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BCTYII

[adopmartis moB’s3aHa 3 MpoliecaMd KEpyBaHHS B €JICKTPOHHUX CHCTeE-
Max. Taki cucTeMu 3I1MCHIOIOTh OOMIH 1H(OpMaIli€ro, SKUi 3a0e3reuye B3aeM-
Hy nepeladyy JaHUX MDK KOPUCTYyBadamH 13 33JaHOI0 IIBUAKICTIO 1 BIPOT1IHIC-
TI0. BOoHM 3a3BM4ail MICTSTh: TPUCTPOI A 300py 1H(oOpMaIlli; mpucTpoi s
KOJIyBaHHS/IeKO{yBaHHs 1H(MOpMaIlil; npucTpoi s mepenadi iHdopmarlii Ta
30epiranHs 1Hpopmarii.

Teopis iHpopMallii Ta KOJyBaHHS BUBYA€ BUBUYCHHSIM KUIBKICHI XapakKTe-
pucTUKH 1H(OpMalli, nepegady NOBIJOMIIEHb MO KaHANaxX 3B S3KY 1 PO3POOKY
MeTOAIB KoayBaHHs. CTyJIEHTH, 1110 OTPUMYIOTh 3HAaHHS 1110JI0 OCHOB 1H(OpMa-
LIAHOT TEXHOJIOT1i MEepeTBOPEHHs 1 mepenayi iHdopmarlii, 03HaHOMIIIOIOTHCS 3
MPUHITUTIAMU POOOTH, OCHOBHUMH XapaKTEPUCTHKAMU 1 MOKIIMBOCTAMH Cydac-
HUX NIEPETBOPIOBaYiB popMu 1HPOpMAILIii, XapaKTEPUCTUKAMU CYYaCHUX CUCTEM
nepenaui panux (CILJ), ix pi3HOBHAAMH Ta MOXKJIMBOCTSMH, TMPUHIIMIIAMHU KO-
peryBaHHs iH(opMallii mpu MOMUIIKAX Nepeaadi, OCHOBaMH 3aXUCTy iH(opmariii
B1JI HECAaHKITIOHOBAHOTO JIOCTYITY.

VY nociOHUKY MOJAI0ThCsl TEOPETUYHI BIIOMOCTI, 3aBAaHHS Ta 3pa3KHU BU-
KOHAHHS JI0 T’SITH JJabopaTopHUxX poOiT. Takok HABOAUTHCS PO3pPaXyHKOBE 3a-
BJIAHHS 3 MPUKIAAOM Horo BukoHaHHs. Ilepen BukoHaHHSM 1a00paTOpHOI PO-
00TH CTyIEHTaM CJIiJl BABYUTH TCOPETUYHUIN MarTepiaj, SKUid MICTUTH JaHa PoO-
0ota Ta, 32 He0OX1JHOCT1, BUKOHATH aHATITUYHI PO3PAXYHKHU JJIsl BUAAHOTO BU-
KJIaJadeM 3aBJlaHHA, a Ha 3aHSATTI OTPUMATU MOTPiOHI PE3yNbTaTH Ta MPOBECTU
iX aHani3 (MOPIBHATH 3 TEOPETUUHUMHM). Bcl Matepianu mMaroTh 0yt opopMIiieHi
3TiHO 3 CTaHAApTaMH YHIBEPCHUTETY 1 MOJaH1 BYaCHO JI0 3aXUCTy BUKJIA1a4yeBl.



JIABOPATOPHA POBLOTA 1

NEPETBOPEHHS ®OPMU IHOOPMAIIII.
AHAJIOT'O-HUPPOBE TA IU®PO-AHAJIOT'OBE IEPETBOPEHHHI.
PO3PAXYHOK KLIBKOCTI IHOOPMAIIII

Mema po6omu. BUBYNTH TPUHIMIA aHAJIOTO-IU(GPOBOTO Ta MHUGPO-
aHaJIOTOBOIO TepeTBOpeHHs. HaBuuTuCcs po3paxoByBaTH KiJIbKICTh 1H(MOpMaIii
Ta €HTPOIIIIO, OLIHIOBATU NOXUOKH BIATBOPEHHS CUTHAIY.

1.1. Teoperuuni BizomocTi

[TepBuHHa 1H(poOpMaIllis PO cTaH 00'€KTa 3aAEThCA AaTUYMKaAMU 00'€KTa
TOJIOBHUM YHMHOM 32 JIOTIOMOT'0I0 aHAJIOTOBUX CUTHAIIB: HANIPYTH, CTPyMY, 4da-
CTOTH, YaCOBOI'O IHTEpBaly Ta 1H. BiANOBIIHI CHUTHaIU NEPETBOPIOIOTHCS B
udpoBi ekBiBaJeHTH. SKIIO X cucTeMa Buaae MUGPOBI KOIU JJIsI KEPyBaHHS
00'eKTOM, HEOOX1/IHE 3BOPOTHE IMEPETBOPEHHS KOAY-aHalory. Takl meperBo-
pPEHHsI BUKOHYIOTH aHajoro-mudposi npuctpoi (ALIl) Ta nudpo-anamoroni
npuctpoi (LJAII). IIpu upomy 3MiHIOETHCS Juile (opma MOJAHHS aHAJIOra-
KOJy Ta Koay-aHajora. [lepeTtBopenus dhopmu iHboOpMaLii CYyTTPOBOIKYETHCS
MeBHUMH TTOXUOKaMHU.

Ananozo-yugpose nepemsopenns Gopmu iHbopmaliii Mae 181 0COOTUBO-
CTi: Oe3mepepBHUI 3a PIBHEM 1 Y Yacl CUTHaJ JaTYMKa X MICIs MepEeTBOPEHHS
sBsie coO00K0 OKpeMmi BiIJIIKU (Hemae O0e3mepepBHOCTI B yaci); BIIJIIKM MOAaH1
nuppoBUM KOAOM (HEMae Oe3MepepBHOCTI 3a PIBHEM), TOOTO BXIJHUM CUTHANI
KBAaHTYETHCSA 1 32 PIBHEM, 1 32 4ACOM.

[Iponiec 3aminu Ge3nepepBHOI BEJIMYMHU X JUCKPETHUM EKBIBAJICHTOM
Ha3UBAKOTh KEAHMYBAHHAM CUSHATIG 34 PIGHEM.

Ananoro-uudposuii neperoptoau (ALIl) mae neBHe uKciIo IpPOHYMeE-
pOBaHUX 3aJaHUX PiBHIB. 3a KoMaHAo0w "OnuTyBaHHS" BUKOHYETHCS TOPIB-
HSAHHS BXiqHOT BeqnuuHu X(1) 3 HasIBHUMU PIBHSAMH, a SK BUXIJIHHHA Pe3ysbTatT
BUIAETHCA 4yucio N — HOMep Ha#Oimbm OnM3bKOro a0 3HadeHHs X(t) piBHIL
[Ipy npboMy BiJICTaHb MIX CYCIAHIMHU PIBHSIMU MOXKe OyTH MOCTIHHOK (SIK Y
3BUYANHIN JiHINII). Y 1boMy BUMAAKY unuciio N mpsiMo mpomnopiliiHe 3HaYeH-
HIO BUMIPIOBAHOI BeIMYUHU (110 KOJayeTbes), a BianoBiaHi ALl HazuBaroTh
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ainiunumu 9au npocto AIIIl. Ha puc. 1.1 HaBeneHuil mpukiajg KBaHTYBaHHS
Ge3MepepBHOrO CUTHAIY, Pe3yIbTaToM sKkoro € X (t). Bigcraus Mix cycigHiMu
PIBHSIMH 3aBEJICHO HA3UBATU KPOKOM KBAHMYBaHHs 3a pieHem (LIIHOIO TOJLITY)
0, a moxuOKa KBaHTYBaHHS e — II€ PI3HUIL MIX O€3MepepBHOI0 BEIIMUYNHOIO Ta
KBaHTOBAHOIO.

x(®) |

X(t)
x*(t)

_j‘_

v

Pucynok 1.1 — KBaHTyBaHHsI cUTHaITY

Icnytore ALIL, xonu BiAcTaHb MK CYCITHIMH PIBHSAMH (| HE MOCTIiHA, a
3MIHIOETBCS 32 BU3HAUEHHUM 3aKOHOM. Y IbOMY BHIIAJIKy aHaJoro-undpone
MEePETBOPEHHS 3/IIMCHIOETHCS 3@ ONMMCAHUM paHIIE MPUHIIMIIOM, OAHAK 3B'I30K
Mk X 1 N Bu3HauaeTbes HenmiHiHOW QyHKIielo N =@(X). e ¢pyuxyionanrvni

a60 obuucmosanvui AL, Curnan X, 1mo 3HIMA€ThCA 3 JaTuydKa, MOXe OyTH
3B'I3aHUM BU3HAUYCHOIO (YHKIIIOHAIBHOIO HENIHIHHOIO 3aJIEKHICTIO 3 TIEPBUH-
HUM TIapaMeTpoM (BHCOTOIO, TUCKOM, HIBUJIKICTIO PyXY, CHJIOIO HATArY Ta 1H.).
3a3Buyail pu KepyBaHH1 a00 KOHTPOJI1 TOJIOBHUM € BU3HAYCHHS 3HAYCHHS BU-
X1JHOTO TlapameTpa, a He curaany X(t). ¥V npomy BHMajaKy BiIIMOBIIHUN (yHK-
mionaneauit ALl Bumae mudposi exBiBaieHTH N, SKI MPSAMO TPOMOPINIHHI
3HAYEHHIO MapameTpa. Taka 3amada BUPINIYETHCS 3a JOMOMOTOI 3BHYAMHUX
AIIIl, omnak xomm'toTep (TpollecOpHa cHCTeMa) Bele BIAMOBIIHE TEepepaxy-
BaHHA Ui koxkHOTO N, oTpuManoro Ha Buxoji AIIIl. Ha mpakTuiii ronoBHUM
YIUHOM 3aCTOCOBYIOThCs JiHiHI ALIIL.

VY cucreMi aBTOMaTUYHOTO KepyBaHHs 3a nonomorow AL npoBoguTh-
Csl IEPETBOPEHHSI OKPEMUX 3HAYCHBb BUXIJHUX CUTHAJIB natuynka X y 1udposi
eKkBiBaJeHTH. [le poOUThCS B MEBHI MOMEHTH 4acy, 110 BU3HAYAIOThCS MOTpe-

O0amu, 3B'A3aHUMH 3 3a0€3MEYCHHSM Ti€l YW 1HIIOI SKOCTI pOOOTH TaKUX CHC-
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TeM. Pe3ynbraTu mepeTrBopeHb (OKpeMi BIJUIIKM) MOXYTh O€3MOCepeIHbO BH-
KOPHUCTOBYBATHCS MPOLIECOPHOIO CUCTEMOIO ab0 kK 3amam'sTOBYBaTUCS IS MO-
JanbInoi 0O0poOKH (HAMpPUKIIal, HAKOTIMYCHHS B TIPOIECi EKCIIEPUMEHTY JaHHX
Ta MoJiaJiblia ix o0pooka).

[Iporiec 3aminu Oe3nepepBHOI BEIMYMHU i1 OKpEeMHUMH BijjIikaMu (He3a-
JISKHO BiJI TOYHOCTI TIOJIaHHS BIJJTIKIB) HA3UBAETHCS K8AHMYBAHHAM CUSHAILIB
3a yacom abo ouckpemuszayiero. Biaiku MOXXyTh BECTHCS 4epe3 piBHI abo He-
piBHI MPOMIXXKH Yacy.

PosrisiHeMo BUTNAJOK, KOJU BIIJIIKM OTPUMYIOTh Y€pe3 PiBHI MPOMIKKH
yacy T,. LIl mpomixku T, Ha3uBarOTh Kpokom keanmyeanHs (AUCKpETU3aLl)

3a yacoM. Jluckperusanis, sIK 1 KBAaHTyBaHHS 3a pIBHEM, 3B'i3aHa 3 NEBHUMHU
NOXHOKaMH, 110 MOTIPIIYIOTh TOYHICTh pOOOTH Ti€l uM 1HIIOI cuctemu. Lli mo-
XMOKM HEOOXITHO BpaxOBYBAaTH Tak, MO0 iXHIN BIUIMB HE BUXOJUB 33 PAMKHU
nomycrumoro. Ha puc. 1.2 HaBeseHO npUKIiIa quckperusanii curaany X(t) .

A

x(t)

Bi ANikn

X[NTo]

1
e t
To

Pucynok 1.2 — Jluckperusaritisi CHTHaITy

Bubip kpoky muckperusanii T, MOBUHHMM OyTH TakuM, 1100 moxuOka
BIIHOBJICHHS (DYHKIII MK BIJJIIKAMU HE IMEpPEBUIYyBaJia 3aJaHOTO 3HAYECHHS
AX, .. lle BaxxnuBo 1 npu oOpoOLl JaHUX €KCIEPUMEHTY, 1110 3aBEpUIMBCS, 1y
peaIbHOMY Yaci, o0 He JOMYCTUTH HenpuiycTuMi BigxuieHHs X(t) mix Bij-
JIKaMH.

JUsisi BUBUEHHS MPOLIECY AUCKPETH3allli PO3IIITHEMO AESKY 1/1ealbHy CUTY-
ariro. byaemo BBakatu, 10 BiJJIIKA OepyThes 3a poromororo ALIIL mo mae ay-
e BEJIMKY IIBUIKO/IIO (Yac MEpEeTBOPEHHs JOPIBHIOE HYJIIO), CaMe MEePETBOPEH-
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HSl BUKOHY€EThCS 0€3 MOXUOOK, TOOTO BIAJIK Y MOMEHT {, - 11€ aOCOIIOTHO TOYHE
3HaueHHA X(t, ). [Ipu1boMy LikaBUMU € BiMOBIAI HA HACTYIIHI IMTaHHS:

— 3 SKOI0 I'PAaHWYHOIO TOYHICTIO MOXHA BIinTBOpUTH X(t) MIX CycCimHi-
MH BiJIJTIKAMH ?

— Sk BuOpatu T, 1 IpH IIbOMY I'apaHTYBaTH, 110 NOXUOKA BIATBOPEHHS
MDX BIAJIIKAMM HE IEPEBUIIUTH JONYCTUMOTO 3HAaUeHHA AX__ ?

Ha mepiie muTaHHs J1a€ BIANOBIND meopema Oouckpemusayii abo meo-
pema Komenvnukoea, CyTHICTD AKOi B HACTYITHOMY

Skmo 6e3nepepsHa GyHkIis X(t) 3anoBonbsHsie ymoBH [lipixie (oOMexeHa,
KyCKOBO-0O€3MepepBHa 1 Mae CKIHUEHHE YUCIIO EKCTPEMYMIB) 1 ii CIIEKTp 0OMeExe-
HUI IESKO0 4acToToro f,, TO BOHA MOBHICTIO BU3HAYAETHCS TOCIITOBHICTIO CBO-

iX 3HauYEeHb y TOUKaX, BIJJIAJICHUX Ha BIACTaHI [, = %f OJlHa BiJ OxHOI. AHaJl-
B

TUYHO TeopeMa KoTenbHUKOBa BUPAXKAETHCS IHTEPIIOJALIMHAM PSIIOM

x(t) = i x[nT, |- Sina)a?j[(i; -n'IL-I;O) . (1.1)

besnocepeanso 3 1bOr0 BHUpa3ly BUILIMBAE, 10 Oe3nepepBHA (YHKIS 3
00OMEXEHUM CIIEKTPOM MOKE OyTH MOJaHa y BUIJIAl CYMU HECKIHYEHHO BEJIU-
KOT'0 YHCJa YJIeHIB, KOKEH 3 AKUX € JNOOyTKOM (yHKIII SYNC BiJ apryMeHTY
@,(t—n-T,) 1 koedimnienra X[nTO], 1110 BU3HA4ae 3HaueHHsA QyHkii X(t) y mo-
MEHT BIJIJTIKY.

[Ilo cTocyeTbes MPAaKTUYHOI CTOPOHU MUTAHHS, TO MOXHA CTBEPKYBaTH,
1110 a0COJTIOTHO TOYHOTO BijiHOBJIEHHS X(t) HE BimOyAeThes.

[To-mepiie, HECKIHYEHHE YHCIIO BIIJIIKIB Ha MPAKTHUIIl HE MOXe OyTu

orpumMano. JIyis Bu3HaYeHHs 3HaueHHS X(I) MiX BimjlikaMd BUKOPHUCTOBYETHCS

dbopmyna (1.1) 3 oOMeKEHUM YHUCIOM JOJAHKIB, CUMETPUYHO PO3TAIIOBAHUX
[0JI0 MOMEHTY Yacy, IO PO3TIIAIA€ThCA. TOUHICTh Oy/ie 3ajexaTu BiJ 00paHo-
ro 4uciia JOJaHKIB 1 OyJe ripiia Ha Kpasx Jlana3oHy OTpUMaHMX BiikiB. Pe-
KOMEH/IOBaHE MIJBUIICHHS YaCTOTH JUCKpETHU3allil TaKoX HEe MOke OyTH BHU-
npaBAaHuM. SIKIO CUTHAN 3HIMAIOTh 3 BHXOAY JaTdyrka 3 OOMEKEHOIO 4acTo-
TOIO MPOITYCKaHHs, TO, IPUHAKMHI, BifoMa yacrorta f_ .



[To-apyre, peanbHi mpoiecy, 1o onucye GyHkis X(t), ckiH4eHHi y 4vaci,
a 1€ 3HAYUTh, IO TXH1 CIIEKTPU HECKIHUEHHI 32 YaCTOTO0. Y CTaHOBKa OOMEXY-
BaJIbHOTO (DUJIbTPA B MPHUHITUII HE PITYE MOJOKEHHS, OCKUIBKY MPUTHIYCHHS Ya-
cror Bume f, 3MiHIOEe camy dyHKIif0 X(t). 3MEHIICHHS KPOKY IUCKpeTH3alii

T, Bele 10 3MEHUICHHs MOXUOOK B1HOBIEHHS, ajie Bumarae ALIII 13 Oiiabmoro

MIBUAKOJIEIO 1 BETUKUM 00csiroM iHdopmaiiii, 1o oOpoOIoeThCs Ta 3amam'siTo-
ByeThCsl. 301IbIIEHHS KPOKY AMCKpeTH3alii T, Bele A0 3BOPOTHHUX HACIHIJKIB.

To6TO Kpok HEOOXiAHO BHOpATHU SKOMOTA OUIBIINM, ajie Tak, 00 MOXuOKa am-
pOKCHMaIlll HE NEPEBUIyBajla 3aJaHOrO (IOIMYCTUMOIO) 3HaueHHS AX.,, . 3po-

3yMiJI0, OaxkaHo, 00 IpoIleaypa BiAHOBICHHS Oyiia IMPOCTOI0 Ta HE BUMaraja
BEJIUKOTO 00CATY OOYUCIICHb.

Takum 4MHOM, MOXKHA KOHCTAaTyBaTH, 10 Teopema KorerpbHuKOBa ycra-
HOBJIIOE (PYHJITaMEHTaIbHUN (PAaKT — 3a BIAJIKAMH TEOPETHYHO MOYXHA a0CONIOT-
HO TOYHO BiIHOBHTHU Oe3nepepBHY 3 00MeXeHUM crieKTpoM QyHkmio X(t). Bin-

HOBJICHHS (DYHKIIIT 32 BIJJIIKAMU Ha MIPAKTHUIIl TOB'sI3aHE 3 MOXUOKaMU M JOCUTh
00'eMHUMH OOYHCITIOBAIIBHUMH POOOTaMHU.

3HayHa 4YacTWHA IIOBIJIOMJICHB, OCOOJIMBO OCTaHHIM 4YacoM, 3a CBOEIO
IPUPOAOIO HE € CUTHAIAMMU - LI MAKETH JaHUX, pe3yJIbTaTH UU(PPOBUX BUMIpIO-
BaHb PI3HUX MapameTpiB, nudposi dotorpadii, TekcToBi, rpadiuni adbo iHII
¢aiimu touo. IToBIJOMIIEHHSI TaKOro TUITy MOYHA IMOAATH y BUIJISAI MacUBIB
yucen abo aeskux BeKTopiB. Tomy iHboOpMaIis, 110 HAAXOAUTH B MOBIIOMJICHH1
3 mkepen 1Hpopmallii, BAKOPUCTOBYE TaK 3BaHUW MEPBUHHUI an@asiT, SKUN Mi-
CTUTh M cUMBOJIB. [lani MOBIIOMIIEHHSI TIEPEBOAUTHCS B OLIBIN 3PYYHUN s
nepeaayi, oOpoOKM Ta 3amucy BTOPUMHHHUN an(aBiT, HailyacTilie IBIMKOBUH,
TOOTO K0Jyembcs. 3pO3yMiIO, SIKIO MEPBUHHUN andaBiT Ma€ OUIBIIE JBOX CHU-
MBOJIIB, TO MPU KOJyBaHHI JBIMKOBUM aji(aBiTOM CHUMBOJIy IEPBUHHOTO anda-
BITY MOBHWHEH BIJMOBI/IaTH TEBHUN HaOip CUMBOJIB BTOPUHHOTO (JIBIITKOBOTO)
andapity. Takuii HaOip CHMBOJIIB HAa3UBAIOTh C1060M A00 KOOOBUM CIOBOM.
Sxio 1oBXKUHA KOJAOBOTO CJIOBAa OJHAKOBA JJIA BCiX OYKB MEPBUHHOTO ayipaBi-
Ty, TO TaKUI KOJl HA3UBAETHCS PIBHOMIPHUM, Y THIIOMY BUMAJIKy KOJ Ha3UBAIOTh
HEPLIEHOMIDHUM.

KoxHe MNOBIJOMIIEHHSI XapaKTepU3ye€TbCcsl WMOBIPHICTIO TOSIBU, 1 YUM

HIDKYa UMOBIPHICTh, TUM OlJbIlIe B HhOMY 1H(GOpMaIrii. SAkio WMOBIpHICTE J0-
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PIBHIOE OJAUHUII (TOOTO MOBIAOMJIEHHS — aOCOJIFOTHO JIOCTOBIpHE), TO B LILOMY
BUIAJIKY KUIBKICTh 1H(OpMAIIil JOPIBHIOE HYJIIO.

bynemo BBaxkatH 1110, SIKIIO KIJIBKICTh THUIIIB MOBIJOMJICHL OOMEKEHA, Ha-
MPUKJIAJ], BEITUYMHOI M, TO BOHU MAIOTh AUCKPETHUHN XapakTep. Y KOXHOMY
eJIEMEHTapHOMY TOBIAOMJICHHI Il HOT0 OJep)KyBaya MICTUThCS Jieska iH]o-
pmarttisa. Busnaunmo kinbkicHy Mipy i€l iHopmariii 1 3'acyemo, BiJ 40ro BOHa
3anexuTh. Hexail € sBuiie, 1o Moke MaTi OOMEXEHY KIJIbKICTh M THUIIIB MPO-
ABIB, a caMe Takl. a,;,a,,8s,...,8,, A0 TOr0 > BiIOMI HMOBIPHOCTI

p(a,), p(a,), p(as),...,p(a,) uux mpossis. 3rigao 3 igesmu K. lllenHoHa, mis

IIbOT0 BUMNAJKY IMAXOJIUTH BUPA3:

I(a) =log i=—Iog p(a). (1.2)
p(a)

To6To kinbKicTh iHGOpMarii |(a), 110 MICTHTBCS B €JIEMEHTaApHOMY I10-
BiJIOMJICHHI, € JIesAKO0 (yHKIIi€0 Big HMOBIpHOCTI noBigomieHHs P(a). Jlerko

MEePECBIAUUTHCH, 110 BUpa3 (1.2) nae mpaBWIIbHI pe3yJIbTATH 1 I a0COIIOTHO
JDOCTOBIPHOTO MOBioMIIeHHS, ToOTO ipu P(8;) =1 Binnmosinuo 1(a;)=0. 3na-

gyeHHs |(8;) 3pocrae mpu 3MeHIIeHH] 3HaueHHs P(a,) .

Cepennst kinbkicTh 1H(oOpMalii H ams BCiel CyKymHOCTI MOBiIOMJIEHB
MOKHa OTPUMATH IIITXOM YCEPETHCHHS 3a BCiMa MPOsSBAMH:

H= _Z p.log p,. (1.3)

OcHoBy Jnorapudma 3a3Buyail BUOMpaOTh piBHOIO JBOM. BusHaueHa Tta-
KHUM YUHOM OJMHHMIISL BUMIPY 1H(pOpMAILl HAa3UBAETHCA OBIUKOBOI OOUHUYEIO
abo bimom ingpopmayii. Hanipukiaz, skimo Oyab-sike 3 eIeMEHTapHUX MOBIIOM-
JeHb &, Moxke OyTH BHOpaHoO 3 andasiTy i mepemaHo 3 imoBipHicTIo Pp(a,)=1/16,
TO TOBOPSTH, O B HbOMY MicTUThCS 10g,(1/16) = 4 6itu indopmartii. s Bu-
3HAYEHHS KUIBKOCTI 1H(OpMaIrii, sika MICTUTBCS y TIOBIJOMJICHHI, BBOASTH I10-
HATTS enmponii (HEBU3HAUYCHOCT1) CUCTEMU (00°€KTa, EKCTICPUMEHTY).

Hexaii Tenep ancamOi1b MOB1IOMJICHb Oy/ie HaAaHUM JesSKUM ajigaBiTOM
13 M TUMIB CUMBOJIB, IPUYOMY JIOMOBUMOCH, III0 CUMBOJIM — PIBHOMMOBIpHI,

caMl NOBIJIOMJIEHHS — CTaTUCTUYHO He3ajexH1l. UHCI0 MOBIIOMIIEHD, SIKI MOX-



Ha OTPUMATH, KOMOIHYIOYHM M CHUMBOJIIB aidaBiTy Mo N €JIeMEHTIB B IOBIIOM-
JICHHI, TOPIBHIOE

=3 1(@) =3 - log, p(a;) = 3 log, n=mlog, n. (L.4)

1.2. IlopsaioK BUKOHAHHS POOOTH

Memoto pobomu € 3aKkpillJIeHHS TEOPETUYHMX 3HaHb 3 aHAJIOro-
udpoBoOro 1 Muppo-aHaJIOroBOTO MEPETBOPEHHS CUTHAITY Ta OCBOEHHSI METO/IIB
KOMIT'FOTEPHOT'O MOJICTIOBAHHS TUCKPETH3aIlil, KBAHTyBaHHS Ta KOAYBAaHHS CHT-
HaJIB.

1.2.1. Bu6ip Bapianrta

Ji1st BUOOpY CBOTO BapiaHTa HEOOX1THO 3aJ]aTH TaKi JaHi:

I — OopisHioe yugposomy exsisanienmy nepuioi iimepu npizeuya,

I, — dopisHioe yugposomy exgisanienmy nepuioi iimepu iMeni,

I3 — OopisHioe yugposomy exsisanenmy nepuioi iimepu no-0amvKosi,

J1— OopieHioe OHIO HaAPOOIICEeHN,;

J2— OopisHioe Micsayro HAPOOIHCEeHHS,

J3 — Oopisnioe nopsiokosomy Homepy 3a cnuckom I11E. y epyni.

BuxinHe piBHAHHS 17151 Oe3mepepBHOI (PYHKIIi Mae BUTIISIA

3
Y(t)=Zyn(t),)1e Yo (@ =(@+1)- £(Jt). (1.5)

SIkmio j — mapue, To BuOUpaetThes Gynkuis f (jt) = cos(jt), B iHmomy Bu-
naaky f(jt) =sin(jt). Takum umHOM, POPMYEMO MOJITAPMOHIYHUN CHUTHAI,

SKHW CKJIQMA€ThCs 3 TPHOX CKIIAZOBUX 3 PI3HUMHU aMILTiTyAaMH (Ymax =1+ ]) Ta
qacToTaMu (] = @) B 3araJiLHOMY BHIIAJIKY.

1.2.2. 3aBnanns 10 J1a0G0paTOPHOL podOTH
BiamoBinHo 10 BapiaHTa 3aBAaHHS BUKOHATH TaKl pO3PaXxyHKH:

— moOyayBatu rpadiku 3aaHuX YHKITIH;
— po3paxyBaTH YacTOTy Ta mepion auckperusariii curnanyY (t), Tpusa-

JICTh cUTHANY T, ;
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— mopaxyBaTH KUIbKICTh BIIUTKIB JucKpeTHoro curnaiy Y (t), moOymy-
BaTH rpadik nuckpernoro curaany Y (t) Ta BiIHOBIICHUI 3 HBOTO Oe3MEepepBHUIA
cur"an Y (t) ;

— TIOpaxyBaTH KUIBKICTh 1H(GOpMAIIIi Ta EHTPOIIIIO;

— 3poOuTH OIIHKY MOXUOKH BiTHOBICHHS Oe3mnepepBHOro curnamy Y (1)
Ta MO0y TyBaTH rpadik MOMUIIKH;

— 3pOOUTH BUCHOBKH 3a pe3yJibTaTaMu poOOTH.
YBAT'A! Bci po3paxyHKH BUKOHYIOTBCS Ha KOMIT'TOTEI.

1.3. 3pa3ok po3paxyHKy

Hanpuknan, ctynent AatoHoB bopuc Bonogumuposuu Hapoauscs 20.06,
3a criuckoM rpymu Tpetid. Tomi iy=1;1,=2;13=3; ;1 =20, . =6, ]3 = 3.

BukoHyeMo miICTaHOBKY:

y, =@+ 20)cos20t = 21cos20t,

y, =(2+6)cos6t =8cos6t,

Y; =(8+3)sin3t =6sin3t.

1) bynyemo rpadiku. Ha puc. 1.3 300pakeni rpadiku 4-X GyHKIIIH,
BKIto4aroun cymapuy Y (t) . Byaemo BBaxaru, mo cymapHa gynkiis Y (t) sBisie

co0or0 Oe3nepepBHMI CUTHAJ, KM HEOOXITHO MEPETBOPUTHU 3a MPOLETypAMHU
JAUCKpETH3allii Ta KBAHTYBaHHSI.

2) Buznayaemo vacToTy Ta nepioa auckperusairii curnanyY (t) . st mpo-

ro HeoOXiJTHO BU3HAYMTHU YaCTOTY HaHImBUAIIOI GyHKIUT Y, (1).

. 20
nst janoro npuxinany ne f, = f;=—1=—""—=318I"u, Bignosixuo ii
L ZorO TIpHICTazy ‘Ton 2-314 oA
1
nepiof T, = E =0,31c. Bignosigno 10 teopemu KorenbHuKOBa 004rMC-

JIOEMO  YacTOTy  JOuCKperw3arii 3  koedimientom 3amacy K, =1/4.
f,=2-14-f,=2-14-1,=2.14-318=89I'u, Tomi mepion muckperu3arii

a

T :At:fizO,ll C.

a

11
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Pucynok 1.3 — I'padiku 4-x ¢pyHkwiii, y Tomy yucii cymapuoi Y (t)

3) Buznauaemo mniepion c(hopMOBaHOTO CUTHATY T ..
bynemo posrismatu curaan Y (t) Ha mepioal HaAMIMOBLIBHIIIO! (DYHKITII.

o) 3
JIST JAHOT'O IIPUKJIALy 1€ f,.=—"3=——__=048Im, BIJIITOBITHO 1l
A pricIaty 3T on 2.314

nepion T, =T, = ﬁ =2,08 c.

4) ObupaeMo KpOK KBaHTYBaHHS IUCKpeTHOTo curHay Y (1) .

Jlist BUOOpY KIJIBKOCTI pO3psAiB aHAIOTO-IIU(PPOBOTO MEPETBOPEHHS He-
00X1JHO PO3paxyBaTH KUIbKICTh BIJJIIKIB IUCKPETHOTO CUTHAIY:

T
Y(t) N=-—¢C. 1.5
ON=—2 (1.5)
2,08 : . L
st nanoro npukmnany N = 01l ~19 inTepBaiiB, OTXKe, KITBKICTh PO3PS-

B, sIKa IOCTATHS sl KOJYBaHHS, IOPIBHIOE 5 (TOMY 1110 OyB 00paHuil 1Bi1KO-
BHit KO1, @ 2° =32).

5) Bynyemo rpadik auckpernoro curHany Y (t) (puc. 1.4). Iporenypy
KBaHTYBaHHS MPOBOJMMO BpyuHy (puc. 1.5). ns mporo po3id'eMo Bech 1HTEp-
BaJI 3Ha4YCHb qUCKpeTHoro curHainy Y (t) piBHOMipHO Ha 32 yacTuHU. BuzHauu-

MO HIDKHIN CTYMHIHb KBaHTyBaHHS (MiHIMaJbHE 3HAUCHHS (PYHKIIIT HA 1HTEpBaJIl)
12



nysmu (ko 00000), a BepxHii (MakcuMaibHE 3HAYeHHS (PYHKIII1 HA IHTEpBaJIi)
— ouHUIME (ko 11111).

30, T T T

20- B

Ydiskr

0k _

A0 | I I I
0 0.5 1 148 2 25

Pucynok 1.4 — I'padix auckpernoro curnany Y (t)

30,

20

Ydiskr

20k =

40 I 1 | 1
o 05 1 15 2 25

Pucynok 1.5 — IIpouenypa kBaHTYBaHHS CUTHAILY

Pesynbrat KBaHTyBaHHs 3aHeceMo B Tabmuio 1.1. Busnauumo indopma-
HIAHUN 00CsT, KUTBKICTh 1H(pOpMalii Ta eHTpornito. [Jig 1poro mjapaxyemMo iMmo-
BIPHICTb MOSIBU KO>KHOTO KOJTy 3a TEepi0Jl CUTHAITY 1 3alTOBHUMO Tabnuiio 1.2.
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Ta6mung 1.1 — Pe3ynbraTu KBaHTYBaHHS

At 3HaueHHA Y, Kon At 3HaueHHA Y, Kon
0,0 29 11111 |11 -14,344 01001
0,11 -4,0943 01110 |1,21 14,17 10111
0,22 -0,78989 10000 | 1,32 1,3687 10001
0,33 21,788 11011 | 1,43 -30,68 00000
0,44 -18,235 00111 1,54 |3,3028 10010
0,55 -1,8257 10000 | 1,65 -13,224 01000
0,66 16,961 11000 | 1,76 -25, 247 00011
0,77 -16,316 01000 |1,87 18,107 11001
0,88 13,817 10111 | 1,98 -2,6372 01111
0,99 20,766 11011 | 2,09 -4,1379 01110
Tabmuis 1.2 — Po3paxyHOK HMOBIpHOCTEH

Kon | KuibkicTh ﬁMOBipHiCTL Kon | KuiekicTh ﬁMOBipHiCTB
00000 1 0,05 10000 2 0,1
00001 0 0 10001 1 0,05
00010 0 0 10010 1 0,05
00011 1 0,05 10011 0 0
00100 0 0 10100 0 0
00101 0 0 10101 0 0
00110 0 0 10110 0 0
00111 1 0,05 10111 2 0,1
01000 2 0,1 11000 1 0,05
01001 1 0,05 11001 1 0,05
01010 0 0 11010 0 0
01011 0 0 11011 2 0,1
01100 0 0 11100 0 0
01101 0 0 11101 0 0
01110 2 0,1 11110 0 0
01111 1 0,05 11111 1 0,05

14




[ndopmaniitauit oocsr xepena L BU3HavaeThes sK

L=m"=2°=32.
KinekicTs iHdopMmaltii | Bu3HaAYaeTHCA 32 HOPMYIIOH0
| =n-log, m=5.
EnTpomia mxepena H
H= —Z p; log, p; =1,528 Git / cumBos. (1.6)

i=1

6) BinnoBumo Oe3nepepBHuii curnan Y (1) 3 AHCKpETHOTO CHUTHAIY 3a JI0-

IIOMOI'0I0 KYCKOBO-JIIHIMHOI anpokcuMariii. s 115010 3’€THAEMO BIJIJIIKH CHT-
Haiy Y (t) npsimumu minismu (puc. 1.6).

30,

20 H a

-
|

Mo

Yy ost

2o

20

-
|

a0k i

40 1 1 1 1
o 0.5 1 1.5 2 25

Pucynok 1.6 — I'padik 6e3nepepsroro curnany Y (t)

7) BinnoBumo GesnepepBHwmii curHan Y (t) 3 TUCKPETHOro CHTHAITY 3a JI0-

ITOMOT'OI0 TEOPEMHU BiIJTIKIB. [[7151 IbOTO CKOPUCTAEMOCS TaKOK (HOPMYIIOHO:

v sin Z(t—(At-i))
Y@ =Dy —A , (1.7)

iz Tk (AL
0 At(t (At-1))
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ne | — HoMep BiJUTIKY;
Yy, — | -Te 3Ha4eHHS BiAJiKy curHaiy (auB. Tadm.1.1)
Ha puc. 1.7 naBezieno rpadix 6esnepepsaoro curnany Yy, (), axuii Bia-

HOBJICHUH 3a JOTIOMOT'0I0 TEOPEMHU BIJTIKIB.

40 T T T T T T T

fwost]

2 4 G g 10 12 14 16 18 20
Otschety

Pucynok 1.7 — I'padix curnany Y, . (t)

8) BukoHaeMO KiIbKICHY OIIIHKY IMOXHOKH BiJHOBJCHHS O€3MEPEPBHOIO
currany Y (t).

JIst KIIBKICHOT OIIIHKM MOXMOKM BITHOBJICHHSI OE€3MEPEPBHOTO CUTHAIY
Y (t) HEoOXiHO HA OJHOMY PUCYHKY 300pa3utu nepBuUHHUN curHan Y (t)i cur-
HaJl, BiJIHOBJIEHUIA 3a Konomororo QyHkuii Bigmkis Y,  (t). Ilomunka BigHOB-
JIEHHS &(t) pO3PAaXxOBYETHCS K MOJYJIb PI3HUILI MiXK ITMMH 3HAYEHHSIMHU B TOYKaX

N; = N, i mopiBHIOE
£ =Y (©) — Yy )] (1.8)

CepemHst TOMIIIKA PO3PAaXOBYETHCSA 32 (POPMYIIOIO

z =Ni_Nzlgi (0. (1.9)
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Jucnepcisi HOMHIIKH pO3paxoBY€eThCA 3a GOPMYIIOH0

D. =Ni_NZl(gi —g)2. (1.10)

s maHoro npukiagy g =0,9595, D, = 0,8463.
I'padiku nepeurHOTrO curHaiy Y (1), curHaity, BiTHOBJICHOTO 3a JOIIOMO-
roro ¢ynkuii Bimmikis, Yy, (t), Ta rpadik nomuiku BigoOpasuTH pa3oM, K Ha

puc. 1.8.

40 T T T T

‘fsum,¥vost! error

-4 1 I I I
0 0.5 1 1.5 2 24

Pucynok 1.8 — I'padik noMusku

9) 3pobumo BrCHOBKU. [Ipn BUKOHAHHI poOOTH Oy/IM OTPUMaHi HABUYKH 3
KOMIT'FOTEPHOT'O MO/JICTIOBAHHS MPOIIECIB JUCKPETHU3allil, KBAHTYBaHHS Ta KOAY-
BaHHs cUTHaJiB. bByB mepeBipeHMil HAa MPAKTUILI MPOLEC BITHOBICHHS CUTHAIIB
3a IOTIOMOTOI0 TEOPEMU BiJIJTIKIB.

10) 3BIT MOBMHEH MICTUTH BHUXIJIHI JaHl Ta CKJaJaTHUCA 3 PO3PaxyHKIB,

Tabnuik, rpadikiB Ta danis.
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JIABOPATOPHA POBOTA 2

OIITUMAJIBHE KOAYBAHHS

Mema pooomu. 03HaMOMIICHHS 3 METOJUKOI ONTUMAJIBHOIO KOJYBAHHS
[llernona-dano Ta Xaddmana.

2.1. TeopeTnuHi BizomocTi

[ToBimomIIeHHS, 1110 TIEPEAAIOTHCS 3 BUKOPUCTAHHSIM CUCTEM Iepeadl 1H-
dopmarrii (MoBa, My3HKa, 300pakeHHs 1 T. 1H.), Y OUIBIIOCTI CBOTH MpU3HAYCHI
TUTsT O€3MOCEPETHHOTO CIPUHHATTS OpraHaMy TIOYYTTIB JIIOJIMHU 1 TTIOTaHO TPHC-
TOCOBaHI1 JJIs iX eEeKTUBHOI Mepeadl Mo KaHaitax 3B'sa3Ky. ToMy BOHU B MpoIie-
cl mepejayi, ik MPaBuJIo, MiJJISTaI0Th KOyBaHHIO.

Kooysanuusam ingpopmayii Ha3uBa€eThCS onepalis NepPeTBOPEHHS MOB1IOM-
JIEHb B TI€BHY TOCIIJOBHICTh CHUTHAIIB, a 3BOPOTHA OMEpaIlisi, 10 BIJHOBIIOE
MOBIJIOMJICHHSI 3a TPUUHITUMHU CUTHAJIaMU, HAa3UBAEThCA OexoldygsanHsam. Ha
MPAKTHUIl ITUPOKO BUKOPUCTOBYIOTHCS PI3HI KOAM: JIBIMKOBUN KOJ, JBIMKOBO-
JECATKOBUM KOJ, MIICTHAALSTKOBUHN KOJ, KOA boao, aMepuKaHChbKUNM CTaHAapT-
HUM Ko oOMiny iHpopmartii (ASCII) 1 T. iH.

KonyBanHst moBiioMJieHb MOKE MaTh Ha MeTi pi3Hi mim. Lle moxe OyTu
KOJIyBaHHSI 3 METOIO0 3acCeKpedyBaHHsS Tepenanoi iHdopmarlii. [HImuM npukia-
JIOM KOJTyBaHHSI MOKE CITY’)KUTH TIEPETBOPCHHS JUCKPETHUX IMOBIIOMJICHB 3 OJI-
HUX CHUCTEM YHUCJICHHS B 1HII (3 AECSITKOBOI B JIBIWKOBY, BICIMKOBY 1 T. TI.; 3 He-
NO3ULINHOI B MO3UIINHY; NEepeTBOpEeHHA OykBeHOro andaBiTy B UU(POBUH 1
T. 1.). KogyBanHs B kaHajl abo MEpemKo0CTiiiKe KOayBaHHs 1H(hOpMAIIil MOXKe
OyTH BHKOPHUCTAHO JII 3MEHIICHHS KUIBKOCTI IMTOMUJIOK, III0 BHHHKAIOTH TPH
nepeaadi mo KaHajiy 3 MepenrkoamMu.

KoyBaHHS MOBiIOMJICHR MOKE IMIPOBOJIUTHCS 3 METOIO CKOPOUYCHHS 00CS-
ry iHpopMallii Ta MiIBUINEHHS IMBHAKOCTI i mepeaadi abo CKOPOYECHHSI CMYTHU
4acTOT, HEOOXIAHUX IS mepenadi. Take KOAyBaHHS HAa3WBAaIOTh €KOHOMHUM,
be330umrosum abo egpexmugHuM KOTYBAHHIM, & TAKOXK CIMUCKAHHAM OGHUX.

OnTuMaapHO 3aKOJ0BAaHMM OyIeMO BBaKAaTH TaKWW KO, IIPH SIKOMY Ha

nepeaady MOBIIOMIICHh BUTPAYAEThCS MIHIMAJIBHHUM Yac. SIKIIO Ha mepemaudy

18



KOXHOTO ejemMeHTapHoro cumBoity (0 abo 1) BUTpayaTu 0JHAKOBUH 4ac, TO OI-
TUMaJILHUM OyJ1€ TaKWil KOJI, SKUH Ma€e MiHIMaJIbHO MOXJIMBY JTOBXKHUHY.

[TpuHIMnu NoOyA0BH ONTUMATBLHUX KOJIIB:

1. KoxxHuil enemeHTapHUl CHMBOJI IIOBUHEH NEPEHOCUTH MAKCUMAIIbHY
KUIBKICTh 1H(OpMaIIii, 11 1boro HeoOXiIHO, 11100 enemenTapHi cumMBoiIH (01 1)
y 3aKOJIOBAHOMY TEKCT1 3yCTpIidajucCs B CEPEIHbOMY OJHAKOBO YacTO, TOOTO
Oynu piBHOMMOBIpHUMHU. EHTpOMIS B IIbOMY BHUIIAJIKY OyA€ MAaKCUMAJIBHOIO.

2. HeobOxigHo OykBaM NMEPBUHHOTO andasiTy, 10 MalOTh OLIbITY MMOBIp-
HICTb, MPUCBOIOBATH OLIBIIT KOPOTKI KOJOBI CIOBa BTOPUHHOTO andasity. B pe-
3yJbTaTl 3MEHIIY€EThCS CEPEAHs TOBKMHA KOAOBOI I'pylM B MOPIBHSHHI 3 BUIIA-
JIKOM PIBHOMIPHOT'O KOJTyBaHHS.

[TIpunyctuMo, 1O € Kepeno, sSKe JJa€ Taki THUIHA TOBIJOMIICHb:

a,,a,,4a3,...,a NmogipHOCTI X [IOB1JOMJIEHD 3a7aHl:

q
p(a), P(a2), P(a3),---,P(8y) - KokHe 3 nux nosinomiens noTpiOHO 3aK01yBaTH
ABIIKOBHM KOJIOM, BUTPAaTUBIIN Ha KOAYBaHHS K-ro moBimOMIIEHHS N, po3psi-
aiB (N, MOXyTb OyTH pI3HMMH), IO TOTO K JIBIMKOBUN pO3ps] NMEPENAETHCS 32

yac 7. Toni mBHAKICTH mepenadi R MOKHA BUSHAYUTH SIK
R=H()/7, (2.1)

q
ne H(a) =) p(a,)log, p(a,) — enTpomis mxepena noBiTOMIEHE;
k=1

T — Cepe/Hii yac nepenayl KoJoBO1 KOMOIHAIIIT, SIKM 0OUYHUCITIOETHCS TaK:
o
r=13 0 P(ay), (2.2)
k=1

Jie 7— 4ac rnepejadi eJIeMeHTa KoY.

Ak 6aunmo, uncenbHUK Gopmyru (2.1) 3anekuTh BUKIIOYHO BiJl CTATHC-
TUYHUX JIaHUX SIKOCTEH JpKepelsia, a 3HAMEHHUK (OpMyJd, KpiM TOro, 1 BiJ
croco0y KoayBaHHsI (SIKi 3HAYCHHSI IPUAHATI U1 N, ) Ta ssKOcTel KaHamy (7).

OuyeBuAHO, MO0 OLIBIT WMOBIPHI MTOBIIOMIICHHS IEPEIAOTHCI 32 KOPOT-
IIMJA Yac, MEHI WMOBIPHI — 3a JOBIIUMN.

[Ipu onTuMmanbHOMY KOAYBaHHI MIBHIKICTH mepenadi iHdopmaiii mae
HAOIMKATUCH JI0 POITYCKHOI CIIPOMOIKHOCTI.
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OnHuM 3 KOHKPETHUX ONTUMAJIbHUX KOJIB € Tak 3BaHUU koj lllenHoHa-
®ano. AnropuT™ oro noOy/10BU TaKU:

— yCl TUNH TOBIJIOMJIEHb 3alHCYIOTbCA B CTOBIYUK y TOPSAKY 3MEH-
IICHHS 1X IMOBIpHOCTEH;

— CTOBIYUK PO3AUISAETHCSA HA JBl YACTHHU 3 CyMapHO MPUOJIM3HO PIBHU-
MU HMOBIPHOCTSIMH Ta JIJIsl BCIX MOBIJOMJICHb BEPXHBOI YaCTUHU MEPIUIUN PO3-
P 3aMUCYIOTh OAVMHUINIO, & JJISI HUYKHBOT YaCTUHU — HYJIb;

— 32 TUM € MPUHIUIIOM PO3AUIAETbCS HAa JIBI YACTUHMU KOXHA 3 OJiep-
YKAHUX paHille YaCTUH 1 TAKUM € METOJOM 3aMHUCYIOThCS 1HIII HU(PHU MOB1I0-
MJIEHb.

Taxuit mporec moiTy Ta KOAYBaHHS MPOBOJIUTHCS JOTH, JOKH B 000X Ya-
CTMHAX HE CTaHE MO OJHOMY €JIEMEHTY. SICHO, 10 KoJ Oyae HEepiBHOMIPHUM,
ajie BiH Oy/ie ONTUMAaIbHUM.

VY HepiBHOMIPHUX KOJaX IMpH JIEKOJyBaHHI BUHUKAIOTH TPYIHOII 3 BUSB-
JICHHSM MEXI1 MOBIAOMIIEHB. {7151 BUKIIIOUEHHS TIOMUIIOK, SIK TIPAaBUIIO, BUKOPHUC-
TOBYIOTH CIIEIIabHI PO3/IUIbHI 3HAKH, K HANPUKJIaA, Y Koai Mop3se, a 11e npu3-
BOJIUTH JI0 3MEHIIICHHS IMIBUIKOCTI Mepeaadl i IeSKOTo YCKIIaJHeHHS IPUCTPOIB.

Kon IllenHoHna Bigpi3HAETHCS TaK 3BAHOIO BIIACTHUBICTIO HpeqhiKCHOCHI:
YKOJHA KOJ0Ba KOMOIHAIlISl CHMBOJIY HE BXOJI€ SIK MOYAaTKOBA JUISHKA Y KOJ 1H-
100 CUMBOJTY. SIKIIO TP MOOYI0BI KOAY yMOBa MpediKCHOCTI HE BUKOHYETh-
Csl, TO KOJU OKPEMHUX CHMBOJIIB HEMOXJIMBO PO3IIJIMTH B 3arajlbHOMY MOTOLIL.

Posrnsnyra metonuka IllenHona-PaHo He 3aBKAU NPUBOJIUTH 10 OJHO3-
HayHOi TOOYZOBH KOJy, OCKUIBKM MpU PO30UTTI HA MIATPYNH MOXKHA 3pOOHUTH
OUIBILIOIO 32 UMOBIPHICTIO SIK BEPXHIO, TaK 1 HUYKHIO MIATPYIIH.

Meronuka Xadbdmena rapaHTye OJHO3HAUYHY MOOYAOBY KOAY 3 Haii-
MEHIIUM ISl JAHOTO PO3MOJLITYy MMOBIPHOCTI CEpPEIHIM YHUCIOM CHUMBOJIB Ha
OykBy. Jl71s1 1B1IIKOBOTO KOy METO/IMKA 3BOJIUTHCS A0 HACTYITHOTO.

Ha nepmomy eramni cHMBOIM YHIOPSIKOBYIOTh 32 3MEHIIIEHHSAM HMOBIPHO-
CTi, @ IOTIM BUKOHYIOTh JCKIJIbKa KPOKIB «00’€THAHH:», Ha KOKHOMY 3 SKHX
M1JCYMOBYIOTHCSI UMOBIPHOCTI, 110 € HalMEHIIUMH (Bl OocTaHHI OyKBH 00'€]l-
HYIOTb B OJIHY JONOMIDXKHY OYKBY, SIKI NPUIUCYIOTh CyMapHy HMOBIPHICTb).
Jlani cTOBMUMK MMOBIPHOCTI COPTUPYETHCS 3aHOBO 33 3MEHILICHHSIM.

Ha npyromy erari OyayeThcs «IEpEeBO KOIY», TIJIKU SKOTO BiTIOOpaKaroTh
y 3BOPOTHOMY TOPSAKY Tpoliec «o0’e€aHaHHs MoBipHOCTe». [Ipu moOymosi
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JepeBa MPUUMAETHCS MPABUIIO BIJMOBIAHOCTI OUIBIIIN MMOBIPHOCTI OJHOMY 3
HaAIpsIMIiB TUTKK (HAIPHUKIIAN, <«JTIBOMY») 1 3HAYCHHIO OiTa KOXy (HAIpHUKJIAN,
«1»). JlaHroXKKH OITIB BiJl «KOPEHS» J0 KIHI KOXHOI TJIKK BiJIOBIAIOTH KO-
J1laM CUMBOJIIB.

3BepHEMO yBary Ha Tou (akT, mo K A kogy Xaddmena, Tak 1 1js Ko-
ny lllennona-®ano cepenHsi KUIbKICTh ABIMKOBUX CHMBOIIIB, 1[0 MPUIATAE HA
CUMBOJI JIXKepea, HaONIMKAE€ThCsl 10 EHTPOIi JKepela, aje He JOPIBHIOE iil.
Jlanuii pe3ynbTaT € HACHIIKOM TEOpPEMHU KOIyBaHHS 0e3 IIyMy I JpKepera
(nepmoi Teopemu llleHHOHA), sIKa CTBEPIKYE:

Byap-sike Kepeno MOXHa 3aKOJyBaTH JIBIMKOBOIO MOCIHIJOBHICTIO MpHU
cepefHiii KUTBKOCTI JIBINKOBHX CHMBOJIIB Ha CHUMBOJI JDKEpela, SK 3aBrOJIHO

OJM3bKOMY JIO EHTPOII, | HEMOKIIMBO JIOMOITHUCS CEPENHBOT OBKUHM Koxty |,
MeHIIo1, HiXk eHTpomniss H;. Ilpu po3paxyHkax B mabopaTopHiidi poOOTI ciif BU-
KOPUCTOBYBATH Taki (hOpPMYJIH.

CepenHe 4yncno IBIMKOBUX CUMBOJIIB Ha JIITEPY (JOBXHHA KOAY):
Icp = _Z Pi - Ii 1 (23)

i — KIJIbKICTb PO3PSAIB B i-My KOZI.

EnTpormist mnepBUHHOTO KOJTY:
Hy=-2.pilog, p;. (2.4)

HIMOBIpHOCTI NOSIBM OJJMHULIb 1 HYJIIB Y KO

p(1) = Zf—z p(0) =1- p(l), (2.5)

cp

Z, — KUTbKICTh OJJUHULb B i-MYy KOJI.

EnTporist BTOpUHHOTO KOy
H; =—(p(0)-log, p(0) + p(1)-log, p(1)). (2.6)

EdexTruBHICTh ONTUMATBHUX KOIB OIIIHIOIOTH 3a JJOMOMOTOI KoeiIlieH-

Ta CTATUCTUYHOTO CTHUCHEHHS, KU XapaKTepU3y€e 3MEHIIEHHS KIJIbKOCTI JBIi-
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KOBHX 3HaKiB Ha CHMBOJI TIOBIIOMJICHHS IPH 3aCTOCYBaHHI ONTHUMAIBHOTO KOIY
B TTOPIBHSHHI 3 3aCTOCYBAHHSIM METO/IIB HECTATUCTUYHOTO KOTyBaHHS

H
Kcm = Imm (2-7)

cp

1 KoeiIieHTa BiTHOCHOT €()eKTUBHOCTI MIEPBUHHOTO KOy

A, (2.8)

KBEl = _I
cp

SAKUU TIOKa3y€, HACKIJIbKH BUKOPHCTOBYETHCS CTATUCTUYHA HAIMIPHICTH IEpe-
JTaHOTO MOBIAOMJICHHS.

KoedimieHT cTaTUCTUYHOrO CTUCHEHHS 1 BIAHOCHOI €(EKTUBHOCTI BTO-
PUHHOTO KOJly BU3HAUAIOThCS aHAJIOTIYHO:

K _ HI’T’GXZ . K _ H2
cc2 — I ' BE2 —
cp cp

(2.9)

J1yist BU3HAUYEHHS KUTBKOCTI «3aiiBOoi» 1H(popMallii, sika 3akiiajieHa B CTPYK-
Typi andapity ad0 B IpUPOJI1 KOIY, BBOJAUTHCS MOHATTA Haomiprocmi. HagMmip-
HICTb, 3 KOIO MU MA€EMO CIIpaBy B Teopii 1H(pOpMaIlii, He 3aJIKUTh BiJl 3MICTY
NOBIJJOMJICHHS 1 3a3JaJierib BiAOMAa 31 CTaTUCTUYHUX JaHuX. [HpopmariitHa
HAJMIPHICTh TIOKa3y€ BIIHOCHE HEJOBAHTAXKEHHsSI HAa CUMBOJ al(aBiTy i € Oe3-
PO3MIPHOIO BEJTUYMHOIO:
H,

D=1-pu=1-—2—, 2.10
H H (2.10)

Jie L — KOe(IIiEHT CTUCKAHHS (BIITHOCHA €HTPOITIs).

max 2

Pozrnsaemo mporenypy epeKTHBHOTO KOAYBaHHS MOBIAOMIICHb, YTBOpE-
HUX 3a JIOTIOMOTO0 aj(aBiTy, 10 CKIAJAETHCS BCHOTO 13 JIBOX 3HAKIB Z; 1 Zp,
HMOBIPHOCTSIMM TIOSIBH SIKUX BiAMOBIAHO p(z1) = 0,9 1 p(zp) =0,1. Ockinbku
WMOBIPHOCTI HE PiBHI, TO MOCIIJOBHICTh 3 TaKMX OYKB MaTUME HAIMIPHICTb.
OpHak mpy KOAYyBaHHI HisiIkoro edekTy He oTpumaemo. JliiicHO, Ha mepenavy
KOXHOT JTiTepu moTpibeH cuMBoi abo 1, abo 0, y Toit yac K eHTpPOITisi TOBIOM-
nenssi H,, mo po3paxoBana 3a ¢opmynoto lllennona, nopisatoe 0,47. Ilpu ko-

JTyBaHHI OJIOKIB, IO MICTATH O JBI JITEPU, OTPUMAEMO CEPEIHE YUCIO CUMBO-
niB Ha 610k —1,29 1 Ha OykBY — 0,645 (OCKUIBbKH JIITEPU CTATUCTUYHO HE 3B'SI-

3aHi, IMOBIPHOCTI OJIOKIB BU3HAYAIOTHCS SIK TOOYTOK WMOBIPHOCTEH CKIIQIOBUX
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nitep). KonyBanns 6J10KiB, 1110 MICTSATh IO TPH JIITEPH, A€ IIe OLIbIIUN eheKT.
AJle TEOPETUYHUN MIHIMYM Icp: H,= 0,47 moxe OyTH NOCATHYTHHA IpPHU KOAY-

BaHHI OJIOKiB, 1[0 BKJIFOYAIOTh HECKIHYCHHE YHCIIO JITED.

2.2. Ilopsinok BUKOHAHHA Po0OTH

2.2.1. Bubip BapianTa

J1 = Oenwv napooicenns — 8i0n06ioac cepeOHbOMY 4acy sUpoOimKy CUMBo-
JIy Ha 8UX00i Oxcepeid 8 MC,

Jo = nopsoxosuil Homep 3a CHUCKOM — 8ION0GIOAE 8APIAHMAM 3A80AHHSL.
Bxionumu € cumeonu nepsunnozco angasimy Xi ma ixui imogipnocmi p(X;).

2.2.2. IlocainoBHiCTD il

— HeoOxigno 3pobutn koxyBaHHs MetojnoM IllenHona-®aHo 1
Xaddmena ta pospaxyBaTu KoedillieHTH €(HEKTUBHOCTI KOy, OI[IHUTH IIBH]I-
KICTh Hepeiadl Ta MPONYCKHY CIIPOMOKHICTb.

— 3poOuTH MOPIBHAJBHUNA aHaji3 JBOX METOIIB KoayBaHHA. OTpumaHi
pe3yNbTaTH 3aHECTH B TAOJIHUIIIO.

— Buxonatu mnponeaypy OjokoBoro komyBaHHs meronoMm lllenHoHna-
®dano ta XaddmeHna 11 1BOX 1 TPOX CUMBOJIBHUX OJIOKIB.

— TlopiBHSATH pe3yabTaTH.

— 3poOuTHU BUCHOBKH.

YBATI'A! Bci po3paxyHKy BUKOHYIOTHCS Ha KOMIT'TOTEPI.

2.3. 3pa3oKk BUKOHAHHA 3aBJAaHHS
1) 3rigHo 3 3aBJaHHAM Ma€EMO HMOBIPHOCTI JIECATH CUMBOJIIB.

Tabnuus 2.1 —Tabnuist IMOBIpHOCTEN CUMBOJIIB

X1 X2 X3 Xy X5 Xe X7 Xg Xg X10
0,26 | 0,14 | 0,23 | 0,13 | 0,21 | 0,09 | 0,07 | 0,05 | 0,01 | 0,01

BukoprCcTOBYFOUM alrOpUTM TOJIUTY, BUKOHYEMO KOTyBaHHS 3a MeTosioM [11IeH-
HoHa-MDaHo. Pe3ynbraTi pa3oM 3 po3paxyHKaMH €HTPOIT 3aHOCUMO B TaOJHITO 2.2.
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Ta6muns 2.2 — KoxyBanss 3a metosioM lllennona-®dano

Xi Pi p; -log, p; Kon H,
X1 0,26 0,505288 11

Xo 0,14 0,39711 101

X3 0,13 0,382644 100

Xa 0,13 0,382644 011

Xs 0,11 0,350287 010 2 948
X 0,09 0,312654 001

X7 0,07 0,268555 0001

Xg 0,05 0,216096 00001

Xg 0,01 0,066439 000001

X10 0,01 0,066439 000000

Konysanns 3a metonom XaddmeHna peanizyeMo 3a 10MOMOTOI0 aJITOPUT-
My CTUCHEHHS. Pe3ynbraTtn 3aHocHMO 710 Tabumii 2.3.

Ta6mumg 2.3 — KogyBanas 3a meTosioM XaddmeHa

X Pi Kon
Xy | 0,26 | 0,26 | 0,26 | 0,26 | 0,26 | 0,26 | 0,28 | 0,46 | 054 | 1 10
X, | 0,14 10,14 | 0,14 10,24 | 0,2 | 0,26 | 0,26 | 0,28 | 0,46 111
X3 | 0,13 0,13 | 0,13 | 0,24 | 0,24 | 0,2 | 0,26 | 0,26 011
X4 |10,1310,13|0,13 0,13 /0,14 | 0,24 | 0,2 010
xs | 0,11 | 0,11 | 0,11 | 0,23 | 0,13 | 0,14 001
Xe | 0,09 0,09 0,09 |0,11|0,13 000
X7 | 0,07 | 0,07 | 0,07 | 0,09 1101
xg | 0,05 | 0,05 | 0,07 11001
Xg | 0,01 | 0,02 110001
X10 | 0,01 110000

Jl1s HaoUHOCTI OOYTyeEMO KOJI0BE JiepeBo. [lepeMiiiarouuck mo KoJ10BO-
My JIepeBY 3BE€pXY BHHU3, MOXHA 3allMCaTH AJI KOKHOI OYKBH BIAMOBIIHY 1H KO-
JIOBY KOMOIHAITiO.
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[TIpoBoaMMO TIOPIBHSJILHHI aHaJ13 JBOX METOAMK. Po3paxyHOK mpoBeje-

Pucynok 2.1 — Konose nepeBo

Mo 3a hopmynamu (2.3-2.10).

PesynpTaTn HaBeneMo B Tabnuii 2.7.

Ta6murs 2.7 — [lopiBHsUIBHUH aHaJIi3 TBOX METO/IIB

Mapamerp Meton kKo1yBaHHS I'pannune
[lTennona-®dano Xaddmena 3HAUYCHHS
1 2 3 4
lep 2,97 2,97 2,948
H, 2,948 2,948 3,32
H, 0,999 0,999 1
KgE! 0,9925 0,9925 1
Keet 1,01 1,01 —
Kge2 0,337 0,335 _
Kecea 0,3367 0,3367 —
D 0,0004 0,0036 0
p(0) 0,488 0,465 0,5

2) 3nificHuMo OJIOKOBE KOAyBaHHs. 3TiHO 3 BapiaHTOM BXITHUMH JIaHH-
MH € CHMBOJIM TIepBHHHOTO andamiTy 1 ixHi ¥imoBipHocTi: p(a,) =0,83;
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p(a,) =017 . Bukonaemo xoayBaHHs AJs OJIOKIB, IO MAIOTh OJUH, JIBA Ta TPU

CHUMBOJIM Y TIOBiioMJIeHHI. Pe3ynbpTaTtu 3Benemo 1o tadnuip 2.4-2.6.

Tabmuis 2.4 — Po3paxyHOK 0JTHOCUMBOJIBHUX OJIOKIB

Brok| p; | P;-10g, pi |Kox| by | Hy | p(0) | p(1) | Hy | Kee | Kge D
a; | 083 0,223118 | 1
1 (0,658|0,17|0,83 0,658 1 |0,658| 0,342
a, | 0,17 | 0,434587 | 0
Tabmuus 2.5 — Po3paxyHOK JBOCUMBOJIbHUX OJIOKIB

Brok| p;i | P;i-10g, pi|Kon| Loy | Hy | p(0) | p() | Hy | Kee | Kgs | D
a;a; |0,6889| 0,370376 |1

%2, 01411 0,398637 |01 1,481|1,315|0,344|0,656|0,929|0,675|0,627|0,071
a,a; 0,1411| 0,398637 (001|™ ’ ’ ’ ’ ’ ’ ’
a,a, |0,0289| 0,14776 (000

Tabnuus 2.6 — Po3paxyHOK TPUXCUMBOJIBHUX OJIOKIB

broxk pi pi-log, pi| Kom |l | Hy|p(0)|p(1)|H, | Kee | Kge | D
a;a;a, |0,571787| 0,461118 1

a;a;a,(0,117113| 0,362351 011

ajaa; |0,117113| 0,362351 010

a,a;a; |0,117113| 0,362351 001 2RI IBI8| 5|3 |Y
a,a,3,|0,023987| 0,129089 | 00011 |~ | I |S S |S | S | S | S
a,a;a,|0,023987| 0,129089 | 00010

a,aa; |0,023987| 0,129089 | 00001

a,a,a, |0,004913| 0,037679 | 00000

[ToBTOprOEMO aHANOTIUHI PO3PAXYHKH TSl MeTOuKH XadhMeHa.

p(1)

0,512

0,535

0,5

R(t =1mc)

992

992

1114

Bucnosku. Koau, mo Oymu otpumani, ayxe OTU3bKI JO ONTUMAIbHUX.

POBFH}IHYTi MCTOJUKH KOAYBaHHSA JAalOTh IMIPAKTUYIHO OI[HaKOBi pE3yJbTaTu.
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JIABOPATOPHA POBOTA 3
MEPEIKOJOCTIMKE KOAYBAHHSL. JIHIIAHI TPYIIOBI KON

Mema pobéomu. nocniautu MoOyJAOBYy Ta MOXKJIMBOCTI KOpEryBaHHS Jii-
HIHHUX CHUCTEMaTHYHUX TPYMOBUX KOJIB.

3.1. Teopernuni BizomocTi

3rigHo 3 Teopemoro llleHHOHA iCHye TeOpeTHYHa MOXKJIMBICTh BECTHU II€-
penady JaHUX MO KaHaly 3 MepeIKoJaMH 3 SK 3aBrOJHO Majol HMOBIPHICTIO
MOMUWJIKK TIpU TIPOLIelypax KOAYBaHHS Ta JekoAyBaHHs. HaniiiHicTh mepemadi
MOBIJJOMJIEHD IT1IBUIYETHCS 32 PAXYHOK BBEJCHHS IITYYHOI HAIMIPHOCTI.

[ToOynoBa nepenkogoCTIIKUX KOJIIB B OCHOBHOMY IOB'si3aHa 3 J0JaBaH-
HSM JI0 BHUX1JHOT KOMOiHAIlli KOHTPOJIBHUX M-cUMBOIB (puc. 3.1). 3akomoBaHa
KOMOIHAIIIS CKIIaaeThest 3 N-cuMBoIIiB. LI koau yacTo HazuBawTh (N,K)- KoIu.

k n=k+m
e — kogpep |———»

m

Pucynok 3.1 — Orpumansus (n,K)- xosiB

[Tpu nepenayl MoBiIOMJIEHHS € NTEBHA UMOBIPHICThH TOTO, IO JIedKa OyKBa
BTOpUHHOTO ani(aBiTy Oyjie rnepegaHa HEMpaBWIHLHO (OUHMUIIS 3aMICTh HYJISI 200
HaBMaku). [|ys1 BUMIpaBIICHHS] TaKMX TTOMWJIOK BUKOPUCTOBYIOTH KOJ 3 BUSBJICH-
HSIM TIOMIJIKH 200 KOJ 3 BUIIPABJICHHSM MOMIJIKH. B mepmioMy BHITaIKy KOKHE
MIPUIHATE KOJIOBE CJIOBO MEPEBIPSAETHCS HA HASIBHICTh MOMUJIKHA. Y BHIMAJIKy Ha-
SIBHOCTI TIOMUJIKM TOBIJOMJISIETBCS Te€pe/laBady, 1 BiH TMOBTOPHO Iepeae Iie
CJIOBO. Y JIpyromMy BHUIIAJKY KOJIOBE CJIOBO BUIIPABJISIOTH HA CTOPOHI MpUiMaya.
Crin 3ayBayKUTH, 110 I1i KOJU MOXKYTh BHUSBIISITH a00 BUIIPABIISATH JIMIIIC ITCBHY
KUTBKICTh MIOMWJIOK Y KOJJOBOMY CJIOBI.

Haiinpocrimmii cnoci® BUSBICHHS OAHIET MOMWIKH B KOJIOBOMY CJIOBI —
1€ JIONOBHEHHSI JI0 CJIOBA 1€ OJJHOTO 01Ta, AKUIl HA3UBAIOTh OIMOM nepesipKu Ha
napricms. KiNbKICTh OJIMHUL Y KOJOBOMY CJOBI (3 ypaxyBaHHSIM JTOAATKOBOTO
0ita) Mae Oytu mapHoio. Lle MokHA 3pOOMTH, MaHIMYIIOKYN TO0JATKOBUM Oi-
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TOM. SIKIO Ticisi mpuitMaHHS KiJbKICTh OJWHUI BUSBUTHCS HEMAPHOIO, TO 1€
CBITYUTH TIPO TTOMIJIKY.

3po3yMiJI0, MO TpH MapHId KUIBKOCTI MOMWIOK LIed METOJ HE BUSBHUTH
noMuiku. [Tpu KogyBaHHI 3 BUSBICHHSM 1 BUTIPABICHHSIM ITOMUJIOK BUKOPUCTO-
BYIOTh TaKy BEJIMYMHY, K 8i0cmanb mixc xooamu. 1le KiIbKICTh po3psiiB, B
SKHX KOJIOB1 CJIOBa MaroTh pi3Hi OykBu. [Ipumipom, KoJ0Ba BiACTaHb MIXK KOJ1a-
Mu 001101 1 001000 nopiBHIOE IBOM, 60 BOHH BIJIPI3HSAIOTHCS JIUILE B TIEPIIIOMY
1 TpeTbOMY pO3psifax, paxyluyu COpaBa. 3BUYAHHO BiJICTaHb MK KOJaMH BU-
3HAYal0Th, BUKOPUCTOBYIOUH JioriuHy omepamito XOR (momaBaHHs 3a MOIyJIeM
nBa). Lls omepartis mo3HavyaeThcsi 3HaKOM @ 1 jae pe3ynbTar 1, SKIIO OIUH 3
OTIepaH/IiB JIOPIBHIOE HYJIIO, a APYTUM — OJMHMUII, B IHIIMX BUTAJKAX PE3YJIbTAT
JOopiBHIOE HYIO0. Jlo1aeMo 3a MOjyJieM 2 iBa KOJAOBUX CJIOBA Ta PAXYEMO KiJIb-
KICTh OJAMHUIIL Y pe3yibTaTi. OTpUMy€eMO BIICTaHb MK ITUMHU KOoJaMu. MoXkHA
JUI HAOYHOCT1 BUKOPHCTATH FEOMETPUYHE TOJJaHHs Koy (puc. 3.2).

Bizememo ky0, 10B)kMHaA pedep B sskoMy AopiBHIOe oauHMIl. KogoBi cio-
Ba — 1€ BEpPIINHU Ky0a, a BIZICTAaHb MK HUMHU — 11€ MiHIMaJIbHa KUIBKICTh pedep,
Ky TpebOa nepelTu, mob JICTATUCSA BIJ OJHOTO KOJOBOIO CJIOBAa JI0 JIPYroro.
[Tpumipom, Bigcradb Mik ciaoBamu 001 1 010 mopiBHIOE 1BOM (IIPOXOIMMO JBa
pebpa). A6o 001 @ 010 = 011 — aBi onMHMII B Pe3yJIbTATI 3a3HAYAIOTH, 1110 BiJI-
CTaHb MK KOJaMH JOPIBHIOE JIBOM.

A
z o1 111
I 101 I
| |
1 |
Ly l
AR
1 7010 110
/
000 1 100 X

Pucynoxk 3.2 — [loganHs 1BIMKOBUX KOIB 3a JOIMOMOT0I0 KyOa

MiHiMalibHa BIZICTaHb MK BEPIIMHAMU BU3HAYAETHCS MIHIMAIBHOIO KiJlb-
KiCTIO pedep, 110 3HAXOASAThCS MK BeplIIMHAMH. LI BiacTaHb HA3UBAETHCS KO-
006010 (200 xeMMmin206010) 1 Mo3HaYaEeThest OykBoto d. IHakIIe, K0dosa éidcmans
— 1Ie T MIHIMaJbHE YHUCJIO €JIEMEHTIB, B SIKUX OJlHAa KOJIOBa KOMOIHAIlIS BIAp13-
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HSAETBCS BijJ iHIIOI. SIk 3a3HayYamocs BHILE, IS BU3HAYEHHS KOJOBOI BIiJCTaHI
JIOCHUTH MOPIBHATHU JBI KOJIOBI KOMOIHAIIIT 32 MOTyJIeM 2.
Tak, cknaBIIM AB1 KOMOIHAIT
10110101101
@©11001010101
01111111000

BU3HAYUMO, 1110 Bigctanb Mixk HuMH 0 = 7. Jlna xomy 3 N = 3 BiciM KOJOBHX

KOMOIHAI po3MIIIYIOTbCA Ha BEpIIMHAX TPUBUMIpHOTO KybOa. Takuit kog Mae
KOJIOBY Bijctanb d = 1, i /uId mepeaadi BUKOPUCTOBYIOTHCS BCI BIiCIM KOJOBHX
komOinari 000,001..,111. Takuif kox € HE NEPEMIKOAOCTIMKUM, BIH HE B 3MO31
BUSBUTH MOMUJIKY. SIKIIO BuOepeMo KOMOiHAIlli 3 KOJOBOKO BiacTaHHIO d = 2,
nanpukiazn, 000, 110, 101, 011, To Takuii KO TO3BOJUTH BUSBISATH OJHOKPATHI
nmoMuJiki. HazBeMo 111 koMOiHaIlii J03BOJICHUMH, MPU3HAYCHUMH TSI TIepeaadi
iHopmarii. Bei iami 001, 010, 100, 111 — 3a6oponeHi. byap-ska onuHUYHA
MOMUJIKA MPU3BOAUTH JI0 TOTO, II0 J0O3BOJICHA KOMOIHAIlis MEPEeXOauTh B Hal-
onmkay, 3a00poHeHy kKoMmOiHaIio. OTpuMaBiy 3a00pOHEHY KOMOIHAIIII0, MU
BUSIBUMO TIOMWJIKY. BuOepeMo mani BepimmHM 3 Ko10BO BiacranHio d = 3. Ta-
KHH KOJI MOKE€ BUIIPABUTU OJHY OJIMHUYHY MTOMIJIKY 200 BUSBUTH JBI ITOMIJIKH.
Takum 4MHOM, 301IBIIYIOYM KOJIOBY B1JICTaHb, MOKHA 301JIBIIUTH MEPEIIKOI0C-
TIMKICTB KOMY.

V3araapHHUBIIA HaBeJCHE BUIIE, MOXKHA CKa3aTH, IO IS BUSBIICHHS I
MOMMJIOK BiZICTaHb MK JO3BOJECHHMH KOoJAaMH MmoBuHHHa Oyt d =t + 1, a mis
BUIIPABJICHHS S IMOMMJIOK BiJCTaHb MoBHHHA OyTH d =2-S + 1. 3po3ymijio, 1o
r>s.

VY 3aranpbHOMY BHITQJIKy KOJIOBA BiJICTaHb BU3HAYAETHCS 3a (HOPMYJIIOI0

d=s+r+1. (3.1)

BinbuIicTe KO/IB, 1110 BUMPABISIOTH TOMUWIKH, € JTIHIWHUMU KOJaMH.

Jlinitini koOu — 1€ Taki KOAH, B SIKUX KOHTPOJIbHI CHMBOJIM YTBOPIOIOTHCS
HUISIXOM JIHIHHOT KOoMO1HaIli 1HpopMaliiHuX cuMBoJIiB. Kpim Toro, xoau, 1o
BUIIPABIIIOTH TIOMHJIKH, € TAKOXK TPYTOBUMU KOJaMHU.

I'pynosi xoou G, — 11e Taki KOJH, Kl MalOTh OJHY OCHOBHY OII€pAIlilo.
[Ipu upoMy MOTPIOHO AOTPUMYBATHCS YMOBHU 3aMKHYTOCTI (TOOTO, MpHU CKJIa-
JaHHI JIBOX €JIEMEHTIB IPYNH BUXOJUTH €JIEMEHT, 110 HAJICKUTh 111 Ke TPyIIi).
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Yuco po3psiniB y rpymi He TOBUHHO 30ibinyBaTucs. L{fo yMOBY 3a70BOJIbHSIE
noriyna onepartis XOR. ¥ rpymi, kpiM Toro, Mae OyTH HyJIbOBUI €JIEMEHT.

Jlnst moOynoBU KOAY, SIKUI 3MaTHUI BUSBIATU 1 BUIPABISATH OJUHUYHY
MOMMJIKY, HEOOX1THE YMCIIO KOHTPOJIBHUX PO3PS/IiB CTAHOBUTUME

n—-k>log,(n+1). (3.2)

3aBnanHs MOOYIOBU MEPEIIKOAOCTIHKUX KOJIIB MOJIATa€E B TOMY, 00 3a-
Oe3neunTy BijacTaHb Mixk cioBamu He Meniine d. Jist mporo marpuis G(n,K), mo
IOPOJIKYE KO, OYAYETHCS 38 TAKUM IIPABUIIOM:

Yucio cTpoK JOPIBHIOE K, a YUCIIO CTOBITYKMKIB JOpiBHIOE N = K + m,

A Qp .o Ay P P2 o P
G(n k) = Adp;  Qyp . Ay Par Pap o Pop _ (3.3)
A Ay o Qg Pra P2 oo Pim

Marpuns G(n,k), mo nopomxye kKon, ckinagaeTbes 3 iHpopmaniiaoi (1, )
1 nepeBipouHoi (R, ) Marpuups. Yucio ctoBnuiB //-MaTtpuil AOPIBHIOE M, YUCIIO

CTOBIIIIB /-MaTpuIli J0opiBHIOE K. BoHA € CTHUCIMM OMUCOM JTIHIKHOTO KOAY 1
MOXe OyTH MoJlaHa B KaHOHIYHI# dhopmi:

G(nrk):“kkka‘:‘kalkk" (3.4)

3a indopmarlliiiny /-MaTpuIl0 3py4HO BUKOPUCTOBYBATH OJIMHUYHY MaT-
PUIIO, PAHT SIKOi BU3HAYAETHCSA KUIBKICTIO 1H(QOpMALIHUX po3psiaiB. Paakamu
OJMHUYHOT MaTpHIIl € He3aJeKHI KoMOiHallli, TOOTO iX MmomapHe MiJCyMOBYBaH-
HS 32 MOJYJIEM JIBa HE MIPUBOJUTH A0 HYJIHOBOTO psiaka. CTOBMII A0AaTKOBOI R-
MaTpHIll BU3HAYAIOTh MpaBuiia popMyBaHHS nepeBipok. YHUCI0 OJUHUIL B KOXK-
HOMY PSAKYy JIOJaTKOBOI MAaTpWIli TOBHWHHE  3aJOBOJBHSATH  yMOBY:
ry>d—W, (W, =1, ockinbku oguanyHa MaTpuis). Ciix mam’staTd, M0 BU3HA-
YEHE YHCIIO OJUHUIb € YACIIOM CYMaToOpiB 32 MOAYJIEM JBa B IHQpaTopi 1 Jie-
mdpaTopi, 1 9uM X O1IbIIIe, TUM CKIIQHIIIA anaparypa.

Psinku mepeTBoproBalIbHOI MATPHIIl ABJISIOTH COO00 K KOMOiHAIlIN KOAY.

TakuMm unHOM, 1HQOpMAITiiiHA YaCTHHA 3aJUIIA€THCA 0€3 3MiH, a KOPUTYBaJIbHI
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PO3pPSAM BU3HAYAIOTHCS IUISXOM MIJICYMOBYBAaHHS 32 MOJAYJIEM JBa THUX PAIKIB
NepeBipHOT MaTpUIll, HOMEPH SKUX 301raloThCs 3 HOMEpaMH PO3PAIiB, IO Mic-
TATh OJIMHUITIO B iHQOpPMaLIMHIN YaCTHHI KOTY.

JlexoayBaHHST Ta KOPEKIIis MIOMUJIOK Y JIIHIMHUX KOJaX IMOB's3aHl 3 BUKO-
HAHHSM MepeBIpoK. J[J1si KOKHOT KOHKPETHOT MaTpUIll ICHY€ CBOS €IMHA CUCTEMa
nepeBipok. [lepeBipku MpPOBOASTHCS 3a TaKUM MPABUIIOM: y TEpIIy MEepPeBipKy
pa3oM 3 MepeBipHUM CUMBOJIOM (0iTOM) BXOAATH 1H(MOPMAIIHI pO3psan, Bij-
MOBIHI 10 OJUHUIIL TIEPIIOTO CTOBMI nepeBipHoi MaTpull (R), y aApyry — apy-
Ui TIepeBipHUI CUMBOJI 1 1HGOPMaIIiIifHI CHMBOJIM, BIATIOBIIHI 10 OJUHUIIG JIPY-
roro CToBIUA 1 T.1. YUCHO mepeBipoK JOPIBHIOE YKCITY MEPEBIPHUX CHMBOJIIB
M. Paiku nepeBipHOi MaTpUIll BU3HAYAIOTh NIpaBuiia GOpMyBaHHS MEPEBIPOK. Y
pe3yibTaTi NEePEBIPOK YTBOPIOEThCA MEPEBIPOUYHUIM BEKTOp S,,S,,S;... — cuno-

pom. SIKILO YKCIO0 OAUHMIb Y pO3psiiax, M0 MEePEeBIPSIOTHCS, TapHEe, TO 3HAYEH-
Ha S nopiBHIOe 0. SKio Bara CMUHAPOMY JOPIBHIOE HYJIO, TO MPUAHATA KOMOI-
Hallisg 0e3MoOMUIKOBa. B iHIIOMY BUNAAKy OTpUMAaHHUN CHHIPOM MOPIBHIOEMO 31
CTOBIIIMU MATPULI 1 BU3HAYAEMO PO3PSiA, Y AKOMY BIIOYJIacsi MIOMUJIKA, HOMEP
CTOBIILIS IOPIBHIOE HOMEPY IMOMHJIKOBOTO PO3psLy. [[ist BUNIpaBieHHs TOMUIKU
XUOHMI OIT HEOOX1THO IHBEPTYBATH.

Bun cunapomy mMoke OyTH BU3HAYEHHH 3a TONMOMOIOIO MEPEBIPHOI Mart-
puri H(n, k):

H(n,k) = ‘Rka L, (3.5)

T . . .
ne R, — TpaHCIIOHOBaHA NEpeBIpHA MaTPUL (IOMIHATH PSAKY HA CTOBIIL);
I

PO3PSIIB.
[HOMI BaKIIMBO MaTH MOKJIMBICTh aBTOMAaTUYHO BHIIPABJISATH TTOMUJIKH,

mm — OAVMHMYHA MATpPHLSA, YUCJIO CTOBIMIIB SKOI JOPIBHIOE YMCILY NMEPEBIPHUX

1[0 BUHUKJIM B OyJb-SKOMY KOJOBOMY ciioBi. lle, Hanmpukiaa, HEoOXiqHO TIpH
30epiraHHi JIaHUX y HAMiBNPOBIIHUKOBIN Mam'sTi, 16 TIOMUJIKH 3'SBJISIIOTHCS B
PI3HHX PO3psiIax HE3AJICKHO, a 1€ 3HAYUTh, 1110 WMOBIPHICTh OJJHOKPATHOI MMO-
MUJIKH Ha KIJIbKa MOPSIKIB BUILA, HIXK Y JBO-, TPUKPATHOI 1 T.J. TakuM 4UHOM,
TOJIOBHE 3aBJaHHS — 3a0€3MEeUNTH BUIIPABJICHHS CaMe OJHOKPATHUX MOMUJIOK.
Ile 3aBmanHs BUPIIIYE KOJ XEMMiHTa.
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Kon XeMminra HajnexuTh 10 Kjacy JIHIMHMX KOIIB 1 SBJISIE COOOIO cuc-
memamu4Hull Kol — KoJ, Y siIkoMy iHbopMaliiiHi Ta KOHTPOJIbHI O1TH pO3TaIIo-
BaHI Ha CTPOTO MEBHHUX MICIAX Yy KOJOBIA KoMOiHalli. [CHYyIOTh pi3HI MeTOaH
peami3zaitii kogy XeMMiHTra Ta KOJiB, sIKi € Moau]ikaiiero Koay XeMMiHTa.

PosriasaeMo anroputM 1oOyAOBH KOJIY JJIs BHIIPABICHHS OJUHHUYHOI
TTOMUJIKH.

1. 3a 3a/1aHOI0 KIJIBKICTIO iH(GOpPMAIIHHUX CUMBOJIIB K a0 iHdopMarriii-
Hux komOixarii N = 2k, BUKOPUCTOBYIOYH CITIBB1THOIIICHHS

n=k+m, 2" >(n + 1)2, 2" >n+1, (3.6)

ne  m = [logz {(k + 1)+ [loga(k + 1)}, 3.7)

O0OYHUCITIOEMO OCHOBHI IapaMeTpH Koay N i m.

2. Buznayaemo po6oui Ta KOHTPOJBHI MO3UIIIT KOJ0BOi KoMOiHarii. Ho-
MepHY KOHTPOJIBHUX MO3UIIII BU3HAYAIOTHCS 32 3aKOHOM 2i, nei=1,2,3,.. 100TO
BOHH JIOPIBHIOIOTH 1, 2, 4, 8, 16,..., paxyrouu 3J1iBa, a 1HIII TO3HUIII1 € pOOOYNMHU.

3. Buznauaemo 3Ha4eHHsI KOHTPOIBHHUX po3psiB (0 ado 1) 3a gomomMororo
OaraTopazoBUX MEPEBIPOK KOAOBOI KOMOIHAIIIT Ha mapHicTh. KUTbKICTh MepeBIpok
JOPIBHIOE KIJTBKOCTI MEPEBIPHUX CHMBOJIIB M = N — K. Y KOXHY MEpeBipKy BKITIO-
Ya€ThCsl OJIMH KOHTPOJBHUM 1 TIEBHI MepeBipH1 OITH. SKIO pe3yabTaT MepeBipKu
Jla€ TIapHE YUCII0, TO KOHTPOJIBLHOMY OITY MPHUCBOIOETHCA 3HAYeHHS — 0, a SKIIO
Hi, T0 — 1. HoMepu iHbopMariiiHux O1TiB, 110 BKIIOYAIOTHCS B KOKHY TIEPEBIPKY,
BU3HAUYAIOTHCA 32 JBIMKOBOM KOJOM HATypaJlbHUX N-4KCEN PO3PAIHICTIO M abo

3a JIONIOMOTOI0 MEePeBipHOi MaTpulll H__ | CTOBMII SIKOT OIAI0Th 3aMKC y ABIAKO-

mn ?
Biif cucTeMi Beix mimx umcen Big 1 mo 2¢— 1, nepepaxoBaHuX y MOPSAKY 3pOcC-
taHHsA. J[71s1 M = 3 mepeBipHa MaTPHIIT Ma€ BUTIIS

I

Il
- o o
o = o

0
1
1

(i e

1 1 1
0 1 1.
1 0 1

KinbkicTh po3psiiiB M BU3HAYAE KUIBKICTh IEPEBIPOK.
VY mepiry nmepeBipKy BKIIOYAIOTh KOS(IIIEHTH, IO MICTATH OAUHUITIO B
nepuoMy (HIKHIA psIoK) po3psiai. ToOTo, SKIIO BU3HAYMTH, IO Dj — 11e i-Thi

32



OiT psiaka, e OyayTh by, D3, D5 1 T.1. YV npyry nepeBipky BKIOUYaIOTh KOoeDillieH-
TH, 1[0 MICTITH 1 B Apyromy po3psiji, TO0To Dy, b3, be 1 T.1. V TpeTro mepesipky —
KOe(IIIEHTH, K1 MICTATh | y TpEThOMY PO3pPSIi 1 T.JI.

JIst BUSIBIIGHHS 1 BUTIPABIICHHS TTOMIJIKH CKJIQJAI0ThCS aHAJIOTIYHI TIepe-
BIDKM Ha TApHICTh KOHTPOJBHUX CyM, pE3yJbTaTOM SKHX € JIBIMKOBE
(n-k)-po3psiaHe umcno — curndpom 1 BKa3zye Ha MOJIOKEHHS MOMHIIKH, TOOTO HO-
Mep MOMHJIKOBOI MO3UIIi1, KWW BU3HAYAETHCS 32 JBINKOBUM 3aIMCOM YHciia a00
3a MepeBipHOIO0 MaTpHIleio. JJIs omuCcy MOMUIIOK, IO BUHUKAIOTh Y KaHAIl, BU-
KOPUCTOBYIOTh BEKTOP MOMMJIKH € — JBIMKOBA MOCIIIOBHICTh JIOBXKHHOIO N 3
OJIMHHUIISIMHU B TUX TIO3UIIISAX, B AKUX BITOYIUCS MMOMUIKA. TakK, BEKTOP MOMHUJIKH
e=(0001000) o3nauae 0JHOPA30BY MOMHIIKY B UCTBEPTiH MO3HUIIIT (4eTBEP-
tomy O1T1). [Topsaiok paxyBaHHs po3psAiB 3J1iBa HAIIPaBo.

3.2. Ilopsinok BUKOHAHHS POOOTH

3.2.1. Bubip BapianTa

J1= Oenv ma micsayb Hapooxcenns (cyma yudp) — 6ionosioae no3uyii no-
MUTK08020 cumeosty ma dopisnioc j; mod (n), oe n — noena Kinbkicmos cumMsois,
wo nepedaemvcsi — 0 3a60amnus 1.

Jo = pix Hapoodicenns (cyma yugp) — sionogioac no3uyii NOMUIKOE020
cumeony ma oopientoe j, mod (n) — ons 3asoanns 2,

J3 = nopsoKosuil HOMep 3a CRUCKOM — 8I0N0BIOAE 8aPIAHMaMm 3a60AHHSL.

3.2.2. IlocaigoBHiCTH il

BianoBigHo 10 BapiaHTa 3aBAaHHS BUKOHATH TaKi Jii:

— TIOKAa3aTH MPOIIeC KOJYBAHHS Ta JEKOyBaHHS CJIOBa;

— TIpOILIeC BUIMPABIEHHS OJMHUYHOT MOMUIIKH JIsl iH(OPMAIIHOTO CJI0-
Ba, 110 MEPEIAAETHCS,

— 3pOoOUTH BUCHOBKH.
3.3. 3pa3ok po3paxyHKy 3aBJIaHHA

3.3.1. 3pa3ok BUKOHAHHSI 3aBaHHsA 1
Matpuiis, 1o yTBOPIOE KO, Ma€ BUTIIS/L;

33



G(7, 4)=

O O O
O o r o
O OO
, O O o
=
= W = N
O R Kk B

To6t0, Maemo koj (7, 4). Busnaunmo xomOiHaIii KOy, IO KOPETye Io-
MuIKd. J{1s 3amaHoro umcia iHGopMaIiiHuX po3psaaiB K =4 4uciao KoAoBHX
KoMOiHaIiii gopiBHIOE N = 2% =2%=16. Yci moxusi KoMOiHarii 4 — 3Ha4HOIrO
KOy (cTapimii 01T cripaBa, BiJIMOBIIHO JI0 X HAJAXOHKEHHS Ha BX1J JICKOAEpa):

1) 0000 5) 0010 9) 0001 13) 0011

2) 1000 6) 1010 10) 1001  14) 1011

3)0100  7) 0110 11)0101  15) 0111

4) 1100 8) 1110 12) 1101  16) 1111.

3HAaX0/IMMO KOPUTYBAJIbHI PO3PSAIU JJIsi KOXKHOTO 1H(QOpMAIIIITHOTO CJI0Ba,
SK Pe3yNbTaT MiACYMOBYBaHHS 32 MOAYJIEM 2 PS/IKIB MEPEeBIpHOi MAaTPHIIi, HOME-
pU SKUX 30IraroThCS 3 HOMEpPAMH OJUHHIL B 1H(MOPMALIMHUX pO3psgax KOIy.
Hanpuknan, as inpopmaiiinoro ciosa | = [0111] (e m’sTHamsaTa KOMOIHAILIIS)
KOJIOBE CJIOBO Ma€ BUTJISI:

101
Indopmariiine cnoso [=0111 @111
110
Pe3ynbTaT migcymoByBaHHS 100
Kon, mo nepenaerbcs 0111100

AHAJIOTIYHO OTPUMYEMO KOJIOB1 KOMOIHAITI, 10 3aJUIIINCA. Takum uu-
HOM, Oy/y€MO MOBHHI KOJ.

ITporiec nekoayBaHHS 3a CHHAPOMOM 3IHCHIOETBCS 3a JIOTIOMOT'OFO TIEPEBIPHOT
martputii H. [l nodymosanoro (7, 4) Kooy rmepeBipHa MaTpHUIls Ma€ BUTIIS

1 2 3 4 5 6 7

0 1 1 1 1 0 0

H(7, 4) 1 0 1 1 0 1 0
1 1 1 0 0 0 1

al a2 a3 a4 pl p2 p3

Jiist 06panoi koMO1HAIIIT MaEMO:
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0 1 1 1 1 1 0
al a2 a3 a4 pl p2 p3

Hamnpukian, BianoBigHo 10 3aBaaHus j;=14 uepsus (14+6=20), n =7. To0-
TO B MIPOIIEC Mepeaadi BiaOynacs moMuika B 6-My iHGOpMaIitHoMy po3psii.

20mod 7=6
mommunka 0111110 6 pospsan

BianosinHo 10 nepeBipHOI MaTpHIll CKJIAITA€EMO MEPEBIPHI BEKTOPHU:

pL® a2® ad3® a4dd® =101d1®d1 =0
p2® al® ad3d® add® =101l =1
pP3® al® az2® a3® =000 11 =0

BucHoBok: BusiBiieHO moMuiky. Cunapom S = 010 ( 1e mocTuii CTOBITIMK
NepeBipHOT MaTpHIIl) TOKa3ye, 10 MOMUIKA BiOynacs B 6-My iHpopMaIiitHOMy
po3psi, sIKuid HeoOXiHO 1HBepTyBaTH. ToOTO, MpuitHaTUi ko Oyae 0111100,
1110 BIAIIOB1A€ JIMCHOCTI.

3.3.2. 3pa3ox BUKOHAHHS 3aBJaHHS 2

Tpeba moOymyBatu koa XeMMIHra JyUis Tiepeaadi KoJoBOi KoMOiHarii
11101101011. 3a 3agaHor0 noBxUHOMO iH(popMariiiHoro cioBa (K = 11), Bukopu-
CTOBYIOUHM CHiBBiHOIICHHS (3.7), 00YHCIMMO OCHOBHI IapaMeTpH Koay N ta M.

m=[log,{(k +1) +[log, (k + D]}]=[log,{(11+1) +[log,11+1)]}]=4,

npu oMy N=K +m=14, To6to otpumanu (14, 10)-ko.

Buznauaemo HomMepu poOOUYUX 1 KOHTPOJIBHUX MO3UIII KOJOBOI KOMOIHA-
ii. st posrstHyToro 3aBaanHs (mpu N = 14) Homepu KOHTpOIbHUX OiTiB Oy-
nyth 1, 2, 4, 8. Ilpu ibomy KoJ0Ba KOMOIHAIlIS MAa€ BUTJISI:

al |a2|a3|ad4|ab|ab|a7|a8|a9|al0|all|al2|al3|al4d
kl k|1 k|1|1]0|k|1]|1 0 1 0 1

3anuiremo nepeBipuy matpuiio H (14, 4):
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o 0 0 00 00 1 1 1 1,1 1|1
o 0o 061111 0O0O0O O]1 1 1
H=(0 1 1 0 0 1 1 0 0 1 170 01
1 o0 1 01 0 1 01 O 10 1,0

al a2 a3 a4 a5 a6 a7 a8 a9 al0 all al2 al3 al4

[IpoBenemMo mepeBipkHM Ha MAPHICTh, MOYMHAIOYH 3 MOJIOIIOTO PO3PSY.
Busnaunmo 3navenHs al, a2, a4, a8 KOHTPOJIBLHUX OITIB:

al® a3® ab® a7® a9® all®d® al3 al=1®1e0D1®0000 =
a2® a3® ab® a7d® al0® all®d® ald a2=10100P1B0DP1L =
ad® ab® ab® a7P® al2® al3d ald 4=1210001B00DP1 =
a8® a9® al0® all® al2® al3® ald a8=1®100P1B0DP1L =

OcranH1l CTOBIYMK MICTUThH 3HA4YCHHS TepeBipHux OitiB. [lepegana ko-
JI0Ba KOMO1Ha1is OyJie Taka:

10101100110101
[IpunycTrmo, MPpUHUHATO KON

10101000110101

[Tomuinika € y 6-my pospsiai. CkiaaaeMo CUHAPOM, 100 OTpUMaTH HOMEpP

TTOMMJIKOBOI ITO3MITII:

al® a3® ab® a7® a9® all® al3d® =1P1P1P0DP1DB0DP0 =0
a2® a3® ab® a7P® aldd® all® ald® =0P1P0D0DP1D0D1 =1
ad® ab® ab® a7d al2® al3d® ald® =0P1P0D0DP1D0DP1 =1
a8® a9® al0® all® al2® al3® ald® =01P1P0DP1B0D1 =0

Cunzpom S = 0110 Bkazye Ha HOMWIKY y 6-My pO3ps/Il.

BucHoOBOK: mpu JieKo/lyBaHHI BUSIBJICHA MMOMMJIKA, TOMY HEOOXITHO 1HBEp-
TyBaTH 6-i po3psia y kKoaoBiil komOiHalii. To6To, orpumaemo 10101100110101.

VY nmabopartopHiii poOOTI JOCHiKEHI 3ac00 TOOYIO0BU TPYIIOBUX KOJIIB,
110 BUIIPABJISAIOTh OMUIIKH B PO3pAliax, Kl Oyjau mpu mnepenadi MmoBiJOMIICHb

crioTBopeHi. PO3ristHyTi poriecy 1eKolyBaHHS 3 BUIIPABICHHSIM MTOMUIIOK.
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JIABOPATOPHA POBOTA 4

JITHTAHI AKJITYHI KOIU

Mema poéomu: nocniautu moOya0BY Ta MOXKIMBOCTI KOpEryBaHHs Ji-
HIMHUX CUCTEMATUYHUX IIUKIIIYHUX KOJIIB.

4.1. TeopeTuuHi BitomocTi

[{ukIigHI KOIU € OCHOBHUM 3ac000M OOpOTHOM 3 TOMHJIKAMH ITiJT Yac Iie-
penadi iHGopMallii Mo KaHasax, JAe MIFOTh HaKeTHI (IPYIOBi) TOMUIKH PO3PSIiB.
BoHu 103BOJISIIOTE OTPUMATH BHCOKI SIKOCTI KOAY B OOpPOTHO1 3 TPYNOBUMH I10-
MUJIKAMH, MarOTh BITHOCHO Maji BUTpPaTH Ha HAJJIMIIKOBICTh 1 MOTPEOYIOTH
MPOCTI, MOPIBHSHO 3 1HIIUMU KOJIaMH, IPUCTPOI JJIsI KOJYBaHHS Ta JI€KOyBaH-
HSI

[{ukIi4HI KOJIM € PI3HOBUIOM CUCTEMATUYHUX 1 MAIOTh Tl K 3arajbHI KO-
CTl, KpIM cBOiX cnerudiuyHux. Ak 1 OyAb-sIKHUH KOJ, 10 BHIIPABIISA€ MOMUIIKH,
UKTIYHUE Mae K iHpopMamiiHuX 1 M HAAIUIIKOBUX (OMOMIKHUX YU MEPEBip-
HUX PO3PSJIIB), TaK IO JOBXHHA KOMOIHAIT cTaHOBUTHME N = K + m.

JIns mOCHiPKeHHs] [MUKIIYHUX KOJIB BUKOPHUCTOBYIOTH CIEIIaJIbHAN Ma-
TEeMaTHUYHUH anapar, Tak 3BaHy aieedpy 3 ocmauero.

HaBenemo 0CHOBHI i/1€1 IbOTO MIIXO/Ty B HAUTIPOCTIIIOMY BHUTJISIII.

KoxHiil ko10B1l N-po3psinHii KoMOiHaLii a,a,, ;..8,8; CTABUTbCA Yy BlJ-

MOBIAHICTH anreopaiunuit moiHoM G(X) , cTyminb sKoro # — 1, mpuyomy
G(x)=ax""'+a X" +..a,x +ax°, (4.1)

1e a; — po3psaaHi uudpu Koxy, a; I ABIKKOBOrO KOLy MOXKe OyTH HyseM abo
OJIMHHUIICIO;
X — (ikTUBHA 3MIHHA.

Hanpuxnan, komgoBiii koMOinHamii 10110101 Oyne BigmoBigaTu MOJIIHOM

G(X)=x"+x°+x* +x? +1.
3a3HayuMo, 1110 B moiHoMi G(X) CTIIbKH 4JIeHIB, CKIJIbKHA OJWHUILb Y Bi-

JIMOBITHOMY KO/I1, TOOTO YKCJIO YJICHIB JOPIBHIOE Ba3l KOIY.
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Onepanii Hajg MOMIHOMAaMHU Ta iX YJIEHAMH BHUKOHYIOTHCS 3a IpaBHJIaMU
3BHYAHOI MIKIJTFHOI anreOpy, 3a BUKIIIOUEHHSM TOTO, IO 3aMiCTh Iuroca (+) i
minyca ( - ), aie mwioc "3a moayiaem asa” (@ ). ToOTo TaMm, ae y 3BUYaliHil anreo-
p1 HOTPIOHO CTABUTU MIHYC YM ILIIOC, CTABUThCS IUTIOC ""3a MojyneM aBa’ @ . [a
JoriyHa (PYHKIIiSl TIOBEPTAE HYJIb, SIKIIO IMIJCYMOBYETHCS TIAPHE YUCIIO OJUHUITH
(41 WIEHIB MOJIHOMA 3 OJHAKOBHM CTEIIEHEM X), MPOTE SIKIIO ITiJICYMOBYETHCS
HETapHE YUCIIO OJUHUITL — OJMHHMITO (200 OJIMH X y BIIITOBITHOMY CTEIICHI).

VY IMKIIYHUX KOJax J03BOJISIOTHCS OIepallii MUKIIYHOTO 3MIMIESHHS SK
BJIIBO, TaK 1 BpaBo. [lepemilieHHs BCiX po3psAJiB KOy Ha OJIMH KPOK (po3psin)
ylepe CKBIBaJCHTHE MHOXKEHHIO BiAMOBiAHOTO mojiiHoMa G(X) Ha X, a SIKIIO
pO3psIU 3MINIYBaTH Ha K TMO3MINKA ymepesa, TO Iie 3HAYMTh, 110 momHoM G(X)
MHOXUTBCS Ha X<,

Jlist moOy1I0BM KOHKPETHOTO LMKJIIYHOTO KOJy BHOHMpAIOTh NEBHUM YH-
HOM geskuii momuoM P(X) cremernro m=n—Kk. Leit momnom P(X) Ha3BeMo
ymeoprwtwuum. 1loTiM 13 yCiX MOXIMUBUX TOJIHOMIB, IO MAalOTh CTEIMIHb
n — 1, moOuparoTh Taki, O IUIATHCA 0e3 ocTadl Ha yTBOprOroUni mojiHoM P(X).
Bigibpani TakuM YMHOM MOJIIHOMHM BiJIIOBIJIaI0Th JO3BOJEHUM KOMOIHAIISIM 71~
PO3PSTHOTO MUKITIHOTO KOITY.

Jli¥icHO, IMKIIIYHI KOAW MAalOTh MOJIHOMH, SKI O€3 ocTadl JUIITHCS Ha
YTBOPIOIOYUH MOJTIHOM. SIKIIO MpHU AUIEHHI MOJiHOMA MPUHHSATOTO KOy € OCTa-
Yya, Te II¢ O3HaKa TOro, IO B KOJOBIM KOMOIHAIlI CTaIMCs MOMMIKH 1 1i MOKHA
3a0pakyBaTy, BUJIABIIM BIJIMOBITHUNA CUTHAJ MPO MOBTOPEHHS Mepeiayi.

Bin Buriisimy yrBoprorouoro nojiiHoMa P(X) CyTTEBO 3aliekaTh SIKOCTI IU-
KJIIYHOTO KOMY 1, Y TIEpIIy 4epry, HOro MOMJIMBOCTI MIOJI0 PO3Mi3HABAHHS TEB-
HO1 KUJIBKOCTI TIOMUJIOK.

[IpoBenemo nesiki opManbHi orneparii, BAKOPUCTABIIHA TOJIHOM 1HGOP-
marliiao1 yactuHu G(X) crernens K — 1 1 yrBoprorouunii noiiHom P(X) cTemneHs m:

nomuoxumo G(X) ma X" i moginumo m00yTOK Ha yTBOPIOKYMHI momiHOM P(X).
Toni

X"G(x) R(x)
W_Q(x)@ P00’ (4.1)
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ne Q(X) — wina wactuna Bix ginenns X "G(X) ma P(X) TOro > cremeHs, IO i

G(x), a R(X) — ocTaua, mpuyoMy Mae CTeIiHb, HE BUIUH 3a M — 1.
PiBusians (4.1) mepenuieMo Tax:

P(X)Q(X) = x"G(X) ® R(X). (4.2)

[cHyt0Th anredpaiuHi Ta MaTpUYHI CIIOCOOM MOOYJOBH LUKIIYHUX KOIB.
PiBustHHS (4.2) HaJCKUTH 10 aareOpaidHoro. Po3pi3HsaiOTh [Ba MATPHUHUX CITO-
coOu, sIKl MalOTh KAHOHIYHY Ta HEKaHOHIYHY ()OPMH MPECTABIECHHS.

Kanoniuna ¢opma 3anucy MaTpuill Ma€e BUTJIA SIK 1y JIHIHHOMY TPYIIO-
BOMY KoJli. BoHa ckiTamaeTses 3 TBOX MiAMATPHUII: OMMHUYHOT TPAHCITOHOBAHOT
Matpull l.Ta mepeBipHOi moAaTKOBOI Ry,. BuszHauaeMo enemeHTH M0AaTKOBOI
MaTpHUIll K OCTadl Biji JIJIEHHS OCTAHHBOTO PsAJIKa TPAHCIIOHOBAHOI MaTPHIll Ha
yTBOpIOOUKH moJiiHoM. [Ipu 1IbOMY YHCIIO OCTay MOBHHHE OyTH HE MeHIe K,
YUCJIO PO3PSAIB y OCTayl JOPIBHIOE M, a YKUCIIO OJUHHUIIL Y KOXKHOI OCTayl HE
menin d — 1. Skmio micist npunucyBanus 0 0 ocTadi OTPUMYEMO YHCIIO KOPOT-
e AUIbHUKA, TO 3aIIMCYEMO JIB1 OCTayl 3 HYJIEM JO 1 MICJIs 3aJIUIIKY.

Ilepwuii cnoci6: nonaiHOM 1H(OPMALIIIHOTO KOy MOMHOXYIOTh Ha yTBO-
prorounii. Hanpuknan, ingopmaitiitna vactura — 101101 1 11 BignmoBigae mojiHOM
G(X) = x° + x>+ x? +1 (inbopmawiitauit mominom). Hexail yTBOprorounmii moui-
aoMm Oyme P(x)=x*+1. Tomi P(X)-G(X)=x® +x® + x? +1. [lboMy momiHOMY
Bianosinae 9-po3psauuii mukaigaui ko 101000101, ScHo, mo e He pPo3aiib-
HUN koJ (HEBiAOMO Je iH(opMalliiiHi, a e ciy:k00B1 po3psaau). Lleit Hemomik €
MIPUYMHOIO TOTO, 1110 TaKi KOJAW HE BUKOPUCTOBYIOTh Ha MPAKTHIIL.

pyeuii cnoci6: iHbopMaIiiHi po3psiiv 3MIITYIOTh Ha M PO3psIiB BIiBO, a
Ha M MO3UITIH, 0 3ATHUIIUIIKCS, BIIUCYIOTh KOJI, 10 Bi/IMOBIIa€ MOJTIHOMY OCTa-
gi R(X). ¥ Takomy Bumanaky 4iTko (hikcoBaHi Mo3uIii iHPOpPMAIIHHUX Ta OTIO-
MDKHUX PO3PAIIB, TOOTO KOJ — PO3AUTHHHM, a TOMY 3 IMUKIIYHUX KOJIB TITBKH
BiH 1 BAKOPUCTOBYETHCS JUIsl MPAKTUYHUX I[UIEH.

Haenemo npukiaa moOy10BU KOy, B3SBIIN 1H(OOPMAITIiHY YaCTUHY —
101001 i yrBoprotounit momirom P(X)=x> +1.

Tomi X"-G(X)=x*-(Xx*+x*+1) =x* + x° + x*. llpomy nominomMy Biamo-

Bimae kox 101001. Poszmimumo omepskanuii mominom Ha P(X) 1 orpumaemo
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R(x) = X2, ﬁOMy BianoBigae kox octadi 100. 3anuiemMo kKo ocTadi cripaBa Bij

orpumanoro Buie koay 101001100.

[Ipouec nexoayBaHHs MPOBOAATH AUICHHSM OTPUMAaHOT KOJOBOI KOMOIHa-
1ii Ha YTBOPIOIOUHN TMOJIHOM. SIKIIIO ocTaya JOPIBHIOE HYJIIO, Tepeaada MoBi-
JIOMJICHHSI TIpOHTIUIa O€3 CIIOTBOPEHB. SIKIO Hi, MPOBOSATH aHATI3 Baru OcTadi
W (KUJIBKICTh OJMHUIL Y KO OCTadyi, sika Mae OyTH MEHIIe a0o JOpIBHIOBATH
KUTBKOCT1 TIOMIUJIOK, 1110 BUMPaBIsiiOTh, W < S . SIKmo ymMoBa HE BUKOHYETHCH,
POOUTHCS IUKITIYHUAN 3CYyB Ta MOBTOPIOETHCS MIJICHHS, IO MPOILEAYPYy MOBTO-
PIOIOTH JIOTH, MOKK HEe BUKOHAeThcss ymMmoBa W < S. OcTaHHIO OCTauy MiJCyMO-
BYIOTb 3 OCTa4€l0 1 peali3yloTh 3BOPOTHUM 3CYB Ha CTUILKU PO3PSIIiB, HA CK1JIb-
KH OyB IIONEPETHIN 3CYB.

4.2. Tlopsiiok BUKOHAHHSI PO00OTH

4.2.1. Bubip BapianTa

J1 = npizeuwe, im’s, no-6amvkosi (cyma xKitbkocmi 6yke) — 8i0nosioae no-
3UYil NOMUIK08020 cumeony ma obuucitoemocs sk . mod (n), de n — kinvkicme
IHGOpMayitiHuUX CUMBOII8 V 3A80AHHI;

J» = nopsaokoeutl Homep 3a CNUCKOM — 8I0N0BIOAE APIAHMY 3A60AHHSL.

4.2.2 IocainoBHicTD il

JlabopatopHa poOoTa CKJIaIa€ThCs 13 IBOX 3aBAaHb.

BignosigHo 10 BapiaHTa 3aBAaHHS BUKOHATH TaKl Jii:

— TIOKa3aTH MPOIeC KOAyBaHHs 1H(HOPMAIIIITHOTO CIIOBA,;

— TIPOBECTH JICKOTyBaHHS CJIOBA;

— TIOKa3aTH TPOIIEC BUIIPABICHHS OJUHUYHOI MOMUJIKUA JJisg iH(DOpMa-
I[IMHOTO CJIOBA,

— 3pOOUTH BUCHOBKH.

4.3. 3pa30ok po3paxyHKy 3aB/1aHb

4.3.1. 3pa3ok BUKOHAHHA 3aBaHHs 1 (BapiaHT A)

Heo0ximHo moOyayBaTH yTBOPIOIOYY MATPHINIO IIUKIIYHOTO KOIY, IO BH-
sBJIsiE BC1 oquHMYHI oMwiku (S=1) mpu nmepenadi K-pospsiaHoro iH(opmariii-
Horo cioBa. HaBegemo npuksiam po3s’si3anus 1ist K = 7.

BusHaunmo KiJbKICTh IEPEBIPHUX PO3PSIIB.
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s k=71d=2s+ 1 = 3 HeoOXiaHE YHCIO IEPEBIPHUX PO3PS/IIB

m = [log,{(k +1) +[log, (k +D]}]1=[log,{(7 +1) +[log, (7 +D]}]=4.
[pu oMy N = K+ m = 11, To6T0 oxepxanu (11, 7)-koz.
3a Tabnuiero yTBOPIOIOYUX OaraTouwleHiB (AMB. noAaTok 1) BHOupaemo
nomuom P(X) = x* +x* +1=11001, T06T0 3i cTemeneM, GiIbMIM a60 PiBHUM

M 1 YUCJIOM HEHYJIBOBHX YJICHIB, OUIBbIIMM a00 piBHOMY d.
ByayeMo TpaHCHOHOBaHy OJIMHUYHY MAaTpULIO |-

000O0O0GO01
0000010
0000100
I, (1,7)=/0 0 0 1 0 0 O
0010000
0100000
1000000

BusnagaeMo eneMeHTH J0JaTKOBOT MaTpHIll SIK OCTadyi BiJl IJICHHS OCTaH-
HBOT'O PsiIKa TPAHCIIOHOBAHOI MAaTPUIll Ha yTBOprorounid moiiHoM [lani Oyayemo
yTBOprotouy marpuiito G(n, k).
1000000 | 11001

1 0 0 1
O11001 | 111 011
10010
O11001 1111
@10110 R,@L7)=00 1 1 1
11001 1110
11110 01 0 1
® 11001 Lo 1o
1010

4.3.2. 3pa3ok BUKOHaHHA 3aB1aHHs 1 (BapianT b)

[Ile omuH cmoci6 MOOYMOBH IUKIIYHOTO KOJY 3IMCHIOETHCS HUITXOM
MHOXEHHSI OJIMHUYHOT MaTPHIll Ha YTBOPIOIOUWHN MOIHOM. Bubupaerscs yTBO-
proroumii mosiiHoM P(X) 3 tabmumi OararouneHiB (muB. Jomatok 1). [Ipuxian
pO3’BsI3aHHS HABOIUTHCS 11 Koy (7, 4).

s kony (7, 4) octanHil psiiok oguHUYHOT MaTpuiii Mae Burisia 00 0 1.
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ToMHOKHBIIHN Horo Ha yTBOprorounii momuom P(x) = x3 +x? +1=1101,

orpumaemo 0001-1101 = 0001101. Ixun psaKud OTPUMAEMO IUISIXOM IUKJIITYHO-
r'0 3CYBY KOJIOBUX KOMOiHAIIiil MepeTBOPIOBAILHOT MAaTPHIII.

G(7, 4)=

O O o
R P OO
o Fr L O
R O R R
o r O R
o o r o
o o o R

Psiniku mepeTBOprOBaIbHOT MaTPHIIl SBIISAIOTH COO0I0 4 KOJ0B1 KOMOIHAITIT,
a i 12 MoxyTh OyTH OTpHMaHi HUISXOM ITiJICYMOBYBaHHS 3a MOJAYJIEM JBa
yCIX MOXKJIMBUX KOMOIHAIIN PSIIKIB MATPHIILI.

4.3.2. 3pa3ok 3aBIaHHs 2

Heo0xigHo 3akonyBatu iH(opMaliiifHe CIOBO HUKIIYHUM KOJIOM, IO BHU-
npasJsie oHOKpaTHI momMuiiku. [Toka3zaTu mpoliec BUNPABICHHS TOMUJIKH.

Hasenemo po3’Bsi3anns ais indopmaririnoro moxinoma G(x) = 1001.

3a 3aganum K = 4, mig S = 1 BU3HAYMMO JOBXKHHY KOJOBOI KOMOIHAIIi N i
KUTBKICTh KOHTPOJIBHUX PO3PSAJIIB M KOy 3a opMyIoto:

m=[log,{(k +1) +[log, (k +1]}]=[log,{(4+1) +[log, (4 +1)]}]=3.

[Tpu rbomy N = k + m = 7, To6T0 oTprimaemo (7, 4)-ko.

bynyemo iHdopmaliiiHuii moaiHOM [0 BIANOBIAHOTO 1H(MOPMALIHHOTO
CIIOBA JIOBXXUHOIO K-0iT

G(x) = x> +1.

3IIHCHIOEMO 3CYB KOy BJIiBO Ha M = N —K = 3 po3psiB, TOOTO MOJIIHOM

G(X) MHOXKHTECS Ha X"
G(x)-x™ =(x*+1)- x> = x® + x* =1001000.

Bubupaetbest yrBoprorounii mosiaoM P(X) 3a Tabumiero momiHoOMIB (IUB.
Honarok 1). Jlas BunpasieHHss ogquHudHOl moMuiaky (d = 3) yTBOprorouuii mo-
JIHOM Mae OyTH cTymeHs M =N —K =3, KiIbKICTIO HEHYJIbOBUX YJICHIB HE

meHIn d = 3 1 BXOJUTH y PO3KIJIaJaHHs JBOYICHA

X" +1=(X+D(x* +x* +D (3 +x+1).
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Maemo aBa yTBOPIOIOUMX MOJIHOMHU TPETHOTo cTeneHs. Bubupaemo onun

3uux: P(X) =x3+x +1.

Busnauumo 3amumok R(X) Bix posnopiny G(X)-Xx™ Ha yTBOprONOUmii 1mo-

C>x24-xj 1| ¥ +x+1 @ 1001000 1011
X +X +X°| X° + X 1011 1010
SRR £1011

aiHom P(X)

X 1000
@
B ixx Do
X%+ X 110

Bamumox R(x) = x* + x = 110.
Bynyemo koaoBuii ossiHoMm F(X), 1110 mepenaeTbes.

F(X) =G(X)-x™ + R(x) = x° + x® + x* + x=1001110.
PosrisitHemo mipotietypy J1eKolyBaHHS, BUSBICHHS W BUIIPABJICHHS ITOMU-
JIKU B PUMHATIA KOJIOB1 KOMOIHALII1.
[Tpunyctumo, moMuska Big0yaacss B 4eTBEPTOMY PO3psiAl KOJOBOT KOMOi-
Hallii, IpH [IbOMY MOBIJOMJICHHS, III0 Oy/€ MPUIHATO, MA€ BUTJISIL;

F(x) = F(x) + E(x) = 1000 110.

Posginmumo Garatowter F(X), mo Biamosizae oTpuMaHiii KOIOBiit KOMOGi-
Hallli, Ha YTBOPIOIOYHI MOJIHOM, IPU L[bOMY Bara 3ajuiiKy (KUJIbKICTh OJMHHIIb
y KO/l 3aJIUIIKY) Ma€ OyTH MEHIIIOI a00 JOPIBHIOBATH KIJTBKOCTI TTIOMHJIOK, 110
BUIPABIISAIOTH, TOOTO W < S .

F(x)= @ 1000110 | 1011

® 111 [T1011
1111
®D1011
1000
D111
11 W>S.

BukoHyeMO NHHMKIIYHHMI 3CYB Ta MOBTOPIOEMO IIJICHHS, IO MPOIECAYPY

ITOBTOPIOEMO OOTH, IIOKKM HE BUKOHAETbCA YMOBaA W <S.
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1 2) ®0011010 1011
0001101 | 1011 1011 [ 11
1011 [ 1 o 1100
i > i
W>S. W=>S
3) 0110100 | 1011 4) 1101000 | 1011
1011 [ 111 1011 [1111
1100 1100
C10i1 ©1011
1110 1110
® 1011 D1p11
LN G
W=>S. W 1S

[lincymyeMo ocTtaudy 3 OCTaHHIM J1IEHUM.

1101000
® " 001

1107001

31CHIOEMO 3BOPOTHHMM LUKJIIYHUI 3CYB Ha 4 pO3psiAM OTPUMAHOI KOM-
o6inamii 1101001
1110100 — 0111010 — 0011101 — [1001110.

BiakuHyBIIM KOHTPOJIBHI PO3PSIAM, OTPUMYEMO TepeaaHe iHdopmarliiiine
CJIOBO.

BucHoBku: Oyno gociimkeHo 3aco0u MOOYAOBH IMKIIYHUX KOAIB, IIO
BUIIPABJISIIOTh TIOMUJIKU, SKI BUHUKAIOTHh MpHU Tepenadi. Po3rmsHyTo mporecu

KOJAYyBaHHA 1 ACKOAyBAaHH:, ITIOKA3aHO, SIK BUIIPABJIIETHCA ITIOMHUJIKA.

44



JIABOPATOPHA POBOTA 5

CIIOCOBU IIU®PYBAHHS IHOOPMAIIIL
Mema po6omu’. nocniautu cnocodu moOya0BU Pi3HUX TUMIB MIHPPIB.

5.1. TeopernuHi BigoMocrTi

IcHye nBa OCHOBHUX THUMNM IHUQPYBaHHS: 3 CEKPETHUM KIIOYEM 1 3 BiIK-
putuM kioueM. [Ipu mmdpyBaHHI 3 CEKPETHHM KJIIOYEM MOTPIOHO, 1100 yci
CTOpPOHH, SIKI MalOTh MPaBo Ha iHGOpMAaIlio, Malii OJHAKOBUI Kitoy. Lle mo3Bo-
JIsi€ 3BECTH 3arajibHy mpo0JieMy Oe3reku iHdopmallii 1o mpodieMu 3a0e3neyeH-
Hs 3axucty kimoda. ludpyBanHs 3 BIIKPUTUM KITFOYEM € HAMOUIBII MIMPOKO
BUKOPHUCTOBYBAaHUM METO/IOM IudppyBanHs. Bin 3abe3neuye KoHDIIEHIIHHICTD
1H(pOopMaIlli Ta rapaHTiio TOro, MO 1HPOPMALIls 3ATUIIAETHCS HE3MIHHOIO B MIPO-
1ecl nepeadi, Ipyu HpOMY IpobiieMa 30€peKeHHs 3aXHUCTy KIo4a CyTTEBO MO-
JIETUTY€ThCSI.

[ToBiIOMIJIEHHSI SIBHOTO BUIJISIY, 110 Mijuiarae mudpyBaHHIO, HA3UBAIOTh
BIOKpUMUM MeKcmoM, a Pe3ynbTaT MUGpPyBaHHI — wugdp-mexkcmom ado Kpun-
moepamoro. KepyBaHHs npoiiecoM muppyBaHHS 311HCHIOETHCS JESKOIO CIIELH-
¢1uHOMO 1H(OpMaLIEIO — KatoUem. 3aXUCT iHPOpMAIIil TOJIATaE B IEPETBOPEHHI ii
CKJIQJIOBUX YaCTHH (CIiB, OYKB, IU(]p) y MOBIIOMIICHHS! HESIBHOTO BUTJISLY, JJIS
YOro 3aCTOCOBYIOTHCSI KEPOBaHI KJIIOYEM CIELIANbHI alTOPUTMHU, PEeali30BaH1 K
y IpOrpaMHOMY, TaK 1 B anlapaTHOMY BUTJISIII.

[IudpyBanHs 3 CEKPETHUM KIIIOUeM 3a0e3neuye KOH(]iAeHIIHHICT 1H)O-
pMartii B 3amudpoBaHoMy cTaHl. bynb-sika 3MiHa B MTOBIJOMJICHHI, BHECEHA T
yac mepenadi, Oy/e BUSBJICHA, TOMY IO MICIs I[bOTO HE BIACTHCS MPABUILHO
po3mmdpyBaru noBigomiieHHs. [IIudpyBaHHS 3 CEKpEeTHUM KIIIOYEM HE 3a0e3-
neyye ayTeHTU(IKaIil0, OCKUIBKH OYyIb-KHUH KOPUCTYBau MOXE CTBOPIOBATH,
mudpyBaTH 1 BIAMPABIATH AIMCHE TTOBIJOMIICHHS, MalOYl JOCTYI IO CEKPETHO-
ro KIToyva.

Bcst pi3HOMaHITHICTh TIEPETBOPEHh OCHOBaHA HA JBOX METOJIAX — nepec
manosu 1 niocmanosu. lliocmanoexu 111e HaA3UBAIOTH 3aminamu. Jyxe npuMiTu-
BHUM TIpUKIAZAOM € wiugp llezaps. Jlitepu BIIKPUTOTO TEKCTY 3aMIHSIOTHCS
TPETHOIO (LIUKITYHOI0) OYKBOIO JJATUHCHKOTO ali(aBiTy.
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Hanpuxian,
ABCDEFGHIJKLMNOPQRSTUVWXYZ KJII0Y 3 25 mitep

0123456789 HOMED JIITEpH y BIIKPUTOMY TEKCTI
CAESAR BIJIKDUTUI TEKCT

20418017 ceKpeTHHH K04 (+ 3)
53721320

FDHVDU KpHUIITOrpaMa

[TomiandaBiTHUN TIACTAHOBOYHUM IHEGP 13 OE3T1Y4I0 OJHOOYKBEHUX
KITIOUiB € mU(poM 3 MepiogUIHO0 3aMiHo0. [0 ckiramy Kirroua MOKEe BXOJUTH
OyIb-SIKMI TEKCT 13 3arajbHOJIOCTYIHOI JiTepaTypu (kuuru). Kimrou mignucy-
€ThCS 3 MOBTOPEHHSIMU I1J] MOBIAOMJICHHSIMU (13 LIUKJIIYHUMU TOBTOPECHHSIMU).
[lepion mmdpy — KinbKicTh OyKB y nukii. [L{udpoBuil ekBiBaIeHT KOXXHOI OyKBU
KPUIITOTPaMU BU3HAYAETHCS Y PE3yJIbTaTi JOJaBaHHS 13 TPUBEACHHSIM 3a MOJY-
aeMm M (kinbkicmo aimep angpasimy) 3 KBIBAJICHTHOIO JIITEPOIO KITIOYA.

Hanpuknan, B anrmicekoMy andapiti m = 26, Toai MaeMo:

CAREFULL Y BIJIKPUTHH TEKCT
2 0 174 5 201111 24

PI1 ES P 1 ES P KIIFOY

158 4 18158 4 18 15

RI1I VWV CPD N KpUIITOrpama
178 2122202 153 13

Cxema mmdpyBaHHs 3 OUIBIION KPUIITOCTIMKICTIO OCHOBaHAa Ha mabuyi
Biowcunepa. udp BixunHepa 13 KitoueM, 0 CKIAIAEThCS 3 OJHIET OYKBH, € uiU-
@pom Llezaps, a 3 HEOOMEKEHUM KITFOYEM, 1[0 HE MOBTOPIOETHCS, BITOMHIA SIK
wugp Beprnama. Uen mmdp e nHainommupeHimmm. CTiiikicTe mmdpy miABUIILY-
€ThCA 32 PAXYHOK MOPYILIEHHS CTATUCTUYHUX 3B's13KiB OykB andasity. [ludp mae
BHCOKY HaJIIWHICTh 3aKPUTTSI TLIIbKU TIPU BUKOPUCTAHHI IOCUTH JJOBTUX KJTFOUIB.

[Tpu mepecTaHOBKAX 3MIHIOETHCSI HE BIAKPUTHN TEKCT, a OPSIOK CUMBO-
7iB. BXigHu# MOTIK AUTUTHCS HA OJIOKHU, Y KOKHOMY 3 SIKUX BUKOHYETbCS nepe-
cmanogxka cumeonie. llepecTaHOBKY 3a3BHUail OTPUMYIOTh Y Pe3yJbTaTi 3ammmucy
BUXIJTHOTO TEKCTY W YWUTaHHS MU(POBAHOTO TEKCTY PI3HUMH IUIIXaMU JIESIKOI
reoMeTpuyHoi (irypu. CyKymHICTh Qiryp, 110 3a0e3MeuyroTh sIKiCHE MaCKyBaH-
HS 3MICTY OJIOKY, 3B€TbCA Mapuipymamu I aminemona, i€ MOCHIIOBHICTh 3aI10B-
HEHHS BEPIIUH 33/1a€THCS KITIOYEM.
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[Tpuknan nepecTaHOBKU CUMBOJIIB:
1234567891011

ELECTRONICS BIIKPUTHUHN TEKCT
1147 92 3516 810 KITIOY
SCOILETERNC KpHUIITOTpama

Opnnopazosi 610kHOTH (One-time Pad, OTP) € equHo10 TEOPETUYHO CHC-
TEeMOIO MM(pPyBaHHs, [0 HE MOXHA 3mamaTd. OAHOPa30BHil OJOKHOT € CIHC-
KOM YHCEJ y BUIAJKOBOMY MOPSAKY, SIKUA BUKOPUCTOBYETHCS JJII KOJYBaHHS
MOB1AOMJICHHSI, BUXOJISTYM 3 Ha3BHU, OJIUH Pas3.

[IudpyBanHs 3 BIAKPUTUM KITIOYEM € MI3HIIIOK TEXHOJOTIE0, HIXK U (]-
pYBaHHS 3 CEKPETHUM KJIFOUEM. | '0JIOBHOIO BIAMIHHICTIO MIK IJUMH JIBOMA T€X-
HOJIOTISIMHA € YHCIIO KJIFOYIB, BUKOPUCTOBYBAaHUX MpH MUGpYyBaHHI JaHUX. Y
mudpyBaHH] 3 CEKPETHUM KIIIOYEeM Ui MU(pyBaHHs 1 JemuppyBaHHS JTaHUX
BUKOPUCTOBYETHCS TOM CaMUM KIIIOY, TOA1 SIK B aJITOPUTMAX MU(PPYBAHHS 3 BlJI-
KPUTUM BHKOPHUCTOBYIOThCS JBa KJto4l. OJUH KIIIOY BUKOPUCTOBYETHCS IPHU
mmndpyBaHHi 1H(OpMaLi, IHIIUI — MpHU AeU(pPyBaHHI.

Ha mpakTuiii ouH 3 MUX KIII04YiB HA3UBAIOTh CeKpemHuM, a THIITHA — 8i0K-
pumum. CEKpEeTHUIN KITIOU TPUMAETLCS B TAEMHUIII BJIACHUKOM TIapH WX KJIFOUIB.
Binkputuii xiod nepenaerbest pazoMm 3 1HGOPMAIIIE Y BIAKPUTOMY BUIJISIL.
[IpuHUMI BIAKPUTOrO KIItOYA: TOM, XTO 3aIM(pyBaB TEKCT, HE OOOB'A3KOBO I0-
BUHEH OyTH 37aTHUM iloro posmudpysatu. Hemgonikom cucrem mudpyBaHHS 3
BIIKPUTUM KJIFOYEM € T€, 0 BOHH BHUMAararoTh BEITUKUX OOYHCIIOBAILHUX II0-
TY>KHOCTEH a 0TKe, € Habarato MEHIII MBUIKI.

P. Pugect, A. lllamip, JI. AnenmaH 3anponoHyBaJId Pi3HOBHUJ OJTHOCTO-
pOHHIX (QYHKIIIH - GyHKIIIO 3 ToTaitHUM Xoa0M RSA (3a mpi3Buiiamu aBTOpiB
Riverst, Shamir, Adelman). Bonu ckopucranucs TuM (HakToM, 110 3HAXOHKCHHS
MPOCTUX YKCEN B OOUMCIIOBAILHOMY BITHOILIEHH] 3/11HCHIOETHCS JIETKO, ajie PO3
KJIQJaHHS HAa MHOYKHUKH JIBOX TaKUX YHCEN HE3MICHEHHO. 3HAXOKEHHS TPOC-
TUX YUCEJ OCHOBaHE Ha Teopemi Depma.

Po3kputtst Takoro mudpy €KBIBAJIEHTHO TaKOMy po3KiajlaHHio. Tomy
JUTst OYJIb-SIKO1 JIOBKMHU KJTIOYa MOXHA JaTH OINIHKY HIDKHBOI MEXI1 KUIBKOCTI
onepauiii s po3KpUTTA WUdpy, TOOTO rapaHTOBAHO OLIIHUTH 3aXUIIEHICTH ajl-
TOPUTMY.
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Onnaoctoponnst (ynkimiss RSA - nuckpeTHe miIHECEHHS JO CTEMCHS:
f (x) =x°(modn), me X - mO3UTHBHE 1IijIe, IO He mepeBepirye N=p-q. Tyt p

1 g - BelMKi 9Kciia, Taki, mo ¢yHkiis Einepa ¢(n) = (p—1)(q —1) mae Benukuit
npoctuii MHOXKHUK; Z=f(p,(,€) - moTaliHUi Xij; €- IMO3UTHUBHE IIJIe, SKE He
nepesepirye @(N). Ilpuyomy HaiOinbmmid coinbHud autbHUK (HCJ]) mapu
(e,(n)) mopisHioe 1 (Taki yKclia HA3MBAIOTh B3aEMHO IIPOCTUMH). BciMm koprc-
TyBauaM BiJjomi N i €.

3BoportHa dynkuis f, 7 (y) = y?(modn), ne d - ennHe mosWTHBHE wLile,
sKe MeHIIe N i 3a10BoibHAE yMoBy d -€ =1(modep(n)). Te, mo f,*(y) - miiicro
obepHeHa QpyHkuig Y° 10 X°3a MomyieMm N, BUILIMBacE 3 TeopeMmu Eiinepa; a mo-
Ka3HUK O BU3HAYAIOTh 3 aroputMmy EBKiifa, o oounciroe HC/.

3poOuTtn Ge3MeYHM IIe MOKHA 3a 00YUCIICHHs O 3a HAIBHOCTI BiJJOMHUX €
1 N. MaroTh Ha yBas3i, 1110 BJIACHUK MapH KIOYiB 30epirae CeKpeTHU K04 B Ta-
€MHUII 1 0 BIAKPUTUHN KIIIOY MEPENAEThCA Y BIAKPUTOMY BUMIIsAL. OTXKe, SIKIIO
1H(dopmarris 3amudpoBaHa 3a TOMOMOTOI0 BIIKPUTOTO KJIIO4a, TO JemudpyBaTu
il MO’K€ TUIbKHU BJIACHUK KJIFOYOBOT MapH.

[Tpu renepyBanHi k1r049iB RSA HE0OXiIHO HOTPUMYBATHUCS PETEIBHOCTI.
[I{o6 3reHepyBatu Kit040BY napy RSA, BUKOHYIOTH Taki KPOKHU:

1. OOuparoTh Ba MPOCTHUX YKCIA P Ta (] 1 TPUMAIOTH iX B CEKPETI.

2. O6uucmoTs N=pP-(.

3. Pospaxosyrots @(N)=(p-1)(q-1).

4. OOuparoTh Take €, mob BOHO OYJIO 83aEMHO npocmum TIO BITHOIIEHHIO
1o ¢(n) .

5. Busnauarots Take d, mo6 d -e =1(mode(n)) i d < ¢@(n).

Yucio N mosuHHE MicTuTH 0/1M36K0 200 3HakiB a00 Outemie. Tomi oOuaBa
yucia P 1 ( MOBUHHI MaTu JOBXUHY, puHaiiMHi, 100 3nakiB. Kiroui 1t BUKO-
pUCTaHHS Ha MPAKTHUIIl TOBUHHI MaTu NOBXuHY 1024 GiT. Y BUMANKy 3 CEKpeT-
HOIO 1H(OpMAIIEI0 PEKOMEHIYEThCS BUKOPUCTOBYBATH KIIHOY1 TOBXKUHOIO 2048
01T 1 OLBIIIE.

Hagenemo peanbumii npukiag podotu anroputmy RSA. ¥V nanomy BUmaaky
Oymu BuOpani uuciaa P=11 1 q=13. Tenep obuucaroemo N=p-q. Maemo

n=11-13 = 143. Tenep notpidHO o0uncauTH p(n) = 10 12 = 120. Bubupaemo umc-
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JI0 € TaK, 100 BoHO OyIo mpoctuM moAo ¢(n). Lle oznagae, mo HCJI (ep(n)) =1.
Tyr Oyno BuOpano € =7. Busnauaemo d Ttak, mo6 d-e=1(mode(n)) i
d < (n). Omxe, (d)-7=1(Mod120), a d nosuHHe Taxox GyTH MeHe 3a 120.

3naxoaumo, mo d = 103. s nporo 103 MHOXHUMO Ha 7 1 BUXOAUTE 721.
Hinumo 721 na 120 1 orpumyemo 6 13 3anumkoMm 1. OTxe, CeKpeTHUH KIto4u —
(103, 143), a BigkpuTuM KiroueM oyze (7, 143).

Jlns BUKOHaHHS Oe3mocepeIHbO MudpyBaHHs 1 JemupyBaHHS BUKOPHC-
TOBY€EMO TaKi Jii.

LIugppysanvnuii aneopumm = (sioxkpumuil mexcm) € mod n.

Biokpumuii mexcm = (kpunmoepama) d mod n.

[Tpunyctumo, 1o BIAKPUTHI TEKCT Ma€ BUTIIAL X = 9. 3a nornomororo ¢o-
pMystH mubpyBaHHs oTpuMyeMo Take: Y = X° mod n = 9’ mod 143 = 48.

[Tpu otpumanHi 3amudpoBanoi iHPopMaIlli BOHA MiAAA€TbCS 00poOILIl al-
ropur™oM aeumdpysanss: X = y° mod n = 48 1% mod 143 = 9.

MaiiTe Ha yBa3i, 110 TYT BUKOPUCTOBYIOTHCS YHCIIA, SKI BIJIHOCHO JIETKO
NEpEBIPUTH MPU BUKOHAHHI JaHoro npukiany. Hacmpasnai, B anroputmi RSA
BUKOPUCTOBYIOTHCA Ha0araTo O1IbIII YKca.

5.2. llopsa10Kk BUKOHAHHS POOOTH

5.2.1. Bu6ip BapianTa

J - giokpumuii mexcm. Lle moowce 6ymu I1.1.5., uucno, micays i pix Hapo-
Ooiceriss abo 6y0b-sKe NOBIOOMAEHHS.

5.2.2. IlocaigoBHIiCTD il

— IIpoBectn mpouec mmdpyBaHHS ¥ JemMppyBaHHS MOBIIOMIIEHHS 3
CEKPETHUM 1 BIIKPUTUM KITFOUEM.

— 3poOuTH BUCHOBKH.

YBATI'A! B po6oti BukopucroBytots [IEOM (mporpama CRIPTER v4X.
a00 BIacHa PO3poOKa KPUIITOAITOPUTMY, 1110 BUIIE OIIIHIOETHCS).

5.3. 3pa3ok BUKOHAHHA 3aBJAaHHS

Jns mmdpyBaHHS HEOOX1THO PO30UTH TEKCT HAa OJIOKHM, KOXKEH 3 SKUX
Moske Oytu momanuit unciom M(i) =0, 1, .... N — 1 Hymepailist OyKB B YKpaiHCh-
KOMY 1 JJaTUHCbKOMY ali(aBiTax nounHaeThes 3 1. KonBepranis unucina M B uunc-
10 E npoBoauThCS 32 MPaBUIIOM :
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E(i) = (M(i)  e) mod n.

g nemmdpyBaHHS BUKOPUCTOBYEMO (DOpMyITy:

M(i) = (E(i) * d) mod n.

Bimnosinxo 1o anroputmy RSA mindbepemo mapamerpu p, g, d, €.

Hexait p =17, 9 =29, Toxi n = 17- 29 = 493. Bubupaemo d B3a€MHO Ipo-
cre 3 @(n)=(p-1)(q-1) =448, mexait d=13. IlizxOupaemMo € TaK,IIo
(e-d)mode(n) =1. e=(1+k-@(n))/d, ne k - nesixe uine aucmno. Tax, 11

k=1: e=(1+1-448)/13=34,5384...

k=2:e=(1+2-448)/13=69.

Binkpuruii kiarod: (69, 493). 3akputnii kiarou: (13, 493).

HIudpyBaneuuit anroputm E = M~ e mod n.

Hexait M = KASYANIK KATERINA.

Bukonyroun umdpaniro E(i) (manpuknanm, mns mitepu S 00YHCITIOEMO
19%°mod 493 = 32), mocITiZOBHO 3aIOBHIOEMO TABIHIIIO.

Jlitepa M; K A S Y A N I K
Nes. 11 1 19 25 1 14 9 11
Kon E; 282 1 32 94 1 437 42 282
Jlitrepa M; K A T E R I N A
Nes3. 11 1 20 ) 18 9 14 1
Kon E; 282 1 277 354 443 42 437 1

ToOto 3ammdppoBaHe NOBIAOMIIEHHS Oye
E=28213294143742 2823542821277 354443 42 437 1.
[Tokaxxemo nporuiec nemudpysanns. Hanpuknaz, 3ammdpoBade noBigom-

JICHHA Ma€ BUTJIAA:

E =42 437 32 446 443 1 437 396 354.
[Ilo6 oTpumaTu BIAKPUTUN TEKCT, Tpeba po3paxyBaTH (Kpunmozpama)
d mod n. Tak, mis mepmoro koay mMaemo 42 ¥ mod 493 =9. Lle mitepa I. ITo-
BTOPIOEMO PO3PaxXyHKH JIJII HACTYIMHHUX KOAiB. [[oBHE TOBIJIOMJICHHS Ma€ BH-

LIS
M = INSURANCE.

BucHoBku: O0ys10 TpOBEIEHO MOCIIKEHHS Pi3HUX 3ac001B MU PYBaHHS 1

nemuppyBaHHS.
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6. PO3SPAXYHKOBA POBOTA

THO®OPMAIIMHI XAPAKTEPUCTUKHU JIKEPEJIA, IPUMMAYA TA
KAHAJIY 3B'SA3KY 3 IEPEIIKOJAMMU

Mema pobomu: HaBUNTHUCS PO3paxoOBYBaTH 1H(OpPMaIliiHI XapaKTepuc-
TUKU CHCTEMHU Tepeiadi JaHHX.

6.1. TeopernuHi BizomocTi

[lin cucmemoro 36's13xy OyaeMoO PO3yMITH CYKYITHICTh TEXHIYHHUX 3aCO0IB,
1110 3a0€3MevyoTh nepenavyy iHpopMmailii 3 3aJaHUMU BIIACTUBOCTSMH BiJ] PI3HUX
JOKEpes pi3HUM ojiepKyBauaM. [limecnpsmMoBaHa po3poOka CHUCTEMHU 3B'SI3KY
MO3K€e 3JIIMCHIOBATUCA 32 YMOBHU HAsIBHOCTI KpUTEPIiB €(hEKTUBHOCTI ii (PyHKIIIO-
HyBaHHs. OCHOBHUM 3aBJIaHHSIM CHUCTEMH 3B'A3KYy € 3a0€3IeUEHHsI MaKCUMaJlb-
HOT IIBHMJIKOCTI NIepeiadl NpU BUCOKIM SKOCTI (DYHKLIOHYBAHHSA Ta €KOHOMIYHO-
cti cuctemu. I1if sKicTIO PYHKIIIOHYBaHHS MPHU I[bOMY PO3YMIIOTh MiHIMI3aIliO
BTpaT iH(opmalii, 10 B NIACYMKY TPaHCPOPMYETHCS B 3a0€3MEUEHHS BUCOKOT
MPaBUIILHOCTI Mepeayi.

BigomocrTi, 110 € 00'ekToM 30epiraHHs, nepeaadi i MepeTBOPEHHs, Ha3UBa-
I0TbCs iHGopmayiero. Mipa BUMIPIOBaHHS KUTBKOCTI 1HQOpMaIli OCHOBaHAa Ha
MOHSATTI €HTpoMii. Enmponisa — 11e Mipa HEBU3HAYEHOCTI CTaHy cucteMu 4 (BUIa-
JIKOBO1 BEJIMYMHM ) 3 KIHIIEBUM 200 paXyHKOBUM YHCIIOM PE3YJIbTATIB.

Entpormis, 3a lllennonom , H (A4) mopiBHIOE cymi 100yTKIB HMOBIpHOCTEH

CTaHIB CUCTEMH 1 JOrapu(pMiB LIMX UMOBIPHOCTEM, y34TOI 31 3BOPOTHUM 3HAKOM:

H(4) == p(a)log, p(a,), (6.1)
i=1
ne A= (a1, ap ... a... ap) — 0e3]liY4 MOXJIMBUX CTaHIB CHUCTEMH, NMPHHHITHX

eeMeHnTamu 3 iimoBipaocTsIME P(ay), P(ay), ...p(ai), ... p(ay);
N — 9HUCII0 MOXKJIMBUX CTaHIB.

VY dopmymi (6.1) ocHoBa norapudma Moke OyTH JBINKOBOIO, TECITKOBOIO
a00 HaTypaibHO. SIKIII0O BUKOPHUCTOBYETHCS ABIHKOBA OCHOBA, TO BOHA MOXKE
OyTu omyIieHoro mpu 3anucy. [Ipu 1BiMKOBIA OCHOBI €HTPOIIiS BUMIPIOETHCS Y
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JBIMKOBUX OJUHMIIX a00 Oitax. EHTpomis xapakTepu3ye cepeHe 3HaYeHHS Ki-

JBKOCTI iH(OpMaIIii 1 siBiiste co0010 MaTeMaTH4YHE OviKyBaHHs —0(, P, TOOTO
H(4) =M~ log, p(a)] (6.2)

OCHOBHHMMH BIIACTUBOCTSIMH €HTPOIIIi €:

1. EaTponis - 11 BeJIMYHMHA peaibHa, oOMexeHa i He HeratuBHa: H > 0.

2. EnTpomnisa MiHIMalibHA 1 TOPIBHIOE HYJIIO, SIKIIO X04a O OJMH 31 CTaHIB
cucTeMu JocteMeHHo Biomuil: H =H_;, =0.

3. EnTpomis MakcumainbHa i piBHa Jorapudmy 4ucia ctaHiB N, SKIIO CTa-
HH cUcTeMH piBHOIMOBIpHi: H =H  =log, n.

4. Extporist 6iHapHUX BETUYHH 3MIHIOETHCS Bi 0 70 1.

EnTporist JOp1BHIOE HYJIIO, KOJIM WMOBIPHICTh OJJHOTO 13 CTaHIB JIOPIBHIOE
HYJIIO, TIOTIM 3pocTae 1 gocsrae Makcumymy npu p = 0,36 ( i n = 10). [pu
IbOMY HEBU3HAYEHICTh MTOBIJOMJIEHb IPU MPUIIOMI HAOUTbIIA.

Busnauumo enmponiio cknaonoi cucmemu H(a,b), mo npencrabise co-
0010 3'eHaHHS JEKIIBKOX MPOCTUX cucteM. Hampukmnan, € JB1 cUCTEMH
A=(ay, ...ai, ..., a,) Ta B=(b,_ ,b; ... by ). [Ipu npomy MoXxyTH OyTH 1Bi cUTYa-
uii. Cucremu A 1 B MoXXyTh OyTH HE3aJIeXKHUMH 200 3a1€KHUMH.

PosrnsHeMo cutyaiiito JUisi BUMIaJKy HE3aleXHUX cucteM. /[t nporo He-
00XiJHO BU3HAYMTH MMOBIPHOCTI CHIIBHUX HoAi# P;; = p(ai, bj). Marpuns iimo-

BIPHOCTEH Ma€ BUTIIS;

p(bs,a1) p(bz,a1) ... p(bmai)
p(b1,a,) p(b2,a2) ... p(bmaz)

p(bi,am) p(bzam) .. p(bmam). (6.3)
[Ipu nupoMy naHa matpuis Mae BJIACTUBOCTI:

2. p(a;,b) = p(a), Z p(a,by) = p(bi), Z p(a)=>_p(b)=1. (6.4)

[Ticnst Toro, siK BiJioMi BC1 KMOBIPHOCT1, HEBAYKKO OOYUCIIUTH €HTPOIIIO.

H(AB) = —anzn: p(ai,bj)log, p(ai,bj). (6.5)

i=1 j=1
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Hexaii cuctemu A 1 B ne3anesicHi, TOI1 32 TEOPEMOIO MHOKEHHSI IMOBIp-
HOCTEH (A1 He3aJIeKHUX BUITAJKOBUX BEIUYMH) MAa€EMO, 110 IpU 00'eTHAaHHI He-
3aJIe)KHUX CHCTEM iX €HTPOIi CKJIaJaloThCs:

p(a,b) = p(a)- p(b) , log, p(a,b)=log, p(a) +log, p(b). (6.6)
H(A B)=H(A)+H(B). (6.7)

Hexait € aBi 3anexcni cucmemu A 1 B. [lo3dHaunMo yMOBHY HMOBIPHICTh

b.
p| ! o | TOrO, IO CHCTeMa B Habyne cran bj3a ymoBH, mo cuctema A HaOyna
i
CTaHy a;. Bu3HaunMoO yMOBHY YacTKOBY CHTPOMIiI0 cucTeMu B momo okpemoi
noii a;. [Ipu iboMy moBUHHI OyTH B1IOMI YMOBHI HMOBIPHOCTI p( ) A ) :

Matpuiis iMOBIpHOCTEN Ma€ BUTIISI:

p(bi/a;) p(bo/as) ... p(bw/as)
p(bi/az) p(bl/az) ... p(bw/az)

p(bi/a,) p(b./ay) .... p(bn/ay). (6.8)
Toni uacmxoea ymosna enmponis Oyjae NOpIBHIOBaTH

H(B/a) = i p(bj/ai)log, p(bi/ai). (6.9)

j=1

[ITo6 MOBHICTIO OXapaKTepU3yBaTH EHTPOIMII0 CUCTEMH, HEOOXITHO BU-
3HAYUTH TOBHY CHTPOMIIO. SKIIO YacCTKOBY YMOBHY €HTPOIIIO YCEPEIHUTH 10
BCIMa CTaHAMH @; 3 ypaxyBaHHSIM IMOBIPHOCTI MOSBU KOKHOTO 31 cTaHiB P(a;), TO
3HAUZIEMO HOBHY YMOBH)Y eHmponiio MOBiAOMIICHb B BimHOCHO A.

H(B/A) == p(a)-p(bi/a)-log, p(bi/a). (6.10)

i=1 j=1

[ToHSATTS yMOBHOI €HTPOIIi MIUPOKO BUKOPUCTOBYETHCS IS BU3HAUCHHS
iH(opMariiiHux BTpaT npu nepeaadi iHdopmarrii.
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Hexalt mo kanany 3B'SI3Ky NEepenaroThCsl MOBIIOMIICHHS 3a JIOIOMOTOIO
andasity A. YV pe3yabTaTi BIUIMBY IMEPENIKO MpuiiMadeM Oye CIpUUMATHCS
iHmmi andasit B. Eatpomis H (bj/ &) Bupakae HeBH3HAYEHICTH TOTO IO, BifI-

PaBUBIIH &;, 0TpuMaeMo bj, a monsaTTs H(a;/bi) — HeneBHicTS, sika 3anuImaeThes

micst ofepxaHHs Dj, y Tomy, mo Oyno BiampasieHo came ;. SIkimo B kaHai
3B'SI3KYy TEPEIIKOAN BiJICYTHI, TO 3aBXIU IMOCIAHOMY CHMBOJY 8; BiATOBinae
OpUHHATANR cuMBOa Dy, a, — by, . . ., &, — by,. IIpu poMy enTpormis mKepena
H(A) nopisutoe entporii mpuiimaua H(B). ko B kaHaji 3B'13Ky MPUCYTHI Tie-
pEIIKoau, TO BOHU 3HUIIYIOTh YaACTUHY NIepeaaHoil iHpopMaliii.

JIist 0GUMCIIEHHs. EHTPOIIIi CIUIBHOI NOSIBU CTATUCTUYHO 3aJI€KHUX IMOBi-
JIOMJICHb BUKOPHCTOBYIOTh MOHSTTS €HTpoMii 00'eqHanHsA. EHTporis 00'eiHaHHS
o0uncmoeThes 3a hopmyioro (6.5).

EnTpormist 00'eqHanHs 1 yMOBHA €HTPOMIS 3B'A3aHI MK COOOI0 TaKUMH

CH1BBIJTHOIIICHHIMHU:
H(4,B) = H(A)+ H(A/B) = H(B) +H(B/A). (6.11)

VY Bunanky, sxuo A 1 B Mixk cob0r He3anexHi, TO yMOBHA €HTPOITIS J10-
pisaIoe 6e3ymonniit H(B/A)=H(B),itoxi H(A,B)=H(A)+H(B).
VY 3araspHOMY BHUIIQJIKy EHTPOMis 00'€THAHOI CHUCTEMH CTAaHOBUTHUME

H(AB)<H(A)+H(B), ockiTbku yMOBHA EHTpPOIsS MeHIIE Oe3yMOBHOI
H(A/ B)S H(B). EnTporis 00'emHaHOl CHCTEMHU JTOCATAE MAKCUMyMY TiJTbKH Y

BUMAJKY, SKIIO CHCTEMHU HE3aJIeKHI.

VY Bumagky IMOBHOI 3aJI€KHOCTI CHCTEM CTaH OJIHIE] CUCTEMH € CTaHOM
immoi (Bonu exgiBanentni): H(A/B)=H(A)=H(B), ocxinsku H(A/ B) =0.

[Ipu mepenayi MOBIOMIICHD BiOYBAa€ThCS 3MEHIIIEHHS HEBU3HAYEHOCTI.
Ski1o nmpo cucteMy BiIOMO BCE, TO HeMa pailii mocuiaaTy nmoBigomMieHHs. | Ha-
BIIAKM, YAM CTaH CHCTeMHU OyB Oljbllle HEBU3HAUEHUM, TUM OUIBIIY KIIBbKICTh
iH(popmarlii orpumyemo. ToMy KUIBKICTh 1H(hOpMAIIll BUMIPIOIOTh 3MEHILIEHHAM
EHTPOTTIi.

[Ipunyctumo, 1mo orpumana noBHa iH(opmanis npo cuctemy A. Hexaii
JI0 CIIOCTEPEKEHHS €HTPOIIisl cucTeMu jaopiBHIOBaia H. Y pesynbraTi cnocre-
pexeHHst entpomnis qopiBHio Hyno H = 0, To6To npo cucremy Binomo Bee. Toxi

iH(dopMmailris Oyne nopiBHIOBAaTH 3MeHIeHHIo eHTpomnii: | = H —0, To6to | = H.
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Ha npaxTuii yacrto OyBae, 1o cucremMa A JIJisi CIOCTEPEKEHHS HE JTOCTY-
MHA, 1 TOJ1 BeAyTh CIIOCTEPEKEHHA 3a 1HIIOI0 CUCTEMOI0 B, moB's3aHo10 13 cuc-
temoro A. Mix cucrtemoro A i1 B € BIIMIHHOCTI, SIKI MOXKYTh OYTH JIBOX BH/IIB:

1. BiaMiHHOCTI 3a paxyHOK TOTO, IO J€sIKI CTaHU CUCTeMH A He 3HaXo-
IsTh BinOuTTs B cucteMi B (B Menin mosHa, Hisk cuctema A).

2. BigMiHHOCTI 3a paxyHOK MOMHUJIOK: HETOYHOCTEW BUMIPY MapaMeTpiB
cucTeMH A 1 TOMWJIOK IIPH Iepeaadi MoBiJOMIICHb.

BuHukae nutaHHs: Ky KUIBKICTB 1HGOpMaIlii po cucteMy A nae criocre-
pexenHst cuctemu B? Jlany iHpopMaliiro BU3HA4YaIOTh K 3MEHIIEHHSI €HTPOITii
cucteMu A y pe3ynbTari OTpUMaHHs BIIOMOCTEHN npo cuctemy B:

I, =H(A) -H(A/B), (6.12)

B—>A

ne H(A) — anpiopHa eHTpOTIis 10 CIIOCTEPEKCHHS,
H(A/B) — 3anmumikoBa eHTPOITis TCJIsS OTPUMAaHHS BiZIOMOCTEH,
I

mi B.

, — ITOBHA a0o cepeans 1HpopMallsd Mpo cucteMy A, 10 MICTUTBCS B CUCTE-

B—

CnpasenBoro Jj1st cuctemu B Oyze taka popmyna:

|, . =H(B)—H(B/A). (6.13)

A—B

VY 3arajapbHOMY BHMAJKY, 32 HASBHOCTI JBOX CHCTEM, KOYKHA MICTUTD ITO/I0
1HIIIOT CUCTEMH TY K caMmy TOBHY 1H(OpMAIIifo:
l...=1,.=I

B HA3UBAETHCS NOGHOIO B3AEMHOI0 iHPopMmayi-
€10, 1110 BTpPUMYEThCS B cuctemax A i B.

al,,

A—B AeB!? B

I1e cniBBigHOWEHHS s |, , HAOYHO LIIOCTPYETHCS HA puc. 6.1.

B

H(A) ,

N/

H(A/B) H(B/A)

H(B),

Pucynoxk 6.1 — IToBHa B3aeMHa iHpopmarris
Tyt entpomnis Jxepena nepegaHoro curuany — H(4), To6To nmoBHa BilacHa

iHpopmartist, a H (B) — entpomnis npuiisaToro curnany. Benmnunna H(A/B) sBisie
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coboro BTpary iHdopmarii ado HeHafdiiHICTh KaHany, a H(B/A) — nokasye cTBo-
pPEHHsI IOMUJIKOBOi, CTOPOHHBOT 1H(pOpMAIlli B KaHaJl, K€ HE Ma€ BITHOIICHHS
0 Jokepena A 1 00yMOBJIeHA MPUCYTHIMU B KaHaJll MEPelIKoJaMu. 32 BU3HA-
yeHHsM [lleHHOHA, HEHAIIWHICTh KaHATy € EHTPOIIEI0 BXOY, KOJIHM BUXI1J B1TO-
MHUM, TOOTO i1 MOXKHA BBa)KaTU MIPOIO CEPEIHHOI HEBHM3HAUYCHOCTI MPHUHHSTOTO
curHairy. Bemmunna H(B/A) € enTpomist BUX0y, KOJM BXiJ BiJOMUH 1 CIYXKHUTb
MIpPOIO CEPEeIHbOI HEBU3HAYEHOCTI MepeaaHoro curainy. CriBBIIHOIICHHS Mk
H(A/B) i H(B/A) 3anexuTh BiJl BIACTHBOCTEH KaHAITY.

Tak, HanpuKIIaJ, MpH Mepeaadl 3ByKOBOI'0 CUTHATY 0 KaHally 3 BY3bKOIO
CMYTOI0 MPOITyCKaHHS, HEAOCTATHBOIO IS SIKICHOTO BIATBOPEHHS CUTHAIY 1 3
HU3BKMM pPIBHEM TMEPEIIKOJl, BTPAYa€ThCs YacTMHA KOpHUCHOI iHdopmarii. B
boMy Bumnaaky H(A/B) )) H(B/A. SIkio » CHUTHAI BiITBOPIOETHCS SKICHO, aje
OpU LIbOMY MAalOTh MICI€ MEPEHIKOIN BiJl CYCIIHbOTO KaHaly 3B’SI3Ky, TO L€
O3Hayae, 1110, Maii’ke HEe BTpadyaro4d KOPUCHOI 1H(pOopMallii, OTpUMYEThCs 0arato
3aiiBoi iHpopmarii Ta H(A/B) (( H(B/A).

Hexaii KiIpKicTh 1H(pOpMAIIi, KA NePEeJAEThCA N0 KaHaIy 3B'SI3KY 3a 4ac
T, nopiBHIOE

It = Hr (A) — Hr (A/B). (6.14)

ko nepenava MoBiAOMJICHHSI TpuBa€ 7 OJAMHUIL Yacy, TO MIBUIKICTh
nepenayi iHpopmariii craHOBUTUME

Ir

R== %(HT(A) _Hr(A/B)=H(A)—H(A/B).  (6.15)

Ile xinbkicTh 1HPOpMAIii, 110 JOBOAUTHCA B CEPEIHHOMY Ha OJHE IOBI-
JOMJICHHS. SIKIIO B CEKyHIy MepeaaeTbes K moBigomiieHb, TO MIBUAKICTD Tepe-
nayi 0yJie CTAHOBUTH

R=k-[H(A) - H(A/B)]. (6.16)

[IpomyckHa 3aTHICTh KaHATY € MAKCUMAJIBLHO JOCSYKHOIO IIBHUJIKICTIO TIe-
penauyi iHpopMarlii AJ1s TaHOTO KaHAITY:
C=maxR=k-[H(A) -H(A/B)] .. (6.17)
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[ndopmaniitHa mMBUAKICTH a00 MIBUIKICTH Miepeaadl iHpopMarlii BU3Hava-
€THCSI CEPENHBOIO KUTBKICTIO 1H(OpMaIlii, siKka TepenaeThes 3a OJUHUIIO Jacy 1
BUMIPIOEThCS Y O1T/c. JIJIsl MOBIAOMIICHB, 1110 CKJIJICHI 3 PIBHOMMOBIPHUX B3a€-

MHO He3aJIEXKHUX CUMBOJIIB,
1
R==log, m, (6.18)
T

1e 7 - cepeaHl1l yac BUPOOJICHHS OJJHOTO CHMBOJTY.

VY Bunajxy, sSIKIIO CUMBOJIM HE PIBHO HMOBIpHI,

1
R:_;Z pilog, pi. (6.19)

JIJ1s1 CUMBOJTIB, 1110 MAlOTh Pi3HY TPUBAIICTb,

—2.p,-log,p,
R= IZ% — (6.20)

Jlnst po3paxyHKYy MTPOIYCKHOI 3/IaTHOCTI Tpeba 3amucaTtd y YUCEIbHUK

MaKCUMaJbHy €HTPOIIII0

H mex
z'.

C rmax = (6.21)

[Tpunyctumo, Mo MaeMoO AUCKPETHUM KaHajl, MMOBIPHICTh BUHUKHEHHS
MTOMUJIKH B IKOMY OJTM3bKa 10 HyJsl. Takuii KaHal Ha3WBarOTh i7iealbHUM KaHa-
oM abo kaHanmom 6e3 mymy. [IpomyckHa 31aTHICTh KaHATY BU3HAYAETHCS BiJI-
nmoB1IHO 70 (6.21). 3a HasBHOCTI 1I€JIbHOTO KaHATy MPUPOJIHO MOCTABUTH ITH-
TaHHS PO MOXKJIUBICTH Mepeadi Mo HoMy 0e3 BTpat iHopMallii BiJ TOBUTEHO-

ro JUCKPETHOro jxepena A, IO XapakTepusyeThcs mponyktusnicTio H  3i
HIBUJIKICTIO, SIKA IOPIBHIOE MPOMYCKHIN 31aTHOCTI KaHainy. CxeMa no0y10BU Ta-
KOi cucTeMu Tiepenadi iHpopMallii TOBUHHA BUTJISAATH Tak, sIK Ha puc. 6.2. s
TOTO 1100 MIBUAKICTh Nepenayl iHpopMallii B KaHajll TOpiBHIOBAJIA HOTO MPOITy-
CKHOT 37JaTHOCTI, Ha BXO/Il KaHAJTy MIOBUHHO OyTH NMPUCYTHE AUCKPETHE JIKEPEIIO

3 ICBHUMHU CTaTUCTUYHHMMMU BJIaCTHUBOCTAMM, IO MaKCI/IMi3y€ BCIIMINHY | ASB *
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lass

AH(A) B.,H(B)

bxepeno
NnoBiAOMNEHb

Mpunmay

» Kogep » Kanan "
nosigoMINneHb

Oekogep »

A\

Pucynok 6.2 — Cuctema nepeaadi iHdopmarrii

30kpema, TakoMy JDKepely Tpeba MaTH MaKCUMaJIbHY CHTpOITio abo Hy-
JHOBY HAJMIPHICTh, TOOTO BUJAAaBAaTH HE3aJE€KHI PIBHOMMOBIPHI MOB1IOMJICHHS.
VY 1ot xe yac 6akaHO MaTH MOKJIMBICTh TIEpeAaBaTH MOBIIOMJICHHS BiJl JIOB1JIb
HOTO JpKepena 3 OyAb-SIKUMH CTaTHCTHYHHUMHU BJIACTUBOCTSMH, TOOTO TaKoOTO,
[0 Ma€ HEHYJbOBY HAJMIPHICTh. TakKUM UYHUHOM, (YHKIIE€IO KOJAEpa € Y3ro-
JIKEHHSI B CTAaTUYHOMY CEHCI MTOB1JIOMJICHD JIKepesia 31 BXOJIOM KaHay.

[IpommyckHa 3HaTHICTh € HaWBAXXIMBIIIOW XapaKTEPUCTUKOI KaHAIB
3B's13Ky. BUHHMKae muTaHHA: siIKa Mae OyTH MPOMYCKHa 3AAaTHICTh KaHATY, II00
iHdopmaris Bix mxepena A 1o npuitmada B Hanxonuna 6e3 3arpumox? Biamo-
B1JIb Ha II€ TUTaHHs JAa€ nepiina reopema lllennona.

Axwo € dxcepeno ingpopmayii 3 enmponicio H(A) i kanan 36'a3xy i3 npo-
nycknoto 30amuicmio C, mo sxkwo C > H(A), 3a6xcou moorcna 3akooysamu 00-
cumob 0082e NOBIOOMIIEHHS MAKUM YUHOM, WO 80HO OyOe nepedano 6e3 3ampu-
mox. Axwo o, nasnaxu, C < H(A), mo nepedaua ingopmayii 6e3 3ampumox
HeMOXCTIUBA.

[IpoiyKTUBHICTH JKepera MOBIIOMIIEHB € EHTPOIIEIO 32 OJUHUITIO Yacy:

— k-H(A)

H (6.22)

T

VY Oyap-sikoMy pealbHOMY KaHaJIl 3aBXAW MPUCYTHI mepermkoau. OaHak
SKIIO X PIBEHb HACTUILKM MAJIMW, IO IMOBIPHICTH MOMMJIKOBOCTI MPAKTHYHO
JOPIBHIOE HYJIFO, MOYKHAa YMOBHO BBa)KaTH, IO BCl CHTHAJIM IMEPEHAAIOTHCS He-
CIIOTBOPEHUMHU. Y IBOMY BUMAJKY CEpeIHs KUIbKICTh 1H(hOpMaIlii JOpiBHIOE
I(A, B) = I(B, A) = H(A). MakcumanbHe 3Ha4eHHS Hpay = 109, M.

JIJ1st TUCKpeTHHUX KaHaJiB 3 mepemkoaamu [IIeHHOH naB ApyTy TeopeMy.

Hexaii € 0oicepeno inghopmayii X, enmponis axozo 8 oounuyio yacy oopis-
nioe H(A), i kanan i3 nponycknoro 30amuicmio C. Axwo H(A) > C, mo npu
0y0b-sIKOMY KOOYBAHHI nepedaia nogioomiensb 6e3 3ampumox i Cnomeopets He-
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moocnusa. Axuo oc H(A) < C, mo 6yob-sike 0ocums 0082¢ NOBIOOMACHHS MOIC-
HA 3a624CO0U 3aK00y8amu max, wo 0Ho Oyoe nepedano be3 3ampumox i CHOmeo-
PpeHb i3 UMOBIPHICIIO HACKIIbKU 3a68200H0 OAU3LKOIO 00 0OUHUYIL.

Opniero 3 1HQOpPMALIHHUX XapaKTEPUCTUK JKepesia AUCKPETHUX MOBi-
JOMJICHb € HAJMIPHICTh, SIKa BU3HAYA€, sIKA YaCTKa MaKCHUMaJIbHO MO>KJIMBOI
EHTPOITIT He BUKOPHUCTOBYETHCS JHKEPEIIOM TOBIOMIICHB. SIKITIO €HTPOITis JKe-
pelia MOoBIJIOMJICHb HE JOPIBHIOE MaKCUMaJIbHIN eHTpomii s andasity 3 ga-
HOIO KUJTBKICTIO SIKICHUX O3HaK (MaroTh Ha yBasi SKiCHI o3HakW andasity, 3a
JIOTIOMOTOO SIKMX CKJIAJal0ThCs MOBIJIOMIICHHS ), TO 1€ MepeyciM O3HaYae, 110
MOBIAOMJICHHSI JJAaHOTO JIXKepelia MOIJIM O HEeCTH O1IbIy KUIbKICTh 1H(OpMAIIii.
AOGCONIOTHE HEJIOBAHTAXKEHHS HAa CUMBOJI ITOB1JIOMJICHh BUBHAYAETHCS SIK

AD=(H, —H). (6.23)

Makc

[Hdopmartiiina HaAMIPHICTh TTOKa3y€e BITHOCHE HEJIOBAHTAKEHHS Ha CHU-
MBOJI aJIPaBiTy 1 € 6€3pO3MIPHOIO BEITMUUHOIO:

H(A)
H o (A)

D =1- =1-u, (6.24)

e p — Koe(DIEHT CTUCKAHHS.

6.2. ITopa1oK BUKOHAHHA PO0OTH

6.2.1. Bubip BapianTa

Jlist BUOOpY cBOTO BapiaHTa HEOOX1IHO 3a/1aTH TaKi JIaHi:

J1 = cyma yughp — oenvb Hapoodcents + pPiK HAPOOHCEHHS — BION0BIOAE Ki-
JIbKOCMI Nepeoanux CUMBOI8,

Jo = Micsayb HapoOCeHHs: — 8ION0BIOAE CePeOHbOMY HACY UPODIMKY CUM-
8071y HA 8UX00I Odicepend 8 MLNICEeKYHOAXx;,

J3 = nopsokosuil Homep 3a CNUCKOM — 8I0N08I0AE HOMEPY MAMPUYL CNilb-

Hux umosipnocmetl p(A4, B), 63amozco 3 nepeniky eapianmis 3a60aHHS.
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6.2.2 BianoBiHO 10 CBOr0 BapiaHTa 3aBJaHHS BUKOHATH TaKi po3pa-
XYHKH

— PospaxyBatu iH(popMalLiliHI XapaKTEPUCTUKH IJUCKPETHOTO JKepesa
IOBIIOMJICHB: eHTpoIIito H(A) , IpOAYKTUBHICTh H, HaMipHICTH D.

— PospaxyBaru iHpopMarliitHi XapakTepUCTUKUA JUCKPETHOTO IpuiiMaya
IIOB1IOMJICHB: eHTpoITifo H(B).

— PospaxyBatu HeoOXiaHI iH(OpMAaILIiiiHI XapaKTEPUCTUKH KaHAIy 3B'S3-
Ky. [ToOynyBatn KaHajbHI MaTpHIll 3 OOKy JpKepena Ta 3 00Ky npuiimada. Pos-
paxysaru: entpomiro H(4/B), H(B/A), H(A,B); kimbkicTs inpopmariii |; BTpaTu
iHpopmarrii Al ; mBuakicTs iHoOpMali R; mponyckHy 31aTHICTh KaHay C.

— 3poOuTH BUCHOBKH 3a pe3yibTaTaMu poOOTH.

YBAT'A! Bci po3paxyHKy BUKOHYIOTBCS Ha KOMIT'FOTEDI.

6.3. 3pa3zok po3paxyHky
1) JIns 3amaHoi MaTpuIl ciiibHUX HMoBipHOCTe#H P(A, B) oOuucimmo Oe-
3yYMOBHI UMOBIPHOCTI SIK CyMH CHIJIBHUX MMOBIPHOCTEN MO PSAAKAX Ta MO CTOBII-

IIX MaTPHIIL:

p(ai)

0O 0 0,02 0,02

p(A,B)=01 0,08 01 0,28
01 01 05 0,7

p(b;) 0,2 0,18 0,62

2) Po3paxyemo eHTpomito Jukepena A 1 nmpuiimMada B, BUKOPHCTOBYIOUU
bopmyy
H(A)=->_p(a)log,p(a),
H(A) =—(0,02log, 0,02 + 0,28log, 0,28 + 0,7 log , 0,7) = 0,987 6iT/cums,
H(B)=-_ p(b;)log,p(b;),
H(B) =—(0,2log, 0,2+ 0,18log, 0,18+ 0,62log , 0,62) =1,337 6iT/cuma.
3) BuszHauuMo yMOBHI WMOBIPHOCTI Ta MOOYIyEMO MaTpPUII0 YMOBHUX
HMOBIpHOCTEH 3 00Ky MpHiimMaua
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p(a;.b;)

p(a; /b;)= :
J p(b;)
0 0
/b))=——=0; /b,))=—-=0;
p(a, /by) 0.2 p(a; /b,) 018
0,02

a, /b,)=—+-=0,032;
p(a, /b;) 0.62

01 0,08
a,/b)=—"-=05; p(a,/b,)=—""—-=0,444;
p(a, /by) 0.2 p(a, /b,) 018
01
a,/b)=—"—-=0161;
p(a, /bs) 0,62

01 01
a,/b)=——-=05; p(a;/b,)=——=0,556;
p(a; /by) 0.2 p(as /by) 018

0,5
a./b,)=——=0,806.
p(as /bs) 0.62

3anoBHIOEMO MATPHUIII0 YMOBHUX WMOBIPHOCTEH 3 OOKY mpuitmMaya
0 0 0,032

p(a /bj) =05 0444 0161,.
0,5 0,556 0,806
BusHaunmo noBHY yMOBHY eHTporito H(A/B), BUKOpUCTOBYIOUH (HOPMYITY

H(A/ B)Z_ZZ p(b;)- p(a; /b;)-log, p(a; /b;),
j

H(A/B)=-[0,2(2-05log,05)+018(0444log, 0444 +0556l09,0556)+

+0,62(0,032log, 0,032 +0161log, 0,161+ 0806log,0806)] =0896 6ir/cums

abo BpaxoByroun, mo p(a;,b;) = p(b,)- p(a /b;), maemo
H(A/B) :_ZZ p(a;,b;)-log, p(a; /b;),
J

H(A/B)=-(2-0,1:log,0,5+0,08-log, 0,444 +0,1-log, 0,556 + 0,02 log ,0,032 +

+0,1-log,0,161+0,5- log,0,806) = 0,896 6ir/cim.
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Pe3ynbpTaTi MOBHICTIO 301rat0THCS.
4) AHaIOTIYHO BUKOHAEMO PO3PaxyHKH MO0 HKEpesia OB JOMIICHb.
[obynyemo kanansry marpuiio P(b; /a;) . O6uucanmo dopmyiy

p(ai.b;)
p(a;)

1 3alIOBHUMO PSJIKA MaTPHUIll YMOBHUX HMOBIp-

p(b; /a;) =

HOCTEH 3 OOKY /pKepesia TOB1IOMIICHb:
0 0 1

p(b; /a,)=0,357 0,286 0,357|.
0142 0142 0,714

Po3paxyeMo yMOBHY €HTpOIIiIO

H(B/A) =-Y3 p(a)- plb;/a)-log, p(b; /a;),
i
H(B/A)=-[0,28(0357-log,0,357 + 0,286 - l0g 0,286 + 0,357 - log, 0,357 ) +

+0,7(0142-l0og, 0142+ 0142 -log, 0142+ 0,714 -10g,0,714)] =1246 Giv/cums

a6o H(B/A)=->>"p(a;,b;)-log, p(b;/a;),
i
H(B/A)=—(0,1-log, 0,357 +0,1-log,0,142 + 0,08 log ,0,286 + 0,1 log ,0,142 +

+0,02-log,1+0,1-l0og,0,357+0,5-l0g,0,714)) =1,246 6ir/cumB.

5) Buznaunmo eHTporio 00'eTHaHHS, BUKOPUCTOBYIOUYU (HOPMYITY

H(A,B)=—ZZp(ai,bj)-|Og2 p(a;.b;),
i
H(A,B)=—-(4-0,1-log,0,1+0,08-log,0,08+ 0,02-log,0,02 +
+0,5-10g,0,5) =2,233 Oir/cumB.

3pobumMo mepeBipKy:
H(AB)=H(A)+H(B/A),

H(A,B) =0,987 +1,246 = 2,233 6it/cuMmB,
H(B,A) =H(B)+ H(A/B),
H (A, B)=1337+0,896 = 2,233 6it/cuMB.
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6) 3Haiiiemo BTpaTu iH(dOpMaIlii B KaHaIll 3B'A3KY:
3 Ooky jprepena (BiamimB iHpopMaIrii)
Al, =k-H(B/A),
Al , =1994 -1,246 = 2485 6ir.
3 Ooky npwuitMada (CTOpOoHHS iH(OpMaITis)
Alg =k -H(A/B),
Alg =1994-0,896 =1787 Gir.
7) BusHaurMo KiIBKICTh B3a€MHOI iH(hopMaIlii Ha K mepeaHnx CHMBOJTIB:
(A, B)=k-[H(B)-H(B/A)]=k-H(B)—-Al,,
I (A B)=1994-1,337 — 2485 =181 06ir,
1(B,A) =k -[H(A)—H(A/B)]=k-H(A) - Aljg,
(B, A)=1994-0,987 —1787 =181 06ir.

8) 3pobumo mepeBipky. 3HaleMo KUIBKICTh 1H(oOpMallli npu nepeaadi
MOBIJIOMJICHb M0 KaHaTy 3B'S3KYy 3 MEpelKojamMu Oe3MOocepeHbO 3 MATpHIIi
00'eqHaHHS:

1(B,A)=k-[ (H(A)+H(B)-H(B,A) ],
I (B, A)=1994 - (1,337 + 0,987 — 2,233) =181 6ir.

9) Po3paxyemo mBuaKicTh nepemayi ingopmartii R (iHpopmartiitauii moTik).

A I(A,B) I(B,A)
T T
R= 181_3 ~15K6Git/c.
1210

10) Bu3HaunMo npoInycKkHy 3/1aTHICTh KaHaity C

C=k-max{|(A’B)}:k|09m |
T T

ne m=3 , KUIbKICTh NIepelaHuX (MPUUHITHX) CUMBOJIIB .
C_ 1994 -.1,584

0,012
11) 3naiiieMo NpoayKTUBHICTD JKEpea A

g o_kH®
T

~ 263 K0iT/C.
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1994.0,987
0.012

Takum ynHOM, H < C, TOOTO BUKOHYETHCSI YMOBA KOJyBaHHSI KaHAITy.

H= ~164 x6iT/c.

12) HagmipsaicTts mkepena D
_HA)
H rax (A)

:1—@:0,377 ~ 38 %.
1,584

_ﬂ.

13) BucHoBK#H: Y poOO0Ti OyJu 3p00JicH] po3paxyHKH apaMeTpiB CUCTEMHU
nepenayl iHpopMmalii, a came JpKepesa Ta NpuiiMada MOBIIOMIICHb, KaHAIy
3B’SI3KY, JlaHa OLlIHKA MPOAYKTUBHOCTI Ta HAAMIPHOCTI JKepera MOB1I0MJICHb.

6.4 Ilopsiiok 0popMiIeHHS PO3PAXYHKOBOI po60TH

[TosicHroBasIbHA 3aMKCKa MOBUHHA MICTUTH:

* OJIaHK 3aBJAHHS;

* TUTYJIbHUHN apKyIII;

* 3MICT;

* BCTYII;

* OCHOBHY YaCTHHY;

* BICHOBKUY;

* CIIUCOK JiKepen iHhopMallii;

* I0JIaTKH (32 HEOOX1THOCTI).

TuTynpHUN apKyIl pO3paxyHKOBOi pOOOTH MICTHUTH:

* Ha3BYy YHIBEpCHUTETY Ta Kadenpu, e OyJio BUKOHAHO PO3PaXyHKOBE 3a-
BIAHHS;

* MPI3BUIIIE, IM'sI, IO OATHKOBI CTY/ICHTA,

* HallMeHyBaHHS pOOOTH;

* mudp 1 HalMEHYBaHHSI CTICIIAIBHOCTI;

* HAYKOBHI CTYIlIHb, BUCHE 3BaHHS, IPI3BUILE Ta 1HII1AJU KEPIBHUKA;

* MICTO 1 pIK.

BapianT po3paxyHKoBOi poOOTH YTOUHIOETHCS Y BUKJIa1a4a (3a CIIUCKaMH).
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TOJATOK 1

@®parMeHT TaOJIHIl YTBOPIOIOUNX OaraTousIeHIB

Kon
11
101
111
1001
1011
1101
1111
10001
10011
10101
10111
11001
11011
111101
111111
100001
100011
100101
100111
101001
101011
101101
101111
110001
110011
110101
110111
111001
111011
111101
111111

[ToniaoM
X+1
X2+1
X2+x+1
X3+1
X2 +x+1
XC+x%+1
XC+x2+x+1
x*+1
X +x+1
X +x%+1
XHxP+x+1
x+x3+1
X +x3+x+1
XCHXHCHHL
XXX HXFL
X>+1
X>+x+1
X>+x%+1
XC+X2+x+1
Xo+x3+1
X+ +x+1
X+ 3+x+1
XoHCHAHX+L
X>+x+1
Xo+xHx+1
XX Hx+1
XXX+
X+xx3+1
XC+xHC+x+1
XXX+
XXX+

Kon
1000001
1000011
1000101
1000111
1001001
1001011
1001101
1001111
1010001
1010011
1010101
1010111
1011001
1011011
1011101
1011111
1100001
1100011
1100101
1100111
1101001
1101011
1101101
1101111
1110001
1110011
1110101
1110111
1111001
1111011
1111101
1111111

IToniaom
x%+1
XP+x+1
Xe+x2+1
Xe+x%+x+1
Xo+x3+1
XC+x3+x+1
Xe+x3+x+1
XX +x+1
xo+x+1
XC+xHx+1
Xe+xHx+1
XeHx X x+1
XC+xHx3+1
Xe+xH 3 +x+1
xe+xHC+x+1
Xe+xH X+
Xo+x>+1
Xe+x+x+1
Xe+xC+x2+1
XXX +1
Xe+xC+x3+1
Xe+ X+ +x+1
Xe+xCHxC+x+1
XXX+
Xe+x+x*+1
Xe+xC+xHx+1
XexC+xx+1
XexC+x i +x+1
Xe+xCHxC+1
XexC+xxC+x+1
X+ G+
XeHxCHXCH X+
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