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JlabopaTtopnas padora Nel
«AppuTuBHas mepa unpopmanuu (Mepa Xaprian)»

1 Heanb padoTnl

M3yunth anauTuBHyl0 Mepy uHbopMmanuu. HayduTbcsi NepeBOIUTH
yyciia W3 OJIHOM CHUCTEMBI CYHUCICHUSA B JIPYryl0, HAy4YUTHCS U3MEPSTh
KOJMYECTBO MH(MOpMAUU [JIi PABHOBEPOSITHBIX U HEPABHOBEPOSTHBIX
coObiTHil. [IpoBEpUTH MOTYYEHHBIE TECOPETUUYECKUE CBEICHUSI MPAKTUUYECKUM
IyTEM, BBITIOJIHSSA UHIUBUYaJIbHBIE 3aJaHUS.

2 Kparkue TeopeTu4ecKue CBeIeHUus
2.1 Onpenesienne kogau4yecTBa MHpOPMAIMU JJA PABHOBEPOSATHBIX
COOBITHH

OpHo W3 HampaBJieHUW B WM3MEpPEHUU WHOOpPMALUM JAET CTPYKTypHas
TEOpHsi, B KOTOPOM KOJWYECTBO HHGOPMAIMK OMPEASsSeTCS MOACUETOM
MH(POPMAIMOHHBIX JIEMEHTOB MJIM KOMOMHALIMM U3 HUX.

PaccmoTpum adoumusnyio mepy (mepy Xapmau). VI3 KOMOMHATOPHKH
U3BECTHO, YTO YHMCJIO COUYCTAHUH C MOBTOPEHUAMH U3 N 31eMeHTOoB 110 | paBHO

Q=h (1)

Takum 00pazoM, 4KCIIO BCEX JTBOWYHBIX KOJOBBIX KOMOWHAIIWN JTUHEI |

pasro 2! (h =2). B xadectse Mepsl HHGOpMALUK XapTIU NPEIOKHI B3STh
H =log,Q=log,h' =I. (2)

Torma 1 6um — »5T0 KoaWuecTBO WHOOpPMAIUHU, COAEp)KaIleecs B
IBOMYHOM KOJOBOM KOMOMHAIIMM €OWHUYHONM JUIMHBL.  KoJHN4ecTBO
uHpopmaruy mo XapTiv SKBUBAJICHTHO KOJMYECTBY JBOUYHBIX 3HAKOB "0" u
"1" npu KOAUPOBAHUM COOOIICHUH N0 IBOMYHON CUCTEME CUUCIICHHUS.

[Ton cucTeMoOl cuUMCIIEHUS TOHUMAETCSl CMOCOO0 MPEACTaBICHUS 0000
Yucya ¢ TOMOIIBI0 HEKOTOPOTo ajipaBUTa CHUMBOJIOB, HA3bIBAEMBIX (P pPaMHU.

2.2 IlepeBox uncJia U3 OAHOM CHCTEMBbI CYMCJICHUS B IPYTYIO

Bce cuctembl cunciieHus ACIIATCA Ha ITIO3NITMOHHBIC 1 HCITO3UIITMOHHBIC.

HCHOSHHI/IOHHLIMI/I CUCTEMAMMU SABJIAIOTCA TaKHUE€ CHUCTEMbI CUUCJIICHUS, B
KOTOPbIX Ka)I(JIBIﬁ CUMBOJI COXPAHACT CBOC 3HAYCHUC HC3aBUCUMO OT MECTA €CI'o
ITOJIOKCHHUA B YHCIIC. HpI/IMCpOM HGHOSHHHOHHOfI CUCTCMBI CYMCIICHHUA
ABJCTCA pUMCKasl CUCTCMaA. K HEAOCTATKAM TaKHNX CUCTCM OTHOCATCA HAJIMYUC
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OOJIBIIIOT0 KOJIMYECTBA 3HAKOB U CJIOKHOCTH BBIMOJHEHUS apU(PMETUUECKUX
OIepanui.

CucreMa cumciieHUs Ha3bIBAETCS MO3UIIMOHHOM, €CIIU OJ[HA U Ta e Iudpa
MMEET pa3JIMYHOE€ 3HA4Y€HUEe, OIpeaestoneecs TMo3uuuel uudppsl B
MOCJIEIOBATEIBLHOCTH LGP, U300paKaroIEH YUCI0. DTO 3HAUCHUE MEHSAETCS B
OJIHO3HAYHOW 3aBUCUMOCTU OT TIO3UIMH, 3aHUMaeMod 1udpoi, 1o
HEKOTOpOMY 3akoHy. [IpuMepoM NMO3UIIMOHHON CUCTEMBI CUUCIIEHUS SIBJISICTCS
JNECATUYHAsI CUCTEMA, UCMOJIb3yEMas B IOBCEHEBHOM KU3HMU.

[Ipu mepeBojsie U3 JOOONH CUCTEMBI CUUCICHUS B JECITUUHYIO, HYXHO
HENyl0 U JIPOOHYI0 4YacTH (€ciM €CTh JpoOHasi) yMHOXAaTh IO IpaBUIaM
nepeBona. [Ipu mepeBoae uncna U3 AECATHYHON CUCTEMBI B JIPYTYIO, HYKHO
IENTYI0 YacTh JICJINTh, a IPOOHYI0 YMHOXKATh IO MPaBUIaM NEPEBOJIa U3 OJHOU
CUCTEMbI CUHCJIEHUSA B IPYTYIO.

2.3 Omnpenesenne KkoJuvecTBa HHPoOpMAUMU I COOBITHH C
Pa3IUYHBIMH BEPOSITHOCTSIMHU.

CylecTByeT MHOKECTBO CUTYaIUi, KOT/1a BO3MOXHBIE COOBITUS UMEIOT
pasInyHbIE BEPOSITHOCTH peanu3ainuu. PaccMoTpuM npuMepsbl TaKUX COOBITHIA.

1. B xopobOke 20 xapanpamei, u3 HUX 15 KpacHbIX U 5 UYEpHBIX.
BeposTHOCTB BBITAIIUTH HAYTaJ KpACHBIN KapaHaall 00Jbliie, 4eM YEPHBI.

2. llpu cinyuyaiiHOM majeHUU OyTepOpoaa BEPOSTHOCTH MAIEHUS €TO
MacJioM BHU3 (0oJee TSKENOM CTOPOHOM) OOJIbIIIE, YEM MACIIOM BBEPX.

3. B npyay xuByt 8000 kapaceit, 2000 nryk u 40000 neckapeit. Camas
OoJbIlIasi BEPOSITHOCTh JIsi phi0aKka — MOMMATh B 3TOM NpyAy IecKaps, Ha
BTOPOM MECTE — Kapacs, Ha TPEThEM — LIYKY.

KonmuuectBo wuHbOpMauu B COOOIIEHUM O HEKOTOPOM COOBITHU
3aBUCUT OT €ro BEPOSITHOCTU. YeM MEHbIIE BEPOSITHOCTh COOBITHUSA, TEM
OoJibIIIe HH(POPMAIIUK OHO HECET.

p = K/N,
rae K — KoIM4yecTBO CiIy4aeB peaanu3alui OJHOTO U3 UCXOJO0B COOBITHS,
N — o01iee yrciio BO3MOKHBIX UCXOJI0B OJTHOTO U3 COOBITUI
| = logz2(1/p),
rae | — konuuecTBO MHPOpMauu,
P — BEpOATHOCThH COOBITUS
Jlocapugpmom uucna a no ocnosanuio b nazvieaemcs noxazamens

cmeneru, 8 KOmopyio Ha00 8036eCMU YUCIO @, YMoObl NOJYYUMb YUCIo D:
al9l=pa>0,b>0a+#l1
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[IpaBuiio BeIUKCIIEHUSA JIOTAPU(DMOB YUCEI [0 OCHOBAHUIO 2 C MIOMOIIIbIO
AJNIEKTPOHHOTO KaJbKYJIATOpA!
l0og26 =log6 / log2, rae log6 u l0g2 — necsiTrunbIe Torapru@MEI.
[Topsiiox BeruMcacHUS jorapudma unciaa 6 mo ocHoanuio 2 (10g20) ¢
MOMOIIbIO0 MHXKEHEPHOT'O KAIBKYJISATOPA:
6, log,/, 2, log, =

Konuuecmeo ungopmayuu 6 ciayuae paziudHulX — 8epOsiMHOCHEl
cobvimuti onpedensemcs no opmyne Lllennona:

I ==>"p,-log,p,
i=1

IZIe pi — BEPOSTHOCTD I-r0 COOBITHA,
N — KOJIMYECTBO BO3MOXKHBIX COOBITHIA

3 IlpuMepbI BLINOJIHEHHS 3aaHUI

IMpumep 1
PaccmoTpum CHUCTEMY, nH(bOpMaIMOHHAS €MKOCTb KOTOPOH
ompenenseTcs aecaTHUHbM yucioM Q = 121. OnpenenuM KOJIHUYECTBO

uHGpOPMAITUH, COAepKAIIEECs B CUCTEME, UCTIOb3Ys Mepy XapTiu (2),
H =log,Q =1lo0g,121~6.91887 = 7 6um

3aMeThM, 4YTO OKpYIJIEHHE pe3yJbTara J0 LEJIOro Heo0XOAUMO
MPOBOJAUTHL B CTOPOHY yBeinueHUs. [lomydeHHBIN pe3ynbTaT O3HAYaeT, UTO
IpyU KOJAUPOBAHUM YHCJIA JOCTATOYHO HCIOJB30BaTh / JBOWYHBIX 3HAKOB
(4MCI0 BO3MOYKHBIX IBOMYHBIX KOJIOBBIX KOMOMHAIIUI PaBHO 27 = 128).

120=1-2°+1-2° +1-2* +1-2° +1-2* +1- 2* +1-2° =1111000,.
3ameuanue. Pa3zjnoxeHue Mo JABOWYHOW CHUCTEME MPOUZBOIAUTCS IS
yuciaa Ha | MeHbIIE B CHIIy TOTr0, YTO OTCYET BEIETCS OT HYJIS, a YHUCIO
KoMOMHanuii pasuo 121.

Jns  mosiydeHWsT JBOMYHOTO YHCJIAa MOXKHO HCHOJIb30BaTh METOJ]
MOCJEN0BAaTEeIbHOTO JAeieHus uyucina Ha 2. [lpu  kaxaoM JAeneHuu
ONpeAesIeTCS OJUH JIBOMYHBIN 3HAK KOJIOBOM KOMOMHAIIUU: €CIU JiesieHue 0e3
octratka — 0", B mpotuBHOM ciydae — "1". PucyHok 1 wimtoctpupyeT naHHbINA
metoj. Ctonbern cripaBa MoKa3bIBa€T JBOUYHBIC 3HAKM KOJIOBOW KOMOWHAIINH.
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Pucynok 1 - IlepeBoa uncna B IBOMYHYIO CUCTEMY CUMCIIEHHUS

JIBOMYHOE YHCIIO BBIMUCHIBACTCS B OOpPAaTHOM MOPSAKE, NBUTASCh CHHU3Y
BBEPX.

ITpumep 2
[lepeBectn wymcimo 122013 U3 TPOWYHOW CUCTEMBI CUUCICHUSA B
JECSITUYHYIO.

Pemrenmne.
43210 paspaos

122015=1-3'+2-3°+2-3*+0-3' +1-3° =81+54+18+1=154,,
OTtBet: 122013 = 1544,.

IIpumep 3
[IepeBectun uncio 234,68 U3 BOCBMEPUYHON CUCTEMBI B IECATUYHYIO.

Pemienue.
210 -1

234,6,=2-8"+3-8'+4-8°+6-8" =128+24+4+0,75=156,75,,
OtBer: 234,63 = 156,7510.

IIpumep 4
[Tepesectn umcino 101,012 W3 ABOWMYHOM CHCTEMBI CYHUCICHUS B
JECSITUYHYIO.

Pemienue:
210-1-2 paspsosl

10,01,=1-2°+0-2' +1-2°+0-2" +1.2% =4+0+1+0+0.25=5,25,,
OTtBet: 101,01, = 5,251o.

IIpumep 5

[lepeBectu mpobHOE AecatuuHoe uucio 0,62510 B 1poOHOE ABOHMYHOE
YUCIIO.

Pemenue.



0,625-2=1,25 0,25-2=0,5 0,5-2=1
OrtBet: 0,62510 = 0,101>.

IIpumep 6
[lepeBectn uncno 0,165 B YETBEPUUHYIO CHUCTEMY CUHCIICHHS,
OTPaHUYMBIINCH YETHIPbMSI YETBEPUUHBIMU Pa3psiaMu..
Peienue.
0,165-4=0,66 0,66-4=2,64 0,64-4=2,56 0,56-4=2,24
OtBer: 0,16519 = 0,02224.

IIpumep 7/

[IepeBecTn nmecsaTUUHOE 4YUCIO 746710 B LIECTHAALATEPUYHYK) CUCTEMY
CUHCJICHHUS.

Peienue.

4767/ 16
4756/466[16
11.464[29716
2 1611
13

OTtBet: 1D2B 6.

IHpumep 8.

B xopoOke 32 kapaHpmamia, BCe KapaHJalld pa3HOTO IBeTa. Hayran
BBITAIIIIN KpacHBIM. Kakoe kommdecTBO WHGOpPMAmUU TPH STOM OBLIO
MOJTy4EHO?

Pemenue.

Tak kak BBITaCKMBaHHWE KapaHjallia JIO00OTO IIBETa M3 HUMCIONIUXCS B
KOpoOke 32 KapaHpmamiel SBISCTCS PaBHOBEPOSITHBIM, TO YHCIO BO3MOXKHBIX
coObITUI paBHO 32.

N=32,1=7

N = 2 momcraBum 3Hauenme N = 32, nomyaum 32 = 2° Ttorma
| =5 Owur.

OtBert: 5 OuT.

IIpumep 9.

B mixonsHOM OnOMMoTeke 16 crennakeil ¢ KHUTaMH, Ha KaXKJIOM — 110 8
MOJIOK. YYEHUKY COOOIIUIIM, YTO HYKHBIM YUYEOHMK HAXOIUTCS Ha 2-OU MOJIKE
4-ro crenmnaxa. Kakoe konmmaecTBo HHPOPMAIIUK MOJTYIUI YUCHUK?

Pemenue.
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1) Yucno cremnaxei (cinydaeB) — 16, T.e. N1 = 16,

Onpenenum N; = 2!, nogcraBuM uncnosoe 3Hauenue 16 = 2!, r.e. 16 =
24 torna | 1= 4 6ura.

2) Uucio moJIoK Ha KakJI0oM cTeiiaxke (cinydaeB) — 8, T.e. N2 = 8,

Onpenenum Nz = 2! momcraBuM umciioBoe 3HaueHne 8 =23 1.e. |2 =3
OuT.

3)I=11+1, nonyunm | = 4 6ura + 3 6Gura = 7 OuT.

OTtBer: 7 Our.

IIpumep 10.

3arageiBaroT 4ucio B guamaszoHe or 1 mo 200. Kakoe HamMeHbIee
KOJINYECTBO BOMPOCOB HAJO 3aJlaTh, YTOOBI HaBEpHsAKA OTrajaarh uucio. Ha
BOIIPOCHI MOKHO OTBeYaTh ToJbko " Jla" niu "Het".

Peienue.

[IpaBuibHas cTpaTerusi COCTOMT B TOM, YTOOBI KOJUYECTBO BapUAHTOB
KaXXJIbIM pa3 yMEHBIIAIOCH BIABOE.

Hanpumep, 3aragano uucno 152.

1 Bompoc: Hucno >100? /la.

2 Bomnpoc: Yucno < 1507 Her.

3 Bompoc: Yucno > 1757 Her. u 1.4.

KosnuecTBO COOBITHUI B Ka)XXOM BapuaHTe OyAeT OJMHAKOBO, U MX
otraasiBanue pasHoBepoatHo. N = 2! torma 200 = 2!, 1e. 7 < | < 8. Tk
KOJINYECTBO BOIPOCOB HEIEIBIM YHUCIOM OBITh HE MOXET, TO HEO0OXOIUMO
3a/1aTh He 0osiee 8 BOMPOCOB.

OTtBeT: 8 BONPOCOB

Ipumep 11

B kopoOke 50 mapoB, u3 Hux 40 Oenpix u 10 u€pHbix. Onpeaenursb
KOJINYECTBO MH(POpMAIMK B COOOIIEHUHU O BBITACKUBAHWU HAayTraJl OeJIoro mapa
Y 4E€PHOTIO 1I1apa.

Pemennue.

BeposiTHOCTh BbITACKMBAHUS O€JIOr0 apa

p1=40/50=0,8
BeposiTHOCTh BeITaCKMBaHMS YEPHOTO I1apa
p2=10/50=10,2
KonuuectBo nH(pOopMaIum 0 BEITACKUBAHUU O€JIOTO IIapa
I1 = 10g2(1/0,8) = log.1,25 = log1,25/log2 ~ 0,32 6ut
KonuuectBo nH(pOopmMaIum 0 BITACKUBAaHUU YEPHOTO IIapa
I, = 10g2(1/0,2) = logz5 = log5/log2 ~ 2,32 6ut



OTtser: 0,32 Our, 2,32 Out

IHpumep 12.

B o3epe xuByT kapacu u okyHu. [lomcumrtano, uro kapaceir 1500, a
okyHe# - 500. Ckonbko uHGOPMAIUU COACPKUTCS B COOOIIEHUAX O TOM, UTO
phIOaK moiMain Kapacs, OKyHs, Ioimaj peioy?

Pewmenue.

CoOBITHS TIOMMKH Kapacsl WM OKYHS HE SIBJISIOTCS PaBHOBEPOSITHBIMH,
TaK KaK OKYHEH B 03€pe MEHbIIIE, YEM Kapaceu.

OO6m1ee KOJIMUECTBO Kapacel U OKYHEH B Mpyay

1500 + 500 = 2000.

BeposTHOCTB monajaHnys Ha YJI09KY Kapacs

p1 = 1500/2000 = 0,75,
BeposTHOCTB Momnaganus Ha YJ04KY OKYHS
p2 — 500/2000 = 0,25.
I1 = log2(1/p1), 12 = loga(1/p2),

rae |1 u |, — BeposiTHOCTH MoMMaTh Kapacsi U OKYHsI COOTBETCTBEHHO.

KonndecTtBo mHpOpManuu B COOOIIECHUU IMOKWMATh Kapacs W IMOWMATh
OKYHSI COOTBETCTBEHHO

I1 =log2(1/0,75) = 0,43 6ur, |2 = logz(1/0,25) = 2 Our.

KonuuectBo MH(poOpManuu B COOOICHUHU MOWMaTh pbIOy (Kapacs WM
OKYH$) paccuuTtbiBaeTcs no gpopmyiie [llennona

| = - ps-logzps - p2-0gzp2
=-0,75'10g20,75 - 0,25:10920,25
| =-0,75- (log0,75/l0g2)-0,25- (log0,25/l0g2)
| =0,604 6ut ~ 0.6 OuT.
OtBert: B coobmenuu coaepxurca 0,6 Outr napopmaruu

4. 3apanug
Homep BapuaHTa omnpejaensieTcss Kak mocieaHss mudpa HoMepa 3a4eTKH
ctynaeHta. CTyAEHTY HEOOXOJMMO PEIIUTh BCE 3aJadd B COOTBETCTBUH C

HOMCPOM BapHaHTaA.

3amanue 1.
[TepeBecT YMCIIO U3 OTHOM CUCTEMBI CUUCIIEHUS B IPYTYIO.

Bapuant Yuca

1 A10=121 B 1BOMYHYIO CUCTEMY CUUCIICHUS
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N

A>=10001010111,01 B necaTnuHyI0 CHUCTEMY CUHUCIICHUS

w

A10=135,656 B IBOMYHYIO CUCTEMY CUUCIIEHHS C TOYHOCTBIO
J10 TIATH 3HAKOB IIOCJIE 3aISITON

Ag=345,766 B IBOMYHYIO CUCTEMY CUHUCJICHUS

A10=326 B TPOMYHYIO CUCTEMY CUHCJICHUS

A10=1211 B mATEPUYHYIO CUCTEMY CUHUCIICHUS

A10=0,625 B JBONYHYIO CUCTEMY CUUCIICHUS

A>=0,1101 B gecATHYHYIO CUCTEMY CUUCIICHUS

A10=113 B 1BOMYHYIO0 CUCTEMY CUUCIICHUS

RO NO o~

0 A10=96 B TPOMYHYIO CHCTEMY CUMCIICHUS

3aganue 2.
Uemy paBHO 3HAQYEHHME CYMMbl YHCEI B BOCBMEPUYHOM CHUCTEME
cuucieHus?

Bapuant CymmMma

1 1110101010,+10111001;

10111010,+10010100;

111101110,1011,+1111011110,1,

40F,416+160,416

274,516+DD,41¢

120,316-B9,616

1225+2105

2215+1205

2015+1025

P OO NO OB WIN

0 114+ 118+ 1116

3ananue 3.

Onpenenuth KOIMYECTBO MH(popManuu (Mo Xaptiu), coaepkanieecs B
cucteme, UHGOPMAIIMOHHAS €MKOCTh KOTOPOM XapaKTepPU3YyeTCs JIeCITUYHBIM
guciaom Q. 3akoaupoBaTh 3TO YKMCIO MO ABOMYHOM CHCTEME CUMCIICHUS, N0
IBYX U] mociie 3amsTou.

BapuanT | 1 2 3 4 5 6 / 8 9 10

Q 1350|850 | 1980 | 2150 | 1450 | 890 | 1300|970 |1590 1700

3aganue 4.
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Bapuant 1. Tenerpaduct 3a neHp padboThl mpuHUMaeT 64 COOOIIEHUS.
Bce coobmenus pasaeie. Hayrag BwiOpanmu omHo cooOmienme. Kakoe
KOJINYECTBO MH(OPMAITUU TIPU 3TOM ObLIO MOJYYEHO?

Bapuant 2. Bam apyr xuBer B 16-Tu sTaxkHoMm jome. CKOJBKO
uH(popMaLuK COAEPKUT COOOIIIEHUE O TOM, YTO JIPYT KUBET Ha 7 dTaxe?

Bapuant 3. Kakoe koanyecTBO MH(pOpMAILIMK HECET COOOIIEHHUE O TOM,
YTO BCTPEYa Ha3HAUYCHA HA UIOJIb?

BapuanTt 4. [Ipu yraasiBaHuM LIEJIOT0 4Kcia B aAuana3oHe ot 1 go N
ObLI10 NosydeHo 8 out undopmanuu. Yemy paBHo N?

BapuanT 5. 3amura KypcoBoil pabOThl Ha3HaueHa Ha 15-e¢ uyuco.
Kaxkoe xonuuecTBO nHMGOpMALIUU HECET TaHHOE COOOIIEHHE?

Bapuant 6. B 1exy HaxomuTcs 8 pas3iuuHbIX cTaHKoB. Kakoe
KOJINYECTBO MH(OPMAIIUU HECET COOOILIEHUE, YTO 1 CTAHOK BBILIEI U3 CTOS?

Bapuantr 7. B kop3une nexar 16 pasHouBeTHbix mapoB. Hayran
BhITAIIMIIM Oenblid 1map. Kakoe koiauuecTBo uMH(OpManuu Mpu 3TOM OBLIO
MOJIy4E€HO?

Bapuanr 8. [Ipu yragsiBaHuu 11e70TO 4Kcia B auana3oHe oT 1 mo N
ObL10 TosTyueHo 4 6ut undopmanuu. Yemy paBHo N?

Bapuanr 9. B nome Bamero apyra 8 noane3noB. Ckonbko nHGpopMamu
COJIEPKUT COOOIIEHHUE O TOM, YTO JAPYT KUBET B 5 MoIbe3/e?

Bapuant 10. B cTonoBoii crour 17 cromukoB. Ckonbko HMHGOpMAIUH
HECET COOOIIEHNE O TOM, YTO 1 CTONHMK CBOOOJICH?

3ananme 5.

Bapuaunr 1. B kadenpanbHoil Oubnuoreke 32 cremtaxa ¢ ydyeOHOU
JUTEPATYypOH, B KaXaoM — 1o 6 mojok. CTyJaeHTy COOONIMIIM, YTO HY>KHBIN
y4eOHMK HaxoauTcs Ha 4-oif monke 8-ro cremnaxa. Kakoe KOJIMUECTBO
UH(OpPMALIUU MOTYYUIT CTYACHT?

Bapuanr 2. CtyneHuecKkyro Tpymnmy OTIPaBISIOT Ha MPAKTUKY Ha 4
Henenu no 6-tu npennpustusM. CTyAEHTY COOOIIMIIMA, YTO HAa 3ei Henele
NpakTUKU OH OyneT Ha 2M mnpeanpustur. CKoibKO MHGOPMAIIMU COIASPKHUT
IaHHOE coobuieHue?

Bapuanr 3. JleHb poXXIeHUsA CTyAEHTa MPUXOIUTCA Ha 8 1ekalops.
Ckonpko nHGOpMaIIMK HECET B ce0e JaHHOE COOOIIeHNE?

Bapuant 4. Kakoe konuuecTBo HHGOpPMAIIMK HECET COOOIIEHUE O TOM,
YTO BCTpeUa Ha3HAUeHA Ha 25 sHBaps?

BapuanT 5. B maraszune pagunoneraneid 12 crennaxeid mo 6 mojiok Ha
Kaxa0M. CKOJIbKO MHPOpPMAIUA HECET COOOIIEHUE O TOM, UTO HY>KHas JETajlb
HaXOOUTCH B 3eM CTeJUIaXKe Ha 21 mOJIKe?
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BapuanT 6. DkckypcuonHas rpynna npuexana B Cankr-IlerepOypr Ha
5 nHeil. 3a 3TO BpeMsa rpynna JoJDKHa mnoceTuTh 12 my3eeB. CKOJIBKO
uHpopMaIMu HECeT COOOIEHHWE O TOM, YTO B 3U J€Hb SKCKYPCHM TpyIINa
noceTur 4 myzes?

Bapuaur 7. 3amurta KypcoBoi paboThl Ha3HaueHa Ha 15-¢ mas. Kakoe
KOJIMYECTBO MH(POPMAILIMU HECET JAaHHOE COOOIIeHHE?

Bapuant 8. B 10-3TaxkHoM j10Me Baliero jpyra 6 mojbe3ioB. CKOJIbKO
nH(popMauK COEPKUT COOOIIEHUE O TOM, YTO JIPYT >KUBET B 5 MoAbE3/e Ha 3
aTaxe?

BapuanT 9. B aByX 3a5ax CTyJeHUE€CKON CTOJIOBOM CTOUT 24 CTOJIHUKA.
CxosbKo nH(popMaluu HECET COOOIIEHUE O TOM, YTO BO BTOPOM 3ajie 1 cToIuk
cBOOOIEH?

Bapuanr 10. B aymutopum 8 crtonoB Ha 3X uenoBek. CKOJIBKO
uHpopMaMKu COAEPKUTCS COOOIIEHUH O TOM, YTO 3a 3M CTOJOM CHAMUT 1
YEJI0BEK?

3aganue 6.

Bapuant 1. 3arageiBator umciao B auanazoHe oT 1 go 1000. Kakoe
HaMMEHbIIIEE KOJUYECTBO BOIPOCOB HAJO0 3a7aTh, UTOOBI HaBEpHSKA OTrajaTh
yucio. Ha Bonpockl MokHO oTBeuath ToJbKko "Jla" nin "Het"

Bapuant 2. 3aragpiBaloT umnciio B guamazoHe oT 1 go 75. Kakoe
HaMMEHbIIIEEe KOJUYECTBO BOIIPOCOB HAJO0 3a7aTh, YTOOBI HABEPHSKA OTraJiaTh
yucio. Ha Borpockl MokHO oTBeuath ToJibko Jla" nim "Het"

Bapuant 3. 3araasiBator uuciio B auamnazone oT 1 mo 500. Kakoe
HaMMEHbIIIEEe KOJUYECTBO BOIIPOCOB HAJO0 3aJaTh, UTOOBI HaBEpHSKA OTrajaTh
yucio. Ha Borpockl MokHO oTBeuath Toibko 'Jla" nim "Het"

Bapuant 4. 3arageiBaroT yucio B auamazoHe ot 1 go 50. Kakoe
HaMMEHbIIIEEe KOJUYECTBO BOIIPOCOB HAJO0 3aJaTh, UTOOBI HaBEpHSKA OTrajaTh
yucio. Ha Borpockl MokHO oTBeuath ToJibko "'Jla" nin "Het"

BapuanTt 5. 3aragsiBaroT uucio B auamnazone oT 1 mo 750. Kakoe
HaMMEHbIIIEEe KOJUYECTBO BOIIPOCOB HAJO0 3aJaTh, UTOOBI HaBEpHSKA OTrajaTh
yucio. Ha Borpockl MokHO oTBeuath ToJibko Jla" nim "Het"

BapuanT 6. 3aragsiBaroT uucio B auamazone oT 1 mo 150. Kakoe
HaWMEHbIIIee KOJINYECTBO BOIIPOCOB HAJO0 3a/]aTh, UTOOBI HaBEpHSIKA OTrajaTh
yuciio. Ha Bompockl MOkHO oTBeudaTh Toabko "Jla" wiam "Het"

BapuanTt /. 3arageiBatoT yucio B auamazoHe ot 1 go 10. Kakoe
HaWMEHbIIIee KOJINYECTBO BOIIPOCOB HAJO0 3a/]aTh, UTOOBI HaBEpHSIKA OTrajaTh
yuciso. Ha Bompockl MOKHO oTBedath Toabko Jla" wiam "Het"
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Bapuant 8. 3aragsiBaroT uucio B nuanazone oT 1 mo 120. Kakoe
HaMMEHbIIIEE KOJIMYECTBO BOMPOCOB HAMO 3a/1aTh, YTOOBI HaBEPHSIKA OTrajaTh
yuciio. Ha Bompockl MOKHO oTBeudath Toabko Jla" min "Het"

Bapuant 9. 3aragsiBaror uucio B auanazone oT 1 mo 800. Kakoe
HaMMEHbIIIEE KOJIMYECTBO BOMPOCOB HAMO 3a7aTh, YTOOBI HaBEpHSKA OTrajaTh
yuciio. Ha Bompockl MOkHO oTBeuath Toabko "Jla" wan "Het"

Bapuant 10. 3araasiBator uucio B auanazone ot 1 mo 250. Kakoe
HaMMEHbIIIEE KOJIMYECTBO BOMPOCOB HAMO 3a/1aTh, YTOOBI HaBEPHSIKA OTrajaTh
yuciio. Ha Bompockl MOKHO oTBeudath Toabko "Jla" min "Het"

3ananme 7.

Bapuant 1. B xop3une nexar 32 mapa, cpead Hux 4 Oenbix, a
ocTtasibHbIe YyepHbIe. CKOJIbKO OMTOB MHGOPMAIIUU COACPKUTCS B COOOIICHHUU
0 TOM, YTO W3 KOP3UHBI BBITAIIUIN OEJbIN 11ap?

BapuanTt 2. B andaBute HEKOTOPOTO sA3bIKa Beero JiBe OykBbl. Kaxkmoe
CJIOBO 3TOT'O A3bIKa COCTOUT U3 M OykB. I3BECTHO, YTO MOXHO cOCTaBUThH 2048
paznuyHbIX ¢710B. CKOJIBKO OYKB B KaKJI0M CIIOBE?

Bapuant 3. B smuke 80 s16710K, U3 HUX 55 KpacHbIX U 25 3€JEHBIX.
Onpeaenuts KOJTUYECTBO UH(POPMAITUU B COOOIIEHUN O BHITACKMBAHWU HAYTa]]
KpPaCHOT'O | 3€JICHOTO S0JI0K.

Bapuant 4. B kumwxkHoM mikady Haxomarcs 129 wmeroamdeckux
ykazanuil, u3 Hux 45 no L{udpoBbiM cucTeMaMm Mepenadu, OCTaldbHBIE - IO
O6melt Teopun cBsizu. CKOJNBKO MH(POPMALUKU COJIEPKUT COOOIIEHHUE O TOM,
YTO HAyTraJl BBITAIIICHHOE METOJWYecKoe ykKazaHue Oyaer rno OOmiei Teopuu
CBSI3U?

BapuanTt 5. Onpeaenute, CKOJIbKO OUT MHPOPMALIMN HECET COOOIIECHNE
0 TOM, YTO Ha CBETO(OpEe rOpUT 3€JICHBIN CBET

BapuanT 6. [1laxmMaTtHas 70CKa COCTOUT M3 64 TMOJICH: MoMmoiaM OeJbIX
n depHblXx. CKOJIbKO HH(pOpMALMU HECEeT COooOIleHHEe O TOM, 4YTo Oenas
KOpOJIEBA CTOUT Ha YEPHOU KJIETKe?

Bapuant 7. [IpeanonoxuM, BEPOSITHOCTh TOTO, YTO BbI MOJYUYUTE 32
KOHTPOJIbHYIO pabotTy oueHky "5", paBHa 0,6; BepoATHOCTh moisiyyeHus "4"
paBHa 0,2; BepostTHOCTh mosyuenus "3" - 0,2. Ompeaenure, CKOJIBKO OUT
uH(opmanuu OyaeT HecTH cooOlIeHue 00 omeHke "3"?

Bapuaunr 8. IlpennonoxuM, BEpOITHOCTh TOTO, YTO BbI MOJYYUTE 3a
KOHTPOJBHYIO paboTy oreHky "5", paBHa 0,6; BEpOSTHOCTH mMojydeHus "4"
paBHa 0,2; BeposTHOCTh moaydenus "3" - 0,2. Onpenenure, CKOJbKO OHUT
uHpopmaruu OyaeT HecTH cooOIieHne oo oreHke '4"?
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Bapuant 9. [IpeanonoxuM, BEPOSITHOCTh TOTO, YTO BbI MOJYUYUTE 32
KOHTPOJIbHYIO paboTy ormeHky "5", paBHa 0,6; BeposSTHOCTH moiydenus "4"
paBHa 0,2; BepositHOCTh mosyuenust "3" - 0,2. Onpeaenute, CKOJIBKO OUT
nHpopMaruu OyJIeT HeCTH coodIeHue o0 omeHke "5"?

Bapuant 10. Coobmienre 3anumaeT 3 cTpaHullbl 1o 25 cTpok. CKOJIBKO
uHpOpMaIUU COAEPKUT COOOIIEHUE O TOM, YTO UICKOMOE CJIOBO HAXOJUTCS Ha
21 ctpanune B 17 ctpoke?

3ananue 8.

Bapuant 1. Knura, nHaOpaHHas C HCHOJIb30BAHUEM TEKCTOBOTO
penakropa, coaepkutT 70 cTpaHul, Ha KaXJI0W CTpaHuLe 38 CTPOK, B KAXKIOU
ctpoke 56 cumBoJioB. OmnpenenuTh o0beM HH(pOpPMAIUM, COJAEpKallleics B
KHUTE.

Bapuautr 2. M3Mmeppre uHPOpMAMOHHBIA 00BEM cooOuieHus ' Ypa!
Cxopo Hosrii roa!" B Outax, Oaiftax, kunobaiitax (K6), meradaiirax (MO).

Vkazanue: cumtaeTcs, 4TO TEKCT HaOpaH C TMOMOIIBIO KOMIIBIOTEPA,
onuH cumBOa andaButa HeceT 1 Oait mHpopmanum. IIpoGenr — 31O TOXKE
CHMBOJ B aJipaBUTE MOIITHOCTHIO 256 CUMBOJIOB.

Bapuaunt 3. V3mepbre mpuMepHy0 HH(OOPMAIMOHHYIO €MKOCTh OIHOM
CTPaHUIIBI JIFOOOT0 CBOETO yYeOHMKA, BCEro yuyeOHUKA.

Vkazanue: J171s1 BBITIOTHEHUS 3aIaHUSI BO3bMUTE YYECOHUK 110 JIIOOMMOMY
MpeaMETY, TOCYUTANTE YUCIIO CTPOK Ha CTPAHUIIE, YUCIO CUMBOJIOB B CTPOKE,
BKJItOYasg mpooOensl. [loMHUTE, YTO OIMH CHUMBOJ aidaBuTa HeceT | OalT
uHopmaruu.  IlepemMHOXMB  MOJydeHHbIe 3Ha4YeHUs, Bbsl  Haligere
MH(POPMAIMOHHYI0 EMKOCTh OJJHOM CTpaHUIlbl yueOHUKa (B OaiiTax).

Bapuant 4. . IlpoBoasat nBe norepeu: «4 u3z 32» um «5 u3z 64»
Coo01ieHue o pe3yJsibTaTax Kakoi U3 JIoTepen HeceT 0osbIie nHpopmamu?

Bapuant 5. HnadopmanunonHoe coobuieHue odobemom 1.5 Koaiita
coaepxkut 3072 cumBosia. CKOJIBKO CHMBOJIOB COJEPKUT an(aBuT, MpU
MOMOIIIA KOTOPOTO OBLIO 3aMMHMCAHO 3TO cOO0IIeHNE?

Bapuanr 6. Knura, HaOpaHHas C MOMOIIBI0 KOMIIBIOTEPA, COIAEPIKHUT
150 crpanui; Ha kaxgou crpanuie — 40 cTpok, B Kaxmou crpoke — 60
cuMBOJIOB. KakoB 00beM nHpOpMaIUK B KHUTE?

Bapuant /. Iloacuuraiite oObeM wuHOOpMaILUM, COJEpIKalIehcs B
pomane A. [roma "Tpu mymikerepa", U ONpeaeauTe, CKOJbKO OJM3KUX IO
00beMy MPOU3BEACHUN MOKHO Pa3MECTUTh HA OJHOM JiazepHoM aucke? (590
CTp., 48 CTPOK Ha OJHOM CTpaHuIIe, 53 CUMBOJIa B CTPOKE).



15

BapuanT 8. Ha nucke o6bemom 100 MOailT moAroTosyieHa K Bbljjaue Ha
sKpaH auciies uapopmanus: 24 crpouku 1no 80 cUMBOJIOB, 3Ta UHPOPMALIHS
3aIlOJIHACT PKpaH HeaukoM. Kakyro 4acTh AucKa OHa 3aHUMAET?

Bapuant 9. Coo0uieHue 3aaumMaet 3 cTpaHullbl o 25 cTpok. B kaxaoit
cTtpoke 3anucaHo o 60 cumBOJOB. CKOJIBKO CHMBOJIOB B HMCIOJIb30BAHHOM
andaBuTe, €ciu Bce coolIIeHue coaepxut 1125 6aittos?

Bapuant 10. M3MepbTe mnpumepHyro HHYOPMAIMOHHYIO E€MKOCTb
OJIHOW CTpaHUIbl y4eOHHMKa, Bcero yueOHuKa. CKOJIBKO TaKMX Yy4eOHHUKOB
MOXKET IIOMECTHThCA Ha auckere emkocthio 360 Koaiit, 1.44 Mo6anT, Ha
BuHYecTepe B 420 Moaiit, B 6,4 I'0aiiT ?

5 KoHTpoJIbHBIE BONIPOCHI

1. Kak onpenensercst KonuuecTBO HHGOPMAIUU 110 XapTin?

2. JlaiTe onpeesieHue KoauuecTBa nHPpopmaluu paBHoi 1 outy.

3. UTo nmoHMMaeTcs MoJi CUCTEMOU CUUCIICHUS ?

4. Kakuie cUCTEMBI CUUCIICHHUS SIBJISIFOTCS HEMO3UIIMOHHBIMU?

5. JlaliTe onpenesieHne MO3UIUMOHHBIM CUCTEMAM CUUCIICHHUS.

6. IlpuBeauTe anropuT™M MEpPEeBOJA YMCIA U3 JECATUYHOW B JIOOYIO
OPYTYHO CUCTEMY CUUCIIEHUS

7. B ueMm 3akiro4aeTcs aJiIropuTM IepeBoja W3 J0OOH CHCTEMBI
CUMCIJICHUS B JECATUYHYIO?

8. Kakue coObITHS Ha3bIBAIOT PABHOBEPOATHHIMU?

9. Kakue coObITHS SBIAIOTCS HEPABHOBEPOSITHHIMHU ?

10. Kak omnpenenuTs KOIMYECTBO HHPOpMAIMU MJid COOBITUA C
PaBHOBEPOSTHBIMUA CUMBOJIAMH ?

11. Kak onpeaenuTsb KOJIMYECTBO MHPOPMALIMH JIJI1 COOBITHSI, CUMBOJIBI
KOTOPOT'0 HEPABHOBEPOSITHHI?

12. B kakux ciaydasx COOOIIEHHE HECET MaKCHUMAaJbHOE KOJIUYECTBO
uHdopmanuu?

13. Korna xonudecTBo HHpOpMAIIUKU paBHO HYIIIO?
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JlabopaTtopnas padora Ne2
«Pacuert kosiuyecTBa HHPOPMALUM U IHTPOIIUH
JIJISl AMCKPETHBIX COO0LIeH U

1 Heanb padoTnI

-  IpUOOpPecTH yMEHHE ONpeAeiaTh KOJIWYeCTBO HHPoOpManuu M
SHTPOMHIO ISl AUCKPETHOTO NCTOYHHUKA COOOIICHUM.

2 OcHOBHBIE TeOpeTHYECKHE CBEACHUA

M cTouHUK COOOIEHMI, KOTOPBIM MOXET B KaXXJbli MOMEHT BpPEMEHH
CIy4allHBIM 00pa3oM IPHHATH OJHO W3 KOHEYHOT'O MHOJKECTBA BO3MOXKHBIX
COCTOSIHHM, HA3bIBAIOT AMCKPETHBIM MCTOYHHMKOM coo0meHui. Kaxaomy
COCTOSIHUIO UCTOYHHKA M CTaBUTCS B COOTBETCTBHE YCIOBHOE 00O3HAUCHHE B
BHJIC CHMBOJIA U3 aihaBUTa TOr0 UCTOYHMKA: S1, S2, ...,Sm.

HctouyHnK cooOIeHni B 00IIIeM CiIydae XapakTepru3yeTcs ancaMOeM S,
TO €CTh MOJIHONH COBOKYITHOCTBIO COCTOSIHUM C BEPOSITHOCTIAMHU MX MOSBJICHUS,
COCTAaBJISIFOIIMMU B CYMME €IUHHUILY:

S, S, .. S m
s=| = " | mpuuém Y p(s)=1
i=1

p(s:) p(sz)--P(Sn)

OuTtponusi H(S) IuCKpeTHOro MCTOYHHMKA COOOIICHMM, 3aJaBaeMOIo
ancaM0ieM S, MOXeT ObITh ompezieneHa no gopmyse IllenHona:

H (S):—Zm: p(s;)log, p(s;) (6ut/cumBomn);

riae P(S]) - BeposATHOCTD MOSIBICHHUS CUMBOJIa S U3 ajipaBUTa 00HEMOM 1.
KoaunyecTBo mHpOpMAMH B COOOIICHUN, COCTOSIIEM U3 7 CUMBOJIOB,
MOJKET OBITh HalJICHO CIICAYIOIIMM 00pa3oMm:

l=n-H (S):—nizml“p(si)log2 p(s) (bur)

[Ipy HagUuMKM B3aMMO3aBUCUMOCTH CHMBOJIOB ali(paBUTa HMCIIOJIB3YyETCs
yciaoBHasi 3HTponus. C yd4eToM CTAaTHCTHYCCKON CBSI3M MEXKIAY IapaMu
CHUMBOJIOB YCJIOBHAsI SHTPOIIHS MOXET OBbITh HaleHa U3 (GopMyJIbL:

m m

H,(S)==>">"n(s)p(s;]s;)log, p(s;s;) (Gur/crmpom);

i=1 j=1
rae P(Sj | Si) - ycimoBHasl BEpOATHOCTh TOSIBIICHUS CHMBOJIA Sj MPH 33JaHHOM
CUMBOJIE ;.



17

Jlpyroii BakHOM XapaKTEPUCTHKON HCTOYHHMKA COOOIICHMI, IMOMHMO
SDHTPONHUHM,  SBISCTCA  UHGOPMAUUOHHAA  U3OBIMOYHOCHIL,  KOTOpas
MIOKa3bIBACT OTHOCUTEIBHYIO HEJIOTPYKEHHOCTh Ha CHMBOJ ajdaButa
HMCTOYHHUKA COOOICHUH:

A Hum-H _, H
Hmax Hmax
rae H__ =log,m - MakKCMMaJlbHO BO3MOXHAas MJIsI JaHHOIO HWCTOYHUKA

COOOIIEHUI DHTPOIHS, KOTOpas JOCTHTacTCS IPH PABHOW BEPOSTHOCTH
MTOSIBJICHUSI CHMBOJIOB.

Kpome o6mieit nHpOpMaMOHHOW H30BITOYHOCTH CYIIECTBYIOT YacCTHBIC
M30BITOYHOCTH, OCHOBHBIMH 13 KOTOPBIX SBJISIOTCS:

1) M30BITOYHOCTH, BBI3BAHHAS CTATUCTHUYECKOM CBS3BIO  MEXKIY
CHMBOJIAMH S1, S2,..., Sm:

R —1—1,
Hl
e :—Zp Iog2 ( )— DHTPOIMS HMCTOYHHMKA COOOIICHUH MpHu

OTCYTCTBHH CTaTI/ICTI/I‘IeCKOﬁ CBSI3U MEXKIY CHMBOJIAMH.

2) WM30bITOYHOCTh, BBI3BaHHAsS HE DSKCTPEMAJIbHBIM pacIpeicICHUEM
CUMBOJIOB Si, S2, Sm (HE pPaBHOBEPOATHBIM IIOSBJICHHEM CHMBOJIOB B
COOOIICHUSX):

R =1-—1
Hmax

3) OO6mias wuHpOpMAIMOHHAS H30BITOYHOCTh CBSI3aHA C YaCTHBIMH

U30BITOYHOCTAMU CIEAYIOIIUM 00pa3oM:
R= Rp + Ry- RpRy.

3 IlopsiiOK BBINOJIHEHUS PadOTHI

JlanHast mabopatopHas paboTa MpearnosiaraeT BHIMOJIHEHUE CIIETYIOIMINX
ATAIlOB:

1) M3yunTh MEeTOIMYECKUE YKa3aHUS K JJAOOpaTOpHOU padoTe.

2) Ilpoiitu cobecenoBaHue ¢ MPEHogaBaTelieM U MOJYYUTh 3aJaHuc s
BBITIOJIHEHUS paOOTHI.

3) OmnpenenuTb HHTPONHIO JAUCKPETHOTO MCTOYHHUKA COOOIICHUM,
andaBUT KOTOPOrO COCTOMT M3 BOCAMH HE3aBHCUMBIX CUMBOJIOB S1, S2, ..., Ss.
M3BeCTHBI BEPOSTHOCTH MOSBICHUS CUMBOJIOB P(S1)=P1, P(S2)=p2, ... , P(Ss)=Ps
(Tabmuma 1).
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4) OmnpeneiauTh CpeaHEe M YacTHOS KOJIMYECTBO HMHGOpPMAIUH,
coJiepKaliencs B COOOIIEHNH, KOTOPOE COCTOUT U3 BalluxX (pamMuinu, UMEHHU U
OTYECTBa (MEXIY CJIOBAMH COOOIICHUS JOMYyCKaTCa mpobenibl). BepositHocTu
MosiBJIeHUsT OyKB pycckoro aingaputa B3saTh u3 Tabn. II.1. CpaBHUTH
MOJIyYEHHBIE PE3yJIbTATh.

5) B ycioBum 3amaum, cPOpMYJIHMpPOBAHHOW B NyHKTE 3, YYECTb
3aBUCUMOCTb MEXK]ly IapaMy CHUMBOJIOB, KOTOpas 3ajlaHa MaTPUIIEH YCIOBHBIX
BepostHocTel P(Sj\si) (Tadm. 2 —5).

6) Jlis 3amaum, cOpMyIMpOBAaHHOM B NYHKTE 4, yd4ecTh HaJIMUHE
CTATUCTUYECKOU CBS3M MEXK]Y MapaMu U Tpoilkamu OyKB.

7) OnpenenuTh YacTHBIC M30BITOYHOCTH, BBI3BAHHBIC HAJMYUEM CBSI3U
MEXJly CUMBOJAMHU M HE SKCTPEMaJbHbIM PACHpPEACICHUEM CUMBOJIOB, Jis
MOJIYYEHHBIX TPU BBIMOJHEHWHU MYyHKTOB 5 u 6 pesynbraTtoB. Ha ocHoBe
YaCTHBIX HM30BITOYHOCTEH HAWTH OOIIyI0 MH(POPMAIMOHHYIO H30BITOYHOCTD
WCTOYHUKA COOOILIEHUA.

8) OdopMUTH ¥ 3aIUTUTH OTYET IO JJAOOPATOPHOU paboTe.

4 BapuaHThl 3a/1aHUH

Homep BapmanTa CTyIeHTa ONPENEIAETCA KaK NOPSIKOBBIA HOMED
CTYJICHTA B KypHAJI€ MIPEIMO/1aBaTENIs.

Tabauma 1 — BeposiTHOCTH NMOsIBJIEHU ST HE3aBUCHUMbBIX CUMBOJIOB S, S2, ... , Sg
Ne BeposgtHocTH AJ1s1 CUMBOJIOB S1 S2, ... , S8
Bap. P1 P2 P3 P4 P5 P6 P7 P8
1 0,21 0,12 0,05 0,08 0,03 0,14 0,2 0,17
2 0,13 0,04 0,19 0,16 0,18 0,12 0,13 0,05
3 0,2 0,15 0,16 0,04 0,19 0,05 0,12 0,09
4 0,14 0,1 0,04 0,17 0,12 0,16 0,05 0,22
5 0,06 0,21 0,03 0,23 0,13 0,12 0,14 0,08
6 0,08 0,19 0,22 0,2 0,09 0,03 0,17 0,02
7 0,09 0,18 0,06 0,12 0,15 0,1 0,07 0,23
8 0,22 0,13 0,12 0,15 0,07 0,04 0,19 0,08
9 0,1 0,24 0,08 0,07 0,17 0,05 0,16 0,13
10 0,04 0,17 0,15 0,11 0,1 0,09 0,13 0,21
11 0,17 0,05 0,16 0,22 0,08 0,19 0,09 0,04
12 0,12 0,09 0,08 0,14 0,16 0,21 0,04 0,16
13 0,23 0,1 0,07 0,06 0,05 0,12 0,22 0,15
14 0,16 0,08 0,05 0,18 0,11 0,15 0,07 0,2
15 0,24 0,12 0,13 0,09 0,14 0,08 0,15 0,05
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16 0,11 0,04 0,19 0,16 0,18 0,12 0,13 0,07
17 0,09 0,23 0,05 0,21 0,15 0,1 0,12 0,05
18 0,2 0,15 0,1 0,14 0,08 0,06 0,17 0,1
19 0,15 0,06 0,16 0,23 0,07 0,19 0,08 0,06
20 0,22 0,12 0,06 0,07 0,04 0,13 0,2 0,16
21 0,13 0,08 0,1 0,09 0,21 0,19 0,05 0,15
22 0,08 0,2 0,07 0,13 0,14 0,09 0,05 0,24

Tabnuma 2 — Martpuna yCIOBHBIX BEpOSITHOCTEH 1 BapuadToB 1, 5,9, 13,17,
21

I S Sy S3 Sa Ss Se S, Sg
S1 0,14 0,22, O 0,271 0,09, O 0,12] 0,16
Sy 0,25/ O 0,13/ 0,08 0,2 | 0,13] 0,21] O

S3 0 0,26| 0,16| 0,22] 0,12 0,09| O 0,15
Sa 0,07] 0,28] 0,24, O 0,29, O 0,1 | 0,12
Ss 0,09/ 03 /0080210 O 0,17, O 0,15
Se 0 0,14| 0,25, O 0,28| 0,07| 0,23] 0,13
S7 0,15| 0,06/ O 0,27 0,24| 0,08| 0,2 0

Sg 0,23| O 0,16| 0,1 0 0,19| 0,07| 0,25

Tabnuua 3 — Marpuiia yCI0OBHBIX BEpOATHOCTEHN Jjisi BapuaHToB 2, 6, 10, 14,
18, 22

hi S1 So S3 S4 Ss Se S Ss
S1 0 0,17 0,28, O 0,13| 0,08 0,23| 0,11
S>|0,13]| 0,05| O 0,26 0,19 0,13 O 0,24
S310,14| O 0,1/ 0,15/ 0,29| O 0,07 0,25
S4| 0,07 0,18| 0,24| O 0,28 0 0,1 | 0,13
Ss10,26| O 0,19 0,08| O 0,1 0,28 0,09
S¢| 0,06 0,24 O 0,171 0,09| 0,33| O 0,11
S7| O 0,08| 0,15| 0,27| 0,22| 0,08 | 0,2 0

Sg| 0,09| 0,25| 0,14| 0,164 O 0,21, 0,15, O

Tabauma 4 — MaTpuiia yCI0BHBIX BEpOSTHOCTEM [ BapuaHToB 3, 7, 11, 15,
19, 23

1, S1 So S3 S4 Ss Se S Ss
S1]1 0,24 0,2, O 0,15 0,22| O 0,14 | 0,05
S| 0,15 O 0,08/ 0,24 0,19| 0,23| 0,21, O
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Ss| 0 | 014] 0,27) 0,24| 0,15| 0,11 O | 0,09
S,| 0,09 0,13] 028, 0 | 0,25 O |0,15] 0,1
Ss| 0,11| 0,22] 0,2 | 0,07/ O | 0,27 O | 0,13
Se| 0 | 006 009 0O |02 015/0,29] 0,21
S0 01 (025 0 [008 014|017/ 0,26] O
Sg| 006 O | 030,14 O | 0,23] 0,07] 0,2

Tabnuna 5 — Marpuiia yCiI0OBHBIX BEpOATHOCTEH Jjisi BapuaHToB 4, 8, 12, 16,
20, 24

L] Si| S S3 S4 Ss Se Sy Sg
S:] 0 10,18/0,07| O 0,3 10,12]0,13| 0,2
10290211 0 |008(0,220,17] O |0,24
S31006| 0 [(015]|026/0,28| O |0,07]0,28
S41 0,14 10,09 | 0,3 0O (022 O 0,19 0,06
Ss| 0,2 O (0271007 O 0,1 10,21 0,15

S¢10,15]021| 0 |]006]0,21/0,29| O |0,18

S, 0 10121028 0,15/0,09| 0,2 [0,16] O

Sg 0.1 {007/0,18/0,29| O |0,22|0,15| O

5. KoHTpOJIbHBIE BONIPOCHI

1) YUTo Ha3BIBAIOT IMCKPETHHIM UCTOUYHUKOM COOOIICHUI?

2) Uto xapakTepu3yeT DHTPOIHUS COOOIICHHUS, M KaKuM 00pa3oM OHa
MOXET OBITh ONpeeeHa JJIsl JUCKPETHOTO UICTOYHUKA COOOIIECHMIT?

3) B kakoM ciydae SHTPOIHUS JHUCKPETHOI'O MCTOYHHKA COOOIICHMIA
MPUHUMAET MaKCUMaJIbHOE 3HaYEHHE?

4) Kak MOXHO HaWTH KOJUYECTBO HWH(POPMAIMH, COJCpIKaIIeecss B
JTUCKPETHOM COOOIIICHUU?

5) Kak ompenaensercs yCaoBHas SHTPOIHS HCTOYHUKA COOOINCHHHA MpH
HaJIMYMU CTATUCTUYECKOMN CBSI3U MEXY COCTOSIHUSIMU 3TOT0 UCTOYHUKA?

6) UYro xapakrtepuzyer HHGMOpPMAIMOHHAS HM30BITOYHOCTh HMCTOYHHKA
coo01IeHMIT?

7) Kakuie BBIJCISIOT YacTHBIC BHJBI HH(POPMAITMOHHOW WU30BITOYHOCTH U
KaK OHH CBS3aHBI ¢ 00111l U30BITOYHOCTHIO UICTOYHUKA COOOIIEHUI?
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JlabopaTtopnas padora Ne3
«Pac4éT yc;10BHOM IHTPONIUM JUCKPETHBIX COO0LICHUH, IIepeJaBaeMbIX 10
KaHAJIy CBSA3H € IOMeXaMmw»

1 leanb padoTnl

- mpuOOpEeCTH YMEHHE OIPEACIISITh YCIOBHYIO JSHTPOIHIO, SHTPOITHIO
oO0benuHEHUsT W WHOOPMAIMOHHBIE TMOTEPH ISl JUCKPETHBIX COOOIICHUH,
repelaBaeMbIX 110 KaHaTy CBS3H, B KOTOPOM IMPHUCYTCTBYIOT ITIOMEXH.

2 OcHOBHBIE TeOpeTHYECKHE CBEAEeHHSA

[ToHsiTHE YCIIOBHOM SHTPONUY B TEOPUH MHPOPMAIIMH HUCIIOIB3YETCS TIPH
ONpPEACICHUN  B3aMMO3aBUCUMOCTH  MEXAY CHMBOJAMH  KOJAUPYEMOTO
andaBuTa, IS ONpeACsICHUs MOTEePh MPHU Mepeaade nHGOopMaIuu Mo KaHajaam
CBSI3U, IPU BBIYUCIEHUU SHTPONHUHU OObEIUHEHNS.

[Ipy HaXOXJIEHHM YCJIOBHOW OJHTPONMM B TOM WJIA WHOM BHJE
HCIIOJIb3YIOTCS YCJIIOBHBIE BEPOSTHOCTH.

Ecnu npu nepenaye N cooOmieHuii cMMBOI a mosgBUTcs M pa3, cumBoi b
nosiBUTCs L pas, a cumBos @ BMecTe ¢ cuMBosioM b — K pa3, To BeposTHOCTH
nosieiieHuss cumBosioB a u b Oynyr p(@)=M/N u p(b)=L/N; BeposTHOCTBH
COBMECTHOTO TOsiBJIeHHS cuMBOJioB a W b p(a,b)=K/N. Orcroma ycnoBHas
BEPOSITHOCTh TIOSIBJICHHMSI CHMBOJIa D OTHOCHTENTHLHO CHMBOJIAa @ W YCIIOBHAs
BEPOSTHOCTD TOSIBJICHUSI CAMBOJIA @ OTHOCUTEIHLHO CUMBOJIa b OymyT:

p(bja)=p(a,b)/p(d)=(K/N)/(M/N)=K/M;
p(afp)=p(a,b)/p(b)=(K/N)I(L/N)=K/L.

[Ipy WU3BECTHOW YCIOBHOW BEPOSITHOCTU MOMXKHO ONPEAEIIUTH
BEPOSTHOCTH COBMECTHOTO TMOSBJICHUS CUMBOJIOB:

p(ab)=p(@)p(bla)=p(b)p(alo).

Ycnosnaa Immponusa uUCTOUHMKA COOOIICHUN B OTHOCHUTEIBHO
UCTOYHUKA A XapaKTepHU3yeT CTENEeHb HEOMPEAEICHHOCTH B COOOIICHUN
U3 UCTOYHMKA B, pU W3BECTHOM COOOIIICHUM U3 UCTOYHHKA A.

VYcnoBHas SHTponUs JHCKPETHOIO HMCTOYHHMKA COOOmeHU B
OTHOCUTEJBHO MCTOYHHKA COOOImEHU A MOXET OBbITh OIpeesieHa
CJIEYIOIIUM 00pa3oM:

m

H (B\A)=—i2 p(a) p(bj \ai)logz p(bj ‘ai):_ii p(a.b)log, p(b[a).

i=1 i=1 i=1 j=
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B o0mem ciydae, ecim IepegacTcs m CHMBOJIOB HCTOYHHMKA A U
0KHUIACTCS MOJYYUTh 7 CUMBOJIOB UCTOYHMKA B, TO BIMSHHUE IOMEX B KaHAJE
CBSI3U MOJIHOCTBIO ONUCHIBACTCS KAHAAbHOU MAMPUYEIL.

hj b1 bz bj bm

a1 | pta: by) | p(ai\by) p(a o) p(ab,)
ay | p(azbi) | p(az by) p(a,lo,) p(a,o,)
a | p(dibY) | p(aby) p(ab) o(ab.)
am p.(a.mt.)\) p{am b2) p(allr;q.b,) p(;’ﬂn‘q ibm)

BeposTHOCTH, pacIoioKEHHBIE IO AUAroHalu (BBIJACICHBI MOy KUPHBIM
mpu(ToM) KaHAJIbHOM MATPHUIIBI, ONPEACIISIOT IPAaBUJIbHBIN IIPHUEM, OCTaJIbHBIC
- JIOKHBIA. BeposSTHOCTH, 3aloJHSIONIME CTOJIOIBI KaHAJIbHOW MAaTpHILHI,
OOBIYHO YMEHBIIIAIOTCS MO MEPE YJAAJICHUS OT TJIABHOW JWAaroHaIud M IpH
MOJTHOM OTCYTCTBHU IIOMEX BCE, KOME BEPOSITHOCTEH, PAaCIOJIOKEHHBIX Ha
IJIaBHOM AMAroHaliv, paBHbI HYJIIO.

Iumponua ooveounenua H(A,B) xapakTepuzyeT HEONPEICICHHOCTb
TOTO, YTO OBLJIO MOCJAHO COOOIICHUE U3 UCTOUHUKA A, a IPUHITO COOOIIEHUE
u3 ucToyHuka B. Jlns aHcam0reil mepelaHHBIX COOOIMIEHUN A W TPUHSTHIX
cooOmeHnit B SHTpONHS 00BEeIUHEHUS MPEICTABISACT COO0H CyMMY BHA:

m m
H(AB)=->Y p(ai b, )|092 p(ai b, )(6I/IT/I[Ba CHMBOJIA);
i=l j=1
riae p(aibj) - BeposATHOCTH COBMECTHOTO MOSBICHUS B COOOIICHUSX CUMBOJIOB ;i
u bj u3 ancamoOmnei A u B.

OHTponusi 00BEIUHEHUST U YCIOBHAS SHTPOIHUS CBS3aHBI MEXIY COOOM
COOTHOIICHUSIMU:

H(A,B) = H(4) + H(B\A) = H(B) + H(A\B);
H(B\A) = H(A,B) - H(A); H(A\B) = H(A,B) - H(B).

OHTponuss OOBEAUHEHHS] MOXET OBbITh HailjileHa Ha OCHOBE MAaTPUIIbI
COBMECTHBIX BEPOSTHOCTEN

u b1 b2 bm

d\ p(a1,b1) p(albz) P(albm)
d2 | p(azbi1) | p(azhz) p(az,bm)
dm | P(am,b1) | p(am,b2) P(am, bm)
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Takas maTpuia o0agaeT CIeayOIINM CBONCTBOM:
m m m m
Z p(ai’bi): p(bi); Z p<ai!bj ) = p(ai); 1IpA 5TOM Z p(ai ) = Z p(bj):l'
i1 = = =
JlaHHOE CBOMCTBO, B CBOIO OYEPEb, MO3BOJISET BBIYHUCIUATH SHTPOIIUIO,
KaK MCTOYHWKA, TaK W TMPHEMHHUKA COOOIIEHWH HEMOCPEIACTBEHHO IO
KaHAILHOW MAaTpPHUIIE:

H(A)=-2"3 p(a.b,)log, > p(a.b,);

i=1 j=1 j=1
H(B)=->_>p(a.b;)log, > p(a.b )
i=l j=1 j=1
Ha ocHOBE yCIOBHO# SHTPONUU U SHTPONUU OOBEIUHEHUS] MOKHO
OMpeNeNnuTh TOoTepu HWHPOpMANMK B KaHAJIE CBS3M C IIyMamH.
Hugppopmayuonnvie nomepu npu nepefadye n CUMBOJIOB IO JAHHOMY
KaHaJly CBSI3M MOXHO HaWTH U3 (POpPMYIIbL:
Al=n-H(AB)
Orcroga cpeaHee KOJWYECTBO MPUHATOM HMHEGOpPMAIMM  MOXET OBITh
OMPENIETICHO CIEAYIOIHNM 00pa30M:
| =n[H(B)-H(AB)|=n-H(B)-Al.

3 IlopsiiOK BBINOJIHEHUS PA0OTHI

JlanHas naboparopHas paboTa mpeAnoyiaraeT BHIITOJIHEHUE CIICTYIOIIUX
ATAIOB:

1) M3yunTh METOAMYECKHE YKa3aHUs K JJaOOpaTOpHOM paboTe.

2) Ilpolith cobecenoBaHre ¢ MPEIogaBaTelieM U MOJYYUTh 3aJaHue IS
BBITIOJTHEHHS PaOOTHI.

3) CocTaBuTh KaHAJIBHYIO MATPHILy, OIMCHIBAIOIIYIO JaHHBIA KaHaJ
CBSI3U C TOUKH 3PEHUS YCIOBHH MPOXOXKICHUS CUMBOJOB S1, S2, S3,S4, JJIS
KOTOPBIX U3BECTHBI YACTOTHI MOSIBJICHUS B cOOOIIeHnH (Tad. 2.1).

4) OnpenenuTh OOIIYIO YCIOBHYIO SHTPOIHIO COOOIICHUM, ajipaBUTOM
kotopeix SBJIAIOTCA CHUMBOJIBI S;, S2, S3, S4, eciaum u3BECTHBI
BEPOSTHOCTH TOSBJICHUS STUX CUMBOJIOB B MEPEAABAEMBIX COOOIICHUAX (TaOII.
2.2).

5) BeUuCIUTh SHTPOIUIO TPUHATHIX COOOIICHHUH.

6) CocTaBUTH MaTPHUIy COBMECTHBIX BEPOSTHOCTEH.

7) OnpeaenuTh SHTPOIHIO 0O TUHEHUS.

8) Haiitu wmHpopManmoHHsle morepu npu mepemade 500 CHMBOJIOB
andaBuTta S1, S, S3, S4 MU KOJUUYECTBO NPUHATON UH(POPMALIUH.
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9) OdopMuTh M 3alIMTHTh OTYET II0 BBINOJHECHUIO J1A0OPATOPHOM
paboTHI.

4 BapuaHThl 3a1aHUH

Homep BapuanTa ompenensercs Kak MNOPSAKOBBIA HOMEpP CTYJ/IEHTa B
KypHaJe IpenogaBaTes.

Tabnuna 1 — YacToThl MOSIBIICHUSI CUMBOJIOB Ha BbIXOJI€ KaHaia cBsi3u mpu 150
CIyyYasx nepeaayv KakJa0ro CUMBOJIA

Bap. | Ilep. | Ilpunsateie cumBojbl | Bap. | Ilep. | IlpuHsTbICe CUMBOJIBI
CHUMB. | S \ S2 \ S3 \ S4 CHUMB. | S| \ S2 ‘ S3 ‘ S4
1 St | 148 O 2 0 4 St 146 1 2 1
7 Sy 0 147 1 2 |10 | S 0 148 1 1
13 | Ss 1 0 149 0 | 16 [ Ss 0 3 147 O
19 | S4 0 3 1 146 22 | S 1 0 0 149
2 S| 147 2 0 1 5 St | 147 2 1 0
8 S2 1 149 O 0 |11 | S 3 146 O 1
14 | Ss 0 2 146 2 | 17 | Ss 0 1 149 O
20 | S4 2 0 O 148 | 23 | Sq 0 2 0 148
3 St 149 1 0 0 6 St 148 1 1 0
9 S2 1 146 3 0 |12 | S 2 147 1 0
15 | Ss 2 0O 148 0 | 18 | Ss 2 1 146 1
21 | Sq 0 1 2 147 24 | S 0 0 1 149

Ta6JII/II_[a 2— BepOHTHOCTI/I IIOABJICHUS CUMBOJIOB B COO6HICHI/I$IX

Bap. CumBogbl anipaBuTa Bapu- CumBoJbl ajipaBuTa
Si S2 S3 S4 aHT S S2 S3 Sq
1 038021032009, 13 10,09 0,15 041 | 0,35
2 027,039 0411 1 023 | 14 10,16 | 0,28 | 0,32 | 0,24
3 034 008 026 032, 15 | 0,23 | 0,40 | 0,17 | 0,20
4 042 1025015 /0,18 | 16 | 035 ]0,09 | 0,31 | 0,25
o) 029 /016 1 031 | 024 17/ 042 | 0,36 | 0,08 | 0,14
6 013,009 1 041 037, 18 | 0,10 | 0,147 | 0,33 | 0,40
7 03310241027 10,16 | 19 10,22 10,34 | 0,18 | 0,26
8 040,031 019 010, 20 1031 008|042 | 0,19
9 008 017 1 042 1 033 | 21 |0,25 0,37 |0,15 | 0,23
10 1025042 /0,18 | 0,15 | 22 |0,19 | 0,41 | 0,09 | 0,31
11 104191026 /031|024 | 23 |040] 0,12 | 0,30 | 0,18
12 1030008 0,22 | 040 | 24 |0,08 | 0,29 | 041 | 0,22
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S Ilpumep BbINOJHEHUS PAdOTHI

[Iycte mpu mepemade cooOmEeHWH MO KaHaldy CBSI3M ¢ IIyMamMu Oblia
MoJy4eHa cleIyrolas cTaTUCTUKA: CUMBOJ S1 M3 100 pa3 Obu1 npuHAT 97 pas,
2 pa3a ObUI IPHUHSAT CUMBOJ S u [ pa3 - CUMBOJ S3; IIpHU mepemade Sy 98 pas
OBLIT MPUHAT Sz, 2 pasza — S1, IpH mepeaade Sz 96 pa3 ObLT MPUHST Sz, 2 paza - S2
U 2 pa3a - S4; ipu nepegade Sa 99 pa3 ObL1 NPUHSAT Sa U 1 pa3 - S3. BepositHoCTH
MOSIBJICHUS 3THX CHMBOJIOB B TEPEAaBaeMbIX COOOIICHHUSIX COOTBETCTBEHHO
PaBHBI:
p(s1) =0,37;  p(s2) =0,3; p(ss) =0,23;  p(ss) =0,l.

KananpHast maTpuia OyJeT UMETh CIASTyIOMUN BU/I:

10.97 0.020.01 0 |

P(ap)- 002098 0 O
10 0.02 096 0.02
0 0 0.01 0.99 |

Ompenenyum O0ITyI0 YCIOBHYIO SHTPOITUIO COOOIICHUH:
H(B|A)=—2_2 p(a)p(b[a )log, p(b;[a, )
i=1 j=1
H(B\A): - [0,37-(0,97-10920,97 + 0,02-l0g20,02 + 0,01l0g.0,01) + +0,3(0,02-

log20,02 + 0,98-l0g.0,98) + 0,23(0,02-log.0,02 + 0,96 10g-0,96) + 0,01-(0,02-
log.0,02 + 0,96-l0g20,96) + 0,1(0,0110g.0,01 + 0,99-l0g20,99) = 0,37 (0,043 +
0,113 + 0,066) + 0,3 (0,113 + 0,029) + 0,23 (0,113 + + 0,057) + 0,01 (0,066 +
0,014) = 0,082 + 0,042 + 0,064 + 0,008 == 0,196 6uT/cUMBO.L.

Ornpenenum 3HTPOINUIO MPUHATHIX COOOIIECHUIA:

H(8[A)=->p(o;)log; p(b,);

rae p(b; )= Zp )p(b;fa,); npweMZp -1

p(b1) = 0,37.0,97 +0,3-0,02 = 0,3649,

p(by) = 0,37.0,02 + 0,3.0,98 + 0,23.0,02 = 0,306;

p(bs) = 0,37.0,01 + 0,23-0,96 + 0,1.0,01 = 0,2255:

p(bs) =0,23.0,02 + 0,1-0,99 = 0,1036;

0.3649 + 0,306 + 0,2255 + = 1:

HB) = - (0,3649.109;0,3649 +0,306-109,0,306 + 0,2255.109,0,2255 +
+0,1036-109,0,1036 = 0,5306 + 05227 + 0,4842 + 0,3377 = 1,8352

OUT/CUMBOJI.
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CocTaBum MaTpuny COBMCCTHBIX BCpOHTHOCTCfI, onpeaAcCiimB Jis1 3TOTO
BCC COBMCCTHBIC BCPOATHOCTHU:
p(ai,bj): p(a) p(bj\ai);
p(aibi) =0,37.0,97 = 0,3589;
p(a2bs) = 0,37.0,01 = 0,0037;
p(a2by) = 0,3.0,02 = 0,006:
p(azbs) =0,3-0 =0;
p(asb;) =0,23.0=0;
p(asbs) = 0,3.0,96 = 0,2208;
p(asb1) =0,1.0 =0;
p(asbs) =0,1.0,01 = 0,001;
p(a1by) = 0,37.0,02 = 0,0074;
p(aibs) =0,37-0=0;
p(azby) = 0,3.0,98 = 0,249:
p(azbs) =0,3-0=0;
p(asby) = 0,23.0,02 = 0,0046;
p(asbs) = 0,23.0,02 = 0,0046;
p(asbz) =0,1.0 =0;
p(asbs) = 0,1.0,99 = 0,099:

10.3589 0.0074 0.0037 O
0.006 0.249 0 0
0 0.0046 0.2208 0.0046
0 0 0.001 0.099 |

P(ab)=

OnpenenuM SHTPONHUIO 00bETUHEHUS:

H (A’B):_ii p(a.b; )log, p(a; b;);

i=1 j=1

H(A,B) = - (0,3589-100,0,3589 +0,0074-l09.0,0074 +
+0,00374-10g20,0037 + 0,006-10g20,006 + 0,2494-109,0,249 +

+ 0,0046-109.0,0046 + 0,22084-109.0,2208 + 0,00464-109.0,0046 +
+0,001-10g20,001 + 0,099-109,0,099) = 2,0494 Gut/cumBo.

Haitnem nndopmanuonnsie norepu npu nepeaade SO0 cCHMBOJIOB:
Al =n-H(AB);

H(AB)=H(AB)-H(B).
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H(A\B) = 2,0494 - 1,8352 = 0,2142 Gut/cCUMBOI.
Al'=1500-0,2142 = 107,1 6ur.
OTcroa KOIM4eCcTBO NPUHATON UHGOpMALIKU Oy IET:
Al =n-H(B)-Al;
Al = 500 *1,8352 - 107,1 = 810,5 Gwur.

5 KoHTpoOJIbHBIE BONIPOCHI

1) Uto xapakTepHu3yeT U KakK ONPEACIIICTCS YCAOBHAS SHTPOIUS OAHOIO
JTUCKPETHOTO UCTOYHHKA COOOIIEHUH OTHOCUTEIBHO IPYroro?

2) B xakoMm citydae ycJIOBHAsI SHTPOIHS paBHA HYJIIO?

3) Kak cTpouTCs ¥ UTO XapaKTepU3yeT KaHajabHas MaTpHIa?

4) Uto xapaKTepH3yeT U KaK OMPEACIIACTCS SHTPOIHS 00bCIMHCHHS IBYX
JTUCKPETHBIX UICTOYHUKOB COOOIIICHUH ?

5) Uemy paBHa SHTPONHS 00bEIUHEHUS UCTOYHUKOB COOOIICHHI IIPH UX
MOJTHOM CTaTUCTUYECKON 3aBUCUMOCTH?

6) Kak cBs3aHa SHTpOIUsS OOBECIMHCHUS M YCJIOBHAs DHTPOIUS JBYX
CTaTUCTUYECKH 3aBUCUMBIX HCTOYHUKOB COOOIICHUI?

7) Kak omnpenensiorcs HHPOPMAMOHHBIC TOTEPH IIPH  IIepeaade
COOOUIEHUH 0 KaHAIly CBS3U C ToMexamMu?
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JlabopaTopnasi padora Ned
«M3yuenue meronoB lllennona — @ano u Xapmauna
110 MOCTPOCHMIO 3P PEeKTUBHBIX KOT0B»

1 leanb padoTnl

- U3YYUTh BO3MOXKHOCTH 3(P(HEKTUBHOIO KOAUPOBAHUS UHPOPMALIUU IO
meronam lllennona — ®ano u Xaddmana.

2 OcHOBHBIE TeOpeTHYECKHE CBEACHUA

KomupoBanue, mpu KOTOpPOM OOECIICUMBACTCS MHUHHMAJIbHAS CPCIHSS
JUTMHA KOJOBBIX CJIOB, Ha3bIBaeTCA IPghekmusnvim (onTUMAIBHBIM). B
3 PEeKTUBHOM KOJI€ CHMBOJIY, BCTpPEUAOIIIEMCs Yallle BCEro, IMPHUCBaWBACTCS
HanboJee KOPOTKast KOJAoBass KOMOHMHAITHS.

3amaun 5 PeKTUBHOTO KOJAUPOBAHMS 3aKITFOYAIOTCS B CICAYIOIIEM:

1) 3amoMuHaHMEe MaKCHUMAJIBHOTO KOJMYeCTBa HWHGOpPMAIUU B
OTPaHMYCHHOM MaMSTH.

2) OOecreuyeHne MaKCUMAJIbHOM MPOMYCKHOM CHOCOOHOCTH KaHaia
CBSI3H.

DddekTuBHOS KoAMpoBaHHME Oasupyercs Ha TeopeMme IlleHHoHa o
KOJIMPOBAaHWW TPH OTCYTCTBHHM IIOMEX, COIJIaCHO KOTOPOM MHHHMAaJIbHas
CpEeIHSS IJTMHA KOJOBBIX CJIIOB OMPEACISICTCS COOTHOIIICHHUEM::

_  H .

™ " log, K’
rane H — sHTpomms ucTOYHHMKA cooOmieHuii, K — ocHoBaHue kopja. Jlis
JBOMYHOI'O KOJIa, OYEBUJIHO, UTO Lmin = H.
Ipdexkmusnocmpro Kona x Ha3bIBACTCA OTHONIEHWE Lmin K pealbHO
JOCTHUTHYTOH B JaHHOM KOJI¢ CPSAHCH JJIMHE KOJOBBIX CJIOB L :
L __H
L Llog,K

CpenHss mMHA KOJOBBIX KOMOWMHAmWii MOXeT OBITh HaijaeHa
CIeAYIOIIUM 00pa3oMm:

Z:

E:Zml:p(si)Li;

raie Li - mmMHa KOIOBOM KOMOWHAIIUM, COOTBETCTBYIOIIEH CHUMBOJIY Si W3
andaBuTa pazmMepom m.
Jng  ciaydas OTCYTCTBHSI  CTaTUCTUYECKOM  B3aMMOCBSI3M  MEXKIY
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CUMBOJIAMU METOJ TOCTpOoeHUs HA(P(PEKTUBHBIX KOJIOB BIIEPBBIE OBLI
npeanoxeH [Hlennonom n daHo.

Jist nBonunoro koja meto [llennHoHa-PaHo CBOAUTCS K CIEAYIOMIEMY:

1) BykBbI andaBuTa pacroiararoTcs B IOPsIKe YOBIBAHHS BEPOSATHOCTCH.

2) AndaBut OyKB pa30MBacTCsA Ha JABE TPYIMIBI TAKUM 00pa3oM, YTOOBI
CyMMapHbI€ BEPOSITHOCTH OYKB 00€HX I'PyHIl ObLIM IO BO3MOXKHOCTH PaBHBI.
[TepBoii rpymiie nprucBanuBaeTcsi CMMBOJI 1, BTopoit cumBou — 0.

3) Kaxnyro u3 oOpa3oBaHHBIX TPYI BHOBb JIENSAT HA JBE YacTH C
MPUOIU3UTEIBLHO PABHBIMU CYMMApHBIMU BEPOSTHOCTSIMU U MPUCBAUBAIOT UM
1 u 0. Takum oOpa3oM, MOJyYarOT BTOpPhIE MUPPHI KOJA.

4) TIporecc MOBTOpSIETCS JO TEX IOp, NMOKAa B KAXKIOW MOATPYIIIC HE
OCTaHETCsI TI0 OJIHOM OyKBE.

PaccmorpuMm mpumep moctpoenus koaa Illeanona-®ano mis andasuta
n3 1mectu cuMBosioB (Tabnuma 1). KomoBoe naepeBo, COOTBETCTBYIOIIECE
nonydyeHHomy koay lllenHona-®daHo, nMpecTaBiIeHO HA PUCYHKE 1.

5.:0,0025  S5;0,0625

Pucynok 1 — KogoBoe nepeso s kona lllennona-®dano

Tabnuua 1 — [Tonyuenne 3¢ dexruBHOrO KoMa o Mmerony lllennona —®ano

CumBosBl | PasjiesieHre CHMBOJIOB Ha TPYIIIIbL KOLOBbIE
ucxoxuoro Pis,) 1 2 3 4 c0Ba
ancdaputa

S1 0,25 PR 1
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52 0,25 11-0 10

S3 0.25 1 11-1 01

S4 0.125 { V-1 001

S5 00625 | ((I-0]] V-1 0001
I IW-0 4o

Se 00625 | - VI-0 0000

Meron IllenHoHa-PaHO HE Bceraa NPUBOIAT K  OJHO3HAYHOMY
MOCTPOEHHUIO KoJla. OT yKa3aHHOI0 HeJocTaTka CBOOO0AeH MeTo ] XaddmaHa.

J{ns nBomyHOr0 KoJia MeTo XadhpmMaHa CBOAUTCS K CIEAYIOIIEMY:

1) bykBbl andaBuTa BBIUCHIBAIOTCA B CTOJOCI] B MOpsAKE yOBIBaHHS
BEPOSTHOCTEM.

2) Be mocneaHue OYKBBI OOBCIUHSAIOTCS B OJHY BCIIOMOTATCIIBHYIO
OyKBY, KOTOPOH IIPUITUCHIBAETCS CyMMapHasi BEpOSITHOCTb.

3) BeposatrHocTH OyKB, y4acCTBYIOIIUX B OOBEAMHEHUM U TMOJy4YCHHAs
CyMMapHasi BEPOATHOCTh BHOBb pACMoOJiaraloTcsi B TOpAJIKE yOBIBaHUS
BEPOSITHOCTEH B JOMOJHUTEIBHOM CTOJNOIE, a JBE TMOCIeAHUE OYKBBI
00BbEIUHSIOTCH.

4) Ilpomecc mpomoiDKaeTcss J0 TeX IOop, MOoKa He OyaeT IoIydeHa
€MHCTBEHHAs] BCIIOMOTraTelbHasi OyKBa C CyMMapHOUl BEpOSTHOCThIO, paBHOU
1.

Jns monydeHus KOAOBOM KOMOMHALIMM, COOTBETCTBYIOIIECH JaHHOU
OykBe HEOOXOAMMO MPOCIECANTh MyTh MEpexoJa MO CTPOKaM M CTOoJIOIam
TaOJIUIIBI.

PaccmoTpuM npumep mnoctpoeHus koma Xaddmana s andaButa w3
BOCbMHU CHUMBOJIOB (TaOmuma 2). Pe3ynbraT moka3zaH Ha pUCYHKE 2 B BHUJIE
KOJIOBOT'O JIEpeBa COOTBETCTBYIOIIETO Koy XadhdmaHna.

Tabnuua 2 — [Tonyuenue 3¢ pexTrBHOrO K2 1o Metoay Xaddmana
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Crna- E'i.“-l.'H.'l'.FI'I" BoenoMmorare/ibHBIS ¢ I'L'I'JI'LI'LI_I.'rJ.
BOJTRD | HOKCTH 1 3 fi |

5, 0.4 0.4 0.4 {"II -F.u ]
5 .25 0.25 .35 _|_)
K 0.2 0,2 }_l_) 0,23
54 0, 1 0,15

5 | 0.05 |_>

KomoBeie
KOMOHHAITUH

§,—0
§,—10
s,—111
5,—1101
ss—1100

Pucynoxk 2 — IIpumep kogoBoro aepesa ajis kona Xadgdhmana

3 IlopsiiOK BBINOJIHEHUS PadOTHI

JlanHas nabopatopHas pabdoTa NpeAnoaraeT BBIITOJIHEHHUE CIIETYIOUIUX
ATAIlOB:

1) U3yuuTh METOIMYECKHUE YKA3aHUS K Ja00paTOpHOM padoTe.

2) Ilpolitn cobecemoBaHre ¢ MPENoIaBaTeyieM U MOJYIUTh 3aTaHue IS
BBITIOJTHEHUS PAOOTHI.

3) Ha ocHOBe 3aJaHHOTO IICPBHUYHOIO ajaBUTa W BEPOSATHOCTECH
MOSIBJICHUS CUMBOJIOB 3TOT0 andaBura (Tad:a. 3.3) noixyduTh B (hopMe TaOJIUIIbI
nBonuHbIM Ko Illennona-dano.

4) ITocTpouTh KOAOBOE ACPEBO IS MoaydeHHOro koza [llennona-dano.

5) Omnpenenutrs 3GPEKTUBHOCTh KOJA, MOJYYEHHOTO IO METOIY
[Ilennona-daHo.
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6) BemmosHuTh TyHKTHI 3, 4, 5 111 MeTona Xaddmana.

7) CpaBuuth 3(pdextuBHOCTH MeToA0B Illernona-®ano u Xaddmana.
Cnenath BBIBOJIBI O MOJYYCHHBIX PE3yIbTaTax.

8) OdopmMutrh M 3alUTUTh OTYET II0 BBINOJHEHUIO JAa0OpPaTOPHOM
paboTHI.

4 BapuaHThbI 3a1aHUH

Homep BapuanTa CTyJeHTa ONPEAECTACTCA KaK MOPSAKOBBIA HOMEDP B
KypHaJe IpenogaBaTes.

Tabauma 3 — BeposTHOCTH MOSBICHUS CHMBOJIOB JIJISI Pa3IMYHBIX BApUAHTOB
CuMBoIbI andaBrUTa ICTOYHHKA COOOIICHUM

S1 | S2 | S3|S4|S5 |56 |S7|S8|S9 S10/S11|812
0,1410,06/0,05/0,08/0,13/0,04/0,01]0,09|0,15/0,02/0,11 /0,12
0,11/0,05/0,09/0,10/0,12/0,03/0,02/0,08/0,15/0,07/0,14 0,04
0,13/0,07/0,05/0,06,0,15/0,04/0,11|0,02|0,12/0,16 /0,08 0,01
0,02/0,11/0,12/0,01,0,09/0,15/0,08/0,13{0,04/0,14 0,06 |0,05
0,07/0,14/0,04/0,02,0,08/0,15/0,10/0,12|0,03/0,110,05/0,09
0,16/0,08/0,01/0,11,0,02/0,12/0,06/0,15|0,04/0,13/0,0/ /0,05
0,01/0,09/0,15/0,02/0,11/0,12/0,14/0,06/0,05/0,08/0,13/0,04
0,02/0,08/0,15/0,07/0,14/0,04/0,13/0,07/0,05/0,06/0,15/0,04
0,11/0,02/0,12/0,16/0,08/0,01,0,07/0,05/0,13|0,06/0,15/0,04
0,06/0,05/0,14/0,13/0,04/0,08/0,15/0,01{0,09/0,12/0,02|0,11
0,09/0,11/0,05/0,03/0,10/0,12/0,15/0,02|0,08/0,14 0,04 /0,07
0,05/0,13/0,07/0,15/0,04/0,06,0,02/0,12/0,11|0,04/0,07/0,14
0,12/0,02/0,11/0,09/0,15/0,01,0,13/0,04/0,08/0,06/0,05/0,14
0,14/0,040,07/0,15/0,02/0,08,0,03/0,10{0,12/0,09/0,11 0,05
0,04/0,07/0,14/0,02,0,12/0,11,0,15/0,04/0,06/0,05/0,13/0,07
0,05/0,07/0,13/0,04,0,15/0,06,0,12/0,02|0,11/0,01/0,08/0,16
0,1 10,03 0,05 |0,09 0,14 0,04 0,01 0,08 0,16 |0,04 0,12 0,14
0,12 /0,07 /0,08 |0,11 0,16 0,01 10,04 0,06 0,13 0,09 0,1 |0,03
0,11 /0,08 |0,07 0,04 0,14 0,05 0,13 0,02 0,1 0,15 0,09 0,02
0,03 0,12 0,14 0,02 0,08 |0,15 0,1 0,11 0,03 0,12 0,05 0,05
0,08 0,13 0,05 |0,01 0,06 0,14 0,11 0,13 0,06 0,1 0,04 0,09
0,15 0,09 /0,02 0,13 0,02 0,1 10,08 0,16 0,01 0,12 0,06 |0,06
0,03 0,11 0,16 0,05 0,14 |0,15 0,09 0,01 0,04 0,07 0,13 0,02
24 0,06 0,01 0,12 /0,09 0,16 /0,02 0,11 0,03 0,08 0,05 0,15 |0,12

5 KoHTposbHBIE BONIPOCHI

&
S

NN RR R R R R
RN~ O~ |ts|wN - o@No O RN -
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1. B yem 3akimrogaeTcs CymHOCTh 3G ()EKTUBHOTO KOIUPOBAHUS?

2. KakoBbl 0CHOBHBIE 3a71a4u 3(PHEKTUBHOTO KOAUPOBAHUS?

3. Kak onpenensiercst cpeiHsisl JIMHA KOJIOBOTO CJIOBa?

4. Yemy paBHA HWKHSISA TpaHuIia 3pGHeKTUBHOTO KOJAUPOBAHUS?

5. Kak onpenensercs 3hGpeKTUBHOCTh Koaa?

6. B kakom ciyuae wMeron IllenHoHa-®aHO TapaHTUPOBAHHO
obecrnieunBaeT noxydeHue 3hPEeKTUBHOTO Ko1a?

/. C moMmomipl0 Kakoi omepanuu B mMetojie Xabhdmana odecreunBaeTcs
MOJTy4Y€HHUE BCTIOMOTATEIbHBIX CUMBOJIOB?
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JlabopaTopnasi padora NeS
«A3yyeHune MeToaa apu(pMeTHIECKOTr0 KOJTUPOBAHUSA
1nocJe10BaTe IbHOCTEH CHMBOJIOB)

1 leanb padoTnl

- NpUOOpPECTH YMEHUE MPOU3BOJUTH aApUPMETUUECKOE KOJIUPOBAHUE
MOCJIEIOBATEIBHOCTE CHUMBOJIOB C IIENbIO CXKaTus WH(OOpMalUM, a TaKKe
YMEHHE JIEKOJUPOBATH apU(METUUECKUIN KO/I.

2 OcHOBHBIE TeOpeTHYECKHE CBEAeHUA

ApudmMernyeckoe KOIUPOBAHHE IMPEACTABIIET COOOH METOd CoKaTHs
uHdopMalkd, B KOTOPOM KOAUpyeMas IOCICAOBATEIbHOCTh CHMBOJIOB
IIPENCTABIIETCS B BHJAE APOOHOrO Yucjiaa X, NMPUHUMAIOIIETO 3HAYEHHS U3
uHreppaia 0 <x < 1.

ITycTh 3amaH QUCKPETHBIN MCTOYHHUK cooOiienwmii [S, p(si)] ¢ andaBurom
S={sl, , sm} u pacnpenecinenuem BeposTHOCcTei P(Si). Ha BhIxOae MCTOUHMKA
3a/jaHa TI0CNIEeI0BATETBHOCTD CUMBOJIOBS =(S,;,S,,,-.- 1= Siyt )
rae | - HOpPSAAKOBEIA HOMEp cHMMBOJIA B aidaBuTe; K - MOPSIKOBBIA HOMED
CHMBOJIa B TIOCJICI0BATCIHHOCTH.

JlJis 3aJaHHOM IOCIIEIOBATEIBHOCTH S TpeOyeTcs IOIYyYHTh KOIOBOE
CJIOBO: Yz(le,sz,...,ij); rae Xj =0 wm 1.

OnpenenyM BEIWYWHBI, Ha3bIBa€Mble KYMYJISITUBHBIMH BEPOSTHOCTIMU
CHUMBOJIOB S:

a(sy)= 0. a(s,)=p(s)): - q(sm)=:nz_llpi-

B pexkypcuBHO#l (opMe daHHBIE BEPOATHOCTH MOXKHO 3aIlucaTh
CIEAYIOIIUM 00pa3oMm:

a(s;)=a(ss)+ p(s).
O06o3HauuM 4epe3 S IOCIENOBATENLHOCTh CHUMBOJIOB, IIOMYYEHHYIO
IlyTeM IPUCOEIUMHEHNUS K MCXOJHOM MOCIEI0BATENLHOCTH S, ; , CHMBOJIA .
Onpenenum  Benumuunbl F(5, ) m G(s,), mpexacrasmsromue co6oi

HIDKHIOKO TpaHULly W JJIMHY UMHTEpBajga  BEPOSATHOCTEH, KOTOPBIM
COOTBETCTBYECT IMOCJICAOBATCIBHOCTH S, !

F(5)=F(55x)+a(s) G(55.)



35

G(5;)=p(5)-G(5;.).

[Tpu k=0 (HauanpHbIH mar aaroputMa) npuaumMarT F= 0, G= 1
JlinHa KOJOBOTO ClOBa X, OOECIIeYMBarOIIas OJHO3HAYHOE JCKOJIWPOBAHUE
MOCJIE0BATEIBHOCTH CHMBOJIOB OTIPEACIseTCS o popmyIie:

L=[-log,G(5)]+1
riae S — OKpYIJeHHE YHhclia, CTOSIIEro B CKOOKaxX, /10 IEJIOTO B OOJBIITYIO
CTOpPOHY.

HckoMoe KoJ0BOE CIOBO X ompeaenseTcs Kak L 3HaKOB mociie 3amsaToi B
NBOUYHOM 3amucu uucna F(5)+G(5)/2, rae F(s) u G(s) - rpanunsl
MHTEpBaja BEPOSITHOCTEH, COOTBETCTBYIONINE 3aJaHHON ITOCIICIOBATEILHOCTH
S

Bin[ F(5)+G(5)/2]=0,X50. X = X =(X;, X000 X )

Taxum 00pa3zoM, MeTOI apu(PMETHIECKOTO KOAUPOBAHMS 3aKIIOYACTCS B
IIOCJICI0BAaTEIbHOM HaxX0XKIeHUHU BemuuH ((St), F(Sn ),

G(Sjk ), mna i = 2,3, ..., mu k = 1,2, ... , M, moka He OyayT
onpenecicHbl 3HaueHua F(s) u G(S). Ha ocHOBe mocaeHUX 3HAUYCHHUU
F(s) u G(S) u onpeaenseTcss HCKOMOE KOJOBOE CIOBO.

Jlnst  mosicHeHHs MeToJa apu(pMETHYECKOro KOIUPOBAHUS MOYKHO
MpUOETHYTh K €ro rpaduueckoil unTepnpeTanuu. B aTom ciyuae uatepnai [0,
1) BeposTHOCTEW IOSBJICHUS CHUMBOJIOB pacCMaTpPHUBAETCS B BHJIE OTpE3Ka
mmuHoM 1. Ilpm 3TOM cMMBONIaM Ha JaHHOM OTPE3Ke OYIyT COOTBETCTBOBATH
HEellepeceKaronecss MOJYUHTEPBadbl JIAHAMH, PAaBHBIMH BEPOSTHOCTSIM
MOSIBICHUS ~ CHMBOJIOB  (pucyHok  1). KyMynsaTuBHBIE  BEPOSTHOCTH
COOTBETCTBYIOT HauajlaM STHX IOJYUHTEPBAJIOB. DTH TOYKU UACHTUDHUITUPYIOT
COOOIIEHHS NCTOYHHUKA.

Ha xaxgoMm Iare ajJropuTma IPOU3BOJMTCS IIEPECUET TPAHUIl BCETO
OTpe3Ka, B KOTOPOM OyIET PacIiosoKeHO YHCII0, COOTBETCTBYIONIEE KOJIOBOMY
cioBy. Yucio F (S;) B aToMm cirydae siBIsieTCs Ha 9ajaeHONW TOYKOW OTpe3Ka Ha
mrare K, a ancio G(5, ) ABIsSeTCS NTUHOW JAaHHOTO OTpe3Ka.

JlekomupoBaHUEe MOJYYSHHOrO apu(PMETHUECKOTO KOJa 3aKJII04YacTcs B
BBITIOJIHEHUH CIEAYIOIUX AercTBU. Ha HyneBoMm 1mare
(k=0) mpuaumaem q(sM+1) = 1, F(s,) = 0, G(5, ) = 1. ITocnemoBaTenpHO (OT |
= 1 1o ) g CHMBOJIOB SI Ha KaXIOM IlIare IMPOU3BOAUM IPOBEPKY
BBITIOJTHCHUS YCIIOBHS:

F(5,)+a(5)-G(5, )<x.

Ecan mins cuMBoJIa Si JaHHOE YCJIOBHE HE BBIIOIHATCS, TO B KaueCTBE

CHMBOJIA JICKOUPYEMOM MOCIIeI0BATEILHOCTH Ha JAHHOM IIIare IpHHUMAEM S
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1. B 0OpatHOM citydae (yCIIOBHE BBIIOJHSACTCS /I BCEX 1) IPUHUMAEM CHMBOJI
Sm.

—(Sirl jy SIM); F=0; G,=1

p(s) p(s;) P(s,)
k=0 P {_C\H’_‘/_H
q(s)=0’ e q(s,-l) . AN 1

z |

- I
\
//p ()G, p(s izyGl P3Gy

k=1 A ﬁ_/\h ﬂ’

Fl /é/ @: \N \&
g A\

.. \ \

, pfsoG PGy PG

Pucynok 1 - FpacpnquKaﬂ I/IHTepHpeTaHI/IH apu(pMETUUECKOTO KOAUPOBAHUS

\

Jiist HaliIeHHOTO CHMBOJIA onpeAesisitoT BenmuuHbl F(5, ) 1 G(5, ) mo Tem

xe (popMyam, 4TO U MPU KOJUPOBAHUH.
AJITOPUTM MPOJOJHKAIOT 10 T€X MOp, MOKa HE OyAeT HalJIeH MOCHEIHUN
cumBoll (K = M) nexoaupyeMoii mocie0BaTeIbHOCTH § .

3 Ilopsaa0K BBINOJIHEHUS PadOThI

Jlannas naboparopHasi paboTa MpearnosiaraeT BBHIMOJHEHHE CIIETYIOINX
3TaNoB:

1) M3yunTh MeTOAUYECKUE YKa3aHH K JJAOOpaTOpHOU padoTe.

2) Tlpoiitu cobeceoBaHUEe C MPENOJABATENIEM U MOJYYUTh 3aJaHUe IS
BBITIOJIHEHUS paOOTHI.

3) IIpousBectu aprupMeTHuIecKoe KOJIUPOBaHUE 3aJaHHOMN
HOCJICOBATEIBHOCTH CUMBOJIOB (Tabmia 1)

4) TloctpouTh TrpadUUECKyl0 HHTEPIPETAIUIO  apUPMETHISCKOTO
KOJIUPOBAHUS.
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5) Ocy1iecTBUTh IEKOIUPOBAHHE MTOTYUYEHHOTO apUPMETHIECKOTO KO/IA.
6) OpopMUTD U 3aITUTUTH OTYET MO BBHIMOIHEHUIO JIA0OPATOPHOM PabOTHI.

4 Ilpumep BbINOJHEHHS PA00THI

[TycTh 3amaH AUCKPETHBIM UCTOYHUK cooOIIeHuH ¢ andaButom S={s|, S,
S3} u pacnpeneneHueMm BepostHocrer P(S)=0,l, p(s2)=0,6, p(s3)=0,3.
[IpousBenem apudMeTHUECKOE KOAUPOBAHUE IIOCICAOBATCIBHOCTH S =
(S2535281S2) JutmHot M= 5. Ilpomecc apu(pMETHUECKOTO KOJAUPOBAHMS
MOCJICIOBATEIBHOCTA S TpeiacraBiieH B Tabmune 1.  I'padudeckas
UHTEpIpeTaIus apu(pMETHICCKOI0 KOJMPOBAHMS TI0OKa3aHa Ha PUCYHKE 2.

§ =(8, 8,5, 8,8,); M=5; F=0; G=1
p(s)=0.1 p(s)=0.6 P (55)=0.3
A AL

k=0 ~ N .
| _ N |
q(Sl):()ﬂ/ q(s,)=0,1 \q\(‘t)\oéz 1

~.
/ \ N i=2
/P ()G, P 9{2)(;1 RI(S£G1 \
= W v
P01 __e-gi ) 07
o 1?7,—- u/ 3
j=

/ -
pEG, - PEIG, PG |

k=2 o ——
FZZO,SZK/// G220,18 \& R »
/' ) ‘\ = 2
/PG, PG, p(sGa
k=3 ~ e —
_ < > 0.646
F3—0,‘33*8\ N G=0,108 :
* S~ =]
PENGAN PTG T T PG,
k=4 f——3 < j|>0 5488
_ ’ ! NV :
F4_0,53§/ / G4:O,0108 \& - >
/ [ =
/ 4 G~0.00648 N T2
k=5 5 \|,
F.=0.53908 *=0.541 0,54556

L=9; x=100010101
Pucynoxk 2 — I'paduueckast uaTeprpeTaius apuGMeTHIeCKOro
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KOJUPOBAHUS ITOCACAOBATEILHOCTH § = (S2535251S2)

cioBa Oyxer

KOAOBOM CJIOBC JOJIZKHO OBITH HE MEHBIIIE 9 3HAKOB.

Tabauma 1 — Apudmerndyeckoe KoIMPOBAHHUE TTOCIIECIOBATEIILHOCTH

Iark; | Si S p(si) |q@si)| F(5) G(5)
0 — — — [ = 0 1
1 S2 Sz 06 |0.1 0.1 0,6
2 S3 5253 03 07| 052 0,18
3 S2 $253S2 06 01| 0538 0,108
4 S, 1S2583s2s1 | 01 | O 0,538 0,0108
5 S, 1S253S2S1S2] 06 | 0.1 | 053908 | 0,00648
OTCIOI[a KOJOBOC CJIOBO 3alIIMIICTCA CJIeI[yIOHlI/IM O6paBOM X

bin(0,53908 + 0,00648/2)

tabaune 2.

Tabnuua 2 — JlekogupoBanue apupmernyeckoro koaa *= 100010101

bin(0,54232) =

0,100010101;

nekoaupoBaHus apudmermdeckoro koga x = 100010101 mpencraBieH B

L =[~log, 0.00648] +1=[7.2698]+1=9,

ITpouecc

[Tar = Gi I'unore 0(s) Hpo?seplca Peme_HHe o(s)

K 3a St V| Fk+gi'Gk< x Si

0 x= 100010101 —, +x= 0.100010101, = 0,54149
S\ 0 0 <x

1 1 S2 | Oon O <x Sy 0,6
S3 0.7 0.7 >x
S\ 0 OJ1 <x

2 0.1 0,6 S2 ol 0.16 <x S3 0,3
S3 0.7 0,52 <x
S\ 0 0,52 <x

3 0,52 | 0,18 S? ol 0,538 <x S; 0,6
S3 0.7 0,646 > x
S\ 0 0,538 <x

4 10,538 | 0,108 s> on 0.5488 >x S1 oA
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5 10,538 |0,0108 | Si 0 0,538 <x S 0,6
S3 0.7 0.5450 >x
Otcroga  MOCIENIOBAaTEIbHOCTh ~ CHMBOJIOB,  IIOJIyYECHHas  IIyTeM
JIEeKOAUPOBaHUS apu(METHUIECKOro Koaa, OyaeT S15352515;.
S BapuaHTbl 3a1aHui
TpeOyetcs IIPOU3BECTH apu(METHIECKOE KOJIUPOBaHHUE

MOCJIEI0BATEILHOCTH CUMBOJIOB JUIMHON M=7 W IEKOAUPOBAHUE MOJTYYECHHOTO
KoA0BOro cioBa. KogupyeMsie mociieJ0BaTEIbHOCTH CUMBOJIOB U BEPOSITHOCTH
UX TIOSBJICHMS JIJI KaXKJI0TO BapuaHTa 3aJaHus IIpeICTaBICHbI B TadauIle 3.
Howmep BapuanTa onpenensercss Kak MOPSAAKOBBIA HOMEpP CTYAEHTa B JKypHase
MpenoaBaTeisi.

Tabmuma 3 — Kogupyemas mociie1oBaTeIbHOCTh CHUMBOJIOB M BEPOSITHOCTH HMX

ITOABJICHU S
Bap. S p(Si) Bap. S pfe)
1 | SISSISISISISA | sy = 0.1 13 | SISISZSISISIH | p(s,)= 0.3
2 | S4S2SIS3S2SASL | p(s,) = 0,4 14 | SIS3SIS2S3SIS3 | p(s,) = 0,2
3 | SI1S4S3%254S1S2 | p(s3) =0,2 15 | S4S351S3S1S2S3 | p(ss) = 0,4
4 | s4515053515284 | P(s4) = 0.3 16 | $3545351535251 | P(s4) =0.1
5 | SISISISHS3SS! | p(siy=0,4 | 17 | SIS3SISISUSHS? | sy = 0.2
6 | S3SISISISISISY | p(sy) = 0,1 18 | SIS2S2S3S1S2S4 | p(s,) = 0,4
7 | S4S351S2S183S1 | p(s3) =0,3 19 | S4S382848282S1 | p(ss) =0,1
8 $15452515351S3 | P(s4) =02 | 20 | s3sas4sasisisy | P(s4) =01
O | SUSISHSISISAS | psjy =02 | 21 | SISIS3SISISIS | pegv— g
10 | S2SUSISASISAS | p(s;) =0,3 | 22 | S3S2S2S3SASISL | p(s,) = 0,3
11 |S154S25354S254| Piss)=0,1 | 23 | S1S253535254S3 | p(s3) = 0,4
12 | sisIsasasasss? | P(sa) =04 | 24 | 3515354525283 | P(ss) =0,2

6 Ilopsanok BbINOJIHEHUS PAadOTHI

Jlannas nmabopatopHas paboTa TpeAmnoyiaraeT BHITIOJIHEHHUE CIIETYIONTUX

OTaIIOB:

1) U3yunTh MeTOIMYECKHE YKa3aHUs K Ja00OpaTOpHOU padoTe.

2) TlpoiiTi cobecemoBaHme ¢ MPETNOABATEIIEM U TOJNYYUTh 3aJJaHUC JIJIs
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BBITIOJIHEHHUS paOOTHI.

3) Ha ocHOBe 3aJaHHOIO IICPBHUYHOIO ajaBUTa U BEPOSTHOCTEH
MIOSIBJICHHSI CUMBOJIOB ATOr0 ajdaButa (Tadj. 3.3) moayduTsh B (popme TabIHIIbI
nBonyHbIN KoJ1 Hlennona-®dano.

4) ITocTpouTh KOAOBOE ACPEBO I MoaydeHHOro Koza [llennona-dano.

5) Omnpenenutrs 3GPEKTUBHOCTh KOJA, TMOJYYEHHOTO TI0 METOAY
[Ilennona-®aHo.

6) BeimoaHuTh NyHKTHI 3, 4, 5 1151 MeTona Xaddmana.

7) CpaBuutb 3(pdextuBHocTH MeTon0B IllenHoHa-®ano u Xaddmana.
Cnenatb BBIBOJIBI O MOJYYEHHBIX PE3yJIbTaTaXx.

8) OdopMHUThP M 3alIUTUTh OTYET IO BBIMOJHEHHUIO Ja0OPaTOPHOU
padOTHL.

/ KoHTpOJIbHBIE BONIPOCHI

1) B kakywo ¢opmy mnpeoOpasyeTcss MOCIeA0BaTSIIBHOCTh CHMBOJIOB B
MeTOJIe apU(PMETHIECKOTO KOTUPOBAHUS?

2) UTo MOHUMAIOT IO KyMYJISTUBHBIMU BEPOSITHOCTSIMH CUMBOJIOB?

3) Kak B Merome apu(MeTHUECKOro KOJMPOBAHUS OIPEACISIOTCS
3Ha4YeHHs BenuduH Fy u Gy?

4) Yro mnpencraBiasior coboi  BemwmumHBl  P(Si), q(Si), Fk-Gk B
rpaduuecKol HHTEPIpETANd apU(PMETHISCKOTO KOJTUPOBAHUS ?

5) Kak HaxomsT 3HaYCHUE YUCIIA, COOTBETCTBYIOIIETO apu(hMETHIECKOMY

Koxy?
6) B yem 3akitouaercs 1eKOAUPOBaHUE apU(METHISCKOTO Kojia?
7) KakoBa rpaduyueckas WHTEPIPETALUS JNEKOAUPOBAHUS

apupMeTHuIecKoro koaa?
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JlabopaTopnasi padora Ne6
«HccaenoBanue JUHEHHBIX 0JIOKOBBIX KOTO0B»

1 Heanb padoTnl

- IPUOOPECTH YMEHHUE CTPOUTH JIMHEUHBIE OJIOKOBBIE KOJbI Ha OCHOBE
MOPOXKIAIOIIMUX MATPUIL JIsl OOHAPY>KEHUS U UCTIPABJICHUS OIIUOOK B KOJAOBBIX
CJIOBaX.

2 OcHOBHBIE TeOpeTHYECKHE CBEACHUA

Bi10KOBBIMU HA3BIBAIOT MOMEXOYCTOMUUBBIE KOJIbI, B KOTOPBIX MPOIEAYypa
KOJMPOBAHUA 3aKJIIOYaeTCs B pPa30MEHUM BXOJHOW TMOCIEAOBATEILHOCTH
WH()OPMaIIMOHHBIX CUMBOJIOB Ha OJIOKH, cofepkaiiiue m cumMBojoB. Kaxgomy
HHPOPMAIMOHHOMY OJIOKY JUIMHONW m COIOCTaBISICTCS K IPOBEPOUYHBIX
cuMBOJIOB. [lojlyyeHHOE KOJOBOE CIOBO M3 n = m + K CHMBOJIOB Ha3bIBAIOT
KOJOBBIM OJIOKOM.

Uucno HecoBmajaromMX TMO3WLIMM B JIByX KOJOBBIX CJIOBaX X U Y
Ha3bIBaCTCs paccmosanuem Xommunza d (x, y ) MKy 3TUMHU CIOBAMHU.

Jn1s ABOWYHBIX KOJIOBBIX CJIOB PACCTOSIHUE XOAMMHHIA MOXKET OBbITh
MOJIyYeHO KaK YMCJIO €IMHUIl B CyMME B KOJOBBIX CJIOBax MO MOAYJIO 2.
[IpaBuia ClOXKEeHUS 10 MOJYJIIO 2 OIMPEAEISAIOTCS CAEAYIOMNM 00pa3oM:

0®0=0;0@1=1;100=1;101 =0.

BaxHoli xapakTepUCTHKON KOppeKkTupymiero oOsokoBoro koja C
ABJISIETCSI  KOOOBOE€  paccmosaHue, KOTOPOE  MNPUHUMAETCS  PaBHBIM
HaWMEHBIIIEMY PACCTOSTHUIO X3MMHUHIa MKy CIIOBAMU JAHHOTO KOJa:

d(C) =min{d(x,y):X,yyeCx=y}.

JI7151 6JI0KOBBIX KOJIOB CHPABE/IJIUBBI CICIYIONINE YTBEPKICHUS:

1) Jnst Toro 4TtoOBl OJIOKOBBIM KOJ C TO3BOJISUI OOHAPY)XUBATh BCE
KoMOMHaMu n3 { mam MeHee OomMOOK, HEOOXO0MMO M JOCTATOYHO, YTOOBI €T0
KoA0BO€ paccTossaue 0110 paBHo d(C) = t+ 1.

2) Hns toro uroObl OOKOBBIM KOA C TMO3BOJISI MCIPABISATH BCE
KOMOMHAINMU u3 t MM MeHee OMMOOK HEOOXOJIMMO M JOCTAaTOYHO, YTOOBI €r0
KoA0BOe pacctossare o110 paBao d(C) = 2t+ 1.

JIns MpakTUYEeCKUX pPacdyeTOB MPH OMPEACICHUU YHCIa MPOBEPOUYHBIX
CUMBOJIOB K B KOJie ¢ KOJOBBIM paccTossHueM d = 3 HCIONB3YIOT CICAYIONINE
(bopMyJIbL:

€CJIM U3BECTHA JIJIMHA TIOJIHOTO KOJIOBOT'O CJIOBA 71, TO:
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k=[log,(n+1)];

€CIM TMpHU pacdyeTax yaoO0Hee MCXOAWTh W3 3aJaHHOTO YHCIIa
MH(GOPMAIIMOHHBIX CUMBOJIOB M, TO.

k= [Iog2 {(m+1)+[log, (m +1)}}];

rae [...] - OKpyriieHHe 4ucia, CTOSIIECIO B CKOOKax, IO LIEJIOro B OOJBIIYIO
CTOPOHY.
J11s1 6710KOBBIX KOJ10B ¢ d = 4
k>1+log,(n+1)

k 21+[Iogz{(m +1)+log, (m +1)}].

Campblil 601bII0# KJ1acC OJOKOBBIX KOPPEKTUPYIOIIUX KOJOB COCTABJISIOT
JIUHEHHble KOObl, Y KOTOPBIX 3HAYCHUS IIPOBEPOUYHBIX CHMBOJIOB
ONPEACIISIIOTCS npu MPOBEICHUH JIMHEHNHBIX onepanun Ha/Jl
HH(POPMAITMOHHBIMU CHUMBOJIAMHU.

K nuHeWHbIM omnepanusiM OTHOCSATCS CIIOKEHUE W YMHOXXCHUE Ha
MOCTOSIHHOE 4uCi0. JIJIsi ABOMYHBIX JIMHEWHBIX KOJIOB B Kay€CTBE JIMHEUHOMN
OMepalyy UCIOJIb3YIOT CI0KEHHUE IO MOYIIIO 2.

KomoBeie kOMOMHANMU JIMHEHHBIX OJOKOBBIX KOJIOB  HAa3bIBAIOT
K0006bimu eekmopamu. KOIOBBIA BEKTOP, COCTOSIIAN W3 OJHUX HYJEH,
HAa3bIBACTCS HYJ1€6bIM G6eKmOopom. UYWCIO €IWHUIl B JBOMYHOM KOJIOBOM
BEKTOPE HA3BIBACTCS 6€COM KOO0B020 6eKmaopa.

KomoBoe paccrosHue it JIMHEMHOro OJOKOBOTO KOJa PaBHO
MHUHUMAJIBHOMY BECY €TI0 HEHYJIEBBIX KOJOBBIX BEKTOPOB.

JIuneiiHbie OJOKOBBIE KOIBl 3aJal0T MPHU TOMOIIH HOPOHCOAIOUWLUX
MaTpHIl, PA3MEPHOCTh KOTOPBIX PABHA M XN

01| Py Piz - P
Ol| Py Pap -+ P

Gm,n = |:Em ‘Pm,k:| =

10..0

©
3
2
©
3
)
©
3
2

rae £, - enmHru4Has MaTpuna pasmepa m, Pmk - MaTpuiia- JOMOJHEHHUE,
COCTOSAIIAs U3 MPOBEPOUYHBIX CUMBOJIOB pij.
Jliis ko108 ¢ d = 2 moposk1aroinasi MaTpuIla UMEET CIICTYFOIIUI BU!
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Bo Bcex KOIOBBIX BEKTOpaX, HOCTPOCHHBIX MPH IIOMOIIM TaKOH
MaTpHIIbl, OyAET YeTHOE YUCIIO SIUHHUII.

Jlnst komoB ¢ d > 3 Bua MaTpuIlbl P 3aBUCUT OT KOHKPETHBIX TPeOOBaHUI
K MOPOXIAaeMOMY KOAYy. DTUMH TpeOOBaHUSIMH MOTYT OBITH OO MHUHUMYM
MIPOBEPOYHBIX CHMBOIJIOB, 1100 MaKCUMaJbHas MpOCTOTA
KOAUPYIOIICH/ICKOAUPYIOIISH anmapaTyphl.

JluHeiHbie OJOKOBBIC KOJBI HA3BIBAIOTCS coeepuieHHbIMU (TUIOTHO
yIaKOBAaHHBIMH), €CJIM OHM OOHAPYKHMBAIOT W HCIHPABISAIOT MaKCHMaJIbHOE
YUCJIO OIIMOOK TPY MUHUMAJILHOM YHCJI€ MPOBEPOYHBIX CUMBOJIOB.

Yem OombIlie BeC CTPOK MATpHIbl P, TeM OJMKe MOpPOXKIAEMBIA KOJ K
coBepuieHHOMY. C Ipyroil CTOpOHbI, YUCJIO €AUHUI] B MaTpulle P omnpenensieT
YHCJI0 CYMMAaTOPOB IO MOJIYJIIO 2 B KOJIEPE M ICKOAepe KaHaia CBI3U. 10 eCTh,
yeM OO0JIbIlIe €IMHUIL B MaTpUIle P, TeM CJI0XKHEE armaparypa.

[Ipu mocTpoeHHH COBEpIIeHHbIX KomoB ¢ d > 3 mociemoBaTelbHO
UCIOJIB3YIOTCS cTpoku MaTpuilbl P ¢ Becom Wp = k, k-1, k-2, ..., d-1. Takum
obpazoMm, Bec WP Kaxaoll CTpOKHM MaTpuilbl P J0JDKEH YIOBJIETBOPSTH
YCJIOBHIO:

W, >d -1
[Ipy nocCTpoeHHMU KOAOB € MAaKCUMAJIbHO TIPOCTHIMU KOAEpaMu M
JIEKOJIepaMu KaHaJOB CBSI3M B Marpuile P TMOoCieI0BaTEeIbHO BBIOUPAOTCS
ctpoku Becom Wy =2, 3, ... , k.
Ecau uymncio koMOMHAIMN CTPOK MATpUIlbl P, yI0BIECTBOPSIONINX
ycnoBuroW, >d —1,, ©Oojbumie m, TO B ITEPBOM ciydac (MOIyYEHHE

COBEPIICHHOTO KOJia) HE MCTOJB3YIOT KOMOWHAIIUM C HAMMEHBIIINM BECOM, a
BO BTOPOM (MaKCHMaJIbHAas IIPOCTOTA alapaTypbl) - C HAMOOJIBIITHM.

Matpuity P cinegyetr cTpouTh TaKuM 0O0pa3oM, YTOOBI YKCIO €IUHHI] B
CTOJIOIAX JTaHHOW MAaTPHUIIBI OBIJIO MO BO3MOXXHOCTH OJIMHAKOBBIM. OT yucia
SAVHUI] B CTOJIOIE MATPUIILI P 3aBUCUT YHCIIO MPOBEPOK, MIPOU3BOIUMEBIX MTPH
UCIIPABIICHUU OIINOOK.

B oOmem Buae dhopMmynbl 11 ONpeACICHUS 3HAYCHUN MPOBEPOUHBIX
CHUMBOJIOB MOTYT OBITh 3aMHCaHbI CICAYIONUM 00pa3oM:

P; :Z P X5 (J 21,2,...,k);
i1
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TE pij - BAEMEHTBI MAaTPULIBI-IONIOJTHEHUS P.

JIns NBOWMYHBIX KOJOB 3HAYEHHUSI MPOBEPOYHBIX CHMBOJIOB [j HAXOIST
IIyTEM CYMMHUPOBAHUS MO MOMIYJIIO 2 TE€X CTPOK MaTpUllbl P, HOMEpa KOTOPBIX
COBIIAJIAIOT C HOMEpamMu HH(OPMAIMOHHBIX CHUMBOJIOB, 3HAUYEHUE KOTOPBIX
PaBHO €IVHMUIIE.

Jns  nuHeitHoro OnokoBoro koma C ¢ mopokaaromied MaTpuien

G, :[Em |Pm,k] IPOBEPOYHON MaTpULIEH OyAeT ABISATHCS MaTpULIA:

T
II;,n :[Pm,k‘Ek]
Yucio mpoBEepOK paBHO YUCITY K IPOBEPOYHBIX CHMBOJIOB KOJA.

B o0meM Buae cucTeMy MPOBEPOK MOXKHO 3aIlCcaTh CIICTYIOIUM
obpazom:

P, (JBZ-;‘ pa =S, =12,k

B pesynbTaTe OCYyHIECTBIEHHUS MPOBEPOK OOpazyercs MNPOBEPOUHBIN
BekTop S = [S52...5;...Sk], HasbiBaembiii cunopomom. Ecaum Bce paspsiabl
CHHJIpOMA paBHbl HYJI0, TO TIPUHATHIA KOJOBBIM BEKTOP CUUTACTCS
O0e3omnOoyHbIM. Eciu XoTss Obl OJUMH W3 Pa3psAioB CUHAPOMA COJEPKHUT
SAUHUILY, TO IPUHATHINA KOJIOBBIN BEKTOP COAEPIKUT OITHOKY.

WcnpapieHne OAUHOYHOW OIMIMOKK OCYIIECTBIISIETCS IO BUAY CHUHIPOMA,
TaK KaK KaXJIOMy OIIMOOYHOMY pa3psay HPHUHATOTO KOJOBOIO BEKTOpa
COOTBETCTBYET OAWH €IWHCTBEHHBIN CHHIPOM. Bua cuHapomMa MOXKET OBITH
OTIpE/ICJICH MPU TMOMOIIU TMpoBepouHON Mmarpuiibl H. CtonOubl mMatpuilbl H
NPEACTABISAIOT COOOM CHHIPOM JIJIsi COOTBETCTBYIOILIETO OMIMOOYHOTO pa3psiaa
KOJIOBOT'O BEKTOPA.

B oOmeM ciyyae [ MCHpaBieHUs 3aJaHHOTO Yuciaa omuoOok t ¢
MOMOIIBIO JTUHEHHBIX OJIOKOBBIX KOJOB MCHOJB3YIOT cmanHoapmmubie maoauyvl
0exoouposanus, COAEpKaIINe BCE BO3MOKHBIEC 3HAUEHUS IPUHATHIX U3 KaHalla
BEKTOpPOB Z. JlaHHbIE TaOIMIBI OPraHM30BAaHBI TAaKMM 00pa3oM, YTOOBI MOT
OBITh HaliICH OVDKAMIINN K Z TIepeTaHHbIA KOJOBBIA BeKTOp y (Tabmuia 1).

B mepBoii cTpoke TaOMMLBl pacrojararoTcs BCE KOJOBBIE BEKTOPHI Vi,
yucino KoTopbix coctaBisier N = 2™, B mepBoM cronliie BTOpOil CTpoKHU
pa3MeliaeTcsi BEKTOp OMIMOKHU €, BEC KOTOPOTO paBeH 1.

OcranbHble  STYEHKUM  BTOPOM  CTPOKM  3AIlOJHSIOTCA  BEKTOpPAMH,
MOJIYYEHHBIMU B pPE3yjibTaTe€ CYMMHUPOBAHHUSA IO MOAYJIIO0 2 BEKTOpa €& C

BEKTOPOM Y, PacCMoOJIOKEHHBIM B COOTBETCTBYIOIIEM CTOJOIE MEPBOM CTPOKHU.
B nepBoM cTon011e TpeThel CTPOKHM 3aMUCHIBAETCS BEKTOP E€,, BEC KOTOPOTO
TakXke paBeH 1, OJHAKO, €CIM BEKTOP & COJAECPKUT EAUHUILY B IIEPBOM
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paspsge, TO € - BO BTOPOM. B ocCTanpHblE SYEUKH TPETbENM CTPOKHU
3aIIMChIBAIOT CYMMBEI X, U €, .

Tabmuuna 1 — CradpaptHas Tabnuna s JACKOJUPOBAHUS  JIMHEHHOTO
OJIOKOBOT'O KOJA

5 Y Y, o Y

Sy & y1+§1 72+e_1 7N+€1

§2 §2 yl + §2 72 + §2 yN + é2

§K EK yl + éK 72 + éK yN + éK

AHQJIOTMYHO MOCTYMAIOT 10 T€X MOp, OKa HE OyAYT MPOCYMMHUPOBAHBI C
BEKTOpPAaMU Y, BCE BEKTOpbI €& BeCOM 1, ¢ eIMHULIAMU B KaKIOM U3 7

paspsAmoB. 3aTeM CYyMMHUPYIOTCS IO MOAYIIO 2 BEKTOPHI € BECOM 2, ¢

MOCIIEIOBATEIIbHBIM MEPEKPBITUEM BCEX BO3MOXHBIX pa3psanoB. Bec BekTopa

€ ONpENeNnseT 4YHMCIO HCIPaBISEMBbIX OWMOOK. YMCIo BEKTOPOB €,

ONPEEACTCS BO3MOXHBIM YHUCJIOM HEMOBTOPSIONIUXCS CUHAPOMOB M PaBHO
K =2“-1 (myneBass KOMOHHAIMS TOBOPUT 00 OTCYTCTBHM OLIMOKH). Y CIIOBHE
HE TIOBTOPSEMOCTH CHHJpPOMAa TO3BOJISIET IO €ro BHAY ONPEACsaTh
COOTBETCTBYOLINM €My BEKTOD E;.

ITo BUIy cMHApPOMA §; NPUHATHIA KOJOBBIA BEKTOP MOXKET ObITh OTHECEH

K OMNPENCIICHHON CTPOKE TaOJIUIlbl COOTBETCTBUS (CMEXKHOMY KJaccy).
IIpuHATHIA KOOOBBI BEKTOP CPABHUBAECTCS C BEKTOPAMH, 3alMCAHHBIMU B
JAHHYIO CTPOKY M B CJIydae COBIAJCHHUS B KaKOM-IMOO U3 CTOJIOIIOB
BBIOMpAETCsl BEKTOP (MCTUHHBIN), PACTIONOXKEHHBIM B MEPBOM CTPOKE TaHHOTO
CTOJIONA.

BeKTopel OMIMOOK € HE JOJUKHBI OBITh PaBHBI HH OJHOMY U3 KOJOBBIX

BEKTOPOB.
3 IlopsiioK BBINOJIHEHUS PadOTHI

Jlannas nabopatopHas paboTa IpeJnosiaracT BBIMOJHEHUE CISTYIONIUX
ATAIOB:

1) M3yunTh MEeTOAMYECKUE YKa3aHUS K JJAOOpAaTOpPHOU padoTe.

2) IlpoiiTu cobecenoBanue ¢ MpernofaBaTeiieM M MOJYyYUTh 3aJJaHHe IS
BBITIOJTHEHUS PAOOTHI.
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3) Iloctpouts mpousBojsAmyr0 mMarpuily G i JUHEHHOro OJIOKOBOIO
KO/J1a, CIIOCOOHOT'0 MCITPABIISITH OJMHOYHYIO OIITHOKY.

4) Jlns 3aJaHHBIX MOCIEA0BATEILHOCTEH HMH(MOPMAIIMOHHBIX CHMBOJIOB
MOJYYUTh KOJIOBBIE BEKTOPA JUHEHHOr0 0JI0KOBOTO KOJIA.

5) Ha ocnoBe matpuiibl-gonoiHeHus P k mopokmaromeit matpuie G
MOJYYUTh CUCTEMY IIPOBEPOK JIJII HAXO0KASHHUS CUHAPOMA.

6) ITocTpouTh IPOBEPOUYHYIO MATPHUILY JUHEHHOTO OJIOKOBOTO
KOJa.

7) Iloka3zaTh mpolecc HCHpPaBICHUS  OJWHOYHOM  OIIMOKM B
IIPOM3BOJIBHOM pa3psJie MOJYyYECHHBIX KOJIOBBIX BEKTOPOB HA OCHOBE CHHJIpOMa
Y IPOBEPOYHON MATPHUIIBI.

8) IlocTpouTh CTaHAAPTHYIO TaOJHUIy JACKOJMPOBAHMS JIMHEHHOTO
OJIOKOBOTO KOJa, TTO3BOJISIIOIIYIO MUCIIPAaBUTh MaKCHUMAaJIbHO BO3MOYKHOE YHCIIO
JIIBOMHBIX OIINOOK.

9) IlokaszaTh IpolecC UCIPABICHHUS ABOMHON OIIMOKH B MPOU3BOJIHEHOM
paspsifie OJTHOTO M3 KOJIOBBIX BEKTOPOB.

10) OdopMuTh M 3aIIUTUTH OTYET IO BBIMOJHEHUIO JIAOOPATOPHOMN
padOTHL.

4 Ilpumep BbINOJHEHHS PA00THI

[TycTh TpeOyeTcs IOCTPOUTh MOPOKIAOIIYI0 MATPHUILy IS JIMHCHHOTO
OJIOKOBOT'O KOJIa, CIIOCOOHOTO MCIPABIATh OJMHOYHYIO OIMIMOKY TIPH Tepeaade
nH()OpPMAIIMOHHBIX BEKTOPOB U3 7 cumBojoB (Hampumep, 0100111,

1101100,1011010).
[Toxydrm MOPOXKAAOUIYI0 MAaTPUILy B PUBEJAECHHOU opMme:
Gy =| En|Pus |

[TockoJyibKy UHCIIO UCTIPABIsEMBIX OMKOOK t = 1, TO KOJOBOE PacCTOSIHUE
TSI IMHEHHOTo 0JI0KOBOTro Koda Oynet d = 2t+1; d=2*1+1=3.

Tak kak nmvHa WHGOOPMAIIMOHHBIX BEKTOPOB m = 7, TO YHUCJIO CTPOK
MOPOKIAFOIIEH MATPUITHI JIMHEHHOTO OJIOKOBOTO KOJ1a JIOJDKHO OBITH paBHO 7.
Yucno cTos010B NOPOKIAIOIIEH MAaTPUIIBI PABHO JJIMHE KOJIOBBIX BEKTOPOB

n=m+Kk;
rae K - 9uciio mpoBEepOYHBIX CHMBOJIOB, KoTopoe mpu O = 3 MOXKeT OBITh
HaiiieHo 1o Gopmye:

k =[Iogz{(m =1)+[ log, (m +1)]}]
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k= [Iog2 {(7+1)+[log, (7 +1)]}] =[log,(8+3)]=4

Orcrona nosryunM n=7+4=11.

Takum 00pa3zoM, HCKOMBIN JIMHEHHBIN 0J10KOBBIN KO sBistercs (11,7,3) —
KOJIOM.

[TockoybKy BeC KaXKJIOW CTPOKH MATPHUIIBI-IOMOIHEHHUS P J0DKeH OBbITh
Wp> d- 1, To B KadecTBe CTPOK MATpPULBI P MpHUMEM YCThIPEX3HAUYHBIC
IBOWYHBIC KOMOMHaruu ¢ guciaoMm eauaun W, > 2. KomOunamuu BwIOEpeM
TaKk, 4YTOOBI YHCJIO E€OWHUI] B CTOJOmMaX Marpuibl P ObUIO OJMHAKOBBIM.
3aaHHBIM TpeOOBaHUAM YAOBJIETBOPAET cieAyrommii Habop: 1111, 1110,
1101, 1011, 0111, 0110, 1001. OxoH4aTeIbHBIA BU MOPOXKIAAIOIIEH MATPULIBI
Oyner:

G7,11 =

O O O o o o~
O O O O o+ o
O O o ok o o
O O o o o o
O O O o o o
O P OO0 o o o
F © © © © © o
R O O F B Rk
o R P O R P F
o P P O PR Bk
R O R, P KB o Bk

[Tonyuum st 3agaHHbBIX KHPOpMaMoHHBIX BekTopoB 0100111, 1101100,
1011010 xomomelie BekTopa nuHelHOro (11,7,3)-koma. ns atoro Hamjgem
3HAYEHMS MTPOBEPOUYHBIX CUMBOJIOB ISl KaXXJA0r0 MH(POPMALMOHHOIO BEKTOPA
MyTeM CYMMHUPOBaHUS MO MOAYJIIO 2 TE€X CTPOK MaTpuilbl P, HOMepa KOTOpBIX
COBIIAJIAOT C  HOMEpPAMH  pPa3psoB,  COJAEpkKAIIMX  C€AUHULBI B
MH()OPMALIMOHHBIX BEKTOPaX:

1) 0100111: 2)1101100: 3)1011010:

1110 1111 1111
0111 1110 1101
57 57 S
0110 1011 1011
1001 0111 0110
0110 1101 1111

OTcro/ia ICKOMbBIE KOZIOBbIE BEKTOPHBI OyAyT: X, = 01001110110; X, =
11011001101; X, = 10110101111.
3anuiineM CUCTeMY IIPOBEPOK JIJIsl HaliJIEeHHOW MaTpUIlbI P:
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P, @; pi% =S (1=12,...k).
CucreMa poBepok OyZieT UMETh CJIeIyI0IUI BU/:
PEXDX, DX DX, DX, =3,
P, DX DX, DX, DX, DX, =S,
P,EX DX, DX, DX DX, =S;,
P,EXDXDX, DX DX, =S,.
Jliss Toro 4toObl 3HATh, Kakasg KOMOMHAIusA cugapoma S Oyzer

COOTBETCTBOBATh OIITUOKE B OIpPEEIEHHOM pa3psijie IMPUHATOTO KOJIOBOTO
BEKTOPA, IIOCTPOUM IIPOBEPOYHYIO MATPUILy IMHEMHOTO O6JIOKOBOTO KOZia:

I’k,n :[Pnl—,k ‘Ek]
TpaHcoHHMpOBaHHAs MaTPHUIlA-ZIONIOIHEHHE P Oy/ieT BBITJIAZIETD
CJIETYIOIIM 00pa3oM:

(1111011
1110110
1101100

1011101 |

T _
P7;4 -

OTcrozia MpoBepoYHasi MaTpHUIla JUHEHHOTO OJI0KOBOTO Ko/ia OyaeT
X1 X5 X %y X xg x7 Py Py Py P

12 2 "4 5 2 4

11 11001 12000

11 1011010100
H 4;11 =

11 01110 00120

10 1110110001

[IpennosoKuM, YTO B TEPeJaHHBIX KOJIOBBIX BEKTOpax
W30ILIN CJeyIole OMMOKU (BbIAEIEHbl HOJMYKUPHBIM HIPUPTOM): X;=
01001010110; x» =11111001101; x3 = 10110101101.

Haiizlem coryiacHO TOJIyYeHHOU CHCTeMEe IMPOBEPOK I KaXKOro
IIepeJaHHOI0 KOJOBOIO BeKTopa cuHaApoM S =[S : S 2 ..Sk]:

1). /711 KOmOBOIroO BEKTOpa X;:
Xl X2 X3 X4 X5 X6 X7 Pl P2 P3 P4
ol oofpx of 0o 1 |0
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(00091900 081=0,
100100010 0=1,
100100010 0=1,
0000210 1=0.

CI/IH,ZLpOM 0110 TIIOKa3bIBa€T, YTO 3HA4Y€HHEe CHMBOJIa xe CJIeAYET
3aME€HUTDH Ha IIPOTHUBOIIOJIOXKHOE.

2). JIJ11 KOJOBOTO BEKTOPA Xo:

Xl X2 X3 X4 X5 X6 X7 Pl P2 P3 P4
1 1 1 p 1 O o0 1 o0

1910101010 0=1,
1910101010 0=1,
01010 0®1=0,
1e1el®l®l®0=1.

CunzipoM 0110 MMOKa3bIBAET, UTO OIIMOKA IIPOU30IILIa B CUMBOJIE X3.
1) JIJ1s1 KOZIOBOTO BEKTOpaA Xa:

Xl X2 X3 X4 X5 X6 X7 Pl P2 P3 P4
1 o1 1 01 O 1 1 01

1010001010 0=0,
1910001000 1=0,
0leol®le0®l=],
121010100©0=0.

CuHZpOM 0010 MOKa3bIBAET, UTO 3HAUEHHE CHUMBOJIA D3 SBJIAETCA
OIIMOOYHBIM.

S BapuaHTsl 3a1aHuil

Howmep BapuanTa omnpeiesseTcs Kak IOps/IKOBbIN HOMED CTYy/IEHTA B
JKypHaJie IIpenojiaBaTeis

Tabyimna 2 — BapuaHThI 3a7aHUl AJ1s1 IOCTPOEHUS] JTUHEHUHBIX OJIOKOBBIX
KOJIOB



BapuanT MuadopmaimoHHble BEKTOPHI

1 10111010 11010101 10101011
2 00010100 00001101 00100010
3 10010100 00110001 10011101
4 00011110 01100000 00100010
5 11100011 00011111 10011101
6 01001010 00110010 01000100
7 10001011 00001101 11010001
8 00010101 10001110 01111001
9 11011110 10110001 10100001
10 01000010 10011110 01011101
11 11000011 11000001 10011101
12 00011010 11010100 00101010
13 10000111 11000110 10010001
14 00001110 10011100 00010011
15 10011100 00110101 11011101
16 00101100 00101000 11000100
17 00010111 11101110 00010001
18 10110100 01011001 11000100
19 00010011 10000110 11100011
20 00101110 00100100 01101000
21 10101101 11010000 01100011
22 10000110 00100100 00011000
23 00000101 11100100 01111011
24 00000110 00100110 01010101

6 KOHTpOJIBHBIe BOIIPOCHI

1) Kakuie moMexoyCcToiNdnBbIe KOBI Ha3bIBAIOT OJIOKOBBIMU?

2) Uto Takoe paccTossHHe X3MMHUHIa?

3) UTo Ha3bIBAIOT KOJOBBIM PACCTOSTHUEM?

4)Kakue KopI Ha3bIBAIOT JIMHCHHBIMU OJIOKOBBIMU ?

5) Kak ompeaensieTcss KOAOBOE PACCTOSHHE IS JIMHEHHOro OJIOKOBOTO
Koja?

6) Kak ¢ momoImpio MOPOXKIAIOIICH MAaTpUIICH JHHEHHOTO OJO0KOBOIO
KOJIa OCYIIECTBIISIETCA KOAUPOBAHUE MH(DOPMAITMOHHBIX CJIOB?

7) Uto Takoe COBEpIICHHBIC KOIbI?

8) Kakmmum cooOpakeHHSIMU PYKOBOJCTBYIOTCS TPH  IOCTPOCHUU
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MAaTPUIIBI-IOMIOTHEHUS ISl TIOPOXKIAIONICH MaTpHUIlbl JUHEUHOTro OJIOKOBOIO
Kkona?

9) Kak ¢ moMOIIpl0 MPOBEPOYHON MATPHUIIBI JIMHEHHOTO OJOKOBOTO KOJIa
MOYHO ONIPEACIUTh NPUHAJICKHOCTH KOJIOBOTO BEKTOPa JaHHOMY KOy ?

10) Uro mOHUMAIOT TOJ CHHIPOMOM NPH JECKOJUPOBAHUHU JIMHEHHBIX
OJIOKOBBIX KOJOB?

11) Kakum oOpa3oM CTpOHMTCS CTaHIapTHas TaOaWIa JICKOJIUPOBAHUS
JUHEWHOT0 0JIOKOBOTO KOJIa
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JlabopaTtopnas padora Ne7
«IlocTpoenue koaa XoMMHUHIa IJIsl O0OHAPYKEHHUSI M UCTIPABJIEHUS
OJAMHOYHBIX OIIHO0K»

1 leanb padoTnl

- TIPUOOPECTH YMEHHE CTPOUTH KOJA XAMMHHIa sl OOHApyXEHUS U
UCIIPaBIICHUS OJJTMHOYHBIX OIIMOOK B KOJIOBBIX CJIOBAaX.

2 OcHOBHBIE TeOpeTHYECKHE CBeAeHUA

Cucmemamuueckue  KoObl  TIPEACTaBISAIOT  cOo0OM  OJIOKOBBHIC
KOPPEKTUPYIOIIE KOJbI, B KOTOPHIX HH(POPMAIMOHHBIE W IPOBEPOUYHBIC
CHUMBOJIBI PAacCHOJIOKEHBI MO CTPOro ONPEACICHHOM CHUCTEME M BCerjaa
3aHMMAIOT CTPOIO OIPEACICHHBIC MECTa B KOJIOBBIX CJIOBaX.

Hamnbomee wW3BECTHBIMH CHCTEMAaTHYECKUMH KOJAMH, ITOJTYYHBITUMH
HIKPOKOE MPAKTUYECKOE MPUMEHEHME, SIBISIOTCA KOAbI XoMMuHza.

JIBOMYHBIN KO XAOMMHUHTA CTPOUTCS CISAYIOIIUM 00pa3oM:

1) OnpenensieTcst YUCI0 K MPOBEPOYHBIX CHUMBOJIOB U3 YCIIOBUS:
2>m +k+ 1; rne m - uncno uHGOPMAIMOHHBIX CUMBOJIOB.

2) BriOuparoTcss MecTa pacIojiOKEHHsS IIPOBEPOUYHBIX CHMBOJIOB U3
yYCJIOBHS, 4YTOOBI TPOBEPOYHBIE CHUMBOJIBI YYaCTBOBAIM TOJBKO B OJHOM
OIepalyy MoACYETa YETHOCTH C LEJBI0 YIPOIICHUS MPolecca KOAUPOBAHHS.
TakumMu MecTaMu SBJISIIOTCS CHUMBOJIBI C HOMEpPAMH, SIBIISIIOIIUECS IEJIbIMU
creneHsMHu yucia 2, T. €. 1,2 4, 8, 16 u 1. 1. CUMBOJIBI B KOJIOBBIX CJIOBaX
X3MMUHTa HYMEPYIOTCS CJI€Ba HAIIPABO.

3) Omnpenendrorcss 3HAYEHHS CUMBOJIOB  CJIOBA, Ha3bIBAEMOTO
CUHOPOMOM:

SkSk-h..S25n
U3 YPABHEHUU
S;=XD®X, DX DX, ®D...=0,

T.€. CKJIAJBIBAIOTCS IO MOIYJIIO 2 3HAYEHHUS TE€X CHMBOJIOB, JBOWYHOC

IpeJICTaBICHUE HOMEPOB KOTOPBIX cojaepkaT 1 B MocieaHEM pa3psijie:
S,=X,®XEX DX, D...=0,

T.€. CKJIQJIBIBAIOTCS 3HAYEHMSI T€X CHUMBOJIOB, JBOMYHOE IPE/ICTABJICHUE

HOMEPOB KOTOPBIX cojiepkaT 1 B mpearocieaHeM pas3psijie.

AHanornuyHo MMOJIYHarOTCsd BBIPAKCHHUA TJII HAXOKICHUA 3HAYEHUU
S5, S,
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Taxk:

S;=X,®X DX DX, D...=0;
S4:X8®X9®X10@X11@"-:0;
TJ€ X1, X2, X3, X4,... - 3HAUEHHUSI CHMBOJIOB ¢ HOMepamu 1, 2, 3, 4,...

MecrononoxeHnrue OmuOKH, TO €CTh ONPEICICHUE CUMBOJA C OIMIMOKOM
OCYIIECTBIIACTCS MO 3HAYCHHIO CHUHApPOMA. ECIM CHHIPOM COCTOUT OJHHUX
HYJIEH, T. €.

$,S, ;...S,S,,=00...00,,
TO OImMOKa OTCyTCTBYeT. Eciii B cMHIpOME €CTh CUMBOJIBI, OTJIHYHBIE OT 0, TO
ATO TOBOPHUT O Hamuuum ommbOku. Hampumep, ecan S4S552S1 = 1000, to a0
O3HA4yaeT, YTo OIMOKa COJEPKHUTCS B BOCBMOM CHMBOJIE, TaK Kak 819 =
1000..

JlpyruMu cloBaMH, CHHAPOM B KOJE XOMMHHIA OIpEIeIseT HOMEp
cuMBoJja ¢ ommokoi. Mcnpasnenue ommbOku ocymectsisiercs 3amenoi 0 Ha 1
a16o Haobopot 1 Ha 0.

Jl1s1 micripaBiieHUsT OTMHOYHOU M OOHAPYKEHHS TBOMHOM OIMTNOKH, KPOME
IIPOBEPOK IO CHHIPOMY, CIEAYET IMPOBOJIUTH €Il OJIHY IMIPOBEPKY HA YETHOCTh
JUIST  KaXJO0ro KOJOBOTO cjoBa XA3MMHUHTa. UTOOBI OCYIIECTBUTH TaKyrO
MIPOBEPKY, CIEAYET B KOHIE KaXIO0T0 KOJOBOTO CIOBa JOOABUTH MPOBEPOUHBIN
CUMBOJI TaKUM 00Opa3oM, 4TOOBI CyMMa €IWHHMI] B TOJYYCHHOM CIIOBE BCETa
Obl1a yeTHOM. Torga B ciyuae o HO#M OMMOKHK MPOBEpKa MO0 CUHIAPOMY YKaKET
HOMEpP OIIMOOYHOTO CHMBOJIA, @ TPOBEPKAa HA YETHOCTh YKAKET HAIN4YUe
omuOku. Ecnm mpoBepka Mo CHHAPOMY YKa)XX€T HAa HaJIWMYKWe OIMMOKH, a
IpPOBEpPKa Ha YETHOCTh HE (HUKCHPYET OMMOKY, TO B KOJOBOM CJIOBE
MPUCYTCTBYIOT JIBE OITHOKHU.

3 IlopsiiOK BBINOJIHEHUS PadOTHI

JlanHas nabopatopHas paboTa TpeAnoyaraeT BHIITOJIHEHUE CIIETYIONTUX
ATaIlOB:

1) M3yunTh MeTOAMYECKUE YKa3aHUS K JIAOOpAaTOpHOU padoTe.

2) IlpoiiTu cobecenoBanue ¢ MpenoaaBaTesieM U MOJYyYUTh 3aJaHue IS
BBITIOJIHEHUS paOOTHI.

3) Jnst 3agaHHBIX KOJIOBBIX CJIOB MMOCTPOUTH KOJIOBBIE CJIOBAa X3MMUHTA.

4) OcylecTBUTD MPOBEPKY pabOTOCIOCOOHOCTH KOJA ITyTeM M3MCHCHHUS
3HAYEHUS OJTHOTO U3 CUMBOJIOB B JIIOOOM KOJIOBOM CJIOBE€ X3MMUHTA.

5) OdopMuUTh M 3aMUTUTH OTYET MO BBIIMOJIHEHHUIO J1a0OPAaTOPHOU
pPabOTHI.
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4 Ilpumep BbINOJHEHHSI PA00THI

[Iycth TpeOyercsl MOJyYuTh KOJOBOE CJIOBO XAMMUHIA JIsl ABOMYHOIO
kogoBoro cioBa X =011111.

PaccmarpuBaeMoe KOJOBOE CJIOBO COJEPKHUT IIECTb WUH(POPMAIIMOHHBIX
CHUMBOJIOB, TO €CTh m = 6. UKCIIO MPOBEPOUHBIX CUMBOJIOB OMPEACIISIETCA U3
yenosus 25 > m + k + 1. IIpy 5TOM MHHUMAJIBHOE YHCIIO IPOBEPOYHBIX
CHUMBOJIOB K, IIPH KOTOPOM BBIIOJIHACTCS JJAHHOE ycioBHe, OyneT K = 4, Tak
Kak 2°= 16 >6 +4+1 =11,

CnenoBarelnbHO, KOZOBOE CI0BO XoMmuHra ans cioBa x = 011111 Oynmer
conepxarb 10 cumBosioB, TO ectb n = 10. Ilpu >TOM NOPOBEPOUYHBIMU
cumBogamu Oyayt 1, 2, 4, 8, a uHPOPMAIMOHHBIMH CHMBOJIAMHU
COOTBETCTBEHHO OyayT 3, 5,6, 7, 9, 10.

[IponomMepyeM u 3anuiineM 3HaueHUuss UHHOPMAIIMOHHBIX CUMBOJIOB.

k1 Ka mx K, my m; Ms ks s s
0 1 1 1 1 1

OmnpenenuM 3HaYCHHUS TPOBEPOYHBIX CHMBOJIOB. 3HAYCHHE CUMBOJIA K1 =
X1 OIIPELIENAETCS U3 YCIOBUA:

S, =XDXDX DX, DX, =0;

S,=x00010101=x ©1=0.

Orcroma k, =x, =1.

3HA4YEHUs CUMBOJIA K, =X, OIIPEAEISIETCS U3 YCIOBUS:

S,=X%@XDX DX DX, =0;

S,=X,®001®1®1l=x,D1=0.

Orcrona k, =x, =1.

3HAYEHUs CUMBOJIA K2 = X4 OIPENEIAECTCS U3 YCIOBUSL:

S;=X,OX DX DX, =0;

S;=X,01®1®1=x,®1=0.

Orcrona k, =x, =1.

3HaueHre CUMBOIIA K4 = Xg OTpenesieTcst U3 YCIOBUS:

Sy =% DX ®x,=0;

S,=%®1®1l=x,=0.

Orcrona k, =x; =0.
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B urtore xomoBoe cioBo X3MMUHTA JUIA KomgoBoro ciioa X = 011111
oyner umetb Bua X, =1101111011.

[IpoBepum paboTy Koma XOMMHUHTA, 3aMEHUB B TOJYYEHHOM KOJOBOM
CJI0BE 3HAUCHHE OJHOI'O0 M3 CHMBOJIOB, TO €CTh BBEJIECM OJMHOYHYIO OINMHOKY B
KOJIOBOE CJIOBO XAMMHHTa. Hampmmep, 3aMeHMM 3HAYCHHE ISTOIO CHMBOJIA
cioBa ¢ 1 wa 0, Tto ectp BMectOo Xy = 1101111011 npumem x, =
1101011011.

OnpenenuM 3HaYEHHUST CUMBOJIOB CHHApoMa S1, S2, S3, S4. Jlusg atoro
MIPOHOMEPYEM CHUMBOJIBI KOJOBOTO CJIOBa XOMMHUHTA!

X1 X2 X3 X4 X5 [Xe X7 [Xg X9 X10
1 1071 0@1 10141

OTcroia 3HaYEHUsI CUMBOJIOB CUHAPOMa OyayT:

S,=XDXDX DX, DX =1000001D1=],

S,=X,®XOX DX, DX, =1000101D1=0;

S;=X%@XOX®X, =1000101=1,

S;=X%PX, DX, =001D1=0.

Takum 00pazoM, CUHAPOM UMEET CIIETYIOUINI BUA:

8433 5231 = (0101.

[Tockonbky 01012 =519, TO OMIMOKA COAEPIKUTCS B IATOM CUMBOJIE, UTO U
TpeOOBAIOCH MPOBEPUT.

S BapuaHThl 3a1aHU#
[lycth TpeOyeTcs MONYyYUTh KOJOBBIE BEKTOPHI XAIMMMUHTA JUISI KOJOBBIX

CJIOB, NpuBEAEHHbIX B Tabnuue 1. Homep BapuanTa omnpenensercs Kak
NOPSAKOBBINM HOMEDP CTYAECHTA B KypPHAJIE MPETO1aBaTEIs.

Tabnuua 1 — BapuanTsl 3ajaHuil AJ1s1 TOJYYEHHS KOJIOBBIX CJIOB X3MMUHIA

Bapuant |[lepenaBaeMbie KOJOBBIE CII0BA

1 0111010 1101010 0101011
2 0001010 0001101 0010001
3 0010100 0011000 0011101
4 0011110 0110000 0100010
3) 1100011 0001111 0011101
6 1001010 0011001 0100010
7 0001011 0000110 1010001
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8 0010101 1000111 1111001
) 1011110 1011000 0100001
10 1000010 1001111 1011101
11 1000011 1100000 0011101
12 0011010 1101010 0101010
13 0000111 1000110 1001000
14 0001110 1001110 0010011
15 0011100 0011010 1011101
16 0010110 0101000 1100010
17 0001011 1101110 0001000
18 1011010 1011001 1100010
19 0001001 0000110 1110001
20 0010111 0100000 1101000
21 1010110 1010000 0110001
22 1000011 0100100 0001000
23 0000010 1100100 0111101
24 0000011 0100110 1010101

6 KoHTpoJibHBIE BONIPOCHI

1. Kakue Ko/ipl Ha3bIBAIOT CUCTEMATUUCCKUMMU ?

2. CKoJIbKO OLIMOOK CcMocoOeH OOHAapyX UBAaTh M UCHPABIATh KOJ
X3mMmuHra?

3. Ilo kakoMy mpaBWIy OMNPEICIAIOT YUCJIO MPOBEPOUYHBIX CHUMBOJIOB B
KoJe XOMMHHTA?

4. B Kakux MecTax pacnoyiaratoTcsi IPOBEPOUYHBIE CUMBOJIBI B KOJIOBBIX
cinoBax X3>MMUHra?

5. Tlo xkakoMy TIpaBWIy CTPOATCS ypaBHEHUS [JI1 HAXOXICHUS
MIPOBEPOYHBIX CUMBOJIOB B KOJIe X3MMUHTa?

6. Kakyro wuHbopmManuioo 0pu JEKOJUPOBAHMM KojJa XAIMMUHra IaeT
CUHApOM?

7. Kakum oOpa3oM oOecrieunBaeTcsi 0OHApy>XEHUE JBOMHBIX OIIMOOK B
KOJIOBBIX CJIOBaxX XAMMUHTa?
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JlabopaTtopnas padora Ne§
«OmnpeaesieHue NPOMYCKHON CIIOCOOHOCTH JUCKPETHOI0 KAHAJIA CBA3HU C
oMexaMm»

1 Leanb padoTnI

-  TpPUOOpECTH YMEHHE PACCUUTHIBATh MPOIYCKHYIO CIIOCOOHOCTH
JTUCKPETHOTO CHMMETPHYHOT'O KaHaja CBSI3H IMPH HAJTUIUHU ITOMEX.

2 OcHOBHBIE TeOpeTHYECKHE CBEAeHUA

[lon kananom ceéa3u TOAPa3yMEBAECTCS COBOKYIHOCTh CPEJCTB,
MpeJHa3HAYCHHBIX IS mepegadyd HH(pOpMalud OT JAaHHOTO HCTOYHHKA
coOOIIIeHUH K ajapecary.

Ecnu curHanel Ha BXOJI€ W BBIXOJAE KaHajla MPEACTaBISIOT COOOM
MOCJIEI0BATEIbHOCTH CUMBOJIOB, COCTaBJICHHBIE U3 aihaBUTOB A U B, TO TaKou
KaHaJl HAa3bIBACTCSI OUCKPEHIHbBIM.

Hannume momex B KaHalle CBSI3M MPUBOJUT K TOMY, YTO MOCJIaHHBIN
CUTHAJI C BEPOSITHOCTSIMH, 3aBUCSIIIMMH OT CAMOTO KaHalla, MOXKET MePeXOUTh
B pa3JIMYHbIC BHIXOJHBIE CUTHAJIBI.

Mopgenr,  OUCKpeTHOrO  KaHajga  3ajaHa, eclIM Il JII0OBIX
MOCJIEAOBATEILHOCTEN  MepellaBaeMbIX  CHUMBOJIOB  YKa3aHO  IPaBUIIO
BBIYUCJICHUS] YCJIOBHOW BEPOSTHOCTH p(a\b). YcnoBHBIE BEPOSATHOCTH KaHaja

3aIlMCHIBAIOT B BUJIC KAHAIbHOU mampuubl.

p(afo,)p(ab,)-.p(alb,) |
P(a\b) — p(az\bl) p(aZ‘bz)'“p(aZ‘bn)

p(a,b)p(a b, )bl b,)

B ycioBusIX OTCYTCTBUSI IOMEX CKOpPOCHIb hepedauu UH@opmayuu 1o
KaHaJly CBSI3U OMNpEIEseTcd KOJIUYECTBOM HH(POpPMAIMU, NEPEHOCUMBIM
CHUMBOJIOM COOOIIEHHUS B €IMHUILY BPEMEHH, U paBHA!

V =nH, 0ur/cex.;

I7I€ 71 - KOJUYECTBO CUMBOJIOB, BhIpa0aThIBAEMbIX HCTOUHUKOM COOOIICHUH 32
€AUHULLY BpEMEHU; [ - SHTPONUS UCTOYHUKA COOOIICHUH.

CkopocTh mepenayud  uHOpMalMM — TakKe  MOXKET  OBITh
IpecTaBiIeHa KaKk
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V =H/r,, our/cek.;
IJIe 7- BpeMs Mepeladyd OJJHOTO IBOMYHOTO CHMBOJIA.

Takum oOpa3oM, CKOpPOCTh mepenadud HWHOpMAIMK ONpeaenseTcs
OTHOCHUTEJIBHO MTEPBUYHOTO ajipaBUTa U 3aBUCHUT OT €r0 SHTPOIIHUH.

Ilponycknaa cnoco6nocmp KaHajla CBS3HU - 3TO MaKCHUMaJlbHas CKOPOCTh
nepenayu nHGOPMAIIMH 110 JaHHOMY KaHAITy.

[Ipu oTcyTCTBUM TIOMEX BBIpAXEHHE JUIA IPOIYCKHOM CIIOCOOHOCTH
OTJINYAETCS OT BBIPAKCHUS JIJII CKOPOCTH TE€M, YTO MPOIMYCKHYIO CIIOCOOHOCTh
XapaKTepru3yeT MaKCUMaIbHas SHTPOTIHS:

C=nH,_, =n-log,q, Out/cex.;
r7e ( - OCHOBaHUE KO/Ia.

[Ipy HamMuuu TIOMEX TMPONMYCKHAsl CIIOCOOHOCTh KaHajda CBS3H
OTpEeIEeTACTCS CICIYIONUM 00pa3oM:

C=n[H(A)-H(A[B)|=n|[H(B)-H(B|A)], 6ur/cex.;
rne H(A), H(B) - HTpOIMU UCTOYHHKA WM TOJydaTeas cooOuuenuit; H(A\B),
H(B\A) - ycinoBHbIE DOHTPOIUKM HCTOYHUKA COOOIICHHH OTHOCHTEIbHO
MOJTy4aTessl ¥ TOJIydaTes sl OTHOCUTEIIBHO HCTOYHHUKA.

3 IlopsiiOK BBINOJTHEHUS PA0OTHI

1) U3yunTh METOIMYECKHUE YKa3aHUS K Ja00paTOpHOM padoTe.

2) Ilpoiitn cobecenoBaHue ¢ MPEIoaBaTesieM U MOJTYUYUTh 3aJlaHue JJIs
BBITIOJTHEHHS PAaOOTHI.

3) OmnpenenuTh 3HAYEHUS COBMECTHBIX BEPOSITHOCTEM M TMOCTPOUTH
MaTpHUIy COBMECTHBIX BEPOSITHOCTEN I 00bEAMHEHHON CUCTEMBI.

4) OmpenenuTh YyCIOBHBIE BeposTHOCcTH Buaa P(a\b) m mocTpouTh
COOTBETCTBYIOIIYIO MAaTPHUIlY YCIOBHBIX BEPOSTHOCTEH.

5) HaiiTu 0e3ycioBHbIE SHTPONUU UCTOUYHHUKA U TTOTY4YaTENs] COOOIICHUN,
a TaK)Ke YCIIOBHBIE SHTPOIHH.

6) OnpeaenuThb MPOMyCKHYIO CIIOCOOHOCTh TUCKPETHOTO KaHaja CBSI3U.

7) OdopMHUT, W 3alIUTUTH OTYET IO BBINOJIHEHHUIO J1a0OPaTOPHOM
padoTHI.

4 TIpuMep BbINOJTHEHUS PAGOTHI

[lycth TpeOyeTcs onmpeAeanuTh MPOMYCKHYI0 CHOCOOHOCTh KaHalla CBSI3U
sl AByX cucteM A (MCTOYHWUK) U B (modyuartenb), €CIU HW3BECTHBI
BEPOSATHOCTH TOSIBJICHUSI CUMBOJIOB B COOOINEHUSX HA BBIXOJIE CHUCTEMBI A:
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p(a1) =0,1; p(az) = 0,4; p(az) = 0,5 u MaTpuLa yCIOBHBIX BEPOSATHOCTEH:

1 0 0
P(bla)=|0.250.75 0
0 02 08

Takke M3BECTHO, YTO KaXKJbIH CHUMBOJI COOOIICHHUI BbIpaOaThIBACTCS 3a
0,01 cek.
Pemenue
Havinem 3HaueHUss COBMECTHBIX BEPOSITHOCTEW U IIOCTPOUM MATPHUILY
COBMECTHBIX BEPOSITHOCTEH 111 00BEAMHEHHON CUCTEMBL:

p(a.b)=p(a) p(bfa)=011=0.1;
p(a,.0)=p(a,) p(bla,)=0.4-0.25=0.1;
p(a.b,)=p(a)- p(bifa;)=05-0=0,
p(a.b,)=p(a) p(b,[a,)=0.1-0=0;

. p(a,b,)=p(a,) p(b,|a,)=0.4-075=0.3;
p(a;.b,)=p(a;) p(b,]a,)=0.5-0.2=0.1;
p(a,b;)=p(a)- p(bs[a,)=0.1-0=0;
p(a,.b,)=p(a,)- p(b,ja,)=0.4-0=0;
p(a:.b;)=p(a;)- p(bs|a;)=0.5-0.8=0.4;

01 0 O
P(a,b)= 0103 0
0 0104

Haiinem BepOSATHOCTM TIOSBJIEHUS CUTHAJIOB Ha BXOJE CHUCTEMBbI B
CYMMHPOBAHUEM CTOJIOLIOB MOJYYEHHOW MaTPUIIbL:
p(b)=0.1+0.1=02;

p(b,)=0.3+0.1=0.4;
p(b;)=0.4.
> p(b)=02+0.4+04=1.

Hailinem  ycnosmble — BepostHocTH — Buaa  p(bla)u  mocTpoum

COOTBETCTBYIOIIYIO MATPUILY YCIOBHBIX BEPOATHOCTEM:
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p(a,b)=p(a.b)/ p(b)=0.1/0,2=05
p(a,.b)=p(a.b,)/ p(h,)=0/0.4=0;
p(a;,b)=p(a,b,)/ p(b,)=0/0.4=0;
p(a.b,)=p(a,b)/ p(b)=0.1/0.2=05;
p(a,.b,)=p(a,b,)/ p(h,)=0.3/04=0.75
p(a,b,)=p(a,.b,)/ p(b;)=0/0.4=0;
p(ay,b;)=p(a;,b)/ p(b)=0/02=0;
p(a,.b;)=p(a;b,)/ p(b,)=0.1/0.4=0;
p(a.h;)=p(asb;)/ p(b,)=04/0.4=1

05 0 O

P(a,b): 05 075 0
0 0251
Otcroga 0e3yCIOBHbIE SHTPONMU WCTOYHHMKA W MOJIYy4YaTessl COOONIEHUM

OynyT:
H(4) =- (0,l log20,1 + 0,4 log20,4 + 0,5 109,0,5) = 0,332 + 0,528 + 0,5 = 1,36
OUT/CUMBOIJI,
H(B) = - (0,2 10g.0,2 + 0,4-log20,4 + 0,4 10g.0,4) = 0,464 + 0,528 + 0,528 =
1,520 6mut/cuMBOII.

Y cnoBHBIEC SHTPOIHH OYIYT:

H(A\B) = =>"> p(b)p(ao; )log, p(ab;)=-[0,2 0,5 l0gz0,5 + 0,4(0,75-10g.0,75
i

+ 0,25-10920,25)] = 0,3244 + 0,2 = 0,5244 6Gut/cUMBOI;
H(B\A) ==>">"p(a) p(b;[a )log, p(b;|a) = - [0.1*1*log>1 + 0,4(0,75 *l0og20,75
i

+ 0,25410920,25) + 0,5(0,84+10g-0,8 + 0,24109.0,2)] = 0,3244 +
+0,2=0,3244 + 0,3610 = 0,6854 but/cumMBoII.
[IponyckHasi cCIOCOOHOCTH KaHalla CBSI3U OYyIET:
C =n[H(A) - H(A\B)] = 100(1,36 - 0,524) ~ 8,3 out/cek; nnm
C =n[H(B) - H(B\A)] = 100(1,52 - 0,685) ~ 8,3 out/cek.

S BapuaHThI 3a1aHUH

Howmep BapuaHTa omnpenensiercs: Kak MOPSAAKOBBI HOMED CTYJICHTa B KypHAJIE
MPEINOIaBaTEINs

Tabnauma 1 — BeposSTHOCTH TMOSIBICHUS CHMBOJIOB B COOOIIEHHUSAX Ha BBIXOJIC
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HMCTOYHHKA
Bapua CumBogbl andaBuTa Bapua CumBoBI andaBuTa
HT ai a 2k! a4 HT ai a as a4
023027039 011 ] 13 | 0,24 0,16 | 0,28 | 0,32
021032009038 14 | 015|041 | 0,35 | 0,09
0,18 1 042 | 025 0,15 15 | 0,25 0,35 0,09 | 0,31
0,08 026032034 16 | 040 |0,17 | 0,20 | 0,23
037,013 009 041 | 17 | 0,40 0,10 | 0,17 | 0,33
0,16 1 031 1024 029 | 18 | 0,36 | 0,08 | 0,14 | 0,42
0,10 ,040 031 /0419 19 |0,19 /0,31 | 0,08 | 0,42
024 027016 | 033 | 20 | 034 0,18 | 0,26 | 0,22
0,15, 025042 | 0,18 | 21 | 031 0,19 | 041 | 0,09
0,17 | 042 1 033 /008 | 22 |037 0,15 ]| 0,23 | 0,25
0,40 { 0,30 | 0,08 | 0,22 | 23 | 0,22 | 0,08 | 0,29 | 0,41
0,26 1 0,31 1024 10,19 | 24 |0,12 | 0,30 | 0,18 | 0,40

(=
ol o©eN oo Wi

Tabnuia 2 — MaTpuIibl IEpeXO/IHBIX BEpOATHOCTEH P(bla)

Bap. | Ilep. | IIpunsteie cuMmBoasnl | Bap. | Ilep. | IIpuHsITBIE CHMBOJIBI
cumi. by | by [ bs | by cumi.| by | by | bs | b
1 a. 1095 0,03 0,02 O 4, az 10,98 0,02 O 0
/ a 10,02 097 0,01 O 10, a 10,03 096 0,01 O
13 az 0 0O 0,99 0,01/ 16, as 0O 0,02 0,94 0,04
19 as 0O 0,02 0,04 094, 22 as 0O 0,01 0,02 0,97
2 as 1097 0,02 0,01 O 5, a\ 10,94 0,03 0,02 0,01
8 a 10,02 098 O 0 I1, a 10,01 099 O 0

14 | a3 0 00209 00317, | a3 | 0 0,03 0,96 0,01
20 | aa O O 00109923 | as | 0 0,01 0,04 095
3 a 109 003001 0 | 6, | az (099001 0 O
9 a; 100309 002 0 |12, | a |0,02 0,94 0,03 0,01
15 | a3 0 00109700218, | a3 | O 002098 O
21 | aa O O 0020924 | as | O 0,01 0,03 0,96

6 KoHTpoJ/ibHBbIE BONPOCHI

1) UTo moHUMAIOT MO/ KaHAJIOM CBSI3H?

2. Kakue kaHaJbl CBSI3M HA3bIBAIOT JUCKPETHBIMU ?

3. Kakum oOpa3oMm 3a7aloT OMUCAaHHWE AUCKPETHOTO KaHajla CBSI3U C
noMexamu?

4. Kak onpeaensitoT CKOpOCTh nepeaayn uHGOpMaIuu Mo AUCKPETHOMY
KaHaly CBsI3U?
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5. UTo Takoe MpoIycKHas CIIoCOOHOCTh KaHaya CBsI3HU?

6. Kak ompenensercss mpoImycKkHas CIOCOOHOCTh JUCKPETHOTO KaHalsia
P OTCYTCTBHUU MTOMEX?

7. Kak ompenensercss mpomycKHasi CIOCOOHOCTh AUCKPETHOTO KaHaja C
roMexamu?
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