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1. HEJb JABOPATOPHOM PABOTHI

1. UByuuTh MeTOAbl MOMEXOYCTOMYHMBOIO KOJAMPOBAHUSA U JIEKOJUPOBAHUS
nH(OpPMAIHU C TOMONIBIO HUKINYECKUX OJIOYHBIX KOJIOB.

2. VccnenoBaTh CBOMCTBA HUKIMYECKHX KOJOB M BO3MOKHOCTU MPUMEHEHUS
CBOMCTB KOJOBBIX CTPYKTYP JI1 KOAUPOBAHUS U JEKOIUPOBAHHUS.

3. Ilpuobpect  HaBBIKM  TIOCTPOEHHUS  aJTOPUTMOB,  MpPOTpaMM  H
MOJICJIUPYIOIIMX CTPYKTYp HJs KOAUPOBAHHUS M JEKOJUPOBAHHUS HHGOPMALMU
LHUKJINYECKUMH KOJaMHU.

2. KPATKHE TEOPETHYECKHUE CBEJAEHUASA

2.1. llukandecKne KOAbI

[{ukaudeckre  KOABI ~ COCTaBISAIOT  KJIacC  KOJOB, HCIHPABIAIONIUX U
KOHTPOJIUPYIOIINX OMIMOKH, KOAMPOBAHUE M JCKOAMPOBAHKE KOTOPHIX OCHOBAHO Ha
MOJMHOMHAILHOM IPEICTABICHHUH.

Onpeodenenue. Jluneineiii (N, K)-xom C wnan momem Fy HaspBaeTcs
LUKIMYECKUM, €CJIM U3 TOro, 4To BeKTOp (Co, C1, ..., Ch1) IpuHamICKUT C, claeayerT,
YTO €ro MUKJINYSCKU# caBHr (Cn.1, Co, C1, .., Cn-2 ) IpUHALICHKHUT C.

Jlunetinpiii  xoxm wHanm monem GF(Q) mmuHOM N mpeacraBisieT  coOoM
noamnpoctpancto mpocrparcrsa GF(Q). Kaxaslilt BEKTOp M3 3TOr0 IPOCTPAHCTBA
MOJKHO TPEICTaBUTh MHOTOWICHOM OT X cTeneHu He Bbimie N — 1. KoMmoHeHTH
BEKTOPA OTOXICCTBIAIOTCS ¢ KOA(PGHUIIMECHTAMH MHOTOYJICHA.

CormoctaBuM KOJI0BOMY CJIOBY C moHOM C(X):

C=(Co, Cps .. Cno1) ® C(X) = Co+Cy X+ ...¥ Crg X' .

HepeMCHHaH X CIIYKUT MHAUKATOPOM OTHOCHUTEJIBHO ITOJIOXKCHHA 3JICMCHTA Cj B

Bujie Tepma (MOHOMa) C X momuHoMa C(X). B MONMHOMHAIBHOM IPEICTABICHUH

UKIMYECKH CABHT Ha oHy no3unmio D, { ¢(X) } cooTBeTcTBYeT yMHOXKCHHIO Ha X
1o Moayio (X — 1):

D.{ ¢(¥) } =xc() mod (x" - 1), (1)
rae D, — omepaTop HUKJINYECKOTO C/BUTA.

Omnepanss IUKIMYECKOTO CABUTa pealM3yeTcsi Ha pecucmpe  cosuea.
[TporpaMmMHas (GyHKIHS HUKIAYECKOrO CABHra Ha N-paspsiIHOM PErHCTpe CIABHUTA
UMEeT BUJI

> f:=(c(n), c¢(n-1),..., c2, cl) —>(cl, c(n) , c(n—1),..., c3,c2);

[{uKIMYeCKHii CABUT MOXET OBITh 3amucaH Yepe3 YMHOXKCHHE B KOJIbIE
muorowrenos GF(g) []/(x " = 1).

x p() = rem{ (x p(Y)/(x" - 1)}, (2)

rae rem{ b(xX)/z(X)} — ocraTtok ot aenenus moauHomoB b(X) Ha z(X).



Kopnu mnozounena u munumanshoie gyuxyuu. dnement b1 GF(Q ") naseisa-
ercst kopHeM MHorowreHa a(x) Hag GF(q), ecim a(b) = 0. Orcrona cieayer, 4To
MHorowieH a(X) aenutcs 0e3 octaTka Ha MHorowieH X + b, T. e. a(x) = (X + b) q(x).

Henpueooumvim MHO2OUIeHOM HA3BIBACTCS TaKOH MHOTOWICH CTENCHU P HaJ
noem GF(Q"), KOTOpbIil He NEIUTCS HM HA OJMH W3 MHOTOWICHOB CTEIICHH,
MeHbIel P (Ho He 0oJIbIiie HYJIs), ¢ KOd(hGUIIMEHTAMH U3 TOTO K€ MOJIA.

Munumanehoti gynxyued, WM Mmunumanshoiv muozownenom, Hay GF(q”) mwis
snementa b1 GF(q® ") HasbiBaeTcs HOpMUpOBaHHbI MHOrOWICH M(X) HAMMEHbIICH
CTeneHu ¢ KodpduireHTaMu u3 GF(qa), HE TIPUBOJIUMBIN HaJ 3TUM IOJIEM, TaKOH,
gro m(b) = 0.

Toposicoarowuil u nposepounsiti NOAUHOMbI. BaXKHBIM CBOWCTBOM IMKIUYECKUX
KOJOB SBJSIETCA TO, YTO BCE KOJOBBIC CIIOBA-TIOJUHOMBI ~KpPATHBI OIHOMY
(bukcupoBaHHOMY TOJUHOMY J(X), KOTOPBIH HA3bIBACTCS NOPOAHCOAIOUUM NOJUHOMOM
kooa. Ilopoxnatomuii moauHOM g(X) siBIseTCs AenureneM ouHoma ( X "_1).

Muoxectso {X g(X); O £ i £ k — 1} MoXHO paccMaTpuBaTh Kak Oa3uC
pa3MepHOCThIO K rukmnueckoro koaa C.

['enepaTopHast MaTpulla Koja IpeacTaBisieTcss kKak matpuiia pasmepom (K~ n)
CJICYIOIIETO BUIA:

¢ g U égp g1 Ok O . 0
g X Xg(X) 3 go dg - On- k 0 3
G=exxg(x U=€0 0 go G -  Onk a. @
e u u
(:akl__lLL G & L L L L L L G
& ixg(0f 80 O O .. do . On«H

Crpoku Matpunbl G JTHHEHHO HE3aBUCHUMBI, W, TAKUM O00Pa30oM, PaHT MaTPHUIIbI
G paBen k — pasmeproctu koja C. C MOMOIIBIO TaKOW MATPHIIBI OCYIIECTBISICTCS
HECUCTEeMAaTHYECKOE KOJUPOBAHUE.

IIpumep. llukmugeckuit koxq Xommuura (7, 4, 3) 3amaercss MOPOXKIAFOIIAM
nojauHOMOM g(X) = X+ X + 1, uMeromuM IBOMYHOE TMPEACTaBICHUE B BHUIE KOJa
(1101). [TocTpouTh MOPOKAAFOILYEO MATPUILY HECUCTEMATHUECKOTO KOJIa.

Pewenue. Bocnonsdyemcss cxemoiri moctpoenus (3). Iloayuum matpuily
CJIEIyIOIIEeTO BUJIA!

&€ 1010 0 Oy
: G
c.® 110100
@ 0110 1 00
© 00110 1f

Ecnu mpoBepouHass 4acTh MOPOXKMAMOMICH MATPUIBI CTPOMTCS C TOMOIIBIO
n-1 n-k-1
MOJTMHOMOB X mod g(x), ..., X mod g(X), To B 3TOM cily4ae peaau3yeTcs
CHCTEMATHYECKOE KOJUPOBAHHE.
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IIpumep. Nuxnudeckuit koxq Xommuura (7, 4, 3) 3amaercss MOPOXKIAFOIIAM
3
nojauHoMoM Q(X) = X~ + X + 1, UMeroIKUM JABOMYHOE MPEJACTABICHHUE B BHJE KO/

(1101). ITocTpouTh MOPOIKAAOIIYIO MATPHUILY CHCTEMATHIECKOI0 KOJIa.
Pewenue. O6patumcs K TOJIMHOMAM JIJISI CHCTEMATUYECKOTO KOJUPOBAHUS .

Xx"mod g(X), m=n-1, ...,n—k—1.
HpOI_ICCC BBIUUCIICHUA MOKXCET 6BITB BBITTOJIHCH C ITIOMOIIBRO HpOI‘paMMBI
>rem(x~m, x"3+ x +1,X) mod 2;
Torma nmeem

x8 mod(x3 +x+1) = x2 +1,

x5mod(x3+x+1)=x2 +X+1,

x4 mod(x3 +Xx+1) = x? + X,

x3mod(x3+x+1)=x+1.

CJICIIOB&TCJIBHO, CUCTCMATHUYCCKAA IMMOPOXKAA0IIad MaTPpHIlda KOAda UMECT BUI

&€ 000 10 1
G=é1001118
© 01011 00
© 0010 1 1§

[Toposxaaromiyii MOJMHOM JOJDKEH YIOBJICTBOPATH CJCAYIONIMM TPEOOBAHUSM:
1) 9(X) momxkeH ObITH HEHYJICBBIM;
2) Bec Q(X) HE MOMKEH OBITH MCHBIIIE MHHMMAJIBHOTO KOJOBOI'O PACCTOSTHHS:

Wt (9(x)) * dmin ;

3) g(X) momxkeH uMeTh MakcUMajibHYyIO cTerneHb (N — K), koTopas ompeenser
YHUCJI0 U30BITOYHBIX DJIEMEHTOB B KOJIC;

4) g(X) nomKeH 6bITh AeuTeneM noamHoma (X | — 1).

Jlnst Toro 4ToOBl HAWTH HEKOTOPHIA MOPOXKIAIOIIMK IMOJWHOM, HAJI0 3HATh
pasinoxerne 6uHoMa ( X " — 1) Ha HEPUBOLMMbIC MHOKUTEIH m(x),j=1,2, ..., 1L

n
(x =1) =m(x) mx(x) ... m(x).

[MpencraBum MuOTOUWICH (X " _ 1) kax MIPOU3BEICHUE MUHUMAJIBHBIX MHOTOYJIC-

HOB!
n _ ~
X"- 1= Om (x),
ilJ
rjie J — MHOXKECTBO MHCKCOB. Pa300beM 3TO MHOKECTBO Ha JIBA HEMEPECEKAFOIIUXCS
nogMHOXkecTBa — Jg 1 Jy — Tak, uto J = Jg E Jn . BBeneMm aBa nonmHoma:
- A — 2 r
g(x) —_AO M (X) = go + 91X+ goX™ +...+ g X',
il Jg
h(x) = Omi(X) =hg +hyx+hyx? + ...+ hx¥.
il Jp



Muorourens! g(X) 1 h(X) yzosirersopsitor yenosuo g(x) h(x) = (x " — 1). Ecau
nojauHOM Q(X) ompenesuM Kak MOPOXKIAIOIIHA, TO JI000€ KOJOBOE CIOBO MOXKHO
npeactaBuTh B Buiae C(X) = a(x) g(x), rae a(X) — uHGOPMAIMOHHBIA IOJUHOM.
CremoBaTeibHO, UMEET MECTO PABEHCTBO

c(¥) h(x) = a(x) g(x) h(x) = ap)(x" - 1).

OTkyza ciemyer, 4To

c(X) h(x) © 0 mod (X" - 1).

Mmuorounen h(X) Ha3bIBaCTCS nPOBEPOUHBIM NOIUHOMOM W BBIUHACISICTCS KaK

x" -1
h(x) = : (4
g(x)
HpOBCpOLIHaH MaTpHula OTUKINYCCKOIo KOoaa C numeer BUJ
60 0 K 0 h h.g K hou
& G
0 0 K 0 he h K o
H = 21 0 9 ®)
¢ K K X
g hep K Ry 0 K 0
501051
e hep K hh 0 0K 0 0§
& G
0 h K h 0 K 0 ol
n=e? N T 0 ©
¢ K K X
80 0 K 0 h hey K h ohgg

Kon ¢ mopoxpatomierd matpuniedt H, T.e. koa, ayanbHbli Kk komy C, Takxke
SIBIIICTCS IIUKJINYeCKUM Koj1oM. KooBbie citoBa o mosmHomy h(X) oOpasyior HysIb-
MPOCTPAHCTBO OTHOCUTEIHHO KOJOBBIX CJIOB, MOCTPOCHHBIX IO MOJUHOMY J(X).

Coommuowenue cmeneneu. JIJisi IUKIMYECKOTO KOJIa YUCIO MH(OPMAIMOHHBIX
CHUMBOJIOB K M 4MCITO MPOBEPOUHBIX CHMBOJIOB I' OTIPECIIICTCS KaK

k =degh(x), r =degg(x). (7)

IIpumep. Tloctpouts nukandeckuii kox Hax GF(2) mmunoit N = 31 ¢ yuciom
MIPOBEPOYHBIX CUMBOJIOB I' = 16.

Pewenue. TlpoBenem daktopusanuio (pa3iokeHHe HA MHOKUTEIN) TOJIHMHOMA
X1, Jlnst aTOro Bocmonb3yemcs onepatopoM Factor B cpene Maple:

> Factor((x*31 —1)) mod 2;

[Tomyunum crienyrommi pe3ynprar:

(XN5+ XM+ X3+ X2+ D)F(XNE + X3+ X2+ X+ D)F(XNS5 + XM+ X2+ X+
+1)*(XN5 + XM+ XN3 + X + 1)* (X + 1)* (X5 + X2 + 1)* (X5 + x*3 + 1).

BBenem cnenyroniye 0003HaYeHUS:

mo(X) =x+1; my(x) = X2 + X2 +1; mg(X) = X2+ xP 33+ X2+ X+1;

m5(x)=x5+x4+x2+x+1; m7(x)=x5+x3+x2+x+1;
mll(x)=x5 + x4+ x3

+X+1; n13(x)=x5+x3+1.



MoxxHO yOeauThCsl, UYTO JIaHHbIE TOJWHOMBI SIBJIIIOTCS MUHUMAaIbHBIMU
— [ 5 5,2
bysksiva M (X) = my (X) ans snementoB a noist GF(27) [X]/(x ™+ X~ + 1). [na
a
3TOTO JOCTATOYHO BOCIOJB30BaThCs Tmporpammoit «MinPoly» w3 OubGimorexu
BbuncieHuid «L{uknnyeckue KoabI».

31
Takum oOpa3om, pasnokeHue MHorowieHa X — 1 3amaercs ciexyromIum
obOpazom:

x3L - 1= mg (x)my () g (X) s (X)my (x)myg (X)mys () mod 2.
MmuosxkectBo nnaekcos J umeer sun J ={0, 1, 3, 5, 7, 11, 15}.
Jlist r = 16 Bb1OEpeM MOTMHOM

g(x) = Mo ()M ()M (X)ms (x) = x10 + X2 + x12 + x7 +x8 + x5+ x* +1.
Jlns k = 15 moctpoum monuHOM
h(x) = my (X)my 1 (X)my5(x) = )22 434 183 112 1310 L 3B T e xB x4 XA 41

2.2. KonupoBaHue NUKJIMYECKUX KOJ0B

1. Koouposanue ¢ nomowvio nopodicoarouiezo noaurnoma g(x).

KomupoBanwe IUKIMYECKOTO KOJIAa MOXET OBITh  CcucmemMamuiecKum
(pazoenumvim) WM Hecucmemamuyeckum B 3aBHCHUMOCTH OTTOTO, YTO HMEHHO
JeIaeTcs ¢ COOOIIEHUEM:

- HECHCTEMAaTH4YECKOE KOJIUPOBAHMUE:

c(x) =a(x)g(x); 8)
= CUCTEMATHUUCCKOC KOIIHpOBaHI/IeZ
c(x) = x" Ka(x) + rem{x" Ka(x)/ g(x)}, 9)

rae a(x) Tty X+...tag_1 Xk g IIOJIMHOM I/IH(I)OpMaI_[I/IOHHOPO COOOIIEHHUS.
[Tpu cucTeMaTHYECKOM KOAMPOBAHUH ITOJTMHOM KOJOBOI'0O CiIoBa C(X) HAXOIUTCS
C MOMOII[bI0 COOTHOLICHUS
c(X) = a.(x) + b(X),
roe a,(x) =agx" A +agx" Kl o+ ay . X" K _ Muorounen UH()OPMALMOHHBIX

Ly Ck_,.lxr' 2 ¢ ..t Cno 92X+ C_1 — MHOIOWICH IIPOBEPOY-

cumBosoB; D(X) = X"
HBIX CUMBOJIOB.

Taxkum oOpaszom, HJIT HAXOXJIEHUS MHOTOYICHA MPOBEPOUYHBIX CHMBOJIOB MPH
CHUCTEMATHYE€CKOM KOJIMPOBAHHUH JOCTATOYHO Pa3JeIUTh MHOTOWICH UH(POPMAIMOH-
HBIX CUMBOJIOB Ha TIOPOXKAAIOMNUK MOJIUHOM. OCTAaTOK OT JieJIieHUusI U OyAeT UCKOMBIM
MHOTO4YJIEHOM MPOBEPOUHBIX CUMBOJIOB.

IIpumep. PaccMoTpuM 1uKIHUecKkuid koa Xammunra (7, 4, 3) ¢ mopoKaaroImum
nojsuHoMoM Q(X) = X~ + X + 1. 3amagum MHGOPMAIIMOHHBIM BEKTOP B BUJC YETHIPEX
asonuHbix cumBosioB. a = (0, 1, 1, 0). TpeOyeTrcs MHOAYyYHUTh BEKTOpP € CHC-
TEMaTUYECKOTO KOJA.



Pewenue. TlpoBeneMm cieIyroOlIMe BCIOMOTATEIIbHBIC BBIYHCICHHUS B CpPEIC
Maple. TTepesenem Bektop a = (0, 1, 1, 0) B monmuuom a(x). Jlius 3Toro onpeaenum
BEKTOP KaK MHOYECTBO:

> a=array([0, 1, 1, O], 1..4):
Hcnonb3ys oneparop
> ToPoly(a, 2, X);
MOJIyYUM Pe3yJIbTaT MepeBo/ia BeKTopa B mojauHoM a(X) = X~ + X ® a:= X+x"2.

Bbruuciium moiauHOM KOJIOBOTO ciioBa o (Gopmyne (9) mis cucteMaTndeckoro
KOJMPOBAHHUS '

> ¢ := sort(simplify(a*x"3 + rem(x"3*a,(x"3 + x + 1),x) mod 2));

[Tonyuum

C=xX"5+xM+1® c(X) =X+ X+ 1.
JIuist ipeicTaBICHUs pe3yJsibTaTa B BUJE BEKTOPA BOCIIOJIB3YEMCSI OIIEPaTOPOM
> c = ToVector(c, X, 7, 2);
[Tonydnm OKOHYATENbHBIH PE3yJIbTAT:

c:=[1,0,0,0,1,10].

2. Koouposanue yukiuueckum KoOOM ¢ NOMOWDBIO NPOBEPOUHOC0 MHO2OUJICHA
h(Xx).

CucreMaTHYeCKOe KOJUPOBAHHE HHU3KOCKOPOCTHBIM IHKIHYECKHM KOIOM
yaA00HO MPOBOAMTH C IOMOIIBIO MMPOBEPOYHOIO IMOJUHOMA, UMEIOIIETO B JaHHOM
Cllydae MEHBIIYIO Pa3MEPHOCTH, YEM MTOPOKIAFOIINI MHOTOYJIEH.

KoaddunpeaTsl MHOroO4IeHa MPOBEPOYHBIX CHMBOJIOB D(X) BBIYMCISIOTCS IO
ko3 purmeHTamMm MuorowieHoB a(X) u h(x) cieayrommm o6pa3om:

k-1 _
Ck=a hja,ﬂ, i=01,...,n- k- 1.
j=0

CrpaBeUIMBOCTh JaHHON (OPMYJbl BBITEKA€T M3 PaBEHCTBA cH' = 0. Dru
COOTHOIICHHSI MO3BOJISIOT 0 3aJaHHBIM HH(POPMAIMOHHBIM CHMBOJIAM BBIYHCIHTH
IPOBEPOYHBIN CHUMBOJI Ck, 3aT€M, 3Has Cy, BBIYUCIHUTD Ck + 1 M T. [I.

CXxeMbI KOJIEPOB, IIOCTPOCHHBIE Ha PETMCTPax CABHMIra M JOIMYECKUX CXEMaXx, II0
PacCMOTPEHHBIM BBIIIIE alTOPUTMaM, MPUBEAEHBI Ha puc. 1-3.

3. KoouposaHnue yuxkauyeckum KOOOM Nymem 3ad0aHusi KOpHel 8cex KOOO0BbIX
NOAUHOMOS.

KoaunpoBanwue mpenamnonaraeT nepexoa B COOTBETCTBYIOIIEE PACIIMPEHHOE TOJIE
GF(P™). VYcnosue, 4TO BCe KOAOBBIE IIOJMHOMBI JENATCS HA MOPOXKIAIOIIMIA
MHOrowieH Q(X), O3HayaeT, 4YTO BCE IMOJIMHOMBI CJIOB KOJa JIOJIKHBI MPUHUMATh
HYJICBOE 3HaUCHHE Ha KOpHsX moauHoma g(X).



a(x
) | YMHOXHUTENb c(x)

MOJIMHOMOB 110 ———
Moo (X"=1)

9 T 7

Puc. 1. Konep HecucteMaTH4eCcKOro Koaa

Peructp ciBura ¢ 00paTHOM CBA3BIO
Y < | _~\N \ S 12 i
1 / 1
| Y 91 9r-1 I \/ |
; ' ' { ;
i > A = —>---—> A > > A |
: bo by by . 1 1, :
NN, 1 W SRy, 0 W S R F SN, |
2
BxonHoit peructp ¢ UHQOPMAIIMOHHBIMU CUMBOJIAMU AN
ag | ag | ... A1 -
n
BbIXO1HOM perucTp ¢ KOJOBBIMA CUMBOJIAMH
CO Cl o il Cr - 1 Cr Cr +1 - Cn_ 1
[IpoBepouHbIE CUMBOJIBI WNudopmanioHHbIe CUMBOJIBI
Puc. 2. Kogep cucreMatudeckoro Koja, 3aaaBaeMbiii g(X)
WNudopmanrionssie
CHUMBOJIBI /STECTR cApHra Beixon
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=
v
'
'
'
Q
N
\4
)

BeinecenHbie cyMmmaTopsl mo mod 2,
MOJIKITF0YaeMble B cOOTBETCTBHU ¢ N(X)

Puc. 3. Kogep cucrematudeckoro Koja, 3aaaBaeMbiii h(X)



Iycts C i1 GF(Q)[X]/(X" = 1) — mukinmuecknii KO ¢ IOPOKAAOLINM IOTHHOMOM
9(xX), u mycte {bq,....,bn.k} — xoprm mommroma Q(X). [lommHom C(X) sBiIsIETCS

KOJOBBIM IIOJIMHOMOM TOI'ld M TOJIBKO TOr'la, KOTrJa BCKTOP (Co, C1, ...y Ch = 1),

oOpa3oBaHHbIN KO3 duIMeHTaMu MoMMHOMA C(X), JICKHT B HYJIb-IIPOCTPAHCTBE
MAaTPHUIIBI:

by bf K prid
(10)

I
Il
(Diﬂw Cgm)ﬂ\

oOoOC\C\C

Ko
2 1
bk by K by

Ilpumep. I1locTpouTh TIPOBEPOYHYIO MATPUILly LUKIMYECKOrO Koaa ¢
napametpamu (15, 11), ucronb3yst METO]] 3aJaHUsT KOPHEH KOJIOBBIX CJIOB.

Pewenue. Onpenenum nonuHoM f = x> — 1. PasioknM JaHHBI TONHHOM HA
MHOXKHUTEIHU, TIPUMEHHUB OIIEpaTop:

> Factor((x*15 —1)) mod 2;

@M+x+1Vg@+x+DWW%+WB+WQ+x+D%ﬂﬂ+%ﬁ+D%x+D=

=(x4 +Xx+1)(X"+x+ 1)(x4 XXX+ 1)(x4 + X+ D(x+1).

BriOepem u3 monydueHHOro pesyiabrata mojauHoM g(X) = (X4 + X + 1). Ucnons3ys
omeparop irreduc( x4 + x + 1), yoeaumcsi, 4TO JaHHBINA MOJUHOM HETPUBOJAUMBINA U
MOXKET CITY>KUTh B KQU€CTBE MOJMHOMA JJIs IOCTPOCHUS OIS GF(24).

OnpenenuM MPUMUTUBHBIN 3JIEMEHT TOJIS

> dlias (dpha= RootOf(Z™ + Z + 1) mod 2):
U TIOCTPOUM DJIEMEHTHI MOJIS
> for i to 24-2 do powerq[i] := evala (alpha(i — 1)) mod p; od:

:La,aZ 2.2 2 2

,a3,1+a,a +a“,a +a3,1+a +a3,1+a ,a +a3,1+a +a“,

2 2 2 3

a+a +a3,1+a +a +a3,1+a

HaiineM xopHH moauHOMa (X4 + X + 1) B pacmIMpeHHOM IOJIe MyTeM
PAa3JI0KCHUA ITOJIMHOMA HA 3JICMCHTAPHBIC MHOXHWTCJIN.
> Factor(g, alpha) mod 2;
(x + alpha+ 1)*(x + alpha)*(x + alpha*2 + 1)*(x + alpha*2)
Takum o6pa3oMm, KOpHSMH TOJMHOMA (X4 + X + 1) SBISOTCS CIEAYIOIINe
DJICMCHTEI I1OJIA .

+a3+1+a

bi=a; by =a?; b =1+a a4 by =1+a’=a8

Hcnonb3ys Beipakenue (10) u mpencrariisis KOpHA D Kak BEKTOPBI-CTOJIOIIBI,
IIOCJIE COOTBETCTBYIOLINUX YIPOILLIEHUI MOJyIUM

6 0001001101011 1y
© 1001101011110 04
H:e U_
0100110101111 00
®0010011010111 1
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Martpunia H sBiseTcs NpoBEepOYHON MaTpHIlell SKBHBAJICHTHOTO KOJa
XOMMUHTA.

2.3. AJITOPUTMBI BBIYHUCJEHHUSI OCTATKA OT JAeJeHHUs JIBYX
NOJHUHOMOB

OCTaToK MOXHO BBIYHCIIUTH C TOMOIINBIO PETHMCTpa CIBHUTra, OOpPAaTHBIC CBS3H
KOTOpOro omnpezenstorcs aenureneM (puc. 4). Eciu Ha BX0J 1MojaBath JEIMMOE, TO
4acTHOE Oy/IeT MOSIBJISATHCS B BUJIE IMOCIIECI0BATEILHOCTH CHUMBOJIOB B IIETTH 00paTHOM
CBSI3HU, & OCTATOK COJICPIKATHCS B PETUCTPE.

IIpumep. CocTaBUTh MPOTPaMMy M BBIYMCIIUTH OCTATOK OT JCJACHHS MOJMHOMA

8. N_.8.6,. 4,3, .2 " _ 8., .7
bp(x) = xa(X) =x (X + X +X + X + 1) Ha nopoxkaaromuii moiauaoMm g(X) =X + X +
+x°+x*+1 xoma (15, 7, 5) mo cxeMe peructpa caBura ¢ 00paTHOM CBA3BIO.

Peuwenue. 3anagum ko3 durrenTs! monuuoma g(X):

> 00:=1; g1:=0; g2:=0; g3:=0; g4:=1; g5:=0; g6:=1; g/:=1,; 08:=1,
3anuieM GyHKIMIO 00paTHOM CBSI3U PErUCcTpa JACIUTEIIS B BU/IC
>f:=(r8, c7,r6,r5,r4,r3,r2,r1) =>(rl + smod 2, (r8 + g1*rl mod 2), (r7 +
+g2*rl mod 2), (r6 + g3*rl mod 2), (r5 + g4*rl mod 2), (r4 + g5*rl mod 2), (r3 +
+g6*rl mod 2), (r2 + g7*rl mod 2));

3amaaum aenuMoe B Buje moanHoma bp(x) = x + X + X+ x%+x%us BU/IC
BekTopa u3 15 cumsosnos bp(X) ® b: =[0,0,0,0,0,0,0,0,1,0,1,1, 1,0, 1];

[poriecc BBIYUCICHUS OCTATKA MIPEJICTABUM B BHJIE IIPOTPAMMBI

> for i from 1to 15 do
s:=b[15—i + 1]; print(i); r := f(r); od;
KOTOpasi TMO3BOJISIET KOHTPOJIMPOBATh BCE COCTOSHUS PErHCTpa B  IPOIECcCe

BbIUKCIICHHS. Pe3ybTaT BerumcieHus (0CTaTOK), MojaydyaeMbiid Ha 15-M 1miare, paBeH

r'=0,0,0,11111® x +xx+xx+x}+x.

HpOBepI/IM pe3yiibTat, HpOBCIs BBIYUCIICHUA B MOJIMHOMHAJILHON Q)opMe:
> 1 := sort (expand (rem (bp, g, X) mod 2));
r:=x"7+ x"6 + x"5 + x*4 + x"3.

CxeMbl KOACPOB CUCTCMATUYCCKOTO KOJAa MCIIOJB3YIOT BBOA ACINMMOIO B LCIIb
0o0paTHO# CBS3U APYrMM CIocoOoM (cM. puc. 2), KOTOPBIH MO3BOJSET COKPATHUTH
YHCJIO IIaroB BBIUYHCIICHUMN. CDYHKI_II/IH 06paTHOﬁ CBs3U B 3TOM CJIydacC 3alIMIICTCA KaK

f.=(r(n=k),c(n—-k-=1),...,r2,rl) = (w*g0, (r8 + gl*w mod 2), (r7 + g2*w
mod 2), (r6 + g3*w mod 2), (r5 + g4*w mod 2), (r4 + g5*w mod 2), (r3 + g6*w mod

2), (r2 + g7*w mod 2));
HI/IKJI BBIYUCJICHUA OCTATKA IIPUMCET BU]]
> fori from1tok do
s:=b[15—i + 1]; w:=s+op(h—Kk, [r]) mod 2; (print (i); r ;= f(r); od;
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[IpuHsATOE M3 KaHaNa CIOBO

Yo| Y1 | --- Yn-1

! g

i v v v

— A " s A= s ""—A s,

i Peructp cunnpoma
Komrmonents! cuaapoma S = (So, S, S_l)

Puc. 4. Cxema BBIYHMCIICHHUS CHHIpOMA
2.4. CHHApPOMHBIE MOJUHOM bI

OCHOBHBIM 3TamoM OOJIBIIMHCTBA AaJTOPUTMOB JICKOJUPOBAHUSA SBJISICTCS
BBIUMCJICHHE CHHIpPOMa MPUHATOW MOciea0BaTeIbHOCTH. CHHIPOM — 3TO BEKTOD
JUIMHOW MK, paBHBIA MPOM3BEACHHUIO MPHHATON IMOCICAOBATECILHOCTH Ha
MPOBEPOUYHYIO MaTpuily. B ciayyae NOJMHOMHMAIBHBIX IUKINYECKHX KOJIOB IS
CHUHJIPOMAa UMEETCS TPU TECHO CBSA3aHHBIC IPYT C IPYIOM 3aIHCH.

1. CunzapoM MOXHO oOmpeAeanTh kKak MHorowieH S(X) crenenu (N — K),
SIBIIIFOLIUICS OCTATKOM OT JEJICHHs MPHUHATON MocieaoBareiabHocTd Y ® y(X) Ha
MOPOXIAOIIHI MHOTOWIEH (cM. puc. 4):

s(x) © rem{'y(x)/ g(x)} mod g(x) .

[Tockonbky Bce KomoBbie cioBa jgensarcss Ha Q(X), To S(X) He 3aBHCHT OT
MepeJaHHOTO CJIOBA, & 3aBUCUT JIUIITb OT KOMOWHAIIMY OIIHUOOK.

2. Bropoii Bua CHHIPOMA MOXET OBITh BBEJICH B ClIy4ae, €CJIU MOPOKIAIOIIHI
MHOTOUICH SIBJISICTCS TPOMW3BEACHUEM JBYX WM OOJIBIIETO YHCIIa HEMPHUBOIUMBIX
coMHoxkutenen. [Ipeamnonoxum, 4o

9(¥) = 91(x)92(x)...9j (X) .

Torna CUHAPOM MOKHO IIPEACTABUTDH B BUAC Ha60pa MHOTOYJICHOB.

12

—



s1(x) © y(x)mod g1 (),
$2(x) ° y(x)mod ga(x),

Sj(x)° y(x)mod g (x).
HabGop cunapoMoB u cuHApoM S(X) HECYT OAHY M Ty kK€ MH(OpPMAIIMIO, YTO
ClIeIyeT U3 KUTalCKOM TeopeMbl 00 ocTaTkax MHOrowieHoB [ 11].
3. Tpetbst popma CHHAPOMA COCTOUT B TOM, YTOOBI OIIPEACIUTH BEKTOPBI (opM
CHUHJIPOMOB S, S ,... B BUJIC
s1= (b)), S5=Y(by).K,
riae by — xopens gi1(X); b, — kopeHb go(X) | T. 1.
Drta ¢opMa CHHIPOMa COOTBETCTBYST IIPOBEPOYHONM MATpHIIE, 3aJaBacMOM
KOPHSIMH.
2.4.1. Ilakembl ouubokK
XapaKkTepHOW OCOOCHHOCTBIO IUKINYECKUX KOJOB SBJISCTCS CIOCOOHOCTH K
pacrno3HaBaHHWIO MakeToB  ommOok. Ilog makeroM  OHMIMOOK — MMOHHUMAETCS
IpyNIHPOBaHKE OMIMOOK B OJHON OrpaHHMYEHHOM 00JacTH KOomoBoro ciosa. Ilaker
OIIMOOK B IMOJIMHOMHAIBLHOM BHJI€ MOYKHO TPEICTABUTH KaK

e(x) = xb(x) .

3,6

Hanpumep, 3amaBas b(X) =1+ X+ X° + X", nmakeT omuOOK B BEKTOPHOM BHJIC

OyJeT UMETh BUJT

c=( OKO 1101001 OKO).

Ceemenm Ilaxem
uz | mynet ij(X)

[TakeT ommMOOK HAYMHAETCS M 3aKAHUYMBACTCS OTIIMYHBIM OT HYJS CHMBOJIOM.
Ecnu nnuHa makeTa He MPEBOCXOIUT BEIMYMHY [ = N — K, To creneHp moamHOMa
omuOoK MeHbIne . B atom cinydae €(X) He aenutcs Ha g(X) 6e3 ocTaTka M CHHIAPOM
MIPUHSATOTO CJIOBA BCETJa OTJIMYEH OT HyJieBoro. [lakeT ommboK AIMHOM, paBHOW WITH
MEHBIIIEH I', Bcerja pacrno3Haercs. Pacro3Haercst Takxe JF000M MUKINYECKUN CABUT
muorowrena b(X) cremenu, menbinei r. Jns mumkmmueckoro (N, K)-xoma mois
HEOOHAPY)KUBAEMBIX MMAKETOB OMHKOOK uinHbI | > 1 + 1 paBHa 2 "

2.5. MeToabl 1€ KOAUPOBAHUA HMKJIUYECKHUX KOJOB

2.5.1. Jlekooepvr Mezceumma
B ocHoBe nexomepa Merrurra Jiexar CIEIYIONUIUE CBOMCTBA IUKIMYECKUX
KOJIOB:
1. CymecTByeT B3aMMHO OJHO3HAYHOE COOTBETCTBHUE MEKIY MHOMXKCECTBOM
BCEX HCIPABIIIEMbIX OIIMOOK ¥ MHOXKECTBOM BCEX CHHIPOMOB.
2. Ecnu S(X) — cuHApOM, COOTBETCTBYIOIIMI MHOTOWIECHY OIIHO0K €(X), TO XS(X)

mod g(X) — curapom, coorBerctByromumii Xe(x) mod (X" — 1).
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3. Ilycte S(X) — cuHApPOM MNPHHATOrO W3 KaHama cjoBa Y(X) HEKOTOPOro
uknaeckoro koaa (N, k). O6o3naunm vepes Si(X) = rem{ (xs(x)) / g(X)} — ocrarok
OT seleHnst MHOrowIeHa XS(X) Ha nopoxaatomumii noansoM g(X). Toraa si(X) = s P(x)
SIBISIETCS. CHHAPOMOM LIMKIIMYECKOro CABMra mpruHIMaemoro ciosa Y (xX) = D{y(X)},
T.e. OCTATKOM OT JCICHHUs IUKIM4eckoro casura Y(X) Ha mopoxkIaromuii OIHHOM
9(x).

V3 BbIIICTTPUBEICHHBIX CBOMCTB BHITEKAET:

- ecnM KOMOMHAIMs ONMIMOOK IHMKIMYECKH CABHHYTa HAa OJHY TO3HIIUIO
BIIPABO, TO sl IMOJNY4eHHs HOBoro cuumpoma mis Y(X) ciemyer caBHHYTH
COZICP)KMMOE PErHCTpa CIABUTa ¢ OOpPaTHBIMH CBSI3sIMH, coaepkaiiero S(X), Ha OJHY
MIO3HIIMIO BITPABO;

- MHOXECTBO BCEX KOMOHWHANMH OMKOOK MOXHO pPa30UTh Ha KIIACCHI
HKBUBAJICHTHOCTH TaKMM OOpPa30M, YTOOBI KaXKIBIH KJIACC COCTOSUT U3 HUKIHYECKUX
CIBUTOB OJTHOM KOMOWHAIIUY OIIHUOOK.

Ecnum juiMmHa UUKIMYECKOro KoJa paBHa N, TO JUIsl ONPEHIEICHUS TOTO,
NPUHAIICKUT U KOMOMHAIUS OIIMOOK JAaHHOMY KJIACCY, HY)KHO CIBUHYTH PETHCTP
c 0OpaTHBIMHU CBSI3IMH, cojaepkammid S(X), He Oosee N pa3 U CPaBHUTH COJIEPIKUMOE
peructpa ¢ GUKCUPOBAHHOM TMOCIIEIOBATEIIBHOCTBIO MOCIIC KAXKIOTO IIara.

Cxema gexoxepa Merrutra npuBeneHa Ha puc. 5. Ilepen nHavaiom paboThI
pEerucTphl CIBUTA JCKoJepa OOHYNsArOTCA. Ha TepBbIX N TakTax MPHUHSATOE CIOBO
3arpy’KacTcss B BEPXHHH PETUCTP, a B HIDKHEM PETHCTPE BBIYMCISCTCS CHHAPOM
mHorowieHa Y(X). Ilocie 3Toro BXon JAeKoiepa OTKIHOYACTCS W B TCUCHHE
NOCJICAYIOMUX N TaKTOB IPOBOJUTCS TMOKOMIIOHCHTHOE OOHApyKEHUE U
UCTIpaBJICHUE OMMOOK. B KaXIOM TakTe C TOMOIIBI JIOTHYECKOH CXEMBI
pacro3HaBaHUs OMIMOOK  TPOBEPSETCS COOTBETCTBHE  TEKYIIETO0  CHHAPOMA
omrbouHou (N — 1)-it KOMIIOHEHTe cIBUHYTOr0 MHOTOuwIeHa Y(X). [Ipr oOHapyx)eHUM
TAKOTO COOTBETCTBUS Ha CIEAYIOIIEM TAaKTE JICKOIUPOBAHUS OIIMOKA MCIIPABIISACTCS,
a CHHAPOM MOJUDUITUPYETCSI.

2.5.2. [lepecmanosounoe 0eKkoOuposanue u Memoo 8blia8NUEBAHUS
ouwub oK
[peamnonoxum, 4To TpeOYETCsI UCIIPABUTH BCE BEKTOPHI OLITHOOK
e=( e()’ e e\/—l)1

BEC KOTOPBIX He MpeBocxXoauT t mpu HekoTopoMm dukcupoBanHoM t £ [(d — 1)/2]. dus
BBITMOJIHCHHS JICKOAMPOBAHUS HAJ0 HANTH TaKOe€ MHOYKECTBO IOJCTAHOBOK, YTOOBI
KOoJ ObUI MHBapUAHTEH OTHOCHTEIBLHO 3TOI'0 MHOXKECTBA M YTOOBI IS KaXKIOTO
BEKTOpa €, BeC KOTOpOro He TmpeBocxoauT t, Hamiach OBl IOJCTaHOBKA,
NepeIBUTAOIast BCE OIMOKY 13 HH(OPMAIMOHHBIX MO3UIIUH B IIPOBEPOYHBIE.

MeTo nepecTaHOBOYHOTO JIEKOAMPOBAHUS COCTOUT B cieayromeM. Onpenennm
onepaTop MOACTaHOBOK Pj. Ilo HomyyeHHOMY BEKTOPY Y BBIYHMCISIOTCS BEKTOPHI
caBuroB Pj {y} u MX CHHIPOMBI S [0 TEX TIOp, OKa He OyIeT HalieH MHIEKC |, 1
kotoporo Bec Wi(S™’) £ t. IIpu 3ToM Bce omrnOKu OyayT COCPETOTOUSHBI B IEPBBIX [ =

=n — K no3unusx Bekropa Pj {y} 1 3a1al0TCA PaBEHCTBOM [S(J)]T =(ep, ..., & _1).
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Jlornueckas cxema

Moaudukamnus cuaIpoMa

Puc. 5. Cxema nexoaepa Merrurra

CJICI[OB&TCJIBHO, HpHHHMaeMBIﬁ BCKTOP ACKOAUPYCTCA KaK CJIOBO

C=p| 1{p jy +(ep.--€.1,0,...0)} .

MeTo/1 BbUIABIIMBAHUS OIIMOOK SIBIISIETCSA YACTHBIM CIyd4acM MEPeCcTaHOBOYHOTO
JIEKOJIMPOBAHUsA M HCHOJb3yeT LMUKINYecKHe mocTaHoBkM Dj. Merton mossonser
UCTIPABJIATh BCE BEKTOPHI OIIMOOK, COACPKAIINEC KPYTOBYIO CEPHIO HYJICH IJTMHOMN HE
meHee K.

Aneopumm

1. Beruucasiercst cunapom S(X) mis nmpuHuMaemoro curtajiga Y(X), HCIONb3ys
AJITOPUTM JICJICHHS Ha MTOPOKIAIOIIHI TOJIHHOM.

2. Ycranoska | = 0. _

3. Ecim Wi(§/(X)) £ t, Torna nonaraem €(X) = x! (S, 0) u xoppekTUpyeM OMIHOKY,
BerancIss Y(X) — e(X).

4. YcranaBnuBaeM | ;=] + 1.
5. Ecnmu | = n, Torga aJropuTM OCTaHABIMBACTCSA W OMIMOKA CUMTACTCS HE
BBUIOBJICHHOM.

6. Ecin deg(s - 1(X) <n—k—1, toraa §(X) = X § _1(X); B IpOTMBHOM ClIy4ae —
§(X) =x§-1(x) —9().
7. Ilepeiitu k mary 3.
15



IIpumep. Iycts g(X) = 1 + X+ 3%+ X+ 8 reHepupyeT OMHAPHBIN [UKIUYECKUN
koxa (15,7,5), mo3BossOMKY UCIIPABIATH JABe omnOKU. [loka3aTh, yTo ommMbOKa Beca
1IBa, cojieprKaliasi B CBOCH CTPYKType Mauky u3 / HyJed, MOXKET ObITh BBUIOBJICHA.

Pewenue. Tlpenmnonoxum, uro npuauMaercs Bektop Y = (1100 1110 1100 010).
Borancanm cuagpom Y(X) = (X + X + X' + x°) g(x) + 1+ X2 + x° + X'). Janee
BBLIUMCIISIEM CUHAPOMBI S(X) Ul IMKIMYECKUX CABUIOB X ' Y(X) 10 TeX mop, moka Bec
CHUHJIpOMa He cTaHeT He Oonee AByX: Wi(S(X)) £ 2. Beruucienus cBejeM B TaOHILY:

s(X)

10100101
11011001
11100111
11111000
01111100
00111111
00011111
10000100

~NOoO O~ WNEO™

Omnbka npecTaBiIsieTCs: Kak
e = x*"(s;,0) = x¥(10000100 0000000) = (0000 0000 1000 010).
I[eKOIII/IpyeM KOOJ0BOE€ CJIOBO KaK
c =y —e= (1100 1110 0100 000).

Hexoouposanue nauku owubok memooom  eviiasiusanus. Ilapamerpsl
KoppekTupymomero koaa (N, K), ucrnpapiistoniero mayku OmuO0K JIUHOMN t, JOKHBI
yanoBieTBopsaTh ycioButo (N — K) 3 2t. IIpenmonaraercs, 4To CTPYKTypa BEKTOpa
navykd omuOOK jmuHOW t mMeeT oTpe3ok u3 (N — t) HyneBbIX AmeMeHTOB. Ecnu
BEKTOp € MPEJCTABISACT cOO0H MaukKy OIMOOK JIUHON t M OMIMOKKM pacroiararoTcs
Ha mepebix (N — K) mosurmsx Bekropa, Torma cuaapoM H(e') = s xapakrepusyer
CTPYKTYpy Mauyku OmUOOK jumHOW He Oosee . Ecim ommOku pacmonararorcs Ha
no3unusax nepBbix (N — K) CHMBOJIOB BEKTOPA, TO JJIsl BBIYMCIICHUS OLICHKU OUITHMOKH
UCTIOJIB3YETCSI CBOMCTBO HUKIUYECKOTO CIBUTA CHHAPOMA, KaK U B PACCMOTPCHHOM
BBIIIIC CJIy4ae, TOJBKO KOHTPOJHMPYETCS HE BEC, a HCIOJb3YETCSl €ro CBOWCTBO
(cm. amroputm |). Kontponupyetrcst (n — K) mepBbix mosunuii cunapoma. Ecnu
KoH(urypanus cunapoMa S(X) uaeHTHGUUUPYET HauKy OMMOOK AMMHON t wiam
MeHee, To BekTop omu6ok e(X) = X' (s;,0).

2.5.3. Maosicopumapro 0exooupyembie KOObl
MaxopuTapHO JEKOJUpyeMble KOJbl 00pa3yloT KIacc JIMHEHHBIX KOJOB,
MMECIOIIIUX  OPTOTrOHAJBHBIE  MPOBEPKHM M JOMYCKAOIIMX  MaKOpPUTapHOE
JIEKOAUPOBAHNE, OCHOBAHHOE Ha MPHUHIIUIIE «T0JIOCOBAHUE TIO OOJIBITUHCTBY .
Camoopmoconanvhvie xonpl (COK). Takue KOIbl XapaKTEpU3YIOTCS TE€M, YTO
CUCTEMa BCEX IPOBEPOK, KOHTPOIMPYIOIIUX CHUMBOJ €y, YKEe cama SBIseTCA
OPTOTOHAJIBHOW OTHOCUTENBHO JaHHOro cumposia. COK 3amaroTcs € MNOMOIIBIO
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MOPOXKIAIOIIMX MOTHHOMOB ((X), pasnocmmuvie mpeyeonvhuku (HaOOp pasHOCTEH
MEXIy CTCHCHSIMH C HEHYJEBBIMH Kod(h(dHIMEHTAaMH) KOTOPBIX HE COAepKar
OJIMHAKOBBIX DJIEMEHTOB.

IIpumep. TIoCTPOUTH Pa3HOCTHBINA TPEYTONBHHK JIJIs TIoJMHOMA g(X)=1 + X + X4 +
+ X6.

Pewenue. Pa3HOCTHBIN TPEYTrOJIbHUK UMEET BU/L

1-0,4-0,6-0 1, 4,6
4-1,6-1 b 3,5
6-4 2.

brokoseiii COK umeer komoBoe pacctosiHue d, paBHOe yBequueHHOMY Ha 1
KOJIMYECTBY HEHYJEBBIX KOMIIOHEHT MOpOXKIaomero mnoiauHoMa. KommuecTBo
uHpopMannoHHbiX cuMBOJIOB K B GiokoBom COK ¢ komoBo# ckopocthio R = 1/2
paBHa kKak MHHUMYM (2 M + 1), rme M — MakcUMalbHasl CTENEHb MOPOXKIAIOIICTO
nojauHoMa. JlyinHa Takoro koja paBHa 2K. B kauecTBe nmpuMepa MOKHO MPUBECTU KOJI
¢ mapametpamu N =26, k=13, R=0,5,d=5gxX) =1+ x+ X+ 5C

Paccmotpum kon BUX (15, 7), mpoBepouHas MaTpuiia KOTOPOrO MOJIy4aeTcs
MyTeM TPAHCIIOHUPOBAHUS OJTHOTO W3 IIMKJIA BEIYMCICHHUS CUHIPOMA M IMEET BUJI

6 0000000110100 O
©$1000000011010 0
@ 010000000110 1 00
L, ® 0010000000110 Iy
@ 0001000110111 00
© 0000100011011 1
20000001011100118
© 0000001101000 1§

Ucnonws3ys 3, 7, (1 + 5) u (0 + 2 + 6) cTpOoKH JaHHOW MaTPHUIbI, MOKHO
COCTaBUTH MPOBEPOUYHBIC YPABHEHHUS, 3aBUCSIIIE TOJIBKO OT BEKTOPa OIIMOKH €
PL=e3+ep+ep +ea,
P =¢e7+&+ep +eu,
Ps=e +& +e3+ey,
Py =eg+ey +e5 +ey.

Kaxxgast koMIOHEHTa BEKTOpa OLIMOKH BXOJUT TOJBKO B OJHO ypaBHEHHE,
KpOME €14, BXOMAIIEIO BO BCE YEThIPS ypaBHEHHUs. IIpoBepodHble YypaBHEHHS,
00J1a1aole TaKUM CBOMCTBOM, Ha3bIBAIOTCS OPMOCOHAIbHbIMU TI0 €14. OIUHOYHAS
omnOKa, OTJINYHAS OT €14, NPHUBEIET K HAPYIICHHIO He 00Jice OJHOIO YpaBHEHHS, B
TO BpeMs KaK OIIMOKa €14 — K HapYIICHUIO BCEX YCThIPEX YPaBHEHUU. AHAIOTHYHO
ar00ast KOMOMHALIMS JIBYX OLIHOOK, HE COJCPIKAIIMX €14, MPUBEACT K HAPYIICHUIO HE

Oonee ABYyX ypaBHEHUH, a cojepxkalias €4 — He MeHee Tpex. Takum obOpaszom,
WCIIOb3Yys TOJBKO JTH YpPaBHEHHUS, MOXHO HCIPABUTb BCE JBOWHBIE OIIHOKHU.
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IIpasuno OexoOupoganus COCTOUT B BBIYMCIECHUM BCEX UETBIPEX YKa3aHHBIX
MIPOBEPOK HAa YETHOCTh U CPAaBHEHHS UX CyMMbI co 3HaueHuem 3. Eciu cymma
Oonplle WM paBHAa 3, TO CJeAyeT HCIHpaBuUTh OMMOKY B mno3uiuu 14. Jlnsa
UCIIPABJICHHUs] BCEX OCTAJbHBIX OIIMOOK ClEeAyeT LMUKIMYECKH CIIBUIaTh MPHUHSITOE
KOJIOBOE CJIOBO U MOBTOPATH MPOLEAYPY.

Cxema MaXOpUTapHOIO JEKOoJepa M1l PacCMOTPEHHOIO KoJa IIOKa3aHa Ha
puc. 6. [lekonep paboTaeT aHaJIOrMYHO JeKojepy Merrutra, BbIUMCISS cClepBa
CUHJApPOM, a 3aTeéM CJIBUras €ro 1o KpaiHeil Mepe Ha OJWH MOJHBIA LUKI IS
ucrpanieHus omuoOok. B cxeme nekoziepa MOXKET MPUCYTCTBOBATh 0OpaTHas CBA3b C
BBIXOJIa Ma)KOPUTApHOTO 3jieMeHTa. Ecnu oOpaTHas CBSI3b HE MCHOJB3YETCS, TO
JOCTaTOYHO OJHOTO IMKJIAa — U IOCJEI0BAaTEIbHOCTh MOXET MOCTYyNaTh K
II0JIb30BATEIIO 110CIIE UCTIpaBiIeHUs omMO0K. Eciu oOpaTHas cBsI3b UMEETCsl, TO JJIs
MOJIHOM peajn3aldd BO3MOXKHOCTEH JEKOJUPOBAHMS JTOJDKEH ObITh BBIMIOJHEH IO
KpaiiHell Mepe emie ofauH UK. Hannuue oOpaTHOM CBSA3M MO3BOJISIET MCHPABIATH
JOTIOTHUTENIbHbIE KOMOUHAIIUN OIIHOOK.

Ilpumep. CuHTE3UMPOBATH MPOTpaMMy MOJEITUPOBAHMS PaOOTHI MOPOTrOBOTO

nexonepa koga bUX (15, 7) ¢ nopoxaaromium moauHomom g(X) = 1 + X' +C + %+

+x° (cMm. puc. 6). MHdopmanuronHoe caoBO paBHO a(X) = Caxt e+ L
[Tonunom ommbku paBeH e(X) = 1 + X

Pewenue. TlpenBapuTeIbHO COCTaBMM IIPOrpaMMy Kojepa CHCTEMAaTHYECKOTO
Koja.

OnpenenuM  UHGOPMAIMOHHBIN, TOPOXKIAIOMUN MOJUHOMBI M MOJHHOM
OIIHUOKHU:

a=xX%+xM+x"3+x"2+1,g:=1+x MM+ x"6+x 7+ x"8, e=1+x"8.
CdhopmupyeM MOJIMHOM KOJIOBOT'O CJIOBA:
> c:= sort(expand(a*x"8 + rem(a*x”8, g, X)) mod 2;
c =X M4+ xM2 + xM1 + xM0 + XM8 + XN7 + X6 + X5 + XM + XNS.
BHecem B cTpyKTypy KoJzia OIIMOKH, BEIMUCIUB cyMmmy Y(X) = C(X) + &(X) mod 2:
>y:=c+emod 2
y = xM4 + xM2 + xM1 + xMO + XM+ XM + XA+ XM+ xN3 + 1.
[TpeoOpasyem MoaydeHHBIH TOJTUHOM B BEKTOP:
> yv:.=ToVector(y, X, 15, 2);
yv:=[1,0,01,11110011,1,0,1].

CocTaBum nporpamMmy BBIYHUCIICHHA CHHAPOMA C IMOMOOIBIO PETUCTPA CABUIA C
O6paTHBIMI/I CBA3AMMU.
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PETUCTp CIBUTA C OOPATHBIMU CBS3SIMU

Bpruucnurens cuagpoma -

Bxon
A 4 A 4 A 4 A 4
A
MakopUTapHBIN JIIEMEHT
(1, ecu S 3 mopora = 3)
N-pa3psigHbIin Oydep BrIx.
A " vol il -+ | Yn1 T N YA

Puc. 6. MaxxopurtapHslii 1ekojiep Koaa
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3agaauM QYyHKIIUIO 0OpaTHOM CBS3H:
>00:=1,01:=0;02:=0;,93:=0;,04:=1;,05:=0;,06 =1, 97 :=1; g8 :=1,
>fm := (c8,c7, c6, c5, ¢4, 3, c2, c1)->(cl + bm mod 2, (c8 + g1*cl mod 2), (c7+
+g2*cl mod 2), (c6 + g3*cl mod 2), (c5 + g4*cl mod 2), (¢4 + g5*cl mod 2),(c3 +
+g6*cl mod 2), (c2 + g7*cl mod 2));
>c:=(0,0,0,0,0,0,0,0);
CocraBum nporpamMmy 1 nmpoBEACM BbIYHUCIICHHA CI/IHIIpOMaZ
> for j from 1to 15 do
bm = yv[15—] + 1]; c:= fm(c); s:=¢; ip | = 15 then print (" Cunapom =,9); fi;
od;
Brruncnenus Har0T pe3yJibTaT :
Cunopoms= 0,0,0,0,1,0, 1, 1.
Hanumem nporpamMmy HUKIIMYCCKUX CABUTOB CHHAPOMA PECruCTpoM CIABUIA C
O6paTHBIMI/I CBA3SAMU U pa6OTBI MaKOPpHUTApPHOT'O DJICMCHTA.
> for j from 1to 15 do
mj:= op(4, [s]) + (op(2, [s]) + op(6, [s]) mod 2) + (op(1, [s]) + op(3, [9]) +
+ op(4, [s]) mod 2) + op(8, [s]); s:= fd(s);
if mj >= 3 then print (Beix Mg =", mj, Ilo3umwus ommbku = ,15—] ); fi; od:

HpOBCIISI BBIYUCJICHHUA, ITIOJIYIHUM KOOPANHATHI omrnbOoK:

Buix. Maj = 3, Io3uyus owubku = 8,

Buix. Maj = 3, Iozuyus owubku = 0.

CpaBHUBas TOJYYCHHBIM pe3yJabTaT C 3aJaHHOW KOH(UTypamuei omuooK,

MOJXHO CACJIATh BBIBO/, YTO ACKOACP BCPHO OLCHUI ITO3ULIUHN OIINOOK.

2.6. HexkoTopble NMKJANYECKHE KOJAbI C 0COOBIMM CBOHCTBAMHU

Koowt makcumanvnoti oaunvi. Koapl MakCMMaabHOW JUIMHBI JyallbHBI KOJaM
Xommunra wmHoi N = 27 — 1, HOPOXKIAMOMM MHOTOWIEHOM KOTOPOTO SIBISICTCS
npuMHATUBHBIN moauHOM Q(X) = P(X). JlyanabHbI KOJ TaKOH K€ JJIMHBI MOJIydaeTCs,
ecii moHOM P(X) B3sATh B KadecTBe mpoBepouHoro h(X) = p(X). DToT MHOro4IeH
MOJKET OBITh HMCIIOJIB30BAaH JUIsl MIOCTPOCHUS Iierei oOpaTHBIX CBs3eH B Kojaepe Ha
peructpe casura c K sueitkamu (cm. puc. 3).

JUtsi Koja MakCHMAlIbHON MHBI Bee 2 — 1 HEHYNEBBIX KOIOBBIX CJIOB
SIBIIIIOTCS IIUKJIMYECKUMHU CIBHTaMHU OJHOI'O HEHYJIEBOI'O KOJOBOTO CJIOBa, TaK YTO
BCC KOJOBBIC CIIOBa HMMEIOT OJMH M TOT K€ BeC. Takoi KoJ Ha3bIBacTCS
IKBUOUCTIAHMHBIM WU cumniekcHuiM. Komep JIWHHOTO KoJa TPOU3BOIMT
MOCJICIOBATEIBHOCTH ¢ XOPOIIMMH CBOMCTBaMU CiIy4aiiHOCTH (TICeBIOCTyYaiHbIe M-
MOCJICI0BATEIbHOCTH).

Ksaopamuuno-eviuemnuvie koovt. IlycTh p — HeueTHOE mpocToe uncio. Kmaccer
BbgeToB uncen 1%, 2%, 3% ... 10 MOLY/IIO P HAa3BIBAIOTCS KBAAPATHIHBIMH BEIUCTAMH
o moxynto P. Tak, mpu P = 17 kBagpatuuHbIMHU BelueTaMu OyayT uucia 1, 4, 9, 16,
8, 2, 15, 13. Ocranbuble uncna 3, 5, 6, 7, 10, 11, 12, 14 6yayT HEBbIYETaAMU.
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KBanpatuuno-BeruetHoie (KB) komwl ompepensitorcst TpeOOBaHHEM, COTJIACHO
KOTOPOMY KOPHSIMH TOPOXIAIOUIEr0 MHOTOWICHA JOJDKHBI OBITh B TOYHOCTH BCE
KBaJIPaTHYHBIC BBIUCTHI.

[Tycth R — MHOXECTBO KBaJpaTHYHBIX BBIYETOB MO MOAYIIIO ukcia N =8mz= 1 u
N — MHO’KECTBO HEBBIYCTOB. 3313 TUM nopo;mafomne MHOTOUICHBI

g 0=0(x-a"),  ga=Ox-al),
il R il N
rIie a - JJIEMEHT nopsaka N B pacmmpenuu nons GF(2).

Koapl, mopoxaennsie MuorouwaeHamu gr(X), (X — 1) gr(X), gn(X), (X — 1) gn(X),

Ha3bIBAIOTCS KBAJAPATHYHO-BbIUETHBIME. [Iprt N = 8M £ 1 BBINOJIHEHO PaBEHCTBO
( Xn -1 ) = (X - 1) gr(x) gn(x)-

Koznosoe paccrosiane KB-Ko0B yI0BIeTBOpSCT HepaBeHCTBy d° > N.

IIpumep. Iloctpouts KB-koq N = 17.

Pewenue. Paccmorpum mone GF(2%). Umeno 255 = 15 17. Ilyers b —
NPUMHUTHBHBI d1emeHT moms. Torma b™ mmeer mopsmok 17. B kadecTBe KOpHEH

0r(X) MO’KHO B3STh 3JIEMEHTBI IOJIS

aa2a4a8a16 32 _ 15,a30=a13,a26_a9a18

4
[TocTpoum mose GF(2°) ¢ nomomsio HEMPUBOJIUMOTO TTOJIMHOMA X+ xt+ 3 +
2
+X° + 1. [IposenaB He0OXOIUMBIE BEIYMCIICHHUS, TIOTYIUM
gr(x)=x8+x7+x6+x4+x2+x+1.
1
3ameTiM, uTo g (X) SBISCTCS MHHHMATBHBIM [OIMHOMOM 1T & = b™™.
Hpyrum npumepom KB koma sBhsercs osouuwsiii ko0 [ones, KOTOPBIHA
OOHapy’KuJj1, 4TO CyMMa
3] .
o~ _»5ll
aCyz3=2
i=0
yJIOBJICTBOPSICT TPAHUIIE COBEPIICHHBIX KOJOB. PABEHCTBO MO3BOJISET MPEATIONOKHTH
BO3MOKHOCTh CYIIIECTBOBAHHUS COBEPIICHHOIO ABonyHOro (23, 12, 7) komact =3 —
BO3MOYXHOCTBIO UCIIPABJIATH JIO TPEX OMMUOOK B CIOBaX JUIMHOW 23 cuMBoOja. Takoi
Ko7 cymiecTByeT. [loposkaaronine MHOTOWICHBI 331af0TCS (hOPMYIIaMH:

g(x)=x11+x9+x7+x6 5+x+1p1g(x)=x11+x10+x6+x5+x4+x2+1.

+ X

CRC-x00wb1. [IpuMepoM UCIHOIB30BaHUS CEMEHCTBA IHUKIMYECKUX KOJIOB
SIBJIICTCSI KOHTPOJIb OmKOO0K. [Ipu mepenade TaHHBIX B MAKETHBIX PEKUMaX 3TH KOJIBI
UCIOJB3YIOTCS JIII KOHTPOJIA IEJIOCTHOCTH B 0Oj0Kkax gaHHbIX. Ilycte P(X) —
MPUMHUTHUBHBI MHOTOWIEH CTENeHH M, Toraa moposkaatomuii monmumaoM CRC-koma
g(X) MOXHO 3amucaTh B BUJIE MPOU3BEIACHHMS

9(x) =@+ x)p(x).

C mnoMoInplo mopokaaromero moidHoMa @(X) MoOXeT OBITh IOCTPOCH
nukmmueckuit CRC-xox ¢ mapamerpamu N = oM _ 1, k= oM _m- 2, umeromuii m+ 1
MIPOBEPOYHBIX CHMBOJIOB U Ui = 4.
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3. MOJAEJUPOBAHUE CUCTEM IIOMEXOYCTOMYUBOTI O
KOANPOBAHUA

3.1. MoaeaupoBaHHue KOJOBBIX CTPYKTYP B cpeae Maple

MoenrpoBaH#e BBIMOTHICTCS C MOMOIIBI0 COOCTBEHHBIX mporeayp Maple, a
takke u3 oubanorek ‘codes.mpl’ u «l{ukinyeckue KOmbI».

Cobcmeennvie npoyedypvl TO3BOJISIOT MOIKIOYATH MPOrPAMMHBIC TTPOIEAYPBI
JUHEHHOM anreopbl «with(linalg)», MTOJIMHOMHUATBHBIX BBIYHCIICHUN
«with(polytools)», Teopun uncen «with(numtheory)».

bubnuomexa 'codes.mpl’ comepkuT cienyrolue MPOUeayphl, YAOOHBIC IS
(bOpMHpPOBAHUS U HCCIIEIOBAHUS KOTOBBIX CTPYKTYP:

1. iscyclic(pol, n, p), rae pol — 3agaHHBIi MOMMHOM; N — IJIWHA KOAA, P —
OCHOBaHHE CHCTEMbI (KOJMYECTBO 3JEMEHTOB mouisg). OCYIIECTBISICT MPOBEPKY
MOJIMHOMA HA BO3MOKHOCTh MCITOJIb30BAHUSI €T0 VISl TEHEPALUU IIUKIHYECKOT0 KO/Ia.

2. poly2coeff_list(pol), rae pol — 3amaromuii monuHOM. BhIMONHSET BbIACICHHE
KO2()PUIIMEHTORB U3 MOJIUHOMA'

3. coeff_list2poly(m), rae m — crucok ko3dummentoB. Co3aaeT MOJUHOM 10
CIIUCKY KO3 (DUITUEHTOB.

4. generator_matrix (pol, n, p), rae pol — 3agaromniuii MOIMHOM; N — IJIKHA KOJA;
P — OCHOBaHHME CHCTEMbI (KOJIMYCCTBO D3JIEMEHTOB mouist). DopMHupyeT MHOPOK-
JIAIOIIYI0 MATPHUILY [IMKIMYSCKOTO KOJIa.

5. check _ matrix (pol, n, p), rae pol — 3amaromumii MOTKMHOM; N — IJIKWHA KOJA,
P — OCHOBaHHE CHCTEMbI (KOJIMYECTBO 3JCMEHTOB 110J1s1). DopMHUpyeT POBEPOUHYIO
MaTPHUILy MUKIAYSCKOro KOJIa.

6. code list(G, p), rae G — nopoxkaaroias (reHepaTtopHas) MaTpUIA ; P — YHUCIIO
3JIEMEHTOB MoJig. HaxomauT Bce KOJOBBIE CIIOBA IO MOPOKIAIOIICH MaTPHIIE.

7. sort(C,weight_order) — copTupoBKa KOMOBBIX CIIOB B COOTBETCTBHH C HX
BECOM.

8. weight_enumerator_vector(G, p), rae G — moposxaarorias (reHepaTopHasi)
MaTpHUIA; P — YHCIO 3JEMEHTOB IMoJid. HaXoauT KOJIMYECTBO KOJOBBIX CIIOB C
OJTMHAKOBBIM BECOM.

9. min_distance(G, p), rne G — nopoxaaroiias (reHeparopHas) maTpuia; p —
YKCII0 3JIEMEHTOB 110J1s1. HaXouT MUHMMAaJIBHOE KOJIOBOE PaCCTOSHUE.

10. matrix_times_vector modp(H, v2, 2), rne G — warpuiia; V — BeKTop; P —
YHCJIO PJIEMEHTOB T0JIs. Y MHOXKAET MaTPHILy Ha BEKTOP.

11. decode(v, G, p, d), roe Vv — aekomupyemoe ciaoBo; G — moporkmaroras
MaTpHIIa; P — KOJIHMYECTBO 3JIEMEHTOB MoJisg; d — KojaoBOe paccTosiHue. Jekoaupyer
KOJIOBOE CIIOBO IS JII000ro kojaa XammuHra ais nois GF(p).

Bubnuomexa «lJuxnuueckue KoObI» CONEPIKUT CICTYIOIINAE MPOIEAYPHI:

1. ToPoly(w, p, var), rae W — ymopsjJo4eHHOe MHOXecTBo (array), p —
OCHOBaHHE CHCTEMbI CUHCJICHHS, Va — CHMBOJ (OpPMalbHON MEepEeMEHHOM.
[Ipeobpa3yeT BeKTOp W B TIOJIMHOM.
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2. ToVector(poly, var, n, p), rae poly — moauHoM, var — cumBoil (hOpMaIbHOM
MEPEMEHHOM, N — TpeOyeMbIii pa3Mep BEKTOpa, P — OCHOBAHHE CUCTEMbI CUMCIICHHS.
[TpeoOpasyeT MOJIMHOM B BEKTOPHYIO (HhOpMY.

3.2. MoneaupoBanue B cpene Electronics Workbench

DKcrnepuMeHTallbHasl 4acTh JabopaTOpHOM paloThl BeimoHseTcs Ha [IOBM B
cpeze cxeMoTexHu4Yeckoro moenupoBanus Electronics Workbench.

Mopenbs nabopaTopHOil ycTaHOBKM Haxoautcs B (aitme cyclic 15 11.ewb u
COINCP)KUT HMCTOYHHK  JBOMYHOTO  COOOINEHHUS, KOJIEpPHhl  pa3lIeaTuMoro u
HEPa3JIeTUMOro KOJOB, MOJIENh KaHalla CBS3H, CHHAPOMHBINA JEKOJEp, JOTHUSCKHUN
aHATM3aTOp JJISI OTOOpPaKCHUS COCTOSHUN B Pa3IUYHBIX TOYKaxX CXeMbl (puc. 7).
BkiroueHne muTaHUS TPOM3BOAUTCS TyMOJIEpOM B BEPXHEM IPAaBOM YIUIy OKHA
nporpammebl. [lepeximroueHrne KOAEpOB OCYIIECTBISETCS HaKaTHEM KIABUIIH «S».
JlaHHas cxema MO3BOJISET MOJICIUPOBATH MPOIIECC MepeIadyl HHPOPMAIUN B CUCTEME
C TIOMEXOYCTOWYHMBBIM KOJUPOBAHHWEM MpPH BOSHHUKHOBCHHWH 33JaHHON OIIUOKU B
kaHajge cBsa3u. HMcmoaw3yercs kox (15,11) ¢ mHOpOXAAOIMIKUM — MOJMHOMOM
a(x) =x*+x+1. [IyreM BHECEHHs HE3HAYUTEIBHBIX W3MEHEHHH B CXEMY MOXET
OBITh peamu30BaH IPYrod MUKIMYECKUW kon miauHou 15. JIms sToro HEoOXOoaMMbIe
MOJYJIM OTKPBIBAIOTCS IBOWHBIM Ha)KaTHEeM JICBOW KHOMKH MBIIIH, TOCTE Yero
BO3MOJKHO rpauueckoe pelaKTUPOBAHUE CXEMBI.

[lepenaBaemoe MBOMYHOE COOOIIEHUE 3amaeTcs B 16-pa3psiHOM TeHepaTope
cioB (puc. 8). s 3TOro HEOOXOIUMO HACTPOUTH TEHEPATOp, KaK IMMOKa3aHO Ha
PHCYHKE, BBIJICIUTH MEPBOE CJIOBO B CIIMCKE CJIeBa, 3aT€M BHHM3Y B CTpoke Binary
BBecTd 11 wHPOPMAIMOHHBIX pa3psAOB, IOMOJHUB WX CIpaBa MATHIO HYISIMH.
Crapmmii pa3zpsag MSB naxoautes cnesa, muaamuii LSB — cnpasa. Moaynes p_to s
npeodpaszyeT WHPOPMAIMOHHOE CJIOBO W3 MapajuIebHOTO KOJa B TMOCIEIOBATEIb-
HBIH, BbIIaBa€MbIil HAYMHAS CO CTApPIINX Pa3pPsIOB.

Konep nepasnenumoro kona (puc. 9) codpan B moaysne coder 1 u npeacrasisier
coboii 4-paspsanblii peructp cupura (Ha D-Tpurrepax) ¢ BHEUTHUMH CyMMAaTOPaMH.
Peructp Ttaktupyercs BHemHmM curHamom CLK. Ilepen nauamom koIupoBaHHS
KaXJO0TO CJIOBAa OCYIIECTBISICTCS OOHYJICHHE PETrMCTpa IO BHEIIHEMY CHUTHATY
copoca RESET~.

Konep pasaenumoro konxa (puc. 10) cobpan B Moayne COder2 u mpeacraBisicT
coboit 4-pa3psiaHbiii peructp casura (Ha D-tpurrepax) ¢ oopaTHol cBs3bio. Peructp
taktupyercss BHemHUM curHamom CLK. Ilepen HagamoMm KOAMPOBAHHS KaXAOTO
CJIOBa OCYIIECTBIIICTCS OOHYJICHHE perucTpa Mo BHEIIHeMY CUTHaly cOpoca Reset.
CxeMa comepXUT TakKe JBa Kiroua, coOpaHHeix Ha anementax W, WJIU, HE,
YIIPaBIISEMBIX BHCITHUM CUTHAJIOM Timer 2.

Mogens kanana cBssu (puc. 11) cobpana B momyne Channel u comepxur
CYMMAaTOp, OCYIIECTBIISIFOIINN TIOCTIEI0BATEIBHOE MMOPA3PSIHOE CIOKEHIE KOJTOBOTO
clIoBa U BeKTopa omuOku. [locmeHuii 3a1aeTcs myTeM MoJayl JOTUIECKUX €IMHUIL
Y HyJei Ha BXOJbI OJ0Ka P_tO_S, 7St 4ero 3TH BXOJbI MOAKITIOYAOTCS K UICTOYHHUKY
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[IpeoOpazoBarenn Konepsl
mapanienbHoro Koja  pasaenumoro  Mogens
VICTOYHHK B [OCJICAOBATE/IbHBIA M Hepasmemamoro  KaHana — CHHIPOMHBINH
COOOICHHSI KQJIOB CBsI3U JicKoIep
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= cooerd
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|
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Timer1l |
A
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Clock \
L]_' i & ® 1k
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Al B \ 3
1’ '| V
TaxroBblii  Taiimep -
reacparop .

Puc. 7. Mogaens nadboparopHoii yctanoBku B cpeze Electronics Workbench

‘iWord Generator

—Address
FEEER I
SSSS J Edit  [oo00 Cyele|
BEGER Cumert [0000 Burst |
B o Initial  [D00D EEn
gggg Final [Dooo Breakpoint |
BEEA Pattem...
goga| [T
pgoa | | Inemal | ENEEN EE | &
S S S S — Frequency Ot

d

sot| |L_BE=HB| e
BEEE
gEaa esci [ ] .
SESS j Binary [1011401010400000 |
QOO0 OO0 00

Puc. 8. 3aganue napopmarinoHHOro cCooOIIEeHUsI B TEHEPATOPE CIIOB



WuaukaTopsl

+Yicoderl
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e D4 Cutput data A

Input data o1
KOR
KOR
e ’——’} DATA_OUT

DATA M % % [E
B_._l_._n AF—e—0 DL—8—0 0 —® o ook

Clock = f Tu'— f TQ-_ ’7 ol
| - L

CLK
RESET~
; N

k1| I .

Sicoderz

Input 01
Input data
i‘* :
D—?—‘ .
: I
[ | |
0 1
l I
! T— |
a 1
: Timer 2| b

Clock Reset :

1

4.—0 O_. ,

1

1

1

Puc. 10. Koxnep pazaenumoro koja
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‘i Channel x|
e

Input dat
Sl Bl Cutput data
_‘ LY
+VeC Error
LSE
o %

9 &
&
&
& 1]
& 1|
® =

E—— ® L~
p_to s
&
&
&
& Clock
: ¢ O
Start bloclk
Mis)

i L

Puc. 11. 3aganue BekTopa OMMOKHU B KaHaJE CBA3U

nuTanus wikn K oOmei mune. [TockobKy BEKTOp OIMIMOKKM WMeeT IiauHy 15, To
caMbIil BEpXHUU MO cxeme Bxoj 0yioka p_to S LSB He ucnonas3yercst U JOJDKEH ObITh
MOJIKJIIOYEH K OOlIeH IHHE.

Cunapomubiii gexoaep (puc. 12) cobpan B moxayne decodl u comeput
reHepaTop cuHApoMa (PErUCTp ¢ OOpaTHOU CBsI3bIO), Aemudparop (CeneKkTop Kojaa
0001), kmrou, ympaBisieMbldi 1o BHemHeMmy curHany Switch key, 15-pa3psinHbiii
PETHCTp CABUTA U KOPPEKTUPYIOIIHMI CyMMaTop.

OmnopHeiii reHepatop codpan B moayiae Clock. On BeipabaThiBaeT TaKTOBBIM
curHan CLK, a takxe uHBepcHBbI curHan cOpoca Reset, hopMupyemblii Ha Kaxa0M
31-m TakTe mepen HayaioM Mepeaadynd O4epeIHOTO CI0BA M0 KaHaly CBSI3U.

Jlnst yrpaBieHusi KJI04aMu Kojepa M JeKoAepa HCHOJb3YIOTCsS JBa TanMmepa,
cobpannbie B Moayne Timerl (puc. 13). OHu moctpoeHbl Ha Oa3e 4-pa3psaHOTO
nBomyHOro cuetunka, K Bbixogam QA, QB, QC u QD koToporo moakIrO4YeHbI
CEJIEKTOPHBI KOJIa.
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Beixoguble curHanel Timerl u Timer 2 dopmupyrores RS-tpurrepamm, copoc
KOTOpBIX Mpoucxoaut no curHany START~ nepen Hayanom nepegayv o4epeaHoro
ClioBa TIO KaHaly CBs3M. MOMEHT YCTaHOBKHM Ka)KJOTO TPHUITEpa OMPEACIseTCS
HACTPOMKOW COOTBETCTBYIOIIETO CeleKTopa Koja. Tak BepxHUH Tpurrep Ha puc. 14
ycranoButrcss B 1 Ha 15-M Takrte, a HwkHuUA — Ha 11-m. Ecioum konuudectBo
WHGOPMAIIMOHHBIX pa3psioB kKoma He paBHO 11, To HEOOXOAMMO W3MEHHUTH
HACTPOMKY HUXKHETO CEJIEKTOPA.

[Mocne BkITtOYCHMS Ta00PATOPHON YCTAaHOBKH JIOTHUECKUH aHanu3atop (puc. 14)
BBIBOIUT ociimiuiorpammbel TaktoBoro curiana (CLK), curnama copoca (RESET-),
UH(POPMAIIMOHHOTO cOO00IIeHUs (8), 3aKOAMPOBAHHOTO CO00MIeHH S (C), TPUHATOTO U3
KaHaja KoJ0Boro coodiienus (Y), 1eKOAUPOBAHHOTO coo0meHus (C).

CLK .
RESET~ {1
a
c
y
¢ .
- N
- N
. N
-5
-l N
- N
- N
. N
-
-l N
- - E gtlﬁﬁuéuﬁnnnnn — ggg; _ElnckﬁlockE per division _Trigger
. ms Set. .. Set...
Resetl TET | 15,5000 ms e ﬁalifier (e Duﬁlﬁ

Puc. 14. Jloruyeckuii aHanu3aTop

4. TOPANOK BBIMMOJHEHUSA JABOPATOPHOM PABOTHI

4.1. llpeaBapuTebHOE 3aJaHUE

1. TMony4uTs y mpernoaaBaTessi UCXOTHbIC JTAHHBIC: MOPOXKIAOIIUN TTOJTHHOM
9(X), amuHy Kona N, THPOPMALIMOHHOE COOOIICHHE a.

2. Ompenenuth konumyectBo wuHopmanuvonusix (K) m mposepounsix (I)
CHMBOJIOB KOJIa.

3. OnpeneauTh KOJTMYECTBO KOJOBBIX ¢lIoB Koaa (M).

4. 3aKoaMpPOBaTh COOOIICHHE A Pa3ICIMMbIM H HEPA3IECITUMbIM KOJIOM.

5. Beruuciautb npoBepouHslii noiauHoM h(X).

6. [Toctpouts nopoxaaroryto (G) u npoepounyio (H) maTpuiib.
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4.2. JlabopaTopHoOe 3a1aHue

HUccneoosanue nepedauu umgopmayuu 6 cucmeme ¢ NOMEXOYCMOUUUBLIM
KOOUposaHuem

1. 3anyctute nporpammy Electronics Workbench v.5.0 u otkpsiTh daiin co
CXeMOi TabopaTOpHON yCTaHOBKH.

2. B renepartope cnoB 3amaTh WH(OOPMAIMOHHOE COOOIIEHHE 8, a B MOMYJE
Channel — BexTop onMHOYHON OIMIMOKK B JHOOOM paspsiae, cOO0Aasi HHCTPYKIUU
paza. 3 mocobus.

3. YCcTaHOBUTH KIIIOY «S» B BEpXHEE MOJOKEHHUE, YTOOBI B KaHAN TOJaBaJICs
HEpa3IeTUMBbId KOJ. BKIIOYNTH MOJEIUPOBAHHE CXEMBI, OTKPBITh JIOTHUECKUN
aHaIIM3aToOp W 3apUCOBaTh OCHUJUIOIPAMMBI Ha MHTEpBAJIE MEepeaadd OJHOTO CJIOBA.
Ha ocmumiorpammax HaWTH CHMBOJIBI HMH(OPMAIMOHHOTO W KOJOBOTO CIIOBA,
MO3UIMIO OIIMOKH, yOeAUThCs, YTO OMMOKA HCIpaBiIeHa IEKOACPOM. BBIKIIOUNTH
CXeMy.

4. TToBTOPUTH TI. 3, YCTAHOBUB KJIIOY «S» B HIKHEE TMOJI0KEHHUE, YTOOBI B KaHAI
MOJIABAJICS PA3ACIUMBbIN KOJ.

5. [ToBTopuTh 1. 4, MpeaBapUTeNIbHO 3a1aB B Moayie Channel BexTop nBoitHOM
OLLIUOKH.

U3zyuenue npoyecca koouposanus

6. Otkpeith Monaynb coderl (kozep HepasaeauMoro Koja). BriaouuTh
MOJICJIUPOBAaHUE CXeMbl M CHATH (3amucaTh) TaOmuIly cocrtosiHuii Ha 15 TakTax
paboThl KOojZiepa B KOHTPOJIBHBIX TOYKax «lnput data», «D1» , «D2» , «D3» , «D4»,
«Output data». Jlms 3TOro OCTaHABIMBATH MOJCIMPOBAHHME IOCIC KaKIOTO TaKTa
Ha)kaTHeM KHOMKH «Pause» Ha maHeln MHCTPYMEHTOB. TakKThl KOHTPOJHMPOBATH 110
unaukatopy «Clock». KoaupoBanue HauMHAeTCs IOCAC YCTAHOBJICHHS CHTHaia
RESET~ B «1».

7. AHQJIOTHYHBIM 00pPa30M CHSTh TaOJHUILy COCTOSIHUU KoJepa pa3iaearuMOro
koaa (Moaynb coder 2) Ha 15 takrax ero pabotbl. KonTposbsHbie Touku: «lnput data,
«lnput D1», «D1» , «D2» , «D3» , «D4», «Output data», «Switch key».

H3zyuenue npoyecca 0exoouposarus

8. B monyne Channel 3amare omauHO4YHYI0 OmIKMOKY. ITOAKIIOUMTE K KaHATy
CBSI3M BBIXOJ KOJiepa pa3aeiuMoro kojaa. OTKPBITh MOIYJIb CHHAPOMHOIO JAeKOaepa
(decodl). BximrounTh MOACIMPOBAHHUE CXEMBbI M CHATH TaOUIy cocTosHui Ha 30
TaKkTax padoThI JeKoAepa B KOHTPOJIBHBIX Toukax «lnput data», «D1» , «D2» , «D3» ,
«D4», «Correct error», «Shifted input data», «Output data», «Switch key».

4.3. PacyeTHas 4acCTh

3a/1aH UKIMYECKUAN KO ¢ apaMeTpamu:
Bapuanm 1: n =26, R=0,5u g(x) = x° + x* +x + 1.
Bapuanm 2: 3anaetcs npenoaBaTeieMm.
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Tpebyercs:

1. Tloctpouth cxeMy (QJITOPUTM) KOJEpa CUCTEMATHUECKOTO KOJIa.

2. CdhopmupoBaTh KOJOBOE CIOBO IO 33IaHHOW WH(POPMAIIMOHHOHN YaCTH.

3. TocTpouTh MOPOKIAIOIILYIO M TPOBEPOUYHYIO MATPHIIBI.

4. Tloctpouth cxemy (aaropuT™) JAeKojepa IO 3aJaHHOMY METOIY
nekoaupoBanus (st BapuaHTa 1 — MaKOPUTAPHBIA JEKOIED).

5. TlpoBeputh paboTy ACKOCpa AJIS Clydasi, KOT/Ia MPUHATOE CJIIOBO UCKAXKEHO
BEKTOPOM OIIUOKH (BEKTOP OIIMOKHU 337a€TCs PU TOJTYUCHUH 3a/1aHNUA).

6. HaiiTu MakcUMallbHOE€ KOJMYECTBO HCHpaBiIsieMbiX (0OHApYKHBACMBbIX)
OLINOOK.

5. COAEP KAHUE OTYETA

Lenpb paboThl, HOPMYIUPOBKA UCCIICIOBATEIILCKUX 3a/1a4.

PacuyeTsl, mporpaMmbl BEIYKCICHUH 110 MPEABAPUTEIBHOMY 331aHUIO.
OcuuorpaMMbl U TaOJIUIIBI COCTOSTHUN KOJIEPOB U KO Iepa.
PacueTHas gyacts.

BriBoaml.

agrwdPE

6. KOHTPOJIBHBIE BOIIPOCbI

1. TlosicHuTe pabOTy CXeM KOJMPOBAHUS IUKINYECKHX KOa0B (cM. puc. 1-3).

2. Hanumwure mporpamMmbl KOAUPOBAHMUS WH(OpPMAIMK CHUCTEMATHUYECKUM U
HECHUCTEMAaTUYECKUM KOJIaMH.

3. Haiigute nopoxaaroniue MHOTOWICHbI IUKIMYECKUX KOAOB JUIMHAMH 15 u
31, ucnpaBnsIOIMMX TPU OMIMOKK Ha OCHOBE (hakTopu3anuu ouHoma X' — 1.

4. CdopmynupyiTe OCHOBHBIE CBOMCTBAa (YHKUMU CHUHAPOMA LUKIMYECKOTO
KoJa.

5. CocraBbTe aIrOpUTM U HAMUIIUTE MpOrpamMmy paboThl aekojepa Merrurra
s koga Xommunra (15, 11).

6. Iloctpoiite u mosicHUTE pabOTy CXEMbl KOJUPOBAHHUS U BbIYMCICHUSA
curapoma CRC kopa (7, 3).

7. Tloctpoiite u moscHute padboOTy AekoaupoBaHus koja ['ones mo meromy
BBUIABJIMBAHUS OLINOOK.

8. TlocTpoiiTe BO3MOXKHBIE aJITOPUTMbI JEKOAUPOBAHNUS MMaKETa OLINOOK.

9. Huxmmaeckuii kox (21, 11), mopoxaaemsiit MuorowreHoM g(X) = X + X' +
+%+ Xt + X +1, nexonupyercs ¢ MOMOIIbI0 MaKOPUTAPHOTO anroputMma. Haiinure
MIPOBEPOYHBIE COOTHOIIEHUS, OPTOrOHAJIbHBIE 110 IEPBOMY OLIMOOYHOMY CUMBOIY, U
MOCTPOITE CXeMY AeKOoepa.

10. Paccmotpute (15, 4) ko MakcuMalibHO#M uiMHBI. KakoBO ero KojaoBoe
pacctosiure? Hapucyiite cXxemMbl KojAepa C PErucTpoM CIBHUra M BAapUAHTHI CXEM
JEKOAEPOB Pa3IM4YHOIO THUIIA.

11. O6BscHuTE pabOTy KOAEpA pa3ACIMMOTO KOJia [0 TaKTaM.

12. O6psacuuTe paboTy CUHAPOMHOTO JIEKOJIepa MO TaKTaM.
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