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MPEOUCJIOBHE

[IpaBo :xe, He GyAeT OWHMOKOHA NPEAONOKHTD,
470 y OCOJBIIHHCTBA YHTaTe]ell Ca0Ba «KOA», (KOJAHDOBAHHE»
BBLIRLIBAIOT NPUMEPHO OJHHAKOBLIE MpencrapjeHusi. Beap Bce
XCpPOUIO SHAKT, UTO KOAB WJH INH(PB HCOOJL3YIOTCA s
nepenaud ceKperHoll uHGopmanuyu. MeHee U3BeCTHO, ORHAKO,
UTO B Halle BpeMsi KOJbl NpuHoGpesad M HHOe 3HaueHHue, OBITh
MoxkeT, GoJlee OOBIJIEKHOE, HO 3aTO Kyaa Oojiee BaxKHoe . LUH-
pokoe. B 3Tol WX HOBOH POJIM KOJH H KOJHpPOBalue — INpeax/e
BCEI0 CPeACTBO AJIs1 SKOHOMHOH, YyAOGHOH H MIDAKTHUYECKH
Gesomwkfoynoll nepenaun ccobumenni. Hosble npumenenus
KOJIOB CJIOXKHJINCh B pe3ysbTaTe OYPHOrO PasBHTHS PA3JIHYHLIX
CPEJCTB CBSI3H, HEH3MepHMO BO3pOCilero ofbema nepefiapaeMon
HHEOpMAaLNH.

PeliaTh BOZHHKILINE B CBAZH € 3THM 33744k ObLIO Obl HEBO3-
MOKHO §e3 NPHBJEYEHHS CaMBIX Pa3HOGGPA3HBIX MaTeMaTH4e-
CKHX MeTOnoB. HecsyualiHo 103TOMY TeopHsl KOAHDOBAHHSI
CYHTaeTCA cefuac OXHHM K3 HanfoJee BaXKHLIX DAasaeaon
NPHKAAAHON MaTeMaTuku. JKesanme NO3HAKOMHTBH ILHMDOKHH
KPYr yLTaTesedl ¢ 3ajadaMu 1 MeTOAAMH STOI TEODHH H sIBJISET-
csl ocHOBHOH HameH uenbio. Bce ke HemHOoro Mecta yaenuan
MBI TaKxe KOJaM B HX H3HAYaJbHOM CMBIC/IE — KaK CPeJcTBY
o0ecrieyeHHsT CEKPeTHOCTH.

Ilepsas wacth kHHrH (§§ 1—10) Hanucana Booaxe sJjeMen-
TAPHO, W A5 ee NOHHMAHHsl YHTATENIO JNOCTATOUHO O3HAKO"
MHTbCSl € NPHJOKeHHeM -1, copepiKalM npocTefiune cBeje-
HHA O CpaBHEeHHAX.

B nanpHe#imieM H3JI0KEHHH, OJHAKO, CYIECTBEHHO HCIIOJb-
BYIOTCA OCHOBHbIE (DAKTHI JHHEHHOH anreGphl, a Takke (HaKThi,
CBSI3aHHLIE C MOHATHAMH MoJA U rpynnel. Bece Heo6XxoxnMbie
onpeje/ieHHs ¥ TEODEMBI COZepKarcs B NMPHJIOKeHUAX 2—D5.
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He ocBOMBIINCL C MaTepUaNOM 3THX [IPHJIOMKEHUH, HHTATeqE
e cMor Obl CBOGOAHO OPHEHTHPOBATLCA BO BTOPOH Y4aCTH XHHTIH,

B sak/oueHHe OTMETHM, YTO B KOHIe OOJBLIHHCTBA fapa-
rpadoB uMeeTca pasjen «3ajayH U JONOJHEHHs», Ie paccMar-
pHBAWTCA HEKoTophie Gojee chnelHaNbHBIE H, K4K [IpaBHJIO,
foee TPYAHblE BONMPOCH, @ TaKke MPHBOAATCA 3aja4n Anf
CaMOCTOSITENILHOTO pellleHHs. UHTaTeNo, Kenamemy oCHOBa-
TCABHO pasodparbest B COAEPXKAHHH KHHIH, MBl PeKOMEHZYyeM
He npcHefperaTb STHMH 3aJa4aMH.

M. H. Apuwunos, J1. E. Codoeckuil



1. KOAHPOBAHHE — HCTOPHA
U NEPBBLIE LIATH

, Kozer noazuiauce B ry6oKOH APEBHOCTH B BHAE
KPHOTOTPAMM ([O-Tpeuecku — TaHHOMHCH), KOrJa HMH [OMAbL-
30BaJIUCh JIIA 32CEKPEUHBAHHA BaXKHOrO COOOUIEHHH OT TeX,
KOMY OHO He ObLIO NpeJHa3HAueHO. ¥KEe 3HAMEHHThIH rpeue-
ckuft ucropuk epogor (V Bex [0 H. 3.) DPHBOAHA NpUMEDH!
nuceM, NOHATHBIX JHIIb /15 OQHOrO ajpecarta, CnapTaHisl HyMe-
NN cleluabHEI MeXaHuuecKuil npudop, NpH MOMOIIH KOTOPGTO
BAKHEIE ¢0O0IIEHUA MOXHO ObLJIO NHCATh OCOBHIM CIOCOOOM,
o6ecneyHRAHM coXpanelte TalHbl. COOCTBEHHAS! CeXPeTHAN
asbyka O6woia y H0nust Lesapsa. B cpennue Bexa u s1oxy Bos-
pOXJeHUA Hax L3o0peTeHHeM TalHbIX WWHADPOB TPYAUAHUCDH
MHOTHe BEIAAIONIHECST JIOAH, B HX uHcie dusocod Ppancuc
Baxon, kpynHele matematHku @pancya Buer, Jlxepomamo
Kappano, Dxon Banmuc.

C TeuenueMm BpeMeHU HAauajH HOABJSITHCST MO-HACTOSILIeMY
cnoxuble mudpe. OAUH H3 HHX, yHoTpeGJsieMblll U MOHBIHC,
CBg3aH ¢ HMeHeM yueHoro a66ata u3 Bropubypra Tpuremuyca,
KOTOpPOro K 3aHsTHAM Kpunrorpadueil noGy:xpano, ObITh
MOMKET, He TOJbKO MOHACTEIDCKGE YeiHHEHHE, 10 H NOTPed-
HOCTL COXPaHsiTh OT OlJIaCKH HEKOTOpble AYXOBHEIE TAHHEL
Pasauuksle XHTPOYMHBIC NPHEMbl KOJHPOBaUAsT NpPHMEHSIH
IIMPORAIBUIHKY NPH MAaNCKOM JBOPE H ABOPAX EBpOIEHCKUX
kKopoJsell. BMecTe ¢ HckKyccTBOM WIHGPOBAHHSA PasBHRANIOLH
H HCKYCCTBO J€IIN(MPOBKY, HJH, KaK FOBOPST, KPHITOAHANH3A.

Cexpernble WHDPH SABAAIOTCS HEOTHEMJEMOH NPHHALIEK-
HOCTEIO MHOT'HX JIETEKTHBHBIX POMAHOB, B KOTODHIX AGHCTBYIOT
H3OUpeHHEe B XUTPOCTH LNHOHKL. [lucarens-poManTHK Dnrap
ITo, KoTOpOro HHOIr/IA NPHYIHC/INIOT K CO3JaTeIsiM IETEKTHBHOTO
KaHpa, B cBoeM pacckase «30JI0TOiH KYK» B XYAOXeCTBEHHOH
(bopMe H3JI0KHI NpocTefiline npHeMsl MHMGPOBAHHS H paciHd-
pPoBKH coobiuenuii. Darap Ilo oTHocuscsa K npobaeme pacuind-



POBKH ONTHMHCTHYECKH, BJIOXKHB B YCTa CBOETO Iepos cielylo-
my© ¢pasy: «...eiBa a7 pasyMy 4eJoBeKa JaHO 3arajaTb Ta-
KY10 3arajky, KoTopyw pasyMm Jpyroro ero cotpara, Hanpaz-
JEHHBIT JOMA<HBIM o0pasoMm, He cMor Obl pacKpheith. Ilpamo
CKaxy, ecnu TeKeT saumidpoBan 6e3 rpy6ulx olWMOOK U JOKY-
MEHT B MPUJHYHOH COXPAHHOCTH, 1 6O/blIe HY B 4eM He HYy-
La1och; nocsaeyionye TPYAHOCTH JJIS MEHS NpPOCTO He CYILecT-
ByioT». CTOJIETHE CNYCTS 3TO BHICKA3blBaHue OBLJIO CIIPOBEPTHY-
TO Y4eHbIM, 3aJI0XMBLIHM OCHOBBEl TeopuH HHopManuu, Kio-
aom Hlennomoum. UlenHoH mnokasan, KakK MOXKHO MOCTPOHTD
KpHNTOrpaMMy, KOTopas He NOLLaeTcs HUKAKOH pacliidpOBKe,
€CTH, KCHEYHO, He U3BSCTEH cnocol ee cOoCTaBaeHHA.

O HexOTOpHIX NpHeMax KpunrorpadHu M KpHNTCaHA/IH32
MBI paccKaxeM B c/leLylleM naparpage, B OCTaJbHLIX 4acTAX
KHUTH peub OyJZeT HATH B OCHOBHOM 00 HHOM HampasjeHHH
B KOJHPOBAIHH, KOTOPOe BO3HUKJO yiKe B GJiH3KYIO HaM 3110XY,
CBg3aHo 0HO ¢ npobieMoli mepejfadr coOGIEHMHA MO JHHHAM
ceq3H, 6e3 KOTOphIX (T. e. Oe3 Tenerpadga, rtenedoHa, paiiuo,
TEJEBHAEHHS H T. A.) HEMBICAMMO HALIE HBLIHEIIHee CYUleCTBO-
panne. B 3ajauqy Takoro KoAHpoBaHHS, KaK yiKe FOBODIHIOCH,
BXCHHT OTHICAb He 3aCeKPEUHBAHN2 cOOOWIeHHIT, a WHas LeJb!
cLenaTth nepejsauy ccobuieHuil GricTpof, yI0GHOH M HaJeKHOH,
IlpennasHayeHHoe Aast 3TOH Lesd KOLHPYiOLlee yCTPOiiCTBG Co-
NOCTABJ/IsIeT Kax/A0My CUMBOJY NMepelaBaeMoro TeKCTa, a HHOT-
Ja B LeJiIM ¢J10BaM HAH (ppazaMm (ccolLieduaM) onpele’eHHYIC
KoMCHHaLHI0 CHTHAMOB (MpHeMJeMYIo 171 Mepeiayd NoO AaH-
HOMY Kahaly CBR3H), Ha3piBaeMylo KOAOM HJIH KOAOBLIM CJO-
gon. lipm 3ToM onmepanuio nepeBoja coobiedHii B onpeje/eH-
Hbie NOCJIeJ0BaTeNbHOCTH CHI'HA/JIOB HA3biBalOT KOAHPOBAaHUEM,
a oOpaTHYIO ollepaiuio, BOCCTAHABJHMBAOMWLYIO M0 NPHHATHIM
curHaitaM (KONOBEIM cJIOBaM) NepeiaBaemble COOOMIEHES,—
JIEKOJHPOBAHUEM.

3aMeTHM cpas3y e, 4TO PasJMUHble CHMBOJBI WK cooblile-
HUSl JOJIXKHBI KOAMPOBATbCS PA3NHUHLIMH KOJOBBIMH CJIOBaMH,
B IPOTHBHOM CJIyuae MO KOJOBBIM CJIOBAM Hesb3s OblI0 GBI BOC-
CTAHOBHTbL MepejaBaeMble COOOIICHHS.

HMcropuueckn neppruiil Koj, NpeAHa3sHadeHHBH AJs1 nepeia-
44 cocOuienuH, cBfizaH ¢ HMeHeM H3obperaTens TeserpagHoro
annapara Csmioa5 Mopse 1 H3BecTeH BeeM Kak a3byka Mopse.
B sTeM xoge kamxaol OyKBe WM LHQPE COMOCTARJIAETCS CBOA
NOCJIeI0BATEIbHOCTL H3 KPAaTKOBPEMEHHBIX (Ha3blBAeMBIX TOU-
KaMH) U JJIMTENIbHBIX (THPE) UMIYJbCOB TOKa, pasfelisieMblX
naysamu. Hpyro#i Koji, cToJb Ke LMIHPOKO PACNpOCTPaHEHHbIA
B Tenerpaduu (koi Hono), HcmogdbayeT /1A KOAHPOBaHHA /Ba
aJeMEHTAPHEX cHTHana — HMIYJAbC M naysy, npH 3TOM Co-
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DOCTabMsieMble fyKpam KOAOBBIE CJIOBA COCTOAT H3 IHATH TAKHX
CHTHAJIOB.

Kozapl, HCMoOMb3yIOImue ABA PA3/JIMYHBIX 3/1€MEHTApPHBIX CHI-
Ha/la, Ha3blBAIOTCH ABOHYHBIMH, Y 00HO OBIBAeT, OTBJSKasich
oT UX pu3nYecKoi NpHPoIs], 0603HAYATh 3TH ABA CHIHAIA CHM-
sosamu O 1 1. Toraa KojioBele CI0Ba MOXKHO NPENCTABAATh KaK
TIOC/IeI0BaTENIBHOCTH M3 HyJeHl W eJHHHLL.

JlBoHYHOE KOJHPOBaHHE TECHO CBSI3AHO C MPUHITHIIOM JHXO-
ToMIH (1eteHus nomonam), IToAcHuM STOT NpHHUMI HA nIpA-
mepe,

HekTo 3agyman 4ucso, 3akmaoyedHoe Mexxay 0 u 7. Yragu-
BaloeMy pa3pelleHo 3a1aBaTh BOIPOCLI, OTBETH HAa KOTOpBIE
JIaloTCsA JIHLIb B (popMe «ay UaH «HeT». Kakum o6pasom cieyer
3aJaBaTh BONPOCH, 4TOOBI BO3MOXKHO OLICTpee Y3HATh 3aAyMaH-
HOE YHCJI0?

Canpift 6eCXUTPOCTHHI MYTh — nepeduparh 4ucaa B Jio6oM
nopsiike, HajedAchb Ha yjady. B sToM ciydae NpH Be3eHHH MO-
JKeT XBATHTb 4 OJHOIO BONpPOCA, HO €CJIH He I0Be2eT, TO MOXKET
NMOHaNOOUTLCA H IENbIX ceMb. [ToaToMy He 6yaeM pacCYBTHIBATD
HA Be3eHHE M [0CTapaeMcs MNOCTPOUTb TAKYIO CHCTEMY BONIDO-
€OB, uTO0BI JI000H K3 OTBETOB — «JA% HJIH «HET» — JaBaJsi HaM
0JMHAKOBYH (MYCTb CHAyasa U HeroJHY0) HHPOpMALHIO O 3a-
aymanroM uncie. Hanpumep, riepBsifi Bonpoc MO:KeT GHITH Ta-
KHM: «3aKJIOYeHO JM 3aZyMaHHOe YHCI0 B mpeaesnax oT O jo
3?» Ofa oTBera — U «Ja» H ¢HET» —- OJUHAKOBO NPUOIHKAOT
Bac K refd: B JIOOOM cJydyae OCTAIOTCS YeThIDe BO3MOMKHOCTH
2JI51 HeHZBECTHOTO 4Mce/a (2 MepBOHAUANBHO HX ObLIO BOCEMB).

Ecnu Ha nepsrIit Bonpoc NoayuyeH YTBEPAUTENbHBIH OTBET,
TO BO BTOpPOH paz MOXHO crpocuTb: «He siBasercss Ju 3agy-
MaHHOE YHCJAO HYJeM MM eJUHHIEHP»; eCc/d e OTBeT ObLI OT-
PHIATeNALHBIM, cnpocuM: «He sABaAsieTcs U 33 yMaHHOE UHCIHO
ueTBepKoil WM NATepKoli»? B mofoM ciayuae nocsie oTBeTa Ha
BTOPOH EOIIPOC OCTAHETCH BLIOOD M3 ABYX BO3MOXKHocTed. Jlas
TOro urofbl €ro OCYIIeCTBHTh, ANCTATOYHO OZHOrO BOmpoca.
Urak, ana yragoiBaHust 3aiyMaHHOrO YUcia, Kakuil Oul OHO

"HM GBUIO, JOCTATOUHO TPeX BOTPOCOB (KamAbl M3 HHX BHIsIC-
HSET, COAEPKUTCA JIH 3a1yMaHHOE UHCJIO B HIKHel» [10I0BUiHE
3aKJ/I0YAIOIEre ero MpoMexkyTKa). MoxkHo MoKasarhb, UTO MEHb-
LIero urcsia BONDOCOB HEJNOCTATOYHO.

Ecau BO3MOXKHBIE OTBETHI «Ja» HJH «HET» O003HAUHTL YC-
JIOBHO cuUMBosiaMH O H 1, TO OTBETHI 3alMIIYTCS B BHJE IOC/e-
JIOBATeNIbHOCTH, COCTOAINeH H3 HyNell W eauudl. Tax, HalpH-
Mep, eclH 3aJyMaHHOe YMCA0 ObIO HyJleM, TO Ha KaxXAbH U3
Tpex BONPOCOB OTBeTOM 6yJeT «as. TpeM «Aa» COOTBETCTBYET
nocaenosatenapioctb 000,



Ecnu 6o1o 3agymaHo yucyio 3, To OTBeTaMM GyayT «1ay,
«HeT», «HET», T. €. HHCAY 3 COOTBETCTBYET MOC/EAOBATe/b-
HocTb 011, Tlo pesysibTatam OTBETOB MOXKHO COCTABHTDL /€I Y!0-
myio Tabauny:

Ta6annna 1

OTBeTh 000 | 001 | 010

01! 100'101 110

! i
3apymanuoe uyncao | 0 1 2 f 3 4 ! 5 6 7
! e

Yntarenb, 3HAKOMBIH € JIBOMYHOH CHCTEMOH CuicaeHns,
V3HAET B HHMKHEH CTPOKE ABOHYHYIO 3aNUCL COOTBETCTBY rouﬂx
uycea BepxHeH CTpoOKH.

3aMeTiM, u4TO BMeCTo MHOMkecTBa yucesn or 0 a9 7 "OMHO
paccvarpusaTth Jirodoe MHO/REC B0 U3 BOCBHMM coo0t
KA IGE M Ok OO_:aTb FIOCJ'IC,,OBSII

JUTHHHEIC ABOMYHEIE NOCAEJ0BATENBHOCTH, TC M3 /IV B I"p SHITMIE
MOXKHO 3AKOJAHPOBATL MOG0S KOHEUHOE MHOKECTBG coodimern:
JleficTBHTENBHO, YHCIO ABOMUHBIX  [10OCI210BATEILHCCTEH
pants 3 bagiio 2¢=§ (nce OHH nmspa@pu 3 Tadnuue 1, ABoHd-
HLIX 10C Hf‘Lﬂ‘%alt‘ﬂbHOCTEn AAKHe! 4 BABoe GOJbLIC -— YHCI0
LX panno 242106, Boolule, 4HCI0 ABOMYHBIX MOCAEICTATE
rocted JMIHE # paBno 27, Tlosromy, ecan peuyeuq ’axom-
[)jalb HYJsIMM W eAMIMUANMM, K Opuvepy, 125 coohulenni,

3 LA 3TOrO ¢ HM3GLITKOM XBATHT JBOMUHLIX [OCASADBATENb-
BocTeld Aaupbl 7 (MX B HaiieM pacropskeunt Hueetch 27=
=128}, H3 sTOoro npuvepa cranosuTea scho, uto M cooduie-
HHi MOXKHO 3aKOAUPOBaTh JIBOHUHBIMHU [10CJIE408AT2ABHOCTAMU
JJMHEL 71 TOPAA H TOJABKO TOrNA, KOTAA BHITOJHASTCS YCJIOBHE
=M, 1. e Korja n=log.M.

Hepeoifl, KTo noHs, 4To Q15 KOAHPOBAHHA JOCTATOYHO
RBYX cHMBOJIOB, Obwl @p3Hclic B3KoH. JIBOMUYHBIE KOA, KOTO-
pBiff OH HCIO0J1b30BaJ B KPUITOrpapuuecKix UeifiX, colepxkan
mTUpaspsanble (Kak U B Koje B0710) c/0oBa, COCTaBAcHHEE H3
cumBosics 0, L.

Cxazannoe 37ech — 3TO JHIIb OepBhie NOACTYHE K npobJe-
Me KOJMpOBAaHHsA, KOTOpOfi nocBAlleHa 3Ta KHHra. [loka xe
OTMETHM TOJABKO, UTO HAPALY C ABOHYHLIMH KOLAMH NP HMEHsIoT
KOJibi, HCIOAb3YICIHIHE He [1Ba, a GoJblUee YUCA0 BJeMEHTaPHBIX
CHIHAJOB, WIH, KaK MX ellle HA3EBAIOT, KOJOBBIX CHMBOMOB. UX
4HCJ0 ¢ HashlipaioT OCHOBAHMEM KOJa, a MHOMKECTBO KOJOBHIX
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CHMBOJIOB — KOAOBBIM andaruToM. IIpH sToM ofmiee uucao n-
OYKBEHHBIX CJIOB, HCHOMB3YIOMHX d CHMBOJOB, BBIUNCISAETCA
aHaJIOTHYHO NpexHeMy W paBHO d”,

3apa44 H JOMOJNHEHHS

1. Hacto nmo pasubiM coofpakeHHaM AT KOIMDOBaHHS
coofuleHuY WCTIOAB3YIOT He BCE TIOC/EJ0BATEIbEOCTH B JAHHOM alpasuTe, 2
TOJBKO HEKOTOPHe H3 HHX, YAOBJETEODPSIOLIHE TEM HJH WHEIM OTpPaHHYEHH-
aM. Byaem paccmaTpuBaTh, Hanpuep, A-GYKBEHHBIE ABOAUNLIE CJIOBA C
(UKCHPOBAHHBIM YHCIOM ! eluHBI (M/IH, KaK TOBOPAT, CJOBa IOCTOSHEOLO
peca ). CKOMBKO BCETO TaKHX CJI0OB — HETPYAHO MOACYMTATh. Kamzoe H3
HHX TOJAYYHTCA, €C/IH MBI REIOEpeM HeXOTOpeiM Oo0pasoM f mozunnil u3 A, H
BaNHLIEM B EHX eIHHHIK, & B OCTaJMbHbIX #—~f NC3MUHAX — HYIH. 3HauuT,
YHCJAO BCEX CJI0B TOCTOSTHHOTO BeCa CORMAJAET C YHCJIOM COUeTAHMH H3 #
2JCMENTOR [0 7, T. €. DZBHO

! !

Ch= .
T =)

2. Crhomxiee pafiTH UHCIAC BCeX JDOKUHBIX 0B NJIHHBL 11, HY COpepIa-
Ui#X HeCKOJBKO HyJeH mozpan. O0ozgaunv 570 wnesro depes s, OuenngHo,
§y=2, a ¢/10Ba JJHHBL 2, YAOBIETBOP AIOUIMe HAWLEMY OTPAHUUCHHIK, TAKOBLL
10, O1, 11, 1. e. =3, Ilyetb 4@y . . . O,y &, — TaKOE CIOEN H3 7 CHM-
BOI08. ECAH CHMBOM &, =1, TO @y Oy . . . €Ly _q MOMKET GHITE PO ThHLM
{n—1)-0yKrennusiM CJI0BOM, HE COAEMKALIHM HECKOILKUX HYJASH 10jpal.
3HAUUT, YKCAD COB MIKHLL A C e WHUUel Ha KCHIe DABHO S, q.

Ecan me cumpon o,=0, To ofs#3aTeAbHO oL, _1==1, a nepsuc 7—2 &
BOJA Lg%y . .« . Ciy_.a MOTYT OLiTh MPOM3BCJABHEIME ¢ YUETOM DAcCMarp:
£0ro orpaHidenud. CAELOBATEIBHO, HMCETCH Sy o CI0B LAHHBL /1 C 1YY
Ha KoHIe. Takum of6pasoM, ofliiee UYHCIO HHTEPSCYIOUIMX HAC €103 PaBio

Sn==Sp—1-T Sp—o-

V3 rodyuensoro cooTHowenua (MOACCHBE COUTHOWCHIS HaSIMBAIOT
PeKypperTHLIME) JETKO MOXKKO HAfiTH HHcaa S, LI modoro n. IMocxornky
$; H Sy ©3LECTHDBI, TO Sz==Sj—+So==0; §;7=8p--53=8, §57=85-1-$,~= 13 u T. .
ITonyuennas noclenoBATENBHOCTE UHCEN

2,3,5,8,13,21,34, ...,

B KOTGPOH KM ALl NOCACAYIOWHI HICH PancH CyMMe ABYX HpCiLiAyLBX,—
5TO XOpOWIO H3BeCTHEH B MaTeMaTHKe psil @ubdonaudu. O MHOrEX HHTepec-
HHIX cBoficTBax uHces PHO0KaYUH H HX Pa3HOOOPA3HBIX MPHTOKEHHAX MOK-
HO NpouYecTE B momyaspxoii Opowmtcpe [21], a Takxe B HexaBrO H3TamHol
kuure [6]. B vacTHocTH, MoxHO yeeinThes (oM. [21]), uto n-wiif unen psia
®ulfoHauun BEIUHCAAETCH I0 (opmyJe:

___1._ ﬂ>n+2_<i:l/_-§_>n+2l .~_:__1_ ey +2
S"“ﬁ(( 3 2 )=y

3. Coennrum o6a NpeJpAYIINX OrPaHHUeHHE H HafeM YHCd0 JBOHYHBIX
CJI0B TIOCTOSHHOrO Beca f, He COAeprKallliX HECKOJBLKHX HyJeH Noapsii.
Paccyxpaate MoxHO Tax. Ilycrts g==n—{ — 4HcJI0 HyJell B paccMaTpH-
BaeMHX cjioBax. B m1ofoM crnose nMeetcs g—1 mpomexyTKos meway Odn-
#KafWHUMH HYJISMH, B KaXXI0M H3 KOTOPLIX HaXOAHTCA OHA HJH HECKOJIBLXO
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epunnl (cM. pue. 1). Tlpenmosaraercs, KOHEUEO, UTC gnf2. B nporisaos
cayuae (1ipH q>n/2) HeT HH ofHOre cJosa Ge3 pALOM CTOSUUX Eiyneﬁ.
Ecan #3 gaJOTC TPOMEXYTKAa YAAJUTh DOBUO MO oxmoh eguuuse,
TO NOJYYHM CJOBO AAHHBL n—g--1, cOmepallee ¢ RHyJeft. JIerko BHASTE,
P 0 0 uyto JoGoe TAKOE CJ0BO MOXKET CHITh
a : v« 1 OJYHUEHO YKa3aHHMM 06pasoM H3 He-
KOTOPOro (K TPHTOM TOJEKO OfHOrO)
n-GYKBEHHOrC (CJ10Ba, CcORepKallierc
7 HyNell, HHKAaKHe 1Ba H3 KOTCpHIX
HE CTOAT pPHAAOM. 3HAUNT, HCKOMOE
4HCJIO COBMAJAET C YHCJOM BCeX C/IOB

LToOrERYTRY ANUHM A—g-F1, CozepRAEX POBHO
¢ edunuyanl g ByJae#t, T. e. paBHO (cM. gomod-
Puc. 1 Henue 1)

n—t
Ch-qr1=CIi1i.
4. Hcnoanaysa pesyaeTaThl zonodHenuil 2, 8, yGeautbed B cnpases:
JIUBOCTH TOXJecTaa:
(n/2]

(cumson [n/2] osnauaeT mauGosblIee HeIOE YHMCIa, He MpeBoCXoaAmee n/2),
5. IIpH KakoM ¢ UHCJIO JBOHYHBIX CJOB W3 AONOJHEHHA 3 MAKCHMANBHO?
6. [TokasaTs, 4TO YHC/IO BeeX A-GYKBEHHBIX d-HYHBIX CJIOB, B KOTOPbLIX
OfMH H3 CHMBOJIOB BCTpeuYaeTca (PMKCHPCBAHHOE YHGIO ¢ pas, pasHO
! -
Cp (d—1)2~1 (cp. mononuenue 1).
7. OCofmuTe pesy/sibTaThl AOMOAHeHHR 2 ¥ 3 IPHMEHHTEIbHO K d-HYHO-
My andasury.
2, WiH$PLI, HHOPLL, HWIHOPLL..

[IpuemoB TafiHONUCH — BeJIHKOE MHOXKECTBO, H,
CKOpEee BCEro, 3TO Ta 00JIaCTh, TAe YKe HeT HY:KABl [PUAYMEI-
BaTh UTO-HUGYAbL CYUIECTBEHHO HOBoe. Haubosee npoctoil TN
KDHIITGIPAMM — 3TO TaK Ha3biBaeMble MOACTAHOBOUHBIE KDHI-
torpamuibl. CocTapags HX, KaxA0H OyKBe andaBuTa CcONOCTaB-
JIAIOT OnpeneeHHb!l cuMBOA (MHOTAA ToxKe OYKBY) H OpH Ko-
JIADOBAHHH BCSIKYIO OYKBY TEKCTa 3aMeHAIOT HA COOTBETCTBYIO-
wui eit cumBos. B pacckasze «3oaotolt yk» darapa [lo npu-
BOOMTCA KaK pa3 [pHUMep MOACTAHOBOUHOrO uudpa.

ABTOp pacckaza HarAfAHO JEMOHCTPHPYET, HTO pPacH-
POBKa MNOAOOHBIX KDUNTOrpaMM He cocTaBadeT HoJbUIoH Mpo-
Oaembl. Bce ocHOBbIBaeTca Ha TOM (38 NOAPOTHOCTSMH OTCHI-
JiaeM YHTaTesNsl K ODHUTHHAMY), YTO pasjiduHble GYKBH ecTecT-
BeHHOTO A3bIKAa — aHTVIMHCKOrO, PYCCKOTO MJIH Kakoro-jaubo
JAPYTOro — BCTPeYaloTCsl B OCMDBICAEHHBIX TEKCTaX HEOAHHAKOo-
Bo yacTo. CrefloBaTesbHO, TO e camMoe BEPHO /s COOTBETCT-
BYIOU[HX UM 3HakoB. B eule Gosbuiefi Mepe 3To OTHOCHTCA K
GYKBOCOUETAHHMSM W3 JBYX HJH HECKOJbKHX OYKB: JIHLIb
HEKOTOPhIE H3 HHX YacCThl, MHOTHE e BooOIe He ynoTpebas-
I0TCA,
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Auanuaupyst UacTOTy NOSIBJEHHS TEX HJAH HHHX 3HAKOD
A UX coYeTaHHi (HMEHHO TaK mocTynaer repoit arapa Ilo),
MOXHO ¢ GO/BIIONH YBEPEHHOCThIO BOCCTAHOBHTDL GYKBBI 3aIliud-
DPOBAHHOrO TeKcTa. [laxe eciH B KaKHX-TO YacTAX TEKCTa BO3-
HHKaeT HeoJHO3HAYHOCTb, OHA JIETKO YCTPAHSAETCS MO CMBICTY.
10T MeToZ (OH MMEHYEeTCSl YacTOTHBLIM aHa/JM30M) OCHOBHIBAET-
s, TakuM o6pas3oM, Ha 3apaHee H3BECTHBIX HacTOTAaX 3amndpe-
BaHHLIX 3HakKoB. B ciaenymomelt Tabayle yKasaHbl OTHOCHTENb-
Hble 4acTOThl OYKB DYCCKOrO f3blKa.

Byksbl «e» 1 «E», a TaKke «b», «b» KOJUPYIOTCSH OOBIUH?
OJMHAKOBO, MO3TOMY B Tabnune OHH He pasjuyaoTca. Kax
AIBCTBYeT M3 TabaHIEI, Hanbosee 4acTas GYKBa PYCCKOro fA3bi-
Ka — «o». Ee oTHocuTeneHas wactora, pashas 0,090, o3naua-
eT, 4To Ha 1000 6YKB pyccKoro TeKcta NPHXOIUTCA B CPEJHEM
90 6yxe «o». B TakoM e CMBICTIE TOHUMAIOTCS] OTHOCHTENBHbE

Ta6bauna 2

Ne Byksa ?{zfé‘.}rg’;;' Ne | Bykea Cq‘;é‘;;‘;; Ne | Byxna CL)I?;(_;CO]T‘;
[

0 a 0,062 10 K 0,028 20 ) 0,002
1 6 0,014 11 b 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 w 0,006
5 e, € 0,072 15 n 0,023 25 it 0,003
6 K 0,007 16 p 0,040 26 Bl 0,016
7 3 0,016 17 c 6,045 27 b, b 0,014
8 H 0,062 18 T 0,053 28 3 0,003
9 i 0,010 19 y 0,021 29 10 0,006

30 s 0,018

4acTOTEl H OCTaJMbHBEIX 6YKB. B Tabaule 2 He yKasaH eme GAHH
«CHMBOJT» — MPOMEKYTOK MEXJY CJOBaMH. Ero OTHOCHTE/b-
Has yacToTa Haubosbwas u pasHa 0,175.

C nomomipio Tabauubl 2 9HTATeNb CYMEeT, MO-BHIHMOMY,
paciuidpoBaTh Takyl KphHOTorpaMmy (paciuudpOBKYy H Mnosc-
HeHUs cM. B jonosdesud 1 Ha crp. 15):

HApcueMinp AMAKSK OHKIK/M MJ CHKBIIH I'KIO OHT'PCAMHO-
Humigd AT30cHBUAMI MH 6 rOTB3G DKTUAIG HM PKHEMIL.

HenagexxHocTb M0OACTAaHOBOYHBIX KPHITOTPaMM  (CpaBHH-
TeJIbHasl JIETKOCTb HX paclIM(poBKH) Oblia 3aMedeHa yiKe NaB-
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HO, ¥ MOTOMY B PasHoe BPeM: NPeAlardainch Pasdifiduble jpy-
rie MeToAn! mudposanus. Cpesd HHX BaXKHOE MECTC 3aHHMAIOT
MepecTaHoBOYHblE KPHNTOTPamMbi, IIpH MX COCTaB/I€HHH Becb
TeKCT pa3GMBaeTca Ha TPYNMbl, COCTOfIMIHE U3 OAHHAKOBOIO
yucna OYyKB, M BHYTPH KaxAOH rpynnbl GYKBbI HEKOTOPHIM
oBpasoM nepecrasasiorcs. Ec/iH Ppynna jocTaTouHO JI/IMHHAs
(HHOTHA 3TO Bech TEKCT LEJIHKOM), TO HHCJIO0 BO3MOMHBIX Mepe-
CTAHOBOK OYEHb BEJHKO, OTCIOAa Go/blUoe MHOrooOpasue nepe-
CTAHOBOYHKIX KpHOTOrpaMM. Mbi paccMOTpHUM OAMH THI mnepe-
CTAHOBOYHOH KPHNTOrPAMMBI, KOTOP&s COCTAaBAASTCH MNpH
[IOMOLLH TaK HasbIBAEMOrO0 KJI04eRoro ¢/10Ba, DYKBH TeKcTa, Ko-
TOPLIH JOJIIKEH OBiTh Mepefan B 3amidPOBAHHOM BHAL, NEPBO-
HaYyaabHO 3aMUCBIBAIOTCS B KJSTKH fIPAMOYTOJNLHON TAOMHIEH,
o ce CTpoyYKaM. DYKBBI K/I0UeBOTO C/10BA MUIIYTCS HAX CToab-
11aMH ¥ YXa3HB&ICT NOPALOK (HYMepanHio) 3THX CTOJAGL0B ClIG-
co60M, OObACHIEMEIM BHKe, YTOOE NORYUHTH 34KOAHPOBARbI
TeKCT, Hafo BLIMKCHIEATh OYKBE 110 CTONOUAM C YUETOM HX HY-
meparui. [1ycts Teker Takos: «B cBA3H ¢ co3paBiuMmes 1oJo-
JKeHUeM OTOABHraeM CpPOKH BO3BpauleHun JoMoH. Pawmsaii».
Mcnonb3yem A5 3anMCH TEKCTa, B KOTOpPoM 65 GYKB, mpamo-
yroabiyio TabaHLy 11 X6, B KauecTBe KJIOUSBOTO BO3bMEM
¢/10B0 H3 6 OYKB «3anHchy, cTOAOUEI 3aUyMepyeM B COOTBETCT-
BHH C MOJNOXKEHHEM OYKB KJIOUEBOro c/oka B andasute, B pe-
3y/AbTATE MOJYYHTCA CJAEAVIOULER KOA0Bas TalJHIa;

Tabanama 3
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brmncnisas Gyksnt u3 creabuoB rabaausl 3 (cmawana ua'
[epBoro, 84areM M3 BTOPOrO M T. 1.), NOJYYaeM Takyio urug-

POBKY: ‘
Ceuen AMBLIOMBCBILOEH 21242 MOMHPIHOABOHIEBCOEM33 AC-
MorosuiKIageTakpap

KnroueBoe ¢/10BO H3BECTHO, KOHEUHO, 1 aJpecary, KOTOpbIf
noaToMy Ges Tpysa pacwugpyer sto coobuenue. Ho s Tex,
ETO 3THM KJIOYOM He BJIaJeeT, BOCCTAHOBJEHHE HCXORHOFO
72Kcra BecbMa npeGIeMaTHYHO (XOTA B MPUHUHKIE H BO3MOMKHO).
tacToTHBIl aHaJdd3 34ech MO BIOJIHE MOHATHLIM NMpUYHHAM He
pewaer 3a1auy. B ayuilleM crydae, NOCKOMIBKY YacTOTHl GYKB
[[pHMEPHO TakHe, Kak B Tabaulle 2, OH MO3BOJAET HPEANOJO-
MHTb, YT0 ObJIO NMPHMEHEHO MepecTaHOBOUiI0e KOAHMPOERAHHe.

Menonb3oBadue KA0UEBOrO €10B&, KOHEYHO, He 0043aTelb-
HO, MOXHO OblIO yKa3aTbh HYMepaluio CToAOUOB 1HOPOBBIM
KJIOTOM, B AaHHOM ciaydae uncsaoMm 214356, Cnopo yaoduee,
e K04 HALC XPAHHTb B NaMaTH (4TO HEMAaJOBAXKHO s
KOHCIHPALHH).

Hueercs psia widpos, B KOTOPHIX COB\deLel{bI IIPUEMEI TTO](-
CTaHOBOYHOIO U Nepecraiorsoykoro Koauposanud. Hludp Moxno
ewre 6ojree YOJIOKHHTD, €C/H AOIOIHUTENBHO K 3TOMY KaMuAvio
OVKBY 2aMEHATb HE OHNM, & JBYMS HJIH HECKOJbKHY :
naMu (6yKBaMu IJIK uMciami). Bor npuvep. Pacnoao
BL pycckoro andasuta B KBappatHofl Tafauue 6 X0 Hp’srrz-
BOJIbHEIM 00pasoM, HanmpHMep Tax, Kak b ca27yiomadi Tabauie.

Ta6nupa 4

0 1 2 3 4 5 !
0 3 H Bl P c
1 a T y i b 3
2 6 B ® K
3 M o 8, T X 1t
4 q H 0 bt e
5 b G | I i1} n

Kaxnayio 6ykpy wmndpyem napolt uudp: nepsaa uudpa 310
HOMEpP CTPOKH, B KOTOPOI CTOHT AaHHasa OyKBa, BTOpas —
HoMep cronibia. Hanpumep, 6ykse «6» cooTBercrByeT 0B03Ha-
uyenne 21, a caosy «wHdp» — obo3HaucHue 51022304.

Ewe 66spme TPYAHOCTH XA KpHNTOAHANH3a MPEJCTaB-
IdeT wHop, cBASHBaEMbIl ¢ nveHeM Tpuremuyca, DToT mudp
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ABJsIETCs PAa3BUTHEM paccMATPHBAEMOIS B ACNOJHEHHR 2 Kolla
Lesapa u cocTouT B crefyomeM. BykBel andaBura Hymepylor-
ca no nopsaaky uucaamu 0, 1, ..., 30 (cm. Tada. 2). Tlpn umd-
pOBaHUM KJIOUEBOE CJIOBO (MM HOMepa ero OyKB) HOAMHCHI-
Baerca noj coobiieHNneM ¢ TOBTOPEHHAMH, KaK II0Ka3aHo HUKe:

BCBfA3HCCO31aBIIHMCATION0KEHHEMOTOIBUT aEMCPOKHBO3BDa
3amHcb3anichb3anHCch3antch3anicb3ancb3ancb3anteh3
uieHHsA oMol paM3a

aMHCh3aMHCh3aMnuCe

Kaykpaa 6ykBa COOOuIEHHS «CABHUraercs» BAOJIbL ajadaBHTa
no cjaelywolieMy npasuny: 6ykBa ¢ HOMepoM m, NOA KOTopoH
CTOMT OYKBa KJ/IIOYEBOI'0 CJOBa C HOMEpPOM k, 3aMmeHdAeTcs Ha
OYKBY ¢ HoMepoM [=m-+Fk (ecnn m—+k<<3l) nau 6YKBYy ¢ HO-
mepom [=m-+k—31 (eciu m-k>=31). Hanpumep, nepsas
OykBa «B» c/iBUraercs Ha 7 OyKB H 3ameHseTcs OYKBOH «ii»,
crenyiomas GyKBa «C» ocraerca 6e3 H3MeHeHHA u T. A. Takum
ofpasomM, Homep ! KoaMpytowed O6YyKBLl BHYHC/AseTca no ¢op-
MyJe: :

I=m+k (mod 3I). (N

B ungpoBrix o6o3HayeHUX UCXOAHOE cOOOMIEHHEe U MTOBTO-
pseMoe KJI0YEBOE CJIOBO 3aMHINYTCH B CJAELVIOIIEM BHJE:

Tadanua 5

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

Koroa 7 0 15 8 17 27 7 0 15 8 1727 7

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

Kaou 015 8 17 27 7 0O 15 8 17 27 7 0O

CogoSienne 5 12 14 18 14 4 2 8 3 0 51217

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

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

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

Coobumenne 8§ 30 4 14 12 14 9 16 0 12 7 0 9

Kuiou 17 27 7 o0 15 8 17 27 7 0 15 817

[locne cymmupoBaHHsi BepXHeH H HIXKHEH CTPOKH [0
mopymo 31 nosydaem nOC/EAOBATENBHOCTb UHCEN:
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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.,

Hakorenu, 3amensis uncaa Ha GYKBBI, NPUXOIHM K 3aKOJHMPO-
BaHHOMY TEKCTY:

AceslacionX bAMYGreinobinubhubdaox icpbbMMOIIAKIIBIO

NYM3ILGXIIBIIObIBIM3MIHbL

Ecnu k/oueBoe ¢/10BO H3BECTHO, TO JAelIH(POBKA NPOH3BG-
JHTCA 6e30 BCAKOrO TPyJAa Ha OCHOBE PaBEHCTBA:

m=I—k (mod 31).

Upespbluaiino TpygHO paclindpoBaTbh MOZOOHBIE TEKCT, ecu
KJIOY HeHW3BecTeH, XOTA B HCTOPHHM Kpunrorpaduu Gbuia
CIYYaH, KCerja TaKHe TeKCTH pasraipBaiuck. leno B ToM, uto
NOBTOPSIEMOCTD KJXOUEBOIO CJIOBA HAKJaJbIBaeT HEKOTODLI OT-
NeyaTtok Ha KPHNTOrpaMmy, a8 3To MoxKeT OHTb 06Hapy:KeHo
CTATHCTHYECKUMH METOAdaMHU, KOTOpble HO3BOJAKT CYIHTH O
JUIHHE KJIOYEBOrO CJIOBa, IOCje 4Yero paclundpoBKa 3HayW-
TCJIbHO YIPOMIAeTCs.

Mpl paccMoTpeau JauIUb HEKOTOpHIE CNOCOGH COCTABACHHS
KpunrorpaMMm, 3aMmeTHM, YTO KOMOHHMPYS HX, MOXKHO MOJY-
YaTh WHPpLI, eile 6osee TPYAHOAOCTYNHbE A1 PacliidpOBKi
Onnako BMecTe ¢ 3THM BO3DPAacTalOT TPYAHOCTH MOJb3OBAHUS
wHdpoM AJA OTIPABUTENSA CEKPETHOrO COOGLIEHIA H apecara,
NTOCKOJIBKY CHJIBHO YCJIOXKHSIeTCHd TeXHHKa WHQPOBKH H Je-
IWHGPOBKH Jlaske TDH HaJAHYHH KJKOYA.

3ajgauu ¥ HOHONHCHEZ

1. JIna pacmmadpoexn kpunrtorpaMysl Ha crp. 11 moa-
CUHTaeM, CKOJILKO a3 BCTPeyaeTcs B Hell Kaxaas Oyka. Peayabrars no-
CYueTa NPHBEJEHH B cleayicielt Taluie:

Ta6anmna 6

Byksa HMAKACcpPpronsdno6BRAATINIOEH B

Uncnomnose- | 119 66 55433333322222222111
JleHuil B Tex-
cTe

Hau6osnee yacto BCTpeYalOIIHICS CHMBOJ «H» CKOpE€e [ Cero O3nauaer
OyKBY «0o». CHenap TaKoe NPEANOJNOXKEHHe, PACCMOTPHM CJef ViU 1o ya-
CTOTE CHMBOJ «M». B kpunrorpaMMe uMmeercs ABYOYKBeH:iDe coOuUeTaHMe
CMH», W TaK KaK ¢H» — 3TO «O», TO CHMBOJ ¢M» COOTBETCTBY:{ COIJIacHOH.



Cpeny COTJIACHBIX B PYCCKOM A3biKe BBIACJSIOTCA MO YacTOTe GYKBLI «T»
H «B» (cM. Taba. 2), W TOTOMY «M» CKOpee BCelo 03HauaeT OJHY M3 ITHX OyKs.
PasCepem ciyuail, KOTa «M» O3HAYaeT «H», MPEOCTABJARA UHTATeTIO Camo-
CTOATENLHO YEENUTLCA, YTO APYTas BO3MOXKHOCTb He MPHBOANT K OCMbIC/IeH-
HOll paciyi(poBKe KpHITOTPaMMBI.

Ecan «M» — 3T0 «H», TO B COUETaHHH MJ», ECTpeYalolleMcst B KpHr-
TorpaMme, «JIs O3HauaeT CKopee BCero riacHylo. K3 nanbonee BepoOATHBIX
IR «I» BAPHAHTOB «an, «e», <H» BRIGKPAEM «€», TOTOMY 4TO JHIUb B 3TOM CJIYy-
Gae UMEIoIeecs B KPHATOrPaMMe CJIOBO «PKHEMAA LOMYCKaeT OCMBICTEHHYO
pacludpoBry. Mrak Tpu 3maka pasrajaHH: «H» — 3TO €O», &M — CHY,
«1» — «e». OCpalaemcst K COYETAHMIO &AMAKIDK?. B Heu «a» Mo¥eT 03HauaTh
JHIb TJACHYIO «a» WM «wv. Jlofble IPYrve BO3MOMKHOCTH 3aEejOMO e
JIOMYCKaloT Pa3yMHOrO NMPOUTERHS cloBa «AMAK3XK». MenmTaen 6ykey «a».
TozcTapasisi ByecTO «A» GYKBY «a», BMECTO «M» — «HY, BMECTO APYTHX 3Ha-
KOB —— TOYKY, MONYIHN HERONHCAaHHOE CJIOBO ¢aHa...». B cioBape umeercs
8CETO MFHIUb HECKOMBKO CF0B U3 6 OYKB ¢ TAKHM HAYAAOM: ¢aHAMU3Y, «aHa-
Jor», «aHaHac», «aHaTom». M3 HUX roauTcs auib nepBoe (mouemy?). Ecan
BMECTO «5» OJCTABHTb GYKBY «H», TO NOMYUHTCH 1UeCTHOYKBEHHOE COUETAHHE
¢ HayaJicM ¢MHH», HO B CJ0Bape HeT HHU OZHOTO TaKoro ¢Jjosa. Pacingpora-
Hb! CIUE UEThipe GYKBBI «5I», ¢K», «3», «K» 03HaY2KT COOTBETCTEEHHO 2%,
I, (BB, «3».

B cnoBe «OHKXIM» H3BECTHbl BCE CHMBOJBI, KpoMme NEpBOTO. 3aMeHAR
ux OyKBaMu, NoaydaeM: «.ojle3eH», JdcHO, UTO HeN3BecTHAA OYKBa —~ 3TO ¢,
3HauHT, «c» paciIHdpOBbIBAETCA KaK «I».

He pasrazanml ellle gBa cpaBHHTe/bHO MacTO BCTPevaicuiHecss 3Haka
«o» U «p». PaccMoTpuM coueTarue «pKHeMiI», o3Haualolllee «.J10.ieey.
HMeeTcst HEMHOTO BADUAHTOB €r0 NPOUYTEHHSt, OAMH K3 HHX — <CJIOKHEe», i
Ce/IoBATEAbHO, CKOPEE BCErO KPP — 3TO «C», «ed — ITO K.

V3 HepacuinppoBaHHBLIX ellle 3HAXOB UYalle BCETO BCTPEUAETCH &Ch.
B cooTteerctsiy ¢ TaGaHUeR 2 cpein OCTABIUMXCS COIMACHBIX HAHGOJBIIYIO
4acTOTY HMEET «T»,. ECTeCTBEHHO MOSTOMY NpPeRNOJOXKUTh, UTO «C» O3Haya-
€T «T».

TMonbiTaesics BOCCTAHOBUTD 3aIIHGPOBAHHBIA TEKCT, NOACTABAAST BMECTD
pasrajaHHEIX 3HAKOB COOTBETCTBYIOUIME HM GYKBHI

«ACTOTH..aHaJAH3 [0JA€3€H He TOoJA..0 .JI. M0.CTaHO.0.H.. ..UNTO..A4..
HO . ....H. CJI..4.. OH CJOX HEE

Slcunl (Mo KOHTEKCTY), 110 kpafiHeil Mepe, TPH CJAOBA: «.aCTOTH..» 03Ha-
YgeT «UACTOTHHLEY, «TOJ..0% — TOJNBKO®, «J.» — «aas». C yueToM HOBOA
und'opMaLHN TEKCT NPUMET CAeaylomyio Gopuy:

Uac1ornbiil aHAMH3 [OJe3€H He TOJNBKO 1A NOACTaHO.OUHbL. K.HITTO..a..
HO . J...H. CJ.4Yas. OH CJOXKHee

Oxcnvatensnas pacuindpoBKa He npeicTabiseT TPyAa. TekeT Tawop:

YactoTHuill anajn3 1ioJe3eH He TOJbKO AJ1s TIOACTAHOBOUYHBIX KDHITO-
rpamm, HO B ApYTHX C/AyYaaXx OH CJQXKHee

2, Ilugp, npuMeBenublil B MPeAbAYIIEM MNpHMepe,— 3TO TaK HA3Ll-
saembiit wngp Ilesapsi. Ou cocrent B TOM, UTO BeChb aMdaBHT CABHTaeTCH
Ha ONpejesieHHOe YHCI0 GYKB BNPABO WJH BJEBO. B JaHHOM caydae ObLT
NpHUMeHen CABHT BJEBO Ha OJHY GYKBY, T. e. Kamjad OyKbBd 3aMeHsJach
npepwecTsyiomed Gyksol andasnta (IpU 3TOM A5 GYKBbL «a» npeiiuecTpy-
fottefi cuntasnach OykBa «siv). [as wudppa Lesaps umeercs Gojiee TpocToif
Crioco6 paciHdpPOBKY — TaK HA3LIBAeMBII MeTOR MoJocoK. Ha Kaxayio
MOJIOCKY HAHOCATCS MO nopsiaky Bee GYKBLl ajdasura, B KpumTorpamme
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GeperTcst HEKOTOPOE CJIOBO, HANDPHMED, 4OHKHEKAM®. IMonockn npurManbIR;-
joTcA APYT K APYTY Tak, YTo6hl 06pa3oBaTh faHHOe cloBo (pHC. 2). [lpurasicy
pJOJIb TIOMIOCOK, HAXONHM CPefH CTPOK €HHCTBEHHOE OCMBICIERHOE coYera-
HHe <TOJIe3eH», KOTOPOE H CIYKHUT PaciiudpoBKOf JaHROrO C0BA. OntoBpe-
MeHHO HAXOZUM BeJIHUMHY CIBHTa.

~ [~ ™ ™ MY~
L onq |9 A 3 E

N7 3 A 10 A ) K
i U E 4 5 q 3

K a X A B A U

Vi K 3 5 r 6 7

M 1 i ;) | B K
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ilo H P E] b i M
n 0 Ja E 3 E H

P n ¥ B Y xi o

c p H 3 # 3 n

T ¢ 0 " K " P

v T n i I # c

@ y p K ] K T

X & I b H n y

L L ded e e

Pue. 2.

B xaucerpe ynpamHenusi YHTaTeM0 pPCKOMeHAYETeH paciindpoBath
METOROM IIOVIOCOK CJeAYICILYIO KPuNTOrpaMMy, 3amu(POBAHHYI KOACM
Lesapa:

EN®UPPJIM SEVXOICM 3HPSI HOCPO®B H EWBIMYIL] PCK-
CEIOW XIBIHJI $XCBOJI EIOPCHC E BOOCIT PM AU JI HTKIC-
CA PY TOKOOJ TIVITIC I' LIIC3JION E OITILE JKOLUAA OrKILY 1.

OrpetoM cay:HT nepeas ¢pasa pomaua H. C. Typrenesa «Imropsu-
CKOe THe3.0».

3. Pacundpyfite 4HCIOBYIO KPHATOIpPaMMy:

T77879353724122554327443274248642864382223868838522123

Kamiou pas pacmudposku chenyromuii. PasGefite uncaosyid nocseno-
BaTeJI>HOCTh Ha ABY3HauHble uncda. BmecTo Kaskporo Uucia Hajo nojcra-
BHUTb OyKBY, CTOSIMYIO Ha cTp. [2 HacTosileft Kumru,— neppas uudpa
9HcJIa YKasHBAeT HOMep CTPOKH, B KOTOPOH CTOHT HcKoMas 6yKsa, a BTO-
pas — HoMep 3Toif GYKEREI B JaHHOH cTpoxe.
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Sto npuMep KpHOTOrpaMMbl, At COCTARAEHHS U PAcLIH(POBKH KOTOP off
UCTOER3YeTCs HEKOTOPHIH 3apaHee YCJOEJEHHbIH TEKCT, H3BECTHHIH H OT-
NPaBHTENO, U ajpecary.

4. IpyruM npuMepoM widpa, HCHOJABb3YIOLIEro 3apaHee YCAOBJCHHDIA
TEKCT, SIBJSETCS Tak HaspiBaembiil wmdp «Geryumero kJovas. Tpn mudposa-
HUYM 110 3TOMY METOAY YCJHOBJEHHbII TeKCT HaKJAafriBaeTcsl HA NepefaBae-
MBIl Tak e, Kak B inipe TpHTemuyca.

3. KOA $AHO — 2KOHOMHBIA KOA

Andaputa U3 ABYX (2 NoJlaBHO — U3 GOABIIErO
quesia) CHMBOJOB, KaK MEl yOenuauch B § I, nmocratouno nad
KOoAHpoBaHUA Jw00oro MHOXKecTBa coollieHuil, YcraHapauBast
TOT (PAKT, MBI KOAHNDOBATH Rce coolUeHus CoBaMi OJHEaKO-
BGH JJIHHLL, UTO, ONHAKO, NAREKG He BCerja OLIBaeT BLITOLHO.

lipencraBum cefe, 4TO oflin CCOOUIEHHA HPHXOAUTCS fiepe-
AZBATh JIOBOJBHO Uacro, APYTie — BEIKO, TPETbU -— CGBCEM
B UCKAIOUHTENLHBEIX cavdanx. [lcudTHO, uTo nepBrle ayuie 3a-
KOANPORATh TOTAA KOPOTKHMH CAOBAMH, OCTABHB O0sice JJIHH-
HEIE €J0BA JJIS1 KORUDPOBAHKA COOOIIeHNH, NOARISIOLMXCS pe-
#e. B pesyabTare xozoBhlfl TEKCT cTaHeT B cpelHeM Kepoue,
M Ha ero mepejauy noTpe0yeTcss MeHbille BpeMeHH.

BriepBrle 3Ta npocrad HAed Obla peannsoBaHa YIOMHIHAR-
IMUMCH HAMH aMEepPHKAaHCKHM HHIKeHepoM Mopse B npeiiomed-
HOM HM Koje. PacckasplBamT, UTG cosjaBas csoft xol, Mopae
OTripaBHJICA B OaHKaNIUYIO THIOTPA(QUIO H MOACUHTA] YHCJAD
JuTep B HaGOpHBIX Kaccax. DYKBaM M 3HaKau, A7 KOTOPBIX
JIUTEP B 3THX KaccaX ObLTO NMpHNaceHo 00abe, OH COMOCTaBH
Gosiee KOPOTKHe KOJOBEHE ofo3HAaueHNs (Beib 3TH OYKBH BCTpe-
yaioTca vaie), Tak, Hanpumep, B PYyccKOM BapHaHTe a3fVKH
Mopse OyKkBa «e» iepenaeTcss OZHOH TOUKO, a pEeAKO BCTpeyaro-
mascs 6ykBa «I» ~— HabopOM H3 YeThipeX CHMBOJOCB.

B MaTtemaTuke MepOH YACTOTH MOSBJIEHHS TOLO HJIH HHOro
COOBITHST ABJISIETCS €T0 8epOamM1ocb. BeposiTHoeTh cobbitust A
0603Ha4aT 06bMHO cHMBoOJOM P (A) nau mpocto Gyksoit P.
He ocranaBanBasicb Ha ONpeAeNeHHH BEPOATHOCTH, 3aMETHM
TOJIBKO, YTO BepPOSITHOCTb HEKOTOPOro coOHTHsI (coobiieHus)
MOXKHO NIPEJICTABAATE cebe KAK JOJI0 TeX CJyyaeB, B KOTOPHIX
OHO TMNOABJSIETCA, OT OOIIEro 4YHc/JAa HOSBHBIIUXCA CCOLITHH
(coolmenn1).

Tak, ecnu 3ajadel yeTbipe coobuledus Ay, A, As, A,
¢ BepoaTHocTAMH P (A;)=1/2, P(A,)=1/4, P(As)=P(A)=
==1/8, To 310 O3Hauaer, yTo cpeau, Hampumep, 1 000 nepenan-
HbIX coofuiennft oxono 500 pas mosaBasiercs coobiienue Ay,
oKoso 250 — coobmenue Az H npuMepHo no 125 pas — Kaxk-
Jnoe us cocbutennit A u A4,.
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ITH COOOUICHHN HETPYAHO 3aKOJHPOBATh ABOHUHBLIME cJo-
BaMH ATHub 2, HanpuMep Tak, Kaxk [0KasaHo B cjenywowieil
Tabnuue:

Ta6auna 7

{ ! i ‘
Ay Ag jAst Ay

<
(<]

01 10 It
o ||

QnHAaKo NIpH TAKOM KOAHPOBAHHH BEPOSITHOCTD NOSIBAEHUA COO0-
neHul HuKaK He yuutelBaercsi. [locrynum renepr HHage. Paso-
GbeMm coOfIlleHHsT Ha JBe DPABHOBEPOSITHHIE TPYIILL B NEPBYIO
nonazaer coodiuenie A4, BO BTopyio — coobulenus As;, As, 4,.
Conoccrasum nepBoii rpynne cumBod 0, Bropofi — cumBoa 1 (cM.
tabaniy &, Bo BTOpoH rpade TabauLbl YKa3aHEl BEPOSTHOCTH
Co00ULeHH ),

Ta6bauwuna §
Ay 1, 0
Aq 1y 0
Ag /s 1 0
l —
Ay /g 1

3To BroJHe B AyXe NpHHLMNA, IPHMEHABLIErocs B 33jaue ¢
yrajnipanueM. JdefcrsurentbHo, cuMBoa () COOTBETCTBYET OTBE-
TY «la» Ha BONpPOC «NPHHAMJIEKHT JH CcoofileHHe NepBoH
rpynne?s, a 1 — orBery «HeT». PazHuua auue B TOM, 4YTO paHb-
1Ie BCe MHOXECTBO pa3bHBanoch Ha JBe IPYNNbl ¢ OAHHAKOBLIM
YHCJIOM 3JIEMEHTOB, TENEPhb K€ B MEPBOH TpynIe OAHH, a BO
BTOpOH — TpHU 3sjemeHta. Ho, kKak H pankule, pas3GHeHHe 370
TAKOBO, YTO 00a OTBETA «1a% H «HET» PABHOBO3MOXHEL. [Ipojosn-
Kasi B TOM Ke AyXe, pa3o0GbeM MHOXKECTBO coobieHuit Az, A,,
A, CcHOBa Ha JBe paBHOBepOsATHHE rpynmul. [lepsoil, cocTtosi-
kel 13 oiHoro coobuienus A ;, conoctaBuM cumsoa 0, a BTOpo#,
B KOTOPYIO BXOAAT coobiieHust Az 1 A,,— cumson 1. Haxonen
OCTaBIIYIOCA IPYNNy H3 ABYX COOOWEHHH pazofbeM Ha ABe
TPyNnbl, CojepaKallie COOTBETCTBEHHO coollieHnsa A, H A,,
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conccrapyp nepsoi u3 HHUX 0, 2 Bropoii — cumeoa 1. Coobe-
ke A, 06pasoBajo «CaMOCTOATEJNBHYIO» TPYHNyY HA HepBOM
mare, emy el comocrassied cumeoa 0, caosn 0 i 6yzem cuH-
TaTh KojoM atoro coobiennsi. Coobmenne A; o6pasopalo ca-
MOCTOSITEABHYIO TPYIIY 32 ABa Iuara, Ha mepBOM [are eMy co-
nocTaBasascA civsoa 1, Ha BTepoM — C; noatoMy GyjeM KOAH-
poraTh ccobumenne A, crorom 10. Ananoruuno, mist Az 1 A,
Buifupaem cocTBeTcTBen=0 Koaul 110 u 111, B urore noayuaer-
csl caepyiomad Kogosas taluuna:
TaG6auna 9

Ay | Ay

)

AliA

!
|
|
i
0 i 10!110 11 ‘

YKasaugnill 37ech ¢rnocsd KOIMPOBaHus OB MPEAsioKeH
amepukauckuM maremardzoM @apo. OuenunM TOT BLEIArpLIL,
KOTOPEIY jaeT B HaieM cayyae Ko Pano no ¢paBHeHHio ¢ pas-
HIOMEPHEBIM KOJOM, KOTAA BCE COOOIIEHH KORUPYIOTCSA CI0BAMH
aauHb 2, TpegcraBry cede, YTo HYKHO HepeLiaTh B obiell ciIox-
Hocty 1000 coofinennit. Ilpn Hcmoab30BaHHH pPaBHOMEDHOTO
KojJa Ha ux nepejauy norpedvercs 2000 ABOMUHBIX CLMBCJOB.

[lycts Teneppb ucnoipsyerces xof Pano, BCMOMHNM, YTO H3
1000 coofimennii nprMepro 5090 paz nossasercd coobimenne Ay,
KOTOpOE KOZHPYETCS BCErc OZHNM CHMBOJOM (Ha 310 yiiger 500
cuMeosion), 250 pas - coofuienne A, KogupyeMmoe JAByMS
cimMBosamy (eime 500 cumeosoB), npumepuo mo 125 pas —
coobutenns A; u A, ¢ KojaMH AHHBL 3 (eje 3 X 1253 X 125=
=750 cuvpo/aoB). Dcero npuierca nepefats npumepro 1750
CHMBOJIOB. BB HTOre MBI 9KOHOMHM BOCBMYIO 9acTb TOFO BpEMe-
HU, KOTopoe TpebyeTcs Ais Nepefayd coobileHHH paBHOMEp-
HBIM KOJIOM. B Apyrux cayuasx 5KOHOMHUS OT [IpUMEeHEeHHs K04
DaHO MOKeT 0Ka3aThCs ellle 3HauHTeJbHEE,

YaKe 3TOT MpuUMep MOKA3bIBAaeT, UTO NOKazaTesleM 3KOHOM-
HOCTH RAW 3QOEeKTUBHOCTH HEpARHOMEPHOTO KOAA SBJSIOTCSH

He AJAHHBI OTAC/IBHBLIX KOJOBLIX CJIOB, 4 «CpeaHsadA» HX JJIHHA /4
'onpeﬂeﬁﬁemaﬂ paBEHCTBOM:

s
.

NI

] =

liP (Az')’

i=]

rAe {; — jamuHa Kojosero oGo3HadeHHs A1a cooOweHus A,
P (A;) — BepoatHocTh coobuwennna A;, N — oJlee YHCAO COs
obIEeHnH,
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HanGonee sKoHOMHBIM OKa3biBaercsl KOJ ¢ HaWMeHb-
wedl cpenued anauHoil [, B npumepe aas xoaa ®ano
1=1x0,54-2x0,2543%2x0,125=1,75,

B TO BpeMA KaK AJ1A PaBHOMEDHOrO KOAA CPeAHsA JJIHHA =2
(ona cosnanaer ¢ o0umel AMHHOH KOJOBBIX CJIOB),

HepruHo onkcath ofmyio cxemy merona Pano. Pacrnona-
raeM N coolluenuii B mnopsjike yObIBAHUS WX BEPOSTHOCTEH:
P(A)=P(A)=. . . =P (Ay). Hanee pasbusaeM MHOXKeCTBO
coollileHn HA JBe rpynnbl Tak, 4ToObl CyMMapHBE BEepOSTHC-
CTH coo0IueHd#l KaxXJAoW H3 Tpynn OblIM Kak MOXKHO Oodee
Gui3KkH 1pyT K Apyry. CoobuieHusM H3 OfHOHR rpynnbl B Kaye-
CTBe NMEpBOTO CHMBOJA KOJ0BOrO CJ10BA NPUOHCLIBAETCS CHM-
BoJ U, confiieHusAM U3 ADYrod — cumpoa 1. [To Tomy :Ke OpHH-
LHNY Ka:K/ias U3 nONyUYeHHBIX TPYIIN CHOBA pa3bUBaeTCsl Ha JBeE
YacTH, I 3T0 pasbieHlie oNpelessieT 3HaYeHHe BTOPOTO CHMBOJIA
KOROBOTo cjo0Ba. Ilpoleaypa npofosaxaercs 10 TeX mop,.N0OKa
BCE MHOXKeCTBO He 6yjeT paz0uTo Ha OTAeJbHBE COOOILLEHHS.
B pesyabrare xaxkioMy H3 coolueHuri GyaeT COMOCTABJIEHO
KOJOBOE CJIOBO M3 HYyJieHl U €IHHHL.

TToraTHO, yTO ueM 6oJiee BeROATHO ceoblienHe, TeM GricTpee
OHO 0GpasyeT «caMOCTOATEAbHYIO» TPYNIY ¥ TeM (ojiee KOpOoT-
KHM CJIOBOM OHO OyAeT 3aKOAHpOBaHO. 3T0 0OGCTOSTENbCTBO
y ofecrneynBaeT BHICOKVIO 3KOHOMHOoCTh Koja (PaHo.

OnuncaHHE MeTOX KOAHPOBAHHS MOKHO NPHUMEHATH H B
Cy4yae NPOU3BOJALHOrO andaeuTa H3 d CUMBOJIOB ¢ TOH JHIUb
pasHuleif, YTO Ha KakK/0M L1are cliefiyeT NPOU3BOAUThL pa3bue-
HHe 1a d paBHOBEDOATHBIX TPy,

Anroput™ KomupoRaHdst DaHo HMeeT OYeHb NPOCTVIO Tpa-
Q)mecz\y.o HIAIOCTPANI0 B BIIIE MHOXKECTBA TOUeK (BepllHH)
Ha IUICCKOCTH, CO2iHHEHHBIX
oTpeskamu (pebpavu; no cripe-
JeICHHOMY Npashay (Takke li-
rypb! B MaTEeMATHKE Ha3hiBaioT
epagpani). I'pad pas xopa Pa-
HO CTPOUTCA CleAyloniu copa-
soM (cM. puc. 3). Vs umxzei
{xopHeBoil) Bepilikbl rpada He-
XoAsT 3a pebdpa, 01HO U3 KOTO-
PBIX NoMeueHo cuMBosioM 0, Apy-
roe —cHuMBoOJOM 1. ITH IiBa pe6-
pa COOTBETCTBYIOT pa3BHeHHIO
MHOKecTBa coobllieHnH Ha 1Be paBHOBEPOSITHBIET pyl‘leI OJHOH
U3 KOTOPBIX comocTaBasercsa cuMmsoa 0, a apyrofi — cumson 1.
Pebpa, ucxopsdinke u3 BepIUHH CJELYIOUIETO «3TaXKa», COOTBET-

Pre. 3.
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CTBYIOT Pa3GHEHHIO NOJYYHBIUHXCS TPYNI CHOBA HAa PaBHOBe-
POSITHBIE MOATPYNMH H T, 1. [TocTpoenHe rpaca sakaHYHBaeTCs
KOrja MHOXKECTBO COOOIIeHHH GyeT pa36UTO HAa OJHOSJEMEHT-
- - Hble MoAMHOXKecTBa. Kaxnas KoHLe-
y 77 Bas BepiuiMHa rpada, T.e. BepllH-
Ha, H3 KOTOPOH yXe He HCXOAAT
pe6pa, COOTBETCTBYeT  HEKOTOpO-
MY KOAOBOMY cJoBy. UToObl yKa-
3aTh 3TO CJOBO, Hajo OPOHTH MyThb
OT KOPHEBOH BepIIHHBL! IO COOTBETCT-
ByIoLUeH KOHIIEBOKM, BHIMHCHIBAS B MC-
pAlKe CJAeIOBaHHS MO 3TOMY NYTH
CHMBOJIBI MPOXOAUMEIX pebep. Ha-
NpHMED, BepIUMHE @y Ha pHC. 3 CO-
otseTcTByeT cjoso 100, a Bepimue a, — caoBo 1110 (Bep-
IUHHBl, COOTBETCTBYIOUWIME KOJOBLIM CJ0OBaM, I[IOMeUeHhl Ha
PHUCYHKE KDPY:KKaMH).

I'pad mas paccMOTPEHHOrO BBILE MpHMEpPa NpelCcTaBaeH
Ha puc. 4.

[Toanyuatomuecs a1a koaoB PaHo rpade! Beerza o6AanaroTt
TE€M CEOMCTBOM, 4TO OHH He COJepP:KaT 3aMKHYTHIX KOHTYPOE.
Taxue rpapbl HasLBalT depesssimu (Mbl GyleM HAa3HIBATH UX,
VUUTBIBAA [POUCXOXKACHHE, Kodosoimu Cepesvamu). KomoBble
JlepeBbS MOXKEO CTPOUTB He TOMbKO AAd KogoB PaHo, HO U AJs
Ipyrux KojpoB. HezaBucumo oT aqropuTMa KOAUPOBAHHS Kax-
JIOMY JIEPEBY COOTBETCTBYET ONPeeNeHHOE MHOMXKECTBO KOJOBHIX
cioB. HanpuMep, Ans KOJAOBOro jJepesa, H300paxKeHHOro Ha
puc. 3, umeem:

2;=00, a,=01, a3=100, ,=101, a,=110,
a,=1110, a,=1111,

KoxoBoe nepeBo MoxeT GBITh TOCTPOEHO J/151 KOAA C MPOH3-
BOJIbHBIM ocHoBanueM d. Kaxjoe ero pe6po noMmeuaercs Torja

OJHUM U3 d CUMBOJIOB andaBUTa
H M3 Ka)XJ0H BeplIUHBI TAKOIO
/2 JlepeBa HCXOAUT camoe 6oJbluee
d pasnauyHnx pebep. Hanpu-
Mep, Ha pHC. D NpeicTaBJIeHO
KOJIOBOE JIEPEBO 1715 TPOUUHOTO
KOJa CO CNeNYIOUHM MHOMXKECT-
BOM KojoBHIX cqaoB: 0, 10, 11,
, 120, 121, 20, 21, 220, 221, 222,

KopoBble nepeBbsi fal0T y06HOE reOMETPUYECKOe NPECTaB-
JIeHHe U1 MHOTHX BAXKHLIX [TOHSITHI U 06/1€r4aior, KaK Mbl yBHU-
JMM, pelleHHEe pa3/IMYHLIX 3aJay, BO3HUKAILIUX MPH MOCTpoe-
HHH YKOHOMHBIX KO/IOB.

22



32434M B HONOJHEHHS

I. 32kogHpoBaTh KFBOHYHBIM KOJOM PAKO CIAYIOLULHE MHOs

}ecTBa CoolUIeHuUN: )
a) ceMEb COOOWEHHI ¢ BepOATHOCTSIMH

pi=pa=4; pa=ps=p;=1/8; pe=p,=1/16;
6) ZecsTh COOCMIEHUI ¢ BEpOATHOCTAMH
pi=p2=0,22; py=p,=p,=pe=01; p,=ps=pe=p1=0,04.

Haiitu CPCIHIOIO LTHHY KaKAOTO U3 NOJYUYEHHBIX KOIOB.
BblHCHHTb, KaKOB BBIMTDGLIIL 10 CPAaBHEHHIO C DaBHOMEDHBIM KOJHPOBa-

HHEM.
2, Tlpupezem npuMep TPOHYHOrO KOAMPOBaHMs MeToZom PDaHO A3
MHOXKeCTBAa M3 8 COOCHICHHE C BepOATHOCTAMH

pi=03; pa=p;=p=0,15; py=p;=p,=0,07, ps=0,04.

Ta6auua 10

Coo6 - Bepo- Kono-
wemas. | T cnosa
A | 0,3 0 0
4, | 0,15 0 | 10
A, | 0,15 o 1
A | 015 0 20
As | 0.07 0 | 210
4 | 007 | 2 o I P
4, | 0,07 0 |22
4, | 0.04 S P

3. 3akopupoBaTh TPOHUHBIM KOZOM DAHO cieyIoiine MHOKECTBA CO00-

e HH#H:
a) 9 cooflueHul ¢ BEPOSATHOCTAMHU

1/3; 1/9; 1/9; 1/9; 1/9; 1/9; 1/27; 1/27; 1/27;
6) 10 coofiienuit ¢ BEPOSTHOCTAMH
9,2; 0,15; 0,15; 0,1; 0,1; 0,1; 0,05; 0,05; 0,05; 0,05,
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4. CBOWCTBO NMPE®YKKCA,
WIH KYGA UATH POEOTY

[Tpy HCnoOML30BAHHH HePaBHOMEPHBIX — KOJIOW
APUXOJUTCA CTAJKHBATLCA ¢ OAHOH NMPoG/IeMOH, KOTOPYIO Mb!
MOSICHHM Ha mpuMepe KoZoBo# Tabanuet 9 npeanayuiero napa-
rpada. Ha nepsyiit B3raad pasymifo 6110 66l YKOPOTHTH BTOPOE
H TPETBE KOJOBBIE ¢J108a, OTOPOCHB B HHUX IMOCJACIHHA CHMBOJ,
TaK Kax TpH 3TOM OCHOBHOE Haie tpefoBaHUe COXpaHfercs:
TMO-MpeXHEMY pas/igHble COOOLIEHUS KOJAMPYIOTCA DA3HBIMI
cJ0BAMH, KaK 3TO BHAHO H3 MOJVIHELIelicd HOBOII KOZOBOM
TabIHUEL,

Tatauga 1l

AL Ayl Al A

i

|
0 t ; Ili i
|

Ho nycTh, K NPUMEDPY, JaKKELIZ COOGIISHHA — 3TO KOMAaHJRL)
BBIaBaeMble 3MeKTpoHIoMy podoTy: A; — waru npsme, A, —
MOBEPHYTh Hazan, A, — CBepHYTH BIeBO, A, — CBEPHYTh
enpaso. [Ipeanmo/orkiM, 4TO [porpaMMa moBeleHus: pobora
3ajiaercs CAenyiloned NCCIelOBATEALHOCTLIO!

Ay As Ay A, Ay As Ay ... (1)

B pesysnprare KOAHpOBaHES 3Ta NOCAEJOBATENbHOCTE Mpe-
.cGpasvercss B TakKOH JBOMUHEIH TexcCT:

01101110111

Jlerko BooSpasuth cefe, B KaKoe HeJOYMeHHe NpHBeTH Ob
MBI pofoTa, cHabAHB erc nofobHON HHCTpykuued. Kyza xe
ewy uatu? $cHo, UTo cHakamna Haxo HATH NMpaMo. A najbine — -
CBEPHYTDb BJIEBO HJIH MOBEDHYTH Haszak, MOTOM elle Pas Hasan?
Brepenn xe eme GO0abmasi DYTaHHLA...

EcTecTReHHO BO3Pa3uTh, YTO CASA0BAJNO Obl OTAGNUTH OIHuU
KOJIOROE CJIOBO OT jApyroro. Pasymeercsl, 3To MOXHO CAeJaTh,
HO JIHUIL HCNOAB3YS JUGO may3y MexKay caoBaMmy, Jaufio cie-
HHAMBHRA pa3je/uTeNlbHbIfl 3HAK, AJMs KOTOPOro HeoGXOAHMO
ocoboe KonoBoe ofo3nadenue, M TOT U IpYrofl NyTh MpHUBEIET
K 3HAYUTEJBHOMY YIJHHEHHIO KOZXOBOrO TEKCTa, CBOAA HA HeT
Hallle [peaplayLlee «YCOBEPILEHCTBOBAHNEY,

24



Jlpyroe acsio, ecnin Mbl Oylem [OJb30BATbCA NPEKHHAMM
KOLOBbIMH OfosHaueHusiMu Ana coobmenuit A,. Torpa nocsae-
s0BaTeNbHOCTE (1) OyJeT 3aKOAMpOBAHA Tak:

011001110101100 ... .

3nechb yxe He MOXKeT ObITEL pasHouTenufi. [lepBoe c1o8o 0 —
HATH 0psiMo, BTOpoe ¢iioBo 110 — cBepHyThL BJEBO, TAK Kak B
CITHCKE KOJIOBBIX CJIOB He 3HayaTcst c1oBa 1 u 11, B atou cnaom-
HOM TEKCTe OfIHO 3a JAPYTHM OAHO3HAYHO ELIENAIOTCS KOAOBblE

cJIOB2, H HeT cOMHeHHH, 4TG poboT HafiieT HPaBHALHYIO J0-
pory.

Wrak, cyTe npoGaeMel B TOM, YTO HYXKHO yMeTh B Ji06oM
KOJOBOM TeKCTe BbIAEsITh OTIe/AbHbIe KOJOBHlE ¢J10Ba 06e3
HCIOJMB3OBAHUA ClelHUanbHbIX pas3jeIuTeNbHEIX 3HAKOB, HMHaye
TOBOPH, Ml XOTHM, UYTaObl KON VIOBJIETBOPAJ CAEAYVIOUEMY
TpeOOBaHHUIO: BCAKAA NOCASA0BATETBHOCTL KOIOBHIX CHMBOJOR
MOKeT OulTh €IHHCTBEHHEIM 00[Pa30oM paoéma Ha KOAOBhie CJO-

Konpl, aas Koropelx moch2iHee TpeGoBaHHe BHINOAHEHO,
HasbiBATCA O0HO3HAHHO Jzxodupyesiperit: (HHOTAA HMX Ha3LIBa-
10T Kodamu 523 sanamod).

Hanbosee npocThiMy H VIIOTR20HMBIMH KOAAMH 6e3 32naTod
ABASIOTCS Ta¥ HasblBaeMsle apeurcHoe Kodo, obaagaoms TeM
CTBOICTBOM, UTO HHKaKOe KOI0BOE C/0BO HE AB/SAETCs 1adalIoM
(mpedHKCOoM) ADYIOro KOAOBOTre cacsa. Foau Koa npehurcHbifl,
TO, 4UTAN KOIOBYIO 2aIMMCh NOAPHJL OT Bauana, MB BCETAa CMo-
eM pasoSpatbes, TIe KOHUALTCS OJHO KOROBOF CJIOEO H HAUU-
Haercs caenyiomee, Ecin, Hanpvmnp, B KGAOBOH 3amic BCTpe-
THJAOCL KoJoBoe ofoszavenue !10, To pas- )
HOUTSHUI ORITh He MOXKeT, Tak Kak B CHJIY g
npedUKCHOCTH HalW KOJ HE COREPIKHT KOHo-

BolX o0osuavenuit 1, 11 unn, craxem, 1101.

VMenHno Tag 06CTOANO Aeso ANl paccMOTpeH- @\/-
HOrO BEHIIE KOAA, KOTOpLIA OYeBHAHO $BJf-

€Tcsl IpeduKCHbBIM. Pic,

Herpyauo norsts, KaK oTpaxaercs cBof-

CTBO TpedHKCHOCTH HJH ero OTCYTCTBHE Ha KOJOBOM JAEpeBe.
Ha puc, 6 npeacras/ieHo aepeso 15 Koaa u3 Tabinnbl 11 (kpyx-
KaMH, KaK U paHblie, NIOMEYEHB! Te BepIIKHBI, KOTODHR COOT-
BETCTBYIOT KOLOBEIM cioBaM). Takum o65a3oM, ecx cBofCTBO
npetuKca He BEIMOJHAETCA, TO HEKOTOPLIE IPOMEXKYTOUHbIe BEp-
LIHHBL [epeBa MOTYT COOTBETCTBOBATb KOAOBBHIM caoBaM. Jas
"Koja PaHo 9TO HEeBO3MOXKHO, TaK KaK [0 CaMOMY ajirOpHTMY
KOAMPOBAHHUST HOCTPOEHHE KOJOBOrO CJOBA 3aKAHYHMBAercs of-
HOBpDEMEHHO C JOCTHIXKeHHeM KOHLeBoH BepminHu. ChlejoBa-
TeJeHO, KoJ PaHo ABASETCS NPePUKCHBIM KOLOM.

-
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Banauu H FOMOJINeHik

1. IlpedHKCHBIA KOJ HASLIBAIOT NOAHbGIM, €CIH AODABJIEHUE
K HeMy JMOGOr0 HOBOLO KOJOBOTO CJ10Ba (B NAaHHOM a/daBHTe) HapyliaeT
cBOficTBO TipedUKCHOCTH. YGenuThbes, YTO NBOWUHBIE KOABI, REPEBbA KOTO-
pLIX H300pax<eHsl Ha puc. 3, 4, SBJISIOTCHA NOJIHBIMH.

Ha puc. 7 npepcraBiieHo KOJOBOE JepeBO NMPedHKCHOr0, HO HEHOMHOI'O
nBOHUHOrO Kopa. MeficTBuTeNbHO, A06aBHB K KOAOBBHIM ciosam 0, 10, 111
ciopo 110, nonyuum cHoBa npedUKCHBI# KOX.

2, JlokasaTb, 4TO ABOHYHBIH KOA (aHO fABJIAETCA TOJHBIM KOJOM.
BepHO JIH aHaJOrHYHOe yTBEpXKIeHHe A5 Koja (DaHO ¢ NPOH3BOJLHBLIM OC-
HOBaHHeM?

3. Ipoananu3upoBas 3afaun 1 W 2, chopmy/HpoOBaTh HeOGXOAHMOE
# JOCTATOYHOE YCJIOBHE, KOTOPOMY AO/IKHO YHOBJIETBOPSTH KOJOBOE JEPEBO
MOJIHOTO TpedHKCHOTO KOJAa, H JI0Ka3aTbh €ro HeoGXOJHMOCTb H J0CTaTou-
HOCTb.

4. Mcnoab3ysl KOf0BOE JlepeBO, HOKa3aThb, 4YTO BCAKHH NpedHKCHBIH
KOJ MOKeT ObITh pacluupeH A0 NOJHOTO KOAA AoGaB/eHHeM K HeMy HEKOTO-
POrO MHOMKECTBA KOJAOBHIX CJOB.

5. Ilycts & — MaxcuMaJbHOe 3HaUYeHHe JJTMH KOJOBBIX CJI0B mpe(HK-
cHoro xona. [Toka3atb, UTO YHCIO KOAOBBIX CJIOB He NMPEBOCXCAHT BeJHUHIILI
2% B cyuae BOMUHOrO KOA ¥ BeJIHYHHE dF B coryuae KOZa C NPOH3BOJILHBIM
ocuoBatneM d. IIpH KaKHX YCJOBHSAX JOCTHTaeTcss PaBEHCTBO?

6. Koz, npescras/ieHHblH Ha pHC. 7, MOXKHO cAes1aTb GoJslee IKOHOMHBIM,
ot6pacniBas B coBe 111 mochepnuii cumBos. Ilpu 3ToM cBOHCTRO mpedHKC-
HOCTA He HapyuwdTtes. TTofoGras onepaums, cocTosimas B TOM, 4TO Kamxuo0e

/)
Puc. 7, Puc. 8.

CJI0BO NpediKCHOrO KOja 3aMeHASTCS HAMMEHBLIMM €ro HavaloM, Le SIBJse
ICI(HMCST aYaJloM IPYIHX KOJAOBLIX CJIOB, HasplBaeTcsl yceuerues. OueBHIHO,
YTO B pe3y/bTaTe yceueHHsl mosiyyaeTca npeUKCHBIH KOX H NpH 3ToM GoJee
9KOHOMEBI, YeM HCXopaublf. Bosnukaor Takue JBa Bompoca:

1. Bo3MOXKHO JIH yceueHHe MOJMHOTO Koja?

2. MOXKHO JIH yTBEpXKJaTb, YTO B De3yJ/IbTaTe YCEUeHMsl NOJyYaercs
NOJIHbIE KOA?

7. Ha pHc. §,a npencraB/eHO KOJOBOE fePeBO NPePHKCHOTO KOjAa, AJs
KOTOPOTO VCeUeHHe HEBOSMOXKHO. B To ke BpeMst Mbl HONYYHM Gosiee 3KO-
ROMHBII TIpe(UKCHBIE KOj (pHC. 8, 6), ectu B coBax 110 u 111 Boidepknem
BTOpOH cHMBOA 1

Crnpase[/IHBO chepyloillee yTBepKJeHHe: NpedHKCHBIH Ko dABJsieTcs
MOJHBIM TOTA H TONBXO TOrJA, KOTJa €r0 HEeBO3MOXKHO COKpaTHTh (T. €.
BLiUYePKHYTb XOTsl Ohl OfHH 3H2K B JIOOGOM M3 KOJOBHIX CJIOB), He HaDYLIHB
cpoficTBa mpedukrca.

8. Jlo6onBITHO paccMOTPeTh NPHMEPH OJHO3HAUHO JeKOXHPYeMbiX
KOJIOB, He obaajfamouux ceoficTBoM npedukca. Ioxaayil, npocTelnM npu-
MepOM TaKOro pofa sBlsiercs apouunni Kop {1, 10}. Slcmo, uro B MoGoi
KOJOBOH MOC/Ie0BaTENbHOCTH, COCTABAeHHOH U3 3THX CJIOB, BCAKOE MOABJE-
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Hile cUMBOJI2 | 03Ha"aeT rayalo HOBOTO KOJOBOTO c/loBa. llocdeznee ocra-
eTCs CNIPABEIMBLIM LS KOJ2, KaXI0e CJOEO KOTOPOIO €CTh eJHHHINA C 11O -
CTICAYIOIUME BYJAAMH. PadymeeTcs:, NOLOOHBIC KOIbl 1aJ€KO HE CaMhle KO-
HOMHEIE. -

[MpuBenem MeHee TPUBHAJLHEIH NpHMep OJIHO3HAYHO JEKOIHPYEMOTO
koza: {01, 10, OIl}. PekomeHIyem UMTaTeNIO YKa3aTh ajJrODHTM OJHO3-
HAYHOTO BhiJeJNeHHf KCJOBLIX CJO0B U3 KOLOBOH MOC/A€IOBATeNIbHOCTH A
3TOr0 Koja.

9. Kak ysnath, fiBisieTcs JIH NPOU3BOJBHBIH KOJL OJHO3HAYHO JeKOMLH-
pyeMbiM?  JIJs 3TOrO MOXKHO NPENJOXKHTb CAeAYIOWMN criocob. Bosbmem
BCEBO3MOXHEIE NapH KOMOBBIX CJOB, B KOTOPHIX OJHO CJIOBO SfBJSETCA
npetuxcom xpyroro. JIng Kax ol Takofl Maphl HaflleM «TIOBHCWHIE cypduxc,
KOTOpPBIHA ocTaercs nocie ylaJeHHA MpedUKCHOrO CJ0Ba U3 HayasbHOH uacTH
Sonee mauHHoro cnoBa. Hampumep, nosucwuii cyddure ansa nape 10 u
10010 ectp 010. Buinniuem Bee nmosucive cyddukcel. lajee npogesaem To
e camoe AJIsl KaxJOH Napel cJOB, cocToflel M3 MOBHCIIero cyddukca i
KOJOBOTO C/10Ba, B KOTOPOH OJHO CNOB0 fABJIsAETCH NpeduKcoM Apyroro. Briny-
LIex BCe HOBHIE NMOBHCIIHE CY((HKCH, KOTOPble NPHU 3TOM moayuarcs. Bynem
NpORO/MKATh 3TOT NPOLECC KO TeX NCp, NoKa OYAYT HOABJIATLCS HOBBIE
cydgugen, Kox fABAseTc OLHO3RAYHO ZEKOAHDYEMBbIM TOrja M TOJbKO
TOTZA, KOTLa HUKaKOH cyddUKC He COBMaleT HH C OJHHM KOJOBLIM CJOBOM.

10. Brisicuuto, 061anai0T J1¥ CBOHCTBOM OJHO3H2YHOH AEeKOAHPYCMOCTH
cleyIouiHe KOAEL

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

11. [lpedmKcrble KOAB HHOILA HA3LIBAIOT M2HOBCHHbLAL (M MTHOBEH-
HO [eKOZKpYeMbIMH), TTOCKOJIBbKY KOHel, KOJOBOI'O CJ0Ba ONO3HAETCS Cpasy,
K&K TCJABKO Mbl JOCTHI'AGM KOHEYHOI'O CHMBOJA CJI0BA NPH UTEHHH KOAOBOH
NOCJAEACBATENBHOCTH. B 5TOM COCTOMT NpPEUMYILECTBO NpPehHKCHBIX KOO0
nepes APYIWMHA OJHOSHAUHO JIEKOLNDYEMBIMH KOLAMHU, IJST KOTOPBIX KOHELL
Kas< I0T O KOJOBOrO CJ0Ba, KaK MBEl BHIeH, MOxKeT OHTb HalileH Jullb loche
aHaJsii3a OJHOIO MJH HeCKOJbKHX NMOCJAEAYIONHX CHMBOJOB, 8 HHCT/1a U Beell
KOJCECH LicciesoeatensHocTH. Taknm obpa3om, B OT/IHUHE OT NpedUKCHOLO
KO3 ZeKOAMPOBaHHe SLECh GCYIIECTBJAETCS C 3aNas3fplBaHHeM MO OTHOLIE-
HHIC K Nepejaue cOOCHIEHHUS.

5. EIIE O CBOUCTBE MNPE®HKCA
W ONHO3HAYHOW JAEKOJIHMPYEMOCTH

Bo3unkaeT Bonpoc: KakoBbl BO3MOXHHE JJTHHEL
KOJIOBBIX CJIOB OJHO3HAUHO JEKOJAUPYEeMOro, B YaCTHOCTH, Mpe-
¢ukcHoro Kozna? [IoHsITEO, HanpuMep, YTO He CYIIECTBYET JBO-
WYHOTO NpedpHKCHOTO KOAA ¢ AJHHAMH KOAOBHIX cnoB 1, 1, 2.
Heckonrsko Tpy/iHee OTBETHTb Ha TaKOH BOIPOC: CYIECTBYET
JIH mpedUKCHBIH ABOHYHEIA KoJ, colep:xamui 100 ciroB ¢ pmH-
Hamu ot | jo 100? OxasbiBaeTcsi, cymecTByeT. KonoBoe fepeso
Ansi TpefyeMoro Koaa, cogepaxaiee 100 «araxeil», H306paxeHo
Ha puc. 9 (IYHKTHPOM OTMeUeHbl NpOoNyIleHHbIe 3Taxu).
Bonpoctt Takoro poja MOXHO OblI0 Obl IPOJONIKHTD, OTBeE-
yasi Ha HHX B KaKJ0M KOHKpeTHoM cayyae, Ho Ha camom gpene
MOX{HO YCTAHOBHTb OOMIHe YCJ0BHS (HEOOXOFHUMBIE H JOCTATOY-
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iible) A/ CYHIECTBOBAHHS NpePHKCHOTO M BooOImEe NPOH3BONL-
HOTO OAHO3HAYHO HEXKOJHPYEMOro Koza.

Mycts V={a:, a:, ..., @y} — 0peQUKCHLIA JBOHYHBIH
KOZ, AepeBO KOTOPOTrO cXeMaTHyecKH H3obpaweno na puc. 10.

® 70
7 Op-7

A VAV

\
®

Puc. 9. Puc. 10.

£
[lycTs ny, — YHCJAO KOAOBBIX CJIOB JJIHHEI %k (n, commanaer c
YHCJIOM KOHIIEBBIX BeplunH k-ro srama). KoHeuHo, cnpaBenGo
HEPABEHCTEO

ny <L 2K, (O
Tak Kak 2¥ — MaxcHMaJbHO BO3MOMKHOE YMCJAO BEPIUHH Ha
k-Mm sTaxe asonusoro jepesa. OgHako B ciaydae NpedrKCHOTO
KOJa AJISl 1, MOXKHO IOJMYYHTD Topaszfo GoJiee TOUHYIO OLIEHKY,
yem (1). B camom jedne, ecnd iy, g, ... , Ny _; — UUCJIO KGHUR-
BBIX BepmidH 1; 2; ... ; k—1 sraxelt pepeBa, TO YHCIO BCeX
sepmiMH k-TO 3Taxka KCAOBOrO JLepeBa paBu

2k 2k-lp R 2, 20, _y,
H [OTOMY
Ny <L 2F—2r~1p 0k 2, — . —2n, _; {(2)
UMK HHade
2k=1p, 42873, e L 420y g a1, S 2R
Hena cbe uwact nocienHero HepapeHCTBA Ha 2%, noJsyuaem:
k
21 n2 1< 1. 3)
i=
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Hepagescrso (3) BepHo ans gwoforo k<L (L — Makcen.
MaJbHas JAI4MHA KOJOBLIX CJIOB), B YaCTHOCTH

L :
-"’:1 n2 i< 1. (4)
1=
Ecawu Iy, 15, ..., Iy — AJHHB KOJOBBIX CJIOB 4y, Gz, ... ; dx,
TO HEPaBeHCTBO (4) 3alHLIeTCR B TAKOM BIile:
2=l 2-Lp . TN 1. (5)

3TO M ecTL TO YCIOBHE, KOTOPOMY 0ff3aHBI YJOBJETBOPSAThH
JUTHHBL KOJOBBIX ¢JICB ABOHYHOTO NMpeHECHOro Koja.

Okasbipaercs, 4T0 HepaseHcTBO (), Ha3bIBaeMce B TEOPHH
KOAUPOBaHNA HepaBeHCTBOM Kpadta, gBasgercsi Takxke goCTa-
TOYHBIM YCJIOBHEM TOTO, YTOOH! CYINECTBOBAA HPEbHKCHBIH KOZ
¢ JJHHAMH KOJOBHIX CICB [y, ls, ..., Iy.

Paccyxpaen rak. Ecnn cpean uncen Iy, Iy, ..., [y nveeTcs
POBHO f; YHCEJ, PABHLIX ¢, TO HEPABEHCTRO (5) MOXKHO neper-
CATb B BHJe (4), rie L — mAKCHMANbHOS 13 JapduX uncea, Ks

L
S LUN AN LU I N AN AN AN

7 y\l \r\l \/

VY'YV

Puc. 11

~paBelJIUBOCTH (4) MOJABHO CJEAYeT, UTO BEPHLl HEPAREHCTEA
(3) nna Bcex k<L, a, caeloBaTenbHo, M HepaBeHCTBO (2).

O6parumcs x puc. I, Ha KoTopoM u306paxeHo 1epeBO «BhI-
COThl» L, umetoliee HauSoJiblllee YNCI0 BEPLIMH W BeTBeH (pe-
6ep). Bee KoHLeBbe BepInHbl (X 2F) TaKoro aepeBa Haxc[sT-
csl Ha NOCJIe/IHEM L-OM 3Taxe, a U3 KawJOH BepLIMHHI IPOMEK Y-
TOYHOT'O 3Ta)Ka HCXOJSIT POBHO JBE BTBH.

s nocTpoeRHs HYKHOTO NpedHKCHOrO KOa Mbl AOAHB
NOLXoNALHM 06pa3oM BeIOparTh 1y ¢JI0B AJIHHEL 1, n; CJOB AJ4-
HBI 2, BooGHIe Ny ¢oB AMHHE B (1.<(k<CL) WM, HHBIMH CJIOBa-
MH, n; KOHIEBHX BepIIHH Ha NEPBOM, #; — HA BTOPAM, ...,
np — Ha k-om 3TaKe.
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U3 nepasencrtsa (2) npu k=1 noayyasum 1,2, T. e. Tpeuye-
MO YHCJIO He IMPeBOCXOAUT COMEro wHC/aa BePIUHH [EPBOTC
sTaxa. JHAYUT, Ha 3TOM ITAKE MOXKHO BHOpath KaKHe-TO fiy
BEpIIMH B KauecTBe KOHIEBBIX (n; paepo 0, 1 mau 2). Ecau
3T0 cjenaHo, TO u3 ofmiero 4Mcia BePLUUH BTCPOrS 3TaxKa
(ux 2!=4) ajd NOCTPOEHUA KOAa MOXHO HCHOJAB30BATDH JIMIIB
4—2n; (nouemy?). OfHako HaM XBATHT H 3TOTO HHCJAA Bep-
IIHH, TaK KaK M3 HepaBeHCTBa (2) npH k=2 BoITeKaer

na<l4—2n;.
AHasorn4yHo, npu k=3 umeeM HepaBeHCTBO!
ha<2%—4n—2n;.

[IpaBass yacTh ero BHOBb COBHAAAeT ¢ JONYCTHMBIM JJ7 TO-
CTpOeHHs MPedHKCHOro KOJa YHMCJIOM BePUIMH TPETbEero 3Taxa,
eCJIM Ha TIePBBIX ABYX 3TaXax YiKe BHIOPAHHL f; H 11, KOHIEBBIX
BepUIMH. 3HAUHT, CHOBA MOXKHO BBIOPATh 713 KOHIEBLIX BEpIIHH
Ha TpeTbeM 3Taxe. [Ipofoakasa 3ToT npouecc BIJIOTh 10 k=L,
Mbl H TOJY4HM TpeGyeMblil KOI.

Ecau KonoBbii aji(aBHUT COAEpPXKHUT d CHMBOJIOB, TO NOA00-
HBIM 3Ke 06pa3oM J0Ka3bIBaeTCs, YTO HeOOXOMUMbBIM H JOCTaTOM-
HBIM YCJOBHEM JJIsi CYLIECTBOBAHHA MHpedHKCHOr0 KOojia ¢ JJIH-
HaMH cnoB Iy, s, ..., [y SIBASI€TCS BBHINQJHEHHE HEPABEHCTBA

d-bidd-b 4. .. 4d NI (6)

Okaspiaercsd, HepaBeHcTBY (6) 00s3aHbBI YIOBJAETBOPATH H
IJHMHBl KOJOBBIX CJIOB NPOH3BOJNILHOTO OJHO3HAUHO JEKOAHpYye-
moro Koaa. ITostomy, eciM cyinecTBYeT OJHO3HAYHO AEKOIH-
pyemblli KOA ¢ AauHaMu caoB Iy, I3, ..., [y, TO CYIHIECTBYET H
npedHKCHBIA KOJ C TeMH Ke JIHHAMH cl0B. [IpedukcHbiMu xe
KOJaMH [0J1b30BaThCA YAOOHee MO NPHYHHE, YKAa3aHHOU B J0-
nosnuenun 11 x § 4.

3apaud ¥ KONOJHEHHS

1. KakoBo MHHHMA/IbHOE YHCJIO CJIOB MOJHOTO JBOHUHOIO
npedUKCHCTO KOAA € MakcHMadsHo# mianHOH L? Kaxkumu GyayT aaunbl Ko-
JOBLIX CJIOB TAKOro MUHHMa/lsHOro Kofa? (OTBeTsl Ha 9TH BOMPOCH TOACKA-
8nBaeT pHC. 9.)

Pemuth Te Xe Bompochl B ci1ydae d-WYHOTO KOAA.
2. JlokaaaTb, 4To NMpe(HKCHBIH KOA SBJSETCH MOJNHBIM TOFAA H TOMBKO
TOTJa, Korja B HepaBeHcTBe Kpata JOCTHraeTcsi paBeHCTBO:

d-hpda-tg, ., a7t

Yxasanune. To, uTo H3 NpeiplIyLIEr0 PABEHCTBA BHITEKAaeT NOJ-
HoTa, oueBHAHO. Jlast QoKa3aTelbCTBa OGPATHOrO YTBEPKISHHA clefyeT
TpeANoNOKHTb, YTO HepaseHcTBo (6) crporoe, Torda H3 Hero BHIBOIHTCH
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CTPOrCe e HEPaBeHCTBO
nyp < db—dl-Iny —dl-2n,—dn; _3,

KOTOpOe NOKaspiBaeT (MoueMy?), YTO MOMKHO R0GaBHTb NO KpafiHefi Mepe
elle OfHO CJOBO, He Hapylias NMpeHKCHOCTH.

3. YTBepxIeHue npeabaylliedf 3ajauu JoNycKaeT clenywoumyro sabas-
HYIO HHTEPUPETALKIO, ABASIOILYIOCA OZHOBDEMEHHO H €ro J0Ka3aTesbCTBOM
{oHa 3auMcTBOBAaHa M3 KHHTH [6)).

PaccMOTPHM JIepeBO, CCOTRETCTBYIOUIEE MOJHOMY NpedHKCHOMY KOay.
Mpexncrasum cebe, uTo Ha 5TO epeBO B3OupaeTcs obe3vsHa. Havas ¢ xopHs,
OHa Hayraj BuiGupaeT n06YI0 B3 d HCXOANUIKMX H3 HEro BeTBefl; BepOSTHOCTE
Taxoro peifopa paesa 1/d. loGpaBuiuch K0 ouepesHOfl pasBHIKK, 00e3baHa
CHOBa HayTa] BHIOHPaeT HEKOTOPYIO EeTBb ¢ BePOSTHOCTHIO 1/d (HaroMEHM,
YTO U3 KaJOH NPOMEKYTOUHOH BepUIHHB [epeBa MOJHOIO KOJa HCXOAUT
poBHO d BeTseil). Torja BeposiTHCCTE TOro, 4TO O6e3bgHa JOCTUTHET KaKofi-
TO OnpegesleHHOfl KOHLEBOI BepUIMHLI, HaXojsfmelics HA BblCOTe R, pPaBHA
{1/d)®. EcIH TaKHX BEPUIMH Ny, TO C BEPOATHOCTbIO Med~% oGesbsira oCTa-
HOBUTCH Ha BhicoTe £. Ha Kakof#-To enicote oT 1 fo L o6esesiHe mpumercs

L
OCTAHOBHTbCS (BepoATHOCTE 53TOro paena 1). [loatomy 2 npd=Fk=1.
k=l
(B npHBeAcHKOM pacCyXAeHMH MBl UCHONB30Bali fAPaBHAA CJIONKEHHA M
YMHOMEHHS BePOATHOCTEH.)

4. [peduxcHril XKOA ¢ JAaHHLIMP JJHHAMH KOJOBHIX CJ0B MOMET OBThH
TOCTPOEH JaJeKe He eInHCTBeHHHIM cniocoboM. I1ycTb d-uunnil npeurcHgl
KOJ (He 00R3aTe/IbHO NOMHEIH) UMeeT ny ¢J0B LNMHH £ (1 <k <L). [loKa3aThb,
YTO YHCJO pa3fiHYHBIX TaKHX KONOB ¢ QHKCHPOBaHHBIMM L u 1y paBHO 1PO-
H3BeIeHUIO

( d > « [ d—dny\ « /dﬁ—dznl—dnz> S
130 \ 2 ) 3

/dL~—dL‘1n1—— .o.—“dnL_i
ny !

{ i . . .
rhe ()) =Cf—tmc.no coueTaHuit U3 i SJIEMEHTOB IO .
Hanpumep, uncao IBOKUHBIX NpedUKCHBIX KOA0B ¢ L=4, n;=0, ny=1,

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

5. Boie 6p10 10Ka3aHO, YTO €CH 118 uncen Iy, Iy, « . .5 {5 BEIDOMES-
ercqd HepaseucTBO Kpagra, TOo cyumiectByeT npedHKCHHH KOL ¢ INMHaMu
i, ly, .« ., {n. HaliTu 3TOT KOA MOXHO, CTPOH 3Ta¥k 3a 3TAKOM €ro KOAO-
Boe nepeso. [lpyrof Gomee yROGHHI MeTOR pelieHus 3ToH 3apauu Gh NpH-
ayMan IlennoHom, H (IpMMEHHTENBHO K JBOHYHBIM KOLaM) OH COCTOHT B
c/IefyIoWeM.

Iycte wuena i, ly, o 4 »y Iy YAOBJETBOPSIIOT HEpaBEHCTBY

N L
22 < 1.
i=1

MoxHo cuutath, uto li<ly<. . .</n. PaccMOTpUM mnoc/aeA0BaTeNbHOCTR

YHCeJI
j=1 N~1

- -1 -1,
u=0; ge=27h; ., ;=D 27, L, y= 27 M
i=1 i=1
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3aMeTuM, §TO BCEe 3TH WHMCIA 3aK/MOueHnl B mpefedax 0«<g,; <!, mostomy
KaXJA0e H3 HHX MOMXeT OblTb NDEACTaBJIEHO  [BOMUHOH Apobmio BHAA

n

2 2,2~ %, rge xaxace oy ects 0 wau 1. IMpu stom U3 (7) MOXKHO 3aK/0O-
k=1
YUTH, UTO BCE 3TU APOCH KOHEUHH, ¥ JBOHUHAR Bafuch s g HMEeT He 60-
nee {; awadamux undp. TakuM ofpasoM, nwoboe uncso q').- OJIHO3HAUHQ
NPeJCTaBUMO B BHJE!

!
"/
=2 ci27"
P

rae Besixce ¢y ecte O wau 1. CreflosatesibhO, KamaoMy gy OZHO3HAYHO OT-
BEUaeT CIOBO Uj==Cy;Co; . + + c[]_,. maunm {7 Pacemotpam Koa V=={vy, vy, ...

..o, Un}. Tloxaxcem, uro on ofnazaer caoficteonm npedukea. yctb v, H vy ABa

crosa {£>]). Toraa, cornacho (7), gp—q;==2 /, a 510 osuadaer, uro [-fl
CHMBOJI CJIOBA U; He COBTI2AaeT C /;-M CHMBOJIOM CJIOBA Uy, CIeAOBaTeNLHO,
U; He siBJAETCA HAYalOM Up, OTKYAa H BhiTexaeT NpedwkcHOCT Koja V.
Pa3bsCcHHM CKa3aHHoe Ha npuMepe. Iloctpoum npeduxcHbiil Kox ¢ AH-
HaMe caoB =1, lh="1{=3, [;=4. B 3T0M ciuyuae
. 1 5 3
=0 =335 =73, 4=

,HBOH‘I':KEI;Z 3alMuch 3THX HHCeT € HYXHBIM YHCJIOM l,' 3HAKOB CJ/eayoulas:
1

1 0,0 i 0 i
q1=9; (72'—'“——2*4"—2‘2"‘:‘@-; qa=-§+'2‘.§'-{--2—3 ;
| ! 0 0
w=grEhata
B peoyneTate Myl MONYYHM HCKOMBIN KOZ!
ny=0;  ©vy=100; w,=10l; wvy=1100.
6. Henonbsys meton Wle. .ioHa, HaliTh NpedHrCHbE KOIBI C YKA3AHHRIMH
HHXKe JJHHAMH CJI0B!
a) li=1=2; =0=3  L=l=1=4
6) h=1; =2, L=l===4.

IMoctpeuTs KoroBoie AepeBbs MJIA MOJNYUeHHEIX KOZ0B. Onpeaeauts, Kaxoi
U3 3THUX VOIOB fIBJAAETCH MOJHLIM.

6. ONTHMAJIbHBIA KOA

Kax y:xe roBopunicch, ofuiee npaBHMIO [PH TIO-
CTPOEHHH SKOHOMHOI'Q KOJa CJIeAVIOLIee: Yalle BCTPedaroulHecs
coOfUIeH A HYXKHO KOZHPOEaTh CoJiee KOPOTKHMH KOJOBHIMH
¢JI0BaMH, a 0oJee JUIHHHBIE ¢JI0BA HUCHOJBL30BATh IJIT KOXHPO-
BaHHA pPeNKHX cOooOumeHHH. To Mpasusio M ObIIO Peaii30BaHO
B paccMOTPEHHOM Bhiuie MeTosie KoaupoBanua ®ano. Ho Beerza
Ji MeTof PaHo TPHUBOIHT K HauGosce SKOHOMHOMY Koay? Oka-
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sbIBaeTcsl, Het. Crioco6 NMOCTPOEHHA OITHMANBHOTO KOjia, KOTC-
puli MBI 3/iech H3J0XKHM, noTpefyer oT Hac GoJee TOHKHX
paccyxJaeHuH,

Tlycrb coobiuenust Aj, Az, ... » Ay UMEIOT BEPOATHCCTH py,
Pis v s Pn (P1i=2p2e=>...22Py) H KOLUPYIOTCA JBOHYHBIMH CJIO-
BaMH ay, 43, ... , Gy, HMEIOIHUMH JJHHH Iy, I3, ... , [y. [TocTa-
paeMcsi BBIICHHTb, KaKMMH CBOHCTBAMH JO/KeH o00Jajarhb
IBOHUYHLIH KOJA, €CJH OH ONTHMaJeH.

l. B onTumanbHOM KOJe MeHee BeposiTHOe cooluleHue He
MOXeT KOAHUPOBaThbcsl 60Jiee KOPOTKUM CJIOBOM, T. €. €CIH p;<<
<p;, 10 ;=15

[efcTBUTENbHO, B TNPOTHBHOM CJyyae [OMEHSIEM DOJAMH
KoJoBble oGo3HaueHust anst A; u A;. [Ipu atoM cpenHsisi nHHA
KOJACBBIX CJIGB H3MEHHTCS HAa BeJHYHHY

plll+p] pJ i (pl p])([,—[1)>0,

T. €, YMEHBUIHTCA, UYTO NPOTHBOPEUNT OINpPEIENEHHIO ONTHMAND-
HOro Koja.

2. Ecsn Ko ONMTHMAJIEH, TO BCErfa MOXKHO TaK MepeHyMe-
poBaThb cooBIUEHHST H COOTBETCTBYIOLIKE KM KOJOBBIE CJIOBA, YTO
Pi=P:==...22p Ny U IPH 3TOM

Ll <y (1)

B camom nene, ecau p;>p; .1, TO U3 cROHCTBA | cienyer, uto
l;<<ly,i. Ecnu ke p;=p;.q, HO [;=>>1; . §, TO nepecTaBuM c006-
iwennus A; u A;.i ¥ COOTBETCTBYIONINE WM KOJIOBBle cioBa. [To-
BTOpAA 5Ty NPOLEIYyPY HYKHOE YHCIO pa3, Mbl U HOJYUHUM
Tpe6yeMyo HYMepailxio.

M3 nepasencts (1) cienyer, uto coobuienne A y Kogupyercs
C/IOBOM @y HaubGoJblieR JJMHHBL [y,

3. B ontHManpHOM IBOMYHCOM KOJe Bceraa Haijercst, 1o
Kpafigeli Mepe, nBa cJ0Ba HauGoablueHl AJMHHBL, paBHCOH [y,
H TAKUX, YTO OHH OTJIHYAIOTCA APYT CT npyra JIHLIL B NOCTe-
HEM CHMBOJIE.

JlelcTBHTENIBHO, ecld €Bl 370 OBIO He TaK, TO MOXKHO BHIJIO
Obl IPOCTO OTKUHYTH MOCTEAHWH CHMBOJ KOJAOBOTO CJ0OBA dy,
He Hapymas cBOHCTEA npeduKCHOCTH Koaa, [1pu 5ToM MEI, ode-
BHUIHO, YMEHBIIWIH Obl CDEIHIOW IJIHHY KOJOBOT'O CJIOBA.

ITycThb ¢/IOBO @; UMEET TY XKe IJIHHY, UTO M dy H OTJIHUAeT-
¢l OT Hero Jdiib B mocaeaHeM 3Hake. CoryacHo cBoiicTBam |
H 2 MOXHO cYHTaTh, uto [,=!,.,=...=ly. Ecnmun fN—I,
TO MOXHO TIOMEHATh POJISIMH KOJOBbIe OGO3HAYEHHS @y H dp_1,
He Hapyluas npd 3ToM HepaBeHcTB (1).

Hrak, Bcerja cymecTByetr TAKOH ONTHUMAJIbHHE KOA, B KO-
TOPOM KOIOBBie 0003HAYEHHA ABYX (HaWMeHee BEpPOSATHHX)

2 M. H. Apipaos, . E. CanoBckmit - 33



coobuend Ay_ ¢ B Ay OTVIMYEIOTCH JHIIL B NOCAELHEM CHM®
BOJIE. .

OTMeyeHHOe OBCTOATENbCTBO INO3BOJAET [/ PeEIUeHHs 3a-
Jauy paccMaTpPHUBaTh TONBKO TaKHe ABOMYHBIE KOIH, Y KOTO-
pBIX KoJOBble 00O3HAYeHHS ay i ¥ ay 1/ ABYX HauMeHee Be-
posiTHBIX cooBienuit Ay_; B Ay UMEIOT HauGOABIIYIO JJIHHY,

OTJIHYasich JHIb B [OC/AERHEM CHMBOJe. 3TO

7 % 3payuT, 4YTO KOHUEBbIE BEPIIUHH dy_j W ay KOLO-
\ BOrO JepeBa HCKOMOTO KOAa AO/IKHHI ObiTh COelH-
o HEHbl C OJJHOH M TOH K€ BePIUHHOH @ NMPeAbliyLLero

(2778

/ «3TawKa» (cM. pHc. 12).
PaccMOTpUM  HOBOe  MHOXKECTBO  coobiueHufi
Puc. 12 AW={A; A; ..., Ay_3 A} ¢ BepoaTHOCTAMH
Dis P2y ooy PN—3y P=Pn—itpx. OHO MONYyUaeTCA
us muoxectBa {Ai, As, ..., Ay_s, Ayx_1, Ax)} obbenuHe-

HyueM ABYX HauMeHee BepOSTHWX coofuienuii Ay_i, Ay B OX-
Ho cooBuietine A. Bynem ropoputh, uro AV nosyuaercs coca-
muenm w3 {Ai, Az, ooy Ancs, Anoiy Ax )

[Tycrs ana A nmoctpoeHa HeKoTopasf CHCTeMa KOJOBBIX
obosnavenuit K¥={a;, a;, ..., ay._3, a}, HHBIMH CJOBamy,
yKa3aHO HEKOTOPOE KOJ0BOE JIePeBO C KOHIEBBIMH BEPIIMHAMH
Qi, Q3 +.» s Ay_2, Q. 3TOH CHCTEME MOXKHO CONOCTABHTH KOA
K={a;, @z, .., Qx-3, Ay 1, Qy } LIl HCXOAHOTO MHOKECTBA CO-
obuleHHl, B KOTOPOM CJI0BA Qy_; M Qy MOJYHAIOTCS H3 CJOBa
, a nobapjieHneM cooreercTBeHHo O u 1. Ilpouenypy
3yt - v mepexona or KW x K Ha30BeM pacuienienusn.

\ / CnpaBeanupo ciefylouiee yTBEP:KIAEEHE, OTKPbI-
\/ BalOlllee NYTb IS NOCTPOEHHSA ONTHMAJIBHOTO
/& Koza:

g Ecau ko0 KW 0aa muoscecrica coobujeruii A

Puc. 13.  agamemcs ONMUMANGHOLM, MO ONMUMAACH MQKHCE
u k00 K 0Oan ucxo0Hoeo mnodicecmea  coobujerull.
Haa jokasarenbcTBa ycTaHOBHM CBSIZL MeXAY CPEXHHMH

pnudamu [ u !” cnoB kKoo K u K9, OHa, o4eBUIHO, TAKORA:
I=1"+p. (2)

Ilpennonoxum, 9ro kox K He ABJSETCA ONTHMANbHEIM, T, €.
cyuiecTByeT Koi Ky co cpenHell aauHok I,<<I. Kak oTmeyasoct,
MOKHO CYHTATh, UTO KOHIEBHIE BEPIIHHH dy_; H Gy €ro Koo-
BOro AepeBa (cM. pHC. 13} COOTBETCTBYIOT KOIOBRIM 0G03HAUE-

HUAM JUIsl HaUMeHee BEPOSTHHIX coobugnuit Ay _;1 Ay. Toraa
3TH 0003HAUEHHS! OTJAHYAEIOTCS JIHHIb B IOCICAHEM CHMBOJIE,

PacevorpuM kon K= {a;, ... , Gy_5, 4}, B KOTOPOM CJIOBO g
no/yyaeTcss M3 Qy.j H 4y OTOpAcHIBAHHEM MOCJAEIHETO CHM-
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posa. Cpenne AiuHbI [y M [ CBSI3aHBl COOTHOLICHHEM, aHajIo-
FHYHBIM (2):

li=1l+p.

M3 nepasenctsa [;<</ caenyer £;<</’, 4To NPOTHBOPEUHUT ON-
THMaTbHOCTH Kojga K. YTBepxkieHHe JOKaA3aHO.

Tenepb sicHO, 9TO [/ NOCTPOEHHSI ONTHMANLHOTO KOIa
MOXKHO HCIMOJNb30BaTh IOCJAEROBATENbHbIE CIKATHA HCXOLHOIO
MHOXecTBa COOGIIEHHH.

TTpounnocTpupyeM MPOLECC MOCAE0BATENbHEIX C:KATHI H
pacilenyieHHH Ha npuMepe MHOXKeCTBA M3 IATH COOOWIEHHH c
BepoATHOCTAMH p;=0,4; ps=p;=p,=p,=0,15. Tpouecc stor
oTpaxXeH B chaeayioulefl TabaHIE:

Ta6auua 12

BepoATHOCTH H KoROBBIE 0003HAYEHHS

CxaTnie MHOXecTBa

Coa6-
wenns Hcxonauce MHOKECTBO

A Ay A
A | 04 1 0,4 1 0,4 1 0,6 0
Ay 0,15 010 -+0,3 00 0,3— 00 0.4 1
A; | 0,15 oIl 0,15 010‘___.0.3_l ot
A, | 0,155 000 0,154 ot
As | 0,15~ o0l

Kaxjoe uz muoxects A4, A2, A® noayuaerca cxkaTHem
IpebIAYIIEro MHOXecTBA. MHOxkecTBO A cOCTOHMT M3 NBYX
COOOLIEHHH, 1M03TOMY ONTHMAanbHbIH Kojp K'® cofep:HT nBa
KozoBbix o6o3HaueHus — O u 1. TlocnenosarenbHoe pacuienJe-
HHe K'® faeT ontTHMasnbdbifl KOX /st HCXOAHOH CHCTEMBI CO06-
[WEHHUH,

Cpenusist aauHa ! KogoBHIX c1oB, pasHas 0,4+4X3X0,15=
=2,2, ABJseTCcs, KaK 3T0 CefyeT H3 MpPeAbAYIero, MUHHMAb-
HO BO3MOXHOH /I JJAHHOTO MHOXKECTBa COOOULEHHH.

OnucaHHBIH MeTOA KOAHMpPOBaHHst ObLN npeitoxeH B 1952 r.
aMepukaHckKHM mateMaTHkoM . A. XaddmeHnoM n HasbiBaercs
ero umeneMm, CpaBHHM Teliepb ONTHMAJNbHBIA KOJ H3 Tab/HIE 12
¢ KojfioM ©aHo [y TOTO KE MHOMXecTBa COOOuIeHHH, KOTOPBIH
CTPOHTCST HHIKE,
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Ta6nuuna 13

CooGimenus Ee posTHOCTH Kgr}lzg:;ie
Ay 0,4 0 00
A, 0,15 0 1 o1
As 0,15 0 10
A, 0,15 1 0 110
A, 0,15 1 1 11

[Toacuntaem cpeanion JIHHY 7,,- KOJGBBIX CJIOB B 3TOM CJIY-
yae:
1p=2x0,4+2x2x0,15+2x3%0,15=2,3.

CnezoBaresIbHO, METOA KOJHpoBaHHs ®aHO He Bceraa NpHBOAUT
K ONTHMAaJbHOMY KOZY.

Kak u meton @ano, Meton koaupoBanusl Xaddmena MokeT
6LITh pacnpocTpaned Ha cayuail KojoBoro angapHTa, COCTOSI-
LIErO U3 MPOHU3BOJBHOIO YKCJAA CUMBOJOB, DTOT BOMpoC pac-
cMoTper B kuure [2].

3ajayn B JAONOJHEHUR

1. JokasaTh, 4TO BCSKHIl onTUMalbHH{ KOJ fdBJfeTCH
NOJHBIM.
2. 3akopnpoBaTh 1BOH4HBIM KogoMm XaddmeHa MHOXeCTBO COOCLIEHHH,
MMEIOULX BEpOSITHOCTH:

P1==0,25; py==0,2; ps==py=p;=0,15; ps=0,1.

[locTPOUTE COOTBETCTBYIOLIEE KOAOBOE NEPEBO.

3. OcHospiBasch Ha anroputve XadipmeHa, HalTH cmocol Hemocpen:
CTBEHHOFO NMOCTPOEHHS KOLOBOFO NepeBa ONTHMAJNBbHOIO KoAa.

Y K a3amuue, IlocTpoense IepeBa Hajo HayHHaTb He C KOpPHA, a
C KOHIEBHIX E€PLINH.

4. B HeKOTOpHIX cayuYasiX pe3yJbTaThl ABOHYHOrO KOAHPOBaHHA IO
metony PaHo Te e, 4TO M Mo MeToay XaddmeHa, B TOM CMBICAE, YTO AJHHEL
COCTBETCTBYIOIMIHX KOJAOBEIX CJIOB 174 OCOMX MeTOJoB copnajaior, Tak,
HarnpHMep, OGCTONT AeIO ANsl MHOMECTBA COOOLIEHHH C BEPOATHOCTAMH:

pi=1/4; po=py=p,=ps=1/8; ps=p;=ps=py=1/16.

Ha caMom jefle cnpaseiiMBO CJefyiolliee YTBEPKIeHHE: €CaH p;==27"%
(T. e. ec1y BePOATHOCTH ABJANOTCA CTeNeHSIMH ABOHKH), TO AJHHB COOT-
BETCTBYIOWHX KOIOBHIX cJ0B B Kolax Pano n Xaddmena oanHaKosw H
paBHB! 7if.

5. He Bcerna moanulll Kol fIBISETCS CNTHMaJbHLIM A8 LaHHOTQ MHCs
wmecTRa coollueHnl, MoXHC AOKa3aTh, OAHAaKO, YTO BCHAKHH MOJHEIR BOA
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gaBJaseTCd ONTHUMAJBHLIM JJIL HEXKOTOPOro MHOMKECTBA coofuieHHil ¢ moaXo-
ASILHM 06paSOM Nogo6paHHBIMH BeposATHocTIMHU. Tak, ecny KOJ0BLIE CJIOBA
TOJIHOTO KOJ/a C OCHOBaHHeM d HMeIOT AJHHBIL A1, My, . . ., A, TO OH ONTHMa-

Jel AUIs MHOMKECTBA COOOLICHHI ¢ BeposTHOCTAMH d ™™, d~ M, , . d 'V

7. 0B U3BLITOYHOCTH, WIYMAX
U KPUIITOTPAMME, KOTOPYIO HENDb3s
PACLIH$POBATD

Hanomuum yHTaTemo, 4YTo NpPH KOJHPOBAHHH
coolmen il HYKHO 3a60THTbCS 0 TOM, YTOOHI UX Nepenayua Oblia
J0CTaToyHo ObICTpOH, yno0HOA W HajexkHof. [o cux mop Mbl
HHTEPECOBAMHCh JIHIIb TpeGoBaHueM ObICTPOTEI. B 3Toil cBA3M
GbIM PacCMOTPEHbl pasjiHyHble 3h(EKTHBHbIE METOABl KOIH-
posauus: Konpl Dano, llennona, Xaddwmena. [locnenunit, Kak
ObIJI0 BBISICHEHO, SBJSAETCS JaXKe ONTHMAJbHBIM MPH 3aJaHHOM
MHOKeCTEe COOOIIeHHH ¢ 33/JaHHBIMA BEPOATHOCTAMH, Y Ka3aH-
Kble METOJB MOXKHO paccMarTpHBaTh Kak CBOEr0 pojla HCKYCCT-
BEHHbIe A3BIKH, NPEAHA3HAYCHHBIE IV SKOHOMHOH nepenaud
itHpopmalyi. OKasblBaeTcs, YTO NPHBLIYHbBIE HAM eCTECTBEHHbIE
SI3bIKH  (PYCCKHH, aHTJIMHCKHA H T. A.) SABIAIOTCS B 3TOM
nJiaHe CAHIIKOM PacTOUHTEJbHBIMH W He BBIEPKHBAIOT KOHKY-
PEHIIMH ¢ UCKYCCTBEHHBIMHU si3biKamHu. [loaTBepium sto cnenyro-
MM MBICTEHHBIM 3KCIepHMEHTOM. I[IpoM3BOMBHBIA pYyCCKHH
TEKCT pa3o0beM Ha KYyCKH OJMHAKOBOH JJIHHBI 1 (IPOMEXKYTOK
MeXJy CJIOBaMH MOXKHO MO JKeJIaHHIO JHO0 HTHOPHPOBATD,
KGO CYHTATh OTASNBHBEIM CHMBOJIOM). [lonyyaomuecs npu 5ToM
pasauuHble GyKBOocOYeTaHMs H3 n OYKB OyAyT BeTpedarthbed,
Kak 3TO OTMeuajoch MpexJe, He OJHHAKOBO 4acTo. [IpencTaBum
cebe, 4UTO MH pacnosiaraeM TaGjuiel, B KOTOpOH YKasaHbt
BCEBO3MOXKHEIE 7-GYKBEHHLIE COYETaHHSI M HX BEPOATHOCTH B
pycckoM Tekcte. IIpHmensis MeTon QPaHo, 3aKOAHPYeM HX KO-
JOBBIMH CJOBaMH, TakKe HCHOJb3YIOLHMH DYCCKHH andaBHT.
BosBpamasch K HCXOIHOMY TeKCTy, 3aMeHHM KaXKABIH ero Ky-
COK JJIHHBI 1 COOTBETCTBYIOUIUM €MY KOJOBBIM cioBoM. PacueTnt
OKa3bIBAIOT, YTO JAEHCTBYSl TakKHM 0O6Pa3oM, MBI CMOTVIH Obl
NpH JOCTATOYHO GOJBLIOM 7t COKPATHTh HCXOLHBIH TeKcT GoJiee,
YeM HaMoJIOBHHY, COXPaHHB IPH 370M BCIO CoJAepxkamyiocsa B
HeM HHQOpMauUyp. ,

Bb110 6bl OJIHAKO HEOCTOPOXKHLIM Ha OCHOBE CKa3aHHOro 06-
BHHHTb DYCCKHH f3BIK HJIH ApPYTrHe eCTeCTBEHHbIe A3LIKH B He-
copepuieHcTBe. B Teopun uHpOpMauuu HMeeTcA NOHATHE, HMe-
HyeMmoe W3GHITOYHOCTBIO f3BIKA HJH TekcTa. M3briToyHOCTD,
TOYHOr'O ONpeleNeHHd KOTOPOH Mbl He NPHBOAHM, MOXHO
npencTaBisATh cebe Kak JAOJIO TEX CHMBOJIOB TEKCTa, KOTOpHIE
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Moryt ObITh HCKa)KeNHbl HAH CTepTH 6e3 ywepba A5 ero MoHH-
MaHHsl, HJIH HHaye, KaK CTEMeHb BO3MOXKHOI'O «CKATHA» TEKCT4
B cJydyae NMPHMEHEHHA K HeMY METOJOB ONTHMANBHOTO KOJLH-
poBanusi. Mbl BpaBe cKasaTb N03TOMY, UTO €CTECTBEHHbIE A3LI-
KH 06J141a10T BhicOKOH u3ObiTouHOCThIO (Gogee 50%). Hampo-
THB, ONTHMAJIBHO 3aKONUPOBAHHBIE TEKCThl HMET H3GLITOU-
HOCThb, GJH3KYIO K HYJO. Ho HMeHHO BeICOKaf H3GBITOYHOCTB
€CTECTBEHHBIX SI3BIKOB [I03BOJISIET ¢ JIEKOCTBIO MOJb30BATbCS
HMH B NMHCbMEHHOH H YCTHOH peuy, Haupumep, cBOOOANO BHH-
Karb B CMBICJI HAalTHCAHHOTO, HECMOTPS Ha COJepPKalliecs B TeK-
CTe COKDAaUleHHs WU omeuaTkH, Ge3 ocoGoro Tpyda [OHHUMATh
ueJI0BEKd, TOBOPAILErO ¢ aKUEeHTOM HJIH HA KAKOM-HHOYAb AHa-
JiekTe U T. 1. T'epon usBectHoro pomana yKwous Bepra «/letn
KanutaHa I'padATa» cyacTiuBOil Pa3BA3KOH CBOMX NMPHKICYe-
HHH TaKKe BO MHOTOM 00si3aHBl H3OLITOUHOCTH $3BLIKA.
OIHUM CJIOBOM, M3GBLITOYHOCTL IMO3BOJAET fA3BIKY NPOTHUBO-
CTOSITb BJIMSIHHIO BCAKOTO pOAa MeMalimuX BO3AeHCTBHHA, B TO
BpeMs KaK ONTHMAaNbHO 3aKOAMPOBAHHbBIE TEKCThl, OKa3hLIBaeT-
cw, mepeld HUMH coBeplieHHo GessamutHbl., [loateepaum 31O
npuBeleHHEIM B Tabanue 13 npuMepoM TeKcTa, 3aKOAHpPOBaH-
HOTO JIBOWYHBbIM KoaoM DaHo.
Bosbmem nocnepoBatenbHocTh cooluteHuil A,A3A,A,A A,
H oTsevaromuil efi komoBmit Tekcr 011011111100110. Ilycrs
IIDOM30IIJI0 MCK2)XEHHE OJHOIO TOJIBKO TEPBOTO CHMBOJIA,
[MonyuuBwiagcs  Torja KoJoBad [OCJ/eJOBATENbHOCT
111011111100110 nocne pacluupoBkH OyjJeT BOCHPHHATA KaK
nocag]oBaTenbHoCTh  coobmennit A ,A;A,4,4,:45.
IIpouzomna HenonpaBuMas NYTaHHNIA, H €€ BUHOBHHKOM
ObL1 BCEro JMIllb ONUH HEBEPHO [IPUHATLIN KOAOBHIB CHMBOJI.
Ananornuuo cfCTOHUT Aeno ¢ MoGbLIM ONTUMANLHBIM KOIOBEIM
TEeKCTOM: CLUMOKH (OQHA HJIH HECKOJILKO) IePEBOIAT erc B Apy-
roil TaKXe BIIOJHE OCMBICJAEHHEI KOXOBBIH TEKCT, HO CMBICJ
NOJIYUHBILETOCA TeKcTa MOXKeT OBITb COBEPUIEHHO OTJIMYEH OT
nepBoHayanbHoro. TakoBa paciliaTa 33 ONTHMAJIbHOCTb KOJa.
B To xe BpeMs B peafibHBIX KaHanaxX CBA3H, IO KOTOPIM
IPOHCXOJHT Nepenaya HHopMalHH, owHOKH Heusbexubl, Oy
SIBJASIOTCH C/EACTBHEM NOMEX HJIH, KaK HHaue FOBOPHAT, LIyMOB,
KOTODEIE MOTyT HMeTb CaMyl0 Das/JHuYHyI0 (PH3HYECKYIO pii-
pony. [leficTBue 3THX IIYMOB Ha MePeAABAEMHIN TEKCT MOMKHQ
0C1a0HTb, HO YCTPAHHTb €ro MOJHOCThIO Heib3s, OTCio4a Bbl-
BOJ: ONTHUMAJbHEIC KOJBI B YHCTOM BHJE HENPHTOAHBl AJis
nepenaun coobleHHi N0 KaHalaM CBA3H ¢ IIyMamH, TaK Kak
nepefaua B ITOM cJy4ae CTAHOBHTCS HeHsagexHof, C Lpyrod
CTODOHB!, ACHO, YTC HANEMHOCTb MONHCG OGECTEYHTh TOAbKG
32 cueT HeKOTOPOh M3OHTOMHOCTH KOAOBO;O TeéKcra, B pzis
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HefllueM Pedb MOALET KaK Pas O TAKHX CHCTeMAX KOAMPOBaHHS,
KOTOpHIE NPENyCMaTPHBAIOT BBeAEHHE H3GHITOUHOCTH 115t GOpb-
6Ll C TEMH HJIH HHBIMH BHAAMH OWHOOK. IIpH mocrpoenun no-
JOOHBIX KOJOB BCerka HPMXOARTCS HATH Ha KOMIDOMHCC: € Of-
HOM CTOPOHHI, H30BLITOYHOCTH (T. €. KOJHYECTBO AONOJHHTE/b-
HBIX, «JTHUTHHX», CHMBOJIOB) He JO/KHA OHITh CJHLIKOM BeJHKa,
yroObl HE pacTArHBaTh BpeMsA IepelauH; ¢ JPYroff CTOPOHHI,
F0MeXOyCTOHUHBOCTD (T. €. CHOCOOHOCTb KOJA KOPPEKTHPOBATS
OMIHUOKH) JOJMXKHA OLITh JOCTATOUHOH, YTOGH! 00ECIeUHTh HaLeX-
HOCTh Iepenavd.

[Ipexne ueM nepexoiuTb K pacCMOTPEHHIO IOMEXOYCTOKYH-
BHIX KGJ0B, MO3BOJIHM cefe ellle 0JHO HeOOJIBIIOe OTCTYNJeHHe
B xpunrorpaduio. K 3ToMy Hac nobyxiaer HOHsTile H3GbITOY-
HOCTH, KOTOpOE€, OKAashIBAaeTCHA, HMEEeT INPfMOe OTHOIIEHHEe K
CTEMeHH CSKPETHOCTH KpHIITorpaMMel. IloxcraHOBoYHBIE KpHII-
TOrpaMMsl, HalpUMep, IOTOMY-TO H CTOJIb JIETKH B paciui(pos-
Ke, YTO OHH, IO CYIIEeCTBY, COXPAHANT H3GBITOYHOCTH M1€PBO-
HaYaJbHOTO TeKcTa.

Jpyrue Merofsl WKPPOBAHMUA YMEHBINAIOT 3Ty H30LITOY-
HOCTb, HO BCE e He [TOMIHOCTBIO ee YCTPAHAIOT, K TOMY e [95B-
JisieTcsl H3OBITOYHOCTD, CBA3AHHAA €O cHelH(HIECKHMH 0cOOeH-
HOCTSIMHM TpHMeHsAeMoro KJoda, CoBeplleHHO ceKperHas, T. e,
HefoCTynHas s paciiudpoBKH, KPHITOrpaMMa A0JIKHA OBITH
0¢cBOOOK/IEHA KAK OT H3OBITOUHOCTH HCXOMHOIO TEKCTa, TaK H OT
H36RITOYHOCTH Kioua. Crioco6 cocTaBleHHA TaKOH KpUNTO-
rpammsl 6bl1 MPeNJOXKEH, Kak 06 5TOM Yy¥e YIOMHHANAOCh,
K. IllennoHoM, u cOCTOHT OH B caefyiomeM. CHayana ycTpa-
HsieM M30BITOYHOCTb TeKCTa, NPUMEHSIA K HeMy KaKoH-HHOynb
u3 meronoB 3heKTHBHOI'O KOAHpoBaHus. Beaen 3a stum K no-
JgyausiieMycsi 6e3pl30bITOYHOMY TEKCTY NpHMeHsAeM wmHPp co
cryuaiiHpiM KmouoM. OH noxox Ha wudp Tputemnyca, and
KOTOpOro (IpUMEHUTENTbHO K PYCCKOMY aJf(paBHTY)

li:mi—l_ki (mOd 31).

B stom paBeHcTBe m; M [; MO-NpeXHeMy ABJIAIOTCA HOMe-
pamH (-0H GYKBBL IIH(PYeMOTro TeKCTa K KPHITOIPAMMEI COOT-
BETCTBEHHO, a8 Kaxjoe k; BHIOHpaeTca c/yuaitHBIM o6pasoM cpe-
au uncen 0, 1, 2, ..., 30 — Tak yro BbIGOp /MIOOOTO U3 STHX UH-
ceJ B KauecTBe k; OAHHAKOBO BO3MOMEH.

HenocTaTkoM TakKoH COBEpIIEHHO CEKPeTHOH CHCTeMbl fIB-
nAeTcs TO, YTO BMECTe ¢ WH(PPOBAHHBIM coobineHuem Tpebyercs
NOCHIIATE TaKoe e Mo obbeMy coolllieHHe, COAepallee HH-
tdopMaumio o cjayyaHOM Kniioue, [OCKOJbKY OH 3apaHee
HeuasecteH anapecary. [TosToMy npakTHyecKH 3Ta CHCTEMa Ma-

. TONpHEMJIEMa,
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CylecTBYIOT, OAHAKO, CHCTEMBI IM(POBAHHS, HE HCIOMbe
3yioliye cAy4afiHOro K/iodya, H B TO Ke BpeMs OJU3KHE K CO-
BeplleHHO ceKpeTHEIM. Heob6xXoauMas cucrema, HanpuMep,
MOXeT OHITb TOJy4eHa yCOBepIIEHCTBOBaHHeM MmMdpa OGery-
wero kJoda (cM, gornodHende 4 K § 2). OHa COCTOHT B TOM, 4TO
Ha TpeABapHTEJbHC CKaTHIH nepejaapaeMblii TEKCT HaKJIaibl-
BaeTcs JAPYrofl TEKCT, TaKKe MpeABapHUTENbHO CHATHI.

Hakonen, 1 ot x/10N0T/1HBOH NpoleAy pbl NPeABAPHTEJILHOIO
C2KATHs1 TAKHE MOXKHO OTKA3aThCsl, €CJH B Ka4ecTBe KJIoya 15
WHEPOBKH HCNOAb30BATh HE OJHE, 8 HeCKOILKO (TPH U1 GoJlb-
1re) YeaoBJAelHBIX 3apaHee TeKCToB, npubapiaaa Bee HX K repe-
AapaeMoMy CGOOLIEHHIO.

8. KOAbl — AHTHIIOAbI

Mpl BHISCHMAYM, 4TO NPH HOOCTPOEHHH TOMeXo-
yeTolivuebiX KOAOB He OCOHTHCHL 6Ge3 J0nSJHHUTENBHEIX CHMBO-
JOB, KOTOPHIC A0J4KHB OLTL MprcosAHHeds!l K KOJOBLIM CJ10BaM
€e3p30LTOUHOr0 Koja. JTH CHMBOJDLI Y e He HeCcyT HHGbopMa-
IIHK O liepelaBaeMbIX COCGIlEHHAX, HO MOTYT Jarb HHEGopMa-
HHIO O IPOHCIIeAUIMX PH Nepefade omndkax. MHbMH caosamy,
HX HAa3HaYcHHEe — KOHTPOJHPOBAThL MPABHJADBHOCTh Iepelaun
KOACBOI0 caoBa. BBOAUMEIE ACMOJHHTENbHBIE CHMBOJBI TaK H
Ha3bIBaIOT KOHMPOAbHbMY (UM RPOosepouHbiMU).

Camblfl He3aTeHJHBBIA CMocol, MO3BOJSIOMHA HCIPaB/ATh
OWHCKH, COCTOHT B TOM, YTO KAXKALIH HHPOPMalHOHHLII CHM-
BOJI NOBTOPSAETCA HECKOJBKO pa3, cKaxeM, cuMBoJ () 3aMensier-
cs 6J0KOM H3 n HYJieH, a CHMBON | — GJIGKOM H3 1 CAHHHIL,
[1pu pexkopupoeanun n-6yKBeHHOro OJ0Ka, COREPKALIETO,
OLITL MOJKET, OIUHGOYHBIE CHMBOJIBI, pElIeHHE TMPHHUMAETCA
«B0JIbILIVHCTBOM roslocoB». Ecnu B npunstoMm 6aoKe Hy el 60/1b-
nle, YeM €IHHHL, TO OH mekKogupyercsa Kak 00...0 (r. e. cun-
TaeTcs, YTo Obl] NOCAAH HYNEBOW CHMBOJ}, B MPOTHBHOM CJiy-
uyae — kak 11...1. Takoe npasuo JeKoAHPOBaHHS MO3BOJSET
BEPHO BOCCTAHOBUTb NOCJHAHHbIE CUMBOJIL, €CJIW MOMEXH B Ka-
Haje HCKa)kamT MEHee NOJOBHHBEI CHMBOJIOB B KaXKIOM hepe-
napaeMoM 6ioke. Ecnn aauny 6s0Ka n BLIGPaTh J0OCTATOYHO
60J1bILOM, TO Mbl IPAKTHYECKH ofe30nacuM cebs OT BO3MOMHBIX
cliHBOK, OJHAKO Mepejaya cooOleHUH GyAer HATH 4epenarib-
umu TeMnamu. I1o aTofi npHynHe yKasaHHBIH KO (€0 HA3LIBAIOT
KOAOM C MOBTOPEHHEM) He HMeeT OGOJIBIIOro MPAaKTHYECKOrO
3HAYeHHd, OJHAKO NPABHJO €ro JeKOAHPOBaHHs («rojocoBa-
HHe») COAEPKHT B cefe BecbMa MOJe3HYIO HAelo, KOoTopas ¢ yc-
T11eXOM MpPHMeHseTcA B APYTUX, NPaKTHUECKH GoJlee HHTEPECHRIX
NOMEXOYCTORTHELIX KoAaX, OO sToM peut nofiAeT Aanbile (em,
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§& 17, 18), a cefivac nocrapaeMcsi BHIICHHTDb, Ha YTO Mbl MOXeM
PACCUHTLIBATL IPH MHHHMAaJbHOH H30GLITOYHOCTH, KOFJa K Kax-
ZIOMy KOJOBOMY CJIOBY HoGaBJisieTci BCEro JIHIUb OAHH NpoBe-
pouHnlfi cumBoa. IlycTb o,@,. « .G, — IBOUYHOE KOJOBOE CJIO-
Bo. Brifepem npoBepoYHBIH CHMBOJ Q.1 C TaKHM pacueTow,
uTO0b! HAa €r0 3HaYeHHe OJIHHAKOBO BJHSLI KaXK/bIH H3 CHMBOJIOB
JAHHOTO CJ10Ba, ITO ecrecTBeHiuoe TpeGoBaHHe 6yaeT BHINOJA-
HEHO, €CJIH, HalpHMep, MOJ0KHTb O, =0+, +. . .tla,
(mod 2). Toraa npoBepOYHbIH CHMBOI Gy, 41 OYJET PABEH HYJIIO,
€CJIH B KOJOBOM CJIOBE Q1. . .G, COJEPKUTCS HeTHOE UHCJIO
eIHHHLI, H eIMHHMIE — B TNPOTHBHOM caydae. [Hanpumep,
npHceeIHEAA TaKUM o0pasoM INPOBEpOYHBIH CHMBOJ K CJIOBY
1010, nonyuaem ciacro 10100, a us caosa 1110 nosiyuus cacso
11101,

HeTpyiHo EBHIeTh, uYTO BCe VAMHHEHHBIC KOAOBLIE CJIOBA
Oy, . ;041 COAEPHAT UYETHOE YHCAO ENUHHL, T. e,

oo+, ka,, =0 (mod 2). (1

Jonyctum, 4To B mpoliecce Nepeiault B VITHHEHHO? KO(0BOe
CJOBO C1Q%s. . .0,Qp4i BKpatach ojua omubKa (Wi gaxe
s1o60e HeyeTHoe yucJa0 OmHS0K). Torja B HCKaXKEHHOM CJIOBa
0Ty, . .CipClnyi YHCJIO €AHHHL CTANET IIEYETHLIM. 3T0 H CAYKUT
YKa3aHHeM Ha HCKa)KeHHe B repejaue c1osa. B KoHEeYHoM
KTOre BCC CBOAHTCA K NIpOBepie cooTHotnenus (1} Aas c1MBON0OB
NPUHSITONO CJCBA, YTO JIETKO CLeNaeT NPOCTeHIlee BLIUHCAH-
TeJbHOS YCTPORCTBO — cyMMaTop no Moay/mo 2. Mrax, npasy-
JIO IpHeMa ceAyoulee: ecJu paseHcTBO (1) BHIMOJHSETCSI, CYH-
TaeM, 4To cooblleHHe Nepesano NpaBuabHO, B MPOTHBHOM CJIy-
yae OTMEYAEM, YTO IIPOU3oLIIa CUIHOKa H, KOT/a 3TO BO3MOXKHO,
TpebyeM MOBTOPHTb Mepeiady KoJoBoro cjiosa. [loHsTHO, uTo
WHaue OWHOGKH He HcnpaBUThb. Hanpumep, ecnu NpHHATO «He-
npasuabHOe ca0Boy 11100, TO OAHHAKOBO BO3MOXKHO, UTO GBIJIO
nocaaHo Awdoe H3 KOAOBLIX CJIOB:

01100, 10100, 11000, 11110, 11101.

Kamkabid H3 NepeurcCNeHHBIX CJAy4aeB COOTBETCTBYET OfHOH
omnbKe, a Bellb OWHOKH MOIJIH NPOU3OHTH Laxe B TpeX, a TO
H B NATH CUMBOJaX.

Eule 66/bl1as HENPHsITHOCTb MOACTEPEraeT HAc B cayyae
ZBOHHOH OINUOKYW HJKM BOOOLLEe YETHOro 4YHcsaa omHGoK. Befb
TOr4 COOTHOLLEHHUE (1) He HapYUIHTCS, H MBI BOCIPHMEM HCKa-
JKeHHOoe CJOBO KaK BepHoe.

OnucaHHEH KOA, KOTOPHIH Ha3LIBAIOT KOAOM C ofiledl npo-
BEpPKOW Ha 4eTHOCTH, MO3BOJSIET, CJICL0BATEAbHO, OOHAPYHKHUTD
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mo6oe HeueTHOE YHCJIO OMHOO0K, HO «IIPONYCKAET» HCKAXKeHHA, '
ec/IM UMCJIO OIUMOOK YeTHO. |

Kon ¢ moBTOpeHMeM H Kox ¢ obuiefi mpoBepkoil Ha uer-
HOCTb — JI0 HEKOTOpPOH CcTeneHH aHTHNOABL. BosmoxHOCTH
NepBoro HCIpasnasATb OWIKOKH TeOpeTHYeCKH Ge3rpaHHuHB!, HO
OH KpaiiHe «mejnuTeseH». BTopoH oueHb GHICTp (Bcero OAMH
JIOHOJIHHTENBHBIE CHMBOJ), HO 329aCTYI0 «JIErKOMEIC/eHy, B pe-
anbHBIX KaHalaX CBSI3H, KaK MPAaBHJIO, MPHXOAHTCS CUHTATHCS
¢ BO3MOXHOCTBIO OLIHOOK GoJiee 4eM B OTHOM CHMBOJIE, 103TOMY
B UMCTOM BH/le KOX ¢ obuieH NpOBEpPKOM Ha YETHOCTb MpHMe-
HAeTcsl KpafiHe penko. I'opasfo daille NPHMEHSIOT KOAHI C He-
CKOJIbKUMH NPOBEPOYHbIMH CHMBOJIAMH (M, COOTBETCTBEHHO,
¢ HEeCKOJbKHMH IPOBepKaMH Ha YeTHoCThb). OHU MO3BOJAT HeE
TOJIBKO 06HAPYKUBATh, HO H HCOPABJ/IATh OIKHOKH, H He TOJIBKO
OAMHOYHblE, HO M KpaTHble, H NPHTOM JenaTb 3TO ropasio
sthdeKTHBHEe, YeM YIIOMUHABIIUIACA HAMH KOA C IIOBTOPEHHEM.
3T0 MOXKHO NPOMJUIIOCTPHPOBATh HA OJHOM KpacHOPEUHBOM
H B TO JKe BpeMs NPOCTOM NpHMepe.

PaccMoTpHM MHOXKECTBO BeeX JBOHYHBIX CIOB JJIHHEL 9 (¢ HX
MOMOLbI0 MOXKHO 3aKoaupoBaTh 2°=512 coobuienuit). Pacro-
JIOXKHM CHMBOJIbI K&XJOro cJ0Ba O,03. . .0, B KBAaJApaTHOH
tab/HUe CIefYIMHUM 00pa3oM:

Ta6bnuga 14

G| Gz | *a

XAy (223 [« 73

Q| g | @y

K KaxJ0H CTPOKe H K KaxJI0MYy CTOJIOIY 3TOH TaGJIHILL JO-
GasuM emle 1m0 OJHOMY (IPOBEPOYHOMY) CHMBOJIY C TAKHM pac-
4eToM, 4TOOBI B CTPOKAX M CTOJNOLAX MOAYUHBIUEHCH TAGMHLb!
(rabnuua 15) GbIO YETHOE YUC/IO ERUHHLL,

IlpHu sToM, HanpuMep, /A NMEPBOI CTPOKH H NEPBOro CTo/b-
a GyAyT BBINOJHATLCSA IPOBEPOYHBbIE COOTHOIUEHHS:

pi=aj+azta; (mod 2),
fi=astoa,+a, (mod 2)

¥ aHAJOTHYHO [VIA OCTAJIBHBIX CTPOK H CTOMGLOB. 3aMeTHM, UTo
Bi-+-BatPBs=Ps+Bs+P, (mod 2).

O6e sTH cymmbl pasHbl 0, ec/ii B CJI0BE 0Li@5. . .G, YETHOE YHCJIO
CAHHHI, B OPOTHBHOM CyTydac oGe OHM paBHHI 1. Jr0 AaeT po3-
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Ta6nuua 15

251 22 o3 B1

Gy Qg g fa

O Qg @y Bs

Bq Bs Be B

'MOXKHOCTb [OMeCTHTh B Tabuyue 15 elle OJMH ITPOBepOMHBIH
cuMBo.I f,, paBHEL

ﬁ7=61+ﬁ§+53:ﬁ4+55+56 (mod 2)
Hanpuwmep, caoBy 011010001 oTBeuaer cneayiomasn tabauua:
Ta6auna 16

0 1 I 0
0 1 0 I
0 0 1 1

STH «MaNeHbKHe XHTPOCTH» MO3BOJSAIOT, 0Ka3blBaeTcs, HCNpa-
BHUTb JIOOYI0 OZMHCUHYIO CUIMOKY, BO3HHKLIYIO B [Ipollecce
nepejayd, a CcBepX TOro W OBGHapyXHTb OOy ABOHHYIO
omnoKy. B caMom gese, ecain npousomsa oaHa omubka, TO Ha-
pYIIAOTCA TIPOBEPOYHBIE COOTHOIIIEHHsT POBHO /I OJHOH CTPO-
KM U POBHO JJIA OJHOrO cTONONA, KaK pa3 TOH CTPOKH H TOTO
cTOJI0A, Ha NepeceyeHNH KOTOPBIX CTOHT OLIHGOUHBIH CHMBO.T.
Ecau ke npousouuia AoiHas omubka, To 5TO NPHBOAXT K Ha-
DYILEHUIO NPOBEPOK Ha YETHOCTH AuGO B ABYX CTPOKaX, OO
B ABYX CTOJ6lAX, AHGO cpasy B JABYX CTPOKax W JABYX CTONG-
uax. [lo 3tuM npusHakaM MbB M OGHapy:KHBaeM JBOHHYIO
omuOKy. (ONHAKO HCMPaBUTL ee MBI He MOMKeM — [oYeMy?)

IloGaBuM K CKasaHHOMY, YTO JAHHBIH KOJ 103BOJAET OOHa-
PYXHBaThb MHOTHE, XOTS H He Bce, OIIMOKH Gojee BHICOKOH
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KDaTHOCTH (B TPeX, uyeThipex H T. A. cumBosax). Hampumep,
O0HapYKHBAIOTCA TPOHHbIE OWHOKH B CHMBOJAX Oy, Oj O3
WU B CUMBOJIAX @, G35, 0. A BOT TpoOitHasA OKHOKA B CHMBOJAX
Oy, Oz, O; HE MOXKeT GbITh OOHApYKeHA, OHa OYAeT BOCIPHHATA
KaK ORHHOYHASA.

ITpoaeMOHCTPHPOBAHHOE B 3TOM MpPHMEpE COYETaHHE I1PO-
BepOK Ha YeTHOCTb 1O CTPOKaM H cTONOLAM OTMYyCKaer WHpOo-
KHe 0600menus. O npocrefizieM H3 HHX FOBOPHTCHA B JOMOJIHE-
HHH 3.

3anpaun W IONONHEHHS

1. Ona paso6panHoro B JaHHOM Naparpade npuMepa Hafl-
TH YHCJIO HeOOHap YK HBaeMpIX TPOHHLIX OWHOOK. KaKyio yacTh OHH COCTAB*
JAI0T OT 06Ulero YHucaa TPOHHLIX OMHGOK?

2. KopoBbie ¢/10Ba B npHMepe Ha cTp. 42 cogepxar 9 undopMalHoH-
HBIX CHMBOJIOB M 7 NPOBEPOYHBIX; TaK 4TO o0wias AJHHA KOAOBOTO CJIOBA
paeHa 16. Takoro 4Hcsia cUMBOJIOB JOCTATOYHO, UTOOBl HCNPaBJAATh JIOGHIE
OJMHOUHble W OGHapyXmHBaTb J100ble ABOHHBIE OWHOKH. HUTOGB JOCTHUR
Toro e sddexTa A4 Koja C MOBTOPEHHEM, HYXHO Kaxablii HHDOPMALHOH-
HEI CHMBOJI NOBTOPHTH 4 pasa, Tak 4To obulas AJHHEA KOJOBOrO CJoBa 6yaeT
paBHa 36. CpaBHeHHe SIBHO He B M0JIb3Y KOAa ¢ nosTopeHHeM. CnpaBefJiu-
BOCTH paju Hajo BCe ke OTMeTHTb, YTO KOJ C MOBTOpPeHHeM 00JajaeT Mo
CPaBHEHHIO C UCNOJAB30BAHHLIM B MPHMepe KOJIOM HEKOTOPHIMH NPEeHMYIiecT-
BaMH B cMbic/le 06Hapy:KeHHs omiuGok GoJlee BBICOKOH KpaTHOCTH. [Ipepsna-
FaeM YHTaTeJI0 HaHTH, HanpHMep, 010 HeOGHAPYXKHBAEMBIX TPOHHBIX OLIH-
60K 1J11 YKa3aHHOTO KOJa C MOBTOPeHHeM H CPABHHTb OTBET C Pe3yJbTaToM
3anaud 1. HTepecHO HaliTH TaKie A0JI0 HenpaBuMblX (!) TpOHHRIX OmWHGOK
IJI51 3TOTO Kopja.

3. IlpuMep U3 naHHOro maparpada ofofmaercA CaenyIOmHM o6pa3oM
(cMotpH Takke ponoaHende 12 k § 11). ITyctb Kaxpoe coobuieHnHe Kogupy-
€TCsl IBOH'HBIM CJIOBOM ATHHBI Mmn. Pacnoslo:KuM ece CHMBOJIBL B TP SIMOYTOJibe
HY10 TaGauuy (MaTPHUY) ¢ m CTPOKAMH W n cTOAGLAMH:

Ta6bnuuwa 17
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Kag # ppexe, no6apam K KX A0l CTPOKE H K KaKAOMY CTOJAGLY IO OHOMY
TIpQBEPOUHOMY CHMBOJY, TaK YTOGHI BO BCeX CTPOKAaX H CTo0uax nosyuu-
JIHCh YETHBIE CYyMMbl. AHAJIOTHUHO NPEKHEMY BEIGHPaeM CHMBOI &, 1y, , 41
[MonydeHHOoe MHOXKECTBO COB 06pasyer KOA, HCHOPAap/ISTiOH JOSke Ops-
HOUHBIC U O6HapYXHBAIOWKiT JIIOOKE ABOAHBE OWIHOKH.

9. KOJ XEMMHHIA

[Tyctb KonmMuecTBO COQOHIEHHH, KOTOpHIE Tpe-

Gyercsi mepenaparb aGoHeHTy, paBHO 16. [l1g ux Gesbiaburrou-
HOTO KOJMPOBAHKs MOMKHO HCI0/Ib30BaTh ABOHUHbIE caoBa fdau-
HHE 4, HO Torja Koj He 6yjaeT KOppeKTHPOBATh oubkH. [pu
HCIIOJIB30BaHHH CJIOB AJUHBI 5, KaK Mbl YXK€ 3HaeM, MOXHO 00-
HAPYKHTb, HO He MHCIPaBUThL Jio0Yi0 OJHHCUHYIO OIIHOKY.
Brnpouew, 13 sononHenHs 3 npeablaylero naparpaga BLTeKaer,
4TO ecau A06aBWTL O NPOEEPOYHBIX CUMBOJIOB, TO KOJ, CMOXKET
He TOJBKO HCIPAaBJIsATbH OMITHOYHBIE, HO H COHAPYIKHBAThH
IBOHHBe OlUNOKH,. Bo3HNKaeT BONpOC: HeJlb3si JiM 1151 3TOH Len
O0GOATHCL MEHBbIIHM KOJHYECTEOM NDPOBEPOUHBIX CHAHBOJIOB?

BhiunciHM cHayana, KaKOBO MHHHMAALHOE UUCIO NpoBe-
POUHBIX CHMBOMOB, HeOOXoAEMOe VIS HCOpPAaBJeHHA J0EX
ofuHOUHEIX omubok. HerpynHo ybeauTsced, 4to JBYX jobaBoy-
HBIX CHMBOJIOB JiIsl 3TOI'O HEJOCTATOHHO (IpeajiaraeM YHTaTe-
JII0 NPOBEPHTb 3TO CAMOCTOATENBLHO).

[onpobyem o6OfTHCE TpeMmsi NPOBEPOYHBIMH CHMBOJIAMH,
T. €. Oy/ieM HCIIOJML30BATh AJI51 KOAHDOBAHHA COOOWEHH JBOHY-
HBIE CJIOBA 0430030, 0l 0leQl, JVIHHEL 7. Hama aanaya — onpeje-
JIUTb, OPOH3OILIA U OIIHOKA, U €C/M MPOH30IJIa, TO B KAKOM
mecre, Ho sto To e camoe, 4TO yKa3aTb OJHO H3 BOCHMH
gpcen or 0 50 7 (0 COOTBETCTBYET OTCYTCTBHIO OIHOKH).

Ilycts Tpebyercs nepelath coobiieHye, KOTHPYeMOoe CJIOBOM
040052y, JLOOABHM K 3TOMY CJOBY TPH CHMBOJA g, Gy, O,
omnpeJie/IsieMble PABEHCTBAMHU (37leCh Y JIo KOHIA naparpaga Bce
paBeHcTBa 6epyTesl Mo MOAyJaQ 2):

Gy =0y,
Q=0 +ostoay, (1)
O, =0+ 030y,

Ecn Tenepb HYXXHO BBISCHUTH, JOMYUEHA JIU [IPH Nepefade

CJIOBA 010l o0y, Q50O OAHHOYHAS OLIHGKA B OJHOM H3 CHMBO-
JIOB Oy, Oy, g, O, TO JI/JISL ATOTO JOCTATOYHO BBIYHC/IHMTDL CYMMY!

[iR4
S=0y a5+t @
Ee anaueHne, paBHoe !, COOTBETCTBYET OTBETY «Ja», 3HayeHHe
{ — OTBeTy «HET» (HG7IEMY?). e
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B ciyuae «ja» npoBepuM, HeT JIH OLIHOKH B CHMBOJIAX &,
@,, B C/ly4yae «HEeT» — He COAePKUTCA /¥ omHuOKa B CHMBOJIAX
o5, Oz. B KaxJOM H3 3THX CJyyaeB OTBeT JaeT 3HayeHHe

CYMMBbI:
sy=azt+asto,+o,. : (3)

Ecan, nanpumep, 3HaueHus: obeux cymum (2) u (3) pasuhn 1, 10
owHEKa cOfepHUTCs JaHBO B a4, aHGO B @,. Bcero umeercs
yeThipe KOMOHHAIMH 3HAYEHHH CYMM Sy, Sp; OHH NpHBEJEHbl B
caenyromeil Tabaune:

Tabannga 18
S¢ Sg Mecto oumu6GKH
1 I Qg HAH &,
1 0 oy HIH Qg
0 i Oy HJH Olg
0 0 HeT OWHOKH Hau oy

HaxoHel B KaX/10M H3 YeThipeX CJyyaeB HYKHO BHIGpaTh OfHY
H3 ABYX BO3MOXHOCTeH. 3TO O3BOJIHT CAENATh 3HAUEHHE CYMMBI

Sszai'f‘aa'f‘as'f‘a,. (4)
HTaK, Mbl HMEEM TpH {IDOBEPOYHBIX COOTHOILICHHSA!

sp=otgtagtogt+a,=0,
ss=agtazto,+a,=0, )
sa=a+os+a;+a,=0,

KOTOpbIe [M03BOAAIOT JUGO YCTAHOBHTDL, YTO OWHOKHK HeT, aubo
0JHO3HAYHO YKA3aTb ee MeCTO.

OrMmetuM 0c000, YTO €C/H IIPOH3OINJIA ONUHOUHAA OLIUOKA,
TO €e MOJIOXKEHHe YKa3biBaeTCs YHUCJOM C JABOHYHGH 3amMchbio
518283. IlycTb, Hanpumep, s,=1, s,=0, s;=1. CorsnacHo Tab.u-
ue 18 ommbKa fonymeHa B YeTBEPTOM WM NATOM paspsiax;
NOCKOJMbKY $3=1, OHa — B NATOM paspsifie, HO §,5,5;=10]
KaK pas H ecTb ABOWYHAA 3anuch uucxa 5.

Mayuennniit 3sech Kop — 310 KoA XeMMHHra JJHHBLL 7 ¢
4eTHIpbMs HHGOPMaNHOHHEIMH CHMBOJIaMH,

B ofmem cnyuyae KOLOBHIE C/I0Ba ABOMYHOrQ KOAA XEMMHH-
ra, no3BOJAIETO HCMP2BHTh ORHMHOUHYIC OWHOKY, UMEIT
MHHY 27— {m — HatypaibHoe), Jlas onpefefieHHs 10J0-
KEHHA oW 10KH TOTAA YHE HYWHO /7t NPOBEPOK, T, €, M OpoBe-
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pounnix cumpojoB. Ocrapmnecss 2™—]—m CHMBOJIOB SBJSA-
I0TC HH(POPMALHOHHEIMH. IIpOBepKH CTPOATCH MO aHZIOTHI
C pacCMOTPEHHEIM ciydaeM. 3HAUEHHs # NPOBEpPOK, KaK i1 Bhl-
e, 06pasyioT HOMep MOJIOKEeHHS OLHOKH.

BepHemMcs, 0fHaKO, K BONPOCY, MOCTABJIEHHOMY B Hatajo
storo naparpacda. Jo6aBuM K KOJOBLIM CJIOBaM KoJa XeMMMH-
ra JVIHHBL 7 elle OJuH NMPOBEPOUHBIN CHMBOJ Oy, @ K IIPOBERGY-
HBIM COOTHOILIEHHAM (D) emie ogHO (OOWIYIO TIPOBEPKY Ha feT-
HOCTbB):

So=0lg-t0ti ety f-ayt-as oo, =0. {5)

Hosmit Kon no-npexuemy Gyaer cofep:karh 16 KOJIOBHIX ¢fIoL,
IIOTOMY 4TO, KaK H paHkllle, CHMBOJIBI Of, &5, G, 0y MOTYT GBITh
B3ATHl KaKHMH YTOJHO; MO HHM H3 cooTHomeHu# (1) ompene-
JISIIOTCS1 CHMBOJIB O5, Gg, Q,, A U3 paBeHCTBA (B) H CHMBOJ .
B cayyae oanHouHOH olHOKH no0aB/ieHHOe coOTHOLIehHe (6)
Hapyuiaercd, a 3HayeHHs sy, Sz, S5 0OPA3YIOT HOMED IOJIOXKEHHS
omn6ky. Ecau ke npousoma ABOHHAs olHOKa, TO COOTHO-
ieHHe (6) 6yzaer BEITOJNHEHO, a XOTA OBl OJHO U3 PaBeHCTB (5)
HapymuTes (modeMy?). IT0 U MO3BOJSET OOHAPYKUTh J06YIO
JABofiHYyI0 oubKy. MTax, mjs ucnpaBieHHss OAMHOYHHIX U OG-
HapyKeHHs JBOHHBIX OWIHGOK K YeThIPEM HH(POPMALHOHIILIM
CIMBOJIAM J0CTaTOYHO JOGABHTE YETHIPE IIPOBEPOYHBIX CHMBO-
na. MoxHo moKasaTh, 4To OGOATHCH MEHBIUHM YHCJIOM FpOBeC-
POYHLIX CHMBOJIOB HEBO3MOKHO.

ITocTpoeHHOE MHOMXKECTBO KOJOBHIX CJIOB OLy0ty0ta0la0lyOlsClyCin,
yAOBJAETBOPSIIOMIUX CcOOTHomleHussM (B) u (6),— mpuMep pac-
UIMPEHHOr0 Kofa XeMMHHTA (AJMHHH 8 ¢ YeThIpbMa nudopMa-
CHHEIMH CHMBOJI&MH).

3anase ¥ JOGOJHENEA

1. OnpenesuTs NOJOXEeHHe OQHHOYHOI omwMGKH © ‘HCKa-
sennoM caose 1100011 xona Xemmunra anuunt 7.

2. Tlycte 11010011 u 11001111— HexameHHEle COBA PacUIHPEHHOO
koja XewmmuHra aiauue 8. Kakoe n3 3Tux csoB _COJIEPHUT OJIHHOYEYIO, a
Kakoe — IBOHHYIO owWHOKY? B ciayuae opHHOYHON omHMOKH onpeiesnTh ee
T OJOMKEHHE.

3. K npoeepkaM xojfa XeMMHHI'a AJIHHB 7 L0GaBHM (He MeHaR AIHHH
ko0aa) ofINyI0 NpoBepKYy Ha YETHOCTh:

oGy Cyo ot t0=0. (7

CHKOJLKO CJI0B YJIOBJAETBOPSET coOTHoweHMsM (B) 1 (7)?

4. JloxasaTe, YTO KOJA K3 3ajayu 3 McnpapJseT OfWHOUHLe B oCHa-
py:XHBaeT ABOfHbe OMHOKH.

5. [locTpouth CHCTEMY [pOBepoK MIs Koja XeMMuHra AJAUHEL 15.
CKOMBKO KOROBHIX CJIOB COMEPIKUT 3TOT KoA? CKOMBKO HH(I‘OpMa[LHOHHb'}\
1 CKOMLKO TIPOBEPOUABIX CHMBCJIOB HMeeTCs B KOJOBOM CJoBE?



6. Ccan 3ajan Ko XeMMHHra JJIMHBI n=27—1, To CyllecTBYIOT ABa
NPOCTBIX cNOCO6a MOAYSHTb H3 HETO KOJbl C HCIPABJIEHHEM ONMHOUHBIX

oGHapyXeHHeM JBOHHBIX OIIHOOK.
[epeEsit u3 HIX (O aHAJOTHYEH CocoBy, pa3o0paHHOMY B KOHIE 5TOrO

naparpada) TaKOB: K KOJOBHM CJI0BaM J00aB/isieM NpPOBEPOUHBIH CHMBOJ
g, a K NPOBEPOYHbIM COOTHOWIEHHAM Koja XeMMHHTa — o6Iyl0 MpoBepKy
n

3
Ha UeTHOCTb: 2‘ a;=0.
i=0
Bo BTOpoM cnocobe (cM. 3afauy 3) AjHHA KOJOBHIX CJIOB He MeHSETCH;
n

Ho noGaeasercs ofInas NpoBepKa Ha YETHOCTb: 2 o;=0.
i=1
CKO/1BKO HHGOPMALMOHHBIX H MNPOBEPOYHLIX CHMBOJIOB COJEPIKHTCA
B KaXK/IOM H3 ONHCAHHBIX 371eCb KOJOB?

10. HEOBbIYHOE OBLIYHOE PACCTOAHHE

HsBecTHO, 4TO paccTosHHE MEXKAY TOUKAMH B
IIpOCTpaHCTBe ompejensieTcs KakK JJHHA OTpe3Ka NpsAMOH,
coequHsiiomeR 3TH ToYKH. OHO CAYyXKHUT MepoH GNH30CTH TO-
YeK — yeM MeHbIle PacCTOsHHe, TeM OJIHKe APYT K APYTY pac-
noJoXeHsl TOYKH, Eciu o6o3nauaTh pacCTOsiHHE MEXAY TOY-
KaMH a ¥ b uepes p (a, b), To 415 M0OLIX TOUEK a, b U ¢ uMeeM:

1) p(a,0)=0;

2) p(a,b)=0 o3Hauaer, yT0 a=b;

3) pla,b)=p(b, @

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

(TTocnennee ycjioBHe, HasblBaeMOe HEPABEHCTBOM TPEYTO/b-
HHKa, O3HayaeT, 4yTo AJHHA JII0OOH CTODOHEI TPEYTONbHHKA HE
NPEBOCXOAUT CYMMBbl JAJIHH JBYX JPYTHX CTODOH.)

HHorpa yno6HO ObIBaeT onpelefHTb Mepy OAH30CTH HH
paccrosnye A5 3JeMEHTOB TOTO HJH HHOTO MHOMKECTBA, Jaxe
€CJIH 3TH 3J1EMEHTH H He ABIAIOTCA TOYKaMH B OGBIYHOM CMBICITE,
Ilpu 3ToM cuuTtaeTcsl, YTO DPACCTOSTHHE MEXKAY 3JEeMeHTaMi!
MHOKeCTBa onpefiesieHo, ecaH JoObM ABYM 3JeMeHTaM @ H b
COMOCTAB/IEHO AeHCTBHTEIbHOE YHCI0 p{a, b) W masa MobhX
3JIEMEHTOB @, b H ¢ JAHHOrO MHOXKECTBA BBHIIOJHSIOTCS YCJI0-
Bua 1) — 4),

Bepuencs renepb K Haiueit ocHOBHO# TeMe, MHl yxe 2Haew,
4TO KOJ TeM Jiyyme NpHcrnocofseH K HCHOPaB/EHHIO OIIHGOK,
yeM GoJblue OTJAHYAIOTCA APYT OT APYra KOJAOBLIE C/OBa, 3Ty
MBIC/Ib MOXHO 6yJeT BLIPA3HTb TOYHO, €CJH BBECTH PACCTOSIHHE
Ha MHOXKecTBe n-GYKBEHHLIX CJIOB.

Paccrosinuem p (x, y) MY AByMs CJIOBAMH X H y HA30BeM
9HCJIO HeCOBMAMAIOUIMX MOSHUMHA 3THX caoB. Hanpumep, pac-
crosine mexay ciopamd x=01101 u y=00111 paBHo 2.
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< OmnpenesedHHoe TaK pacCcTOAHHE Ha3bIBAIOT PACCINOAHUEM
‘Xemmunea. He cocTapiasier 60MbIHOTO TPYAa MPOBEPHTH, YTO
Bce cBofictBa 1) — 4) paccTosiHuA B JaHHOM CJydae BHINOJ-
HeHbl, Bonpoc aMIIb B TOM, B KaKoH Mepe 3TO NOHATHe MOMC-
JKET OLEHHTb CMOCOOHOCTH KOJA HCNPABAATh H OOGHAPYKHUBATh
omm6xu. YUToOb GTBETHTb Ha TOT BOMPOC, BBEJEM A5 IPOH3-
BOJIBHOTO KOJA TOHsITHE K0008020 PACCMOAHUS.
Kozcerce paccrosinue d(V) onpenendM Kak MHHHMaJbHOE
paccToAHHe MeXAY pa3/JHYHBIMH KOJOBBLIMH cJIoOBaMH H3 V.

d(V)=min p(x, g).
x ==y

Beejensasd TOJAbKO YTO BeTHYHMHA SIBJSIETCS OCHOBHHIM IO-
KasaTeJeM KOPPEKTHPYIOUIMX BO3MOXKHOCTEH KOja, MOCKOJIb-
KY BepHO cJefylolice YTBEpHKACHHE:

K0 cnocoben ucrnpasaamo aoboe Kombunayuu us t (1 meno-
wiezo wucaa) owubox moeda u moavko moeda, Koeda e2o kodogoe
paccmoanue Goavtue 2¢.

B camowm pene, ecnn d (V)>>2¢, To 19 MOGLIX KOAOBEIX C0B
x, y umeeM o (x, y)=>2{-+1. Ilycts NpH nepeaaye HeKOTOPOro
CJI0BA X IPOHU30NLIO0 r<f OIHOOK, H B pe3yJbTaTe OLIIO MPHHSA-
TO ¢oro z. Toraa p (x, 2)=r<_f, i B TO K€ BpeMs paccrosiHue
o (2, y) 20 moBoro Apyroro KoJoBoro c1opa y 6oanue ¢, ITocarex-
Hee BBITEKaeT W3 HEPABEHCTBA TPeyroJbHUKA!

p(x, 2)+o (@, y)=0(x, y)=2t-+1.

3HauuT, AN BOCCTAHOBJEHHUS MOCJAAHHOTO CJIOBA (IeKOAHpo-
BaHMsA) HeoGXOAUMO HAHTH KOJOBO€ CJOBO X, «GaHKafirees
K NpPHHATOMY CJOBY 2z B CMbIC/Ie paccTosiHuA Xemmuura, [log-
YepKHEM, UTO 3TO NpPAaBHJO JE€KOAHPOBAHHA NMPHBOAHT K Npa-
BHJIBHOMY pe3yJbTaTy, €CIH YHUCJIO OMHMOCK B NMEpeJaBaeMoM
cnoBe JAeHACTBHTENbHO He MNPEBOCXOAHIO I,

Ecau xe ycnosHe d (V)>2t napywaercsi, T0o HafilyTca Ta-
KHe KOJOBHIE CJIOBA X H Y, DACCTOSIHHE MEXAY KOTOpbIMH
p(x, y)<2¢t. Torpa MoxkeT HalfiTHCh Takas KOMGHHAUHA H3 I
OWHGOK B OJHOM M3 CJIOB X, YTO MPHHATOE CIOBO 2 OyAeT Ha-
XOAUTBCA OT APYroro €J10Ba y He jAajbuie, yeM oT x. [Toatomy
Henb3s 6yaeT onpefenuTh, KaKoe H3 CJ0B — X HIM § — ObuIo
Ha caMOM Jese repeaaHo

3agaud ¥ JOMOJHEHHS

1. Umeetcst 8 peonunnix ciioB aauunmt 3. Ux MoOXHO 4306-
pa3suTh B NPOCTPaHCTBEHHON CHCTeMe KOOPXAHHAT KaK BepillHHH Kyba co
cropoHoll 1. KaKkos B 3ToM cJyyae «reOMETPHUECKHI CMBICA» DaccTOAHMA
XeMMHHTa MeXAYy cJoBaMH? -



2. JIoka3aTh, YTO JJisi OOGHapYKeHHS S (MM MeHbLIero YHcJa) OmHOOK
HeOGXOMMO H JAOCTaTOHHO, YTOOBl KOJOBOE PacCTOSIHHe YAOBJETBOPAIO He-
pasesctey d (V)>=s-+1.

3. Ioxkasarb, uTO /1 MCUpPaBJeHHs ¢ (M MeHbIUero 4uHcia) oWHOOK H
BMecTe C STHM OOHApYXeHHS § (M MeHbWero uHcJa) owuGOK (S=>f) Heol-
XOMMO H JOCTaTOYHO, 4TOOH KOJOBOe pacCTOIHHE YJOBJETBOPAJO Hepa-
sencrsy d (V)=f-+s+1.

4, [lokazaTh, 4TO KOJOBOe PACCTOSHHUE AJd Koja ¢ ofuleil npoeepxoi
Ha YeTHOCTb PaBHO ABYM, a 144 Kojla XeMMHHra — TpeM. Hemy 0Ho paBHO
IJA KOZa C IIOBTOpEHHeM, ueMy — JJIS pacllHpeHHOro Koja XeMMuHrar

11. JIMHEKHBIE WJIH TPYONOBBLIE KOJIbi

BoabIIHHCTBO PacCMOTPEHHBIX BBIIE KOAOB 06-
Jaajgajo caelyomUM CBOIICTBOM: cyMMa (H PasHOCThb) ABYX KO-
JIOBLIX CJICB TaKXKe fIBJAJAACH KOJOBHIM cjoBoM. JI19 Koja ¢
NOBTOPEHHEM 3TO CBOHCTBO O4eBHJAHO. fICHO OHO H I Koja
¢ ofl1ell NpoBepKOH Ha YeTHOCTh, MOTOMY YTO CyMMa JBYX CJIOB
¢ YEeTHBIM UHCJOM €JHHHI] €CTh TAK¥Ke CJOBO C YeTHBIM YHCJIOM
eIHHHLL.

B § 9 6w paccMoTpeH Koj XeMMHHra ¢ CHCTEMOH IpoBe-
pOUYHBIX COOTHOMWeHHH (5). OGo6mHUM Tenepb 3TOT HPHMep, Bhi-
6paB B KadecTBe KOAOBOTO a1(haBHTa HEKOTOPOE KOHEYHOe Io-
Je F. Kaxpoe C/0BO X;Xp. . .X, 3TOro ajdapira 6yjeM OTOX-
JIeCTBJIATD C BEKTOPOM (Xy, Xz, ... , X5) F-MEPHOTO NPOCTPAHCTRA
L, (B KOTOPOM KOOpAHHATBl BEKTOPOB ABJSIOTCH 3JeMeHTaMH
F). Bexrop, cOOTBETCTBYIOIIHI KOJOBOMY CJOBY, OyJeM Ha3k-
BaTh K00066iM. CHCTEMY IIPOBEPOUHBIX COOTHOIUEHHIT 3alHIeM
B BHJIE CHCTEMHl YDaBHECHHIL:

bixitbiaxet. . A bix,=0,
b21x1+b22x2+' . .—H)znxn:O,

—
—
~—

L e e s .

bmlxl+meX2’;'. P +b7n71xn:O

¢ koadppunHentamu b;; u3 F. Kogm, cocrosmuii 3 Bcex ciaoB
XiX3. . Xp, JAIA KOTOPHIX CIIPABEAJIHBBI COOTHOLIeHHst (1),
HA3HBAOT KOJOM C NPCBEPKAMLL HQ HeHHOCHDb.

Jns TaKoro Koja BHINOJHSAETCS CIeAYIoilee CBORCTRO: ecii

BEKTOPBI (a5, @z, ... , Gy) H (b1, bs, ... , b,) ABASAIOTCA KO10-
BEIMH, a 3HAYHT, PEIIEHHSIMH CHCTeME! (1), To ¥ ux cymMa (a,+
+by, artbs, ..., Ay1-b,) TaKKe ABAAECTCS peuIeHHeM 3TOfl

CHCTEMBI H MOTOMY KOAOBBIM BEKTOpPOM. CIipaBeyIuBG H Apyroe
CBOHCTBO pelleHHH cucTeMBl (1): eCsH o — sjeMeHT noasa F
u (ay, as, ... , Q,) — peleHHe cucreMmel (1), To H BeKTOp (aq,,
oais ..., Gay) TaKkKe fABIETCA peICHHeM cHcleMbl (1),
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O6a OTMEUEHHBIX CBOHCTBA IIPOBEPSAIOTCH HENOoCpeACTBEHHOH
HOACTAHOBKOH B cHcTeMmy (1) BekTOpoOB

(aitbi, astbs, ..., aytby) v (aag, @as, ..., aay).

BMecTe 3TH CBOHCTBa 03HAYaloT, YTO KOJ ¢ NIPOBEPKaMH Ha YeT-
HOCTb 06pasyeT JHHeHHOe NOANPOCTPAHCTBO B INpPOCTPAHCTBE
L, Bcex n-OyKBeHHLIX c0B. [To 3Tofi IpHYHHE KOABI ¢ NPOBEp-
KaMH Ha YETHOCTb Ha3bIBAIOT AuHelHbiML KoOamu (NBOHYHbLIE
JIHHEHHEBIE KOJB HAa3bIBAIOT TaKKe epynnossimis). Ecau KogoBoe
MOANPOCTPAHCTBO B IPOCTpaHCTBe L, MMeeT pasMepHOCTb R,
TO YnorpebnsoT AlA GoJibliell onpeleneHHOCTH TEPMHH JIH-
HEedHbIA (1, kR)-Kon.

meeTca oyeHb MHOTO NPHYHH, MO KOTOPHIM JHHEHHbLIE KObI
ABJMAKTCA BAXKHEHAIIMMH B TeopUH KoAupoBanuda. OfHA H3 HHX
cBfizaHa ¢ yJo6cTBaMH B OGHapy»KEHHH U MCNPAaBJEHHH OLIH-
fOK, KaK 3TO BUIHO H3 NpHMepa, paccMoTperHoro B §9. lpyras
NPUYHHA — 5TO BO3MOXKHOCTL KOMIAKTHOTO 3aJaHHsl KOJa.
JlefdcTBUTENBHO, B C/ay4ae JIMHEHHOrO KOja HeT HeoOXOAHUMO-
CTH YKa3blBaThb MOJHEIA CIIHCOK KOJAOBBHIX CJIOB, BeAb KOJ BIIOJI-
He ONpefe/eH CHCTeMOH JIMHeHHbIX ypaBHeHHH (1) uiau marpu-
nelt 3ToH cuUCTeMbl (npogepournod mampuyed):

bit big +.. bip

H bat  bay  e. ban

P S T T S P

bai bmz <ee bpn

B rnanpHedimieM Mbl GyieM mpeanonaraTh, 49TO CTPOKH 3TOH
MaTpuUbl JHHEHHO HE3aBHCHMLL,

K u4ncny Apyrux JOCTOMHCTB JIMHHEHHBIX KOAOB, KOTOpbIE
CBSI3aHbl C NPEeAbIAYIIHMH, OTHOCATCHA MPOCTbIE aATOPUTMBI KO-
IMPOBAaHHA H AEKOAMPOBAHHSA, JIETKO DeanH3yeMble JIeKTPOH-
HBIMH fepeKJiouaTeNbHBIMH cXemaMHd. Boofme, MOXHO cKa-
3aTbh, uTO OypHOe pa3BUTHe TEOPHUH KOAMPOBAHHA, KOTOpOE
NPOUCXOANJIO B IOCNENHHE AECATUJETHS, OOBACHSAETCA [J1aB-
HBIM 06pa3oM TeM, YTO K JIHHEHHBIM KOJaM MPHJI0XKHM XOpOIlo
pa3BuTLIl anmmapar JUHeHHON asnredpbl W TEOPHH KOHEUHBIX
noJiedt.

BosBpamasch K pacCMOTPEHHBIM paHee KOAaM, JIerko Had-
JeM HX npoBepouHble matpuubl. Tak, aas koxa c¢ ofweit npo-
BepKoH Ha 9eTHOCTb HMEEM OJHO [POBEPOYHOE COOTHOLUISHHE
x1+x:+. . .Fx,=0; COOTBETCTBEHHO 3TOMY NPOBEPOYHAS MaT-
pHLLA COCTOHT H3 OQHOH CTPOKH K HUMEET BHJ

H=(l11...1).



M3 mpoBepOYHBIX CGOTHOWIEHHH sl KOJa C IOBTOPEHHEM

xl—-x220,
. xl_x’B:O’
xl——-xn:O

 noJiy4daen: CJeiynmyio DPOBEpOYHYI0 MaTpHLY!

1 0 ... 0‘\
0 "‘i LR 0

(i~
1
H':l LI ) . . » .
\l 0 0 ... —1
Haxonen, nposepounan martpHua JBOHYHOTO Kojaa Xe-
MHHra JVIHHBL 7, KaK 9TO cielyeT u3 cooTHewenu# (5) § 9, Bhi-

IJISIUT Tak:
0001 111
H=(0 1100 1 1>, @)
01 0-1 0

VimeeTcs H Apyrofl cnocc6 MaTPHYHOIO 3afaHUs JHHeHHOTO
koza. OH ocHOBaH HA TOM, UTC BO BCAKOM NOANPOCTPAHCTBE JH-
He#HOro NPOCTPaHCTBA MOXKHO BHIOpATh GasHc, T. €. TAKYIO JH-
HeHHO HE3aBHCUMYIO CHCTEMY BEKTOPOB, Hepe3 KOTOphle JIHHEH-
HO BBIPAXKAIOTCA Bee BOOSULE BEKTOPLI MOANPOCTPaHCTBa, [1ycTh

a,= (alh A2, + + aln)r
aZ:(a2iy a22’ L) aZn); (3)
ah:(ahh AR2y « + « ahn)

— Ga3ucHble BeKTOPhl JHHEHKOro Koja. Torja BCeBO3MOXKHbIe
KOJIOBble BEKTOPBI HCYCPILIBAIOTCH JIHHEIIHBIMH KOMOHHAIMAMH

o+l . Ay, 4)

rie KO3(WpuIHeHTH o; — kio0ble 3JeMeHTH HCXOAHOrOo MOJs.

Taxkum o6pasoM, cicTema 0a3uCHBIX BeKTOpPoB (3) moJ-
HOCTbIO onpefenseT Annelinblll (7, k)-Kon. Marpuna G, cocras-
JIEHHasi M3 HHX,

//an Qig ... Qg \

_f G Gz .. dyy =4

G={ 7.7 S (5)
Ggr Qg «vv Opnp/

HasplBaeTes riopoxclarowed mampuyer Kona.
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3ameTuM, 4TO 6a3HC MOXKHO BLIGpPATh He e/IMHCTBEHHBLIM 00-
pasoM, no3TOMY NOpopaiouias matpuua G onpelesieHa Heox-
HozHauHo. [locnexHee, BIpoueM, BepHO W B OTHOILRHHH TIPO-
BEPOYHOH MaTpHUL f1.

Jlerko ykasaTh NOpOXKJAIOUIYI0 MAaTPHILY KOAa C IIOBTOpe-
HHeM; OHa HMeeT BHJ!

G=(111...1).
B kauectBe 6a3¥CHLIX BEKTOPOB ABOHYHOI'O KOAA ¢ oOlue

NpPOBEPKOHl Ha YeTHOCTb MOTYT OLIThb B3ATHl, HAlpHMep, CJe-
apytoue n—I1 BEKTOPOB:

a,=(100...0),
a,=(1010...0),
a,=(1001...0),

a, . =(1000... 1.

[TostoMy MaTpHua

1100...0
1010...0
G=|1001,..0
1000...1

ABJISIETCS NOPOXKIAIOUled MATpHLEH 3TOro Koja.

[Tpu ucnonb3oBaHHM JUHEWHOro Koja AAs nepefadd coob-
IEHH{ 10J1e3HO 3HATh H MOPOKAAOWYI0, H NPOBEPOYHYIO MaT-
puuy. C nomouwblo nopoxjiawlleii MaTPHIBE YyA0OHO KOZHPO-
Batb coofmeHns. [lockoMbKy JuHeHHBIH (1, k)-KOX € MOPOXK-
nawuieii matpuuedt (5) umeer ¢gF KOZOBBIX CJOB (MOOOH H3 &
K03(puHeHTOB B (4) MOKHO BBIGpATh ¢ cnoco6amH), OH No3BO-
JIsleT 3aKOJHPOBAThL Bce cOObLieHHs AJIHHBL k& B andaBHTe H3 §
cuMBOJIOB. Eciu A=a,a3. . .ay — Takoe coollleHHe (&; —
HH(OPMAIHOHHBIE CHMBOJH), TO caMoe YHOGHOe — COmocTa-
BUTb €My KOJIOBHIl BeKTOp @, COBHNAJANOWHH C JHHEHHOH KOM-
GuHauuefi (4) cTpox nopoxnawollei matpHubl. Bektop @ He-
TPYIHO 3amycaTb B MaTPHYHOM BHJeE, HCHONB3YA NPABHJIO yM-
HOXKEHHA MaTpHIL

/an‘ Ais din

_ — o1 Q23 Qan

a=A-G=(o,a,. ..o, > "# 5L (6)
\aki gy Gga
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I1puwmep. [IycTe gaHa nopoxpawolias MarpHua ABOHY-
HOro JIHHEeHHOro Koja:

G=

—_—— =
OO O -
—_————

OO0~ O
O = O O

1 0
1 0
0 0
1 1

DTOT KOX COREPKHUT 2¢=16 KOHOBBHIX CJOB, KOTOPBIMH MOXKHO
3aKOA¥pPOBATh Bce ABOMYHBle coobuleHus aauHe 4. Ecau, sa-
npumep, A=(0101), To ANA COOTBETCTBYIOLIErO KOXOBOI'O BeK-
TOpa HMeeM:

a=©101) =(010010 1)

—_ =
—_— ) =
OO~
—_———0
(== ]
O~ OO
-0 o o

O posy 1poBepOUHON MaTPHUIE MBI CKaXKeM B JajdbHereM —
OHA HCHOJb3YeTCsl B OCHOBHOM [IDH AEKOAHPOBAHHH MOJYyYeH-
HEIX COOOIIEeHHH H A/ HCNpaBJdeHHs OIIHOOK.

BpISICHUM, KakK CBf3daHbl NOPOXJAmwilad H 1P OBEpOUHAf
MaTpMIbl, H KaK 0O ORHOH M3 HHX HaHTH Apyryio. Obpartumcs
K cooTHomeHusiM (1). Beakas cTpoka mopoxaomed MaTpHLEL,
SIBJSSICh KOJOBBIM BEKTODOM, YZOBJIETBOPSIET KaXKAOMY H3
cooTHouteHHH (1), T.e. pas MOOBIX [ H |

bi;aii_‘_biéajé“‘_- v o+ binain=0. (7

HpyruMu caoBamu, miobasi cTpoka Hopoxaadiouied H Jjrobas
CTPOKa fpPOBEPOYHOH MAaTPHIL OpPTOTrOHAJBHBI JAPYL JDYrY.
MaTtpuyHast 3anuch paBeHCTB (7) BBINISIOHT Tak:

GHT=0

(0 osHayaer 3JeCh HYJISBYIO MaTpHILy).
3ameTuM Takxke, YTO U3 cooTHouleHHH (1) BEITERAET pamed-
CTBO

vHT=0,

CIIpaBe/IHBOE /1 KaXKIOTO KOZOBOTO BEKTOpA ¥,

HOans oTbicKaHHS NOpOXKAAOWEH MaTpHubl HYXKHO (bakTH-
YeCKM HafiTH k=n—m JHHeHHO HE3aBHCHMBIX DelleHHH cHC-
Temsl (1). D4 peweHus Kak pas 1 GYAYT CTPOKAMH NOPOXKIAI0-
el MaTpHLHL,

ITp uwmep. Halinem nopoxaamoulyo MaTpuuy koja Xem-
MUHra AngHel 7 ¢ npoBepoyHol Marpune#t (2). B nagHoM cayuae
TpebyeTca HaliTH 4 He3aBUCHMBLIX DELICHHS CJeayoled
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CHCTEMDBL.
X+ X5 x4 4%, =0,
Xot X5+ Xy +%,=0,
X Xy AX5 + x,=0.

PaspeiiaeM CHCTEMY OTHOCHTENBHO HEH3BECTHBIX Xj, Xi, X4l

Xi=XatXs1X,,
Xy=X3+tXg+X,, (8)
Xy=XsTx41x,.

HeusBecTHuIM x3, X5, X,, X, MOXHO NpHAABaTh JN100HEe 3HAUCHHUS;
TOrja H3 paBeHCTB (8) MOryt ObITb omnpejefieHbl OCTaBLIHECS
HEHU3BECTHHIE Xy, X3, X;. [1pHAaBas noouepesHo ORHOMY H3 HEH3-
BECTHbBIX X3, X5, Xg, X, 3Hauenue 1, a ocTanbHbIM — 0, HOAyYHM
4 peieHusn:

a,=(1116000), @,=(1001100), @,=(0101010),
a,=(1101001),

KOTopble, KaK YHTaTeNb MOMXeT YOequThcs, JNUHEHHO He3ABHCH-
mbl, CocTaBJieHHAas W3 3THX pelleHHd MaTpHua

M ABJISETCH HCKOMOM nopoxjaawowel MatTpuue.

Tlo moBoay cKasaHHOTO B 3TOM maparpade BO3HUK2eT MHO-
)KecTBO BotipocoB. Hanpumep, Kak, 3Has HOPOKAAIOUWLYIO H
NPOBEPOYHYIO MAaTPHUIL!, BBIACHHTb KOpPEKTHpYIoLe cnocob-
HOCTH JIAaHHOTO KOjJia; KaK peasiH30BaTh 3TH CMOCOGHOCTH (T. €.
KaKHM JOJIKEH ObIThb aJIrOPHTM AEKOJUPOBAHHA, HCIPaBJIIO-
IMA WJIH OOHApYKUBAIOUIHA OMHOKH); KaK, HaKOHel, MocJe
HCTIpaBJIeHHS OUIHMGOK BHIAEJHTb HH(POPMALHOHHbLIE CHMBOJIBI?

OcraHoBuMcsl BHauajse Ha MocjegHeM Bonpoce. IlycTb,
HCTIpaBHB OIMOKH, MBI MOJYYHJIU HEKOTOPBbIH KOJNOBHIH BEKTOD
a=(a;, as, . . . , a,). Torga cooTBeTcTBYyIOUIHE eMy HHpOpMA-
LWMOHHBEIE CHMBOJBL Gy, g, « . . , Ot ONPEAEJISAIOTCH W3 PaBeH-
ctBa (6). MHbIMH cioBaMH, BEKTOp (Gt;, %3, . . . , Gy) €CTh pe-
eHHe (KakK MOXHO MOKas3aThb,— e,ZlPIHCTBEHHoe) CHCTEMBl JIH-
HEeHHLIX YpaBHEHHII:

ainit+antst. . apdy=aj,
Q20+ asalet. . Fapir=a;,

alna1+a2na2+. . .+ahnah—an.
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- Xors 3ajaya OTHLICKaHHS 3TOrO DELIEHHS H He COACPHKHT
NPHHIHNHANBHEIX TPYIHOCTEH, OHa MOXKeT moTpeGoBaTh rpo-
MO3JKHX BbrgHceHHH. ONHAaKo BblAeNeHHE HH(OPMAIHOHHBIX
CHMBOJIOB TIDEJENTbHO YIDOHIAETCST, €CJAH HCIOJAb30BaTh st
KOJHPOBaHHA TaK Ha3blBaeMble CHCTEMaTHUYecKHe JIHMHeHHbe
KOJIBL.

JIuHelHbIf (n, k)-KOA HA3BIBACTCS CUCIMEMQAMUYECKUM, €CIH
€ro NMOpOXKJAAIOMIast MaTpHLIA HMeeT BHJ

1...0...0p; ... py,
G 0...1...0p?1...p2m ©

\0.0. 1. Pei +++ Prm

LR

HJIH BHJI
Pii s Pimp 1O .00 0\
01 .,..04%
G=| ot o Pam T / "),
NPhi vov Py 00 i |

T. €, eC/IM OHA MOJYYaeTcsa NMPHIHUCHBAHHEM K €IHHHYHOH MAT-
pHLie TopsAJKa kK HEKOTOPOH MaTpHUBI H3 k CTPOK M m=n—Fk
€TOJIOLOB (HHaYe TroBOpA, MaTpPHUBL TOpsAka kX ).
B cnyuyae (9) paBeHcTBo (6) npHHUMAET BUA;
10...0 P11 -+ P1p
01l ...0 pgy ...
= (0. ..a)| """ P41 . pm
‘00...1 Pki -+« Pem
=(OL10L2. . .akak+1‘~ . .a").

.

Takum o6pasoM, nepeble £ CHMBOJIOB Ji106Oro KOLOBOro
CJIOBa KaK Pas H OKa3blBAlOTCA HHPOPMAUHOHHBIMH, 2 OCTAJb-
Hble (OHH SBJISIIOTCS NPOBEPOYHBIMH) CBSISAHH C MH(OPMAIH-
OHHBIMH = CHMBOJIAMH  COOTHOLIEHUSIMH;

ah+1:p11a1+p2105é+- . .—i—phlah,
Qpya=P1e%TPao%at. . T Pyaslly, (10)

O I - Y e e s

_ !
G =P1m@1 T PamOat. « . TP rm%y.

Papercra (i0), o4eBHAHO, 06pa3yiOT CHCTEMY NPOBEPOYHEIX
COOTHOILIEHHH CHCTeMaTHYeCKOro JIHHe#Horo Kofa. OueHn Ba-
HO, YTO BCAKHH JIHHEHHBIH KOJ B HEKOTOPOM CMEICJIE SKBHBA-
JIEHTeH CHCTeMaTHyecKoMy (CM. nomoJsiHeHHe 9).

JlanbHeiiliee nposibeT CBET M HA APYFHe BOUPOCH, MoCTaE-
JIEHHblE BBILIE,

56



3anayn B AONOJHEHH?

1. Becow BekTopa # (oGo3HauaeTcd ®(u)) Ha3bIBalOT
UHCJAO ero HeHYJeBHXx KoopAuHar. IlOHsTHO, 4TO paccTosinHe XeMMHHra
MeXY ABYMS BEKTODaMH Iy H Hy PABHO BeCY WX Pa3sHOCTH W (#;—U,). D10
NO3BOJISET YNPOCTHTE OTHICKAHHE KOJOBOTO PACCTOSIHHS JIHHEHHOro Koaa.
WMeHHO, cnpaBelNMBO CllefyloUlee YTBepKIEHHE!
Kodosoe paccmosnue auxedinoeo koda pasro MUHUMAAbHOMY 6ecly €20
HeNyAe6bIX KOOOSSIX CA08:

dV)y= 11‘r/1 w ().
'u=;f= 0

TlpenocrapasieM YHTaTeNI0 J0OK23aTh 3TO YTBEPKACHUE.

2. TlycTb rBOMYHBI{ JHHeHHBIX KOA V COREPKHT XOTH 6B OJHO CJIOBO
HeueTHOTo Beca. JloKasaTh, 4TO YHCJ/IO BCEX TaKHX CJIOB COCTABJSIET TOTAA
POBHO NOJIOBHHY OT OOLIETO YHCJa KOAOBBLIX CJI0B.

Y ka3aHue YOeauTbca, HTO MEOMECTBO BCEX KOLOBBIX CJIOB Yet-
EOTO BeCa eCTh IIOANDOCTPAHCTBO M HafTH CMeXHbie Kfacchl Koia V no
9TOMY TOANPOCTPABCTBY.

. PaccuotpiM MaTpHIly NOp7AAKa ¢RXn, B KauectBe cTPOK KOTOPOH
R3STLI BCE KOZOBHIE BEKTOPLI §-HYEOTO JitHeliHoro (1, k)-xoma. Dyacm npex-
NoJlaraib, UTO HIf OfHH CTOMCEL 5TOH MaTPHLE He ABJA’ETCH HYJCBHIM (HBa-
Ye, BBIYEPKHYB HYJeROH cTosbel, Mbl OIYSHIK OBl KOA C TeM 1Ke KOAOBEIM
PacCTOAHHEM, HO Mmenpwelt pauuby). TloxesaTe, YTO B Kamaow cro.ném
STOH MATPHLULI KaXKABIH U3 GOJIEMEHTOB 110151 BCTPEYAETCH POBHO g%~ pas.
TNonbsysce STHM, yOeInTLCA, UTO CYMMapHHIH BeC BceX KOAOBLIX CJIOB pa-
ven 1 (g—1)gk-

Ykasaune. [lpoBepuTh, UTO MHOKECTBO BCEX KOAOBLIX CJIOB,
cofepkamux 0 B HekoTopoH (UKCHP OBaHKOH NO3HIlMH, €CTh JOAIPOCTPAH-
CTBO, ¥ HaWTH pPa3/ioKeHHe KOAA B CMe K Hble KJacchi 0 3TOMY MCApOCTpaH-
CTBY.

4, Tlpeanoso:kuM, 4YTO KOLOBHH BEKTOp D= (¥f, Xg, . . ., X,;) HMeeT
EeC, DaBHHI W, H X, Xp, ..., X, — €70 HeHyJeBble KOGpiHHaTh. M3
w

TIPOBEPOYHLIX CCOTHOweHKH (1) momyuaem Torpa:
bigp, + birgpe+ .. 4-0pp g, =0,
! ! - —
bunkXn, - OmpaXe e b X, =00

310 03HavaeT, Yr0 CTOJCUL NPOBEPOUHON MAaTPHUE C HOMepaMn Ky, kg, .. .

+ o Ry JMEEHHO 3aBHCHMBL. Cneuceare 11O, Ka# 0Ny KOJIOBOMY BEKTOPY
geca @ COOTBETCTBYET W JIHHEHHO 3aEKCHMBIX CTCJGLOB NpOBEPOYHON MaT-
puus. BepHo ¥ o6paTHOE yTBEpHxIEHHE.

Orciofla BEITEKaeT, YTO KOAOBOE PacCTOAHMe JHMHEHHOTrO Koia paBHO
TOTAa M TOJbLKO TOTJla, KOr4a B NPOBEPOYHON MATpHUE Haljercsd d JuHeHRO
3aBHCHMHIX CTONGUOB, a BCHKas CHCTeMa M3 MeHB'WEro uHcaa CcToa6LOoB
JIHHEHHO He3aBHCHMa.

5. IlokazaTb, YTO ABOHMYHLIH JHMHEHHBIH KOA HCNpaBiseT JioGhle OfH-
HOUHbIE OUIMOKH TOTAa H TOJMbKO TOY/id, KOTAa BCe CTOJAOGLB €ro NpoBepou-
HOft MaTpHLBI HeHyJieBbie M pasaHuHEie. BepHo 1 8TC A moGoro auHefi-
HOTO KoJa?

6. KaK HU3MCHHTCH KOLOBOE paccrosiife ABONYHOTO JwHeliHOro rona
npU J100aBNEHUE KO BCEM €TO CJ10BAaN OfHOTO NPOBEPOUYHCTO CHMBOJA, 234a-
10u1ero oy NPOBepPKY Ka YeTHOCTL?
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. 7. Jsouunstit (8,4)-koj 3ajaH MOPOXKAAIOWEH MaTpHUEH

11101000
01011100

G=\oo0110101 J (1
10011010

Hafity €ro IpOBePOYHYIO MaTPHIY H KOJIOBOE pacCTOAHHE.
To xe sajanne fist TpoHuHoro (6,3)-Kofa ¢ mopoxpaiomeil MatpHiei

001122
G=<111200>-
121101

8. Jlsa koja Vi u V, HasblBalOTCH IKBLEAACHMHOIMU, €CJHH KOJOBHIY
cjoBa OJHOrO KOJa MOJNy4aloTCAd M3 KCIOBRIX CJOB JAPYFOro HeKOTOpOil
nepecTaHOBKOM CHMBOJIOB (OfHOH 1 Tofi e JJA Bcex KOHOBHIX cios). Io-
CKOJIbKY IPH 3TOM Beéca KOJOBBIX CJIOB ocCTaloTcd 6e3 u3MeHeHuf, TO KOAO-
BHE PACCTOSIHHHE IBYX 9KBHBAJICHTHHIX KOJOB COBNAJAIOT, IOITOMY OXHHA-
KOBH TaKXKe HX BO3MOMHOCTH HCIIDaBJASTb HJIH OOHAPYXKHBATh OWIHGKH.
$IcHO, 4TO eCJIM MOPOXKJaiOliHe MaTpHUbl KOAOB HOJYdaloTCsl OfHA U3 APY-
FOf IIyTeM NepecTaHOBKY CTOJGHOB, TO KOMH 3KBHBAJIEHTHHL.

SxBUBaJEHTHBIMH sIBAIOTCA, HanpHMepP, Koabl Vi V, co clenyiomuMn
NOpOXTAIOLHMH MaTpPHIaMH:

101100 100110
Gl'=<001011> it 02=<010101>'
611110 001111

OnHaxo €BSI3b MEXJY MaTPHUAMH SKBHBAJEHTHHX KOKOB MOMeET OHTBb
n Gosiee choxuolt. [IpAunHa 3aK/MIOYaeTcst B TOM, YTO FOPOMIRIOMAS Mar-
pHLa JaHHOrO KOJa OnpepesieHa HEORHO3HAUHO.

9. B npenmninymem npHMepe Ko Vi SKBHBaJIeHTeH CHCTeMaTHYeCKOMY
Kopy V. 310 He HCKAIOYeHHe, 3 APaBHAO, NOCKOJIBKY CTIPaBeNJIMBO CJEHY!0-
mee yTBepXKACHHE:

Beakud suneldnsiti K00 IKeUSAACHMER CUCMEMAMUYECKOMY K00Y.

Jloka3aTte/IbcTBO, KOTOpPOe PEKOMeHAYETCsl INpOo7yMaThb UHTaTeqdio, Oc-
HOBbIBaeTCsl, B CYMHOCTH, Ha H3BECTHOM COBPEMEHHOMY IIKOJIbHHKY MeTole
laycca uckMIOYeHHS HeH3BECTHHIX.

TocaepoBatenbrocTs JeACTBHil, NPUBOASIUMX NPOH3BOJNBHBIA KOA X
CHCTEMaTHYeCKOMY, POXEMOHCTPHPYeM Ha npuMepe MaTp el (11) (3agaa 7).

Briuutas u3 derseprtoii crpokd MaTpHubl (11) mepsyio, nosyunm:

101000
0
1
1

[ R —

1
0 1
0 10
0 10

O — -~
- o o
(=~

Jajiee, BhIUMTas U3 MMePBO#l CTPOKH BTOPYIO, MPHXOMUM K MaTpHIe
/l 0110000

0 100

1 101/

1 010

11
10
10
l'fonyqaloumec;t TpH 3THX MPeo0pascBaHMAX MaTPHIBL TaKke MOPOKAAIOT
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gexonubi Kod. OCylieCTBHM Teflepb NepeCcTaHOBKY CTONGLOB, YTOGH cJiesa
MONYYHTH eJMHUYHYIO MaTPHILY — NATHIE CTONGEN NOCTaBHM Ha MECTO BTO-
pOro, BOCbMOR — Ha MECTO TPETBErO, CeiIbMOH — Ha MECTO YeTBEPTOro CTO.16-
na. B “Tore nonyuyHM NOPOXKAAMOLIYI0 MATPHIY CHCTEMaTHYECKOr'O KOAA
10000110
010010
001001
0o0Ctl11

11
11/
10

10. TokasaTh, HCOAB3Y A COOTHOWEHNS (7), UTO AJAA CHCTEMATHYECKOTO
KoJa ¢ mopoxjalonleit MaTpHited (9) B KaueCTBe NMPOBEPOHHON MOKHO B3ATh
cJlefly IOUy10 MaTpHIy:

—Puu —Pai e.e —pPri 1 0 e O
H—| —Pl2 —P2 v —Pp 01 ...0
\""pim —~Pan v —Prm 00 ... 1
11, Nycts V — npousBoabHelfl JuHelHsl (1, k)-kop. Pacemortprm
r
MHOXecTBO V" BceX BeKTODOB NpocTpaHcTBAa L,, OPTOrOHANIBHBHIX KaxAOMY
I
H3 KOAOBHIX BeKTOpoB o € V. Herpynno nporeputs, uro V' senserca nop-
NpOCTPaHCTBOM B L,, R, CJeJlOBaTeJIbHO, MOXeT PACCMATPHBATLCA Xak JK-
reituni koa. Kop V* nasniBaetcs dyasbroim k ucxoaroMy kouy V.

Y6enutscs, uto ecin G 1 H — nopoxaaomas # NpoBepovHas MaTp HIibl
Kofia V, TO OHH CAy)XaT COOTBETCTBEHHO NPOBEPOUHOH M MOpOXKAAIied
MaTpuueli ayasnbHOro Xoja V.

[pocTeitmuil npAmep KOAOB, AYyadbHBIX APYT K APYIY,— 3TO KOA ¢
NOBTOpPEHHeM H KOJ ¢ oflledl MpoBepKOH Ha 4eTHOCTb.

12, Opuum K3 cnocoGoB NONyuyeHUs] KOROB, 061ajalomuX GoJbiiHM Ko-
JOBLIM pacCTOSTHHEM, a 3HAYHT, U BLICOKOH KOppeKTHpyouleid cnocobro-
CTbIO; SIBJSICTCS KOMOHHHDOBaKHe ABYX WJIM HECKONbKHX KOA0B. [1pumepom
TaKOro KOMOHHHDOBAHHS fIBASIETCA paccMaTpHBRaeMas 3eChb KOHCTPYKILH:.
Ona paer Kon, KoTophil fBJAseTcss ofoOuieRueM MaTPHUHOIO Koja M3 § 8
C IpOBePKaMH Ha YCTHOCTb MO CTPOKAM ¥ CTOJAOHAM.

IlycTb BaHO CHACBO, COZepiamee k==k;k; HHPOPMANUOHHBIX CHMBOJGH.
Pa3so6beM MHOKEeCTBO STHX CHMBOJIOB Ha ky GJI0KOB 10 k{ CHMBOJIOB B KazKJ0M
4 3ATHIIeM Pe3yMbTaT B BMJAE KBaApaTHON MaTpulkl mopsaxa kyXky:

fO11 %y .. Qg \\

Xy Cloo ese Olop, (12)

Opyl  @pag wve  Opgp,

B nepeoii cTpOKe 3TOf MaTPHIB! BRIMHCAHH 1O MOPAKKY CHMBOJLI NEPBOro
€710Ka, BO BTOPOH — CHMBOJL! BTOPOIO H T. .

Paccuvorpum Tencpb NPOM3BOJIbHBMA CHCTeMAaTH4€CKHH AnHeitHbId Koa
V¢ aqineR ny ¢ ky HAGOPMalHOKHEIME CHMBOJIAMH U C TEM 3Ke cambly KOJLO-
BoiM aldapuToM. CTPOKM Marphubl (12) 3akopupyeM YKasaHHRIM KOAOM —
AJS 5TOTO K KakAs{l CTPOKe NPHIMLIEN My{—R; NPOBEDOYHBIX CHMBOJOB Ta-
Kea ofpasoM, uTOGH! BLINOJNHAJHCE NPOBEPOYHBIE COOTHOWEHHS kKopa Vi.

Hanee xaxapli crolCen NoJydHBLIefdcss MaTpHIB nopsgxa kX ny,

2% 259 cov o O, e Qg N\

Olof Agg cae Qop, eos o Qop, i

T S T

!
|
\pai Cpag e Qpaky  v1r Chgny 5



'3aKOIHPYeM TOYHO TaKHM e CNOCOGOM C MOMOWIBIO JHHEHHOTO (fg, ko)
‘kKoma V. -
B pesyJbTarte MOyuHM MATPHUY MOPARKE ngXrnyl

Qi iz see Op, e am)
Qgi Clgs sas Qap, s Qop,

Ag1 gy soe Chok o0 o Qpyn,

T T T T
Al Ppgaa see an‘zkl cen an,n‘

BrInycEiBast 3JeMeHTE 5TOH MaTPHILBL II0 CTPOKAM», MBI H COCTaBHM KOAOBOE
CJI0BO, OTBeuakouee HCXORHOMY cioBy. OHO, OYeBHZHO, OJHO3HAYHO Ompe-
IensieTcs marpuuest (12).

TocTpoennsrii Ko Ha3nBaeTcd Npok3selesHeM Koxos Vi uw V, u 0Gos-
Havaercs Vi (QV,.

Tlycts teneps k, ki, ko— uncsla HHMOPMALUOHHBIX CHMBOJIOB KOJAOB
ViRV,, Viu Vy a n, ny, ng— paunel 3THX KOfoB. M3 nocTpoeHHs Kopa
ViV cpasy xe BhiTekaer, uTo

k=kk, W n=mn,.

MeHee oueBHAHO aHaTOIMYHOE COOTHOUIEHHE MEXAY KOJOBHIMH pale
crosiuHamu d, dy, dy Tex xe KojioB: d==dj +dy. JIoKa3aTenscTBO 3TOro axia
MPEROCTaBIsSeM YUTATEIO.

TpennaraeM 4HTaTeJIO TaKXKe BHISICHHTb, KAKOBA CBA3b MEXKAY KoJMHue-
CTBOM OIUMOOK, HCNpapasieMbix KofaMu Vi, Va 0 ViRV,

TlposnsiocTpupyeM ckasansoe npumepom. Ilyete k=8, kj=4, ky,=2.
B kauectre koja Vi BosbMeM (7,4)-Kox XeMMHHTa, 3aNHCaB npeaBap HTeJIbHO
ero NOPOKJAIOUYIO MaTPHIY B CHCTeMaTHueckoH dQopme:

1000110

* [o100101

G=\po010011)
0001111

B Kauectse Vy— (3,2)-Kop ¢ ofuwielt nposepKoil Ha HeTHOCTb, COCTaBHM KO-
nosoe €080 Koma Vi@V, coorsercTRymomee HCXopHOMy cnosy 00101110
¢ BOCEMbIO HH(OPMALHOHHEIMH CHMBOJIaMH. 3amHIIEM €rO B BHAE MATpPHUbI

nopagka 2X4:
(0 01 0\
1110;°

B pesyavtate kopmposarus ctpox (7,4)-Komom XemMuura (cM. npasuao
{6)) nmonyusm marpuuy mopsiaka 2X7:

0010011

11t0000/°
KonuposaHue cTo1610B 370/ MaTpHub CBOAHTCA K A06aBJIeHHIO B KamAOM
cToNbne cHMBOJIAa OOWell NMpoBepKH Ha HeTHOCThb. [loyuuBmelicq B wurore

Matpuue mopsigka 3X7
0010011
(lllOOOO)
1100011

COOTBETCTBYET Clleyiolliee KOAOBOe c/IoBO kKofa ViRV
001001111100001100011,
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12. JEKOJAUPOBAHHE {10 CHHJPOMY
H EHMIE PA3 0 KOJE XEMMHHTA

CnoBo «CHHIpOM» O3Hauaer OGBIYHO COBOKYII-
HOCTb NPH3HAKOB, XapaKTepHbIX AJIS TOTO HJIH HHOTO SIBJIEHHS .
Takoll e IPUMEDHO CMBIC/ HMeeT IIOHSATHE «CHHIPOMS H B Teo-
pHH KoAHpoBaHHA. CHHAPOM BeKTOpa, cofepKaliero, 6hITh Mo-
JKeT, OMHNOKH, 1aeT BO3MOXKHOCTb pacrno3HaTh HaHGoJee Bepo-
ATHHIH XapakTep 3THX owmuOoK. IlpaBaa, ompeneneHHe, Korto-
poe MBI NPHBOAHM HHKe, He cpas3y Mo3BOJSET 3TO YBHIETb.
Cundpomom BeKTOpa # HasLIBaeTCs BEKTOp §(#), onpexe-
JIAeMBIHl paBeHCTBOM:
s(u)=uf".

13 npaBu/Ia NepeMHCKeHHS MaTPHIL CJEAYET, YTO CHHAPOM €CTh
BEKTOp IJIMHBL £i1, T[€ /1 — YUCI0 CTPOK NPOBEPOYHOHl MarpH-
usl, B cuny onpeneneHns cunipoMa BEKTOP & TOTAA H TOJBKO
TOrJa ABJseTcs KOAOBBIM (# € V), Korza ero CHHAPCM pabeH
HYJEBOMY BeKTOpy. B camoM jJene, paBeHcTBO

uH =90

PaBHOCHJIBHO TOMY, YTO KOODLAHUHATHL X1, X3, . . . , X, BEKTOpA &
YJIOBJETROPAIOT NPOBEpOYHEly cooTHowenuaM (1) u3 § 11.
[Tyers Teneph BeKTOp & He sIBJAseTcS KOZOBBIM, TOTAA 3TOT
BEKTOp 00A3aTeJbHO COAEPIKUT OLINGOYHBIE CHMBOJBI. BekTtep
2 MOXKHO NPEJCTABHTL TOTJA B BHJIE CYMMBI IOCJAHHOTO KOAO-
BOTO BEKTOpa ¥ (KOTOPLIH NOKa He M3BECTEH) H 6eKMOpa ouiul-
Ku e:
u=19o-e )

$leno, YTO BEKTOp =gy, €y, ... , €,) CONEPIKHUT HEHYIeBLIE CHM-
BOJBI B T€X MO3HUUAX, B KOTGPLIX BEKTOP & COAEP:KHT HCKa-
JKEHHbIE CHMBOJBI.

BaHHM 0GCTOATENECTBOM SABJAAETCH TO, YTO CHHAPOMBI
NPHHATOTO BEKTOpAa I U BeKTopa owWwHOKK cobnagawT. Hefict-
BUTENbHO,

s()=((-+e)H"=vH -eH" =eH =5s(e). (2)

Paccmorpiu Teneph MHOMKECTBO U BCeX BEKTOPOB &', HMeIC-

LIMX TOT K€ CHHAPOM, 4TO H BeKTop . [lycth a=u'—z. Torja
s(@)='—u)H"=u'H"—uH =s(u')—s(1)=0.

Tak xax s(@a)=0, To @ — xozoem# Bextop. O6paTHO, ecsl

1’ —i — KOIOBHIH BeKTOp, TG §(#')=s(t). Takum obpasom,
LJIsl HHTepecyYIOUWerc Hac MHoxXecTBa U uMeeM:

U={u+a|acV}.
¢!



Ha si3bIKe TeOpHH TPYII 3TO 03Ha4aeT, 4To U ecTb cMemHbIfA
kiace o noarpynne V (mpocTpauctBo L, H ero KofoBoe mof-
NpPOCTPAHCTBO V MOMHO paccMaTpuBaTb COOTBETCTBEHHO Kak
rpynny U ee MOATPYNNY OTHOCUTEBHO ONEpaulH CJIOXKEHHS
BEKTOPOB).

CKasaHHOe 003BOJIeT CAeNaTh CJAefyIOl[He BBIBOLHL

1. JlBa BeKTOpa HMEIOT OJUHAKOBLIA CHHJIPOM TOTJA H TO/Ib-
KO TOrJa, KOrjAa OHH MPHHAL/IEXKAT OJHOMY CMEXKHOMY KJaccy
[0 KOJOBOMY MOANPOCTpAHCTBY. TakuM 00pasoM, CHHAPOM BeK-
TOpa OJHO3HAYHO ONPEAE/AeT TOT CMEXHBIH KJacc, KOTOPOMY
5TOT BEKTOP MPHHAIJIEKHT.

2. BekTop omMGKH € 47151 BEKTOPA I HYKHO MCKATh B CHJIY
paBeHCTBA (2) B TOM XK€ CMEXKHOM KJlacce, KOTOPOMY NMpHHaje-
HUT K CaM BeKTOp K.

PasymMmeeTcs, yKasaHpe CMEXHOro KJjacca, KOTOpOMY NpH-
HANEKUT BEKTOP €, ellle He OMNpefieNifieT caMoro 3Toro BeKTopa.
EcTecTBeHHO BHIOPATh B KauecTBe € TOT BEKTOP CMEXHOTo KJac-
ca, JJjis1 KOTOPOTO BEPOATHOCTb COBIAJACHHUA ¢ € HaHGoMblIasd.
Tako#l BeKTOp Ha3bIBAIOT AuOEpOM CMeXHOTO KJaacca. Ecau
PEANMON0KHTb, 4TO GOoJbllée UHCIO OMWHUBOK coBepruaeTcst ¢
MeHbIIe# BepOATHOCTBIO, TO B KauecTBe JiHJepa CiaefyeT B3AThb
BEKTOD HaMMeHbIUero Beca JaHHOro KJjacca u B JanbHefiiiem
augep OWIeT MOHMMATbCA MMEHHO B 3TOM CMbIC/e.

[Tpy peanusauuu ajJropHTMA AEKOJHPOBAHUA M0 CHHAPOMY
€OCTaBJIAIOT TabJHLY, B KOTOPOH YKa3hBAaiOTCA CHHAPOMH §;
M JIHAEPHI €; COOTBETCTBYIOIIHX MM CMEXHBIX KJaccoB. Auro-
PUTM JEKOAMPOBAHHS 3aKJ/IOYaeTcs TOTAA B CJeXYIOMeM:

1. BolyucasieM cHHApoM s(#) TNPHHATOrO BeKTOpa K.

2. Ilo cungpomy s(#)=S§; onpesesiseM u3 TaGauubl JHjIep
€; COOTBeTCTBYIOWIEro CMeXXHOro KJjacca.

3. OnpepensieM noC/aHABIH KOZOBHIH BEKTOP ¥ KaK Pa3HOCTh

v=u—e;.

MoxeT cayudTbesi, 4TO B HEKOTOPBIX CMEKHBIX KJjaccax
oKaxercsa OoJsiee OfHOTO sudepa. Ec/M HCKakeHHBIH BeKTOD 4
nonaja B OJAHH M3 TaKHX CMeXKHBIX KJaccoB, TO pa3yMHee OT-
Ka3aThCA OT HCNpPaBJeHHs1 OMHOKH, OrpaHHYHBLIHCE ee OOCHa-
pyeHueM,

IIpu Bcelt cBoeff mpocroTe W MPO3PAYHOCTH AJNFOPHTM CHH-
JPOMHOrO AEKOJIHPOBaHHf 00JaJaeT Cepbe3HBEIM HEeJOCTATKOM.
3akJ/o4aeTcsi OH B TOM, 4YTO YCTPONCTBO, peasiH3yiouiee 3TOT
crnocof JeKOAUpPOBaHMA, JO/KHO XPaHHTb HH(DOPMALHIO O JH-
Aepax H cuHapomax. O6neM xe 3TOH HHPOPMALHH MOMKET OKa-
84TbCA OYeHb GOJBIIYM JaXe MDH YMEDEHHLIX MJHHAX KOJO-
BBIX CJI0B (MOPAAKA HECKOJAbKHX AECATKOB). B 3ToM HeTpyxHo
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y6eIUTbCs — BeAb YHCJAO JIHAEPOB M CHHAPOMOB COBNIajaer
¢ YHMCJIOM CMEXHBIX KJIacCOB, KOTOpoe No TeopeMe JlarpaH:xka
paBHO ¢":q*=q"*. Tak uTo, HampuMmep, IJs JBOHYHOI'O
(50, 40)-xoza noayuurcs 1024 nupepoB U CTOJBKO 3Ke CHHAPO-
moe, a g (50,30)-Koma 4YHCAO HX IIpeB3CHIET MHJJIHOH,

T akuM 06pa3oM, Mbl TUGO DPUAEM K UPE3MEPHOMY YC/I0XKHe-
HHIO annaparypsl A CHHAPOMHOTO JeKOAHPOBaHMs!, JHEO
NpaKkTHYeCKH BooOlle He cMOXeM ee mocTpouth. K cuacThio,
HMeIOTCA KOJbl, IeKOJHPOBaHHe KOTOPBEIX He TpefyeT obpalne-
HHA K TabsHue auaepoB u cHHApomoB. TIpocTefilitie #3 HUX —
3T0 KoA XeMMHHra H ero pacildpeHHHI BapHaHT, pacCMOTPEH-
Heie B § 9.

Kak Mbl y:Ke 3HaeM, JBOHYHBIA KOJ XeMMHHra siB/jseTCH
JIHHEHHbIM, B oOlIeM c/iyuae HMeeT JJIHHY n=27-—], ucnpae-
JfeT OMMHOYHEIE OIUMOKH H OOXOJUTCA MHHHMANBHO BO3MOXK-
HBIM JUIsi 3TOH HeJqH YHCJOM NPOBEPOK (3TO YHCJIO PaBHO ).
Takum ofpasoM, npoBepoYHAs MaTpula Kojda XeMMUHTa UMeeT
nopsanok mX(27—1). Ilpu 3Tom Bce cTonOUBI 5TOH MaTpHIHL
JIOJIZKHBI OBITh HEHYJIEBBIMH H pasJjuuHbIMH (cM. § 11, 3anaua 5).
Kaxpapiit ctonben ecTb ABOMYHBIH BEKTOP JIVIHHHI /71; BCErO HMe-
ercsl 2™ TaKHX BEKTOPOB, NO3TOMY /1A IOCTPOEHHS NPOBEpOY-
HO# MaTpHIBI Koja X eMMHHra JIHHBL 27— HYXXHO BEINHCATDH
(B KauecTBe CTONBUOB 3TOH MaTPULbl) BCe HEHYJeBble IBOUYHbE
BeKTOpHL JyIHHH m. Tlopanok cronbuoB Gespas3anyeH, HO yanie
BCEro HX YNOPSAJOUMBAIOT TaK, YTOOHl COJAEPXKHMOE KaKJOro
croqbua siBA4J0Ch ABOMYHOH 3aMHCBHIO ero HOMepa (CPaBHH ¢
maTpuueii (2) us § 11). BoT Kak BHINIALUT NpPoBEpoUHas Mar-
puua Kona XemMmuHra AAuHB 15 (m=4):

00000001 YYLITIT LI
000111100001 111
011001Y1001Y1001 1L/
101010101010101

AnroputM HCnpaBJeHHA ONMHOYHBIX OLIHOOK B 3TOM cayuae
YIMBATENBHO NMPOCT. EC/AH BEeKTOp # COIepXHUT OWHGOUHBIN
CUMBOJI B {-f MO3HIUH, TO CHHAPOM S () 3TOTO BEKTOpa COBNa-
JiaeT ¢ i-M cTon6iioM npoBepcuHoil Matpunbl. Takum ofpason,
STOT CHHIPOM, YHTAeMBIH Kak JBOHYHOE YHUCJIO, H eCTh HOMED
ouIM604HOrO CHMBOJIA.

Koa XevMunra u B ofmeM ciayyae JONYyCKaeT ycopepiueHer-
BOBaHHE TOTO Ke poia, uro U (7,4)-Kom u3 § 9. HdobGasneHue
pOBEPOIHOrO CHMBOJIA Gy, OCYLIECTRJSIOMIEro o6ULY0 1pOBep-
KV Ha YeTHOCTb, NPHBOAHT, KaK M TaM, K PacliUPEHHOMY KOAY
XeMMuHTa C JAONOJNHHTENLHOH CHOCOGHOCTBIO OBHApY:XUBATh
ABOHHBIE OWHOKH, Ero npobepouHas MaTPHLa Jerko MOXKET
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GLITH DOJYUEHA H3 MATPHIL KoJa XeMMHHra: K KaXJI0H CTpOKe
nocJeHel cJejyeT BIepeju NPHIHCATH HyJIEBOA CHMBOJ, a
K MOJYYHBIUHMCS CTPOKAM — CTPOKY H3 €IUHHII, COOTBETCT-
“Byloulylo ofwmed npoBepKe HA UYETHOCTD:

aytoy o+, . o, =0,
Hanpumep, U3 NpHBeJEHHOH BLIIIE NPOBEPOYHOH MaTPHIILE

aas (15,11)-kojga XemMuHra noJydaercs cjefyiomas npo-
BepoyHasi MaTpuua Asas pacmupennoro (16,11)-kona:

111111111111 1111
000000001111 1t111
0000111100001 111,
0011t001100110011
010101010101 0101

[Tpy BeIYKCAEHHH CHHADPOMA HCKAXKEHHOI'O BEKTOPA BO3MOIK-
HEI /B OCHOBHBIE CHTYAlUHH: JHOO CHHAPOM COBMAAdeT ¢ OJHHM
H3 CTOJIGIIOB MPOBEPOUHOH MaTpHlEl, AH60 3To He Tak, Ywura-
TeJb JIEFKO [POBEPHT, YTO MepBas CHTYalHs COOTBETCTBYET
HEUeTHOMY HYHCJAY OIIHO0K B CJ0Be, a BTOpas — UYETHOMY,

B mepBoM ciaywae cuMTaeM, 4YTO MpOH30ILIA OAHHOUHAA
olH6Ka, H ee MOJOXKeHHe onpejenseTcs HOMepPoM croabua,
KOTOPBIM COBIAJaeT CHHIPOM.

Bo BTOpOM cayuae cuuTaeM, UTO AONYIEHBI ABE HJH Jio6oe
Gonblilee ueTHoe 4YuCAO OIIHOOK, eciu §(#)5=0. Eciu ke
8 (#)==0, To, Kak oObIUHO, [OJAaraeM, 4ro OINMGOK [pH
nepenaue He ObLIO.

3agayn H AONOJNHEHHH

1. Tloctpoutb TaGAHIly CHHADPOMOB U COOTBETCTBYIONIH X
augepos s (7,3)-Koja ¢ nopoxpiaiomeli matpulielt

2. JJoka3aTb; YTO aJITOPHTM CHHAPOMHOTO NEKOJMPOBAHHS TO3BOASIET

HCIIPABHUTH moboe KO/MUYeCTBO OMIHGOK, He npeBOCXoAALee 3 y

rae
d —KOJloBOE pacCTOSIHHE.

. d—1

Y k a 8 a & H e, JIocTaTOYHO MPOBEPUTE, YTO BCe BeKTOPH Beca -5

B MeHbllie NONAJaloT B Pa3/iMUHble CMEXHREe KAACCH H, C/IeA0BATENLHO, ABJA-
I0TCA JIHAEPAMH B CBOMX CMEXHBIX KJjaccax, .~ B i

64 .



3. Kon ¢ nmpoepounof MaTpuuei
o /10
H =

HCTIONIb3YETCA JUIA HCMGEZBJICHHA BCEX OJMHOYHBIX OMIMGOK. OnpegeuTs,
KaKHe eme OWHOKH MOryT CbiTh B JaHROM cJydyae HCNpaBJjeHE! MM o6Ha-
pyXeHb NPH AEKOAHPOBAHHH TO CHBIPOMY.

4. T’poBepHTh, YTO AIA OGHIYHOrO (HEpacCIUHPEHHOTO) KOoAa XeMMHHra
JHIEPH KEHYJAEBBIX CMEXKHBIX KJAcCOB HCUEPTHIBAIOTCA BCEMH BEKTOPaMu
Beca 1. BepHo aiM 3TO pJ1a paciEPeHHOro Koxa XeMMHHra?

13. 0 KOIAX, UCNPABRAKOWAX
HECUMMETPHYHDLIE OWUYBKH

Ha npakTHKe HepeaKo BCTPEUATCsT KaHaJm,
OTJIHYAICIIHECS aCHMMETPHYHBIM XapaKTepoM OIHGOK, CKaxeM,
Takue, 8 KOTODBIX Npeo6saaaaioT 3amelneHus sujga 0 — 1 (1. e.
BMeCTO HyJf NpHHHMaercss efuauua), a 3aMemeHus 1 — 0
KpalHe pejKH.

KoHeuHo, U B 3TOM c/lyuae MOKHO HCIIOb20BaTh KOAH, Npel
Ha3HayeHHble JJIg HCIpaBJeHHs] 3aMelleHUl 000X BHUAOB, B
YACTHOCTH, PacCMOTPEHHBIH HaMHu Koa XeMmmuHra. Ho 3to Gsuio
6bl CJHUIIKOM PACTOYHMTENBHO, TaK KAaK KOpPEKTHDYIoLlasl cno-
coOHOCTh KOJa HANOJOBHHY pacxojoBasach Gbl TOTAA BXOJO-
cryio. [IpuayMansl mosToMy KOJABI, IPUCIOCOOJIEHHBIE CIIELH-
a1bHO K HCIpaBJIeHII0 HECHMMETPHUHHIX OLIHOOK.

Hcexonnoe coofpakeHue 3iech OYeHb NMPOCTOE: €CJIH B Ka-
HaJie HEBO3MOXHB! OMHKGKH BUAa 1 — 0, TO B IPHEATOM ABOHU-
HOM CJIOBE HET HYX[bl IIPOBEPSATb MO3ULUU C HYJEBBHIMH CHM-
BOJIAMH — OHH HaBepHAKa nepefanbl 6e3 uckaxeHun#A. Bynem
T03TOMY NOPOM3BOJUTL NPOBEPKY TaKuM o6pa3oM, UYTOOH ee
pe3yJabTaT 3aBHUCEN TOJBKO OT MO3HIUH C eJUHHUHBIMH CHMBO-
JidMH, TOYHee, OT HOMEpPOB 3THX mosuluui., C 3Toll Lesbio 15
[IPOU3BONBHOTO ABOMYHOTO CAOBA U=X;Xj...X, COCTABHUM CYMMY

S(u)=.§: X0 1))

B cymme (1) HeHnyJieBbie caraeMbie COOTBETCTBYIOT TOJBKO eliH-
HHYHBIM CHMBOJAM H KaxJ0oe U3 HHX COBNajaeT C HOMEPOM
3TOr0 CUMBOJA, T. €. Yducao S (#) paBHO cymMMe HOMEPOB €lH-
HUYHBIX TO3ULMUH cJ0Ba 4.

Kak o6bluno, mocrapaeMcsi HalTH MPOCTOe YC/IOBHE, BblIe-
Jislfolllee KOMOBHE CJIOBA cpelH npounx. Byjaem uckarh 3To yc-

3 M. H. Apmpuop, JI. B. Cagoscunrit 63



JICBHC B BHIE CpasHeiinsl 1o Hekoropouy moayao L. [Mpeacra-
sHM cebe, uTO YHCJIO | yXe BbIOpaHO, M PacCMOTPUM KOZ,
CCCTOUILINI H3 BCeX TAKHX CJIOB U=X[ X3 ... Xp, Uil KOTOPHIX

S{@®=0 (mod 0, 2)

T. e, 13 CJOB, LA KOTOPHX CYyMMa HOMEpOB €IHHHYHBIX NO3H-
nuil genuTcs Ha ! 6e3 ocratka, OGo3HauuM yKasaHHBI Ko de-
pes V,, ;. Tax, npu n=4, |=>5 noayyem clejyiouee MHOke:
CTBO KOMOBBIX CJIOB:

V5= {0000, 1001, 0110, 1111},

Herpynuo ybeIuTbes, XoTs Obl nepefopoM BceX BOSMOXKHBIX
cayuaeB, 4Tv JaHHBIA KOJ HCHOpaBafeT JioOble OJIHHOUHEIE
omuGky Buga 0 — 1. Hampumep, omuOKa B TpeTbeM CHMBOJE
caoa 1001 nepeBoaut ero B caoso 1011, Ilpu 3tom HHKaxoe
APYTOe KOJOBOE CJOBO HE MOTJIO NpeolpasoBaThcsl B Pe3yab-
TaTe oAUHOUHOH ownOKH B cjoBo 1011, [Tostomy moayuarens
aexoaupyet caoso 101l opHosHayHo, cuuras, yro OLLIO NO-
cnano caoeo 1001, AHasorH4Ho OOCTOMT JieN0 ¢ JPYTHMM
JIBOMYHBEIMH HaGopaMH, COJEPKAUIUMH OJHHOUHLIE 3aMeilleHHs
HyJasa Ha enuHuny. OTMeTHM, UYTO B HEKOTOPBIX Cl1yuasx (HO
He Bcerjal) BO3MCKHO HCMpaBJeHHe TaKKe U JIBOHHHIX 3ame-
meHHH HyJs Ha equHuny. OIHH H3 TaKHX cJyyaeB — oLIMOKa
B IBYX MepBLIX cumBoJgax caosa 0000. [Tonyuaroieecs npy 3ToM
cnoBo 1100 He siBAsieTCs KOJLOBLIM ¥ HE MOTJIO MOJYYHTHCS HH
13 KaKOrO KOJOBOTO CJi0OBa B pe3yJsbTaTe OJUHOYHOH OLIHGKU.
K ToMy e uMeeTcsl eIMHCTBEHHLIHl BapuaHT JBOHHOro 3ame-
1eHUs, NepeBosILero KOAOBoe ¢J10Bo B ¢1cB0 1100,— HMeHHO
TOT, KOTOPHIA OB YKasaH BHIIE,

ITono6ante cBOKCTBAa COXPaHSIOTCA H AJS MPOH3BOJBEOIO
Koja V, ,, ecad { Zz n-+1. B uacTHOCTH, TaKOH KOZ KCHpaBJsieT
aobble oaHHOYHbIe olHOKH BHga O — |; IpH 3TOM ajaropHTM HX
HCIIpaBJeHHA 4Ype3BbiyafiHo npocT. JleflcTBUTENBHO, 1YCTh B
KOJIOBOM CJIOBE U=X; Xj. . .X, Npousolwio He Oosee ONHOI
OIINOKH H MNOJYYHJIOCH CJI0BO #. Ecau omuGKa mpoH3oluIa B
j-M cuMBoJle, TO MOHATHO, uTo S (4)=S (v)-rj. ITockoabky
S (©)==0 (mod I), To BHuer uncia S (1) no Moay.Jio | paseH j,
T. €. HOMepY MO3UIIHH, B KOTOpOH npoHsomia omubxa. Ecnn
ke OLIHOKH He MPOM30UILIC, TO BhiUET S (4) no MoayJio ! paseH
HYJIIO.

IlpousmocTpupyeM HCHOpap/ieHHe OJIHHOYHOH OlIKGKH Ha
TIpHMepe paccMOTpeHHoro Bbine Kozpa V. Ilycrs npuusato
cnoBo u==0111. Torpa S(u)=2-+3+4=9=4 (mod £). Cre-
JOBaTeJIbHO, olunbKa NpPOH30lLIa B YeTBepTOH MO3UIUH, T. €.
nepejaBaJjock KojoBoe cjoso 0110,
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HauGonee ynorpeGumsl Koapl V, , 1pH MHHIIMQIbHO BO3-
MOXHOM [ : I=n-1. IMeHHO OHH BHEpBLIE GBLIH MPEITOKEHE]
COBETCKHMH CllenHaJHcTaMd Mo KoauposaHuio P, P, Bapmia-
moBbiM u I'. M. TereHrosbuem.

Komot V,,, ob6aagawor cnoco0HOCTBIO HCHPABJSTH elle
OAKH T#N HCKaXKeHHH KOJOBHIX CJOB, XapaKTepHHIH JIf He-
CHMMETPHYHBIX KaHa/JoB. 3TO TaK HasbiBaeMble BHINAJEHHA
¥ BCTABKH CHMBOJIOB.

[IpeanosnoxkuM, 4YTO B HEKOTOPOM CJIOBE U=X1Xj. . .Xp
TIPOH30LLIO BLIMAjeHHe OJHOI0 CHMBOJIA, B pe3yJbTare 4ero
[OJYUHIOCh CJOBO U=Y;Y,. . .Y,_i AMuHbl n—1. Ilyetb ny —
YUCJIO eJHHHU, & fly — YHCJIO HyJlell, pacnoJsioiKeHHBIX IpaBee
BBIIABIIEro cHMBoJIa. OKa3pBaeTcs, UHea fy H 1y MGTYT OBITH
onpefeseHbl C IOMOLIBID CYMME!

n-1
S(u)= 2} iy,
i=1

B camoM peste, ecau Bbimaa cumsoda 0, To S (0)—S (u)=ny,
a ecyiM Benad cumBed 1, to S (0)—S (¢)=n—n,. Ecnu w (1) —
BeC CJ0Ba U, TO, OUEBHJHO,

<L (W) <n—ne<n. 3)

Tak kak S(v)=0 (mod [), To Bbl¥eT uucia — S(u) mO
MoayJio ! paBed JquGo n; (B caydyae BhajeHHs HyJas), JHOO
n—n, (B cayuae BumajeHus efunuilbl). Hepapenersa (3) moka-
3BIBAIOT, UTO €c/IM STOT BLIYET He NMPEBOCXOAHMT W (1), TO BhINAJ
cumBog O, €CJIH K€ 3TO He TaK, To cuMBoJ 1. B mepBoM ciaydae
BeImarmuil cuMpos 0 HaJ0 BCTABHUTD B CJIOBO 4 TaK, YTOOHI mpa-
Bee Hero GbLJIO YHCIO €IHHMI[, PABHOE BbYETY uHcaa — S (u)
o MonayJo [. Ecin xe 3ToT BhlueT Gosbiie, UeM w (4), TO BCTaB-
JIIeM B CJI0BO 4 €JlMHHIY TaK, UTeOH mpaBee Hee ObLIO HUCIO
HyJell, paBHOe pa3HocTH 1 M Bbyera urcia — S (u). Ecun,
Hanpuyep, NPH HCNOJb30BaHHH KOHa V), , IPHHSITO CJIGBO U=
=101, to S (u)=4, a w(u)=2, Beiyer yxcsra — S (1) Mo MoLy-
mo 5 pasen 1, u, crenoBartenbHo, Benas cuMeoa (. BCTaBHTDL
€ro Hajoc Tak, uTOOLI Lipaeee Hero Oblia ofHad eauHHNa. ITosay-
yaerTca KoZoBoe ciaoso 1001.

AHaJIOTHYHO HeesienyeTes cyuall O1MHOYHON BCTABKH CHM-
Bosia. Uuraremo npepiaraercs 08CCHOBATDb C/AienYIOmMHUA afro-
PUTM BOCCTAHOBJIEHHsI KOJOBOIO CJOBA, GTBEYAIOIHA 3TOMY
CaIydaro,

IlycTh MPHHATO CJAGBOU=Y1Ys. - -Ypn+i JIHHB n+1 0 kB —
BbI4eT uncaa S (u) no mopyso [. Toraa

1) ecin k=0, TO oTOpacbiBaeTcsl MHOCAEIHHHA CHMBOJ CJIC-
Ba u;
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2) ecnin 0 <k <<w(u), To oT6packiBactes 000l HyJ1eBOH
CHMBOJI, MpaBee KOTOPOro B CJIOBE 4 DOBHO K eIHHHMIL

.3) ecnn k = w(u), oT6pachIBaeTCs NEPBLIA CHMBOJ C/10BA U;

4) ecan k> w(u), orépacuiBaetcs 1060 €AUHHYHLIA CHM-
BOJI, paBee KOTOPOro umeercs n-+1-—*k HyJei,

3azaun ® RONOJHEHHS

1. Cpasx—mrh KOuE! Vyo v Vg0, @ Tawme KoOmbl Vg o,
Ves « + +1 Ve,iz 110 HX cnocoGHOCTH HCOPaBJIsTh IBOHHbIE 3aMellleHHA EHA2

2. Jas kopa Vi, pt1 ¢POPMYAHPOBATE NpH3HAK KCNPABHMOCTH 3aMe-
UieHHS ABYX HJH GOABIIErO YHCHA CHMBOMOB. K.AKHM OyneT 3TOT NpH3HAK
s Roja Vi on?

3. HaiiTH aJropuT™ HCOPaBJeHHA (HCIPaBHMOrO) ABOHMOrO 2aMelle-
HH L1 KopoB Vi pyqg u Vy on.

4. Kom:l Vi, p MOXKHO HCIOJIL30BATH [1% HKCNPABJEHHS OJMHOUHBIX
3aM emehuu Buga [—0. KakoBo B 5ToM ciyyae NpaBHJO NEKOAHPOBAHHA?

5, IToctpous Kox Vg g, yOemuTBCS, YTO Ha MecTax C HOMepamH 3, 5,
6, 7 mcTpeuaroTcs BCEeBO3MOMKHBIE Habopbl H3 HyJsell ¥ €MHHLI H, 3HAUMT,
CHMBOJIEI C STHMH HOMEPaMH UrpalnT poJb HubOpMAalHOHHLIX.

6. YTeepkAeHHe 3afaud 5 MOXHO 0606w HTh HA caydail moGoro Koja
Vi, n+1, AAA KOTOPOrO n==2%_—

PaccmoTpuM m no3numii ¢ Homepamu 1, 2, ..., 27-1, Buficpem npo-
H3BOMLHYIO KOMOMHALHIO H3 HYJel H eJHHHIL B OCTABIUUXCS N—111 NO3ULKAX.
Torja cyuwiecTsyeT epMHCTBEHHOE 3aflojiHeHue nosduuuii 1, 2, ..., 27, naq

KOTOPOro MOJAYHHBIIERCs CJIOBO YAOBASTBOPHAET YCIOBHIO (2), T. e. seageTcH
KopoBEiM. OTCIONA BHITEKAeT, 4TO YHCJIO CJIOB KOJa Vi, 4y PaBHO 27-7,
T. €. COBNAjaeT C GHCJIOM CJOB B Koje XeMMHHra 11JIHHbX n==2m_1,

7. Myers k22 n~1 ectb mpoctoe uKcso, Yepes Vn , 0003HauiM Ko,
COCTOSIIUTT U3 BCEX CJIOB U==Xy{ Xg .. . Xy, AN KOTOPHIX BBIGOJHAIOTCH
IE2 CCOTHOIUISHHSAL

n

<«

2 ixp=0(mod £),
i= 1

;== 0 {mod &).

17
‘.,

LEOA

Nocrp 7+ YOepuThCH, 4TO Ol HClipakJ/deT Mo0ble OJHHOUHbE

U ABCHHBIC 34 mum;x suga 0—1,

8, Ilcrasars, 4o BeAkHH Kox V,, e {cM. 3azauy 7) Wcnpaeaser fio-
Cbie onrAacunbie W JABOHHBie 3aMelieHua Buga O—1. CoxXpaHuTcs Ax 370
CBOICTEO JJs1 COCTABHOTQ k?

4. UUKJAHYECKHE KOIbY

Cpeun snHeAHBIX KOZOB 0c000 BaXKHVIO POJb
WIpaiT TAK HasbiBaeMble yuxaudeckue kolel, I1o psay npuunH
OHH ABJIAIOTCS Hanbosiee LEHHBIM JIOCTOSIHHEM TEOPHH KOJH~
poBanus. Bo-nepBuix, oHH JCNYCKaIOT ele 6oJiee KOMITAaKTHOE
OMHCaHHE, YeM [POH3BOJIbHBIE JIMHEHHbIE KOABl. BO-BTOpHX,
HMEIOINHeCH 1A JIMHEHHEIX KOJOB alrOPHTMbl KOAUPOBaHHSA H
A€KONHPOBAHHA MOTYT ObiTb B NPHMEHEHHH K IMKJHYECKHM
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X0jlaM 35 AYHTEIBHO YTPOLLEHE!; §oaee TOro, A48 UHKJHUECKHX
KOJOB CYLIECTBYIOT ¢50H 0OcOOble METOARl AEKOJHPOBAHHS, He-
TIPHAOKHMEIE K APYTHM JHHEHHRIM KojaM, HakoHeln, no cBoed
CTPYKTYpe 3TH KOAbl HAEANbHO NPHCIOCOBIEHb K peaH3allny
B COBPEMEHHbIX TEXHHYECKHX YCTPOICTBAX.

[IpocTele B peamusanuH, OHHM, OJHAKO, HE CTOAb HPOCTH! B
TeopuH. Hag MoNHOro pasbAcHeHHs! GOJIBIIHHCTBA BOMPOCOB,
CBAI3AHHLIX C MNOCTPOEHHEM H MeTofamMy AEKOAHPOBAHHA LHK-
JIUYECKUX KOIOB, TpeGyercsi NOBOJIbHO CJAOMHBIN anreGpanye-
cKHi anmapar, [loatoMy Hauie npeacrosiiee 3HAKOMCTBO C LIHK-
JUYECKHMH KOjamH OyneT RaNeKO He IMOJHBLIM,

HauHeM ¢ MOHATHA LHKJIHYECKOTO cIBHra sekTopa. IlycThb
3a7aH 11DOU3BOJIbHBIH N-MepHBIH BEKTOD @==(dy, A1, A, - + +, y 1)
¢ KoopanHatamMH u3 moboro noas F o (mymepanuio KOOpAH-
HaT B cyyae UMKAHYECKHX KOJOB VAOGHO HAYHHATbL ¢ HYJAA).
Luxauseckum cdsuezom 3TOTO BEKTOpa HA30BeM BEKTOp @' =
={(ay .1, Qo, @, Az, ..., Qn_3). Hanpumep, Ans BexTopa
(01101) nocnenoBare/ibHBIMYA IHKIUYECKIIMH CABHTAMH SIBJSIOT-
CA TaKHE BEKTOpa:

(10110), (01011), (16101), (11010).

LHurauueckum ko0oM HasbIBaeTca JHHEHHBIA KOJ, KOTOPLIA
BMECTE C JIOGBIM CBOUM BEeKTOPOM COJIEPIKHT TaKKe H ero LHK-
JHUYECKHH capur. MHEIMH cioBaMH, MHKJAHYECKHHE Koi obJajaer
CJIEAYIOIUM CBOHCTBOM: LHK/JIHYECKHH cABHT J1000r0 KOLOBOTO
BEKTOPA CHOBA fBJAETCH KOIOBBIM BEKTOPOM.

LlukauyeckuM siBJsIeTCS, HanpHUMep, KOJ € MOPOXKIaoleH

MarpuueH
1010
G=<o 10 1>‘

MeHnee TpuBHanbHbIM NIPHUMEPOM LHK/JIHYECKOTO KOAA (TIpoBEpKa
NPEAOCTABASETCA YHTATEN0) ABJIAETCS KOJ, IKBHBAJIEHTHLIH
(7,4)-kony XemMHHra, ¢ NpoBepoyHOll MaTpuuef

/1110100\
H=‘0111010), (1)
N0O011101

[IpH paccMOTpeHHH UMKJIHYECKHX KOJAOB KpoMe COBbIuHBIX
JEHCTBHH HaJ BeKTOpaMH Mbl HMeeM €710 (paKTHYECKH elue C 01~
HOH omepanuell, CONOCTARMAAIOILEH KaXKAOMY BEKTOPY ero LHK-
JIHYecKHH cABUr. Y acOHBIM ajrebpauyecKuM CPEACTBOM AJA
ee ONHCaHHs SBJAIOTCA MHOTCWIEHBl, C KaxXiabiM BEKTOPOM (==
=(Qo, A1, . . . , p—1) CBAKEM MHOTOWIEH a (X)==apt+ayx+. . .-
Fay.1x" 7Y, KO3(ULHMEHTH KOTOPOrO COBNAJAIT € COOTBET-
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CTBYIOUIUME KOODJAHHATAMH DBRKTODA. B nanbuefimem 6yaem
OTOMIECTBJAATL BEKTOP & C COOTBETCTBYIOLIUM €My MHOrouse-
HOM @ (x), cBOGOJHO NEPeXOAs OT BEKTOPHOH 3amucH K 3amicu
B puge MHorounesa. LlMkianuecKkomy cIBury @'=(a,_i, ao, ai,

.. , @n_3) BEKTOPA @ COOTBETCTBYET TOrAa MHOTOuMeH o (x)=
=gq,_1Faxtax3+. . 4ady_2x"" 1. CpaBHUM MHOroW/IeHH a (X)
H a’(x). Eciu cymmy mepseiX n—I ciaraembixX a{x) yMHOXHTh
Ha x, MBI MOJNIYUHM CYMMY MOCJeIHUX n—| cjaaraeMetx MHOTO-
ujgena a'(x). Booflle, HETPYAHO 3aMETHTb, YTO

&' (x) = x a(x) —a,_, (x"—1). (@)

Bynem Temepb cuuTaTh, 4YTO X -— 00pasyioumyil 37ieMeHT
LHKAnYecKoH rpynnel nopsaxa n, Toraa r-s creneHb x paBHa
1 {50:0208GH

xn=1, (3)

a Bce MeHblIHe cTeneny, 1, x, ¥%, ..., x"~!, aBAAOTCA Pas/Iny-
HEIMH 371eMeHTaMu. TIpH 5TOM npaBH/IO yMHOXEHUSA cTeneHel x
ciIeyiolee:

xRX™ = X7, (4)

rie r=k-+m (mod n) u 0<Cr <<n.
C yuerom (3) paBercTBO (2) naer:

a'(x) = xa(x),

T. €. HUKJAMYECKHH CABHTI JIOOOr0 BEKTOpa MOJNYdYaeTcsl yMHO-
XKEHWEeM 3TOro BeKTopa Ha X,

M3 pasencts (3) u (4) BrITEKaeT caelyioLiee NPABUHAO YMHO-
KeHHs MoOLIX IBYyX MHOTOUIEHOB OT X cTeneHH <Is— I, Ecan

a(X)=a,+ax+4+...+a,_x""*
15§

b(x)=b,+bx+...40b, nt

~— JBa TaKHX MHOro4JieHa, TO YToGhl HalTH MX NpOM3BeJeHHe,

CHavyasa OChIYHbLIM 00pa3oM pacKphlBaeM CKOOKH, YMHOXas

crenend x* u x™ no npasuny (4), a KoshpHUUMERTH ay, 4 b, —

10 MPaBHJy YMHOXEHHsI B HoJe F, MOCJe 4ero MpHEOLHM 0=

JIOCGHEIE 4JIeHBI.

pumep I Ilyete n=5 u a(x)=14+x+x2+x* n

b (x)=1-4x%+x* — nsonunrie Mmuorousens. Toraa

a(x)b (x)=(1-+x+x2+x)(1+x+x9)=

= x4t a0+ a0 a2 3t a2t F it =
=lfxtxbxt -ttt a1 bt L at= 144,
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. Hpuwmep 2. Ilycrs n=4, a(¥)=14+2x+x? u b(x)=
=2-Fx+x3 — MHOrOY/MEHB Haj mnoneM Zg. Hmeem:

a ()b (x)=(14+2x+x)2+x+x3)=
=242 2%+ 252+ 1+ 202 F 43 - 2xxd - x2xd =
=2+ x+2x2+x+2x24-2x 424 x= 1 4+ x24-2x3,

Hrak, Ajas MHOTOY/IEHOB KDOME OHepalMH COMeHHs onpe-
NeJieHa TaKKe M onepamusl YMHOXKeHHA (HalOMHHM, YTO CJIO-
JKEHHEe MHOTOYIEHOB He HYXKJAAJA0Ch B CIEUHANLHOM ONpeaese-
HHH, [OCKOJIbXY MHOI'OYJIEHb! TOHHMAIOTCH HAMH KaK BEKTOpEI).
Ilpu 3ToM, OUEBHAHO, ONepalHs YMHOMKEHHS MHOIOUJIEHOB KOM-
MyTaTHBHA, acCOLHATHBHA M JUCTPHOYTHBHA OTHOCHTENBHO
onepauyu cioxe:nud. [ToaToMy MHOXKeCTBO £, BceX MHOrouse-
HOB CTeMeHH <1/ 00pa3yeT CTHOCHTENbHO YKA3aHHLIX onepanui
Konblo. Ho Torga mUKJAHYecKHH KOJA MOXKeT ObITb onmucad B
4HcTO anrefpanyecKuX TePMHHAX CAeAYIOUIHM o0pa3oM:

JIluHeidnlt Ko V ABAseTcd LHKJAHUECKHM TOLZAA U TOJABKO
TOrAa, Koraa V aBjseTcs HAeasoM B KoJdble [,

B camom pese, ecau V — ugean, TO 44151 BCIKOro KOJOBOI'O
BexTopa (MHorouseHa) a(x) € V umeem xa(x) € V, T.e. LUKIHYEC-
KUl CABMI CHOBA SIBASIETCA KOJOBLIM BEKTOPOM,

O6partHo, ecau V — HUKIHYECKUH KOA, TO A7Is1 BCSKOI0 KOJ0-
BOI'0 BEKTOpa a(x) ero noc/iejoBaTesbHbIe LHKIHUECKHE CABH-
ru xa(x), x2a(x), ..., x*"*a(x) TaKxe ABJAIOTCH KOJOBLIMI BEK-
“TOpaMH.

Ocraercsl i10Ka3aTh, UTO Uil BCAKOIO MHOrousieHa

bx)=0b,+bx+bx*+...+b,_xn?

npousseieHne b(x)a(x) ABAAETCA KOAOBBIM BEKTOPOM. Mul
HMeeM:

b(x)a(x)=
=b,a (x)+bxa (x)+byxa(x)+ ... +b,_x 7 a{x). (3)

CoryiacHO CKa3aHHOMY BBILIe, Kaj0e caaraemMoe B (5) npuuaj-
'JIeXKUT KOJOBOMY NPOCTPAHCTBY, HO TOFAA H BcA cyMma obja-
JaeTr sTHM cBoiictBoM. Hrtax, V— uunean.

He BrnoaHe sicHO MOKa, KAKOBA [0.153a AONYYSHHOrO HaMH
ONMHCaHMA NUKANUecKOro koja. Caeayiollee YTBepHACHHE N1PO-
JIUBAET CBET Ha 3TOT BOIpOC.

Bo scaxom ulease V roavya F, cywecmeyem gukcuposar-
KoLl MHO204ACH G(X), KOMOPOMY KpameH 6CAKUL MHO204ACH ulea-
‘aa V.

UnbiMH c/ioBamu, J060# MHorousieH a(x) € V MOXHO Hped-
CTAB4Thb B BHAE NpPOH3BeAeHHs (HKCHPOBAHHOrO MHOTOUJIEHA
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g(x) €V u Herotoporo MOAXOAAIIEro MHOTOWAGHA S(x) € F !
a(x)=g(x)s(x)- (6)

Jlnsi 1OKa3aTenbCTBA PACcCMOTPHM HeHyJIeBoﬁ MHOTCYJIEH
g(x) HauMeHbllell CTeNeHH, NpHHaplexamuil uieany. Ecau
a(x) NPOH3BOJIbHBIE MHOrouleH u3 V, To pasgenum ero Ha
g(x) c ocraTKoM:

a(x)=g(x)s(x)4-r(x). 7

3T0 MOMKHO cjesaTb MO OOEYHBLIM NpaBHJIAM Je/1eHHs MHOro-
yjeHa Ha MHOTOUJIEH; CTeneHb OcTaTKa r(x) OyleT MeHblle CTe-
neun geautenas g(x). Ilepsoe caaraemoe B npasofl uact (7)
npuHHaANeXRHT V (B culy cnpelenenus uieana). ITockoabky H
MHOTOUJIEH a(x) NpHHAAMEXUT V, TO OCTAaTOK r(x), paBHBIA pas-
HOCTH

a{x)—g(x)s(x)

JIBYX 3JeMEHTOB H3 V, Takxke A0O/MKeH NMPUHALIEKATL Hueany,
Ec/ld npeanosoxuTb, 4TO 7(x) — HEHYJEBOH MHOTOUJIEH, TO
NPUXOAUM K NPOTHBOPEYHIO: MHOTOYMEH r(X), MpHHAIMEKA-
mui Hiaeany, UMeeT CTeNeHbL, MEHbIUYIO cTelieHH g(x). Cnejo-
BareJibHO, r(x)=0 W BHNoJHSETCH paBeHCTBO (6).

MHorousieH g(x) Ha3bIBaeTcH A0pONOQOUUM MHO204AEHOM
nzeana V (MM COOTBETCTBYIOIGETO LHKIHYECKOTO KOAE).

Takum o6pa3oM, ecqH H3BECTEH IOPOKIAOWMA MHOrO-
ujlen KoJAd, TO TeM CaMblM H3BECTHBI H BCE KOJOBbIE MHOIOY/Ie-
Hbl — KX CNHUCOK HCYepNLIBAETCS BCEBO3MOXHBIMH MpOH3DBEIe-
HuAMH g(x)s(x), rle $(x) — NpPOHU3BOJbHBI MHOTOYJIEH CTere-
HY, MeHbIUeH .

BcrioMHRM, YTO AJ1S 3aaHHsi POU3BOJIBHOTO KOia HYKHO
YKa3aThb MOJHLIH CIHCOK KOJOBEIX CJIOB, a A5 3aAasHus JuHell-
HOTO KOJa ~— CIIHCOK 0a3HCHBEIX KOJOBBIX BEKTOpOB. [as uuk-
JIHYECKOTO e KoJa, KaK Mbl BEISICHH/IH, AOCTaTOYHO YKaszaTh
BCEro  JIHWb OJMH KOJOBHIH MHOrOYJeH, a MMEHHO — MNOPOXK-
Jalomuil MHOrousieH g(x).

Ilo nopoxnawomeMy MHOrOuWIeHy JIETKO HaBTH [1OPOKAaio-
Y10 MaTPHIY LHKJIudecKoro koga. IlycThb -

) =g+ gx-+ ... J-gpx"

—— MHOrOuYJIeH CTeneHd m 0 k=x—m. PaccMOTPUM caeaymolie
MHCTOYJIEHEL:

g (X), Xg (X), ng (X), s xk—lg (X) (8)

Bce onu aBasI0TCS KOZOBLIMH, CTelleHb HX OYEBHIHO HE Mpe-
BOCXOAHT n—1. HerpyaHo y6GeanThesl, UTO paccMaTplBaeMble
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KaK BeKTODHI, OHH 06pasyioT NHHeHHO He3aBHCHMYIO CHCTEMY,
U BCAKHI KOJOBHIH BEKTOp SIBJAETCH HX JHHEHHO#i KoMGuHa-
uuest. CnefioBarenbHo, MarpHua G, cocTaseHHas U3 BEKTOPOB
(8), smBaserca nopoxAalcuUled MaTpHUeH UHMKJAHYECKOrO KO/A.
[Topsajok ee paBeH kX7 1 OHa HMEET CIEAYIOUWHA BHA:

g &i vor G O e 00 g%
G| 0 & 8 e O W ) ()
0 ... 0 & & ... Em xk=1g (x)

B kagecTse mpuMepa pacCMOTPHM ABOUUHBIA UMKJIHYECKUH
KOJ IJIMHBL 7 ¢ TOPOX/AIOMHM MHOTOU/IeHOM g(x)=1+4x2+x%=
=(1011000). Tak kak

xg(x)=x+4+x*+4x*=(0101100),
x2g(x)=x"4x*-+x*=(0010110),
x3g(x)=x*4 x5+ x==(0001011),

TO IOpoXIaollell 6yAeT cjenyiowas Mmarpuua:

frortooo

g_loro1100
loor1o110]
\0001011

Herpyano yGeantbes, YTO JaHHBIA OUKJKHYECKHH KO S5KBHBa-
JIEHTEH KOy XeMMHHra C NDOBEPOLHON MaTpHueH

Boofize, MOXHO nOKa3aTh, YTO A1 BCAKOTO Koja X eMMHUHTa
HMeeTCs 3KBHBAJIEHTHBIH €My HHKJIHYeCKHH KOI.

Ouelb BAKHO, UYTO CPEAH LHKJIHYECKHX KOJAOB HMEIOTCS
TaKHe, KOTOpble HCIPABASION J050e 3ajaHHOe KOJH4ecTBO
owunbok. HMuelno, cnpasesiuBa caAelyoLlas Teopema:

. om.—]
Haa mobuix snauenult m u !(! < ——) cywecmeyem 06o-

uanbtil gukaudeckud k0d Oaurs 27—, ucnpasasowutl ece Kom-
6uﬁazguu 13t UAL MeHbLIee0 WUCAQ OWUGOK U colepocaiyuil ne
Gosee, uem mt npoBepOHHbIX CUMBOA0E.

JloKasaTesbcTBO STOH TEOPEMBl MBl 3JleCh HE IIPHBOLHM.
CxaxeM JHIIb, YTO NOCTPOEHHe YKa3aHHBIX KOAOB OCHOBAHO
Ha KCNOJb3CBAHHK YNOMHHAeMbIX B npuJsoxedun noded [a-
nya GF(g) (cm, Takxe jaononHeHde 8 x sTOMy naparpagy).
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3apauu H RONOAHEHHA

1. B TeOpHH UHKJHYECKHX KOAOB MHOroOwlen» yaobHO
TpaKToBaTh HE TOMBKO KAK SJIEMEHTH! KOMblla F,,, HO M KaK 3JIEMeHTb! KOJbla
muorounetos F [X] ¢ oOb4HON onepannei yMHO:KeHHS MHOrOYJIeHOB. ¥Yc-
JIOBHMCS B MOCJefHeM Cayuae BMecTO 0603HaueHHs a (x) Noab3oBaThes 0060-
anauernem a (X). Heo6xoaumocTb pasnnyaTh 3TH o603HaYeHHst BHAHA XOTA
6bl H3 TAKOTO MpuMepa: ec/H B Koablie F,, umeeT MecTo x*—1==0, To B KOJ/Ib-
ue F[X] muorounen X"—1, pasyMmeeTcs, He SIBJISETCS HYJIEBRIM 3JeMEHTOM.

15 LHKJIWYECKHX KOJOB CYLIECTBEHHO CJeayloes cBofcTso nopoxia-
olero MHOrowlena g(x):

Ecau 6 xavecrmse g(x) 6bi0paH MHOLOHACH HAUMEHbUWEL cmenenu, npu-
Hadreswamuil udeary V, mo mroeousen g(X)EFX] ssasemca Oeaumenest
rHogousena Xnt—I1.

Ias pokasatesbcTBa pasaenum X"—I Ha g(X) c octatkoM. [Toayuqaen:

Xn—1=h(X) g (X)-+r (X), (10}

rae crenedb r (X) menbwe cTenenn g (X). B konsue F, paeencrso (10) npu-
obperaer BHA:

h (x)g (}r (£)=0,

OTKY/[a 3aKJIioyaeM, 4TO 7 (x) A0MKeH NpUHALIexaTh Hieady V, B TO BpeMa
KaK ero crelleHbh MeHbile, YeM cTenenb g (x). ChenosartesbHo, 7 (x)=0, Ho
torga H 7 (X)=0, 1. e.

Xr—1=h(X) g (X). (1

Muorounen # (X}, ynosnerBopsuomuilt pasenctsy (I[), naspiBaercs
11p08EPOYHBIM  MHOOUACHOM.
2, BocnoJib3yeMcsl OMNpeje/ieHHEM NPOBEPOUHOTO MHOTOYIeHa AJMA MO~
CTPOEHHA NPOBEPOYHOR MATPULBI LHKAHUECKOTO KOJa.
k N
[Myery A (x)= 2 hjx’—nposepoqﬂbxﬁ smuorousex kona. Ms (11) cae-
j=0
JyeT, 4TO ec/Ii M — CTeNeHb MHOrOWIeHa g (x), To /i (X) HMEeT CTeneHb h—m1,
T. e. k=n—m. Bcuay (11) uMeem Takme, 4T0o B Koabue F, NpoBepoOUHLI U
[OPOXKAAIOLIMA MHOrOY/IEHR! CBSI3aHBI PaBEHCTBOM

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

Paccuotpum matpuny H nopaika X n, MUMEIOUWIYIO CAEIyIOMMHE BHA
0 .. 0  hy vie by g

H— 0 ... 0 hy eve Ry Ry O . (13)

« 4 8t e e e sy 28 e e e s
Ilk Y hl ho 0...00
HepBaﬁ CTpOKa 3TOH MaTpHILl CcOCTasJlJieHa H3 KOQ@@)HHHQHTOB MHOrQUYJ/eHa

# (x), sanucanneix B OOpaTHOM MOPSAAKe (T. €. B MOPsAKe YGHIBAHHS CTenes
nei). Toclenyiomue CTPOKH COCTABJEHbl aHATOTHYHBIM 00pasoM M3 Kosd-

¢ulienTos MHOrOuNeHoB Xk (x), « « «, X ~1A (x).
Hokakem, uto MaTphlla H snBJseTcs NpoBepoYHOl,
n-~1
HefictBuTensHo, nycte a(x) = 2 @ ;%! — IpON3BOBHEH KOJOBbIfi
i=0

MHOTouner. Paccmotpum ufiean V'=(h (x)); NOpPOMASHHHH NpPOBEPOYHBIM ,
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n~1
NHOrOUsieHOM /1 (x) ¥ BO3BMEM NPOHEBOALHEIL MHOTOWIen: b (x) = Z b jx/
=0

13 310r0 ueana. Toraa a(x)=s(¥)g(x), b (x)=g (x)h (x) u cornacuc (12)
a(x)b (x)=s(x)9 (g (Dh (x)=0.
C Ipyroit cTOPOHB!, yMHOKAS MHOTOWIEHS! @ (x) U b(x) Mo MpapniaM yMHO-
®euusd B F, (cM. pasencTsa (4)), nmosyyaem:
a(® b ()= (a+ax+ ...+ 213" (bo+byx+ .. b, 27~ =
= (obo+a1by—i+ ...+ ap1b)) (@bt @rbo+ .o Fan-1b)x+ ...
et (Goby—ittabpoa--. o A ay_1be) x7 L
Tax rak MHOTOWNeH & ()b (x) HYJeBOH, TO W BCe ero Ko3(QUIHEHTE paBHkl
HYJIIO, B YaCTHOCTH
Qobp—i+abpost ..o ap1be=0.
ITO PaBEHCTBO O3HAYAET, YTO BCAKHil KOJOBLIH BEKTOP OPTOrOHATEH BEKTOPY
(b1, By—gs - « ., by), KOTOPHIH MOMYYAETCH M3 NMPOH3BOJIBLHOTO MHOTOUJIEHA
b(x) EV", ecu ero xoa(duleHTH 3anucaTh B 06paTHOM Nopaxke. Taxum
o5pasoM, B CHIy moctpoeHHsi MatpHus {13), Kaxpas ee cTpoka OpTOro-
HallbHa JI0GOMY KOJOBOMY BEKTOPY H, CTaJslo GEITh, 3Ta MaTpHIla SBJAETCS
HPOBEP OYHOM.
3. BepHemcs cHOBa K MPHMEPY HMKJIHHecKoro (7,4)-K0fa ¢ NMOpOXAAk0-

mwuM MHOrouwleHom g (x)=1-+x*+%. Kax Onio noxasaHo, MHOrouseH
g(X)=14X>+X® spasercs jenuteneM Muorounena X7—I1. Jlerko npoge-

pHTB, YTO
X'—1=(X—1) (X3 X+1) (X>+Xx2+1).
CllesoBaTeNIbHO, JJIsi TPOBEPOYHOr0 MHOTOUIeHa A (x) HMeeM:
h(x)=(x—1) (P+x+ V=14 x2+x3Fx*= (1011100,
ITosToMy mnpoBepouHOH GyzeT cJepyiomas MaTpuia:
0011101y
H:(O 111010 },
1110100
4. Vcxopsn u3 pabBeHCTB
(XO—1) = (X—1) (C+X+1) (X X1),
(XB—D)=(X—1) (X>+X+1) (X*+X3-XH-X+1) XX+ 1)
XX X3+1),

HaliTH MOPOXKAOL(He H MPOBEPOUHbIe MaTPHIL! BCeX NBOHYHBIX [IHKIHUECKHX
KOJOB IMWHB 9 u asmmb 15.
5. Nyers  f (X)=fo+fi X +.+ .+ [pX*— npoussonsbiit  MHOrOUIEH
,

cretiend k. Muorounen f* (X)= X*f (7) Ha3LIBAIOT 060:ICMBeHNbIM

& f(X).
IToxasaTh, yro npoBepoyHas MaTpHIla HHKJIHYECKOr0 KOJa MOXKET OBITh
3amhcana B BHe:
R* (x)

He x h* (x)

xm=1 B¥ (x)



rae h* (x) — MHOTOUNeH, JBOMCTBEHHMH K [POBEPOYHOMY MHOTOY/IEHY
h {x).

( 6. Y€enutbes, UTO KO, AyanbuBIl K HukJIHYeckomy (cM. § 11, momos-
Hewde I1), Takxke sapaseTca umkaudeckum. Kax cpasans Mexay coloi
TOPOXKIAIOLIHE H NMPOBEPOUHLIE MHOTOYJIEHB! ABYX AYaJbHBIX KOAOB?

7. MycTe g* (x) — MHOrOUJeH, ABOMCTBEHHHI K MHOTOWeHy g (x).
[lokasars, uto

a) KOojbl, MOpOXKJAEWHLe MHOroWIeHaMH g(x) M g* (x), SKBHBAJIEHTHELI;

6) ec1s A8 KojJa C MOPOXJAIOUIAM MHOTOWIEHOM g (¥) BhlIOMHAETCA
yCJIOBHe g (x)=g* (x), To KOmoBoe NOANPOCTPAHCTBO TAKOTO KOja BMecTe
C KamblM BEKTOPOM 0= (@, @1, « » +s @p—1) COAEPKHT TaKKe H BEKTOP

i}*:(an_-“ gy v oy ao)-

8. CpesH IHURJIHYECKEX KOXOB OCOOYIO PAKTHUECKYIO BaXKHOCTh HMEeT
AMH CrelHadbHHH KAacC KOJOB, NPEJJIOXKEeHHbIX aMCPHKAHCKHMH MaTeMa-
11kamn Boysosm, Yoyaxypu n X okBHHIeMOM. DTH KOJB! TaK M Ha3bBaloicA
vonamu BUX — no HauainHmM 6ykBaM QaMMIHH 3THX MaTeMaTHKOB. Teo-
pusi xozoB DYUX BHIXOAHT 32 paMKH HacTOsIeH KHUTH, H Mbl TOJIbKO 00BsC-
HHM B HECKOJLKUX CJ0BaX, KaKHM 06pa3oM OHH ompegensiorcs. Jas storo
HaM TIOTPEGYIOTCA HEKOTOPbie NOMOMHHTeNbHbIE CBEfEHHs 3 TeopHH Nofeit,

Bynem roeopute, UTO MOAMHOXKecTBO F ABfsercs nodnosem moas F,
ecan F ecTb Tofe OTHOCHTENBHO onepanui Ha F. CrnpaBegnnBa Takaf Teo-
peMa: _

Has 06020 koreuroeo noas F moocro yrasame koneuroe nosz F, ydos-
aemgopAasOLiee  CALOYIOUM  YCADBUAM ! :

1) F ecmo ncdnose noas F,

2) F codepocum n xopueil ypasnenus Xn—1==0;

3) ne cywecmsyem noas, obaadaowiezo ceotemeanu t u 2 u umeniyezo
HEHbUE BACMEHMO8, uem F.

Tlycts Tenepb pas mona F yka3ano MNoJe F co cBoiicTamu 1) — 3).
IlycTh & — NPUMHTHBHEI SJMeMeHT NoJA F, a uucaa § W { TaKOBH, UTO e«

MCHT OS5 HMeeT TOPsAoK 7 H s+I<q, Tie g — YuCI0 3JeMeHTOB Tonst F.
Llnknnuecknil Ko HasmBaercsi Kojom BUX (c mapamerpamu n, s, 1), ecan
OH COCTOHT H3 BCeX MHOTOWJIEHOB cTeleHH <n—1I ¢ Koaduunentamu u3 F,
cpean Kophell KOTODHIX COREPMKATCS BCE JIEMEHTH

as, oSt afte . aStl,

Mox 1o noxasaTb, YTO KOAOBOE pACCTOSHHE TAKOI'O KO3 HE MeHsIlug
{--2. CnenoBaTtesbHO, BAPbUPYA N1APAMETPH A, S, [, MBI HMEEM BOIMOXKHOCTh
nosyuaTs Koabl BUX ¢ MI06EIM paccTosiHUEM, 2 3HAYHT, HCTIPABJSIOLIKE S0~
Goe 3ajlalHOEe YHCJIO OWHOOK. D10 OCCTOATENBCTBO CUACTIAHBO JOTOJIHAETCS
TeM, UTO Jjis yKa3aHHbIX KONOB Pa3paboTaHbl y100HEIE a1TOPHTMBL IeKOIHPO-
BaHHs, OCHOBANRbIE Ha BBIUKCJACHHAX B KOHEUHBIX TOJAX H JErKo peasnHaycs
Mble ABTOMATHYECKHMH 2JIeKTPOHHLIMH YCTPOHCTBAMA.

9. lo cHX nop ™Mbl TOBOPHJH O KOZOBOM PacCTOSIHHH KOjAa M MaKcH-
MaJbHOM UHCJe £ HCIpaBJsieMHX OIMHGOK Kak 00 OCHOBHBIX TOKa3aredfax
KoppeKTHpyiome#t crmocobHocTH Koja. OpHaKO $ICHO, 4TO §o0Jee BECOMHM
ToKasaTelleM ABJIAETCA BeJAHUMHA /71, OKA3LIBAIONIAs, KAKOBA JOJIA YHCAA
OmRGOUHEIX CHMBOJIOB OT OCLIETO YHC/Ia CHMBOJOB NPHHATOTO CJ108a, MPH
KOTOPOH BO3MOXHO ellle NpaBHJIbHOE AEKOAHPOBaHWE (HCMpaBJEHHE OIIH-
Gok). C npyroii cTOpOHbI; OTHOWeHHe k/n (% — UKCNO MHGOPMAIHOHHBIK
CHMBOJIOB) XapaKTepH3YeT H3GHITOYHOCTh KOfA! UeM MEHbIIe 3TO OTHOMICHHE
TeM; OUEBHIHO, GoJblle H3IGHTOUHOCTD, i
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H 301 speck koast BUX ofuapy:uBaOT RekoTOpuA H3bsn. Oxgasnis
PaeTcst, UPH 2afaHHOH KOPPEKTHPYIOUIeR CHNOCOGHOCTH, T, €. 3ajlaHHOH
Beanuue /n, koasl BUX 60Mbuiofl AJHHBL HMEIOT CNHIIKOM BLICOKYIO H3-
Gpitourocts. Bodee Toro: ecan oTnouwenue !/n QuKcHpoBaHO, a n—», TO
k/n—0.

CTpeMJIeHHe HCNPaBHThL 3TOT HEJOCTATOK HPHBENO K UOSBJEHUIO TAKHX
KOJOBHIX KOHCTPYKIHMH, KaK KOABI-MPOH3BeleHus (cM. gouosnenve 12 X
§ 11) u nx oBobulenue — KackajHble Koid. CTposuiHecs, KaK npasHIo,
Ha 6ase kozoB BUX, onu B 3HAUUTENLHOH CTENEGHM COXPAHAIOT MX JOCTO-
HHCTBA, HO ORHOBPEMEHHO H30aBJeHb OT YNOMSHYTOrO Bbille AedeKra.

15. 0 TPAHMLAX BO3MO)XHOIO
B KOIWPOBAHUHW WU COBEPIUEHHBIX KCIAX

Onxa u3 OCHOBHBIX MNpOGJEM TEOpUH KOAHPOBa-
HHA (H, MoXaJayH, camas HHTpHryiowas) GopMyaHpyeTcs cae-
IYICIIHM 00GpasoM:

KaKoEo MakcuMaJbHOE YHCJAO KOJOBHIX CJIOB B JGOUUHOM
KOJIE [JIMHBI 71, €C/IH HAaHMeHbIee PacCTOsHHE MEXY KOUOBHI-
My cjaoBamMd paBHo d? (daA  yKasaHHOrO 4HCI4, 3aBHCH-
uero ot sHaueHHH n W d, 6yZeM NpHMEHATb OOO3HaueHHE
M(n, d).)

OTBeT Ha NOCT2BJAEHHEBH BONPOC NO3BOMHJ OB BO BCeX Cay-
yasiX BHIACHHTb, KAKOH HaHmeHblleH JJIHHLI JOMKeH OHTh KO/,
4TOGhI MOXKHO OBLTO, BO-NEPEBIX, EpeaTh HYKHOE YHCJIO CO0G-
LIeNH#, H BO-BTCPBIX, TapaHTHPOBATh HCMPABJIeHHe (Hau obHa-
py:KeEne) AaHHCrO 4Ykcaa OmHOoK. /

Opnako 3nech Mbl CTAMIKHBZEMCSl C SIBJIGHHEM BechMma pac-
NpOCTPaHEHHBIM B MaTeMaTHKe, Korfa npocrasa no (opmyJau-
pOBKe 33java OKasblBaeTCsl JaseKo He CTOJMb IIPOCTOH AMs pe-
urenns. M xoTa ykazanHo# npodseme GBLIO MTOCBAUIEHO HEMAO
HHTEPECHEIX U IMIYGOKHX HCCJAeJOBAHHH, XOTA VIS ee pelueKHs
GilIH HMCMBITaHBl caMble pa3loofpasHble MareMaTHUECKHE METO-
Jib! (BIJIOTH JIO BeChMa COBPEMEHHBIX — TaKHX, KaK JHHefiHoe
NporpaMMHPOBAHHe), HCUYEpIILIBAIOIIEr0 pellieHusl NoKa He I1o-
ayueno. bosee toro, cefiuac, no-BUANMOMY, Y¥Ke siCHO, 4YTO
e7Ba JIM y1acTcHd HAHTH CKOMbKO-HUOYAb GO03PUMYI0 HOPMYaY
s ucaa M(n, d). Donee peallbHEIH, XOTS TOXKE HEJErKHHA
NyThb, 110 KOTOPOMY H HAYT HCCAEAOBAHUSI, 3aKIICUAETCS] B TOM,
4TOOBl JOCTATCUHO TOYHO OIEHHTEH 3TO HHCIO,

MBI pacckaxeM 3ech O CaMBIX MPOCTHIX OMEHKAX /51 YHCIa
M(n, d), KoTopble MOTYT OBITh NOJYYEHEl H3 HECJOXKHOH KOM-
OuHaTOpHKH.

Dynem Ha3biBaTk LIAPOM pajHyca r ¢ LUEHTPOM B cJI0Be X
MHOZKECTBO BCeX C/I0B Y, YAAJNEHHBIX OT X Ha paccTosdHue, He
6osbiuee r, T. €. TaKHX, 4TO p(X, Y¥)< (aHanofus ¢ OOBIYHBIM

- 11apom).
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Bo BCSKOM luape pajguyca r CONEPKUTCH ORHO M TO ke KO-
JIMUeCTBO ABOMYHBIX CJOB, 3aBHCAIIEe TOJABKO OT r, NOCKOJb-
Ky, KaKk HeTPYJAHO NPOBEPNTb, OHC COBNALAET C KOJHYECTBOM
CJIOB Lapa 1070 MKe pajHyca ¢ UeHTPOM B HyseBom cjose. [lo-
CIEAHHUE 2Ke L1ap COLEPHHT BCe T€ ABOHUYHHIR ¢JI0BA, ¥ KOTOPHIX
qUCAO eAMHHI, He mpesbiliaer r. Huca10 pasnauuHbX n-GyKBeH-
HBIX CJOB C [ €MHHUIIAMH paBHO YHCJAY COYETAHHH U3 n 3Jje-
vierToB 1o  (C). Iloatomy, 0603HAYMB uHCIO BCEX C/I0B B WIa-
pe paauyca r depes V., mojyuum:

Ve=1+Ci+Cit... +Ci= 2 Ch

PaccMoTpuM Tenepb KOA JJIMHBL 1 C KOJOBRIM PacCTOAHHEM
d=2¢+1, cogepxamuii MakcumasnsHoe uqucio M(n, dy=
= M (n, 2¢{-+1) KopoBBIX 0B, MHEIMH c10Bamu, 3T0 HauboJb-
WU no o6beMy Koj, Hcrpasasiowuii JicOee ¢ (M MeHblee
UKHCJ0) OtHOOK,

«OKpYyxHUM» KaxJ0e KOZOBOE CJ0BO LlapoM pauyca f.
OueByHO, YTO 3TH LIADH NONAapHO HE NePeceKalTest, U, caelo-
BaTeJIbHO, 0Olllee YKCIO0 CJIOB BO BCeX miapax pasHo V, -M(n, d).
Pasymeercsi, OHO He MOXeT [PeBOCXOAHTb UHcIa BCeX fi-
GYKBeHHBIX JEOMUHLIX cnioB, T. e, V,-M(n, d)<(2*, oTKyna Mul
H TI071YYaeM BEPXKHIO OUEHKY J/15 MaKCHManbHOTO YHC/IA KO-
JIOBBIX CJIOB:

M, 2+1)<Z, (1)
£

Dra rpaduna, npenroxesHas XeMMHHIOM, HA3bIBAETCS €r0
umeHeM. Jpyroe ee HasBaHUe — epanuya cepureckol ynaxkog-
Kl — CBSIZAHO C TeM, 4TO paBeHCTBO B (l) Aocturaerca B ToM
cydae, KOrAa HerepeceKaomHecs wapel (Mau cdepbt) paany-
ca f ¢ UEHTPOM B KOJOBEIX CJIOBax HENHKOM 3amOJHSAIOT BCE
MHOXKECTBO n-O0YKBEHHHIX c/J0B., Koapl, 00/ajaiolie TaKHM
CBOHCTBOM, Ha3bIBAIOT COBEPUICHHBLMIL WIH NJOTHO YNaKOBaH-
HBIMH, I K HHUM Mbl €llle BepHeMcsl YyTh No3XKe.

Urolnl moNyuuTh OHEHKY CHH3Y, PacCMOTPHUM JJIS KAXKJOro
KOJLOBOIO CJi0OBa lIap pajuyca 2f ¢ UEHTPOM B 5TOM cJose. Ma
MaKCAMaNbHOCTH Koja cjlelyeT, 4To micboe n-O0YKBeHHoe CJI0-
BO NMpPHHANJIe:XKHT XoTa Obl OQHOMY TaKoMy miapy. byas uuaue,
MbI cMorJiy Obl 100aBUTh K HalleMy KOAY elle N0 KpaiHed Mepe
OJIHO CJI0BO, He yMEHbIlas KOJAOBOTO paccTosHus. Mrak, o6b-
€j(HHEHHe BCceX paccMaTPHBaeMbIX LIAPOB COBHAJAeT ¢ MHOKe-
CTBOM BCeX #-OYKBEHHBIX CJIOB.

Ipoussenenne V,,M(n, d) ecTb UHCIO CIOB, cOAepIKaUIHXCH
BO BCeX 9THX wapaX., Ho npu stom mHOrHe cjoBa Moryr mph-

78



Haaj exkarb He OJHOMY, a HECKOJAbBKHM liapaM, M 3HayuT, B
[TPOU3BEJIEHHH YUYHUTBIBAIOTCA HECKGJBKO pas. HOBTOM}" cropa-
BEIJIUBO HEPABEHCTBO .

VaM(n, d) =27,

KOTOpoE AdeT TeHNepb YXKE HHXKHIOIO OLEHKY AJ3 MakKcHMalb-
HOro 4ucaa KOHOBBIX CJIOB:

on
Min, 2t 412 5. (2)

Ouenkn, aHamoruyseie (1) u (2), cnpaBeiIMBE K 4715 He-
ABCHYHBIX KGHOB. B cuyyae npoW3BOJBHOrO OCHOBAHUSA (¢ OHU
HMEIOT BHI:

9" q"n .
<M (n, 2+ )<

HpI‘I 3TOM q}fICJIO CJIOB B mape paanyca Y BBHIIUCJASAETCS 1O (pOp-
MyJIe:
V,=14+Ci{g— 1)+ Cr{g— 12+ ... +CL(g—1).

Ha npuMepax MOxHO y6eIuThbCst, YTO YKa3aHHBlE TPAHHUIILI Ja-
JIEKO OTCTOSIT OfHA OT IPYroH, T. €. SABJAITCH BECbMa I'pyObl-
Mu. MmMeeTcss MHOro HX YTOYHEHHH, a Takxe OLEHOK APYroro
poza, HO 3TO BOMpPOCHL 60Jee clelHalbHbIE,

CkaxeM Termepb HeCKOJBKO CJIOB O COBEPIHIEHHBIX KOJaX,
C KOTODEIMH CBfi3aHa LeJias 3110Xa B TEOPHH KOAUPOBAHHA. Mbl
OTMeYaTH yXe, UTO YUCJAO KOHOBHIX CNOB M COBepHIEHHOro
Kona, ucmpaesgawiero { olnb0K, AOCTHTaeT HauGOJbIIEH BO3-
MOXKHOH BeJIMUMHE! (BepXHed rpaHuubpl XeMmMmHHra). B cayuae
JBOHYHOrO KOjJa HMeeM, CJeJ0BaTe/bHO,

t
M =28 3 CL. 3)
i=0

TpuBHAIBHEIM IPHMEPOM COBEPHIEHHOr0 KO/a ABJISIETCH KOJ
¢ TNOBTOpEHHEM HeueTHOH IjHHB n=2{--1. B 3ToM cjayuae
BepxHaa rpanuua (1) paeHa

!
|\ { ,
2t +1 2 Clpy = 20t+1/08t = 9,
=0

9T0 COBM@JaeT C YHCJAOM KOJOBHIX CJIOB KOJa ¢ NOBTOPEHHEM.
BoJiee uHTEpecHbIH KJacc COBEPIIEHHBIX KOJIOB ABJSIOT CO-
6oft Xopollo H3BecTHBIE HaM Kojapl XeMMHHra AJHHB 27—1 ¢
HcOopaB/jeHHeM ONMHOUHBIX owHGoK. I'pannuna chepruecKkor
YNaKOBKH JUIst STHX napameTrpos (n=2"—1], {=1) paBua

9/(1 + n) = 22 = 277,
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CTONMLKO e KONOBHX CJOB HMeeT IBOMUHLIH xon Xem-
MUHTa. .

W3 papeHcTBa (3) BLITEKAET, YTO COBEpUIEHHEIE JBOHYHbBI2
KOJIBl MOTYT CYLIECTBOBATH JIMILbL /I TaKHX i1apamerpoB n

t
Sy 5
{, 1/is1 KOTOPHIX 'Zﬁ Ci, sBAfAeTCA CcTemeHbio  ABoHKE  (TaK
=

HMeHHO H ObII0 B DACCMOTDEHHEBIX Bbllieé NPHMEpax).

INoHsiTHe MJIOTHO YIIaKOBAHHOIO KOJIa TOABUJOCDH ViKe B ep-
BBIX paboTax Mo TeOpHH KOAUPOBAHMA, TOTAA € BO3HUK/A NIPC-
G/eMa ONMCAHUA BCeX COBepIieHHBbIX KojoB. Ilouck nJoTHO
yaKOBaHHBIX KOJIOB KaszaJicsl BecbMa 3aMaHUHBOH 3afadeil, HO
NHIIb OJHAMXKBl OH yBeHUascsl ycnexoM. HoBwlii coBepieHHbLH
JBOHUHBIA KO ObL1 OTKPHT B 1949 r. aMepHKaHCKUM Y4eHBIM
Toneem. 3THM KofoMm (ero Tax H Ha3pBaloT — Kox [oJes)
okasajnca (23, 12)-kox, HenpaBasijowui Tpu owHOKH, Kak Brio-
CJECTBHH BBIACHHJIOCH, 3TOT KOJ fBJSAETCS HUKIHUECKHM C M0
pokAawoIUM  MHoroueHoM g(X)=X1--X°+ X" X2+ X!
(MBI yKe 3HaeM, 4TO STOT MHOTOUJIEH CJYIKHUT Jie/IuTeseM MHOTO-
ueHa X?23—1).

JanbHefiie MOHCKH COBEPIIEHHBIX KOJOB K yJaue He MpH-
BeJH. DTO He 3HAUUT, ONHAKO, YTO He MOSABAANOCH HHTEPECHBIX
pa6oT O coBeplueHHHX Kogax. CaMoli 3HAUMTeNbHOH U rayfo-
Ko# M3 HHX Oblia onybGjuKoBaHHasi B 1957 r. cTarbs Jlaoi-
Jia, B KOTOpOH Ha H3yyeHHe npobaeMbl 6bI1H GPOLUCHB MOLUHEIS
CPeACTBa TeOPHH (PYHKIHE KOMIJIEKCHOrO MepeMeHHOro U Jug-
(epeHMaNBHBIX YpaBHeHHH. B pesysbrare Bonpoc cyuiecTso-
BaHHs COBEPUIEHHOrO KOAA C TEMH WJH HHBIMH NapameTpamy
OblT cBeleH K uucro anre0padHuecKod 3ajaye, CBA3aHHOH €O
CBOHCTBAMH KOpHell HeKOTOpOro MHOrouJieHa.

Ilon BnuAHHEM 3TOH M pAJA APYTHX paGoT CTATO CKJaibi-
BaThCsl BreyaT/ieHHe, YTO HHBIX ABOMUHBLIX JIHHEHHBIX cOBED-
LIEHHBIX KOAOB, KPOMe MepPeUHC/IeHHbIX, U He CYIIECTBYeT, DT0
NPEANOJOKEHHE 0Ka3aaoch CIIPABEAJIHBLIM, HO J0Ka3aHO OHO
GbIO MM B Hauyajle CEMHUIAECATHIX FOAOB (GHUHCKHMH YUEHBIMH
A. TuetassitHenom u A. Tlepko H HE3aBHCHMO OT HMX COBET-
CKUMH yueHbIMH B. A, 3unosbeBom 1 B. K. JleoHTbeBnim. Pe-
IIEHII0 npobJieMbl NpelIeCTROBala MHOTOTPYAHAS TIOATOTOBKA,
B KOTOPYIO BHEC/H BKJ3J MHOIHE CLHENMaJUCTHl, H HEMaJTyio
poJib 3ech CHIFPAIH pPe3yabraThl W MeToibl YIOMHHAaBILEHCA
Beille pabotel Jlnoina.

Yro kacaercs kona [osest, To OH siBJisieTcsi BO MHOTHX OT-
HOLIEHHSIX BaXKHbIM U 3aMevaTes]bHBIM KOAOM M OCTaeTcs HC-

TO‘{HP[IKOMVMHOI‘HX HAeH U HCCJIeA0BaHHHN B TEOPUH KOJHDOBAHMS
(cm. [12]).
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3apauk W BOMOJHEHHR

1. Y6eputhes, 9TO HE CyliecTByeT Koaa aauunt 20, comep-
xkamero 1000 KOBOBHIX C/0B W HCNPaBJAIOUIEro JOGLe KOMOHHAIIHH H3
TpeX M MeHee OLWHGOK.

2. Vicnonb3oBaTh BepXHIOD OUEHKY XeMMHHra JBJs ROKa3aTeNbCTBAa
C/IEfYIOWIEr0 YTBEPKICHHSA:
Has scakoeo g-usnoeo aurelinoeo (n, k)-ko00a ¢ koOosvim paccrmosruem
d =241 eeauuuna log,Vy caymcum nuscred eparuyed 027 4ucaa m npose:
POUHBIX CLUMBOAO0S:
mz=log, V.

3. I11a ouenkH «KauecTBay JIHHEHHOTO KOAd MOXKHO NOJb30BATHCA TaK
Ha3piBaemoil rpannued BapuamoBa — uas6epra. IlpuMeHHTesIbHO K JABO-
HYHBIM KOJaM yKa3aHKas CLleHKa OCHOBLIBAeTCH Ha CJeRylollem yTBepmje-
HHY:

Ecau soinoansemen nepagercmso

1 HChoy 4 Chy+ ... CATS < 2, @)

mo cytectmeyem Aurelinsil (1, k)-K00 ¢ Ko0086IM PACCMOAHIEM, He MEHbILUM
d, uxmerouuil ne Oosree m nposepouHbIX CUMEON0B.

[lns poxazaTenbCcTBa JOCTATOYHO TNOCTPOHTH MaTpuuy K mopsaka
mX f, B KoTopo#t JioGble d—1 ¢T0ICL0R JHHEHHO He3aBHUCHMBL; OHA H GyZeT
CYXHTb NPOBEpPOYHOH MaTpHuel Hckomoro Kola (. § 11, ponosinenne 4).
B KkauecTBe nepBoro cToabua /A MOXHO B3ATh JI0G0i HEHYJIeBOH BEKTOD AJH-
ubl m. [lyctb yxe BeGpaHo i<{n cTonbuos, Jobuie d—1 H3 KOTOPHIX JIHHEH-
HO He3aBHCHMbI, BCeBO3MOXHBIX JIHHefHBIX KOMGHHANMA 3THX { CTOJIGLOB,
COZIepXAlLHX POBHO | ciaraemuiX, HmeeTcs He Godee Ci, H, cliefoBaTenbHo,
YHCJIO BCEX JIHHeAHHX KoMOUHAUUH, cofepKallvX d—2 UIH MeHblIe CTOAG-
OB, He NpPEBOCXOAUT UucJa

Ct+Cl ... +CI

Ho B cnay (4) 370 UHCno MeHbllie BeHUUEB 27—, T, e. O6UIeT0 KOJHYeCTBa
HEHYJIeBLIX ¢TosI610B. [To3roMy MBI MOXKeM A0GaBHTBb 110 Kpaiinell Mepe emle
OJHMH cTOoJeN, He PaBHbIN HU OAHOM M3 YKa3aHHKIX JHHeHHBIX KOMOHHAIHA.
B nosnyuHeieiicss npu atoM cucteMe 43 i+ 1 BekTopoB niobele d—1 BeKTOPOB
no-npexHeMy GYAYT JUHeHHo He3aBucHMH. [Ipofomxasn a1y npouelypy npH-
COeMHEHHS CTOJOLOB, Mbi H NOCTPOUM MCKOMYIO MaTpuuy f1.

4. YreepxJeHue, foKasaHHGE B JONOJHeHWH 3, ofobllaercst Ha Cay-
4af JIMHEHHOro KOAa Haj NpPOU3BOJbHLIM TOJEM H3 § 3JeMeHTOB; HepaBeH-
cTBO (4) zaMeHseTcs NpH 5TOM HA CJeLyIOllee HEPABEHCTBO:

. d-2
Y i (g — 1 < g™,
i=0

5. MoxHO yKa3aTh €llle OJHY NPOCTYIO OUEHKY AJf KOAOBOrQ paccros-
nus. TlockosbRy cyMMapHbI BeC HeHYJEBBIX KOJAOBBIX CJIOB g-HYHOTO JIH-
He#tHero (n, k)-xopa ectb ngk—1(g—1) (cm. § 11, nononuensue 3), To cpepnHil
BEC HENYJIEBBIX KOZOBbIX cJoB paBeH ngh—1g—1)/(g*—1). Scno, uto o1 He
MoOxeT ChITh MeHblieé MUHHMAJBLHOIO Beca, COBMARAICLIETO C KOJAOBLIM pac-
cTosinuen d. Takum oGpasom,

k-1 (qg—
de ngttg—1) . (5
gk—1
Mn mosnyunnd rpaHHLy, HashBaeMYl sepxHed rpaHnueit Iiotkuna.
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Omenxa (5) oGofmaeTca Ha clyyafi NPOH3BOJBHOTO §-HUHOTO KOja
MIHHL 71, cojepuamiero M KOmoEmx ¢a10B. B sTom cayuae
(g—1) aM

dgm. {6)

6. M3 ouenxn XemmuHra (1) TaxKe MOMXHO NOJIYYHTH TPaHHNY AAA
x010BOTO paccTosgHuA. IlycTh KOX JVIMHDBI 71, HCIPaBASIOWHE ! U MeHbllee
yeao omwubok, coiepxuT M KOIOBHIX Ca0B. B cHay onpelenerus
M(n, 2t41) u onenku (1) M<M (n, 2t4-1)<gn/ V4. Otcrona moayuaenm:

1-C} <l
Lo S ngM. (7)

HepapeHcTBO (7) AaeT BePXHIOK TPaHMLY AJA ¢, a 3HAYUT, U A5 KOJOBOrO
pacctosiHust d=2{-4-1.

I'panuua XeMmuHra tousee rpanuub [LIOTKHHA HJIs KONOB, H3OBITOY-
HOCTb KOTOPHX HE CJIHINEOM BeJHKa (OTHOLIEHHe UHCJIA TNPOBEPOYHDBIX CHM-
BOJIOB K OOLUEMY YHCAY CHMBOJIOB He npeBocxopuT 0,6). B octanbueix cay-
yafx TouHee rpanuna [l1oTkura.

Hanpumep, ai1s zeoHuHoro (16,5)-kona onmenka (5) paer d<8, a us
oneHkH (7) noayuaercs i<4, T.e. d<9.

7. HMeloTCA M HeJHHEHHBE COEEPLIEHHBIE KOJbl, HO HX TaKKe HeMHOTO.
Bo BCSKOM caydyae H3BeCTHO, UTO MKOGOH HETPHBHAJIbHEIH COBEPILEHHBIH KO/
Haj JIO0LIM 1OJIEM JOJKEH HMeTDh Te Ke caMble NapameTpnl (LTHHY, KOLO-
BOE PACCTOSIHHE W YHCJIO KOJOBBIX CJIOB), YTO W OZHH H3 KOXOB Xe€eMMHHra
i Tosiesi. Bee ke NosHOe onHcaHWe HeJHHEHHEIX COBEPIUEHHBIX KOJOB,
HCTIPapJIsIOIIUX OJHHOYHEE OWKOKH, HOKa He HOJYYeHO (CM. 0 3TOMYy IO-
eony [12], sapjaua 6.6).

16. KOQUPYET U JEKOJAUPYET 3BM

3aros0BoK 3T0r0 Nnaparpada He cjeayeT MoHHMAaTh

6ykBanibHO, Bpsiy gy 6bu0 Obl nenecoo6pasHo NPHBJIEKATb

yHHBepcajibHeie 3BM 18 KOJUpOBaHHMS M NEKOAHPOBAHHS C

IIOMOLIBIO JIHHEHHEIX H HHKJAMYECKHX KofoB. OpHako ycrpofi-

CTBa HJIH CXEMBI, TpeAHa3HaUEHHBIE i 3THX

ieJieH, COCTOSIT M3 TeX Ke 3JEMEHTOB, 4YTO H

-—*D——» mobas OBM, Tak uTo TaKHe CXeMBI, €C/IH YTOz-

- HO, MOXXHO pacCMaTpHBaTh Kak CrelHaH3y-

poBaHHbie MHHH-DBM. B ciayuae nBoHUYHBIX

>®_’ KOJIOB NPHMEHSIOTCA 3JeMEHTH JBYX OCHOB-

' HEIX THIIOB:

Auelixa nanamu (WM mpuzeep), KOTOpas

MOXKET HaXOAUTLCS B ABYX COCTOSIHHSIX: OJHO

H3 HHX COOTRBeTcTBYyeT cuMBony O, Apyroe — cHMBOJIY 1.
Huelixa maMaTH HMeeT ONHMH BXOL H OJHH BBIXOJ,.

Heouunsiti cymmamop, OCYLUIECTBISIOIWKH CJIOKEHHE 110 MO-
Ayao 2. CyMMaTop HMeeT JBa BXOJa H OIHH BHIXO[.

YcrpoiicTBa, cocTaB/ieHHBIE H3 3THX 3JIEMEHTOB, M03BOJSA-

10T JIETKO TNEPEMHOXKATH M JACNHTh JBOHYHBIE MHOTOYIEHH, a

3T0 KaK pas Te ornepauyl, KOTOPbie HNPHXOAHTCS BHIIOJNHSATH

NpH HCHONL30BaNHK LKEKJIHYECKHX KOJOB.
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B KagecTse mepBoro npuMepa paccMOTPEM CXeMy, ocyiiecT-
BAAOMWYIO YMHOXEHHE MPOH3BONLHOTO ABOHYHOTO MHOPOUJIEH
f(X) na muorounes 14-X?+X® Ora cxema npeicTaBieHa Ha
puc. 14 H COCTOHT Bcerc u3 Tpex siueek maMsaTH M ABYX CyMMa-
TopoB. [losichuM mpuHuun ee paboTsl,

71

[TepBoHauanbHO Bee AUEHKH MaMATH COAEPKAT HYJMH, a Ha
BXOJ TOCTYmaioT Koapuiuentl MHorounena f(X)=a, X"+
+a,_ X"+, .+a,, Haunsas ¢ KoahPHIIHEHTOB PH CTAPLIHX

8) G-zt Ot 2) Groi Von-ier T Op-tts

Puc. 15,

crenenax. KosgduuneHt a, 6e3 HaMeHeHHA nepeaaeTca Ha Bhi-
XOA M 3allOMHHAETCA B NepBofl AYeliKe naMsitTH (puc. 15, a)

B cienylomem Takte paGoThl (pHc. 15, 6) B nepByio sAuyeHKy
naMATH nonager Ko3(pPULHEHT a,_,, a KodppHUHeHT a,
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cABHDaeTCA B CAEAYIOMylo sAueliky namatd. [lpu stoM na
BXOJaX [EPBOr0 CyMMaTopa OKaxyTCHl 3HaueHUs &, H @,_q,
a Ha BLIXOXE — HX CYMMa [0 MOIYJi0 2.

B tperbem TakTe (puc. 15,6) npousofizeT aasbHeHUIHH
cABHI Ko3h(dHIHEHTOB B sueiKax NaMATH, a Ha BbiXOje Iep-
BOrO CyMMAaTopa H BCEH CXeMbl MOABHTCA CYMMA a,_,+a,_q.

Ha puc. 15, 2 nokasano cocrosiHMe cXeMmbl Ha i-M TaKTe,
KOrj[a Ha BXOXA MoJaH KospduumeHT a,_,; (i<<n).

IocnegHne Tpu TaKTa OTpaxkeHn Ha puc. 15, 0—ox.

Hrak, Ha BbIXOJE CXeMbl NIOABUTCA cJefyiolllasd Noc/ae0Ba-
TEIbHOCTh H3 n-+3 KO3bhULUEHTOB:

an; an—l +an; an—2+an—1; arz—3+an—2+ an; cee a,_; +
Fay it s QoA as ag-as ag; .
STa NOCJ/IeA0BAaTeJbHOCTD COOTEETCTBYET MHOFO‘-IJIGHy
aan+3+(an—1+an) Xn+2+(an-2+an—1) Xn+1_|_
+(an—3 + an—z +an) X" + e +(an—i+an—i+1 'I"
i) XP 5 (@, a4 a,) X+
4+ (a, -+ a,) X240, X +a,.
HeHOCpe,U,CTBeHHO npoBepsieTcsa, 4YTO 3TOT MHOI'OWJIEH Kak
pas u €CTb HYXHOE€ HaM [pousBeacHHe
(@, X+ a,_ i X" 4 o A, X0, X ) (X2 4+ X2 1).
AHaJTOI‘HLXHO ycTpoeHa cxema YMHO2KEHHA Ha IPpOHU3BOJIb-
HBI MHOrou4JeH
g(X)zngm +gm-—1Xm-1 + fe +g1X +g0

Haj Jo0biM oJieM (puc. 16). B sToll cxeve suefiKH namsiTi xpa-
HAT JEeMEHTHl N0/ F, TaK YTO YHCJIO PasjHUHBEIX COCTOSHHH
AuyeeK JOJKHO COBMNAJATL € YHCJAOM 3JeMeHTOB B [. Huefiku
NaMATH, KAK 3TO BYIHO M3 (PEALIIYIIEro OMHCAHHS, He TOMNbKO

Brod s ! } ! I

Puc. 16.

«3aTlIOMHHAIOT», HO H «CIBHIAOT» MOCTYMAIOMHME B HHX KO3(du-
UHEHTH (HI'PaloT poab cdsuearowezo peeucmnpa). CyMMaToph
OCYWICCTBJAIOT C/IOKEHUE IO MPaBHJIAM CJAOMEHUS B noge F,!
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Kpome Toro, B cxeMy BBeJeHEI J05aBOUHbIe YCTPOHCTBA, MPOH3- -
BOAALLNE YMHOXEHHE Ha 3/jeMeHT g; € F (Ha puc. 16 stu yer-
pOHCTBA NOKA3aHBI KPYKKAMH, [OMEUEHHBIMH COOTBETCTBYIO-
LWHMH MHOXHTeJsIMH), B 1BOHYHOM ciydae 0cOBLIX YCTPOHCTB
ZJIsi 3TOrd He Tpebyercs: ecldH g;=1, TO B COOTBETCTBYIOLIEM
MeCTe CXeMbl HMeeTCsi «BePTHKAIbHOe» COCAHHEHHE H JBOHYHBIA
CyMMAarop, B NMPOTHBHOM CJy4ae OHH OTCYTCTBYIOT.

Crosib e NPOCTHI CXeMbl JieJeHHs] MHOTOY/Je€Ha Ha MHOTo-
4eH ¢ ocraTkoM. Bor, Hanpumep, Kak ycTpoeHa cxema jelle-
HHS Ha MHorowieH 1--X2-4-X2 (puc. 17).

Ha Bxox nocrynaioT KosbbHIHEHTH 1e/HMOr0, HaUHHAA €O
CTapIUHX cTelcHed, HAa BHIXOAE MOCJENOBATENLHO MOSABJASIOTCA

Brad
Aenueroe

Bsivod
Yacmroe

Puc. 17.

K03¢gHIHeHTH YacTHOro. Iloc/le OKOHYAHHUA JeNeHHA B s4ef-
KaX naMsATH CJIeBa HanpaBoO OKA3LIBAIOTCH 3ANHCAHHEIMH KO3d-
(uIHeHTH OCTaTKA, HauuHas ¢ Maaluux crenened. [Tpocie-
JHM TNOCJieIOBaTebHOCTL paboThl cXeMbl MPH AeJIeHHH Ha X°--
+ X241 wmuorounena X3-4X*-4X3-+4X--1. enenne yriaom
Jaer:

X4+ X4+ X-0- X2+ X4+1 | X+ X24+0X+1

Xo 4 X4+40-X2+4 X? X*4+0.X41

0X++ X2+ ‘—I—X—I—l
0X*+4-0X*+4-0X* 40X

X+ X2 X |+1
X34 X2 40X+ 1

0X24 X +0

(paMOYKaMH BBIZEJNEHHl ITOC/IeN0BaTeAbHBie YacTHUHBIE OCTaT-
KH).

B nepBrle TpH TaxTa paboThl CXeMBI cTapilne KOIhpHIHEH-
THl JEJNVMOr0 CIBHTAIOTCA MO siyefixaM mamstH. [IpH 3ToM
crapiuii kospduuvent (npu X°) oxaxkercs B KpalfiHed npa-
Boil Auefike (puc. 18, g). Bce 3T0 Bpemd HA «HHKHHX» BXOAaxX
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'CyMMAaTOpOB COXPAHAIOTCS HYJICBBIE 3/I@MEHTHl, He BJHANMHE
Ha paGoTy cxeMb. B caenyioiieM Takre (puc. 18, 6) crapmu
KOS((UIIHEHT CABHTAeTCA Ha BBIXOJL CXEMbI, OJIHOBPEMEHHO MO~
najas Ha HH:KHHe BXoisl cymmaropos. Ha Bxoa cxemsl mocty-
naeT HyJeBoH Ko3(pduuuent npu X% B meppyio suefiky sami-
chiBaeTcsl BHIXOZ NepBoro cyMMaropa, pasuuiét 14-0=1, Be

Puc, 18,

BTOPYIO — COZEPKHMOE NEePBOH AUEHKH B NpeAbliyIieM TaKTe
(t. €. 1), a B TpeTbio — BEIXOJ BTOPOr0 CYMMaTopa, pPaBHBIH
1-+1=0. B utore B sueliKax naMfTH CABHTAIOUIEr0 PErucTpa
OKa3bIBAIOTCSI 3alTHCAHHBIMH KO3(h(PUIHEHTH IepBoro u3 obse-
JeHHBIX paMOUYKOH OCTAaTKOB.

Ha puc. 18, & mokaszaHo cocTosiHHe CXeMbi [OCHE ellfe
OJIHOTO TaKTa ee paboThl. Tenepb yiKe colep:KHMOe AueeK —
Ko3(bHIHEeHTH BTOPOro H3 3aKJIOUEHHLIX B paMOYKy oc-
TaTKOB.

Eme ofnH TakT palOTHl CXeMBl NIEPEBOJHT €€ B KOHEUHOE
cocrosinue (puc. 18, 2). B Auefikax naMsaTH NOMydYeHbl KO3(hdhH-
HHEeHTsl OCTaTKa, a MOCJIEeNOBATenbHOCTE CHMBOJIOB 1, 0, 1 Ha
BHIXOJ€ — 3TO K03(MhHHHEHTHl YACTHOTO.

[IpuBeneM Ge3s KOMMEHTApHEB CXEMY, OCYUIECTBAAKILYIO J€-
JEHHEe ¢ OCTaTKOM Ha NPOH3BOJIbHBIN MHOrounen g(X) (puc.
19), nmpenocrassisisi yHTaTENO CAMOMY pasofpaThesl B NpLHIH-
e ee AeHCTBHA.

CxeMBl YMHOXKEHHSI U ASJIEHHS MHOTOWJIEHOB, pPacCMOTPeH-
HbBle HaMH,— 3TO, IO CYIIECTBY, Yie T[OTOBBIE KOAHPYIOLIVE
ycTpolficTBa (MM, KaK HX Ha3hIBaIOT, Kodepsl) AJIs HUKJIHUeC-
KUX KoJoB. B camoM jene, BCTIOMHHM NPABHJAO KOAHRPOBaHUSA
JUHEHHBIM (11, k)-KojoM. Ecin A=a,. . .0t,_;— Ipou3BOJIBHOE
CoOOLIeHHEe JJIMHBI £, TO €MY COMOCTABJSIETCS KOJOBBIH BEKTOP

a=(o. %) G, (M),
rae G — nopoxjarouiasa Marpuiia JINHERHOTO Kojaa.
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PasyMeercsi, npaBusio ocTaeTcs B cHe H s MoGOro LHK-
JIMYECKOTO KOJAd, HO Ha S3blKe MHOTOUJIEHOB €My MOXKHO IpH-
J1aTh Terepb HHYIO, ropasjo 6osee yaobHyi0 dopmy.

Ecnu a(x) — MHOrO4IeH, COOTBETCTBYIOUIHH BEKTOPY &, H

Ax)y=ogFox -+ .o o xFT

— MHOTOUJIEH, COOTBETCTBYIOLIHH cOOOIIEeHHI0 A, TO paBeHCTBO
(1) mepeiizer B paBeHCTBO MHOrOY/JIEHOB

a(x)=A(x)g(x), 2
rje g(x) — nopoxJawlHi MHOrOYJIeH LHKJIWYECKOro Koja.

Boixod
acmne

Puc. 19,

Ilasi Toro utoBnl yGeAHTLCST B 3TOM, JOCTATOYHO MOACTABHTD
B (1) marpuny G us dopmyast (9) § 11 41 npoBepHThb, YTO KOOp-
JHHATEL [OJYYalolleroca BeKTOpa cayxaT KoadpuUueHTamMu
MHorouneHa A(x)g{x).

Hrak, onepauusi KOAHPOBANHA CBOJAUTCS K YMHOMKEHHIO MHO-
rousieHoB. [Ipu 3TOM MOXHO CYHTaTh, YTO peyb HAeT 06 o6bly-
HOM YMHOMEHHH MHOTOWY/IEHOB, IIOCKOJBKY CTeNeHb g(x) paBHa
m, a cveneHb A(x) MeHblle n—m, TaK 4YTO CymMMa CTeneHel
3THX MHOroO4JIeHoB MeHblle 1. Ho cxembl, KoTopbie MBIl 37eCh
paceMorpenu {puc. 14 u 16), Kak pas u BEIUHC/IAIOT OGLIUHOE
NpeoH3BeJieHNe MHOTOUJIEHOB, IlepBas H3 HHX MOXKET CJOYMKHTb
KOJAEPOM /151 UMKJAHYecKoro (7,4)-Koja ¢ mOpoMKJalonuM MHO-
roujieHoMm x°--x2--1, a BTOpass — AJA NPOH3BOJNBHOrO IUKJIH-
YeCKOro KojJa C MOPOXKAAMHUM MHOrOYIEROM g(x). LcaH Ha
BX01 TochefHell mocTynaiT HHGOpMAUMOHHbE CHMBOJLI ¢,

Ofse « oy O, (KO3BDUIIHEHTE MHOrOUNMEHa A(x)), TO Ha BRIXOJC
cornacuo (2) O6yneM umeTh K03hbUIIMEHTH KOLOBOrO MHOIO-
ujieHa a(x).

Ha ocHoBe cxeM peneHHs ype3BhIUaRHO YA0GHO CTPOUTL KO-
Jepbl A5 CHCTEMATHUECKHX UMKJINYECKMX KOJOB, B KOTOPHIX
HH(QOPMaUHOHHble CHMBOJEI OTAENEHH OT NPOBEPOUHBIX (CM.
Jornonxenne 4 x stoMy naparpady).

Haxxe Hame GerJioe 3HaKOMCTBO ¢ yCTpPOHCTBaMH KOJHPOBa-
HH$ OKa3biBAET, YTO BCE OHH UMEIOT YHHPUIMPOBAHHYIO CTPYK-
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rypy. Kak sundo u3 puc. 16, NyTeM OMPE/eTeHHbIX BUIOH3Me-
HeHuH CXEMHI, npeﬂHa3Ha‘{6HHOH AJad OJHOro KOlIa MOXKHO o=
JIYYHTh CXeMy KOAHPOBaHHsA AJs Apyroro xona. [Tostomy B ps-
Jie CJy4aeB Le1ecoo6pasHo HCNOJNb30BaTh HE KOHKPETHBIC CXe-
Mbl JJI KaxJIOTO KOna, a JOCTaTOYHO pa3BeTBJEHHOE YCTPOILi-
¢TBO ¢ 6OJbIIHM HabOPOM CTaHIApTHBIX 3JeMeHTOB, pafory
KOTOPOrO MOXKHO OblI0 OBl fepecTpauBaTh, BBOAS B HErC TY
HJH HHy© mporpamMmy. Takoe YcTPOHCTBO, B CYHIHOCTH, H €CTh
creNUaNH3HPOBaHHAA MHHH-DBM ¢ mporpaMMHBIM ynpasJie-
HHEM. )

B 3ajauy AeKOAMPOBAHHS BXOAHUT HCOpaBjeHHe K HGHApPY-
&KeHHe owWHOOoK, U 3Ta Npouenypa MHOro Gojee CJNOKHASA, 4eM
KoxupoBaHne, Ho ycTpoficTBa, N0o06HEIE pacCMOTPEHHSBIM «MH-
HH-2BM», Mo3BoAIOT pemNTb M 3TY 3ajaduy, B omiuuue or
KOJepOB, KOTOpble BHITJAZAT GoJiee WJIM MeHee CTaHAapTHO
IS BCeX IMKJHYCCKHX KOJOB, AeKOIHUpYIoUHe ycTpolicTBa
(M4 Oexodepevt) OTIHYAIOTCA COJBIUMM  PasHOOOpa3ueM, H TO
KaK OHH YCTPOEHBI, 3aBHCHT M OT TUNA KOjA4a, H B OCOG2HHO-
CTH, OT cnocofa JAeKOAUPOBaHHS.

Kpome cHHIDOMHOrO N€KOAMPOBaHUS, O KOTOPOM Mbl Dac-
cKasbpiBasu B § 12, cymecTByioT ele pAa APYTHX METOJ0B, Tak
WIH HHaue CBA3AHHLIX C BBIYHCJAeHHeM cuHapoma, s jo6o-
IO M3 HUX NPHHLHOHAJbHAA cXeMa AeKoAepa BhIIVISAUT Tak,
KaK NnokasaHo Ha puc. 20,

HauGonee cnoxHOH 4acTei0 TAKOro JAEKOJEpa fBJSAETCH
KOMOHHAUMOHHAA JIOTHYeCKas cXeMa, KoTopasl N0 BhIYHCJEH:
HOMY CHHAPOMY HaxOZHT MNOJIOXKEeHHEe OIHGOYHBIX CHMBOJIOB,

Yempoembo Aoridurayuorsas
ans Gerucreng SOUYECKIT
CLrapore cxerna

llonyversoe

ot /'f"/’?f'zf/hf‘llf/ué’

Janorurariyce yempoiembo
#»a ] ourbonod

>PHc. 20.

YcTpolicTBO 3TOH JIOPHYECKOH CXeMbl UEAHKOM ONpeAe/seTch
aNTOPHTMOM JEKOAMPOBAHHS, a4 MHOrooGpasHeM JIOrHYeCKHX
cXeM B CBOIO Ouepelb omnpeiensicTcs OoJbilioe pasHcOGpasne
nekoaepoB. CUI0XKHOCTb NpAaKTHYECKOlI peanusaunuu JeKojepa
ECELeJI0 3aBUCUT OT XapakTepa JIOTHYeCKo# cxembl, KomOuHa-
IHOHHAA CXeMa HCKJIIOYHTEEHO NPOCTA, KaK Mbl YBHAHM, B
caydae 1eKOAepoB, TOAbKO OOHAPYKUBAIOUHX OLIHOGKY HJH HCs
NpaBJAIKHX JUIIb OJHHOYHBlE OWIHOKH, HO CYIUECTBEHHO
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CNoOXHEE 1A JNEKOJEPOB, HCNPABJAAWIHX KpaTHblE OMHUOKH.
B cienymomux npyx naparpadax Mbl MO3HAKOMHMCS C MeTOJa-
MH TaK Ha3blBaeMOr'0 MaKOPHTAPHOTO AeKOAUpOBaHHsA, KOTO-
phble T03BOSIIOT 3HAUUTENBHO YIPOCTHTh KOMOHHALHOHHYIO JIO-
THYECKYIO CXeMy,

Urto Ke KacaeTcsl YCTPOHCTB AJR BBIYUCJEHHS CHHAPOMA,
T 34eck acofoft npolaeMul HET: QHH PealH3yIoTCA N0 TOMY XKe
NPHHLMNY, YTO H KOJAEph! HUK/JIHUECKHX KOAOB. [LiA 3TOH Lean,
OKAa3bIBaeTcsA, MOT'YT OBITh HCIONbL30BAHLI CXEMBI A€JIeHHs] MHO-
rOUJIeHOB.

Yro6e ybennTbcss B 3TOM, paccMoTpuMm Marpuny f, no
CTOJIOAM KOTOPOH CTOAT Ko3pHIMEHTBl OCTATKOB r,(X) OT je-

JieHUs1 MHOrodY/eHoB x! (i=0, 1, ..., n—1) Ha nopoxaarouHi
MHOTOUJIeH g(x). 3anHiueM ee YCJOBHO B BHAE:
H=(ry(x), ry (%), r,00), <oy 1o (%)

Mo3KHO NoKaszarb, UTO MaTpuua H sBAAETCA NpoBepodHofl AJs
paccMaTtpHsaeMoro Koja (cM. JoNoJHelde 2 K 3TOMY Iapa-

rpagy). .
Ecnun #=(u,, 41, + « ., U,_y) — NPHHATHIH BEKTOD, TO €r0
cuHApoM uH™ 6yzer paseH

Uory (x)-l_ulrl (x)'l‘ e 'I-un—lrn-I(x)' (3)
Bripaxxenue (3) coBmajaeT ¢ OCTaTKOM OT jejeHHa MHoro-
yjeHa
u(x)=t,+ux~4 ... Fu,_x"°1
Ha Topoxjaoliii MHorousneH g(x). Takum obGpasom, naiobas
cxeMa Jle/leHusi, BHIYUCIAIOMAA OCTATOK,— HANpHMep, cXeMa,
npeacTanjeHHas Ha puc. 19,— moMeT ObITh HCnoNb30BaHA KaK
cocTaBHas uacTh JeKoaepa JJsl MOJYUYEHHS CHHIPOMA.

Sanorurariiee yompoienée

I ] Ha o curibonob

Pue. 21,

Ha puc. 21 npusefeHa cxema AeKojepa, npejHasHadeHHOro
TOJIBKO 119 ODHapy:eHHs OliHOOK.

ITonyueHHoe cOBO OJHOBpPEeMEHHO BBOAHTCA B 3alOMHHAIO-
lee YCTPOHCTBO U B cXeMy JedeHHs., K MOMeHTY 3arnosHeHHs
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3aMOMUHAIOLIEr0 YCTPOHCTBA B fAUeHKaX CauMbl IeJMeHHA Oyner
MoJydeH ocTaTeK OT JedeHHs Ha g(x), KOTOpbIil paBeH CHHIpO-
My. Ec/ii cHHAPOM paBeH HYJIO, TO C/IOBO nepefiaeTcs aipeca-
Ty, B NPOTHBHOM C/y4ae IIPHEM NDeKpamaerca U nepefamouesl
CTOpOHE MOCHIIAeTCA 3anpoC Ha MOBTOPHYIO Nepenauy.

He navHoro c/oxHee cXema Jexozepa I KozoB XeMMHH-
ra, HCpaBJsIIOLNX OIHHOUHbIE OLINOKH. B KadecTBe mpuMepa
paccMoTpHM Jekonfep AJs (7,4)-Kofa ¢ INOpPOXKIAIOUIHM MHOTO-
yenom 1+x2+x% Ero cxema npeicrasseHa Ha puc. 22. OHa

Henpalirsrwuyyd
Cyrramap

| JararnanLee. Yoinpedomés C’\%_

- B 7 e Frereyo

Somyuenioe | ra 7 curibonod i 20 6NN HO?
080 A cA050

' Puc. 22,

BKJIIOUAET B cef HAPALY CO CXeMO#i JeJIeHHs 1 3aNOMHHAIOMHM
yCTpOHCTBOM TaKKe H JIorHUecKylo cxemy. [locrenusas ycrpoe-
Ha Tak, YTO HA ee BhIXOJe NOABJAETCA 1, TOMLKO ec/id Ha BXOA
H3 siyeeK MamMsTH nojaercs KomOuHauusa 011, paBHasa nocnaen-
HeMy CTONOLY MPOBEPOUHOH MaTpHIL

1001110
H=010011_1> '
\0o011101

(xoTopas mocTpoeHda yKa3aHHBIM Bhille crnocofoM H3 OCTATKOB
OT JeJeHHs MHOTOYJEHOB X' Ha MOPOXKAAOMHA MHOTOUYJIEH
1+x24-x3).

INpeanonoxum Tenepb AAA MPUMEPA, uTO OLIMOKA B C/IOBe
Uy Ui Uz Ug U, Us U IPOU3OLLNIA B CHMBOJIE g — UYETBEPTOM 1O
nopsjaky. Kak mbl 3Haeu, CHHIDOM B 3TOM c/iayuae GyJeT COB-
NajgaTh C YETBEPTHIM CTOIOLOM Marpuust H, T. e. GyieT paBeH
BekTopy (1 0 1), CnexoBarenbHO, N0OCAE CeMU TAaKTOB PabOTHL B
3aNO0MUHAIOIIEM YCTPGHCTBE OKAMKETCH CIIOBO Uy Uy Ly Ug Uy Uy Uy,
8 B Tpex TIOCTIeNOBaTe/bHLIX sfueHKaX CXeMbl  Jene-
HHs — KoMGuHauuda 1 0 1. Ha BocbMOM TakTe W3 3arnoMHHaio-
IIero YCTPOHCTBA HA HCIPABJSAIOIKHA CYMMATOpP MOCTYITUT CHM-
BOJ 1y, Ha BXOJ JIOTMYeCKOH CXE€Mbl CJABHHETCH KOMOHHALHUA'
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1 0 1, Ha ee Boixoze okaxeTca 0, H cUMBOJ 1, 06e3 H3MeHeHHH
NOCTYIHUT Ha BbIXox BceH cXeMb!. IIpH 3ToM, Kak HeTPpyAHO NpoO-
BEpUTE, B AAUelKax CXeMbl leleHus oKaKeTcsl KomGuHanus 1 1 1
(Ha BXoj Bcell cxXeMbl, HaYHHAs C BOCBMOrO TaKTa NOCTYMaloT
HysaH). B caepyiomux Tpex TakTax U3 3allOMHHAIOUIEr0 YCTPOH-
cTBa G6YIYT NOCJeAOBATENbHO NMOCTYNAThb CHUMBOMBL Uy, U, Us,
Ha BXO0J| JOTHYecKOH cxXembl — KoMOuHaummu 111, 110, 011,
a Ha ee BbIXojle noanyuarca nooyepeato 0, O u 1, Iostomy cum-
BOJIBI 4y U U, MOCTYMAT HA BHIXOJ HEHCIIPAaBJEHHBIMH, @ OILUH-
GOYHEI! CHMBOJ u, HclpaBuTcsl. [IpocneauB panbHeAIlHe TPH
TAKTa, MOXHO YOeIHTbCH, YTO CHMBOJDB! 43, Ui H to HCIPaB-
nATbcA He 6yAyT. B pesysabrare Ha BHIXOJE CXEMBbl OKamXeTcH
CJ10BO, B KOTOpPOM OyJeT HCHpaBJeH TONbKO OMUOOYHEIA CHM-
BOJ Uj.

CoBepIIEHHO aHAJOTHYHO NMPOUCXOAUT HCNpaBjedle OMH6-
KH B n:000f ApYTofl MO3HLHH.

3agaud M JONGJIHEHHs

1. ITocTpouTb KOfephbl AJ8 JBOHYHBIX LMKJIHYECKHX KOLOB
1avHel 15 ¢ NOpOKAAIOMUMH MHOTOUJIEHAMH

a) XiHX+1 6) XP X7 XS-h X441

2. Besikufi nmkaundeckuit (1, £)-KOA ¢ TNOPOXKAAIOUIHM MHOTOUYJIEHOM
£ (x) MOXHO NpeICTaBHTL B CHCTeMaTHdecKoil dopye CJIe Y HOIL M 05D a30M.
HyCTb r; (x) — OCTaTOK OT jieJieHHs x! Ha MOPOXK NAIOMIHA MHOTOUIEH g (X), T.€

xl=q; (x) g () -F-r; (%)
Paccmorpum MHOrouJIeHE! o
*—r; () =g; (x) g ()

npu i=m, m+t1,..., n—1, rie m=n—~k — creleHb NOPONKAAICIETO MHO=
rousena g(x). Bce 5T MHOTOWICHH KOJIOBble, TaK KaK OHH KpaTHbl g (X).
Konoebiil BEKTOP, COOTEETCTBYIOLIHH MHOTOWIEHY Xi—r; (x), HMeeT BHL:

(—rips—rity vony =7 m=1, 0, voi, 1, ,0., 0}

TIe Tigs Tiny i, m—i— Ko3(xpHlUHEHTH ocTaTKa ri(x), a cumson | crout B
TIO3HLLHH C HOMEpOM i.

Mbl nonyunay n—m=~ BeKTOPOB, KOTOpHle, KaK HETPYLHO BHJETh,
JHHefiHO He3aBHcuMbl. EcaH cocraButh MaTtpumy &, cTpOKaMH KoTopoH
SIBJIAIOTCS YKa3aKHule BEKTOPHl, TO OHA H OyjeT Nopoxjamwouell (ee cTPOKH
ofpasyioT 6asuc KogoBoro nopmpocrpaHcTsa). Ecsn yepes R o003HAUHTD
MATpHILY, CTPOKAMH KOTOPOH ABJASAIOTCS KO3(PDHIHEHTH MHOIOYJIEHOB Iy {X),
TO MaTpulia ¢ nonyuyaercsl NPUNHCHIBAHHEM K MaTpHie ~— R clpaBa elHHHY-
HOl MaTpHubl E mopajika k£ U ee MOJKHO YCJIOBHO 3aNucaTh B BHAE:

G=—RI}E,. “)

Orciofa nerko caexyer (cp. § 11, 3anaua 10), uTo B KavecTee NPOBEPOY-
HOH MOJKHO B3SITb MaTpHlly

H=E_, R,
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[To cronbuaM MatpHubl H cTOAT KO3(POHITMERTE! OCTATKOS OT JeMeHHS sHO-

rousenos x°, x%, ..., x"~1 Ha g(x). ]
3. UToGb MPOWTIOCTpHPOBATb METOJ, H3JIOWEHHbIH B AOMOJHEHHH 2,

21,3
paccmotpuM cHosa (7,4)-K0OA € HOPOMIRIOWAM MHOTOHNEHOM x4,

Hwmeem: P (Bt b1,
K= (P241) (kD2
B= (B 1) (Pt Dat,
= (Pt 1) (Bt
CrpoxaMH MOPOMJAIWEH MATPHLE! SBJSIOTCS, C/IEL0BATETbHO, KO3(GuLlk-
eHTH MHOTGUJIEHOB:

1"%" +x2+x39

Thxtatd st

L xt + 15,

PRIRS + 18,
TakuM ofpasem,
10110060
1110100 100 1110\
G = HH:(O[OOIIH.

1100010 \ J
110001 NOO T 110 LY

4. Meroa, paccMOTpennbl#t B JOMOMHEHHY 2, MOKHO HCIIONb30BAThL A1
TIOCTPORHUS KOAEPa CHCTEMATHUECKOTO LMKJIHYECKOTO KOAA.

ITpH KOJHPOBaHHY ¢ NOMOUILIO MATPHUE! {4) KOJOBOE C/IOBO MOJTYUaRTCS
YMHOKeHHeM HH(OPMAlHOKHOTO c/loBa Ha 3Ty marpuuy (c. (6), §11). B
STOM cijlyuae TOCJeIHHe £ CHMBOJIOB @, Gy 41y » + +» O;—1 KOJLOBOTO CJI0BA
€OBRAAaCT ¢ HHOPOPMALKOHHRIMH CHMBOJAMH, a BCe KOJOBOE CJIOBO #BJA-
eTca JMHefHON KoMGuHanmeii CTPOK NOpOKAaiomeit Marpuub (4) ¢ koshdn-

LUMEHTAMH @y, Qpiq5 .+ oy Apey. Y UHTBIBAS, YTO MO CTPOKAM MATPHOB R
4.,
4 Aodoboe
8 croby
3

a3, 959 A

IHpopriaguonibe Ny

oUNBONB! B
Puc. 23.

cTOST KO3(QhHIUAEHTH OCTAaTKOB OT JeJleHHs MHOTOYJeHoB x! Ha mopoxjato-

Wyl MHOTOWMeH g(x), Mbl yOeXJaeMcsl, UTO BENMUHHBI O, Oy, « o ., Q-1

ABJAAIOTCH KOIpDUIHEHTAMH OCTaTKa OT JeJJeHHSI MHOTOYJ/eHa
*(amxm+am+1xm+l+ e +an—1x”_l)

Ha MHOTOWIeH g(x) (B ciyyae JBOHYHLIX MHOTOUJEHOB 3HAK MUHYC Nepej

CKOGKOH MOXHO ONMYCTHTD).

CrleloBaTe/IbHO, CXeMHl JeJeHHWS MOTYT ObITh HCMOJAL3OBAHBI JJIA Ha-
XOXK/IeHNSI MPOBEPOYHBIX CHMBOJIOB KOJOBBIX CJIOB LHKJIHYECKOrO KOAa B CHC-
TeMaTHyecKod GopMe M, B KOHEUHOM HTOTe, NJIsi MOCTPOEHHS ero Kojepa.
Ha puc. 23 npusegena cxaMa KoJlepa [1BoHuHOro (7, 4)-K04a ¢ MOPOXKAAK-
UM MHOTroWIeHOM 1-+x%4-4, ocHoBaHHAsl Ha yKa3aHHOM TPHHUHIIE,

92



TIpocnennm BKpartiie paGoTy 3TOH CXEGMBl B TeUEHHE CeMH TAKTOB. Tlep-
BBHle YETHIPC TAKTa MepeKJiodaTeNH CXeMbl HaXoASTCA B NMONOKEHHH A,
CJIeLYIOUHE TPH — B noJoxkekHu B. B nepeuie ueTsipe TakTa HHpOpMALHOH-
Hble CHMBOJS! NOCTYRaoT (6e3 H3MeHeHHH) Ha BBIXOJ BCEH CXeMbl H Ha BHIXOJ
CXeMHI jieNlenEs. B Tedenne aTHX YETHIPEX TAKTOB B NMOCIELOBATENbHBIX guefi-
KaX CXeMHl JeNeHUs MOayHaroTes KoI(PHUHEHTH OCTaTKa dy, ay, @y OT JeJe-
HHa  MHoroudeHa agxb+azx®tauxt+a253° Ha nopompatowmit MHOrousen
1+x%4%%, 1. e. MDOBEpOYHLIE CHMBOJIB (B CXeMe Ha pHc. 18 Ha 3To yuwlo
€Ll ceMb T2KTOB, HO B JaHHO{ cXeMe TPH TaKTa «2KOHOMATCA», TaK KakK MNo-
CIE0BaTeIbEOCTE KO3()HIHEHTOB dg, 05, Gy, (5 NOJAETCA HE BA BXOA, 2
Cpasy Ha BLIXOJ CXeMbl fedeHHs). B mocaepylouine TPH TaKTa IpoBep CUHLIe
CHMBOJIH -— CHayaJjla ds, 3aTEM Qf, 3aT€M Qg— MOCTYNAIOT U3 CXEMBl leJIeHH i
Ha BBIXOA sceli cxembl. TaKHM 00pa30M, 110 HCTEYEHHH CeMd TaKTOB Ha BhI-
XOAe BCeH cXeMbl NMOAyuaeM UETHKOM KOZOBOE CJOBO. .

PekoMeriiyeM YuTaTe/I0 MPOCAEUTb O TaKTaM paloTy paccMaTpHBae-
MOIT cXeMBl A1 cayuas ag=0, a,;=a;=a;~=1.

17. TONOCOBAHHUE

XoTs B npouenype NpHHATHS pelleHHs GOMbLIHH-
CTBOM TOJIOCOB HeT /1Sl HAC HHUEro HeoOLIMHOIO, MOXKET BCe e
MOKa3aThCsl HEOXKHIAHHBIM, YTO METOL TOJIOCOBaHHA HCHOJb-
3yercs NpH AeKOAHPOBAHHH NMOMEXOYCTOHUMBEIX KonoB. Orya-
CTH Mbl YzKe KOCHYJIHCh 3TOro Bonpoca B § 8, Korlia paccKashl-
BaJH O Kofe C MOBTOPeHHeM,— pellieHHe O NOCJAaHHOM CHMBO-
Jie TPUHUMANOCh TaM KaK pas GobIIHHCTBOM roocos. Tenepb
Ke Mbl MOKa)KeM, KaK NpHMEeHseTcsl TOJIGCOBAHHE B Cayuae
NPOU3BOJIBHOIO JINHEHHOIO KOAa.

O6patudMcs cHayala K NpHMepy. 3Jech HaM NOMOXKET He-
OJIHOKPAaTHO YINOMHHAaBLIHHcs pakee (7,3)-KOA, noayuaromuii-
cs u3 (7,4)-Koja XeMMHHra joGaBiaenHeM oflliell npoeepkH Ha
ueTHocTb. Ero npoBepounas MaTpHla uMeeT BHA:

Y nofHee, onHaKo, PaccMOTPET: 3KBHBAJIEHTHRIH LHKMIHUECKHH
KOA ¢ MOPOXKAAWMUM MHOrowlieHoM g(xj=(x-41) (x34-x41)
B C MpPOBePOUHOHA Marpuuel
1 0
1

0
00

!
0
Hy={,

D=~ D

!
0
1
1

— o OO

0
10
01
10
3Ta MaTpHua NonyueHa Cloco6oM, YKa3aHHBIM B ACMOJIHEHHH
9 k §11. B ToMm, 4TO KOAB ¢ MPOBepOYHBIMH MaTpHuamH H H

H; neficTBUTeNbHO 5KBHUBA/NIEHTHHI, UHTaTedb MOXeT yGeluTh-
C CaAMOCTOSTEILHO. : ' o
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[TycTh NpHHATO HEKOTOPGE CIOBO Olg Oy Olg G Oy &y g, CO-
fepiantee, GBITb MOKET, OWHGOUHBIE cHMBOJGL. st KaMpo-
ro cuMBoJia o; OyJAeM B OTAEJbHOCTH pellaTh, BEPEH OH W.JIH
HeT, MCIOoMb3Ysl T€ COOTHOIIEHHS!, KOTOPLIMH 3TOT CHMBOJ CBA-
3aH ¢ ocTajdbubiMu. HauHeM ¢ cHMBOMA o, U BBITHIIEM HEKOTO-
phle cojepakaliye ero nposepku. Ilepso#t ctpoxe MaTpuupl 7y
OTBEYAeT MPOBEPOUYHOE COOTHOIIEHHE oo +ao;=0, cymme
nepBoH, BTOPOH H TpeTbell CTPOK — COOTHOLIEHHE G0, -
+a,=0, a cymMe 1epBo#, BTOPOH H YeTBepToli CTPOK — COOT-
HoleHue oo+ s+, =0. Urak, umeem: '

0l g=0by Oy,
Oy =00y - 0L, (nH
Olg=0, 0.

Ecau omu6KH NpH nepenade OTCYTCTBOBAJNH, TO B MPHHS-
TOM CJIOBe OYIeT BBIMOMHATBbCA KaxKAoe U3 cooTHouweHu#n (1),
a npaBble HX YacTH JaLyT BepHOe 3HaueHue A4 o, COOTHOLIE-
Hus (1) 1715 cUMBOJIa &, BEIOpAHbl ¢ TAKMM PACYETOM, UTO BCH-
KUl Apyroil CHMEOJ BXOZHT B [IPaBYIO YacThb POBHO OAHOH Mpo-
BepkH. [103ToMy ec/H JIMIIb OAMH H3 HHX OWHGOYEH, TO TOJIb-
KO B OJHOM M3 COOTHolleHui (1) 6ymeT HapylIeHO PaBeHCTBO.
YuuTHIBAs 3T0, MOXKHO NPEAJIOKUTD CJAEAYIOUIEe NMPABHIIO /s
OTIpesiesieHHs BEPHOTO 3HaYeHUs CHMBOJIA Oy €CJH CPEIH 3Ha-
UeHHH o,-Fous, oy+0;, -0, o GOJMBIIHHCTBO COCTABISIOT
HYJIH, TO II0JIaraeM, YTO HYJb H €CTb BepHOe 3HayeHHe AJIs1
O, €CaH Ke OOJIBIIMHCTBO M3 HHX —- €IHHHILl, TO BEDHHIM
3HayeHueM JJid O, CUHTaeM eAHHHUIy. Takoe rosocoeaHie ra-
PAHTHPYET BepHOe pelleHye, €CAH MPHHSATOE CJOBO COASPHKUT
He Gosiee ofiHOH OlINGKU. Bo3MO:KHO H paBeHCTBO roJIOCOB (Ha-
npHMep, B caydyae ABOHHOHA OLMOKH), H B 3TOM cJyyae NpuXo-
IUTCH JIOBOJLCTBOBATHCS €€ OOHADYIKEHHEM,

AHanorHunbie NpPOBEPKH MOTYT OHITH COCTABJIEHBI H A
Apyrex cumsosioB. Hanpumep, 1ns ¢ HmeeM COOTHOIIEHHS:

a1:a2+a4;

061:\'}55—'-@6,
Oy = Qg Oly,

TaKxke o6saja0lye TeM CBOHCTBOM, UTO KaxKIALIH CHMBOJ BXO-
4T B IPaBYyIO 4acTb He GoJiee OJHOrO pasa. 2TH NPOBEpKH [1o-
JIY4aloTca H3 cHcTeMbl (1) UMKJAHYECKHM CABHIOM HA OJHY [10O-
s3unuio. Tlocnenyomue LUMKJIHYECKHE CABUTH JAIOT CHCTEMBI
NOJOOHBIX MPOBEPOK /Il OCTANbHBEIX CHMBOJIOB.

AHanusupysi yKasaHHBIM CIIOCOGOM Kak/Iblii CHMBOJ MpPH-
HATOrO cJj0Ba, Mbl MPABHJABHO BOCCTAHOBUM MOCAAHHOE KOAO-
BO€ CJIOBO, €c/H NPOU30ILTO He 6oJiee ofHOH OIIMOKH, H oGHA-
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pyxum a0y ABOHHYI0 omubKy. Tem caMsM  [0oaHo-
CTbI0 HCNONB3YIOTCA KOPPEKTHPYIOIHE COCOGHOCTH  JaH-
HOTO KOJa — Bejb €ro KOJOBOE DPaccTOsiHHE paBHO 4,

PasobpakHbii HAMH MeTOA HCNpaBjieHus H OGHapyKeHHS
OWHOOK HashiBAOT Masxcopumaprsim Oekoduposaruem (T. e.
JIeKOAHPOBAHHEM MO NPHHUHNY GOJbIIMHCTBA). JIpHMEHHM OH
TOrJa, Korja — KakK B HalleM [pHMepe — I8 KamIOoro CHM-
BO1A ©; CYLLECTBYET cHcTeMa [pOBEPOK

CZj = E 1%
k

o, = ) Aoyl (2)
3

~
Q= 2,' Asp@gy
k

obJaafaiomas TeM CBOACTBOM, YTO B MPaBYIC YacTk KaxKaofi
MPOBEPKH BXOAAT CHMBOJIBI, OT/IHUHbBIE OT o, H BCAKHIH TaKOH
CHMBOJI BXOZHUT He 0oJiee ueM B OfHY NpoBepky. Takas cHcTe-
Ma [POBEPOK Ha3bIBAETCS 0pnio20HaAbHOU (UK pasdeserod).
Ecan uneno npoBepok, BXOASAIIMNX B KaKAyI0 OPTOTOHAJILHYIO
CHCTEMY, Iie MeHbIlle §, TO yTeM [0JOCOBAaHHA MOT'YT OBITH Hc-
npaeJjens mobuie ¢ omnbok, rue i<<(s-+1)/2. B camom nene,
oui6Ka B OJHOM CHMBOJE BJIHsIeT B CHJY OPTOTOHAJbHOCTH HE
Goslee ueM Ha OJHY NPOBEPKY, CAEAOBATeNbHO, CPEIH 3Haue-
Hu#l CHMBOJIA ou;, KOTOPHIE JAKOTCS BCEMH COOTHOIIEHHSIMH (2),
HenpaBWIbHBIMH MOTYT OKasarbcfl He CoJsee f, T..e. He HoJjee
no/MoBHHBl 3HavenuH. Toraa, cpaBHHBas 3HAuyeHHs] TPAaBBIX
yacTedl NPOBEPOK, 4 TAKkKe 3HAUEHHE CaMOro CHMBOJA O,
Mbl 10 GOJBIIMHCTBY TOJOCOB ONPEeNeNsieM BepHOE 3HaueHHe
3TOrO0 CcHMBosa. Ecan ke (npn HeuetHom s) f=(s+1)/2, 1o
HMEeeT MeCTO PABEHCTBO TOJIOCOB, OIIMGKA NpH 3TOM XOTS U 0f-
Hapy:KHBaeTca, HO He HCIPaBJAETCs.

Coryuaii, KOraa UHc/Io s IPoBepoK B KaxJoH OpPTOroHaJbHOM
CHCTeMe Ha eJHHHIY MeHbllle KOAOBOTO paccrosiHus d, T. e.
Koraa s=d—1, sBAfeTCS B M3BECTHOM CMEICJe HiealbHbiM, B
3TOM CJ1yuae TOJOCOBaHHE NMO3BOJIsIET, KaK H B PACCMOTPEHHOM
npHMepe, NOJHOCTBIO PEaNH30BATh KOPPEKTHPYOLIHME CBOHCT-
Ba Koja. Kox, n1a KamKIOTro cHMBOJA KOTOPOTO CYILECTBYET
cucteMa u3 (d—1) opTOroHaNbHBIX NIPOBEPOK, HA3LIBALTCSA HO.-
HOCHIbIO OpMO20HAAUSYEMbIM.

Uem xopom meTon rosocoBaHus? Ilpe:kie Bcero TeM, 4rto
ero TeXHHYecKasl peajusaniusi npejelbHo mpocra (0cCOOEHHO B
cayuae NBOHUHHIX IHKJIHUECKHX KozoB). Hapsany ¢ oGbIYHBIMH
CyMMAaTOpaMH H siueffKaMH NAaMSITH cXeMa JeKOAHPOBaHuA A0J-
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KHA COASPIKATH MAKOPHTAaDHBIA STEMEHT (JIOTHUECKYIO CXeMy,
OCYLIECTB/SAIOULYI0 BHOOP 3HAYEHHS o, MO GONBUIMHCTBY rO-
JIOCOB).

BoT KaK ycTPOeHa NPUHIUIUATbHAS CXeMa MaKOPHTapHO-
ro pekoaupoBaHus s (7,3)-Koaa, YHOMAHYTOTO BHIIE (PHC.
24, a).

B stoil cxeMe M — MaXKOpHTapHBIH 3JIEeMEHT, OCYILECTB-
ASIOmHKI rosocoBatne, K — nepexJioyare/b, HaXOASMMUHCS B

LAV

N =
‘ Y
Bbivod p
&
g
Puc. 24,

nostoxenuu 0 Bo BpeMa NpHeMa cooGlIeHHs U B HOMOXKeHHH [
IpH ero AEKOAMPOBaHHH. PHC. 24, @ COOTBETCTBYET MOMEHTY,
Korja coobieHHe TOJHOCThIO MIOCTYNHIO B 3alOMHHAIOILHA pe-
FHCTp M Kmou K nepeBoputes B nojoxenue /. Hauyunaeres je-
KoaupoBaune. Ha nepBoM ero mare (nmepBblii TaKT) Ha BXOJ
Ma:KOPHTAPHOTO 3J1€MeHTa [I0JAI0TCA 3HAYCHHS Qo, o, 0ot
+ o, a,-a;. Ha Bbixoge ero nosiBjsercs CHMBOM &, SIBJISIO-
IIHEICS UTOrOM roJlocoBaHus. B cienyiomeM TaKTe NPOHCXOIUT
CABHI' CCOOIIEHHS1 B DETHCTPe, a CHMBOJ G, TOCTYyIHaeT B IO-
gze}émo}o STUEHKY NaMATH. DTOMY MOMEHTY COOTBETCTBYeT PHC.
, 6.
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Tenepb yxe roocoBaHHe OCYWIECTBASACTCA NO 3HARYCHUAM
oy, 00, Os+0;, 0,0, H B pe3ysabTare nojgydaerca 3Ha-
yeHHe @ CAeAyIomero cumMBoia coobmenus. JlanpHediume Tax-
Thi pafoThi CXeMbl COBEpIUeHHO aHasorHuHu. Ecau mpowmsomwno
He Oosiee ofiHOfi OWMOKH, TO MOCAEAOBATENBHOCTD (Ctg, Cf,. . .
.+ ., Og) H €cThb BepHOE KOJOBOE CJIOBO.

Kax Mol BHAuM, B cXeMe HCIOJIB3YE€TCS TOJABKO HH(popMa-
UM O NPUHATOM CJIOBE; HUKAKOH NOMOSHHTE/IBHON HH(pOpMAaIuH
He TpeGyercs. A 3710 oYeHb BaxKHO, MOTOMY YTO HMEHHO Heol-
XOJUMOCTb XpaHeHHsI GoJbLIOr0 ofBeMa JHAHHBIX CJIYXKHT oc-
HOBHLIM TIPSNATCTBUEM JJIT NPHMeHeHHS HEKOTOPHX MEeTofoB
REKOAHPOBAHHA (HarmpHMep, CHHIDOMHOrO JeKONHDOBaHHA).

Eme onno HeMaloBaXKHOE IOCTOMHCTBO TOJIOCOBaHHSI MO
CPaBHEHUIO C JAPYTHMH METONAMH JNEeKONHPOBAHHS 3aKJIOYaeTCA
B TOM, YTO 3TOT METOJX 3a4aCTYI NO3BOJIAET HCIPABJATh WJIH
00HApYKMBATh MHOTHE OIIHOKH, KPATHOCTb KOTOPHIX MpPeBhI-
wraetr (d—1)/2.

3anaun K NONOJAHEHMSA

1. Hokasatb, 4T0 KOi M3 npumepa § 8 ¢ mposepkamu Ha
YeTHOCTb TIO CTPOKaM H 0 CTONGUAM SIBJISIETCA MOJMHOCTbIO OPTOrOHAIN3ye-
MBIM, COCTaBHB IJIA KaXKJOr0 H3 CHMBOJIOB CHCTEMY #3 TPEX OPTOrOHAJbHbLIX
nposepoK {HanpuMep, NpPoOBepPKH
a1=%+a3+ﬁfv
ar=a,t

e
aj=01-og-0g--0ty1-B3t-Bs 1 Bot-B,

00pa3yioT TpebyeMylo CHCTeMy Jijisi CHMBOJA Oj).

2. Ilposeputs, uro (7,4)-kKon XeMMHHTA He ABJAETCH NOJNHOCTHIO Op-
TOrOHaJH3yeMbiM, TMOKa3aB, YTO A CAMBOJIA iy He CYHIECTBYET hapbl QpTo-
FOHANbHHIX TIPOBEPOK.

Byner aM nonHocThio opTOronaiu3yemniM pactwspenunit (8,4)-xon
XemmuHra?

3. Pewntk Te e BONPOCH, UTO M B 3ajave 2, s NPOU3BOALHOIO AB0-
HYHOro Kofa XeMMWHIa H ero PaciUHPeHHOr0 BaPHAHTA.

4, IMocTpouTb CHCTEMY OPTOTOHAILHHWX TNPOBEPOK M MaXKOPHTapHbIA
AeKOiep AJAA TPOHYHOTO muKJAHueckoro (13,6)-Kofa ¢ MOPONKAAIOIMM MHO-

TOYJIEHOM
g(0=(x-+2) (342:34-2¢4-2) (B+42+2).

18, MHOIOCTYNEHYATOE Tr0JIOCOBAHHE
H KOAbl PHIAA — MAJJIEPA

Mgr pacckakeM 3/eCh 0 KOJax, Ad KOTOpbIX Hai-
JieH 3aMeqaTesbHblil aATOPUTM HCMpaB/eHus oWHOOK, Chirpas-
DI BaXKHEHIIYIO POJib B PA3BHTHH METOAOB MaKOPHUTApPHOTO
JEKOAUPOBaHHS. )
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- Tlpome BCEro hauaTh ¢ PacilipenHoro (8,4)-xona XemMuH-
ra. Herpyano y6epuTbes, YTO STOT KOA AyalieH camomy ceGe,
T. €. uTO €ro NPOBEPOUNas MATPHUA CAYXKHT /R HETO M no-

PO RalolLeH:.

G =

DTOT KOJ HE ABJAECTCA NOJHOCTbIO OPTOTOHANH3YEMEIM (CM.
§ 17, 3anaya 2). 3HAUUT JIM 3TO, 4YTO FOJOCOBAHHE LJISi TOrO
Koaa HeBo3MOXHO? (OKasbBaeTcsi, HeT.

Mnea, KoTopylo MB NpOWJJIOCTPHPYEM Ha AaHHOM TNpH-
Mepe, COCTOHT B caejyiomeM. EciH Heab3st COCTABUTDL HYIKHOM
CHETEMBl OPTOTOHAJIbHBLIX NPOBEPOK AJS KaXJ0ro CHMBOJIA B
OTAENLHOCTH, TO, MOXKET 6LITh, 9TO ylacTca cleaarh AJs onpe-
JENEHHBEIX JHWHERAHbIX KOMOHHALHMH 3THX CHMBOJIOB.

Tlyete 9=(0, a;, as, ag, a,, &5, Ay, &,) — HPOH3BONBHOE
KogoBoe cJioBo. OHO, KaK 00bIYHO, MOXET 6LiThb 3amicaHo B
BHJIE:

V=080 01821 a:821a85. ()

BrisicHuM, KakK CBA3aHBl KOOPAHHATH @; BEKTOPa ¥ ¢ Ko3d-
¢nunenramMn papenctBa (1). 3amMeTHM, YTO cyMMa .[epBHIX
ABYX KOOPAMHAT KaXJOro U3 BEKTOPOB &,, &, 1 &, papHa 0,

TOT/Ja KakK 1Js BeKTOpa g, oHa paBHa l. [Tostomv cymma coor-
BETCTBYIOLIHX KOOPAWHAT BEKTOPa ¥ paBHa ay, T. e. )

a,=a,+a,. @)

CoBepmieHHO Tak e y6exjaeMmcsi, YTO BEepPHbl PaBEHCTBA:

ay=0a,-}a,,
a3=a4+a5. (3)
ay=a,-}a,.

HeTpyano nonsth, 4To cooTHowenHs (2) u (3) npencraBasior
CHCTEMY OPTOrOHAJNbHEIX NPOBEPOK AN Kosppuuuenra as. Has
K03(hQHIHENTOB @a H a; AeN0 OGCTOHT AHANIOTHYHO H OPTOro-
HanbHble NPOBEPKN A HHX TAKOBLL ‘

Q=0 0ty, a;=0ay-ta,,
ay=a,-+0s, =0, 4)
=0, -+, ay=0,+{ag,
ay=0;}0,, a, =0z},



[Tpumensia K nONyYeHHBIM NPOBEPKAM MPHHUHN GONbUIMH-
CTBa, Mbl HaiJeM BepHHe 3HAUYEHHS KOSPHUUSHTOB aj, dj,
s, €CNH NPOM3OULIO He Gosee OfHON owkbKu. B ciyuae Bok-
HOA OMIHMOKH NpPH ompejiesieHHH X0TA Obl OQHOro H3 KO3(pHItH-
€HTOB r0JI0C paclpesie/IATCA MOPOBHY M OWIHGKA GyZeT TO/b-
KO O6GHapyKeHa.

Tpeanonoxuy, 4To BepHbie SHaueHHA KO3(bPHUHEHTOB ay,
as, a; HadineHbl, Toraa ewe ofHH 3Tam FOJOCOBAHHS [O3BOJISAET
ONpeNe/HTh TAKXKe H BepHOe 3HAYEeHHe KOoa(uuHeHTa a,. Che-
J1aTh 3TO COBCEM Hec/lOXKHO. B caMoM Jene, paccMOTpHM pas-
HOCTh ,

U, =0—0,8,— 08— 0 5.

B! cityuae GezomuGouHo#t nepeaud, B cuay paseHctsa (1),
¥,=0,L,, T. €. BCe KOOPAHHATBI BEKTOPa U; paBHB! d,.
3HayHT, THOO BCe OHH PaBHBI HYJIIO, THGO BCe PABHBI €IHHHIE.
ITosTOMYy B KauyecTBe BEpHOro 3HaueHHs g, BRIGHPaeM To, KO-
Topoe npeofaafaer cped KOOPAHHAT BEKTOpa TUs. :

Onpenenus 3HaueHHs KO3(POUUHEHTOB @y, Gy, ds, g, MBI
6e3 Tpyna BOCCTaHABJIUBAaeM KOAOBOE CJIOBO COTVIACHO paBeH-
ctBy (1).

[Ipumep. Ilycte mpunato ciaoso 01110110, comepxa-
liee ONMHOYHYIO OWHMOKY. [lisi AeKoxHpoBaHHsA oOpauiaeMcs
K paseHcTBaM (2), (3) u (4), KOTOpble B [JaHHOM crydae IlaIOT
CAELYIOUIHE Pe3yIBTATHI:

a,=0, a,=1, a,=1,
a,=0, a,=0, a,=0,
a,=0, a,=1, a=1,
a,=1, a,=1, a,=1.

1o GonbuiHHCTBY 3HaYeHH# HaXofuM: a;=0; a;=d,=I. Toraa
9,=(01110110)—(00110011)—(01010101)=(00010000),

otkyda a,=0. CiaenoBarenbHo,
0=g,-+g,=(01100110).

" DTOT M3AMHBIH MeTOA AEKOKUPOBAHHS MOMET OHTh npume-
HeH K TaK HasbiBaeMBIM Koxam Puga — Mavepa (coxpam,eu-
HO — PM-Ko/Ibl), KOTOpbie MBI H XOTHM ceif4ac paccMoTperTb.

PM-Kox mepBoro nopsaka onpeiaesnsercs Kak Koi, Ayasib-
HbIH K pacHIHPEHHOMY KoAy XeMMHHra, T. €. KaK KoJ, IOPOX-
Jatollas MarpHlla KOTOPOro COBMajaeT ¢ NPOBEpOYHOH MaTpH-
‘LeH paciiupeHHoro Koja XemmuHra. TakuM o6pasoM, paciiiy-
peHHomy (n, k)-Kony X emmuHra (n=2", k=27—m—1) oTBeyaer
(n, n—k)-kon Pupa — Mansepa. Ilpu m=3"06a Koja cOB-
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napalot: paclnpeHHbi (8,4)-koa XeMMHHra AyaseH caMoMy
ceGe. Tlpu m=4 nonyuaem (16,5)-kon Puna — Mannepa nep-
BOTO MOPALKA ¢ NOPOXKAAlOWER MaTpHUeH

SRR EEEEEEE RN &
000000001 1111111 &
G=({00001111000011 11 |—{ g |.
0011001100110011 &
0101010101010101 g

Ll
ANropHTM J1EKOAMDOBaHHSi AJifi STOTO KOAA MPaKTHYECKH
He OTJIHYAETCH OT PAaCCMOTPEHHOrQ Bhlllle aAroputMa ans (8,4)-
koja. [eficTBUTeNbHO, ecyH

V=a,g,+a,g + 0,8, a,8:,+a,8,,
TO, HanpRMep,

Q=00 =0, Oy=0y -0y = 0+ O, == Qg Oy =20y} Oy ==
=@y 0y =0+ 0y

Takum obpasom, A5 Ko3pdHLHEHTa a, HMeeM 8 OPTOTOHaNbHEIX
NPoOBepOYHbIX coOoTHOILeHHH. Takoe e YHCAO OPTOTrOHANBHBIX
NpPOBEPOK JONYYAETC H A KaXAOro U3 Ko3p(dHIHEHTOB ai,
ag, Qsg.

. CnenoBarenbHO, €C/H MPOH3OLLIO He Gojiee Tpex OMHGOK,
TO B NEPBOM «Type» rOJOCOBAHHA YyJaeTcs BOCCTAHOBHTL BEp-
Hple 3HaYeHHst Ko3PHIHEHTOB ay, a3, da, a,. Bo BTOpOM «Typey,
JeHCTBYfl COBEPIUEHHO TaK XKe, Kak u B cayyae (8,4)-koxa, no-
JyyaeM BEpPHOe 3HaueHHe Ans a,. [locse 3Toro mno HaiileHHBIM
3HaYeHHAM KO3((pHIHEHTOB LIETHKOM BOCCTAHABJIMBAEM KOJO-
soe caoBo. Hrak, (16,5)-kox Puaa — Mannepa ucnpasaser
ymobble OWNOKH, €C/IH OHH HMeloTCsA He GoJsiee UeM B TPEX CHM-
BONaX, ¥ 06HapyKHBaeT OLINOKH B YeThlpeX CUMBOJMAaX. MoxHO
y6eHTbCA, YTO HBYX 3TallOB TOJIOCOBAHHS JOCTATOYHO JJI5i
moboro PM-koza nepsoro nopsjka.

Ilpn nocrpoennu xonos Pupa — Masanepa Gosee BLICOKHX
NIOPAJKOB HCIIOJNB3YeTCS1 NMOKOMINOHEHTHOE YMHOXEHHe BEKTO-
pOB, onpejaenaeMoe CJAEAYIONIHM 06pa3oM: eclu O=(ay, 0z, .. .
A an)! u::(ﬁfv 659- LIRS ] ﬁn)’ To

1}0”:(&161, azﬁﬁyl vy anﬁn)'

Tokaxem Tenepb, Kak mo npousBossHoMy PM-kopy nep-
Boro nopsajka crposatca PM-xoxuwl r-ro nopsaka (r>1). Ilycts
CTPOKaMH nopokaaoilefi marpuiiel PM-koja mepBoro nopsiaka
ABJSIIOTCA BEKTOPH L4, £1,. + «,&'m. COCTaBHM H3 3THX BEKTOPOB
BCEBO3MOXKHHEIE MDOH3BENEHHs, cojepxauniyie He Gosee r co-
MHOXHTeNeld. Jlo6aBHM 5TH NPOH3BEJEHHS B KayecTBe AONOJ-
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HHTENbHHX €TPOK K CTPOKaM gy, &1, . . ..&n. [lonyueniyio s
peaynbrare Marpuuy H GyleM CYHTaTb NOPOXKAANOWEH MaTpH-
ueit PM-xona r-ro nopsinka. Hanpumep, nins PM-kona sroporo
nopaika, coorsercryiomero (16,6)-xony Puna — Mannepa
flepBOro nopsijKa, BTa MaTPHLA HMEET BH]

Tttt (g‘o
000000001 1111111 &
0000111100001111 &
001100110011001°1 &
0101010101010101 &
G=1{0000000000001111 | |gog |,
0000000000110011 gioks |
0000000001010101 gio&
000000110000001 1 &8s
0000010100000101 &:° &
0001000100010001 PRYY

ITOT KOA ucnpapnsieT JioOble OAMHOUHHIE H OOHapyXKHBaeT
JBOHHbIE OLIMOKH, a MaXKOpHTapHOe JEKOLHPOBAaHHE JJIs1. HEro
MOJKET GHITh OCYLIECTBJIEHO B TPH STana. Ecjn ¥ KojoBoe eJio-
BO, TO
V=0a,g+a,g+. . .+a g+ a g0+
+ 1381085+ - -+ 5084 ®)
Ha nepsoM stamne onpefiessieM BepHble 3HayeHH st KoshdHnu-
€HTOB a;;, 1J15 KaxJIOro M3 KOTOPHIX HMeeM YeTHpe OpTOro-
HaJbHEIX POBEPOYHBIX COOTHOWeHHsi. Hanpumep, aas Kosg-
puLHeHTa a,, OHH TaKOBHI:
Qg ==y~ 0by Uy 0ly,
Qg =0+ 0+ A+,
Qg =0+ 0y -0y g+ Qjs,
Q3 =05+ Cyg+Cyy + Ay

Iocne onpenenenus KoahpHUHEHTOB a@;; COCTaBJseM PA3HOCTH
U =0—0;, 8,982 - -— s, F30 L= (0g, O, . ., A1)
ITockonbky npu GesowmnbouyHoit nepepade
U, =0a,8,+a;8,+ 0.8+ g+ a8,

TO NpPOBEPOYHBIE COOTHOLIEHHS I/ ONpeNeNeHHs a;, a3, g,
a, (STO BTOPOH 3Tan TOJIOCOBAHMsI) TAKOBH Xe, KaK 1Js PM-
Kolla nepsoro nopsiaka. K npumepy,
0 = 1y 1 = 0 Oy = o 1 = o 1 =t oy =
’ ’ K r
=0y Ol = Ay o aia 3 0Ly 4 e
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HakoHell, Ha TpeTbeM 3Tale COCTABJAEM PA3HOCTH
Vi—a,8,—0:8,— 0y — 8, = (2, Oy, « oy Og5)

# [0 GOJIbLIHHCTBY 3HAaUYeHHA KOODAMHAT o ompeiensieM 3Ha-
yeHue @, [loc/ie 3aBeplieHUs TPETbero srana KOAOBOE CJIOBO
poccTaHaB/HBaeTcss no dopmyae (5).

TlogoGHas mpolenypa JAeKOAHPOBAHHA pacnpoCTpaHseTcs
Ha PM-KoAbl NPOU3BOJIBHEIX MOPALKOB; NPH 3TOM JJA Ko4a
r-ro MOPAAKa YHC/A0 3TAlOB roJOCOBAHHA paBHO r+1 M 11s
KOAA AJMHBI 27 YHC0 OPTOTrOHAJBbHBIX MPOBEPOK HA MePBOM
sTane paBHO 2777 (Ha KaxXAOM NOCJEAYIOUEM 5Tame UHC/I0
npoBepOK yiaBaHBaeTcs). TakuM o0pa3oM, MOXKeT GbITb HClIpas-
jeHo 27-7"1—1 omubok, a 2#77~! owHGOK Becerna 06Hapynm-
BaeTcs.

B HacTosliuee BpeMst OTKPBITO JOCTATOYHO MHOrO KOI[OB
JJ1 KOTOPBIX MPHMEHUMBbl NOAOGHbIe AJrOPHTMBI JEKOAHDOBA-
nua. VX onucanue u cnocoGbl NMOCTPOEHHS OPTOrOHAMBHBIX
nMpoBepoK 0asupyioTcs Ha PasJHYHBIX KOMOHHATODHBIX H T€o-
METPHYECKHX KOHCTPYKIIHAX,

3anaus u QONOJHEHHS

1. as (8,4)-xoma Pupa — Mansepa nepsoro mopaaxa
HCIIpaBUTh HJIH O0OHAPYXHTh OWHOKHK B CJIefYIOUIHX CJIOBaX:

11010110, 11100001.

2. AHaNH3HPYSA COOTHOLWEHHA (2), (3), (4), HaitTH unco oGHapYXHBae-
MbIX H YHCIO HeOOHapYXKuBaeMbX TPOHHbIX owHGOK B (8,4)-koze Puja—
Madasiepa. MMetorca M ucnpapuMbie TpolHbie ouIHOKH? PewdTh Te ke 80-
MPOCH VI OWHOGOK B YeTbipex CHMBOJAX. -

3. lna (16,5)-Kopa Puma — Manjepa mepsoro nopajka MCOPaBuTh
WIKH OOHAPYMHTb OWHOKH B CHEAYIOMHX CJ08aX:

1110010100100111, 1010010110101010, 1001001001001001.

* 4. Cumrasi, uto Hcnombayercs PM-kop BTOporo nopsgka Aduue 16,
MCMIPABHTD HIH OOHAPYXHTh OMHOKH B TeX e CJOBAX, YTO H B sanave 3.
Uem OOBACHAIOTCH PACXOKIEHHSA C pPe3yJabTaTaMH. 3afauH 3P

5. Jlokasatb, 4ro xoi Puga — Maajepa r-ro nop;uu(a JJIHHBL ==2m

umeer 1-4-Ch+. . .~4-Ch, undopMauHonsbix cumosos, 14-Cht-. . .4-CR-r4
HPOBCPOUHBIX CHMBOJIOB, A €rO KOJOBOE PAacCTOAHMe paBHO 24 =7,

19. JIATHHCKHE KBAIPATH! H KOJIb!

JlaTHrcKHe KBajpaThl 0/roe BpeMsi OblH H3Be-
CTHBI JIHIIb MaTeMaTHKaM H JIOOHTEJSIM roJIOBOJIOMOK H, B OC-
HOBHOM, G/1aroapsi OfHOH 3HaMeHMTOH 3ajaue JI. Sunepa *).
B 1782 r. Ditnep mpemiokua ciaeayiouryio npobiemy.

*) Jleonapn Sittep (1707—1783) — OBHH M3 BeNHKHX MaTeMaTHKOB
XVIII BeKa, cO3paBIIKX OCHOBH MaTeMaTH4YeCKOLo aHaflu3a, Isefinapen
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Cpenn 36 odurepoB HAXOAWTCH MO IeCTb OPULEPOB INECTH
PasJHYHLIX 3BaHHH W3 LIECTH MOJKOB. MOXHO JIH NOCTPOUTH
5THUX oduuepoB B Kape TaK, YToObl B KaXKJOH KOJIOHHE H Kax-
20} wepeHre BCTpeYasHch OpHIEpH BCeX 3BaHuH H BceX MoJ-
KOB?

Jlumme B 1901 r. ypamoce poKasarbh, YTO 3TO HEBOSMOMX-
Ho. OnHaKo cBsizaHHbBIE ¢ 3ajadell DiJepa JaTHHCKHE KBaJpaThl
He moTepAJNH HHTepeca, TaK KaK BCKOpe OOHapyXHJOCh, YTO
OHH HMeIOT MHOroo6pasHble npakTHYecKHe NpHMeHeHHs. A coB-
CeM HeAaBHO (KOHell IIeCTHAECATEIX TOL0B) OHH OBIIH NpHMeHe-
HH M B TeOpHH KoaupoBaHuda. [losyyaionpecs Ha HX OcCHOBe
KOZBI, XOTsl H JaJIeKH IO CBOUM NapaMeTpaM OT ONTHMaJbHbIX,
HO 3aTO JIONYCKAlOT NpPOCThle aJITOPUTMBI J€KOAMPOBaHHA (ro-
JIOCOBaHHe B OjMH Luar).

Bynem paccmMaTpHBaTh KBajpaTHble MaTpHIB NOpsiiKa 7,
3JIeMEHTHl KOTOpPHIX — uHecna 1, 2, . . ., n. Takyio mMarpuuy Ha-
3LIBAIOT AQMIUHCKUM K6QOpamoM, €CTH BCAKHH 37€MEHT BXOAHT
POBHO OJIHH pas B KamxAylo CTPOKY H B Kamauil crosbelr.

Chaenyolmiye MaTpHHBI SBJASIIOTCS TNpHMEpPaMH JIaTHHCKHX
KBaApaToB (COOTBETCTBEHHO mopsiaka 2, 3 u 4):

ey G (

CyuiecTBEHHBIM DU TOCTPOEHHH KOAOB ABJISAETCH CBOWCTBO
OPTOTOHAJILHOCTH MaTpHL, KOTOPOEe ONpeAesnsieTcs CJAeAYIOWHM
06pasoM.

JlBe MaTpHIBI MOPSA/JIKA Nt HA3bIBAIOTCS OPMO2ONAALHOLMIL (He
NyTaTh C OPTOTOHATBHOCTBIO BEKTOPOR!), €C/IH NPH HaJOKEHHK
M0G0l U3 HHX HA JIPYTYIO MBI NOJYYHM.MHOXKECTBO BCeX ymo-
paxoyeHHux nap (i, j), 1<i<n, 1<j<n.

Bor npuMep opTOroHa/nBHBIX JIaTHHCKHX KBajparoB Ilo-

pAnka 3:
123 123
(231>, <312>.
312 231

NO NPOHCXOXKJEHHIO, OH JKHJA H paboTal NpemMyluecTBeHHO B Poccmu.
Diinep, BuilensBUMACA CBOEH HWCKIIOUHTeLHOH HHTYHuHel H pasmocTo-
POHHOCTBIO MHTEPECOB, OCTaBHJ TJIYOOKHI cJell MpaKTHYecKH BO BCEX o6~
JIaCTAX COBPEMEHHOI €My MaTeMaTHKH. Boabiioe KoMnuecTBO €ro sameva-
TeNBHHIX PE3YAbTaTOB ABHIOCH OCHOBOH JJA RanbHeRillero PasBHTHA MHo-
TRX pa3jielOB MaTeMaTHKH. .-
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OpTOroHafbHb TaKiKe H ClenyioulHe 1se MaTPHUBL

I I TR Y 123 n
222U.2‘ 123...n
A=|3883..8} B={123..n], (1)
» 1] r ’ 1] \

nnn .., n \\123..'.n

Jlerko BMIETb, YTO MaTpUla MOPALKA N ABJAETCA JATHHCKUM
KBaJ[paToM TOr4a H TOMLKO TOTAA, KOTAa OHA OPTOroHalbHa
obenm marpuuam A H B.

[1pu mocTpoeHHH KOJOB HCHOMb3yioTcA MATpPHUB (l) u uMm
oproroHajabHele. Criocol NocTpoeHHs obecnedHBaeT HYMKHOE
I 1eKOAHPOBAHHSA YHC/IO OPTOrOHANBHBEIX POBEPOK; COCTOUT
3TOT choco B CaeRyIoLLeM,

Has marpuupl C ykasaHHOrO THHA H JJis JioGOro ee sJe-
MEHTA k onpepesHM ABovuHywo MaTtpuny C,, KoTopas nosyuya-
eTca W3 C 3aMeHOH BceX 3JIEMEHTOB, PABHBIX k, eIHHHIIAMH,
a BCEX OCTA/bHBIX 3JIEMEHTOB — HYJIAMH, TakuM obpasom,
no marpuie C nopsaika n crpositcs Matpuust Cy, Cs, . . ., C,.
Kax 1ot u3 3rux Marpun C,, CONOCTABHM BEKTOP Uy, NEPBLIE /1 KO-
OpPAHHAT KOTOPOTO SBJAAKTCA MOCTCAOBATENbHBIMH 31eMEHTAMH
nepBoll CTPOKH MaTpHusl C,, cIefyIOIWHe 1 KOOPAUHAT ~— 3Jie-
MEHTAMH BTOPOH CTPOKH H T. A. MHBIMH cioBamu, n? KoopaH-
HAaT BEKTOpa ©Uy-— 3TO BCe 3JIEMEHTLl MATPHILBI Ck, BBITAHY-
TOH» B OJHY OOILYIO CTPOKY. OﬁpasyeM HakoHell, MaTpHLy C
nopsiika nXn?, CTPOKAMH KOTOPOH fABJAIOTCH BEKTOPH Oy

' )
¥

Hanpumep, ans marpuusi
123
C—__—_-<2 3 l>
312
: 100y 010 001
,C‘=<0 0 1), C2=<l 0 0)., c3=(0 1 0>,
010 001 100
v,=(100001010), ©v,==(010100001), v,==(001010100)

/100001010
C=<0101 0001>.
901010100

uMeem!:
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Iycrs teneps A u B — marpuunt (1), a Dy, Dy,.. D, —
nonapHO OPTOroHasbHBIE JATHHCKHe KBajpaThl. O6pasyeM u3
HHX yKa3aHHBIM BhIlIe criocoGoM matpuust A, B, D, Dy, . ..
..., D,, asareM noctpoum marpuuy [, KOTOPYiO MOKHO ycC-
JIOBHO MpEACTaBHTh B BHJE:

(4 - )
B
Di ! Em
H=|Ds,
\D, .
(MaTpuup ﬁ, 1§, 51-,55, - .,5, NOAMUCHIBAIOTCSA ONIHE MOA APY-

FOH M K mosiyyuBlUedics MaTpHUUE NPHOHCHIBAETCA CNPaBa elu-
HH4Hasi MaTpuna £, COOTBETCTBYIOLIEr0 MOpsaKa rm).

Marpuny H 6yAeM cYHTaTh NPOBEepPOYHON MaTpHueH Koja,
fIOCTPOEHHOrO ¢ MOMOLBIO JIATHHCKHX KBaaparos. U0 CTPoOK
STOH MaTpHIpl, KaK BbITEKaeT U3 MOCTPOeHHs, paBHO (r+2)n,
a 4HcII0 cTo6moB coctasser ni+(r--2)n. Kogosoe paccrosinue
MOJIy4eHHOr0 KOAa, Kak Mbl yBHAuM, OyIeT He MeHble
r-+3.

B kauecTBe npuMepa paccMOTPHM KoJi, HOCTPOEHHBIH € 110-
MOILb!O JIBYX OPTOTOHAMBHBIX JIATHHCKHX KBaJPaToB MNOPSA-

Ka 3.
123 123
D,=<23 l>, D,=<3 1 2>.
312 231
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HaKOHeH, DpOBequHaﬂ _ManHLla HCKOMOI'c Koaa Taxopa:
1110000001
P
1
.0
1
i

'

i

i

1
010001100 ]
0011060010 \

JIerko BHIETb, YTO AAA KAKAOrO H3 9 HHPOPMAIMOHHLIX
CHMBOJIOB MOXKET GBITh COCTaBI€HO YeThIpe OPTOrOHANBHLIX IPO-
BepkH. Hanpnwmep, nepsaﬂ yeTBepTan, ceAbMas H JecAras
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Puc. 25.

CTPOKH MaTpuubl A HalOT caexyiomHe MPOBEPKM A nep-
BOTO CHMBOJIA Gy

a=a,;+a,|+a,,
=0+ x4y,
Oy=0s+ 0, +Qyy,

A=, g a .

OpToroHanbHOCTL 3THX COOTHOILEHMI, KaK MOXHO YOeIHThCS,
Kak pas W oGbACHseTcA CBOHCTBOM OPTOTOHANBLHOCTH HCXOJ-
HbIX Matpul. Ilpy SToM u4uC0 TakKMX COOTHOWIEHHE s
Ka)KJIOro CHMBOJIA BCErAa PaBHO UYHCAY MAaTpHL, HCIOJb3Y-
eMBIX 1A MOCTpoeHHusi, T. €. r+2. A 3HauHT, KOJOBOE pac-
CTOSIHHE He MOXeT OHTb MeHbile, ueM r-3; B HalleM NpHMepe
OHO HE MeHbINE NATH.
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Ha puc. 25 Bl OpHBOAHM HacTh AEKOAMpYIOMmeH CXeMl,
fipeflHa3HAYeHHYIO JJIf JEeKOAHPOBAHHA CHMBOJA a4 (OyKBO#
M, KaKk H paublle, 0603HaUeH MaXOPHTAPHLIA JEMEHT).

20. MATPHLIbI AJAMAPA H KOAHPOBAHHE

BaxHyio pons B - anrebpe u KOMOHHATOpHKe
HrpaioT MarpHusl AjaMapa, KOTOpble BlepBble ObLIH BBEJEHBL
B MareMaTHyecKHH o6uXoj[ B KOHLe npoiioro Beka *). Cpas-
HUTeJbHO HejaBHo (B 1960 r.) ObJIO 3ameyeHo, YTO 3TH
MaTpPHIbl MOTYT GBITh HCNOJNB30BaHBI /1151  MOCTPOEHHST KOJIOB

’ n
¢ 0OJBUIMM KOJOBLIM pPacCTOsTHHEM '(d> AE

Keaaparnas marpuua H nopsigka n c snemeHTamu =1 Ha-
suiBaetes mamputed Adamapa, e/ -BbIIONHAETCA YCJAOBHO

HH"=nE,.

BoT Hecko/sIbKO npHMepoB MaTpHi Anamapa:

m, t 1

(1)

n=1 n=2

I 1 | | 1 1.1 1
I —1 1 —1 I —1. 11
I 1 [ | I —1 —1 | I —1 —1
I —1 I —I1 [ —1 —I | [ —1 —1 1
1 I —1 —I1 l 1 1 [ —1 —1 —1 —1 .
L —1—1 1 =1 1 —1—1 -1 1
n=4 | I —1 —1 —1 —1 1 1
I —1 —1 1 —1 1 11—t}

n=38

Pacemorpum npoussonbHyio matpuity. Anamapa

hiis hia +es A
h21 hzz L h2

H=1"7 7, 7 hy=%xL
\hnl hnz e hnn

M3 onpegenenuns ciaenyer, uto Ass jo6Gofi napbl CTPOK ¢ HO-
MepamH [ M j (i¥~j) BepHO paBEHCTBO:

hilhjl+hl'2hj2+ v e —I—-hinh/-n=0. (l)

. *) JKak Apamap (1865—1963) — oamm M3 KpynHedwmux ¢)panuy3-
cxmx mareMaTHkoB koHua XIX u nepsoft nonosusst XX Beka, aBTop psi-
A2 OCHOBOMOJAraiomux paGor B 06JaCTH TEOPHH YHCET, anrerH H MaTemMa-
THYeCKOTO aHa/u3a,
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TakuMm 06pa3oM, pasnnuHbe CTPOKH MATPHUH Ajamapa no-
napHo OpTOroHaibHH. [lanee, uncio ciaraeMex B (1), pas-
HBIX -1, JO/KHO COBMaiaTh C YHCJIOM CJaraeMblX, PaBHBIX
—1. CiienoBaTelbHO, 7 9eTHO H JoOble JBe CTPOKH COBMAanaloT
POBHO B 1/2 NOBHUMAX H PA3JHYAIOTCA B OCTA/IbHBIX,

[ycTb Tenepb A — ABOHWYHAA MaTPHIA, NOJAYYAIOUAACHT H3
matpuubl H 3ameHol sjemenTa +1 #Ha 0 —1 Ha 1. MHOXecTBO
BEKTOPOB-CTPOK MaTpHLitl A of6pa3yeT TOTRa KOl C paccTosi-
HueM XeMMHHra Mexny JIOOBIMH KOJOBBIMH CJIOBAMH, PaBHBIM
n/2. Tak, U3 matpuuel Anamapa mopsaxka 8 noJaydaem Mar-
punty A, sapaiomylo Koi AJHHEL 8 ¢ KOJOBBIM PACcCTOSHHEM 4:
: 00000000

2

SO OO OO
—_ o D O
—_—— O = = O
O o = OO
[ ey =)
OO O = O =
O bt e o - O
— e D bt D i

He MeHss KOJOBOTO PacCTOAHHA, MOMKHO YMEHBUIHTb IJHHY
KOZa, eCJH OTODOCHTb nepBhIA (HYJIEBOH) CHMBOJ KamIoro
¢JI0Ba.

YKazaHHEIM 06pasoM H3 BCAKOH MaTpHLpl Ajamapa nopsii-
Ka n MOXHO NOMYYHTE JBOHYHHIA Kox Apnamapa tuna (n—1, n,
n/2) (n—1 — LJIHHA KOZOBOTO CJIOBA, N — YHC/AO CJIOB KOJA,
n/2 — KozmoBOe paccTosiHHe). ITo, KaK NMPaBHJIO, KO, HE AB-
JIAIOIHHACA JIHHEHHBIM,

C matpuuefi A cBfA3aHbl ellie ABa KOJa, KOTOpHE TOXe Ha-
3BIBAIOT KOJaMH Ajamapa.

[Nepsriit H3 HHX nomywaercsi Tak. IlepefizeM oT Marpuiisl
A X marpuiie A, 3aMEeHHB BCe JeMeHTH MATPHUE A HX J0n0J-
HeHHAMH (T. €. 3aMEHHB eIMHHIEl HYJSAMH, a HYJH — eJUHH-

namu). Toraa cTpokn Matpuii A 4 A B COBOKYNHOCTH 06pasyloT
Kol THNa (n, 2n, n/2), 4To Je€TKO NMPOBepsAETCs € MOMOLLbIO pa-
BeHcTBa (1).

Hpyro#i kKox Anamapa nosydaercsi W3 nOpelblIyHIero of-
GpacbiBaHHeM MepBOTO CHMBOJA B KaXKIOM KOJOBOM CJIOBE.

9ro 6yneT Kox THIA <n——1, 2n, %——1) .

Hanpumep, 3 marpuue! (2) MOXHO NOJYYHTL TaKHM CIIO-
cob6oMm kKoabl Anamapa tunos (8,16, 4) u (7, 16, 3).

Konbt Anamapa, Kak BHAHO H3 MX ompenesieHHs, o6/anaior
HHTEPeCHOH 0cOGEHHOCTBIO: PAcCTOSIHHE MEXAY JIOOBIMH ABYMsl
KOJIOBbIMH CJIOBAMH OJIHHAKOBO M COBMAJaer MO3TOMY C KOJAC-
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BLIM paccTosiiieM. [1of00HbIe KOABI HA3HIBAIOT SKEUOUCIAHNIHbL-
MU, W B HEKOTOPHIX CJAYYadaX HX HCHOJb3OBaHHE JaeT ocolbbie
NpeuMYIecTBa,

Koas Anamapa, o6nanas GOJIBIIHM KOJOBHIM PacCTOSTHHEM,
f103BOJISIIOT COOTBETCTBEHHO HUCNPABHUTH H GOJBIIOE KOJHYECTBO
OWHOOK * (lIepBLE JB& W3 HUX HCHPABJAIOT OWIHOKH NPHMEPHO
B YeTBEpPTH MO3HLHHA KoJoBOro ciaosa). JlocTHraercsi 9TO, Ko-
HEeYHO, IEHOH BHICOKOH H3GBITOYHOCTH.

Hns noctpoenus M peanusannH kKona Anamapa Toh HJH
HHON IJIMHBI HEOGXOOHMO IOCTPOMTH CHavaja marpuny Ana-
Mapa CoOTBeTCTBYollero mopsiska. Hano ckasatk, 4To TakKoe
NOCTPOEHHE SIBJISIETCA COBCEM HEJErKHM AeJIOM, H 3TOMY BOIN-
pocy MNoCBsilEeH BHYLIHMTENLHHIA pasfien COBPEMEeHHOH KOMOH-
HaTOpHKH. HeKoToprle MeTonp MOCTpOoeHHsi GYIyT paccMoTpe-
Hbl HHXXe B pasfele «3anaud H JonoaHeHus» (cM. Takxke [4]).

C marpuuamu Anamapa cBsi3aH psiJ| HePELIeHHLIX NnpobJieM,
OJIHA U3 KOTOPHIX COCTOMT B clleflyiolleM. MEl yiKe BHIEJH, UTO
NOpANOK n MaTpHubl Ajamapa npH A>3 MoxeT ObiTb JIHIIb
yeTHEIM. Bosee Toro, HeTpyaHO noKa3aTh, YTO npu n=>4 1o-
psanok oba3ad jeauthca Ha 4 (cM. pomoJauenue 3). Jlo Hacros-
Ilero BpEMeHH OCTaeTCsl OTKPHITHIM Bompoc: Ajsa Jjwoboro JH
n, KpaTHOTO 4, cyllecTByeT marpuua Anamapa nopsiaka n?
HensrecTHO, B YacTHOCTH, CYLLECTBYeT JiM Martpuua Anamapa
nopaaka 268 (3To HaHMeHBbIUHI NOPSAJNOK, KpPaTHHA 4, 48 KO-
TOporo MaTpHua Anamapa elne He NOCTpO€EHA).

3agaun H RONONHEHHSH

1. YraxeM HanGosee NPOCTOi €r1OCO6 NOCTPOCHHS MATPHIL
Apamapa ckosb yroaHo 6odbiwux nopsakos. Ilycts H,— matpuna Apa-
Mapa nopsigka n w —H, — MaTpHLlla C NPOTHBONOJNCKHLIME SJeMEHTaMH.
CocTaBHM H3 HHX MaTpHLy Nopsiaka 2n clenylouM obpasom:

_(Ha Ha
H2n~(Hn ""Hn)'

MMmenHo TakMM o6pa3om NoJydYalJHch OnHA H3 APYTOH MaTpPHLUH TNOPSAKOB
1, 2, 4, 8, npHBeJeHHLle B HavaJe 3Toro maparpada.

Jokaaate, yro marpuua H,, asaserca Matpune#t Aaamapa.

2. Cnegywomue gpe ORepakuy npeo6pa3yloT MaTpHHy AjaMapa CHOBa
B MaTpuny Anamapa:

1) mepectaHoBKa CcTPOK (HWJHM CTOJGLOB);

2) yMHOXeHHe cTPOKH (MM cronbua) Ha —I1.

C noMompio 5THX onepanHi JOGYIO MaTpHiy Ajamapa MomHO npeocG-
pasoBaTh B TaK Ha3dbIBAeMYI0 HODMaJH30BaHHYl0 Martpuny Anamapa, y
KOTOpOiH mepBast CTPOKA H NePBHI} cTOJOel COCTOAT H3 OJHHX eAHHHIL.

3. HoxameM, uro ecniy H — matpuna Ajamapa mopsaka n>2, to n
KpaTHo 4.

109



JeficTBHTEABHO, MOMKHO CYHMTATh MaTpUOY H sopmanu3oBauHOK MaT-
puueft Anamapa. IMepectasaas ee CTOAOUB, BCErAa MOMHO AOGHTBCA,
YTOOB! MepBbie TPH CTPOKH MAaTPHIL HMeNn BHA:

t1t1.,..t ¢t v, 0t U .., 11 L., 1
1., Lo, =l = -]~
P, b=t —l...—1 1 ..., 1—=1—1..,,-—l

IMonyyaercst ueTHpe THOA CTOAOLOB. Hycrb i, {, k, I o3navalor cootserct-
BEHHO YHCJIO CTOJIGLOB NEpBOro, BTOPOrO, TPEThEre H YeTBepTOrO THIOB.
CBOACTBO OPTOTOHAMBHOCTH CTPOK BJIeYeT TOrAa TAKXKe PaBeHCTBA:

i+ [——k—l—— 0,

i—ftk—I=0,

i—j—k+-(=0.
Kpowme Toro,

itjtktl=n

M3 stux paseHcTs mnodydaeM {=j=fk=/[=

e

, OTKYJa M CJefyer Haie

yTBEp¥KJIeHHE.

4. WajioxuM ellle ODHH MeTOA MOCTPOSHHMA MaTPHUH AlaMapa — METOX
Ilagn. PaccMOTpHM @OMe 7., BbIYETOB MO MOAYMO p, [he p — NPOCTOR
uncsio. Besignfl ssieMeHT Z p, SIBASAOWHHCA KBAJAPAaTOM KaKOrO-iHGO 3Je-
MeHTa TOro e MoJjs, HaswisaeTCS K8a0pamuuHbin 6oiMemom, BCAKHH ApY-
roft +— Ksadpamusnois Hesoiuemon. Onpeeninm ua Z p CAEAYIOIYIO Q)ym(umo

'X(i). HasLIBaeMy1o cumsoaom Jlemwandpa *):

0, ecan (=0
X ()= 1, ecnH { —KBajpaTHUHKIH BHIYET;
{ —1, ecan i-xpanpardunuii Heshiver.

Hexoan us 3TOro ofpejesieHns, MOXHO JoKa3daTb, ‘iTO A5 BCAKOTO €70
BHIOVTHAETCA paBeHCTBO

xWxO+d+x®x@+0+~-*x@—Dx6:7+5=—L 6]

PaccMOTpHM Teriepb KBafpaTHylo Matpuuy n()pﬁm(a P, JeMeHTHl
Koropokt ¢;; (i, j=1, 2, ..., p) onpegensorcsa cnenyiomuM obpa3oM:

=x (i—9).
Tlyere £ — epuununas MaTpuna nopsaka p, a J — KBajpatHas MaTpuua

TOT'O e NOpsijKa, Bee 9JdeMeHTs! KoTopoit pasun L. Toraa, momssyncs (3),
MO HO N0Ka3aTh PaBEeHCTBA

QQ*=pE—J, QJ=JQ=0. @

*) Anpuen Mapu Jlexanap (1752—1833) — paunysckuii MaTema-
THK, MIOJOTBOPHO paGoTaBiki B TeopiH WHCEN W B psje paaAenoa Mare-
MAaTHYeCKOr0 aHA/JH3a M MEXAHWKH, SRR
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Hyctb Teneps p=4k—1. B atomM cayvae maTpuua
o 111 ...

apaseTcsd MaTpHueli Ajamapa nopsaka p--1. JedcTBHTENbHO, suuncass’
nponseefienne HHT, noayuaem:
P i
0
HH*= . : .
A+ (Q—E) (QT—E).

0

Ilaniee, XaK HeTPYJLHO NpOBepHThL, MaTphlla Q nopsgka p=4k—I1 coBIajaer |
¢ maTpuueit —Q7 . Orciona ¢ yuerom (4) nmeeM: .

J+Q—E) (*—E)=J+QQ"—Q—Q*+E= |
=J4pE—J—Q+Q+E=(p+1) E.

Taxum obpaszom, HHT™=(p-}-1)E.
5. B KauecTBe NpHuMepa NOCTPOMM Martpuuy Anamapa nopfjka 8,
Mpu 31om p=7. ®ynxuus (i) sajaetcs cirenyomed Tabannei: ’

7 lT) T2 3 7 5 6
x(T)Io 11 —1 1 —1 —1
Matpu Q # H nMeioT Torna BuA: .

0 1 1 —1 "1 —1 —I
—1 0 1 1 -1 1 =1
—1 -1 0 1 1 —1 1
=} 1 -1 —1 o 1 1 -1},
—1 1 —1 —1 0 1 1
1 —1 1 —1 1 0 1
11 —1 1 —1 —1 0

1 1 1 1 1 1 1
-1 1 1 =1 1 —1 —
-1 =1 1 1 =1 1 —
-1 —1 —1 1 1 —1 1}
1 —1 —1 —1 1 1 —1f°*
-1 1 =1 =1 =1 1 1
1 —1 1 —1 —1 —1 1
1 1 —1 1 —1 —1 —

- 6. Tlocrponts Meropom [Tonn matpuny Anamapa nopszka 12 n nafitn
' COOTBETCTBYIOIME Kopbl Afamapa, o
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2l. 3AIAYA OB OXEPEJbAX,
®YHKUHA MEBHYCA
H CHHXPOHH3UPYEMBIE KOJbI

Hekorophie BOMNPOCH  TeopuH  KOAHPOBAHHA
CBA3AHBI C H3BECTHOH KOMOWHATOPHOH 3ajfadell, Ha3piBaeMOH
«3ajaueill 06 oXepeNbAX». DTy 3a/a4y MOXKHO cpOpMYJIHPO-
BaTh CJeAYOWHM 06pasoM.

[TycTb oxepesibe COCTOMT H3 OYCHHOK HRCKOJIbKHX IIBETOB.
CripaiuBaeTcs, CKOJbKO CYIIECTBYeT Pa3jHYHBbIX OMepeaud,
ecJIM 3ajlaHo0 YHCI0 GYCHHOK KaXJOro IlBeTa.

PacnosioxuM n OyCHHOK 0[O OKpPYXKHOCTH, yKa3as IJIf
Kaxjoil OGycHHKM HoMep ee uBera. Ecan ofoHitH 3Ty
OKDYXHOCTb B OlpeJeNeHHOM HanpaB/eHHH, Hayas C He-
KOoTOpoft  OYCHHKH, TO OXepesbio
u3 n OycHHOK OYAeT CONOCTaB-
JeHO CJ0BO (a; d.. . .a,), TIe &;
ecTb Homep npera i-H GycuHku. Ho
00x0/T MOXHO HauaTb ¢ Jmobol Gy-
CHHKH, M03ToMy JmoBoMy oxepenbio
COOTBETCTBYET f CJOB, MOJydaeMblX
OIHO H3 Jpyroro UHMKJIHYECKHMH
capuramd. Hanpumep, mias  oxe-
pesibsi, NpPeJCTaBJeHHOIO Ha DHCYH-
Ke, noJy4aeMm cjeiyiolHe CJI0Ba:

12213, 31221, 13122,
21312, 22131.

Boo6uie rosops, cpejiu r c/10B, CONOCTABJEHHBIX OXKePeNbio,
MoryT GBITb u OfHHaKoBhe. Hac, ofHako, 6yayT HHTepecoBaTh
He BCe OXepeJsibfl, a8 TOJMIbKO TaKHe, KOTOpbie HeNMb3s COCTABHThb
U3, JABYX HJH GoJiee OJHHAKOBBHIX «KycKoB», TakuM oxkepelbam
OTBEYAIOT CJIOBA, KOTOPble HENMb3f COCTABHTL W3 HECKOJBKHX
OAMHAKOBBLIX CJIOB MeHblNell JVIHHBL. DyJem HasblBath nojol-
Hbie caoBa ocuosHotmu. Hanpumep, csosa 11, 100100100 ne
SIBJIAIOTCA OCHOBHBIMH, a cjioBo 1011 — ocHoBHOoe. fcHo, uTO
KaXJIOMy <HEeCOCTaBHOMY» OXepeJsblo OTBeuaeT Al Pas/IHYHBIX
OCHOBHBIX CJIOB.

Uto6bl yKasath yAoGHYI0 GOpPMyJNy sl YHCIa OCHOBHBIX
CJIOB, HaM notpebyercs TaK HasbiBaeMast GpyHKLIHA MEGuyca *),

*) Aprycr depaunany Mé6uyc (1790—1868) — HeMmeukuit maTema-
THK H ACTPOHOM, H3BECTHBI, VIaBHBIM 00pa3oM, CBouMH PaboTaMH ro npoek-
THBHOR reoMeTpuu. VM ObliH BriepBble CHCTeMaTHUeCKH H3YUeHH CBOMCT-
Ba ¢ynxuun p(n),
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onpejpensemas CJACAYyOHIHM o6pasoM:

I , ecmu n=1;
I(—l)k, €CIH 1 — NpOHU3BEJIeHHE &£ pa3J/IHYHBHIX
p(n)= NPOCTHIX UHCEJT;
l 0 B ocraJbHBIX cJyyasx.

OGosnauum uepe3 P, {(m) ofiiee YHCI0 OCHOBHHIX CJIOB JJTH-
HBl 1 andaBHTa M3 m CHMBOJOB. TOrja, Kak MOXHO TOKa3arh,

P, (m)=p(d,) mr/d 4=y (dy) mrid - .. d-u (dy) m™ %, (1)

roe dy, ds,. . ., d;— BCe pasJIHUHLIe JEJIUTENH YHCAA A.
®opwmyna (1) nosBossieT HalTH YHCIO HHTEPECYIOMHUX Hac
OKepeJinil, KOTOpoe, OMEBHAHO, paBHO P, (m)/n.

BrisicHuM Terepb, Kakoe OTHOIIEHYE HMEeT 3a7ada of oxe-
peabsx K npoGaeMaM KopupoBaHHs. Jleso B ToM, 4TO NpH nepe-
Jlaue 3aK0fHPOBAHEBIX coOOIIeHHH JOMKHA coB/MIONATLCA Oflpe-
JeJeHHas CHHXPOHHOCTL pafoThl Ha mepenammiell H NpHeMHOH
CTOPOHAX KaHaja CBA3H, KoTopast ofecrleyHBaeTcsl JONOJMHH-
TeJBbHLIMH YCTpOHCTBAMH — TEKTOBBIMH TreHeparopamu. Ilp:u
cO0AX 3TUX TeHepaTOpPOB MPOMCXOAUT HapyileHHe CHHXPOHU-
3ailMH, H B KayecTBe HauaJbHOI'0 CHMBOJIA KOJOBOTO CJI0BA BOC-
NPUHHUMAETCS CHMBOJ, KOTOpPEIl HauanibHBIM He fBJaseTcss. Or-
€102 aKTYaJbHOCTb 33[a4H MOCTPOEHH S KOJOB, CIOCOOHBIX BOC-
CTaHaBJAHBaTb cCHHXpoHHU3auito. OIHH W3 BO3MOXKHBIX MyTeH
ee pellleHHs (ecyld OTBJIEUbCS OT HCNPaBJEHHs OHOOK B CHM-
BOJIAX) COCTOHMT B cJefymwolleM. bynem paccmarpuBaTbh MHOMXKe-
CTBO 71-6yKBEHHBIX KOJOBBIX CJIOB, YIOBJETBOpAIOLIeEe TaKOMY
OUpPaHHYEHHIO: €ClMH (ay as. . .a,) # (by bs. . .by) — Koxosnie
cn0Ba (He 005i3aTeJIbHO PAa3JIMYHLIE), TO HHKAKOE U3 <IePEKPHI-
THHA» MeXIy HUMH

(aaa5. . .a,by), (@5...0,0.0,), .., (@b . -b,_y)

He BJIIeTCH KOAOBBLIM CJIOBOM. KoBl ¢ 3THM CBOWCTBOM Ha3sbl-
BAIOT CHHXPOHH3HPYEMBIMH, W OHH, KaK JIErKO NMOHATb, OTBE-
YaIOT IOCTABJEHHOH LIeJH.

Kaxk u 06bMHO, NIATOH 32 YCOBepILIEHCTBOBAHHE KOAA $1B-
J1SleTcsl YMeHbIlleHHe YHC/IA KOJOBHIX CJIOB H, KaK OOBbIYHO, BO3-
HHK2eT BOMPOC, HACKOJbKO BelHKa 3Ta miata. st oTBeta Ha
5TOT BONPOC KaK Pa3 M MOXKHO HCMONb30BATh pelleHHe 3aJaul
00 oxepenbsix. B camom gene, ecnn a=(ay a; as. . .a,) — KO-
JIOBO€ CJIOBO CHHXPOHH3HPYEMOro Ko/Ja, TO KOJIOBbIM CJIOBOM He
MOXKeT ObITb HHKAKOH ero LHKJUYEeCKHH CIBHI, TaK KaK OH fB-
JseTcs NepexpeiTHeM 178 nape (a, a). Kpome toro, no To#
XKe MPHUHHE BCSIXOe KOJOBOE CJIOBO NO/MKHO ObITh OCHOBHLIM.

$ M. H. Apmummos, JI. B. CagoBckof ' 113



[To5TOMY MaKcHMasibHOE YHCJIO 71-0yKBEeHHHIX CJIOB CHHXDOHH-
3HPYEMOro Koid, HCINOJB3YIOWEro ai(paBHT M3 /m CHMBOJIOB,
He IPEBOCXOJHT HHCJd HECOCTABHBIX OXepenuit ¢ n OycuHka-
MH m pPasiaHyHbIX 1BeToB. OG03HAuYHB 3TO yHCso yepes W, (m),
HMEEM, CJIeJOBATENIBHO,

W, (m) < + P, (m).

Takum o6pasom, noab3ysck (1), molyyaeM TaKkylo BepXHIOIO
rpaHuily Al 4Hcaa n-6yKBeHHBIX KOJOBBIX CJIOB CHHXDOHH3H-
pyemMoro Koja:

W, (m) <+ ((d) mva 4 . pd md), ()

(3nech dy,. . .,d, NO-IpPeKHEMY BCe PasjUuHbIE JENUTENH ).

MoxHo n0Ka3aTb (HO 9TO JOCTAaTOYHO CJIOKHO), YTO MPH He-
YeTHLIX # rpaHuila (2) JeficTBUTeNbHO JAOCTHIaeTcs, H 4TO 370,
BOOOLIE TOBOPSI, He TAK, eclIH 1 YeTHO. OTHOCHTENBHO HPOCTLHE
BHIKJTaIKH TOKa3BLIBAIOT, YTO NPH GOMBLITNX 7 CYyMMa B CKOOKax
GJu3Ka K m®, T, e. K o0leMy YHCJAY CJIOB JUTHHEI i B #1-0YKBeH-
HOM aJpaBHTe, TaK YTO YHCJIO JONYCTHMBIX CJIOB CHHXPOHH3H-
pyemoro xoja NPUMEPHO B 12 Pa3 MeHbIe OOMIEro Yucia crob
JJIHHEL 1.

3ajaun U RONONHEHHA

1. Hokasark cJaenyiomiee cBofictBo ¢yukuun MéGuyca:
p(nmy=yu (n)u (m) ans moGEIX B3aHMHO NPOCTHX 1 ¥ m.
2. OyHKNMS [ HaswBaeTCH cymmamoprod QyHKumeH Ias g, €CliH

fm=§g@

(3annch d|n osnavaeT, YTO CyMMHDPOBAHHe PacIpOCTPAHAETCA HA BCe pa3-
JHNYHbIE JeJdHTeJH YHCJA N).

INoxasaTs, 4To cymmatopHas QyHKUHs AAs GyHKuHH MEGuyca pasua
Hymo npu n>! u eauuune npu n=1,

3. Ilycrs [ — cymmaropnas ¢yHRUMS s g (cM. 3ajauy 2). Bepua
clenyolan 3aMevaTedbHas ¢opmyasa obpauedun MéEGuyca, mexauwas B
OCHOBE BCEX NPHJOXeHMH QYHRUHH [(n):

gm=§uwwmu )
JeficTBHTeNBHO,
,
%uwmw=§uww%gm=§%uwmum @

B nosyunswefics xpofiHON cyMMe M3MeRHM TMOPANOK CYMMHpOBaHHs. 3a-
METHM AJIsi 9TOrO, YTO apryment k ¢ynkuun g (k) npn ABOAHOM CyMMHpOBa-
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HUH Tpo0eraeT BCEBO3MOXKHbIE JEJHUTEIH MHCAA 7, H eclu kB QUKCHPOBAHO,
To d npoferaer Bce JeJHUTENH f, KOTOPHIE B CBOIO Ouepelb AeJsATCs Ha k.
Ilostomy mpoiinyio cyMMy (4) MOXKHO TepenHcaTh B BHje:

22 g@n <n/d)=§1g<k) 2 wind), ®)

kin kld|n kldn

1py 5TOM 3amuch &[dln ofo3nayaer, 4To d npoCeTaeT Bee eUTeNH 1, Jeds-
uecs Ha k. Beenem o6osnavenus m=n/d u t==n/k, Torza m npoGeraer sce-
BO3MOJ(HHIE LeHTeN { U B CHIy YTBEpXKJACHHS 3ajlauH 2

2 nd=2u (m)=< 1, ecan =1,
mlt

kldin 0, eciu £ > 1.
CrefosatenbHo,
X I, ectt k=n ,
Z n/jd :J vE ' (k— geauTedan n).
Kdin e (n/d) | 0, ecam k< nn ( b 1)

OGpamasice Tenepb K BolpakeHHio (5), Mml BUiLE, YTO B CyMMe TO &
HMeeTcsl JIHIb OfIHO HEHYJEBOE CJlaraeroe, OTBEHAiohice 3HAUCHHIO k=n,
y TIOTOMY

% g (k) /’?;{v w (n/d) =g (n)’

YTO paBHOCUJIBHO (3).

4. HazoeeM quca0d IEPHOACM C4054 &, €CJIH @ TIOJY YAeTCS COYIe HeHHEM
O/IMHAKOBEIX CJIOB AIMHLL d H HE ABJSAETCA COWIEHEHHEM OJMHAKOBBIX CJIOB
Menbliiell AauHel. [1ycTe P 4(m) o3HauwaeT ofiiee UMCIO CJIOB AJMHBL 7 B
andaBuTe H3 m CHMBOJIOB, HMEIOIIMX MepUOZ d.

YGeauTbes, UTO

}; Py (m)=m",
din

H, TOJAB3yAch Gopmydoli obpauieHus (3), NOMYUHTb OLEHKY (2),_



3AKJ/TIOYEHHE

Hawy pacckasel 0 KOAUPOBAHMH  MOJOLLIH
K KOHIly. MBI TO3HAKOMMJIHCh, KOHEUHO, AAJEKO HE CO BCEMH
3afauaMi 5ToH TEOPHH, HO B TOH MM MHOH Mepe 3aTpPOHYaH
TPH €€ OCHOBHBIX HaNpaBJeHHs — KOLUPOBaHHe C LEJbI0
3acekpeunBanua coolIenni, KopupoBaHHe ¢ NENbl0 CXKaTHS
uHdopMaunH, HaKoHell, KOZUPOBaHHe C LEJbI0 HCHDaBJeHUs
n obHapy:xenus ownGok., Ham xotenoch naTe npeacraBieHHe
uypTaTe]l0, CKOJbL HIHPDOKH M MHOrooGpasHbl CBSI3H 3TCH Teo-
PHH C Pa3HBIMH pasjesaMM MaTeMaTHKH, H KaK NOpOoH camble
a0CTpaKTHBIE MaTeMaTHYecKHe TeOpHH MOTYT € YCIIeXOM TpH-
MeHATbCA [JJ14 pelleHus NpaKTHYeCKHX 3anad.

JlanbHefiiiee NpOHHKHOBEHHE B NMpo6JeMaTHKY TEOPHH KO-
LUpOBaHUa (noapobHoe HayudeHHEe LHKJAHYECKHMX KOIOB H HX
00001 enxil, 3HAKOMCTBO ¢ KOAAMH, HCHDPAaB/SIOIHMH HaKeThl
omnboK, H creuddHYecKUMU aJrOpHTMaMH HX JeKOJUPOBaHHA
U T. A.) TpebyeT yxe 3HaUNTeJqbHO Goslee cepbe3HOH MaTeMaTH-
yecKoil noAroToBkH, BnipoueM, unTepecylomuiics uuTaTenb Mo-
KT NIPH KeJaHnHu o6paTHTbCA K JIUTepaType, CIIHCOK KOTopoil
NPUBOJHTCA B KOHUE KHHUTH.



NPWIOXEHAZ

B wKOIbHOH MaTeMaTHKe pacCMATpHBAIOTCH pasanuniie
onepanuK naj uuciamu. IlpocTefiilie M3 HHX — clomenne u ofpatuas K
HeMy ollepaliif ELIYHTaEUA, H YMBOXeHHe, s KOTOPOro ofpatHoil omepa-
uuel seasercs aedenne. ITopo6HEle NeHCTBHSI NPHXOAHTCS NPOH3BOAHTH
He TOJbKO Hajl UHCJAaMH, HO W Haja APYTHMH, Gosee CI0KHLIMH oOBeKTaMy.
310 MOMEO OCHAPYHHTD YKe H B IUKGJILHOM KYPce: Ha YpOKax TeoMeTpHH
H GH3HKH YYaT CKJAAABIBATh M BLiWMTATL BEKTOPHI, & Ha YpoKaX anrelpul
paccMaTPHBAKT Onepaliiy CJAOMNEHHA H YMHOMXEeHHA MHoroyiesos. OpHako
cnHcCK TaknX cUbeKTOB ropasfo ofmmupHee. MBI MO3HAKOMHMCH € HeKO-
TOPBIMH K3 HuX, HanCoJee BaXKHBIMH AJA HAIIHX leJeH.

{. CpaBHEHHS W KJacChl BbLIYETOB

VcxogubiM MaTepuasoM IJs1 HAC OCTAK/ICSl TNOKA ke e
yucna. [IBa LeJBIX YHCTIA @ U b Ha3HBAKT CPASHUMBIMU RO MOOYA0 n (N —
HATypaslbHoe), eCIH KX pa3HOCThb @ — b jenHTcsa na n Ge3 ocratka *},
A0 BHPRAIOT CJeAyIOel 3alKHCbIO!

a=b (mod n). {H

Yuesnc n nassipaloT MoayJseMm cpasuenus (1). Hanpumep, 35=2 (mod 1),
TaK KakK pa3Hocts 35—2=33 penutca Ha 11; ananornyno, 25==—1I1 (mod 9j,
TaK Kak 25— (—11})=236 penurcs Ha 9.

3anuck a=0 (mod n) ozHayaeT TOrja, YTO CaMO YHCJIO @ JENHTCH Ha R,
T, e. a=k-n.

Ecnu 3auKCHPOBAaTH HEKOTOPHIH MOAYJbL CpaBHEHHS f, TO BCAKO2
paTypaJjbHOE YHCJO ¢ MOXHO €AHHCTBEHHBIM 00pa3oM Npe/CTaBHTb B Bije

c=kn-r, 2

rae k — YacTHOE OT AeJIeHHA Ha n, a £ — OCTaTOK, COBMARAIOMEA ¢ OHHM

*) TloHATHe CpPaBHUMOCTH Brepsble GbJIO BBEAEHO BEJIHKHM HeMell~
KuM MatemaTukoM Kapaom ®puapuxom Iayccom (1777—1855) B ero Tpak-
TaTe ¢ApHQMETHYECKHE HCC/IENOBAHAAY W ABJNAETCA OAHHM H3 OCHOBHLIX
_TIOHATHI TeOPHR uHced, -~ T
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B3 4 ncen )
0,1,2 +.s n—1L G

CeTaToK 7 HA3LIBAKOT TaKKe 66/MemoM Yncaa ¢ TI0 MORYJIO 1. 3aMeTHM,;
4 TO 3anuchk BHAa (2), The O<r<n—1; MONYCKAWT He TOJNBKO HATYpaJbHble;
HO 1 JobLc uense uhciaa. OUeBHIHO, H3 paBeHcTBa (2) clefyeT, YTO C==
= r(mod r1), T. . BCAKOE YHCJIO CPABHHMO CO CBOHM OCTAaTKOM (BBIYETOM) 1O
yopyso n. [lycrs Tenepb @ u b — ;Ba NPOH3BOJLHEIX YHC/IA, 3alHCAHHBIE
e Bune (2):
a=kn+ri;  b=kontr,.

Kamapil H3 0CTaTKOB ri H rp -— 3TO OAHO 3 4YHcesa (3), MOITOMY HX
Pa3sHOCTL MOXeT JeJHTbCA Ha N JIMIb B OJHOM CJydae, Korpa ry=ry. Ho
TOrga M PastocTh @ — b= (ky — ky)n-}ri—r, MOXKET NeNUTLCA HA N TOTAA
H TOJBKO TOja, KOTAa ri==ry. OTclofa crenyer, 4910 a=b (med n) Torna
¥l TOJBKO TOTJla, KOTAd YHCJa @ H b UMEIOT OluHAKOBEIE OCTATKH IIPH JIeIeHHH
Ha n.

B teopun uncen (cM.; HanpeMep, [5]) nokasmipaerca pam cBoiicTn
cpaBHeHHH, BO MHOTOM aHaJIOTHUHBIX cBOficTBaM OCRIUHBIX paBercTs. [lo-
106GHO TOMY, KaK MH 3TO leslaeM C PaBEeHCTBAMH, CPaBHEHHSI TC OJAHHAKO-
BOMY MOJYJIO MOXHO CKJajblBaTh, MEPEMHOXKATE U T. 1. (Tax, NepeMHOKHB
cpasuenns 17==5 (mod 4) n 7==3 (mod 4), nony4nM, KaK HETPYAHO yOeanThb~
¢, pepHoe cpaBhenne 119=15 (mod 4). Boobe, ecnu ay=by, a,==b,, 10
a-Fag=bi+b,, aiay=bib,.

3HaueHke TUX CBONCTB 3aKJICYaeTCs B TOM, UTO NPH PaCCMOTPEHHH
EONPOCOB JIETMMOCTH YHCe! H PA3HYHBIX YHCIOBHIX apH(MeTHUeCKHX
BHIPaXeHHH Mbl MOXKEM BXOASIHE B 3TH BHIPAXKEHHS YHCJIA 3aMEHSTh HA
IpYTHe, CpaBHUMblE C BHMH 1O JaHHOMY MOLYJIO N; B YacCTHOCTH, Kamjoe
YHCJIO MOKeT Oblh 3aMelleHO CBOMM BhideToM. IlpomasiocTpupyem ckasan-
HOE clefyioulel sajauei.

Hokasatb, uro uucao (1981)%-1 (1982)% mpu soGoM HeveTHOM HaTy-
pajJbHOM k nesnurcs na J.

3ameuaeM, uto 1981=1 (mod 3), 1982==2 (mod 3). 3amenss B Hcxoa-
Lom ppipaxenny uncaa 1981, 1982 ux BblueTaMn no MOZYMO 3, NoJydaeM

(1981)% - (1982)% =1 + 2% (mod 3).

CrefloBaTe/IbHO, JIEBAsT YaCThb CPABHEHHA JEJNHTCA Ha 3 TOTAA H TOJbKO
Torja, Korja na 3 neaurca cymma l-+2% Jna creneneil npofikum mmeen:
=], 2%==2; 2%==], 2°=2 u 1. 1. Boofwe, npuMeHss HHAYKLHIO 1O A,
y6empeemen, uto 2%=1 npun k yetHoM H 2%==2 npu k HeuetHOM. TaguM
©c0pas3oM, NpH HEYeTHOM &

14+28=1+L2=0 (mod 3),

T. €. echin k HEYETHO, TO HCXOKHOE BBIpayKeHHe JENHTCHA Ha 3,
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B pasoBpannoft 3agaue uucaa 1981 u 1982 moran Cuite 3ameHenE!
“TIOOLIMK YHcAaMH @ B b, JalOW{UMH NpH Ae/leHHH Ha 3 OCTATKH COOTBETCT-
Benno 1 u 2. Hu yTBepx/leHHe 3ajauH, HH cnocol ero A0Ka3aTensCTBa OT
STOro He H3MeHHauch Gbl. Takum 06pasoM, B HEKOTOPHX BONpocax oee
Ypc/1a, UMEIOUiHe OJMH M TOT ¥Ke BHYET r 1O MOIYJIO 7, H, CJefoBaTesIbHO,
CpaBHEMBlE Mex1y COGOH [0 STOMY MOAYJIO, OKa3bRAOTCH B3aNMO3aMe-

usgempiMu, O6LesMHHM Bee uX B OAUH KJacc, cBosHavaesnil r:
r={c|c=="r (mod n)}. 4)

MHbIME C0BAMH, KJAacC f COCTOHT M3 BCEX TeX HELIX HHCed, KOTOpLIC
zanucesaotes 8 puae (2). Kaace, onpeiensemerii pasenctseM (4), Hasui-
BaIOT Kaaccoat cowmerios. Kaxmosmy sowery 0, 1, 2, .. ., n—1 orseuact csoil
KJ4CcC BHIUETOB, TAaK UYTO HMEETCA POBHO A PA3NKHUHLIX KJAaccoB

0, 1, 2, ..., n—I. )

$lcHo, uTO 5TH KJacChl TMOMAPHO He NEPeCceKaloTC M KaACe Leoc Uisctao
nomnajgaeT POBHO B OAHMH KJacc.

Mgl ofHapyxHBaeM, jajece, YTO HCHOJL3Ys ONepalliil CJIOKEHHA H
YMHOMEHHS 4uces, MOMHO NPOU3BOLHTb AaHAJIOTHYHEIE ONepallHi H Haj
KJaccaMH BbIYETOB.

B camom pene, nycte i M r; — IBa KJacca BuiueTos. Brifepen so6hie

1Ba YMC/IA H3 STHX KJacCoB: ajErj, Az €r,. Ilyetk oKasanoch, 4TO cymma
a;+ 0, nNeer BoiUeT £, a NMPOU3BEJCHHE Q1dy — BBHIYET &
ai+a,€r, @ma,€s.

Torpa 6yaeM cuuTaTh, YTO ¢CYMMa» KJACCOB rf U fy PaBHAf, a UX <IIPOH3-
BejeHHe» PAaBHO §:

ri-tro=r, ryrp=s.

3aKOHHOCTB 3TOTO ONpejeseHHs 0COCHOBLIBAGTCS TeM, YTO KJacC, KOTOpOMY
NPHHAIMEKHT CyMMa ai-+a; (COOTBETCTBEHHO NDOH3BENEHHE ay@p) He 3a-

BHCHT OT BHIGODA 3JEMEHTOB df W Qg B KJACCAX ry U fy.
MMosicHuM JaHHOE onpeje/ieHHe Ha NpHMepe, B3sB 32 MOAYJb CpaB-

HeHHA uHeao n=2. B stom clydae MMeeM JBa KJjacca BbIYETOB — 0w 1—:
a onepau¥H HajJ HHMH BBITVISIAAT TakK!:

+0=0; 04T-=T140=T,
«0=0; 0.1=

<l ©f
S| <

Hacro, KOrjia 3TO He BLI3LIBAET NyTaHHlbl, B 0603HaUeHHAX Kiaccos
BBIUETOB ONYCKAKT 4YepTy, 3anHChiBasg HX Kax o0Liunble HaTypaJbHEIE
yycaa. B ocnoBHOM TeKCTe KHHIH 5TO ZeJiaeTcs 0e3 cnenHaldbHbIX OTOBOpDOK.
Bmmxwem, Hanpumep, TabNHIAE CJIOMKEHHA H YMHOXKCHHA KJaccoB IO
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MORYMO 4 B 3THX YHpoMmeHHbX O0O3HaYeHHAX:

+ 1 o] 1| 2|3 ]l o 1|23
o o | t{2]s3 0o jojo]o
Pl 2|30 1o | 123
2 L2 (310 {1 2| o l2]o0]oe2
303 0] 1 |2 30 |3 |2]1

Sti TabaifiLl MOM(HO NOHMMATL H OYKBaJbHO, CUMTas, YTO OHH ONpes
LeJISlIGT Be onepalki Ha MHoxecTze {0, 15 2, 3} — CJI02KEHHE B YMHOXEHHS
10 MoayJuo 4.

2. Fpynnum

[Mpex ne uem maTh onpepesiesHe I'PYNNbL, PACCMOTPHM ONHA
Ba¥ublfl nprMep.

DyneM NCXOLHTL K3 TOHATHA 63QUMHO COHO3HAYKO20 O0MOCPANEHUR
MHOMECTBA Ha ccGs. B cayvae KOHeuHOro MHOMKECTBa Takoe oTofpamenke
Ha3bIBAKOT OCRIMHO niodcmanoekod. TlyeTh MHOXECTBO M COCTOHT H3 uHcen
1,2, 3: M= {1, 2, 3}, Urobnl 3anate KaKyio-THEO NMOJCTAHOBKY MHOMe-
crea M, nocTaTOYHO yKasaTe And Kaxjoro 3 4ucea l, 2, 3 1o u4uciao, 8
KOTOpoe oho oTobpaxkaeTct 3TOli NOACTAHOBKON. ¥ jnoGHee BCero cesaThb
5TO, KCIONB30BAB TabJHLY H3 JBYX CTPOK,— B TEPBOH CTPOKE BLINMHCH-
BaioTca (B JoGom nopaake) uncha 1, 2, 3, a 8o BTCPOH NOR KAKALIM H3 HKX
DRILETCH COOTBETCTBYIOWEE €MY TIPH JanHOH NOJcTaHOBKe 4uclo. Craxen,

offe Tataann
OB

34L2I0T OLHY B TY e NONCTAHOBKY: YHCJO ! mepexoiamr B YHcao 2, 2.—
B 3, 3 — B |. HeTpyZno yKasaTb BCe Pasiuyuble NOJACTAHOBKH MHOMKECTBA
My Bx 6yger wecTh:

120 -



Onpeneany Teneps Ha MHOXecTse S= {03, Oy, + . .; Og} BceX NMOACTAHOBOK
ONepalHi0 YMHOXKEHHS (WIH KOMNO3uyuio) NOACTaHOBOK. MMeHHO, mpous-
BejleHKeM NOJCTAHOBOK O; H 0, 6yJleM Ha3blBaTb NMOACTAKOBKY O, TIOJNYUAIO-
UWLYKOCA B pe3yJbTaTe NOCJAEA0BATeNLHOrO BHIMOJHEHHS CHayala MOjACTa-
HOBKH Oy, & 8aTeM O, (3amucbIBaeTCA: 0;0;=0p). Hanpumep,

(123 1238\ (123
312 (1 32/ \213
(nepBan NOJCTAHOBKA NePeBOAMT UMCIG | B uHGIO 3, mocie Yero BTOpas
HOZCTAaHOBKA NMEPEBOLKT YKCAO 2 B YHCAO 3, TaK YTO B pe3y/bTaTe mocae-

JOBATENLEOFO BHINOJHEHHS LOACTAHOBOK 4YncAo 1 nepefizer ® uucao 2
8 T, A.). Yutatedb MoXeT NpPOBEPHTH, UTO

123 123\_/t2z3
<l 3 2) <3 1 2)_<3 2 l)’
¥ TeM caMbIM YOeLHTECH, YTO TIpGH3BeJeHHE ABYX MOACTaHOBOK 3aBHCHT,
eooflLle FOBOPSA, OT TNOPAAKAa COMHOMXHTeJNeH.
MHoxecTBO S ¢ onpesiesIeHHOM BHIlie ONepaliuell YMHOKEHHS HA3LIBAIOT
epy nnotd nodcmarnocsok MHOXecTBa M.

Onepauuss yMHOXeHHA Ha S o6najaeT CJefyOWHMH CBOHCTBaMH.
Bo-nepewx, 3Ta onepaiua acCOuMaTHBHA Afs MOCHX -0;, O, Of

(0,0;) 0p=0;(0,0).
BO'ETOPHX, TON LCCTEEHHAd NOIACTAHOBKA
g (123
1=t\t123)’

feperojsilan Kax bt 271eMeHT B cebs, WrpaeT poJaL €JHHHIbI B 06BIYHOM
YMHOXEHRY, @ HMELHO, ANd nw€oir NOACTAHOBKH O;

010;=0,0;=0.

HakcHeln, eMecTe C KaXAOH [NOACTAHOBKOH O; MHOXeECTBO S COAEPMHT
ofpat:yto el NOACTaHOBKY Oj, KOTOpas NePeBOAHT UHCJIO @ B UHCJIO b TorAa
¥ TOABKO TOTAd, KOTa O; MepeBCANT YHCI0 b B unco 4. [1pu 3TeM, NOHATHO,
Ka} l0e B3 NpON3BeneBufl 0;0; H 0,0; 6yAeT TOXACCTBEHHON MOACTAHOBKOf"

0,0;=0;0;=0y.

Aty TPH CBOKCTBA COXPAHATCH, €CJM DPacNpoCTPaHNTh ONpejesieHHe
yMHONEHHS TOLCTaHOBOK MHOMecTBa {1, 2, 3} ma cayvali nogcranoBos
NI0COTO KOHEYHOTO MHOMECTBa,

BoJiee TOTo, BLISICHMIOCH, YTO HMMEIOTCH CaMbie paaﬂoo6paaﬂbxe cH-
cTeMbl 00BEKTOB ¢ onepaumeii, ofnajalomell yKasaHHbIMH CBOHCTBaMH.
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3T0 npuBedo K ciefyiouleMy (ofuleMy) oOnpefesieHHIO TpYNNAL ‘).‘
~ Munoxectso G; Ha KOTOPOM OmpejiesieHO YMHOXKEHHe 3JIeMEeHTOB; Hasbl~
‘BaeTcs 2pynnodl, ecid BHITONHIIOTCSH TPH aKCHOMBI:

1. YMHOMXKeHHE acCOLMATHBHO: AJIA JIOOBIX 3JeMeHTOB 4, b; ¢ u3 @

a(be)= (ab)c.
2. B muomectse G cyulecTBYeT Takol eQunuunsiti 3JeMeHT e, WTO

ea=qe=a.

3. Ilas gamacro 3jdementa a Mmuowectea @ cymecrayer B G Takol
cOpaninbii saeMeHT a=?*, 4To

aa~l=a-la=e,

C(Cpamaem BHHMaKWe YHTATeJdsl HA TO, YTO B [PHBEJEHHOM ONpeje-
JeHHH ToBOPHTCA 00 YMHOMKEHHH 3JIeMEHTOB W HCIOJB3YeTCs CBS3aHHAA
¢ OOBIYHLIM YMHOMEHHeM TepMHHOJOCHST H CHMBOJHKE. DTOH «MYJbTHIIH-
KaTupHoMl» TePMHUHOJNOTHH M W GyJeM B fajbHelilieM NPUAEPKHBATHCA.
Onnako TepMHH «YMHOMEHHe» Hejib3s MOHHMaTh OYKBaJBHO; peyb HJIeT
0 JoGoH omepallyH, yIopJeTBOpsiomweil NaHHEIM akcHoMaM. B uacthocTH,
B psile CJy4YaeB eCTeCTBeHHee Ha3biBaTh ONEPALMIO CJOMKEHHEM H COOT-
BeTCTREEHO mepeopMyJBpOBaTE aKCHOMBI TPYMIBI, MOJL2YSCh TEPMAHO-
Jiorueft, CBA3aHHON CO CJOXeHHeM (xaiXUTHBHOH» TepMHHOJOTHeH):

1. CrloxXkenre accolnaTHBHO: A5 JIOGBIX aJeMeHTOB 4, b, ¢ 13 G

(a-}-b)-Fc=a- (b-+-c).

2. CymecTByeT TaKoi #yaegod snement O, uTo AAs JOGOTO 3JeMeHTa &
uz @G
a-}-0=0-}-a=a.

3. Jlin xamJOTO SJeMeHTa a CYWECTBYET TaKOW NpOMmuGONOA0nCHbL
aJleMeHT (—a), 4YTO

a+ (—a)= (—a)4-a=0.

[pynna noicTaHoBOK, oNpeje/leHHas BhILe, SBISETCSA, KaK MBI BHIHM,
OfHUM U3 DpumepoB rpynmel. Boofme B3auMHO OfHO3HauHBE Mpeobpa3o-
BaHHA JOGOro MHOKecTBa 06pasyloT IPYNNY OTHOCHTENBHO OfepalHu
YMHOXEHHA npeoOpadosanuil (3TH Trpynnbl ChITpaNd OCHOBHYI DOJb B
¢opmMupoBanHy  oIEr0 TOHATHA TpyMbl).

HutareJb oOHapyKHT jajee, YTOo MHOTME NPHMEPBl DY eMy yiKe
u3BeCTHH. [lepeuncyuM HeKOTOpble M3 HUX:

*) B Buge, 6M1U3KOM K COBPeMeHHOMY, onpeiejeHHe IPYQmsl GBLTO
BrepBele CEOPMYJHPOBAHO aHIVIKACKHM MaTemaTukoM A, Kon B 1854
roy,
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1. MHoXecTBO BCeX HeHYJeBHIX JeHCTBHTE/BLHBIX YHCEN OTHOCHTENBHO
"OlepALHH YMHOMEHUS — «MYJbTHIIHKATHBHAS TIPYNNa HeHCTBHTENbHHX
yuces» R*.

2. MuoxecTBO BCeX LENEIX HYHCEN OTHOCHTENbHO ONepalui CJoxKe-
HHS ~— ¢ANJNTHBHAS TPYNNa LeJsx] YHceM» 7.

3. MHOxeCTBO BCeX BEKTODOB B IPOCTPAHCTBE OTHOCKHTEJBHO Omepa-
LHH CJOXEHHST BEKTOPOB.

4. MHOXKeCTBO BceX MHOTOWIEHOB C JeHCTBHTeJBHHMU KoddduilueH-
TaMH OTHOCHTEJIEHO ONepallHH CJICKEHHS MHOTOWIEHOB.

I'pynner 8 mpumepax 1—4 uMeloT GeCKOHEUHO MHOTO 3JIEMEHTOB, a
rpynna S — xoreunasn (6 snementoB). UuC0 271€MEHTOB KOHEUHOH TPYINL
HA3LIBAETCH ee NOPAJKOM.

13 akcHoM IpYNOBEI MOXHO BEIBECTH, YTO B IPYIINE CYIECTBYET TGJIBKO
OIMH eNUHUYHBIH 3JeMeHT. MOXKHO J0Ka3aTh TaxXKe M €JAHHCTBEHHOCTb
oGpaTHOro 3JeMeHTa LIS BCAKOrO 3JeMeHTa rPYIIEL.

TlprMep rpynnel TOACTAHOBOK IOKa3bIBAeT, YTO YMHOXEHHE B IpYyTIe
MoXeT CbITh HEKOMMYTATHBHBIM. Te TIpynmbl, JIJs KOTOPEHIX oOIlepa-
HHA KOMMYTAaTHEHa, TaK H HasblBAKTCH KOMMYMamuéHsimy (TIpHMEpLI
1—4).

Ecan HekoTopce monMHoxecTBo f rpynnbl G caMo ofpaayer rpymny
OTHOCHTEJIbHO OTIePalliH, ONpefeJeRHOH B G, TO MojaMHOKeCTBO H HAa3bi-
BaloT nodepynnofi Tpynne G.

Hanpuuep, nopmuoxectsa Hi= {0y, 0,} u Hy= {0y, 04, 0;} rpynnn S
SBJSOTCA TIOXTPYNIaMH 3To#t rpynnel. ITOJAMHOMKECTBO UYETHBIX LAJIBIX
uiceJ ecTh MOATPYNNA affHTHBHOH TPYNNE 7 BCeX UE/IBIX Yuced, a IOA-
MHOXKECTBO HeYeTHHIX UHcea He GyneT MOATPYNDOH 5Tof TPYINH (CAcKEeHHE
Ha 7 He 3ajiaeT Omepallflo Ha 5TOM TIOAMHOMKECTBE, TdK K4K CYyMMa JBYX
HEYETHBIX UHCEJ €CThb YHCJO WETHOE).

Himeer MecTo ciepylomas Teopema.

Han mozo umober nodmroscecmeo H seasroce nodepynnot epynnse G,
Heobxo0uno 1 Bocmamouno, 4mober BLINOAHIAUC 08A YCACOUL

1) npoussederue awboix remenmos hi, hy U3 nodmuomecmea H maxoce
asafemcs saemenmon u3 H (hihy, € H);

2) ecau h€H, mo u obpamueiil K Hemy saemenm NPUHADACHCUM
H(h-1€H).

HauGosee TpocTHl Tak HasHIBaeMble yuxAuueckus nodepynnet, KOTO-
puiMu ofs1apaeT Jicbas rpynna G. Co BCAKHM aJleMeHTOM &G MOKHO CBf-
3aTh TOPOXKJEHHYIO® HM IHKJHYECKYIO MOArpymiy, KoTopas, No CYHIeCTBY ;
npejcTaBAgeT cob0ff HaHMEHBbIIYI0 H3 MOATPYNMN, COAEPKAMYM JaHHELT
saemeHT. UTofbl ONMpefeMTL ee, BBEJeM MOHATHE CTElEHH 3JIeMeHTa g,
nonarag g'=¢ u pna moGoro waTypaabHoro R

gf=gg...g, g k=(g")~L

& cOMHOXHTENEH
np[{ TAKOM  ONpeJeJIEHNH CTENEeHH BHHOHH?!I_QTCH _XOpOUlO 3HaKoMble
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naM npaskaa neHCTBHE CO CTeMeHSMH: ANA JNIOGHX UEJHIX Huce] m H B
gmgn =gm +rz, (gm)n =gmn_

Slcno, YTO BCAKAA TMOATPYNNA; COJEpXKAllas 9JeMeHT g, NOMKHA COe
Aepathb JioCeie ero crenekin. C apyrofl CTOPOHH, ysKe €aMO MHOKECTBO
creneHeii ofpasyeT, KaKk HeTpyaHo yCeiHTbes, Tpynmy.

YKazanHylo TPYNNy Ha3bBalOT LMKJIHYeCKOH NOATPYNNOHN, NOPOXKe
IeHHOH 3JleMeHTOM g; ee 0603HAYAIOT CHMBOJIOM (g), a CaM JIeMeHT g Hasbls
BAeTCS1 COPASYIOWUM SACHEHNMOM 3TOR TPYNMNEHL

MoeT CAYuUNTBCS, YTO AJIS HEKOTOPOTO 39/eMeHTa g LUHKJAHYecKas
noarpynna (g) cosmajiaer co eceff rpynnoit G, u Torja rpynna G rtakxe
HaghLIBaeTCH LuKJAWYeckoff. Hanpumep, ainuTHBHA® rpynna LeJEIX YHcea
ecTh WuKJAnYecKas Irpynma ¢ ofpasylowiHM siaemestoM 1 (uau —1), a ee
TIOATPYNNA UYeTHHIX YHCEJ — LHKJAHYeCcKasi ¢ o6pasymoliuM sieMentoM 2.
Sienasce nanCosiee NPCCTLIMH, LMEJHYECKHe TPYNIBl CAYMXAaT BaxKHBIM
HHCTPYMEHTOM RIS H3YYeHHS TpYNN, HMeiomux GoJsiee CJIOKHOE CTPOEHHME.

Mexay rpynnofi # mcColl ee moaTpynnolt CylecTBYeT onpefiesieKHas
CBf3b, KOTOPYIO MOXFEO OXapaKTepH30BaTb C MOMOWILIO MOHATHA CMeX-
HOTO KJacca No Moprpymne.

Tycre H — nogrpynna rpynnsl G # g €G — NpoH3BONBHBIN 3JEMEHT
rpynnet G (Mbl ne TpeGyeM, YTOGH oH 0Cf3aTelbHO NPHHAAIEXAA TOA-
Tpynne). MKOXKecTBO BCEBO3MOXHBIX NpPOH3BeNleHHH gh; TAe A — Mmool
SneMeHT TNOATPYNNE 5 Ha3HIBAETCS CMEJCHBIM KAQCCOM (TOUHEe, Ae8bIM
CHeNCHBIM Kaaccom) TO NOATpYNne f, a SJIeMeHT g — €0 npeCrmasumenet,
O6o3izauan aepwii cMexuni Kaace vepes gH, nMeeM, caencBaTeNbHo,

gH={gh|hEH}.

AHaNOTHYHO ONPeeJAIOTCA NpaBble CMexHble Kaacchl Hg. Ecam rpynna
G — komwvyTaTHBHast, To Hg—gH.

Ins cvexEbIX KaaccoB, €e3pasinuno, JeBBIX WIH NpaBbix, COpaBef-
JEBHL ABa OCHOBHHIX ¢aKTa,

1. B cnyvae xoneyHoit mogrpynnt: K unc/o 37eMeHTOB B JI0GOM CMeX-
HOM KJacce OAll0 H TO ke M COBNajaeT C MOPSAKOM TOATpPYHIILL.

2. JlioGble nBa cmexHBIX KJaacca g1/ u g.H nu€o coenapawr, JuCo
BOBCE He MMeOT OOIIMX 3JIEMeHTOB.

L5 naTocTpatiuA NOHSITHS CMEKHOTO KJTacca PaccMOTPHM CJiefy IO uit
npumep, [lycTh Z — agauTHBHasi Tpynna HeJblx uucesd, a H — ee noa-
rpynna, CCCTOAINAS H3 YHCEJ, KPaTHBIX NATH. TOTka MOMFO «BLIMHCATL?
CNleRyIoWBe CMEXHbIE KJacCH:

H40={..., —10, —5, 0, 5, 10, ...},
H+I={"'!~"9v —'4y l» 6: 11, 0-‘};
Ht2={.., —~ 8, -3, 27,12, ...},
Ht3={..., — 7, —2, 3, 8, 13, ...},
H+4_={4!-': — 6, —1,4,3 14, ...}



YuTaTesib Cpasy &e 3aMeTyT, 4To 370 maaces serdeton 0, I; 2, 3, 4 no mo-
aymo 5, JIerKo BHAeTb, YTO BCAKHH cMeHHIH Kaace H-tn cosnanaer ¢
OJlHNM H3 STHX IMATH, U YTO KJIAacCHl 8TH He NepeceKanTed, HenmocpelcTBeHHO
BHIIO TAKXKe, 9TO

Z=H+OU H-+1) U H+2 U HF3) U H+4).

OkasplBaeTca, TO Xe caMoe BepHO s moCod Tpynnb: ecdn Mgy,
Hg,, . . s Hg,— Bce pasinunbie (npapble) CMeXHBIE Kaacchl rpyinu G no
toxrpynne H, To

G=Hg, U Hg2U ..U Hg,.

B cayuae, korja G u H — RoEHeunbie TPYNNE! MOPSIAKOB m W A, U3
ItoCJIeIHero paBeHCTBa BLBITEKaeT, 4TO m==f+r, Mpl NpHWIAM K cJIefylomes
TeopeMe Jlarpamxa *):

ITopadox awboii nodzpynner KoHedHOU apynnst seAsemcs deaumesem
nopadka apynnet.

Mu npuBesu 3xeck npocrefitine cnpefleicnns H QaKkTh] TeOPHH IPYIL.
3a panbpHeliluME CBeICHHAMY UHTATETh MOKET OCDaTHTHCS, HanpHMEP, K
kuuram [3], [9].

3. Koabua v moas

Yacro npHXORUTCA paccMaTpHBaThb MHOMKECTB2, Ha KOTO-
phiX OnpefieeHtl JBe ONepallHH, HalpHMep, PasHHYHBIE YHCJIOBBIE MHOMKeE-
C€TBa, MHOMKECTBA MHCTOYJEHOB, MHOMECTBA KJacCOB BHLIYETOB € Onpefe-
JeHHHMH Ha HHUX ONEPalHAMH CJOXKeHHSs W YMHOXeHHs. Brimenss He-
KOTOpHIE CBOHCTBA 3THX onepaluil, ofiike A BCeX YKA3aKHLIX MHOMXECTB,
Mbl TPUXOAUM K ellle OJHOMY BaxxHOMY aireGpanieckoMy NOUSITHIO — I10-
HSITHIO KOJbLA.

Koabyom wnasmipaetcsd (Henmyctoe) MHOMecTBO K, Ha KOTOpOM ompe-
JefleHbl ABe onepallin (COMKEHHE H YMHOMeHHe), o6Jafalomue ciely O HMA
CBCHCTBAMH!

1) MHO)KecTBO K OTHOCHTeJIbHO CJOMEHHS 00pasyeT KOMMYTaTHBHYK)
rpynny;

2) YMEOXeHHe acCOLMATHBHO: A1d JKbex a, #, ¢ €K

(abje=a(bc);

*) Jlarpam  (1736—1813) — Eennkuf  (ppaHuy3ckHil MAaTEeMaTuk;
€ro TPY/AH O MaTeMaTHYECKOMY alia/lu3y, MexaHukKe H TEOPHH YHCEJ HMe-
0T BaXHciillee 3Havuenue AT DPasBMTHA STUX JHCLHIUIHH, JlarpaHx —
OIMH u3 cosjateleli IAnddpepeHLHANbHOTO HCYHCIEHHS, KaacCHYecKol
Teopun AntpepeHnuaTbHLIX YpaBHEHHMH M BapHALHOHHOTQ HCUHC/EHHA,
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3) cnoxenywe ¥ yMBOMKEHHe MOAYUHAIOTCS RUCTPHOYTHBHOMY 8aKORY:
(a+b)c=actbc, c(a+tb)=ca+tchb

nas J06bix a, by cg K.
[pu aToM MHOXecTBO K, paccMaTpuBaeMoe JIMIIb OTHOCHTeNbHO Ofie-

pauun CAOMEHHA, HaspiBaeTcsi addumustol epynnoi KoneuUa.

flpuBefieM HEKOTOpLle NPHMEph KOJell.

1. MHOXKECTBO LeJIbIX YHCes C ONMEePallUsMU CIOKERUA H YMHOXKEHAA —
KOJBIO lleJbiX 4ucen 7.

2. MIOXKECTBO MHOTOWIEHOB OT OAHOTO HEH3BECTHOIO ¢ AeHACTBHTENb-
upvH Ko3QGHIMeHTaM) € OnepalMsMi CHOMKEHHST N YMHOMKEHHS MHBOIO-
yenon — KOAbLO Muorowienos R[X].

3, MHuOKCCTBO KJacCOB BLIYETOB IO MOAYMC £ C ONepalusiMi CJI0Xes
HUA  YMUOXKEHUS KJACCOB — KOALLO KJ/I2CCOB BHIYETOR 7.

UuTtatesio NpeAaraeTcsl NpOBepHTb BLIIOIHHMOCTL dAKCHOM KOJBLA
b kamAom n3 npumepos. OcraHoBHMcs nOApoBHee ia NpuMmepe 3.

[ToCKOJIBKY ODepainy Baj KJAcCAMH BhIYETOB CBOAATCS K OMepanHsM
Haj UMCJAMH 43 3THX KJAcCoB, TO CBOHCTBA aCCOLNMATHBHOCTH M KOMMY-
TATHBHOCTH 3THX ONEPALHH BLITeKAlOT W3 aHAJOTHUHBIX CBOHCTB YMCJIOBOTO
c0MeHRa 1 yMHOxenus. To e 3aMeUaHHe OTHOCHTCS K CBOHCTBY IHCTPH-
6yTuEHCCTH. PONb HYJAEBOTO a/eMenra NpH CJOXKeHMM HIpaer Kiace 0.
[IPOTHBONOIOKHEIM 3JEMEHTOM M7 KJacca BLIYeTOB r==0 sBJsteTcs Kaace
n - r. U3 onpefieicHust CI0MKeHIS KJACCOB CAelyeT, YTO

r(n—r)=0.

B ofwmem onpefenennn KoJblla He colepikHrcs TpefoBaliue KOMMYy-
TaTHBHOCTH YMUOXKeHKsA. B ToM c¢/lyuae, ecly yMHOMKeHMe o6/ajaeT 3THM
JOTIOJIHHTEJILHBIM CBOMICTBOM, KO/ILLO HAa3bIBACTCS KommymamusHes. B npu-
mepax 1--3 Mbl HMeeM Kak Da3 KOMMYTATHBHbIE KOJIbiA, a NMo3axee (B npu-
JOKeHHR §) [O3HAKOMHMCA € B&XKHHIM INPUMEPOM HEKOMMYTATHBHOTO
KOMLLA.

YMuOMmenHe B KoJblle, KaK # B TpYMIte; SABJAETCA aCCOLHATHBHOI
onepauefi, 110 Apyrre CBoficTBA TPYNNOBOTO0 YMHOMXKEHHs B KOJbLE MOTYT
ne spnonnaTecs, Ilpasna, CONbUIMHCTBO BaMHEIX KOMEN COAEPKAT EnH-
HHUHBIH 5JleMEHT OTHOCHTeSibHO YMHOXCHHSA (CKaxKeM, KOJbLA U3 NpHMEPOB
1—3), HO u TakKHe KOJblla 32BEJIOMO COAEPIKAT MEMEHTH, NJAf KOTOPbIX
He cyuiecTsyer ofpaTHoro (HeoOpaTHMble 2Jementn). B mi06oM kosbie
reobpatuM saeMenT O — HyJAeBON 3/ieMEHT OTHOCHTRJbHO CJAOKEHHMs, TaK
KdK J0Ka3mBaeTCa, YTO OH OTIHYEH OT €AHHMUHOrO U UTO Aaq Jioboro a € K
HMeeT MeCTO:

0:a=qa-0=0,

KaK MoKa3mBaoT npuMepll | 4 2, HeOOGPAaTHMLIMH MOTYT ObiTb H HEBY/EBH &
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pJeMenTH, Tak, B KOJbLE LeJBIX guces obparuMel JHwb 1 4 —1, Beagoe
npyroe ns=0 B KoJblie 7 He HMeeT oGpaTHoro, Tak Kak 1/né 7.

PaccMoTpuM TaGaKIE YMHOMXKEHHS HEHYJEBHIX SJIEMEHTOB B KOJALILAX
BLIYETOB Z 4 H Zp-

Ta6auma 19
. i 2 3
i i 2 3
2 2 0 2
3 3 2 1

Ta6auma 20

. 1 2 3 14
111 2 3 4
212 &4 1 3
313 1 4 2
4 14 3 2 1

Tabauua 19 noxasbiBaer, 4TO B KOJbLE MOIYT CYIUECTBOBATb HEHYJe-
BbIE 3JIEMEHTH, MPOM3BENieHHe KOTOPHIX paBHO HyMO: B 7, 2:.2=0. Ua
sTOl Ke TaGJKLBE BHEHO, 4T0 Kaacc 2 HeoGpatuM. BooGiue, MOXKHO joKa-
3aTh, YTO HEHYyJIeBble 3JIeMEHTH, NpOM3BeJeHHe KOTOPBIX PaBHO HYJWO (Ha-
3blBaeMble Oeaumensmu Hyas), Bcerpa HeobpaTtuMbl. C APYToH CTOpOHBI,
tabauna 20 nokaspiBaeT, 910 B KOJbLUE 75 BCAKWE HEHYJIEBOH 3JeMeHT
obpatuM. Koabla ¢ 5THM cBOHCTBOM HMeloT ocofoe 3suauenue. Ipumem
TaKoe ompejeNeHue,

KoMMyTaTHBHOE KOJBLO € eAHHHIeH, B KOTOPOM BCAKHH HEHYJEBOI
oseMeHT OGpaTHM, Ha3bIBAETCH NOAEM.

MHOXeCTBO HEeHYJeBBIX 3JeMeHTOB TNOJA OTHOCHTENIbHO YMHOMKEHHS
ofpasyeT B CHJy ONpeleseHHs NOJS KOMMYTaTHBHYIO Fpynmy, Koropas

Ha3sblBAETCHA MYAbMUNAUKAMUBHOU epynnod noas.
IlpocTefimuMH TpHMepaMH UHCJIOBBIX IoJell SBAAIOTCA MOJe pauuo-

Hanbueix uucen Q u mose nefictBuTenbHeix uncen R (pasymeercs, oTHO-
CHTEbHO Onepaliil COXEeHRHS W YMHOXKeHHs uHcesa). [Toflem, Kak fACHO H3
NpenbIAYILEro, ABJAeTC M KOAbLO 75 Booline, MOXHO ROKa3aTh, UTO MpH
MoCoM TPECTOM p (f TOILKG B 5TOM Clly4ae) KoJIbLO BEIYETOB 7 p, ABJISETCS
noneM. OHO HasbiBaeTca noaem eoiemos no uodyaro p. B tabauue 21 yrasanu
3JIeMEHTHl, o0paTHble K. HEHYJEBBIM 3JeMEHTaM fICAf BEIYETOB 7 7.
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Mons BHYETOB Zp ABAATCA MPOCTEAIIAMH NPHMEPaMH KOHEYHbIX
noneii. B anreGpe AOKa3wiBaeTcd; YTO B IPOH3BOJILHOM KOHEYHOM MoJe
yyeslo S7eMeHTOB ¢ BCEerja ecTh cleleHb npocToro ymcna: g=p®, Cnpases-
A¥BO 1 ofpatnoe YTBEpXKAeHMe: Wil JM0GOro ¢, fIBAAIOWEroCs CTENEHBIO
npoCTOro uucaa, cyuleCTBYeT NoJe € § SJEeMeHTaMH.

Tabaunma 21

Kouneunple nosia uacto HaseBaior noasmu lanya (ux o€o3wauaor
GF (g)); paxnoe ux CBOHCTBO, HCMOJb3yeMOe, B YaCTHOCTH, U B TEOPHH
KORAMPOBANHUA, COCTOMT B CHCAYIOWEM:

Myaomunaukamueraa epynna noan lasya s6anemca yuraudecrod
epynnoit nopadka q—1.

O6pasylowuii  9MeMeHT MyJBTHNJAKKAaTWBRON TIpymnn nois lanya
HASLIBAIOT ApUMUMUEHbIM  saesenmonm. Tak, B Tole 7, TPHMHTHBHBIM

97EeMEHTOM SIBJSETCH KJ2CC EBYETOB 3. ﬂef/’lCTBHTEJIbHO, €ro Ccreneuu

3, =3 B=6 P=1 P=

5, 30=1

HCUEPTILIBAIOT BCE HEHYJeBbIE SJIeMeHTbl MOJs,

3ameTnM, uTo KJacc 2 He fBJSeTCH NPUMHTHBHLIM SJEMEHTOM B Z,,
TaK KaK Cpeiu ero cTenenefl HeT, HanpmMep, kKaacca 3. B To xe spems
MMeeTCst OYeHb MHOTO NPOCTBIX UHCEN p, AJsi KOTOPHX SJAEMEHT 2 NpuMH-
THECH B Z 5. Tak OOCTOMT neJo B nosisix Zg, Zss Zij H T. A. B Teopun
Ypcesl H3BECTHA cJeAyIOllas R0 CHX NOp He peuleHHas 3ajada:

Beckoreuno /¥ MHOMECTBO TeX MNpOCTHX YHCeaA p, AJIs KOTOphix 2
AIDNAETCs] TPHMHTHBHLIM SJIEMEHTOM B 7 5P

Hurepecno, 4To C OTBETOM Ha STOT BOMPOC CBA23HO pPeLIEKHE HEKO-
TOpBEX Tpo0JieM TeOPHH KOXHPOBAHHA.

B saxJsioucHHe ONpeResNUM elle OLHO BaXHOE NOHITHe, CBA3aHHOS C
KONbIIOM,— NOHSATHE HJAeana.

[Moamuoxectso / Koabua K yaspiBaercsi ero (ABYCTOPOHHHM) ud2anos;
€CNH 0RO CaMO SIBJIZETCS KOJIbLLOM OTHOCUTEJIbHO onlepandit Ha K 4 ecad
aaa nwolbix snementos a& K n b€/ oba npoussesenus ab u ba npuuap-
Jaexar /.

Tag, MHIOXKeCTBO UETHHIX YHCEN eCTk #jAean Koabua 7. Ynrarteds
JETKC MPOBeprT, 9TO H BOOCUIE BCAKOX MHOMKECTBO YHCAA, KDaTHBIX Kas
KOMY-HHOYAb 4HCRY R, ABJNAETCR HAEAJNOM KOJBLy %.

Pexomekayen UHTaTed HaflTd HAeads! KOJIEL BLIYETY: Zg Zg 2o
# Kosbna Muorowienon R|X],
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4. ApudmeTHueckoe r-MePHOE
BEKTOPHOE npPOCTPaHCTBO

Besikan TouKa Ha - MIOCKOCTH npu BHGpaHHOM cHCTeMe
KoopAuuaT 3afaercss nmapodl (o, f) cBomx KoopauHaT; uncaa & H f§ MOXHO
MOHKMATh TaKXKe KaK KOOPJAHMHATEl PaJiHyca-BeKTOpa € KOHIOM B 3TOi TOUKe,
Ananoruuso, B npocrpaHcTBe TpoHka (2, P; Y) onmpelenser TOUKY HJIH
BEKTOp C KcopAnHaTamu &, f, y. MMenHo Ha 3ToM OCHOBLIBAaeTCH XOPOLIO
M3BECTHAR UYHTaTeJNI0 TeoMeTPHUecKas HHTepIpeTaliHs CHCTeM JHHeHHBIX
VpaBHeHHHA ¢ JBYMS MAK TpeMs HeH3BecTHbIMH. Tax, B cJayyae CHCTeMbi
JBYX JHHeHHEIX YDaBHeHHH C JBYMS HEH3BECTHBIMH

ayx-f-byy=ry,
CaX -+ baly =2

KamJ0e U3 ypaBHEHUH HCTOJIKOBLIBAaeTCSl KaK MpAMas Ha IJOCKOCTH (cM.
prc. 26), a pemenne (%, P) — Kak Touka MepecedyeHHsl STHX OPSAMBIX HIM

Y

N

gl_r.,:bh[,/:p,

Puc. 26.

KaK BEKTOp C KOODJAMHATaMH & # [ (pHCYHOK COOTBETCTBYeT caydaio, KGria
CHCTEMa HMeeT eAWHCTBEHHOE pelleHHe).

AHanornuHO MOXHO TMOCTYNHTb € CHCTeMOH JIHHEHHBIX YypaBHeHitlt ¢
TpeMsi HeH3BeCTHHIMH, WHTEeDIPETHPYSH KaxKJ0e yPaBHEHHe KaK YDaBHeHHe
TJIOCKOCTH B NMPOCTPAHCTBE.

B MaTeMaTHKe H Pa3JHUHBIX ee MPUJIOKEHHAX (B 4acTHOCTH, B TEOpHH
KOLHPOBAHHS) NPHXOAHTCH HMeThb JIeJ10 C CHCTEMaMH JIHHefHbIX ypaBHeHHUH,
cofep:kamux Godee Tpex HenasecTHHIX. CHCTeMON JIuHERHEIX YpaBHeHHH ¢ n

HEHBBECTHBIMH X{, Xg, » + +» Xp HA3BIBACTCA COBOKYNHOCTb ypaBHEHHHl Bina
Q111+ QeXe oo Farpkn =10y,
AyXyt-QaeXg Tt v oo Qopky =0y, o

PR B T T ST TR SN S S SR T SENE SR |

CmiX1+ Gpma¥at oo Hannn="bm,
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'Tlle a;; u b; — ApOK3BOJbHbIE nelicTBHTebHBlE uKcaa. Ywueao ypasmenuft
B CHCTeMe MOKET OBITh JIIOCHIM H HHKAaK He CBA3aHO C YHCJ/IOM HEH3BECTHBIX.
Kos¢ripenthl NPH HEH3BECTHBIX Oj; HMEIOT JBOHHYIO HyMepalHIo: Nepeolif
HHIEeKC i yKa3blBaeT HOMEP YypaBHeHud, BTOPOH HHJIEKC j — HOMep HeH3-
BECTHOTO, NpH KOTOPOM CTOHT AaHHbE Kos(duuuent. Besxoe pemenne
CHCTeMbl monkMaeTcst Kak Habop (meficTBHTENBHBIX) 3HAUEHHH HeH3BECTHBIX
(i, gy« o vy Op), OGPAILAIOMIKX KakJ0E YPABHEHHE B BEDHOE DaBEHCTBO,

XoTa HellOCPeACTBEHHOE FeoMeTpHUeCKoe HCTOJKOBagHe cuctemel (1)
npu n>3 ymxe HEBO3MOXKHO, OHAKO BIOJIHE BO3MOXHO H BO MHOTHX OT-
HOILEHBAX YIOOHO pacnpecTpaHHTh Ha cayyall NPOH3BOJBHOIO N TeOMET-
PHYeCKHH fSHK MPOCTPAHCTBA JBYX HJAH Tpex HamepeHHH. DTo#i meln
H C/yIKaT JasbHeHInHe OnpefeseHUd.

Besiguit ynop anouenHelil Habop H3 1 NeHCTEUTENBHBIX HYHCEN (O, Dy, « & &
s+ oy Oy) H2Z3BIBAETCS M-MEPHOIM APUGMEMULECKUM BeKMOPOM, a CaMH UYHCaa
Qf, Clo, « o sy Op — KOOPOUHAMIAMY STOTO BEKTOPA.

Ins ofo3HaueHHs] BEKTOPOB HCMOJAB3YeTCsl, KaK HPaBHIO, XKUPHBHIH
WpHQPT U AJIA BEKTOPA @ C KOODAHHATAMH &y, Ug, .. ., &, COXDaHSETCH
ofryHas opma 3alKCH:

a = (0, Oay ...0).

[lo ananoruy ¢ OCHYHOH MICCKCCTHIO MHOMXECTBO BCeX N-MEPHHIX ReK-
TOPOB, VAOBJETBOPAIILHX JIHHEHHOMY YDaBHEHHIO € # HEH3BECTHBIME,
Ha3HIBAIOT 2UNEPNAOCKCCINGI0 B f-MepHOM mOpocTpaHctee, [lpw TakoM on-
peneJleHHH MHOXECTBO BcexX pellenuit cucteMsl (1) €cTb He UTO HMHOE, Kax
nepecevyeHHe HECKOJNbKHX THNEPIIOCKOCTEH.

C/1o)enHe M YMHOXELHEe n-MepHbIX BEKTOPOB ONpeNeNIsioTesi MO TeM
e NpaBw/aM, YTO # A7 OOBIYHEIX BEKTOPOB. A HMEHHO, eC/H

a=(%, o «ovy )y b=(Py, P2 ..., Br) (@)
— IBA N-MepHBIX BEKTOPA, TO HX CYMMOH Ha3bIBACTCH BEKTOD
a--o=(o+P1, oa-HP2 oovy antBa) 3)
[ponseesekHeM BeKTOpa @ HAa YHCHO A HAZLIBAETCH REKTOP
Aa=(hoy, Adg, ..., AOp). 4

MHoXeCTBO BCeX f-MEPHBIX apHIMETHUECKHX BEKTOPOB C OTepallusini
COKEHUS BEKTOPOB H YMHOMKEHHS BEKTOpa Ha YMCJO Ha3niBaeTcd apug
MEMUHecKUM N-MECHbIM 6EKMOPHOIM tipocmpancmsosm L .,.

Hcnonb3yst BBeJeHHbE ONEPAliHH, MOXHO PacCMaTpHBATh MPOH3BOJb
Hble JHHeHHble KOMOHHAIMA HECKOJNbKHX BEKTOPOB, T. €. BEIDAXKEGHHA BHI2

May+Aea -+ ... - Apag,

rie A; — peficTBuTenbHble uHcaa. Hanpumep, “anmefimas KoMGHHamuA
BeKTOpOB (2) ¢ Kos(dunueHTaMn A H [ — 3TO BEKTOp

Aq+-pb= Aoy +pBy, Aaz-+ubs, «1., Aoty pBy).
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. B TpexmepHOM MpocTpaHCTBE BEKTOPOB 0COGYI0 posb WIpaeT TpofiKa
pekTopos I, j; kB (KOOpAMHATHbIE OPTHY), IO KOTOPHIM pas/araercs JioGoi
BEKTOp a:

a=xi+yj+zk,

rge x, y, z— JedicTBUTebHbIE yucia (KOOPZMHATHL BeKTOopa a).
B n-MepuoM caydYae Takylo XKe pOJb MIpaeT caenylomast CUCTEMa BeK-
TOpOB:

el':(]: 0: 0; e vy 0),
692(0, ,0,..., 0)1
93:(01 01 1, DRI 0)’ (5)
e,=(0, 0, 0, . .., 1).

Besikuit BeKTOp @ ecTh, oueBuaRo, anilefinan KoMOUHAUus BeKTOpPOB ey,
€3y, 2415 €yl
Q@ =0,8]--Clala+ ... +Culy, (6)

npuyeM K03hDUUUEHTH Cf, Xg, . . ., O, COBMAMAIOT C KOOpAUHATAMH BEK-
TOopa a.
O6o3navasn uepe3 0 BeKTOp, BCe KOOPAHHATHI KOTOPOI'O PABHLI HYJIO
(KpaTKo, HYysesol 6exmop), PBefleM cJefylollee BaxKioe onpejeseHEe:
CucteMa BeKTOPOB @i, @a, - « ., Qg HA3BIBAETCH AUHEIHO 3ABUCUMOL,
€c/ay CYUIeCTBYeT paBHas HYJEBOMY BEKTOPY JHHeliHas KomMOunauus

May+he@e+ oo Ay =0,

B KOTOPOH XoTs Obl 0fHH U3 KO3(duuuentos Ay, Ay, «. ., Ag OTAHUEH OT
Hysad. B npoTHBHOM C/yuyde cUCTeMa HA3BIBAETCH AUHELHO HE3ABUCUMOL.
Tax, BekTOpst
a;=(,0,1, 1), aa=(, 2, 1, 1), az=2, 2, 2, 2

NUHCHHO 32BUCHMBL; OOCKOJBKY
a].*'{‘ az—'“a;;:O.

JluneliHaa 3aBHCUMOCTB, KaK BHIZHO 43 oONpeieseHus, PaBHOCHJbHA
(npu k=2) ToMy, 4TO XO0TA Obl OAHH U3 BEKTODOB CHCTEMbi ABJSETCA JH-
HeHHOH KOMOHHALHEH OCTaJbHBIX.

Ec/lu cucTeMa COCTOMT M3 ABYX BEKTOpPOB @j, @y, TO JHHEHHAs 3asu-
CHMOCTb CHCTEMHE! 03H4YaeT, YTO OJHH M3 BEKTOPOB MPOMOPHHUOHAJEH APY-
IoMy, CKaxKeM, @;=Ady; B TPeXMEPHOM C/IyyYae 3TO DABHOCHJBHO KOAAUHE-
apHOCMU BEKTOPOB @j M @o. TOUHO Tak e JHHEHHAS 3aBHCHMOCTb CHCTEMEl
U3 TpeX BeKTOPOB B OGBHIYHOM MPOCTPAHCTBE O3HAUACT KOMMAGHAPHOCHS
9TuX BeKTOpoB. [loHATHe JHHEHHO! 3aBUCHMOCTH fBJseTCs, TaKUM o6pa-
30M, €CTeCTEeHHbIM OCOCIIEHHEM [OHATHR KOMMMHEApHOCTH M KOMIJIaHap-
HGCTH,
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HeTpyano yGeantses, UYTO BeKTOPHI €1, €s, « s +5 €p H3 cHCTEMH (B)
siuHelino HesapucHMEL. CAEROBATEAbHO, B f-MEPHOM TPOCTPAHCTBE CYHEdT-
BEYIOT CHCTEMBI H3 7 JIHHEfHO HC32BKCHMAIX BEKTOPOB. MOXKHO MOKasath;
yTo pCAKAs CHcTeMa M3 COMbLIErQ WHHCAA BEKTOPOB JIHHEHHO 3aBHCHMA,

Besikasg cucreMa @f, Qa, « » -, Ay U3 N JHHEHO HE3ABHCHMBIX BEKTOPOB
n-MepHOro MPOCTPAHCTBA L, HasbiBaeTcs ero GasucoM. :

JlwBoit BexTOp @ npocTpakctea L, pack/JajBBaeTcs, H NPHTOM €GHH-
CTBEHHBIM 08pa30M, 10 BEKTOpaM MPOH3BOJBHOIO §a3HCA @i, Ag, + + « a',,!

a=na 4+ A@s--v5s +Apay,.

DrorT (aKT NAETKO YCTaHaBJHBaeTCs Ha OCHOBAHWM Onpenesenns Gasnca,

INpogonxas aBaJorui0 € TPEXMEPHEIM NPOCTPAHCTBOM, MOXKHO H B
n-MepHOM CJyuae ONPENEJNHTbL CKAAAPHCe hpouscederue @-b BeKTODOB,
noJaras

a-b=ufi+oefsd .o b,

[pu TaxoM onpefieienHit COXPaHAIOTCHA ECe OCCHOBHBIE CBOICTRA CKajimp+
HOTO TIPOH3BEJEHHS TPeXMePHHIX BeKTOpoB. BekTophl @ W b HasmBarorcs
0pMOeCHAAb KL, €CIH UX CKaJAPHOE IIPOM3BEJEHHe PABHO HYJIO:

oyBitosbat. . ta,p,=0.

B rteopur THKefHBIX KOJOB HCMOMb3YeTCH ellle OHO BAXKHOE MOHATHE —
noHaTue nopnmpectpakerea. [logMHomectBo V mpocrpaucrsa L, nashiBa-
¢TCS MOANPCCTPAHCTECM 3TOrO NMPOCTPAHCTBA, €CJH

1) pns a106bix BeKTCOpOB @, D, npunamaexawHx V, ux cymma a---b
TaKke npuHapiexur V;

2) nnsa soboro BekTOpa @, MpAnapjexamero V, u aaa moforo neh-
CTBHTEJBHGIO UHCAa A BEKTOD A Takke npHuagiexur V.

Hanpumep, MHOXKeCTBO EceX JHHEHHBIX KOMOHHAUHH BEKTOPOB €, €
13 cHeTeMbl (O} OyneT MOANPOCTPAaHCTBOM NpocTpaHcTBa L.

B suHeiinofl anreGpe n0KaspicaeTcs, Y10 BO BCAKOM NOAnpocTpancTse V
CYyIUCCTBYET TaKasl JHHefHO He3apHCHMAs CHCTeMa BEKTOPCB @i, @y, . . .
.+ @p, U4TC BCAKUH BEKTOP @ NOANPOCTPAHCTBA ABRJAETCS JHHEHHOH KOM-
GuHanuefl 9THX BEKTOPOR:

=ha Moyt ... Arag.

VY Ka3anuasi CHCTEMa BEKTCPOB HasbiBaeTCsi $a3ucoM noanpoctpanctsa V,

H3 onpefeneHHs mpocTpascTBa H HOANPCCTPAHCTBA HENOCPENCTBEHBO
CJelyeT, UTO NPOCTPAHCTRBO L, ecTb KOMMYTATHBHA® I'PYNNa OTHOCHTEJbHO
otiepauu CAOKEHNs BEKTOPOR, a Ni0€oe ero rmoanpocTpakcTso V asasercs
MOATPYNNO#A 3Toli rpynmul. B 5TOM cMbicjle MOXKHO, HaNpHMep, paccMar-
pHBaTbh CMEXHHIE KJacchl NMpoCTpaHeTBa L, no mnoanpoctparctsy V.

B sakamouenne nMonuepkHeM, Y10 €CJH B TEOPHH n-MepHOTO aputue-
THYECKOTO MPOCTPAHCTBA BMECTO JeiCTBUTENBHBIX 4Hcea (T. €. 3JIeMeHToB
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10N FefiCTBUTCNbHBIX YHCEN) PaccMaTpHBATh 3JeMEHTH NPOH3BONBLHOTO
nons F, To Bce onpefesicHHs H (aKTH, NpHBeJeHHLIE BEHILE, COXPAHHIHN
€ol cualy.

B TeopHH KOJMPOBAaHMA BaXXHYIO pOJlb WrpaeTr cayval, korna none F
€CTb TOJie BHIYETOB 7 p, KOTOPOE, KaK MBI 3HaeM, KoHeuHo. B stoM ciyvae
COOTBETCTBYIOlIEE M-MEPHOE MNPOCTPAHCTBO TaKKe KOHEYHO M COLEPHKHT,
KaK HeTPYIHO BHIAETb, p” 57eMeHTOB,

IMonsTtre npcoeTpancTBa, Kag ¥ MOHSTHA TPYNNB H KOJAbLA, TOTMYCKACT
TaKKe ¥ aKCHOMaTUUecKoe Ompesefienue. 32 LOAPOCHOCTAMK ML OTCHLIAEM
yuTatensa K JoGoMy KYpCy JuHeflHO amreGphl.

5. Anrebpa maTpui

Boabmyio posib B nuHe#iHOd anrefpe M MHOI'MX JpYTHX
o(nacTAX MaTteMaTHKH HIPalOT Tak HasbiBaeMble MaTpHIIH.
Ilon mampuyed NOHMMalOT NPAMOYTONBHYIO TaGauLy BuAA

ay Az s.. Q
Q25 Qag ++¢ Q2
, (H

L

Qpi Ay ++:Qpn

e OykBbl G;; 0603HAUAIOT HEKOTOPHIe SaeMeHTH. It oGoshaueHus cogep-
3aT JBa HHJEKCa, NepPBE H3 KOTOPBIX YKasblBaeT HOMEP CTPOKM, a BTO-
poit — HoMep cT0sI€Ua, Ha NepeceteHHH KOTOPHIX HaXOIMTCH COOTBETCT-
BYIOmHA snement. [Tpo MaTpuuy, y KOTOpo# m CTpOK M n cTOMOLOB, ro-
BOPSAIT, YTO OHA HMeeT MOPAZOK mXrn. B cayuae, KOINa YKCAO CTPOK H
CTOJGIOB OIHHAKORO (=N}, MaTpHLLa Ha3LIBAETCA K8adpamAou HOpSALKa n.
Ecau m=1, TO MaTpPHLY MOXHO NOHHMAaTh KaK BEKTOp, KOODAHHATH
KOTOPOro 3al¥CaHBl B CTPOKY; €e TOTNA TaK H Ha8bLIBAIOT 6eKMOp-CIpoKa.
TOYHO TaK Xe B cly4ae OQHOCTOJGLOBOR MaTPHIL NOJAL3YIOTCA TepMHEOM
gekmop-cmoabey. MHorga matpuuy o€osnavaoT opuoii Gyksoit (A, B u
T. A.), a sMecto (1) yacTo mcnosb3yeTcsl coxpatuenHoe ofosHavennue (a; ).
Ecnu B ecXomHOH MaTpulle A CTPOKH H CTOJGDB MOMERSTH POJSAMH,
TO MOJyYuM MaTpHIY, Ha3blBaeMVI0 TPaHCMOHHpoBaHHOH K A (ofo3naua-
ercq AT). MaTpHua, TpaHCcTIORHpOBaRHaA K Matpuue (1), uMeeT BHA:

Aii A «»Qppy

Qi Qag + v Qpp
\ s 8 e s e 8 e :
Qin Qzn ...a,,m

Jna MaTpun ¢ NefiCTBHTEJBHHIMH 3JeMeNTaMH ONDEIENAIOTCA Ofle-
PALHH CJIOKEHHS MATPHIL H YMHOMEHHA MaTpHUL Ha YHCJIO, aHAJTOTHUKLIC
ONepANKAM Haj BEKTOPAMH, 8 HMEHHO, A MOGLIX ABYX MaTpHI NOpAAKa
mxn

an "'aln /bu bln a1i-+ bii oo @int big

.o =1 PR T T S

Ui "‘amn \bml $ve mn aml'mei LR amn""bn;n.
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"y it ToGoi MaTpELLL H JTIO60TO YHCIa ¢

> Qi »++» Qi /aaﬂ ses aain\
o « ¥ s v | « v s s 8 e o I‘
Ami eve Apn \aa,,,i sev Clppn/

OnpefiesieHHe 5THX onepallHil BHIJIAJHT BroJHe ecTecTBenHo. Mnaue
06CTOHT Jesio ¢ ICBOJBLHO CBOEOGpA3HOH omepaliuell YMHOMEHHS MaTpHIL.
PaccMOTpHM cHavala yMHOXKeHHe KRaJPaTHBIX MaTpHL OJIHOTO IOPSAKa .

Ecan
A=(a;;) u B=(b;p)

- JBe TAKHX MaTPHUEl, TO HX TPOU3BEJECHEEM
Ha3bBaeTCs KBajpaTHas MaTpHUA MOPAAKA 7, NPOKM3BOJbHLIA 3JeMeHT
KOTOPOH BLIUHCJHSIETCS] 110 MPaBHIY:

C[j=a1'1b1j+al‘2b2j+... —}—a;nb,,j. (2)
Hnave roBops, 4To6bLl NOJAYYHTbL JeMeHT i-# CTPOKM M J-TO cTon6na Mat-

puupl C=A B, HYXKHEO B35Tb CYMMY NPOH3BENleHHH DJeMEeHTOB i-H CTPOKH
MaTpuibl A Ha COOTBETCTBYIOIIME SJEMEHTHl [-ro crodbia MaTpuuel B.

Hanpumep,
12 20\_( 02
01 —-11)7\—=11)°

YMHOXKEeHHe MaTpPHLL HEKLOMMYTAaTHBHO, T. e.; BooCule rosopfl, A-B+£R-A.
Tak, nepeMHOXHB IBe NpejBAYyLUHe MATPHLBl B OCPAaTHOM NOPAAKE, Mony-
UHM HHYIO MaTpHLY:

20\ [12\_( 2 4\
—11 01)" —1 —1)"
BmecTe ¢ TeM, HETPYAHO JI0Ka3aThb, UTO YMHOXKeHHE MaTpHIl aCCOLLHATHBHO:
(A-B).C=A.(B-C).

Ocofyio poas (momo€HYl0 uMCJIOEOH enuWHHLE) HIpaeT TaK HasbiBaeMas
edunudnan mampuuya

10 0
01 y
E= ' .
L4
00 1
Heficteutentno, u3 ¢opmyas (2) crenyer, yto
EA=AE=A

as mo6ofi KBanparTHON MaTpuuu A.
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MoKHO YGelHTbCS; YTO MHOXECTBO BCEX KBAaiDAaTHBIX MaTpHI{ 3aiaH-
'HOTO Topsiaka o6pa3yeT OTHOCHTE/LHO BBEJEHHEIX ONePalHii CIOXeHHS H
YMHOXeHHs (HEKOMMYTaTHBHOE) KOJBLO.

IMpapuso YMHOXKEHHST MATPHI MOM(HO PaclpoCTPAHHTb H Ha TpPAMO-
yrosbHEe MATpHUbl, He sBafomuecs KBajpatHoiMu. Popmyna (2) no-
8BOJISIET 3TO cAeJaTh, eCIH UHCJIO0 CTONSLOB MepBoH MaTphub A coBNajaeT
¢ uncaoM ctpok Marpuuel B. Hanpumep,

12 0 2
3 1 (_f ?): 5 1)
0 —1 1 —1

Tpu stoM noayvaioliascs MaTpHUa HMeEET CTOJBKO JKe CTPOK, CKOJBKO
TIepBbl COMHOKHTE, M CTOMBKO Ke CTOJGLOB, CKOJMBKO BTOpOil, ITosb-
3ysich oflepalldsMH Haj MaTpUIaMH, Mbl TOJMyYaeM BO3MOMXKHGCTH 3aTHCHI-
BaTb NpOM3BOJbHBIE CHCTeMBl ypapHeHu#l B Kpalkoli MarpuuHoii dopwme.
JlelicTEnTesbHO, NYCTh MaTpHIaA

i Gy v dip
Qs{ Cas ++- dap
- /
\a'mf A3 ++v Qpn
COCT2RJeHA N3 KO3G(MHIMEHTOB IPH HeH3BECTHLIX cuctemsl (1) npumnomenns 4
(B 5TOM C/ydYae OHA HA3HIBAGTCA MATpHIeH CHCTEMbI). PaccMOTpHM BeKTOpbI-

CTOJ6LL HEeN3BeCTHHIX H CBOGOJHBIX WIeHOB, 0003Ha4as UX COOTBETCTBeHHO
uepes X u b:

Xy by

Xz b
x={ "}, b=\ °* |

Xy b

Torna npousseseHue AX eCTb MATpPHIA C M CTPOKAMH H OJHMM CTOJNGIIOM,
T. €. BEKTOp-CTOMNOeL, 3JeMeHThl KOTOPOTO BBIYHC/ASIOTCA cOracHO ¢op-
myse (2). Taxum ofpasom,
a¥r-t araxa oo - Qg
Ax = AnXy+ Qepka+ -+ G2pky
X = .

BRI Am1X1+ AmeXe 4=+ o o T Aynkn

Kaxpoe u3 ypasnenuil cucteMs! (1) o3HayaeT paBeHCTBO COOTBETCTBYIOLIHX

xoopaniaT Bektopa AX H BeKTopa D, H BCA CHCTEMA B L1€JI0M 03HAYaeT TOFNA

PaBeHCTEO '
Ax=b.
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[MonyueHHas KpaTKasd 3anMucb 4 eCTb MaTPHYHAA dopMa cHCTeMBl JTHHefts
ubix ypaHennil. ITojofHan mMaTpHuHas 3annCh BCTPEUAETCA BO MHOKECTBO
APYTHX CHTYaLwuii, H OHa IFHPOKO HCTOAB3YETCS B MaTeMaTHYecKoll; (r3us
uecKoil B TeXHHUECKOH JuTEpalype.

Bce crasaHHOe O MATPHIAX C @HCTBHTE/bHBIMH 3JIeMeHTaMu B PaBHOH
Mepe OTHOCHTCA K MAaTpHUAM ¢ 3JeMeHTaMH H3 TpoM3BoJbHCro noas F,
Tag, B TEOPHH KOZHPOBaHHA MPHXOAMTCA paccMaTpHBaTh MaTpHUbI, CO-
CTaBJCHHBIC M3 3JEMEHTOB KOHeYHOTo noJjsf. EcrecTsBenHo, 4TO NpH omepH-
POBaBHM C TAKHMH MAaTPHUAMH HX 3JeMelThl CK/aJbIBAIOTCA H YMHOXKaloTCA
B COOTBETCTEMY ¢ «apudmeruxoi» noaa F. Bor, K npuMepy, Kak nepeMHO:
HKAlOTCA [JBE MATPUUB C BJIEMEHTaMH H3 Z,!

10
1001 “\ 01
Ol10«0‘,=
1110 L 00

6. 3agauu n nonoSHeHus

1. ITokaxute, uTo mpeoGpasovanue, cBpaTHCe napalgedbe
HOMy MepeHcCy B HANpaBJEHHH BEKTCPA @, €CTb NapajfenbHEd nepeHoc
8 OPOTHBOIOJ/IOXKHOM HanpasleHud (Ha BEKTOp —a).

2, l'I'ych f—cuMMETPHA NJIOCKOCTH OTHOCHTENLHO ocH O, g— NoBO.
POT MICCKOCTH Ha 11/2 mpoTHB 4acoBoH cTpeakH. [IpoeepsTe, uT0 npect-
pasoBaiHe fg ecTh CHMMETPHA OTHOCHTEJbHO GHCCEKTpHCH I-ro # 3-To
KOOpAHHATHHIX yrice. Haiigute Takxe npeo6pasosanue gf u yGenutecs,
uto fg # gf.

3. Oncpanua npousBefenns npeo6pasoBanuil 06.13faeT CBOHCTBOM
aCcCOUHATHBHOCTH, 9TO 3HAWHT, 4TO AIA Jo6Gof TPoOMKM npeofpasoba-
uui fi, f2, /3 BBINOMNSETCA PaBEHCTBO

(flfz) fs=F (fzfa)-
CrnpaBeaTnBOCTE COOTHOIIEHHSA BHITEK2eT H3 TOTFO, 4TO O6e €ro 4acrti
eCTb [E3y/bTaT NOCJAEROBATELHONO BHINOJHEHHA TpeX RpecGpasoBaHuit
cHauaja f;, 3ateM f,, 3ateM fg.

4. Kaxue H3 CIEAyIOMIHAX MHOXECTB 06pasylT rpynny npeoGpasosa-
4HA TIJIOCKOCTH:

#) MHOXECTBO BCEX NApaJJCibHBIX NCPEHCCOB;

6) MHOXeCTBO BCEX BpaIleHHH OTHOCHTEABHO (IIKCHPOBAHHOTO ILeHTpPa;

B) MHOXECTBO BCeX BpallleHHH NAOCKCCTH;

T) MHOXKECTBO BCEBO3MOXHBIX OCEBBIX CHMMETPHH.

5. HanoMunM, 4To COBOKYNMHOCTb BCEX TOJACTAHCBOK M-3J€MEHTHOrO
MHOXecTBA cGpasyer rpynny. Oua uasuniBaeTcs cHMMerpuueckod rpynmoil
crenenu n # obosnadaetca S, Halianre Bce NOACTaHOBKM u3 Sy, He
MEHSIOWHE SHavenHa QyHKUHUi

) Qr==Xyry -+ X2xg 4 X105

6) Qa= (x1— xo)(xy — x5)(xa— x3).
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IpoBepbTe NpAMbLIM BHYHCJIEHHEM, YTO HalileHHLe B KaXJOM M3 CJydaeB
NOJACTaHCBKY 0GpasyloT IpYymNnHL.

6. T pancnosutjieli Ha3biBaeTCA NOACTAHOBKA, REPECTaBJsOMAs Xa-
KHe-JH60 ABa CHMBOJa, a Bce NpOuMe CCTaBJgfoMas Ha mecte. Hanpumep,
H3 IBYX MOACTAHOBOK

1 2 3 4 1 2 3 4

1 3 2 4) 2 3 41
TiepBas ABJsieTCs TpaHCNOsHUUel, BTOPaR — HET, HO OHA MOXET GLITh Npea-
CTapjJleHa B BHJAE INPOH3BEAEHHs TPAHCNO3HUMA cJenywouiiyM ofpazom?

(1234_(1234(12341234 |
234 1) \21 31 3214)(4231'”

\

Cnpasepnus c6umnit GaxT: BCAKasA NOACTAHOBKA PasnaraeTcs B IPOHIBEEH e
TpaHCcno3HLHi.

3To pasJ/icKeHHe HEOJAHO3HAUHO, HampHMep, BMecTO (1) ME Morsn 6
HankcaTh

1234_(1234(1234(1234
234 1)7\1 324/ 432/\2134)"
/

OJHAKO MOXHO JA0Ka3aTb, YTO NPH BCCX NPEACTABJACHUAX MOACTAHOBKU
B BUJLe NpPOH3BEJEHHs TPAHCMO3HUHH YHCJAO COMHOXHTENEH UMeeT OfHHa-
KOBYIKO Y€THOCTb.

[lopcTanoBka naspiBaeTCA  YeTHOH, €CJHH  UHCJIO TPAaNCNO3HIHA U
B PpazJIOXeHHH YeTHO, B NPOTHBHOM CJyuae NOJCT2HOBKA HasbIBaeTcH
HeYeTHOM.

7. Tlokaxuie, YTO MHOXCCTBO BCeX UYETHLIX NMOACTAHOBOK o6pasyer
rpynny, ona c6osnayaerca A, W Ha3HB2ETCH 3HOKONEDeMEHKOU epynnod,

8. ¥Y0eantech, 4TO MHOMXECTBO NOACTZHOBCGK M3 3agaun 5 (6) coBma.
A8€eT CO 3nakonepemeHHcH rpynnoit As.

Boc6me paccMoTpuM GYHKUHIO

F(xl’ Xo, «eey xn)= II (xi—xj)t ir i,=l, 21 ey N (2)
i<y

Toraa MBOMECTBO BceX NOACTAHOBOX NEPEMEHHLIX, HE MEHAIIHX 2Ha-
yeHns 3ToH (QYHKIHH, COBMAJlaeT CO 3HAKOMEPEMCHHOR rpynno#t A,. 3to
BLITEKA€T H3 TOrO, YTO MPH JIOGOH TPAaHCIO3HUMH 3HaueHHe GyHxuHM (2)
MeHAETCs Ha MPCTHBOMCJOXKHOE, HalpHMep,

Fxy, xp0eey Xn)=—F (x4, 23, <1y Xp)s

CkasanHoe OOBACHsEeT B TPOHCXOXJAEHHE TEPMMHa ¢3HAKONEpeMeHHaa
rpynnas.
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9. Jlag 4MCJOBHIX TPYNN THNHYHOH SBJIAETCA TaKasg CHTYauud, KOLdg
BCE CTeMeHH OAHOrO 3JeMeHTa g # | pasauunel ¥), Ecau xe ofpatutbest
K rpynmnam npeo6pasoBauuii, TO B HHX 3ayacTylo OblBaeT Tak, 4To Ise
pas/HuHble CTENeHH OJHOrO 9JeMeHTa (mpeofpasoBaHHs) COBIAAAIOT.
B kadecTBe mpHMepa TAKHX 3JEMEHTOB DACCMOTPHTE NPeOGPa3OBAaHHA:
a) CHMMETPHIO OTHOCHTEJbHO OCH; 6) MOBOPOT MJOCKOCTH Ha yroJa /3
(soobuie Ha yrou 2m/k).

Uto kacaercs KOHEUHBIX TpyNN, TO 3Jech IJa AIC60TO sJeMeHTa g
CYUIeCTBYIOT TaKHe HATypajbHbe & u m (B # m), uro

gh=gm. 6)

Ecaun 6bl 370 OBIO He Tak, TO Ipymna colep:kana b 6eCKOHEUHOo
MHOTO 3JIEMEHTOB,

[ycte B pasenctBe (3) 2 > m. YMHOXHM cOe ero 4acTH Ha SJEMEHT
g~™, 5T0 JacT CJelyiwlliee paBEHCTBO gh-m=e, unn gh=e, rle
n=k—m>0.

B omnucaHuofi CHTyauHu c6A3aTeJbHO HAHAeTCd HaHMeHbLiee HaTy-
pajbHoe n cO CBOHCTBOM g% =e, KOTOPOE Ha3bBACTCH NOPAOKOM 3IEMEH-
Ta g. '

Ecan xe Bce creNeHH 3JeMeHTa g

g =e, g g% ..., g°
pasiHyHpl, TO g HA3bIBaeTCsA a/eMeHTOM GeCKOHEYHOro MOpPSAKA.
10. Haiiqute nmopAAKH cJefyIOUIHX [OACTAHOBOK:

1 2 3 45 1 2 3 45 1 2 3 465
(23451), (23154), (l4523>.
11, [yctb G = (g)— KOHeYHAasA UMKJIHYECKas Tpynma, U ee ofpasyio-

wHi g uMeeT MOPsAOK . PaccMOTPHM NPOM3BOJBHYIO CTeneHb g7,
Ecan nokasatedb KpaTeH n (Mm=sn), To g7 =gt¥=(g")S=e¢’=e¢,

EcaM e NoKasarelb m INPOHM3BOJIEH, TO €ro BCErJa MOMHO 3alHCaTh

B BUJe: m==sn--r, O<lr<<n — 1, TAe r—oCTAaTOK OT JAeJIGHHS M Ha n.

Ho Torpa gm==gsn+r=gn.gl=¢.gr =g, 3710 3HaUUT, UTO BCE JIeMeH-
Thl rpynnsl G == (g) HMCUEPHLIBAIOTCH CJEAYIOLIHMH #1 3JIeMeHTAMIL

e, g, g% ..., g" L
Mbl [0Ka3a/H, YTO MOPSIAOK KOHEUHOH UHUKJHYECKOH TPYNNBI COBNAjaeT
¢ nopsakom ee o6pasywolero. Kak, ncno/nbsysl ckasaHHOe, BBIBECTH U3
Teopempl Jlarpamxa CJAAVIOINE YTBEPKACHHUS:
a) MopAAOK JHGOro sJeMeHTa KOHEUHOH TPYNNbl ABJSETCH AeanTeseN
NopsiiKé 3TOH TPYRIbL;
6) BcsAkas rpynna MPOCTOTO MOPSIAKA ABJAETCH NHKJIHYECKOMN?

*} B cayyae, ec/lH TPYNIOBAs ONepanHs — CA0KeHHe, NPHXOZHTCA ro-
BOPHTb He O CTEHEHAX, @ O KPAaTHBIX 3JICMCHTA.
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12, Haiigute BO3MOXHble MOPAJAKH 3JIeMeHTOB B rpymnax Sz, S, UHK-
" JIAyeckoil rpynne Lopajka 12,

13. Tlpoepbre, uro BCfKaa noarpymmna A uukauyeckoiffl Trpynnmo
G=(g) cama aBJAeTCA UHKJIHYECKOH.

¥ Ka3zaHue: pacCMOTPHUTE HAHMEHBIUYIO NOJONKHTENbHYIO CTENEHD
gk € H, nokaxure, yto H=(gk).

14, TokaxeM, NOJb3YACh 3aKOHOM IHCTPHOGYTHBHOCTH, YTO HYJEBOH
3JI€MENT aJJHTHBHON TPYNNBl KOJMbLA HIPaeT pojb HYJA M IPH yMHOXKe-
HUH.

PaccmorpuM npousBefieHue JOGLIX JABYX 3J€MEHTOB @ B U H NpeoS-
pd3yeM €ero CAeAYIOUHM 06pazoM:

ab=(a-+0) b=.b-405.

Bropoe ciaraemoe, XaK BHIHO H3 PaBeHCTBA, HCPAET POJib HEATPasbe
HOTO 2JIEMEHTa NPH cJoXeHHu. B cuay ero eaunctBennoctn 06 =0 gz
Beskoro b € K.

15. Kakne u3 cjelyloliHX 4HHCJOBEIX MHOMKECTB ABJSIOTCS KOJblaMH
OTHOCHTEJNbHO COBIYHBIX ONMEpalHH CJIOXKEHHS H YMHOXEHHA:

: a) MHOXECTBO YeTHBIX YHceJl;

6) MHO)XECTBO YHCEJ, KPATHHIX JIAHHOMY A;

B) MHOXECTBO MHOTOYJICHOB CTeNeHH <in C JeHCTBHTEJLHBIMU K02(-
dunnenTamu;

I) MHOMKECTBO BCeX MHOTOYJIEHOB C UEJBIMH KoadduuuenTamy;

I} MHOXKECTBO HEOTPHLATEbHBIX JREHCTBUTENLHLIX YHCEJ;

€) MHOMECTBO BCEX HUHCeJ BHAA a-}-b VQ—,rneaub—pauHOHaanme.

B kakux cJayyagx MBI HMeeM J€J10 C KOJBIOM C elHuuled, B Ka-
KHX —C ToJIeM?

16. IlokaxeM, [uT0 Jenutenb Hyas (JIeBbll WM NPAaBLIH) He MOXeET
6niTh ob6paTtuM. B eamom pmese, nyctb xa=1 u ab=0. Torna

xab:{ (xa) - b=1-b=0b,
x (@ab)=x.0=0.

CnenoBateannio, b=0 ¥ a ne fABIfETCs ReJHTENEM HYJI,

H3 cka3anHOTO HENCCPeACTBEHHO BHITEKAET, YTO HHKAKoe IIoJe He
CONEPIKUT JeJuTeNleH Hynd.

17, Tlokasartb, 9TO €CJH n==#;-My— YHCJO COCTABHOE, TO 7, He
ABJSACTCS NOJIEM.

18. ITokasaTb, 4TO HeHYJeBOfl 2JeMeHT k_EZ,, o6paTHM TOTJa H TOJb-
KO TOTAQ, KOTAA YHC/A4 & B n B3AUMHO TPOCTHL, M YTO B IPOTHBHOM Clyuae #
ABJETCH JeNHTeeM HYJA.

19. Tlonb3aysce mnpeabAyMEM  VIBEDIMKICHHEM, HaiiaHTe O06DATHMEIE
2JIEMEHTBl H JEJHTENM HYJA B KCJAbLAX BLINETOR Zgo, Zg, Ziis Dise
Las o6paTHMBIX 5leMeHTOB HafiiuTe ofpaTHble, 1A s/eMEETOB E, ABJIA~
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JOLAXCST NEeNHTENAMH HY /A, HaliAnTe m # 0 Takoft, uto £-m =0. Hsag-
eTCsi JiH TAKOH KJjacc M eNHHCTBEHHHLIM?

20. YKe camble NPOCTHIE CBEIEHHS O KOJAbLAX M TPYIIax Moryt GHTb
npuMenentl B Pa3/JHYHBIX MaTeMaTHueckHx Bompocax. [TpexpacHoft uiio-
cTpanmeil 5TOTO fABAsieTCA TeOpHst unces. PaccMorpum, nanpumep, xopoiuo
H3BeCTHYIO TeopeMy (manyio Teopemy Pepma): )

Ecaun p—npocToe, TO RIS JMOGOro HaTypadbHOrO @ WHCAO aP-—a
JEJIHTCS HA p.

- Paccysnaem Tax:
of —a=a@P-1—1).

Fcau a zeaurcs wa p, TO yTBEpXKIeHHE GUEBHIAHO.
[lycts a He peantca wa pu a=mp-+r (0 < r<<p-1). Torza
B MOJIe BBIYETOB Z, aEr H 13 0. lenumeccts yncaa a?~'—1 na p pas-

HOCHJIBHA TOMY, H4TO B Z, CMPaBERJIUBO P2BEHCTBO rP=1—1=0 uau
paBHCCHJILHCE eMy
P11, (4)

Tak xaK NOPAAOK MYJLTHILIHKATHBHOW TPYNNE MnoAf 7, paseH
p—1, TO H3 TeopeMbl Jlarpanka BbITeKaeT CNPaBeLIHBOCTb PABEHCTBA
(4), u 310 AOKaswIBaeT Manylp Teopemy Pepma.

21. IMoaymaiite (370 He mnpocTas 2ajaya), Kax ¢ NOMOLILIO YKa3aH-
HBIX METONOB MOMHO JOKa3aTb YTBEPKIEHHE: €CJAH p—IpoCcToe, TO
(p—1) 11 meantcs Ha p. 310 Teopema BusbcoHa, onna M3 wauGosee
H3SIHBIX TeOpeM 3JeMeHTAapHOH TEOPHH 4YHCeJ.

22. Dyukyus Jidsepa P (n) onpeaeseTcs B TEOPHH YMCe] KakK Ko-
JIMYECTBO HATYPAJNbHBIX 4WCEJ, MEHBIIHX n H B3aHMHO MPOCTBIX C HHM,
Hanpumep, ¢ (4)=2, ¢ (8)=4 u 1. A. [Ins BCAKOTO NMPOCTOrO p OYEBHU-
o @ (p) =p—1. O6o6menneM masoil tTeopembt Pepma fBJsETCS Teope-
Ma Jiinepa, Kotopas GopMyaHpyeTcd Tak:

Has 11060T0 HATYpPaabHOrO 4, B32aHMHO TIPCCTOrO ¢ n, a® (M —1 pe-
autcst nwa n. Hanpumep, npu n=38, a=5 uveeM 5*—1=624=8x78.
MoxHO npeyIoXHTb CaelylomHi Ni1aH J0oKal3aTeJbCTBa TeopeMbl Jfiiepa
(meTaju —Ha YCMOTpPEHHE UHTATEeNs):

a) noKasaTb, YTO MHOXECTBO OGPATHMEIX 3JE€MEHTOB JI060ro KoJbLa
o6pa3yeT TPyNny OTHCCHTENbHO YMHOMEHHS,;

6) paccMOTpPeThb KOJbIO BHIYETCB 7, H YGeIHTbCS, YTO Tpynna ero
0o6paTHMBIX 2/J1EMEHTOB HMEeT NOPAACK @ (n) (BCIOMHHTe YTBEpKIEHHE
nyukra 18);

B) JafbHeHWHe PpAacCyXIeHHA TAKOBBI XKe, KaK H NPH JOKa3zaTesb-
cTBe MaJsoil Teopembl Pepna.

23. HaifiTy Bce pelleHHS CHCTeMbl JWHeHHBIX ypaBHeHHMH

x-}-22=1, y4+2:=2, 2xtfz=1
B 7I0JI€ BBLiYCTOB: a) MO MOAYJIO 3; 6) no Moaya 9.
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24, Muorounen p(X) € F[X] nasuiBaercs HCNPHBOJMMEIM, €CJH
He cymecTByeT pasnoxenns p (X)=f (X) g(X), B kotopom f (X), g(X) €&
€F [X] v creneHn coMHOMXHTeJAeH MeHbIle, YeM CTCIEHb MHOTOuJeHa
p(X).

BrisiCHHTD, ABASIOICA /iR CHELYIOWHE MHOTOWIEHBI

X34 X241, X4 X241, X2—2

HeNpHBOJANMEIMH Hal nojeM: a) Zg, 6) Zg B) Q; 1) R,
25. PasnoxuTh Ha HENPHBOJAMMbIE MHOXKHTEJH MHOrOuWJIen

X4 X34 X 41

H3R nojeM: a) Zs; 6) Zg; B) Q.
26. Halitn nanGonpuft o6muli zeslitTeJb MHOPOYICHOB

FO=X34 X4+ 2X 42  gX)=X>+X+1

Hax nojem: a) Z,; 6) Q.

27. JJokazaTb YTO B KOHEYHOM KOJbLE C eIHHHIEN JI0GoH HenyJe-
BOH 3JeMeHT JH6o obpaTuM, Ju60 fBAReTcs AesuteneM HyJas. Bepuo Jau
8TO yTBepXkjeHHe €e3 NpeAnoNOKeH U KOHEUHOCTH (BCIOMHUTE KOMbLO 7, )?

28. Hcnoneays npegmayuiee YTREpWIEHEE, NOKAKHUTE, UTO KOUEUHCE

KOMMYTaTHBHCE KOJAbLO €e3 pesinTeNed HyJs, cOfepamee 6ojee OfHO-
ro sseMeHTa, fBJASETCs HoJeM.
20. B Bompocax, cBA3aHHLIX C PeIIEHHEM CHCTeM JHHEHHBIX ypaB-
HeHHui, ccobylo poiab HrpaeT NMOHSTHE CNpefeJuTeNs KBajPaTHOH MaTpHIbL
BseneM 3jech 2T0 NOHSITHE NPHMEHHTEIBHO K MaTpHue 2-ro nopsaka
o f
5 ©)
\Y
C 3neMeHTaMHM M3 InpousBodbHoro noiada F. Ee onpepeantellem Hasoba-

€TCa BeJHYHHa
A=abd—py. 6)

JlokazaTb, YTO B KOJblle BceX MaTpHU 2-To nopajka MaTpHua (5) obpa-
THMa TOrAa2 H TCJBKO TOrJa, KOria ee onpelesnTejb OTIHYeH OT HyJs
(ykasaTb cnocol oTbicKaHHa o6paThol MaTpuuu). B npoTHBHOM cayuae
marpuna (D) ABJAfercs JAennTeneM HyAs.

30. Kakne N3 nepeyHcJeHHBIX HHEKe MaTpHl COPaTHMBI MIH SBJIg.

0TCa JennteaamMn HyJsn4d
1 0\, 11
0 2) 2 2

1 2\
2 1)
1ap nonem: a) Zg 6) Q?

B cayuae, ecan maTpHua o6patiMa, HalTH G6paTHYIO
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125

129
132
136

142
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