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BBEAEHUE

Xopoilo H3BeCTHO, YTO J0GOH mpollece nepefaun Hupopma-
IIMY B peaJbHOM KaHajle CBsI3M CONpPOBOXKIAETCs IIOMEXaMH.
By 3THX momex MoxeT GbITh CaMbIM Pa3HOOOPAasHBEIM: OT 3aMe-
Hbl OJHOM HJIM Ipynnsl 6yKB coobmeHuss ApyruMH OykBaMH
IO CTHpaHHUS WIM MCKaXKeHHs CHMBOJOB. Kak GopoThes ¢ 3TH-
MH [IOMe€XaMM? YBeNMYHBaThb HAJleXHOCTb KaHaja CBA3H TeX-
Huyeckumu cpeactsamu? Ho uacto 310 GHIBa€T OYEHBb J0pOrO,
H, KpOMe TOTO, €CTb HEKOTOpHIH INpeJes HaJleXKHOCTH, KOTOPHIM
oGnanaer Jw06oe TexHHYecKoe ycTpoiicTBo. Bropoit crnoco6
6opbOBI C NOMEXaMH COCTOMT B PasyMHOH OpraHM3auyu Iepe-
Jayd caMuMX cooOmeHufi. JIpyruMu cjJoBaMM, 3TOT CNoOcob co-
CTOMT B CIENHaJbHOM BHIOOpE CHCTEMBI KOAMPOBAHHS nepena-
BaeMbIX CoOGLIeHHH. DTa CHCTeMa KOAHPOBaHHA JOJXKHA 06-
JIajiaTh TEM CBOHCTBOM, YTO JlaxKe NpH HAJHUYHH MCKaXKEHUH Mbl
pMesin OBl BO3MOXKHOCTbH NPaBUJIbHO BOCCTAHOBHTH HCXOAHYIO
HHGOPMALHIO.

Okasasoch, 4TO 33/laya NOMEXOYCTOHYMBOrO KOAHPOBAHHS
JIOTyCKaeT TOYHYIO MaTeMaTHYecKylo (OpMYyJHPOBKY B TEPMH-
Hax JMCKPETHOH TeOMeTpHH, IJie OCHOBHEHIM OOBEKTOM HCCle-
JOBaHHA BHICTYIA€T MHOMKECTBO BEPLIMH EIHHHYHOTO n-Mep-
HOro Kyb6a.

Kak ycranaB/uBaeTcsi 3Ta CBfA3b, KAK DeEIAIOTCA 3ajauu
TEOPHH KOAMPOBaHHS, KaKMe B HeHl eCTb HepelleHHble 3ajauy,
060 BceM 3TOM pacckasbiBaercss B Gpomrope. Ilpu stoM ymop
Jenaercs Ha KOMOWHATOpHOE COJAEpXKaHHE Pe3yJLTaTOB U Me-
TOJIOB, KOTOPHIMH OHH monyuaiorcsi. MHtepmperaumuu u Tex-
HHYECKO# peasiu3anuy pe3y/bTaTOB MecTa IOYTH He yHesiercs,
TAK KaK HMMeeTcs JOCTaTOYHOE YHCJIO XOPOIUO M JAOCTYITHO Ha-
MHCAHHBIX KHHUT, B KOTOPBIX MOXKHO Ha#iTH Kak OYeHb COZepKa-
TeJibHbIe [pPHMEphl NpUMeHeHHs HJedl TeopuH HHGOpMAIMH,
TaK ¥ TEXHHUECKHe peaju3aliy CHCTeM KoaupoBanus. He-
KOTOpHE W3 TaKHX KHHI yKasaHbl B pasjene «/Iutepatypar.
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§ 1. KOOAMPOBAHUE U NEKOAUPOBAHME

1. Memoder nosewuenud Hadexcrocmu neprdauw.  Wrpoko
H3BECTHbIMH MeTOJaMH GOpLObl C OMEXAaMH HBJNIOTCS C/IeLYI0-
mpe:

1) nepenaya B KOHTEKCTE;

2) ny6aupoBaHue COOOLIEHHH;

3) nepejaua ¢ nepecrnpocoMm.

Pas6epem nonpoOHell KaxKIplil U3 3THX CNOCOGOB.

1. Ilepenaua B KoHTekcTe. C 3THM XOpOWIO H3BECTHBHIM
1 OOLIENPUHATHIM COCOGOM CTaJKHBaJCA KaxKIbld, KTO, MbI-
Tasch nepefaTh Mo TeaedoHy € NJIOXOH CJBIIHMOCTBIO YblO-
aubo damuanio, HasbiBal BMeCTO OYyKB, €€ COCTaBJSIOUIMX,
Kakue-HHOYyJb HMeHa, INepBble OYKBHl KOTOPBHIX COCTaBJISIOT
JaHHylo ¢amn/idio. B nanHoM caydae mpaBHJIbHOMY BOCCTa-
HOBJICHHIO HCKa)KeHHOTO COOOLIEHHsI IIOMOTaeT 3HaHHe ero
CMBICJIOBOTO  COJlepH<aHus.

2. JlybivpoBanve coobuieHufi. DT0T cnocob Toxke HIMPOKO
npUMeHsieTcsl B XKUTEHCKOH NpakTHKe, Korja AJs TOro, 4ToObl
ObITh MPaBHJIbHO MOHSTHIM, HYJKHOE COOOIIEHHE NOBTOPSIOT
HECKOJIbKO pas.

3. Tlepepaua c mepecripocoM. B cayuae, xorma nosyua-
Te/lb MMeEeT CBsI3b C HCTOYHHKOM COOOLIEHHH, /1A HaleKHOH
pacluHdpoBKH COOOMIEHHUH [OAL3YIOTCH  1ICPECITPOCOM, T. €.
NpocAT NOBTOPHTL BCe Nepejantoe cOOoOILEHHe MM YacTb ero.

O6muM BO Bcex 3THX crocofax MoBLilueus HaJeXHOCTH
SIBJISIETCSl BBeJleHHe M30LITOYHOCTH, T. €. yBesliyeHHe TeM HJIH
HHBIM . CIIOCOOOM  06beMa 11epelaBaeMoro COOOUIeHHs /1S BO3-
MOXKHOCTH CTO IPABHJLIOIN paciiipoBKH NPH HAIWYHK HCKa-
JKEHHH.

Cnepyer OTMETHTb, 4YTO BBejcHHe H3OLITOUHOCTH YMEHb-
ILIaeT CKOPOCTh Nepejiaui Hiopmallii, TakK Kak JHIb TOJIbKO
4acThb IlepeaBaeMoro CooGIICHHS T1PE/IC TAB/ISAET HHTepec s
nosyyaresasi, a Ha0LITOYHAasl €ro JIoJsl nBejena Juisi npenoxpa-
HEHHUsI OT 1uyMa M le Hecer B ceGe 110J1€3H0i HHpOPMaIHH.

EcrectBento BbiGMpaTh TakHe (OPMbI BBeleHMs H3OBITOY-
HOCTH, KOTOpLIC NO3BOJISIIOT IPH MINHMAILHOM yBelTnYeHHH
o6bema coofuienusi oGecliedBaTh MAKCHMaJbHYIO TIOMEXO-
yCTOHYHUBCCTL. DTOH 3ajauelt N 3alliMaeTcst TEOPHS KOAMpOBa-
Hus. JLns toro, uroGnl cpenarth 5Ty 3ajauy COBepILEeHHO KOHK-
peTHOl, HeoGXO0/lMO (GHKCHpPOBaTh Crocol mepeaayn HHEPOP-
MalMH OT HCTOYHHKA (CyXOBHe CHrHamel, asbyka Mopae,
3pUTesblible 06pashl M T. [.) H BBICIHTH NOMEXH, LEACTBYyiO-
ipe BO BpeMsl TepelayH.
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Mbl paccMOTpUM caMmbll IPOCTOH H ONHOBPEMEHHO OY€Hb
BaXKHbIl KaHag — Tak Has3blBaeMbllt  JBOMUHBLIA-CHMMETPHY-
Hblit KaHasa (0. ¢. K.) — W Ha IpHMepe 3TOro KaHaja pasbepem
HEKOTOphIe OCHOBHbIE MOHSATHS H Pe3yJ/bTaThl COBPEMEHHON Ma-
TEMaTHYecKol TeopHH KOJAUPOBaHHUS.

11. Hdsouunsiti kanaa. Vtak, npeinonoxkumM, 4TO MHOMKECTBO
nepeiaBaemMblX COOOIIEHHH TNpPEJCTaBJEHO B BHJE JBOHYHBIX
NOCIeA0BaTebHOCTEH OJJMHAKOBOH AJHHBI, COCTOAILNX H3 CHM-
BosioB 0,1. HerpysHo NOHATb, YTO [BOUYHBIMH  IOCJENOBa-
TeJbHOCTSMU JOCTATOUHO GOJBLIOH JJIMHBI MOXeT ObITb 3aKO-
JUPOBAHO Jo6oe CcoollIeHHe: CJI0BO, MNpPEeNIOKEHHe, KHHra
u T. 1. KommpoBaHue B JBOHYHOM a/aBHTe yAOOHO B TEXHH-
4YeCKOM OTHOILEHHI, TaK KaK Takoe COOGLIEHHe JIETKO INepeja-
BaTh MO 3JIEKTPUUECKOH JIMHHUM CBSI3H, COIOCTABHMB 3J€MeHTap-
HBIM CHTHAJaM — HYJIIO W €IHHHIIE — 3JIeKTPHYECKHE HM-
MyJbCHl PA3IHYHON AInTe bHOCTH. LIIMPOKO M3BECTHBIM MpakK-
THYECKHM MpPHUMEPOM TAKOTO KOJMPOBAHHs SBJSETCH KOJ
Mopse.

[peanonoxumM Temepb, YTO NMpPH Mepejaye 3JeMEHTapHBIX
CHTHAJIOB MOT'YT MPOHCXOJUTb JBa BHJA OIUMOOK: HYJb Ile-
PEXOIUT B €HHUILY WJIH €JIMHKILA NepeXoanuT B Hyab. [Ipu atom
BEPOSITHOCTh TepeX0]a €IMHULE B HyJb PaBHA BEePOATHOCTH
nepexona HyJsi B eMHHIY M paBHa p. BepositHocTb ke Ges-
olIMGOYHO Tepefayy CHMBOJA paBHa ¢=Il—p.

Jlanee mpeanoNOXKUM, YTO AJsi nepejaud mo 0. c. K. HC-
noJib3yloresl nociefopatenpHocTd 3 0,1 aiuHbl 7, T. €. 3Jie-
MeHTapHOoe cooluieHue npejcrapser cobofi na6op us 0,1 aau-
Bl 7. Kaxknoe nojiMHOXKeCTBO MHOXKECTBA BCeX NOC/e0Batelb-
HOCTell JUIMHBI 7 HasbiBaeTcss OJIOKOBBIM KOJOM, @ CaMH 3TH
110C/1€I0BaTENBHOCTH — KOJIOBBIMH CJIOBAMH.

Cnncok BO3MOXKHBIX JIJIsi Nepelaudl KOJOBBIX CJIOB, T. €.
caM Ko, M3BeCTeH M Ha MpPHEMHOM KOHie Kanana. Ilpu nomy-
YeHHH Ha 3TOM KOHIIE HEKOTOPOTO CJIOBa (IBOMYHOHN nocJsejo-
BATEJbHOCTH) MOJYYATeJqi0 HYXKHO NPHHAThL DellleHHe OTHOCH-
TeJIbHO MEPEJIAHHOTO CJIoBa. DTC PellieHHe JOKHO ObiTh TAKUM,
4TO6bl O6ECneYnTh MAaKCHMAaJbHYI0 NPaBHJIBHOCTD HJIM Halex-
HOCTb npuema. MamepeHue 3T0ii HaJEXXHOCTH MOXKET ObITh Bbl-
MOJIHEHO He €JIUHCTBEHHBIN Cnoco6oM, M HMEIOTCSl pasIHuHble
KPUTEPHH HAJeXKHOCTH, TNPHMEHAIONHECH B TeX WJH HHBIX
NPAKTUYECKHX 3ajayax.

Jlna Gosnee yeTKOTo HpeAcTaBJjeHHsi 00 HMeouielicsd CHTya-
MK PACCMOTPHM CJIEYIOLIHH MpuMep, 3aUMCTBOBAHHBIH HaMH
u3 kHuru Y. Iutepcona «Koapl, ucnpapisiomue OmMOKH».



[Tycth y Hac umelorcs AUl MEpefudil HeThipe COOOIEHH:
a, b, ¢, a. Ilpeamonoxum, 9to 3T coobuieHisi OyLyT nepena-
BaTbCsl B BHJE JBOHYHBIX IOCHAeNOBaTeNbHOCTEN! JUIIHBLL NATD.
Takum o6pasom, nepBasi 3ajada COCTOMT B COHOCTABJIEHHH
KaXKJIOMy COOOIIEHUIO HEKOTOPOro JBOMYHOrO Habopa JUIHMHBL
nsaTh. JTa NepBas 3ajaya HaspiBaercd npobsemoil KojupoBa-
Hus. IIpeanonoxumM, YTo Mbl pellHJIH ee CIeAyoluM o6pasom:

a= 11000
b=00110
c¢=10011
o =01101

Bropasi 3ajaua cocTouT B caeflyroueM. Ilpeanosnoxunm, 4ro
Ha IIpHEMHOM KOHIIe MBI NOJIYYHJIH HEKOTOPYIO NOC/IE0BATENb-
HOCTb (001050650 40 5), KOTOpAs BCJIEACTBHE NPOUCIIEAIINX OLIN-
60K He COBNAJAeT HH C OJHOH M3 KOJIOBBIX MOCJEA0BaTEbHO-
creit. Kak HaM peinnTb, KaKoe U3 coobuieHuH a, b, ¢ i o GbLIo
nepefano? drta Bropas 3ajaua HasbiBaeTcsi NPOGIEMOH JeKOoH-
poBaHus.

Cam npoliecc NPUHATUS PELIeHUs Ha NPHEMHOM KOHIe O0blY-
HO OMHCHIBAeTCs C MOMOIILI0 TaGJHLELl JeKOANpoBaHuA. 3ra
Ta6JauIa TOKashiBaeT, KakKoe Mbl NMPUHHUMAEM pelleHHe s
KaxJoil U3 BO3MOXKHBIX II0CJEOBaTeJbHOCTEH [JIHHBI NATD,
KOTOpHIE MOT'YT MOSIBUTBCA Ha NMpHeMHoM Konue, ITpumep Takoi
TaGnunbl M300paXkeH HHUXKe.

11000 00110 10011 01101
11001 00111 10010 01100
11010 00100 10001 01111
11100 00010 10111 01001
10000 01110 11011 00101
01000 10110 00011 11101
11110 00000 01011 10101
01010 10100 11111 00001

Taxkum o6pa3om, eciud Mbl Ha BBIXOJE MNOJYUYHJH MOCJENO-

pareabHocTh o.=10001, Haxojsiyiocs B TpeTbeM CTOJOLE
Tab/IUILI IEKOAHPOBAHHS, TO MBI CUHTaeM, YTO OHLIO TEpeNaHo
coobuienne ¢=10011. AHajOTHYHO NpPHHUMAeETCs pelleHHe
mas Jo6ol 3 2°=32 mocsefoBaTenbHOCTEH, KOTOpBlE MOTYT
MOABUTBCA Ha BbIXOJe MpHemHOro ycrpoiicrtBa. Ciepyer or-
MeTHTb, YTO pacCMOTpeHHas HaMu TabJHla He sBaseTcs
€MHCTBEHHO BO3MOXHOH TabiuleH AeKOAHMpOBaHHS, a Mpel-
CTaBJIfieT NPOCTO OJHY H3 BO3MOXHBIX peaju3aluil TaKHX
ta6nui. B uacTHOCTH, mepeMeHa MecTaMH JIoObIX ABYX IOCJe-
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JloBaTebHOCTE!, He JieXdlluX B CaMOH BepXHel CTPouKe, onsiTh
JaeT HaM HEKOTOPYI0 HOBYIO Ta6Giumy AeKOAHpOBaHUS. Ama-
JIOTHYHO OGCTOWT 71eI0 U C KojupoBaHHeM. BriGop Hamu n1s
coobwenut a, b, ¢, U o HamMCAaHHBIX BhbIlle KOJOBHIX CJIOB
TaKXe He sBJsieTcs Hen36e:KHbIM, a NPeAcTaBJseT JUIIb Of’H
u3 C4, =35960 BosMOXKHBIX BapuaHtoB. Yem ke no

CYLIeCTBY OTJHYAIOTCH pasjHyHble crocobbl Beifopa Koja
M KaK HYXKHO IIPH 3aJaHHOM KOJ€ CTPOUTb TaGaHIly AEKOIHPO-
BaHMS? DT0 U eCTb OCHOBHBIE BONPOCH!, KOTOPLIMH 3aHHMAeTCst
TEOpHs KOJAMPOBAHHUS.

O6patumcst onATb K Tabluie AEKONMPOBaHUA. 3aMeTHMm,
4TO 3Ta TaGJHIlA MO3BOJSET (HCIHPABHTLY JIOGYIO ONMHOYHYIO
omubKy B Ka)JOM H3 KOJOBBIX CJOB. JlefiCTBHTeJbHO, BO3b-
MEM KOJI0BOE CJIoBO coofmienus a, T. e. Ha6op 11000. Ecau B
HEM H3MEHHTb OJMH W3 MATH CUMBOJIOB Ha JPYroi, TO NoJyyaTt-
cA caenywonye naTb HaGopoB.

11001
11010
11100
10000
01000

Bce sti nmATh HaGOpOB pPACHOJOXKEHB B HepBOM CToJibLe
Tab/Iulbl TEKOJUPOBaHUs. A 3TO 0O3HauaeT, YTO NPH NOJYYeHHH
Ha MPHUEMHOM KOHIle JII0GOTo U3 3THX HaGOPOB Mbl CYHTAEM, YTO
GbUIO TepenaHo coobuieHHe a, B JaHHOM C/Iyyae 3TO COOTBETCT-
ByeT HCTHHe. AHAJIOTHYHO OOCTOHT JIeJI0 H C OCTAJIbHBIMH Tpe-
Msl COOGIIEHUSIMH, B YeM MOXKHO YGeIHTBCS TOYHO TaKUM 2Ke
o6pasom. OnHAaKo Bce JBOMHbIE OMMOGKH 3TOT KOJ HCIPaBHTh
yKe He MoxeT. JleHCTBHTeNLHO, €CJH IPH Nepenaye coobuie-
HHS @ TPOU3OIIIM OLIHGKH B MEPBHIX JBYX paspsifiax KoJOBOro
CJIOBa, TO Ha BEIXOJle Mbl TIOJNYYHM HyJ1eBo# Ha6op (0, 0, 0,0, 0).
Aror Ha6op HAXOIMTCS BO BTOPOM CTOJIOLE TaOOHIBl INEKOIHU-
pOBaHHsl, U TI03TOMY Mbl BBIHYX/IEHbI IPHHATbL OLIHGOYHOE pe-
eHHe o mnepenaue coobLieHus b.

B TO Xe Bpemsi HEKOTOpble KOMOMHALUK JABOHHBIX OIIMGOK
Jekomupytotcsi npaBuabHO. Ecnu, Hanmpumep, nepefaBasioch
cnaoBo 11000 1 B TpeTbeM H YETBEPTOM CHMBOJIE 5TOTO CJIOBA
MPOU30IITH OMMOKH, TO HA MPHEMHOM KOHIIE MBI IIOJTYYHM CJIOBO
11110, xoTOpoe HAXORUTCH B NEPBOM CTOJIOLE TabAHIb! 1eKOIH-
poBaHMA U, 3HauHT, GyleT BOCCTaHOBJEHO Kak cjoBo 11000,
T. €. [PaBHJIBHO.

Crenyer OTMETHTB, YTO B NPHHIINIE HEBO3MOXKHO NIOCTPOUTD
TaKylo TaOJuIy JEKOAMpOBaHuS, KoTopasi JAaBaja Obl BO3-
MOXKHOCTb NPaBUJILHO BOCCTAHOBUTD KOJIOBOE CJIOBO NPH /060N

7



KOMOGHHALHH oniH6oK. JIeHCTBUTENBHO, €Cit 1O/l BO3ACHCTBHEM
noMex KOJOBOE CJIOBO COOOLIEHHS a MEPeulIo B KOAOBOC CI0BO
coolennst b, TO Ha NMPHEMHOM KOHIE MBI €CTECTBEHHO MPUMEM
peileHue o nepenade cj1oBa b, T. e. nonyctum ouubKy. Takum
06pa3oM, HeaJbHOTO pelileHHs 3aJauyd He CYLIeCTBYeT BOBCe,
U Mbl JIOJIZKHBl CTPEMHTbCSI BBIODATb KOJA M TaGMUIly JEKOIU-
poBaHUS TaKUM 00pas3oM, YTOObl HCIPABJIATbH «MAKCHMAJLIOE
YHCO» OMIMGOK, T. €. CleJaTh BEPOSATHOCTb OLUMOKH JEKOH-
pOBaHHA KAaK MOXKHO Gojiee MeHbLIeH.

[11. Teomempuueckas modeas. I GoJiee TOUHOMR U HALIAN-
HOI MOCTaHOBKU 3TOH 3ajaud Mbl BOCHOJIb3yeMCsl H3BECTHOH
reOMeTpPUYECKOH MOJE/bI0 eIUHHYHOTO n-MEPHOro Kyba.

OcHOBHOH 00DBEKT — 3TO MHOXKECTBO [BOHYHBIX [10CJE10-
BaTe/IbHOCTEH JUIMHBI 71, WHTEPIPETHPYEMOE KaK MHOXKECTBO
BepIUMH eIHHUYHOTO n-MepHoro kyba E”.

MnuoxxecTBO BeplinH Kyba E” — 3TO MHOMKECTBO BC€X BO3-
MOXHBIX cooOmennii. HerpynHo Bumetb, yro Ky6 E" umeer
poBHO 2" BepinH. JI1060H KOHKDPETHBIH KOJX — 3TO HEKOTOPOEe
NOJIMHOKECTBO BepmuH E". BepumnHel 3toro ky6a Mbl Gyjaem

0603HauaTh TaK: o=(a;Q%, ... &,), TAE @; PaBHO HYJIO HJH
equnune. Bepumubl kyba E” wMbl MHOrAa OyjeM HasblBaTh
Toukamu E".

Ion Bo3zieiicTBHEN NOMEX TOYKH Koja V EE" 6yayt nepe-
XOHTh B HeKOTOpbie Apyrie Touki E". UYTobbl oxapakrepu-
30BaTh MOJIOXKEHHE 3THX «OLUMOOYHBIX® TOYEK OTHOCHTEJILHO
NIepBOHAYANbHLIX, BBOLHTCS NOHSITHE PACCTOSIHIIS MEXIy Bep-
wHamMu Ky6a E™.

PaccrosinueM, 1o X3MMHHTY, MeXAy BepLUMHAMU o=
== (0,0 ... @) 1t B=(B P, ... B,,) Ha3bIBaercsa UUCIO Pa3psioB,
B KOTOpHIX 3TH BEpUIHHBI pasJjuyalorcsi. MaremaTHuecku 3710
NPHHATO 3aMHCHIBATH TaK:

P(&, B)zZlai—ﬁi

[==

Hanpumep, paccrosnue mexay sepuuHamu o=(1, 1, 0)
u §==(0,1, O) paBio eauHuue, TaK KaK 3TH BepILMHBl pa3jnya-
JOTCS JIMLIb B IIEPBOM paspsiie. $ICHO, YTO pacCTOSHHE MeX1y
JIOOBIMH JIBYMSI DA3JHYHBIMH BepluHHamH Ky6a E" He MeHblie
elHHULLl 1 He Goabuie #.

llapom S () pamuyca ¢ ¢ ueHTpom B Touke o €E" MBI
Gy/ieM Ha3biBaThb MHOXKECTBO Toyek 13 E", Haxoadluxcs oT a
Ha paccTosHuu He Gospie uem {. Tak, B cayyaea==(0, 0, 0)
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w t=1 wap Sa (1) cocrout u3 caenyroomux todek: o= (0, 0, 0),
p=(1, 0, 0), y=(0, 1, 0), 6=(0, 0, 1).

HerpyznHo BuaeTb, 4TO 3TO OonpejesieHHe SIBJISAETCS AHCKPeT-
HbIM aHAJOroM OGBIYHOrO onpenesneHuss mapa. YHcao Toyex
B KaxKJoM mmape paiuyca ¢ B E" paBHO caenyiouell cymme Ou-
HOMHHAJIBHBIX KO3(QpHIIEHTOB:

St=14C, +...+C!,
(3mech yepes S! 00603HauYEHO YHCJAO TOYEK B Liape pajamyca ¢
n3 En).
Coepoit Sgg (t) paguyca ¢ ¢ neHTpoM B Touke o € E" Haspl-
BAeTCs MHOMKECTBO ToueK 3 £, HaXoJAIHMXCs OT ¢ Ha paccTosi-
Huu ¢. Tax, B cnyqaeaz(l, 0, 0) n t=2 cdepa SO% (2) cocrout

u3 caenylomux touek: p=(1, 1, 1), y=(0, 1, 0), 6=(0, 0, I).
Yucno touek Ha cdepe paauyca ¢t B E" paBno Cf.

OkasbiBaeTcsi, YTO 3TH NpPHBLIYHBEIE T'eOMETPHUYECKHE IOHS-
THA SIBJSIIOTCSA JOBOJIBHO YJOOHBIM  SI3BIKOM [/l OMHCaHHUf

MHOTHX cpax'ros, OTHOCALIHXCA K TEOpDHH KOIAHPOBAHHI.

[lyers V= {a,a; ..., — HekoTopblit Kox. Lleneco-
00pa3HOCTb €ro MCMOJb30BaHUA /s Nepelayd MO KaHaJdy C
LIYMOM OIpejessiercss BO3MOXKHOCTBIO 3TOTO Kozja OGHapy»Xu-
BaTb H MCNPABJATb OIIMOKH.

['oBopsaT, uto Kox V ob6HapykuBaer f OIMGOK, €CJH H3Me-

HeHHe B JII0OOM KOJOBOM CJOBe @; JIIOOOTO ylcaa r << CUMBO-

JIOB NPUBOJHT K CJIOBY P;, KOTOpoe yxKe He BXOAHT B MHOXeCT-
Bo V. CMbIC/1 3TOTO omnpejeseHHs COCTOHT B TOM, YTO OHO Bbl/e-
JileT KJacc KOJOB, KOTOpble MOKHO HCIMOJb30BAaTh AJs Iepe-
Jady Mo KaHajay C IUYMOM MNpu Haaudumu o6parTHOi CBA3H.
Jpyrumu cjoBamu, HOJy4YHB CJOBO, KOTOPOE He BXOIHT B
CMTUCOK MepelaBaeMbIX COOGHIEHHH, Mbl MPOCHM  IOBTOPHTL
nepejjauy M JenaeM 5TO JO TeX NOp, 10Ka He BOCCTAHOBHM HC-
XOJlHOe COOGLIEeHHE.

HetpynHo noHsaTh, YTO KOJ, pacCMOTPEHHBIH Hamu BhIlle,
o0HapyxKuBaeT M0yl KOMOMHALNIO U3 OJHOH H [BYX OLIHOOK,
Tak KaK H3MeHeHHe Ji000ro M3 KOJOBBIX CJIOB COOOLIEHHH
a, b, c unu d B OHOM HJIM ABYX MeCTax IPHBOJMT K CJIOBY, OT-
JUYHOMY OT HCXOIHBIX.

CrioccOHOCTh Kona V' o6HapyKuBath J00YH0 KOMOHHALHIO
M3 { WM MEHbBIIEro YHUC/A OIHGOK ONpeaessieTcs CaelyIoUHM
yc/oBreM: Ko V o6Hapy:kuBaer #-01HGOK TOr/ia H TOJIbKO TOTAd,
Korjla pacctosiHHe X3MMMHTa MeXAy JIIoObIMH JBYMst TOUKaMH
u3 V He meHblue, 4eMm ¢ -+ 1. JleficTBHTe/IbHO, BO3bMEM IIpO-
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M3BOJIHYIO TOUKY a €V u paccmotpum wap Sz (/). SlcHo,
YTO 1MOJ BO3JEHCTBUEM JI060T0 4YHC]a 7 <{-OluMOOK TOUK4 o He
BbIIeT 3a npenesisl toro mapa. C Apyroil CTOPOHEI, Mo ycJo-
BHIO B 1ape Sy (f) HeT APYTHX KOJOBBIX TOYEK. DTO H JIOKA3bL-
Baer Halle yTBepXIeHHe.

Ecin e Mbl XOTHM C IOMOLIbIO KOAA V NMpaBHIBHO JCKO-
J1poBaTh J0GOe KOJOBOE CJI0OBO, B KOTOPOM IIPOM30ILIO ¢
WM MeHblle OlIMOOK, TO Hajo MoTpe6oBaTh BLHINOJHEHHE Clle-
NYIOIETro YCJIOBHS: paccTosiHHe X3MMHMHIAa MeXIy JioObIMH

JBYMSI TOYKaMH @; Ho; H3 Koja V Jo/KHO ObITh HE MeHbllle,
yem 2f--1.

JleficTBUTE/BHO, €C/IH 3TO YCJIOBUE BBIMOJNHEHO, TO TAO/IHILY
JEKOAHPOBaHUs 1/ Koja V MOXHO MOCTPOUTh CJENyIoHM 00-
pa3oM: MOJ KaxKAbIM KOJOBBIM CJIOBOM HaJI0 HANKCaTb BCE TOY-
KH M3 Ilapa panuyca f C LEHTPOM B 3TOM KOJOBOM CJIOBE.

Tak kak paccrosnHue Mexuy JIOObIMH JABYMsl KOJOBBIMHU
c/loBaMH He MeHblie, yem 2f{--1, To Kaxnas M3 BBIMHCAHHBIX
TOYEK BCTPETHTCS B TaGuuie TOJNbKO OfHH pa3. J1o U obecre-
YUT BO3MOXKHOCTb IPaBHJIBHOTO JEKOAMPOBAHHSA.

leomeTpuuecku omucaHHas CHTYaluus BbITJAIUT CleLylo-
muM 00pasoM: KaxkJoe KOJ0BOe CJOBO Mbl OKpyXkKaeM «3alluT-
HbeIM» mapom pazuyca {. Ilo ycnoBuio 5TH Imapel He nepece-
katorcsi. Jlio6oe M3 CJ0B, NOJYUEHHBIX Ha BBIXOJE, NpHHAJIE-
KHT OJHOMY M3 «3alMTHBIX» luapoB. Kaxjloe u3 TakHX CJIOB
Mbl JIEKOJHPYeM B LEHTP TOTO «3aIMTHOTO» Iapa, KOTOPOMY
OHO TIpPUHAJJIEXKHUT.

Takum o6pa3oM Mbl BHISICHHJIH, YTO BaKHeHIled Xapakre-
prcTukoll Kozja V, ompejensiolledl er0 KOppeKTHpyiolHe BO3-
MOKHOCTH, SIBASIETC MHHMMAJbHOE PACCTOAHHE MEXJy KOMo-
BbIMH TOYKamMu. ITa XxapaKTepHCTHKAa o00o3Hayaercsi 4vepes
d (V) u nasbiBaercsi KoJOBbIM paccrosiHueM. OTmeTdM, 4TO B
paccMOTpPEHHOM BhIlIE NTpHMepe Koj V nMeeT KOJ0BOe paccrosi-
Hue 3, T. €. OH CnocoGeH UCMPAaBJATh J00YI0 eAHHHYHYIO OLING-
Ky H oGHapyXuBaTh JOOy0 KOMOMHALHMIO H3 ABYX OIMGOK.
Tabnupa JneKoAMpOBaHMSA B PAaCCMOTPEHHOM Hamu NpHMepe
KaK pa3 CocTaB/IeHa TAKUM 06pa3oM, 4TO NOJ KaXK[biM KOJOBBIM
CJIOBOM HaxolfATcsl HATb TOYEK M3 Ilapa pajuyca eIMHHLA C
UEHTPOM B 3TOM KOJIOBOM CJIOBE.

IV. 3adauu meopuu xoduposanus. Temepb Mbl yXe B CO-
CTOSIHHH TOYHO CHOPMYJIUPOBaTh OJHY H3 BaKHEHIUHX 3ajay
teopun kKomupoBaHusa. OHa coctout B caenyiomem. Tpebyercsi
IIOCTPOUTH KOJ, HMCIpaBjsiomuil ¢ omn60K H HMEIOUHH MakK-
CHMaJIbHO BO3MOXKHOE YHCJO ToueK. B reomerpuyeckoi mocra-

10



HOBKE 3Ta e 3aj/laya 3BYYHT C/IelylolHM o6pa3oM: cpeiu Bep-
IIMH €JIMHHUYHOIO n-MepHOro kKyba E" Tpebyercsi BBIIETHTD
MaKCHMa/bHOE YHCI0 TaKHM CIOCO60M, 4TOObl paccrosiHue
MeXJy JIIOObBIMH [BYMSl BBIJCJIEHHBIMH BepHIHHAMH OBIIO He
MeHbIle, ueM 2¢ --1. DT0 MakCHMaJIbHOE YHCJIO 0GO3HaYaercs
oGeiyHO uepes A (n, 2t --1).

Hpyras, cBsisaHHas ¢ npeablAylleH, 3afaya COCTOUT B pac-
NOJNIOKEHHH § TOYeK B BepmMHax E” Tak, 4ro6bl Hau-
MEHbIIIee 13 NONapHBIX PACCTOSHUH MEXKAY HUMH GBIJIO BO3MOXK-
HO GOJIBIIEM. JTO paccTosiHMe oGosHauaercsi 4yepe3 d (s, ).

BblpaxeHHsI «IOCTPOMTB»,  BBIIEJHTBY, «PACHONOMKHUTLY
HY2K/lal0TCl B YTOUHEHHH, TaK KaK HaM BOBce He Ge3pasjiHuHo,
B KakoM Buje Oyzier 3aaaH HCKoMbiH Kox. Camblil mpocToii cro-
co6 — mepeuHcleHHe BceX KONOBBIX TOYEK — sIBJSIETCs Hesd-
(ekTHBHBIM, TpeOyeT 6odbmiol maMaTH. ITo3TOMY HYK¢ H TaKOH
croco6 3anaHysl Koja, KOTOPBIf NO3BOJISIET NMPOCTO BOCCTAHO-
BHTb KaXAylO TOYKY KOZa Io ee HoMepy. JIpyrummu cjoBawmy,
KOl JO/JKeH HMMETb «IpocTylo peasu3anuior. C HEKOTOPHIMH
NpOCTO peasu3yeMbIMH KOILAaMH Mbl TO3HAKOMHUMCSl HHIKeE.
C npyro# CTOpOHbI, Mbl XOTHM HMETb BO3MOXKHOCTb MPOCTO BOC-
CTaHaBJIMBaTh HCXOJHOE COOOIIEHHE Ha BBIXOJE.

TakuM ofpasoM, «XOpOIMH KOI» AOJNKEH YIOBJETBOPSTDH
C/IeyIOIMM TPEM eCTeCTBEHHBIM TpeOOBaHHSM:

1) ucnpaBnaTe MHOTO OIIMGOK, T. €. HMeTb GOJbIlOe KOJO-
BOE PacCTOsIHYE;

2) UMeTb HeCJOXKHYIO peajin3ailuio;

3) obsafaTb NPOCTBIM AJTOPUTMOM HCIpaB/IeHHsT ONIMOOK Ha
NPHEMHOM KOHIIE.

Crnenyer OTMeTHTb, 4TO 3TH TpPeGOBaHHS B 3HAUUTE/IbHOH
CTENeHH sIBJAOTCA IPOTHBOPEUHBBIMH, TaK Kak Koj V, ucnpas-
JISIIOLIMH MHOTO OLIHOOK, BOBCe He 00s13aH MMeTb NPOCTYIO pe-
anusanyio H TeM 6oJiee IPOCTOM aJTOPHTM [€KOAHPOBAaHHS.
TlosToMy Ha NpakTHKe NPUMEHSIOTCS KOHIBI, KOTOphie o6Ja-
Jal0T B «JIOCTaTOYHOH» Mepe BCEMH TpeMsi IepeyHC/eHHBIMH
BBILIIE KayecTBaMH.

Jns KonuyecTBEHHOH OlEHKH CBOHCTB Koja Tpebyercs
UMeTb OIEHKH OTKJIOHEHHs ero napamMeTpoB OT NapaMeTpoB
«ijeajbHOro» kopa. [Jsi HonydyeHUS] TaKHX OIIEHOK HYKHO
HMeTb XOTs1 Obl MPHOGIHKEHHblEe 3HAYeHHs! BaXKHEHAIUWX mapa-
MeTpOB «HIeaJbHOro» Koja, T.e. 3HaueHusa A (n, 2¢ 1)
u d (s, n). Cnenyer ormeruth, uto ynkuuu A (n, 2t-41) u
d (s, n) He ABIAIOTCS €IUHCTBEHHBIMH IlapaMeTpaMH, Xapak-
TEPHU3YIOMIUMH KayecTBO Koja. He MeHee Ba:KHBEIMH SIBJISIIOTCS
TaKKe TaKue IlapaMeTpbl Kold, KaK BepPOSITHOCTb IPaBU/IBHOTO
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JNEKOIMPOBaHHsl W BEpPOSATHOCTh OOHApYXKEHHA OWHOKMY, C
KOTOPBIMH MBI TO3HAaKOMHMMCSI HHxke. Vmeercsl Takxke ewe psift
IpYTUX BaXHBIX KPUTEpHEB, NPHMEHSIOUIMXCA I/ OUEHKH
KauecTBa KOJNOB, HO Ha HHX Mbl He OyleM OCTaHaBJIMBATLCH.

§ 2. OLEHKU KOPPEKTHUPYIOLLUX
BO3MOXHOCTEMN KO OB

1. Bepxuue oyenku KOppexkmupyrouux cnocobrocmeti Ko0os.
OnHuM ¥u3 NepBHIX pPe3yJbTaToB B TEOPHUH KOPPEKTHPYIOIHUX
KOJIOB sIBJIsIeTCsl CJejyloliee HepaBeHCTBO X3MMHHTa:

2!2
14+cl+. . et

ITO HepaBEHCTBO BBITEKAET U3 CJEAYIOMHUX cooOpazkeHHH.

Ecau B MHOXecTBe V €E" paccTosiHHE MeXIY JII0OBIMH JBY-
Ms TOUKaMM He MeHblue, yeM 2f -1, To wapsl pazuyca f c
LEHTpaMi B TOYKAX MHOXeCTBa V He HMEIOT nepeceyeHHi.
TosTomy oflee 4HC/10 TOYEK B 3THX lIAapax PaBHO:

VI(14C, 4. +CY,
rae |V|— uncao touexk B koze V, a 1-4+C 4. +C' —
YHCJIO TOYEK B liape pajuyca f.

Tak Kak 4Yuc/0 TOYeK, NONAaBLIMX B LIAPbl, OYEBHIHO, HE

IIpeBOCXOAUT OOLIero uucia Touek B E", T0
WV1iQa+4C, + ... +CH<2",
OTKYJa M CJlelyeT HepaBeHCTBO X3MMHHTa.

Ipe:xne yem mepeHTH K YCTaHOBJIEHHIO ellie HEKOTOPHIX He-
paBeHcTB A1s ¢yHKuuu A (n, 2¢ 1), HaM noHAKOGHTCs ele
OJMH B3IVIAJ Ha MHOxkecTBO E", nosBossomui rayGxke npo-
HUKHYTb B CTPYKTYPY 3TOTO MHOKECTBa.

Beenem B E” onepanuio c/10KeHHs 1o MOAYIO ABa (mod 2).
JJis aTOrO CHauaja BBelNeM 3Ty JKe ONEepalyio B MHOXeCTBO -

A, 2t + 1)<

(1)

u3 1Byx snementoB  {0,1}.  ITomoxum:
000=1
el =1
190=1
181 =0

Ecnu mapany c sToft omepauueil paccMoTpeTb OGBIYHYIO
onepamnuic ymMHOXKeHHs, TO MHOxectBo  {0,1} ¢ sTuMmMH
AByMsA onepauusMu Oyler IpeicTaBasTb co0OH Tak HasbiBae-
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moe nosie I'anya, kotopoe oSosnauaercs uepes GF (2). Cym-

MOH JBYX TOYeK at=(a,&, ... &), P=(B\f, ... B,) €E" mHa-

3bIBAETCH TaKas TouKa y= (y; Vs ..- Yn)» KOOpPJHMHATHl KO-
TOPOH ONpejensloTCsi pPaBeHCTBAMU:
Vi=a; BB,
i=1,2,..,n

dra cymma Toxe 0003HAYAETCs 3HAKOM D).

Mpumep L Iyerba=(1,0,0,1, 1), p=(0, 1,0, 1, 1).
Torna

app=(1,1,0,0,0)

Beenennas onepaunus cioxeHus no mod 2 oGnanaer mHo-
THMH CBOMICTBaMH, MPUCYIHMH OObIYHOH OMepamnuH CI0KEHHS.
Hanpumep:

1) aBp=PPHa — nepectaHOBOYHOCTL Cllaraembix;

2) a® (PBy)=(a2DBP)PBy — accouuaTHBHOCTD.

Ho y Heé ectb u Hekotopble HeoObluHble cBoiicTBa. Hanpu-
Mep, M3 paBeHCTBa

aop=y
CJICAYIOT J1Ba TaKHX paBeHCTBa:

a=pOy:

p=ady.

MuoxectBo E" ¢ 370l onepauueil ABASETCST JHHEHHBIM
BEKTOPHBIM NPOCTPAHCTBOM Hap nojem GF (2). B nanbHefimem
anemeHThl E™ Mbl GylleM HasplBaTh TakKe U BekTopamu. [lox
HOpPMOil BexkTopa o=(®,0, ... &,) h3 E" TOHHMaeTcsi YHCJIO
eJIMHHYHBIX KOODAMHAT 3TOro Bektopa. Hopma Bektopa o
o0o3HauyaeTcs uepes lo]]. C nomomibio HOpPMBl M  OIlepauyu

coxeHus 1o mod 2 J1eTKO MoMyYUTh C/IeAYIOLLYI0 GOpPMYJTyY st
paccrosiHus X3MMHHTa:

o (@, B) = llacHBll.

B Teopun KonupoBaHHS OYeHL Y4acTO HOpPMY BeKTOopa Ha-
3bIBAIOT TaKXKe BECOM 3TOr0 BeKTopa. Bce MHOMKECTBO Touek

E™ mo Becam pacnaznaercs Ha (n 1) — cjoii: EL, EVOLLET
rae E} — Bce Touku u3 E™ Beca i. Cnofi E? conep:HT pOBHO
C!  — Touex.

Cnsurom munoxkectsa V €E" ua Touky a €E" Ha3mpiBaercs
MHOKECTBO VPoa= |a;@a, a; €V].
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Mpumep 2.Ilyets V= {(1, 0, 0), (0, 1, 0), (0, 0, 1)}
na=(1, 1, 1). Torna cnpurom MHOKecTBa V Ha Touky o 6yzer
mHoxkectBo Vo a={(0,1,1),(1,0,1),(1,1,0) }.

[Tpeo6GpasoBaHue CABHra SIBJISETCS] aHAJIOTOM XOpOLIO H3-
BECTHOTO B 3/1eMeHTapHOH reoMeTpHH npeoGpa3oBaHus mapal-
JISJIBHOTO nepeHoca. 1o npeoGpasoBaHue 00jafaeT TeM NO-
JIE3HBIM CBOHCTBOM, YTO HE M3MEHSIeT PacCTOsSIHHH MeX1y Tou-
KamMy MHoxKectBa V. B uacrmocty,

d (Vea)=d (V),

T. €. KOIOBble pacCTOSTHHSI MHOxkecTBa V M V@a 0nHHAKOBBI,
YTO TO3BOJIfIET U3 ONHHMX KONOB NOJYYaTb APYTHE C TeMH XKe
XapaKTepHCTHKAMH.

PaccmOTpHM Tenepb HeKOTOpble NPOCThIe MPHMEHEHUA 3TOTO
npeo6pasoBaHusl.

Tlyers VEE" u d (V)=d. BosbMeM HEKOTOPOE MHOXKECTBO

V! uaz En", obnajnaloliee C/I€LyIOLIMM CBOHCTBOM: pacCTOSIHHE

MeXky JII0ObIMH JIBYyMsl Toukamu u3 V' He mpeBocxomut d —1.
— (.o P ' — [RB B

Mycte V= {aa,...,} u V' = (BB, ... B} Pac’-

CMOTpPHUM CJBHTH MHOXKecTBa V Ha BekTopa MHoXectBa V/,

T. €. CJeAyIOlle MHOXKecTBa:

V&P, VOP, ... VOP,.
3ameTHM, YTO HHKAKHe JBAa M3 3THX MHOMKECTB HE HMEIOT
06X Tovek. JIeHCTBHTENbHO, eciH z€VeP, u zeVep,, 1o
2=as®ﬁi=ar®ﬁf‘
Orciofa caenyer, 4TO
a’s@arzﬁz‘@ﬁi
HIIH o L
lls®ax |l =[IB; @B;ll.

llts @a,|] =p (@ o) =d (V)=d,
a C JIpyroii CTOpPOHBI, L
IB:@B;ll =p (B:By)<<d—1.

IIporuBopeuue. _

Tax xak MHOxKecTBa V@P, He mepecekaloTcs H Kaxiuoe H3
HUX conepkut poBHo |V | Touek, TO

V| - v <2, )

M3 3roro HepaBeHCTBa JIETKO NOJYYHTh YIIOMSIHYTOE Bbillle

HepaBeHCTBO X3MMHHTa, a TaKKe HepaBeHCTBO [Lxowm.
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Bospbmem B kauectBe V/ wap pamuyca ¢ B E", SlcHo, utO
paccTosiHie MeXk1y JIIOOLIMH JBYMsi TOYKaMH B 3TOM Liape He
NPEBOCXOAMT 2f, @ YMCJIO TOYEK B 3TOM lIiape PaBHO St =
=14C -+ ... +C!, 1. e. |V'|=S!. V3 npusesieHHOro BhiLie
HepaBeHCTBA ITOJyYaeM:

IV 1<2" IS5,

T. €. OHeHKy X3MMHHra.

Eciu ke Mbl BO3bMEM B KayecTBe V' MHOMKECTBO JBOHUYHBIX
noc/iefioBaTebHOCTEH JIJIMHBI 1, Y KOTOPBIX Ha mepBeIX (d—1)
MECTaX CTOAT BCEBO3MOXKHbIE Habophl JiuHbI (d—1), a Ha oc-
TaJIbHBIX MECTaX — HYJIH, TO PAacCTOsIHHE MeXJy JIOGBIMH JBY-
Msl M3 3TMX HaBopOB He NPeBOCXOZUT (d—1), a uucsIo ux ecthb
24-1, Onate npuMeHss NOJIyYyeHHOe BHIlle HEepaBeHCTBO,
noJiyuyaem

1% I,Qd—l <on,
T. €.
A (n, dy<gn—d+,

D10 HepaBEHCTBO NMpPHHANIEKHUT JlxKomu.

OGe oneHk#, X3MMHHTra U JI3KOIIM, SBJIAIOTCA JOCTHXKHMBI-
MU JJI HEeKOTOpHlX ¢ M d. [pyrumH cjoBamH, CyLIeCTBYIOT
noc/e1oBartebHoCTH KopoB  {V,] ®u {M,} , TaKux,
uto |V, |=2|S¢ u |M, |=2"—%+1 B cayuae oueHku X5MMuH-
ra 370 NPOHCXOAMT NpH (=1, a B cjyvyae oueHku [[xomm —
npu d=2. It caydyau Mbl NOAPOGHO PAaCCMOTPUM HECKONBKO
TI032Ke.

Vmeercs ewte psi BepXHUX oneHok mist ¢yHkuuu A (n, d),
HO OHH BBIIVIAAT HECKOJbKO CJIOXKHEH, ueM IpenblpyIiue,
¥ Mbl Ha HUX He OyleM OCTaHaBJ/HBaThCS.

Hpyroii BaxkHOH B TeOopHUM KOAMPOBAHHA (yHKUMEH $iB-
JISleTCAA MaKCHMaJibHOe YHCJIO HCNpaBJseMblXx OWMOOK NpH 3a-
JaHHOM uHc/e coobmennii. Bosee TouHO 3Ta QyHKIMS Onpele-
Jasercs Tak: d (S, n) — MakcUMaJbHOe KOJOBOE pacCTOsHHE
B KJlacce BceX MOAMHOXKeCTB E”, coiepiKalliX POBHO S TOUEK.
Oyukunu A (n, d) u d (s, n) cBsi3aHBl OYEBHIHBIM COOTHOLLE-
nuem: A (n, d (s, n))=s. Benuuuna d (s, n) npeacraBasier
IJisl TEOpHH KONHPOBAHHSI CTOJIb K€ CYyLIECTBElHbIH HHTepec,
Kak U A (n, d), v 715 Hee TakKe NoJiyyeH PsiJi BEPXHUX U HUXK-
HHX OIEHOK.

Cnenyroniasi BepxHsisi oueHka ¢ynkuuu A (n, d) ocHOBaHa
Ha BBHIYHUCJIEHHM CYMMBbI BCE€X MOMAPHBIX PAacCTOSTHHH MeXny
TOYKaMH (PUKCHpOBAHHOTO MHOXecTBa V EE™.
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4 — P . /
Wrak, nycte V= (xx,...x} n x;= |l af ... af |.
Vimeem:

VP(XL, X =Zzlo¢§—a, ZE O‘t"‘az =

[B) i, jt=I i, ji=l

n s
=3 e+ EEai—ZZZ“:a:—s i+
i, |it=I1 i, jt=1 i, jt t—l i=1
n s
ro3 3l 23 o

t=1 j=1
31ech Mbl BOCTIONIE30BANHCE ABYMS OHeBHIHbIMI dakTamu:
1) (h)? =af, Tak kak @i ectb HyJb HJH €JWHHLA;
2) o —al| =(af —ai)® mo sToM e mpHYHHe.

Ecnu BeimucaTe Bce ToukH MHOKecTBa V B Marpuny G

11 1
Ao . . . Oy

2 2 2
Oty . . .0Qy

S .S S
ol . . . Oy

S
10 ¥ nf OGyaer paBHa unciy k; €MHHL B ¢-M cTONGUE 5TOM
i=]

marpuusl. Otciona

s s n n

29 (xi, %;) = 2s ik,—-2i2a52a5 m2$2k,-—22k3=
i,/ =1 t=1i=I =1 =1 t=1

=2 Dk (s—k)

=l
Tak Kak B cymMe cJieBa KaxKloe pacCTosiHue YUHTBIBAETCS
lBa pasa: OIMH pa3 Kak o (x; ,), Apyro#i Kak p (x,, x) TO

2 Y (;i, J—C,) = 2 k, (s—k,).

i<j i=1
Tak Kaxk k&, (s—£k,)<<s%/4, 1o
-— = 2
20 %)< o (3)
i<
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JTO Hep4BEHCTBO MOXKHO HCIO/Ab30BaTh AJS  MOJYUeHHs
BepxHeil oneHkn ¢yHxkuuun A4 (n, d).

[Tycts xon V= {x, x, ...x,} uMeer MHHMMAJbHOE pacCTO-
Anve d. Toraa

p (jfl-)-Cj))d. i’ j:]',z;“"s'

HMcnonbaysi 370 HepaBeHCTBO COBMECTHO C MpPEAbIAYLLHM,
nosyyaem
2d

S 2d—n

HJIH HEPaBEHCTBO

A, dy < —o—, (4)

crpaBelaHBoe npu 2d>>n.

Hepapencrso (4) Hocur nadBaHue rpaHuubl IlnoTkima.

I1. Ob6cymcoenue epanuy. Tpaunupl XsmmuHra u Jkonm
COpaBelJHBbl NpPH BCeX 3HAUEHHSX NapameTpoB n H d, HO
rpanuna X3 MMHHIa CTAHOBHTCS TOYHee rpaHuub! Jlxkowm npu
d=3. Ilpu d=2 Tounee rpanuna Jxown. Hepasencrso Ilnot-
KMHa CNpaBelJMBO JIMUIb NpHU OOJAbIUHX 3HaueHHaAX d, ylI0B-
JEeTBOPAIOLIUX HepaBeHCTBY 2d>n. B 3ToM c/ydae OHO
naet GoJiee TOUHBIE rpaHHUbl AJIsi GyHKUHI A (1, d), uem He-
paBeHcTBa XaMMHHra i Jlxom.

CyuiecTBYIOT H GoJlee TOUHBIE BepXHHe paHHUbl AJasi QPyHK-
uun A (n, d) H cszanHoil ¢ Heil ¢ynkuuedt d (s, 1), HO OHM
BBLINVISAAAT HECKOJIBKO CJIOXKHeH, ueM MpeiblAyLiHe, H Mbl Ha
IUX He OyjeM OCTaHABJHBATBCH.

IlepBuift npuBeseHHBIH HamM criocod NOKasaTe/bCTBa He-
paBeHcTBa X3MMHHTa HOCHT Ha3BaHHE METOJA «IIJIOTHOH yma-
KOBKH». DTO Ha3BaHHe CBS3aHO C TeM, YTO NpaBas 4acTb 3TOrO
HepaBeHCTBA J1aeT BEPXHIOI0 OLEHKY YHCJIa HelepeceKarmiXxcs
l1apos pajuyca f, KOTOpble MOXKHO Pa3MEeCTUTh B BepIUMHAX
E" npu «camoil n/10THOI» yraKoBKe.

Koxnwt V, mis KotopbiXx HepaBeHCTBO X3SMMMHIA IIpeBpalid-
ercsi B paBCHCTBO, HA3bIBAIOTCSl COBEPIIEHHBIMH HAH IJIOTHO
YI2aKOBAHHBIMH. DTH KOJbI COOTBETCTBYIOT Pa3GHEHHIO BEpILHH
MHOKecTBa E* Ha Henepecekatoupiecs wwapel paauyca ¢. Co-
BepILEHHbIE KOJIbl ABISIOTCS ONTHMAIBbHbIMH, TAK KaK OHH HMeIOT
MaKCHMaJbHOe YHC/I0 TOYeK Cpeill BCceX KOJOB, MCHPaBJIAIOMIIX
¢ ominbok. CoBepuieHHbIe KOAbl 06/1aal0T MHOTHMH HHTEPECHBI-
MH CBOHCTBaMil, CBSI3aHHBIMM C HX TEOMETPHYECKOH CTPYKTY-
poii. Bo.iee no;poduo 06 3tom Gy1eT ckKa3aHo B pasjelie «Bax-
HefllllHe KJacchl KOJOB».
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Hepasencto JIxomu ofpaiaeTcsi B paBeHCTBO npH d=2.
D10 03HAyaeT, YTO MAaKCHMaJIbHOe YHCJIO ToueK B E™ ¢ KONOBBLIM
paccTosTHHEM JiBa paBHO 2", T. e. POBHO MOJIOBHHE BCEX TOYEK
En. TlpocTefmuM npHMEPOM MHOXKeCTBa, COCTOSIIIEro H3 211
TOYEK H HMEIOUICTO KOJOBOE DacCTOsiIHHE JBa, SIBJISIETCA TakK
Ha3biBaeMblil «CYETYMK YETHOCTH», T. €. MHOXKECTBO BepILHH
En, ymelomnx ueTHoOe YUCJIO eHHHYHBIX KoopauHar. [leiicTsi-
TeJbHO, TAK KaK KaxkK[as TOUKa «CYETUHKA YeTHOCTH» HMeeT
4eTHBI BeC, TO M PACCTOAHNE MeX1y JIOOLIMH JBYMST TOUKAMH
«CYeTUIIKAa YeTHOCTH» eCTb YeTHoe UYIIC/IO, T.e. 110 MeHbluei
Mepe paBHO [BYM.

«CueTyiiK YeTHOCTH» sBJISIETCS ONTHMAaJbHBIM KOJOM C 06-
HapysKeHHeM OAHON omuOKU. [leHcTBHTeNbHO, /t06asi eIMHHY-
Hasl omHOKa B KOLOBOM C/I0BE H3MEHSIET «4eTHOCTb» YHC/Ia efy-
HHL, YTO H T03BOJIsseT OOHapy:xKHBaTh OIMOKY. OnTHMajb-
HOCTb 3TOTO KOZA COCTOHT B TOM, YTO OH HMEET MaKCHMaJ/bHOe
UHCJIO TOYEK CpeiH BCeX KOJoB ¢ OOHapyKeHHeM OJHOH O1iub-
KH.

I'pannna IlnoTkuHA Takke siB/IsieTCsl NOCTHKUMOM. Kompl,
Ha KOTOPBIX NIOCTUTAeTCs 3Ta TPaHHLA, HMEIOT ClenHaabHYIo
ajare6pauyecKkyio CTPYKTYypy. DTH Konbl 00.131ar0T GobIloi
KOppeKTHpYIollell CocoOHOCTbIO M, KaK IOKas3biBaeT Hepa-
peHcTBo IloTKHHA, HMeEIOT HeGObIION 00beM (UHCIO KOLOBBIX
Touek). Bosee nmoxpo6Ho 06 3THX Kojax OyJer cka3aHo B pas-
jene, TOCBSILIEHHOM CIeMMalbHBIM KJaccaM KOJOB.

1. I'panuya  Bapwamosa — I'urbepma. CyectByer
NPOCTOH METOZ INOCTPOEHMS! KOJOB, HCIPaBJSIOIHNX OIUHOOK,
KOTOpBIfi (paKTHUeCKM OCHOBaH JIMIIb Ha ONpEeJNeJNeHHH 3THX
KOJI0B. DTOT MeTOJ COCTOHT B CJIe/lyIOIIeM.

1) BeiOMpaeM NPOH3BOJNBHYIO TOYKY X, EE" U HasniBaeM
ee TepBOHl KOJ0BOH TOUKOIi;

2) «OKpy:Kaem» TOUKY x; IIapoM pazuyca 2f U B KauecTBe
TOYKH X, BbiOHpaeM /o0yio W3 Touek E", He momaBLIMX B 3TOT
wiap; _

3) «oKpyKaem» TOUKY X, 11apoM paguyca 2f U B KauecTBe
TOYKH X, BbiOHpaeM Jio0yio u3 Toyek E", He momaBUIMX HHU B
nepBbli, HM BO BTOPOH Iuap.

Iponoskaem 3Ty mpoueAypy A0 TeX nop, NoKa Kaxjas U3
touek E" He OygnerT nmpuHaQIeXaTb OJAHOMY M3 NOCTPOGHHBIX
mapoB. LleHTpbl sTMX wapoB H OyayT 06pasoBbIBaTh KOX

== {x,, Xy ... ;). Tlo mocTpoenuio UEHTPbl STHX IIAPOB
yJAaseHbl APYT OT JApyra Ha pacCTosiHHe He MeHee uem 2{ I,
T. . Kol V jeficTBHTeNbHO HCIpasisieT ¢ OLIMOG0K.
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10T cnocob MOCTPOEHHA, HECMOTPS Ha CBOI0 GaHaIbHOCTh,
1103BOJIAIET laTh XOPOILYIO OUEHKY CHH3Y /IS YHC/Ia TOYeK Koja
V. [lelicTBUTENbHO, €CIM NOCTPOeHHe 3aBepilieHo, TO S IIapoB
pajuyca 2f «mokpuiBalot» Bech Ky6 E™. Tak Kak Kaxiblii us
wapoB paguyca 2¢ conepxut S2=14C - ... 4 C?! Touex,
TO AJif «IOKPBITHA» BceX 27 BepiuuH E™ HYXHO 10O MeHblueH
mepe 27 |82 mapos. Orciona c/lefyeT oueHkKa s S:

2[1
§ = 1 27 *
I+-Cht oo Gy

210 HepaBeHCTBO M HOCHT Ha3BaHMe rpaHuubl BapiamoBa—
['unbepra.

Ilpu manbix 3HaveHusx ¢ rpaHuna BapuamoBa—IuiaGepta
CUJIBHO OTJIMYaeTCs OT M3BECTHHIX BePXHHX TpaHul, QYHKLUH
A (n, 2t 4-1). OnHako npi #, NPONOPUHOHAJBHBIX M1, H NPH
6oJbIIMX 7 3Ta I'paHULia HAXOAMTCs BOJM3M M3BECTHbIX BEpX-
HHUX TPaHHll, U BIIOJIHE MOXKET C/JYYUThCS TaK, 4TO NPH OTMe-
yeHHBbIX BBIIIE YCJOBUSX HepaBeHCTBO Bapmamoa—Inn6epra
JaeT aCHUMITOTHYECKH MpPaBUJIBbHBL pPe3yJbTar.

Cnenyer ormeTuTh, YTO TeopeMa BapiuamoBa—I'ui6epra,
HECMOTPS] Ha KOHCTPYKTUBHBII XapakTep JOKa3aTe/lbCTBa,
CKopee [0JKHa ObITb OTHECEHa K TeopeMaM CYLIeCTBOBAaHHS.
[eso B TOM, YTO O MOCTPOEHHOM KOJe Mbl (paKTHYECKH HHUYEro
He 3HaeM. EquHcTBeHHas nHGOpMAaIus O HEM COCTOHT B TOM, YTO
3TOT KOJ| HcrpaBaser ¢ ommbok. Hukakux e cBeleHufl o
«BHYTPEHHHX» CBOHCTBAX 3TOr0 KoJa Mbl He HMeeM. Tem He
MeHee IPH KaXIblX KOHKDETHLIX 3HaueHHAX n U ¢ ONHCaHHAs
BbIIIE NpOLEAypa MOxeT ObITh peaju30BaHa, W Mbl NOJYYHM
koA V ¢ ucrpaBienueM f omu6OK M C YHCJIOM TOYeK He MeHee
TOH BE/JMYHHBI, KOTOPYIO HaM rapaHTHpyeT rpaHuua Bapuia-
moBa—I uabepra.

OnucaHHas Bbllle CHTYalus He SBJSETCS YHUKaAbHOM,
a MpeJICTaBJsier JHIIb YaCTHHIA MpUMep NpPONeNyphl IIOCTpoe-
HUfl «HEKOHCTPYKTHBHOIO» MHOKecTBa. VIMeeTcst MHOTO Apyrux
3anay, B KOTOPBIX MOXKeT GBITb HCIOJb30BAH 110J100HbIH cr1ocob
paccy:KJIeHHH; TOJy4YeHHble NMPU MOMOIIH 3TOro crnocoba MHO-
KeCTBa  ABJAIOTCA B TOM 2Ke CMbIC/Je HEKOHCTPYKTHBHBIMH,
Kak 4 Koawl BapuamoBa — ['unGepra.

®)

§ 3. BAXXHEMLLME KJIACCbhl KO OB

1. I'pynnossie xo0er. OOpaTHMCS K KOHCTPYKTHBHBIM Me-
TOJaM NIOCTPOEHHSI KOJOB, HCTPABJIAIMX OWNOKH. 31ech HaMm
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CYIIECTBEHHYIO TMOMOUIb OKaXeT «ajreGpaudecKiity B3TJIsia
Ha MHOXKeCTBO E" Kak Ha 71-MepHOe BEKTOPHOe IIOCTPAHCTBO ¢
onepanneil cjoxeHHa BeKTopoB mo mod 2, kotopas Gbiia orpe-
JefleHa HaMH paHbIle.

Tenepb MBI B KayecTBe KOJOB OyJieM paccMaTpHBaTh He
NPOM3BOJIbHBIE MOJAMHOXKECTBA £, a JIIIb Te NOAMHOZKECTBA

V=[x, X, .... x;] CE", KoTOpble BMecTe C JIIOOBIMH JIBYMS
CBOMMH TOYKAaMH X; H X; COJEpXKAaT M MX CyMMy, T. €. TOUKY
%, ®x;- Taxue moIMHOKECTBA HA3IBAIOT IPYINOBLIMH KOJAMH.

ITpunmep 3. Ilyers n=3. Pacemorpum Kox V= {x;=
=(1,0,0), x,=(0, 1, 0), x3= (1, 1,0), x,=(0, 0, 0)}. Jler-
KO IPOBEPHTb CIIPaBELTHBOCTh CJAE1YIOLIUX pPaBEHCTB:

X, @X =X,
)6_163;3:;2
’;1@;4:;1
Xy ®X3=x,.

Orciona U ci1enyer, 4to cymma 1o mod 2 JroGbIX JBYX TOYEK
MHOXecTBa V OmsATh ABJSETCS TOYKOH 3TOTO KE MHOMKECTBA,
T. e. V-rpynmnoBoit Kon.

['pynnossle Koxwl Garofapsa cBoell anreGpanyeckoil cTpyk-
TYpe 3aHHMAIOT HEHTPalbHOE MECTO B TEOPHH KOPPEKTHP YIOUIHX
KonoB. [lepBoe npenMyIIeCTBO 3THX KOJOB COCTOMT B TOM, YTO
I 3aJaHusi HX BoBce He 00s13aTe/bHO MEepPeyHCaTh BCE 3Je-
MeHThl. [locTaTOYHO 3alOMHHTH JHIIbL HeGOJBIUYIO NOJI0 BCeX
3JIeMEHTOB, IO KOTOPLIM 3aTeM MOXKHO OJlHO3Ha4HO BOCCTAHOBHTD
BeCh KOZ. JIpyrumu cjoBamH, BeCb IPyNIoBoii KOA MOXKHO 3a-
J1aBaTb MHOXKECTBOM 00pa3yIoOLMX 3/1eMEHTOB, KOTOpble COCTaB-
astior 6asuc noanpoctpaHcrea. Ilpu stom 3a 6asuc kKoma V
MOKHO B3ATb JI000€ MHOXKECTBO H3 R JIHHeHHO-He3aBHCHUMBIX
BEKTOPOB nojnpocrpascTBa V (k2 — pa3MepHOCTb MPOCTPaHCT-
Ba V). JIpyrunmMH cJoBaMH, 32 MHOXECTBO 0OpasymollHX Koja
MOXKHO B3fTh Ji060e MHOMKECTBO H3 R BEKTOPOB 3TOTO KoJa,
cyMMa Jio0BIX 7, H3 KOTOpbIX He paBHa Hymo (r=1, 2, ..., k.
Hanpuwmep, B paccmoTpeHHOM Bhilie Kone V 3a MHOMKECTBO 06-

pasywIliX MOXHO TNPUHATb BEKTOPH X; H X,. SICHO, yTO:
Xg=x,DX,;
X4 :Xl @/\'1,

T. €. 1060 BEKTOP 3TOr0 KOjla MOXKeT OLITh MOMYUEH KaK CyMMa

HEKOTOPOro uHcsaa Ga3sHCHBIX BEKTOPOB. Ec/aM MHOXKeCTBO 00-
pa3yiollX BeKTopoB Koaa V Beinucate B Matpuity G, To Mbl
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IOJTy4HM OpoXKaonLyo MaTpuny Koaa V. Jlwo6oit u3 2* Bex-
TOPOB KoJa V mMoxser OBITh ITpesictaBleH B BHAE CYMMBI 7 CTPOK
marpuusl G (r=1, 2, ..., k). Takum ob6pasom, 114 3aJaHust Ecex
2% BekTOpOB KOjia V 0CTaTOYHO HMETh BCETO K CTPOK €ro Imo-
poxkaatomeil Marpuunl. [IpH 3TOM 3a cTpOKH MaTpuubl G MOTyT
OBITh B3ATH JIOOble A JHHEHHO-He3aBHCUMBIX BEKTOPOB Koja
V. Kox V, 3ajzaBaemplil nopoxjamomell MaTpHLEH pasMepoB
kX n, HaspiBaeTcsl TPYMNOBBIM (11, k)-KOJOM.

Jns Koja, ONHCAaHHOTO B NpPEABIAYLIEM NPUMEpE, NOPOXK-
Jarontedl 6yAeT caeiyomas MaTpuia:

| 100
=l ot0

HOpyruM, HO CBf3aHHBIM C INpPEABIAYLIIMM CHOCOOOM ONH-
CaHUsl TPYMMOBLIX KOJOB SBJAACTCA ONHCAHHE C NOMOIIBIO T1pO-
BEPOYHOH MaTpHIbl.

B npocrpanctBe E™ OGbIYHBIM 00pa3soM ONpeJeJsiercs cKa-
JISIPHOE MPOH3BENEHHE BEKTOPOB X=(X1Xy ... X,), Y=(y1Ys ...

ce Yp), T. € .
’—) =2,xiyi'

i=l

3uak X' o3Hayaer, 4TO ciaoxeHHe Bejercs nmo mod 2. Tak,
BBEJEHHOE CKaJsipHOE IpOM3BeleHHe NpUHUMAeT JHIUb JBa
3HayeHHs: Hyab Wi efunnua. Ilpu stom, Kax oGEYHO, BEKTO-
pa X U y HAa3BIBAIOTCS OPTOTOHATBHBIMH, ecaH (X, y)=0.

Bwmecre ¢ rpynnoBsiM (12, k)-konom V yno6HO paccMaTpUBaTh
Il IBOHCTBEHHBLIH K HeMy Kon V*, sjiemeHTaMH KOTOPOTO SBJIfA-
J0TCsl Té U TONIBKO Te BEKTOpHl M3 E™, KOTOpBIe OPTOrOHAJIbHEL
BceMm BekTopaM Kozja V. MoikHO MokasaTb, YTO MHOXKeCTBO V*
fiBjIsieTcs TPYNnoBeIM (n, n—=Fk) xojom. B uncTto asreGpaunde-
CKOM CMBIC/IE MHOKeCTBO V* dABJjisiercd OpPTOrOHaNbLHBIM MOJ-
npocTpancTBoM A1s npoctpanctda V. Iopoxnaromas maTtpuiia
H npoiictBenHoro kojia V* HasbiBaeTcsl NIpOBEpOYHOH MaTpHLeil
koga V. Takum o0pa3oM, BeKTOp v U3 E™ NPHHANJIEIKHT KONy
V Torja M TOJLKO TOT/Na, KOTJa BBIIOJNHEHO COOTHOLIEHHE

v-H'=0
3aecs H® — marpuua, TpaHclopupoBaHHas K marpuue f.

CyutectByeT npocToi aArOPHTM A HAXOXIEHHs MaTpPHILbI
G no martpuue H, u nHaobopor.
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[Mpumep 4. Pacemorpum rpynnosoit (5,3) kox V ¢
nopoxjatomeil MaTpuuei

10010
G =||01010
00101

Aror Kox conepKHT 2% = 8 BEKTOPOB, KaxK/blii H3 KOTOPBIX
ecTb CyMMa HeKOTOpbIX cTpok Matpuubl G. IlpoBepounoii mar-
prHuel aas Kona V cayxkut ciepyiomas Marpuna H:

11010
10101
BekTop v=(v, U,U30,U;) TNPUHAIEKAT Koay V Toria

Il TOJBKO TOTrJa, KOrjJa BbLINIOJHEHbl CJeAyloumue ABa COOTHO-
1HeHud:

0;® 0,8 v,=0;
0,® 3@ v,=0.

HerpyznHo Buzetb, 4to Bce B2KTOpbl Kopa V ynoBaerso-
PSIOT 3TUM COOTHOIeHUAM. UTo6bl y6eauThcs B 3TOM, JOCTATOY-
HO B BhINMCAHHbIE COOTHOILIEHUS TTOJACTABUTb CTPOKH MaTpHilsl G.

B ofuiem BHJIe COOTHOLIEHHE

v-H'=0
COOTBETCTBYET (n—k)-IMHeHHBIM ypaBHEHUAM BHJA:

n/
Nohy=0, i=1,2,. . .n—k
j=1
rae H=(h;;).
OTi ypaBHeHUs HasblBAlOTCA IPOBEPKAMH Ha YETHOCTb.
MoxHO moKasartb, YTO NYTEM CJIOXKEHHs CTPOK H IepecTa-
HOBKH CTOJIGLOB IOPOXKJAAIOULYI0O MAaTpHILy Joboro (n, k)-koxa
V MOXKHO NpeicTaBHTb B C/ELYIOIEH NpHBEIEeHHO-CTyNeHYa-
Toll (popme

10. . .0Py. . .P o,
G0 0Py Py,
0...1P,. .P .,

ITpu atom matpunaMm G H G’ COOTBETCTBYET ONMH H TOT XK€
kox V. Tak Kak Kax/blii BeKTOp Koja V ecTh CyMMa HEKOTOPOTo
yicja CTpok Marpuubt G' H, YTO TO Ke caMoe, CyMMa BceX ee
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CTPOK, B3ATHIX ¢ Koapduuuenramu 0 uau 1, To Kaxuasiii Kojo-
BbIl BEeKTOp v €V MOXKHO NpeicTaBHTb B CJELYIOIEM BHIeE:

v=(Q; Qy ... A C1Cy ... Cp_p)-
3hech @; NPUHHMAIOT NPOM3BOJBHO U HE3aBHCHMO 3Haue-

Hua O uau 1, a
k7
Cj= 2 aip;j-

i=l

Taxkum o6pasoMm, nepBbie R CHMBOJIOB KOJOBOTO BeKTOpa
MOTYT OBITb BHIOpaHBI NPOM3BOJIBHO, @ CJeAyioule n— k-CHM-
BOJIOB ABJISIOTCS JJHHEHHBIMH KOMOUHALMAME C Ko3duuuenTa-
mu O u | nepBbIX CHMBOJIOB.

I11 nepBble k CHMBOJIOB Ha3bIBAIOTCH HHGOPMAIMOHHBIMH,
a mnocsenyoumue (n—~k)-H30bITOUHBIMH, WJH IPOBEPOYHBIMH.
Koxn V, nopoxparomas marpuna G KOTOpOro 3ajiaHa B NpHBe-
JIeHHO-CTyIeHYaToll ¢opMe, Has3biBaeTC CHCTEMaTHYeCKuM. B
clyyae CHCTEMAaTHYECKOTO KOJa U3ObITOUYHBIE CHMBOJIBI MMEIOT
MPOCTOH M HArIAAHBIH CMBICJ — OHH NPOCTO SIBJSIOTCS JHHE-
HBIMH KOMOHHAIHSIMH HHGOPMAIMOHHBIX CHMBOJIOB.

[Mpumep 5. Paccmorpum koa V ¢ moposxkjatoueii mart-
pHueH

10010

G=111001
11100

[Nponenaem ¢ maTpuue#i G ciaenyomye onepanui: CHayasa
NepBYIO CTPOUKY NpHOGABUM KO BTOPOH M TpeThei, a MOTOM B
HOJIy4YeHHOH MaTpHie NmpubaBUM BTOPYIO CTPOKY K TPeThed.
Torna noc/ieoBaTeNbHO MOJYYUM:

10011 10011 10011
G=| 11001 ||= o1010 ||—G =] 01010
11100 01111 00101

Kaxnpiit BexkTOp Koja V umeeT Tpu MHQOPMAIHOHHBIX CHM-
BOJIa U /IBa NIPOBEPOYHBIX M MOXKET ObITh NPEACTaBJEH B CIEAYIO-
meM BHJE: _

U=(2,a5a5¢,C5),
rae
€1=0a,9a,;
Co=0a,;®a,.
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[TpunaBasi cUMBOJIAM @;, @, @3 NPOM3BO/bHbIE 3HAYeHHs O
uad 1, Mbl, HCTIONB3YA 3TH (OPMYJbI, NOJYYHM BCE KOLOBbIE
BEKTOPBI.

['pynnoBsle KoAbl, KpOMe NPOCTOTO OMHCAHHs, UMEIT ele
pSJL NOME3HbIX CBOHCTB, K OOCYXKJEHHIO KOTOPBIX Mbl NMPUCTY-

naem.
B nepByio ouepeib OTMETHM Ciefyioliee 0GCTOSTe/BCTBO.

Tax kax o (%, )= llxeyll
W JJIsl TPYNIOBOTO Koja V 3 yciioBust X, y, €V crenyer, uto

x®y €V, T0 KOJI0BOE pacCTOSIHUE B TPYINOBOM KOJI€ PaBHO IpOC-
TO MHHHMaJbHOMY Becy KOJOBOTO BEKTOpa, T. €.

d (V)=min|jx||. (6)
%€V

Ilpu stom MuHUMyM Oepercsl 1O BCeM BeKTOpaM Koja
V, otninunemM ot HyseBoro. Takum o6pasom, eciy B caydae npo-
H3BOJILHOTO Koja V anisi HaxoxueHusi Beauuudbl d (V) Mmul
JOJKHBl CPaBHUTh C”,l NONapHLBIX pPacCTOsiHUM, TO A/ Tpym-
MIOBOTO KOJA 3TO YMCJC CpaBHeHH# paBHo npocto  |V].

OzHakKo He 3TO 0OCTOSATENBbCTBO SIBJSETCS CaMbIM BaKHBIM
1JIS1 OLLEHKH KoJoBOro paccrosius. OKasbIBaeTcsi, 4To KOppek-
THPYIONIYIO CNOCOGHOCTb TPYNMOBBIX KOJOB MOXKHO JOBOJIBHO
IIPOCTO BEIPA3UTh B TEPMUHAX JHHEHHOH 3aBUCHMOCTH CTOJNONOB
IIPOBEPOYHOH MATPHIBl, YTO B PSAJE CIy4aeB JaeT BO3MOXKHOCTb
3((eKTUBHOrO TOCTPOEHHA XOPOUIUX KOJOB.

[Tycts V-rpynnosoii (n, k) Koi ¢ npoBepouHoil matpuuei H
n hyh, ... h, — croabusl stoii marpuusl. Torzga ecnu JioGas
COBOKYMHOCTb U3 (w—1) HJIH MeHbIIero 4uciaa croJa6oB MaTpH-
ubl H nuHeHO He3aBHUCHMa, TO KOJOBOE paccTosiHie V He MeHb-
e ueM w.

JleficTBUTEBHO, MYCTb 3TO YyCJOBHE BbINOJHEHO. ITycrhb

v=(0y Uy ... v,) €V. Toraa

v-HT=0
HJH, 3aNHCBIBAf 3TO YCJOBHE uepe3 CTOJAOLUBI MAaTpuuel H,
HOJTyuaeMm

n'

a
N vy =0, (7)

i=1
dr1a cyMMa COOTBETCTBYET JWHEHHOH KOMOGHHALUH CTOJ6-
uoB  {hyh, ... h,}.  Tlpu 3TOM uMCIO CTOIGLOB, B JAEHCTBHU-

TeNBHOCTH YUACTBYIOWMX B 3TOH KOMOHHALWMH, PaBHO 4HCTY
HEHYJ/IeBBIX KO3(HUIMEHTOB U; WJ/H, APYTHMH C/IOBAMH, PABHO
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Becy Bektopa v. Ecnu mpejsiayiuee yc/lI0BHE BBINOJHEHO U BEK-
TOp U HEeHYJIeBOH, TO paBeHCTBO (7) BO3MOXKHO JIHILIb B Clydae,
€cJ1d BEC 3TOr0 BEKTOpa He MeHee ueM w. ¥ UMThbiBas COOTHOLIE-
Hue (6), nmomyuaem, uro d (V) >w.

[Mpumep 6. B mposepounoit marpuue H (5, 3)-kona
V u3 mpumepa 4 ectb JBa OAMHAKOBBIX cTonbua: 2-d u 4-i.
[Tostomy w—1=1. Orciona- cieayer, uto d (V)=2. Ha camom
nene d (V)=2, tak Kak, HanpuMep, BTOpdsl CTPOKA B MaTpHIle
G umeer Bec JBa.

[TpocreiiiumM, HO BasKHBIM CJI€CTBHEM NPHBEJEHHOTO BhILIE
pesyJibrata siBJAsieTcs Cleaylolee YTBepKIeHHE: eclii Bee CTOI0-
Bl poBepouHOil MaTpuubl H xoia V pasiuuyHH, TO KOJ0OBOE
paccrosinue V He menblue, ueMm TpH. JlefiCTBUTENbHO, €C/IH BCe
CTOJI6LE MaTpuiibl [ pas3jnyHel, TO CyMMa HHMKakKHX ABYX M3
HUX He paBHa HyJIo, T. e. JioOble 1Ba cTto/16ua H muHedno He-
saBucuMbl. Otciona d (V) =3.

Boofiie, xak nokasbiBaeT NpHUBEJEHHOe BBLILIE YCJOBHE,
AJ1S1 TIOCTPOeHHSI Koja ¢ GOJBILOH KOPPEKTHPYIOmEH Crnocob-
HOCTBIO JIOCTATOYHO MOCTPOUTH MaTpuly H, y KOTOpoi cymma
TOOBIX IBYX, TP€X, YeThIPeX U T. [. CTOJIOLOB OT/INYHA OT HYJIe-
BOTO BeKTOpa.

[Mpuwmep 7. Pacemorpum marpuny H:

10011

H =1 "o1010

00101
Herpyano yGeauTscs B TOM, uTo B MaTpuue H cymma HHKa-
KHX JByX CTOJOWOB He paBHa Hymo. ITostomy (5,2)-kon V c
IpoBepoyHOil Marpuued H uUMeeT KONOBOe pacCTOsiHHE He
menbine, yem TpH. Kot V mmeer nopoxxjatomyio marpuny G:

10101

G=\ o011

H COCTOUT U3 CJIe]ly}OU.UIX BEKTOpOBI
10101

01011

V=1 11110

00000

Taxum o6pasom, d (V)=3.
Kponme KonoBoro paccTOsHHA, BaxKHOH METpPHYECKOH Xa-
PaKTePHCTHKON MHOKecTBa V, NMOJHOCTBIO ONHCHIBAIONIEH €ro
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KOPPeKTHpYIOLHe CIOCOGHOCTH, #B/ISIETCS TaK _ HAasbiBaeMbli
CrieKTp 3TOro MHOxecTBa. Ilyers V={x%, ... x,,| ur, (x;)
eCTb YHMCJIO TOYeK Kofa V, HaxXoAswUXcs Ha paccros-
HHB S OT TOYKH X;. Torzia Moc/eNoBaTebHOCTb YHCeN 7 (x,)—
={r(x)rs (x;) ... rax;)) Ha3blBaeTCsl CIEKTPOM TOUKH X;.
$lcno, uto cneivrp TOUKH ¥; NIOKa3bIBAeT, CKOJILKO TOUEK KOJIa

V HaxolMTCA OT X; Ha PACCTOAHHU |, CKOMIBKO Ha PacCTOSIHHH
24 TR

Pacemorpum matpuny A=(r;(x;). $lcHo, uytO cTpoKamu
9TOH MATPHIBl ABJSAIOTCA CIEKTPHI BCeX Toyek Koja V. B cay-
yae, KOTJa MOXKecTBO V  sBJjseTcs TPYNHOBBIM (71, R)-KOXOM,
CHeKTpP KaKAOH TOUKU OJMH U TOT XKe, T. €. He 3aBHCHUT OT ca-

MOH TOukH. B wactHocTH, ecniu x=(0, 0, ..., 0) €V, T0 r{ (X)=
=a,, TJie @, — 4YUCJI0 TOYeK Koja V, uMelonmux Bec, paBHBIH S.
B 3TOM Cci1yyae Bce CTPOKH MaTpHIbl OAHHAKOBHI, U TI09TOMY OHA
3a/laeTCs ONHON CTPOKOH r=(ay2, ... a,). [locnenoBaTenbHOCTD
r= (a,q; ... a,) Ha3bIBAeTCsl BECOBLIM CIIEKTPOM, MWJ/IH IIPOCTO
CrmeKTpoM TpymnnoBoro koja V. Bce merpuueckine xapaxrep-
CTHKH 3TOTO KOfla MOTYT OBITh 6Osiee UJIH MeHee CJI0XKHBIM CIo-
coboM BbIpaxkeHbl B TepMHHAX €ro cmekTrpa. B uwacrHocrH,
d (V)=min i.

ai#O

i1

Mpuwmep 8 Cnekrp xoma V, onucaHHOTO B mpenbiny-
meM mnpuMmepe, uMeer cieaywiomuil Bux: r=(1, 0,0, 2, 1, 0).

B nanbHefiiieM Mbl pPaccCMOTPHM elie psiji NPHUMEPOB Ha
BLIYMC/IEHHE CHIEKTPOB KOHKPETHBIX I'PYIIIOBBIX KOJ0B. Boodiue
3ajlaya BBIYHCJEHHS CIEKTpa TPYNNoBoro (#,k)-Koja o ero
nopoxjatoueii MJIM NpPOBEPOYHOHl MaTpHIle SfBJIAETCA OueHb
aKTya/JbHOH M JIOBOIBLHO CcJI0kKkHOM. CyliecTBeHHBIM BCIIOMOTa-
TeJIbHbIM MOMEHTOM, OOJeT4aoniiM peileHHe 3TOH 3ajaud,
SIBJISIETCS TIOJIyUeHHasl aMepuKaHCKUM MareMaTukoM J[k. Mak-
Busbsamc dopmyna, cBA3bIBAOMASA CIEKTPHl KOJa M JBOMACT-
BeHHAsl K HEMY.

Wrak, nycts V-rpynnoBo#t (n, k)-KOA, HMeOIHUHA CIEKTp
r=(aya, ... a,) 1 V* — IBOHCTBEeHHbI} K HeMy (n, n—Kk)-KOJ,
umetouil cnextp r*=(byb, ... b,). Popmyna Mak-Buabsamc
yCTaHaBJHBaeT CBA3b MEXAy r W r* B CjelyloLleM BHe:

i b; (1421 —2)f =2n—* iaiz" : ()

i=0 i=0
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C nowmouipio 310#t GOpMYJIBl, 3HAs CIEKTP JM06GOro U3 KOLOB
V uiu V*, MOXKHO BBIUHC/IHUTD CIIEKTP Apyroro. [leficTBUTE/ bHO,
nycTb

n
(1 +2)—i(l —2)f = 2(;)8 (n, i)z,
s=0
rae KoaguuueHTs ¢, (1, {) MOI'YT GbITb BLIYHUC/EHHI O CJIe-
AyomwuM  dopMyJiam:
n
Ps (ﬂ, l) = 20 ( - I)JC{ fsl-_-lt o
Toraa "

Db+l —2) = X b, X ¢ (n, )25 =

=0 i=0 s=0

= i 2 i bi(ps (fl, l)

§==0 i=0
U, ucno.rlbsyﬂ dopmyay Mak-Busibame, nosyuaem:

—k
3o Soa =2 Jaz.
s=0 i=0 s=0

Orciona, npupaBHHBas KO3I(pQHIUHEHTH NPH OJHHAKOBBIX
CTeneHsiX 2, BLIBOAHM:

1 < .
as = on—k 2 bi(Ps (n! l)’

i=0

YTO M I03BOJIIET BBIYUC/AUTL CHEKTP £ MO ciekTpy r*. Anajo-
THYHBIM 00pasoM MOXKHO YCTAHOBHTb (OPMY.Y AJIS BBHIUHCJIE-
HUMA crnektpa r* mo r.

@opmysa Mak-BusnbsMc  okasbiBaercsl [OJE3HOH I1pu
3HAYeHHAX R, GIU3KUX K N, TaK KaK B 3TOM CJydae pasHOCThb
n — k Majia, U CIeKTp ABOHCTBEHHOTO KOJa MOKHO BBIYHC/IHTE
HenocpejcTBeHHO. OfHAKO Mo/b3a 310l (OPMYJbl UIET ropas-
70 Jajibllie 3TOTO YTHJIUTAPHOTO IPHUMEHEHHS.

Kpome tdopmyinsl (8), mosie3HbiM siBAsieTcsl U APYroe COOT-
HOLIeHHe, TaKxke NpuHajiexallee Mak-Buabsamc:

}‘_g)bims () +2r=i(l—z =2"" N Clr,8)z. (9

r=0
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3nech C (r, §) — uucao Toyek u3 E”, uMeromwmx Bec 7 U Ha-
XOJfIMXCS HAa PACCTOSHHH S OT HEKOTOPOH TOuKM Koja V. 1o
TOXKIECTBO CIIpaBe/IMBO NPH BCEX S<If, Tle f-— YUCJO OLIHU-
GOK, HCOpaBJsieMbX Kojgom V.

W3 3TOro TONKJECTBA MOXKHO BBIBECTH JPYTO€ MOJE3HOe
paBeHCTBO, KOTOpoe HaM NOHanobuTcs B JanibHefimem. [lycrb
V — rpynnoso#t (n, k)-kon, wucnpasasiomuii ¢ owMGOK, U
C (s) — uucJio Touek u3 E" Beca s, NONaBIIMX XOTS 6l B OJMH
wiap pajuyca f{ ¢ ueHTpoM B KojoBoil Touke. Toria cmpasen-
JIHBO TOKJIECTBO:

N =1, i—=1) (1 +2= (1 —2) =

=0

n
1 —
=2 k}:(‘)C(S)ZS. (10)
o
3necw {byb, ...b,} — cnektp Koma V *, nBOHCTBEHHOTO
kouy V. Uucsa C (s) mokaspiBaloT, CKOJBKO TOYEK Beca §
MOKPBITO 1IapaMH pajuyca f ¢ LEHTpaMH B KOJOBBIX TOYKaX.
I1. KoOor Xasmmunea. Kax wmbl yxke ormeuau, B cayuae
d (V)=2 MakcuMa/JbHBIM 110 MOLIHOCTH KOJOM C pacCTOSIHHEM
2 siBJIsieTCS, HampUMep, «CYETYHK YETHOCTH», T. €. MHOMKe-
CTBO BCeX ABOHYHBIX I10C/1€10BATeIbHOCTEH C YETHHIM YHC/IOM

eIMHMYHBIX KOOPAMHAT. DTO MHOMKECTBO cocTout u3 277
TOUEK, M, KaK IOKa3blBaeT HepaBeHCTBO JlXkKoiuu, GOJIbIIEro
JIOCTHYL HeIB3s.

Cnenyromnit caydait: d (V) = 3. Jloboit kox ¢ d (V) = 3
crocober UCIpaBisiTh J0O0yI0 eIuHHYHYI0 OmHOKY. M3 He-
paBeHCTBA XOSMMUHTA CJlelyer, YTO YHCJIO TOYEK B TaKOM

2’1
KOJIe He TpeBHlaeT CJeylomel BeJUYHHBL: lV|<m,

Broite mMbl yKe oTMeYasau, YTO 1151 TOTO YTOObl TPYNNOBOIi
KOJL MMeJ KOJOBOE paccTosiHue 3, JOCTaTOYHO NOTpeOOBaTh,
ytoObl B €0 MPOBEpOYHOH MaTpuile BCe CTOJOLb ObLIH pas-
auudbl. [TostoMy ecan Mbl BO3bMeM B KauecTBe Matpuilsl [
TaKylo MaTpHIy, Yy KOTOpo#l crosbuamu 6ynyt Bee (2™ —1)-He-
HYJIEBBIX JIBOUYHBLIX HaBOPOB AIHHBI m (m — mo6oe HaTypadb-
Hoe 4yucao0), To Koi V ¢ aroil mpoBepouHoll matpuueil Gyner
HCTIPaBJAATh OHY OWKMOKY. BplunciauM napameTpsl 3T0ro Koja.

Taxk Kak uucio cronbuos B marpuie H paBHo n = 2™ — |,
TO JJMHA KOJOBBIX INOC/efoBaTeqbHOCTEll paBHa 2™ — 1.
Uncsno crpok B matpuue H paBHO m, T.e. mopoxxiawolias
maTtpuua JABoHcTBeHHOro xofa V * umeer m ctpok. Ilostomy
HOpOXK/AIOLIAs MaTPHIa caMoro Koja V lMeeT n — m CTPOK,
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T. €. 4HC/10 ToYeK Koaa V paBHo 27—™, Tak kak n = 2" — 1,
TO

oM _ 1 22 —1 on

WVi=22" """l = —— =y

CpaBHuBasl 3TO COOTHOLIEHHE ¢ CpaHulell XOMMHHTA, Mbl
3aKJI04aeM, YTO IMOCTPOEHHbIl HaMH KOJ SIBJSI€TCS COBEpIueH-
HbIM, T. €. [Uapbl pajuyca eAMHUIA C HEeHTPaMU B KOHOBBLIX
TOUKAX MOKPBIBAlOT Ge3 nepeceueHuil Bce BepuinHbl Kyba E".

OnucaHHBI HaMH KoJ, OblJ1 BepBEIe OTKPLIT aMEPHKAHCKHM
maremarikom P. B. Xsmmuxnrom u Hocur ero umsi. Koabi
XsmmuHTa 006/1aJa10T MHOTHMH 3aMeuaTtesbHbIMI CBOHCTBaMH,
BaKHEMIIMM H3 KOTOPBIX SBJSIETCH NPOCTOTa AEKOAHPOBAaHHSI.

PaccmotrpuM  cnoco6 J€KOAHPOBaHHS, OTKPBITBIH CaMHM
P. B. Xaonmusrom. Tak kak koa V He 3aBHCHT OT mopsijika
pacroyioKeHus CToJaOUOB B NpoBepoyloii marpuie H, To 310
pacrosiokeHne MOXKHO BbIGpaTh CJeAVIoOUM 00pasoM: B Kaue-
crBe i-To cros6ua Matpuusl H Gepercs JBOHYHOE MpeiCTaB.ie-
HHe yucaa [. B cayuae m = 3 310 pacrnosioxeHue BBIT/SAHT
caelyomuM  o6pasom:

0001111

H =l0110011
1010101

MeidicrBuresnbro, 1 = 001, 2 = 010, 3 = 011 u 1. 1.
IlpennonoxumM, 4TO 10 KaHaly MepeiaBascs HEKOTOPbiil
BEKTOp U i B pe3yJIbTaTe OXUHOYHOI OWINOKH TOT BEKTOD Mepe-

lie/T B BEKTOP i, OTJIMYAIONIMACA OT U POBHO B OJIHOM pa3psiie.
DTOT BEKTOP MOXKHO INPENCTaBUTh B CJIEAYIOLIEM BIije:
u=ruvoe.
3necy e = (0,0, ..., 1,0, ..., 0) — BekTOp, cConepxKauuii
eIMHHIY Ha TOM Mecrte, IJe MpOHM30LLIA OWMOKa, H COlepiKa-
MU HYJH Ha OCTANbHBIX MecTax.
Brluucaum Tak HasblBaeMblil CUHJAPOM, T. €. IPOU3BeJeHIie
- T
Bextopa u Ha H'. Mmeem:
- T N - - - T
u-H = (v® ¢)-H' = v HT ® ¢-HT = ¢-H",

1aK KaK v € V. OTciofia c/eiyer, u4TO CHHAPOM BeKTopa u
B TOYHOCTH paBeH TOMY CTOI6HY MaTpHibl H, HOMep KOTOporo

COOTBETCTBYET HOMEpY OLIHOKM B KoJOBOM cjoBe v. Ho nibl
pacnosIoXKU/IM CTOJAOLLl B MaTpHue [ TakuM Crmoco6oM, 4To
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KaxXIbli cTosber, ecTb ABOUYHOE NnpeacraB/ieHHe ero Homepa.

IMostomy BekTop e-HT ecTb ABOMUHOE MpEJICTABJIeHHe HOMepa
ouin6Ku. 3Hasi HoMmep olHMOKH, Mbl H3MEHsieM 3HayeHHe COOT-
BEICTBYIOIIETO pa3psiia W TeM CaMblM HCIpaB/sieM OLIHOKY.

IIpumep 9. Tlycrh BekTOp © Koma V, ommcaHHOTO
Bhlllle, BHIOpAH CJIEAYIOMIHM: v=1(0,1,1,1,1,0,0). Ipen
TOJIOXKMM, YTO Ha BHIXOJNE NPHHAT BEKTOp 4 C OMHOKOH B 5-M
cumBoe, T.e. 4 = (0,1, 1, 1,0, 0). Hmeem:

001

010

011

u-HT =(0,1,1,1,0,0,0)-]| 100 || = (1,0,1)
101

110

111

Ho 101 =1-22 +0.28 4-1.2° =5, 1.e. ommbka mpo-
u3omwia B 5-M paspsiie. Temepb KOJOBOE CJIOBO MO2KHO Hpa-
BHJIBHO BOCCTAHOBHTb, HM3MEHHB MSATHIH CHMBOJ B CJIOBE U.

Bo3HuKaer elie BoIpoc o sIBHOM ONMHCaHUH camoro koaa V.
INo camoMmy ompefenenHio BeKTOp U HpHHAAMEKRHT Koay V
TOTA@ U TOJIBKO TOT/a, KOTJA BHIOJHEHO COOTHOLIEHHE:

v-HT = 0.

Ilpu v = (v,0,030,05Vg0;) U m = 3 3TO COOTHOLIEHHE

9KBHBA/IEHTHO CJENYIONIUM TpPeM YpaBHEHHSIM:
V, @ 05® yg® v, =0
V, @ 0@ g ® v, =0
Ul® Us@ U5® 0720-

Ecnn BoiGpath B Kauecrse NpoBepoyHbixX 1-#, 2-i u 4-it cum-
BOJIbl, TO KaKIo€ KOJOBOE CJIOBO MOXKHO HPEICTaBUTh B Clle-
IyIOoIeM BHAE: U = (P;PoUspP 4V5VVs). VIHPOPMALIHOHHBIM CHM-
BOJIaM UzUsUg U U; MOXKHO IIPOH3BOJIBHO H HE3aBHCHMO Mpuja-
BaTh JIoOble 3HAaueHHsi, a MPOBEPOUHbIE CHMBOJBl Py, Py H Py
BBIOMpAIOTCA TaKHM CHOCOOOM, 4TOOB! OBIIM yJOBJIETBOPEHBI
NpUBeJEHHble BB TPH ypaBHeHHs. B uactHocTH, eciu
=L vs=1L0=0u0v,=010p,=1,p,=1,p; =
= 0, ¥ MBI TO/Iy4aeM BEKTOP ¥, UCIOJb30BAHHBIH BHILIE.

Konpl X3MMHHTa $B/ISIOTCA B BBICIIEH CTENEHH KOHCTPYK-
THBHBIMH, TaK KaK /s MX 3ajaHus TpeGyercss 3HaTb JHILDL
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YACJO mM-TIPOBEPOYHBIX CHMBOJIOB Koja. Boiumeaum Tteneps
cnekrp (2" — 1, 2" — m — 1)-koga X3MMHHra.

Tak kKak ko X3MMHHTa SIBJISI€TCS COBEPILEHHBIM, TO J100as
Toyka Ky6a E” nomajaer B 1ap pajauyca eIHHHIA C LEHTPOM
B KaKOH-HHOGYAb KoNoBOH Touke. [loatoMy BBelneHHas Bblllle
BesuuuHa C (s) — uucio Touek E” Beca s, MOMaBIINX XOTs1 Obl
B OJMH Wap paxuyca ! (B Haulem caydae { = 1) c LeHTpoMm
B KOJIOBOH TOUKe, paBHa OOILEMY YHCJY TOYEK Beca s, T. e. C5.

Orciona c Hcmosab3oBaHueM ¢opmydbl (10) nonyuaem:

Do (n—1,i—1) (12— (1—2)' =

i=0
= on—k ¥ Ci=2""H(1 4 2)". an
s=0

MosxHo nokasatb, uto @, (n — 1, —1) = 22=%_ Orciona

21— H(1 42yt X bypy (1 — 1, i — 1)(1 4 2)7~i(1 —2)} =

i=1

—_ Qn—-lz(l + Z)”, (12)

Ebikpl (n—1,i—=1)(1 +2)"=i(1 —2)i =0.

i=l

Tak kak B /1eBOfl YaCTH CTOMT TOXK/IECTBEHHO PaBHBIH HYJIO
TIOJIMHOM, TO BCe ero Koad(uIHEeHThl paBHH HYJIO, T. €.

b, (n— 1, i — 1) =0. i=1,2, .. n
0
n—I1
G n—1,i=1)= D (=1)CICit =n—i—(i— 1) =
=0
=n—2i+1, 13)
Orciona caenyert, 410 ¢y (n — 1, i — 1) paBeH HYJIIO JHIIb
n+41
apu = —— ITostomy
by=by. . .=b,_,=0b,.5...=b,=0.
2 2

OTH paBeHCTBAa NOKA3BIBAIOT, YTO B JBOACTBEHHOM Koje V*
BCE HEHYJIEBbIE BEKTODBI HMEIOT ONHHAKOBBIH Bec, pPaBHBIH

n‘l“ 1 2m-—l
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N3 tdopmynsl Mak-Busbsmc Temepb mnosmyuaem:

n‘ ) 1 n ) )
Daz = i Db (1 +2=i(1 —2)f =
=0 =0

1 n‘—l n+1
= ,[(1+2)n+n(1+z) P (l—2) ° ] (14)

M3 stoit opMyabl MOXKHO IMOJTYYHTb $IBHbIE BbIpa)KeHHs
/i Ydcen @;, T.e. HalTH crnekTp Koma XasmmuHra. Huxe
MBI HCTIOJIb3yeM 3TOT pe3yJabTaT IJs HaXOXKIeHHs cpenHed
BEpOATHOCTH HeOoOHapy:KeHHs OWHOKHU 3TOrO KOoja.

1. 3xsuducmanmeusie koOer. 3yuas (n, 3)-kon X3MMUHTa,
MBI HalWIM Jpyrofl UHTepecHbId Koj V*, siBasioliuMicsi IBOH-
CTBEHHbIM K KOAy X35MMHHTa. IDTOT KOJ COJIEPXKHT POBHO

22M=1-(2M=m~1...) = 9m ToyeK, a KOJOBOE PaACCTOSIHHE ecTb
n-1
5—. Kax nokashiBaer Hepasencrso [lnotkuna, — mpu
n--1 o n-1
d = —5—HWKaKOH KOJ C paccTosiunen d = —5— He MOXer

conep:xathb bosee (n -- 1)-i touxku. Iostomy kox V* sapisiercs
MaKCHMaJbHBLIM 110 YHCJIy TOYEK B KJacce BceX KOJIOB ¢ pac-

n—+1 %
CTOAHUEM 5 - Tak kax Kaxas HeHyJieBasi TOUYKa KoJla 1%

n-+1
HMeer Bec——_g—

, TO BCe nollapHbple paCCTOAHUA MEXKAY TOY-

KamMH Kojaa V* onMHAKOBBI U paBHBI 3TOMY Becy. TakuMm ofpa-
3oM, K01 V* sB/serca mpeicTaBHTeNEM Kjacca TaK HasbiBae-
MBIX SKBHJAMCTAHTHBIX KOJOB, T. €. KOJOB, y KOTOpPbIX BCe
1onapHele PAcCTOSHUA MEXAy TOUKaMH OJAMHAKOBHI. [Ipocreii-

LIMM TTPUMEpPOM TaKoro Koja B E" saBisiercs caenyioiee MHO-
KECTBO TOYEK:

a; = (100...0)
%, =(010...0)

@, =(000...1)

Paccrosiune Mexay JoObIMH JAByMS TOYKaMHM M3 3TOTO
MHOXKeCTBa PaBHO ABYM. HeTpymHo BHIETb, 4TO reomerpHue-
CKH.3TO MHOXECTBO INpEACTaBjsieT coboH chepy paauyca eiu-
HHIIA C LEHTPOM B HyJeBOil Touke. SICHO, 4TO BCe BEKTOpHI
NOCTPOEHHOTO KOJA TOJYYaloTCs H3 NEpBOro IOCJeNoBaTeb-
HBIM ¢CABHMTOM» @IUHHIBI H3 1-ro paspsua Bo 2-if, W3 2-ro
B 3-# 1 T. . Mcnoan3ys aHaJ orHyHbif npHeM, MOXHO IOCTPO-
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HTb JIPYTOil 3KBHAMCTAHTHBIN KOJ, B3sIB 3a HAYa/bHY{O IOC.1€-
JOBATEJILHOCTL 110C/IEN0BATENBHOCTD € 2-MA  CUIHHHUAMH:

B, =(1100...0)
B, = (0011...0)

B/, =(0000..11)

Tak mbl MOJMY4YUM SKBHJMCTAHTHBIH KOJ C pacCTOsTHUEM 4,

o n n
COCTOAIIHHN H3 M = —Q——TOqu B cJy4yae 4yeTHOTron H m = [7]

B CJyyae HEYeTHOTo.

Mn1 nokasanun, uro xox V*, HBoHCTBEHHBbI K KOgy X3M-
MHHTa, IBJISEeTCs] SKBUJUCTAHTHBIM H CONEPXKHUT (1 - 1)-Touky.
Hasnee, ucnosn3oBas HepaseHCTBO [10TKYMHA, MBI YCTAHOBHJIH,
YTO 3TOT KOJ HMEeT MaKCHMaJjibHOe YHCJIO TOYeK CpelH BCex

n-41
KOIOB C pacCTOsTHHEM —g . O,ZLHaKO 9TOT pe3yJbTaT Ha Ca-

MOM JleJie He CBfI3aH C paccTosinueM B Kozie V*, a siBisietcs JHILb
C/Ie/ICTBHEM TeOMeTPHYECKOH MPHpPO/Ll 3TOTO KOJAA — €0 3KBH-
JaucraHTHocTbio. Ha camom gene nmeer MeCTo TakoH (hakT:
ec/lHd B N-MEpHOM I[IPOCTPAHCTBE HMeeTCsi HEKOTOpOe UHC/IO
TOUEK, TONapHble PACCTOAHUS MeXKNy KOTOPHIMH OJMHAKOBHI,
TO YHCJO 3THX Touek He npesocxonut (n -+ 1). Ha mnockoern
TaKHM SKBHMIHCTAHTHBIM MHOKECTBOM SABJ/ISETCA IPaBHJIbHBIHA
TPEYroJbHHK, B 3-MEpPHOM I[POCTPAHCTBE — TeTpasjup H T. .
Takum obpasom, uyucaO TOYEK J1000TO 3KBUAMCTAHTHOIO
xoma B E™ ne mpesocxomut n -+ 1 mas n = 2, 3. [loxaxenm
5TOT (akT Jsi npoussosibHoro n. Hrak, nyers V < E7,
V= {a, ay...a,} up (s, a;) = d.
Li=12,..s5s
Bynem cuurtaTh, 4TO HyJIEBOH BeKTOp NPHHALIEXKUT Kony V,
AHauye MOXKHO Iepefitn kK xKony V @ o, KOTophlif Takxke sB-
JIA€TC 3KBUJMCTAHTHBIM H YK€ COJIEPKHT HYJeBOH BEKTOP.
[Tyers stum  Bektopom Oyner o,. Tak Kak
p @) = llo @y |l =1 ol =
i=223 ..,5,

TO Kaxjblli HeHyseBoH BekTop u3 V umeer Bec d. [anee, Tak

Kak
p (E E) =2|O‘i‘“f31 | =2 (ot —B3)%

i=I i=l
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re o = (&, oy .oay) B = (B Ps... Bp), 1O
P(;%, By=1all +1BIl—2(@B)

rze (z, B) = zaiﬁz — CKalspHOe  TPOH3BEJIEHHE  BEKTO-
i=l

poB & 1 B. B wacrnocTH, ecan o, o ; € V, 10
o (O('iv aj) =2d— 2 (ai’ a]') = d,

T. €.

- - d
(aivai)=—2——'

INokaxkeM Tenepb, UYTO BEKTOPBI QL 0l ... &, JHHEHHO He3a-

pucumbl. JI1s storo cocraBum matpuily I'pama A = || (a;a;)l]
U BHIUNCIHM ee onpefenutenb. Mmeem:

d d d

i35 5 -7

d d d

- 4 5. . .5

- - ) 2
A=, )l = :
d d d

_2_—'2—'—2—. -d

OﬂpelleJIHTe.fIb MaTpHIibl A 7erKo BBIYHCJIUTH H NOJY4HTDb

4] = L £ D

2k ’ (15)

rie k= s— 1.

Tak kak |A4| 5= 0, TO BeKTOpPHl &y, &y, ..., Ay JHHEHHO
HezaBucuMbl. IlosToMy HX 4MC/IO He HpPeBOCXOAMT pasMep-
HocTH mpoctpanctBa E". Otciona caepyer, uto s— 1 <<n,
T.e. § <<n -4 1, u Hawe yTBepxkJeHHe NOKa3aHO.

3ameuyanue. Herpyino yGenutbcst B TOM, YTO pac-
CTOSIHHE B 3KBHJUCTAHTHOM KOJE 00f3aTeJbHO NOJXKHO ObITh
yeTHHIM uHcioM (15).

Kon V*, nBoiicTBeHHbIH K KOAYy XA5MMHHIA, HOCHT Ha3Ba-
Hue xoja MaxnoHanbna. OH siBJIsieTcsl OJHUM H3 IpeNCTaBU-
TeJell Kjacca SKBHAHCTAHTHBIX KOJOB, KOTOpPhie — MOXKHO
NOJYYHTb C MOMOILBIO TaK Ha3biBaeMbIX Matpui, Anamapa.

Marpuuefi Anamapa HasblBaercsi KBajpaTrHasi MaTpHua
nopajaka n, cocrosas u3 --1, —1, cTpokn KoTopoii nonapHo
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oprorona/ibHbl. IlpocteAIMM npuMepoM TakoH MaTpHubl fB-
Jgsiercs ciaeaywomas 2 X2-matpHua:

1 1
+1 —1

CBsi3b 3THX MaTpPHULl C 3KBHAMCTAHTHBLIMU KOJAMH OIHCHI-
BaeTCs CJIEAYIOLHM YTBEPKAEHHEM.

Teopewma. Eciu cymecrsyer matpuiia Anamapa nopsia-
Ka 7, TO CYLIeCTBYeT 3KBHJMCTaHTHBI KOJX M3 7 CHMBOJIOB,
collepKalluil pOBHO 7 TOYEK.

HefictButensHo, nycrs H — matpuua Anamapa U v, ...
U, — CTPOKHM 3TOH MmaTpuibl. KaxIoi CTPOKE v; CONOCTaBUM
IBOMUHBII Habop vu; c/epyiomuM obpasom: -1 3ameHseMm
Ha 0, a —1 — na 1. Taxkum obpa3oM, Mbl mojyyaeM Koj

V = {v,v, ... v,}. Tlokaxkem Ttenepp, uro xox V sBisiercs
SKBHAUCTAHTHBIM.
= (pl 2 — (oly2 n
IMyete v, = (v}o? ... v}), v; = (vjv7 ... vf) w

Hy=

1, ecau v?s& vf’;
Op =
0, ecn vf = v,'?.

Torga

n n
Y - -
(05, 0)) = Jofof = X (—1) " =n—2p (v, 7;). (16)
k=1 k=1
Tak Kak CTpPOKM U; H v; OPTOrOHAJIBHEI, TO
(v;05) = 0.
Hs (16) renepr mouyuaem:

p(0n0y)=—g, bi=12...,n

YTO M JOKa3blBaeT 3KBHUANCTAHTHOCTb Koja V.
Tak kax pacCTofsHHE B 3KBHIMCTAHTHOM KOJi€ YETHO (CM.

- n
TpeAblLylee 3aMeuaHue), TO YHCI0—;—AOJKHO OBITb YETHBIM,

T. €. N KpaTHO ueThipeM. Taknm o6pa3oM, MOPAJAOK MaTPHIIbI
Anamapa kparteH uerhlpeM. B 3TOM COCTOMT HeoGXoxuMoOe
YC/IOBHE CYLIECTBOBaHMsi MaTpHll AnaMapa mnopsinka n. Hs-
BeCTHA CTapasi THIIOTe3a O TOM, YTO NpPHBEJEHHOE YC/OBHE
apJjsiercs d JocrarouneiM. Ho sto npenmnosoxenne He no-
KasaHo, H, G6oJ/iee TOro, He BHAHO HUKAKHX PeabHEIX IIaHCOB
CIpaBHTbCA € HUM B OimKaiiuee Bpemd,
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OnHako cyuiecTByeT HEKOTOpoe YHCJIO METOJOB, MO3BOISIO-
IUX KOHCTpyupoBaTh MmaTpuusl Anamapa. Ilpocrefimmii us
3THX METOJOB MO03BOJIsIeT CTPOHTL MarpHubl Alamapa nopsii-
Ka 2n u3 marpuu Aznamapa nopsiaka n. CyIHOCTb 3TOTO Me-
TOAA COCTOHT B CJEYIOLIEM.

Teopema. Ecau H,-marpuua Ananmapa nopsjxa n,
TO MaTpHia

H«zn - ' Hn Hn

Hn _'Hn

aBjseTcss Mmarpuuell Anamapa mnopsiika 2.
ITpumenus sty Teopemy Kk wmarpiie H,, Mbl osyyaes
MaTpHIy
f 1 1

I 1
T DEES R
L1 —1 1
1 1

fr -1 —1 +

DTOT MEeTOJ MO3BOJAAET IS JI00OI0 £ MOCTPOHTL MATPUILY
Ajanapa nopsinka 2%,

B Hacrosimee Bpemsi MaTpHIbl Ajamapa HOCTPOEHbI JJist
BCeX 71, KPaTHBIX 4erTeipeM H He npeBocxoismux 200, xpome
1 = 188. Kpome storo, MaTpuipl Ajamapa MOCTPOEHBI JJist
MHOTHX GeCKOHEUHLIX IT0CJIe0BATEALHOCTeH 3HAUEHHH /1.

B cayuyae matpuil Ajzamapa Mbl HMeeM elne OIHH sIpKuil
IIpHMEp MCIOAB30BAHHS CTAPOro MOHATHS KJIacCUYecKoil marte-
MaTuKi B 00JacTH, Ha NMEpBBIH B3IVIAA Upe3BblYaHHO JajeKoi
oT TOH, KOTOpasi NpHBe/ia K BO3HHKHOBEHHWIO 3TOTO MOHSTHS.

IV. Cosepiitennote nodor. Tlpit oBCYKAEHHU TpaHMIBI X3M-
MMHTI&@ Mbl €CTECTBEHHbIN 00pasoM IPHILIH K IOHSTHIO COBep-
HIEHHOTO Koja. TOUKH COBEPINEHHOrO KOJa HHTEPNPETHPYIOTCS
K4aK LeHTpsl 1IAPOB pajuyca f, Ha Koropble pasbusaiorcs Ge3
nepeceyeHnl BepIuMHbBl MHOKecTBa E7. IlepBbIM BCTPETHBIIMM-
Csi HaM NpPUMEPOM COBEPILUEHHOTO KoJa $BJSIETCS TPHBHAJb-
HBIL KOJ, COCTOSIIMH U3 JIBYX <«ITPOTHBOIMOJOMKHBIXY TOUEK
Kyba E" o= (0,0, ...,0), p= (1.1, ..., 1). Dror Kox siB-
JISIETCS COBEPIUEHHBIM KOJIOM ¢ PacCTOSIHIEM 7 TIPH HEYETHOM A.

HeiictButenapto, ecil Touka ¥ € E™ nneer 6oJblle MOJIO-
BHHbl @IHHUYHBIX KOOpJHHAT, TO OHA IPHHALIEKHT HIapy

n—1 = =
Pl C [EHTPOM B TOUYKe [3 Ecau ke x umeer

MeHbLLE TOJIOBHHBI eIUHIUIBLIX KOOpAUHAT, TO OHa NpHHAJIe-
XKHT TAKOMY K€ [apy C LEeHTPoM B Touke a. Takum oOpasom,
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Ky6 E" pasbuBaercs Ha JBa HellepeceKaloLIUXCs 11apa pajuyca
n—
2
Crenyiomum, yke HeTpUBHAJBHBIM, HPHMEPOM COBeplueH-
HOTO KOJa ObL1 KOJI X3MMHHTA. DTOT KOJ CYILECTBYeT /151 BCex
urces n Buja n = 2" — 1; OH HMeeT paccTosinue 3, T. €. HC-
npapjsier oaHy ouwnbky. Umucao Touek B Kojae X3MMHHra
paBHo:

C UEeHTpaMH B TOUKax o H ﬁ

m

2™ _1
2 =_2____= 22m—rrt—l .
n-1 2m
Koa XsMMmuHTa siBJsieTCst TpynnoBuiM (27 — 1, 27 — m — 1)-

kogoM. OcTajibHble CBOHCTBA 3TOTO KOAA ObLIM OIMHCAHBI BbIllIe.
CreiylolyM H NOCJEHAM JBOHYHBIM COBEPLIEHHBIM KOIOM
apasercs  kKoia [oses. DTOT KO ABJIAETCA  TPYMIIOBBIM
(23, 12)-xoz0M € HCIpaBJeHHeM TpeX OLIHOOK.
OTnveTHM, YTO BMECTE C COBEpPLIEHHBIM KOJAOM V coBepiuen-

IBIM SIBJASIETCS U KOA V ® o anist qoGoit Touku o € E*. Bos-
IIHKaeT BONPOC, CYLIECTBYIOT JIM COBEpLIEHHBbIE KOAbI C pac-
CTOSTHHEM 3, KOTOpBIE HE MOTYT ObiThb MOJyYeHB H3 KOJO0B
X3MMHHTA «CABHTOM» Ha KakKylo-HHOYyAb TOUKYy o € En.
OTBeT Ha 3TOT BONPOC OKA3LIBAETCS IONOKHTETbHBIM [4].
CKOHCTpYHPOBAHO LieJIoe CeMeHCTBO TaK Ha3bIBaeMbIX «CIHJIBHO
HErpyIroBLIX» COBEPLIEHHBIX KOJOB, Kax[ble JBa H3 KOTOPLIX
He NepeBOAATCSt APYT B JIpyra INOCPEACTBOM INpeo0pasoBaHusI
«cpBHTay». I1oT (AaKT yKa3biBaeT Ha TO OOCTOATENBbCTBO, YTO
JaXKe TaKoe «CBepX CHMMETPHYHOE» DPacIOJIOXKeHHe, Kak Co-
BEpLIEHHBbIA KO, MOX<eT ObiTb peajH30BaHO MHOTHMH pas/iiy-
HBIMH CIIOCOOaMH.

I[Nepeuuc/eHHBIMH KJaccaMH COBEpPIIEHHbIX KOIOB HCYep-
TNBIBAIOTCS BCE JIBOMYHBIE COBEpIIEHHBIE KOAbl. ITOT (aKT cpaB-
HUTEJBHO HeZaBHO Obll ycTaHoBjieH B pabotax [2] n [3].

Okasanoch, YTO peliaollylo posb B Npob/eme CywecTBo-
BallHsl COBEPUIEHHBIX KOJOB HIPalOT KOPHHU rnojiuHomMa ¢, (n — 1,
x). JleficTBHTeIbHO, B CJlyyae TPYNIIOBBIX COBEPLIEHHBIX KOJAOB
uz ¢opnyasl (10) nomyuaem:

Ebi(Pt(n-—l, i— D1+ 2 (1 —2)f =2—*(1 +2)",

i=g
TaK Kak B copepiieHHoM kKone C (1) = C5.
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Ananornuno copmysaam (12) u (13) orcioma mosyuaem:

n
Yoo (n—1, i— 1)1 + 2= (1—2z) i=0. (18
i=l1
M3 storo papeHcTBa BBITEKAIOT CJEAYIOUHE COOTHOLUEHHMS:
by (n—1,i— 1) =0, i=12,....,n (19
Takum ofpasoM, CpaBelIHBO CJeAYIOLIEe YTBEPIKIEHHUE.
Teopewma. J[las toro yrobwl rpynmoBolt (n, k)-kox V
C HCIpaBjieHHeM ¢ OWIMOOK Obl COBepINEHHBIM, HEOOXOAHUMO
H JIOCTATOYHO BLINOJHEHHE CJIefylollell aJbTepHATHBLL JHGO
YHCJIO i <X 7 €CTb KOpeHb YypaBHeHus @, (n— 1,1i) =0,
Ju60 B JBOMCTBEHHOM KOJ€ HeT BEeKTOpOB Beca i — l.
HoxasatenbcTBo. Heo6xonumocTb yc/oBuS T€O-
pemsl cjenyer us paseHctB (19). [lokaxkeM Teneph €ro 1oCTa-
TOYHOCTb,
Hrak, nycrs V — (n, k)-xop ¢ ucnpaBienueM ¢ OIHGOK
u {b,b, ... b,} — cnexrp nBofictBenHoro xoxa V*. Toraa
H3 YCJIOBHSA TeOpEMbI CJeNYIOT PaBEeHCTBA:

b, (n—1,i— 1) = 0.
M3 stux ypaBHeHuii nosydaem:

Ebi(pt (n—1, i—1)1 + 2= (1—2)' = by, (n—1,—1)X

i=0
X (1 +2)n. (20)
CpaBHuBas (17) u (20) npu z = 0, nosyyaem:
¢ (n— 1, —1) = 2n—*%, 21)
Ho
t .
o (n—1, —1)= DCh,
i=0
T. ©

t
9k = 9n | 2 c,

i=0

OTKYZ@ H CJelyeT COBepLIeHHOCTb Koja V.

Panee amepukanckum MmaTematukoM Jlnofiom 6buia J0Ka-
3aHa C/eAyllasi TeopeMa, Bbipakaiolias HeoGXOIHMoe YCJIo-
BHE CYLIECTBOBaHHs COBEPILEHHOTO KOJA C HCIpaBJIEHHEM
! ommGox, TOXe B TePMHHAX, CBSI3aHHBIX C KOPHSIMH IIOJIH-
Homa @ (n— 1, x).
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Teopema Jlnoitga. Ecau cyluecTByer coBepiieH-
HbIfl KOJ IJIMHBL A C HCIpaBJjeHHeM ! OIIMOOK, TO MOJHHOM
¢, (n — 1, x) uvmeer { pasjMYHBIX LEJbIX KOpHeH cpean 4u-
cen 1,2, ..., n— 1.

INonpo6Hoe u3yuenne nosuHoma @,(n — 1, Xx) COBMECTHO
C HEKOTOPHIMH JpPYTHMH HEOOXOAMMBIMH YCJOBHSIMH Cyllle-
CTBOBaHMs COBEPLIEHHBIX KOJAOB IO3BOJIsSIET AOKa3aTh CJEAYIO-
mee yrBepxkaenue (2], [3].

Teopema. EnuHCTBEHHbHIMH HETPHBHAJbLHBIMU COBep-
LIeHHBIMH JIBOMYHBIMM KOJaMH SBJISIIOTCA KOAbI X3MMHHIa
H kox loses.

V. Luxauueckue ko0 ClenyIOmAM OYEHb BaXKHBIM H 6O-
raThlM KJIacCOM KOJOB, HCIPABJSIOUUX OIUOKH, SIBJSIOTCS
UMKJIHYeckHe Kojbl. [locTpoeHue HUKJIHUYECKHX KOIOB OCHO-
BAHO HA CJIELYIOUIEM COOTBETCTBHM MEXKNY JIBOMUHBLIMH BEKTO-
paMH JJIMHBL 7 M TIOJIHHOMaMH CTeneHy He Bhie 7 — | ¢ K03g-
¢unuentamy 0 u 1t

o= (@0, vy &) =[5 (X) = a; Fayx ... Ha,xnl

B 3toM MHOXecTBe MOJHHOMOB ¢ kKoadduuuentamu 0,1
BBOAATCS OOBIYHAA orepauus cjoxeHus mo mod 2 u onepaunus
yMHOKeHHs mo mod (x* — 1).IlocnenHee o3HauaeT crenyo-
mee. IlepeMHOXKHB JBa MNOJIMHOMA OOGBIYHBIM CITOCOOOM, MBI,
HCNO/b3YSl PaBeHCTBO x" — 1, mpeo6GpasyeM IOJyyeHHOe I1POo-
H3BejieHHe B TIOJINHOM CTeNeHH He Bhille ueM 72— 1.

Dpumep 10.  Ilyere n =14, f(x) =1 4+x* + 3,
g(x) = x +x3. Torna

f)g () =x +x* +x° 485 +x* + 28 =x +x* +

xS =x 41 +xxt LxPxt=1+x+x Lxt=
= 1 4 x% (mod x* - 1).

BBejenne Takoro yMHOXKEHHSI MOXKHO TaKiKe TPaKTOBAaThb
KaK OIIpe/iesIeHHe HEeKOTOPOH HOBOH omnepauid B MHOXKECTBE
En. Ho npu 3ToM cMBICT 3TOH oOnepanud okasajcs Obl He-
CKOJIbKO 3aBya/IiPOBAHHBIM. MHOXKECTBO NOJIHHOMOB C BBEJIEH-
HBIMH OIlepaliMsiMi CJIOXKEHHsT H YMHOMXKEeHHs 06pasyloT ajre-
GpauyecKyio CTPYKTYpYy, HOCSALLYIO Ha3BaHHe KOJbIla H INOJIH-
HOMOB Haj moJieM u3 JByX ajemeHToB {0,1}. 910 KOJIBLO MBI
Oynem o6o3HauyaTb uepes A,.

Knacc nnK/IH4eCKUX KONOB 3alaeTcsi CJeAyolUM 00pasoM.
Bepercs HekoTophiil mosiuHoM [ (x) € A, ¥ paccMmaTpuBaoTCs
BCE NOJIHHOMBI U3 A,, KpaTHBE f (X), T. €. BCe Te NOJIHHOMbI,
KOTOpBIE MOXKHO NpeiCTaBuTh B Buze [ (x)g (x) npu g (x) € 4,,.
Ecnu nosyueHHOMY MHOXKECTBY HojHHOMOB A (f) comocraBHTD
COOTBETCTBYIOLIEE €My MHOMKECTBO JBOMUHBIX HaGopos, To V
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H GyJIeT MHKIHYECKHM KOJIOM, NOPOMKICHHBIM MOMHHOMOM | (X).
Ipu stom nominom [ (X) BhGHpaeTcs Cpeunl Je/uTesled nomm-
HoMa x" - 1.

IMpumep 11. Iycrbn =4uf(x) =14 x*. Herpyn-
HO BHAeTb, uto 1 --x* = (I +x»2%, T.e. mnoauHoM f (x)
gpasiercsi  Jeautenrem 1 -- x*. MuoxectBo A (f) saBasercs
NoAnpocTpancTBoM A ,, TaK Kak CyMMma Jio0biX JIBYX IOJHHO-
MOB, fensmuxcs Ha [ (x), Toxe nenurcs Ha f (x). DTo nmoanpo-
CTPaHCTBO MMeET PasMepHOCTb 2, TaK KaK B HEro BXOJAT IO-
JUHOMB! 3-#1 U 4-i1 creneHed. UtoObl ero onucarb, A0CTaTOYHO
HaliTH [Ba JMHEHHO HE3aBHCHMBIX IOJHHOMA, JIEJALIMXCS Ha
[ (x). B xauecTBe TaKMX NOJMHOMOB MOXKHO B3$IThb, HalpHMep,
cJleJlylolle: caM MOJHHOM [ (x) M mosuHOM fy (x), rae

fr0) = x-f(x) = x (I 4-%°) = x + £

Teneps kon V, coorserctByiomuil MHOx)ectBY A (f), MOX-

HO 3aJaTb CJEAYIOIEH NMOpPOXKIAIOMeH MaTpUIei:

F(x) 1010
f @l |lotot

HasBanue QUKJIHUECKHX 3TH KOIbl HOCAT NOTOMY, UTO BMe-
cTe C KaXkJOH MOC/JEN0BATENbHOCTbIO & = (% 0y ... &) OHH
cojepaT €e IHKJIHUECKHE CIBHI &' = (Qp0y ... %p_q). ITO
JIETKO CJIe[lyeT U3 TOro, YTO BMecCTe C IOJHHOMOM g (x) OHH
cojepKar M MOJHHOM Xx-g (X), a yMHOXKeHIe IOJHHOMa g (x)
11a X KaK pa3 i COOTBeTCTBYeT LHKIHUECKOMY CABHUTY INOCJIENO-
BaTeJbHOCTH, COOTBETCTBYMOUIEH g (x), Ha eNMHHIYy BIpPAaBO.
Ecmu g (x) = f, (x) = x + %%, KaK B npeapiylieMm npuMepe,

TO
g —>(0101)

H TOJHHOMY X-g (X) = x+(x 4 x%) = x* +-x* = 1 4 x* coor-
BETCTBYeT I10CJIeJJ0BaTe]bHOCTD

x-g(x)—> (1010),
KOTOpasi KaK pa3 H fBJSETCs CABHTOM I1OCJIENOBATEIbHOCTH,
cooTBeTcTBYOIEH g (X).

MokHO MOKa3aTh, UTO CIIPaBeIJIHBO U OOpaTHOE yTBEpK/e-
Hue, T. e. oGOk TpynnoBoil kox V, KOTOpHIH BMECTE C Kax-
JIOH TOYKOH COMEPKHT 1 €e «CIABHI», COCTOHT H3 BCEX IOJHHO-
MOB, KpATHBIX HEKOTOPOMY JEeJHTeNI0 I[OJHHOMA X" 4 1.

DKBHBAJEHTHBIM METOJIOM 3aJaHHsl LHKJ/JIHYECKOTO KOJa
ABJseTCs] crocob ero 3ajauis ¢ MOMOLIBbIO KOpHeH, MopoXKaaio-
mero koj nosinoma. Hanpnmep, xox V npensiaymero npi-

Mepa MOXKHO 3ajaTh CJEAYIOIHM 00pasoM: MOJNHOM g (¥)
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NpUHALJIEKUT KoLy V TOrAa M TOJIBKO TOTAa, Korja | siBisercs

ero KopHem KpaTHocTH gsa. JleficTBuTenpHo, 1 sBisiercs

KOpHEM TOJHHOMA [ (¥) KPaTHOCTH 2, T.e.
fr)=14x=(+x*

CBsA3b Mexay OOOMMH crocofaMu 3ajaHusi MUKIHYECKHX
KOJOB YCTaHaBJIHBaeTCs CJENYIIUM 00pasoM.

ITyctb Kox V 3ajaH TeM CBOHCTBOM, YTO BCE €rO NMOJIHHOMBI
HMEIOT KOPHSMH pa3/MYHBIE 3JEMEHTBl &0, ... 0. Cienyer
MpH 3TOM OTMETHTb, YTO CaMH KODHH @40 ... O, Yallle BCETO
He 3ajal0TcA B «SIBHOM» BHJE, a TaKXKe HCIOJb3YIOTCA ONMH
WM HeCcKOJbKO IOJIHHOMOB, Cpeld KOpHeH KOTOPBHIX colep-
KATCSl SJIEMEHTBl G0y ... &,

Ilycts m; (x) — MuHuMa/bHas (YHKOHS LISt KOPHS o,
T. . IIOJMHOM MHHHMAaJbHOH cTermeHu ¢ Kosddunuentamu 0,1,
KOPHEM KOTOpOroO sBJsieTcsi o;. Torja MopoxKIaiomuM MOMH-
HOMOM Koja V fBJIAeTCs CHIEeLyIOWHil MOMHHOM f (X):

f(x) = H. 0. K.(my (), My (X) ... m, (X))
31ecy H. 0. K.— HauMeHbliee oOliee KpaTtHoe MOJHHOMOB

m; (x) (i =1,2,..,r), T.e. IOIMHOM MHMHHMAJbHOH CTere-
HH ¢ Koa(puuuentamu 0 1 1, nensmuics Ha KaxkAblil U3 MOJH-
HOMOB m; (x) (i = 1,2, ..., r). Tlpu 3TOM JJIMHA WJIH YHCJO

paspsiioB koxa V onpesensercs CJAeLyOmEM 06PasoM.
MozKHO MoKasaTb, 4TO [JIs1 JIIOGOTO KOpHS o; CYIIECTBYeT
TaKoe YHCJIO /M > 1, 4TO BBLINOJHEHO DaBEHCTBO:

m —
an = 1.
Haumenbinee 43 5THX UHCEJ m Ha3bIBAETCA MOP ATKOM

sJeMeHTa o; ¥ o0o3Hauaercs uepes n;. JlnuHa n Koma V Bbi-
paxaercst caenywoueli GopmyJion:

N =H.0. K. (Mg, Mgy oy ;).

HaunGosnee wacTo BCTpeyalomUMMCA Ha HpaKTHKe CaydyaeM
SIBJISIETCS TAKOH cilyua#, Korja KaxkKAblfl U3 KOpHeH o; fIBJIser-
Csl HEKOTOPOH CTENeHbIO OJHOIO M TOTO e KOPHS o, T. €.

{o,oy ... .} = {a¥s ot .. ok}

B sroM ciayuae moctpoeHHe Kozja V Belercs Mo cxeme,
CyTb KOTOPOil MOXKHO IIPOJIEMOHCTPHPOBATh Ha CJIEAYIOMIEeM
npumepe.

IMTpumep 12, IlycTh @ — KOpeHb ypaBHEHHSA

#*4+x+1=0

u Koj V 3ajaercss COBOKYIHOCTBIO KOopHeH (@ a®), T. €. Jmo6oi
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«KOJIOBEIH ~ MHOTOUJIEH» HMeeT KopHn o u o, MoxHo
J0Ka3aTh, YTO MHHHUMAJBHOH (YHKUHEH 1/ KOPHSA o SBJSHET-
ca caMm MHorousaeH [ (x) = x* +~x 1. Ham Hagmo HaiiTu
MHHUMAJBHYIO (PYHKIMIO A5l KOPHSA o, = o® 1 JJIHHY Koaa V.

Ws rtoxpmectBa (a -+ b)® = a® 4 b%, cmpaBegHBOrO B
noje Hu3 JABYX ajemeHtoB 0,1, Jerko BBIBeCTH ciefyiomiee
yTBep:K/IeHHe: eClIH f — KopeHb HEKOTOPOrO IOJHHOMA
g(x) €A,, o p? takxke ABJAsEeTC KOPHEM 3TOrO MOJHMHOMA.

JeficTBUTENIBHO, MYCTh g (X) = &) + QX ... F-o,x"7L,
rae o; = 0,1. Torma .

Ea«szy—l—E% )™= X (™)

i=1 = i=
2

- (2 a,pi—t] =0,
i=1
T. e. > — KopeHb g (¥) 7 ¥ T. I.
Taxkum 06pasoM, MOMUHOM [ (x) BMeCTe C KOpPHEM o HMeeT
TaKke KODHSIMH cCJjefyloue sjnemeHtnl of, a®, a® ... u T. 1.
B najbHefilneM HaM MOHajnoOGHTCS Caepyiomas Tabauua,
B KOTOPOH CTeNeHH KOPHSI o BHIPAXkKaloTcsi B BHJE NOJHHOMOB
OT @ CTemneHH He Bhinle 3. JTta TabJaHIa COCTAaBJIeHA HCXOMS
U3 TOXKJECTBA:
at =a 1,

KOTOpOE SIBJISIETCS] CJENCTBHEM TOTO, YTO & €CTb KOPeHb MHOTO-
yieHa x* +x 41 =0.
Hmeem:
at =a 4 1;
ad=o-(a+1)=a +a;
ol =a-a = a® - a?
o' =a-af =at Lat=a® f-a J1;
at =a-o0’=a* +a? +a=1+4aoa +a® fa =a’|l;
al =a +a?;
al® =0 +a 4+ 1;
ol =’ J-a? }a;
a2 =qa | a? - a - 1
ol =ad | a® 4 I;
ol = a? 1
old = |,
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Ha crenensix or o8 10 of mokasana cama mpouegypa co-
craBnenus tabannpl. Cremend or af 1o al® yuraTenb JErkKo
BBIUMC/JIHT CaM, MOJB3YACh TE€M K€ IPUHIUIIOM.

W3 stoft Tabmuibl, B 4aCTHOCTH, BHIHO, UTO TMOPSJIOK KO-
Hs o paBeH 15, T.e. n, = 15, Tak KaK HU OAHA CTENEHb Q,
MeHblas yem 15, He paBHa 1. [anee,

a® = (@) =al = 1;
@ = (@) = o # 1
@ = @) = a £ 1
af = @) = a1,

T. €. HOPSJIOK KOpHsA o, paseH 5. Otciona
n = H. o. K.(15,5) = 15,

T. e. AJMHa Koja V pasHa 15.

Ilyctb g (x) — MuHUManbHast GyHKUHA 114 a; = a’. Tor-
Ha g (x) BMecTe ¢ a; uMeeT KopHH: a? = of, al = q!?, af=
= o = a'%.a% =a’. Tlostomy

g = (x—a? (x—a’) (x— o) (x — a'?).
PackpelB CKOOKH, Mbl IOJYYHM CJE/YIOUleEe BbIpaKeHHe:

gl =x £5%@ 0 +of £ £ (@ ol +
_I__als_ +a21) +x(a18 __I_a21 +°‘24 +(Z27) -—I—GSU).

Ilpyu nomowu Tabiuubl HETPYAHO YOENUTHCS B TOM, 4YTO
Kaxzaas cymMMa B KPYIVIBIX CKOOKax paBHa I, T.e.

gx) =x* +x% L% +x +1.

Tak KakK MoJHHOMH f (x) H g (X) HE UMEIOT OOLIHX MHOKHTE-
Jeff, To Kopx V mopoxkIaercs C/efyioUMM MOJHHOMOM:

m) =Fxgk=2x +x +x° +x* 1

Crenesb mnosnuHoMa m (x) paBHa 8, T, €. pa3MepHOCTb
koga V paBHa n—8 = 15— 8 =7, u xoxn V sBasercs
mukanyeckuM  (15,7)-konom.

B kauecTBe mNOpPOXKMAIOMIETO MHOMKECTBA KOJa MOKHO
B35ITb TOYKH, COOTBETCTBYIOIIHE CJENYIOMIUM MOJHHOMAM:

m (x), x-m (x), x2-m (x), ..., x°m (x),



1. e. nopoxpamomyio Marpuny G kola  V MOXKHO BHIOpaTh
B cienyomelt  ¢opne:

100010111000000
010001011100000
001000101110000
G = || 000100010111000
000010001011100
000001000101110
000000100010111
Konet Boysa — Poii-Hoyaxypu (64x-Koipl) 3agaioTcs Cie-

JyoluM  o0pasoM: TOMHHOM [ (x) mpHuHALIEeKHT Gux-Komy V
TOFJla U TOJBKO TOTAA, KOTJa 3J€MEHTHI

a, a?, of, ..., o

SIBJISIIOTCS] €70 KOPHSIMU. 3JieCh 0 — HEKOTOPHIH ClelHabHbIl
(IpUMUTHBHBIA) KOpeHb MOJIMHOMA!

g(x) =x""1— 1.

ITapamerpel 64x Koma V onpenensiioTcsl cienytomiei Teope-
MOH, TIpHHaAJexamel TBOpUAM OYX-KOJOB aMEpHKaHCKUM

matematukam boysy u Poii-Hoynxypu.
m—1 n

2? 2
om o1 = 2m -1

Teopema. KonV umeer MOMHOCTL|| =

U UCIpaBjsieT He MeHee f OLIHGOK.
Hawvna xona V paBHa n = 2™ — 1. Tak Kak npu 60JbIIHX
m m = log,n, TO BhIpaxeHue A MOWHOCTH Koia V MOXKHO
3amucaTh B CJAEAYIOMEM BHJE:
2
Vi=

7
nt

(22)

Ecin { — NMOCTOSIHHOE YMCJIO, TO BEPXHIOIO TpaHULy X3oM-
MHHTA JJ1s MakcuManabHO# wMmowsHoctd A (n, 2¢ 1) koma
¢ ucrpasneHneM ! OWHGOK MOXKHO 3amucaTb B CJEAYIOIEH
acHMIITOTHYECKOll dopme: .

An, 2t + D<) —it— (23)

Ouenku (22) u (23) no3BONAIOT ONpeeaHTb NPH MOCTOSIH-
HOM ¢ mnopsnok ¢ykoun A (n, 26 + 1):

2”
An, 2t + l)z by
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3anuc,  03HAvYaeT: ¢ TOYHOCTBIO 1O 1IOCTOSIHHOH, He 3a-
preswe or .

TTocTpoeHHBIIT 11aMH B TPEALIAYIIEM IIPHMEPE KOJL SIBJAETCS
OYX-KOIOM C WCHpaB/JeHHeM [BYX omHGOK. [leficTBHTENbHO,
KaXKJBIA MOJHHOM Kojfa V umeer Kopuu o u o®. Ho ecaun nonu-
HOM [ (x) umeer KOpeHb @, TO, KaK Mbl yOeIUJHChH BBILE, OH
umeer KopeHb a? u af. Takum 06pasoM, KaxKAblfi TIOJNIHOM
KOJla HMeeT CJIELYIOULYI0 MOC/IeNOBaTebHOCTh KOpHeH:

a, a2, o at
u no teopeme Boysa — Poii-Hoyaxypn Hcnpas/isieT He Me-
Hee IBYX OIIHOOK.

Kol X3MMHHra TakKKe SBJISIOTCS YaCTHBIM CJIydaeM
oyx-xomoB. OHU ONpenensiloTcst TeM YCJIOBHEM, 4TO Kamjbli
KOLOBBIA TMOJIHHOM WMEeT KOpeHb ¢, TJie ot — 3ITO NMPHUMHTHB-
HEIfl KOpeHb MHOTOYJIEHa om—1

f)=x  +1L

Ilng 6yx-kofoB paspaboTaHbl CUEHHAJbHBIE aJTOPHTMBI
JE€KOJUPOBAHMS, HMEIOLLle CpPaBHUTENBHO HEGOJBILYIO TPYIO-
€MKOCTb.

Mer paccMorpeny Jsiuilp HeGOJBLIOE YHCJIO H3 MMEILIHXCs
B HacTofilliee BpeMsl KOHCTPYKTHBHBIX KojoB. OnHO mepeunc-
JeHHe Ha3BaHWH 3THX KOJIOB COCTABHJIO Obl BHYIUHTE/IbHBIH
cnucok: kKomel Pupa — Masnepa, xomel Pupa — Cosomona,
konet Ilpemapata, koxel Pailpa, koawl BacusibeBa, Kofbl
Tonna u 1. 1. OfHYU U3 THX KOAOB OGJNAJAIOT MPOCTOH CXeMOH
JEKOAMPOBAHUSI, IPyTHE HCPaBAsioT OOJbILIOE YHCIO OMHGOK,
TPETbH XOPOLIO NPHCNOCOGIEHBl K HCIPAB/IECHUIO OIpeje/eH-
HBIX THIIOB OMIMOGOK H T. . MHOrHe M3 3THX KOIOB 00/1a1a0T
HHTEPECHOH MaTeMaTHYecKOH CTPYKTYpOH, UTO 1e/aeT HX H3y-
yeHHe Ba)KHBHIM M caMuM 1o ceGe. BooGuie paspaGoTka HOBBHIX
KJIaCCOB KOHCTPYKTHBHBIX KOJOB M METONOB HX JEKOIHPOBAHHSA
NpejCcTaB/IsieT BaXKHYIO U OVPHO pasBUBAIOLLYIOCH  BETBb
TEOPHH KOJHPOBaHUA.

§ 4. BEPOATHOCTHbIE KPUTEPUA
KAYECTBA KO/ OB

Bciony BBIlIE MBI paccMaTpuBaJd CHTyanHuio, KOrha MJs
yucsia omnboK, MPOUCXOASIIMX B KaHaje, MOXHO YKasaTb
HeTpHBHaJIbHyXO BerHIO}O rpaﬂuuy, T. €. KOraa 4HCJ/JO Ollii-
60K B 1OC/Je/0BATEJbHOCTH [JIHHBI HE INPEBOCXOAHT 3ajaH-
HOTO uYucaa f,
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Onnako ye B mpoctefiiieM 0. ¢. K. CHTyalHsi HECKOJbKO
gpyras. Tam omMOKH MOTYT NPOHCXOAUTL HE3aBHCHMO B
Ka)KJOM CHMBOJIE H BEPOATHOCTb HMCKaXKeHHs JBOHYHOTO CHM-
BOJIA paBHAa p, a BEPOATHOCTb 0e301NOGOYHOH Mepeayd CHM-
Bosa paBHa ¢ = 1 — p. Ilpu 3toM npennosnaraercs, 4YTO
g > p. Tlpu THX yCNOBHSAX HETPYAHO BBHIYMUCIHTH BEPOAT-
HOCTb TOT'O, YTO KaKue-HHOYIb (-CHMBOJIOB B IOC/I€I0BaTeNlb-
HOCTH JJIMHBL 1 6YAYT HCKaXKEHBl. DTa BeposiTHOCTD p (i) paBHA

ClAefyoIeMy YHCJIy: . .
p (i) = Cip* g~ (24

JeficTBUTEIBHO, BEPOATHOCTb TOTO, YTO HCKaKEHBI JAHHBIE
{-CHMBOJIOB, paBHa p'¢"~f. A Tak Kak 3TH i-CHMBOJIOB MOTYT
ObiTh BhIOpaHbl Cf, croco6amu, TO Mbl NPHXOAMM K opmy-
Je (24).

B ycI0BHSIX HeONpeiesIeHHOTO YHCIa OLIHOOK BaxKHEHLINMH
XapaKTEePUCTHKAMH KOJOB ABJISIIOTCS CJELYIOIIHE: CpefHsas Be-
pOATHOCTb MPAaBHJIBHOTO JAEKONMPOBAHHA H CPeJHAS BepoAT-
HOCTh HeoOHapyKeHus omuOkn. K paccmorpennto stux xa-
PAKTEPHCTHK MBI H NEpeXoiHM.

1. Beposamnocms npasunvrozo Oexoduposarus. Kak Mbl
yKe OTMEUYaJH B caMOM HauaJie, IIPOLEeCC HCIpaBJaeHus OlUGoK
HAa NpHEMHOM KOHIe, HJH, IPYTHMH CJIOBaMH, MPOLEAYPY
IeKOIHPOBaHUs, YROOHO ONHCHIBATH C IOMOLIbIO TAGJIHLEI
rexopupoBanus. Kak tosnbko 3agad kon V = {a,, a,, ..., 0}
U 3ajaHa Tabjula NeKOoAupoBaHUS A, MOXKHO BBIIHCATH Be-
pPOSITHOCTb NPaBHJIBHOTO JEKOAMPOBAHHUA, KOTOPYIO MbI 06O-
3naunM uepes P (V, A).

dta BepoATHOCTb ONpejenserca CJELYIOWHM o6pasoMm.

OGo3naunm uepe3 P, (o;) — BEPOATHOCTb INPABUJIBHOIO Jie-
KOAMpoBaHHA no Tabaune A KojoBoro cjosa ;. Torna

PV, A) =5 D Pa(a). (25)
i=1

Camy BepositHOCTb P, (o;) JIETKO BBIYHCIHTH 1O TabJHIE
nekopupoBanua. CpesnaeM 5TH BbIYHCJAEHUA IJIs  TaBJHIBL
Ha ctp. 6. Mmeem:

@, =11000
a,=00110
ay;=10011
2, =01101
46



Konosoe c/10B0 o; GyleT NpaBUJIbHO JEKOAHPOBAHO TOTAA
H TONbKO TOTJa, KOIJAa OHO MOJ JedCTBHEM HLIymMa nepeijer
B OHO M3 CJIOB, HMEIOLIMXCA B MEPBOM CToJIOUE TaGiuLbl Je-
KOJHPOBaHHs. BrluHCAHM BepoOATHOCTb 3TOro cobhiTHA. OG0-

3HaYHUM CJIOBa B MEPBOM CTOJIOLE CJIENyIOUIHM o6pasom: o,
ocu, oc“, ocl " ‘110, Oqgy X17, o g0 TA@ Gy = 0. BCPOHTHOCTb
nepexoja o,,; B o, 6Gyaem o60o3HauaTb 4epes p (au—> oclh)
Hmeem:
p @ —>a1) = ¢ p @y —>%s) = pgh
P @1 —>a1y) = pg;  p (@1~ %e) = PG
p (@11 —> %45) = pgs  p (@4~ yp) = PPG5
p @y =y = pgt.  p (e — o) = pPge.
Orclona B
P, (@) = ¢° +5pg* +2p*¢*.
AHaJIOI‘W-IHO 11.}'[2 OCTaJIbHBIX KOJOBBLIX CJIOB IIOJydacem:
P, (@) = ¢° +5pg* + 2p*¢%;
P, (@) = ¢° -+ 5pg* +2p¢%
P, (ay) = ¢ +5pq* +2p*¢°

P(V, A) = ¢ +5pqg* +2p°¢°.
®yukuuio P (V, A) MOXHO BBIPasuTb KakK (YHKIHIO OT
paccTostHusl X5MMHHIA MeXJY KOJOBBIMH CJIOBAMHM M CJIOBaMH
B crosbuax Tabsinubl jgekoaupoBaHusi. OGo3HauHM yepe3
A, (i) — umucso Toyek B k-M cTosI01e Tab/HIlbl IEKOANPOBAHHS,
HaXOAsIIUXCS OT @, Ha paccroanuu i. Torna

IlosTomy

l S n . ) ]
PV, Ay=—5 X D4, 0)p ¢ (26)
k=1 i=0
JleficTBUTEIBHO,
W)= A, () pf gt @7)
i=0

TaK KaK ec/i p (@, p) = i, 10 p (@ — ) = pign~'. B nawem
npHMepe:
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B cBsisu ¢ dpyuxuuneit P (V, A) BOSHUKAIOT [iBe SKCTpPeMaJib-
Hble 3ajauM,

Banava 1. Tlpu 3amanHom kope V BHIGpaTh Taxyio
Tabauuy AeKkoaupoBanus A, uTOGH BEPOSITHOCTH NMPABUJILHOTO
nexonuposanuss P (V, A) Obwia MakcHMasabHOM.

Sapgaua 2. Ilpu samanHom uuciae s BuiGpatb Kox V
1 cxeMy JekoaupoBaHHs A TakuMm 06pasoMm, YTOGH (PyHKIHS
P (V, A) npuHsja HauGo/bllee 3HAYEHHUE.

3anaua | peluaercsl Tak Ha3biBAeMbIM METOJOM MaKCHMAIb-
Horo npasgonogobusi. ITo atomy merony Ttabmuia nexoaupo-
BaHHA COCTaBafercsl cielytowum o6pasoM. [lox kaxmbsim
KOJIOBBIM CJIOBOM ©/; BBIITHCHIBAIOTCS T€ TOYKH MHOXKecTBa E”,
KOTOpble HAaXO#ATCA K @; O/HKe, yeM K OCTaJbHBIM KOLOBBIM
cioaM. Ecau mpu atoM Hekoropas Touka P € E™ paBHo-
yJaseHa OT KOJOBHIX CJIOB C; M &j, TO €€ MPOH3BOJIBHO 3aru-
CbIBAIOT B i-H WaH j-H croabern.

Mo:xxHO noKasaTk, 4TO Tab/MIlA, COCTABJEHHAA IO METOLY
MaKCHMAaJIBHOTO IpaBlomofo0us, JaerT pelueHHe 3ajaud 1.

Ha reomerpuuyeckom s3pike cocTaBseHHe TalJHLbl JeKO-
IHPOBAHHS IO METOAY MAaKCHMAaJbHOTO MpaBAononobusi o3Ha-
yaer pas6ueHue BepiuH E" Ha 0071aCTH NPUTSKEHIS WJIH
«obaacti Jlupuxsie», «IeHTpaMu» KOTOPBIX CJY¥KaT KOJOBBIE
cJI0Ba.

Herpynno yGemutbcsi B TOM, 4TO pacCMOTPEHHAs HaMH
Bhillle TabJula IeKOAMPOBAHUS COCTaBJEHA MO METOAY MaKCH-
MasbHOTO mpaBaonofobus. JleficTBUTENBHO, B KaXKIoM ee
cros0iie HaXxoAaTcsl Bce TOUKM lapa pajuyca eIUHHIA C LieH-
TPOM B KOJOBOM CJIOBE M ellle HEKOTOpble TOUKH, HaXOJsiIIHecs
Ha pacCTOSIHMH [Ba OT KOJOBOTO cJoBa. TakKHM 0Opason,
«obnactamu Jupuxje» npu 3afaHHOM pa30OHeHHH SIBAAIOTCA
mapel pajgHyca eiMHHIA C HEKOTOPBIMH TOYKAMM, HAaXOAALIH-
MHCSI Ha pacCTOSHUM JIBa OT IEHTPOB 3THX MIAapoB,

JHexomupoBaHue 10 MAKCHMyMYy INpaBIONOAOOHSA elie Ha-
3BIBAIOT JIEKONMpOBaHHEM B OJiHKafIylo TOUKY, TaK Kak
IpH MOJYYEHHH Ha BBIXOJE HEKOTOPOH TOYKH O MBI IPHHU-

MaeM pelueHue, yto Gblia nmepejaHa OsivKafiias K o KOJoBast
TOYKa.

Crenyer OTMETHTB, YTO, HECMOTPS Ha IPOCTOTY OMUCAHHS
H €eCTECTBEHHOCTb JEKOJHPOBAaHHA MO MaKCHMyMy mpaBjo-
[0j06HA, TOT CIocO6 Ha NMpakTHKE SBJSETCS TPYAHO peasu-
3yembin. Jles0 B TOM, 4TO HEOOXOAUMO BBIUNC/IITL PACCTOAHHE
OT IOJIY4EHHOH TOYKH JO KaxKIOro KoJoBOTO cioBa. Eciu xe
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3THX CJIOB MHOTO, TO 3Ta NPOLEAYPa CTAHOBHTCH TP YyAOeNKOH,
a B psjie cJyyaeB NMpocTo HesbinoaHuMoii. Kpone toro, 6osb-
LIMHCTBO KOJOB 33jaerca Ile Iepeylc/jJeHHeM BCeX KOJOBBIX
CJIOB, @ HEKOTOPBIM CIOCcOo0OM HMX HOpPOXKJIEHUS (IpoBepoyHas
MaTpHlia, MOPOXKAAUMIA MHOTOUNEH H T. A.). B aTom ciyuae
3Ta TpyldHOCTh eule Gosnee ycyrybasiercs. ITostomy mHa mpak-
THKE UYacTo MHCIOJb3YIOT HECKOJbKO «XYJIIHe», Ho OoJiee
NPOCTO peasu3yeMble MeTOIbl JEKOAHPOBAHHS.

Uro kacaercsi 3ajaun 2, To ee pellelide elie JajJeKO He
3aBepIIEHO, HecMOTpsi Ha OOJbLIME YCHIHA CIELHATHCTOB.

Msoro pe3y.1bTaToB TEOPHH KOJAMPOBaHHS CBSI3aHO C H3yye-
HHeM QyHKUHH P (S, 1) — MaKCHMyMa BepOSTHOCTH MpaBHJIb-
HOTO JIeKOJMPOBAHUS Ha MHOXKECTBe BCeX KOJOB, COAEpIKaIHNX
poBHO s-Touek u3 E". Jljisi 5TOH QYHKUHMHU MOJyueH psill HHXK-
HHUX U BEPXHHX OLIEHOK, NMOKAa3bIBAIOWIUX Ipeies HallkX BO3-
MOXKHOCTeft (BepXHHE OLEHKHM) W YTO MOXKHO CJeJ1aTh, HCIOIb-
3ysl UMeoulHecss MeTolbl (HHXKHHE OLEHKH).

Kak mokassiBaeT MeTol MakCHMyMa NpaBioNoOfoOHs, Hau-
JYYLIIHM VIS JeKOAHpOBaHHa OyleT Takoe pacHoJioxeHHe
KOZIOBBIX CJI0B B E", IpH KOTOPOM Iiapbl HEKOTOPOro pajuyca f
C LEHTpPaMH B KOJOBHIX C/0BaX OYAyT, He IepeceKaschb, Mo-
KpBIBaTb BCe MHOXeCTBO E". Ilpyrumu csoBamu, HaWJyylInM
pacnoJioKeHHeM ABJsSeTCs COBEepIUeHHBIH Koi. XoTs coBep-
IIEHHBIX KOJOB M MaJo, HO OlleHKa BepOSATHOCTH NPaBHJIBLHOTO
JIEKOJIMPOBaHKA JJIsi COBEPLICHHOTO Kola sIBJsieTcs BepXHel
rpanunet ans gynkuun P (s, n).

HemHoOro yTOUHMB 3TH pacCy:KIeHHs, MOXKHO IOJYYHTb
C/lelyIOIYI0 BEPXHIO OLEHKY:

t
P (s, ny< 2 Cip'q"™, (28)

i=0

rie ! — HaHuMeHblliee [eJoe 4YHCJI0, TaKoe, uTO

4
n 2 Ci<s. (29)

i=0

JleficTBHTe/IbHO, TOMEHSIB B nparod uactu (26) mopsnok
CYMMHpPOBaHHSA, MBl IOJYYHM CJelylouiee BhIpaxKeHHe:

R . )
P(V,Ay=~ X Al)p' g, (30)

i=0
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rae

Al)= 3 A, ().

=1
ConepxarenbHo BeanunHa A (i) Belpaxaer co6o# uncio

Touek B E", HaxXOAALUXCS Ha DACCTOAHHH [ OT HEKOTOPOTO
KOJIOBOTO CJOBA M JEKOJHMPYIOLIMXCA B 3TO KOJOBOE CJIOBO.
Slcno, uto A (i) <s-Ci. C pyro# cTopoHsl, GyHKuua p'q"
YOLIBA€T C POCTOM i, TaK KaK p<< ¢, MOITOMY

1< XN
PV, A) g—s—'z S.C;ptqn—-z =2 C,tzptqn-—l,’
i=0 i=0
rhe uhc/0 ¢ onpenensiercs ycaoBueM (29).

Huxneit onenkoit ansa ¢yHkuuu P (s, n) 6e3yClIOBHO siB-
asietca 3Hauenue P (V, A) aas smoboro koxa V, comepxauie-
rO S Touek, U jnd moboro meroaa nekomuposanusi A. Onxaxo
Boiuncaenne ¢yukuun P (V, A) naxe s KOIOB C OTHOCH-
TeJbHO MPOCTOH CTPYKTYPOH SIBJIAETCA [OBOJBHO CJIOKHOH
sanaueli. [opasjo mpouie H Noje3Hee, KaK BIEPBBIE 3aMETHII
amepukaHckuil MaremaTuk K. IlleHHOH, BBIYHC/IHTBL «CpelHee
3HaueHne» (QyHkupH P (V, A) mo Bcem Komam, COnepKaliuMm

POBHO § ToueK. JTo cpefHee 3HaueHue P (s, n) u Oyner sABIsATH-
ca HuXkHe# ouenkoi ¢yuxuun P (V, A), Tak Kak eciu cpeiHee
3Hauenue 1o BeeM Kogam V ¢yukunu P (V, A) pasuo P (s, n),
TO Haiinercsi Xorsl Obl oM Kox V,, takoi, uto P (V,, 4) >

> P (s, n). _
TMepeiinem Tenepn K BblUMCIeHHIO P (s, ), Tae
— 1
B(s, n)=—— X P(V,A)- (31
C2n VCE"

CymmupoBatue B (31) Bezercs 1o BeeM MofMHOKecTBam V,
colepxkauuM poBHO S Touek. Croco6 pekopupoBanus A —
MaKCHMaJbHOE TpaBJononobue.

— —

st Boiuncaenus P (s, #7) HaM NpHAeTCA BBECTH HECKONbKO
obosnauenuit. Ilycte Vy, Vy, ..., VS, — Bce NOAMHOXKECTBa
2

momuoctH s u3 E". O6osnaumv uepesf, (&, B) crenyroutyio
(yHKLHIO:

: (3, F) = 1, eciu Touka P JAexomupyetcs B o€V,
R\ /710 —B nporuBHOM ciyuae
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Beenem nanee xapakTepucruueckylo ¢yHKuHMi kKojga V,
H paccTosiHusa i:
(3) = {1, ecan gV,
T A% =10—s NPOTHBHOM CJyyae
D= = 1, ecmu o (a, B) =i
8 (OL, ﬁ) = 0—B 0
pOTHBHOM CJyyae

C nowmoLIbl0 BBENEHHBIX QJyHKmm MOXHO CJeLYIOUHM 06-
pasoM BHIpa3uTh BeIUYHHYy A (z) a5 koma V:

AGy= 2 n,()8' (2, B) & (2, B)- (32)

@, BEE™

IeficTBuTeNbHO, OTHAENbHOE cjaraemoe B (32) paBHO efH-
HHIE, €CJIH BCE TPH COMHOXKMUTE/s PaBHHl €IHHHUIIE, T. €. eC/H

Touka B € E°, Haxoxsmascs OT HEKOTOpOH TOUKH o € V),
Ha PacCCTOSIHUM i, JEKOJHpYeTcsl B 3Ty TouKy. M Bes cymma (31)

paBHa oOmemy YHCJIy TakuXx Todek P, T.e. paBHa A (i).
Hs (30), (31) u (32) nonyqaeM:

Pls, =5 EZP g 2 m, (@) (e B)x

k=1 =0 @, BEE™

X &, (2, B). (33)

Mensisi B (33) mopsiiok CyMMHpPOBaHHsSI, HOJydaeM:

B(s, n) = Zp A

{=0 a, BEE™

c;,,
o S Eale B) g (). (34)

=1

Brruncsium Tenepb caMyio BHYTpeHHIOIO cymmy B (34).

dra cymma R (a B) pasma umcay xonos V, Takux, uro
o €V, u Touka P € Er JeKOMpYETCsl B TOUKY @. 3aMeTHM,
YTO TOUKa P JEKOTHPYeTcs B TOUKY ¢ TOTJa U TOJbKO TOTa,
Koria B Koje V, Her TOUYeK, pacroJioKeHHbIX 6Jm>xe K B,
yeM TouKa o. [pyrumu cjosamu, ﬁ AeKofupyercs: B ‘o ToTzA
H TOBLKO TOTAQ, KOra B wwape S (a, p) panuycap (e, B) c uen-
TPOM B TOUKe B mer mpyrux Touek koma V. Tloatomy eciu
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TOYKH o, P DUKCHPOBaHEL, TO OCTajbHbe (s — 1)-Touek Koja
B V, MBI MOXeM BbIGHpaThb NMPOU3BOJIbHBIM CIIOCOGOM H3 MHO-

wectBa I' = E" — S (o, B). Tak Kak 4nC/IO TOUEK B ITOM MHO-
JKecTBe

Ir = 2" — S, 0 B,
__ P@B o
rie S, @ P = 2 C » — uucio Touek B wape S (o ,B),
i=0
TO YHCJIO BapHAHTOB BbOOpA BbIpaxKaercs ciepylomed gopmy-
JIOH: R@B)=C, * (@ B), (35)
‘M3 (34) u (35) rtenepp mosyuaem:
~ 1 “ -
P(s, n) = s:C3n }dp qn_L 2 6 )C —sh (@B’
27 =0 a BEE"

(36)

Boiunc/ium Teneps BHYTpeHHIOI cyMMy B (36). Hmeem:

. i (= 7 —1 —I

Ri)= X o (a,B)CH'_wapn=KCun_i. @7

% BEE" o
3pech K., — uucio nap Touek (o, f) € E", TaKHX, 4TO
p (@, B) =i. Tak Kak Ha pacCTOSIHUH { OT JaHHO# ToukH o € E"
HaXONUTCS POBHO Ci TOYeK, TO YHCJIO HCKOMBIX Hap PaBHO
onCy , T. €.

‘ K, = 2nCt.
C yuerom sTOrO paBeHCTBa u3 (36) mouayuaem:
i n—z s—1
P(s, n) = EC 2,,__3’,-1.
i=0

Tak kax
1 s |
C;n o2 so ! ’

TO OKOHYATe/IbHO MNoJaydaeM:

B, n)_zcn Cs_,s" pl gn—t. (38)

=0 ot
IToppo6Hoe aHanuTHyecKoe MccaefoBaHue rpanHuu (28)

H (38) npuBOAMT K C/eAyioLlefl 3aneyaTesbHOI Teopeme, INpH-
Hapexameii K. IllenHony. 3ra Teopema rjacut, 4TO ec/H
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CKOpPOCTb Iepejiaul, KOTOpas H3MepsieTcsi BeMYHHOH R =
log, s
—o—i—“—, He MPEeBOCXONUT NMPONYCKHYIO CNOCOOHOCTL —KaHasa,
KoTOpast B caydae O.c. K. paBHa

c=1—H(p)=1—plog, p— (1 —p)log, (1 —p),
TO CcyuiecTByeT Kol V, TakoH, 4TO BepOATHOCTb OLIMOKH MpH
pacuuppoBke J1000H MOTyueHHOH Ha IPUEMHOM KOHIE nocJe-
NoBaTe/NbHOCTH JJIMHBI 7 43 Koja V Oyner MmeHblue Jio6Oro
3aJ]laHHOrO TOJIOXKHUTeNbHOTO 4uciaa &. Ilpn stom € 3aBucur
OT #, U J/1s1 yMEHbLIEHNS € HYXKHO YBeIHYMBATh LJIMHY N llepe-
naBaeMbiX KOJOBBIX cioB. Ecam ke ckopocth nepepadn R
GoJpllle TPONMYCKHOH CINOCOGHOCTH, TO TaKHX KOJAOB, BOOOLILe
rOBOpSi, yKe He CyLecTBYyeT.

Teopema IllenHoHa siBJsieTCA OXHUM U3 UEHTPaJbHBIX
pe3y/abTaToB TeopHH HHpopMauuu. Pasjauynble yTOYHEHHS
1 06OOlLeHUST 3TOH TeopeMbl A/s1 BCe 6oJjee IIHPOKHX KJAccoB
KaHa/lOB CBSI3H COCTaBJ/ISIOT 3HAUUTEJIbHYIO 4acTb 3TOH TeO-
pHH.

Crnenyer TakKe OTMeTHTb, YTO Teopema llleHHoHa JuiLb
yTBep:KIaeT CyllecTBOBAaHHE HEKOTOPOTO KOJa C BepOsITHOCTHIO
NpaBUJIBHOTO NEKOJAMPOBaHHst, GIU3KOH K eIuHHIle B KJacce
BCeX KOJOB C 33JlaHHOH CKOpocThio nepenaun. Kaxk «addekTus-
HO» IIOCTPOHTh TAKOH KOA, B 3TOH Teopeme He yKa3blBaercs.
Takoe 06CTOSAITENBCTBO CBA3aHO C CAMHM METOIOM JOKa3aTesb-
CTBa 3TOH TeOpeMbl — METOAOM C/1y4aHHOTO KOAMPOBAHHSI.

JleficTBUTEILHO, MBI BEIUMCJAWIH CpelHee 3HayeHHe BeposiT-
HOCTH IIPaBHJIbHOTO JEKOAMPOBAaHHMS Ha LEJOM KJjacce KOLOB
H HalLIH, YTO 3T BEPOSITHOCTb KaK YTOJHO MaJjlo YKJOHSeTcs
OT eJIUHMLbI, eCcIH CKOPOCTh Ilepelaud He IpPeBOCXOAUT Mpo-
nyckHo# cnocob6HocTH 4. ¢. k. Otclofa cpa3y H cilejyer, 4To
B 3TOM KJiacce CyLIeCTBYeT KoA V, Koropblfi o0/nanaer Koppek-
THpYIOILIleH CIIOCOGHOCTBIO, He Xyallel, yem cpeaHee no aHcamo6-
jmo. U3 sbluncienus P (s, n) BhiTeKaer naxke GoJibliie: [0/aB-
JAIoIasg 4acTb KOAOB H3 3TOTO KJacca HMeeT BepOSTHOCTb

NPaBUJIBHOIO JEKOJAMPOBaHMsl, He MeHbIlyl0, uem P (s, n).
OnHako Kax KOHCTPYKTHBHO BBIIENHTH XOTSI Obl OJUH TaKoM
KOJl, OCTaeTcsl HesiCHBIM.

11. Beposmrocme ob6Hapyscerus owubru. Ilpennosoxum
Teneph, YTO Nepeiaya cooOlieHuH Begercss mo 0. ¢. K. ¢ Tak
HasbplBaeMol GecriymMHOH o6paTHol cBsi3bio. CojepxkaTe/ibHO
3TO O3HAyaeT CJeAyiolee: NOJAYYUB Ha NpHEMHOM KOHIe Kakoe:
HUOYIb coobLleHHe U OOHApPYXKHB B HEM OLIMOKH, MBI MOxeM
0N POCHTh NpoayGNHpOBaTh 3TO COOOIEHHe H, TaKHM oOpa-
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30M, yepe3 HeKOTOpoe BpeMsl HCIpaBHTh OWIHOKH. [las 3TOrO
criocofa KOppekuud OWHOOK BBITOAHO HCIOJb30BaTh KO,
KoTopble 06/1aJal0T CINOCOGHOCTBIO  XOPOLIO OGHAPYXKHUBATh
omn6ku. TouHasi MocTaHOBKA 3aJiauM COCTOHT B CJIEAYIOMIEM.

Ilyers 3agan kon V={aa, ... o, E". Ecau no 9. c. .
nepeaBajoch CJI0BO &€V, a 6buI0 TI0/Iy4€HO CJIOBO B V,
TO Mbl TOBOPHM, YTO IIpH Nepenade o, OLIHOKH OOHapy»KeHhl.
Ecin xe PEV, TO Ha IpHEMHOM KOHIE, €CTECTBEHHO, IPHHH-
MaeM pelleHHe, YTO W IiepeiaBajoch C0Bo B, T. e. OWHMOKHU
He obHapyxuBaeM. Haiinem Temnepb BeposiTHOCTb ple,) Toro,
YTO MpH Mepejaue o, OMHOKH He OGHApyKHBAIOTCS. DTO COGHI-
THE PaBHOCH/IBHO OLHOMY M3 CJENYIOMHX COGBITHI: O, —>Cl,
(k=2, 3, ..., ). Tak kak

plo=—>0t,) = po(:%p) gn—p(@y),

TO HCKOMasi BE€DOATHOCTL paBHA CJEAYIOIIEMY YHCIY:

@) = 2 p° (@, @) " (@ @),

k=2

AHajlorHuHO M A5 JHOGOTO @y MMeeM:

) =;ipp CRENPEICHEN!

pla

CpeznHsis BepOATHOCTL HeOOHApyKeHHUs OIHOKH (c. 8. K. 0).
omnpepeasiercss CJaefylomuM 06pa3oM:

Py (V, ‘7)“_2P(a,)~ zxpo(a,ak)qn_p( o)

i=li#+k
(39)

Tenepp 3anaua COCTOUT B TOM, 4TOObl HaHTH KOA V, Takoii,
ytoObl BeuuuHa Py (V, ¢) npuHHUMa/ia HauMeHblllee 3HauYeHHe
B KJlacce BCeX KOJIOB C 3aJlaHHBEIM YHCJIOM TOYEK S. DTO HaUMeHb-
miee 3HaueHue o6o3HauawT yepe3 Py(n, s, g).

Ecnu 0603HaunTh yepes A; 4HC/IO ap ToYeK C PacCTOSTHHEM i
B MHOXKecTBe V, TO (39) MOXHO Iepenucars B CJEAYIONIEM BHIE:

1~ o
Pa(V, q)= TZ A;pt g (40)

i=1
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B cnyuae, xorma kKox V siBasiercst rpyNnoBbIM, BblpakeHHe
(40) eme ympomaercs:

Py(V,q) = Eaip" gn—. (41)
=1

3xech a; — uuc/I0 Touek Beca [ B Koxe V.

PaseHcTBo (41) mokaswiBaer, YyTo 3HaHHe CIIEKTPa IPYNIOBO-
ro Koja NoJIHOCThI0 onpexensier Bennuuny Py(V, ¢g). Ecmu
f(V, &) — npousBonsmasi ¢yHKUHA BecoB Koma V, T, e.

f(V,2) =iaz2" ,

i=l1

TO

Py (V, 4)=4”[f(V%)—l]. (42)

C nomotisio (42) JerKO BHIYUCUTE C. 6. H. 0. JJ151 HEKOTOPHIX
TPYNNOBBIX KOJOB, CIEKTPhl KOTOPHIX ObIM HaHAeHbl HaAMH
paublie.

1. Cuerunk uerHoctd. Tak Mbl onpeenunau kop V, Bce Tou-
KU KOTOPOTO MMeIOT YeTHbIH Bec. YuCi0 ToueK B 5TOM KoJe paB-
HO 2r~1, 1 cHeKTp ero onpejessiercs CAeAyOIHUMH YCAOBHAMU:
a,;=C%;
Qg1+, =0.
Takum o6pasom,

(%)
fv, o= 2 cipt <UEEA= )

N3 (42) u (43) nomyuaem:

1 — fl..__2ﬂ
Pu(V, q) = =2

2. Kog Xsmmunra. Jlus Kojga X3MMHHTa Mbl HalJIH BHL
npou3BoasaLell (QYHKIHH:

2

1 n—1 n41
1@ =g [ +2r a4 7 (1—2) ]
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Orciona nasi ¢. 8. H. 0. Pyx(V, ¢) xona XsMMHHTa mosydaem
BhIpaKeHiie:
n-+-1

1 —p) 2 __g"
Py, Q)=r1+1_ o p)rl T (44)

3. Kon Makjonanbia. 1oT Koj, SIBJISETCsi ABOHCTBEHHBIM K
kony XsMMHHra. Bce HeHy/ieBble TOUKH 3TOrO Kojia HMEIOT
n--1. ‘ .
5 Tlostomy ¢. 6. #. 0. P(q) s1OrO KO-
Jla Bblpa)aercs CJeNylomM 06pazoM
nt+1 n—1

Pulgy=n-p ® q * . (45)

Briuucaenue Py(V, ) misi oTHeNbHBIX KOJAOB IpeicTaBlsieT
coGoli 3amauy GoJsiee NMPOCTYIO, YeM BbIYHCJIEHHE BepOATHOCTH
MpaBHJILHOTO JEKOJUPOBaHMs, HO TeM He MeHee elle J0CTaToy-
HO CJAOXKHYIO. ITO Ke 3aMeyaHue OTHOCHTCH H K (PyHKIHH
P.(n, s, g), o KoTopo#l u3BecTHO GoJibllle, 4eM O (PYHKLIHUH
P(n, s), HO TOXe JlaJieKo He BCe.

HuxkHIOW OlEHKY st c. 8. H. 0. moBoro koma VcEn,
COCTOSIILLETO H3 § TOYEK, MOXKHO IPOCTO MOJYYHTb, HCHO/B3YS
OIHO XOpOLIO H3BeCTHOE B MaTeMaTHUeCKOM aHa/u3e HepaBeH-
cTBo. 2710 HepaBeHCTBO VeHceHa, cripaBeniBoe /1S BBIYKJBIX
$yHKUHH:

OJIMHAKOBHIN Bec: d=

Zf(xi) in
i=1 ;f =1 . (46)

n n
Tak xak QyHKuUHA (E>"’ sIBJIsIeTCs BBINYKJIOH, To U3 (39) u (46)
q
no,uyqaewx' Py (V, q) =
_ 9 p(@p ) — 9% oo S‘P(O‘n OLJ)
e

s i#j
if
=(s—1)gq" ( );P @i, o). (47)
7]
I/ICHOJIBS}'H TeNnepb paHee yCTAaHOBJIEHHOE HaMH HEDaBC€HCTBO
3)
Ep (o, ) < ”;2 ,
i#f
nojaydaem:
n S
PaV, q)= (1) g5 . (48)
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Ilpu s=n-1 u3 (48) noayuaem:

n+1 n—1

Py(V,qy=n-p * q * - (499

Uz (45) u (49) cnenyer, 4TO 3KBHJAUCTAHTHBIE Koi Makno-
HaJbJia SIBJISIETCS ONTHMAJ/IbHBIM B CMBICHIE C. 8. H. 0. JJs JI0-
Gofi BeposiTHOCTH 6e301UMO0YHOl Nepefaud CuMmBosia ¢. AHa-
JIOTHUYHO JIETKO JOKa3blBAeTCsl, YTO ONTHMAJbHBIM B CMBIC/€
. 8. H. 0. sBJIsieTcs1 JoGoil I'pynnoBoil Koj, KOTOPHIH comep-
JKHTCS B Kozie MakjpoHanpna.

Hcnone3ys ontuManbHOCTh Kojia MakioHa/mba, MOXKHO J0-
Ka3aTb ONITHMAaJIbHOCTh Kona X3MMmuHra. [leHcTBUTENbHO, M3
tdopmyser Mak-Buapsmc (8) caenyer Takoe cOOTHOILIEHMe:

1 1
PV, q= QkQ”P<V*, '527—)-1- A (50)

3nece |V |=2% u |V* |=2n—F,
U3 dopmyast (50) BhiTekaer, uTo ecqad Kox V* onTHmasieH B
KaHajie C BEPOATHOCTbIO 0e30olMOOYHOH nepefayd CHMBOJA

1
Gy = 55~ TO KOA V ontumaseH B KaHajie C BepOSITHOCTBIO Ge3-

oOGOUHOH nepeaayy CUMBOJIA, PaBHOH g.

Tak xak Kon MakloHauabaa V* onrumasneH 1Jist Bcex ¢, TO
1 Koj XsMMmuHra o6/iafiaeT 3THM 2Ke CBOHCTBOM. Bouee ToroO,
ONTHMAJIbHBIM B CMBICJIE C. 8. H. 0. SIBJISIeTCS JII0OOH I'pyNnoBoil
KOJl, KOTOphIH COfep>KUT Koi X3aMmMmHHra. Takum o6pasom, Kojx
X3MMHHTa siBJsIeTC ONTHMAJBHBIM BO BCEX pacCMaTpHBaeMbIX
HaMH CMbICJIAX.

Tak ke, KaK ¥ 1J1 BePOATHOCTH HpPaBUJBHOIO JEKOAHPO-
BaHud, M5 C. 8. H. 0. MOXHO BBECTH IOHSITHE CpPEJHero 3Ha-

ueHds p(n, S, §) ¥ BBIYHUCAUTbL 3TO CpelHee 3HaueHHe O aH-
cam0J110 BceX MOJMHOXECTB MOIIHOCTH § u3 E™.

Ecnu Bocno/b3oBaTbCst 0003HAa4eHUsIMH, BBEIEHHBIMU B Ipe-
IbIAyLHIeM pasjiesie, TO MOXKHO 3aMHuCcaTh CJefylollylo GopMy.Ty:

n
1 ' Ak i n—i
Py = (V,, q)=TZ Aig'g
i=1
rae A*® — uncio nap Touek B MHOXecTBe V), ¢ paccrosiHueM i.
Beauunny A% MoXHO BBIpa3HTL C/IEYIOLIEM  0OPa30M:

af= 2, (2)n, (B) 6' (2, B).

(2%} ﬁ
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Tenepb s cpeHero sHaueHust 7’(/1, S, ) MOXHO Ha-
mHcaTh C/enyomyo ¢opmyay:
cs,

p (n’: S, 17) = Clg 2 P(Vlw q) =

2" k=1

2 )6 GRA . 6

ﬁ’Mw

QI

Mensia B (51) mopANOK CyMMHPOBaHHs, MOJydaem:

s,
— . — — 2 — —_—
P(n,s, q)= Ep‘ "t 2_6’ (o, B) 2 me(2) ne(B)
a,p k=1

(52)

Camasn BHyTpeHHss cymma B (52) paBHa 4YuC/]y HOAMHO-
xecTB_V} MOWHOCTH S, KOTOpOE COREPXKHT 3aJlaHHyl0 napy

Touek o, P. IMosTomy 31a cymma pasHa Con—sy. Orciona

Pn,s, q= 2 pig i 2 8 (a,B). (53
i=1 a,B‘

Buyrpennss cymma B (53) paBha uucay nap Touek E” c
paccrosinueM i, T. e. Ki. Ho Mbl paHblle yKe Haluid, 4TO

KL=2C},
Orciona
n s——" n
P(n,s, q) = EC,‘,p‘q”" (54)
Tak kak
2’102;’-_22 s—1
Cs2n T2
H

Ec;lprqn—-t p i“]) _qn -1 __qu'
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To u3 (54) OKOHYATENLHO MOJIyYAEM:
— —1
P(n, s, q)=—gr=1 (1—¢"). (55)

PaBencrBo (55) mokasbiBaeT, 4TO €C/IM YHCJIO TOUEK s(7)
YIOBJIETBOPSIET INPeNeJbHOMY COOTHOILLIEHHUIO

lim S _ o (56)

n-=roo 2”
T. €. COCTaB/isieT MaJylo JIOJIO OT YHcjaa BceX Touek E™, TO
BO3MOXXHO OOHapyKuBaTh JI0GYI0 KOMOMHANHIO OMIMGOK C Be-
POSITHOCTBIO, KaK YroJHo OIM3KOH K eNHHHIE.

MoxHo nokasarsb, 4To ec/y ycijoBHe (56) He BbINOJIHEHO, TO
curyauusi mensiercsl. JIpyrMMH cjioBaMH, CIIpaBejJIuBO CJie-
Jymolee yTBEpKJeHHe, KOTOpOe MOXKHO HarysagHo cdopmyJiu-
poBarh Ha sI3blKe TPYIIIOBBIX KOJIOB: €CJIM YHCJIO MPOBEPOUHBIX
CHMBOJIOB CTPEMHTC K GECKOHEYHOCTH C POCTOM IJIMHHI 6J10Ka,
TO C BEpOSITHOCTbIO €JHHHIA MOXKHO OOHapy>KUBaTh JIOOYIO
KOMOHHALHMIO OLUHGOK; eCc/IH JKe YHCJIO MPOBePOYHbIX CHMBOJIOB
OTpaHHYeHO CBepXy, T. €. n—k<<c, TO ¢. 6. H. 0. HUKAaKOrO
TPYNNOBOrO KOja He MOXKeT GhHITh clejaHa MeHblie, dem 1/2¢,

§ 5. TEOPUA KOAMNPOBAHUA
U APYTUE PA3AEJIbI MATEMATUKHU

Teopus KojaupoBaHHS Kak CloXKuBLIasics o6GjiacTb Hccle-
JIOBaHHSI HMeeT CaMOCTOSITE/NbHble Pe3y/bTaTbl U METOAHI, MO-
3BOJISIOLIME €e CYHTAThb BIIOJIHE aBTOHOMHOH 00/1acTbl0 HayKH.
OnHako no xapakrepy paccMaTpHBaeMbIX B HeH mpo6sem sTa
TEOpHs MOXKeT ObIThb OTHeceHa K TaKuUM Gojiee IIMPOKUM pas-
JenaM MaTeMaTHKH, KaK KOMOMHATOPHBIH aHaJu3 M JUCKpeT-
Hasi TeoMeTpHsl.

JeficTBUTe/IbHO, OfIHA M3 OCHOBHBIX 3aJai TEOPHH KOIHPO-
BaHHSl — 3aJaya O INJIOTHeHueHd ynakoBke wmapoB B Em —
HMeeT HCTOKHM B TEOPHH 4uces, anrebpe H KpHCTaJsorpadui.
Ora 3ajaya B caydae IJIOCKOCTH, T. e. E2?, mMoxer GwITh cdop-
MyJHpPOBaHa CJELYIOLIMM HaTJISiAHBIM 00pasoM,

Tpebyercst pacnosoXUTb Ha GOJIBLIOM CTOJIE MaKCHMaJbHOE
YHCJIO OJMHAKOBBIX MOHeT.

$lcHo, uTO perleHHe 3TOH 3ajauy CYLIECTBEHHO 3aBHCHT OT
BeJMuMHbl U opMbl crosa. M mostomy TpyaHO HanesThCs Ha
CYIIeCTBOBAHHE OOILEro pelenra A1 HaXOXKAEHUS ONTHMAJb-
Horo pasmellenns, OnHaKo €C/H CTOJIOM SIBJIAETCS BCS INIOC-
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KOCTD, TO 3ajlaya lpHobperaer BIOJHE ONpeJeJeHHbIH CMBICI,
COCTOSIIMA B HAXOXAEHHHM pasMelleHHsl ¢ HaHOOAblUeH I.10T-
HOCTBIO.

Tounblfi pesysbpTat, OTHOCAILMACSA K 3TOH 3ajaue, COCTOMT
B cefytomieM. Ilycrb #(R) — uHC/I0 KPYroB pajuyca eliHuia,
KOTOpble MOXXHO pasMecTHTb 6e3 MepeceyeHHs BHYTPH KpyTa
pamuyca R u

d=1lzi-l>l:o nl(;j) . Torna
d<—17“1_—2=0,9069. .

STOT pe3yJbTaT, CHPaBeIIHBOCTb KOTOPOTO NPeATosarasn emie
H. Kennep, MOXHO chOpMY/IHPOBATh CJIELYIOUUM HarJsAHbIM
06pa3oM: HemepeceKaloWHMHCs KPYTaMH MOXKHO MOKPEITb He
Gosiee 90, 69% mnaomanu Bced NJAOCKOCTH. AHAJIOTHYHO IJIs
HUKHel TpaHd D NJIOTHOCTH CHCTeMBI PABHBIX KPYTOB, HEJH-
KOM TOKDBIBAIOIIMX IJIOCKOCTh, CIpaBeAJHBa CJelylomas

OlleHKa:
D<—2—=1,209. .
Vo7

Ilpu stoM mioTHelLIass yrmaKoBKa KPYroB INOJydaercs cie-
IylomuM o6pa3oM: BCsi IVIOCKOCTb pa3buBaeTcsi Ha MLIECTH-
VIOJBHUKH (LIECTHYTOJBHBIA TNapKeT), W 3a WEHTP KpYIOB
GepyTcsi BepIMHBI 3THX LIECTHYTOJBHUKOB. TakuM obpasom,
B IJIOTHeHIeH ynaKoBKe KPYTOB Ha IJIOCKOCTH KaXKIblH KPyr
OKDYXK2IOT 1IecTh JpYTHX.

Ciieflyer OTMETHTb, YTO IOJHOE 1OKa3aTeJbCTBO 3TOTO  YT-
BepxKJeHUs1 OblIO MosyyeHo arub B 50-X rojax Haulero crose-
THS, T. €. yepe3 TpH crojeTus nocie toro, Kak M. Kenzep
MPEJINOJIONKUIT ero cipaBefanBocTh. PeleHye 3ajaut o JI0THeH-
1eHl ynakoBKe IIapoB B 3-MEPHOM NPOCTPAHCTBE He M3BECTHO
JI0 cuXx mop, xors teM xe M. Kensnepom Takxe GbIO BbICKa3a-
HO HpeinoJioXeHue 0 TOM, YTO 31€ch pelleHHe 3ajayd Aaercs
TaK HasbiBaeMoll «KyGopeGepHoi» ynakoBKOH (moxpoGHeH
060 Bcex 3THX BOIPOcax MOXKHO npoyects B KHure M. M. $ruo-
Ma «QjieMeHTapHasi TeOMeTpHs mpexae M Tenepb». M., «3Ha-
Huey, 1972. [1ns Tex, KTO 3aX0oueT OCHOBATeJbHO H3YUHTh IIP06-
JIeMbl YIIAKOBKH, MOXHO peKomeHjoBaTh Kuury JI. @. Tora
«Pacnosio>keHus Ha IJIOCKOCTH, Ha cdepe H B NPOCTPAHCTBE»).

Takum obpa3oM, 3anaya o IJIOTHEHIUEH yMaKOBKe LIapoB B
NPOCTPAHCTBE PasMEPHOCTH 11 >>3, HECMOTPS Ha COJMIHLIN BO3-
pacr, elie oyeHb Ja/eKa OT OKOHYATe/]bHOIO pelleHus,
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[. Teopus xoOuposarus u aree6pa. MHOTHMH CBOMMH ycrie-
XaMH TeopHsl KOAMpOBaHHS 06sf3aHa TECHOH CBS3M C TaKoH
KJIaCCHYeCKOH 06/1acThi0 MaTeMaTHKH, Kak ajire6pa. OcHOBHEIE
NoHsiTUsi anredpel, TakHe, KaK Tpynna, KoJbllo, noJje, ujueals,
UTpalOT IEHTPAJbHYIO POJb B yKe BBHIJEIMBIIEMCH CII€lHab-
HOM pasjieJie TeOPHH KOJAMPOBaHHS — aJre6pauyeckoil Teopuu
KomupoBaHusi. OcHoBHOH 3ajjayefi a/reGpanuyeckoil TEOpHH
KOJIMPOBaHHUs sIBJIsSIeTCA pa3paboTKa KOHCTPYKTHBHBIX MeETO-
J0B MOCTPOEHHS Pa3JHYHBLIX KJIACCOB KOJOB, 0G/1ajalolUX Te-
MM HJIY HHBIMH KOPPEKTHpYIoIMH cBoficTBamu. C mpocrefimu-
MH METOJaMH{ IOCTPOEHHUS ONHOTO M3 KJacca KOJOB — HMKJIH-
YECKHX KOJOB — Mbl yXK€ IIO3HAKOMHJIMCh Bhille. B 3anauy
5TOH TEOPUH BXOJHMT TaKxKe M pa3paGoTKa METONOB JIeKOAUPO-
BaHHs, UMEIMHX HEGOJBLIYIO CIOKHOCTH peaju3alyy.

Xots 3ajauu, paccMaTpuBaembie B ajareGpaHuecKoi TeopHH
KOIMPOBAHWs, HE NpUHALJeXaT K TPANUIMOHHBIM 3ajauaM
abCcTpakTHOM anreGphl, a caMM OGBEKTHl M3YuYeHHsl, HanmpuMmep
IHKJIMYeCKHe  KOIbl, HMEIOT OYeHb IPOCTYI0 CTPYKTY-
Py, B 3TO¥ Teopuu HMeeTcsi OYeHb GOJIBIIOE YHC/IO HETPUBH-
alpHBIX 33Jla4, KOTOpbie 3aCTaB/fIOT NMO-HOBOMY B3IVISIHYTb
Ha HEKOTOpbIE yiKe, Ka3aJoch Obl, yCTOSIBIIMECS KJjaccHye-
CKHE TeOopUH.

B Teopuu KOAM[OBaHHS HCNOJB3YeTCs TaKiKe psiji H3BECT-
HBIX a/jreOpanyecKyX Onepanyil Jjisi NMOJYyYeHHsI HOBBIX KOJOB
H3 yKe NOCTPOEHHEHIX.

HMmeetcsi eme psn anreGpanyecKuX KOHCTPYKIHH. I03BO-
JISIOMHUX TyTeM (GopMasbHBEIX omepaunuil paclupsTh KAacChl
HMEIOIUXCS KOJIOB M MMeIOLIUX NpHMeHeHHe B TEOPHH KONHPO-
BaHuA.

II. Teopus xoduposanus u xombunamopweii anasus. Mro-
r'He 3aJlayd TEOPUH KONMPOBAHHS MOTYT OBITh, IO CYLIECTBY,
chopMy/IHpOBaHBEl KaK 3ajaud KOMGHHATOPHOTO aHaiu3a H
TEOpHH IpadoB B TePMHHAX, 3HAKOMBIX JIOOOMY CNEHUATHCTY
M0 3TUM AUCHHILIMHAM.

Hanpumep, 3azauya o nocTpoeHnH MaKCHMaJbHOTO MO YHCITY
TOYeK KOJAa C HCNpaB/ieHHeM ¢ omHGOK MoxeT GbITh copmy-
JIUPOBaHa KakK 3a/laya O HaXOX/JEHHH MaKCHMaJbHOTO IO MOIi-
HOCTH BHYTpeHHe YCTOHYMBOrO MHOXKecTBa B rpate (E")*,
rie nox rpadom (E7)?¥ monumaercs rpad, nonyueHHbii u3 En
CoellMHEHHeM BceX BepllMH, paccTosiHie X3MMHHTa MeX1y Ko-
TOPBIMH He NpeBocXoauT 2f. IIpn 3TOM HMeeT MecTo OueBHHCE
PaBEeHCTBO:

A(n, 2t+1)=a[(En)2%].
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3nech a(G) — uncno BHyTpeHHe# ycrofiumBoctu rpada G. Ho
Ha caMOM Jlele Takoe CBelleHHe MaJjio 4ToO JaeT, TaK KakK A
NpPOU3BOJBHEIX I'PadoB HE H3BECTHH HU XOPOIUME OLEHKH VIS
a(G), HH TpoCTble aJTOPHTMBI JJISl HaXOXKJIEHHS MaKCHMaJbr
HBIX 110 MOIIHOCTH BHYTPEHHE YCTOHYMBLIX MHOXKECTB.

Bonee rayGokue cBsi3u CyLIECTBYIOT MeXAy KOAaMH, HC:

NpPaBISIOKMH OWIMOKH, U TAKTHYECKHMM KOH(HUI'yparUsMH,

Hmetorcst TakKe MHTEpeCHBIE CBSI3H MEXKAY TEOpHEH KOAMpO-
BaHMA M LEJIOUHCJIEHHbIM JIHHEHHBIM [1POrpaMMHPOBaHUEM, OC-
HOBHOH 3ajiauefi KOTOpOro fBJSIETCS MUHHMH3aunHsA (Makcu-
MM3alus) JHHeHHOH meseBoH (yHKUMH HpH JHMHEHHBIX orpa-
HHUYEHUSX Ha leJoYUcIeHHble nepemennble. TlonbiTku chopmy-
JIIPOBaTb OCHOBHYIO 3ajlauy TEOPHH KOAHPOBaHHA Ha S3BIKE
LeJIOYHC/IeHHOT0 JINHEHHOTO NpOrpaMMHPOBaHUSA M TPHMEHHTH
HMelolyiics annapar lenajuch HeofHokpaTHO. O/HAKO OHH,
NO-BUJUMOMY, OBITH CJHUIIKOM NPSAMOJHHEHHE! 1 He NPUBOIUIN
K HOBBIM CYIIECTBEHHBIM pe3yJbraTaM. JIMIIb CpaBHHUTE/BHO
HeJlaBHO dpaHiy3ckoMy yueHomy II. Tuicapry ynajoch CKOM-
6UHMpOBaTh TEOpHIO ABOHCTBEHHOCTH JHHEHHOIO IpOrpaMMH-
POBaHHS M HEKOTOPHE KOHCTPYKHMH B TEOPHH KOpDPEKTHPYIO-
IHX KOXoB (Hampumep, npeoGpasoanue Mak-Buabsawmc),
TNOTYYHTh €I¥HOOOpa3sHbIM METOJOM MHOIO BEPXHHX OIlEHOK
U1l KOPPEKTHUPYIOIIHX BO3MOXHOCTEH KOIOB M psAJ APYrHX
HHTePeCHHIX Ppe3yJIbTaToB.

Benuko BiusiHMe uJell H pe3yJbTaTOB TEOPUH KOAMPOBa-
HUSl Ha TEOPHIO HAJeXXKHOCTH Pa3JIMYHBIX KJacCOB AMCKPETHBHIX
ycrpoficTB. Tak, KoAbl ¢ HCIpaB/eHneM OMHG0K HCHOJIBb3YIOT-
csl TIpH TOCTPOEHHH aCHMITOTHYECKH ONTHMAJIbHBIX CaMOKOP-
PEKTHpYIOIMUXCS cXeM H3 (DYHKIHOHANBHBIX  3JIEMEHTOB.

MHoro pesyJbTaToB TEOPHH KOAMPOBAHHSI HCIIOJNb3YETCs
NPH HCCIEIOBaHHM HAJEKHOCTH aBTOMAaToB. B yacTHOCTH, 3K+
BUNCTaHTHEE KOIH Obliu ucnodb3oBanbl 0. JI. Caranosu-
yeM A9 I[IOMEeXOYCTOHYHMBOTO KOJMDOBAHHA COCTOSIHHH aB-
TOMaTa.

MHorne uzey 1 METOAE TEOPHH KOPPEKTHPYIOLIUX KOJOB HC-
NONB3YIOTCA B Pa3JHYHBIX KOMOHHATODHBIX DacCyXKJEeHHsX,
KOHCTPYKIHAX, J0Ka3aTeabCTBax.

1. IIpobaemer meopuu xoduposanus. Kak yxe oTmeda-
JIOCh BHIILIE, OJIHIMH M3 OCHOBHBIX 3aJa4 T€OPHH KOPpPEKTHpYIO-
KX KOJOB SIBJISIIOTCS 3a/]aua o «IJIOoTHeleil» ynakoBKe 1apoB
3ajaHHoro paauyca B E" u 3ajaua o pasMellleHHH B BepLIHHAX
3aJlaHHOTO YHCJAa TOYEK TaKHM o0pa3oM, YToOHl camble «6Jiu3-
KH€» M3 3THX TOYEK HaXOJUJHCh APYT OT Apyra Ha BO3MOXKHO
GoJiee JajieKOM pacCTOSiHMH. DTHM 3ajayaM MOCBSILIEHO 3HAYH-

62



TeJbHOE YMCJIO pabor, uMeercss GoJbllIoe YHCJIO pe3ysbTaToB,
xapakTepusyiolux nosefenne oynkuuii A(n, d) u d(s, n),
omnpeJie/IeHHEIX BHILE, HO TeM He MeHee IOJIHoe pellieHHe ocTa-
eTcsl TMOoKa HeJOCTYITHBIM.

Pelnienne 3alaud 0 IJIOTHOH YNaKOBKe UET ABYMS NMYTSAMHU.
C OIHOH CTOPOHBI, MBITAIOTCS YMEHBUIIMTb BEPXHHE TIpaHHIbI
ansa A(n, d) u d(s, n), a ¢ Jpyrofi CTOPOHBI — NPSIMBIMH I1O-
CTPOEHHSIMH HJIM C MOMOIIBIO HHBIX COOOpaXKeHHH JNOKa3blBaeT-
cfl CyLIeCTBOBAaHHE YNAKOBOK 6oJiee MJIOTHHIX, YeM BCe yIKe H3-
Becthbie.  C/ieflyeT OTMETHTb, 4TO IIPOOJEMBI «JIOTHeHINeits
YIaKOBKH SIBJISIIOTCS] OJJHUMHM U3 CAMBIX «CTapbIX» U yBarKaeMbIX
npobaeM TeopHH KOPPEKTHPYIOMHUX KONOB H KaxK/blli HOBBIH
CYIIECTBEHHBIH pe3yJ/bTaT B 3TOM HamNpaBJ/leHUH BOCIPUHUMAET-
Csl KaK Cepbe3HblH ycnex.

CnenyoomyM, HHTEHCHBHO H3yYaloLIMMCH, KJAaccoM 3ajay
TEOpUH KOPPEKTHPYIOWUX KOAOB fABJSIOTCA 3ajaul KOHCTPYH-
pOBaHHsA HOBBIX KJACCOB KOJOB, 06JaNAIOIMX TEMH HJIH HHBI-
MH TI0JIe3HBIMH CBOHCTBaMH.

IlepBbiM U3 TaKuX CBOHCTB ABJsIeTCHA IPOCTOTA KOAUPOBAHHS,
T. €. IPOCTOH crocolb nepeuncienisi KOIoBbiX Touek. OnHuM u3
IPOCTHIX CIIOCOOOB 3ailaHNA Kojia SIBJsIETCs 3aaHHe C MOMOIIbIO
nopoxjiamomell Hau npoBepoyHoll marpulibl. Eie Gosee mpo-
CTHIM CIOCcOGOM 3aJaHUsl XapaKTepU3YIOTCs LUKJIHYECKHEe KO-
nbl. JL1si 3afiaHusi LMKJIHYECKOTO KOJa, KaK Mbl BHGNH paHb-
1Ie, JI0CTATOYHO 3ajiaHHsi OJHOTO NONHHOMA, KOTOPHIH MOpPOXK-
JlaeT BeCb KOZX.

BropbiM, MpaKTHYeCKHU BaxKHLIM, CBOHCTBOM KOZa SIBJISIETCSH
NpoCTOTa JeKOAMPOBaHHUSA, T. €. MPOCToTa crnocoba BOCCTAHOB-
JIEHUS] UCXOIHOTO COOOIIeHHs Mo noayueHHoMY.. [Ipumep 1sK0-
ro MPOCTOro crnocoba IpeCTaBIsieT yXKe PacCMOTPEHHBIH HaMu
aJITOPUTM JEKOAMPOBaHHS KojJa X3MMHHTA, NPEJIOKEHHHIH ca-
MHM aBTOPOM. OTHOCHTeNIbHO GOJIbIlasi CJIOXKHOCTb IPOLELYPLI
JIEKOJUpOBaHusA KojoB DBoy3a-UHoyAxypH CJOyXKHUT TNpenst-
CTBUEM JJIS1 IIHPOKOT'O NMPAKTHUeCKOro NPUMEHEHHS 3TUX KO-
noB. Paspa6orka HOBBIX 3((eKTHBHBIX CIIOCOB0OB KOJAHPOBaHHS
H JEKOAHUPOBAHHUS ISl yXKe NMOCTPOCHHBIX KOJOB H KOHCTPYH-
poBaHHe HOBBLIX KJ1aCCOB KOAOB C NPOCTBIMH aATOPHTMaMH KO-
JIMpPOBaHHUA U JEKOJAUPOBAHUS COCTABJSIOT CYIIECTBEHHBIH ac-
NEeKT TEOpUH KOPPEKTUPYIOIIUX KONOB, OCOOEHHO BaXKHBIH C
TOYKH 3PEHHUs1 UX MPaKTHYECKOTO HCIO/b30BaHUA.

CrnenyiolliiM BaxKHbLIM HanpaBieHHeM B TE€OPUH KOPPEKTH-
PYIOLUHX KOJOB SIBJSIETCS] TOCTPOEHHe CrelfanbHbIX KOIOB 1Jisl
pas/IMYHBIX KJIacCOB KaHaJoB. [{eno B TOM, YTO BCTpeyalouuecs
Ha NpaKkTHKe BHJB OKOOK OTHIOAb HE OTPaHUYHBAIOTCS TEMH,
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MOZe/Ib KOTOpHIX NpEJCTaBJseT pPacCMOTPEHHBIH HaMu JBOHY-
HBIH CHMMETDHYHBIH KaHaJ.

OnHako caMoe HHTEePECHOE 3aKJ/II0UaeTcsi B TOM, YTO BO MHO-
TUX CBOHX CYIIECTBEHHbIX acleKTaX OHH OYeHb CXOJHH C TEOpH-
ell KOppeKTHPYIOIHKX KOJOB JJIsl ABOHYHOTO CUMMETPHYHOTO Ka-
Haja. 710 O6CTOSATENbCTBO YKAa3biBaeT HA NMPaBUJIBHOCTb BHIGO-
pa IBOHWYHOrO CUMMETDUYHOTO KaHajla B KauyecTBe OJHOH H3
OCHOBHBIX MoJiesleli HCC/IeJOBaHHSA U ONpaBplBaer T0 Gosblioe
BHHMaHHe, KOTOpoe 3TOMY KaHaly ylessieTcs.
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