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1. HEJb JABOPATOPHOM PABOTHI
1. U3yuntp MeTOIbl MOMEXOYCTOMYMBOTO KOAUPOBAHUSA U JEKOAUPOBaHUS HH(pOpMa-
MU C TIOMOINIBIO IIUKINYECKUX OJIOUHBIX KOJ10B boy3a—Yoyaxypu—XoKkBHUHTBEMA.
2. UccnenoBate cBoiictBa komoB boyza—Hoynxypu—Xoksuureema (bUX), u3yuuTh
CBSI3b UX KOPPEKTUPYIOUIEH CIOCOOHOCTH C KOHEUHBIMH MOJISIMHU.
3. IlpuobOpecT HaBBIKM TOCTPOCHMSI AJNTOPUTMOB M MPOTrpamMM KOJAUPOBAHUS U
JeKOAUpOBaHUS UH(GOPMALIUU.

2. KPATKHE TEOPETHYECKHUE CBEJAEHUASA

2.1. 3agaHue NUKJINYECKOT0 KO0/Ja C MOMOIIbIO DJIEMEHTOB KOHEYHOT O MOJIs
Koppektupyromuii muknmmdeckuit (N, K) - kox C mpencraBisieTcs B BUJAE BEKTOpa-

CcTpoKH € = (Cny- 1,Cp 24004C0) T (Z2)™ wmu B mommHOMEATEHOM BHIE Kak

o(X) = X' 1+cn_ ox"” 2 +..+col Zo[X],

rae Z,[X] - KoIbIIo MHOTOYICHOB HaJ mojieM Z , .

O603HaYUM TNPUMUTUBHBIN 3J€MEHT KOHEYHOTO IOJs GF(Zr)KaK a. Onpenennm

n- 1,a n-2

MPOBEPOUHYI0 MaTpuily koma H, cTonOIpl KOTOpoil paBHBI a a1, roe

T
n=2" - 1. Hpoussenennio (¢ H) cooTBeTCTBYET MOMMHOM CHHAPOMA
— n-1 n- 2 2
S(@)=cp.1a +Cp. 2a +...+Coa“ +ca +Cp.
JIig nanbHeIero u3J0KeHusl MoJIe3HO BBECTHU CJIEIYIOIINE MOHSATHS.
MunumanbHblii MHOrowieH. Ilyctes F - none, F, - moxnone nons F m a — anemenr
MynbTHIUTNKAaTHBHOU rpynmel F - {0} moms F. OGo3naunm uepe3 |, MHOXKeCTBO Bcex

MHOTOWIEHOB Haj F,, kopHeM KoTopbIx sBisercs o. [lycte m, (X) - HOpMHPOBaHHBII

MHOTI'OYJIEH MHHHMMAaJIbHOMH CTeneHd B | O9TOT MHOI'OYJICH HAa3bIBACTCA MHWHHMAJIbHBIM

a )
MHOTOWICHOM 3JIeMeHTa o HaJl F,. MUHIManbHBIT MHOTOWICH SIBISIETCS HEIIPUBOIMMBIM.
Ipumep. Paccmorpum mone GF (16) = GF(2r ), r=4,n=2%-1=15. Bo3MOXHBIMH

KoapduureHTaMu s MHHMMallbHOTO MHorowieHa spistores O wmum 1. [omywaem

clie/Tyrolee cooTBeTcTBre (Tadm.l).

Tadomuma 1
SHCMGHT I10J14 MI/IHI/IMaHBHBIf/'I MHOT'OYJICH
0 X
1 x+1
a,a’ Xt +x+1
a? Xt +x3+x%+x+1




a’ X%+ x+1

COHpSl)KeHHbIe 3JIEMEHTBI 11 IIUKJIOTOMHYECKHC KJIACCBI. MuHuManbHbIC

MHOTOUIEHBI 2eMeHTOB D u D ? paBHEI. DIEMEHTHI 10N, MHHUMAIbHBIE MHOTOUICHBI
KOTOPBIX PpaBHbI, Ha3bIBAIOTCS CONpsUKEHHBIMHM. Tak, i nomst  GF(16) = GF(2")
MHHHAMAJIBHBIM MHOTOWICHOM »sieMeHtoB a,a’,(@?)’=a* (@*)?=a® (upu »stom

(as)z =a ) sSBisIeTCS OJUH W TOT K€ MHOTOWICH. AHAJIOTHYHO U a 3ata?a*=a’

MUHUMAJILHBIM MHOTOYWIEHOM SBJISETCS OJWH M TOT K€ MHOrowieH. BuIHO, 4TO cTerneHu
JJIEeMEHTa a paclaJaroTCs Ha HEMepeceKarolue MHOXKECTBA, KOTOPBhIE Ha3bIBAIOTCS
IUKJIOTOMUYCCKUMH KitaccamMu. Korma mHaekc | mpoOeraer IUKIOTOMHUYCSCKUIM Kiacc, TO

MHHHMAJIBHBIM JUIS BCEX @ ' ABJIAETCS OJMH M TOT K€ MHOTOYIEH.
MHOXECTBO IIEJBIX YKCEN M0 MOAYII0 P - 1 OTHOCHTEIBHO ONEpAIliy YMHOKEHHUs Ha
P pacnagaercs Ha MOAMHOXECTBA, KOTOPBIC Ha3bIBAIOTCS YUKIOMOMUYECKUMU KAACCAMU TIO

mMoayiro P - 1. IIUKIOTOMUYECKHH KIIacC, COAEPKAIIUMN S, COCTOUT M3 YHCE

Ks={s.ps p2s, p°s.... p's 19 ={ks 0.ks1.- kst )

rjie te - HauMeHbIIee TIOJOKUTENBHOE I1eI0e YUCIo, Takoe, uto P°s® smod (p™ - 1).

Hanpumep, TUKIOTOMHUYECKUMHE KiiaccaMu 1o Moaystro 15 (s p = 2) seusitores Ko =
={0}; Ky ={1,2,4,8}; K3 ={3,6,12,9}; K5 = {5,10}; K; = {7,14,13,11} .

LII/IKJIOTOMI/I‘IGCKI/IG KJIaCChl IIO3BOJIAKOT BBIYHMCIIMTH MHHUMAJIBHBIEC IIOJIMHOMBI C

nomoIipio Beipaxkerus Mg(X) = O (x-a 'Y. Vicionb3ys BBeICHHBIC OIPEEIICHHS, MOXKHO
il Kg
MOCTPOUTH CIIEAYIONTYI0 KoHCTpyKIuio (N, K) - koxa.
1. IpeacraBum koaupyemyro wuHpopMmanuoo (coodmieHune) a(X) crapiieid 4YacThbio

IIOJINHOMA

1 2 k

a(x) =cp. X T+ cp xS+ L+ g xK

2. Haiinem ocratok Rem(x) ot nmenenust cooOmenus a(X) Ha MHHUMAIbHBIN TOJTHHOM
m, (X): Rem(x) = a(x) mod m(x) .
3. CdopmMupyem KOJI0BOE CIOBO MO MPaBUILY
c(x) = a(x) + Rem(x) .
JlekoMpoBaHKe PUHUMaeMoro curtana y(X) = ,n=§ y, X' MOXKHO BECTH B CIIEAYIOMIEH
nocienoBaTenbHOCTH. [logcTaBuM X =a B Y(X) ¥ BBIYHCIMM CHHAPOM OmUOKH S=y(a).
Torxa ecau y(@) =0, To omuboOK B IpHHATOM cHrHaite Her, ecim y(@): 0, o y(@)=a'

w1t Hekotoporo j. IMomurom ommOku €(X) =a '. CremoBaTenbHO, IPUHUMAEMBIH CHMBOJ

y; ommbo4eH 1 J0/keH ObITh McnpasyieH C(X) = Y(X) - &(X).



Mpumep. Ilycte nBomunoe coobmenne wumeer Bua a = (1,1,0,1,1,0,1,0,0,0,0).
Hpumennm kox (15,11). O6pazyem momroMm a(x) = X +x= + xM + x + %8,

Pasnenum  coobmienme a(X) Ha MHHEManbHBI mommHOM  M(X) = X* + X+1,
m(x)® al GF(2*): a(x) =(x +x® +x® +x*> + x* + x*)m(x) + x*, Rem(x) = x°.

KomoBoe croBo paBro C(X) = a(x) + Rem(x) = x™ + x + x" + x + x® + x°.

[Tycte BexkTOp mpuHMMaeMoro curHaga pased Y =(11,011010,0,0,0110,0) wu
y(x) = x* +xP +x" +x° +x% + x>+ x*. Ecm a - xopenb M(X), TO, MCHONB3Ys MPaBHIIA
croxenns B noxe GF(27), momy«mm

y@@)=a +aB+al+a0+58+5%+a2=a2,

CrenoBaTeNbHO, OMKUOKa IPOM30ILIa Ha o3unuH | = 2. ITomraoM ommoku €(X) =a 2.
CumBon Y, noyxkeH ObITh UcpasiieH ¢ 1 Ha O.

PaccmoTpum citydaii, korma TpeOyeTcsi KOppeKTUpPOBaTh J1B€ OMIMOKA. MUHUMalIbHBIN
oMHOM My(X) B1eMeHTa a GyIeT UMETh CBOMME KOPHSIMHU TaKxke Bce seMentsl &, ji Ki.

Hcnonp3oBanre moauHoMa My(X) AOCTATOYHO JUISI KOPPEKIUH OJHOM OIIHOKH, HO
HEJIOCTATOYHO IS UCTIPABJICHUs IBYX OMIMOOK. OOparumcst kK Koy Xammunra (15,11), pk =

=16, K;={1,2,4,8}. Bossmem ns1ement momns a°l GF(2%), KOTOpOMy COOTBETCTBYET
MUHMMAJTBHBIH HEMPUBOMMBIHA B Z,[X] momanom M,(X) = x* + x° + x* + X +1. Dnement a’

SIBISICTCS. KOPHEM ToTHHOMA (X -1). DIIeMeHTHI & i a° SBISIOTCS KOPHIMH MOINHOMA

m3(x) = my ()mg(x) = (x* +x+)mg (%) = X8 + x +x8

Ecnu monmuHoM cooOenust a(X) pasaenuts Ha Myz(X), To a1 koma ¢ N = 15 momyynm

+x4+1.

octatok Rem(X) crenenu He BbIIe 7:

a(x) = cl4x14 + 013x13 +..+ 09x9 + 08x8,

Rem(x) = a(x) mod(my3(x)) = c7x7 +...+C1X+Cq.
B sTom cnyuae cooOuieHne AMUHON 7/ MOKET ObITh 3aKOJUPOBAHO KOJOBBIM CIIOBOM,

c(x) =a(x) + Rem(x) = Cl4x14 +...+C1X +Cq, cocTosmuM u3 15 cumBoIIOB.

[porecc nexomupoBaHus MOJOOCH MPOLEAYPE MCIPABICHUS OIHOW OIIUOKH, HO TIPU
UCTIPABJICHUHM JIBYX OINMOOK TpeOyeTcs pelMTh KBaJpaTHOC YpaBHCHHE. 3alHIlIeM
npuHUMaeMbli curaai B Buae Y(X) = ¢(X) +€e(x), rae y(X) — moauHOM OmrooK.

Jlnst paccMaTpuBaemMoro npumepa c@) = c(@ 3) = 0. OmuOKK B IPUHIMAEMOM CHTHAJIC
OTCYTCTBYIOT B TOM ciydae, ecnu &X) =0 wiu y@) = y(@a 3) =0. Ecmu npousomnuia oaHa

e

omnbka, T0 €X)=x% w1 pasnmunbix 3HaueHwit e B orom caywae y@)=a® u

y(@ 3) =g %€= y(a)3. Ecnmu B mpuHMMaeMOM CHUTHaJe JBa CHMBOJIA OINMOOYHBI, TO



e(x) = x& + x| s pasinuHbIX s3HaueHwil € f, €f, mpu stom y@)=a®+a L

3 3
y@=)* y@)”.
OnpenenuM ypaBHEHHUE Z2 +S1z+s 2 =0, koropoe mmeeT aBa KOpHI bq =a® u

f

bo=a , mpu stom Sq1=Dby+by, so=biby. 3amerum, uro xopuHum ypaBHEHUS

OJHO3HAYHO CBs3aHbI C KOOpAMHATaAMHU € U f ommoOok. Pemenue YPaBHCHHUA ITIO3BOJIACT

OTIPENICTUTh MECTOTIOJIOKEHUE OIIMOOK B JEKOJUPYEMOM cuUrHaje. MHOrousaeH B JIEBOU
YacTH YpaBHEHHS MOXKET OBITh HaWJIEH C UCIOJb30BAHHEM CHHJIIPOMOB OIIMOOK

cnenyronmM obOpasoMm. KommnoneHTsl § Bekropa cuHmpomoB S=(S5,Sp,...,Spi.1) ©

KO3 PUITUEHTHI noAUHOMA NO3UYUL OUWUOOK CBSI3aHBI COOTHOIICHUSIMHU
S =y@)=e@)=by+by=s1; S =y@’) =efa’) = S;
S3=y(@%) =by’ +b3 = (b +b2)° +(by + ba)byby = $1Sp + S5 2 =5 251 +5 2.

[To paccMOTpeHHBIM ITpUMEpPaM MOXHO cJIeJaTh 0000LICHUE U AaTh ONpe/IelIeHHEe KOJJOB
boy3a—Yoyaxypu—Xoksunareema (BUX).

2.2. BUX-koabl

Onpeodenenue npumumuernozo b4X-kooa. llycte mu t < pm - 1 - nenvle yucna, Toraa

O-munbii  BUX-kox wmmeer mapamerpst nN=pM-1; k3 n- mx; dmin 2 2t+1. Kon

GopmupyeTcs TeHepaTOpHbIM mojauHOMOM (J(X), HMMEIIUM KOPHSAMU HPUMUTHBHBIN

snement nons GF(p™a', i =1,...,2t . CoorBercrBenHO

9() = HOK(mp (9., 2 (),...m, 2t (). ®

rae mai - MUHUMAJIbHBIN [TOJIMHOM, COOTBETCTBYIOIINI JJIEMEHTY OIS a'.

2
Juis p=2 B none GF(2™) snementsr @ 1 @ < UMEIOT OAMHAKOBbIC MUHHMAIIBHBIE

MOJIMHOMBI, IO3TOMY ISl IBOMYHOro bUX-koma
9(x) = HOK (Mg (), M, 3(X),-m_ 21-1(x) @
Pacwupennvie BUX-koap1 popMUpYIOTCS TIO CIEAYIONIEMY TIPABUITY:
9(x) = HOK(M, b (), M_ b1 (%) M. br2t-1 (). 3
Aneopumm popmuposarnus kooa UMEET CIASAYIONIUN BUI:

1. Crpourcst mone GF (p™), 111 KoTOpOro @ - MPUMUTHBHBIIT SIEMEHT OIS,



2. s a', I =1...,2t onpenensrTCsa MPUMUATUBHBIE TTOJIMHOMBI X)=m i (X).
p p L

3.Haxomurest g(X) xak g(x) = HOK (my(x), ma(X),...,mxt (X)).

OcHoBHBIE CBOIICTBa KOJa
Kox BUYX Moxet ucrpaBisaTh t ommooK.

Ecnmu monumHOM Y(X) NpUHMMAaeMOro CHTHAaja CONIEPXKUT He Ooiee t omuOOK u

CHHJPOMBI OIIMOOK paBHBI S = y@') mmt i = 1,2,...2t, To KoNMMUECTBO OMHMGOK PaBHO

paHry V MaTpHIlbl

€S S, L S o
252 3 L St H
e 1 o o a

e
&St St+1 L Sp-10)
ECJ'II/I B HpI/IHI/IMaCMOM CUTHAJIC UMEETCI N OIHI/I6OK, TOoraa IOJIMHOM OIHI/I6OK MOXKET
6I)ITI) HpeI[CTaBJ'IGH B BUJIC

e(x) = y(x) - ¢(x) =xM +xM2 + _+x"h
IIpru 3TOM CTCIICHW IIPHUMHUTHBHOI'O 3JICMCHTA a rnl ,a m2 yeenyd rTh SBIIAIOTCA KOPHSIMH
NOUHOMA NOZUYULL OUUOOK
-1
Zn+S]_Zn +..+tSpn-.1Z2+S,

KO3 (ULHUEHTH KOTOPOro CBS3aHBl C KOMIIOHEHTAaMH CHHApPOMA OIIMOOK CHCTEMOM

ypaBHEHU
€Sy S L § Uésp U éx+u
é u u u
&2 3 L 31+1ugsn-1u:_gsn+20
(:EM 1 (@] M L:JéM a é y o
é ué u é U
&n S+ L Sm-10ésS1 a0 éSn G
IIpumepsr:

1. TIlycrs pmanmo mone GF (24) Mm=4, g=2. 3amaauM napaMeTpsl  KoJa
t=2, n=2%-1=15 k3 n- mx=15- 4x2=7, torma

8,,7,..,6

+x' +X +x4+1.

9(x) = HOK (my(x), m2 (), mg(x), Mg (X)) = X
B pesynmprare momyuaercs bBUX-kon (15, 7, 5), y xotoporo d. ;.3 2°2+1=5. Ilpu

crerieHn monmHoMa  deg(d(X)) =8 KoOIMYECTBO MPOBEPOYHBIX CHMBOJIOB B  KOJIC

paBHO I =Nn- K =8, a ynciao uHpOPMAIIMOHHBIX CHMBOJIOB — K =7 .



2. PaccmoTpum Bo3mMoxkHOCTE mocTpoeHust bUX-koma (15, 7), KOppeKTUPYIOIIETo TpH
ommbkn. Ompesenum komeunoe moine GF(2%), 11 KOTOporo cymecTByeT deThipe
UKJIOTOMUYECKHX KJacca:

Ky ={1,248}; K,={3,6,12,9}; Ks={5,10}; K;={7,14,13,11}.

513 2,15 5

CreneHb TPUMUTHBHOIO 3JI€MEHTa Mot (a =1 wu, ciremomarenabHO, a

SIBIIIETCS KOPHEM MHOTOYJICHA X—1=x+1= (x + 1)(X2 + X + 1); 1 KOIOBBIC CJIOBa
JOJKHBI OBITH KPATHBI TIOJIMHOMY
Muas(X) = Mus(X) Me(X) = Mus(X) O + X+ 1) = X2+ 53 + x° +x* & +x +1.
Bosmoskroctn momst GF(2') 103BONSAIOT MOCTPOMTB KOA, KOPPEKTHPYIOLIMIT deThIpe
omuOKu. JIeWCTBUTEIILHO, CTPYKTYpa HUKIOTOMUYECKUX KIACCOB TOKA3bIBACT, MOXKET JIH

OBITH OMpeJielicH MUHUMAIBHBIA TIOJIUHOM My(X), KOPHAMHU KOTOpPOTO SIBIISIFOTCS CTCIICHH

a7,a14,a13,a11. TpeOyemsbrii monmmHOM M(X), HA OCHOBE KOTOPOTO (OPMHUPYETCSI KO,

ompenesercss 4epe3 mpomsBeneHue M(X) = My357(X) = my (X)mg(X)mg(X)m7(X), mmeer
creneHb, paBHyo 14. [Tony4daercs BUX - kox (15, 1) ¢ oqHUM HHPOPMAIIMOHHBIM CHMBOJIOM.

Jns  ¢dopmMupoBaHHS KOJOB C JYYINIMMH KOPPEKTHUPYIOIMIMMHU CIIOCOOHOCTSIMU
HE0OXO0IMMO UCIOJIb30BAaTh KOHEUHbIE MOJIsl 0OJbIIero pasmepa. Tak, eciiu BbIOpaTh IoJie
GF(25) = ZZ[X]/(X5 +C + 1), TO MOKHO MOJIYYUTh ClEayIoue Koel (Tabm. 2).

Tabmuna 2
Kon [{ukmoToMuUueCcKuid KomnuectBo YHucino
KJIacC MH(pOPMaIIMOHHBIX WCIIPaBIIIEMbBIX
CHUMBOJIOB K omuoOoK t
C {1, 2, 4, 8, 16} 26 1
C, {3, 6, 12, 24, 17} 21 2
Cs {5, 10, 20, 9, 18} 16 3
Cq4 {7, 14, 28, 25, 19} 11 5
Cs {11, 22, 13, 26, 21} 6 7
Cs {15, 30, 29, 27, 23) 1 15

Tax, xox C4 hopmupyeTcsi ¢ MOMOIIbIO TOJTUHOMA
m(X) = mMy357 (x) = My (X)mz(X)ms (X)my7 (X) ,
crenieHb kKotoporo paBHa 20. KomudecTBO MpOBEpOYHBIX CHMBOJOB paBHO 20, a YHCIIO
nHpopmanmonubix cumBoioB 31 —20 = 11. Crenenu a, a2,..., a'® aengrores KOpHSIMU
nojauHOMa M(X), HO a™ He sBsercs kopHem M(X). CienoBatenbHo, koa Cy4 ucmpasisier 5
omuO0K. MUHUMAIBHBIA TOJWHOM ITMKIOTOMHYECKOro kiacca K; — momywaercs wu3

Beipakerns M7 (X) = (x- a /)(x- a¥)(x- a 2B)(x- a ®)(x- al?).
2.3. lekonupoBanne BUX-kon10B

[Ipeanonoxkum, uro 3aman bBUX-kon, koppekTupyronui t omuOOK ¥ HpH Mpueme



npousonuto N omubok, npuuém OE£N £t. OmulOku pacmonararorcs Ha MO3HMIUIX
(i1,19,...,ln ), BekTOp OIMOOK ox) =g, xx'1 +e, |2 tote xxN . Jlekoxep peraer
JIBe OCHOBHBIE 3ajauu. [lepBas — ompenessieT KOOPAWHATHl OMIKOOK, T.€. 3HAYCHUS {i j}'

Bropast - olieHHBaeT BETUYMHBI (AMILUTATY/IBI) OIMITHOOK.

. i i
BreneM crenyromue obosHauenus: i; ® a ;X —a'e - nokaro OIITNOKY; =Q.—
Yy j € p e ~ <€

BCJINYNHA OIHI/I6KI/I. Torz[a KOMIIOHCHTHI CHHJIpOMa MOI‘YT 6I)ITI) BBIYHUCJICHBI KAaK
Sj=y@l)=cal)+e@l)=e@l), j=1..2.

C npyroii CTOpOHbI, KOMIIOHEHTBI CHHAPOMA MOXHO OMUCATh CIEAYIOUIEH CUCTEMON
YpaBHEHUN:

S =Qa"+Q,a+..+Q rar,

S,=Qa®+Q,a%+..+Q a’,

um S = é Q a il j=1..,2t.

1=1

Jlis pyHKIMM OIIMOKH OIpeeuM AUCKpeTHOE IpeodpazoBanue Oypbe B KOHEUHOM
nose [ 4]:

E =& qwk, k1.2t
=0

3aMeTHM, YTO KOMIIOHEHTBI CHHAPOMA MOKHO TPAKTOBATh Kak Kod(duuueHTs Dyphbe-
npeobpasosannst § = E;,j=1,..., 2t npu w'=a'.

OuneHkd mapaMeTpoB OMIMOKA MOXHO TOJYyYHUTh IYyTEM pEeUIeHUs MOJIyYeHHOU
HEJIMHEWHON CHUCTEMBl YPAaBHEHUH, YTO JOCTATOYHO CJIOXKHO. Vcnoiab3yeM HCKYCCTBEHHBIN

npuéM. BBeneM Tak HasbIBaeMbIil noaunom nokamopos owubox S (X):

s(X)=sp K +s, 18 L+ s xx+sg,  wm

S (X) = (L- xxXq) ¥1- xxX5)%x..41- xxX5) =0 (L- xxX;),

i
i
HYJISIM KOTOPOT'O COOTBETCTBYIOT JIEMEHTHI & I 1=1,..n.

Kopusimu nonuaoma S (X) sBisiiorest Benmmaunsl | = X 1 Eenm ko3 puirents: S (X)



M3BECTHBI, TO COOTBETCTBEHHO I ONPEIEICHUs JOKATOpOB OMHMO0K X HYXHO HaWTH
kopuu S (X), mocie Yero BBHIYMCIUTL OOpaTHBIE K HUM BEIWYMHBL. [Ipu 3TOM pelieHue

CHUCTEMbl HEJIMHEHHBIX YPAaBHEHUU CBOJUTCS K PEIICHUIO CHUCTEMbI JIMHEHHBIX YPaBHEHHI

OTHOCHUTENBHO KOd(huiuentos nojuuoMa S (X). JIEHCTBUTENBHO, YMHOXKHM JIEBYIO H
. j+n
MpaByl0 YacTU BBIpAKEHUsS IJI IMOJIMHOMA JIOKATOpPOB OMIMOOK Ha Q) X% a TaKxke

TIOJIOXKHM, 4TO IIPH X = Xg L iveem s (Xe 1) =0. Oo6pa3syem cucremy
0=0Q¢ xxé n X1+s 1><Xé1 +5 2 XXg 2 +..+5n *Xg"),e=1..n.
[TpocyMMHUpOBaB ypaBHEHHUs 110 HHICKCY € 0T 1 10 N, [UIst KaKA0T0 MHACKCA | MOTyuUM

A jHn h jH-1 A j
a QexXe +s1xa Qe*Xg +...+Sp xa Qe xXXg =0.
e=1 e=1 e=1

n .
YuureiBag, 4To § = é Qe XXé , CHCTEMa YpPaBHEHU MPEICTABISAECTCS B BUIE
e=1
$1°Sjn-1*%82°Sj4n-1+..+tSn>Sj =-Sj4n, i =L...n,

WU B MaTpU4uHOM hopme:

€51 S B . H-1 HH Uésp U & H+u
a2 2 +1 5 eon-1yg (:3 +2L:J
€8 4 S . Hi+l Hi+2UWSp.2Uu=6 H 43U
é aé a é a
En S+l $H+2 - Sn-2 Sm-1HEs1 H E-Snm H

Cucrema CBsI3bIBaCT KOMIOHEHTHI CHHApPOMa S ¢ KO3(HIMEHTaMH IOJHMHOMA

JIOKaTOPOB OIIMOOK, 3a7aya BBIYHUCICHHUS KOTOPBIX pEHIaeTcs JOCTATOYHO IPOCTO, €CIH
MOKHO HallTH 0OpaTHYIO MaTPUILy CUHIPOMOB.

2.3.1. Aaroputm Ilutepcona—TopenmTreiina—l{npaepa (II'L)

1. BeruncnsoTess ~ KOMIIOHEHTHI — CHHIpoMa: § = y(@ J), j=12,...,2t. 3amaercs

BeJmynHa N = t.
2. CocraBnsercs MaTpuIa CHHAPOoMOB Mpy = [S| +k+1]’ Lk=0,1,..., n-1.
3. Beuncnsercs onpenenutens marpuisl D=detMp . Ecim D=0, To marpuna

ABJISIETCSI CUHTYJISIPHOM, U 00OpaTHOI MaTpHIlbl HE cyliecTByeT. B aToM ciiyyae uzMensercs

pasmep MaTpuiisl N:= (N - 1) 10 TeX mop, MOKa ONPEACIUTEIb HE CTAHET OTIIMYHBIM OT HYJIS.



ITocne yero moBTOpsIETCS BTOPOM 1IAr.

4. Onpenensitorcst Ko3hOUITMEHTHI MTOJUHOMA JJOKATOPOB OIIHUOOK:

ésp u €& SH+1u
€ a é a
en-1y ) S +2y
Sn-2U=Mp & H+3U
é é U
§ . l;l § e l;l
€s1H €-Sn H

5. Onpenensitorest kopau S (X) = 0 1 depe3 UX HHBEPCHIO BHIYUCISIOT 3HAUCHHS X .

6. O1leHNBaIOT BETMYMHBI OIIHOOK {Q,} , pemias cucreMy

ngg gxl xmg gszg
cRTeXS - Xini e2y
Omii gx" .. Xmg  ©md

7. KoppeKTupy1oT IpUHSTBINA BEKTOD, MOACTABIISAS BRIYUCICHHbIE 3HaueHHs Q; .

IIpu komuuecTBe ommMOOK [>2, NaHHBIA aIrOPUTM XapaKTepU3yeTcs OOJbIION
BBIUUCIIUTENBHON CIIOXKHOCTBIO. B 3THUX ciydasix JUisi BBIUMCICHUS MOJUHOMA JOKATOPOB
oImMOOK MCIOIB3YIOT aNropuT™Mbl beprexamma—Meccu, CyrusimMbl, a JyUisl OLICHKH 3HAaYE€HUM
omMOO0K 151 (-UYHBIX KOJOB — anroput™M DopHH .

2.3.2. Anroputm Cyrusimbl
Anroputm CyrusiMbl IO3BOJISIET PELIUTh CUCTEMY ypaBHEHM B moe F

eEi-1 E-2 L FEpuésiu é E 0
e Ul u e u
é Et Et-1 L =] U 2(1:_éEt+1 u’
¢y 1 O w@Nu & u
e ue u e

gExt-2 Ext-3 L Et-1085ta eéE2t-10

YTO pa3peliaeT HEHTPAIbHYIO MPOoOIeMy AEKOIUPOBAHUS JIOKATOPOB OIIHUOOK.

— — 2 iy
[Ipenmonaraem, 4yro S =1, mommHOM JOKaropoB ommOok S (X)= Q'S jx' m
j=0
2t-1 .
IIOJIMHOM  CIIEKTPAJIbHBIX Koaq)q)HuHeHTOB<E J> dyukmmn  ommbok E(X)= § E j xJ .
j=0
Cuwnraercs, uyTo K03hunueHTs! monuHoMa npousseaeHus S (X)E(X) paBHbI Hy0 1718 | =
=t,...,2t-1.



Penrenne maTpu4HON CHCTEMBI YPaBHEHHMM YKBUBAJICHTHO PEIICHUIO TOJIMHOMHUAIBHOTO

ypaBuenus S (X)E(x) = G(x) mod x2 JUI CTENeHH mojuHoMa S (X) He Oosbiie, 4eMm t, u
crenienn C(X) He Oosbime, yem t — 1.

PaccMaTpuBaeMblii aJITOPUTM pelIaeT MOJIMHOMHUAIIBHOE YPaBHEHHE C MCIIOJIb30BAHUEM
anroputMa EBknmma crnemyromuM oOpazoM. (OO003HaYMM HaudajdbHBIE YCJIOBHS Kak
a© (x) = x2 b0 = E(X). Bepxumii mnmekc oOo3HawyaeT HOMep uTepanuu (dTarma)

anroputma. Jlia I - i nTepaluy BBIYUCIEHUS anroputMa EBkinaa MOKHO 3anucaTh
al" 9 9=l b D (9 + b npu deg(b") (x) < deg(bl" Y ().
OrmnpenesiuM yCIIOBHE BBIMIOJIHEHHS PABCHCTBA a(h (x) = p(r-D (x):
QOeI_0 1 KDl
ey & - Dy

Marpuiy AN (X) r - i urepanyUy MO WHIYKIIMA MOYXKHO ONPEICTUTh KaK
€0 él Og
A(r)(x) = gl. (r)( )LJ (r & (X) un A0 (X) = g) u-

U
Hns r 3 0 umeem

&0l _ AV Al <x>uu§ 2t @
@J(r)(x)g @Ag)(x) Ag)(x)EbE(X)g
OTKyaa noiay4aeM KeJlaeMyo (1)opMy YpaBHEHHUS
b () = AADEG) modx®, s ()~ ALL).
JUis pemieHust 3a7aydl  JCKOAMPOBAHUS TpeOyeTCs HAWTH Takoe 3HAYCHHWE I, TPHU

KoTopoM deg X))Et u deg X)Et-1. D10 TpeboBaHUE YIOOHO BBHITIOITHUTH,
deg(AT) () £t u degb() (x)

t
BHIOMpas I KAk 3HA4YCHWUsS [, YIOBICTBOPSIOLUIME YCIOBUSIM deg(b(r ) 1))3t u
deg(b™) £t- 1.
2.3.3. Aaroputm bepiaexkamna—Meccu

[lo3BonsieT HaWTH MOJIMHOM JIOKaTOpPOB OMIMOOK. B ocHOBe anroputMa JEXUT
alanTHBHAs aBTOPETPECCHOHHAs MoJesb TeHeparopa (puc.l), kotopeli (opMupyer
KOMITOHEHTBI CUHAPOMA 10 MPaBUILy

n

Sr:' é'SJ>6r_J’
j=1

r7e N - KOJIMYEeCTBO MPOU3OIIEAIINX OKooK; I =N +1..., 2N



U TIepecTpauBaeT CBOIO CTPYKTYPY B 3aBUCHUMOCTH OT BO3MOXHOW OIIMOKH B CTPYKTYpE

dhopMupyeMoro curHarna.

Sb
{ i Boixon

Sr-1 | Sr-2| Sin >

Puc. 1
JUIs  HAXOXJCHHUS TIOJIMHOMA JIOKaTopa OIMMOOK HCIIONB3YeTCsl HTEpaIliOHHAS
npoueaypa. Ha xax ol uTepanuu BBIYUCIIICTCS MOJCIb PETHCTPa C OOPATHBIMU CBS3SIMH,
TCeHEPUPYIOIIETO MePBhIc I KOMIIOHCHTOB CHHPOMA, T/ie I —HoMep dTana. J[mmHa peructpa

Ha r-M Jrtamne o0o3HaydaeTcs Lr. Ha r-m orame omeHka ér - KOMIIOHEHTBI CHUHJIpOMa
paBHa
|—r
_ o (r - 1) .
%r =-as ] Sr-
j=1

rae S (r-1). BecoBble Koo duuuentsl Ha (I - 1) -M npeapIIyIeM JTare.

J

OmmbOka (HeBs3ka) BeraucieHuii Dy ompexpenseTcs kak

Dr =5 - %r = Ig S('r_l)’er—j :

j=0
Ecmu B, =0, To napamerps! Mozesi He MEHSIOTCS
(tris D00 = (-1 T ).

Ecmu By 1 0, To mapameTps! Moziest MEHSIIOTCS 110 TIPABHITY

s (N =s D+ A 56 (M Dy,

rae S (X) - Beca; Xl HEKOTOPOE 1EeI0€ YUCI0; A - 3JIEMEHT MOJIs.

HoBas HeBsI3Ka MOJKET OBITh BRIYHCIIEHA KaK

J

Lr Lr Lr

, 0 0 -1 0 -1

Dr= & sgr)ﬁr-j =8 sV j+axg ng ) 1.
j=0 j=0 j=0

OrmpenenumM Benuuuabl A,M U I Tak, 4T0ObI HOBasi HeBsi3ka D'y Obula paBHA HYJIIO.

BriGepem  crmenmyromue  3HadueHuss = M<fr tak, 4robsl Dm® 0 I=r-m wu



B, D
A=- Drr]f XDy =0. Ilocne noacraHoBku noaydaeM, yro D'y =Dy - Dr DOm =0. B stom
m

Cllydae HOBasg MOJENb pErucTpa casura OyAeT TEHEPUPOBATH IIOCIEI0BATEIBHOCTD
S1,..45r-1,S . Ecim BeiOepeM Ly > Lyy- 1, TO mOdy4uM peructp ¢ oOpaTHOM CBS3BIO
MHUHHMAaJIbHOW JJIMHBI.

Teopema Bepiiekamna —Meccu. I1ycTs 3agaHbl KOMIIOHEHTBI CUHIPOMA S ,..., SOt U3

HEKOTOPOTO TOJIsI, TOTJa PU HAYAIbHBIX YCIOBHAX S V) (x) =1; B0 (X)=1; Lg=1
BBITIOJTHSIOTCS CJIC/TYFOLIHE peKyppeHTHHe PaBEHCTBA, UCTIONB3YIOIIUECS JUTS BEIYUCICHHS
s (x): as(r 1)>6r_J
j=0
2. Ly =dp>(r- Ly-g)+(@-dr)>Lr-q;

3 8 %(r)(x)u é 1 - Dy xx u%(r 1)(X)U
gB(r)(x)g Drldr (- dp)s gB(r 1)(x)g
_ 1D, 0
rne r =12,...2t u =1 ccamomnonpenmeo %ZLr LEr-1.

P ® G

=0 BOCTATBHBIX CITyJasX.

[Ipy BBHINOJHEHMH TAaKWX yciaoBUM momuHoM S (X) sABIsSETCS MHOTOYJIEHOM

HauMeHbLIEH cTeneHu, KO3 (GUIMEHTH KOTOPOTO YIOBIETBOPSIIOT PABEHCTBY

Sj + a 5(2t)>6r_J =0,rme r=Lp+1..2t.
j=1
I'pad-cxema anroputma beprnexammna—Meccu npuBeaeHa Ha puc. 2.
Ipouenypa Yensn. Iy BoIYMCIICHNS WHBEPCUU KOPHEN MOJMHOMA OMIMOOK yJT0OHO

WCIIONBb30BaTh  CIEAYIOIIMH  anropuT™M. Bocmosb3yemcss TeM  CBOMCTBOM,  UTO

n .

0 -ik .

cymma g S k & =0 TOIBLKO B TOM CIy4ae, €CIM CHMBOJ, PAacIIOJaralolluiics Ha
k=0

(N - 1) - no3unmy, okaspiBaeTca OmMUO0YHBIM. Eciu onpenenurs S I(<) =skxa’ ik , TOTZa

: : : n
I(<I L =S I(<I) a k, as@ )= &s S) . B urore nmonyvaercs mpocras iepebopHasi cxema
k=0

BBIUMCIIATENS KOpHEH (puc.3).



HauvanbnHble 3HAaUCHUS

s(X)=1 B(X)=1L=0r=0

>V

| Cuétunk sranoB  r - r+1 |
v

BBIUMCIIEHHE HEBS3KHU

OOpa3syeTcsi HOBBIM HOIMHOM CBSI3EH,
IJIs1 KOTOPOTo D, =0

T(X)=s (X)- B; >x>B(X)

v

@ Het

Ia

\ 4

s(x)= T(X)

A

CoxpaHsieTel TPEKHUN PETHCTD CIBHIA, v
HO I/{ CHACTCA OJINMHA B X)= X3 B X
B(X) = D.s (x)  S(x)~ T(X) (x) (x)

L-r-1L

T<Z

V\

~
/

Het

r=2t

Ja
IIpouenypa Uens

Her

|CTOH, npousonuio 6osiee, ueM 1 OIJ_II/I6OI<|

Puc. 2



l,SO=1

1 y .
2 x| sl(') >
a? y_ 0] _|_ 10, ecru €, =0
—| X |—| s > —_—
2
..... =0, ecnn g, =0
t v_
2 x|l 0 R
St -
Puc. 3

Aaroputm ®opHu. [lo3Bonser oueHuTs BeanuuHsl ommnook Q. M3BecTHO, uTO

n=2t .2t n .
Sp= & sjxd =8 aQxx! .
j=1 j=1i=1
[TonmuHOM JTOKaTOpa OMIMOOK UMEET BUJL
n . n
s(0=&s jx=0@- xxx)),
i=0 1=1
e X[ 1. KOPHM  IOJIMHOMA. CocrtaBUM  KIKOYEBOE  YPaBHEHHUE

G(x) = (1 + S(x)) >s (x) mod x2*1 Bemu B wmouesoe YpaBHEHHE TOJICTABUThH BBIPAKCHUS

st S(X), S(X) 1 pemuTh ero OTHOCUTENbHO Q) , TO TONYYHM OLICHKY BETHYHHBI OLIHOKH:

-1
- X (X, )
Q = | | modx2t+1,

s'(x 1)

riae S - GopManbHas IPOM3BO/IHAS MOTMHOMA.
Mpumep. Tpoununsri BUX-kox (7, 3) dpopmupyercs Han monem GF (8) =GF(23),
f(x)=x3+x+1, mn xotoporo a’® 100; al® 010; a?® 001; a3® 110;

at® 011; a S® 111; a® ® 101. [ToposKIarOIIUii TOJIMHOM UMEET BUJL

g(x):x4+a3><x3+x2 ra x+as.

[IpeamnonoxuM, 94TO Ha BXOJ ACKOA€pa MOCTYNAET CUTHAT

y(X) —a?x8 +ax? +x3+a5><x2,

KOMITOHEHTBI CHH/IPOMa OIIHOOK paBHBI S =a 6 , Sp=a 3; S3=a 4; Sy =a 3,



Anroput™m beprnekamna—Meccu BEIYUCISIET TTOJIMHOM JIOKaTOpa OIHUOOK:

s(x):1+a2xx+a ><x2, s'(x):a2+2a ><x:a2,

KOTOPBII MMeeT clienyromue KopHu: |1 =a 4, | > =a 2. Torna Homepa mo3unMii OMIKUOOK

onpezensatcsa kak 3 u 5. KiroueBoe ypaBHeHHE 3alMILETCs KaK

w(x) = (1+a 2 sx+a x2) (1+a O o +a 32 +a 4 o3 +a 3 sy mod x (A D=5 =
=1+x+a 5%,
Otkyna
-1 -1,.3. -2
Sxpw(Xh) - oxp e Trad s ?) _
Q= — | | :X|>a5+a5+axx|1;

s'(X7 1) a

Q3=Qa(X1=a%) =a; Q5 =Q3(Xp =a’)=a>.

3,.5

OrieHKa BEKTOpa OIIMOKH paBHA g(x) —a xS +a° xx°. Or1ieHKa KOJIOBOTO CJIOBA paBHA

y(X) - g(x):azxx6 +a2x° +a 2 xx? +ad xS +a° x? :2(x).

2.4. HymepaTop BecoOB Kojaa
PaccMOTpUM BeCOBBIC XapaKTePHCTUYCCKUE (DYHKIMH JIMHCHHOTO KOJa, COJACpIKallue
MOJTHYI0 HH()OPMAIIHIO O CTPYKTYpe Koja. Mcronb3yroTest KaHallbl, BHOCSIINE HE3aBUCUMBIC
OMMOKK B TIEpelaBacMble CHUMBOJIBI C BEPOSTHOCTBIO Po . be30mmnO04YHO CHMBOJIBI
NPUHUMAIOTCS ¢ BepOsATHOCTBIO (1 — Pp).

[Iycts 3aman smmeinwii  (N,K) -Koa, CHMBOJBI KOTOPOro NpUHAIIEKAT CFUYHOMY
mHoxkectBy u3 GF(Q), u mycrs sror kox comepxur A BekropoB Becom i. Torma

COBOKYNHOCTh uucen Ay,...,A,..., Ay Ha3bIBAIOT paclpe]eNeHueM BECOB, a MHOTOWICH

n .
o ) )
A= a A xz'  HaswBatoT XapaKTepUCTUYECKON (yHKIMEH WM HyMepaTOpOM BECOB
=0
kona C. Ha puc. 4 npuBeneHo pacnpeereHue HymepaTopoB Beca s koaa bUX.
400 -
=00
200 -
100
o

2 4B 8 10 12 14 1B 18 =20 22 24 25 25 30
tirme

Puc. 4



Ecnu BeimonHsiercss HepaBeHcTBO 2t + 1 £ dpn ¥ Jekogep HCHpaBisieT BCe KOH-
durypanum omuoOOK, BEC KOTOPbIX HE IMpeBbIMaeT t, TO BEPOSATHOCTH OMIMOOYHOTO
JIEKOIMPOBAHUS paBHA

g] h n- h c;[ g]
P.= & [po/@- 9)]"@- po)™ " & & AN(,hs),
h=0 s=0l=1

rae N(I, h, ) — uncio kordurypanuit ommdok BecoM h, HAXOISAIMUXCSA HA PACCTOSHUH S OT
KOJIOBOTO CJIoBa Beca |.

3. IPOTPAMMHOE OBECIIEYEHHUE

BeinonHeHre paboThl MPOBOIUTCS C HUCIOJIB30BaHHEM IporpaMMHON cpeasl Maple.
[IporpammaOe oOecriedeHHe COMCPKUT TMPOTPAMMBI, MOJICIUPYIOIIUE  aJITOPUTMBI,
HEOOXOAMMBIE /IJIsi KOJUPOBAHMSI, UCCIIEIOBAHMS CBOMCTB M JIeKOAMpoBaHus ko10B bUX.

3.1. llporpaMMbl KOAUPOBAHUA

CyclotomicCoset- BeryrcaseT HIUKIOTOMHUYECKUIN KIace;

AllCyclotomicCoset - BbIunCIIeT MHOKECTBA IUKJIOTOMHYECKUX KJIACCOB;

IrredPoly - BeIOMpaeT HENPUBOIMMEBIA MMOJWHOM CTENEHH I HaJ KOHCYHBIM I10JIEM
nyTeM (akropuzarmu noaraoma X (pr-1)-1 mod p;

MinPoly - Beumcnser MuHMMAanbHEIA TonmHOM D, rme D sBIseTCS TPUMHTHBHBIM
anementoM noist GF(p*m), m = deg(f) u xkoprem noimuaOoMA f;

BCHGenPoly - Berumcisier reneparopusiii mojauaHoM bUX-koma mawHON n=2"m-1, ¢
TpeOyemMbIM pacctositaueM 2t+1 wHag momem F(p). Ilommunom f(X) momkeH OBITH
HETPUBOIMMBIM U €0 KOPHH JIOJKHBI OBITh TPUMUTHBHBIMU dlieMeHTamu 11t GF(pm)

ToVector - kouBepTupyeT GopMy MOJUHOMA B BEKTOP KOIPPHUIIMEHTOB ITTUHEI N;

ToPoly — npeobpasyer dhopMy BekTOopa B MOJUHOM C KO3(PPHIIMEHTAMH, paBHBIMU
JIIEMEHTaM BEKTOPA;

CyclicGenMat - ¢hopMupyeT reHepaTOPHYI0 MaTPHIly MUKIXYECKOrO KOJa JIHHON N C
TeHEPATOPHBIM MOJUHOMOM ( (€CJIM OH CYIIECTBYET),HEOOXOAUMOE yCIOBUE - MOJUHOM (
JOJDKEH 1euTh (Xn-1);

VMP - BerumcisieT npousBeeHne Bekropa V Ha Matpuiry A (VA) mod p;

GenM at - BeIUMCIISIET TEHEPaTOPHYIO MATPUILy CTYIIEHYATOH (HOPMBEI;

CheckM at - BeraucIsieT MPOBEPOYHYIO MATPHUILY ' CTaHIAPTHON' (HOPMBI.

3.2. lIporpaMMBbl AJisl HCCJIeJOBAHUS CBOMCTB KO/J0B

HamWeight - Berumcnsier Bec XoaMMHHTA UCCIIEAYEMOTO KOJIa;

WeightEnumerator - BelumciasieT HymMepaTtop BECOB KOja, 00pa30BaHHOI'O CTPOKAMHU
matpuiiel G o mod p,uan nosiem F(p);

ListCode - BblumciCHHSI CIHCKa KOIOBBIX CJIOB IS KOJa, 00pPa30BaHHOTO CTPOKAMHU
matpuibl G mo mod p, Han F(p);

syndroom — BbMHCISET KOMIOHEHTBI CHHApoma omubok (cmektp Dypbe
NPUHUMAEMOT'0 CHTHAJIA).



3.3. lIlporpammbl gekoaupoBanus kogos bUX
M — BBIYUCIIAET MOJMHOM JIOKATOPOB OIIMOOK 10 anroputMy bepiekamna—Meccy;
sugiyama - BeIYHCIISIET TIOJHMHOM JIOKATOPOB OLIMOOK 1o anroputMy Cyrusma;
Syndr 00Om — BeIYHCIISIET KOMIIOHEHTBI CHHIPOMA OIITHOOK;
forney - BerumcIsIeT OLEHKH (aMIUTUTYIBI) OMIMOOK 1O anroputmy Dopuu, i ( —
nuHoro xkojga bUX.

3.3.1.llporpamma nexkoaupoBanusa bUX - koaga mo anropurmy IITI{

Kommenmapuu. Tlporpamma nexomupoBanusi “BCH” ompenenseT KOPpPEeKTHOCTH
KOJIOBOTO CJIOBa M 00padaThIBaeT BXOJIHOW CHTHAJI, MPEACTABICHHBIN B BUAe OMHAPHOTO N-
KOo/Jla WM ToiuHOMa. [Ipm ATOM TeEpBBIA AJIEMEHT N-KOJa COOTBETCTBYET CBOOOIHOMY
yieHy mosmHoMma. [Iporieaypa mekoaupoBaHus MpeaBapUTEIbHO POBEPSIET KOPPEKTHOCTD
MPUHAMAEMOT0 KOJ/Ia U €CJIM OHA HapYIICHA, TO OMPEEIIET MECTOMOIOKEHHIE OIIHOKH.

[Mporpamma pabotaer ¢ koHeuHbiM moieM F Ham kombrom K[X]/(p(X)), rme p(X)
HenpuBoaMMBI TonmHOM Haja K . Ecnm mome conepkut N HEeHyJIeBBIX AIIEMEHTOB U ecnu t
TIOJIOKUTEIIHHOE IIEJI0€ YMCII0, TOT/Ia KOJI COCTOMT U3 BCEX MOJMHOMOB CTENICHH MEHBIIE, YeM
N, Ui KOTOpBIX creneHu (2*t) MpUMHUTHBHOTO dJieMeHTa alb(a SBISIFOTCS KOPHAMH, N =
2deg(p) - 1. B mporiecce pabOThl MOJMHOM P H Ie/ioe 4ncio t HEoOXOIUMO BBECTH B
namsaTh TporpamMmbl. [[pUMUTHBHBIA JEMEHT TOJS HAXOAWUTCS C TOMOIIBIO MPOIETYPHI
Isprimitive, koTopasi mpoBepsieT, ABJSCTCS JH JAHHBIA 3JEMEHT NPUMHTUBHBIM U BBOJIMT
NPUMHUTHBHBIA 3JIEMEHT B HaMsATh MporpaMmsel monx umeneM alpha. Ilemoe umcno t He
MOXeT ObITh Oonbie 4yeM N/2. Tlpoueaypa BBIYHCICHUS TO3MIMUN ONIMOOK BBIIACT
pe3yabTaT B MOJMHOMHAIHLHOM BHJIE: TaK, €CIM ONIMOKHA PACTIOI0KEHBI Ha 2 M 5 MO3UIHUSX,
TO MOJMHOM OIIMOOK paBeH X2 + X"5.

[Ipoienypa generator dopmupyer reHepaTopHbiii momuHoM bBUX - koma s
3aganHoro moiauHoma P(X). Ilpomenypa 3amaercs B Buume generator(t), rme t umcio
HCIIPABIIIEMBIX OIIHOOK.

Ilpoepamma dexooupoeaHnus
> restart: with(linalg):

Ilpoepamma "isprimitive" ocywecmensiem naxooscoenue u npogepKy
npumumuerozo siemenma alpha

> isprimitive := proc(f) local i,j,q,n,FAC,test: global alpha:

>test ;=0

> n = 2"degreg(p)-1:

> readlib(ifactors):

> FAC :=ifactors(n):

> for j from 1 to nops(FAC[2]) do

> q:=FAC[2|[j][1]:



> if Rem(f*(n/q),p,x) mod 2 = 1 then

> printf(" %A He sBJAsieTcs NPUMUATHBHBIM 3jieMeHTOM Z2[X]/(Y0A)" ,T,p):
> test:=1

> break: fi: od:

> if test = O then

> printf(" %A saBasiercsi npuMATHBHBIM Jiementom Z2[X]/(%0A)" ,f,p):

> alpha:=f:

> printf("\n aneda = % A" f): fi: end:

Ilpoepamma "BCH": npoyedypa dexoouposanus F4X - xooa
> BCH:=proc(rr) local c,cc,i,j,l,nr,v,AB,CD,SSST,inv,abc,remm,count,beta:
Nuannmanuszanus nepeMeHHbIX
> peta :="beta':
>r =0
> remm := f->Rem(f,p,x) mod 2:
> n = 2"degreeg(p)-1:
> count :=0:

KonBeprarius I B MOJIMHOMHATIBHYIO GopMy (€Cim 3TO He0OXOAUMO)
> if type(rr list) = false then

> ri=rr:

> else

> forifromltondo

> ri=r+rrfi*xM(i-1): od: fi

> printf(" % A" " IIpuHATHIA OTMHOM paBeH" ):
> print(sort(r)):

Brruucienue orneHkH I' Kak cTeNeHH anbga

> printf(" Cuagpombr S 1 =s 2t \n"):

> S:=array(l..2*t):

>for i from 1to 2*t do

> i] := Rem(subs(x=alpha*i,r),p,x) mod 2:

> SYi] := subs(x=beta,Ji]):

> if §i] <> 0then

> count:=1: fi: od:

> S:=convert(Slist):

> print(convert(SSlist)):

> printf("\n"):

> if count = 0 then

> printf(" %A" " IIpuHsATOE KOJOBOE CJI0BO HE COTEPKUT OIMOOK" ):
> else

> A:=array(l..t,1..t):



> forifromltotdo
> forjfromltotdo
> Ali,j]:=9i+j-1]: od: od:
Omnpenenenne V, KOJIUYECTBA OITHOOK
D := Rem(det(A),p,x) mod 2:
Vi=t:
whileD=0andv >1do
A = dedrows(A,v..v):
A :=delcols(A,v..v):
D := Rem(det(A),p,x) mod 2:
v:=v-1. od:
if D <> 0then
printf(" % A" ," KonrnyecTBo omméok paBHo" ):
print(v):
Brrunciienme moauHoMa mMO3UIMIN OIITHOOK
T := §v+1.2*V]:
T :=convert(T,vector):
Gcedex(D,p,x,'inv','abc') mod 2:
B := map(‘remm’,evalm(inv*adj(A))):
C :=map(‘remm ,evalm(B& *T)):
| :=0:
for i from 1tov do
| :=1+ C[i]*Z*(i-1): od:
| :=+Z"v:
C:=r:
printf(" % A" ," loJuHoM mo3unmii omMoO0K paBeH" ):
print(sort(subs(x=beta,l),z)):
printf(" % A" ," lo3uuu ommoéoKk paBHbI" ):
count := 0:
for i fromOton-1do
If Rem(subs(z=alpha”i,l),p,x) mod 2 = 0 then
print(i):
C:= CHXi:
count := count + 1:
fi: od:
if count =v then
printf(" % A" ," CkoppeKTHPOBaHHbIii MOJMHOM paBeH" ):
print(sort(c mod 2)):
else

>
>
>
>
>
>
>
>
>
>

vV V.V VYV V V VYV VYV VYV VYV VYV VYV VYV YV \VYV



> printf("\n%A\n%A" " IloarnHoM MO3UIMI OIMMOOK HMMeEeT CJIUIIKOM MHOI0
Pa3IHYHBIX KOPHEi," , " HMeeTCsl CAMIIKOM MHOTO OIIHOOK JIJIsl HCTIPaBJIeHus " ):
> fi
> else printf("\n%A" " CymiecTByeT CAMIIKOM MHOT0 OIIMOOK [JIsl HCIIPABJICHHUN" ):
fi: fi: end:
Ilpoepamma "generator”: naxoocoenue cenepamoproco noaiunoma b4X - kooa
> generator:=proc(t) local i,j,f,g,n,lc,Polys:
> n := degree(p):
> Polys := Factor s(x™ (2" n)-x) mod 2:
> for j from 1 to nops(Polyg[2]) do
> f[j] := Polyg[2][j][1]: od:
>for i from 1to 2*t do
> for j from 1to nops(Polyg2]) do
> if Rem(subs(x=x"i,f[j]),p,x) mod 2 = O then g[i] :=f[j]: fi:
> od: od:
>lc:=9[1]:
> for i from 2to 2*t do
> |c:=Lecm(g[i],lc) mod 2: od:
> sort(lc): end:
Hpumep

> pi=xM44x+],

p:=x' +x+1

t:=3
>BCH([1,1,1,1,1,1,1,0,0,1,0,1,0,0,0));
Ipunsmotii nonunom pasen
X+ +x+ X+ + i+ x+1
Cunopomwr S 1=s 2t
[beta, beta’ , beta® + beta? + beta, 1 + beta, 1 + beta + beta ,beta® + beta + 1]
Koauuecmeo owubok paeno

Ilonunom no3uyuti owuUbOOK pageu
7 +betaz + 1 + beta
Ho3uyuu owubokx pagnul
0 4
Ckoppekmupo8aHHblU NOJUHOM PABEH
3@ 43 35+ 33 + %2 + X



4. COAEP/) KAHHUE U IMOPAJOK BBIIIOJIHEHUSA PABOTbI
4.1. Conep:xanune padoThbl

1. V3yyuTh NOpPUHLMN TOCTPOEHHUS, CBOMCTBA W aNTOPUTMBI AekoaupoBaHus bUX-
KOJIOB.

2. I3yunTh mpaBWia MOJb30BAaHUS IporpaMMmHoOro makera Maple u mporpamMMHOTO
obecreueHust K JabopaTopHO padoTe.

3. [IpoBecTn MOAETUPOBAHUE C TOMOIIBIO MPOTPAMMHOTO OOECIEYEHUsT AJITOPUTMOB
¢dbopmupoBanus BUX ko/10B B MOJIMHOMUATBHON U MAaTPUUHOM (popMe IIpe/ICTaBICHUS.

4. TIpoBecTn MOIETUPOBAHKE AITOPUTMOB JIEKOIMpoBaHus Ko10B bUX.

5. [IpoBecTr aHaMM3 CIIEKTPATBHBIX M BECOBBIX XapaKTEPUCTUK KOJOB.

6. OLeHUTh JOCTOBEPHOCTSH Tepeaaun nHpopmaluu ¢ momoiibio bBUX-ko08B .

4.2. llopaok BHINOJIHEHUSI PadoThI
CocTaBUTh U OTJIAIUTHh MOJCIUPYIONINUE aITOPUTMBI TPOTPAMMHOTO 00ECTICUCHHUSI.

4.2.1. Mooenuposanue ancopummos ¢popmupoeanus bBYX-xooos

1. TlomyuuTh OT mpenojaBaTeliss UCXOAHbIE JaHHBIC KOJOB, MOCTPOUTH MUHUMAJIbHBIE
MTOJITMHOMBI ¥ IUKJIOTOMUYECKHE KIIACChl, HEOOXOAUMBIE JJIsl KOJUPOBAHUS COOOIICHUM.

2. 3agaBasi pa3iMuyHble BUIBl COOOILIEHUHM, MPOBECTH KOAWpOBaHHE HHGOPMaLUU
Pa3IUYHBIMU METOJaMH, UCTIONIH3YSI MATPUYHYIO, TOJIMHOMHAJIBHYIO M1 CUMBOJIEHYIO (DOPMBI
MpecTaBleHus: UHHOPMALIIH.

4.2.2. Hceneoosanue 6ecosvix xapakmepucmuk Kooa U OoyeHka 0ocmosep-
Hocmu nepeoavu uHpopmayuu

1. Beuucnuth pacnpenesieHue BECOB U OMPEACIUTh HyMEpaTop BECOB HCCIETYEMBIX
KOJIOB.

2. OueHUTh BEPOSTHOCTH OIIMOKH TIPH 3aJaHHON BEPOSITHOCTU MCKAXEHHUSI CUMBOJIOB B
KaHajie nepegayl HHPpopMaIuu.

4.2.3. Mooenuposanue ancopumma oexoouposanus I1I'[]

1. Ucnonb3yst nanubie 1. 4.2.1, mpoBecT MOJEIMpPOBAHUE aANAUTHBHOTO KaHaja
100aBUB K KOJOBBIM CIIOBaM BEKTOPHI OIITHOOK.
2. IlpoBecTu AexoaMpoBaHKe MOTYYEHHBIX CUTHAJIOB ¢ ToMoIibio ainropurma [1T'LT.

3. [TonyuuB oT npemnoaaBaTesss KOHTPOJIbHBIC KOJIBI, IeKoaupoBaTh ux metoaom I1T1].

4.2.4. Mooenuposanue ancopummoe bepnexsamna—Meccu u Cyeusamovl 01
HAaxXoxcOeHus NOAUHOMA TOKAMOPO8 OuUbOOK

1. Vicnionp3yst gaHHble 11.4.2.2, BEIYUCIUTH TOJUHOMBI JIOKATOPOB OIIMOOK, UCIIOJIB3YS
anroputmsl bepiaekamna—Meccu u CyTrusiMBbl.
2. OnpeaenuTh MECTOTION0KEHHE OMMO0K B 00pabaThIBa€MbIX CUTHAJAX.

3. Ouenuts 3¢ (HEKTUBHOCTD AITOPUTMOB BBIUMCIICHUS.

4.2.5. Mooenuposanue arcopumma QopHu oyenku 3Ha4eHUll OUUOOK

1. lMonyuuts OT TpemoAaBaTeNsl HUCXOJIHBIE JaHHBIE [UIS  JACKOJUPOBAHUS
MHOTr03Ha4yHOro xkoga bUX.



2. IlpoBectn monenupoBanue anropurma DOpHHU, BBHIUHUCIUB 3HAUYECHHUS OIIMOOK IO
MCXOJHBIM JJAHHBIM.
5. COAEP) KAHUE OTUHETA
dopMyIUpOBKa LIETH PaObOTHI.
CxeMbl anropuTMOoB (OPMUPOBAHUS U IEKOAUPOBAHUS KOJIOB.
PesynpTarsl MonenIupoBaHus.

WD PR

Ananu3 CBOHCTB HCClENyeMbIX KOJOB W UX BiIHMsSHHE Ha 3((PEKTUBHOCTDH
JNEKOIMPOBAHUS.

o

Onenka JOCTOBEPHOCTH Tepenayn nHpopmaiuu ¢ nomonibio bBUX - kogoB..
6. BrIBOIEI.

6. KOHTPOJIBHBIE BOIIPOCHI

1. [losicHuTh CymHOCTb MeToJa (OPMUPOBAHUS IUKIMYECKHX KOJOB C MOMOIIBIO
AJIEMEHTOB KOHEYHOIO TOJIS.

2. Uto Takoe UMKIOTOMUYECKHE KJIACChl U KaK OHHM BIIMAIOT Ha CIOCOOHOCTh KOAa
WCIIPaBIATH OMINOKH ?

3. Kak BbIOpaTh MHHHMMalIbHbIE MOJMHOMBI st (opmupoBanus bUX-koma, obec-
MEeYUBAIOLIET0 KOPPEKLMIO t OIMOOK U 3alaHHYI0 CKOPOCTH Iepenayu nHpopMauu?

4. Kak cBs3aHbl (QYHKIUS CHHAPOMA OIIMOKM W CIEKTpajbHas XapaKTepUCTHKA
MIPUHUMAEMOT0 CUTHAJIa, 3aKOAUPOBAHHOTO KoJoM bUX?

5. Tlosicuute mpuHIMIBL paboTh! anroputMoB Cyrusmel u beprexkamna—Meccn.

6. Kak onieHuTh 3HaueHHE OMIMOKH U3 KIIOYEBOTO YpaBHEHUS ?
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