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JucriunHa « Teopust uHpopManum» n3ydaeTcs CTyAeHTaMHU HaPaBICHUS
10.03.01 NudopmarmorHas 6€30mMacHOCTb.

Teopuss wHQOpMAIMKM CBSi3aHA C HW3yYEHHEM CHCTEM O0OpabOoTKH u
nepemaun  wHOpMaIMM, — W3MEpPEHHWEM  KolWdecTBa  MH(OpMaIuu,
KoaupoBaHueM. Teopus HHpOpMaIHK pelIaeT TaKhue TEOPETUIESCKIE BOIIPOCHI
KaK, KOJMYECTBEHHas OIleHKa WHQPOpMAIMK; aHaIu3 HWHPOPMAIIMOHHBIX
XapaKTEPUCTUK WCTOYHUKOB COOOIECHUH M KaHAJIOB CBSI3M W BBISBICHUE
BO3MOKHOCTH KOAMPOBAHUS u JIEKOTUPOBAHMSI COOOIIeHNH,
00eCIeUnBaOIINX  MAaKCUMAJbHO  JIOMYCTUMYKO  CKOPOCTh  Tepenadyu
COOOILIEHU 1O KaHaTy CBSI3U C TOMEXaMU U 0e3 moMeX.

[lpuHiunel  Teopuu UWHOOPMAIIMM  UCIOJB3YIOTCS B Pa3IMYHBIX
00JacTaX HAyKH M CBSI3aHO 3TO C TEM, YTO B OCHOBE CBOEH 3Ta Teopus
MaTeMatudeckas. [loaxom K WCClIeIOBaHUSIM B JIPYTUX 0O0JACTSIX HAYKU C
MO3UIMNA HCTOJIB30BAHMSI OCHOBHBIX HJIEH TEOpUH HH(OpPMAIUK MOTYUUIT
HA3BaHHUE TEOPETHUKO-MH(DPOPMAIIMOHHOTO MOAX0/a. ITOT MOJIXOJ MO3BOJISIET
pemaTh 3a7a4yd B 00JACTH MCCIIEIOBAHUSI KaHAJOB Tepenadyu MHPOpMaIIUH,
OTIpeIeTICHUST ONTHUMAIBHBIX CIOCOOOB KOIUPOBAHHWS W JEKOAUPOBAHMSI,
MaKCHUMaJIbHOW CKOPOCTH Tepeaud U MPOIMYCKHOW CIOCOOHOCTU KaHAJIOB, a
TaK)Ke JPYrue BaXXHBIC 33/1a4M B 00JIaCTH CUCTEM CBS3H.

JlaHHbIE METOAMYECKHE YKa3aHWs MpeIHa3HA4YCHbl I TPOBEICHUS
MPaKTUYECKUX padboT 1o kypcy «Teopwst wHbOpMarum» s CTYACHTOB
Hanpasienuss mnoaroroBku  10.03.01 Mudopmanmonnass 6e30MacHOCTb.
Meroanueckne yKa3aHUS COACPKAT TECOPETUYECKHE CBEACHHS, 3adaHUS U
BOIIPOCHI JIJII  CaMOIIPOBEPKHU. Bompochkl M 3amaum, paccMaTpuBacMble B
JAHHBIX METOJIMYECKUX YKA3aHUSIX, SIBJISIOTCS BXKHBIMU U1 (POpMUPOBAHUS
npodeCCUOHANIBHBIX ~ KOMIIETEHIIMH Oyayliero cmoenuainucra B cdepe

nH(}OpPMAITMOHHON 6€30MaCHOCTH.



[MPAKTUYECKOE 3AHATUE Nel

YucjoBble XaApPaAaKTEPUCTUKH cnyqaﬁnblx nmpoueccoB.

3agava 1.1
Cnyuaiinsiii iporiecc xapakrepusyercst OI1B (pyHKIue mI0THOCTH BEPOATHOCTH)

BH/IA:
W(X) = AX npu 0 < x < B.

Haiitu B3ammocCBsA3bp Mexay uuciaamMu 4 W B, paccuMTaTh NEPBBIA U BTOPOU

HayaJIbHbIE MOMEHTHI paclpeeICHHs, OPEAEIUTh TUCIIEPCUIO TIpoliecca.
Pemenune

3anumeM ycinoBus HOpMupoBku PI1B:
j W (x)dx =1:

B
F Ax?

9TO COOTHOIIEHUE CBA3bIBAcT A U B.

HauanbHble MOMEHTBI pacipeeieHus: CIy4aitHOrO Mpoiiecca paBHBI:

ABn+2
n+2

m, = ji X"W (x)dx :_T. X" Axdx =
0 0

OTCIO)Ia mojaydacM, 4TO MOMCHT IIEpBOro Imopsdaaka, T.€. CpEAHCC 3HAUCHHC

paBHsieTcsa M; = 2B/3, MOMeHT BTOpOro nopsaka m, = B%/2,

Jlucnepcus ciry4aiiHOTO MpolLecca paBHa:

o?=m;, - m2 = B¥2 - 4B/9 = B%/18.

3ajgaua 1.2

Cnyuaitneiil npouecc xapakrepusyerca OIIB Buaa:
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Wx)=hnpu 0 <x<2.

Ompenenute h, paccunrare mepBeIld ©W BTOPOH HAYadbHBIE MOMEHTHI

pacripeieieHus1, ONpeAeIuTh TUCTIEPCHIO MTPOIEcca.

OTBET: h=0,5:m; =1; my, =4/3; 6> = 1/3.

3ajaua 1.3

Cay4aitneiil mpouecc xapakrepusyercs OIIB Buna:
Wix)=mx+m+1)npu 0 <x<B5B.

Omnpenenute B, paccunrars mepBbld M BTOPOM HAYAJIbHBIE MOMEHTHI
paclipeneneHus, OINpPeNeIuTh JUCHEPCUI0 Iporecca, paccuurare DOPB
mporecca.

(m — npeanocaenHsas uudpa, n — NOCIEAHS UPpa HOMEPA CTYAEHUECKOTO

ousera).

3agava 1.4

HenpeprbiBHas ciiydaiiHasi BeIMUMHA 3a/1aHa (QyHKIMEH pacrpeneeHus:

0, x<0
F(x)=<x? 0<x<1
1, x>1.

TpeOyeTcs onpenenuTh:

a) [moTHOCTH BEpOSTHOCTH - W(x);

0) CpenHee 3HaYEHUE U JUCIICPCHUIO;

B) BeposTHOCTh monagaHust JaHHOH CilydyaiiHOU BeMuuHbl B uHTEepBai [0,25;0,75].
Pemenue

Haxonum QyHKIMIO IIOTHOCTH BEPOSATHOCTHU:



0, x<0
W(x):dF(X): 2x, 0<x<1
dx ’

0, x>1.

Crpoum rpaduku HaiieHHbIX QyHKIMN F(x) u W(x).

0 1

Puc.1.1. I'paduku ¢pyHK1MM pacnpeneiaeHus BEpOITHOCTH U (YHKIIUU TJIOTHOCTH

BEPOSITHOCTH CJIYYaHOW BEJIMYUHBI X.

Jlns Havinennow dyHkuuu W(x) mpoBepseM yCIOBHE HOPMUPOBKHU:

o1

X

ZW(x)dx::[Zxdx:Z > =1

0

Haxonum cpeaHee 3HaueHne (MaTeMaTHYECKOE OKUJAHUE):

gl

S 1
X
m, = _I XW (x)dx =-([ X - 2Xdx =2?

_2.
3’

0

Jlanee HaX0AUM MOMEHT BTOPOTO TOpsi/IKa:

1
_1

.
b

o0 1 X4
m, = I x°W (x)dx :l' X2 - 2xdx :2?

—00

0



[To HalAEHHBIM 3HAYEHUSIM 771; U M2 HAXOAUM JIUCIIEPCHUIO:

o e L (2 _ 1.
2~ 2 (3 18’

OnpenensieM BEPOATHOCTh TMOMAJAHUS CIyYalHOW BEJIWYMHBI B 3aJaHHBIN

HHTCPBAJIL:

3agaua 1.5

HenpepriBHas citydaiiHasi BeIMUMHA 3a/1aHa QyHKIMEH pacrpeieeHus:

0, x<-1

F(x)= §x+§, -1§xs1
4 4 3
1, x>-—

TpeOyeTcst onpeaenuTh:
a) ImoTHOCTH BEpOSTHOCTH - W(x);

0) CpenHee 3HaYEHUE U JUCIIEPCHUIO;

o oo 1
B) BepOHTHOCTB nomagadnvs J1aHHOH CIIYYarnHOW BECJIMYMHBI B HHTCPBAJI ‘:0, §:| .

3agaua 1.6

HenpepriBHast cirydaiiHasi BeIMUMHA 3a/1aHa (QyHKIMEH pacrpeneeHus:

0, x<2

F(x)= %x, 2<x<4

1, x>4.



Tpebyercs onpenenuTs:
a) [InotHOCTH BEpOATHOCTH - W(X);
0) CpenHee 3HaYEHUE U JUCIIEPCHUIO;

B) BeposTHOCTH nonaaHus JaHHOM CllydaiHOMN BEIMYMHBI B HHTEPBAT [3,4].

3agava 1.7

HenpepbiBHas citydaiiHasi BeIMUMHA 3a/1aHa QyHKIMEH pacrpeieeHus:

0, x<1
1/,
F(x)=<—=(x"—x), 1<x<2
(9 =17 (¢ -)
1, x>2.

“

TpeOyeTcst onpenenuTh:
a) [moTHOCTH BEpOSATHOCTH - W(x);

0) CpenHee 3HaYCHUE U JUCIICPCHIO;

o Vg 3
B) BepoATHOCTh monafgaHus JaHHOW CITy4ailHOM BEITMYMHBI B UHTEPBAJ {— 2 1.

3anava 1.8

HenpepbiBHas citydaiiHasi BeJIMUMHA 3a/1aHa (PyHKLIMEH pacipeneeHus:

F(x)=43x"+2x, 0<x<=

Tpebyercs onpenenuTs:

a) [InotHOCTH BEpOATHOCTH - W(X);



0) CpenHee 3HaYEHUE U JUCIIEPCHUIO;

o - 11
B) BepOHTHOCTB nomajgaHusa J1aHHOW CIIYYanHOHW BCJIMYMUHBI B HHTCPBAJI I:g,§:| .

[TPAKTUYECKOE 3AHATUE Ne2

q)yHKIII/IH KoppeJasanauu 1 3HepreanecKm7l CIIEKTP c.ﬂyqaﬁnoro nmpouecca.

Teopema Bunepa-XuH4uMHA.

3agaua 2.1

PeaHI/BaHI/II/I cnyqaﬁﬂoro Imponccca UMCIOT BU:
u(t) = Uncos(axt + @),
rzie @ - ciiydaiiHas ¢a3za, paBHOMEPHO paclpe/ieieHHas Ha HHTepBaJie OT -77 10 7.
Onpenenuts (GYHKIMIO KOPPEISIUU M SHEPTETUYECKHM CIEKTp JaHHOTO
Imponccca.
Pemenne
B namHOoM cnydae ymoOHO ompeAenuTh (YHKIIUIO KOPPEISIUU ITyTeM
YCPCAHCHUA 110 BpCMCHHU OIIHOﬁ pcain3anunu

]
B(r) = !lirolo% U2 cos(myt + @) cos[m, (t +7) + pldz =
0

;
= lim %Ué[[coswor +Cosw, (2t + 7 +2¢)]dr ==0,5-U’ cosm,r
0

Bropoii unrerpan paBen 0, T.K. UHTErpajl OT KOCHUHYCa JaeT CUHYC, (T.e.
byHkiuoo nmo Moayiwo He Oonbiie 1). [enenue Takoit ¢yukiuu Ha 7, mipu T
CTpeMsIIIEeMCs] K OECKOHEYHOCTH, AA€T HOJb.

DHepreTMuecKuil  CIeKTp mpouecca MOXKeT ObITh  HalWIeH MmyTeM
npeoOpa3zoBanus Bunepa-XuHunHa:

G(a))zi B(r)coswrdrzi 0,5U° cosw,r coswrdr =
27, 27, " °

=0,55U° if cosw,r coswr dr ==0,5U2 (0w — w,)
T 0

WuTerpan  OT  mOpoW3BENEHUS  KOCHHYCOB  €CTh  JIeibTa-(DyHKIIHA.
CrnenoBaTesbHO, SHEPreTUYECKUM CHEKTP B JaHHOM cilydae paBeH 0 g Bcex



YaCTOT 3a UCKJIFOYEHUEM YacCTOThI ayp. T.0. CIICKTP COACPIKUT TOJIBKO OJHY YaCTOTY
ay.

3amaua 2.2

Peaﬂmauym cnyqaﬁﬂoro Imponeccca UMCIOT BU:
u(t) = 0,6:cos(2000t + o),
rJie @ - caydaifHas (a3a, paBHOMEPHO pachpe/iesieHHas Ha HHTepBaJie OT -77 110 7.
OnpenenuTs (QYHKIUIO KOPPEISIMH W DHEPreTUYECKUH CHEKTp JaHHOIO
rporecca.
OTBET: B(7) = 0,18c0s20007, G(w) =0,18 @ - 2000).

3amava 2.3

Peanuzanuu ciryyaidlHOTO nporecca UMEOT BU/:
u(t) = 1,2.cos(2710% + ¢),
r7e @ - ciydaiiHas ¢aza, paBHOMEPHO pacnpeereHHass Ha HUHTepBaJIe OT -77 10 7.
Onpenenuts (QYHKIUIO KOPPETSLMH W SHEPreTUYECKUH CHEKTP JaHHOIO
npoiecca.
OTBET: B(7) =0,72c0s2710%7, G(w) =0,72& w - 2710°).

3amava 2.4

Peanuzanuu ciryyaidlHOTO mporecca UMEOT BU/L:
u(t) = (m + 4)-cos(n'10% + @),
rie ¢ — ciydaiiHas a3a, paBHOMEPHO paclpeerieHHas Ha HHTepBaJie OT -77 10 7.
(m — mpeanocnenusas nudpa, N — mocaeAHss uppa HOMepa CTYISHYSCKOTO
oumera).
Onpenenuts (YHKIUIO KOPPENSLUM U DHEPreTUYECKUN CHEKTp JaHHOTO
nporecca.

3ajaua 2.5

Peanmnzanun AM curnana, MOgyJIMPOBAHHOTO CIyYailHBIM MPOLIECCOM, UMEIOT
BU/I:
u(t) = x(t)cos ant,
rae x(t) - ciydaiiHplii Tporecc C 3aJaHHON KOppesiuoHHON ¢yHkuuer b(7),
pPaBHOM:
b(7) = 8-exp(-27).
Onpenenuth (QyHKIUIO Koppensinuu mporecca U(t), ero sHepreTHYecKHid
CIIEKTpP Y LIMPUHY SHEPTeTUYECKOTO CIIEKTPA.
Pemrenue

10



B cootBercTBHM ¢ ompeneneHneM (YHKIHH KOPPESIHUHA  BBIIOIHUM
yCpeaHEeHUE 1T0 MHOXKECTBY peaiu3anuii mporecca U(t) ams onpenenenus GyHKIMNA
Koppesiiun mpouecca u(t):

B(7) = x(t)x(t + 7) cosm,t cosw, (t + 7) =b(r) cosw,t cosw, (t +7) =
=8exp(—2r) cosw,t cosw, (t + 7) = 4exp(—27)[CoSw,T + COS W, (2t + 7]
Yepra cBepxy O3HA4YaeT YCPEIHEHUE IO MHOXKECTBY peajv3alui mpoiecca
x(t). Mbl BuauMm, 49TO0 (YHKUIHS KOPPEISAIUH 3aBUCUT OT BPEMCHH, ITO3TOMY
HE0OXOIMMO YCPETHUTH BhIpaKEeHUE [T GYHKIUU Koppessiimu B(7,t) mo BpeMeHw.
ITocne YCPCOAHCHMA 110 BPEMCHU OCTAHCTCA TOJIBKO IIEPBOC CllaracMocC B CymMme, T.K.
CpeaHee 3HaUCHUE BTOPOro ciaaraeMoro pasHo 0:
B(7) = 4exp(-27) cosan.
3HepFCTI/I‘-IeCKI/II71 CIICKTp 3aAaHHOro Iponecca HaxoAuM, HCIIOJIb3Yy:
npeoOpazoBanre Bunepa-XvuHunHa:

G(w) = %I B(r) coswrdr = ij4exp(—22') COSw,7 COsSw7 dr =
0 0

2 .
7[4 + (o, _w)z]’

-4 _[ exp(—2t) cosSw,r Coswr dr =
27,

(04

2

npumevanue _fe"” coswwr = >
a’+w

0
[[IupuHy criekTpa rnpouecca HaijieM B COOTBETCTBUHU C BBIPAKECHUEM:

TG(a))da)

II,=" =27 padlc.
G(,)

3ajaua 2.6

Peanmnzaunn AM curnana, MOgyJIMPOBAHHOTO CIYyYalHBIM MPOLIECCOM, UMEIOT
BUJI:
u(t) = x(t)-cosant,
rae x(t) - cayJaiHbIN Tpolece ¢ 3aJaHHON KOPPENSIMOHHON (DyHKIUEH
b(7), paBHoii:
b(7) = dexp(-47).
Onpenenuth (QyHKIUIO Koppersinuu mporecca U(t), ero sHepreTHYecKuit
CTIEKTp Y MIMPUHY PHEPTETHUECKOTO CIIEKTPA.
OTBET: B(17) = 2exp(-47)cosant, G(w) = 1/2{16 - (w- an)?], I, = 4xpan/c.

3ajaua 2.7
11



Peanuzauuun AM curnaia, MOIyJIMPOBAaHHBIE CIyYalHBIM MPOLECCOM, UMEIOT

BU]I:
u(t) = x(t)cos ant,
rae x(t) - caywaitHelid mporece ¢ 3aJaHHON KOPPESAIMOHHOW (YHKITUCH
b(7), paBHOIA:
b(7) = (m + 5)exp(-n7).

(m — mpeamocnenusas mudpa, N — mocaeAHss uppa HoOMepa CTYIESHISCKOTOo
ousera).

Onpenenuth QyHKIUIO Koppemsimud mporecca U(t), ero sHepreTHYecKuii
CIIEKTP ¥ MIMPUHY SHEPTETHUECKOTO CIEKTPA.

[TPAKTUYECKOE 3AHATUE Ne3

I/IH(l)OpMalll/IOHHLIe XaPAKTEPUCTUKHU IUCKPETHBIX UCTOYHUKOB

Coo011eHus, YHTPOIUS KOTOPHIX MaKCHMaJIbHa, MEPEHOCUT MaKCUMaJIbHOE
KoJinuecTBO uHpopManmu. T. €. 3TH COOOIIECHUS SBISIOTCS ONTUMATBHBIMU C TOYKH
3peHrs HauOOJBIIEr0 KOJMYECTBA MepeaaBaeMoi HH(opManuu. ODHTPONUS
HMCTOYHUKA COOOIIEHUH MakcuMalibHa (M, CJIEIOBATEIIbHO, OH BbIpaOaThIBaET
MaKCHUMAJIbHOE KOJMYECTBO MH(OpMaLMK B CPEAHEM HA OJJMH CUMBOJI), KOTJla BCE
CHUMBOJIBI aji(paBUTa UICTOUHUKA PABHOBEPOSTHBI U HE3aBUCUMBI.

OcHOBHBIMU HMH(POPMAIIMOHHBIMHU TMMapaMeTpaMu JUCKPETHBIX HCTOYHUKOB
COOOILEHUI SBJISIIOTCS IHMPONUs, U30bIMOYHOCHIb 1 RPOU3ZEOOUM ETIbHOCHD.

JHTPONHUS JUCKPETHBIX HCTOYHUKOB COO0IIEHU I

3amaua 3.1

C uenpto onpenesieHusl TOro Kakoi U3 JByX UCTOUYHUKOB «MH(POPMATUBHEE)
ompenensor sHTpornuio H(X) kakaoro W3 HUX W TOJYYCHHBIC 3HAYCHHUS
CPaBHUBAIOT MEXKTy COOOI.

[TepBbIii MCTOYHHMK COOOIIEHUS BBIIAET 5 PaBHOBEPOSTHBIX COOOIICHUIA.
BTopoii HCTOUHUK BBIAET MATh COOOUIEHUH CO CIEAYIOIIMM PSOM pacipeieeHus
BEPOSITHOCTEM:

p(x1)=0,1 p(X2)=0,15 p(x3)=0,2 p(x4)=0,25 p(xs5)=0,1 p(x1)=0,3.

Hcrnions3ys BeIpakeHUS JIJIs1 OTIPEISIICHIS SHTPOTINMH TUCKPETHBIX COOBITHIA,
MOJTYYUM:

12



a) JI4 IEPBOr0 UCTOUHUKA

H,(X) =—i p(x)log,p(x)=0,2-log,0,2=2,3219 [6uT]

i=1

0) JI71s1 BTOPOTO UCTOYHUKA

5

H,(X)=->_p(x)log,p(x) =-0,1-log, 0,1+0,15-l0g, 0,15+0, 2-log, 0,2 +
i=1

10,25-log, 0,25+0,3-log, 0,3] = 2,2282 [6ur]

Takum 006pa3om, Tak Kak SHTPOIHUS IEPBOTO UCTOYHHUKA COOOIICHUM OO0IbIle
BTOPOTO, TO MOKHO CJI€JIaTh BBIBOJ: IIEPBbII HUCTOYHUK «MH(POPMATUBHEE» BTOPOTO.

CpaBrenue nonydeHHbix 3HaueHui Hi(X) > Ho(X) suTponwii a1 epBoro u
BTOPOT'0 UCTOYHHUKOB ITOKa3bIBAET, UTO SHTPOIUS MaKCUMAaJIbHA, €CIIU COOOIIECHUS
PaBHOBEPOSITHBI.

Emie mensb1ieit OyaeT SHTPONHUS PY HATUYUH KOPPEIALMH (CBSI3U) MEXKIY
COOOIIEHUSIMU (JIEMEHTAMU COOOIIICHUH ).

MN30bITOYHOCTD JUCKPETHBIX HCTOYHUKOB COO0IIEeHUIT

[Ipoananu3upyem andaBuUT pycckoro s3pika. Eciu He Aenarh paziuyuuid
MEXIy OYKBaMH «€» U «&», TBEPIBIM M MITKUM 3HAKaMH, TO MOJKHO CUUTATh, YTO B
pycckoM andasute coaepxutcs 31 oOyksa. C yueToM TOT0, UTO MEXY OTICTbHBIMU
CJIOBaMH HEOOXOIUM 3HAK «IPpoOe» Hy HO repeaaBath 32 CHMBOJA.

CunutaeM CHMBOJIBI PaBHOBCPOATHBIMU KW HC3dBUCHMBIMH, W CPCIAHIA
OHTPOIINA Ha CUMBOJI 6y,Z[eT MaKCHMaJIbHA XU paBHa

H .. (X)=-log, 32 =5 [6ut/cumBon] .

T.e. kaxxnas OykBa mpejcTaBuMa S-10 OUTaMu.

Ecnu OykBbI mepenaroTcsi He XaOTUYECKU, @ COCTABIISIIOT CBSI3HBIN TEKCT, TO
MOSIBJICHUE WX HEPABHOBEPOATHO (BEpOATHOCTH TosiBaeHUs OykBol "O" B 45 pa3
6ombire, yem OykBbI "®"). DHTpOIHS TPU STOM yMeHbITaeTcst. st pycckoro s3bika
C y4eToM pa3IUYHBIX BEpPOSITHOCTEH MOSIBJICHUS OyKkB
(cumBosioB) Hi(X)=4,39[6ut/cumBon].

[ToMuMO HEPABHOBEPOSTHOCTH TOSIBJICHUSI OYKB, OYKBBI B TEKCTE 3aBUCHUMBI.

Tak, 1mocJie riacHbIX He MOXKET MOSBUTHCA "'b", Maita BEposSTHOCTh coueTaHus 0oJiee

TpEX cornacHbIX moapsa. Hampumep, mocne coueranus «I1Py» nHanbosee BEpoSITHO

nosiBJieHue ofaHoW u3 TimacHbIXx «W», «O», «E». Takum oOpazoMm, 3Has OJHY

npeaplIyiyt0 OykBy, MOXHO TpenyrajgaTb Kakoil Oyner mocienyromas OykBa.
13



[TosTOMY €€ MosBICHUE HE MPEICTABUT OOJBIION HEOKUIAHHOCTH WJIK HOBU3HBI. C
YU4E€TOM CBSI3M MEXIY ABYMSI CUMBOJIAMU SHTPOMMS YMEHBIIAETCS 1O 3HAYEHUS
H,(X)=3,52[6ut/cumBo]. Mexny TpeMs CUMBOJIAMH - 70
snaueHus Hz(X)=3,05[6ut/cumBoi]. 1, HakoHel, M1y BOCEMbIO CHMBOJIAMH - JIO
snaueHus Hg(X)=2 [OuT/cuMBOII], M 1ajee ocTaeTcs HEM3MEHHOIA.

[Tpu HEM3MEeHHOM 00beMe HH(POPMAITHH, IPUXOIAIIEHCS B CPEAHEM Ha OJTHO
COOOINCHWE, YMEHBIICHHE DJHTPONUU H OTHOCHTENBHO €€ MaKCHMaJIbHO
BO3MOYKHOTO TIPH JaHHOM aidaBuTe 3HAYCHHUS Hmax, BBI3BIBACT HEOOXOIMMOCTH
YBEIIMYEHUSI KOJUYECTBA CHUMBOJIOB, HEOOXOIUMBIX JJIsI TEpeAadyd OJHOTO
coobmenus. [Ipu sHTponuu H okazanoch HEOOXOAMMO B CpEIHEM Ha OJIHO
coo01IeHre M cuMBOJIOB. BMecTe ¢ TeM pu nepeiaye COOOIIEHHsI C SHTPOIHEH

H < Hma, HEOOXOMWUMO YBEIHYUTh YWCIO CHMBOJIOB Ha BelWMYMHy K, T.e.
nepenaBath (M+K) crMBOJIOB B cpemHeM Ha cooOmieHue. YWCIo CHUMBOJIOB
K Ha3bIBatOT H30BLITOYHBIM.

Mepa BO3MOKHOTO COKparieHust (6e3 moTepu HHPOPMAIMK) COOOIICHUS,
HarpuMep BCICICTBHE MCIOIb30BAHMS CTATHCTHUCCKUX B3aUMOCBA3EH MEKIY €ro
3JICMEHTaMH, Ha3bIBACTCS M30BITOYHOCTHI) COOOIIICHUS. KonuuecTBeHHO
U30BITOYHOCTh OILECHMBAIOT OTHONICHWEM YHCJIa H30BITOYHBIX CHMBOJIOB K B
cooOmiennu K ux odmiemy unciy (m+k)

k
r—

- N
m+ Kk

_HMm-HM | HE
H () H(X)

J71st pycCcKOTO s13bIKa H30BITOYHOCTD COCTABJISIET

_HO0um—H,0)_5-2

0,6
H (X) 5

N30bITOYHOCTH TTOKA3bIBAET, KaKasi 4acTh OyKB B CIIOBE HE 3arpy’KeHa
uHdopmaIuei.
3amMeTHM, 9TO U30BITOYHOCTH BEIMUMHA Oe3pa3MepHasl.

IIpon3BOAUTENBHOCTH JUCKPETHBIX HCTOYHUKOB COOOIIIeHUI

HekoTtopbie HCTOYHUKH TIEPETA0OT COOOMIEHNUS C GUKCUPOBAHHON CKOPOCTHIO
nepeayu KaxxJoro 3JIeMEHTa, 3aTpauuBaeTcs B CpeaHEM BpeMs | Ha Kaxioe
cooO1enue. [Ipon3BoAUTENHLHOCTHIO HCTOYHHKA HA3BIBACTCSI CyMMapHas SHTPOTHS

14



COOOIIEHUI TMepeAaBaeMbIX 3a E€OUHHUILy BpPEMEHHU. MaTeMaThyecKku 5TO
OTIpE/IeJICHUE 3aIMCBIBAETCS B CIEIYIOIIEM BUIE

H'(X) = @ [OuT/c].

3agaua 3.2

Ha BbIXoze nBOMYHOrO HMCTOYHMKA WHGMOpMAIUU 3JeMeHThl «0» u «1»
TOSIBJISIFOTCSL ¢ BEPOSATHOCTAMH COOTBeTCTBEHHO P U (1-p). [Ipu kakom 3HaUeHUU P
SHTpONHS UCTOYHHKA MakcuMaibHa? IlocTpouTs rpaduk 3aBUCUMOCTH SHTPONIUU

oT BeposTHOCTH H(P) 11T TBOMYHOTO HCTOYHHKA.
OTBET: p =0,5;

q }
08
06
0.4

0.2

0 0.2 0.4 0.6 0.8

Puc.3.1 I'paduk 3aBHCHMOCTH SHTPONUHK OT BeposTHOCTH H(P) A ABOMYHOTO
HMCTOYHHKA.

3amava 3.3

HcTouynuk cooOIIeHUH BBIIA€T CHMBOJIBI M3 aHcamOnsa A={a;} (rme 1 =
1,2,3,4,5) ¢ BEpOSATHOCTSIMH, MPEACTaBICHHBIMU B TaOJHUIE B 3aBUCUMOCTH OT
nocieanei nudpsel mudpa.

sepostTocTs [ . HO;HC}IHSISI4HH(1)pa 51111/1(1)pa 6CTyI[€H‘;€CKOF086I/IJ'I€Ta9 -
p(a) 0,2 0,3 025 [0,15 |01 0,2 045 [0,15 |0,2 0,05
p(o2) 0,3 0,2 0,35 [0,2 045 /025 015 |04 0,11 | 0,45
p(aa) 025 0,15 |01 0,3 0,25 10,35 |0,2 0,1 0,45 |0,25
p(ou) 0,15 | 0,1 0,1 0,15 |01 0,05 015 |0,15 |0,05 |0,15
p(as) 0,1 0,25 |0,2 0,2 0,1 0,15 | 0,05 |0,2 0,3 0,1

Halitu xoinmuecTBO I/IH(l)OpMaIH/II/I, conepmameﬁcx B KaXXIO0M H3 CHMMBOJIOB
HCTOYHHKA IIPU HX HC3aBUCHMOM BBI60pC (I/ICTO‘IHI/IK oe3 HaMHTI/I). Berauciautb

OHTPOIINIO U N30BITOYHOCTD 3a1aHHOTI'O UICTOYHHUKA.
15



[TPAKTUYECKOE 3AHATHUE Ned

¢ dexTUBHOE KOAMPOBAHUE TUCKPETHBIX HCTOYHUKOB 0€3 MaMATH

3agaua 4.l

Omnpenennre KOMMYECTBO UH(OPMALIUY B COOOIIIEHUH, IEPETAHHOM C
MOMOILbIO PABHOMEPHOT'O KOAA.

ITycte ns mepenauun coodmenuss « DANKE» ucnonb3yroTest ciienyromme
KOJIOBBIE CJTIOBA PaBHOMEPHOTO KOJa:

A — (000)
K — (010)
N — (001)
D — (111
E  — (100)

J1J1st MIOCTPOEHMUSI TOTO KOJIa UCOJIB30BAIUCH CUMBOJIBI JIBOUYHOTO
ucrounnka X = {0,1}. Kogupoannomy coobrennto « DANKE» cootBeTcTBYET
IIOCJICI0BATEIPHOCTh He3aBUCUMBIX cMBOJIOB X; € {0,1}:

DANKE — (111000001010100)

[TycTh CUMBOJIBI HCTOUYHHKA Xj TIEPEIAIOTCS C BEpOATHOCTHIO Pi = 0,5.
KonuuecTBo nH(OpMaIMy B 3TOM COOOILIEHUN PABHO

=-log, 27*° =15 6ur.

o

log,

g - =
? p(X.-X5)

3anaua 4.2

Onpenenure KOIMYECTBO HH(POpPMAIIUU B COOOIIEHUH, IEPETAHHOM C
ITOMOIIBI0 HEPABHOMEPHOTO KOJIA.

[Tycth nns nepeaaun coodenus: « DANKE» ncnons3ytores cineayromue
KOJIOBBIE CJIOBAa HEPAaBHOMEPHOTO KOJIa:

A — (00)
K — (10)
N — (010)
D — (110)
E —  (111)

Cooo6mienuto « DANKE» cooTBETCTBYET IOCIIEI0BATEILHOCTD JBOUYHBIX
CHMBOJIOB:
16



DANKE — (1100001010111)

KonnuectBo nndopmanmu B 3ToM COOOIIEHUN PABHO

11 —=—log, 27" =13 6ur.
2}

N3 3amau 4.1 wm 4.2 ciuemyeT BBIBOJ: HEpPaBHOMEpPHBIH KoOJ OoJee
s dexTuBHbIN. JJ1a mepenayn COOOIICHHS C MCITOJIB30BAaHUEM HEPABHOMEPHOTO
KoJ1a motpedoBaock 13 6ut. [Ipu paBHOMEPHOM KOAUPOBAHUH TOT'O e COOOIICHUS
3aTpadeHo 15 Our.

=log, ——— =log
RGP N

OcHoBHast uzest 3¢(HeKTUBHOTO KOJIMPOBAaHUA Oa3UpyeTCs Ha UCIOJIb30BAHNUN
KOPOTKMX KOJIOBBIX CJIOB JUII COOBITUM, XapaKTepU3YIOIIMXCA BBICOKOMH
BEPOSITHOCTBIO. B 3TOM cCilyyae yMeHbLIAeTCs CpeAHss JJIMHA 3aKOAWPOBAHHBIX
COOOIICHMII. MPU ATOM JIOJKHO O0O€CIEeYMBATHCS OJHO3HAYHOE JIEKOJMPOBAHUE
(>kenmaTenbHO O€3 BBEJEHUS JOMOJHUTEIBHBIX CHMBOJIOB — METOK CHHXPOHH3AIIUU
MEXy KOJOBBIMHU CIIOBAMH).

KOI[ SABJISACTCA 3(1)(1)€KTI/IBHBIM, €CJIn OH MMCCT HAMMCHBIIYIO BO3MOKHYIO
CPCAHIOIO IJIMHY KOJOBOT'O CJIOBA.

MHuorue anroputmsl 3QPEKTUBHOTO KOJMPOBAHUS B Kau€CTBE OJHO3HAYHO
JNEKOJUPYEMOTO KOJ[a UCTIOJIB3YIOT MPE(MUKCHBIE MOMEHTAJIBHBIE KOBI.

[IpeduKCcHBIN KOJ — 3TO MHOXECTBO KOJOBBIX CIIOB, B KOTOPOM Ka)KJ0€
KOJIOBOE CJIOBO HE COBIIAJIA€T C HA4YaJIOM 00JIee IJTMHHOTO CJIOBA.

Ko/10By10 KOHCTPYKIIMIO MOMEHTAJIBHOTO KOJIa YA0OHO WILTIOCTPUPOBATH C
IIOMOIIIBI0 KOJOBOrO nepeBa. KooBoe nepeBo MMEET HaYaldbHYI TOUYKY OTCUETA
(kopenn). M3 »2TOM TOYKM HAYMHAIOTCA OJHA WIM JBE BeTBU. BerBsam
npucBauBaroTcs 3HaueHus cumBoioB 0 u 1. CreBa pacmomaratorcs peopa,
cooTBeTCTBYIOMmMUE cuMBoily (), cripaBa — pedpa, COOTBETCTBYIONIUE CHUMBOIY 1.
BeTBu 3akaHYMBAIOTCA MTPOMEXKYTOYHBIMU y3JIaMH. 3aTEM U3 3TUX Y3JIOB CTPOSITCS
emé OJHA WM JIBE€ BETBU M T.JA., NTOKa He OyAeT M300pakeH KOHEUHBIN Yy3el,
COOTBETCTBYIOIIUN KaXJIOMy CHMBOJY MCTOYHHUK — KOJOBOMY cioBy. KomoBoe
CJIOBO MOJIy4Ya€TCs B pe3yJIbTaTe ABUKECHHUS 110 BETBSIM OT KOPHSI U 3aIIMCH CUMBOJIOB
0 u 1 BeTBel. [ 0IHO3HAYHO AEKOJIUPYEMOTO KOJIA HE JOJHKHO KOHEYHBIX y3JI0B
Ha 0oJiee JIMHHOM MyTH, 3aKaHYUBAIOIIEMCS Y3JIOM, T.€. KOJIOBBIM CJIOBOM.

3anava 4.3

[TycTh cuMBOJIBI UCTOYHUKA 3a7at0TCsl MHOXKECTBOM X = {A,K,N,D,E}. Jlnsa
KOJIUPOBAHUSI ICTOYHUKA MCIIOJIb3yeM MPEePUKCHBIN KO CO CIOBAMU:

17



A — (00
K — (10
N — (010)
D — (110)
E — (111

TpebyeTcst mocTpouTh KOAOBOE AEPEBO JAHHOTO HEPABHOMEPHOTO KOJIA.

N

Puc.4.1. KogoBoe nepeBo HEpaBHOMEPHOTO MPE(HUKCHOTO KO
UepHbie TOUKU (KOHEUHBIE Y3JIbI IEPEBA) COOTBETCTBYIOT CJIOBaM KO/Ia.

N3o0pakeHne Koa0BOTO JiepeBa paBHOMEPHOIO Kojia U3 3a1a4u 4.1

A — (000)
K — (010)
N — (001)
D — (111
E — (100)

IToxazano Ha puc.4.2.

Puc.4.2. KogoBoe JiepeBO paBHOMEPHOTO KOJ1a

Jliis oTBETa Ha BOIIPOC, OYAET JIM IPEANIOJaraeMOe MHOKECTBO KOJIOBBIX CIIOB
KOJa TpHU JEKOJUPOBAHMU TOYHO COOTBETCTBOBATH MCXOIHOW HWHGOpMauu
MCTOYHHUKA, MPUMEHsIeTCsl HepaBeHCTBO Kpadra.

18



JU1st TOCTpOEHUsI OJTHO3HAYHO JAEKOJAUPYEMOro (J-MYHOI0 KOAA, COJIEPIKAILEro
M KOJOBBIX CJIOB C JUIMHAMH N1, Ny, ..., Nyp, HEOOXOIUMO M TOCTATOYHO, YTOOBI
BBITIOJIHSJIOCH HepaBeHCTBO Kpadra:

$qnat
i=1

rae  0003HaYaeT YUCIO Pa3HbIX CUMBOJIOB(Pa3MEPHOCTh) KOJIOBOTO ajdaBuTa.

Jliis neonunoro andasura (4=2):

iq—ni :iz—ﬂi :2—n1 +2—n2 +.“+2_nm Sl

i=1 i=1

HepaBeHCTBO Kpa(l)Ta ML ABOUMYHOI'O paBHOMCPHOI'O KOJd UMCCT BHU !

Hampuwmep, n1s m=3, n=2 umeem

D2 =22 42 =27 427427 =3.27 =%<1

i=1

3anaua 4.4
Hcrnonp3ytoTest cienyroiuye KOAOBbIe CIOBA UIMHOW N = 3 paBHOMEPHOTO

KoJa:

A — (000)

K — (010)

N — (001

D — (111)

E — (100)
VY nosnerBopsieT a1 ko HepaBeHCTBY Kpadra?
Pemenue.
Takkak N1 =Ny =...=Ns=n=3,M=5, T0

m2"=5-2"° :§<1_
8

JlaHHBIN KOJI OJTHO3HAYHO JECKOAUPYEMBIH.

19



3ajaua 4.5

[TycTh 11 KOOUPOBaHUS UCIOIB3YeTCs MPEPUKCHBIN KOJ CO CIIOBAMHU:

A — (00
K — (10)
N — (010)
D — (110)
E — (111

Y noBieTBOpsieT 1 Kol HepaBeHCTBY Kpadra?
Pewmenue.
Tak kak N1 =N =2,N3=Ns =Ns =3, M =5, TO

25:2”|111117

1
i1 448888'

JIaHHBIN KOJT OJTHO3HAYHO JECKOIUPYEMBIH.

3agaua 4.6

Omnpenenute CPeIHIO UTMHY KOJOBOTO CJIOBA PABHOMEPHOTO KOJIA.

Mepoit 3¢ PeKTUBHOCTH KOJIa SABJISIETCS €0 CPEIHSIS JJIMHA KOJOBBIX CIIOB:

rae M — YucCiIO CHMMBOJIOB MCTOYHHKA C N-KPAaTHBIM PaCHIMPECHHUEM HMCTOYHUKA
OJAMHOYHBIX CUMBOJIOB,

Py, ...,Pm — BEPOSITHOCTH CHMBOJIOB,;
l4,...,In — ATMHA COOTBETCTBYIONIUX KOJOBBIX CIIOB.

[Tycts mna nepemauu cooOmienusi « DANKEy wucnonb3yrorest cremayrorniue
KOJIOBBIE CIIOBA pAaBHOMEPHOTO KOJIa:

A — (000)
K — (010)
N — (001)
D — (111)
E — (100)

JI1st TOCTPOEHHUS KOJIa MCIOJIB3YOTCS CUMBOJIBI ABOMYHOTO MCTOYHHMKA X =
{0,1}. IlycTh KO XapaKTepHU3yeTCsl BEPOSITHOCTAMU P1 = P2 = P3 = P2 = Ps = 0,2.
20



Kox nmeer cpenHiow I1avuHy

&1 15
L =) —-lL=—=3
) ;5 ' 5 '

3agaua 4.7

IlIycte nns mepenaun cooOmennss « DANKE» ucnonws3yroTcs cremyromiye
KOJIOBBIC CJIOBa HEPABHOMEPHOTO KOJa:

A — (00
K — (10)
N — (010)
D — (110
E — (111

JIJ1st TIOCTPOCHUS KOJIa UCIIONB3YOTCS CUMBOJIBI JBOMYHOTO MCTOYHHKA X =
{0,1}. IlycTh KO XapaKTEepPHU3yETCsI BEPOSATHOCTSAMU P1 = P2 = P3 = P2 = Ps = 0,2.
Koa umeer cpenHioro InuHy

anzl-li:1.2+1.2+1.3+1-3+1.3=2,6.
~5 ' 5 5 5 5 5

OueBugHO, Oonee >p(HEKTUBHON ABISETCS Ta WH(POpPMALMOHHAS CHUCTEMA,
KOTOpast UCTIOIb3YET KOl C MUHUMAJIBHO BO3MOXKHBIMHU JUTMHAMH KOAOBBIX CJIOB.

3anaua 4.8

[Toctpouts Kog0BOE AepeBo koga X = {X1,Xz,...,Xs}, rae X3 = (01), X, = (00),
X3 = (111), Xq = (110), X5 = (100), X6 = (1011), X7 = (10101), Xg = (10100)

3anaua 4.9
SIBasieTcs M K01 OAHO3HAYHO JEKOAUPYEMbIM?
A —  (00)
K —  (10)
D — (101)
E —  (111)

[TocTporite KOaOBOE IEPEBO KOAA.
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[TPAKTUYECKOE 3AHATUE Neb

NudopmanuoHHble XapaKTePUCTUKHN HeNPEPbIBHBIX HCTOYHNKOB.

[Tycts X(t) — peasnmzaiiust HEMPEPHIBHOTO COOOIIICHHUS Ha BXO/IE KaHala CBSI3H;
P1(X) — omHOMEpHAas IIOTHOCTh BEPOSITHOCTH BXOJHBIX cooOmeHui. Torna OymyT
UMETh MECTO CJICIYIOIINE BBIPAKECHUS:

1. DHTpomnMs UCTOYHMKA HEMPEPHIBHBIX COOOIICHUI:
1(X) = —j P.(x)-log P,(x)dx —log Ax

rie AX — HHTepBaJl KBAHTOBAaHUS (TOYHOCTh U3MEPEHHUS).
2. JluddepennnanbHast SHTPOIUS UCTOYHIKA HETPEPBIBHBIX COOOIIEHUH

() =~ [ R0)-log B(X)dx,

onpeaensomas KoJm4ecTBo nHpopmManuu B OUTax.
3. MaxkcuMmanbHas nuddepeHnuanbHas SHTPOIUS UCTOYHUKA HENTPEPBIBHBIX
COOOIICHMI

h(X),. =10g+27e o,
KOTOpasi MMEET MECTO MNPH HOPMAJIBHOM IIJIOTHOCTH PacCIpeIeIICHUs
CJIy4alHOI0 MpolLecca.

)= —_exp| %)

\ 270’ 20° |’

r1e 62 — JMCIepcus 3TOM BEIUYMHBI, € — OCHOBAHHME HATYPaIbHOIO
jJorapudmMa; a8 — MaTeMaTUUYECKOE OKHUIAHUE CITy4YalHOW BEJIMUUHBI.

3amaua 5.1

CryuaitHas BelMYMHA X PABHOMEPHO paclpe/ieiecHa MEXIy 3HAYCHUSMH
aub,a>0,b> 0. Haiinure Boipaxkenue mis auddepeHnnanbHON SHTPOIHH
nporecca.

Pemenmne.
N3 ycnoBus 3a1a4n BBITEKAET, YTO

1
b-a

P(x) =

, CJI€J0BaTEIbHO,
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h(x):-jb1 -Iogbl dx = log(b— a) 6ur.

—00

3amaua 5.2

[To nuHMM CBS3U TIepeaaeTCsi HEMPEPHIBHBIN aMILTUTYTHO-MO Ty THPOBAHHbII
curHas X(t), pacnpencnéHHbIA M0 HOPMAILHOMY 3aKOHY C MaTeMaTHYCCKHM
oxuganreM M = 0 u qucnepcueii 62 = 8 B2 Onpenenure suTponuro 1(X) curaana
IIpY TOYHOCTH €T0 u3MepeHus AX = 0,2 B.

Pemenmne.

1(X)= —T R, (x)-log P,(x)dx —log Ax = h(x) —log Ax =

—00

\27ec?

=log—— =10958,56 ~ 5,87 oOwur.
AX

3agaua 5.3

N3meputenbHoe yCTPOMCTBO BbIpabAThHIBAET BPEMEHHBIE HMHTEPBAIBI,
pacripesiesieHHble ciydaliHbIM o0pa3zoM B mnpenenax ot 100 mo 500 mc. Kak
W3JICHUTCS] SHTPONUSA CIIyYalHON BEIMYUHBI IPU U3MEHEHUH TOYHOCTH U3MEPEHUS
¢ 1 mc no 1 Mxc?

3ajaua 5.4

[110THOCTH BEpOSITHOCTH ciiydaiiHoro rnpoiecca X(t) umeer Bua
R(X)=2e" x>0.

Haiinure nuddepeHunaibHy0 SJHTPOIUIO BEJIMUUHBI X.

3agaua 5.5
Haitnure nuddepeHimanbHyo SHTPOIUIO Cy4YaiiHoi BenuuHbl Y = Asinot,

T T
rae t paBHOMEpPHO pachpeneneHo B HUHTEpBaie OT —-— 10 —, A U ® —
o w

ITOJOXXUTCIIbHBIC ITIOCTOSAHHBIC.
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[TPAKTUYECKOE 3AHATUE Ne6

MartemaTuueckasi Moje/ib U MHGPOPMAIHOHHbIE XaPAKTEPUCTUKH
JUCKPETHBIX KAHAJIOB CBSI3H.

Kak moka3zano Ha pwuc.6.1, mepemaBaemoe cOOOIICHHE {Xi},i =1M nop

BiusHAeM ToMexu N(t) Ha BBIXOJE KaHajda CBSI3U IpeolOpasyeTcss B COOOIICHHE

tyifi=1m’,

X7 Kanan Vi
. (I
CBA3IN
n(t)

Puc.6.1 Moaenb TUCKPETHOTO KaHaia.

Ecinu JUCKpETHBIM cTalMoHapHBI KaHan 6e3 mamatH, To M=mM'n
JUTUTEILHOCTH CUMBOJIOB T Ha BBIXOJIE M BXO/IE€ KaHAJIa OJIMHAKOBHI. Toraa ckopocTh
nepenaun MHGOPMAIMKM KaK CpeHEe KOJIMYECTBO MH(OpMAIlUU, MOJydyaeMoe B
€AUHUILY BPEMEHHU, ONPEIECISAETCS BRIPAKECHUEM

R=F-1(X:Y),
rae F = 1/t —aacrora moceuiku cumBona; | (X;Y) — cpennee konuaecTBo B3anMHOM

MHPOPMAIMM B MHOXKECTBE CHMBOJNOB X :{Xi}OTHOCI/ITCHBHO CHUMBOJIOB

Y={xf:
1(X;Y) = H(X)+H(X/Y)=H(Y)+H(Y/X).

H(X/Y) — ycinoBHas SHTpONHUS MHOXKECTBA CHUMBOJIOB X TIPH JIaHHOM
MHO€ECTBE Y, OMpeaessiolas CpeaHee KOTHISCTBO MOTEPSTHHOM HH(DOPMAIHH H3-
3a BIIMSIHUS TIOMEX;

H(Y/X) — ycnoBHas SHTpPONUS MHOXECTBA CHMBOJOB Y TMpH JaHHOM
MHOXeCTBE X, ONpECIAIONIast IIyMOBYIO SHTPOITHIO;

H(Y) — sHTpomwst MHOKECTBA CUMBOJIOB Y

H(Y 1X) == PO Py, /%) I0gP(Y, /%)

i=1 j=1

H(Y) =3 P(y,)IogP(y,).
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P(y;) = ip(xi’yj) :i POO)PCY; /%),

P(y. /%) P.i#]
Fﬂe yl 1 1_ Pom’i — j.

P, — BEpOATHOCTH OLIMOKU BOCIIPOU3BEACHUSI CUMBOJIA X;.

CxopocTts niepenauu HHGOPMAITHH ONIpeAesaeTcs GopMyIIO:
R= F[H(Y)_H(Y/X)]GI/IT/C.

HpOHYCKHaH CITOCOOHOCTh AUCKPCTHOI'O KaHaJla CBA3HW OIIPCACIIATCA
CICAYIOIIHNM BBIPpA)KCHUCM:

C=F [Hum (X)=HX1Y)]=F [H (Y)=H(Y /X)],

rne F, =2 F, Fy—monoca xanaina, F = 1/t.

B kananax 6e3 momex H(Y/X) = 0.

3amaua 6.1

[To nBOMYHOMY CHMMETPHYHOMY KaHaldy CBS3H C IIOMEXOH IepemaroTCs
CUTHAJIBI X1 U X2 C anpuopHBIMU BeposTHocTsMHu P(X1)=0,75 u P(x2)=0,25. 13-3a
HAJIMYMs TIOMEX BEPOSTHOCTH IPABHIIBHOTO IpHUEMa KaXIO0r0 U3 CHUTHAJIOB

yMeHbIInIach A0 7/8. Cumras IIMTEILHOCTh KaXOAOr0 CHrHama T = 1 Mc,
onpeaenuth H(X), H(X)max, I, 1(X,Y), R,C.

Pemenne.

3,..3 1

H(X):—Zlogz—zlog%:0,315+0,5:0,815 Gur.

MakcuMainbHast SHTPOIIHS
H(X),. =10g2=106wur.
KoaddunmeHT n36p1TouHOCTH

P HOm —HX) _ H) 0815 o0
H (X) H (X) 1

CpenHee KOJIMYECTBO B3aMMHOM MHPOPMALIUU MTOTYYUM, BBIUUCITUB
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H(Y) =—Z P(y;)log P(y;),

HOY T X) = =3 S P(x)P(y, /%) log P(y, / ).

i=1 j=1

P(y,) = P(xi)-P[ﬁ} P(,): P(ﬁj
X, X

2

P(Y) = P()- P[%} P(x,): P[y—]

X2
P Y _ 718, -i:-j
X, 1/8, i+ j.
Takum o6pazom,
P(y,)=3/4-7/8+1/4-1/8=11/16

P(y,)=3/4-1/8+1/4-7/8=5/16

11, 11 5 5
H(Y)=-==log———log — ~ 0,89
()="16"976 161

H(Y/X)‘_P(Xi){ (lemgp( ] (Xi)
ol o) ooe(2]-
o2 eor{)- {2 o ) fon-

CkopocTh niepenaun nHGOpMaITHH
R=10"° [0, 89-0, 55] =340 6ut/c.
[TpomyckHast cmocOOHOCTH KaHalla CBSI3H:

C=>1/10"° [1—0, 55] =450 our/c.
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3anaua 6.2

Andasut coodmeHus coctouT u3 AByx OykB: X1 (P(X1) = %) u Xz (P(X2) = %a).
OmnpeenuTe SHTPOIHIO HCTOYHUKA U KOA(PPHUIIMESHT U30BITOYHOCTH, €CITH YCIOBHAS
BeposTHOCTH P(Xj/Xi) mosiBnenus j-it OykBbI OCTe i-i 3a/1aHa B TA0IHUIIE:

j

X1 X2
It 0,2 0,8
i2 0,6 014

C y4eTom anpuoOpHBIX BEPOSATHOCTEN HMEEM

- B0

1,00 == P(x) logP(x).

1,(x) = —ii P(xi)P(xj /x.)log P(xj /%),

i=1 j=1

rac

I, (x) :—%[0,2Iog0,2+0,8logo,8]—%[0,6IogO,6+O,4IogO,4]z
~0,54+0,24 =0,78 Our.

3.3 1. 1
1.(x)=—"log>—=log = =0,815 6ur.
(X) 2 94 2 94 UT

H(x) = ~ 0,797 6wur.

0,78+0,815
2

1077 o205
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3agauya 6.3
[lo kaHamy CBA3M MEpPENalOTCs COOOIIEHUS, BEPOSITHOCTH KOTOPBIX
cooTBeTcTBeHHO paBHbL: P(X1) = 0,1; P(x;) =0,2; P(x1) =0,3; P(x1) =0,4.

KananpHas matpuiia, onpenenstonias notrepu nHGopMalid B KaHajie CBSI3U
MIMEET BU/I:
0,99 0,01 O 0
0,01 0,97 0,02 O
0 0,01 0,98 0,01
0 0 0,01 0,99

P(y/x)=

Z P(yj /Xi) =1
j=1

Onpeneaurs:
1. Durpomnuio ucrounrnka uHpopmanuu — H(X).
2. besycnoBHyo 3HTpOIHIO ipueMHKKa uHpopMmarmu — H(Y).
3. O6myro yciaoBuyto saTponuio — H(Y/X).
4. Ckopocth mepeiaud WHGOpMAIUU, €CIU BpEeMs Iepeayd OJHOrO0 CHMBOJA

andasutat=0,1 mc.

5. Onpexnenuts norepu nuHGopMalru B KaHase cBs3u npu nepeaade 500 cuMBOJIOB
andasura.

6. Cpeanee KOJIMUECTBO MPUHATON MH(OPMALIUH.

7. TlpomyckHyr0 CIOCOOHOCTH KaHaja CBSI3H.
Pemenwue.

1. DHTpONMIO NCTOYHMKA COOOIICHHU paBHA

H(X)=->_P(x)log P(x;) =—(0,1l0g0,1+0,2l0g0,2+0,3log0,3+0,4l0g0,4) =
i=1
=0,3322+0,4644 +0,5211+0,5288 =1,8465 Out/cums.

2. BepOHTHOCTI/I IMMOABJICHHA CMMBOJIOB Ha BXOJ€ IIPUCMHHUKA
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P(y,) = —Zml: P(x,)log P(y, / x.) =P(X)P(y,/ X)) + P(X,)P(y, / X,) + P(X)P(y, / X;) +
+P(x4)P(;1/x4) =0,1.-0,99+0,2-0,01=0,101;
P(y,)=0,1-0,01+0,2-0,97+0,3-0,01=0,198;
P(y,)=0,2-0,02+0,3-0,98+0,4-0,01=0,302;
P(y,)=0,3-0,01+0,4-0,99 =0, 399.

[IpoBepka:

Z P(y,)=0,101+0,198+0,302+0,399 =1.
i=1

DHTponus npueMHUKa HHQOpMallUi paBHa

HY) =—i P(y,)log P(y;) =

=—(0,101l0g0,101+0,198l0g 0,198+ 0,302 l0g 0,302 +0,39910g 0,399) =
=0,334+0,4626 +0,5216 + 0,5290 =1,85 Gut/cums.

3. OO1mas yclioBHasi SHTPOIIHS paBHA

H(Y 1X) == S POOP(Y, /x)log P(y, /%) =

i=1 j=1
=-0,1(0,9910g 0,99 +0,01l0g 0, 01) —
~0,2(0,01l0g 0,01+ 0,97 log 0,97 + 0,02 log 0,02) —
~0,3(0,01log 0,01+ 0,98l0g 0,98 +0,01l0g 0, 01) —
—0,4(0,01l0g0,01+0,9910g 0,99) =
= 0,008+ 0,044 + 0,048+ 0,032 = 0,133 6ur/cuMB.

4. CkopocTb nepeaaun nuHpopMaluy paBHa

R=F[HY)=H(Y/X)]=V[H(X)-H(X Y)]=
~ (1,85-0,132) / 0,0001=17,18 k6u/c.

5. Tlorepu undopmanuu B kaHaie cBs3u npu nepeaade S00 cumpona andaBura

PaBHBI:
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Al =kH (Y / X)=500-0,132 = 66 Owur.
6. Cpennee KOJIMUECTBO MPUHATON MH(OPMALIUU PABHO

| =k[HY)=H(Y /X)]=k[H(X)=H(X /Y)]=
—500- (1,85 0,132) = 859 6wur.

7. IlpomyckHasi cHOCOOHOCTH KaHaja CBS3H

C, =V [logm—H (Y / X)]=(2-0,132) / 0,0001=18,68 KGur/c.

[NPAKTHUYECKOE 3AHATUE Ne7

MartemaTu4yeckasi Moje/ib U MHPOPMAIHOHHbIE XAaPAKTEPUCTUKH

HEIIPEPBIBHBLIX KAHAJT0B CBA3H.

1. Tlonnas cpenusis B3auMHas uHpopmanus

Y= hx)—hl X ) = hery—n[ X
1(X;Y) =h(X) h(Yj h(Y) h(x),

rae h(Y) = —I R(y)log P(Y)dy — muddepenumansras surpomnust coobuenns y(t) Ha

BBIXOJC KaHalla CBA3H,

Y o0 00
h [Yj = —j J P,(x,y)log R, (%jd)(dy — nuddepeHnnanbHas YCIoBHAS SHTPONUS,

XapakTepu3yomas J1elcTBUE ITyMOBOTO ITpoliecca.

2. Jlns annutuHoi cmecu Y(t) = X(t) + n(t) npu craruveckoit HeE3aBUCUMOCTH

HOpMaJTbHBIX TporieccoB X(t) u momexu N(t):
h(Y) = Zlog| 27e(c? + 07)]
2 X n !
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h (%) = % log [Zﬂeof ],

n

2
|(X;Y):%|Og[l+a_éJ,

Ilie o> U ¢ — COOTBETCTBEHHO aucrepcun mporieccon X(t) u n(t).

3. IlpomyckHas ciocCOOHOCTH KaHaja CBA3M Il HOPMAJIbHO PACIPEeIIEHHBIX

COOOIEHNI U IOMEXHU

2

C=2F, -1(X;Y)=F,log (1+i) Gur/c.

2
n

2
(o)

X .

4. TIpomyckHas clIOCOOHOCTb KaHaja CBsI3M npu —5 L 1.
o
n

2
C ~1,44- 2% Gurle,

0

rae No — criekTpajbHas INIOTHOCTh aJITUBHON ITOMEXH.

5. IlpomyckHas CIIOCOOHOCTh KaHajla CBS3M MPH CHEKTpaibHO# mioTHOCTH F(f)
rayccoBa curHaia X(f) m crekrpanpHoi twiotHocTH N(f) ammuTmBHOW rayccoBoi
nomexu N(t) onpenensercs

f2 F(f)
C= fj.llog{lJr N(f)}df,

rae f, — f; = Fx — monoca nponyckanust kaHasia.
6. CkopocTb nepefaun HHOOPMAIUH IS FaAyCCOBBIX CHTHAIA M aInTHBHOMN

IIOMCXH

2
(o)

R=F log|1+—% |our/c,
" g( GZJ

n

rine F.g — a¢ddexTuBHas nonoca 4acToT, 3aHUMaeMasi HHQOPMAIMOHHBIM CUTHAJIOM,

2 _
o, =Ny -F,,.
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3ajaua 7.1

Ha Bxoa mpuemHoro ycrpoiicta aeiictByet konebanue Y(t) = x(t) + n(t), rae
curgan X(t) um momexa Nn(f) — He3aBUCHMEBIE TayCCOBBI CIOy4alHBIE MPOIECCHI C

HYJICBBIMH ~ MAaTEMAaTHYECKMMHU  OXHAAHUAMH W JUCIEPCUSIMH,  PaBHBIMU
2 -2pn2 2 -3p2
cootBeTcTBeHHO Oy =1,5-10°B° u o, =5-107B". DddexTuBHas momoca 4acror,

3aHuMaemasi curHasioM, F., = 1 MI'1. OnpenenuTte MOJHYIO CPEIHIOI B3aUMHYIO
5 @

uHGOPMAIIMIO HA BXOJE MPUEMHHIKA U MPOITYCKHYIO CIIOCOOHOCTH KaHalla CBS3H.

Pemienne.
VY= heY)—h[ -
1 (X;Y)=h(Y) h(Xj’

h(Y) =log| 27eo? |,

h (%) =log| 27ec? |,

2 _ 2 2
o, =0, +0,,

2 5-10°°

n

2 -2
1(X:Y) :%Iog(ﬂ&J=%Iog(1+ﬁjzélog4=1 Gur.

[IponyckHast cCHoCOOHOCTh KaHajia CBS3U

C>2F,, - 1(X;Y)=2-10°6ur/c.

3agaua 7.2

PamuonpreM oCyIecTBIsSCTCS Ha JIBE aHTCHHBI, pa3HECECHHBIC B IIPOCTPAHCTBE
Tak, yTo curHajisl X(t) u y(t) craructudecku HezaBucuMbl. Onpenenure suTpornuio h(X)

kostebanus z(t) = X(t) + y(t) pacrnpenenensl Mo HOPMATLHOMY 3aKOHY C HYJICBBIMH

2 2 2 2
MaTeMaTHYECKUMHU OXKUAAHUAMHU U qucnepcusmu o, =16 B u o, =25 B”.
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3apava 7.3

Coobmenue X(t), pacnpenereHHOEe IO HOPMaJIbHOMY 3aKOHY, IPHHAMACTCS Ha
¢one Gemnoro nryma n(t). Onpenenure NPoyCKHYIO CITIOCOOHOCTh KaHaa CBS3U, €CIH
BXOJIHOE OTHOIIICHUE CUTHAI/TIIYM (4 = 0,1, MOJI0Ca 4acToT, OTBEACHHAS PaHOKaHAITY,
Fk =1 MTI'u. Kak u3MeHHTCS TPOITYyCKHAs CIIOCOOHOCTh KaHalla CBSA3H, €CIIN YBEIUYUTh

M0JIOCY YacCTOT pajoKaHaja B Tpu pa3a’?
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