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BBegeHwune

Hacrositiiee mocobue 1peiHa3nadeno Jijisi O3HaKOMJIEHUS CTY/IEHTOB - MaTe-
MAaTHUKOB C OCHOBHBIMU UJIeIMI TEOPUH KOJNPOBaHUS, IPOJIeIaBIeil cTpeMu-
TeJIbHBII IyTh B CBOEM Pa3BUTUM ¢ Hadasia H0-X IojoB HPOILIOTO CTOJIETHSI.
B macTtogmuit MOMEHT 9TO XOPOIIO Pa3BUTOe HAIIPABIEHUE, ABJIIIONIEEC NC-
TOYHUKOM MHOTOUYNCJIEHHBIX ITPUJIOYKEHUI 1 HOBBIX Heil B MaTemMaTuke. Moxk-
HO yKa3aTh HEeCKOJILKO MPEKPACHBIX KHUT, MOCBAIIEHHBIX PA3JINYHBIM aceK-
TaM 9Tofi Teopuu, nanpumep |7], [11], [4], [3], [10].

Bosee 30 et ToMy Ha3a1 OJIMH U3 ABTOPOB JIAHHOTO 1TOCOOUS OTTYO TMKOBAT
MeTOo/InUecKyio paboTy ¢ HazBaHueM «Teopus KOJMPOBaHUS», KOTOpas OKa-
3aJ1a olpejieIeHHOe BIUSHUE Ha TOJIOTOBKY MaTeMaTukoB B Apl'Y, Oymyun
OJIHUM U3 HEMHOTHX KypPCOB, MMEIONINX CBS3U KaK ¢ aOCTPAKTHBIMHI MOJIEIsI-
MU aJreOpbl, TaK U ¢ COBPEMEHHBIMI TEXHUYCCKIME YCTPORCTBAMIE, TIPEIHA-
SHAYEHHBIMI JIJIsT 3AIIATHI TH(QOPMAIIUHE OT MPUPOJIHBIX TOMEX (TO, 9TO HbIHE
dburypupyer B MaccMmeua Kak «1udposbie TexHosoruny ). Lesb, pasymeer-
cs, OblLIa ceaTh OYeHb KPATKUil W JTIOCTYITHBIN /1T HeJaBHUX TTKOJTBHIKOB
KYPC, COJIepKalluil OCHOBHBIE MMOHSTHS, TEPMIHOJIOTUIO U MOJIXO/IBI K pele-
HUIO 33189 3aIUTEl THPOPMAINK OT MPUPOIHBIX moMeX. OIbBIT MoKa3as,9To
1ocobne yCcBauBaeTCsl YCIENTHO OOJIBIIMHCTBOM CTYyieHTOB. OjiHaKo HeDOJIb-
I0€ KOJIMIECTBO SK3EMILISAPOB M UX MOJUrPaUIecKoe KaueCTBO 3aCTaBUIIO
IEePENncaTh TEKCT 3aHOBO, J100aBUB HEKOTOPbIE HOBbIE pa3jejibl U UCIPABUB
OlevyaTKN, UMEBIINECs B IepBOM u3jgannu. B rmocodue j100aBeH BazKHbBINH pas-
JIeJT, TIOCBSTIEHHBI C2KaTUI0 NH(MOPMATIHH.

B teopun nepejiatin nndopmalum oHON n3 HanboJiee BayKHBIX sIBJISIETCS
cienytonias mpoosiema. [lo HekoTopoMy KaHaJly CBA3U C IIyMOM IEpeJiaeT-
ca coobrenne. Tpebyercs obecrieunTh ero mpaBuabnyio nepegady. Coobire-
HIe MOXKET OBbITh OIPEJIEJICHO KaK I0C/Ie0BATETbHOCTh 3HAKOB HEKOTOPOI'O
andasuta. [Ipr 3TOM 1IyM B KaHaJjie MOYKET HUCKayKaTh IepeaBacMble CHM-
BoJibl. CuTyalinst HECKOJILKO HAIIOMUHAET M3BECTHYIO JIETCKYIO UI'PY <«UCIIOP-
YeHHbIH Testedony. ToMbKO 3a/1ada TeOPUN KOJUPOBAHUS MTPOTUBOIIOJIOXKHAST
— He JIaTh MIyMY HCKa3uTh coobieHue. Ko nocie/iHee 3ammmcano oueHb 9KO-
HOMHO, TO OHO MEeHee [TOMEXOYCTOHINBO (3aMeTHM, YTO OJ[HA U3 TPYIHOCTEI],
CTOSITITUX TTePE/T NCCIeIOBATEIIMI HEKOTOPBIX JIDEBHIX SI3IKOB — OTCYTCTBHUE
B UX MMUCHMEHHOCTHU IJVIACHBIX). PeasibHO Bee 1desioBedecKne si3bIKI 0018110
OIPOMHON M30BITOYHOCTHIO, KOTOPAasi MO3BOJISIET UM JOHOCHTD JI0 HAC WH(DOP-
MAIIIIo Yepe3 00JIbIne BpeMeHHbIe TpoMexKyTKH. Bermomunm «CJ10Bo 0 MOJIKY



Puc. 1: JIBon4HbIil cUMMETPUIHBIN KaHAJ C BEPOATHOCTBIO OIMMUOKN ¢

Uropese», mposexkapiiiee B 6e3secTHOCTH O0stee 600 JieT u cTaBiiee HAM cpa-
3y HMOHATHBIM. VIMeroTcst, paBjia, HEeKOTOpbIe TPYAHOCTH B MIeHTH(OUKAIIIN
OTJIEJIbHBIX CJIOB, HO OOIIUIT CMBICJT ITO9MBI TTOHSITEH.

Nrak, nanbosee JeiicTBEHHBIN cr1ocod OOPHOLI C IIYMOM — BBEICHUE W3-
oblTOuHOCTH. V3BecTHas 1moroBopka riacut: «IloBropeHne — MaTh yUEHU.
3/1ech B HESIBHOM BH/I€ 3aJI02KEHBI KaK IPUHINI M30BITOYHOCTH, TaK U OJUH
u3 HauboJIee MOIMYJ/ISIPHBIX KOJOB — KOJ, C IIOBTOPaMHU.

[lepeitnem K popMabHOIl CTOPOHE BOIPOCA.

Coobujenue — TOCIIEIOBATEIBHOCT CUMBOJIOB («OYKB») HEKOTOPOTO KO-
HedHoro andasnTa. Jarme Bcero HaMm IpHIeTCs B 9TOM MOCOOHN NMETH JIesI0
¢ aJ1paBUTOM, COCTOAIINM U3 JABYX cUMBOJIOB — 0, 1.

Ilepedava coobusenuti BeJeTCs 10 HEKOTOPOMY KaHaJjy ¢ rmyMom. s aJ-
dasura 0, 1 HanboJiee pacpocTpaHEeHHON MOJECTBIO SIBJISIETCS 060UYHBIL CUM-
mempuunwl xaraa. Ilycts B cpeqnem na Kaxkible [N mepeJJaHHbIX CUMBOJIOB

asiaBuTa IpUXOANTCst M HCKayKeHHBIX ciMBOJIOB. Toraa orHomtenne ¢ = 4

MOKHO Ha3BaTh BEPOSTHOCTBHIO OommoOKU. B sToMm ciayyae p = 1 — q — Bepcz)v-
SITHOCTh IIPaBUJIbHON 1epejiadn cuMBoJia. CBepxX TOro, B paccMarpuBaeMoil
MOJIEJTH TIPEJIIIOJIATaeTCsd, YTO OIMUOKN B Tepejatde CUMBOJIOB TOSBJIAIOTCS
HE3aBUCUMO OJiHa OT Jipyroii. Onncantas (CUIBHO UjeATU3UPOBAHHAS) MO-
JIeJIb HA3bIBAETCsI JIBOUYHBIM CUMMETPUUIECKIM KaHa oM. CXeMaTuIecK Ty
MOJIeJTb MIPUHATO U300pazkarh B cyeytorieM Buje (puc 1). Peasbo sTa Mo-
JleJIb He MOYKET cyllecTBOBaTh. Hanpumep, dalie Bcero HapyIaeTcs mpeJio-
JIO’KeHUe 0 HezaBucumocTtn nosieyienns ommubok ("Bega npuxogut we ogHa").
Kpome Toro, uaeajmnsaiueil siBasieTcst 1 JOMYIIEHNEe O PABHOIIPABHOCTH TIepe-
xo70B 0 — O u 1 — 1. Hakowner, hakT cymecTBOBaHNs BEPOITHOCTH OIMTUOKH
Takyke Hu4YeM He obocHoBaH. TeMm He MeHee MOJIe/Ib JJBOUUHOI'O CUMMETPUIHO-
ro KaHaJja siBJISeTcd OYeHb I0JIE3HON U TT03BOJISET MTOCTPOUTH COJEPIKaTe /b
HYIO TEOPUIO, UMEIOIIYIO0 BayKHbIEe IIPAKTUYECKIe IPUMEHEHUSI.



YHacTtb .

JdNemMeHTbl Teopumn

KOANPOBAHWS

1. OcHoBHasa npobnema KoagMpoBaHUSA

DTO0 ObLI KaK pa3 TaKoii
JICHD,

KOIJIa, HaJI0 OBLIO, CKaXKeM,
HAITICATh MUCHMO (MOJIIHCH
Kposuk), jeHb, Korja ce-
JIOBAJIO

BCE IIPOBEPHUTDH, BCE BBISIC-
HUTD,

BCE Pa3bsICHUTH 1, HAKOHETI,
caMoe IJIaBHOE — YTO-TO
OpraHn30BaTh.

A. A. Munu. Bunnu-
ITyx
I BCe-BCe-BCe.

1.1. OcHoBHble NOHATUS TEOPUN KOAOB

[Tycts mveercst coobrenne U = {uq, ug, ..., up} (w; € {0,1}, 1 < i < k),
KOTOPOE JIOJ2KHO OBITH IIePEIaHO 110 JBOMIHOMY CHMMETPHIHOMY KAHAJY.
I13-3a cymiecTBoBaHMs TIOMEX Iepejiada cOOOIEHUsT B YNCTOM BHU/I€ UCKJTIOUe-
Ha. Hampumep, eciin KaHas ¢BA3U (DU3MIECKH PEATN3YETCST JJIEKTPOMATHUT-
HBIM II0JIEM MKy 3emJieil U CIlyTHHKOM, TO, HaKJ/a/blBasiCh Ha BHEIIHEe
I10J1€, COODIIEHIEe MOYKET M3MEHUThCs JI0 HEY3HABAEMOCTH. DTOT KaHaJ CBSI-
31 TaKyKe BeChMa UyBCTBHUTEJIEH K COJHEUHBIM BCIBIIIKAM U aTMOCHEPHBIM
sieyterusiM. [loaromy coobmmenne U kodupyemcs (BoobIe roBopst, IpyToit) 1mo-
ciepoBaresibHocteio C' = {x1, T, ..., T, }, 0 KOTOPOIT MOXKHO BOCCTAHOBHUTD
U. IocienoBaresbnocts C' HAa3bIBACTCSA B 3TOM CJydae K0008blM CAOBOM,



a U — ungopmavyuonnvim crosom. Ilpn srom uncio k cEMBOJIOB B CJIOBE
U HA3BIBAETCS YUCAOM UHPOPMAUUOHHDIT CUMBOAOS, & THICJIO 7 CUMBOJIOB
B cioBe C' — 0.40K0601 Oaunoti KomoBoro ciaoa C'. YeTpoilcTBO, 0CyIIECTB-
JISTTOIIIee  HAXOXKJIEHHE KOJIOBOIO CJIOBA 110 MH(MOPMAIMOHHOMY, HA3LIBAETCS
Kodepom.

[Tocsie Toro Kak Kozmosoe ¢jioo C' mepeJaHo U MPUHATO HIPUEMHBIM YCTPOii-
CTBOM, OKa3bIBAETCsl HEOOXOMMBIM YCTPAHUTh BKPABIINECS OIMUMOKU 1 deko-
Jduposams 1punsiToe cjioso C', IOCTABUB €My B COOTBETCTBUE MH(MOPMAIMOH-
HOE CJI0BO. TeXHIIecKoe yCTPOCTBO, OCYIIECTBIISIIONIEE ITY OIEPAIIIO, HA3hbI-
BaeTcs dexodepom. Takum oOpas3oM, OOIIYIO CXeMY MaTeMaTHIeCKON Moesn
CBSI3U MOZKHO TIPEJICTABUTH B CJIEYIONEM Buje (puc. 2).

crouynnk

Koje HKaa,Hl H eKo/le H 4
COO0IIIeHNS AEP LML, LU /A Hexojep [Tonb3oBaTen

Puc. 2: Cxema KoJupoBaHusi

Puc. 2 gacto HazbIBalOT repOOM TeOpUM KoOJMpoBaHuA. Boobie rosops,
JIeKOJIep He 3HAaeT HUYero o xapakrepe Inyma. [osromy crparerust jiekojie-
pa OyJieT coCTOATh B TOM, YTOOBI BBIJICJUTH HANOOJIEe BEPOATHBIA BUJL IITy-
Ma U JIEKOJMPOBaTh IIPUHSITOE CJIOBO HauboJiee MPpaB oo J00HBIM 00pa30M.
B Tom ciydae, Korja HPHUHSITOE CJIOBO HEIPEMEHHO JIEKOJIUPYETCs KaKHM-
60 crocoboM (BO3MOYKHO, HEIPABUJILHO), TOBOPSAT, 4TO MMEETCs CHCTeMa
¢ noanvim dexoduposaruem. JIerko npeacTaBuTh cebe CuTyalno, Korja, npu-
HSITHE JlayKe HeITPABUILHOTO PEIIeHIs TPEIIOUTHTEIbHEE OTCYTCTBUS KAKOTO-
mbo pemenus. Hanpumep, eciin MexKiiaHeTHas CTaHIUS TepejlaeT m300pa-
JKeHIe KaKoro-Jinbo 00beKTa, TO y IPUEeMHUKA 3a9acTyI0 IIPOCTO HET BO3MOK-
HOCTU YTOYHHUTH COOOIIeHre. Takue ommOKM Ha3bIBAIOTCS 0wubKamu 0exo-
JUPoBaAHUA.

AJTbTepHATUBHBIN METOJT — T€ COODIIEHM, B IPABUJILHOM IIPHEMe KOTOPbIX
HET YBEPEHHOCTH — MOXKHO JINOO UTHOPUPOBATD, JTHOO IOIPOCUTH TOBTOPUTD.

CxeMbl, B KOTOPBIX IIPELYCMOTPEHO JIEKOAMPOBaHIe He BCEX COOOIIEHNI,
HA3BIBAIOTCSI CXEMaMU ¢ HenoAHvM dexoduposaruem. MoKHO 1pecTaBUTh
cebe CUcTeMy CBSI3M, B KOTOPOI HEIIPaBUJILHOE COODINEHNE MOYKET UMETh KaTa-
cTpoduieckure mocae/cTeusA. Hampumep, nogydenne HepaBUJILHON KOMAaH-
JIbl Ha, KocMudeckoM Kopabsie. OObIYHO JIerKO ObIBaeT IMPEeBPATUTh CHUCTE-
My C TOJHBIM JIEKOJMPOBAHUEM B CUCTEMY C HEIMOJHBIM JIEKOMPOBAHUEM,
HO He HAOOOPOT.



[Tpu mocTpoeHnn KOJUPYIONUX U JEKOJUPYIOMIUX YCTPOUCTB MPUXOUT-
csl peliarh caMble pasHoOOpas3Hble MaTeMaTndeckue 3ajaqn. B gacTHocTn,
HEOOXOIMMO CTPOUTDH KOJIbI, 00/1a/1at01ie OOJIbINON 3alUIIEHHOCTHIO OT Iy~
Ma, JIOCTATOYHO ObICTPBIE, T. €. obJajaronue HeOOJIbIION N30BITOYHOCTHIO,
U MPOCThIE B TEXHUYECKOI peasm3anun (J0CTaTOIHO jernieBbie). VzymiiHe
rOBOPUTH, 9TO B OINPEIEICHHONH CTENeHN STH TPeOOBAHUsT IPOTUBOPEUNBHI.
B Teopun Ko upoBaHus CTPOSITCSA aJrOPUTMbI U CXeMbI KOJIMPOBAHUST U JIEKO-
JINPOBAHUS, SIBJIIONINECS PA3YMHBIMUA KOMITIPOMUCCAMU JIJIsI TTPEIbIBIIIEMbBIX
TpebOBaHMII.

OrpanuanmMcst U3ydeHneM BayKHOI'O BOIIPOCa, KJIacca KOJ0B — KOJIOB, HMEIO-
X puUKCcHpoBannyio 6,10KoByto guHy. [Iyeth k& — qncio nndopMamonubIx
CUMBOJIOB B JIIOOOM COOOIIEHUN U ITYCTh JII0O0E KOJI0BOE CJIOBO, KOTOPOE CTa~
BUTCSI B COOTBETCTBHE STOMY COODIIEHUIO, UMEET JIINHY, paBHyIO0 n. Torma
TOBOPSIT, YTO UMEETCsl KOJI ¢ 0.40k0800 Oaunol n u k nHMOPMAIMOHHBIME
cuMBoJiamu. ducsao r = n — k xapakTepusyeT usbwvimounocms koda, a OT-
HomeHne R = % HA3bIBAETCS CKOPOCMbI0 Koma. MHOXKECTBO BCeX KOIOBBIX
CJIOB HazbIBaeTcs kodom. Ko ¢ 610KoBOM JiytnHON n 1 k mHMOOPMAINOHHBIME
cuMBOJIaMH HasbiBaerest (n, k) — xodowm.

Ormernm, 910 ecyn ajipaBUT KOJIa COCTOUT TOJIBKO M3 JBYX CHMBOJIOB
{0, 1}, 10 0b111€€ YNCIO JIBOMYHBIX CJIOB PABHO 2, B TO BpeMs KakK KOJOBBIMU
13 HUX sIBJISIOTCS TOJIBbKO 2F CJI0B.

1.2. llpumepsbi
1.2.1.

OJHUM U3 IPOCTEHIINX MPUMEPOB JBOMYHBIX KOJOB SIBJIsIeTCsl K00 ¢ No-
emoperuem ¢ k = 1 u npousBoibabiM 7 = n — 1. Ilyctb n = 3. To-
ria KOJIOBBIE CJIOBa COCTOAT M3 JBYX mocyeposaresbaocreit: Cp = (0,0,0)
u Cy = (0,0,0). Crkopoctb ganHOTO Koma R = % B obmem ciayuae R =
%. Kojpl ¢ moBropeHnemM 00J1aJIaf0T UCKJIIOUUTE/IBHO XOPOIIUMU KOPPEKTH-
PYIOIUMI CIIOCOOHOCTSIMU ¥ OYeHb MeIIUTe/bHBI. AJIIOPUTM KOIUPOBAHIMSI
npesiesibHO nipoct. Uudopmannornomy (mepBoMy) CUMBOJTY TPHITHCHIBAETCS
7 IIPOBEPOYHBIX CHMBOJIOB, COBIAJIAIONINX ¢ HHPOPMAIIMOHHBIM.

Astroputm HauboJ1ee paBaoIog00HOr0 JIeKOINPOBAHNS TAKKe OUeHb IIPOCT.
Ecim BepoATHOCTh UCKaXKeHUsT CUMBOJIA § < %, o upunsroe cjioso C je-
kopyercst kak (0,0, ...,0), eciiu qucao Hyseil B HeM OOJIbINe, YeM €/ IMHUIL,
u Jekoaupyercs, Kak (1,1, ..., 1) B mporusaOoM ciryuae. Ecii BBIOpaTh 610K0-
BYIO JIJTUHY 1. JIOCTATOYHO OOJIBINOI, TO MOYKHO 00€3011aCUTh ceOs OT ONMTUOKH
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¢ odeHb OOJIBLION CTeneHbio yBepennocTu. Ilnara 3a HaJAE:KHOCTL — OYEHD
HU3Kas CKOpocTh. Ecmm n = 4, 1o B cayvae npuema ciaosa C' = (0,1,0,1)
JICKOIMPOBAHIE IIPU TIOMOITH «OOJILINNHCTBA I'OJI0COBY HEBO3MOXKHO. Jannaa
CXeMa, OKA3BIBACTCS C HEHMOJIHBIM JICKOUPOBAHNIEM.

1.2.2.

Cuietytonuii Koji TakyKe BecbMa IMOIYJISPEH U 9aCTO UCIOJIb3yeTCs B MPU-
joxkennsix. OH HasbIBaeTCsI K0JOM ¢ NPoseproti Ha wemmocmo. BiokoBas
JUTMHA N TTPOM3BOJIbHA, YUCJI0 NHPOPMAIMOHHLIX cuMBOJIOB k£ = n — 1. Ilep-
Bble k CHUMBOJIOB KOJIOBOT'O CJIOBA IIPEJCTABJIAIOT CO00I MH(MOPMAIMOHHOE
CJIOBO, a IOCJIeJHNI, n-if cuMBOJI, — HpoBepounblil. IlycTh Ko/0BOE CJIOBO
C = (a1, s, ...ap_1, v,). Tora cuMBOJT (v, pABEH HYJIIO, €CJIH YUC/IO0 €JTIMHUIL
B nHdopmannonaom ciose U = (aq, ag, ...y, 1) 9€THO U ay, = 1 B IpOTHB-
HoM ciryuae. Hampumep, ecitm n = 4, o k = 3. Bee undopmalinonsbie cioBa
1 M COOTBETCTBYIOIINE KOJOBBIE JIETKO MMEPEINCTUTD:

Uy = (07070) = (0707070) Us = (1707 1) NS (1707 170)
Us = (0,0,1) < (0,0,1,1) Us = (1,0,0) ¢ (1,0,0,1)
Us = (0,1,0) < (0,1,0,1) Ur = (1,1,0) ¢ (1,1,0,0)
Uy =(0,1,1) ¢ (0,1,1,0) Us = (1,1,1) < (1,1,1,1)

HerpyaHo npoBepuTb, YTO BCE KOJOBBIE CJIOBA COJIEPYKAT YETHOE YHUCJTIO
equautl. Ecu B mporiecce nepejiatdn B KojioBoe ¢jioBo C' BKpaJoCch HEUETHOE
qie10 omuboK, To npunsToe ciaoso C' Oymer cojeprKarb HEYeTHOE UUCIIO
enuauil. [TosTomy smoboe HedeTHOE InC/I0 OMUOOK MOKHO OOHAPYKUTD (XOTST
MOXKET U OCTATbCsI HESICHBIM, B KAKUX MTO3UIUSIX 9T OMNOKN ObLIN CIeIAHbI,
a Tak:Ke UX ToYHoe 4nciio). K npumepy, ecim npunsro cioso C' = (1,0,0,0),
T0O TepeJanubiMu Mor ObiTh ciioBa C, Cs, Cg, Cr7 (B citydae pOBHO OJIHOI
OIINOKM).

Taxum obpazom, JJaHHBIN KO/ MOXKET JINIIL OOHAPYKUBATH, HO He MUCITPaB-
JaTh omuOKu. [IpemMmyIecTBo TOoro rojia B ero ckopoctu: R = ”T_l — 1

upu n — 1. B pea/lbHBIX cucTeMax KOJUPOBAHUSI HCIIOJIb3YIOTCS UJIEN, 3aJ10-
JKEeHHbBIE B 000X IIPUMepPax.

1.3. JlnHeiiHble (MaTpu4Hbie) KoAbl

[Ipusejiennbie B 1. 1.2 mpuMepbl HETPYIHO 0O0OIINTE, €CJIN BBECTH B pac-
CMOTpeHUe cJie/lytoline orepalun HaJj, cuMBoiaMu 0 u 1:
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Tabnuna cioxkenust Taduna yMHOKEHUS

+10]1 x 101
001 000
1111]0 1101

Oneparun +, X, 3ajlaHHble STUMU TabJIUIAMU, HA3BIBAIOTCS J[BOMYHBIMU
cymMoit u ipousBejieHneM. B sTom ciydae muO)KecTBO Zo = {0, 1} okasbiBa-
ercsa nosem GF'(2) (2], [3]), a komoBble n uHGOpPMAIMOHHBIE CJIOBA — 3JT€-
MEHTAMU JIMHEHHBIX BEKTOPHBIX TIPOCTPAHCTB pasMepHocreil n u k coorBet-

CTBEHHO.
[Iycte K(n,1) — wox u3z mpumepa 1.2.1 C' = (a1, q9,....,a,) € K.
Torpa s = ay, a3 = aq, ..., ap, = a1, (a1 € {0,1}).

[Iycts K(n,n — 1) — xox u3 npumepa 1.2.2 C = (ag, @9, ..., ) € K.
Torna a,, = a1 + as + ... + a1, TIIE 1, Ao, ...ctp—1 € 0, 1.

O6001ast 5TH MPUMEPBI, MOXKHO BBIIEJNTD KJace (n, k) — KoJI0B ¢ 6JI0KO-
BOM jinHOM n U k MHMOPMAIMOHHBIMU CUMBOJIAMU V1, 03, ..., (f, IS KOTO-
PbIX OCTaBINKECs! ([IPOBEPOUHBIE) CUMBOJIBI ABJIAIOTCSA UX JIMHEHHBIMI KOMOU-
HAIASIMI:

Qpy1 =  apy +  apoy + - F a1k
Qpyo = Q2101+ Q02 + -+ 4+ QO
ap = Ap—kp101 + Qp_fo20y + -+ + Qu_prQk ,

rie A = (a;;) — marpuna pasmepa (n — k) x k ¢ koadbduipenramu a;; € Zs.
B 6ojiee cuMMETPUYHOM BHJIEC 3T COOTHOIICHUSI MOYKHO [I€PEINCATh TaK:

0 = anoqn + apay + -+ +  appor — Qg
0 = anan + apas + -+ gy — Qg2
0 = ap-r10q + ap—p20a + -+ + ap_pror — Qp

w8 MarpuunoM suge HC' = 0, tne C = (a1, o, ...,ap), H = (A| = 1),
rie I — emunnanas (n — k) X (n — k) — marpuna. Marpuiia H nasbiBaercs
npo6epounot Mampuuet COOTBETCTBYOIErO (MATPUYHOTO) JIMHETHOTO KOJa
K. B gactHocTH, 062 mpuMepa u3 1. 1.2 sSBJISIFOTCS TPUMEPAME MATPHIHBIX
KOJIOB.
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MTak, MOXKHO BBECTH CJIEIyIONIEE

Omnpegnenenne 1. Kod K nasvieaemes sunetnvim xodom (¢ 6,40k06010 Oau-
noti n U k UHPOPMAYUOHHOIMY CUMBOAAGMU) € NPOBEPOUHOT MAMPUUET
H pasmepa (n — k) x n, ecau on cocmoum us ecex mex eexmopos C npo-
cmpanemea 2y, das komopwr HC' = 0 (t — onepayus mpancnornuposanus).

Yucsio n — k — gucso nposepok kojga K. Herpyao nokasars, 4To mMmeeT
MECTO CJIeJTYIOTast

Teopema 1. I[Tycmov K — aunetinoi xod ¢ 6.40%06010 daunotl n. Toeda K
ABAAEMNCA NOONPOCMPAHCTNEOM AUHETHO20 BEKMOPHO20 NPOCTPAHCNEA Ly .

1.4.

ITpumep. [Iposepounasa marpuna koga K nmeer Bug

H:

— = O
O ==
S O
o~ o
— O O

01
Kax BuiHO 13 oIrpeaesieHus, 9icio nposepok papao 3, k=2 . A= | 1 1

01
Ecmu C' = (o, g, a3, ay, ai5) — KOJIOBOE CJIOBO, TO (i3 = Qig, (g = (1 + (i,

a5 = a1. [losToMy KOJOBBIMU CJIOBaMU OyJIyT CJIeIyIOIINeE:

¢, = (0,0,0,0,0), C5=(1,0,0,1
Co=(0,1,1,1,0), Cy=(1,1,1,0,1).

Y100HO, HO HE OY€EHb CYIIECTBEHHO TO, YTO IIPOBepovHast Marpuiia H nMeer
Bug (A| — I). B sTom cityuae mepBble k cHMBOJIOB — HH(POPMAIHOHHbIE,
a OCTaJIbHbIE — IIPOBEPOUYHBIE U NOBOPST, 9TO A 3ammcaHa B KGHOHUYECKOM
sude.

Eciu ussectro coobimenne U = (o, g, ..., ), TO JJIs TOrO, 9TOOBI HAafi-
T Koj10Boe cJ10BO C' = (Qv1, A9, vy Qlky Qi 1, +ory iy ), MOZKHO BOCIIOJIB30BATHCST
CJICJTYTOITAM [TPUEMOM (ITIPEJIoIaraeTcst, 9To poBepodHast MaTpuiia H mveer

Ot aq
KAHOHUIECKUH BUJT). Y IUTHIBAs, ITO o = A| - | , nosyunm
(7% Q.
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(o)

2 a1

o] B t
o= L= ) s

Y
Tpancnonupyst 310 pasencrso, nvmeem C = UG, tne G = (I| — AY).
3nech I — enumanunas k X k—Marpura.
Marpuna G Ha3bIBaeTCs noposciarouleti Wil Kodupyrow,eti MaTpuIieil Ji-
Heitnoro kona . Pasernctso C' = UG o3Havaer, 9T0 KOJOBBIMI CJIOBAMU SIBJISI-
I0TCSI BCEBO3MOXKHbBIE JIMHEHHbIE KOMOMHAIINN CTPOK MaTpuiibl (7. DTO CBOIi-

CTBO MOKHO OBLIO OBbI B3SITh B Ka4eCTBE OIPee/IeHNs JIMHEHOIO KO/Ia.
U3 onpenenenns jmHeitHoro xkoxa u marpui, H u G cieayer

Teopema 2. Mampuuve G v H ceazanv, coommouenusmu
HG'=0; GH'=0.

OTrmMmeTnM, UTO HyJIeBble MaTPUILbI, (PUTYPUPYIOIIe B TeopeMe 3, He 00si3a-
Hbl OBITH ofmHaKoBbIMU. Marpuna HG! nveer pasmep (n—k) X k, Torma kax
GH' — pasmepa k x (n — k). Boobie roopst, ne Tpebyercst, 4ToObI TOPOZK-
naomas Marpuna G koga K umena sug (I| — AY) = G. Oxpako panr mat-
punbl G 00s13aH paBHATHC k. Eciu aTa curyalins nMeeT MecTo, TO I'OBOPSIT,
yro K — cucremaTnydeckuii JIMHEHbIH Ko, JIerko BujieTh, 4To BHIOOD MaTpu-
1[I JIJIsT CUCTEMATUIECKOT0 JIMHEITHOr0 KOJla KaK pa3 00ecrieunBaeT paBeHCTBO
k nnst panra marpuiisl G.

1.5. HeaBoun4dHblie koAbl

Teopust KOIOB, MCIPABJISIIONNX OMINOKHU, JOCTATOUYHO JAJIEKO IIPOJIBUHYTA
JIJIs1 JIBOMYIHBIX KOJOB U B MEHBIIIE CTEIeHN JIJIsT KOJIOB ¢ HeJBOMYIHBIM aJjida-
BUTOM. MexKIy TeM HCIoJib3oBaHue 0ojiee OoraToro ajdaBuTa TeXHIIECKH
BO3MOXKHO U B OOJIBIITMHCTBE CJIy4yaeB 0oJiee yI00HO € MPaKTHYCCKON TOUYKH
3penns (9TUM obecriednBaercsi OOJIbINAsT CKOPOCTH Tepejadn). Yare Bcero
B KadyecTBe CUMBOJIOB aJihaBuTa OEPyTCsT SJIEMEHThI HEKOTOPOI'0 KOHEYHO-
ro noJjs. Ilociaennee TpeboBaHne BO3HUKAET B CBsI3U C OOJIBINOI pas3pabo-
TaHHOCTBIO TEOPUHU JIjIsT 9TOro ciydas. JJisi KOHEIHOro I0JisI BCe Olpe/ielie-
HUSsI, BBEJICHHBIE BBIIIE B CBA3U C JIMHEHHBIMU KOmaMu, (DOPMHUPYIOTCS HOUTH
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JIOCJIOBHO TaK »Ke, KaK U JI/Isi JBOMYHBIX KOJIOB. B OOJILIINHCTBE TEXHMYE-
CKUX YCTPONCTB KOJI0Basl 1I0CJIe/I0BaTEIbHOCTh CUMBOJIOB aJihaBUTa 1101aeTCsT
Ha MOJIYJISTOD, MPEBPAIAIONIUN 3TU CUMBOJIBI B OIpejiesieHHble (PyHKITHT
OT BpEMEHN.

MoryT OBITH MCIOJIB30BAHBI pa3NyHble CXeMbl Mojysdnuu. Hampumep,
Juist ajidpapuTa 13 cuMBoJioB 0, 1, 2, 3,4 BOBMOXKHBI CJIeJIyIOINE TPU THIIa MO-
JyAAINAN: pUC.3, puc 4, puc o.

N\
0. 1. 2. ~—

3. 4.

Puc. 3: OproronajibHast MOy ISAIINs

0. ~_ 1. 2.
3 Iz

Puc. 4: AMIIUTYIHAS MOLY/ISIIINS

PN N\
0. S~ 1. 9. ~——
3. ~—_ 4. N—_

Puc. 5: ®azoBag Moy

XOoTs CUMBOJIBI aJI(paBUTa MOYKHO IIPEJICTAaBUTH MHOTUMU P3N IHBIMU CIIO-
cobaMi1, B JIBOMTHOM CJIy4ae X KOHKPETHBII BLIOOD HECYIIECTBEH JJIsl YCTPOii-
CTB U JEKOJAMPOBAaHNs, KOTOPBLIE OIEPUPYIOT JIUIIL IIOCJIC/I0BATEIHHOCTIMN
CUMBOJIOB aJihaBUTa, KOTOPhIE KOAEP IOChLIAET Ha MOJIYJISITOP, & AEKOJIep I10-
Jydaer ¢ jemojysiaropa. C JApyroit croOpoHbl, B HEJIBOUYHOM CJIydae BbIOOD
CXEMbI MOJIYJISIIIIE MOXKET OTpParKaTbCs Ha XapaKTepe BO3MOYKHBIX OIINOOK
B KaHaje. B ¢Bg31M ¢ 9TUM Teopusi HEJIBOMYHBIX KOJOB OKa3bIBaeTCs 0oJiee
CJIOZKHOIA.
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1.6. Ynpa>kHeHus

1.

10.
11.

12.

13.

16

CKOJIBKO CYIIECTBYEeT KOJOBBIX CJIOB B JIBOMYHOM KOJe C IOBTOPaMHU,
eCJIM INCJI0 MH(POPMAIMOHHBIX CUMBOJIOB k = 3, a OJIOKOBas JIIMHA

n =97

CKOJTbKO  CYIIECTBYET JBOMYHBIX CJIOB JJIUHBI 1. HaJ aJpaBUTOM
u3 d 6ykB?

CKOJTbKO CYIIECTBYET JBOMIHBIX CJIOB JIJIMHBI 1, HE COJIEPXKAIIIX JBYX
HyJ1eil Toapsit?

CxostbKo cymiecTByeT d — OyKBEHHBIX CJIOB JIIMHBI 1, HE COAEPIKAITNX
JBYX HyJieii opsij (Hy/Ib COAEp:KUTCs cpen OyKB asiaButa)?

CKOJIBKO CYIIeCTBYET JBOMYHBIX CJIOB JIJIMHBI 1 C YHCJIOM €IUHUIL, PaB-
HBIM t, HE COJIepyKallluxX JIBYX HyJIeil moapsi?

[TycTb ABOMYHBIN cUMMeTpUYecKnii KaHaJ NCIOJIb3YeTCs JIIs TTepeadn
cooDIIeHnii, WMeIoNUX JUIMHYy n. KakoBa BepoOSTHOCTH TOIO,
YTO BCE CHUMBOJIBI COOOITEHMs OyIyT IPUHSATHI TpaBuibHO? KakoBa Be-
POSITHOCTH OMNOKN BO BCEX CHMBOJIAX !

KakoBa mgo/KHa OBITH BEPOATHOCTDH ¢ OMMUOKN B TIEpejiavie OT/IeTLHOTO
CIMBOJIa, YTOODLI TIPH ITepe/iate o JBOMITHOMY CHIMMETPUIECKOMY KaHa-
J1y 6J10Ka U3 8 CUMBOJIOB HE MeHee TT0JIOBUHBI OBLIO TPUHATO MPABUIHLHO
¢ BEpOsITHOCTHIO He MeHee 0, 97

HOKaBaTb, 9TO BEPOATHOCTD OIINOKN q B IBOM9YHOM CUMMETPHUYIHOM Ka-

HaJle MOKHO CYUTATh MEHbIIENH 4yeM %

st koja 3 npumMepa 1.4 npujayMarh aaropuT™ AEKOINPOBAHMSI.
Yemy paBHa CKOPOCTh Kojia U3 mpumepa 1.47

Hana marpuria H pasmepa (n— k) X n, cocrosiias u3 HyJsieil 0 eIHHNUII,
Yemy paBHO 4HCJIO JBOMYHLIX €10B C' JUIMHBL M, YIOBJIETBOPSIOIINX
coornomenuto HC! = 07

[TokazaTh, 4TO J1JIs JIFOOOI'O JIBOMUHOI'O JIMHEITHOI'O KOJIa, C IIPOBEPOUHOIT
marpuiieit H cymiecTsyeT Takas Kojupylolas Marpunia G, uto HG! =
0.

Jare jJoKazaTebcTBa TEOpeM 1 1 2.



2. HekoTopble cBegeHus s teopuun rpynn

Tyt Heussectno Kro Bomern,

u 1pu cBeTe cBeun oH u [Tyx
yCTaBUJINCH JIPYT Ha JIpyTa.

— A — Ilyx, — ckazan Bunnn-
[Iyx.

— A g — Turpa, — ckazas Turpa.

A. A, Muyn. Bunnau-ITyx

1 BCe-BCeE-BCE

Hawm nona 1o0sTcst HEKOTOPBIE OIIPeJie/IeHNsT 1 TeOPEMbl T€OPUU TPYIII, KO-
TOpBIe OYIYT MCIOTB30BATHCSA B JIaThHEHTIIEM.

2.1. Onpepenernus

Ompenenenue 2. Bunaprot onepavyuet: na muoscecmee M nasvisaemcs
npoussonvras Gyrurxuyus f M x M — M.

Jpyrumun cjioBaMu, OUHApHAs OIEpalus Kaykoil yIOpsIOUeHHON ape
9JEMEHTOB &,y € M cTaBuT B COOTBETCTBHE 3jeMenT z = f(x,y) € M.

Omnpenenienne 3. Mnoowcecmso G ¢ bunaphoti onepayuets * (pesyavmam
2 NPUMEHEHUA onepauul % asemenmam x,y € G 3anucweaemcs 6 6ude
2 = X *Y) Ha36aEeMCA 2PYNNot, eCAU BLNOAHEHBE CACOYIOULUE AKCUOMDL:

1. Vr,y,2€ G: (xxy)x =x % (y * 2);
2. dee G:VxeG: (exx)=(x*xe)=uz;
3 NreGlyeG . xxy=y*xx=ce.

Omnpenenenue 4. Mnoowcecmseo G ¢ bunaproti onepayuets Ha3veaemcs abe-
€601 (Kommymamuenot) 2pynnot, ecau G — 2pynna u 6unoaHero caedy-
0WeEE YMBEPHCIEHUE:

Ve,y e G:xxy=y*u.

Omnpenenenue 5. ['pynna G nasvieaemcs KoneuHol, ecal YUCAO €€ INEMEH-
mos xonewno. Ilopadox xoneunots epynno G — wucao |G| ee anremernmos.

17



J st iroboro muokecTBa M 1epes | M | 0603HaMaETCST MOIITHOCTD 9TOIO MHO-
JKecTBa. B citydae KOHEUHOH MOIHOCTH — 9TO MPOCTO YUCJIO 3JIEMEHTOB.

B nasbueiimem GyneM  pasinyuaTh  MYALMUNAUKGMUGHYLE TPYTIIHI
(x = ymHOXKeHne) u addumusenvie (x = cioxkenne). B mepom cirydae 3HaK
OTepaIii, Kak MPaBUJIO, OMYCKaeTCs. Fcm mpoTuBHOE HEe OroBapuBaeTCs,
TO YA CYUTACTCST MYJIBTUILIMKATUBHON. DJIEMEHT € B 9TOM CJIydae 3a-
MUCBHIBAETCST euHuIeii — 1, a 97eMeHT y u3 akcuoMbl 3 (ompejesenne 3)
obozHauaercss Kak x ' (oGpaTHbIil 31eMenT).

Onpepnenenune 6. [lycmv G — epynna, M C G. Tosopam, wmo M — noo-
epynna G, €CAU BVINONHEHDL CACOYOULUE YCAOBUM:

1. Vx,ye M :xy € M;

2. xeM:xte M.

Onpenenenune 7. [lycmv G — 2pynna, M — ee nodepynna, x € G. Tozda
Mx = {gx|g € M} — npasbiii cMexHbIii Kitace 2pynnu, G no nodepynne M.

Onpenenenne 8. [Tycmv G, H — epynnoi (onepayuu ¢ G u H obosznava-
romes 0dunaroso). Tosopam, wmo epynna I’ = G x H, ecau I = {(z,y)|z €
G,y € H} u onepayus (ymmoorcerus) na I' 3adaemea caedyrowum obpazom:
Vz1 = (x1,y1), 22 = (2, y2) € ' ux npoussedenue z3 = 2129 = (122, Y12).

Omnpenesienne 9. I'pynno. G u H nasvisaromea uzomopdrvimu, ecau cyuie-
cmeyem makaa ouexuyua ¢ : G — H, wmo p(xy) = p(x)p(y) daa aobvx
x,y € G.

Ormpejiesiennst KoJiblia 1 moJist B 3, 6].

Onpenenenune 10. I'pynna G nazweaemcea yukiuueckod (¢ o6pasyrouum
ANEMEHMOM T ), ecau cyuecmeyem makot aaemenm € G, wmo daa 4106020
y € G anemenm y ABAAECMCA HEKOMOPOT CMENEHBIO T.

2.2. Npumepnbl
2.2.1.

HauboJiee pacipocTpaneHHble IpuMephbl Ipy i — 310 noJist. vento (Q, +);
(R,+); (C,4) — rpymuiibl (MX HA3BIBAIOT a i IATUBHBIME TPYIIIIAMI COOTBET-
crBytomux toJeit). Crangaprhas s3amuck: Q7 R CT. MuoxkecTBO 1e/bIx
qucesl 1o CJIoKeHuio — rakske rpynmna Z7. Iyers F — none, F* = F\ {0}.
Torma F™* — rpyrma 1mo yMHOKeHHIO (MyJIbTHIINKATHBHAS IpyTia moJist F).
Ormernm, ato Z \ {0} He siBIIsieTcs rpyMIOit IO YMHOKEHUIO.
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2.2.2.

[TpuBejieHHbIE BbIIE TPYIIIbLI ABIAIOTCH abeeBbIMU (KOMMYTATUBHBIMIY )
rpymmavn 1 QT RT, CT, Q*, R*, C*, Z". [TonaTHo, 4T0 abe1eBbIME SABIAIOT-
csd M IUKIMYECKHe TIPYyIbl. PacmosHaTh abeleBOCTh TPYIILL  JIETKO
1o ee Tabsmie ymMHokerns (tabsmme Komn).

2.2.3.

I[Iycrs /1 — MHOXKECTBO Bcex KopHeil n-it crernenn u3 1 8 C, paccMarpu-
BaeMoe 110 yMHOzkeHnto. Torma +/1 — rpylma, cocTosimast pOBHO U3 1 SJIe-
MenToB. [Ipu srom /1 — npkimaeckas rpyia. Ee 06pasyomnimit sieMent —
11epBOOOPA3HBI KOpeHDb n-ii crermenu u3 equauibl. ['pymma /1 msomopdna
Z} (amauTuBHOI) TpyIIe BBIUETOB 110 MO0 n. [Ipu 910oM nsomopdusm
OCYIIECTBJISETCS COOTBETCTBUEM (-

ark ank

Vk€{0,1,2,...n—1} (k) = cos — + isin —.
n n

2.2.4,

[IpuMepoM T'pPyIIIBbI IO CJIOXKEHUIO MOXKET CJIYKUTh Tak:Ke JII000e JIMHeli-
HOE BEKTOPHOe IIPOCTPAHCTBO HaJl IPOU3BOJIbHBIM TojieM F'. B wactHOCTH,
ecciu F'=79 1

Vn — {(051, a2, ...y an) ‘ Q; € F, (Z = 1, 2, 3, ...,TL)},
10 (V,, +) — abeieBa rpyiia, siBJsIFOIIAsCS TPSIMON CyMMOIT 1 IIUK/THIECKUX
rpyi nopsjka 2, |V,| = 2.
2.2.5.

Husnpanbuas  rpymma D, cOCTOUT ¥3 CUMMETpPHUil  [IPaBUJILHOIO
N—yroJIbHUKA. YMHOKEHIE = I0CJIeJ0BATEILHOE BBIIOJTHEHINE CHMMETPHIL.
Herpynno Berancants, aro |D,| = 2n. I'pynna D,(n > 2) HeKOMMyTaTHB-
Ha (BpAIEHUS W OTPAYKEHUs OTHOCUTEJbHO OCell CUMMETPUH, TPOXO/SAIINX
gepe3 MEeHTpP, He KOMMYTUPYIOT TIpu 1 > 2).

2.2.6.

[Ipenpiymuit mpumMep fomyckaer cieyoriee obobimenue. [lycrs I' = (G, V)
— rpad ¢ muoxKecTtBoM BepiminH G u pebep V. Bepmunnl rpada [ Hymepy-
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fores ancaamu 1,2, ...,n, rae n = |G|, a pedbpa — napamvu qucen: (i,7) € V,
eCJIM MEXKJIy BepIImHaMu ¢ U j ecTh pedpo. [lojg cummerpueit rpada I' mo-
HIMAeTCsl TaKad IIOJICTAHOBKA T €ro BEpINUH, KOTOopas coXpauser pebpa,
T. e. ecin (i,5) € V, 1o (mw(i),7(5)) € V. Ilox npoussesenuem cuMmerpuii
IIOHUMAETCsl UX IOCJIe0BATE/ILHOE BBINOJHEHne. 1'pylna BeeX CUMMeTpuil
rpada I' obosnauaercs Aut(I') u siBiisieTcst MoArpyImnoil B rpyrie Beex moji-
CTAHOBOK 7. CHMBOJIOB S,,. Hanomuuwm, aro |S,| = n!.

2.2.7.

nTepecHblil 1 HETPUBUAJIBLHBII IIPUMED IPYIIIBLI JIal0T BCE JIBUKEHUS Ky-
ouka Pybuka.

2.3. Teopembil

['pymnibl, paccMarpuBaeMble B 3TOM — pasjese, MYyJbTUILINKATUBHBIE
(1. e. mo ymHOXKeHW0). [IpocToe ynpaskHeHWe: Mepenucarb TEKCT pasjea
JJTsT QJTATUBHBIX (TI0 CJIOZKEHUIO) TPYIIIL,

ITycte G — koweunasg rpynma, M — ee noarpymnma, xr € G
u M = {xglg € M} — neBbrii cMmexHbIii Kiace Tpyisl G o M ¢ tpejcra-
suresiem x. Coorsercreenno, Mx = {gx|g € M} — npasblii cMexKHBII K1ace
IPYIIIIbI
G no M c npezacraBuTesieM .

Teopema 3. MHootcecmeo 6Cex Ae6HT (NPABHLT) CMENCHHLT KAACCOE 2PYNNbl
G no ee nodepynne M obpazyem pazbuenue mnoocecmea G (m. e. aobvie
06a AEBVLT (NPABVIT) CMEAHCHVLT KAACCA AUOO HE NEPECEKANMCA, AUDO COBNA-
darom, a 06seduHenUE BCET AEBVLT (NPABHIT) CMEHCHDIT KAACCO8 Daem BCH0

epynny G ).

Omnpegnenenne 11. Ecau m1ooicecmso ae6oi (Mpasvir) CMENCHBIT KAGCCOB
epynno. G no ee nodepynne M Konewno, mo uxr “ucao HaA3vi6aAEMCA MHICK-
com epynnut M 6 nodepynne G u obosnavaemes |G @ M|. Ono ne 3asucum
0om M020, PACCMAMPUBAIOMCA MU NEEVE UL NPAEBIE CMENHCHBIE KAACCHL.

HerpyHo nipoBepuTh, 9T0 J06bIe J1Ba JIEBBIX (IIPABBIX) CMEKHBIX KJIACCA
rpymibl G0 OJTHOI U TOM 2Ke ee TOJIPYIIe COCTOAT U3 OJIMHAKOBOI'O JHC/Ia,
sneMenToB. [ToaTomy cripaBeymBa ciieryiomast

Teopema 4 (J/larpanx). Jlaa w0601 xoneunot epynnoe G u ee nodepynno
M cnpasedauso caedyrouee coommowenuve |G| = |G = M||M]|.
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[TopsiikoM s/eMeHTa & KOHEUHOf Tpymibl (G HA30BEM TaKoe HAMMEHBIIICE
IIOJIOZKUTEIBHOE Tiestoe 1ancsio m, 910 &' = 1. O4eBuIHO, ITO MHOXKECTBO
BCEX CTEIeHel /eMeHTa & 00pa3yeT MUKINIECKYIO TMOArpyniy H TIpyIb
G (mopoxkpennyio x). Obosnadernne H = (z). IIpu sToM m ecTh mopsiok
(IMCITO HJIEMEHTOB) TMKJIIIeCKOit oarpynsl H = (), mopoKIeHHOM .

B uvacTHocTH, cripaBei/inBa

Teopema 5. [lopsadox anemerma koneunot epynno G deaum nopadox 2pyn-
nw G. Ecau x € G, mo !¢ = 1.

B KagecTBe ciieJcTBUsI UMEEM TaKoe YTBEPKICHHE:
Teopema 6. Beakasa epynna npocmozo nopadka ABAAEMCA UUKAULECKOU.

[{uknyeckue MOArpyIIbl B IPyIIIax UTPAIT HEMAJIOBAXKHYIO poJib. OT-
METHUM CJIeayIonuii (paxT.

Teopema 7. Beakxas nodzpynna yuksuveckoli epynnvl AGAAEMCA UUKAUYGC-
g -

cxot. Jhobas yukauveckas epynna nopadka n usomoppna Z., . Cmpoenue xo-

HEYHDIT ADENEBVIT 2DYNN, NOAHOCTNDBIO CEOOUMCHA K CMPOEHUIO UUKAULECKUL

2PYNN U UT NPAMBLET npoudsederull.

Teopema 8 (OcHoBHasi TeopeMa 0 KOHEUHbIX abeJieBbIX TpyImax). Beaxas
KOHEUHaA ADEAEBA 2PYNNG ABAACNCA NPAMBIM NPOU3GEICHUEM UUKAULECKUT
epynn, NopAIKU KOMOPHLT ABAAIOMCA CMENEHAMU NPOCTNDIT YUCAEN.

C momotpio TeopeMbl 8 (¢ TOYHOCTHIO JI0 U30MOPGhU3Ma) MOKHO Iepe-
YUCAUTL Bee abesieBbl IPYIIILL JaHHOTO HOopsjika. Hampumep, ¢ TOYHOCTBIO

J10 n30MophU3Ma, UMeeTCs JIUIIb 2 ThIa abe/IeBbIX TPYIIT mopsijika 60, nMeH-
HO: Zg X 2§ X 23 n 2§ X 23 x Zg X 77.

2.4. YnpaxxHeHus

1. JlokazaTb TeopeMbl 3-7 u3 1. 2.3

2. Ompenermnm nientp rpynmbl G cnenyomnm obpazom Z(G) = {z €
G|Vg € G zg = gzr}. Hokasars, uro Z(G) — noxarpymia TPYIIIbL
G u Z(G) = G & G — abesesa rpyiia.

3. Haiitu Bce noarpymsl rpymm Sz u Dy.
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10.

11.

12.

13.

14.

15.

16.
17.

18.

22

[TokazaThb, 4TO MHOZKECTBO BCEX HEBBIPOZK IEHHBIX 1 X N-MaTPHIL C KO-

dunmentamu u3 nosst F' obpasyer rpyniy G L(n, F'). Haiiti opstiok
GL(TL, Zg)

Haittu cpesin uncenn n < 25 takue, 4To Jrodas rpyIina Mopsijika n oyjaer
UKJINYECKOIA.

Haittu nopsiiok rpynmsl aBuxKennii Kyouka Pyouka.
JlaTh o1enKy HAMOOJIBIIEro MOPsAIKA SJIEMEHTa TPYIIIILL S, .

[Tokasars, uro rpynna G abesesa, ecim g2 = 1 s 110600 37I€MEHTA
rpymibl g € G.

Byner jin rpymioit 1o cjoykKeHno MHOXKECTBO BCeX HEJIbIX YNCIe, 1eisi-
IXcs Ha PUKCHPOBAHHOE YNCI0 N7

[IycTh Ha MHOXKeCTBe BceX HEHYJIEBBIX BelleCTBEHHBIX uncesa R* 3amana,
oIeparisi o 1o CJIeYIOMEeMY TIPABUIY: & oy = x/y. Byner i MHOKe-
crBo R*, o — rpymmoii?

Ilycts G — koneunas rpyina, M — ee nojarpynna, © € G u xM =
{zglg € M} — nesbrit cmexblil Kiaace rpymisl G o M ¢ npeacraBu-
TejeM . JloKazarh, 9TO CyIIECTBYeT Takasi CHCTEMa IpeJicTaBuTesiel
{21, 29,23, ..., 23}, tie k = |G : M|, uto G = U Mx; = UF_ 2, M.

B kakom ciydae Z, (¢ onepanusiMu CJIOXKeHUsI U YMHOYKeHUs) Oyjier
rmoJiem?

JlokazaTh, 9To J/1d JII000TO JeNTENId M Yicjia . B MUKJITIECKON IpyT-
1e TOPsiJIKa 1 CYMIECTBYET OJIHA U TOJIBKO OJIHA MTOJIIPYIIa TOPSIKA M.

Bepno Jin obpaltenne Teopemsbl Jlarpam»xa?

JokazaTb MaJjyio Teopemy Depma: ecam p — IPOCTOE UUCJIO U G —
TaKoe IeJioe 9ucio, 4to (p,a) = 1, o a?~! — 1 jeaurca Ha p.

Bepno Jin obpairtienue mMaJjoii Teopembl Pepma?

CKobKO MOArpYNHI Y aJIUTUBHON TPYIIHI 1—MEPHOI0 BEKTOPHOTO
poCTpaHcTBa HaJl Zo?!

Haittu uncsio nmonapuo HemzoMopHBIX abesieBbIX IpyIIl nmopsijika 720.



19. HaiiTu gucio monapHo Hen30MOphHBIX adeIeBbIX IpyTI mopsijika 1024.

20. CymiecTBytoT Jit GECKOHETHbIE I'PYIIIbI, BCe HETPUBHAJIbHBIE (T. €. OT-
JIMYHBIE OT IPYNIbl ZT) NOArPYIIbl KOTOPBIX UMEIOT KOHEUHBI HH-
JIeKC?

3. OueHkun kKayecTBa KoAaa.
[Moaxon Kk pewieHUto 3aaa4um

— Ioxkamyit, Mmecramu oH jaxKe
Jyre!

— Topazno syume! — xopom
cKazaJm

[Tyx u [Taradox.

— Bor BaMm mnpumep TOro, 4TO

MOYKHO

clleJ1aTh, €CJIU He TOJIEHUThCS, —
ckazas IMa. — Tebe mOHSITHO,
[Tyx?

Tebe monstHO, I[IsaTadok? Bo-
IIEPBBIX,

CwmexkaJika, 1 BO-BTOPBIX, —
Iobpocosectras Pabora. fcro?

A. A. Munn. Buanan-ITyx

1 BCe-BCE-BCE

3.1. TeomeTpuyeckass nHTepnpeTayus

[Tycts V,, — muoxectBO Beex cyioB Hajl ajidasurom {0, 1} mumsr n. Ko
K — nexkoropoe nojMHO)KecTBO V. Hac naTEpecyer Bolpoc o ToM, Kax J10J-
»KeH ObITh pacnosioxked Ko K B V,,, 4To0ObI OBITH YCTONYNBBIM OTHOCUTE/IHHO
HE CJINIIKOM OOJIBINNX ITOMEX.

st TOro 9To0bI YSICHUTH CHUTYalllio, 00paTUMCs K I'eOMeTPUYECKON MH-
Teprpetannn. Bygem paccmarpuBarh V,, Kak rumnepky6 B mpocrpancrse R™.
Tounee, MHOXKECTBO BCEX CJIOB JIJIMHBI 12 MOYKHO OTOYK/IECTBUTH C BEPIITNHAMU
9TOTO TUIepKyoda.

23



IIycts a € V,,. Ecim b B 0HON MO3UIMHT BEKTOPA G IIPOM30MIET UCKa-
JKeHIe, TO BEKTOD @ MPEBPATUTCS B BEKTOP @', JIeXKalluii Ha 0JHOM C pebpe a
(1. e. @ Gymer pacroyioxKen B cocesineil Bepiinne). Ecyin 4uc/io nCKasKeHHbIX
nosunuii Oyer me 6osee t, TO MEXK/Iy NCXOJIHBIM BEKTOPOM @ U NCKAYKEHHBIM
BEKTOPOM a’ CylecTByeT IyTh 10 pebpam runepkyda jauHbl < ¢. Takum
00pa30M, eci y HaC €CTh YBEPEHHOCTH B TOM, UTO OOJILIIIOTO YHCJIa MCKa-
JKEeHUi TIpu 1iepejiade OBITh HE MOYKET, €CTECTBEHHO Pa3MEeCTUTh BEPITUHBI,
OTBeYaIoIINe KOJOBBIM cyioBaM Koja K, 4To0bl OHI ObLIN PACIIOJIOXKEHBI JIPYT
OT JIpyra KaK MOXKHO JaJIbIIle.

[TommbITaemcsa HaiiTu Xoporine KoJbl Ipu n =3 u n = 2.

(0,1,1) (1,1,1)

Puc. 6: Kogpr ipun =2un =3

Pemennst nipejcrasiensr #a puc. 6. [lpu n = 2 umeercst (¢ TOYHOCTBIO
10 cummerpun) ejuactsentoe pemenre Ko = {(0,0),(1,1)}. Ilpu n = 3
rMeeTcst (OIsITh ¢ TOYHOCTBIO 710 cummerpun) jBa perierust: Ky = {(0,0,0),
(1,1,1D)} u Ky ={(0,0,0),(0,1,1),(1,1,0),(1,0,1)}. Jlroboe n3 ykazaHHBIX
pereHnii coep:KuT HanboIbInee BOSMOYKHOE IHCJIO KOJOBBIX CJIOB, OTBEYa-
FOIINX OJIHOMY U3 TpebOBaHMii:

a) HU OJIHA W3 OJMHOYHBIX ONMMOOK He mpoiiier HesameueHuoit (Komsl Koy
1 Ko) mm

0) MOXKHO HCHPABUTH JT100Y10 onHOuHYI0 omnoKy (ko Ky ).
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B ciyuae komoB Ky nu K; mMbr 6e3 Tpyjga y3HaeM 3HAKOMbIE HAM KOJIbI
¢ moBTopoM, a B ciaydae Ko — KoJI ¢ IpoBepKoil Ha deTHOCTH (Koj Ky Tak-
e OyJIeT KOJIOM € MTPOBEPKOii HA YeTHOCTD). Ternepb CTAHOBUTCS TOHSITHBIM,
[I0YEeMY STU KOJbI 00J1a/1al0T OIPeJIe/IEHHBIMI KOPPEKTUPYIOIIUME CIIOCOOHO-
CTSIMU.

dopmaJin3yeM Telepb HHTYUTUBHO HOHATHYIO IPUIUHY YCIIeXa B KOHCTPY-
nposanun Koo Ky, Kq K.

[ycrs a = (a1, a9, a3, ..., ) € Vi, mw(a) = >0 o (o € Zs). DyHk-
g w : V, — R, onpejenennas TOJbKO YTO, HA3LIBAETCA 6€COM XIMMUH-
ea (cioBa a). Ecin Tenepb UCHOTB30BATHL ONEPAIIIIO CJIOKEHUST B V,, Kak
B BEKTOPHOM IIPOCTPAHCTBE HaJI M0JIEM Zisg, TO PACCTOSTHIE XOMMUHIA MEXKTY
cjaoBaMu a, b € V,, MOYXKHO OIpEJIe/INTh CJIEYIONIM 00pa30M:

pla,b) = w(a —b).

Nubivu ciioBamu, p(a, b) — 9ucsio mO3UIMIA, B KOTOPBIX CJIOBA @ U b HE COB-
11a/1a10T. ITO B TOUHOCTU MUHUMAJIbHAs JJIMHA IIYTH MKy a 1 b 110 pedpam
runiepkyda V,,. Bejiennoe Takum obpa3oMm paccTosHue oTBedaeT BceM Tpedbo-
BaHUsIM, IIPE/I'bsIBISIEMbIM K PACCTOSIHUSIM B MaTeMaTHKe, T. €. CIIpaBeJJInBa

Teopema 9.

1)Va,beV, pla,b) = p(b,a);
2)Va,beV, pla,b) =0« a=1;
3)Va,bceV, pla,b)+ plb,c) = pla,b).

Ecm B xoje K C V), cyliecTByloT JBa CJIOBA, PACCTOAHUE MEXKJY KO-
TOPBIMI PABHO €JIMHUIIE, TO MOYKHO 110/I00paTh TaKy OJUHOYHYIO OIIHOKY,
YTO OHA IEPEBOJUT OJHO KOJIOBOE CJIOBO B Jipyroe. [losToMy-To Takoit Ko
He crocobeH oOHAPYXKUBATH JIOOYIO OJMHOUHYIO OMHUOKy. B obmeM ciydae
CIIpaBeTNBA

Teopema 10. J[as mozo umobvr dsouunviti x0d K ¢ 6aok0600 daunot n >
t 4+ 1 wmoe obHapyosrcusamsd arobvie owubru 6 < t NO3UUUAT, HEODTOOUMO
u docmamoyuro, 4mobvl MUHUMANALHOE PACCTNOAHUE MEHCDY JBYMA CAOBAMU
ovLno He menvuwe t+ 1.

Hampuwmep, (n,1)—Kom ¢ mOBTOpeHHEM MOXKET OOHADYKHBaTh J10 1 — 1
ommbku. Kojx Ko, paccMOoTpennblil Bblllle, oOHapyKUBaeT JIOOYIO OJNHOY-
HYIO OLINOKY.

MpI moJtyumin BO3MOYKHOCTH BBECTH OJIHY U3 HamboJiee BaXKHBIX XapaKTe-
PUCTUK KOPPEKTHUPYIOINEH CIIOCOOHOCTH KOJa — €ro0 MUHUMAJIbHOE PaCCTOs-
HIHE.
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Omnpenenenue 12. Munumasnbaoe paccrosinueM xoda K nazvieaemcs 4ucio
d(K) = minp(a,b).
a,beX
a#b
Munumaiababie paccrosiaus KojaoB Ko, K1, Ko paBHBI cooTBeTCTBEHHO 2, 3
n 2.

Teopema 11. /Jlaa mozo wmobwv, deouunviti x0d K C V,, ¢ 6aoko60t daunofi
n = 2t + 1 dasas 603MOHCHOCTIL HANPABAAMD 6CE OWUOKU 6 < T NOUUUAT,
HE0OX00UMO U JOCMAMOYHO, YMOObL MUHUMAALHOE PACCMOAHUE IMO20 K0Ja
Ovin0 1e menvwe 2t + 1.

Joxazameavcmeo. lyers Si(a) = {b € V,|p(a,b) < t} — cdepa pagnyca t,
ormmcantas BokpyT cioBa a € K u nycreS(a’) = {b € V,|p(a’,b) < t} —
cdepa paguyca t, onucannas Bokpyr ciosa a’ € K. Ilycrs p(a,a’) > 2t + 1.

3 Teopembl 9 u ycsioBus TeopeMbl 10 ciieyer, 9To 9T cephl He Iepece-
Katorcd. Eeau nop aeiicrsuem myma ¢ioBo a € K 1oaBeprioch NeKazKeHuio,
HO YHCJIO UCKAYKEeHHDBIX IIO3UIUI HE MPEBOCXOAUT t, TO HOJIYYEHHOE CJIOBO
a’ € Si(a). CrenoBaTe/bHO, MBI MOZKEM JIEKOIMPOBATH CJIOBO @' C TIOMOIIBIO
OKAMIIero K HeMy KoJOBOI'O CJIOBA, .

Ob6paTHO, ecyin CyIeCcTBYIOT JBa cyioBa a, b € K, s kotopsix p(a, b) < 2t,
TO CYIIECTBYET Takoe CJI0BO ¢ € V,,, ato p(a,b) <t u p(b,a) < t. Ilosromy
MOZKHO I0J00paTh Tak HIyM, MCKaxkaromuil < ¢ nosuiuii cjiosa a, 4To I0-
Jayaurcst cjaoBo c¢. Opnako nHMOpMAIUI O TOM, YTO HPOU3OILIO ¢ OHINOOK,
SIBHO HEJIOCTATOYHO, 4TOObI OJHO3HATHO JIEKOJMPOBATH CJIOBO ¢ (OHO MOTJIO
MOJIyYNTHCS U B PE3YJIbTaTe UCKayKeHUs CJI0Ba b). O

3 ckazaHHOIO CjIe/lyeT, UTO UMEIOTCs CJIEIYIONIEe eCTEeCTBEHHbIE 3a/1a4n
B TEOPHUH JINHENHBIX KOJIOB, UCIPABJISIIONINX OIINOKI.

A. Tlo 3aymanabiv apamerpam n (610KkoBas jquHa) u k (qucao nagopma-
[IUOHHBIX CUMBOJIOB) MOCTPOUTH KOJT, 00T IO HAMOOJIBITIM BO3MOZKHbBIM
PACCTOSTHUEM.

b. Ilo 3ajjanHbIM MUHUMAJILHOMY PACCTOSHUIO d U 9UCTy UHMOPMAIIIOH-
HBIX CUMBOJIOB k (WJIN JAHHOMY YHCJIY KOJOBBIX CJIOB) MOCTPOUTH KOJI, 00/1a~
JATOIIII HauMeHbIeil 6JI0KOBO# JTHOI (0018 a0 i HaMeHbIIel n30bI-
TOYHOCTHIO, UM, YTO OJJHO U TO Ke, HAnOOJIbIIeil CKOPOCTHIO).

B. YTo M02KHO cKa3aTb O COOTHOIIEHUX, CBSI3bIBAIOIINX IIapaMeTPhI 1, k
ud?

DT0 — HamboJiee HHTPUTYIOIINE 3a/la9il B TeOpun KojupoaHud. K coxka-
JIEHNIO, TIOJIHOE pellleHre UX JIO CUX Iop He IojydeHo. Bo Becsgkom cirydae,
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OoJibIllasgt 4acTh 3TON OypHO pa3BUBAIOIIElicsd HAyKHU HAINpaBJIeHa Ha pelle-
HUe 9TUX 3aJ1a4d. [[oMUMO 9TOro, BOBHUKAIOT Pa3/MIHbIE BCIIOMOIaTEIbHBIE,
HO BeCbMa BayKHbIE ITPOOJIEMbI, CBSI3aHHBIE C IIPOCTOTOM, CTOMMOCTBIO U -
bekTUBHOCTBIO peasim3annn pa3padboTaHHBIX aJaropuTMoB. Hakorerr, eciin Teo-
pusi JIBOMYHBIX KOJIOB JOCTATOYHO Pa3BUTa, ITOIO elle HeIb3sl CKa3aTb
00 0000IIeHNAX Ha Cydail HeIBOMUHbBIX a(paBUTOB.

U3 nanbaeiiero Oy/eT siCHO, KaK PeriarTes yKa3aHHbIe 3a/a91l B HEKO-
TOPBIX KOHKPETHBIX CJIyUasiX.

3.2. ['pynnoBble koabl

Omnpenenenune 13. I[lycmov V,, — n—meproe 8exmoproe npocmparcmseo Hao
nosem Zo. Kod KX C 'V, wnasvisaemcs 2pynnosvim, €cil MHONCECMEBO e~
MEHMOB IM020 K004 00pa3yem 2pynny no CA0HCEHUIO.

Teopema 12. Ecau xod K C V,, asasemea 2pynnosovim, mo MUHUMAALHOE
paccmoanue xkoda K pasro naumenvuwemy 8ecy nenysesus cros xkoda K.

Jloxasamenvcmso. OueBujno u3 coornouenust p(a,b) = w(a — b) u akcuom
TCPYIIIIBI. ]

Teopema 12 cunbHO 0obOJerdaeT BBIUKC/IEHNE MUHUMAJIHLHOTO PACCTOTHUS
koja. [leiictBurenbHo, ecan Kox K umeer M cjioB, TO JJist OIpPEe/ICHUSI
MUHUMAJILHOTO PACCTOAHIS HEOOXO MO B OOITIEM CJIydae MOCYUTaTh BCEBO3-
MOYKHBIE TIOTIAPHbIE PACCTOSTHUST MEXKJIy KOJOBBIMU CJIOBAME (BCEro w
paccrostauii). B cirydae ke rpymmoBoro Koja HaJo Jiniib nepebpars M — 1
HEHYJIEBBIX 9JIeMEHTOB Kojia. OTMeTHM, 9To JII000i JIMHEHHDBIN KOJL SIBJISIETCSI
rpynmnoBsiM. Tak Kak V,,, MHOXKECTBO BCeX JBOMYHBLIX CJIOB JIJIMHBI 7, TAKXKe
SIBJISIETCS TPYIIIION 110 CJIOXKEHHIO, TO MHOYKECTBO BCEX CJIOB I'PYIIIOBOTO KOJIa
K C V, Oyuer nojArpynmoii rpymist V,.

Bresiem Tenepb 1mosie3HOE YCOBEPIIEHCTBOBAHNE B HAIlly cXeMmy. bymem cun-
TaTh, YTO PN Iepejiade KojoBoro cjosa ¢ € K 1myMm B KaHaJie MMPOCTO TPHU-
OaBJISIET K HEMY WYMO080€e €060 €. B pe3ysibrare moJrydaeTcs IpHHATOE CJI0BO
Y, T. €.

y=-c+e.

DTa MOJIe/b 1I03B0JIsieT 00bICHUTh, KaKie OUINOKH IIPH Iepejgade OCTaHyTCs
He3aMEeIeHHBIMI.
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Teopema 13. Ecau xod K asasemcs epynnosvim, mo owubka nepedayi
OCMAHEMCA He 3AMEYEHHOT, 6 TOM U MOALKO 68 MOM CAYYaGe, k0204 COOM-
GEMCMBYIOUEE TIIYMOBOE CJIOBO ABAAECMCA KOOOBHIM.

JormyctuM, 9T0 MBI UMeeM JIe/I0 ¢ JABOMIHBIM CUMMETPUIHBIM KaHAJIOM,
B KOTOPOM OIIMOKHN MPOXOJIAT HE3aBUCUMO C BEPOATHOCTBHIO ¢ < % Bocmos-
30BaBIINCH cXeMOoil BepHyILIn, J1erko yoenThest, 9T0 UMeeT MEeCTO

Teopema 14. Bepoamnocmsd noasienus 6 Kanaie GurCUpos8aHH020 ULYMO-
6020 ca06a € eeca w npu nepedave 6a0ka daunvt n pasra ¢V (1 — q)" ™. Be-
POAMHOCTIL MO20, 4MO NPU nepedaye npoudotidem posHo w owubok, pasHa

Crg“(L—q)"™.

Tak kak q < %, TO 13 TeOpeMbl 14 SICHO, 9TO BEPOSITHOCTH OSIBICHIS (DUK-
CHPOBAHHOI'O IIYMOBOI'O CJIOBA Beca t MEHbIIe, YeM BePOATHOCTH IOSIB/ICHUSI
(bUKCHpOBAHHOTO IIYMOBOTO CJIoBa Beca t — 1 u T. [I.

[Tosromy cTparerust 1eKOAMPOBAHUST 10 MAKCUMYMY ITPaBIIOIOI00MSI CBO-
JINTCS K CJIEJIYIONIEMY: €C/IM MPUHSTOE CJIOBO — Y, TO BBIOMPAETCs BEKTOP
omuboK e (IyMOBOEe CJI0BO) ¢ HAUMEHBINNM BECOM U JEKOJNUPYETCsl B Ta-
KO€ KOJIOBOE CJIOBO ¢, UTO Yy = ¢ + e. JlekojupoBaHue IMOJHBIM 11epedopoM
3aKJII0YAETCS B CPABHEHUN Y CO BCEMH CJIOBaMU IpyHioBoro koja K u BbI-
bope O/IMKalIIero KojgoBOro CJoBa. Ec/M 49mMcIo KOJIOBBIX CJIOB HEBEJNKO,
9Ta cTparerust pasymua. Ho ecim mx mHOro, 1o oHa He rojurcsd. OpHoii
u3 1eJieil Teopun KOJMPOBAHUsT SIBJISIETCS pas3spaboTKa ObICTPHIX aJrOPUTMOB
JIEKOTUPOBAHUS.

B cBsI3n cO cKazaHHBIM BBINIE BO3HUKAET IOHATHE CMAHIAPMHO20 DPAC-
noaooicerus koda (Tabmuna nexopuposanus). [lycrs ko K C V,, cocrout
n3 cjioB ¢ = 0,¢c0 = 0,...,¢y,. Ecan gexogep nmpunmmaer cioBo y € Vi,
TO BO3MOKHBIIT BEKTOP OMINOOK JIOJI?KEH IPUHAJJIEKATH CMEXKHOMY KJIACCy
K + y (cm. ompejiesieHre 7, OTMETHM, 9TO 37I€Ch 3aICh ajynTuBHa). C 1py-
roif CTOPOHBI, SICHO, 4YTO JijIsd Jioboro g € K + y cymecTByer Takoe CJI0BO
¢ € X, uro ¢+ g = y. Bepnoe u obparnoe, ecu ¢ + ¢ = y, rne ¢ € K,
0 K+ ¢ = K + g, 1. e. BOBMOXKHbIE BEKTOPLI OMIMOOK — 3TO B TOUHOCTU
9JIEMEHTBbI cMexKHoro Kiacca K + y.

Pacrio/ioykum Bce KOJIOBbIE CJI0Ba B IIEPBOI CTPOKE TaOJIUIIHI:

c1 =0,c0,C3, ..., Cpp.
Jlajiee BBITINCHIBAETCS 3JEMEHTHI CMEXKHBIX KJIACCOB:

y702+yac3+y7"'7cm+y'
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[Ipu 3TOM B TIEPBBIIT CTOIOEIT 3AITUCHIBAETCS CJIOBO HANMEHBIIIETO Beca B JlaH-
HOM CMexKHOM KJjiacce. OHO HA3bIBAETCS Audepom CMEXKHOIO Kiacca, a Iep-
BbIII CTOJIOEI TAOIHUIBI — CMOAOUOM AUJEPOS.

[IpuBesem puMepHI.

CranjgapTHoe pacioJiozxkenne Koja K.

Kon

AHaornIHbIM  00pa30M MOYKHO MPHUBECTH CTaHIAPTHOE PACIIOJIOXKEHHEe
JII KoJla u3 npumepa 1.2.2

Ko (0, (0,1,1,0) (1,0,0,1)

(0,1,1,0) (1,0,0,1)

-

(1
Cwmexmuprii krace (0,
(1

-

O6paTI/IM BHUMaHHUE Ha TO, 9YTO Bbl60p JIMAEPOB CMEZKHBIX KJIaCCOB BO BTO-
POM CJIydae He OJHO3HAYCH.

CranapTHoe pacIoJIOyKEeHIe HCIOIbL3YeTes It AeKoaupoBanust. Hampu-
Mep, eciu npunsitoe cioso y st koja K pasuo (0,1,1), To, orbickas
5TO CJIOBO B TabJuIe U Haiijg B TOM »Ke cToJIOLe U HepBOil CTpOKe COOTBET-
CTBYIOIIEE KOJIOBOE CJI0BO, HOJYYNM HauboJiee BEPOSITHOE HePeIaHHOe CJIOBO
¢ € K (B mannom mpumepe ¢ = (1,1,1)). JlekogupoBanue ¢ MOMOIIBIO CTAH-
JIAPTHOI'O PACIIOJIOMKEHNs OyJIeT JEeKOJAUPOBAHNEM 110 METOJLY MAKCUMAJILHOIO
IIPaBI0I0 10014,

Cupaej/iuBa cJeyomnas

Teopema 15. I'pynnosoti xod K co cremoti dexoduposarus nocpedcmeom
AUDEPOB UCTPABAAEM 8 MOYHOCTIU ME OWUOKU, KOMOPHLE ABAANOMCA Aude-
PAMU CMEACHBIT KAaccos. [Ipu amom Kodosoe €060, cmoswee 6 OaHHOM
CcMoAbue, ABAAEMCA OAUHCATUUM KO BCEM CAOBAM IMO20 CMOADOUQ.

4. BeposATHOCTb OLUINDOKN AeKoANPpOBaHUS

Omnpenenenne 14. BeposiTHOCTBIO OMNOKN AEKOIUPOBAHIA 04 aHHOU cxe-
Mbl 0eK0OUPOBAHUA HAZBIBAEMCA BEPOAMHOCTG NOACAEHUA OULUOKU HA 6bl-
xode dexodepa.
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ITycts umeercst M kojosbix ciioB Ch, Cy, ..., Cyy, KOTOPbIE MOI'YT OBITH 110-
CJIAHBI C PABHOI BEPOSITHOCTHIO. Torma

M
P = % Z P {Bbixon jekonepa # C; | C; ObLIO TOCTAHO }.
i=1
Ecin  nekogupoBaTh,  IOJIL3YSICh  CTAHJAPTHBIM  DPACIOJIOMKCHUEM,
10 Pyy = P {l # munep cmexknoro kiacca}. Torma, ucmoss3ys cxemy Bep-
HYJLIIN
1 GpOPMYJIy MOJHOI BEPOATHOCTH, UMEEM

M
Py =1-) aig'(1—q)""
=0

(n — GJI0KOBast JINHA CJIOBA, ¢ — BEPOSITHOCTH OMIMOKI MIPH TIepe/iade OJiHOrO
CHMBOJIA.).

Ecim munumasibHoe paccrosiiue kKoja d = 2t + 1, To 1o Teopeme 11 on
MOZKeT UcHpaB/siTh < t ommbok. [losToMy KaxK/blil BeKTOP OIMOOK Beca
< t Gysier smiepom cBoero cMesknoro kiacca. Orcrona a; = Ch (0 < i < ).

B obiiem ciiydae pacupeeieHne qicesi ; I3BeCTHO JIjIsi HEMHOIUX KOJIOB.

Ecan BeposiTHOCTH ¢ B KaHaJie 0OUeHb MaJia, TO XOPOIIeil almpoKCuMaImeit
JJI KOJOB ¢ MUHUMAJIbHBIM paccroguueM d = at + 1 oyiner dopmyia

n
Pon~1- ZCflqi(l —q)" .
i=0

Ecm o; = 0 ipu ¢ > ¢, T0 9Ta popMysia CTAHOBUTCA TOYHOM, & COOTBETCTBY-
0N KOJI HA3BIBACTCSA COGEPULEHHDIM.

['eoMeTpuyecKkn 3TO O3HAYAET, UTO BCE N-MEPHOE IIPOCTPAHCTBO V;, JIBOMUY-
HBIX 110CJIe/I0BATEIbHOCTEN JIJIMHBI 1 pa30UTO Ha HellePeCeKaoIIecs Maphl
pajnyca t (¢ IEHTpaMU B KOJOBBIX CI0Bax). Takum oOpa3oM, B TEOPUE KO-
JIMPOBaHUsI BOBHUKAET 3aja4a IJIOTHelIIel yiakoBKu cdep.

CopeprkaTesibHO 3aja49a 0 HamboJiee IJIOTHOH yIIaKOBKE B TEOPUN KOJIN-
poBaHusT MOXKET OBITH cPopMy/INpoBaHa Tak. Kakoe HanboJIbIIee IUCI0 KO-
JIOBBIX CJIOB MOYKET COJIEPKATh KOJ, ¢ OJIOKOBOI JIJIMHON M 1 MUHIMAJIHHBIM
paccrosiHueM d?

JIUIIb cpaBHUTEILHO HeJIaBHO ObLJIO JOKA3aHO, YTO BCE COBEPIIEHHbBIE KOIbI
u3BecTHbI |7]. B T0 2Ke Bpems cytiecTByer 60JIbIIoe YUCIO BOIIPOCOB, OTHOCS-
muUxcss K KojaMm, OJIM3KUM K  COBEPIIEHHbIM; €  HEKOTOPbIMHU
N3 HUX MbI IIOBHAKOMMMCs BCKOPE.
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Ecm xox K ucronb3yercd Julb J1j1si 0OHAPY2KEHHUs OIIMOOK, TO AEKOJep
OmnbAEeTCs JIUIIH B TOM CJIydae, KOIrjia BeKTOP OIMIMOOK SBJISIETCS HEHYIEBbIM
KOJIOBBIM cjioBOM. [losTomy eciim Koji cojiepKUT A; KOJIOBBIX CJIOB Beca 1,
TO BEPOSITHOCTD OIMINOKK PaBHA

Pow =3 A1 —
=1

(n — 6JtoKOBasT JIMHA KOJIA).

Tak Kak HEeKOTOpbIE 13 NHMOPMAIMOHHBIX CUMBOJIOB MOT'YT OLITE IIPABUIIb-
HBIMHU, JIazKe €CJIM JICKOJEP BbIJAeT HEIPABUILHOE CJI0BO, TO UMEETCS JPY-
rag IoJie3Hasd Mepa KadecTBa JeKOJUPOBAHUS Py — BEPOATHOCTL ONINOKH
Ha CUMBOJIL.

Omnpenenenue 15. [Tycmv k00 K codeporcum M rodoswvix cros Ch, Cy, ..., Cyy.
[epevie k cumeonos xasicdozo crosa C; — CH C?, ..., CF asamomes ungop-
MOAUUOHHBLMU, U NYCMb C = (C’l, C’Q, - C’”) — CA060 Ha 68bIT00E dexodepa.
Tozda

1

M
Y Z P (C; # C7 Gvino nocaano).

j=1 =1

Mw

P cume —

Ecin npm JIeKOJMpPOBAHUN HUCIIOJIB3YeTCsl CTAHJIAPTHOE PACIIOJIOKEeHNE,
TO Pepys HE 3aBHCHT OT TOTO, Kakoe CJI0BO Obuto mocsiano [7]. Moxkuo mo-
Ka3aTh TakyKe, 910 171 (n, k)-Koja

EPOHI < PCI/IMB < Pom-

[l 71s1 6OJIBIINHCTBA, KOJOB 3HadYeHne P, HeU3BeCTHO.

4.1. TloHaTue o Teopeme LLleHHOHa

B obiieMm ciiydae ObLI0 ObI MHTEPECHO Y3HATH, CKOJIb MaJIbIM MOYKET ObITh
cienano 3Hadenne P, i (n, k)-koma ¢ QUKCHPOBAHHON CKOPOCTHIO
R = % OTBeT Ha 3TOT BOIpoc ObLT ojtyder B 1948 rojiy B 3HAMEHUTON CTaThe
K. IIlennona, ¢ KoTopoii, cCOOCTBEHHO, 1 HavdaJach TEOPUI KOIOB, UCIIPaBJIs-
forux ormuoku. [TIeHHoH mokasaJi, 9To ¢ KayK/IbIM KaHAJIOM CBI3aH0 U3Mepsi-
emMoe B OuTax B cekyHjy uncio C, Ha3bIBaeMOe MPOIYCKHON CIIOCOOHOCTHIO
kanasa. Jucio C(P) = 14 plogy p + qlogy ¢ [1st 1BOMYHOTO cuMMeTprde-
CKOI'O KaHaJa.
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Teopema 16 (ILllennon). /s awbozo € > 0 u R < C(P) cywecmsyem
makoe N, wmo natidemca deouunwiii (n, k)-xod co ckopocmwio nepedariu % >
R, n> N, sepoammnocmyv owubkyu xomopozo P,, < €.

Teopema Illennona roBOpHUT JIMIIL O CYIIECTBOBAHUU XOPOIIUX KOJOB,
HO W3 Hee HUKAK HeJIb3sl U3BJIeYb crocod mx nocrpoenus. Hecmorps na sB-
Hy10 Hea(hPeKTUBHOCTE, TeopeMa [1leHHOHA MTOKa3aJja, 9TO ¢ SKOHOMUIECKOI
TOYKHU 3PEHUS BBITOJIHEE CTPOUTH CUCTEMBI CBSA3M, UCIIOJIL3YS KOJUPOBAHUE,
JeM yJIydliaTh TeXHUYecKNe XapaKTePUCTUKHN KaHaja. B CKOpoM BpeMeHU
XeMMIHTOM OBLITI OTKPBITHI KOJIbI, HCIIPABJISTIOIINE OinHOUHbIe ook (1950
roji), a Mocjae HeDOJIBINON 3aMUHKH, TI0C/Ie YCUJIEHHbIX MOMCKOB B 1960 ro-
7y ObLIH OTKPBITHI KOJBI, HCHpaBsioniie kparheie omubkn (Boys, Poii-
Yoyuxypu 1 XOKBUHTEM).

4.2. VYnpa>HeHus

1. IlycTh 1O JBOMYHOMY CHUMMETPUYHOMY KaHAJIy IEPeJaloTCs CTPOKU
qumasl 10. KakoBa BeposgTHOCTH TOTO, 9TO POBHO 3 CUMBOJIA Oy/yT
IPUHSITEI HellpaBuibHO? KakoBa BepOsSITHOCTH TOro, 4To He Oosee 3
CHUMBOJIOB OyIyT HPUHSITHI HenpaBuibHO! CKOJIBKO CYIIECTBYET CJIOB,
OTINYIAIONINXCS OT JAHHOTO He OoJjiee, YeM B 3 IMO3UIHISIX !

2. Jlokazarb, 9ro ABOMYHBIH (n, k)-KOJ Oy/eT COBEpIeHHbIM (JjisT HEKO-
TOpOro d) Torja M TOJBKO TOTJIA, Korjia Jyisi Hekoroporo m € N Bbi-
LOJTHEHO:

l4+n+..+Cm=2"F

3. Pacemorpum (9, 8)-kost ¢ mpoBepKoit Ha deTHOCTh. KakoBa BeposiTHOCTD
TOrO, UTO IPH IIPUEMe KOJIOBOTO CJIOBa He OyJieT oOHapyrKeHa OITMOKa
nepejadn’

4. Ilyers K — (9, 3)-koj ¢ moBropennem (TpoekparHbiM). Kakosa Bepo-
SITHOCTH TOTO, YTO IPH IIPHUEME KOJOBOIO CJIoBa He Oyjer obHapy:KeHa
ommoOKa repejain’

5. Haittu MmHOKecTBO 13 16 JIBOMYHBIX CJIOB JJIMHBI 7, KAXKJ0€ 13 KOTOPbIX
HaXOJIUTCS OT JIPYT'OT'O HAa PACCTOSIHUU He MEHbIIEe YeM 3.

6. Haiitm MmakcuMasbHOE KOJIMIECTBO KOpOJIeil Ha JOCKe pasMepa n X 1,
KOTOpbIe HE OBIOT JIPYT JPYTa.
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10.

11.

12.

13.

MoxkHo s HaiiT 32 ABOMYHBLIX CJIOBA JJIMHBI 8 TaKUX, 9TO KarKJoe
OTJINIAETCST OT JAPYTOTO CJIOBA HE MEHBIIE, 9eM B 3 MO3UIIAX

(8,4)-xkon K cocrout u3 cios Buga a = (aq, e, s, au, B1, B2, B3, Ba),
riae o + g = fr,03 + oy = Po, o + a3 = P, 0 + oy = Py HABaa-
eTCsl JIM 9TOT KOJI IPyNIoBLIM? YeMy paBHO MUHUMAJILHOE PACCTOSTHIE
9TOro Koja?’

Yemy paBHa BEPOSITHOCTH TOI'O, YTO OIIMOKKM B COOOIIEHUH OCTAHYTCSI
He 0bHAPYKEeHHBIMU JTs1 (1, k)-KOJla ¢ MUHIMAJIbHBIM PACCTOSTHHEM d !

OHpe,Z[eHI/IM HJId IBOMYHBIX BEKTOPOB I U Y AJIMHBI N UX IIEPECCHCHU A

KAK BEKTOD X * Y = (T1Y1, L2Y2, ooy Tnln), T T = (X1, ..., Tp), Y =
(Y1, .-y Yn). [okazars, aro

w(z +y) =w() +wy) — 2w *y).

[TokazaTh, 4TO ecyin u, v, w, ¥ — YeTbIpe BEKTOPA, JII00asd mapa 3 KoTo-
PBIX HAXOJIUTCS JIPYT OT JIPyTra Ha paccTosdHun d, rjie d — 9eTHOE JYHCJIO,
TO WMeeTcssi B TOYHOCTH OJIMH BEKTOP, KOTOPBIH HaXOIUTCs

Ha PACCTOSTHUAN % OT KaxKJIOTO U3 BEKTOPOB U,V W W.

Haiitn muHmMasmbHOe paccrostane i koma (mk, k) ¢ m — KpaTHbIM
oBTOpeHueM u Jijist (n,n — 1)-Koja ¢ poBepKoil Ha YeTHOCTb.

[enlen) s
oo
— =
OO
[elen) o
— =

[Topoxknaromast marpuna GG xkoma K nmeer sujg G = < ) Haii-

T €ro MUHUMaJIbHOE PaCCTOAHUE.
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5. CHOoBa 0 NuHenHbIX Kogax

3abpaBIuch ere Bblllle, OH CKa3as (Ipo

cebst):
«Koneuno, 910 He Tak JIerKO, UTO T'OBO-
puTh!...»

A erre TIoBbIIIIE OH CKa3aJI:

— Beap ciesarh Toxke mpueTcs. 3aJ10M.
A erre-erne MOBLIIIIE:

— U 3710 Oyner TpyaHOBATO...

— Ecmm ne ynacrb...

A. A. Muna. Buaan-ITyx

n BCE-BCE-BCE.

5.1. lNpepBaputenbHble 3amMeyaHuns

B 11.1.3 mbr onpegiesin (n, k)-KoJ KAK MHOYKECTBO N-MEPHBIX J[BOMYHBIX
BekTopoB C' yjosnersopstomux coornomennio HC! = 0, tne H — {0,1}
mMaTpuia pasmepa (n — k) X n, uim (JBOHCTBEHHBIM 00Pa30M) KaK MHOKe-
CTBO N-MEPHBIX JIBOMYHBIX BEKTOPOB (', yIOBIETBOPSIIOININX COOTHOIIEHIIO
C = UG, tne U — undopmalmonHoe c¢jioBo Jaunbl k, a G — marpuia
¢ koabdunmentamu u3z {0, 1} pasmepa k X n. Ilpun sT0M HuUYEro He OBLIO
cKazaHo O cTpykType Marpull H u G, KpoMme CBSI3BIBAIOIIEr0 X COOTHOIIIE-
nnst HG! = 0; GH! = 0. Eciin B KauecTBe npoBepodHoil MaTpullsl H B34Th,
HalpUMep, HyJIeBYIo MaTpuIly pasMepa (n—k)Xn, To coornomennto HC! = 0
OyJLyT YJOBJIETBOPSTH BCE N-MEPHBIE JBOMYHBbIC BEKTOPHI. Ecin B KadecTBe
Kojiupytomieit Mmarpuiibl G B34Th HYJIEBYIO, TO MHOKecTBO BeKTOopoB C' = UG
OyJieT COCTOATH TOJILKO U3 HYJIEBOI'O BeKTOpa. B 0boux ciydasix mpejiiozKeH-
Hasl MOJIeJIb HAXOAWTCS B IPOTUBOpeYNn ¢ nHTyuniueii. JleiicrBurenbao, 9T0-
ObI HCIPaB/IATh omnoOKU, Ko K J10/12KeH ObITH COOCTBEHHBIM I10/IMHOKECTBOM
B V}, (310 TpeboBaHme HADYIIAETCS B CIydae BbIOOpaA HYJIeBO MaTpuiisl V).
st Toro 4TobOBI IEepejaBaTh Pa3/nUdHbIe COOOIIEHNs, HAJI0 YMETb BOCCTa-
HaBJIMBATHL 110 KOJO0BOMY cJIoBY ¢ € K undopmarmonnoe cjaoso U. ITosromy
IIPUMEM MEPHI [IPEIOCTOPOKHOCTH, YTOOBI TAKNEe CUTYAIIMH HE IOSIBJISLINCD.

Ecmu V), — MHO)KecTBO Beex k-MEpHBIX JIBOMIHBIX BEKTOPOB, (MHMOpMa-
IIUOHHBIX BEKTOPOB) TO BBIGOD Marpuiibl G (KOAUPYIOMIEH MATPUIIBI) J10JI-
JKeH 00ecednBaTh BO3MOXKHOCTE OJIHO3HATHO HAXOIUTDL IIPO0OPa3 KOITOBOI'O
cioa UG = C'. [l sroro HeobxouMo (1 I0CTATOYHO) HOTPEOOBATE, UTO-
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Obl panr marpunbl G ObL1 paBeH k. IIpocreiimuit npuem, obecreunBarOIIii
9TO CBOICTBO, — CJEIATH KO CHCTEMATHIECKIM.

AHaJIOrTIHBIM 00pa30M PaHT IPOBEPOIHOI MaTpullbl H 10/17KeH ObITH pa-
Bed n — k. Ormernm, gyro posn marpun, G u H pasnmunbl. Marpuna G
CIIY2KUT JIJIsI HAXOXKJIeHHUsI 110 MH(POPMAIUOHHOMY CJIOBY COOTBETCTBYIOIIE-
ro KOJIOBOI'O CJIOBa, a Marpuiia H CIy:KHAT JJIsI BBISIBJIEHHIs OIIHOOK, BO3-
HUKIIUX [PU TIepejiade coodIenust (T. e. KOJOBOTO CJIOBA) 10 KAHAJY CBSI3H
1 BO3MOKHOI'O IIOCJIEIYIOIIEro ero MCIIpaBIeHus.

5.2. KoppekTupytoliasi CnoCOOHOCTb JINHENHOro Koja

[Tycts K — nuneitnblit Koj1 ¢ 0JIOKOBOI JIIMHON 1 ¥ ITPOBEPOYHON MaTpH-
neit H. KoppeKkTupylolyo crocoOHOCTb KOJla, MOYKHO OIIEHUTH C ITOMOIIbIO
CJICJIYIONIEe TeOPEeMDI.

Teopema 17. Kod X umeem murumanrvroe paccmosanue = d moada u moav-
Ko mozda, xo2da obvie d — 1 cmoabey, mampuuyve H aumnetino nezasucumol
(1ad nonem Zs).

Joxazameavcmeo. 1o Teopeme 12 muHnMaJsibHOe paccrostaue koja K paBHO
MUHIMAaJBHOMY BeCy ero HeHyJIeBbIX KOIOBbIX ¢JIoB. Ilycts K mmeer Munun-
masibHOe paccrosiiue d u nyers H = (hy, ho, ..., h,) — TpoBepodHasi MaT-
puna koja X, rue hy, hs, ..., h, — croysbubl marpunsl H. Eciu HEeKoTOphIe
u3 t cToJiooB MaTpulibl H JIMHEHO 3aBUCHMBI, TO

enhin + giohia + ... + €ithir = 0,

rie €5 € {0,1},1 < 4 < 49 < ... < iy < N, U CYUECTBYeT BEKTOD &,
Yy KOTOPOrO Ha MeCTaxX ¢ HOMepaMu ij, Ije €;; = 1, CTOAT eIMHUIbI, & OCTa/Ib-
HbIe KOODIMHATHI — HYJIN.

Jng rakoro x, ouesuano, Hax! = 0, . e. x € K. Tak xax w(z) > d,
to t > d. Crajio ObITh, J1I00ObIe d — 1 cToI010B MaTpuilbkl H JMHEiHO He3aBuU-
cuMbl (HaJL moJieM Zs).

ObpatHo, 1ycTh Jitobble d — 1 cTosber; MaTpuilbl H JIMHEITHO HE3aBUCUMBbI
naj Zs. Ecmm ¢ € K, To u3 ckazaHHOro BBIIIE CJIE/IYET, UTO

w(C) = d.
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Teopema 18 (['panunia Cunrsirona). I[Tyemv K — aunetnodi (n, k)-xo0
¢ MUHUMaAbHOLM paccmosnuem d. Toedan — k > d — 1.

Hoxazameavcmeo. Yucno r = n — k — paHr npoBepouHoit mMarpuiibl H.
Tak Kax MakcuMaJ/bHOE YUCJIO JIMHEHIHO He3aBUCUMBIX CTOJIONOB MaTpuIilbl H
HEe MOKEeT IPEBOCXOJUTHL N — k, TO

d—1<n—-k.
O

Kojibl, 7719 KOTOPBIX 9Ta IpaHnIia JOCTUTaeTcd, T. €. n—k = d— 1, na3niBa-
torcst M/IP-komamu (pasie/luMbiMi KOJIAMI ¢ MUHUMAJIBHBIM PACCTOSTHIEM ).
J1j1st IBOMYHBIX KOJIOB UX HETPY/HO MEPEUYNCIUTh — 9TO B TOIHOCTH (1, 1)-
KOJIbI C TTOBTOPOM U (1, — 1)-KOJIbI ¢ MPOBEpPKOii Ha 4eTHOCTh. CyIecTByer
ecrecTBeHHOE 0000MmeHne M/IP-Ko/10B Ha HeABOMYHBIN ciIydaii. 3/1ech CUTY-
arust cioxuee [7].

5.3. Koabl XamMMuHra

[TocTpoum oamH crenuaabHBIN KJIACC KOJOB, UCIPABJIAIONINX OJNHOYHbLIE
omunbKM, 00JIaJAIONNI MHOTMMU BayXHBIMHU CBOHCTBaMM, — KOJI X3MMUHIA.
3 Teopembl 12 ciiesryeT ciejytoriee mMpocToe YTBEPIK/IeHNE.

Teopema 19. Jlunetinoii x00 ucnpasasem 6ce 00uHouHbLe 0WUOKU M0o20a
U MoABKO Mo20da, Ko20a 6Ce CMOADUDL €20 NPOBEPOUHOTE MAMPULDL PA3AUYHD
MeHcAY cobOTl U OMAUNHDL O HYASA.

BosamkaeT ecrecTBEeHHBII BONPOC: KaK HCIOJB30BaTh MATPUIHBINA KO/
JIJIsT IICTIPaBJIEHUsT OJJMHOYHBIX OMO0OK? OOpaTuMCcst K UCXOJIHOM MOJIEJIN.

[Iycts ¢ — KomoBoe cioBo jmueitnoro (n, k)-xkona K, a H = (hy, ho, ..., hy)
— npoBepouHasi MaTpuna K, e — mnymoBoe ¢ioBo. Tak KaK Mbl HHTEPECYEeMCst
OJIMHOYHBIMI OIIMOKAMU, TO OyJIeM IPEeJI0JIoraTh, 9TO BeC BEKTOPa OMNOOK
e pasen 1. Ilycth y = ¢ + e — upunsaroe cioso. Torna Hy' = Hc! + Hel,
6o Hc' = 0. Ilycrs € = (e1,€9,...,8,) 1 & = 1, a Bce ocrambhble &; (1 <
J # 1 < k) pasubl nymo. Torna He! = e1hy + ... + e h, = h;. Taknm
obpasoM, Hy' = h;, rie ¢ — HoMep HO3UIMU, B KOTOPOH IPOU30IILIA OIINO-
Ka. AJIrOpUTM HCIpaB/IeHns OIMMNOKN Ternepb OYeHb IIPOCTO HOCTPOUTD. JI st
5TOro Hajo BuuucauTh Hy', rme y — npunaroe ciaoso. Ecim h; = Hyt,
TO OIMMOKa IPOM30ILIA B ¢-0if mosumuu. VcmpapiisieM OMIMOKY W MOJIydaeM
KOJIOBOE CJIOBO C = Y — €.
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B cBs131 co ckazaHHBIM NMeeT CMBbICJ BBECTH

Omnpenesienne 16. [Tycmv H — nposepounas mampuya sunetinozo (n, k)-
koda, R — npunamoe croeo. Tozda cro6o S, evuucasemoe no gopmyse S =
HR!, 6ydem naszwvieamvces curndpomom owudku.

Teopema 20. [Tycmo K — aunetinod (n, k)-xod ¢ nposepounotc mampuued
H. Cundpom owubor S pasen cymme cmoarbuyos mampuuve H, coomeem-
CMBYIOWUT MEM NOZUUUAM, 8 KOMOPHIT NPOUIOULAY 0wudKY. J[ea eexmopa
X, Y HATLOOAMCA 6 OOHOM CMENCHOM KAACCE M0206 U MOALKO M020a, k0204
OHU UMEIM 00UH U MOM, JHce CUHIPOM.

3 Teopemnr 20 ciaegayer, 9TO CYLIECTBYET B3aMMOOIHO3HAUYHOE COOTBET-
CTBUE MEXKJIy CHHJIPOMAMH U CMexKHbIMU Kjiaccamu Vi, 1o K. Cunjgpom co-
JIEPKUT BCIO MHAMOPMAINIO, KOTOPYIO UMEET IIPUEMHHUK 00 OIMOKaX.

Eciu Bce crosidonsl Marpuiibl H, BHIOpAHHONH B COOTBETCTBUU C TEOPEMOI
12, pa3mumaHbl, TO MEXKTy CTOJIOIMAaMN MaTpuIibl H 1 OJWHOYHBIMI OIITHOKAMI
CYIIIECTBYET B3aMMHOO/IHO3HAYHOE COOTBETCTBHE. JIETKO ITO9TOMY MOCTPOUTD
AJITOPUTM HCIIPABJIEHUS OIMMUOOK 10 cuHaApoMy. OTMETHM, YTO STOT ajro-
pUTM, BOOOIIE MOBOPs, OyJIeT HEMOJHBIM (MOTYT OBITH OIHOKU KPATHOCTH
bosbiieit yeM 1, Tormaa CUHJIPOM He paBeH HU OJHOMY U3 CTOJIOIIOB MaTPUITHI

[TocraBum Temnephb Takyio 3ajady. HaitTu Koji HamboJIbIeil JIHHBI C JaH-
HBIM 9HCJIOM TTPOBEPOYHBIX CUMBOJIOB 7, UCITPABJISIONINX JIIOOYIO OMHOTHYTO
omun6OkKy. [TousiTHO, uTO CcymiecTByer 2" —1 = n cTOJIOLOB 7-MEPHBIX BEKTOPOB,
yJIoBJIeTBOpSTIONuX Teopeme 17. [TosTomy cyrecTByeT nmpoBepoyutas MaTpPUIa
H pasmepa r x 2" — 1, pemarorias rnocrapaeHHyo 3aga41y. CoOTBETCTBYOMINI
Ko/ (oTKpBITHI B 1950 T0/1y) NpUHSTO HA3BIBATH Kodom Xaommurea.

5.3.1.

ITpumep. Iloctpoum ko Xsmmunra jig n = 7. [IpoBepounas marpuna
KOJIa

=

I
— o O
o= O
— = O
S O
— O
O ==
— ==
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Homyctum, uro npunstoe cioso y = (1,0,1,0,1,0,0). Tlokaxkem, kak wnc-
IPaBUTh OJIMHOYHYIO OIMKUOKY B 3TOM cjoe. CHHIPOM OIIMO0K

0 0 1 1
S=10]+[1]+]10]=1]1
1 1 1 1

Orcroga BIIHO, 9TO S COBIIQIAET C CEJIbMBIM CTOJIOIOM IIPOBEPOTHON MaTPH-
bl H. CienoBaresbHO, OMIOKa IIPOU3OIILIA B celibMoil mo3uiuu. [1o100HbIM
00pa3oM 00CTOUT JEJI0 ¢ KOJIaMI XOMMUHIA JIJIsI OOJIBIINX Pa3MepPHOCTEN].
[1st Toro 9Tobbl CleaTh IPOoLeaypPy UCIPaB/IeHusl OIMINO0K 0oJiee M3sIII-
HOIT, Oy/jieM HUHTepIpPeTHPOBaTh CHHIPOM OIMMOOK KakK HOMEp IIO3UIIH,
B KOTOPOIi mpom3oriia ommbka. Hanpumep, B peabiytieM ciaydae (pumMep

5.3.1)

1 | eo1-2241-241="T1.
1

KoneuHo, TakuM 00pa3oM yIOPsIOUNBAIOTCA U CTOJIOIBI IIPOBEPOYHON MaT-
punbl. Kak BWJIHO M3 MOCTpoeHUS KOja XSMMUHTA, €ro OJIOKOBas JITUHA
n = 2" — 1, a gucjao nuadOopMalOHHbIX CUMBOJIOB k = 2" — r — 1.

B kauecTBe MPOBEPOUHBIX YI0OHO B34Th CHMBOJIBI ¢ HoMepamu 20 = 1,21,
22 ...,2"71 a B KagecTBe MH(MOPMAIMONHBIX — OcTajbHble. [IycTh mano nh-
dbopmarmonnoe ciioBo U = (aq, g, ..., o). Torya cocraBiiseTcst KOJOBOE CJI0-
Bo C' = (0, Po, ..., Bn) C HeEONpeJieJIeHHBIMU BHaUa/Ie jieMenTaMu (1, Bo, Bz,
..., Br_1, Koropble HaxoudTcs u3 cucrembl ypasuenuit HC' = 0.
Tak Kak B KaxKj10if cTpoke H mmeeTcs JIUIIb OJINH HEHYJIEBOI 9JIEMEHT, COOT-
BETCTBYIONIHIT ITPOBEPOIHOMY CHMBOJIY, TO 9Ta CUCTEMa, UMEET €JINHCTBEHHOE
pelenne, KOTOpoe JIETKO HaXOUTCS.

5.3.2.

IMpumep. Undopmanuonnsiit Bekrop U = (1,0, 1, 1), Tpebyercs naiitu
KOJIOBOE CJIOBO, COOTBETCTBYIOIIee 3ToMy nHMopMarmoHHoMy. Koadbdurmen-
Tol 31, B2, B4 onpejesunm us cucrembl ypasienuit HC? = 0, Te.

Bi4+1-04+1-14+1-1=0
Bo+1-14+1-14+1-1=0
Bi4+1-04+1-14+1-1=0

Orciona By =0,5 =1, =0u C =(0,1,1,0,0,1,1).
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Teopema 21. (a"—1,a"—r—1) — K00 Xommunza A6AAEMCA COBEPUEHHVIM.
Munumanvroe paccmosrue xoda Xommurza pasho 3.

Joxazamesvcmeo. [leiicTBUTETHHO, B TPOBEPOYHOIN MaTpUIle Koga XIMMUH-
ra JiroOble JiBa CTOJIONA JIMHEHTHO HE3aBUCHUMBI, U CYIIECTBYIOT TpU JIMHETI-
HO HE3aBUCHMBIX CTOJIONA (HAIPUMED, CTOJOIbI, COOTBETCTBYIOIINE TTEPBBIM
TpeM nosuisaM). [To Teopeme 17 MUHIMAIBHOE PACCTOSTHIE KO/Ta, XIMMITHIA
paBHO 3. ]

17151 TOro 4ToObl YOeIUThCSI, IYTO KOJ XOMMUHIA sIBJISIETCSA COBEPIIEHHBIM,
HaJI0 TTOKa3aTh, UTO IIapbl paJanyca 1, omucaHHble BOKPYT KayKJ0r0 KOJIOBOIO
CJIOBa, IIOIAPHO HE IIePeceKaloTcsl U UX 00beJIMHEHUEe JIaeT BCe MHOYKECTBO
JIBOMYHBIX CJIOB JUIMHBI 1o = 2" — 1.

[TepBoe y:ke gokazano. 3aiiMeMcs TOJCIETOM dHCIa ¢JIoB B Imapax. [ap
pajimyca 1, onmcaHHbIil BOKPYT KarKJI0I'0 KOJOBOI'O CJIOBA, COOTBETCTBYET OJI-
Hoit mosunmu. Takmux mosumuii Oyger n = 2" — 1. [losTomy obmiee dmcsio
JIBOMYHBIX CJIOB B KaykJIOM Imape pajmyca 1 paBno n + 1 = 2". Beero xo-
noBbix cioB 28, rne k= 2" —r — 1 — uncsio nHGOPMAINOHHBIX CUMBOJIOB.
[ToaToMy obIIee Ync/I0 JIBOMYHBIX CJIOB, HONIABIINX BO BCe IIapbl pajuyca 1,
paBHO

(TL T 1)2k — 2T22T—7‘—1 — 22T—1 — 2n

Y

T. €. 00beIMHEHNE BCEeX MAapOB pajuyca 1, ommcaHHbIX BOKPYT KOJOBBIX CJIOB,
JlaeT BCEe MPOCTPAHCTBO V,.

Koabr XaMMUHTa SABJIAIOTCI BBICOKOCKOPOCTHBIMHU. JlelicTBUTEIBHO, CKO-
pocTh KoJla XsMMuHra R = % = % = (1-55) - 1lupur — L
Takum 0O6pa3oM, 110 CpaBHEHUIO ¢ KOJAMU C IIPOBEPKOIl Ha YeTHOCTh, KOIbI
X3MMMHIA He HAMHOT'O CJIOYKHEee, HO 00/1a1al0T CYIIEeCTBEHHO OOJIbIIIMU KOP-
PEKTUPYIOIIUMU CIIOCOOHOCTsIMI. Kpome Toro, /11 KOA0B XOMMUIHIA IMEEeTCsI
IIPOCTOI aJrOPUTM KOJMPOBaHUS U JCKOIUPOBAHMSI.

st TOro 9To0Bl UMETh BO3MOYKHOCTD BBISIBJISTH OIMMOKN 00Jiee BBICOKOI
KPaATHOCTU UCIIOJIL3YeTCs pacuupertwviii k00 Xaommurea. I1odbl ero mocrpo-
UTh, IPUMEHAETCS CJIEJIYIONIas KOHCTPYKIINS.

[Iycts C' = (aq, as, ..., ) — KOJIOBOE CJIOBO Kojia Xammunra (n = 2" — 1)
¢ nposepouHoit Marpureit H. /lobasum k matpuiie H ere onmH cTOJOEI]
(0,0, ...,1)" u oy (mocemmion) crpoky (1,1, ...,1). Torma noayunres mar-
puna H — npoBepouHast MATPHIA PACIIHPEHHOrO Koja XavmuHra. [loryaen-
HBIT KOJT nMeeT OJIOKOBYIO JuHy .+ 1 = 2" u 1o ke unc/io nndopMarmon-

HBbIX cMBOJIOB k = 2" — r — 1. CooTBeTCTBYIOIIEE KOJOBOE CJIOBO €CTh CJIOBO
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C' = (g, a1, ..., ), TJIe CUMBOJIBI (v; YIOBJIETBOPSAIOT JIOHOJHUTEJILHOMY CO-
OTHOIILIEHNIO
ag+aog+as+ ... +a, =0.

AstropuT™ (HEMoJTHOTO) JEKOAUPOBAHNUS JIJIsT 9TOTO KOJIa TaKZKe JTOCTATOU-
Ho nipocr. Ilyers npusTOe ciioBo Y = (Bo, By -, Bn)-
1. poBepsieM, BbINoIHeHO Jn cootHomenne HY! = 0. Ecou na, To cuuraem,
aro Y = (B4, B, ..., Bn) — KOJIOBOE CJIOBO; 2. JOMYCTUM, 9TO CJIy4dail 1) He BbI-
nosiHeH. Torma mpoBepsieM BBIIOJIHEHNE cooTHOeHus By + £+ ... + 53, = 0.
Ec/In OHO BBIIOJIHEHO, TO CJIOBO Y HOIYIM/IOCH B PE3Y/IBTATe 1eTHOIO HHCIA
ommnbOK 13 KOJ0BOro cyioBa. [losaTomy mponcxoanT orkas oT JeKOIIMPOBAHUSI.
Ecin fy+51+...+ 5, = 1, TO nMeeTcst HeUeTHOE YHCJIO OMIIOO0K; 3. JIOIYCTUM,
YTO YHCI0 OMMOOK HedeTHO. Haxoamm cHHIPOM OmMMOKH JIJIsl yCEUEeHHOTO
sekropa Y = (81, ...,3,). Ecoim S = HY' = 0, To ommbka B HyJIeBOii 1030-
. Ecom S = HY' £ 0, To jieKojpyeM CJI0BO Tak Ke, KakK 9TO Je/1ajoch
B CJIydae OOBITHOIO KO8 XIMMIUITHTA.

5.3.3.

[Tpumep. Matpuria npoBepku Ha 9€THOCTD paciiupenHoro (8, 4) koaa Xom-
MUHTA!

H = H=101100T11
01 0101O0T1 ’ 1010101
11111111

Tpebyerest nekopuposats cioso Y = (1,1,1,0,1,0,1,0).
Pewenue. Hajitem S = HY! = (’{) Tax Kak IOCJIeHUIT 9JIEMEHT CHH-
JIpoMa paBeH 1, TO MMeeTcss HeYeTHOe YNCJI0 OIMMHOOK.

0
S=HY"'=|[ 0
1

[TosTomy Hamo nenpaBuTh NO3UIUIO B Y, COOTBETCTBYIONIYIO 1, T. €. NCKO-
moe kogtosoe cioBo C' = (1,0,1,0,1,0,1,0). [l Toro 4Todbl Temeps JIeKo-
JIMPOBaThL COOOIIEHNEe, HY?KHO YCTPAHUTH IPOBEPOYHBIE CHMBOJIBI, COOTBET-
creytortue 0, 1,2 u 4 nosunugam. Taxkum odpaszom, MocJIaHHOE COODIIEeHIe —

(0,0,1,0).
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3aMeTHM, 9TO0, XOTs KO/l XIMMUIHIa ObLIN OTKPLITH 1aBHO (B 1950 romy),
1oHa, 106my10ch 0KoJio 10 JjieT, npexkjie YeM ObLIN OTKPbIThI KOJIbI, HCITPABJIs-
IOII[1€e JIBe OIIMOKU 1 OoJIee.

5.4. TexHuka MaTpUYHOro KOAVUPOBAHWUS
N 4EeKOANPOBaHUSA

Kak yzke oTMedayoch, MATPUIHBIH KO MOYKET ObIThH 3aJaH IPOBEPOUHOIL
marpurieit H pasmepa (n — k) X n. B 9T0M ciiydae Bce KoJI0BbIE CJIOBa —
B TOYHOCTHU PEIIEHHs] CUCTEMbI JTMHEHHBIX YpaBHEHUI

HX!'=0.

MHoxKecTBO Bcex pelleHmil 9Toil cucTeMbl JIMHEHHBIX ypaBHEHHIT obpasyer
B mpoctpancTse V,, moampoctpancTBo K pasmepHoctn k (HATIOMHEM, 9TO
paur H pasen n — k). [losromy cymecryer 6asuc K, cocrosiiuii u3 k Bek-
TOPOB §1, G2, ---, g (DyHIAMEHTA/IbHAS CHCTEMa PeIeHn il OJJHOPOIHOl cucTe-
mbl ¢ Matpureit H). Torga u3 ¢Tpox g1, ¢s, ..., gk MOXKHO COCTABUTH MATPUILY
G. Ecm U = (ul, U,y oeny uk) — IPOM3BOJILHBIN k-MEpHBIil IBOMYIHBIN BEKTOP,
TO
UG =C=u1g1 + usgs + ... + upgr € X.

Takum 00pa3oM, MBI IMEEM BO3MOXKHOCTH COIOCTABUTH KarKJIOMY COOOIIe-
nuto U kojoBoe cyioo C' ymuHokennem Ha marpuily GG. Marpuna G u ecTb
nopozkgatoriasg mMarpuna koga K. st Toro 9robbl CHUMBOJIBI COOOIIEHMSI
He IIepeMeInBa/INCh, KOJI MOXKHO CHesIaTh CUCTEMATHIECKIM.

5.4.1.

[Ipmvep. Tloctponm kopupytornyto marpuity G st pamupertoro (8,4)
kojta Xammunra (nipumep 5.3.3). HerpysHo Bujiers, 1to uckomas marpura G
MO2KeT OBbITh BbIOpaHa CJIEIYIOIINM 00Pa30M:

10010110
c_|ototoron
00110011
00001111

[Ipu sTom 1,2, 3,5 nosunuu KogoBoro caoa C', KoTopoe OyaeT IoJIydaThCs
¢ IIOMOIIBI0 YMHOKeHusT Ha (G, nHdopmalmonubie. OcTajibHble — IIPOBEPOY-
HBIE.
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Torna, nanpumep, undopmanuonnoe cioso U = (1,0, 1,1) Gyner 3akou-
POBAHHO TaK:

10010110
UG = (1,0,1,1) 8 (1) (1) 1 8 (1) (1) 1 =(1,0,1,0,1,0,1,0).
00001111

[Tpu jpexkoaupoBannn cHavdasa OyayT UCIPaB/JICHbl HEBEpHbIE TO3UIINU, a 3a-
TeM MPOYUTAHbI TO3UIUKU ¢ HOMepamu 1, 2, 3, 5.

st JIeKoIMpoBaHMs TIPU TIOMOIIM MATPUIHOTO KOJjIa MOJIYUYEHHOTO CJIOBA

MOZKHO BOCIOJIB30BATHCS CJIETYIONINM AJITOPUTMOM:

1) BorancsnTh curgpom S(R) npunsdToro Bektopa R;

2) 10 CHHJIPOMY OIPEJETUTh U3 Tab/IUIbI JIHJIEPOB CMEKHBIX KJIACCOB COOT-
BeTcTBYyIONMit Jujiep

3) maiitu kojoBOe cioBo C' = R + F;

4) maiitu 1o komosomy cjioy C' unbopmaruornoe cjioso U.

Pazymeercs, ajaropuT™ JIeKOJMPOBAHUs PACIHINPEHHOTO KoJjla XIMMUHTa,
IPOIIIE B peain3aliii, TaK Kak OH He TpeOyeT 3arioMuHaHust Tab IUIbI JTHIEPOB
CMEXKHBIX KJIACCOB, KOTOPas MOXKET ObIThH JOCTATOYHO oOImpHoii. [Tosromy
peajibHO  CYIIECTBYIOIHE KOJIbI ~ OCHOBAHBI B OOJIBIIUHCTBE  CBOEM
Ha MHOI TeXHUKE, KOTOpas CTaHeT sICHOU M3 JIaJIbLHENIIero.

5.5. OyanbHblin KOpA,

IIycTsb V,, — mo-ipexkHeMy n-MepHoOe IPOCTPAHCTBO JIBOUIHBIX CJIOB JIJINHbI
n, r = (aq,...,0), y = (P1,-., 8n) € Vy. Oupejiesnnm ckaisipHoe mponu3Be-
JIeHNe T 1 Y OOBIYHBIM 00Pa30M:

(z,y) = > i,
=1

rJie ONepAaIiisi CIOYKEHUs TTPOM3BOANTCS B 110J1e Zo. Ecmm (z,y) = 0, To Bek-
TOPbI T U Y HA3bIBAIOTCS OPTOrOHAJILHBIMU.

Onpenenenune 17. [Hycmv K — aunetinwi (n, k)-xod 6 V,,. Toeda nyaibhbrit
(opToronanbubiit) x nemy xod K-+ onpedeasemen caedyrousum obpasom:

K-={UcV,|(UC)=0VCcX}.
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Taxum 00pasoM, JAyaabHBIH KOJI COCTOUT U3 BCEX BEKTOPOB, OPTOrOHAJIb-
HBIX K JitoOoMy BekTOpy 13 XK.

Ecmm X C K+, 1o xox K HaspBaeTcsa c€1ab0 CaMOIYasIbHBIM.
Ecimu xxe K = K+, To K (crporo) camodyarvrviti. Hanpumep, camomyaabHbIM
SIBJISETCA paciupenubiii (8, 4)-kom XoMMuHTa.

Teopema 22.  [lyemw K - AUHETH LT (n, k)-xod
¢ nposepounoti mampuue H u xodupyroweti mampuuet G. Tozda K+ aeaa-
emca (n,n — k)-xodom ¢ xodupyrowets mampuuetc H u nposepounoti mam-
puuet G.

oxazameavcmeo. JlokazaTenbcTBO clielyeT U3 ONpee/IeHus TyaTbHOIO KO-

J1a, IPOBEPOYHON MATPUIILI U KOJAUPYIOIIEl MaTPUIbl ¢ yIeTOM 3aMevaHunil
B 1. 0.1 [l

Ormerum ciiejtytormuii JirodonbiTHb (hakt. Kol (n, 1)-koi ¢ moBropenn-
eM u (n,n — 1)-Kox ¢ MPOBEPKOil Ha YeTHOCTDH JIyaldbHbI Apyr apyry. Ko
(2,1) ¢ moBTOpenuem camojyaseH. Ecau n detHo, To (n, 1)-Koi ¢ mOBTOpe-
HueM cyiabo caMojryaJsieH.

Ouepanus jayajn3anuy Ha MHOXKECTBE KOJOB OKa3bIBAETCA OYEHb I0JI€3-
Hoit. OHa NPUBOAUT 3a9aCTYIO K [IOCTPOEHUIO HOBBIX BayKHBIX Ko10B. Hampu-
Mep, Koii Pujia-MaJiiepa mepBoro nopsijka onpeieasaeTcs Kak JIyaabHbli Kol
K PACHIMPEHHOMY KOy XOMMUHIA.

5.6. VYnpa>kHeHus

1. Ompeie/uTh MOI0ZKEHIE OTHOTHOT ONMTHOKN B NCKaykeHHOM cioBe (1, 1,
0,0,0,1,1) koma XaMMUHTA.

2. Ilycrs (1,1,0,1,0,1,1) u (1,1,0,0,1,1,1,1) — uckaykeHHbIE CJIOBA
pacIInpeHHoro Kojaa XsMMuHra. Kakoe m3 3THX CJIOB COIEPKUT OIMi-
HOYHYIO, & KaKoe — JIBOiiHyt0 ommOKy? B ciaydae ofquHOIHON OMMOKNI
OIPE/JIEJINTD €€ MOJIOKEHIE.

3. IlocTpouTh NMpoBEpOUHYIO MaTPHUILY I KOJa XSMMUHTa ¢ OJIOKOBOI
JuinHOi 15. CKOJIBKO KOJIOBBIX CJIOB COJIEPKUT 9TOT KoJ1! CKOJIBKO MH-
dOpMAaIMOHHBIX 1 CKOJILKO IIPOBEPOUHBIX CHMBOJIOB B KOJOBOM CJIOBE?

4. Yemy paBHO MUHHUMAJIbHOE PACCTOSIHUE JIJIsSI PACIIIMPEHHOIO KOJia, X3M-
MUHTa?
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10.

11.

12.

13.
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HaiiTu npoBepounyio MaTpuIly ajs Kojaa, AyaJbHOTIO K PpacIHIupeHHOMY
KoJIy X9MMUHTa ¢ OJIOKOBOIT jiytHOMN 16.

[Iycrs nuneiinwiit gonmvnblil kox K comep:kKuT XoTd ObI OJHO CJIOBO
HeYeTHOro Beca. /loKazaTh, UYTO UHCI0 TAKUX CJIOB COCTABJISIET POBHO
MOJIOBUHY OT 9YHCJIa BCEX KOJOBBIX CJIOB (YKa3aHWUe: BOCIOJIBb30BATHCS
Teopemoii Jlarpamxa).

Kak n3meHuTCS paccTosiHre JIBOMYHOI'O JIUHEHHOTO Kojia TP JlodaBJie-
HUU KO BCEM CTPOKAM ITPOBEPOTHON MaTPUIIHI OJHOI 00IIell TpoBepKN
Ha YeTHOCTD.

Hponunslii (8, 4)-Ko/| 3a/laH IPOBEPOYHON MaTpUIEil

OO =
S O = =
O~ O
— = = O
— O~
O = = O
== O O
OO OO

Haiit ero koupyronyto MaTpuily 1 MUHUMAJILHOE PACCTOSTHHE,

[Toctpouts (14, 10)-K0/1 ¢ ucnpaBieHnEM OIMTHOTHBIX OIMUOOK, JaB Tab-
JIMIY KOJIOBBIX CJI0B. KakoBa BEPOSITHOCTH MPAaBIJILHOTO Tprema (Ipu
JBOMYHOM CHMMETPUIHOM KaHaJe)?

[TokazaTh, aTo (31, n)-KOJ ¢ JIEKOAUPOBAHIEM «II0 OOJIBITHHCTBY TOJI0-
COB» HE MOKET OBITH COBEPIIEHHBIM.

[Iycts koji K mmeer mpoepounyio Marpuity H = ((1) 010 (1)) 3ajarh
TabJInIeil Bce COODIEHNS U X KOJIBI.

BbraucmTh BEpOsiTHOCTH OOHAPY KEHHST U MUCIPAaBJICHUST OMINOOK JIJIst
KOJla U3 IpeJIbLyIeit 3a1a4ui.

[IycTs Ko 3aaH Kogupylomeil MmaTpuiiei

10000111
c_|0tootro11
00101101
00011110

1 UCTOJIL3YETCS JIjIst OOHApYy KeHnsi OIMMNOO0K, KaHa I JTBOMIHBIH CIMMET-
puunblii. KakoBa BepoOsiTHOCTH OIMIMOOYHOIO IIpremMa,’



14.

15.

16.

17.

18.

19.

20.

21.

22.

Kon K nasbiBaeTcst SKkBUBaJIEHTHBIM KojIy K*, ecyin cyiecTByeT OMeK-
s Mexk iy KojosbiMu cioBamMn K un K*, coxpamnsionias paccTosiHue.
[TokazaTh, 9T0 BCAKUI JTUHENHDBIN KOJ SKBUBAJIEHTEH KOy C CUCTEMAa-
TUYICCKOU KOJAUPYIOIIEeil MaTPUIEil.

Beimcars MpOBEpOYHYIO M MOPOZKIAIONIYI0 MATPHIL! st (1, 1)-Koza
C IIOBTOPEHUEM.

[TocTponTh TAOJINILY CUHIPOMOB U CTAHAPTHOE PACIIOJIOXKEHHE JIJI KO-
. . 111001 .
na X, 3a1aHHOrO IpoBEepovHOil MaTpureit H = gL1oLo). Haiitu

napaMeTrpol d u R = % JIJISL 9TOTO KOJIA.

KakoBa MoxKeT OBbITH HauMeHbIIasd OJIOKOBas JUIMHA JIMHEHHOrO KOJa
X ¢ 3 urdopMaInoOHHLIMI CUMBOJIAMI, HCIIPABJISIIOIIEIO BCE JIBOMHBIE
omunoKM?

[Tycts mposepounast marpura kojga K umeer sug H = (A[l). Korna
K — camojyaabHbII KOI?!

[Tokazarh, 9TO B JBOMYHOM CaAMOIYaJILHOM KOJIe KazK10€e KOJIOBOE CJI0BO
nMeeT 4eTHBI Bec.

0 .
(1)) HalTH JInJepbl

011
st Kojia ¢ mpoBepovuHoit Marpurieit H = 1ol
== (1, ,1,0,1,0) n HQ =

CMEZKHBIX KJIaCCOB, COJEPzKallluX CJIOBa ‘jl

(0,1,0,1,1,1,1).

Hokazarb, 4To yncio k nHPOPMAIMOHHBIX CUMBOJIOB JIJId JIIOOOTO JIBO-
MYHOTO JIMHEHHOTO (1, k)-KO/la ¢ MUHUMAJTBLHBIM paccTosaueM d > (2t+
1) ynosjersopsier cooTHommennio n — k > logy(1+ CH+ C% 4 ... + CY)
(rpanuia XoMMUHTA).

YeMy paBHO MUHHMAJIBLHOE PACCTOSIHIE PACIIIPEHHOTO KOAa XOMMUH-
ra’
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6. KoHe4yHble nons

N kaxnaweiit 8 UKCITE/I-
LI

V2KacHO ObLIT OBbI pa/l
¥Y3narb, aro 3naduT [losoc
1 ¢ ueMm ero eJsr.

A. A. Munn. Bubau-
[Tyx
U BCe-BCe-BCe.

6.1. ApanTuBHaAA CTPYKTypa KOHEYHbIX rnosnen

Hamomuum OolipeaeJieHue I10JIsd.

Omnpenesienne 18. [orem nazwsaemes maxoe muoocecmeo F | nadeaenmoe
DBYMA ONEPAUUAMU (CAOHCEHUEM U YMHONCEHUEM ), ONL KOMOPVLT GHINOAHE-
Nl CACOYIOUSUE AKCUOMDL:

1) F — abeaesa 2pynna no cAoiceruio;

2) F* = F\ {0} — abeaesa epynna no ymmosrcenuro;

3) croocerue U YMHONCEHUE CBA3AHDL 3AKOHAMU OUCTNPUOYMUBHOCTIU,
m. e. das nobwvix a,b,c € F svinoanero

(a + b)c = ac+ be.

[Tose HazBaeTCs KOHEYHBIM, €CJIM OHO COCTOUT M3 KOHEYHOI'O YUC/a dJie-
MeHnToB. Hac OyayT nunrepecoBaTh TOJIHBKO KOHETHBIE TTOJIS.

Omnpenenenue 19. Yucio p mHaszwvisaemces XapakKTepUCTUkoit noas F,
ECAU OHO ABAAENCA MAKUM HAUMEHDULUM TLOAOHCUTNEADLHDIM HATYDANDHDIM
YUCAOM, UYMO CYMMA P eOuHuY, PasHa HYA10.

CymecTBoBaHle 4YnCIa p JjId KOHEYHOro 1ot F' cienyer u3 akcuoMbl 1
1 aJJINTUBHOI BEPCUU TEOPEMBI D.

Teopema 23. Xapaxmepucmuka p xKoneunozo noaa F ecezda acasemca npo-
cmoim wucaom. Jas aobozo a € F (a+a+ ...+ a) = 0.
TV

p pas
Teopema 24. B mobom nose F' xapaxmepucmuru p

(z+y)P =a +y
ons aobvix x,y € F.

46



MHozKecTBO BBIYETOB 110 MOJLYJIIO IPOCTOrO 4ucjia p — Zi, — Bcerja IHoJie
xapakTepucTukn p. [Tozanee Mbl yBUIUM, 9TO CYyIIECTBYIOT U JIPYTHE KOHEY-
HbI€ 1OJIS.

Teopema 25. Onpedesum wucao m € F xax asremenm xoneurozo noas I

6uda

1+1+...4+1. Tozda mmoocecmeo ecex wucea nosa F zvapaxmepucmury
m‘gas

p obpasyem noae F, uz p anemenmos (0HO HA36aLMCA NPOCTBIM NOONOLEM

noas F).

TeopeMa 26. Yucao anemenmos KoHeuHo20 noid raparmepucmuxu p pacHo
CMeNeErHU Yucaa p.

[IpuBejieM 351ech 0YEHB MTPOCTOE JIOKA3ATEILCTBO 9TOro dakra. [leiicTBu-
TeJIbHO, F' gBjIsieTcss KOHEUHOMEPHBIM BEKTOPHBIM JIMHEHHBIM ITPOCTPAHCTBOM
naJ Fj,. Ilosromy F' nzomopdno m-mMepHoMy IPOCTPAHCTBY BEKTOPOB — CTPOK
c aseMmenTamu u3 Fy. Otciona u cienyer Teopema 26.

6.2. MynbTUNAMKaTUBHAsA KOHEYHbIX NOJe

[To ymmoxennio F* = F'\ {0} aBnstercs rpynmnoii. F™* naspisaercsa my.ao-
munaukamuenot epynnot noua F. Haubosee Baxkublil (haxT, Kacalomuiics
CTPOEHUST KOHETHOI'O TI0JIsT, COJEPIKUT

Teopema 27. Myasvmunauxamuenas epynna KoHewH020 NOAA UUKAULECKAA.

Takum obpazom, Jjr0boe KoHedHOe ToJie F' cojepKuT Takoil sjaemenT f,
4TO JII0OOW HEHYJIeBOI 9/1eMeHT 10Jisi [’ ecTh crerenb vieMeHTa f.

JI100oit siemenT 1osist F' ¢ yKa3aHHBIM CBOMCTBOM Ha3bIBAETCS NPUMUMUG-
HoLM d7IeMeHTOM 1101 F'. DakTmdaeckn TeopeMa 27 YTBEPKIaeT CyIeCTBOBA-
HUe MPUMHUTHUBHBIX 3JIEMEHTOB Y KoHnedHoro mojsg F'. VI3 Teopembr 5 cieryer
TaKOe yTBEPIKJICHUE.

Teopema 28. [lycmv F' — xoneunoe noae. |F| = q. Toeda x4 — x = 0
das aobozo x € F.

Teopemy 28 yacTo Ha3BIBAIOT 0000IIEHIEM MaJjoil TeopeMbl PepMma.
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6.3. KOHCTpynpoBaHne KOHEe4YHbIX nosein

[Tycts F[z] — KOJIBIIO BCeX MHOTOUJIEHOB OJIHOI IIepeMeHHOi HaT mojiem F.
Kak o6bran0, uepes deg f Oyzem obo3HauaTh cmenens Muorowiena f € Flz].
CrereHbI0 HYJIEBOIO MHOT'OUJIEHA CUUTAETCH —O0.

Omnpenesiernne 20. Muozouren f € Fx] 6ydem nasvieams HENIPUBOUMBIM
nad nosem F, ecau deg f > 0 u uz pasencmesa hg = f, 2de f,g,h € Flx],
¢ neobxodumocmuro caedyem, umo aubo degh = 0, aubo deg g = 0.

HerI/IBO,ZLI/IMbIe MHOI'O4YJIEHBI B KOJIbIE BCEX MHOI'OYJIEHOB UI'PalOT HpI/I6JII/I-
SUTEJIbHO TY 2KE€ POJIb, YTO IIPOCTHIC YUCJIa B KOJIBIE IEJIbIX YNCEJI.

6.3.1.

[Ipumepst. Muorounen f = x? + x + 1 HenpuBoanM naj moseM Zs. Mio-
rouwten g = 22 + 1 = (x + 1)? upusoaum Haj Zs.

Kaxk u B cirydae 1e/bIxX 9ncesi, MOYKHO PacCMaTPUBATD JeJIeHUE ¢ OCTATKOM
B KOJIbIIE MHOT'OUJIEHOB. BoJibIias 4acTh apudMeTHKI MHOTOUYJICHOB SB/IsIET-
cs TIPSIMBIM aHAJIOTOM apu(PMETHKH TeJTbIX YNCel.

Teopema 29. /s a0bvix mHozounenos [ u g € Flx], ede g # 0, cywecmsy-
rom maxue mnozousernve h ur € Flz], wmo f = hg +r, 2de degr < degg.

Byiem rosoputh, uro muorounenbt f u h € Flx| cpaBHUMBI 110 MOJYJIIO
MHOroueHa g € Flx], eciu f — h jenurcs Ha ¢ ¢ HEHYJIEBBIM OCTATKOM
(zamucs f = h (mod g)).

Teopema 30 (CsoiictBa cpapuenuii). Feau f = h (mod g) v u = v (
mod ¢g), mo f +tu=v+h (mod g) u fu=wvh (mod g).

Hauborvwum obwum desumenem MHOTOWIEHOB [ W ¢ Ha3BIBAETCS TAKOIT
HOPMUPOSAHHHLT (T. €. IMETOIHil KOIM@UIUEHT TIPU CTAPIIeM UIeHe, DABHBIIT
1) muOrOWIeH d, uTo d nesuT f u g u gesuT Jroboi obIuil 1euTe b MHOTO-
qineHoB f 1 g. Mo»KHO JIoOKa3aTh, 9TO d sIBJISETCsI MHOTOYJIEHOM HauBBICIHIEH
CTETeHn ¢ 9THM cBoiicTBoM (3armch: d = (f, g)).

OTbicKuBaTH HAMOOJIBIIUI OOIINIT JIEJIUTE/Ib MOYKHO C IIOMOIIBIO aJrOPUT-
Mma EBkina. Muorowiens! f u g 63aummo npocmol, €cjan uxX HanboJIbIII 00-
it gesmressb pased 1. Eemu (f, g) = d, o u3 anropurva EBkia ciefyer,
YTO CyIIECTBYIOT TaKWe MHOTOYJIeHbl wu,v, 4rto fu + vg = d.
Kax u B ciiydae meJsibIxX 9ncesi, MOyKHO PacCMaTpUBaTh MHOTOUIEHBI IO MO-
JIYJII0 HEKOTOPOro (hUKCHPOBAHHOI'O MHOTOUJICHA.
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[Iycts g € Flz] — {0}. Torma F[x] — MHOXKECTBO BBITIETOB MO MOJYJIIO
MHOTOYJIEHA ¢ OYJIeT COCTOSATH U3 BCEX MHOTOUIEHOB f, 17151 KOTOphIX deg f <
deg g, a onepanun yMHOXKEHUST U CJIOXKEHUsT TPOU3BOJISITCS HaJl OCTATKAMU 110
MO/IYJIF0 MHOTOUJIEHA, (.

6.3.2.

I[Ipumep. PaccMOTpEM MHOMKECTBO BBIUETOB 10 MOJYJIIO HEIPHBOJIMOIO
MHOrOWIeHa ¢ = 22 + 2 + 1 HaJ nojeM Zy. Muoxectso Zso|x] B 3TOM ciyuae
COCTOUT U3 CJIeAYIOMNX MHOrowieHoB: a1 = 0,ay = x,a3 = v+ 1l,a4 = 1
(Bce mHOTOWIEHDI cTenern < 2 = deg g HaT Zsg).

+laj|las|as|ay X lap|as|as|ay
ap|aip|az|az|a4| |ap|ap|ap|ag|ay
Q| A2 |Gy A4 | G3 | | G2 | A1 | G3 | A4 | G2
ag|ag|aq | ay|as ag|ay|aq | Q| as
a4 | Q4 |az|az|day g | Qy | Q2| az| a4

Crokenne ne HyzK/1aeTcsd B KOMMEHTAPUAX — 9TO OOBITHOE CJIOYKEHIe MHO-
rouieHoB. YmHoxkenne Ha 0 = a; 1 1 = a4 IPOUCXOJUT TaKKe OOBITHBIM
06pazoM. JIj1s TOro 4ToOBI HAHTH asay = T& = T2, HAJI0 CHAYAJA BBIUHCINTD
OOBITHOE IPOU3BEJICHIE MHOI'OUJIEHOB, a 3aTeM HalTH OCTATOK OT JIeJICHUSI
MOJIYIEHHOTO MTPOM3BEICHIS Ha MHOTOUJIEH (.

Heiicturensho, a3 = 2> = (2> + 2+ 1)+ (x + 1) = 1 - g + r (nanom-
HuM, 910 © + x = 2x = 2 - lx = 0 - z). Ocrarok r = a3. Bosee yn06HO0
MOCTABUTH B COOTBETCTBIE KayKJIOMy MHOrOWIeHy u3 F'[x] Bekrop, mepetrc-
JMB B nopsaKke yosBannsa kosddurments! npn 2, x,2? = 1 u 1. 1. Torma
a; = (0,0), ay = (1,0),a3 = (1,1),a4 = (0,1). B s10M ciryuae Tabinna cio-
JKEHWS TOJTyJaeTCs MPOCTO TTOKOMIIOHEHTHBIM CJIOYKEHIEM BEKTOPOB Hal Zs.
Bosee y00H0i1 OKa3bIBaeTCsd W TaOJIUIA YMHOKEHUS .

[Ipumep 6.3.2 — mepBBIil IpEMep KOHEYHOTO I0JIA, OTJIMIHOTO OT IoJIei
BBIUETOB 110 MOJLYJTIO TIPOCTOTO 1ucIa (Zy nosiem He siBisiercst ). OKas3blBaeTCsd,
YTO 9TOT MpUMeEp He CIydaecH.

Teopema 31. Ilyemv g € Flx] — nenpusodumviii mnozounen. Toeda K =

F[x] — mmoorcecmeo 6viuemos no mModysto MHo204AEHG § ABAALTNCA NOAEM.
Ecaum = degg, u F' — Kkoneunoe noae Tapaxmepucmury p, COCMOAULEE
u3 q anemenmos, mo |K| = q¢™.

Takum 00pazoM, JijId TOro 9TOOBI MOCTPOUTH KOHEUHOe Tojie w3 p'™ 3jte-
MEHTOB (p — MPOCTOE YUCJIO), TOCTATOTHO HANTH HEIPUBOIUMbIII MHOTOUICH
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CTENICHU M U IMOCTPOUTH I10JI€ BHIYETOB IO MOJLYJIIO 9TOI'O0 HEIPUBOIUMOTO
MHoOrouwieHa. OKa3blBaeTCs , UTO JIFOOOE KOHEUHOE 110J1€ MOZKET ObITh ITOCTPO-
€HO TaKUM 00pa30oM.

Teopema 32. /Jlaa xkasicdozo npocmozo wucaa p U Npou3tosbHo20 UeEA020
k> 0 cywecmeyem eduncmeennoe xoneunoe noae nopsadka p*. 3mo noae
naszweaemca nosem Laaya nopadxa p* u obosnavaemes wepes GF (pk).

«EuncTBeHHOCTHY O3HAYAET €JIMHCTBEHHOCTH C TOYHOCTBIO JIO M30MOP-
dbusma (T. e. B3aNMHO OJIHO3HAYHOIO COOTBETCTBHUS, COXPAHSIOIIETO Olepa-
mun ). Ha camom jieste cytecTByeT MHOTO pas/IMdHbIX pean3anuii KOHeIHOTO
nosa GF(p"), 3aBucamux ot BbIGOpa HEIPUBOMMOIO Hal Z,, MHOTOYJIeHA ¢
crenenu k. JIist puKIaHIKA 9T PeATH3AIN PA3TIIHBI (OHU MOTYT Tpebo-
BATH PA3JMIHOIO TEXHUIECKOIO 00ECTIeUeH sI ), HO C TOUKH 3PEHMUsI ajredpan-
CTa — 9TO OJHO W TO ¥Ke ToJie. B mokazaTe/bcTBe TeopeMbl 32 CyIeCTBEHHYTO
pPOJIb UI'PaeT TaKOil BarKHBII (paKT.

Teopema 33. Jlaa aobozo uenozo k > 0 u npocmozo wucra p cywecmeyem

Henpueodumvil, mruozouser | € Zy|x] cmenenu k.

6.4. VYnpa>kHeHus

1. JlokazaTh co BCeMU TOJPOOHOCTIMU TeOpeMbl 23-25.

2. Jlokazarb Teopemy 27 (yKazaHue: UCIIOJIb30BATH CJIEJyOlINe (DaKThI):
vmorowren f € F[x] cremenn > 0 mmeer B JioboMm mnosie k O F
He OoJibIlle KOpHE, 9YeM ero CTeleHb; KoHeuHas adejieBa TPYIIIa sB-
JIIETCST TIPSIMBIM TTPOM3BE/ICHIEM UKJINIEeCKIX HOArPYII (TeopeMa 8).

3. Haiitu Bce HenmpuBommMble HaJ 110J1eM Zy MHOIOUJIECHBI cTeneHn < 4.

4. HOCTpOI/ITI) T&6JH/ILH)I CJIO2KEHUA U YMHOXKCHUA IOJIs1 1IOJIA U3 9 sy1emeH-
TOB.

5. Jokazatpb, uro ecsm F' — moje u3 p™ sneMeHToB 1 K — €ro mojmoJe
u3 p* ssementos, To k gesnt m.

m
6. /lokazaTth, uto &P — x dBIAETCd NMPO3BEJACHNEM BCEX HEIPUBOIMMBIX
HaJl, Z;;, HOPMUPOBAHHBIX MHOI'OYJICHOB, CTEIIEHU KOTOPBIX JeJIAT 1.

7. HaiiTn 9mc/io IpUMUTUBHBIX 9JEMEHTOB Y T0J1s U3 16 371eMeHTOB.
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8. TlokazaTb, 4TO MHOZKECTBO BBLIUETOB 110 MOJLYJII0 MHOTOUIeHa g = xt +
23 + 2 + 1 € Flz] ne MoxkeT GbITH 10JIeM HI JIst KAKOTO 1o/t F.

9. Borumcantb Hambosibinit odmuit gennrens d ancesn 108996 u 76219,
npesicraBuB ero B Buje d = 1089965 + 76219t (t,s € 7).

10. BoruncanTb Tabsmiy oOpaTHBIX 3JIEMEHTOB B Z37.

11. B moJie BLIUETOB MO MOJYJIIO HEIPUBOIIMOTO HaJl Zy MHOTOUJICHA T° +
22 + 1 HailTu BCe IPUMUTHBHBIE SJIEMEHTHL.

12. Jlokazath, 9ro ecjm p — npocroe aucyo, 1o (p — 1)+ 1 gemurcs va p.

].3 PaS.HO}KI/ITb Ha HerI/IBO,D;I/IMbIe MHO2KM1TEJIN Haﬂ; I10JIEM Z3 MHOI'OYJIeH
2+ 4+ 1.

14. /IokazaTb, 4TO JiF0OOHl HOPMUPOBaHHBIN MHOTOYIEH cTereHn > 0
Ha, IIPOU3BOJILHBIM T10J1eM F' OJIHO3HAYHO ¢ TOYHOCTBHIO JI0 MOPsIKa CO-
MHOXKHUTEeJell pasjiaraeTcs B IIPOU3BEJIeHNEe HEIPUBOIMMbBIX HOPMUPO-
BaHHBIX MHOI'OUJICHOB.

15. Hoxkaszark, 9ro jijis Jjroboro moisa Fu f=a" —1, g=a™ —1 € Flz]
" — 1|2™ — 1 Torma u ToJBKO Toraa, Korjaa n|m. YTo MOKHO cKa3aThb
B obmeM ciaydae o (x" — 1, 2™ — 1)7?

7. NMonnHommanbHble n LUnKJin4Heckme Kobl

— Oit, Turpa, — pajocTHO CKa3a.JI
OH, —

MBI y2Ke Ha caMOil BepxyIike?
— Her, — ckazan Twurpa.

A. A. Mua. Bunnn-ITyx

1 BCe-BCe-BCE.

7.1. lNonnHomMmmanbHble KOAbI

3/1ech Oyier onucan OJuH ClelUaIbHbIH KIACC KOJLO0B — HOJUHOMUAILHBIC.
[Tycts gano muoxkectso coobuienuit U = {(ag, aq, ..., 1) | o € Zo, 1 €
{0,1,2,...,n — 1}}. Kaxmomy coobmmennto u = (g, aq, ..., p—1) (hopmasb-
HO) MOZKHO ITOCTABUTH B COOTBETCTBHE MHOTOWICH u(T) = o + onx + ... +
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k-1 (

Q1T B JIAHHOM CJIydae YJ00HO HyMepoBaTh KOI(PDUITUEHTHI COOOIICHMI

c0).

Omnpenesienne 21. [Tycmo g(x) = go + 1@ + ... + gnx™ € Zolz], npuvem
go # 0 u g # 0. TosmHOMUIANBHBII KO ¢ KOJMPYIONM MHOIMOYIEHOM ¢(T)
Kodupyem cr060 coobuwenus u(xr) = ag+ o1x + ... + 121 mnozounernom

c(z) =co+c1x+ ... +cp1x"t 2den =m+k uc(r) =u(r)g(z).

Ecim gy = 0, To Bce Koj10BBIE CJ10Ba, OYIyT HaunHaThed ¢ 0, a ecin g, = 0,
TO BCe KOJIOBbIE CJIOBa OYJIyT 3aKaHInBaThCs (), TaK YTO YCJIOBUS, HAJIOXKEH-
Hble Ha (), JOCTATOUHO €CTECTBEHHBI,

7.1.1.

[Tpumep. Ilycts nndopmanmonnble C/I0Ba SIBIAIOTCH JBOUYHBIMU CJIOBaA-
vu bl 3, g(x) = x + 1 — xkoxupyromuit Muorowten. [loctponm mosm-
HOMUAJIBHBIN KOJI, OTBeYAIONINil SToMy MHOrodseny. llepeuncimm chnavasa
BCe NH(OPMAITMOHHbBIE CJIOBA W TIOCTABIECHHBIE B COOTBETCTBIE UM MHOTOUJIE-
HbI:

000 «—— 0 110 «— z+1 001 +— 2z2 011 +— 22+
100 +—— 1 010 +— = 101 +—— 2241 111 +— 22+ 2+ 1.

Tenepb I[Iepedruc/jimM BCe KOAOBLIE CJIOBA:

0000 <— 0 0110 +— 23 + 22
1100 «— z+1 1111 +— 2>+ 22+ 2 +1
1010 +— 22+ 1= (x+1)* 0101 +— 2’ +=x
0110 +— 2’ +x 1001 +— 22+ 1.

MozKHO yOeanThCs, YTO HOCTPOESHHBIN ITOJMHOMUAILHBIA KOJ HAM yyKe 3Ha-
KOM, 9T0 (4, 3)-KOJI ¢ TPOBEPKOii Ha Y€THOCTb.

Boobre, (n, n— 1)-KoJ ¢ mpoBepKoii Ha 9€THOCTD SIBJIAETCST TOJTMHOMUATb-
HBIM KOJIOM C KOJUPYIONIIM MHOTOUIeHOM ¢(x) = = + 1.

Ha camowm jiesie, moJiMHOMEAJIbHbBIE KOJIBI BXOJAAT B KJIACC MATPUUHBIX KO-
JI0B.

Teopema 34. [losunomuarvivili K00 ¢ kodupyrowum mHo2ouserom g(T) =
Jot+ g1+ ...+ gpx™ AAAEMCA MAMPUYHBIM KODOM € KOOUPYIOWwET mampuyet
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G pasmepa k x n (n =m+ k) suda

go gl o o e gm 0 o« o e O
G = 0 go - 9Gm-1 Gm - 0
0 O 0 g0 9Im

JleficTBUTEILHO, B j-if CTPOKe CTOAT KOI(MDQUIMEHTE HTPOU3BeieHnd
wa ¢(x). Crermanbublii Buj Marpuiibl G obserdaer (busndecKyo peasn3a-
IIUIO0 COOTBETCTBYIONIETO KOJIA.

3 Teopembr 34 ciiejlyeT, B 9aCTHOCTH, YTO JIIOOOM MOJMHOMUATBHBIN KO/
saBJisieTcsd rpynmnoBbiM. [losTroMy Ha ocHoBanum TeopeMbl 12 cripaBejinBa

Teopema 35. Munumasvhoe paccmoanue noAUHOMUGALHO20 K00G € KOOU-
PYIOWUM MHO20UAEHOM §(T) PABHO MUHUMAALHOMY BECY HEHYAEEHLT MHO20-
unernos euda g(x)u(x).

Omnpenenenne 22. DKCIOHEHTOI MmHozouaena f(x) nazwearom makoe nau-
MeNvUEE yeaoe nososcumenvroe wucao n, wmo f(x)lx" — 1. Obosnauernue

—n=e(f(2)).

Teopema 36. Ecau sxcnonenma kodupyrowezo muo2ousena g(T) noiuro-
MUANOH020 Koda K He menvwe e20 0.A0K060T OAUHDL M, MO MUHUMANDHOE
paccmoanue xoda K me menvuwe mpex.

Jloxasamenvcmeo. OUeBUIHO, 9TO €CJIM MUHUMAJBHOE PACCTOSHIE MEZKIY
KOJIOBBIMHU CJIOBAME MEHBINE TPEX, TO CYMIECTBYeT KojoBoe cyioBo C(x) Bu-
ga ' wm ' + 27, tne 0 < ¢ < j < n. U3 omnpenesennsa Koanpyole-
ro MHOTOUJIeHa $ICHO, YTO OH B3alMHO HPOCT ¢ MHorodwjexoM x'. ITostomy
Clx) =2+ +2'(1+277Y), te g(z) memur 271 +1=2m—1 (m = j—1).
[To yc/1oBIIO TEOPEMBI 9TO HEBO3MOXKHO, TPOTUBOPEUHE. O

13 Teopembl 36 ciiejryeT, 9To IPU JOCTATOYHO ODINKUX YCJIOBHUSX JIEMKO I10-
CTPOUTDH TOJMHOMHUAJILHBIA KO, YMEIOIIHil pacio3HaBaTh J0 JABYX OMINOOK.
JIBoitHOIT O1mOKOiT Oy/1IeM HA3BIBATH OIIMOKN B JIBYX CMEXKHBIX HMO3UIUSIX.

Teopema 37. ITycmv xodupyrowutdi MHO204AEH NOAUHOMUAALHO20 Koda K
umeem 6ud g(x) = (1 + x)h(x), 2de e(h(x)) > n (n — baokosas dauna
K ). Tozda mootcro obrapysrcums a100y10 KoMOUHAUUIO U3 08YT NPOCTBLEL
uAu 08YxT 08OTUHBIL OUWUDOK.
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OTMeTuM OJHO HEMAJIOBArKHOE INPEMMYIIECTBO MOJUHOMUAIBLHBIX KOJOB:
715t XpaHeHust THMOPMAIIIN O HOJIHHOMHUATBHOM (7, k)-KOJIe I0CTATOUHO BCero-
HABCEro0 OJIHOI CTpOKM JUIMHLL m + 1, B TO BpeMd Kak JJjId MaTPUYHBIX
KOJIOB TpebyeTcss XpaHuTh Marpully pasmepa k X n (wm (n — k) X n).
Kak 6yjer BuiHo U3 JJaJIbHEiIero, moJnHOMAAIBLHBIE KOJBI JJOCTATOYHO MPO-
CTBI B PEAJIN3AINL.

7.2. [1BOon4Hble ynknnydeckme Koapbl

B paszene 4 6bu10 M0OKa3aHO, KaK CTPOUTH KOJBI ¢ OJIOKOBOM JIIMHOMN 1 =
2" — 1 (r — 9mes0 WPOBEPOUHBIX mosulwit) u n —r = 2" —r — 1 un-
bOpMAaIOHHBIMI CUMBOJIAME. ¥ TakKoro Koja (koga XsmmMunra) Bce 2" — 1.
Ho cronbko ke nemyseBbix ssementoB B nose GF(27). OxaspiBaercs, 9To
VJI06HO PEJICTABIIATH CTOJOIBI 9TOH MATPUIBI B BHJIE ITOCJIEI0BATEIBHBIX
crereHeit TPUMUTHBHOTO djteMenTa « u3 noid GF(27). Ilyers g(x) — menpu-
BOJIMMBIIl MHOTOUJIEH Hajl Zg CTENeHH T, KOpHEM KOTOPOTo sBJsieTcst « (Cy-
recTBoBaMme ¢(x) HETPYIHO YCTAHOBUTD [3]).

7.2.1.

[Ipumep. IlycTh o — KOpeHb HEIPUBOANMOTO HaJT Zg MHOTOUICHA 25+ + 1.
B nosie GF'(8) sto60it s/ieMenT, He Jiexkaluii B Zsg, siBJISACTCA TPUMUTHBHDBIM.
Torga MHOTOUJIEHBI cTelleHn < 2 OT (v HaXOJATCsI BO B3AUMHO OJHO3HAYHOM
coorBercTBuN ¢ 1eMenTamu mosst GF(8). Taxk,

0 = 0-« > (0,0,0)
1 = af > (1,0,0)
a = ol +—— (0,1,0)
o = o? +—— (0,0,1)
P = a+1 — (1,1,0)
al = o’ +a +«— (0,1,1)
o’ a?+a+1 +— (1,1,1)
b = a?+1 — (1,0,1).

-~

[Tocie Toro, Kak MbI 3alUIIeM IPOBEPOUYHYIO MATPUILY KOJa XIMMUHTA
[0 CTENEHAM (v, ITOJIYYUM HOBYIO ITPOBEPOYHYIO MaTPUILY

O 0 1 0 1 1 1
0 1 0 1 1 1 0
= 1 0 01 0 1 1
Oéo Oél a2 043 044 045 046
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[Iyctb R — npuHATOE JIEKOIEPOM CJIOBO.
Cunzapom onmbku HyR! = S nosyudaercs Kak cyMMa, CTeIIeHeil o

n—1
S(a) = HiR' =) Ria', Ri € Zy (i =0,1,..,n—1).
1=0

Ecsn cunipom paBen HyJII0, TO 9TO 03HATAET, YTO HEIPUBOIUMBII MHOTOUICH
g(x) mesmur muorowren R(x), nbo o — KOPEHb HEIPHBOMMOTO MHOTOUJICHA,
g9(@).

B obmem ciayaae S(a) = R(a) ectsb 3uadenne muorowiena R(x) B ToUuke
a, a muorouien C(x) sBisieTcst KOJOBBIM TOTJIa U TOJILKO TOr/a, Korja g(z)
nemut C(x). Utak, cipasenmsa

Teopema 38. Kod Xommunea (npu coomsememsyrouem nepeynopadouuea-
NUY €20 NPOGEPOUHOT, MAMPUYDL) ACAAECNCA NOAUHOMUAALHBM  KOJOM
¢ Kodupyrowgum nosunomom g(x), deaswum ™ —1 (n =2" — 1),

[Iycts h(z) = (2" — 1)/g(z), tae g(x) — Komupyomuii MHOTOWIEH JJIst
MOJIMHOMHAIBHOTO Kola Xommunra. Jomycrnm, aro C(z) — mo60it KoIoBbIit
muorouied. Torga f(z)C(z) = (2" — 1)g(x) + r(x), tue r, f,g € Zs|z],
ar(x) — ocrarok ot gesenns f(x)C(x) na x"—1. [lousTro, 1ro degr(z) < n
u aro g(x) mennt kaxk f(x)C(x), tak u 2 — 1. Orciona r(x) TakyKe JeIUTCs
Ha g(x), T. €. ABJISETCA KOJOBBIM MHOTOUJICHOM.

Ecin C(x) = Cy + Crz + ... + C 12" 10 2C(2) = Cor + Cra® + ... +
Cp 12" = Ch 1+ Cox+...+Cp oz 1 +C,_1(2"—1). [TosTOMY HUKIHICCKUii
C/IBUT JTIOOOTO KOJIOBOT'O CJIOBA CHOBA SIBJISIETCS KOJIOBBIM CJIOBOM.

Omnpenenenue 23. Kod K nazvieaemca yukiudeckum, ecal yuriueckul
cdeuz 1100020 K0006020 CA0BG MAKHCE ABAAEMCA K0D06bIM CA060M. U3 cKa-
3aHH020 NOHAMMHA CNPABEINUBOCTNL CACIYIOUWET MEOPEMDL.

Teopema 39. Kod Xommunea A8AAEMCA YUKAUMECKUM KOOOM.

CBs13b MUKINIECKUX U TOJMHOMUAIBHBIX KOJIOB BIJIHA U3 CJIeIYIOIIeil Teo-
pPEMBI.

Teopema 40. Jloboti yursuveckuti K00 ABAAEMCA NOAUHOMUGADLHBIM.

[Mukmmdaeckne Ko/bl IBJIAIOTCS OJHUM U3 OCHOBHBIX JIOCTUXKEHUIT Teopuu
KOJIMPOBaHUs U IIOJIy4YalOT MIMPOKOE pacCIpoCTpaHeHne Ha IIPaKTUKE.
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7.3. TexHun4eckas peanusaunmsi LNKANYECKNX
N NOJIMHOMMAJIbHbLIX KOA0B

Apudwmeruky noseit [anya MOXKHO peayn30BaTh ¢ MOMOIIBIO JIOIUIECKIX
neredt. [1jst 5T0ro TpebyioTcs 9IeMeHTRI TIeN JJIsT 3allOMIHAHNS SJIEMEHTOB
I10JI51, HA3bIBAEMbIE paspadamu peeucmpa cdeuea. Pernctp cisura mpeicTas-
JIsieT co0OM MOCIIEI0BATE/ILHOCTD JJIEMEHTOB MAMSITH, HA3BIBACMBIX Da3psijia-
M (B JIBOMTHOM cJIydae — Tpurrepamn). Kazkaplit paspsii conepzKuT pOBHO
ojua ssiemenT 1ot GF(q) (st mosist Zg — 0 u 1). CopteprKaniuiicst B KayK oM
paspsijie CHMBOJI, OKHUJAsT 9TOT PA3Ps/I, TOAB/IACTC Ha BBIXOIAIICH U3 HEro
mmann. Kaxx/aplii pasps cnabzken BXOJIOM, 110 KOTOPOMY B HETO IOCTYIIAeT
9JIEMEHT TI0JIsA. B JIMCKpeTHBIe MOMEHTBI BPEMEHH, HA3BIBAEMBIC MAKMAMU,
9JIEMEHTBI, COJIEPKAIINECs B YCTPOHCTBAX MAMSITH, 3aMEIA0TCS SIeMEHTAMN
T10JIs1, HAXOJIATIIMUCS Ha BXOJIAX.

Kpowme 371010, HE0OX0[UMO HMETH YCTPOHCTBO, OCYIIECTBIISIONIEE CIIOZKEHNE
B GF(q) (cymmarop), ymHO)KeHHe Ha 3aeMenT nosst GF(q) (yMHOKETED),
a TAK’Ke JIEMEHTDI, PEaJN3YIOIINe JTJOTHICCKIE OTIEPAITN «I», <IJII» U <HEe».
YerpoiicTBa, coOCTaB/ICHHbIE U3 YKA3AHHBIX 9JIEMEHTOB, MO3BOJISIIOT MIEPEMHO-
JKaTh, CKJIAJIBIBATD U JICUTH MHOTOWICHBI, & TOTOMY 1 BBITOJIHSATD I CTBIS
B nosie ['asya.

Tpurrep na camom jiejie He SBJISETCA MPOCTEHIINM 3JIEMEHTOM U MOKET
OBITH COOpAH W3 DJIEMEHTOB «U», «UJN», «HE», HO B JIOIMYECKHX CXEMax
ero y00HO CIUTATH CAMOCTOATE/ILHBIM 9JIEMEHTOM.

7.3.1.
YMHO)KeHNe Ha (PUKCUPOBAHHDBIN MHOTOYJIEH
—{ -
Peructp ciaBuron
Brixo — -
TR)MPFep
=\
| Cymmarop

®a
g0 % g1 9 VMBS IE Ha i
———————— —

Bxo

Puc. 6.1. Jlormieckas cxema, peaausyiomias yMHOXKEHIE
Ha (DUKCUPOBAHHBIT MHOTOUWIEH §(T)
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Ha Bxox nogatores kosddunnentsr MEorounena f(x) = Y .-, fiz' B mopsike
Bo3pacTanus crenenn. Ha BbIxoje MOSBIAIOTCS KOI(MQUIMEHTHI TPOU3BE/Ie-
HIs B IOPgJIKE Bo3pacTanus. B ciydae JIBOMUYHBIX KOJOB YMHOXKEHUE HA (;
OCYILECTBJISIETCS OYeHb MPOCTO: €CJIM ¢; = 1, TO IPOBOJHUK COCAUHSIET CO-
OTBETCTBYIOIIMI 3JIEMEHT ¢ CYMMATOPOM Ha BLIXOJE. B IPOTUBHOM ciydae
IPOBOJHUK OTCYTCTBYET. TPUITephl 3a1epKIBAIOT BXOJ Ha OJUH TAKT.

7.3.2.

[Tpumep. M300pasum JIOrHIecKyio cxemy, YMHOXKAIONLYIO TTPOW3BOIbHBIN
MHOrOUJIeH Ha MHorowten ¢(x) = 1+ x + 22 + a3

Brixo

Bxon,

7.3.3.

CxeMa JieJieHHsI ¢ OCTATKOM Ha (DUKCHPOBaHHBI MHOrOWIEH g(x) = go +
nr—+ ..+ gkxk TaKoBa:

Broixo

—90 —g1 — k-1 ®g;!

U U U

Bxo

KoadbduimenTsl 1eJIMMOro IMOJAI0TCI B IOpsiIKe YObIBaHUSI CTEIEHH,
Ha BBIXOJIE TMOSABJISIIOTCS KOI(DMUITMEHThI YaCTHOIO, a B TPUITEpax OKa3bl-
BalOTCsl 3allCAaHHBIMI KOI(MDMUIMEHTHI OCTaTKA.

7.3.4.

[Tpumep. Cxema jiejieHnst Ha MHOTOUJIEH
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Brixo

Van) Van)
(N N
Bxox 1
+ +a°
Puc. 6.4.

[IpaBuIbHOCTD PABOTHI CXeMbI MOYKHO TIPOCJIEIUTH IO TakTam [3].

7.4. Kopep Ans LUUKINYECKOro Koaa

B coorBeTcTBUM ¢ TeopeMoii 41 MOXKHO paccMaTpuBaTh JH000M HIK/IATE-
CKUIl KOl KAK MHOXKECTBO BCEX MHOTOUJIEHOB, KPATHBIX JAHHOMY 1 HMEROIINX
6JsiokoBYIO JiytHY 1. OJIHAKO IPHU IIepeMHOXKeHNN NH(MOPMAIMOHHOTO MHOT'O-
wiena u(z) = SVt wx’ wa komupyommii Muorodnen g(x) = S gz’ mpo-
HCXOJIUT TIepeMelnBaHue CUMBOJIOB. B pesyiibrare, jgazke ec/ii Mbl Oy/1eM yBe-
PEHBI B PABIJIBHOCTHU OJTYI€HHOTO COOOIICHMsI, HE TAK-TO JIETKO ero Oy/Ier
M3BJI€Yb U3 KOJOBOIO CJIOBa. B CBSI3U ¢ 9TUM OJIE3HBIM SIBJISIETCSI CIIE/IYIOIIEe
coobpazkenne. Bmecro ciioBa u(x) pacemarpusaercs cioBo u(z)z™ = f(x).
CnoBo f(x) memurcs ¢ octarkom Ha muorowien g(x) : f(x) = g(z)q(z) +
r(z), vae degr(x) < m = deg g(z). Ouennjno, uro Torga ciaoso f(z) —r(z)
oyner mennthest Ha g(x). Ero m 6epyT B KadecTBe KOJOBOIO CJIOBA.

@u3ndeckn 9TO peansyercs ciaeayromum odpazom. CHadasa 00K, COOT-
BETCTBYOIMUI nHGOpPMAIMOHHOMY ¢JioBY u(x), jgomnosHsercs m = n — k
HYJIAME. 3aTeM HAXOJUTCsI OCTATOK OT JIeJIeHHUs MOJIYIeHHOIO MHOTOUIEHA
wa g(x). HakoHer, moyib3ysich TeM, 9TO B JIBONYHOI apudMeTuKe CI0KeHne
1 BBIYUTAHKE OJIHO M TO K€, HAa MEeCTO TOCJeJHUX m Hyseid B ciose f(z)
sanmcbiBaoTest Ko duimentsl ocratka. Torma C(x) = f(x) + r(z) u ecrnb
KOJIOBOE CJIOBO, IepBble k CUMBOJIOB KOTOPOrO MH(MOPMAIMOHHBIE, & T10C/Ie-
JUHEE N — Kk CHMBOJIOB IIPOBEPOUHBIE.

Ob1ast cxema KoJzepa, JIjIsl TAKOrO KOJa, BBILVISIIUT TaK:
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Ncrouynnk Bk

coo0IIeHmIit

Brik C
I o o)

X B kana
o——

D o

VeTpoiicTBO It HAXOXKAEHUS 1aCTHOTO o}
OT JIeJIeHusl Ha MHOTOYJIEH §(x

€
[TosicHuM 3Ty cxemy Ha TpuUMepe KOJUPYIONIero MHONOUIeHA

Bxin o >7<§ KaHaJl

o
Briki oS0 %
1 T .I'2 © $3
e - o

[Ipr xommpoBanmm odepesHOrO OJIOKA Ha BXOJ[ yCTPOICTBa Jle/leHusd
1 B KaHaJI IMOJAI0TCsl CHMBOJTBI MTHMOPMAIIMOHHOTO ¢JioBa. [Ipu 3ToM Bee KJTio-
Y1 3aHUMAIOT BepxHee nojoxkenue. [locyie Toro kak nundopMmalnoHHble 031~
U TIepe/lalbl B KaHaJ I, Bce KJIIOUN 3aHUMaloT HuzkHee mojoxkenue. C peru-
CTpa CJBHUIOB, HA KOTOPOM IIOJIYYaeTCs OCTATOK, CUNTBIBAIOTCS KOIMDPUIH-
eHTbI ocTaTKa. [loc/ie 9Toro yerpoicTBO MOJAroTaBIMBACTC K IPUEMY HOBOT'O
bJ10Ka.

B ob1eM, ouT Bee KOoAepbl /I PA3JIMIHBIX [IUKJIMIECKUX KOJIOB BbITIs-
JINT aHAJOTUIHBIM 00pa3oM. B cTpoeHnn JeKogepoB MMeEeTCsT CYIIeCTBEHHO
OoJIbIIIee pasHoobpasue.

7.5. [Hekogep ans koga XaMMuUHra

B coorBercTBUM €O €XeMOIi, IIPEJIOYKEHHON B 7.2, CTOJOBLI IIPOBEPOUHOIM
matpuiibl (n, k)—koga Xommutra (n = 2" — 1) —yIOpsiJI0U€HbI 110 CTEIeHsIM
v, TPIMUTHBHOTO 3eMenTa tosist GF(27).

B sT0M cityuae jyist npuHsToro ciosa R(z) = Ry+Rix+...+ R, 12" cun-
JApoM  ommboK  ecTh 3uHadenne R(x) B Touke a: S = R(a).
Tak Kak KazK/0il HO3UIINN OTBEYAeT CTeIeHb (v, U, €CJIN OIMINOKa IIPOU30ILIA
B TIO3UINH, OTBEYAIONIeil CTONOIY o (roopsr eme "6 nosuyuu ¢ AokamO-
pom '), 10 S = o'. [lepenucas 210 paeHcTso B Buje Sa~ ' = 1, ybeaumcs,
aro Sa" 1 =1 (o = 1).

Cuauasa Haifjem cuugpoMm ommbok S (OH BBIUHC/SIETCS KaK OCTATOK
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ot genernsa R(x) na g(x), rae g(r) — HEIPUBOAUMBIH MHOTOWICH HaJl Zg
C KOpHEM (), a 3aTeM OyjeM MO0YepeIHO CPABHUBATHL S € KAXKJBIM W3 JIO-
KaTOpoB omuboK. [Iporre Beero To ¢esaTh MOJIHBIM TPOCMOTPOM BCEX JIO-
kaTopoB. [Ipm 3TOM Haj 0 ydecTh, UTO cHAYaIa PACCMATPUBAETCS TTO3UITUS
¢ sokaTopoM o1 zatem o 2 u T. 1. g0 o’ = 1. Ho ana i = n — 1 moy-
anM Sa =1, g i =n—2 — Sa? = 1 u 1. 1. TakuM 06pa3oM, HEOGXOIIMO
KayK/IbIil pa3 yMHOXKATh MOJIYUE€HHBII pe3y/IbTaT Ha (v 1 CPABHUBATDL C €JINHIU-
neit. Kak TOJIbKO TOJIyInTCs paBEeHCTBO, COOTBETCTBYIONLYIO MO3UIMIO HAJIO

HCIPaBUTh.

7.5.1.

[TpuBenem npumep peasms3aliuu 3TONH METOJUKHU [JIsT KOJla XIMMUHTIA, OC-
HOBAHHOI'O HA HENPUBOJIMNMOM MHOTOWIEHE ¢(1) = 0+ 2?4 1.

G VA
%
CHuMBOJIBI Ha
3 KaHaJl Bydepnbie peructpbl G(IUTHIBAIOIICE
YCTPOMICTBO

TPOICTBO JIeICHUH

N
Vv

NHBEHTOP
JIEMEHT <«UJIU»

Puc. 6.7.

[TpeaBapurenbno B OydepHOM PErucrpe yCcTaHaBIUBAIOTCS HYJH. 3aTeM
CHMBOJIBI 13 KaHaJ1a IOCHLIAI0TCS OJJHOBPEMEHHO B Oydep n Ha yCcTpOiCTBO
nenenust. [loce nmpuema Bcero 0Ji0Ka B Oydep, B yCcTpoiicTBe jejieHnsl Ha-
KOIINTCSI OCTATOK, paBHbI cuupomy S. Ilocste sToro u3z 6ydepa OyayT BbI-
BOJINTELCS CUMBOJIBI IPUHATOTO CJIOBA, CIOYKEHHBIE ¢ HyseM, ecan Sal # 1,
U C eUHUIICH, eCJIN Sal =1 JIJIST COOTBETCTBYIOIICH ITO3UITNN.

3/1eCh UCIOJIB3YETCsI TO 00CTOSITE/ILCTBO, UTO TO KE YCTPONCTBO JICJICHUSI,
KOTOPOEe HaXOJIMJIO CHHPOM, MOYKET MPUMEHSATHCA W JJI BHIYUCICHUS TTPO-
n3Beenns Sa B noje GF(27).
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7.6. Ynpa>xHeHus

1. JlokazaTh, 9TO KO/, AyaJbHBII K MUKJITIECKOMY, Oy/IeT TUKINIECKIM.

2. Kakosa skcrionenTa nernpuBojgnmoro naj GF(2) MHOrOUYI€HA, OTINY-
HOTrO oT X7

3. IloctpouTh perucTp CABUIOB, peasu3yIoNInil oOpallleHne 3JIeMeHTa
B 110JI€ BBIYETOB 110 MOJIYJ/II0 HENPUBONMOIO HaJ| Zo MHOIOUJICHA xd +
x? 4 1.

4. TlocTpouTb KOJEpbl it JBOMYHBIX UKJINIECKUX KOJOB JUIHHBI 15
¢ KOAMpYIomuMu MHorowtenamu: a) ot +x +1; 6) 28+ 2"+ 20+ 2% + 1.

5. Kak BBIIVISIUT KOAUPYIOIIas MAaTPUIA JJIsd ITUKJINIECKOrO KOoJla, X3IM-
MUHTa?

6. ﬂﬂﬂ pearennyd HEKOTOPLIX 3a/la9 TCOPUN KOJUPOBaHMA HeO6XO,D;I/IMO YMETb
OIIpeaeJIATb MUHUMAaJIbHbBIII MHOTOYJIEH JJIL CTelleHr IIPUMUAUTUBHOI'O 3JIe-
MEHTa IIOJIA. HpI/I,[LyMaTb AJITOPUTM olIpeaesicHnA MUHUMaJIbHOT'O MHO-

ro4JsjieHa dJIa 053, €CJIM MUHUMAJIbHBII HJId v U3BECTCH.

8. HdBounyHble BYHX-koabl

U Bckope Bee-Bcee-Bee npumnim
(He mpocrto, a Ha mOMOIIbL K
HaM),

1 BbIXOJ, TYT K€ Mbl HAIILIK
(Bepuee, on narmescst cam).

A. A. Muyn. Buaan-ITyx

1 BCe-BCeE-BCE.

8.1. bYX-kogbl, ncnpasnstoLme 2 oLINOKN

BYX-koj1b1, ncnpapsgrornie 2 omubdK, oTKPLITH B 1959-1960 rojgax nesa-
BucuMo P. Boysom, n Poit Hoyaxypu, n A. Xoksunremom. Ilpn sTom cpasy
’Ke OBLIIO TToJTy4YeHo 0000IeHne Ha CIydail dncia olnmOoK.

Obmast ujest cocrosyia B ciaejytomeM. Ecan g ucupapienns: 1 ommoOKu
KOJIy ¢ OJI0KOBO#l jymuHOit n = 2" — 1 TpebyeTcsd r MPOBEPOK, TO KOJ ¢ 21
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IIPOBEPKAMHU, II0-BUIMMOMY, CMOYKeT HCIPaB/IsITh 2 omundku. Ilpu sTom uc-
110JTb30BAJIICH COOOpayKeHUsI TIPEJIbIIYIIEro pas3jiesia 0 COOTBETCTBUN MEXKTY
MHOIOYJIEHAMM 1 CTOJIOIAMK IIPOBEPOYHON MaTPHUIIL.

Mpu1 mocTponM celigac mpoBepodnyio MaTpuity b4X-Kosaa, ncpaB/igiomniero
2 ommbku. bynem cumrtarh, yro H cocrouT u3z asyx noamarpuil Hy u Hs,

TaK 9TO
_( H
n= ()

rie Hy — nposepodnast MaTpHIla MIKINTECKOT0 Ko/la X9aMMUHTa (T. €. CTOJI0-
bl Hy yIOPSIIOYMEHBI 110 CTENeHsIM (¢ IIPUMUATHBHOTO 3JjieMenTa 1ot GF(27)).
Taxum obpazom, Hy = (1]ala?|...|a" ). Cronbupt marpunst Hy yropsoun-
BAIOTCsI 110 CTENEeHsIM 3JIeMeHTa o, T. e.

Hs = (1]a®af]...|a*" %) (n = 2" — 1).

st npuHATOrO BeKTOpa R TakKe yaI00HO pa3duTh CHHIPOM OIIMOOK Ha JIBe
YaCTU B COOTBETCTBUN ¢ pasbuenueMm H, obosnauus S| = H{R', Sg = H3R!.

Byzaem nunrepuperupoBarh cTos101b6l MaTpull Hq n H3, a Takxke S7 u S3 Kax
semeHThl 10J1t GF(2"). Homyctum, 9T0 OMUOKN TPOU3OILINA B MO3UIIUSIX,
oTBevaroux croybiam B, f € GF(2") marpuiiel Hy. Yautsisas, aro (1, [Ba
— sementol GF(2"), S1 = &1, S3 = & € GF(27), noiydaem CJie/iyoILyto
CUCTEeMY yPaBHEHUI ¢ HEM3BECTBHBIMU (31, Ba:

{51+52=§1
Br+03 =26

Vuntesas, uro 37 4+ B3 = (81 + 02) (B + 55 + 6182) = (B14 B2) (B + B2)* +
B162) = (B1 + B2)® + (61 + B2) 12, nomyanm

{ P+ B2 =&
B+ &1 =&

[Tpu & # 0 mosryanm
{ B+ 62=6&
BifBa =&/ + &

BocnonibzoBaBimch Teopemoit Bueta, moyunM KBaJpaTHoe ypaBHeHue, Ko-
TOPOMY VJIOBJIETBOPSIOT 3JIEMEHTHI (31 1 [Fo:

B+ &8+ (8§ +&/&) =0.
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Yio0Hee, OHAKO, paCCMAaTPUBATL B3AUMHOE K HEMY ypaBHEHUE

0(2) =1+ o01z+092" =1+ &2+ (64 &/6)22 =0. (%)
Eciu npousoruia 1 omubka, To & = B, & = 37 u kosdduruent npu 22
paser Hysii0. Eciin ormmbok He mponsoruio, 1o S = Se = 0, a Torga o(z) = 1
u & = & = 0. Muorouien o(z) 4acTo HA3BIBAIOT MHOIOYJIEHOM A0KAMOPOS
OWUDOOK.

Eciu nmeercst He 6osiee 2 ommboK, TO jiekojep 1o ypasaeHuio o(z) = 0
CMOXKET HalTH JIOKATOPLI 3Tux omubok. Ecm »Ke nckasurces 6oJiblinee Ynucjio
CUMBOJIOB, TO JINOO MPOM30iiIeT ommnbKa, MO0 0TKA3 OT JIEKOAUPOBAHUI.

ObpaTtuMcst K HOJIYYEHHIO KOJOBBIX CJI0B it bYX-Ko/10B, ucHpas/isiio-
mux 2 ommbku. [lonsgrno, aro cioso C(z) = (Cy, Cr,Co, ..., Cy,_1) Oyuer
KOJIOBBIM TOTJA M TOJBLKO Torja, Korja s Hero S; = S3 = 0. Tak kak
crosonbl MaTpun, Hy n H3 3aKogupoBaHbl ¢ TIOMOIIBIO CTEIeHeil 9/1eMEHTOB
a n o coorsercrsenno , To C(x) — Koj0BOe CJI0BO, TOIJIA U TOJBLKO TOTIA
C(a) = C(a?) = 0. Tlosromy C(z) jenuTess Ha MUHUMAJIbHBIE MHOTOUJICHDI
Kak Jils 3jieMenTa o, Taxk u i oo, [yers gi(z) u g3(x) — 211 MHOrOUIIE-
ubl. Torga C'(x) nomxken gemmroest va () = HOK (g1 (), g3(x)). Herpyauo
yOeINThCs, YTO MOJIyYeHHBIH KOJI, UCIPABJIAIONINI 2 ommOKN, OyaeT HUKJIK-
JEeCKNM ¢ KOJUPYoNM MuorowieHoM (). Kojep /st 9Toro Koja Masio dem
OTJIMYaeTCsl OT KOJECPOB ISl JPYIUX IUKJINYCCKUX KOJIOB.

Yyrh ciioxkaee 0O6CTOUT Jes10 ¢ JieKogepoM. st Toro 9Tobbl IIOCTPOUTh
nexojiep BYX-koj1a, nCIpaBIIsionero 2 ommoKN, He0OXOIMMO YMETh COCTaB-
JIATh ypaBHeHue (), IpUBEJIEHHOE BbIlIe. B 9acTHOCTH, HYKHO UMETh HEKO-
TOpBIE CPEJICTBA, IIO3BOJIAIONIIE HAXOJANTDL KOI(DMUIMEHTHI 9TOr0 yPaBHEeHNUsI,
3aTe€M B COOTBETCTBHH C 0OLIel mjeeil 1mepeObupaloTcs BCe DJIEMEHTHI [10JIs
GF(2") u npeibsiBJISIIOTCS B KAUeCTBE BO3MOXKHBIX KOPHEl 9TOro ypaBHeHuUsl.
Ecmu Beiacasercs, uto S~ — KopeHb ypaBHeHHs (%), TO COOTBETCTBYIOIIAS
HO3UIINSL UCIIPABJISICTCSI.

Ormerum, uro BUX-ko/1b1, ncnpapisiioniue 2 OMMOKN, TaKyKe SBJISTIOTCS
BBICOKOCKOPOCTHBIMU Kofamu: R = k/n — 1 npu n — oo.

8.2. OeBounyHble BYX-kogbl, ncnpaBastowme ¢t ownMbOK

Nnes, nexxarasi B ocioe bYX-koja, ucnpapisiiomnero 2 ommnbKy, oKa3a-
JIACh YHUBEPCAJbHON U MCIIOJIb3YeTCsI I IIOCTPOEHMS HMUKJINIECKUX KOJIOB,
HCIIPABJIAIONINX [TPOU3BOILHOE YHCIO0 T OMINOOK.
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Komupyroluit MHOTOU/IEH CTPOUTCsI CeAy oM oOpasoM. Beibepem r Tak,
qrobbr 2" > 21+ 1 = d. BosbMeM a npuMuUTHBHBIM 3j1eMenToM 11011 GF'(27).
Yepes my(x) 0b6o3HAUUM MUHUMAJILHbIH MHOTOUJIEH 3JIeMeHTa o, Ma(x) —
MIHIMAJILHBIH MHOTOUJIEH 3J1eMeHTa o, 1 T. 1. m;(2) — MUHHAIbHbIT MHOTO-
Qe sjeMenta ;. llyers  g(z) = HOK(my(x), ms(x),
...,mg—1(x)). Torna crpaBeminBa cJieryonast

Teopema 41. [Tycmv K — yurauueckuti xod ¢ 6,00x06010 daunotin = 2" — 1
u Kodupyrougum mrozowaenom g(x). Toeda murnumanvroe paccmosanue koda
K ne menvwe wem d.

Jlokasamenvcmso. Tlpexie Becero g(x) — muorowien uaj GF(2) HanmeHb-
meit cremeny ¢ Kopuamu o, o, ..., a® ! Tosromy ecim ¢(z) — KOOBBIH MHO-
rousen, To u3 c(a) = 0 = c(a?) = ... = c¢(a?1) cremyer, uro c(x) nemurcs
ra g(x). [okaxem, aro ¢(x) # 0 nmeer He Menee d HeHYIEBBIX KO3 DUI-
eHToB. JlomycTuM NPOTUBHOE, T. €. CYIIECTBYET TAKOH KOJOBBIN MHOIOWIEH

c(r) = ™ + cox™ + ... + cqg1a"

qr0 0 <Ny < no < ... < ng_1 <n— 1 u xors 661 OH 13 KOIDDUINEHTOB
orimaeH or Hyssd. Torma KodhdUIMEHTH JTOMKHbBI YI0BIETBOPSITH CJIEILYIO-
el cucremMe ypaBHeHnil

d—1

§ ad™ =0, k=1,2,....d—1,

=1
Ee MoxHO paccMaTpuBaTh KaK OJHOPOJIHYIO CUCTEMY ypaBHEHWI OTHOCH-
TEJILHO C1, C2, ..., Cq—1 C OIPEICJIUTEICM

anl &nQ .« e and—l

a2n1 &2712 a?nd,1 " o
o o)

Oz(d*l)ﬂl a(d71)2n2 a(d*l)nd_l 7'>]

rae n; < n; < 2" —1 = n. Tak kax o™ # o'V B cuity BbIOODPa O (" =1
o™ # 1 upu 0 < m < n), To 94 cUCTEMa UMeeT TOJLKO HYJIEBOe pellleHue,
IIPOTUBOPEYHE. []

Teopema 42. Cyuwecmeyem deouunvili BYX-x00 ¢ 6.a0k0601 daunold n =
2" — 1, MuHuMarvHLM paccmosnuem d < 2n /T u wucaom nposepok ne boaee
wem r(d —1)/2.
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Loxasameavcmeo. Tlpexxie Beero yoeauMest, 4To MUHUMAJILHBI MHOMOUIEH
ssiemMenTa 3 # 0 coBIaJIaeT ¢ MUHUMAJILHBIM MHOTOU/IGHOM 3jleMenTa (32 (j11st
moboro B € GF(2)). HeiicrBurensho, nycrs f(x) = Y0 o fix! — MuHn-

. NS i _
MaJIbHbII MHOrOUIeH HaJy G F'(2) mist ssementa 3. Torna f(8) = >, fif' =
0. Tak kak nosie GF(2") umeer xapakTepucTuky 2, T0 110 TeopeMe 24 umeem

0=f(B)"=>_ fB"
1=0

Tak xak f; € GF(2), ro f2 = f;. Hosromy f(B)? = f(5?%). Taxum obpa-
30M, 3% siBastercst KopHeM Muorodiena f(z). C apyroif CTOpoHbI, MUHUMAJIb-
HbI{i MHOTOUJIEH [17Ts1 JIFOOOTO 31eMenTa 1oJist G F'(2"), 09eBIIHO, HEIPUBOINM
naj GF(2). Orciofa MuHUAIbHbIE MHOTOYICHB /it 3 1 32 COBIAIAIOT.

TakmM 06pa3oM, JTOCTATOUHO PACCMATPUBATH HAMMEHBIIee 00Iee KPaTHOe
MHOTOUJIEHOB, SIBJISTIOMINXCST MUHIMAJIBHBIMI MHOTOUJICHAME JIJIST HEUETHBIX
cTereHeil TPUMUTHBHOTO JIEMEHTA, (V.

[Tokazkem Terepb, 9TO CTEleHb MUHUMATLHOTO MHOTOUYIeHa Haj GF(2)
mist oboro syementa [ u3 GF(2") e mpeocxomut 1. [lelicTBUTENBHO,
G F(2") siBasiercs r-MepHBIM BEeKTOPHBIM ripocTpancTBoM Hajt GF(2). ITosto-
My Jii00bIie 7 + 1 ssementoB nosist GF'(2") suneiino 3aBucumbl. B wactnoctn,
JIMHEITHO 3aBUCIMbBIMA SABJISTIOTCS 9JIEMEHTBI 1,8,32, ...,
=1 7. Ho Torma cymecTByIOT Takne KO3MDMHUIHEHTE g, A, .oy Ar—1, A,
aro Yo A" = 0. Orcrona cenyer, uro Hafigercs MHorowien ¢(z) cre-
nean < r ¢ koddpdunuentamu u3z GF(2), kopaem KoToporo sipjsiercst f3.
Crernenb Ke MUHIMAJIBHOIO MHOTOUJICHA Jisi 3, KOHEUHO, HE MPEBOCXOJIUT
deg p(z) < 7.

Nrak, crenens g(x) = HOK(my(x),...,mq—1(z)) me npesocxomut 7(d —
1)/2. 910 nokasbiBaer Teopemy 42. O

BYX-koJibl MUPOKO pacripocTpaHeHbl U PadOTAl0T BO MHOTHUX CHCTEMaX
cBasn. VX HageKHOCTDh JIOCTATOYHO BeJIMKa. B TO »Ke BpeMs TO pacCTOAHME,
KOTOpoe rapaHTupyercsd Teopemamu 41 u 42 (roBopsT, 9TO 3T0 — KOHCTPYK-
TuBHOE paccrosiine BUYX-ko/a), 10CTaTOuHO Ja/IeKO OT HACTOSIIIEro X Pac-
CTOSTHUS, KOTOPOe B OOJTBITTIHCTBRE CJIydaeB HEM3BECTHO.
Kpome Toro, mpu 3aJanHoii KOppeKTHpYyIoleil criocobHoctn d/n u n —
00 oKazbIBaeTcsd, 9To0 BYX-Ko/Ibl IMEIOT H0JIBINYI0 H30BITOYHOCTD. [ToaToMy
He MTPEKPAIAIOTCS MOMBITKHI TOCTPOEHUS KOJIOB C MEHbIIEeHl N30BITOYHOCTHIO.
Crposinecss KoJbl, KaK MPaBUJIO , KOHCTPyHUpPyioTcs mpu momomu BYX-
KOJIOB, HO JINIIIEHBI HEKOTOPBIX HEJ0CTATKOB MOCJICTHIX.
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8.3. Obuwasa cxema gekogepa ans bYHX-kopa

Ecimm BYX-Koabl UCIIOIB3YIOTCS JIMIIB JIJIs OOHAPY2KEeHHsI OMINOOK, TO CO-
OTBETCTBYIOIIUI JIEKOJAEDP JINIIL BLIYUC/ISCT CUHAPOM OIINOOK, YTO PeaJii-
3yeTcsi OUeHb [IPOCTO YrKe U3BECTHLIME cpeJcTBaMu. Eciu ke Tpedyercs 1o-
CTPOUTD JIEKOJIeP, KOTOPDIi UCIPaBJIsieT OMINOKU, TO HOABJISIIOTCHA HEKOTOPDIE
JIOIOJIHUTE/ILHBIE 3aTPYIHEHUSI.

[Ipesx e Beero, Jijist pelieHns STOH 3a/1a491u HeoOXOAUMO TTOCTPOUTE (110 00-
pasiry 1. 8.1) KJloueBoe ypaBHeHre, KOPHIAMI KOTOPOTro OYIyT 3JIEMEHThI MO~
1 GF(27), B3anMHbIe K JIOKATOpaM OIMmbOK. 3aTeM HeOOXO MO CKOHCTPY -
pPOBaTh COOTBETCTBYIOILYIO CXEMY, KOTOPasl IPOBEPSIET, ABJIACTCS JIA 3JIEMEHT
110JIs1 KOPHEM KJII0YeBOro ypapHenus. Hakomner, HeOOXOIUMO TaK CUHXPOHHU-
31POBATh pabOTy yCTPOWCTB, YTOOBI IIPU BBLIXOAE U3 JEeKojepa OIHOOUHbIe
HO3ULINAN cpa3y ke ucnpapisiinck. ObIas cxema, JIeKoiepa s IPOU3BOJIb-
HOI'O JIBOMYHOIO IUKJIMIECKOTO KOJIA 3aK/II0YaeTCsi B CJIEYIONeM (CM. puc.
17). Jlekoziep cOCTONT U3 YeThIPEX OCHOBHBIX dacTeil: OydepHoro perucrpa,
cojlepzKallero 2n sg4yeek, PEerucTpPoB CABUIA, OCYINECTBJISIONINX JeJIeHIe Ka-
JKOTO 13 HPUHUMAEMBIX MHOIOYJICHOB HA HEIPUBOIUMBIC MHOMKUTEJIN KOJIU-
PYIOIIEro MHOIOYJICHA, EHTPAJLHOr0 yeTpoiicTBa obpaboTku B 1oje [arya
1 CXeMbl, peajnsyiolreil nposepky. Obpaliaercs i B HyJIb MHOIOYJIEH JIOKa-
TOPOB OMIMOOK (Ha3bIBaeMBbIl mpoterypoii Yews)?

o1 O
_| HeficTtBuga B _',| e | |
YerpoiicTB nose laiya
TS olpejiesieHne i e |
4%‘ ]:l——Koa(b(bmmeHTOB — |
neJIenNst MHOTI'O4YJICHa
JIOKQTOPOB o o |
ormmbOK ) — |
ITHBEPTOP
| LY
_______ > 9JIEMEHT >
LTI
Puc. 7.1.

B ciiyuae Koj10B XaMMUHTA IEHTPAJIBLHOE YCTPOICTBO MOYKET OBITH BOOOIIE
HCKJIIOUEHO, a 00beM Oydepa YMEHBIIIEH JIO . TPUTTEPOB.
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B cnyyae bYX-ko/10B, ncnpapigommnx 2 OMMOKN, MEHTPAJIbHOE YCTPOii-
CTBO 0OpaDOTKU JIOJIZKHO 110 3a/[aHHBIM CUHJIpoMaM S7 U Sy BBIYUC/IUTH KO-
schbpunmentol o7 = (S3 + S3)/S1 u o1 = Si g MHOro4IeHa JIOKaTopa
OIMOOK.

8.4. VYnpa>kHeHus

1. Bosbiast 9acTh M3/I0KEHHON 3JIeCh TEOPUU IePEHOCUTCS Ha CJiydaii,
KOJIT/1a aJi(paBUTOM SIBJIsI€TCs MIPOM3BOJIbHOE TToJ1e. JlaTh joKkazareib-
cTBO TeopeM 41 u 42 ¢ cOOTBETCTBYIOIMIMMU MOJIM(DUKAITUSIMU.

2. IlocTtpouts Kojep u nexoxep st aomdnoro bYX-koma ¢ 6j10KoBOI
JUIMHOM 15, mcnpapJisoriero 2 ommnoKu.

3. Muorounen g(z) = 2® + 2" 4+ 2% + 2* + 1 nopoxaaer nay GF(2) nuk-
Jimdeckuit Ko aaunbl 15. Halitn mpoBepovunyio MaTpuily 3TOro Ko/ia.
CKOJIBKO OIMIOOK MOYKET UCHPABJIATH ITOT KOJI?

4. Haijimu MEHIMAJIBHBIT MHOTOUJICH JIJIsT KazK10r0 1eMenTa 1oJist GF(16).

9. 3akno4yunTesnbHble 3aMeYdYaHus

«Cobaka KyCaeTCs». ..
Yro x, He Oeja.

3araJloqyHo TO, YTO coDaKa,
XoTsI 1 Kycaercsi, HO HUKOI'Ia,
Ce0s1 HEe KycaeT OJIHAKO...

A. A, Muyn. Bunau-ITyx

1 BCe-BCe-BCE.

9.1. BYX-koabl Hag NONAMUN HEeYeTHO
xapakTepuctukm n koabl Puaa-ConomoHa

besyc/ioBHO, MOCTpoeHHAs BbIIIE TEOPHUS JUHENHBIX, MMNKInIecknX 1 bYX-
KOJIOB IIOYTH JIOCJIOBHO IIEPEHOCUTCS U Ha CJaydail KOJIOB HaJl KOHCYHBIMU
IOJIIMU HEYETHON XapaKTEePUCTUKU ¢ METPUKOHl XSMMUHIA B KauecTBE OC-
HOBHOII pyKoBoJsieil ujgen. Mureprnperanust kogos BYX B kauecrBe mar-
PUUHBIX KOJIOB U HCIIOJIL30BaHIE CTPOEHUS KOHEUYHBIX II0JIeil JAarT KJII0U
K O3HaYeHHOMY, Oojiee 00IIeMy, B3IVIS Ty Ha BEIN.
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[Iycte F' = GF(q),q = p™ — nosie xapakrepuctuku p > 2. J{nsg moctpo-
ennst bUX-koja, ucupasiisioniero ¢ ommd oK, HeOOXOIMMO, 9TOObI ¢ OBLIO He
Menble 2t + 2. Ha camomMm gese, aTobbr ¢ > 2t + k+ 2, rie k — aucio nundop-
MAaIMOHHBIX CUMBOJIOB (KOJIbI CTposITCs Jijist 3armuThl nHhopmarun!). Ilycers
Q — IPUMUTUBHBI{ 3/1eMeHT 1107151 F'| a g; — HenpuBoauMblit naj GF (p) MHOTO-
YJIEH, y KOTOPOI'O KOpHEM SIBJISIETCS 9JIEMEHT al.
Torna HOK(g1,99,...,92) = g(x) — xomupytomuit muorowien koma K ¢
MUHUMAJIbHBIM paccTosinneMm d > 2t + 1, T. e. Koja, CII0COOHOI'O UCIPBUTH
Jr0ople < t OmumooK.

JIerko BHUJIeTh, UTO CTEIEHb KayKJIOT'0 U3 MHOI'OYJIEHOB ¢; HE IPEBOCXOAT
m. IlosToMy MOXKHO paccMoTpeTh MaTpuily H, cocrapiennyio u3 6jiokoB H;,
OTBEYAIONINX MHOTOUJICHY ¢;, TaK 4TO B Pe3yJbTaTK uMeeM 2t CHHJIPOMOB

S; = H;R!, rne R — o710 npunsroe coobuenne. Pakrudecku S; = R(at).

H,
Hy

Hy

H:

Dta nHMOPMAIUS 3aTeM HCIOJb3YeTCsl JIjId O0OHAPYKEHI U UCIPABJICHUST
omuboK. B ormaume ot ciyvas noss GF(2) Tpebyercst He TOJIBKO JINATHOCTH-
poBaTh MeCTa MOABJICHUS OIMMO0K, HO U UX BeJIMYMHBL. Kak 1 paHee, Mbl CUl-
TaeM, dUTO IpuHsSTOe coobmenne wumeer Bugy R = C + F,
rie E = (Y0,71,--+,7n-1) — BEKTOp OIMMOOK, IJie KOMIIOHEHTHI 7; PUHU-
mator 3Hadenusi B nojie GF(p). Ilocne onpenenennst mect mosiBjieHust (Jio-
KATOPOB) OIIHOOK BEJUINHBI y; KOIDMUIMEHTHI BEKTOpa ONMIMOOK MOYKHO
olpelenTh, pemas ypasuenus R(a') = S;. Hderann moxzo Haiitu B [4].
[Iycte K — mukingeckuii (n, k)-KoJ ¢ KOIUPYIOIINM MHOTOWICHOM ¢(T).
[To ompeiesienio, kogoBoe ¢jioBo C() 9TOro KoJia ABJISeTCs TPOU3BEIeHIEM
U(z)g(z) (mod 2" — 1), torga kak g(x) nenut z — 1. Ilycrs, h(x) = %.
Torma C(x)h(x) =0 (mod z" — 1). Takum obpazom, muorowen h(z) oymer
IIPOBEPOUHBIM MHOIOWIEHOM JIjIsT Kojia K.

BaKHbIM 1 9aCTO MCIOJIL3YEMbBIM SIBJISETCH JYacTHbIN caydait bYX-ko/10B,
ko Puja - Cosomona. 91o Takne BYX-KoJbl, y KOTOPHIX MYJIBTUILINKA-
TUBHBII TOPSIJIOK ajipaBUTa CHUMBOJIOB KOJIOBOI'O CJIOBA JIEJIUTCS Ha JIJINHY
kosta. Hampumep, eciin mosie cimoBosioB GF'(p) coBIajiaet ¢ mojieM JIOKaTo-
pos omubok GF(p), T. e. n = p — 1. Kogst Puga-Cosomona onrumaibHbr
B cMbliciie rpanuibl Cunrirona. [leificTBUTE/IbHO, B 9TOM CJIydae MUHUMAJIb-
HBIfI MHOTOUJIEH JIJIsT JIIOOOTO 3JIeMEHTa, TI0JIsI ABJIsIeTCs JJuHeiHbIM. [TosTomy
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YUCJI0 IPOBEPOK paBHO m = n — k = 2t. OTciojla MIHIMAJIbHOE PACCTOSHIE
d=n—k+ 1 11a TaKuX KOJIOB JTOCTUIACTCS.

Xoporunii u HETPUBUAJIBHBIN PUMED I TAKOro Koja — moje GF(2™).
K coxxajiennio, aJiropuTMbl JiekogupoBanns it bYX-ko0/10B 00JIbINO# JIINHbBI
1 4ucJia t UCrpapBsieMbIX OIIMOOK HETPUBHUAJILHBI.

9.2. JlaTunHckune kBagpaTbl U KOAbl

JlaTnHCcKme KBaJIpaThl MOJIYYIIN IMHPOKYIO U3BECTHOCTD OJ1arojaps 3a/1a-
ge JI. Ditepa o 36 odunepax, mocrpoeHHbix B Kape (1782 rom). Umeer-
cg 1o 6 ocdurnepoB n3 6 pas3INUHBLIX MOJKOB 6 pa3andHbIX 3BaHuii. MoxKHO
JII UX IIOCTPOUTH B Kape Tak, 4TOObI B KaxKJI0if KOJIOHHE 1 B KayKJIOM IepeHre
BCTPETIINCEH OUIEPHI BCEX 3BaHUII I BCEX IOJIKOB?

JInmb B 1910 roay ObLia jlokazaHa Hepa3pemnMocThb 3Toil 3aga4un. Ho Jia-
TUHCKIE KBa/JIpaThl He ITOTePSAIN NHTepeca, I IPUKIATHIKOB, TaK KaK MMe-
10T pa3HooOpa3Hble MpaKTHIecKue IpuMeHeHnd; B KoHle 60-X rojioB Hailie-
o BeKa JIATUHCKNE KBaJIpaThl ObLIN MCIIOJIB30BaHbI JIJIsi [IOCTPOEHUsT KOJIOB
C TPOCTBIM (MazKOPUTAPHBIM) JIEKOJUPOBAHIEM U GOJILIIIM KOJOBBIM DPac-
crosimeM [5].

9.3. Koabl Pnpa — Mannepa

Konwr Puga—Mausitepa Oblin mpuMenensl B 1972 rojgy npu nepejgatde ¢o-
torpaduit Mapca kocmuueckum kKopabsiem "Mapunep". Ilycts r,m € N,
rie r < m. Kox Puga-MaJjuiepa r-ro nopsiika jmHbl n = 2™ obo3HagaeT-
cs1 kak RM (7“, m) On ompejensieTcss Kak JUHEHHBIH KO € IOPOXKIAIOIIeit
MaTpuIleit

G= ,

rie Gy — crpoka JumHbl 2™, cocrodmasn u3 ogaux ejaunui,. Gp — MaTpurga
KOJ1a, XOMMUHTa, K KOTOPOIil J00aB/ieH cTojber u3 HyJiell BhICOTHI m. Takum
obpazom, kKoj RM(1,m) ectb jiyaibHbIH KOJI K PACIIHPEHHOMY KOy X9M-
muara (cM.§4.5).

[Ipn 2 < s < r marpuna Gy COCTOUT U3 BCEBO3MOXKHBIX ITOKOMIIOHEHT-
HBEIX Npon3BesieHuil s ¢Tpok Marpuibl (G, TaK 4TO YHUCJIO CTPOK MATPUIIbI
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G, pasao C? . MunnmanbHoe paccrosiaue kojga RM (r, m) ue menbrie 277"
Hanpumep, kocmuueckne kopadsn "Mapunep' cnabka e Jjist CBSI3KM KOJLOM
RM(1,5) pyuubl 32 ¢ MUHUMAJIBHBIM paccTosiaueM 16, 1. e. Moryin obHapy-
JKUBaTh 15 ommbOK 1 UCHpaBJIATD 7.

B nmactosimee BpeMsa Koabl Puaa—MaJsiepa He camTaioTcss caMbIMU BazK-
HBIMU CpeJIi JINHEHHBIX KOJOB HECMOTpsI Ha ucTopudeckue 3acayru. OpHako,
KayKeTcsl, MOJIyJaloT HOBYIO CYIbOy B CBSI3M C HCIIOJIb30BaHHEM KBAHTOBOI

Kpunrorpaduu.

9.4. MaTtpuuybl Agamapa

Matrpuier AaMapa ObLIM BBEJICHBI B MATEMATHKY B CBSI3U C PEIICHUEM
3a/a91 0 MakcuMmsarun onpenesauress. Marpura H pasmepa n X n Ha-
3BIBACTCS MaTpuIeil Ajamapa, ecan ee SJeMeHTaMU sBJAITC duncia £1
u HH" = nl (I — epunuanas maTpuna).

Crpase/ynBa cJieyionias

Teopema 43. [Tycmv n > 2. Heobxodumvim ycaro8uem 0af CYuLecmeosamHua
mampuyoe Adamapa aeasemesn yeaosue n =0 (' mod 4).

C marpunamu Ajlamapa ¢Bsi3aHO MHOI'O IPUKJIAIHBIX KOMOMHATOPHBIX 3a-
nad. B yacTHOCTH, HEM3BECTHO, JIJIsI JII0OOTO JI KPaTHOTO 4 CYIIEeCTBYET MaT-
puiia AjamMapa (HanMeHbIIee TUCI0 N, JJIsi KOTOPOTO 9TO HE YAAJOCH IPOBe-
puTh, — 668).

B 1960 romy obHapy»KUJI0CH, YTO MPHU MOMOIIN MAaTPHUIL Agamapa To-
pSIKA 1 MOXKHO IOCTPOUTH KOJI, COCTOAININN U3 21 CJIOB ¢ MUHUMAJIbHBIM
paccrosaueM n/2.

Ouenb Jierko nmocrpouTh MaTpuily Ajamapa pasmepa 2™ X 2™ OCKOJIbKY
KPOHEKEPOBCKOE ITPOU3BeIeHNe JIBYX MaTpuIl AjjaMapa TOXKe siBJISIeTCA MaT-
putieit Anamapa. Hanomuum, uro ecoim A = (a;;) u B = (b;j) — 1Be MaTpuIbl
pPasMepoB M X m U N X N, TO NX KPOHEKEPOBCKOE ITPOU3BEIEHNE €CTh MATPHUIIA
A® B = (a;jB)- pazmepa mn x mn.

9.4.1.

ITpumep. Matpuna Ajgamapa pasmepa 2 X 2:
1 -1
H, = ( e ) |
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Marpuna paszmepa 4 x 4:

1 -1 -1 1

1 1 -1 —1
Hy=11 1 1 3
1

1 1 1

OueBnjno, Hy = Hy ® Hy. s nmocrpoennsi KOJOBBIX CJIOB Koja AjamMa-
pa BozbMeM 4 cTpokn matpuilel Ho, 3amenuns B uHux —1 na 0: (1,0,0,1);
(1,1,0,0); (1,0,1,0); (1,1,1,1). [Moyuensl nepsbie 4 Ko0BBIX ciioBa. Ciie-
JyIolye 4 KOJAOBBLIX CJIOBA, [IOJIyYaiOTCs aHAJOTMYHBIM 00PA30M 13 MaTPUIILI
Hy ¢ mnomompio 3amen 1 wa 0 u —1 ma 1:(0,1,1,0);(0,0,1,1);
(0,1,0,1); (0,0,0,0). Beero nostyueno 8 KOJOBBIX CJIOB ¢ MUHUMAJIBHBIM Dac-
crosinueM 2. Ko He ¢ odennb OOIBIINM MUHUMAJILHBIM PACCTOAHUEM, HO 9TO
13-3a OYeHb MaJIeHLKOro unciaa n = 4. OTMeTuM, 4To KOJI HeJuHeHHbIi!

9.5. MeTtpuka XammunHra v metpuka Jin

[Tycrs asdaBut Koja mpejicTaBsieT codoit cuMBOJIbI HeKOTOporo moJist G F(q).

Metpuky X9MMUHTa, JIETKO OIPEETUTD, OJIb3YICh BECOBOI QyHKITIE wy,.
st moboro o € GF(q)

0, ecotm a =0

wn(r) = { 1, ecmm o # 0

Torma jyist cioBa a = (g, @z, ...,ap) (o € GF(q)) nonaraem wy(a) =
> ¢ wy(a;). Hakorerr, paccrostane XoMMIHIa MEXKJLy CJIOBaMU G 1 b ompe-
JIEJISIETCST KaK

wg(a —b) = pp(a,b).
Taxum 06pazoM, paccrosiie XaMMUHTA, I CJIOB @ U b — 91C/I0 HECOBIIAIa-
FOTIUX TTO3UIHI, YTO BIIOJIHE COIJIACYETCs C JIBOMUHBIM CJIYUAEM.

Metrpuka XsMMHUHTA XOPOIIO COOTBETCTBYET CXeMaM € aMILIUTYIHOM MO-
aynsiyeit. JIist ipyrux crocoboB MOAYJISIIAN OHA SIBJISIETCS BECbMa Ipy0oii.
B ciaydae cxem ¢ dazoBoit Mojyssdnueir 6ojee yj100HO IMOJIB30BATHCA JIPY-
roit — merpuxoit Jlu. Ilyere GF(q) = Z, — andasur koga K (p > 2).
[Iycts C = (o, as, ..., ) — BEKTOD, KOIDDUIHEHTBI KOTOPOTO — 3JIEMEHTHI
Z,. Onpenennm Bec JIn wr (o) sementa o; Kax |y, tie |o;| = £a; (modp),
npudem 0 < o; < p/2. Torpa

wr(C) = Z wr, (o).
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Paccrosinue Jlu pr(a,b) Mex ity BekTOpaMu a u b onpejesercst Kak ec Jlu
pazuoct wr(a — b).

9.6. ['paHnLUbl BO3BMO>XXHOIO N HEBO3MO>XHOIO
B KOOWPOBaHUU

BaskHBIM 17151 TEOPUN KOJNPOBAHHS SIBJISIETCS BOIIPOC O B3aHMMOOTHOIIICHN-
SIX MKy OJIOKOBOM JIHHOM, IHCIOM HHPOPMAIMOHHBIX CHMBOJIOB, THCJIOM
KOJIOBBIX CJIOB I MUHUMAJIBHBIM PaccTosHneM Kosa. OIiH mpumep Takoil rpa-
auipl (rpannia Cuarirona) paceMorper B 5.2. O630p pe3ysibTaToB, OTHOCS-
IXCsT K PA3INIHbIM Tpanuiam, Moxkuo waiitu B [5], [7], [4], [11].

9.6.1.

I'panuma XsmMuHTa

Mbr obo3nauaem depes M, (n, d) MaKCHMaJIbHOE YUC/IO 9IEMEHTOB ¢-3HATHOIO
koma K C X" | X| = ¢, yiuHbI 1 ¢ KOJOBBIM pacCTOsiHueM d.

O6oznaunm, caeays [11], map Vi, () pammyca t ¢ nenTpoM B TOUKE T
B IIpOCTpaHCcTBe XIMMUHTA X", MHOXKECTBO ToUeK Koja K, oTcTodnux oT &
Ha paccrosiHue He OoJibine deM t. Jlerko BeraucsanTh (yrpazkHeHne), 9To

t

Vin(@)] = > (¢ = 1)C;.

s=0

Teopema 44. /laa nevemmnozo d = 2t + 1 cnpasedausa ouerka

q" q"
! Vin(2)] L o(¢—1)Cs

I'panuna Ilmorkuna
PaccmaTpuBaemas olieHKa CIpaBeInBa I KOJOB C «O0JIBITIM Y KOJOBBIM
paccrostuueM d > n/2.

Teopema 45. Ecau d > n/2, mo

2d
My(n,d)| < :

Ecaun = 2d, mo |Ms(n,d)| < 4d.

I'pannna CuHrarona
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Teopema 46. /lasa aunetnozo xoda KX C Ky daunvl n, pasmepnocmu k
U ¢ K000BbM paccmoaruem d cnpasediusa oueHKa

d<n—k+1.

Kopl, 1Jis1 KOTOPBIX JOCTUTAeTCs paBeHcTBo, HasbiBaorcs MDR-komamu
(pasmeMMBbIMI KOJIAME ¢ MAaKCHMAJIbHBIM paccroshuem). Hampumep, Kojbl
Puna—Cosiomona aBJIIOTCS TaAKUMIU.

I'pannna CunesbHUKOBA

JBonunpiii ko K HasbBaeTCss aHMUNOIANLHBIM, €CJIN JJIsT BCIKOTo © € K
Bektop T = = + (1,1,...,1) € K. Paccrosiaue MexKIy pasjinaHbIMEI BEK-
topamu x,y € K npunuMaer 3Hauenust uz wnHrepBaia [d,n — d]. Ouen-
Ka MakcuMaJsbHOro dncia Ma(n, d) 571eMeHTOB JBOMIHOTNO aHTUIIOMAIBHOTIO
KOJIa JUIMHBI N ¢ KOJOBBLIM paccrognueM d Haitgena B. M.CumebHUKOBBIM
B 1971 romy.

Teopema 47. (Cudeavnuros) Cnpasedausa ouerka

2n3 — 2n(n — 2d)?
3n—(n—2d)>—2’

[Ma(n, d)| <
ecau 3n — (n —2d)> —2>0un > 4.

9.7. Ynpa>kHeHus

1. JlokazaTh, 9TO KO/, AyaJbHbI K HUKJIMIECKOMY, OyIeT IUKINIeCKIM.

2. Kon Puna-Mannepa nmepBoro nopsjika — 3T0 JAyaJdbHbIN KOJI K PaCIIN-

peHHOMY KOy X3MMuHTa. HapucoBarh KOJUPYIONLYIO MATPHUILy KOJa
RM(1,3).

3. Jns koma Puma-Masiepa nepsoro mopsiika RM(1,3) wucnpasurh
I OOHAPY?KHUTD OMMOKY B cJieytoniux caosax:(11010001), (01011111).

4. Haittu maTpumy Amgamapa pasmepa 8 X 8.

5. Kak BBINISIUT KOAUPYIOIIAsh MATPUIA JIJIsl IUKITIECKOrO KOIa X9M-
MUHTa ¢ TpeMs nposepkamu Haj GF(3)?

6. HaiiTn anTumnogaabHbil JBOMYHbBIN KOJI JUIMHBL 8.
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7. TlocTpouTh cranapTHOE pacrosioxkenune jijis kojua waj GF(3), 3anan-
HOT'O KOJIUPYIoNeit MaTpuiieit pasmepa 2 X 4 (Bb16paTb MaTpHUILy caMo-
crosiTeibHO). OIpeieinThb apaMeTphbl KoJIa.

Hactb |I.
JNemMeHTbl Teopumn
CXKATUS
N BOCCTAHOBJIEHUS

MHdpopmaLnm

10. MeToabl cxaTuns nHdopmaumum

CaKkaTue JIaHHBIX SIBJIETCs OJIHON 13 popm 0O6padboTKu nHpopManuu. Lleanb
HCII0/IL30BAHMST aJIFOPUTMOB C2KaTHs — COKpallleHne o0beMa IIaMATH, Heo0XO0-
JIUMOTIO JIJIsl XpaHeHUsI JIaHHbIX WK Hepeadr NHPOPMAIIUK 110 CETSIM CBSI3H.

Biiokom OyjieM Ha3BIBATH KOHEYHYIO MTOC/IEI0BATEIbHOCTD UG POBOIT MH-
dopmaruu. Biok - 1moc/ie1oBaTe/1bHOCTE ¢ IIPOU3BOJILHBIM JIOCTYIIOM.

IIoTok — nocienoBaresbHOCTD UM POBOI NHMOPMAIINK ¢ HEN3BECTHBIMU
I'DAHUIIAMA.

Ob6pabarsiBaeMOe COOOIIEHIE TOPOXKIACTCSI TUCKPETHBIM NCTOTHIUKOM JTaH-
ubix. [IpuBegem popMmasibHOE Olpeie/ieHne JUCKPETHONO NCTOUHIKA, JAHHBIX.

[Iycte X = {x1,29,...,Tp} — MHOXKECTBO, COCTOSIIIEE U3 1M SJIEMEHTOB.
DJIeMeHThI MHOXKEeCTBa, Oy/IeM Ha3bIBATH COOOIIEHUSIMI.

Onpegenenue 24. /[uckpemmviti uCmouHuk — UCOYHUEK, 6bldaowutl 6 Katc-
Ovitl onpedeserHHvill MOMEHM 8PEMEHU 00HO U3 CO0OWEHUL AUCKDEMMHO20 MHO-
arcecmea X .

J171s1 TIOJIHOTO 3a/IaHUsI NCTOYHUKA HEOOXOUMO JIaTh BEPOSITHOCTHOE OITH-
caHye Ipolecca IOsIBJIEHUSI COODINEHUII Ha BBIXOJE MCTOYHUKA, T. €. OIIpe-
JIeJINTH BEPOSITHOCTH IIOSIBJIEHUs JIIOOBIX coueTaHnii cooOmiennii. Ecan ns-
BECTHO pacIpe/ie/ieHne BepOITHOCTEH 9acTOT (TO eCTh M3BECTHO, CKOJIBKO
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pa3 BCTPETUJICS KazK/bIii CUMBOJI U HOJCUUTAHA €r0 BEPOSITHOCTD), TO MOXK-
HO IIOCTPOUTH ONTHMAJbHOE KOJMPOBaHUE. 3ajlada YCI0XKHSIETCS B Cllydae,
ecJi pacipejiesieHe 9acToT CUMBOJIOB HEM3BECTHO. B 9ToM ciiydae cyiie-
CTBYIOT JIBa PA3JIMIHBIX 110/IX0JIa K KOJMPOBAHUIO COOOIICHMUII.

[TepBblii: MIpoCcMOTPETH BXOJHON TIOTOK U IIOCTPOUTL KOJUPOBAHUE Ha OC-
HOBE COOpAHHOI CTATHCTHKE (IIPU ITOM TTOTPEOYIOTCST JIBa MPOXOIa MO (aii-
JIy), 9TO OrpaHmdnBaeT cdepy MPUMEHEHHsT TAKUX AJrOPUTMOB. B BbIXOJI-
HOI ITOTOK JOJI2KHA OBITH 3allliCaHa CXeMa HCIOJIb30BAHHOIO KOJIMPOBAHMNSI,
TO €CThb MO/IE/Ib, KOTOpast 3aTeM OyJIeT UCIOIb30BaThCs JIEKOJEPOM (TP BOC-
craHoBJIeHNN CxKaToil uHhopMmarmn). [IpuvepoM aaropuTMoB STOM TPYIIIIbL
KaK pas3 u sBJjisieTcs aJropuTM XaddmaHa, KOTOPbIIl Mbl pacCMOTPUM I103/1-
Hee.

Bropoii: ncrob3yeT Tak HasblBaeMbIil aJanTUBHBIN Komep. Maes Taknx
AJIFOPUTMOB COCTOUT B TOM, UTOOBI MEHSITH CXEMY KOJMPOBaHUsI B 3aBUCH-
MOCTH OT HCXOJHBIX JAaHHBIX. TakKoil aJropuTM HUCIOJIB3yeT OJUH IPOXOI
1 He TpeOyeT mepegadn mHGOpMaIul B SBHOM BHjie. BMecTo 3TOTrO0 JIeKoiep,
CUYNTBIBas KOJMPOBAHHBIN IOTOK JIAHHBIX, CHHXPOHHO C KOJIEPOM H3MEHseT
cXeMy KOJIMpOBaHUsl, HAUMHAasA C HEKOTOPOIl IIpejolpeieieHHoi Touku. [Ipu
UCIIOJIb30BAHUH TAKOI'0 M0/IX0/ 18 HEOOXOUMO ITOCTOSTHHO KOPPEKTUPOBATDH KO-
JIbl B COOTBETCTBUN C U3MEHSIIONIENHCsT CTATUCTUKON BXOJHOI'O ITOTOKA.

AJIropuTMbI  CxKATUST JIAHHBIX HPUMEHSIIOTCS B CJIEJIYIONINX CJIydasix:
B IIpOI'paMMax-apXuBaropax, IpH repejade JJaHHbIX 110 CETSIM CBs3U, B IIPO-
rpaMMax pe3epBHOIO KOIMpOBaHUsA, B (opMmarax ¢ailjoB ¢ MyJabTHMeIna
nanubivMu (JPEG, GIF, MP3, AVI),B cucremax 6e30macHOCTH U BHJICOHA-
OJITOJIeHNSI, B CCTEMAaX TeJIeKOH(MEePEeHIHil.

MeTonpbl cxKaTHs JAHHBIX pa3/essioT Ha cxKaTue 0e3 moTepb MH(MOpMaInn
1 cxKaThe ¢ rnorepeit nHpopMaIm.

C:kartne nadopmarnum 6e3 morepb

Ha texyruii MOMeHT cyIecTByeT 0OJIbIIOe KOJINIECTBO aJlOPUTMOB CrKa-
Tusi 6€3 1MoTepb, KOTOPOE YCJOBHO MOXKHO Pa3/IeUTh Ha JiBe OOJIbIINNE TPYII-
b

1. AJIrOpuUTMBI CTATHCTHYECKOTO (SHTPOIUITHONO) CxKATHsI. DTa IPYIIIa aJi-
FOPUTMOB C:KMaeT HHQOPMAIINIO, HUCIOJIb3ysd HepPaBHOMEPHOCTb YacCTOT,
C KOTOPBIMU Pa3/IMuHbIe CUMBOJIbI BCTpeUaroTcs B coobriennu. K ajaropur-
MaM 3TOii I'PYIIIbI OTHOCATCS AJTOPUTMbI apudMETHIECKOro 1 peuKCHOro
KOJUPOBAHUSI.

2. Ilorounnlie u cjaoBapHbie aaropuTMbl. OCOOEHHOCTHIO BCEX aJIOPUTMOB
9TOI TPYIIIBI SIBJSIETCS TO, UYTO IMPU KOJUPOBAHUN HCIOJIB3YETCsT He MHMOP-
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MalIlsi O 4acTOTaX CUMBOJIOB B COODIIEHNHN, a NH(MOPMAIIKs O I0CJIeI0BaTe /b
HOCTSX, BCTPEYABIINXCS paree.

B oTie/ibHyI0 TPYIITY MOYKHO BBIJICJIUTH aJTOPUTMbBI TPE0OPA30BAHMS UH-
dopmaru. AJrOpUTMBI 9TO# TPYIIILI HE HPOU3BOJLT HEIOCPEICTBEHHOIO
cxKaTud nHMOPMAINK, HO UX IMpUMeHeHne 3HAUNTEIbHO YIIPOIAeT JabHeli-
1iee C2KaThe ¢ UCIOJIb30BaHUEM ITOTOYHBIX, CJIOBAPHBIX U SHTPOINITHBIX aJIro-
putmoB. Asroputm cxkatusg RLE sBjsieTcst caMbIM IIPOCTHIM B IIPUMEHEHUH.
On comocraBysgeT cepun OUTOB 3HAYEHUE CUETIMKA — KOJUUYECTBa IMOBTOpE-
Huit. Bo MHOTTX MeTO/1aX 1 aJI'OPUTMAaX CxKaTUs MYJIBTUMEINa JAHHBIX [TOCTIe
BBINIOJTHEHIST COOTBETCTBYIONIMX TPeodpa3oBaHuil (hopMUPYeETCsT TOC/IeI0Ba-
TeJILHOCTH YNCENT; 9JIEMEHTHI 3TOH MOCIeI0BATETLHOCTI CO/lepyKAT OOIBITIOe
KOJIMYIECTBO HyJIeil. DTO U CO3/IaeT BOBMOXKHOCTHU JIJIsT C2KATHUS.

Cxxkatne nHdOpMaIUN C IIOTEPAMM

ITpn cxkaTum ¢ MoTepsaMu Mbl UMEEM JIeJIO ¢ HOBOW KOHIICMIINEH, KOTopast
peJirosiaraeT cxKaTue myTeM ylaJieHust HecytiecTBeHHoi nngopmaru. Cxka-
THe C MOTEPAMU OOBITHO MCIOJIL3YIOT PU 00paboTKe n300parkeHuil, 3ByKa,
BIIEO.

300pazkeHne MOYKHO C2KaTh € ITOTepeil, yIaauB HeCyleCTBEHHYIO HHQOP-
MAaIlIo, JlaKe eCc/ii B HeM HeT u30bITouHocTH. VIMetoTes jiBa Bujia n30bITOY-
HOCTHU B IUQPOBBIX n300parkeHusix. [lepBblit BIJ IOX0XK Ha M30BITOUYHOCTD
B TeKcTOBOM (haiiyie. B Kark10M Hec/1y4dailHOM n300parkKeHnn HEKOTOpbIe IBe-
Ta, MOI'YT IIPeodJIajaTh, JAPyrue ke BCTpedarbes pejko. Takas n30bITOY-
HOCTb MOYKeT OBITh yJaJeHa C IIOMOIIbIO0 KOJOB IIepEMEHHOM JJINHbI, IIPUCBa-
NBAEMbIX PA3HLIM IHUKCEIAM, TOTHO TaK K€ KaK U IPU CKATUM TEKCTOBBIX
daiios(cxkarue 6e3 moreps). Jpyroit Buj n3bbirouHocTH ropasio 6oJiee Ba-
JKEH, OH sIBJISIETCSI PE3YJIbTATOM KOPPEJIAINE MHKCeJI0B. Korjaa Haln B3rIs
1epeMernaeTcsd Mo KapTUHKe, OH OOHapy»KHUBaeT B OOJILIIMHCTBE CJIy4aes,
YTO COCEJIHIE ITHMKCEJIbl OKpallleHbl B OJn3Kue 1peta. [IpejacraBum cede dporo-
rpaduio, Ha KOTOPOil n300parkeHo royrydoe Hebo, Oesibie 00JiaKka, KOpUIHEBBIE
ropbl U 3ejieHble JiepeBbsi. [Ioka Mbl CMOTPUM Ha T'OPbI, OJU3KUE ITHKCEJIbI
IMEIOT IIOXOXKHIl IIBeT; BCe MJIM IOYTU BCE U3 HUX MMEIOT Pa3Hble OTTEHKMH
Kopu4aHeBOro 1Beta. IIpo Gsimskne nmukceabl Heba MOXKHO CKa3aTb, YTO OHU
HOCSIT pa3jindHble OTTEHKH rojiyooro 1sera. M TOJIBLKO Ha NOPU30HTE, TaM,
Jie TOPbI BCTPEYalOTCst ¢ HEOOM, COCEIHUE MTUKCEIbl MOTYT UMETH COBEPIIIEH-
HO pasHble 1BeTa. TakuMm 00pa30M, OTAeIbHbIE ITUKCEJIbl HE SIBJIAIOTCS COBEP-
IIIEHHO He3aBUCHMbIMU. MoOXKHO cKa3aTh, 4To OJIMzKaiilie MuKcebl n300pa-
JKEHUsT KOPPEeJIUPYIOT MexK 1y coboit. OnucanHas n30bITOYHOCTb Ha3bIBAETCSI
nPOCMPaAHCMEEHHOT.
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JIr060e m300pazKeHne MOXKHO o1ndPOBaTh, pa3dUB ero Ha IIHMKCEJIbI, a KarkK-
JIOMY ITHKCEJIy IpHUIcaTh HEKOTOPOe 4hcjio. TOYHO TaK Ke 3BYK MOYKHO
onndpoBarh, pazduB ero Ha (GparMeHTbl U NPUCBOUB MM HEKOTODPBIE HHC-
JIoBble 3HaveHus. Ecym 3amuchiBaTh 3BYK depe3 MUKPO(MOH, TO OH I1epPeBO-
JINTCST B DJIEKTPUYECKUI CUTHAJI, HAIIPSIZKEHIEe KOTOPOro HEeIPepPbIBHO 3aBU-
CUT OT BpPeMeHHU. DTO HAIIPsrKeHUe Ha3bIBAETCSI aHAJIOINOBBIM IIPE/ICTaBICHN-
em 3ByKa. OnundpoBKa 3ByKa JIeJaeTcs ¢ MOMOIIbI0 U3MEPEHMs HallpsizKe-
HUSI CUTHAJIa BO MHOTHX TOUKAX OCH BPEMEHH, IIepeBojia KaxKJI0I0 N3MEPEHUsT
B YUCJIOBYIO (DOPMY U 3alliCH TIOJIYUEHHBIX YHCes B daill. DTOT 1mpolecc Ha-
3bIBACTCs COMILIMPOBAHUEM MM 0TOOpOM bparMeHToB. [lJisi cxkaTust 3ByKa
MOTYT OBITh HCIOJIb30BAHBI aJITOPUTMbI CZKAaTHsT 6e3 MoTeph(CTaTHCTHIECKTE
WJIN CJIOBApHbIE), HO PE3y/IbTAaT CYIECTBEHHO 3aBUCUT OT KOHKPETHBIX JIAH-
HbIX. MOXKHO JI0OUTBHCS JIyUIINX Pe3yJIbTaTOB IIPU CXKATHHU 3BYKa C IIOTepeil
JacTH ayuonH(GOpMaI, Pa3BUBasi METOJIbI KOMIIPECCUU, KOTOPhIE yINThI-
BalOT 0COOEHHOCTHU BOCHPUSITH 3ByKa. OHM yIa/IsiioT Ty YaCTh JaHHBIX, KO-
TOpasi OCTAETCsI HECJIBININMOIT JIIsT opraHoB ciyxa. Umest nodasaerus nays
3aKJIIOUAETCS B PACCMOTPEHUN MaJIbIX COMILIOB, KaK ec/ii Obl UX He O6bLI0 (TO
eCTh OHM paBHBI HYyJ0). Takoe obHyseHHE OyJIeT MOPOXKIATH Cepur HyJIeil,
MIO9TOMY METO/I, IIO/IaBJIEHIS T1ay3 Ha caMoM jese aBidercd Bapuantom RLE,
IIPUCIIOCOOIEHHBIM K CYKATHUIO 3BYyKa. DTOT METOJ, OCHOBAH Ha OCOOEHHOCTH
3BYKOBOI'O BOCIIPHUATHSI, KOTOPOE COCTOUT B TEPIHUMOCTH yXa UeJIOBEeKa K OT-
OpachIBAHUIO €Jie CJBIMHBIX 3BYKOB. Ynaommuenue OCHOBAHO Ha TOM CBOIi-
CTBE, 4YTO yXO JIy4dIlle pa3ndacT U3MEHEHUsT aMILTUTYIbl TUXUX 3BYKOB, €M
rpoMkux. MeTost cxkaTus Ha OCHOBE YIJIOTHEHUs CHAaYaJIa aHAJTM3UPYET KazK-
JIBIIT COMILT 3BYKOBOTO (baiijia U IMPUMEHseT K HeMy HeJUHEHHYI0 (DYHKIIIIO
JIUIsT COKPAIIEHUST Ync/ia OUT, HA3HAUYEHHBIX 9TOMY COMILIY.

CokaTne BHJIEO OCHOBAHO Ha JIBYX BaKHBIX NpuHIHIaxX. [lepBbrii — 910
IPOCTPAHCTBEHHAs N30BITOYHOCTD, MPUCYIas KayKJI0My KaJIpy BUIEOPSIA.
A BTOpPOIT IPUHIUII OCHOBaH Ha TOM (akTe, ITO OOJIBIIYI0 YaCTh BPEMEHH
KayKJIbIfl KaJIp MOXO0yK Ha CBOEro IPEJIIECTBEHHUKA. DTO Ha3bIBAETCS BpE-
MEHHOI M30bITOYHOCTBIO. TakuM 00pa30M, THIUYHBINA METOJ CKaTUsl BUJIEO
HauMHaeTcs ¢ KOJMPOBaHUs IIEPBOIO KaJipa C IMOMOIIbIO HEKOTOPOI'O aJiro-
pUTMa KOMIIpeCCHU n300parkeHusl. 3aTeM CJeyeT KOAUPOBaTh KarKJIblii 110~
cJIeIYIONMINiT KaJip, HaXO/s PAcXozK/ieHre U Pa3HOCTb MEKJIY 3TUM KaJIpOM
1 ero IpeJIIecTBeHHIKOM U KOJAUPYs 3Ty pa3HocThb. CxkaTue BHJIEO OOBIYHO
JIOTYCKAET JaCTHYHYIO TOTEPI0 MH(OPMAaIINU.

BayKHbIM BOIIPOCOM B TEOPUU CXKATHUS JIAHHBIX SIBJIAETCS OIEHKH 3DdeK-
THUBHOCTU Pa0OTHI aaropuTMa. s aaropuTMoB c:KaTus JJaHHBIX 0€3 MOTeph
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MOZKHO BBIJICJIUTH HECKOJIBKO BayKHBIX KPUTEPUEB: BPeMsi KOMIIPECCUU, Bpe-
Msl, 3aTpavdeHHOE Ha BOCCTAHOBJICHUE UCXOJIHBIX JJAHHBIX, Pa3Mep CKaToro co-
obrenns, crernedb (Kodddulment), hakTop U KauecTBo cxKarus. B ciydae
C aJIFOPUTMaMU CXKATHsI JIAHHBIX C IIOTEPsIMU TaKKe HEeoOXOIMMO OIIeHIBATD
CTeleHb BJIUSHUS IOTePh NHPOPMAIUU (TO €CTh OIEHUBATH OTJIUINE MEKJLY
FCXOJIHBIMU U BOCCTAHOBJIEHHBIMU JIAHHBIM ).

Crenerb (K03 hDUIMEHT CzKaTHs1) — OTHOIIEHIE pa3Mepa BbIXOJIHOIO aii-
Jla K pa3Mepy BxojHoro gaiiita. Ecin 3navennst koaddunnenTta 60JbIne eau-
HUIIBI, TO CXKaTHg He MPOU30IILIO0, MHAYE BEJUUINHA [T0KA3bIBAET, HACKOJIbKO
C2KaThIil (aiiyi MeHbIIIe UCXOIHOIO.

DakTop czkaTust — 0OpaTHOE OTHOIIeHNe (pa3Mepa BXOIHOTO daiiia K pas-
Mepy BBIXOJHOTO (daiira). Hem Goibine dhakTop cxkaTust, TeM 3hheKTuBHee
paboTaeT aJaropuTM.

Kavectso cxarusg k = 100 - (1-k) mokasbBaeT, HA CKOJBKO MPOICHTOB
CoKaThIil (aiiyi MeHbIIIe UCXOIHOIO.

o0
Onpenenenne 25. [lyemv E = {0,1}, E* = |J E' - mnoocecmeo ecex
i=1
nabopos 0 u 1. Illyemv A = {ay,as,...} - aagasum coobwenus. Kodupo-
sanuem Hazveaemesa omobpascernue f: A — E*. Obpas f(a;) naswsaemes
K0OOBLIM CAOBOM UAU KOOOM CUMBOAG G;. JTAuny k0006020 cro6a 6ydem 060-

anavamo weped L(a;) = |f(a;)| - xoauuwecmeo 6um 6 caose.

11. DHTponua n nHcgpopmayus

11.1. DHTponus

PaccMOTpuM JIUCKPETHYIO CAyYaiiHyIo BeJMIuHy X, NPUHUMAIOILYIO 3HA-
YeHUsl T1,. . . ,Lp C BEPOATHOCTAMU P1,. . . ,py. CiydaitHoii Bendnae X mpucy-
I[a CTEIeHb HEeOoIlpeIeIeHHOCTH. BO3HUKaeT BOIPOC: KaK M3MEPUTh HeOIIpe-
JIeJICHHOCTD !

11.1.1.

Y100bI OTBETUTH Ha STOT BOIPOC, CPABHUM MEXK/y COOOI JIBE CHCTEMBI,
KayKJIO M3 KOTOPBIX IpHUCYIa HEKOTOpas HeompeaeeHHOCTh. B KadecTse
IIEPBOIl CHCTEMBI BO3bMEM MOHETY, KOTOpas B pe3y/ibrare OpOCaHMs MOXKET
OKa3aThCsl B OJIHOM U3 JIBYX COCTOsiHUIA: 1) BbImas repd u 2) Bbiasia nudpa.
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B kauecTBe BTOpPOIl — UI'PAJIbHYIO KOCTb, Y KOTOPOIl IIECTh BO3MOXKHBIX CO-
crogumit: 1, 2, 3, 4, 5 u 6. CrpalimBaeTcs: HeOIPEJICICHHOCTb KAKOM CUCTEMbI
oosibiie? O4eBUIHO, BTOPOIi, TaK KaK y Hee OOJIbIEe BO3MOXKHBIX COCTOSIHMIA,
B KaykJIOM N3 KOTOPBIX OHa MOXKET OKa3aThCs C OJIMHAKOBON BEPOSTHOCTDHIO.

11.1.2.

Paccmorpum BTOpoit npumep. Ilycts ciaydaiinas Benumunna X mMeer jiBa
3HAYEHUs T1 U Ty ¢ BepositHocTsamu P(X = x1) = 0,01 u P(X = x9) = 0,99.
HTyuTuBHO TOHATHO, YTO HEOMPEETIEHHOCTD ITOHM CydailHONl BEJTNYNHbI
MeHbITIe, YeM B IIPUMEPE ¢ MOHETOM, TaK KaK IMOYTH HABEPHAKA B UCITBITAHIN
X TpuMeT 3HavYeHue Ty.

B kaduecTBe Mepbl HEOIIPEJICICHHOCTH B TEOPUN NH(MPOPMAIIIH TPUHIMAETCS
IHMPONUSA.

Omnpenenenue 26. Inmponueti caywatinoti 6eAuMUuMb, X HA3bIBAELMCA CYM-
M@ npoudsedenuti eEPOAMHOCMEN PA3ANUNHLT COCMOAHULT CUCTNEMDL HaA A0~
2aPUPMDL IMUT BEPOAMHOCTNEL, 83AMAA C 0OPAMHBIM ZHAKOM.

H(X) == pilogpi.

Jlorapudm B onpejenernn (26) MOKeT ObITh B3AT HPU JTFOOOM OCHOBAa-
Hun 6osbiuM 1. Ilepemena ocHoBaHUsT PABHOCHIbHA IIPOCTOMY YMHOYKEHIIO
SHTPOIINN Ha IOCTOSTHHOE YHCJIO, a BBIOOP OCHOBaHUS PaBHOCUJIEH BBIOODPY
OIIpeJIe/IEHHON eJIMHUTIBI U3MepeHns SHTPOINK. Kcm 3a ocHoBanume BbIOpa-
Ho 4ncjao 10, TO TOBOPAT O «JAECATUIHBIX €IMHUIIAX» SHTPOINM, €CJIU 2—
0 «JIBOMYHBLIX eJInHUIax». Ha mpakTuke yjgo0Hee BCero moJib30BaThCs JioTa-
pudMaMu Ipy OCHOBAHUU 2 U M3MEPATb SHTPOINIO B JIBOMIHBIX €IUHUIAX.
B nasbheiiniem Mbl OyjieM Be3jie, €c/ii He OFOBOPEHO IIPOTUBHOE, 110JI CUMBO-
JoM log moHUMaThL JIBOMYHBIN JIorapudM.

11.1.3.
Boraucmmm SHTPONNIO CIyvdaiiHol BeTMInHbI X :
X1 0|1
pi 10,5105

H(X) = —0-logy(0,5)—1-log,(0,5) = 1. [Tosryuenuast euHUIA SHTPOINH
Ha3bIBACTCSL  OUMOM.
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Surpormst H(X) obsagaer psgom CBONCTB, OMPABIBIBAIOIINX €€ BbIOOD
B KQUECTBE XapaKTePUCTUKI CTEIIeHN HeolIpeIeIeHHOCTH. Bo-11epBhIx, 0Ha 00-
palaeTcss B HYJIb, KOIJa OJHO U3 COCTOSIHIUI CUCTEMbI JIOCTOBEPHO, a JAPYyIue
— HEBO3MOXKHBI. BO-BTOPBIX, IIPH 3aJIaHHOM UHCJIe COCTOSTHUI oHa obpaira-
eTCsI B MAKCUMYM, KOIJIa 9TU COCTOSIHUSI PABHOBEPOSITHBI, & IIPU yBEJINIeHIN
quc/ia cocTogHuil yBenanBaioTes. Hakorerr, 1 910 camoe IyiaBHoe, oHa 0bJia-
JlaeT CBOMCTBOM & JIUTUBHOCTH, T. €., KOI'/Ia HECKOJILKO HE3aBUCHUMBbIX CHCTEM
O0'beIMHSIIOTCST B OJIHY, UX HTPOINU CKJIAIbIBAIOTCSI.

Teopema 48. Inmponus duckpemnoli cAy4atinot 6EAUNUHDL C KOHEUHDIM
MHOHCECMBOM 3HaMeHUT JOCMULAEM MAKCUMYMG, K0200 6CE 3HAYEHUSA PAG-
HOBEPOAMHDL.

JlokazarebeTBo M. (8]

11.2. DHTpONNA AByMepHOW Cny4aiHOW BeSNYUNHbI
Paccmorpum nBymephyio ciydaiinyio seamanny (X, Y), KoTopast npuHu-
MaeT 3HadeHust (x;,y;) ¢ BeposarHocTaMu p;; = P((X,Y) = (x4, y;). DHTpO-
st (X,Y) onpenesisieTcst eCTeCTBEHHBIM 00Pa30M:
H(X,Y) = —sz’j log pij.-
[Tycte X n Y — HesaBucumble ciydaifable BeTUInHbl. Torjaa BepHa Cery-
o1as popMmyJia;
H(X,)Y)=H(X)+ H().

Hoxkazarenberso cM. ([8]).
Ota hopmyTa MOXKeT OBITH 00001IeHa Ha Caydail n He3aBUCUMbIX CJTydaii-
HBIX BEJINYLH.

11.3. YcnoBHaga aTHponus

[Iycrs umerorcs jBe ciydaitnble Besmunnbl X u Y. Obosnaunm P(y;|x;)
YCJIOBHYIO BEPOATHOCTH TOI'O, YTO cjlydaiiHasd BeJMYnHa Y IPUMET 3HAUYCHUe
Yj IPU yCJIOBUM, YTO Cllydaiinad Bejauunna X = x;.
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Onpenenenue 27. Veao061oti snmponueti cayuatinot 6eauurvl Y npu ycio-
BUU, UYMO CAYUATHAA seauduna X = X; HA3bLBACNCA YUCAO

H(Y|x;) = Zpyj|331) log P(y;|;).
j=1

YesioBHAST SHTPOIUST 3aBUCUT OT TOrO, KAKOe 3HAUCHUE IPUHSIA CJIydaii-
nag Beqnanna X . /g onnnx 3uadenunit ona OygeT OOJbIe, /i APYTUX —
MenbIte. Onpee/inM CpeIHION, WIH TMOJIHYIO, SHTPOINIO CIyIaifHON BeInYn-
HbI Y C YyY€TOM TOrO, YTO CUCTEMa MOYKET NMPUHUMATDH PA3HBbIE COCTOSHUS.
Ompesteninm mostiyio yeaosnyio surpormio H(Y|X):

H(Y|X) =Y pH(Y|z).

Bemnunna H (Y| X) xapakrepusyer CTereHb HEONPEeeIeHHOCTH CJTydailHOM
BEJIUIUHBI Y, OCTAOILYIOCS TIOCJIE TOTO, KAK COCTOSTHUE CJTY YallHON BEeJIMINHbI
X MOJTHOCTBIO ONPEJIENIIOCH.

Teopema 49.
H(X,)Y)=H(X)+ H(Y|X).

Hoxazaresnnctso cum. ([8]).

11.4. DHTpOonua n cxkatmne nHgpopmaunn
11.4.1. Nudopmauus

PaccMoTpuM HEKOTOpYIO cucTeMy X, HaJ KOTOPOI MPOU3BOJIUTCA HaOJIIO-
JeHne, 1 OIeHIM HHMOPMAIIIIO, TOJIyIaeMyIo B Pe3yIbTaTe TOro, UTO COCTOs-
Hue crucTeMbl X CTAHOBUTCH MOJTHOCTHIO N3BECTHLIM. [lo TosTyuenns cBeienmit
suTponus cucteMbl Obu1a H(X), mocie mosydennst cBeJIeHU COCTOSIHIE CH-
CTEMBI TTOJTHOCTBIO OITPEIETUIOCH, T. €. SHTPOIINs CTajia paBHO HyJo. Fcre-
cTBeHHO onpeennTh uHbopMmaruio (X), mosydaemyio B pe3yJbTarTe BbIsC-
HeHUs cocTosiHUsI crcTeMbl X pasayto suTpormn H (X). Takum obpasom,

—> “pilogpi. (1)

To ectnb, nadopmariust I(X) npencraBurcs Kak cpejiHsist THQOPMAIIUST, M0~
JydaeMast OT BCEX BO3ZMOYKHBIX OTJEIBHBIX COODIEHUI ¢ yIEeTOM UX BEPOSIT-
rocteit. Popmysy (1) MOKHO TIepenucarb B BUJIE:
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[(X) = M(—log P(X)).

Kaxoe otyenbraoe ciaraemoe —log p; B dopmyite (1) ecrecTBeHHO pac-
CMATPUBATh KakK YacTHYIO MH(MOPMAIUIO, MOJyYaeMyio OT OTJEJIBHOIO CO-
OOIIEHNsI, COCTOSIIIIEr0 B TOM, UTO cucTeMa X HaXOJUTCA B COCTOSHUN T;.
Hacrayto nadopmaluio odbMHO 0003HAYAIOT Iy,

11.4.2. CxaTtue gaHHbIX

C 1OMOINBIO TIOHSITUSI SHTPOIUK Teopus MHGMOPMAINN TOKA3BIBAET,
KaK BBIUNC/ISITH BEPOSITHOCTU CTPOK CUMBOJIOB aji(paBUTa, U HPEICKA3HIBACT
ee HaWIydIllee CxKaThe TO eCTh HauMEHbIIlee, B CPeJHEeM, YHUCJI0 OUT, HeoOXO-
JIUMOE JIIs TIPEJICTABICHNS TON CTPOKU CUMBOJIOB.

[lenb cxkaTust — yMEHbIIEHHE KOJMYeCTBa OUT, HEOOXOIUMBIX JIJIsi Xpa-
HeHWsI WM Tepe/ladn 3aaHHoit nH(MOPMAINN, YTO JaeT BO3MOXKHOCTH IIe-
pesaBaTh cooOIeHus Oojiee OBICTPO U XPAHUTH OOJiee SKOHOMHO U Ollepa-
TUBHO (IIOC/Ie/IHee O3HAYAET, YTO Olepallis U3BJEeUeHns JTaHHON mH(OpMAa-
IIU C YCTPOICTBA ee XpaHeHUsl OYJeT IPOXOJUTh ObICTpee, YTO BO3MOXKHO,
eCJI CKOPOCTDb PACITaKOBKH JIAHHBIX BBINIE CKOPOCTH CUUTBIBAHUS JAHHBIX C
HocuTe st nHbopmalun). Crkarne JAHHBIX HE MOXKeT ObITh OOJIbIIe HEKOTO-
POro TEOPETUIECKOT'o TIpejieia.

[IpojemoncTpupyem 310 Ha 1pocToM mpumepe. [t mociegoBaTebHOCTH
cumBosioB ((ABCDE> ¢ BepositrocTsimu 0.5, 0.2, 0.1, 0.1 u 0.1, coorBeTcTBeH-
1o, BepoaTHOCTD cTpokn «<AAAAABBCDE» pasna P = 0.5° x 0.22 x 0.13 =
1.25 x 1079, Jlorapudwm 1o ocnosanuio 2 sroro uncia logs P = —19.6096.
Torna manMenblliee B CpeTHEM YUCTIO TPEOYEMbBIX OUT /I KOJUPOBAHUS STOI
crpoku pasuo [— log, PJ, To ectb 20. Kogep, mocruratomuii 5T0ro0 c:karus,
HA3bIBACTCSA  IHMPONUTHIM KOOCPOM.

HokazaHno, 9T0 cpejHee KOJMIeCTBO OUT, MPUXOIAIIIXCS Ha OJIHO KOJIUPY-
eMoe 3HadeHue Ji. C. B., He MOYKeT OBbITh MEHbIIe, YeM SHTPOIINs TOif /1. ¢. B.,
T.e. M(L(X)) > H(X), tne L(X) — mmuna xoa 3uadenns X, J1st JIIOOOI
J1.c.B. X 1 JII00O0ro ee KoJa.

Kpowme Toro, jlokazano yTBepKJieHne 0 TOM, YTO CYIIEeCTBYeT TaKoe KOJUPO-
BaHIe

(ennona-®suo), aro H(X) > M(L(X)) — 1.

Teopema 50. C' pocmom Odaunve n coobuierus, npu KoOUPOBAHUL MEMO-
dom Llenrona-DPono 6cezo coobulenus UeAUKOM CPeOHEE KOAUMECTNBO bum
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Ha eQuHUYY coobulerus 6ydem ckoab Yy200HO MAAO OMAUMGMBCA OM IHIMPO-
nuu eQUHUYBL COOOULEHUA.

[ToobHOE KOMpPOBaHLEe IPAKTUIECKN HePeaIn3yeMo 13-3a TOro, 9TO ¢ PO-
CTOM JIJIMHBI COOOIIEHUST TPYI0EMKOCTh ITOCTPOEHHSI 3TOTO KOJ1a CTAHOBHUTCSI
HeJIONycTUMO 00JibINoi. KpoMe Toro, Takoe KoJnpoBaHUE JIej1aeT HEBO3MOXK-
HBIM OTIPABKY COODINEHMS 110 YaCTAM, UTO HEOOXOIMMO JIjIsI HelPpePbIBHBIX
IIPOIIECCOB IepeIavn JIaHHbIX. J[OTIOJIHITE/IbHBIM HEJ0OCTATKOM 9TOTO CII0c00a
KOJIUPOBAHUSI sIBJISIETCSI HEOOXOIMMOCTD OTIHPABKU I XpaHeHUsI COOCTBEH-
HO TI0JTYYEHHOI'0 KOJIa BMECTE C ero MCXOHOM JIIMHOI, 9TO cHuXKaeT 3 deKT
oT cxkarusi. Ha nmpakTuke Jijisl IOBBIIIEHIS CTEIIEHN CKATUS UCIOJIB3YIOT Me-
TOJ, OJIOKUPOBAHMSI.

Bribupast MHOKECTBO KOJIOB IIEPEMEHHOI JIJIMHBI, HEOOXOIMMO COOJII0/IATh
nBa npuanuna: (1) ciaemyer HazHauaTh OOJIee KOPOTKUE KOJBI Jallle BCTpeda-
FOITIUMCST CUMBOJIAM 1 (2) KOJIbI JIOJIZKHBI YJIOBJIETBOPSATH CBONHCTBY MpeduK-
ca: ecjil HeKOTopasl II0CJIeI0BATE/ILHOCTL OMTOB BhIOpaHa B KadecTBE KOJa
KaKOI'O-TO CHUMBOJIa, TO HHM OJMH KOJ JPYyroro CUMBOJIA HEe JIOJIZKE€H HMETb
B HadaJe 3Ty IOC/IeJ0BATE/IbHOCTh (He MOYKET ObITh MPEeMUKCOM TO €CTb
npuctaBkoii). Cireyst STUM MPUHITUIIAM, MOYKHO TOCTPOUTH KOPOTKHE, OJIHO-
3HATHO JIEKONPYEMbIe KOJIbI, HO He 00sI3aTeIbHO HANTY dITine (TO eCTh caMble
KOPOTKIE) KOJIbL.

11.5. VYnpa>kHeHus

1. Bpramesmre sHTpONNIO CIyvdaitHON BeTMIMHBI X .

X123

T T
P13131]3

[Ipuaymaiite qst X Tpu pas3ubix Koja. s KaXKja0oro n3 HUX BBIYHC-
JINTE CPEJIHIOO JIJINHY.

2. Bpraucaure surponuio ciaydaiinoit Benannanr X .

X | 1 2 3
TS
P | 700 | To0 | T00

[Ipuymaiite muigs X Tpu pasubix Koga. g KaxKjaoro n3 HUX BBIYHUC-
JINTE CPEJIHION0 JIJTUHY.

3. Boramcmre SHTPOMUIO CJIyUYaHON BETUINHBI X .
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10.

12.

10

X 2131415167819
1117171771117 L

p 10/70170/70!/70/70!70! 710! 10
[Ipuaymaiite jaist X Tpu pas3Hbix Koja. st KaxKjaoro u3 HUX BbIYNC-
JINTE CPEJTHION0 JIJTIHY.

1
L
10

BoraucanTe sHTPONNIO C/IydaiiHON BeTMINHBI X .

X/ 112134516 7|89 10

T[T [ L[ L[ L[ L[ L[ L[ L%
p 100 [ 100 [ 100 | 100 | 100 1 100 [ 100 [ 100 [ 100 10

[puaymaiite st X Tpu pas3ubix Koja. s KaxKjgoro m3 HUX BbIYHC-
JINTE CPEJHIOO JIJINHY.

Beraucmre SHTPONNIO paBHOMEPHOT'O pacipeeeHus .

Momnery nogbpaceBator 5 pa3. Chayuaitnas Beamunna X — KoJide-
CTBO BBITTABIINX «IepOoB». Beraucure suTponuio ¢. B. X . [Ipuaymaiire
st X Tpu pasHbIX Koja. s Kayk10ro u3 HUX BBIYNUCIUTE CPETHIOI
JUTATY.

Urpasibibiit Kyouk nojdopaceiBaior H pas. Ciydaiinas seananna X —
KOJIMYECTBO BBINABIINX «IIeCTePOK». Bbrameanre surpomnuio c¢. B. X.
[puaymaiite qmss X Tpu pasubix kKoja. g KaKjaoro m3 HUX BBIYHIC-
JINTE CPEJHION JINHY.

Beraucmre SHTPOINIO OMHOMUHAJIBLHOTO PACIIpe/ie/IeHns ¢ TapaMeTpa-
MU 1L U P.

Momnery 11010pachIBalOT J0 TeX 0P, 1T0Ka He BhIIaaeT «repbdy». Ciydaii-
Has BeJInunHa X - KOJTUIECTBO MoA0pachiBaHuil. Berauc/mre SHTPOIUIO

c. B. X.

Boraucme SHTPONNIO T€OMETPUIECKOTO PACIIPEIETEHTS.

Anropntm LLleHHoHa—®3HO

12.1.

Anropurm [lernona—®3HO COCTOUT B CIEIYIOIMIEM, 3HAUEHNUS 1. C. B. pac-
10J1araloT B MOPsJIKE YOBIBAHUS UX BEPOSITHOCTEH, a 3aTeM I0CJIe/I0BaTEIHHO
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JIeIsIT Ha JiBe JacTH C IPHOJIM3UTEIbHO PABHBIMHI BEPOSITHOCTAMU, K KOJLY
nepBoit yactu godapjsior 0, a K Koy BTOpOit — 1.

Paccmorpum anropursm [Hlennona—®ano Oostee 110,1podbHO Ha ipuMepe. ITycThb
3ajial asiaBut, cocrogimuil u3 gt cuMBojioB A = {a, b, c,d, e} ¢ Beposar-

noctsavun P(a) = 0.4, P(b) = 0.2, P(c) = 0.2, P(d) = 0.1, P(e) = 0.1.
st HarasigHocTH OyjieM CTPOUTh rpad.

[Tepsorit mar. /lesimM cuMBOJIBI HA JIBE IPYIIIBI ¢ TPUMEPHO PaBHBIMEU Be-
pogTHOCTAMU: a U bede.

abede

ERNE

Bropoit mar. /lesimm MHOXKecTBO bed Ha JiBe TPYIIILI ¢ TPUMEPHO PABHBIMU
BeposiTHOCTMU. [lTosryuaem rpad:

Tperuit m derBepTHI Maru. leanM Kakoe n3 MHOXKeCTB ae 1 bd Ha jBe
I'PYIIIBLI C IPUMEPHO PaBHBIMU BeposTHoCcTAMU. [loydaaem rpad:

85



Ciyckasich OT Hava/bHOI BepIINHBI rpada 10 KOHEUHOI BEPUINHBI, MOJIY-
JaeM KoJI CUMBOJIa. B HaleM npuMepe 3T1o:

a — 00,
b — 100,
c— 11,
d— 101,
e —01.

Ham ko1 nmostyamics mpeuKCHBIM.
[TojicumTaem cpeJIHIOIO JJTUHY TTOJIYUYUBIIETOCS KOJIa!

L(C)=04-240.2-340.2-240.1-34+0.1-2 = 2.3 6ur/cumBoJ.

Boraucmm SHTPONNIO CIydaifHol BeTMINHbI X :

X | a b & d e
p|04102/02/01/(0.1

H(X) = —(0.41og 0.4+0.21og 0.240.2log 0.2+0.11og 0.14-0.1 log 0.1) = 2.1.

CpeiHsist JIIMHA KOJa OYeHb OJIM3Ka K TeOPETHIECKOMY Ipejiey!

SamMeruM, 4TO ObLIM pa3Hble BapuaHThI MocTpoeHusi rpada. Hampumep,
Ha [IePBOM IIIare Mbl MOIJIK ObI ¢c(hOPMUPOBATH JBE IPYIIIILI O-IPYIroMy: ad
u bee. Cpeiasist J/IMHa KOJIa IIPU 9TOM ocTaJjiach Obl Oe3 u3menennii. I1pera-
raeM duTaTesto yOeInThCsd B 9TOM IIPU PEIIeHNH yIIPasKHEeHNI.
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12.1.1.

Paccmorpum ctpoky aaabbede. Koj, coorBeTcTBYIOMMIT 9TOI CTPOKE, —
0000001001001110101. Tak xkak Hail Koj HpedUKCHBIH, TO JIEKOJIMPOBAHIE
OCYIIECTBJISETCS eCTeCTBEeHHBIM oOpa3oM. [lepsrwiit cumBos koja 0. [ToaTomy
nepBasi OykBa min a, i €. CMOTpuM Ha BTOPOii cuMBOJI. 9T0 — 0. IToaTomy
nepBas OykBa - a. Jlajiee aHaJIOrTIHO.

[l1s1 onpejiesieHHOCTH OyJieM CUUTaTh, YTO OyKBBI Hallero ajdaBuTa 3a-
JlaHbl B 8-O0uTHOI KojupoBKe. IlosTomy Hala crpoka aaabbcde 3annmaer
B namatn 8 X 8 = 64 our. Ham xom — 19 6utr. Kosdbdumuent cxarums

k=5 =3,3T.

12.2. VYnpa>kHeHusi

1. Nmeercs andasur A = {a,b,c,d,e}, P(a) = 0.2, P(b) = 0.1, P(c) =
0.3, P(d) = 0.1, P(e) = 0.3. CocraButs xox ®sno-lennona. [Tomy-
YUTh KOJ, Jiisi cTpoku «abedeabedeabedeabedes. Borauncanre cpejiHion
JUIAHY ¥ CTEleHb CXKATHUsI.

2. Nwmeercst andasur A = {a,b,c,d, e}, P(a) =0.1, P(b) = 0.1, P(c) =
0.1, P(d) = 0.1, P(e) = 0.6. Cocrasurs koj ®suo-Ilennomna. Ilo-
JIVIUTB KOJI JIist cTpoku abcdeabedeabedeabede. Beraucaure cpeiHior0
JUTNHY U CTENeHb CXKATHA.

3. Nmeerca andasur A = {a,b,c,d, e}, P(a) = 0.2, P(b) = 0.2, P(c) =
0.2, P(d) = 0.2, P(e) = 0.2. CocraButp oy ®3sno-Ilennona. [To-
JIYIUTb KOJI Jiist cTpoku abcedeabedeabedeabede. Bouraucnre cpeiHO0
JUTHHY U CTEleHb CoKATHS.

4. Nmeercst andasur A = {a,b,c,d, e, f, g}, P(a) = 0.01, P(b) = 0.01,
P(c) =0.01, P(d) = 0.01, P(e) = 0.01, P(f) = 0.05, P(g) = 0.9. [To-
JIYIUTHL KO jiyid crpokn abede f gabede f gabede f gabede f g. CocraButh
koj; ®sno-Illennona. Beraucinre cpeiHION JJIUHY U CTEICHDb CKATHUSI.

5. Andasur coctont u3 ABYX OYKB, a U b, BCTPEUAIONINXCSA C BEPOSITHO-
cramu P(a) = 0,8 u P(b) = 0, 2. IIpumennre mero @sno-IIsmnomna x
KOJINPOBAHNIO BCEBO3MOKHBIX JIBYXOYKBEHHBIX I TPEXOYKBEHHBIX KOM-
OmHaInii.

6. Cocrapbre KOjJ Pano-Illennona st crpoku abcdeabede. Borauciure
CPEIHIOI JIJINHY U CTeIeHb CyKATHSI.
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7. Cocrasbre Koj PsHo-IIlennona st cTpoku aaaaabbbcc. Borauciaunre
CPEJIHIO0 JIINHY U CTeIeHb CyKATHA.

8. Cocrapbre ko1 OPano—Illennona juist crpokn aaaaaaaabbbbeed. Buraunc-
JINTE CPEJIHIOI JJINHY U CTEIeHb CXKATHSI.

9. Cocrasbre Ko Pano-Illennona jist ctpoku aaaaaaaaaaaaabed. Boi-
YUCJINTE CPEJHION JIJIMHY U CTelleHb CKATUS.

10. ITpuaymaiite dppazy, noayqanrte s Hee Koy Psno-Illennona u nepe-
naiite coceny Juid Jekoauposanns. CpaBHUTE Pe3yabTaT JeKOINPOBa-
HUSI C OPUTUHAJIOM.

13. Anroputm XadpdpmaHa

13.1.

Komuposanne Xaddmana sBasgeTcs MTPOCTHIM aJrOPUTMOM IS TOCTPOe-
HUS KOJIOB MEePEeMEHHON JITMHBI, UMEIONIX MUHUMAJIbHYIO CPEIHIO JTUHY.
DTOT BechbMa TOIYJISIPHBII aJIFOPUTM CJIY?KUT OCHOBO MHOI'MX KOMIIbIOTEP-
HBIX [IPOTPaMM CXKATUs TEKCTOBOI 1 rpaduyeckoit madopmarun. Hekoropbie
13 HUX UCIOJIB3YIOT HEIOCPEJICTBEHHO aJjiropuTM XaddmaHna, a jpyrue Oe-
PYT €ro B Ka4ecTBe OJIHOI W3 CTyIeHeil MHOIOYPOBHEBOT'O MTPOIECCa CXKATUA.
Meton Xaddmana mpousBojuT njeaibHOe cKaThe (TO eCTh CXKUMAeT JIaH-
Hble JI0 UX SHTPOINH), €CJIH BEPOSITHOCTH CHMBOJIOB TOYHO PABHBI OTPHIIA-
TEJbHBIM CTENeHAM 9nucia 2. AJITOPUTM HAYUHAET CTPOUTH KOJOBOE JIEPEBO
CHU3Y BBEpX, 3aT€M CKOJIL3UT BHHU3 I10 JEPEBY, UTOOBI MOCTPOUTH KaXKIbIi
VH/IMBUJIYAJIBHBII KO/l CIIPaBa HAJIEBO (OT CaMOro MJIJIINIEro OuTa K CaMoMy
crapriemy).

AJropuT™M HaYMHAETCsT COCTaBJIEHHEM CIIHCKa CHMBOJIOB ajidaBuTa B IO-
psajike yOBbIBaHUsI X BEPOSITHOCTEH. 3aTeM OT KOPHsSI CTPOUTCSI JIEPEBO, JIN-
CTbIMH KOTOPOT'O CJIYy?KAT 3TU CUMBOJIBI. DTO JEJAeTCs 10 IIaraM, IpudeMm
Ha KayKJIOM Iare BLIOMPAIOTCS JBa CUMBOJIA ¢ HAUMEHBITNME BEPOSTHOCTSI-
MU, J00ABIAIOTCS HaBepX YaCTUYHOTO JepeBa, YIAJIIIOTCS U3 CIIICKa U 3aMe-
HSTOTCS BCIIOMOTATE/ILHBIM CIMBOJIOM, TTPEJICTAB/ISIIONIM STH JIBA CUMBOJIA.
BeromoraTe ilbHOMY CUMBOJIY TTPUIIUCHIBAETCS BEPOSATHOCTL, paBHas CyMMe
BEPOSITHOCTEN, BHIOPAHHBIX Ha 9TOM Illare CHMBOJIOB. Korja crmcok cokpa-
IAeTCs JI0 OJTHOTO BCIIOMOTaTE/IbHOTO CUMBOJIA, TPEJICTAB/IAIONIEN0 BECh aJl-
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daBuT, JiepeBo 00bABIIAETCS TTOCTPOCHHBIM. 3aBEPIIACTCSA aJTOPUTM CIIYCKOM
110 JIEPEBY U MOCTPOEHUEM KOJIOB BCEX CHMBOJIOB.

13.1.1.

[TpowmtocTpupyem padbory anropurMma Ha mpumepe 12.1. Mrak, nmeercs
asdapurt, cocrosmuit u3 nstu cumBoioB A = {a, b, ¢, d, e} ¢ BeposiTHOCTSIMI

P(a) = 0.4, P(b) = 0.2, P(c) = 0.2, P(d) = 0.1, P(e) = 0.1. Bygewm crpontn

rpad 1o maram.

[IepBsrrit mar.

0.2 0.1 0.1

® ® ©

Bropoit mar.

0.2

0.4 0.2 0.2 0{1

® @)

=
—_
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90

Tpernit mar.

OO

YeTpepThlil mar.

0.6




[TaTeiil mar.
1

0/4 0}2 012

& ® ©

a
Ham
a- 0,
b - 10,

c - 110,

d - 1110,

e- 1111.

Cpejisis aiuHa paBHa

KO/I;:

L(C)=0,4-1+02-2402-3+0.1-44+0.1-4 = 2.2 6ur/cumpour.

Yy1e syumie, vem ajqroputm [Isnnona-®sno n eme 6/mke K TeopeTmde-
ckomy tipegiety H(X) = 2.1. Takyke Kax u B npeablyiinem naparpade, y Hac
eCTh HEKOTOPLIH IIPOU3BOJI B OCTpoeHnn rpada.

13.1.2.

Paccmorpum crpoky aaabbede. Kopa, coorBercTBylommit 3Toit cTpoke, —
000101011011101111. /IekoaupoBaHue OCyHIECTBIISIETCS] €CTECTBEHHBIM 0Opa-
30M.

Harra crpoka aaabbede 3anumaer B namsit 8 X 8 = 64 our. Hamr xox —
18 6ut. Kospdbunuent cxxkatus k = % = 3, 56.
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13.2. VYnpa>kHeHusi

B kaxKJIOM yHIpayKHEHHU CpPaBHUTE Pe3yJbTaT C IOJYyYeHHBIM OTBETOM
B COOTBETCTBYIOIE 3ajiadue B myHKTe 10.5.

1. Nmeerca andasur A = {a,b,c,d, e}, P(a) = 0.2, P(b) = 0.1, P(c) =
0.3, P(d) = 0.1, P(e) = 0.3. Cocrasurs koj Xadbdmana. [Toayaurs
KoJ1 11t crpoku abcdeabedeabedeabede. Bourauciaure cpejiHIO0 JJIMHY
I CTelleHb CyKATHSI.

2. Nwmeercst andasur A = {a,b,c,d, e}, P(a) = 0.1, P(b) = 0.1, P(c) =
0.1, P(d) = 0.1, P(e) = 0.6. CocraButh Koz Xaddmamna. [lomyanTs
KoJ1 Jutsd cTpoku abcdeabedeabedeabede. Burancaure cpenHion imHy
1 CTEIeHb CXKATHSI.

3. Nwmeerca andasur A = {a,b,c,d, e}, P(a) = 0.2, P(b) = 0.2, P(c) =
0.2, P(d) = 0.2, P(e) = 0.2. Cocrasurs oy Xadbdbdmana. [Toayaurs
KoJI 11 cTpoku abcdeabedeabedeabede. Buraucaure cpeHIon JUIMHY
U CTeleHb CyKATHS.

4. Umeerca andasur A = {a,b,c,d, e, f,g}, P(a) = 0.01, P(b) = 0.01,
P(c) =0.01, P(d) = 0.01, P(e) = 0.01, P(f) = 0.05, P(g) = 0.9. 1o~
JyanThb Ko ajst crpoku abede f gabede f gabede f gabede f g. CoctaButh
koj Xaddmana. Beraucanre cpeHio0 IJINHY U CTElNeHb CKATHS.

5. Andasur cocrour m3 aAByX OyKB, @ U b, BCTPEUAIONINXCS C BEPOST-
Hoctsivun P(a) = 0,8 u P(b) = 0,2. [Ipumenure meron Xaddmana
K KOJIMPOBAHIIO BCEBO3MOKHBIX JIBYXOYKBEHHBIX U TPEXOYKBEHHBIX KOM-
OMHaInii.

6. CocraBbre Koj Xaddmana i ctpokn abedeabede. Berauciaure cpeji-
HIOIO JIJINHY U CTEIIeHb CoKATHUS.

7. Cocrapbre Ko Xaddmana g cTpokn aaaaabbbee. Boraucaure cpeji-
HIOIO JIJTUHY U CTEIEHb CoKATHS.

8. Cocrapbre Ko Xaddmana g cTpoku aaaaaaaabbbbeed. Buraucanre
CPeHIO0 JIJINHY U CTeIeHb CyKATH.

9. Cocrapre K01 XaddmaHna j1jist CTPOKH aaaaaaaaaaaaabed. Beraucm-
T€ CPEJIHION JIJINHY U CTEIeHb CyKATHA.
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10. ITpuaymaiite dpasy, nosyunre jisd Hee Koj Xaddmana u mnepejaii-
Te cocejty JIs JieKoupoBanust. CpaBHUTE PE3Y/IbTAT JICKOIMPOBAHUSI
C OPUTHTHAJIOM.

14. ApudomeTnyeckoe KoaupoBaHue

14.1.

Meton Xaddmana spisgeTcs mpocTbiM 1 3(PPEKTUBHBIM, OJTHAKO OH I10-
POKJIaeT HAWJIYUIIIE KOJIbI [IePEMEHHON JIJTMHBI (KOJIbI, ¥ KOTOPBIX CPeJTHsIsT
JJINHA paBHa SHTPOINN ajihaBUTA), TOJBKO KOTJIa BEPOSITHOCTH CUMBOJIOB aJi-
aBuTa ABIAIOTCS CTENEHSIMU YuC/Ia 2, TO ecTh paBubl 1/2, 1/4, 1/8 u 1. 1.
DTO CBSI3aHO C TeM, 4TO MeTojl XaddMaHa IPHUCBAUBAET KaKJIOMY CUMBOJIY
asipaBUTa KOJI C IIeJIbIM 9icI0M 0uToB. Teopust nHMOPMAIIH IIPeIcKa3biBaeT,
YTO IIPU BEPOSITHOCTH CUMBOJIA, cKaxkeM, (.4, eMy B ujeaJe cjeiyeT IpPucBo-
UTh KOJ JUInHbI 1.32 Oura, mockoabKy —loge0.4 = 1.32. A meron Xaddmana
IIPUCBOUT 3TOMY CUMBOJIY KOJI JUIMHBI 1 mjn 2 Oura.

Apudmernieckoe KoIUPOBAHNE pPEIIaeT 3Ty MpodIeMy IIyTeM IIPUCBOCHUS
KOJIa BCeMY OOBIYMHO OOJIBITIOMY TIepejiaBaeMoMy (hailry BMECTO KOJMPOBAHMS
OTJIeJIbHBIX CUMBOJIOB. (BxogubiM daitiom MoKeT ObITh TEKCT, M300pake-
HIe WJIN JIaHHbIe JII000r0 Bhja.) AJITOpUTM duTaeT BXOJHOM daiin cumBost
3a CUMBOJIOM U JIOOABJIsIeT OUTHI K CxKaTOMy haily.

Cuaugajia TpebyeTcsi COCTaBUTh BEPOATHOCTHYIO MOJIC/b aji(paBUTa, TO €CTh
BBIYNC/IUTD UJIN OIIEHUTH BEPOATHOCTH IOsIBJIEHUs KaxKI0ro cuMBoJia. laJee,
Jist HarjsiiHocTu, pacemorpum uaTepBas [0;1). Pasmgenum sror unTepBas
Ha JaCTU IPOIOPLUUOHAJIBLHO BEPOSITHOCTSIM CUMBOJIOB aJsihaBuTa. Boionpaem
Ty 9aCTh, KOTOpas COOTBETCTBYET TeKyIeMmy cumposy. HazuHauaem BbIOpaH-
HBIIl UHTEpPBaJI HOBLIM U IIOBTOPsIEM yKa3aHHbIE JeHCTBUSI JIJIs CJIEIYIOIIEro
cumBoJia. Kojiom daitsia Oyaer cuntarbes Jodas TOUYKa MOCIeHEr0 NHTEP-
BaJa.

14.1.1.

Pacemorpum crpoky aabeb. [lycets BeposiTHOCTHAST MOJTIE/b MeeT BuT: P(a)
0.4, P(b) = 0.4, P(c) =0.2.

[lepsbiit mar. PasouBaem narepsas [0; 1) cOOTBETCTBEHHO BEPOSITHOCTHOM
mogten. TTosyaaem narepsasibi: [0;0.4) — cumson a, [0.4;0.8) — cumBoit b,
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[0.8; 1) — cumBot ¢. [lepBbiit cMBOJT CTPOKU — @, TIO9TOMY BbIOUpaeM HHTED-
Baut [0;0.4). Hamee paboraem ¢ narepsasom [0;0.4).

Bropoit mar. Pasousaem unrepsai [0;0.4) cooTBETCTBEHHO BEPOSITHOCTHOM
mogesn. [lomywgaem narepsassr: [0;0.16] — cumsos a, [0.16;0.32] — cumBout b,
[0.32;0.4) — cumBost ¢. Yuraem cjieyronmii CHMBOJI B CTpOKe — a. Beibupaem
coorsercTBytomuit nurepsai — [0;0.16).

Tperuii mar. Pasousaem unrepsas [0;0.16) coOTBETCTBEHHO BEPOSITHOCT-
woit mogsiesin. [losyaaem uarepsasnr: [0;0.064] — cumBost a, [0.064;0.128] —
cumBost b, [0.128;0.16) — cumBost ¢. Yuraem cjieIytoniuii CMMBOJI B CTPOKE —
b. Beibupaem coorsercraytonuii narepsat — [0.064;0.128).

Yerseproiii mar. PasouBaem unrepsast [0.064;0.128) cooTBeTCTBEHHO Be-
posttHOCTHON MOozenn. [lomydaem unrepsassi: [0.064; 0.0896] — cumBos a,
[0.0896; 0.1152] — cumBout b, [0.1152;0.128) — cumBout ¢. Ynraem cireryioniuit
CHMBOJI B CTPOKe — ¢. Boibupaem coorsercrryiomnuii narepsast — [0.1152;0.128).

[Tareiit mar. Pasbusaem unrepsas [0.1152;0.128) coorBeTcTBEHHO BEPO-
sgrHocTHON Mogesn. [lomydyaem wnrepBasbi: [0.1152;0.12032] — cumBson a,
[0.12032;0.12544] — cumBoa b, [0.12544;0.128) — cumBos ¢. Yuraem ciie-
JIYIONINIT CUMBOJT B CTpoKe — b. BpiOmpaeM coOTBETCTBYIONIUIT MHTEpPBaT —
[0.12032; 0.12544). Jliobas ToUKa M3 9TOr0 MHTEpBaJa OyIeT KOJOM HArleil
CTpoKM. EcTecTBeHHO BHIOpATH YUC/IO ¢ HAUMEHBIINM KOJTUIECTBOM 3HAKOB.
Boibepem uncyo 0.121. Acno, 910 KOJIOM MOXKHO cunTaTh ducjao 121.

Mrak, ncxomanast crpoka 3annmasia b X 8 = 40 out. Yucmo 121 = 1111001,
4

— 7 out. Koacdbbunmenrt cxxkarus k = 70 =5.7.

Yupaxkuenmue. [Iyctb andaBut conep:KuT CUMBOJIBI @1, A3, . . . , Gy C BEPO-
STHOCTSIMU D1, P2, - - - , P COOTBeTCTBeHHO. [lan unTepsas [x;y). Boimummre
dOpMYJIBI JIJIT HOBOI'O MHTEPBaJIa, KOTOPbIl COOTBETCTBYET CUMBOJIY @;.

Bameuanue. OrnncaHHbIil IPOIECC KOIUPOBAHUST HEBO3ZMOYKHO Peasin3o-
BaTh Ha IPaAKTHUKE, TaK KAK MbI OIIEPUPYEM € OYeHb OOJIBITUMU JefiCTBUTE b
HBIMH YHCJIAMU, YTO TPeOyeT OIPOMHBIX BBLIUHCINTEIbHBIX pecypcos. JIoboe
[IpaKTUIecKoe IpuMeHeHne apudMeTHIecKoro KoJupoBaHUs J0JIXKHO OCHO-
BBIBATHCS Ha OINEPUPOBAHUU C TEJIBIMU YHUCJIaMU, KOTOPbIE HE MOTIYT OBIThH
CJIMIIIKOM JIJIMHHBIMU. B 1polecce KoIupoBaHusl IPAHUIBI TEKYIIEIO0 MHTEP-
BaJila CXOAsTCs Bce OJyimzKe npyr K Japyry. [losToMmy HeKoTOpoe KOJIM4YecTBO
IIEPBBIX 3HAKOB I10CJIE 3alsITON He Oy/IyT MEHSThCS Jajiee. DT 3HAKU MOYKHO
3allOMHITH (3a1caTh B (bail) n He UCIOIB30BATh B JAJLHEHIINX BbIUUCTIe-
HUSIX.

[Iporecc jeKoMMPOBaHMS 110 CYTH IIOBTOPSIET IPOIEAYPY KOIMPOBAHMUS:

Ha KazKJIOM IIal'€¢ MbI BbI6I/Ipa€M TOT MHTEPBaJI, KOTOPOMY IIPUHAJJICZKUT KO,
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1apaJ/ijieJibHO BOCCTAHAB/IMBAsI CUMBOJIbI. 3aMETUM, UTO JIJIsi JeKOIUPOBAHIMSI
HEOOXO0/IMMO 3HATh BEPOATHOCTHYIO MOJICJIb, a TaKzKe IIOHUMAaTh, KOIJa OCTa-
HOBUTD JIeKOAUupoBaHusd. [ljs rmocieHero MoXKHO 3allOMHUTD JJIMHY UCXO-
HOI CTPOKU MJIM MCIIOJIb30BATh CIIEIMAJIbHBIN CUMBOJI KOHIIA CTPOKH.

PaccmoTpum mporece geKoInpoBaHus Ha HalmeM rnpumepe. s pekommpo-
BaHUsI HAM HEOOXOMMO 3HATh BEPOSITHOCTHYIO MO/IE/Ib, CaM KOJI 1, HallpuMep,
JUINHY UCXOJTHOTO COODIMIEHUsT (MOXKHO HCIOJIB30BATH CICIUATBHDI CHMBOJT
okoHuaHus ctpokn). Urax, nmeem xox 0.121. D10 9ncao mpuHaJIesKUT HH-
TEpBAJIY, KOTOPBII COOTBETCTBYET CUMBOJIY @ (CM. MEPBBIil ITar MPUMepPa Bbl-
me).

14.2. ApanTtuBHoe apudpmeTnyeckoe KogmnpoBaHumne

B ciydae Korja BeposATHOCTHasS MOJIE/b HEM3BECTHA, MPHU apudMeTnde-
CKOM KOJINPOBaHUU €€ MOYKHO CTPOUTD 110 Mepe YTeHUsI NCXOIHOM cTpoku. [le-
KOJIep, COOTBETCTBEHHO, JOJIZKEH BOCCTAHABINBATL BEPOSITHOCTHYIO MOJE/h.
AJIropuT™M KOJAMPOBaHUSI COCTOUT U3 JBYX dYacTeil: BEPOSITHOCTHOM MOJIeJIH
1 apudMeTHIeCKOro Kojiepa. BeposgTHOoCTHas MOJEIb YUTAET CJIe Ly IOl
CHMBOJI U3 BXOJIHOIO (aiijia 1 BbI3BIBAET KOJEP, COODIas eMy CUMBOJI U JIBE
TeKYIIe HAKOIJICHHBbIE YaCTOTBI. 3aTeM MOJIEIb yBEIUINBACT Ha €JIUHUILY
CIETINK CHMBOJIOB W M3MEHSIeT HAKOILIEHHbIE YACTOTHI. [JIaBHBIM 3/1eCh SIB-
JISIETCST TO, UTO BEPOSITHOCTU CHMBOJIOB OIPEJIEISIIOTCS MOJIEIBIO 110 CTapbIM
3HAYEHUSAM CUETINKOB, KOTOPDIE YBEJIMINBAIOTCA TOJBKO MOC/Ie KOJIUPOBAHNS
JIAHHOI'O CHMBOJIA. DTO MO3BOJISIET JIEKOJIEPY JleJIaTh 3epKaJIbHbIE JIeiCTBUSI.
Kojsiep 3HaeT CUMBOJI, KOTOPBIN €My TPEJICTOUT 3aKOIUPOBATH, a JIEKOJEeP
JIOJIZKEH €ro Paclo3HaTh 10 C2KATOMY KOJIY, TIO9TOMY JIEKOJIep 3HAET TOJIHLKO
cTapble 3HAYEHUs CUETUYNKOB, HO MOXKET YBEJININBATDL U U3MEHATH UX 3HaYe-
HUS TOYHO TaK »Ke, KaK 1 KOJIEP.

Paccmorpum ipumep. 3akogupyeM cTpoKy aabcb. Bynem cunrarh, 910 HAM
m3Becren ajndasur A = {a,b, c}. VI3HagaibHO KazKJ0My CHMBOJY ahaBuTa
npucsanBaeMm dactory 1. Torjma BeposgTHOCTHasi MOJe/Ib OyJieT MMETb BUJI:
P(a) =3, P(b) =13, P(c) = 3.

[Tepebiii mar. Yuraem cumpost — a. CoorsercrBytomuii uarepsan — [0; %)
YBesmunBaeM Ha €IMHUILY YacTOTy CUMBOJIA a. MeHseM BepOATHOCTHYIO MO-

gens: Pa) =2, P(b) =1, P(c) = 1.
Bropoit mar. Yuraem cieyronuit cumpost — a. Uurepsan — [0; %) YBesu-

qrBaeM 9aCTOTy CHUMBOJIa a4 Ha €IMHUILY. BepOHTHOCTHaH MOIeJIb UMeeT BU:

P(a) =2, P(b)=1%, P(c) = 1.
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Tpernit mar. Yuraem cumsos — b. nrepsas — [%; 3%). YBemanBaeM da-
croty cumBona b Ha eaunniy. Bepositnocrnas mogens: P(a) = 2, P(b) = 2,
_1
P(C) =& ) o
Yerweprorit mar. Yutaem cumBost — c. MaTepsast — [Fgo; T50) YBeIMUIBaeM

JacCTOTy CHUMBOJIa € Ha €IUWHUILY. BepOHTHOCTHaH MO/J€JIb IIPpUHUMaeT BUJ:

P(a) =2, P(b) =2, P(c) = 27.
[Tarerit mar. Yuraem cumsos — b, Unrepsar — [0 198 "B kagecrse koma

1260 1260
Halleil CTpOKU MOYKHO B34Th uucjo 0.132.

14.3. Vnpa>kHeHus

1. CocraBbre KOJI JiIsi cTpoKU ababc ¢ momomibio apudMeTHIecKoro Ko-
JIpoBaHusi. Beraucnre cpe O JIJIMHY 1 CTelleHb CXKaTUs.

2. CocraBbre Koj, jist ¢cTpoku abedeabede ¢ momombio apudMeTnIecKoro
KOJIMpOBaHusl. BeraucnuTe cpeHIOn JIJIMHY U CTElIeHb CyKATHUSI.

3. CocraBbTe KOJI JJIsI CTPOKH aaaaabbbce ¢ TOMOIIBIO apudMETHIeCKOro
KOJUPOBaHUs. BbIuncanTe cpeHIon JJIMHY U CTEIeHb CyKATHA.

4. CocraBbTe KOJI JIJId CTPOKU aaaaaaaabbbbced ¢ moMoribio apudMeTn-
YeCKOr0 KOJIMPOBaHUsl. Bbrauc/inre ¢peiHIO0 JJIMHY 1 CTEICHb CXKATUS .

5. CocraBbTe KO/ JIjIs CTPOKH aaaaaaaaaaaaabed ¢ ToMoIbio apudmeTn-
YeCKOI'o KOJUPOBaHUsl. BRIYUCINTE CPEIHIONI JIJINHY U CTEIIEHb CoKATHUSI.

6. IIpuaymaiire ppazy, nmojaydaure Jijisi Hee KOJI C MIOMOIIBIO apudMeTnie-
CKOI'0 KOJIMPOBaHUs U nepeaiiTe cocety st aekoaupoBanust. CpaBHuU-
Te Pe3yIbTAT JIEKOJUPOBAHNS C OPUTTHAJIOM.

15. CnoBapHble anropnTMbl CXKaTus
nHdpopmaumnu

MeTopl, ocHoBaHHbIE Ha CJOBAPHOM IOIXOJIE, He PACCMATPUBAIOT CTATH-
CTUYEeCKHNe MOJIE/IM; OHU TakKyKe He HUCHOJb3YIOT KOJbl IepeMeHHON JIJIMHBI.
BwmecTo sTOr0 OHEM BBIOMpAIOT HEKOTOPBIE II0CJIEI0BATEILHOCTH CHMBOJIOB,
COXPAHSIIOT UX B CJOBape, a Bce IOCJIeJ0BATEIbHOCTU KOJUPYIOTCSA B BHUJIE
METOK, KOTOPhIE CChLIAITCsI Ha cyioBapb. CiioBapb MOKET ObITh CTATUIECKUM
WJIN MHAMITIECKIM (&1anTUBHBIM ). [1epBblil sIBISI€TCST TIOCTOSTHHBIM; HHOT I
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B HEro JI00ABJISIIOT HOBBIE [TOCJIe/I0BATEIbHOCTH, HO HUKOT/IA He YIAJIAI0T. u-
HaMMWYeCKUil cJIoBapb COJEPKUT I10CJeI0BATE/IbHOCTH, paHee MOCTYINUBIINE
13 BXOJHOTO hafisia, mpu 3TOM paspertaeTcs u Jo0aBienne, n yjaajaeHue J1aH-
HBIX M3 CJI0OBaps 110 Mepe dTeHusi BxojHoro gaitia. ITpocreitimum npumepom
CTATUYECKOI'O CJIOBApsl MOYKET CJIYyKUThb CJIOBAphb AHTJIMICKOIO s3blKa, HC-
OJIB3YEeMbIil JIJIst C2KaTusl aHINACKUX TeKcToB. [IpescraBpre cede ciioBaphb,
B KOTOPOM COJIEPKUTCS MOJIMUJIINOHA CJIOB (6€3 UX ONUCAHUST WJIH MEPeBO-
na). CioBo (moc/ie1oBaTeIbHOCTh CHMBOJIOB, 3aKAHIUBAIONIASCS TPOOETOM
WJIN 3HAKOM TMPENMHAHNS) IUTaeTCsl U3 BXOJIHOTO (haila 1 MUIIETCsS B CJI0-
Bape. Ecyim ono mHalijieno B cjioBape, ero MHJEKC, NI CJIoBapHasd MeTKa, 3a-
IIICBIBAETCS B BBIXOJHOIN baitl. B mpoTuBHOM ciydae 3alllChIBACTCA CaMO
9TO CJIOBO Oe3 cxKaTusd. B pe3ynbrare BBIXOIHON (paiiyi COCTOUT U3 WHJIEKCOB
1 PsIJIOB CJIOB, 1IO3TOMY HEOOXOIMMO YMETb JeJIaTh Pa3/ndre MKy HUMI.
[lajiee MBI pacCMOTPHUM JIBa KJIACCMYECKUX CJIOBAPHBIX aJITOPUTMa CXKATHSI

JnaHHbIX - LZ77 n LZ78.

15.1. LZ77

OcHoBHag 1jiest 3TOrO0 METOJIa COCTOUT B MCIIOJIb30BAHUN PaHee MPOIUTaH-
HOIl 9acTu BXOJHOTO haiiyia B KadecTBe cjoBapsd. Kojgep co3maeT oKHO s
BXOJ{HOTO haiijia U JBUraeT ero clpaBa HaJEeBO B BHJE CTPOKU CHMBOJIOB,
Tpedyomux cxkatue. Takmm 06pa3oM, METOJI OCHOBAH Ha CKOJIL3AIIEM OKHE.
OxkHo pa3buBaeTcst Ha jJBe 9acTi. JacTh cjieBa Ha3biBaeTCs OydepoM MOMCKa.
Omna OyJieT c/Iy’KUTh TeKYIIIM CJIOBapeM, U B Hell BCerjia cojiep:KaTcst CUMBO-
JIbI, KOTOpbIE HEJIABHO MOCTYITJIN U OBLIN 3aK0AupoBaHbl. [IpaBas vacTh oKHa
HA3bIBACTCA YIIPEXKIAIONIIM OydepoM, cojlepKallliM TEKCT, KOTOPbIi Oyj1er
ceifqac 3akonupoBan. Ha mpakTuke Oydep moncka COCTOUT M3 HECKOJIBKIX
ThICAY OailT, a JIMHA yIIperKIarolnero oydepa paBHa HECKOJIHKUM JIECITKAM
CUMBOJIOB. PacemoTpum paboTy ajaroputva Ha TpUMeEpe.

15.1.1.

Hana crpoka abracadabraabracadabra. Koaep unTaer JeBBIII CHMBOJI
B yHpexjaolinem Oydepe u uier coBnajeHus B Oydepe Mmoucka, mpocMaT-
puBas ero crpasa HaJjeso. /lasee Kogep onpejesseT, CKOJILKO COBITaIAIOIITX
CHUMBOJIOB CJIeJlyeT 3a HaliJIeHHbIM coBlajieHrneM. [loToM Komep mpojioJKa-
eT MCcKaTh COoBIajeHus B Oydepe nouncka. B pesyiabrare BhIOMpaeTcs camast
JUIMHHAsI CTPOKa COBIaJieHnsd. [Ipu paBeHCTBe JIJIMH BhIOUpaeTCs caMasi yia-
JeHHas (HAXOSAsICsT TpaBee). B BBIXOAHOI (aill BMecTo HallIeHHO CTPOKIH
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3allMChbIBAeTCd METKa, COCTOsIas U3 TpeX IoJIeli: cMellleHune, JUIMHA, CJIeLy0-
Uit cuMBOJI B yIpexKgatorieMm 0ydepe. Eciin coBajiennii HeT, TO JBUTAETCS
oKHO. 151 HarIssAHOCTH IIpeJcTaBuM paboTy Kojepa B Bujie TabJIHUIIbI, B KO-
TOPOIT KazKJiash CTPOKa COOTBETCTBYET OJIHOMY IIary.

Bydep noncka | Yupexaaromuii 6ydep | Metka
1 abracadabraabracadabra (0,0,a)
2 a bracadabraabracadabra (0,0,b)
3 ab racadabraabracadabra (0,0,7)
4 abr acadabraabracadabra (3,1,¢)
5 abrac adabraabracadabra (5,1,d)
6 abracad abraabracadabr (7.4,a)
7| abracadabraa bracadabr (11,9,e0f)

Nrak, wam kox umeet sujt: (0,0,a)(0,0,0)(0,0,r)(3,1,¢)(5,1,d)(7,4,a)(11,9,eof).
OnenuMm crernenb cxkarwsgd. MoxkeM cunTaThb, 9TO KarKjgas MeTKa 3aHUMAeT
4+ 448 = 16 our. B pesynprare mosydaem 112 owut. Vcxommas cTpo-
Ka 3aHuMasia 176 6ur. Koadduiumenr cxkarus k = % = 1.57. CmereHune
1 JIJIUHY MOYKHO 3aKOJIMPOBaTh C ITOMOIIBIO KOJIa ITepEMEHHO JIIMHBI, TOTJIa
CTENEHb CXKATUS YBEJIMIUTCA. FICHO, UTO C/IOBAPHBIE aJITOPUTMBI He paboTa-
10T 3PPHEKTUBHO Ha CTPOKaxX MaJioil JIUHBL. JleKoaupoBaHue MpoOn3BOIUTCA

eCTEeCTBEHHBIM 00Pa30M.

15.1.2.

[lepes Tem, Kak 00Cy»)kJIaTh aJaropuT™ LZ78, ocTaHOBUMCs Ha HEJ0CTaTKaX
Metojia LZ77 u ero BapuanToB. BbII0 y2Ke OTMEUeHO, 9TO 3TOT aJrOPUTM OC-
HOBBIBAETCSI Ha TTPEJIITOIOYKEHIH, UTO TIOX0XKIE 00PA3Ihl CZKUMAEMBIX JAHHBIX
HAX0JIATCA OJIM3KO JIpYT OT Jipyra. Ecim comepxkumoe aitia He yJI0BJIETBO-
psAeT 9TOMY YCJOBHIO, TO OH OYJ/IeT CKUMATHCS TLIOXO.

pyroit HeJOCTATOK METO/1a — 9TO OIPAHMYEHHBIE pa3MEPhI YITPEXK TatoIe-
ro oydepa. Pazmep coBnajiatonieit cTpokn JUMUTHPOBaH JnHOM L ynipesk ia-
torrero oydepa, KOTopyro IPUXOINTCS AepKaTh HEOOIbIION, TaK KaK IIPOIECC
CpaBHEHUsI CTPOK OCHOBAH Ha CPABHEHWH MHINBUIYATHLHBIX CUMBOJIOB. Ecm
VJBOUTH L, TO cTeleHb cxKaThsi MOTJIa ObI BO3PACTH, HO OJJHOBPEMEHHO C 3THM
IIPOM30iiIeT 3aMejljIeHIe IIpoliecca IoucKa copnajenuii. Pasmep S Oydepa
MIOVCKa TOXKe OorpaHuveH. bobIinoit 6ydep moncka Mor ObI TOXKe YIydIIUTh
KOMITPECCHIO, HO OISITh BO3PACTET CJIOYKHOCTH IMONCKa. ¥ Besmdenne 0ydepos
TaKyKe O3HA4YaeT YIJIMHEHIe METOK, 9TO yXY/IIIaeT CxKaTHe.
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15.2. LZ78

Meton LZ78 He ucnonibayer Oydep Mouck, yipexKaommnii Oydep u cKOJIb-
3sii1iee OKHO. BMeCTO 9TOro mmeercs: cjioBapb BCTPETHUBIIMXCS paHee CTPOK.
B mauase sror cioBappb mycT (WM MOYTH IMYCT), W Pa3Mep ITOrO CJIOBAPs
OrpaHIYeH TOJBLKO 00beMOM J0ocTyIHOM namsaTu. Ha BbIXoj Kojepa IoCTy-
naeT TOCIeI0BATEILHOCTL METOK, COCTOSAIINX U3 JABYX moJjeil. [lepBoe moJe
— 9TO yKazarejib Ha CTPOKY B CJIOBape, a BTOpoe — KoJ cuMBoja. MeTka
He COJIEPXKUT JITMHBI CTPOKH, TTOCKOJIBKY CTPOKa OepeTcs m3 cyioBaps. Kak-
Jlasi MeTKa, COOTBETCTBYET IOCJIE0BATEIbHOCTH BO BXOJIHOM daiiie, U 3Ta
I0CJIEJIOBATE/ILHOCTD JI0OAB/ISIETCS B CJIOBaph IIOCJE TOIO, KaK MeTKa 3alll-
caHa B BBIXOJHOI cxKaTblii daity. Hudero us cjoapsi He ymajisieTcsi, 9ToO
SIBJISIETCST OJIHOBPEMEHHO U mpenmyIinecTBoM Haj LZ77 (mockosbKy Oyayrine
CTPOKU MOTYT COBITQJIATH JlAZKe C OU€HDb JIABHUMU IOC/IE0BATEILHOCTSIMI)
1 HEJJOCTATKOM (TaK Kak OBICTPO pacTeT 0ObeM CIoBaps).

C/ioBapb HAUMHAET CTPOUTLCA U3 IIYCTO CTPOKK B IO3UIMK HyJIb. [To Mepe
[OCTYILJIEHUS U KOJUPOBAHUS CHMBOJIOB HOBBIE CTPOKHU JIOOABJISIIOTCS B O3~
mun 1, 2 u . g Korna coegyiomuii cuMBoJI & uuTaercs u3 BXoaHoro daiia,
B CJIOBapE UINETCsl CTPOKA, U3 OJHOT0 CUMBOJIa X. Ec/u Takoii cTpoku HeT, TO T
700aBJIsieTcs B CJI0OBaph, a Ha BbIXoJ nojjaercst Metka (0,x). Ecin Bxoxkienne
CHMBOJIA & OOHAPYZKEHO (CKazKeM, B MO3UIUEN 37), TO YUTAETCS CJIEIYTOIInit
CUMBOJI Y U B CJIOBAPE NIIETCA BXOXKICHUE JABYXCUMBOJILHOI cTpoKK xy. Eem
TaKoe He HallJIeHO, TO B CJIOBAPh 3allUChIBAETCA CTPOKA T, & Ha BLIXOJ, 110/~
ercs metka (37,y). Takast MeTKa 03HAYAET CTPOKY XY, TAK KaK TO3UINI0 37
B cJI0Bape 3aHUMaeT cUuMBOJI x. IIpolece mpojioszKaerTcs 10 KOHIa BXOIHOIO
daiina.

B obiem ciiydae TeKyIuil CuMBOJI YATACTCA M CTAHOBUTCA OJHOOYKBEHHOIM
CTPOKOIi. 3aTeM KoJep IbITaeTcss HaiiTu ee B cioBape. Ecim cTpoka HaiijieHa,
YUTACTCS CJICJIYIONUI CUMBOJI U IIPUCOEJINHAETCS K TEeKyIIeil crpoke, obpa-
3ys IBYXOYKBEHHYIO CTPOKY, KOTOPYIO KOJEP OISTH IBITACTCS HAHTH B CJIO-
Bape. Jlo Tex 1mop nmoka Takme CTPOKH HAXOJAATCS B CJIOBApe, MPOUCXOIUT UTe-
HII€ HOBBIX CHMBOJIOB U UX IIPUCOEIUNHEHNE K TEeKYIIeil crpoke. B HeKoTOpbIit
MOMEHT TaKOil CTPOKH B CJIoBape He OKasbiBaeTcs. Torja Kojep jobasiisier
ee B CJIOBapb U CTPOUT METKY, B IIEPBOM I10JIe KOTOPOIl CTOUT yKa3aTe b Ha
[IOCJIEIHIOI0 HAJICHHYIO B CJIOBape CTPOKY, & BO BTOPOM I10JI€ 3alluicaH II0-
CJIeIHIIT CUMBOJI CTPOKHU. PaccMorpuMm mnpumep.
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15.2.1.

Hana crpoka abracadabraabracadabra. IIponnmocTpupyem padoTy aJiro-
PUTMa, C TIOMOIIBIO TAOJIUIIHL.

Ywuraemsblit cumBoJs | Metka | CiioBapb

1 a (0,a) l-a
b (0,b) l-a

2-b

3 T (0,7) l-a
2-b

3-r

4 a (1,c) l-a
2-0b

3-r

4 - ac

5 a (1,d) l-a
2-0b

3-r

4 - ac

5-ad

6 a (1,b) l-a
2-b

3-r

4 - ac

5-ad

6 - ab

7 T (3,a) l-a
2-D

3-r

4 - ac

5-ad

6 - ab

7-ra
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YuraeMbIii CHMBOJI

Metka

a

(6,7)

(4,a)

10

(0,d)

11
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Moy xon (0,a)(0,0)(0,7)(1,¢)(1,d)(1,0)(3,a)(6,)(4,a)(0,d)(8,a). Kax-
ntag MeTka 3annMaeT 3+8 = 11 our. Hamr kox — 11 x 11 = 121 6ut. Ucexonnas

_ 176 _
crpoka — 176 6ut. Kosdduuent cxatust k = 57 = 1.45.

15.3. VYnpa>kHeHus

1. C nomornpto anropurmo LZ77 u LZT8 3akonupyiite dppazy «nrep-
BbIOEP MHTEPBEHTA NHTEPBHIONPOBAJ». BBIYUC/IITE CTEeHb CyKATHA.

2. C nomoripio anmropurmoB LZT7T u LZT8 3akoaupyiite dppasy «2KyTko
JKYKY KHITh Ha CYKy» BblumcanTe cTenenb CKaTHs.

3. C nomornipio ajsroput™moB LZT7T u LZT8 3akonupyiite dpazy «Pouia
CBUHDbS O€JI0PBLIa, TYTOPDLIA; OJIBOPa PHLIOM U3PbLIA, BHIPLLIA, MO/I-
pbLIay. Bprauciure cTenenb CxKaTus.

4. C nomorpio anroputmo LZTT u LZ78 3akoaupyiite dppazy «Cko-
POrOBOPYH CKOPOT'OBOPUJI CKOPOBBITOBAPHUBAJI, UTO BCEX CKOPOIOBOPOK
He [IePeCKOPOrOBOPHUIIL HE ITepecKOPOBhIroBapuBaeib, Ho, 3ackoporo-
BOPUBIIIICH, BLICKOPOIOBOPII, YTO BCe CKOPOI'OBOPKH II€PECKOPOIOBO-
PUIIIb, JIa He IIePEeCKOPOBLINOBAPUBACIby. BhIYUCINTE CTEeIIeHb CXKATHA.

5. C nowmorpio anropurmoB LZ77 nu LZ78 3akoaupyiite ppasy «2Kyrko
JKYKY KUTH Ha CYKY». BbIUuUC/INTE CTeleHb CXKaThs.

6. C nomornpto asroputmoB LZTT nu LZT8 3akonupyiite dppazy «2Kyx-
JKUT KYKeIHTa, KYAKKHAT, Ja He KPYKUTCS». Bblaumcanre cTenenb
CoKaTHSI.

7. C nomompio ajsroputmoB LZT7 u LZT8 3akonupyiite dppazy «Exas
['peka uepes peky, Buaut I'peka — B peke pak. Cynyn I'peka pyky
B PEKY, pak 3a pyKy I'peky — mam!s> Borancianre crenesb coKaTus.

8. C nomornpio ajsroputmoB LZTT n LZ78 zakonupyiite dpazy «Typ-
Ka KypuT TpyOKy, Kypka KJIIoeT Kpynky. He Kypu, Typka, TpyOKy;
He KJIIOM, KypKa, KPYIKYy» Bbrauc/inre creneHb cxKaTusl.

9. C nowmoripo ajaroput™moB LZT7T7 u LZ78 3akomupyiite dppazy «z2Kuiu-
ObLIN Tpu KuTala: Ak, Ax-nienpax, fAk-nenpak-neapak-meaponn. 2Kmimm-
obL Tpu KuTaliky: [eima, Hpina-apeina, Lbima- pbiina- 1pbIMIAMIIOHH.
Bce onn nepexxkenmmck: Sk na [pirme, Ax-nenpak na Lpime-apoire,
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Ax-neapax-neapak-meaponn Ha Ilpie-apeime-gpeivaammonu. My aux
pomuiuch getn. ¥ fxa ¢ Hemoit — [lax, y Axa-neapakxa c¢ Ipimoii-
npeimoit — [lax-mapax, y Axa-1miejipaka-neapaka-meJponn ¢ Lprmoii-
JIpeImoit-ipeiMrammionn — [llax-mapax-mapax-mmponns. BerancinTe
CTelleHb CYKATUSI.

10. IIpunmymaiite dppasy, moaydure g Hee KOJ C IOMOIILIO aJrOPUTMOB
LZ7T n LZT8 u nepenaiite coceny st jaexoiaupoBanusi. CpaBHHUTE
pe3yJIbTaT JIeKOAUPOBAHUS C OPUTHHAJIOM.

16. lNlpeobpasoBaHune bappoy3a—Ywunnepa
n RLE

[IpeobpazoBanne Bappoysa — Yujiepa IpuMeHsIeTCsl B aJITOPUTMAaX CKaTHsA
KaueCTBeHHBbIX JaHHbIX. Kak u MHOrme japyrue IpuUMeHseMble B aJlrOpUT-
Max cxKaTusl IIpeodbpasoBaHus, peodbpaszoBaHne bappoysa — Yuepa mpej-
HA3HAYEHO JIJIsi TOro, 9TOOBI ¢je/aTh C2KaTue JIaHHbIX BXOJHOIO OJi0Ka DoJiee
s dexkTuBHbIM. [TocpeacTBOM 1epecTaHOBKM 3JIEMEHTOB JIaHHOE IIPeodpaso-
BaHUe IIPeBpallaeT BXOJHON OJIOK JAHHBIX CO CJIOYKHBIMHI 3aBUCUMOCTSIMIE
B 0JIOK, CTPYKTYPY KOTOPOI'O MOJIEJNPOBATh I'Opa3jio Jerde, mpuieM 0To0-
pakeHue IIpoucxoauT 0e3 moTepb HHMOPMAIIIN.

DTOT MeTO/I IOsIBIJICS CPABHUTE/ILHO HelaBHO. BiiepBbie OH ObLI OIy0JIn-
koBaH 10 mast 1994 1. ABropamu metona siBisiorcst JIssua Yuaep n Maiik
Bappoys. [Ipudem nepBbiil n3 HUX HpuAyMaJ 3TOT MeToj emie B 1983 r., Ko-
ria pabdoran B kommanun AT&T Bell Laboratories. Ho, Bumgumo, 6o Torma
He IIPUIAJ 3HAUYEHNUS CBOEMY OTKPBLITUIO, JINOO MOCUUTAJ UPE3MEPHBIMUI TPe-
O0BaHUsI K BBIUUC/IUTEIbHBIM PECYPCaM.

[To nmenn aBTOpOB aJiropuT™M OBLIT HazBaH IIpeobpaszoBaHueM Bappoyza —
Yunepa
(Burrows - Wheeler Transform, nasee — BWT). Meroj 6611 00bsiBIeH KOM-
IIPOMUCCHBIM MEYK/Iy OBICTPBIME CJIOBAPHBIMU aJIrOPUTMAaMI, C OJIHOM CTOPO-
HbI, 1 CTATUCTUICCKUMHU aJITOPUTMaMU, JAIOIIMU OoJiee CHJIbHOE cxKaTue, HO,
MaJIOIPIMEHUMBIMEI B TO BpeMsI Ha IIpaKTHKe, ¢ JIPyroit cropoHbl. Biraromapst
TaKUM CBOICTBaM OIIMChIBAEMOE IIPeoOPa30BaHUe CTAJIO JIOBOJIBHO IOILYJIsip-
HBIM 1 CPeJu pa3spabOTINKOB apXUBATOPOB, U CPEIU HAYUHBIX PAOOTHHKOB.
Vake ony0JIMKOBaHO 0OJiee COTHM cTaTeil Ha Pa3HbIX SI3bIKAX, MMOCBSIEHHbBIX
9TOMY METOJY, U HAIIMCAHO CTOJILKO K€ IIPOIPaMM, €ro peasn3yoIiX.
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16.0.1.

Hana crpoka abrakadabra. CoctaBuM MaTpUILy MUKINIECKIX MIEPECTAHO-
BOK HaIlleil CTPOKMU.
(abrakadabra
brakadabraa
rakadabraab
akadabraabr
kadabraabra
adabraabrak
dabraabraka
abraabrakad
braabrakada
raabrakadab

\aabrakadabr )
OtcopTupyeMm Bce CTPOKH B JIEKCUKOTPA(UIECKOM HTOPSIKE.

( 1 aabrakadabr\
2 abraabrakad
3 abracadabra
4  adabraabrak

5 akadabraabr
6 braabrakada
7  brakadabraa
8 dabraabraka
9  kadabraabra

10 raabrakadab
\11 mkadabraab)

BarmoMHIM B 9TOI MATPUIle MO3UIMI0 UCXOAHOM cTpoKu (mosurust — 3).

BrimucbiBaeM CUMBOJIBI TIOCIeHero ctobdna rdakraaaabb. Pe3yibraT nipe-
obpaszoBanust bappoysa—Yuinepa BWT (abrakadabra) = (rdakraaaabb,3).
[Tostyuennyto mocJie10BaTeIbHOCTD OYJIeM CXKIMATh C ITOMOIIBIO aJIrOPUTMAa
RLE(Run Length Encoding). CyTb airoputma mpocra: moc/ieloBaTeIbHOCTH
OJINHAKOBBIX CIMBOJIOB 3aMEHSIIOTCS Ha, METKY, COCTOSIIIYIO I3 CAMOI'O CHUMBO-
JIa U JIJTAHBI [10CJIe/I0BATEIbHOCTU OJMHAKOBBIX MOJIPSI UJLYIIUX CHUMBOJIOB.

st mameit crpoku rdakraaaabb, 3 xon Oyner Takum: rldlalklrla4b2, 3.
[Tosryuennblit Koj1 OyieT 3aHIMATE 7 X 8 OUT HA CUMBOJIBI, 7 X 2 Ha, JJTNHBI, 8
OUT Ha pas3ze/uTe/b U 2 Ha MO3UINI0 UCXOAHOM cTpoKu B MaTpuie. [lomyda-
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em 70 6ut. Ucxonnas crpoka abracadabra 3anumaer 176 6ut. Koaddunment
cKatusd k = % = 2.5. Cxkarue npom3o0ILI0 38 CYeT TOro, 4TO Y IIPEeod-
Pa30BAHHOI TOC/IC0BATE/ILHOCTH OBLIN PsIJIbI TTOAPSL UIYIITIX OJIMHAKOBBIX
CIMBOJIOB.

Ocrayioch 006CyIUTH BOIPOC BOCCTAHOBJIEHUsT UCXOHONW CTPOKH IO PE3YJIb-
taty BWT', To ecTh IOHSTH, Kak JieiicTByeT oOpaTHoe npeobpaszoBanne BWT.
Kak un npexje, paccmorpuM npumep. IlycTts m3BecTen pesyibrar mpeodpa-
sosanust BWT (abrakadabra) = (rdakraaaabb, 3). Bynem BoccranaBimsarh
nucxo/iHyto Marpuity. IlepBblit cTOIONK BOCCTaAHABIMBACTCS IIPOCTO, TAK Kak
CTPOKM MaTPUIILI OBLTN JIEKCUKOTPaWIECKN YIIOPSI0UEHBI, TO €CTh TePBBIil
CTOJIONK 3TO yHOPsAJIOUEHHDIN JIEKCUKOTPaUIECKN TTOCIEHNN, U3BECTHBII
HAM.

1 a...r
(2 a...d\
4 a...k
5 a...r
6 b...a
7 b...a
8 d...a
9 k...a
10 r...b
\11 r...b)

CTpoKn MaTpUIlbl OBLIH Oy YeHbI B Pe3y/IbTaTe IMUKJIMIECKOr0 CABUTa 1C-
XOJTHOM CTPOKHM, TO €CTh, CUMBOJIBI TTOCJIE/THETO U TIEPBOIO CTOJIOIOB 00pa3yioT
JIpYT ¢ JpyroM mapbl. M HaM HIYTO He MOXKET IMOMeIaTh OTCOPTUPOBATD ITH
Hapbl, MOCKOJLKY 00s3aTe/IbHO CYIIEeCTBYIOT TaKNe CTPOKU B MATPHUIle, KOTO-
pble HAUNHAIOTCS ¢ 9TUX ap. TakuMm oOpa3oM, MOJIydrM BTOPOil cToJOell.

1 aa...
2 ab...
4 ad...
5 ak...
6 obr...
7
8
9

=
——

S
ﬁ
>~ >~9o o © 9 % o

SN—

105



OTcopTupoBaHHbBIE TTAPHI BMECTE C CUMBOJIAMHU TIOCJICTHETO CTOJIOIA COCTaB-
JIAIOT TPOMKM.

10
\11 rak . ..

aab . ..
abr . ..
abr..
ada . . .
aka . ..
bra. ..
bra...
dab . ..
kad . ..

raa. .

/

© 00~ DU gy N

S o2 2 2 8 % x5

N—

AHAJIOrTIHO BOCCTAHABINBAECTCS BCsI MATPUIIA M, COOTBETCTBEHHO, MCXO/I-
Hasl CTPOKA.

16.1. VYnpa>kHeHus

1.
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[IpeobpazyiiTe crpoky ababab ¢ momoripio BW'T u nogyuante Koj
¢ omornipio RLE. Beranciure kosdpdunment cxxatns.

[IpeobpazyiiTe cTpoky ababababab ¢ nomombio BWT u 3akogupyiiTe
¢ nomoIpio ajaropurma Xaddmana. Beraucinre ko3 UIMEeHT cxKa-
THS.

[Ipeobpasyiite crpoky abcabcabe ¢ omornbio BWT n noayunte Ko,
C TIOMOIIBIO apuMeTUIeCKOro KoJaupoBaHusd. Boraucinre kosdduim-
€HT CXKATHSI.

[IpeobpagzyiiTe cTpoky abcdaaaaaa ¢ momomnibio BWT n moaydnTe KoJ
¢ nomoribio RLE. Beranciure kosdpdunmenT cxxatns.

[IpeobpazyiiTe cTpoky aaaaabbbbb ¢ momoribio BW'T u nostyunTte KoJ
¢ nomoribio RLE. Berancimure kosdpdunmenT cxxatns.



17. TlpunnoxeHuns

17.1. JlabopaTopHble paboThbl
Koduposarue Xappmaria

1. Hammcarb nporpamMmy, KOoTopasl Ha BXOJe II0JIydaeT TeKCTOBBIN aii
U C2KIMaeT ero ¢ IIOMOIIbI0 Koo XaddmaHa.

2. BprumcsmrThb cTenenb CxKaTus.

3. Hamucarnb pekojep juid kojupoBanns Xaddmana.
Kodvw @ano—Illenrona

1. Hanwucars nporpammy, KoTopas Ha BXOJE IOJydaeT TEKCTOBbLI (aiil
1 CxKUMaeT ero ¢ nomoiibio kKoo Mano—Illennona.

2. BplunmcimnTb crenenb CrKaTud.

3. Hammcarb nexonep jura Koauposanusg Psno-Illernona.
Apupmemuueckoe Koduposanue

1. Hammcarp mporpaMmy, KOoTopasi Ha BXOJIe IOJIydaeT TeKCTOBBIN aii
U C2KUMAeT ero ¢ IIOMOIIbI0 apudMeTHIeCKOIro KOIMPOBAHUSI.

2. BorunmcsmrThb crenennb CrKaTHsl.

3. Hamnucarnb gexojep i apudMeTnaecKoro KOAupoOBaHMSI.
Aneopumm RLE u npeobpaszosarue Bappoysa—Vunaepa

1. Hamumcarb nporpaMmy, KOTopasi Ha BX0JIe MOJIydaeT TEKCTOBBIH haiill,
mpeobpa3yeT €ero ¢ IMOMOIIBIO IpeodpaszoBanmsa bappoysa—Yuiepa
U CXKUMAeT ¢ MoMOoTbIo ajropurma RLE.

2. BoraucymTe cremnens CxKaTHsl.

3. Hammcarb nexkonep st RLE.
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Caosaprwiii memod cotcamus LZT7T

Hamnucarb mporpaMmy, KoTopasi Ha BXOJe I0JIydaeT TeKCTOBbIN daii
1 C:KUMAaeT ero ¢ nomolbio LZ77.

Boraucauth crenennb cxkaTusd.

Hamucars nexonep miass LZ77.
Caosaprwiii memod colcamus LZTS

Hamnucarb nmporpaMmy, KoTopasi Ha BXOJe II0JIydaeT TeKCTOBbIN daii
I CKIMAaeT ero ¢ HoMoIbio LZ78.

BoranennTsb cremenn cokaTusl.

Hanucars gexkonep mist LZ7S.
Koo Xommunea

Hanucarb nporpammy, KoTtopas ImdpyeT JBOMYHOE COODIIEHUE C I10-
MOIIBIO KOjIa XOMMUHTA, Jlajiee CJydaiiHo JiejaeTcst ommndKa B KO/IE,
a IporpaMMa UCIPaBJIsieT 3Ty OIIHOKY.

Haxoorcdenue npumMumueHoeo SNEMEHMA 6 KOHEYHOM NOAE

Hanucarh mporpaMmy, KOTOpasi BBIBOJNT CIINCOK IIPUMUTHUBHBIX 3JIe-
MEHTOB KOHEUHOTO 101 (p =2, p =3, n =3, n =4).

Jlunetinon xod (5,2)

Hamnucars nporpammy, KoTopasi peajnsyer JuHeitubii koj tuma (5,2).
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