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[MPEOHMCJ/IOBHE

ITpaBo ke, He OyAeT OWIHMOKOH MpPENNOJIOKHUTD,
470 y GOJIBIIHHCTBA YHTaTeJell cJoBa «KOM», «KOAHPOBaHHE»
BLI3HIBAIOT NPHMEPHO OJMHAKOBbIE NpelcTaBieHns. Benb Bce
XOpOILO 3HAIOT, YTO KOIBl HJIH IH(PE UCNONIB3YIOTCS IJIs1
nepenaun cekperHoll uHpopmaunuu. MeHee H3BEeCTHO, OAHAKO,
YTO B Halle BPeMs KOAbl NPHOGPeNH M HHOe 3HauyeHHe, OBITh
MoxeT, Gojiee oGBIAEHHOR, HO 3aTO KyJa 6osee BaXKHOe W LIH-
pokoe. B aTo0i ux HOBOH posin KOIBl H KOAUPOBaHHE — NpPEexie
BCEr0 CPeACTBO /IS SKOHOMHOH, YAOOHOH M MNpaKTHYECKH
GesownGoyHoH nepegauu coobmeHuii. Hobhie npumeHeHus
KOJIOB CJIOXKUJIMCH B pe3yJibTaTe 6YPHOro PasBUTHSA PasIHYHBIX
CPeJICTB CBA3M, HEM3MEePHMO BO3pocLIero o6beMa nepesapaeMol
HHGOpMaLHy.

Pemarb Bo3HHKIINE B CBSI3H C 3THM 3a/jaull ObIJIO GBI HEBO3-
MOKHO 0e3 NpUBJIEUeHHS] caMbIX PasHOOOpasHHIX MaTeMaTuye-
CKHX MértonoB. HecnyuafiHo nosTomy Teopusi KOAMPOBaHHS
cyhTaeTcs cefiyac ONHHM H3 HauGoJiee BaXKHHIX pPasjlesoB
NpUKJIafHOH MaTeMaTHkH. KesaHHe MO3HAKOMHTb IIMPOKHH
KpYr ydTaresed ¢ 3agayaMi ¥ MeTOJaMHU 3TOH TEOPHH U SIBJISIET-
Cs1 OCHOBHOH Hamel nesplo. Bce ke HeMHOro mecra yJeNHJH
MBI Tak:Ke KOJaM B HX M3HAYAJbLHOM CMEICIe — KaK CPEICTBY
obecreyeHusi CEKPETHOCTH.

INepBas gactb kuuru (§§ 1—10) Hanucana BHOJHE dJEMEH-
TAPHO, U ]I ee MOHUMAHHA YUTATeNI0 JOCTaTOYHO O3HAKO"
MHTBECS ¢ NpUJIOXKeHWeM 1, comepKamyM npocTedlHe CBele-
HHSI O CpaBHEHHSAX.

B nasbHefiieM HsIOMKEHHH, OJHAKO, CYLIECTBEHHO HCIOJb-
8YIOTCS OCHOBHEIE (DaKTH JIMHEHHON anreGphl, a Takxe (akTH,
CBSI3aHHKIE ¢ NMOHATHAMH MoJs W rpynnbl. Bce HeoGXxoguMble
ONpeNeNeHnss W TEOPEMHl COAEPIKATcs B MPHJIONKEHHAX 2—D5.
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He ocBOMBIIMCH ¢ MaTepHANOM STHX [PHJOKEHHH, 4UTare]qb
e cMor 661 CBOGOJAHO OPHEHTHPOBATLCA BO BTOPOK YA4CTH KHHTH.

B 3akJioueHHe OTMETHM, YTO B KOHIe OOJIbUIMHCTBA napa-
rpacoB umeercs pasjen «3ajaud M JOMO/IHEHHS», TAe paccMmar-
PHBAIOTCA HEKOTOpele OoJsiee CleilHaNbHble H, KakK MPaBWJIO,
GoJiee TPYIHbIE BOIPOCH, @ TAKXKEe MNPHBOAATCA 3ajaud s
CaMOCTOAITEILHOrO pelleHus. Uutateno, xeJawolieMy OCHOBa-
TeJbHO pa3ofparbcs B CONEPHAHHH KHHTH, Mbl DPEKOMeHIyeM
He npeHeOperarb 3THMHM B3aJauamH.

M. H. Apwunos, J1. E. Cadoscxuti



1. KOAMPOBAHHUE — KHCTOPH A
A TEPBBIE WIATH

Konpl nosiBunuch B ray60KOH IPEBHOCTH B BHJE
KpunrorpamMM (Ho-rpeyecky — TaHHONHCH), KOrja HMH [OJib-
30Ba/IUCh JJI 3aCE€KPEeUYUBAHHSI BAxKHOTO COOOIIEHHsS! OT TeX,
KOMY OHO He OBbLIO NpeJHAa3HauyeHO. YKe 3HaMeHUTHIH rpeue-
ckuit uctopuk I'epomor (V Bek 1o H. 3.) IPHBOAMJ OpUMEPHI
nHceM, MOHATHBIX JIMIIb JJi OHOTO anpecata, CoapTanipsl Hue-
Jl crielyaJbHb MeXaHHUeCKHH IPHOOP, IPH MOMOLLH KOTOPOro
Ba)XKHble COOOLIEHHA MOXKHO OBbLIO NMHCAaTh OCOGHIM CIOCOGOM,
obecrieuUBaOIIUM coXpaHeHHe TaiiHEl. COOCTBEHHAs CEK PeTHas
asbyka Obi1a y IOnus Liesaps. B cpepune Beka u smoxy Bos-
poxXjeHuss HajJ H300peTeHHeM TaHHBLIX IMHGPOB TPYIUIHCDH
MHOTHE BBIJAIOlNHecd JIOAH, B HX dHcie ¢uaocodp DpaHcuc
bakon, kpynHele MmareMmatuku @Dpancya Buer, Ixeposamo
Kappano, II>xon Banauc.

C TeyeHHMeM BpeMeHM Haua/ld MOABAATHCA MO-HACTOSLIEMY
cnoxHble mugpel. OfUH W3 HHX, YNOTpPeOJAeMbIHl U MOHBLIHE,
CBSI3aH ¢ UMeHeM ydeHoro ab66ata u3 Bropubypra Tpuremuyca,
KOTOPOrO K 3aHATHAM Kpunrorpadbued mnobyxnamno, OBITb
MOXeT, He TOJbKO MOHACTHIpCKOe YeIMHEHHe, HO H HOTped-
HOCTb COXPaHATb OT OIVIaCKH HEKOTOphle AYXOBHBIE TaHHBI.
PasnyuHble XHTpPOYMHBIE NIpHEMbl KOJUPOBAHHS NPUMEHSANH
mndpoBabIMKY NPH NanckoM JBope H ABOpaXx eBPOMeHCKHX
Koposefi. BmecTe ¢ HCKyccTBOM IIH(POBAHHS pa3BUBAJIOCh
H HCKYCCTBO JelidpoBKH, UM, KaK FOBOPAT, KPHIOTOAHANH3A.

Cekpernrie mudpbLl ABJAAIOTCS HEOTHEMIEMOH NpHHAJMEXK-
HOCTBIO MHOT'MX JeTeKTHBHBIX DOMAHOB, B KOTOPBHIX JEHCTBYIOT
H3OLIpEHHBIE B XUTPOCTH WINHOHKL. [lncatesnb-poMaHTHK Aarap
ITo, KoToporo uHOrAA NPUYHCISIOT K CO3LATENSIM IETEKTHBHOO
XKaHpa, B cBoeM paccKase «30JI0TOH XKYK» B XyJ0XKeCTBEHHOH
¢opme H3MOKHU npoCcTEHLINE NPHEMBI IH(POBAHHS U paciuud-
PoBKHU coolwennit, darap ITo otHocuacs K npobieme paciundg-



POBKH ONTHMHCTHYECKH, BJIOXKHB B yCTa CBOEro Irepos Clexylo-
myio ¢pasy: «...eBa Jx PasyMy yenoBeka NaHO 3arajarh Ta-
KYI0 3arafky, KoTopyio pasyM Apyroro ero cobpara, Hamnpas-
JEHHBIH JOJKHBEIM 00pa3oM, He cMor Obl packpuiTh. [Ipsamo
CKaXy, €c/IM TeKcT salHdpoBaH 6e3 rpy6LIX OLIHODK H HOKY-
MEHT B IPHJIHYHOH COXPAHHOCTH, 51 Gosblle HU B 4eM He HYHK-
JIAI0Ch; MOCJAEAYIONHE TPYAHOCTH AJI51 MEHS NPOCTO HE CYIIECT-
ByioT». CTOJIETHE CHYCTS 3TO BhICKA3hIBaHHE OLLIO ONPOBEPTHY-
TO Y4eHBIM, 3a/I03KHBIIMM OCHOBHI TeopHH HHpopmanuu, Kio-
nom [lennonom. lleHHOH moOKasan, Kak MOMXHO MHOCTPOHTb
KpHITOrpamMMy, Kotopas He IoJJjaercs HUKaKoll paclngpoBke,
ec/iM, KOHEUYHO, He H3BecTeH crocob ee CocTaBjeHHs.

O HeKOTOpHIX NpHeMaX Kpuntorpaguu M KpHUNITOaHANIM3a

MBI paccKaxeM B cjefyomeM naparpage, B ocTanbHBIX YacTAX
KHHIrH peub OyneT WATH B OCHOBHOM 00 HMHOM HampasJ/eHHH
B KOJIHPOBAHHH, KOTOPOE BOSHHKJIO YiKe B OJIH3KYIO HaM 310Xy .
CBsi3aHO OHO ¢ Npo6sieMol mepefaud cooOLieHHH MO JHHHAM
cBsA3H, 6e3 KOTOpHIX (T. e. Oe3 Tesaerpada, TenmeoHa, panyo,
TENIEBHAEHHS H T. 1.) HEMBICIMMO Hallle HEIHEIHee CYIIecTBO-
BaHHe. B 3amagy Takoro KojMpoBaHHS, KaK yKe FOBOPUJIOCH,
BXOJAHT OTHIONb He 3aceKpeuHBaHue COOOMieHHH, a MHAs LeJb:
cIesaTh nepejauy coobieHui ObICTPOH, YIOOHOH H HaLEXKHOM.
IlpenHasHaueHHoe AJiA 5TOH LEeJH KOAUPYIOIee YCTPOHCTBO co-
NOCTAaBJIAET KAKAOMY CHMBOJY [epeaBaeMoro TeKCTa, a HHOT-
Ja M LEeJIBIM cJIoBaM M (pa3aM (COOOIIEHUAM) ONPEASTEHHYIO
KOMOHHAUMIO CHrHaMOB (NpUEMJIEMYIO JJIS Nepefadd Mo JaH-
HOMY KaHajly CBsi3H), HashIBaeMYI0 KOAOM HJH KOJOBEIM CJIO-
BoM. Ilpn 3ToM omepauuio nepeBoja COOGIIEHHI B ONpeeseH-
HBEIE NOC/Ee0BATeNbHOCTH CHI'HAJOB HA3bIBAIOT KOIMPOBAHHEM,
a o6paTHyl0 olepauyio, BOCCTAHABJIHBAKOMIYIO MO MPHHSITHEM
curHanaM (KOJOBEIM CJIOBaM) [epeqaBaeMble COOOLIEHHS,—
JIEKOHPOBaHHEM.
" 3amerum cpasy ke, YTO pasjHYHEIE CHMBOJIBI MM COOGIe-
HHUSA JOJUKHEI KOJHPOBAThCA Pas3MUHBIMH KOLOBBIMH CJIOBaMH,
B IPOTHBHOM CJIy4ae 10 KOJOBHIM CJI0BaM HeJb3sl GblI0 6Bl BOC-
CTAHOBUTbL MepenaBaeMble COOOIIEHHUA.

HcropuyeckH mepBEI KOJI, NpefHA3HAYEHHBIA 1J15 mepena-
uy cocOleHu, cBA3aH ¢ MMeHeM u3obperarens TejerpagHoro
annapata Camioana Mopse 1 u3BecTeH BceM Kak asbyka Mopse.
B sTtoM Koze Kaxnoii OyKBe MJIM LHdpe CONOCTABJAETCS CBOS
NoC/e[OBaTeNbHOCTh U3 KPaTKOBPEMEHHHX (Ha3LBaeMLIX TOY-
KaMH) M JUINTeNLHBIX (THPE) HMIYJbCOB TOKa, pasjenseMEX
naysam. JIpyroit Kol, cTosb e HIHPOKO PacIpoCTpaHEeHHEIH
B resnerpaduu (ko Bono), vcrnonpsyer AjA KOZMPOBaHMA JBa
9JIeMEHTapHbBIX CUTHajla — HMIYJbc W 0ays3y, NPH 3TOM Co-
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pocTaB/lgeMble 6yKBaM KOJOBHIE C/I0BA COCTOST U3 MSATH TAKHX
CHTHAJNOB.

Kozmpl, Hcnosmpayomue Aa pasJuiHbIX S71e€MEHTApHBIX CHT-
HaJla, Ha3bIBAIOTCA JBOMYHBIMH. ¥ JOGHO OBbIBaeT, OTBJeKasch
OT uX $H3HYECKOH OPHUPOAE], 0603HAYATh STH JBA CHTHAJA CHM-
BosiaMi O u 1. Torza KoJioBbIe CJI0Ba MOXKHO IIPEACTAB/ATH KaK
I0CJEIOBATEIbHOCTH M3 HYJefl M eNuHHIL,

HBouuHOe KofupOBaHHE TECHO CBSIZAHO ¢ NPUHIIMIIOM [UXO-
TOMHH (fesieHus nonosam). IToscHUM STOT NPUHUMI HA mOpd-
mepe.

Hexkro 3anyman uncio, 3akmoueHHoe Mexkay 0 u 7. Yrais-
BAaIOINEMY paspelIeHO 3a[aBaTh BONPOCH, OTBETH Ha KOTOpHIE
JIAI0TCS JIMIUb B opMe «aa» uiau «HeT». KakuM o6pasoM cienyer
3aJaBaTh BONPOCHI, YTOOLI BO3MOXKHO OBICTpee Y3HAThb 3aAyMaH-
HOE 4HC/I0?

Camblit 6eCXUTPOCTHBLA IyTh — NepebUpaTh YUCaa B JI0G0M
nopsjaxe, Hafiesicb Ha yzauy. B atom ciyyae npu BeseHHH MO-
JKET XBaTHTb M OJHOIO BOIPOCA, HO €CJIH He MOBE3ET, TO MOXKET
NMoHanoOuThes U Henbix ceMb. [TosToMy He GylieM pacCUBTLIBATH
Ha Be3eHMe U NocTapaeMcsl DOCTPOUTb TaKyI0 CHCTEMY BOIIPO-
COB, YTOOB! JIIOOOH M3 OTBETOB — «Ja» HJIM «HET» — J[aBasi HaM
OJIMHAKOBYIO (IyCTh CHayaja M HEeNoJHY) HHPOPMAIHMIO O 3a-
aymanroM uncie. Hanprmep, nepsslil Bonpoc Mo:keT GbITH Ta-
KHM: «3aKJ/I0YeHOo JIM 3afyMaHHOe YHCJIO B mpexenax oT 0 o
3?» O6Ga oTBeTa — U «Ia» H «HET» — ONUHAKOBO MPUOJIHKAOT
Hac K Ueau: B JIIOOOM cly4yae OCTalOTCsA YETHIpE BO3MOMKHOCTH
JJ1s1 HEM3BECTHOTO YKc/a (a nepBOHAYaNbHO HX OBLIO BOCEMB).

Ecnu Ha nepBhifi Bompoc NOJNYYeH YTBEPAUTENbHBIE OTBET,
TO BO BTOPOH pa3 MOXKHO cnpocHTb: «He sBasiercsa nu 3any-
MaHHOe YHUCJO HYJIEM HJIM eUHHIEeHP»; eClu xKe OTBET OblI OT-
punarenbHeM, cnpocum: «He aBisercs sy 3agyMaHHOe YHCIO
4yeTBepKOH WM nsATepKoi»? B moboM crydae mocse orsera Ha
BTOPO¥ BOIPOC OCTaHeTcsi BLIOOP M3 ABYX BosMoxHocTeft. st
TOro YroOBl €ro OCYHIECTBHTb, JOCTATOYHO OZHOTO BOHPOCA.
Urak, nia yrajneiBaHua 3afyMaHHOrO 4HcJa, KakUM GBI OHO

"HU GBUIO, JOCTATOYHO TPEX BONMPOCOB (KaMIBIH M3 HUX BBIAC-
" HeeT, COAEPKHTCSA JIU 3alyMaHHOE YHCJIO B «HUXKHEI» IIOMOBHHE

' 3aKJIIOYAIOIIETC €ro NPOMeXKyTKa). MoKHO 1okasarb, UTO MeHb-
LIero 9Yruc/ia BOINPOCOB HeNOCTaTOYHO.

Ecau BO3MC:KHBIE OTBETHI «1a» MJH «HET» O6O3HAUHTb YC-
JIOBHO cuMBoJiaMH O H 1, TO OTBETHI 3amuIyTcs B BUAE MOCJ/e-
JIOBaTeNbHOCTH, cocTosimel U3 HyJed H enuHuu. Tak, Hamnpu-
Mep, ec/M 3alyMaHHOE YMuCJI0 GhIO HYJEM, TO Ha Kax[Abld U3
TpeX BONPOCOB OTBeToM Oyner «aa». TpeM «4a» cOOTBETCTBYET
nocnefosatenbHocts  000.



Ecnn Gplno sanymaHo yueao 3, TO OTBeTaMM GyAYT «1as,
«HET», «HEeT», T. €. YUCAY 3 COOTBETCTBYET IMOC/AEIOBATE/b-
nocth 011, ITo pe3ayabratam OTBETOB MOMKHO COCTABUTH CIETYIO-
mylo Tabauny:

Ta6bauna 1
3apymanHoe umcdo | 0 1 2 3 4 5 6 7 l
Orserh 000 | 001 | 010 | OL1 | 100 | 101 | 110 | tl1I i

Uurarenb, 3HAKOMBIA ¢ JBOMYHOM CHUCTEMOH CUHC/AEHUS,
y3HaeT B HMKHell CTpOKe NBOMUHYIO 3allUCh COOTBETCTBYIOLIMX
yncesa BepXHeH CTpPOKH.

3ameTuM, 4YTO BMECTO MHOXKecTBa yucea OT 0 10 7 MOXKHO
paccMarpuBaTh Jio60e MHOXKECTBO U3 BOCbMHU COOOIIEHHH,
M KaJ0e U3 HUX Mbl MOXKEM 3aKOJHPOBATh I0C/EI0BATEIbHO-
CTSIMM H3 HYJeH ¥ efuHUuL JnuHbE 3. EcM ucnosab3oBath Gosee
JNIMHHEE ABOMYHbIE [OC/AEI0BATENbHOCTH, TO UMH B MPHHUHIE
MOXKHO 32KOJHPOBATh JI060e KOHEUHOE MHOXKECTBO COOOIIEHUH,

JleficTBUTEIbHO, UYHCJIO JBOHYHBIX MOCJAEAOBaTeAbHOCTEH
JUIMHBL 3 paBHO 22=8 (Bce OHH NpHBeJeHbl B Tabaune 1), 1Bouy-
HbIX [OcJefoBaresbHOCTEH JUHBI 4 BABOE GOJIELLE — UYHC/IO
uX.paBHo 2°=16. Boolue, 4HclI0 ABOHYHBIX MOC/IEOBATENb-
HocTell JHHBL n paBHO 27, [loatomy, ecau Tpebyerca 3aKOAHU-
poBarb HYJAAMH M eAHHHLAMH, K npumepy, 125 coobuieHui,
TO JJI 3TOrO C HM3CBITKOM XBATHT JABOUUHBIX [OC/IEN0BATENb-
Hocrell NMHBI 7 (MX B HailleM paclops:keHHH umeeTcs 27=
=128). U3 atoro nmpumMepa cTaHoBHTCH sCHO, 4To M cooflie-
HUH MOXXHO 3aKOAHPOBATh ABOMYHBIMH MOC/IEI0BATENbHOCTIMU
IUIUHBL 1 TOTJA H TOJNBKO TOTAd, KOTAA BBIIOJHSETCH YCJAOBHE
2">=M, T.e. Korga n=log,M.

IlepBHii, KTO MOHSJ, YTO AN KOAUPOBAHHA AOCTATOUHO
ABYX CHMBOJIOB, Obl1 @pancuc Bakon. [IBouuHBIE KOJ, KOTO-
pblii OH MCIOJIB30Ba/ B KPHNTOrpaguueckux Leasx, cofepxain
naTHpaspsaaHbie (Kak U B Koae bono). C/I0Ba, COCTaBJIEHIble U3
cumBosioB O, L.

Crasanoe 37leCb — 3TO JIMLIb NepBble MOACTYNH K Npobie-
Me KOJMpOBaHHS, KOTOpo#l mocBsilleHa 3Ta KHura. [loka xe
OTMETHM TOJIBKO, YTO HAPAJY C ABOMYHLIMH KOJAMH NPUMEHSIOT
KOJibl, HENOJL3YIOMIMeE He 1Ba, a 60oJIblliee YHCIO 3/1eMeHTapHEIX
CHIHaJIOB, MJIH, K&K HX ellle Ha3hIBaloT, KOJOBHIX CUMBOJIOB. MX
4nca0 d Has3hIBAlOT OCHOBaHHEM KOJa, a MHOMXECTBO KOAOBHIX
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CHMBOJIOB — KOJOBEIM andaButoM. [Ipu stom cbuiee umcio n-
OyKBEHHBIX CJIOB, HCIOJb3YIOMHX d CUMBOJICB, BHIYHCJSIETCS
QHAJIOTHYHO TNPEXHEMy W paBHO d”.

3aiayd ¥ JOMOJHEHHSA

1. Yacto no pasHbIM COOGpaKeHHAM /i KONUpPOBaHHS
coofiieHHA HCIONS3YIOT He Bee MOCAEA0BATENBHOCTH B JaHHOM aahaBuTe, a
TOJILKO HEKOTOpble M3 HHX, Y/AOBJETBODAMKIIHE TeM HJIH HHBIM OrpaHHYeHH-
aM. ByzeMm paccMmaTpuBaTh, HalpHMep, f-OYKBeHHEHE ABOHYHBIE CJOBA C
(GYKCHDOBaHHBIM YHC/IOM ! €IHHHI (HJH, KaK FOBOPAT, CJOBa NOCTOSIHHOLO
peca {). CKOMBKO BCEro T2KHX CJIOB — HETPYAHO NMOACYMTaTh. Kamjaoe H3
HHX MOJNYYHTCH, €CAH Mbl BblOepeM HEKOTOPHIM ofpas3oM f Mo3HuMi H3 N, H
3amulIeM B HHX eAHHHALH], 8 B OCTAaJIbHbIX #—! MO3HIUAX — HYJAH. 3HAUHT,
YHCJIO BCEX CJIOB IIOCTOSIHHOTO Beca COBIAfaeT C YMCJOM COYEeTaHHH H3 f
2JIeMEHTOB 110 I, T. €. PaBHO

¢ n!
Cr= itHn—1)!"

2. CloxHee HalTH YACJO BCeX JBOMUHBIX CJIOB AJHHGLI 7, He COJepKa-
UiMX HECKOJIBKO HyJeil moapsan. O6o3HauuM 5TO 4HCIO Yepes S,. OueBHIHO,
§y=2, a cJIoBa JJIHHB! 2, YAOBJIETBOPSIONIYE HALIEMY OrPaHHUYEHHIO, TAKOBBI:
10, 01, 11, T. e. 5,=8. IlycTe Q403 ... 0,10, — TAKOE CJIOBO H3 N CHM-
BOJIOB. Ecyin cuMBOsI 0,==1, TO Q3 Oy . . . Oy MOXKET OLITb NPOU3BOJILHEIM
(n—1)-6yKBEHHEIM CJIOBOM, He COJep:KaliUM HECKOJbKHX HyJeid Noapsai.
3HAYHUT, YHCIIO CJIOB AJIHHbI M.C €AWHHIEH Ha KOHIE PABHO Sp_j.

Ecnu xe cumson o, =0, To 06513aTeNIbHO O, =1, a nepsbie n—2 cHM-
BOJIA Qly0ly . « . Oy g MOTYT GBHITH NPOH3BOJILHBIMH C YYEeTOM paccMaTpHBae-
Moro orpanuyeHus. ClieloBaTe/IbHO, HMEETCH S, o CIOB MJHHBI 1 C HYJIEM
Ha KoHue. TakuMm oGpa3oM, oflLiee YHCIO HHTEPECYIOUHX HAac CJ03 PaBHO

Sn=S8p-1tSn-2.

W3 nonyYeHHOTO COOTHOLIEHHSI (MOZOGHBIE COOTHOIUEHHS Ha3LIBAIOT
PeKYPPEHTHbIMH) JIErKO MOXKHO Ha#TH YHCJIA S, AJ1s JoGoro n. INockonbky
S; M Sy HM3BECTHBI, TO Sg=81+S,=5; s4=8,-}+53=8, sy=53-+s5,=13 n 1. 1.
IlonyueHHas nccleloBaTeJbHOCTb YHCEd

2,38.5,8,13,21,34, ...,

B KOTOpO# KaxJbifl OCVIeAYIOMHi WIeH PaBeH CYMMe ABYX MpeablAyliuX,—
STO XOpOLIO H3BECTHBIH B MaTeMathke psajl ®uGoHauuu. O MHOTHX HHTepec-
HBIX cBOlicTBax udces ®uGOHAYYH U HX Pa3HOOGDa3HBIX NMPUIOKEHHIX MOXK-
HO Ipo¥ecTh B MHomyaspHoit Gpomiope [21], a Takke B HejaBHO W3JaHHOR
xuure [6]. B uacTHOCTH, MOXHO y6emuTbes (cM. [21]), uto n-wit wien pspga
®uboHayul BBEIUHCASETCA N0 Qopmyle:

1 1+VBE\"*? (1—-VE\** 1 .
Sp=—r= —_— — | —— = —— (1,62)7+2,
V3 2 2 Vs
3. CoenunnM 06a NpefpIAyIKX OFPaHHYeHHs U HafileM UHCJIO IBOHYHEIX
€JI0B ITIOCTOSIHHOrO Beca f, He COJEPKalIHX HECKOJBKHX HyJel NoApsA.
Paccyxaatbh MOXHO Tak. [1ycTh g=n—t¢ — uyucio HyJelt B paccMaTpH-
BaeMBIX cJioBaX. B Jo6oM cioBe HMeeTcst g—1 IpOMEXKYTKOB Mexpy GJiH-
JKaNIWHMH HYJISIMH, B KaXJOM H3 KOTOPBIX HaXOJUTCS OfjHA HJIM HECKOJbKO
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epunnn (cM. pue. 1). Tlpennonaraercs, KOHeuHo, 4T6 g<n/2. B nperusuom
ciyuac (npu ¢>n/2) HeT HR OJHOTO CJI0BA 6e3 PANOM CTOSITUX HYyJel.

Ecip M3 KaxJIOro NpOMeXyTKa YAaJHUTh DPOBHO M0 OfHOH eauHZIe,
TO MOJYYHM CJIOBO ANMHE n—g--1, colepxailee g HyJe#d. JIerko BHACTb,
uTo J1060e Takoe CJOBO MOXKeT GHTh
NOJIyYeHO YKa3aHHBIM 06pa3oM U3 He-
KOTOpOro (W NMPHTOM TOJBKO OJLHOIO)
n-6yKBEHHOI'O CJIOBA, COJepXKallerc
g HyJel, HAKaKHe JBa H3 KOTODBIX
HE CTOAT PAKOM. 3HAUHT, HCKOMO
YUCJIO COBNAZAEeT C YHCJIOM BCEX CJIOB
[Tporexyimki JJIMHBL —g-1, cozepKaliHXx pOBHO
¢ eduuyaint g wmyJe#, T. e. paBHO (cM. KOMOJ-
Puc. 1. Henke 1)

n-t
C?z—-q+1 = Ct+1-

4. Hcnonbsys pedynbraThl fonodHenuft 2, 3, yGeauthcs B cHpasen-
JIUBOCTH TOXJECTBA:

[n/2] E\n+2 = \n+2
g 1 <<1+V5 _(1=V5
- 5 2 2
q=0 V-5 ’
(cumpon [n/2] osnauaer rauGosbiuee esoe 9KCIIO, He MpeBoCcXojsuiee n/2).
5. Ilpn xakoM g YHCJIO ABOHYHBIX CJIOB H3 JONMOJHEHHS 3 MaKCUMaJbHO?
6. TlokasaTb, 4TO UHCJIO BCeX N-OYKBEHHBIX d-HYHBIX CJIOB, B KOTODHIX
OliH K3 CHMBOJIOB BCTpeyaercs (DHKCHPOBAHHOe 4YHCJIO { pa3, paBHO
ct (d—1)7~1 (cp. pomosnenue 1).

7. O6o6IUTE pe3yJbTaThl JONOJHEHHH 2 H 3 NPHMEHHTENILHO K d-HYHO-
My ajdaBHTy,

2. WIH®PbI, WIH®PLI, WIUGPHI...

[TpuemoB TafiHONHCH — BEJHKOE MHOXKECTBO, H,
CKOpee Bcero, 3T0 Ta 06/1acThb, I'/le YKe HeT HYXAbl NPHAYMEI-
BaTb 4TO-HHOYAb cyllecTBeHHO HoBoe. HaubGosee mpocTodl THI
KpPUNTOrpaMM — 3TO TaK HasblBaeMEle MOJACTAHOBOYHbIE KpHI-
torpammbl. CocTaBnisisf X, KaxJ0oH 6yKBe ajidaBHTa CONOCTAaB-
JSIIOT OTNIPEJIe/IeHHBIH CUMBOJ (MHOTA2 Toxe OYyKBY) H NpH Ko-
JUPOBAHHU BCAKYIO OYKBY TEKCTa 3aMEHSIOT Ha COOTBETCTBYIO-
wui el cumBos. B pacckase «3osotolt xyk» darapa Ilo npu-
BOAMTCA KaK pa3 NpUMep INOACTaHOBOUHOro wudpa.

ABTop pacckasa HaryiiHO AEMOHCTPUpPYET, 4TO pacuud-
POBKa NOJOOHLIX KPUNTOrDAMM He cOCTaBjfeT GOoJIbIIOH Mpo-
6sembl. Bce ocHOBbIBaeTc Ha TOM (32 NMOZPOGHOCTSIMH OTCHI-
JlaeM 4YHTaTeNsl K OPUTHHANY), YTO PasjuyHble GYKBBI ecTecT-
BEHHOr0 fI3bIKa — AHIVIMACKOTO, PYCCKOTO HJIH KaKOro-ju6o
JPYroro — BCTPEYAIOTCS B OCMBICJCHHBIX TEKCTaX HEOAHHAKO-
Bo gacro. CiieoBaTe/IbHO, TO K€ CaMoe BEpPHO Jijisl COOTBETCT-
BYIOUIMX UM 3HaKoB. B emje GoJsbluell Mepe 3TO OTHOCHTCA K
OYKBOCOUETAHUSIM M3 JBYX HJIM HeCKOJIbKUX OYKB: JIHIIb
HEKOTOpble H3 HHMX 4acTbl, MHOTHe Ke BooOle He yrnoTpebss-
10TCA.
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AHanmu3upys 4acTOTy HOSIBJEHHS] TE€X HJIH HHEIX 3HAKOB
A4 UX cOyeTaHHH (MMEHHO Tak mocrynaer repoit dxarapa I[lo),
MOXKHO ¢ GOJIBIIONH yBEPEHHOCTbIO BOCCTAHOBHTb GYKBBI 3auing-
poBaHHOro Tekcra. Jlaxe ec/iM B KAKHX-TO 4acTsSX TEKCTa BO3-
HHKaeT HeOJHO3HAUYHOCTb, OHA JIETKO YCTPAHSIETCS MO CMBICTY.
AroT MeTox (OH UMEHYeTCs YacTOTHLIM aHa/IM30M) OCHOBBLIBAET-
cs1, TaKUM 006pa3oM, Ha 3apaHee M3BECTHBIX YacTOTaX 3aiudpo-
BaHHHIX 3HaKOB. B cnenyomelt Tabnune yKasaHbl OTHOCHTENb-
HEIE YacTOThI OYKB PYCCKOrO fI3BIKA,

DyKBBI «e» U «E», a TaKXKe «b», «b» KOTUPYIOTCH OOBIYHO
OIMHAKOBO, MO3TOMY B TabjHue OHM He pasauuaiorcs. Kaxk
SBCTBYeT u3 TabauIpl, Hanbosee 9acTass GYKBa pPYyCCKOro s3H-
Ka — «o». Ee oTHocuTenpHas yacrora, pasHas 0,090, osHaua-
er, uto Ha 1000 6yKB pyccKOro TeKcra IpUXOJUTCS B CPEIHEM
90 6yxB «0». B TakoM e CMBIC/Ie TOHUMAIOTCS OTHOCHTE/bHEIE

Ta6anuna 2

% | yena | Saioerr | e [owos | ST | [y |
0 a 0,062 10 K 0,028 20 0] 0,002

1 6 0,014 11 a 0,035 21 X 0,009

2 B 0,038 12 M 0,026 22 I 0,004

3 r 0,013 13 H 0,053 23 q 0,012

4 I 0,025 14 o 0,090 24 m 0,006
5 e, €| 0,072 15 n 0,023 25 iif 0,003

6 X 0,007 16 p 0,040 26 H 0,016

7 3 0,016 17 c 0,045 27 5,b | 0,014

8 " 0,062 18 T 0,053 28 9 0,003

9 %4 0,010 19 y 0,021 29 10 0,006

30 a 0,018

4acTOTHl U OCTaNbHBIX GYKB. B Tabnuue 2 He yKasaH elie OJUH
«CHMBOJIY — TPOMEXYTOK MeX1y cnoBamH. Ero oTHocuTenb-
Has uvactoTa HauGosbinias ¥ pasHa 0,175.

C nomowbio TaGJHIB 2 UYHTaTelb CyMeeT, MO-BHIHMOMY,
paciinpoBaTh Takyilo KpHOTOrpamMMmy (pactindpoBKy H mosic-
HeHusi cM. B jononHenuu 1 Ha crp. 15):

LlsipcHCMIIH SIMAKSXK OHKIMXKIM MJ CHKBIHH I'KIO OHT'DCAMHO-
Humid AMSOCHBNSA MH 6 rnTB3(d PKTUAIO) HM PKHEMAA.

HenagexHocTh MOACTaHOBOYHBIX KpHUNTOrpaMM (CpaBHH-
TeJIbHas JIETKOCTb MX pacliH(poBKH) Obla 3amedyeHa yKe JAaB-
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HO, ¥ [IOTOMY B pasHOe BpeMA NpEeANaraiyuch pas/iuiHbie LPY-
rue MeToan! mwnpposanus. Cpefi HUX BaXKHOE MECTO 3aHHUMAIOT
nepecTaHoOBOYHbIe KpunTorpammel. IIpH uX cocTas/jeHHH Bech
TeKCT pasCuBaercs Ha TPYINMbl, COCTOALIHE M3 OJHHAKOBOIO
yucna GYKB, W BHYTPH KamIOH TPYNNEl GYKBBI HEKOTOPBIM
06paszom nepecrapisiores. Ecay rpynna JI0CTATOYHO IJIHHHAS
(AHOTAA 3TO BeCb TEKCT LETHKOM), TO YHCJIO BO3MOXKHBIX Mepe-
CTAHOBOK OYeHb BEJNHKO, OTCIofa 6oJibilioe MHOrooGpasue mepe-
CTAHOBOUHBIX KpUNTOrpamMM. Mbl paccMOTPHM OfHMH THI nepe-
CTAHOBOUHOH KDHITOrpaMMbl, KOTOpas COCTaBJsercs IIpH
IMOMOLIY TaK Ha3bIBAEMOT'0 KJIIOUEBOro c/oBa. ByKBEI TeKcTa, KO-
TOpPLIYl JoJKeH OLITh fepefaH B 3amnppoBaHHOM BHJE, NEPBO-
HauaJbHO 3AMHKCHIBAIOTCA B KJIETKH NMPSAMOYTOJBHOH TaGJHIH,
1o ee CTPouKaM. DyKBHI K/I0UeBOro cJ0Ba NHLIYTCA Haj CTosG-
IlaMH ¥ YKa3bIBAIOT MOPSAJOK (HyMepalHio) STHX CTONSLOB CIo-
coboM, 00bsICHSIEMEIM HiKe., UTOoOL MOMYyYHTb 3aKOHPOBAHHBIH
TEKCT, HaJ0 BHINHCHIBATH GYKBBI [0 CTOJAONAM C YYETOM MX HY-
mepauuu, ITycth TekeT TakoB: «B cBA3M ¢ cospaBmiuMcs NoJo-
JKEeHHeM OTOJIBUTaeM CpPOKH BO3BpalleHUs noMod. Pamsaiiy.
HcnoabsyeMm AJis 3amicH TekcTa, B KOTopoM 65 O6yKB, mpsiMo-
" yrosbuylo Tabauny 11X6, B KauecTBe KJIIOUEEOTO BO3bMeM
¢10B0 K3 6 GYKB «3aMHCh», CTOJIOLE 3aHYMEPyeM B COOTBETCT-
BHH ¢ MOJIOKeHHeM GYKB KJioueBoro ciosa B andasute. B pe-
3yJIbTaTe MOJNYYHTCA C/eAylomas KozjoBas Tabiuna:

Ta6bauyga 3

3 a n '] c b

O R BT O I awOw
ZoOEFEwzRrRNOR®®O
wEZeoo0wWwe==OWwW
o T WUV Xz O wX
:::::e:t:'o-)oﬁn;:w
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BrinuceiBast GyKBH M3 CTCAOLOB TabiHum 3 (CHauama H3
nepBOro, 3aTeM M3 BTOPOro M T. 1.), NOJydYaeM Takywm LiHd-
POBKY:

CelIou IMBIOMBCBIIHOEH A A 3MOMHP3HOAB2HIEBCOEM33IC-
JKOTOBUHHHAAET2KPAP

KiroueBoe ¢/10BO H3BECTHO, KOHEUHO, U ajpecaTy, KOTOpPLIH
noatoMy Ge3 Tpyja pacmudpyer sto coobmenue., Ho ansa tex,
KTO 3THM KJIIOUOM He BJIAJIe€T, BOCCTAHOBJEHHE HCXOJHOrO
TEKCTa BecbMa Npo6aeMaTHYHO-(XOTA B IPUHIHUIE U BO3MOXKHO). .
Y aCTOTHBIl aHA/IU3 3Jiech N0 BIIOSHE MOHATHHIM NPUYUHAM He
peluaer 3ajaud. B syuiieM ciydae, MOCKOMAbKY YacTOTH GYKB
[IPHMEPHO TaKKe, KaK B Tabauue 2, OH MO3BOJISET MPENIOJo-
HUTh, YTO GBUIO TPHMEHEHO IepecTaHOBOYHOE KOAHPOBAHHE.

Vcnonb3oBaHue KJ/I0YEBOro C/I0BA, KOHEYHO, He 0653aTefb-
HO, MOXHO OBLIO YKa3aTb HYMEpalHio CTOJGLOB IH(POBHIM
KJIIOUOM, B JaHHOM ciayuyae quciaoMm 214356. Cnoso ympoGuee,
ec/iM KJIOY HANO XPaHWUTh B NaMATH (YTO HEMAJIOBAXKHO /IS
KOHCMHUPAIHH).

Hmeercs psaj mmdpos, B KOTOPLIX COBMEIEHH TPUEMBI MTOA-
CTaHOBOYHOTO U NepecTaHoBoYHOro Koguposanus. ludp moxHO
emie GoJiee YCIOKHHUTD, €C/IH JOMONHHTENbHO K 3TOMY Ka:KAYIO
6YKBY 3aMeHATb He OJIHUM, a ABYMSl HJIH HECKOJIbKHMH CHMBO-
namu (6yxBaMH HiH guciamu). Bor npumep. Pacnonoxum 6yK-
BBl pyCCcKoro aadasuTa B KBaApaTHOH Tabauue 6X6 mpous-
BOJIbHEIM 06pa3oM, HanpuMep TakK, Kak B cjenylomell Tabaume.

TaG6auna 4

0 3 H 3 p d
1 a T y # b )
2 6 B ¢ x b
3 M 0 A r X 1}
4 q H o S e
5 K om I n

Kaxnyto 6ykBy mmgpyem napoii nuugpp: nepsast nugppa sro
HOMEp CTPOKM, B KOTODOH CTOMT JanHas OykBa, Bropas —
Homep crosbua. Hanpumep, 6ykBe «6» €0OTBETCTBYeT 0003HA-
wegue 21, a caopy «mHpp» — oGosHayeHne 51022304.

Eme G6nbliue TPYAHOCTH s KpUNTOaHaj M3a MpPEACTaB-
fAeT Wwugp, cBAsbHIBagMBIA ¢ HMeHeM Tpuremuyca, DTOT WHPP
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ABJISIETCS PAa3BUTHEM PacCMaTPHBAEMOro B ACNOJNHEHUH 2 KoAa
Llesaps u cOCTOHT B caefymoweM. BykBhl angasura HymepyooT-
cs no nopsaaky unciamu 0, 1, ..., 30 (cm. taba. 2). [Ipu wHd-
pOBaHHH KJIIOUEBOE CJ0BO (MM HOMepa ero GYKB) MOAMHCHI-
BaeTcs M0J cOOOIeHHeM C MOBTOPEHUAMH, KaK OKa3aHOo HHIXKe:
BCBf13MCCO3/aBIIMMCANO/I0KEHHEMOTOJBUIaeMCPOKHBO3BPa
3aMyCch3anyuch3ankch3antuchb3antchb3anuch3antCh3antch3
LleHusAoMoRpaM3a
armuCchb3aMCch3amte

Kaxnan GykBa cooOleHHA «CIBHMaeTcs» BHOJb andaBHTa
1o cJaefylomeMy OpaBuay: 6YKBa ¢ HOMEPOM m, IOJ KOTOpOH
cTouT GyKBa KJIOUEBOTO C/10Ba C HOMEpOM R, 3aMeHseTcs Ha
6ykBy ¢ HOMepoM [=m-+k (ecan m-+k<<3l) unu GykBy ¢ HO-
mepom [=m-+k—31 (eciu m-k=31). Hanpumep, nepsas
OykBa «B» caBuraercs Ha 7 OYKB U 3aMeHsieTcss OGYKBOH «H»,
caenyonian 6ykBa «¢» ocraeTcs 6e3 U3MEHEHHS M T. . Takum
o6pasom, HOMep [ Komupyiome# GYKBb BEUHCASETCS 10 (Hop-
MmyJe:
I=m-+k (mod 31). 1)

B undpoBbX 0603HaYeHHAX HCXOAHOE COOOILIEHHe H MOBTO-
pAeMOe KJIIOYeBOe CJOBO 3aMHIIyTCH B CJAEAyIOmeM BHIE:

Ta6nuna 5

Coo6uienne 2 17 2 3 7 8 17 17 14 7 4 0 2

Karou 7 015 8 17 27 7 0 15 8 1727 7

Coobuenne 24 8 12 17 30 15 14 11 14 6 513 8

Kuiou 015 8 17 27 7 0 15 8 17 27 7 0

Coobmenne 512 14 18 14 4 2 8 3 0 51217

Koy 15 8 17 27 7 0 15 8 17 27 7 015

Coo6wenune 16 14 10 8 2 14 7 2 16 0 25 513

Koy 8 17 27 7 0 15 8 17 27 7 o015 8

Coobienne 8 30 4 14 12 14 9 16 0 12 7 0 9

Koy 17 27 7 0 15 8 17 271 7 0 15 817

[Tocne cymMMHpOBaHHA BepXHEH H HUXKHEH CTPOKHM IO
moaysio 31 mosydaeM MOC/TIeNOBAaTENIbHOCTb YHCEN:
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9.17.17.7.24.4.24.17.29.15.21.27.9.24.23.20.3.26.22.14.26.
22.23.1.20.8.20.20.0.14.21.4.17.16.20.27.12.12.1.24. 0. 6.
15.2.29.15.19.12.7.25.20.21.25.26.11. 14. 27. 22. 26. 12. 7.
12.22.8.26.

Hakonen, samensis uncia Ha GYKBBI, MPUXOAUM K 3aKOLHPO-
BaHHOMY TEKCTY:

HccsmACIoN X bAMYrenobubpuddaox 1cphbMMOLIaKITBIO

NyM3upXIBII0bIBIM3MIIHbL

Ec/au k/I049€Boe CI0BO H3BECTHO, TO HelIM(pPOBKa NPOU3BO-
IuTcs 6e30 BCAKOTO TPyla Ha OCHOBE paBeHCTBa:

m=I—Fk (mod 31).

UpesBhIuaiiHO TPYIHO paciiugpoBaTh MOJOGHEIA TEKCT, €CIH
KJIOY HeU3BeCcTeH, XOTs B HCTOPUM Kpunrorpadguu ObuIH
clydal, Korjia Takue TeKCTHl pasrajbiBajuch. Jlejqo B TOM, 4TO
NIOBTOPSIEMOCTb KJIOUEBOTO C/IOBA HAKNANBIBAeT HEKOTOPHH OT-
NeyaTok Ha KPHUITOrpaMMy, a 3TO MOXKeT GHThb OGHapy:KeHO
CTaTHCTHUECKUMH MeTOJaMH, KOTOPHE IO3BOJIAIOT CYIUTb O
JJIMHE KJIOYeBOrO CJIOBa, IOCJHe 4Yero paciiudpoBKa 3HAYH-
TeJbHO YIpOIlaeTcs.

Mt paccmorpenu JMIIb HEKOTOPHIE CIIOCOOH COCTaBJ/EHHS
KpUNTOrpaMM. 3aMeTHM, 4TO KOMOGHHHPYSI HUX, MOXKHO IIOJY-
9aTh MHUGpHI, elre GoJiee TPYIHOLOCTYIIHLE 15 PacHIU(pPOBKH.
OnHako BMecTe C 3TUM BO3PacTaloT TPYILHOCTH II0JIb30BAHUSA
mUppoM IJis OTIIPABUTENST CEKPETHOI'O COOOIIEHUs H ajpecara,
NOCKO/IBKY CHJIBHO YCJIOXKHfeTCcs TeXHHKa MH(POBKH M Je-
MUGPOBKH Jaxe NPH HAJIHUHM KJoua.

3ajauM ¥ LONOJHEHUS

1. Jas pacumndposks kpumrorpammel Ha crp. 11 mox-
CYHTaeM, CKOJbKO pa3 BcTpedaeTcs B Hell KaxJas OykBa. PesyJbTaTel HOL-
cueTa NPHBEJEHH B caepylomeit Tabauue:

Ta6Gauma 6

ByxkBa HMaRKacpronadmo6BXAATIIOHE

Yucao mosie- | 119 6655433333322222222111
JIEHUH B TeK-
cTe

HauGosee YacTo BCTpeUaAlOMMACA CHMBOJ «H» CKOpee I Cero osHayaer
6yxBy «o». ClesiaB Takoe NMPEANONOKEeHHe, PACCMOTPHM CJIeLyI0mHuil 1o 4Ya-
CToTe CHMBOM «M». B KpunrorpamMme HMmeercsl ABYGYKBgH:Oe CoueTaHye
«MH», ¥ TaK KaK ¢H» — BTO «O%, TO CHMBOJI «M» COOTBETCTBY:f COIJIACHOH.



Cpeyi COIMIaCHBIX B PYCCKOM SI3bIKe BBILEJIAIOTCH MO Y4CTOTe GYKBHL «T»
H «H» (cM. TabJ1. 2), H IOTOMY «M» CKOpee BCEro 03HayaeT ojHy U3 5Tux CyKB.
Pasbepem cayua#t, KOrja «M» 03HayaeT «H», NPENOCTaBJSAA YHTATeNIO CaMO+
CTOSATeNbHO YEeRUTHCS, YTO APYrasd BO3MOKHOCTb He MPHBOXHT K OCMBICJIEH-
HOH paclin@poBKe KPHNTOTPaMMbl.

Ecnu «M» — 3T0 «H», TC_B COUETAHHH «MA», BCTPEYAIOWEMCS B KpHI-
TOrpaMme, «f» OZHauaeT CKopee Bcero riacHyio. V3 nauGosiee eeposiTHBIX
AJst «<I» BADHAHTOB «a», «e», «H» BbxﬁldpaeM «e», TOTOMY YTO JIMWDb B 9TOM CJYy-
Yae UMeIOLIeecsl B KPUNTOrpaMMe CJIOBO «PKHEMAL» JOMYCKaeT OCMBICTEHHYIO
paciubposky. MTak Tpu 3HaKa pasrafiaHel: «H» — 3TO «O», «M» — KHY,
«I» — «e». O6pamaeMcs K COUYETAHHIO (SIMSK3K». B HeM «si» MOXET 03HauaTh
JUIIE TJacHyIO «a» Win «u». JlioGple Apyrue BO3MOMKHOCTH 3aCefioMO He
JIOMYCKAlOT PasyMHOrO MPOUYTEHHs CJIOBa «SAMAK3K». Mcneitaem GYkey «av.
IMoacTaBasa BMECTO «5» GYKBY «a», BMECTO ¢M» — «H», BMECTO APYTHX 3Ha-
KOB — TOYKH, NMOJYYHM HENONHCAHHOE CJOBO «aHa...». B cloBape uMeercs
BCETO JIMLIb HECKOJBKO CJOB M3 6 GYKB C TAKHM HauaslOM: «aHAJIH3», «aHa-
JI0T», «aHaHac», «<aHaTom». VI3 HHX ropguTcs JHWb nepBoe (mouemy?). Ecin
BMCCTO «fI» IOACTABHTb GYKBY «H», TO MOJYUHTCS LIECTHOYKBEHHOE COYETaHHe
C HayaJloM ¢HHH», HO B CJOBape HET HH ORHOTO TAaKOIro cJoBa. Pacumndposa-
HUI €lle 4eThipe GYKBLII €%, ¢K», «3», «K» O3HaUalOT COOTBETCTBEHHO «a»,
WI», CH», «3%.

B cnoBe «OHKMAM» H3BECTHB BCe CHMBOJBI, KPOMe NEpPBOro. 3aMeHss
ux GYKBaMH, NOJNyYaeM: «.o/e3eH», SICHO, YTO Hew3BeCcTHAA GYKBA — 3TO «II».
3HauuT, «C» pacliHppOBEIBAETCS KaK «I.

He pasrafanel elle fBa CPaBHUTEJNbHO YacTO BCTpedalomiMecst 3HaKa
«O» u «p», PaccMOTpuUM couveTaHHe «DKHeMAZ», O3Hayaiollee ¢.JIO.Heey.
MiMeeTcst HeMHOrO BapHAHTOB €ro NPOUYTEHHs!, OAMH H3 HHX — (CJIOXKHEE», H
CleloBATeILHO, CKOPEe BCETO «P» — 3TO «C», ¢&» — 3TO K.

Vi3 nepacumppoBaHHEIX ellle 3HAKOB uallle BCEro BCTPeHaeTcs «C».
B coorsercTBuM ¢ Tabauuell 2 cpelu OCTaBIUMXCH COMVIACHBIX HaHOOMBIIYIO
4acTOTYy HMeeT «T»,. ECTeCTBEHHO NOTOMY NpPEeANOJOXKHTh, YTO «C» O3Haua-
eT «T. -

[TonpiTaeMca BOCCTaHOBHTD 3allM(pPOBaHHLIN TEKCT, NOACTABAAS BMECTO
pasrajlaHHblX 3HAKOB COOTBETCTBYIOIMIME MM GYKBEL

.aCTOTH..aHaJU3 IMoOJIe3eH He TOJ..0 .J. M0.CTaHO.0.H.. ..HNTO..a..
Ho . ....H. CJa..a.. OH CJOXKHEE

SlcHBbl (1O KOHTEKCTY), NO KpalHell Mepe, TPH CJIOBA: «.aCTOTH..» O3Ha-
YaeT «UYacTOTHHIH», «TOJ..0% — CTOJNBKO», «.J.» — ¢ias»., C yueToM HOBOH
UHGOpPMaLMKM TeKCT NMpPHMeT caepylomylo dopmy:

YacToTHblll aHa/MK3 N0/e3€H He TOMBKO JJIsi TMOACTAHO.0UHbl. K.HOTO.. 8.,
HO . A...H. C¢Jd.49ad. OH CJIOXKHee

OxonuatesibHas paclUH(POBKA He NpeicTaBfsier TpyAa. TeKeT TakoB:

YacTOTHHIH aHalu3 noJie3ed He TOJAbKO AJIS NONCTAHOBOYHBIX KPHITO-
IpaMM, HO B APYTHUX cAyuyasAX OH CJOXKHee

2. Wludp, npuMeHeHHbIHl B MNpenbIAYyIIEM NpHMepe,— 3TO TAK Hash-
saembift mudp Ilesaps. On cocToMT B TOM, 4YTO BeCb a/haBHUT CABHIaeTCA
Ha onpefle/leHHOe YHCJ0 OYKB BNPaBO WM BJeBO. B naHHOM ciyyae GBI
NPHMEHEH CHBHMI BJIEBO Ha OfHY GYKBY, T.e. KaxJas GykBa 3aMeHsJach
npejumecTeyome 6yxBoi andaBuTa (NPH 3TOM A1s1 GYKBHI ¢a» NpefLIecTBY-
toute# cuutanach 6ykBa «s»). Jas muppa Llesaps uMeercs Gosee npocroit
crocod pacluM(PpOBKH — TaK Ha3nlBaeMblift MeTOA NoJocok. Ha Kamayio
N0JIOCKY HaHOcATCH Mo NOpsAmKy Bce GyxBbl andasuta, B kpuntorpamme
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Gepercsi HEKOTOpOE CJIOBO, HATPHUMep, OHKIXKAM». ITOIOCKH TMPHKJIAABIBA~
10TCsl APYT K APYTY TaK, 4TO6H 06pa3oBaTh JaHHOE CJIOBO (PHC. 2). [Ipurasacs
BIOJb NOJIOCOK, HAXONHM Cpeiu CTPOK E€IHHCTBEHHOE OCMBICJIEHHOE COoueTa-
HHE ¢N0JIe3eH», KOTOPOE U CJIYXKHT pacindpoBKOH JaHHOTO C/I0Ba. Opnnospe-
MEHHO HaXOJUM BeJHYHHY CIBHra.

~ [ ™M M ™M e~
x| n [2] [9] |2] |E
ul 13y 1al {w) |Aa] jro] |x
pl Imy [E} 1a] 1) |a] |3
ki tnl [x) |4 Bl 1A} [u
nl |« 3 s {rl s |0
My [0 y g| tal Is |k
Hl M ] r{ fel |rt In
(lof [nf Ixy [m) x| {a] M|}
al o] {n]| le| 18| |E| |H
Proang My Ix] ju| |x] o
ct el Iny] {3} 1af {3)] |n
T| ¢y |o nl [kl | n] |p
vi 1| |nN wl oy (] e
e |vi| (P K| tM] (K| T
XV 1ot Jel 40l tu] o]y
L e b e
R B o B
Puc. 2.

B KauecTBe ynpaXKHeHUs] YHTATENI0 peKOMeHJyeTcs pacmudpoBaTh
METOLOM TOJICCOK CJeAYIOWYI0 KPHUNTOIpaMMmy, 3allndpOBaHHYIO KOIOM
Llesaps:

EWOHPPJIM OEHUXOIOM 3HPSI HOCPO®B H EWBINYIL PCK-
CEIOU XIIBIHJI ®XCBOJI EIO®CHC E BPOCIT PUAU JI HTKI'C-
Cs1 PU TOKOOJI IVITIC T UIIC3J10J1 E OI'TILB KOS OTKILYJI.

Otsetom cay:xuT nepBas ¢pasa pomana M. C. Typrewesa «IIBopsin-
CKOe THe3Jo».
3. PacmugpyiiTe 9ucaI0BYI0 KPHITOrpaMMmy:

7778793537241 225543274432742486428643§2223?68838522 123

Kuou pois paciuugposku ciaepyomuit. PasGefite uncioByto nociaeso-
BaTe/JIbHOCTb Ha JBY3HAuHble YMcaa. BMecTo Kamjoro umesa Hajo NOJACTa-
BUTb GYKBY, CTOAmyl0 Ha CTP. 12 HacTosumedl KHHICM,— nepBas Ludpa
YHuCJa YKa3blBaeT HOMep CTPOKH, B KOTOPOH CTOMT Hckomasi GyKBa, a BTO-
pag — Homep 5Tofi GYKBBI B JAHHOH CTpOKe.

17



910 npuMep KPHUNTOTPaMMBbl, U151 COCTABJIEHHS H PaciMGpOBKH KOTOP Off
UCIIOJIL3YeTCST HEKOTOpPBI 3apaHee YCJIOBJEHHBIN TeKCT, W3BECTHBIH M OT-
npaBUTeNIO, U ajpecary.

4. Ipyrum npuMepom WH(pa, HCHOJB3YIOMWETO 3apaHee YCIOBJIEHHEH
TEKCT, fIBJfETCS TaK Ha3biBaeMblil wudp «Gerymero Kiouay. [Ipu mudposa-
HUM 110 3TOMY METOAY YCJIQBJIEHHBIH TEKCT HaKJIaAbiBaeTCs Ha NepejaBae-
MBIH TaK ke, Kak B mudppe Tpuremuyca.

3. KOA ®AHO — 3KOHOMHbBIH KOJ

Ancasura M3 ABYX (a HOJABHO — U3 GOJBILErO
quc/a) CHMBOJIOB, KakK Mbl yOeAusauchk B § 1, gocraTouno nJis
KOAMPOBAHHUA JI0O0T0 MHOMKECTBa COOOLIEHHH. YcTaHaBaHBas
3TOT (paKT, Mbl KOAHPOBAJIH Bce COOOUIEHHS CJIOBAMH OJHHAKO-
BOI JJIMHBI, YTO, OXHAKO, JAJeKO He Bcerja ObIBAET BRITOJHO.

ITpeacraBum cebe, 4TO OJHH COOOGIICHHS NPHXOAUTCA Hepe-
JlaBaTh JOBOJIBHO YacTo, ApPYrHe — pelKOo, TPETbH — COBCEM
B HCKJIIOUHTENbHBIX ciydasax. [IoHATHO, uTo mepBble Jyulie 3a-
KOAMPOBATb TOrAa KODOTKHMH CJOBAMH, OCTaBHB GoJiee JJIHH-
Hble CJI0Ba JJIS1 KOZUPOBAHUA COOOLICHHH, MOABJSAOLHXCA pe-
Ke. B pesysbraTe KOJOBBIH TEKCT CTAaHET B CPeIHEM KOpoUue,
M Ha ero nepeiayy norpe0yercss MeHbIIe BpeMEHH.

BrepBrie 3Ta mpocras ujes Oblia peajH30BaHa YIIOMHHAB-
IIAMCA HaMH aMepHKaHCKHM HHKeHepoM Mopse B mpejioKeH-
HOM HM KoJe. PacckasbiBaioT, 4To co3fiaBasi cBoH ko, Mopse
OTHpaBHJICA B OJMHKaHIMIyI0 TUIOrpauIO M IOACYHTAJN YHCIO
Jqurep B HaGOpHBIX Kaccax. DykBaM ¥ 3HaKaMm, IJIs KOTOPBIX
JIUTED B 3THX Kaccax GbiIo IpHmaceHo GoJblle, OH COMOCTaBHII
GoJiee KOPOTKHE KOJOBEIe 0603HaYeHH (BeIb 3TH OYKBHI BCTpe-
yaroTc waine). Tak, Hampumep, B PYCCKOM BapuaHTe a30yKH
Mopse 6yKBa «e» HepejaeTcs OJHOH TOYKOH, a peKO BCTpeyato-
masicss 6YKBa «I» — HAGOpPOM H3 YeThIpeX CHMBOJIOB.

B MaTeMaTHKe MepOH 4acTOTHI MOSABJEHHA TOTO HJH HHOTO
COOLITHS SIBJSIETCA €ro gepoamHocmy. BepodaTHocTb cobbiTus A
o6o3nauaT 06byHO cuMmBosoM P (A) unu mpocro Oyksod P.
He ocranaBiuBasicb Ha ONpefeNIeHHH BEpPOSITHOCTH, 3aMETHM
TONBKO, YTO BEPOSITHOCTb HEKOTOPOro COGBITHS (COOOIICHHS)
MOXKHO NpeJCTaBJATh cebe Kak AOJIO TeX CayyaeB, B KOTOPBIX
OHO MOABJAETCH, OT OOmero 4HcJaa MOSBHBIIMXCA COOBITHH
(coobmieHn 1) .

Tak, ecnu 3aiaHbl yeTeipe coolumieHus Ay, A, A, A,
¢ BepostHocTsiMH P (A,)=1/2, P (A,)=1/4, P(A3)=P(A,)=
=1/8, To 3TO 03Hauaer, yToO cpeau, Hampumep, 1 000 mepena-
HbIX coobmenn#i oxono 500 pas3 mosiBisiercsi coobuieHue A,
oKoJo 250 — cooGienne Az 1 npumepHo no 125 pas — Kax-
Joe H3 Coobmienuit A; u A,.
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Ot cooblieHUs HETPYJHO 3aKOAHPOBATH ABOMYHBIMH CJIO-
BaMU JJIMHE 2, HapuMep TaK, KaK IOKas3aHOo B cjaefpyouieh
TabJune:

Ta6auuna 7

Ay | Ay | A5 | A

00 01 10 i1

OzHaKo NpU TaKOM KOLUPOBAHUH BEPOSATHOCTD [OSIBJEHUS COOB-
IeHKH HUKAaK He yuuThiBaeTcs. [Toctynum Tenephb nHave. Paso-
6beM cooOLIeHHS Ha [Be PaBHOBEPOSITHHIE TPYIIBL B NepBYIO
nonagaet coobuienye Ag, Bo BTopyio — coobuienus Az, As, 4,.
ConocraBuM nepBoii rpynne cuMBos O, BTopoii — cumBoJ 1 (eM.
tTabnuny 8; Bo BTOpOH rpade TaGauLb YKa3aHbl BepOSTHOCTH
coobiieHu#).

Ta6nuna 8

Ay | Y | O
Ay N 0
Aq Ys 1 0
l —
Ay Ys 1

Sro BMONHe B AyXe NPHHIHUNA, NMPHUMEHsBIIErocs B 3afaye ¢
yrajabiBaHueM. [leficTBuTeNbHO, cMMBO O COOTBETCTBYET OTBE-
Ty «Ja» Ha BONPOC «NPHHALJIEXHUT JH CcooGLIeHHe “nepBol
rpynne?», a I — orBery «HeT». PasHuna juIIb B TOM, YTO pPaHb-
Ille Bce MHOXKECTBO pa3buBasoch Ha J[Be TPYNIE! ¢ OJUHAKOBBIM
YHCJIOM 3JIeMEHTOB, Tellepb Xe B NePBOH rpymmne ofuH, a BO
BTOpOH — TpH 3jeMeHta. Ho, Kak u paHbliie, pasGuenue 3TO
TaKOBO, 4TO 002 OTBETA «/a» H «HeT» PaBHOBO3MOXKHH. [Iponos-
Xas B TOM Xe JyXe, pa3doGbeM MHOXeCTBO coobuienuii Az, As,
A, CHOBa Ha JBe pPaBHOBePOATHbIE rpynmnbl. [lepBoi, cocTos-
el U3 ofHOro coobienns As, conocraBum cumgoa 0, a BTOpOH,
B KOTOPYIO BXOAAT coobiuenus A; u A,,— cumson 1. Hakonen
ocTaBllylocs rpynny M3 JBYX coolmieHHH paso6beM Ha JBe
TPYNMEBl, COAEpKallMe COOTBETCTBEHHO cooblienus Az u A,
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conocrasuB nepnofi u3 HUx 0, a BTopo#t — cumson 1. Coobie-
une A, o6pa3cBaso «CaMOCTOSITENBbHYIO» TPYNLY HA MEPBOM .
imare, eMy Grin corocrassieH cumBod 0, cmoBo O u OykeMm cuu-
TaTh KoJoM 3toro coobuieHus. Coolmerne A, o6pa3sBanio ca-
MOCTOSITE/IbHYIO TPYINY 3a JBa liara, Ha MepBoOM Iiare eMy co-
mocTaBJ/siyica cumMBoa 1, Ha BropoM — 0; mosToMy GyneM KOaH-
poBaTb coobuenue A, ciosoM 10. AHamornuno, aas As H A,
BEIGHpaeM cooTBeTCTBeHHO Koinl 110 u 111. B urore nomyyacr-
csl ceAyiowan KojaoBas TtaluHua:

Ta6aunma 9

A | Ay | As| A

0 10} 110 | 111

YkasaHHBIH 3/eCh CIOCO6 KOOUPOBAHKS GBI MpPENIONKEH
aMepukaHckuM MarematukoM Pano. OueHHM TOT BBIUTPHIN,
KOTOpHI1 JaeT B HalleM ci1ydae kKo PaHo 1o CpaBHEHHIO ¢ paB-
HOMEPHBIM KOJIOM, KOTJa Bce cOOOIIeHHs KOLUPYIOTCS CJI0BaMu
nnunsl 2. [IpencraBuM cebe, 4TO HYXKHO NepefaTh B 001el cIoxK-
HoctH 1000 coobiienuii. [Ipy HcroJb30BaHHH pPaBHOMEPHOTO
Koja Ha ux nepepauy morpebyercs 2000 IBOHUYHBIX CHMBOJIOB.

ITyctb Teneph ucnosib3yercsa Kox Pano. BenomuumM, 4to U3
1000 cooGiennit mpumepro 500 pas nosBasiercs coobinedne A;,
KOTOpCe KOMHPYeTCsl BCEro OJHHM CHMBOJIOM (Ha 3To yiizeT 500
cumBosioB), 250 pas — coofuieHHe A,, Koaupyemoe ABYyMS
cumBosiamu (eure 500 cumBoJsiOB), mpHMepHO 1o 125 pas —
coobwenusi As u A, ¢ Kogamu auuHHE 3 (eme 3 X 12543 X 125=
=750 cuMBosioB). Bcero npuperca nepefaTh npumepHo 1750
CHMBOJIOB. B uTOTe MBI 9KOHOMHM BOCBMYIO YacTh TOTO BpeMe-
HH, KoTOopoe TpebyeTcs JJIs Nepenayd cooOlleHUH paBHOMep-
HEIM KOJIOM. B Ipyrux ciyuasx 3KOHOMHS OT NpUMeHeHHs KoAa
®aHo MOKET 0Ka3aThCsl €llle 3HAYHTEJbHEE,

YKe 3TOT IpHMEP NOKA3BIBaeT, YTO MoKasaTeneM SKOHOM-
HOCTH HJIH -3((deKTHBHOCTH HEPABHOMEPHOTO Koja SBJSOTCH

He JUIMHBI OTACJNBHBIX KOAOBHIX CJIOB, @ «CPEIHAA» HX JJIHHA l,
onpene.nﬁe‘Maﬂ paBeHCTBOM:

liP (Ai)’

M=

=

rae I; — nJiMHa KOJIOBOro oGo3HAuYeHUsi JUis cooluieHus Aj,
P (A;) — BeposTHocTb coobuienna A;, N — obiyee YHcI0 CO-
obureHul.
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Haub6onee SKOHOMHBIM ~OKa3biBaeTcA KOA C HaHMEHb-
wel cpefHed anuHoil [. B npumepe ana xkoma Pano
I=1x%0,5+2x%0,25+3%2%0,125=1,75,

B TO BpeMs KaK /s paBHOMEPHOro Koja cpeiHsis AiuHa (=2
(oma coBmajaetr ¢ obuiel AJIMHOH KOIOBLIX CJIOB).

Herpynxo onucath obmyio cxeMy meroxa Pano. Pacnona-
raem N coobueHHH B mnopajke yObIBaHHA HX BepOATHOCTEH:
P(A)=P(Ay)>=. .. =P (Ay). Hanee pasbuBaeM MHOXECTBO
coobiieHuil HA ABe rpynnbl Tak, 4ToGbl cyMMapHLIe BepOsTHO-
CTH cOOGIeHH#l KaxJoH H3 rpynn OBUIH Kak MOXKHO Gojee
GauskH Apyr K Apyry. CooOuweHusaM 13 ofHoN rpynnel B Kaye-
TDE MEepPBOrO CHMBOJA KOJOBOIO CJ0OBA MpPHIHCHIBAETCA CHM-
Bos 0, coobuieHusam u3 apyro# — cumsoa 1. ITo Tomy ke npuH-
LMY Kaxaas U3 NOJYYeHHBIX TPYII CHOBa pasfuBaeTcs Ha JBe
yacTH, U 3TO pasbreHHe onpefesieT 3HaYeHHe BTOPOr0 CHMBOJIA
KoJoBOTO cJoBa, Ilpouenypa npopomxaerca A0 T€X mop, Noka
Bce MHOXECTBO He Gyler pa3GUTO Ha OTHe/bHbie COOOLIEHHS.
B pesynbraTe KaxAoMy H3 cooOLIieHHH OyZeT COmoCTaBJeHO
KOJIOBOE CJIOBO W3 HyJel M eAHHHIL.

ITonsTHO, YTC YeM GoJiee BEpOSITHO cOoOBIeHHe, TeM GhICTpee
OHO 06pasyeT «caMOCTOATeNbHYIO» Tpynny U TeM GoJjiee KOPOT-
KUM CJIOBOM OHO OyJeT 3aKOAUPOBaHO. ITO 0OCTOATENbCTBO
¥ ofecrneuyHBaeT BLICOKYIO 3KOHOMHocTb Kojaa Pamo.

OnucaHHBIH MeTOJ KOAHMPOBAHHS MOXKHO NPUMEHATb H B
cydae Npou3BOJILHOTO andaBMTa U3 d CUMBOJIOB C TOH JIMIIb
pa3HuLieH, 4TO Ha KaxKJOM llare cjefyeT POU3BOAUTD pa36ne-
Hue Ha d paBHOBEPOSATHBIX Py,

« Agroputm koguposanus PaHo uMeeT oueHb MpOCTyO Ipa-
¢HUeCKyI0 H/IIOCTPALHIO B BHJE MHOMKeCTBAa TOYEK (BEpILUHH)
Ha TJIOCKOCTH, COeIHHEHHBIX
oTpeskaMi (pe6pami) no onpe-
JleJleHHOMY NpaBHay (Takue u-
IypH B MaTeMaTHKe HAa3BIBAIOT
epaganu). Tpad nna kona Pa-
HO CTPOUTCHA CJIeAyIoUuM obpa-
3oM (cM. puc. 3). M3 muxuei
(xopHeBoil) BepiHbI rpada ue-
XOZAT Ba pe6pa, OHO U3 KOTO-
pHIX ToMeyeHo cuMBosiom 0, Apy-
roe —cumMBoJioM 1. 3TH ABa peb-
Pa“ COOTBETCTBYIOT pa3GHeHHIO
MHOMECTBA COOOLIEHHHA Ha JIBe PaBHOBEPOATHLICT PYMIbL, OZHOH
U3 KOTOPBIX comocTasJsiercsi cumsoa 0, a aApyrodl — cumsox 1.
Pebpa, ucxoasiuue W3 BepLIHH CJIEJYIOLLETO «3TaxKa», COOTBET-
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CTBYIOT pa36GUeHHIO MOJYYHBLINXCA I'PYNN CHOBA Ha paBHOBe-
pOsITHBIE MOArPYNMH U T. 1. [TocTpoenue rpada sakanyuBaercs,
KOTJa MHOXECTBO COOOLIEHHH 6yaeT pa3bHTO HA OXHO3JIEMEHT-
Hble MoAMHOXKecTBa. Kaxknas koHIe-
Basi BeplIMHa rpada, T. e. BepllH-
Ha, M3 KOTOPOH YyKe He HCXOZAT
pebpa, COOTBETCTBYeT  HEKOTOPO-
My KoZoBoMy cioBy. UTo6el yKa-
3aTh 3TO CJIOBO, HAlO MPOHTH NYTh
OT KODHEBOH BEepUIMHBI O COOTBETCT-
ByIoLIeH KOHIIEBOH, BBIIHCHIBAS B MO-
Puc. 4. pAAKe ClefoBaHHS IO 3TOMY HYTH
CHMBOJIBI NPOXOAUMEIX peGep. Ha-
npuMep, BepIIHHE @z HA PHC. 3 CO-
orBercTBYeT cjoBo 100, a Bepummne a, — ciaoBo 1110 (Bep-
IIMHBL, COOTBETCTBYIOUIME KOXOBEIM CJIOBaM, IIOMeUeHHl Ha
PHUCYHKE KPYXKKaMH).

Ipad mna paccMoTpeHHOro Bhllle MpHMEpa MpPeACTaB/IEH
Ha puc. 4.

[Tonyyatomuecsa ansa kopoB Pano rpadsl Bcersa 061anai0T
TEM CBOHCTBOM, YTO OHH HE COJep:KaT 3aMKHYTHIX KOHTYDOB.
Takue rpadnl HaswBaOT Oepesbamu (MB GyleM Ha3bBaTh HX,
YUHUTBIBasA NPOUCXOXKIEHHE, Kodosbimu Oepesvamu). Konosrbie
JiepeBbsi MOXKHO CTPOHTH He TOJIbKO AJ1 KofoB PaHo, HO H L4
JApyrux KomoB. HesaBucuMO OT anropHTMa KOZUPOBAHHS Kax-
LOMY 1€peBY COOTBETCTBYET ONpejie/eHHOe MHOXKECTBO KOJOBBIX
cnoB. Hampumep, misi KomoBoro nepeBa, H300paxKeHHOrO Ha
puc. 3, HMeeM:

a;=00, a;=01, a3=100, q,=101, a,=110,
. a,=1110, a,=1111.

KozoBoe nepeBo MoxeT GbITh IOCTPOEHO /Il KOZA C MPOH3-
BOJIbHEIM ocHOBaHHeM d. Kakzmoe ero pe6po momedaercs Toraa
OJHHUM U3 d CHMBOJIOB anaBUTa
H W3 Ka)I0H BEPLIMHBEI TAKOTO
JiepeBa HCXOZHUT camoe GoJblilee
d pasnnuyneix peGep. Hampu-
Mep, Ha pHC. b OpeacTaB/]eHO
KOJIoBOe IepeBO AJIsT TPOHUHOTO
: KOZa CO CJeIyIOUHMM MHOMKeCT-

Puc. 5. BOM KojoBeiIX csos: 0, 10, 11,
120, 121, 20, 21, 220, 221, 222.

KonoBsrle fepeBps AaloT YA06HOE reOMETPHUECKOE NMPenCcTaB-
JIEHHE /151 MHOTHX BaXKHBIX MOHATHH H 06J1er4aioT, KaK Mhl YBH-
JHM, DellleHHe pasJuYHBIX 3a/la4, BO3HHKAIOMWHX IIPH HOCTpoe-
HHH 3KOHOMHBIX KOJOB.

22



3a134YH B RONOJIHEHHS

1. 3akonupoBaTh IBOMYHEIM KOOM DaHO CIEAYIOMUE MHO-

xKecTBa coolIenuit:
a) ceMb COOGLIEHHH ¢ BEePOSTHOCTSIMH

pi=pa=1/4; py=ps=ps=1/8; pe=p,=1/16;
6) mecsATh cooCuIeHUH ¢ BepOSTHOCTAMH
Pi=pe=0,22; ps=p,=ps=pe=0,1; pr=ps=py=p1="0,04.

HaliTi cpenHIon JTHHY KaXJOTO H3 NOJYUYEHHBIX KOLOB.
BbificHHTE, KAKOB BHIHIPHILI IO CPABHEHHUIO C PaBHOMEpHLHIM KOAHPOBA-

HHEM.
2. MpuBegem npuMep TPOHYHOTO KOAMPOBaHHS MerogoM DaHO Aas

MHOXecTBa M3 8 cooflIeHHH C BepOATHOCTAMH

p1=0.3; pa=ps=p,=0,15; p;=pe=p,;=0,07; ps=0,04,

Ta6nuua 10

Coo6- | Bepo- Koxo-

e crosa
Ay 0,3 0 0
Ay 0,15 0 10
As 0,15 : 1 11
Ay 0,15 0 20
As 0,07 0 {210
Ag 0,07 2 : 1 |21
A, 0,07 0 | 220
A 0,04 2 1 {221

3. 3akopmupoBaTth TPOHUHBIM KofioM DaHO CleRyloliie MHOXKECTBA C000-
e HUMH:
a) 9 coofueHH ¢ BepOATHOCTAMH

1/3; 1/9; 1/9; 1/9; 1/9; 1/9; 1/27; 1/27; 1/27;
6) 10 cooluieHHi C BepOSTHOCTSIMH
0,2; 0,15; 0,15; 0,1; 0,1; O,1; 0,05; 0,05; 0,05; 0,05,
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4. CBOHCTBO MPEDHKCA,
Wi KYIJA UATH POEOTY

[Ipu Hcnonb30BaHHH HEpaBHOMEDHBIX  KOJOB
pUXOJUTCS CTAJKHBAThCA C OLHOH MpoO6JeMofi, KOTOPYIO Mbl
MOSICHUM Ha nmpuMepe KojoBoH TalsHUbl 9 mpenblAyiero inapa-
rpaga. Ha nepsblit B3rsag pasyMHoO ObLI0 OB YKOPOTHTDb BTOPOE
H TpeTbe KOJOBHIE C/10BA, OTOPOCHB B HHX MOCJENHUI CHMBOJI,
TaK Kak MNP 3TOM OCHOBHOE Hailie TpeOOBaHHE COXpaHAercd:
[HO-NpeXHeMy pa3/HyHbIE COOOIEHHS KORUPYIOTCS PAasHBIMH
cJIoBaMM, KaK 3TO BHJIHO H3 MOJYYUBIUEHCH HOBOH KOJOBOII
Tab/ 1KLL

Ta6nuya 11

Al A Ay A4,

0 1 A0 11

Ho nycts, K npuMepy, AaHHbIE COOOMIEHH — 5TO KOMaHJBI)
BLIIaBaeMble 3JIEKTPOHHOMY po6oTy: A; — WATH npsMo, A, —
noBepHyTh Haszan, As; — CBepHYTbh BJeBo, A, — cBepHYTH
enpaso. [Ipenmosiokum, uto mporpamma moBefeHHsi poboTa
3ajiaeTcs CJAeNyoLlell MMOC/aeI0BaTeNbHOCThIO:!

A1A3A1A4A1A§A3 « .. (l)

B pesy/ibrare KOAHpOBaHHA 3Ta MOCJAENOBATeNLHOCTh IIpe-
obpasyeTcsl B TaKOH IBOHYHBIA TEXCT:

oriorriortr ... .

Jlerko BooGpasuth cefe, B KaKoe HeJlOyMeHHe MPHUBE/IH O
Ml po6GoTa, cHaOouB ero mojao6HOH uHcTpykuued. Kyma xe
emy uara? SIcHo, uTO CHauasa Hajo MATH NMpsiMo. A Jasblue —
CBEPHYTb BJIEBO HJIM MOBEPHYTh Ha3aj, MOTOM elle pa3 Has3an?
Brnepenu ke eme 66/1blias MyTaHHMIA...

EcrecTBeHHO BO3pasHTh, YTO C/M€I0OBA/I0 Obl OTASNHTb OLHO
KOJIOBOE CJIOBO OT Apyroro. Pasymeercs, 9T0 MOXKHO cHenarh,
HO JIMIIb MCMOMB3Ys JHGO May3y MeXAy cloBaMHu, jaubo cre-
HMaNbHBIA pasfie/IUTeNbHbI 3HAK, [V KOTOPOro HeoGXOAMMO
ocofoe KojoBoe o6o3HaueHue. M ToT M apyrofi nyTh npusejet
K 3HAYHTeJbHOMY YAJHMHEHHIO KOZOBOrO TeKCTa, CBOAS Ha HET
Halle Mpeablayliee «yCOBEPIIEHCTBOBAHHEN.

24



Hpyroe neno, eciy Mbl 6yJeM INOJb30BAaThCA INPERKHUMH
KOJOBEIMKM OGo3HaueHHsiMU AJs coobweHu#t A;. Torma nocne-
noBarenbHocTh (1) 6yner 3aKOAHpOBaHa TakK:

011001110101100 ... .

31eck yxKe He MoxeT ObTE pasHouTeHuil. [lepBoe cioBo 0 —
HATH NpsMo, BTopoe coBo 110 — cBepHyTh BJeBO, TaK Kak B
CNHCKe KOJOBHIX CJIOB He 3Hauatcs ¢ioBd 1 u 11, B atom critomw-
HOM TEKCTe OfHO 3a APYT'MM OAHO3HAUYHO BBIIENAIOTCSH KOLOBBIE
¢c/IoBa, W HET COMHEHHH, 4To poboT HaHAeT NpaBUAbHYIO IO-
pory.

Mrak, cyTb npobneMEl B TOM, YTO HYXKHO YMETL B JiI0OOM
KOJOBOM TEKCTe BBIIENATL OTAeNbHBIE KOJOBhIe clioBa 6e3
HCIO/Ib30BAHUS ClIELHANbHEIX pas3/e/uTeNbLHEIX 3HaKoB, KHaue
roBopsi, MBI XOTHM, 4YTOOBI KOJ YAOBJIETBOPAJ CJeIYiOUleMy
Tpe60BaHUIO: BCSIKAA MOC/AEA0BATENbHOCT KOAOBHIX CHMBOJIOB
MOKET ObITh €[MHCTBEHHEIM 00pa3oM pa3buTa Ha KOJOBLIE CJIO-
Ba. Koapl, A5 KOTOpHIX NocjejHee TpeGOBaHME BEINOJNHEHO,
HAa3bIBAIOTCA 00HO3HAYHO Oexodupyemoimu (HHOTAA.MX HasLIBa-
10T -Kodamu 6e3 3anamoil).

HauGoJiee npocThMH 1 ynoTpeGUMBIMA KoJamu 6e3 3ansiTol
AIBJAIOTCS TaK HasblBaeMEle npeguKcHoie KoOel, 00Jaa10UIHe TeM
CTBOMCTBOM, YTO HHKAKOe KOJIOBOE CJI0BO He SIBJISeTCsl HayaloM
(npedukcom) apyroro Konosoro ciosa. Eciu Kox npedurcHbi,
TO, YWTas KOAOBYIO 3alHCh NOAPAJ OT Hayana, ME BCerjga cMo-
’eM pasobparbces, TAe KOHYAeTCsh OJHO KOJ0BOE CJIOBO M HayH-
naercs caenyiomee. Ecnu, HanpuMmep, B KOJOBOH 3amnucH BCTpe-
THI0Ch KOROBoe o6o3HaseHue 110, To pas-
HOUTEHMUH OBITh HE MOXKET, TaK KaK B CHJY
npedhUKCHOCTH HaMl KOJ He COAEPXKHT KOJO-
BhIX o6osHaweHuit 1, 11 mau, ckaxkem, 1101,
HmenHo Tak o6CTOsI0 Aes0 A PAcCMOTpEH-
HOTO BHIIE KOAA, KOTOPHII OUEBHIAHO SIBJISA-
eTcad npedHKCHEIM. Puc. 6.

HertpyzaHo noHsTb, KaK OTpaxaercs CBO#-

CTBO MpPepHUKCHOCTH HJIM €ro OTCYyTCTBUE HA KOJOBOM JepeBe.
Ha puc. 6 npeacraBieHo fepeBo A5 Kojaa U3 Tabnuusl 11 (kpyx-
KaMH, KaK U paHblle, IOMEYEHEl T€ BEPIUMHEI, KOTOPHIE COOT-
BETCTBYIOT KOJOBHIM csoBaM). Takum 06pasoM, eciH CBOHCTBO
npeduKca He BHITONHAETCS, TO HEKOTOPhle NPOMEXYTOUHbIE Bep-
IIHHB IepeBa MOTYT COOTBETCTBOBaTb KOZOBLIM cloBaM. Jlas
Koga ®aHo 3T0 HEBO3MOXHO, TaK Kak M0 CaMOMy alropuTMy
KOJMPOBaHHs NMOCTPOEHNE KOAOBOTO CJI0Ba 3aKaHUNBAETCsl OX-
HOBDEMEHHO C JOCTHXKeHMeM KoHIeBOH BepmHHel. CnenoBa-
TeqbHO, KOA PaHo sBAfAETCA NPEHUKCHBIM KOJOM.
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3anauu H SONOJHEHHS

1. TIpeduKCHBIA KO HASLIBAIOT NOAHbIM, €CIH ROGaBJIEHHE
K HeMy Jo60ro HOBOTO KOJOBOrO cJ0Ba (B NaHHOM aldaBuTe) Hapyuaer
CBOHCTBO NpedUKCHOCTH. Y OeIUTbCS, UTO ABOHUHBIE KOJBI, AEPEBbSA KOTO-
pHIX H306paxeHbl Ha puc. 3, 4, ABJAIOTCHA NOJHBIMH.

Ha puc. 7 npegcraBlieHO KOAOBOE AepeBO NpedHKCHOTrO, HO HEMOMHOI'0
IBOMYHOTO Koja. JleHcTBuTeNbHO, N0O6aBUB K KOZOBHIM cloam 0, 10, 111
cnoBo 110, momyuuM cHoBa npedHKCHBIH KOX.

2, Jloka3aTb, 4YTO JIBOMYHBIH KojJ ®aHO fABJSETCA IMOJHEIM KOJAOM.
BepHo /i1 aHalorHYHOe yTBEpXKJeHHEe AJs Koja PaHO ¢ NMPOU3BOJBLHEIM OC-
HOBaHHEM?

3. IlpoanamusupoBaB 3ajauu 1 u 2, chopmynupoBaTb HeoGXOAHMOE
4 JIOCTATOUHOE YCJIOBHe, KOTOPOMY JOJKHO YIOBJIETBOPATh KOJOBOE AEPEBO
nmoJIHOro npedHKCHOTO KOAA, M JI0Ka3aTh €ro Heo6XOAMMOCTb M JOCTaToY-
HOCTb.

4. Hcnonb3ysi KOM0BOe IepeBO, A0Ka3aTh, YTO BCAKHH mNpeUKCHEI
KoJi, MOxeT GbITh pacLIMpeH A0 MOJHOTO KOJja JoOaBJeHHeM K HeMy HeKOTO-
poro MHOMeCTBa KOJOBBIX CJIOB.

5. Ilycte k — MaKCHMalbHOe 3HaUeHHe HJIHH KOJOBHIX CJIOB NpeQHK-
cHoro koja. IToka3aTs, YTO YHCIO KOMOBHIX C/IOB He NPEBOCXOJUT BeNHUHHBI
2k-p cTyYae JBOMYHOTO KOJA M BeJMUHHH! dR B ciyuae Kofa ¢ P OH3BOJIBHEIM
ocHoBanueM d. IIpH KakKHX YCJOBUSIX JOCTHUTaeTCs PaBeHCTBO?

6. Kop, npencraBiieHHHI Ha PHC. 7, MOXHO clie1aTh 60Jlee IKOHOMHBIM,
or6paceiBasi B ciiose 111 mocaepuuit cumsod. Ilpu atom cBofictBo npedukc-
HocTH He Hapywutcs. [lofo6Hast onepauHus, COCTOAIIAS B TOM, YTO KamKJoe

Puc. 7, Puc. 8.

€J10B0 NpehUKCHOro KoJa 3aMeHseTcs HauMeHBIUUM ero HadaloM, He SIBJIf«
IOMUMCST HAaYaJIoM APYTUX KOJOBHIX CJIOB, HasbiBaeTcs ycedernuem. OUeBUIHO,
Y10 B pe3yJ/bTaTe yceUeHHUs IoJydaeTcs npeduKCHBIE KOJ U npu 3ToM Gosee
SKOHOMHBIH, YeM HCXOAHbIH. BO3HHKAIOT Takue JBa Bompoca:

1. Bo3aMoXHO /i ycedeHHe IOJHOrO Koja?

2. MOXHO N1 YTBepXJaTh, YTO B Pe3y/bTaTe YCEUeHHS INONYdaeTCs
NOJIHBIE  KOA?

7. Ha puc. 8,a npeicraBieHo KoJoBoe JepeBo mpedHKCHOrO Koja, AJsg
KOTOPOT'0 yceueHHe HEBO3MOxKHO. B To e BpeMsi Mbl mosaydum 6osee 3KO-
HOMHBIH TpedHKCHBIN KoJ (puc. 8, 6), ecin B croBax 110 u 111 BerYepKHeM
BTOpO#i cumBoa 1.

CnpaBeyIuBO CJefylollee yTBepxKJIeHHe: npedHKCHBIE KOX SABIseTCH
HOJIHBEIM TOTA@ M TOJNBKO TOrJa, KOTIAa €ro HEeBO3MOXKHO COKPATHTBH (T. e.
BHIYEPKHYTb XOTS Gbl ONMH 3HAaK B JI0OOM H3 KOJNOBHIX CJIOB), He HapyIIHB
cBoficTBa npedHUKca. .

8. JII060onbITHO pACCMOTPETh NPHMEPHl OJHOSHAYHO JAEKOAUPYEMBIX
KOJI0B, He o6nanatomux cBofictBoM mpedukca. IToxanyit, mpocrefimum npu+
MepOM Takoro poja sisistercs nsomunbii Kog {1, 10}. Slcmo, yro B 0G0k
KOJIOBO# TIOC/IE0BATENbHOCTH, COCTABJIEHHON U3 STHX CJIOB, BCAKOE MOABJIE

26



Hye cuMBOJ2 | O3HavaeT nayasio HOBOIO KOJOBOrO cloBa. llocaennee ocra-
€TCs CTIPaBeJUIUBLIM 1 KOJIa, KamJI0e CJIOBO KOTOPOro eCTh eHHHNA C 0.
CleyIOmUMH HYJAsIMH. Pa3yMeercst, mOfloGHBIE KOAB JAJICKO HE CaMble KO-
HOMHBIE.

TpuBeseM MgHee TPUBHAJBHBIE NPHUMED OAHO3HAYHO JEKOAUPYEMOro
kona: {01, 10, O011}. Pexomenpyem YHTaTeNi0 yKa3aTh aJrOPHTM OJHOS-
HAYHOrO BEIICJCHHS KOJOBBIX CHOB H3 KOJOBOK NOCHENOBATENBHOCTH AN
5TOro Koja.

9. Kak ysHaTh, sIBJAsIETCA JIH NPOU3BOJBHBIN KO/ OJHO3HAYHO JleKOJH-
pyeMeIM? JIJIst 3TOro MOXKHO NPENJIOKUTH cleayiomuit crnoco6. Bosbmem
BCEBO3MOXKHEIE NIapH KOJOBHIX CJIOB, B KOTOPBIX OJHO CJOBO SHBJSeETCS
npeduxcom apyroro. s Kaxaok Takoil napk HafieM «noBucIni» cyQpPuic,
KOTODBIH OCTaeTcs nocie yAasleHHs NpegUKCHOro c10Ba U3 HayaJbHOH YacTH
Gonee anunHoro ciosa. Hampumep, noBucmmit cyddurc ans maps 10 u

. 10010 ecte 010. Buimuiem Bce nosuciure cyddukcsl. Janee npojenaeM To
XKe caMmoe IJsl KaxJOH maphl CJIOB, COCTOAIEH U3 moBHciero cyddukca H
KOJIOBOT'O CJI0Ba, B KOTOPOIl OHO CJIOBO SIBJISIETCS TIpeduKcoM aApyroro. Brimu-
LIeM BCe HOBBle MOBHCIIME CY(dUKCH, KOTOPHE NPH 3TOM Nonyuarcsi. Bynem
NPOAOMKATE 3TOT IIPOIEcC N0 TeX Nop, NoKa OyAyT NOABIATbCH HOBBIE
cyddures. Kon fBaseTcss 07HO3HAYHO [EKOAUPYEMBIM TOTJA M TOJBKO
TOTJla, KOI/la HUKaKo# cy@puKc He COBNajieT HU C OZHHM KOJIOBBIM CJIOBOM.

10. BrificHHTB, 06/1a1aI0T JIH CBOMCTBOM OJHO3HAYHOH JEKOJUDYeMOCTH
clefyiomye Koppbl:

{110, 11, 100, 00,  10};
{100, 001, 101, 1101, 11011

11. IIpeduKcHEIe KOAB HHOTKA Ha3HIBAIOT M2HOBeHHbIMIL (M1 MTHOBEH-
HO JeKOJIHPYEMBIMH), TIOCKOJIBKY KOHEIl KOJOBOIO CJIOBA ONO3HAETCH CPasy,
K2K TOJBKO MBI JIOCTHraeM KOHEYHOrO CHMBOJIA CJIOBA IIPH YTeHHH KOROBOM
NOCNE/I0BATENBHOCTH. B 3TOM COCTOMT MPEHMYILIECTBO NpedHKCHBIX KOJOB
nepe] APYTHMH OJHOSHAYHO JEKOJMPYEMBIMH KOIAMH, 1Jsi KOTOPHIX KOHeI
KaXK/I0r0 KOZIOBOTO CJIOBA, KaK Mbl BUAEIH, MOXeT GbiTh HalfieH JIHIIb NOC/e
aHaJIM3a OJHOTO WJIH HECKOJBKHX MOCHEAYIOMHMX CHMBOJIOB, a HHOT/A K BCel
KOJIOBOH Noc/enoBaTebHOCTH. Taxum o6pas3oM, B OT/IHYHE OT NpedHKCHOTO
KOZa JIeKOJMPOBaHUe 3JleChb OCYLIECTBJSAETCS C 3anasjibiBaHHEM 1O OTHOLIE-
HHIO K Nepejiaue COOCLIEHUS.

5. ELIE 0 CBOACTBE NPEPHKCA
U OAHO3HAYHOH IEKONUPYEMOCTHU

BosHuKkaer Bompoc: KaKOBbI BO3MOXHEIE JJIHHEI
KOJOBEIX CJIOB OJHO3HAUHO AEKOJAUPYEMOro, B YaCTHOCTH, Ipe-
¢ukcHoro koza? [ToHATHO, HampuUMep, YTO He CYLleCTBYeT JBO-
HYHOTO TMpepHKCHOTO KOja C AJMMHAMHM KOJIOBHIX cioB 1, 1, 2.
HeckonbKo TpyaHee OTBETHTb Ha TaKOH BONPOC: CYLIECTBYeT
M npedUKCHHIA NBOHUHBIN KOJ, cojepxamuit 100 cjioB ¢ AJH-
Hamu oT 1 no 100? OkaseiBaercs, cymectByer. KogoBoe nepeBo
15 TpeGyemoro Koia, comepxaitee 100 «araxeiis, H3o6paxkeHo
Ha puc. 9 (NYHKTHPOM OTMEYEHH MpPOMYINEHHbIE 3TAXH).
~ Bompoce Takoro pona MO)HO GbLI0 GBI MPOAOMKHTD, OTBE-
yas Ha HUX B KaXJOM KOHKpeTHOM ciyuae. Ho Ha camoM gene
MOKHO YCTaHOBUTH OOIIHe YCJIOBHA (HeoGXOAMMble H JOCTaTOY-
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ilble) A/ CYIeCTBOBAHMA NPe(HKCHOrO U BOOOIE MPOH3BOKb:
HOTO ORHOSHAYHO JEKOAHPYEMOro KOZa.

[Mycte V={a,, a@s, ..., @y} — lpebUKCHHH ABOUUHEIH
KOJI, AepeBO KOTOPOro cxXemaruuecKd H3oOpaxkeHo Ha puc. 10.

090

7 ay-r ¥
99 L
7
98 L-7
/
/
/
/
/
4
V) 7
3 3
14
2 2
7
7 7
1/
Puc, 9. Puc. 10.

[TycTe nj — YHCJAO KOHOBBIX CJIOB AJHHBL B (f, COBMamaer C
YHC/JIOM KOHIIEBBIX BepLIUH &-r0 sraxa). KoHeuHo, cripaBefIuBo
HEpaBeHCTBO

nk<2k» (l)

TaK Kak 2F — MakCHMa/jibHO BO3MOXKHOE YHC/I0 BepLUIMH Ha
k-m aTaxe gBouyHoro AepeBa. OnHako B cayuae npeduKcHOro
KOJA I/l Ny MOXHO MOJYUHTh ropasfio 6oJiee TOUHYIO OLEHKY,
ueMm (1). B camom pene, ecnu ng, fg, ... , ;3 — YHCIO KOHIE-
BBIX BeplidH 1; 2; ... ; k—1 3raxkelt nepeBa, TO YHC/IO BCeX
BepIUMH Kk-ro 3Taxa KONOBOI'O [epeBa PAaBHO

221 2k, — ... —2n,_,
¥ [OTOMY
nk<2k_2k-1n1_2k‘2n2-—. ..—2nk_ﬂ (2)
HJIH HHaye
Qk-1p, L 2k=2p, e 420, 1, <28

Hensa o6Ge yacTd mociefHero HepaBeHcTBa Ha 2F, momywaeM:
k

igl n2- <1, ®)
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Hepagenctso (3} Bepro ana mwoboro k<L (L — Makcu:
Ma/jbHaa [JMHA KONOBLIX CJOB), B YacTHOCTH

L
2271, (4)
i=1
Beau Iy, 15, ..., Iy — AJHHBI KOJOBHIX CJOB @y, @3, ... ; O,
TO HEepaBEHCTBO (4) 3anyiIeTcss B TaKOM BHJE:
9-Li9-hi . . . 12"N . (5)

5To M ecTh TO YCJNOBHE, KOTOPOMY 00s3aHbl YAOBJAETBOPATH
JUIMHBl KOJOBBIX CJIOB JBOMYHOIO NPEEHKCHOTO KOAa.

OxasbiBaeTcs, YTo HepaBeHCTBO (D), HA3LIBAEMOE B TEOPHH
KoJupOBaHus HepaBeHcTBOM Kpadra, siBasiercss Takxke jAocTa-
TOUHBIM YCJOBHEM TOrO, YTOOHI CYIIECTBOBaN NpPeGUKCHBIH KOA
¢ IJUHAMM KOJOBHIX CJIOB ly, Is, ... , Ly.

Paccyxknaem tak. Ecau cpenu uucen ly, Is, ... , Iy uMeeTcs
POBHO 1; 4HceJ, PaBHBIX i, TO HEPABEHCTBO (5) MOXKHO NepenH-
caTh B Buze (4), rie L — MaxkcuMaJbHOe M3 JIaHHBIX 4ucen. M3

AL N LE R I ANV AW AN

XYYy XYY ¥

N/ Y/

Puc. 11.

CHPaBeJJHBOCTH (4) NoJaBHO ClEAyeT, YTO BEpHBI HEPABEHCTBA
(3) ans Beex k<L, a, cllefioBaTelbHO, H HepaBeHCTBO (2).

O6parumcst K puc. 11, Ha KOTOpOoM H306paxKeHo AepeBO «BbI-
coThl» L, umeroliee HauGosbllee YHCJIO BEpPUIHH M BeTBeH (pe-
6ep). Bce KoHuesbie BepiunHl (X 25) Takoro nepeBa HaXonAT-
cs1 Ha mocsefHeM L-oM sTaxe, a 3 KaX0H BepUIHHBI IPOMEXY-
'TOYHOTO 3Ta)Xa UCXOJAT POBHO JBE BTBH.

LT MOCTpPOEHHsI HYKHOTO IIPEPHUKCHOTO KOAA MBI JOJIXKHBL
NOAXOAAMmKM 06pa3oM BHIGPATh £y CI0B AMKHEL 1, N3 C/IOB HJ1H-
"HHl 2, BooGLIe 1y, cJIOB LIHHB k (1 <Ch<CL) WM, HHBIMH CJIOBa-
MH, n; KOHIEBBIX BEpILIMH HA NEPBOM, N3 — Ha BTOPOM, ...,
np, — Ha k-om 3Taxe.
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Vs nepasenctsa (2) npu k=1 nonyuaem n,<2, T. e. Tpetye-
MOE€ YHCJIO He IPEBOCXOAUT OOIIEro 4Yuc/ia BepUIMH MEPBOTO
sTaxa. 3HAYUT, HA TOM 3TaXKe MONKHO BHIOPATH KaKUE-TO My
BEepIIMH B KAuecTBe KOHIUEBBIX (n; pacHo 0, 1 mau 2). Ecau
3TO clieslaHo, TO M3 OfIIero umc/ja BepUIMH BTOPOrO 3ITaxa
(ux 22=4) p1s NOCTPOEHUS KOAA MOKHO HCIOJIb30BaTh JIHIIb

4—2n; (mouemy?). OzHako HaM XBaTHT W STOTO YHC/IA Bep-
UIMH, TaK KaK U3 HepapBeHCTBa (2) mpu k=2 BHITeKaer

n;<4—2n;.
AddnoruyHo, npu k=3 uMeeM HEPABEHCTEO!
ny<2%—4n,—2n;.

[IpaBasi yacTb ero BHOBb COBIAJAeT C JOMYCTHUMBLIM JJS 1IO-
CTpOeHHs NPePUKCHOTO KOJA YHUC/IOM BEPLIMH TPEThEro sTaxa,
ec/Ii Ha MepPBbIX IBYX 3Ta)KaX yKe BHIODPAHBI f1; U My KOHIEBHIX
BEpIUHH. 3HAYUT, CHOBA MOXKHO BBIGPATH 713 KOHIEBBIX BEePIIHH
Ha TpeTheM ataxe. [Ipofomxas aToT npouecc BHIOTH A0 k=L,
MBI U HOJYYUM Tpe6ye1vn>m Ko[I.

Ecnn KonoBelf andaBuT comepkuT d CHUMBOJIOB, TO 10K06-
HbIM 3Xe 06pPa3oM N0Ka3bIBAeTCsl, YTO HEOOXOAUMBIM H JOCTATOU-
HBIM YCJIOBHEM JJIsl CYIECTBOBAHHS MPedUKCHOTO KOAa C JJIH-
Hamu ciaoB Iy, I3, ..., [y ABJsIeTcS BBUIOJHEHHe HepaBeHCTBa

d-bd-b4 ... 1dNLL (6)

OkasrniBaeTcsi, HepaBeHCTBY (6) 006s3aHBl YHOBJIETBOPATb H
JUTHHB! KOJIOBBIX CJIOB MPOH3BOJIBHOTO OJHO3HAYHO AEKOJHpPYe-
moro kona. Iloatomy, ecau cyliecTBYeT OJHO3HAYHO AEKOIH-
pyeMBlfl KOA C JJMHAaMH cJoB Uy, I3, ..., Iy, TO CYyIIEeCTBYeT H
npeuKcHBEIH Ko ¢ TeMH e AjguHaMy caoB. IIpedukcHbIMHE K6
KOJIaMH MOJIb30BaThest yAoOHee MO MPHUHMHE, YKa3aHHOH B J0-
nosnHennu 11 K § 4.

3ajaun W JONOJHEHHs

1. KakoBo MEHHMMaJIbHOE YHCJIO CJIOB ITOJIHOIO ABOHYHOrO
npedHKCHOro Koja ¢ MakcHMaJbHOH gnuHoi L? Kakumu GyayT ATHHBL KO-
JOBBIX CJIOB TAaKOTO MHHUMaJbHOro Kopa? (OTBeThl Ha STH BOMNPOCH! rloncxa-
suBaeT puc. 9.)

Pewute Te e BOmpock B cydae d-HUHOro KOfa.
2. Jloxasark, 49TO mpedUKCHBIA KOJ sBIseTcs MOJHBIM TOTAA # TOJBKO
TOrZla, KOTla B HepaBeHcTBe Kpadra gocruraercsi paBeHCTBO:

d-hpabg, . pa”iNo,

Ykxasanue. To, 9T0 H3 MPeAbILYLIEro PaBeHCTBA BhITEKaeT MOA-
HoOTa, OuYeBHAHO. [l JDKasarTeqbCTBAa OOPATHOIO YTBEDPMKAEGHHS CHAeAyeT
OpeNnoJIOKUTb, YTo HepaBeHcTBO (6) crporoe, Torfa U3 Hero BEIBOXUTCA-
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CTPOroe e HepaBeHCTBO
ny < db—dl=1n;—dl=2n,—dn; _3,

KOTOpOe MOKa3biBaeT (moyeMy?), UTO MOXKHO HOGaBHTb 1O KpailHe#i Mepe
elle OJHO CJIOBO, He Hapymas NpedHKCHOCTH.

3. YTBepxKIeHHe NpeiblAyllell 3ajauu JONMYCKaeT cjelylomyko 3a6aB-
HYIO HHTEpPNpPETALMIO, ABJSIOILYIOCS OZHOBPEMEHHO H €ro J0Ka3aTeJbCTBOM
{oHa 3amMcTBOBaHa u3 Kuurd [6]).

PaccMOTPUM [iepeBO, COOTBETCTBYIOLIEE MONHOMY NpedHKCHOMY KOAY.
[Tpencrasum cebe, YTo Ha 3TO AepeBO B36HpaeTcs obesbsiHa. Hauas ¢ KopHA,
OHa Hayraj BEIOHpaeT JIOGYI0 U3 d MCXOASUIUX U3 HEero BeTBell; BepOATHOCTD
TaKOTO BhHIOOpa papHa 1/d. lo6papimuck 10 ouepenHoil PasBUIKH, O6esbAHa
CHOBa Hayraj BHIOHPEeT HEKOTOPYIO BETBb C BepOSTHOCTHIO 1/d (HanoMHREM,
YTO M3 Ka)JIOH NPOMEXYTOYHOH BepLIMHBH! JepeBa MOJHOrO KOJa HCXOLHT
poBHO d BetBeifl). Torna BeposITHOCTb TOrO, YTO 00e3bsiHa JOCTHIHET KaKOH-
TO ONpejieJleHHOH KOHIEBOH BepLIMHH, HaXopjslleHcs Ha BHICOTEe k2, paBHa
(1/dyk. Ecin TakuX BEPUIHH N, TO C BEPOSTHOCTRIO nyd—# 0GesbaHa ocTa-
HOBUTCSl Ha BricoTe k. Ha kaxoii-to BricoTe or 1 o L osesbLfme npupercs

OCTAaHOBHTbCA (BepOoATHOCTL 3TOro paeHa 1). [loatomy Z npd=-k=1.
k=1

(B npHBeIEHHOM pAacCyXJEeHHH Mbl HCHOJb30BAJH NpaBUJia CJIOKEHHS H

YMHOXKEHHS BePOSATHOCTeH.)

4. TpedurcHuf Kox ¢ JaHHHIMM AJMHAMH KOJOBHIX CJOB MOXKET GEHITh
MOCTPOEH Ja/leKO He eIMHCTBEHHHM crnoco6oM. IlycTb d-uunbiél npepuKkcHbIi
KOj (He 06513aTeIbHO MOJIHBIH) UMeeT Ay, cJIoB AiuHbl k (1 <k<L). [loka3arth,
YTO YHCJIO Pa3JHYHBIX TaKHX KOJOB C PHKCHPOBaHHEIMU L U ng paBHO mpo-
H3BeICHUIO

d d*—dng d3 —d%*ny—dn,
(nl)x( , )x( . )x

.. x(dL—dL—lni— K —dnL_i )
. n i

i i o . .
e (I) =C] —uncsio coueTaHui H3 i AMEMEHTOB IO j.
Hanpumep, YHC/IO ZBOMYHEIX NpedHKCHBIX KOJ0B ¢ L=4, nj=0, ny,=1,

ng=2, n,=~4 paeHo
CICICiCh = 4200.

5, Brime GbIIO JIOKa3aHO, Y9TO €CIH A uuced Iy, ly, . o .5 I BEINOMHS-
erca HepaBenctBo Kpadra, To  cymecTByer npedMKcHEIfi KOX C AJIHHaMH
Iy lg, . ., In. HaliTH 3TOT KOJ MOXHO, CTPOS 9TaX 3a STaXKOM €ro KOjo-
BOe JepeBo. [pyroii 6o/lee yNoGHEIl METOX peLIEHHs 3TOH 3afauM G NpH-
aymaH lleHHOHOM, M (IPHMEHHTENbHO K IBOHYHBIM KOXAM) OH COCTOHT B
clepyIoneM.

Tyctb uucna Iy, Iy, + « +» Iy YHOBJETBOPSIOT HEPaBEHCTBY

L
> i<l
i=1

Moxno cumrath, uT0 li<ly<...<Iy. PaccMoTpHM MOC/TEI0BATENLHOCTD
YHuces

j-1 N-1
- -1, -1,
(]1=0; 172=2 IL; ey 7= 2 l, sy GN= 2 2 L (7)
i=1 i=1
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3ameTHM, YTO BCe 5TH UHC/]A 3aK/IOUEHbl B IpeAenax 0<g;<1, mosromy
KaxK/i0oe U3 HHX MOXeT ChiTb MpPEACTaBNEHO  JBOMYHOH APoOBIO BHAA
n

Z o2k, tne kaxace oty ects 0 mau 1. [Ipu sToM u3 (7) MOKHO SakJIO-
E=1
UMTH, YTO BCe 5TH APOOH KOHEYHBI, U ABOMUHASA SanHCh AJIA g, HMeeT He 6o-
mee /; sHavamux uudp. Taxum ofpasom, JmoGoe YHC/IO ¢; ONHO3HAYHO
UPeACTaBUMO B BHAE:
Y
q;= Z 0[/'2_[,
{i=1

rie Besikoe ¢;; ecTb O win 1. CriefoBaTe/ibHO, KaXJAOMY §; OXHOSHATHO OT-
BEUAET CIOBO U;=CyjCoj » + » c,j,. JVIHHBI lj. Pacemotpum Xop V= {vy, vy, ...
.., Un}. TTokaxeM, uto oH o6nafaeT cBOHCTEOM npedukca. [Tyerb v j U Up 1B&

cnosa (k>j). Torpa, cornacuo (7), gp—q;=>2 li', a 3T0 O3HauaeT, uTo .l;-fi
CHMBOJI CJIOBA U; He COBNAAAeT C [;-M CHMBOJIOM CJioBa Uy, CilefoBaTellbHO,
U; HE SIBSETCA HavYalloM Up, OTKYAA H BhiTeKaeT Npe(HKCHOCTb Koja V.
PasbscHuM ckasanHoe Ha npumepe. INocTpoum npedrkcHbIf KOJ ¢ AJH-
Hamu cnoB Ii=1, ly=1[3=3, l;=4. B stoM cayyae
1 5 3
=0 =5 @G=g; qu=3

IBonunas 3annch 5THX WYHCET C HYXHHIM 4HMC/AOM [; 3HAaKOB cilefyiouas:
1 0 0 . 1
1=0, Gh=gtmtywm: G=gtmtm:
1 1 0 0
44="2—+‘2‘2‘+'2—3+'2'E-
B peaysbTrare Mbl MONYYHM HCKOMBIH KOA:
0=0; 0,=100; ©vy=101; wv,=1100.
6. Hcrnonbays meron Wle. .:ona, HafiTy npeduKcHble KOAB C YKa3aHHHIMHY
HUXKEe JJHHAMH CJIOB:
a) h=0=2; L=I1=38; L=l=Il=4;
6) h=ly =2, L=l==1=4.

TocTpouth KOnOBHE AepeBbs AJIA MOMYUeHHBIX KOAZOB. Onpenenuts, Kaxoft
M3 3THX KOJNOB fIBJAETCHA MOJIHBIM.

6. OITUMAJIbHbI¥I KO

Kak yxke roBopusoch, ofiuee MpaBH/IO NPH M0-
CTPOEHHMH 5KOHOMHOTI'O KOJa CJelyloliee: Yalle BCTpeyaroniecs
COOOIIEHHST HYXKHO KOZMPOBaTb Gosiee KOPOTKHMH KOJOBBIMH
caoBaMH, a GoJiee NJIHHHBIE CJI0BA HCIIOJNB30BAaTh JJIS KORHPO-
BaHUS PEIKHX COOOIeHUH. DTO NPaBHIO U GBIIO peasH30BaHO
B PACCMOTPEHHOM BHIlle MeTofie KoxupoBanus Pano. Ho Bcerna
Ju Metop PaHo NPUBOAUT K HanGoJsee 5KoHOMHOMY Koay? Oka-
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spiBaercs, Her, Crnoco6 MOCTPOEHUS ONTHMAJBLHOIO KoJa, KOTo-
pHIH MBI 3leCh H3JIOXKHM, MOTpebyeT OT Hac GoJjiee TOHKHX
paccyxaeHuH,

[Tyctsb coobmenust Aj, As, ... , Ay UMEIOT BEPOATHOCTH py,
Pss v s Py (Pi=pa=...22PpN) ¥ KOIUPYIOTCS ABOMYHBIMH CJIO-
BaMH @y, 43, ... , Oy, UMEIOMHUMH JJIUHH Iy, I3, ..., [5. [TocTa-
paeMmcsi BBISICHHTb, KakHMH CBOHCTBaMH JOJuKeH 06sajarb
JIBOUUHBIH KOJ, €CJH OH ONTHMaJIeH.

1. B onTHManbHOM KOJie MeHee BepPOSTHOe cooflieHHe He
MOXKeT KOAUPOBaThcs GoJiee KOPOTKUM CJIOBOM, T. €. €CIH py<<
<p; 10 li=l;.

JeficTBUTENIBHO, B IPOTHBHOM CJlyyae [OMEHsieM DPOJISAMH
KooBble 06o3HaueHus s A; u A;. TIpu stom cpenuas AjavHa
KOJZICBBIX CJIOB M3MEHHTCS Ha BeJIHUUHY

pilit+pili—pili—pili=(pi—py)(li—!;)>0,

T. €. YMEHBIIHUTCS, YTO IPOTHBOPEUHT ONpeNeNeHHI0 ONTHMA b
HOTo Koja.

2. Ecnu Koj onTHMalseH, TO BCErZla MOXHO Tak mepeHyMe-
poBaTh coolIeHUs H COOTBETCTBYIONME UM KOJOBbLIE C10Ba, YTO
Pi=Po=...=2p N U NIPH ITOM

L<l<l ... <l (1)

B camom neite, ecin p;>p; .1, To U3 cBoHcTBa | cnenyer, uto
1;<l;.i. Ecnu xe p;=p;,y, HO [;>1; 1, TO nepec'raBuM €006-
menud A; u A;,1 ¥ COOTBETCTBYIOIIHE HM KojoBhle cyoBa. ITo-
BTOPSsl 5Ty NPOLELYPY HYKHOE YHCJIO pas3, Ml H MOJYUHM
TpebyeMylo HyMepanuio.

U3 nepaseHcTs (1) cnepyet, uto coobuieHne A y Koaupyercs
CJIOBOM @y HauOOJbIIEH MIHHBL [y,

3. B omTumanbHOM JBOHYHOM KOZE Bcerga Haijercs, Mo
KpalHe#l mepe, 1Ba cJoBa HauOoJblueHl MIHHBEL, PaBHOH [y,
M TaKHUX, YTO OHM OTJIHYAIOTCH APYT CT ApYra JIMillb B MOC/EN-
HEM CHMBOJE,

JleficTBUTENIBHO, €CIH Obl 3TO GBLJIO HE TaK, TO MOXKHO OBLIO
Gbl MPOCTO OTKHHYTDb MOCJAEIHHH CHMBOJ KOZOBOTO CJIOBA Ay,
He Hapylas cBoHcTBa npeduKcHOcTH Koza, [1pu 3ToM MHI, oue-
BHIHO, YMeHbIUMJH Obl CPENHIO IJIHHY KOAOBOTO CJIOBA.

[TycThb cIOBO a; UMeeT TY e NJIHHY, UTO U @y M OTVIHYAET-
¢Sl OT Hero Jdiip B nocjejHeM 3Hake. CorsiacHo cBoicTBaM 1
U 2 MOXHO cuMTaTh, uTo l;=l;,,=...=ly. Ecan t5=N—I,
TO MOXHO IOMEHATE POJSIMH KOIOBHIE 0G03HAYCHHA @ M Ay -1,
HE Hapymas npH 3ToM HepaseHcts (1).

Hrak, Bcerga cyuiecTByeT TakoH onTHMa/abHbBI KOJA, B KO-
TOPOM KOJOBHle O0CO3HAYEHHS [BYX (HaHMeHee BepPOSTHHIX)

2 M. H. Apapsos, JI. E. Canonckait 33



coobieHudt Ay_; 1 Ay OTJIHYAIOTCA JUIIb B MOCHEAHEM CHM"
BOJIE.

OTMeueHHOe OOCTOSITENBCTBO NO3BOJAAET AJSA pellleHHa 3a-
Jlau¥ paccMaTpHBaTh TONBKO TaKHe ABOMUHBIE KOJBI, Y KOTO-
pBIX KOJOBHIe 0G03HAYEHHs ay_i U Gy A1A ABYX HaHMeHee Be-
posTHHIX coobuienuét Ay_; 1 Ay uMeloT HauGoJIbLIYIO JJHHY,
OTJIMYasCh JIMIIb B TIOCAEAHEM CHMBOJE, 3TO
3HAUUT, YTO KOHIEBHlE BEPLIMHEI Ay_; U Qy KOIO-

BOrO JepeBa HCKOMOTO KOAA IOJLKHBHI OBITH COenu-

o HeHbl ¢ OAHOH M TOH e BepIIHHOH a NpeAblayllero

an-;  an

/ «3Taxa» (cM. puc. 12).
PaccMOTpUM HOBOe MHOXKECTBO COOGLIeHHI
Puc. 12.  AW={Ay, A;, ... , Ay_5, A} ¢ BeposTHOCTAMHU
P1» P3y +ee s PN=3, P=pn_1-pn. OHO nosnyuaercs
us mHoxectBa {Aj, As, ..., An_3, Ayx_1, Ay} oObenuHe-

HueM IBYX HanMeHee BepOSITHBIX cooOmweHuH Ay_j, Ay B OX-
o coo6bmenue A. Bygem roBoputhb, uto A'Y noayyaercs coca-
muem u3 {Ay, Az, ..., Ay_s, An_1, An}.

IMycts ana A% mocTpoeHa HeKOTOpas CHCTeMa KOJAOBBIX
o6osnauenuit KW= {a;, az, ..., ay_3, Q}, HHBIMH CJOBaMH,
yKa3aHo HEKOTOPOE KOJIOBOE JEPEBO C KOHIEBLIMU BEpLIMHAMH
ai, s, ..- » Ay-32, Q. DTOH CHCTeMe MOXXHO COMOCTaBHTb KOJ
K={ai, a3, .., An_3, Ay i, Gy } A HCXOAHOrO MHOXKECTBA CO-
ofmennii, B KOTOPOM CJIOBAa Gy_j M Gy [OJYYAOTCS U3 CIOBA

.+, @ nobaBnexueM cootBerctBeHHo 0 u 1. IIpouenypy
a1 - @v mepexona or KW' k K HasoBeM pacujenieHuem.

CnpaBenJiuBO cienyioniee yTBepKIeHUe, OTKPHI-
Balollee NyTb AJIA  I[IOCTPOEHHS ONTHMAJILHOTO

Fr g Koja:

4 Ecau ko0 K@ 0as mroxcecrnsa coobujenuti AV
Puc. 13.  ggasemcs onmumanvroim, Mo ONMUMANCH MAKNCE
u ko0 K 0as ucxodHozo mHoxMecmea cooOuerul.

Jaa Joka3aTeNbCTBAa YCTAHOBHM CBf3b MEXAY CPEJHUMH

gmuHamu [ u I’ caoB kogoB K u K@, Ona, oueBHAHO, TaKOBa:

I=1'+p. @)

[pennosnoxuM, uTo Ko K He ABJSETCS ONTHMAJbLHBIM, T. €.
cymectByeT Kon K, co cpennedi anuno I,<<I. Kak oTMeuanocs,
MOXXHO CUMTaTh, YTO KOHIEBEIE BEPIIMHE Qy_5 ¥ dy €ro KOLO-
poro jepeBa (cM. puc. 13) cOOTBETCTBYIOT KOJOBBIM 0GO3Haye-
HUSM 1)1 HauMeHee BepOSITHBIX coobmenust Ay_iju Ay, Toraa
3TH 00O3HAYeHHs] OTJIHMYAIOTCS JIMIIL B HOC/JENHEM CHMBOJE.

PacemorpuM kop K= {aj, ... , ay_3, a}, B KOTOPOM CJIOBO
MOJNIYHaeTCA U3 Apy.i H'aN mﬁpacmsaaaem Noc/I€AHETO CHM-
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Bosia. CpenHue JIHHB [; U [, cBA3AHHI COOTHOIIEHHEM, aHAJO-
THYHBIM (2):

Ly =1 +p.

M3 HepasenctBa l;<<I cienyer [;<<!l’, 4To IPOTHBOPEYHT On-
THMaJbHOCTH Koja KV, YTBepkieHHe JOKa3aHO.

Tenepp sicHO, 9TO I/ NMOCTPOEHHS ONTHMAJBHOIO Koja
MOXKHO HCMOJIB30BaTh MOC/ENOBATENbHEIE CHKATHA HCXOLHOTO
MHOXeCTBa COOOIIEHHH.

IIpounocTpupyeM MpoOLECC HOCAENOBATENBHBIX CIKATHH H
pacuienyieHufi Ha TMpHMepe MHOMKECTBa M3 MSITH COOBLIEHHH ¢

BepoATHocTAMH p;=0,4; p;=p;=p,=p;=0,15. [Iponecc srtor
OTpaxkeH B cienymioued Ttabauue:

Ta6anuua 12

BeposATHOCTH A KOJAOBble 0GO3HAYECHHS

Coo6- CxaThle MHOXeCTBa
LneqHs Hexoauce MUOKECTBO

AW A3 A(3)
Ay 0,4 1 0,4 1 0,4 1 +0,6 0
Ag 0,15 010 0,3 ~ 00 0,3— 00 0,4 1
A; | 0,15 o1l 0,15 010 —|-0,31 Ol
A, 0,15—| 000 0,151 ot1
A; | 0,15— 00l

Kaxnoe uz muoxecrs AW, A®, A® ponyuaercs ckaTHeM
npepayliero MHoxecrBa. MHoxectBo A® cocTouT M3 ABYX
COOOLIEHHT, TT03TOMY ONTHMaNbHBIE Kop K'® comep:kur jaBa
KofoBhIX o603Hauenuss — O u 1. IlocnenoBarenbHoe pacuense-
Hye K'® paer onTUMaNbHBIA KOX AJIs HCXQAHOM CHCTEMBI CO0G-
LIeHU#H, ,

Cpenuss ajuHa [ KOJOBBIX ¢/10B, paBHas 0,4+4 X 3X0,15=
=2,2, ABJAETCA, KaK 3TO CJAENYeT U3 NPEAbAYIIET0, MHHUMA/b-
HO BO3MOXHON AJIsT JAHHOTO MHOXKECTB2 COOOILEHHH,

Onucanublfi METOA KOAUPOBaHHUS ObLT npejioxeH B 1952 r.
amepukanckuM marematikoM 1. A. XaddmeHom u HasbIBaeTcs
ero uMexeM. CpaBHUM Tenepb ONTHMAIbHBIA KOJ U3 TabaHILI 12
¢ KoaoM PaHO AT TOro XK€ MHOXKECTBAa COOOLICHHH, KOTOPHIH
CTPOUTCS HUIKE.
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Ta6auna 13

CooGruenns BeposTHOCTR Kgﬂ,‘,’;’? N
A 0,4 0 00
A,y 0,15 0 1 01
A, 0,15 h 0 10
Ay 0,15 1 0 110
A 0,15 ! 1 11

INoacunTaeM CPeAHIO IHHY [p KOLOBHIX CJIOB B 3TOM CJIy-
yae:

lp=2%0,4+2X2X0,16+2x3%0,15=2,3.

CnenoBaresibHO, METOX KoaupoBanus ®aHo He Bcerja npHUBOAUT
K ONTHMAJBHOMY KOAY.

Kak u merop ®ano, meron konupoBanus XagdgdmeHa MoKeT
OuiTb pacnpocTpaHeH Ha cayya# KofoBOro ajdaBuTa, COCTOS-
IEro U3 MPOH3BOJNLHOrO YHC/Ja CHMBOJOB. DTOT BONpPOC pac-
cmoTped B KHure [2].

3anaun n AONOJNHEHHA

1. JlokasaTb, 4TO BCAKHI ONTHMaJbHHE KOj sBJAseTCA
NOJHEIM.
2. 3aK0OIMpOBATh ABOHYHHIM KoAoM XaddMeHa MHOXKECTBO COOBIIEHHIL;
HMMEIOHX BEPOSITHOCTH:

pi=0,25; I_’z=0x2§ Ps=pa=ps=0,15; pe=0,1.

NocTpontk coOTBETCTBYIOIIEE KOLOBOE JEPEBO.

8. OcroebiBasick Ha anroputve XadipMeHa, HaliTn cnoco6 Hemocpen-
CTBEHHOTO NOCTPOEHHS] KOROBOTrO JiepeBa ONTHMAJIBLHOrO Koja.

Y kasanune, [locTpoenne Jepesa Hajo HauMHATh He C KOpHSA, a
C KOHLEBBIX BEpUIHH.

4. B HeKOTOpHIX clyYafiXx De3yJbTaTH JABOHYHOTO KOLMDOBaHHs [0
merony ®aHo Te xXe, uTo U no MeTony XaddMeHa, B TOM CMBICAE, YTO AJHHEI
COOTBETCTBYIOMNX KONOBHIX CJOB AJsi OOOMX METOMOB cosmajaior. Tak,
HanpuMep, OGCTOMT JNeNO A/l MHOM(ECTBA COOOLIEHHA C BepOATHOCTAMHE:

Pi=1/4; py=ps=p,;=ps=1/8; ps=p=ps=py=1/16,

Ha camom pesie cnpaBeajuBO CJeAyIOmee YTBEPKAEHHE: ecan p;=2""
(T. €. -eC/in BePOSATHOCTH ABJSIOTCA CTENEHSAMH JBOHKH), TO IJKHE COOT-
BETCTBYIOMIMX KOMOBHIX CJI0B B Kojax PaHo B Xaddmena ofuHaKOBH U
paBHH Ny.

5. He Bcerna noJnmfl Koa ABJASETCS ONTHMAJIBHBIM B8 JAaHHOIO MHO+
7ecTea coofmerui, MoKHC BOKa3aTh, OBHAKO, YTO BCAKHE NOJHEIA KOA
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_mmaerca ONTHMAJIbHLIM JJI1 HEKOTOPOro MHOXKEeCTBa coo6meHuii ¢ moxxo-
JAAULHM 06pa30M HOJIOﬁp&HHb]MH BE€POATHOCTAMHU. Tak, eciu KoJOBLIE CJloBa
TIOJIHOTO KOJia C OCHOBaHHEM d HMEIOT JAJIMHbI ni, g, . « ., N, TO OH ONITHMA-

— - —n
JeH IJ1 MHOXKecTsa coolienn# ¢ Bepoarnoctamu d— ™, d~", ,, ., d N

7. 06 H3BbITOYHOCTH, HIYMAX
H KPHINITOrPAMME, KOTOPYIO HEJb34
PACIIH®POBATDH

Hanomnum uuratemo, 4To NpH KOAHPOBAHHH
coofIeHH  HYKHO 3a00THTbCA O TOM, YTOGHI HX mepenaya Oblia
JIOCTaTOYHO ObICTPOH, yHOOHOH M HalexHOH. [0 cHX HOp MHI
HHTepecoBaNHCh aHlb TpeGoBaHHeM ObiCTPOThL. B 3Toit cBssu -
GBUTH paccMOTPeHbl pPas3/iHyHble 3((EKTHBHBIE METOAB KOIH-
poBanus: koapl @ano, llennona, Xapdpmena. I[Tocaennui, Kak
OBUTO BBISICHEHO, fIBJISIETCA JaXke ONTHMAJbHBIM NPH 3aJaHHOM
MHOXKeCTEe COOOIeHHH ¢ 3aJJaHHBIMU BepPOATHOCTAMH, YKa3aH-
Hble MeTOJIbl MOXKHO PaccMaTPHUBATb KaK CBOErO PoAa MCKYCCT-
BEHHBIE fA3BIKH, NpeJHa3HauyeHHbIe Uil SKOHOMHOH mepenayu
nadopmanuu. OKasbiBaeTcs, YTO NPUBBIYHbIE HAM €CTECTBEHHbIE
A3BIKH (PYCCKHH, AHIVIMHCKHH M T. 1.) fBJSIOTCA B 3TOM
nJaHe CJAMINKOM PACTOYHTENbHBIMH U He BBHIIEPIKHUBAIOT KOHKY-
PEHLMH C HCKYCCTBEHHBIMH s3blKaMH. IToATBepuM 3TO ClIefyIo-
HIMM MBICTIEHHBIM 3KCIepUMeHTOM. IIpou3BOIBHEIN PyCCKHH
TEKCT pa300beM Ha KYCKH OJMHAKOBOH JJIHHH i (IIPOMEXYTOK
MEeXIy CJOBaMH MOXHO MO JKeJIaHHI0 JUOO HTHOPUPOBATh,
J160 CYMTATh OTASNBHBIM CUMBOJIOM). [Tonyyatomuecs mpu sToM
pasnuuHble GyKBOCOYeTaHHs M3 n OYKB OyAyT BcTpeuaThbed,
KakK 3TO OTMeqaJsioch NpexJe, He OAHHAKOBO uacTo. [IpencraBum
cebe, 4TO. MBI pacrmosiaraeM Ta6mauueil, B KOTOPOHl yKasaHbI
BCEBO3MOXHEIE 71-GYKBEHHBIE COUETAHHSI H HX BEPOSTHOCTH B
pycckom Tekcre. IIpumenss meron PaHo, 3akopupyeM HX Ko-
JOBBHIMH CJIOBaMH, TaKKe HCIOJb3YIOUMMH DYCCKHH an¢aBHT.
BosBpamasch K HCXOZHOMY TEKCTY, 3aMeHHM KaxIblil ero Ky-
COK IVIMHBI 7 COOTBETCTBYIOUIMM eMy KOIOBEIM CJIOBOM, PacueTsi
MOKas3bBAIOT, 4TO NeHCTBYS TaKMM 06PasoM, MBI CMOIVIH Obl
NpH JOCTaTOYHO GOJIBIIOM 7t COKPATHTb HCXOAHHIH TeKCT GoJiee,
geM HaNoJIOBHHY, COXPaHHB IPH 5TOM BCIO coJepiKaiyiocs B
HeM HH(OpMALHIO.

Bhi10 6B 0IHAKO HEOCTOPOXKHBIM HAa OCHOBE CKa3aHHOro 00-
BUHHTb PYCCKHH SI3BIK HJIM JPYTHe eCTeCTBEHHbIE A3HIKH B He-
coBepiieHcTse. B Teopuu nHpopmanuu HMeercs MOHATHE, HMe-
Hyemoe H3GHITOYHOCTHIO fI3bIKA HJIM TeKcTa. M3GbITOUHOCTb,
TOYHOTO OMpefie/ieHHs: KOTOPOH MBI He MPHBOXHM, MOXHO
npeAcTaB/ATh cebe KaKk JOJI0 TeX CUMBOJIOB TeKCTa, KOTophle
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MOTryT 6bITh HCKaXKeHbl MM cTepThl 6e3 ymep6a A5 ero noHu
MaHHMsl, WM HHaue, KaK CTelleHk BO3MOXKHOTO «C2KaTHA» TEKCTA
B CJlyyae NPUMEHEHHs K HeMy MeTOJOB ONTHMaJbHOIO KOJIH-
poBaHus. Mbl BipaBe CKa3aTh NO3TOMY, YTO €CTECTBEHHbIE f3bl-
KM 06J1a/ialoT BHICOKOH H3GhITouHOCThIO (Gosee 50%). Hampo-
THB, ONTHMaJbHO 3aKOAHPOBaHHBIE TEKCTHl HMeIOT H3CHITOY-
HOCTh, GAM3KYIO K HyJso. Ho uMeHHO BhICOKas M3OBITOYHOCTh
€CTECTBEHHHBIX $I3LIKOB [0O3BOJISIET C JIEFKOCTHIO MOJIb30BAThCA
HMH B NMHCBMEHHOH M yCTHOH peuH, HanpHMep, cBOOOLHO BHH-
KaTb B CMBICJI HAalIMCaHHOTO, HECMOTPA Ha coJiepKaiiyecs B TeK-
CTe COKpallleHHs] MJH onedatKH, 6e3 ocoforo TpyAa MOHHMMAaTh
4eJIOBEKa, TOBOPAINEro ¢ aKIEeHTOM HJIH Ha KaKoM-HUOYZAb Aua-
nekre u T. 4. I'epon usBectHoro pomana Kiwous Bepna «Jletn
KanutaHa I'paHTa» cyacTIUBOH pa3BA3KOH CBOHX MPHUKJOYE-
HHH TaK)Xe BO MHOIOM 06si3aHH M30BITOYHOCTH f3bIKa,

OpHUM CNOBOM, M3GHITOYHOCTB MO3BOJSET A3BIKY MPOTHBO-
CTOSITh BIHMAHHIO BCAKOTO POJA MeIIAIHX BO3AEHCTBUH, B TO
BpeMs KaK ONTHMalbHO 3aKOJAHPOBaHHHIE TEKCTHl, OKa3bBaeT-
cdl, Tepel HHMH coBeplieHHO G6e3zamuTHel. [loxTBepaum 3TO
NpHUBEJIEHHEIM B Tabnuue 13 mpuMepoM TeKCTa, 3aKOAUPOBaH-
HOro ABOMYHBIM KojoMm PaHo.

BosbMeM moclienoBaresbHOCTb coobmeHudl AzAsA A A A,
H orBevaromui ef komoehii TeKer 011011111100110. ITyers
,IPOM30LIJI0O HCKaXKeHUe OJHOrO TOJBbKO IepPBOro CHMBOJA.
IMonyuuBmasica  Torza KOJ[0Basl 10C/Ie[0BATENbHOCTD
111011111100110 mocne paciugpoBkYU 6yIeT BOCHPHHATA KaK
noc/eloBaTeNnbHOCTh coobmenuit AyAzA;A,AAs.

IMpousonwia HemonpaBuMasi NMyTaHHWI@, H ee BUHOBHHKOM
6Ll BCEro JiMlib OJWH HeBepHO NPHHATHIH KOIOBHIH CHMBOJ,
AHanornuHo oGCTOMT JeJI0 ¢ JIIOOBIM ONTHMaNbHEIM KOIOBHIM
TEKCTOM: OIHOKH (OJHa HJIH HECKOJIbKO) NePeBOJAAT ero B Apy-
rofi Takxke BIIOJHE OCMBICJEHHBIH KOMOBHIA TEKCT, HO CMEIC]
NOJIYYHUBILErocs] TEKCTa MOXKeT OBITh COBEpPIIEHHO OT/IHYEH OT
nepBoHavanbHoro. TakoBa pacnJiaTa 3a ONTHMANBHOCTH KOJa.

B TO ke BpeMs B pealbHBIX KaHajlaXx CBA3H, 110 KOTOPhIM
NPOHMCXOANT Nepefaya HHGOpMAIUK, OHGKH HensGexHbl.- OHu
ABJISIIOTCS CJEACTBUEM MOMEeX WHJIH, KaK HHaye rOBOPAT, IIYMOB,
KOTOPhl€ MOTYT HMMEThb CaMyl0 Das/IHUHYI0 (H3UYecKyio OpH-
pony. eficTBHe 3THX IIYMOB Ha NepefaBaeMblli TEKCT MOXKHO
0c1abuTh, HO yCTPAHHUTh ero INoJHocThio Henb3s, OTciofa BHI-
BOJI: ONTHMAaJbHHIE KOABl B YHCTOM BHAE HENPUTOINHBI JJIS
mepenaur cooOleHHH MO KaHanaMm CBA3H C LIyMaMH, Tak Kak
nepesaya B 3TOM cJy4yae cTaHOBUTCS HeHajexHoH. C npyro#
CTOPOHHI, ICHO, 4TC HAJEeXHOCTb MOXKHC 00GecHeYHTb TOJbKG
8a cueT HEKOTOpo# H3GLITOYHOCTH KOAOBOFG TeKcra., B psvis
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HelileM pedb MOHMET KaK pas O TaKHX CHCTeMaX KOAUPOBaHHs,
KOTOpbIE PENYCMATPHBAIOT BBEAEHNHE U3OLITOYHOCTH ISl 60Pb- |
6Bl C TEMH HJIH HHbIMU BHIaMH omn6ok. [Ipu nmocTpoeHuu mo-
JOOHBIX KOJIOB BCerja MPHXOAUTCS HATH Ha KOMIIPOMHCC: € OJ-
HOH CTOPOHBI, H3GBITOYHOCTH (T. €. KOJHYECTBO HOMOJHUTENb-
HBIX, «THIIHHX», CHMBOJIOB) HE JOJKHA ObITh C/HIIKOM BEJIHKa,
yTOObI HE PacTArMBaTh BpeMsl mepejadd; ¢ APYTod CTOPOHHI,
MOMEXOYCTOHYHBOCTD (T. €. CIOCOOHOCTh KOAA KOPPEKTHPOBATh
OLIUGKH) JOKHA OBITH JOCTATOYHOH, YTOGH! 00eCeUHTh HajexX-
HOCTb Mepenayq.

[Ipexze yeM NepexoJuTh K pacCMOTPEHHIO IIOMEX0YCTOHYH-
BBIX KOJOB, MO3BOJIHM cebe elle 0JHO HeGoblIoe OTCTYIIEHHE
B Kpunrorpaduio. K stomy Hac noOGyxKaaeT NOHSITHE H3OHITOY-
HOCTH, KOTOpPOE, OKa3biBaeTcsl, MMeET INPsIMOe OTHOLIEHHE K
CTENEHH CEKPETHOCTH KpunrorpaMmmel. [lofcTaHOBOUHBIE KpHII-
TOrpaMMel, HalpHMep, MOTOMY-TO H CTOJIb JIETKH B paciiugpos-
Ke, YTO OHH, MO CYLIECTBY, COXPaHSIOT H36GHITOYHOCTH NEPBO-
HayaJIbHOro TeKcTa.

Hpyrue meronp! WHGPOBAHHS YMEHbIUAIOT STy H30HITOU-
HOCTb, HO BCE € He [OJTHOCTBIO ee YCTPAHSAIOT, K TOMY e MosiB-
Jsiercs H3OLITOUHOCTD, CBSI3aHHAs CO CIelH(pUIECKHMH 0COGeH-
HOCTSMH TpHuMeHsieMoro Kiioya. CoBeplleHHO ceKpeTHas, T. €.
HeAOCTYMHAA /IS Paciuu(POBKH, KPUNTOrpaMMa AOKHA OBITH
0cBOGOXKIEHA KaK OT U3GBITOYHOCTH HCXOJHOTO TeKCTa, TaK H OT
u36nITouHOCTH KJoya. Croco® cOCTaBjieHHA TaKOH KPHITO-
rpaMMel ObL1 NpeAJioxkKeH, Kak 00 3TOM yxe YNOMHHAJOCh,
K. llennonoM, u cocTouT oH B cienywoumem. CHauana ycrpa-
HAeM H30BITOYHOCTb TEKCTa, MPUMEHsIA K HeMy Kako#-HUOGYAb
U3 MeTozoB 3((heKTHBHOI'O KoaupoBanus. Benen 3a sTuMm K mo-
JyquBIIeMycsl 0e3bI30BITOYHOMY TEKCTY MpHMeHseM Lmdp co
cnydyaiineiM kiaoyoM. OH noxox Ha mupp Tpuremuyca, ans
KOTOpOro (MPHMEHUTENIBHO K PYCCKOMY allhaBHTY)

li;=m;+k; (mod 31).

B sTom paBeHCTBe m; U [; MO-IPEXHEMY fABJAIOTCA HOMe-
pamu i-off GYKBHI IIH(PYEMOro TEKCTAa H KPUNTOTPAMMBI COOT-
BETCTBEHHO, 8 KaxKJjoe 2, BLOUpaeTcsl cIyyadiHbIM 06pasoM cpe-
nu uucen 0, 1, 2, ..., 30 — Tak yTo BbIOOp JIOGOTO M3 ITHX YU~
cell B KauecTBe B; ONMHAKOBO BO3MOMKEH.

HepocraTkoM TaKo#l COBEpIUEHHO CEKPeTHOH CHCTEMHl fB-
AsieTcs To, 4TO BMecTe ¢ IIH(POBAHHEIM coobIeHHeM TpebyeTcst
NOChLIATh Takoe Xe 110 00beMy cooflneHue, copepiKallee HH-
(opmanuio o0 caydafiHOM KJIOYe, MOCKOJbKY OH 3apaHee
HeusBecTeH afpecaTy. [103TOMy mpaKTHYecKH STa cHCTeMa Ma-

, IOIIpHeMIIEMa.
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CylecTByIOT, OAHAKO, CHCTEeMbl HIN(POBAHMA, He HCIOJMbe
syiolmye CJAy4a#iHoOro KJioya, M B TO ke BpeMms GJH3KHE K co-
pepuieHHO cekpeTHhIM. Heof6Xomumas cHcreMa, Hanpumep,
moxeT OBITb IOJy4eHa YcoBeplleHcTBOBaHHeM MiHdpa Gery-
uiero KJoua (cM. pononHenue 4 K § 2). OHa COCTOHT B TOM, YTO
Ha TpelBapHTENBbHO CXKAaThlll NepejaBaeMbli TEKCT HaKJaibl-
BaeTcs JAPYroH TeKCT, TaKxXKe NpPeABapHTENbHO CXKAaThIH.

Haxonen, 1 oT XJI0N0TJIHBOH NpOLERYPH IPeBapHTENbHOTO
CKaTHs TaKXXe MOXKHO OTKa3aThbCH, €C/IH B KauecTBe KJoya JJs
IWH(POBKH HCNOJAb30BATh HE OJMH, a8 HECKOJIbKO (TPH HJIH GOJb-
11e) yCJOBJIEHHBIX 3apaHee TEKCTOB, NpubGaB/sAs Bce HX K nepe-
JlaBaeMoMy  COOOIIEHHIO.

8. KOJAbl — AHTHNOAbI

Mpbl BBEISICHUJIM, 4TO NPH MOCTPOEHHH MOMEXO-
yCTOHYMBBHIX KOAOB He 060HTHCh 6e3 JONOJHHTE/bHEIX CHMBO-
JIOB, KOTOPbl€ JOJI2KHBI GBITh NPHCOEAHHEHB! K KOJOBHIM CJ10BaM
6e3bI36BITOYHOTO0 KOAA. DTH CHMBOJIBI YK€ He HecyT HHGopMa-
LMK O NepefaBaeMblX cooOlEHHAX, HO MOrYT Jarb HH(opMma-
LIHI0 O MPOHCLIEAHKX NpH nepeaade omwk6kax. MabMU croBamy,
HX HasHayeHHe — KOHTPOJHPOBAThb IPABUJIBHOCTL NEpefayH
KOJIOROTO €J10Ba. BBopuMble 1OMOMHHTENbHBIE CHMBOJH TaK M
Ha3HBalOT KOHMpOAbHbiMU (MIH NpOSEpOLHbIMU).

Cambli He3aTeHNHBHIA crnocob, MO3BOJAIOLMIMA HCOPABJIAThH
OWHKOKH, COCTOHT B TOM, YTO KaxKAblH MH(OPMAIMOHHBIA CHUM-
BOJI NOBTOPsI€TCA HECKONBKO pas, ckaxeM, cuMBoa 0 3amMeHser-
cs1 6/i0KOM H3 n HyJsell, a cuMBosl 1 — G/IOKOM M3 7 €QHHHIL,
[lpy nexomupoBaHuu n-6yKBeHHOro OJIOKa, COZEpXKallero,
OBITb MOZKET, OLIHOOYHBIE CHMBOJIBI, pelIeHHe NPHHHMAaercs
«6ONBLIMHCTBOM roJ1ocoB». Ecii B npuHsATOM 6J10Ke Hy ek 60Mb-
e, yeM exuHUN, To OH Aekomupyercs kKak 00...0 (t. e. cum-
Taercsi, 4To OBl NOCJaH HYJIEBOH CHMBOJ), B IIPOTHBHOM CJHy-
yae — Kak 11...1. Takoe npaBuno JeKOAMPOBAHHS NO3BOJAET
BEPHO BOCCTaHOBUTb NOCJAHHBIE CHMBOJBI, ECJH TIOMEXH B Ka-
Ha/le HCKaXaloT MeHee NOJIOBHHBI CHMBOJIOB B KaX{IOM nepe-
jaBaemoM 6uioke, Ecnn gguny 6/10Ka n BHIGOpaTh AOCTAaTOYHO
GO/IBILIOH, TO Mbl IPAKTHYECKH 06e30macHM ceOsi OT BO3SMOXKHBIX
owK60K, OfHAKO mnepejaua coobmeHuit GyleT WATH Yepenallb-
nmu TeMnamy. Ilo sTofl npuyuRe yKasaHHbLA KoJ (€10 HA3LIBAIOT
KOJOM C [OBTOpDEHHEM) He HMeeT GOJbIIOTO MPaKTHYECKOro
3HaYeHHs, OJHAKO NPABMJIO €ro AEKOAHPOBAHHA (KrOJOCOBa-
HHe») cOlePKHUT B cebe BechMa MOJIE3HYIO HIel0, KoTopas ¢ yc-
1IeXOM DpHMeHseTCs B RPYIUX, NPaKTHYecKH 6oJiee HHTEPEeCHBIX
noMexoycToHUNBLIX KoAaX, O6 3ToM peyb noijer Aajblue (cM.
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§§ 17, 18), a cefiuac nocrapaemcsi BLISICHHTb, Ha 4TO MBI MOXeM
PAaCCUHTHIBATb NPY MHHHMAaJIbHOH H3GBITOUHOCTH, KOTJa K KaXk-
JIOMy KOJIOBOMY CJIOBY JoGaBJIsieTcsl BCEro JIMIIb OJHH- IPOBe-
pouHBI cuMBoJ. IlycThb @@,. . .0, — ABOHYHOE KOJOBOE CJIO-
Bo. BriGepeM NpOBepOYHbLIH CHMBOJ O, C TAKHM DacyeToM,
uTOGH! Ha €ro 3HaueHHe OZHHAKOBO BJIHSJ KX U3 CHMBOJIOB
JAHHOTO C¢JIOBa. JTO ecTecTBeHHOe TpeGoBaHHe GYET BHIIOJN-
HEHO, eCJIH, HalpHMep, MOJOXHTb O, ;=0;+0+. ..+,
(mod 2). Torja npoBepoUHBIfi CHMBOJ Oy, .. 6YZET paBeH HYJIO,
€C/IH B KOJIOBOM CJIOBE QQls. . Ok, COJEPIKHTCS YETHOE YHCJO
€JMHHL, U eJUHHIE — B INpPOTHBHOM caydae. Hampumep,
NPUCCENHESST TaKUM 06pa3oM NPOBEPOUYHLIH CHMBOJ K CJIOBY
1010, nosnyuaem cioBo 10100, a u3 cora 1110 noayuum cnoBo
11101,

HerpyaHo BHAETb, YTO Bce YAJIHHEHHblE KOJOBBHIE CJIOBA
G0z, . .0,Op .1 COJIEPIKAT UETHOE YHCJO EJHHHI, T. €.

o tat . %+ =0 (mod2). (1

JenycTuM, uTo B Ipouecce Nepejayd B YAJMHEHHOS KOJLOBOE
C/IOBO Q;%3. . .0nOn4y BEpalach OJHAa OWHOKa (MM Jaxe
Jo6oe HeyeTHOe YHCIO OMHO0K), Torga B HCKaXXEHHOM CJIOBe
Q0. . OOy 1 YHCJIO €JHHHLL CTAHET HeYeTHBIM. DTO H CHAYKHT
yKa3aHueM Ha HCKaXeHHe B Ilepefaye cJoBa. B KOHeuHOM
HTOTEe BCE CBOIMTCA K NPOBEpKe cooTHOmEH s (1) A cHMBOJIOB
NPUHATOrO CJIOBA, YTO JIEFKO CJeNaeT NpocTefiliee BBHIYHCIIH-
TeJIbHOE YCTPOHCTBO — cyMMarop mo Mogpyimo 2. Mrak, npasu-
JIo pHeMa caeylollee: ec/iu paBeHcTBo (1) BhlmoJHAETCSA, CUH-
TaeM, YTo coobleHHe epe/]laH0 IPaBUJIbHO, B IPOTHBHOM CJIY-
yae OTMeY2€eM, YTO IPOU30HIIA olH6Ka 1, KOTJa 3TO BO3MOXKHO,
Tpe6GyeM NOBTODHTb Nepejady KojoBoro ciosa. IToHaTHo, YTO
HHade omMGKYM He ucnpaBuThb. Hanmpumep, eclu npHHATO «He-
npasuibHoe coBo» 11100, To 0HHAKGBO BO3MOXKHO, YTO OBLIO
nocsiado Jiio6oe M3 KOJOBBIX CJIOB:

01100, 10100, 11000, 11110, 11101.

Kaxnapli W3 IepeYHCJNEHHBIX CJyyaeB COOTBETCTBYET OAHOH
omwn6Ke, a Belib OIIHOGKH MOIVIM MPOH3OHTH Jaxe B TpeX, a TO
M B NAATH CHMBOJaX.

Eme 66sbinas HempHATHOCTh MNOACTeperaer Hac B cjydae
nBofiHOH OIIMOGKM MJIH BoOOLIe 4EeTHOro yucaa omunGoxk. Bexab
TOTJIa COOTHOLIeHHe (1) He HApYIUMTCS, H Mbl BOCIPHMeM HCKa-
;KeHHOe CJIOBO KaK BepHoe.

OnucaHHBI# KOJ, KOTOPHIH HasHIBAIOT KOJOM C obLied mpo-
BEPKOH Ha YeTHOCTb, MO3BOJIAET, C/IEA0BATE/bHO, OOHAPYKHUTh
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" mo6oe HeueTHOe YHCJIO OMIUGOK, HO «IPONYCKaeT» HCKAXKEHHS,
eI 9UCJIO0 OMHOGOK YeTHO.

Kox ¢ noBTopeHHeM U KO c oOmefi mpoBepKoil Ha yer-
HOCTb — JI0 HEKOTOPOH CTeleHH aHTHHOAH. Bo3moxHOCTH
NEepBOro HCIpPABJATh OMHKOKH TeopeTHYeCKU Ge3rpaHHYHEI, HO
OH KpaiiHe «MejuTesNeH». BTOpoi oueHb GBICTP (Bcero ONuH
JIOTIOJTHHTEJIbHBIH CHMBOJT), HO 3a4acTyIO «IerKoMbicieHy. B pe-
aJIbHBIX KaHaslax CBfA3M, KaK NPABHJIO, NPUXOJIUTCA CUMTATHCS
¢ BO3MOKHOCTBIO OLIHGOK 6oJiee 4eM B OJHOM CHMBOJIE, TO3TOMY
B YHCTOM BHJE Koj ¢ o6uiell NpoBepKoi Ha YeTHOCTb MpHMe-
HsleTcA KpaiiHe pefiko. 'opa3jo game mpUMEHSIIOT KOIBI C He-
CKOJILKKMM TPOBEPOYHEIMH CHMBOJIaMH (H, COOTBETCTBEHHO,
C HECKOJIbKHMH MpOBepKaMH Ha 4eTHOCTh). OHM HO3BOJIAIOT He
TOJILKO OGHAPYXKHUBATh, HO U MCHPABJATb OIUMOKH, H He TOJBKO
OAMHOYHEIE, HO W KpaTHble, H NPHTOM JHeNaTh 3TO ropasjo
aeKTHBHEe, YeM YNOMHHABIIHACA HAMH KOJ C MOBTOPEHHEM.
IT0 MOXKHO IPOHJIIOCTPHPOBATH Ha ONHOM KpacHOPeYHBOM
H B TO e BPeMs NPOCTOM IpHMepe.

PaccmoTpuM MHOXKECTBO BceX JIBOHYHEBIX CJIOB zmuﬂu 9 (c ux
MOMOLIBI0 MOXKHO 3aKoaupoBarbh 2°=512 coobuenuit). Pacmo-
JIOXXHM CHMBOJIBL KaXJOro CJIOBA OG5 . .0y B KBaAPaTHOH
Tabaune ciaenyomuM obpasom:

Ta6aunma 14

oy o | o3

@ | | o

| o o

K kaxpmoit cTpoke ¥ K KakaoMmy cTOJGILY 3TOH TaGiUIbl J0-
6aBuM eile Mo OAHOMY (IPOBEPOYHOMY) CHMBOJY C TAKHM pac-
yeToM, 4TOOEI B CTPOKaX H CTOJIOIAX MOJy4HBIIeHcA TabJaMIBI
(rabsauna 15) GbII0O YeTHOE YHCJIO eNUHHIL.

Ipu sTOM, Hanpumep, A/ NepBOH CTPOKH H NEPBOTO CTO/G-
na OyayT BBHIIOJNHATBCS MPOBEPOYHBIE COOTHOILIEHHS:

Bi=ai+aztoas (mod 2),
p,=ai+to;+a, (mod 2)

H aHaJOTUYHO JYISl OCTANIbHBEIX CTPOK H CTONGLOB. 3aMeTHM, UTO
Pit+Bit+Ps=Py+B; 1P, (mod 2).

OGe 3TH cyMMBI paBHEI 0, €CJIH B CJIOBE QLi0L3. . .0, YETHOE YHCIIO
eAUHHUL, B JPOTHBHOM clydae oGe oHH paBHH 1, D10 jaer BO3-
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Ta6nuuma 15

o oy | ag| Bi

Qg Q5 | Qg Ba

a | ag| a| Bs

Bo | Bs| Bs| B

MOXKHOCTh TOMECTHTb B TaGnuue 15 eme OAWH NPOBEPOYHBIH
cuMBON f,, paBHHIA

B.=Pi+Ps+Ps=P,+Bs+B; (mod 2).
Hanpuwmep, coBy 011010001 otseuaer cenyiomas Ta6/aHIA:
Ta6auna 16

0 1 1 0

STH «MalleHbKHEe XHTPOCTH» M03BOJISAIOT, OKashIBaeTcsl, HCHpas
BHTb JI0GYI0 OAMHOUHYIO OLIMGKY, BO3HHKLIYIO B Mpolecce
nepeiayd, a cBepxX TOro M OOHApYXKUTb JMOOYI0 ABOHHYIO
omH6Ky. B camom nene, ecnu nmpouzouna ofHa omubka, 10 Ha-
pyLIaloTCA IpOBEPOYHBIE COOTHOIIEHNS POBHO JIsi OXHOH CTPO-
KH H POBHO /I OZHOrO CTOJ0LA, KaK pa3 TOH CTPOKH W TOro
cToNI61a, Ha NepeceYeHHH KOTOPHIX CTOMT OILUMGOYHBLIA CHMBOJI.
Ecnu e npousouna asofiHas ommu6Ka, TO 5TO NPHBOAMT K Ha-
PYyLIEHHIO MPOBEPOK Ha HETHOCTb JIMGO B IBYX CTpOKax, JHGO
B JIByX cToabuax, Jau6o cpasy B ABYX CTPOKax H JBYX CTOJG-
nax. Ilo stum nmpusHakaMm MBI K OGHapy:KHBaeM JIBOHHYIO
omH6Ky. (OmHako HCOPaBHTb ee MBI HE MOXeM — IoyeMy?)

Jlo6aBHUM K CKa3aHHOMY, YTO NaHHHIH KOJ MO3BOJsAET OOHa-
DYXHBAaTb MHOTHE, XOTi H He Bce, OMMOGKH Gosiee BEHICOKOH
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KpPaTHOCTH (B TpeX, yYeThipex M T. A. cuMBosax). Hampumep,
o6HApYKHBAIOTCA TPOHHBIE OMIHGKH B CUMBOJNAX Oj, O3, Og
WJTH B CHMBOJIAX @, 0.3, O.g. A BOT TpOHHAaA omHOKa B CUMBOJIAX
o, 03, Oz He MOXKeT ObiTb OOHapy:kKeHa, oHa GyJeT BOCIpHUHATA
KaK OAHHOYHAS.

[TponemorcTpHpoBaHHOE B 3TOM MpHMEpe cOYeTaHHe MHpo-
BEPOK Ha YETHOCTb.II0 CTPOKaM M cTOJOLAM JONycKaeTr LIHPO-
Kue o6o6meHus, O npocrefiliieM H3 HUX FOBOPHTCA B JOMOJHe-
HHH 3,

3anauw # JONONHEHHS

1. Jlas paso6paHHOro B JaHHOM Maparpade npuMepa Hafi-
TH YHCJO HeOOHAapYKHBaeMblX TPOHHBIX OIIHGOK. Kakylo YacTb OHM cOCTaB<
JASIOT OT O6LIero Yuesia TPOMHBIX OMIHGOK?

2. Kopnosele cioBa B npuMepe Ha cTp. 42 cozepxar 9 wHpOpMaInHoH-
HBIX CHMBOJIOB/H 7 MPOBEPOYHBIX; TaK 4TO 00mas AJMHA KOXOBOI'O CJIOBA
paBHa 16. Takoro uncia CHMBOJIOB A0CTaTOYHO, YTOGH HCIPaBJATDH JIOOHIe
OfIMHOYHble W OGHApYXHBaTb JoGble JBOfHbIE OMHGKH. UTOGH AOCTHYL
TOro Xe 3pdexTa N5 KOZa C MOBTOpPEHHEM, HYXHO KaIblH HHbOpMalHOH-
HBIH CHMBOJI IOBTOPUTh 4 pasa, Tak YTO o0Iasi AJIHHA KOJOBOTO CJIOBa Gyner
pasHa 36. CpaBHeHHe SIBHO He B M0Jb3Y KOia ¢ mosTopenHeM. CrpasejJH-
BOCTH pajy Hajo BCce e OTMETHTb, YTO KOJL C NOBTOPEeHHeM 00JajaeT 1o
CPaBHEHHIO C HMCNOJIb30BaHHLIM B MPHMePe KOJOM HEKOTODPHIMH NpPeHMYIIecT-
BaMH B CMbiCJe OGHapyXeHHs OWHGOK GoJee BHICOKOH KpaTHocTH. [Ipenma-
raeM 4MTaTesIio HalTH, HanpuMep, A0MIO HeoOOHapyXKHBaeMbIX TPOHHBIX OLUK-
60K 1JIsi YKa3aHHOrO KOJa C MOBTOPEHHEM W CPABHUTEH OTBET C Pe3YyJbTaTOM
3anaun 1. ViutepecHO HalTH TaKKe 10JI0 HCPaBHMbIX (!) TPOHHBIX OMIMGOK
IJIfl 9TOrO KOjae

3. INpumep u3 naHHOro maparpada oGoGiiaeTcs CJEAYIOIIHM 06pasoM
(cmotpu Takxke gonoaxenune 12 k § 11). Ilyctk Kaxknoe cooblieHHe KORHPY-
eTcsl JIBOMYHLIM CJIOBOM IJIHHEI 1. PacroIoXXuM Bce CUMBOJIBI B TP AMOYT'OJbe
HYIO Tabmuny (MaTpuLy) c m CTPOKAMH U 1 CTOJAGLAMH:

Ta6nauna 17
ayj Ajg Ain ai, n+1
Qay Qag Oap O3, n+1
%Lpi Xp2 %mn %, n+t
4l i} Fm+1, 2 La+i,n| Zm+t, nti i




Kag u npexge, n06aBuM K Kax/0#l CTPOKe H K KaX0MY CTONCHY O QAHOMY
NPOBEPOYHOMY CHMBOJIY, TaK YTOOBI BO BCeX CTPOKAX M CTONOLAX [OJMYuHs
JIACh YETHBle CYMMbl. AHAJIOTHYHO NPEXKHEMY BHIGHPAEM CHMBQI Oy 415 n+1+
Tomyyennoe MHOXeCTBO ¢JIoB 0GpasyeT KOJ, HGNPaBJSIOMHH JMOShe OfH-
HOYHbIe W OGHapYXKHBAIOUWIHH JI00HEe JBOHHEIE OMHGKH.

9. KOX XEMMHHIA

ITycTe KomHuecTBO cOOOLIEHHH, KOTOpHIE Tpe-
6yercsl nepenasaTbh aGoHeHTy, paBHO 16. [lis MX Ge3HI36GLITOU-
HOr0 KOZHPOBAHHS MOXKHO HCIOJB30BATh ABOMUHEIE CJIOBA HJIH-
HH 4, HO Torja Kojx He 6yZeT KoppeKTHpoBaTb oIKOKH. [Ipu
HCIIOJIb30BAHHH CJIOB AJIMHEI O, KaK Mbl y2Ke 3HaeM, MOXKHO 06-
HapyX&UTb, HO He HCOPaBHTh JIOGYI0O OAMHOYHYIO OLUHMOKY.
BrpoueM, us nononHenus 3 npepiaymero naparpada BrTEKaeT,
YTO €cH JOGABHUTh 5 MPOBEPOUHBIX CHMBOJIOB, TO KOJ CMOXKET
He TOJNBKO HCHPAaBJATh OXMHOUHBIE, HO U OOHAPYXKHBATh
IBOHHBIE OIIHOKH. Bo3HHKaeT Bopoc: Heqb3s JIH AJ14 3TOH LesH
OGOHTHCH MEHBIIMM KOJHYECTBOM IIPOBEPOYHBIX CHMBOJIOB?

BeiuucnuM cHayasa, KakoBO MHHHMAJbHOE YHCJO IIPOBe-
POYHBIX CHMBOJIOB, HeoOXOIMMOE JIJfi HCOpPAaBJeHHS JIOObIX -
OIMHOUHEIX ommu6ok. HerpyaHo y6enntbesi, 4to ABYX A06aBou-
HBIX CHMBOJIOB AJIsi 3TOTO HENOCTaTOYHO (NpenjiaraeM 4uTaTe-
JIO TIPOBEPHTb 3TO CAMOCTOSITENBHO).

ITonpoGyeM o0GOHTHCH TpeMsi NPOBEPOUHBIMH CHMBOJAMH,
T. €. GyZeM HCIOMb30BATh JJIsi KOZHPOBAHHA COOOIIEHH NBOUY-
HEIE CJIOBA OL;0L30L50L,0L:0L,0, AJUHE! 7. Hama 3agaua — ompene-
JIUTh, TIPOH30LIIA JIU OIIKOKa, H €C/Id NPOH30LLIA, TO B KaKOM
mecre. Ho 3To TO Ke camoe, 4ro yKasaTb OJHO H3 BOCBHMH
gucesn oT 0 1o 7 (0 coOTBETCTBYET OTCYTCTBHIO OIIMOKH).

IlycTb TpeGyercs nepefaTs coobleHHe, KOAUPYEMOe CI0BOM
Q4 0a00,. JI06aBUM K 3TOMY CJIOBY TPH CHMBOJIA O, O, O,
olpefiessieMble paBeHCTBaMH (31ech H JI0 KOHla naparpada Bce
paBeHcTBa GepyTcs NO MOAYJIO 2):

a5=a2+as+a4,
a6=a1+as+a4, (l)
o, =0+ g+0ty.

Ecnu Tenepb HY>KHO BbISICHHUTD, JOMYLUIEHA JIH [py nepepave

CJIOBa 0L;030l0ly0l50Le0L, OJIHHOUHASA OLIMOKA B OJHOM H3 CHMBO-
JIOB Oy, O5, Olg, Oy, TO JJI1 STOTO AOCTATOYHO BBLIYHCAUTE CYMMY!

si=0 ot ta,. 2)

Ee snayenue, paBHOe |, COOTBETCTBYeT OTBETY ¢/a», 3HAYEHHe
0 — oreeTy «HET» (NOUEMY?).
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B cayuae «1a» OPOBEPHM, HET JIM OWIMGKH B CHMBOJAX O,
a,, B Clyuae ¢HET» — He COAEPHKHUTCA JIM ounGKa B cUMBO/IAX
ds, Q3. B KaXIOM H3 3THX CJAy4YaeB OTBET JaeT 3Ha4yeHHe
CYMMBIL:

$3=0z+ ot +a,. 3

Ecnu, HanpuMep, sHaveHus obGeux cymMm (2) u (3) pasuH 1, To
omnbKa cofiepxkuTcs Jubo B o, JuGo B a,. Bcero umeercs
yeThipe KOMOMHALMH 3HAueHHH CYMM Sj, S3; OHHM NPHUBEJIEHBI B
caenyiomeil Tabanue:

Ta6auna 18
Sy Sg Mecrto own6kn
1 1 Og HJAN O
1 0 oy HIR Qg
0 1 Oy HJIM Og
0 0 HeT OWHOKH HJIH 04

HakoHel| B KaXXA0M U3 YETHIPEX C/1y4aeB HYXKHO BHIOPATh OAHY
U3 JIBYyX BO3MOXHOCTeH. DTO MO3BOJIHT cAeaTh 3HAYEHHE CYMMBbI

sy=ait oyt ot a,. @)
MT&K, Mbl HMEEM TPH NPOBEPOUYHBIX COOTHOILLUEHHUSA.
s;=0+as+a,+a,=0,
ss=oz+ags+o+a,=0, . (5)
Ss=“1+as+0l5+“7=0a

KOTOpEIe M03BONSAIOT JHOO YCTAaHOBHTb, UTC OIUMGKH HeT, nuGo
OJHO3HAUHO YKa3aTb €e MecTo.

OtmeTuM 0€060, YTO €c/M NMPOU30LUIa OJUHOYHAR OmubKa,
TO €€ NOJIOXKEHHe YKashiBAaeTCS YMCJIOM C JBOHYHOH 3aMHChIO
848s8s. I1ycTh, Hanmpumep, s;=1, s3=0, ss=1. CorsacHo Ta6nn-
ue 18 omnbka fomyumieHa B YETBEPTOM WJIM NATOM paspajax,
TOCKONIbKY Sg=1, OHa — B NATOM paspsiie, HO $;Sy8;=101
KaK pa3 M ecTh ABOMYHAA 3amUCh 4HCA2 5.

UsyueHHBIH 34eCh KOX — 3T0 KO XeMMHHra IJHHEL 7 ¢
qeThlpbMA HH(OPMALHMOHHBIMH CHMBOJIAMHU.

B ofuem caydyae KOZOBBE C/IOBA ABOMYHOIO KoJa XeMMHH-
ra, MO3BOJIAIOWErC HCOPABUTh OLMHOYHYIG OLUHGKY, UMEIT
AaMHY 27—1 (m — HatypanbHoe), [lna onpeneneHus HOJO-
KEHUA OWIGKU TOTAR YHe HYXKHO m NPOBEPOK, T, €, M npose-
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pouHbIX cuMBOJOB. OcTaBiMecs: 2”—I1—m CHMBOJIOB SiBJIs-
1orcsi MHQopManuoHHEIMU. [IpOBEpKH CTPOSITCA MO AHAIOTHH
C PAacCMOTPEHHEIM cJ1y4aeM. 3HAUeHHUs /1 IPOBEPOK, KaK H BHI-
e, o6pasyioT HOMep MHOJIOXKEHHUS OUIHOKH,

BepHewmcs, oqHaKO, K BONPOCY, NOCTABJEHHOMY B Havaije
sToro naparpaga. Jlo6aBUM K KOJOBEIM CJIOBaM Koja XeMMHH-
ra JJIMHE 7 ellie ONVH IPOBEPOUHbIH CUMBOJ O, & K NPOBEpOU-
HBIM ():OOTHOIJIEHPIHM (5) eme onHo (06IIyI0 NPOBEPKY Ha YeT-
HOCTb):

So=0lg 00+ 0t3 g oo oo, =0. )

HoBul#t Kox mo-npexkHemy OyzeT coiep:kaTb 16 KOJOBEIX CJIOE,
IIOTOMY 4TO, KaK H paHbllle, CHMBOJIBI QLj, Ot3, Olg, Oy MOT'YT OBITH
B35ITHl KaKUMH YTOJIHO; II0 HHM H3 cooTHormleHu#i (1) ompene-
JISIOTCS CUMBOJIBI Q5 OLg, O.;, @ U3 paBeHcTBA (6) M CHMBOJ Q.
B ciyuae oxuHouHOH OmHMOKU No6GaBieHHOe cooTHomeHue (6)
HapylaeTcs, a 3HAYeHHUs Sy, S3, Sz OOPa3yIOT HOMEP IOJIOKEHH s
omn6kH. Ecnn xe mpousoumwia nBoiHas omuOGKa, TO COOTHO-
menye (6) OyzeT BLIMONIHEHO, a XOTA Obl OJHO M3 paBeHCTB (D)
HapywHTrcs (mouemy?). DTO H M0O3BOJseT OGHAPYKUTH JIIOOYIO
IBOiHYI0 OWMOKY. MTaK, ISl HCpaBJIEHHsT OXHHOUYHBIX M 00-
HapyXXeHHs1 JBOMHBIX OMIHOOK K YeTHipeM HH(pOPMAIHOHHBIM
CHMBOJIaM JIOCTaTOYHO N0OaBUTh YeThIpE NPOBEPOYHBIX CHMBO-
Ja. MoxHO nokasaTb, 4To 00OHTHCH MEHBIIMM YHCJOM HpOBe-
POUYHBIX CHMBOJIOB HEBO3MOKHO.

TTocTpoeHHOE MHOMXKECTBO KOIOBEIX CJIOB OLg0L10l3C0a0laOlsClylty,
VIOBJETBOPSIIOIIUX cooTHoweHHAM (5) u (6),— mpumep pac-
HIMpeHHOro KoJa X eMMHHTa (IJIMHEl 8 ¢ 4eTEIpbMsl HH(pOpMAaIu-
OHHEIMH CHMBOJIAMH).

3ajaun ¥ JONOJHEHHS

1. OmpenenuTb NOJNOMEHHe ONWHOYHON OMMOGKH B HCKa-
sxennoM caose 1100011 xopa Xemmunra piusst 7.

2. Mycre 11010011 u 11001111— nckaxeHHBle CJIOBA PacIIMPEHHOTO
Kona Xemmuura nauHel 8. Kakoe M3 STHX CJIOB COJEPXKHT ONHHOYHYIO, 2
Kakoe — JBOHHYI0 omu6KY? B ciyuae onuHOYHON OWIMOGKH ONpenesHThb €e
TIOJIOKEHHE.

3. K npoeepkam Koja XeMMHHTa JJIUHB 7 J06aBUM (He MeHss IJIMHbL
KoJa) obLIyio NPOBEPKY Ha YETHOCTB: !

ooy tag oy t-at-agto,=0. )

CKOJIbKO CJIOB yIOBJeTBOpseT cooTHomeHHsM (B) u (7)?

4, JloKasaTb, YTO KOJ M3 3ajaud 3 HcnpaBJiseT OJMHOUHBIE H OGHa-
pyKHBaeT IBOHHHE OIIMOKH.

5. TlocTpouTb CHCTeMy mNpOBepOK Afs Kofa XeMMuHra Ajumel 15.
CKOJIbKO KOJOBHIX CJIOB COJIEpXKHMT 3TOT Koi? CKOMBKO HH(OpPMalMOHHEIX
W CKOJBKO IPOBEPOYHEIX CHMBOJIOB HMEeTCSl B KOJOBOM CJIOBEP



6. Ecau 3anaH Koi XeMMHHra JIHHBI A=2"—], TO CYLIECTBYIOT [Ba
npocThiX cnocoGa NOJYYMTb M3 HEro KoAbl C HCIpPAaBJIeHHeM OfMHOYHBIX U
ob0Hapy:xKeHHeM JBOHHBIX OLIMGOK.

TTepBrsit n3 HUX (OH aHaJorMyeH cnoco0y, pa3obpaHHOMY B KOHLE STOTO
naparpada) TaKOB: K KOJOBHIM CJIOBaM J0GaBJisieM MPOBEPOUHBIN CHMBOJI
@y, & K NPOBEPOYHBIM COOTHOLIEHUSIM Koja XeMMHHra — oOuiyio NpoBepKy

n

Ha dueTHOCTB: ) 07 =0,
i=0
Bo BropoM cnoco6e (cM. 3aaauy 3) AJiMHA KOJOBBIX CJIOB HE MeHSIeTCS;
n

HO jo6aBjsieTcss ofmasi mpoBepKa Ha YeTHOCTb: 2 o;=0.
i=1
CkonbKO HHQOPMALMOHHEIX H TNPOBEPOYHBIX CHMBOJIOB COJEPKHTCA
B KaX/(OM M3 ONHCAHHBIX 3JleCb KOJOB?

10. HEOBbIYHOE OBbIYHOE PACCTOSIHUE

HMaBecTHO, uYTO paccTosiHHE MeXIYy TOYKaMH B
IpocTpaHCTBE onpefensercd Kak JJHHAa OTpe3Ka NPSMOH,
coefuHsAlomel 5TH TOYKH. OHO CJNYXKHT Mepo# GJIH3OCTH TO-
ueK — yeM MeHbllle paccTosiHHe, TeM GIHXKe JAPYT K APYry pac-
fnoJoxeHbl TOYKH. Ecim 0603HauaTh pacCTOSHHE MeXAY TOU-
KaMH a 4 b uepes p (a, b), To A4 JMOGHIX TOUEK @, b U ¢ UMeeM:

1) p(a,0)=0;

2) p(a,b)=0 osnayaer, yto a=b;
3) p(a,b)=p (b, @

4) p(a,b)+p (b,0)=p (a,0).

([Tocnennee ycioBHe, HasbiBaeMOe HEPaBEHCTBOM TPEYroJib-
4HKa, 03HayaeT, YTO AJAHMHA JIOOOH CTOPOHBI TPEYroJbHHKA HE
MPEBOCXOJUT CYMMBI IJIMH JABYX APYTHX CTOPOH.)

HHoraa ynoGHO ObIBaeT OnpefesHTb Mepy OGJIH30CTH HJH
paccrosiHue JJIs 3JEMEHTOB TOrO HJIM HHOTO MHOXKECTBa, JaxKe
€CJIH 3TH 3JIeMeHTHI U He IBJSI0TCS TOYKaMH B OOLIYHOM CMBICJIE,
[Ipn sTOM CYHTaeTCsl, YTO pAaCCTOSHHE MeXAY SJaeMEeHTaMH
MHOXKeCTBa OIlpefiesieHO0, ec/H JIoObHM ABYM 3JeMeHTaM a H b
COMOCTABJICHO NEHCTBUTENbHOE YHCIO O (@, b) u ;s Jobhix
37IEMEHTOB @, b M ¢ JaHHOrO MHOXKECTBA BHIMOJHSIOTCH YCJIO-
Bua 1) — 4).

Bepnemcs Tenepp K Haiell OCHOBHOM Teme. MBI yike 2HaeM,
YTO KOJ TeM Jyyllle NpHcrocob/JeH K HCIpaBJeHHIO OUIHGOK,
geM GoJ/IbIIE OTJHYAIOTCA APYT OT ApYra KOHoBble CJI0Ba. ATy
MBIC/Ib MOXKHO 6Yy/leT BHIPa3sHTb TOUHO, €CJIH BBECTH paccrosiHue
Ha MHOXeCTBE N-OGYKBEHHBIX CJIOB.

Paccrosinuem p (x, y) Mexay JBYMA CJIOBAMH ¥ H Y Ha30BeM
YHCJIO HECOBMAJAIOMHMX IMO3HIMH 3THX cioB. Hanpumep, pac-
crofinne MexAy ciosamu x=01101 u y=00111 pasHo 2.
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OnpepenieHHOe TaK DPAacCTOSIHHE HA3BIBAIOT pACCIMOAHUEM
Xemmunea. He cocraBnsier 6oablIOro Tpyja NPOBEPHTDb, 4TO
Bce cBoiHcTBa 1) — 4) paccTosiHHS B JaHHOM cJyyae BBINOJ-
HeHBl. Borpoc numb B TOM, B KaKOH Mepe 5TO NOHSITHE IOMO-
KET OLIEHHTh CHOCOGHOCTH KOJA HCIPaBJSATh U OGHAPYKHBaTh
omu6ku. UTo6B OTBETHThL HA 3TOT BONPOC, BBEJEM JJis1 NPOH3-
BOJIPHOT'O KOJia NOHSITHE K0008020 paccmosHus.

KonoBoe paccrosinue d (V) onpezenuM Kak MHHHMMa/lbHOE
paccTosiHHe MeXIY pPasiHYHBIMH KOJOBEIMM cjloBaMu M3 V:

d(V)=min p (%, 1).
xXFy

BBeneHHAasA TONBKO YTO BeJHYHHA SBJSETCH OCHOBHBIM MO-
KaszaTeseM KOPPEKTHDPYIOIIMX BO3MOXKHOCTEH KOJa, NOCKOJb-
Ky BepHO cjlefyiolliee yTBepKAeHHE:

K0 cnocoben ucnpasasme aioboie kKombunayuu us t (1 mero-
wieeo uucra) owubeox moeda u moabko moeda, Ko20a e2o K0006oe
paccmosnue 6orvwe 2t

B camom nene, ecan d (V)>2¢, T0 1719 MOGBIX KOJOBLIX CJIOB
x, y umeeM p (x, y)=2¢--1. IlycTp npu nepenade HEKOTOPOToO
CJIOBa X TIPOU30NLIO0 r<f OLIMOOK, U B pe3yJibTaTe ObIIO NPUHS-
TO cJIoBO 2. Torpa p (x, 2)=r<(¢, U B TO XKe BpeMsl PacCTOsHHe
P (2, y) mo ymoGoro Apyroro KOAOBOTo csoBa y Goaslie £. [Tocaex-
Hee BHITEKaeT W3 HepaBeHCTBA TPeyrosbHHKa:

p(x, 2)+p (@, y)=p(x, y)=2t+1.

3HauuT, 1A BOCCTAHOBJIEHHS MOCJAHHOIO CJIOBAa (AEKOAMDO-
BaHHfA) HeoGXOJUMO HaHTH KOJOBOE CJOBO x, «OamKaiiiees
K NPUHATOMY CJIOBY 2 B CMBICHIe paccTosgHus XemmMuura. Ilon-
yepKHeM, YTO 5TO MPAaBHJO IEKOAHPOBAHMS NPUBOIMT K INpa-
BHJILHOMY Pe3yJIbTaTy, €ClIH YHCI0 OMHOGO0K B NepenaBaeMoM
C70Be JEeHCTBUTEJbHO He MNPEeBOCXOLUNIO .

Ecnu ke ycaoBue d(V)>2¢ napymaercsi, To Ha#yTcs Ta-
KHe KOJOBBIE CJIOBa X H Y, PaCCTOsiHHE MeXAY KOTOPhIMH
p(x, y)<<2¢t. Torga moxeT HaHTHCh Takas KOMOMHAUMf H3 i
OIIMGOK B OJHOM M3 CJIOB X, UTO IPHHSITOE CJOBO z OyJeT Ha-
XONUTBCS OT IPYToro cJIoBa y He Janblie, 4eM oT x. [losToMy
HeNb3si GYZET ONpeNe/uThb, KaKoe U3 CJI0B — X HJH y — GBLIO
Ha CaMOM JieJie IepeNaHo

3ajaun H JONOJHEHHS

1. HMmeercs 8 xsomunslx cyos mauun 3, X MOxKHO M306-
pasuTb B MPOCTPAHCTBEHHOH CHCTeMe KOOPAMHAT KaK BepuIMHH Kyba co
cropoHoii 1. KakoB B 3TOM ci/lyYae §reOMeTPHUECKHA CMBIC/A» DAacCTOAHHUS
XeMMHHra MeKAy CIOBaMH?



2. IlokasaTb, 4TO AJs1 OGHAPYKEHHS S (UJIH MeHbIUEro YHcJa) omHOGoK
HEOGXOMMO H JOCTaTOYHO, YTOGH KOJOBOE PAcCTOSIHHE YJOBJIETBOPSJIO He-
pasenctBy d (V)>=s1-1.

. 3. IlokasaTb, YTO M1 MCOPABJIEHHS ! (M MEHbIUEro yucia) OmHOGOK H
BMECTe C STHM OGHApyXKeHHd S (M MeHbUIEro YHCHa) OmHGOK (s=>f) Heob- -
XOIMMO H JIOCTAaTOYHO, YTOGHI KOJOBOE PACCTOSHHE YJOBJIETBOPSAJIO Hepa-
BeHcty d (V)=t-4s+1.

4. TlokasaTb, 4TO KOJOBOE pacCTOsIHHe JJIg Koja ¢ ofueH MmpoBepKoOH
Ha YeTHOCTb PaBHO JBYM, a A/14 Kona XeMMHHra — TpeM. YeMy OHO paBHO
IJIT KOJa C TNOBTOPEHHEM, 4YeMy — JIS DPAaCIUMPEHHOTO Koja XeMMHHraP

11. JUHEAHBIE WJIM TPYNMNOBBIE KOJbl

BosbImHHCTBO pacCMOTpPeHHBIX BEINIE KOZOB 06-
JIaflajio CJIeJyIOmUM CBOACTBOM: cyMMa (M PasHOCTB) ABYX KO-
JOBHIX CJIOB TaKxKe SBJAAJNAch KOJOBBIM cJIOBOM. Iljisi Kojxa c
MIOBTOPEHHEM 3TO CBOHCTBO OYEBHAHO. SICHO OHO H JJis Koja
¢ ofiell mpoBepKo# Ha YeTHOCTE, IOTOMY 4YTO CyMMa JBYX CJIOB
C YETHBEIM YHCJIOM eIHHHI eCTh TAKXKe CJIOBO C YEeTHEBIM YHCJIOM
e[MHAL.

B § 9 6bl1 paccmoTpeH Koj XeMMHHTa ¢ CHCTEMOH MpoBe-
POUHBIX cOOTHoueHHH (5). O6o6MHKM Tenepb 3TOT NPHMEpP, BHI-
GpaB B KauecTBe KOJOBOro ajdaBHTa HEKOTOpOe KOHEYHOe I10-
ae F. KaxJnoe cl0BO x;Xs. . .X, 3Toro ajndamita GyaeM OTOX-
IECTBJATD C BEKTOPOM (X3, X2, ... , Xp) N-MEPHOrO NPOCTPAHCTBA
L, (B KOTOpOM KOOpJHHATH BEKTOPOB SIBJASIOTCH 3JIeMEHTaMH
F). Bekrop, cooTBeTcTByIOmMEA KONOBOMY CJIOBY, GyneM Hasbl-
BaTh K0006bim. CHCTeMY IPOBEPOYHBIX COOTHOLIEHHH 3amHIIEM
B BHJE CHCTEMBl YpaBHEHHH:

b11x1+b1'2x2+. . -+b1nxn=0,
b21x1+b22Xz+. . .+b2nxn=0, (l)

D R T T T S Y

bm1x1+bm2Xz_l‘. . .‘I‘bmnxn:O

¢ Koapdunuentamu b;; u3 F. Koa, cocrosmuii H3 Bcex cJIOB
X1X3. . Xn, AJS KOTOPHIX CHPaBefIHBBI cooTHomreHus (1),
Has3HIBAIOT KOOOM C NpPOBEPKAMU HA HemHOCHb.

JIna Takoro Koja BEINOJHSETCA CJeAyloliee CBOACTBO: eC/in

BEKTOPH! (@1, Qsy ... , Gp) U (b1, b5, ... , b;) ABIAIOTCA KOJO-
BBIMH, @ 3HAYHT, PelleHHsAMH cucTeMsl (1), To u uX cymma (a,+
+by, as+bs, ..., aptby) TaKKe ABIAETCA pelIeHHEM 3TOH

CHCTEMEI H II0TOMY KOJOBHIM BeKTopoM. CIpaBeiuBO U Apyroe
CBOMCTBO pemeHHH cHcTeMHl (1): ecou o — 3ssemeHT moas F
u (@i, as, ... , Q) — pemieHxe cucTemsl (1), To u BeKTOp (04,
Qas, ..., OG;) TaKXke SgBJISgeTcd peIIeHUEM CHCTEMH (1).
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O6a OTMeueHHBIX CBOMCTBA NPOBEPSIOTCA HENOCPEACTBEHHOM .
MOACTAaHOBKOH B cHcTeMy (1) BekTOpOB

@1+-b1, az-tbs, ..., aptb,) u (aa;, aas ..., aa,).

Bwmecte 5TH cBoiicTBa 03HAYalOT, YTO KOJ C MPOBEpPKAMH HA YeT-
HOCTb o0pasyeT JIHHeHHOe NOANPOCTPAHCTBO B NPOCTPAHCTBE
L, Bcex n-6ykBeHHBIX cJioB. Ilo 3T0#t npuunHe KoAbI ¢ IpoBep-
KaMl Ha YeTHOCTb HAa3bIBAIOT AuHeliHoimy KoOamy (IBOMYHBIE
JIMHEHHBIe KOJIbl HashIBAIOT TaKxe epynnosoimu). Ecnu Koxosoe
MOANPOCTPAHCTBO B NpOcTpaHCcTBe L, HMMeeT pasMepHOCTb &,
To ynorpeGasioT Ajs GoJibliell onpejeleHHOCTH TEPMHH JIH-
HefiHBIH (n, k)-KOZ.

HmeeTcst oueHb MHOTO IPHYHH, [0 KOTOPHIM JIMHEHHbIE KOJBI
SBAAIOTCS BAXKHEHAIIUMU B TeOpPHH KojupoBaHus. OnHa U3 HHX
cBfi3aHa ¢ yno0cTBaMH B OOHapyKeHHU U HCIpaBJEHHH OIIH-
GOK, KaK 3To BUAHO U3 mpUMepa, paccMoTpenHoro B § 9. [Ipyras
NpHYMHA — 3TO BO3MOKHOCTb KOMIAKTHOI'O 3ajJaHusl Koja.
JelicTBuTeIbHO, B CJyyae JIMHEHHOro Koja HeT HeoGXOAUMO-
CTH YKa3blBaTb IOJIHBIH CIIHCOK KOJOBHIX CJIOB, Belb KOJ BIOJ-
He ompefesieH CHCTEMOH JIMHEHHBIX ypaBHeHu# (1) uau matpu-
nel sToél cucrembl (nposepouroll mampuyet):

bit  bia +.s b1n
H= b’i bgz veo bgn .

L L

bmi bmg XX bmn

B nanbHeiliuem Mb GyZheM npejnosaraTh, 4TO CTPOKH 3TOH
MaTpHLbl JIUHEHHO HE3aBUCHMBI.

K umcny apyrux AOCTOMHCTB JIMHEHHBIX KOROB, KOTOpPbIe
CBSI3aHbI C NPEIBIAYIIUMH, OTHOCATCA NPOCThIe aJTOPHTMEI KO-
JMPOBaHHUA M JEeKOJIHPOBAHUSA, JIETKO peajlu3yeMble 3JIEKTPOH-
HbIMH [EPEKJIOYaTebHEIME cXeMamu. BooOiie, MOXHO CKa-
3aTh, YT0 GypHOE pa3BUTHE TEOPHH KOAMPOBaHHUS, KOTGPOE
NPOHUCXOJUJIO B TOCJHEAHHE AECATHNIETHA, OObACHAETCA IJ1aB-
HbIM 06pa3oM TeM, YTO K JIMHEHHBIM KOJaM NPHJIOXKHM XOPOIUO
pasBUTHIH anmapar JHHeHHOH a/jre6pbl M TEOPHHM KOHEYHBIX
nose.

BosBpaiasicb K pacCMOTPEHHBIM paHee KOAaM, JIErKO Haii-
LeM HX npoBepouHbie MaTpuupl. Tak, Ajas Koxa c obmed npo-
BEpKOH Ha YeTHOCTb MMEEM OJHO [IPOBEPOYHOE COOTHOLIEH{e
X1+xs+. . .4x,=0; cOOTBETCTBEHHO 3TOMY NpPOBEPOYHASA Maf-
pHIla COCTOMT M3 ORHOH CTPOKHM K UMEeT BHA

H=(111. . .1).
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V2 npoBepOUHBIX CUOTHOLIEHHMH HJIs KOXA C IOBTOPEHHEM
xl—x2=0,
X1—x5=0,

X1—x,=0

MOJIyYaeM CJIEAYIOYIO IPOBEPOUHYIO MATpHILY!

1 -1 0 .., 0
H= } * 10- Q_—ol ¢ ‘l“‘l B !0
1 0 0 e —1

Hakonen, npoBepoyHas MaTpHIla XBOMYHOrO Koja XeM-
MHHTa JJIHHBL 7, KaK 3T0 CJIefyeT u3 cooTHoweHH# (5) § 9, BHI-.

IAOIUT Tak:
0001111
H=<0110011>. ©)
10101

Hmeercs u apyroi cnocc6 MaTpHYHOrO 3afaHUsl JIMHEHHOrO
Kofa. OH OCHOBaH Ha TOM, 4TO BO BCSIKOM NOANPOCTPAHCTBE JIH-
HEAHOro NPOCTPaHCTBa MOXKHO BHIGPAThb 6asHc, T. €. TaKyo JH-
HeflHO He3aBUCHMYIO CHCTEMY BEKTOPOB, Yepe3 KOTOpHIE JIHHEH-
HO BBIPaXKAIOTCS Bce BOOGLLe BEKTOPEI MOANpocTpaHcTBa. I1ycrhb

=1, Qizy -+ + o, Qun),
a;=(Qa1, Qaz, ..., Qap), 3)
ahz(akl’ Qpay + .« akn)

— 6asHcHBIe BEKTOpH JMHeHHOro Roza. Torza BceBOSMOXKHEIE
KOJIOBEIE BEKTOPBI HCYEPNBIBAIOTCS JIHHEHHBIMA KOMGHHALHMSIMH

a1a1+0!:2ag+. . .+ahak, (4)

rae KoappHUHUeHTh o; — Jo6ble 3JeMeHTH HCXOXHOTO IOJS.

Takum o6pasom, cucrema O6asMCHBIX BeKTOpoB (3) ToJ-
HOCTBIO ONpefiesisieT JMHeHHEIH (n, k)-Koi. Marpuua G, cocras-
JieHHasi M3 HHX,

foii Gig ... @y
a a eee Q@
G — 21 22 2n (5)
e e e e e e e e e ,
apr Qg .+ Qpy

HasbiBaeTcs nopoidarouield mampuyeli Koxa.
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3amernm, 4T 6a3HC MOXKHO BHIOpPATh He eIUHCTBEHHBIM 06-
pasom, No3TOMy Mopoxjaiomas Matpuua G onpeseneHa Heol-
HosHauHo. [TocnenHee, BIpoyeM, BEpHO H B OTHOILEHHH MNpO-
BEpPOYHOH Marpuun H. ‘

JIerko ykasaTh nopoxJaioliylo MaTpuiy Koja ¢ MOBTOpe-
HHeM; OHa HMeeT BHL:

G=(111...1),
B kauectBe GasHCHHIX BEKTOPOB JBOHYHOTO Koja ¢ obuief

NPOBEPKOK Ha YETHOCTh MOrYT OLITh B3fThl, HANpUMEpP, CJe-
Iyrouiue n—1 BEeKTOpPOB:

@,_1=(1000...1.

[TosTromy Marpuua

.
-
.
.
.
.

1000..1

ABJAETCA MNOPOXKAAIOLIeH MaTpHIEH 3TOro Koja.

[Ipu Hcnonb30BaHHH JHHEHHOrO KOAa AJsi Mepefayn coob-
IEHHH N0JIE3HO 3HATh H NOPOXKIAIOLYI0, H NPOBEPOUHYIO Mar-
puny. C nomompbio nopoxjaionieii MaTpHibl yJIOGHO KOXHPO-
BaTb cooOmeHus. [TocKONbKY JHHEHHBIH (n, k)-KOL C MOPOXK-
Jaomelt matpunel (5) umeer g* KojpoBHIX cJIOB (/MoGoH M3 &
Ko3tbu1HeHToB B (4) MOXHO BEIOpaTh g cnioco6aMu), OH MO3BO-
JISIeT 3aKOJHPOBaTh Bce COOOLIEHHS AJIMHLI 2 B angaBute H3 g
cumBosioB. Ecn A=a,03. . .03 — TaKoe coobuieHue (a; —
HHpOPMaLHOHHLIE CHMBOJEI), TO camoe YAOGHOe — comocTa-
BHUTb €My KOJOBHIH BEKTOp @, COBNAJAIOUIHMH ¢ JUHEHHOH KOM-
6unauueli (4) cTpoK mnopoxkjaiomeil Matpuupl. BekTop @ He-
TPYAHO 3amHcaTh B MaTpPHYHOM BHJE, MCIONb3Ys NPABHJIO YM-
HOXEHUS MaTrpHIL

/ali ajs Qip

@ei G a

a=A ‘ G=(O(~1aa "o -ak) \ : . ,i.’ . ’.ﬂ . (6)
ari ks Qkn
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ITpuwmep. [NycTh naHa nopoxnjaiouasi MaTpuia JBOHY-
HOTro JIHHEHHOro Koja:

SroT KoJ conepKHT 2*=16 KOJOBBIX C/JIOB, KOTOPHIMH MOXHO
BaKOJHPOBATh BCe JBOHYHEIE cOOOmEeHHA mauHbl 4. Ecmu, Ha-
npumep, A=(0101), To 4151 COOTBETCTBYIOLIEr0 KOJOBOrO BEK-
TOpa HMeeM:

00
a=0101) 00 )=@1001001).
01

O poJstH NpoBepOUHOH MaTPHILI MBI CKaXKeM B JasnbHefmem —
OHAa HCIOJb3YeTCs B OCHOBHOM NPH AEKONMPOBAHHH IOJYUEH-
HBIX COOOIIEHHH M JJIl HCOPAaBJIEHHS OLIMGOK.

BhIsSicCHHM, KakK CBfI3aHBl MOPOXKIAOIIAS H NpPOBEPOYHAs
MaTpylipl, H KaK [0 ONHOH U3 HUX HaliTH apyryo. O6parumcs
K coorHomenusM (1). Beakas crpoka nopoxjaromesi MaTpuIp,
SIBISISICH KOJOBHIM BEKTOPOM, VIOBJETBOPSIET KaXAOMY H3
cooTHomeHu#t (1), T.e. gna Jo6bIX i H |

biaji+bisazst. . +binajn=0. ()

HpyraMu cioBaMH, Jio6asi CTPoKa Mopoxpaiomedl u Jobas
CTPOKa fPOBEPOYHOH MATPHULl OPTOrOHANBHBI APYr APYrY.
MatpuuHas sanuch paBeHCTB (7) BHIVIIAUT Tak:

GHT=0

(0 osHauaer sjech HYJEBYIO MaTpHLY).
3ameruM Takxke, YTO U3 COOTHOIEHHH (1) BHTeKaeT paBeH-
CTBO

9HT=0,

chpaBelJIMBoe sl KaXI0ro KOJIOBOTO BEKTOpa ¥.

st OTHICKaHMS NOPOMKAAIOIEH MaTPUIEI HYXHO (akTH-
yecKd HafTH k=n—m JHHEHHO HE3aBHCHMBEIX PELIEHHH CHC-
Temul (1). DTH pellieHHs KaK pa3 U 6YAyT CTPOKAMH MOPOMKAAIO-
[med MaTpHIBL

ITpuwmep. Haitnem nopoxjaromyio marpuny kKoxa Xewm-
MHHra JUTHHBI 7 ¢ IpoBepo4YHO# MaTpuuel (2). B nanHoMm ciyuae
TpebyercA HaWTH 4 HE3aBHCHMBIX pellleHHsl Clefyoued
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GHCTEMBI:
Xyt X5+ X+ %, =0,
X+ x5+ xa+x7=0,
xl + xa + x5 + x7 = 0.

PaspelaeM CHCTEMY OTHOCHTENBHO HEH3BECTHBIX Xj, X3, Xa!

X1=XgF+Xs1%,,
x2=xs+xa+x7i (8)
Xy=XsFXs+X,.

HeusBecTHEIM X3, X5, X4, X; MOXKHO NPHJABATh JIIOOBIE 3HAUEHHS;
TOTZa W3 paBeHCTB (8) MOryT OHITb OnpejesieHbl OCTaBLIHECs
HEH3BECTHBIE X, X3, X,. [IpHAaBas nooyepeHO OXHOMY U3 HEU3-
BECTHBIX X3, X5, X4, X, 3HaUeHUe 1, aocranbHbBIM — 0, HONTyYUM
4 pelenus:

a,=(1110000), @,=(1001100), @;=(0101010),
a,=(1101001),

KOTOpHIe, KaK YHTaTelb MOXKET YOeIHTbCA, JTHHEAHO HEe3aBUCH-
mbl, CocTaB/ieHHas H3 3THX pelUeHHH MaTpHUA

1110000
G= 1001100
0101010
1101001

U sBJsleTCA HCKOMOH MOpOXKJaolmed MaTpuued.

ITo nmoBoxy ckasaHHOro B 3ToM maparpage BO3HHKaeT MHO-
XecTBo BormpocoB. HampuMmep, Kak, 3Has MOPOXKAAIOIYI0 H
MPOBEPOYHYI0 MATPHIb, BHISICHHTb KOPPEKTHpYIOLUIHE CIoco6-
HOCTH JaHHOTO KOJa; KaK peajH30BaTh 3TH CIOCOGHOCTH (T. €.
KaKUM JOJIKEH OBIThb aJrOPHTM IEKOXHPOBAHHSA, HCIPAaBJIO-
mufl unn oOHapyXHUBaOMWKHA OIMOKH); Kak, HaKOHeN, [ocie
HCIPAaBJIEHHs1 OIIMGOK BBIAEAUTH HHPOPMALHOHHBIE CHMBOJIBI?

OcranoBuMcsl BHayalne Ha nocienHem Bompoce. Ilycrs,
HCIIPABHB OLIMGKH, MBI OJNYYH/IH HEKOTOPHIA KOJOBHIH BEKTOD
a=(a;, a3, . . . , @p). Toraa cooTBeTcTBYIOIHE eMy HH(pOPMA-
[HOHHBIE CHUMBOJIHL Qf, %3, . . . , Oy ONPEJENSIOTCA H3 pPaBeH-
crBa (6). MHbiMu cnoBamH, BeKTOp (@i, &3, . . . , Q) €CTh pe-
meHHe (KaK MOXKHO [10Ka3aTh,— €IUHCTBEHHOE) CHCTeMBl JH-
HeHHBIX ypaBHeHHH:

i101+ a0+, . apdr=ai,
@120+ 052005+. . .+ahaoch=aa.
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~ XoT# 3ajaya OTHICKAHWS 5TOTO DELIEHHS! W He COJEPIKHY
'MPUHIMIHAJLHEIX TPYAHOCTEH, OHA MOXET MmoTpeGoBaTh Ipo-
MO3JKHX BhluHcAeHHH. OnHAKO BblIeNeHHe MHPOPMAIHOHHBIX
chBonoZ NpeNe/IbHO YNPOIIAETCS, €CJAH HCIOJb30BaTh IS
KOJUPOBAHHA TaK Ha3biBaeMble CHCTeMaTHYeCKHe JHHEHHHI®
KOIBI. | :

JluHelinblit (n, k)-KOX Ha3HIBAETCS CUCHEMAMUYECKUM, €CITH
€ro MopoXniamiomas MaTpuula HMeeT BHJ

l...O...Opu‘...pm

G| O L PP ) g
00...1 poi -+ Pim
HJIH BUL
Piie.e P1m 10,0 0\
G| Pitoe Pom O oo f’), ©),
Pr1i coePem 00 ... 1

T. €. €CJIM OHA NOJydYaercsl MPUNHCHIBAHUEM K €IHHHYHOHR MaT-
. pHIe mopsifika kK HEKOTOPOH MaTpPHIE! M3 k& CTPOK M m=n—Fk
CTONOLOB (MHAYe roBOps, MaTPHIBE NOpsAAKa kXm).

B cnyuae (9) paseHcrBo (6) mpuHHMaeT BUL:

10...0 Pir -+ Pim
L 0pn.--pam

a = (2% . - 0) =

_0-0 oo b opra oo Pem/
= (A% . Oplp i+ .0Q,).

Tagkum obpasoM, mnepsble -& CUMBOJIOB JIIOGOTO KOLOBOTO
CJI0Ba KaK pa3 H OKa3bBalOTCs HHOOPMAUHOHHEIMH, a OCTaJIb-
Hple (OHHM fBJISIOTCS POBEPOYHBIMH) CBS3aHBl ¢ HH(pOpMAIH-
OHHBIMH CHMBOJIaMH COOTHOLUEHHSIMH:

Are1=P10+Ppait. . .Aputy,
Ap oy a=P1a001TP2202 . . ."]“szo‘k, (10)

G =pP1m0%1+p sz&a+ +P Em®p.

Pasencrsa (lO) OUEBHAHO, oépasyxoT CHCTEMY IPOBEPOYHBIX
COOTHOLIEHUH cHCcTeMaTHyecKoro JuHefiHoro kona. OueHb Baxk-
HO, YTO BCAKHH JIMHEHAHHIH KOJ B HEKOTOPOM CMBIC/TIE€ SKBHBa-
JIEHTEH CHCTeMaTHYecKOMY (CM. JonosHeHHe 9).

JlanpHefiiee npoJbeT CBET H HA APYrHe BONPOCH], [0CTaB-
JIEHHBIE BIIlle.
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3agaun n jponoNHeHHa

1. Becom BexTopa 2 (0603HauaeTcs w (%)) HaSHBAIOT
YHCJIO €r0 HeHyJeBHIX KOOpAMHAT. ITOHSATHO, uTO paccrosinMe XeMMHHra
_ MeXJAY ABYMs BEKTOPaMH l; ¥ Uy PABHO BECY HX PA3HOCTH W (#;—Ug). D10
TI03BOJISIET YNPOCTUTb OTHICKaHHME KOMOBOTO PACCTOSIHMS JHHEHHOrO KOAa.
WiMenHo, cnpaBeasinBo cheAyiomee YTBEPKICHHUE:
Kooosoe paccrmosnue aureiiHozo k00a pasro MUHUMAALHOMY 6ecy e20
HeHYyaeablx KOO0BbLX CA08:

d (V)= min w (9).
veV
v+0

Tpepocrap/isieM uyMTaTeNl0 AOKa3aTb 5TO YTBEPKJIEHHE.

2. Tlyctb ABOHYHBIl JHHEHHEI KOA V coziep:KUT XOTS GHl OHO CJIOBO
HeueTHOro Beca. JloKa3aTh, UTO YMCJO BCEX TAaKHX CJIOB COCTaBJSeT TOIAA
POBHO NOJIOBHEY OT 0O6IIero yHcaa KOJOBBIX CJOB.

Y ka3aHHue. Y6eAUTbCH, YTO MHOXKECTBO BCEX KOAOBLIX CJIOB YeT-
HOTO Beca €cTh NOANPOCTPAHCTBO M HAaHTH CMexHBle KiaccH kKoga V no
5TOMY MNOANPOCTPAHCTBY.

3. PaccMoTpUM MaTpHLY mNOpfAKa gXn, B KauecTe CTPOK KOTOPO#
B3fITH BCe KOJOBHIE BEKTOPH! ¢-HYHOTO JIMHeiiHoro (n, k)-xoja. Byaem npen-
rojiaraTh, YTO HH OAWH cToaGew 3TOfi MaTPHUEI He ABJSIETCH HYJNEBHIM (HBa-
Ye, BEIYEPKHYB HyJeBOH CTOJOeL, MBI MOJYUHIH GbI KOJ C TEM K€ KOJOBBIM
paccTosiHMeM, HO MeHbiuel AJuHH).. ITokasaTb, 4TO B KaxJOM cTOJGLE
9TOH MaTpHUUbl KAXKAHH H3 ¢J3JeMEHTOB NOJs BeTpedaercs: poBHO ¢F—1 pas.
HNoab3ysch 5THM, y6eAHTbCHA, YTO CYMMapHHIH BeC BceX KOJOBHIX CJIOB pa-
BeH n (g—1)gk-1,

Y ka3aHue. [Iposeputh, UYTO MHOXKECTBO BCeX KOJNBBIX CJIOB,
copepxamux 0 B HeKoTOpo#i ¢MKCHUD OBaHHOH MO3HIMH, €CTb NMOANPOCTPaH-
CTBO, H HaliTH pa3JioxKeHHe KOAA B CMexK Hhle KJIacChl 110 3TOMY NMCANPOCTPaH-
CTBY.

4. TlpepnofioxXHM, 4YTO KOJOBHIfi BEKTOD U= (¥, X3, . . «, X,) HMeeT
EEC, DaBHBIH W, H Xp,» Xpgy » - X, €r0 HeHYJeBble KOOPJHHATI. U3

NpOBePOYHEIX cooTHomeHUH (1) moayuyaem Torpa:
binXr, + brraxpat .o o+ by X, =0

L T R S R Y

bk Xe,+ OmraXry, - .. +bmkkaw=0'4

"9T0 03HayaeT, YTO cTOAGLHI NPOBEPOYHON MATpHILI C HOMepaMu kq, kg, . . .
-+« ke nuneliHo 3aBuCHMEl. ClleloB2TeNbHO, KaXJIOMY KONOBOMY BEKTOPY
Beca W COOTBETCTBYET W JIHHEHHO 3aBHCHMBIX CTOJGLOB NPOBEPOYHON MaT-
puuel. BepHo n ofpaTHoe yTBepKaeHHe.

Orclopa BHITeKaeT, YTO KOJNOBOE PacCTOSHHe JIMHEHHOro Koja paBHO I
TOTZa M TOJNBKO TOrJa, KOTAa B NPOBEPOYHOH MaTpulle Haiiaercs d JHHEHHO
SaBHCHMBIX CTOJIOLOB, a BCAKAs CHCTeMa M3 MEHbIIETr0 Yucla CTOJGLOB
JUHEHHO He3aBUCHMa.

6. Jloka3aTb, 4TO ABOMYHBIH JMHEHHBIH Koj ucHpaBjser JMoGhle OnH-
HOUHble OIMOKH TOTAA@ M TOABKO TOra, KOTrJa Bce CTOMGLE €ro MpoBepou-
HOH MaTpPHIBI HeHyJeBble B pasiHuHble. BepHo /u sT0 15 Jio6oro NuHel-
HOro Koja?

6. Kak u3MeHHTCH KOZOBO® DPacCTOSHHE JBOMUHOIO JMHEHHOTO KOja
[pu Lo6aBJeHHH KO BCeM ero CJAOBaM OJHOrO NPOBEPOYHOrC CHMBO/IA, 38/ia-
tomero o6y NpoBepKy Ha YETHOCTB?
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. 7. Jpouuneiii (8,4)-kox 3ajaH mopoxjamomeii MaTpuuei
11101000
01011100
G={p0110101 / (an
10011010

HaliTh ero npoBepOYHYI0 MaTPHIY M KOJOBOE PacCTOSHHE.
To xe 3aganue s TpouuHoro (6,3)-Kofa ¢ mopoxparwoueii MaTpHmei

001122
G=<lll200>.
121101

8. Ilsa koma Vi u Vy Ha3LIBAIOTCS 9K8UBANCHMHbIMU, €CJTH KOXOBHIL
cioBa OJHOTO KOJA "HOJMYYalOTCS M3 KOJOBBIX CJOB JPYrOro HEKOTOpOH
nepecTaHOBKOM cHMBOJIOB (OfHOMH H TOM e A BCeX KOJOBHIX cjos). Ilo-
CKOJIbKY IIPH 3TOM Beca KOJOBBIX CJIOB OCT aloTcsi Ge3 H3MeHeHHH, TO KOJO-
Bble PACCTOSHHS JBYX SKBHBAJEHTHHIX KOJOB COBHAJAIOT, MOSTOMY OJMHA-
KOBHl TaKe HMX BO3MOXKHOCTH HCNPABJIATh WIM OGHAPYKHBATh OWIHGKH.
$IcHO, UTO ec/iH MOPOKJAIolifie MaTPHIB! KOJOB IOJYYaloTCsl OfHA H3 JpY-
roii MyTeM [epecTaHOBKH CTOJIOLOB, TO KOJBI SKBHBAJIEHTHbI.

DKBHBAJICHTHHIMH SIBJISIIOTCA, HanpuMep, Kofpt Vi u V, co caenyromumu
NOPOXKAAMOIEMH MaTPHI'aMH:

101100 100110
oi—_-(oonon) uca=<010101>.
011110 1111

OnHaKO CBA3b MeXJy MaTPHIaMH SKBHBAJIEHTHBIX KOJOB MOXeET ObiTh
# Gomee ciomuoii. Ilpuunna 3akniOyaeTcs B TOM, YTO NMOPOXKAAIOWAA MAT-
pHIA JaHHOTO KOJa OnpejiesieHa HEOZHOSHAYHO. .

9. B npexpipymeM mpuMepe KoX Vi SKBHBaJIeHTEH CHCTeMAaTHYeCKOMY
gony V. D10 He HCKJIIOYEHHE, a NPaBHJIO, MOCKOJBKY CIPaBeIJIHBO CIELYHO0-
mee yTBepIKIEHHE: ‘

Beakudl autednbil K00 3K8UBANCHMER CUCMEMAMUYeCKOMY Ko0Y.

Jloxa3sarte/bCcTBO, KOTOpOe DeKOMeHJyeTcsl NMPOAYMaThb YHTATeJIO, Oc-
HOBBIBAETCS, B CYUIHOCTH, Ha H3BECTHOM COBPeMEHHOMY HIKOJBHHKY METOAe
Taycca HCKJIIOUEHHS HEH3BECTHBIX.

TlocienoBaTesbHOCTD JI@HCTBHI, TNPHUBOASANIHX MPOM3BOJNBHHEIA KOI K
CHCTeMaTHYecKOMY, IPOJIeMOHCTpHpYeM Ha npumepe MaTpuust (11) (3agaua 7).

Briuntas u3 yerBeproli cTpoku MarpHup! (11) mepryro, momyumm:

11101000
01011100
ootti1o0101]/}

01110010

JnaJiee, BbIUATaAA U3 nepsoﬁ CTPOK# BTOPYIO, NPpUXOIUM K ManHl.le
10110000
01011100
00110101/
01110010

[fonyyaiowueca Mpu 9THX MPEOGPa3OBAHMAX MATPHIL TAKIK® MNOPOKIAIOT

&8



Acxoaublil Kod. OcyIecTBHM Tenepb NepecTaHOBKY CTOAGIOB, UTOGH clesa
fO/IyUHTb eAMHHUHYIO MATPHIY — MNATHI CTOJNGEN NOCTABHM HAa MeCTO BTO-
poro, BOCbMOIl — Ha MeCTO TPeTbero, CeIbMOil — Ha MECTO YeTBEPTOro CTOJ0-
na. B wrore monyuMM NOPOXAAIOUYI0 MAaTPHLY CHCTEeMaTHYeCKOrO KOJXa

— et et

10. IMora3aTk, HCNONb3Y$s COOTHOWEHHS (7), UTO A CHCTeMaTHYECKOrO
KOJia ¢ mopoxjawmmeit Marpuueit (9) B KayecTse NPOBEPOUYHOH MOMKHO B3ATh
cJefyIOIy0 MaTpHIy:

—Pii —Pi e.e —pPpi 1 0 .0 O
H=| —Piz2 —P2aa o. —Pp 01 ,., 0 .
—Pim —Pup oo+ —Prm 0 0 ... 1

11. Ilycte V — npoussonbubift anHelinbi (n, k)-Koa. Paccmotpnm
MBOXecTBO V" BceX BEKTOPOB IPOCTPaHCTBA L,, OPTOTOHAJNBHEX KamIOMY
U3 KOJOBHIX BekTOPOB ? € V. Herpynno nposeputs, uro V' apagercs mop-
nOpocTPaHcTBOM B L, M, CleloBaTeJIbHO, MOXKET pacCMaTPHBATbCA KaK JH-
wetinnill Koz, Kop V' HaseiBaeTcs Oyanvnoim x ucxonnomy xomy V.

Y6enurnes, uto ecaiw G 1 H — nopoxpaolas 1 NpoBepoYHas MaTPHIH
Koza V, TO OHW CHIYXar COOTBETCTBEHHO NPOBEPOYHOH H NOpOXJAalowel
MaTpHuedl AyaapHOro Koja V.

INpocrefiunii npuMep KofoB, AYaJbHHIX APYT K APYLY,— 3T0 KOA €
NOBTOpPeHHeM H KOJ ¢ ofliefi NMpoBepKOi Ha YETHOCTb.

12, OpuuM u3 cnocoGoB NOJYUYEHHS KONOB, 06jafaroumux GOJbIIHM KO-
JIOBEIM DPacCTOSIHHEM, a 3HAUHT, H BBICOKOH KOPPeKTHpYylOme# crnocobHo-
CThIO; sBJIseTcA KOMOMHHPOBAHKE JBYX HJIH HeCKOJbKHX KOfoB. Ipumepom
TaKOT0 KOMGHHHPOBAHHSA fBJIfiETCA paccMaTpuBaeMasl 31€Chb KOHCTDYKIHS.
Ona jaer Ko, KOTOpHI fBAfieTca 0OOOEHHEM MaTpHUHOTO Koja u3 § 8
C IPOBEPKAMH Ha YeTHOCTDb II0 CTPOKAM U CTOJIGIAM.

MycTe mano cnoso, copepxauee k==~kik, HHGOPMANMOHHBIX CHMBOJIOL.
PasobbeM MHOXKECTBO 3THX CHMBOJIOB Ha Ry GJI0KOB N0 21 CHMBOJIOB B KX IOM
M 3anuileM pe3yJbTaT B BHJAE KBAJAPATHOH MaTpHubl Hopsiaka kyXR;:

[02%1 Qg eee Ogp,
Qo Clgo see a2k1 i (12)

Qg1 CGpg eve Opyp,

B nepBoii CTpPOKe 3TOH MaTPHIBl BEIIHCAHBI 110 NOPSIAKY CHMBOJIBL IiePBOro
6710Ka, BO BTOPOH — CHMBOJIbI BTOPOTO H T. A.

PaccmorprM Tenepb NPOH3BOJbHBIH CHCTEMATHUYECKHH JHHEHHBIH KOJ
Vi anunsl ng ¢ kj HHOOPMALMOHHBIMH CHMBOJIAMH H C TeM K€ CaMblM KOO~
BbIM ajiaBuToM. CTPokH Marpuubl (12) 3akonupyeM ykasaHHBIM KOJOM —
AJ1SL 3TOTO K KaXKJIOH CTPOKE IPHIHIIEM 7j—Fk; NPOBEPOYHEIX CHMBOJOB Ta-
KuM 06pa3oM, YTOOB! BHINOJHSJIMCE NPOBEPOUHbIE COOTHOLIEHHS Koga Vi.

Jlanee xaxpiulif cronGen noayuuBlueficss MaTpumel nopsiaka RgXng,

Qi Qi oo Ogp, vee Ogp,
£ Ooi  Ogg  sve Ogpy  wuv Oy,
Ce e e et e e e e e e
NCpai Cppa ese akzk: vee Qpon s



32KOZMpYeM TOYHO TaKHM 3Ke CNocoGOM ¢ TIOMOMIBIO JIHHEHHOTo (fg, k)
Koxa V.
B pesyJibTaTe NOJY4HM MaTpHIY TOPsiAKA X Ayt
2351 (<57 cre alk‘ et aln‘
agi azg see agkl DY agn‘
Ol Rpgg ooe Cprpy  oeo Qgan,
. e o . e o * o . L 3 . o . . .
@Rt Opggg eee Qpaky  vve Cpupy
BHINHCEIBAs 3/IeMeHTHI 3TOH MaTPHIbL IO CTPOKAM», Mbl U COCTABHM KONOBOE

CJI0BO, OTBevaiouiee HCXogHoMmy cioy. OHO, OueBHAHO, OJHO3HAUHO OMNpe-
nensiercss matpuueit (12).

TocTpoenHslit Kox HasbiBaeTCA Npou3BefeHHeM KojoB Vi u V, u 0603-
Hadaercs V;QV,.

Ilyctb Temepwb &, ky, ka— uHclia UHGPOPMALHOHHBIX CHMBOJOB KOJOB
Vi®V,, Viu Vy a n, ny, ng— pauns 3THX KoZ0B. VI3 mocTpoenust KoAa
Vi@V, cpasy xe BhiTeKaer, 4To

k=k1k3 H n=nyhs.
MeHee OuYeBHJHO aHAJNOTHYHOE COOTHOILIEHHE MeXJY KOJAOBBHIMH pac=

crosiHusMH d, dy, da Tex xe KonoB: d=dy +dy. JloKa3aTebcTBO 3TOTO hak1a
NPefoCTaB/sfieM UHTATeNIo. -

Tpeniaraem YuTaTesi0 TaKkKe BBIICHHTB, KaKOBa CBSI3b MEXAY KOJHYe-
crBoM omHGOK, HenpasisieMbXx Koflamu Vi, Va B Vi@Va.
MpounmoctpupyeM ckasanHoe mpumepoM. Ilyctb #=8, k;=4, ky=2.
B kauectse kona Vj BosbMewm (7,4)-kon XeMMiuHra, 3alHCaB NPeABAPHTENBHO
€ro NMopoXJaloIyI0 MaTpHIy B cHCTeMaTHuecko# (opwme:
1000110
0100101
0010011/
0001111
B KauectBe Va— (3,2)-Kop ¢ ofmeit nposepkoil Ha YerHocTb. COCTaBHM KO-

nosoe coBo Koja V3RV, cooreercteyiomee ucxogHoMy caosy 00101110
¢ BOCeMbl0 MH(OPMAIHOHHBIMH CHMBOJIaMH. 3aNHIIeM €ro B BHAE MaTPHLbI

nopsaaka 2X4:
(0 010
1110°

B pesyJsbrate KOAHpOBaHHS cTpOK (7,4)-kofom XeMMHHra (CM. mPaBHJIO
{6)) mosyuuM MatpuLy mopsiaxa 2X7:

(0 010011

1110000/°

KogupoBaHue cTONGIOB 3TOH MaTPHIBI CBOXHTCA K NOGABJIEHUIO B KaXKIOM
cronbue cuMBojia ofimieft mpoBepkKu Ha uerHocTb. I[lodyuuBiuefica B utore

Matpuue mopsagga 3X7
0010011
(lllOOOO)
1100011

COOTBETCTBYET CleRylolee KOAOBOe cioBo Koja Vi@V
001001111100001100011,

G=

6q



12. JIEKOJHPOBAHHE 10 CHHIAPOMY
U EHIE PA3 O KOAE XEMMHHTA

CnoBo «cHHApOM» O3HayaeT OGBIYHO COBOKYM-
HOCTb NPU3HAKOB, XapaKTePHBIX JJIs TOrO HJIH HHOTO SIBJICHHS.
Takoii :xe NpHMEPHO CMBIC/ HUMEET NOHATHE «CHHAPOM» H B TEO-
pun Koxpuposanus. CHHAPOM BEKTOpa, COJEpKaiero, GhiTh Mo-
JKeT, OIHOKH, KaeT BO3MOXKHOCTb pacro3HaTh HauboJiee Bepo-
ATHBIA XapakTep 3THX owHG6oK. IIpaBna, ompeneneHue, KoTo-
poe MBI NMPHBOJMM HHXKe, HE Cpa3y NO3BOJAET 3TO YBHJIETh.
Cundpomom BeKTOpa # HasbiBaeTcsi BEKTOp S(#), ompefe-
JisleMblii paBEHCTBOM:
s(u)=uH".

Vi3 npaBusa nepeMHO:KeHHs MaTPHIL CJAELYET, YTO CHHIAPOM €CTh
BEKTOp AJIHHBI m, TAE M — YHCJIO CTPOK NMPOBEPOUYHOH MaTpi-
ubl. B cuny onpenenenns cHHApoMa BEKTOD @ TOrJa H TOJBKO
TOrja fIBNfeTcs KONOBHIM (# € V), Korjja €ro CHHAPOM paBeH
HyJneBOMY BeKTOpy. B camom nene, paBeHCTBO

uH*=90

PaBHOCH/ILHO TOMY, YTO KOOPLHHATHI X1, X, . . . , X, BEKTOpa I
YAOBJIETBOPAIOT NPOBEPOYHLIM cooTHoweHusM (1) u3z § 11.

Ilyctb Tenepb BeKTOp # He siB/sieTes] KONOBHIM, TOTJa 3TOT
BEKTOp 0053aTe/IbHO COJEPKHT OIHNGOYHbIe CHMBOJEL. Bektop
# MOXHO NPEACTaBHTb TOTJA B BHJAE CYMMbl [IOCMAaHHOTO KOJIO-
BOro BeKTOpa ¥ (KOTOpHHi 10Ka He H3BECTEH) M 6eKmopa ouiuG-
Ku e:

u=7v-te. (1)

$cHo, 4TO BEKTOp €=(gy, €y, ... , &,) COAEPKUT HEHYJIEBIE CHM-
BOJIb B TeX NO3HUUAX, B KOTOPHIX BEKTOD # COAEPXKHUT MCKa-
2KEHHble CHMBOJIbI,

BaxHbM 06CTOATENBCTBOM SBJAETCA TO, YTO CHHAPOMBI
NPHHATOTO BEKTOpa # ¥ BeKTopa OWHOKH coBmajator. Jefict-
BHTEJIbHO,

s(w)=(v+e)H"=vH"+eH =eH"=s(e). 2)

PaccMoTpiM Tenepb MHOXKecTBO U BceX BEKTOPOB #’, HMelo-

LIHX TOT XK€ CUHAPOM, UTO U BekTOp #. IlycTh @=u"—u. Torga
s(@)=@' —p)H"=u'H"—uH"=s(a')—s (#)=0.

Targ kak s(a)=0, To @ — KogoBhi BekTOp. O6partHo, ecsn

u'—u — KOJOBH#l BeKTOp, TO S(#')=s(u). Takum obpasom,
IJ% UHTepecylolierc Hac MHoxecTBa U HMmeem:

U={ut+alaeV}.
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Ha a3bike Teopuu rpymm 310 03Hauaet, 4to U ecTh CMeXHBIA
Knacc 1o noarpynne V (nmpocrpaHcTBo L, U €ro KojoBoe moj-
OpPOCTPaHCTBO V' MOMKHO paccMaTpuUBaTh COOTBETCTBEHHO Kak
Ipynny 4 ee MOATPYmny OTHOCHTEBHO OIepauud CJOXKeHHS
BEKTOPOB).

CkasaHHOe MO3BOJIET cHeNaTh CJEAyIOUlHe BHIBOJBL:

1. JIBa BeKTOpa HMEIOT ONMHAKOBHIl CHHAPOM TOTAAa H TOJb-
KO TOrZa, KOrjla OHH NPHHAJIeXaT OLHOMY CMEXHOMY KJiaccy
HO KOJOBOMY HoAnpocTpaHcTBy. Takum o6pasoM, CHHIPOM BeK-
TOpa OQHO3HAUHO ompelesseT TOT CMeXHBIH KJjacc, KOTOpOMY
STOT BEKTOD HPUHAJJIEKHT.

2. Bexrop omMOKH e Jyisi BEKTOPA ¥ HYXKHO HCKaTh B CHJIY
paBeHCTBA (2) B TOM Ke CMeKHOM KJlacce, KOTOPOMY NpHHAaIJIe-
MHT U caM BeKTop UK.

PasymeeTcsi, ykazaHHe CMeXHOTO KJjacca, KOTOPOMY MpH-
HaJJIeKHT BEKTOD e, elle He onpefiesisieT caMoro 3TOoro BeKTopa.
EcrecTBeHHO BEIOpATh B KauecTBe € TOT BEKTOP CMEKHOI'O KJiac-
ca, I KOTOPOr'o BEpPOSTHOCTb COBMNAaJeHUSI C e HauGosbluas.
Takoifi BEKTOp Ha3BIBAIOT Audepom CMeXHOro kJjacca. Eciu
[PeANoIOKHTb, YTO GOJBbIIEE YHCIO OLIMGOK cOBepiiaeTcs ¢
MeHBIeH# BepPOSITHOCTBIO, TO B KadecTBe JIMAEpa CJeAyeT B3fTh
BEKTOD HapMeHbIIero Beca JAHHOrO Kjacca H B JajJbHeHUIeM
augep G¥ieT MOHMMATbC HMEHHO B 3TOM CMBICJe.

[pu peanusaunuu anropuT™Ma AeKOJHPOBAHHA MO CHHIPOMY
COCTaBJAIOT TaOJMHLY, B KOTOPOH YKAa3BIBAIOTCA CHHAPOMEI S,
H JIMIepH @; COOTBETCTBYIOIHX MM CMEKHBIX KJaccoB. AJro-
PUTM JEKOXUPOBAHHS 3aK/OUaeTcd TOrJa B CJEAYIOUEM:

1. BeiyuciasieM CHHAPOM s(#) MPUHSITOrO BeKTOpa .

2. Ilo cungpomy s(#)=S$; onpejeisieM H3 TaGJIHUB AULEp
€; COOTBETCTBYIOIErO CMEMHOIO KJjacca.

3. OnpepensieM NOCJAaHHBINA KOAOBLIA BEKTOP ¥ KaK Pa3HOCTh

'v=u"—e[.

MoxeT clyyuTbcsl, 4TO B HEKOTOPBHIX CMEXHBIX KJjaccax
oKaxercs: 6oJiee ofiHOTO sujepa. Ecii HcKaxeHHBIH BeKTOp 4
fomnaja B OJHH H3 TaKHX CMEXHBIX KJIAcCOB, TO pasyMHee OT-
KasaTbCsl OT HCIPaB/ieHHA OMUGKH, OrpaHHUMBIINCH ee o6Ha-
pyXeHHeM.

ITpu Bce#t cBoelt mpocToTe M NMPO3PAYHOCTH ANTOPHUTM CHH-
JPOMHOT'O JEKOAHPOBAHHA 00J/aflaeT CePbe3HbIM HEJOCTATKOM. |
3akJmoyaeTcd OH B TOM, 4TO YCTPOHCTBO, peasH3yIollee 3TOT
crnoco6 AeKOAHPOBAHHS, JOMKHO XPaHHUTh HH(POPMAUHUIO O JH-
nepax u cunppomax. O6peM e 3Toit MHPOPMAUKH MOXKET OKa-
3aThCcA OYeHb GOJIBIIMM faxe MPU YMEPeHHBIX NJIHHAX KOJIO-
BBIX CJIOB (DOPAJKA HECKOJIBKHX AecATKoB). B srom HerpyaHo
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y6eauTbCsi — Belb YHC/IO JIHAEPOB M CHHADOMOB COBNajaer
C YHCJOM CMEXHBIX KJaccoB, KOTopoe mo TeopeMe Jlarpanxka
paBHO g":g*¥=q""*. Taxk uro, Hampumep, AJa JABOHYHOrO
(50, 40)-xoza monyuutcss 1024 AUAEPOB M CTOJNBKO K€ CHHJPO-
moB, a s (50,30)-Koja 4HCIO HX HpPEB30HAET MHJIJIHOH.

Takum o6pasom, MBI JIHOO HIPUJEM K UPE3MEPHOMY YCJIOKHE-
HHIO anmnaparypsl AJjsi CHHADOMHOIO JAeKOAUPOBaHHus, JuGO
NPaKTHYECKH BooOIe He cMOXeM ee mocTpouTb. K cuacrsio,
HMeloTcsl KOZBI, JEKOAUPOBaHHE KOTOPHIX He TpeGyeT obpaine-
Hus K TabauLe JugepoB U cHHAPOMOB. I1pocTrefiiiie U3 HUX —
9T0 KoJ, XeMMHHIa U ero pacliipeHHbIl BapHaHT, PacCMOTpPEH-
Hele B §09.

Kak MBI yxke 3HaeM, JBOMYHBIA KojJ XeMMHHra siBasieTcs
JIMHEAHBIM, B OOIIeM clyuae HMeeT AJHHY n=2"—1, ucnpas-
JsieT OJMHOYHbIE OIUOKH U OGXOIUTCH MHHHMATbHO BO3MOX-
HBIM JJ1S1 STOM LENH YHCJOM NPOBEPOK (3TO YHMC/IO PaBHO my).
TakuMm oO6pasoM, npoBepouyHas Marpuua Koga XeMMHHra UMeeT
nopsiiok m X (2”—1). Tlpu stoM Bce cTonOuBE!l STOH MaTpHIp!
JOJIXKHBI GHITH HEHYJIEBEIMH U pas3juyHbeMH (cM. § 11, 3agaua 5).
Kaxnpiit cronbel ecTb JBOUYHBIE BEKTOp AJIHHBI M, BCEro HMe-
eTcsi 2™ TaKuX BEKTOPOB, MO3TOMY /ISl NOCTPOEHHSI NPOBEPOY-
HOM MaTpHUubl Koja XeMMHUHra JJAUHE 2”—] HY>KHO BHIIIHCATh
(B KauecTBe CTOAOLOB 5TOH MaTPHIE) Bce HEHYJIEBBIE IBOHYHbIE
BEKTOpHL JyIuHbL m. [Topsinok cronbuoB Ge3pasnuyeH, HO yaie
BCEr0 HX YNOPSAJOYHBAIOT TaK, YTOObI COJNEPKHUMOE KaxKIOro
cronbua fBJANOCh NBOMYHOH 3amHChio €ro HoMepa (CpaBHH ¢
marpuuedi (2) us § 11). Bor kak BHIVIALUT NpOBepoOYHas MaT-
puna Koja XeMMHHra AJuHH 15 (m=4):

000000011111 111
000111100001 111
011001100110011 /)
101010101010101

Anroput™ HcCnpaBieHHsl OJUHOYHBIX OLIMGOK B 3TOM c/lydae
yIMBHTENBHO mpocT. EclM BeKTOpP # COAEPXKHUT OLIMOOYHBHIH
CHMBOJI B i-H TO3HIIHH, TO CHHAPOM S (If) 3TOro BEeKTOpa COBMa-
JiaeT ¢ i-M cTosbLoM NpoBepouHol MaTpHIbl. TakuM obpasowm,
STOT CHHJPOM, YHTaeMblii KaK ABOMYHOE UHCJIO, U eCThL HoMep
OIIHGOYHOTO CHMBOJA,

Kon XemmuHra u B o0lleM clydae JOnycKaeT yCOBEepLIEHCT-
BOBaHHe TOTO Xe poja, 4to U (7,4)-Kop u3 § 9. HobGasnenue
NPOBEPOYHOTO CUMBOJIA Oy, OCYIECTBJAIOMIETO OOLLYIO MPOBep-
Ky Ha YeTHOCTb, NIPUBOJAHUT, KaK U TaM, K paclliPEHHOMY KORY
XeMMHHIra ¢ IONOJHUTENBHOH CHOCOGHOCTBIO OOHapy:KUBAaTh
ABOHHbIE' OIUMOKH., Ero npoBepoyHas MarTpuua JIerKo MOXKeT



GHITh MONYYEHA U3 MATPHIBI KoAa XeMMHHra: K KaXkKJI0H CTPoKe
nocsiefiHell c/e/lyeT BIepeAu MpHNHCaTh HyJeBOH CHMBOJ, a
K [OJIYYHUBIIUMCS CTPOKAM — CTPOKY U3 €IHMHHUL, COOTBETCT-
Bylonlyio ofuieil mpoBepKe Ha YETHOCTb!

o, +a,+. . 4a,=0.

Hanpumep, u3 npuBefieHHO# BbILIE NPOBEPOYHOH MATPHIBE
aas (15,11)-xopa XemMuHra moJyyaercsi ClAejyiomas npo-
BepouHasi MaTpuua jjs pacmupensoro (16,11)-xona:

111111111111 1111
0000000011111 111
0000111100001 111§,
0011001100110011
0101010101001 O1

[Tpu BEIYHCIEHHH CUHAPOMA HCKAXKEHHOTO BEKTOPA BO3MOK-
HBl JIB€ OCHOBHBIE CHTYAI[HH: JIH60 CHHAPOM COBNALAET C ONHHM
M3 CTOJGLOB MPOBEPOYHOH MaTpHLpI, JHGO 3TO He Tak. Yura-
TeNb JIerKO MPOBEPHT, YTO MEpBasi CHTYAlUUS COOTBETCTBYET
HeYeTHOMY 4YHCJIY OMGOK B C/IOBE, a BTOpas — 4YETHOMY.

B nepBom cayyae cuHTaeMm, 4TO MNPOH30LLIAa OAMHOYHAsS
omM6Ka, U ee MOJOXKEHHe oNpefenseTcd HoOMepoM croabua, ¢
KOTODPBHIM COBIIafaeT CHHIPOM.

Bo BTOpOM cayyae cyuTaeM, 4TO ZONYLIEHH ABE HJH Jro6oe
Gosblzee weTHOe YHCA0 owuGoK, eciH s(#)# 0. Eciu xke
s(#)=0, T0, KAk O06GBYHO, moOJaraeMm, 4YTO OMHOOK MNpH
nepexaue He OBLIO.

3ajaun H AONONHEHHS

1. MMocrpouts TaGaHLY CHHAPOMOB M COOTBETCTBYIOUIMX
augepos Aaa (7,3)-kopa c mopoxjaiomed MaTpHueh

0011011
G=<0100111>.
1001101

2, Jloxasarb, 4TO QJITOPHTM CHHJPOMHOrO AEKOAHPOBAHHA I03BOJAET

1
HCIPABUTH JI0GOe KOJHYECTBO OWIHGOK, He MpeRocXopsliee [T , TIe
d —KomoOBO® pacCTOSIHUE.

d—1
¥ k a 3 aHHe. JocTaTOUHO NPOBEPHUTH, YTO BCE BEKTOPHI Beca| —s—

2
A MeHblue NOoNafaloT B pa3/nuvHble CMEXXHDIE KJIacChl 4, C/ICL0BATENbHO, ABIA-
I0TCA JIMACpaMH B CBOHX CMEXKHBIX KJaccax,
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3. Koa ¢ nposepouHoii Matpuues

1010000
1101000
H={ 0100100
0000010
0000001

HCTIONL3YETCHA JJIS EcTpaBleHHs BCeX ONMHOYHBIX ouwubox. Onpenenauts,
KakHe ellle OMMOKH MOryT GHIThb B JaHHOM CJydae MCNpaBjeHH HJIH OGHa-
PYXeHH NpPH NeKOXHPOBAHHUH IO CHHADOMY.

4. TlpoBeputb, 4TO A OGLIYHOTO (HepacLIMPeHHOro) Koja XeMMHHra
NHZiephl HEHYJIEBBIX CMEXHBIX KJIacCOB HCUEPTBIBAIOTCA BCeMU BeKTOpaMu
Beca 1. BepHo aiu 310 1719 pacmupeHHOro Koja XeMMHHTa?

13. 0 KOJAX, HCIMPABJISAIOIHUX
HECUMMETPHYHBIE OWWBKH

Ha npakruke Hepenko BCTpedalOTCs KaHAJIHI,
OTJIMYAIOIHecss aCHMMETPHYHEIM XapaKTepoM OLIHOOK, CKakKeM,
TaKHe, B KOTOPHIX mpeo6siafaloT 3aMemeHus Buaa 0 — 1 (t. e.
BMECTO HYJS NPHHUMAETCH eNMHHIA), a 3ameileHHs 1 — 0
KpallHe peJKH.

KoneuHo, 1 B 3TOM c/TyYae MOXKHO UCIIOJb30BaTh KOAHI, Npel-
Ha3HauYeHHble IJI1 MCNpaBJeHHs 3aMellleHHH 00OMX BHJIOB, B
YacTHOCTH, pacCMOTpeHHbIA HaMu KoA XemMmuHra. Ho 3to Gbl10
Obl CJIHMIIKOM PAaCTOYMTENBHO, TaK KaK KOPPEKTHpYIomas cro-
coGHOCTh KOJia HAaMoMIOBHHY pacxojoBanach Obl Torja BXOJO-
cryo. IIpuayMaHsl mo3ToMy KOABI, NMPHCIOCOO/MEHHBIE CIELH-
aTbHO K HCIpABJIEHHI0 HECHMMETPHUYHBIX OLIHMOOK.

Hcxoanoe coobGpaxkeHHe 3Jiech OYEHb MPOCTOE: ec/IH B Ka-
HaJle HeBO3MOXKHHI omMOKH Buia 1 — 0, TO B NPHHATOM JBOHY-
HOM CJIOBE HET HYXK/bl MPOBEPATb NMO3HUHH C HYJEBHIMH CHM-
BOJIAaMH — OHH HaBepHsKa nepeiaHsl Ges uckaxenuii. Bynem
MO3TOMY NpPOU3BOAMTb MPOBEPKY TaKuM 0o6Gpas3oM, YTOOH ee
pe3yJsIbTaT 3aBHCEJ TOJBKO OT NMO3HLHH ¢ eJMHHYHLIMH CHMBO-
JIaMH, TO4YHee, OT HOMepoB 3THX mo3uuui. C 3ToH LeNbio s
NPOH3BOJILHOTO ABOMYHOIO C/10BA U=X;X3...X, COCTABHM CYMMY

S(u)=i§,: xi . (1)

B cymwme (1) HeHyJ/IeBBIe cllaraeMble COOTBETCTBYIOT TONBKO €1H-
HHYHBIM CHMBOJIaM M KaXJoe M3 HHX COBMajaeT c HOMEpOM
STOr0 CHMBOJIA, T. €. YHCJIO S(#) paBHO CyMMe HOMEPOB eIH-
HHUYHEIX TO3HIHUH cJoBa U.

Kak o6bluHO, nmocTapaeMcsi HaHTH NPOCTOE YCJIOBHE, Bhijle-
Jsloliee KOJOBLIE C/I0Ba cPel Npouux. Byjem uckarb 3To yc-
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JICBHME B BHJE CpaBHeHHf o HekoTopoMy MoayJuo !. Ilpencra-
BuM cebe, uTo uucjao ! yxke BHIOpAaHO, M PAacCMOTPHUM KOZ,
COCTOAIIMI U3 BCEX TAKHX CJIOB U=Xj X3 ... Xp, A KOTOPHIX

S()=0 (mod I), 2)

T. e. U3 CJIOB, Jj1 KOTOPHIX CyMMa HOMEPOB €MHHYHLIX MO3H-
nu# nenutcs Ha l Ges ocratka. O6o3HAYUM yKa3aHHLIH KoJ ye-
pe3 Vi, ;. Tak, npu n=4, [=5 nonyuum cjaeaymiomee MHOXKe-
CTBO KOJOBHIX CJIOB:

Vas= {0000, 1001, 0110, 1111}.

Herpyzano yGenuThCs, X01A 6bl nepeGopoM BCEX BO3MOXKHBIX
C/y4yaeB, YTO LAHHBIA KOA MCOPABASET JIOOLlE OAUHOYHHIE
omn6kn Buna 0 — 1. Hanpumep, omu6Ka B TPeTheM CHMBOJIE
cnoBa 1001 nepeBoaut ero B ciaoBo 1011. IIpu sTom HHKakoe
Jpyroe KOJOBOE CJIOBO He MOIJIO Npeo6pa3oBaTbcsi B pe3yJib-
TaTe onuHoyHOH owu6ku B caoBo 1011, Ilosromy momyuarens
JekojupyeT cjoBo 1011 oaHosHauHO, cuuTas, 4TO GLLIO MHO-
cnano ciaoso 1001. AHanoruuHo oGCTOMT AeN0 C APYFHMH
JIBOMYHBIMH HaGopaMM, COZEpaulMMH OAWHOYHBIE 3aMelleHHs
Hysns Ha enuHuny. OTMeTHM, YTO B HEKOTOPHIX Caydaax (HO
He Bcerzal) BO3MOXKHO HCHpPaBJEHHE TaKxXKe H JBOHHBIX 3ame-
meHu# Hyaa Ha equHuny. OAMH U3 TakKHX clydaeB — oLinGKa
B ABYX InepBHIX cuMBoJax caoBa 0000. ITonyuaromeecs npu aTom
cnoBo 1100 He sBAsfETCS KOAOBHIM U HE MOIJIO NOJyYHThCSA HH
M3 KaKOrO KOJOBOTO C/IOBA B Pe3yJbTaTe OAMHOYHOM OMIHGKH.
K Tomy e MMeeTcsi efUHCTBEHHHIH BapHaHT JBOHHOIO 3ame-
IeHHA, NePeBOASALIETO KOJ0BOe ¢J10BO B ¢joBo 1100,— uMeHHO
TOT, KOTOpHIA OB yKasaH BEILIe.

ITonoGHrie cBoficTBA COXPAHAIOTCA H AJsi NPOM3BOJBHOTO
Koja V, ,, eciu [ >n--1. B uacTHoOCTH, TaKoH KO HCNIPABAAeT
Jo6bie ofHOYHBIE OHOKH BHaa 0 — 1; mpu 5TOM aJropuT™M HX
HCTIpaB/eHHs upe3BbYaiiHO mpocT. JlefcTBHTENbHO, NMYCTh B
KOJIOBOM CJIOBE U=Xj X;. . .X, IPOH30ILIO He OoJiee ORHOH
OmHOKH M moayuuyaock cioBo . Ecau ommbka npousoma B
M cuMBOJIe, TO MOHATHO, 4T0 S (#)=S (v)+j. IlockoabKy
S (v)=0 (mod 1), To BhIueT wncaa S (u) mo monynio ! paBeH j,
T. €. HOMepYy NMo3uUUY, B KOTOpo#l mpousounia omubka. Eciu
e OIMOKH He NPOM30LIIO, TO BhIYET S (1) Mo MoAyJio [ paBeH
HYJIIO.

IIpounmocTpupyeM HCIOpaB/eHHE OIMHOYHOH OIHOGKHM Ha
npUMepe paccMOTPEeHHOro Bhille kojaa V, . IlycTe mpuHsTO
ciaoso u=0111. Torma S (4)=243+4= 9=4 (mod 5). Crne-
JioBaTe/lbHO, OWIMGKA MPOHM30ILIA B YETBEPTOH MOSHLMH, T. €.
nepeaasajoch Komosoe cjoBo 0110.
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HauGonee ynorpeGumsl koan V,,, 0pH MHHIMAaJbHO BO3-
MOKHOM [ : [=n-1. IMeHHO OHH BriepBLIe ObIH HPEJIOXKEHb]
COBETCKHMMH CIeHaJHCTaMH Mo KoaupoBanuio P. P. Bapia-
moBbiM H . M. TeneHrosbuem.

Komet V,,, obnajaior cnocoGHOCTBIO HCHPABJIATHL Elle
ONHH THN HCKaO)KEHHUH KOMOBLIX CJIOB, XapaKTepHHIH AjaA He-
CUMMETPHYHBIX KaHa/loB. IDTO TaK HasblBaeMble BEIMAAEHHS
H BCTABKH CHMBOJIOB.

IIpennosioxkuM, 4YTO B HEKOTOPOM CJIOBE U=X1X3. . .Xp
NPOU3OLILIO BhIMAJEHHE OJHOrO CHMBOJA, B pe3yJbTare 4ero
HONYYHJIOCh CJIOBO U=Y;Y3. . Yn—_i AMUHBI n—I1. I[ycTs ny —
YHCJO €JUHHL, a N, — YHCJIO HyJeH, pacrnoJoKeHHBIX NpaBee
BbIIaBLIETO0 cHMBOJIa. OKa3blBaeTcsl, YHCHA My U Ny MOTYT GHITH
OIIPE/IE/IEHBl C MOMOLIBIO CYMMBI

n-1
S(u)= i—zl iy;.

B camom gnene, ecu Beinaa cumsoa 0, To S (v)—S (u)=n;,
a ecau Bemad cumsoda 1, 1o S (v)—S (u)=n—n,. Ecin w(u) —
BeC CJIOBA U, TO, OYEBH]IHO,

n, <w (1)<<n—n,<n. 3

Tak kak S(v)=0 (mod /), To BbueT uyucia — S (u) no
MmoayJ/o [ paBeH Ju6o n; (B cayuyae BBIIAJEHUS HYJA), au60
n—n, (B ciyvae BemajeHus eauHuusl). Hepasencrsa (3) noka-
3BIBAIOT, YTO €CJIH 3TOT BBHIYET HE MPEBOCXOAHT W (#), TO BBIIAT
cumBos 0, eciu Ke 3TO He TaK, TO cuMBoJ 1. B mepsoM cayuae
BeIMaBmuil cumBos 0 Hafo BCTAaBHTH B CJI0OBO U TaK, YToOb! Npa-
Bee Hero ObLIO UHCJO €IHHHI, paBHOE BHMETY uHcaa — S (u)
no MoxyJo [. Eciu e 3ToT BhIueT 6odblie, 4eM @ (4), TO BCTaB-
JiieM B CJIOBO 4 €[ MHHLY TakK, YTOGHl mpaBee Hee OLLIO YHCIIO
HyJefl, paBHOe pasHOCTH n u Bhiyera uncaa — S(u). Ecan,
Hampumep, NpH HCHOJB30BaHUH Koja V, 5 IPHHATO CJIOBO U=
=101, 1o S (4)=4, a w(u)=2, BeyeT yucaa — S (u) No Moay-
Jio 5 paseH 1, u, crenoBaTesnbHO, Bbman cuMBosl 0. BeraBuThb
€ro Hajo Taxk, 4Tolhl mpasee Hero OblIa OfHA efHHHuA. [Tomy-
yaercsi Kojosoe cjoso 1001.

AHaJOrM4HO HCCaeayeTcs: caydaii OXMHOYHOM BCTaBKH CHM-
Bosa. Ywuratemo npensaraerci 060CHOBATH CAeYIOWHUH aJro-
PHTM BOCCTAHOBJIEHHSI KOZOBOTO CJIOBA, OTBEYAIOLIHH 3TOMY
CIy4aro.

[lycrb OPHHATO CIOBOU=Y1Y3. . Yp+i AMHHE n+1 H kb —
Beiuer uucia S (u) no moaymo [. Toraa
1) ecnmu k=0, To oTOpachiBaeTcss MOCJEAHHHA CHMBOJ CJIO-
Ba u; -
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2) ecnmun 0 <<k <<w(u), To oTGpackBaeTcs J000H HYJEBOH
CHMBOJI, TIpaBee KOTOPOTO B CJIOBE 4 POBHO k eNHHHIL;

.3) ecau k = w (1), orbpackiBaeTcs NEPBLIA CHMBOJI C/I0BA U;

4) ecau k> w (u), orOpaceiBaeTca 060N €IHHUYHBLIA CHM-
BOJI, IpaBee KoToporo umeercs n-+1—~k nyiei.

3anaun # AONOJHEHHS

1. Cpasuuth komel Vgo u Vi1, @ Tarke Kopnl Vo,
Ve,g5 + + +» Vg,i3 10 UX CIOCOGHOCTH HMCNIPABJSITE IBOHHEIE 3aMElUEHHA BHJA
—>1.

2. Iaa xopa Vy,, p41 cpopMyaupoBaTe NPH3HAK HCIPAaBHMOCTH 3aMe-
LieHHs ABYX HaH GoJbluero umcia cumpoJoB. Kakum 6yjleT sTOT mpusHak
ans kopa Vi ap?

3. Hajiti anroput™ HCIpaBJieHHs (MCIPaBHMOrO) ABOHHOTO 3amelle-
HUA s KOROB Vi nii B Vi op-

4. Koget V,, p MOXHO HCHOJB30BaTh IR HCOPABJEHHS OJHHOYHBIX
samewennit Buga 1-—-0. Kakoeo B 3TOM cilyyae NpaBHJIO AeKOAWPOBaHHSA?

5. Moctpous Kop Vg, g, yGenuTbcsi, 4TO Ha MecTax ¢ HoMmepamu 3, B,
6, 7 BCcTpeualoTcA BCEBO3MOXKHEIE HaGOpHI H3 HyJefl M LMHHI, M, SHAYHT,
CHMBOJILI C 3THMH HOMEPaM{ HIpaioT poJb HHPOpMAIlHOHHBIX.

6. YTBepxieHHe 8ajaud 6 MOXHO oGoOWIMTL Ha ciyuail Joforo Kopa
Vi, n+1, A8 KOTOPOro n=2m—1,

PaccmotpuM m nosuuuit ¢ Homepamu 1, 2, .. .5 2% —1, BriGepem npo-
H3BOJIbHYIO KOMOHHALHIO H3 HYyJIell H eXHHHI B OCTABIIHXCA N—1m MO3KHILHAX.
Torpa cywectByeT enWHCTBEHHOE samnojiHeHHe mosuumil 1, 2, ..., 27, nas
KOTOPOTo NOJIyYHBILEECH CI0BO YHOBJAETBOPSIET YCIOBHIO (2), T. e. ABJseTCH
KozoBbIM. OTCIONa BEITEKAeT, YTO YHMCJIO CJOB Koja Vi, n4i paBHo 27—,
T. €. COBNAJaeT C YHCJIOM CJIOB B KOje XeMMHHra AJIHHBL n=2m_—1,

7..Ilyete k> n+1 ects mpoctoe ukicno. Yepes V, p 0Go3HauHM KO,
COCTOSWIMA H3 BCEX CJOB U=Xj X3 ... X AJS KOTOPHIX BBUIONHSIOTCH
JBa COOTHOLIEHHA:

n n
D ix;=0(modk), D) i%x =0 (mod k).
i=1 i=1

Moctpouts Ko Vg 9. Y6enuTbest, 4TO OH HCHPaBfAeT JIOGHE ORHHOYHEIE
1 ABOliHble 3ameuienus Bupa 0—1,

8. INokasatb, uTO BCAKHE KOJ l7,,, t (cM. 3ajauy 7) ucnpapaser Jio-
6bie OAMHOUHBIE M JBOfiHbe 3aMemenust Buaa 0—>1, CoxpanuTcs 1M 3TO
CBOHCTBO JJ1 cOCTaBHOro k?

14. UHKJIHYECKHE KOJbl

Cpenn suHeHHBIX KOJAOB 0cO60 BaXKHYIO POJIb
MrpaloT TaK HasbiBaeMble yukauueckue kodot. Ilo psany npuuuu
OHH SIBAIOTCA HauGoJjiee LEHHBIM JNOCTOSHHEM TEOPUH KOJIH-
poBaHusi. Bo-nepBrIX, OHH JONYCKaIOT ele GoJiee KOMIAaKTHOR
OnHcaHHe, YeM NPOM3BOJIbHbIE JIHHEAHBIE KoAul. Bo-BTOPHX,
HMEIoIUeC IJi1 JIHHEeHHBIX KOXOB a/JirOPUTMEI KOZHPOBaHHA H
JEKOAUPOBAHUA MOTYT OLITb B NPHMEHEHHH K UHKJHYECKHM
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XOJaM 3HETHTERIBHO YNPOLLeHbl; Gonee TOro, AMA MUKJIHYECKHX
KOJZOB CYLIECTBYIOT CBOM OcoOble METOAB! AE€KOAUPOBaHHS, He-
NPHUJOKHMBIE K APYTUM JIMHeHHBIM KofaM. Hakonen, no cBoeil
CTPYKTYpe 3TH KOIbl HAeaNbHO NPHCIOCO6/EHb K peain3anuu
B COBpPeMEHHHIX TEeXHHUYeCKHX YCTpOHCTBax.

[pocTeie B peanusauuH, OHH, OAHAKO, He CTOJb NMPOCTH B
TeopuH. [nsa monaHoro pasbsicHeHHS GONBIIMHCTBA BOMpPOCOB,
CBA3AHHBIX C IIOCTPOEGHHEM H METOAAMH JeKONHMPOBAHHSA IHUK-
JIMYECKHX KOJOB, TpeGyeTcs HOBOJBLHO CJIOXKHBIA anreGpanye-
ckuil annapar. [Tostomy Hauie mpencTosiuiee 3HaKOMCTBO C LUK~
JIMYECKUMH KojaMH OyIeT Jajieko He IOJHBIM.

HauHeM c MOHATHA UHKJHYeCcKOro ciasira Bekrtopa. Ilycts
3a/1aH IPOU3BOJIbHBIH 71-MEPHBIN BEKTOD &= (a0, A1, A3, « - ., Qp 1)
C KoopiaMHaTaMH H3 Joboro mois F (HymepaunHio KoopaH-
HAT B clydYae UMKJIHYECKHX KOZOB yNOGHO HAYHHATBH C HYJSA),
Lukauseckum cdeueom 3TOro BeKTOpa HA30BeM BEKTOp @' ==
=(@n_i, Qo Q1, A3, ..., Q,_2). Hanpumep, m1st BekTOpa
(01101) nocnexoBaTebHEIME HUK/AUYECKUMHU CIBHIaMHU SIBJSIIOT-
cl TaKHe BeKTopa:

(10110), (01011), (10101), (11010).

Lukauveckum koOom HasbIBaeTCs JHHEHHBIA Koj, KOTOPHIi
BMecCTe ¢ JTI0ObIM CBOHM BEKTOPOM COJEP2KHUT TaKXKe H ero IUK-
JIHUeCKHi caBur. MIHEIMY c/loBaMH, HHUKJAHYECKHH Kojx o6/safaeT
CJIeIYIOMMM CBOHCTBOM: IMKJ/JIHYECKHH CABHT JI06G0r0 KOZOBOTO
BEKTOpa CHOBAa ABJISETCH KOMOBBIM BEKTODOM.

LluxnudeckuM sBJsieTcs, HampuMep, Koj ¢ MOpoXAaawouwei

Marpunest
6= (3249,

MeHee TpuBHaNbHBIM NPUMEPOM HMKJIHYECKOIO KojJa (IpoBepKa
NpPeNOCTaB/NAETCH UYHTATeNI0) fB/NSETCA KO, SKBHBAJEHTHBIN
(7,4)-Kony XemMmHuHra, ¢ npoBepOYHOH MaTpHIEH

1110100
H=<011101O), 1))
0011101

[Ipy paccMOTpPEHHH NHKJIHYECKHX KONOB Kpome OGBIUHBIX
JeACTBHH Haj BEKTOPAMH MBI HMeeM €10 (PAKTHUECKH ellle C O
HOH omepanuei, conoctapsione KaxAoMy BEKTOPY €ro IHK-
JIUYeCKHH CHBHr. Y[HOGHBIM ajre6panuecKUM CpPEeICTBOM s
_ee OMHCAHUA ABJAIOTCA MHOrouseHbl, C KaXJAbIM BEKTOPOM (==
=(Qo, Qiy . . « 3 Ap—1) CBSIXKEM MHOTOUJIEH a (X)=a,F+a;x+. . .-+
@y _1x""% KO3(HLHEHTH KOTOPOTO COBMAfAIOT G COOTBET-
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CTBYIOIIMMH KOOpJAMHAaTaMH BekTopa. B janbhelimem 6yaem
OTOXJIECTBJIATh BEKTOD @ C COOTBETCTBYIOINMM €My MHOrouJje-
HOM @ (x), cBOGOAHO nepexofiss OT BEKTOPHOM 3anuCH K 3alHcH
B BHje MHorouneHa. Lluknuueckomy cuBury @'=(a,-1, @, @,
..+ , Qn_3) BEKTOPa @& COOTBETCTBYET TOrJia MHOrouJeH a’(x)=
=a,_ij+ax+ax*+. . .4a,_»x""1. CpaBHUM MHOTOUJIEHHI & (X)
u a'(x). Eciu cymmy nepBhiX n—1 claraeMsix a(x) yMHOXKHTB
Ha X, MBl NOJIYYHM CYMMY NOCJHEAHHX n—I cnaraeMblx MHOIO-
uneHa a’(x). BooGumie, HeTpyAHO 3aMeTHTBb, YTO

a'(x)=xa(x)—a,_, (x"—1). @

bynem Tenepb cuHTaTh, YTO X — OOGPa3’ylOWMH 37€MEHT
LMKJIHYECKOH rpynnkl Aopsfka n. Torja n-1 cTeneHb x paBHa

eMHHIIE:
x"=1, (3)

a Bce MeHbILIMe cTeneHy, 1, x, x2, ..., x"1, ABJAAIOTCA Pas3/ny-
HBEIMH 371eMeHTaMu. ITpu 5ToM npaBuio YMHOXKEHHS cTeneHel x
chenylolee:

xkxm = x7, 4)

rge r=*k-+m (mod n) n 0<<r<n.
C yuerom (3) paBeHcTBO (2) naer:

a'(x) = xa (x),

T. €. IHKJIHYECKHH CABHT JOGOrO BEKTOpa MOJYYaeTcsi YMHO-
JKEHHEM STOrO BEKTOpa Ha X.

M3 paBencTs (3) u (4) BHITEKaeT CEAYIOIEE IPABHIO YMHO-
JKeHHs MoOBIX IBYX MHOT'OYJIEHOB OT X cTenend < n— 1. Ecin

a(x)=a,+ax+...}ta, x*t
u

b(X)=b0+blx+ e -l-bn_lxn“l

— JiBa TaKMX MHOrOYJI€Ha, TO YTOObl HafiTH HX NPOH3BELEHHE,
CHayana OOLIYHEIM 06pPa3oM packphiBaeM CKOGKH, YMHOXKas
cTeneHu x* ¥ x™ no npasuay (4), a Ko3pPUUHEHTH @y U by, —

N0 NpaBUNy YMHOXEHHs B moJsie F, mocjie 4ero NpHUBOAHM IO~
JIOOHBEIE YJIEHHI,

[Tpumep 1. Ilyetb n=5 n a(x)=14x+x2+x* n
b (x)=1+x3-+x* — nonunsle mHorousnens, Toraa
a(x)b (x)=(14x+x2+x*)(14-x34x4)=
= 1+x+x2x0 0 xxt - x2x xdxd - x4t a2t - xixt =
=1+xtattxttattat 1 atat 1 atad=1+4xt
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Ipuwmep 2. [lyerv n=4, a(x)=142x+x? u b(x)=
=92-+x-+x* — MHorowienol Haj nojsem Z;. Hmeem:

a(x)b ()=(142x+x)2+x+x%)=
=242 2x+2x2 -+ 1+ 2x2 - x5+ X2+ 2x0x3 -+ 1213 =
=2+ x+2x x4+ 222+ 2x°+ 2+ x=1+x2+243,

Hrak, pna MHOrou/eHOB KPOME ONepaluH CJIOXKEHHs onpe-
Jle/leHa TaKKe H onepauusi YMHOXKeHHS! (HalOMHHM, YTO CJIO-
JKEeHHe MHOTOYJIEHOB He HYXJAaloCh B CIeENMATbHOM OINpesese-
HHH, NOCKOJIbKY MHOTOY/IEHB TOHUMAIOTCA HAMH KaK BEKTOPbI).
Ilpu sToM, OUeBHJHO, OllepalUsi YMHOXKEHHS MHOTOUJIEHOB KOM-
MyTaTHBHA, acCOLUATHBHA WM JUCTPHOYTHBHA OTHOCHTEJIBHO
onepauus cnoxenus. [Tlosromy MHOXKecTBO F, BCeX MHOrodJje-
HOB CTelleHH <1 06pa3yeT OTHOCHTEJIbHO YKa3aHHLIX onepauui
Kosblo. Ho Torjga uUK/JAHYECKHH KOX MOMKET GLITb OMHCAH B
4HCTO anre6panyecKHX TePMUHAX CIEAYIOUUM 00Pa3oM:

JIuueinbiil Koj V ABjAsgerca HUKIHUECKHM TOTAA M TOJBKO
TOrZa, Korga V aBiserca ujeajoM B Kojble F,.

B camom pene, eciiu V — upealn, To AJ1s1 BCAKOTO KOJOBOrO
BeKTOpa (MHOrou/1eHa) a(x) € V umeem xa(x) € V, T.e. uukInuec-
KUl CIBHI' CHOBa fIBJISETCS KOJOBBIM BEKTOPOM.

O6parHo, ecnu V — HUKJAHYECKUH KO, TO /ISl BCIKOTO KOJO-
BOTO BeKTOopa a(X) ero moc/ejoBaTe/IbHbE IHK/IHIECKHE CJIBH-
TH xa(x), x*a(x), ..., x*~*a(x) TakxKe ABIAIOTCA KOJOBHIMU BEK-
TOpamH.

Ocraercd MOKa3arb, 4YTo AJISl BCAKOro MHOTrOYJeHa

b(x)=by+bx+4byx®+ ...+ b,_x""?

npoussefieHHe b(x)a(x) ABASETCS KOJOBHIM BEKTOpPOM. Mul
HMeeM:

b(x)a(x)=
=b,a (¥) +bxa (x) Fbyx?a(x)+ ... +b,_x" a(x). (5)

CorsiacHO cKa3aHHOMY Bhlllie, Kaxkjoe cjaraeMoe B (5) npuHan-
JIEXKHT KOJOBOMY NPOCTPAHCTBY, HO TOTJa U BCSL cyMmMa obJa-
JnaeT 5TUM cBoicrBoM. Mrtak, V— muean.

He BronHe sicHo noka, KakoBa NoJib3a MOJYYEHHOr0 HaMU
OIHCaHHUS [UKJAHYecKoro Kojpa. Cienyioliee yTBepxKAeHHE TIPO-
JIHBaeT CBeT Ha STOT BONPOC.

Bo scaxom udeare V xoavya F, cywecmeyem gurcuposan-
Hbill MHO204AEH 8(X), KOMOpomY KpameH BCAKUL MHO204%AeH udea-
aaV.

HubiMu c10BamH, Jio6oit MHOrowIeH a(x) € V MoxHO mpel-
CTaBUTb B BHJE NpPOU3BeJeHHA (PHKCHPOBAHHOTO MHOroYJeHa
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g(x) €V u HekoTOpOro moAaxoAsllero MHOTOWNeHAa s(x) € F:
a(x)=g(x)s(x). (6

Jna n0Ka3aTenbcTBa pacCMOTPHM HEHYJIEBOH MHOIOWJIEH
g(x) HaumeHblleH cTeneHH, npuHagnexamui uueany. Ecnau
a(x) npoH3BOJbHLIA MHOrowieH M3 V, To pasjeJuM €ro Ha
g(x) ¢ ocraTkoM:

a(x) =g(x)s(x)+ r(x). (7

3TO MOXKHO cliesiaTb No OOGbYHEIM MpaBHJaM JeJeHHs MHOTrO-
yJeHa Ha MHOrO4JIeH; cTelleHb ocTaTKa r(x) 6yleT MeHbIIe CTe-
neun jenutens g(x). IlepBoe cnaraemoe B mpaBoit uactu (7)
npuHagiaexur V (B cuny onpefenenus uieana). [Tockonbky u
MHOrouJIeH a(x) npuHannexur V, To ocTaToK r(x), paBHLIH pas-
HOCTH

a(x)—g(x)s(x)

IBYX 37eMeHTOB U3 V, Takxe JoJKeH MpUHALNeXKaATb HAeany.
Ecnu npeanonoxurb, 4TO r(x) — HeHYJeBOH MHOrOYJeH, TO
NPUXOAUM K NPOTHBOPEUHIO: MHOroWIeH r(x), mpUHaAJIexa-
wuil upeany, uMeer cTeneHb, MeHbIIyio cTeneHH g(x). Cnexo-
BaTeNbHO, r(x)=0 u BboJHseTcs paBeHcTBO (6).

Muorounen g(x) Ha3biBaeTca nopoKOQOUUM MHOZOMAEHOM
uieana V (W1 COOTBETCTBYIOLIETO UHMKJIHYECKOTO KOAa).

Takum 06pa3oM, ec/H H3BECTeH MOPOXKIAIOUWIUI MHOro-
9jleH KOoJa, TO TeM CAaMbIM M3BECTHH U Bce KOAOBHIE MHOrouse-
Hbl — HX CIIHCOK HCYepNLIBaeTCA BCEBO3MOXKHBIMH NpOH3Beje-
HHAAMH g(x)s(x), rAe S(X) — MpOU3BOJILHBI MHOFOYJIEH CTene-
HH, MeHblIel n.

BcnomHuM, 4TO A1A 3ajjaHUsl NPOU3BOJBHOIO KOJA HYXKHO
yKa3aTh NOJHBIA CIIHMCOK KOLOBEIX CJIOB, a 1/14 3afaHus JuHek-
HOTO KojJia — CHHCOK 6a3uCHBIX KOAOBHIX BeKTOpOB. [lns nuk-
JIMYECKOTO e KOAa, KaK Mbl BHISICHH/IM, JOCTATOYHO YKasaTh
BCEro JMIIb OAMH KOAOBBIA MHOTOYJIEH, a HMEHHO — MOpOXK-
JalolHA MHOTroOuWIeH g(x).

Ilo nopoxparomeMy MHOTOUIEHY JIeFrKO HaHTH IOPOXKAAIo-
YK MaTPHIY LHKIHYecKoro Kopa. Ilyctb

gX)=go+gx+ ...+ gnx"

— MHOTOYJIEH CTeNeHH m U k=n—m. PaccMoTpuM caenyomue
MHOTOYJIEHE!:

g(x), xg(x), x°g(x), «.., x*¥71g(x). (8)

Bce onu siBASIIOTCS KOLOBBIMH, CTeleHb MX OYEBMAHO He Ipe-
Bocxoaut n—1. HerpyaHo y6enutbes, 4TO paccMaTpuBaeMble
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KaK BEKTOPHI, OHH 00pasyioT JHHEHAHO HE3aBHCHMYIO CHCTEMY,
¥ BCAKHH KOJOBLIH BEKTOp SIB/ASIETCS MX JIMHEHHOH KoMGHHA-
uueit. CrrefoBarenbHo, Matpuua G, COCTaB/IEHHAS! H3 BEKTOPOB
(8), ABaAeTcA NopoXpalomeH MaTpHUed UMK/AHYECKOro Kojaa.
[TopsioK ee paBeH kX7 H OHAa HMEET CAEAYIOmHE BUA:

& &i veo €m O e 0 g
0 vee 0

G={" B & vr 8 O D ) ()
0 ... 0 g & ... &n xk=1g (x)

B KauectBe npuMepa paccMOTPHM JABOMYHBIH LHKIHYECKHIH
KO IJTMHHI 7 C OPOXIAIONM MHOTOUJIEHOM g(x)=1-x2+x8=
=(1011000). Tak kak

xg(x)=x+x3+x*=(0101100),
x*g(x)=x*+x*+x*=(0010110),
x3g(x)=x%-+x3+4x%=(0001011),

TO nopoxjaiwoiieii 6ymer ciaenyiouas Marpuia:

Herpynno y6exutbes, uTo AaHHBIA LMKIHYECKHH KOJ SKBHBa-
JIeHTeH Kofy XeMMHHIra C npoBepPOYHOH MarpHuei

0001111
<0110011>.
1010101

Boo6iie, MOXKHO MOKa3aTh, YTO J1f1 BCAKOro kKoja XeMMmuHra
HMEeTC 3KBHMBAJIEHTHBHIA eMy LUHMKJIHYeCKUH KOJ.

OueHb BaXKHO, YTO CPeld LHMKJIHYECKHX KOJOB HMEIOTCA
TaKHe, KOTOpbIE HCHPABJAAIOT Ji000e 3ajaHHOE KOJHYECTBO
omubok, MimenHo, cnpaBeajnBa ciaepyiouiasi TeopeMa:

Han moboix sravenull m u t( t< 212——1) cyujecmeyem 06o-

uunell yuraudeckull ko0 Oaunor 2™—1, ucnpasasouuti éce Kom-
bunayuu u3 t uru menbuleeo wucaa owuboK u codepacauuil He
6osee, uem mt nposepoOUHbLX CUMBOA08.

JlokasaTe/nbCTBO STOH TeopeMbl Mbl 3JeChb He NDHBOIHMM.
CxaxeM /HlIb, YTO NOCTpPOEHHE YKa3aHHBIX KOJOB OCHOBAHO
Ha HCHONb30BaHWH YNOMHHAeMEIX B MpPHJOXKeHHH nonell [a-
aya GF(q) (cM. Takxe jononHeHHe 8 K stomy naparpady).
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3agaud B HAONMONHEHMA

1. B TeopHM LHK/JIHYECKHX KOJOB MHOrousens YROGHO
TPAaKTOBATb HE TOJBKO KaK SJEeMeHTH KOJIbla F,, HO H KaK 3JIeMEHTH KOMblla
muorowienos F [X] ¢ ofwiuHo#t onepanuefi yMHOXKEHHS MHOTOWIEHOB. Yc-
JIOBHMCS B NIOCJIEIHEM CJIydae BMeCcTO 0603HaYeHUs a (x) noab3oBaTbcs 0060-
sunaveHueM a (X). Heo6xonumocTs pasnuuaTh 8TH 0603HAUeHHS BHAHA XOTA
Obl B3 TAKOT'O NpHMepa: eciu B KoJslle F,, umeer MecTo x”—1=0, To B KO/Ib-
ue FIX] muorounen X"—1, pasymeercs, He SBJSETCH HYJIEBbIM SJ1EMEHTOM.

JIna QUKAAYeCKHX KOJIOB CYIECTBEHHO C/eAYyIOmee CBOACTBO MOpOXKa-
IOIero MHOrowieHa g (x):

Ecau 6 xavecmge g (x) eolbpan MHO204MeH HAUMEHbUET Cmenexnu, npu-
nadnexcauguit udeary V, mo muoeounen g(X)EFIX] asasemea Oeaumenem
mrozousena Xh—1.

Hns pokasatenscrsa pasgeauM X#?—I1 Ha g (X) c ocratkom. [Tonydaem:

Xn—1=h (X) g (X)+r (X), (10)

e creneHb r (X) Menbme crenenn g (X). B xonbue F,, pasenctso (10) npu-
obpeTaer BHI:

h (x)g (0)+r (x)=0,

OTKY[a 3aKJouaeM, UTO 7 (x) LOJMKeH NpHHajglexaTh uieany V, B To Bpems
KaK ero cTeneHb MeHbile, 4eMm crenenb g (x). CregosaresibHo, 7 (x)=0, Ho
torga u r(X)=0, T. e.

Xn—1=h(X) g (X). (1)

Muorounen A (X), ynosaersopsiomuit pasenctBy (l1), masmiBaercs
NPOBEPOUHBIM MHOBOHACHOM.

2. Bocrnosne3yeMcsi onpefiesieHHeM NPOBEPOYHOrO MHOTOWIEHA AN MO-
CTPOGHHS NPOBEPOUHOH MATPHIbI LUKJIHUECKOIO KOJa.

3
[Iyets h(x)= 2 h jx’ — npoBepoYHbIil MHOTOWIeH Kofa. M3 (11) cae-
i=0

LyeT, 4TO eciiH M — CTeNeHb MHOrouJeHa g (x), To A (x) UMeeT cTeneHb n—m,
T. . k=n—m. B cuny (11) uMeem Takxe, 4TO B KoJble F, mpoBepouHHH U
MOPOKJAICUIHA MHOTOWIEHb CBSI3aHbI PaBEHCTBOM

h (x)g (x)=0. (12)

Paccmotpum Matpuny H nopsigka mXn, HMEOMYIO CASAYIOUME BHA:
0 .., 0 hy vee hi hy

He 0 4o 0 hy esa hi By O . (13)

* 2 % ¢ & 3 4 s 3 * S B & ¢ o 2 @

hk LY hi ho 00| -0 0

IMepBas cTpoka 5TOA MaTpHIEI cOCTaBleHa U3 KOI(P(HIUHEHTOB MHOTOUleHA
h (x), samucaHHBIX B 0GpaTHOM ropsiake (T. €. B Mopsake yOHBaHHMA CTeme-
weit). [locnenyiomue CTPOKH COCTaBJIeHBI aHAJIOTHUYHBIM 00pasoM M3 KO3~
GULHEeHTOB MHOrOwIeHOB XA (x), « + .5 X 1A (x).
JokaxeM, 9to MaTpuila H geisercs npoBepouHOi,
n~1
JHefictBUTeNIBHO, NYCTh @ (x) = 2 a;x! —nponsBoNBHEIA  KONOBHI
i=0
MHorounen. PaccMotpum upean V'=(h(x)); NOPOXKEHHBIA NPOBEPOUHBIM
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n=l
MHOTOUJeHOM Ft (x) M BOSHMEM MPOM3BOMbHLIE MHOTOWeR: b (r) = Z b ,x’
=0

u3 storo uaeana. Torga a(x)=s(x)g(x), b (x)=q (x)h (x) u cornacxo (12)
a(x)b (x)=s(x)q (x)g (x)h (x)=0.
C npyroit CTOPOHBI, YMHOXast MHOTOUJIEHH & (x) H b(x) Mo mpasuIaMm yMHo-
xkeHns B F, (cM. pasencrBa (4)), mosmydaem:
a(®) b () =(a0+aix+ ... +a52126""7) (bo+bix+ e+ by_yx5-1) =
= (@obo+a1bp-1-+ .+ Fan-1b1) + (b1 +arbo 4+ o . F-ap_1b2)x+ ...
A +(a0bn—1+albn—s+ G +an-]b0) xn=1,

Tak xak MHorousneH a(x)b(x) HyJeBOH, TO U Bce ero KO3hQHIHUEHTH pPaBHb
HYJIIO, B YaCTHOCTH

Gobp—it+a1by—s-t oo Fap—ibe=0.

310 paBeHCTBO O3HAYAET, YTO BCAKHUI KOLOBHI BEKTOP OPTOrOHAJIEH BEKTOPY
(bp—1, bp—s, . « ., bg), KOTOPHIH MONYUaeTCA H3 NPOM3BONLHOTO MHOTOUIEHa
b(x) V", eciin ero xosdduHeHTH 3amucaTh B 06paTHOM mopsinke. Takum
obpasoM, B CHIy mocTpoeHus MatpHunl (13), Kaxjas ee cTpoxa OpTOro-
HallbHa JI0G0My KOZOBOMY BEKTOPY M, CTaJO GHITh, 3Ta MaTpHLa sBJISETCH
NP OBEPOYHOH.

3. Bepnemcsa cHOBa K NpHMepy LHKJIHYecKoro (7,4)-Kofa ¢ NOpOXAaIo-
IHM MHOTOWIeHOM g (x)=1-x2-4%. Kak Ob1o J0Ka3aHO, MHOrOWIeH
g(X)=14-X24X3 sapnsierca pennteseM muorowlesa X’—I1. Jlerko mpose-

PHTh, 9TO
X'—1=(X—1) (X*+X+1) (X*+X2+1).
CllefoBaTeNIbHO, IJfi NPOBEPOYHOTO MHOTrOWIeHa h (x) HMeeM:
h (x)=(x—1) (®4-2-+1)=14-x24-x34-x*=(1011100).
» IosToMy npoBepouHoOfi GymeT ciepyiouias MaTpHua:
0011101
H=<0111010>.
1110100
4. Hcxopsn u3 paBeHCTB
(X*—1) = (X—1) (X*+X+1) (Xo+X3+1),
(XB—1)=(X—1) (X:4-X+1) (X*+X*+X+X+1) (X*+X+1)X
X(X*+X341),

HafiTH NOPOKAAIOMHE H IPOBEPOUHEIE MATPHIIL BCEX ABOHUHBIX IHKJIHYECKHX
KOHOB JJIHHH 9 ¥ pauub 15.
5. Tyets  f (X)=fo+fi X +. . .4 fxX*— npousBonbumit  Muorounen

crenenn k. Muorowrten f* (X)= Xkf —X-) Ha3BIBAIOT 0680UCMEerHbIM

x f(X).
TMokasath, 4To MpoBePOUHAST MAaTPHIA LHKJINYECKOrO KOJAA MOXKET OHITh
3anHcana B BHAE:
1 ()

H= xh* (x)

X1 * (x)
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rne h* (x) — MHOrOu/MeH, JABOHCTBEHHbIH X MPOBEPOYHOMY MHOTOUIEHY
h (x).
¢ )6. VY6enutecs, YTO KON, AyaJbHBIA K LHKJIMYecKoMmy (cM. § 11, momos-

unenue 11), Takke siBasiercss UMKAHYecKuM. Kak cBsizaHbl Mexxay coGoit
NIOPOXAAIOIHE H NMPOBEPOUYHbIE MHOT'OUJIEHBI ABYX AYasbHHIX KOLOB?

7. Ilycts g* (x) — MHOrOUNEH, JBOMCTBEHHBIA K MHOFOWIEHY g ().
Iokasars, uto

a) KOAbl, MOpOXKJAEHHHle MHOTOWIeHaMH g(x) H g* (x), SKBHBaJEHTHH;

6) ecnu A KOZA C MOPOXKAAIOUHM MHOTOYJIEHOM g (X) BBINOJHSETCA
ycaoBre g(x)=g* (x), TO KOIOBOe NOANPOCTPAHCTBO TAaKOTO KOZAa BMecTe
C KaXJBIM BEKTOPOM ©= (g, @j, « + «, Ap—7) CONEPKHT TaKkKe H BEKTOp

v*=(an-1, Ap-3s + + Go)- -

8. Cpein IMKJIHYECKHX KOJOB OCOOYIO NPAKTHYECKYIO BaXKHOCTb HMeeT
OJIHH CNELHabHBIA KJacC KOJOB, NMpeIJIoXKEeHHbIX aMepHKaHCKHMH MaTteMa-
THkaMu Boy3oM, Hoyaxypu u XOKBHHIeMOM. DTH KOJBI TaK W HA3bIBAlOTCSA
kogaMi BUX — no nHaua/bHeIM GyKBaM (amuiuil 5THX MaTeMaTHKOB. Teo-
pus kKoo BUX BHIXOAMT 32 paMKM HacTOAIIEH KHHT'H, U Ml TOJIBKO 00BsiC-
HUM B HEeCKOJIbKHX CJIOBaX, KakKHM 06pasoM OHH ompepeastorcsi. s sroro
HaM NOTpeGyIOTCA HEKOTOphIE JAONOJHHTe/bHbIE CBEICHHS H3 TEOPHH MoJell.

ByneMm rosoputh, uTo moiMHoxkecTBo F siB/feTca nodnosem nons F,
ecni F ecTb 1Iofie OTHOCHTeNbHO oneparnuit Ha F. CrpaBejina TaKas Teo-
pema:

J1a 106020 Koreurtoeo noas F moscro yxasame Koweurioe nose F, ydos-
2emBopAIOLee CAeOYIOUUM YCAOBUAM

1) F ecmo ncdnose noas F;

9) F codepacum n xopueil ypasuenua X»—1=0;

3) He cywecmeyem noas, obaadaroueeo csolicmeamu 1 u 2 u umerouezo
MeHblle 3neMenmos, Yem F.

Tlyctb Tenepp A/t moss F yKasano noje F co csoficteamu 1) — 3).
[lycTs & — npUMHTHBHLIA S7eMeHT noJsa F; a ukcaa S U ! TakoBbl, YTO 3Jle-
MEHT O HMeeT MOPsAAOK n u s+1<gq, rie g — Yucio SMemenTtoB mosis F.
Ilugauueckuit Kop HaswiBaercst KogoM BUX (c mapamerpamu n, s, I), ecan
OH COCTOHT H3 BCEX MHOTOWIEHOB cTenens <n—I ¢ kosdpduuuenramu u3 F,
cpeny KOpHell KOTODHIX CONEpKAaTCA BCE 3/eMeHTHI

as, as+1, a3+3’ e, a~7+l.

MoxHO AOKa3aTh, YTO KOJOBOE PacCTOSHME TaKOTO KOAa HE MeHblie
1+-2. CnepoBatesibHO, BapbHpY# NapaMeTPH 1, S, [, Mbl HMeeM BO3MOXKHOCTh
nosydatb Kofsl BUX ¢ MOGEIM paccTosinEeM, a 3HAUMT, HCTIPaBJISIOMIKE JIO-
Goe 3alaHHOe YMCJIO OMHOOK. IT0 06CTOATENBCTBO CYACTIHBO AOMOHSACTCS
TeM, YTO JIsl YKa3aHHbIX KOJIOB pa3paboTaHbl YAOOHBIE aJirOPHTMbI AEKOAHPO~
BaHHs, OCHOBaHHbIE Ha BHIYHC/IEHHAX B KOHEUHHIX NOJSAX H JIETKO Peajiuayes
Mble ABTOMATHYECKMMH 3JIEKTPOHHBIMH YCTPOACTBaMH.

9. Jlo cHX mop MHl FOBOPHJIH O KOJLOBOM DacCTOSIHHHM KOJA H MaKCH-
MallbHOM YHcJe ! HCIpaBisieMbIX OIMHOOK KakK 06 OCHOBHBIX NOKasaTelsix
KOppeKTHpYIole# cnocobHocTH Koja. OfiHaKo sicHO, 4TO Goslee BECOMHM
noKasaresieM sIBJSIETCS BeJMUYHHA 1/n, MOKa3bIBAOWast; KAaKOBa HOJIS uMC/Ia
OLIMGOYHBIX CHMBOJIOB OT OGIIEr0 YHCJIa CHMBOJIOB NPUHATOrO CJI0Ba, NMPH
KOTOpOH BO3MOXKHO elle NpaBHIbHOE AEKOXHPOBaHHE (HCNPaBJ/EHHE OLIM-
6ox). C npyroit cTOpOHbI; OTHoweHHe k/n (R — 4YHCAO MHDOPMAIHOHHHR
CIIMBOJIOB) XapaKTepH3yeT H3GEITOYHOCTh KOAa: YeM MeHbIIe 9TO OTHOUIEHHE;
TeM; OYeBHJHO, GOJbllie H3GLITOYHOCTD,
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U sor speck koxm BUX oGHapyxuBalOT HeKOTOPHA u3bAH. Oxaswle
paeTcs, TPH 3ajaHHON KOPPEKTHpYMOIe# CMOCOOHOCTH, T, €. 3ajaHHOH
penunHe #/n, Kogst BUX Go/buION AJHHE MMEIOT CJHIKOM BHICOKYIO H3-
GrTouHOCTE. Bosee Toro: eciu otHomenue #/n GUKCHPOBAHO, a n—>c0, TO
k/n—0.

CrpeM/leHHe HCIPABHTb 3TOT HEJOCTATOK NPHBEJIO K MOSABJEHHIO TAKHX
KOJOBBIX KOHCTPYKUHH, KaK KOABI-TIPOH3BEAEHHS (CM. jonojHeHde 12 k
§ 11) u ux obobmenne — Kackajgubie Koibl. Crposiiuecsi, Kak NpaBHJO,
Ha Gase konoB BUX, oHu B 3HauHTe/NILHOH CTEMEHH COXPAHAIOT HX JOCTO-
HHCTBa, HO OJHOBPEMEHHO H30aBJieHBl OT YNOMAHYTOIO Bhillle AedeKTa.

15. 0 TPAHHLAX BO3MO)XHOTO
B KOJWPOBAHMH W COBEPIMIEHHBIX KOJAX

OnHa u3 OCHOBHBIX HpO6JEM TEOPHH KOAHPOBA-
HuA (M, NOXalyH, caMas HHTpHUrylomas) ¢opMyaHpyeTcs cje-
JytounM o6pasoMm:

KaxkoBo MaKcHMaJbHOEe YHCIO KOJOBLIX CJOB B JBOHYHOM
KOJIe JVIMHBL 1, €CJIH HauMeHbIllee PaccTosHHE MEXAY KOJOBhI-
MH cjoBaMH paBHo d? (Ins yKasaHHoro uymcsa, saBHCA-
LIero OT 3HayeHH#d n U d, OyAeM nNpUMEeHATb oCO3Ha4yeHHe
M(n, d).) :

OrtBeT Ha NMOCTaBJIeHHBIHA BOMPOC NMO3BOJIHJ Obl BO BCEX CJIY-
YasX BHISICHHTb, KaKOH HaWMeHblIeH IJIHHBI ONKEH ObITh KOA,
yTOGHl MOXKHO OBLI0, BO-NIEPBLIX, llepefaTh HYKHOe YHCJIOo co0b-
IeHHH, H BO-BTOPBIX, TapaHTHPOBATh HCIpAaBJEHHe (MJIH 0OHa-
pY:KeHHe) NaHHOro YHcsa OMHOGOK.

OpnHako 3zech MH CTaJKHBaeMcsl C fBJI€HHEM BecbMa pac-
NpocTpaHeHHHIM B MaTeMaTHKe, Korha Ipocras no ¢GopMyJiu-
POBKe 3ajaua OKashbiBaeTcsl JaJeko He CTOJb NMPOCTOH 1js pe-
weHud. M xora ykasanHo# npo6ieme 6bLI0 MOCBALIEHO HEMAO
HHTEpECHHIX H IMyOOKHX HcclelOBaHUH, XOTA AJIS ee pelleHHs
ObLIM MCMBITAHBI CaMble pa3HOOGpa3Hble MaTeMaTHYECKHEe METO-
Ibl (BIVIOTH IO BeCcbMa COBPEMEHHEIX — TaKHX, KaK JIHHelHoe
NporpaMMHpOBaHHE), HCYEPNBIBAIOIIEro PelleHHs I0Ka He Mo-
JgydeHo. Bomee Toro, cefiuac, mo-BUIHMOMY, YKe fICHO, 4TO
e/(Ba JIM yzacrcs HalTH CKOJbKO-HHOYAb 0603pHMYIO qupmyJi%
g udcaa M(n, d). Bonee peanbHBIN, XOTA TOXE HENErKH
nyTh, 10 KOTOPOMY H HAYT HCC/ENOBaHHs, 3aK/I0YaeTCsd B TOM,
yToGhl JOCTaTOYHO TOYHO OLEHHTb 3TO YHCJIO.

Me pacckaxkeM 3J1eCh O caMblX NPOCTHIX OUEHKAX AJIA YHca
M(n, d), Koropble MOTYT GhITb NOJYYeHEl H3 HeeH0XKHOH KOoM-
6HHATOPUKH.

Bynem HaspBaTh IIapoM pajuyca r ¢ LEHTPOM B CJIOBE X
MHOXKECTBO BCEX CJIOB Y, YAAJEHHEX QT X Ha pacctosinue, He
Goabllee 7, T. €. TakHX, 4T0 p(x, y)<r (aHANOMAA ¢ OGHIMHBIM
mapom).
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Bo BCSiKOM Iape paauyca r COAEPIKHUTCH OFHO H TO XKe Ko-
JIMYECTBO ABOMUHBLIX CJOB, 3aBHCAINEE TOJABKO OT r, MOCKO/b-
Ky, KaK HETPYIHO NpPOBEPUTb, OHO COBMAfaeT C KOJHYECTBOM
CJIOB [lI2pa TOro ke pajuyca ¢ LEeHTPOM B HYyJeBoM ciose. [1o-
CIeIHUIL 2Ke 11ap CONepPKHUT BCe Te ABOHYHEIE CJIOBA, Y KOTOPHIX
YUC/IO eNMHHUIL He mpeBbiiaer r. YucaIo pasyiuyHLIX 7-6YKBeH-
HBIX CJIOB C [ €IMHHIAMM PaBHO YHC]HY COYETaHHH U3 n 3je-
meHToB 1o { (C). INostoMy, 0603HAUHB YMC/IO BeeX CJIOB B Iia-
pe pamuyca r yepe3 V., noayumm:

V,=1 +c;:+cz+...+c;=_§00f.

PaccmoTpuM Tenepb KoA AJHHBL 71 C KOJOBBIM PacCTOSIHHEM
d=2t+1, cogmepxamuii MaxkcumasbHoe uucic M (n, d)=
= M (n, 2t+1) KomoBHIX cj0B. MHBIMH clioBaMH, 3TO HaHGOJIb-
wuit no obveMy Koj, Hcnpasasowui Jobble { (0 MeHblee
9HCNI0) OUIHOOK.

«OKpyXHM» KaxIoe KOHOBOe CJOBO IIapoM pajuyca f.
OueBHAHO, YTO 3TH IIaphl NON2PHO He MepeceKkaiores, H, CIejo-
BaTesbHO, oflee YHCJIO CJIOB BO BCeX miapax pasHo V, -M(n, d).
PasymMeercsi, OHO He MOMeT NPeBOCXOAMTb YHC]Aa BCeX M-
OYKBEHHBIX JABOHYHBIX CJIOB, T. €. V,-M(n, d)<2", oTKyna Mbi
1 noJsy4yaeM BepXHIOIO OLEHKY A/ MaKCHMAaJbHOTO YHC/A2 KO-
JIOBLIX CJIOB:

Mn, 204 )< (1)
t

dra rpannla, npenjoxeHHas XeMMHHIOM, Ha3biBaeTcs ero
umeHem. JIpyroe ee HasBaHHe — epanuya chepuieckoli Yynakos-
Ky — CBfI3aHO C TeM, 4TO paBeHCTBO B (1) mocruraerca B ToM
caydae, KOraa HemepeceKaomuecs iapel (Wi cdepbl) paguy-
ca { c UEHTPOM B KOJOBEHIX CJOBAaX LEJIHKOM 3aMOJHSIOT BCe
MHOXeCTBO n-GyKBeHHHIX csoB. Kogpl, obGnajaiomue Takum
CBOHCTBOM, Ha3LIBAIOT COBEPUICHHbIMY WJH TNJIOTHO YNAKOBaH-
HBIMH, H K HHM MHI €lie BepHeMcs 4yTh MO3Ke.

YT00BI MOMYYHTD OLEHKY CHH3Y, PacCMOTPHM il KaXKAOro
KOJIOBOI'O CJIOBa WIap pajuyca 2f ¢ LeHTpoM B 3ToM cloBe. U3
MaKCHMaJbHOCTH KOJa CJelyeT, YT Jioboe n-GyKBeHHOE CJo-
BO NPHHAJVIEXKHUT XOTA Obl ONHOMY TakKoMy wapy. Bynp nnaue,
Mbl cMOTJIH OBl JOG2BHTH K HallleMy KOAY ellle 0 KpafiHeli Mepe
OJIHO CJI0BO, HEe YMeHbllas KOJOBOTO paccrosiHusi. Urak, o6b-
e/lMHeHHe BCeX paccMaTPHUBaeMbIX INApOB COBNAJAET C MHOMKe-
CTBOM BCeX 71-6YKBEHHBIX CJIOB.

Ipoussenenne V,;M(n, d) ecTb uuc/Io c/0B, conepKainuxcs
BO BCeX 9THX Wwapax, Ho mpu sTOM MHOrHe c/loBa MOTYT Npk-
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HajJIeKaTb HE OJHOMY, a HECKOJbKHM miapaM, H 3HAYHT, B
MPOHU3BEACHHH YUYHTHIBAIOTCA HECKOJIBKO pas. HOSTOMy cnpa-
BeAJIUBO HEPaBEHCTBO

Vth(ﬂ, d) > 2'3’

KOTOpO€ JaeT TeNnepb yxKe HHUIKHIOIO OIEHKY AJs1 MaKcuMa/b-
HOro 4YHCJjJa KOJAOBBIX CJIOB:

M(n,2t—|—1)>5—:t. ©@)

Ouenkn, aHanornunsie (1) u (2), cnpaBe/MBH H AJS He-
JBOMYHBIX KOJNOB. B cilyuae mpoWsBOMILHOIO OCHOBaHHSl § OHM
UMEIOT BHA:

%<M(n, 2t+1)<$;;

NpH 9TOM YHCJIO CJIOB B IIape pajuyca r BhUHCAsETCs 1o ¢op-
myae:

V,=1+C(g—D)+Ch(g—1)*+ ... +CL(g—1)".

Ha npuMepax MoxkHO y6eauTbcsi, YTO YKa3aHHbIE IPAHHIL fa-
JIeKO OTCTOAIT OfHA OT APYroH, T. e. SABJAIOTCA BecbMa rpyGbi-
MH. Mmeerca MHOro HX yTOuUHEHHH, a Takxe OLEHOK APYTroro
pola, HO 3TO BOfIPOCH GoJiee creHHadbHHE.

CKaxeM Tenepb HEeCKOJBKO CJOB O COBEpIUIEHHHX KOJaXx,
C KOTOPHIMH CBSi3aHa LieJ1asl 3110Xa B TEOPHH KOAUPOBaHHS. Ml
OTMEYaNnH YyxKe, YTO YHCIAO KOJOBHIX €JIoB M cOBepIIEHHOro
Kozia, ucnpasJsionero ¢ omH6oK, AOCTHraeT HauGosbiuefi BO3-
MOKHOH BEJHYHHBI (BepXHeH rpaHunbl Xemmuura). B cayuzae
IBOHYHOTO KOJa HMeeM, CJeJloBaTesbHO,

4
M =27 ‘20 C:. 3

TpuBHANBHEIM IPHMEPOM COBEPILIEHHOTO KOAA ABMSETCS KOA
C TOBTOPEHHEeM HeueTHOH miauubn n=2{+1. B sToM caydae
BepxHas rpanuna (1) paBHa
t

0+ 2 C§t+1 = 0+1/9% — O
i=0

9TO COBMAfaeT C YHCIOM KOAOBHIX CJIOB KOJa C NMOBTOPEHHEM.
Bosee mHTEepecHbIfl Ki1acC COBEPIUEHHBIX KOJOB SBJSIOT CO-
Gofi xopolIO M3BecTHHIE HaM Kofpl XeMMuHra JIHHH 27—] ¢
HCTpaBleHHeM ONMHOUHBIX omHuGok. I'panunma cdepHyeckoht
YOaKOBKH JJIsfl 5TUX mnapaMeTpoB (n=27—1, t=1) pasHa

95/(1 + 1) = 21/2m = Qn=m,
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CTONEKO e KONOBBIX CJI0B HMeeT NBOHYHBIH KOR XeM-
MHHTa,
W3 paBeHcTBa (3) BHITEKAeT, 4TO COBEpLIEHHEIE ABOUYHBIS
KOABI MOTYT CYILECTBOBATb JIHLIb AJISl TAKHX MapaMeTpoB n H
¢

{, nJa KOTOPBIX ZCQ fIBJISIETCA CTeleHbid  JBOHKU  (TakK
i:o

MMEHHO M ObIIO B PacCMOTPEHHBIX Bhillle MpHUMepax).

[NTonsTHE NJIOTHO YNIAaKOBaHHOTO KOJA MOSIBUJIOCH YiKe B Mep-
BbIX paboTax no TeOpHH KOJMPOBAHHs, TOTAA Ke BO3HHK/A NPO-
6JeMa OMHMCAHHA BceX COBepILEHHBIX KoAoB. ITOHCK mJIOTHC
yNaKOBAaHHBIX KOJIOB Kasajicsl BecbMa 3aMaHYMBOH 3anaded, HO
MHLIb OAHAXKIBI OH yBeHUYasdcs ycnexoM. HoBblit coBepiueHHBIH
JBOHYHBIA KO Obl OTKPHT B 1949 r. aMepHKaHCKHM Y4YeHEIM
Toneem. dtuM KoJoM (ero Tak W HashHIBalOT — Koj [ouses)
okasazcs (23, 12)-kon, nenpasnsomuii Tpu omn6k4. Kak Bro-
C/IeCTBHH BBISICHHJIOCH, 3TOT KOJ SABJIAETCS LUHKJIHYECKHM C M0-
poxpaiomuM MHorouseHoM g(X)=X1+4X°4- X7+ X34 X1
(MBI y2xe 3HaeM, 4TO 3TOT MHOTOUJIEH CJIYKHT JeJIHTe/IeM MHOTO-
yreHa X2—1).,

JanbHeH1lHe MOUCKH COBEPIIEHHEIX KOJOB K yJaaue He mpu-
BesH. OTO He 3HAUHT, OJHAKO, YTO He MOSIBJIAJIOCh HHTEPECHBIX
paboT o coBepuieHHbIX Koxax. Camoli 3HauuTeNbHOH H TJy6o-
Kofi U3 HUX ObL1a onyGnukoBaHHass B 1957 r. crarbsa JLioi-
Jla, B KOTOPOH Ha H3yyeHHe mpo6semsl ObIIH GPOIIeHE MOLHEIE
CpeAcTBa TeOPUH (PYHKIHH KOMIIJIEKCHOTO IMEPEeMEHHOro U AHd-
(epeHIHANbHEIX YDaBHeHHH. B pesyJbrare Bompoc CyLleCTBO-
BaHHfl COBEPIIEHHOr0 KOAa C TeMH HJH HHBLIMH [apamMeTpamu
6bl1 cBelleH K UHCTO anre6pandeckoii 3ajaue, CBA3aHHOH CO
CBOHCTBaMH KOpPHeH HEKOTOPOro MHOrOuJieHa.

Ilox BnAusHHEM 3To# M paAa ApYyrux paGoT CTaNO CKJALbl-
BaTbCsl BIleYaT/IeHHe, YTO MHBIX ABOMUHBIX JIHHEHAHBIX COBep-
IIEHHBIX KOJOB, KPOMe NepeyucHeHHbIX, H He CYLIeCcTBYeT. 1o
MPeAnoJoKeHHe OKa3ajoch CHPaBeJHBEIM, HO JOKa3aHO OHO
ObLIO JIHLIb B Hadajle CeMHAECATHIX roJ0B (GHHCKHMH YU4EHBIMH
A. TuerapsaitneHom H A. ITepKo H He3aBHCHMO OT HHX COBET-
cKuMmH yueHbIMH B. A. 3unoBneBniM H B. K. JleoHTbeBrIM. Pe-
ILEHHIO 1POGJIEMBI MTPEALLIECTBOBANA MHOTOTPY AHAs [IOATOTOBKA,
B KOTOPYIO BHECHH BKJIaJ MHOTHE CIIENHAJIHUCTH, H HEMalyio
poJb 37ech CHITPaNH Pe3yJbTaThl H METOAL YIIOMHHAaBIIEHCS
Beille paboTel Jlnofiaa.

Uro kacaercsi Koxa ['onest, T0 OH siBlsieTcsi BO MHOTHX OT-
HOLIEHHAX BaXKHBHIM M 3aMeYaTeNbHEIM KOJOM H OCTaeTcsl Hc-

TOYHUKOM MHOT'HX HILEﬁ Hu ucc.nenosannﬁ B T€ODHH KOIAHUDOBAHUS
(em. [12).
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3anauk B JONOJHEHHR -

1. YGepuTnes, uTO He cyuiecTByeT Kona paunsl 20, cofep-
skamero 1000 KOJOBBIX CJIOB W HCNPaBJfIOUlero Jio6bie KOMOMHAIMH U3
TPeX M MeHee OIIHGOK.

2. Hcnoab3oBath BepXHIOW OlUEHKY XeMMHHra JJIs JI0Ka3aTeJbCTBa
C/IEflYIOIIETO YTBEepXK AeHUS:
Jlas 6caKoeo  g-uuro2o Aumeiinoeo (n, k)-xoda ¢ kodosbim paccmosHuem
d =211 eeauuuna log,Vy caymum nuscred eparuyert 048 wucaa m npose-
POUHDIX CUMBON0B:
m= logq Vi .

3. Ina OLEHKH «KAauecTBa» JIMHEHHOrO KOJA MOXKHO NMOJb30BAaThCA TaK
HasbiBaeMoii rpannmneit Bapmamoa — I'manGepra. IIpumenuteabHo K ABO-
HYHBIM KOJiaM YKa3aHHasl OLeHKa OCHOBHIBAaeTCA Ha CJe/yIOUleM yTBepxje-
HHH?

Ecau soinoansemcs HepaseHcmso

14 Choy+Ciy 4. €T3 < 2, @)

mo cyujecmeyem AuHedinbil (n, k)-x00 ¢ K0006bIM PACCMOAHUEM, He MEHOUULUM
d, umetoujuii He Gosee m NpPoBePOUHbIX CUMBOA0S.

Jasi nokasaTesiibCTBa AOCTAaTOYHO NOCTPOHTH Marpuny H nopsgka
mXn, B KOTOpO# JoGele d—1 cTONGLOB JTHHEHHO HE3aBHCHMEI; OHa H Gyzer
C/IYXKHTb POBEPOYHON MaTpHUeil uckomoro koxa (cMm. § 11, nononnenue 4).
B xauecrse nepBoro cronéna H MoxHO B3ATh /oGO HEHYJIeBOH BEKTOP AJIH-
HBl m. T1ycThb yKe BEGpaHO i<<n cTOAGHOB, MoGble d—1 H3 KOTODHIX JuHek-
HO HE3aBHCHMbl. BCeBOSMOXHBIX JIMHEHHBIX KOMGHMHALMi 9THX i cTOJIONOB,
COfiepKallHX POBHO j claraeMblX, HMeeTcst He GoJiee Cé, H, CJIef0BaTebHO,
YHCJIO BCeX JIHHeHHBIX KOMOGWHaLHH, copepxaimux d—2 WIH MeHblue cToJ6-
0B, He MPEBOCXOAHT YHCIA

CH+CH ... +CF

Ho B cuny (4) 310 uKCJJO MeHbILE BeHYHHb 27 —1, T, e. O6IEro KoJHYeCTBa
HeHYJIeRbX cTosI610B. [TosToMy MHI MOXeM n0GaBHTH MO KpafiHe#lt Mepe emle
OIMH cToJCel, He PaBHBIl HH OXHON U3 YKa3aHHBIX JHHEHHHX KOMOGHHALH.
B nonyuupiefics npu sToM cHcTeMe H3 i-+1 BekTOpOB M0Ghie d—1 BekTOpOB
no-npexHeMy GYAYT JHHefiHO He3aBHCHMBL. [Ipojioskas 3Ty NpoLeRypy NpH-
COefIHHEHHS CTOJIGLOB, MBl W NMOCTPOMM HMCKOMYIO MaTpuiuy H.

4. YTBepxzeHue, JOKa3aHHOe B JOMOJHEHHH 3, ofoliiaercs Ha cCay-
yail JIHHEHAHOrO Koja Hal NMPOH3BOJIbHLIM MOJEM H3 § 3JIeMEeHTOB; HepaBeH-
CTBO (4) 3aMeHsieTCs NMPH 3TOM Ha cJejyloliee HepaBeHCTBO:

d-2 .
X Chioig—1F < qm.
i=0

5. MoxHO ykasarh elle OAHY NPOCTYIO OLEHKY AJIfi KOJOBOTO paccTos-
uua. [TocKoabKy CyMMapHBIH BeC HEHYJEBHIX KOJOBBIX CJIOB ¢-HYHOTO JIH-
HeitHoroO (1, k)-Kopa ecTb ngk—(g—1) (cM. § 11, nononnenue 3), To cpexnuii
Bec HEHYJEBBIX KOJOBHIX cJIOB paBeH ngk—1(g—1)/(gk—1). fcno, uro on He
MOXeT CbiTh MeHblleé MHHUMAJbHOTO Beca, COBMAJAlOLIEro ¢ KOJOBBIM pac-
crosuuem d. Takum oGpasoM,
ngk-1(g—1)
— 6]

gk—1

Mel nmosyymau rpanuny, HasbiBaeMylo sepxXHefi rpanuueli [oTKuHa.

a<<

81



Ouenka (5) o6o6utaeTcsi Ha cayyail NPOM3BOJMBLHOrO §-MUHOTO KOAA
IJIHHEL 7, cofiepxamero M KOZOBHIX cJOB. B 3ToM ciyuae
— N aM
d< L——— . 6
T—1) ©
6. Us onenkn Xemmunra (1) Takke MOKHO MOJYYHTH TPAHHLY IS
KOJIOBOTO paccTosiHHst. ITycTh KOA JJIMHBL 7, HCTPABJSAIOWHKE { W MeHbliee

YHCJIO OMHGOK, COTEPKHT M KOIOBHX cJoB. B cHay onpexenenns
M(n, 2¢+1) u ouenkn (1) M<M (n, 2¢+1)<g?/V;. Otciopa nonyuaem:

I+ Chtoe+Cha b, ™

HepasencTBo (7) naeT BepXHIOI I'PanuLy AJs /, a 3HAUUT, ¥ AAS KOJLOBOTO
paccrostuust d=2¢-1.

I'pannna XemMuHra toysee rpaunnnsl [L1oTKHHA AJI9 KOAOB, M36HITOU-
HOCTb KOTOPHIX He CJIHIUKOM BeJHKa (OTHOLIEHHe YHCJa NPOBEPOYHBIX CHM-
BOJIOB K OCIIeMy YHCJIYy CHMBOJIOB He mpeBocxoauT 0,6). B ocTajbHEIX cay-
yagx TouHee rpanuna IlmoTkuna.

Hanpuwmep, aas ponunoro (16,5)-xoma ouenka (5) naer d<8, a us
onenky (7) moayyaercs <4, T. e. d<9. .

7. MimeloTcsl W HellMHeHHble COBEpLIEHHBIE KOJIbI, HO HX TaKKe HEeMHOTO.
Bo BcAKOM ciyyae H3BECTHO, UTO JI00OH HETPHBHANbHBLIH COBEPILEHHBIH KOX
Hajl JIOOLIM NoJieM JOJDKeH HMeThb Te Ke caMule NapaMeTpHl (IJIHHY, KOZO-
BOE PAcCTOSHHe M UHCJO KONOBHIX CJIOB), YTO H OJHH M3 KOXOB XeMMHHIa
uan Toses. Bce ke nojHoe onucanue HEJHHEHHBIX COBEPIUEHHHIX KOJIOB,
HCTIPaBJSIOIHX OJHHOYHBIE OIHOKH, MOKa He MOJYYeHO (CM. 1O 3TOMy Ho-
sony [12], sanaua 6.6).

16. KOAUPYET U JEKOAHUPYET 3BM

3aroJIoBOK 3Toro naparpaga He ciielyeT IOHHMAaThb
6ykBanbHO. Bpsan au Gbuio Gbl 1Enecoo06pasHO NpPUBJIEKATh
yHHBepcanbHble DBM 1/ KOmMpOBaHHS M JeKOAUPOBAHUS C
NOMOIIbIO JIMHEHHBIX H IUKJIHYeCcKHX KojoB. OpHako ycTpoii-
CTBa MJIM CXeMbl, IpeJHA3HAYEHHbIE JJIf 3THX
neJjel, COCTOAT M3 TeX Ke SJIEMEHTOB, UTO H
"’D—" J06as 9BM, Tak uTO TaKHe CXEMHI, €CJIH YTo/I-
HO, MOXHO paccMaTpuBaTh KakK CHelyaJ/Iu3u-
poBaHHHle MHHH-DBM. B ciyuae JIBOHMYHBIX
:E_" KOJIOB NPHMEHSIOTCSA 3JIEMEHTH JBYX OCHOB-
HBIX THIIOB!
Huelixa namamu (WM mpueeep), Koropas
MOKeT HaXOAMThCs B ABYX COCTOSIHMAX: ONHO
H3 HHX cooTBeTcTByeT cumBoay 0, npyroe — cumsoay 1.
Sluefika namsTH HMEET OAMH BXOX H OAMH BHIXOX.
Jsouunoil cymmamop, oCyIECTBIAIOUMH CIOXKEHHEe N0 MO-
nyio 2. CyMmaTop HMeeT JBa BXOAA U OJHH BBIXOZX.
YcrpoiicTBa, COCTaBJIEHHblE H3 STHX 3JIEMEHTOB, MO3BOJISI-
IOT JIETKO NepPeMHOXKarb H IENUTb JBOMYHBIE MHOTOYJIEHH, a
3TO KaK pa3 Te onepaunuy, KOTOPhIe NPHXOAMTCHA BHINONHATD
NPH HCMONb30OBAHUHH ILUKJIHYECKHX KOJIOB.
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B kauecTBe nepBoro mpuMepa paccMOTPHM CXeMY, OCylIlecT-
BJISIIOILYIO YMHOXKEHHEe IPOH3BOJILHOrO ABOHYHOrO MHOrOUJIeHa
f(X) na mHorounen 14X2-+X3% 3Ora cxema npeicraBjieHa Ha
pHc. 14 ¥ COCTOHT BCero u3 Tpex siyeeK NamaTH H AByX cyMMa-
topoB. [TosicHuM npHHUMD ee paGoOTHL

1z

Puc. 14.

[lepBoHauanbHO BCe fueiiKH MaMATH COAEPIKAT HyJH, a Ha
BXOJ, NOCTYyNaioT Ko3(HuueHTHl MHOrodwseHa f[(X)=a,X"+
+a,-,X*"*4-.. .+a,, HaunHas ¢ KO3GPHLIHEHTOB PH CTAPIIHX

creneHsix. KoabduuueHr a, 6e3 u3MeHeHHH nepefaercsl Ha BH-
XoJ H 3amOMHHaeTcs B nepBoii siuefike namatH (puc. 15, )

B crenyiomeM takre paGotsi (puc. 15, 6) B nepByio suelKy
namMATH nonager Ko3(PQHUHMEHT a,_;, a8 KO3DhHUHEHT a,
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CIBHTAeTCA B Caefylowylo sa4edky namaTtu. [Ipu atom Ha
BXO0JaX MepBOr0 CyMMaTopa OKaxyTCs 3HaueHUd a, H a,_,,
a Ha BBIXOJE — HX CyMMa [0 MOAYJIO 2.

B tpetbem wakre (puc. 15, 6) npousoiigeT najdbHeHIIHH
cIBHI' KO3(hGhHIHEHTOB B f4efKax MaMsTH, a Ha BEIXOZe mep-
BOTO CyMMaropa H BceH cxeMbl MOSIBHTCH CYMMa a,_,-+a,_;.

Ha puc. 15, e nokasano cocTosiHHe CXeMbl Ha i-M TaKTe,
KOrja Ha BXOJ NnojaH Ko3pbuLHeHT a,._; (i<n).

ITocnennue Tpu Takra oTpaxeHnl HAa puc. 15, d—ax.

Hrak, Ha BEIXOZe CXeMbl MOSIBUTGS CJEAYIOULAs IOC/aeI0Ba-
TeNIHOCTb U3 n-+3 KO3(pUIHEHTOB:

Ay Qi +05 G o0,y 0, sta, ot .5 a, +
F Qo jirF A iass - Gt atas ag-as; ag; ag.
dra [OCJIEAOBATE/NIBHOCTD COOTBETCTBYET MHOIQU/CHY
@ X"+ (A1 +0,) X" 2@yt ) XPH 4
F@us+a,o+a) X+ .. @i+
F i) Xt (@0t Fa) X+
+(ap+a;) X2+ a, X +a,.

HEHOCPEJICTBCHHO npoBepsAeTcsa, YTO 3TOT MHOIOWIEeH Kak
pa3 H eCTb HY>KHO€ HaM NpOou3BeJAeHHE

(@,X7 + 8, X7 L @ X 0, X +ag) (X4 X2 1),

AHaNOrHuHO YCTpOEHa CXeMa YMHOMXEHHS Ha NPOH3BOMb-
HBHI MHOrouJeH

X)) =8 X"+ o X .. @ X+ g,

Haj JioGbiM nosieM (puc. 16). B sToii cxeme siuefiKu namsaTH Xpa-
HAT 3JIEMEHTH MoJiAd F, Tak YTO YHCJIO PasJHYHBIX COCTOSTHHH
siyeeK NO/IKHO COBNAAATh C YHCJOM 3JeMeHTOB B F. Hueliku
naMsATH, KaK 3TO BHAHO H3 NPeAbLAYLIErO OMUCAHHs, He TOJbKO

Puc. 16.

«3aTIOMHHAIOT», HO H «CABHTaloT» NOCTYNAlolxe B HUX Ko3(h(hH-
UHEHTHl (MrpaloT pontb cdsueatouyeco peeucmpa). CymMmaTophi.
OCYILECTBJISIOT COMKEHHE O NpaBHJaM CJOXKeHus B nojie F,
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Kpome Toro, B cXeMy BBeleHEl 106aBOUHBIE YCTPOHCTBA, NPOK3-
BOJSIILHE YMHOXeHHE Ha 3/eMeHT g; € F (Ha pHuc. 16 stu ycr-
poHicTBA MOKA3aHBl KPYKKaMH, NOMeUeHHBIMH COOTBETCTBYIO-
IUMH MHOXHTeJAMH), B nBouuHOM ciydae ocoObIX yCTPOHCTB
IJjiA 3Toro He TpebyeTcsA: ecid g;=1, TO B COOTBETCTBYIOLIEM
MecTe CXeMbl HMeeTCsl «BePTHKAJIbHOe» COeflHHEeHHe H ABOHYHBIH
CyMMaTop, B NPOTHBHOM CJy4ae OHH OTCYTCTBYIOT.

Crosib 2Ke mpOCTHl CXeMbl HeJIeHHsI MHOTOWIeHa Ha MHOTro-
YJeH ¢ OcTaTkoM. Bor, Hampumep, Kak ycTpoeHa cxeMa Jele-
HHA Ha MHorouneH 1--X2-4-X3 (puc. 17).

Ha Bxox mocrynaior Ko3b¢HIHeHTH AeTHMOr0, HaukHasH CO
CTapUINX cTeneHelf, Ha BHIXOJE MOCJAEN0BATeNbHO MOSBJSIOTCA

Beirod
Yacmros

Puc. 17,

KO3(puuueHTH YacTHoro. ITocsie OKOHUAHHS JelleHHs B siuelf-
Kax mamsiTH c/ieBa HanpaBO OKAa3bIBAIOTCA 3aMMCAHHBIMH KO3(-
(GuIMeHTH OCTaTKa, HauMHas ¢ MIammux creneHedt. [Tpocse-
JHM NIOC/e[0BaTe/bHOCTEL paboTh! cXeMbl IIPH JiefieHuy Ha X34
-+ X2+1 wmHorounena X°-+X¢+X3+X-1. Hdenenve yriaom
naer:

XP4- X4 X240 X2 X+1 [ X4 X24-0X -1

Xs4X440- X34 X2 X240.-X+41

0Xs X0 X2 |4+ X1
0X*+0X°+0X2 40X

XXX |41
X34 X2+0X +1

0X24 X 40

(paMOUKaMu BBIeJeHBl NOC/Ae0BATENbHEIE YacTHUHHIE OCTaT-
KH).

B nepshie TpH TakTa paboThl cXeMbl cTapiure KosddHiuen-
THl JEJIUMOTO CJABHTalOTCS MO sivefikam mamatH. Ilpu a3tom
crapuuit Kosdduuuent (npu X°) okaxercs B KpaiiHedl mnpa-
Boil suelike (pHc. 18, a). Bce 310 Bpemsi Ha «HHXHHX» BXOZaX
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CYMMaTOpOB COXPaHSIIOTCSI HYJIEBHIE S/IEMEHTHI, He BJUAIOMNe
Ha paboty cxembl. B cienyioiem takte (puc. 18, 6) crapmmi
Ko3(pHIHEHT CABHIaeTC Ha BHIXOJ CXEMbl, OJHOBPEMEHHO I10-
najas Ha HHXXHHe BXOABI cymMMmartopoB. Ha BXoj cXeMmsl mocTy-
naet HysneBod Koadduuuent npu X2. B nepByio Auefiky 3anw-
chiBaeTcsl BBIXOZ NepBOro cymmaropa, pasumii 14-0=1, Be

Puc, 18.

BTOPYIO — COJIep2KHMO€e NepBOf sSiUeHKH B NPENBbIAYLIEM TaKTe
(t. e. 1), a B TpeTbio — BEIXOZ BTOPOr0 CyMMaTopa, paBHHI
141=0. B wurore B fiuefikax maMaTH CABHTaIOUIEr0 PETHCTPA
OKa3bIBAIOTCS 3aMHCAHHBIMA K03((UIMEHTH mnepBoro H3 oOBe-
JEHHBIX PaMOYKOH OCTaTKOB.

Ha puc. 18, ¢ mokasaHo cocrosiHHe cXeMBl IOCJE ele
oJHOro TakTa ee paborThi. Tenmepb yxe colepxuMoe syeeK —
KO3(pHIHEHTH BTOPOro H3 3aK/MIOUEHHBIX B paMoOuKy oc-
TaTKOB.

Euie oauH TakT paGoOTH CXEMB! NMEPEBONMT €€ B KOHEUHOE
cocrosinue (puc. 18, ¢). B siuefikax namATH NoJayueHbl KOIpH-
LHEHTsI OCTaTKa, a moc/eJoBaresbHOCTh cuMBosoB 1, 0, 1 Ha
BBIXOZI€ — 3TO KO3(h(HLUHEHTHl YacTHOrO.

ITpuBenem Ge3 KOMMEHTapHEB CXeMY, OCYIIECTBJIAIOLLYIO fe-
JIeHHe C OCTaTKOM Ha NPOM3BOJIBHBIH MHorouleH g(X) (puc.
19), mpemocTaB/isfa uuTarensio caMoMy pasobparbcsl B MpPHHIM-
ne ee JeHcTBUS.

CxeMbl YMHOXKEHHSI H JeI€HHS] MHOTOYJEHOB, PAacCMOTPEH-
HBle HaMH,— 5TO, MO CYILECTBY, yiKe TOTOBEIE KOXHPYIOIHe
ycTpoiicTBa (MM, KaK MX HasBIBAalOT, kodepbt) ISl HUKJIHUec-
KHX KoJIoB. B camom jejle, BCIOMHEM NpaBUJIO KONMPOBAaHHSA
JMHeRHBM (1, B)-KogoM. Ecmu A=0,. . .0,_,— npou3BoJbHOE
coo0leHHe JJIHHBL B, TO €My COMOCTaBJSETCS KOJOBHIH BEKTOP

a=(o,...0_5)G, a1y
rae G — nopoxJjaiolias MaTpHua JHHEHHOTro Koja.
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Pasymeetcsi, mpaBu/Io ocTaerca B cHJIe H AJ1s Jilo6oro uHK-
JINYECKOT0 KOJa, HO Ha A3blKE MHOTOYJIEHOB €My MOXKHO NpH-
JiaTh Tenepb HHYIO, ropasjo GoJjiee ynoOHYIO dopMmy.

Ecnu a(x) — MHOrOu/MIeH, COOTBETCTBYIOLIHH BEKTOPY @, H

Ax)y=0o,+ x4 ...+, x*?t

— MHOTOUJIEH, COOTBETCTBYIOMIMI coobieHuio A, To paBeHCTBO
(1) nepeiier B paBeHCTBO MHOTOYJ/IEHOB

a(x)=A(x)g(x), )]
rae g(x) — nopoxAaomuii MHOTOWIEH IHK/IHYeCKOro Koja.

Berxod
“acmimoe

Pue. 19.

Ins Toro 4ro6bl y6euThCsl B 3TOM, AOCTaTOYHO MOJACTABHTH
B (1) matpuny G u3 ¢opmy.sl (9) § 11 u npoBepurs, uT0 KOOp-
IMHATBl MOJIyyalollerocss BeKTopa cayxaT KodpdHuueHTamu
MHorousnesa A(x)g(x).

Urak, onepanusi KCAUPOBAHUS CBOAUTCS K YMHOXKEHHIO MHO-
rowieHoB. IIpu 3ToM MOXKHO CYMTATh, YTO peyb HJET 06 OGHIY-
HOM YMHOKXEHHH MHOTOYJIEHOB, NOCKOJIBKY CTeleHb g(x) paBHa
m, a creneHb A(x) MeHblle n—m, TaK Y4TO CyMMa CTemeHei
5THX MHOrouJieHOB MeHbiue n. Ho cXembl, KoTopele MbI 3]ech
paccMotpenu (puc. 14 u 16), Kak pas ¥ BHIYHCAAIOT OOLIYHOE
TIPOM3BEJIeHNE MHorousneHoB. [lepBas M3 HHUX MOXKET CAYXKHTb
KOJepoM AJsl LHKJIH9ecKoro (7,4)-Kofa ¢ MOPOXIAIOMUM MHO-
rousieHoM x3--x2--1, a BTopas — JJis1 IIPOU3BOJIBHOTO IHUKJIU-
YeCcKOro Koja C HOPOXJAIOIMHUM MHOrouJeHoM g(x). Ecnu Ha
BXOJ MNocCJefHeld IOCTynalT HH(POPMALHOHHBIE CHMBOJEH O,
Qiye o o5 Oy (KO3DUIMEHTH MHOTOYMEHA A (X)), TO Ha BRIXOAE
cornacHo (2) GyneM uMeTb Ko3(h(HIHEHTH KOJOBOrO MHOrO-
ujleHa a(x).

Ha ocroBe cxeM Je/eHns 4pe3BbIYaiiHO YA0GHO CTPOUTH KO-
Jepel sl CHCTEeMAaTHYecKHX LHUKJIHYECKHX KOJOB, B KOTOPHIX
HHGOPMALMOHHBIE CHMBOJIBI OTHEJNEHH OT NPOBEPOUHHIX (CM.
JononHeHHe 4 K 3TOMYy naparpady).

Jlazke Hale Gersioe 3HAKOMCTBO ¢ YCTPOHCTBAMH KOJHpPOBa-
HHS TI0Ka3bIBAET, YTO BCE OHH HMEIOT YHHOHLHPOBAHHYIO CTPYK-
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Typy. Kak Buano u3 puc. 16, nyreM onpee/eHHEIX BHIOH3ME-
HEeHHI CXeMEl, MpejHa3HaYeHHOH JVIsl OJHOrO KOJa, MOXHO M0-
JIYYHTb CXeMY KOAHPOBaHHR AJA Apyroro koaa. [loaromy B ps-
Jie cayyaes 1e1ecoo0pasHO HCIOMb30BATh HE KOHKPETHHIE CXe-
MBI JiJIs1 KaXA0ro KOAa, a AOCTATOYHO pPa3BeTBJIEHHOe yCTpoil-
CTBO ¢ GOJbIIMM HaGopOM CTaHAAPTHBIX 3JEMEHTOB, paboty
KOTOPOTO MOXHO OblLJIO Obl nepecTpauBarb, BBOAA B HEro Ty
HJIH MHYIO nporpammy. Takoe ycTpoHcCTBO, B CYIHOCTH, U €CTh
crnenyvasusupoBaHHad MHUHH-DBM ¢ nmporpaMMHBIM ynpasJic-
HHEeM.

B 3anauy AeKoaMpoBaHHS BXOAMT MCOpaBJeHHe H NGHApy-
XKeHHe oWIMOOK, M 9Ta Npouefypa MHOro Gosiee CJAOXKHAsi, 4eM
Kopuposante. Ho ycTpoficTBa, noso6Hble paccMOTPEHHBIM «MH-
HU-DBM», nosBoJflOT pewIHTh M 3Ty 3ajauy. B orTiuune or
KOJZIEpOB, KOTOPHIE BHIVIAAAT Goslee WM MeHee CTaHJIapTHO
JUI BCeX UHMKJIHYECKHX KOJOB, JAEKOJUPYIOIIHE YCTpPOHCTBA
(nan Oexodepor) ornuyaloTcs GOJMBLIMM pa3HOOOpasueM, U TO
KaK OHHM YCTPOEHBI, 3aBHCHT M OT THIA KOJa, H B OCOGEHHO-
CTH, OT crnocoba NeKOAHPOBAHHS.

Kpome cHHIPOMHOrO HeKOAHPOBaHHS, O KOTODOM MBI pac-
CKa3hIBaJH B § 12, cymiecTByloT ele psg APYTHX METOLOB, TaK
WK HHaye CBA3aHHBIX C BhIYHCIeHHeM cHHApoMma. us mobo-
ro U3 HHX NPHHUMIHAJIbHAA CXeMa JeKojepa BBITVIAJMT TaK,
KaK MOKasaHo Ha puc. 20.

HaubGonee cnoxHOR yacTbio Takoro fekojaepa sBJseTcs
KOMOMHAUHOHHAsA JIoTHYecKas cXeMa, KOTOpasd MO BbIYHCJIEH:
HOMY CHHADOMY HAaXOIMT MOJIOXKeHHe OMIHGOYHBIX CHMBOJIOB,

Yempoacmbo Kordurayuontas
anq Geruenenus SNOUYECHaT
I': cundoora cxera

/lmy:/ef//yoe
caobo Janorurawyee  yempodembo

wa n curbonod

Puc. 20

YeTpoiicTBO STOH JIOTHYECKOH CXeMbl UENIHKOM ONpelensieTca
aJITOPMUTMOM JIE€KOJMPOBAHHA, a MHOrooOpasHeM JIOTHYECKHX
CXeM B CBOIO OYepefb onpezesnsieTcss GOJbIIOE pPasHOoOGpasue
fekonepoB. C/OXKHOCTb NpaKTHYeCKOH peajH3alnuH aeKonepa
BCellesI0 3aBHCHT OT XapakTepa JIoTHYecKoH cxembl. KoMGHHa-
IMOHHAsA CXeMa HCKJIOYHMTENbHO NMpPOCTa, KakK MbBl YBHAHM, B
clyyae JeKOAepoB, TOJNbKO OCHAPYKHUBAIOWIHUX OWHMOKH HJIH HC-
NpaBifIOIHUX JIHIIb OJHHOYHBlE OIIHOKH, HO CYIIeCTBEHHO
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ClOXHee 114 JNeKOASPOB, HCOPABMAIOUIMX KpaTHEEe OMIHGKH.
B cnenyromux AByx naparpagax Mbl N03HaKOMHMCS C METOJa-
MH TaK Ha3blBAEMOTO MaXKOPHTapHOrO NEKOJHPOBAHHSA, KOTO-
pbl€ NMO3BGJSAOT 3HAUHTEJBHO YIPOCTHTh KOMGHHALHMOHHYIO JIO-
THYECKYIO CXeMY,

Urto :Ke Kacaercsl YCTPOHCTB IJisi BBIUHC/IEHHS CHHAPOMA,
TO 3Jiech 0co60i Mpo6JeMbl HET: OHH PEANTH3YIOTCA N0 TOMY XKe
MPUHIMIY, YTO W KOAEPHl UMKJIHYECKHX Koj0B. Ilnsa sToi nenu,
OKa3bIBaeTcsl, MOr'yT OhITh HCIONb30BAHBI CXEMbI A€E€HHA MHO-
rOYJIeHOB.

Uto6bl yGeguTbcss B 3TOM, paccMOTpuM Marpuuy H, no
croa6uaM KOTopoH cTosiT Koad¢HUIUEHTH OCTaTKOB 7;(X) OT Je-

JeHus MHorouaeHoB x! (i=0, 1, ..., n—1) Ha nopoxjaomuil
MHOrouJieH g(x). 3anuiieM ee YCJIOBHO B BUAE:
H=(f° (X), ry (%), ra(x), <oty LA | (X))

MOoXXHO noKasarb, YTC MaTpuua f1 ABAdeTcs NPOBEPOUHON A
paccMaTpuBaeMoro Koja (cM. JomoJHeHHe 2 K 3TOMY mapa-

rpady).

Ecnu u=(u,, ui, ..., U,_;) — NPHHATHH BEKTOpP, TO €TO
cuHapoM uH™ 6yjper paseH
Ul o (X) +tyry (X) + .« oo F Ui 7 e (%) @)

Bripaxenue (3) coBnajaer c OCTaTKOM OT JieJeHH MHOIro-
ujeHa
uX)=tot+ux+ ... Fu,_ x-?
Ha nopoxjarouuil MHorouneH g(x). Taxkum oGpasom, JoGas
cXeMa JielleHHsl, BBIYUC/AIONIAA OCTaTOK,— HalnpHMep, CXeMa,
npeacTaBneHHas Ha pHuc. 19,— Moxer ObITb HCNONB30BaHA KaK
COCTaBHAas yacTb JeKojepa AS NOJYyYeHHs CHHApoMa.

| Janorukarwee yempodenia
wa n curbonod

Puc, 21,

Ha puc. 21 npuBenena cxema jexoaepa, npeiHasHauyeHHOro
TOJNbKO [y OOHapy:KeHHsi ouu6OK.

ITonyueHHOe C/IOBO OZHOBPEMEHHO BBOAHMTCA B 3alOMHHAIO-
Liee YCTPOHCTBO M B cXeMy JeseHHA., K MOMeHTY 3anosHeHus
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3aMIOMHHAIONIET0 YCTPOHCTBA B siUefiKax CAwMbl AeNEHHA Gyaer
TMOJTyYeH OCTaTOK OT JeJieHUs Ha g(x), KOTOPLIH paBeH CHHIPO-
My. Eciu cuHApOM paBeH HyJTi0, TO CJIOBO MepefaeTcs aapeca-
Ty, B IPOTHBHOM CJIyYyae NpHeM NMpeKpamiaercs H nepearommen
CTODOHE MOCBIJIAETCS 3alpPOC Ha MOBTOPHYIO IEpenauy.

He namuoro ciioxuee cxema gexonepa /s KojaoB XeMMHH-
ra, HCIpPaB/SOWKUX OJHHOYHLIE OHOKH. B KauecTBe mpumepa
paccmoTpuM jaekoaep mas (7,4)-Koja ¢ NOPOKAAMOUHM MHOrO-
uneHoM 1+x2+x3. Ero cxema npeacrasieHa Ha puc. 22. OHa

Henpabrsrowyud
cyramop
Janornuraroyee yempoicinbo
Jeryennoe Ha 7 cursbonod Herpabrennoe
cro0a cn0bo

O—+

Puc, 22,

BKJIOYAeT B ce0sl HAPALY CO CXEMOH Je/IeHHs H 3anOMHHAIOMIHM
YCTPOWCTBOM TaKKe H JIorniecKyio cxemy. [Tocienusisi yerpoe-
Ha TaK, 4TO Ha ee BLIXOJe MmosBJsercs 1, TOIbKO ec/I Ha BXO[
U3 siUeeK MaMmaTH nojaerca kKom6GuHauus 011, paBHas mocnex-
HeMy CTOJIONY MPOBEPOYHOH MAaTPHIBI

1001110
H=<0100111)
0011101

(koTOopasi MoCcTpoeHa yKa3aHHBEIM BBILIE CIOCOGOM H3 OCTATKOB
OT JeJeHUs] MHOTOWIEHOB X' Ha MOPOXNAIOWMA MHOrou/IeH
14-x24-x3).

Ilpexnonoxum Temephb I OpHMepa, 4TO OUIMGKA B CJOBE
Uy Ui Uy Us Uy Us U TIPOH3OLIIA B CHMBOJIE Ug — YETBEPTOM 10
nopsAKy. Kak Mbl 3HaeMm, CHHADOM B 3TOM ciyuae GYAET COB-
najarb ¢ YeTBepTHIM cToNOUOM MaTpuubl H, T. e. GyaeT paBeH
BekTopy (1 O 1). CnenoarensHo, MoC/Ie CeMH TaKTOB pabOTH B
3anOMHHAIONIEM YCTPOHCTBE OKAXKETCH CIIOBO Uy Uy Uy Us Uy Uy Ug,
a B TpeX MOC/AeJloBaTeJbHHIX SUeHKaX CXeMHl Jejle-
HHsA — KomOHHanus 1 0 1. Ha BockMOM TakTe M3 3amoMHHa0-
IIEr0 YCTPOHCTBA HA HCIPAB/IAIOMHUA CyMMarop MHOCTYHHT CHM-
BOM 4y, Ha BXOJ JIOTHYECKOH CXEMBI CABMHETCSl KOMOHHALuA'
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10 1, Ha ee BeIXOzle OKaxercs 0, H cuMBOJI 1, Ge3 H3aMeHeHHH
NOCTYNUT Ha BEIXOJ Beell cxemsl. [1pu 3TOM, Kak HeTpyaHO npo-
BEpPHUTD, B AUeHKaX CXeMbl Jie/leHUs OKaxeTcsl KomOuHauusa 111
(Ha BXOJ Bcell cXeMbl, HaYyHHasi C BOCBMOrO' TaKTa NOCTYMNalOT
HyaH). B clenylomux Tpex TakTax H3 3alOMHHAIOIEr0 YCTPOii-
crBa OyAyT NOC/IENOBATENbHO MOCTYNATh CHMBOJH Ug, U,, Us,
Ha BXOJ JIOTHYeCKOH cXeMbl — xomOunauuu 111, 110, 011,
a Ha ee BHIXoJZle noayyarcs noouyepezsso 0, O u 1. ITostomy cum-
BOJIH Uy H U, NOCTYNAT Ha BHIXOJ HEHCNpAaBJEHHLIMH, a OIIH-
GOYHEIA CHMBOJ 43 ucnpaButcs. [Ipocneans nanbHefilune TP
TaKTa, MOXKHO YGeIHTbCS, YTO CHMBOJBI U3, Uj H Uy HCIIPAB-
JsiTbcsl He 6yAyT. B pesysbrare Ha BHIXOJE CXeMbl OKaXKeTcs
C/IOBO, B KOTOPOM GyJeT HCHpaB/eH TOJNbKO OIIMGOYHBIA CHM-
BOJI Ug.

CoBepIIeHHO aHAJOrMYHO MPOUCXOAUT HCIpaBJjeHHe olu6-
KH B Ji0GOH ApYyroil mosuuuH.

3agaud u JONOJHEHMs

1. l'Ioc’rpoxm: KOJepH 1Ji1 ABOMYHBIX IIHKJHYECKHX KOAOB
amunb 15 ¢ TNOPOXKAAIUMH MHOTOWieHaMH

a) X*-X-+1;  6) X84-X"-FX64-X4F1.

2. BeaguE DHKIHYeCKMA (7, B)-KOL C TNOPOXKJAIOMIHM MHOTOYJIEHOM
g(X) MOXHO NpeJCTaBHTbL B CHCTeMaTHuecKofi GopMe criepylomum oGpa3oM.
ITyctb 7; (x) — OCTaTOK OT jeJieHHs X HA NOPOXK AU MHOrOWIeH g (x), T.€

x=q; (x) g (¥)+r; (¥).
PaccMoTpHM MHOrouJeHb!

—r; (x)=q; (x) g (%)

npu i=m, m+1, ..., n—I1, rae m=n—=k — creneHb NOPOXKAAIOMETO MHO~
rouneHa g(x). Bce sTu MHOrowleHm KojoBble, TaK KaK OHH KpaTHH g (X),
Kognoebifi BEKTOP, COOTBETCTBYIOMHI MHOTOWIEHY Xi—r; (x), HMeeT BH:

("’io,'—fin vees—1li m=1, 0’ ey l’ [XXT] 0)’

TIe 7io, Tifs Ti, m—i— KO3(QHLKMEHTH OcTatKa r;(x), a cumMBon 1 cTouT B
NO3HIHH C HOMEPOM .

Mbl nosiyudsin n—m=k BEKTOPOB, KOTOpEe, KaK HETPYAHO BHJETh,
JuHefiHO He3aBHCHMBI. Ecau cocraBuTh MaTpuuy G, CTPOKaMH KOTOpoOi
ABJIAIOTCA YKa3aHHbIE BEKTOPHl, TO OHa H GyJlieT MOPOXAaiomei (ee cTpOKH
ofpasyior 6a3Hc KOROBOro nommpocrpaHctBa). Ecin uyepes R 0603HauuTh
MaTpHlly, CTPOKaMH KOTODOH ABJSIOTCS K03(hDHIUEHTE MHOTOWIEHOB 7; (X)s
To MaTpula G nonyyaerca NpUIHCHIBAHHEM K MaTpHue — R cnpaBa eguHHY-
HOH Marpuubl E nopsgka k U ee MOXHO YCJIOBHO 3allHCaTh B BHJE:

G=—R|E @

Orciona nergo cienyer (cp. § 11, sagaua 10), uro B KayecTse IpoBepod-
HOH MOXXHO B35Tb MaTpHIly

H=E,|R".
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To cron6uam MaTpuibl /1 CTOAT Ko3(xpuuMeHTb! OCTATKOB OT AeJeHUS MHO-
rousieHos 1%, x, ..., x"~1 Ha g(x).

8. Yro6bl NPOWMIOCTPUPOBATH METO, H3JOMKEHHBIN B JOMOJHEHUH 2,
Blaccmorpum cHoBa (7,4)-Koi C MOpOKJaMWHM MEOroweHom [-4x2+x2,

MeeM:
B= (B2 1)+,
= (B4 1) (e DF o2+
= (3+x21) (Bt D211,
10= (B2 1) (B x)Fx2x.

CTpoKaMu NOpOXKAalolIed MaTPUIbl ABJAIOTCS, CAEAOBATENbHO, KO3(duiH-
€HTHl MHOTOUJIEHOB:

4 42240,

Ittt b,

145+ + o5,

xtx2- - x8,
Takum oGpa3som,

1011000
1110100 1001110
110001 0011101

4. Metos, paccMOTpeHHHEIH B JOTOJIHEHHH 2, MOXKHO HCIOJIB30BATh AJIA
MOCTPOEHUST KONepa CHCTEeMaTHYeCKOro LHKJIMYECKOTo Koja.
pH KOXMPOBAHHH C NOMOLIBIO MaTPHIH! (4) KOJOBOE CJIOBO MOJIydaeTcst
YMHOXeHHeM HHG}OPMalLMOHHOTrO c/ioBa Ha 3Ty MatpHuy (cM. (6), §11). B
5TOM CJlydae TOCHefHHe Rk CHMBOJIOB G, @415 « + +» (y—1 KONOBOTO CJIOBA
COBMANaoT ¢ MHPOPMAHOHHHIMH CHMBOJIaMH, a BCe KOJOBOE CJIOBO SIBJIf-
eTcsl JIHHeHHOA KoMOuHanuelt cTPoK Mopoxkpaouel Marpuubl (4) ¢ Koaddu-
UHeHTAMH @y, gy« « oy Qy—q. Y UHTHIBAS, YTO TMO CTPOKAM MaTPHLUBI R

.
.:’( Aodoboe
B orobo
A
25%%% LA
IHDOPIAYUOHHEE
”%’Zﬂdgﬁb/ " \Z-
Puc. 23.

cTOAT KO3(HIMEHTE OCTATKOB OT JeJeHHS MHOTOWIEHOB X/ Ha MopoXAalo-

wufi MHOTOWIEH g (x), Mbl YOeXnaeMcs, YTO BEJHYHHBl g, df, « » +) Ay g

ABJISIIOTCS KO3GhGhHUHEHTAMH OCTaTKa OT Jie/IeHHsl MHOro4/eHa
—@pX" +ap 12t a7

Ha MHOTOUJeH g(x) (B caydYae ABOWUHBIX MHOFOUYJIEHOB 3HaK MHHYC mepep

CKOGKO#H MOXHO ONYCTHTD).

CriejoBaTeNIbHO, CXeMBl JeJEeHHSI MOTYT ObITh HCIOJb30BaHBI AJIS Ha-
XOXKJeHHs POBEPOUHBIX CHMBOJIOB KOJOBLIX CJIOB IIMKJIHYECKOTO KOJa B CHC-
TeMaTHYeCKOH (opMe W, B KOHEYHOM HTOTe, JJf IMOCTPOEHUs ero Kojepa.
Ha puc. 23 npuBeneHa cxeMa Kojiepa ABoHYHOrO (7, 4)-Koja ¢ NOPOXKJalo-
muM MHOrouMeHOM 1--x%--x3, ocHoBaHHAs Ha YKa3saHHOM NpHHIHIE,
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Ipocnegum BKpartie paboTy 3TOH CXeMbl B TeueHHe ceMH TaxkToB. Ilep-
Bhle UeTHIPE TaKTa IepeK/IouyaTeJH CXeMbl HaXOAATCA B TOJNOXEHHH A,
cJepylole TpH — B NoJIoXeHHH B. B nepebie ueTbipe TaKTa HHPOPMaLHOH-
Hble CHMBOJIE TIOCTYTNAIOT (6e3 H3MeHeHHH) Ha BBIXOJ Bcell CXeMbl M Ha BRIXOJ,
CXeMbl leJIeHEs. B TeueHHe 3THX UeThIpeX TAKTOB B NOCJEJOBATENbHBIX AuYeii-
KaX CXeMbl JeJieHUsl TOJYYaloTCs xoafpnunenm ocTaTka ag, aj, (y OT Jele-
HUf MHOrowleHa agx8-azx®tax*ta3x® na mopoxpawompmii MHOrousNEH
14-x%4-x3, 1. e. nposepouHble CHMBOJIH (B cxeMe Ha puc. 18 Ha 3t0 ymio
65l ceMb TaKTOB, HO B JAHHOH cXeMe TPH TaKTa «9KOHOMATCA», TaK Kak Io-
CJIelOBaTENIbHOCTb KOS(WpHIHEHTOB a4, Q5, a4, G3 N10AAETCA HE Ha BXOJ, a
cpa3y Ha BbIXOJ CXeMH JieJieHHs1). B mocsexnyiouiie TpH TakTa npoBepouHble
CHMBOJIBI — CHayaljla @z, 3aTeM @j, 3aTeM Gg— MOCTYNAIOT B3 CXeMbl JeJIeHHs
Ha BHIXOZ Bcelt cxeMel. TakuM 06pa3oM, 1Mo HCTeYeHHH CeMH TaKTOB Ha BHI-
XOZle BCefi cXeMbl IOJIyYyaeM LENHKOM KOJOBOE CJIOBO.

PekoMeH/lyeM YHTaTeNIO NPOCJAEAHTh 1O TaKTaM paboTy paccMaTpHBae-
Moil cxeMbl A1 ciydas a3=0, a,~as;=ag=1.

17. T'OJIOCOBAHHE

XoTs B MpoLeaype IPUHATHA PeleHHs GOMbLIHH-
CTBOM TOJIOCOB HET A/ Hac HHYero HeoObIYHOTO, MOXKET BCE XKe
N0Ka3aTbCl HEOXHIAHHBIM, YTO METOJ TOJIOCOBAHHS HCIOJIb-
3yercs NpH JeKOAHPOBAHHH MOMeXOycTOHuHBHIX KozoB. Orya-
CTH MBI y2Ke KOCHYJIHCb 3Toro Bompoca B § 8, Korna pacckashl-
BaJM O KOJie C MOBTOPEHHEM,— pelleHHe O MOCTaHHOM CHMBO-
Jie IPHHHUMANOCh TaM Kak pa3 GoMbLIHHCTBOM ronocoB. Tenepn
e MBI MOKaKeM, KaK NpHMeHsieTcs ToJIOCOBaHHe B cJydae
NPOH3BOJIBHOTO JIHHEHHOrO KOZa.

OGpaTtuMca cHauana K npumepy. 3/eCb HaM NOMOXET He-
OJIHOKPATHO YNOMHHaBlIHAcA paHee (7,3)-Kof, MOJyYaloUlHii-
ca us (7,4)-koxa XeMMHHra jo6aBneHHeM ofuiell NpoBepKH Ha
yeTHOCTb. Ero mpoBepoyHas MaTpulla HMeeT BHL:

1111111

0
H=|,
1

(=2 =]
—_— O

SO -

111
o11y°
101
Y noGuee, OIHAKO, PAacCMOTPETh SKBHBAJNEHTHHIN LUKIHYECKHH
KOJ C MOPOXKAAIOIHM MHOrouleHoM g(x)=(x+1) (x*+x-+1)
H C NpOBepOYHOH MaTpHleH

110

011

A, = 001

000

Sra MaTpHua nosnyyeHa crnoco6oM, YKasaHHBIM B JONOJHEHHH
9 k § 11. B ToM, 4To KOAHl C NpOBepPOYHEIMH MaTpHuamu H u
H; neficTBUTeNbHO SKBHBAJIEHTHE!, YHTaTeNb MOXKET yOGeIHTb-
€ CaMOCTOSITENBHO.
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[TycTb MPHHATO HEKOTOPOE CJIOBO Oy Oy Qg Olg O, g Og, CO-
mepxauiee, GBHITb MOXKeT, OIHGOYHbIe CHMBOJML. [LIsi Kaxpo-
ro CUMBOJIA o; OyIeM B OTAENBLHOCTH peliaTb, BepeH OH HJH
HET, HCIOJb3Yys Te COOTHOLIEHHS, KOTOPHIMU 3TOT CHMBOJ CBfi-
3aH C OcTa/JbHEIMH. HauHeM ¢ cUMBOJIA o, ¥ BBIMHIIIEM HEKOTO-
pbie cofepxkatiue ero nposepku. IlepBo#i crpoke marpuusl Hy
OTBEYaeT IIPOBEPOYHOE COOTHOIIEHHE o+ +az=0, cymme
nepeoii, BTOPOH U TpeTbell CTPOK — COOTHOIIEHHE Qo0+
+a,=0, a cymme nepBoi, BTOPOH H 4eTBEPTOH CTPOK — COOT-
HollleHUue o1+, =0. Hrak, umeem:

OLy=0l s,
Q=04+, M
OLg=0ly} 0.

Ecnu omu6ku npu nepejgaye oTCyTCTBOBAMIH, TO B MpPHHHA-
TOM cJioBe OyJeT BBIIOJHATbCA Kaxjaoe U3 coorHouweHuit (1),
a npaeble X YacTH JAAYyT BepHoe 3HayeHHe A oy. CooTHOLIe-
uusa (1) ayis cuMBosa o, BHIOpAHBI C TAKUM PAacyeroM, 4To BCA-
KHH Jpyroil CHMBOJI BXOJHUT B IIPaBYIO 4YacTh POBHO OJHOH mpo-
BepKH. [103TOMY €C/IH JIHIIb OJUMH M3 HHX OLIHGOYEH, TO TOJb-
KO B OJHOM M3 cooTHoieHu#t (1) 6yzer HapylIeHO paBeHCTBO.
YYuTHBAsA 3TO, MOXKHO NPEMIOKHUTL CIEAYIOUee MPAaBUIO st
orpefie/ieHHs] BepHOrO 3HaYeHHsI CHMBOJIA Oly: €CJIM CPelH 3Ha-
ueHH# o,+og, o,+a,, X310, 0 GONBIIHHCTBO COCTAaBJSIOT
HYJI4, TO MoJiaraeM, YTO HYJb M €CTb BepHOe 3HaueHHe MJId
@, €CIH Ke GOMBUIMHCTBO M3 HHX — eJUHHUIbI, TO BEPHBIM
3HaYeHUEeM ]I o,y CYMTaeM efuHuny. Takoe ro/iocoBaHHE ra-
pPaHTHPYeT BEPHOE pelleHHe, ec/M NPUHATOE CJIOBO COAEPHKHT
He GoJiee ONHOH OMINOKH. BO3MOXHO H paBeHCTBO IOJIOCOB (Ha-
npHMep, B cJyuyae JIBOHHOH OWIHOKH), U B 3TOM C/lydae MpPUXO-
JUTCSl JOBOJIBCTBOBAThCA ee OGHapyKeHHeM.

AHasorvunbie NPOBEPKH MOTYT GBHITH COCTAaBJEHBl M IJ1s1
Apyrux cumBosioB. Hampumep, mjsA o; HMeeM COOTHOLUEHHA:

0Ly =0y,
oy =0+,
oy =0+,

Takxe 00/1afalolme TeM CBOMCTBOM, UTO KaXK/bIH CHMBOJ BXO-
JWMT B [IPaBYIO 4acTb He 6oJiee OJHOTO pa3a. DTH NMPOBEPKH MO-
JiyyaioTcst M3 chcTeMbl (1) LHKIHYECKHM CABHIOM Ha OJHY IO-
sunuio. [locnenyrone NUK/IMYECKHE CIBUTH JAOT CHCTEMBI
NOJOGHEIX MPOBEPOK IS OCTANbHBIX CHMBOJIOB.

Ananusupysi yKasaHHBIM cHOcoGOM Ka[Iblii CHMBOJ MpH-
HATOTO CJI0Ba, MBI MPABUJBHO BOCCTAHOBHM [IOC/JaHHOE KOJIO-
BOE CJIOBO, €CJIH NTPOH30ILIO He Gojiee ofHOMH OWHOKH, H oOHa-
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pyxuM Jobylo JBofiHyio owH6Ky. TeM caMeIM mOMAHO-
CTBI0O HCHOJB3YIOTCA KOPpEeKTHpyoUUe ClNOoCOo6GHOCTH  JaH-
HOrO KOJa — Belb €ro KOMOBOE pAaccTossHHe paBHO 4.

Pazo6pakHbiii HaMH MeTojJ HCIpaBJjieHus H oOHapyKeHHS
OIMGOK Ha3bIBAIOT MaxcopumapHsim 0Oexoouposaruem (T. e.
JEKOHPOBaHHEM MO NpuHUMNY GosbiuuHCcTBa). TIpuMeHHM oH
TOTJd, KOTHa — Kak B HaileM npuMepe — AJ KaXIOro CHM-
BOJIa O; CYIIECTBYET CHCTeMa NpPOBEPOK

;= Zaxk“m
k

aj=§a2kak, (2)

e s e e e

O
aj=2“askak,
k

o6najamomas TeM CBOHCTBOM, YTO B NpaBylo YacTb Kaxuoh
NPOBEPKH BXOAST CHMBOJLI, OTJIHYHBIE OT O;, H BCAKHH TaKoH
CUMBOJI BXOZHUT He 6osiee ueM B OfHY NpoBepky. Takas cucre-
Ma NpOBEPOK HasbIBaeTcsl 0pmo2oHaAbHOt (MNN pasdeaeHHol).
Ecay uncno npoBepok, BXOASAIMUX B KaXKAYIO OPTOrOHAJbLHYIO
CHUCTEMY, He MeHbIle S, TO NyTeM I'0JIOCOBaHHsS MOTYT GHITh HC-
npasJeHH Jio6ble ¢ omH6oK, rae (<<(s+1)/2. B camom nerne,
omubKa B OJHOM CHMBOJIE BJIMSIET B CHJY OPTOTOHAJLHOCTH He
Gosiee ueM Ha OJHY NPOBEPKY, CJIENOBaTeNLHO, Cpely 3Haue-
HHH CUMBOJIA ©;, KOTOpbI€ JAIOTCSl BCEMH COOTHOLIEHHSMHU (2),
HenpaBUJbHEIMH MOTYT OKasarbcs He Oojee f, T. €. He Gosee
noJioBuHel 3HaueHu#. Torpa, cpaBHMBas 3HaueHHs MPaBHIX
yacTefi MPOBEPOK, @ TaKXe 3HaueHWE CaMOTO CHMBOJIA o,
Mbl 110 GOJIBHIMHCTBY TOJIOCOB ONpefiessieM BepHOoe 3HaueHHe
sroro cuMBosa, Ecan ke (npu HeuetHoM s) f=(s-+1)/2, To
HMeeT MeCcTO PaBeHCTBO I'oJIOCOB, OIIMOKA NPH 3TOM XOTS H 06-
Hapy2KHBaeTCs, HO He HCIPaB/ISETCS.

Cnyuaii, KOoria 4sucso S NPOBEPOK B KaXKAOH OPTOrOHaNbHOH
crcTeMe Ha eIMHHMIY MeHblIe KOAOBOTO paccTosinua d, T. e.
Korja s=d—1I1, fiBAfieTcs B M3BECTHOM CMHIC]E HAealbHHM. B
5TOM cJyyae rojocoBaHHe NMO3BOJsIET, KaK H B PaCCMOTPEHHOM
npuMepe, MOJHOCTBIO PealH30BaTh KOPPEKTHPYIOLIHE CBOHCT-
Ba kona. Koa, Ans KaXKIoro CHMBOJIA KOTOPOTO CYIIECTBYET
cricreMa us (d—1) opToroHalbHEIX NPOBEPOK, HA3LIBAeTCH NOA-
HOCIMbIO OpPMOSOHAAUSYEMBIM.

UeM xopom metof rosiocoBanus? Ilpexne Bcero TeM, yto
ero TeXHHYecKas peajusalus NpefenbHo Npocra (0coGeHHO B
clyyae JBOMYHHIX NMKAHYecKHX KogoB). Hapsiny ¢ oGbiMHBIME
CyMMaTopaMH M siueliKaMu NaMsiTH cXeMma JEeKOXMpPOBaHHsA J0J-
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JKHA COSPIKATD MAXKOPHTAPHLIA SJIEMEHT (IOTHYECKYIO CXEMY,
OCYILECTBJISIIOWYIO BEIGOD 3HAUEHHS o; [0 OOJIBIIMHCTBY roO-
JI0COB).

Bot Kak ycTpoeHa NpHHUMMNHAJbHAA CXeMa MaxKOPHUTapHO-
ro gekoaupoBanusa s (7,3)-Koia, YNOMAHYTOTO Bhllle (pHC.
24, a).

B arofi cxeme M — MaxOpHTapHEIA 3JIE€MEHT, OCYIILEeCTB-
JIAIOMWMN rojiocoranue, K — nepekmouatenb, Haxoasdmuicsa B

Brvod
—~—

Boixod
g

R

|

)
7O
Puc. 24.

nonoxenud 0 BO BpeMs MpHeMa COOOIIEHHS H B MOJNOXKEeHUH [
NpH ero AeKoxupoBaHud. Puc. 24, a cooTBeTcTByeT MOMEHTY,
KOrJia cooOIeH e MOMHOCTBIO MOCTYIH/IO B 3aOMHHAIOMIHUA pe-
rUcTp H Koy K nepeBopuTcs B noJoxKenue I. Haunnaercs ge-
KoxupoBanue. Ha nepBom ero mare (mepBhlff TaKT) Ha BXOJ
MaxOPUTAPHOTO JIEMEHTA OJAIOTCA 3HAYEHHS O, Oy 03, X3+
+ a,, a,+a;. Ha Bixone ero mosBjsercss CHMBOJ O, SIBASIO-
IHHACS UTOTOM TOJIOCOBaHusA. B ciegyiomeM TakTe NPOHCXOAHUT
COBHT COOOLIEHUS] B PErucrpe, a CHMBOJ o, NOCTyNaeT B IO-
gnenmoxo slueHKy MaMsTH. DTOMY MOMEHTY COOTBETCTBYET PHC.
4, 6.
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Tenepb yxxe rosocoBasue OCYLIECTBJIACTCA O 3HAYEGHHAM
0y, Qa0 Og-tayg, oy, U B pesyjbTare nojydaercs 3Ha-
YeHHe o, CJEAYIOIEro CHMBOJIA coobmenus. JlanpHerye Tak-
Thl paGOTHI CXeMBI COBEpIIEHHO aHanoruyusl. Ecin npousounio
He Gosiee ONHOM OMIHOKM, TO MOC/AENOBATENBHOCThL (0, ,. . .
.+ ., O) H ecTb BepHOe KOZOBOE CJIOBO.

Kak Mbl BHEMM, B cXeMme HCHOJb3yeTcsl TOJNBKO HH(opMma-
HUS O IPHHSTOM CJIOBe; HHKAKOMH JONOMHHTeNbHONH HHDOPMALHU
He TpeOyeTcs. A 3TO OYeHb BaXKHO, IIOTOMY YTO MMEHHO Heol-
XOIUMOCTb XpaHeHHs GOJbLIOro o6beMa NAHHBIX CHYXKHT Oc-
HOBHBIM NPENATCTBHEM M5l NpPUMEHeHHS HEeKOTOPHIX MeTOZOB
JeKONHPOBaHUS (HAampHMep, CHHIPOMHOTO JEKOAUPOBaHHS).

Eme ofHO HeMaJlOBaXKHOE JOCTOMHCTBO TOJIOCOBaHHS IO
CPaBHEHHIO C IPYTHMH MeTOJaMu JeKONHPOBAHHUS 3aK/I04aeTcs
B TOM, 4TO 3TOT METOJ 3ayacTyio IO3BOJISET HCIPABMAATb HJIH
0o0HapyKHBaTh MHOTHe OIIMGKH, KPaTHOCTb KOTOPHIX MpEBhl-
maer (d—1)/2.

3agaum W aOnoJAHEHUS

1. Hokasatb, uTo Koj u3 npumepa § 8 ¢ mposepkamu Ha
YETHOCTb MO CTPOKAM M IO CTOJIGUAM SIBJISIeTCS HOJHOCTHIO OPTOTOHAJIU3Ye-
MbIM, COCTABHB JUIfl KAXKJOTO U3 CHMBOJIOB CHCTEMY H3 TPEX ODPTOTOHAJILHBIX
nposepoK (HanpuMep, NPOBEPKH
oy=aytog+By,
=0y

afFﬁm
oy =agtagt-agtoyt-Bs1+Bs+ BetB-

06pa3yioT Tpe6yeMylo CHCTEMY JJIsi CHMBOJIA Ol).

2. [Iposeputb, uTO (7,4)-Kon XeMMuHra He SIBJSETCS MOJHOCTHIO Op-
TOrOHaJH3YyeMbIM, NOKa3aB, 4TO AJIf CHMBOJIA Oy He CYyILeCTBYeT Napbi OPTO-
TOHAJIbHBIX TIPOBEPOK.

Byzer s nosHOCTBIO OpTOroHalu3yeMsIM paciupenusiit (8,4)-koa
XeMMHHTa?

3. PewnTb Te e BONPOCHI, YTO H B 3ajaue 2, AJIs NPOUSBOJBLHOIO ABO-
MYHOIO Koia XeMMHHra H ero paclUHpPeHHOTO BapHaHTa.

4, TlocTpOHTL CHCTEMY OPTOrOHAJIBHBIX NPOBEPOK H MaXKOpPHTapHbIH
JIeKOep MJISL TPOHUHOrO IHKJIHYeckoro (13,6)-Kofa ¢ MOPOXKAAIOLKM MHO-

ro4jieHOM
£(9=(x+2) (34202 2+2) (4242,

18. MHOIOCTYNEHYATOE TIO0JIOCOBAHUE
H KOAbl PHIAA — MAJIJIEPA

MpnI pacckaxkeM 37iech 0 Kofiax, A/l KOTOPBIX Haii-
JleH 3aMedaTeNbHbIH aJrOPHTM HCIpaBJieHHs1 OMUOO0K, ChIrpaB-
mUH BaxXKHEHIIyI0 pOJb B Pa3BHTHH METOJOB MAaXKOPHUTapHOTO
JeKOHpOBaHHA.

4 M. H. Apmasos, J. E. Cagonckuit 97



IMpome Bcero Hauath ¢ pacunperHoro (8,4)-Kofa XeMMHH-
ra. Herpyano y6ezntbesi, YTo 3TOT KojA AyajeH caMoMy cebe,
T. €. 4TO €ro NMPOBEpOUHAs MaTpylla CAYXKHT A Hero M Io-
poXKAaloIe:

11111111 '

gfo000r111) /g

=loot110011 ) | g/
01010101 P

DTOT KOJ He fABJAETCA NOJHOCTbIO OPTOrOHANH3YEMBIM (CM.
§ 17, 3agaua 2). 3HauuT JM 3TO, UTO T'OJOCOBaHHE IJISI 3TOrO
Kojaa HeBo3MOx<HO? OxasbiBaeTcs, HeT.

Wnesi, KOoTOpylo Mbl NPOHJJIIOCTPHPYEM HA JAHHOM NpH-
Mepe, COCTOHT B cJieflyioieM. Ec/u Hesb3sl COCTaBHTb HYXKHOM
CHCTEMBI OPTOTOHANBHBIX MPOBEPOK JJIS KaXKAOTO CHMBOJA B
OTJIEJIHOCTH, TO, MOXKET ObITh, 3TO YAACTCS cleNaTh s onpe-
JEJIEHHBIX JIMHEHHbIX KOMOMHAUMHA 3THX CHMBOJIOB.

[lyctb 9=(aty, @y, O, O3, O, Az, Cg, A;) — NPOU3BOJBHOE
KojoBoe c10Bo. OHO, Kak OOGRIYHO, MOXKeT ObITb 3alHCaHO B
BHJE:

V=0,80+a,2,+a:g>}0;8;. )

BrisicHHM, KaK CBSi3aHbl KOOPAWHATHI o; BEKTOpA ¥ C K03d-
¢uunentamu paseHctBa (l). 3ameTnM, YTO cymMMa nepBBIX
HIBYX KCOPAMHAT KaXKAOTO M3 BEKTOPOB &,, €1 U &, paBHa 0,
TOTJia Kak JJisi BEKTOpa g, oHa paBHa l. [Toatomy cymMa coot-
BETCTBYIOIIHX KOOPAHHAT BEKTOpa ¥ PaBHA 4, T. €.

a3=0,+0ay. @
CoBepuIeHHO TaK e y6exaaeMcsi, YTO BEPHBI paBEHCTBA:

a3=a2+a3y

a5 =0t, 0, ©)

ag=0,-+a,.

Herpyano nousaTth, 4To cooTHolueHHs (2) u (3) MpencTaBJsIOT
CHCTEMY OPTOTrOHa/bHbIX NPOBEPOK AJsl KoadpuuneHTa az. s
K03()pHINEHTOB a; U @, Jeno OGCTOMT aHaJOTHYHO M OPTOTro-
HaJIbHblE NPOBEPKH IJISi HHX TaKOBbI:

Q=0+, Qy=0,+0ay,
a,=a,+0,, o =a,+a, (4)
=00, a, =0+,
a,=a;+a,, a,=og+0a,.
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[TpuMeHsisl K MOJYYEHHBIM MpPOBepKaM MPUHIHUN GOMbIIHH-
CTBa, Mbl HailijeM BepHble 3HadeHHS KO3DODULHEHTOB a;, a3,
@, CTH OPOHU30IIO He Gosee ofHOM omHOKH. B ciyuae nso#t-
Ho# OWMOGKH mpH ompeleneHHH XoTs Obl OAHOTO H3 KO3(dHIH-
€HTOB roJjioca pacnpefensaTcs NOPOBHY M omuOKa Oyaer TOJb-
KO OOHapyxKeHa.

[Tpennosoxum, 4To BepHble 3HAYEHHA KOS(PPHUIUEHTOB aj,
04, a3 Haiifensl. Torja eme ofHH 3TaN roOJOCOBAHHS MO3BOJISIET
OIIPEJIe/IUTh TAKXKEe U BepHoe 3HayeHHe KoaddHIeHTa a,. Cre-
JIaTh 3TO COBCEM HeCJIOXKHO. B camoM gmese, paccMOTpHM pas-
HOCTb

0,=0—0,81—0:8>,— 045

B cnyuae GesommGoyHo# nepefaud, B cuny paseHcTsa (1),
V1=a,g,, T. €. BCe KOODIAMHATH BEKTOpPa ¥; PAaBHH d,.
3HayuT, H60 BCe OHH PaBHBI HYJIO, IHOO BCE PABHBI €AHHULE.
[TosToMy B KayecTBe BepHOrO 3HAYeHHS Q, BHIOHPaeM TO, KO-
TOpOe NpeobsiafaeT cpeld KOOPAMHAT BEKTOpa v,.

Onpenenus 3HaueHHs KO3(DUUHEHTOB do, @y, ds, Az, MBI
6e3 TpyAa BOCCTaHaBJHBaeM KOJOBOE CJOBO COIVIACHO paBeH-
ctBy (1).

ITpumep. Ilycts mpunaro cioso 01110110, cozepxa-
mee OAUHOUYHYIO oMOKY. [is JekonuMpoBaHHs o6paigaemcs
K paseHcTBaM (2), (3) 4 (4), KoTopble B JAHHOM cJyyae HaloT
C/IeAyIOlHe Pe3yJIbTaThl: ; ‘

a;=0, a,=1, a;=1,
a,=0, a,=0, a,;=0,
a,=0, a,=1, ay=1,
a,=1, a,=1, a=1.

Tlo GonbLUMHCTBY 3Ha4YeHHHA Haxomum: a;=0; a.=az=1. Torza
2,=(01110110)—(00110011)—(01010101)=(00010000),

oTkyla a,=0. CiexoBaTe/bHO,
v=g,+g,=(01100110).

OTOT U3AUIHBIA MeTOJ JEeKONUPOBAHHS MOXKET GHITb MpHMe-
HeH K TaK HasbiBaeMbM KogaMm Puja — Mannepa (cokpamet-
HO — PM-KoJpl), KOTOpbIE MBI H XOTHM ceHYac pacCMOTPETh.

PM-xox nepBoro mopsajxka ompeiensieTcsi Kak Ko, Ayajb-
HBIfl K paclIMpeHHOMY KoAy XeMMHHra, T. €. KaK KOj, IOpOX-
Jlaroias MaTpHLa KOTOPOTO COBNAJAeT C IPOBEPOYHOH MaTpH-
nelt pacmuperHoro Koga Xemmuura. Takum oOpasom, paciuy-
peHHoMmy (n, k)-xony XemmuHra (n=2", k=2%—m—1) orBeyaer
(n, n—k)-kon Pupa — Maanepa. Ilpu m=3 oba kKopa cos-
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majanT: paclivpeHHbIA (8,4)-koa XeMMHHra AyajeH CaMoMy
cebe. I1pn m=4 nonyuaem (16,5)-kon Puna — Mannepa nep-
BOFO NOpALKa ¢ NOpOXAawlled MaTpuuel

111111111111 1111 &
000000001 1111111 &
G={0000111100001111 |—[ g |.
0011001100110011 2
0101010101010101 P

ANropHTM IEKONHPOBAaHMA IJiS 3TOr0 KOAa NPAaKTHYECKH
He OTJIHY2€TCH OT PacCMOTPEHHOTO BhILIE anropurMma ans (8,4)-
Kopa. JlelicTBUTENIbHO, €CJH

V=0,80+a,8:+0:8,+ 85+ .8,
TO, nHanpumep,
a,=0,ta,=a,Fo,=0,Fo,=0,+0, =0+ 0=, 0;=
=0y g0y =0y} 0Olyg.

Takum o6pasom, 417 KoddpduunenTa a, UMeeM 8 OPTOroHaNbHEIX
NPOBEPOUHBIX COOTHOIIeHHH. TaKoe e YHCIO OPTOrOHANbHBEIX
MpOBEPOK JIONy4aeTcss ¥ AJAA KaXKAOro u3 KoahduUHeHTOB aj,
az, aa.

CaenosaresibHO, ecJH mpousouwio He 6oJee TpeX OLHOOK,
TO B NEPBOM «TYpe» FOJIOCOBAHHSA YAAeTCs BOCCTAHOBHTL Bep-
Hble 23HaueHUs1 KO3 QHLHEHTOB a,, @, as, a,. Bo BTOpOM «Types,
JiefiCTBYSl COBEpPLIEHHO TaK ke, Kak H B cayuyae (8,4)-koza, no-
JyyaeM BepHOe 3HauyeHHe AJjs a,. [locne sToro no HamjaeHHBIM
3HaueHHsIM KO3hhHUHEHTOB LEJHKOM BOCCTaHaBJHBaeM KOLO-
Boe cnoso. Mrak, (16,5)-kox Pupa — Mansepa ucnpabaser
Jobble OLIHOKH, €CJIM OHH HUMEIOTCsl He 6oJiee 4eM B TPeX CHM-
BOJIAX, U OGHAPYXHUBaeT OWKOKH B YeThipeX CHMBOJIaX. MOXHO
y6eauThCs, YTO ABYX 3TaNoB TOJOCOBaHHA HOCTaTOYHO sl
moboro PM-kofa mepsoro mnopsjixa.

[Tpu nocrpoenun Komo Pujga — Mansnepa Gosnee BEICOKHX
NOPSIIKOB MCNONB3YETCA MOKOMIIOHEHTHOE YMHOXKEHHE BeKTO-
poB, onpefie1eMoe CAeAYIOMUM 00pa3oM: eClH V= (0, 03, ...
e 0), 8=y, Bs. .., By, TO

v°u=(alﬁlr a262!‘ LA ] anﬁn)‘

[TokaxeM Ternepb, Kak no npousBosibHoMy PM-kony nep-
Boro nopsjaka crpoatcs PM-koawi 7-ro nopsanka (r>>1). [1ycts
cTpoKamH nopoxjawoueii marpuubl PM-Kona nepsoro nopsaka
SIBJISIIOTCA BEKTOPH! Lo, Ly + -,&'m. COCTABUM H3 5THX BEKTOPOB
BCEBO3MOXKHblE MpPOM3BELEHHs, COAepKauue He Gonee r co-
mHoxkuTeneH. JloGaBuM 3TH NpoH3BeJEHHS1 B KauecTBe JONOJ-
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HUTEJbHBIX CTPOK K CTPOKaM g, &i, . . ,&m. [I0JYUeHHYIO B
pe3yJbTaTe MaTpuLy H 6yleM CYMTaTb MOPOXKAAIOLIEH MaTpH-
ueit PM-Kozaa r-ro nopsaka. Hanpuwmep, ana PM-kozxa Broporo
nopsiaxa, coorsercrByiomero (16,5)-kony Pupa — Mannepa
nepBOro NopsiiKa, 8Ta MaTpHIAa HMeeT BHJ

(L1t (&
000000001 1111111 &
0000111100001111 &
001100110011001°1 P
010101010101010°1 &

G=[0000000000001111|=/|giog|.
00000000001100T11 &1°8
0000000001010101 2108
000000110000001 1 22083
0000010100000101 Lo g
0001000100010D0T1 Py

AToT KoA ucnpaejaser mobee OJAHHOYHLIE M OOHApYKHUBaeT
JBONHbIE OIIMOKH, a MaXOpUTapHoe JEeKOJHpPOBaHHEe IJIsi HeFO
MoxKeT 6bITh OCYLIECTBJIEHO B TpH 3rana. Ecan @ KopoBoe cho-
BO, TO
v=0a,gt+a.g+. . . +0,8,+0::808,+
+a,381085+- - 05,8508 - (B)
Ha nepsom 3Tane onpejensieM BepHble 3HaUeHH Koadduuy-
€HTOB @;;, V1 KaXJOTrC N3 KOTOPHIX HMeeM 4YeThipe OpTOrg-
HaJbHBIX TPOBEPOYHBIX COOTHOLeHHS. Hanpumep, ajs Kosg-
¢uuMeHTa @;, OHH TAKOBHL
A3, =0+0, 0y,
Qg =00y 05+ 0+,
Qg ==0lg 0y —0lyg+0lyy,
Qg =015+ 05 +0iy gy
Tocne onpenenenus Koa(dUUHEHTOB a;; COCTABJsEM Pa3sHOCTb
‘01=‘U—amg1\°g2_' . .—(134g3°g4=(a(’n a;a' . "aiﬁ)'
ITockoabky npu Ge3omuGOUHOH nepejaye
U, =08+ 0,8, + 28, + 0,8+ 0,8,

TO MPOBEPOYHBIE COOTHOIUEHHS VIl ONpEeleNeHHs di, Qi, @3y
a, (3To BTOpOfi 3TaN roJOCOBAHMS) TAKOBHI Xe, KaK a1 PM-
Kona nepsoro mopsaka. K mpumepy,
Q=0+ 0 = 0y - 0y = 0y - 05 = Qg - Oty = Oty - 0g =

= Qg+ Oy = Ogp <} Oy = Qiy - Olfse

11



HaxkoHel, Ha TpeTheM 3Tane coCTaBJ/isieM PasHOCTb

Dy — 0,8 — Aoy — ey — A, 8y = (0, %1, vy O
u no GONbLIKHCTBY 3HAUEHUH KOOPAUHAT O ONMpejessaeM 3Ha-
ueHHe a,. Ilocse 3aBepuieHHs TpeTbero 3Tana KOoJOBOE CJIOBO
BoccTaHas/auBaercs no gopmyJae (5).

[TopoOHaa mnpouenypa AEKOAHPOBAHHUA DACIPOCTPaHsETCs
Ha PM-xoJbl NpOU3BOJIBHBEIX MOPSAKOB; NPH 3TOM IJf KOAA
r-ro MOpsiiKa YHCJIO 3TANOB TOJIOCOBAHMA paBHO r+1 u anq
KOa JJIMHBI 27 4HC/I0 OPTOTOHAIbHBIX MPOBEPOK Ha MEPBOM
jTame paBHO 2777 (Ha KaXXAOM MOCJEAYIOUeM 3Tare YHC/I0o
npoBepok yzasauBaercsi). Takum o6pa3oM, MoxkeT ObITb HCIIPAB-
jiego 27~ r=1—1 omuboxK, a 27~ omnboK Bceraa o6HAPYKHU-
BaeTca.

B Hacrosimee BpeMsi OTKPBHITO JOCTAaTOYHO MHOIO KOJOB,
JUIs1 KOTOPBIX NpPHMEHHMbl MOJOGHbIE aNTOPHUTMBI JEKOAHPOBa-
uua. MX onucanue M cnocobbl NOCTPOEHHS] OPTOrOHAJBHEIX
MpoBepok 6asHpYIOTCA HA Pa3NUYHbIX KOMOMHATODHBIX U Teo-
METPUYECKHX KOHCTPYKLHUSX.

3anauu 4 JONOJAHEHHUA

1. Ona (8,4)-kopa Puma — Mainsiepa nepBoro mnopsika
HCMPaBUTE MM OCHApYXHTb OMGKH B CJAEAYIOMIMX CJIOBAX:

11010110, 11100001.

2. Ananusupys coorHowenus (2), (3), (4), Hafitu uncio oGHapyKuBae-
MbIX M YHCJIO HeOOHAapYKHBaeMbiX TPOHHHIX owuGok B (8,4)-koze Puma—
Mannepa. MiMeloTcst in MenpasuMbie TpoitHbie omu6ku? PeiuTh Te xe 8O-
npocsl AJisi OMHMOOK B YeTbIpeX CHMBOJIAX.

3. Ias (16,5)-koma Puma — MaJviepa mepBOro nopfaKka HCAPaBHTb
WK OGHapYXHUTb OIMGKH B CJEYIOMUX CIOBaX:

1110010100100111, 1010010110101010, 1001001001001001.

4, Cuyras, uTo Hcrnosb3dyercsi PM-kox BToporo nopsiaka AJuebl 16,
UCNIPABUTL HJIM OCHAPYKUTb OIIMGKH B TeX Ke CJOBax, YTo M B 3ajave 3.
Uem OOBSICHSIIOTCS PAcCXOXKIEHHS C pe3yJbTaTaMH 3ajayu 3?

5. Jlokasath, uYro Kop Puaa — Maisepa r-ro nopsifka AJHHB n=2m

umeet 14-Ch+-. . .~4-Ch, nadopMansonsLx cumosos, 14+-Ch4-. . . A-Ch~""t
NPOBEPOUHEIX CHMBOJIOB, a €r0 KOJOBOE PaccTOSHHE PaBHO 27 T,

19. JIATHHCKHUE KBAJPATbI ¥ KOJb!

JlatuHCKue KBajparhl J0/roe BpeMs ObIH H3Be-
CTHBI JIMLIb MAaTeMaTHKaM H JIIOGHTENSM TOJIOBOJIOMOK H, B OC-
HOBHOM, Grarojapsl oqHoii 3HaMeHuToi 3anaue JI. Ditiepa *).
B 1782 r. Diiep NMpeANoXU crefyioulyo npobJemy.

*) Jleonapa Dfinep (1707—1783) — oaun u3 BelMKHX MaTeMaTHKOB
XVIII Beka, co3MaBIIHX OCHOBBI MaTeMaTHyecKoro aHaimsa, IlIBefinapen

102




Cpenu 36 oduilepoB HAXOAUTCSA MO IIECTh O(PHIEPOB LIECTH
pasIMYHBIX 3BaHMH M3 LIECTH MOJNKOB. MOXHO /M MOCTPOHUTH
5THX O(UIEPOB B Kape Tak, YTOOB B KaX[0# KOJOHHE U Kax-
JOH LIepeHre BCTPedaauch oduLeph BceX 3BaHUH M BCeX moJ-
KOB?

Jlums B 190! r. ypanoch jpokasaTh, YTO 3TO HEBO3MOXK-
Ho. OfHaKo CBSI3aHHbIE C 3afa4el DhAJepa TaTHHCKHE KBaJpaThl
He MOTepsNd HHTepeca, TaK Kak BCKOpe OOHapYXHJOCh, YTO
OHM HMEIOT MHOT000pasHbie NpaKTHYeCKNe NpUMeHeHust. A coB-
ceM HeJlaBHO (KOHell LIEeCTUAECATHIX FoJ0B) OHH ObUIH NpHMeHe-
HHl H B TeOpHM KoaupoBaHus. [losywarouiyecss Ha HX OCHOBe
KOJIbl, XOTS1 ¥ JaJIeKH MO CBOUM f1apaMeTpaM OT ONTHMA/bHBIX,
HO 3aTO JONYCKaioT MPOCTHE aJrOpUTMbl AEKOAMPOBaHUsA (ro-
JIOCOBaHHE B OAMH ILar).

Bynem paccMarpuBaTh KBaipaTHBle MaTpHIBI NMOpsAAKa n,
3JIEMEHTH KOTOPHX — uHucaa 1, 2, . . ., n. Takyo mMatpuny Ha-
3LIBAIOT AQMUHCKUM KBAOPAMOM, €CIH BCAKHI JIeMEHT BXOAUT
POBHO ONHH pa3 B KaxAyl0 CTPOKY M B KaxKAbll cToaber.

Cnenylompe MaTpHIbl SIBJASIOTCS NPHMEPaMH JIaTHHCKHX
KBaJipaToB (COOTBETCTBEHHO NOpsiika 2, 3 M 4):

123
G (o (

CyILecTBEHHBIM [1PH MOCTPOEHUH KOJOB SIBJSIETCS CBOHCTBO
OPTOrOHaJbHOCTH MaTpHL, KOTOPOE ONpEeNessieTcsl CJAeYIOHM
obpasom.

JBe MaTpuLBI MOPSANKA i HA3LIBAIOTCS OPMOOHAAbHbIMU (HE
MyTaThb C OPTOrOHANBLHOCTBIO BEKTOPOB!), €C/IH NPH HAJIOXKEHHH
/o060l U3 HUX Ha APYTryl0 Mbl NOJYYHM MHOXKECTBO BCEX YIIO-
psanoueHHslx nap (i, j), 1<<i<n, 1<j<n.

BoT nmpuMep OpTOroHaJbHBIX JIATHHCKHX KBajpaToB IO-

paaka 3:
123 123
(231), <312)¢
312 231

10 TPOMCXOXKJEHHIO, OH XKWJ H- paGoTan npeumywectBeHHo B Poccnm.
Diinep, BHAeJsABUIHiCS CBOeH HCKJIOUHTENbHOH HHTYHMLUHeH H pasHoCTo-
POHHOCTbIO HHTePEcOB, OCTaBMJ TYGOKHH cJleX NMPaKTHYeCKH BO Bcex 06-
JlacTAX COBPEMEHHOI eMy MaTeMaTHKH. Bosbwoe KonnuecTBO ero 3ameya-
TeJIbHBIX PESYJbTAaTOB SIBMJIOCH OCHOBOH s JanbHeHINero pasBHTHA MHO-
IHX pa3jlelloB MaTeMaTHKH,

2
4
3
1

N W o
N B - W
LW = N B
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OpTOFOHaJIbeI TaKxKe ¥ caeayioullie 1se MaTpHHbL

U IS PPN Y 123 ... n

222.,..2 123 ...n
A={338..3]), [5:([23...!2 i (1

LR ) " e PR

\nnn...n \\123...n
Jlerko BHJeTb, YTO MaTpULa MOPAAKA N SBJASETCA JATHHCKHM
KBajpaTroM TOTAa M TOJABKO TOrja, KOrja OHa OPTOroHasbHa

obenm matpuuam A u B.

[1pn nmocTpoeHUU KOAOB HCMOMB3YIOTCH MaTpulel (1) u uwm
opToroHanbhble. CriocoG NOCTPOeHHs OOecreuuBaeT HYKHOE
IS 1€KOAHPOBAHUS YHCJIO OPTOFOHANBHBIX NPOBEPOK; COCTOMT
3TOT cnoco® B CJAEAYIOIIEM.

Has marpuns C ykasaHHoro Tvma v Ajs JioGoro ee sie-
MeHTa k onpenenuMm ABOHuYHYI0 Mmarpuny C,, KoTopas mnosayda-
erca u3 C 3aMeHOll BceX 3/1€MeHTOB, PaBHBLIX k, eUHHIAMH,
a' BCeX OCTalbHBIX 3JIEMEHTOB — HYJAMH. Takum o0pasom,
no marpuue C nopsjaka n crposates Matpuunl Cy, C,, . . ., C,.
Kaxnoii ua stux marpun C, cONocTaBUM BEKTOP ¥, HEPBbIE 1 KO-
OP/MHAT KOTOPOTO SIBASIOTCS MOCJIEN0BATENbHBIMH 3JIEMEHTaMH
nepBo#l CTPOKH MaTpulbl C,, clenylomue n KOOPAHHAT — 3Je-
MeHTaMH BTOPOH CTPOKH M T. A. MHbIMH c/0Bamu, n® Koopau-
HAT BEKTOpa ¥,— 3TO BCe MeMeHThl MaTpuusl C,, ¢BBHITAHY-
TOH» B OfHY 06wyl crpoky. O6pasyeM, HakoHel, mMatpuny C
nopsajKa nXn?, cTpPOKaMu KOTOPOH fABASIOTCH BEKTOPhI ¥,:

;)
C=|"
Y,

Hanpumep, s marpuist

123
c=<23 1>
312
HMeeM:

100 010 001
C1=<00 l>, C2=<l 00), Ca=(0[0>.
010 001 100

v,=(100001010), ©,=(010100001), v,=(001010100)
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[ycrs teneps A u B — marpuun (1), a Dy, D,,...D, —
MOMapHO OPTOTOHAJ/IbHbIE JIaTHHCKHE KBafpaThl. O6pasyem u3
HHX YKas3aHHbIM Bhle crocobom marpuubl 4, B, Dy, D,, ..

.., D,, a 3aremM nocrpoum marpuuy /1, KOTOpYI0 MOXHO yc-
JIOBHO MpPEACTaBUTb B BHIE:

{

S O ot e
o =

vy

S

ot ...
~N

{ /

(matpuunt A, B,Dy, D3, . . ., D, noANACHIBAIOTCS OJHA MOA APY-
rOH M K NoJyYHBLIeHCS MarpHle NPUIHCHIBAETCS CpaBa eu-
HHYHaa MaTpuua E,, COOTBETCTBYIOLIEro MopslKa m).

Marpuny H GyzeM cuuTaTh NMPOBEpPOYHON MaTpHUeH Koia,
MOCTPOEHHOrO ¢ MOMOIIbIO JIATHHCKUX KBaapaToB. Yucelso cTpok
STOH MATPHILBI, KaK BBITEKAET U3 NMOCTPOeHHs, paBHo (r+2)n,
a 4uciIo cToa610B cocTaBnser n2-4-(r-+2)n. KonoBoe pacctosinue
[OIyYEeHHOr0 KOHA, KaK Mbl YBHAMM, OyneT He MeHblue
r+3.

B kauecTBe mpuMepa paccMOTPUM KOA, MOCTPOEHHBIH ¢ MO-
MOL(BIO IBYX OPTOTOHANbHBIX JIATHHCKHUX KBaJpaToB MOPAR-

Ka 3:
23 123
D;=< 3 1>4 Da=<3 1 2).
12 231

B stom ciyuae

111
A=<222>, B=
333

111000000 100100100
/‘1:(000111000 010010010>,
000000111 00100100 1
_ (lo0001010\ 100010001
Dl=°‘°’°°°°')» Ds-_-(onooonxoo).
\001010100 001100010



Haxkonen, NpoBEpPOUYHAsA MaTpHUa HCKOMOrc KoJa TaKoBa:

111000000 i ;
000111000 I
000000111 1 0
100100100 1
010010010 1
001001001 1

H={100001010 ;
010100001 i
001010100 0 !
100010001 i
010001100 I
001100010 1

Jlerko BHAETb, 4TO Ayl KaXnoro U3 9 HHPOPMALMOHHHIX
CHMBOJIOB MOXKET OLITh COCTaBJIEHO YEThIpE OpTOI‘OHaJ'lebIX npo-
BepkH. Hanpumep, nepsas, uersepras, ceapmas M jecsATas

L7
o
&g

}%}

&
L(+

&

Tss

)
/

.Tss

Pnc. 25.

CTPOKH MaTpHLbI H nator cagiyiouiue NMpoBepKH AJjiad  nep-
BOro CHMBOJIA Q.

Oly=0t; -0y -0y,

Oy=0l3 0+ yy,
Oy ==0lg 0,10y,
Q=04 +0g+0lyg.

OpTOroHaNbHOCTb 3THX COOTHOLIEHHH, KaK MOXHO yGenuThes,
KaK pas M OODBSICHAETCA CBOHCTBOM OPTOTOHAJIBHOCTH HCXOZ-
HBIX MaTpuu. [IpH 3TOM uMCIO TaKHX COOTHOIWEHHHA jasi
KaXXJIOro CHMBOJIa BCErJa PaBHO YHCJIY MATPHII, HCIOJb3Y-
eMbIX JJI NOCTPOeHHMs, T. e. r+2. A 3HauuT, KOJOBOE pac-
CTOsIHHE He MOXeT ObiTb MeHblle, 4eM r+3; B HAlleM NPHMEpPS
OHO He MEHbILE NATH.
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Ha puc. 25 mbl npuBOAHM YacTb JEKOAHPYIOUIEH CXEMH,
npejHasHayeHHYIO A1 JEKOAMPOBaHHs CHMBOJA a; (6yKBOH
M, Kak u paHbllle, 0003HaUeH Ma)KOPHTAPHBIH 3/1EMEHT).

20. MATPULIbI AJAMAPA U KOJIMPOBAHHUE

Baxuyio ponr B anrebpe M KOMGUHATOpUKE
HTpaloT MaTpuubl AnaMapa, KOTOpHe BlepBbie OBUIH BBEASHHI
B MaTeMarH4yecKuii o6HXOJ B KOHLe Npouuioro Beka *), Cpas-
HUTENBbHO HenaBHO (B 1960 r.) Obwio 3aMedeHo, uTO 3TH
MaTpPHIIBI MOTYT OBITh HCIOMb30BAHBl A IMOCTPOEHHS KOJOB

d> |2
C 6OJII>ILIHM KOJOBbBIM paCCTOﬂHI/IeM = j .

KBazparnas marpuuna f nopsiika n ¢ sneMeHTamu =1 Ha-
3biBaeTcsl mampuyell Adamapa, ecnu BHIIOJNHSETCS YCIOBHE

HH"=nE,.

BoT HeckoJbKO npuMepoB Mmarpun Anamapa:

o),

n=1 n=2

(1 1 1 1 1 1 1 1)

I—1 1 -1 1—1 1+-—1

I 1 —1 -1 1 1—1—1

1 —1 1 —1 1—1 -1 1 1—1-—1 1

I 1 —1—1 , 1 1 1 1 —1—=1—=1—=1]-

1 —1 —1 1 1—1 1 —-1-—-1 1-1 1
n=4 I 1 —-1—-1—-1-1 1 1

I —1—1 1—-1 1 1-—1

n=8

Paccmorpum npousBo/ibHYI0 MatpHiy Anamapa

hyy B oo hyp)
hyy hyy +uo o

H=|"7 "7 """ hy==L
N T

Hs onpenenenus ciefyer, uro ans JMoGOH naphl CTPoOK ¢ Ho-
Mepamu [ # | (i%~j) BepHO paBEHCTBO:

hishys +hishys + .. bk, =0. )]

*) XKar Apamap (1866—1963) — oxun u3 KpynHeHmmx ¢dpannys-
CKHX MaTeMaTHKoB Kouna XIX u mepsoit nososunsr XX Beka, aBTop ps-
fla OCHOBOIIOJIATaIOMWHKX PaGoT B 06/1aCTH TEOPHH YHCeN, anreBphl H MaTeMa-
FHYeCKOTo aHaslu3a.
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Takum o6pasom, pasjuMuyHble CTPOKH MarpHubl Ajxamapa no-
napHo opToroHa/ibHul. Jlanee, uncio cnaraembix B (1), pas-
HBIX -1, IOMKHO COBMajaTh C YHCJOM CJ1araeMbiX, DaBHBIX
—1. CnenoBatesibHO, 1 YeTHO U JIHOOble JBe CTPOKH COBNAAalOT
POBHO B n/2 MO3HLIMAX M PA3/IHYAlOTCA B OCTANbHBIX.

[Tycts Temepb A — JBOWYHAA MaTPHULA, NOJYYAIOMASACH 3
maTpunsl H 3ameHoi sneMenta 1 Ha 0 —1 Ha 1. MHOXecTBO
BEKTOPOB-CTPOK MaTpuubl A obpasyeT TOrZa KOA C paccros-
HueM XeMMUHra MeX1y JoOLIMH KOILOBBIMH CJIOBaMH, PaBHBLIM
n/2. Tak, u3 marpuun Anamapa nopsika 8 nonaydaeM Mar-
puuy A, sajalouyio Koi JJHHHE 8 ¢ KOAOBBIM paccTosiHueM 4:
00000000

@)

SO0 O0O0OO0O
—_ e D = O
—— O O - = O
O ot O O e
—_O - O OO
OO O = O
O et et e b O
—— D et D et -

He MeHsisi KOZOBOTO DAacCTOSIHHSI, MOXHO YMEHBIIHTh AJIHHY
KoJa, €cAH OTOpOCHTh MepBbI (HYJEBOH) CHMBOJ KaKaoro
coBa.

VYKasaHHBIM 06pa3oM M3 BCSIKOH Marpuubl Anamapa nopsig-
Ka n MOXHO NONYYHTb ABOHUHBIN Koi Anamapa tuna (n—I, n,
n/2) (n—1— pnuHa KOZOBOTO €JIOBA, N — YHCJO CJAOB KOJa,
n/2 — KojOBOe paccTosiHHe). D10, KaK NPaBHJIO, KOXA, He fAB-
ASIOMUHCS JIHHEHHRBIM,

C matpuuell A cBsi3aHHI ellle ABa KOJAa, KOTOPHIE TOXE Ha-
SHIBAIOT KojaMu Anamapa.

[MepBoiii U3 HUX mosydaerca Tak. IlepefizeM OT MaTpullbl
A K maTpuue A, 3aMeHHB Bce 3/1eMeHTH MaTpuibl A UX jonon-
HEHHAMH (T. €. 3aMeHHB eJHHUIbI HYJIAMH, a HYJIH — eJUHH-
namu). Torna crpoku matpuit A 1 A B COBOKYMHOCTH 06pa3yioT
Koj tuna (n, 2n, n/2), 910 JIErKo NpoBepAETCs ¢ MOMOLLbIO pa-
peHctBa (1).

Hpyro#i kox Ajpamapa nosydaercs M3 HpeAblAyLiero of-
GpacbiBaHMEM MepBOTO CHMBOJNA B KaXJAOM KOAOBOM CJIOBe.

dro OyneT Koj THIA (n—l, 2n, %—1) .

Hanpumep, u3 MaTpHIb (2) MOXKHO NMOJNYYHTh TAKHUM CIIO-
coboM Koxel Apamapa tunos (8,16, 4) u (7, 16, 3).

Koapl Anamapa, Kak BHAHO H3 WX OnpefleneHus, odaajaior
HHTEePecHOH OCOGEHHOCTBIO: PACCTOSHHE MeXKAY JIIOObIMU ABYMS
KOJIOBHIMH CJIOBAMH OJIHHAKOBO H COBNAJaeT MO3TOMY C KOAO-
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BEIM paccTosinueM. [1ooGHEIe KO HA3KIBAIOT SKEUOUCAHMHbL-
MU, B B HEKOTODHIX CAy4asiX HX HCIOJb30BaHHE JAeT 0coOble
peHMYIIeCTBA.

Konet Anamapa, o6nagas GoNbUIMM KONOBLIM PACCTOSTHHEM,
1103BOJIAIIOT COOTBETCTBEHHO HCNPABUTb N 6OJbIIOE KOJHYECTBO
olIHOGOK (TmepBble [Ba M3 HUX HCNPABASIOT OMIHOKH NPHMEPHO
B YeTBEPTH MO3UIMH KopoBoro ciosa). Iocruraercs 3to, Ko-
HEYHO, IeHOH BBLICOKOH H3OLITOUHOCTH.

Has nocTpoenus u peanusauuu xoja Ajpamapa TOH HJH
WHOM JVIMHBI HEOOXOAMMO MOCTPOMTbL CHayaja Marpuny Ana- -
Mapa COOTBeTcTBymwulero nopsiaxka. Hapo ckasarb, 4To Takoe
MOCTPOEHHE SIBJSIETCS COBCEM HEJIErKHM JeJIOM, H 9TOMY BOI-
pocy MOCBSIEH BHYMINTENbHLIH pasliesl COBPEMEHHOH KoMOH-
Hatopuku. Hexoropble MeTonpl mocrpoenust 6yayT paccMmoTpe-
Hbl HHXKe B paszene «3ajaud U JononHeHus» (cM. Takxke [4]).

C marpunamu Anamapa cBsi3aH psiJi HepPeleHHbIX npobieM,
OJlHa M3 KOTOPHIX COCTOHT B cjeayiwoieM. Mbl yxe BHIeNH, UTO
Nopslok n MaTpulbl Afamapa npH n>3 MoxeT» GbITb JIHIIb
yeTHbIM. Bosee Toro, HeTpyaHO nOKasaTh, YTO NpH n>4 mo-
psloK 06s3aH AeJHTbcs Ha 4 (cM. momoaneHue 3). o Hacros-
Ulero BPeMeHH OCTaeTcsi OTKPBLITHIM BONpPOC: A1 Jo6oro JH
n, KpatHoro 4, cyuiectByer Matpuua Ajamapa mopsigka n?
HeusBecTHO, B 4acTHOCTH, CYWIECTBYET JiH MaTpuua Ajamapa
nopsinka 268 (310 HaHMeHbLIIMH NOPSIAOK, KPATHHIH 4, A1 KO-
TOporo MaTpHua Anamapa eile He MOCTPOEHA).

3anayu M JONOJHEHHS

1. Yxaxem HauGoJiee npocToi CNocob NOCTpoeHHs MaTpHun,
Apnamapa cKoMb yroguo Goabwmnx nopsiakos. Ilycre H,— martpuna Apa-
Mapa mopsiika n W —H, — MaTpHUa C NPOTHBONONOXHLIME 3JeMEHTaMH.
CocTaBuM H3 HHX MaTPHIY NOpsiAKa 2n CAeNYIOWHM 06pasoM:

_(H, H,
Ho= (5" _ut) -

WmenHo TakuM 06pasoM noayualgHCh OfiHAa M3 IPYTofi MaTPHIB! NOpALKOB
1,'2, 4, 8, npuBeieHHble B Hauasle 3TOTO Maparpaga.

Hokasarb, 4To MaTpHua Hy, sBAseTcs MaTpuuell Aflamapa.

2. Cnepylomue fiBe onepallii npeoGpasyloT MaTpuuy AjaMapa CHOBa
B Marpuny Apnamapa:

1) DepecranoBka CTPOK (WM CTOJIGLOB);

2) 'yMHOXEHHe CTPOKH (MM cTonbua) Ha —I1.

C nomomeio 3THX onepanuii JMOGYI0 MaTpuLy Ajnamapa MOXKHO npeo6-
pasoBaTh B TaK Ha3blBaeMyl0 HOPMa/IH30BaHHYI0 MaTpuuy Apamapa, y
KOTOpO# TepBasi CTPOKA M NEPBHIH CTONGEN COCTOAT W3 OFHHUX €IHHHIL,

3. IlokaxeM, uTo eciH H — marpuua Agjamapa nopsigka n>2, 1o n
KpaTtHo 4.

109



JeficTBUTENIbHO, MOXKHO CUMTaTh MaTpHiy M HOpMaAH30BaHHOH MaT-
puuefi Apnamapa. Ilepecrasisfis ee cTOAOuBI, BCErAa MOMHO JOGHTHCH;
YTOGH NepBHe TPH CTPOKH MATPHIbI MMeNH BHJ:

11.,,,1 1 1,,, 1 1 1,.. o 1 L1.., 1

irtr,,.,t 1 1.., 1=l —1...—1—=1—1.,,-—1
11,..1—1—1.,,—1 1 1... 1 —l—1..,—l1

IMonyuaerca yereipe THna croa6uos. Ilycts i, j, &, [ 03HAa4aOT COOTBETCT-
BEHHO YMCJIO CTOJIGLOB IEPBOrO, BTOPOrO, TPEThEr0 H YETBEPTOTO THIOB.
CBOICTBO OPTOrOHAMBHOCTH CTPOK BJIEUET TOT/@ TAaKXKe PaBeHCTBA:

i+ j—k—1=0,

i—j+£—1=0,

i—j—k-+41=0,
Kpowme Toro,

l-+j+k+1=n.

L n
U3 sTuxX paBeHCTB mosydaeM i=j=Fk=1 = OTKYAa H CleAyeT Haue
YTBEpKAEHHE,

4. VI3noxuM ellle OIMH MeTOJ MOCTPOeHUS MaTPHIH AjaMapa — MeTOA
Monu. PaccmoTpuM none 7, BLMETOB MO MOAYIO p, [Ae p — NPOCTOR
uncsio. Besikuit sneMent Z p, sBasiomufics KBajpaToM Kakoro-nu6o sJe-
MeHTa TOTO JKe INOJs, Ha3biBaeTC KBAOPAmMUHHLIM 6biMemOM, BCAKHH ADY-
roft — Keadpamuurbim tesomemon. OnpefienuM Ha Zp CeRyIOmYIO GyHKIHIO
(), naspiBaemyio cumeorom Jlesanopa *):

0, ecu {=0;
%@ =1 1, ecniu [—KBafpaTHuHbIl BHYET;
[ —1, ecsiu I—KBapaTHUHBIH HEBLIYET.

Vicxons us storo OonpeneseHuss, MOXHO H0KasaTh, YTO [Jisi BCAKOrO C#O
BBINTOJIHACTCAA PaBE€HCTBO

xMxT+0+5@xC+)+... +x =D x(p—1+)=—1. (3

PaccMoTpuM Temepb KBaApaTHy0 Matpuny Q mopsiika p, SJIeMeHTH
kotopo# ¢;; (i, j=1,2, ..., p) onpeiensioTca clefyoOmuM 0o6pasom:
qiy=2% (F—1.

Mycry E — egunuyHas MaTpHua nopsaxka p, a J — KBajpaTHas MaTpuua
TOT{ e NOPsAAKA, BCe SieMeHTH KoTopoit pasHbt 1. Toraa, noassyscs (3),
MOXKHO J0KasaTb paBeHCTBa

QQT=pE—J, QI=JQ=0. @

*) Anpuen Mapu Jlexannp (1752—1833) — ¢bpannysckuii MaTema-
THK, INIOROTBOPHO paGoTaBIUMH B TEOPHH YHMCEN W B psijfie Pas3fesioB MaTe=
MaTHYeCKOr0 aHajJH3a M MEeXaHHKH,
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IMycts Tenepy p=4k—1. B atom ciiyuae MaTpHua
(11 1 ,..1

asasiercs MaTpuueil Axamapa nopsaaka p-+1. JleficTBuTeNbHO, sHUMCAAR
npousBeflenne HHT, nonyuyaem:

bl 0 ... 0
0

DI sesieissiae

. 1]

J+(Q—E) (QF—E).

cesriiinew

HH® = )
0

seiseibene

Janee, KaK HETPYAHO NPOBePHUTh, MaTpHua Q nopsaaxa p=4k—1 cosnanaer

¢ marpuueit —QT . Orcioga ¢ yuetom (4) umeeM:

J+@—B) ("—E)=/+QQ"—Q—Q"+E=
=J+pE—J—Q+Q+E=(p+1)E.

Takum obpasom, HHT=(p+1)E.
5. B xauectBe npHMepa INOCTPOMM MaTpuuy AgjaMapa nopsgxka 8,

Mpu stom p=7. Oynkuus y(i) 3ajaercss clepylomed Tabauieii:

T[0T 2

3 14 5

6

x @0 11 —1 1 —1 —1

Matpunst Q 1 H MMeIOT Tora BHX:

0
—1
—1
Q= 1
—1
1
1
1
—1
—1
—1
1
—1
1
1

Pt ek et ek bk ek

6. IMocrpoutsb
COOTBETCTBYIOLIHE

1
0

—1
—1

1

—1

1
1
1
—1
-1
—1
1
-1

1

1
1
0
—1
—1

1

1
—1

MetonoM [Maau mary
Konel Azxamapa,

—1
1
1
0
—1
—1
1

1
1
—1
—1
-1
1

1
—1
1
1
0
1
—1
1
1
—1
1
1
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21. 3AJAYA OB OXEPEJIbAIX,
SYHKLUUS MEBHYCA
U CUHXPOHU3HPYEMBIE KOAbI

HekoTopbie Bompochl  TeopuM  KOIHMPOBAHUSA
CBfi3aHbl C M3BeCTHOH KOMOMHATOpHOH 3ajayed, HasbiBaeMOH
«3ajaueil 06 oxepenbsix». DTy 3ajauy MOXKHO CHOPMYJHPO-
BaTh CJeNYIOIHUM 06pa3oM.

[TycTh OXxepesibe COCTOMT U3 GYCHHOK HECKONBKHMX LBETOB.
CnpamuBaercsi, CKOJNBKO CYLIECTBYeT Pas3JIHUHBIX OXepeJiHi,
ec/iM 3aJlaH0 YHcJI0 GYCHHOK KaXXJAOTO LBETa.

Pacnonoxxum n GYCHHOK IO OKPYXHOCTH, YKasaB AJd
Kaxaofi OycCUHKH HoMep ee mBeTa. Ecau o06oiTH 3Ty
OKPYXHOCTb B OINpPEJeJeHHOM HanpaBjeHUH, HauaB C He-
KOTOpo#  OYCHHKH, TO OXKepeJbio
u3 n OycHHOK OyleT Ccomocras-
JeHo cIoBO (@; @:. . .a,), THE a;
ecTb Homep uBera i-# Gycunku. Ho
06XOf MOKHO HayaTh ¢ Jio6oil 6y-
CHHKH, I03TOMY JIIO60MYy OxKepesibio
COOTBETCTBYET 71 CJIOB, MOJYYaeMbIX
OIHO M3 JPYroro UHMKJIHYECKHMH
capuramu. Hanpumep, nas  oxe-
pefbsi, MPeACTaBJIEHHOr0 Ha pPHCYH-
Ke, IoJydaeM CJEAyioLHe cJoBa:

12213, 31221, 13122,
21312, 22131.

Boo6iie roBops, cpely n CJIOB, CONOCTABJIEHHBIX OXKepenblo,
moryT ObITh H OfHHaKoBHe. Hac, ogHako, OyqyT HHTepecoBaTh
He BCE OXepeJibsi, a TOJIbKO TaKHe, KOTOPhIE HesIb3sl COCTAaBHTh
U3 ABYX WM GoJiee ONMHAKOBBIX «KYCKOB». TaKHM OXepesbsM
OTBEYAIOT CJIOBA, KOTOpPBHIE HeJb3sl COCTABHTh H3 HECKOJbKHX
OJHHAKOBBIX CJIOB MeHblleH MJHHB. DyjaeM HaswBaTh mojiol-
HBle coBa ocHosHbimu. Hanpuwmep, cnoBa 11, 100100100 ne
SABJSAIOTCA OCHOBHEIMH, a cyoBo 1011 — ocHoBHoe. $IcHO, uTO
KaX/JOMY <¢HECOCTaBHOMY» OXKEepeJbl0 OTBEYaeT # PasHYHBIX
OCHOBHBIX CJIOB.

Uro6el yKasaTb yJao6HYIO (GOpMyJay A 4HC]JA OCHOBHBIX
cJIOB, HaM noTpefyeTcst Tak HasbiBaeMast pyHKIHsA MéGuyca *),

*) Aerycr ®epaunany Mébuyc (1790—1868) — nemeuxuit matema-
THK M aCTPOHOM, H3BECTHBIA, IVIaBHbIM 00pa30oM, CBOMMH paboTaMH IO npoeK-
TuBHOH reomerpuu. MM GuuIH BrepBble CHCTeMAaTHUeCKH H3y4eHbl CBoict-
Ba QyHKuHH p(n).
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onpejenseMas CJIeLYIOMHUM 06pa3oM:
1, ecmn n=1,
(—1)* ecau n — npousBefeHHE R Pa3JIHUHBIX
w(n)= NPOCTHIX YHCE;
l 0 B ocrambHBIX CiydYasx.

O6o31ayum uepes P, (m) obiiee YHCIO OCHOBHLIX C/IOB JJIH-
HHl 1 andaBuTa H3 m CHMBOJIOB. TOra, Kak MOXKHO J0Ka3aTh,

P, (m) = (dy) m"i4 4 (dg) ml% A ... p (d) m"k, (1)

rae dy, ds,. . ., dy— BCe pa3nHYHBIE NEJHTENH YHCTIA 7.

Qopmyna (1) no3BonseT HANTH YUCIO HHTEPECYIOIHUX HAaC
oxKepeJsuil, KOTopoe, OUeBHHO, paBHO P, (m)/n.

BuisicHUM Tenepb, Kakoe OTHOLIEHHE HMeeT 3ajada o oxe-
penbsax K npo6/eMaM KOxHpoBaHHs. [eso B ToM, 4TO NpH mepe-
Jlaye 3aKOAMPOBAHHBIX COODOIIEHHH JOJIKHA COOMOAAThCS Ompe-
JieJIeHHasi CHHXPOHHOCTb paboThl Ha nepejawoiell H NpHeMHOM
CTOPOHAX KaHana CBfI3H, KOTOpas 0GecIeuHBaercsl JOHOJIHH-
TEeJABHBIMH YCTPOHCTBAMH — TAaKTOBBIMH TeHepaTtopamu. [lpu
c60siX 3THX T'eHepaTopOB NPOHCXOAHT HapylleHHe CHHXPOHH-
3aliuM, ¥ B Ka4ecTBe HayaJbHOrO CHMBOJIA KOJOBOTO CJI0BA BOC-
NpHHHMAeTCs CHMBOJ, KOTODBIH HaualbHBIM He saBasercs. Or-
CIOla aKTYaJbHOCTb 3a/JauH NOCTPOEHHUS KOJO0B, CIOCOOHBIX BOC-
CTaHaBJUBaTb CHHXpoHHu3auuioo. OXHH H3 BO3MOXHBIX NyTed
ee pelleHHs (€C/H OTBJeYbCH OT HCOpAaBJIeHHs OIIHOOK B CHUM-
BOJIaX) COCTOMT B cjepyiomeM. Bynem paccMaTpHBaTh MHOXKe-
CTBO n-0yKBEHHBIX KOZOBHIX CJIOB, YJOBJIETBOpPSIOLIee TAKOMY
OrpaHHueHHIo: eclu (@; az. . .a,;) U (by bs. . .b,) — KomoBsie
croBa (He 0053aTeIbHO Pa3J/IHYHbIE), TO HUKAKOE U3 «IIEPEKPhI-
THH» MEXIY HHMH

C(aqag. . .a,by), (as...a,0.05), ..., (@b,...b,_y)

He SBJISIeTCS KOJOBHIM cIoBoM. KoApl ¢ 3TUM CBOHCTBOM Ha3bl-
BAlOT CHHXDOHU3HUPYEMBIMH, W OHH, KaK JIETKO MOHATh, OTBE-
YalOT MOCTaBJAEHHOH LesH.

Kak u oGbIYHO, M/1aTO# 3a YCOBepIlIEHCTBOBaHHE KOja siB-
JsieTcs YMEeHblIEHHe YUCIa KOJOBHIX CJIOB H, KaK OGBIUHO, BO3-
HHKaeT BONpPOC, HACKOJIBKO BeJHKa 3Ta miara. s orsera Ha
3TOT BONPOC KakK pa3 M MOXHO HCHOJIL30BaTh pelleHHe 3aiaud
06 oxepenbax. B camoM nene, ecau a=(a; . a;. . .Q,) — KO-
JOBO€ CJIOBO CHHXPOHH3HPYEMOro KOJa, TO KOJOBHIM CJIOBOM He
MOXKeT OBITb HHKAKOH €ro IHKJIHYEeCKHH CABHr, TaK KaK OH B~
JsIeTCA NepeKpbiTHeM A1a napel (a, a). Kpome Toro, mo Toit
e MPHYHHe BCSKOe KOXOBOE CJIOBO JOJIXKHO OBITE OCHOBHBIM.
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[TosTOMy MaKcHMaJibHOe YHCJIO 71-0yKBEHHBHIX CJIOB CHHXPOHHU-
3HPYEMOTo KOJd, HCHOJb3yoUiero aj(aBUT H3 m CHMBOJIOB,
He MPeBOCXOAHUT YHMC/IA HEeCOCTABHHIX oxepeslufl ¢ n GycHHKa-
MU m pa3aHuHEIX 1BeToB. O603HAUUB 3TO YHcaO yepes W, (m),
HMeeM, CJIefOBaTeNbHo,

W, (m) < Pu(m).

Takum o6pasom, noan3ysice (1), mojsyuaeM Takylo BePXHIOIO
rpaHuLy ]/ 4Hcaa n-0YKBEeHHBIX KOJOBBHIX CJI0B CHHXPOHH3H-
pyeMmoro Koja:

W, (m) < = (u(d) mitds .. A4-p(dy) molsy, ()

(3meckh dy,. . .,d, NO-NpeXHeMy BCe Da3JjHYHbIE JeJIHTeNH H).

MozKHO J0Ka3aTh (HO 3TO JOCTATOYHO CJI0KHO), YTO NMPH He-
UETHBIX £ I'paHuua (2) feHCTBHTENBHO JOCTHIaeTCsi, U 4TO 3TO,
BooOie roBopsi, He TaK, eciu # 4eTHo. OTHOCHTeNBbHO NPOCTHe
BBIKJIQJIKH MTOKA3bIBAIOT, UTO NMPH GOJBIIKX 7 CYyMMa B CKOOKAax
6JM3Ka K m™, T. €. K 00IEMY YHCJIY CJIOB JJIMHEL 1 B m-0yKBeH-
HOM aJipaBHTe, TAaK YTO YMCJIO JOMYCTHMBEIX CJOB CHHXDOHH3H-
pyeMoro Koja NpHMEPHO B 71 Pa3 MeHblue ofIero 4ucia cjloB
JJIHHBL 1,

3agayu M LONOJHEHHSA

1. IloxasaTe clepyiomee cBOACTBO GyHkuuu MéEGuyca:
R (nm)=p (n)p (m) aas ao6HX B3aHMHO NPOCTHIX 7 U M.
2. Oyukuns f Ha3bBaeTCs cymmamopHo GyHKUUEH A g, eclu

f(n)=§g(d)

(3amuck djn o3HauaeT, YTO CYMMHpOBaHHe pacIpOCTpaHseTcs Ha BCe pas-
JyuHble JeJUTeNH YHCIA n).

INokasartk, uTO0 cyMMaTopHas GyHKuusa Aas GyHEnun MEGuyca paBna
HYJIO TpH n>1 u egunuue npu n=1.

3. Ilycrb f — cymmarophas ¢yHKuus pist g (CM. 3agauy 2). Bepna
caepyiomas 3ameuaTelbHas gopmysa obpaujerus MEOmyca, Nexamas B
OCHOBE BCeX NpHJIOXeHHH QYHKUHH W(n):

g =2 (/) [ @. ®
JeficTBUTENLHO,

A\
.1.2,, M(n/d)f(d)=d|2nu (n/d)%g(k)=§% ndg®. @

B nosyuuBmefics ABONHON CyMMe H3MEHHM NOpPSZOK CYMMHpOBaHHS. 3a-
METHM JJISl 3TOTO, YTO apryMeHT k ¢yHKIMH g (k) NpH ABOHHOM CyMMHpPOBa-
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Huu Npo0eraeT BCEBO3MOXKHBIE NeNIUTENH UHCIA N, W eclH k (QHKCHPOBaHO,
To d npoberaer BCe JeNHTeNH 1, KOTOPHe B CBOIO Ouepefb AeJsTCs Ha k.
ITosToMy ABOMHYIO CyMMY (4) MOXKHO IiepenHcaTbh B BHAE:

e u(n/@=%g(k) k%ﬂu(n/d), 5)

kl|n kldln

NpH 9TOM 3anuck k|d|n ofo3navaet, uro d npoberaer Bce AEMHTENH N, Jend-
muyecst Ha k. Benem o6osnauenuss m—n/d u t=n/k, Torna m npoGeraer sce-
BO3MOXKHEIE KeJIUTeJd ¢ ¥ B CHIY YTBEPXKIEHHS 3ajaud 2

) 1, ecsiu £=1
n/d) = m) = ! ’
k%n“(/) r;ﬂ“( ) {0,ecm1t>l.

CanefioBaresibHO,

) 1, ecntun k=n
njd) = ’ ' (k— peauTenb n).
k%nu(/) {0, e k< n (k—neantens n)

OGpatasich Tenepb K BhlpaxeHHuio (5), MBI BIAHM, 4TO B CyMMe @o k
HMeeTCsl JIMIIb OJHO HEHYJIEBOE CllaraeMoe, OTBeualolliee 3HAYEHHIO k=n,
4 TIOTOMY

Y
% g 3; w (n/d)=g (),

YTO PaBHOCHJABHO (3).

4. HasoseM 4HciI0 d IEPHOLIOM Civia &, €CIH @ TIOJTy4aeTcs CouMie HeHUeM
OJIMHAKOBLIX CJIOB JJIHHEI d U HE SIBJISIETCS COUJIeHEHHEM ONMHAKOBHIX CJIOB
Mesbiie# AauHb. ITycTh P4(m) o3HauaeT ofllee YHCJO CJIOB JJIMHBI 1o B
a/ihaBuTe W3 m CHMBOJOB, HMelOmHX NepHox d.

Y6enutbes, 4TO

o D Py (m)y=mn,
din

H, NoAb3ysch GopMyJiol obpauienus (3), momyynTb OUEHKY (2),
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3AKJ/IIOYEHHUE

Hamm pacckasbl 0 KOAHPOBAHMH — NOJAOILIH
K KOHIY. MBI TO3HAKOMHJIMCh, KOHEUHO, JajieKO He CO BCEeMH
3a7a4aMH 3TOH TEOPHH, HO B TOH MJIM HHOH Mepe 3aTPOHYIHU
TPH ee OCHOBHBIX HanpaBJ/leHHsI — KOJUPOBaHUE C LEJbio
3aceKpeyHBaHua cOOOIeHHH, KOIHPOBaHHEe ¢ UEJIbI0 CXKATHSA
HH(pOPMALHH, HAKOHell, KOAMPOBAaHHE C LEJNbI0 HCNPaBJIEHHS
u obHapyxeHus ownbok. Ham xorenoch Jath npejicTaB/ieHHe
YHTATeJo, CKOJb INMPOKH M MHOrOoOOpPasHBI CBfI3H 3TOH Teo-
PHM ¢ PasHBIMH pa3jielaMH MaTeMaTHKH, U Kak NOpPOH caMble
abCTpakTHLHIE MaTeMaTHYecKHe TeOpHH MOTYT C YCIeXOoM NpH-
MEHATbCA JJ/1A pelleHHs] NpaKTHYecKHX 3ajad.

JanbHefillee MPOHNKHOBEHHE B Npo06JeMaTHKy TEOPHH KO-
JHpoBaHHA (noApoGHOe H3YyueHHe LHMKJIHYECKHX KOJOB M HX
0000L1eHH}], 3HAKOMCTBO C KOJAMH, HCNPAaBJSIOMHMU NaKeThl
OlHOOK, H creniUUEeCKHMH aJrOpUTMaMi HX JEKONHPOBAaHUS
U T. J.) TpebyeT yKe 3HAUMTEIbHO GoJiee cepbe3HOll MareMaTH-
4ecKOH MOAroTOBKH. Brnpouem, uHTepecyomuiics uurareiab Mo-
:KeT MPH XKeNaHuy o6paTHTbCS K JIUTEparype, CIUCOK KOTOpOH
NPUBOANTCA B KOHIE KHHTH.



[NTPUJIO)KEHHE

B wKoJbHON MaTeMaTHKe DPacCMaTpPHBAIOTCA pasfiiunLie
onepaluu Haj 4ucaamu. Ilpocrefiiime H3 HHX — cJOXKeHHe M o0paTnas K
HeMY OllepallHsi BRIYMTaHHUS, H YMHOXeHHe, s KoToporo obparHoil omnepa-
uueil spasercs jeaenue. IlopoOuble AEHCTBHST NPUXOAHTCS NPOH3BOAHMTH
He TOJbKO Hajl YHCIaMu, HO W Hajl APYTUMH, Goslee CNOKHBLIMH OOBEKTaMH.
3T0 MOXKHO OOHAPYXKHTb YXKe H B IIKOJbHOM Kypce: Ha YpPoKaxX IeoMeTpHu
H QH3HKH yYaT CKJI3AbIBATb M BBLIYHTATh BEKTOPH, a Ha YPOKax aiareOpoi
paccMaTpHBAlOT ONepalMH CJOXEHHS M YMHOXeHHS MHorousleHoB. OpHako
CMHCOK TaKHX OCEBEKTOB ropasjo obmupHee., MBI NO3HAaKOMHUMCH C HeKO-
TOPBIMH K3 HHX, Hau€oJee BaXKHBIMM LIS HAIIMX UeJed.

1. CpaBHEHHS M KJaccChl BBIiY€TOB

HcxonubliM MaTepnaloMm MJisl HaC OCTaluicsl NOKa BCe e
ypcaa. [lBa nenbix Yucia @ ¥ b Ha3LIBAIOT CPABHUMbIMU O MOOYAI0 n (n —
HaTypalbEoe), €CIH HX pasHOCTb @ — b gjeiutcsa Ha n Ges ccraTka *).
D10 BHPAXKAWT Clenyiolel SaluChIo:

a=b (mod n). (1

Uycno n Ha3biBalOT MOAYJeM cpasHenus (1). Hanpumep, 35=2 (mod 11),
TaK Kak pa3HocTb 35—2=233 genutcs na 11; ananoruuno, 26=—11 (mod 9),
TaK KaK 26— (—11)=236 menurcsa na 9.

3anuck a=0 (mod n) o3HayaeT TOTAA, UTO CaAMO YHCJIO a JeJUTCS Ha n,
T, e. a=k-n.

Ecnn saduKCHpPOBaTh HEKOTOPHH MOAYJb CPaBHeHHA n, TO BCAKOE
HAaTypadbHOe YHCJIO ¢ MOXHO €UHCTBEHHHIM 0GDa3soM Npe/ICTaBHTh B BUje

c=kn--r, 2)

rae k — YacTHOE OT JeJleHHs Ha f, a 7 — OCTaTOK, COBMAJAIOUHA C OAHAM

*) TlonsiTHe CpPaBHMMOCTH Brepsble Obi10 BBEAeHO EENHKHM HeMell-
KuM MatemaTHKoM Kapnom ®puapuxom [ayccom (1777—1855) B ero Tpak-
TaTe «ApHMeTHUECKHE HCCACAOBAHHAY U ABJAACTCA OAHHM H3 OCHOBHBIX
NOHATHH TEOPHH UHCEI,
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B3 4 Hcell
) 0,1,2 ... n—L &)

OcTaToK 7 Ha3HIBAIOT TAaKKe 6bi4emom YHCIa ¢ TI0 MOAYJIO 1. 3aMeTHM;
4 10 3anuck BHaa (2), rae O<<r<<n—1; NONyCKalOT He TOJBKO HaTypaJlbHbIE;
HO H Jiobbie lesbie yncaa. OueBHIHO, H3 paBeHCTBa (2) ClenyeT, 4TO C=
= r(mod n), T. €. BCSKOe YHCJO CPABHHMO CO CBOHM OCTAaTKOM (BbIYETOM) NO
moayao #. Ilyctb Teneps @ u b — ABa NPOHSBOJBHBHIX YHCJA, 3aNHCAHHLIS
B Buje (2):
a=kntri, b=kontr,.

Kaxapiit 43 OCTaTKOB ry H Iy — 9TO OAHO u3 uuced (3), MOITOMY HX
Pa3HOCTb MOXKeT JeJHThCH Ha # JHIIb B OZHOM Caydae, Koria ri=r,. Ho
TOrAa M pasuocTb a@ — b= (k; — ky)n-+-ri—r, MOXeT JeJHTbCSH HA N TOTAA
H TOJBLKO TOTJA, KOraa ry=ry. Orciona caenyer, uto a=b (mod n) torza
H TOJIbKO TOTia, KOTJa YKCJIa @ H b MMelOT OlMHaKOBble OCTAaTKH NPH AeJ/IeHHH
Ha n.

B Teopmn uncen (cM.; Hanpumep, [5]) nmokasmiBaeTca psA cBOMHCTB
CpaBHEHHH, BO MHOTOM aHaJIOTHYHHIX CBOHcTBaM OCLIUHBIX paBeHCTB. ITo-
n0oCHO TOMY, KaK Mbl 3TO JejlaeM C PaBeHCTBaMH, CPAaBHEHHS IO OJHMHAKO-
BOMY MOAYJIIO MOXHO CKJIaABBaTh; EPEMHOXATh H T. H. (TaK, NepPEeMHOKHB
cpaBrenns 17=5 (mod 4) n 7==3 (mod 4), nonyunM, KaK HeTPYAHO y6eAUTb-
cs1, seproe cpaBHenne 119=15 (mod 4). BooGue, ecin a;==b;, as=b,, T0
al+a2§b1+b2, alagzblbgq

3naveHye STHX CBONCTB 3aKJIOYaeTCs B 10M, UTO NPH PaCCMOTPEHHH
EONPOCOB JENHMOCTH 4YMCeJ M PasiHuYHBIX YKCJOBBIX apH(MeTHYeCKHX
BHIpaKEHHH MBI MOMKEM BXOASIINE B STH BBHIpaXKEHHs YHCJIA 3aMeHATh Ha
IpyrHe, CPaBHHMblE C HEMH N0 JaHHOMY MOAYJIO 7; B YaCTHOCTH, KaXJ0e
upcslo MokeT GBITh 3aMEHEHO CBOHM BhiueToM. IlpomsmocTpupyeM ckasan-
Hoe caepylowefi safaveil.

Jokasatb, 410 uucao (1981)k-- (1982)% npu nioGom HeyeTHOM HaTy-
palibHOM k JeluTcs Ha 3.

3ameuaeM, uro 1981=1 (mod 3), 1982=2 (mod 3). 3aMenss B HcXoxn-
110M Bhipaxenny uncia 1981, 1982 mx Beiveramn mo mopyJo 3, nonyyaem

(1981)% 4 (1982)F = 1-4-2¢ (mod 3).

CriefloBaTe/IbHO, JieBas YaCTb CPaBHEHHS NEJHTCH Ha 3 TOrha M TOJMLKO
Torja, Korga Ha 3 jenurcsi cymma 1-4-2%, Insa crefienell ABOMKH HMeeM:
0=, 8=2; 2%=1, 2°=2 n 1. 1. BooOme, npuMensis HHAYKUMIO TIO R,
y6exnaemcs, 9to 28=1 npu k vernom u 2R=2 npu k& meyerHoM. Tagum
o0pasoM, Npn HeuyeTHOM R

14+2¢=1+42=0 (mod 3),

T, e, echin k HeUeTHO, TO MCXOAHOE BHID@XKEHHE ACTHTCA HaA 3,
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B pasobpannoii sajaue uucia 1981 n 1982 Morsu GHITh 3aMeHeHb!
JNOGBIMK YHC/IaMH @ W b, JaiowuMu npu feleHHH Ha 3 OCTaTKH COOTBETCT-
senHo | u 2. Hu yTBepKzeHHe 3agauy, HH CNOCOD €ro J0Kas3aTelbCTBA OT
STOTO He H3MeHWJIHCh Obl. Takum o06pasoM, B HEKOTOPHIX BONIPOCax Bece
YHc/a, HMEIOLHe OJHH H TOT K€ BBIYET 7 110 MOAYJIO 11, H, CAELOBATesbLHO,
CpaBHHMble MeXAy cOGOH MO 3TOMY MOAYJIO, OKasbiBAaIOTCH B3auMo3aMe-

psaeMbiMu, OGBbeIUHHM BCe MX B OLMH KJaacc, o603HavaeMbiil r:
r={c|c=r (mod n)}. 4)

MHBIMA c0BaMH, KJACC 7 COCTOMT M3 BCeX TeX LeJbIX UHCes, KOTOpble
sanuceiBatlotcss B Buje (2). Kuace, onpenensemblii paperctBor (4), nasi-
,BaKOT Kaaccom ebwemos. Kaxpomy souery 0, 1, 2, . . ., n—1 orBeuaer cBoii
KJlacC BLIUETOB, TaK UTO HMEETCS POBHO /A PA3/IMUHBIX KJaccos

0, 1, 2, ..., n—1. 5

SIcHO, UTO 5TH KJacChl MOMADHO He MePeceKaloTes H KAamAOe LEedoc YHCAO
onajaer poBHO B OJMH KJacc.

Mz ofHapyxuBaeM, lajdee, YTO HCHOJB3YS ONEPALHH CIOKEHHS H
" yMHOMEHHS HHCEJ, MOMHO MpOH3BOLMTb AHAJIOTHUHHIE OMEPALMM H HAL
KJ1accaMu BBIYETOB.

B caMoM fesie, NYCThb 77 U Iy — JIBA KJacca BEIYeToB. BriGepeM mobbie

JiBa YHCJIA K3 OTHX KJaccoB: @3 €7y, Aa€rs. IlycTh okasamock, 4To cymma
" a;}a, uMeeT BLIUET 7, a NPOH3BENCHHE 10y — BLIYET S:
ata,€r, a13,€s.

Torza GyieM CUHTATb, YTO «CYMMa» KJacCOB 7i H 7p paBHar, a ux «ripouns-
\BeJieHHe» PaBHO §:

- — - —_—_— -
r1+r2=r, ryrg=s.

3aKOHHOCTb STOrO ONpejielleHHs 0GOCHOBBIBAETCS TEM, UTO KJA4cC, KOTOPOMY
NpUHAMIEKHT CyMMa @;-}+a; (COOTBETCTBEHHO INPOU3BENEHHE Q;Qy) HE 3a-

BHCHT OT BLIGODA 3JIEMEHTOB @ W Oy B KJACCAX 7y H Ig.

loscHM pJaHHOe omNpejesieHHe Ha NpHMePe, B3fAB 3a MOLYJb CpaB-
HeHHs 4ucao n=2. B 3TOM ciyuae MMeeM ABa Kjacca BHYETOB — O u 1,
a omepalluy Haj HHMH BBINISLAT TaK:

_I_

=0;

T
0; 0.7

<l o
o] O]
o] ©
-+
i
= —
+
4
]
g
I
[=]}

LIacro, KOrjia 3TO He BBI3LIBaeT nyTaHHOb, B 0603Ha'{eHHHX KJjiaccosn
BLIUETOB ONYCKAIOT "IepTy, 3amychiBas HX Kak OObIUHbIE HaTypaJleble
uncsia. B OCHOBHOM TEKCTe KHHIH 3TO fie/aeTcs 6e3 ClelHaNbHEX OrOBOPOK.
BouniizeM, HanpuMep, Tal/HIR CHOKEHHS H YMHOMKEHHS KJAccoB IO
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+ o | 1| 2|3 o |1 ] 2]s
ol o |1 ]2]|3s ol o]o]lo]|o
‘ 1|1 | 2] 31}o 1o |1 ]2]s
2l 2 | 3|01 2 | o 2o 2
31 3o 1|2 310 |32/

3tn TabAuuLl MOXKHO NMOHUMaTh H GYKBaJlbHO, CUHTAfl; YTO OHH ONpes
ReASHOT ABe onepaili Ha MBoxecTee {0, 1,2, 3} — ClloxeHHe B YMHOKEHHS
1o mMoayJaio 4,

2. I'pynnbi

[Ipexxze yem zaTh onpefieJeHne IPYNNE, pacCMOTPHM ONMH
BaXKHbI MPHMCP.

ByzneM HCXOIWTb ©3 TOHSATHA 63GUMHO OOHO3HAYH020 OMOGPANEHUR
MHOXKecTBa Ha ce6. B clyyae KOHEUHOTO MHOXECTBA TaKoe OoTOGpaeHHe
HasbiBaloT OCBHIYHO nodcmarosknd. TlycTh MHOXKeCTEO M COCTOMT H3 YHcen
1, 2, 3 M={l, 2, 3}, Urobrl 3anaTh Kakyio-TH6O NOJCTAHOBKY MHOXe-
cTBa M, IOCTAaTOYHO yKasaTb Ais KaxAoro u3 uucex 1, 2, 3 To uucno, 8
KoTopoe OHo ol100paxkaeTcs STofi NOACTAHOBKOH. ¥YHoOHee BCero caejaTb
3TO, HCMOJb30BaB TabJHLY H3 ABYX CTPOK,— B MNeEPBOM CTPOKE BHINHCHI-
Baiotcs (B Jo6oM nopszke) uncaa 1, 2, 3, a Bo BTOPO# NOJ KaXAbIM K3 HUX
nHIeTca COOTBETCTBYIOUee eMy NpH AaHHofl NojcTaHoBKe 4Hca0. CraxeM,

ofe TabaHlb
(237) (12)

3afal0T OfAHY M Ty Xe MNOACTAaHOBKY: uucao 1 nepexoamt B uucao 2, 2—
B 3, 3 — B 1. Hetpynso ykasarte Bce pasnnuHble NONCTAHOBKH MHOXKECTBA
M; ux Oyper wecTb:

120



ONepaluio YMHOXKEHUs (WM KoMNO3uyui0) MOECTaHOBOK. KIMeHHO, mpous-
BEJIeHNEM NOJICTAHOBOK O; 1 0, 6yJieM HasklBaTb [OACTAHOBKY O, NOAYYAI0-
LYyICcs B pe3yJabTaTe [OCJeJ0BaTe/bHOrO BBINOJHEHHS CHayaja TOJACTa-
HOBKH O, 2 3aTeM O; (sanuchiBaercsl; 0;0;=0y). Hanpuwmep,

(123 ‘123\_ (123
312 (l 32/7\213
(nepean NoiCTaHOBKA NepeBOZMT YHcAo | B uyMeno 3, mocae vero BTopas
NIOICTaHOBKA NePEBOJHT YHCIO 2 B YHCJO 3, TaK YTO B pe3ylbTare HOCHe-

LoBaTe/IbHOTO BHIMONHEHHA TNOACTAKCBOK UWCIO 1 mepefiger B umcsio 2
# T, A.). Unrateab Moxer NpoBepuThb, YTO

123\ /123\_/123
(l 3 2) (3 1 2)-(3 2 1)’
B TeM caMbIM yGexuTbcs, YTO TIpOM3BEJEHHE ABYX MOACTAHOBOK SaBHCHT,
BooClle roBopsi, OT TOPSZKA COMHOXHTENIEH,
MuoxecTBO S ¢ OonpefieIeHHOM Bhillle ONepalHeli YMHOXEHHS Ha3LIBAIOT
epy nnoii nodcmarosox MHOxecTBa M.

Onepauuss yMHOXeHHA Ha S o6jajaer CJAeAYIOIHME CBOHCTBAaMH.
Bo-nepebix, 9Ta onepauus accouuaTHpHa: As JOGHX O, O, Op

(0,0,) 0y =0, (0;0%).

BO’B'IOple. TOX R€CTBEHHass IMOJACTaHOBKA
s (123
=\123)

NepeBOAALIaA KaxAblll 3JeMeHT B ce6Gsi, HIPaeT PoJb eAHHHIB B OGHIYHOM
YMBOXEHHH, a KMEHHO, AJis JIOCOi NOACTaHOBKH O;

0,0;=0,0,=0;.

Hakonen, BMmecTe ¢ KamJoH MOLCTAHOBKOH O; MHOXECTBO S COZEPKHT
obparHylo et NOJCTaHCBKY O, KOTOpas MePEeBOJHT YHCJIO @ B YHC/IO b Toraa
¥ TOJIBKO TOTJia, KOTAa O; MePeBORMUT YHCIO b B ynclo a. I1pn 31oM, HoHATHO,
KaJloe H3 NPOH3BeAeHH 0;0; U O,0; GYAET TOXECTBEHHO NOACTaHOBKOI:

0,0,;=0;0;=0;.

Ot TpH cBOMCTBA COXPaHATCHA, €C/IM PACHPOCTPAHKThL ONpejeeHHe
YMHOXKEHHA MNOJCTaHOBOK MHOMXECTBA {1, 2, 3} na cayuaihi noxcraHoBoK
A1060ro KOHEYHOI0 MHOXKEeCTBa.

Bonee TOro, BLIICHHIQCH, YTO HMeEIOTCA caMble pa3HOOGpasHBE CH=
CTeMbl OOBEKTOB ¢ onepauuefi, ofnajawouieit yKa3aHHLIMA CBOMCTBaMH.
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Sro npuBelo K cJaepyomemy (ofmeMy) onpefieneHHio rpynnH *).

MruoxectBo G; Ha KOTODOM ONpeJiesleH0 YMHOXEeHHE 3/1eMeHTOB; Hashl<
BaeTCs 2pynnod, eCau BHIIOJNHSIOTCS TPH aKCHOMBI:

1. YMHOXeHHE acCONMATHBHO: A JIOOHX 5JeMeHTOB &, b, ¢ u3 G

a (bc)= (ab)c.
2. B wmHoxectBe G CYIWECTBYET TaKOH eQuHuU4HblL SNEMEHT e, 4TO

ea=qae=a.

3. Ias kaxjgoro siementa a MHoxectea G cyumecteyer B G Takoi
obpamneid dneMeHT a~t, uro

aa-l=qa-lg=e,

OCpamaem BHHMaHuWe YHTaTesis Ha TO, YTO B NPUBEJEHHOM OINpefLe-
JIEHHH TOBCPHTCH 00 YMHOXEHHM SJIEMEHTOB H HCNOJb3YeTCs CBf3aHHAas
¢ OGBLIYHBIM YMHOXKEHHeM TEPMHHOJOTHS W CHMBONHKA. DTOR «MYJBTHUIIH-
KaTHBHOH» TepMHUHOJOTHM Mbl H OyleM B jajibHeHmeM NpPHIEPIKHBATBCS.
OnHaKo TepMHH «YMHOMEHHe» HeJb3d TNOHMMaThb OYKBaJbHO; pedb HJIET
o Jo6ofi onepauuH, YAOBJMeTBOPsIOmER AaHHBIM akcuoMaM. B wyacthocTH,
B psfie CyuaeB ecTeCTBeHHee HAa3bIBaTh ONEpalHIO CJOXKEeHHeM H COOT-
EETCTBEHHO NepeopMyJHpPOBaTh aKCHOMBI IPYNMH, NOJB3YACH TepMHHO-
Joryel, cBI3aHHOR €O CJIOXKeHHeM (KafAMTHBHOH» TepMHHOJOrHeH):

1. Clioxxenne acconMaTHBHO: AJIs1 JIIOOLIX 3/1eMeHTOB &, b, ¢ u3 G

(a+b)+-c=a4 (b-+c).

2. CywecTByeT Takoil uyaesoil snement 0, uto AJis Ji05oro sieMeHTa a
us G

a-+0=0-+t+a=a.

3. Jlns KamJOro aJeMeHTa @ CYWECTBYeT TaKOH NpOMUBONOAOINCHBLL
3JieMeHT (—a), 4TOo

a+ (—a)= (—a)+a=0.

[pynna nojcranoBOK, onpegesieHHas BhILIe, sSBJSETCS, KaK Mbl BUAHM,
OlHMUM H3 NpuMepoB rpynnel. Boofme B3amMHO OAHO3HAYHBIE Tpeobpaso-
BaHHA JI060ro MHOXKeCTBa 06pa3yloT TIPYNNY OTHOCHTENBHO ONepaluuH
YMHOXEHHs Tpeo6pa3oBaHuil (3TH TPYNNbl CHIIPAJH OCHOBHYIO pOJib B
¢opMupoBanuy  0OOWEro NOHATHA TpYNIL).

YurateJb OOHApYXHMT Hallee, YTO MHOrHe NpPHMepbl FPYNI eMy yiKe
u3BecTHul, [lepeunciiuM HeKOTOpble H3 HHUX:

*) B Buze, GIM3KOM K COBPEMEHHOMY, OMpeAeseHHe TPYNOBl OHLIO
Bnepsele CPOPMYJNHpOBAaHO aHMIHHCKHM MaTemaTukoM A, Kain B 1854
roay,
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1. MHOXKeCTBO BCeX HEHYJIEBLIX JICHCTBHTENBHBIX YHCEJ OTHOCHTEJBHO
onepandd YMHOXKEHHH — MYJIbTHIVIHKATHBHAA TPYNNa IeHCTBHTeJLHBIX
upcem» R*.

2. MHOXKeCTBO BCeX WLEJBbIX YHCEJ OTHOCHTENbHO OIEepPalHH CJoxKe-
HHs — aIIMTHBHAs Tpynna meubixy uucen» 7.

3. MHoxecTBO BceX BeKTOPOB B IPOCTPaHCTBE OTHOCHTeNLHO Orepa-
LMY CJIOKEHHS BEeKTODOB.

4. MHOXeCTBO BCEX MHOTOWIEHOB C JeHCTBUTEJbHBIMH KO3(dHIHEH-
TaMH OTHOCHTEJBHO ONepaluy CJIOMKEHHS MHOTOWIEeHOB.

Tpynnet B npuMepax 1—4 uMeloT GeCKOHEYHO MHOTO 3JIEMEHTOB, a
rpymma S — KoHeuHast (6 anemeHTOB). UHCTO 3/IeMEHTOB KOHEUHOM IpymHmLI
HasbIBaeTCs ee NopAdKoM.

M3 aKCcHOM TpYINIEI MOXKHO BBIBECTH, YTO B I'PYINe CYLIECTBYET TOJIBKO
OIMH eJUHHYHBIH 3JieMeHT. MOXHO J0KasaTb TakKXe H €JHHCTBEHHOCTb
o6paTHOTO 3JIeMeHTa JJIs BCAKOTO 3JieMeHTa TIPYMIBL.

TMpumep rpynnbl NOJCTAHOBOK NMOKA3HIBAET, UTO YMHOMEHHE B IpYIne
MoxeT CBHITb HEKOMMYTaTHBHEIM. Te Tpymmbl, i KOTOPEIX oOfnepa-
OuA  KOMMYTaTHBHa, TaK H HAaSHIBAIOTCA KommymamusHomy (IpEMephl
1—4).

Ecau HexkoTopoe noiMHOxectBo H rpynmbl G caMo ofpasyeT rpymmy
OTHOCHTeJILHO Olepanuu, ompejeseHHo# B G, TO MogMHOxecTBO H Hasbl-
BaloT nodepynnod rpynns G. ’

Hanpumep, noamuoxecrsa Hy= {0y, 0,} u Hy= {07, 6,, 05} rpynnu S
SIBJIS.OTCA TMOArPYHNaMu 5Tofi rpymnel. [TOAMHOMXECTBO UYETHBIX HeEJBIX
ypces ecTh MOATPYNNA afAHTHBHOH IPYyNIel 7 BceX LEJBIX YHces, a Mof-
MHOXKECTBO HEUYETHBIX uHceJ He GYJeT MOATPYNNOi 9TOf IpyNNEl (CI0XKeHHe
Ha 7, He 3ajaeT ONepalliio Ha STOM NOAMHOXKECTBE, TaK KK CyMMa ABYX
IEUETHBIX YHCEN €CThb HYHCJO HYEeTHOE).

WmeeT MecTo clepyiouiast TeopeMa.

Han mozo umobor nodmroscecmso H ssaanoce nodepynnod epynnior G,
11e06x00UM0 1 JoCMamo4Ho, 4mobbl GbINOAHAMUCE 080 YCA0BLS:

1) npoussederue atoboix semeninos hyi, hy us nodmroxcecrméa H maroice
asasemes sremenmon us H (hyhy € H);

2) ecau hEH, mo u obpamnsili Kk Hemy saemenmm npunadiescurm
H (h—-*€H).

HanGollee NpOCTHl TaK HasbIBAaeMBIE yukAudeckue nodepynnol, KOTO=
priMu obiagaet obas rpynna G. Co BcAKHM 3/eMenToM g€G MOKHO cBs-
3aTh «IOPOKACHHYIO? UM LHKJIHYECKYIO MOATPYINY, KOTOpas, MO CYLIECTBY 5
npefcTaBiaseT COO0H HAaMMEHBUIYIO M3 NOATPYHIN, COAEpXKamylo AaHHbIH
asneMenT. YUTOGHl ONpeNeJUTh ee, BBEleM IOHATHE CTeNeHH 3JeMeHTa g,
nonaras g'=e M 1N JoGoro HaTypajdbHOro R

gh=gg...q, g-F=(gh-

k coMHOKHTeNed
Mpu TaKoM ONPEAEJICHHH CTENEHH BLINOJHAIOTCA XOPOIIO BHAKOMBIE
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HaM npaBHJa JJ,eﬂcTBHﬁ CO CTeNeHsAMH: AN JOGBIX HeNBIX 4Yucesd m u n
g!ﬂgn e gm + n’ (glﬂ)n =gmn‘

Slcuo, uTO BCfKas MOATPYNNA, COAEpKalIas SJeMeHT g, MoMKHa COs
Iepxare Jiobule ero ctenein. C npyroit CTOpoHBI, YkKe CaMO MHOXKECTBO
cTenenell o6pasyer, Kak HeTpYAHO yCeauTbcs, Ipymnmy,

YkasanHylo TpyNNy Ha3HBAlOT LHKJIHYECKOH NOATPYNIOH, MOPOXKs
JICHHOH 3JIeMeHTOM g; ee 0603HAYaAlOT CHMBOJIOM (g), a CaM 3JeMeHT g Hasbl-
BaeTcs 00pasyroujum SA6MEHmMOoM 3TOR TpYNIHL.

MoxkeT CAYUHTBCS, YTO AJISi HEKOTOPOro 3JeMeHTa g IHKJHYecKas
noarpynna (g) cosmajaer co Beelt rpymnoit G, n Torpa rpynna G rTakxke
HaspiBaeTCsl LuKJAuvyeckodl. Hampumep, apautuBHasg rpynna HedhX YHCEN
ecTb UMKJMYeCKash rpynaa ¢ obpasylomuM ddementoM 1 (mau —I), a ee
NOATPYNIA YeTHHIX HYHCEJ — LHKJHYeCKass C o6pasyioOl(UM 3JeMeHToM 2.
SIpasisice HauGoslee NPOCTHIMH, UMKJHYeCKHE TDYNNBl CJAYXKaT BaXKHHIM
HECTPYMEHTOM JJIi H3YUeHHS IpPYNIN, HMelomux Gojiee CI0XHOE CTpOEHHE.

Mexny rpynnoit u Jo6oii ee MOATPYNNO# CYlleCTBYeT onpefieienHasn
CBfI3b, KOTOPYIO MOXHO OXapaKTepH3CBaThb C NOMOUIbIO TMOHATHS CMEX-
HOTO KJacca 1o MOATpyINmne.

Iycrs H — moarpynna rpynne G u g€G — NpOH3BOJbHBI SJeMeHT
rpynnsl G (Mb He TpeGyeM, uToObl OH 00s3aTeNbHO NpHHAAJEXKANT NOA-
rpynne). MHOXeCTBO BCeBO3MOMHBIX NPOHM3BEAeRMit gh; rae h — mioGok
sMeMeHT NOATpYynnbl H, HaskBaeTCs CcMesxcHoim Kaaccor (TouHee, /egbim
cmescHbiM Kaaccom) To Toarpynne H, a aneMeHT g — ero npeCcmasumenem,
OGosnavas JeBblll CMEXHHI KJjacc Yepe3 gH, uMeeM, clieoBaTelbHO,

gH={gh|hE€H}.

AHallOTHUYHO ONpeNeJsIOTCH Npapble CMeXHble KJacchl fg. Ecau rpymna
G — xommyTatuBHas, To Hg=gH.

Jlas cMEXHBIX KJaccoB, Ge3pasiHyHO, JIeBHIX WM NPaBbIX, CHOpaBef-
JIuBbl JBa OCHOBHHIX (haKTa.

1. B cayyae KoHeuHO# MOArpynnul F 4HCJIO 3JeMEHTOB B JI0GOM CMex-
HOM KJiacCe OfNO M TO XK€ M COBNajaeT C NOPAXKOM NOATPYNNHL.

2. Jlio6bie ABa cMexHBIX KJacca g1 u goH aubo coenaparor, auCo
BOBCe He HMET OOUHX 3JeMEHTOB.

Jlas uamocTpanuy NOHATHS CMEXHOTO KJacca pPaccMOTPHUM caeaylomuit
npumep. Ilycib Z — ajgpuTuBHas Ipynna HeJHX uuced, a H — ee moa-
rpynna, COCTOSMIAS M3 UHCEN, KpaTHHMX NATH. TOrZa MOXEO «BHINKCATb
clepylompe CMeXHHE KJacCh:

H0={..., —10, —5,
HAl={..., — 9, —4,

, 10, ...},
11, ...},

-

-kc,.,‘!o»—c
Lo N,

-
-

H+4-2={..., — 8, =3, 12, ...}
H4d3={..., — 17, =2, 3, 8, 13, ...},
Ht4={,, — 6 =1, 4, 3 14 ...}
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Yurarels cpasy xe saneTur, uTo 970 Kaacch serderos 0, 15 2, 3, 4 no mo-
ayJmio 5. Jlerko BujeTs; 4TO BCAKHMI CMeXHHE Kaace H-}n coenapaer ¢
OJIHHM H3 5THX SITH, U YTO KJIACCH STH He IlepeceKalorcs, Hemocpencraenno
BHIHO TaKXKe, UTO

Z=HFO)U HA+)U H+2) U (H+3) U (H+4).

OxaskiBaetcs, TO e camoe BepHO aJs JioGoit rpymme: ecan Hgy,
Hg,, . . .; Hg,— Bce pa3nuunbie (npapble) CMExKHBe KJacch rpynnsl G 1o .
uoxrpynne H, to

G=1Hg1 U ng U...U ng-

B cayuae, korga G u H — goHeUnbie TPYNOEl MOPSAKOB m H n, M3
NoC/IelHEr0 PaBeHCTBA BhITEKAeT, 4TO m=n-r. Mbl NpHIIM K ciefylomei
TeopeMe Jlarpamxka *):

Tlopadox awboid nodepynner KoHeunod epynner A6ARemcA Oeaumesem
nopadka epynnel.

Mel npuBes 3jechk mpocTefinine onpejesieHHst 1 (GaKTHl TeOpHH FPYM,
3a najibHEHIIMMU CBEfIeHHAMH YHTATeNb MOXKET OCPAaTHThCH, HanmpHMep, K
kuuram (8], [9].

3. Kosnbua w» mons

Yacto NpUXOAMTCS paccMaTpHBAaTh MHOXKECTBA, HA KOTO-
pbiX OMNpejesieHbl JiBe ONepalluH, HalpuMep, Pas/iHuHHe UHC/IOBHE MHOKe-
CTBA, MHOXKECTBA MHOTOYJIEHOB, MHOMECTBA KJaCCOB BHIUETOB C Ompefe-
JICHHEIMH Ha HHX ONepalusMH CJIOXKEHHS W YMHOXeHHs. Brjensas He-
KOTOphle CBOMCTBA 3THX onepanui, obuiue AT BCeX YKa3aHHHIX MHOMKECTB,
Mbl TIPUXOLMM K ellle OJHOMY BaxKHOMY aJreGpandyecKOMY IOHSTHIO — MO-
HSATHIO KOJbLA. i

Kosroyom HaspiBaeTcs (HemycToe) MHOXKecTBO K, Ha KOTOPOM ompe-
IeJieHbl Be ollepalliy (CI0MXeHHe U YMHOXKEeHHe), o6J1ajaiouue c/IeyolmuMA
CBOHCTBAMH:

1) muoxecTBO K OTHOCHTENBHO CJI0XKeHHS 06pa3yeT KOMMYTaTUBHYIO
rpynmy; )

2) yMHOXeHHe acCOUMaTHBHO: /s MoGHX a, b, ¢ €K

(ab)e=a (bc);

*) Jlarpamk (1736—1813) — Bequkud  (paHLY3CKHH MaTeMaTHK;
€ro TPYAB MO MaTeMaTHYeCKOMY aHAlH3y, MeXaHHKe H TeOPHH YHCeJ HMe-
0T BaXKHeilllee SHaueHHe ]I DasBHTHUA STHX JAUCHUINIMH. Jlarpank —
OfMH u3 cosjaTenell AMddepennHaIbHOrO HCUHCIEHHS, KilaccHyecKol
1e0pHH AntdepeHralbHBIX YPaBHEHHH ¥ BapPHAUUOHHOTO HCUHCAEHHSA,
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3) clIOXKeHHe H YMHOXEeHHe NOAYMHSAIOTCS AHCTPHOYTHBHOMY 3aKOHY:S
(@+b)c=ac+be, c(a+b)=ca+tcb

as Jqobuix a; b, c€EK.

Ipu sTom MHOXecTBO K, paccMaTpHBaeMOe JHIb OTHOCHTENBHO Ome-
pauun CJOXeHHs, HasbiBaeTcss a00umueHol epynnot KoJbLa,

[IpuBefeM HeKOTOpHE NPHMEPH KoJeL.

1. MHOXeCTBO LEJIHX YHCEJ C ONepalHsIMU CJIOMKEHUS B YMHOMEHHS —
KOJIBLIO LeJbIX YHcea Z.

2. MHOXeCTBO MHOTOWIEHOB OT OLHOTO HEH3BECTHOTO C JeHCTBHTEJb-
HBIMH K03bQHUUHEHTAMH C ORepalMsMH CJIOKEHHS] H YMHOXKEHHS MHOTo-
WIeHOB — KOMbIO MHorowlenos R[X].

3. MHoxecTBO KJIacCOB BLIYETOB IO MOAYJIO 1 ¢ ONEpalHsMH CJOxKes
HHSL ¥ YMHOMKEHHs] KJIaCCOB — KOJIbIO KJIACCOB BRIYETOB Z .

YuTateno npepJiaraetcsi NPoBepUTb BLIMOJHHMOCTE AKCHOM KOJbLA
B KaxJoM 3 npumepos. OcranoBuMcs noapoGHee Ha mpumepe 3.

[TocKO/IEKY Onepalii Haj KJacCaMH BHIYETOB CBOASATCH K ONepauusm
Haj, YMCJIaMM M3 STHX KJacCOB, TO CBOMCTBA acCOLMATHBHOCTH H KOMMYy-
TATUBHOCTH STUX ONepaluil BHITEKAlOT M3 aHAJOTHYHLIX CBOHCTB YHCJIOBOrO
caoxenus u ymuoxenns. To xe samMeuanne OTHOCHTCS K CBOMCTBY AnCTp-
GyTuBHOCTH. POJb HYJIEBOro sieMehTa NpH CHIOXEHMH HIpaeT KJace 0.
[TpPOTHBONMOMIOKHEIM SJIEMEHTOM A5 KJacca BhUETOB =0 sBJIseTcs Kiaacc
n — r. VI3 onpepenenus cloxeHHs KJ1accoB CleAyeT, YTO

r+(@n—n=

B ofmem onpepeneHu Kosbla He COAep:KHTCA TpeGoBaHHE KOMMY-
TaTHBHOCTH yMBOXeHHs. B Tom ciyuae, eciln ymHOxeHHe OGNajaeT STHM
JIOTIOTHHTEJIbHbIM CBOACTBOM, KOJIBLIO Ha3bIBaeTCa KOMMymamusHoim. B npu-
mepax 1—3 Mbl HMeeM KaK pa3 KOMMYTaTHBHble KOJbLLa, a N03fHee (B NpH-
JIOKEHHH D) MNOSHAaKOMHMCA C BaXKHHM NPHMEPOM HEKOMMYTaTHBHOIO
KOJIbLA.

YMHOKeHHe B KOJble, KaK M B FpYINe; fBJIAETCH aceOLHaTHBHOI
onepanueii, HO ApyrHe CBOHACTBa FPYNNOBOrO YMHOMXEHHS B KOJbLE MOTYT
He BbimosHaTbCA, [IpaBpa, GOJBIIMHCTBO BaXKHBIX KOJel, COAEpKAT €fu-
HUUHbIA 37IeMeHT OTHOCHTEJILHO YMHOMEHHs (CKaxeM, KOJblla H3 MpHUMepOB
1—3), HO M TaKHMe KOJblia 3aBEJOMO COZEpKAT JeMEHTH, JIA KOTOPHIX
He cyllecTByer o6paTHoro (neoGpaTHMbie sjeMeHTh). B s0Gom Kosbue
neoGpaTuM seMeHT O — HyJIeBOHi 5/71eMEHT OTHOCHTENBHO CJAOXKEHHs, TaK
KaK JOKa3blBaeTCs, YTO OB OTIHYEH OT AHHHYHOIO H 4TO A4 Jioboro a € K
HIMEET MeCTo: '

0.a=a-0=0,

Kak n0Ka3piBaioT npuMeptl | B 2, HeoGpPATAMBIME MOTYT GBITh B HEHYJIEBH 8
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eneMeHTH. Tak, B Koablle HeMBIX yucea oGpaTuMbl Jumb I u —1, BesAkoe
npyroe n=0 B xonblle 7 He HMeeT OGPAaTHOro, Tak Kak l/n$z.

PaccMoTpuM TaGJIHIEl YMHOXEHHST HEHYJEBbIX BJIEMEHTOB B KOJbLAX
BLIYETOB Z,4 U Zj.

Ta6aunma 19

COl NI =)
Ol NI by
[\ ) ]
- DT

Ta6auna 20

—
NI
[t
S

OO D1 -
QO DI -
QO =1 W DN
DOl iy =] OO
-1 N O W

Tabnuua 19 mokasmiBaeT, 4TO B KOJBLE MOTYT CYUIECTBOBAaTh HeHYJle-
BHIE 3JIEMEHTHl, NPOM3BEJEHHE KOTOPHIX PaBHO Hymo: B 7, 2:.2=0. Ua
TOl e TaGMHLUB BHAHO, YTO Kaacc 2 meo6patuM. Boobuie, MOXHO HoKa-
8aTh, YTO HeHYJIeBLIe JEMEHTH, NPOU3BENEHHe KOTOPHIX PaBHO HyJO (Ha-
8LIBaeMble OeAumessiMu HYAs), Bcerpa HeoGpaTuMel. C APYroil CTOpOHI;
tabnuna 20 mokasbiBaeT, YTO B KOJbLle Z 5 BCAKHH HEHYJIEBOH 3JieMeHT
obpatuM. Koabua ¢ atum cBoiicTBoM HMelor ocoGoe sHauenue. [Ipumem
TaKoe ompepesieHue.

KoMMyTaTHBHOE KOJBLO C eIHHMUEH, B xoropom BCAKMH HEHY/eBOR
9JIeMEHT OOpaTHM, Ha3HBaeTCAd NOJeM.

MHOXECTBO HEHYJIEBHIX SJIEMEHTOB MOJIA OTHOCHTENBHO YMHOMEHHS
o6pasyeT B CHIy Onpejlie/leHHss NMOAA KOMMYTATHBHYIO TPymmy, Koropas

Ha3BIBAETCH MYAbMUNAUKAMUBHOU 2pynnol noas.
IpocTefiuMy NpHMEpaMH YMCIOBHIX MOJeHl ABASIOTCA [OJe palKo-

HajabHeIX Yuced Q u noie jpeficTBuTenbHHX uncen R (pasymeercs, orHo-
CUTENIbHO Omepaluii CIOXKEeHHs M YMHOXeHUs uuces). [ToseM, Kag sicHo u3
npeblAYIIero, ABJIAETCA M KOMbLO Z g Boobule, MOXHO foKa3aTh, YTO MpH
T060M MpocToM p (11 TOJBKG B STOM CJly4ae) KOMbLO BEIYETOB 7 p ABJASETCS
nojieM. OHO Ha3LIBaeTCS NnoaeM 6biiemos no modyaio p. B tabaune 21 ykasann
BJIEMEHTHl, OOpaTHble K HEHYJeBHIM 3JeMEHTaM MNOAf BHIYETOB Z .
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[lons BEINETOB Z, ABASIOTCS NPOCTEAIIMMH NpHMEPaMH KOHRYHBIX
noneii. B anreGpe JoKasbiBaeTcs, UTO B HPOM3BOJILHOM KOHEUHOM MOJe
YHCJIO SJEMEHTOB ¢ BCErJa ecTb CTeNeHb NMPOCTOTO Yucaa: g=p”, Cnpases-
JHBO W 00paTHOe YTBepKJIeHHe: HNs JIOGOro ¢, SIBJSIOWErocs CTENeHbIo
NPOCTOro YHCJa, CYIECTBYeT NoJe € § 2JeMeHTaMH.

Ta6nuna 21

Koneunsle nosns wacto Ha3mBaioT noasMmu lanya (ux ofo3xavaior
GF (g)); BaxHoe HMX CBONCTBO, HCNOJIB3yeMOE, B YaCTHOCTH, M B TEOPHH
KOJHPOBAaHUsI, COCTOMT B CJeRYIOLIEM:

Myarvmunaukamusras epynna noan laaya f6a8emCa  YUKAUYECKOLU
epynnoi nopadka g—1.

OGpasyomuii  sfeMeHT MYJbTHIJIMKaTHBHOR TIpymnn noas Ianya
HaSLIBAIOT NPUMUMUGHBIM  SieMermom. Tak, B moje Z, DNPAMHTHBHBIM
aJleMenTOM RBJIAETCS KJacC BhYeTOB 3. JleACTBHTeNLHO, €r0 CTemeHH

3, 3=

2, §3=6, §4=4, §5=

5, 3=1

HCYEPNbIBAIOT BCE HEHYJEBbIE SJEMEHTh MOJs.

3ameTuM, 4TO KJacc 2 He ABAfeTCH NPUMUTHBHHIM 3JIEMEHTOM B Z,,
TaK KaK Cpefu €ro CrelleHeil HeT, HanpuMep, Kjacca 3. B To ke Bpems
MMeeTCs OYeHb MHOFO MPOCTHIX YHCeN p, I/ KOTOPHX SJEMEHT 2 NpHMH-
THBEH B Z p. Tax ofcrout neno B nonax Zs, Zs Zii 4 T. A B Teopuu
Yncesl H3BECTHA CJeylomas A0 CHX NOp He pelleHHas 3ajava:

BeckoHeuHO /4 MHOMKECTBO TeX NPOCTHIX Yuced p, AN KOTOPHX 2
AIBAINETCH NPUMUTHBHBLIM 3JEMEHTOM B Z p?

HurepecHo, 4TO C OTBETOM Ha 3TOT BONPOC CBSI2aHO peleHHE HEKO-
TOpBIX MpoGJieM TEOPHH KOLHPOBaHHA.

B 3akjioueHHe onpelieuM ellle OJHO BaXXHOe IOHATHE, CBA3aHHOE C
EOJIbLIGM,— NIOHSITHE Rhjeana,

INonmuoxectso / Koubua K HasbiBaetcs ero (IBYSTOPOHHHM) udeatom,
ec/li OHO CaMO fBJIETCA KOJBbLOM OTHOCHTeJNBHO oneparuit Ha K u ecau
aa8 NoCbix sneMentos aE€ K u b€/ ob6a npoussesenun ab u ba npuuan-
aexar /.

Tak, MHOMECTBO YeTHBIX HUHCes eCTe Hjean go/qbua Z. UYurateas
JIerKC NPOBEpPHT, YTO B BOOOUle BCAKOC MHOMKECTBO YKCeNR, KPaTHBLIX Ka-
&«OMy-HUOYAR unCay k, sBJAAETCR HAEaNOM KOAbLr H.

PegoMenayem 4wHTaTedts HallTs dAcadl KOJCL BWYCTQE Zg Zg 2y
# koawna maorowienon R]X],
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4. ApudmeTnueckoce n-mepHoe
BEKTOPHCE MNPOCTPAHCTBO

Besikaa TOUKa Ha IJIOCKOCTH TpH BLIGPaHHOH cHCTeMe
KOOpAuIaT 3ajaercs napoil (o, B) cBoux KooppuHAT; UHCAA O H P MOXKHO
NOHUMATh TaKXKe KaK KOOPAHHATH Pafuyca-BEeKTOpPa C KOHLOM B 3TOi TOUKe.
AnanoruyHo, B mpocTpamcTBe Tpoiika (2, B, 7) onpefenseT TOYKY HJIH
BEKTOp € KOOpArHaTamu ¢, B, y. MMeHHO HA 5TOM OCHOBHIBAETCS XOpOLIO
H3BECTHAS YHTATeNIO TIeOMETPHYECKAash HHTepNpeTaldsi CHCTEM JIMHEHHBIX
YPaBHeHRHi C ABYMS WIn TpeMs HEH3BeCTHHIMH. Tak, B clydYae CHCTEMb
IBYX JIHHEAHBLIX YPaBHEHHH C JBYMS HeM3BeCTHHIMH

ax+biy=cy,
axx+boy=cy

KaxJ0e U3 ypaBHEHHil HCTOMKOBHIBAETCS KakK NpsMasi Ha IJIOCKOCTH (CM.
puc. 26), a pemenue (&, P) — KaK TOuKa mepeceYeHHA ITHX NPSMBIX HIH

N GT+by=cr
x—"‘ax
&
2
] S . @p)
|
!
Y/ a \ Nz
Puc. 26.

KaK BEKTOP C KOOPAHHATaMH & u B (DHCYHOK COOTBETCTBYET CAyYalo, KOrja
CHCTeMa HMeeT eXHHCTBEHHOe pelleHHe).

AHa/IOTHYHO MOXHO TOCTYNHTB C CHCTEMOH JIHHeHHBIX ypaBHeHuii ¢
TpeMsi HeH3BECTHBIMH, MHTEPIPETHDPYS KaXKJOoe YpaBHEHHe KaK YpaBHeHHe
TJIOCKOCTH B TIPOCTPaHCTBE.

B MaTemaruke H pasHYHbIX ee NPHJOKEHHAX (B YaCTHOCTH, B TeOPHH
KOLMPOBAHUS) NPHXOAHTCS HMETh AeJIO C CHCTeMaMH JHHeHHbIX ypaBHeHHi,
cosiepxamux Gosiee Tpex HeusecTHbIX. CHCTeMON InHeHHbIX ypaBHeHHI ¢ n
HEH3BECTHBIMH Xj, X3, + » +» X HA3BIBAETCA COBOKYNHOCTb ypaBHeHHIl BHja

apxytaexat o Fagx, =by,
Ag1X1+-GeXat 40 - Gapx, =0y,
] 1 L] L t 9, £ ’ . Al . 1 ] 1 ] . t

CpiXitCpeXet it Apukn="by,

1)
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rae a;; w b; — NpousBOMbHEE JelicTBuTe/bHbE Yncna, Yucio ypasuenuft
B CHCTeMe MOKeT OBITb JIIOOBIM H HHKAaK He CBS3aHO C YHCJIOM HEH3BECTHBIX.
KostduuuenTsl TpH HEH3BECTHHIX ¢;; UMEIOT JABORHYI0 HyMepalHIo: nepsblif
HHIEKC i yKasblBaeT HOMep ypaBHEHHS, BTOPOH HHIEKC j — HOMeD Heus-
BECTHOTO, TPH KOTOPOM CTOMT JHAaHHBIH Ko3bbuuueHT. Besfkoe pemenue
CHCTeMH! TOHHMaeTcs Kak Habop (meHCTBHTENbHBIX) SHAUEHHil HEM3BECTHBIX
(@4, Og, « . ., Oy), OOpALIAIOIIKHX KAXKAOE YpPaBHEHHE B BEpPHOE PaBEHCTBO.

XoT HemocpeACTBEHHOE reOMeT1pHYecKOoe HCTOJNKOBaHHe cHcreMbl (1)
npu n>3 yxKe HeBO3MOXKHO, OJHAKO BIIOJIHE BO3MOXKHO H BO MHOTHX OT-
HOIIEHHSIX yHOOHO pacnpOCTPaHHTb HA CJydall MPOH3BOJNILHOTO f reoMeT-
pHuecKHil f3BHIK INPOCTPAHCTBA JBYX HJH Tpex u3MepeHuil. dtoll uenn
H ClyXKar JajbHeHuIne onpefesieHHs.

Beskuit ynopsanoueHEHE Ha60p U3 1 JeHCTBUTENbHEIX YHCed (O0f, Olg, « « »
s« ., Oly) HASBLIBACTCS M-MEPHOIM APUDMEMULECKUM BeKMOPOM, @ CAMH UHCJIa
Qy, Og, ., Op — KOOPOUHQMAMU STOTO BEKTOpA.

Ty ofo3HaueHHs BEKTOPOB HCMOJb3YETCH, KaKk MPaBHIO, KHDHBIH
wpHT ¥ LIS BEKTOPa @ C KOOPAHHATaMM %, Oy, ..., O, COXPaHAETCH
ofbluHas (opMa 3amKcH:

a=(0ty, Qg, +..0).

[Mo anajoriy ¢ 0GbIYHOM MJIOCKOCTBIO MHOXKECTBO BCEX M-MEPHEIX BEK-
TOpPOB, YHKOBJETBOPSIOLIHX JHHEHHOMY YDAaBHEHHIO C N HEH3BECTHHIMH,
Ha3LIBAIOT 2UNepNAOCKOCTbI0 B n-MepHOM mpoctpanctee. Ilpu Takom on-
pejesleHHH MHOXKECTBO Bcex pemeHHil cucteMsl (1) ecTb He 4TO HHoe, Kak
nepeceueHHe HECKOJBKHX THIIEPIVIOCKOCTEH.

CloxellHe H YMHOXEHHE n-MEPHBIX BEKTOPOB ONpENENIAIOTCR [0 TeM
Ke NpaBHJaM, YTO ¥ JVisi OOLIYHBIX BEKTOPOB. A HMEHHO, eciay

a=(0, g, «ovy )y =By, B2, -.+, Bu) (9
— JiBa A-MepHBIX BEKTODPA, TO HX CYMMOJi Ha3hiBAaeTCs BEKTOP
a-+b= (o4 Pr, caPo, .., p4-Bo). )
TpousEeneneM BEKTOpa @ Ha YKMCIO A HA3HIBAE1CSH BEKTOP
Aa=(Aay, Aoy, ..., AQL,). (4)

MHOXeCTBO BCeX N-MepHHIX apu(METHUECKHUX BEKTOPOB C OnepalusMu
C/IOXKEHHST BEKTODOB M YMHOMXEHHS BEKTOpa Ha YHCJO HasblBaercs apud-
MemuuecKum h-mepHbuiM 6eKmOpHoim npocmparcmeom L.

Hcnonp3ys BBEJicHHBIE ONMEpalHH, MOXKHO PAacCMaTpHBATh [IPOH3BOJb-
Hble JHHelHble KOMOWHAIMH HECKOJIBKHX BEKTOPOB, T, €. BHIDAXEHHA BHA3

May+Aazt- ... Mg,

rae A; — ZedictBuTedbHele Yucaa. Hanpumep, "Auuelinda KomGHHAnMs
BeKTOpOB (2) ¢ kosbduuuentamu A u p — 370 BeKTOp

A+ pb=(Aay+pBy, Aoz +pBa, .., Aoyt pBy).
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B TpexMepHOM mpocTpaHCTBe BEKTOPOB 0COGYI0 pOJIb HrpaeT TPoOHKa
BeKTOpoB 1, j B (KoopauHaTHBE OPTHl), MO KOTOPHIM pasiiaraercs Jio6oi
BEKTOp a:

a=xi-tyj-I 2k,

rie X, y, 2 — AefiCTBHTe/IbHble YHC/AA (KOOPAMHATL! BeKTOpa @).
B n-MepHoM caydae Takylo e poJb MIpaeT cleayiouias cHCTeMa BeK-
TOpOB:

el=(]’ 0’ 0: L] 0),
69.:(0; 1, 0’ o0y 0),
es=(0,0,1,...,0), (5)

e,=0, 0,0, ...,1).

Besikiii BeKTOp @ ecThb, OYeBHAHO, JnHeliHAad KOMOHHAUMsI BEKTOPOB ey,
€3, ¢4 €4

a=0,8;+ Uslr+ ...+ Uy, ©)

npuueM Ko3bpUIMEHTH Of, Oy, . . ., &, COBMNAJAIOT C KOODPAUHATAMH BeK-
TOpa a.
OGosHauas uepe3 0 BeKTOp, BCE KOOPAMHATHI KOTOPOrO paBHbI HYJIO
(KpaTko, HYyresol 6exmop), PBeAeM CJelylollee BaXKHOE ONpelelieHHe:
Cucrema BeKTOPOB @y, @, . . ., @y HA3bIBAETCA AUHEHHO 306UCUMOLL,
€C/IH CYLIeCTBYeT paBHafl HYJEBOMY BeKTODY JiMHefiHad KOMOMHalHs

Ma;+2Asast+ ... FApap=0,

B KOTOpO# x0T Obl OfHH M3 K03(PduLHeHTOB Af, Ag, + + ., Ay OTSIHYEH OT
HyJd. B npoTMBHOM cJyuae cHCTeMa Ha3bIBAETCA AUHEUHO HE3Q8UCUMOU.
Tax, BexTOpHI
ca;=(1,0, 1, 1), az=(1, 2, 1, 1), as=(2, 2, 2, 2

JUHEHHO 3aBUCHMHI, IIOCKOJILKY
a;-+a;—az=0.

JliHeliHasi 3aBHCHMOCTb, KaK BHJHO M3 OMNpefleJieHHHA, PAaBHOCHJ/IbHA
{npu k=2) ToMy, uTO XOTA OBl OAMH M3 BEKTOPOB CHCTeMhl fABJIAETCR JIH-
HelHOH KOMOHHAIHel OCTaJbHBIX.

Eciu cHcTeMa COCTOMT M3 1BYX BEKTODOB @f, @3, TO JIHHefiHast 3aBu-
CHMOCTE CHCTEMbI O3HAYaeT, YTO OJHH M3 BEKTODOB MpPONOPHMOHAJEH APY-
roMy, CKameM, @;=MA@y; B TPEXMEPHOM Cllyuae 3TO PAaBHOCHJLHO KOAAUHE-
apHOCMY BEKTOPOB @4 M @2. TOUYHO Tax Ke JHHeHHAs 3aBHCHMOCTb CHCTEMEI
U3 TpeX BeKTOPOB B OOBIYHOM MPOCTPAHCTBE O3HAUAET KOMNAAHAPHOCME
aTHX BekTOpoB. [loHATHe /MHHeHiHOH 3aBHCHMOCTH ABJfETCHA, TAKHM 0O6pa-
30M. ecTecTEeHHbiM OCOCLIEHHEM MOHATHH KOMJIMHEADHOCTH H KOMIJIaHaps
HGCTH,
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Herpyaro yGesuthest, 4TO BEKTOPH €1, €3, s 1+ €, U3 cucTeMu (5)
JHEeliHO HesaBucHMBl. Clie/loBaTeJIbHO, B #-MEPHOM IPOCTPAHCTBE cym,ec"’rf
BYIOT CHCTEMBl H3 £ JIHHEHHO HEe3aBHCKMBIX BeKTOpPOB. MOXKHO MOKa3aTh,
YTO BCfKasg CHCTeMa M3 COJIbLIETO YHCIA BEKTOPOB JIHHEHHO 3aBHCHMA,

Beskas cucrema @y, @, + . ., @y U3 1 IMHEHHO He3aBHCUMBIX BEKTOPOB
n-MepHOro npocTpaHcTBa L, HaswiBaeTcs ero 6asucom.

JlioBoit BekTOp @ mpocTpaHcTBa L, packiafniBaercd, H NPHUTOM eIHH-
CTBeHHbIM 06pa3oM, Mo BEKTOpaM NPOHM3BOJBHOIO 6a3nca @i, Ag, s « +5 Gpt

Aa=Ma;+Ae@Qo-F ..+ A0y

10T (aKT Jerko yCTaHABAMBAeTCA HA OCHOBAaHHW onpelefenus 6asuca,

Ipomomkasi awaloOTHIO C TPeXMePHHIM NPOCTPAHCTBOM, MOXHO H B
n-MepHOM CJIyuae ONpENeNHTh CKAAAPHOe npoussedenue a+b BEKTOPOB,
noJaras

a-b=o4f+asfe ... 4 a,b,.

IMpu TakoM onpefe/leHHH COXPAHAIOTCA BCEe OCHOBHBIE CBOMCTBA CKasp-
HOTO TPOHM3BeJEeHHsS TPeXMePHHX BeKTOpPOB. BekTopel @ W b HaspiBaioTcs
0pPMO2OHANbHbMU, €CTTH HX CKaNsPHOE NPOM3BEleHHe PaBHO HYJIO:

°‘1B1’+°‘252+- . ~+anﬁn= 0.

B TeopuH JHHEHHBIX KOJAOB UCIIOAb3YETCH ellle OfHO BaXKHOE NOHATHE —
noustre noxnpoctpaHctea. [ToxMuoxectBo V mpocrpancrea L, HasmBa-
eTcsl MOANPOCTPAHCTBOM 3TOTO NPOCTPAHCTBA, €C/IH

1) mast moGhX BekTOpOB @, b, nmpunapiexamux V, ux cymma a-}-b
Takke NpHHAajIexXHuT V;

2) nnsa moGoro BeKTopa @, npuHagaexawero V, u pns moGoro nefi-
CTBUTEJIBHOTO YHCJIa A BeKTOp A@ Takke NpHUHamIexuT V.

Hanpumep, MHOXecTBO BceX JIHHEAHBIX KOMGHHALMN BEKTOPOB €5, €,
u3 cHcTembl (5) 6yneT MOANPOCTPAHCTBOM mpocTpaHcTea L.

B nurefinolt anre6pe noxasmBaeTCs, YTO BO BCAKOM MoAnpocTpanctee V
CyUleCTBYeT Takas JHHEHHO HEe3aBHCHMAs CHCTeMa BEKTOPOB @y, @y, + . .
.« Qp, 4TO BCAKHH BEKTOP @ NOANPOCTPAHCTBA ABJACTCS JHHEHHOH KOM-
GuHaLHell 9THX BEKTOPOB:

a =7a;+heay+ .o Mpag.

YxasaHHasi CHCTeMa BeKTOPOB Ha3biBaeTca 6a3HcoM NoanpocTpancTea V.,

U3 onpefesennss NpocTpaHcTBa ¥ MOANPOCTPAHCTEA HENOCPEACTBEHHO
cJlelyeT, YTO NPOCTPAHCTBO L, ecTb KOMMYTaTHBHAs FPYNna OTHOCHTEJbHO
onepallu CIOKeHHs BEKTOpOB, a JioGoe ero MOANpocTpaHcTBo V saBasercs
NOArpYNNoH 5Toil Tpynnel. B sToM cMblcile MOXHO, Hanpumep, paccMar-
pHBAaTb CMeXHBIE KJacCH mpocTpaHcTea L, no nommpoctpanctBy V.

B 3aksioueHHe NORYEpPKHEM, Y10 €CJIU B TEOPHH N-MEPHOTO apubMe-
THYECKOTO MPOCTPAHCTBA BMECTO NEMCTBUTENBHBIX UYHCeN (T. e. 3/eMeHTOB
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noJsi JefCTBUTENbHBIX YKCeJ) PacCMaTpHBaTh SJeMEeHTH NPOH3BOJBHOTO
nona F, To Bce onpeneneHns W (pakThl, NpHBEJEHHBIE BhILE, COXPAaHWIH
6ul cuay.

B Teopuu KOZHPOBaHHs BaXHYIO POJb urpaer ciaydaii, Korga nose F
€CTb TOJie BHIYETOB Z p, KOTODOE, KaK MEI 3HaeM, KOHEYHO. B sToM ciyuae
COOTBETCTBYIOIEE 71-MepHOEe NPOCTPAHCTBO TAKXKe KOHEYHO H CONEPHKHT,
KaK HeTPYRHO BHJETb, p™ 3JIeMeHTOB.

INonsiTHe NPOCTPAHCTBA, KAK M NOHATHSA TPYNNbl H KOJbLA, KOMycKacT
TagXKe H aKCHOMaTHYECKoe ompejiefienue, 3a MOAPOGHOCTAMH MBI OTChLIaeM
yuTaTeNss K JOGOMYy Kypcy JHHeHHOH anareGpbl.

&. Aare6pa maTpun

Boabwyio posb B JHHeliHOH anre6pe W MHOTHX JIPYTHX
o€/1acTAX MaTeMaTHKH WIPaloT TaK HasbiBaeMble MaTpHIbL.
Ilox mampuyedi NMOHMMAOT NPSMOYTONBHYIO TaONHLY BuIa

a1 Qi3 e Gip
Q3 Qg .. Q2p
, 0]

L R R Y

Am1 Qg +«Qpp

rxe 6ykBbl a;; 0603HAYAIOT HEKOTOpLle SMeMeHTHl. ITH 0603HAueHHs colep-
JKaT JBa MHJIEKCA, IEpBBIi W3 KOTOPHIX YKa3blBaeT HOMepP CTPOKH, a BTO-
poit — HoMep crTo/ifla, Ha NepeceueHKH KOTOPHIX HAXORMTCA COOTBETCT-
pylowuit smeMent. Ilpo maTpuny, y KOTOpoO#t m CTPOK H n CTOMOHOB, ro-
BOPST, YTO OHA HMeeT MOPANOK mXn. B cayyae, Korla UMCJIO CTPOK H
CTEJIBLOB OJHHAKOBO (M=n}, MATpHIIa HAa3LIBAETCs K8aOpamwuol niopsnKa n.
Ecan m=1, To MaTpHLy MOXHO IIOHHMaThb KaK BEKTOp, KOOPJHHATH
KOTOPOrO 3aMHCaHHl B CTPOKY; €e TOTAA TaK M Ha3bBAIOT 6eKmop-CHpoKa.
TouHO TaK e B CJyyae ORHOCTONIGLOBOR MaTpHIbI NMOML3YIOTCA TEPMHHOM
sexmop-cmoabey. VlHorga Matpuuy o6osnauaioT opHofi Gyxsoi (A, B u
T. A.), a BMecTo (1) "acTo ucnosb3yercs CokpalenHoe ofosnadenne (a; ;).
Ecnu B rexopHoft Matpuue A cTPOKH H CTONCIE! NOMEHSITb POJSAMH,
TO TMOJMYYHM MaTpHIly, Ha3bIBaeMylo TpaHCIOHHpoBaHHOH K A (o6o3naya-
erca AT). Marpuua, TpaHcnonupoBaHHas K MaTpuue (1), HmeeT BHA:

Q11 Q2i ++Qp1
Q2 Q23 ++.Qpa

Ay Qap ++Qpp

Hasa MaTtpuin € JIeAiCTBUTE/IbHEIMH  3JIEMEHTaMH onpejensaioTca  one-
pauuHd CJOXKeHHs MaTpHL H YMHOXXEHHS MaTpHIbI Ha YHCIO, aHaJlorHyYHble
onepanusM Haj BEKTOpPaMH, a8 HMEHHO, Ajad JIIOGBIX ABYX MaTpul, nopajika
mXn

agy oo Oy bit «ov big an+ bii oov G1pt bin
“ s e e L L B S I I A |
A1 o+ Qpn bt +or b Am1+bmi ¢ss GanTtban.
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'u g M0G0l MaTpRLE B JI000TO YKuciIa 0

At B /ocali... (/7.7
a W BT T,
Ui ooe Qpp \aami ves QQpn/

Onpepenenne 3THX Omepauuil BEIIVIAZMT BIOJIHE ecTecTBeHHO. HHaue
OGCTOHT Jesio C JOBOJBLHO CBOOGPasHOH omepauueii YMHOXEHHS MaTpHIL.

PaccMoTpuM cHaua/la YMHOMKEHHe KBafpPaTHHIX MATPHL, ORHOLO NOpSAKA f.
Ecaun
A=(a;;) n B=(b;)

— JB€ TaKuX MaTpulibl, TO KX NPOU3BEACHUEM
C=A-B=(cy)

HasLIBaeTCsA KBafpaTHas MaTpupa Mnopsajpka n, ﬂpOl/ISBOﬂbelﬁ 3JIEMEHT
KOTOpOﬁ BBIUHC/ISIETCA IO MpaBHIy:

Cij=apbyj+apboy+ ... +ainbny. @
HHaue roBops, 4ToGbl MOJYYHTb JIeMeHT i-H CTPOKH M j-ro cronbua Mat-
puust C=A+B, HYXHO B3aTb CyMMy NPOH3BENEHHIT JIEeMEHTOB i-H CTPOKH
MaTpHIEL A Ha COOTBETCTBYIOLIHE 3JIeMEHTHl j-ro cToJA6ua MaTpumsl B.

Hanpuwmep,
12 20\_( 02
01/\—11)" \—11/°
YMHOXKeHHe MaTpHI, HEKOMMYTaTHBHO, T. €., BOOOIIe rosopsi, A -B£B-A.

Tax, mepeMHOXHB JBe NpPejBIAYILHe MaTPHIB B 0GPaTHOM NOpAfKe, NOY-
UMM HHYI0 MaTpHLOY:

20\ (12y_( 2 4
—11)"\01 )“‘ -1 —1)
BMeCTe C TeM, HETPYAHO Jl0Ka3aTb, YTO YMHOXEHUE MaTpHU acCoHaTHBHO:
; (A-B).C=A.(B-C).

Ocofyo poab (mogoGHYIO YHCIOBO €IMHHLE) HIPaeT TaK HasbiBaeMas
eOUHUMHAA Mampu ya

10 0
01" N
E— .
00 1
JHeficTBuTeNBHO, U3 GopMyaH (2) caeayerT, uto
EA=AE=A
s Jjo6oi KBazpaTHON Matpuubl A,

134



MoxkHO YGEeIUTbCS, YTO MHOMKECTBO BCeX KBaAPATHHIX MAaTpHL 3afiaH-
HOTO TOpsAfKa 06pa3yeT OTHOCHTEJLHO BBEJEHHBIX ONepamuil CJOKeHHs H
YMHOXeHHUST (HEXOMMYTAaTHBHOE) KOJBIO.

TpaBuso YMHOXKEHHS MAaTPHIL MOXHO DaclpOCTPAHHTb M Ha NpAMO-
' yrofbHEIE MaTpHUB, He sBJfOmuecs KeajgpatheiMu. Popmyna (2) mo-
3BOJISIET 3TO CAeNaTh, €CJH YMCIO CTOSNOB NMepBoi MaTpHubl A coBnajaer
¢ YHCJOM cTpoK Matpuusl B. Hanpuwmep,

1 2 0 2
(20

3 1]. )=51,

0 —1 (_“ 1 —1

Ipu sTOM nNoayuaioulascss MaTpULla HMeeT CTOJIbKO e CTPOK, CKOJIBKO
TepBBI COMHOXKUTENb, W CTOJBKO Ke CTOJCHOB, CKONBKO BTOpOi. ITosb-
gysich OmepalHsMH Haj MaTPHIAMH, MBI IOJyYaeM BO3MOXKHOCTb 3aIHChl-
BaTh NPOM3BOJIbHBIE CHCTeMBl YpaBHeHHH B KPalKoH MaTpuuHoi ¢opme.
JeficTBuTENIBHO, NyCTR MaTpuLa

a1 Qg .-« Qip
Qay Q2 -«. Ogp

A=

Al A2+« Gpn

cocTapiieHa 13 X03GGUI e HTOB IPH HEH3BECTHBIX cHcTeMsl (1) npuioxenus 4
(B 3TOM CJIyuae OHA HasblBaeTCs MaTpHIeH cHcTeMbl). PaccMOTPHM BeKTOpHI-
cTONONBl HEM3BECTHRIX ¥ CBOGOAHBIX 4IeHOB, 06031Ha4ast HX COOTBETCTBEHHO
yepe3 x u b:

X1 bj_

X2 be
x=| "}, b={ * |.

X b

Torga npousseseHne AX ecTb MaTpHIA C #1 CTPOKAMH © OJHHM CTONGLOM,
T, €. BeKTOp-CTOJCell, 8JeMeHTbl KOTOPOIO BBIYHCJAIOTCA COIMIaCHO ¢op-
myne (2). Takum oGpasom,
ayxy - apxa e - agpx,
4 Ao%1+ Gga¥at o0 a2pxy
X
T e 2 e+ e et 8 s s 4 s @

Am1Xi+ AmaXat oo A0 pxy

Kaxgoe u3 ypaBHerHu# cuciembl (1) o3HauaeT paBeHCTBO COOTBETCTBYIOIUX
KoopAHHAT BekTopa AX 1 BeKTopa b, U BCs cHcTeMa B LieJIOM O3HayaeT Torja
PaBeHCTBO

Ax=b.
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[MonyuenHass KpaTkas 3anuCh d eCTb MaTpHuUHAf (POPMA CHCTEMBl JHHEHs
ubix ypaBHenuit. [Togo6rasa maTpuunas sanuck BCTpeUaeTcsl BO MHOMXECTB@
IPYTHX CHTyaluil, 4 OHA WHPOKO HCMOJ/B3YeTCs B MaTeMaTHUeCKOH, (hu3us
4ecKOil B TeXHHUeCKOH JHTepaiype.

Bce crasannoe o MaTpHmlax C JelCTBHTe/IbHBLIMH 3JIeMEHTaMH B paBHOMN
Mepe OTHOCHTCH K MaTpPHIaM C 3JeMeHTaMd W3 MNPOH3BOJbHOro moas F.
Tak, B TeopHH KOAHPOBAaHHA NPUXOZHTCS PacCMaTpHBATh MaTpHIE!, CO-
CTaBJleHnble M3 3JIeMEHTOB KOHEUHOro nojs. EcTecTBeHHO, YTO MpH OnepH-
pOBaBHH C TAKHMH MaTPHIAMH HX SJIeMEHTHl CKJIAAbIBAIOTCH H YMHOXaloTcA
B COOTBETCTBHH C «apH(mernkoit» noas F. Bor, kK npuMepy, Kak NepeMHO-
WaIOTCA JBe MaTPHIBL C JeMeHTaMH U3 Zj!

1001 }?\ 01
0110'01=10
treo/ \J 00

6. 3agauu 4 nononHeHHd

1. ITokaxkure, uro npec6pazoBaHue, o6paTHOe Napannefbs
HOMY MepeHocy B HamnpaB/eHHH BEeKTOpPa @, eCTb Mapaslie/IbHBI NepeHoc
8 MPOTHBOMOJOXHOM HanmpaBJeHHH (Ha BEKTOp — a@).

2, Myctb f—cHMMETPHA MJIOCKOCTH OTHOCHTeNbHO ocH Ox, g— moBo.
POT WIOCKOCTH Ha 71/2 NPOTHB 4acoBoi cTpeakH. ITposepbTe, uTO npect-
pasoBaHHe fg eCTb CHMMETPHA OTHOCHTeNbHO GHCCEKTPUcHl 1-ro # 3-ro
KOOpAMHATHBIX yriuoB. Haiigute Takxke npeoGpasoasue gf u yGeaurech,
uto fg # gf.

3. Onepanua npoHsBeleHHs mnpeoGpa3oBaHuil ob6jajaeT CBOHCTBOM
acCOLMATHBHOCTH, 3TO 3HAUHT, 4r0 A 060l TpoAKH npeofpasoBa-
HHH fq, g, [3 BHIMONIHSAETCT paBEHCIBO

(F1f2) Fa=F1 (Faf s).

CnpaBef/IMBOCTb COOTHOLIEHHS BHITEK2eT M3 TOTO, 4TO 06e ero 4acTH
eCTb pe3y/sbTaT MNocJej0oBaTebHOTO BLINOJHEHHA TpeX npeoGpasoBanuil
cHauasa f,, sateM f,, 3aTeM fj. .

4. Kakue u3 cleAylOLHX MHOXeCTB o6pasyluT rpyrny npeo6pasosa-
HHH NJIOCKOCTH:

a) MHOMXECTBO BCeX NapajJelbHBIX NCPEHOCOB;

6) MHOXeCTBO BCeX BpaleHHH OTHOCHTeAbHO (PHKCHPOBAHHOIO LEHTPA;

B) MHOXKECTBO BCEX BpalleHu#l MJIOCKOCTH;

T) MHOXKECTBO BCEBO3MOXKHBIX OCEBHIX CHMMETPHUH.

6. HancMHuM, Y4TO COBOKYNHOCTb BCEX MOACTAHOBOK M-3J1eMEHTHOro
MHOxecTBa c6pasyeT rpynny. OHa Ha3biBaeTcs CHMMEIPHYECKOH rpymmoi
creneHd n # oGoznauaercs S, Hafigure Bce noAcTaHOBKH H3 Sg, He
MEHSIOLHe 3HaueHHsT QyHKUHH

a) Q1= x1X2+ Xoxg+ X1X3;

6) @p= (x1— xo)(x1 — x3)(xo— x3).
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IlpoBepbTe NpPSAMLIM BHIUHCJIEHHMEM, YTO HalileHHHEe B KaXICM H3 CayyaeB
NOACTaHOBKH 06PasyloT IpYNMbL

6. Tparcnosuyuedi HasmBaeTcsl NOACTAHOBKA, NEPECTaBAKILAS Ka-
KHe-nH60 B2 CHMBOJ1A, a BCe NPOYMe OCTaBJjsdolas Ha mecte, Hanpumep,
H3 IBYX NOACTaHOBOK

1 2 3 4 1 2 3 4
1 3 2 4)° 2 3 41

nepsas ABJAAETCA TPaHCNIO3ULLUEH, BTOpasd — HET, HO OHA MOXKeT GBITb npea-
CT&BJIEHAa B BHJE INPOH3BEACHUS TpaHCHOSHL\Hﬁ ClaeAyIOm M oﬁpasom‘

123 4\_(1 23 4\(1 234\ (1 234
234 1) \21 314 3214)4231)' 0

CrnpaBeanus o6 K BakT: BCAKAs NOACTAHOBKA Pas/iaraeTcs B IPOH3BeJieHHE
TPaHCMO3ULLUH,

3710 pasiioxeHHe HEOAHO3HAuHO, HampuMep, BMecTo (1) MBI morau Gnl
Hancarhb

1 2 3 4\_/1 23 4\/1 2 3 4\ /1 2 3 4
2 341/ \1 324/\1 43 2/\2134)"

OJZHaKO MOXHO J0Kas3aTh, YTO IIPH BCEeX NPeACTaBAEHHAX MOACTAHOBKH
B BUAC NpPOHM3BEJCHHS TPAHCHO3MLHMA YHCJO COMHOXHTeNEH HMEET OfHHa-
KOBYIO 4E€THOCTb. ‘

[ToncTanoBKa HasbpIBaeTCsl YeTHOH, €CJAH YHCJAO TPAHCHO3HLME R
B Pas3jiOXEHHH YeTHO, B NPOTHBHOM CJlyuae IOJCTAaHOBKA HashiBaeTcst
HeueTHOH.

7. TlokaxuTe, 4TO MHOXCCTBO BCEX YeTHBIX NMOACTaHOBOK o6pasyer
rpynny, ona c6o3Hayaetcs A, W HasHBaeTCH 3HAKONEPeMeHHOU epynnod.

8. YGeaurech, 4TO MHOMECTBO NOACTAHOBCK H3 32Aaun 5 (6) cosna-
LaeT cO 3HaxonepemenHol rpynnoii Ag.

Boc6me paccmoTpum byHKUHIO

Fxy xa ooy x)=[] i—x),  Li=12..,n.
i<

Torga MHOXKeCTBO BCeX NOICTaHOBOK II€PEMEHHBIX, HE MEHSIOWHX 2Ha-
yeHus 3TOH (QYyHKUHWH, COBNAjaeT co 3HaKomepemeHHo# rpynmofi A,. Sto
BLITGKAET H3 TOrO, YTO NpH JIOGOH TPaHCHOSHUMH 3HaueHHe QyHKUHR (2)
MeHfieTcR Ha MPOTHBONOJOMXKHOE, Hanpumep,

F(xa, X000y 2p)=—F (x1, X3, «+.y Xp).

CxasanHoe OOBACHAET M NPOHCXOKACHHE TEPMUHA (3HAKONEPEMeHHas
rpynnas,
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9. Jlynsl 4HCIOBBIX IPYNN THMHYHOHA fABJISETCA TaKad CHTYALUs, KOI'[ly
BCE CTeNeHH ORHOro sjeMeHra g # 1 pasnuunel *), Eciu xe obpaturbes
K rpynnaMm npeo6pa3oBaHHi, TO B HHX 3auacTyio OBIBaeT TaK, 4TO JBe
pasiHYHBle CTEMeHH OJHOTO 3JeMeHTa (Npe0Gpa3soBaHHsA) COBIAJAIOT.
B kauecTBe mNpHMepa TaKHX 3JEMEHTOB pacCMOTpHTE TNpeoGpa3OBaHHs:
a) CHMMETPHIO OTHOCHTE€JbHO OCH; G6) IOBOPOT IUIOCKOCTH Ha yroa /3
(BooGuie Ha yroua 2m/k).

UTo kacaeTci KOHEYHBIX TPYMN, TO B3JeCh IJs JIOGOTO SJeMeHTa g
CYLIEeCTBYIOT TaKHe HarypajbHele B u m (k # m), 4to

gh=gm. ©)

Ecan Ol 3TO ObLJIO He Tak, TO I'pynna COAEp:Kajia i GEeCKOHeWHO
MHOTO 3JIEMEHTOB.

[Tycte B paBeHcTBe (3) & > m. YMHOXKHM c6e ero 4acTH Ha 3JIEMEHT
g~—™, 310 JactT clejyiouee paBeHCTBO gF-M=e, unum gh=e, rne
n=k—m>0.

B onucaHHON cHTyanmun o6f3aTeqbHO HalileTcd HaHWMeHbluee HaTy-
pajibHOe n CO CBOHCTBOM gP=e, KOTOPOE Ha3EBaeTcs MOpAOKOM 3JeMeH-
Ta g.

Ecau ke Bce cTeneHH 3JjeMeHTa g

g0=ev g gz' ey gk

pasJny4Hbl, TO g Ha3bIBA€TCA 3JIEMEHTOM GEeCKOHEUHOI 0 nopsaka,
10. Hafigute nopspxyu cilelyiOWHX MOACTAHOBOK:

1 2 3 45 1 2 3 45 1 23 45
(23451), (23154), (14523).
11. TTyers G=(g) —KOHeuHaa UHKJIHUYECKasds Tpymmna, H ee o6pasyio-

KR g HMeeT NMOPSAAOK 7. PaccMOTpHM NpoH3BOJIBLHYIO CTENEHb g™,
Ecau nokasaresp KpateH n (m=sn), To gm=ghS=(gh)S=eS=e,

Ecnu e rnoxasaTelb m NPOHU3BOJIEH, TO €ro BCErja MOXKHO 3amHcaTh

B Bujae: m=sn--r, 0<<r<<n — 1, re r—ocTaToK OT Je/EHHA M Ha N.

Ho Ttorpa gm=gsn+r—=gsn.gr—e¢.gl' =g’ 310 3HayHT, YTO BCe 3JEMEH-~
Tel Ipynnsl G=(g) HCUepNHIBAIOTCH CJAELYIOWKMH A 3JeMeHTaMH:

e, g, 8% ..., g"" L
Mel noKasa/i, 4TO NMOPSAOK KOHEUHOH HMKJAHYECKOH TDYNNBI COBNajaeT
c mopsafkoM ee of6pasymollero. Kaxk, Hcrmonb3ysl ckasaHHOe, BBIBECTH H3
TeopeMbl JlarpaHxa ciefyole yTBepPXKIAEHUS:
a) MopsAnoK Joboro s/eMeHTa KOHEUHOHN TPYMNHL SBJAETCS AeJMHTesIeM
HOpsiiKa 3TOH TpymNmbl;
6) BcAkas rpynna NPOCTOro MOpsAKa SBJSETCS LHKJIMYECKOH?

*) B ciyuae, ecsiu TpynnoBasi ONepais — CJIOXKEHHE, NPHXOAATCS ro-
BOPHTb HE O CTENEHAX, a O KPAaTHbIX 3/IeMEHTa.
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12, Haiigute BO3MOXKHbIE NOPSAKH 3J1eMeHTOB B rpynnax Sg, Sp, LHK-
JIMuecKoll rpymme Lopsxka 12.

13. TlpoBepbTe, uTO BCsKas NOArpynna H NHKIHYeCKOH Tpynnbl
G=(g) cama sSBJSETCH UHKIHYECKOH.

Y xaszaHue: pacCMOTPUTE HAHMEHbIUYIO INOJOXKHTENbHYIO CTeNeHb
gk € H, nokaxure, uto H=(g¥).

14. TloxaxeM, MOJb3YsCh 33aKOHOM RHCTPHOYTHBHOCTH, YTO HYJIeBOR
5JeMEHT aJJUTHBHOH TpPYNNbl KOJbLA HIPaeT PONb HYJS H TPH yMHOXKe-
HUH.

PaccmoTpuM Npon3BelleHHe JIOGBIX JBYX 2/1€MEHTOB @ u b u npeos-
pasyeMm ero clielylouluM 06pazom:

ab=(a-}+0) b=ab-}-0b.

Bropoe cilaraemMoe, KaK BHJAHO H3 DaBeHCTBA, HTPaeT PoJb HeHTpaisib-
HOTO 3JIeMEHTa NpH CJaoXeHHH. B cuay ero eauncrBenHocty 0b=0 pasa
Besroro b € K.

15. KakHie u3 C/IeAYIOUMX YHCJIOBBIX MHOMKECTB SIBJASIOTCH KOJbLAMH
OTHOCHTEJIbHO OGBIYHBIX ONepanuil CJOXKEeHUS H YMHOXEeHHS:

a) MHOMKECTBO UETHBIX UYHCEJ;

6) MHOXXECTBO UMCeJ, KPaTHLIX JaHHOMY ;

B) MHOMXECTBO MHOTOUJIEHOB CTeNeHH <<n C JeACTBUTEJbLHBLIMH KO03¢-
(HIHEHTaMH;

r) MHOXKECTBO BCEX MHOTOUJNIEHOB C LEJBIMH KoadduuHeHTaMH;

1) MHOXECTBO HEOTDHUATENbHBIX AeHCTBHTEJbHBEIX YHCEJ;

€) MHOXECTBO BCeX uHCeJs Buia a--b Vf,r,ueaub—paunonanbnme.

B Kakux cJayuasXx Mbl HMeeM JeJIO C KOJBbIOM C eJMHHIEl, B Ka-
KHX —C ToJeM?

16. Tlokaxem, [uTO ZeJuTesb HyJsa (eBbl WM NPaBHI) HE MOXeT
6biTb o6patuM. B camom zene, nmycts xa=1 u ab=0. Tornaa

xab={ (xa)-b=1.b=0b,
x (ab)=x-0=0.

CnenoBarenbho, b=0 u a He gBIseTCS AeJUTEJEM HyJas.

W3 ckasanHOro HENOCPEACTBEHHO BLITEK3E€T, UYTO HHKAKOe I10JIe He
CONepPKUT JeNuTeNeH Ry,

17. Tlox asaTp, 4TO €CAH n=fy-Ny— YHCJIO COCTaBHOE, TO Z, He
sABJseTCs NOJeM.

18. [Tokasartb, YTO HEHY/IEBOH 2J/IEMEHT Y € Z,, o6paTuM TOTJa H TOMb-
KO TOT/a, KOT/Aa 4HC/a k ¥ n B3aUMHO NPCCTH, H 4TO B MPOTHBHOM Cayuae &
gaBAfeTCA JiesuTeNIeM HyJd.

19. IMonb3ysce NpeAbLIAYIMEM VTBepxKJAeHHeM, HalHAuTe OGpaTHMELIe
9JieMEHTbl M JIeJIMTeNM HYJAf B KOJbLAX BHYETOB Zg, Zg, Z11, Ziae

[laa o6paTHMBIX 5JEMEHTOB HalfiiuTe obpaThble, [lia S/eMeRTOB k, ABaA-
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OUMXCS JeNUTeNIIMH HYJIS, HaiuTe m # 0 Tako#, yro k-m =0. $sas-
ercsT M TAKOH KJacC /m eIWHCTBEHHHIM?

20. Yxe camble NPOCThle CBEJEHHS O KOJAbLAX H TPYINax MOryT GHITb
npUMEHEHE B Pa3JIMYHBIX MaTeMaTHYeCKMX Bonpocax. Ilpekpacuolt unmo-
cTpauueit 5TOrO fBJsAETCS Teopusa umces. PaccMoTpuM, Hampumep, Xopowo
U3BECIHYIO TeopeMy (Manyio Teopemy Pepma):

Ecnin p—npocroe, TO AAsl JI06OTO HATypaibHOrO @ uucI0 aP—a
JleIuTCs Ha p.

Paccyxnaem tak:

e’ —a=a@’~1—1).

Ecnu @ fenutcs Ha p, TO yTBEpKIEHHE OYEBHJHO.
IMycts a ve penutcs Ha p u a=mp-+r (0 < r<<p—1). Torna
B Nofte BLYETOB Z, a€r u r 7 0. Jenumocts uncna aP~1—1 na p pas-

HOCH/IbHA TOMY, YTO B 7, CHpaBelJHBO PaBeHCTBO rP=1_1=0 unu
PaBHCCWIbHOE eMY

TP-1=1, ey,

Tak Kak NOPAAOK MYJAbTHINIMKATHBHOM TPYNIBl N0 Z, paBe
p—1, 10 u3 TeopeMpl Jlarpanxa BhITEKaeT CIPaBeJJINIBOCTb PaBEHCTBA
(4), u 3T0 NOKaswBaeT manylo teopemy Depma.

21, TMoxymaiiTe (3TO He mpccTas 3anaya), KaK ¢ MOMOMIBIO yKa3aH-
HBIX MeTOOB MOXHO JOKasaTb YTBepX/JEHHe: €Cld p-—IpocToe, TO
(p—1)141 nenurcs Ha p. 310 Teopema Buibcona, onna u3 HauGouee
H3ALHBIX TeOPeM 31eMEHTapHOH TeOpHM uHCeN.

22. dynkyusa Jisepa @ (n) onpelensieTcss B TEOPHH UUCeN Kak Ko-
JIAYECTBO HATYpa/bHBIX YHCe/, MEHBbIUMX £ H B3aHMHO MNPOCTBIX C HHM,
Hanpumep, ¢ (4)=2, ¢ (8)=4 n T. A. Ina BCAKOro NpocToro p OYEeBH-
ano @ (p) =p—1. O6o6mennem Manofi Teopemnt Pepva spasercs Teope-
Ma Diisepa, KoTopas GopMy/IHpyeTCs TaK:

Ilns1 M11060T0 HATYPANbHOTO @, B3aUMHO NPCCTOrO ¢ n, a® (M —1 pe-
autcs Ha n. Hanpumep, npu n=38, a=5 umeem 5*—1=624=8x78.
MoxXHO NpPeTOKHTb ClelylOWuA mnaH KOKa3aTeqbCTBa TeopeMu Ofepa
(meTann —Ha YCMOTpDEHHE 4HTaTeNs):

a) 110Ka3aTh, YTO MHOXKECTBO OCpaTHMBIX 3JeMEHTOB JIIOOOro KoJbla
o6pa3yeT Tpynny OTHOCHTENbHO YMHOXEHHS,;

6) pacCMOTpeTb KOMbLO BHIYETOB Z, W YOeIHTbCd, 4TO Tpylma ero
06paTHMBIX 3JEMEHTOB HMeeT NopAAoK @ (1) (BCIOMHHTe YTBEepXKIEHHE
nyskTa 18);

B) Aa/JbHeHmRe pacCyXJeHHA TaKOBBHl XKe, KaK H NPH JoKa3aTelb-
cTBe Majoii teopemel Depwma.

23. Haiitu Bce pelueHHs CHCTEMBI JIMHEHHBIX ypaBHeHHH

x+2:=1, y+42=2, 2xtz=]
B 00/I€ BmYETOB: a) Mo MOAYyJio 3; 6) mo Mogyaio 9.
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24, Muorounen p(X) € F[X] HasbBaercs HeNpUBOIMMEIM, €CJIH
He cymecTByeT pasnoxenns p (X)=/f (X) g (X), B xotopom [ (X), g(X)&
€F [X] n crenenM COMHOXHTeJNeH MeHbIIE, YeM CTeNE€Hb MHOrOYIeHA
p (X).
BEIACHHTL, ABAAIOTCA JH C/eAylOUlHe MHOrOWIEHBL
X34 X241,  X44-X241, X2-—2

HENPUBOJUMEIME Haj moJieM: a) Zo; 6) Zs; B) Q; 1) R.
25. Pa3noxuTh Ha HENPHBOJUMblE MHOXKHTENH MHOIOWIEH

XUp X3 X 41

A3 noJeMm: a) Z,; 6) Zsg; B) Q.
26. Hafitn HaunGonbmuil oGIHMH JENHTENb MHOTIOUWIEHOB

FX)=X2+X24+2X+2; g(X)=X+X-+1

Hap noJeM: a) Zg; 6) Q.

27. JokasaTb 4YTO B KOHEUHOM KOJblle C efHHHLEH J1060H HenyJe-
BOil 5/eMeHT nHGO o6paTuM, JHGO sABNsETCS AesuTeNeM HyJs. BepHo sm
9TO yTBepKIEHHE Ge3 NPeAnoNOKEHU KOHEYHOCTH (BCTIOMHHTE KOMbLO Z)?

28. Mcnonb3ys mpepniayliee yTBepKJeHHe, NOKaXKHTE, YTO KOHEYHCe

KOMMYTaTHBHOe KoJblo €e3 nennTesell Hyas, cojepxauee Gojee OnHO-
ro 5J1eMeHTa, SIBJSETCS HOJEM. .
29. B Bompocax, CBfI3aHHEIX C peLIEHHEM CHCTeM JIHHEHHBIX YypaB-
HeHHil, cco6yl0 POJb HTPaeT MOHSATHE ONpeNeHTeNs] KBaJPAaTHOH MaTpHIHL.
BsezneM spech 5TO MOHATHE MPUMEHHTENLHO K MaTpHUE 2-TO MOPAAKA

| (: g) 6)

C 3/1eMeHTavd H3 npousBodbHoro nonst F, Ee onpeaenurenem HashiBa-
eTcsl BeJMYHHA
A=ad—fy. (6)

JlokasaTth, 4TO B KOJblie BCceX MaTpuu 2-ro nopsjxa Martpuua (5) o6pa-
THMa TOrAa H TOJbKO TOrja, KOIJla ee ONpejesIHTeNb OTIAHYEH OT HyJs
(ykasaTb C€noco6 OTHICKaHusi o6paTHOH MaTpHUB). B npoTuBHOM cayuze
matpuua (5) ABAsAeICS JeJHTeNeM HYJS.

30. Kaxkue H3 mepeuHCHEHHBIX HHXKe MarpHl, 06paTHMbl WIH SBJSA-
10TCA JeJH1eNaMH HyAs

(l 2\. I 0\, 11
2 1) 0 2) 2 2
nap nojem: a) Za 6) Q°?
B canyuae, ecau maTpuna obpatuma, HalTH 06PaTHYIO.
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