KogupaHe Ha nH(pOpMaALUATA.
PaBHOMEPHO 1 HEPABHOMEPHO
koaupane. Kogose Ha IlleHOH -
®ano nu XapmbH. IIIyMOyCTOMYHNBO
Koaupane. LluknnyHu KooBe.
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OCHOBHU MOMEHTH

* Kogupane Ha nuH@opmanusata. CbIIHOCT.
* Tepmunum.

* IIpenHaszHaueHue.

* PaBHOMEpPHO 1 HEPABHOMEPHO KOJIUPAHE.
e Koa nHa lllenoun — ®ano.
* Kox Ha XaMsbH.

* IllymOyCcTOMYMBO KOIUPAHE.

* llukan4yHU KOIOBE.
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Kooupane

ChOOLICHHE CHTHAJI CUTHAJ M LIYM CHOOIIICHHE

I |

l /4 KOJEP )L///7 JIEMOYJIATOP

vd T 7

KOMITIOTED [ P Kana A xommroTsp
MOJTyJIaTOP nexkonep [
KoMmyHuKanMoHHa

IpeIaBare cHelreMa ITPUEMHUK

|
CMYILICHYS

 Komupane Ha nuHopmanusTa € IIpolec Ha
IpeoOpa3yBaHe Ha ChOOIICHUSITA B CUTHAJIH.

* Kox - aIropuTbMbT, IO KOUTO CHOOIICHUATA CE
IIPEBPHIIAT B KOMOMHALIMS OT Pa3IM4HU CUTHAIU. ToBa
€ CUCTEMA 3a II'bJIHO U TOYHO ChOTBETCTBUE MEXKTY
CHOOMIEHUATA U CUTHAJIUTE.
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I IpeqHazHaueHrEe HA KOJUPAHETO

* [loBuIIaBaHE BEPHOCTTA YPE3 OTKPUBAHE U
KOPUTHMPaHe HA NOSBUIIMTE CE€ I'PEIIKN B OTACITHU
pa3peau Ha IIpeJaBaHara MH(OpOPMALIM:

— Or 3aTHXBaHE HA CUTHAJIA
— Ot 3aBuIlIaBaHe HAa HUBOTO Ha CUTHAaJIa OT mymMm

* |'pelmKknuTe uMar CiiydyacH XapakTep U ce u3MepBar
C BEPOSTHOCT:

g=P(1/0) e BepogaTHOCTTA Ja € u3IpareHa 1, HO ga
C€ MHTEpHpPETUPa B moaydaress Karo ()

g= P(0/1) e BeposaTHOCTTA Ja € u3npareHa 0, HO ga
C€ MHTEPIPETUPA B OJTydaTeIs Karo |
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BB3HUKBAHE HA I'PEIIKU IIPHU [IPEIABAHE

* B KOMITIOTBPHUTE KOMYHHUKALIMMU CE U3M0JI3BAT
YCTPOUCTBA, KOUTO Ca JOCTHUXKEHHUS HA BUCOKHU
TEXHOJIOTHH, IIPUIIOKEHN B MUKPOEIEKTPOHHUKATA.

* B pesyirar Ha TOBa BEPOSTHOCTTA 3a BB3HUKBAHE
Ha I'PEIIKH B KOMYHUKAIHOHHUTE KaHAJIN Ha
KOMITIOTBPHUTE MPEXKHU 3a O-Majko oT 10r. ce
npomenu ot 1.101 go 1.10-%4,

* IIpu TakaBa Majika BEPOATHOCT 3a I'PEIKa Ce
00€3CMMUCIISI KOAUPAHETO HAa ChOOIICHUSITA ChC
CJIIOJKHH KOJOBE 32 OTKPHUBAHE U KOPUTHPAHE Ha
I'PEIIKHU.
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Pemenne 0€3 KogupaHe

B cranagapTuTe 3a KOMIIIOTBPHUTE KOMYHHUKAIIMHU € 3aJI0KEHO
M3II0JI3BAHE HA MIUKJINYHH KOJIOBE 32 OTKPHBAHE HA I'PEIIKH,
KaTo IMpoIEeaypara 3a KOpUrupaHe Ha TPEIIKUTE B
KOMYHHUKAIIHOHHUTE KaHAJIM HE € MPHUJIOKECHA.

OOMKHOBEHO KOTaTO MPH MPEJABAHE HA ChOOIICHUS CE
OTKPHSIT I'PEIIKH, HEKOPEKTHHUTE (pparMeHTH HA
CHOOIEHUMETO Ce YHMIII0KABAT.

[Ipremanmoro yCTporCTBO, OTKPUJIO IPEIIKATa, BPhIA HA
NpeaaBaIoTo OTPUIATETHA KBUTAHIUS, KOATO CE
Bb3IIPUEMA KATO 3asBKA 10 U3TOYHHUKA 1A IIPEAAAE OTHOBO B
MpekKaTa H3KPUBEHUTE (PparMEHTH Ha CHOOIICHUETO.

IIpouiegypara Ha HIOBTOPEHUS IO NOAPA30OUpPAHE €
OrpaHUYCHA A0 OIPEACICHO HUBO, CJIE]I KOETO, aKO CE€ OTKpPHUE
I'peIlKa, CE CYUTa, Y€ KOMYHUKALIMOHHUSAT KaHaJ € 3aryoun
CIIOCOOHOCTTA CH 3a MpeaBaHE Ha JTaHHMU.
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10/1/2024

leopusa Ha KOTUPAHETO

T4 e pazgen oT TeopusTa Ha HHPOpPMAIUATA,
M3y4daBallla KOJOBETE, IIPEACTABEHU BbB BHU] Ha
AyMH OT CUMBOJIHU Ha AaJicHa a30yKa.

KoavpaHeTo ce u3BbPIINBA, 3a 14 CE IaJIE
BB3MOKHOCT 3a IpeaaBaHe Ha HH(pOpMALUITA I10
KOMYHHUKAIIMOHEH KaHAJ MPH U3IIbJIHCHUE Ha
IPEABAPUTEIIHO 3a]1aJICHA U3MCKBAHUA U 32
M300p HA HAKW-NOOpUTE BapHaHTH, CBLP3aHHU C
XapaKTepUCTUKATa Ha IIPolieca Ha MPeIaBaHe Ha
MH(OPMAIIUATA: CKOPOCT, ITYMO3AIUTEHOCT U

AP.
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lepmunaH

* KogbT € Ha0Op OT KOAOBH KOMOMHAIMUM X, X\ 1,- -, Xp, X1,
KaTo BCSIKA KOJIOBA KOMOMHAIUA X; € ChYETAHUE OT
€JIEMEHTApHU CUMBOJIM, KOUTO M3pa3sBar OykKBa, nudpa uiu
3HAaK.

* JIbJKMHATA HA KOAOBATAa KOMOMHAIMSI CE ONPEACIIS OT
Oposl Ha €JIEMEHTApHUTE CHMBOJIM B HEdl.

 KomoBa gyma - nociaen0BaTe/IHOCTTa OT CUMBOJIH, KOSITO B
Ipoleca Ha KOJIUpaHe CE IIPUCBOSIBA HA BCSIKO MHOKECTBO
npeaaJcHu ChOOIICHUS.

* CumBoJ (pa3psia Ha Koaa)- JIsonunara mnudpa 0 uon 1.

* IIpoabmKUTETHOCTTA HA SAUH CHMBOJI CE HapUia eINHHYEH
HHTEpBAJI — .

 Ilpu mpegaBaHeTO Ha TUCKPETHH CHOOIICHHS, KAKBHUTO Ca

KOMITFOTBPHUTE KOMYHHUKAIIMHA, OCHOBHO ITPUJIOKEHUE Ca
HAMEPUIN JBOMYHUTE KOJA0BeE.
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Krnacudukanms Ha KOQOBETE

10/1/2024

JOL. 1-p UHXK. ATbH XbKb

Konose
IPOCTH KOpUTHpAIIH
paBHOMEPHU HEpPaBHOMEPHU
OJI0KOBU HEMPEKbCHATU
paznenumu HEpa3IeIuMu
CUCTEMaTUYHU HECHCTEMaTHYHU




Krnacudukanys Ha KOOOBETE

* [IpocTH (HelyMOyCTOMYMBH) — O€3
MH(OPMAIIMOHEH U3JIUIIBK, OTIACIHUTE KOJOBU
KOMOHHAIIMKU C€ pa3ndaBar caMo 110 1 paspe.
IIpu rpenika ce rmony4dana BaJiiHa
KOMOHHAIIMS M IPEIIKaTa HE MOXKE Ja ObJIe
OTKpHTA.

* Kopurupamm (IyMmoycTOM4YMBH) — OCBEH
M3II0JI3BAaHUTE KOJOBU KOMOMHAIINN, KOUTO CE
pa3iM4yaBar ¢ >=2 pa3pena, uMa ¥ 3a0paHCHH.
IIpu nmosira Ha 3a0paHeHa KOMOMHAIIMA 3HAYH,
4ye MMa Ipelka.
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bi10KOBHU KOTOBE

* Hepa3aeaumm — MarbK Opoil, HallpuMep Tejaerpadex
KOJI C IOCTOSIHHO TETJIO0

* Pazneaumu - (N,K) komoBe — N ¢ oOmms Opoi
paspenu, K ¢ 6posT Ha nHGOPMALIMOHHHUTE pa3peau,
(n-K) ca KoHTpOIHUTE pa3pean, BCHIKH KOMOUHAIIUH
ca 2", paspemiennre ca 2K, M3IMIIECTBO HA KOZa €

(n-k)/n

— CucTteMaTHYHHU — KOHTPOJIHHUTE Pa3peau ca cyma Imo MOy
2 OT UH(POPMALIMOHHUTE, HAIIpUMEP KOJ HA XeMHUHI H
HUKJIMYHHA KOA0BE UM KOJOBE C MPOBEPKA IO YETHOCT U
HEYETHOCT, KOJ C IIOBTOPEHMUE, KOPEIIAIIMOHEH KO/,
MHBEPCEH KO, KonoBe Ha | oneun, Pug — Manep,
Maknonaia, BapimaMoB 1 MHTEPAKTUBEH KO/I

— HecucTeMaTn4HM — HE CE IOJI3BAT
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KomoBO pa3CcTosiHuE

* KomoBo pa3crosinue d - MUHUMAITHHAT OpOit
IIO3UINH, C KOUTO CUMBOJIMTE OT €JHa KOMOMHAIIMS Ha
OaJCH KOJ CE OTJIMYaBaT OT CHUMBOJIMTE HA Apyra
KOMOWHAIIH.

— IIpm npoctu kogose d=1
— Ilpu xopurupanm komose d>1

* XemMuHroBo pascrosinue d, - Haii-mankoto ot

KOAOBHUTE Pa3CTOSHUS B JAaACH KO/I.

* B noBeueTo kog0Be (Ko Ha XE€MHUHT, [IUKIAYHU
KOAOBE) KOOJOBOTO PA3CTOSIHUE € €IHAKBO 3a BCUYKHU
Ko70BU KoMOuHarmu: d = d,

* Ilpumep:
Axo xomoBute komOuHarmu ca: 10101 u 11111, d=2.
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OTKpHBaHE ¥ U3OPABSHE HA I'PEIIKU

bposT Ha OTKPUBAHUTE TPEIIKU (G) CE ONMPEEIS OT:
dy>=o+1

bpost Ha kKopurupanute rpemku (t) ce ompenens oT:
dy>= 2t+1

3a Ja ce OTKPHUAIT U MOMPABAT I'PEIIKHU C MO-TOJIsIMa
KpaTHOCT:

dy= o+t+l

KpaTHocTTa HA OTKpUBaHE HA I'PElKH (0) -
OTHOCHUTEJIHUAT Opoi 3a0paHECHU KOMOWHAIIUN MEXKITY
IIBE Pa3pEUICHU

1<=06<=d-1
KpaTrHocTTa Ha monpaBsiHe HA rpeinkH (1) -

MHOKE€CTBOTO Ha 3a0paHECHU KOJOBY KOMOMHAILIVH,
IpUHAJICKAIIA KbM JafcHa pa3pelicHa KoMOHAIHS

JIOIL. JI-p UHXK. AUJIbH XBKb
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Kopurupammu Bb3MOXKHOCTH Ha KOJIa

B 3aBucumMmocCT OT:

* KOJOBOTO PA3CTOAHHUC,

* KpaTHOCTTA Ha OTKPUBAHE;

* KpaTHOCTTA HAa KOPUTHPAHE Ha T'PEIIKHU.

El_- Kopurupaita spswomoct

1
2
3
4
4

S
S
5
24

10/1/2024

A 00 NN WO - - O

S b, NN O - —, O

PaznuyaBa eqHa KoJ0Ba KOMOUHAIMS OT Apyra
OTKpHuBa €THOKPATHU T'PEIIKU

OTKpuBa U KOpUTHPA €AHOKPATHU TPEIIKU

OTKpuBa IBYKpPaTHU U KOPUTHPA €AHOKPATHH I'PEIIKA
OTKpHBa TPUKPATHU TPELIKU

OTKpuBa U KOpUTHPA ABYKPATHU I'PEIIKU

OTKpuBa TPUKPATHU TPEIIKU U KOPUTHPA €AHOKPATHU

OTKpuBa YETUPUKPATHU TPEIIKH
JIOLL. JI-p UHX. AWJIbH XBKb
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XapakTepuCcTUKU Ha koja (1)

JIBbJKHHA HAa KoJa N - OIpeielns ce oT Opos Ha pa3psaanuTe
(cMMBOJIMTE), CHCTABJISIBAIIM KOJOBAaTa KOMOWHAIIHS.

OcHoBa HA KoJa m - OpPOsT Ha pa3IMYaBalIUTE CE€ €AUH OT
Apyr UMIYJICHY OPU3HAIY 32 O3Ha4aBaHE HA pa3psaUTE

— O wim 1 mpu ocHOBa M = 2

MouHocT Ha koga N, - paspemeHn KoqoBr KOMOUHAIINH -
OpOSIT Ha KOJOBUTE KOM6I/IHaI_II/II/I (paOOTHH KOAOBH JyMH ),
M3IIOJI3BAHY 32 MPEIaBaHe Ha ChOOIECHUA. MOIHOCTTA HA KOJIA
C OTYUTAHE CaMO Ha HHPOPMAIIMOHHUTE CUMBOJIM CE ONPEACIIS
ot u3paza N, = m«

IIbaHuAT Opoii HA KogoBUTEe KOMOMHAIUHU N - OposT Ha
BCUYKH Bb3MOXHH KOAOBU KOMOMHAIUM N = M" 332 M-UYHUTE
KOJOBE.

bpoii Ha nHGOPMAITHOHHUTE CHMBOJIH K - KOTMYeCTBOTO Ha
CHMBOJIMTE Ha KOJ0BaTa KOMOMHAIIMS 3a IIpeJaBaHe Ha
CBHOOIIEHUETO.

JIOI1. 1-p UHXK. AWJTbH XbKb 15
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XapakTepUCTUKN Ha Koja (2)

CkopocT Ha nIpeaaBaHe HA KOAOBUTE KOMOMHAIuu R
- OTHOIIICHHUETO Ha OpOosi Ha HHPOPMAITMOHHUTE
pa3psaau KbM AbJDKMHATA Ha kKoma — R = K/n.

Terjio HA KOI0OBATA KOMOUHAIIUA W - KOJIMUYECTBOTO
Ha €IUHUIIA B KOJOBaTa KOMOWHAIIUS.

TerioBa xapakTepucTuKka Ha koxa W(W) - OposT Ha
KOAOBH KOMOHWHAIIAM C TEr0 W.

KoedunueHT Ha OTKPpUBaHe U U3IPaBsIHE HA
rpemkn L - orHomenunero L = A/(A+B) , xpaero:

— A e OposAT Ha KOMOMHAIMHUTE, B KOUTO CE€ OTKPHUBA WU
IOIpaBsl I'PEIIKaTa;

— B e OposT Ha KOMOMHAIIMUTE, B KOUTO IpelllKkaTra HE ce
OTKpMBA U MOMIPAaBS.

KoepuuueHT HA OTKpHBaHe HA rpemkara LoTkp —
Lotkp=(1- N,)/N

JIOIL. JI-p UHXK. AUJIbH XBKb
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XapaKTepUCTUKH Ha koza (3)

* BeposATHOCT 32 HEOTKPUBAHE HA I'PEUIKHU
PHI — BEpOSATHOCT 3a HACThIIBAHE HA CHOUTHE,
IpHU KOETO MpHUETaTa KOJ0BAa KOMOWHAIUS CE
OTJIMYaBa OT MIpeajicHara U CBOMCTBATa Ha
KOJia HE MOTaT Jia OTKPHAT HAJIMYHE Ha
IpEIIKa.

* OnTUMAaJHOCT HAa KOJa — CBOMCTBO Ha KoJia,
KOETO OCUT'YpPsABA HaW-MaJjKa BEPOSATHOCT 34
HEOTKPHUBAHE HA TPEIIKHA OT BCUUKH KOJIOBE
ChC ChINaTa ABIDKKMHA N 1 H3IMITEK (N-K).
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banaHc - CKOPOCT/HAACKIHOCT

e CpbueTaBaHETO HA TE€3U ABE U3UCKBAHUA €
HEeBBb3MOKHO, 3a11[0TO TE€ B3aUMHO CE€
M3KJIFOUBAT:

— 32 yBEJIMYaBaHE Ha CKOPOCTTa TPsIOBa Jia ce
HaMaJll U3JIMIIBKBT

— 3d YBCJIIN4YABAHC HA HAACKAHOCTTA TpH6Ba 1a CC
YBC/IMYA U3JIINMITBKBT
 OnTuMaJjeH koja 0e3 N3JIHIIBK € TO3U KOJI,
IPHU KOMTO KOJUPAHUTE ChOOIICHHUS Ca
PEACTABCHU C KOJIOBU IYMH C MUHHUMAJIHA
cpedHa JIbJKWHA, U3JIUIIBKBT OT MHPOpPMAaIU
€ CBEJCH 1O MUHHMYM.
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Ko 1o ueTHOCT

* IlocnenoBareaHOCTTa OT pa3psAaU CE PaA3ACid HA
TPYIU.
* |IpoBepkara 1o 4eTHOCT CE€ U3BBPIIIBA 3a BCIKA

rpyIia KaTo OposAT Ha €AUHHUILIMTE CE JIOMBJIBA 10
YETHO YHCIIO.

* H@I[OCT&TT)K - HCBb3MO’KHOCTTA 3d OTKPHUBAHC HA
I'PCHIKHN C YCTHA KPATHOCT.

* |lpwara ce B Mmecrtara, KbAETO Ca IO-BEPOSTHU
CAUHUYHUTE I'PEIIKHU.

IIpumep:

KogoBara komOunaius 0111110 ce npeodOpasysa B
01111101
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MarprueH KOJI 110 YETHOCT

AKXO Bb3HMKHE €HA T'PEIIKa MPU IIPEAaBAHE, C TOISIMA BEPOSITHOCT OKOJIO HES MMa
OIIE TPEIIKHU. 3aTOBA.

[TocnenoBareTHOCTTA OT pa3psA/ik CE pa3lielis Ha TPYIIH.

I'pynuTe ce 3anmucBaT B MATPUUCH BUJ] M CE MIPOBEPSBAT 110 YETHOCT CTHJIOOBETE Ha
MOJTyYeHaTa MaTPUIIA.

[Ipn HamruKe HA egHa rpyIoBa Ipenika ¢ JbJIKUHA IT0-MalKa OT (, BbB BCAKA
IIPOBEPKA IIE CE€ OTKPUE HE MOBEYE OT €IMH CUMBOIL.

['pemikuTe B TO3M cliy4yal HsIMa Jla C€ OTKPUSIT, aKO Ca U3KPUBEHU YETEH Opou

pa3psid B CTHIOA. ay |an aps

i1 W22 @33

AKo I'pCIKUTC Ca HC3aBUCHUMHU, KOAbT € CKBUBAJICHTCH HA KO C IIPOBCPKaA I10

YETHOCT B PCOOBCTC. i W2 @3

AKko Epe]J_IKI/ITC Ca KOpCJIMpaHu, 3a CMCTKA Ha ACKOPCIAlUATa KOAbT 1IIC € 110~ @
YCTONYMB HAa U3KPUBABAHUAL.

Henocrarbk Ha TO3M KOJ € CJI0KHOCTTA HA KOJAUPAIIUTE U ACKOIUPAITATE
yCTPOMCTBA.

I[CKOpeJ'Ia]_[I/I}ITa Ha I'PCHIKUTC CC U3BbPIIBA, KOTATO ITPOBCPKATA I10 YCTHOCT CC
peaiu3urpa 1o JuaroHaJIuTC Ha MaTpuiara.

3a moBHIIIaBaHe Ha CIIOCOOHOCTTA Ha KOJIa 32 OTKPUBAHE HA TPEIIIKH, TPOBEpKaTa
10 YETHOCT C€ M3BBPIIBA €THOBPEMEHHO 110 CTHJI00OBETE U JUArOHAINUTE HITH I10
pPEIIOBETE U CTHIOOBETE.

[IpuTerxkaBaT BUCOKA OTKpHUBAIlla CIIOCOOHOCT M HAMHUPAT IITUPOKO MIPUIIOKECHHUE B
araparypuTe 3a IpejiaBaHe Ha [U(POBYU JIaHHHU.
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Ko ¢ MOCTOSIHHO TETJI0

KoabT ¢ MOCTOSIHHO TEIVIO € IBOMYEH PABHOMEPEH KOJI, B KOMTO BCUYKH pa3pelICHU
KOMOMHAIMU ChABPKAT €AHAKBB OPO €IMHUIIY.

OTKpHBa BCUYKH TPEIIKHU C U3KJIOYEHHUE HA CIIy4YauTe, KOrato €JHaKbB Opoit
CIMHUILIMA CE€ MIPEBPBINAT B HYJIU, U OOPATHO — CHIIUAT OpOM HYJIU B €UHUIIH.

Komupanero Ha 0 wnum 1 ce chabpka B ABa UMITYyJICa C MPOTUBOMOJIOKHA MOJISIPHOCT
U C ONPEEIICHA MOCIEI0BATEIHOCT HA CMSIHA HA MOJISIPHOCTTA.

['pemika B KoJjoBaTa KOMOMHAIWS — OT MOSIBA HA JIBKJIUB UMITYJIC WJIM 3ary0a Ha
HSKOW UMITYJIC.

['pemika HE MOXKE J1a C€ OTKPHUE, KOTaTo B €HA JIBOMKA UMITYJICH, ChOTBETCTBAIIN HA
eIuH UH(QOPMAIIMOHEH Pa3psil, Ca CE€ UBKPUBKIIM €THOBPEMEHHO U JIBaTa UMITYyJICA.

HpeI[I/IMCTBO — IIpHU ACUMCTPHUYIHUTC KaHAJIN.

Henocrarbk - mopajau Jurca Ha pa3ielieHue MeXX1y KOHTPOJHH U MH(GOPMAIIMOHHH
paspsau 3a KOJUPaHEe U JICKOIUPAHE CE U3IOI3BaT MHOTO CIIOKHHU
KOAOIIpeoOpa3yBaTeu.

TakuBa ca kogoBeTe oT Buaa ,,2 or 5”,,.3 or6”,,,3017,,3 018", ,,4 0T 8”.

[Ipumep:
B ,,3 ot 7” - koMOuHaImuTe 3 ¢AUHUIM KbM 4 HyIu ca 35.
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Kona ga K. lllenon — P. ®ano

1. CumBonure (X;) ce pasmojarar 1o peja Ha HamasiBaHe Ha
BEPOATHOCTUTE 32 MOSBSIBAHETO UM B ChoOIIeHUATA - P(X;).

2. Ipymnara ce pazaeins Ha ABE MOATPYIH 10 TaKbB HAYHUH, Y€ CYMAPHUTE
BEPOATHOCTU HA CUMBOJIMTE B IBETE MOATPYIIN 10 BB3MOXKHOCT J1a ca
PaBHU.

3. Ha Bceku cuMBOJ OT IIbpBaTa rpyia ce npucBosiBa 0, a Ha Bropara —1
(nm o6patHO). Taka ce moaydaBaT nbpBUTE (CTapinTe) HUGPH HA
KoOJ1a.

4. Crpnku 2 U 3 ce TOBTApAT 3a BCSIKa OT HOBOCH3/IaICHUTE MOATPYIIH,
JIOKaToO BbB BCAKA OT NOATPYITUTE OCTAHE IO €AWH CUMBOIL.

Iemsrma
HpI/IMep: x; | Pfx) PasouBaHe Ha NOIIpyIIH K__?fﬁfa mHD';m
JVMA

x; [0.35 1 1 11 2
x; [0.15 1 0 10 2
x; [0,13 0 1 1 011 3
x; [0.09 0 1 0 010 3
x; [0.09 0 0 1 1 0011 4
xs; [ 0.08 0 0 1 0 0010 4
x; [0.05 0 0 0 1 0001 4
x; [0.04 0 0 0 0 1 | 00001 3
xp (0,02 0 0 0 0 00000 5
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Kong Ha XadmMbH

1. CumBomuTte (X;) Ce pa3mojarar 1o peaa Ha HaMaJsiBaHe Ha BEPOSATHOCTUTE
MOSIBSIBAHETO UM B choOIIeHneTo - P(X;).

2. HaBcsdka crbika ce 100aBsi Bb3el B IPEPUKCHOTO KOJOBO ABPBO, MO KOETO CE
ONpAEHAT KOJOBUTE KOMOWHAIINH.

3. JIBara cuMBoOJIa ¢ Hali-MaJIKu BEPOATHOCTU C€ OOCIUHSABAT, KaToO MO-TOPHOTO OT
Ta0JMIaTa moay4yaBa CUMBOJ 1, a mo-g0JIHOTO — CUMBOJ 0 (B IpePHUKCHOTO KOJIOBO
TBPBO — CHMBOJIBT OTJISIBO — 1, a oTasCcHO - 0).

4. TexHuTe IBE BEPOSITHOCTHU CE€ ChOMPAT U PE3YATATHT CE 3alKMCBA B
HOBOOOpa3yBaHaTa KOJIOHA C BEPOSITHOCTH, IMTOAPEAECHN OTHOBO B HUZXOMASAIL PEI.

5. Crpnoku 2 u 3 ce MOBTApAT, JOKATO OCTaHAT 2 CTOMHOCTH, YUUTO cOop € 1.

[Tpumep:

Jrmssma
x| Plx) OoequHIBade HA CEOOIIEHHATA Konosa anﬂniam

oymsia
Ay AVMa

) |2 [3) 4) 5) 6) |7

X1

0,35 035 | 035 | 035 0,35 0,35 0,37 | 0,63 11

Xz

0,15 0,15 | 015 | 0,17 0,20 0,28 0,35 | 0,37 101

X3

0,13 0,13 | 013 | 615 6,17 4,20 0,28 100

X4

0.09 009 | 011 [013 0.15 0,17 010

Xs

0,09 0,05 [ 009 (011 0,13 001

Xe

0,08 0,08 | 0.09 | 009 000

X7

0,05 0,06 | 0.08 0110

Xg

0.04 0.05 01111

Xo

LR W) ey WS W WD ST R ]

0,02 01110

1,00 1.00 | 1.00 |1.00 1,00 1.00 1.00 | 1.00
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Koa Ha XeMUuHr

Kopurupain rpynos (n, k) kKoj, B KOWTO MaTpuiiaTa Ha
npoBepkuTe M(N, K) mma r=(n — K) penose u (2" — 1)
CTBJIOOBE.

NH@OopMalIMOHHUTE U KOHTPOJIHHUTE Pa3psu ca pa3acicHu U
MO:KE JIa C€ MOCOYU MSICTOTO UM B KOJIOBaTa KOMOMHAIIHS.

Bcenuky r-pa3psiiHd JBOMYHM MOCJIEA0BATEIIHOCTH Ca
HECHYJICBH.

dy=3
Mozke na OTKpuBa JBOWHU I'PEIIKH.
Mozke na u3npaBu BCUYKUA €IUHUYHU TPEIIKH.

Kopurupaiioro 4uciio yka3Ba HoMepa Ha U3KPUBCHUS
€JIEMEHT B KOJIOBaTa KOMOUHAITHA.

bposT Ha pa3pAaUTEe HA KOPUTHUPAIIOTO YUCIIO € I,
3a J1a MOKE Jla C€ ITOCOYM BCEKH CI'PEIICH €JIEMEHT, TpsIOBa:
r > log,(n+1)
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dopmupaHe Ha KOHTPOJIHU pa3psAau

Te3u enemenTu ce hopmupar B IipeaaBaTesis NpU NpeJaBaHe Ha
KOJIOBaTa KOMOUWHAITHA.

OpuruHaiiHara nopeauna OUTOBE €: X; X, X3 X4 Xo. .-,

KoHTponHuTe pa3psaau ce paznonaraT Ha 1, 2, 4, 8.... no3u1uu B
npeaaBaHara KojgoBa KOMOMHALIMSL.

bposT Ha KOHTPOTHUTE OMTOBE CE€ ONPEECIIS OT:
r=n-k u r>log,(n+1)

KoHTposHuUTE OUTOBE CE IOJTydaBar:

b1 = = 33@3—5@3—7@3«9@3« 11 @313 --------------

b2 =d, = 33@35@37@3«10@3 ] ererereerarans

b3 = a, = a;DagDa; D a,yPa;;Da,Dajz ...

b, = ag = agba ybay; Da,Dag...e....n.
IIpenaBanara nopeauna OMTOBE (KOJOBaTa KOMOMHALINS) €:
a,8,843,4c....

ITpenaBana nopeauna a, |a,|ag |a4|as|ag|a;|ag |ag | ag

NHdopMalMOHHU U KOJOBU €J1EMEHTH by [ by | Xy [Dg| X [ X3 X4 |0y | X5 | Xg
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Kopurupalio 4mcjio Ha XeMUHT

* [lomyuyaBanara nopenuiia OMTOBE (KOIOBATa KOMOMHALNA) €: a,,a5a,4s.. ..

* Kopurupamoro uncio (I) mokaspa Kol OMT € CrpellieH P IPeIaBaHETO U
TpsiOBa Ja c€ MHBEPTHUPA

r=gE,,....E;E,
E,=a,Pa;Da;Da,Pa,Da;Pa;PasPa,PaDPay;
E,= a,Pa;Da;Da;Da,,Da, Da;,Da;sDa;sDa;0Day,
E;= a,Pa;Da;Da;Da,,Da,,Pa,Pa;Pa,yPaDay,
E, = a;PayDa;Da;Da,,Da,;Da,,Da;sDay,Days
E:;= a,,Da,,Da,;sDa,,DayDay Day,DayDay,Dags
Eg=as,Dag;DazDa;sDagsDag,DazsDazDasy®Day;

* B®bB BCsKa MOCIE0BATETHOCT OT €JIEMEHTH, OOXBAaIllaHH OT €/IHA IPOBEPKA,
TpsI0Ba /12 BIM3a CaMO €IMH KOHTPOJIEH €JIEMEHT - €JIEMEHTHT d; y4acTBa
camo B E,, a, — camo B E,, 3, — camo B E;u T.H.

* T.e. Bcexu mbpBU €JIEMEHT € KOHTPOJIEH, Thil KATO TOM y4acTBa CaMoO B Ta3u
IpOBEPKA.

* Te3u eneMeHTH ce GopMUpAT MPH MTOTydaBaHE HA KOJOBaTa KOMOMHAIIUSA B
IPUEMHHUKA.
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[ Ipumep
Jla ce mpeoOpasyBa celeMEeIIEMEHTHUST OPOCT KO/ B KOA Ha XEMMHI, OTKpHBAIIl 1
KOopurupam CAMHNYHa I'PCIIKa.

k=7

r = n-k = n-7 > log,(n+1) =>2"">n+1 => 2"> 2/(n+1) => n=11
r=n-k=11-7=4

Axo cbobmienueTo € 1011010, To ce n3npamra 00100111010, 3amoTo:
b, = a, =a,Pa:Da,PasPa,; = 1PH0DH1HODH0=0

b2 a, = a;PaDa,Pa,;Pa,;,=1PH1PH1P1PH0=0

b; =a, =a:Pa;Pa;, = 0P1PH1=0

b, =ag = agPa,;Pa;;= 0P1PH0=1

Axo ce npueme 00100111110, T.e. crpemien e 9 pa3psia, ToBa ce pa3dupa Karo ce
moryyaBa Kopurupamioto yucio =k,E;EE;

E,=a,Pa;Pa:Pa,PaPa = 0P1P0P1P1PH0=1
E,=a,Pa;Pa;Pa,Da,;Pa =0P1P1P1P1pH0=0
E.=a,Pa:Da;Pa,=0P0P1PH1=0
E,=agPa,Pa,,Pay=1P1P1P0=1,

T.e. xopurupaioro yucio € r=1001 — nBonueH 3anuc Ha udpara 9 — crpeeHusIT

eJIEeMEHT € 9-us 1 TpsAOBa J1a ce Kopurupa (MHBEPTHPA).
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[uxmuaan xogose (1)

* IHuxkanuen (N, K) koa ce HapuYa KOJIBT, YHETO MHOKECTBO OT KOJOBH
KOMOMHAIIMH, IPEJCTABISIBA ChbBKYIIHOCT OT MHOTOYJICHU OT CTEIleH N — 1 u
o-Majika, AN ce Ha MHorowieH P(X) Ha creneH N — K, KOWTO ce sABsSIBa
o0pa3zyBall MHOIO4YJIEH.

e HMmMar Bucoka e(PEKTUBHOCT IIPH OTKPHUBAHE U KOPUTHMPAHE HA T'PEIIKU B
KOJIOBUTE KOMOWHAIIWH.

* AmnaparHara peajim3anys Ha KOJAUPAIATE U JCKOAUPAIIUTE YCTPOUCTBA €
CPABHUTEJIHO OIPOCTEHA U JIECHA 3a U3IThJIHCHHUE.

* Peanusupar ce ¢ MoJIMHOMHU. AKO OpOSIT Ha €JIEMEHTUTE Ha KOJI0BaTa
KOMOMHAIUA € N, CbOTBETHUST MHOTOYJICH € OT BH/JIA!

F(X)=C, { X"1+C_,. X"+ ... +C,.x?+ C;.x1+C.X°,

kbaero koepuuuenture C, ,C, ,C, ,...., C.; npuemar 3nauenue 0 mimn 1.

x.F(X) = C,{ X"*+C . X"+ ... +C,.x3+ C . x?+C,.X1,

HO N eJIEMEHTHA KOJ0Ba KOMOMHAITAS HEe MOXKE J1a mpeBuIana (N—1) cremneH,
T.e. mpomMennmBara X" e xV:

x.F(X) = C, X"+ ... +C,.x3+ C . x?+Cy.x+C_ 4,

Taka (x.F(X)) ce sBsgBa IUKJIMYHO IIpeMecTeHa KoMOuHaIus Ha F(X).
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[ukanaam kojoBe (2)

* KogoBusat MHorouwsieH F(X) Moxke J1a ce MoJIy4H, KaTo C€ YMHOXHU
MHOTrowIeHbT G(X) o oOpaszyBaius MHOTOwIEH P(X):

F(X) = G(x) . P(x)
* Henocrarbk - Tyk nuricBa cTporo pasjensiHe Ha HHPOPMAIUOHHUTE U

KOAUPAIIUTE €IEMEHTH B KogoBara KomOuHaus. M3uckBa no-ciaoxHu
CXEMH 3a JECKOIUPAHE.

* 3a Ja pazaenauM HHGOPMAIlMOHHM OT KOJAUPAILM €JIEMEHTH, C€ YMHOKaBa
G(X) mo X" - Taka ¢ O-BHCOK IOPSAIBK IIIe ca HH(OOPMAIIMOHHUTE
CJIEMEHTH, a KOC(PUIIMEHTUTE OT ITO-HUCHK MOPSAIBK - KOHTPOJHUTE.

X". G(X) = Q(X) . P(x) + R(x)

* Ho cyMupaHeTo ¥ U3BaXKJAHETO MO MOAYI 2 ca UJICHTUYHU JICUCTBHUS:
X". G(x) + R(x) = Q(x) . P(x) = F(x),

T.K. G(X) 1 Q(X) ca oT e1HA U ChIIA CTEICH

Q(x)= (X". G(x) + R(x) )/ P(x)

* Hanuuue Ha rpenika B npuetoTo chodiieHue H(x) ce oTkpuBa:

— axo H(X) He ce nenu Ha P(X)
— axo H(x) ce menu — HsiMa rpelka.
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[ Ipumep
3amada:

3a 12 exementer kox (k = 12) ce uzmonssa odpasysaiil monuHoM: P(x) = x° +

X4+ X2+ 1. Jla ce onpezeiy 3HAYEHUETO HAa KOHTPOJHUTE €JIEMEHTH Ha
komOuHarugaTa 010001011001.

Peuienue:
B CH?/‘I&}I OposT Ha KOHTpoJHUTE eneMeHTH € 5 (r=5), a G(X) = x10 + x5 + x* +

(x> . G(X) )/ P(X) = x3(x10 + x0 + x* + x3 + 1)/(X> + x* + x2 + 1)
Q(x) = x19 + x® + x8+1 u ocrarek R(x) = x* + X2 + 1, T.€ KOHTPOJIHHUTE
enemenTu ca 10101,

Torasa F(X)= x> . G(X) +R(X) = (X1° + X1 + x¥+ x8+ x°)+( x* + x2 + 1),
nHpopmanronuute eaxemenTu ca: 010001011001 u 10101 — koHTpOIHM.

Hexka ce mpenasa 010001011001 10101 , a ce monyuasa
01000111100110101 u ce npexacrass c:

HX) =xP+xt+x10+x3+x3+ x>0+ x4+ x2+1
FpeIHKaTa Ce OTKpHBa KaTo.
+ X

g + +1) =x10
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CBOMCTBA HA IUKJINYHUTE KOIOBE

* IlukandeH Ko, HA KOMTO 00pa3yBalusaT MoJuHoM P(X) ce
ChCTOM OT MOBEYE OT €AWH YJICH, OTKPUBA BCUYKH CIMHUYHU
T'PEIIKH.

 [mkandeH ko ¢ oOpasyBail MHOrodwieH P(X) = X + 1
OTKpHBA HE CaMO CAMHUYHH, HO ¥ IIPOU3BOJICH HCUCTCH
OpOil I'peIIKH.

» [uxauyeH koj ¢ oOpasysai noauHoM P(x) = (x + 1)P'(X)
II03BOJIABA J]a CE OTKPUAT BCUUKU SIAUHUYHU, TBOMHU 1
TPONHHU I'PEIIKHU, aKO CTCIICHTA I' Ha HEASIUMUS MHOTOWICH
P'(x) e TakaBa, ue (2"'— 1)>= n, xpaeTo N-Opoii eJICMEHTH Ha
KOJIA.

e [{ukimyeH KoJ ¢ 00pa3yBalll MHOTOYIECH OT CTEIICH I
OTKPHBA BCEKH ITAKET C T'PEIIKU C IbJKUHA I U II0- MaJIKa.

e 3a BCUYKH 3HAUCHHS HA | ¥ t CHIICCTBYBA IUKIIMYECH KOJ C
IBIDKMHA N= 2) -1, N3npaBsI BCUYKU TPELIKU C KPATHOCT t
1 [IO0-MaJIKa U ChIBPKAIIl HE IIOBEYE OT I = |.t KOHTPOJIHH!

CIICMCHTMN.
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[ [punoxeHue Ha MUKINYHU KOTOBE

[TomuaomsT P(X) = X8 + X% + X + 1 ce mpwtara B
— mukianueH xkoxa [TU CRC-8.

— craggapt ATM 3a KOHTPOJI HA TPEMIKUTE B 3arjlaBHATA 4acT Ha
KJICTKUTE

— crangapt IEEE 802.6 3a n3rpaxane Ha perMOHAJIHA KOMIIOThPHHU
MPEKH.
[TomuaomsT P(X) = X16 + X12 + X°> + 1 ce nmpumara B

— mukiandeH kod I'TU CRC-16. KogbT OTKpHBa I'PEILIKHU B IAKETH C
nuJKrHa 16 outa. [locneTHUST YieH Ha MOJIMHOMA ChC CTOMHOCT 1
reHEpHUpa MPOBEPKA MO YETHOCT. TO3M KOJI OTKPHBA AKCTHUTE
I'PEIIKU C HEUETHOCT U TPEIIKK C YETHA KPATHOCT 10 16.

— B nporokona HDLC

— B nporokomu ot cemeiicteo LAP (LAPB, LAPD,LAPF...).
[MomuaoMbT P(X) = X32 + X260 + X23 + X106 + x12+ x11 + x10+ x8 +
X"+ X° + X*+ X? + X +1 ce npuara B

— mukiandeH xkoxa [TU CRC-32.

— B CTAHJAPTHUTE JIOKAJIHU KOMITIOTHPHU Mpexu IEEE 802.3.
(Ethernet).

JIOIL. JI-p UHXK. AUJIbH XBKb

32



Bwropocu ?

bnarogaps 3a BHUMaHHETO !
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