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IIpuBeneHsl pe3ynbTaThl 10 TEOPUU U IPAKTUKE NpUKIaAHOro koguposanus B MPTU-BI'YUP ¢
1966 r. mo Hacrosmee Bpems. M3noKeHbI OpUTMHANBHBIE JIOCTIKEHHS B 00JIaCTH
MOMEXOYCTOWYMBOIO KOJMUPOBAaHHMsS TIpH TepeJade M XpaHeHHH WHQOpMaluy, CHUHTE3y
OTKa30yCTOMYMBBIX YCTPOICTB ¥  BBIYUCIUTEIBHBIX MHKPORJIEKTPOHHBIX CTPYKTYp IJIf
MOBBIIIEHUS HAAEKHOCTH M TPOIEHTAa BBIXOJA TOIHBIX CBEPXOOJNIBIINX WHTETPAIBHBIX CXEM,
3¢ PEKTUBHOTO KOANPOBAHUS N300paKeHNUH, KOMIUIEKCHOH 3aIUThl HH(OPMAIHH.

Kniouesvie crosa: wnbopMaIus, KOJbl, CIOBA, MOCIEI0BATEILHOCTH, KOJIEKH, OMEXH, OTKa3bl,
IeeKTHI, OINOKH, 6e30IMacHOCTh, CKaTHE, 3aIUTA.

BBeaenune

Hayunoe wHampaBneHne 1O TEOPUHM M TPAKTUKE KOJWPOBAHWS HHQPOPMAIMK HAYaio
dopmupoBathcst B MPTU ¢ cepemunbl 60-x rr. XX B. Ero pa3Butre M CTaHOBJICHHE OBUIO CBSI3aHO C
HeoOXomuMocTh0  paspabotkn B CCCP  pa3nuyHOro  Ha3HaueHHWs  PAJUOTEXHHYECKHX |
panroIOKAIMOHHBIX CUCTEM, CUCTEM CBSI3M, KOCMHYECKHX M BOGHHBIX CHCTEM, HaJIe)KHO pabOTaIoIHX B
CIIOKHOM TIOMEXOBOI 00cTaHOBKe. B Te To/bl HE CyIIecTBOBaIO SPPEKTUBHBIX AITOPUTMOB HUPPOBOI
00pabOTKN CUTHAJIOB M TIOMEX0YCTOWYHMBEIX KOJOB, METOJIOB TIOCTPOSHHS HACKHBIX BHIYHACIATELHBIX
CHUCTEM, YCTPOMCTB M Pa3IMYHOTO poOJia KOAEKOB, METO/IOB CXaTvs MH(MOpPMAIUK U €€ KOMILUIEKCHOM
3allIMTe OT HECAHKIIMOHMPOBAHHOTO MOJB30BaHMs. MHOTHe 3a1a4u 1o GopmMupoBaHuio, 00paboTKe U
MPaKTUKE TPUMEHEHHWs KOIUPOBaHWS WH(OpMAIMM TPUXOIWIOCH pelnath BrepBble. Hambomee
3HAYMMbIe, 3aCTYKMBAIOIMEe BHUMAHUS pPE3YyJIbTaThl IPOBEACHHBIX WCCIEIOBAHWN U Ppa3pabOTOK
npuBe/ieHbI HiDKe. [10ApoOHbIe MaTeprabl 0 HUX MOKHO HaWTH B IIUTUPYEMOI JUTeparype, BKiItodas 8
monorpaduii  [3, 18, 21, 34, 38,50, 64,66], B 3 yueOHsix mocobmsx [2,14,63] ¢ rpudom
MunncrepcTa o0pazoBanus Pb.

B uccnenoanusx, nposogumelx B MPTU-BI'YUP, nmo pas3inyHbIM acleKkTaM TEOpHUH U
NPaKTUKW KOAWPOBaHHS HH(GOPMAIUU MPUHUMAJIH Y4acTHe TOKTOpa Hayk, nmpodeccopa: ,
Kimoes JIJI., Kononensko B.K., bo6os M.H., Jlunauikuii B.A., |PeutoB A.C., YpoOanosuu ILII. u
KaHaunatel Hayk, noueHtol: JBopHukoB C.JI., Canomatun C.b., Kapskun FO.., byabko A.A.,
ActpoBckuit .., Mutioxun AWM., Kapnymkxun 39.M., Kasepouu B.B., XomaceBuu P.I'.,
Kopones A.1., bopuckesmu A.A., Iigetkos B.1O., bopucos B.C., Bepaukosckuii E.A., Tapacos C.A.,
MarnsiieB C.B., OcunoB A.H., Brmacosa I'.A., CmomsixoBa O.I'., BonkoB K.A. u nmpyrue. Vx Bkiag
OTpa’keH B CIHCKE MyOJIUKaKi 110 TaHHOMY HarpasieHuto bI'YHP.

®opMupoBanue, 00padoTka M MPAKTHKA MPUMEHEeHUs] HU3KOCKOPOCTHBIX KOJ0B
K nmskockopocTHeM kKofam (HK) oTHOCATCS KOMIBI, Y KOTOPBIX CKOpOCTh mepenaun R = %

mana (T.e. K << '), a KoJ10BOe paccTOsIHUE U KPaTHOCTh KOPPEKTHPYIOIIMX OMHMOOK paBHbI 0 ~ /2 u
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t= % (n — nmrHA Koza, K 1 I — 9MCI0 MH(POPMAIIMOHHBIX M IPOBEPOYHBIX (M30BITOYHBIX) TIO3UIINH).

HwuskockopocTHbIe KOABI (KOIOBBIE MOCTIEI0BATEIILHOCTH) SBIISIOTCS YHUKAJIBHBIMH KOJAMH,
BO3SHUKIIMMM Ha CTBIKE KaK MHMHUMYM TpeX HayK: TEOPHHM KOIUPOBAHUS, TEOPHUHU CHUTHAJIOB M
(poBON 0O0PAOOTKM CHUTHAJIOB M SIBIITIOTCS OCHOBOM (hOPMHPOBAHHS CHTHAJIOB C pPaCHIUPCHHEM
CHEeKTpa (CJIOKHBIX WM IHUPOKOMOJIOCHBIX CUTHANIOB). O0 MX BaXHOCTH AJISI MPAKTUKUA MOXKHO CYIUTh
Mocje KpaTKOro IepedyrcieHus obiacTeil NMpUMEHEHHs:: KOCMHUYECKHE TeJIeKOMMYHUKAIHOHHEIE
CHCTEMBI, IJ00aJbHbIE KOCMHMYECKHE HABUTALMOHHBIE CHUCTEMBI, CHCTEMbl AajbHEH KOCMUYECKOU
CBSI3U, CHCTEMbI OECIIPOBOJHOTO JOCTYNa U MOOWMJIBHOHW CBS3M C KOJOBBIM pa3lielieHHEM KaHAJIOB,
CKPBITHBIE M 3alllMIICHHBIE CHUCTEMBbI TEJICKOMMYHUKAIMK, JOKAMOHHBIE PAaJUOTEXHHUUYECKHE U
THIPOAKyCTHUECKHE CHCTEMBbl, LIMPOKOIOIOCHBIE BBIYUCIUTEIbHBIE CETH, CHUCTEMbl BPEMEHHOM
CHHXPOHM3ALUH U T.1.

B 60-e rr. mpomutoro cTONeTHS BENHCh WHTEHCHBHBIE HWCCIEIOBAHUS 10 NPUMEHEHHIO
KOJIOBBIX TIOCJIEIOBATENILHOCTEH I PaluOIOKAIOHHBIX, PaJAMOHABUTALIMOHHBIX M KOCMHYECKHX
cucreM. Ocoboe BHUManme B MPTU Owbuto oOpameHo Ha KOOBI MaKCHUMaJIbHOW JIuHBI (M-
MOCJIeJOBAaTeIFHOCTH) U YeTBepUuHble KoAbl Bentu (/I-kozasr), nx ¢gopmupoBanue u odbpaborky. B
pe3yibTaTe MPOBEeICHHBIX UCCIeIOBaHUI ObUIH HalJICHBI paHee He N3BECTHBIC CTPYKTYPHBIC CBOWCTBA
M- u /- nocnenoBaTenbHOCTEN, MPEAIOKEHBI OPUTHHANIBHBIE METOABI U YCTPOMCTBA UX YCKOPEHHOTO
MOWCKA MJsl JaTbHOMEPHBIX M COBMELICHHBIX CHCTEM TPAaeKTOPHBIX M3MEPEHUH M Mepeaayu
JUCKPETHOM HHPOPMAITUH.

ITockonsky HK ucnone3yroTcsi, Kak NpPaBUIO, B KaHAIaX C BBICOKUM YpPOBHEM IIOMEX,
MO3TOMY MPHUMEHSETCS IPUEM CHUTHAJOB B LEIOM (IIPU 3TOM DEANH3YIOTCS IOTEHLHAJIbHbIC
BO3MOXHOCTH ONTHMANbHONH 00pabOTKH), 3aKIIOYAIONICliCsi B YMHOKEHHH BEKTOpa MPUHSITOTO

curmama X' Ha MaTpHUIly KOAOBBIX CIOB 4. B MONIy4eHHOM KOPpEISIMMOHHOM BEKTOPE HAXOIUTCA
MaKCHMyM, M MO0 HEMYy NPUHHUMAETCs pelleHHe O MPUHSATOM CHUTHalle, YTO, C TOUKHU 3pEHHUS TEOpUHU
KOAMPOBaHMA — JCKOAUPOBAHKUE 110 MAaKCUMY y IpaBaononoous. s BEIYUCICHUS KOPPEISLHMOHHOTO
BEKTOpPAa C MaJbIMHM BBIYHCIHTENBHBIMU 3aTpaTaMH i1 KaXKIOrO W3 OTMEYECHHBIX IPHMEHEHUH
TpeOyeTcst CBOH MOIXOA B BEIOOpE KOAOBBIX MOCIEAOBATEIBLHOCTEH, METOAOB WX (OPMHUPOBaHUS U
00paboTku. BecbMa MpOXYKTHBHBIM MOAXOIOM B PEIICHMHM BO3HHUKAIOIIMX 3a7ad, Kak IOoKaszaja
MIPAKTHKA, SIBIAETCS COBMECTHBIM CHHTE3 aJlrOpPUTMOB TreHepupoBaHus M aekonupoBanus HK. B
JAHHOM HalpaBJICHHW HWCCIIeIOBaHUK OOJBIIONW BKJIAJ B TEOPHIO W IPAKTUKY BHec TNpodeccop
Jloce B.B. CoBMecTHO C yYeHMKaMH WM TPEIJIOKEH IEeNblii psii HOBBIX KoHCTpykuuit HK,
pa3pabotanbl 3(ppeKTHBHBIE METOABI X OBICTPON 00paOOTKH, MCIIONB3YIONIUE ANTOPUTMEI OBICTPBIX
CHEKTPAIILHBIX MTPpeoOpa3oBaHuii U (paKTOPU3AIMH KOJOBBIX MaTPHII, MAKOPUTAPHOTO JIEKOJUPOBAHUS
NPUMEHHUTENILHO K 3aJla4aM TOWCKAa, CHHXPOHU3AIMHU, Tepenayd WHPOPMAalUH U JEeKOJUPOBaHUS
KOJIOBBIX MOCIIeIoBaTenbHocTed [1, 2].

3a mociegHWe JBa  JECATWIETUS  NPEUIOKEHBl HOBBIE  KOHCTPYKIIMM  KOJOBBIX
MOCJIeI0BATEILHOCTEH, UCCIIEIYIOTCSl CBOMCTBA, CTPYKTYPBl U METOABI ()OPMHUPOBAHUS JBOMYHBIX H
KOMIUIEKCHBIX KOJOBBIX MOCJIEN0BATEIHOCTEN € UAEANBHBIMU KOPPEIALMOHHBIMU CBOWCTBaMU. [l
3TOTO MCIOJB3yeTCs anmnapaT (yHKOUM cilefa 3JIEMEHTOB PacIIMpEeHHBIX KOHEuHbIX noineil ['amya.
[MonydeHo cnea-npe/icTaBlIeHHE KacKaJHBIX M 0000IEHHBIX MocieoBaTensHocTel ['oprona-Muica-
Benmua, Kacamu. Pa3paboTaHbl CTpyKTypHBIE CXEMBI MYJIbTHUIUIEKCOPHBIX M KOMIIO3HIIMOHHBIX
TEHEpAaTOPOB  JBOMYHBIX W  KOMIUIEKCHBIX TocienoBarensHocTeil. Ilpenmararorcss  MeTombl
KOAWPOBaHUS M JEKOJUPOBAHUS OPTOTOHANBHBIX HEJIWHEHHBIX JIBOMYHBIX KOJOB Ha OCHOBE
nocienoBatenbHOCTel ['opaona-Musica-Bemua n GeHT-TIOCIeIOBAaTEIBHOCTEH, @ TAK)Ke KOMIUIEKCHBIX
KOJIOB Ha OCHOBE HEJBOMYHBIX OCHT-TIOCNIeAOBaTelNbHOCTEH. JleKOoAMpOBaHHE BBINIOJIHSIETCS 10
METOAYy MAaKCHUMAaJbHOTO MPaBAONOAOOMS B CHEKTPAIBHBIX OOJIACTSIX 0a3ucoB IpeoOpa3oBaHUS
Yonma-Agamapa u Bunenkuna-Kpecrencona. Ilpemmaraiorcsi METOasI OJI0YHON ONMTUMU3ZHPYIOICH
dakTopH3allii M Ha WX OCHOBE (haKTOPHU30BAHBI KOJIOBbIE MATPHIIBI IOJHOTO KOJia, KOja
MaKCHUMaJIbHOM JUIMHBI U HOBas (hakropuzauus MaTpul Youma-Ajnamapa, HCCIEAYIOTCS ajJrOpUTMEI
JEKOJMPOBAHUS ITOJTHOTO KOJIa, KO/Ia MaKCHMAaIbHOM [UTMHEI ¥ kKoaa Puma-Maepa [3, 4].

Pa3zpaboranHble METO/BI, alTOPUTMBI W yCTpoicTBa GopmupoBaHus u o6padotku HK
UCIIOJIb30BaNINCH Ha Beaymux npeanpustusax, Kb u HUM CCCP npu co3ganuu BHICOKO3()PEKTUBHBIX
CIEIHUAIBHBIX CUCTEM Pa3IMYHOr0 Ha3HaueHus. Huxe nepeuncieHsl HEKOTOPBIE U3 HUX.

97



1. Pa3paboTka cuCTEeMbl 3HEPreTHYECKH CKPBITHOM CBSI3M C OPTOrOHAJIBHOW MOIyJsuueit
(1973-1974 rr., ucnomaurenu Kiroes JLJI., Merrauk A., Muttoxun AWM., Canomarnu C.B.). B
CHCTeME KaXKIOMY YPOBHIO KBaHTOBAHHS PEUYEBOTO CHTHAJAa COOTBETCTBOBAIO Kon0Boe cioBo HK,
npu 00pabOTKE HMCIONIB30BAIOCh KOPPEISAIMOHHOE NEKOAUpOBaHME. DTO Oblla OJHA W3 TEPBHIX B
CCCP cucrema niepeqjady CUTHAIOB IO IITyMaMH.

2. Pa3zpaboTka ammapaTypbl Uil HCKYCCTBEHHBIX CITyTHHUKOB TuTaHeThl Benepa (1976-1980 rr.,
ucnonuurenu Jloces JI.JI., Kapnymkun 3.M., [IBopuukos B./., Muttoxun A.U., Canomarun C.b.,
Kyx AJ.). C noMmompio aBTOMaTHYECKHUX MEXKIUIaHETHBIX cTaHuuil «Benepa-15», «Benepa-16»
OCYIIECTBISUIOCH PagHOJIOKAMOHHOE KapTorpadupoBaHue moBepxHocTH Bewnepsr (puc. 1-3). [ns
(ha30BOI MaHWITYJIAIMK CUTHAJIOB pajapa C CHHTE3UPOBAHHOW amepTypoil mcmoib3oBasach M-
TI0CJIEI0BaTENLHOCTE AynHOM N =127 . Paspenienue paanoioKalMOHHBIX W300pakeHHI COCTABIIAIO
1-2 xm (B xkocmmueckux mporpammax CIIIA Ha TO BpeMs pa3pelicHuE H300paKCHUH COCTAaBIISIIO
npumepHo 20 kM). beuta pa3paboTana MHOTOKaHANbHAs COBMELICHHAs] CUCTEMa CBS3U sl Mepeaayn
Ha paccrosiare 260 MiaH kM ¢ npuMeHeHneM HK pasnuuHON AMMHBI McClIeq0BaTeNbCKUX NAaHHBIX U
uHpopMaru o pabote 60pToBOI ammapatypsl. [lo3mHee pe3ynpTaTsl pa3pabOTKH HCIIONB30BAINCH B
npoekte «Benepa-I'ameit». J[Be MexianeTasle cTanuu «Benepa-1» u «Benepa-2» »Toro mpoexra
ocymecTBUIu B 1984-1986 TIT. KOMIUIEKCHOE UCCIENOBAaHHE KOMETHl [amies, KOCMHUYECKOTO
MIPOCTPAHCTBA C MOITYTHBIM O0JIETOM U W3yYEHUEM IUIaHeThl Berepa.

AT

Puc.1. ABromarudeckas MeXKIUIaHETHAs cTaHIms «BeHepa-16»

Puc. 2. PaguonokanuonHoe M300paskeHne MoBEpXHOCTH BeHepsl

Puc. 3. Caumoxk sapa xometsl [Namnes
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3. B 1980-1990 rr. pa3pabaTbIBaINCh CIICLICUCTEMBI MEpeJadyd KOJUPOBaHHON MH(opMamu
(JIoces JIJI., Kapnymkua 3.M., JIBopaukoB B.Jl., Muttoxun A.U., Camomatun C.b., Kyk A.N.).
Ocoboe BHHMaHME YAENSUIOCH HCCIENOBAHUIO HOBBIX alIropuTMoB cuHXpoHu3aiuu HK Oosnbioit

mmEsr N >10°mo wavanmeHO# (ase, MO TAKTOBOH M HeCyIIeHl 9YacTOTAM B YCIOBHSX BIIMSHIS
WHIyCTPUANBHBIX U MPETHAMEPCHHBIX MOMEX. 3a BBICOKOE KAa4eCTBO BBITIOIHEHHBIX HCCICAOBAHUN U
BHEIPEHUE B TPOW3BOACTBO HCIONHUTENN MBaXKALI (1986 m 1989 rr.) ObuM TpPEeMHPOBAHBI B
cootBetrcTBuH ¢ [loctanoBnenuem [pasurenscrea CCCP.

OnHoMepHoe U IByMepHOe KOAMPOBaHHe HH(OPMAIMH KOJAaMH, HCTIPABJISIIONIMMHA
MHOTOKPATHBbIE OIINOKH

B coBpeMeHHBIX HMH()DOKOMMYHUKAIMOHHBIX CHCTEMaX HIMPOKO MPUMEHSETCS MOJIYJIEHOS
(GaifiTHOE) mpencTaBneHue MHPOPMALUM, KOrga KoaoBoe cioBo amuubl N =|-Dpa3busaerca na
6m0ku (Momynu) muHbL D. J{ins GopsObI ¢ OMIMOKaMH BHYTPH MOIYJIECH MPUMEHSETCS IEIbIH Psi
KOJI0B, Takux kak konabl Puma-Conmomona (PC), baptona u npyrue. OnHako KOJIEKH 3THX KOJOB
JIOCTaTOYHO CJIOKHBI, 00JaNal0T HEBBICOKUM OBICTPOACMCTBHEM TP KOPPEKIMHA MHOTOKPATHBIX
OIINOOK.

[Tpu nByMEpHOM KOAMPOBAHUH, KOTA KaXKaas CTPOKA U CTOJIOCI] TA0IUIIBI KOJUPYETCS CBOMM

KOJIOM, KOJIOBOE PACCTOSHWE M JUIMHA CIIOBa dz =d,-d, paBusl N, =N, -N,. IIpu HeGONBIINX

JJIWHaAX COCTAaBJMIKOIIIHUX KOAOB M HX KOIJOBBIX paCCTOﬂHI/Iﬁ 9TO IMNIPUBOAUT K He6OHB]_HI/IM
BBIYMCIIUTEIbHBIM 3aTpaTaM Ha 00pabOTKy KOJOB M BMECTE C TEM IO3BOJISET MCIPABUTH OOJBIIOE
yucino omubok. B [5, 6] wuccnemoBanmch TabmuuHble HHU3KOIUIOTHBIE koAbl (LDPC-komer) c
opMupOBaHHEM TIPOBEPOK YETHOCTH IO CTPOKAM H CTONOIAM ¢ KOJAOBBIM paccTosuueM Oy =4.

Iloka3zaHo, Y4TO TPU JAUATOHAJIBHOM 3aIOJIHCHUU CHMBOJIAMHU TaOJIMIbI KOJAUPOBaHUS (C pa3IHUHBIM
YepeOBaHUEM JMaroHaiieil) oOpa3yroTcs MOIYJIbHBIE KOJBI, MCIPABISIONINE MOIYJIHHBIC OITHOKH
JUTMHBL D M makeTsl JUIMHBL P = b—1. B [7] noka3ano, 4To npH IEPECTAHOBKE CMMBOJIOB Ha JIMHE

KoZia BO3MOXKHa 3(dekTuBHas koppekuus omuOok B ¢opmare ASCIIl, a ecnu He orpaHUYHBaThH
pasmep TabiIuL KOAUPOBaHMUS, TO TaOJIMYHBIE KOABI TPe0OPa3yIoTCs B CBEPTOUYHbIE KOJIBL.

Pazpaborka BUC KOAEKOB MOMEXOYCTOHYMBBIX KOJIOB IIOCTaBWJIa HOBYIO paHee He
WCCIIEIOBAHHYIO B TEOPUH KOJAMPOBAHUsI 3aJ1a4y: MOCTPOSHHS KOAMPYIOIIMX MATpPHUI], B KOTOPBIX HE
COJEPKATNCh OJMHAKOBBIE CTOJOLBI HWJIM IOAMATPHUIBI, MO3BOJSIONIME NP WX HapalldBaHUH
YBEJIMYMBATh JUIMHY KOJa WM YHCIO KOppeKTHpyembix omunbOok. B [8-10] uccnenyrorcs nmonoOHbIE
OJTHOPOJIHBIE KOJBI, TTOCTpoeHHBIEe Ha ocHOBe BUX-komo0B, PC-k0IOB mJii COBMECTHOT'O KOHTPOJISI
CIIy4allHbIX WM MOZYJNBHBIX OmMUOOK. {7 KOoHTpons MomymnbHBIX ommoOok B [11-13] mpemmtokeno
UCIIOJIB30BaTh PEBEPCUBHBIC KOJIBI.

OCHOBHBIM HCIIOJIB3YEMBbIM METOJOM KOPPEKIUH OMIMOOK MPH OJHOMEPHOM KOAMPOBAHHU
BBICOKOCKOPOCTHBIX ~ NOMEXOYCTOMUUBBIX ~ KOJOB  SIBJISIETCS.  CHHJIPOMHOE  JIEKOJMpPOBaHUE
(mexomupoBaHHE MO TaOJMIE CMEXHBIX KIAcCOB, OCHOBAaHHOE Ha OJHO3HAYHOM COOTBETCTBUH
00pa3yoIero BEKTopa OMMOOK CMEKHOI0 Kjlacca M CHHAPOMA MPUHATON mociiepoBareibHocTH). C
POCTOM JJTUHBI KOJIOB M KPATHOCTH, KOPPEKTUPYEMBIX OIIMOOK  YHCIIO CeNeKTUPYEMBIX KOMOUHAIINH
PE3KO BO3pACTacT M BO3HMKAET TaK HasblBaeMas «pobiema cenektopa» (Hanpumep, npu N =127 u

t =4;7, tpebyercs orcenextuposats mnpumepro 107; 10" kom6umanmii). Ilpu Koppekuuu

MHOT'OKpPaTHBIX MOAYJIBHBIX W MMaKCTHBIX OImMnO0K 3aTpaThbl HA CEJICKTOP 3HAYUTECIIBLHO BO3pacTaroT. Ha
OCHOBE aHaju3a KOAUPYIINUX MaTpull (TaOMUI]) MOIYJIBHBIX KOJOB B [6] mpemmoxeH psa
3¢ (EKTUBHBIX JAEKOJEPOB MO KOPPEKIIUU MOTYIBHBIX M MTAKETHBIX OIMIUOOK, CIIOKHOCTh KOTOPHIX B 30
1 OoJiee pa3 MCHBIIIEC U3BECTHBIX.

B mMoHoTrpadgusax mo Teopur KOJUPOBaHUS OTMEYaeTCsl BEICOKast 3(h(heKTUBHOCTh MPUMEHEHHS
MEPECTAHOBOYHBIX METOJIOB KOPPEKIMH OomuOoK. O HAKO IMepecTaHOBOYHBIE AITOPUTMBI 00PaOOTKH
001a]af0T BHICOKOH CIIO)KHOCTHIO M3-32 MOUCKA COOTBETCTBYIOINIHMX MMEPECTAHOBOK. [170JJ0TBOPHBIM U
MEPCIEKTUBHBIM OKAa3aJICsl MEPECTaAHOBOYHBINH TOAXOA K JEKOIMPOBAHUIO OJHOPOIAHBIX KOI0B [14],
OCHOBaHHBIN Ha IUKJINYECKON KIaccH(PHUKAIMK OIHUOOK ¢ BEIOOPOM 00pa3yroIIero BEKTOpa OIUOO0K
COIIOCTABJICHUU €My TapamMeTpa (HOPMBI), BBIYHCISEMOIO IO CTENEHSAM 3yieMeHTOB mois [amya
CHUHJIPOMA, YTO MO3BOJIMIIO B N-pa3 YMEHBLIUTH CIIOKHOCTD CeeKTopa. [Ipu 3TOM i KOAUPOBAHMS U
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JICKOIMPOBAHUST UCTIONB3YIOTCS Pa3IUYHbIC MPOBEPOYHBIE MaTpUIlbl. Ha oCHOBaHWMU WCClenOBaHUi
BUX-komoB B [15-20] paspaborana TeopHss HOPM CHHIPOMOB, HCIOJIB3YIOMIAs PE3yJIbTaThl
COBpPEMEHHOM  anreOppl, TEOpHMH KomupoBaHUs ®  IudpoBoi  oOpaborkm Ha CBUC.
DKCIEPUMEHTAIILHOE HCCIICIOBAaHUE YCEUYCHHBIX MHOXKECTB HOPM CHHAPOMOB BUX-K0/I0B COBMECTHO
C TPUMEHEHUEM NUKIOTOMHYECKHX KJIacCOB, WACHTH(HKAIMed oOpa3yrolux BEKTOPOB ONIMOOK ¢
HYJICBBIMH KOMITOHEHTAMH CHHJIPOMa TOKa3aId BO3MOXXHOCTh CHHTE3a «XOPOIIUX KOJOB» C MaJIOH
M30BITOYHOCTBIO C KOPPEKIUEH OMUOOK HETapaHTUPOBAHHOW KPATHOCTHU MPHU HEBBICOKOW CII0XKHOCTH
cenektopa [21-25].

B [26, 27] B oTiimune OT HOPMEHHOM KJIACCH(HUKALNN BEKTOPOB OIIHOOK IMIPH OJHOMEPHOM
KOJMPOBaHUY WH(POPMAIMH TpeJiaraeTes Uil KOPPEKIIMU MHOTOKPATHBIX OIMMHOOK TPH JIByMEPHOM
KOJMPOBAaHUH HCIIOJIb30BaTh OHOIMOTEKY OO0pa30B OIMIMOOK i KJIAcCU(UKAIUKM OHIHOOK. DTO
MO3BOJISICT JUTSL CENIEKIUHM CIIyYaiHbIX ¥ 3aBUCHUMBIX ONIMOOK MPUMEHSTh OTPAaHHYCHHOE YHCIIO
00pa3oB (HampuMep, I KpaTHOCTH ommbok [ =4 mocTaToyHO MCHoOmb30BaTh TONBKO 16 06pa3oB

BMecto C} =432 u, cienoBaTensHo, B 18 pa3 ynpoctuth cenekrop). [louck 06pa3oB B 3aBUCUMOCTH
16

OT pa3MEpPHOCTH MATPHIBI OTHOCUTCS K 3aJadaM IO M3yYCHHUIO MOJATPYII CHMMETPUYECKON TPYIIIBI
(Tpymnmbl  MOJCTAaHOBOK), HMHTEHCHBHO HCCIIEAyEeMbIX airedpancramu BO Bcem wmupe [28, 29].
ITokasaHo, 4To ans uaeHTU(UKAMU 00pa3oB KomoBoro paccrosHus d.;, =2t+1 HemocTaTouHO,

HeoOxoauMo yBenuuuBate d >d ;. M, ClI€JOBAaTENBHO, a TAKKE M30BITOUHOCTh U CIOKHOCTH CXEM

KOPPEKIIMM MHOTOKPATHBIX OHIMOOK.

3agaua yMEHBIIEHHST BBOJUMON HM30BITOYHOCTH pelacTcsi Ha IMPaKTUKE MyTeM BBEICHHUS
MOHATHS «CTHpPaHUA» (CTUpaHUe - OIIMOKa, MECTOIOJIIOKEHHE KOTOPOH M3BECTHO, HO HE U3BECTHO €€
cocrostHre «0» mimu «1»). braromaps sTomy TpebyeTcst B 1Ba pa3a MEHbBIIE KOJOBOW M30BITOYHOCTH
NIPY UTEPALIMOHHOM ajJrOPUTME KOPPEKLUH (IIepeOOPHOM), UTO CBS3aHO C HU3KUM OBICTPOICHCTBHEM.
B [30,31] mpenmararoTcst MeETOIBI M QITOPUTMBl  KOPPEKIMHM CTHPAaHUH C TO3TaIHBIM
JCKOOUPOBaHUEM, He TpeOyrolre MHOTOKPATHOIO  BBIYMCICHUS CHHIPOMOB. Y CTpPaHHTh
UTEPALMOHHYIO TIPOLEAYPY KOPPEKLUHU MO3BOJAIOT METO/IbI IByXKAHAJIBHOTO UCIIPABIECHHUS CTUPAHUI
KaK OIIMOOK JIi OJHOMEPHOTO W JABYMEPHOTO KOIUPOBaHUS MH(POPMAIMK C MPOCTHIMH CXEMaMH
UICHTUDUKAIIMKA KpaTHOCTH omnOok [32, 33].

Ha xadempe Cu¥YT c¢ 80-x TIT.0B NpOHIIOrO BEKa MNPOBOAWINCH HCCIEAOBAHUS
MOJU(QHUIMPOBAHHBIX  aJTOPUTMOB  IMOPOTOBOTO,  BEPOATHOCTHOTO U TOCIEAOBATEIBHOTO
JEKOJUPOBAHUS, MX HCIOIb30BAHUSI B CUTHAIBHO-KOJIOBBIX KOHCTPYKLMSIX, IIPH HEPaBHOMEPHOM
KOAMPOBaHUM HWH(POpPMAIMKM MO CO3[aHUIO BBICOKO3()(EKTUBHBIX KaHAIOB IEpeladyd paguo Hu
TEJICBU3MOHHBIX KaHAIOB CHYTHHUKOBBIX cucteMm cBsizu [34]. Bmepseie B CCCP Obu1 paspaboran
UMHTATOP IM(PPOBOro paanoTpakTa, 0OecIeynBaloUIN epeady MyJIbTUMEANHHON HHPOPMALIUU CO
ckopocThio 140 MOuT/c Ha OCHOBE BIJIOKEHHOTO KOJMPOBAHHS CBEPTOYHBIX KOJOB C BEPOSTHOCTHIO

-9
omrbouHoro nprema He meree 107 .

¢ dexTUBHOE KOTUPOBaAHME (C:KATHE) N300paKeHMIt

s co3maHus TEXHOJNOTMHA CXaThusi KOCMUYECKHUX H300paKeHMH 3eMHOM MOBEPXHOCTH B
pamkax nporpamm Coroznoro rocynapcrsa Kocmoc-CI' u Kocmoc-HT Ha kadeape cereit u ycrpoiicts
TEJIEKOMMYHHKAIIMH HCCIIENOBAIUCh METOJIbI CXKaTHsl, OCHOBAHHBIE Ha IPOTPECCHBHOM BEHBIIET-
CKaTUM KOCMHYECKUX HM300paKeHMH ¢ MOTepsiMH M 0e3 MOoTepb, OCHOBAHHBIC HAa IEIIOYUCICHHOM
apudpmeruke. B [35] moka3aHa BO3MOXKHOCTH WCIIOJB30BAHUS aJalTHBHOIO KBAaHTOBAHUS BEHBIIET-
K03()(PHUIIHEHTOB IS TOBBIMIEHHS KayecTBAa BOCCTAHOBJIECHHS KOCMHYECKHX H300pakeHuit, B [36]
nosyumst pazputue metof cxkatuss SPIHT, ocHOBaHHBIM Ha KOJUPOBaHUM JIPEBOBHUIHBIX CTPYKTYp
BeiiBieT-ko3ppuumentos, B [37] pazpaboTaH MeTOJ, MO3BOJIOMIMI NMPUMEHUTh K M300paKEeHUSIM
ANTOPUTMBI OJIHOMEPHOTO CXaThsi. MeToJibl MHOTOMEPHOTO CHKATHsI M300paKEHUH HCCIICIOBAINCH
B [38,39]. MUccrnemoBanuch BEHBICT-CXKATUS  TMOJYTOHOBBIX H300pOKCHHI C  aJrOpUTMaMu
aJanTUBHOTO W BEKTOPHOTO KBaHTOBaHWs. PemieHwe 3amaum  aganTauud — pandoOHAIBHOTO
LEJIOYUCIICHHOTO BEeHBIET-PpeoOpa3oBaHus K pa3Mepy cHrHajia, Kak nokasano B [40], mosBoisser
MOBBICHTh KO3 duImeHnT cxarus wu3oOpakenuid. B [41l] mokazaHo, 4TO MacmTaOHUpOBaHUE
BJIOKEHHOT'O KOJIMPOBAHUS BEUBJIET-CTPYKTYP M PELIETYATOE KOJUPOBAHUE MPUBOIUT K BOZMOKHOCTH
pacmapajyieiBaHusl BBIYMCICHHWH W OBICTpOro ckaTusi u3oOpakeHuid. MccnemoBanuch cxatue
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n300paxxeHni 0e3 MoTeps Ha OCHOBE TMOPHIHOTO AITOPUTMAa AUCKPETHOIO BEHBIET-NPeoOpa3oBaHus
C aJanTUBHBEIM TIpeICKa3aHWEM H TPOCTPAHCTBEHHO-OJI0WHOE KomupoBaHue I omomOa-Paiica,
MO3BOJISIFOIIEE OCYIIECTBISATH OBICTPOE CHKaTHE M300PAKEHHIA.

Hdns  cucteM MOOMIBHOTO BHICOHAOMIONEHHS, IACCHBHON ONTHYECKOW JIOKAlMU |
MOHUTOPHHTA 3€MHOW MOBEPXHOCTH C Hcmoiib3oBaHueM BJIA xapakTepHO HposBIEHHE Mapaiakca
MpPH TIEpEMEIIEHUN BUACOKaMEpPhl, CHIDKAIONIETO BPEMEHHYIO HW30BITOYHOCTh BHCOJAHHBIX, H
NpUMEHEHUE paJdOKaHala C OrpaHMYEHHOW MPOMYCKHOW CIOCOOHOCTBIO. B JaHHBIX yCIOBHAX
3¢ ($EeKTUBHOCTh KOAEGKOB Ha OCHOBE MpeACKa3aHHs C OJOYHON KOMIIEHCALMEeH IBMKEHUS Pe3KO
CHIDKAETCS, YTO HE IO3BOJIIET IepenaBaTh BHICONAHHBIE C BBICOKHM paspemienneM. B [42, 43]
MPEIUIOKEH METOA OOBEKTHON KOMIICHCAIlMH, YYHUTHIBAIONINN TapajiakC, W TO3BOJISIOIIHIA
YMEHBIINTh OWMOKY TMpeACKa3aHusi MporpaMMHOro kaapa. B [44] wucciemyroTcss METOBI
CEerMEHTAIlW, OCHOBaHHBIE Ha HWEPApXWYECKOM BEHIpAlIMBAaHUHM  OOJACTEW, PEBEPCHUBHOM
KJIACTepU3allii ¥ OOBEKTHBHOI NTEKOMIO3UINHA M300paKeHUH HAa OCHOBE MpEACKa3aHUs IOJI0KECHUS
JMHUAW TOPU30HTA, HEOOXOAWMBIE IJIsi KOMIIEHCALMU JABIXKECHUS Buaeokamepsl. [t 3ddexTuBHOM
nepeaayy MaHOPaMHBIX M300pakeHUH pa3paOdoTaHbl METObl, OCHOBAaHHBIE HA ONMPEAEICHUH TPAHUIL
COOTBETCTBHSI C WCIOJIB30BAHMEM peMNepHbIX Touek [45], mukTrorpaguueckoM W CEKTOPHOM
koaupoBanuu [46, 47]. B pabore [48] mpeminoxeHo (GopMupoBaTh NMaHOPAMHBIC W300paKCHUS Ha
OCHOBE CEKTOPHOHW JIOKANW3alliH, MapaMeTpu3allid W WACHTU(QHUKALWU PErepoB, HMCHOIb3YIOUIHX
MacK{ JUISl JIOKAIHM3AIUK YTIOBBIX KOHTYPHBIX PETEpPOB M alreOpo-T€OMETPUYECKOEe OIMHMCAaHUE UX
OKPECTHOCTEH JJisi TIOBBIIIEHWUS YCTOWYMBOCTH ¥ CHWIKCHHS BBIYHACIHTEIHHOW CIIO)KHOCTH
uaeHTudukanun. Jns cxaths a’poOKOCMHUYECKHX HU300paXCHWH B CHUCTEMaxX IUKJINYECKOTO
BHJICOMOHHUTOPHHTA Ha3eMHBIX 00BEKTOB B [49] mpenoxkeHo NCIoIb30BaTh KJAPOBYIO KOMITEHCAIIHIO
JIBIKCHHS BHIEOKaMep 1Mo (OTOIUIaHy, OCHOBAHHYIO Ha 3aMEIEHIH a>POKOCMHUYECKAX M300payKEeHHUH
¢parmeHTamMu QOTOILIAHA, YTO MO3BOJISET MOBBICUTH KOI(D(DUIIMEHT coKaTHsI M300paKEHUH.

KommuiiekcHas 3ammTa nHpopMmanuu

KiroueBbIM BOHNPOCOM B HCCIENOBAHMAX 10 KOMIUIEKCHOM 3amuTe HHQOpMALUU B
nHpokoMMyHHKaMOHHBIX cucTteMax (MKC) sBnsercs ompeneneHue MapaMeTpoOB U KpUTEPHEB
sammiieHHocTH uHGopMammu. C 9TOH 1enblo pa3paboTaHbl MeToAbl (pOpMHpPOBaHUS TPABUI
pasrpaHUYeHus] JOCTyIla, BKJIIOYAIOIIME B ce0s KiIacCU(UKAIMIO KOMIIOHEHT JIOCTyNa U YIpo3
Oe3onacHocty MH(GOpMALNK, Pa3padOTKy MOJETH HAPYIIUTENsl U OLEHKY BO3MOXHOCTH PEan3alliu
yrpo3. MHccnemoBanuss mnosenenuss HWMKC mox Bo3melicTBUEM yrpo3  HapyIIMTENs, MPaBUII
pasrpaHUveHus] JOCTyNa MO3BOJMIM ONPEAeNUTh (QYHKLIUU CUCTEMBI Pa3rpaHUUYECHHS IOCTYyNa U ee
cTpykTypy. C noMouipio pa3paboTaHHBIX MOAEJIEH pasrpaHuueHus Aoctyna Kk uHpopmauuu B UKC,
oTpezieNieHbl M HCCIIEIOBAHbI MapaMeTphl CPEACTB 3alUTHl KAHAJIOB JIOCTYMA, CPEACTB YIpPaBICHUS
JIOCTYIIOM K 3aIlMIIAeMbIM JaHHBIM W MPEJIoKEeHbl METOJbl MX KOJIMYECTBEHHOH oueHku. g
0e3yciioBHOTO pasrpaHuyeHuss goctyna k pecypcam WKC pazpaboraHbl aqropuTMbl peann3aliiu
NPaBUJI PasTPaHUYEHUs] I0CTYIA, FapaHTUPYIOLINE UX MOJHOTY M HEMPOTHBOPEUYHBOCTH B YCIIOBHSX
HEOJHO3HAYHOCTH pacupeneieHuss cBeaeHuid wmexay kommonentamu MKC. YcraHoBIEHBI
XapakTepHble OCOOEGHHOCTH M  ONpeleseHbl BO3MOXKHOCTH BbIOOpa BapuUaHTOB peaH3alud
ITOPUTMOB YIIPABICHUS JIOCTYIIOM, HMCXOAS W3 KPUTEPHUsS IOMYCTUMOTO CHIDKEHHS CyMMAapHOMH
NEHHOCTH WH(OpMaIMK, JOCTYIHOW TMoNb30BaTensM. [IpoBelileHO ucCcleloBaHuE MEXaHU3MOB
yHpaBiIeHHus JOCTYyoM K mH(popMaiun B y310BbiX anementax UKC. YcraHoBneHo, 9To ynpaBieHHe
noctynioM B MKC nomKHO OCyIIEeCTBIATHCS Ha ABYX YPOBHAX, IIPHYEM Ha IEPBOM YpPOBHE JIOJIKHA
OCYILIECTBIATBCS OJIOKMPOBKA JIOCTYIA K pecypcaM HENpPaBOMOYHBIX IOJIb30BaTENeH, a HA BTOPOM
YpOBHE HeoOXoJuMMa peanu3ais MeXaHu3Ma H30UpaTelbHOH MOTUQHKAINU TPEAOCTABISEMbIX
PECYpCOB B COOTBETCTBUH C YCTAHOBJICHHBIMU HOJIHOMOYHMSMH J0cTyma. PazpaboTaHHbIe HA OCHOBE
TEOpUU ABTOMATOB MOJEIM CPEACTB 3alUThl KaHaIoB foctyna Kk pecypcaMm MKC mnozsonmnu
000CHOBATH MX CTPYKTYPY, IPUHIIUIIBI TIOCTPOCHUSI U ONIPEIEIUTh OCHOBHBIE (DYHKIINH, BKIIIOYAIOIIHE
oOHapyXeHHe  BXOJHOTO  BO3JCHCTBHS, ONpENENeHHE €ro  COOTBETCTBHUSA  3TAJIOHHOMY,
pasonokupoBanue Bxoga B MKC u KOHTpons HUcHoNHEHHSA, CHOPMYIUPOBATH METOABI OLIEHKH
BEPOSTHOCTH TIPEOIOJIEHHUS CPEACTB 3aIINTH KaHAJIOB J0CTyIa HapymmTenem [50-58].

Jlns peanuzaiuy MMOJIHOMOYHOI'O aocTyna rnosb3oBareneld B MKC momkHa oOecrnedyrBaThes
3alUTa MIPOrpaMMHO-ANNAPaTHBIX CPEACTB U 00pabaTbiBaeMoil MH(QOPMALIMK OT LIEJICHAIPABICHHOTO
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M3MEHEHUS, T.€. 3a7ja4a 00ecreueHHs: KOHTPOJIS HETOCTHOCTH MPOTPaMMHOT0 00ecTieueH sI, MaCCUBOB
JaHHBIX M TIIepeJaBacMbIX cooOmeHuid. Pa3zpaborana MeTOmONOrUs NPOBEPKH LEIOCTHOCTH
MHOXECTBA COOOIIEHHWH, OCHOBAaHHAas HA MWCIOJb30BAaHUM CIEUUAIbHO BBIOPAHHBIX (DYHKIMH.
[Tonmy4eHsl BBIpa>KeHHS AJISl ONpPEACICHUS 3HAYCHUH BEPOSTHOCTH HEOOHAPYKEHHS HCKaKCHHH H
OlpelieJieHa HIDKHASA TpaHUIa HMX JOIMYCTUMBIX 3HAauYeHU. Pa3BuThl MeTonsl obecreueHus
LIEJIOCTHOCTH U HEM3MEHHOCTH XPAaHMMbIX AAHHBIX W MMHTO3ALIUTHI IIE€PEIABAEMBIX COOOLICHMH.
YcTaHOBNEHO, YTO MAJs IIUPOKOBEHIATENBHBIX ceTeld Hambojee NpPEANOYTHTEIBHON SBISETCS
Kpunrorpaduieckasi cxema ayTeHTU(HUKAIMU C MPEIBApUTEIbHBIM CXXAaTHEM TEKCTa 3allHIIaeMOTo
COOOIIEHUsI C TOMOIMIBIO HeoOpaTUMBIX (YHKIHMH. B 3TOoM ciywyae obOecrieumBaeTcsl CHIDKEHHE
BpPEMEHHBIX 3aTpaT pu o0padoTKe cOOOIICHUS, BEIMYMHA KOTOPBIX MPOIOPLMOHAIbHA [UINHE
coobuieHus ¥ yuciy abOHEHTOB, MMOMYYaOINX HUPKYJSIpHOE coobmenne. BaxxHoe MecTo B cucteme
samuThl UKC 3aHnMaeT KOHTpOJb AOCTyIa K ee pecypcam. B OonpIIMHCTBE KOH(UTyparuid, rie
CpeIcTBa KOHTPOJISA JOCTYIA SIBJISIOTCS €JMHCTBEHHOM CBA3BIO MEXKIy CETSIMH, IIPU IEPEerpy3Kax CeTH
B pe3yJbTaTe aTaKd OHU MOTYT CTaTh €MHCTBEHHOW TOYKOM OTKa3a OT OOCTYKMBaHUs U OJOKUPOBKU
Tpaduka. PazpabarbiBanmuick cpelncTBa, 00ECHEUMBAIOLINE MHHHUMAJIbHO BO3MOXKHYIO BEPOSITHOCTH
norepu MHGOPMALMU O HAPYLIEHWH NOCTYIA 3a HOPMHUPOBAHHOE BpPEeMs PEAKLUH U OJIOKMPOBAHUS
napymenus [50, 59-63].

OnHoW W3 BaKHEUIIMX 3aJad KOMIUICKCHOW O€30MacHOCTH SIBJIAETCS PAcliO3HABaHME
JUYHOCTH TIO ToJIocy u pedu. B pabortax [64, 65] uccnenoBanuch BOMPOCH MOBBIICHUS HAIEKHOCTH
pacro3HaBaHHUsl PEUEBHIX 00pa30B B aBTOMATHUYECKUX CHCTEMaX pacno3HaBaHws, |P-temedonmn mpu
nepefayd pedd M JAHHBIX IO Y3KOMOJIOCHOMY KaHanmy. Beuth pa3paboTaHbl 3KCIIEpHMEHTAJIbHbIC
CTCHIbl BepuHUKALIMKA U HICHTU()UKAMK U1 PACIO3HABAHMS JIMYHOCTH IO TOJOCY W HapOJbHOM
¢paze st OMOMETPUUYECKUX CUCTEM KOHTPOJISA JOCTYTIA.

OTtka3oycToiiunBoe (M30LITOYHOE) KOAMPOBAaHUE COCTOSHMIT HU(POBBLIX ABTOMATOB H CHCTEM
XpaHeHUs! UH(poOPMATHHA

Bormpocer koHTpONs OmMOOK Tpu Tepenade, oOpabOTKE W XpaHEHHWH JAHHBIX SBISIOTCS
LIEHTPAIBHBIMA B CHCTEMaxX OTBETCTBEHHOTO mpuMeHeHus. I[IpoBenennbie B KoHIE 60-x TT.
MCCJICJIOBAHUS 110 CHHTE3Y OTKA30yCTOWYMBBIX aJITOPUTMOB M BBIUMCITHTEIBHBIX CTPYKTYP (LU(POBBIX
aBTOMAaTOB) HAa OCHOBE INPUMEHEHUS KOPPEKTHPYIOIMUX KOAOB (M30BITOYHOTO KOAMPOBAHHA) H
pe3epBUPOBAHMS TOKa3alu, 4To s A((EKTUBHOTO HCIONH30BAHUA H3OBITOYHOCTH HEOOXOIUMO
3HaTh CTAaTHCTUYECKHE CBONCTBA OMIMOOK B IU(POBBIX YCTPOHCTBaX (MHTCHCHBHOCTH COOCB H
OTKa30B 3JIEMEHTOB, paclpeielieHHe OMMOOK 10 WX KPATHOCTSIM, aCHMMETPHIO OIMUOOK W T.IL.),
OCOOCHHOCTH TIOCTPOEHHUSI W PabOThl MU(POBBIX YCTPOUCTB, XapaKTepHbIE CBOWCTBA MPUMEHIEMBIX
KOPPEKTUPYIONIMX KOJOB (IPYMNIOBBIX, apu(METHUYCSCKUX M Jp.), MPOLUEAYP HX KOJUPOBAHHUS H
JICKOJIMPOBAHUS, HCIOJIb30BAHUE TEOPUH aOCTPAKTHOTO M CTPYKTYPHOTO CHHTE3a MHU(PPOBBIX
aBTOMATOB, TEOPHH KOJIOB, HCIPABISAIONIMX OIMMOKH, Teoputo TpadoB. beuio mokazaHo, dTo
TUIOZIOTBOPHBIM OKa3bIBA€TCS IyTh BBEACHUS M30BITOYHOCTH HE C BHIOOpA TOMEXOYCTOMYNBOTO KOa,
a ¢ ycrpaHenus d¢pdekra pasMHOKEHHS OMHUOOK. Jljis 3TOro mNpeaBapUTEIbHO BBOISTCS
JIOTIOJTHUTENBHBIE 3JIEMEHTHI TAMSTH JIJISl 3aKPHITHSA KAaHAJIOB PACIIPOCTPAaHEHUS OMIHUOOK, a 3aTeM YxKe
OCYIIECTBIISIETCS] KOJUPOBAHHUE COCTOSIHHM, HCTIOIB30BAHUE BOCCTAHABJIMBAIONIMX OPraHoB [66].

Heo0xomuMocTh OCTpOEHHS HaJSKHBIX OJHOPOAHBIX MUKPOAJIEKTPOHHBIX CTpyKTyp (BHUC
3anomuHaromux ycrpovicte — O3V, I3V, T3V, PII3Y), ycrolumBhIX K OTKazaM H c0OsSM
AJIEMEHTOB, TEXHOJOTHYECKUM JeeKTaM MpPU U3TOTOBJICHUU KPUCTAIUIOB MMAMSTH, MPEIONPEACITIIO
MPOBEICHUE WCCIEMOBAaHWN 1O BBeAeHUI0 u30bITouHOCTH B BUC 3Y ¢ 1enpio MOBBIICHUS
HaJSKHOCTA TPH TPOW3BOJCTBE W OKCIUTyaTanuu. BrepBele B MHpE OBUIO TMPEUIOKEHO IS
noBbIieHns rnporeHTa Beixoga CBUC 3Y BBoauTh M30BITOYHBIC 3JIEMEHTHI M MOAKIIOYATh UX Ha
3aKJTFOYUTEIIEHOM JTale MPOW3BOJICTBA JUIS YCTPAaHEHUS BIUSHUS JSPEKTHBIX JJIEMEHTOB. bbimn
pa3pa0oTaHbl Pa3HOOOpa3HBIE CIIOCOOBI, YCTPOMCTBA M CXEMbI II0 TOIKIIOUEHHUIO PE3ePBHBIX
3JIEMEHTOB, OTJIMYAIOIIUXCS BHJIOM BBOJUMON W30BITOYHOCTH, TUIIOM TIPOTPAMMHUPYEMBIX JIEMEHTOB,
CXeMaMU UX TOJKII0YeHUs, KoHTpoieM 3Y ¢ pesepBom [66—75].

[Ipu ucnoap30BaHUKM M30BITOYHOI'O KOAMPOBAHMS COBOKYITHOCTH 3JIEMEHTOB MaMSATH MOXKHO
paccMaTpuBaTh KakK KaHall Iepefadyd HHQOpMAalMyd, B KOTOPOM TIOCIEOHSS IepeaaeTcs He B
MPOCTPAHCTBE, @ BO BPEMEHU. JTa OCOOCHHOCTh MPUBOJUT K PACCMOTPEHUIO CHCTEM XPaHEHHs Kak

102



crienn(UUeCKOro KaHajia mepefadyd HHPopMaIuu. Bo3HUKAIOIME TPH ITOM CUTYAI[MH XOPOIIO
OMMCHIBAIOTCS C IIOMOIIBIO OOOOIIEHHOM Monenu KaHana XpaHenus [76]. I[IpumeHeHHe maHHOM
MOJIENTM KaHaJla XpaHeHUs WHPOPMAITUK TI03BOJISIET OoJiee TOJIHO COTJIACOBATh COCTOSHHE KaHaa ¢
BBOJMMOM M30BITOYHOCTHIO, YMEHBIIHUTE €€, CHOPMHUPOBATH TPEOOBAHHS K KOPPEKTHUPYIOMIEMY KOY,
NPENIOKUTh 3Q(HEKTUBHBIC METOMBI M KOJIBI JUTSI 3AIUTHI MAaMSITH OT MHOTOKPATHBIX ommOoK. Kopl,
UCHpaBiAIONIe AePeKThl, Kak I0KazaHO B paborax [4,66, 77, 78], MO3BOISAIOT COIIacOBaTh
3anuceiBacMylo B 3Y WHGOpMAIUIO C COCTOSHHUEM Je(DEKTOB TpPU HUCIOJIh30BAHHU HEOONBIIONH
HHPOPMAITMOHHON M30BITOYHOCTH M CIIOKHOCTH 00pabOTKH.

3akiaouenne

KomupoBanme mabopmannu, Hadasmieecs dhopmupoBaThess B BI'YHUP Bo BTOpoii mosoBuHE
60-x IT. IPOILIOTO CTONETHsI KaK CAMOCTOATENbHOE HAayYHOE HampaBlIeHHE, CETOAHS MPEACTaBIsSET
co00#1 OypHO pa3BHBAOIIYI0 00JacTh B WHPOKOMMYHHKAIMAX. 3a ATH TOJBl HANINMH YIE€HBIMH
MOJy4YEHbl HOBBIE 3HAHUSA B TEOPUM M IPAKTUKE KOIUPOBAHMS HH(POPMAIMM MHUPOBOIO YPOBHS.
OnyOnuKoBaHHbIE MOHOTpaduu M ydeOHbIE MOCOOWS, COTHHM CTaTei, W300pPETCHHMH M TAaTCHTOB
UCIIOJIb30BAINCH B Pa3pabOTKax CHCTEM M YCTPOHCTB IMepelayd, XpaHeHUs W HUPpPoBOH 00paboTKu
napopmarn, CBMC koaexkoB W maMsaTH, BBIIOJHEHHBIX 1O 3aKa3aM pPasIUYHBIX MHHHCTEPCTB H
BEJIOMCTB, MPU MOJTOTOBKE U 3aIlIUTE TOKTOPCKUX M KaHIUIATCKUX AUCCEPTALUH, HAIILITK OTPaKCHUE
B yueOHOM Tmpolecce TMpH TMOJArOTOBKE CIEHHANIMCTOB C BBICIIMM 0Opa3oBaHHEM  IIO
TEJIEKOMMYHHKALMOHHBIM U PAIMOTEXHUIECKUM CHCTEMaM.

Aemopul evipadicaiom uCKpeHHI010 npusnamenvhocms npogeccopam JLJI Knoesy, doyenmam
U U Acmposckomy, A.U. Mumioxuny, C.B. Canomamuny, A.A. Byovko, A.A. bopuckesuuy — 3a
npedocmasieHue Mamepuanos u 00CyscoeHue pe3yibmamos HAy4YHOU OesmelbHocCmu U 6yoyujeco
passumusi HayuHozo Hanpaesierus «Koouposauue unghopmayuuy» 6 bI'VYHUP.

INFORMATION CODING IN INFOCOMMUNICATIONS
V.K. KONOPELKO, M.N. BOBOV, V. Yu. TSVIATKOU

Abstract

The results of applied coding theory and practice investigation carried out in BSUIR since
1966 till nowadays are presented. The original achievements in the area of noiseless coding
transmission and storage of information, syntheses of fault — tolerant devices and computational
microelectronic structures with the view of increasing reliability and output percent of VVLSI, efficient
image coding, comprehensive data protection are stated.
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