa3BUTUH TEXHUKH IOMEXO-
YCTOMYMBOTO KOAMPOBaHUS. SICHOe omucaHHe OueHb MPOCTBIX METONOB CO
BIIOJIHE YIOBJIETBOPUTENbHBIMH XapaKTePUCTHUKAMHU ONPELE/INIIO0 B T€ TOIbI
UX MeCTO B Pa3JIMYHBIX peasbHBIX CHCTEMax CBSI3U.

[Tocnenymomee nosisneHue B 1967 ropy anropurma Butep6u BbiBe-
JIO TeXHHKY KOIMPOBAaHWSA Ha NPHUHLMIIMAJBHO HOBBIH YpOBEHb KauyecTBa
cBsI3W GJiarofapsi BO3HHUKIIIEH BO3MOXKHOCTH CYIIeCTBeHHO GoJsiee apdek-
THBHOTO KOIMPOBAHHS, TOCKOJbKY MPENJOXKEHHBIH alropuTM obecredyu-
BaJ B [ayCCOBCKOM KaHajle ONTHMaJsbHOe NEeKOAHPOBAHHE KOLOB HeGOJb-
WOH AJUHBL. DTO CTaJ0 NPUUYMHOH TpHBJeYeHHs OOJBIIOrO YMCJa CIie-
[[HAJIMCTOB 110 TEOPUH U TEXHHKe KOAMPOBAHHUS K MpoOJseMe MOBBIILEHUS
UMeHHO 3(p(PeKTHUBHOCTH KOAHMPOBaHMUS, TIOCKOJbKY B Te TOIBl BCEM Ka3a-
JIOCh, YTO OBICTPBIA POCT BO3MOXKHOCTEH LHU(POBLIX TEXHOJOTUH MO3BOJUT
OYeHb TPOCTO CTPOUTH KacKagHble U APyTHe BCE GoJsiee CJI0XKHbBIE CXEMBI
KOIMpOBaHHUs. B cBf3M ¢ 3TUM 06CTOATENBCTBOM TpoGsieMa COXPaHEHHUS
NPOCTOTHI peasn3allii NEeKOLEPOB Ha IJIMTEe/bHOE BPeMs OcTajlach Kak Obl
B TeHH, X0Ts ¢opMmasbHO TpeGoBaHHe 0oJjiee MPOCTOrO AEKOAHMPOBAHHS,
KOHEeYHO, BMecTe ¢ 3ajayell GoJiblied ero 3(p¢eKTUBHOCTH HUKOIAA He
CHHMAJIUCh C TIOBECTKHU [HS.

HanoMHuM, uTO MOJIE3HOCTb NPUMEHEHHS KOLHWPOBAaHHS, Mepa €ro
3(h()eKTUBHOCTH, HANpUMep, B TEXHHKE CBS3W IpPU Tepefade ABOHUUHBIX
NAHHBIX OOBIYHO ONpeeJsieTCs MapaMeTpPoOM HEepreTHYeCKOro BBIMIPHILIA
KonupoBanusi (IBK), KoTopblil mpocTo XapakTepusyeT BeJHUYHHY KaxKy-
I1erocsl YBeJHUEHHUs] MOILIHOCTH TepelaTuhKa CUCTEMBI CBSI3H, HCIOJb3Y-
IOLLEH XOpoLIKe METOIbl KOAUPOBAHUS U, IVIaBHOE, MOCJELYIOIIEr0 BEICOKO-
LOCTOBEPHOTO IeKOAUPOBAHHUS MPHHSTOTO LU(PPOBOro MOTOKA. A MOCKOJb-
Ky 3TOT 3((eKT MOXKeT NOCTHUraTh BesJUuuHbl 3, 5, 10 U naxe Gosee pas
(ceeime 10 nB), To cTaHOBHUTCS MOHSATHOH MCKJIHOUYHMTEJbHAS BaXXHOCTb
TNPUMeHeHHs1 KOOUPOBAaHHs, KOTOPOE CO3[aeT MHJif CHUCTEMbl CBS3H CTOJb
GOoJIBILOK 3amac Mo MOLIHOCTH nepenatyrka. Ecin B 1980 rony u3BeCTHBIH
aMepUKaHCKHH CTeLHANUCT, aBTOP KJIaCCHUECKHUX KHUT 110 TEOPUH KOOHUPO-
BaHUs O. bepseksMn B oiHOM U3 CBOMX 0630pOB yTBep:KIaJj, YTO KaXKAbIH
neun6es CHUXKEHMS HEPreTHKM KaHaJa CBsA3M GJarogapsi HCMoJ/b30BaHHIO
KOIMPOBAHHSl B Te BpEMeHa OLIEHHBAJICS B MUJIJIMOH JO0JJIapOB, TO MPH
COBpEMeHHOM MacluTade UU(POBLIX ceTell S3KOHOMHUYECKas LIeHHOCTb MpH-
MEHeHHUs] KONUPOBAHMS BO3pacTaeT ellé BO MHOrO IEeCATKOB pas. DTOT
BAXKHEHUIIHUH SHePreTHUeCKUH pecypc c03[4aéT BO3MOXKHOCTb CYILECTBEH-
HOT'O NOBBILIEHHS CKOPOCTH Iepellayl LU(POBBIX AAHHBIX, 3HAYUTEIbHOTO
CHHXEHHSl Pa3MepOoB OueHb NOPOTHX aHTEHH, MHOTOKPATHOIO yBeJIUYeHUS
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JAJbHOCTH CBSI3H, a TaKKe MHOTHMX IPYrMX BeCbMa BaXKHBIX JOCTOWHCTB
LU(POBBIX CHUCTEM CBfA3M, UCIOJb3YIOLIUX [OMEXOYCTOHUHBOE KOAHUPOBA-
HHUe. DTUM U ompefessercs ocobas LEHHOCTb AJs BCeH OTpac/u TeJe-
KOMMYHHMKalUUH paboT 10 CO3faHuI0 3(P(eKTUBHBIX NEKOLEPOB, B CBA3H
C 4YeM Ha JecsATKaX eKerogHbIX MeKIyHaponHBIX KOH(epeHLHH BOIpPO-
CBl TIOMEXOYCTOHYHBOrO KOAHMPOBAHUS BCErZla OKA3bIBAIOTCS CPEAH CaMbIX
aKTyaJbHBIX.

[TosTomy wHccrenoBaHHs alrOPUTMOB MaXKOPHUTApHOTO THMA TPOMAOJ-
JKaJUCh, XOTSl M C MeHblIEH MHTEHCUBHOCTBIO, T.K. UX 3((eKTUBHOCTb
cHayaJsia Oblia He ouyeHb BbicOKOH. HecmoTpsi Ha 310 B 2018 ropy ucnos-
Hsietcs: 40 JieT co OHA 3alIMTHl MEepBOH KAHIUAATCKOH OHCCEPTALUH T10
HOBBIM UTEPAaTUBHBLIM aJTOPUTMaM AeKONUPOBAHHS MaKOPUTAPHOTO THIIA.
A HepmaBHO oTMeuasuch 25 JET CO OHs 3alIUThl JOKTOPCKOM AHCCepTaLHU
0 9TOH 2Ke TeMaTHKe, KOTOpas HeJaBHO Oblja y2Ke ropasio 6oJee M0JHO
TpelcTaB/eHa B HOBOM MOHOrpaduu Halled Hay4HOH LIKOJBI M0 ONnTUMH-
sannonHod Teopun momexoycrodunBoro komuposauus [4]. E€ pesynbra-
Thl IOATOTOBUJ/IM HayUHYIO OOIIECTBEHHOCTb K BO3MOXKHOCTH MacIITaOHOIr0
00600111eHNs BCEX Pe3y/IbTaTOB M0 UTEPATUBHBIM MeTOIaM KOPPEKIHH OILH-
60K B CaMbIX Pa3/JIMUHBIX KaHajaX C He3aBUCUMbIMU OLIUOKaMU. DPdekT
OT 3TOH MyOJUKaUMH OBl JOCTATOUHO CHJBHBIM U MOJOKHUTEJNbHBIM Ha-
CTOJIBKO, YTO 3TO TO3BOJIUJIO M3/ATEJIO0 Psiia KHUT 0 MHOTOMOPOTOBBEIM
anroputMaM gnekoxpupoBaHus (MIIJl) U crmpaBoyHHKa MO KOAHPOBAHHUIO
HelaBHO TMOBTOPHO BHITYCTHUTb B CBET MOHOTpPa(uio MO 3TOH TeMaTHKe,
NepBOe M3/aHHe KOTOpoH Obiyo HameuartaHo emé B 2006 rogy. Otmerum,
YTO BIepBble B HM3laTenabCTBe «Hayka» pesysnbTaThbl 0 MHOTOMNOPOTrOBBHIM
anaropur™am, BkJouyas OcHoBHyI TeopeMy MHOrOmoporoBoro AeKOAHPO-
BaHwusl, OblIK onmy6sankoBansl emé B 1981 rony [2].

Takum 06pa3om, MOXHO CUMTaTb, UTO POCCHHCKHE YHUTATeNH ObLIH
B TeUeHHE BCEro IMpOLIeJIIero BpeMeHH NOCTATOYHO XOPOLIO HH(POPMHU-
POBaHBl O COCTOSIHUM HCCJeJOBAHMH MO TeMaTHKe 3(P(PeKTUBHOrO OEKO-
IUPOBAaHHsI Ha OCHOBE MaXKOPHUTAapHBIX MpoLenyp, Hanbosee MPOCTHIX B
peasM3alyy MO CPAaBHEHHUIO C OPYTUMH MeTOAaMH. PesynbraThl npuMeHe-
HHUSI TaKHMX yCOBEPILEHCTBOBAHHBIX MaKOPUTAPHBIX aJrOPHTMOB, Ha3BaH-
HBIX MHOTOIIOPOTOBBIMM [NEKOePaMH, OKa3blBalOTCS K HACTOSIIEMY MO-
MEHTY Yy2Ke NpaKTHU4YeCKH COBMNANAIOMIMMH C ONTHMAaJbHBIMH, T.e. MaJjo
OTJMYAIOUIUMHUCS O BBIXOAHOH BEPOSTHOCTH OMIMOKH OT XapaKTePHUCTHK
nepeGOpHBIX AATOPUTMOB JJISI 3THX 2Ke KOJOB JaKe BOJH3U MPOMYCKHOH
CIIOCOOHOCTH KaHasa. JTo ObLIO MOKa3aHO yyaCTHHKAMM Halled Hayu-
Ho# wwKoJbl No OntumuszaunoHHOH TeopHH KOOMPOBAaHHS KakK TeOpETH-
YeCcKH, TaK W INPH MOJAENHPOBAaHUM pPabOThl COOTBETCTBYIOLIUX MPOLELYP
L5 CllellHa/IbHBIX KOJIOB, YIOBJETBOPSIOUIMX DAY BeCbMa CTPOTMX, HO
COBEpILUEHHO TOHAITHBIX TPeOOBaHHUH, a TaKXKe NPH CO3LaHUM armnaparyphl
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konupoBanusi Ha [IJIMC B psine opranusanuii. [lekonepsl, MOCTPOEHHbIE B
COOTBETCTBHU C H3JI0OXKEHHBIMH HMKEe NPUHLUNAMH, y2Ke YCIeLIHO BHeIpe-
HBl B MHOTOUMCJIEHHBIX CHCTEMax CBA3H. Bo Bcex ciyuasix nmporpaMMHOH
U annapatHoll peaju3alud NpefjaraeMblX Jajee MeTOLOB MHOTIOIIOPOro-
BOTO JIeKOJMPOBAHUS, MATb INOKOJEHHH KoTopod ObliM co3maHsl B HUU
Panuo, Benyuiem nuHCTUTYyTe MUHCBSI3H, U B APYTUX OpraHU3alUsaX, ObLIH
HoJly4eHbl OKHJaeMble aBTOPOM M pa3pabOTUHMKaMHU CHUCTEM CBS3M Xapak-
TepucTUKH. CylleCTBEHHO, YTO y2Ke TOr1a OHM OblIM HHOIZA COBEPLIEHHO
HeLOCTYINHBl AJS APYTMX H3BECTHBHIX aJTOPUTMOB KOPPEKLHMH OLIHOOK C
PasyMHOH CJIO2KHOCTBIO peajM3aluH.

HarnoMHUM Te OCHOBHBIE II0JIO}KEHMS, KOTOpble (PAKTHYECKH H IM03-
BOJIMJIM MOAHATH 3(P(PEKTHUBHOCTb HCKJIIOUUTEJNbHO MPOCTHIX aJrOPHTMOB
MOPOTOBOr0 THUMA 10 YPOBHS ONTHUMAJbHBIX MepeGopHBIX npouenyp. OHH
COCTOSIT BCEro U3 ABYX IYHKTOB, 006eCe4YUBIINX pelleHHe NPHHLUIHAJb-
HO HOBOH [JIS1 TEOPUH KOIMUPOBAHUSA 3alauM MOBbILIEHUS KaueCcTBa NeKoLle-
POB MaXXOPUTAPHOT'O THIA, PEAIU3YIOLIUX MTPOLENYPbl NOUCKA I106a/bHOTO
3KCTpeMyMa (PyHKIHOHAJOB OT O4eHb 0OJbLIOr0 YMCJia epeMeHHBIX.

1. MaxopurtapHble aJrOpUTMBl MOI'YT OBITb 4pe3BblYalHO 3(ex-
TuBHBIMU. CyIlIeCTBYIOT BecbMa NpocTbie anroputMbl MII/L, KoTopeie 06-
JlaJlaloT CBOHMCTBOM CTPOrOro NpPUOJMKEHHS K ONTUMAJbHOMY pelLleHHIO
Ha BCeX llarax NeKOAWPOBAHHUS O TeX MOop, MOoKa MPOJoJKaeTcss Mpo-
11eCcC U3MeHeHHUs [1eKOIepoM CHMBOJIOB MPUHATOr0 coobuieHus. [lpyu Takom
NoAXOJle 3ajaua JeKoAUpoBaHHUsl NpeBpallaeTcss B Ipob/eMy MOMCKa IVIO-
6a/sbHOrO KCTpeMyMa (yHKILHOHAJa OT OOJBIIOr0 UMCJIa MepeMeHHBIX B
IUCKPETHBIX TPOCTPAHCTBAX, YTO THICSYEKPATHO Pa3[BUTaeT TOPHU3OHTHI
HCCJ/Ie0BaHUH, pa3paboTOK M MPUMEHEHHs MPUHLUIOB ONTHMAaJNbHON KOp-
PEKLHH OLIMOOK.

2. DddekT pasmHokeHust oiubok (PO) mpu moporoBoM EKOAHPO-
BaHUU HEHCTBUTENBHO OUEHb CHUJIbHO OTPAaHWYMBAET BO3MOXKHOCTH MaiKo-
pUTapHBIX Npouenyp AekoaupoBanus. Ho 31oT a¢hexT BnoJHe ynpasJse-
Mblii. Ero npaBu/bHas UHTeprpeTanusi nomoraeT copMupoBaTh Tpebopa-
HHS U KPUTEPHH, M0 KOTOPBIM MOXKHO CTPOMTh Ha OCHOBE ONTHMH3ALHOH-
HBIX MpouUedyp KOAbl C OYeHb MaJsblM YPOBHEM pPa3MHOXKEHHS OLIMOOK Ha
BBIXOJle COOTBETCTBYIOLLEIO UM [EKOLepa, YTO W I[03BOJSIET, B KOHEYHOM
cueTe, Upe3BbIYANHO YIYULWIUTb 3(P(PEKTHBHOCTb UTEPATUBHBIX MPOLEAYP
IIOPOroBOrO THIA.

[TepBoe CBOHCTBO OKa3blBaeTCsl MO CYLIECTBY COBEpPLIEHHO HEOXKHU-
naHHbiM. Ho, neficTBUTesbHO, TOC/e HE3HAUMTEJNbHOH, HO MPUHLMIIHAJb-
HOH MonM(UKaLKKU 06BIUHOTO MTOPOroBOr0 NeKoaepa, MpeBpallallell ero B
MHOTOIIOPOrOBbIH, HOBBIH a/IlOPUTM Ha CaMOM JeJie IpuobpeTaeT yHHUKaJb-
HOe CBOHCTBO CTpPeMJIEHUS K ONTHMa/lbHOMY I1€peGOPHOMY pelleHHIO, eCH
BBIMIOJIHEHB! BeCbMa MPOCThbIe YCJIOBUS. A TMOCKOJBKY TPH 3TOM aJrOPUTM
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NPH BCEX M3MEHEHHSX HEIPEPBIBHO H3MeEpsieT pacCTOSTHME MEXAY MpPHHS-
TBIM BEKTOPOM M TEKYIIHM pelleHHeM-TUIOTe30H O NepeJaHHOM BEKTOpeE,
TO OH Ha CaMOM [eJsie peaju3yeT NPOLEAypy MOHMCKa IoOasbHOrO 3KC-
TpeMyMa (KOHKPETHO: MUHUMYyMa 3TOTO PaCCTOSIHUSI) MPH NeHCTBUTENBHO
BCETO JIMIb JIUHEHHOH OT [JIMHBl KO#a CJ0XKHOCTH CaMOro ajropuTMa.
IIpencraBasieTcs npaBaoNogoOHBIM, YTO HHKaKHe Ipyrue H3BecTHble B Ha-
CTOsilllee BpeMs METOAbl KOPPeKIHH OLIMOOK He 006safaloT NMogoOHBIMU
cBoiicTBaMH. HoBoe moHMMaHKe NEeKOANPOBAHUS KaK MOUCKA T106aJbHOTO
IKCTpPeMyMa MOAKJ/IOYaeT K TEOPHUH KOAHPOBAHHS COBEPLIEHHO I'DaHAHO3-
HO€ YMCJIO TEOPHUH, METONOB U CTUJIEH, CO3AAHHBIX PA3JHUHBIMH TEOPHSIMH
r/106apHON ONTUMH3AIUK I MAKCHMAJbHO OBICTPOTrO MOMCKA 3TOTO JKC-
TpeMyMa B NPeLeJbHO CJO0XKHBIX YCJAOBHSX OOJBIIOIO YPOBHS IIyMa.

A BTOpOe W3 TpHBENEHHBIX BhHILIE YTBEPKAECHUH 3aC/IyXKHBAET IJIH-
TeJIbHOTO 00CY2K/IeHHUS U CepbE3HOT0 0OOCHOBAHHS, YTO U CAEJNaHO B OLHOH
W3 [JIaB 3TOH KHHUTH. YCIeIIHOe pellleHHe 3TOH cJ0xKHOU npobaembl PO
JeHCTBUTENBHO MO3BOJIMJIO CO3[aBaTh KOIBI, KOTOPElE 0COOEHHO 3(eK-
TUBHBI IPY UX NIPUMeHeHHU HMeHHO B MILJI.

Mbl HageeMcsi, YTO Ha MHOTHME eCTECTBEHHbIE BOIPOCH MO Mpobseme
CJI0’KHOCTH, 3(PPEeKTUBHOCTH M TEXHOJOTHUHOCTH KOLUPOBAHHS U MHOTO-
MIOPOrOBOT0 [1E€KOJHUPOBAHUSl UHUTATeJH 3TOH KHHMIH MOJydaT LOCTAaTOYHO
coziepKarte/ibHble OTBETHL. B ciyuae 3aWHTEPeCOBAHHOCTH OHH, HECOMHEH-
HO, CMOTYT CaMM MPOAOJIKHUTb BeCbMa MepCIEeKTHBHBIE [JIS BCEX CHCTEM
cBsi3u uccaenoBanus MITJL mpouenyp, KOTopble y»Ke HallJIM CBOE MeCTO B
LeJioM psifie pa3paboToK.

Kak Gyner mokasaHo pajee, NpU CO3JaHUH HOBBIX aJrOPUTMOB U CO-
OTBEeTCTBYIOLIMX UM KOLOB OCHOBHOH 3aflauell uccienoBaTesiedl CTAHOBUTCSA
MaKCHMaJIbHO aKKypaTHO€ U ONTHMH3HPOBaHHOE 10 OYeHb MHOTMM KpHTe-
pUsSIM OJHOBPEMEHHOEe NPOEeKTHUPOBAaHHe JeKolepa U NPHUMEHSIEMOTO B HEM
kona. MHaye rosops, npoctoTa peanudaund MIIJ nocturaercs 3a cuér
6osiee TPyLOEMKHUX M TILATEJNbHO OPTaHH30BAHHBIX 3TANOB MPOEKTHPOBA-
HUS KOZla U KOHKPETHBIX aJTOPUTMOB €ro NeKoAHpoBaHus. B saTom ciydae
npo6Jema CJ0KHOCTH peasii3allM a/JropuTMa lieseHanpaBJ/eHHO TpaHC-
topmupyetcs TakuM 06pa3oM, 4TOOBl TeXHOJNOTHUeCKHe 3aJadd MOoCTpoe-
HUs 6oJsiee 3(p(PeKTUBHOTO eKoJepa pelllaJuch UMEHHO 3a CUET TeX KOMIIO-
HEHTOB CJIOXKHOCTH, YBeJHYeHHe KOTOPhIX HauboJjiee NOCTYIHO HJIM AaxKe
nosie3no. Hanpumep, B a6Co0THOM 6OJIBIIMHCTBE Cly4yaeB MHUHUMU3ALHUH
BelyucauTeNbHBEIX 3aTpaT MILI 06Bb€M ero onepaunii 1eKOAMPOBaHUS MPH
COMoCTaBUMOH 3(P(heKTHBHOCTH OKa3blBaeTCs Ha 2—3 NeCATUYHBIX NOpsAKa
MeHbLINM, 4eM AJis APYrMX ajJropuTMOB, HMEHHO 3a CUET 3HAYUTEJNbHOrO
00béMa MaMsATH [IeKOfepa, HUCIOJb3YIOLIero BecbMa AJNHHHBIE Koxbl. [lo-
HSTHO, 4YTO 3TO HMHOI[A COBEpLIEHHO HeoOXOAUMO B BBICOKOCKOPOCTHBIX
cUCTeMax CBfI3M NpHU 06o/blIOM ypoBHe lyma. HesullHe ykasaTh M Ha
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TO, UTO W BOJM3U MNPOMYCKHOH CMOCOGHOCTH KaHana anroputmsl MITJL
COXPaHSIOT pPeasbHYl0 YMEPEHHYIO CJI0XKHOCTb, BIOJIHE JOCTYIHYIO COBpe-
MeHHBIM TEXHOJIOTHSIM, TOTJa KaK Mpoure MeTOAbl B 3TOH 00JacTH LyMa
0Ka3bIBaIOTCsl BOOOIIE HEPAGOTOCIOCOOHH.

BoJsiee cucremMHoe, yeM paHee, H3joxeHHe MeTonoB W napaaurm OT,
a TaKKe HOBBIX Pe3y/bTaToB, MOJYYEeHHBIX HAa UX OCHOBE, 103BOJISIET, KaK
Ha/leeTCsl aBTOP M 4YJEHBbl €ro Hay4yHOH IIKOJBI, COCTaBUTh AOCTATOYHO
ri1y6okKoe MOHMMaHHe O COCTOsIHMM HccienoBanuit no OT u o nmoJesHocTH
eé npusoxeHud. [naBHpIM HayuHbIM pesysibraToM OT, mpencraBieHHBIM
B JIaHHOH KHHTe, §IBJIsSeTCS JaBHO YXKe OXKHMJaeMoe JOCTHXKeHHe 3THMH
aJropuT™Mamy, coctasisiomumu ocHoBy OT, paGoueft o6sacTh B Helo-
CPeACTBEHHOH 6sM30CcTH OT rpaHuLbl llleHHOHA [/ MHOTHMX THUIOB KaHa-
JIOB, TPaAULMOHHBIX [JISl TEOPHM KOAMPOBaHHUS. B KHHre onwucaH Lesblit
Pl pa3NWYHBIX METONOB M TOAXOAOB JJIS PEaJbHOrO JOCTHKEHHS 3TO-
r0 IJIaBHOTO LI€JEBOr0 [JISI TEOPHH HMH(OpMaLHH pesynbTaTa. Bce oHH
NeHCTBUTENBHO MO3BOJMJIN PELINTb 3Ty CJOXKHEHIIYI0 B MIe0JO0rHYeCKOM
IJlaHe 3ajjayy Ha BIOJIHEe MPUeMJeMOM YPOBHE TeXHOJOIMYeCKOU CJI0XKHO-
CTH TIpeJaraeMblX aJrOpUTMOB.

CiienyeT 0co0eHHO NOAYEPKHYTb BAXKHOCTb BHICOKOTO KauyecTBa HC-
nosb3yembix B MIIJ] KomoB 1o KpUTepusM MaJioH MOIBEPXKEHHOCTH pas-
MHOXKeHHI0 onbok (PO). DTH Kombl NOMKHBI ObITh BeCbMa JIJMHHBIMH.
Pemiaemass B 3ToHl MOHOrpauu 3ajaya MakCHMaJjbHOIO NMPUOJIHKEHHS K
rpanulle llleHHOHa nosyuusa CBOE MpakTHYECKOe BOILIOLIEHHE B peasib-
HBIX U BecbMa mpocTeix cxemax MIIJ nekonupoBaHUsI 111 BCEX THIIOB
KaHaJIOB C He3aBUCHMBIMH OLIMOKaMU HMeHHO 6Jiarofapsi TOMy, 4YTO Takue
KOIbl ylajoch MocTpouThb. OTauuue padouux obsacreit MIIJ] anropurt-
MOB oT rpanuubl llleHHOHa B rayccoBCKMX KaHa/jax Jumb Ha 1 1B, a
TaK»Ke COBCeM He(oJbllIoe pacCTOSHHE MeXAY NMPONYCKHOH CMOCOOHOCTBIO
KaHata C ¥ KONOBOH CKOPOCTbIO R B CTHPAWIIWX W B HENBOMYHBIX Ka-
HaJlaX XOpOIIO AE€MOHCTPHPYIOT nosHbll ycnex OT B pelneHun npoGJeMsl
3(h(heKTUBHOH pabOThl MPOCTEHIINX AJTOPUTMOB OKOJO 3TOH abCOMIOTHO
YIPYro#l U HeOCTHXKUMOU rpaHuibl. Oco6eHHO MoJie3Ha 1Jisi MPOCToi pe-
anusauund MITJ] naxe npu skcTpeMalabHO GOJBLIOM YPOBHE LIyMa CIocob-
HOCTb 3TOT'0 a/JTOPUTMA NOCTHTATh NMPHU COOCTBEHHOH JMHEHHOH OT JJIHUHBI
KOla CJIOXKHOCTH pellleHHH ONTHMaJbHOro MepeGOopHOro IeKojepa, HU3Me-
HSIsT KOHTPOJIUpYEMble CHMBOJBI 110 OLHOMY, UYTO M ITI03BOJISIET CO3[aBaTh
amnmnapaTHble BEPCHH 3THX aJrOPUTMOB C TEOPETHUYECKH MaKCHUMaJsbHBEIM
6oicTponeiictBueM. OnHAKO 3afep:KKH MPUHATHS pellleHnH U3-3a 60JIbILIOo-
ro unca urepauuit B cBéprouHbix MIIJ U 3HAYUTENbHBIX AJHUH HUCIOJb-
3yeMbIX KOJIOB ¢ MaJsibiM ypoBHeM PO 0KasbiBaloTCs HOBOJBHO GOJBIIHMH,
JOXOASILIMMH B OTAEJBHBIX CJy4yasX A0 BeJUYMH HECKOJbKHX MerabHTOB.
AT1o HenszbeXHO TpuU OOJILILIOM ypPOBHE LIyMa BOJM3M TMPOMYCKHOW CIIO-
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COOHOCTH KaHa/la U BIOJIHEe JOIYCTHMO U Jaxe HeoOXOAHMMO HJIsl MHOTHX
CIYTHUKOBBIX M ONTHYECKUX JIMHUH CBS3H.

Ho nocse perieHuss npuHUMIHAIBHON MpPOOGJEMBl POCTOrO NEKOIH-
poBaHus, nocrasjeHHol lleHHOHOM, cienyiouym starmoM passutust OT,
KaK Mbl noJjaraem, OyfeT co3faHde 6oJiee KOPOTKHX IO 3ajepKKe HTe-
patuBHBIX npouenyp B pamkax OT, kKoTopble GynyT BecbMa I0JIe3HBIMH
NIPH MEHBLINX 3aJepKKaxX MPUHATHUS pelleHHs], B TOM YHc/e U IJs 6J10K0-
BBIX KOJOB, XOTSl ISl 3TUX KOJOB B Halllell KHHUIe yxKe yKaszaHo 0oJiblloe
MHOXeCTBO xopomux peanusauuit MITJ] npouenyp. OnHUM K3 TakUX Ha-
npaBJieHHH, KOTopble y»Ke oOecleurBaloT 3HAUHTe/bHOEe YMeHblleHHe 3a-
nepxkku pemteHud MITJL, SBISIOTCS METOBI IPOCTOTO H BeCbMa yI0OHOTrO
KackanupoBaHus pabotel MILJ ¢ oueHb KOPOTKHMMH BHELIHHMH KOLAMH,
ny6/JuKalUUi MO KOTOPBIM y»Ke JOCTAaTOYHO MHOro. Takue nepcrneKTHB-
Hble eleHHsl y»Ke OIUCAHBl U B TPeTbel IiaBe Halled KHUIM. A apyroit
MHOT000eIaloUH MOAXOA K pellleHHI0 9TOH 3a4ayd COCTOUT B 3aMeHe
npocrteiieil noporosoél ¢pyHkuruu B MIIJ] Ha Hecko/abKO GoJiee CJAOKHBIE
npouenypsl, KoTopble OyAyT TOXKe upe3BblalHO [10J1€3HBIMU JJIS1 COKpallle-
HUS 4yMCa UTepaluil 1eKOAHPOBaHUS BO BCeX OCHOBHBIX THNAxX KaHaJOB.
BosmoxHo, Gosiee c/10)KHble pellaolliye MpaBuJa AJs UTePaTHBHBIX Je-
KoziepoB B pamkax OT moHu3siT W TpeGOBAHUS K HCIOJNb3YyeMBIM KOZAM,
qTo elé Gosiee COKpATHT 3a CUéT HeGosbuoro (!) ycioxHeHHS BBIUHCIIE-
HUH 3a1epKKy pelleHHH, uTo OyfeT 0COOEHHO MOJIe3HbIM [J51 GJOKOBBIX
KOZIOB. DTy 3ajiauy, BO3MOXKHO, OYIYyT pellaTh HCCeJ0BaTENH U pa3pabdoT-
gukd OT u MIIJ] yxe B moc/enyiomue rojsl.

BuuMmate/sibHBIH 4yMTaTeNb, KOHEUHO, OTMETHT, YTO MHOT'Me CBOHCTBA
U BO3MOXKHOCTH TIpelCcTaBjJeHHOro B KHure anroputma MIII u mpyrux
MeTon0B, oTHOcsIMxXcs K Teopun OT, Kak U B paHee H3@aHHBIX MOHOIPa-
(bUsIX, MHOTOKPAaTHO pacCMaTpPUBAIOTCA U KOMMEHTHDPYIOTCS B PasjMuHBIX
pasiesax KHUCH C pasHbIX MO3ULHMHA. ABTOp MPU3HAET, UTO 3TO AEHCTBH-
TesNbHO Tak. M B naHHON MoHorpaduu (Kak W B MPeAbIAYIIHNX) 3TO TOXKe
clle/laHO C eUHCTBEHHOH LleJsblo HauboJiee M0JHOIO, BCECTOPOHHETO U B
TO 2Ke BpeMsl MaKCHMaJ/bHO TOHSTHOIO JI0Ka3aTeJbCTBa WU OObSICHEHHS
He O4yeHb OOBIYHBIX CBOHCTB M BO3MOXKHOCTEH MHOTrONOPOIOBBIX JEKOJe-
pOB, pas3/jMUHBIX Moau(HKaluHUl anroputma Burtepbu, OcHosHol Teopembl
MHOTOIIOPOr0BOrO IeKOAUPOBaHHUs W MHOTUX HOBBIX mapaaurm OT. Takoii
CI0CcO0 M3JI0XKeHMsl Marepuasa AUKTYeTCsl TeM, YTO, XOTs BCe KJII0YeBble
pesysbTaThl NOJMY4YeHbl 1OCTATOUHO NPOCTBIMH MeTOJAMM, MHOIMe W3 HHX
BCE Ke He MCI0J/1b30BaJHUCh paHee B NMyOJHKALHAX MO0 TEOPUU U TeXHHUKe
KOIUPOBAHHUS U SIBJASIOTCS I/l 3TOH OTPac/M HayKH COBEpPLIEHHO HOBBIMH.
D10 TpebyeT OUeHb aKKYPATHOTO W IOCTENEHHOrO MpPeLbsBIEHHS BO MHO-
THX CJy4asix He COBCEM MPOCTBHIX U MHOTAA [aKe HeOXKHUJAHHBIX pe3ysbTa-
TOB, CBOWCTB M XapaKTePUCTHK HALKX ajJropuTMoB. PasHooOpasHble KOM-
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MEHTapuu U (hOpPMbl H3JI0KEHUS MaTepHalja, KakK HaM IpeicTaBJsercs,
o6JleryaloT 4YuTaTes10 3ajayy MOHUMaHHS NPeNCTaBJEHHBIX B KHHUIE pe-
3yJIbTaTOB, JJ1s YCBOEHHUS] KOTOPBIX MHOTAA BCE-TAKHU TPeOyloTCs HeMasble
YCUJIUS U BpeMsl.

Mbl oueHb HajeeMmcs, 4YTO HeMaJylo MOAJEPXKKY YCHJIHAM UHTa-
Tesqell OKa)KyT Marepuasbl HallMX JBYSI3BIUHBIX CETEBBIX [OPTAJOB IO
tTeopun komupoBauus, MILJ anropurmam u OT: www.mtdbest.ru ot
PITPTY u www.mtdbest.iki.rssi.ru or UK PAH. Ha Hux npencras/eHo
B ofleil cioxHOCTH Gosee 600 HHGDOPMALMOHHO-CIIPABOYHBIX M Hay4yHO-
MeToAU4YecKHX OJIOKOB JAHHBEIX. Temepb Ha HHX He TOJbKO pasMelleHbl
MHOTHe [eMO-NporpaMMbl 110 HauboJjiee M3BECTHBIM B MHpe aJropUTMaM
KOPPEeKLHH OLIMOO0K, HO W HAIlM HOBble POrpaMMHble MiatdopMbl. Unra-
TeJU MOTYT Telepb IepenucaTb Ha CBOM KOMIIBIOTEDPBI 3TH HOBbE yH00-
Hble IporpaMmuble cpeiacTBa usydenuss MIIJl u cpasy HauumHaTh Hcclle-
J0BaTeNbCKYI0 PabOTY MO Ma*KOPHUTAPHBIM aJTrOPUTMaM, MeHsSsl KOIbl U HX
HccrefyeMble apaMeTpsl, a TAKXKe XapaKTePUCTHKH aJTrOPUTMOB JEKOMAH-
pPOBaHHS U KaHa/OB B BeCcbMa LIMPOKHUX IIpefeJiaX, BIOJHE COOTBETCTBYIO-
IIMX BCEM TPaJHULIUSAM IOJHOLEHHOH HayyHOH paboTsl. JlocToHHCTBA TaKo-
ro MOAXO0fa K MpeaBapUTesbHEIM HccaenoBanusM no OT yike cMorniu nox-
TBEPAMTb U HallK 3apyOexKHble KOJIJerd, KOTOpble BLICOKO OLLEHUJIN HOBblE
BO3MOXXHOCTH, NpeJocTaBisieMble HAIMMU NIPOrPaMMHBIMU MJIaT(hOpMaMu
ans 6osee 6nuskoro 3HakoMmcTBa ¢ OT M e€ mapagurmaMu, ajqropuTMamu
U TeXHOJIOTMSMH. YCIHeLIHOCTb COBMECTHOH paboThl TaKoro THIA XOPO-
110 TOATBEP2KAAETCS HALUMM [1€PBbIM YCIELIHBIM 3apy0eKHbIM NaTeHTOM
Ha MII/I. ra nedTenbHOCTh TOXKe OymeT pa3BuBaTbes. lcmosb3oBaHue
THOKUX MPOrPaMMHBIX M1aT(OPM MO3BOJSET 3aMETHO PACLIMPUTh 06/1aCTh
napaMeTpOB, KOTOPLIMU MOXKHO YIIPaBJ/sATb B 3KcnepuMeHTax no MIII ne-
KOJMPOBAHUIO, B TOM YHCJ/Ie U CaMHMU KOLAMH, KOTOpble MOXKHO MEHSThb
10 KeJIaHHIo 3KcreprMeHTaTopa. ONbIT H3AHHUS HALIEro CIPaBOYHHKA 110
KOIMpPOBaHHIO [1] MoKaskIBaEeT, UTO OH TaKXKe M0J1€3€H MHOTHM YHTaTe/IsIM
IpY U3Y4YeHUH Pa3/HUHBIX METOLOB KOPPEeKLHUH OLIMOOK, B TOM YHCJe U
MIT nexonepos.

B xauecTBe mocJ/efHEro 3aMe4aHUsl aBTOP CUMTaeT MOJEe3HbIM MOJ-
YepKHYTb, YTO BCE HCXOAHble MNPEANOCBIIKH HUCCJeN0BAHUS, TeopeTHye-
CKHe pe3yJbTaThl, BEITEKAIOLIMEe U3 HUX MPaKTHUeCKHe C/eCTBUS U BbIBO-
Ibl 110 pesy/bTaTaM IpeJCcTaBJEeHHOI0 HUCCJeJ0BaHUsl MO-NIPeXHEeMY 4pe3-
BblYalHO NpocTbl. OHU CBfI3aHBl TOJBKO C CAMBIMH OOLIENPUHATBIMU IO-
HATHSIMH TEODHH BEPOSTHOCTEeH, TEOPHH M MPHUKJALHBIX BOIPOCOB MOMe-
XOYCTOHYHMBOrO KOAHPOBAHUSI U He TPeOylOT 3HAHMH CIelHa/bHbIX pasfie-
JIOB JIPYTHX CJIOKHBIX AUCLUHILIMH. FIMEHHO 3Ta BO3MOXKHOCTb B3IVISIHYTb
Ha MOTeHLHa/bHble BO3MOXKHOCTH KOJOB M MHOTOMNODPOTOBBEIX NpPOLENYP,
MCXOffl TOJBKO M3 CaMbIX NPOCTEHIINX TeOpeTHUECKUX COOOpakeHHH U
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3[paBOr0 CMbIC/IA, CO3LAET YCJOBUS I/ OUeHb OBICTPOTO OOYYeHHs CTY-
JIEHTOB U CIEHMaJHUCTOB HOBBIM BO3MOXKHOCTSIM TEXHUKH KONUPOBAaHHs Ha
ocHoBe MIIJI anropuTMoB, MPOCTHIX METOAOB AOCTHKEHHUS ONTHMAJbHBIX
pelleHUH Ha OCHOBE TEOPUH U METONOB MOMCKA TJ100AJbHOTO SKCTPEMYyMA.

ABTOp cuMTaeT CBOMM MpPUSATHEHIIMM AOJITOM MOGJarofapuTh BCEX
YJIeHOB Hallled Hay4yHOH ILIKOJIbI, MHOTOJIETHSISI aKTHBHAs paboTa KOTOPBIX
cosjaJjia BOSMOXXHOCTb HAllUCaHHsI 3TOH KHHIH, CBOETO HaLEXKHOro U BCE
MOHMMAIOIIEro KoJJIery H.T.H., npodeccopa [.B. OBeukuHa ¥ BOUCTHHY
OTDOMHOE KOJIMYECTBO HAIIWX TMOMOIIHUKOB, SHTY3HaCTOB M MPOCTO BHI-
COKOMPO(heCCHOHANBHBIX CIELHATUCTOB, KOTOPble B TeueHHe MHOTHX JeT
yuacTBOBaJM B IMPOBeNEHUH HCCJENOBAHWH U TNPUMEHEHHWH MOJYyUeHHBIX
pe3yJbTaTOB B KOHKPETHBIX CUCTEMax W MPOEKTaXx.

Boaburyio nopnepxky pa6oram no MIII u OT okaswiBanu MOPTH,
Hayunbiéi coBer mo kommiekcHo# mpobieme «Kubepueruka» AH CCCP,
HUWN «KBAHT», HWUUM Panuo, Boponexckuit HUU cesasu, JIQUC um.
M.A. Bonu-Bpyesuua, UKW PAH u Psasaunckuii [PTVY.

Hageproe, nsartunecsatunetaue uccienoBanuss MIIJ] He morsu 6bl
ObITb MpeNCTaBJeHbl B CBOEM HBIHEIIHEM BHIE, €cau Obl He MOf-
nepxkka axkagemukoB PAH A.U.DBepra, B.K.Jleuna, H.A.KysHeloBa,
JI.M. 3enénoro, unena-koppecnounedta PAH 10.B. 3y6apesa, npodecco-
poB .M. Tabunynuna, C.H. Camoiinenko, 10.T'. Janaesa, B.1. Kopxuka,
A H.Tlbiibkuna, B.B. BuTsizeBa, a Takxke MOKTOPOB TeXHHUECKHX HaykK
C.B. Asepuna u P.P. HasupoBa, KOTOpble BBICOKO OLIEHHJIH MPEACTaBJEH-
Hble MaTepuasibl UCC/IeN0BaHHH, yUuacTBOBaIW B padoTax M0 aHaNU3y Ha-
KX aJTOPUTMOB M OYeHb CIOCOOCTBOBAJN WX MPU3HAHHUIO HAYUHO-TEXHH-
YeCcKOH 00I1eCTBEHHOCThIO.

Jns mosydeHust HarJsiAHOTO NpejcTaB/eHUs 06 3(pPeKTUBHOCTH pa-
6otel MIIJl uuTarensim mnpensaraercss HeGOJBILOH NEMOHCTPALUOHHBIH
MYJbT(UIbM-TIPOrpaMMa, TpeJHa3HaueHHbIH ajs paborsl Ha IBM PC-
COBMECTHMOM KoMIbloTepe nopn ympaieHuemM OC Windows, B KOoTOpoM
MPOUJITIIOCTPHUPOBAaHBl HEKOTOPBIE BaxKHeHIIHe 0COOEHHOCTH TMPOLEenyp Ae-
KOIMPOBAHUSI MHOTOMNOPOroBoro Tuna B KaaccuueckoM JCK mpu ucnpas-
JIEHWH OMHKOOK B YCJAOBUAX OOJBILIOTO yPOBHS LIyMa 3TOrO ABOWYHOTO
kaHaja. [lo onbiTy M3faHus psja NpelblAyLIUX KHUT 1o TeMatuke MILII
u OT umeHHO Takas HeGoJibllasi NpeaBapUTeNbHAs MOATOTOBKA MCHXOJO-
TMYecKoro IJjaHa C MOMOLIbI0 TpeaJaraeMod AeMO-NMporpaMMbl CO34acT
HeoOXOonUMble 3MOLIMOHAJbHbIE M THOCEOJOTHUECKHE TPEANOChIIKH MJ5
NJI0A0TBOPHOH NocJ/enyolell paboTsl ¢ 3TOH KHUIOH HaJ HAlIMMU HOBBIMU
ajaroputMamu. MHCTpyKIHIo o paboTe ¢ AeMOHCTPALlMOHHON MPOrpaMMoH



22 Om asmopa

U caM MyJbT(HHUIbM MOXKHO Mepenucartb CO CHelHaJu3upPOBAaHHOIO MopTa-
aa UKW PAH www.mtdbest.iki.rssi.ru Ha cTpaHHlle OMHCaHHS METOIOB
MII nau ¢ anasnoruyHoro noprana PIPTY www.mtdbest.ru. Myibt-
(UABM HArJSIHO TOKAa3blBaeT MPOLECC CTPOrOro yMeHbIIEHHS PacCTosi-
HUS MOCJeI0BATENbHOCTH TEKYIMX PelleHHH GJOKOBOrO MHOTOIOPOTrOBO-
ro gekoiepa 10 MPUHATOrO U3 KaHasa cOOOLIEHHs, XOPOLIO HJIIOCTPUPYS
paboTy MPOCTOTO, HO OYeHb MOILHOTO TIpPOlLiecca MOUCKA SKCTpeMyMa (KOH-
KPETHO: MMHUMYyMa) PacCTOSIHUS pellleHUs IeKoiepa 10 3TOr0 COOOIIEeHHS.

Tam e MOXXHO HaHTH caMylo Pa3HOOODPA3HYIO NONOJHHUTEJBHYIO Olle-
patuBHy0 HHpopMmauuio no MILI anropurmam, yueGHO-MeTOAMYECKHE
MaTepHasbl, 60JbIIOe KOJIUYECTBO CcTaTel, KHUT W mpeseHTtauui mo OT,
e€ mapajiurmMaM M TeXHOJIOTHSIM, a TaKxKe 10 airoputMmy Butep6u, nuBep-
TeHTHOMY [eKOIUPOBAHHUIO, IeKOepaM C MPSMBIM KOHTPOJIEM METPHUK U MO
IPyTUM BOMPOCAM.

Lenbili psim mpo6seM, OTHOCALIMXCA K OOLIMM [OCTaHOBKaM 3ajay
KOIMPOBaHUS U KOHKpeTHbIM Bo3MoxkHOCTsAM MIIJ] anropuTmoB, Takxke
paccMOTpeHBl Ha HallleM caiiTe B pasjesnax OTBETOB Ha BOMPOCH, KOTO-
pble M03BOJIAIOT GoJsiee TOUHO M 06pa3HO OLIEHHBATh BO3MOXKHOCTH CHCTEM
KOIMpOBaHUsl Ha ocHoBe anropuTmMoB MIIJL u obmux npunuunos OT.

Tam e npencraBieHa epenncka ¢ pefakLUsIMHA HaydHbIX XKYPHAJIOB,
YTO TOXKE TIOMOTaeT MOHSITh YCJOBHUSI pa3BUTHS UccyenoBaHui B chepe OT.

3HauuTe bHYIO MOANEPKKY B M3yYeHUHM METOINOB NEeKOLMPOBAHHS Ha
ocHoBe MIIJ] anropuTMoB HalIUM YHUTATESM MOTYT OKas3aTb TPH OuYeHb
noJie3Hble a6opaTopHble PabOTHI, KOTOPblE MOXKHO Mepenucarb ¢ 06paso-
BaTeJNbHbIX cTpaHuueK («OO6yueHHe») HAIIKUX CETEBBIX PECYPCOB, YKa3aH-
HBIX BbIlle (rHmepccelika [72]), pacmakoBaTh MX M MPENJIOXKHUTb Paguo-
TeXHU4YecKUM KagdeapaM BY30B 1714 CTyHeHTOB U cUCTeMbl NpogeccHo-
HaJIbHOH T1€PenoAroTOBKH CIELHUaNUCTOB B 06/1aCTH TeJeKOMMYHHKALHH.

JlonosHUTE/IbHBIE CBEleHHSI 110 MHOTONOPOrOBBIM AEKOAEPaM H Ipy-
T'MM [0JI€3HBIM METOAAM KOPPEKLHH OIHOOK MOXKHO HAaHTH B HalleM Crpa-
BouHHKe [1] U B MoHOrpadusx [2-5].

Bame MHeHHe 0 KHHre W TpelJsiOXKeHHs 1O e& YJyulleHHWIo Ha-
npasasiite no agpecy: Poccus, 117997, r. Mocksa, ya. IIpodcor3sHas,
n. 84/32, UKW PAH, B.H.c. otmena 71, B.B.3omorapésy, a Takxke Ha
3JIEKTPOHHYI0 MOUTy zolotasd@yandex.ru.

ABgrop



BBepeHue

BrlcTpblii pocT 06beMOB 00paGOTKH AaHHBIX, Pa3BUTHE LHU(PPOBBIX
CHCTEM BeIIAHWs W BBIUMC/NUTEJNbHBIX CeTeH NMpeabsBJSIOT BECbMa BBICO-
KHe TpeOOBaHMA K MMHHMMH3ALHUU OLIMOOK B HCIOJb3yeMOH NHUCKPETHOH
uHpopmauuu. [lepexon Bcex BUIOB CO3MaHUs, XpaHEHHUS, UCIIOJb30BAHUSA
U Mepelayd JaHHbIX, a TakKKe CPeLCTB BellaHHWs Ha LU(pPOBble MeTO.H,
NPOUCXOASIUH cefiuac Bo BCEM MHpe, ellé OoJjiee MOBBIIAET Ba*KHOCTb
BBICOKOKAUeCTBEHHOH Mepenayd LU(POBBIX MOTOKOB. YcrellHas pabora
3TUX CHCTEM BO3MOXHA TOJIbKO MPU HAJIUYMK ClelHa]bHON 3P (peKTHBHOH
amnmnapaTypsl, KOTopasi M03BOJsieT rapaHTHPOBaTh NOCTOBEPHYIO Mepenady
uHpopMauun. BaxkHeHlIU# BKJaA B MOBBIIEHHE NOCTOBEPHOCTH OOMeHa
LUU(POBBIMU JaHHBIMH BHOCHTCSl TeopHel NOMeXOyCcTOHYMBOTO KOAMPOBa-
HHSI, CO3JaI0lel BCE HOBblE METOIBI 3alLIUTHl OT OLIMOOK, 6asupyoLIHecs
Ha WCMOJb30BaHUN KOPPEKTHUPYIOLIUX KOIOB.

B03M0XKHOCTb HCNOJNB30BAHUS TeX MJH HWHBIX aJrOPUTMOB KOppek-
MY OINOOK B cHcTeMax 6e3 0OpaTHOW CBSI3H, Ie HeJsb3sl OPraHH30BaThb
Mepecrnpoc WM OH BO3MOXKEH IOCTAaTOYHO PeNKO, OMpefiesisieTcsl BecbMa
KECTKUMH TPeOOBAaHUSIMH, TNPelbsBJASEMBIMM K 3THUM alropuTMam, Ha-
npyuMep, N0 YHUCJAy Ollepauuid B cJydyae HMX NPOrPaMMHOH peanu3auuu
WM 0 pa3MepaM, MOMEXOYCTOHYHBOCTH, OBICTPOLEHUCTBHIO, 3IHEProIo-
TpeOJIeHHIO U TEXHOJOTMYHOCTH NPH MPOEKTHPOBAHUH ClelHalH3UpPOBaH-
Heix BUC. Bosbllioe yucsio perynspHo M3NAOLIKMXCsS MOHOTpaduii, MOCBsi-
IEHHBIX Pa3/JMYHBIM aclleKTaM TEOPHH MOMEXOYCTOHUHNBOrO KOIHUPOBaHHUS,
U 1eCcATKH MeXAYHapOoAHbIX KOH(epeHIHUH Mo 3ToH TeMaTHKe, OpraHusye-
MBIX KaXKIblHl rojl BO BCEM MHpe, CBUIETeNbCTBYeT 00 OIPOMHOH CJIOXKHO-
CTH Y 4YPEe3BBIUaHHOH aKTyasJbHOCTH MPOOJEMBI 3(PPEKTUBHOTO AEKOAHNPO-
BaHHUS.

JlaHHas KHUra MoCBslleHa HOBOMY 3Tamy pasBuTHs OnThMHU3auu-
oHHOH Teopuu MOMEXOycTOMYMBOTrO KOAHPOBAHUS M CO3[aBaeMblM Ha eé
OCHOBE METO/IaM KOpPpeKIHH OMHO0K B LU(PPOBLIX NJaHHBIX Ha 6a3e UTepa-
THBHBIX Ma*KOPUTAPHBIX aJrOPUTMOB JeKOAMPOBaHHMS, K KOTOPbIM MOCHEN-
Hee BpeMsl BHOBb IIPHBJIEYEHO BHUMAHHE CIIELMANHUCTOB B 00JIaCTH CUCTEM
cBsi3u. HoBoe cocTosiHMe TeOpHH KOAHWPOBAHMS OCHOBAaHO HA TEXHOJIOTH-
ax u upeosorun OT, a TakKe Ha NOCTHKEHHH BO BCEX OCHOBHBIX THIax
KaHa/l0B C He3aBHCHUMBIMH HCKaXKEHHSIMH YPOBHSI TOMEXOyCTOWYMBOCTH,
COOTBETCTBYIOIIEr0 HENOCPeACTBEHHOH 6sn3ocTH K rpaHune lllenHoHa,
T.e. NPOCTOMY BBICOKOLOCTOBEPHOMY JAEKOAMPOBAHHIO B TaKHMX KaHaJsax
NPy KOMOBOH ckopocTH R, OJM3KOH K MPOMYCKHOH CHMOCOOHOCTH KaHaja
C:R<C.

[TonuepkHeM, 4TO peasnu3alnss BHICOKOI((HEKTUBHBIX aJrOPUTMOB
BO/IM3K rpaHullpl [IleHHOHA Tpe6yeT UCIOJNb30BAHUS TOJNBKO NJIHHHBIX KO-
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JIOB U CJIOKHOCTH JEeKOAMPOBaHMS, KOTOpas NOJKHA PACTH C YBEJHUEHH-
eM JJIMHBI Kojia He OoJiee, ueM JHHeHHO. FIMEHHO TaKUMHU U 0Ka3blBaloTCA
MIIJ nexomephl U ApyTHe MeTONbl HA UX OCHOBE, TpeACTaBJEHHbIE B JaH-
Holt kHure. Ho nocTtuxenue anaropurmMamu MIIJL pelleHu# onTUMa/bHOTO
(mepeGopHoro!) nekonepa MpH JHUHEHHOH OT AJHHBI KOIOB CJIOXKHOCTU HX
peasiM3alyy MOJHOCTbIO HCKJIOUAET U3 JajbHeHIIero KOHKypca ajropHur-
MOB BCe MPOLEAYpPbl, OCHOBAaHHblE Ha METONAX ajare6pandyeckoidl TEOpHH
KoaupoBaHus, T.e. Kogbl BUX u xomel Puga — Cosomona (PC), a rak-
e TocJenoBaTe/IbHble NPOLeyphl 1/ CBEPTOYHBIX KOLOB. Buanmo, 310
JKe€ OTHOCHUTCSl U K HEKOTOPBIM MOCJEAHUM «HOBBIM» NOCTHKEHHSIM TEOPHUHU
KOIMPOBAHHUS — MOJSPHBIM H IPYTHM KOJAM, €CJi OHU He NpeNbsiBAT, Ha-
KOHell, 10CTaTOUHO COAeprKaTe/bHble Pe3y/bTaThl [0 PeabHOU CJI0XKHOCTH
U 3(h(EeKTUBHOCTH NpelJjaraeMblX UMH a/JTrOPUTMOB AeKONUPOBAHUS. ITO
JIOTIOJIHUTEJIBHO MOBBIIAET BaXKHOCTh AocTHXeHUH OT.

MaxxopuTapHble IeKolepbl pacCMaTpUBA/IUCh paHee Kak B KJaccuye-
ckux moHorpadusix JI.®. boponuna [7], IIx. Meccu [8], B.Jl. Kosechuka
u E.T. Muponunkosa [9], JI.M. ®unka [62], Tak u B kuurax [10-12],
W3JaHHBIX T03Hee. CyleCTBEHHBIM JTOCTOMHCTBOM TOPOTOBOTrO (MaKOopHu-
TApHOr0) AEKOAUPOBaHUsSI 0Ka3alachb BO3MOXKHOCTb 3(D(heKTUBHOIO MHOTO-
KpPaTHOTrO yJy4YlleHHsl pellleHHd 3TOro Aekoiepa, KotTopasi Oblia 10Ka3aHa,
B yacTHocTH, ewmé 1981 r. B KOJ/NEKTHBHOH MoOHOrpauu H3IaTebCTBA
«Hayka» [2] Ha mpuMepe cHCTeMaTHYeCKHUX CBEPTOUHBIX KOIOB.

JlaHHasi KHUTa MOCBSIEHA H3JIOXKEHHIO Pa3JIMUHBIX HOBBIX acleKTOB
OnTtuMH3anoHHOH TeopHH MOMEXOyCTOHYMBOTO KOLHPOBAHHUS U Pe3yJib-
TaToOB 0000IIAI0IIMX UCCAeI0BAHUN MHOTOMNOPOrOBbIX AeKONEepOB 115 [1BO-
WYHBIX U HEIBOMUHBIX KOIOB, UCIIOJIb3YyeMBIX [J15 Mepefayd cOOBIeHUH Mo
KaHaznaMm ¢ omnOkamMu U ctupaHusmMu. Ocoboe BHHMaHHe yHeJaseTcs pe-
IIEHHI0 NPo6JeMbl MHHUMH3aLMK 00bEMa BBIUHCIEHUH NPH COXPaHEHHH
MaKCHMaJIbHO BBICOKOH 3HepreTHuecKod 3()h(eKTUBHOCTH KOOUPOBAHHS H
HeOOJBIION CJI0KHOCTH AE€KOAUPOBAHHUSI.

OCHOBHBIMH LeJISIMH TIPEINPUHSITOrO TEOPETHUECKOTO U IKCIePUMEH-
TaJIbHOT'O HCCJIEIOBAHHUS, U3JI0KEHHOTO B NAHHOH KHHUTe, SIBJAJNCDH

— TeopeTHyeckoe 00OCHOBaHHE METO0B MHOTOIOPOrOBOTO AEKOIH-
pOBaHHS JIMHEHHBIX KOJOB, COMOCTABUMOr0 Mo 3(P(PeKTUBHOCTH C
JYYIIUMH U3BECTHBIMH a/JTOPUTMaMHU;

— aHaJM3 CrelUaJbHBIX MeTONOB KOAMPOBAHHS C HCIOJb30BaHHEM
napagurm OT u MILI, a¢pdekTrBHO padortaromux BOIU3U HPO-
MYCKHOH CIIOCOOHOCTH.

CTpyKTYpHO MOHOTpaUsi COCTOUT M3 LIECTH IJIaB.

B mnepBo#l ryiaBe BBefeHBI OCHOBHbIE TOHSATHS W OMNpENEJNeHHs, HUC-

noJib3yeMble B MOCJEAYyIOIMX pasfenax. Kpome Toro, TyT npeacraBJ/ieHbl
6a30Bble CBEEHHS 110 OOBIYHBIM MoporoBeiM aekoxepam (I1/1) miast nBonu-
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HBIX U CHUMBOJIbBHBIX KOJIOB.

Bo BTOpoii ryaBe copMyaHpoOBaHbl OCHOBHbIE PUHLIUIIBI MHOTOIMIOPO-
TOBOTO J€KOAUPOBAHHUS /ISl IBOUYHBIX CHMMETPUYHBIX KaHAJIOB, J0Ka3aHO
CTpeMJIeHHe pellleHHH NEKOAEPOB 3TOr0 THMA K peLIeHHI0 ONTHMaJ/bHO-
ro fekojepa U ykaszaHo Ha npupony MIIJl anroputma Kak Ha peanu-
3alHI0 TIPOLenypsl IM00albHOH ONTHMH3aLMH (PYHKIHOHAJMA OT 6OJbIIO-
r0 YyucJa TepeMeHHbIX [/ YacTHOTO cjyyas NUCKPETHBIX MaTeMaTHhye-
CKHX MPOCTPAHCTB. 3aTeM 3TOT MPHHLUI POCTa MPABIONOLOOHS peLleHHs
MIII o6obimiaercss Ha NBOMYHbBIE TayCCOBCKHE KaHaJbl TPHU HCIIOJIb30Ba-
HUM «MSITKHX» MOJIEMOB, HEJIBOMUHBIE U HECHCTEMaTHUeCKHe KOAbl, a TaK-
JKe Ha KaHaJjlbl CO CTUPaHUSMHU. B KOHLe IVIaBbl PACCMOTPEHBI TIpelebHble
B03MOXHOCTH MIIJl pasjMyHbIX THUIOB U NpobJeMa pasMHOXKEHHUS OLIM-
60K NpU Ma’KOPUTapHOM [EKONMPOBAHHH, pelleHHe KOTOPOH M03BOJIHJIO
MHOTOKDPATHO YJYULIUTb XapakTepucTHKW MIIJ] u npyrux cBsi3aHHBIX C
HUMH METOJIOB.

B Tperbeii rnaBe Ha ocHOBe MyO6JMKALMUA CaMOro IMOCJAEIHEro Bpe-
MeHH MpefbsiBIeHbl HanboJsee Ba)KHble pe3ysbraThl no anroputmam OT,
BKJI0Yasi KOHKPETHBle XapaKTEPUCTHKH 3THUX aJTOPUTMOB B HeNoCpen-
CTBeHHOH 6sin3ocTH oT rpaHulbl lleHHoHa. MartepuaJsibl 3TOH I71aBbl UMe-
10T GOJIbIIYI0 CAMOCTOSITE/IbHYIO LIEHHOCTD, T. K. BCe pasfielibl 3TOH I/aBbl
SIBJSIOTCS 3aKOHYEHHBIMH ONYOJHKOBAaHHBIMH pPabOTaMM MU XapaKTepusy-
IOTCSl OYeHb BBICOKOH MH(OPMALMOHHOH MJIOTHOCTBIO H3JaraeMoro Mare-
puana. Ilostomy npu riy60KOH UIeos0rHueckod CBSI3U 3TOH IJaBhHl C CO-
Jlep;KaHHueM OCTaJ/IbHBIX dacTell MoHorpacuu Bce eé pasjiesbl MOJHOCTbIO
aBTOHOMHBI, KaK ¥ OTAeJbHBIE 115 KaXAOH U3 HUX CIIMCKH HCIIOJb30BaH-
HOM JiuTepaTypbl. MBI oJIaraeM, 4To 3TO OKaxKeTcst yIOOHBIM U UUTATENsAM
KHHTH, KOTOpble MOTYT 6e3 oOpalleHus K €€ NpPyruM rjaBaM HJIM HHBIM
ny6JAMKaLUsAM TOJHOCTBIO MOHSATb COLEpXKaHHe 3TUX CaMOCTOSTEJbHBIX
craredi-naparpagoB. Pasymeercs, CCBHIIKM Ha JUTepaTypHble HCTOUHHUKH
3a NpefesaMy TPeTbeH IVIaBbl SIBJSIOTCH CKBO3HBIMHU JJISl BCEH KHUTH, 4TO
COOTBETCTBYET CJOKHUBILIMMCS TPaTULHSIM.

B ueTBEpTO#l I/1aBe OomMCaHBI Pe3y/NbTaThl, MOJY4YeHHbIE C YYETOM HO-
BbiXx napagurm OT, KoTopble MO3BOJAIOT AONONHHUTENbHO MOBBICUTH 3(h-
(hEeKTUBHOCTb ONTUMH3ALHOHHBEIX TIPOLENYP, HCIOJb3YEMbIX MHJS MOUCKA
pelleHUi ONTHMaJbHOrO JIeKozepa. JleTaqbHO pacCMOTpPeHBI BOIPOCH -
(heKTUBHOCTH [eKOIUPOBaHUs, KoTopble W omnpeneaund nepepauy OT ot
KJIaCCHUECKOH TeOpHH JIUAUPYIOLLEeH POJIM B CO3MAHUU TPHUKJAALHBIX METO-
JIOB B 3TOH c(epe T€OPUH HUH(POPMALHKH.

[IsiTast riaBa MocBsilleHa WM3JI0XKEHHI0 OCHOBHBIX MOTEHLHUAJNBHO Tep-
CTMEeKTUBHBIX METONO0B, CPEACTB, CUCTEM M TEXHOJOTMUECKHUX MPUEMOB, KO-
TOpble CMOryT ellé GoJsiee MOBBICHTb 3(P(PEKTHUBHOCTb PaGOTHl aJITOPUTMOB
OT B Gauxaiiiem OynyuieM. DTa IJaBa OueHb BaKHa JJIs MOHUMaHHs
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HeoOXOAMMOIO TeXHOJIOTMYECKOI'0 YPOBHS, KOTOPOIO Haf0 AOCTHYb /14
YCIELIHOTO NaJjbHeilero passutus uccaenosanuii MITJ, AB, nuBepreut-
HOro KonupoBaHus U npouux MeTonoB OT. Tosbko B 3TOM ciydyae MOX-
HO B JaJsibHeHllleM IOCTHYb HOBBIX pe3y/abTaToB B 3ToH objactu. IlosnHas
HensbexxHass CMeHa TeXHOJOTHUeCKOro M HAe0JIorM4yeckoro obecrieyeHus
UCCJIeIOBAHUE TEOPUH KOOUPOBAHHUs B 00J1aCTH I100a/JbHON ONTHMH3aLUH
(YHKLHOHANOB yxXe cocrosiachk. Cellyac TOJNBKO 3TOT IMOAXOM SIBJISET-
csl paKTU4eCKH eUHCTBEHHBIM CPEACTBOM ONTHMAaJbHOIO AEKOAHPOBAHUSA
IJMHHBIX KOHOB BO/M3W rpaHuubl llleHHoHa, 4To U ompenessieT TeKyllue
BO3MOXKHOCTH Pa3BUTHS NPUKJIAJHBIX METOJ0B BCel TeOPUU KOAUPOBAHHUS.

B wmiecTo#l rnaBe KpaTKo pacCMOTpPeHbl MepCleKTHBbl HOBOH TeopHH,
KOTOpble, KaK Mbl IpejmnosaraeM, 6yayT ropasno Gosee MacliTaGHBIMH,
4yeM UX OMHcas aBTop.

B 3aksoueHun chopmynrpoBaHbl 000011alolI{e BBIBOALI M0 MPOBe-
NEeHHOMY HCCJIeOBaHHUIO.

[Ipennonaraercs, UTo HAaIId YUTATEJNH 3HAKOMBI C TEOpPHeH BepOSITHO-
CTH, OCHOBAMH TE€OPHUHU KOJUPOBaHUS U 0a30BbIMH METOJAMU BbIUHCJEHHH
B KOHEYHBIX T0JAX. HUKAaKHUX H3MHUIIHE CI0XKHBIX COOTHOLIEHWH, CBOHCTB
U pe3y/bTaTOB U3 TEOPHUM KOHEUHBIX MOJEeH B MpelsaraeMoH 4uTaTessim
KHHTe HCIO0Jb30BaThbCsl He OyeT. DTO TMO3BOJHUT COCPENOTOUUTh OCHOBHBIE
YCHUJIMS TIPU UTEHUH AaHHOH MOHOTpa(Uu MMEHHO Ha MOHHMAaHWH CBOHCTB
1 BO3MOXXHOCTeH M3yuaeMblX MHOIOIOPOTOBHIX aJrOPUTMOB M Ha peaji-
3allMM Pa3JMYHbIX HMIEH ONTHUMHU3aUMH (DYHKIHMOHAJOB, UTO, HECOMHEH-
HO, NOMOXKET 3aHHTEPeCOBAHHBIM YUTATe/SIM XOPOLIO COPHEHTHPOBATBLCS
B COBpeMeHHOH Npob/eMaTHKe MOCTPOEHHS CHCTEM [OMEXOYyCTOHUHBOrO
KOJIMPOBaHUS M C MaKCHMAaJbHOH CTENeHbl0 YBEPEHHOCTH BBIOMPATh MYTH
Ja/JbHEHILIEro MOBbILIEHNS 9(PMEKTUBHOCTH TAKUX CHCTEM.

O6pallaeM BHMMaHHE HALIMX 4YHTaTeJied, UTO B CBA3U C OrPaHU-
YeHHbIM 0OBEMOM KHHMIM MHOTME pasfesibl U3JO0XKeHBl OueHb KpaTkKo, a
HEKOTOpbIe TEMbl, KOTOpble M3Jlarajucb B IPYTHX HalIMX NyOJUKALUX,
COKpallleHbl WJ/IM omylleHbl. IIpy 3TOM MBI cTapasiuch clieaTb Bce HeoO-
XOOUMBIE CCBIIKM MU KpaTKHe KOMMEHTapHH M0 TOBOAY OTCYTCTBYIOIIETO B
9TOU KHHTe MaTeprasia. Takod MoAXOA MO3BOJU/ HAM COCPEOTOYHTHCS Ha
U3JI0KEHUH TOJIBKO CaMblX HOBBIX Pe3yJbTaTOB, HEKOTOpble U3 KOTOPLIX,
BO3MOXHO, ellé He ONyOJMKOBaHbl JOCTaTOYHO IIOJHO HaXKe B CTaTbfX
no tematuke OT. Takum o6pasom, 3HAKOMCTBO C BONPOCAMH HUTEPATHB-
HOT'O MHOIOIIOPOTOBOIO JEKOAMPOBAHHS KaK ¢ NpoOGJeMO ONTUMH3aLUH
crieu(UUecKUX 1715 TeOPHH KOAHMPOBaHUS (DYHKLHOHAJNOB Mbl CTAPAJIHCD
clies1aTh 10 BO3MOXKHOCTH 00Jiee TMOHSITHBIM M TOUHBIM.

JononHuTtebHbIEe HH(OPMALMOHHbIE, HAayyHble W yueOHO-MeToauye-
ckue matepuasbl o OT u MILJ anropuTMaM MOXXHO HaHTH Ha creLua-
nusupoBanHom Be6-cafite MKW PAH www.mtdbest.iki.rssi.ru 1 Ha Haiiem
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MOCTOSIHHO 0OHOBJIsIeMOM aHaJsiornyHoM noprane PIPTY www.mtdbest.ru.
Hanomunaem Takxe, uto nasi 6osee ray6okoro usyuenuss OT, MITJL ne-
KOJIEPOB, aJropuTMoB Butepbu B UX pa3iUUHBIX MOAU(DUKALUAX U Kac-
KaJIHbIX CXEM C UCMOJb30BaHHEM KOIOB KOHTpoJis 1o YéTHOCTH (KKY) MmbI
YBEJHUUUJIN B KHUTE KOJHUECTBO KOHKPETHBIX CCHIJIOK Ha IeMO-MPOrpaMMbl
9THUX AJTOPUTMOB, KOTOPblE TAKXKe MOXKHO HAHTH Ha HAaIIKX nopranax. O6-
palleHue K HarJIIAHBIM MPUMeEpPaM, KOTOPble XapaKTEPH3YIOT T HUJIM HHBIE
TeOopeTUYeCcKHe pPe3y/bTaThl OHOBPEMEHHO U B MPAKTHYECKOH IMJIOCKOCTH,
0ObIYHO TOMOraeT ObICTpee U IMy6:Ke MOHWMATh ONTUMH3ALHOHHBIM Xa-
paxkTep abcoJIIOTHO BceX 3((EKTHBHBIX aJTOPUTMOB IEKOAHPOBAHHS Kak
IJ1sl IBOMYHBIX, TAK WU JIJIST CHMBOJIbHBIX KOJIOB.

B nanHOl MOHOrpaduu, Kak 3To MOXKHO BUIEThb, He 0YeHb MHOTO CChI-
Jok Ha pa6otel mo OT u MII]] anroputmam, XoTsi camble 006s13aTesIbHBIE,
KOHEYHO, yKasaHbl. [opa3no Gosblilee YUCAO CCBIIOK, BKJIOYAs NOMOJHHU-
TeJIbHYIO JIUTepaTypy Mo 3TOi TeMaTHKe ecTh B [3-5, 36-38].

UseHbl Halllefl HAyYHOH LIKOJBI MMOJATAIOT, UTO BBIXOJA B CBET HalleH
MoHorpaduu B 3ToM 2018 ropmy, r06uMeldHOM 1 MyOGJHKALWH BeJHKOH
paborsl IllenHona [14], mocay:KHUT AajbHeHIIEMY BCECTOPOHHEMY pPasBH-
THIO TEOPHH KOIMUPOBAHHSA B HAlllell CTPaHE U B MHUpe.

BosmoxHO, 4To 3Ta obobuatomasi MmoHorpadus no OT, meTonam mo-
UCKa ry06abHOrO 3KCTpeMyMa (PYHKIIMOHAJNOB W MHOTOMOPOTOBBIM aJro-
pUTMaM, yCIellHo paGoTaloLUM HeloCcpeACcTBeHHO BOIM3K rpanuisl llen-
HOHa, MCIOJb3YIOI1asi MPOCThle, HO HHOT/A COBEPILEHHO HOBbIE JJI51 TEOPHH
KOAMPOBAHHUS MapagurMbl, TeXHOJOTMH W TOAXOAbI, BBI30BET y CIIELHa/U-
CTOB OINpefeJIéHHble BOIPOCH U OKaxKeTcsl He JIMLIEHHOH ompefeséHHbIX
HeJOCTaTKOB. ABTOp moJiaraer, 4To HOBble NMyOGJHKALMH Halled HayuHOH
mwkoJbl Mo TeMatuke OT cylecTBEHHO CrMIAAST 3TH HEOOUETHI.



Conclusion

Our scientific school on Optimization Theory have successfully car-
ried out plans and has realized all our intentions to the fiftieth anniver-
sary of the publication of amazing in its depth and at the same time
for clarity of presentation J. Massey book “Threshold decoding” [25].
Published for this anniversary, our monographs [4, 5] have shown wide
opportunities of the majority methods throughout in many main types
channels studying in coding theory.

Very special anniversary of the new 2018 linked in information
theory with truly great paper by C.Shannon [14], which was published
70 years ago and gave rise to large-scale projects for worldwide sci-
entific and technical community to create those very necessary for our
digital information world methods of errors corrections in discrete data,
the existence of which he had precisely and accessibly told in that paper.
This monograph is devoted to successful completion of such methods of
searching which, as suggested by the supporters of our research areas,
finally really solved great problem stated in that anniversary publication.

This book gives a complete solution of C.Shannon’s task of ex-
tremely simple and efficient error correction in digital arrays for all major
types of communication channels. This problem was successfully solved
up to the regions of noise that are directly close to the bound, known as a
channel capacity, which this great American scholar has clearly defined.
Although this bound is unachievable as the speed of light for material
bodies, to the present time for most of main channels in coding theory
technologies of decoders already exist, which allow successfully work of
decoders directly in the nearest domain to this bound. It means that
a fundamental and complex process of finding a solution of Shannon’s
problem is completed. That quite a small remaining distance to his bound
future researches can pass (of course only partially!) using methods that
are already developed or yet to be created in the process of further re-
search in Optimization Theory (OT) of error-correcting coding. Infinitely
high elasticity of capacity as the speed of light, will continue to be very
reluctant to allow the operation of the decoding algorithms at extremely
high noise levels. But the results obtained in the energy and probabilistic
characteristics of decoders for roughly a hundred and the code clusters
are now quite sufficient to consider the problem completely solved and
to create thousands of other similar high performance systems with very
reasonable complexity of implementation. Of course, many other specific
code clusters (typical parameter sets of codes and channels) will need to
create methods OT already known or future, new, custom configurations
for coding and subsequent decoding. Widely used set of design tools for



research and configure codecs (coders and decoders) for this aim have
been created. Almost always they allow to create the required coding
system acceptable to the complexity, efficiency and reliability to work
close to a channel capacity.

There is no doubt that OT actively developing almost five decades
will be sure to find more innovative methods and means for such projects,
where the available technologies for creating efficient codecs will not be
enough near to the border of the Shannon. It should be clearly under-
stood that the complex process of coding systems design will continue to
develop only with the progress of complex software systems optimization,
and a powerful search for more complex classes of global extremum of
functionals, which are actively and widely used in OT. Thus, the further
movement of decoding technologies to the Shannon bound will be more
rigidly connected with the development of computer technique and with
special software than before. It’s a natural way of real scientific-intensive
technologies development.

The crucial point that allows to consider the problem of decoding
for a large noise is completely solved, it turns out the simplicity of
MTD algorithms. Decoder complexity grows with the code length only
linear, i.e. with the theoretically minimum possible rate. In order to
provide high decoding reliability all those powerful techniques and prin-
ciples remain available that have built in classical coding theory and
OT paradigms: different concatenation schemes, divergence, DDCM (de-
coders with direct control metrics) methods and other features. Thus
obtained a complete solution of the Shannon problem corresponds to the
best possible levels of complexity, noise immunity at the input and reli-
ability at the output of coding systems.

And finally, the key point of the successful solution of complex prob-
lems of the digital world was a deep realization by many experts that the
most important way to achieve of seemingly impossible dreams of the-
orists of digital communication just methods became of global search
extremum functional theories (GSFE) realized in the specific conditions
of discrete mathematical spaces. No reason to believe that there will be
any competitive other methods yet and most likely never will be. Ex-
actly theories GSFE allow us to consider only the methods of such a
search with complexity proportional to the code length. Other methods
with such complexity are unknown. But this approach to the problem
of decoding is operable only when both correctly solved the task of code
selection, which in the end, can be successfully used for finding the
optimal solution with the best minimum probability of undetected error.
Earlier this problem was solved in coding theory, only the by total search
methods.



If we turn to the best methods of this class, we note with satisfac-
tion that the patented by our team Viterbi algorithm for block codes with
the same complexity of decoders for convolutional codes also completed
the conversion of all applied problems of coding theory in the tasks of a
combined global search of optimal solutions. Block VA completely elim-
inated from any competitions for block codes all methods developed by
algebraic theory. The grouping of all types of VA and various MTD mod-
ifications in set of DDCM decoders, special algorithms only measuring
the distance of their decisions to the received message, else more ac-
curately indicates a variety of methods, which, apparently, will solve all
the problems of creating good decoders in all the above meanings. Most
likely, all the new algorithms of past thirty years, unrelated to the the-
ories of search for global extremum and precise distance measurement
even with the assumption of further growth of their complexity, have no
prospects of movement to the Shannon limit, nor, moreover, other possi-
bilities of development. Of course, reality of the future time will strictly
check the validity of such a harsh opinion.

Thus, OT took in the whole volume of development baton of applied
methods from classical algebraic theory. This is not surprising, since
algebraic theory has not solved any main basic problems of its develop-
ment: it did not found simple ways of error correction above the level
of half the code distance, it did not overcome the difficulties of decoding
in a Gaussian channel, and it has not find good algorithms with linear
to code length complexity of decoding. In the group of DDCM methods
they have solved all these problems of complexity in such a natural form
that even VA with exponential complexity, for example, in the schemes
of the concatenated type, are in their short options very simple parts
of code structures. In conventional circuits the characteristics of VA
are dramatically better than for algebraic algorithms also. So there are
no questions about algebraic methods. A twice decrease in our patented
block VA the exponent of its complexity compared to the estimates of the
classical theory finally set all decoding algorithms at their own places.

Thus set by the Shannon problem is solved in OT by making use at
the different decoding steps a powerful optimization procedures, including
the search of global extremum of functional (SGEF). Of course, the
closer a project workspace coding system to the channel capacity the
number of required operations to the decoder will be somewhat greater,
that is understandable. The inevitable significant delay increase of the
decision making is reasonable also.

Here are the main optimization procedure of designing algorithms.
First, of course, it is actually the MTD algorithm configured on the
approach with every change of the controlled characters to the optimal



exhaustive search (!) the solution with a minimum of his own computa-
tional complexity. This is a typical task of finding the global minimum
of the functional in a discrete space.

The second optimization mean is a powerful tool used in creating
effective MTD or DDCM algorithms are method for searching codes, in
the greatest extent meting the criteria of a minimum of errors propaga-
tion (EP) when decoding. Completely unique theory was created for EP,
it is not like attempts 50 years ago to describe this complex process for
the majority schemes. Optimization of codes on several criteria of EP
improved the convergence of MTD methods to the optimal solutions.

Finally, the third and most difficult for usage global optimization
procedures, there was a whole class of methods for the tuning elements
of MTD decoders. This giant and difficult problem, exceeding in hundred
times the effort and time for both the first techniques required to develop
effective ways to accelerate the processes of such tuning, which was also
done promptly and additionally has increased the rate of convergence of
MTD decisions to the optimal ones.

The combination of these three basic approaches just became the
nucleus of those methods that are in synergy brought the effectiveness
of the MTD in complexity, noise immunity and reliability to a level that
has long been inaccessible by any other methods of the classical algebraic
coding theory.

Not superfluous in this connection to recall have long formed the
opinion of mathematicians that the role of the theories of optimization in
mathematics is as great as the role of mathematics in science generally.
Thus, from the decades of the 80-th years of past century too long the
transition to the efficient decoders creation only on the basis of global
optimization theories is completed. With the advent OT the applied
coding theory moving from classical algebraic preliminary stage to the
wide application of powerful and fast optimization methods for decoding
in all the technical systems providing by simple means high precision
even when transmitted in a very noisy channels.

It is important to specify that a significant contribution to the OT
development and its technologies bring new leading paradigm, which
did not exist before in this theory at all: symbolic codes and decoders,
divergence, parallel concatenation, codes with parity checks (CPC), con-
vergent methods, and rule DDCM, clearly recommending for the im-
plementation certain methods of the OT. The most important role here
belongs to the principle of divergence, which in certain techniques far
advanced MTD algorithms in a region of large noise. This principle of
non-concatenating increase the code distance of the applied codes have
become a powerful design tool decoding methods of all types. It may be



also indicated that parallel concatenation was first proposed by our team.
Convergent methods are difficult to implement outside of the MTD algo-
rithms, for which ones on the contrary, they are very comfortable. As
for codes with parity checks (CPC), this method has become a powerful
tool for efficiently encoding only when MTD algorithms become really
reliable and reaching solutions of the OD. The decoders included in a
concatenating scheme, implement better mutual work and improve their
decisions for total the concatenated code. Concatenation in accordance
with these principles for all class DDCM algorithms provides an ex-
tremely simple solutions to all issues of high reliability decoding when a
large noise level for the long time.

A wide range of potential opportunities and new directions for the
development of decoding algorithms, briefly described in the last sections
of the book also indicates completely limitless perspectives of OT, a new
“quantum mechanics” in information theory.

We believe that it was possible to announce the change of leading
ideology in applied coding theory roughly 15—20 years ago when all the
important problems of efficiency have already been solved for symbolic
codes and erasing channels’ algorithms. At the same time for Gaussian
channels MTD algorithms successfully worked with energy exceeding
the level of the of the Shannon’s bound no more than 2 dB. However, the
level of development of the OT ideology and the available computing tech-
nology did not allow us in those years to find optimization methods that
would approach the workspace of MTD algorithms in Gaussian channel
to a channel capacity at least to the level of the one and a half decibels.
So we took then the very right decision to improve further at that time
characteristics of MTD decoders in Gaussian channels and only later to
announce the solving Shannon’s task. It is now quite feasible MTD algo-
rithms work at the energy level, which is only 26% higher than the power
level of the principally unattainable bound of Shannon. Such features are
unavailable to any other decoding algorithms. This allows us to say right
now about a complete change of leadership in all practical problems in
coding theory to this new “quantum mechanics” of our scientific school,
called Optimization Theory of error-correcting coding.

As we noted at the beginning of the book, among a wide variety
of areas and methods of research in the field OT and the iterative MTD
algorithms a significant field for further research can create entirely
new areas and methods. It is possible that some of them will develop
this theme in the direction of replacing the simple threshold functions
in the MPD for a slightly more complex decision rules within OT and
DDCM. The main feature of this trend, we believe, should be to reduce
the number of iterations and decrease the length of codes used. If the



decision delay of new types of iterative MTD algorithms will be less
than, for example, for convolutional MTD decoders presented in this
monograph than it will allow to apply these methods in systems that
use shorter codes with a high level of reliability and else more simple
decoding. Time will tell how realistic are these expectations of our
scientific schools followers.

There is no doubt that a great variety of possible schemes for global
searching creates a wide intellectual field to create a large set of methods
to construct new codes, algorithms and technologies. At this basis in-
quisitive researchers, designers and engineers will write new pages in
OT and will offer for our civilization the best systems to ensure a high
level of reliability in transmission and data storage for today’s digital
information world.
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