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[IpencraBneHsl  pe3yibTaThl  HMCCIENOBAHWS He TNPUMUTHBHBIX BUX-K070B,  mMerommx
JEKOTUPYIOMUI TOTEHIMaJ, MHOTOKPAaTHO IPEBBIIIAIONIUI KOHCTPYKTHMBHBIE BO3MOXHOCTH.
[Tokazana 3¢¢eKTHBHOCTh aBTOMOP(GHU3MOB KOJIOB, TEOPUH HOPM CHHAPOMOB HPH KOPPEKIHMU
BCEX JAOMYCTHUMBIX MUHUMAJIBHBIM PACCTOSHUEM OLIMOOK B Ha3BaHHBIX KOJaXx.

Kniouesvie cnosa: mnomexoycroWdunBoe KkoaupoBaHue, bBUX-koapl, KOHCTPYKTHBHOE U
MUHUMAaJIBHOE PAaCcCTOSIHUS KOJa, LIMKJIMYECKUE II0ICTAHOBKY, TEOPUs HOPM CUHAPOMOB.

BBeaenune

[TomexoycTolurBOE KOAWPOBAaHUE MPU3BAHO BECTH CHHXPOHHYIO OOpbOYy C OommOKaMu Tpu
nepeaadye HHPOPMALUHU B IU(POBBIX CHCTEMAX CBS3H, BBIHYKACHHBIX (PYHKIIMOHHUPOBAThH B PEAIbHBIX
3allyMJIeHHBIX KaHamax [1,2]. Peanum wuHdopmaummonnoit smoxu XXI| Beka, BceoOmias
KOMITBIOTEPU3ALMs], CTPEMHUTENIBHBIA POCT MIHPOYAMIINX I[OTOKOB HH(MOPMALUU TMPENbSBISIOT
pasyIn4HbIe ¥ IOPOH NPOTUBOPEYAIlUe IPYT APYLY TPeOOBaHUS K MIPUMEHIEMBIM KOAaM, CO34aBas AL
npobjeM B TEOPUH M IMPaKTUKE MMOMEXOYCTOWYHMBOro KoaupoBanus. Haumbonee ocTpas M3 HUX —
npobjeMa «ceyekTopa» - mpobdsiemMa OBICTPOTO M HaJeKHOTO BHIOOpAa KOHKPETHOW OLIMOKH Cpenu
OOMIMPHOr0 KOPPEKTUPYEMOTO MHOT000Pa3Hst 3TUX OO0k [3, 4].

Koppektupyromuii TnoTeHHMal KoJa OO0ECleYMBAIOT CIEKTPhl OIMMOOK C  TOMapHO
pa3u4YHbIMU cHHApOoMaMu. OTHAKO MIPSIMBIE PA3BsI3KK THUIIA «CHHAPOM - OINOKa» 3 (HEeKTUBHBI JIUIIL
IPY UCIIPABJICHUN OAMHOYHBIX OLIHOOK.

[IpumensieMble Ha MPaKTUKE KOAbI HEPEIKO OO0NANAI0T KOPPEKTUPYIOIIUM IOTECHIHAIIOM,
BBIXOJISIIIAM 33 pPaMKH KOHCTPYKTHBHBIX BO3MOXKHOcTeil. CkazaHHOe HamOojee XapaKTepHO JUIs
NOIyJISIpHEHMIIIero Ha NpakTHKe kiacca koxoB boysa-Hoyaxypu-Xoksunrema (BUX-konoB), ocobeHHO
He npuMuTuBHbIX bUX-komoB [2, 5]. [ns peanu3zauuu Ha3BaHHOTO MOTEHLHUAJa CTaHAAPTHBIE
CpelicTBa HENMPUMEHUMEBI. 3Jiech TpeOyercss pa3pa0doTKa NPHHIMIHAIBHO HOBBIX I[OJIXOJIOB,
NPUMEHEHUE HOBBIX Haei. Kpyr BonpocoB, CBS3aHHBIX ¢ KOPPEKIHEH OMIMOOK, BEIXOIIIINX 32 PAMKH
KOHCTPYKTHBHBIX BO3MOXKHOCTEH KOZIOB, IPEAJIaraeM Ha3BaTh «ILIFOC-IEKOIUPOBAHHEM.

Teopust Hopm cunmpomoB (THC) [4, 5], Ha TOpPSIOK CHHU3UBINAS BIUSHUAC MPOOIEMBI
«CETIEKTOpay, MPEIOCTaBISET TaKKe€ W KOHCTPYKTHBHBIE TMOAXOMABI K PEUICHHIO MPOOJIEMBI «ILIFOC-
nexonupoBanusi». WX oOcyxaeHnto, ocoOEHHO B NMPUMEHEHWH K He MpUMUTHBHBIM BUYX-komam,
pacCUYMTaHHBIM Ha KOPPEKIUIO ABYKPATHBIX OIINOOK, U TIOCBAIICHA JaHHAsA padoTa.

O BUYX-koaax ¢ KOHCTPYKTUBHBIM PacCTOAHUEM 5

Obmiee ompeneneHue M ocHOBHbIE cBoiicTBa BUX-komoB mpuBeneHsl B MoHorpaguu [2].
Cpenn BUX-KOmOB C KOHCTPYKTHBHBIM paccrosHueM 2t+1, paccuMTaHHBIX Ha HCIPABICHHE
t — kpaTHBIX clly4ailHBIX OLIMOOK, HAMOOJBIIYIO Pa3MEPHOCTh U CKOPOCTH Tiepeaur HHPOpMaLuH, a,

CIIeZI0BATENIbHO, U HANOOIBIINI IPAaKTHUECKUH HHTEpec UMEI0T Koabl C,,,, ¢ TPOBEpOUHON MaTpHIeH

H=(p'p", . p*) . (1)
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3neck P —snement MynbruruiikatuBHoi rpymnsl GF(2™)" mons Fanya GF(2™), umerommii

=2"-1, 0<i<n-1. Jnuna

HOPSIIOK N :(2'“ —1)/ T JUIA HEKOTOPOTO JEIMTENSA T YUCiIa ‘GF(Z”‘)*

xona C,,, paBHa N u Beerma siBisercs HevyeTHOH Benumuunod. [pynma GF(2")" wuknnuna. Ecim
0. —o0pa3syromas 3Toi Ipynmsl — NpuMUTHBHEIA dnement monst GF(2™), To B kauecTBe f MOXKHO
B3t B=a'. Ilpu t=1 mmua n=2"-1, snement B=0o wu moromy kox C,, Ha3bIBaeTCS
IPUMHUTHBHBIM; ecin ke T>1, B# o unoromy kox C,,,, Ha3bIBAaIOT HE IPUMHUTHUBHBIM [5, 6].
bUX-kogpr C, — uacTHBIM ciydail KoJOB ¢ HpoBepodyHoil Marpuuei (1) — 3amarorcs

MPOBEPOYHBIMH JTBOUYHBIMU ( 2mx n) —Marpuiamy, 2m<n= (Zm —1) It,

H= (5" )T _ 2)

B [2] nokasano, uTo y npuMHTHBHBIX kofoB C, mpu M>4 panr matpunsl (2) paseH 2m,

1
nuktoTomudeckue kaacckl C'#C®, ux pasmeprocts K=N—2M, a MHHHMATbHOE DPACCTOSHHE
d=6=5.V ne npumutHBHBIX K0710B C, 11060€ N3 HAa3BaHHBIX COOTHOLICHHI MOXKET HAPYIIHTHCS.

Paur noamarpus! B pasen M [5]. Panr mogMarpuiis! (B3i):(I,BS,BB,...,Bs(”_l)) MaTpHusl (2)

u noamatpunbl (1) HEe Bcerma paBeH M. JIeWCTBUTENBHO, M3 KAXKIBIX TPEX IMOCIEI0BATEIBHBIX
HEUYCTHBIX 3HAYEeHHW N OJHO AenuTcs Ha 3, a mBa — He aenstes Ha Tpu. Eciim HOJL(3,n)=1, To

OTOOpaKCHHE (); HUKIMYECKOH TPYIIIEI {1, B, Bz,...,[}”’l} nopsiaka N B cebst, JAeHCTByoIIee IO

3 9] 3
npaBmity @,(X)=X" sBisiercs aBToMopdu3MoM 3Tol Tpynnbl. OTCIoa cieayer, B 4aCTHOCTH, 4To f3
MMeET TOT K€ MOPAAOK B MyibTurmkatusHoi rpynme GF(2™)°, uro m ero mpoobpas B npm
OTOOpaKEHHH (,. DTO O3HAYAET, YTO HEMpPUBOAMMEIH mommHoM Han GF(2) c xopmem B° nomken

MMeTh CTereHb M, a cienoBaTenbHo, snements 4, B°, B°,..., [33(”"1)

00pa3yroT JIMHEHHO HE3aBUCUMYIO
nag GF(2) cucremy. CrenoBatensao, rank(B*)=m.

I[lycTs N JeuTCs HAa TPH. 316Ch BOSMOXKHEI Ba Bapuanta: 1) snement B° mons GF(2™) me
NPUHAJIEKUT HUKAKOMY MOJNOJIO 3Toro mons; 2) cymecrsyer noanone GF(2') mons GF(2™),
comepxxaree P°. B mepsom ciiyuae HempuBomuMbiii mHax momeM GF(2) mnomuaom snementa P
JODKEH MMETh CTEIICHb M, a Torma rank(B3‘):m. Bo BTOpoM ciyyae 1o Tem ke HNpUYMHAM
rank(B*)=p 11 Hekoroporo memmrenst |I umcaa M. BTopoif ciaydail XOpOIIO WITHOCTPHPYET
cneyrommit npumep. BUX-xon C, mumnoii 219 onpenenen nax nonem GF(2%) . 2% —1=7.9.57.73.

57.21 _ 1197 3 _ 57213 _ 5779
B srom cimydae matpuna (2) 3amaercst anemeHToM B=o"" =0 , a snemeHT P =a =a

uMeeT TOpAmoK 73. Ho Takoil 3eMEHT IOJDKEH IMPUHAJIEKATh MYJIbTUIUIMKATUBHOW TpYyIIIe
GF(2°)*, xoTopas umeet nopsinok 2° —1=7-73. B takom ciayuae rank(B*)<9.

Onementsl P u B° B Koze C, He nOMKHBI ObITh conpsbkeHHbiME B mone GF(2"), wuro,

1,3 N
OYEBHIHO, DKBUBaJEHTHO HepaBeHCTBY C #C° HUKIOTOMHUYECKHMX KiaccoB. M 3TO CBOMCTBO He
Bcerma Bemonnsierca. K mpumepy, y BUX-koma C, miumHOi 95 mMMeeT MecTo COBIajcHUE

uukoromuueckux kinaccos: C'=C?; nanusiii kox peanbHO OTHOCHUTCS K KJIacCy KOJI0OB XEMMHUHTIA.
Bo Bcex KOHKPETHBIX CllydasxX IpoBepKa KaXJIOro mapameTrpa He mpuMHTHBHOTO Koma C

Tpe6yeT BHUMAaHUWA, JOIIOJTHUTCIBHBIX BI)I‘II/ICHCHHfI, a HOpOfI " CEPBE3HBIX KOMIIBIOTCPHBIX PECYPCOB.

ITorennumasn mioc-gexoaupoanus 1ist BUX-konos C,

Panee mpobGiema JiekoqupoBaHus OMMUOOK, BBIXOJSIINX 32 KOHCTPYKTHBHBIC PaMKH, MMeEJa
YaCTHBIA XapakTep, MOCKOJIBKY KOJMYECTBO TAaKMX OIIMOOK ObUIO He3HauuTenbHBIM (cM. [7, 8]). B
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cayuae He npuUMHTHBHBIX BUX-komoB kaptuHa pesko MeHsercs. bBUX-kogq C, KOHCTPYKTUBHO

paccuMTaH Ha ~ UCHpaBi€HME  OIMHOYHBIX M  JBOMHBIX  OMMOOK B  KOJIHWYECTBE
1 2

K. ..=C,+C.=n(n+1)/2. Ecnu y nanHoro xoja MuHuMaisHoe paccrostaue d=7 (B tabm. 1

KOHCTp
OTMEUYEHO IATh TaKUX KOIOB), TO KOJ [OJDKCH WCIPABIATH M TPOMHBIC OIMMOKA B KOJHYECTBE
C?=n(n-1)(n—2)/6. [lannoe xommuectBo OmMOGOK mpeBocxomut moutd B N/3 paz K, u

KOHCTP

cOCTaBIIsIeT MOTeHIMan K IUII0C-AeKOAMPOBAHNUS JUIs paccMaTpUBaeMbIx kogoB. Eciu xe y koma C,

peanmpbHoe  3nHadenme d=9 (B Tabm. 1 OTMEYEHO MATH  TaKMX  KOIOB),  TO
4 2

K" =C*+C'=m+)n(n-1)(n—2)/ 24, aro nourn B n* /12 pa3 mpeBocxoauT K ooy 1 T2 TOUHBIE

JIaHHbIE TIPUBEICHBI HIDKE B Tabi. 1. V3 Hee ciieqyer, 4ToO Ha IUTIOC-AEKOJMPOBAHKE TIPUXOIATCS B

JECATKH THICSY pa3 0OJIbIIE BEKTOPOB-OLIMOOK, YeM Ha KOHCTPYKTHBHOE.

THC kak cpeacTBoO peajM3aliy BO3MOKHOCTEH IUIIOC-T1eKOIUPOBAHNS

KoncrpykruBHble mnoxxomsl Kk peammsamun B bUX-komax C, morenmmama Iumoc-

JIEKOJUPOBAHMS TIPEIOCTABISICT TEOpUs HOPM cUHApoMOB [4, 5]. JlamHas Teopus omupaeTcs Ha
uKIngHOCTE BUX-K0/10B ¢ ipoBepounbiMu Matpuiiamu (1) u (2). pynmam aromopdusmos Aut(C)

Ha3BaHHBIX K0J0B C mpuHamiexut nmoarpymnma I mopsaka N (mHa KoJa) IUKIHYECKUX CIBUTOB,
KOTOpasi COCTOHT U3 CTENeHe! TMHEHHOTO MpeoOpa3oBaHusi G ABOMYHOTO BEKTOPHOTO MPOCTPAHCTBA

Vn , ICMCTBYIOILIETO HA KAXKIBIA BEKTOP X =(X1, Xoyeey X, ) EVn T10 NPABUITY

S (Xes X e Xy ) = (X Xy Xeemy Xy ) 3)

ITox meiictBueM rpynnsl I mpocTpaHCTBO Vn , & C HUM U COBOKYIIHOCTb KC JIEKOAUPYEMBIX

koHKkpeTHbIM BUX-komom C BEKTOpOB-omMOOK, pa3duBacTCs Ha TMOMApHO HeEMepeceKaromuecs
knmaccel — [-opouthbl. Kaxkmas [-opOuTa cOCTOMT M3 mepexoasiux Ipyr B Apyra Mox JeHCTBHEM
crerneHell 6 BekTopoB. [loatomy kakias [-opbuta J mmeer cieayromnyro CTaHIapTHYIO CTPYKTYpY:

J={g,0(®)....c""' (@) 4)

JUTSL IPOM3BOJIBHOTO (PUKCUPOBAHHOTO BeKTOpa € € J . 3/1ech L — HaMMeHbIllee HaTypaJIbHOE YUCIIO C

ycioBueM: o' (€) =€ , nenutens JuiuHB Koma N. Yamie Bcero L =N. B nocieanem ciydae ['-opOuta

COJICP)KUT MAaKCHMaJIbHO. BO3MOXKHOE KOJIMYECTBO BEKTOPOB M TIOTOMY HAa3bIBA€TCS IOTHOM.
PaBeHCTBO (4) CITy’KUT IPUYHHON JUTS CIIEYIOIIEro, 6oiee TouHoro obo3HaueHus [-opout: J =<€ >.

OrobOpakeHHe @, W3 JBOMYHOTO IPOCTPAaHCTBA V, B ABOMYHOE MHPOCTPAHCTBO V,
nefictBytomee ~mo mpamty yY=X-H', ect suHeiiHbII omepaTop MeXIy Ha3BAHHBIMH
npoctpaHcTBamMu. CorilacHo 6a30BBIM pe3yIbTaTaM JIMHEHHON anreOpsl, momHbIi 006pa3 @, (V) ectsh

IO/IMPOCTPAaHCTBO TpocTpancTBa V,,, pasmeprocteio N—dimKerH =n—k =2m. Dro o3nauaer, uro

@n (Vo) =Vyp, .
Kaxnas Bexrop-omnoka € B BUX-koxe C, Hax monem GF(2"™) umeer B cuny dopmyusi (2)

cugpom S(€)=H-g' =(S,1,SZ)T mis Hekotopeix S, S, €GF(2"). U3 pasencra o (V,)=V,,
cienyer, uro s JoObx S, S, € GF(2")  wmaiimercss Bektop €€V, Takoil, u4ro
S@)=H-8"=(s,s;) .

JleficTBHe omepaTopa G Ha KaXABI BEKTOp € OXHO3Ha4YHO oTpaxkaercss B kome C, Ha
cunapomax o dpopmyse [4, 5]:

S(o@)=(p-5.5°s,) - (5)
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®opmyna (5) onpenenser CTpyKTypy clekTpa cuHapoMoB S(< € >) kaxmoit [-opOuts <€ >:
S(<é>):{[3i-sl,[33‘-sz}, 0<i<n-1. (6)

U3 popmymn (5), (6) cnenyer, uro, ecau y AByX [-opOWT HamUImCh BEKTOPHI C ONWHAKOBBIMH
CUH/IPOMAMH, TO CIIEKTPBI CHHAPOMOB 3THX OPOUT COBIAIAIOT MOJHOCTHIO.
®Dopmyna (5) mOCTyX HUIIa OTIIPABHON TOUKOW AJIS CIIEAYIOMIETO OIPEeICHUsI.

- — T
Hopwmoit cunpoma S(€) =(s,,S,) B BUX-koze C; HasbiBaeTCs BeMUMHA

s,/ s #0;

N=NEE)= +o0; §, =0, s, #0
) — Y 2 .

()
HopMa cuHApoOMa He ONpeleNeHa s €IMHCTBEHHOIO HyJIEBOrO 3HAYEHHS CHHIPOMA:
— T o
S(8)=(0,0) . Hopmbl cHHAPOMOB 06JAJAIOT PANOM 3aMEYaTEbHBIX CBOHCTB. OueBHAHO, HOpMa
MOKET ObITh M00BIM d1emenToM nona GF(2™), a taxke mmeer omHo 0coboe 3HaYeHue: +oo . Beero,

TakuM oOpa3oM, Hopma npunumaer N+2=2"+1 suavyenuit. Ecin nse I'-opbuthl J, u J, umeror

Ppa3IndHbI€ HOPMBI, TO CIICKTPbI CUHAPOMOB 3THUX Op6I/IT HE NEPCCCKAKOTCsA, NHBIMHU CJIOBaAaMU, NaHHBLIC
OpOUTEI HE MOTYT COZIEPKaTh BEKTOPHI C OMUHAKOBBIMU CHHAPOMAaMH.

K HaurnmaBHeWInMM CBOICTBaM HOPM CHHIPOMOB OTHOCHTCS CIEAYIOIIEE: Y BCEX BEKTOPOB,
NpUHAIeKANUX KaKIOW OTAEABHO B3ATOH [ -opbuTe J HOpMa CHHAPOMA OJMHAKOBA. OTO
€IMHCTBEHHOE 3HaUeHUe ecTecTBeHHO Ha3BaTh HopMmoi N (J) mammoi [-opOutel J . Takum oOpasom,

N(J)=N(S(€)) mnsa npoussosbHOro Bekropa € €J .

[IpuBeieM elmie OIHO JOCTATOYHO BaKHOE CBOMCTBO HOPM CHHIPOMOB — CHHIPOMBI
PAaBHOMEPHO pACIpEEIeHbl [0 3HAYEHUAM HOPM CHHAPOMOB: I Kaxkgoro u3 N+2=2"+1
sgauennii N HOpM cuHApOMOB Haiimercs B TouHOCTH N=2" —1 pasiIM4YHBIX CHUHAPOMOB, HOpMa
koTopbix paBHa N . JleHcTBHTENBHO, €CiAM |y CHHIpPOMA S(é):(sl,sz)T komroHeHTa S #0

N(S())=N, 1o ana npumuruBHOro siementa o mnons GF(2") pasmuunbie N cMHAPOMOB
. . T .
(a' ‘S, o -82) , 0<i<n-1, mpunumaroT TO xe camoe 3HaueHue Hopmbl Jlis Bcex nN=2"-1

cunapomos suaa (0,5, )T ,tie S, #0, S, eGF(2") nopma paBHa +o0 . B 1nenom, Takum 06pazoM Mbl
ywm yxe N(n+2)=(2" —1)-(2m +1) =2°™ —1 cuumpomoB. JI06GAaBHB K HUM HYJIEBOI CHHIPOM, MBI

MOJIyYHM BECh CIIEKTP BO3MOKHBIX cuHIpoMoB B bUX-kone C,, uTo m 3aBepmaeT H0Ka3aTeIbCTBO

CBOICTBA PAaBHOMEPHOTO paclpeesIeHUs] CHHIPOMOB IO 3HAYEHHSI HOPM CHHIPOMOB.
Y npumutuBHBIX BUYX-KOIOB M3 PABHOMEPHOTO CBOWCTBA BBITEKAET €IIE OAHO BaXXHOE

cBoiicTBO HOpM cuHApoMmoB — u3 paseHctBa N(J;) =N(J,) HOpM cuHIPOMOB ABYX monHBIX [-0pOuT
J, 1 J, ¢ HOJHBIMH CHIEKTPaMH CHHAPOMOB CJIEIYET U PABEHCTBO CAMHX CHHIPOMOB: JUISl KaX/IOTO
BeKTOpa T € J; Haiinetcs Bextop J € J,, TaKkoi, uto ux cunapomsi paus S(f)=S(7).

Jnst He npumuTHBHBIX BUX-Kk070B cutyanust cioxHee. Ionnas [-opbuta J ¢ MOJHBIM
criektpoM cungpomoB S(J) comepxkur N =(2m —1)/ T BEKTOPOB C N =(2m —l)/ T CHHIPOMAMH B
S(J). Orcroma 1 u3 cHOpMyIMPOBAHHOTO BBIIIE PABHOMEPHOTO CBOMCTBA CIIEIYET, YTO CYLIECTBYET

T Pa3IMYHBIX TOJHBIX ['-0pOUT ¢ MoNapHO HEeNepeceKaoUMMUCS TOJIHBIMU CIEKTPaMU CHHIPOMOB U
C OJIMHAaKOBOW HOPMOW.

Teopust HOpM CHHAPOMOB JaeT HOBBIM B3IV HA KOppeKiuio omubOok. OHa Ipeiaract UMeTh
JIeTI0 He C OTAEIBbHBIMH BEKTOPaMH OIIMOOK, a ¢ ux [-opourtamu. JlroOyro nekoaupyemyto komgom C
COBOKYNHOCTh K. BEKTOpOB-OIIMOOK, 00s3aTENbHO HMMEIOIIUX IIONAPHO pA3JIMYHbIE CHHAPOMBI,
MOXHO pa36buts Ha MHOXecTBO K. /I I'-opbut atrx ommbok. st 3aqaHus Kak/I0iH KOHKPETHOH -

opbutel J nocTaTouHO 3aUKCHPOBATH OAWH U3 €€ IpescTaBuTenet €. OcraabHble BEKTOPBI OPOUTHI
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JIETKO CTPOSITCS ASHICTBUEM IPYIIIBI I — [UKITHYSCKUMHU CABUraMU KOOPAHHAT BEKTOPA €, .

Bcee I'-op6uter J pexomupyemoii naHHbIM kogom C coBokymHocTH K. BEKTOpOB-0mmMOOK
MMEIOT TIONApHO HemepeceKaromuecs cnekrpsl cuaapomoB S(J) . Kak yxe ormeuanocs, ciiektp S(J)
OJIHO3HAYHO BOCCTaHABIMBaeTCs 10 hopmyie (5) u3 curapoma S(E;) .

Nmest crimcok 1 obpasyromux € coBokynHoctu K. /I, cmucok 2 cungpomoB S(E;), a
take crucok 3 HOpM N(S(E;)), MOXHO JErKo ONPemessiTh «PSJ M MECTO» IOUIeKAIICH
OTIpEJICIEHUI0 BEKTOP-OIIMOKH € B KakaoM odepeaHoM coobmenuu X , mpuaiatom TKC Ha ocHOBe
kona C.

Aaroput™ 1 — MaTeMaTH4eCKHH aJIrOpuTM HOPMEHHOI0 1eKOAUPOBaHUs ¢ moMombio I'-opouT

TKC, momy4nB odepeaHoe coobiieHne X, B 00S3aTENbHOM TOPSAKE BBIUUCISET CHHIPOM
S(X)=S(€). Eciu S(X)=S(€) %0, uTo 0OfHO3HAYHO CBHAETENLCTBYET O HANMYMH HEM3BECTHOH 1
nouiexkainei onpeneneHuo Bekrop-ommoku € , To BeraucageM N =N(S(X)). Cosnamenue N* ¢
N(S(€;)) u3 cnucka 3 pe3ko cyxaer kpyr [-opOHUT AEKOIMPYEMO# COBOKYITHOCTH, KOTOPBIC MOTYT
COJICP)KAaTh HCKOMYIO BEKTOP-OIIMOKY € U3 cooOmeHus X, 10 HEOOJBIIONH TpyIMIbl OpOHT
J, 35,0 dy, 10 <1, ¢ onuHakoBoii Hopmoit N*.

Cungpom S(X)=S(e)=(s,, s,) IPUHALICKUT CIEKTPY CHHAPOMOB TOJIBKO OAHOU I'-OpOUTHI

*
J,, 1<1<0. IIycte N siBisiercs anementom nosst amya GF (2") . Torma y Bcex paccMaTpruBaeMbIX
CHH/IPOMOB II€pBasi KOMIIOHEHTa oTiuyHa OoT Hyisl. [lycts cunapom obpasyroweii €, I'-opbutst J,

MMeeT MepBYI0 KOMIIOHEHTy S;' =a" JUIf HeKOToporo neioro v, 0<v<n. Iycts y cungpoma S(X)

neppasi komronenta S =o', 0<A<n. Torma ans moaxoasmero mernoro I,0<i<n, B cumy

bopmyssl (6), ol = B'-a¥ =™V, Monyuennoe pasencrBo o3uauaer, uto 6o A—v (ecmu A>v),

m6o 2" —1+A—v (ecnm A<V) JenMTCS HA T W YACTHOE | OJHO3HAYHO ONpENEeNseT UCKOMYIO
BEKTOP-OIINOKY: € =G' (§JI ). Benuuuna xe | u ecTs To equHCTBEHHOE UKMCIIO M3 MHOXKECTBA IIEJIBIX

{ZL 2,..., 9} , JUIA KOTOPOTr'O OJ(HA U3 BeIMYUH A—V mim 2" —1+ LA —V JIeanTcs Haleno Ha T .

*
IMycte N™ =+co0. Torma y Bcex paccMaTpUBacMbIX CHHAPOMOB TepBas KOMIIOHEHTa paBHA

Hymo. Ilycts cunapom obpasyrowei €; I'-0pOuTbl J; HMeeT BTOPYIO KOMIIOHEHTY sy =a) mms

HEKOTOporo menoro v, 0<v<n. Iycts y cungpoma S(X) BTopas kommoHeHTa S, =a, 0<A<n.

Torma mns moaxomsmero menoro 1,0<i<n, B cuay o¢opmyast (6), o =B o' =a

3i+v

[Toy4eHHOE PAaBEHCTBO O3HAYaeT, yto b0 A—Vv (ecim A>V), 6o 2" —1+A—v (ecnm A<V)
nenutcs Ha T. Beqmuuma | m ecTh TO €IMHCTBEHHOE YMCIIO M3 MHOKECTBA LIEIBIX {1, 2,..., 9} , ISt

KOTOpOro oJHa u3 BennuuH A—v win 2" —1+L—v nenurcs Haueno Ha T . OUEBUHO, STHM IENBIM
yacTHBIM OyeT uncio 3i .

Ilycts n we nenutcs Ha 3. [l B3aMMHO MPOCTHIX YHCET M W 3 BBIMOJHSAETCS COOTHOIICHHE
besy, To ecTh CyIIecTBYIOT TaKKe Ielble uncia ¥ u v, 9yto 3U+nv=1. MckoMyro BeKTop-ommoKy €

onpegeisiem popmynoit: € =c"" (g, ).

JleiicTBUTENBHO, G (&)= g (&)= ot (&)= ¢ (8,) =€ . Curyauus: N* =400 u n

Jenutcs Ha 3 — KpailHe penakas, TNpHUCYIIa HEMOJHbIM [-opOutamM W paccMaTpuBaeTcs B
WHJIUBUTYaIIbHOM TOPSITIKE.

Urak, paboTa HOPMEHHOTO JIeKOJepa TOCTATOYHO JIETKO PEANN3yeTCsl, €CJIM CO3AaHbl CIIUCKU
1 - 3, xapakrepusyromue [-opOuTsl 1eKoANpyeMOil COBOKYITHOCTH BEKTOPOB-OIINOOK.

D¢ dexTuBHOCTE paboThl HOPMEHHBIX JEKOJEPOB OCOOCHHO SIPKO HaOiojaercs Ha
npuMUTUBHBIX BUX-kogax [5, 9]. OTIMYMTENBHBIM M HECKOJIBKO YCIOXHSIOUMM (aKTOpoOM
HETIPUMHUTUBHOTO CITy4asi SIBISICTCS] BO3MOKHOE HAITMYKME OT/ACNIBHBIX 3HaYeHui 0 > 1.
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]_II/IKJIOTOMI/I‘ICCKHe MOACTAHOBKHU JII HOPMEHHOT'0 A€KOAUPOBAHUA

Crenyer mpusHath, 9to npu d >7 cmucku 1 — 3 CTaHOBATCSA MOCTATOYHO OOUIMPHBIMH, a
paboTa ¢ HUMH — 3aTPYAHHUTEIBHON — MPOOJIEMa «CEIEKTOpa» HAYUHACT IMPOSBIATH CeOSI HA HOBOM
ypoBHe. DG (HEeKTUBHBIM B TIPEOIOICHUN HAa3BaHHBIX 3aTPYAHEHUH MOT OBI OBITH METOJ «CKATHSD —
npeoOpa3oBaHus UCTPABISEMBIX BEKTOPOB-OIIMOOK B ONIMOKH C y3KUM CIEKTPOM 3HAUYCHUH HOPM
cunapomoB [10]. OgHako MMeEIONUECs MOIXObl PACCUMTAHBl HA NMPUMUTHBHBIC KOABI U ONIMOKH
KOHKPETHOTO Beca, aBTOMATHUYECKH 3TU MOJXO/bI HE TIEPEHOCSTCS HA OIMUOKK pyrux BecoB. J{is He
MPUMHUTHBHBIX YK€ KOJOB OHH MOMPOCTY HE IPUMECHUMBI.

BorarctBo rpynmbel aBTOMOPGU3MOB KOJIa OCTaeTCsl HanOoJee PealbHbIM M KOHCTPYKTHBHBIM
CPEIICTBOM CxKaTHsl 00pabatbiBacMol ekoepamMu nHpopMaluu. ['pynmna aBToMop(QuU3MOB TH000T0 U3
komoB Cg nocraroyHo Oorarta, CONCPXKHT, K IpPUMEpy, LHUKIOTOMHYECKHE IOACTAHOBKU. VX

JIeHCTBHIE, CBOMCTBA M MPUMEHEHNE YaCTUIHO YKE pacCMaTpHUBAINCH B [5].
[uxnoToMu4eckue MOJACTAHOBKM COCTaBISIOT LUKIWYECKyIo Tpynmy @O mopsaka m c

obpasyromieil ¢, Takoi, 4TO JUIS KaKIOT0 BEKTOPa-OMMUOKH € ¢ cuHapoMoM S(€)=(S;,S,) cHHApOM
S(¢(€))=(s’,s?). Torna mpu ycrnosuu N(S(€))=N eGF(2") nopma N(S(4(€)))=N?. Bekrop
¢(e) momywaercs W3 BEKTOpa € IO MpaBHILy: Ui Kaxkmoro nemoro i, 1<i<n, i-1 xoopauHara
BekTopa € cranosurcs (2i—1)-ii xoopaunaroii Bektopa ¢(e), ecim 2i—1<n, u (2i—1-n)-ii
KoopauHaroii Bekropa ¢(e), ecomm 2i —1>n.

Lluknyeckas MoJCTAaHOBKA G U LUKIOTOMHYECKAs TIOJCTAHOBKA () CBSI3aHbI COOTHOLIICHHEM:
o =05 [2, 5]. BMecTe oM 06pa3yrOT HEKOMMYTAaTHBHYIO Tpymmy G mopsaka M, TOATPYIITY
rpymnst Aut(C,). Eciu J —HekoTopas I'-opbura BektopoB-ommbok, to ¢(J)— HoBas I'-opbuta
BekTOpoB-omnbok [5]. Takum oOpaszom, rpymma @ neiictByer Ha MmuoxectBe I-opoutr K. /I
nexkogupyemoii koaoM C =, coBOKynHOCTH K. BEKTOPOB-OIMOOK, pa3OuBas ero Ha ®-opOUTEHL
CooTBeTCTBCHHO, MHOXKECTBO K pasbuBaercs Ha G -OpOMTHI, cozepialine, Kak MPaBUIO, 10 M

BEKTOPOB-OMIMOOK. 3aUKCHpPOBaB OAHY BEKTOP-OMIMOKY €, MOKHO BOCCTaHOBUTH BCE BEKTOp-
omnoku G -opbutsl <e >;. Takum 00pa3oM, CIUCKU 1-3 MOXHO COKpAaTHTh HPHMEPHO B 711 pas,

OCTaBUB I10 OJTHO# 0Opa3yroreit kaxaoi G -opOouThI 1eKOAMPYyEeMOii COBOKYIHOCTH (Tabum. 1).

Tabmuma 1. Ouenka kojauyecTBa ['-opout u G-opout koppexkTupyemoii copokynHoctu 1isi BUX-konos Cs

Nert/n 1 2 3 4 5 6
N 33 39 43 49 57 69
M 10 12 14 21 18 22
D 9 10 13 7 9 7
conerp 561 780 946 1225 1653 2415
K* 46376 91390 7194803 18424 424770 52394
T A— 17 20 22 25 29 35
r 1405 2344 167321 376 7453 760
G* 141 196 11952 18 415 35
Neri/m 7 8 9 10 11 12
N 73 77 87 89 91 99
M 9 30 28 11 12 30
D 7 7 9 9 7 9
, A 2701 3003 3828 4005 4186 4950
K* 62196 73150 2331890 2555190 121485 3921225
L e 37 39 44 45 46 50
r 852 950 2680 28710 1335 39609
G* 95 32 958 2610 112 1321
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AJTOPUTM 2 — MAaTeMATHYECKHIl AJITOPUTM KOPPEKIUH OMIO0K ¢ moMonIb0 G-opouT

OTOT aNTOpUTM SBISIETCS HEKOTOpoH Momudukamuer anropurma 1. Eciom mis mpurSTOTO
coobmennst X ¢ curgpomom S(X)=S(e)=(s,, s,) Hopma N =N(S(X)) sBustiercs sieMeHTOM OIS
TFanya GF(2"), HO He NPHUHAIIEKUT TPETHEMY CIHCKY, TO HAXOJUM TAKOE HAMMEHBILEE IEI0e
i, 1<i<m, uro nna A=2' Benmmumna (N*)* =N(S(E,)) 14 OXHOrO MIM HECKOJBKHX BEKTOPOB
€, u3 ciucka 1 obpasyromux G -opOUT JeKOAUPYEeMOil COBOKYIHOCTH. IToydeHHOE paBEeHCTBO HOPM
03HAYaeT, YTO ISl HCKOMOTO BEKTOPA-OIIMOKH € B COOOIIeHMH X Bektop ¢'(€) mMeeT CHHIpoM
S(¢'(e)) = (s, s)), mpuHamTeXAmMii CUEKTpy CHHAPOMOB S(<E&, >) omHoit I'-opGuTEH <FE, >,
MOPOX/ICHHOW KOHKPETHBIM BEKTOPOM-OIIMOKOW €, u3 cmucka 1. AmroputM 1 0fHO3HAuHO
ompesieNsieT BeKTOp €, M HAXOAMT BhIpakeHHe BekTopa ¢'(¢) uepes mero: ¢'(e)=o’(e)) ans
noxxomsmero tuemoro S, 0<s<n-1. Jlanee, BekTop € OJHO3HAYHO BOCCTAHABIMBAETCA B

cooTBeTCTBHH ¢ hopmyoit: € =" (c°(e,)) .

3aka0ueHnne

IIpumepHo Tperp He npUMUTHBHBIX bBUX-KOZOB HMMEIOT ACKOAMPYIOLIMM NOTEHLHAI,
MHOTOKPATHO MPEBBIMIAIOIINI KOHCTPYKTUBHBIE BO3MOKHOCTH. [IprMeHeHHEe aBTOMOP(PHU3MOB KOJIOB,
TEOpHsT HOPM CHHAPOMOB o00ecrednBaloT 3(PQEeKTHBHbIE KOHCTPYKTUBHBIC HOPMEHHBIE METOIbI
KOpPpPEKLUH BCEX JONYCTUMBIX MMHHMAJIbHBIM pAacCTOSHHEM OIIMOOK B HA3BaHHBIX KOJAX.
[lepeuncnennple  (QakToppl  00ECTEUMBAIOT  MEPCIEKTUBHOCTH ~ Ui TPHIOKEHHH  MHOTHX
MpeACTaBUTENEH Klacca He NpUMUTUBHBIX BUYX-k010B.

THEORY OF NORMAL SYNDROME AND PLUS-DECODING
V.A. LIPNITSKI, A.O. ALIAKSIUK

Abstract

The results of the study are not primitive BCH codes with decoding the guide, the potential is
much greater than the design possibilities. The efficiency of automorphisms of codes, norms theory
syndromes in the correction of all admissible-Mykh minimum distances errors in the above code is
shown.
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