Ucaak Arnom, AKuea Arnom. BepoAaTtHocTb U HGopmauma

NHbopmaymsa He ABAANACh HAYYHbIM MOHATUEM, MOKa €€ HE Hay4yuancb namepsaTb. EanHuua
MHbOpMaUUM — BUT — 3TO KOIMYECTBO MHDOPMALLIMK, CoAEeprKalLleecs B BONPOCE, Ha KOTOPbI
paBHOBEPOATHbI ABa OTBETa: Aa M HeT. M3BneKas nHopmauuto, Mbl yMEHbLLAEM SHTPOMUIO — Mepy
HeonpeaeneHHOCTN cucTembl. HeKoTopble cneactsma Teopun MHGOPMaLUKN He TPUBMA/bHbBI, U MOTYT
6bITb NONE3HbI MEHeAKepam. Hanpumep, ecnm Ha BOMNPOC CyLLECTBYET TOJIbKO ABa OTBETa, TO
MaKCMMaibHaa MHGOPMaLMA MOXKET ObITb NOyYeHa, eCM BEPOATHOCTb OTBETOB OAMHAKOBaA. Ecany
CMCTEMbI MHOTO COCTOSIHUI, TO CYLLECTBEHHbIN BK/1af, B SHTPOMUIO CUCTEMbBI AALOT TOJIbKO COCTOSHUA,
BEPOATHOCTb pPeannsaLmm KoTopbix Hanbonbwana. KHura BepoamHocme u UHpOpMayua — OTHOCUTENbHO
AOCTYMHOEe BBeAeHNEM B TeOpUo MHPopMaLmn (06nacTb maTemaTuKM). [INa YTeHUA KHUTM A0CTaTOYHO
MaTeMaTMYeCcKol NoAroToBKU B 06bemMe LKONbHOIO Kypca.

Wcaak Arnom, AkmBa firnom. BepoaTtHocTb U MHGopmauma. M.: Hayka, 1973. -512 c.
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['1aBa I. BeposaTHOCTb

§ 1. OnpepeneHue BepoaTHOCTU. CiydaliHble COObITHSA U C1y4alHble BEJIMYUHbI

PaccmoTpum Kakoe-nnbo CO6bITM€, onpeaensaemoe pesynbtatamu onbita. Ecam ato cobbiTne
ocywiecrtBnAaeTca npn m n3 n BO3MOXXHbIX PaBHOBEPOATHbLIX NCXOA0B ONbiTa U HE OCYLLECTBNAETCA Npu
OCTa/ZibHbIX N —M NCX0AaX, TO BEPOATHOCTb €ro NpuHMMaeTCAa paBHOﬁ m/n. Apyrmmun cnosamm,
BE€pPOATHOCTb HEKOTOPOro cobbITnA paBHa OTHOLWEHWNIO YNCN1a PAaBHOBEPOATHbLIX MCXO408B,
6!'IEIFOI'IpMF|THbIX AanAa gaHHOro CO6bITMﬂ, K 06LLI,EMy YUCNY PaBHOBEPOATHbLIX MCXOA0B.

§ 2. CBoiicTBa BeposATHOCTHU. C/10KeHHE U YMHOXKeHHe coObITUH. HecoBMecTUMbIE U
He3aBUCHUMBbIe COOBbITUS
Ecnum cobbiTva A u B HeCOBMECTUMBI, T.e. cpasy 06a OHWM He MOTYT UMETb MeCTa, TO

p(A+B) =p(A) + p(B)

Ecnu cobbiTva A u B cOBMECTUMBI, T.€. MOTYT peasin30BaTbCA OAHOBPEMEHHO

p(A+B) =p(A) + p(B) - p(AB),

rae p(AB) — BepoATHOCTb O4HOBPEMEHHOTO HAcTyneHna cobbiTuii A n B.

Ecnuv cobbitna A n B He3aBUCKMMbI, TO

P(AB) = p(A)-p(B)

CpegHee 3HayeHMe CYMMbl ABYX C/IY4alHbIX BEJIMYMH PABHO CYMME UX CpeaHUX 3HAYEHWIA:

cp. 3H. (a + ) =cp. 3H. a + cp. 3H.



Ona HesaBUCMMBbIX CﬂyqaﬁHbIX BeINYNH CpeaHee 3Ha4YeHne nx nponssegeHna pasHo nponsBegeHno
cpeaHunx 3HAYEHWI STUX BEIUUYUNH:

cp. 3H. (a-) = (cp. 3H. @) - (cp. 3H. B)
§ 3. YcoBHBIE BEPOSTHOCTH
BepoaTHOCTb, KOTOPYIO MMeeT cobbIThe B TOM Cyyae, Koraa U3BeCTHO, YTO CobbITHE A UMENO MecTo,

Mbl Byiem Ha3blBaTb yCs108HOU 8epOSMHOCMbIO CObbITUA B Npu ycnosun A n 0603HauaTb Yepes pa(B).

YcnoBHas BepoATHOCTb pa(B) Kakoro-nnb6o cobbiTna B npu onpeaeseHHOM YC10BUMM A MOKET ObITb U
MeHbllie 1 6onblie 6e3ycnoBHON BepoATHOCTU p(B) 3Toro cobbiTMA (T.€. BEPOATHOCTU, KOTOPYIO nMeeT B,
€C/IM NPO Pe3ynbTaT OMbiTa, C KOTOPbIM CBA3aHO A, HUYErO HEU3BECTHO).

Ecnum cobbiTisa A u B He3aBMCUMMbI, TO, 04EBUAHO, pa(B) = p(B). NMocneaHee ycnoBme Aaxke MOXKHO
CYMTaTb TOYHBIM MaTEMATUYECKMM OonpeseieHUeM NOHATUA HE3aBUCMMOCTU COBLITUIM, NO3BOAIOLLMM
Ans noboi napbl cobbiTMit A M B NpoBepUTb, ABAAIOTCA I OHWM HE3ABUCUMbIMM UN HET.

[ns 3aBUCUMBbIX cobbITUIA A 1 B:

(1) p(AB) = p(A)-pa(B)

370 1 ecTb 0bLLEee NPaBUIO ANA ONpeaeNeHUsA BEPOATHOCTM NpousseaeHnn AB asyx cobbiTuiA; ero
TaK¥Ke YacCTo Ha3blBalOT MPABUIOM YMHOKEHWUA BEPOATHOCTEN (TO NPaBUIO, KOTOPOE Mbl HasbiBaNn
NPaBUAOM YMHOXKEHUSA B § 2, ABNAETCA €ro YacTHbIM C/yYaem).

N3 popmynsbl (1) cnegyert, uto

p(A)-pa(B) = p(B)-ps(A)

160 cobbiTusa AB 1 BA, pasymeeTtca, He oTinyatotcs). OTcloaa BbiTeKaeT

(2) pp(4) = pa(B) - LGY

p(B)
MocKonbKy 04HO U3 cobbIThil A 1 A 06a3aTeIbHO MMeeT MecTo, TO cymma cobbiTnii AB («B n A») n AB
(«B 1 A») coBnagaet ¢ cobbiTem B. A TaK Kak p(AB) = P(A)pa(B), p(AB) = P(A)pi(B) v p(AB+AB) =
p(AB)+p(AB) (cobbitns AB 1 AB HecoBmeCcTUMbI, W60 HecoBMecTUMbI A 1 A), To

p(B) = p(A)-pa(B) + p(A)-pa(B)

Ecnu KaKkoli-nnbo onbIT o MoXKeT UMeTb k (M TonbKo k) nonapHoO HecoBMecTUMBbIX UCX0A0B A1, A, ..., Ay,
TO Nto60e cobbITME B MOXKHO NPeAcTaBUTb B BUAE CyMMbl cOBbITUI A1B + AB + ... + AB u

(3)p(B) =p(A1) " pa,(B) + p(A2) " pa,(B) + -+ p(Ak) - Pa,(B)
3T1a dopmyna HasbiBaeTcA GOPMYIOI NOSHON BEPOATHOCTY.

§ 4. lucniepcus caydaiHoOU BesinduHbl. HepaBeHCTBO YeObIleBa U 3aKOH 60JIbLINX YU CEJT
MPUHATO XapaKTepmn3oBaTb Pa3bpPOC Cy4aNHOM BEIMUNHBI CPEAHUM 3HAaYEHNEM KBaapaTa ee
OTK/IOHEHWS OT CBOEro cpeaHero 3HavyeHus a. NoayvyeHHoe TakMm 06pa3om YMCIO Ha3bIBAETCS
aucnepcmen cnyvyaitHom BeNnMUMHbI o

ducn. a = cp. 3H. (a - a)?

Ecnu, Hanpumep, caydaiHan BENMYMHA @ U3MEPAETCA B KM, TO U ee cpefHee 3HayeHne umeet
Pa3MepHOCTb KM, a AMUCMEepcus — pa3mepHOCTb KM2, M03ToMy Hapaay ¢ aAucnepcment 4acto
paccMaTpUBAIOT YMC/I0, PAaBHOE KOPHIO KBaZPAaTHOMY M3 AMUCNEPCUU CTYYaNHOM BENNYMHDI. ITO YMC/IO
Ha3bIBAETCA CPEOHUM K8AOPAMUYHbLIM YKAOHEHUEM CNYYanHOM BeNNYMHBI. OHO U3MEPSETCA B TeX XKe
eAMHMLAX, YTO M Cama C/TyYaiiHan BEIMUYMHA d, U TaKKe CYKUT Mepolt «pa3bpoca» ee 3HaYEHUN.

MO»HO NOKasaTb, 4To
ducn. a = cp. 3H. (a?2) - (cp. 3H. a)?
Aucnepcus cymmbl ABYX HE3aBUCUMBIX C/IyYaliHbIX BEJIMYMH BCEraa paBHa CyMMe UX AUCMEPCHiA.

Ecam o — uucno OCYLLI,ECTBJ'IGHVI[;I HeKoToporo cobbiITMA A B nocnenosatesIbHOCTU N B3aMMHO
HE3aBMCUMbIX UCMbITAHWUIA, npuyem BEPOATHOCTb OCYLLECTBAEHUA A MPU KAXL0M UCMbITaHMKU paBHa p, TO



Cp. 3H. @ =np
ducn.a=np (1-p)

OTcioga BbITeKaeT 04HO BeCbMa rnoJsiesHoe cieacTeue. [iucnepcus cpeaHero apudmeTMUeckoro B n pas
MeHbLUe AMCNEepPCUmM KaXKaol U3 paccMmaTpmMBaembIX CAyYaliHbIX BEANYMH. ITO BNIOTHYIO NOABOAMT Hac K
0AHOMY 3amevaTeNbHOMY HepaBeHCTBY. Ecnv a — ciyyaliHaa BennymMHa Co CpegHUM 3HaYeHeM a u
aucnepcuen d, To Bcerga

d
@) P(la-a|l >¢) < =

34ecb € — NPOM3BOJ/IbHOE MOOXKUTENBHOE YUCO; 3anKUCh e P(/a -al > €) 03HaYaeT BepOATHOCTL TOrO,
YTO 3HAYEHME C/TY4aNHOM BEIMYMHbBI O OTKNOHUTCA OT CPeaHEro 3Ha4YeHUs a TOW XKe BesIYMHbI bonblue
yem Ha €. HepaBeHcTBO (4) Ha3biBaeTcA HepaBeHCTBOM YebblllieBa; OHO NOKa3bIBAET, YTO YEM MEHbLLE
aucnepcus d cnyvyaliHOM BENMUYMHDI O, TEM MEHbLLE BEePOATHOCTb 3HAUYNTE/IbHOrO OTKNIOHEHUA O OT
yncna a = cp. 3H. a.

Ecav o — uuncno OCVLI.I,ECTBJ'IEHVIIZ npn N He3aBUCUMbIX UCNbITAaHNAX HEKOTOPOro cobbITnA A, BEPOATHOCTb
ocyuiecTtB/ieHNA KOTOPOro npu ogHoOM, UCNbITaHWUKU pPaBHa p, TO NpPU nobom >0

a p(1-p)
)P (|2 -p| > &) < L2
n ne
an /1I-06OM MNONOXKUTE/IbHOM € Mbl MOXeM HalTu CTONb 6onbu.|oe N, YTO HEPABEHCTBO N >N
«NPAKTUYECKU rapPaHTUPYET» TO, YTO OTK/IOHEHUE HAaCTOTbl a/n OT BEPOATHOCTU p 6y,u,eT MeHbLe €. 3To

3aKNH0YEHME HOCUT Ha3BaHWE 3aKOHA 6obUWIUX HYucer.

['naBa Il. 3uTpOnua u uHGopMaL U

§ 1. IHTpONMA KaK Mepa CTENIeHU Heollpe/ieJIeHHOCTH

[NaBHbIM CBOMCTBOM CAyYaliHbIX COOLITUI ABAAETCS OTCYTCTBUE NOJHOM YBEPEHHOCTU B UX HACTYNAEHUM,
co3zatoLee U3BECTHYO HeOoMNpPeaeNeHHOCTb MPY BbINOJIHEHWUM CBA3AHHbIX C 3TUMU COOLITUAMM OMbITOB.
[na NpaKkTUKK BaXKHO YMETb YNC/IEHHO OLLeHUBATb CTEMEHb HEONPEAEIEHHOCTU CaMbIX PAa3HOO6Pa3HbIX
OMbITOB, YTOObI MMETH BOSMOXHOCTb CPABHWUTb UX C 3TOM CTOPOHbI. 33 eANHULLY U3MEPEHUA CTEMEHU
HeonpeaeneHHOCTM MPUHUMAETCS HeomnpeaeNeHHOCTb, COAEPKALLAACA B OMNbITE, UMEIOLEM [1Ba
paBHOBEPOATHbIX MCX0Aa (Hanpumep, B OMbITe, COCTOALLEM B NOA46paCbiBAHUM MOHETbI U BbIACHEHWUM
TOrO, KaKasl CTOPOHA ee OKa3anacb CBEPXY, UM B BbIACHEHMM OTBETA «4a» UM KHET» Ha BOMPOC, No
NoBoAYy KOTOPOTro Mbl C PaBHbIMW OCHOBAHUAMM MOXKEM OXWNAATb, YTO OTBET ByAeT yTBEPAUTEIbHbIM
WK oTpuuaTeNbHbim). Takaa eguHULA U3MEPEHUA HeonpeaeneHHoCTU buTom (B HemeLKol anTepaType
MCNONb3YeTCA TaK¥Ke BbipasuTenbHoe ee HasBaHue «Ja-Nein Einheit («aa-HeT eanHuua»).

B camom oblem caydae, 414 onbiTa a ¢ TabauLelt BepoaTHOCTEN

HCXO0IE OHMTa | A1 , Az I As l s l Ay
BEPOATHOCTH | ;'(/I.)I /»(.4-;)! p(,":;;)| slo Gp (Ay)
mMepa HeonpeaeneHHOCTU paBHa

— b (A log p (A;) — p (Aa) log p (A7) —
— p (Ay) log p (Ag) — ... — p(4,) logp (Ay)

370 nociegHee YNCA0 Mbl, PYKOBOACTBYACb HEKOTOPLIMU F1YBOKUMU GUIUYECKMMUN aHANOTUAMM,
HeCyLEeCTBEHHbIMK, BNPOYEM, 1A BCEro AanbHellwero, 6yaem Ha3biBaTb IHTPONKUEN ONbITa A U
ob03HauaTb yepes H(a).

Tak Kak —p-log p paBHO Hyto vwwb Npu p =0 uam p = 1, T0 ACHO, YTO 3HTPoNuaA H(a) onbiTa o paBHa
HY/1I0 /INLLb B TOM CNy4Yae, Koraa ogHa us sepoatHocTel p(Ai), p(Az), ..., p(A«) paBHa eauHuLe, a Bce
OCTa/IbHble PaBHbI HY/10. 9TO 06CTOATENILCTBO XOPOLLO COMacyeTca CO CMbIC/IOM BeanUnHbl H(a) Kak
Mepbl CTeNeHN HeonpeaeneHHOCTU: AeNCTBUTENbHO, TO/IbKO B 3TOM C/ly4ae OMnbIT BOOBLLE HE COAEPHKUT
HWKaKoM HeonpeaeneHHOCTH.

Janee, ectecTBEHHO CYMTaThb, 4YTO cpegun BCcex onbiToB, UMEOLLNX k ncxoaos, Hambonee
HeonpeaeneHHbIM ABNAETCA ONnbIT C Ta6ﬂVILI,EI7I BEPOHTHOCTEﬁ!



HCXO 0NN l | l I Ay

|
BEpoATROCTH l l ‘ ' cow l T

B aTOM C/lyyae npeackasaTb UCXO4, OMbiTa TPyAHee BCcero. IToMy OTBEYaEeT TO 06CTOATENbCTBO, YTO TaKOW
ONbIT UMeeT HanbobLyto aHTponuto. Ans k = 2 GyHKUmA

H(p) = -p-logp - (1 - p)-log (1 - p),
onpeaensowasn SHTPOMNUIO ONbITa C ABYMA MCXO4aMM (BEPOATHOCTU KOTOPLIX paBHbl p u 1 = p),

npuUHMMaeT Hanbonbluee 3HaYeHue (paBHoe log2 = 1) npu p = %. Ha puc. 1 nsobparkeH rpaduk 3Toi
dYHKUMK, NOKA3bIBAOWMI, KaKk MeHseTcs aHTponus h(p) npu nameHeHmm p ot 0 go 1.

M I'l ]
W
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Puc. 1. 3aBucumoctb aHTponum h(p) ot BeposTHoCTU p ans k =2

3agaua 1. Umetotca age ypHbl, cogepkatme no 20 wapos — 10 6enblix, 5 YepHbIX 1 5 KpacHbIX B NepBoi
n 8 6enblix, 8 YepHbIX U 4 KpacHbIX BO BTOPOM. U3 Kaxa0M YpHbI BbITAaCKMBAtOT NO ogHOMY wapy. Ncxoga,
KaKoro 13 3TUX ABYyX OMNbITOB CNeayeT cuntaTb bonee HeonpeaeneHHbIM?

TabAnubl BEPOATHOCTEN A7 COOTBETCTBYHOLMX ONbITOB (0603HAYMM MX Yepes i U Oz) UMEIOT BUA,: ONbIT
o1 (M3BNeYeHue Wwapa 13 1-i ypHbl):

UBET DEEYTONO mapa l Geamaii | e LI | K pacHii

| , ‘ 1 I :
BEPOSTHOCTD Lo - s
4

OnMbIT O (M3BNEUEHME Wapa U3 2-1 YPHbI):

UBET BRAYTOrO mapa l Gesnit I qepru# I Kpacmai
2
5
DHTPONKUA NepBOro onbITa paBHa
i 1 1
o 3

3 log — — —log — =
“4 N a9 /{

e -

BepoATHOCTD

i 1
H () = — 3 log R
=1+ 5 -:2=1,0 6ura,
a BHTPONHSA BTOPOr0 HECKOJHKO GoJmine:

9

Ig——— Iog

f'-"l o

H (ag) =
e 1 & 9 ‘

~ - 1,32 = 2,32~ 1,52 Onra.

|-|03TOMy, eCc/n oueHnBaTb CTENEHb HEONPEeOENEHHOCTU NCXO4a ONbITa €ro 3HTp0nM€l7|, TO HaA4o CYUTATD,
YTO UCXOL4 BTOPOro OnbiTa ABNAETCA bonee HeonpeaeneHHbiMm, 4Hem Ucxon nepsBoro.

McTopuyeckm nepeble Warn K BBEAEHMIO MOHATUA SHTPONMM Bblan caenaHol ewe B 1928 r.
aMEPUKAHCKUM NHKEHEPOM-CBA3UCTOM XapTau, NPeasioKUBLLUMM XapaKTepmn3oBaTb CTENEHb
HeonpeaeneHHOCTH onbiTa ¢ k pasnnyHbiMm ucxogamm yucnom log k. K coxkaneHuto, npeaoxeHHaa um



Mepa CTerneHn HeonpeaeaeHHOCTU, NMOJTHOCTBI0 UTHOPUPYET Pas/inune MeXKAy XapakTepoM UMerLMXCA
MCX0A08B (NoYTK HeBEPOATHOMY MCXOAY 34ECh NPUAAETCA TAKOE e 3HaYeHue, Kak U ucxody Becbma
npasaonoao6Homy).

OWNBOYHOCTb TOUYKM 3peHns XapTaum bbina nokasaHa Knogom LLIEHHOHOM, NPeasoKUBLLUMM MPUHATL B
KayecTBe mMmepbl HeonpeaeneHHOCTM ONbITa 0L C BOSMOXKHbIMU Ucxogamu Aj, Ay, ..., Ax BEIMYMHY

H(a) =-p (A1) - log p (A1) - p (Az2) - log p (Az) - p (Ai) - log p (Ai)

rae p (A1), p (Az), ..., p (Ar) — BEPOATHOCTM OTAE/bHbIX UCXOA0B; OH e NPeanoXun HasbliBaTtb 3Ty
BE/IYMHY sHmponuel.

CnepyeT, 04HaKo, UMETb B BUAY, YTO Mmepa LLIeHHOHa He MOKeT NpeTeH0BaTb Ha NO/HbIN yYeT BCex
daKTOpOB, ONpesenaoWmUX «KHeonNpeAeIeHHOCTb ONbITa» B IIO60OM CMbIC/IE, KAKO MOMKET BCTPETUTLCA B
*U3HUW. TaK, Hanpumep, mepa H(a) 3aBUcHUT anwb OT BepoAaTHocTen p (Az), p (Az), ..., p (Ax) pa3nnuHbIx
MCXOA,0B OMbITA, HO BOBCE HE 3aBUCUT OT TOTO, KAKOBbI CaMWu 3TW UCXOAbl — ABNAIOTCA /1N OHU B
HEKOTOPOM CMbIC/Ie «BM3KUMU» OAMH K APYFOMY MW OYEeHb «AaNEKUMMNY.

OcobeHHOCTb aHTponuKn H(a) 06bACHAETCA TEM, YUTO NMOHATUE SHTPONUM NEPBOHAYAIbHO 6bIN0 BBEAEHO
CneumnanbHO A5 peleHns HEKOTOPbIX BOMPOCOB TEOPUN Nepeaaym CoobLLeHMA MO INHMAM cBA3K. Mpu
3TOM, KOHKPETHOE CoAeprKaHMe CaMoro CoobLWEHNS COBEPLUEHHO HECYLLECTBEHHO, U NPOABASETCA B
He3aBUCUMMOCTU 3HTponun H(a) oT 3HaueHui Ay, Az, ..., Ak camux UCXOA0B OnNbITa.

§ 2. IHTpONUSA CJI0XKHBIX COOBITUH. Y CJIOBHASA SHTPONUSA
MycTb a 1 B — ABa HE3aBUCMMbIX OMbITa C TaBNULLAMU BEPOATHOCTEN: OMbIT O

HCXQJIL OmTa | Ay [ A I { Ay

';"I"f'ﬂ wern | p(A) | p(4s | ... | A
omtr fi

RCXOJiEl ONKITA I B, l B || B,

seposmuoerss | p(B) | p(Bay | ... | p(BD

Toraa
H(ap) = H(a) + H(B)

(NpaBunNO CNOXKEHUA SHTPOMMUIA), KOTOPOE XOPOLLO COrNACYETCA CO CMbIC/IOM SHTPOMMUU KaK Mepbl
cTeneHn HeonpeaeaeHHOCTU.

MpeanonoXMM Tenepb, YTO OMNbITbI O U B HE He3aBUCUMbI (Hanpumep, YTo a U B — nocaegoBaTeNbHble
M3BNEYEHUA ABYX LIAPOB U3 O4HOM ypHbI). Toraa:

H(ap) = H(a) + Ho()

rae Ho(B) — cpeHee 3HayeHMe Cly4aitHOM BEIMYMHbI, TPUHUMALOLLEN C BEPOATHOCTAMM p (A1), p (Az),
..y D (Ar) 3Hauvenuns Hai(B), Haz(B), ..., Ha(B), T. €. 3HaYeHun, paBHble YCIOBHOM 3HTPONUK onbiTa B npu
YCNIOBWM, 4TO ONbIT & UMeeT ucxoabl Az, Az, ..., Ax. CpeHAA ycnoBHasa sHTponua Hq(B), BblumncneHne
KOTOPOI He NpeAnoiaraeT U3BECTHbIM UCXOZ, a, FNyHOKO OTpaKaeT B3aMMHYHO 3aBUCMMOCTb OMbITOB O 1

B.

YcnoBHas aHTponua H([5) 3akntovaetca mexay Hynem v aHTponuei H(B) onbita B (6e3ycnoBHol):

0<HdB) <H(B)

Takum 06pa30M, Cnyydan, Korga ncxoq onbita B NONTHOCTbIO onpeaenAaeTca MCXogom a 1 Korga onbiTbl A
n B HE3aBUCUMbI, ABNAKOTCA B onpegeneHHom Cmbicne Kpal)'IHMMM.

§ 3. llonsaTHe 06 UHPOpPMaALUU

PaBeHcTBO H([f) HYNtO 03HayaeT, YTo UCXOL onbiTa B 3apaHee n3BecTeH; b6onbluee UAN MeHbLIee
3HaveHue uncna H(P) otBevaeT 6onbluei nn meHbluei NpobaeMaTMyHOCTH pesybTaTa onbiTa. Kakoe-
nnbo n3mepeHue nnn HabaaeHWe o, NpeaLwecTBytoLLee onbITy B, MOXKeT OrpaHNYUTb KOJIMYECTBO
BO3MOMHbIX UCXOA0B OMNbITa B ¥ TEM CAMbIM YMEHbLUUTb CTENEHb €r0 HeonpeaeeHHOCTU. ToT dakT, YTo
OCYLLEeCTB/IEHNE O YyMEHbLUAET CTeneHb HeonpeaeNeHHOCTU B, HAXOAMUT CBOE OTPAXKEHWUE B TOM, YTO



ycnoBHasa aHTponua He() onbiTa B Npy ycn0BUM BbINOHEHUA O OKa3blBaeTCA MeHbLUe NepBOHAYaIbHOW
sHTponuu H(f) Toro e onbiTa. Taknm obpasom, pasHOCTb

I'(a, B) = H (B) - Ha ()

YKa3blBaeT, HACKO/IbKO OCYLLLECTB/IEHNE OMbITa O YyMEHbLUIAeT HeonpeaeieHHOCTb [3, T.e. Kak MHOro
HOBOrO y3Haem Mbl 06 ncxoae onbiTa B, Nnponsseas nsmepeHue (HabaoaeHne) a; 3Ty PasHOCTb
Ha3bIBAIOT KOMYECTBOM MHPOPMALIMN OTHOCUTEIbHO OMbITa 3, coaeprKalnmca B onbiTe a. Taknum
06pa3om, Mbl MOIy4aeM BO3MOXKHOCTb YUCAEHHO20 U3MepeHUs UHhopMayuu.

NHdopMaums oTHOCUTENBHO B, COAEPIKALLLAACA B OMbITe O, N0 OnpeaeeHuUIo NpeacTasaseT cobol
cpepHee 3HauyeHue cnydariHoi BennunHbl H (B) — Hai (B), cBA3aHHOM C OTAENbHbIMM MCXOAaMu A; OMnbITa
0; NO3TOMY ee MOXKHO 6bl/10 6bl Ha3BaTb TaKKe «cpeaHen MHpopmaLmelt OTHOCUTENBHO B,
coaepKalerica B a». Mpy 3TOM peKoMeHAYeTCs HauMHaTb C TOTO ONbITa Olg, KOTOPbIV COAEPKUT
Hanb0obLWY0 MHPOPMALMIO OTHOCUTENBLHO 3, 6O NPU MHOM OMbITE O Mbl BEPOSATHO, A06beMCA MeHee
3HAYMTEIbHOTO YMEHbLUEHUA CTeNeHN HeonpeaeneHHocTh B —aHTponumn H(B). CayyainHbln XxapaKTep
MCXOA0B OMbITa B HE NO3BONAET 3apaHee YKasaTb KpaTyallumii NyTb K BbIACHEHWIO pe3y/ibTaTa 3TOro
onbITa: camoe 60o/ibliee, Ha YTO Mbl MOMKEM PACCUMTbLIBATb — 3TO YKa3aTb MyTb, KOTOPbI BEPOATHEE
BCEr0 OKaXKeTCA KpaTyalluMm; MMEHHO 3Ty BO3MOXHOCTb U NpeaocTaBaaeT Teopus nHdopmaumm (a

pewmnn aTy 3aga4y ana urpbl Bbikn 1 KopoBbl. — Mpum. BarysuHa).

3adaya 1. MycTb onbIT P COCTOUT e onpeaeneHnm NoJIOKEHNA HEKOTOPOM TOYKN M, OTHOCUTENIbHO
KOTOPOW 3apaHee N3BECTHO TO/IbKO, YTO OHa PacrnonoXeHa Ha oTpeske AB anuHbl L (puc. 2), a onbIT a —
B U3MEPEHMMU ANHbI 0Tpe3Ka AM C NOMOLLbIO HEKOTOPOTo N3MepUTEIbHOro Nprnbopa, AaloLWero Ham
3HaYeHMe A/IMHbI C TOYHOCTBIO A0 onpeaeneHHON «OWNBKN namepeHns» A (Hanprumep, ¢ NTOMOLLbIO
JIMHENKM, Ha KOTOPOK HaHeceHa LWKana ¢ AeneHnamMu anuHbl A). Yemy pasHa nHdopmaums l(a, B),
cogeprkalasnca B pesysibTaTe UamepeHus, OTHOCUTE/IbHO MCTUHHOTO NOJIOXKEHUS ToYKu M?
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Puc. 2. UamepeHue c ToO4HOCTbIO A

Pasobbem Becb 0Tpe3ok AB Ha ManieHbKMe OTPE3KM A/IMHbI €, BbIOPAHHOM TaK, UTO6bI U Ha BCEM OTpe3kKe
AB 1 Ha OTpe3Ke A/IMHbI A YI0XKUAOCH LLe0e YUCIO0 TaKUX MasiblX OTPE3KOB (T.e. YTo6bl OTHOWeHUA L/e 1
A/e 06a BbipaxKanucb Lenbimmn yncnamu). MNoctasum 3agady o6 onpegeneHum NoNOKeHUA TOUKN M ¢
TOYHOCTbIO 4,0 BEANUYMHBI €. TaK Kak 3apaHee Ham 6bl10 M3BECTHO TO/IbKO, YTO ToUKa M pacnonaraetca
r4e-To Ha oTpesKe AB, TO Mbl MOYKEM CUMTATb, YTO ONbIT 3, COCTOALMI B ONpeseneHm ee NoMOKEHUA C
TOYHOCTbIO A0 €, UMeeT L/s paBHOBEPOATHbIX UCXOA0B, TaK UTO ero aHTponua pasHa H (Be) = log (L/g).
Mocne TOro Kak Mbl NPOM3BEM OMbIT A, T.e. USMEPUNN SANHY AM C NOMOLLbIO HAWWEro U3MepUTeNbHOro
nprbopa, Mbl BbIACHW/IM, YTO HA CAMOM Ae/ie ToYKa M NomMeLLaeTca BHYTPU MEHbLLEro MHTepPBana
ANVHbI A (onpeaensiowLero ToYHOCTb U3SMEPEHUSA); NOITOMY NPU U3BECTHOM MUCXOAe o OnbIT B byaeT
MMeTb YxKe Bcero A/e paBHOBEPOATHbIX MCXOA0B, Tak UTo Hy (Be) = log (A/g). CheposaTtensHo,

L A L
(6) (@, Be) = H(B) - Ho(Bo) = log - log— = log~

MpupasHaB aHTponuio H(a) cpeaHeit nHbopmaLmm, cogeprRalLeinca B UCXoae onbiTa o, Mbl MOXKEM, B
YaCTHOCTM, NPEANO/OKUTb, YTO Nepesaya COOBLLEHWNI B }KMBOM OpraHM3me BO MHOTMX Cy4Yanx
NPOMCXOAUT TaK, YTO 32 OAMHAKOBOE Bpems B CpeaHeM nepeaaeTcs 04MHAKOBOE KOMYECTBO
nHdopmaumn. NMoHATUE MHPOPMALMKN MOKET BbITb MCMOIb30BAHO A8 KOIMYECTBEHHOrO ONUCaHMA
NPOLECCOB BOCNPUATUA N YCBOEHMSA }KUBbIMW OPraH1M3MamMmM CUrHAN0B Pa3HOro poAa, NOCTYNaloWwmx K
HUM M3 BHELWWHEro MMpa.

NHdopMauma 0THOCUTENLHO ONbITa B, COAEprKaLLanca B ONbITe O, BCerga pasHa nHdopmaumnm
OTHOCUTENbHO Q, coAepKalleica B B:

I'(a, B) = H (B) - Ha(B) = H (&) - Hp (o) =T (B, o)

PaseHcTtBo uHbopmaunii I (a, B) n 1 (B, a) noguepkusaeTca cneaytoweii dopmynoi:
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I'(a, B) = H (o) + H(B) - H (af)

Ecnn ycnosHas sHTponua Hp () paBHa Hynto 1, cnepgosatensHo, uHpopmauma I (a, B) oTHocutenbHo 3,
cofepKallanca B o, ABAAETCA Hanbonbluew (T.e. HU NPO KaKkoW Apyrol onbIT 31 HE coAepKUT 6onbLueit
nHdopmauun 06 onbiTe o), TO UHPOPMALUA OTHOCUTENBHO J1O6Or0 HE3aBUCUMOTO OT [3 onbiTa y,
coaeprKallanca B o, paBHa HY/l0 — 3TO AACT OCHOBaHWE FOBOPUTb, YTO OMbIT OL KNPAMO HaANPaABAEH» K
BbIACHEHMIO UCX04a B 1 HE COAEPKUT HUKAKOM «NOCTOPOHHEN» MHbopmaLmu. B obuiem ke cnydae
MHopMaLma OTHOCUTENBHO NHOO6Or0 HE3aBMCUMOTO OT [3 OMbITA Y, COAEPKALLAACA B OMNbITE O, HE
npesocxoaut BeanumHbl Hg (o) =1 (o, o) - I (o, B).

Mpu nocnefoBaTenbHoM nepegade MHGopmaLumu 06 onbiTe A, OCYLW,ECTBAEMOM NOCPEeACTBOM LeMOYKM
onbIToB B, V, 6, ..., A€ TONbKO ONbIT B HENOCPeACTBEHHO CBA3AH C O, @ Y BCHO COAEPMKALLYIOCA B HEM
nHbopmaumio 06 a noayyaeT U3 CBA3U € onbIToM B (Tak UTo Py yKe He coaepKMT 06 oL AONONHUTENbHOM
MHdopMauum no cpasHeHuto ¢ B), & Bclo MHPopmaumio 06 o NoyYaeT u3 CBA3U C ONbITOM Y U T.4.,
MHPopMauma 06 o MOMKET NN YMEHbLIATHLCA:

H@)=I(a,a)2I(B,a)2I(y,0)21(6,a)=...

Harﬂﬂ,ﬂ,HOVI VII'IﬂIOCTpaLI,VIEVI 3TOro NOJNI0KEHUA MOXKET CNTYXKUTb U3BECTHAA AEeTCKaA Urpa B
«UCNOPYEHHbI TenedoH».

['y1aBa III. PemieHrie HEKOTOPBIX JIOTUYECKUX 3a/a4 C IOMOLIbIO IMOICYeTa
MHpOopMaLuu
§ 1. [IpocTeie npuMepshl

3adaya 2. CKonbKo BOMPOCOB HaZo 3a4aTb, YTOObI OTragath 3aymaHHoe cobecegHMKOM Leoe
NoOJIOXKUTEIbHOE YMCNO0, He NpeBocxoasallee 10, ecaun cnpalmBaemMblit Ha BCe BOMPOCbI OTBEYAET nLb
«Aa» UNN KHET»?

OnbIT B, COCTOALWMI B BbIACHEHUW 3TOTO YMCNA, MOXKET UMeTb 10 pasnyHbIX MCXoaoB. [Jo oTBeTa Ha
nepBblii NOCTaBAEHHbIN BOMPOC BCE 3TU UCXOAbl MOMKHO CYMTaTb PAaBHOBEPOATHbIMM, TaK UTo aHTponusa H
(B) onbita B (1. e. Tpebyemasn HPopmaLms) pasHa logl0 = 3,32 6uta. PaccMOTPUM CNIOXKHbBIV ONbIT Ak =
0102... O, 3aK/IOYAIOLMIACA B TOM, YTO CpalUMBatoWmMiA 3a4aeT k BONpocos. IHTPONKA ONbITa o,
3aKNHOYalOLLEroCcsA B MOCTAHOBKE OA4HOMO BONPOCA, HE MPEBOCXOANT OAHOro 6MTa, TaK Kak 01, MOXKeT
MMeTb ABa UCX0Aa (NONOKNUTENbHbIN M OTPULATENbHbIN OTBETbI HAa BOMPOC); SHTPONUA OnbiTa A¢ He
npesocxoauT k 6uT. [na Toro 4tobbl Mcxoa onbiTa Ax NONHOCTbLIO onNpeaenan ucxog, B, Heobxoammo,
uT06bI UMeno mecto paBeHcTBo I (Ax, ) = H (). OTctona 3aknio4aem, YTo B 3TOM ciyyae

log10=H (B) =1 (Ax B) < H (Ax) <k
T.€.

k=log 10~ 3,32,

WA, TaK Kak k — uenoe yucno, k > 4.

YT106b1 HPOPMaLUA, coaepKaLLanca B OTBETE Ha NepBblit Bonpoc (T.e. sHTponua H (1)), 6bina
BO3MOKHO 60nbluel, T.e. YTO6bl OHA AEUCTBUTENBHO PaBHANACb ogHOMY BUTY, Hago, YTobbl 06a Mcxoaa
Hallero onbiTa a1 bW paBHOBEPOATHLI. Janee cnegyeT notpebosats, UTobbl MHGopmauus I (A4, B)
OTHOCUTENBHO [3, 3aKNtOYEHHas B 1, paBHANach sHTponuu H (1) onbiTa a1, @ He Bbla 6bl MeHbLUE 3TOM
BE/IMYMHbI. [11A 3TOro Hafo, YTo6bl OTBET Ha NepBbIii BOMPOC He COAEPKan «MOCTOPOHHEN»
nHbopmaumu, T.e. utobbl ycnosHas aHTponus Hg (o) paBHanack Hyato (apyrumu cnoBamu: 4tobbl Ucxos,
onbiTa B NONHOCTbIO ONpeaenan UCXoa, o. He Hy»KHO, HanpUMep, MHTEPECOBaTLCA, MOXKET JIN YAC/IO
6bITb 60/1ble 10. ITM cO0bpPaXKeHUA ACHO YKa3bIBAIOT, KaK CledyeT NoCTaBUTb NepBbiii BOMPOC.
Pa30b6bem MHOXKeCTBO BCEX BO3SMOXKHbIX 3HAaYEHMUM X (T.€. MHOMKECTBO Lie/bIX MOI0KMUTEbHbIX YUCEN OT
1 go 10) Ha ABe paBHble MO YNCIEHHOCTM YacTU (TaK KaK MCXOAbl OMbITA 01 AOJIXKHbI ObITh
PaBHOBEPOATHBI) Y CMPOCUM, OTHOCUTCA /1N X K OAHOM UM K APYTOM U3 HUX; TaK, HAaNpPUMEpP, MOXKHO
cnpocuTb, byaeT in x 6osblwe 5. O4EeBUAHO, YTO B ITOM C/y4yae

[ (a1, B) =H (B) - Hu (B) = 1.

Mpu ntobom ncxoze onbiTa 01, IHTPONUA MHTEPECYHOLWEro Hac onbiTa 3 ymeHbwKTcA Ha 1 6uT. Janee
cnegyeT TOYHO TaKMM e 06pa3om pa3buTb HOBOE MHOMKECTBO AOMYCTUMbIX 3HaYEHUI X Ha ABe



BO3MOKHO 60onee 6/1M3KMe NO YNCIEHHOCTU YaCTU U BbIICHWUTb, K KaKOM U3 HUX X MPUHAZNEXKUT (ecan
06HaPYKMA0Cb, UTO X 6ObLLE 5, TO MOXKHO CNPOCUTb, 6OAbLIE AN 3TO YMCNO, Yem 7).

AnbTepHaTUBHAA BO3MOXHOCTb — 3anN1caTh 3arafaHHOE Y1Cio B ABOMYHOM Buae. Hanpumep, umcno 9 —
101. U cnpocuTb, paBHa n nepsasa undpa 0, BTopasn, n 1.4,

§ 2. 3ay1aum Ha onpejiesieHre GaNbUIMBbIX MOHET C TOMOIbI0 B3BEIIMBAHUM

3adaya 3. UmeeTca 25 MOHET 04HOro AOCTOMHCTBA, 24 N3 HUX UMEIOT 04MHAaKOBbIV Bec, a ogHa —
$anblumMBas — HECKO/IbKO Jierye ocTanbHbiX. CnpalmnBaeTca, CKOIbKMMM B3BELIMBAHUAMM Ha YaLLEYHbIX
Becax 6e3 rupb MOXKHO 0OHAPYKUTb 3Ty PanbLUNBYIO MOHETY.

OnbIT B, pe3ynbTaTt KoToporo TpebyeTca onpeaennTb, UMEET B 3TOM C/lyyae 25 BO3MOMKHbIX MCXO40B
(danbwmBoi MmoKeT oKkasaTbeaA Ntobas U3 25 MOHET); 3TU UCXo4bl eCTECTBEHHO CYUTATL
pasHoBepoaTHbIMYK, Tak YTo H () = log 25. MHaue rosops, onpeaeneHne GpanblumBoin MOHETbI B
[aHHOM cnyyae CBA3aHO € NosydyeHnem MHbopmaLmm, nsmepsatoLencsa ymciom log 25. OnbIT oy,
COCTOALLMM B O4HOM (KaKOM YroZHO) B3BELWNBAHNN, MOXKET MMETb TPU UCX0Aa (MOKET nepeBecuTb
NleBas UM NpaBas YalllKa BeCOB M BECbl MOTYT OCTaTbcA B paBHoBecuu); noatomy H (a1) <log 3 u
nHdopmauuma I (a1, ), nonyyaemasn npu NpoBeAEHUMN TaKOro ONbITa, He npesocxoanT log 3.
PaccmoTpum Tenepb CAOXKHbIN oNbIT Ax = a102... Ok, 3aKAtoMaoWmMiica B k nocieaoBaTeibHbIX
B3BELIMBAHUAX; OH AaeT MHPopmauuio, He npesocxoasaLyio k - log 3. Ecav onbiT Ax nossonser
MOJIHOCTbIO ONPeAEIUTb UCXOA OMbITa [3, TO AONIXKHO ObITb

H (Ax) 21 (Ax, B) 2 H (B) mam k- log 3 = log 25
Otclopa 3aknovaem, yto 3k = 25, T.e.
log 25

k > logs 25 =
= 1083 log 3

WAK, Tak Kak k— uenoe uucno, k = 3.

HeTpyaHO noKanaTb, YTO C MOMOLLBIO TPEX B3BELUMBAHUI BCEraa MOXKHO onpeaenvTtb GanblimByto
MoOHeTy. [1ns Toro 4to6bl MHGOPMaLMA, NoSyYaeman Npu NPOBEAEHNN ONbITa A1, 6bl1a BO3MOXKHO
60/1blwei, Hafo, YTO6bI UCXOAbI 3TOFO OMbiTa UMENWN BO3MOXKHO 6osiee 6/1M3KMe BEPOATHOCTU. Pasgenm
25 MOHET Ha TPM KyuKku: 8 + 8 + 9, 1 NONOKMM Ha BECbl 1BE KyUYKM MO 8 MOHET. OCTaBUM Ty Ky4Ky, BECHI
noJ KOTOPOW NOLWAK BBEPX, @ B C/lyuyae paBeHCTBA, BO3bMEM OCTaBLUYIOCA KyYKy U3 9 MOHET.
MPOAOCIKMUM AeNeHNE Ha TPU KYUKM, U B3BELIMBAHWNE KyUYEK, COAEPKALIMX PABHOE YMC/IO MOHET.

§ 3. O6cykaeHue

CucTeMbl OMbITOB O, MPUBOAALLME K 0OHAPYKEHUIO MHTepecytoLwero Hac obbekTa (Mcxoga onbiTa f3),
Ha3blBaOTCA BONPOCHUKaMK, a CaMM ONbiITbl 0 — BONPOCaMu; Npn 3TOM BONPOCblI MOTYT pPa3ainyaTbCA
KaK YMCOM BO3MOMKHbIX OTBETOB, TaK U — B PALE C/Tly4aeB — «LEHOM BONPOCa», XapaKTepumaytoLel
3aTpaTbl, KOTOPbIX Tpe6yeT COOTBeTCTByIOUJ,Mﬁ onbIT &, NN YCUNNA, KOTOPble HaA0 NPUNOKAUTb ANA
«nNony4yeHnAa oTBeTa» (T.e. AnAa BblIACHEHUA NUCX0Aa (X). 3ap,aqa COCTOUT B TOM, yTObBbI OTbICKATb TaKyto
npoueaypy «NOCTaHOBKK BONPOCOBY (T.e. TaKylo NOCAeA0BaTENbHOCTb OMNbITOB (), KOTOPasA NPMBOAMT K
Tpebyemomy oTBeTy (K UcxoAy onbiTa 3) C NOMOLLbIO HaMMeEHbLUEN (MO YUCAY NN MO 0BLLEN KLEeHEN)
LLeNOYKMN «BONPOCOB». daKTnyecku TpE6YETCF| Hanbonee u,enecoo6pa3Ho MCNONb30BaTb Ty
MHd)OpMaLI,MIO o6 ncxoae onbita ﬁ, KOTOpPaA COAEPHKUTCA B pe3yaibTaTaX BCNOMOraTe/ibHbIX ONbITOB (.

Ecnv ycnoBue paBHOBEPOATHOCTU UCXOA0B [3 He BbINOHAETCSA, CAeayeT pa3buBaTb MHOMKECTBO
BO3MOMKHbIX 3HaYEHMI X HA ABe TaKMe 4acTu, YTobbl BEPOATHOCTM TOTO, YTO 3aragaHHOe YnCo
NPUHAANENKUT K OAHOM M K APYroit U3 3TUX YacTein, 6bian BO3MOXKHO 6onee 6an3kn. Takoe pasbueHuve
obecneumBaeT HaMbO/bLLIYIO BO3MOMKHYIO SHTPOMNMUIO OMbITa O, COCTOALLErO B MOCTAHOBKE BOMPOCa O TOM,
He NMPUHAANEKMUT M X K OGHOW U3 3TUX YacTeld, a c1ef0BaTesIbHO, U HAMBObLUIYIO BOSMOXKHYIO
MHPOPMaLMIO, COAEPKALLYIOCA B A OTHOCMTE/IbHO MHTEpPECYtoLLero nac onsiTa 3. Mpasaa, npu 3ToM Mbl
He CMOKeM yrKe 0b6ecneymTb MMHUMYM HanbobLLEro YMCA BOMPOCOB, KOTOPOE HaM MOXKET
NoHaAobuTbCA B CaMOM HeB1aronpuATHOM C/lyyae, HO 3aTO cpegHee 3HauyeHue 06LLLEero Yucia Bonpocos
34ecb byaeT meHblue , Yem nNpu 110601 Apyro NOCTaHOBKE BOMPOCOB.



['y1aBa IV. PellleHHe HEKOTOPBIX JIOTUYECKUX 3a/4a4 C IOMOIUIbIO Mo/ cYeTa
nHpopManuu

§ 1. OcHOBHbIE MOHATHUSA. JKOHOMHOCTb KO/a

[ns Toro 4toHLI NPOMNNIOCTPUPOBATL NONb3Y BBEAEHHDLIX B . || NOHATUIA 3HTPONUK N MHPOPMaLMK, Mbl
pa3obpanu B rnase lll pag «3aHMMaTeNbHbIX 3a4a4» TUMA TEX, KOTOPble 06bIMHO pacCcMaTPUBAOTCA B
LUKONbHbIX MAaTeMaTMUYECKMX KPYXKKaxX. B HacToALLeN r1aBe Mbl PaCCMOTPUM HEKOTOpPbIE NPOCTelLLne, HO
camu no cebe JOCTAaTOUYHO CEPLE3HbIE MPUNOXKEHUSA TEX Ke NMOHATUIN K NPaKTUYECKOMY BONPOCY O
nepegaye coobLeHMn No IMHUAM CBA3W.

B TeXHWKe CBA3M NPaBU/IO, COMOCTABAAIOLWLEE KaXKA0MY NepeaaBaeMomy CoobLLEHNIO HEKOTOPYIO
KOMBMWHALMIO CUTHaN0B, 06bI4HO Ha3blBaeTCA KOAOM, a CaMa onepaums nepesoaa coobuieHms B
noc/e0BaTeIbHOCTb Pa3/IMYMMbIX CUTHANO0B — KOAMPOBaHMem coobuieHus. Mpu 3Tom Koabl,
MCMO/b3YIOLIME TO/IbKO ABa Pa3/IMUHbIX 3/1eMEHTapHbIX CUrHana (Ha npumep, NOCbIJIKY TOKa 1 naysy),
Ha3bIBaOTCA ABOMYHbBIMM KOAaMM; KOAbI, MCMO/b3YIOWME TPU Pa3/INYHbIX 3/1IEMEHTAPHbIX CUrHaNa —
TPOUYHbBIMM KOAAMM U T.A.

B Tenerpauu, B YaCTHOCTU, MPUMEHAETCA Lebli pAd, Pa3NUHbIX KOAO0B, BaXKHENLIMMMN U3 KOTOPbIX
ABnatoTCcA Koa Mop3se 1 Koa bogo. B koge Mopse Kaxaol bykse nau uubpe coobuieHus
COMOCTaBAAETCA HEKOTOPas Noc/eA0BaTeIbHOCTb KPAaTKOBPEMEHHbIX MOChIIOK TOKa («TOYEK») U B TpU
pa3a 60/1ee ANMHHbIX NOCLINIOK TOKa («TMpe»), pa3aensiemMblX KpaTKOBPeMEHHbIMM Nay3amu Tol e
ONNTENIbHOCTU, YTO U «TOUYKUY»; Npoben mexay byksamu (Mau undpammn) npm sTom oTmedaeTca
cneumanbHbIM pasaenuTesbHbiM 3HaKOM — AJMHHOM Nay30M (TOM e ANUTENbHOCTU, YTO U «TUPE»), a
npoben mexxay cnioHamu — elle B 2 pasa bosiee A4/IMHHOM Nay3o0M.

B HacToslee Bpemsa Yallle BCEro NPUMEHSETCS ABOMYHbIN Ko boao, conocrtaBastowmin Kaxaon bykse
HEKOTOPYIo NOC/eA0BaTeNbHOCTb U3 NATU MPOCTENLLNX 3/1IEMEHTAPHbIX CUTHA/I0OB — MOCbIJIOK TOKa U
nays oAMHaKOBOW A/IMTE/IbHOCTU (TaKoM Kog, MO3BO/IAET HE UCNO/1b30BaTb NPO6ENbl MeXAyY CI0BaMK).

Hanbonee sKOHOMMYHBIN KOA, MOKET ObITb CO34aH NPY NOMOLLU ABOUYHON CUCTEMbI CHUCNIEHUSA, B
KOTOPOI1 YNCNIO N MOXKHO NPEeACTaBUTb U B BUAE CYMMbl CTeneHen yncna 2:

n=>br2'+br1:2H + ...+ b2 + by

3pecb «umdpbi» by, bri, ..., b1, bp MOTyT NpUHUMaATL nLWb 3HaYeHus 1 1 0. B ABOMYHOI cucTeme
cumcneHma yncno ob603HavyaeTca NocaeAo0BaTeIbHOCTbIO COOTBETCTBYHOLLMX € ABOMYHbIX LMdP»; TaK,
Hanpumep, NOCKONbKY

6=122+1-21+0-20,9=1-23+0-2?2 + 0-21 + 1-29,
TO B 4BOWYHOWM CUCTEME CYMUC/IEHMA Yncna 6 n 9 byayT 0603HaYaTbCA, COOTBETCTBEHHO, Kak 110 1 1001.

[obasuB Tenepb B HAa4aN0 ABOMYHOM 3aMMUCKU BCeX MeHee YeM k-3HaYHbIX YMCe1 HEKOTOPOE YMC/I0
Hy/1Iei, Mbl NPUAEM K PaBHOMEPHOMY ABOMYHOMY KOAy A8 N-6yKBEHHOro aidaBnTa C MUHUMAJIbHOM
BO3MOXHOI A/IMHON KOAOBbIX 0603HaYeHN. Tak, Hanpumep, npu n = 10 COOTBETCTBYHOLLUMMU
KoZoBbIMM 0603HaYeHMAMM ByayT cnegytowme KoMbUHaUUK, npeactasastowme cobom 3annce B
ABOWYHOW crcTeMe cuncieHnsn scex umcen ot 0 go 9, AONOIHEHHYLO, €C/IM HaZo, 4,0 YETbIPeX 3HAKOB
Hy/nAamu B Havane: 0000, 0001, 0010, 0011, 0100, 0101, 0110, 0111, 1000, 1001.

§2. Koap! lllenHoHa — ®aHo u XadpmaHa. OcHOBHasi TeopeMa 0 KOJUPOBaHUHU

OcHOBHOW pesynbTaT NpeablayLLero naparpada HUKaK He CBA3aH C TEOPETUKO-BEPOATHOCTHLIMMU
PacCMOTPEHUAMM U GaKTUHECKM OMMPAETCA JINLLb Ha SNEeMEHTaPHbI NOACYET YMCNa «PA3ANYHBIX
nocneposatesnbHocTel u3 N 6yKB n-6yKBeHHOTo andaBUTa» U «PasnnUYHbIX nocneposaTenbHocTel us Ny
3NeMEHTapPHbIX CUrHaNoB». Mexay TeM Ha NPaKTUKe 06bIYHO NPUXOAUTCA UMETb A0 C COOBLLEHNAMM,
B KOTOPbIX OTHOCUTEJIbHbIE YAaCTOTbl PAa3INUHbIX BYKB 3HAUUTENbHO OT/IMYAIOTCA APYT OT Apyra
(AOCTaTOYHO CPaBHUTb, HAaNPUMep, YacTOTbl BYKB O U LL, B NI06OM PYCCKOM TeKcTe).

YYeT cTaTUCTUYECKMX 3aKOHOMEPHOCTEN COOBLLLEHUA MOKET MO3BOJIUTbL NOCTPOUTL KoZ, bonee
3KOHOMHbIW, YEM HAUNYYLLNI PaBHOMEPHbIV Kog, Tpebytowmii He meHee M- log n ABONYHbIX 3HAKOB
AN 3anucuy TekcTa M3 M Byke. YO06HO Npy 3TOM HayaTb € TOT0, YTO Pacho/IOKUTb BEC MMEIOLMECA N
6YKB B 04MH CTONIOMK B NopaaKe ybbiBaHMA BepoaTHOCTEN. 3aTem Bce 3T ByKBbI cieayeT pa3buTb Ha
[Be rpynnbl — BEPXHIOK U HUMKHIOK — TaK, YTOObl BEPOATHOCTU A/15 BYKBbI COOOLLLEHUA NPUHAANEXKATb



K KaXKgoM 13 aTux rpynn 6blan BO3MOXKHO 6onee 61M3KM ogHa K Apyron; ans 6yKB nepBon rpynnbl B
KauyecTBe nepsoi undpbl KogoBoro ob6o3HayYeHUa ncnonbayetca undpa 1, a ans 6yks BTOPON rpynnbl —
unopa 0. [lanee, KaxKayo U3 ABYX MNOAYYEHHbIX rPynn CHOBAa HaZ0 pPa3Ae/inTb Ha ABe YacTu U T.4,.

Takon meToA KoampoBaHua coobuieHnin 6bia Bnepsble npeasioxkeH B 1948—1949 rr. He3aBUCUMO ApPYr OT
apyra P. ®aHo u K. LleHHoHOM. Ecnm Haw andaBuT coaepuT BCero WecTb 6YKB, BEPOATHOCTM KOTOPbIX
(s nopaake ybbiBaHUsA) pasHbl 0,4, 0,2, 0,2, 0,1, 0,05 1 0,05, To Ha NepBOM 3Tane AeneHuA ByKB Ha
rpynnbl Mbl OTLLENMM NULLIb OA4HY NepByto byksy (1-a rpynna), ocTaBus BO 2-i rpynne BCe OCTaJibHbIE.
[anee, BTopas 6ykBa cocTaBuT 1-yto nogrpynny 2-i rpynnbl; 2-a e NoArpynna Toi e rpynnbl,
COCTOALLAA U3 OCTaBLUMXCA YeTbipex OyKB, byaeT n Aanee nocneao0BaTeNbHO AENUTLCA HA YacTh TaK, YTo
Kaxkabli pa3 1-a yactb BygeT cocToATb U3 04HOM Nnwb ByKBbI (puc. 3).

= T - hazOneHRe HA noarpynns WIMOKHE o e
G).":\:;m.‘ ','m::,’:! ‘uu(bnu ({m;nuumiy‘r )u(n.wp:(alrpynn “(;;(‘Jl‘:‘_.?:‘,x““e
n Noarpy )

1 0.4 )1 1

2 0.2 \ g1 o

3 0.2 } I 00t
% 01 11 1 - b1 0001

5 0.05 } I } S 1 00001
6 0’05 | 0| 00000

Puc. 3. iIBonyHbIN KOA Ans 6-6ykBeHHOro andaBuTa

Kog LWeHHoHa — ®aHo sBnseTca HepaBHOMepHbIM. OAHaKOo, HUKaKoe KogoBoe 0603HaYeHue 34ech He
MOXET OKa3aTbCA Hayanom gpyroro, 6onee AANMHHOrO 0603HAYEHUSA; NO3TOMY 3aKOAMPOBAHHOE
coobuieHne Bcerga MoXKeT 6bITb 04HO3HAUYHO AEKOAMPOBAHO. Becbma CyLLEeCTBEHHO, YTO ByKBam,
nmetoWwmnm 60NbLIYI0 BEPOATHOCTD, B Koae LLleHHoHa — ®aHo cooTBETCTBYIOT 60/1ee KOPOTKME KOAOBbIE
0603HaYeHNn, YeM CPaBHUTENLHO MasIOBEPOATHbLIM ByKBam. B pesyabTaTe, XOTA HEKOTOPbIE KOAOBbIE
0603HaYeHNA 34eCb U MOTYT MMETb BECbMA 3HAYUTENbHYIO AJIMHY, CPeAHEee 3HaYeHUe O/1MHbI TaKoro
0603HaYeHMNA BCe Ke OKa3bIBAETCA /IMLLb HEMHOMMM 60/1bLLIMM MUHUMANLHOTO 3HaYeHus H,
[A0MYCKaeMoro coobpaxKeHMAMMN COXpaHeHNA Koandectsa MHGOPMaLMKM NPU KognpoBaHuu. Tak, gna 6-
6yKBeHHOro andaBUTa HaMNYYLWNIA PAaBHOMEPHbIN KO COCTOUT U3 TPEX3HAYHbIX KOAOBbLIX 0603HaYEHU
(M60 22 < 6 < 23), M NOTOMY B HEM Ha Kaxayto BYKBY MCXOAHOIO COOBLLEHNA NPUXOANTCA POBHO 3
3/1EMEHTAPHbIX CUTHANA; MPU MCNOb30BAHMM e Koga LLleHHoHa — daHo cpegHee yncio
3/1IEMEHTAPHbIX CUTHANO0B, NPUXOAALMXCA Ha OZAHY BYKBY COOOLLEHMS, PaBHO

4-04 +2-0,2 + 3-0,2 +4-0,1 + 5- (0,05 +0,05) = 2,3.
9TO 3HaYeHMne 3aMeTHO MeHbLUe, Yem 3, U He OYeHb JaNeKO OT SHTPONUNK
H=-04-'log 04 -2-0,2:1og 0,2 - 0,1-log 0,1 - 2-0,05-log 0,05 ~ 2,22

[OCTUrHyTanA B PaCCMOTPEHHbIX BblLLE NPpUMepax cTeneHb 61130CTU CPeAHEro YNCNA ABONYHbIX 3HAKOB,
NPUXOSALLMXCA Ha 0A4HY BYKBY COOBLLEHUA, K 3HaYeHUIO H MOXKeT 6bITb eLle CKONb Yro4HO YBEANYEHA
npy NOMOLLM Nepexoaa K KoANPoBaHUIO Bce 6o1ee A/IMHHbIX 610KOB. ITO BbITEKAET U3 CeAYIOLWEro
obLero yTBepKAEHMA, KOTOPOEe Mbl Byem B AanbHeNLEM Ha3blBaTb OCHOBHOU meopemoli 0
KOOUpoB8aHUU: NPU KOANPOBaAHUM co0bLLEeHNA, pa3buToro Ha N-6yKBeHHble 6/10KK, MOXKHO, Bbibpas N
A0CTaTo4YHO 60/1bWNM, LOBUTLCA TOTO, YTOBbI CPeAHEee YNCIO ABOUYHbIX 3N1EMEHTAPHbIX CUTHANOB,
NPUXOAALLMXCA Ha O4HY BYKBY MCXOAHOFO coobLLeHMs, Bbl10 CKONb yroaHo 6113Ko K H.

Ecnun ncnonb3oBaTh He ABOMYHbIM, @ M-UYHbIN KOA, OCHOBAHHbIN Ha M 31eMeHTapHbIX CUTHaN0B, To, NO
JIMHWM CBA3M 33 eAMHULY BPEMEHM MOXHO NnepeaaTtb L 31eMeHTapHbIX CUTHAN0B (MPUHMMAOWNX m
pa3NINYHbIX 3HAYEHWIM), TO CKOPOCTb Nepeaayn coobLLEeHUI NOo TaKoKN IMHUM He MOKeT BbiTb bonblueid,
yem

L-logm

H
v n3mepnetca B 6ykBax 3a eAnHuLY BpemeHu. BennunHa C = L-log m 3aBUCUT nLLb OT CamMOI IMHWK
CBA3M, B TO BpeMA Kak H xapakTepusyeT nepesasaemoe coobuieHne. Bennumna C ykasbiaeT

Hanboblluee KoANYecTBo eaunHnL, VIHd)OpMaLI,VIVI, KOTOpPOE MOXHO nepeaatb no Halen MHUK 33
eOnHULYY BpeEMEHU (I/I60 Oo4uH 3I'IEMEHTaprIl‘/JI CUTHaN, KaK Mbl 3HaeM, MOXKET CoA4ePHKaTb Camoe

(7)) v=



6onblee log m egynny, nHbopmaumm). BennumHa € HasbiBaeTcsA mponyckHOLl crnocobHOCMbI0 AUHUU
c8A3u.

§ 3. HTponusa U uHPopMaIUs KOHKPETHbBIX TUIIOB COOOIIEHUN

MucemeHHasA peyb. OCHOBHOM pe3ynbTaT § 1 3ToM rnaBbl COCTOAN U TOM, YTO 1A nepegaun M-
6ykBeHHoro coobueHua (rge M cuntaeTca AOCTaTOYHO 60bLIMM) NO IMHUK CBA3M, AONYyCKatowen m
Pa3/INYHBIX 3/1EMEHTAPHBIX CUTHaN0B, TpebyeTcs 3aTpaTUTb He MeHble yem M log n / log m curHanos,
rae n — 4ncno byks «andaBuTa», C NOMOLLbIO KOTOPOTo 3aNNCaHO COOBLLEHNE; MPU 3TOM CYLLECTBYHOT
MeTOo/bl KOAMPOBAHUSA, NO3BONAOLLME CKOMb YroaHO 6AM3Ko NoaoiT K rpanuue M log n / log m. Tak
KaK pycckuit «tenerpadHbin» andasuT cogepKuT 32 byKBbl (He pasnnyaem 6yKBbl € U €, b U b, HO
fobasnaoT npoben), To Ha nepegayvy M-6ykBeHHOro coobleHus Hago 3atpatute M log 32 /log m =M
Hy / log m snemeHTapHbIX curHanos. 3gecb Hy = log 32 = 5 — sHTponuAa onbiTa, 3aK/1o4atoLLeroca B
npueme ogHoM BYKBbI PYCCKOTO TEKCTa (MHbOpMaUMA, CoAepKaLLanca B 04HON ByKBe), NP YCI0BUM,
yTO BCe BYKBbI CYMTALOTCA OAMHAKOBO BEPOATHLIMM.

Ha camom fone, nossieHne B cOOOLLEHMM HA PYCCKOM A3blKe pa3HbiX OYKB COBCEM He 0ZMHAKOBO
BEpOATHO (puc. 4).

O OTHOC. Gyksa OTHOC. Gyea OTHOC. Gyksa OTHOC.
yacrora yacrora yacrora yacrora
npoben 17,50%|p 3,90% A 1,66%x 0,80%
0 9,05% B 3,75%| b1 1,57% % 0,78%
e, 8 7,00%in 3,63%ib, b 1,47%|w 0,60%
a 6,61% K 2,88%|r 1,40% w0 0,53%
] 6,06% m 2,65%!3 1,36%|u 0,40%
~ 5,53%\ A 2,46%|6 1,31%|w 0,30%
T 5,16%n 2,32%!u 1,19%(> 0,26%
c 4,51%|y 2,16%)| it 1,00%| 0,21%

Puc. 4. OTHOCKTeIbHaA YacToTa B6YKB pycckoro andasuTa

MpUpaBHAN 3TM YNCTOTbI BEPOATHOCTU NOSABIEHWUA COOTBETCTBYIOWMX BYKB, NONYYMM A/IM SHTPONUA
04HOW BYKBbI PYCCKOro TEKCTa NpUBANIKEHHOE 3HaYeHue:

H:=H(ai) =-0,175log 0,175 - 0,09-log 0,09 - 0,07-log 0,07 - ... - 0,02-log 0,02 = 4,35

M3 cpaBHeHWs 3TOro 3HayeHus ¢ BeamumHon Hi=log 23 = 5 6UT BUAHO, YTO HEPaBHOMEPHOCTb
NoABNEHNA Pa3/IMYHbIX BYKB andaBuTa NPUBOAMT K YMEHbLUEHMIO MHOOPMaLMK, CoaeprKallenca B
OfHOM ByKBe PyCCKOro TeKCTa, NpMMepHo Ha 0,65 6uT.

Bonee TOro, B 0OCMbICIEHHOM TeKCTe NocaefoBaTe/bHble BYKBbl BOBCE HE HEe3aBUCUMBbI APYT OT Apyra.
Hanuuune B pycCKOMm A3bIKe AOMNOJAHUTE/bHbIX 3aKOHOMEPHOCTEN NPUBOAUT K faNbHeluemy
YMEHbLUEHWNIO CTENEHWN HEoNpPeaeeHHOCTH (SHTPONUK) 0A4HOW BYKBbI PYCCKOro TeKcTa. Ho U 3To elte He
BCE. 3HaHWe ABYX NpeaLWwecTByoLWwmMX 6yKB ewe 60o1ee ymeHbLUaeT HeonpeaeIeHHOCTb OMbITa,
COCTOAILLErO B AaNbHeWweM yMmeHblueHnn H. B obuiem caydae, ¢ poctom uncna N U3BeCcTHbIX
npeablaywmx 6yke aHTponuna Hy CMOXKeT TONbKO ybbiBaTb. Hy Npu N = oo cTpemunTca K npegeny He.

Pa3HocTb R = 1 — He/Hy, NOKa3bIBatoLLYy0, HACKO/IbKO MEHbLLE €AMHULLbI OTHOLLIEHMWE NPEAEbHOM
aHTponun He K BenuuunHe Hy = log n, xapaktepusytoweit HanbobLuyto MHGOPMALLMIO, KOTOPAA MOMKET
coAepKaTbCca B 04HOM byKBe andaBuTa C 4aHHbIM Yncaom byks, LLIeHHOH Ha3Ban u3bbIMoOYHOCMbIO
A3bIKaA.

M36bITOYHOCTb PYCCKOTO A3blKa (KaK M M36bITOYHOCTb APYrMX eBPONENCKMX A3bIKOB) 3aMETHO NpeBbiWwaeT
50%. FloBOpPA He COBCEM TOYHO, Mbl MOMKEM CKa3aTb, YTO BbI6Op cneaytolei 6yKBbl OCMbICIEHHOTO
TeKkcTa 6osiee, Yem Ha 50% onpeaenseTca camoi CTPYKTYpOW A3blKa 1, Clef0BaTe/IbHO, C/Ty4aeH AuLlb B
CPaBHUTENIbHO HebObLION cTeneHn. MeHHO M36bITOYHOCTL A3bIKa MO3BO/IAET COKpaLLaTh TeserpadHbIii
TEKCT 33 cYeT oTOpacbiBaHWA HEKOTOPbIX JIETKO OTraZblBaemMblX C/10B (NPessioroB 1 CO030B); OHa XKe
NO3BO/IAET JIErKO BOCCTAHOBUTb UCTUHHBIN TEKCT AaKe NPU HaMYMM 3HAYUTENILHOTO YMC/IA OWNOOK B
Tenerpamme Uan ONuCcoK B KHUre.


https://ru.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C

M36bITOYHOCTb R ABNSAETCA BECbMA Ba*KHOM XapaKTEPUCTUKON A3blKa; O4HAKO ee YUCIEHHOEe 3HaUYeHne
MOKa HM 414 0AHOTO A3bIKa He onpeaeseHo C YA0BAEeTBOPUTENbHON TOYHOCTbIO. B OTHOLWEHMM pyccKoro
A3blKa 6blM NOAYYEHbI Cieayoume 3HaveHus (B butax):

H, H, H, H,
log32=5 4,35 3,52 3,01

[ns aHrnmMnckoro Asbika LLUeHHOH noayyYnn cnegyowmin pag ymcen:

Ho '~ B HPOREIN Vi Hy
4,76 4,03 3,32 3,10 =21 =19

MpubankeHHoe 3HaveHme H°%) MoxHO BbIMMCANTB, BOCMOb30BaBLUMCH 3aKoHOM Linnda,
YTBEPXKAAOLWMUM, YTO NPU YNOPSL0UYMBAHMM CNOB A3bIKA, B NOPALKE MX YACTOT (T.e. BepoATHOCTEN)
YyacToTa N-ro No NOpPAAKY C/10BA ANA BCEX HE CANLWKOM H6O/bLUMX 3HAYEHWUI N OKA3bIBAETCA NPUMEPHO
NponopuMoHanbHoit 1/n. 3TOT 3aKoH 6bin CHOPMYIUPOBAH M NPOBEPEH Ha 6O/IbLIOM IMHIBUCTUYECKOM
maTepwuane B KHure . LUnnda «MNoBegeHne yenoseka v NpMHUUN HaMMEHbLUETO YCUANAY; B
OanbHenWem OH MHOTOKPaTHO 0bcyKaanca U YTOUHANCA LeNbiM paLoM aBTopoB. Tak, ewwe cam Lund
3aMETU/, YTO B HEKOTOPbIX C/lydasx 6osee TOUHO CYMTATb, YTO YACTOTa N-TO CI0BA HA CAMOM fene
nponopunoHanbHa 1/n% rae noctosHHan a 61M3Ka K e4AMHULE, MO BCE e He paBHa TOUYHO eauHuLEe
(noppobHee cm. 3akoH Linnda n dpakTanbHas NpMpoaa coLmanbHbIX U SKOHOMUYECKUX ABAEHUN).
3aKoH Lnunda wnpoko obeykgaetca B ra. 5 n 12 KHuru JxkoHa Mupca CUMBO/IbI, CUrHabI, LWYMbI.

3ameTMM, YTO YacTOTbl NOSABAIEHUA Pa3/IMYHbIX BYKB MOTYT 3aBMCETb OT XapaKTepa paccmMaTpuUBaeMoro
TEKCTa; TOYHO TaK ¥Ke U 3HaYeHUs SHTPoNUN Hy Unm M3bbITOYHOCTM R ByayT pasnnyHbIMU ANA TEKCTOB,
3aMMCTBOBAHHbIX M3 Pa3HbIX MCTOYHMKOB. Mpu 3TOM 1060 «CcneunanbHbIi A3bIK» (HaNnpUMep, Hay4HbIi
NN TEXHUYECKUNI TEKCT MO onpeaesieHHON CneunanbHOCTH, 4e/10Bas Nepenncka, Kakoi-1mbo KaproH)
byaeT, KaKk nNpaBuIo, MMeTb N3ObITOYHOCTDL Bbille CPeAHEeN U3-3a MEHbLLEro KoJin4ecTsa ynotpebiaembix
C/NIOB M Ha/IMYMM YacTO NOBTOPAIOLLMXCA CMeLMaibHbIX TEPMUHOB M 060POTOB — BeCbMma baaronpusaTHoe
06cTO0ATENbCTBO, OYEHb 0bJIeryatoLLee NPOCMOTP HAay4YHOM MTepaTypbl Mo onpeaeneHHon
CNeLManbHOCTU UM YTEHUE TaKOM IMTepaTypbl Ha HEAOCTAaTOYHO 3HAKOMOM fi3bIKe.

MoaTtnyeckas popma (puTm, pudma) HakIaabIBAET Ha A3bIK HEKOTOPbIE AOMONHUTE/IbHbIE OrPAaHUYEHMS,

T.€. NOBbIWAET ero M3bbITOYHOCTb. OPUEHTUPOBOYHbIE OLLEHKN, NpoBeaeHHble A.H. Konmoroposbim aaa

KNaCCUYECKOr0 PYCCKOTO YETbIPEXCTOMHOrO AMba (3TMM CTUXOM HanucaH «EBreHnit OHerMH»), nokasanu,
YTO BbINOSIHEHME TPebOBaHWUI, HaKNaAbIBAaeMbIX NO3TUYECKON GOPMOW, CHUXKAET HeonpeaeneHHOCTb Hew
O/ HOM DYKBbI TEKCTA NOYTK B 2 pasa.

YcmHas peys. B cpeiHEM 3HTPOMMUSA YCTHOW Peun HECKO/IbKO Bblle SHTPOMUU MUCbMEHHbIX TEKCTOB,
XOTA A1 HEKOTOPbIX TUNOB YCTHOM peun (Hanpumep, AN NeperoBopoB AETYNKOB C AUCNIETYEPAMMU), 3TO
6yaeT 6e3ycnoBHO He Tak. Onpegenuns cpegHee Yucao 6yKB, NPOU3HOCUMBIX 33 €4AUHULY BPEMEHMU,
MOXHO NPUBANNKEHHO OLEHMTb KONMYECTBO MHOPMaLMK, coobLiaemoe Npu pasrosope 3a 1 cek;
06bIYHO OHO MMEET NoPAZOK 5—6 BUT (3TO KOAMYECTBO MHGOPMALLMM CUBHO 3aBUCUT OT CKOPOCTU
pa3srosopa).

OAHaKo 3Ta OLEeHKa CKOpPOCTH nepedayn MH(I)OpMaLI,MM Npun pasrosope OTHOCUTCA INLWLb K «CMbIC/IOBOM
MHd)OpMaLI,MM)). Ha camom pene umBana peyb BCerga CoAepKUT ele A0BOIbHO 3HAYNTENbHYIO
AONO/THUTENTIbHYIO Mchopmau,mo. M3 pasrosopa mbl MOXeM CyauUTb O HaCTPOEHUN FOBOPALLETO U 06 ero
OTHOLWEHUN K CKa3aHHOMY, Mbl MOXXeM onpeaesintb MmecCto poxXaeHnA HE3HAKOMOIro Ham 4esioBeKa no
€ro Nnpon3HoWeHuto. KonunyectseHHan oueHKa BCel aTol I/IHCI)OpN\aLI,MVI npegcraBnAaeT coboli oyeHb
CNNIOXKHYIO 3a4a4y.

TwaTeNbHbIN aHaNU3 Pe3yNbTaTOB, KaCaloLLMXCA MAaKCUMA/IbHOMN JOCTUUMOMN CKOPOCTU Pa3roBopa,
YTeHUA, MMCbMa (CTEHOrpadUUEcKoro) 1 T.4. MOKa3biBaeT, YTO BO BCEX C/IyUYasaX YeoBeK cnocobeH
YCBOWTb NOCTYNAOLLYI0 MHGOPMALMIO JINLIL €C/IM CKOPOCTb €€ NOCTYMNIEHNA HE MPEBOCXOAMT MPUMEPHO
50 6uT/cex.

Obwasa cxema nepedayu Mo AUHUU ceA3u. Mpouecc nepeaaym coobLeHUl Mo NPOU3BOJIbHON TMHUK
CBS3M MOKHO CXEMaTMYECKM M306pasuTb creaytowmm obpasom (puc. 5).


http://baguzin.ru/wp/?p=1716
http://www.ozon.ru/context/detail/id/19431392/?partner=baguzin
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Puc. 5. Cxema nepegaumn coobLieHmnii No NMHUM CBA3U

§ 4. Ilepeiaya cooOLeHUN TPU HAJTUYUU IOMEX

Mpeanonoxnm, 4tTo nocaenosatebHble «BYyKBbI» COOBLEHUA B3aMMHO HE3ABMCUMBI, Npuyem n ByKs
andaBuTa XapaKTepusyoTca onpeseneHHbIMU BEPOATHOCTAMM P, P2, ..., Pn NOABAEHUA Ha Nt06OM mecTe
COO0BLLEHNA TOW UM MHOW BYKBbI. PAaCCMOTPMM IMHMIO CBA3K, B KOTOPOM 414 Nepeaaym Ucnosibyetca m
Pa3/IMYHbIX 3/1eMEHTaPHbIX CUTHaNoB Az, Az, ..., Am, NPUYEM 33 €AMHULY BPEMEHUN MOKET BbITb
nepeaaHo L Taknx curHanos (T.e. 4IUTENbHOCTb O4HOMO cUrHana pasHa T = 1/L). Torga npm oTcyTcTBMM
nomex coobLieHre No Halen NMHUM CBSA3N MOXKHO NepeaaBaTb CO CKOPOCTLIO, CKOJb YrOoAHO 6/1M3KOM K
BennunHe v = C/H 6yks/en. sBpemenu, rae C = log m — nponyckHas cnocobHOCTb IMHMK €BA3K, a H = -p;
log p1 -pz log pz- ... -pn l0g pn — 3HTPONMA OAHOW BYKBbLI NEpefaBaEeMOro coobLeHus.

Mpu 3TOM AN1A AOCTUKEHMA CKOPOCTU Nepeaaydn, o4eHb 6IM3KOM K v, Nogo Anllb pasbuTb
nepegaBsaemoe coobLLeHNe Ha AOCTaTOYHO AJIMHHbIe 610KM M BOCMOb30BaTbCA KOAOM, A1 KOTOPOTro
M36bITOYHOCTb B 3aKOAMPOBAHHOM CO0bLEHNN ByaeT HAMMEHbLUEN.

Mpy HaANYUM NOMEX B IMHUK CBA3M Aeno byaeT 06CTOATb HECKO/IbKO MHave. B 3Tom ciydae TobKo
Hasnune n36bITOYHOCTM B NepeaaBaemoit NocaeA0BaTe/IbHOCTU CUTHA/I0B MOXET NOMOYb HaM TOYHO
BOCCTaHOBWTb NepesaHHOe COObLLEHNE MO MPUHATLIM AaHHbIM. MycTb ONbIT 5, COCTOALLMIA B
onpeaeneHnn Toro, Kako UMEHHO CUrHaA nepegactcs, byaeT umeTtb aHTponuto H(5), pasHyto

H (B) = -p(A1)log (A1) -p(Az)log (Az) - ... -p(Am)log (Am)

OnbIT a, COCTOALLMIA B BbIACHEHUM TOTO, KAKOM CUIHaN NP 3ToM ByaeT NPUHAT Ha NPUEMHOM KOHLE,
6yAeT, 0UEBUAHO, OMBITOM C F UCXO4aMM, 3aBUCUMbBIM OT ONbITa f§; YC/I0BHAsA BEPOATHOCTb Mcxoaa B;
3TOro HOBOTO OMbITa NPW YCN0BMM, YTO onbIT S umen ucxog A (raei=1,2, ..., m;j=1,2,...,r), Kak pas u
pasHseTca pi(B;). CpeaHan nHGopmaLms 06 onbiTe p, COAEPIKALLAACA B OMNbITE O, PaBHa

(e, p) = H (B) - Ha (B),

rae He (B) — ycnoBHas aHTponusa onbiTa S npu peannsauum onbita a. MHPopmauwsa I (o, f) Bcerpa He
6osbwe aHTponuu H () onbiTa B, T.€. TOl Hanbonbluer MHPopmaLumn 06 onbiTe B, KOTOPYIO TONbKO
MOYHO NOIYYUTb U KOTOPAS COAEPIKUTCA, HaNnpUmMep, B CaMomM 3Tom onbiTe. UHpopmaums I (a, )
paBHa aHTponuu H () TonbKo B TOM c/lyyae, KOraa MCXog, onbiTa @ 04HO3HAYHO OnNpeaenseT cxoq,
onbITa 3, T. €. KOrAa no NPUHATOMY CUTHasly BCErAa MOXHO OZLHO3HAYHO BbIACHUTb, KAKOW CUrHA Bbl
nepesaH (Cc NPaKTMYECKOW TOYKM 3pEHMA 3TO 03HAYAET, YTO NOMEXM 34EeCb COBCEM He NPenATCTBYIOT
HopMmasibHoMy npuemy); ibopmaumsa I (o, ) paBHa Hy/t0 B TOM C/ly4ae, KOT4a OMbIT & HE 3aBUCUT OT 5
(T.e. KOrga NPUHATBIE CUTHAbI BOBCE HE 3aBUCAT OT TOTO, Kak1e CUrHabl nepeaasannch — U3-3a O4eHb
CWUNIbHBIX MOMEX HUKaKoW nepenayn cooblueHuin hbakTMueckn BoobLLe He NPoncxoamT).

LLIeHHOH g0Ka3an, 4To A1 N060oI IMHUK CBA3M C MOMEXaMM BCEraa MOXKHO Noaobpath cnewumanbHbii
Kog, NO3BONAIOLWMI NepeaBaTb COO6LEHNA NO 3TOM IMHMM C 3a4aHHOWN CKOPOCTbIO, CKO/b YFOAHO
61u13Koli K v = C/H bykB/ef. BpemMeHMU, TaK, YTOObl BEPOATHOCTb OLIMGKKU B ONpeaeNeHnn Kaxaom
nepeaaHHol 6YKBbl OKa3as0Ch MeHbLLEe Nt060ro 3apaHee 3a4aHHOMO YMCAA €. ITO YTBEPKAEHNE MOXKHO
Ha3BaTb OCHOBHOM TEOPEMOW O KOAMPOBAHMM NPU HaANUYMKM NomeX. [11A 3TOro Ha4o MCNoib30BaTh
KOAMpPOBaHMe cpasy OYeHb AMHHbIX «6/10K0B» 13 6oAbloro umcaa 6yks N; nosaTomy nepeaada
CO06LIEHNI CO CKOPOCTbIO, 6HAN3KOM K V, N C 04eHb Manoli BEPOATHOCTbIO OLLMBKKN 0b6bluHO ByaeT
COMpPAXEeHa CO 3HaYUTEIbHbIM 3ana3ablBaHMEM NPU PACUMPPOBKE KaxaoW nepeaaHHo 6yKBbl.

K coxaneHuio, Teopema LLleHHOHa He NO3BOAET yKa3aTb, KaK MMEHHO Hado BbibMpaTh KOAOBblE
0603HaYeHns Ans Toro, YTobbl CO0BLLEHMA MOXKHO BbINO NepeaaBaTb NO UCNOAb3YEMOMN IMHUM CBA3M C
3a4,aHHOM CKOPOCTbIO Vi <V = L-c/H 6yKB/ea,. BpemeHn, 1 NPUTOM TaK, YTobbl BEPOATHOCTb OLUMBKM Npu
nepegaye He NPeBOCX0AMNA 3aaHHOIO Masloro YMcna €. M3 3Tol TeopemMbl cneayeT NUllb, YTO eCu
paspewunTb BbIGUpaTb N CKOMb YroAHO 60/1bLIMM, TO Nepegaya Co CKOPOCTbIO U BEPOATHOCTbIO OLIMBKH,
He bosnbluen €, byaeT BO3MOXKHa.



TaK KaK, o4HaKo, npu Bo3pacTtaHuu N CyLLecTBEHHO BO3PACTaeT C/IOKHOCTb paclMdpoBKM Koga U
yBeNNYMBaeTCca 3anasablBaHue npu pacwmndpoBKe, TO ANA NPAKTUKM Hebe3bIHTepecHO YMeTb OLLEHWUTb
TaKXe N HaMMeHbLUee 3HaYeHne BePOATHOCTM OWNBKM €, KOTOPOE MOXKET 6bITb 4OCTUFHYTO NpU
nepegsaye ¢ 3aaHHON CKOPOCTbIO V; C MOMOLLLbIO KOAA, COMOCTABAAIOLWLErO OTAE/bHbIE KOLOBbIE
0603HayeHunA He 6onee yem N-6ykBeHHOMY HIOKY.

OtmeTum, yto 6e3owmboyHan nepeaadya MHGOPMaLMUN HE MOXKET MPOUCXOANTL CO CKOPOCTbIO Vi > V
6yKB/ea. BpemeHn. na nto6oro GUKCMPOBAHHOTO Vi > V MOXKHO HalTM TaKoe NONOMKUTEIbHOE YNCO Go
> 0 (KoTopoe, BUANMO, AOKHO 3aBMCHU, OT Vi, U NPU YBEIMYEHMM V; BO3PACTaTb), UTO B CayYae
nepeaaym MHGOPMaLUKN MO TIMHUN CBA3U CO CKOPOCTbIO Vi BEPOATHOCTb OLUIMOKKU g Npu pacumdpoBke
Kaxkaon nepegaHHoM 6yKBbl COODOLEHNA NpK 1IOOOM MeToAe KOAUPOBaHUA U AeKoANpPOBaHUA byaeT He
MEeHbLLE, YEM Go.

CxemaTnyecku rpadmk 3aBUCMMOCTU HUMKHEN FPaHNLLbl go BEPOATHOCTM OWMBKM OT CKOPOCTU Nepeaayn
V1 U306pakeH Ha puc. 6. To 06CTOATENBLCTBO, YTO NPU Vi < V 3TOT rpadmMK coBnagaeT ¢ ocbio abcumcce (T.e.
go=0), oueBMAHO, COOTBETCTBYET OCHOBHOM Teopeme LLIeHHOHA 0 KogMpPOBaHUM.
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§ 5. Kogbl, 06Hapy>KMBaIMe U UCTIPABJIAIOLIAE OLIUOKH

OrpaHnyYMMCcA NPOCTENLIMMM ABOUYHBIMU IMHUAMM CBA3M, T.€. ByJeM CYUTaTb, YTO MO AUHUM MOXKHO
nepefasaTh TONbKO ABa 3/1eMEHTapPHbIX CUrHana (CKaXem, NOCbINKY TOKa M nay3y) 1 4To 3TW Xe AB8a
CUrHana MoryT 6bITb NPUHATLI HAa NPUEMHOM KOHLLE IMHMK. Byaem 0603HauaTb MCNOAb3yeMble CUrHanbI
umdpamm 0 1 1; B TaKOM cayyae Bce KoAoBble 0603HaYeHna By ayT NocAeA0BaTeNbHOCTAMM ITUX LMbP,
T.e. YACNaMU, 3aNNCaHHbIMU B LI'BOVILIHOVI cnucreme cHMCneHuA.

PaccmoTpum, Hanpumep, ciydaid, koraa N = 3, @ YUMCI0 UCMOJIb3YEMbIX KOA0BbIX 0603HaYeHN paBHO
ABYM. B KauecTBO KOA0BbIX 0603Ha4YeHM pPa3yMHoO Bblb6paTb Tpolikn 000 1 111; Tako BbIGOP € TOYKM
3pEeHNA NCMONb30BaHUA NMPOBEPOK HA YeMHOCMb MOXHO 060CHOBATL C/leAyoLMM 06pa3om.
ConocTtaBum ABa KOAOBbIX 0603HaYEHNA ABYM BO3MOMKHbIM 3HAYEHMSAM NEPBOro 3/IEMEHTAPHOTO
CUrHana dg (1. €. byemM cuMTaTb, YTO TONILKO CUTHAN do PEAJIbHO COAEPKUT MHPOPMaLMIO), a Aanee
YCIOBUMCA BCNEZ 33 KaXKAblM MHOPMaLMOHHbIM CUTHA/IOM dg NepeaBaTh eLle ABa KKOHTPOJIbHbIX
CUrHana» ai 1 az, NoAo6paHHbIX TaK, YTOBbI CYMMbI Ao + d1 Vi dg + d2 06€ BblIN YeTHbIMU (peanbHo 3TO
KaK pas 1 cBeZeTcs K BbIbopy B KauecTBe KoAoBbix 0603HauYeHui yenodek 000 n 111).

Ecnv npu nprveme TPOMKM CUTHA/I0B HE MPOM30LLIO CPasy ABYX UK TPex OMBOK (T.e. ecaun cumTaThb
BO3MOKHbIMU /ML NPaBUbHYIO Nepeaady M nepegady ¢ 0AMHOYHbIMKU OLIMBKaMK), To, NPOBEPUB
YETHOCTb CyMmM @’ + a@’; M @’ + @’2 B NPUHATOM Ha NPUEMHOM KOHLE TpoWKe a’y, a’s, a’2, MOXHO byaeT
6e30LWNB0YHO YCTaHOBUTb, KaKas e MMEHHO TPOliKa bblna Ha camom Aene nepegaHa. B camom aene,
ecnun obe cymmbl a’p + a’1 1 @’p + @’z OKaXKyTCA YETHBIMM, TO OTCloAa cpa3y byaeT cnefoBaTh, YTO OLIMBOK
npu nepegaye He 6b110 (HANOMHUM, YTO YTO BO3MOMKHOCTb ABOMHOW OLIMBKN Mbl UCKAIOYAEM); €C/N
HeyeTHOM byAeT UL OAHA U3 HUX, TO 3TO BYAET 3HAUUTb, YTO OLUMBOYHO NPUHAT BXOAALLNA B 3TY
CYMMY KOHTPOJIbHbIN CUTHAN a1 UK d2, @ ecnn 0be cymmbl @’ + a’; v @’ + @’ — HeYeTHble, TO 3TO
3HAYMT, YTO HEBEPHO MPUHAT MHPOPMALMOHHbBIN CUTHAN do. TaKUM 06Pa30M, LLEHON YMEHbLIEHNA
CKOPOCTM Nepeaaun BTpoe (No cpaBHEHMIO C MaKCUMaAbHOM CKOPOCTbO L 6UT/eq. BpemeHM) Mbl MOXKeM
A06UTbCA TOro, YTo6bl BCE OANHOYHbIE OWMBKM B TPOMKAX 3/1eMEeHTapHbIX CUTHAN0B 6blAn UCNPaBAEHbI.
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