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1 3ATAJIBHI BKA3IBKHM

Kontponsaa poborta (KP) mpusHauena miiss po3BUTKY HABUYOK CTYJIEHTIB JO
pIlICHHST KOHKPETHUX MPAKTHYHUX MUTaHh HA OCHOBI OTPUMaHUX 3HaHb MPH BHBYCHHI
nucuumuniag “Teopis mepenaBanHs 1H@opmarlii”. OgHouyacHo BukoHaHHa KP crpuse
O1TBII TIIMOOKOMY 3aCBOEHHIO MaTepiaty, OB'SI3aHOTO 13 3aBIaHHSIMH JTUCIIUTUTIHU.

[Tepen BUKOHAHHSM KOXXHOTO 3aBJIaHHS HEOOXIJHO BHUBYHMTH Ty YaCTHHY KypCY,
sIKa CTaBUTHCS JI0 IILOTO 3aBAaHHsA. Ha 3axucTi mMpoBOAUTHCS CIiBOECi1a IO BUKOHAHUX

poborax.

2 KOPOTKI TEOPETUYHI BIIOMOCTI
2.1 YmoBu niepenadi iHopmariii mo KkaHaiy 3B’ S3Ky

2.1.1 Ilepenaua ingopmarii mo KaHamy 6e3 mepenIko;y
Skmo uepe3 KaHain 3B'SI3Ky 0€3 NEpenIKoj MepelaeTbcsl MOCIiI0OBHICTh

AUCKPCTHUX HOBiI[OMHGHI) TpI/IBaHiCTI-O T, TO MCXKa BiI[HOCI/IHI/I

liml—v  [6ir/c],

T T

MIBUJKICTh mepenadl iH@opmarii 3 KaHamy 3B'sS3Ky, Je | — KUIBKICTh
iH(popmanii, o MICTUTBCS B MOCIIJIOBHOCTI MOBIAOMIIEHb. ['paHWYHE 3HAYEHHS
IIBUJIKOCTI mepeaadl 1HGopMalii Ha3MBAETHCS MNPOMYCKHOI 3AAaTHICTIO KaHAIly

3B'A3KU:
o )
C=Vmax = T“m‘% [6iT (1B. 07.)/c].

Kinpkicte iH(pOpMalii B MNOBIAOMJIEHHSX MAaKCUMaJIbHO TMpPHU  PIBHIN

IMOBIpHOCTI cTaHiB. Toi:

C = lim 119%™
T—>w T

B 1927 p. P. Xaptni (AHruisi) 3aIponoHyBaB 1 OOIPYHTYBAB KIJIbKICHY MIpy
iHpopmarrii, ska SBISETHCA BIANPABHOIO TOYKO Teopii iHdopmamii. Llg wmipa
1H(opMaIlii 3amuCyeThCS TaK:

I=logN,



ne | — kuipkicTh iHpopMarlii; N — 3arajgbHe 4HCJIO MOBIIOMIIEHD, SIKE MOXKE
OyTH CKJIaJICHE 3 71 €JIEMEHTIB, KOKHHH 3 SIKHX Ma€ 7 MOKJIMBUX CTaHIB,TOOTO:
N =m".
dopmyTy MOYKHA MPEICTABUTH y BUTTISAII:

1 = nlogm.

HaiiGinpm 3pyunuii Bubip ocHoBU jorapudma, piBHoro asom. [Ipu npomy 3a
OJIMHUIIIO KITBKOCTI 1H(popMAaIlli IPUHHATO BBaXKaTH 1H(OpPMAIlil0 TOBIAOMJIECHHS, 1110
MICTUTh OAMH eyleMeHT (N=1), skuii MOXKe MaTh JBa PIBHOIMOBIpHI cTaHu (M=2).
Hivicno, |=1+log,2=1 6ir (aB. ox). ( mpu HaATypajdbHOMY Jorapudgmi — HaT, IpHU
JEeCSITKOBOMY — XapTJii)

Y BUMNAAKy OJHAKOBOI WMOBIpHOCTI BciX moBigomisieHb Ni, iMOBIpHICTB
KO>XHOTO MOB1JIOMJICHHS

P =1/N.

Toxl kinpKicTh iHPOpPMaIIlT MOXKHA BUPA3UTH Y€PE3 IMOBIPHOCTI HAJIXOPKCHHS

MOB1IOMJICHB:
I=log,N=log,1/P=-log,P
AKmo nNoBIIOMJIEHHS HEPIBHOIMOBIpHI M He3aJeXH1 APYr Big Jpyra, TO

KOPUCTYIOTBCSI TIOHSTTSIM CepelHboi 1H(opmaIrii:

lp => — I’lZPi'ngpi

i=1
ne Pj— IMOBIpHICTB 1-20 TTOBIJOMJICHHS.
Cepennst 1HdopMmallis Ha OJUH €JEMEHT TMOBIJIOMJICHHS HAa3UBAETHCS

CHTPOITIE0:

H =—i Pilog 2 Pi

i=1
Bemnunna H siBrse coboro Mipy 0e371aAHOCTI CTaHy JKepesia MOBIJOMIICHb 1
XapaKTEepU3y€e CepeHIN CTYNMiHb HEBU3HAYEHOCTI CTAHY I[bOTO JKepena. Y BUMAIKY,

KOJIM BCi m PI3HUX CTaHIB JDKepena piBHO iMOBIpHI, ToOTO Pi = 1/m, entpomis



MaKCHUMaAJIbHA:

H =—iilogzi:—milogzl= log=m
= m m m

SIKo MOBIIOMJICHHSI HEPIBHOIMOBIPHI, CEpeAHs KIIbKICTh 1HGOpMAIli, 1o
MICTUTBCSI B OJJHOMY TOBI1IOMJICHH1, OyJi€ MEHIIUM.

[IBuakicTe mepemadi iHQopMalii B 3arajJbHOMY BHUMNAIKy 3aJ€KHUTh BIiJ
CTaTUCTUYHUX BJIACTUBOCTEH TMOBIAOMIICHHS ¥ TapamMeTpiB KaHaly 3B'A3KY.
[IponyckHa 3JaTHICTh — 1€ XapaKTEPUCTHKA KaHAJy 3B'SI3KY, AKUWA HE 3aJIeKUTh BiJ
MIBUJIKOCTI mepenadi iHgopmariiii. KiibKicCHO TpOMycKHA 3[aTHICTh KaHAIy 3B'SI3KY
BUPAXKAETHCA MAKCUMAJIBHOIO KUJIBKICTIO IBINKOBUX OAWHUILIL 1HPOpMalii, IKy TaHUN
KaHaJl 3B'sI3Ky MOJKE€ MepelaTh 3a OJIHY CEKYH]Y.

Jns HallOuIbll €(EKTUBHOTO BUKOPHCTAHHS KaHaly 3B'A3Ky HEOOXIJIHO, 1100
MIBUJIKICTh Tiepenadl iH@opmanii Oyna sSKHaOMMX4e OO0 MPOMYCKHOI 31aTHOCTI
KaHally 3B'sI3KY.

Akmo MBUAKICT HAAXOMKEHHS 1HQopMalli Ha BXIJ KaHaly 3B'A3KYy
NEpEeBHUIY€E MPONYCKHY 3JaTHICTh KaHaly, TO MO KaHaly Oyne InepegaHa He Bes
1H(opmaitisi, TOOTO MOBUHHE BUKOHYBATHUCSI YMOBA.!

y<cC

Ile ocHoBHa ymoOBa Y3ro/KeHHS JpKepena iHdopMmallii W KaHaly 3B'A3KY.
V3romkeHHsT 3AIMCHIOETHCS TUIIXOM BIAMOBIIHOTO KOJYBaHHSI TOBi1JOMJICHbD.
HoBenene (teopema lllenHona misi kaHaimy 0e€3 MEPEIIKOJ), IO, SIKIIO MBHUAKICTH
iHpopmarliii, 1O BUPOOIAETHCS JPKEPEIIOM TOBIIOMIICHb, JOCUTH OJIM3bKa JI0
NPONMYCKHOI 3JaTHOCTI KaHany, To0to V, = C — &, Ae & — $K 3aBroJlHO Majia
BEJIMYMHA, 3aBXKJM MOKHA 3HANTH Takui crnocid KOayBaHHS, SKUH 3a0€3MeuuTh
nepenady MOBIOMJIEHb, IO BHUPOOJSIOTHCA JDKEPEIOM, MPUYOMY HIBUAKICTH
nepenavi iHdpopMallii Oyae J0CUTh OJIU3bKa A0 MPOMYCKHOT 31aTHOCTI KaHAIy.

3BOpOTHE TBEPKECHHS MOJISATAE B TOMY, 110 HEMOXKJIUBO 3a0€3MEYUTH TPUBATY
nepeaady BCIX MOBIJOMIICHbB, SIKIIO MOTIK 1H(OpMAIIii, 110 BUPOOJISETHCS TKEPEIIOM,

NEPEBUIYE MPOMYCKHY 34aTHICTh KaHATYy.



Ao 10 BXOAy KaHaIy MiAKIIOUEHE JHKEPENIo MOBIIOMIEHb 13 EHTPOIMI€0 Ha
CUMBOJI, IO JOPIBHIOE TPOITYCKHOI 3aTHOCTI KaHaTy 3B'SI3KY, BBAXKAETHCS, IO
JDKEpeNIo TOTO/PKeHE 3 KaHajdoM. SIKIIo eHTpOoIis JjpKepena MeEHIe MPOIMyCKHOI
3aTHOCT1 KaHaly, 0 MOX€ OyTH y BUIAJKy HEPIBHOIMOBIPHOCTI CTaHIB JKepena,
TO JDKEpEeNIo0 HEe MOTOHKEHEe 3 KaHaJoM 3B'SI3Ky, TOOTO KaHaJl BHKOPHUCTOBYETHCS HE
MOBHICTIO.

VY3ro/keHHsT B CTAaTUCTHYHOMY 3HAUYCHHI JOCSATAETHCS 3a JOIMOMOTOI0 Tak

3BAHOI'O CTATUCTUYHOT'O KOAYBAHHA.

[Mpuknan 2.1 Jlnga 3'ascyBaHHS HNPUHLMUIY CTAaTUCTUYHOTO KOJYBAaHHS PO3TJSHEMO JIBl
MOCITIIOBHOCTI MOBIJJOMJICHB, IO MPEJCTABISAIOTh, HANPHUKIIAJ, 3alMCaHl 4epe3 pPiBHI MPOMIKKH
4yacy CHUTHaJIM IpO CTaH [JBONO3ULIHHOIO KOHTPOJBOBAHOTO 00'ekTa (BKJIIOYEHHH abo
BUKJIFOUCHUH ) :

110010111101000111010100010100 (15 — «1» i 15 — «0»)

001000000011000000000000000000. (3 — «1» 127 — «0»)

CumBouny 1 BiamoBiae CUTHAN «00'€KT BKIIOUCHHI», CUMBONY 0 — «00'€KT BUKITIOUCHUNY.
Bynemo BBaxaTH, 1110 CUMBOJIU 3'IBJISAIOTHCS HE3aJ€KHO OJMH BiJ 1HILIOTO.

Jnst mepmoi mocaigoBHocTi cumBo 1 1 O piBHOIMOBIipHI, Ais ApYroi — iMOBIpHICTB
nepmioro cumpoiy 1=0,1, npyroro cumBony — 1 — P; = 0,9.

EnTpomnis nepuioi nociaigoBHOCTI

m
H =-> Pilog:Pi
i=1
Hy =—2+0,5log, 0,5 = 1. Eatpomnis apyroi nocnigzosuocti H, =0,1109,0,1 — 0,9109,0,9 =
0,5. OTxe, KUIbKICTh 1IHQOpPMAIlli HA CUMBOJI Y JIPYTiil MOCIIJOBHOCTI Y JIBa pa3u MEHIIE, YUM Y
nepIii.

I[Tpu nepenaui mociigoBHOCTEH Yepe3 OiHapHHi KaHai 3B's13Ky i3 C = 10g2m 1B.01./CHMBOIN
= 1 aB. oJ1./CUMBOJI TiepIlia MOCIIOBHICTh Oy/ie moTro/keHa 3 kaHaioMm (Hy = 1), y Toit yac sk npu
nepenavi Apyroi MOCIOBHOCTI MPOMYCKHA 3MaTHICTh JBIMKOBOTO KaHAly y JBa pa3u OLIbIIe
eHTpomii mKepena, TOOTO KaHAl HEAOBAHTAXKEHUM 1 B CTATUCTUYHOMY 3MICTi HE MOTOJKEHHUH 13
mxepenom (C > Hp).

CraTucTuuHe KOJYBaHHSA JO3BOJIAE TIJIBUIIUTH EHTPOIIIO TEpeaaHux

HOBilIOMJ'IGHB Yy MEXKI1 A0 BCJIWYHMHH, sdAKa BHXOJIUTH, AKIIO CHMBOJIHA HOBO1

MOCJITOBHOCTI piBHOIMOBIpHI. [Ipu 11bOMy 4HCIIO CUMBOJIIB y TOCTIJOBHOCTI  Oyze



CKOpPOYEHO. Y pe3ybTati Jxepeno iHhopMallii y3roguThCs 3 KaHAJIOM 3B'S3KY.

2.1.2 Tlepenada indopmairii 3 KaHaITy 3 TEPEIIKOIaMU

IIpu mnepenaui iHGopMalli uepe3 KaHal 3 MEPEHIKOJAMU TOBIIOMJICHHS
CIIOTBOPIOIOTHCS i HA MpHUIMaIbHIA CTOPOHI HEMa€e MOBHOI BIEBHEHOCTI B TOMY, IO
NpUIHATE camMe Te TMOBIAOMIICHHS, sKe TmepenaaBanocs. OTxke, TMOBIAOMIICHHS
HEJIOCTOBIpHE, IMOBIPHICTH HOTO MICHs MPUUMaHHS HE JOPIBHIOE OJWHUIII.

Y upoMy BHUIAAKY KUIBKICTh OJEpXkKyBaHOi i1H(opMaIllii 3MEHIIYeThCS Ha
BEJIIMYMHY HEBU3HAYCHOCTI, BHECEHOI MEepenIkojaMu, TOOTO BHU3HAYAETHCA SIK
PI3HHIIA SHTPOITIT MOBIMOMIICHHS 10 W micisa npuiimanns: [ = H (i) — Hj(i), ne H(i)
— eHTpoMis JpKepea noBigoMieHs; Hj(i) - eHTpormis MoBiIOMIICHh HA MPUHMaIbHIN
CTOPOHI.

[IpomyckHOIO 3MaTHICTIO KaHAdy 13 OIyMaMH Ha3WBAE€ThCS MaKCHMabHa
MIBUJIKICTH Tiepenadi iHgopmalili Ha cMMBOJ a00 B OJMHHUIIO Yacy 3a YMOBH, IO
KaHall 3B's3Ky 0€3 mepemko MOroJKeHU 13 JKepesioM 1HpopMallii:

C=V _ =liml, /T

T
Sxmo enTpomia mxepena iHGopMallli HE MEPEBUILYE MPOMYCKHOI 3JaTHOCTI
kanany H < C, To icHye ko, mo 3abe3nedye nepegaudy iHdopmariii yepes KaHal 3
MEPEeIIKOIaMHu 3 K 3aBrOJIHO MAaJIOI0 YaCTOTOK MOMUJIOK a00 sIK 3aBrOJHO Majoro
HeBiporiaHicTio (Teopema IllenHona mis kaHanmy 3 mnepemikoaamu). I[IpomyckHa
3MaTHICTh KaHaTy 3B'SI3KU MPU OOMEXKEHIH CepeAaHid TMOTYXHOCTI  aHAJOTOBOTO
CUTHAIY:
C = Fplog,(1+Wc/W,,)
ne F,— cmyra ugactor kanamy, WC — cepenns motyxHicte curHaimy; W, — cepemns
MOTYXHICTh TEPenIKo/; (PIBHOMIPHHUHN CIEKTP) 3 HOPMaJbHUM 3aKOHOM PO3MOAUTY aMIUIITY. 1
CMYy31 4aCTOT KaHaly 3B'S3KY.

Otxe, MOXxHa mepenaBaTd 1HQopMmallilo MO KaHajdy € Nepemkoaamu 0e3
MTOMUJIOK, SIKIIIO MIBUAKICTH Tiepeaadl iHdopMmairii

V <C = Fmlog,(1+Wc/W,,)



s mBuakocti V' >C npu Oyab-sKii cUCTeM1 KOJyBaHHSI 4acTOTa MOMUIIOK
KiHI[E€Ba, IPUYOMY BOHA IIBUAKO POCTE 31 301/IbIICHHSM V.

3 OCTaHHBOT'O BUILIMBAE, 110 JIJISI KaHAIYy 3 JJOCUTh BUCOKUM piBHEM mymiB W,
>> \WC makcuMaiabHa HIBHAKICTH Nepenadi 61u3bka 10 uyns. [lpuy We>> W,

V max = Fplog,Wc/W,,

MaxkcuManbpHa KUIBKICTh 1H(popMarlii, nepegane 3a yac 7,

VimaxI = Fptlog,We/W,, = Fyth (o6csr curnany).

2.2 Koau TUCKPETHOTO CUTHAITY 1 IOT0 eJIeMEeHTH

Koo - neBHa nocniIoBHICT CUMBOJIIB alipaBiTy, MpuU3HaUYeHa A nepenavi. Jis
BIJIMIHHOCTI OJTHOTO CHMBOJY BiJl 1HIIIOTO KOKHOMY CHUMBOJIY TPHUBJIACHIOETHCS TEBHA
KOMOIHAIlisl €JIEMEHTApPHUX TMOCWIOK, IO YTBOPIOIOTH K0008)y 2cpyny (KOMOIHAIIIO).
3arajibHa KUIbKICTh €JIEMEHTIB, 1[0 YTBOPIOIOTh KOJOBY TPYyMy, HA3UBAIOTh 3HAYHICHIIO
KOOY.

EnemenTapHi NOCHIIKHM BIAPI3HAIOTHCS IHTEHCHUBHICTIO, YaCOM, YacTOTOO 1 T...
Kooy xoMOiHaIlil0 MOXKHa PO3TIIAIATH SIK JESIKE YUCI0, 1 11 eeMeHTH - K 1udpwu,
SKUMH BOHA 3aITUCYETHCS.

Cucmemu uucnenHs, sIK1 3aCTOCOBYIOThCSI TIPU MOOYJOB1 KOJIIB, MalOTh Yy SKOCTI
OCHOBH OyJIib-SIK€ YMUCIIO M, ToAl OyIb-SKE YHUCIO B i€l M-piyHill CUCTEMI YUCIICHHS

3alIMIICThCA:
0 1 2 3 . i
N=am"+bm"+cm”+dm’+.. .= > am
i=0

ne:a, b, ¢ - ducia He mepepuryroui M-1.
UM MeHIe OCHOBa, TUM OulblIe 3HAKIB Tpeba g 3amucy uucia. MokiuBa
KUTBKICTh KOMOIHAIIIM KOy M TpH N eJieMeHTaXx (pO3psIiB).
N=m"
V komGinanii N = m" y nBilikoBOMy NI'ITU3HAYHOMY KOJi MOXKHA OJEPIKATH

N=2°=32 kom6iHarlii.



2.2.1 KogyBanHs iH$opmarrii.

[Ipomec mepeTBOpEHHSI TOBIIOMJICHh Yy KOMOIHAIii 3 IHUCKPETHUX CHTHAJIB
HA3MBAETHCS KOJYBAHHSIM; CYKYITHICTh MPaBWJI, BIAMOBIIHO JI0 SIKUX MPOBOASTHCS JlaH1
MIEPETBOPEHHS, - KOJOM.

Kosxna xomOiHaIis 3amMuCy€eThCA Yy BUTIIAI MOCTIAOBHOCTI, CKIAICHOI 3 JESKHX
YMOBHHMX CHMBOJIB — €JIEMEHTIB KOJOBOi KOMOIHAIi. Y SKOCTI €JIeMEHTIB KOJOBOi
KOMO1HaIlii MOXYTh BUKOpHCTOBYBaTHCs OykBU (4, B, C.) 1 mudpu (0, 1,2...).

Y  TexHiuHUX 1HPOPMAIIMHUX MPUCTPOSAX EJIEMEHTAMH MOXYTh CIY>KUTHU
OJIMHOYHI IMITyJIbCH TIOCTIMHOTO, CTPyMy (B1ICOIMITYJIbCH), 3MIHHOTO CTPYMY
(pamioimMmysibeH), may3a MiX iMiyinbcamu. Lli ereMeHTH Pi3HATHCS MO AKOMY-HEOy/b
OJIHOMY a00 JEKIJIbKOM KOJOBUM (IMITyJIbCHHM) O3HakKaMm. Y SKOCTI KOJOBHX O3HaK
3aCTOCOBYIOTHCSl Taki MapaMeTpH, SK BEIWYHMHA, MOJSPHICTh, 4ac, (as3a, dYacroTa.
KoxxHOMy MOBIJOMJICHHIO OJHO3HAYHO BiAMOBIJA€ TMEBHA KojoBa komoOiHamis. Kon
JIO3BOJISIE 3alUCATU BCl MOBIJOMJICHHSI Ha JESKOMY 3arajibHOMY JJIsl JAHOTO HaOopy
MOBIJOMJIEHb MOBI. [3 IIbOro MigX01y HaOlp €JIEMEHTIB JIaHOTO KOAY PO3IISIAI0Th SK
andaBiT, a KOJO0BI KOMOiHAIli 13 HHMX €JIEeMEHTIB — SK KoJoBi cioBa. KoxHe
MOBIJJOMJICHHS TTEPEJAETHCS BJACHUM KOJOBHM CIIOBOM.

[lepeTBopeHHs] MOBIAOMIIEHb y KOJOBI KOMOIHaIii (KOJOBI CJOBa) J03BOJISIE
3a0€e3MeYUTH:

a) mnepenadyy HEOOXITHOT KUIBKOCTI PI3HMX MOBIJIOMJIEHb IO JaHOMY KaHaIly
3B'I3KY 3a JIOITOMOT'OF0 KOMOIHYBaHHS 3 # €JIEMEHTIB, 110 MalOTh 71 KOJOBUX O3HAK;

0) y3roJKeHHs TapaMeTpiB KaHaTy 3B'SI3KH 1 TIepeIaHuX MOB1IOMJICHb;

6) MJBUILCHHS BIPOT1IHOCTI MepeIayil MOB1JOMIICHB;

2) OLIBII OIIAJTMBE BUKOPUCTAHHS CMYTH KaHATy 3B'S3KHU;

0) 3MEHIIIEHHs BapTOCTI Nepeaadi i 30epiraHHs NOBIAOMIICHb;

€) CKpUTHICTh TIepeJaHuX MOBIIOMJICHb.

Bubip meToniB KoayBaHHS, 10 3a0€3MEUyIOTh BUKOHAHHS 3a3HAYCHUX IIUICH, €
CKJIAQJHUM 3aBJAHHSAM, BHUPIIICHHS SKOI 3aJ€XHUTh BiA psaAy (GaKToOpiB: KUIBKOCTI

MepelaHnX TMOBIIOMJIEHb, YHCIA KOJOBUX O3HAK, HEOOXIHOTO 4Yacy mepesadi,



napameTpiB KaHajly 3B'S3KM, MOXJIMBOCTI amaparypHoi peanizauii. OJIHaK y JOCUTb
3arajJbHOMY BHUITQJIKy SKICTh METOJY KOIyBaHHS OIIHIOETHCS OOCATOM CHTHATY IS
JOCSITHEHHSI HEOOX1/THOT 3aBaJOCTIMKOCTI MPH PIBHIN MIBUJKOCTI IIEepeaayi.

[IpaBwia cknagaHHsS KOJOBUX KOMOIHAIiK (Koaw) 1 cami KOJOBI KOMOIHAIil
MOXXYTh MAaTH PI3HI XapakTepucTukd. Jlo HHUX BITHOCATBCA: UYUCIO KOOOBUX
(iMnynbCHUX) 03HAK, IO BUKOPHUCTOBYIOTHCS JJIi KOMOIHYBaHHS, KUIBKICTh PO3Ps/IIB
KOZIOBOi KOMOiHaIii, cnoci6 xombinysanHs (3aKOH, 3TITHO 3 SKUM 3 OJUHUYHUX
€JICMEHTIB YTBOPIOIOTHCS KOJOBI KOMOIHAIl1), cnocobu opmyeanHs eiemenmié Kooy
(IMIyJIbCHI O3HAKM), cnocib nepedaui (MOALTY) €IIEMEHTAPHUX CUTHAIIB.

OCHOBHI XapaKTEpPUCTUKHU KOJ1B

HAJUIUIIKOBICTh KOJy; IIBUAKICTH Mepenadi; Bara KoJIoBoi KOoMOiHaIlii; KOJoBa
BIJICTaHb; BaroBa XapaKTEPUCTUKA KOAY; IMOBIPHICTb HEBHUSABICHOI IOMUJIKH;
ONTUMAJIbHICTh KOJ1Y; KOS(DILIEHT HEBIPHUX MEPEXOIIB.

JloBkrHa KOAy N - 4YHCIO pO3psAiB (CHUMBOJIB), IIO CKIAJal0Th KOJOBY
KOMOIHAIIO.

OcHoBa KOy m — KIJIbKICTh 3HAUYCHb IMITYJILCHUX O3HaK, IO BIJIPI3HAIOTHCS
JIpyT BiJ JIpyra Ta BUKOPHUCTOBYIOTHCS Y KOJOBHUX KOMOiHamisx. Jlms Bumamaky
JBIMKOBUX KOJIB m = 2. Y SKOCTI 3Ha4€Hb IMITYJIbCHUX O3HAK BUKOPUCTOBYIOTHCS
muppu 01 1.

IToryxnicte koxy N, — 4mciio K0J0BUX KOMOIHAILiM (pOOOYMX KOJOBHX CIIB),

10 BUKOPUCTOBYIOTHCS JIJIsl TIepeadl MOBIJOMIICHbD.

[loBHE umciio KOaoBUX KOMOIHamiM N- 4uciIo BCiX MOXKIMBHUX KOMOIHAIIM, IO

nopiBHioe m" (s aBilikoBux koais N=2").

Ywucno inpopMaIliiHUX CUMBOJIIB - K— KIJIBKICTH CUMBOJIB (PO3PSIiB) KOAOBOI

KOMO1HaIIi, MpU3HAYCHUX JJIs Tepenadl moBigomieHHs. OueBUIHO,
_ ok
Np - 2 .

Ywuciio mepeBipOoYHUX CHUMBOJIB I - KUIBKICTh CHUMBOJIB (PO3psIiB) KOAOBOI

KOMO1HaIi, HeOOXIAHUX MJis1 KOpeKIli nmoMusok. Lle uncno xapakrepusye abCOMIOTHY

HAJMIPHICTH KOJY.



B Teopii koayBaHHS MMia HAAMIPHICTIO KOy R po3yMitoTh BIIHOCHY HaJAMIPHICTb,
PIBHY BiIHOIICHHIO YHMCJIa IEPEBIPOYHUX CUMBOJIB J0 JOBXKUHU KONY:
R=r/n

VY 3aranpHOMY BUMAJIKY 1 (popMyiia Moxke OyTH MNpUBEACHA 10 BUIY

log,, N
R—1__"9m "p
log, N
[IBuakicTe mepeaadi KOJIOBUX KOMOIHAIIi — BIJHOIIEHHS YHCJIA

1H(OpMAaIIITHUX CUMBOJIIB JI0 JOBXKUHHU KOJY:
R'=k/n
Ockinpku n =K+ r, e

R'=1-R
Bara xon0Boi koM0iHailii (Koay) W — KUIbKICTh OJIMHUILh Y KOAOBIH KOMOIHAIL].

[Tpuknang Ne 2.2

Hanpukian, kogosa kom6iHamis 101100110 xapakrepu3yeTbest JOBKHAHOO Koay n = 9 i Baroro W =5.

KomoBa Bimcranp d MK JIBOMa KOJOBUMH KOMOIHAIISIMH — YHCIO

OHHOﬁMeHHHX pO3p5LZIiB 3 pl3HI/IMI/I CHMMBOJIaMHU. HpaKTI/I‘IHO KOJOBa BiI[CTaHI)

BUPAXKAETHCS K Bara CyMH M0 MOJYJIIO J1Ba KOJIOBI KOMOIHAIIIM.
[Mpuxmam Ne 2.3
Hampuknan, ans BuU3HAYeHHS KOAOBOI BifcTani MiK kombOiHamismu 10010111 1 00100110

HEOOX1JJHO POCYMYBATH X MO MOAYIIO JBa!

10010111
+ 00100110
10110001
OTtpumana B pe3yJsbTaTi MMiJICYMOBYBAaHHS HOBa KOJJOBa KOMOIHAIisl XapaKTepPU3YEThCs Baroro W

= 4. OTxe, KOJI0BA BiJICTaHph MiXk BUXiTHUMHU KoMOiHaismu d. = 4.

Barosa xapakrepuctuka koay W) — 4YHMCIO KOZOBMX KOMOIHALINd Baru W.
Hampuknan, mis xoamy, mo MicTuTh komosi komOinamii 00000, 01110, 10101 i 11011, Barapus
xapakrepuctuka Wy = 1, W(3) = 2, W(4)= 1, T00T0 naHWi KOJ CKIAIa€ThCSA 3 OJHOTO KOJOBOTO
cioBa Baru 0, TBOX CJIiB Bard 3 1 OJJHOT'O CJIOBA Baru 4.

IMOBIpHICTh HEBUSBIICHOI MMOMUIKH P,, — WMOBIPHICTh TaKOi IMOAil, MpH SKIM

MpUIHATA KOJOBa KOMOIHAIliS BINPI3HIETHCS BIJ TEPENaHOi, a BIACTHUBOCTI JaHOTO

KOAYy HC JO3BOJIAIOTH BU3HAYNUTH q)aKTy HasIBHOCTI ITOMHJIKH.



OnTUManpHICTh KOAY — BJIACTHUBICTh TAKOTO KOAY, SIKUM 3a0e3rnedye HaMMEHIITY
HMOBIPHICTh HEBUSBIICHHS TIOMIJIKH CEPEJ yCiX KOJIB Ti€i K JOBXKUHU 71 1 30UTKOBOCTI

r.

KoedimeaT XuOHUX 1epexo 1B

N N _(d

e P,(d) — uncno pobounx xonoBux KOMOiHAIiH, IO BIACTOATH BifJ i- k00060
. . d . .
kom0OiHamii Ha Bigcrans d, C ~, — 4dncio koMOiHalii 3 # 1o d.

Jlauwuii koe(illieHT MoKa3ye, sIKa YacTKa MOMHUIIOK KpaTHOCTI d He BUSBIIIEThCS.

JloBenieHO, O IS CHCTEMAaTHYHHX KOJMIB YCi KOJOBI CIIOBa MAarOTh OJHAKOBUH pPO3IOILT
KOJOBHX B1JICTaHEH A0 IHIIMX CIiB, TOMY PO3MO/L1 KOJAOBUX BiJICTaHEH AJsl Oyb-SKOrO CJI0Ba MOXKHA
BU3HAYHMTH, BAKOPHCTOBYIOYH BaroBY XapaKTEPUCTHKY CUCTEMATHYHOTO KOJY.

KoedirieHT XHOHHUX MEepexo/IiB y I[bOMY BHUIIAAKY

W (w)

Kﬂ(w) = C:v

[Tpukmang Ne 2.4
BusHaunty HagMIpHICTH 1 IIBHUAKICTH HepeAayi Koy, MpHU3HAYeHoro Juis nepepadi 16
MOBIJIOMJICHB, SIKIIIO IOBXKWHA ABIKKOBOTO KOAY N = 5.

Po3p’s130k. [ToBHE uncIiio konoBux kombGinariin N = 2" = 25 = 32,

log,16

logz32

R=1- =1-§=o,2; R=1-02=08.

[Tpukman Ne 2.5
Barosa xapaxrepuctuka Koy 3 n = 5 HactynHa: W) = 1; Wz) = 2; Wy = 1; W) = 1.
Busnaunty koediieHT XUOHUX NEPEXOIiB.

w
Po3s’s30k. T.x. K, = %, ne W(,) - BaroBa xapaKkTepucTuKa KoJy, BUILIMBaE, mo Ky = 0,2;
n

Knpy = 0; Kn@z) = 0,2; Kngy= 0,2; Knis)= 1. Takum unHOM, JaHUH KOJ| BUSBIISIE BC1 IBOPA30B1 MOMUIIKU
i1 80% OJHOKpATHHUX, TPUKPATHUX 1 YOTUPUPA30BUX MOMUIOK. He BUSABIAIOTHCS TUIBKU I'SITUKPATHI

IIOMMIJIKH.



2.3 OcHOBM MOOYAOBH HEHAJJIUIIIKOBHUX KOJIIB

2.3.1 JIns HeHaATUIIKOBHUX KOJIiB XapaKTEPHO MOBHE BUKOPUCTAHHS KOMOIHAIIIH.
Jlo HEHaJTUIIKOBUX KOJ BIIHOCHTh TaK0X KOJU 13 YaCTKOBUM BHUKOPHCTAHHSIM
KOMOIHAIlI}, y SIKUX MiHIMaJbHa KOJI0Ba BiJCcTaHb dy;, = 1. Taki ko1 BUSBIISIIOTH HE BCI
BUJM CIIOTBOPEHb, BUKJIIMKAHUX HABITh OJHOKPATHOIO IMepemKo010. KinbKicTh pi3HUX
KOMO1IHAIlIH, iK€ MOYKHA OJIepKATH 3 N-PO3PSTHOIO YKCIIa, BU3HAYAEMO 10 (OPMYJIi:

N=C +Cr+Cz2+..+C;

1 . .o . .
He C°, C°,, ..- uucimo koMOiHamiid 3 N exemedtiB mo 0,1, ..., n. Ilicms

BigmoBimHux mneperBopens onepkyemo N = 2", Tomy o B LbOMY BHIIAAKY
BUKOPUCTOBYIOTBCS BCl MOXJIMBI KOMOIHAIi, TO N € MIHIMQJIbHOI KUIBKICTIO
PO3psi/iB, 32 TONOMOIOK0 SIKUX MOKHa IMOOYyBaTH MaKCHUMaJlbHa KUIBKICTh KOJAOBHX
KOMOIHAIId MpU YKMCIT MOMIMBUX 3HadeHb cUMBOIIB 2 (0;1). 3BiACH KUIBKICTb

po3psIiB, HEOOXI1HE /I iepeaadi N moBiIOMIIEHb,
n = log,N

[Ipuknan 2.6. Bu3HAUWTH KUIBKICTH PO3PSAIB KOJIOBOI KOMOIHAIl IS Tepeaadi BOChMHU
noBiziomieHb: n = logy8 = 3, TOOTO MOBiOMIICHHS Oyne CKIagaTucs i3 TPbOX CHMBOJIB, KOXKHUIA 3
SIKUX MO>Ke MaTH 1Ba 3HadeHHs: 01 1.

KonoBi koMOiHawii npu BUKOPUCTaHHI KOAY Ha BCl KOMOIHalii OyIyrOThCS B
Takui croci0. Ckinamgaersest Tabnuig (tadn. 2.1) B mepiriit rpadi sSKoi 3amucyroThes
HOMEPH BCIX MOXJIMBHUX MOBiOMJIEHb N, y Ipyruii — IMOBIPHICTh iX OJE€pIKaHHS.
Jlani Bci MOBIAOMIIEHHS AUIATHCS HA JIB1 piBHI rpynu. s rpynu [ nepiomy cuMBOIY
KOJIOBMX KOMOIHAIlM MPUBIACHIOEThCS, Hanpukian, 3HadeHHs 0, mis rpymu I —
3HaueHHda [. Jlam kokHa 13 Tpyn 3HOBY JUIMTHCS Ha ABI Ipynu. Y SIKOCTI 3HAYEHb
JIPYroro CHMBOIY KOJIOBUX KOMOIHalii Juisi mnoBigoMieHb Tpynu | 3HOBY

yxBaimoemo 0, mst rpynu I — 11 1.4,

OtpuMani KOMOiHaIi BiIPI3HSAIOTHCSA OJIHA Bij 1HINOI HE MEHII YUM OJHUM

CJIICMCHTOM.



Taomung 2.1.

Ne | ImoBipH
IOBIJIO ictb  |Posmopin Ha rpymn | Kozmosi
MJICHHS | O/iepika KOMOIHari{
HHS
1 1/8 I 000
2 1/8 Fo | 001
3 1/8 I 010
4 1/8 Fouly 011
5 1/8 } I 100
6 1/8 1| 10 101
7 1/8 I 110
8 1/8 } I 111

3 Tabn. 2.1 BUIHO, 110 3amMC KOMOIHAIIA Ha BCl CIOJIYYEHHS € 3allUCOM YHUCEN
B 0 10 7 y NBIMKOBIN CUCTEM1 YUCIICHHS.

Takuii KoJ HA3MBalOTh MPOCTUM JBIHKOBUM KojioM. [loOymoBa BCiX KOMOBHX
KOMOIHAII I[hOTO KOAY 3pPYYHIIIE 3a BCE JOCSATAETHCA 3a JOIMOMOTOI0 HAINMCAHHS
HEO0OX1THO1 MOCJIIIOBHOCTI JABIMKOBUX YHUCEN. Y IUX KOJaX KUIBKICTh 1H(pOpMAaIlii, 110

JOBOAUTHCA Ha OANH CUMBOJI, MAKCUMAJIBHO.

2.3.2 JIBIAKOBO-/IECATKOBI KOIU

VY IBIMKOBO-IECATKOBUX KOJAax KOXXHa JEeCsATKOBa Iudpa MNpeAcTaBIsSe€ThCS
rpynor mudp, Mo CKalalaeTbes 13 YOTUPHhOX ABOMNO3MUIMNHUX CUMBOJIB. J(aHa rpyna
no3Boisie chopmyBatu N = 24 = 16 xomOiHami. Y [OECATKOBIA cHUCTEMI
BUKOPUCTOBYEThCS TUIbKU 10 nmudp, T00TO 1mIicTh KOMOIHALIN € HAJJTUILIKOBUMU.

[Ipu po3rmsini AecATKOBUX LHU(P 1 iX JBIMKOBE MPEACTaBICHHS BUAHO, IO
BHUKOPUCTAHHS TIEPIINX YOTHPHOX po3psimiB mmbpu 2 (2° = 1; 2' = 2; 2° = 4; 2° = 8)
MPUBOJUTH J0 OJIHOTO 3 MOXJIMBUX KOMIB: 8-4-2-1. KoxHUN po3psia 1bOro KOay Mae
nocTiiHy Bary. [IBIMKOBO-AECATKOBI KOAM OYAYIOTbCA 3 ypaxyBaHHSIM HACTYIMHHX
YMOB:

1. Bara naiiMeHoi 3Hauymoi nudpu g; gopipHioe 1.

2. Bara npyroi 3a MiHIMaJIbHUM 3HAYEHHSIM ITUGPH g2 CTAHOBUTH 1 abo 2.



3. Bara, 110 BinmoBizae 18oM nudpam Koy, 0 3aTUITHINCS, T1I0UPAEThCA TaK,
1100 X cyma OyJia Oiblie abo piBHa 6 (K10 g,=2) a00 7 (gKkio g,=1).

BianoBigHo 10 X yMOB MoOkHa chopMymoBaTH 17 BUIIB KOMAIB, HABEACHUX Y
tabn. 2.2. Kpim xomy 8-4-2-1, yci iHmi 16 KomiB HE MarmOTh OJHO3HAYHOCTI B
300paxkeHH1 JecaTKoBuX 4ucen. Tak, ko 4-3-2-1 no3Bossie 3anucatu 1udpy 6 sk 1010
a6o O111.

Bubip Buay HBIHKOBO-AECITKOBOTO KOy TUKTYETHCS PSIOM KOHKPETHHX YMOB
HOro BUKOPUCTAHHS M MIPKYBaHHSIMHU 3PYYHOCTI Horo peanizaiii. /[BiiikoBO-1eCATKOBI
KOAU IIHPOKO 3aCTOCOBYIOThCS NpH MOOYIOBI JUCKPETHUX TEJIEBUMIPIOBAIbHUX
CHUCTEM Yy THUX BHIAJKaX, KOJHU BUMIPIOBAaHHMM MapaMeTp, TOBUHEH BiJITBOPIOBATHUCS Ha

UPOBUX 1HAUKATOPAX.

Tabmums 2.2

Ne | Bara pospsuaiB | Ne Bara po3spsizis Ne | Bara pospsnis
Wl g, g g | WO 9403 9201 LI 0403 G20

1 8-4-2-1 7 6-3-2-1 13 4-2-2—1

2 7-4-2-1 8 5-3-2-1 14 6—3-1—1
3 6-4-2-1 9 4-3-2-1 15 5—3-1—1
4 5-4-2-1 10 3-3-2-1 16 4—3-1-1
5 4-4-2-1 11 6-2-2-1 17 5—2-1—-1
6 7-3-2-1 12 5-2-2-1

JIB11IKOBO-JIECATKOBI KOJAM MAaOTh JEAKy HaAMIpHICTh: R = 1 — logyip/10g216 =

0,2, IO MO’KHa BHUKOPHCTOBYBATHU JId BUABJICHHA ACAKHUX IMOMHIIOK, aJIC IIPHU LIbOMY

BUSIBJISIIOTHCA JTAJIEKO HE BCl HABITh HAWMPOCTIII OJHOKPATHI TOMUIIKH.

2.3.3 CaMOI0IOBHIOOY] IBIMKOBO-AECATKOBI KOJIH,

[[Iupoke momupeHHs B OOYUCTIOBATILHIA TEXHIII 3HAUILUIA JABIMKOBO-AECATKOBI
KO/IY, 110 BOJIOJIIFOThH BJIACTUBICTIO CaMOJIONOBHIOBAHOCTI. HEOOX1THICTh y TaKUX KOJIax
BUKJIMKaHA 3aMIHOIO ormepallii BupaxyBanHsi B EOM omeparii€ro momaBaHHs, IO
BUKOHYIOTBCSI B CIICIIaJIbHUX MAIlIMHHUX KOJIaX — 3BOPOTHOMY M JI0JaTKOBOMY. Y
3BOPOTHOMY KOMiI KOKHHN po3psa [ai], mpeacTaBiseThcs sSK IOMOBHEHHSA a0 2—1,

100TO [3i],= 2 — 1 = 1. JlonoBuenns 1o 2—1 = 1 piBuHo 0, skmio a; =1, 1 1, gxmo a; =0,



TOOTO € 1HBepciero uudpu a; . g aecaITkoBOro Kooy HEOOXIAHO 3HAXOIUTH
JOTIOBHEHHS 710 9. 3py4HICTh, CAMOJIOTIOBHIOIOYNX JBIHKOBO-ICCITKOBUX KOJIIB B TOMY,
110 JIBIMKOBO-IECATKOBHIA KO IU(PHU, IO ABISAETHCS JOMOBHEHHIM 710 9, 3HAXOAUTHCA
aHAJIOT1YHO JBIMKOBOMY KOJy MPOCTOI0 1HBEPCIEIO JIBINKOBUX 300paK€Hb JECATKOBOTO
Yucia y KOJMi, JJIs SKOTO BHU3HAYA€ThCs. OTKe, SIKIIO0 PO3PsA] JECATKOBOTO YHCTA a;
MPEICTABISIEMO 32 JJOTIOMOTOFO TPYIIN 13 YOTHPHOX JABIHKOBUX CHMBOJIB g4, Us, Uz, 01, TO
JOMOBHEHHS 10 9 BU3HAYACTHCA 5K ~ [&] = (4030201 e g — 3amepedeHHs ABIMKOBOI
mubpu g . HalinommpeHimuii kogamu, 1o caMOJIOTIOBHIOIOTECS, SBISETHCS KOA 2-

4-2-1 (xon Afikena) u kop 8-4-2-1 3i 30utkom 3 (Tadim. 2.3)

Tabmums 2.3
Hecsi- Kon Kon 3i
TKOBa AlikeHa 30UT-
mdpa KoM 3
0 0000 0011
1 0001 0100
2 0010 0101
3 0011 0110
4 0100 0111
5 1011 1000
6 1100 1001
7 1101 1010
8 1110 1011
9 1111 1100

3 Tabnuill BUIHO, IO TPH 3aMiHi AP YCIX YOTHPHOX po3psiaiB koay 3 0 Ha 1
(a00 HaBMaKW) BUXOAUTH TOMOBHEHHS 10 9 AJid 1ECATKOBOI LU(PHU, IO KOTYETHCS.

2.3.4 Binouti koau

VY nBifikOBOMY KOJIi IPH MEPEXO0/Ii BiJl 300pa)kKe€HHS OJJHOTO YHcia 10 300paKeHHS
CYyCIAHBOTO CTapiioro ado CYCIIHBOTO MOJOMAIIONO YHCJa MOXE BiIOyBaTHUCS
OJIHOYAaCHa 3MiHA mUPp y JEKUIbKOX po3psmaax. Tak, mpu mepexoiai Bia 300pa’keHH
gyuciaa 7 (0111) no 306paxenns uncia 8 (1000) ogHoYacHO 3MIHIOIOTHCS HUGPHU Y BCIX
JOTUPHOX po3psaax. lle Moxke OyTH JpKepeloM 3HAYHUX TIOMHJIOK TIPH  JISSIKUX
crioco0ax KoJlyBaHHS Oe3MepepBHUX MOBIAOMIIEHD y IBINKOBUN KOJI.

OpgnuMm 3 HalnowmupeHimMX 1 ePeKTUBHUX 3aco0iB OOpPOTHOM 3 MOMMIIKOIO
HEOJHO3HAYHOCTI — BUKOPHUCTAHHS CHEIlaIbHUX KOJIB, 10 HOCSITh HA3BY BIIOWUTHUX

(pednexcaux — Big aHrmiiicekoro ciosa reflect- BimOuBaTn). BiaMiHHOIO PHCOIO IHX



KOJIIB € Te, IO CYCiAHI KOAOBI KOMOIHAIIl Pi3HATHCSA MUGPOI TIIBKH B OJHOMY
po3psani. TakuM YMHOM, y IIMX KOJAaX HEMAa€ OJHOYACHOI 3MiHM HUDp Yy AEKUTBKOX
po3psiaax.

MoxHa 1oOy/IyBaTH BEIUKY KIJIbKICTh JBIMKOBUX KOJIIB, Y SKHX JBI CYCIJTHI
KOZOBI KOMOiHamii OyAyTh BIAPI3HATHCS TUIBKM OJHUM CHMBOJIOM. Y Tabn. 2.4

HaBEJICHO KiJIbKa BapiaHTIB TaKUX KOJIIB.

Taomung 2.4
JlecsTkOBE BapiaHTH BiTOUTHX KOJIiB
THCIIO 1 2 3 4 5 6 7
0 000 000 000 | 000 |000 | 000 | 000
1 010 100 100 |(001 |001 |001 | o001
2 011 101 110 | 011 |101 |101 | 101
3 001 001 010 |010 |111 |100 | 100
4 101 011 011 |110 |011 |110 | 110
5 111 111 111 (111 |010 |111 | 111
6 110 110 101 |101 |110 |[O011 | o011
7 100 010 001 |100 |100 |O010 | 010

Haii01is1b111€ mOMMUPEHHs 13 YCiX BIAOMTUX KOIB, 110 BOJOAIIOTH OUIbII MPOCTUMHU
METO/JaMH ¥ CXeMaMHU TEPETBOPEHHSI MOro B MPOCTHM JBIMKOBUN KO, OJEp>KaB KOJI
['pes.

Posrisitnemo ocobnmBocti koay ['pest Ha mpukiani. Y Tabun. 2.5 HaBeneHu# psin
quCcelN, 110 BUPAXKEHI KOMOIHAIISIMU MPOCTOTO JBIMKOBOTO Komay W komy ['pes. [ns
IPOCTOTH PO3MJSAY B3STO 16 OUCKPETHUX 3HAYEHb (BKJIIOYAIOYM HYJb), LUPPOBE
MPE/ICTABJICHHS SIKMX BUMAara€ BChOTO YOTHPU PO3PSAAU JBIMKOBOrOo Komy. Tabm. 2.5
JI03BOJISIE BCTAHOBUTH PSJT XapaKTEPHUX pHC Koay I pes.

1. KoxHa HacTynmHa KOMOIHAIIIS 3aBXKIU BIPI3HAECTHCS Bij] OMEPEIHBOI TUIHKU B
OJTHIM 1MO3HUIIiT (OAHOMY PO3PSIi).

2. 3MiHa 3Ha4Y€Hb EJIEMEHTIB Y KOKHOMY PO3psi/ii MpU Mepexo/ii BiJ KOMOiHaIIi
710 KoMOiHaIi1 BiIOYBa€ThCs BABIY1 PiJIIle, YUM Y TIPOCTOMY KOJII.

[TosscHumo cka3zaHe. Y MPOCTOMY KOJi 3MiHA €JIeMEHTa MepuIoro (MOJIOIIIOTO)

po3psay BinOyBaeThCs 13 uepryBanusam enemenTiB 0-1-0-1 ..., npyroro po3psagy —



Tabmur 2.5

Hecs- IIpo- Kon

TKOBE cTuit I'pes

4HCI0 KOJ
0 0000 0000
1 0001 0001
2 0010 0011
3 0011 0010
4 0100 0110
5 0101 0111
6 0110 0101
7 0111 0100
8 1000 1100
9 1001 1101
10 1010 1111
11 1011 1110
12 1100 1010
13 1101 1011
14 1110 1001
15 1111 1000

13 wepryBannusam 00-11-00-11 ..., Tperboro — 13 yepryBannsm 0000-1111-0000 i
T.4. Y koxi I'pest BIAMOBITHO MAaeMO HACTYITHI YEPryBaHHS €JIEMEHTIB; ISl MEePLIOTO
pospsany 11-00-11 ..., ms apyroro 0000-1111-0000 1 1.1. I{g BIacTUBICTH 103BOJISIE TIPH
TIM K€ MIBUAKOJII CXEMH KOAYBAHHS JIOCATATH OLIbII BUCOKOI TOYHOCTI KOJYBaHHS,
YUM 3 BUKOPUCTAHHSAM MIPOCTOTO KOJTY.

3. Ilpu gonmaBaHHI ABOX CYCIHIX KOMOIHAIIA MO MOJIYJIIO JIBA YKUCJIO OJIMHUIIL
JIOPIBHIOE YKCITY PO3PAIIB MIHYC TPH, TOOTO B HAIIIIM BUMAJIKY MAEMO OJIHY OJIMHMIIIO.
VY 3aragbHOMY BUIMAJKY JUIsl N- 3HAYHOTO KOAY YHCJIO OJIMHUII TIOPiBHIOE N — 3.

s BrmactuBicTh koxy I'pes 1HOAI BUKOPUCTOBYETHCA Il NEPEBIPKU
MPaBUIILHOCTI MPUHHATUX KOMOIHAITIH.

4. YV koni I'pes MoOKHa BUAUIMTH OCi CUMETpii (OCI «BIIOUTTSA»), IIOAO SKHX
CIIOCTEPITa€EThCS 1IEHTUUHICTh €JIEMEHTIB Y JeSKUX po3psiaax. Tak, Mae Miclie CUMETpis
II0JI0 OC1, TTPOBEAEHOT MK duciaMu 7 1 8. Y KOMOIHAIIAX, CHMETPUUHUX IIOAO ITi€i
OCi, IICHTUYHI TpU CUMBOJIM Mosioamux po3psiaiB. [I{omo oceit 1—2, 5—6, 9—10, 11
—12 € cumeTpis B OTHOMY CUMBOJII MOJIOJIIIIOTO PO3PSY, o0 oceit 3—4 1 11 —12 -
y JBOX CHMBOJIaX. Bichk cumeTpii, sika MpPOXOAWTHh B N-3HaYHOMY Kol ['pes Mix
KOMOIHAIlIIMHM, BIJMOBIAHUMHU JIO PIBHIB (YHUCIIaM) 2" 1 2”'1, Ha3UBa€THCS
rojoBHOIO Biccto cumetpii. lllomo Hei € imeHTHYHICTH cuMBOIiB B (n- 1) po3psmax

CUMETPUYHHUX KOJIOBUX KOMOIHAITIH.



[{s 0coOJMBICTH TOCTY)KWJIA TIJACTABOKO JJIA BBEJACHHSA TEPMIHA «B1IOUTHIMA
(pedaexcHuil) Koa.

JI1st IeKoTyBaHHS IIPOCTOTO JABIHKOBOTO KOJIy B KOJ I’ pest MOYKHA KOPUCTYBaTHUCS
HACTYITHUM TIPaBUIIOM:

1) mig ABIAKOBUM YHCIIOM 3alMCATH TaKe K YUCIIO 31 3MIMIEHHSIM BIPABO HA OJHH
po3psia (TIpU IIbOMY MOJIOIIIHME PO3PSL YKCIa, IO 3MIIIYETHCS, BIIKHIAETHC);

2) BUKOHATH TMOPA3PSIHOC OJABAHHS 3MIMICHOTO ¥ HE3MIMEHOTO YHCeN 10
MOYJIIO JBA.

3asganns Ne 2.6.

[epesectn nBitikoBuii kox 11010011 y xox I'pest.

Po3B's130k.

11010011
1101001(1)

----------------- 106710 [11010011]2 = [10111010] rpeq

10111010

3aBnmanns Ne 2.7

Iepesectn kox I'pest 10111010 y mpocTwuii ABIHKOBHIA KOI.

PosB's30k. [lepmia nudpa 3anucyerscs 6e3 3MiH - 1.

Hpyra nudpa nosuHHa Oyt 1, TomMy 110 BianoBiaHa uudpa B koai I'pes 0 1 cnepeny € Tinbku
oaHa oauHHUIA, ToOTO 0 — 1.

Tpers nudpa noBunHa Oytu 0 (1—0).

UYersepra mudpa 1 (1—0, 0—1, Tomy 110 ciepeny AB1 OJTUHMIILI)

[T'ata - 0 (1—0, 0—1, 1—0).

[Iocta - 0 (0—1, 1—0, 0—1, 1-0).

Croma - 1 (1—0, 0—1, 1—0, 0—1).

Bocema - 1 (0—1, 1—0, 0—1, 10, 0—1).

Otpumanuii ABiiikoBuit kox Mae Burisa 11010011,

2.3.5 HepiBaomipHi koau llennona — ®ano it Xadgpmena
[Ipn mepemadi MOBIIOMJICHB, 3aKOJIOBAHWUX JBINKOBHUM PIBHOMIPHUM KOJIOM,
3BHYAfHO HE BPAXOBYIOTh CTAaTUCTHYHY CTPYKTYpYy IEpeAaHuX MOBIIOMIECHb. YcCi

MOBIJIOMJICHHSI HE3aJIe’KHO BiJl IMOBIPHOCTI iX IIOSBH SBJSIOTH COOOI0 KOJOBI



KOMOIHAIlIT OJTHAKOBOI JJOBXKHHHU, TOOTO KUIBKICTh JIBIHKOBUX CUMBOJIIB, 1[0 JJOBOAUTHLCS
Ha OJHE TMOBIJOMJIEHHS, CTpOro mocTiiiHo. 3 Teopemu llleHHOHAa TpO KOAYyBaHHS
NOBIJOMJICHb y KaHajax Oe3 MIyMiB BUIUIMBAE, IO SIKIIO TMepeaada IUCKPETHUX
MOBIJIOMJICHb BEJETHCS MPHU BIACYTHOCTI MEPENIKOA, TO 3aBXKJIM MOKHA 3HAWTH TaKUi
METOJ KOJYBaHHS, MPU SKOMY CEpEIHE YHCIO JBIMKOBHX CHMBOJIB Ha OJHE
MOBIJIOMJIEHHS OyJ/ie K 3aBrOJHO OJM3BKUM IO CHTPOIN JpKEepesia WX MOBIJOMIICHD,
ayie HiKoJM He Moxke OyTu meHmie i. Ha mincTaBi miei TeopemMu MOXKHA MOPYIIyBaTH
MUTaHHS PO MOOYIOBY TaKOr0 HEPIBHOMIPHOTO KOMY, Y SIKOMY IOB1JIOMJICHHSIM, IO
4acTO 3yCTPIYarOThCs, TPUBIACHIOIOTHCA OLIBIT KOPOTKI KOJOBI KOMOiHaIli, a
CHUMBOJIaM, 110 P1AKO 3yCTPI4atOThCs, — OLIBII JOBTI.

TakuMm 4MHOM, OOJIK CTATUCTUYHUX 3aKOHOMIPHOCTEH IMOBITOMIJICHHS JJO3BOJISIE
noOyayBaTu OUIbII E€KOHOMIYHMA KoJ. Metoau mnoOyAOBH TakKUX KOJIB yIEpIle
3anpononyBaiu B 1948-1949 pp. Hezanexno apyr Bin apyra P. ®@ano i K.IllenHos,
TOMY KoJ1 Ha3Baiu kojioM [llennona — ®aHo.

Koxa Illennona — ®aHo OyayeThcsl Tak camo, sK 1 aBiKoBHH Koj (Tadi. 2.1),
TITBKU TIOBIJIOMJICHHSI BIUCYIOTHCS B TaOJUIIO B MOPSAKY YOyBaHHS MMOBIPHOCTEH.
Posnozin Ha rpynu mpoBOUTHCS TAKUM YMHOM, 00 CyMU HMOBIPHOCTEH y KOXKHIN 13

rpyn Oynu O 1o MOKJIMBOCTI OJTHAKOBUMH.

[Tpuxnan 2.8

Sxmo kimbkicTh noBiomaeHb N=6, a iiMoBipHOCTI iX (y mopsaky yOoysanHs) piHi 0,4; 0,2;
0,2; 0,1; 0,05; 0,05, To Ha mepmioMy eTami PO3MOALTY Ha TPYHNH BIJOKPEMHUMO JHIIE TepIie
nosiomieHHs (rpyna I), 3amummumBim y rpyni 11 yei ivmi. Jlani, 1pyre noBijoMiIeHHs CKiIajie nepIry
niarpyny Il rpynu; npyra miarpyna Ti€i % Tpynu, IO CKJIAA€Tbes 3 YOTUPHOX IOBIIOMIIEHb, LIO
3IMIIAIUCS, Oyae ¥ Jaii MOCHIAOBHO IITUTHCS HA YaCTHHI Tak, MO IIopa3 mepina yacThuHa Oyre
CKJIaJIaTHCA 3 OJTHOTO JIUIIE MOB1IOMIICHHS.

OCHOBHMI NPUHIINI, MTOKJIAICHUI B OCHOBY KOJyBaHHS 1o merony lllenHona —
®dano, moJisirae B TOMY, 110 MpH BUOOP1 KOXKHOI HUGPU KOJOBOTO MO3HAYCHHS CIIJ
MparHyTH J0 TOro, o0 KiIbKICTh 1H(OpMAIIii, III0 MICTUTHCS B Hil, OyJI0 HalOIIBIITNM,
TOOTO 100 HE3aJeKHO BiJ 3HA4YEHb YyCiX MomnepeaHix mudp ug uudpa mana aBa

MOJIMBHX Jutst Hel 3Ha4eHHs (0 1 1) 1o MOKIMBOCTI 3 OTHAKOBOIO TMOBIPHICTIO.



3p03yMiNio, KITBKICTh (P Y PI3HUX 3HAYCHHSIX IIPH I[LOMY Pi3HE, TOOTO TAaHUM KO/
€ HepiBHOMIpHUM. [lOBiIOMIIEHHSM, 110 MarOTh OUIBITY WMOBIPHICTH, BIAMOBITAIOTH
KOPOTKI KOAOBI KOMOIiHAIlli, 1110 MarTh MEHIIY WMOBIPHICTh — OLJIBII JOBI1 KOJOBI
komOiHari. CepeaHsi KUIBKICTh CHUMBOJIIB Ha OJIHE TMOBIIOMJICHHS 11 PO3IJISTHYTOTO
koay ctaHoButh 1.0,4 +2+0,2+3.0,2+4.0,1 +5(0,05+0,05)==2,3. Ile 3HaueHHs

HE JYyXKe JlaJieKe BiJl eHTPOIIi:

6
H = Z— p; log p; =—-0,4109g0,4-20,210g0,2—-0,1109g0,1— 2« 0,05l09g0,05 = 2,22
i=1

Y BumagKky BHUKOPHUCTAHHS IIPOCTOrO JABIMKOBOTO KOJY HEOOXIJTHE YHCIIO
CUMBOJIIB CKJIajio 0 3.

[le O6inbm 3pyunuit O6nu3bkuii A0 koxy lllennona — dano kox Xaddmena.
Meton #oro moOGymoBH 3BOJUTHCS 1O HACTymHOTO. [1OBiJIOMJIEHHSI BUNHMCYIOTHCS B
CTOBIICLIb y TOPSAKY YyOyBaHHS HMOBiIpHOCTEeH. JIBa OCTaHHI ITOB1JIOMJICHHS
MMOEAHYOTBCA B OJIHC I[OHOMi)KHC HOBiIIOMJ'IeHHSI, SAKOMY IIPUIIUCYETBCA CyMApHa
HMOBIpHICTh. IMOBIPHOCTI MOBIIOMJIEHb 3HOBY PO3TAIIOBYIOTHCS B MOPSAKY YOyBaHHS
WMOBIPHOCTEH y JI0JIaTKOBOMY CTOBIIIII, @ JIBI OCTaHHI MOeAHYIOThCs. [Iporec TpuBae
JIOTH, TIOKW HE OJEPKUMO €JIMHE MOBIJOMJICHHS 3 IMOBIPHICTIO, PIBHIM OJIMHUIII.

[Tpuxnan 2.9

3pobutu koxyBanHs B koji [llenHona-®ano mectu noBinomieHb (N=6), iMoBipHOCTI kux (y
nopsiaky yoysauus) pisai 0,4; 0,2; 0,2; 0,1; 0,05; 0,05. BuzHauntu cepenHs KiTbKICTh CHUMBOJIB Ha
OJIHE ITOBIJOMJIEHHS.

Po3B's30k. Ha mepmiomy erami po3mnoniny Ha rpyny BU3HAYMMO MEpIIe IMOBiIOMIICHHS (rpyna
I), 3anummBmu rpymi 11 Bei iHmi. {ani apyre noBigoMieHHs ckiaje neputy niarpyny Il rpynu; npyra
HIArpyma Ti€l K TPYNH, IO CKIAJAEThCS 3 UYOTHPHOX IMOBIJIOMIIEHb, IO 3ajMIIMINCA, Oyne ¥ mani

MOCJIIIOBHO JIIJTUTUCS HA YAaCTHUHI TakK, 110 [IOpa3 Mepila YacTUHA Oyje CKIIaJaThCs 3 OJHOTO JIUIIE

noBigomiieHHs. [loOynoBa Koy HaBeeHa B TaOJIHIII.

Ne ImoBipHicTh Kopnosi
IIOB1JOMIICHHS Posnonin Ha rpynu KOMOiHaIil
1 0,4 1 0
2 0,2 } 10
3 02 11 110
4 0,1 I } 1 I } I 1110
5 0,05 11 11110
6 0,05 I I } 1 11111




CepenHsi KUIBKICTh CHMBOJIB Ha OJIHE MOBIIOMJICHHS JJISI PO3IJIAHYTOTO KOJY CTaHOBUTh

1.04+2+0,2+3.0,2+4.0,1 +5(0,05+0,05)==2,3. Lle3HadeHdss HE ayXe JaJIEKE BiJl EHTPOIIi:

6
H= Z— p; log p; =—-0,4109g0,4-20,210g0,2—-0,1109g0,1— 2 ¢ 0,05l090,05 = 2,22
i=1

VY BUIaKy BUKOPUCTAHHS MPOCTOTO JBIHKOBOI'O KOy HEOOX1HE YHCIIO CUMBOJIIB CKJIao 0 3.

[Tpuxnan 2.10

3pobutn koxayBaHHs B koni Xaddmena mectu mosimomiieHb (N=6), iMOBipHOCTI AKHX (Y
nopsaky yoyeanns) pisui 0,4; 0,2; 0,2; 0,1; 0,05; 0,05.

Po3B's30k. [IoBiIOMIIGHHSI BHIUCYIOTHCS B CTOBIICIb y TOPSAKY YOYBaHHS HMOBIPHOCTEH.
JIBa ocTaHHI MOBIAOMIICHHS TIOETHYIOTHCS B OJIHE JIOTIOMIKHE TIOBIJOMJICHHS, SIKOMY TIPUITUCYETHCS
cyMapHa HMOBIpHICTb. IMOBIPHOCTI MOBIZOMIJIEHb 3HOBY DPO3TAIIOBYIOTHCS B TOPSAKY yOyBaHHS
HMOBIpHOCTEH y JI0JIAaTKOBOMY CTOBIIIII, @ JBI OCTaHHI MOEAHYIOThCS. [Ipoliec TpuBa€e 10TH, TOKU HE
0JICPXKUMO €JIMHE MTOB1IOMJICHHS 3 IMOBIPHICTIO, PIBHIN OJIMHUIII.

Y Tabnuii moka3zaHa METOIUKa MMOOYI0BH KOITY.

Ne ImoBipHiCTB JIoTOMi>KHI CTOBITII
[IOBIJIOM 1 2 3 2 5
JICHHS

1 0,4 0,4 0,4 0,4 0,6 1

2 0,2 0,2 0,2 0,4 0,4

3 0,2 0,2 0,2 0,2

4 0,1 0,1 0,2

5 0,05 0,1

6 0,05

o6 ckmactu KOAOBY KOMOIHAIliIO, BIAMOBIOHY [0 MJAaHOTO TMOBIJOMIIEHHS, HEOOXiIHO
MPOCTEKUTU NUIAX TEPEeXOay, MOBIJOMIICHHS MO psaKax 1 CTOBOIIM TaOmuii. i HaoyHOCTI
OyIyeThCsl KOJOBE JEPEBO. [3 TOUYKH, IO BiJNOBiJa€ WMOBIPHOCTI 1, HAMpaBISIOTHCA JIBI TUIKH,
IPUYOMY T1JIKaM 3 OUIBIIOI0 MMOBIPHICTIO MPUBIACHIOEThCS CUMBOI 1, 3 MeHIIol — 0.

Take MOCHIIOBHE pPO3TalyXEHHS MPOJIOBXKYEMO JOTH, TMOKH HE MAIHAEMO 0

HMOBIPHOCTI KO>XHOTO moBiomieHHs. KomoBe nepeBo st Tabnuili HaBeAeHe Ha puc. 1.

Puc. 2.1 Konose nepeso koxy Xaddmena



Tenep, pyxawouuch MO KOJOBIM JepeBY 3BepXy BHHU3, MOXHA 3alucaTd s KOXHOI'O

MOBIJIOMJICHHSI ~ BIJTIOBIIHY HOMY KOJIOBY KOMOIHAIIIO:

1-0 4-1101
2-10 5-1001
3-111 6 - 11000

2.4 HapymikoBi Koiu

OnHiero 3 HAWOUIBII BaXKJIMBUX BHUMOT JI0 CHUCTEM Iiepenadi iHdopmarlii, €
3a0e3MeYeHHs BUCOKOI BIPOT1AHOCTI MPUWHATUX TTOBITOMJICHb.

MOXIIMBICTh BHKOPWUCTAHHS KOMYBAaHHS JUIsI 3MCHIICHHS YHCIA TIOMHJIOK ¥
kaHaim Oyma TeopermyHo mnokazana K. Illennonom B 1948 pomi B #oro po6orti
"MaremaTuyHa Teopis 3B'I3KY". VY Hiif Oyno 3poOjeHe TBEPIKEHHS, IO AKUO
WBUOKICMb CMBOPEHHSL 0JCePenoM NOo8I0OMIEeHb (NPOOYKMUBHICMb Odcepena) He
nepegepuilye 0esaKoi GelUdUHU, HA3UBAHOIO NPONYCKHOIO 30AMHICMI0 KAHALY, Mo Npu
8I0N0GIOHIM KOOYBAHHI Ui OeKOOYBAHHI MOMCHA 38eCmU UMOBIPHICMb NOMUNIOK ) KAHAI
00 My,

IMOBIpHICTh HEMPaBUIBLHOIO MOBIJOMIIEHHS B JAHUX CUCTEMAax, K MPaBUIIO, HE
nosuHHa mepesuiyBatn P = 10°+10° y Toif wac sk iMOBIPHICTH MOMHIIKOBOTO
NpUIMaHHS OJUHUYHOTO €JIEMEHTa B Cy4YacHUX JUCKPETHUX KaHajlax piako OyBae
mermre p, = 10°+10™. ToMy 1 migBHIIEHHS BipOTiZHOCTI IPHAHATHX MOBIZOMICHD
3BUYAMHO 3aCTOCOBYIOTH CICIIAJIbHI 3aXOAH, W0 3HUXKYIOTh IMOBIPHICTH TIOSIBH
MOMMJIOK IO JIESIKOTO TIPUITYCTUMOTO PIBHS.

HannumikoBi koau — ofHE 3 HallOUIbII e(PEeKTUBHUX 3ac00iB 3a0e3medyeHHs
BHUCOKOi  BIPOTIAHOCTI MNPUMHSATTS TEpelaHux MoBiomiieHb. [lpu  moOymoBi
HAJIJTMIITKOBOTO KOAy i mepeaadi iHdopMalii BUKOPUCTOBYETHCS JIMINE YacTHHA
KOJIOBUX KOMO1HaIi# (J103BOJIeH1 KOMOIHAIII{), 1110 BIAPI3HSAIOTHCS APYT B Ipyra OB
HIK B OJIHOMY po3psiai. Yci iHIn KoMmOiHAIii HE BUKOPUCTOBYIOTHCS M HAJIEkKATh JO
3abopoHeHux. lle 3HauuTh, MO0 3 # CUMBOJIB KOJOBOI KOMOIHAIli [Jis1 mepenayi

inpopmanii BukopuctoByerbesi K cumpomis. Otke, i3 3aranpHoro umciaa N=2"



MOXJIMBUX KOJOBUX KOMOIHAIlIM sl mepenadl iHQopMallii BUKOPHUCTOBYETHCS TUTbKU
N|[,=2k JI03BOJIEHUX KOMOiHawi. BigmoBigHo no nporo Bcsa 0e3miu N=2" MoximuBux
KOJIOBUX KOMOIHAIIM JUIMTHCS HA JIBI TpyNu. Y TMEpuly rpymy BXOAUTH Oe3iiu Np=2k
J03BOJIEHMX KoMOiHamiii. Jpyra rpynma mictuTh y cob6i 6esmiu (N — Np)=2" - 2k
3a00opoHeHNX KoMOiHamii. HeBaxkko OauuTH, 10 NMPU BUKOPHUCTAHHI HAJJTUIIKOBHX
KOJIIB TIOMHUJIKa B OJIHOMY PO3ps/i NMPUBOJAUTH JIO0 3aMiHU JIO3BOJICHOI KOMOiHaIlil Ha
3a0opoHeny. [Ipu JO0CUTh BenHKii BIAMIHHOCTI JO3BOJIEHUX KOMOIHAIIH ApYT Bif Apyra
MO>KHA BUSIBUTU JIBOPA30BY, TPUKPATHY 1 T.JI. TOMHWJIKH, OCKUIBKA BOHU MPUBEAYTH JO
YTBOPEHHS 3a00pOHEHUX KOMOIHAIIlM, a mepexia OfHI€T J03BOJICHOT KOMOIHAIIIl B 1HIITY
B110yBa€ThCS M1 A1€I0 MOMHUIIOK 3 BUCOKOIO KPATHICTIO.

CnotBopenHs iH(opMallii B mpolieci nepeaadi 3BOAUTLCS 10 TOTO, IO JesAKi 3
nepeaHiX CHMBOJIB 3aMIiHSIOThCS HeBipHUMH. OCKITbKH KOXEH 3 2 J103BOJIEHHX
KOMOIHalIi y pe3yapTaTi Ail NepemKo] MIr TpaHchopmyBaTucs y Oyab-sKi 1HIII,
Bcboro Oyme NpN = 2% ¢ 2" MOXKIMBHX BHIAJKIB nepeaadi (Mai.), M0 BKJIOYae y cede
Np=2k BHITAJIKIB OC3MOMMIIKOBOI Iepenay (Mall., CYIUIbHI JIiHiT); Np(Np—1)=2k(2k'1)
BUIIAJIKIB TIEPEXOIB Yy 1HII JI03BOJIEH KOMOIHAIlli, IO BIAMOBIJA€ MOMUIIKAM, IO HE
BUABIAIOTBCS - MyHKTHpHI JiHIT); Np(N- Np) = 22" - 2Y BumaakiB mepexomy B

3a00pOoHEeH1 KOMOIHaIIi, K1 MOXKYTh OyTH BUSIBJIEH] (MaJl., IITPUXITYHKTUPHI JIiHIT).

Prme, 14. Boamoxuple Tparchopymanua pas
PEIOeRHEK KOAOBHX KOMOHualui.

OTxe, He BCl CIOTBOPEHHS MOXYTb OyTH BuUsiBIEHI. YacTka MOMHIKOBHX
KOMOIHAIIIH, 1110 BUSBJISIOTHCS:

N,(N-N)) N ok
N,N N 2"



Jlnsi BUKOpPUCTaHHS JAHOTO KOAY B SIKOCTI KOXy, IO BHUIIpaBIsie, Oe3miy
3a00pOHEHUX KOJOBHMX KOMOIHalill po30uBaerbess Ha N, MIAMHOXKHH M, IO He
MIePECIKAIOThCHI.

Koxne 3 M IMHOKUH CTaBUTHCH y BIIIIOBIIHICTH OJTHI€T 3
J03BOJICHUX KOMOiHamii. SIkmio mpuifHsaTa 3a00pOoHEHa KOMOIHALIS  HAJEXKHTh
niaMHOXUHI Mi, BBaxkaeThes, 1110 riepeaana koMOinaris Al (Ma.)

[Tomunka Oyjae BUTIpaBiIeHA B TUX BUIAJKAX, KOJIM OTpUMaHa KOMOIHAIlS TIHCHO
yTBOpIoBajnacs 3 komOiHamii A;. Takum unHOM, oMuika BunpasiasieTbess B (N — Np)
BUMaKaX. YacTka MOMUIKOBUX KOMOIHAIIIH, 1110 BUMIPABISIOTHCS

N-N, _ 1
N,AIN-N,) N,

Bbynp-skuit kon npu BukoHaHHI yMOBH Np<N Mo’ke 3acTOCOBYBATHCSl B SIKOCTI
Koay, 1o Bumpasisie. Crioci0 po30MBKM Ha TMIJIMHOKUHM 3aJICKHUTh BIJ] TOTO, SIKi
MTOMUJIKY TIOBUHHI BUTIPABIIATUCS JAHUM KOJIOM.

binbmiicte  po3poOSieHUX KOJIB TpHU3HAYEHE JUIsi KOPEKTYBaHHS B3a€EMHO
HEe3aJIe)KHUX MOMIJIOK MIEBHOI KPAaTHOCTI i Ma4oK (TIaKeTiB) MOMUJIOK.

K. Hlennon cdopmyntoBaB Teopemy Jid BHUIMAIAKY IMepeaadi JAUCKPETHOI
1H(dopMaIlii Mo KaHany 3 MEPeNIKoJaMy CTBEPIDKYIOUY, 110 WMOBIPHICTH TOMUIIKOBOTO
JEKOJyBaHHSl TMPHUIHATUX CHUTHANIB MOXe OyTu 3abe3nedyeHa SK 3aBrOJIHO Majoro
[UIIXOM BHOOPY BIMOBIIHOTO COCO0Y KOayBaHHs curHaiB. Y Teopemi [lleHHOHa He
TOBOPUTKCS PO T€, SIK MOTPIOHO OyyBaTH 3aBafoCTiiKl Kogu. OHAK y Hil BKa3yeTbCs
Ha MPUHLMIIOBY MOXJIMBICTh KOAYBAaHHS, MPHU SIKOMYy MoOxe OyTh 3abe3nedeHa sk
3aBTOJTHO BHCOKa BIpHICTH nepeadi. Lle cTano ctumynom 10 po3poOKH 3aBaOCTIMKUX
KOJIIB.

3aBaJIOCTIMKICTD KOJyBaHHS 3a0€3MEUy€eThCS 3a PAXyHOK BBEACHHS HAJAMIPHOCTI
B KOJOBI KoMOiHaIlii, TOOTO 3a paxyHOK TOro, IO HE BCI B KOJOBI KOMOiHaIlii
BUKOPUCTOBYIOTHCS JIJISI iepeaadl  iH(popmarii.

VYci 3aBafioCTiiKl KO MOKHA PO3JUIMTH HA JIBA OCHOBHI KJIACH: 0JI0KOBI Ui

besnepepeni  (PEKypeHTH1 a00 JIAHITIOTOBI).



VY 6nokosux xomgax KOXXHOMY TMOBIJOMJICHHIO (200 eJIeMEHTY IOBIIOMIICHHS)
31CTaBISIEThCS KOJIOBAa KOMOiHaIlis (OJI0OK) 3 TMEBHOIO KITBKICTIO CHTHAIB. bioku
KOJYIOThCSl M IGKOAYIOTHCSI OKPEMO JPYT BiJ ApyTa.

b110KOB1 KO MOXKYTh OyTH pieHOMIpHUMU, KOTU JIOBKUHA KOJIOBUX KOMOIHAIIIM
N mocTiitHa, a60 HepigHoMipHuMuU, KOJIU N 3MiHHA. HepiBHOMIpHI 3aBa0CTIMKI KOJIU HE
oJlepKaJId  MPAKTUYHOTO 3aCTOCYBAHHS Uepe3 CKIAIHICTh iX TeXHIYHOI peainizamii. ¥
Oe3mepepBHUX KOJaX BBEICHHS HAAMIPHOCTI B  TOCHIJOBHICTh BXIJHMX CHMBOJIB
3IMCHIOETHCS O3 po30MBKH ii Ha okpeMi O10ku. [Iporiecu koryBaHHS 1 JEKOIyBaHHS B
Oe3nepepBHUX KOJIaX MAalOTh TaKOXK Oe3nepepBHUI XapakTep.

Sk OnokoBi, Tak 1 Oe3mepepBHI KOAM 3aJEKHO BIiJ METOJIB BHECECHHS
HAJMIPHOCTI MiIPO3AUISIIOTECS Ha PO30LIbHI 1l HEPO3OLIbHI.

VY poszdinbHux KOgax YITKO PO3MEKOBAHA pOJIb OKpPEMUX CHUMBOJIB. OpaHl
CUMBOJIM € 1H(QOpPMALITHUMU, 1HIII - MEPEBIPOYHUMHU W CIY>KaThb JJIA BUSBICHHS WU
BUIPABJICHHS MTOMUJIOK. Po3/1iyIbHI 0JI0KOB1 KOJM HA3WBAIOTHCS 3BHYANHO 71, k-Kodamu,
Ie N — JOBXWHA KOAOBHX KOMOiHamii, K — umcio iHpopMaIiiHUX CHMBOJIB Yy
KOMOIHAIIISIX.

Hepozoinbni xonu He MarloTh YITKOTO TOMITY KOJOBOi KOMOiHaIii Ha
1H(pOopMaIliiiHl ¥ nepeBipoYH1 CUMBOJIH.

Po3ninpHi ONMOKOBI KOAM AUISATHCS, y CBOIO 4Yepry, Ha HecucmemamuyHi i
CUCMeMaAMmuyYHi.

Hecucmemamuuni po3ninbHi Koau OyAyIOThCS TaKMM YHHOM, IO MEPEBIPOUHI
CMMBOJIM BHU3HAYaIOThCS SK Cyma MiI0JIOKIB JOBXHMHM |, Ha sKi MOAIIAETHCS OJIOK
1H(pOpMaIITHUX CUMBOJIIB.

binbmicTe BIIOMUX PO3AUIBHUX KOJIB CTAHOBIISITH cucmemamuyui KOau. Y 1ux
KOJIB TEPEeBIPOYHI CHUMBOJIM BHU3HAYAIOTHCS B PE3yJbTaTi NPOBEICHHSA JIHIHHUX
oreparliii HaJ MeBHUMHU 1HPOpMAIIHHUMHU CUMBOJIaMU. [ BUMaaKy ABIMKOBUX KOJIIB
KOXXHUH MEePEBIPOYHUI CUMBOJI BUOMPAETHCS TaKUM, II00 MOT0 CyMa 1o MOYIIIO JIBa 3
NEBHUMH 1HPOPMaLIMHUMHU CUMBOJIaMH CTajla PIBHOIO HYNIO. JleKoIyBaHHS 3BOJUTHCS

JI0 TIEPEBIPKM HA TMAPHICTh MEBHUX TPYN CHUMBOJIB. Y PE3yNbTaTi TaKUX MEPEBIPOK



JaeTbes 1HGOpMaLIis TPO HASBHICTh MMOMUJIOK, a K0 Oyae morpeda — mpo MO3UILI0
CHMBOIJIIB, JI€ € TIOMHJIKH.

2.4.1 3B'130K KOPUTYBAJIBHOI 3IaTHOCT1 KOAY 3 KOJAOBOIO BIJICTAaHHIO

JI1s1 OLIIHKM CTYIEHS BIAMIHHOCTI MK JOBIJIBHUMH KOMOIHAIISIMU JaHOTO KOy
BUKOPHCTOBYETHCS TIOHATTS MIiHIMAIBHOI KOJIOBOI BijicTaHl Umi,. [ BHSBIICHHS BCiX
MTOMUJIOK KpAaTHOCTI J10 t, 115 BiJICTaHb ITOBUHHA 33/I0BOJILHATH HACTYITHIN YMOBI:

dmin > 1+ 1

Tomy HEMOKJIMBO BUSBUTU ITOMUJIKH KPATHICTIO, PIBHOI 71.

st BUIPABJICHHS TIOMIJIOK  KpaTHOCTI t, KOJaoBa BiJCTaHb TIOBHWHHA
3a/I0BOJIBHSITH YMOBI

diin > 2¢,+1.

IIpu upomy Bcs Oe3nmiu KOJOBUX 3a00pOHEHHX KOMOIHaMiM po3OuBaeThest HA N
HEIMEPECIYHUX IMIJIMHOXKHUH, KOXXHE 3 SKUX CTaBUTbCA Yy BIANOBIJHICTh OJHIET 3
no3BosieHNX komOiHamiil. [lpu oxepskanHi 3a00poHEHOI KOMOIHAINT, IO HAJNEKUTH 1-
M1JIMHOKHHI, YXBAJTIOETHCS PO3B'SI30K PO TeE, 110 MepeaBaiacs 103BoJIeHa KOMOIHAIs
Vi. Cnoci0 po30HMBKM Ha MiAMHOKHHH 3aJIEKUTh BiJ TOTO, SIKI ITOMHJIKH IIOBHHHI
BUIIPABJIATUCS TAHUM KOJIOM.

JIyist BUTIpaBIEHHS BCiX TMOMMJIOK KPaTHOCTI 10O 1, i OJHOYACHOTO BWSIBJICHHS
BCIX TOMWIOK KpaTtHocTi He Oumbm t, ( mpu t, > f,) KomoBa BiACTaHb MOBHHHA
3aJI0BOJIBHSITH YMOBI

dminZ t0+te+ 1

[Tpu oMy MOTPiIOHO MaTH Ha yBa3i, 1110, SKIIO BUSBIEHA KOJOM IOMHUJIKA Ma€
KpPAaTHICTh ty > 1, Taka MOMMIIKA BUMPABICHO OyTH HE MOXKE, TOOTO B I[bOMY BHUIAIKY
KOJI TUTHbKY BUSIBJISIE TIOMUJIKY .

Inest moOyn0BU KOy 3 JIaHOK KOPUTYBAJIBHOIO 3/IaTHICTIO TMOJISITA€ Y BHECEHHI 1
Horo Takoi HaAMIPHOCTI, sika 3a0e3medwna O BiACTaHb MK OYIb-IKUMH KOJOBUMU
KOMOIHAI[IIMH JTAaHOTO KOAY He MeHIl Onin ICHye psim BepXHIX 1 HIDKHIX OIIIHOK

(rpaHuup):



dmin -1

. 2,
1 ) rpannng Xemminra: r>log,(l+ >.C!)
i=1

_ r>2d -2 —log,d
2) rpanun [1noTkina:

r>log,C, —log,d

3) rpanuns Enaiieca: ~
m=0,5n(1— Jl—@

min -1

d
r>log,(1+ >_.C,)
4) rpanunst BapmamoBa — 'unbOepra: i1

ExcriepMeHTaIbHO BCTAaHOBIIEHO, 1110 HalOIbIIe OJU3bK1 3HAUEHHS J]a€ TPaHuLs
BapmamoBa — ['buibOepTa. Y c1 HaBeeHi TpaHulll 103BOJISIOTh 3pOOUTH BUCHOBOK, 11O
IIpU BUKOHAHHI OJIHIET 3 YMOB € MOXJIMBICTb MOOYAYBAaTH KO 3 IaHUMHU ITapaMeTPaMH.

Hns komiB 3 dpjpn = 3 oTpuMaHe TOYHE CIIBBIHONIEHHS MIX YHCJIOM

NEPEBIPOYHUX CUMBOJIIB I' 1 IOBXKHHOIO KoMy 1. 7 > log,(N+1)

[Mpuknan 2.11

Bu3HaunTH 4YacTKy MOMHJIOK KOJy, KOXXHa KOMOIHAIlisl SKOTO MiCTUTh OJHMH HAJUIHIIKOBHN
cumBoi N = (K + 1). 3aranbHe YHCIIO MOKJIMBUX KOJOBHX KOMOIHAI[iif CTAHOBHUTH 241 = 2Kx 2%, To6To
BJB14l OLIBIIIE 3arajJbHOr0 YHCIIA JO3BOJIEHNX KOMOIHALIIHN.

okt = ok y ol BIBiUl

Po3B's130k. 3aranbHe 4UCI0 MOMXIMBHUX KOJIOBUX KOMOIHAIIH CTAaHOBUTh
OlsIb1IIe 3arajIbHOTO YMCIIa JJO3BOJIEHUX KOMOIHAIIH.

3a MIAMHOXHMHY [JO3BOJEHMX KOJOBMX KOMOIHAIlif MOXXHAa NOPUHHATH MIIMHOXHHY 2k
KOMOIHAIi}, 10 MICTATh MapHY KUIBKICTh OAUHUIIb (200 HYJIIB).

[Ipu xomyBaHHI 0 KOXHOI MOCIiOBHOCTI 3 K iH(opMamiiHUX CHMBOIIB JOMAETHCS OJMH
cumBoi (0 abo 1) Takuif, 1100 YMCIO OJUHMIL Y KOJOBiM KoMOiHawii Oyno mapHuM. CrOTBOpEHHS
OyAb-KOr0 HENapHOro YHCJIa CHUMBOJIIB IEPEBOJAMTH JI03BOJIEHY KOMOIHALII0 B MIIMHOXHHY

3a00pOHEHNX KOMOIHALIH, 1110 BUSBISAETHCS Ha MPUHOMHIN CTOPOHI MO HEMapHOCTI YHMCa OJUHMIb.

YacTKa MOMUIIOK, 1O BHSBISIOTECS, cTaHoBuTh 1 - 2/(2€Y) = 0,5,

2.4.2 TloOynoBa cucTeMaTUYHUX KOIB
VY Teopii KoyBaHHS MTUPOKO BUKOPUCTOBYETHCS MAaTPUUHA 300paKCHHS KOJIIB.

VYci n03BOJIEHI KOMOBI KOMOIHAIIT CHUCTEMAaTHYHOTO (7, K) - KOIy MOJKHA



OJIep)KaTh Mar4u BUXIJHI J03BOJIEHI KOJIOBI KomOiHallii. BuxigHi kogoB1 KoMOIHaIi1
MTOBUHHI 32JI0BOJIHHATH HACTYITHAM YMOBAaM:
1. V¥V ymucno BuXiiHUX KOMOIHAII HE MOBMHHA BXOJUTH HYJIHOBA.

2. Komosa BijcTaHb Mik OyIb-IKUMH MMapaMHu BUX1THUX KOMOIHAIIH HE TIOBUHHE
Oyt MeHie dpip.

3. KoskHa BuxigHa KOMOIHAIA, SK 1 Oy/1b-sKa HEHYJIbOBA JI03BOJICHA KOMOIHAITi,
[IOBUHHA MICTUTH KIJIBKICTh OJUHHULL HE MEHIIIE Ui

4. Yci BuxigHi KoMOiHAaIlll TOBUHHI OYTH JIIHIMHO HE3aJIeXH1, TOOTO JKOJHA 3 HUX
HE MOK€ OyTH OTpUMaHa IUIIXOM CYMYBaHHS 1HILIHX.

BuxinHi koMOiHamii MOXyTh OyTH OTPHUMaHi 3 MaTpHIl, IO CKiIagaeTbes 3 K
PSAIKIB 1 77 CTOBIIIIIB:

Ay Gy s aw b“ bl’: e b[p
(Ln aﬁz oy a2k bﬁl bgg sae bgo

Pllk= n‘-n-oo-c--.no-o'-.

L S T T TR T T S S T SR S ST S

D I L T T S R S B R T S N R S S B

g Qe oo Qi bkl bkz v bk‘)

Tyt cumBomu nepmux K cropmmiB € iHGopMaIitHUMU, OCTaHHI P CTOBIIIIB —
NePEeBIPOYHUMU.
Martputto P, x Ha3UBatOTh BUPOOJISIOUOIO.

Bupob6ustoua matpuug P, x Moxke OyTH npeAcTaBieHa ABOMa MiIMATPULISIMH

@y UQpa ik by, b2 bip
(759 Qos ... Q2x b.‘!l baz . bqo
Pop=1| === jl = ,
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— 1adopmaniiioro U,1 mepesipoynoro H,:



Jlns moOy10BU BUPOOJISAIOU0i MAaTpHUIll 3pyUHO 1HPOpMAIlIiHY MaTpUIll0 Opatu y
BUTJISIA KBaJIpaTHOI OAMHUYHOI MAaTPHITL

ITpn npomMy nepepipoyHa migmarpuus H, moBuHHa OyayBaTucs 3 NOTPHUMAaHHIM
HACTYITHUX YMOB:

1. KibKiCTh OJTUHHMIIb Y PSAKY TOBUHHA OyTH HEe MeHIne dmi, — 1.

2. Cyma 1o MOAym0 JiBa JBOX  OyIb-SKUX PAJIKIB TIOBUHHA MICTUTH
He MeHIe i, — 2 OOUHHULIb.

[lepeBipouHi CUMBOJIM YTBOPIOIOTHCS 3a paxyHOK JIHIMHHMX oOlepaiii Haj
iH(opMaIiiHuMU  cuMBOJamMu. [l KOXKHOI KOJIOBOI KOMOIHAIli MOBUHHE OyTH
CKJIQJICHE p HE3AJIeKHUX CyM MO MOJYJi0 ABa. Bubip iHpopMamiiiHUX CUMBOJIIB, IO
OpaB y4acTh y (opMyBaHHI TOro a00 1HIIOTO TMEPEBIPOYHOTO CHMBOITY, 3aJICKHUTh Bl
crocoOy JEeKOTyBaHHS KOIY.

JlocuTh 3py4HO NEPEBIPOYHI CyMH CTAaHOBUTH 3a JIOIIOMOTOKO II€PEeBIPOYHOT
matpuui H, wo OyayeTbest B Takuit croci6. CrouaTky Oyayersest miamaTpuust H', wo €

TPaHCIIOHOBaHO1 CTOCOBHO MIAMATPHI

........

........

[ToTiM 10 HET mpaBOpPYY MPUIMUCYETHCS OJAUHUYHA MATPUILIS

by by o..bg 1 0 0,..0 0
byg by eov iz 01 0...0 0

ANTOPUTM BU3HAYECHHS TIEPEBIPOYHUX CHUMBONIB TI0 1HGOpMaIiiiHUX 3a



JIOTIOMOTOF0 MaTpuili HacTymHuW. [lo3miii, 3aifHATI ONMHUIKIMU B TIEPIIOMY DPSAKY
migmatpuni A, BU3HAYa0Th iHMOpMAIiiHI PO3psAM, SKi MOBUHHI OpaTH yd4acTh y
dbopMyBaHHI MEPIIOTO MEPEBIPOUYHOTO PO3psAy Ko0BOI KomOiHalii. [lo3uliii oquHHUITH
y ApYroMy psaKy migMarTpuumi F BHU3Ha4YaroTh iH(oOpMauiiHi pospsam, mo Opatu

y4acTh y (OpMyBaHHI IPYroro nepeBipovHOro po3psLy 1 T.J.
[Mpuknanx 2.12

Hexait, nanpuxnana, marpuus kony (7.4) Mae BUTIISIA!

1 0 6 60 0 1 1
p. |0 1L OO0 1 01
Tlo 01 011 0
0 0 0 1 1 1 1
0o 1 1
. |10 1
fo=1y 1 o
It 1
[TepeBipoyHa Imi1 MaTpHUIIA:
TpancrnonoBana miMaTpuus cTcoBHo H
0 1 1 1
H=11 0 1 1
1 1 0 1

[Tpunucyroun npaBopy4 OAMHUYHY MAaTPUIIO, OAEP>KUMO NEPEBIPOYHY MATPHILIIO

¢ 1 1 11 0 O
H=11 0 t 1 0 1 O
1 1 0 1 0 0 1
KomoBi xoMOiHaIlii mMOBUHHI MicTUTH p = n — K = 7 - 4 = 3 mepeBipodYHUX CHUMBOIIIB.

. 1 . . . .
HII[ManI/IHﬂ H yKa3y€ Ha T€, 110 HepeBlquHl CHUMBOJIN ITIOBHUHH1 BU3HAYAaTUCS plBHOCTﬂMH
by = a, + ay -+ ay
by = @y + ay -+ ay;
b3 = GJ + ag 'i" .

Tonmi nnst MOBIMOMIJICHHS, IO TPEACTABISAETHCS, HANMPHUKIA], KOAOBOW KomoOiHariero 0011,
nepeBipoOYHi CUMBOJIH OyIyTh
by =0+141=0
by=04+1+41=0;
[ b=0-404+1=1

Orxe, moBHa kojoBa komOiHamisi Oyme martu 0011001.
[lepeBipouna Matpuit H gyxe 3pydHa Jisi BHU3HAYCHHS MICII TOMWIKH B

KOJIOB1M KOMOI1HAIIl1, a, OT)KEe, BUMPABJICHHS MOMUJIOK. [lepeBipka KOJ0BUX KOMOIHAIIN



IpU 1IbOMY BHKOHYETHCSA ILIAXOM ITJICYMOBYBaHHS MO MOJIYJIIO JIBa NEPEBIpOYHI
CHUMBOJIIB KOJIOBUX KOMOIHAIIH 1 epeBIPOYHUX CUMBOIIIB, OOUHCIECHUX O MPUWHATUM
iH(popMaIiiHuM. Y pe3yabpTaTi OyJe OTpMMaHa CYKYIHICTh KOHTPOJBHUX PIBHOCTEH,
KOJXHC 3 SAKHUX IPCACTABIIIE€ CYMY II0 MOAYJIIO IBAd OJHOI'O 3 KOHTPOJIbHUX CHMBOJIIB 1
NEBHOT KITBKOCTI 1H()OPMAaLIIHHUX.

Ckya7 KOHTPOJBHHUX PIBHOCTEH JIErKO BU3HAYAETHCA 3 MEPEeBIpOYHOI MaTpuill H.
Jlo ckmamy mepiroi KOHTPOJILHOI PIBHOCTI MOBHHHI BXOJAWTH CHMBOJIH, TTO3HUIIIT SIKUX
3aMHATI OJUMHHUIIIMU B TepIioMy psjaky matpuii H. Jlo cknamgy Japyroi KOHTPOJBHOI
PIBHOCTI IOBHHHI BXOJUTH CHMBOJIM, TO3HUINI SIKUX 3alHATI OJUHHIIMU B APYrOMY
psaaky matpuii H, 1 T.1.

[Mpuknanx 2.13

Tak, 11 po3rIITHYTOTO paHile NpuKiIagy 3 Koaom (7,4) i piBHOCTI OyIyTh MaTH BUTJISA]

S1 =01+ ay -l ay - ay
S, =b,+ a0, +a;+ ag
S, = by + a, + a, + a,.

VY pe3ynbTaTi p TaKuX MEPeBipoK Oyne OTPUMAHO O - PO3PSAIHE ABIKHKOBE UUCIO (CHHAPOM),
sake Oyje JOPIBHIOE HYJIO TMPH BIJICYTHOCTI MOMHJIOK 1 BIAMIHHO BiJl HYJSI Y BHMAJKy HasBHOCTI
HOMMJIOK.

SIKIIo Ko MpU3HAYCHUH [Tl BUMIPABIICHHS TIOMHJIOK, TO TOBHHHE OYTH 3a3/aJieriib BU3HAUCHA
BIAMOBIIHICTH Mi’K BHJIOM CHHAPOMY i BUZOM ITOMUJIKH, 1[0 BUIIPABISETHCS.

Hexait y posrnsinyTomy npukiai 3 kogaom (7,4) BigOynacs mOMIWIKAa B TEPIIOMY PO3ps/Il
KOZOBOi KOMOIHamii (mepekpyueHud CcuMBOI ai). Tozdl mepeBipouHi oneparii JaayTh HACTYIHUN
pe3ybTaT:

S=0; S,=1; Sg =0.

TakuM 4yuHOM, NpU MOMWILI B MEPHIOMY pPO3psAAl KOJOBOI KOMOiHamii Oyne oTpuMaHuit
cugapom 010. YV Bunajaky NOMUIKU B APyromy po3psai 0yae orpumanuit curapom 101 1 T.4.

Sxmo Ui BUNpABIEHHS OJHOKPATHUX TIOMIJIOK y KOJOBUX KOMOIHAITISX
OJIEp)KAaTH CHHAPOMHU JOCHUTH IIPOCTO, TO JJIS BUIIPABICHHS JIBOPAa30BUX, TPHUKPATHUX 1
T.J. IOMHJIOK, & TaKOX JUIsI BUIIPABJICHHS MaYOK MMOMHUIIOK TIOOYI0Ba CHHIPOMIB JJOCHTh

BaKKO M y IUX BUIAJKAX MPUOIraroTh 3BU4aiiHo 10 ponomoru EOM.



2.5 Konu nepenayi

2.5.1 Oynkuii KOAiB epeaayi.

CepenoBullie TMONIMPEHHS W amapaTypa Iepenayl Hakjajgae OOMEXEeHHS Ha
BJIACTUBOCTI CHUTHAJIB, IO HAIXOIATh Y JIHIMHUN TpakT,. SIK mpaBuio, IKepeso
1u(POBOTO MOBITOMIICHHS 3a0e31edye BUKOHAHHS OOMEXKYIOUHWX BHMOT, 1, OT)KE, MIXK
JKEpEJIOM 1 JIIHIHHUM TPakTOM HEOOX1JHO TOMICTUTH ACSKHUM IEepEeTBOPIOBAY KOY.
Lle#t mepeTBOpIOBaY MOKHA PO3TJIISAATH SIK CIICHU(DIYHUIN Y30 KYyBaIbHUN IPUCTPIi.

VY nporeci y3ropkeHHsl BUSBISIIOTHCS OCHOBHI BJIACTHBOCTI, $IKI IOBUHEH MaTH
KoJ nepenayi. JIo 1ux BIacTUBOCTEN BIIHOCSATHCA:

1) He3anexKHICTh BiJ JXKepelia MOB1IOMIICHHS,

2) OHO3HAYHICTH JIEKO1yBaHHS

3) eeKTUBHICTb,

4) MOXJIMBICTH BUIIPABJIEHHS a00 BHUSIBICHHS TOMUIIOK,

5) onTUMaNIbHUM €HEPTEeTUYHUNA CIIEKTP,

6) HasBHICTh XPOHYIOUOI1 1H(OpMaIli,

7) HasgBHICTH 1H(MOpPMAIIil TPO PIBEHb CUTHAIY,

8) HasBHICTH 1H(OpMAIIii 1715 3/1IHCHEHHS 0JIOKOBOI CHHXPOHI3aIlii,

9) Manuii koeQiLIEHT PO3MHOXKEHHS TOMUJIOK.

1) cMmyry 4acTor.

2.5 21IpyuHIAM KOTyBaHHS.

Y cBoili ocHOBI HHU(POBE TMOBIIOMJICHHS SBIs€ COOOI BIOPSIKOBAHY
MOCJIIIOBHICTh CUMBOJIIB (3BHMYAHO y JABIWKOBIM (opmi), 1m0 GOPMYIOTHCS HKEPEIOM
MOB1JIOMJIEHHS a00 Kodepom ddicepena.

[ToBimOMICHHS TEPETBOPUTHCS B  CIEKTPUYHUNA CUTHAJI 3a JOMOMOTOIO
KaHanvHoeo kooepa. llpu 1bOMy KoOJE€p BCTaHOBJIOE OJHO3HAYHY BIiJIMOBIAHICTS,
Ha3BaHE KOJOM, MDK €JIeMEHTaMW CHUTHaJly Ha HOro BXoAl W BUXOJl (KOJIOBUMHU
CHMBOJIAMH).

Konep Bubupae pizHi CuMBOJIU 3 anghagimy, wjo MICTUTh M >2 pi3HUX CUMBOJIB, 1

"Bumae" CUMBOJIM 31 HIBAIAKICTIO [.



OOmexeHa cMyra MpOIMyUIEHHS! KaHaly 3B'SI3KH, MEPEIIKOAU B HbOMY, MOXJIMBA
0araTtoy4eBiCTh, a TAaKOXX 3aBMHUpPAHHS HAKJIAIalOTh OOMEXKEHHS Ha MaKCUMAaJbHY
IIBUJIKICTB Tiepeayl iHpopmariii.

[Ipu nepedaui 6 ocrosniti cmysi wacmom, TOOTO B HU3bKOYACTOTHIM 001acTi (6e3
MOMIYJIAIII BUCOKOYACTOTHOI HOCIliHOI) KaHaJIbHUW KOJEpP HA3MBAIOTh KOJEPOM
nepeadi, a CATHAJI Ha HOro BUXO/I1 — KOOOM nepeoati.

TpuBamicts cumMBoTy T BU3HAYAE CUMBOILHY WBUOKICMb TIEPEAadi, OIIHIOBAHY B
bonax (uucm nepenaHux cMMBOJIaX 3a 1 CEKyHIY).

|50() = I/T

TpuBanictb cumBoiy T moOB'A3aHa 13 TPHUBAIICTIO OAHOro OITa MepesaHol

iHpopmarii T , ciBBiAHOIICHHAM
T =TJlog,M

VY cBOW0 uepry, TpUBAIICTh OlTa BHU3HAYAE WBUOKICMb nepeoadi iHpopmayii
(61TOBY MIBUAKICTD)

I Gum/c = I/T, 8

Jlany MIBHJKICTh TPHHHATO OIliHIOBaTH B Oit/c. IIBMaKOCTI mepemadi 3B's3aHi
CI1BBITHOIIICHHSM

[6um/3 = |60() IOgZM

2.5.2.1 NRZ - kon

NRZ (Non Return to Zero) — koxm 0e3 moBepHEeHHs B HyJdb. NRZ kox €
HAUTIPOCTIIIUM KOOOM nepedayi, TUPOKO 3aCTOCOBYBAHUM Ha MPaKTHIll. [CHYIOTH 1Ba
PI3HOBU/IM 1IHOTO KOy - YHINOJSIpHU# 1 6inossipauit NRZ kou.

VY 6inonsippomy NRZ kozi JIOT14HIM OJAMHMII BIAMOBIAA€ TPSIMOKYTHHM IMITYJIbC
MO3UTHUBHOI TOJIAPHOCTI, a JIOTIYHOMY HYJIO - TPSIMOKYTHHH IMIYJhC HETaTHBHOI
noJIsIpHOCTI. TpUBaICTh IMITYJIbCIB JOPIBHIOE TPUBAIOCTI OJHOTO OiTa.

[To3utnuBHE a00 HEraTMBHA HAINpyra Ha BUXO/1 Kojiepa 30epiraerbcsi HE3MIHHUM Y
XO/ll TPUBAJIOCTI CUMBOJTY, III0 ¥ BU3HA4Ya€ TepMiH " 6€3 TOBEpHEHHS 10 HYJIA'".

VYuinonsapuuit NRZ kox BiApI3HSEThCA Bijg OIMOJSAPHOTO THUM, IO JOTTYHOMY

HYJIIO BIJINIOBIIa€ HE HETATUBHUH IMITYJIbC, @ HYJIbOBA HAIIPYTA.



dopma curHaigy Ha Buxoil OimossipHOoro M yHinossipHoro NRZ koxaepa mae

BUTJISI/I, HABEICHUI Ha pHC. 2.2

iy M 0 LV 1 , 0 0 6,1 farer
H —Ta—
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Puc. 2.2 Kogu NRZ
NRZ xon - nie apono3uniiiauit ko (M = 2) 1 TpuBalicTh CUMBOJTY 30iraeThbes 13
tpuBaiictio Oita (T = T)).
3aNIekKHICTh CIMEKTPAIbHOI MIIILHOCTI OinosispHoro NRZ curHamy Bij 4acToTu
npejcTaBieHa Ha puc. 2.3. Ha oci abcumc BifkiaaeHi HOPMOBaHI 3HAYEHHS YacTOTH,

npuyomy, y Bunaaky NRZ kony T=T,.

1 Y T

oaf —

[P} od =1

03 —

° ’
° 3 2 3 1T

Puc.2.3 CnekrpanbHa mijbHICTh OlnossipHoro NRZ

Teopernuno cnexktp NRZ curnany nHeckinuyeHHUN. OOMEXEHHS CMYTH MpHU
nepeaayl o peajbHUX KaHajaax 3B'3Ky NPUBOJIUTH O B3a€EMHOI0 HaKJIaJAEHHS CUTHAJIIB
PI3HUX CHMBOJIIB - MDXKCMBOJILHOIO 1HTEP(EPEHITIEIO.

Mupuny cnexktpa NRZ, sk 1 iHIIUX HU(POBUX CUTHAIIB, MPUUHATO OL[IHIOBATH
MO IIMPHUHI TOJOBHOI MEMOCTKU. Y BUNaAKy NRZ mupuHa roioBHO1 NETIOCTKU CIIEKTPa

B=1T,

BaxnuBoro ocobnuBicTio criektpa NRZ curHanly € KiHIIEBE 3HAa4Y€HHs
CHEKTPaJIbHOI UIUIBHOCTI Ha HYNbOBIM udacToTi. OTxe, O6inoisipuuit NRZ curnan mae
MOCTIAHY CKJIaJIOBY.

Cnextp yHinossgspaoro NRZ koay Bipi3HS€ThCS Bl criekTpa Oinoisipaoro NRZ

KOJIy HasiBHICTIO TUCKPETHOI CIIEKTPAIBHOI JIiHIT Ha HYJbOBIM YaCTOTI.



2.5.2.2 RZ - xon

RZ (Return to Zero) - xox 3 moBepHEHHIM J10 HYJIA. SIk 1 B NRZ Kkoi TpuBajiicTh
cuMBOTy RZ konma nopiBHIOE TpUBajoCTi ojHOrO Oita. OHAK MPAMOKYTHUN IMITYJIbC
MO3UTHUBHOI 200 HETATUBHOI MOJSPHOCTI 3aliMa€ JIUIIE MOJIOBUHY TPUBAIOCTI CUMBOITY.
Jlpyry TOJIOBMHY Halpyra Ha BHUXOHI Kojaepa mopiBHIOE Hymto. Came TOMy KOI 1
Ha3BaHUU "KOJOM 3 MMOBEPHEHHIM 10 HYIs".

Kon mae nBa pizHOBHau - Oinonspumii RZ xox 1 yHimomsapuuit RZ, xogm.
VHinonspauii RZ kox Biipi3HSAETbCS Bif OIMOJISPHOTO THM, IO JIOTTYHOMY HYIIIO
BIJINOBIJIa€ HE HETATUBHUM IMITYJIbC, @ HYJIbOBA HAIpyTa.

[Toniono NRZ xoxy RZ xon € aBonosuiiitHumM (M = 2) 1 mMae TpUBaNICTh
cuMBOITy, piBHY TpuBasiocTi Oita (T = T,;).dopma curHany Ha BUXO1 OIMOJISAPHOTO U

yHinoasipHoro RZ. xonepa HaBeneHa Ha puc. 2.4.
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Puc. 2.4 Kogu RZ.
Crnektp OinonsspHoro RZ curnamy (man.2.5) momiOHuN crnekTpa OINmoJIIpHOTO
NRZ 1 Takox Mae MocTiiHy CKJIa/I0BY.
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Puc.2.5 Cnextp 6inonsipHoro RZ curnamy
OcHoBHa BIAMIHHICTH criekTpa RZ curnany - y aBa pasu Ouiblia, Hbk B NRZ
IMIMpUHA CTIEKTPa MPH TUX K€ 3HAYCHHSX IIBUIKOCTI Tepeaadi:

B=2/Ts.



Crnextp yHinossspaoro RZ xoxay (puc. 2.6) MiCTUTh TUCKPETHI CIIEKTPaJIbHI JIiHI1,
IpUYOMY HE TUTBKM Ha HYJBOBIM 4YacTOTi, aje i Ha HEMapHUX TapMOHIKaX TaKTOBOI
qacTOTH HasBHICTh Y CIEKTPi CKJIAJ0BOI 3 TAKTOBOK YaCTOTOKO MOJIETHIyE MoOymoBa

CHUCTEMHM TaKTOBOI CHHXPOHI3aIlii B MpuiiMayi.
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Puc. 2.6 Cnextp yHinonsipaoro RZ xony

2.5.2.3 BiiMmynbCHUH KOA

Y OliMOyJbCHOMY KOJI TpU mepenadi  Oyab-sSIKOrO CHUMBOJY JABIAKOBOI
iH(popmarrii 0 a0o 1 Ha KO)KHOMY TakTOBOMY 1HTepBami 7 GOpMYyIOThCA JBa IMITYJIbCH
PIBHOI TPUBAJIOCTI ¥ MPOTHIIEKHOI MOJSPHOCTI. X0oua MPU TAKOMY BH3HAYEHHI KOJ €
BIICOIMIYJIbCHUM, JUISI aHami3y HOTO BIACTUBOCTEH JOCHTH KOPHCHOI BHUSBHUJIACS
aHaJoris 3 PajloIMITyJIbCHUM CUTHAJIOM. 3 MOYaTKy 3aCTOCYBaHHS O1IMITYJIbCHHM  KOJI
pO3IIIA/IaBCsl B SIKOCTI TPaHUYHO (ha30MOIYIHOBAHOTO, y SIKOMY  TEpioJ  HOCIHHOI
YaCTOTU 301ra€ThCs 3 TAKTOBUM I1HTEPBAJIOM, BIJABEICHUM IS Tepeladl OJHOro 13
CUMBOJTIB JIBIMIKOBOT iH(popMaliii. AHanoris 3 (azoBOI0 MOIYIAIIEI0 MPUBEIA JI0 MOSBU
KOJIIB JBOX THUIIB abOcomoTHOro OlimMmynbcHoro koay (ABK) 1 BimHOCHOTO
oiimnynbcHoro koay (OBK).

J1J1st KOKHOTO 3 HaBEICHUX THUITIB KOy MOKJIMBI JIBa aITOPUTMU iX (pOpMyBaHHS.
MiK HHMMH HEMa€ TMPUHIMIOBUX BIJIMIHHOCTEH. AJie B KOHKPETHHMX BHIAJKax
HEOOXITHO BUKOPUCTOBYBATH €IWHUN anropuTM. Hampukiaza, ciliji yCTaHOBUTH, IO
st ABK  omgmauii  nBifikoBoi iH(MOpMaIlii TepenarThCs IMIYJIbCOM HEraTHBHOI
MOJISIPHOCTI Ha TEpIIOMY IHTEpBalIl ¥ MO3UTHUBHOI Ha Apyromy. Tomi s mepenadi

NBINKOBUX HyNIB BHUIUIMBae HeoOXiTHICTP BUKOPUCTOBYBATH 3BOPOTHUN MOPSIOK



4yepryBaHHs IMITYJILCIB, 1110 BUIUIMBAE 3 MatoHKa (Puc. 2.7 a, 6).

03

Puc. 2.7 biimmynbcHI Koau

I3 nBox anroputmiB QopmyBanHs OBK (man. 2.7 6 u &) peKOMEHAYEThCS
HACTYyNHUI. Y TIOpIBHSHHI 3 MONEpPeAHIM TAKTOBUM I1HTEpBAJIOM NpH Mepeaaul
JBIMKOBOI OJMHHULI LHUPPOBOi 1HPOpMALi HA YEProBOMYy TAKTOBOMY I1HTEpBai
30epIra€ThCsl MOCHIIIOBHICTh YEpPryBaHHS MOJSPHOCTEH IMIYJBCIB (IO TEPMIHOJIOTI
dazoBoi Moyl 30epiraeTbesi (paza cUrHaidy MONEPEeAHHLOTO TAKTOBOTO IHTEPBAIY).
[lepenada ABIMKOBHX HYJIB 3MIHIOE TOPSAOK YEPryBaHHSA MOJIAPHOCTEH IMITYJIbCIB
(3minwoe ¢dazy curnamy Ha 180°). Ilpu posrasal npuHnumiB 1udpoBoi mepemadi
BBa)XKA€ThCA, 1110 JIBIMKOBa OAMHUIIA TepeaaeThes immynbcoM (B OBK — HasBHICTIO
nepexoay, To0To GpoHTYy ab0 cmaay Ha rpaHUIIX TaKTOBUX 1HTEPBAJIB), a JIBIMKOBHI
HYJIb — BIICYTHICTIO IMITYJIbCY (BIACYTHICTIO 3a3HaueHoro nepexoay B OBK).

biiMmnynbcHMit Ko7 00paHMil BUXOMAYM 13 3arajIbHUX MIpKyBaHb MPO MpooOsieMy
CYMICHOCTI 1 HOro sKICHOi OCOOJHMBOCTI — IIOBHOI 30aJJaHCOBAHOCTI IO IOCTIMHIN
CkJIaioBik. J[Jis oneprkaHHsI KUIBKICHMX OI[IHOK BIUIMBY Ha aHAJIOTOBI CHUCTEMH CIiJ
PO3TJISTHYTH HOTO CIIEKTPaIbHY HIUIbHICTh MOTY)KHOCTI.

MakcuMalibHa CIIeKTpajibHa IIUIBHICTh B 00J1acTi HU3bKUX dacToT miist ABK 1
OBK cnocrepiraerbcs npu piBHIMA IMOBIPHOCTI MOSBH OJMHMIIL 1 HYJIIB Y BUIAJAKOBIN

[MOCJIIIOBHOCTI JIBINKOBUX CUMBOJIIB.
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Puc. 2.8 CnexTpanpHa MIIBHICTh MOTYKHOCTI O1IMITyIECHOTO KOJTY
2.5.2.4 Kon nBopiBHeBuit 3 iHBepcieto nmocuiiok (CMI). (Pek. G.703 ITU-T)

Koxg CMI € 2-piBHeBHUM KOIOM 0€3 BOpPOTTS 10 HYJs, Y SKiM JABikoBuil 0
KOJIYETBCSA TaK, 10 000€ PiBHA aMILTITYIn Aj 1 A, TOCITat0ThCs MOCIII0BHO, KOKHUM 3
HUX Y TUIMHI TIOJIOBUHU TakToBoro iHtepBaiy (T/2). JIsilikoBa 1 KomayeTbest piBHEM Aj
abo Aj; MpOTArOM OJHOro wiIoro TakroBoro iHTepBany (T) Tak, mo I piBHI
YEepryrThCS ISl CYCIHIX ABIMKOBUX OAMHUILL. Jlyis nBiiikoBoro 0 3aBXAM Mae MicCIe
MO3UTUBHUM MEpeXijl y CepeInHl JBIMKOBOTO TAKTOBOTO 1HTEPBAIY.

Jns nBiiikoBoi 1 Mae wmiclie TO3UTUBHUK MEpPEXiJi Ha TMOYATKy ABIMKOBOTO
TaKTOBOTI'O 1HTEpBaIy, AKIIO TOMEpeaHIM piBHEM OyB Aj, 1 HEraTMBHUMW Mepexia Ha

MOYaTKy JIBIMKOBOIO TAaKTOBOI'O 1HTEpBaly, SIKIIO OCTAHHIM ABIMKOBa OJMHULA OyIa

3aK0JI0BaHa PiBHEM A,.

ABGvarnnt
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Ypoaerns Ay s — —
Yposers Ag e -
i X
¥ %
— i peFo g CC.TT-22091
PACYHOK 18/G.703
[pumep a 0 CHFKAAG, 32 P o no xoay CMi

2.5.2.4 TproxpiBHEBI KOAM

Koo AMI. Y upomMy KoAl TpH TIepeAadl OJUHUIL JIBIMIKOBOI 1H(oOpMalii



(bOpMYIOTBCS IMITYJIbCH 3 TIOJISIPHICTIO, IO YEPTYEThCs, W macwBHI may3u. [Ipuaomy
TPHUBAIICTh IMIYJLCIB 1 MAy3 CTAHOBUTH MOJIOBUHY TAaKTOBOTO 1HTEpPBaJy, BiIBEIACHOIO
JUIs TIepeaadi OJHOTO CHUMBOJIY JIBiHiKOBOi 1H(opmarri. JIBIHKOBI HYJI IepeaaroThes
TUIbKK macuBHUMU nay3amu Ha man. 2.10 mokaszana ¢gopma criektpa, a Ha puc. 2.11a -

yacoBa giarpama curHainy AMI.
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Puc. 2.10 Enepretnuni cnextpu curnaiis LICII
OpaHuM 3 1CTOTHUX HeMOJNIKIB curHaty AMI € BIACYTHICTH CTIMKOCTI /0
CTaTUCTUYHHMX BJIACTHBOCTEW NeEpenaHoi iHpopmallii npu nepeadi 03HaK TaKTOBOIO
curHainy. Henomik 3'iBUBCS OCHOBHOIO NMPUYHMHOIO 3acTocyBaHHS B kabenpHUX LICII

Heanghasimuoeo kooy HDB-3.
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Puc. 2.11 TproxpiBHEBI KOJIH.

Woro BigMinHiCTH Bil AMI nonsirae B TOMy, 1110 TIPH Mepeiadl MOCIIAOBHOCTI 13
YOTUPHOX HYJIB YBOJWTHCA TIOPYIICHHS B TIPABUJIO YEPryBaHHS MOJSPHOCTEH
iMmynbeiB (puc. 2.11 6). /IBiiikoBUU HYJIb Ha MEPHIOMY TAaKTOBOMY I1HTEpBal IIi€l
MOCJTIOBHOCTI TEPEAAEThCA TMACUBHOIO I1ay3010, SKIIO TMOJSPHICTH TOMEPEIHBOTO
iMmynbcy curHany HDB-3 mpoTusnexHa MOASPHOCTI TMONEPEAHBOTO TOPYIICHHS

YepryBaHHsA TMOJSPHOCTEH 1 caM IMIOYJbC HE TMOPYIIYE TMPAaBWIO YEPryBaHHS



NOJIIPHOCTEH. SIKILO 111 YMOBH HE AOTPUMYIOTHCS, TO HA TAKTOBOMY 1HTEpPBAJIl MEPIIOTO
HYyJSl TepenaeThcsi IMIynbc. Ll monspHICT, TOBMHHA  3a0e3medyBaTd  3MIHHY
1HBEPCII0 HACTYIHUX OJMH 3a OJHHUM MOPYIIEHb YepryBaHHS MOJISIPHOCTEN AJIA TOTO,
11100 YCYHYTH B CUTHAaJI1 MTOCTIHHY CKJIaJIOBY.

Jpyruii 1 TpeTiii ABIMKOBI HYJI MepenalTbcs MAaCUBHUMH Nay3aMH, a OCTaHHIN
JBIMKOBUN HYJIb — IMITYJIbCOM, MOJISIPHICTH SKOTO TOPYIIY€E MPaBUJIO YEpPryBaHHS
MOJIIPHOCTEH, 10 € OCHOBHOIO O3HAKOIO O€3MepepBHOI  mepeaavi HyIliB.

ITo xapakTepy po3noily CeKTpalbHOI IiiapHOCTI curHail HDB-3 6nu3pkuit 1o
AMI (muB. puc. 2.10).

He3Baxatoun Ha aesikl nepeBaru ajs onepxanus curtainry HDB-3 1 HacTynHOrO
HOro nepeTBOPEHHs y JIBIMKOBY MOCIIJOBHICTh JO CKJIAAy HpUWMaIbHOI amnapaTypu
MOBUHHI  BXOJUTU KOJEKH, IO 30UIblllye OOCAT YCTaTKyBaHHS W CIOXKHBaHY

MOTYXHICTb.

[Mpuknanx 2.14

[leperBopuTH ABiiikoBY mocainoBHicTs111101100001011100000010011 y TproxpiBHEBI KOIU
nepeaayi.

PosB's30k: a) aBiiikoBa mocnigoBHicTh; 0) ko UIIU; e) KBII-2; r) KBII-3; o) xox B6ZS; e)
[MTUT xon; x) [IPKK; 3) kog 4B3T tuny FOMOT
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2.6 [TapameTpu i XapaKTepUCTHKU KaHAJIB 3B'S3KY

Jlist opranizaiiii 0OMiHy ¥ mepefavi TaHUX B aBTOMAaTH30BaHUX iH(POpMAIiHHIX
CUCTEMaX BUKOPUCTOBYIOThCS CTaHIApTHI TeleOHHI KaHaIM TOHAJIBHOI YacTOTH
(KTY), a Takox kabenbHi JiHIT Mickkoi Tenedonnoi mepexi (I'TC). Kananu ToHanbHOI
YacTOTH MPHU3HAYANIU ISl opraHi3amii TeaeOHHOro 3B'S3Ky MK aO0OHEHTaMU OJHOTO
MicTa a00 PI3HMX HACEJICeHUX IYHKTIB 1 HE BPaxOBYBaJIM OCOOJIMBOCTEH Iepenadi
JTMCKPETHUX CUTHAJIIB.

[TapameTpu KaHamiB, sSKi MPAKTUYHO HE BUSBISUIM BIUIMBY Ha SIKICTh Mepenadi
TeaeOHHUX TMOBIIOMJIEHb, TIOMITHO TMOTIPIIYIOTh SKICTh TMepefadl JUCKPETHOI
1H(popmarlii, ocodnmBo npu nepenadi Ha mBUAKOCTAX 2400 6it/c 1 Bume. Tomy npu
npoektyBaHHl AIl/l mo TenepoHHMX KaHallax 3B'SI3KYy HEOOXITHO BpPAaXOBYBATH IXHI
oco0iMBoOCTI, 00 3a0€3neYnTH HEOOX1IHY SKICTh NepeaaHol 1Hdopmarii.

OnHi€ero 3 XapaKTEPUCTUK KaHAIIB 3B'A3KY € 8i0HOCHUL piseHb cueHary. BimHOCH1
pPIBHI 1O TIOTY)KHOCTi, Halpyrd Ta TOKY BHUMIpAIOTECA B jernubenax (ab) 1
BHU3HAYAIOTHCA HACTYIHUMU (HOpMYJIaMU BIJIIIOBITHO:

Pu= lOIQ(PX/Pch)
Pu—= 10|g(Ux/U10x)
Pr= 10Ig(IX/IICX)

ne Py, Ux 1 Ii - moTyXHICTh, Hampyra Ta CTPYM Y BUMIPIOBAJIBHIN TOUIN X, Pjc,
Uicx 1 licx— MOTYXKHICTB, HaNIpyra i CTpyM y TOUIIl KaHATy, IPUUHSATOI 32 BUXIJIHY.

Axmo B sikocTi BuXigHuX npuHATI Pi=1MBT; U;,=0,775 B u [;.,=1,29 MA, TO
Takl piBHI Ha3UBaIOTh abcontomuumu. Hampyra i cTpyM y 1IbOMY BHUIIQJIKy BHU3HA4YCHI
st onopy RE=600 Owm. Skmio omip HaBaHTaXeHHS KaHaimy He piBHO 600 Owm, To

BUXI1/IH1 3HAUEHHS HANpPyTy Ta CTPYMYy BU3HA4YaroTh 3a GopMyIaMu:

Uicx = 10_3RH

Iicx = 10_3/ .

Buwmiprosanvruil pieens — aObCONIOTHUN PIBEHb Yy JaHIN TOYIl, KOJU PIBEHb Ha

Bxo/l kaHamy naopiBHioe 0 nb. Big BiZHOCHMX pIBHIB MOXHa JIETKO TEPEUTH 10



a0OCOJIFOTHUX 10 (opMyJax:
P, = U, 10917~
Ux — UiCX100.05pM
Bemnunna a=10Ig(P, /P, )=20Ig(U,/U,) Ha3WBA€ThCS 3a2acanHsM IISTHKHA
miHii 3B'13Ky. CHiBBIIHONMICHHS MK piBHAMH Ha Bxomi Py 1 Buxomi Py, kanamy
BU3HAYAE HOTO 3a1UUKOBe 3aTaCaHHSI

Azan = Pex = Peux = 10lg(PBx/PBHX)

3arasbHe 3aracaHHs KaOenbHOI JiHIT 3B'SI3Ky JOBXKHUHOWO |, JOpiBHIOE
a, =adl,, ne a, [nb/kM] — 3aracaHHs OOMHMII DOBXMHHM JiHil. SIKIIO KaHan 3B'A3Ky
CKJIAJIA€ThCA 3 | JUIAHOK, 10 BHOCATH 3aracaHHs &, Ta j JUISHOK 3 IIOCHJIECHHAM S; TO

3QJIMIIKOBE 3aracaHHs BChOIO KaHay OOYHMCIIOETHCA Mo (opmym a,, = a, —» S, e
i i

s, =10Ig(P, /P )— nocuneHns j-i JIAHKN.

JIns miABUINEHHS TEPEIIKOA03aXHUIIEHOCTI CUTHAIIB HEOOX1AHO 301IbITyBaTH
piBeHb nepenavi. OJHaK rpaHUYHHUI pIBEHb HAa BUXOJl CTAaHJAPTHUX KaHAIIB CTPOIO
HOPMY€ETbCS, TOMY L0 IEPEBUIICHHS MOTYKHOCTI CHTHAlTy MOXE IPUBECTH M0
NEepPEeBAHTAXKEHHS 1 BUXOy 3 JIaJy KaHAJIOyTBOPIOIOUOI amaparypu. Tak, Hampukiai,
IPaHUYHUN PIBEHb CHUTHANIB mepefadl AaHuX s KaHamB TY y Toyll HyJIbOBOIO
BUMIPIOBAJILHOTO PpiBHSA (YCTaHOBIEHOTO ISl Tepefadyl CHUTHaliB TeleOHHUX
MOBIJJOMJIEHb) MOBUHEH cTaHOBUTH 32 MKBT (-15 nb), Xo4ya B okpemux BHUNAIKax

nomnyckaetbest —131b.

[lpuxnan 2.14

BignocHuit piBeHb CUTHATY B TOYIN A JiHIT 3B's13Ky nopiBHIOE — 4,3 11b.

Busnauntu aGcomoTHUN Ta BUMIPIOBAJIbHUN PIBHI B LM TOYII MPU YMOBI, IO MOTYXHICTbH
CUTHaIly Ha BXoi JiHii qopiBHioe 200 MBT.

BusHauaeMo MOTYXHICTh CUTHAILY B TOYII A:

P, = P, 10%Paoms = 200 x 107%43 = 74,3mBT

Busnagaemo aGCOMIOTHI piBHI Ha BXO/ JIHIT Ppx agc TA B TOUII A

Pex asc =1019200=23 dB;

Paassc = 101g74,3 = 18,7 dB



BumiproBaibHUN PIBEHB TOPIBHIOE Pryy = Pex - Aocr TPH Ppx = 0 dB, Takum 9uHOM pyyy = 0 — 4,3
=-43dB

[Mpuxnang 2.15

ITo minii 3B'A3Ky, IO Mae Kino MeTpuyHe 3aryxaHHs depBonmii = 0,175 dB/km, HeoOXximHO
3a0e3MeYnTy NepeaaBaHHs CUrHaiiB Ha BijicTanb | = 80 kM. BusHaunTH 3anunikoBe 3aTyxaHHs JIiHIT Ta
MOTYXKHICTh CUTHATY Ha BUXOJI1 ITPH YMOBI, 1110 BXi/IHA MOTYXHICTh CUTHAITY JOpiBHIOE Py = 3 MBT.

3aMIIKoBe 3aTyXaHHsI JIiHi1

Asan = a;l, = 0,175x80 = 14 dB

AOCOMIOTHHH piBeHb CUTHATY Ha BXOJ1 JIiHIi

Pox ase = 101g(Psy/Picx) = 4,77 dB

PiBeHb BUXITHOTO CUTHAITy BU3HAYAETHCS PI3HUIICIO

Ponx = Pox — 8san = 4,77 - 14 =-9,23 dB

Jlami 3HaxX0TMMO TOTYXKHICTh CUTHAITY Ha BUXO/1 JIiHI{

Poux = Pi1091Peux = 1 x 10701%923 = (0,119 mBT

2.7 Po3paxyHKM MIBHAKOCTI MOAYJAIII W CMYTd MPOIYIICHHS JUCKPETHOTO
KaHaIly

Jlns mepenadl Mo KaHaiy 3B'SI3KY OJIMHUYHUX €JIEMEHTIB TPUBAIICTIO TE, CIIEKTP
AKUX 3aiiMa€ HECKIHYEHHO OIIpIly CMyry 4YacToT, aMIUNTYJHO-4acTOTHA
xapaktepuctuka (AUYX) 1 xapakTepucTuka rpymnoBoro yacy mnpoxokenas (I'UIT)
KaHaJly MOBUHHI OyTH MOCTIMHUMHU B HECKIHUCHHIM cMy31 yacToT. PeanbHl kaHanmu nis
nepeaayi BiIeOIMITY/IbCIB MAalIOTh YaCTOTHI XapaKTEPUCTUKH, OJIM3BKI 10 XapaKTEPUCTUK
¢b1IpTpa HMKHIX YacTOT, a AJIA Mepeaadi paaioiMIyiabCciB — cMyroBoro Qgiuiabrtpa. s
MIIBUIIEHHS €(EKTUBHOCTI BUKOPUCTAHHS CMYTHM YacTOT 3aliMaHOT0 KaHAIIy 3B'S3KY
CTIEKTpP YaCTOT CUTHAITy OOMEXYIOThb, TOOTO TEpENaoTh JUIIE Ty YaCTUHY CIEKTpa, Y
SIKi# 30ceperkeHa OCHOBHA eHepris curHany (> 90%).

OOMeXeHHST CIEKTPIB CUTHAJIIB TMPHU Mepeaadi Mo peajbHUX KaHalaxX BUKIIUKAE
BUKPHBJICHHS (JOPMU CUTHANIB 1 MOSABY MEPEXIJIHUX NPOLECIB, AKI MPUBOIATH O
B3a€EMHOTO TEPEKPUTTS  CYCIIHIX MOCHIOK, TaK 3BaHUM  MIdHCCUMBONbHUMU
CHOMBOPEHHAMY, W0 YTPYIHSAIOTh NPUMMAaHHA OJWHUYHHUX eJleMeHTiB. (OCHOBHa

YacTHWHA €HEprii mpH Tepeaadi IMIYJbCiB MOCTIMHOTO CTPyMy 30Cepe/KeHa B CMY3l



gactor Big 0 mo 1/ (270) ['n. Skmo B kaHan 3B'SI3Ky NepeaaBaTH JIMIIE YacTOTHI
CKJIaJIOB1 IIOTO Jiana3oHy, MiHIMaJbHO HEOOXigHAa CMyra 4acTOT BHU3HAYAETHCS IO
dbopmyi
AFpin = AF = 1/(210) = B/,

ne: B - mBuaKicTh MOTYJTISAIIIT.

['pannyHa MIBUAKICT MOAYJIALIL MPU Tepeaadi ABOMO3UIIIHUX BiJIEOCUTHATIB 1
curdaiiiB AM 3 ofni€i 614HO0 cmyroto (AM OBII) 6yne nopiBHIOBATH:

B = Bpax = 2AF

[Tpu nepenadi moayiaboBanux curHams (AM, @M, UM) miHiManbHO HEOOX1HA
CMyra 4acToT 30UIbLIYEThCA BJIBIUl 32 HEOOXIJHOCTI MEpeAaBaTH BEPXHIO I HUKHIO
CMYIH 4acToT AF,. =1/z, =B.I'paHnuyHa MBHUIKICT IIeperadl B IbOMY BUIAIKy”

Briax = AF

Ili cmiBBigHOMICHHS 3BYThCcs Mekero HarikBucra. Cmig momiTuTH, mo npu UM
dbopmyIa ciylliHa Julie TPy 1HAEKCaX YaCTOTHOI MOAyJALiim,,, <1, a ajist m,,, >1 nus
BU3HAUYECHHS AF, . HEO0OX1IHO po3paxyBatu ciekTp UM curHaily i BUBHAUUTU CMYTY, Yy

AK1i 30cepekeHo He MeHIn 90% eHeprii curuany.

Ha puc. 1.8 mokazana ¢opma curHaiiB Ha BHUXOJl KaHAIy 3B'SI3KYy, IO Mae
xapakrepuctuky ®HY npu mnomaui Ha HOro BXiA MICHIAOBHOCTI MNPSMOKYTHHX
BIJICOIMITYJIBCIB TPUBATICTIO To IPU Pi3HIN mUpuHI AF, .

LN

ANATENAWA
7/ I O W/
AVANE AN
a) —AF,, =2/, : 6) —AF,, =Yz, :
B)_AFmin :1/(270) ;1) —AF, :]/(310)

Puc. 2.12 ®opma curnaiiB Ha BUXO/1 KaHATy 3B'SI3KY MPH Pi3HIN MIUPUHI CMYTH
MIPOITYCKAHHS




Jlst 30epeskeHHs 3a10BUTBHOT (POPMHU MOCHUIIOK HAa BUXOJII KaHATy Ha MPaKTHUIIL
MIBUJIKICTh MOIYJIAIIl B, BAOUPAIOTh TPOXH MEHIIE, YAM TPAaHUYHO MPHUITYCTUMI B,,,, ,
a came

Bup = 0,7Biax = 1.44Fmin

IIpu Bukopucransi curHaigie AM, UM 1 ®M i3 aBoma OIYHUMH CMyraMu BOHa
3MEHIIY€THCS BIBIYI:

Bup = 0,35Bpqx = 0.7AFp;p

Ilepenaua curHamiB 3 OJHIE] OIYHOIO CMYTOIO J03BOJISIE MailkKe IMOJBOITH
HIBUJKICTh TIepenadl. ¥ peallbHUX yMoBax npu metonax mnepeaadi 3 OBIl npaktuyna
IIBUKICTh BU3HAYAETHCS BUPA3OM:

By, = (1.1 + 1.25)AF,;,

SAxmo x npu mnpoekryBanHl AIIJ[ 3amaHoi € MWBUAKICTE MepeAadi, TO

BU3HAYAETHCSI HEOOX1/JHA CMyTa 4yacToT KaHaiy. JlJig BiJIeOCUTHAIB!

AF, = 0.71B

Jlns pagiocurHaiB 13 1BoMa O19YHMMHU CMYyTaMHu:
AF, = 1.42B
Jns pagiocurnanis 3 OBII:
AF, = (0.8 +0.9)B
[Ipy 1pOMY TOTPIOHO BHU3HAYHMTH, M0 HA3MBAETHCA MIUPUHOIO CMYTH
npornyueHHs AF, . JUisi 1bOro BUKOPUCTOBYIOTh YACTOTHY XapaKTEPUCTUKY 3aracaHHs
kaHanyAa(f), sxa mMoxe Oyt B3aTa po3poOHMKoM AIIJ i3 JOBiIKOBOI JiTEpaTypH y
BUINISAL  Tpadika 3aracaHHs Jii HOPMOBAaHUX THUIOBUX KaHaiiB a0o 3HsTa
eKCIIEPUMEHTAJIBHO U1 HECTAaHAaPTHOIO KaHay 3BUYaiHUM CIIOCOOOM.
SIKo 3aracaHHsl HApPOCTA€ IJIABHO Ta CUMETPUYHO HIOJ0 HOCIHHOI YacTOTH, TO
IPaHULIsl CMYTH TPOIYIIEHHS BU3HAYA€ThCsl Ha piBHI 3aracaHHd 6 b, Koo B cMy3i

MPOIYIICHHS € HEMAPHO-CUMETPHUYHI i KOJWBAJIbHI BIXWJICHHS 3aracaHHs, TO BOHU HE



MOBUHHI niepeBepiyBatu 1,74- 2,6 nb.
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Puc. 2.13 Pi3HOBUIM YaCTOTHUX XapaKTEPUCTUK HEPIBHOMIPHOCTI
3aJIMIIKOBOTO 3aracaHHs KaHaIliB 3B'3KY

Ji TOro 100 MIXKCUMBOJIBHI CIIOTBOPEHHSI (JIyHa-CUTHANN)U ., 110 BUHUKAIOTh
3a paxyHOK HENHIMHOCTI 4YacToTHOI Xapakrtepuctuku [Ull, He mnepeBumryBaiu
npunyctumMoi Benmyuan U, <(0.1-0.2J,, me - U,aMIUlTyla OCHOBHOIO CHMIHAJY,
HeoOXigHo, mo6 HepiBHOMIpHICTL xapaktepuctuku [UIl Az, (f)ne nepesumrysana
HACTYITHUX MEXK:

Ui HemapHo-cuMetpuuHoi  (Man.  1.10, @) 1 xonuBanbHOi (Man. 1.10, B)

xapakrepuctuk ['H
AT g pon << 1/B;

JUIsl HETapHO-CUMETPUYHOT 3aiexkHocTi (Man. 1.10,6) I'BIIT
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Puc. 1.10. Pi3HOBUIM YacTOTHUX XapakTepucTuk HepiBHOMIpHOCTI [ Ul kanamnis
3B'SI3KY



OTxe, 3 ypaxyBaHHSIM HaBEICHHMX BHIIE OOMEXKEHb, MPH PO3pPaxyHKaxX
MIBUAKOCTI Tepedadi abo BHOOpPI CMyrd MPOMYIICHHS KaHaly HEOOX1IHO
MePEBIPUTH, UM 3aJ0BOJIbHSIE HEPIBHOMIPHICTh Xapaktepuctuku ['UIl B oOpaniii

AF, yMOBI A7, <A7p,,,,. SIKIIO HE 3a40BONLHAE, TO HEOOXIIHO 3MEHIIUTH

MIBUJIKICTH Mepeaadi abo BiJKOPUTYBATH YacTOTHY Xapakrtepuctuky [ UIl.

JInsi  3HaXO/PKEHHSI ONTHMAJIBHOI IIBHUAKOCTI mepenadi B,, HE0OXimHO
PO3B'A3aTH CUCTEMY JBOX PIBHSIHB, OJHE 3 SIKUX 3a/IaHe 3aJISKHICTIO BUIY B = kAF, ,
a gapyre npexcrasieHe rTpadikoMB =y(AF,), moOyJOBaHMM Ha  OCHOBI

xapaxkrepuctuku I'UI1 npyu BUKOHAHHI YMOB A7, < 7, @00 A7y, <0.37.

I'padix 3anexnocti B=yw(AF, ) Oyayerbcs Ha ocHOBi Tumosuii T'UIl s
CTaHJAPTHOTO KaHally a0o Ha ocHOBl xapakrtepuctuku [YIl, 3HATOI
eKCIIEPUMEHTAIBHO JJI1 HECTAaHIAPTHOTO KaHaJy 3B'SI3KY.

VY psinil BUNaAKiB, Mpy po3poOlll aBTOMATU30BAaHUX 1H(OOPMAIIIHHUX CUCTEM,
3amaeThes (00 HeOOX1JHO BUOpaTH) HE TUIBKHM THUI KaHAIy, ajie U HaKJIaJaloThCs
OOMEKEHHS Ha 4ac BHUKOPHUCTAHHS I[OTO KaHaTy, TaK 3BaHE 4ac CEaHCY 3B'A3KY.
Po3paxyHKu 3a Takux yMOB MOYHMHAIOThH 13 BU3HAYEHHS KUIbKOCTI 1H(opMauii |,
Ky HEOOX1/IHO TIepelaTh MPOTITrOM CeaHcy 3B'a3Ky Tcc.

Jlo ckiamy mepemaHoro MacuBY BXOJUTh HE TUIBKM 1HGOpMAIls, 10
nJUIsIrae nepeaadi crnokuBavesl Iy, ane i ciay»k00B1 CUMBOJIM (CUMBOJIM MTOYATKY 1
KIHI[S Tepeaadi, CUMBOJIM, 110 CHUHXPOHI3YIOTh, HAJJIMIIKOBA iHQOpMAIs, II10
BBOJIUTHCSA VISl TIJBUIIIEHHS 3aBaJIOCTIMKOCTI, 1 T.11.). SIKIIIO HA TOYaTKOBOMY €Tarll
MPOEKTYBAHHS KUIBKICTh CITY>KOOBUX CHUMBOJIIB TOYHO BHU3HAYUTU HE BIIAETHCS, TO
OpPIEHTOBHO KIJBKICTh CIy>KO0BUX CHMBOIIB [c; BH3HauyaeThbes B Mexkax 5—10%
Bin 00csary kopucHoi iHdopmarii, To6TOl., =(0.05-0.1)l,, . Tomi HeoOXimHa
MIBUIKICTD

1/:(ln+/m)/rccz(1!05“’ LT ..

TakuMm 4YMHOM, pOo3paxyBaBIIM HEOOXIJIHY MIBUAKICTH Mepeaadi BUOUpPaEMO

OpIEHTOBHY BEITMYMHY CMYTH MPOMYIICHHS KaHay 3B'sa3Ky AF, . Ciix 3ayBakuTH,

0 MPU BUKOPUCTaHHI CTAaHJAPTHUX KaHAIIB 3B'A3KYy PO3pPaXyHKOBE 3HAYCHHS



MIBUAKOCTI MOAYJALII TMOBUHHE OYTH OKpYIJIEHE J0 HaWOIMKYOrO BEITHKOTO
3HAa4YEHHsI, 00pAHOTO 31 CTAHJAPTHOTO PATY IBUIKOCTEH.

[Mpuknax 2.15. AnapaTtypa mepenadi JaHWX MOBHHHA 3a0€3MEUUTH NEpepady MacuBY
inpopmanii obcsrom 4.26-10° 6ir 3a uwac T=1,2 Tox N0 KaHaly 3B'A3Ky, 4YacTOTHi

xapakrepucTuky 3aracanns it ['HI1 sixoro npeacraieHi Ha puc.
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YacToTHa XapakTepUCTUKA HEPIBHOMIPHOCTI  YacToTHa XapaKTEpPHCTHKAa HEPiBHOMIPHOCTI
3QJIMILIKOBOrO 3aracanHs peanpHoro kanawy  ['YII peanmsnoro KTH
3B'I3KY

Jlns  BU3HAYEHHS HEOOXIAHOT IIBMAKOCTI Tepenadi IMOKJIAIeMO, IO KUIbKICTh
HaAMIIKOBO1 iH(opmarii B Macusi Oyae He Ouibin 8%, Toxi:

_ (1.08 x 4.26 x 10°)
- 4320

Ha wacrtoTHii XapaKTepI/ICTI/II_[i 3AJIMIIKOBOI'0 3araCcaHH:a, BpaXOBYHOUU KOJIHBaJIbHUH

= 1065 6iT/c

xapakrep ii, Bim3Hauumo pisenb Aa =2.1 1B i BM3HAUMMO MiHIMAILHO MPUIYCTUMY CMYTY
kaHanmy 3B's3ky AF, =3100Tu. Ilpm Takiii cmy3i Moxe OyTu 3a0e3nmeueHa NpaKTHYHA
IIBUJIKICTD Tepenadi npu aByxmoiocHid moxymsuii B, =0.7AF, =0.7-3100=2170 bonx.
BpaxoByrouw, 10 XxapakTepHCTHKa TPYIOBOTO Yacy MPOXO/HKEHHSI Ma€ KOJMBAIBHHUN XapakTep,
TOo mpunyctuma HepiBHOMIipHicTh ['UIl y mpomy BHmagky y Bcii cMy3i NpOIYIIEHHS piBHA
AT on *1/Byp =4.6-107 ¢ =0.46 mc.

3 xapakrepuctuku ['UIl Buano, mo B cmy3i AF, =3100I'm HepiBHOMIpHICTH Yacy
3ami3HIoBaHHA A7, ~1.5 mc, To6T0 mBHIKicTs B, =2170 boxn 6e3 momepeaHboi Kopekiii

KaHally 3B'I3Ky He Mo)ke OyTH 3abe3rneuyeHa yepe3 BEIMKI MIKCUMBOJbHI BUKpUBIEHHS. {7
BU3HAYEHHS ONTHUMAJbHOI IIBHIKOCTI Tepeaayl JBIHKOBUX CHTHANIB IO KaHalTy 3B'SI3KY 3

HECKOPEKTOBAHWMHU YaCTOTHUMHM XapaKTEPUCTHUKAMH 3Hai/1eMO pO3B'SA30K CUCTEMU PIBHSHB:
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Puc.1.13. I'padix Bu3HaYeHHS ONTHUMAIBHOI IIBUAKOCTI mepenadi indopmarii (s

asyxmojocHoi moxysiii K = 0.7 ta ognomonocHoi k =1.15).

Bimsnauyaroun Ha xapakrepuctuni ['YIl 5—8 3uHadyenbAr7,,, 3HaiineMo BiINOBiIHI
pemmunan  AF, . TloGymyemo sanexnicts B,, = y(AF, ), 3paxaroun, mo A7, ~1/B,,
(man.1.13). Touka mepeTmHaHHS ABOX TpadikiB BH3HAYAE HAWOUIBIIY MOMIIMBY IIBHIKICTh
Monynsauii B. [{ns ABYXMOJIOCHOT MOIyIsLii B, sy =1750bon, a nmnst oxHOMONIOCHOT
B, oy =2500b0ox.

TakuM ynHOM, HE0OXiHA MIBUJKICTH Mepeiadi Mo 3aaHOMy KaHally 3B'sI3Ky Moke OyTu
3a0e3neyeHa MpPU BUKOPHCTAHHI JIBOMO3MIIIHOI JIBYXIIOJIOCHOI MOAYJAMIl 0e3 KOpekil

xapaktepuctuku I'BIT Tomy, mo V uncensHo menue B, . 3 pAay cTaHIapTHUX MIBUAKOCTEH

JUTs TIepesiadl JaHuX BUOMpaemMo mBHIKicTh Moayisnii B =1200 Bog,.
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