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LIEJ/1b PABOTbI

MpVBMBATL YMEHWUSA M HaBbIKM pacyeTa MHMOPMALIMOHHLIX Xa-
PaKTEPUCTUK WCTOUYHMKOB COODLLEHMI M KaHaNOB CBSA3U, MPUMEHATb
METO/Ibl CTATUCTUYECKOTO KOAMPOBAHUA WUCTOYHWUKOB [AUCKPETHBIX CO-
o6LLeHni
1. PACHET UHOOPMALIMOHHbIX XAPAKTEPUCTUK

AUCKPETHOIO UCTOYHUKA COOBLLEHNIA

3apava

NCTOYHMK AMCKPETHbIX cooblueHnin ¢ 0bbeM andasnta m = 6
CUMBOJIOB
dopmupyeT coobuieHunsi co ckopoctbto V = 100 cumB/cek. BeposTHO-
CTW NOsB/IEHUs COBLITUI NpeacTaBneHbl B Tabn. 1.

Tabnumua 1
CumBon ai az as a4 as as
Pr 1/2 1/8 1/8 1/8 1/16 1/16

Paccuntatb MHMOPMAUMOHHbIE XapaKTEPUCTMKN MCTOYHWUKA AWMCKpET-
HbIX COOOLUEHMI WM KaHana CBS3W C TMOMEXOMW, €CliM BEPOSITHOCTb
owwubkn q = 0,15.
Pewenne

[ns UCTOYHMKA AMCKPETHBIX COO6LUEeHMt ¢ 0b6beMoM andasuta T
npu
M3BECTHbIX W HE3aBUCUMMbIX BEPOSTHOCTSX MOSIB/IEHUS CUMBOJIOB B
coobweHnn p(a) sHTporimsa nctoddmka H(A) onpepensietcs no dop-

Myne

H(A):Z::p(a‘)logzﬁm:%'logzlllz 8|ng1/8 ; 0921}8+

+%-Iogzlj'8 fé 921/116 116 log, /116 2,1256um [ cooow.
MaKcUManbHO BO3MOXHasl 3HTporMs —  MaX ang [aHHOro wc-

TOYHUKa C 06beM andaBuTa W 6 (NpU paBHOBEPOSTHLIX MOSIBIEHUSX
cobbITViN) onpeaensieTcs

=log, m=log, 6 = 2,5846um [ coobu.

nOCKOJ'Ibe SHTpONMA UCTOYHUKA MeHbLUE MaKCUMalJlbHO BO3MOX-
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HOﬁ, TO U36bITOYHOCTH UCTOUYHNMKA 6YD,GT
Roq H@ _, 2125
H 2,584

max

=0,178~0,2

Mpu M3BECTHOM CKOPOCTU (POPMUPOBAHUS CMMBOJSIOB V M 3HTpOMUK
H(A), npoussogmuTe/ibHOCTL UCTOMHMKA /1 HAXOANTCA Kak

h=V -H(A)=100-2,125 = 212,56um | ¢
2. PACHET MHO®OOPMALIMOHHbIX XAPAKTEPUCTUK
NMPUMUTUBHOIO U CTATUCTUYECKOHKO KOA0B

MoCKONbKY Y UCTOYHMKA 6 COOBLIEHMI, @ KaHan ABOWYHLIA, TO
€CTb M0 HEMY MOryT nepefaBaTbCsl ABa BapuaHTa curHana 0 u 1, 1o
KaXxgoe coobleHMe MOXHO nepeaaTb HabopoM Hyne M eavHuu,.
Yuncno paspsaoB B KOAOBOM KOMEMHALMM HAWAEM M3 COOTHOLIEHUS M
< 2", rAe n - Y4cno ABOMYHBIX pa3psaos. 6 < 2" . [lJaHHOe HepaBeH-
CTBO cripaBeanmeBo npu n = 3. C NOMOLbI0 Tpexpa3psiaHbIX KOAOBbLIX
KOMBMHaUMI NpoHyMepyeM coobLLEHNMS, @ HOMEpa 3anuLEeM B ABOWNY-
HOM Koge Tabn. 2. Takoe KoAupOBaHWE MOJTy4nsiIo Ha3BaHWE — MNpu-
MUTUBHOE KOAMPOBAHME.

Tabnuua 2

a) MNpoBeném pacyet MHpopmaum- Coobuenus | Koa

OHHbIX XapaKTEPUCTMK MPUMUTUBHOIO KO- a; 000

Aa: a:z 001
- cpegHee KONMMYECTBO paspsiios,

NPUXOASALLEECS Ha OMH CUMBOM UCTOYHMKA as 010

7 =3 a4 011

PK
: as 100
- KOSIMYECTBO WMH(OPMaLMK, MPUXo- 2 101

adauleecsa Ha oaAnH CMMBO KoAaa.

A (- H0) 2125

=0,716um | pasp.
pK
- MaKCMMasbHO BO3MOXHOE KOSIMUYECTBO MHAOPMALIMM B OZIHOM
paspsiAe ABOMYHOIO KOAA

H,.. =109, 2 =16um/ pasp.
- U36bITOYHOCTb NPUMUTUBHOIO KOAA.

H, (0 . 071

max
6) lNpoBegeM cTaTUCTUYECKOE KOAMpPOBaHME W pacyeT WH-
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(bopMaLIMOHHBIX
XapaKTepuCTUK KOLOB.

DKOHOMHOE CTaTUCTMYECKOe KOAMpOBaHWE MPOBOAWM MO Me-
Tony XaddmeHa u LleHHoHa-PaHo. CyTb KOAMPOBaHMS MO METOAY
XaddmeHa nokasaHa Ha puc. 1 u coctouT B creagytoweM. Bce coob-
LEeHMs MCTOYHMKA 3anucbiBaloTca B ctonbel B nopsiake ybbiBaHWs
BEPOSTHOCTM MX NOsIBNEHUs. Ha nepsBoM Lware ABa CO0bLIEHNS C Mu-
HVMManbHOW BEPOSITHOCTLIO MOSIBNIEHWUS O6BEAMHSIIOT B OAHO C CyM-
MapHOW BEPOSTHOCTbIO. BepxHeli BETBM MPUMUCHIBAEM 3HauyeHve O B
KauyecTBe MOCNeAHEro CMMBOMA Kofa, a HwxkHel -I. B pesynbTaTte
obbeanHeHns nonydaeM andasuT, coctoawmi 3 m-1 = 6 — 1 =5
coobuieHnini. Ha BTOpoM Liare o6beanHSOT ABa CMMBOJIA MOSyYEHHO-
ro andasnTa C MUHUMasbHBIMW BEPOSITHOCTSMU B OAHO COobLleHne ¢
CYMMapHOI BEpPOSITHOCTbIO. BepxHel BETBM NPUMMCLIBAIOT 3HaYeHve O
B Ka4yecTBe NpeanocnieqHero CMMBOMA, a HWkHel 1. B pesynbraTte
obbeanHeHns
nonyyaroT andasut 13 4 coobLueHunii. Takylo onepaumto obbeanHeHus
BbINOMHSIOT CTOJIbKO LIArOB, MOKa He Mosy4vaTt TONMbKO 0AHO coobuie-
HME C BEPOSITHOCTbLIO MOsiBNEHMSI 1. 3HaYeHMe KOZOBOW KOMOGMHaLMu
ANS Kakaoro cooblieHns nony4vatoT, ABUrasicb Mo nosyyeHHoOMy Je-
peBy OT ero OCHOBaHusl K cooblieHunto. Tak, ecnu ABUratbCs K Cobbl-
TUIO &/ TO NPOXOAMM TOSIbKO OAHY BEeTBb, 0603HaueHHy O, nosomMy
KofoBas KOMOMHaumMs ans AaHHoro coobuweHnss 0. [Ans HaxoXaeHus
KOAO0BOM KOMOMHALMM COBLITUS & ABMraeMcsi OT OCHOBaHUSI AepeBa K
KOHEeYHOMY y3ny az. [lpn 3TOM nocnefoBaTeNlbHO NPOXOAUM TpU BET-
BU: BeTBb 1, 3aTeM O u elle pa3 0. Kogoas kombuHaums a2 - 100.

d / 3 ] 0
) 0
a> 1/8 0 1/4 ‘ 100
| 0 | |
a; 1/8 z / | o | 101
| 12 ‘
a, 1/8 1 I 110
1/4
as 1/16 ol s 1 1110 ‘
7 | |
a 1/16 ] 111
Puc. 1

MpyvHUMN KOOMPOBaHWA NO MeToay LL/eHHOHa-POHE COCTOUT B
cneayowem. Bce coobuieHns 3anucbiBaloTca B nopsiake ybbiBaHMS
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BEPOSITHOCTW WX MOsIBNIEHMS. 3anucaHHasi nocnefoBaTeslbHOCTb pas-
6vBaeTCs Ha ABe rpynrbl Tak, YTOObl CyMMbl BEPOSITHOCTEN B KaXkAoM
rpynne 6ol NpMMEPHO OAMHAKOBLIMM (B AAHHOM Cllydae paBHbl MO
1/2). BepxHei rpynne npucsavMBaeTcs umdpa 0 B kayecTBe NepBOro
CMMBOSA Kofa, a HWxHel — 1. 3aTeM kaxaas rpynna (B AaHHOM Cy-
yae TOJIbKO HWMXKHSIS) pa3buBaeTcs Ha ABe MOArpynnbl C cobnogeHnem
TOIO Xe YCNOBUSI — paBEHCTBa CyMMbl BEPOSATHOCTEN. BepxHMM noa-
rpynnaM B obeunx rpynnax onsitb npuceavnBaeTcs umdpa 0 B kauecTse
BTOPOK CMMBOJIA KOAA, @ HWXHUM — undpa 1. Takaa onepaums gene-
HWUS BbIMOJTHSAETCS CTOJIbKO LUAroB, Moka B MoArpynnax He OcCTaeTcs
NUWb MO OAHOMY COBbITMIO. [aHHbIN MpoLEecc NOCTPOEHUsI Koda Mnpu-
BeaeH B Tabn. 3.

Tabnuua 3

Coobuyerne | pk lwar |2war |3war | 4war | Kog

ai 1/2 0 0

az 1/8 0 0 100

as 1/8 1 101

a4 1/8 1 0 110

as 1/16 1 1 0 1110
as 1/16 1 1111

06paTuTe BHUMAHNE, YTO PA3HbIE METOAbLI KOANPOBAHNS AasN
O4MH U TOT Xe pe3ysibTaTt!

MpoBeaém pacyeT MHMOPMALUMOHHBLIX XapaKTepUCTUK cTaTu-
CTUYECKUX KOJOB:

- cpeaHaa ANnHa KOZI0BOW KOMBMHaLun

=> p(a,)-n,=0,5-1+3-0,125-3+2-0,0625- 4 = 2,125 pasp.

i=1
- KONMYECTBO MHGOPMaLMKM, NPUXOASLLEECs Ha OAVMH CUMBON KOAQ

g _H® _2125

" n 2,125

HK

=16um | pasp.

- N36bITOYHOCTb CTAaTUCTUYECKMX KOAOB:

R=1- 1w _3 1y
H 1

max
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BbiBOAbI

1. MpUMUTUBHOE KOAMPOBAHME YBEMYMUNO W3OBLITOYHOCTL CO-
o6L1eHns noyTn B 2 pasa.

2. CTaTucTnyeckoe KoaMpoBaHWE YCTPaHUIO M36bITOYHOCTb, TO
€CTb COr/lacoBasio MPOU3BOAUTENBHOCTb WCTOYHMKA C MPOMYCKHOM
CMocobHOCTbIO KaHarna.

3. PACHET MH®OPMALIMOHHbIX XAPAKTEPUCTUK
ANCKPETHOIO KAHAJIA

MNycTb NnoMexun B KaHane oTCyTCTBYIOT. MoAesnb Takoro KaHana
npvBeaeHa Ha puc. 2. VI3 pucyHka cnegyer, 4To B OTCYTCTBMM MOMEX,
CMMBOJIbI KOAAQ, MOCTYNMBLUME HA BXOZ
KaHana OfHO3HAYHO BOCMPUHMMAIOTCA
Ha ero BbIXOAE, TO €CTb KONMYECTBO
nHcbopMauuM, NOCTYNUBLUEA Ha BXOA
KaHana, MOSTHOCTbIO
nepesaeTcs Ha ero BbIXOA. P

MpornyckHass CnocobHOCTb Ka-

Hana CBA3M 6e3 nomex onpegensieTcs
MaKCMMasnbHO BO3MOXHOM CKOPOCTbIO nepefayn MHdOpMauMmn Mo Ka-
Hany. MNpu atom 6ygem cumTaTb, UTO annapaTHble CcpeacTBa KaHana
NOCTPOEHbI TakK, yTo
obecneumnBaloT TEXHUYECKYI0 ckopocTb nepeaauyv 300 boa (npu npu-
MUTWBHOM

KOAMPOBAHNM MMEHHO TaKasi CKOPOCTb Ha Bbixoae koaepa Vimp = 3*¥100
= 300 bhog. MNpn CTAaTUCTMYECKOM KOoAMpOBaHuM Ve = 2,125%100 =
212,5 bog, HO byaeM npepnonaratb, YTO Ha BXoAe KaHana crout by-
(hepHoe 3anomuHatolee yctpoiicteo (bB3Y), B kOTopoe npon3BoANTCS
3anncb curHana c Bbixoga kogepa XadbdmeHa. C b3Y unHdbopmaums
CYUTBLIBAETCS M NepeaaeTcs No KaHany co ckopoctbio Vk = 300 bog.

- NPONYCKHas CcrnocobHOCTb KaHana

C=V,-H__ =300-1=3006um/ c

i —_— )

He, 2

F{

roe = max - MakcuMmasbHOe KOMM4ecTBO WMHbopMauuM, KoTopoe
MOXeT HecTw OfVH paspsg KOA0BOM KOM6MHaLUmm

H. ., =1bum /[ cums.
- CKOPOCTb Mepeaaun WHGOPMaLmMK No KaHay CBA3W Mpy MpUMK-

TUBHOM
KOAMpOBaHUU
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1, =V -H, (A)=300-0,71=2136um/ c

- CKOpOCTb Mepeaayn MHbOopMauuM No KaHany CBA3W Npu CTaTu-
CTUYECKOM
KOAMPOBaHMUM

I, =V -H_ (A)=300-1=3006um/c

Obparnre BHUMaHUE Ha TO, YTO rpu CTATUCTUHYECKOM KOAMPO-
BaHmm
CKODOCTb IEPEAAYM MHGDOPMALIMU [OCTUIEET IPOIYCKHOM CrIOCO6HO-
CTV KaHasna css3mn!

Mogenb CMMMETPUYHOIO ABOMYHOIO KaHana C noMexoun npes-
CTaB/ieHa Ha puC. 3. 3a CYET BO3AEMCTBUS MOMEXN Ha BbIXOAE KaHana
CWUrHan MPUHMMAETCS C OLWMOKOW, NPUYEM BEPOSITHOCTb OLWMOKM MO
ycnosuio 3agayum q=0,15.

MponsseaeM pacyeT MHMOPMALMOHHBIX XapakTepUCTMK KaHa-

Nla C nomMexamu.

{-
0 ~——"——»0
--.-\-"‘-\..__\_ |:llI _-'--
e i MoTepsi MHMOPMaLUM B [BOVYHOM
It - 4 CUMMETPUYHOM KaHane C NoMexoi
I = m‘t
- Mg |N

Puc. 3
H(x/y)=-q-log,q+ (1-0)-log,(1-0a)] =
=-{0,15-log, 0,15+ (1-0,15) - log,(1-0,15)] =
=0,610u1/ cuUMB.

- NPONyCcKHas CnocobHOCTbL KaHana
C =V, [H__—H(X y)]=300[1-0,61] =1176um / ¢
- CKOpPOCTb Nepeaayn MHgopMaummn no KaHasy CBS3W C MOMEXOM
npu
NPUMUTUBHOM KOAMPOBaHWUM

1. =V,[A, (x)— H(/ y)] = 300[0, 71—0,61] = 306um / ¢

- CKOpOCTb nepeaayn MHGOPMaLUMK HO KaHany CBSI3U C MOMEXOM
npu
HepaBHOMEPHOM KOAMPOBaHMK
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|| =V.[A. (X)—HX/ y)]=300[L—0,61] =1176um/ c

BbiBogb/

1. MNomexa npuBoAMT K notepe uHdopmauun. B ABOMYHOM
CUMMETPUYHOM KaHasle BeNMYMHa MoTepb Oonpeaensercs BeposTHO-
CTbt0 OWKNOKM B KaHane.

2. MNoMexa CHMXAeT CKOpPOCTb Mepedayn MHGOopMauun 1 npo-
MYCKHYIO CMOCOBHOCTb KaHana.

3. CraTuctnyeckoe KoAMpOBaHME MO3BOSSET YBENNYUTL CKO-
poCTb nepeaayn MHGopMaLMKU A0 NPONYCKHOM CNOCOBHOCTU KaHana.

TUNOBBIE 3AAAYM ANS ONPEAENEHNUA YPOBHEMN
OBYYEHHOCTU

Ba3oBbii ypoBeHb (ypoBeHb 1)

1. [aHo:
nac Al A2 A3 A4
1/2 1/4 1/8 1/8
3akoaMpoBaTb UCTOYHUK coobLleHns MeToaoM XaddmeHra.
2. JaHo:
nac Al A2 A3 A4
1/2 1/8 1/16 1/16

3aKoAMpoBaTb UCTOYHMK CO06LIEHNS MeToAoM LLieHHOHa-daHo.

3. PaccunTaTb 3HTPOMMUIO UCTOYHMKA, KOJIMYECTBO MHMOpMa-

LMK, NPUXOAALLYIOCA Ha KaXKAblA CUMBOJ, MPOU3BOAUTENBHOCTb WC-
TOYHMKA, OLEHUTb M36bITOYHOCTb COOBLLIEHMSI.

nac Al A2 A3 A4 A5
1/2 1/4 1/8 1/16 1/16
V, cMMB/C 40

4. PaccumTaTb MPOMyCKHY CNOCOBHOCTb ANCKPETHOrO KaHana
CBSA3M, B KOTOPOM TeXHM4YeCcKasi CKOpOCTb nepefayn MHdpopMauum co-
crasnset 700 cMMB/C, @ BEpOATHOCTb OLWMOKM COCTaBNSIE€T Pow =
0,25.

5. OnpepennTb MPOMyCKHYIO CNOCOBHOCTb HEMpepbIBHOMO Ka-
Hana CBs3n, B KOTOPOM TeXHM4YecKasi CKOpOCTb nepeaayn MHdbopMa-
unm coctaensiet 1000 cmmB/c, a OTHOLWEHME CUrHanN/LWyM cocTaBnsieT
3 ab.
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MpoaBuHYTbIN YypoBeHb 1 (ypoBeHb 2)

1. OueHuTb BO3MOXXHOCTN AMCKPETHOMO KaHana CBSA3W C MNpo-
nyckHoin crnocobHocTbio C = 100 k6WUT/C, ecnM K HEMy MOAKIOYEH
NAC co cnegyroWwmMMmn NapaMeTpamu:

nac Al A2 A3 A4 A5
1/2 1/4 1/8 1/16 1/16
V, cumB/c 40

2. OVCKPETHbIN CUMMETPUYHbIN KaHas CBA3M 6e3 namMsiTu, B KO-
TOPOM TeXHWYecKas CKOpPOCTb nepeaady MHGpOpMauMu CcocTaBnsieT
700 cumB/c, a BepoATHOCTb OwMbknM coctasnsieT pow = 0,25.
O6ocHOBaTb BO3MOXHOCTb Nepeaayn nHdopmaumm no JaHHOMY Ka-
Hany CBS3M, eCnN NPOU3BOANTENBHOCTb UCTOYHMKA COOBLUEHMIA CO-
crasnset 140,7 6ut/c

3. CBeToBOEe Tabno COCTOUT M MHAWKATOPOB, KaXAbl U3 KO-
TOPbIX MOXET HaxoAWTCH B ABYX COCTOSIHUSIX «BKJ/IIOUEHO» WU «Bbl-
KtoYeHo». Kakoe HauMMeHbluee KOMMYeCcTBO WMHAMKATOPOB [AOJSIHKHO
HaxoanTca Ha Tabno, ytobbl C ero nomowbio nepegatb 50 pasnuu-
HbIX CUIHAsI0B.

4. NHdopMauUMoHHOe cooblieHre o6beMoM 4 KbalT coaepkuTt
4096 cmBonoB. CKO/IbKO CUMBO/OB COAEPXMUT andasuT, Npy NOMOLLM
KOTOpOro 661710 3anncaHo 3T0 coobLueHume.

5. Onpegenntb NPOMYCKHYHO CMOCOBHOCTL HEMPEpLIBHOrO KaHana
CBAI3U, B KOTOPOM TEXHMYECKasi CKOpOCTb nepeaayn nHdopMauumM coctas-
nsiet 1000 cumB/c, a OTHOLLEHME curHan/wym coctaensieT 3 ab. MposeauTte
CPaBHUTENbHBIN aHaNM3 NPeAesbHON BO3MOXKHOCTM AaHHOIO KaHana CBsi3u,
UCronb3ys BTOpYto TeopeMy LLieHHoHa.

MpoaBuHYTLIA YypoBeHb 2 (YPOBEHb 3)

1. Ucnonb3ya Tabnuuy nosieneHus 6yke pycckoro andasuTa
onpefennTb Konuyectso MHdbopMaumn ns 10 nepsebiX CMMBOSIOB an-
aBuTa 1 Npy paBHOBEPOSTHOM WX MosiBNeHnU. Onpegenutb m36bi-
TOYHOCTb COOBLIEHUIA U KOIDPULMEHT CKaTUS C MPUMEHEHNEM Nake-
Ta nporpamm MathCad

2. Ucnonb3ysa Ttabnuuy nosieneHns 6ykB pycckoro andasuTta
onpeaenuTb KONMYECTBO MHGOPMauuM u3 5 nepsBbix CMMBOMOB anda-
BMUTa M MpU pa3HOBEPOSTHOM MX nosiBneHuu. Onpeaenutb U36bITOY-
HOCTb COOBLLEHNN U KOIPDUUMEHT COKaTUsl C MPUMEHEHUEM MaKeTa
nporpamm MathCad

3. Mo ABOMYHOMY CMMMETPUYHOMY KaHasly C nomexamu nepe-

X X
OaloTCA ABa CUrHana 1 n 2 C anpuopHbIMK BEPOATHOCTAMU
11
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p(x)=3/4 " p(X2)=1/4l M3-3a HanWuusi MOMeX BeposiT-

HOCTb MPaBW/ILHOTO MPUEMA KaXA0ro M3 CUrHaNoB YMEHbLIAETCA A0
0,35. Onepeanutb nonHyto uMHbopMaumio LX) Ha BbIXxoae KaHana,
B3auMHyio uHdopmaumio | (y2 ) X2) .

4. Mo ABOMYHOMY CMMMETPUYHOMY KaHasy C MoMexaMmu nepe-

X X
paloTcs ABa curHana 1 m "2 ¢ anpuopHbIMM BEPOSITHOCTSIMM

P(x)=3/4 " p(xz) = 1/4. N3-3a Hannumsi MoMex BEpOSITHOCTb
NPaBWIbLHOrO MpUeMa KaXkaoro W3 CUrHanoB yMeHbluaetcs go 0,35.

OnepeAnuTb YCNOBHYIO YacTHYI MHbOpMaLMIO I(XZ/yZ), conep-

X
XalLylCcs B COOBLLEHNN 2 WUCTOYHMKA MPW YCIIOBUM NpueMa cooblie-

HUS y2.
5. Mo ABOMYHOMY CMMMETPUYHOMY KaHany C rnomexaMmu nepe-

X X
falTcs gBa curHana ‘1 m 2 anpuopHLIMM BEpOSITHOCTSIMU

P(x)=3/4 " p(X2)=1/4l M3-3a HanuuMs MoMex BeposiT-
HOCTb MpaBUbHOIO MpUEMa KaXAaoro n3 CUrHanoB yMeHbLUAETCA A0

0,35. CpepHee KONMYECTBO B3aMMHOW MHopMaLmm (Y’ ) B CO-
obLeHnn Y npueMHmnka o coobuieHunsix X UCToYHmKa.
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