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Annotammsi. CHopMyIHpPOBaHO M J0Ka3aHO HEOOXOANMOE M AOCTATOYHOE YCIOBHE MOCTPOEHMS IMKIMYECKUX
KOPPEKTUPYIOMIMUX KOJOB Ul KOMIIO3UIIMOHHBIX KOJOBBIX ILKAaJ, MPU 33JaHHBIX 3HAYEHUSX MHHUMAJILHOIO KOJOBOTO
paccTosiHus 1 MH)OPMALMOHHONW €MKOCTH LU(POBKIX IIpeoOdpa3zoBaTese yria.
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Hudpossie nmpeodpazoparenu yria (LIITY) ¢ HemocpeacTBEHHBIM TIPeoOpa3oBaHUEM TepeMe-
LIEHUs B KOJ] HA OCHOBE CUMTBHIBAaHUS U HCIOJb30BAHUEM IPOCTPAHCTBEHHOIO KOJIUPOBAHUS HAXO-
JST IMIMPOKOE MPUMEHEHHE B CAMBIX PAa3JIMYHBIX 00JIACTIX TeXHUKH. OIHUM U3 OCHOBHBIX JIEMEH-
TOB TaKuUX IMpeoOpazoBareneit sBusercs kogoas mkana (KII). Haubonee BaxkHON XapaKTepUCTH-
xoi LIIY sBnsercs npasuiio nocrpoenust cTpykTypsl KU, mpu 3a1aHHBIX 3HAUEHUSAX pa3psAHOCTH
¥ MH()OPMAITMOHHOW €MKOCTH MpeoOpa3oBaTes.

B Takux nmpeobpazoparenssx KIII BhIMOTHAIOTCS Ha OCHOBE OOBIKHOBEHHOTO JIBOMYHOTO KOJa
(OAK), nnu xoxa I'pest [1—3]. C10XKHOCTb CTPYKTYpHI IIKaJI, IOCTPOEHHBIX C UCIIOJIb30BAaHUEM Ta-
KHX KOJIOB, a CJEJOBATENbHO Macca M rabapHuThl MmpeodOpa3zoBaTessi, BO3pPAcTAlOT C YBEIUYEHUEM
paspemaronieil CiocOOHOCTH, MOCKOJIBKY BCe CUUTHIBatomIue 3neMeHThl (CD) pa3zMenaroTcss Ha OT-
JeIbHBIX KOJOBBIX qopoxkkax (K/I) mkaisl.

B [4] npeanoskeHbl 0lHONOPOXKEUHBbIE peKypcuBHbIE KooBble wmKansl (PKI), koTopeie mo-
3BOJISIFOT CTPOUTH Ha cBoeil ocHoBe L{ITY ¢ ynmydmeHHbIME MaccorabapuTHBIMU XapaKTePUCTUKAMHU.
Konosas macka PKIII BbInoSTHSAETCS B COOTBETCTBUU C JBOMYHBIMHU 3HAYEHHUSIMU CUMBOJIOB JIMHEWHOM
pexypcuBHOil nocnenosarenbHocTu (JIPIT). CpoiictBa ctpykTypsl PKII mo3BossitoT MCHoiab30BaTh
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JWHEWHBIE COOTHOIICHHS Ha MHOXECTBE ITUKINYECKUX CABUTOB oOpa3yromieit KIII mocnemoBaTens-
HOCTH 151 (pOpMHUPOBAHUS KOHTPOJIBHBIX pa3psaaoB koppektupyromux kogaos (KK). B kimacce PKII
pazmuuatot ncepaociaydaitasie (IICKII) [5] u komno3unmonnsie kogossie mikainsl (KKII) [6, 7].

KKII o6n1aaar0T 3HaUUTENBHBIMUA KOPPEKTUPYIOIUMHU BO3MOXKHOCTSIMH, O0YCIIOBJICHHBIMU UX
JIMHEMHON PEKYypCUBHOM CTPYKTypou. Bec XeMMHHIra COOTBETCTBYIOIIUX UM JIBOMYHBIX MOCJIEI0BA-
TEJIBHOCTEH OIpenessieTcsl BhIpaKeHUEM:

i=1
p
rae m= Zml- — cTerneHb 00pa3yoIero NoJIunHOMa
i=1
P
H(x) =] ] h, (), )

i=1
a h,, (x) — KOMIIOHEHTbI MYJIbTUILIMKATUBHOIO IPEICTaBICHUS H(X).
1

Pazmenienune Bcex (kak MHPOPMAIMOHHBIX, TaK U KOppekTupytonmx) CO, o0ecrneunBaronmx
dbopMUpOBaHHE KOJOBBIX CIIOB C TPeOyeMbIM MUHHUMAJIbHBIM KOJOBBIM PACCTOSIHUEM din, KaK U B
cinyyae [ICKI, ocymiecTBisieTcss myTeM CYMMHUPOBAHUSI 3HAYEHUU, CHUMAEMbIX C OINpPEIEICHHBIX
nHpopMaoHHBIX CD M MOCIEIYIONEro MOMCKa COOTBETCTBYIOUIMX 3THM CyMMaM LHMKJIMYECKUX
CIIBUTOB, JISKAIIUX B OCHOBe oOpasyromieit mocnenaoarenbHoctr KKII. JleransHoe onucanue paH-
Hou nipouenypsl st [ICKII npuBeneno B padore [§].

st KK B cumy cootHomeHus (1) MHOXKECTBO BBIYETOB IO MOTYJIO H(X) HE COMEPIKUT IHK-
Jla MAKCUMaJIbHOTO [IEPUO/a M, CIIEN0BATENLHO, HE SBISETCS paciuupeHHbM mojaeM GF(2™). TToaro-
My METO]l MCITOJIb30BaHUS IMKINYECKUX KOPPEKTUPYIOUX KOo0B, mpuMenumblil B [ICKII, He mo-
*eT ObITh B TToTHOUM Mepe nepeHeceH B KKII. Ilpaktuuecku 3To 03HAYaeT, YTO MPU pa3MEIICHUH
Kakoro-mu6o CO cooTBETCTBYIOLIasi KOHTPOJIbHAS CyMMa HE SBIISETCS LUKINYECKUM CABUTOM TIO-
CJIE0BATEIBLHOCTH, JIexKale B ocHoBe nocTtpoeHuss KKIII.

B xadecTBe WTIOCTpay TakOW BO3MOKHOCTH PACCMOTPUM MPUMEP KOJOBOM IIKAJbI CO ClIe-
ITYIOLMMU TapaMeTpaMHu:

1) 06pasyrommii momaoM H(x) = x*+x*+1;

2) mosMHOM pasmMertieHnst HHpopManHoHHbIX CD ry(x) = x*+x*+x*+x+1;

3) reHepatopHbIid MOTUHOM G(X) = x+1 TIpU dpin = 2.

Jlns pa3melieHus: OJHOTO KOPPEKTHUPYIOLIEr0 CYMTHIBAIOIIETO 3JIE€MEHTa, 00eCTIeYnBaIOLIETO
KOHTPOJIb HEUETHBIX OIMOOK MPH MPaBUILHOM 33JlaHMM MHOKECTBA HAYaJIbHBIX 3HAYEHUU, HE0O-
XOJIUMO PEIIUTh ypaBHEHUE:

(xl=x6 +x°+ x> +x+ Dmod [x° +x* + 1],
npu 0 </ <L, rae L — nepuoa nosmaomMa H(x).

Pemenust B TaHHOM ciy4yae HE CYIIECTBYET, TaK KakK IMOJIyueHHOE 3HaueHue Jisi [ COOTBETCT-
ByeT CTENEHH MPUMUTUBHOTO 3JIEMEHTa pacHIMpeHHOro mojis [amya, creneHb KOTOPOTO MEHbIIE
cTeneHu obpasyromero moauHoma H(x).

B nactosmieit paboTte paccMaTpUBarOTCS YCIOBUS, IPU KOTOPHIX BO3MOKHO MOCTPOCHUE ITHK-
JUYECKOT0 KOPPEKTUPYIOIIETO KOJa C 3a/IaHHbIM KOJOBBIM PAaCCTOSIHUEM dpin M 00pa3yoluM Mo-
auaomom KKII H(x).

HamoMHuM, 9TO MUKINYECKUM KOJIOM OJIOKOBOMW JUTHHBI N HA3bIBAETCS JTUHEHHOE MPOCTpaH-
CTBO MONHHOMOB a(x) = ¢(x)G(x), Tne G(x) zemut x'+1, a deg[c(x)] = N — deg[G(x)]. 3necs G(x)
HOCHUT Ha3BaHHe 00pa3ylolIero, Uik reHepaTopHOro, NoJMHOMa Koja. B ciiyuae HecucTeMaTuiecko-
ro KOJMPOBaHMsI KOJOBBIE CJIOBA T€HEPUPYIOTCS MyTeM yMHOXeHHUs G(X) Ha MOJMHOM MH(pOpMaLU-
OHHOTO CJIOBa c(X).
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Js pasmemenust CO va KKII yno6HO nconb30BaTh APyroit MeTo 1 KOJUPOBAHUS, OCHOBAH-
HBIM Ha MOHSITHM MPOBEPOYHOrO MOJIMHOMA Koja P(x), onmpeaenseMoro B COOTBETCTBUH C BBhIpaxKke-
HUEM:

P(x) =" - 1)/G(x).

3HavYeHHS] KOPPEKTUPYIOIINX CUMBOJIOB ONPECISIIOTCS JIMTHEWHOM peKypcuei ¢ koddduireH-
TaMH aBTOPETPECCUH, PAaBHBIMU COOTBETCTBYIOIUM K03 dunrerTam G(x). TexHudecku nporeaypa
KOJIMPOBAHUS HAIJISIIHO MPEJICTaBISIETC KaK MPOIlece MOCIeI0BaTEIbHOTO CABUTA U CIOKEHUS IS
CABUTOBOT'O PErucTpa, UMEIOILIETo JIMHEWHYIO OTPUIIATEIbHYI0 0OpaTHYIO CBA3b.

UTo0Bl YyCTAaHOBUTH 3aBUCHUMOCTH MEXAY HOMEpaMH IUKIUYECKUX CIIBUTOB JJIsi KOPPEKTH-
pyromux CO 1 3HaYEHUSIMU KOHTPOJIbHBIX CYMM BOCIOJIb3YEMCSI COOTHOIICHUEM:

a;(x) = x'b(x) mod[ P(x)],i = deg[ P(x)],..., N —1. (3)
[onuuoMm b(x) 3a1aeT HaYaIbHbIE YCIOBUS JUI TeHEpallui PEeKYPCHUBHOM MOCIIEA0BATEIIEHOCTH.
[TonnuoM pa3zmenieHus koppektupyroumx CO onpenensercs Kak:

r.(x)= zifo st xh = a;(x)mod[H (x)]. 4

Jis WuTIoCTpaluu MPUBEIEHHBIX COOOpaKeHUI paccMOTpUM Ko XEeMMHUHra ¢ OJIOKOBOH
JUIMHOM 7 ¥ YUCIIOM ITPOBEPOUYHBIX CUMBOJIOB 3 IIpU
P =x'+x+x+ 1 Hx)=x"+x+1; b(x) = 1;
as(x) = x>+ x + 1==>x" = a4(x) mod [H(¥)];
as(x) = XA+ x=>x""= as(x) mod [H(x];
ag(x) = x° + x + 1 =>x"?= a¢(x) mod [H(x].
Od4eBHIHO, YTO COBMECTHMOCTh ypaBHEeHHi (3) u (4) obecreynBaeT KOPPEKTHOCTh pa3Melle-
Hus Koppektupyromux CO. [lon KOppEeKTHOCTHIO B JaHHOM cliydae MOHUMAETCS CYIIECTBOBAHUE
KOJIOBBIX KOMOWHAIUH, paBHBIX COOTBETCTBEHHO a/(X) Anist i = m,..., N — 1 mo moxymnio H(x).
Ymeepowcoenue. Cucrema ypaBuenuit (3)—(4) coBMecTHa TOT/1a, ¥ TOJBKO TOT/Ia, KOT1a UMEET
MECTO:
HOJI [H(x), x' b(x) mod P(x)] = 1, mis Bcex i =m,..., N— 1; (5)
HOJ [H(x), b(x)] =1, (6)
MIpHU OTpeeTICHHOM pa3MelieHnu nHopManuoHHex CD, obecreynBaronieM TUHEHHYI0 HEe3aBHCH-
MOCTh IIUKJIMYECKUX CIIBUTOB.
Jlokazamenvcmeo. Tlpeanonoxum, 4to ycinoBue (5) HE MMEET MecCTa JUIsl HEKOTOPOTO a;(X).
Hycts fix) = HOJL [x' b(x), H(x)], H(x) = ix)Ui(x). U3 (3) x' b(x) = fix)Us(x). U3 (4) anst Uy(x) u

Up(x) mmeem: x"1U,(x) ™ = f(x) = 0mod[U, (x)].

OueBuano, uro x #0, U, (x)_1 #0, orkyna crnemayer HeooxoaumocTh (5). locraTouHOCTH

BBITEKACT M3 JOIOJHUTEIBHOTO ycioBus (6), paccmorpeHHoro B [9]. Pemenue ypaBuenuii (3), (4)
MIPH BBITIOJIHEHUU (5) 1 (6) TO3BOJIIET PEIIUTH 3a7a9y pa3MelieHust KoppekTupyromux CO.

s npaktuaeckoro npuMeHenus B LITY nukindeckux KOppeKTUPYIOMUX KOJOB HEOOXOIH-
MO, 4TOObI (PYHKIIMOHAJIbHBIE 3aBUCUMOCTH MEXay cumBojamu oOpasyromeii KII nmocnenoBatens-
HOCTHU UMEJH JIMHEVHBIM Xapakrep. [Ipyu BbIIOIHEHUU 3TOrO yCIOBUS BO3MOKHO IIOCTPOEHUE IIpe-
oOpazoBateneil, GOpMUPYIOIUX U3BECTHBIC TUIBI IIUKIMYECKUX KOJOB, IJIi KOTOPBIX CYILECTBYIOT
3¢ (deKTUBHBIC METO/IbI OOHAPYKEHUS U UCTIPABJICHUS OLIHOOK.
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