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1 N3mepenne Kou4ecTBa HHGPOPMALUHN B TUCKPETHOM

1 HENMPEPHLIBHOM COOOIEHUSIX

KoauyecTBo uHGOpMaUUK B AMCKPETHOM MOC/Ie10BATEILHOCTH

Mo0>XHO TTOCTaBUTh BOMIPOC 00 M3MEPEHUHU KOJIMYECTBa UHPOPMAIINH, CO-
JepIKalleics: B: a) MOCAe0BATEILHOCTH KBAHTOBAHHBIX CIIyYalHBIX BEIIMYKH
WU TUCKPETHBIX 3HAKOB, BBIOMpaeMbIX U3 andasuta M, 0) mociemoBaTeabHO-
CTH HEKBAHTOBAHHBIX CIIy4alWHBIX BeTUYUH Xi (BBIOOPOK U3 HEMPEPHIBHOTO CO-
OOIIICHHUS ), B) HEIIPEPBIBHOM I10 BpeMeHu coooieHnun X(t).

YceTpoiicTBO, SIBIICHUE WM MPUYKHY, TTOPOXKIAIOIINE COOOIIEHHUs, YI00-
HO TOJIKOBaTh KaK UCMOYHUKU UHGDOpMayuy, 00TaTaroNIiue TeM WX UHBIM aj-
(daBUTOM, KOTOPBIH NOHKEH OBITh M3BECTEH anpuopH (40 Havaia U3MEpeHUM
WM pacdyeToB KoiudecTBa uHpopmaiuu). CHHTAaKTUUECKOE KOJUYECTBO WH-
dopmaruu 3aBHCHUT, MO OMPEACICHUIO, TOJBKO OT CTAaTHUCTHYECKHUX CBOMCTB
MOSIBJICHUSI DJIEMEHTOB ajipaBuUTa B SKCIEPUMEHTE 0 HAOIIOJCHUIO UX B IIO-
CJIEIOBATEIIBHOCTH.

Hucxkpemmnuolii ucmounux o0amaeT KOHSYHBIM aipaBUTOM U3 M 31eMEH-
TOB, 0003Ha4aeMbIX C, X2, .., Xi, ..., Xy, KQKIBIH U3 KOTOPBIX XapaKTEPU3YETCS
BEPOSTHOCTBIO MosiBiieHus P(x1), ..., P(x2), ..., P(x1), ..., P(xm). COBOKYITHOCTh
AJIIEMEHTOB U UX BEPOSATHOCTEH yI00HO 3a7aBaTh B BUJIC MAaTPHUIIBI

XIL % Xy Xy
Pl [P PP,

Ha3bIBAEMOW MHOTAA KOHEUHOU CXEMOU.

B GonbIIMHCTBE peaibHBIX CIy4daeB MOSBICHHE B IMOCIEI0BATEIHLHOCTH

AJIEMEHTA Xj 3aBUCUT OT TOT'0, KaKOU 3J€MEHT Xj ObUI MpeamecTByomum. B3a-



MMOCBSI3b 2JIEMEHTOB B COOOIIEHUH XapaKTepU3yeTCsl MaTPUIICH YCIOBHBIX Be-

pOSATHOCTEM
PIY) P@I2) ...PAIM)
N P(211) P(2]2) ...P(2|M)
POa)=PAID= o610y piij2) (M)

P(M|1) P(M|2) ...P(M|M)

(1.1)

[Ipu OTCYTCTBUYM B3aMMOCBSI3U 3JIEMEHTOB

P(xi |Xj):P(i| j)=P(x;)=P(i). (1.2)
HeomnpeneneHHOCTh BBIOOpa 3JIEMEHTOB X, IPHU CO3JaHUM (IOCIIEN0Ba-

TCIBbHOCTHU BHCMGHTOB) YI[O6HO XapPaKTCPpHU30BaATH aHmponueﬁ HNCTOYHHUKA

H (X) [Tpu HE3aBUCHMBIX dJIEMEHTaX ¢ BeposTHOCTIMH (1.2)
M
H(x)=-> P(i)logP(i). (1.3)
i=1
[Ipu 3aBUCHUMBIX 3JIEMEHTAX C YCIOBHBIMU BeposiTHOCTAMU (1.1) cHavyana
ONpPEACISIETCA YCIIOBHAs HTPOINMS, BBIUMUCICHHAsA Tak ke, kak (1.3), Ho B
PEIIOI0KEHNH 3a(PUKCUPOBAHHOTO MPEBIIYIIETO IIEMEHTA X!
M
H<X|Xj)=—ZP(I|j)|OgP(I|j). (1.4)
i=1
Bennuuna (1.4) cnyyaiiHa, Tak Kak CIy4YailHbIM SIBJISIETCS MPEIUIECTBY-

FOLINIA 3JIEMEHT X;. JIJIst moyYeHust 6e3yCioeHou dHmponuu HCTOYHNKA HEOO-

X0AUMO HPOU3BECTU YCPCAHCHUC (14) 10 BCPOATHOCTAM ITOABJICHHUA JJICMCH-
TOB:
M M - - - - -
H(x):Z{ZP(M j)|OgP(I|j)}P(j). (1.5)
=1 i-1
Konuuecmso ungpopmayuu |, npuHocuMoe B CPeIHEM OJHHMM DICMEHTOM,

10 OIIPCHCIICHUIO, PABHO SHTPOIIMHU MCTOYHHKA. Jlornueckas I[MPpUYHUHA TAKOI'O



onpeACICHUA COCTOUT B TOM, UYTO IIOJIYYCHHUC I/IH(l)OpMaHI/II/I CBsA3aHO CO CHATH-
CM HCONPCACIICHHOCTH B 3HAHUAX TaKUM 06p3.30M, qTo

|I=H-H (1.6)

amocT !

rae H — sHTponus (HEONMpPeAeICHHOCTh MOMYyYeHUs dJIEMEHTA) 0 MPOBEACHUS

’KcniepuMeHTa, H — SHTPOIHS MOCIIE MPOBEICHUS IKCIEPUMEHTA (ITOTy4e-

arocrt

Hus 35iemenTa). [Ipu oTcyTcTBUEM oMex nepenade H =0wu

arocT

I =H(x). (1.7)

Omnpenaenenne €IUHUIBI KOJIUYECTBA MHPOPMAIMU JOCTATOYHO IPOU3-
BOJIbHO. Hamboiee pacpocTpaHeHHON €IUHUIICH SBISAETCS Oum — KOJTUYECTBO
uH(popManuK, MoJydaeMoe MpPH BHIOOPE OJHOTO U3 ABYX PaBHOBEPOSITHBIX

anementoB. U3 (1.3) u (1.7) cneayer, uto mpu M =21=1 Gury, ecnu yora-

pudm 6epeTcs Mo OCHOBAHUIO 2, TAKUM 06pa30M,

| = ZP(I)|092P(I) (1.8)

9Jl€M€Hm

Eciu M = 10, a ocHoBanue sorapudma paBHO Takxke 10, COOTBETCTBYIO-
1as eAMHUIA Ha3bIBaeTCa oum (BbIOOP OJHOTO AieMeHTa U3 10 paBHOBEPOST-
HbIX). IHOTAa yCIOBHO BBOJWTCS €IWHHIA Ham (IIpU OCHOBAHWU Jorapudma
e).

Ecnu B3auMOCBSI3b 3JIEMEHTOB B COOOIIEHUHU MPOCTUPAETCS OOJIBIIIE YeM
Ha J[Ba BJIEMEHTA, ONPEACIICHUE CPEIHEr0 KOMYECTBAa HH(MOPMIIMU HA IJIEMEHT
TpeOyeT MpUBJIEYEHUSI 0O0JIEE CIIOKHBIX YCIOBHBIX BEposiTHOCTEW. Jlyisi nHxke-
HEPHBIX PAacueTOB YJIOOHO MOJIb30BAThHCS (HOPMYJI0H, OCHOBAHHOW Ha IMpHMeE-
HEHUM BEPOATHOCTEH N-TpamMM, T.€. COUETAHMU M3 N FJIEMEHTOB (quarpamm,

TpUrpaMM, TeTparpaMm U T.1.). Torjaa KoJInu4ecTBO MHPOPMALIUKA BhIPAKAETCS

dbopmyoit

Iz-% > PG, j,...,mlogP(i, j,...n). (1.9)

i,j,...,n



B wacTHOCTH, TTpHM MicTIOB30BaHMK aquarpamm (M = 2)
P(i,J)=P()P(l ), (1.10)

CJIEJOBATEIILHO,

M M M

I=—%iZP(i,j)logP(i,j)=—z D P(ili)logP(il ) P(i),

i=1 i=1 j=1Li=1
yto coBnazaet ¢ (1.5).
®opmyisl (1.3), (1.8) MOXKHO TOJIKOBATH €IIe TaK: KayKIbIi 3JIEMEHT ajda-

BUTA X, HECET KOJIMYECTBO MH(OPMALUH
Bennuunsel |, cnyyaiinel. [lanee NpoW3BOAUTBHCS HUX YCPEIHEHHE U BbI-

YUCJISETCS KOJIMYECTBO MH(OPMAIINHU, MPUHOCUMOE OJTHUM 3JIEMEHTOM B CpPeJI-
HEM.
KoamuyecTBo uH(popManuu B CJIy4aHHOU BeJIHUYUHE
[Ipu onpeneneHun KojauyecTBa MH(PpOpMAIIMK B TTOCIEA0BATEIILHOCTH HE-
KBAaHTOBAHHBIX (HEMPEPHIBHBIX 10 BEJIWYUHE) CIyYaHBIX BEJIMYMH U B HEMpe-
PBIBHOW (DYHKITMU TIPEABAPUTEIIBHO HEOOXOAUMO OMPEACTUTH SHTPOIHIO U KO-
JUYECTBO MH(OpMaIY B cliydaliHOM BeIWYUHE X, ONMKUCHIBAEMOMN TIIOTHOCTHIO

BeposiTHOCTH P, (X).

HemnocpeacTBEeHHBIN MpeAenbHBIN MEpPEeXo] C MOMOIIbI0 KBAaHTOBAaHMUS
CIIy4ailHOW BEJIMYMHBI C IIAroM A C MOCIEAYIOIUM yCTpEMIIEHHEM A K HYJIO

HE NPUBOJNT K PE3YJIbTaTy (H — oo). HeomnpeaeneHHOCTh BHIOOPA BEJTMYHHBI

X W3 KOHTHHyyMa 3HaueHHUH X C TUIOTHOCTBIO px(X) MOXHO KOJUYECTBEHHO
ONPEAEIUTh TOJBKO OTHOCUTEIIBHO APYTOM CIIy4YalHOW BEIMYHUHBI Y C HEKOTO-
PBIM CTaHIAPTHBIM paclpelesicHueM. B kauecTBe NMOCIEIHETO NPUHUMAETCS

paBHOMEpHOE B BEIOpaHHOM HHTepBaje 0 pacnpeaeneHue



1 d.,.9
i 27y (1.11)

0, npu opyeuxy.

pY(y):

Omuocumenvroul (Oughgepenyuanvroii) sumponueti CIy4aHOW BEIUYH-

HBI X Ha3bIBACTCS BEJINYMHA
H, () =H(x)-H(y)=—] p,(x)log[d x p, (|, (112
B wacTHOCTH, ccnu unTepsan d= 1,
H, (X) = - [ B, (X)log p, (x)e, (113)

OJIHaKO, XOTs d HEe BXOJWT SBHO B 3TO BBIPAKEHME, BEIIMUMHA HE IEPECTACT
OBITh YCIIOBHOM (OTHOCHUTEJILHOM) XapaKTEPHUCTUKON HEONPEACICHHOCTH BEJIU-
YHUHEI X.

B peanbHBIX yCI0BUSIX Mepenada COOOIEHUN MPOUCXOIUT MPU HATUYUHU
noMmex. [Ipu 3ToM nmpuoOpeTaeT CylieCTBEHHOE 3HaUYCHUE KOJIUYECTBO UHGOP-
MaIlu O CIy4ailHOM BeIMYUHE X, COJEpIKAIICICs B ciaydaitHol BennuuHe Y=X
+ N, rae n — nomexa. [Ipu 3TOoM 3HTpONUS, MOTyYEHHAsI MYyTEM IPEICIHLHOIO
nepexojia, NpruoOpeTaeT KOHEUYHOE 3HAUCHHUE.

Pacnpenenenus py(x), obnanaroirie HaudOJbIIEH OTHOCUTEIHLHON SHTPO-
MUAEN TIPU ONPEICIICHHBIX OTPAHUYCHUSAX, HA3bIBAIOTCA dKCmpemanvHvimu. Ec-
a1 1o ycioBuio @ < X <D, To 3KCTpeMalIbHBIM SBJISICTCS PABHOMEPHOE B MH-
TepBaye (a, D) pacnpenenenue. Ecaum X He orpaHdyeHa, HO OrpaHUYCHA JIHC-
nepcust 0'>2<, TO DKCTPEMAJIbHBIM SIBJISIETCSI HOPMaJIbHOE (TayCCOBO) pacripeie-
JICHUE.

OTHOCUTENIbHAS PHTPOIUS HE SIBISIETCS CaMOCTOSTENIbHON 3P (DEKTUBHOMN
BEJIMYMHOM, MPUTOJTHOM JJISI ONpeACICHHUs KOJIMYECTBa HH(POPMAILIUK B MOCIIe-

JOBAaTCJIbHOCTH CJ'IyLIaI\/’IHI)IX BCJIIMYHH.



KosunuyecTBo nngopMannm B CJIy4ailHOM mpoiecce

OHTpornus HemnpepbiBHOro coobmierus X(1) mmurenbHOCTBIO T),, TIPEI-
CTaBJISIIOIIETO COO0I0 OECKOHEUHYIO MOCIEA0BATEIbHOCTh (KOHTUHYYM) MTHO-
BCHHBIX 3HAYCHUM, KAKIO€ U3 KOTOPBIX SABJISIETCA CIIy4alHOW BEJIUYMHOM, pac-
CMOTPEHHOM BBHIIIIE, SBISIETCS, OYEBUIHO, OECKOHEUHOU M, CIEAOBATEIBHO, HE-
b pexTUBHON Mepol HEONpeaeeHHOCTH M KOoJudecTBa WHpopManuu. Aek-
BAaTHYIO MPAKTUYCCKUM MPUIOKEHUSIM MEPY HEOMPEACICHHOCTH CIIy4alHOTO
nporecca X(t) MOKHO MONYYUTh, IPEACTABUB Kakayto peaausanuio X(t) atoro

mpoiiecca €€ BHIOOPOUYHBIMU 3HAYCHUSIMU X(ti). [Ipn 3TOM Ciy4anHbIA MPO-
necc X(t) Moaenupyercs MHOXKECTBOM CITyYalHBIX BEJIMYUH, ONMHACHIBAIOIIMXCS
N-MEPHBIM 3aKOHOM paclpeIeseHus Py (xl, Xoyouuy X, )

Eciu npou3BeCTH KBAaHTOBAaHUE CIyYalHBIX BeIUYMH X, X,,...X HO

YPOBHIO C YHCIOM ypOBHeﬁ KBAHTOBAHHA, PaBHBIM 111, TO BO3MOKHOC YHUCJIO

peanu3anuil JMUTENbHOCThIO T, CTAHET, OYEBUIHO, KOHEUYHBIM U PABHBIM
M=m". (1.14)
Kaxnas u3 peanmmzanuii C,, C,,...,C.,...,C,, Oyaer umMeTh onpeneaeHHyo Be-
POSITHOCTH TIOSIBJICHUS B DKCICPUMEHTE MO HAOMIOACHUIO peann3anuii. Torma
HEOMPEJICICHHOCTh (PHTPOIHUS) U KOJIMYECTBO MH(MOpMAIUK B peann3anuu (B

CpeJlHeM 110 BCEM peanmaum{M) OHpeI[eJ'IH}OTCH paBeHCTBOM
M
H. =—Z P(C)logP(C,). (1.15)
i=1

OHTponus U KOJIMYECTBO MH(POpPMAIMU HA OAHY CTENEHb CBOOOABI (Ha
OJIHY BBIOOPKY) PaBHbI

H, :%:—%iP(Ci)Iog P(C.). (1.16)

Ecnu BeIOOpKM (citydaiiHble BeMUuHbI) X, X,,... X SBIAIOTCS Helpe-

PBIBHBIMU (HE KBAHTOBAHHBIMU T10 YPOBHIO), TO YAAETCSI BBECTH JIUIIb OTHOCH-



TEJIBHYI0 MEPY HEONMPEACICHHOCTHU. [0 aHaorum ¢ OAHOW CIy4yarlHOW BEJHU-
YHWHOM, OTHOCUTEJIbHASL SHTPOIUS ONPEACISAECTCS MO OTHOIICHUIO K N - MEPHO-

MY PAaBHOMEPHOMY PacCIpeIeICHHIO:
0 (n) 0
H,, :_J'...f D, (xl,xz,...,xn)IOQ[d“pX (xl,xz,...,xn)]dxldxz...dxn. (1.17)
Ecin BeIOOpOYHBIE 3HaueHUus X, X,,... X HE3aBHCHMBI, TO B COOTBET-

CTBHUM C 3aKOHOM TCOPHUHU BCpOHTHOCTefI

px(&,Xz,-.-,xn)=]jpxi(xi); (1.18)

1 CTAIMOHAPHOI'O IIponecca

1_1[ Py, (%) =[pPx(%)]": (1.19)

B stom cnyuae

H, =nH_ (1.20)
rae H, — ornocurensHas sutponus (1.12).

Ecimm Be1OOpKH X, X,, ... X 3aBUCHUMBI, HO IOJYUHSIOTCS HOPMAJIBHOMY

3aKOHY pacrpeeseHus, TO

H = Iog{(Zﬂaf(e)g Dn} (1.21)

3aB.HOPM

(mpu d=1), Tie € — ocHOBaHWE HATYypaIbHBIX JIorapudmomM, a Dy — onpenenu-

TE€JIb ABTOKOPPEIALMUOHHON MATPHUILIBI

P P2+ Pin
p= P2 P+ Pon | (1.22)
pnl pn2°°°pnn

rae

10



XX,

2
O'x

P = (1.23)

— HOPMHUPOBAHHBIN KOG PUITUEHT B3aUMHON KOPPEJSIIIUU BEIOOPOK X U Xk.

Y100HOUW MpPaKTUYECKOW XapaKTEPUCTHUKON CIy4ailHOM CcOOOIIeHUs
(mporiecca) X(t) ABIETCS €r0 OHMPONULHAS MOUWHOCMb, TIOJ, KOTOPOW IMOHU-
MaeTcsl CPelHSAsl MOIIMHOCTh O€JIoro rayCcCoBCKOTO Mpoliecca, 00JIaJaroiero
TOM € SHTPOIHUEN, UTO U 3aJaHHBIN MPOLIECC. DHTPOIUIHAS MOIIIHOCTh

22H1

P - ’
2re

3

(1.24)

rae Hi — suTponus Ha onHy cTeneHb cBo0oabl (cM. Beipakenue (1.16). Durpo-
MUITHAsE MOIIHOCTh COOOIIEHUsI P, BCerjga MEHbIIE CpeaHEed MOITHOCTH CO00-
nieHus (M paBHa e B ciiydae 0€JIoro rayCCOBCKOTO COOOIIEHUs). DTO CBOUCTBO
MO3BOJISIET MMPOU3BECTH OLIEHKY SHTPOINMUU HA CTENEHb CBOOO/bI, €CJIM U3BECTHA

CpEJIHSISI MOIIIHOCTh COOOIIECHUS

MN30b1TOYHOCTD UCTOYHUKA. [I[pyrue Mepbl HH(pOpMALIUU
BaxxHoll XapaKTEpUCTUKON HMCTOYHUKA COOOIICHUN SIBIISIETCA W30BITOY-
HOCTb, I10J] KOTOPOU IIOHUMAETCS OTHOLICHUE

_Huw —H(¥)
R === , (1.26)

max

TAc H (X) — JOHTPOIIUA pacCMAaTprUBACMOI'0 UCTOYHUKA, H — MaKCHUMAJIBHO

max
BO3MOYXHOE 3HAYEHUE €r0 PHTPOMHUHU, KOTOPOE MOXKET ObITh JOCTUTHYTO MOJ-
O0poM pacmpeeeHus 1 JIUKBUIAINEH B3aMMO3aBUCUMOCTH 3JIEMEHTOB ajda-
BUTA. Tak 1l TUCKPETHOTO UCTOYHUKA ¢ M nieMeHTaMu

H.. =logM. (1.27)

11



Ecnu s5emMenTsl He3aBucUMBI, TO H (X) onpeaenuTbes o gopmyire (1.3).

[Tpu He3aBCHMBIX MOIMAPHO djIeMeHTaX — 1o Gopmyire (1.5).
Kpome paccMoTpeHHOI Mepbl KoJnyecTBa MH(pOpMAIUU ObLUTA MPEAJIO-
*eHbl apyrue. Tak, @uinep BBesl Mepy KojJnyecTBa MHGOPMAIUU ISl HETpe-

PBIBHOT'O paClpCACIICHHUA C IINIOTHOCTBIO PX (X) N MaTEMATUYCCKUM OKUAAaHU-

eM m,

2
| 0 Inpy (X
:_:[ —ami( ) Py (x)dx.

DTa Mepa UCIOJb3yEeTCs B 3a/lauax MaTeMaTUUE€CKON CTaTUCTHKH.

B Teopun n3MepeHuii cirydaliHbIX BEJIMYWH MCIOJIb3YETCs MIOHATHE ATICH-
nou-3HTponHsA. [lycTh BenmumHa Y (pe3ysbTaT U3MEPEHUs) COMCPKUT HHPOP-
MaIMio O BeanyuHe X (MCTMHHOM 3HAYE€HHMH OO0BEKTAa). DNCUNOH-dHMpONnuel
H,(x) Ha3pIBaeTcs Komm4ecTBO HHpopMamuu 00 X, coaep:xalieecs B Y, TOUHee,
MHMHHUMAaJIbHOE KOJHMYECTBO HMH(pOpMAIMU, HEOOXOAUMOE IS TOr0, 4TOObl Y

BOCIIPOM3BOINIIA X Cco CPEIHEKBAAPATUYECKON MOTPEIIHOCTHIO
2
2
( Y-X j <¢°. Ilpu 3TOM MHUHUMYM OIpENEISAETCS MO BCEM 3aKOHAM pac-

npeneacHus Py(x|y), Takum 00pa3oMm, 1o ONPEACIICHHIO,

H, (x)= min) H(x)-H(x]y)]-

Pe(Xly

MoxHO Y6CI[I/ITI>C}I, YTO HTA BEJIMUYMHA MOKET OBIThH BbIpa’XCHaA TakK:

Py (X Y)

P (X)R (Y)

Omna CPAaBHUTCJIBHO JICTKO BBIYHUCIIACTCA IJIsI HOPMAJbHBIY CJIY‘-I&IZHLIX

H, (x) m|n ” Py (X, y)log dxdy .

Pe(Xly)

BCIIMYHNH.

12



YnpaxkHeHus U 3a1a4l.
1.1. UmeroTcst ABA AUCKPETHBIX UCTOYHMKA MH(OpPMAIIUH, 3aIaHHBIE MaTpUIla-
MU

X[ _[x x HYH: i Y2 Vs
Pl Ip. Pl Q] & 9 G

OnpenenuTh, KaKOW HCTOYHHUK O0ONadacT OOJBINEH HEOMPEICICHHOCTHIO B
ciydae, eClu: a) Py = p,, ¢,=q, =q;; 0)P,=¢, P, =q, +qs.
1.2. Ha BBIX0/I€ JBOMYHOT'O NCTOYHUKA HHMDOpMAUH 3J1eMeHTHl «0» 1 «1» 1mo-
ABJISIFOTCSI C BEPOATHOCTSIMU COOTBECTBEHHO P u 1-P. Ilpu kakom 3HaueHuun P
SHTPOMHS UCTOYHUKA MakcuMalnibHa? [locTpouts rpaduk H(P) nias TBOUYHOTO
HCTOYHHUKA.
1.3. JIokazaTh CBOMCTBO sKxcmpemanivHocmu sHmponuu. JIJiss TUCKPETHOTO HC-
TOYHMKA

X % Xeee Xy

P P, P,... Py

M
saTpormst H (X) = —Z p. log(p,), makcumanbHa u pasaa H__ =logM B ciy-
i1

4ae, €CIIU DJIEMEHTHI PABHOBEPOSITHBL: P, = P, == P, .

M
1.4. Tlokasats, uro ¢ysxums H(X)=-) p,log(p;) obmamaer cpoiicrBamu
i=1

CUMMETPHUU U HEIIPEPBIBHOCTU OTHOCUTEIILHO 3HAYCHUN P, = P, =---= P,, .
1.5. [okazate cruenyrouniee X
CBOWMCTBO aJJUTHUBHOCTH JHTPO- 1.

B aucKpeTHOM UCTOYHUKE

X X, Xy X

%

YEX(PY)




DIIEMEHT X, € X paccMaTpUBAETCs, B CBOIO OYEPENb, KAK TUCKPETHBINA MCTOY-

HUK Y:
X =Y,
pUYEM
Yi Yoo ¥n
ol
rae Zn;qj =p,.
=

n
, TofenuB (j Ha Pk, TOTAA Zi =1, npu
=L Mk

[IpeoOpazyem BeposiTHOCTU |

9TOM IIOJTYYHUM KOHCUHYIO CXEMY, IJIA KOTOpOfI MOXHO BBIYUCJIHUTH DHTPOIINUIO

q g
H(y)=-> —Llog—.
) Z—;pk Py

CBoicTBO AJAUTUBHOCTHU COCTOUT B TOM, 4YTO JJIA TPECX KOHCUHBIX CXEM

Y
HXH X, %X o oo Yo
= = qn
Pl (P, Py Py L
pk pk pk pk
H H Xk B yl’ yz...yn
P, "pk—l’ Or .-G,
surpornu H (x), H(y) n H(z ) CBSA3aHBI COOTHOJIIIEHHEM

H(z)=H(x)+pH(y).
1.6. IuckpeTHbBI UCTOYHUK HHGOPMAITUHU 3a/1aH MaTpUIIEH

X _ X X, Xq
Pl |1/5 4/15 8/15|

Breruucants ero CPCAHOK HCOIIPCACIICHHOCTL U CPABHUTH ITOJIYYCHHOC

SHA4YCHHUC C SHTPOIUAMHU CIACAYIOMHNX KOHCYHbBIY CXCM:
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X2 X3
X, +X; X, + X
O 0

X X, + X4,
1/5 4/5 |’

IToka3aTp HAa ’TOM NPUMEPE CBOMCTBO AIIMTUBHOCTH SHTPOIINH.

1.7. BEIYUCIUTD SHTPOIHUHU TPEX CUCTEM:

[t/256 255/256]; /2 1/2;  |7/16 9716

[TosicHUTBH HAa 3TOM IPUMEPE CBOMCTBO HEMPEPBHIBHOCTH SHTPOIIHH.

1.8. IMeroTcst 1Ba JUCKPETHBIX MCTOYHUKA C HE3aBUCUMBIMU U PABHOBEPOSIT-
HBIMM 3JIEMEHTAMU: JBOWYHBIM U TPOMYHBIA. Ha BBIXOJE MEPBOr0 MCTOYHUKA
3a(pUKCUPOBAHBI JBA CUMBOJA, HA BBIXOJAE BTOPOTO — TpHU. Uemy paBHBI He-
OTPENIETIEHHOCTH TOJYyYECHHBIX IOCIEA0BATEIHLHOCTEN OYKB, 0Opa30BaHHBIX
[apamMy CUMBOJIOB IIEPBOTO UCTOYHUKA U TPOMKAMH CUMBOJIOB BTOPOTO?

1.9. B kakOM COOTHOIICHUU HAXOJSITCS HEOMPEACICHHOCTH JIBYX CUCTEM X H
Y?

Ap b P

0.75 — 0.75 —

05— — — — — 05 |— —

025 — — 025 |— — —
[ g ““}‘r‘| .
y2 ys oy

0 X1 X2 X3 X4 X 0 y1

1.10. UmeroTcst 1Ba AUCKPETHBIX TPOUYHBIX UCTOUYHHMKA C HE3ABUCUMBIMH JIC-
MEHTAaMH. Ha BBIXOJIE KaXKJOTO MCTOYHUKA TMOSABISIOTCS COOOIEHUS OJIMHAKO-
BOM MJIUHBI — 10 15 3neMeHToB. KoMuecTBO pa3nuyHbIX AJIEMEHTOB B CO00-
MIEHUU KaXXJ0TO UCTOYHUKA MOCTOSSHHO. COOOIIEeHHsT KaKI0Tr0 UCTOYHUKA OT-

JIMYArOTCA TOJIBKO IMOPAAKOM 3JICMCHTOB. 3&(1)I/IKCI/Ip0BaHBI ABa THUIIMYHBIX CO-

obmenus: 021202120212021 — mepBoro ucrounuka u 012101201101201 —
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BTOPOTO. DJIEMEHT KaKOTO MUCTOYHHMKA HECET B CPETHEM OOJIbIIIEE KOJIUYECTBO

uHpopmanum?

1.11. HaliTu SHTPOIUIO TEOMETPUUYECKOTO paclpeieiCHUs

P(Xi = k) = k-1
p(l— p) , 0<x <oo,

1.12. Haiitu SHTpONIHMI0O OMHOMHHAIBLHOTO PACIpeIeIICHHUS

-

0 —0 < X, <0,
P(x=k)=1Clp*(1-p)"", 0<x <m,
0 m < X, <o,

S

1.13. IIPpOBCPUTH CBOMCTBO ATJIUTUBHOCTH DHTPOIIMHU HA ITPUMEPC HCTOYHHUKA

XIE X X X X
P| |1/2 1/4 1/8 1/8|

1.14. 3anucaTh COOTHOUIEHUE MEXKY IHTPOMUSIMHU
H(x), H(y), H(xly), H(yIx), Hxy) Hxly), H(ylx)
B CITy4ae 3aBUCHMBIX U HE 3aBUCUMBIX JIEMEHTOB X U Y.

1.15. Jloka3ats uto H (y | X) <H (y)

1.16. Ilycts X u Y — aBa andasuta; Z=X+Y . Uemy paBHa yCJIIOBHasI SHTPOIHS
H (Z | X), eciu: a) X 1 Y He3aBUCUMBL; 0) X 1 Y3aBUcuUMBL; B) X =Y .

1.17. Dnementsl andaButoB X M YCTaTUCTUYECKH CBsi3aHbl. M3BECTHO, 4TO
H (X)=8 out, H (y)= 12 6ut. B xakux mpegenax MEHSETCsl yCIOBHAsI SHTPO-
nus H (y | X) npu u3mMeHenuu H (X| y) B MaKCHUMaJbHO BO3MOXXHBIX Mpeie-

nax?

1.18. PakeTsl ABYX MyCKOBBIX YCTAHOBOK MCITOJIB3YIOTCS JJIsl MOPAKEHUS ABYX
neneil. Pakera, myiieHHas ¢ IepBOM YCTaHOBKH, ITOPaXaeT 11eJib HOMEp 1 ¢ Be-
postHOCTBIO 0,5, 11€71b HOMEP 2 — ¢ BepOosITHOCTHIO 0,3 M 1aeT mpoMax ¢ Bepo-

atHOCThIO (,2. PakeTa BTOpOW YCTAHOBKH MOPAXKAET MEPBYIO LIEJIb C BEPOSITHO-
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ctbio 0,3, BTOpyr0O — € BEpPOATHOCTHIO 0,5 ¥ BEpOATHOCTH Mpomaxa paBHa 0,2.
BepositHocTh BbIOOpa mepBoi ycraHoBku paBHa (0,4. Uemy paBHa Heompeje-
JIEHHOCTh BhIOOpA YCTAHOBKH, €CJIM U3BECTHO, UTO MOPaKEHA BTOpas 11eJib; €C-
JIY TIPOU30IIIEN TPOMax; KaKoBa HEOMPEAEICHHOCTh UCX0/a, €CIIM MyIleHa Jt0-
Oast pakera?

1.19. ITo 3aganubiM 3HaueHusM H(x) u H(y) naiitu H(x|y), ecmu H(y|x) = 1
our.

1.20. Onbir X — cinyyalinblii BeIOOp 1esnoro yucia ot 1 go 1050. OmwiT Y —
OTpe/IeICHUE BEJIMUYMH OCTAaTKOB OT JIEJICHHs 3TOr0 4ucia Ha 5 u Ha 7. Omnpe-
nenuth suTponuu H(x), H(y), H(x|y).

1.21. Uctounuk uHQPOpMAIUU COCTOUT W3 JABYX HUCTOYHHUKOB: JIBOUYHOTO U

TPOUYHOT0 BeposTHOCTH OyKB IIEPBOrO HCTOYHHMKA P, U P,, BTOPOro — 0,d,0;.

B pesynbrare momapHoro KOMOMHHUPOBaHUSI OYKB Ha BBIXOJIE€ COCTABHOIO HC-
TOYHHUKA TOSIBJISIETCA BCErO MSATh PAaBHOBEPOSITHBIX CJIOB MO JBa JJEMEHTA B
Ka)XJOM: OT MEPBOTO M BTOPOTO MCTOYHUKA. OmpenennTh U30bITOYHOCTh CO-
CTaBHOT'O HMCTOYHHMKA, OOYCJIOBJICHHYIO CTAaTHCTUYECKOW CBS3BIO 3JIEMEHTOB
NEePBOr0 W BTOPOTO MUCTOUYHHUKOB, & TaKXK€ BEPOSTHOCTH CJIOB COCTABHOTO HC-
TOYHHUKA, 00ETICYNBAIOIINE HYJIEBYIO N30BITOYHOCTD.

1.22. HaifTu SHTpONHIO UCTOYHUKA, OMMUCHIBAEMOT0 Ipad)oM BEPOSITHOCTEH Tie-

pexoja
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1.23. Jlana matpuiia

1/8 1/8 1/8
P(X,Y)=||1/8 0 1/8
1/8 1/8 1/8

Onpenenuts SHTPONUU
H(x), H(y), H(xly), H(ylx), H(xIy), H(ylx), H(xy)

1.24. lokasats, uto H (X, y)<H(x)+H(y).

1.25. TToka3aTh, 9TO JUIsL PEryIAPHONR MapKOBCKOI enu surpormmst H (X )(r) 3a

I IIaroB paBHSAETCS YIHTPOMUH 3a OJIMH II1ar, YMHOKEHHOM Ha YKCJIIO I1aros I.
1.26. OnpenenuTh cpeHee KOJUUeCTBO HHPOopMaIuu, MPUXOIAIIEecs Ha OJIUH
cuMBoJ1 coobmerust 01001000101001, mpu ycnoBuM, 4TO UCTOYHUK dProarde-
CKHH, a TOCJIE€A0BATEIbHOCTh — TUITUYHASI.

1.27. OnpeaenuTs MaKCUMaJIbHYIO YHTPOMHUIO TEIECBU3MOHHOTO M300paKeHMUS,
conepxaiero 500 ctpok mo 650 37€eMEHTOB B CTPOKE, MPU YCIOBUHU, UTO SIP-
KOCTh KaXJOTO 3JIEMEHTa MEPeaacTCs BOCEMbIO KBAHTOBAaHHBIMU YPOBHSIMH,
€CJIU: a) YPOBHU HE KOPPEIUPOBAHHBI, 0) CTAaTUCTHUYECKAs CBSI3b MEXIY pas-
JUYHBIMU TpajiallusiMU SIPKOCTH 3aj7iaHa rpadom.

172 1/3 1/3 1/3 1/3 1/3 1/3 172

12 1/3 1/3 1/3 1/3 1/3 1/3

1.28. Halitu sHTpOnMIO KBAaHTOBAaHHOTO CHUTHaja C paclpeaeieHueM Pi(x) ¢

TOYHOCTHIO 1 B.
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A Px(X)

2/3
5/9

1/3

Y CIIOBHBIE BEPOSITHOCTH YPOBHEU 3a1aHBI MATPULIEU

YposHU

0 1 2
0 (| 9/11 1/8 O
1 |2/11 3/8 2/9|.
2 | 0 1/2 7/9

1.29. V306BITOYHOCTD psifila €BPOMEUCKUX A3BIKOB JIEKHUT B mpeaenax 50—65%.
OnpeaenuTs YHTPOIUIO UX alPaBUTOB.

1.30. B kakoM COOTHOIIEHUN HAaXOATCS U3BECTHHIC CIMHUIIBI KOJTUYECTBA HH-
dbopmaruu: aBonuHas (OWT), HaTypaiabHas (HAT), AeCATUYHAS (AUT WIH «XapT-
m»)?

1.31. Onpenenutpy quddepeHIuaIbHy0 IHTPOIUIO PABHOMEPHOTO HAa MHTEP-

Basie {-W, + W, } pacnpenenenus.

1.32. Onpenenuts nuddepeHiuanbay0 dHTponuo Hy(x) HOpMaIBLHOTO pac-

NpeaAcICHUA C IINIOTHOCTBIO BCPOATHOCTHU

Kak Bnusier Ha BenuuunHy Hy(x) yBEeJIMUECHHE B JIBa pasza a) CpeaHero x; 0)

JIUCTIEPCUH o, ?
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1.33. Onpenenuts HTPONUIO JBYMEPHOTO PABHOMEPHOTO pacIpe/eeHusl, 3a-
JTAHHOTO TUIOTHOCTBIO

lecmu 0<x<1

va(x’y): Px (X) pY(y): 0,eciu 0<y<1.

1.34. Cur"an Ha BBIXOJI€ HEMPEPHIBHOIO MCTOYHHUKA OTPAaHUYEH MO YPOBHIO
3HaueHussMU Up, Uwm. Haiitu muddepeHnuanbHbiil 3aKk0H pacnpenencHus,
o0ecreunBaroui MAaKCUMAJIBHYI0 OTHOCUTENIBHYIO SHTPOIHIO CUTHAJIA.

1.35. Curnan Ha BBIXOJI€ HEMPEPHIBHOTO UCTOYHUKA OTPAaHUYEH MO MOIIHOCTU

3Ha4YCHUEM O, ,. Haiitn muddepeHunanbHblil 3aKoH pacipe/ieneHus, odecre-

YUBAIOIIUA MAaKCUMAJIbHYI0 OTHOCUTEJIbHYIO SHTPOIIUIO CUTHAJIA.
1.36. Beruucauts 3HTponinio Hy(x) pactpeneneHus Pyx(x). [loctpouts rpadux

3aBUCUMOCTH Hy(x) B GyHKIIMHK napameTpa d.

A Px(x)

\

o

Xo-X1 Xo Xo+X1 X

1.37. Curnan Ha BBIXOJI€ HEMPEPHIBHOTO UCTOYHWKA MPUHUMAET TOJIBKO MOJIO-
KUTEIbHbIC 3HAYCHHUS

pu(u) = 0, u<0,
Cpennee 3HaueHUe curHajia Heu3MeHHo (My = const). Halitu nuddepenunanib-
HBII 3aKOH pachpenesieHusi, 00eCIeYnBaOIIU MAKCUMAIbHYIO OTHOCUTEIb-
HYIO SHTPOIHIO CUTHAJIA.
1.38. Beranciuth quddepeHmaibHyo SHTPOIUIO CITy9aitHOW BETWYUHBI, 3a-

JAHHOU pacCIpeaeICHUEM
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1 1<x

1.39. Berauciuth ycinoBHble auddepennmanbabie sHTporu Hy(x|y) u Hy(v|x)
IUIsl CYMMBI HOPMAJIBHBIX CITyYalHbBIX BEJIUYHH.

1.40. HailTu SHTPOMHIO CUCTEMBI 1 CITyYalHBIX BEJIMUUH, PACTIPEEICHHBIX 1O
HOPMaJbHOMY 3aKOHY.

1.41. VI3mMepuTenbHOE YCTPOMCTBO BbIpabAThIBAET BPEMEHHBIE WHTEPBAJIBI,
pacrpe/ielieHHbIe CaydaiiHbiM oOpa3om u npeaenax oT 100 go 500 mc. Kak us-
MEHUTCS SHTPOIHUS CIyYailHON BEJIMYMHBI IPU MU3MEHEHUU TOYHOCTU H3MEpe-
Hus ¢ 1 mc 1o 1 Mic?

1.42. Tloka3ath, 4TO MpH 3aJ]aHHON SHTPONUK HOPMAJIbHOE paclpe/eieHue Be-
POSITHOCTEW MMEET HAMMEHBIIYI0 U3 BCEX OAHOMEPHBIX paCIpEeIeICHUN auc-
NIEPCHUIO.

1.43. Tlokasats, uro H(y)=H(x), ecmu: a) Y=X+£C, 0) Y=-X.

1.44. Vndopmaiusa nepemaeTcss MpU MOMOIIM YaCTOTHO-MOAYJIHWPOBAHHBIX
CUTHAJIOB, paboyasi 4acToTa F KOTOpPBIX UBMEHSAETCSI C pABHOM BEPOSITHOCTHIO B

npenenax ot F =10 mI'n no F, =50 mI'n. Onpenennts 3HTPONUIO YACTOTHI,

€CJIM TOYHOCTh M3MepeHus 4acToTel A F paBHa 2 kI'1I.
1.45. Yemy paBHO mpupaiieHue >3HTponun A H 1ipu nepexoie CUCTEMBI U3 CO-

CTOSIHMSI, XapaKT€pU3yEMOI'0 CPEIHEKBAIPATUUECKUM OTKIOHEHUEM O, B CO-
CTOSIHHE, XapaKTEpU3yeMO€e BEJIUUNHON O, a) B Cllydae HOPMaJbHOI'O pacrpe-

JIEJICHUSI KOOPAMHATHI, 0) B ClIydyae paBHOMEPHOI'O pacHpeaesieHUus KOOpIUHa-
TBI?
1.46. BeiBectn popmyny muddepeHInanibHOU HTPONUA HETPEPHIBHOU CITY-

YallHOW BeIWYUHBI X C IUIOTHOCTHIO Px(X), KBaHTYsl MCXOJHYIO BEIUYUHY C
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maroM Ax u nepexond Kk npeaeny npu Ax—0. B yem cocTOUT OTHOCHUTENB-
HBII xapaktep nuddepeHuanbHON I HTPOTUN?

1.47. B pe3ynbTare NOJHOMN JC30praHu3aliy YIpaBJICHHUS 7 CaMOJICTOB JICTAT
MPOU3BOJILHBIMU KypcaMH. YTIpaBiI€HHUE BOCCTAHOBJIEHO, U BCE CAMOJIEThI B3si-

U O0IIMH KypC CO CPEIHEKBAApPaTUUYECKON OIMOKONW OTKJIOHEHUS OT Kypca

o = 3’. HaliTu n3MeHEeHHe SHTPOIHNH, CUUTAS, YTO B IIEPBOM CIIydae UMEJIO Me-
CTO PAaBHOMEPHOE PACIPEEIICHUE BEPOITHOCTEN YIJIOB, @ BO BTOPOM ClIy4dae —
HOPMAJIBHOE.

1.48. TouHOCTH BBIACP)KUBAHUS Kypca JIETaTeILHOIO anmnapara noj 1elicTBueM
YIPABISIIONMX KOMaH u3MeHunachk ¢ 3° 1o 10' mpu paBHOMEpHOM pacrpeme-
JeHur omuOKu Kypca. Jlo Kakoil BeIWYMHBI MPUILIOCH ObI M3MEHUTH CPEIHE-
KBaJpaTHYECKOE OTKJIOHEHHUE, eclii Obl OImmnoOKa OblLIa pacmpeaesieHa Mo HOp-
MaJLHOMY 3aKOHY, YTOObI 00€CTICYUTh TaKoeb k€ M3MEHEHUE SHTPOIUH, KaK B
IIEPBOM cilyvae?

1.49. U3mepuTenbHOE YCTPOMCTBO BhIpadaThiBaeT ciaydaiitHblid curHan U(t) ¢

HOPMaJbHOW IIJIOTHOCTHIO BEPOSTHOCTH W KOPPEISLMOHHON (QyHKIUEH

r(7)= o.e

BBI3BAaHHYIO HAJIMYMEM KOPPEJSLUY, €CIH O, = 6.

alq]

. Onpenenuth SHTpoNUIO curnaiga H (u) U ero U30bITOYHOCT,

1.50. B xkakom ciyvae auddepeHnmanbHas SJHTPONUS OTpULlaTeIbHA?
1.51. Onpenenutb, IpU KaKOM COOTHOILIEHUM MEXKIY ILIaraMyd KBaHTOBAHUS
AH U A, KBaHTOBaHHbIE SHTPONUHU BEJIMYUH, PACIPEIECTECHHBIX 10 HOPMaJb-
HOMY U PABHOMEPHOMY 3aKOHAM PaBHBI.
1.52. Onpenenuts (pubaMKeHHO) nudepeHITnaNTbHY 0 SHTPOIHIO pacipeie-
JICHUS ¢ QYHKIMEH TUIOTHOCTH px(X), 3a1aHHON HA HHTEpBANe (X, Xy),
12
Py (X): (XM - Xm)4

0 6ne unmepeana (X,,, X,, ).

(x=X,) (X =), X; X< Xy,
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1.53. Onpenenuth nuddepeHuaIbHY0 SHTPOIUIO YCEYEHHOTO HOPMAJIBHOTO

pacnpeaeaeHus ¢ PyHKIMEH MI0THOCTH

-

b
Px (X) = O'x\/ge

0 61e unmepsana (X, Xy, ).

]Xm<x§XM

1.54. Onpenenutb qudpepeHuanbHY0 SHTPOIHUIO ABYMEPHOTO HOPMAILHOTO

pacrpeaenenus ¢ GyHKIMEH TIOTHOCTU

1 (% 2rxyLy2j
1 2(1—r2)ka>2( oxOy oo

p X’y = e 1
o (%) 276, 0y N1-1?

rjae I — KodQpHUIHUEHT KOPPEIAUK 3HAYCHUN X U V.

1.55. Onpenenuth KoaudecTBO HHGoOpMaIu 1o Puiiepy Ajis CMEIICHHOTO

HOPMAJILHOTO pacipeaeiacHus ¢ GyHKIMEH TUIOTHOCTH

2 Ilepenauya undgopManum Mo KaHAJIaM CBSI3HU

Ilepenaya AMCKPETHBIX 3JICMEHTOB
Kanan ceasu npencrapiser co00il COBOKYITHOCTh TEXHUYECKUX CPEIICTB
IS iepeiadyn COOOIEHU U3 OJTHOM TOYKH MPOCTPAHCTBA B APYryro. JTa Iie-
pesaya yaiie BCEro OCYIIECTBISIETCS B YCIOBUAX HEM30EKHBIX MoMex. B pe-
3yJIbTAaT€ BO3AECUCTBUS IIOMEX KaXXIbIl OTIPABICHHBIM J3JIEMEHT X, MOXKET

OBITh OIIO3HAH IOJIyYaTeNeM KakK Y, , Ipu4eM Y, # X,. OTO COObITHE Ha3bIBACT-

csl owubOKoU. AHAJOTHYHO, HeMpepbIBHOE coodmieHne X(t) MoKeT OBITh MPUHS-

TO, KaK y(t) # aX(t — Z’), JJI BCEX MJIM HEKOTOPBIX MOMEHTOB BPEMEHH, T/E a U
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T — KOHCTaHTBI, OOBIYHO HE CYIIECTBEHHBIC C TOYKH 3PEHHUS KOJIUYECTBA WH-
dbopmanuu (ocnabneHue u 3amnaszapiBanue). C TOUKM 3peHus Teopuu uHdopma-
1uu GU3NUECKOe YCTPONUCTBO KaHaja CBS3H HE CYIIECTBEHHO.

[lepenauy neMEHTOB COOOIIEHHUS MOKHO PACCMATPHUBATh KaK COCTaBHOU

HKCHEPUMEHT, COCTOSIINN B OTIPABICHUM 3JIEMEHTOB COOOIIEHHS X, U IOJIY-
YeHHs 3JeMEeHTOB Y, . CBoMcTBa KaHajla IIPU 3TOM IOJHOCTBIO OIMCHIBAIOTCA
mampuyeu NnepexooHvlX 6eposmHOCmel P(Xi | yk) W P(yk |Xi), rae
P(X | Y¢) €cTb BEpOSTHOCTb OTIPABICHHS DIEMEHTA X;, €CIIM 3aHKCHPOBaH
NOJTyYEHHBIA AJIEMEHT VY, , a P(yk | Xi) — BEPOSITHOCTH TOJIYYEHHUS DJIEMEHTa
Y, €CIIA 3a()UKCUPOBaH (OTHpPABIISIETCS) 3JIEMEHT X.. [Ipm aTom mpenmonara-

C€TCsA, YTO HOBBIC JJICMCHTHI (CBer qucijia ]\4) HC MOI'yT OBITH CO31aHbI IIOA

BJIMAHHUEM IIOMEX., CII€EAOBATCIIBHO,
M M
Zp(yk |Xi):1’ ZP(Xi | Yk):]-- (2.1)
k=1 i=1

Ecaun momex HeT, TO Bce auaroHaibHble 3i1eMeHTHl P(Y, | X, ) wim
P(X.|Y,) paBHBI enuHHIE, a OCTaJIbHbIC — HyMIO. [Ipr 04eHb OONBIINX TTOMeE-

Xax BCC 3JICMCHTBI MaTpull MOT'yT OBITH HpI/I6JII/I31/ITeJII)HO OJMHAKOBBIMU.

HpI/I HaJIMYHUHU ITOMCX OTIIPABJICHHUC JJICMCHTA Xi HC CHUMACT ITOJIHOCTBIO
HCOMNPCACIICHHOCTb OTHOCHUTCJIIBHO ITOJIYYCHHOI'O 3JICMCHTA yk' Takum 06pa-

30M, CUTyalldsl OMUCHIBAETCS YETHIPbMSI ME€pPaMH HEOIPEIEICHHOCTH (IHTPO-
MUASIMU )

a) HEeOMPEACICHHOCTh OTIIPABISIEMBIX AJIEMEHTOB
M
H(x)=->P(x)logP(x,) (2.2)
k=1

(MTpeInoIoXKeHa He3aBUCUMOCTh 3JIEMEHTOB X; );

0) HEOMpeIeICHHOCTh MTOTYYEHHBIX 3JIEMEHTOB
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iP (y,)log P(y,); (2.3)

k=1
B) HEONPEACICHHOCTD MOJTYUECHUS DJIEMEHTOB MPU 3aUKCUPOBAHHOM OT-

MNpaBIsAICMOM 3JICMCHTC Xi .

H(y1% ) ==2P(¥. 1%)log P(y, |x,). (2.4)

OTa BeIMUMHA HA3BIBACTCS YACMHOU 3Hmp0nuezZ IMPUHATBIX 3JICMCHTOB. Ilon-

Hasx  OHmponusd  1OJIY4YAaCMbIX  JJICMCHTOB  ONPCACIIICTCA  YCPCIAHCHUCM

H (y| X. ) 10 BEPOSATHOCTSIM OTIIPABIISAEMBIX JJIEMEHTOB X;
M
H(yIx)=> H(ylx)P(x). (2.5)
i1
Benuuuna (1.5) Ha3bIBaeTCsl cpedHell YCA08HOU IHMPOnuel noaIyuaemvx dJe-
MEHMO8.

F) HCOIIPCACICHHOCTL OTIIPABJICHUA 3JICMCHTOB IIpHU 3a(I)I/IKCI/IpOBaHHOM

IMOJIYYCHHOM J3JICMCHTC yk .

M
H(X|yk):_zp(xi|yk)logp(xi|yk)' (2-6)
i=1
3Ta BCIIMYMNHA ABIISICTCA llClCWlOT:Z 9Hmp0nueﬁ omnpaesiemolx J2J1eMEHNO0E.

Tlonnas IHmMponusa omnpaeiidemvlx dj1emeHntoe ONPCACICTCA YCPCIHCHUCM

H (X | yk) 10 BEPOATHOCTSM I10JIy4a€MBIX DJIEMEHTOB Y, !

H(x]y) ZH XV )P (Y, )- (2.7)

B cooTBeTCcTBUHU C ONpe/IeICHHEM KOJIUYECTBA MepelaHHON MH(pOpMALIUU
1o (4.6)
l=H-H,_..=H(X)-H(x|y). (2.8)

DTa BEIMYMHA PABHA TAKKE
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l=H(y)-H(y|x). (2.9)
Kak MOXKXHO HPOBEpHTB, 10 Mepe yMeHbmeHus momex | — H (), mo me-

pe yBenuuenus rmomex | — 0.
IMepenaya cayyalHbIX BeJIMYUH U IPOLECCOB

KonuuectBo nHPOpMaIuu B HENPEPHIBHON CIydailHON BeIMYUHE X TPU
HAIMYUH TIOMEX ONPEIEIISIETCS IyTEM KBAaHTOBAaHUS 10 YPOBHIO OTIIPABIISIEMOMN
Y nosrydyaemMoit BeuuuH X U Y ¢ MOCIEAYIOINM NPeAebHbIM NEPEXOI0M, KO-
rJ1a YACJIO YPOBHEW KBAaHTOBaHUSI M —> co. [Ipm 3TOM BCeACTBHUE KBAaHTOBAHHUS
U TIPEICNIBHOTO TIEpexo/ia B 00eux BeauurHax X u Y, KOJIU4ecTBO HH(pOpMaIuu
no (2.6) oxa3pIBaeTCs KOHEYHBIM, XOTS Kaxjas SHTPONUA B OTIEIbHOCTHU
CTpEMUTCS] K OECKOHEUHOCTH.

B pesynbrate mpeaenbHOro mepexoja KoludecTBo uHdopmaiuu 06 X,

cojaepxkaiieecs B Y,

T 7 Py (X, Y)
| =— Y dxdy, 210
_fw_jwva(x y)log o (0p. ()Y (2.10)

rae Pyy (X, Y)= Py (X) Py (Y] X) — coBMeCTHas IIOTHOCTD BEPOSITHOCTH BEIH-
yuH X U V, px(x), py(y) — IIOTHOCTH BEPOSATHOCTH BEIMYHMH X U ¥V COOTBET-

CTBCHHO.

ECHI/I ITOMEXH CTOJIb BCJIIMKH, YTO Y HpaKTI/I‘ICCKI/I HC 3aBUCUT OT X, TO
Py (X, ¥) =Py (X) Py (¥)- (2.11)

Torma u3 (2.10) ciemyeT, 4TO KOJWUYECTBO ToJydaeMol HHGOpMaIuu
PaBHO HYJIIO.
Ecimu Y = X +n, npuuem coobmienre X U nmomexa n HE3aBUCUMBI (UTO

OOBIYHO BBITIOJHSIETCS), TO
Py (Y1x)=p,(y—x), (2.12)

rac pn (0[) — INIOTHOCTBb BCPOATHOCTHU ITIOMCXH. B sTrom ClIy4dac
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l=H(y)-H{(n), (2.13)

rac

H(y)=—[ p, (y)log p, (y)dy, (2.14)

H(n)= —]; p.(a)log p, ()da.

B cnydae nmepenauu HempephIBHOTO cooOmeHus X (t) P HAJIUYUHU MO-

MEX KOJIMYCCTBO HOquaeMOﬁ I/IH(l)OpMaL[I/II/I onpeacisieTCsa aHaJlOru4Ho, OAHa-

KO B paCCMOTPCHHUEC BBOAATCA N-MCPHBIC IJIOTHOCTH BGpOﬂTHOCTCfI, OIIMChIBA-

IOIIHMeE ciay4daiiHoe cooOmenue X (t eaJIu3alliu JJIMTEIILHOCTRIO T ) moCie
y p D

CBEICHUS €0 K Ha0Oopy n ciydaiHbIX BenmnuuH X, X,,..., X, .

VY 100HOM rpaduueckoil HHTEpIIpeTalieii OCHOBHBIX COOTHOIIICHUN MEK-
oy WH()OPMAITMOHHBIMU OIICHKAMU SIBJISIFOTCA TaK Ha3bIBAEMbIE Ouazpammbl
Benna. C ux MOMOIIBI0 MOXHO JIETKO YCTAaHOBUTH CBSI3b MEXKIY Pa3InuHBIMU
YCJIIOBHBIMU U 0€3yCIOBHBIMH SHTPOIHUSIMU U KOJIUYECTBOM MH(pOpMAITUHU.

OcHOBHBIE MapaMeTPhbl CHCTEMBI Tlepeaadn

[Ipu paccMOTpeHUHU B3aUMOJICUCTBUSI UICTOUHUKA MH(DOpMAITUU U KaHaja
BO3HUKAIOT BaXKHbIC TOHATHUS MPOU3BOJUTEIBHOCTH MCTOYHHUKA, MPOIYCKHOU
CITIOCOOHOCTH KaHajia U CKOPOCTH mepeaadyu nH(popMaIuu.

1100 npouszeooumenbHoOCMbI0O NCTOYHUKA TIOHUMAETCS CKOPOCTh CO3/IaHUs
uH(popmMaruy, T. €. KOJUYEeCTBO HH(OpMaIuu, Co31aBaeMo€ HCTOYHUKOM B

€AVHUILY BpeMeHU (OOBIYHO B CEKYHIY). JJIsl TUCKPETHOTO UCTOYHUKA, CO3/1a-

fomero N, 3J€MEHTOB B CEKyHAY, IPOU3BOJAUTEIBLHOCTD
|, = H (x)N,6ur/, (2.15)
rae H(x) — sHTpomnus, paBHas KOJWYECTBY MH(GOpPMAIIMU HA OJIMH DJIEMEHT B

CpeIIHEM.
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JI1si MCTOYHMKA HENPEPBIBHBIX COOOIIEHUM (CIly4yalHbIX BEIUMYMH X U

bynkumit X (t)) POU3BOIUTEILHOCTD, OMPEACIICHHAsT Yepe3 SHTPONuto, Oy-

JIET, OYEBUIHO, paBHA O€CKOHEUYHOCTH. [l03TOMY 1711 ClydallHBIX BEIHYHUH H
CIIyYalHBIX (PYHKIIUH BBOAUTCS IMMOHITHE STICHIOH-3HTPOITHH.
Ecnu He nenmats paznuunst Mex 1y BenmuauHaMu X U X', KOT/1a OHHM OJIM3KHU

B CPCOAHCKBAAPATUYIHOM CMBICJIC, T. €. KOT'Aad

(X=X <é?, (2.16)
rae & — 3aJaHHAs MaJas BEIMUYMHA, TO IPOU3BOIUTEIFHOCTh HCTOYHHKA CITY-
JaWHBIX HEMPEPBHIBHBIX BEIMYHMH MOXKHO OIPEISIUTh KaKk MUHUMAJIbHOE KOJIH-
4ecTBO MHGOPMAIHH, coaeprkarmieecs B X' 00 X:

I1=minI(X',X). (2.17)

Ecnu BenuunHa X pacnpeneneHa HopMaibHO, TO

2

1 o
. ==log—2. 2.18
1 2 g 52 ( )

[Ipon3BOIUTENTLHOCTh MCTOYHHMKA HEMPEPBIBHBIX COOOMmeHUN X (t)

onpeaAcIsICTC NYyTEM CBECACHUA HUX K N CquaﬁHbIM BennunHaMm. Ecin BI)I60pKI/I

B3ATbl B COOTBE€TCTBHU C TeopeMoﬁ KOTGHBHHKOB&, TO IMPOU3BOAUTCIILHOCTD

VCTOYHHKA
R,
|, = F, log—, (2.19)
&
rae P, — cpeHsist MOIIHOCTD COOOIICHHS, & g’ = [X (t) - X '(t)]2 :

ITon ckopocmwio nepedauu ungopmayuu 10O KaHATy NOHUMAETCS KOJIH-
9eCcTBO MH(MOPMAITUH, ITOJTyIaeMOl B IMHUITY BpeMeHHU. J{JIs1 AUCKPETHOTO HC-
TOYHHKA (MCTOYHHKA KBAHTOBAHHBIX IT0 BPEMEHH U 110 YPOBHIO BEJIMYHMH) CKO-

pOCTh nepeaun nHhopMalu
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Rz%[H(C)—H(C|D)}, (2.20)

rae H(C) — >HTponMs OTHPABIEHHBIX MOCIEA0BATENBHOCTEN C 3JIEMEHTOB X

obmieit nmpomomkutenbHocThio B T ¢, H(C|D) — ycioBHast sHTpoOIUs OTIIpaB-
JICHHBIX TIOCIIEIOBATEIILHOCTEH ¢ YUETOM ITOJIYYCHHBIX IMOCIEI0BATEILHOCTEN

D sneMeHTOB Y, .

Ecam snemMeHTBl B IOCIEIOBATEIBLHOCTU MOSBISIOTCS HE3aBHUCHMO CO

CKOPOCTBIO N; 3JIEMEHTOB B CEKYHIY, TO

R=N,[H(x)-H(x]y)], (2.21)
rne H(x) v H(x|y) — satponuu (2.2) u (2.7) COOTBETCTBEHHO.
[lon nmponycknoti cnocobnHocmvio KaHalla TIOHUMAETCS MaKCHMAalbHO
BO3MOXHAsi CKOPOCTh Tepenaaun WH(GOpMAIMH, KOTOPOW MOXKHO JOCTHTHYTh

BBIOOPOM KOJUPOBAHUS:

C= max i[H (C)-H(C|D)]. (2.22)

no kozam T
IIpenenbHbie TEOpEMBbI
BrITOTHAIOTCS CHAEAYIONUE NPEAEIIbHBIE COOTHOLIEHUS MEXIY MPOMYCK-
HOM COCOOHOCTBIO KaHajla U CKOPOCThIO MHpopmanun. Eciu ckopocTh co3na-

HYs “HQopManuu |, MeHbIe MPOIyCKHOW CIIOCOOHOCTH, TO HMEETCS TPABUIIO

KOJIUPOBaHUA (BO3MOXKHO, HE U3BECTHOE), TP KOTOPOM BEPOSITHOCTH OIIUOOK
MOXET OBbITh CHAENaHa CKOJb YyroJHo Majoil. [Ipyu Tex ke yCIOBHUSX CKOPOCTh
nepenayn nHGopMalmu R MoxeT CKoJib YroJHO NMPUOIMKATHCSA K TPOIYCKHOM
CIOCOOHOCTH KaHaJja.

[Ipu nepenave HEMPEPHIBHBIX COOOLICHHN B yCIOBHUSX O€IbIX rayCCOB-

CKHMX MOMEX MPOITYyCKHAsI CIOCOOHOCTh KaHaja

c=F, log 1+% : (2.23)
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rae Fv — monoca npomyckanus kanana, P u N — cpeaHue MOITHOCTH cOO0O1IIe-
HUW ¥ MIOMEXU COOTBETCTBEHHO. Croco0 KOIUPOBaHMSI, TTO3BOJISIIONINN peain-
30BaTh BenMW4uHYy (2.23), HeuszBecTeH. OJIHAKO HW3BECTHO, UTO COOOIIECHUE
JOJDKHO UMETh HOPMaJIbHBIN 3aKOH pachpe/ielieHUss MTHOBEHHBIX 3HAUCHUH.
[Ipu yBeauyeHUM MOJOCHI MpOIycKaHus Kanana Fy npomyckHas cnoco0-

HOCTb ACUMIITOTUYCCKH CTPEMUTCS K BCIIMYHNHC

¢ 14437 (2.24)

npex
0

rae N, — chekrpanbHas INIOTHOCTh MOIMHOCTH Oenoi noMmexu. IIpaktuueckn

HEIIEJIeCO00pa3HO PACIIUPSTh MOJIOCY CBEPX BEIUUYUHBI

Fu =~—. (2.25)

He cnenyer ynyckaTh U3 BUJa, 4TO BCE CKa3aHHOE 31ECh CIPABEIJIMBO JIUIIb B
MPEIOI0KEHUY KaHalla ¢ 0eJ10i TayCCOBCKOM OMEXOM.
CorilacoBaHue KaHAJI0B ¢ CUTHAJIaMH
[Ton o6vemom cuenana Ve NOHUMAIOT TPOU3BEACHUE
VC - FCTC DC’

rae Fc — monoca vacror curnana, 7, — Bpems nepegauu curHana u D¢ — nuna-
MUYECKUIN THUAITa30H, BBIPAXKAIOIINN MPEBBIIIEHUE MOUIHOCTU CUrHana P. Haj
OMeXO0H (MOITHOCTBIO Pyy;) U PaBHBIH

»]
D, =log|1+—=~
e =109 1F 5

m
[To aHamorum BBOAUTCS MOHITUE 00beMa KAHANA:
Vi =R 1Dy,
rae comHoxutenu Fg, Tk, Dk UMeIOT Takol e CMBICII MPUMEHUTEIIBHO K Ka-

HaJy nepeaayu uHpopmaiuu.
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VYcnoBue nepegayu nHPOpMaIUK MO KaHAY 3alUCBIBACTCS CIETYIOIMINM
o0pazom:

V. <V,.

B 3aBUCUMOCTH OT CBOMCTB, KOTOPBIE UM IIPUIUCHIBAKOTCS, MOXKET CYIIIEC-
CTBOBATh OOJIBIIIOE KOJIUYECTBO MOJICNICH peaIbHBIX KaHAJIOB.

CummempuunsiM OUHAPHLIM KAHAIOM HA3bIBAETCS KaHAll, B KOTOPOM Be-
POATHOCTHU NPHUHATH NEPBBINA CUTHAI 32 BTOPOM M BTOPOU 3a MEPBBIA OJIMHAKO-
BBL.

Kananom co cmupanuem Ha3pIBaeTCA KaHaJl, HA BBIXOJE KOTOPOrO KpoMe

JJIIEMEHTOB X, =M, U X, =M, MOXKET IIOSIBUTHCS TPETHH DJIIEMEHT, HE COBIIA/IA-
IOIAKA HA C M, HU ¢ M,

Kananom C pempaHrcisimopom HA3bIBACTCA KaHAJI, COCTaBJICHHBIN U3 ABYX

qyacTel (KaHaJIOB), B IEPBOM M3 KOTOPBIX JJIEMEHTHI X, U X, MOTYT IEPEXOJUTH
B Y, U Y, aBOBTOpOM Y, U Y, MOTI'YT IEPEXOJUTb B Z, U Z,, SABIIAIOLIUECS

BBIXOJHBIMU ISl KaHAJIa C PETPAHCIATOPOM.
YupaxkHeHus ¥ 32124
2.1. KonnuecTBo nH(pOpManuu B 00beKTe Y MO OTHOLIEHHUIO K OOBEKTY X
oIpeeIsIeTCs CIeAYIOIMMM 00pa3oM [cM. (2.8)+(2.9)]:
1(x,y)=H(x)-H(x]y)=H(y)-H(y[x).
BriBectu (hopmyny, BBIpaKarollyt0 KOJWYECTBO MHPOpPMALMU B CUMMETPHUY-
HOH (hopMe.

2.2. Jlokazathb, uto | (X, y) > 0.

2.3. Onpenenutb, ueMy paBHsercs | (X, X).

2.4. Jlanbl 3HaueHUs1 H (X) u H (y) B xakux npenenax MOXET MEHATHCS
I (X, y) npu u3MeHenuu H (X, y) OT MUHHUMAJBLHOTO OO MaKCUMaJIbHO BO3-

MOKHOT'O 3HAUCHUI?
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2.5. OnpeaenuTh CPeAHION B3aUMHYI0 HH()OPMAIUIO MEXTY ABYMS OyK-
BaMH andaBHUTa, €CIM WU3BECTHO, YTO CPEAHsS SHTpomnus andaBuTa paBHA 5
OuT, a PHTpONUS Ha Mapy OyKB paBHsieTcs 8,3 OuTa.

2.6. Onpenenutsb cpeanee kommdectso uadopmauuu |(X,Y), ecin mar-

puia cucrems! nepegadn nadopmanun P(X,Y ) umeer Bux

1/9 1/9 1/9
P(X.,Y)=[1/9 19 1/9|
1/9 1/9 1/9

2.7. Onpenenuts cpenree komdectso nupopmanuu 1(X,Y) B cucreme,

OIMCHIBAEMOMN MATPUILIEH
1/8 1/8 1/8
P(X,Y): 1/8 0 1/8
1/8 1/8 1/8
2.8. Kakoe komuuecTBO MH(OpMAIMK B CpPEIHEM TMOJy4aeT YEJIOBEK,
OTIPENIETISAIONINI JIEHb POXKICHUSI CBOETO COOECEIHMKA, KOT/a MOCIEIHUN CO-
00I1I1aeT eMy Mecsill, B KOTOPOM OH POAMIICS ?
2.9. IMeroTcst Tpy TUCKPETHBIC CiTyyaliHble BEIMUUHBI X, Y, Z, SHTPOIIHH

KOTOpBIX paBHbl: H (X) =H (y) =H (Z) Onpenenutb, 4YeMy paBHSAETCS
1(X,y,2), ecim: a) H(X,y,z)=3H(x), 6) H(x,y,z)=H(x). Joxasars, uro B
obutem ciydae |(x,y,z)<1(X,y).

2.10. Onpeaenuth KOJWYECTBO MHPOPMAITUHU, KOTOPOE COACPIKUTCS B CO-
OOIIIEHUH O TOM, YTO CyMMa BBIMABIIMNX OYKOB Ha ABYX HTPAIBHBIX KOCTSIX
paBHa CEeMHU.

2.11. BplyucnuTth cpeaHee KOJW4YeCTBO MH(opmMaruu I(X,yz) 0 mepe-

HaHHBIX cooOmeHusax X =<X >, 1=1 2, 3, mocraBiseMoe MPUHATHIM CO-
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obmenueM y, ancamons Y =<y | >= 1, 2,3, ecnu cuctema mepeadynd ONUChIBa-

€TCSl MaTpULIEH

0,05 0,2 0
P(X,Y)=|0 03 O
0,05 0 0,3

2.12. Pannoctanuus MoxeT paboTaTh Ha BojiHE A, (coOblTHE A ) MM Ha
BoJHE A, (coObITHE A,); B UMIyJIbCHOM (coObITHE B)) miam B HempepsIBHOM
(cobwiTHe B,) pexmnmax. BeposTHOCTH COBMECTHBIX COOBITHMII MMEIOT CIledy-
romue  3Hawenms:  P(AB)=0,7; P(AB,)=015; P(AB,)=0,05;
P(A,B,)=0,1. Borauciurs KOIM4eCTBO MH(OPMALUH, IIOIyIaeMOi OTHOCH-

TEJIbHO peXruMa padOThl CTAHLIMM, €CJIA CTAHET U3BECTHOM JJIMHA BOJIHBI CTaH-
1005058

2.13. Jlyis IOBBIIIEHUS JOCTOBEPHOCTH KaXKI0€ COOOIICHUE MOXKET Tepe-
JaBaThCsl MO KaHAIy CBsI3W K pa3, mMpuYeM BEPOSTHOCTh HEUCKAXKECHHOTO IMPO-
XOXJICHUS CUTHajJa mpu Kaxaod mepemade P = 0,2. ITocie K moBTropeHwmii

(lS k < N) pelaroiiee yCTpOUCTBO CpaBHUBAET BCe K MPUHSITHIX CHTHAIOB U

IIPU WX COBIIAJICHUH BBIHOCUT PEIIEHNE O MPAaBWIHLHOM IMIPUEMeE, MOCIe Yero Ha
Nepealoui KOHEI[ MOCTYMAaeT KOMaHAa O MPEKPaIleHUH MOChUIKU JTaHHOTO
cooO11eHust U 00 OTHpaBlIeHUH cieayrouiero. OnpenenuTs 3HaueHue Ko3pdpu-
IIMeHTa JyOJMpOBaHUSA K M3 yCIOBHS MakCHMMyMa KOJIMYECTBa MH(OpPMAIIUH,
obecrieynBaeMOM pelaloIMM yCTPOHUCTBOM.

2.14. Cuctema crabunuzanuu 1iaTdopMbl THPOCKOTA, KOMIIEHCHPYIO-
masi ciy4yaliHble BO3MYILECHHMS, UMEET JBa IUCKPETHBIX JaTuuka A u B, u3mMe-

pAOIIUX YIJIBI & U ,8 BO B3aUMHO IICPIICHAUKYJIAAPHBIX IIJIOCKOCTAX. Curnasl

X1 Y ¢ 1aTyukoB 4 U B NMOCTYIAIOT Y€pe3 UMITYJIbCHBIN AJIEMEHT Ha BBIYUCIIH-

TEJIbHOE YCTPOMCTBO 4epe3 UHTepBaibl BpeMeHn Al. J[aT4MKu MMET 4uCiio
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YPOBHE!N KBaHTOBAaHMs, COOTBETCTBEHHO, M, W M, . Cucrema pabortaer B Te-

YyeHue BpeMeHU 1. Matpuiia COBMECTHBIX BEPOATHOCTEN UMEET BUJL

0,12 0,0 0,08 0,05 0,03
P(X,Y)=[0,02 0,04 012 0,04 0,02|.
0,03 0,05 0,08 010 0,12

Yucnosele manHble: M, =3, M, =5, At =0,3, T =30c. Onpenenuts Koanye-

CTBO MH(pOpPMAIIUH, MOCTYTAIOIIEE B BHIYUCIUTEIBHOE YCTPOUCTBO 3a BCE BpeE-
Ms pa0bOTHI U B €IUHUILY BPEMEHHU.

2.15. DHTponusl TUCKPETHOTO MCTOYHMKA BCErna MojoxkutenabHa. ud-
dbepeHmanpHas SHTPOINUA MOXKET ObITh OTPUILIATEIbHOU. MOXET 1 OBITH OT-
pUIATEILHOM TI0JIHAS B3auMHasg UH(POpMAITUs ABYX HEIPEPHIBHBIX CUCTEM?

2.16. HenpepbiBHas ciydaitHas BeJIMUUHA X pacrpezesieHa Mo HOpMalb-
HOMY 3akoHy. OHa u3MepsieTcsi ¢ OMUOKOM Z, TakKe MOTYUHSAIONICHCS HOP-
MaJbHOMY paclpenesieHuI0. BIX0oMHOW BEIMUMHON SIBJISETCSA ClydaiiHas Be-
avnunHa Y = X +Z . Yemy paBHO KosiuuecTBO uHpopmaruu (X, Y), mocryna-

omee B CAMHULIY BPCMCHH, CCIIU XunyY HC3aBUCUMBI, CPCIAHHUC 3HAYCHUA:

X =2z =0, TMCTIEPCUH 0')2( =16, 0§ =97

2.17. BBIUUCIAUTH SNICUIIOH-PHTPOINIO HEMPEPHIBHOTO HOPMAIBHOTO TPO-
1ecca MpH 3aJlaHHON CpPeHEKBAIPATUIECKON OIMMOKEe M3MEPEHUs Ha BBIXOJIE
MUCTOYHUKA.

2.18. JlekTOp MPOM3HOCUT B CPEAHEM OKOJO COpPOKa MIECTUOYKBEHHBIX
CJIOB B MHHYTY. PaccmaTpuBas ero kak MCTOYHUK TUCKPETHBIX COOOIIEHUH,
OTIPEJICIUTh €T0 MPOU3BOIUTENBHOCTh. JIJIT MPOCTOTHI MPUHSATH, YTO BCE OYK-
BbI asipaBUTa PABHOBEPOSTHBI U CTATUCTUYECCKU HE3aBUCHMBI.

2.19. Curnan S nmomaeTcsi Ha BXOJl KaHaja ¢ BepOATHOCThIO 0,6 U OTCYT-
CTBYET Ha Bxojie ¢ BeposiTHOCThIO 0,4. [TocTynuBIMii CUTHAI BOCTIPOU3BOIMT-

Ci Ha BBIXOJIE KaHaja ¢ BeposaTHOCThIO 0,8 u Tepsiercss ¢ BeposTHOCThIO 0,2.
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[Ipu oTCYyTCTBUM CHUTHAJIa HA BXOJI€ BO3MOXKEH JIOKHBIN curHan S'. Ha Bbixoze
¢ BepostHocThio 0,3. Jlnarpamma kaHaja mpenacTtaBieHa Ha puc. 13. Onpene-
JIUTh CpeJHEe KOIUYECTBO MHPOPMAIIUKU O BXOJIHOM CUTHAJIE TI0 (PUKCUPYEMO-
MY BBIXOJHOMY.

2.20. Ha pucyHke mnpejcTaBjieHa guarpaMMa KaHajia co cjiaObiM paspe-

meHueMm. OnpeaenuTh KOJIMYeCTBO HH(POpMAIIUY, IEpeaaBacMoe 10 KaHay.

S’

0,6 —»us 0,8

02

0.3

——»0
0,4 o 0,7 o

2.21. Ha pucyHke mpejicTaBieHa JuarpaMMa KaHajla ¢ HEOJHO3HAYHO-

cTht0. OnpenenuTh KOJIWYeCcTBO HHPOopMaIK, epeIaBaeMoe o KaHamy.
Xa

X2

O

Y1
Xk

Kkt

Kk+2 O

Xm

Xm+

Xm+2C>

Xs ¢

2.22. IlocTpouTh AMarpaMMy KaHajia co CJIa0bIM pa3pelieHueM U C HEO/I-
HO3HAYHOCTHI0. ONPEeeNnnuTh €ro MponyCcKHY0 CIOCOOHOCTb.

2.23. OnpenenuTh MPOMYyCKHYIO CIOCOOHOCTh CUMMETPUYHOTO KaHajia C

MaTpULEN
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1/3 1/3 1/6 1/6
P(y|x)= .
1/6 1/6 1/3 1/3

2.24. ]JIBOWYHBI HCTOYHUK C PABHOBEPOSITHBIMH JJIEMEHTAMU HMMEET
npousBoauTeasHOCTh 1000 6ut/c. [Ipu mepenaye mo kaHally B CpelHEM OJIMH
u3 nepenansbix 100 cumBOIIOB MCKaxaeTca. ONnpenennuTbs CKOPOCTh NEpeIadn
uH(popManuK Mo JaHHOMY KaHaIly.

2.25. Tloctpouts rpaduk 3aBUCUMOCTH MPOIYCKHOM CMOCOOHOCTH JBO-
WYHOTO CUMMETPUYHOrO KaHaja 0e3 moMeX CO CTUpaHHeM B (DYHKIIUU BEPOSIT-
HOCTH CTUPaHUsI HH(POpMaLIHH.

2.26. OnpenenuTh NPOMyCKHYIO CIIOCOOHOCTh TPOMYHOTO CUMMETPUYHO-
ro KaHalia CBSI3H.

2.27. JIBOMYHBIA UCTOYHHK MHGOPMAIMKA TE€HEPUPYET CUMBOJIBI C BEPO-

SATHOCTIMU Pl " Ky, HOCTyIIaromue Ha BXO0J HCCUMMCTPHUYIHOI'O KaHala ¢ MaT-

puLeu

P, P

00 01

P(Y|X)=
(rix) Po R

npuueMm P, # P.. Onpeneauts nponycKHYIO CIIOCOOHOCTH KaHala.
00 11

2.28. Komep oOecmeunBaeT Tepemady HWHQOpMAIMA CO CKOPOCTHIO

R:NH(X)

, out/c. Ha BbIXOJC JIMHUN CBA3U IMOMHUMO ACKOJACPAa BKIIFOYCHO

KOPPEKTUPYIOLIEE YCTPOMUCTBO, OOHAPYKUBAIOIIEE U UCIPABIISIIONIEE OIIHOKU.
Onpenenutb HEOOXOIUMYIO MPOMYCKHYIO CHOCOOHOCTh KOPPEKTUPYIOIIETO
YCTPOMCTBA.

2.29. OnpenenuTh MakCUMaJbHO BO3MOXXHYIO CKOPOCTH Mepeayd HH-
dbopmanuu 1o paguokaHaly, eciu pabodas mojoca 4acToT kaHaja paBHa 100

kI'11, a OTHOIIIEHHE CUTHAJ/IITyM paBHo 10.

36



2.30. Omnpenenuth MPOIYCKHYH CHOCOOHOCTh KaHaja, €CJIU CpeaHss

MOIIIHOCTb ITOJIE3HOI'O CHUTHANa paBHa P,, mosioca dactor ka”ana F , a mome-

XaMU SIBJISIFOTCS TETUIOBBIE IIYMbI IIPUEMHOIO YCTPOWCTBA, UMEIOIIETO TEMIIE-
patypy 7°. Iloctpouth (kadyecTBEHHO) rpaduK 3aBUCUMOCTH MPOIYCKHOMU CITO-

COOHOCTH OT IOJIOCHI 4acToT F, .

2.31. OnpenenuTth MOJOCY MPOIYyCKaHUS KaHaja Mepeaadyu TeJIeBU3HOH-
HOTO 4epHO-0eloro m3o6paxeHus, comepxamero 5-10° smemenrtos. M306pa-
KEHUE MepesaeTcs ¢ yacToTor 25 kaapos/c. Kaxaplil 2ieMeHT uMeeT 8 paBHO-
BEPOSTHBIX Tpafanuil sspkocTu. [lose3HbI cUTHAN SBIAETCS LIy MOIMOJ0OHBIM,
OTHOIIIEHUE CUTHAJI/IITyM paBHO 15.

2.32. Onpenenuth MPOMYCKHYIO CHOCOOHOCTh KaHaja ¢ KBAaHTOBaHUEM
110 YPOBHIO, €CJIM M3BECTHO, YTO pacipeneicHue BxoaHoro curnaina X(t) pas-
HOMEpHOE, BelnyuHa 1mara kBantoBanusi AX =1,1 B, MakcumanbHoe abcomioT-

HOE 3HA4Y€HHE YPOBHs BXOAHOro curHaia X, . =6,2 B, cpeanee 3HaueHue

CUTHaJIa paBHO HYJIIO, TpaHUYHas yacTtoTa curHana 10 kI,

2.33. TeneBusnonHoe uzodOpaxkenue coctout u3 500 cTpok, Kaxaas u3
KOTOpBIX coaepKuT 200 371eMeHTOB. DJIEMEHT UMEET 8 PaBHOBEPOSITHBIX Tpa-
naruii. [Ipu nepenaue n300pakeHus MO KaHATy C TayCCOBBIM IIIyMOM, HMEIO-
IIAM CIIEKTPANBbHYIO TIOTHOCTH MomHocTH 8-107"° Br/kI', ncromns3yeTcs 1o-
noca yactor F =1 kI['u. Bpems nonauu 1 4. Onpeneants MUHUMAaIbHYIO MOII-
HOCTb CUTHaJIa B MPEANOI0KEHUHU, YTO Nepeaadya UHPOpMaluy OCYIIEeCTBIIsACT-
Csl CO CKOPOCTbIO, OJIM3KOM K MPOMYCKHOM CIOCOOHOCTH KaHaa.

2.34. TloctpouTh (KaueCcTBEHHO) TpapuKk M3MEHEHHUsS MPOIYCKHOU CIO-
COOHOCTH HENPEPHIBHOTO KaHaJla ¢ OeJIbIM rayCCOBBIM IIIYMOM C POCTOM MOJIO-
ChI YaCTOT MOJIE3HOTO CUTHAJA.

2.35. HenpepbIBHBIN UCTOYHUK co37aeT curHaji momHocThio 4000 BT, ¢

rpannyHoi yactortod 1 kI'u. CurHan npeoOpasyercsi B MOCIIEIOBATEIbHOCTD
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MMITYJIbCOB, MOAYJIMPOBAHHBIX MO aMmIuIUTyjAe. B kaHame nelcTByeT Oeblii
rayccoB IIIyM CO CIIEKTpPaJbHON IIOTHOCTBIO MOIIHOCTH Sz, paBHbIM 0,02
Bm - c. Bpems nepenauun curnana 20 muH. OnpeaeiauTh MPONyCKHYHO CIIOCO0-
HOCTh KaHajla ¥ CKOPOCTb Nepeiaur HHPOopMaIuyd aMILUIUTY THO-UMITYJIbCHBIMHU
CUTHaJIaMH.

2.37. HailiTu NOpPOMYCKHYIO CIOCOOHOCTh KaHaja C aMIUITUTYyAHO-
MMITYJIbCHOM MOJYJISIIMEN, €CJIM YMCJIO YPOBHEH CUTHalla paBHO 16, moioca
4acTOT HCXOAHOro curHaiga F¢, curman u(t) paBHOMEpPHO pacopeneiicH Ha

y4acTKe (—UM, +U,, ), BEPOSITHOCTh MCKaKEHHS, BBIPAXKarolas BO3MOXK-

HOCTBb IIEPEX0/Ia B COCETHUN YPOBEHB, paBHA 5%.

2.38. Haiitu nmpomyCKkHy0 CIIOCOOHOCTh KaHajla ¢ YaCTOTHOW MOAYJISAIIH-
i, ecii UCXoqHbIN curHai U(t) mpeacTaBiieH B BUae 16 TUCKPETHBIX 3HAUYCHUH
yactoThl. YacTora curnana U(t) paBaa Fc. JlomycTrMas BEpOSITHOCTh MCKaXe-
HHUS B CBSI3U C IEPEXO0JIOM B COCETHUM YPOBEHb paBHa 5%.

2.39. HaiiTu mpomycKHyI0 CIIOCOOHOCTh KaHala ¢ KOJOUMITYJILCHOM MO-
aynanueit. Yueno ypoBHeW curHana paBHO 16. BeposTHOCTh MCKaXEHUS, BbI-
pakaromas BO3MOXHOCTh IIEPEX0JIa B COCEOHHUM YpPOBEHb, paBHa 5%. [lmu-

TEJIbHOCTh KaXJA0W KOJOBOM KOMOHMHAIIMU MOCTOSHHA M paBHa oF rae Fe —

c
IpaHAYHAs 4acTOTa UCXOIHOro curHajia u(t).

2.40. Ilo panuokanany ¢ nojocoit yactot 100 k', B koTOpoMm aeicTByeT
v v -3
OeTbIif TayCCOB IIYM CO CIEKTPAIbHON MJIOTHOCTHIO MomHOCTH S, =1,6-10

B1/kl', mepenaercs curHan U(t), umeromui rpanudnyto dactoty 10 kI u
cpeaHIor MOIHOCTh Pe = 14 Bt. CKOJIBKO BpEMEHU 3aliMET Nepeadya CUrHaiIa

10 JAHHOMY KaHaJTy?
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3 D¢ dekTUBHOE KOAUPOBAHUE COOOIIEHU A

KoaupoBanue npu oTCyTCTBHH MOMeEX

C TOYKH 3peHHUs TeOpUH MH(POpMALIMU KOOUPOBaHUe €CTh IIPOLIECC COIO-
CTaBJIEHHUS JIeMeHTOB ajdaButa 1udpam. [IpaBuno conocrapieHus: Ha3bIBACT-
cst kooom. 1 upsl, conocTaBiaeHHbIC dJIEMEHTaM aJi)aBUTa, Ha3bIBAKOTCA KOOO-
8bIMU CTIOBAMLU.

B 3aBHCHMOCTH OT CUCTEMBI CUHUCIICHHSI, TTOJI0KEHHOM B OCHOBY 00pa3o-
BaHUS AP (KOJOBBIX CJIOB), pa3InyaloT KOJUPOBAHUS OMHApPHOE, TPUAPHOE,
TETpapHOEe U T. 1. B mepBoM citydae 31neMeHTHl alipaBuTa COMOCTABIISIOTCS OU-
HapHBIM YHCJIaM, COCTABIICHHBIM W3 €IWHUI] ¥ HyJIeld. UUCIIO pa3IudHbBIX dJIe-
MEHTOB KOJ1a Ha3bIBaeTcs ero ochosanuem h (B mannom ciydae h = 2). Hucno
AJIEMEHTOB KOJ1a, UCIIOJB3YEeMOE JIJIs MPEICTABICHHUS OJHOTO dJIeMeHTa ajda-
BUTA, Ha3BIBACTCSA 3HAYHOCMbIO K0Od. ECIu 3HAYHOCTH OJIMHAKOBA JJIS BCEX
AJIIEMEHTOB ajdaBUTa, TO KOJ HA3BIBACTCS PABHOMEHHBIM.

[Ipu TexHUYECKON pean3aliy Koaa KakIOMY JIEMEHTY KOJia COTOCTaB-
asieTcs GU3NIECKUN SJIEMEHT — UMITYJIbC HaNPSDKCHHS, TOKA WK JIPYTOl BEJTH-
qUHBI. VIMITYIbCHI pa3InYHBIX 3JIEMEHTOB JOJDKHBI OBITH Pa3IMYMMbl TEXHHYEC-
CKMMH cpeicTBaMH. Borpoc o BbIOOpe (M3MYECKUX 3JIEMEHTOB KOJa Ipe]-
cTaBisieT coOOl OTIETbHYI0 BaXHYIO 3a/Jady, HE paccMaTpuBacMyr0 HaMH
3]1€Ch.

3amaun KOIUPOBAHUS MPU OTCYTCTBHH IMOMEX WM MPH HAIMYHUH TTOMEX B
KaHaJIe CBS3M CYIICCTBEHHO pa3JIMUHbBI. B mepBoM ciydae cTaBUTCS 3a7ada J0-
OUTHCS MpeaACTaBJICHUSA 3JICMCHTOB an(baBHTa HCTOYHHUKA IIPpH MUHUMAaJILHOU
CpellHeﬁ 3HAYHOCTHU KOJ4a, T. €. MHUHHUMAJBbHBIM YHUCIOM 3JICMCHTOB KO/4d B
cpenHeM Ha OykBy aipaBuTa. DTO JOCTUTAETCS MYTEM IO BO3MOXKHOCTH IT0JI-

HOM JIMKBUJIAIIMU W30BITOYHOCTHU COOOIIEeHUsI. BO BTOpOM cllyyae CTaBUTCS 3a-
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Jaya CHHYKCHHUS BEPOSTHOCTH OIIMOOK B Iepeaaye dJIEMEHTOB ajipaBuTa. ITO
JIOCTUTAETCSI, HA00OPOT, BBEJICHUEM M30BITOYHOCTHU («U3IUILIHUX) 3JIEMEHTOB)
B KOJIOBBIE CJIOBA.

Ipgdexmuenvim Ha3bIBACTCSI KOJUPOBAHHUE, IPU KOTOPOM JIOCTUTACTCS
pelieHne nepBor 3agaud. TeopeTUUeCKU JOKA3bhIBAETCS, YTO MUHUMAaJIbHas

cpeaHsasa AJIMHa KOAOBBIX CJIOB

— _H

L., =——, 3.1
" = ogh (31)

rae H — sHTponus ucTouHuka (coodmenus), h — ocHoBanue kona. J{is Ounap-

HOTro Kogja, oueBuaHo, L .. =H. OrHOomeHne L = Kk peasbHO NOCTUTHYTOH B

min
JAHHOM KOJ€ cpez[Heﬁ JJIMHE KOJOBBIX CJIOB

X = b __H (3.2)
L Llogh

Ha3bIBaeTCs 3¢hghexmuenocmoio kooa. KauecTBO Koja MOXKHO OXapaKTepu3o-
BaTh TaKKe€ M30BITOYHOCTHIO KOJA!

R=1—mn_ (3.3)
n

TI€ 7 — UCTIOJIb30BAHHOE YHMCIIO AJIEMEHTOB KOJa IS eEpenayu, a Nmin — TeOpe-
THYECKU BO3MOYKHOE YUCIIO DIIEMEHTOB.

K mpeneny, omnpenensiemomy oTHomeHueM (3.1), MpakTUYECKH MOXKHO
MPUOIU3UTECS B TOM CMBICIE, YTO CPEAHS JIUTEIBHOCTh KOJOBBIX CJIOB OY-

JET YAOBIIETBOPATH YCIOBHIO

H B (3.4)
logh logh

CpGJIHHH JIINTCIIBHOCTD KOJAOBBIX CJIOB MOXET OBITH IIoACYHNTaHa KaK

f:iP(xi)ni, (3.5)
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re P(Xi) — BEPOSITHOCTD 3JIEMEHTOB U3 andasura M, N, — NIMUTEIBLHOCTH KO-

J0OBOTO CJIOBA, COOTBETCTBYIOIETO 3JEMEHTY X:. IIpn paBHOBEPOSATHBIX KOJaxX

BCE N, O4EBUIHO, OMUHAKOBBI K TOTAa L =N, =n.

OOmiee mpaBuiao moaydeHus 3(PEGEKTUBHOro koja HeuszBecTHO. OmgHAKo
U3 00IIUX COOOpaXEHUM MOXKHO MPEJCTaBUTh ce0€ MPUHIMIBI €r0 MOCTpOe-

Hus. [l aHcaMOJI 2JIEMEHTOB X, MOXHO 331aTh «()YHKIUIO CTOUMOCTI» (1ie-

HYy TIepeJlauu 3JIEMEHTOB) B BUJIE

Tac P(Xi) — BCPOATHOCTHU DJICMCHTOB COO6H1€HI/I$I, d Wi — CTOUMOCTD HUX IICPC-

nayu. DPHEKTUBHBIA KO JOJKEH MUHUMU3UPOBaTh QyHKIMIO cTouMocTu C.
Ecnn mepenmadn Bcex BAIEMEHTOB KOJa HMEKOT OJWHAKOBYK) CTOMMOCTB, TO

CTOMMOCTb IIEPEJAUH IEMEHTOB X, T. €. W, Oyzner nponopiuoHanbHa AJIMHE

COOTBETCTBYIOIIIETO KOJ0BOro ciioBa. CienoBaTeiabHO, B 00IIeM ciaydae (mpu
Pa3HOBEPOSATHBIX AJIEMEHTaX COOOIIECHHS) KOJOBBIE CI0BA JIOJKHBI OBITh HE-
OJIMHAKOBOM JJINTEIHHOCTH, T. €. Ko OyJeT HepaBHOMEpHbIM. HepaBHOMED-
HBbIE KOJbI JOJDKHBI OBITh OJHO3HAYHO JEKOAUPYEMBI 0€3 JTOMOJHUTEIHHBIX
pa3IeIUTENbHBIX 3HAKOB, TaK KaK OHU CHU3UJIU Obl 3P (HEKTUBHOCTH OCTPOCH-
HOoTO Koja. Teopema Mak-MuiiaHa yTBEp KJaeT, 4To JJIsl OJHO3HAYHOTO Jie-

KOIUPOBAHUA HOJIKHO BBIIIOJHATBHCS COOTHOIICHUC
MO
—N:
> h™<a, (3.6)
i=1

rne M, — oOree 4uciio KOJOBBIX KOMOMHAIMMA, N, — [uiHHA | — KOMOMHAnuu, h

— OCHOBAHHUC KOJA.

41



Hcxonst U3 U3J0KEHHBIX COOOpaKeHUH PsI0M aBTOPOB IPEIJIOKEHBI all-

TOPUTMBI KOJUPOBAaHUS, TIPU KOTOPBIX jgocturaercsa L , Omuskoe k L o

min °
(3.1) m mocturaercs muaumyM C. IIpuHIUIIBI 0IM3KOT0 K 3P PEKTUBHOMY KO-
JTUPOBAHUS COCTOSIT B TOM, UTOOBI:

a) JUIMHA KOJOBOTO cjioBa N, Obpl1a 0OpaTHO MPONOPLHOHAIBHA BEPOSIT-
HOCTHU COOTBETCTBYIOILEIO AIEMEHTA ajihaBUTa X:;

0) Hauaso OoJee JJIMHHOTO CII0OBA HE JOJDKHO COBIMAAaTh C 00jee KOpOoT-
KUM (JUIs1 BO3MOKHOCTH pa3/efieHus CJI0B 0€3 MPUMEHEHUs pa3IeIuTeIbHbIX
3HAKOB);

B) B JIJTMHHOM TOCJIEIOBATEILHOCTH AJIEMEHTHI KOJIa JOJIKHBI OBITh HE3a-
BHCUMBI U PABHOBEPOSTHBI.

AJITOPUTMBI KOAMPOBAHMS

Anroputm [llenHona-®3H0 monydyeHus O6au3koro K 3pdekTuBHOMY OH-
HapHOT'0 KOJIa COCTOUT B TOM, YTO PACIOJIOKEHHBIE B MOPSJIKE yObIBAHUS Be-
POSITHOCTEH AJIEMEHTHI andaBUTa ACNIATCS Ha JIBE TPYIIIBI MO BO3MOXKHOCTHU
pPaBHOU CyMMapHOW (B KaXKJOW TpyIIe) BEPOSITHOCTU. Bee ameMeHThl nepBoit
TPYMIIBI MOJIYYarOT 3JIEMEHT | B Ka4ueCTBE MEPBOM KpalHEN CJIEBA MO3UILNU KO-
IOBBIX CJIOB, a BCE BJIEMEHTHI BTOpOoU rpymnmnsl — 0. [lanee rpynmsl gensTcs Ha
MOJATPYIIIBI 10 TOMY € MPAaBUIYy NIPUMEPHO PAaBHBIX BEPOATHOCTEN U B KaxK-
70 MOArpyNIe 3alojHsAETCs BTOpas clieBa mo3ulus kogoBoro ciosa (0,1).
[Tpouiecc moBTOpPsieTCs 10 3aKOAMPOBAHUSA BCEX AJIEMEHTOB andasuta. Tabnuia
3.1 wrocTpupyeT ckazaHHoe Ha npuMepe andasuta u3 M =8 snementos. B
ATOM MPUMEPE IepBasg NOATPYNIA MPU KaXKIOM pA3JICICHUNA OKa3bIBAETCS CO-
CTOSILIEN U3 OJHOTO BJIEMEHTA.

Anroputm llenHona-®3HO NPUMEHUM W TIPH OCHOBaHMHU Koja h>2. B
9TOM ciydae ajidaBHUT pa3OuBaeTcs Ha N 4acTed MpUMEpHO OJUHAKOBOW CyM-

MAapHOU BEPOSTHOCTHU.
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AnroputMm XadhdmeHna odbecrieynBaeT MoaydeHue KOJOBBIX CJIOB 3a OoJiee
KOpPOTKO€ BpeMmsi. Bce a5ieMeHThI COOOIIEHU S PacoiaraloTcs B CTOJIOE, KaK U
npu Metojie [llennona-d3H0 (cM. TpuMep KoaupoBaHus B Tadiuiy 3.2). 3atem
JIBa HaWMEHEE BEPOSITHBIX 3JEMEHTa (PaCMOJIOKEHHBIX B JABYX MOCIEIHUX
CTpPOKaX CTOJI011a) 0OBEIUHAIOTCA B OJMH, KOTOPOMY HPHUIIUCHIBACTCS CyMMap-
Hasi BEPOSITHOCTh. 3aTEM COCTABJISICTCS NIEpBasi BCIOMOTaTeIbHasl TPYIIIUPOBKA
3JIEMEHTOB, OTJIMYAIONIASNCS OT MCXOJHOM TeM, 4TO OOBCIAMHEHHBLINA 3JIEMEHT
3aHUMAET TOJIOKEHUE B KOJIOHKE, COOTBETCTBYIOIIEE €r0 BEPOSTHOCTH (CM.
cTpenky B Tabnuiy 3.2). [anee nporiecc 00beIMHEHUS Mapbl HAUMEHEE BEPO-
ATHBIX JJIEMEHTOB W CO3JaHUS BTOPOM M TMOCJECAYIOIIUX BCIOMOTATEIbHBIX
IPYNIUPOBOK MOBTOPSETCS O MOJTYUCHHUSI €IMHCTBEHHOI'O 2JIEMEHTA C BEPOSIT-

HOCTBIO 1 (TOCIIeIHsAS KOJIOHKA B Tabuity 3.2).

Ta6auma 3.1 — Anropurwm Illennona-®3H0

SnemeHmbI BepossmHocmu Homepa pa3bueHul Kodoenie criosa
m: 1/2 0
|
m: 1/4 10
I
ms
1/8 110
1
me 1/16 1110
v
m
° 1/32 11110
\Y
Me 1/64 111110
VI

m-

1/128 1111110

\1|

Ms 1/128 1111111

1 00pa3oBaHus KOJOBBIX CJIOB 3JIEMEHTOB X, HEOOXOIHUMO IPOCIIEIUTH

IepPexoabl 3JICMCHTOB BO BCIIOMOI'aTCIIbHBIX TI'PYIIIIMPOBKaAX. HpI/I KaXXa0M II€C-
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pexojic BO BCIIOMOTaTEIbHYIO TPYIIIUPOBKY 3JIEMEHTY NpHCcBanBaeTcs 3HaK 0
(mim 1), eciid 3JEMEHT 3aiiMeT M0 BEPOSITHOCTH BEPXHEE IOJ0KCHUE IPH €T0
00bEeIMHEHNH C HAaMMEHEE BEPOSTHBIM B COOTBETCTBYIOIICH TPyHIIUPOBKE, U
3HaK 1 (unu 0), eciau OH 3aliMeT HIbKHEe ToI0KeHHe. (3HaKy Ha MO3UIUSIX BbI-

CTaBJISIIOTCSA clipaBa HaleBo.) Tak, anemeHT X, (¢ BeposTHOCTBIO 0,15) mipu ero

00bEIMHEHUN C HAUMEHEE BEPOSATHBIM (UETBEPTHIM, ¢ BeposATHOCTHIO 0,12) 3a-
HUMAaET BEpXHEe MOJIOKEeHUE. ITo onpeaessieT 3Hak 0 Ha KpailHel nmpaBoi 1o-
3UIMU. 3aTeM OOBEMHEHHBIN 2JIEMEHT ¢ BepOoSITHOCTHIO 0,27 B 1I€CTON TpyIl-
MMUPOBKE 3aHMMAECT HWIKHEE MOJIO0XKEHHE. ITO OompeesieT 3Hak 1 Ha BTOpoM
cripaBa no3unuu. HakoHen, cyMMapHbId 3J€MEHT ¢ BEpOSATHOCTHIO 0,60 3aHu-
MaeT B CEIbMOI IpyNIIUPOBKE BEPXHEE MOJI0KEHUE, UTO orpesensieT 3Hak 0 Ha
MOCJIEHEN, TPEThe chpaBa MO3UIUM. TakuM 00pa3oMm, KOJO0BOE CIOBO JJie-

MeHTa X, uMmeeT Buj 010. AHalOrM4HO HAaXOIATCA KOJOBBIE CIIOBA BCEX DJIE-

MEHTOB COOOILIECHHUS.

Anroputmsl [llennona-®310 n XadpmeHna npuroansl Ajisi KOAUPOBAHUS
HE3aBUCHUMBIX 3JIEMEHTOB. ECIM HMCTOYHHK XapaKTEPU3YyEeTCS 3aBUCHUMOCTBIO
AJIEMEHTOB (HampuMep, MONapHoil), To ucHoib3yercs Merogauka llleHHoHa-
®3H0 wn XadpMeHna, 0JJHaKO MO OTHOILICHUIO K MapaM 3JIEMEHTOB, JJIsl KOTO-
PBIX BBIYHCIISTIOTCS MTPEIBAPUTEIILHO BeposTHOCTH 0 hopmyte (3.7).

[IpunsATO M300pakaTh COBOKYMHOCTh KOJOBBIX KOMOMHAIMI 3(PPEeKTUB-

HOT'0 KOJ1a B BUJIE€ rpada, MOITyYUBLIEr0 HA3BaHUE KOO0B020 Oepesd.
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[IpUHIIUIBI ONTUMAIBHOTO KOJMPOBAHMS HAIILUIM IPUMEHEHHUE B 3ajiadax
TEXHUYECKON JTMArHOCTUKH CJIOXKHBIX OOBEKTOB, JJII KOTOPHIX M3BECTHBI CTa-
TUCTUYECKHUE WJIM JIOTHYECKHUE CBSI3M MEXIY pe3yjbTaTaMH IIPOBEPOK W BHUA-
MM HeuclpaBHOCTeH. [IoMCK HeHcCrpaBHOCTEH OpraHM3yeTCs TaKUM 00pa3oM,
yTOOBl KakKdas MpoBepkKa oOecrneyrBajga MaKCUMAaJIbHYIO HH(POPMAIIMOHHYIO
Harpysky, T. €. CHUMaJia Obl HauOOJIBIIIYIO HEOIPEACICHHOCTh Ha KaKA0M IIla-
re.

Ilomexoycmotiuusoe roouposaunue TNPEACTABILICT CO00I0 OTICIbHYIO
BeChbMa CIIOKHYIO 3aJ]1auy, HaMHU 37/IeCh HE paCCMaTPUBAEMYIO.

Hwxe OyayT Mcnosib30BaThes ciaeaytomue onpeaenenus. Koa Ha3biBaeT-
Cs pazoenumbim, €CIIM COOOIEHHE, COCTABICHHOE B KojAe 0€3 MIPUMEHECHUS J10-
MIOJHUTEIBHBIX PA3JICIMTEIBHBIX DJIEMEHTOB, MOXKET OBITh OJIHO3HAYHO JEKO-
nupoBaHo. HepaBHOMEpHBIM KO/ Ha3bIBACTCS npe@hukcHuiM, €CIU HUA OJIHA U3
KOJIOBBIX KOMOHWHAIIMN HE COBIIAJIACT C HAYaJIOM JIPYroi, OoJiee MJIMHHON KO-
JIOBOM KOMOMWHAIIMH.

YnpaxHeHus U 3a1a494

3.1. UcTtounuk nHpopManuu 3aaH MaTpulen

X X XX
P| |1/8 1/8...1/8|

3akonupoBaTh aHcamOab cooOmeHnil X.: a) kogom lllenHona-®sHo, 6) HOpP-

MaJbHBIM JBOUYHBIM KOJIOM. OTIpeIeIuTh OCHOBHBIE XapaKTEPUCTUKU (P Pek-
THBHOTO KOJa.
3.2. Iloctpouts kox lllernona-d3H0 17151 aHCAMOJIsT COOOIIEHUN C BEPO-

ATHOCTSIMH %, %, ..., % . OnpenennuThs XxapaKTepUCTHKH KOa.

3.3. [lonw3ysck MoHsATHEM 0O0bema kooa (00beM Kojia — MPOU3BEIICHHE
Pa3psIHOCTH, WJIM 3HAYHOCTH, KOJa Ha €ro OCHOBaHUE), IMOKAa3aTh, YTO JIBOWY-

HBIC 1 TPOUYHBIC KOAbI ABJISITOTCA HanOoJIee DKOHOMUYHBIMH.
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3.4. CoobuieHre KoaUpyeTcs MpU MOMOIIY JABYX TPYII CUMBOJIOB, MPU-

4EM B HepBOﬁ rpyaiic nMeCTC: k CHUMBOJIOB, BCTPCUAOIIUXCA C BEPOATHOCTAMU

Ry Rovee B an =a,

P

21

Pyyeoos Py szjzl—a.

C‘H/ITaH, 4TO 3HAYCHHUC « 3aJaHO, ONPCACIINUTD, IIPU KAKUX BCPOATHOCTIAX

P; u P,. sHTpOmnus makcumanpHa. [IocTpouTh OoNTHUMaNbHBIN KO Uit K = m =

i j
4u a =04
3.5. B coobuenusx ucnoap3yrorcs cuMmBodsl andasuta A, A, A, A, ¢

BeposTHOCTSIMU cooTBeTcTBeHHO 0,45; 0,1; 0,15 1 0,3. Jlins nepegauu cooOre-
HUS TI0 KaHATy CBSI3M MOT'YT OBITh IIPHUMEHEHHI J1Ba Koja. B mepBoM cumBoOIamM
andaBuTa COOTBETCTBYIOT CHMBOJIBI Koja «, b, ¢, d, Bo BTopom — @, d, b, c.
JUIMTEIBHOCTH ~ DJIGMEHTOB  KOJJa B YCJIOBHBIX  CIMHHUIAX  PaBHBL:
t, =8, t, =6 t =5 t,=3. Onpenenurs Konu4ecTBO UHPOPMALINY, TIEPE-
TaBaeMoe KaKJIbIM KOJIOM B €IMHHITY BpeMeHHU. [IoCTpOUTh ONTHMAaJIBHBINA KOJI.

3.6. B ycrnoBusax mpeaplaymie 3amadd Hapsay ¢ yKa3aHHBIMH KOJaMH
PacCMOTpPETh APYTHUE BO3MOXKHBIC KOJBI M ONpeaeauTh Hanbonee 3¢hQexTus-
HBIN U3 HUX.

3.7. CeMb paBHOBEPOSTHBIX COOOUIEHUN KOJMPYIOTCS: a) HOPMaJIbHbIM
JIBOUYHBIM KOJIOM, 0) onTuMasibHBIM KosioM [IlenHona-®sH0. OnpenenuTs u3-
OBITOYHOCTH KOJOB.

3.8. IToctpouts koxa lllenHona-dsH0 A1t aHCaMOJIsI COOOIIEHHI C BEpO-
arHoctamu 0,25; 0,25; 0,125; 0,125; 0,0625; 0,0625; 0,0625; 0,0625 u onpene-

JINTb €0 OCHOBHBLIC XaPAKTCPUCTHUKMU.
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3.9. Ionw3ysice anropurMom XaddMeHa, MOCTPOUTH JJI aHCAMOJIsL CO-
obmenuit ¢ BeposarHoctamu 0,18; 0,17; 0,16; 0,15; 0,1; 0,08; 0,05; 0,05; 0,04;
0,02: a) nBon4HBII Ko, 0) KOA ¢ ocHOBaHUEM 4. OnpeenuTh XapaKTEPUCTUKU
KOJIOB.

3.10. KonoBas Tabmumna nMeeT BU

Xi P(x) Kod
X1 1/2 0

X2 1/4 10

Xa 1/8 110
Xa 1/16 1110
Xs 1/16 1111

[Tokazath, uto 31neMeHThl 0 U 1 KOJOBBIX CJIOB UMEIOT MaKCHMAaJIbHYIO
SHTPOIHIO.

3.11. YOenuTbcss Ha MpUMEpe, YTO KOJbI, MOJydaeMble IO METOAaM
[Ilennona-®suH0 u Xadpmena, sIBIAIOTCA NPEPUKCHBIMU, T. €. HU OJHA U3 KO-
TOBBIX KOMOMHAIMW HE SIBJIAETCS Ha4aJIoM (MpeuKcom) Apyrou.

3.12. JlokazaTh yCI0BUE OJTHO3HAYHOTO JIEKOAUPOBAHUS KOJIOB

MO
Zh‘”i <1,
i=1

rae N, — anmuHa i-i KoJoBoM KoMOuHanuu, h — ocHOBaHue kona, M, — obmiee

YHUCJI0 KOJOBBIX KOMOUHAITUH.
3.13. Ancamb6ito coobeHuit ¢ BepositHocTsmu 0,4; 0,4; 0,2 conmocTaBiieH
kon 0—1-10. Onpenenuth xapakTepucTuku koaa. [IpeoOpa3oBaTh JaHHBIN KO

B Pa3CIUMBIi.
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3.14. AHcamM0Oab U3 JIEBATH COOOIICHUN IPEJCTABICH B BHJC UYETHIPEX
OJTHORJIEMEHTHBIX M TSATH JIBYXAJIEMEHTHBIX KOJOBBIX KOMOMHanui. Omnpene-
JUTh MUHUMAJIbHOE KOJIOBO€ OCHOBAaHHE, MPU KOTOPOM KOJ| MOJy4YaeTcsl pas-
JETUMBIM (OJHO3HAYHO JIEKOJUPYEMBIM).

3.15. IlokazaTh, moab3ysch TeopemMolt Mak-MwuiaHa, YTO HOpMaJIbHbBIM
JIBOWYHBINA KOJ — Pa3ICJIMMBIH.

3.16. Coobmienus ¢ BepostHocTsamu 0,5; 0,25; 0,0625; 0,0625; 0,0625;
0,0625 xoaupyroTCsi OJJHUM U3 MIECTH pa3nudHbiX koaoB: 1) 0-10-110-1110-
1011-1101; 2) 1-011-010-001-000-110; 3) 0-10-110-1110-11110-111110;
4) 111-110-101-100-011-010; 5) 0-01-011-0111-01111-011111; 6) 1-01-
0011-0010-0001-0000. Omnpenenuth, KaKue KOJAbI SBISIOTCS pPa3aeTMMBIMH.
BrIuucauTh XapakTepruCTUKU KOJIOB.

3.17. CooO1ienre cocTaBlIeHO U3 HEPABHOBEPOSTHBIX HE3aBUCHMBIX dJIC-

MEHTOB X; ¢ BeposaTHOCTBIO 0,89 m X, ¢ BeposTHOCTHIO 0,11. 3akopupoBaTh
HOCIIEA0BATENBHOCTD X X X X, X X X X X, X, X, X, JIBOMYHBIM KOJOM TaK, 4TOOBI
s dexkTuBHOCTH ObLIA HE XyXkKe 0,8.

3.18. PapuoBepositHble snementst X, (P, =0,5) u x, (P, =0,5) oGpa-
3YIOT MOCIEA0BATEIBHOCTD X X, X X X, X, X, X, X, X, . 3aJI1aHbl YCIOBHBIE BEPOSITHO-
cru P(j|i):

B2 2
0,1 0,9

3aKoMpOBaTh TMOCIEA0BATEILHOCTh JIBOMYHBIM KOJIOM TaK, YTOOBI 3(-

dbexTuBHOCTH ObLTa HE Xyxke 0,85.

3.19. Coo0b1ieHre COCTOMT M3 MOCJIENOBATEILHOCTH TPEX HE3aBHUCHUMBIX

OYKB X, X,, X;, BEPOATHOCTH HOSIBICHUS KOTOPBIX PABHBI COOTBETCTBEHHO 0,7;
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0,2 u 0,1. IIpousBectn komupoBanue 3HPEKTUBHBIM KOJAOM: a) OTJEIbHBIX
OykB, 0) IByXOYKBEHHBIX COUETAaHUU U CPABHUTH XAPAKTEPUCTUKU KOJOB.
3.20. s adexTuBHOM nepeadn mocaeI0BaTeIbHOCTEH, COCTOSIIMNX U3

HEPABHOBEPOSATHBIX HYJIEM U €IUHHI] (PO >> Pl), UCIIONB3YIOT KOOupoganue

onun ceputi. [Ipu TOM HENOCPEICTBEHHO MEPEAAIOTCS TOJIBKO MaJOBEPOSTHBIC
CHMBOJIbI, @ BBICOKOBEPOSITHBIE AJIEMEHTHI NEPEJAOTCS B BUAE TBOMYHOIO KO-
11a, BBIPAYKAOWIETO UX YUCI0. ONPEnenTh OCHOBHBIE XAPAKTEPUCTUKHA TAKOTO

crocoda KOAUPOBAHUA, CCJIM U3BCCTHO CPCAHCC YHCIO ABOUYHLIX CHMBOJIOB

L , ucnonp3yeMbIX NMPU KOAUPOBAHUH.

3.21. IlocTpouts rpaduueckue MoJIeu KOJAOB (B BUJIE KOJIOBOTO JEPEBa)
st 3agayg 3.1, 3.8, 3.9.

3.22. Umeercsa 12 moneT ogHoro gocromHcrna. M3 aux 11 umeror oauHa-
KOBBIN BeC, a 07Ha — (aJIbLIMBasi, OTJIMYAETCS M0 BECy OT ocTalbHbIX. KakoBO
HAaMMEHbIIEE YUCIO B3BEHIMBAHUN Ha PBIYAXKHBIX Becax 0€3 THpb, KOTOPOE
MO3BOJISIET OOHAPYX UTh (PabIINBYIO MOHETY U BBIICHUTD, JIETYe JId OHA, YEM
OCTaJIbHbIE MOHETHI, WiK Tskenee? [locTpouTh «KOJ0BOE JIEPEBOY» B3BEUIUBA-
HUM.

3.23. Jlnsa oOHapyxeHus HEUCIpaBHOCTEW MpuOopa MPOU3BOAUTCS P
MPOBEPOK, PE3YJIHTATHl KOTOPHIX BBIPAXKAIOTCA HyJeM (OTCYTCTBHE HEHCIIPaB-
HOCTH) WJIM €IMHUIICH (HATWM4he HEeUCHpaBHOCTH). CBs3b MEXIY POBEPKAMHU

N HCUCIIPABHOCTAMM 3a4aCTCA IIPHU ITIOMOIIHA Ta6J'II/II_[BI:
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HeucnpasHosHocmu
lposepku
H. H Ha H.
Xa 0 1 0 0
Xz 0 0 1 0
Xs 1 0 1 0
Xa 0 0 0 1
Xs 0 1 1 0

CocTaBUTh MOCHENOBATEIBHOCTh U3 MUHUMAJIBHOIO YHCIA MPOBEPOK M
HApUCOBATh KOJOBOE IEPEBO CUCTEMBI ITPOBEPOK.

6.24. [locTpouTh KOJOBOE AEPEBO CUCTEMBI ITPOBEPOK JIJIsi OOHAPYIKEHUS
OTKa3aBIIero OJ0Ka yCTPOWCTBA. YCTPOWCTBO COCTOUT U3 IIeCTH OJI0KOB. B
MPOLECCE MOUCKA HEUCIPABHOTO 0J0Ka MOKHO KOHTPOJIMPOBATH HIECTh pas-
JWYHBIX TTapaMeTpoB. CBsI3b MEXIY OTKA3aBIIMMH 3JIEMEHTAMH U KOHTPOJIU-

PYEMBIMHU MapamMeTpaMu 3aJilaHa IpPU TOMOIIU TaOIULIbL:

Bbrioku ycmpoticmea b b bs b4 Bs b
BeposimHocmu omkasog 0,2 0,1 0,15 0,1 0,2 0,25
X1 1 0 1 0 1 0
X2 0 1 0 1 1 0
S
s Xs 1 0 1 1 1 0
4
= Xa 0 0 1 0 0 1
Xs 1 0 0 0 0 1
Xe 0 1 1 1 1 0

Ennnnna B kietke (i, j) ykassiBaeT Ha 0OHapy»XeHHE OTKa3aBLIEro Gi1o-
Ka ] B pe3ynbraTe i-it npoBepku. st 6:10k0oB b, — b 3a1aHbl BEPOSITHOCTH OT-

Ka30B. TpelyeTcs onpenenuTsb CPeAHION JUIMHY KOJla HEUCITPABHOCTEH.
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