KogupaHe Ha nH(pOpMaALUATA.
PaBHOMEPHO 1 HEPABHOMEPHO
koaupane. Kogose Ha llleHoH -
®ano nu XapmbH. [IIyMOyCTOMYHMBO
KoaupaHe. LIuKimmuHu KomoBe.

npod. a1-p uHx. BeHeTra Anekcuena

8/2/2022 npod. 1-p urxk. Benera Anexcuesa
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OCHOBHU MOMEHTH

Koanpane Ha nunpopmanusata. CbIIHOCT.
Tepmunm.

IIpeaHa3zHauyeHuUe.

PaBHOMEpPHO 1 HEPABHOMEPHO KOJIMPAHE.

Kona na lllenon — dano.
Kox Ha Xa(pMsbH.

[HIyMOyCTOMYHUBO KOJUPAHE.

[ IMKIM4YHU KOJIOBE.

npod. 1-p unx. Benera Anekcuena
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Kooupane

ChOOLICHHE CHTHAJI CUTHAJ M LIYM CHOOIIICHHE

I I

l /4 KOJEP )L///a JIEMOYJIATOP

vd T T

KOMIIIOTBD [ P Kanan W= kommoTsp
MO/TyJ1aTOP nexkonep |
KoMyHuKalMOHHA

IpeIaBare crclrema IPUEMHUK

|
CMYILICHUS

 Koaupane Ha uH(popManUATa € IPOILIEC HA
IpeoOpa3yBaHe Ha ChOOIICHUITA B CUTHAJIH.

* Koa - anropuTbMbT, 10 KOUTO CHOOIIECHUSATA CE
IIPEBPBIIAT B KOMOMHALIMS OT pa3Id4HU cUTHaJIHU. ToBa
€ CUCTEMA 3a II'bJIHO U TOYHO ChOTBETCTBUE MEXKTY
CHOOMIEHUATA U CUTHAJIUTE.

8/2/2022 npod. A-p urx. Benera Anekcruera 3



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:

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

q= P(0/1) e BeposiTHOCTTA 11a € u3npareHa 0, HO Ja
C€ MHTEPOPETUPA B IMoaydarens karo 1

8/2/20

)
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npod. 1-p unx. Benera Anekcuena



BB3HUKBAHE HA I'PEIIKU IIPHU [IPEIABAHE

* B KOMITIOTBPHUTE KOMYHHUKALIMM CE U3M0JI3BAT
YCTPOUCTBA, KOUTO Ca JOCTHUXKEHHUS HA BUCOKHU
TEXHOJIOTHUH, ITPUIIOKEHN B MUKPOEIEKTPOHHUKATA.

* B pesyirar Ha TOBa BEPOSTHOCTTA 3a BB3HUKBAHE
Ha I'PEIIKH B KOMYHUKAIMOHHUTE KaHAJIN Ha
KOMITIOTBPHUTE MPEXKHU 3a O-Majko oT 10r. ce
npomenn ot 1.10°1 1o 1.10-%4,

* IIpu TakaBa Majika BEpOATHOCT 3a I'PEIKa Ce
00€3CMMUCIISI KOOJUPAHETO HA CHhOOILCHUSITA ChC
CJI0KHHU KOJOBE 32 OTKpPUBAHE M KOPUTHPAHE Ha
I'PEIIKHU.

8/2/2022 npod. 1-p uwxk. Benera Anekcuena



Pemienue 0€3 KogupaHe

B crangapTtute 3a KOMIIIOTBPHUTE KOMYHHUKAIIMHU € 3aJI0KEHO
M3II0JI3BAHE HAa IIUKJIWNYHU KOJIOBE 32 OTKPHBAHE HA I'PEIIKH,
KaTo IMpoIEeaypara 3a KOpUrupaHe Ha TPEIIKUTE B
KOMYHHUKAIIHOHHUTE KaHAJIM HE € MPUJIOKECHA.

OOMKHOBEHO KOTaTo IpH MpeaaBaHe Ha ChOOIICHUS CE
OTKPHST I'PEIIKH, HEKOPEKTHUTE (pparMeHTH HA
CHOOIIEHMETO Ce YHUIII0KABAT.

[IpremanmoTo yCTporCTBO, OTKPUJIO IpEIIKaTa, BPhIA HA
npeaaBanioTo OTPUIATEIHA KBUTAHIIUSA, KOIATO CE
Bb3IIpUEMA KATO 3asBKa JI0 U3TOYHHUKA Ja NPEIaJIE OTHOBO B
MpeKaTa H3KPUBEHUTE (PParMEHTH Ha CHOOIICHUETO.

IIpouiegypara Ha HOBTOPEHHUS IO NOAPA30OUpPAHE €
OrpaHUYCHA A0 OIPEACICHO HUBO, CJIE] KOETO, aKO CE€ OTKPHUE
I'peIlKa, CE CYNTa, Y€ KOMYHUKAILIMOHHMSAT KaHaJ € 3aryoun
CIIOCOOHOCTTA CH 3a MpeJaBaHe Ha JaHHH.

8/2/2022 npod. 1-p uwxk. Benera Anekcuena
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leopursa Ha KOTUPAHETO

T4 e pazgen oT TeopusTa Ha HHPOpPMAIUATA,
M3y4daBallia KOJOBETE, IIPEACTABEHU BbB BHU] Ha
AyMH OT CUMBOJIU Ha AaJicHa a30yKa.

KoavpaHeTo ce u3BbPIINBA, 3a 14 CE IaJIE
BB3MOKHOCT 3a IpeaaBaHe Ha HH(pOpMaLUITA I10
KOMYHMKAIIMOHEH KaHaJ IIPU U3ITbJIHCHUE HA
IPEABAPUTEIIHO 3aIaICHA U3MCKBAHUSA U 32
M300p HA HAKW-TOOPUTE BapHaHTH, CBP3aHHU C
XapaKTepUCTUKATa Ha IIpolleca Ha MpeIaBaHe Ha
MH(OpMaIUATA: CKOPOCT, IIYMO3AIUTCHOCT U

AP.

npod. a-p unxk. Benera Anekcuena



lepmunaH

KonbT € Ha0Op OT KOXOBH KOMOMHAIIMHU X, X, 1,..
KaTo BCSIKA KOJOBAa KOMOMHAIMA X, € ChUETAHUE OT
€JIEMECHTApPHU CUMBOJIH, KOUTO U3pa3siBaT OykBa, udpa uin
3HAK.

JbJIKHHATA HA KOA0BATA KOMOMHAILUS CE OIIPEACS OT
Oposl Ha €JIEMEHTAPHUTE CUMBOJIM B HEA.

KomoBa ayma - 11ocjieJoBaTeJIHOCTTa OT CUMBOJIM, KOSITO B
Ipoleca Ha KOAUpaHe ce IPUCBOSBA HA BCSIKO MHOXKECTBO
npeaaJcHu ChOOIICHUS.

CumBoJ (pa3psig Ha koga)- JIsonunara mudgpa 0 i 1.

[ IpoabIDKUTENTHOCTTA HA €IMH CUMBOJI CE HapHU4ya eIMHUYEH
HHTepBaI — t,.

[Ipu npenaBaHeTO Ha JUCKPETHU CHhOOIICHHS, KAKBUTO Ca

KOMITFOTBPHHUTE KOMYHHUKAIIMHA, OCHOBHO IIPUJIOKCHHUE Ca
HAMEPHWJIM IBOMYHHUTE KOJA0BE.

) X29 X19

8/2/2022 npod. 1-p uwxk. Benera Anekcuena



Krnacudukanms Ha KOQOBETE

Konose

./--\.\

IPOCTH KOpUTHpAIIH
/ ) =
paBHOMEpHU HEpPaBHOMEPHU
/ ) =
OJI0KOBU HEMPEKbCHATU
/ ] =
paznenumu HEpa3aeIuMu
/ ) N
CUCTEMaTUYHU HECHCTEMaTHYHU

8/2/2022

npod. 1-p urx. Benera Anekcuena
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Krnacudukanys Ha KOOOBETE

IIpocTH (HEIIyMOyCTOMYMBH) — 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.

Kopurupamu (ImyMmoycToM4MBH) — OCBEH
M3II0JI3BAaHUTE KOJOBU KOMOWHAIINH, KOUTO CE
pa3iM4yaBar ¢ >=2 pa3pena, uMa ¥ 3a0paHCHH.
IIpu nmosira Ha 3a0paHeHa KOMOMHAIIMA 3HAYH,
4ye MMa Ipelka.

npod. 1-p uwxk. Benera Anekcuena 10



bi10KOBHU KOTOBE

* Hepa3aeaumm — MarbK Opoil, HallpuMep Tejaerpadex
KOJI C IIOCTOSIHHO TETJIO

* Pazneaumu - (n,K) komoBe — n ¢ o0yt Opou
paspenu, k € OposT Ha HH(POPMALMOHHUTE Pa3peiu,
(n-kK) ca KOHTPOJIHUTE pa3pean, BCHUKH KOMOHWHAIAU
ca 2", paspelieHnTe ca 25 , M3IUIIecTBO Ha KOJa €

(n-k)/n

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

— HecucTeMaTn4HM — HE Ce IOJI3BAT

8/2/2022 npod. 1-p uwxk. Benera Anekcuena 11



KonoBo pascrosHue

* KomoBo pa3crosinue d - MUHUMAIHUSIT OpOU
[IO3UIINH, C KOUTO CUMBOJIUTE OT €1Ha KOMOWHAIU Ha
IaJCH KOJ C€ OTJIMYaBaT OT CHUMBOJIUTE HA Apyra
KOMOWHAIIH.

— [Ipu mpoctu kKOJ10BE d=1
— [Ipu xopurupamum kogose d> 1
* XeMHMHI0BO pa3cTosiHue d, - Hal-MajikoTo ot
KOJOBHUTC PA3CTOAHUA B JAJICH KOJ.

* B noBeudeTo kog0Be (Ko Ha XE€MHUHT, [IUKIAYHU
KOAOBE) KOOJOBOTO PA3CTOSIHUE € €IHAKBO 3a BCUYKHU
KOJIOBM KOMOnHauwu: d = d,,

* Ilpumep:
Axo xogosute komoudanuu ca: 10101 m 11111, d=2.

[\

8/2/2022 npod. 1-p uwxk. Benera Anekcuena 1
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OTKpHBaHE ¥ U3OPABSHE HA I'PEIIKU

bposT Ha OTKPUBAHUTE TPEIIKU (G) CE ONMPEEIIS OT:
dy>=o+1
bposT Ha KOPUTUPAHUTE TPEIIKH (Z) CE ONMPEEIS OT:
d,>=2t+1

3a J1a c€ OTKPUST U MOIPABAT I'PEILIKH C MMO-TOJISIMA
KpaTHOCT:

d,= o+t+1

KpaTHocTTa HAa OTKPpUBaHE HA IPEIKH (0) -
OTHOCHUTEJIHUAT Opoi 3a0paHECHU KOMOWHAIIUN MEXKITY
JIBE€ Pa3peIICHU

1 <=o<=d-1

KpaTrHocTTa HAa MONpaBsiHe HA IPElIKHM () -
MHOKE€CTBOTO Ha 3a0paHECHU KOJOBY KOMOMHAIIVH,
IpUHAJICKAIIA KbM JafcHa pa3pelicHa KoMOHAIHS

npod. a-p unxk. Benera Anekcuena
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Kopurupammu Bb3MOXKHOCTH Ha KOJ1a

B 3aBucumocT oT:

* KOJOBOTO PA3CTOAHHUC,

* KpaTHOCTTA Ha OTKPUBAHE;

* KpaTHOCTTA Ha KOPUTHPAHE Ha IPEIIKHU.

E-_- Kopurupaita spswonoct

hnh D »n B B~ W N =

8/2/2022

AW DD WD = = O

S = O = = O

Pa3nuuaBa eiHa KO10Ba KOMOMHAIMS OT IpYyTa
OTKpHBa €IHOKPATHU TPEIIKH

OTKpHBa U KOPUTHPA €THOKPATHU I'PEIIKU

OTKkpHBa ABYKpPaTHU U KOPUTUPA €THOKPATHU TPEILIKU
OTKpuBa TPUKPATHU TPEIIKH

OTKpHBa U KOPUTHPA IBYKPATHU I'PELLIKU

OTKpHBa TPUKPATHYU I'PELIKU U KOPUTHPA E€THOKPATHU

OTKpuBa YETUPUKPATHU TPEIIKH

npod. n1-p nHxk. Benera Anekcruena
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XapakTepuCcTUKU Ha koja (1)

JbJIKHHA HA KOAA N - OIIPEACs C€ OT Opos Ha pa3psauTe
(CUMBOJIMTE), ChbCTaBIISIBAIllM KOJOBaTa KOMOMHAIIMSL.

OcHoBa Ha KoJa m - OpPOsT Ha pa3IdYaBalIUTEe CE€ €AUH OT
Apyr UMIYJICHY OPU3HAIY 32 O3Ha4aBaHE HA pa3psaUTE

— O wim 1 mpu ocHOBa M = 2

MouHocT Ha koga N, - pa3pemeHn KoqoBr KOMOWHAIINH -
OpOST HA KOJIOBUTE KOM6I/IHaI_[I/II/I (paOOTHHU KOJIOBH JyMH),
M3II0JI3BaHM 3a MPEaBaHe HA ChOOIECHUA. MOIITHOCTTa Ha KOJIa
C OTYUTAHE CaMO Ha HHPOPMAIIMOHHUTE CUMBOJIM CE ONPEHACIIS
oT u3paza N, = m*

IIbaHUAT Opoii HA KogoBUTE KOMOMHAIMU N - OpOsT Ha
BCUYKH Bb3MOXHH KOJOBU KOMOMHAIUM N = m" 32 m-U4HUTE
KOJIOBE.

bpoit Ha MHpOpMATMOHHUTE CUMBOJIA K - KOJTMYECTBOTO HA
CHMBOJIMTE Ha KOJ0BaTa KOMOMHAIIMS 3a IIpeJaBaHe Ha
CHOOIIICHUETO.

npod. 1-p uwxk. Benera Anekcuena 15
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XapakTepUCTUKN Ha Koja (2)

CxopocT Ha nmpegaBaHe HA KOAOBUTE KoMOMHAIUM R
- OTHOILIEHUETO Ha Opos Ha HHPOPMAIIMOHHUTE
pa3psau KbM IbJDKMHATA Ha Kojga — R = k/n.

Terjio HA KOA0BATA KOMOUHAIIUA W - KOJIMYECTBOTO
Ha €IUHUIIA B KOJOBaTa KOMOWHAIIH.

TersnmoBa xapakTepucTuka Ha kKoga W(w) - OposiT Ha
KOJIOBU KOMOHWHAIIUU C TEIVIO W.

Koe(puuueHT HAa OTKpUBaHe M M3NPABAHE HA
rpemku L - otHomenuero L = A/(A+B) , kpaero:

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

— B e OposT Ha KOMOMHAIMUTE, B KOUTO IpellIKkara HE ce
OTKpMBA U MOIIPaBA.

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

npod. a-p unxk. Benera Anekcuena
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XapaKTCpUCTUKU Ha KoAa (3)

BeposAITHOCT 32 HEOTKPUBAHE HA I'PEIIKH
PHI — BEpOSATHOCT 32 HACThIIBaHE HA CHOUTHE,
IpHU KOETO MpHUETaTa KOJ0BAa KOMOWHAIUS CE
OTJIMYaBa OT IpeaajicHara U CBOMCTBAaTa Ha
KOJia HE MOTaT Jia OTKPHAT HAJIMYHE Ha
IpEIKaA.

OnTuMaJIHOCT HAa KO0Ja — CBOMCTBO Ha KOJia,
KOETO OCUTYpPsABA HAW-MaJIKa BEPOSATHOCT 34
HEOTKPHBAHE HA I'PEIIKH OT BCUYKH KOJIOBE
ChC ChIIATa IbKMHA N U U3JIUINBK (n-K).

npod. 1-p uwxk. Benera Anekcuena 17
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banaHc - CKOPOCT/HAICKIHOCT

CrpueTaBaHETO HA TE3U JIBE U3HMCKBAHUS €
HEeBBb3MOKHO, 3a11[0TO TE€ B3aUMHO CE€
M3KJIFOUBAT:

— 32 yBEJIMYaBaHE Ha CKOPOCTTa TPsIOBa Jia ce
HaMaJll U3JIUIIBKBT

— 3a yBeJIMYaBaHE Ha HAJEKIHOCTTa TPsIOBa Ja ce
YBGJII/I‘II/I N3JIMITBKBT

OnTuMaJjeH ko 0e3 M3JHMIIbK € TO3U KOJI,

IPHU KOMTO KOJUPAHUTE ChOOIICHHUS Ca

IPEACTABCHU C KOJIOBU IyMH C MUHHAMAJIHA

cpedHa JIbJKUHA, U3JIUIIBKBT OT MH(POpPMAIHs

€ CBEJCH 1O MUHHMYM.

npod. 1-p uwxk. Benera Anekcuena 18



Ko 1o ueTHOCT

* llocnenoBareaHOCTTa OT pa3psAaU CE Pa3aACid HA
TPYIU.
* |IpoBepkara 1o 4eTHOCT CE€ U3BBPIIIBA 3a BCIKA

rpyIa Kato OposAT Ha €IMHUIIMTE CE JOIbJBA JI0
YETHO YHCIIO.

* Hengocrarbk - HEBB3MOXKHOCTTA 32 OTKPUBAHE HA
TPELIKUA C YETHA KPATHOCT.

* |lpwara ce B Mmecrara, KbAETO Ca I0-BEPOSTHU
CAUHUYHUTE I'PEIIKHU.

I Ipumep:

KogoBara komOunaius 0111110 ce npeodpasysa B
01111101

8/2/2022 npod. 1-p uwxk. Benera Anekcuena 19



MarpruyeH KOJI 110 YETHOCT

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

[TocrnenoBaTeTHOCTTA OT pa3psAIN CE Pa3eiisl HA TPYIIH.

['pynuTe ce 3anmucBar B MaTPUUYEH BUJI U CE TPOBEPABAT IO YETHOCT CTHIOOBETE HA
MOJTyYeHaTa MaTPUIIA.

[Ipn HamruKe Ha egHa rpyIoBa Ipenika ¢ JbJIKUHA [T0-MalKa OT (, BbB BCAKA
IIPOBEPKA IIE CE€ OTKPUE HE MOBEYE OT €IMH CUMBOIL.

['pemikuTe B TO3M clly4yal HsIMa Jla C€ OTKPUSIT, aKO Ca U3KPUBEHU YETEH Opoi
paspsiau B CThIOA.

AKko I'pCIKUTEC Ca HC3aBUCHUMHU, KOAbT € CKBUBAJICHTCH HA KO C IIPOBCPKaA I10
YETHOCT B pCHOBCTC.

AKko I'pCIKUTEC Ca KOPCIHUPAHHU, 3a CMCTKA Ha ACKOpCIIaluATa KOABT IIC € I10-
YCTONYMB HAa U3KPUBABAHU.

Henocrarbk Ha TO3M KOJ € CJIOKHOCTTA HA KOJAUPAILIUTE U JCKOIUPAITUTE
YCTPOWCTBRA.

I[eKopenaumITa Ha I'PCHIKUTC CC U3BbPIIBA, KOTATO ITPOBCPKATA I10 YCTHOCT CC
peaj3urpa 1o JuaroHaJIuTC Ha MaTpuiara.

3a moBuIIIaBaHe Ha CIIOCOOHOCTTA Ha KOJIa 32 OTKPUBAHE HA TPEIIKHU, TPOBEpPKATa
10 YETHOCT C€ M3BBLPIIBA €THOBPEMEHHO 110 CTHJIO0OBETE M JUArOHAJINUTE HITH T10
pEeIIOBETE U CTHIOOBETE.

[IpuTerxkaBaT BUCOKA OTKpHUBAIla CIIOCOOHOCT M HAMHUPAT IITUPOKO MPUIIOKEHHUE B
anapaTtypuTe 3a IpejaBaHe Ha U(POBU JaHHU.

. g
.. 3

8/2/2022 npod. 1-p unxk. Benera Anekcuena 20



Ko ¢ MOCTOSIHHO TETJI0

KoabT ¢ HOCTOSIHHO TEIVIO € IBOMYEH PABHOMEPEH KOJI, B KOMTO BCUYKH pa3pelICHU
KOMOMHAIIMU ChABPKAT €AHAKBB OpOM €AUHHUIIY.

OTKpHBa BCUYKH TPEIIKHU C U3KJIOYEHHUE HA CIIy4YauTe, KOrato €JHaKbB Opoil
CIMHUIIMA CE€ MIPEBPBIIAT B HYJIU, U O0OPaTHO — CHIIUAT OpOil HYJIU B €AUHULIM.

Komupanero Ha 0 mnum 1 ce chabpka B ABa UMITYyJICA C MPOTUBOMOJIOKHA MOJISIPHOCT
U C OIPENIENIEHA MMOCIEA0BATEIIHOCT HA CMsIHA HA TIOJISIPHOCTTA.

['pemika B kogoBaTa KOMOMHAIMA — OT MOsIBa HA JIBKJIMB UMITYJIC UJIK 3ary0a Ha
HSKOW UMITYJIC.

['pemika HE MOXKE J1a C€ OTKPHUE, KOTaTo B €HA JIBOMKA UMITYJICH, ChOTBETCTBAIIN HA
eIH HH(QOPMAIIMOHEH Pa3psil, Ca C€ U3KPUBHWIM €IHOBPEMEHHO U JIBaTa UMIYJICa.

[IpeauMCcTBO — MPU ACUMETPUYHUTE KAHAJIH.

Henocrarsk - mopajau Jurca Ha pa3ielieHue MeXX/1y KOHTPOJHHU U MH(GOPMAIIHOHHH
pa3psau 3a KOJUPaHe U JACKOIUPAHE CE U3IOI3BaT MHOTO CIIOKHHU
KOAOIIpeoOpa3yBaTeIu.

TakuBa ca kogoBeTe oT Buaa ,,2 or 5”,,, 3 or6”,,301r7’,,30T8”,,4 0T 8.

[Ipumep:
B ,,3 oT 7” - koMOMHanuuTe 3 €AMHUI KbM 4 HylIH ca 35.

8/2/20
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npod. 1-p unxk. Benera Anekcuena 21



Koa ga K. lllenon — P. ®ano

1. CumBonute (X;) ce pas3monarar o pea Ha HamajsiBaHE Ha
BEPOSATHOCTHUTE 32 MOSIBIBAHETO UM B ChOOIIECHUSATA - P(X.).

2. I'pymara ce pasnend Ha ABE NOATPYIIM IO TAKbB HAYUH, Y€ CYMAPHUTE
BEPOSITHOCTHU HA CUMBOJIMTE B IBETE MOATPYIIN 10 BB3MOXKHOCT J1a ca
PaBHHU.

3. Ha Bcexu cumBOMI OT bpBara rpyia ce npucossa 0, a Ha Bropara —1
(um oOparHo). Taka ce mojydaBar mbpBUTE (CTApIINTE) HUPPH HA
KOJA.

4. Crplku 2 1 3 ce MOBTAPAT 3a BCAKA OT HOBOCH3AACHUTE MOATPYIIH,
JIOKaToO BbB BCAKA OT NOATPYITUTE OCTAHE IO €AWH CUMBOIL.

BmaEmHa
HpI/IMep: x; | Prx) PasouBaHe Ha NOIIpyIIH K;fﬁfa mﬂu';m
JVMA

x; | 0.35 1 1 11 2
x | 0.15 1 0 10 2
x; | 0.13 0 1 1 011 3
xy | 0.09 0 1 0 010 3
x; | 0.09 0 0 1 1 0011 4
x; | 0.08 0 0 1 0 0010 4
x7 | 0.05 0 0 0 1 0001 4
x; (0,04 0 0 0 0 1 00001 5
xp | 0.02 0 0 0 0 0 00000 5

8/2/2022 npod. 1-p unxk. Benera Anekcuena

22



Kong Ha XadmMbH

1. CumBonuTe (X;) c€ pa3noJiarar 1o peaa Ha HaMaJsiBAHE HAa BEPOSITHOCTHUTE
NOSIBIBAHETO UM B ChOOIIEHHUETO - P(X,).

2. Ha Bcsika crbnka ce 100aBs Bb3el B MPEHUKCHOTO KOJIOBO IBPBO, IO KOETO CE
ONpPACHAT KOJOBUTE KOMOUHAIIHH.

3. JIBara cuMBOJIa C HA-MaJKU BEPOSITHOCTHU C€ OOCIMHSBAT, KaTO MO-TOPHOTO OT
TaOJUIaTa ModydyaBa CUMBOJ 1, a mo-10JIHOTO — CUMBOJ 0 (B IpePHUKCHOTO KOJIOBO
IBPBO — CHMBOJI'BT OTJISIBO — 1, @ OTAsACHO - 0).

4. TexHuTe IBE BEPOSITHOCTHU CE€ ChOUPAT U PE3YJATATHT CE 3aIUCBA B
HOBOOOpa3yBaHaTa KOJIOHA C BEPOSITHOCTH, MTOAPEAECHN OTHOBO B HUZXOMSAII PEI.

5. Crpnku 2 1 3 ce NOBTapAT, JOKATO OCTAHAT 2 CTOMHOCTH, YUUTO cOop € 1.

[Tpumep:

Jrmssma
x| Plx) ObemuuIBaNe HA CEROOIIEHHATA Konosa HD.:EDL;am

oymsia
Ay AVMA

) |12 [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

0.13 013 | 013 | 615 0,17 a,26 028 100

Xy

0.09 002 | 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

Xp

| e | | |l | | L | 3

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
npoBepkutTe M(n, k) uma r=(n — k) penose u (2'— 1)
CTBHJIOOBE.

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

Bcenuky r-pa3psiiHA JBOMYHM MOCIIEA0BATECIIHOCTH Ca
HCHYJICBH.

d,=3
Mozke na OTKpuBa JBOWHU I'PEIIKH.
Moxke na u3npaBy BCUYKUA €IUHUYHU TPEIIKH.

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

bposT Ha pa3psauTe Ha KOPUTHUPAILIOTO YUCIIO € T,
3a J1a MOKE Jla C€ ITOCOYM BCEKH CI'PEIICH €JIEMEHT, TPsIOBa:
r> log,(n+1)

8/2/2022 npod. 1-p uwxk. Benera Anekcuena 24



dopmupaHe Ha KOHTPOJIHU pa3psAau

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

OpuruHaiHara nopeauna OUTOBE €: X X, X3 X4 Xs...,

KoHTposauTe paspsau ce pasmoiarar Ha 1, 2, 4, §.... IO3UIYH B
npeaaBaHara KojgoBa KOMOMHALIMSL.

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

KoHTposHuUTE OUTOBE CE IOJTydaBar:

b, =a,=a;Pa;Da,Da,Da,; Dajz..ccceeruvnns

b, =a,=a;PaDa,Da,;Da ...ccccern.n.

b, =a,=a;PDa,Da, D a,;Da,; Da, ,Da; ..ccccuvee....

b, = ag = a,PDa,,Da,;; Da,,Daz..cccceveeen.
IIpenaBanara nopeauna OMTOBE (KOJOBaTa KOMOMHALINS) €:
a,2,2;3,4s....

IIpenaBana nopeauia

a;

4

dj

dy

ds

NHbopMaIimoHHN U KOJIOBH €JIEMEHTHU

b,

b,

X4

b,

X5

8/2/2022
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Kopurupalio 4ncjio Ha XeMUHT

* [lomywyaBanara nopenuia OMTOBE (KOIOBaTa KOMOMHAIMA) €: 4,2,2;3,4s....

* Kopurupamoro uncio (r) nmokaspa Ko OMT € CrpellieH P IPeIaBaHETO U
TpsiOBa Ja c€ MHBEPTHUPA

r=EE_,....E;E,
E;=a,Da;Da;Da,DayDa, Da;;Da;;Da;Da,Da,,
E,=a,Pa;DaDa,Da,Da, Da ,Da ;DaDaDa,,
E.=a,Da;Da,Da,Da,(Da, Da,Da;Da,Da, Da,,
E,= a;DayDa,,Da, Da ,Da;Da ,Da ;Da,,Da,s
Es=a,Da,Pa ;Da,Da,Pa, Pa,,Pa,;Pa,,Days .
Es=a;,Da;;Da;,Da;;Da;Da;,DayPayDayDay,

* B®bB BCsAKa MOCIEN0BATEIHOCT OT €JIEMEHTH, OOXBAaIllaHH OT €/IHA IPOBEPKA,
TpsI0Ba J1a BIIM3a CaMO €1MH KOHTPOJICH €JIEMEHT - €JIEMEHTHT &, Y4acTBa
camo B E|, a, —camo B E,, a, — camo B E; 1 T.H.

* T.e. Bcexu mbpBU €JIEMEHT € KOHTPOJIEH, Thil KATO TOM y4acTBa CaMoO B Tas3u
IIPOBEPKA.

* Te3u enmeMeHTH ce GopMUpAT NPH MOJTyYaBaHE Ha KOJOBAaTa KOMOWHAIIWS B
IPUEMHHUKA.

8/2/20

)
\®)
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[ Ipumep
Jla ce mpeoOpasyBa celeMEeIIEMEHTHUSAT OPOCT KO/ B KOA Ha XEMMHI, OTKpHBAIll 1
KOopurupam CAMHNYHa I'PCIIKa.

k=7

r=n-k =n-7 > log,(n+1) =>2"7>n+1 => 2> 27(n+1) => n=11

r=n-k=11-7=4

Axo cpobmenueTo € 1011010, To ce uznpama 00100111010, 3amoTo:

b, =a, =a;Pa;PDa,Pa,Da,, = 1POD1DOD0=0

b, =a, =a;Pa.Da,Da,)Da, = 1DIDID1ID0=0

b; =a, =a;Pa,PDa,=0P1P1=0

b, =a; = a,Pa,,Pa,;;=0D1PD0=1

Axo ce npueme 00100111110, T.e. crpeuien e 9 pa3psja, ToBa ce pazdupa Karo ce
nosxy4asa Kopurupaioto uucno r=E,E;E,E,

E,=a,Pa;Pa,DaDaPa, =01 P0P1P1H0=1
E,=a,Pa;Pa.PaDa,Da, =01 PH1P1P1H0=0
E;,=a,Pa;PaDa,=0P0oP1PH1=0
E,=asPa,Pa,Da;;=1P1P1P0=1,

T.e. xopurupaioro yuciio € r=1001 — nBonyeH 3anuc Ha udpara 9 — crpemeHusIT
eJIEMEHT € 9-Us U TpsIOBa J1a ce Kopurupa (MHBEPTHPA).
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[ukimmaau kogoBe (1)

 IluxkaudeH (n, K) Koja ce Hapyu4a KOABT, YUETO MHOXKECTBO OT KOJOBHU
KOMOMHAIIMH, IPEJACTABISIBA ChbBKYIIHOCT OT MHOTOYJICHU OT CTeIleH n — I U
Io-MalJika, JICJSIIM ce Ha MHoroujeH P(x) Ha cTerneH n — k, KOWTO ce sIBABa
o0pa3zyBall MHOIO4YJIEH.

e HMmMar Bucoka e(pEKTUBHOCT IIPH OTKPHUBAHE U KOPUTHMPAHE HA TPEIIKU B
KOJIOBUTE KOMOWHAIIWH.

* AmnaparHara peajJm3anys Ha KOJAUPAIATE U JCKOAUPAIIUTE YCTPOUCTBA €
CPaBHUTEIIHO ONMPOCTEHA U JIECHA 34 U3ITBIIHEHUE.

* Peanusupar ce ¢ oJUMHOMHU. AKO OpOSIT HAa €JIEMEHTUTE Ha KOJI0BaTa
KOMOMHAIIUA € N, CbOTBETHUST MHOTOYJICH € OT BU/IA:

F(x)=C,_ ;. x"4+C_,.x"2+ ... +C,.x*>+ C, . x!+C.x°,

kbaero koepuuuenture C, ,C, ,C, ....., C _, npuemar 3nauenue 0 mwim 1.

x.F(x)=C_,.x+C_,.x"+ ... +C,.x+ C,.x*+C,.x!,

HO N eJIEeMEHTHA KOJ0Ba KOMOHWHAIIMS HE MOXKE Ja MpeBuIana (n—1) cremneH,
T.c. mpoMenauBara x" ¢ x :

x.F(x)=C_,.x"+ ... +C,.x*+ C.x*+Cy.x'+C_,

Taka (x.F(X)) ce siBsIBa IUKJIMYHO IIpeMecTeHa KoMOuHaius Ha F(X).
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[{uKJIM9HM KOOOBE (2)

* KogoBusat mHorousieH F(X) Moxke J1a ce€ MoJIy4H, KaTo C€ YMHOXHU
MHOTowIeHbT G(X) o oOpa3zyBaius MHOTOWIEH P(X):

F(x) = G(x) . P(x)
* Henocrarbk - Tyk nuricBa cTporo pasjaeisiHe Ha HHGOPMAIlMOHHUTE U

KOAUPAIIUTE €JIEMEHTH B KogoBaTa KomOuHaIius. M3uckBa no-ciaoxHu
CXEMH 3a JECKOAUPAHE.

* 3a Ja pazaeauM HHGOPMAlMOHHM OT KOJAUPAIIM €JIEMEHTH, C€ YMHOKaBa
G(x) mo X' - Taka C MO-BUCOK MOPSIBK 1€ ca HH(POPMAIIMOHHUTE
CJIEMEHTH, a KOC(PUIIMEHTUTE OT ITO-HUCHK MOPSAIBK - KOHTPOJHUTE.

x'. G(x) = Q(x) . P(x) + R(x)

* Ho cymupaHeTo ¥ U3BXKAaHETO MO MOAYJ 2 Ca UACHTUYHU JICCTBUS:
x'. G(x) + R(x) = Q(x) . P(x) = F(x),

T.K. G(X) 1 Q(X) ca OoT €aHa U ChIlla CTEIICH

Q(x)= (x'. G(x) + R(x) )/ P(x)

* Hanuuue Ha rpemnika B npuetoTo choduenue H(x) ce oTkpuBa:

— axo H(x) He ce aenu Ha P(x)
— axo H(x) ce menu — HsiMa rpelka.
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[ Ipumep

3agaua;

3a 12 enementen kox (k = 12) ce n3noi3Ba o0pa3ysail HoauHoM: P(x) = x> +
x*+ x? + 1. [la ce onpeaeny 3Ha4€HUETO Ha KOHTPOJIHUTE €JIEMEHTH Ha

komOuuarmsta 010001011001
Peuienue:
B cn}yqaﬂ OpOSIT Ha KOHTPOJHUTE eaeMeHTH € 5 (1=5), a G(x) = x!Y + x0 + x* +

(x°.G(x) )/ PE)=xx"0+x0+x*+x3+ 1)/(x° +x* +x2+ 1)

Q(x) =x!+ x° + x®+1 m ocrarbk R(x) = x* + x> + 1, T.6 KOHTPOJTHUTE
enemenTr ca 10101,

Torasa F(x)=x° . G(x) +R(x) = (x> + x!1 + x7+ x8+ x° )+( x* + x>+ 1),

uHpopmanmonuute eaement ca: 010001011001 u 10101 — koHTpOIHN.

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

Hx)=xP+x+x0+x+x3+x>+xt+x2+ 1

FpemKaTa CC OTKPpHBA KATO.

F(x)-H x)=xP +xT+x°+x8+ x>+ x4+ x>+ 1)- (xP + x + x10+x7 + x8+
x>+ x*+x2+1)=x!?
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CBOMCTBA HA IUKJINYHUTE KOIOBE

* IlukandeH Ko, HA KOMTO 00pa3yBaluaT MoJuHOM P(X) ce
ChCTOM OT MOBEYE OT €AWH YICH, OTKPUBA BCUYKH CIMHUYHU
T'PEIIKH.

e Iluknu4yeH koa ¢ oopazyBai MHOrowieH P(x) =x + 1
OTKPHBA HE CaMO €IMHUYHU, HO U IMPOU3BOJICH HEYETEH
OpOM TPENIKH.

* [ukimyeH Ko ¢ oopa3yBai noarHoM P(X) = (X + 1)P1(x)
MTO3BOJISIBA JIa C€ OTKPHUST BCHYKU €AUHUYHH, TBOVMHU U
TPOWHM T'PEIIKH, aKO CTEIICHTA I' HA HEACIMMHUS MHOTOWICH
P'(x) e TakaBa, ye (2'— 1)>=n, KpI€TO N-OpOM €IEMEHTH Ha
KOJIa.

¢ L[I/IKJ'II/I‘ICH KO/ C 06pa3y13a111 MHOT'OY4JICH OT CTCIICH T
OTKPpHBA BCCKHU IIAKCT C I'PCIIKHU C IbJDKHHA I' K1 110- MaJIKA.

* 3a BCMYKHU 3HAYEHHU HA ] U t CHIIECTBYBA LIMKIIMYEH KOJ C
IBIDKUHA n= 2! -1, u3npaBsi BCUUKHU TPENIKHU C KPATHOCT t
1 O0-MaJIKa U ChIbpPKAalll HE OBEYE OT I = |.t KOHTPOJIHHU
EJIEMEHTHU.
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[ [punoxeHue Ha MUKINYHU KOTOBE

[TomunomsbT P(x) = x8 + x?> + x + 1 ce mpuitara B
— mukianded koxa [TU CRC-8.

— crangapt ATM 3a KOHTPOJI HA TPEMIKUTE B 3aI7IaBHATA YacT HA
KJICTKUTE

— crangapt IEEE 802.6 3a n3rpaxiane Ha perMOHAJIHA KOMIIOThPHHU
MPEXKHU.

[MTomunomsT P(x) = x!1¢ + x12 + x> + 1 ce mpumara B

— nukiandeH koa I'TU CRC-16. KogbT OTKpHBa I'PEIIKH B ITAKETH C
nbKrHA 16 outa. [locneTHUAT YieH Ha MOJIMHOMA ChC CTOMHOCT 1
reHepUupa IIPOBEPKA IO YETHOCT. TO3M KOJ OTKPHBA MTAKETHUTE
I'PEIIKU C HEUETHOCT U TPEIIKHU C YETHA KPATHOCT 10 16.

— B nporokona HDLC

— B mnporokomnu ot cemenicteo LAP (LAPB, LAPD,LAPF...).
[MomuaOMBT P(X) = Xx3? + %26 + x23 + x16 + x 124 11 + x104 x8 +
X7+ x> + x*+ x? + x +1 ce npuiara B

— mukianded ko [TU CRC-32.

— B CTAHJAPTHUTE JIOKAIHU KOMITIOThpHU Mpexu IEEE 802.3.
(Ethernet).
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Bosrpocu ?

bnarogaps 3a BHUMaHHETO !



