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1. HEJb JABOPATOPHOM PABOTHI

1. 3yunth MeTOABI TMOMEXOYCTOMYMBOIO  KOJUPOBAHUA U  JEKOAUPOBAHUS
“H(pOpMaIUK ¢ TOMOIIBIO ITUKINYECKUX O0YHBbIX K010B Puma - ComomoHna.

2. UccnenoBath cBoiictBa komoB Puma -  Comomona (PC) Bo BpeMeHHOW W
CIIEKTPAIIbHBIX 00JaCTAX.

3. U3yunth CBSI3b KOPPEKTUPYIOLIEH CIOCOOHOCTH KOJOB C KOHEUHBIMH MOJIIMU U
CHEKTpaJIbHbIMU TipeoOpazoBanusmu Dypoe - ["anya.

4. IlpuoOpecTr HaBBIKM IOCTPOCHMSI AJITOPUTMOB U MPOrpPaMM KOJMPOBAHHS U
JeKOAUpOBaHUsS UH(GOPMALIUU.

2. KPATKHUE TEOPETHYECKHUE CBEJAEHUASA

2.1. Koast Puga - Cosiomona
Kogst Pupma - ConoMoHna SBISiIOTCS BaKHBIM TOAMHOXKECTBOM KoJ0B boysa -
Yoyaxypu - XokBuarema (BUX), y KOTOpPBIX MyJbTHUILUTUKATHBHBIA TOPSIOK ajdaBuTa
CHUMBOJIOB KOJIOBOTO CJIOBA JICTTUTCS Ha JJIMHY KOJa.
Konaer Puna - ComoMona o61aatoT psioM 3aMedaTesIbHbIX 0COOEHHOCTEH:
kozbl PC SBISITOTCS MaKCUMAaJIbHBIMU, T.€. IPH 3aJJaHHOM JJIMHE N U pa3MEPHOCTH
K umeroT HanboJbIlee KogoBoe paccrosiHue d =n- K+1;
nar00oi Habop m3 K mo3unmii KOJA0BOTO ClioBa SIBISICTCS MH()OPMAIIMOHHBIM, T.C.
MO3BOJISIET BOCCTAHOBUTH BCE KOJOBOE CIIOBO;

YHCIIO0 KOJIOBBIX CIIOB Beca W paBHO
an o
Aw) =g Hq- 1)8.( 1) %l :(CI n™e,
I I

ano
rIe <+ - YHCIIO COYETAaHHWH U3 NTI0 W, (- OCHOBaHHE KOJA;
a

kiacc PC-xo70B  HMCIONB3yeTcsl B KOHCTPYKIUSAX — aJbTEPHATHBIX  KOJIOB,
0000IIIEeHHBIX KaCKaHBIX KOJIOB, PABHOBECHBIX KOJIOB U T.]1.;
KOABbl MOTYT OBbITh 3((PEKTUBHO ACKOAWPOBAHBI BO BPEMEHHOM M YacTOTHOM
00JacTsX.
Nmeercs Heckombko omnpenenenuii kogoB PC. Tak, kox PC nax monem [Nanya GF(Q)
MOJKHO OIPEICIUTh KaK KOJ, COCTOSIIHUN U3 BCeX ¢lIoB € = (Co, C1,..., Cn1) JUIMHBI N, IS

KOTOPBIX BBINOJHSIOTCS O- 1 ypaBHEHUi:

n-1
acg =0cl GF(Q)’ro£r£ro+d'2, (1)

i=0



rae o u d — npousBoJbHBIC Iienble yuciaa (He Oombiie N); Gy, G, ..., Ch-1 — pas3IHUYHbBIC
HCHYJICBBIC DJIEMEHTBI KOHEYHOT'O TIOJIsI, KOTOPBIC €IlIe HA3bIBAIOT JIOKATOPOM I-H TMO3UITUH
KOJIOBOTO CJIOBA.

Yuciio pa3snuuHBIX DJIEMEHTOB ( ONpEesieT MaKCUMalbHYI0 JunHYy kona PC, kortopas
He npebinaeT g — 1. Eciu nymnHa koia paBHa N < g — 1, TO KOJI Ha3bIBACTCSl YKOPOUCHHBIM,
ecli JUTMHA Koja paBHa N = ( (wmm g + 1), TO KOJ SBISETCS paCIIMPEHHBIM Ha OAWH (WK
7IBa) CUMBOJIA.

B MaTpuuHOM TIpe/iCTaBICHUH CUCTEMa YPABHEHHI TPUHUMACT BUJT

H(c,,c,,....C,,) =0,

rne H — mpoBepounas marpuna konxa pasmepom (N-K) ~ n. TlpuHamiexxHOCTh K Kiaccy

MaKCUMAaJIbHBIX KOJIOB CIIEyET U3 CBOWCTB €r0 MPOBEPOYHON MAaTPHULIBI
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roe m=n-—Kk.

JleBpIli COMHOXXHTETh B TIPOM3BEACHWW MATPHIl SBISETCS YaCThIO MAaTPHIIBI
Bannepmonna. DTo MO3BOJIET cAenaTh BBIBOJ, 4TO JtOOble M cTosIOIOB Marpuisl H
JMHEHHO He3aBrucUMBL. OTCIOA CIelyeT, UTo JUIs JF00ro 3aqaHHoro Habopa { g} u JIro0bIX
3HAYCHU K CHMBOJIOB KOJOBOTO cCJOBa cHcTema JmHeHHbIX ypaBHenwit (1) mam GF(Q)
MUMEET SIMHCTBEHHOE PEIICHUE OTHOCUTEIBHO OCTABINUXCS M= N — K HEW3BECTHBIX.

[MocnenosatenpHOCTh JioKatopoB mosuimii {g} B (1) mpom3BoibHAa W MOXET OBITH
3a/1aHa JII0OBIM y00HBIM CITOCOOOM.

PaccmotpuM crmoco6, mpuBOAAIINMA K TOCTPOSHUIO IIUKIUIECKUX KOJOB.

Huxanueckuit PC-xox mmmHOM N, paBHON mobomy aemutento (0 — 1), 3amaercs

BeIpakeHreM (1) ¥ MOcCIe0BaTeNFHOCTBIO JJOKATOPOB TIOJIOKEHUH BUaa ¢ = @', rae a -

sreMeHT nopsiaka N B mone GF(q), a = \/1 :
[{MKTMYECKUii CABUI BIEBO HA | MO3UIMI MOCIEN0BATENLHOCTH § = &' 9KBUBAIECHTEH

| — A i+lmodn
YMHOKEHHIO JlokatopoB Ha @ J;@ =a , rie nj(q —1)|.



Ecmu HekoTopsiit BekTop ¢ = (cq, €1,..., Cn.1) yOOBIeTBOpsieT (1), To u mocie casura

II0JIyJ4aeM
52 -t |
r ro— r P o—
acga =(@cgl =0
i=0 i=0

I
rakkak @ "+ 0 pu J00bIX | U r, reE r £ 19+ d.
[Tposepounas marpuia nukiandeckoro PC-kona numeer Buj

H :F(roﬂ)jmdn], i=0,...m-1 j=0,.,n-1

DTO MO3BOJISIET paccMaTpUBaTh yMHOXKEeHHE H Ha BEKTOp C KaK BBIYMCICHUE 3HAYCHHI

o i r0+i .
nomuaomMa C(X) =g CX B Toukax {a }, i = 0,..., m — 1. CrenoBaTeibHO,
i

ukndeckuii PC-Koa COCTOMT M3 BCEX IOJMHOMOB CTemeHu MeHbine N Hag GF(Q),

KOPHSIMH KOTODBIX SIBISFOTCS 9JIEMEHTHI {8 " i=0.. m-1real GF (@,a"=1 u
ni(q —1)|.

D10 CBOMCTBO IUKINYEeCKUX PC-KO0B MHTEPECHO TEM, UTO MO3BOJISET ONPEICIUTh CaM
KOJ M €ro JCKOAMpPOBaHHE B TMOHATHSAX IpeoOpa3oBaHMs HaJ KOHEYHBIM mojieM Dypbe -
anya (II®T). Matpuna H sBisiercs yactbio Matpuibl [1OTT, cogepxkameit m = d — 1,
HAYMHAsA CO CTPOKH I,

Onpeodenenue cunopoma. IIpeamonoxum, dYTO Ha BXOJA JAEKOoJepa IOCTYIAeT
MOCJIeZIOBATEILHOCTh CUMBOJIOB (Yo, Y1,---, Yn1), TAC Y; = G + &, {€} — snmemMeHThI BekTopa
oImmoboK, € 1 GF(qg). CuaapoMoM Koja Ha3bIBaeTCs BEKTOp S = (So, Sy, ..., Sy2), JACMEHTBI
KOTOPOT'O OMPEACISIOTCS M3 BRIPAKECHUS

Sj = é} yigir0+j’ 1=0,1..,d-2 (©)

Ecnu Bce 35eMeHThl CUHApPOMa paBHbI HYJIIO, TO IMPUHATOE CIIOBO CYUTAETCS] KOJOBBIM.
B npoTuBHOM cilydyae IpUHSTOE CIIOBO Y COACPKUT OMmIMOKH. CUHIPOM 3aBUCHUT TOJIBKO OT
OLIMOOK B IPUHATOM CJIOBE.

[TocTpouM nonMHOM CHHApPOMA

T L
sx=asx =axaeg” m=n-k
i=0 i=0 =0
3MeHNM MOPSI0K CyMMHPOBAHHUS
rsl n&—l )
s(x)=a eg’°a (Xgi )] :
i=0 i=0

Hcnonb3dyeM NOHSTHE T'€OMETPUYECKOW Nporpeccuu s npeoOpa3oBaHUs BTOPOH

CYyMMBI:



o (v vi_(xg)"-1
a (Xgi )J = '—1 .
j Xg; -
Torna BeIpakeHHe TS TOJTMHOMA CHHAPOMa S(X) IPUBOAUTCS K BUIY
no_ 1 .I’O +m no_ 1 .I’O
(x) = x"] €0; - €9, 4

izo X0; -1 o xg; -1
EcIli NpeiIonoKuTh, 4TO B MPUHATOM BEKTOPE MMEIOTCS t OMMUOOK, PAacIOI0KEHHBIX

Ha TO3UIUAX C HOMEPAMH i1, i, ..., It , TO BeIpakeHHE (4) MOKET ObITH MPUBEACHO K BHIY

s(x)s (x)+x"Q(x) =w(x), (5)
e S (X) = 6 (Xgiv - 1),

i
w(x)=-4 eg’ & [xg, - 1)
v=l m=l,mt v

t t
Qlx)=8 g™ & o, - 1)
v=l mELmt v

[MonmaOM S(X) Ha3BIBAIOT MOJIMHOMOM JIOKATOPOB OMIMOOK, TaK KaK €ro KOPHH SBIISIOTCS
OOpaTHBIMU BEJIMYMHAMH JIOKATOPOB HCKaXEHHBIX mnosunmii. Crenenb S(X) paBHa t, ecnu
YKCIIO OMO0K t < m.

[MommaOM W(X) Ha3bIBaeTCs IMOJMHOMOM 3HAYCHHH OMIMOOK (IMTOJIMHOM ONIMOOK).
Creniens W(X) Bceraa menbie crenenu S (X). [TomuHomb S(X) 1 W(X) B3aUMHO TIPOCTHI.

VYpaBuenue (5) yacTo UCTONIB3yeTCs B BUAEC MOIYJILHOTO CPABHCHHUS

S(X) s(X) =w(x) mod x", (6)
KOTOPOE HA3bIBACTCSI KIIFOYCBBIM YPAaBHCHHEM.

Ecnu monuuombr S(X) 1 W(X) M3BECTHBI, TOT/AA JUIsl ONPEACICHHS JIOKATOPOB OIIHOOK
JOCTaTOYHO HAWTH KOPHH MOJIMHOMA S(X) cpein oOpaTHBIX BEIUYUH JIOKATOPOB MO3UIIUI
KOJIa, T.€. HaiTh Bee pemenns ypauenns S(X) =0, X1 {g}. Ecim s(X") nmeer crenens t
U TOYHO t Pa3IMYHBIX JJOKATOPOB KOJA SIBJISIOTCS €r0 KOPHSIMH, TO MOKHO CUHMTAaTh, YTO B
MIPUHATOM BEKTOpE JeicTBUTENbHO t ommbok. Ecnu e XoTa Obl OJUH KOPEHBb S(X'l) HE
SIBIISICTCS JIOKATOPOM KOJIOBOTO CJIOBA, TO B IIPHUHATOM ciioBe Oosee veM (d — 1)/2 ommbok u
S(X) He sBIIsAETCS MPABUIBHBIM OJTMHOMOM JIOKATOPOB OIITHOOK.

Ecnu nokaTopsl omrO0OK M3BECTHBI, TO 3HAUYEHUS OIIMOOK PABHBI:

- W(gi_vl)
giio CL) (gi:,lgim - 1).

m=1,nt v

q:

\

Brenem nonsitue GpopManbHON TPOU3BOIHOM, KOTOpas OMPEACIISICTCS Yepe3 BEIPAKECHHE



sd)=80 Olg -1

v=1 m=l,mt v

Ucnonws3ys moHsTHEe (OpMaIbHON MPOU3BOJHON, BBIPAKECHHE 3HAYCHHUS OIIUOKH

MO>KHO IIpeoOpa3oBath K BULy Gopmyiisl DopHu:

_ V"(gi_ylbi:vr(ﬁ1
o S ((gul)

Aneebpauueckuu areopumm oexoouposanus kooa PC (puc.l).

Vcxonnblie maHHbie: TpUuHATOE CI10BO Y = (Yo, Y1, .., Yn-1); TapaMeTpsl Koga — N, K, d, m=
=d -1, ro, TOoKaTOpHI KOJA - G, G- .. -
1. Beruuciienue cunapoma S(X) MpUHATOTO CJIOBA

m-1 n-1
s(x) = é. ijj’ S; = é. yigir0+j
j=0 i=0
2. Pemenue kmodesoro ypapHenus S(X) S(X) = w(x) mod X™. Eciu crenens deg(s (X)) 3
3 m/2, To oTKa3 U mepexox K 5.
3. Ompeserenne MHOKECTBA T0OKaTopoB ommbok Z: Z1 Z, ecin S(gz) = 0. Econ xe He

BCE KOPHH SIBIISIFOTCS JIOKATOPAMHU TO3UITUH, TO OTKa3 U MepPexol K S.

4. BplYuCIeHUE 3HAYCHHI OMMOOK W MCIPABICHNUE UCKAKEHHBIX MO3UIUN {’z =Y,,

_-wlg" g,
ecu Zl Z, {/z = yZ 1 ez a2l Z, c S(G:(gzlj

5. Boccranosienue I/IH(I)OpMaIII/IOHHI)IX CHMMBOJIOB HWJIM Bblga4da IIpHU3HAKa OTKas3a OT

o+l

JEKOTUPOBAHUSI.

PaccmotpuMm HekoTOpbie mpuMepsl KoaupoBanus koxom PC.

Ipumep. Tloctpoum kox PC B komeunom mosne GF(2") xapakrepuctuku 2. Kaskipiii
CHMBOJI MOXKHO TPEJICTaBUTh B BUje Habopa u3 M out. Beidepem nosie GF(8), B koropom
CYIIECTBYET MPUMHTHBHBIN dIeMeHT mopsiaka 7. 3amammm mommaoMm f(X) = X° + X +1 1
MOCTPOUM PACHIMPEHHOE TI0JIe KaK

a=z,a’=7,a’=z+l,a*=7+za’=7+z+,a°=7+l,a'=1

Tlopoarcoarowuii mnocounen xona PC 3amaercs B BUjie MPOU3BEICHHS

g(x) = (% W) (% W) (x- W) ... (x- w?), 7)
rre t — TpedyeMoe KOIMYECTBO NCIIPABIISIEMBIX OMIHOOK, W - 3JIEMEHT KOHEYHOTO TIOJIS.
3amaBas t = 1 u BeIOMpas W = &, MOXYYHM MTOPOKIAIONINN TTOTMHOM KO/Ia B BHJIE
9(¥) = (x- W) (x- W) =x* +a’x +a°

WM, IpUMEHsA (popMy 3amKcH 3JIEMEHTOB IOJIs B IBOUYHOM KOJIE,



g(x) = (001) X* +(110)x + (011).
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Puc. 1. Cxema anrebpanueckoro aekojaepa PC-koma Bo BpeMeHHOMN 06acTu



Hexotopeie cnoBa Hecuctemarmueckoro koga PC (7,5) ¢ wucnonp3oBaHueM
KOHBepTI/IpOBaHI/ISI ABOUYHOI'O HpGJICTaBJ'IeHI/ISI CHUMBOJIOB B JIGCSITI/I‘IHI)II;'I KOO HpI/IBeJleHI)I
HUXKE.

ax)=0® ¢(x)=(0,0,0,0,0,0, 0);
ax)=1® ¢(x)=(0,0,0,0,1, 6, 3);
ax)= a® ¢(x)=(0,0,0,0, 2,7, 6);
ax)= a’® ¢(x)=(0,0,0,0,3,1,5),

Ipumep. Tycts Hax moxem GF(2%) ¢ mpumutHBHBEIM momnHOMOM X' + X + 1 3aman
PC-kon ¢ mapamerpamu (N, K) = (15, 9). JlaHHBII KO WUMEET KOJOBOEC PACCTOSHHE
d=n-Kk+1 =7, mo3TOMy ClIOCOOCH UCIPABJISTH IO TPEX OLIUOOK.

[Mopoxaarommuii MOJIMHOM UMEET cTeneHb M= N — K = 6 u Haxoautcs mo gopmyie (7).

Jlnst v =1 mosy4yaercs TIOJIMHOM BHUJIa

6 .
610 = O x+al )= (x+ 2)(x+ (x+ A)(x+B)(x-+ B)(x+7) =
i=1
= x0 +11x° +15x% + 5x3 + 7x% +10x + 7.
Jlnst v = 0 mosry4aeTcst IOJIMHOM BHA
5

9,0 =0 (x +a‘): (X +1)(x+ 2)(x +3) (X + 4)(X + 5)(X + 76) =
i=0
= x® +10x° +13x* +2x3 + 3x? +5x + 7.

3nech @ = 2 — MPUMHUTHBHEI s1ement momns GF(2Y) u Bce Bbramcienns moBoasTCs 1Mo

mpaBmiIaM 3Toro moss. [Ipeamnonoxum, 9To THPOPMAIIMOHHBIN BEKTOP UMEET BH/T
a=(11, 13,9,6, 7, 15, 14, 12, 10).

YMHOXasi €ro Ha MOPOKIAIOIUK MoMuHOM Ji(X), mocie MpeoOpa3oBaHus MOIYyUIUM
HecrcTeMaTHueckoe kogoBoe cioso ¢ = (11, 5, 3, 15,6, 7, 7, 5, 12, 15, 14, 3, 3, 7, 1). [lnsa
TOTO YTOOBI MTPOBECTU KOJMPOBAHHUE B CHCTEMATHYECKOW (OopMe, HAIO BBIYUCIUTH OCTATOK
OT JIeNIEHUS CABHHYTOTO Ha 6 IMO3UINiI BIEBO KOJOBOTO CJIOBA HA MOPOXKIAIOIINAN TTOTHHOM.
Mo>HO ToKa3aTh, YTO CIPABEIUTMBO CICAYIONIEE COOTHOIIECHHE:

(11, 13,9, 6, 7, 15, 14, 12, 10,0,0,0, 0, 0, 0) = (1, 11, 15,5, 7, 10, 7)°
" (13, 15,9, 10, 12, 10, 10, 10, 3) + (1, 2, 3,7,13,9),rem=(1, 2, 3, 7, 13, 9).
KomoBoe c1oBo B cuCTeMaTHYECKOM BUEC UMEET BU/T
c¢=(11,13,9,6,7,15,14,12,10; 1,2, 3,7, 13,9),
/1€ MJIQJIIITUE Pa3psiIbl PACIIONIOKEHBI CIIpaBa U HyMEPYIOTCS OT HYJIS.



Koouposanue cummempuunvim nOIUHOMOM.
[Mopoxnaromuii momuaoM PC-kona, umeromiero komoBoe paccrossuue d = 2t + 1 Hax
nosnem GF(2"), npencrasnsercs B Buje

b+d- 2

009= O [x+a')=(x+a’)... (x+a™*?) @
i=b
rJec a - MPUMHUTHBHBIA AJIEMEHT OIS, b — HEKOTOPOE MOJOKHUTEIBHOE IEJI0C YHCIIO.

OO0beM BBIYMCIUTEIBHOTO Tpollecca MpH KOAUPOBAHUU MOXKHO COKpaTHTh, BhIOpaB
queno b = 2™ 1 — t. B srom ciydae moauHoM g(X) = Qo + U1 X + ... + Oy X sBISICTCS
CUMMETPUYHBIM, T.€. UMEET CUMMETpUUHble KOA(UUMEHTH: Jo = Ox = 1, §i = Ot »
1=1,2,...,t-1L

Ipumep. Tycts 3aman (N, K) = (15, 11) — xox PC max momem GF(2Y) / (xX* + x + 1).
[Toposknaromuii MOJIMHOM KO B CUMMETpUYHOU (popme OyaeT uMeTh BUJL

gx) = (x+a’ (x+a’) (x+a®) (x+a’) =x"+ 4+ 2¢ + 4x + 1,
t=(m'2)=2,b=2"'—t=6,a=2

2.2. Anroput™m Bepiiekemna — Meccu (BM) peleHusi KJIH0YeBOro ypaBHeHH ST

bepiexkemn npennoxua UTEPaAMOHHBIA METOJI BBIYUCIECHUS MOJUHOMOB L (2)u W(Z2),
BXO/IAIIMX B KIIOYEBOE YpPABHEHHUE, MO M3MEHEHHOMY MOJUHOMY S(z). Meccu TpakToBal
anroput™ beprnekemna kak mpoueaypy HOCTpOeHUsi Hambosiee KOPOTKOTO PErucTpa ¢
OOpaTHBIMU CBSI3IMHU, MOPOXKIAIOIIETO M KOMIIOHEHT cuHAapoMa S. OH ke Hamén BapuaHT
QITOPUTMa, KOTOPBIM BBIYKCISET TOJBKO IOJIMHOM JIOKaTOpoB L (2), kK03 UIHEHTHI
KOTOpPOTO yIOBICTBOPSIOT 33J]aHHOM crcTeMe ypaBHeHuid [1, 2, 6 ].

3aoaua Oexodepa — HauiTu ToNMMHOM L (Z) wunu S (Z) MUHUMAIbHOW CTEMEHH V,
YIOBJICTBOPSIIONIUN CUCTEME ypaBHEHUMU, TJI€ V - YHUCIO OMIMOOK, MPHYEM 3apaHee He
n3BecTHoe. Anroput™M  bepinekemma —  Meccu  MO3BOJIIET  CTPOUTH  TaKyHo
HOCJIE0BATENILHOCTE TMOJMHOMOB S ;(2), =1, 2,...,M, B KOTOPOH KaXXIbIA MOCIIE1YOIINA
MOJINHOM  yJIOBJIETBOPSAET OoJsbllieMy 4YHCIy ypaBHeHUH. OIHOBPEMEHHO HUTEPATUBHO
BBIYUCIISIETCS TIOJTMHOM BEJTUYHH OMUO00K W(Z) .

Hcxoomnvie oanHvie - 3TO M KOMIIOHEHT CHHIpoMa S, rae oObiuHO b =1. HavanbHbie
YCIIOBHS JUIsl TOTMHOMOB S (2),W(2) ,C(2),D(2) u nepeMeHHO# L 3amar0Tcs BHAYaJIe.

ANTOpUTM BBINOJHSAETCS 3a M uTepauuid. Ecnm B mpoliecce BBIYHMCICHMI HEBSI3Ka
D=0, To nonuHOMHI S (Z) 1 W(Z) HEe U3MEHSIOTCS, B MPOTUBHOM CJIy4ae OCYLIECTBISETCS

UX KOppeKUus



s (2)=s,.(2)ADzC, ,(2);

W, (2) =W, ,(2)A DD, ,(2),
roe C j_1(2) u D j_1(2) - BCIIOMOTATEJIbHBIC TTOJIMHOMBI, B3AThIE U3 MpeapIaAyliero mara. Ha
mare j OHM (GOPMHPYIOTCA M3 CIEAYIOIMX cooOpaxenui. Ecmm 2L, ,>j-1, 10

COJZCpKaHUEC PETUCTPOB, XPaAHAMIMX OTH BCIIOMOTATCIIBHBIC IIOJMHOMBI, CJIBHUTACTCA.

C(2) =zC(2); D(2) =zD(2), a nepemennas L ne usmensercs. llpu 2L, , £ j - 1 yka3aHHbIe
MOJINHOMBI U TlepeMeHHasi L TpaHncpopMupyrores :
C,(2=D's  4(2), D;(2=D'zW_,(2), L, =j- L,.
[lo oxoHUaHMKM M WTepaluil LeIeco0Opa3HO BBINOIHUTH MPOBEpPKY : degs (z) =L ;

€CJIM ATO PaBEHCTBO HECMPABEIMBO, TO BbIpabaThiBaeTcsi curHan FLAG =1 3amuTHOTO
0TKa3a OT JIEKOAUPOBAHUS, TaK KaK IPUHSITOE CIOBO COJIEPKUT Oojiee ueM t OmuooK.

2.3. llpeodpa3zoBanue ®ypbe B noae I'aaya
Iycts vV ={Vi,i =0,...,n =1} - Bexrop nax GF(q), rae n neaut q"- 1 npu HEKOTOPOM
M, u mycTh a - »aemeHT nopsaaka N B none GF(q™). IIpeobpasosanue @ypre B none [anya
(ITdI') Bekropa V ompexaensercs kak Bekrop V. = {V;, | = 0,1,..., n- 1}, 3amaBaembIit

PaBEHCTBOM
V. = 8 :
i =aa'v, ]=0,.,n-1
i=0

JIMCKpEeTHBI WMHACKC | HAa3bIBAaCTCS BPEMEHEM, a V — BPEMEHHON (yHKIMEH wiu
CHTHAJIOM. AHAJIOTMYHO MHJEKC | MOXHO Ha3BaTh YacTOTOW, a V — YaCTOTHOHM (yHKIMeH
WM CTIEKTPOM.

B kauectse juiuHbl IO MOKHO BBIOpATh MPOM3BOLHKIN AemuTens yucia (qT - 1), Ho
HauOoJIee BaXHYIO POJIb MTPalOT NpuMuTHBHEIE MmuHbl N = (" - 1). B nocneanem cioydae a
ABIAETCSA IPUMHUTUBHBIM d1eMenToM nons GF(g™).

Ecnu M — HauMeHbllee 1Lenoe, Takoe, uro N gemut (Q" - 1), To max nonem GF(Q)
cylecTByeT mnpeoOpazoBanue Pypbe MAIUHBI N U KOMIIOHEHTHI 3TOr0 MpeoOpa3zoBaHUs
nexar B noste GF(Q™). Bpemennas ¢yHkuus V nmpuHumaeT 3Hadenus B none GF(Q), a eé
cnextp V nexut B pactuupenun nons GF(Q™). B npuMeHeHMsX, CBA3aHHBIX C KOHTPOJIEM
OLIMOOK, BCE CBSI3aHHBIE C JEKOAUPOBAHUEM JEHCTBUS OCYIIECTBIISIIOTCS B OOJIBIIOM IOJIE
GF(q™), omHako HauMHATH HAAO C BEKTOpA BXOJHBIX JAHHBIX (Ha BXOJ€ KaHajia), T.e. B
masiom mosie GF(Q).

Han nonem GF(Q) xapakTepuCTHKH P BEKTOP U €r0 CIIEKTP CBSI3aHBI COOTHOIICHUSIMU

n-1
n-1 . — (- 1\ 2 -ij
vy=Aval, W =R VA"
i=0 1=

B MaTpUIHOM BHUJC 3TH COOTHOMICHMA 3AIMUIITYTCSA KaK



v=[a" vi,v=[a"] VT,
rne [a"],[ a”] * — npsivas u o6parHas matpuusl npeobpasosarus ypse, T - omepatop
TPAHCIIOHUPOBAHHMSI.

OnnuM u3 cunpHenmux cBOUCTB IIDI' aBnsercs ceoticmeo ceepmku. 1Ipennonoxum,

yto € = f.9,,1 =0,...n- 1. Torna

n-1
E, :(n_l)é Fi-09Gk: 1=0,..,n-1
k=0

r7ie JIBOMHBIE CKOOKM O3HA4yaloT, YTO MHJAEKCHl BBIYUCISIIOTCA B apU(PMETHKE I10
MOJYJIIO N.
Hpyroii 3ameuaTenbHoi ocodeHHocThio [IDI sBnsieTcs ceoticmso cosuea.

Ecmu {vi}« {Vj} sBusercs mapoii I[1®I', To mapamu [1DI" aBistoTcs Takxke

{a IVi}« {V(( j+1))} n {V((i—l))} « {a JVJ'}-
Wuorma Bektop V 3amaercss MmHorowieHoM V(X). C momoinpto [1PI" MHOrOUIEH
V(X) =V, X"+ VXV,
MOKET OBITh MPeoOpa3oBaH B MHOTOUJIEH
V(X) =V, X"+ +Vx+V,,
KOTOPBIN Ha3bIBACTCS CIIEKTPATbHBIM MHOTOUWICHOM MM MHOTOWICHOM, aCCOIMUPOBAHHBIM
C MHOTOYJICHOM V(X).

CripaBeUIMBBI CIICAYIONINE CBOMCTBA CIIEKTPa, CBSI3aHHBIC ¢ KOPHSIMH MHOTOYJICHA:

1) snemeHT a' apisercs KOpHEM MHorowieHa V(X) Torja ¥ TOJBKO TOTa, KOrja j-s

4acTOTHAsi KOMIIOHEHTa Vj paBHa HYIIIO,

2) DIIEMEHT a’ apnsercs KopHeM MHorowieHa V(X) Toraa M TOJNBKO TOrja, Korja i-s

BpPEMEHHas KOMIIOHEHTA V; paBHa HYJIIO.

Takum 00pa3om, €Clid B OJHOM CiIy4ae T'OBOPSAT O KOPHSX MHOTOWICHa B KOHECYHOM
oJie, a B IPyTrOM — O PaBHBIX HYJIIO CIIEKTPAIbHBIX KOMIIOHEHTaX, TO B JICHCTBUTEIILHOCTH
TOBOPSAT 00 OJTHOM U TOM XKe€.

CaoiictBa [1®I" mo3BOJIAIOT aTh OMHMCAHUE IMHUKINYECKMX KOJ0B. Kaxmoe cioBo c(X)
3agaeTcs MHorowieHoMm creneHu (N — 1). B HecucTemarnyeckoM BHIE OHO MOXKET OBITH
3anucano kak C(X) = g(X) a(x), rae a(X) — uadopmannonnsiii MHorowieH cremnenu (K —1). Bo

BPEMEHHOM 00JIaCTH 3TO JaeT LUKIMYECKYIO CBEPTKY
nc; 1
G=adg(-a -
=0
CrnenoBarenbHO, B YaCTOTHOM 00JIacTH orepais KOJAUPOBaHUS MOXET ObITh 3amucaHa

B BUJI€ IPOU3BEACHUSA

C. =G A

J |



JIro0o#t yIOBIETBOPSAIONINI ITOMY PaBEHCTBY CHEKTP 3aJaeT B 4YAaCTOTHON 0O0JacTu
KOJIOBOE CJIOBO TPH YCJIOBHH, YTO BO BPEMEHHOW 00JacCTH BCE KOMIIOHEHTHI SIBIISTFOTCS
GF(Q)-3naunbiMu. B cuny mpou3BoibHOCTH HH(OPMAIMOHHOTO CIIEKTpa C€IMHCTBEHHAS
CyLIECTBEHHAsl POJIb KOMIIOHEHT Gj COCTOUT B TOM, YTOOBI OIPENIEIUTH YACTOTHI, B KOTOPBIX
CTOAT HyJIeBble KOMIIOHEHTHI Cj CIIeKTpa KOJJ0BOTO CJIOBA.

CnexmpanvHoe onpeodeieHue YUKIU4ecko2o Kood. LIMKIMYeckuM KOJOM HasbIBaeTCs
MHOXeCTBO Takux cioB Haa GF(Q), y KOTOphIX Bce CIEKTpalbHbIC KOMIIOHEHTHI,
MpUHAJISKANTNE 33JaHHOMY MHOXKECTBY TaK HAa3bIBAEMBIX IPOBEPOYHBIX HYaCTOT
J1y -1 Jnk» PABHBI HYITIO.

XOTsl KaXkJ0e CIIOBO NUKIMYECKOro Koja siBisercss BekropoM Han GF(Q), cmektp
KOJIOBOTO cjioBa siBasgercs Bekropom GF(Q™). CrenoBarenbHO, HUKIMYECKHH KO MOKET
ObITh ompeneeH kak MHOxecTBO GF(Q)-3HauHbIX 00paTHBIX MpeoOpa3zoBanuii Dypbe
MHOJKECTBA BCEX CIEKTPAIBHBIX BEKTOPOB, KOMIOHEHTHI KOTOPHIX B 3aJAaHHOM MHOYECTBE
9acTOT paBHBI HYJI0. Henb3si BEIOMpaTh MPOU3BOIBHBIN CIIEKTPATBHBIA BEKTOP, Y KOTOPOTO
CTOSIT HYJIM B 33JJaAHHOM MHOJKECTBE YaCTOT; OOpaTHBIC MPeoOpa3oBaHUS HEKOTOPHIX M3
TaKUX BEKTOPOB MOT'YT UMETh KOMIIOHEHTHI, He mpuHaiexanme momo GF(Q). Jns toro
4T0OBI KOJOBOE CJIOBO MpuHamIekano moito GF(Q), BEIOMpaTh HYXHO TOJBKO CIIEKT,
KOTOPBIN YJIOBJIETBOPSIET CICAYIONINM YCIOBUSIM COMPSKEHHOCTH.

Ilycts V ecth N-MepHbI BekTop ¢ komnonentamu u3 GF(qQM), raoe n gemur (" — 1).
Torma obparHoe mpeodpazoBanue Dyphe V ABIsSCTCS BeKTOpoM ¢ KommoneHTamu u3 GF(Q)
TOTJa ¥ TOJBKO TOT/A, KOT/Ia BHIMOHAIOTCS CIICIYIONINE PAaBEHCTRA!

qu :V(( g) ) J =0,1..,n-1

YroObl MPUMEHHUTH 3TO CBOWCTBO, Pa3o0beM uucia 1O MOdN Ha MOIMHOXECTBa

3JIEMCHTOB HUKJIIOTOMUNYCCKUX KIIACCOB.

C, ={j.ia - ja""},
rae M, — HauMEHBIIEE IIEJ0€ IIOJIOKUTENBHOE YHCIIO, YIOBICTBOPSIOIIES PABEHCTBY
g = jmodn.

Hamnpumep, ecnu g = 2, N = 7, TO 37€MEHTHI IUKIOTOMUYECKHX KiIaccoB umerot Bua Coy
={0},C;={1,24},C,={3,6,5}.

[{ukmoTOMUYECKUN KJIacC BBIACNSAET B CIEKTpPE MHOXKECTBO dYacToT. HazoBeM 3T
9acTOThI XOpA0ii. Torma, eciii BpeMEHHOW CHTHAIl MPUHUMAET 3HaveHus B noje GF((), To
3HaYeHHUE CHEKTpa B OJHOM U3 YacCTOT XOPJAbl ONpENEseT 3HAYeHHUs CIEKTpa MpU BCeX
4acTOTaxX 3TON XOPHBbL.

Ilpumep. Bpraucium npsmoe u obpatHoe [P mam momem GF(17). 3amaaum

MIPUMUTUBHBIN 3JIEMEHT MOJs & = 3. DJIEMEHTHI T0JIs 00pa3yroT MHOKECTBO

[1,39,10, 13,5, 15,11, 16, 14,8, 7,4,12,2,6] .
MHokecTBO 00paTHBIX 3JIEMEHTOB MOJIS PABHO



{a™} ={6,2,12,4,7,8, 14, 16, 11, 15, 5, 13, 10, 9, 3, 1}.
Marpuia npsimoro mpeodpazoBanust pazmepom 16~ 16 umeer Bu

11 1 1 1 1 1 1 1 1 1 1 1 1 1u
3 9 10 13 5 15 11 16 14 8 7 4 12 2 6 3
9 13 1516 8 4 2 1 9 13 1516 8 4 2u
10 15 14 4 6 9 5 16 7 2 3 13 11 8 12

13 16 4 1 13 16 4 1 13 16 4 1 14 16 4uU
8 6 13 14 2 10 16 12 9 11 4 3 15 7y
15 4 9 16 2 13 8 1 15 4 9 16 2 13 8t
117 2 5 4 10 8 3 16 6 15 12 13 7 9 .
16 1 16 1 16 1 16 1 16 1 16 1 16 1
14 9 7 18312 15 6 16 3 8 10 4 5 2 1lu
8 13 2 16 9 4 15 1 8 13 2 16 9 4
7 15 3 4 11 9 12 16 10 2 14 13 6 8 5U
4 16 13 1 4 16 13 1 4 16 13 1 4 16 133
12 8 11 13 3 2 7 16 5 9 6 4 14 15 10U
2 4 8 16 1513 9 1 2 4 8 16 15 13 9 3
6 2 12 4 7 8 14 16 11 15 5 13 10 9 3 H

PP RO RO RO RRP ROD POD RO @ RO

3amaaum BekTop coobmenns B Buae a = (1, 1, 1, 3,4,1,9,0,0,0,0, 0, 0, O, O, 0).
Crnextp @ypre- ['antya cooOmieHus paBeH
A=aV=(14,13,11,99,13,16,11,7,9,8,3,1, 16,11, 3) .

Oyuknus cnektpa [IOI nokazana Ha puc. 2.

O6patHoe npeodpazoBanne PI" Beraucium no Gpopmyine g :% av ja "l mod17.

j=0
[TpoBest HEOOXOAMMBIC BBIYUCIICHUS, HETPYAHO YOCIUTHCS, YTO HCXOTHOE COOOIICHHE
BOCCTaHABJIMBACTCS MOJIHOCTHIO. TakK, =(1/16)[141+136+112+912+94 +

+137+16+8+1114+716+911+815+35+113+1610+119+ 3 3] =1 mod 17.

2.4. KonupoBanue u aekoaupoBanue koga PC B yactorHoi od6aactu

Konuposanue B 4actoTHOH o6nactu PC-komamu Hazx monem GF(g = 2") cocrour B
cieayromiem (puc. 3). MudopmanronHoe coobmienne a u3 K = n —m = g — 1 cuMBoJIOB
npejCTaBiIsIeTcss B BUjae cTapmux koddduuuentoB crnekrpa Fg Pypoee- [anya (PT), a
OCTaJIbHbIE M CHMBOJIOB 3TOTO CIEKTpPa MOJIAraloTCsl paBHBIMU HYJIIO.

KonoBoe ciioBo C B HeCMCTEMaTHYECKOM BHJIE TOJY4YaeTCs C MOMOILbI0 OOpaTHOIo
N-TouevHoro npeodpazoanus OI' crekrpa Fe.
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Puc. 2. Cextp K0J10BOTO cllOBa
alo
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HYJIAMU DI KaHalla
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a
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F Haxoxnenune PexyppenTHoe
TOYETIHOC > IIOJINHOMA >  [IPOJOJDKCHHUE
Allor JIOKaTOPOB CUHIpOMA
S OIINOOK s(x)
S(x)
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BOCCTAHOBJICHHE
| coolreHus

Ornenka a

o

Puc. 3. Cxema criekTpaibHOTO KOZepa-aeKoiepa: a — KOAUPOBaHUE,

6 - IeKOaUpOBaHUE




Ipumep. Mycts Hax monem GF(q = 2*) He06X0MMO 3aK0UPOBATE COOOIICHHE KOIOM
PC ¢ mapamerpamu N =15, k=11, d = 3. DieMeHTHI IO UMCIOT BHU]T

1,a,a%a’ 1+a,a+a’a’+a’1+a+a’1+a’a+a’ l+a+a’a’*+a°+a, 1+a+
+a’+a’ 1+a’+a’1+a’

Coobmenue 3aaano B popme a = (ayy, aso, ..., &) =(13,7,15,5,9,1,0,0,0,0,0) =

_al3a’al®a%a%4,00,0,0,0

Cdopmupyem criektp V = (a; 0) = (13, 7,15, 5,9,1,0,0,0, 0,0, ..., 0), rme 0 —
HYJIEBOM BeKTOp JIMHBI M = N — K. Bocmons3oBaBmiuck obpatHeiM JITIDI, Haiizem
HCKOMOE KOJIOBOE CJIOBO

c=v=Ierivy =(14,0,1,10,0,5,0, 10, 2, 0, 2, 14, 15, 0, 3).

Aneopumm 0ekoouposanus 8 CnekmpaibHou ooiacmu
OCHOBHBIE ATalbl CIEKTPATHHOTO JICKOAUPOBAHHS:

1) nuckpernoe npeobpazoBanue Pypoe- [amya (JI1DI);
2) HaXOXXICHHE MOJUHOMA JIOKATOPOB;

3) peKyppeHTHOE MPOJIODKCHUE CHHIPOMA,;

4) KOppEeKUHs ¥ U3BJICUCHHE COOOIICHUSI.

Ha nepBom srane npunsaToe ciioBo Y = ¢ + € noasepraercs N - touyeunomy JIIDI.
[Monyuennsiit BekTop Y = (Yo, Yi, ..., Yp.1) COOTBETCTBYET CHEKTPY JJISI CYMMBI KOJOBOTO
cioBa u omuoku (¢ + )W, = C + E, rne W, — marpuma JII1OT". Tak kak M cOCTaBIAIONINX
BekTopa V SIBISIOTCS HYJIEBBIMHU, TO COOTBETCTBYIOIIME UM M KOMIIOHEHT BeKTopa S = (S =
= Xe, St = Xis1y -ooy Sm1 = Xio1) XapaKTepU3YIOT KOHPHUTypaluio ommbox €. Jpyrumu
CJIOBaMH, 3TU M KOMITIOHEHT aHAJIOTMYHbI CHHPOMY BO BPEMEHHOW 00J1acTH, IPUYEM, €CIU
BCE OHU PaBHbI HYJIO, TO CYUTAETCS, UTO B PUHSATOM CIIOBE HET OLIMOOK.

Bropoii 3tamn npoiie no cpaBHEHUIO C BpEMEHHBIM JIEKOJUPOBAHUEM, TAK KaK OTMHaJaeT
HEOOXOJIMMOCTh B TOJHOM pEUICHUH KJIIOYEBOrO YpaBHEHUS, a JIOCTATOYHO HAWTH JIMIIb
MIOJIMHOM JIOKATOPOB S (X).

Tperuii stanm cBomutcs K BblumcieHuro crnekrpa E = {E} ommbok. Jlns storo
OCYIIECTBIISIETCS] PEKYPPEHTHOE MPOI0JKEHUE CUHApPOMa 1o (hopmyrie

En-1-1-pY1=Ep-1-pYa-npt... tEn—2-j) Y1+ En-1-) Yo,
rae Yy - Kod(QHUIUEHT npy X MonMHOMa JoKaTopoB ommGok S(X), j =0, 1,..., (n- 1), -
cTerneHb mosmHoMma S (X).
[Ipu 3TOM M cTapuux k03P puueHToB cnekrpa E coBmanaiwoT ¢ COOTBETCTBYIOIUMU
KOMITOHCHTaMH CHHIPOMA, XapaKTePHU3YIOIIMMHU ONIHOKY €
En-1=Sn1, En-2=Sn 2., Ek= n-m) = S0



Koppekiusga Ha 4eTBepTOM d3Tame COCTOUT B CIIOXKEHHUHM BEekTOpoB Y u E, a Taxxe
BBIJICJIEHUHN COOOIIEHUsS W3 MOJIydeHHOW mocie oTOpacbiBaHus HysneBoro Bekropa O
JUTUHBI M U3 CyMMBI.

Ipumep. IIpeanonoxum, 4To KOAOBOE CIIOBO UMEET BU

c=(14,0,1,10,0,5,0, 10, 2,0, 2, 14, 15, O, 3).

[Tocrne nckaxenus B kanae npunst Bektop Y = (0, 3, 1, 10,0, 5, 0, 10, 2, 0, 2, 14, 15, 0, 3).
Bekrop ommbok paBeH e = (g = 14, e; = 3).

[Tocne Boimonnenus: 15-roueunoro JII®I" onpenensiem cekTp

Y =y W5 =(6, 15, 11, 4, 3, 11, 4, 11, 10, 5, 2; 0, 3, 7, 13) = (Yo, Y1,.., Y10; Y11,---, Y12).

Tak kak yeTbipe MpaBbIX KOAPUIMEHTA CIEKTpa OTJIWYHBI OT HYJIA, TO B IPUHITOM
CJIOBE UMEIOTCS OLITUOKHU.

Ucnonb3ys anroputm BM, HaxoauM MOJIMHOM JOKaTOPOB OLIMOOK, KOTOPBI paBeH

s(x) =x* +a’x +a'’.

OnpenenuiM CHEKTp OMIMOKM Kak MpoAOJbKeHHEe cuHapoma. g paccMmarpuBae-
moro ciydas umeeM N =151 =2, yg=15y,1 =4, Eyu=5=13, Ex=5=7, E;3=5 =3,
Ey =5 =0.

Yoeaumcst, uto ipu | = 0 1 | = 1 peKypCHUBHBIC COOTHONICHHUS BBITOTHSFOTCS:

Epn=Eizy:+Euyo=a’a*+a®a'*=a®=3 Ey=Epy, + Eizyo=33+714=0.

Jlnst | = 2 Haxoaum

Eio=Euy1+Epyo=03+314=2

AnanoruuHbiM 00pa3om monyuyaeM: Eg = 5, Eg = 10, E; = 11, Es = 4, Es = 6, B4 = 1,
Es=8 E,=12,E; =9, Ey=15.

[locne croxeHus: BEKTOpa OMIMOKM C TOJIYYEHHBIM COOOLIEHHUEM M HUCKIIOYEHUS
YeTbIpeX MpaBbIX HYJIEBbIX KOADPUIIMEHTOB U3BJIEKAEM BEPHOE COOOIICHHE.

CrekTpaiabHbBli METOJ| JAEKOJMPOBAHMS 3HAYUTENIBHO MpOIIE JEKOJAWPOBAHUS BO
BpeMeHHOM oOmactu. OgHako oH umeeT HemoctaTok. Coou B Omoke AIIDIT, uckaxkaromme

J00bIe HECHHAPOMHBIC cUMBOJIBI ¢ HoMepamu | =0, 1,..., k- 1, He MOTYT OBITH BBISIBJICHBI.

2.5. UcnipaBieHue omMOOK U CTUPAHHUI
B pexume cTupanus (QUKCHPYIOTCS HE CaMM OLIEHKM IIPUHATBIX CHUMBOJOB, 4 MX
MECTOIIOJIOKEHNE U MM IIPUCBAUBAETCSA CTATyC CTEPTOro cumsona. CyTh MCIpaBIEHUS U
CTUpaHUS COCTOMT B TOM, YTO IIOCJIE IEKOAMPOBAHMS MOYHO IPOBECTH BOCCTAHOBIICHUE
CTEPTBIX CHUMBOJIOB, MCIIONbL3Ysl AITOPUTMbI MHTEPIONANMU. Eciam mpu AeKoaupOBaHUM
UCIIONE30BaTh | CTEPTHIX CUMBOJIOB, TOrJa ABa KoAa OyayT OTJAMYAThCSA APYr OT APyTa II0
menbmei mepe Ha (d - |) mosunwmii, roe d — kogoBoe paccrosinue. Torma B IONOIHEHHE K

CTHpaHHIO MOXHO Oyzer ucnpasisith ty, =@d - | - 1)/2( ommbok, roe €X( - 970 1enas

gacTh uncna X. KoJg MoKeT MCIpaBisaTh Bce KoMOMHAmMu u3 N omubok u | crupannii B
Kanaue, 11 koroporo 2N +1 <d.



JInsi BOCCTAHOBJICHHS OJHOTO CTEPTOrO CHMBOJA HEOOXOIMM TOJIbKO OJIUH
NPOBEPOYHBI CHMBOJ — JUIi BOCCTAHOBJCHHUS 3HAYCHHs, T.K. MO3WIHS CTHPAHUS
pPUHUAMAIOIIEH cTopoHe u3BecTHa. Hanpumep, mns mons [Nanya GF(256) PC-xox (94, 88)-
OuTOBBIX cMMBOJIOB nMeeT N = 94, K = 88 n MoxxeT ucnpaBuTh 10 Tpex omubok (t = 3) u
BOCCTAaHOBHUTb JI0 IIECTH CTEPTHIX CUMBOJIOB.

Aneopumm ucnpasnenus cmupanuti. IIpeamonoxuM, 9To BITOTHEHO | cTUpaHuii

IIpH IIPUEME KOJOBOI'O CJIOBA, B KOTOPOM MMEECTCA N OIITNOOK.

L L o .
O6Go3HauuM J0KaTopsl omubok kak X; =a ', X, =a *,.., X, =a ", a crupanuii —

-l —n i R
KaKk Yo, =@ ', Y., =@ 7., Y ; Ta@ | JlekoqupoBaHue BeETCA B CIIEAYIONIEM TIOPSIKE.

1. Beraucnsiercss moJMHOM JIOKATOPOB CTUPAHUIA:

G0 =0 Y., %) .

2. B pexkoaupyeMoOM BEKTOpE 3aMEHSIOT CHUMBOJBI C KOOpJIMHATaMU CTHUpPAaHUN Ha
HYJICBBIC CUMBOJIBIL. J[JIs1 HOBOTO BEKTOpa HAXOIMUTCS TIOJIMHOM CHHIpOMa cTHpaHuii S(X).
3. Onpeaensiercs MOAU(PUIIMPOBAHHBIN MMOJIMHOM CHHIpOMA

SE(X) = (I(X)[1+s(X)] - 1) mod x***,

4. BeuucisieTcs MOJIMHOM JIOKATOPOB OMHUOOK S (X), UCIONB3YS JUIS 3TOTO allTOPUTM

BM u 3HaueHus MOAU(PUIIMPOBAHHOTO OJMHOMA SEi g=f+1 .., 2t
5. Onpenenstorcs kKopHu ypaBHeHHS S (X) = 0 ¥ KOOPAMHATHI OIIHOOK.
6. CocraBsieTcsi KIIIOUEBOE YpaBHEHUE
w(x) =s (X)[1+ SE(x)] mod x****
Y OTIPEIEIIACTCS TIOJIMHOM JIOKATOPOB OIIUOOK-CTUpAHUN Y (X) =s (X)I'(X).
7. O1ICHUBAIOTCS 3HAYCHHUSI OMIMOOK M CTUpaHWi. 3HAUYCHHS OIMMOOK BBIUUCISAIOT TIO
dbopmyne

Q - XkW(Xkl) '
(i v -1 ,Taey - (opmanbHas NPOU3BOIHASA.
k y (Xk ) y op P
-1
. _ - Yw(Y, )
3HaueHUs CTUPaHUI BBIYUCISIOT 10 GopmyJie Fik =
y 7

Ipumep. Nexomupyercs koa PC (7, 3), moctpoennsiii Haa mojiem GF(8).
[IpuHMMaeMblii BEKTOP paBEH
y)=a* *+a’x+a’x'+xC+a’ ¥+a’x+a’=
= Y6 X+ Y5 X +ys X' +y3 X +y2 X Hy1 X+ Y.
[TpueMHHK BBIIAN CTHpPAHHUSA Ha MO3UIMAX |1 = 1, j» = 6, 4TO MO3BOJSCT 3alKCaTh

. 2
MOJIMHOM CTHpaHU# Kak €f(X) = erp X + erp X~. AJrOpUTM JeKOJUPOBAHHMS



1. T(x)=(1-ax) (1-a®x) =1+ a’x +x
2. 3amensieM B Y(X) ciMBOJIBI Ha 1-if 1 6-if O3UIIUAX HYJISIMHU:
Ye(X) = a’x’+a’x*+x2+a®x*+a’, mocne uero BerncITEM CHHIIPOM
Si=yfa)=a; S =yda) =a; S=ya’) =a; k= y(a’) =a’;
s(x) =a x+a X +ax +a’x\
3. Moauduimpyem NoIMHOM CUHIPOMA
SE(x) = [(1+ a°x +) (ax+ax’ +ax +a’xh - 1] mod x° =
=a’x+a’ X +a°x’ +a°x".
4. Tlpumenss anroput™ BM, nonyuum BelpaxkeHue Uil HOJMHOMA JIOKATOPOB OLINOOK
s(x)=1+ a’x. Jlokarop omuOku X; = a®. Oumbka pacroiokeHa Ha TPEThEH MO3UIUH.
5. KuroueBoe ypaBHEHHE paBHO
w(X) = s(X)[1 + SE(X)] mod x° =
=(1+ a’ X) (1+ alx+a*® +ax +a2x4) modx°=1+a’x+ax* +a’x’.
[MomuaoM Yy (X) = (1 + a’x+a’x’+a’ x3).
dopmanbHas npomsogHas Y (X) = ( a’+a’x ).

6. Boruncnsem 3HaueHus: OMMUOOK U CTUPAHUN:

:a3w(a4):a6 :aw(aG):a5

_a%@) _ 4
y @) A

Q, | .
y @9 y @)

CnexmpanbHoe npedcmasierue npoyecca UCnpasieHus OumuOoK u Cmupanul.
JloTOTHUTENEHO BBEAEM CJICIYIONINE 0003HAUCHNUS !

- I ={ig,i},ei, 1} - MHOKECTBO HMHEEKCOB TO3MITHA I -CTHpaHuii,
- M ={js, JisJnr.1} - MHOKECTBO HHIEKCOB DIEMEHTOB JIEKOIUPYEMOTO
BEKTO-pa, HE 3aTPOHYTHIX ITPOLECCOM CTHPAHMS,

-T=(09+01+--0, .1} - BeKTOp CTEPTHIX CHMBOJIOB;

_b= (bO’bl""’bn-r-l) = (CjO’le""’Cjn_r_l) - KOJIOBBII BEKTOp, B KOTOPOM

WCKJIIOYEHBI CHMBOJIbI, COOTBETCTBYIOIINE CTUPAEMBIM MMO3ULIHSIM.
Ompenenum B mpoBepouHoil Marpuiie H mogmatpuity Hy, 37€MEHTBI KOTOPOM MMEIOT
WHJIEKCHI, COOTBETCTBYIOIIUE MO3UIUASM CTUPAHUIA:
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CumBoIBI (Xo, X1y Xr - 1) MMEIOT CMBICII JIOKATOPOB CTUPAHUM.

Martpunia W, cooTBeTCTBYIOIIAs OCTAIbHBIM, HE CTEPTHIM CUMBOJIaM, UMEET BU]I

él 1 L 1 u
é a
W _éWO W, L Wn-r-ll]
L L O 0
€ .1 r-1 a1 u
@WO Wl L Wn-r-l

rae W, =a, , jinl M,m=0,1,..,n-r -1,

MoauuirpoBaHHBIN CHHIPOM MOYHO OIIPENCTUTh U3 BHIPAKCHUS
E' =(s,,S,.S,.,) =Wb'

Ecmu B HpI/IHSITOM BeKTOpe 3aMCHHUTDH CTepTBIe CUMBOJIBI HYJSIMU

10l G

y=00ye-Yn-0 A T i e

TO CHHJPOM MOXET OBITh BBIUUCIICH 10 (hopmyIie
Bl
s=aya’,i=01L1..,n-k-1
j=0

JIJis Ka>kJI0T0 KOJIOBOTO CJIOBA MOYKHO COCTaBUTh YpaBHEHUE
T ik —
H.g +Wb' =0.

OTtcro1a BEKTOP CTEPTHIX CUMBOJIOB MOXKET OBITh OMpEIeTIeH KaK

TR -1 T — -1lopeT

g =-H Wb =-H_SE
[IpuMenenne TOW wWin WHOW (OPMBI MPEICTABICHHUS W JEKOAUPOBAHUS JIUKTYETCS
TEXHUYECKUMH TPEOOBAHHUSIMU Ha JEKOJIED.

3. IPOTPAMMBI 1Jd UCCJIEJIOBAHUSA CBOUCTB KOJIA PC

VMP := proc(v::vector,A::array,p::integer) - BBIYHUCICHUE MTPOU3BEICHUS BEKTOpa V
Ha matpuiry A, VA o moay:ro p(mod p);

GenMat:=proc(G::array,p::integer) - ¢opMHupOBaHUE TEHEPATOPHONH MATPHUIIBI
crynendatoit popmb G mod p a1 Koj1a, OnpeaeaseMoro CTpokoit marpuibl G;

DualGenMat:=proc(G::array,p::integer) - BBIYUCICHUE T'CHEPATOPHONH MAaTPHUIIBI
AyallbHOTO KOJa, ompejensieMoro crpokoit marpuubl G mod p (popmoit reHepaTopHOTO
MOJIUHOMA);

ToPoly - mpeoOpa3oBaHHe BEKTOp - MOJHMHOM C Kod(dHIMEeHTaMH, paBHBIMU

3JICMCHTAaM BCKTOpPa
> ToPoly:=proc(w::array,p::integer,var::symbol)



local i,n,poly;
n:=vectdim(w);
poly:=0;
for itondo
poly:=poly+(Normal(w[i]) mod p)*var”(i-1);
end do;
RETURN(sort(paly))
end:

ToVector - koHBepTUpOBaHUE MOJIMHOMA B BEKTOP JUTHMHBI N, N JOIKHO OBITH OOJIBIIE
i paBHo Benmuune degree(poly,var) + 1
> ToVector:=proc(poly::polynom,var ::symbol,n::integer,p::integer)
local i,v;
v:=vector (n);
for i ton-1do
v[i+1]:=Nor mal(coeff(poly,var”i)) mod p;
end do;
v[1]:=Normal(subs(var=0,poly)) mod p;
RETURN(eval(v))
end:

IrredPoly - BbIOOp HEMPHBOIUMOIO IMOJIMHOMA CTereHW I Hajx moineM F(p) myTtem
daxropuzanuu nmomuHoma XN(Pr- 1)- 1 mod p
> [rredPoly:=proc(r::integer,p::integer)

local fp,i,irr;
fp:=Factor (x"(p"r-1)-1) mod p;
for i to nops(fp) do
if degree(op(i,fp)) =r then
irr:=op(i,fp);

break

end if;
end do;
RETURN(irr)
end:

MinPoly - BbelumciIeHHe MHHUMAIBHOTO TOJHMHOMA 3yeMeHTa beta’s, rme beta =
RootOf(h) - npumwurtusHeii smement noist GF(p™r), rae r = deg(h). Tlonmaom h momken
ObITh HePUBOAMMBIM HaJl TiosieM GF(pP) u BInosHEeHO HepaBeHCTBO 1 <= S <= 2/\r-2
> MinPoly:=proc(s::integer,h::polynom,p::integer ,var::symbol)



local CC,n,beta,t,mp;
beta:=RootOf(h);
n:=p”degr ee(h)-1,
if evalb((1 <=s) and (s<=n-1)) then
CC:=CyclotomicCoset(s,n,p);
mp:=1,
for tin CC do
mp:=mp* (var-beta*t);
end do;
mp:=expand(mp);
mp:=Nor mal(mp) mod p;
RETURN(sort(mp))
else
lprint(" Error -- snot in correct range 1 <= s <= 2"degree(h)-2")
end if
end:

RSGenPoly - naxoxaeHue rerepatopHoro noiauHoma koxa PC. Omeparop “irred” -
JOJI2KECH OBITH HCTIPUBOAVMBIM ITOJIMHOMOM CTCIICHH I Hag II0JEM Fp, KOpHH KOTOPOTO
SIBIIAIOTCSA MPUMHUTHUBHBIMEH 37eMeHTamMu s monss GF(pr). KopHsMu reHepaTopHOTro
MOJIMHOMA SIBJISIIOTCS 37eMeHThI beta(m+1), ... , beta*(m+delta-1)
> RSGenPoly:=proc(p::integer,r::integer ,delta::integer,m::integer,

h::polynom,var::symbol)

local i,beta,gp;
beta:=RootOf(h);
gp:=1;
for i from m+1to m+delta-1 do

gp = gp*(var - beta™i);
end do;
RETURN(sort(collect(Nor mal(expand(gp)) mod p,var))) end:

RSEncode - mnonuHOMHanbHas ¢opma KoaupoBaHus uWHPopMaruu kogom PC.
Omneparop "delta’ ompenernsier MuHMMaIbHOE KO/IOBOE paccrosiHue; delta=degree(gen)+1.
Jlnuna wHQOPMAIMOHHOTO CJOBa JOJ/DKHA ObITh paBHa PMr-delta. Ilepemennas “var"
JI0JKHA COBIAaTh C CHMBOJIMKON MIEPEMEHHON TeHepaTOPHOTO MOJTHHOMA
RSEncode: =pr oc(info::array,gen::polynom,var::symbol,irred::polynom,p::integer)

local r,delta,sf,cp,i;
r:=degree(irred);
delta:=degree(gen)+1;



s.=vectdim(info);
if s=p”r-deltathen
f:=0;
for itosdo
f:=f+info[i]*var™(p"r-i-1);
end do;
cp:=f - Rem(f,gen,var) mod p;
RETURN(ToVector(cp,var,pr-1,p))

else
lprint(" Error -- expecting p*r - delta infor mation symbols")
endif; end:
RSBMSynPol - BbelumciieHue CHHApPOMa ONIMOKM MPUHATOrO BeKTopa. Pesynbrar

NpCACTaBIISICTCA B BUAC ITOJIMHOMA nepeMeHHoﬁ X
> RSBM SynPol:=proc(received: :array,delta: :integer,m::integer ,irred:: polynom,
p::integer)
local r,n,beta,wp,syndromes,j,sp;
r:=degree(irred);
n:=p”~r-1;
if evalb((vectdim(received) = n) and (modp(delta,2) = 1)) then
beta:=RootOf(irred);
wp:=ToPoly(received,p,x);
syndromes.=array(m+1..m+delta-1);
for j from m+1to m+delta- 1 do
syndromeg]j]:=Nor mal(subs(x=betaj,wp)) mod p;
end do;
sp:=1;
for j todelta- 1do

Sp:=sp+syndromes[m+j]* x"|;

end do;

RETURN(sp)

else

Ip(" Error -- received word hasincorrect length, or deltaeven") endif;, end:
RSBMErrorLoc - BblYMCII€HHE TOJIMHOMA JIOKATOPOB OIIMOOK IO aJIFOPUTMY

beprnekemna-Meccu. MunumanbHOe KOJ0BOe pacctosHue “delta’ ompenmensercs kak
HedeTHoe uymcio. "irred " - HENPUBOAMMBIA IMOJUHOM CTCIEHH I, COOTBETCTBYIOIIHIA
creneHn pacimpenHoro mosst GF(p™r). Curnpom "syndromepoly” nomken umets Gopmy
MOJIMHOMA OTHOCUTEIIBHO TTIEPEMEHHON X

> RSBMErrorL oc:=proc(syndromepoly::polynom,delta::integer,irred::polynom,



p::integer,ver bose::boolean) local q,pp,z,DD,cc,cd,i;
g:=array(-1..delta-1);
pp:=array(-1..delta-1);
z.=array(-1..delta-1);
DD:=array(-1..delta-1);
g[-1]:=syndromepoly;
g[0]:=simplify((syndr omepoly-1)/x);
pp[-1]:=x"delta;
pp[0]:=x"(delta-1);
DDI[-1]:=-1; DDI[0]:=0; z[0]:=-1;
for i to delta-1 do
cc:=Normal(subs(x=0,q[i-1])) mod p;
if cc=0then
q[i]:=simplify(q[i-1]/x);
ppli]:=simplify(pp[i-1]/x);
DD[i]:=2+DD]Ji-1];
Z[i]:=2[i-1];
else
cd:= Nor mal( subs(x=0,q[z[i-1]]) ) mod p;
gli]:=Normal(ssmplify((q[i-1]-(cc/cd)* q[Z[i-1]])/x)) mod p;
pp[i]:=Nor mal(simplify((pp[i-1]-(cc/cd)* pp[Z[i-1]])/x)) mod p;
DD[i]:=2+min(DDJi-1],DD[Zi-1]]);
if DD[i-1] >= DD[Z][i-1]] then

Z[i]:=i-1;
else
Z[i]:=7i-1];
end if;
end if;
if verbose then
print(" step”,i,":");

print(ToPoly(ToVector (pp[i],x,degree(ppli])+1,p),p,X),
ToPoly(ToVector(q[i],x,degree(q[i])+1,p),p,X));
endif; enddo;

RETURN(ToPoly(ToVector (pp[delta-1],x,degr ee(pp[delta-1])+1,p),p,X)) end:
RSBMErrVal - BeruuciieHre MECTOMOM0KEHU OIKUOOK M 3HaueHui ommbok PC-koma
(pr,delta);
> RSBMErrVal:=proc(errloc::polynom,synpoly::polynom,m::integer ,delta: :integer,
irred::polynom,p::integer)
local r,rr,eerrrev,roots,,l,beta,errorvaluesrtinv,j;



r:=degree(irred);
beta:=RootOf(irred);
e:=degree(errloc);
errorvalues:=vector ([seq(0,i=0..p"r-2)]);
roots:=array(0..p"r-2,[seq(0,i=0..p"r-2)]);
errrev:=Nor mal(simplify(x" e* subs(x=1/x,errloc))) mod p;
j:=0;
for i from Oto p”r-2do
iIf Nor mal(subs(x=beta’i,errrev)) mod p = 0 then rootsfi]:=1,
ji=j+1; end if;, enddo;
if j <>ethen
RETURN(FAIL)
else
rr:=Rem(errloc*synpoly,x*delta,x) mod p;
for i from Otop”r-2do

if rootg[i] = 1 then

rtinv:=Nor mal(1/beta’i) mod p;

errorvalueg[i+1]:=Nor mal (beta” (i* (1-m))*

subs(x=rtinv,rr)/subs(x=rtinv,diff(errloc,x))) mod p;
endif;, enddo;
RETURN(eval(errorvalues)) endif; end:

RSBMDecode - anroputm obiiero aekoaupoBaHus koga PC ¢ BOoCCTaHOBIEHHEM
KOIOBOT'O CJIOBAQ,

RSBM Decode:=proc(rec::array,p::integer,irred::polynom,delta: :integer,m::integer)
local sp,el,errorvector;
sp:=RSBM SynPol(rec,delta,m,irred,p);
el:=RSBMErrorL oc(sp,delta,irred,p,false);
errorvector:=convert(RSBMErrVal(el,sp,m,delta,irred,p),vector);
RETURN(map(y->Normal(y) mod p, matadd(rec,errorvector))); end:

CHerr — oneparop mMojenu kaHaia nepenadu nHpopmamnuu. Mojeaupyer renepaTop
OLIMOOK, KOTOpBIA (OpMHUpYET CiIydallHbIM 00pa3oM B 3aJaHHOM KOHEYHOM I10JI€ BEKTOP
OIIHOOK OMpeIeICHHOTO Beca, a TakKe CYMMaTop, KOTOphIH ckiaabiBacT B mojie GF(p)
QJICMCHTBI BEKTOPA KOAOBOT'O CJIOBA M BCKTOpA OIIINOOK.

Dganal — npeoOpa3oBaHue MaHHBIX, MPEJACTABICHHBIX B BHUJC BEKTOpa 3JICMEHTOB
nonst Buna b !, Bekrop nmecsrmumbix wmcen {j}; MCmomb3yercs Ui MOTydeHHsS (YHKIHIA,
WUTIOCTPUPYIOLIUX IPOLECCHI KOAUPOBAHUS U JEKOAUPOBAHUS.

MFGT - dopmupoBanue Matpuiisl npsimoro [1DT
OMFGT - dopmupoBanue matpuiisl oopataoro [1DT
fX — onepartop-dyukuus npsimoro [1OT".



> fx:= x-> simplify(add(fin[i]*x”(i-1), i=1..k)) mod p;
ofX — oneparop-dynkims ooparHoro IO
> ofx:= x-> s mplify((1/16)* add(fin[i]* x* (-(i-1)), i=1..k)) mod p:

Ilpumep.
Kox PC (n =15, d =5) nag monem GF(2*4 =8),p=2,r=4
1. OnpenenrmM HEMPUBOAUMBIN MOJIMHOM
> [rredPoly(4,2);

x4+x3+x2+x+1.

2.Boruricnium renepatopHblil noauHoM koga PC. KopeHb - NpUMUTHBHBIN 371eMEHT

noJist "beta" ABaseTCss KOpHEM HENPUBOAMMOTO ITOJTMHOMA.
> alias(beta=RootOf(x 4+x+1));
> g:=RSGenPoly(2,4,5,0,x" 4+x+1,X);

g=xt+ (03 +b2+0x3+ (b3 +b)x2 +b3x+ (b2 +b +1).

3. 3agaaum uHOOPMAIIMOHHBIN BEKTOP &, UCIIONb3YS ISl 3TOTO:
- TEHepaTop CIYYaiHOTO MOJHMHOMA B KOHEYHOM TI0JIe
>h:=Randpoly(10,x,beta) mod 2;
hi=(b3+b+)x0+(b3+b2+1)x2+ (b3 +b2+b +1)xS +

+(b3+b2+b)x + (3 +b2+)x0 + (b2 +)x° + (b3 +b 2 +b)x* +
(b3+b +1)x3 +(b3+b2 +b)x+ (b2 +b)

- omnpenenuB UHGOPMALMOHHBIA BEKTOP KaK MHOXKECTBO
> a:=array(1..11):

- KOHBEPTUPOBAB CIyYaHBIA IOJMHOM B BEKTOP 3aJaHHOTO pa3smepa

a:=ToVector(h,x,11,2);
a=[b*+b,b®+b*+b,0,b®+b+1Lb%+b*+b,b*+1,b%+b?*b,
b*+b?+b+Lb*+b?+1Lb’+b +1]

4. BBIYUCIUM KOJIOBOE CIIOBO C(X), MPEICTAaBICHHOE B TIOJMHOMHUAIBHOM (hopMe
> c:=RSEncode(a,g,x,x"4+x+1,2);
c=[b*+b+1b%+b?+Lb*+Lb°+b* b’+b+1b%+b?+1,
b®+b?+b+Lb%+b?*+b,b®+b*+Lb?+L,b°+b?+b,b*+b +1
0,b*+b?+b,b*+b].

5. IlpoBemem wmooenuposanue rananra nepeoauyu uHpopmayuu. Bocmomabzyemcs
noanporpammoit GHerr, koropas dopmupyer ciaydailHbIM 00pa30oM BEKTOP OIIUOKU
“Error”, BeUHMCIAET BeC XOMMHHTa JTOTO BEKTOpa U CKJIAQJABIBACT DJIEMEHTHI
WH(POPMAIIMOHHOTO BEKTOpa € dJEMEHTaMH BEKTOpa OIIMOKH, (QopMUpYysS TEeM cambIM

IIPUHUMAEMBIN BEKTOD V-
> y:=GHerr(c,1,x"4+x+1,15,2);



Error=[0,0,0,0,0,0,0,0,0,b*+b*0,0,0,0, b +1]
y=[b?+b+1Lb°+b?+Lb*+Lb%+b%b*+b+Lb*+b?+Lb%+b%+
+b+Lb%+b%+b,b*+b*+1,b°+1,b*+b%*+b,b*+b +10,b%+b?*+b,
b?+1]

exooupoeanue npunamozo cueHana

6. BeramciimM NoMHOM CHHIPOMA OMTHOOK S(X)
> s:=RSBM SynPol(y,5,0,x" 4+x+1,2);

s:=1+(1+b3)x+ (b3 +b2 +b)x2 + (b3 +b)x>+ (b3 + b2 +b)x?
7. BBIYUCIIUM TIOJTMHOM JIOKATOPOB OO0k (X)
> Q:=RSBMErrorLoc(s,5x"4+x+1,2,i=l);
q::(b2 +1)x2 +(b3+b2 +b)x2 +(b3+b)x3+(b3+b2 +b)x4
8. BrrunciuMm orieHKy BekTopa omubok E

> ER:=RSBMErrVal(q,s,0,5,x 4+x+1,2);
ER:=[0,0,0,0,0,0,0,0,0,b%+b2,0,0,0,0, b +1]

Bwvi6o0. Bexktop ommOKu 1 OlIEHKa BEKTOPA OIIMOKU COBIAAIOT.

9. BBITOTHUM MOJTHOE AEKOIUPOBAHUE U BOCCTAHOBJIECHHE KOJOBOTO CJIOBA B BUJIE €rO
oueHku VC. MHpopmanmoHHas 4acTh pesynbrata 3aHuMaeT (P°r- d) mpaBeix Mmo3uimii
BEKTOpa U UMEET MHBEPCHYIO HYMEpAIMIO WHIEKCA MOJ0XKECHUS OTHOCHTEIBHO TIOJ0KEHUIH

CUMBOJIOB B KOJIOBOM CJIOBE II. 4
> vCc:=RSBM Decode(y,2,x*4+x+1,5,0);
ve=[b?+b+1b*+b*+1Lb?*+Lb*+b* b +b+Lb%+b?+1b>+b%+b +1,

b®+b?+b,b*+b?*+Lb*+1b%>+b*+b,b*+b+10,b°+b*+b,b%+b?]
Bui6oo. Koa PC ucnpasuit 1BoiHY0 OIIMOKY, TPOU3OLIEAIIYIO B KaHaJIe TIepeIaun
uH(pOpMaLIIH.

Ha puc.4, 5 npuBeaens! GyHKINHU, WLTIOCTPUPYIOIINE MPOIECChl KOAUPOBAHUS U

ACKOANPOBAHUA C IMMOJIOKHUTCIBHBIM U OTPUIATCIIBHBIM UCXOJaMH.
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Puc. 4. Ananorosbsie (yHKUINHU, WUTIOCTPUPYIOLIKE MTPOLIECC KOAUPOBAHUS U
nexoaupoBanus kojna PC 6e3 ommbku: a - curHainbHasi QyHKINS,
6 — GyHKIMS TPUHUMAEMOI0 CUTHAJIA; 8 — QYHKIMS CUHIIPOMA,;
2 — pyHKIMs pe3ynbTaTa JeKOAUPOBaHus (HEBepHAas OI[CHKA)
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Puc. 5. I'paduxu, wimoctpupyromiye npoiecc KOAUPOBAHUS U IEKOAUPOBAHUS KOJa
PC c ommbkoii: a - QpyHKUMS NPUHUMAEMOT0 CUTHaJA; O - (YHKIUS CUHAPOMA,

6 - (DyHKIMA OIEHKH pe3yJibTaTa JEKOAUPOBAHUS



4. COAEP KAHUE U NOPAAOK BBIINIOJITHEHUSA PABOTbI

4.1. Conep:xanune padoThbl

1. VI3yunTh NpUHIUN TOCTPOCHHUS, CBOMCTBA U aJITOPUTMBI JieKoiupoBanusi PC-ko10B.

2. U3yunth mnpaBuiia TOJB30BAHUS TMPOTPaMMHOrO obOecreueHuss K JabopaTopHOM
pabote u porpammHoro makera Maple.

3. [IpoBectu MoaenupoBaHue arOpUTMOB (opMUpOBaHUs nojei [anya.

4. [IpoBecTH MoJeNUpOBaHUE AITOPUTMOB IIpeoOpazoBanust Oypowe- ["anya.

5. [IpoBectn MonenMpoBaHUE € MOMOILBIO MPOrPAMMHOIO OOecreueHns aJropuTMOB
KOJIupoBaHus U JekoaupoBanus PC-ko0/10B BO BpeMEHHOM M CIIEKTPaIbHOM 00IaCTsX.

6. [IpoBecTu aHaIM3 CEKTPAIBHBIX U BECOBBIX XapaKTEPUCTUK KOJIOB.

7. OueHuTh JOCTOBEPHOCTh mepenaun uHpopmanuu ¢ nomomibio PC-kogoB
QITOPUTMUYECKYIO CIOKHOCTh UX KOJAUPOBAHUS U JAEKOIUPOBAHMUS.

4.2. llopanok BbINOJIHEHUSI PadoThI
CocTaBHTh U OTIAAUTH MOACTUPYIOIINE AITOPUTMBI TIPOTPAMMHOTO 00ECTICUCHHS.

4.2.1. Mooenuposanue ancopummos Gopmuposarusi KOHeUHvIX NoJel .

1. IlonyuynTh OT TpemnojaBaTeNisi WCXOAHBIC JAaHHBIC MOJIEH, MOCTPOUTHh KOHCTPYKIIUU
MoJiek, He0OXO0AUMBbIE TSI KOAUPOBAHUS U JEKOJUPOBAHUS COOOIICHUMN.

4.2.2. Mooenuposanue ancopummos npeoopazosarnus Pypve - [anya .

1. llonyunth OT TIpemoAaBaTedsl WCXOAHBIE JaHHBIE COOOIICHWH, TOCTPOUTH
KOHCTPYKLMHU NMPSAMBIX U oOpaTHbIX [1DT.

2. BeraucauTh CeKTphl COOOIIEHUI 1 MPOBECTH BOCCTAHOBJICHHUE JaHHBIX U3 CIIEKTpa-
JBHBIX KOMITOHCHT.

4.2.3. Mooenuposanue adoumueno2o kanaia nepedavu uHgopmayuu.

1. TlocTpouTh MOAETH KaHANIA TIepeadd HHPOPMAIINH, 331aB KOJTMYECTBO OIIMOOK.

2. CdhopmupoBaTh BEKTOP OIMIMOKU U MPUHUMAEMBIA CUTHAI.

4.2.4. Hccnedosarue cnekmpaibHblX Xapakmepucmux Kood.

1. BoruncnuTh cnekTpbl ¢ noMouisio oopatHoro IOl HeckoabkuX MH(DOPMALIMOHHBIX
COOOIICHNI ¢ pa3IMYHBIMUA JOOABJICHHBIMH HYJICBBIMH CETMEHTAMH JIJISl BBIYUCIICHUS
CHHJIpOMA M HaJIOKEHHEM BEKTOpa IIyMa.

2. Beraucnuth CUHAPOMBI MPUHUMAEMOTO CHUTHAJIA IBYMS METOJAMH. JUIsl BPEMEHHOM
00JIaCTH W CIEKTpabHOW 00JIacTel, MCmonb3ysl anroput™m beprekemma- Meccu, mpsimoe
[I®I" m pexyppeHTHBIN anrOpuTM BOCCTAHOBJIEHUS CHHIPOMA - II0 COBOKYIIHOCTH €rO
KoMMoHeHT. [IpoBecTr cpaBHEHHE aITOPUTMOB BBIYMCICHUS ¥ MTOTyUYEHHBIX PE3yTbTAaTOB.

4.2.5. Mooenuposanue aneopumma aneeopauyeckoco 0eKoOuposaHus 60 BPEMEHHOU
obnacmu (AJIBO) .

1. Vcmonb3ys [naHHBIE, TIONYYCHHBIE B  TPEABIAYIIAX  TYHKTaX, IPOBECTH
MOJISIUPOBAHNE aITOpUTMa JAekoaupoBaHus PC-koma anreOpamdecKuM METOAOM BO



BPEMEHHOI 00jacTu s pa3IMyHOrO 4YHclIa 3aJaBaeMblX omuOok. lcmonb3oBath
anroputMsl bepnexkemna- Meccu, @opHH.

2. OueHuTh MOMEXOYyCTOWYUBOCTH KoAUpoBaHus nHpopmarmu kogom PC ¢ 3agaHHbIMU
rapaMeTpaMu.

4.2.6. Mooenuposanue arcopumma 0exooupo8anusi 8 YaCmomHou 0o1acmu .

1. Vcmone3ys [naHHBIE, TOMYYCHHBIE B  MPEABIAYIIAX  TYHKTaX, IPOBECTH
MOJISIUPOBAHNE aAITOpUTMa JaeKkoaupoBanus PC-koma CHEKTpaldbHBIM —METOAOM B
YaCTOTHOH OONacTH /I Ppa3IUYHOTO 4YHWCla 3aJaBaeMbix omubok. Vcmomp3oBath
anroput™mel [IDI", bepnekemna- Meccu [1s1 BBIYMCIIEHUS! MOJIMHOMA JIOKAaTOPOB OMIMOOK,
PEKYPCUBHBIN aJITOPUTM BOCCTAHOBJICHHS BEKTOPa OIIHNOOK.

Pacuemnaa uacmeo
4.2.7. Ilocmpoumsv modenv dekodepa, ucnpasisarouieco ouuoxku u cmuparus kooa PC.
1. Tomy4nTh OT MpenojaaBaTeisi WCXOJHBIC JAaHHBIC I JIEKOTUPOBAHMUS, TOCTPOUTH
QITOPUTM KOJUPOBAHHWS W JICKOJUPOBAHHMS W TIPOBECTH pacyeT ITAIOB HUCIPABIICHUS
omuOOK U CTUPAHUM KOJIepa U JEKOepa.

5. COAEP KAHHUE OTUETA
dopMyIUpOBKa LIETTH PaOOTHI.
CxeMbl anropuT™MOB (POPMUPOBAHUS U IEKOAUPOBAHUS KOJIOB.
Pesynprarsl MonenupoBaHus.

HwbDPRE

Ananu3 CBOHCTB HCCIENyeMbIX KOJOB W HUX BiIMsSHHME Ha 3(PEKTUBHOCTDH

KOOUPOBAHUA U ICKOANPOBAHUAA.

o

Omuenka 3¢ dexTuBHOCTH niepenayu nHdopmaiuu ¢ moMoriso PC-ko10B.
6. BrIBOIEI.

6. KOHTPOJIBHBIE BOIIPOCHI
1. [losicauTh cymHocTh MeToAa ¢opmupoBanus PC-KOIOB ¢ MOMOIIBIO 3JIEMEHTOB
KOHEYHOTI'O IMOJIA.
2. Uro Takoe KOHe4Hble MoJyis [almya W Kak OHU BIUSIOT Ha CIOCOOHOCTH KOAa
WCIIPaBIATH OMIUOKH ?
3. Kak BwIOpaTh mopoXxgaroiue TOJUHOMBI ana  (opmupoBanus PC-kona,
o0ecrneunBaronIero KOppekuuio t ommodoK U 3alaHHyI0 CKOPOCTh Nepeiaul HHPOpMaIUu.



4. Kak cBs3aHbl (QYHKIUS CHHJAPOMA OIIMOKM W CIEKTpajbHas XapaKTEepUCTHKA
MPUHUMAEMOr0 CUTHAJIA, 3aKOIMPOBaHHOTO KojioM PC?

5. IlosicauTe NMPUHUUIBI PAOOTHI AITOPUTMOB BBIYUCIICHUSI CUHJIPOMOB B YAaCTOTHOM U
BPEMEHHOU 00J1acTsIX.

6. Kak o1ieHUTh 3HaU€HUE OMIUOKHU B CIIEKTPATIHLHOM METO]IE IEKOIUPOBAHUS ?

7. Kak U3MEHUTCS CIOXHOCTh JIEKOJAUPOBAHMS TPH HCIOIB30BAaHUU CUMMETPUYHBIX

MOPOXKIAIOIINUX TTOJTMHOMOB?
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