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HMucuumunaa «Teopus uHdopmaiuuy usydaercs: cryaeHtamu HanpasiaeHus 10.03.01
Nudopmarmonnas 6e30macHOCTb.

Teopus wHbOpMaMKM SBIASETCS OJHUM W3 BaXHBIX KypCOB ISl TOATOTOBKHU
OakanaBpoB, Oymymias mpodeccruoHaNbHas NEITEIHHOCTh KOTOPBHIX CBSA3aHA C MPOIecCaMu
00pa®oTku U 3ammThl HHGopMaruu. Teopus mHpOpMaLKU CBA3aHA C U3YYCHHEM CHCTEM
o0paboTkM ® mepemadyd  MHGOpPMAIMK, W3MEPEHHEM KOJMYeCcTBa HH(OpPMAIIHH,
KoaupoBaHWeM. Teopus WHPOpPMAIMKM pelIaeT TaKHe TEOPETHUECKUE BOIPOCH Kak,
KOJIMYECTBEHHAs] OlleHKa wuHpopManuu;, aHanu3 WHOOPMAIMOHHBIX XapaKTEPUCTHK
MUCTOYHUKOB COOOIIEHU M KaHAJOB CBSI3M W BBISIBICHHE BO3MOXKHOCTH KOJWPOBAHUS U
JEKOANPOBAHUS COOOIIEHNH, OOECIEeYNBAIOIINX MaKCHMAIBHO JOMYCTUMYI CKOPOCTh
nepesay COOOIICHNH Mo KaHaly CBSI3U C IIOMEXaMH U 0e3 TOMeX.

JlaHHbIE METOAMYECKHE YKa3aHUs MpeIHA3HAUYCHbI JIJIsi MPOBEJCHUS JIa0OpaTOPHBIX
paboT no kypcy «Teopust unpopmarumy 111 cTyAeHTOB HanpapieHus noarorosku 10.03.01
Nudopmarmonnas 6e30macHOCTh. MeETOIWYECKHE YKa3aHHUSA COACPKAT TEOPETUUCCKUE
CBEJICHUS, 3aJaHKS U BOIIPOCHI IS CaMONPOBEPKH. Bompock! 1 3agaun, paccMaTpuBacMble
B JIaHHBIX METOJIWYCCKUX YKa3aHUAX, SBISIOTCS BaXHBIMH I (OPMUPOBAHUS
MpoQEeCCUOHANIBHBIX KOMIETEHIMN Oyyiiero crnenuaiiucta B chepe MHGOPMAIMOHHON
0€30IMacCHOCTH.



JIABOPATOPHAS PABOTA Nel
KOJIMYECTBEHHASA OIIEHKA UHO®OOPMALIUA
eab padoTsl

OcBoeHune HAaBBIKOB OMPE/ICICHUS KOIMUeCcTBa UHPOPMAIIUK;
OmnpeneneHre YHTPONUU HEMPEPHIBHBIX COOOIIEHUM.

Teopernueckue cBeIeHUA

Baxnoit 3amadeit Teopuum HHPOpMAIMKM  SABISETCS KOJWYECTBEHHAs OIICHKA
repeaBaeMbIX COOOICHUM, KOTOpasi Ha3bIBaeTCs KoJmuecTBoM mHpopManuu. KoandecTBo
nH(pOopMaIuu He 0TOOpaX)aeT KAYECTBEHHOE CO/IepKaHKE COOOIIIEHMS, a ONIPEIEIsET MEPY €0
HEOIPEICIICHHOCTH.

Ecnu andaBuT HEKOTOPOTrO UCTOYHUKA COOOIICHUN COCTOMT M3 M 3HAKOB, KXl 13
KOTOPBIX MOXKET CITY>KUTh JIEMEHTOM COOOIIIEHHU S, TO KOJIMUEeCTBO N BO3MOKHBIX COOOIIICHUI
JUTAHBI N paBHO YMCITY NEPECTAHOBOK C HEOrPAHUYEHHBIMUA MTOBTOPECHUSIMH

N=m" (1.1)

B Tom ciyuae, ecau Bce N cooOIIeHHUN OT HUCTOYHHMKA OYIyT PaBHOBEPOSITHBIMU,
MOJTYYCHHUE OTPEACIICHHOTO COOOIICHHSI PABHOCHIIBLHO JUISI HETO Cy4aiiHOMY BBIOOPY OJTHOTO
u3 N cooOmenuii ¢ BepositHocThio P = 1/N.

UYem Gosbire N, TeM OoJbIias CTEIEHb HEONIPEASICHHOCTH XapaKTepU3yeT ATOT BEIOOD
U TeM 6os1ee HHPOPMATUBHBIM MOKHO CUYUTATh COOOIICHHE.

[Toatomy umcio N MOXeT CiykuTh Mepoi uHpopManuu. C TOUYKH 3pEHUS TCOPUU
uHdopmaruu, Mepa uHGOpMaIMK JAO0HKHA OBITh MPOMOPLUMOHATIBHA JIJIMHE cooOIeHus. B
KadeCcTBE MEphl HEOIPEACICHHOCTH BhIOOpPA COCTOSHUS MCTOYHHKA C PABHOBEPOSITHHBIMH
COCTOSTHUSIMHU TIPUHUMAIOT JIOTapU(PM YHCIIa COCTOSTHHMN:

| =logz N =log, m"=nlog, m (1.2)

Orta norapudmudeckas QyHKIUS XapaKTepru3yeT KOJIMIeCTBO HH(OPMAITUH.

KonuuectBo uHpopManmu, OpuUxoAsileecs Ha OJUH DJIEMEHT COOOIIeHUs (3HaK,
OYyKBY), Ha3bIBAETCS SHTPOMHEH:

H:l:n'l.ﬂ:logm (1.3)
n n

BprunciauTenbHble CUCTEMBl OCHOBAaHbl HA 3JIEMEHTAX, WUMEIOIIMX JBAa YCTOMYMBBIX
coctosiHus «0» 1 «1», MO3TOMY BRIOMpAIOT OCHOBaHUE Joraprudma paBHbIM AByM. [Ipu s3TOM
CAVHUIICH W3MEPEeHUs] KoJudecTBa WHGOpPMAIUU, TPUXOIAIICHCS Ha OJWH DJIEMEHT
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COOOILeHus, SIBISIETCA JBOMYHAs enuHuua — OuT. JIBonuHas enuHuua (OuT) sBisercs
HEOIIPEIETICHHOCTBIO BEIOOPA U3 IBYX PABHOBEPOSITHBIX COOBITHIA.

Tak xak u3 logz m = 1 ciaemyer m = 2, TO sICHO, 4To | OUT — 3TO KOJUYECTBO
uH(pOpMaIMU, KOTOPBIM XapaKTEepPU3yeTCss OJUH ABOUYHBINA JIEMEHT MPH PaBHOBEPOATHBIX
cocrossHusx 0 u 1.

[IpencraBieHHas OlleHKa KOJIMYECTBA HHPOPMAIH Oa3upyeTcs Ha PEANON0KEHUN
0 TOM, YTO BCE€ 3HAKH aj(aBuTa COOOLIECHUS] PABHOBEPOSATHBL. B O0ILEM Cilydae KaKIbll U3
3HAKOB TMOSABIISIETCS B COOOLIEHWM C PAa3IU4YHOM BeposSITHOCThIO. Ha ocHOBaHuu
CTaTUCTUYECKOT0 aHAJIM3a U3BECTHO, UTO B COOOIICHUH JUITHMHBI N 3HAK X; OSBIIAETCA N; pas,
T.€. BEPOSATHOCTD IOSBJICHUS 3HAKA:

n,

P = (i =123..m). (1.4)

Bce 3naku aﬂ¢)aBHTa COCTABJIAIOT ITOJIHYIO CUCTCMY Cﬂy‘{aﬁHBIX CO6BITHﬁ, IIO3TOMY:

3P =1 (1.5)

i=1

®opmyinsl [lleHHOHA 17151 KOJTMYECTBA UH(POPMAIIUU U SHTPOIIHH:

| =—n) P logP,
i=1
H=->PlogP (1.6)

CBoiicTBa JHTPONHN.

1) Durponus H - BennunHa BellieCTBEHHAs, HCOTPUIIATEIbHAS U OTPaHUYCHHAS, T.C.
H>0.

2) DHTpOIUS paBHA HYJIIO, €CIIH BEPOATHOCTH OJHOTO U3 3JICMECHTOB MHOXECTBApPaBHO
€JIMHUIIC.

3) DHTponus MakCHMajibHa, €CJIM BCE 3HAKH aji(aBUTa pABHOBEPOSATHBI, T.C.

H e =10gm 1.7)

N30bITOYHOCTHIO HA3EIBAETCS
HX) _, HX)

_ _ (1.8)
H i (X) log, N
rae X — ciydaiinas BenuuuHa, N — 9ucio cooOmmeHu.

IIpumepl. Brruucauth koaudyecTBO MHGOPMALIMK, COJIEpKallleecs B TEIEBU3MOHHOM
CUTHAJIe, COOTBETCTBYIOIIEM OJIHOMY KaJpy pa3BepTku. B kaape 625 cTpok, a curhai,
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COOTBETCTBYIOIIMK OJHON CTPOKE, MPEACTaBIsET COOOW mocienoBaTenbHOCTh U3 600
CJIy9aifHBIX 110 aMIUIUTYI€ UMITYJIHCOB, PUYEM aMILTUTY 1A UMITYJIbCa MOYKET IPUHSATH JTF000e
u3 8 3HaueHui ¢ marom B 1 B.

Pemenune. B paccmarpuBaemMoM citydae JUIMHA COOOIIEHHS, COOTBETCTBYIOIIAST OJHOM
CTpOKE, paBHA YHCITy CIIYIalHBIX TI0 aMIUTUTY 1€ UMITYJIhCOB B Heit: N = 600.

KonmuecTBo 371€MEHTOB cO00IIEeHus (3HAKOB) B OJTHOM CTPOKE PaBHO YHMCITYy 3HAUYCHUH,
KOTOPOE MOKET MPUHATh aMIUTHTY/1a UMITYJILCOB B CTpOKe M = 8.

KonuuectBo nadopmaiuy B 0JJHOM CTpOKe
I =nlog 8,

a KOJIMYECTBO MH(POpMALINU B Kajpe

I, =625*1 = 625*600*log 8= 1,125*10° 6ur.

Ilpumep 2. Jlanbl 27 MOHET pPaBHOIO JOCTOMHCTBA, CPEAM KOTOPBIX €CTh OJHA
(danpmMBas ¢ MEHBIIUM BECOM. BBIUHCINTE CKOJIBKO pa3 HaJ0 MPOU3BECTH B3BEIIMBAHUE HA
paBHOILICYHX Becax, YTOObI HAUTHU (aIbIIUBYIO MOHETY.

Pemenne. Tak Kak MOHETHI BHELITHE OJJUHAKOBBI, OHU MPEACTABISAIOT COOON UCTOUYHUK
C  PaBHOBEPOSTHBIMU  COCTOSHUSIMM, a  OOIIas  HEONpEeAeNIEHHOCTh  aHcamoOJs,
XapaKkTepU3yIolIas ero SHTPOINI0

H, = |ng 27.

OnHo  B3BeLIMBaHUE CHOCOOHO  MPOSICHUTH  HEOMPENENIEHHOCTh  aHcamoOus,
HACUYUTHIBAIONIETO TPU BO3MOKHBIX MCXOJa (JIeBasl Yaila BECOB JIeT4e, IpaBas dalia BECOB
Jierye, BeChl HaXOATCS B paBHOBeCHH). Bce MCXOMBI SBISIOTCS PaBHOBEPOSTHBIMU (HENB3S
3apaHee OT/aTh MPEANOYTEHUE OJHOMY M3 HHX), TIOATOMY Pe3yJIbTaT OJTHOTO B3BEIIMBAHUS
MIPECTABIIICT HCTOYHHUK C PABHOBEPOSTHBIMU COCTOSIHUSIMU, a €T0 SHTPOIIHUS

H, = |ng 3 our.
TaK KakK 3HTp0HI/IH OTBCUACT Tpe6OBaHI/II'O AIIUTUBHOCTU U HpI/I 3TOM
H, = 3*H, = 3* |ng 3,

TO I ompeaesieHus: (aablIMBOM MOHETHI JIOCTaTOYHO IMPOU3BECTU TPH B3BEIIMBAHMUS.
Anroput™m omnpenesieHus: (GpajabIIMBON MOHETHI cienyromuid. [Ipu nepBoM B3BelIMBaHUU Ha
KQK]IyI0 YalIKy BECOB KJIAJIETCS MO IEeBATh MOHET. DasbiinBas MOHETa OyIeT IM00 cpesind TexX
JIEBATA MOHET, KOTOPBIC OKA3IUCh JIET4Ue, JIMOO CPeIr TeX, KOTOPhIE HE B3BEIIMBAIKCH, €CITU
HMMEJI0 MECTO paBHOBECHE. AHAIOTMYHO, MTOCJIE BTOPOrO B3BEIIMBAHUS YUCIO MOHET, CPEIU
KOTOPBIX HaxoauTcs (aynpimBas MOHETa, CokpaTutcs no0 Tpex. [lociennee, Tperbe,
B3BEIIMBAHUE JJAET BO3MOKHOCTh TOYHO YKa3aTh (abIIIUBYIO MOHETY.



3aganue

3agauya 1. M3BectHO, yTO OAHO M3 Kk BO3MOXXHBIX COOOIIEHUH, MEperaBaeMbIX
PaBHOMEPHBIM JJBOMYHBIM KOJIOM, COEPKUT 3 Outa nHPopmaruu. OnpeneanTs, 4eMy paBHO

k.

3apaua 2. CooO1ieHus MmepearoTcss B BOCbMEpUYHOM ajidaBuTe m = §, 1o 4 cCUMMBOJIa
B KaXkJ1oM coobmenuu. Beero nepenano 10 cooOmennii. Halitu konudecTBo nH(OpManuy B
10 cooOmieHusx.

3agauya 3. CumBonbl andaBuTa 00NAJAIOT ABYMS KAYECTBEHHBIMHU MPHU3HAKAMU.Q)
Kakoe koam4ecTBO COOOIICHUI MOKHO TOJMYyYHUTh, KOMOWHHPYS 10 3, 4, 5 1 6 27IeMEHTOB
B cooOmenun? 0) Halitu konmyecTtBO HHGOpMALUM, TMPUXOJAIICECS HA OAUH DJIEMEHT
YKa3aHHBIX COOOIICHUM.

3apaua 4. Hekuii andasut coctout u3 tpex OykB X, Y, Z. 3agaHue: a) COCTaBUTH
MaKCHMAaJIbHOE KOJIMYECTBO COOOIIECHHI, KOMOMHUPYSI 1O TpU OYKBBI; 0) KaKoe KOJIMYECTBO
uH(pOpMaMU TPHUXOAMTCS HA OJHO TaKoe COOOLIEHUE; B) ONPEICIUTh KOJIMYECTBO
uH(OpMAIMU HAa CUMBOJI IEPBUYHOTO andaBuTa.

3apaua 5. YcrpoiictBo renepupyet detwipe yactothl fl, {2, {3, f4. B mmdpartope
4acTOThl KOMOMHHUPYIOTCS IO TPU YacTOThl B KOJOBOM KOoMOMHauuu. a) Onpenenutsb
MaKCHUMaJbHOE KOJMYECTBO KOMOMHAIIMI, COCTaBICHHBIX MX ATHX 4yacToT? 0) Omnpenenutsb
KOJIMYECTBO MH(POPMALIUU HA OJAHY KOAOBYIO MOCHUIKY?

3agaua 6. /latb onucaHue BceX BO3MOKHBIX CIOCOOOB OINpPEAENICHUS PaCION0KEHUS
maxMaTHbIX QUryp Ha gocke. OnpeaenuTb KOJM4ecTBO HHPOPMALIUK JIJIS1 KaXKA0To Crocooa.

3apaua 7. Kakoe konnuectBo MHGOPMALMKM MPUXOJUTCS Ha OOHY OYKBY andaBuTa,
cocrosiero u3 16, 25, 32 Oyks?

3anaua 8. Andasut coctout u3 6ykB A, B, C, D. 3aganbl BEposSITHOCTH BCTPEYAEMOCTH
OykB, oHU paBHBI cooTBeTcTBeHHO PA=PB=0,25; PC=0,34; PD= 0,16. Haiitn xommuectBo
uH(pOpMallUK, MPUXOASIIEecs HAa OJWH CHMBOJ COOOIIEHMS, COCTAaBJICHHOIO M3 TaKOIro
angasura.

3agaya 9. 3agan andaBUT, KOJMWYECTBO CHMBOJIOB KOTOporo paBHO S. Haiitu
KOJIMYECTBO MH(POPMALINK, MPUXOsIIeecs Ha OJUH CUMBOJ COOOIIEHMS, COCTABICHHOTOMU3
ATOro ayipaBUTa MPU YCIOBUHU:



a) CHUMBOJIBI an(aBUTa pPABHOBEPOSTHB; O) CHUMBOJIBI andaBUTa BCTPEYAIOTCS C
BeposTHocTamu P1=0,8; P2=0,15; P3=0,03; P4=0,015; P5=0,005. Onpenenutb HEAOTPY3KY
CHUMBOJIOB BO BTOPOM city4ae?

3agaya 10. OnpenenuTh KOJIMYECTBO MHQPOPMAITUU B KXKJIOM co0OIIeHNu (andaBuT
pycckuii). a) Pa, pa, pa, pa, pa, pa, pa. 6) CoGronaii mpaBuiia TeXHUku Oe3oonacHoctu! He
ctoit mox kpaHom! B) Ilpomaii sxe, Mope! He 3a0yay TBoel TOp)KECTBEHHOM Kpachl U JI0JITO,
JIOJITO CIIBIMIATH Oy Ty TBOM T'yJl B BEUSPHUE YaCHI.

3agaua 11. Yemy paBHa BeposTHOCTh nosiBieHus komOnHauuu 10110 npu nepenaue
NSATU3HAYHBIX JIBOMYHBIX KoJMoB? UYemy paBHO cpenHee KOJIWYECTBO HH(OpMAIIUH,
npuxosiieiics Ha oguy komOunanuwo? (P=1/32=0, 0312; 1=5 6ur).

3agaua 12. CooOlieHrs COCTAaBIEHbl U3 PABHOBEPOSITHOTO ai(aBUTA, COJAEPIKAIIETO
m=128 Ka4yeCTBEHHBIX MpPU3HAKOB. UYeMy paBHO KOJIMYECTBO CHMBOJIOB B IPUHATOM
COOOIIEHHH, €CJI U3BECTHO, YTO OHO COJEPKUT 42 OuTa uHpopmauu? YeMy paBHa SHTPOIUS
sToro coodmenus? (n=6; H=7 6ut/cumson).

KonTpoabHbIe BOIPOCHI

1. Jlath ompeaesieHUE MOHATUS «KOJUYECTBO MH(MOPMALIUKY, TPUBECTH (POPMYITY U
MOSICHUTB BCE COCTABJISIONINE ATOU (POPMYIIBIL.

N

B dem orimune dopmynbl kKoauyecTBa MHGOPMAIUU JIJI1 PABHOBEPOSITHBIX
COOBITHI U pa3HOBEPOATHBIX? [10SICHUTH HA MpUMepe, TPUBECTH (HOPMYJIBIL.
JlaTh ompeaeieHre YHTPOIHH. 3anucaTh U MosICHUTh Gpopmyany [llenHoHa.
[lepeuncnuTh U JOKa3aTh OCHOBHBIE CBOMCTBA SHTPOIIHH.

3anucath U MOSACHUTH GOpMYITy XapTiu.

o ok~ w

Uto siBhsieTcsl eAUMHULICH M3MEpeHUsl KojimuecTBa MHdopManuu, 3HTponun?Ha3Barth

Y TIOSICHUTH BCE €JIMHUILIBI U3MEPEHHUS KOJIMUeCTBA MH(DOPMALIUH.

7. TlpuBeauTe MpUMEpHI, B KOTOPBIX DHTPOIUS COOOIIEHUS paBHA HYJIO, TPUHUMACT
MaKCHUMAaJIbHOE 3HaYeHue?

8. [laTe ompenenenne U MOSCHUTH TIPABUIIO CIIOKECHHS YHTPOIUHN JIJIsT HE3aBUCHUMBIX
HMCTOYHUKOB?

9. IlosicHUTh Kak OMpenenseTcss KOJIWYECTBO MH(OpPMAIMA HETPEPHIBHBIX
COOOIIEHU.

10. 3anucath U MOSICHUTH (POPMYITY U30BITOUHOCTH KOJA.



JIABOPATOPHAS PABOTA Ne2

YCJIOBHASA SQHTPOIIUA U DHTPOIIUA OB BbEJINHEHUSA

Heab padoThl

®  BpUKCIICHUE YCIIOBHOW SHTPOIINH;
*  BpIuncieHre SHTPOIUMN O0bEAUHEHHUS.

Teopernueckue cBeieHUA

VYcnoBHas B3HTpoONMA B TEOpUM HH(OpPMALMMU MPUMEHSETCS JUIsl OINpeAeSICHUs
B3aMMO3aBHCHUMOCTH MEXIY CHMBOJAMU KOAUPYEMOTO andaBuTa. ITO HEOOXOIUMO C
LeJIbIO OIpeIeIeHHs TOTePh NHPOPMAIIUU NPU TIepeade JaHHbBIX [0 KaHaJlaM CBSI3H.

Jlis TOro, 4toObl ONPENENUTh YCIOBHYIO SHTPOIMIO HCIOJB3YIOTCS YCJIOBHBIE
BEPOSITHOCTH.

[Tycts mpu nepenaye N cooOLeHnit CMMBOJ A osIBHIICS M pa3, cuMBoJI B mosi- Buscs
| pa3, a cumBO A coOBMeCTHO ¢ cuMBOJIOM B mosiBuiics K pa3s, To BEpOSTHOCTD MOSBICHHS
cumBoiia A Oyner P(A) = m/n, BepositTHOocTh mosiBieHUs cuMBoiia B Oynmer P(B) = I/n,
BEPOSATHOCTH COBMECTHOIO MOsiBIeHUs1 cuMBOJIoB A u B Oyner P(AB) = k/n. YcioBHas

BEPOSTHOCTH MOSBJICHUS CUMBOJIa A OTHOCUTENIBHO B 1 Hao6opoT OyaeT

P(A/B) = P(AB)/P(B) = I,

P(B/A) = P(AB)/P(A) = k/m. (2.1)
BeposiTHOCTH COBMECTHOTO MOSIBIICHUSI CUMBOJIOB A 1 B
P(AB) = P(B)*P(A/B) = P(A)*P(B/A). (2.2)

YcnoBHas 3HTpoIMs: CUMBOJIOB A U B onpeziensieTcsi BbIpaXkeHueM

H(b;/a)=-> P(b; /)logP(b; /a,)
H(a /b;)=->"P(a /b;)logP(a /b;) (2.3)

WHpaekcol | ¥ | BRIOpAHBI /IS XapaKTEPUCTHKU MTPOU3BOJIBHOTO COCTOSIHUST MCTOYHHKA
coobmennit A u agpecara B.

Pasznmu4aroT O0IIyI0 YCIOBHYIO SHTPOIHIO M YacTHY. O0Iast ycJIOBHAsI YHTPONMUS
cooOmeHuss B oTHOCHTENBbHO COOOIICHHS A XapakTepu3yeT KOJHMYECTBO WH(OpPMAIINH,
cojiepxaieecss B JIFOOOM CHUMBOJIE ai(aBUTa, W ONPEACISICTCS YCPEIHCHHEM IO BCEM
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CHUMBOJaM, T.C. IO BCEM COCTOAHUAM C YUCTOM BCPOATHOCTH IIOABJIICHUSA KaXXIA0ro us3
COCTOHHI/Iﬁ, " paBHA CYMMC BGpOSITHOCTCﬁ ITOABJICHUA CUMBOJIOB aﬂ(baBI/ITa, YMHO)KGHHOI?I Ha
HCOIIPCACICHHOCTD, KOTOPAas OCTACTCA IMOCJIC TOI'O KaK apecaT INpUHAII CUTHAJ.

H(B/A)= —Z P(a)H(b,/a) = —ZZ P(a;,b;)log P(b; / &). (2.4)

Ecnu nepenaBaTh m CUTHAIOB A U OKUAATh MOJYYUTh M CUTHAIOB B, BIMsSHUETIOMEX
B KaHAJI€ CBS3U OINKCHIBACTCS KAHAJIbHON MaTpULIEH

bl b2 . bj .. bm
al P(bl/al) | P(b2/al) .. P(bj/al) .. P(bm/al)
a2 P(bl/a2) | P(b2/a2) . P(bj/a2) . P(bm/a2)
ai P(bl/ai) | P(b2/ai) .. P(bj/ai) . P(bm/ai)
am P(bl/am) | P(b2/am) . P(bj/am) . P(bm/am)

BeposiTHOCTH, pacloyioKEHHBbIE MO JUAaroOHaM, OMPENENSIOT MPABWIBHBIA IMPUEM
COOOIIEHHH, a OCTalIbHBIE — JIOKHBIN. Eciiu onmuchIBaTh KaHA CBSI3U CO CTOPOHBI UCTOYHHUKA
COOOIIICHHH, TO MPOXOXKIACHUE TAHHOTO CHTHAJA OMHMCHIBACTCS PAaCHpe/Ie]ICHUEM YCIOBHBIX
BeposiTHOcTeH Buaa P(bj / a1). st curnana al sto OyaeT pacnpeaesneHue Bujia

P(b,/a)+P,/a)+..+P(b;/a)+..+P(b, /a). (2.5)
CyMMa BEpOsITHOCTEH pachpeiesieHusl Bcerja AOJKHA paBHAThCA enunHuie. [lotepu

nH(pOpMaITUH, KOTOPBIC IPUXOIATCS Ha JIOJII0 CUTHANIA al, ONMMCHIBAIOTCS C IIOMOITBIO YaCTHOM
YCJIOBHOW 3HTPOITNH BUA

H(b /a)=—Y P(b;/a)logP(b; /a,) (2.6)

CymMupoBaHuE€ MPOU3BOJUTCS MO j, TaK KaK 1-TO€ COCTOsSIHUE (B JTAHHOM CIlydae)
OCTaeTCs IIOCTOSTHHBIM.

YToOBI yuecTh MOTEPH NPH TEpeade BCEX CUTHAIOB 10 IAHHOMY KaHaJly CBSI3H, HAJ0
MPOCYMMHUPOBATh BCE YACTHBIE YCIOBHBIE OJHTpomuu. J[[s ciaydass paBHOBEPOSTHBIX
MOSIBJICHUH CUTHAJIOB HA BBIXOJIE HICTOYHUKA

H(B/A):—%ZP(bj /a,)logP(b; /a) (2.7)

J{ns cirydasi HEpaBHOBEPOSITHOTO TOSIBJICHUSI CIIEAYET YUeCTh BEPOATHOCTH MOSBIICHUS
Kak10ro cumMBoJjia. Torja o01ast yciioBHast SHTpOIUs OyaeT
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H(B/A)z—%z P(ai)z P(b,/a,)logP(b; /&) (2.8)

Ecau MBI HccienyeM KaHaid CBSI3M CO CTOPOHBI IPUEMHHMKA COOOIICHHH, TO C
MOJIY4EHHUEM CHTHAJIa bj ipeamnosaraeM, 94To ObLT IMOCIaH KaKoH-TO U3 CUTHaJOB al, a2, ... ai,
... am. [Ipu sToM KaHaJIbHAsI MaTpuULla OyAET UMETh BU]I

bl b2 . bj .. bm
al P(al/bl) | P(al/b2) . P(al/bj) .. P(al/bm)
a2 P(a2/bl) | P(a2/b2) .. P(a2/bj) .. P(a2/bm)
ai P(ai/bl) | P(ai/b2) .. P(ai/bj) .. P(ai/bm)
am P(am/bl) | P(am/b2) . P(am/bj) . P(am/bm)

B sTom CIyda€ CAMHUIC OOJDKHBI PAaBHATHCA CYMMBbI YCJIOBHBIX BCpOSITHOCTGfI I10
CTOJ'I6HaM KaHaJIbHOM MaTpPHIbI

P(a,/b,)+P(a, /b,)+..+P(a /b,)+..+P(a, /b,) =1 (2.9)
YacrtHas yciaoBHAs SHTPOIIHS
H(a /b)) =-> P(a /b,)logP(a, /b;) (2.10)
i=1

OO01mast ycioBHasi SHTPOMHS

H(A/B)=-) P(bj)z P(a /b;)logP(a; /b;) (2.11)

HapaBue ¢ BbipakeHueMm (2.8) 1uisi BBIYMCIIEHHS OOIIEH YCIOBHOM SHTPOIUU MOKET

OBITH MCITOJIB30BAHO BBIPA’KCHHC

H(B/A)=—ZZ P(a;,b;)log P(b; / &) (2.12)

Ecmu 3aJaHbl 6G3YCJ'IOBHBIC BCPOATHOCTH MCTOYHHKA N KaHaJIbHadA MaTpuia, TO MOXXHO
BBIYHCJIIUTDH SHTPOIIUIO IIPUCMHHUKA

H(B)=-Y_P(b;)logP(b,) (2.13)

OHTponHUsl OOBEAMHEHUS HCIOJIB3YeTCS I BBIYMCICHUS SHTPOIMH COBMECTHOTO
TMIOSIBJICHUS] CTATUCTUYECKH 3aBUCUMBIX coo0IeHuit. Hanmpumep, nepenas cto pas uudpy 5 mno
KaHaJy CBS3W C ToMexaMu, 3Ta 1udpa Obuia npussTa 90 pa3, uudpa 6 ObuUIa NpuHITa 8 pas,
mudpa 4 — 2 paza. HeonpeneneHHOCTh BOZHUKHOBEHHSI KOMOMHAITUN MOXET OBITH OMUCAHA C
nmomoInbio dHTporuu ooveauHeHus. H(A, B) - HeonmpeneneHHOCTh TOTO, YTO OYET MOCIaHO
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A, a ipunsato B. Jlns ancamoOiieit nmepegaHHbIX COOOIIEHU A M MPUHATHIX cooOlieHui B
SHTPONUS 00bEAMHEHUS MPEICTABISIET COO0M CyMMY BHIa

H(A B)=-> > P(a,b,)logP(a,b,) Gur/nea cumeona (2.14)
i

BHTpOHI/IfI O6’B€I[I/IH€HI/I$I n YCJ'IOBHaH 3HTpOHI/I$I CBsA3aHbI COOTHOILICHUSIMN
H(AB)=H(A)+H(B/A)=H(B)+H(A/B)
H(B/A)=H(AB)—H(A);H(A/B)=H(A B)-H(B) (2.15)

KomugecTBo I/IH(l)OpMaHI/II/I Ha CHMMBOIJI COO6HI€HI/IH, IICPCIaHHOI0 I10 KaHally CBA3H, B
KOTOPOM BJIMSHHC ITOMCX OIIMCBIBACTCA IIPU ITOMOIIY SHTPOIINH O6T)CI[I/IH€HI/IH, BBIYUCIISACTCA
TakK

1(A B)=H(A)+H(B)—H(B/A). (2.16)

3aganue

3apaya 1. Ilpu mepenmaue kaxapix 100 cooOmieHWi MJIMHOW MO 5 CHMBOJIOB B
coobmenun cumBoil K BcTpewaercs 50 pas, cumBon T — 30 pa3. CoBmectHo K u T
BcTpeuarotcs 10 pasz. Onpeaenuts ycnoBubsie suTponiuu H(K/T) u H(T/K).

3amaua 2. [Ipu nepemgade TEKCTOBBIX COOOIIEHUM HAOIIOICHUSI TOKA3aJIH, YTO JIJISI CJIOB
co cpenHeit JummHoM B 6 OykB Ha kaxkaeie 100 coobmienuii OykBa A Bctpevaetcs 80 pa3, OykBa
B Bctpeuaercsa 50 pa3s, 6ykBel A u B BMecte Betpeuatores 10 pas. Onpenenuts yCIOBHYIO
SHTPOIMMUIO MOSIBJICHUS A, €CJIU B CJIOBE IPUCYTCTBYET B, U yCIOBHYIO SHTPOIUIO MOSABJICHUS
B, eciin B ciioBe IpUCYTCTBYET A.

3amauya 3. Onpeaenuts OOLIYIO YCIOBHYIO SHTPOIMHIO COOOIEHHM, COCTABICHHBIX U3
andasuta A, B, eciii BEpOSTHOCTU TOSBICHUS CHMBOJIOB B co0OIIeHUU paBHbl PA=0,6;
PB=0,4. YcioBHbIE BEpOSITHOCTH MEPEXOA0B OJTHOIO CUMBOJIA B ipyroi pasHsl P(B/A)=0,15;
P(A/B)=0,1.

3anaua 4. B oxHOl KOp3uHE /Ba S0JI0KA U OJJHA TPYIIa, B APYTON TPH S0OJI0OKA U OJTHA
rpylia, B TpEeTbe — JBa sA0J10Ka U ABe Tpymn. ONpeaenuTh MOJHYIO YCIOBHYIO SHTPOITHIO

BO3MO>KHOCTH BBITAIUTH S0JI0KO U3 JIF0O0N KOP3UHBI.

3apmava S. BousiHre moMex B KaHAJIE CBA3M OIMMCHIBAETCS CIAEAYIOIIUM PACTIPEIECIICHUEM
YCJIOBHBIX BEPOSITHOCTEMN
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0,98 0,01 0,01
P(b/a)=|0,15 0,75 0,1
03 02 05

Bperaucnuts IIOJIHYIO YCJIOBHYIO 3SHTPOIIUIO COO6IHCHPII>’I, nepcaaBacMbIX II0 JAaHHOMY
KaHally CBA3U:

a) TIPU PAaBHOBEPOSTHOM IOSIBIICHHMM CHMBOJIOB B COOOIIICHUH; 0) Mpu BeposTHOCTAX P(al)
=0,7; P(a2) =0,2; P(a3) =0,1.

3amaua 6.
andasuta al, a2, a3, a4, ecnm KaHal CBS3U JUIS TIEpeaadyd COOOIICHUN ONMMCBHIBACTCS

a) OHpCI[CJ'H/ITB YaCTHBIC YCJIOBHBIC OSHTPOIIMH AJII KaKJI0T0 CHMBOJIA

CJICIYIOIIEH KaHAIBHOW MaTPpUILICH

0,9

0,1

0

0,05 0,94 0,01

0
0

P(b/a)=
( ) 0 0,01 0,98 0,01

0 0 01 09

0) Haiitu 00111y10 yCIIOBHYIO SHTPOIIUIO JIJIsi COOOIICHUH, epeaBaeMbIX 10 KaHaly CBSI3H,

ONMCAaHHOMY TIPUBEICHHOW BBIIIEC KAHAJbHOM MATPHUIIEH, €CJIM CHUMBOJIBI HMCTOYHHMKA

PaBHOBEPOSTHBI;

B) HaliTu 00111yt0 yCIIOBHYIO SHTPOIHUIO JIsl COOOUIEHUH, MepeaBaeMbIX M0 KaHAIly CBSI3H,
€CJIM pacIpe/ielieHue BepOsITHOCTE! MOSBIEHUS CUMBOJIOB Ha BBIXOJE MCTOYHUKA COOOUIEHUMN
umeet Bua P(al) =0,15; P(a2) = 0,32; P(a3) = 0,25; P(a4) = 0,28.

3apava 7. OnpenenuTh OOIIYIO YCIOBHYIO SHTPOITUIO COOOIICHUH, Iepe1aBaeMbIX I10
KaHaJly CBSI3H, ONIMCAHHOMY KaHAJIbHOM MaTpULEH

0,9 01 O 0
0,056 0,84 0,01 O
0,03 0,06 0,98 0,1
0,02 0 0,01 09

P(a/b) =

CumBoitbl anpaBuTa pAaBHOBEPOSITHBI.

3amauya 8. OrmnpenenuTh SHTPONUIO MNPUEMHUKA COOOIIECHUM, €CJIM BEPOSITHOCTH
MOSIBJICHUS] CUMBOJIOB Ha BBIXOJIe MCTOUHMKA coobOmieHuit papHel P(al) = 0,5; P(a2) = 0,3;

P(a3) = 0,2 u xaHanbHast MaTpUIlA UMEET BUJT
13



0,97 0,03 O
P(b/a)=|0,01 0,98 0,01
0 004 0,96

3amaya 9. OnpenenuTh SHTPONUIO HCTOYHUKA COOOIIECHUH, €CIU BEPOSITHOCTH
MOSIBJICHUS] CHMBOJIOB Ha BXO/Ie MpueMHuKa coobiennii paBubl P(b1)=0,1; P(b2)=0,3; P(b3)
=0,4; P(b4) = 0,2 u xaHaJIbHAs1 MaTPHUIIAa UMEET BU/T

0,99 0,02 O 0

0,01 0,98 0,01 0,01
0 0 098 0,02
0 0 0,01 0,97

P(a/b) =

3apaua 10. 3aana MaTpua BEpOATHOCTEN CUCTEMBI, 00bEIMHEHHON B OJIHYCUCTEMY

13 JBYX B3aHMMO3aBUCHUMBIX cuctem A u B

03 0 0
P(A/B)=[0,2 0,3 0,1
0 01 O

Omnpenenuts nosHbie yeaoBHbie sHTponnu H(B/A) u H(A/B).

KoHTpoJIbHBIE BONIPOCHI

1. lats onpeneneHue yciaoBHOM 3HTponuu. [[0ICHUTH 1)1l YeTO OHA MPUMEHSETCS B
Teopuu uHpopmaIuu.

2. UYro Takoe o011as ¥ yacTHas yCJIOBHASI SHTPOTIHS?

3. Kakue popmymsl HCTIONB3YIOTCS AJIs pacueTa YCIOBHOM SHTPOIUH?

4. Yo Takoe KaHAJIbHAs MaTPUIIA U KaK OHA UCIOJIL3YETCs IPU PEIICHUU 3a7a4 B
Teopun uHGopmanuu?

5. TloscHUTB, YTO TaKOE IHTPOMHUS OOBETUHEHUS U I YETO OHA UCIIOIB3YETCS.

6. [IpuBectu ompeneneHNe MOHATHS «ITOJIHON CpeiHeN B3auMHOM HH(DOpMAITUS».

7. TlosicHUTB, YTO MOJIPA3yMEBAIOT MO/ IUCKPETHBIMU CUCTEMaMU Iepeaayn
uHbopmaIuu.

8. Jlath ompeneneHrue HEMPEPHIBHBIX CUCTEM Iepenayn uHdopmammu. [IpuBectunx
XapaKTePUCTHUKY.

9. TlosicHuTh coco0 ompeaeseHUs] YCIOBHON AHTPOMUU JJIsl HENPEPHIBHON CUCTEMBI
repeayu COOOIICHHH.

10.Kakue oTnuuusi ecTh IPHU BBIUKCICHUU YCIOBHOW HTPONUU TIPH
PaBHOBEPOSITHOM U HEPABHOBEPOSITHOM TOSIBIIEHUY CUTHAJIOB COOOIIECHUS?
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JIABOPATOPHAS PABOTA Ne3

BBIYNCJIEHUE UHO®OPMAIIMOHHBIX TOTEPH IIPU IIEPEJTAYE
COOBIIEHU 11O KAHAJIAM CBSI3H C ITYMAMUA

Heab padoThI

OcBocHue MCTOJa BBIYUCIICHUA I/IH(i)OpMaIlI/IOHHBIX IMOTCPLb IIpHU IICpCaadc COO6H1€HHI>1
I10 KaHaJIaM CB3H

Teopernueckue cBeeHus!

[Torepu nHMOpMAIMK B KaHAIAX CBS3U C IIIyMaMH OIUCHIBAIOT C MMOMOIIBIO YCIIOBHOM
SHTPOIUHU U SHTPONHU 00beAMHEHU. ECITM MOMeX HET WM MX YPOBCHb HM3KHIH HACTOJBKO,
YTO OHHM HE MOTYT YHUYTOKUTH CUTHAJ WM HMHTHPOBATh CUTHAI B OTCYTCTBHE IIEPEIadH, TO
npu nepenade ai Oyaer mosydeH curHal Dj, COOTBETCTBYIONIHMIA TEPETaHHOMY CHUTHAIY.
CoObiTust A 1 B ecTko CBsi3aHbI, PH 3TOMYCIOBHAs BEPOSITHOCTh MakcuMaibHa P(bj/al) =
1, u ycnoBHas sutponust H(A/B) = 0, tak xak log P(bj/ai) = 0. Jlnst aTOrO0 Cilydast KOJIMYECTBO
uHpOpMallMd B TPUHATOM aHcamOje cooOrieHudi B, paBHO SHTponuu mepeaaBaeMbIX

cooO1eHnit ancamoirst A
1(B,A) = H(A) (3.1)

Ecnu ypoBeHb MOMeX BBICOK, TO JIFOOOH M3 MPUHSITHIX CUTHAJIOB bj MOYKET COOTBETCTBOBATH
T000MY MepeJaHHOMY CUTHAJY ai, CTATUCTUYECKAs CBA3b MEXKIY MEePeIlaHHbIMU U IPUHSATHIMU
curHasiamu OTCyTcTBYyeT. [loatomy BepostHocTtu P(ai) u P(bj) sBAstoTcS BEpOSTHOCTIMHU
He3aBucUMBIX coObiTuil U P(bj/ail) = P(bj); P(ai/bj) = P(ai1).

H(A/B) = —Zz P(a, /b;)log P(a; /b;) =
i

=->.2 P(b)P(a)logP(a) = > P(b))H(A)=H(A) (3.2)

Tak xak ZP(bJ)Zl, YCIIOBHAsl DJHTPONHUS paBHAa OE3YyCJIOBHOW, a KOJIHYECTBO
]

uHdopmaruu, coaepxkamieecs B B oTHocuTenbHO A paBHO HYJTIO

I(B,A) =H(A)—H(A/B) =0 (3.3)

NudopmanmoHHbie XapaKTEepUCTUKU pPEabHBIX KAHAJIOB CBSI3U JIEKAT MEXIY dTUMHU

IBYMS TIpellebHBIMU ciydasMmu. [Ipu aTom notepu nndopmanuu npu nepenadek cumMBoioB
10 JAHHOMY KaHally CBSI3U

Al = kH(A/B) (3.4)

N3-3a momex yacTh MHGOPMALMU HUCKaXaeTCs, OAHAKO MEXIYy IepEeAaHHbIMH U
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IMPUHATBIMHA COO6H_I€HI/I}IMI/I CYmECTBYCT CTATUCTHUUYCCKAsA B3aMMOCBA3b. DTO MO3BOJISICT
OIINChIBATDb I/IH(I)OpMaHI/IOHHBIC XAPAKTCPHUCTHUKHU PCAJIBHBIX KadaHAJIOB CBA3HM C IIOMOIIBIO
OHTPOIINHN 06’[)CI[I/IHCHI/I$I CTaTUCTHUYECKHU 3aBUCUMBIX cOObITHH. Tak Kak

H(A,B) = H(A) + H(A/B) = H(B) + H(B/A) (3.5)

TO IOTEPU B KaHAJIE CBSI3U MOTYT OBITh YUTEHBI C IOMOILBIO SHTPOIIUU
00BbeTMHEHUACIEAYIOIINUM 00pa3oM

I(B,4) = H(A) + H(B) - H(B,A). (3.6)
Ecnu uenonp30BaTh yCIOBHYIO SHTPOMUIO, TO MOIYYUM
I(B,4) = H(A) - H(A/B) = H(B) - H(B/A). (3.7)

JUjis BBIYUCIIEHUS CPEJHETO KOJIMYECTBAa HH(POPMALIMU, COAEPHKAIIETOCsS B IPUHATOM
ancamOie cooOiieHnii B oTHOCHTENBHO TIEpeJaHHOTO aHCaMOIst A B yCIOBHUSIX JIEHCTBUS
MIOMEX, MOJIb3YIOTCS CIEAYIOIUMH BbIPAKEHUSIMU

1(B.M= T P@)PG, /2)l0g (P(b/?)

(A B) = ZZP(b )P(a; /b;)log (s(/t))) (3.8)
J17151 BBIYHCIICHHUIA 4ACTO IPUMEHSIOT BHIPAXKCHIS

| (A B) = ZP(bj)Z[P(ai I'n;,)logP(a; /b;)-P(a; /b;)log P(a,) | (3.9)
1(B, A) :ZJ_:P(ai)ZI:[P(bj Ia)log P(b; /a,)—P(b; / a,)log P(b;) | (3.10)
(A,B)=1(B, A) :Z; P(a;,b;)log P(ai,bj)—Zi:Zj: P(a;,b;)log P(a,)P(b;) (3.11)

J1J1s TOJTHOTO OMMCAHUS KaHalla CBA3M HEOOXOIMMO 33/1aTh: KAaHATBHYIO MATPHUILY
Bua P(ai/bj) u 6e3ycnoBHbie BeposaTHOCTH Buaa P(b)) ninm kaHanbHyr0 MaTpUILy BHJA
P(bj/ a1) u Ge3ycnoBHbIe BepossTHOCTH P(ai), nnu kananpHyto mMaTpuily Buna P(ai, bj). B
MOCJICAHEM CIyyae cyMMa 3HaU€HUI MaTpPHUIIbI 110 CTOJI01aM JaeT Oe3yCclOBHbIE

BeposTHOCTH BHaa P(bj) [Z P(b,) =1j , @ CyMMa TI0 CTPOKaM JacT 0€3yCIIOBHBIC BEPOSTHOCTH
j

suja P(ai) (Z P(a,) =1J.

VY ci10BHBIE BEPOSITHOCTH MOTYT OBITh HalJIEHBI U3 BHIPAKEHUHN

POLA) Ly PED)

Ty BTy

(3.12)
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3Has YCJIOBHBIC M O€3YyCIIOBHBIC BEPOSTHOCTH, MOXKHO HaiTh 3HTpormu H(A), H(B),
H(A/B), H(B/A). Ecntiu ypoBeHb NOMEX HACTOJBKO BBICOK, YTO C PaBHOW BEPOSTHOCTHIO
MOJKHO 0’KHJIATh IIEPEX0/1 JTF000T0 CHMBOJIa HCTOYHNKA COOOIEHUS B ITPOU3BOJILHBIA CUMBOJT
HepBUYHOTO anaBUTa, TO SHTPOINHUS KaHaia CBA3M OyneT paBHa 10g M, a koJM4ecTBO
uapopmaruu | = H(A) — log m < 0, 3Hauenue | MOXKET OTPUIIATSIBHON BEIUYHHOM, YTO

O3Ha4acT, 4YTO KaHaJ CBA31 BHOCHUT I[CBI/IH(bOpMaHI/II-O.

Ipumep. Kanan cBs3u 3a1aH caeayroniend KaHaIbHOM MaTpULEH

0,98 0,01 0,01
P(b/a)=|01 0,75 0,15
0,2 03 05

Berancnuth cpeaHee KOMMYECTBO HMH(OpMAIHMH, KOTOPOE MEPEHOCHTCS OIHUM
CHUMBOJIOM COOOIIEHHUS, €CITM BEPOATHOCTH TOSBIICHUS CHMBOJOB HCTOYHHMKA COOOIIEHUH
paBubl P(al) = 0,7; P(a2) = 0,2; P(a3) = 0,1. Onpenenuts uHPOPMaIIUOHHBIE TTOTEPU MPHU
nepenaye cooOmenuss u3 400 cumBoisioB andaButa al, a2, a3. BbIUKMCIUTH KOJIHYECTBO
MPUHATON HHPOPMALIUH.

Pemenne. DHTPOIHS UCTOYHHKA COOOIICHUI

H(A) = —z P(a)logP(a) =-(0,71log0,7+0,2l0og0,2+0,1l0og0,1) =1,1568 Gut/cumBoOI

i=1

OO611ast ycioBHasi SHTPOMIUS

H(B/A)=-> P(a)logP(a)> P(b;/a)log P(b; /&)=

=-0,7(0,98l0og 0,98 +2-0,01log 0,01) +0, 2(0,75log 0, 75+
+0,1log 0,1+ 0,1510g 0,15) +0,1(0, 21l0og 0,2 +0,3log 0,3+ 0,5l0g 0,5)] = 0,473 (Out.cumBOMI).

ITorepu B kaHase cBs3U
Al =kH(B/ A)=400-0,473=189,5 our.

OHTpONUs MPUEeMHUKA

H(B)= -3 P(b,)logP(b,):

P(b) = Z P(a,)P(b,/a)=P(a)P{b,/a)+P(a,)P(b,/a,)+P(a,)P(b,/a,)=0,726;
P(b,) = Z P(a)P(b,/a)=P(a)Pb,/a)+P(a,)P(b,/a,)+P(a,)P(b,/a,) =0,187,

P(b1) + P(bz) + P(bs) =1
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H (B) = —(0,72610g 0,726 + 0,187 log 0,187 + 0,087 log 0, 087) = 1,094 6ut/cumBon.

CpenHee KOJIMYECTBO NMPUHATON MHGOPMALIUH
| = k[H (B)—-H(B/ A)] =kH (B) — Al =400-1,094 -189,5 = 248,1 Owur.

3aganue

3amaya 1. Haiftu wuHpopmanmoHHBIE TMOTEPH B KaHaJE CBS3H, 3aJaHHOM KaHaJbHOU

MATPULEH.

0
P(a/b) =|0
1

o - O

1
0
0

3amaua 2. Omnpenenuth HWHPOPMAIMOHHBIE TMOTEPU B KaHAJE CBS3U. 3aJaHHOM
MaTpUlIed, €cli CUMBOJIbI andaBUTa BCTPEUAIOTCS B COOOIICHUSIX C PABHOM

BCPOATHOCTBIO.
0,99 0,01 0
P(a/b)=|0,01 0,98 0
0 001 1

3agaya 3. Onpenenutb cpeHee KOJIMYeCTBO MH(OPMALUU, COAEpKalleecs] B MPUHATOM
aHcamOJjie COOOIIEHUII OTHOCUTENBHO IEPEAAHHOIO, €CIIM COOOIICHHS COCTAaBJICHBI M3
andasuta A, B, C. BepostHocTH mosiBieHus OykB andaBUTa Ha BBIXOAE HCTOYHHMKA
coobmmenuii P(Ai) = P(Bi) = 0,25; P(Ci) = 0,5. YcnoBHbIC BeposSTHOCTH mapBuaa bi/ai
cienyromue

P(A/A)=0,97, P(A/B)=0,02; P(A/C)=0,01;

P(B/A)=0,015; P(B/B)=0,97; P(B/C)=0,01,

P(C/A)=0,015; P(C/B)=0,01 P(C/C)=0,98.

[IpoBepuTh MpaBUIBLHOCTH PE3YNbTATA.

3apaua 4. Onpenenuth WHGOPMAIIMOHHBIE TTOTEPU B KaHAJE CBS3H, 3aJaHHOM
CIEAYIOLIEN KaHAJbHOW MaTpULIEN
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0,99 0,02 O 0

0,01 0,98 0,01 0,01
0 0 0,98 0,02
0 0 0,01 0,97

P(a/b) =

BepostHocT mosiBnenust cumBoiioB A, B, C, D Ha BbIX0/1e HCTOYHHKA COOOIIIEHUN
cootBeTcTBEHHO paBHbl PA = (,4; PB = PC =PD =0,2. Onipeaenuts cpeiHee KOJINYECTBO

I/IH(l)OpMaI_[I/II/I B IIPUHATBIX COO6H1€HI/I$IX OTHOCHTCIIbHO IICPCIaHHbIX.

3amaya 5. Vcnonb3ys SHTpONUIO OOBEIUHEHHUS, ONPEACIUTh KOJIUYECTBO WH-
dbopmanuu mpu mnepenaye CcooOIIEHUM, MOCTPOEHHBIX W3 andabuta 1, 2, 3, eciau
anpUOPHbBIC BEPOSITHOCTHU TOSBJICHUS CUMBOJIOB MEPBUYHOTO ajipaBUTA paBHBI MEXKY
co0oii,a B pe3ynbTaTe JehHcTBUS ToMeX 5% CUMBOJIOB MEpeIaBaEMbIX COOOIIEHUN MOTYT

C PaBHOM BEPOSATHOCTHIO EPEHTH B JIFOOON APYTrOi CUMBOJ IaHHOTO ai(aBUTA.

3agaya 6. OmnpenenuTh KOJIMYECTBO HHGPOPMAUMU B MPHUHITOM aHcamoOiie
COOOUIEHMH, €ClM 3a7aHbl YCIOBHbIE BEPOSTHOCTH NIEPEXO0/1a OJJHOTO CUTHAJIA B APYTrOn

1 BEPOSTHOCTH TOSIBJICHUSI CUTHAJIOB Ha BBIXOJC MCTOYHUKA coolbmieHuii Pa = 0,2; Pb =
0,3; Pc = 0,5; P(a'/a) = P(b*/b) = P(c/c) = 0,97; P(bY/a) = P(c/a) = P(al/b) = P(c/b) =
P(al/c) = P(b/c) = 0,015.

KoHTpoJibHBIE BOIIPOCHI

1. Yemy paBHa 3HTpOnHs OOBEAMHEHHUS MPH HE3aBUCMMOCTH BXOMSIINX B HEe
cucreM?

2. Kak BBIYMCIIUTH CpeJiHee KOTUUECTBO MH(POPMAILIMH B YCIOBUSAX MTOMEX ?

3. Uemy paBHa 3HTpOIUS 00BEAUHEHHS TIPU (PYHKITMOHAIIBHON 3aBUCUMOCTH
BXOJAIIMX B HEE CUCTEM?

4. Yemy paBHa B3auMHas WH(GOpMAIIUS MEXKITY HE3aBUCUMBIMUA CUCTEMaMHU?

5. Moxer 1 ObITh B3aMHAasi THGOPMALIMS MEXK]Y IBYMsI CUCTEMaMu OOJIbIIE, YeM
HaMEHbINasl U3 YHTPOTIHIA STUX CUCTEM?

6. Kak BbranciauTh nH(GOpMaLMOHHbBIE TOTEPHU MPH MEeperaye ee OT OJHOM CUCTEMBI K

Ipyrou?



7. Yto HE0OXOIUMO ISl TIOJTHOTO OMMCAHUS KaHaIa CBS3H?
8. Kakue xapakTepuCTHKHU KaHalla CBSI3W MOXHO OINPEACTUTh U3 KaHATHHON
MaTpPHITHI?

JIABOPATOPHAS PABOTA Ne4
NHOOPMALIMOHHBIE XAPAKTEPUCTUKHU KAHAJIOB CBs3U
eab padoTsl

Breruucnenue CKOpOCTH IICpCaayuun I/IH(bOpMa]_II/II/I u HpOHYCKHOﬁ CITOCOOHOCTH
KaHaJIOB CBA3MH.

Teopernyeckue cBegeHUs

OCHOBHBIMM XapaKTEPUCTUKAMH HH(POPMALIMOHHBIX CUCTEM SIBISIOTCS TAKUE IMOHSATHUSA,
KaK SHTPOMHMsI, CKOPOCTh Mepeaun UH(PpOopMaLuu, U30bITOYHOCTh, IPOITYCKHAs! CIIOCOOHOCTD
KaHasia cBsi3u. [{ns opraHuzanuu nepegayd MHPOpPMaLUU 10 KaHATY CBSI3U HAJl0 YYUTHIBATh
HE TOJIbKO KOJIMYECTBO MH(OpMalMK, HO U OOECIeYeHre Nepeiayu ero B 0ojgee KOPOTKUM
CPOK, HE TOJBKO XPaHEHHUE OIIPEACICHHOTO KOJIMYECTBA, HO U XPAHEHUE C IOMOIIBIO
MUHHUMAJIBHOTO 00be€Ma armapaTyphl U T. 1.

[Tpenmnonoxxum, 4To MO KaHATy CBA3M nepefanu 3a Bpems T KoiauuecTBo HHpOpMaluH,

KOTOPOC paBHO

I =H, (X)=H, (X /1Y) (4.1)
MO)KHO BbBIYUCIINTDH CKOpOCTB HCpCI[a‘H/I JAaHHBIX
Vzll_—T:%(HT(X)—HT(X/Y))=H(X)—H(X/Y) (4.2)

CkopocTh TMepelaud JaHHBIX MPEJICTABISIET COOOM KOJMYECTBO HH(MOpMAaInH,
MIPUXOJISIIIIeecs: Ha OHO cooOmieHne. Eciu konmmaecTBO cooOIIeHN paBHO N, TO CKOPOCTh
nepenayu N cooOIeHN B CEKYHy OyIeT OnpenesiThCs

V =n(H(X)=H(X/Y)) (4.3)

B »TOoM ciydae MakCUMallbHas TIPOITyCKHAsh CIOCOOHOCTh JIAHHOTO KaHasia
MIPEAICTABIISIET COOOM ¢
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c=maxV =n(H(X)-H(X/Y)), o =n-1(X,Y), .. (4.4)
PaznuualoT TEXHUYECKYI0 CKOpOCTh TMepenayd Hu HMH(POPMAIMOHHYIO CKOPOCTh
nepenayr nHGOpMaInu.

Texnnuyeckoii ckopocTbI0 Tieperayd MH(OpPMAIMU IO KaHAy CBS3U HAa3bIBACTCS
YHCJIO CUMBOJIOB, NEpeaBaeMbIX B €IMHUILY BPEMEHU

V; :E oox. (4.5)
T

HNupopMalinoHHON CKOPOCTHIO Mepefaadur HHPOPMAIUH 10 KaHATy CBSI3M Ha3bIBAETCS
CpeHee KOJIMYECTBO MH(POPMAIIUH, KOTOPOE MEPEAAETCS B €MHUILY BPEMEHU

V =nH o6wur/c. (4.6)

Ecnu COO6H_I€HI/I$I SBIIAIOTCA PAaBHOBCPOATHBIMU, COCTABJIICHHLIC M3 PABHOBCPOATHBIX
B3aMMHO HC3aBHUCHUMBIX CUMBOJIOB, TO UX I/IH(l)OpMaHI/IOHHaH CKOPOCTb paBHa

\Y =1Iogm 4.7)
T

ECJ'II/I CUMBOJIBI B COO6HI€HI/II/I HC paBHOBCpOSITHBI, TO CKOpOCTB OHpeI[eJ'I}IGTCH
1
V= —;Z p; log p, (4.8)
i

B ciy4dac, €CJIM CUMBOJIBI UMCIOT PA3HYIO AJIMTCIbHOCTD

2. pilog p

. Izilfipi

[IponyckHast cmocCOOHOCTh KaHajla iepeauu tHGoOpMalui  XapaKTepu3yeTcs

MAaKCUMAaJIbHON SHTPOIIMEN

V = (4.9)

C.. = H o owut/c. (4.10)
JJ1st TBOMYHOTO KOAa

_1092 _1 Ge (4.11)
T T

max

IlepBas Teopema lllenHona.
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[Tycth ecTh ucTouHMK MHpOpMaruu ¢ dHTponueit H(X ) u kaHai cBSI3U ¢ MPOIMYCKHON
CIOCOOHOCTRIO ¢, TO eciu C > H(X), To Bcerma MOXHO 3aKOJUPOBATh JOCTATOYHO JJTUHHOE
COOOIIeHNE TaKMM 00pa3oM, 4To OHO OyneT mepemaHo Oe3 3amepkek. Ecmu ¢ < H(X), To
nepenavya naopmanuu 6e3 3a7epxKeK HEBO3MOKHA.

Jst BceX MpaKTHUECKUX KaHAJIOB XapakTEepHO Hamudue nmoMex. Ha ecth cirydan, koraa
TIOMEXH MaJlbl, TO BEPOSITHOCTh HCKKCHHUS ITePEIaBacMOro COOOIICHUS paBHA HYJIIO U
MO>KHO CYUTATh, YTO BCE CHUTHAIIBI TIEPEAOTCS BEpHO. B 3TOM citydae cpeqHee KOJTUIeCTBO
nHPOpPMAIUH, IEPEHOCUMOE OJTHUM CHMBOJIOM

(X, Y)=1(Y,X)=H(X),H, ., =logm. (4.12)
CrnenoBartenbHO, IPOMYCKHAs CHOCOOHOCTh KaHasa 0e3 MoMeX 3a €JMHULLY BpEMEHU

c=nlogm (4.13)

PeanbHble KaHaIBI XAPaKTCPU3YIOTCA TCM, UTO B HUX BCCraa €CTb IIOMCXH. HpOHYCKHaH
CIIOCOOHOCTH AUCKPCTHOT'O KaHaJIa C IOMEXAaMU BbIYUCIISACTCS

c=n(HEY)=H(Y /X)), ., rxe H(Y)=logm. (4.14)
Bropas Teopema lllennona.

Jln1s nas ucToYHUK nHpopManmu X, d3HTponus papaa H(X), u npormyckHas criocoOOHOCTb
pasua ¢. Ecn H(X) > ¢, To cripaBeaiinBo, 4T0 IIpH JIF000M METOIE KOAUPOBAHUH IIepeaada
cooOIeHui 0e3 3a7epKeK 1 ucKaxeHuit HeBo3MoxkHa. Eciin H(X) < ¢, To moboe goctaTouHo
JUTMHHOE COOOILIEHNE MOYKHO BCET/a 3aKOIMPOBATh TaK, UTO OHO OyAeT npeaaHo 0e3 3a/iepKeK
Y UCKQXCHHH C BEPOATHOCTHIO CKOJIb YTOIHO OJM3KOH K €IMHUIIE.

IMpumep 1. Jlan 1UCKpETHBIH CUMMETPUYHBIA KaHaAT 0€3 MaMsITH, Ha BXOJ KOTOPOTO
MOCTYMAa0T ABOWYHBIC cuMBOJIBI X1= 0; X2 = 1 ¢ anpuopubsiMu BeposiTHocTssMu P(x1) = 0,85;
P(x2) = 0,15. [1epexoHbiec BEPOITHOCTH 33Aa0TCS COOTHOIICHUEM

P, j#I
1_p’j:i

rae p = 0,05 — 9510 BeposTHOCTH omnOku. OnpenennuTh anoCcTepUOPHBIC BEPOSITHOCTH.

p(yj /Xi) =

Pemenune. Curyanus B KaHajle XapaKTepU3yeTCsl CXEMOU

Xl — 0 yl — 0
— KaHan —————>
x, =1 Vv, =1
yM
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Tak kak BeposiTHOCTH ook P = 0,05, TO BEpOSATHOCTH NPABUIILHOTO MpUEMa
q=1-0,05=0,95.

B TakoM kaHane KaKIbIii KOJOBBIM CHMBOJ MOXET OBITh MPUHAT C OIMIMOOYHOU
BEPOSITHOCTHIO

Py, /%)= p(y,/x)=p=0,05.

[IpaBunbpHO nepenanHas HH(PpOpMaLUs OMUCHIBAETCS

p(yllxi) = p(yzlxz) =q =0,95.
~pepCy; /%) p(x)pCy; /%)

p(x /y;)= = .
‘ p(y;) D p(x)p(y; /%)
i=1
0(% 1 y,) = PO P(Y: /%) _ 0,85-0,95 0,901
P(x) Py, / %)+ p(x,)p(y, /%) 0,85-0,95+0,15-0,05
/ 0,85-0,05
0(% 1y,) = P() PCY, /%) _ _0.23
p(x)p(y,/ %)+ p(x,)p(y,/x,) 0,85-0,05+0,15-0,95
0(%, /y,) = P(%) P(Y 7 %,) _ 0,15-0,05 0,009
P(X,) p(y,/ %)+ p(x)p(y, /%) 0,15-0,05+0,85-0,95
0(%,1y,) = PO P(Y, /%) 0,15-0,95 |

(%) p(Y, ! %)+ P(x)p(y, /%) 0,15-0,95+0,85-0,05
3aganue

3anaua 1. 3agan kaHai nepenayu uHGpopManuu 6€3 1myma, o KOToOpomy neperaeTcs
coo011eHue u3 ancamOJs:

X — X1 X2 X3 X4
0,34 0,46 0,16 0,04
Cpennsiss  JUIMTETLHOCTh TIEpPENayd  OJHOTO JJIEMEHTa COOOIICHHWS B KaHaje
1=0,2 mc.

Haiitu: mpormmyckHyt0 CltoCOOHOCTh KaHaa; CKOPOCTh Mepenadyn HHpopMaIui B KaHae
0e3 myma.

3agaua 2. 3amaH MCTOYHUK C BEPOSTHOCTSAMU TOSIBJICHUS CHUMBOJIOB HCTOYHHKA

andasura p(Xx1) = 0,5; p(x2) =0,25; p(x3) = 0,125; p(x4) = 0,125. Mexay COCeTHUMHU
CHUMBOJIAMHU UMEIOTCSI KOPPEIIALIMOHHBIE CBS3H, 3aJlaHHbIC MAaTPHUIICH BEpPOSTHOCTEH

23



R
16 16
11 3
8§ 2 8
0 0 01
111,
2 4 4

Onpenenuth N30BITOYHOCTh UCTOYHUKA MPU CTATUCTUYECKON HE3aBUCUMOCTH CUMBOJIOB U
M30BITOYHOCTH MPHU 3aBUCUMOCTH CHMBOJIOB.
3anaua 3. 3aman kaHa nepeaadn nHGpopManuu, andaBuT IepPeIaBaeMbIX COOOIECHUN

COJIEPKUT TpHU cUMBOJa ¢ BepositHocTsimMu pl = 0,2; p2 = 0,7; p3 = 0,1. UtoOwI nepenath
nH(popMaIuu 1o KaHaiay 0e3 MmoMex ObUI MPUMEHEH PaBHOMEPHBIN ABOMYHBIN KOJ. 3ajaHa
4acTOTa TAaKTOBBIX UMITYJIbcOB TeHeparopa 500 ', HaiiTu npomyckHyto cmocoOHOCTh KaHasa

U CKOPOCTbH Iepeaaun nHpopmanuu.

3agaua 4. 3aaH KaHaJI CBSA3H, IO KOTOPOMY MEepeaaeTcs TpPU CUMBOJIA JUIUTEIbHOCTHIO
1=0,01 ¢ wactortoii cienoBanusi F=1/1. Marpuma 0Ge3ycIOBHBIX BEpPOSTHOCTEH HCTOYHHMKA
CUTHAJIOB

0,4
0,3
0,3

Kanan cBsi3u xapakrepusyercs ripu p1 = 0,01; p2 = 0,02; p3 = 0,97 maTpuiieid yCIOBHBIX

BEPOSATHOCTEMN
p3 p2 pl
PY/X)=lp Py P,
P, P P

OnpenenuTs MTPOMYCKHYIO CHOCOOHOCTh KaHama. CpaBHUTH MPOU3BOIUTEIHHOCTH

MCTOYHMKA U TIPOMYCKHYIO CITOCOOHOCTh KaHaa.

3anayva S. [1o JBOMYHOMY CUMMETPUYHOMY KaHATy CBSI3H C IOMEXAMU NIEPENAOTCS J1Ba
cuMBoJIa ¢ BeposiTHocTsIMU p(x1) = 0,75 u p(x2) = 0,25. M3-3a Hanuuus HOMEX BEPOSTHOCTh
MPaBUJIBHOTO MpHeMa Ka)JI0ro U3 CUTHajIoB yMeHbinaercs a0 0,875. J[nurensHOCTh OHOTO
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cursaiat=0,1 c.
HeoOxogumo ompeneanTh: TPOU3BOAUTEILHOCTh M W30BITOYHOCTh HMCTOYHHUKA;

CKOPOCTH Tiepeaadn nH(pOpMaIuy 1 IPOITyCKHYIO CIIOCOOHOCTH KaHalla CBS3H.

3agaua 6. OmnpenenuTh CKOPOCTh Tiepemaurd WHGOpPMANUKM I COOOIICHUM
aHTIUICKOTO and)aBuTa, MPU 3TOM HM3BECTHO, YTO OYKBHI €, t, 0, n mepemaroTcs 3a 10 mc
KaXKmasi, a ocTanbHbIe 3a 20 Mc kaxaast. [Ipu permenny mpuMeHUTh TaHHBIC O pacTpeeieHuN

BEPOATHOCTEH OyKB B aHTJIUIICKOM TEKCTE.

KOHTpOJILHl)Ie BOIIPOCHI

JlaTh ompenenieHUs M TOSICHEHUS TEXHUYECKOW M WHOOPMAIIMOHHOW CKOPOCTH
nepenayu. Ha3BaTh eIMHUIIBI U3MEPEHUS U 00J1aCTH IPUMEHEHUS ATUX TTOHSITHUH.
JlaTh onpesenenne nHOOPMAITMOHHONW CKOPOCTH JJISl PABHOBEPOSTHBIX COOOIIEHUH.
B dem 3akirouaeTcs OTIMYME OT cliydasi HEPAaBHOBEPOSITHBIX COOOIICHMIT?

JlaTe onpeneneHue MpoOMyCKHOM COCOOHOCTH KaHaja 0e3 MOMeX M ¢ MOMEXamu,
Ha3BaTh €AMHUIIBI U3MEPEHMUS], IPUBECTU 00JIACTH TPUMEHEHHUS dTOTO TTOHSTHS.
ChopmynupyiiTe U MOSICHUTE MEPBYIO U BTOpYyr Teopembl llleHHoHa. B kakux

3a/la4ax HAllJIX IIPUMCHCHHC OTH TeOpeMBI?
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