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MEPEAMOBA

3 KOXXHHMM POKOM 3pOCTaIOTh 0Ocary iHpopmallii, siki moTpibHO
nepexnasaTu, o6poONATU Ta 30epiraTy 4S8 CBOE4ACHOIO BUKOPHC-
TaHHA IX PU BUPIIIEHHI BUDOOHUYHX, HAYKOBHX, EKOHOMIYHHX Ta
IHHIMX 3aBOaHb.

Hesixi Teopemqm 3HaHHS PO mcbopMauuo il KUIBKICTB, CIIOCOOH
KOJyBaHHS NMOBIJIOMIIEHb T4 3aXMCTY iX BiJ 3aBaj 1 CIOTBOPEHBD,
BHKJIaJIcHi B IbOMY MiIPYYHHUKY, ZOMTOMOXYTh KOpHCTyBa4yaM Kpa-
ILE 3PO3YMITH IPOLIECH MEPETBOPEHHS MOBIIOMIIEHS NIPH Nepeaadi,
a TAKOX CKOPHUCTATHCA LIMMHU 3HAHHAMU VIS 3aXUCTY iHpopmManii
BiJl CIIOTBOPEHb.

EneMenTu Teopii indpopmauii posrnsaanucs P. Xaptii B mpau,
IpUCBsYeHilt BUMIpIOBaHHIO KinbkocTi iHGopmauii (1928 p.), ane
nepuuM GyHAaMEHTAIBHUM AOCILIKEHHAM, SIKe, [TO CyTi, 3aro4at-
KyBaJIo Teopiro indopmMauii, € npausg K. llleanona «MaTtemaTHuHa
Teopis 38’13Kky» (1948 p.). ¥V Hilt 06rpyHTOBaHO METOOMKY BUMIpPIO-
BaHHs KUIBKOCTI iH(opMalii Ta 3anpONOHOBAHO TEOPEMH IIPO ON-
THMaJIbHe KOAYBaHH, 1[0 TOBOAATH MOXIIMBICTh JOCATHEHHA MaK-
CHMAaJIbHUX IIBHAKOCTEH mepeaadi inpopmanii.

Baromuit BHECOK Yy PO3BUTOK OKPEMHX DO3AiliB Teopii iH-
¢dopmanii 3pobunu Byeni X. Haiiksict, H. Binep, . Minuitos,
A. Qaiincreiin, K. Xenctpom, B. KorensHukos, O. Xapkesuy,
A. Konmoropos, O. Xinuun, B. ®aHo, V. IlitrepcoH, P. boys,
. Poir-Yoyaxypi, I1. Eniac, E. Bepnekemn, JI. BopoxiH, JI. ®iHk,
P. Crparonosuu, A. 3io0ko0, @. Katkos, K. 3irasripos.

Be3 3HaHHs OCHOB Teopil iHpopManii Ta KOAYBaHHS HEMOXIIHBE
CTBOPEHHA HOBHX Cy4YacHHX cHCTeM nepenadi iHpopmauii. Tomy ii
BHUBYEHHS € HEBII’EMHOIO YACTHHOIO TEOPETHYHOI MArOTOBKH (a-
XiBUIB y rajy3i KOMIT'FOTEpH30BaHUX CUCTEM, aBTOMATHKH T4 YIIPaB-
JIIHHSA, KOMIT' IOTEPHO] IHX€EHepil, TeJeKOMYHIKaLii TO1Wo.

B oCHOBY miApy4HHKA IIOKJIAIEHO MaTepiany JeKUidHUX i mpak-
TUYHHUX 3aHATH 3 L€l JUCUMIUIIHM, SKa BHKIAJA€THCA aBTOPAMH
B HauionansHoOMy TexHiYHOMY yHiBepcuTeTi Ykpainu («KuiBcexuii
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TONITEXHIUHHIH IHCTUTYT»). Y HBOMY TAKOX BUKOPUCTAHO MaTepi-
ajH, ony0JikoBaHi B JIiTepaTyPHHX JKepeilax, Ta JaHi AeAKMX HAy-
KOBO-AOCIIAHUX pobiT, BAKOHAHHUX ABTOPAMH.

CrpykTypa niapy4yHHKa Aa€ 3MOTY YMTAYeBi NOCTIIOBHO BiJl Npo-
cToro a0 6inbil CKIagHOTO BUBYUTH BCI OCHOBHI IOHATTS Ta M10JI0-
XeHHd Teopil inbopMallii # koxyBaHH:, Xo4a i notpebye Bix HLOTO
NESKMX 3HaHb 3 TAKHX PO3MiJiB MaTEMAaTHKH, K Teopist HMOBipHO-
CTEH Ta MaTeMaTH4HA CTATHCTHKA, TEOPis MaTpHllb, KOMOIHATO-
pHKa.

HabyTumy 3HaHHAMM 3 L€l JUCLMIUIIHK CTYAEHTH Ta QaxiBui
MOXYTb CKOpHCTaTHCA X YaC BUBYEHHS IHIINX JUCUMIUIIH, TICHO
NOB’S3aHUX 3 Teopierw iHpopmanii Ta KOJYBaHHSM, & TAKOX NPH
KypCOBOMY Ta JIMIUIOMHOMY MPOEKTYBAaHHI 31 CIOPIAHEHHX IHC-
UUIUTIH.

Po3zn. 1, 5—8 (xpim 1. 8.3.4), 9 (xpim 1. 9.3) Ta n. 4.1 Hantncano
J-poM TexXH. Hayk, npod. FO. 1. JKypaxoscekum, peliTy MaTepia-
JIy — KaHJ. TeXH. HayK, nou. B. I1. Iloamopaxom.



IHOOPMALLIS
TA IHOOPMALYMHI

roamn || IPOLECH

Ax 6idomo, 6ci npoyecu, wio 6id0Gyearomvcs 6 nPUpPooi, 8 MOMY YUCAi 8Upob6-
Huyl, no8 si3ani 3 ingopmayieio — il 3000ymmam, nepemeopeHHAM, HAKONU-
YEeHHAM, NepedasantM, 36epizanam i 8i00DPANCEHHAM.

Y ybomy po30ini HagoOsMbCs OCHOBHI NONUAMIMA MA 6UIHAYEHHA 3 Meopil
ingopmayii, onucyiomuces modeni ingopmayitinux cucme i pyx ingpopmayii
6 HUX, HOOAIOMbCA MOOeNi Kananie ingopmayii, a maxoxic OYiHIOEMbCA 6NAUE
XApaxkmepucmuk KaHanie Ha skicme nepedayi ingpopmayii.

1.1. NOBIAOMNEHHSA TA IHOOPMALIIA

Hacamnepen ciiijy BU3HAYUTHCA 3 TAKUMH TTOHSATTSAMH, SK JaHI,
[OBIIOMJIEHHS Ta iHOpMAalLis.

ITin danumu po3ymiroTs yci BitoMocTi, 3300yTi BiA HABKOJMIL-
HBOT'O CBiTY Ta mojaHi y ¢opmanizoBaHoMmy BUIIISAL (JiTepamy,
uMdpaMu, CHMBOJAMH Tolo). daHi, o niaaraloTs nepenayi, Ha-
3UBAIOTHCA nogidoMAeHHsMU. [TOBIIOMIIEHHS CTAIOTD iHpOpMallIE0
TIJIbKH B MOMEHT 1X 3aCTOCYBaHHS, TOOTO iH(bopMauia — 1Ie BUKO-
PHCTOBYBaHi NOBIIOMICHHS, TPHIOMY TaKi, IKi BIA3HAYAIOTHCH
HOBHM3HOIO i pamille He Oynu BiOMI onepxkyBayesi (oneparopy
EOM). € i1 iniue, 6inb11 IIKpOKe BU3HAYEHHS iHpopMaii, 3riiHo 3
AKUM iHpopMaLis — Lie BIIOMOCTI, 110 € 06’€KTOM 30epiraHHs, me-
pelaBaHHs Ta nepeTBOpeHHs [47].

JI71s MOXIJIMBOCTI TeXHiYHOTO 06po6ieHHs (epexadyi, 3annucy Ta
iH.) TOBiIOMIIEHHS Ma€ Oy TH MEPETBOPEHE HA CUZHAL — MaTepialb-
HHI1 HOCIH, WO Bino6paxye nosigomueHHs [47].

Po3pi3HAIOTh CUTHANHM 38yK08i (AKYCTHYHI), e1eKmMPUYHI, ONmMuY-
Hi, 2iopaeniyni Ta 1. OQUH BUJ CUTHAJTY MOXXHA [IEPETBOPIOBATH Ha
iHIMi (eNeKTpUYHUH Ha 3BYKOBHH, ONTHYHHUH Ha €NEKTPHYHMIH
TOLIO).

Bynb-sikuil CUrHAJl XapaKTEePU3YEThCS TAKUMH OCHOBHHUMMU I1a-
paMeTpaMu: TPUBAIICTIO, INMPUHOIO YACTOTHOTO CIEKTpa Ta [IH-
HaMIYHHUM Jiana30HoM.
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Min mpuseanicmio T, CUTHANY PO3YMiIOTh 4ac, IPOTATOM SKOTO
BiH 3HaXOIMTHCA B KaHaJi 3B°43Ky. Yacmomnuii cnekmp F_curHaiy
BM3HAYaE CMYTry YacTOT, Ky BiH OXOILIIOBAB i Yac nepeaadl no
KaHany 38’43KY. 3aJIeXHO Bil BUy CUTHaXY (aHaIIOTOBHH, IMCKPET-
HHT) YACTOTHHIA CIIEKTP MOXe OYTH i HECKIHYEHHHM; TOMY Ha Ipax-
THILII HOoro o6MexyloTh i MOXJIHBOCTI Iepefadi Mo KaHanax 3
0OMEXKEHOIO CMYTOI0 4acToT. Tak, TenedOHHI pO3MOBHU BELYThCS
no KaHanax 3i cmyroo npomnyckasts 3100 [ (300 ... 3400 I'iy), xoua
caM MOYAaTKOBHIH CHTHA 3aiimMae criekTp o 15 ... 17 xI'n.

Cepednvoro nomyacricmio P, CUTHATY € IOTYXHICTb, Ka 3a0e3-
TIEYyEThCS AMAPATYPOIO MM Yac HOro HaIXOUKEHHS KO KaHaly 38’513~
ky. Ha npaxTuui yacriuie 3aMicTb P, KOPUCTYIOTHCH IOHSTTSIM Ou-
Hamiuno2o dianasony D, O BU3HAYAETHCA OrapudmMoM BIIHO-
HIeHHS HAaROUTbIIOT (MaKcumaano'i) MHTTEBOI OTYXXHOCTI CHTHATY
(P, nax = P.) no HaiimeHwiol (MlHlMaJIbHOI) P, min > IO3BOJIEHE

3HaYyeHHs KO JOPiBHIOE MOTYXHOCTI 3aBak (P, min )

=log (P_/P,).
Vi ui napaMeTpH CUTHaMY € HOro obcsizom:
V.=T,F.D.

AHanoriuHUMH MapaMeTpaMH XapaKkTepPU3YETbCS TAKOXK KaHa
38’a3Kky. Humu € mpusanicme suxopucmanns T, KaHaly, cMyea 11020
uacmom F, Ta dunamivnui dianason D,. 'Y upoMy pasi nin T, po3y-
MIIOTB Yac BnKopMCTaHHﬂ KaHaiy IUIs nepenaql curHanis, mn F, —
CMYTY YaCTOT, iKa 3a6e3MeuyeThest KAaHAIOM, a i D, — AuHaMiy-
HMI [iana3oH piBHIB CHTHaNIB, AKi MOXYTbh OyTH nepedaHi HHM.
JToByTOK LIMX TPBOX MApaMeTPiB BU3HAYAE EMHICMb KAHAITY 3B’I3KY

V,=T,F,D,.

s 3a6e3neueHHs nepenaqi CHUTHAJIiB 10 KaHaJy 3B’x3xy Heob-
XifHo, 1106 ¥, >V ; KpiM TOro, MaloTh BUKOHYBaTHCS TaKi yMOBH:

T>T,F,>F;D . >D,

SIKIIO AesAKi 3 HUX HE BUKOHYIOTHCS, Tpeba NOCAITH iX 3a paxy-
HOK iHmmx. Tak, sxkmo V, >V, T, > T 1D, > D, ane F, < F,, 10,
36utbLIyIouH T, MOXHA 3Menmum 4aCTOTHHMIL cnepr F cnrnany
1 BUKOHATH yMOBy F . >F,.

IMoBigoMieHHs Ta “binnosimHi curnam MO><yTh OYTH Henepepsru-
mu (AaHAJIOTOBUMHM) Ta Ouckpemuumu (3HakoBumu). Ileprmi onucyroThes
HeTepepBHOIO PyHKLieI0 yacy. o HUX HaJlexaTh TaKi IOBIIOMIIEHHH,
K My3HKa, TeNesi3iiine 306pakeHHs], pafliOMOBIICHHA. 3a J0NOMO-
o0 CrielialIbHUX IPUCTPOIB HENEepEePBHi MOBiIOMIIEHHS TIEPETBOPIO-
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IOThCS Ha HellepepBHi enex"rpuqm CHTHAJIH, SIKUMH IEPEAIOTECS T10-
BUIOMIIEHHS [0 KaHaJTy 3B’S3KY Bill nepenaBaya Ao npuiimada.

JHCKPETHHMH NOBIAOMJIEHHAMH € CKiHYE€HHA MOCTiIZOBHICTD
OKPEMHMX CHMBOIB (3HaKIB, JiTep) 3 06MEXEHOI0 TpUBAITICTIO. BOoHK
XapakTepHi Juis Tenerpadii, nepeaaui fjaHux, TeeKkoMyHikauiit. s
IEPETBOPEHHSA AUCKPETHOTO MOBIIOMIEHHS Ha CHTHAT NOTpiOHA
onepauis KOAYBaHHS.

HenepepBHi noBinoMIIeHHS MOXHa IepefaBaTH JUCKPETHUMH
criocobamu. B upomy pasi HemepepBHi CHIHAJIM, SKMMH HEPeNaloThCs
1i MOBIXOMJICHHS, IIEPETBOPIOIOTHCA Ha JAUCKPETHI 33 JOIOMOTO0
onepauiil KBaHTyBaHH 3a PIBHEM Ta JUCKpeTU3auii B yaci. Ha npwii-
MaJIbHOMY 601 BUKOHYETBCS 0OEPHEHE IEPETBOPEHHS: 32 IPUMHSI-
TUMM JUCKDETHUMH CHTHalaMH BiIHOBIIOIOTHCH MEPENaHi Heme-
PEPBHI CUTHAJIH.

HHUCKpeTHI curHamy sk 3aci6 nepeaayi nosigomueHs 6LIBII 1MO-
IUMPEHI, HX HEMEPEPBHi, 3aBSKH TOMY L0 BOHM MEHLIOK MipoIo
3a3HAIOTh BIUIMBY 3aBaJl 1 CMOTBOPEHb B KaHANIaX 3B’43KY, a B pasi
CIIOTBODEHHS iX JIETIIIE pEreHepyBaTH (BIIHOBUTH) i, KpiM TOro, BOHU
IOCHUTB JIErKo oOpobnsioTscs B EOM.

1.2. MOAESI IHOOPMALLIMHUX CUCTEM

in ingpopmayiiinoro pozymitumemo Gyab-saKy cucTeMy, sfka 3a
[OMOMOroK TEXHIYHUX 3ac00iB BUKOHYE OHY ab0 KinbKa TaKUX
GbyHKuiH, sk 36HpaHHA, IepeaBaHH, IEPETBOPEHHS, HAKOITHYEH-
Hs, 36epiraHHs Ta 06po6neHns indpopmaulii.

3a QyHKLIOHaNBHOI O3HAKOW iHGOpPMAaLiliHi CHCTEMH MOXHA
MOAUIMTH Ha: CHCTEMH ENIEKTPO3B’3KY; CHCTEMH Mepefiadi AaHuX;
iHpOpMaLiHHO-BUMIPIOBAJIbHI CHCTEMH; CHCTEMH MEPETBOPEHHS
iHpopmauii; 1H<bopmaumﬂo-nomyxom CHCTEMH; CHCTeMH 30epiraH-
Hs iH$OpMallii; aBTOMaTH30BaHi CHCTEMH YNPABJHHS; CHCTEMH
€KCIIEPUMEHTAIbHUX JOCIIIKEHD.

HaiinomupeHilMy B MOBCAKIAEHHOMY XHTTI € CUCTEMHU €JIEKT-
PO3B’A3Ky Ta Nepefayi JaHuX, sKi MOXHA 06’€IHATH Ha3BOIO Cuc-
mem nepedaui iudmpmauii' (CIII). SIx nmpuknaa po3riasHeMO p060Ty
OJHOKaHAJIbHOI CHCTEMH Nepeaayi JaHUX, CTPYKTYPHY CXeMY SKOL
I nepegavi u-ubopMauu B OJHOMY HanpsMKy 306paxeHo Ha
puc. 1.1. Tyt ,ZIH 1 OIT — anosmuo JUKEpEIIo i OJEpXyBaY Mo-
Binomsenus; /7, i [T, — BiANOBIAHO BXiAHMIA Ta BUXiIHHUIT Mepe-
TBOpIOoBaui; K1, K2-Konepn HAK1, JK2 — nexonepu; M — mony-
nsarTop; AM — nemonynsarop.

Jlinis 36’3y — 1€ hi3uuHe CepeOBHUIIE, B AKOMY MOLIHPIOIOTh-
Csl CUTHAJIH.

Kananom 36’a3xy Ha3UBAETHCS CYKYMHICTh TEXHIYHUX 3aCO0IB, 1110
3abe3nevye nepenavy rnoBiJOMIIEHb Bill [Kepena N0 OAEpXKyBada
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Puc. 1.1

110 oMMl NiHil 383Ky HE3aJIeXHO Bif Nepenadi NOBiIOMIEHHS Bil
{HIIMX JKepen [0 IHIIKX OePXKyBaviB.

CykynHicTb JiHii 38’13Ky, MORYJIATOPA Ta IEMOAYIATOPA (npu-
CTpPOIB EPETBOPEHHS CUTHAIIB) YTBOPIOE HenepepeHuti KaHai nepe-
padi indopmanil, a AKILO KO Hi€l CYKYMHOCTI JOAATH e KOAEP 1 e-
KOJep, TO MCTAHEMO OuckpemHuil KaHan Liei nepeayi.

MonyasaTop i 1eMOayIaTop, KOHCTPYKTHBHO 06’caHaHI B OTHOMY
61011, HAa3UBAIOTHCH MOOEMOM, 3 KOHCTPYKTHBHE 00’ €HAHHS KO-
Jepa Ta IeKOAepa — KOOeKOM.

Hexait mxepeno nosinomiens JI7 32 JOMOMOTOI0 BXIIHOTO Iie-
persoproBaya I, CTBOPIOE BUNAIKOBY JHCKPETHY [IOCTTIAOBHICTh
CHTHANIB {x;}, KA IONAETBCA Ha KOIyBaJIbHU#T NPUCTPIA KoAepa
K1, npu3Ha4eHOro IS MEPEeTBOPEHHS MEPBHHHOI NOCIAOBHOCTI
CHMTHaNiB {X;} Ha IOCHiAOBHICTb {x,;} (AMB. puC. 1.1). Lle neperBo-
peHHs HeoOximHe s 6imbil epeKTUBHOrO BUKOPHUCTAHHS JIiHil 3B’513-
Ky, 3 TAKOX JUISl IEPETBOPEHHS AUCKPETHOI NOCTiIOBHOCTI CUTHAIIiB
oIHOTO aNiaBiTy Ha TUCKPETHY NMOCIIAOBHICTD iHIIOTO angasiTy.

Jani mocnifoBHICTs CHrHATIB {X,;} kKonepoM K2 nepeTBOPIOETD-
Csl Ha JMCKDPETHY BHIIA/KOBY [OCTiHOBHICTb CUTHATIB {X, ,;}. Kozmep
K2 BrKOHYE BYHKIIiI IPUCTPOIO 3aXHCTY iHdopMawii Bill TOMHUIIOK,
KoAylouy KoM6iHalii IEPBHHHOTO KOMY KOPEKTYBaIbHUM KOIIOM,
SKHit BUSABJISE T4 BUMNPABIIAE OMUMIKHM, IO JAa€ 3MOTY 3MCHIIMTH
BIUIMB 3aBaj i CIOTBOPEHb Ha iHGOpMallilo, AKa Nepefa€cThCs.
Y CBOIO 4epry, MOCHIIOBHICTb CHTHAMIB {X, ,;} Micns ix MORymsuii
B MOJYJIATOPI M TNEepeTBOPIOETHCS HA BHUNAAKOBY MOCHIIOBHICTD
curHaiiB {y, ,;}, 110 ONHO3HAYHO BiImoBifae mocmiaoBHOCTI {x, ,;}.
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in cnocobom nepedaui cuznanie po3yMitoTs CyKymHicTh onepaiit
1IePETBOPEHHS TIOBIIOMIIEHHS HA CUTHAII [5], Ky MOXHA ITOJaTH TaK:

Wi (0} = Ay 53 = A A Ax} (1.1)

Ae Ay, — omepatop crnocoby nepenayi curxanis; A, — oneparop
ix Mouymxun A, — onepatop KONYBaHHS CHTHAJIIB.

CurHanm npn nepeaadi 1o JiHii 38’43Ky 3aracaroTh, MiAAAI0YHCh
Oii 3aBap i CNOTBOPEHD, IO CHIPUYMHIOE 3HAYHI BIAXHIIEHHS MIOCIi-
JOBHOCTI CUTHAJIB HA BXOXi npuiimMaya {4 (6)} Bim nepenaHoi B
NHII0 TTOCIITOBHOCT] CUTHAIIB { Y5 (D}, TOBTO

Unai (O = A0 (0} = A, {33}, (1.2)

oe A, — oriepaTop JiHIT 3B’ A3KYy.

SIKIWO B AiHii € aJIMTHBHA 3aBaJa Y BUIIIAAI BUMIAJKOBOIO MpO-
uecy o (), To Ha BXOJi NpHiiMaya JiSTUME HENEpePBHHUIt BUMTAKO-
BUii mpoliec

Vi) = pa (O} + 0 (0. (1.3)

Y npuitmMadyi micas NigCHIeHHs CUTHAIIB, sike HeobXifHe 11 KOM-
neHcauii 3aracaHHs iX y JiHil 3B’;131<y, CUTHAJTU IEMOIYJIIOIOTHCA B
ILCMOIlyJ'lSITOpl M. Ha Buxoni 0CTaHHLOIO YTBOPIOETBCA IUCKPET-
Ha OCTIAOBHICTb CHrHaiB {)’, (1)}, K& Md€ BIOMOBIAATH MOCTIAO-
BHOCTI curHanis {y, . (#)} Ha Buxoxmi MmogynaTopa M. L[boro ox-
Hax, MOXe H He 6yTH Yepes il 3aBaj i CIIOTBOPEHb Y JIiHil Ta TOXH6-
KH NEPETBOPEHb CHIHAJIB Y MOAYJIATOPI Ta nemonynmopi. Micns
JIEKOYBaHHS CUTHATIB Aexonxepom JK2 nocninoBHicts {y’; .} ne-
PETBOPIOETBCA Ha MOCHINOBHICTb KOXOBUX KOMOGiHawi# curHamnis
{x’y;}, AKa Mae BIOMOBILATH MepemaHil MOCTIAOBHOCTI CHrHATIB
{x,;}- s mocnimoBHICTh 3a5exaTume Bifg BJIACTHBOCTEH JIiHii 3B’3-
Ky, C1oco0y NMpUMMaHHA CUTHANIB i KOPEKTYBAJIBHOIO KOy, ILO
BHUKOPHCTOBYETBCS JJId 1X Nepenaui.

Iicns nexonepa JKI, sxuit nepeTsopioe nocninoxmicrb CUTHa-
niB {x',;} Ha nocmnowlcn {x";}, AMCKpeTHA MOCITIAOBHICTh CUTHA-
JiB nojaeTses (B pasi H€O6X1)1HOCT1 NEPETBOPEHHS NUCKPETHHX
CHTHaJIiB Ha HerepepBHY GOpMY) HA BUXiAHHMI nepersoprobay I7,
3 BUXOZly SIKOI'0 BOHA CIIPSMOBYETHCS 0 OAEPKYBaya OBIAOMIIEH-
Ha OII.

CykynHicTh onepalliii epeTBOPEHHs CHIHAJIB Ha TOBiIOMIICHHS
HA3MBAETHCA CNOCOBOM iX NputiManHs, SKMM MOXKHA Bilo6Pa3UTH TaK:

X3 = A D (0] = A [0 (O} + 0 (1), (1.4)

ae A = AHMAHK onepaTop croco6y MpHitMaHHs CUrHAIiB; A

onepaTop ix memomynsuii; A, — onepaTop AeKONyBaHHS CHrHAIB.
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3 ypaxysansam (1.1) i (1.4) npouec nepenaBaHHs AUCKPETHOI
indopmauii MOXHA MOJATH Y BUIIISLAL

) = Ay A IAAA, {5} + 0 (). O s)

3aBoaHHs, ke HeoOXigHO BupimuTH npu nodynosi CIII, nons-
rae B ToMy, 106 OicTaTH NOCMIIOBHICTb CHTHANIB {x’;}, AKa Haii-
MEHIIE BiIPi3HAETHCS Bill IEpEAaHOi MOCTAOBHOCTI CHTHATIB {X;},
1 3a6e3neYnTH 1pH UbOMY Bncoxi TEXHIKO- exonomiqﬂi NOKA3HUKH
HATHY BapTicTs Towo. [Tpu no6ynosi CIII, ﬂl( NpaBuUo, 3a11a}on>ca'
aHcaMOJieM [OBIXOMIICHD [DKEpesia Ta IapaMeTpaMHu JliHii (KaHaiy)
3B’SI3KY.

OnnuM 3 OCHOBHUX 3aBAaHb npH mpoexktyBahHi CIII € Bu-
6ip cioco0y nepenaBaHHs iHGOpMaiii, BiX SKOro 3HAYHOIO MipOIO
3aJIeXATUMYTh DillleHHA 1[040 BUOOPY OKpeMHX BY3JB i GJIOKIB
CHCTEMHU.

V 6ararokanansuux CITI Ha BigMiHy Bl OZHOKaHAIBHOI 3a06e3-
NeuyeThCA OHOYACHA T2 B3AEMHO HE3ANEXHA Mepefiaua 1o onHii
3aranbHif iHii 10BiOMIIEHb Bij 6araTbox [kepen (BiANPaBHUKIB).
Cnpome}{y cTpykTypHY cxemy CIII 3 yacTOTHHM IOAIIOM CHUTHA-
JiB MOKa3aHO Ha puc. 1.2, ne YH a1 YH — BiIMOBIAHO YIIUIBHIO-
BaNbHi IPUCTPOI NepeaBaya Ta npymmaqa Pewura 61okiB 6araTo-
kaHanbHol CITI 3a npu3HayeHHSM He BIXPI3HAIOTHCA BiJ OJHOKA-
HaJIBHOI. 32 AONOMOTOI0 YIIUTBHIOBATIBHUX NIepeNaBajIbHUX i PHii-
MaJIbHUX MIPUCTPOIB PO3HOCATDH CIIEKTPH CHIHAJIIB, sIKi NepefaloThCs
Pi3HMMHK KaHallaMU, B Aiama3oHi YacTOT, IO BiABOAUTHECS B JIiHil
3B’3KY JUIs OpraHizauii 7 kaHasis nepenaui indbopmaunii. B uinomy
NpOoLIEC MATEMATHYHOTO ONHKCY TAKOI CUCTEMH He BIIPI3HAECTHCA Bift
aHaJIoriyHoro onucy ogsHokanansHoi CITL.

1.3. MATEMATU4HI MOZEJTI KAHAJTY 3B*A3KY

Bin BUGOpY KaHay 38’A3KY 3a1€XKUTh HE TUIbKH KIIbKICTh iHdop-
Mauii, Ky MOXHaA NepefaTH Bill nepeaBaya 0 OAepXyBaua Io-
BiZIOMJIEHb, & i LIBUAKICTH nepenadi inpopmauii Ta ii BiporixHicTs.

VY TO# e yac TOUHUH MaTeMaTHYHMIE ONTUC OYIb-IKOTO peabHO-
ro KaHajy 3B’A3Ky JOCHTb CknaaHui. ToMy Ha MpakTHULi, K IpaBH-
J10, KOPUCTYIOTECS O17IbII CIIPOLICHUMH MaTeMaTHUHHMHU MOJIETISIMH,
AKi Aa10Th 3MOTY BU3HAYUTH OCHOBHI 3aKOHOMIPHOCTI kaHamis. [Tpu
noGymoBi TAKHX MOJIesIeil BpaXxOBYIOTHCH HAMCYTTEBIL OCOOIMBOCTI
KaHaJly 3B°A3KY 1 BIAKHIAIOTECS APYrOPsSAH1 YNHHHUKH, IO Maixe
He BIUIMBAIOTDH Ha SIKICTh 3B’S3KY.

Po3pi3HAIOTE MaTeMAaTHUYHI MOAENI HENEPEPBHUX 1 TUCKPETHUX
kaHamis 38’s13ky [10, 11, 33]. Po3rnsHemMo 61 AETANBHO NEPILY
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IPYIy UMX MOJEJIeH, 3a3HAYUBIIY, [0 HA BXil HEMEPEPBHOTO Ka-
HaJIy MOXYTb HaIXOAMTH Oyab-siKi CHTHAIH 3i CIIEKTPOM, SIKHIi Je-
XUTh Y MOBHIM CMY3i YacCTOT 1 XapaKTEPU3YETHCSI OOMEXEHOIO Ce-
penHbO0 ab0 MIKOBOIO MOTYXKHICTIO.

Ioeanvhuii kanan 36’sa3xy 6e3 3a6a0 — 1ie NiHIHHE KOO 3i CTAJIOI0
(dyHKIi€I0 nepenadyi, 1o 3BHYANHO 30CepekeHa B OOMeXeHii cMy-
31 4aCTOT, A€ 3aBaJu OyAb-1KOro BUAY BiACyTHi. BuximHuit cursan
P 3aJaHOMY BXiTHOMY OyJie JeTepMiHOBAHHM.

L{s Momens xaHay 3B’A3KY YaCTillle 3aCTOCOBYETBCS AJISL ONUCY
KabelbHUX KaHamiB AyKe KOPOTKOI JOBXHHH, ¢ HasABHICTh ajH-
THUBHHX 3aBaJl ILl€ HE BiAYyBAETHCA.

Kanan 36’s3ky 3 adumuenum 2ayccoeum wymom — L€ KaHAT 3
«Binum» abo «xBa3iGinum» (3 PIBHOMIPHOI CNEKTPATBHOIO IIiNb-
HICTIO B CMY3i CIIEKTpa CHTHAIY) IUYMOM, Y SKOMY KoedillieHT I1e-
penaui Ta yac 3aTPUMKH CHTHAJIB He 3ajieXaTh Bill yacy # € Bino-
MIMH JETEPMIHOBAHHMMH BEIMYMHAMM. BUXigHMH CUTHAJ Takoro
KaHaJly BUBHAYA€THCA BUPA30OM

z(O=k,s(t—T) +w(D), (1.6)

ne s (t) — BXigHM# curHan; k, — xoedilieHT nepegayi; T — yac
3aTPUMKU CUTHAIY B KaHali; w (f) — rayccoBMil aIJUTUBHHH LUYM 3
HYJILOBHM MaTEMATHYHHUM CITOJIiBAHHSM i 3aJaHOI0 KOPEJLiifHOI0
dyHKUIEO. ;

SIK1Io 3MiHMTH MOYAaTOK Bi[JTIKY 4Yacy Ha BUXOJi KaHaJly, TO 3a-
Mi3HEHHS T CHCHATY MOXKHA He BpPaXOBYBATH,

Mogens (1.6) 3aCTOCOBYETBHCS AJIs ONIUCY PeaibHUX NPOBOJOBHX
KaHaJliB 3B 3Ky i OMHONPOMEHEBUX pallioKaHaliB 6e3 3aBMUPaHb
Ha METPOBHMX XBWIISIX JUIS 3B’I3KY B MeXax NIpPSIMOi BUAUMOCTI, a
TAKOX paiioKaHaJIiB 3 IOBUIbHUMH 3aBMUPAHHAMH, IS IKHX MOX-
Ha HaJiiHO nepeNbaunTH 3HAUEHHS k| Ta T.

Kanan 3 nHesusznauenoro ¢pazoro cuznany — 11e KaHai, sKU| BiJIpis-
HSAETHCA Bill ONIEPEIHBOrO THM, L0 B HHOMY 3alli3HEHHS T € BUIIA-
KOBOIO BEJIHYUHOI0. BHXITHUIA CUTHAN TAKOTO KaHAJTy BU3HAYA€ThCH
BHPa30OM

z (t‘) =k, [s (1) cos O+ 5(¢) sin 6,] + w (£), (1.7)

e 5 () — nepersopenns I'ins6epTta Bia s (¢); 0, = WyT— BUNAAKOBA
noyartkosa (aza, IpHYOMY PO3IOILI IMOBIpHOCTEH O, HaHyacrille
3a1a€THCA PIBHOMIPHHUM B 1HTepBami Big 0 10 27.

Mogens (1.7) BUKOPHCTOBYETHCS AJIs OIMCY THX CAMUX KaHAJIIB
3B’A3KY, O i MonepenHs, AKIO (pa3a CHrHAILY B HUX 3MIHIOETBCS.
s dnykryanis Ga3u nosiCHIOETHCS HE3HAYHHMH 3MIHAMU JOBXH-
HM KaHaiy, $¢a30BoI0 HeCTaGUIBHICTIO reHepaTOpiB HOCIHHOT vac-
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TOTH, & TAKOXX HE3HAYHMMH 3MIHAMH BJIACTUBOCTEH CEPENOBHINA,
4epe3 sIKe NepeacThCsl CUrHA. ,

Oononpomenesuii 2ayccoguii Kanan i3 3araibHUMH 3aBMUPAHHSA-
MH (GIIyKTyanissiM{ aMIUNTYZ i (a3 CMrHajly) TAKOX OINHMCYEThCS
Bupa3oM (1.7), ane TyT, KpiM 3ani3HEHHs T, BUMAAKOBHMH BBaXKa-
IOTBCS TAKOX KoedilienT nepenayi k, Ta ¢asa 0,, TobTo Bunaako-
BMMH € KBaJpaTypPHI KOMIIOHEHTH

X=k,cos0,; Y=k sin@,.

Tomi, AKIIO BpaxyBaTy 3MiHy KBaPATYPHHX KOMIIOHEHTIB X(¢)
i Y(¢) B yaci, BUXiIHH} CUIHAJI KAHAIY BU3HAYMTELCS BUPA3OM

z@=XOsO+YOFO+w@)=

1.8
=k, (8) [s (¢) cos B8, (1)+ s (2) sin B, (2)] + w (2). (18)

Poznonin xoediuienta nepenadi &, () Moxe 6yTH peneeBCbKUM
abo y3aranpHeHUM pesneeBcbkuM [10, 33]. 3BigcH noxoaars i Biamo-
BiIHI Ha3BM KaHaNiB 3B’A3KY: 3 penececokumu abo 3 y3acarvrenumu
DENCEBCLKUMU 3aBMHUDPAHHSAMM.

Monens (1.8) Aocuts no6pe onmucye GLIBILICTL paKiOKaHATIB pi3-
HHUX XBHJIBOBHX JaINa30HiB i NPOBOJOBHX KAHAJIIB 3 BUNAAKOBUMH
Ta 3MIHHUMH [TapaMeTpaMHu. :

TI'ayccosuii bazamonpomeneguil kaHan 3 3ABMUPAHHAMM Ta aH-
TUBHHM [IYMOM (KaHaJ 3 MDKCUMBOJIBHO iHTepdEepEHIIEr0 Ta aau-
THBHHM LIYMOM) € KaHAJIOM, Y SKOMY CHTHAJIH Bif rnepefaBaya [0
npuiMaya NOIIMPIOIOTECA KUIBKOMA 1uIfXaMu (KaHaJaaMH), npu-
4YOMY TPUBAJICTb IPOXOJUKEHHS iX 1 KoedillieHTH nepeaadi KaHamis
€ HEOJHAKOBMMH Ta BUNAAKOBMMH. KpiM TOro, B Takux KaHamax
BHUIIAJKOBA IMITyBCHA peakuis G (¢, T) Bix yacy f He 3a1exuTh (abo
3MIHIOETBCS AYXKE MOBUILHO), TAK IO PO3CISTHHSA 32 YACTOTOIO ITPaK-
THYHO HE CIIOCTEPIra€ThC.

ITpuyHHOIO MiXXCHMBOJIBHOI iHTEpdepeHLil € PO3CiTHHSA CUTHa-
1y B Yaci NPy MPOXOKEHHI [0 KAHAILY, IO CIPHYHHIOETHCS FOIOB-
HHMM YHHOM HeJliHiiHiCTIO $a304acTOTHOI XapaKTEPUCTHUKY KaHaJy
a0 NOImMpPEeHHAM CHTHAMY KUIbKOMa LIIsIXaMH. B pa3i MiXCHMMBOJIb-
HOi iHTepdepeHLil Ha BUXO/i KaHAILY CHTHAJI, IKHH ONKCYETHCA BU-
pasom (1.8), nepopMyeThes TaK, 1O OAHOYACHO ITPUCYTHIMH € Bifi-
TYKH KaHaJy Ha YaCTMHH BXiAHOTO CHTHanNy, fKi MPUNanaloTh Ha
JOCHTH BifJlaNleHi MOMeHTH 4acy. IIpH nepenaui AMCKPETHHUX TO-
BIIOMJIEHb i€ 3BOAUTHCS A0 TOTO, LIO Mijl 4ac NpHHMaHHA OIHOTO
eneMeHTa (CHMBOJIY) Ha BXO1 MPUHMANIbHOIO MPHCTPOIO AIIOTH Ta-
KO3 BIATYKM Ha HONEPEHi, a iHOAI i Ha OLbLI NI3Hi elEeMEHTH (CUM-
BOJIH), 5IKi € 3aBafiaMH i IPU3BOJATE A0 CIIOTBOPEHHS CUTHANY, 11O
NpUHMAETHCA. -
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BPIXiZ[HPIﬁ CHUTHAJI TAKOTO KaHaJly BU3HA4Ya€ThCA BUPA3OM

D (1.9)
cz(t)= s, -rTY+w(t)=s55(1)+ g, ; (1) +w(t),
r=-Q

e f‘, s,(t-rT )=g,; (1) — CHTHAJI MDKCUMBOJILHOI iHTepdepeH-

e
1ii, 3yMOBIEHHIt eTeMEHTAMH (CUMBOJIAMH ), K TIepelaHi 10 Ta Iics
CUTHAJy, IO aHa3yeThes; w (f) — aQWTHBHME IIYM y KaHai;
5o (£) — curnay, o6yMOBIICHHH €IEMEHTOM (CMMBOJIOM), SKHH aHa-
T3YETHCA.

Mogens (1.9) 3acToCOBYEThCA AJIs OMUCY pagioKaHaiB 3 bara-
TONPOMEHEBUM NOLIMPEHHSIM CHTHANIB, 4 TAKOX MPOBOJOBUX Ka-
HaJiB 3HaYHOI NOBXHHHU, A€ BIAYYBAa€ThCA BIUIMB (Pa3049acTOTHMX
CIIOTBOPEHB 1X.

Moneai auckperHoro kanaay. [Ipu no6ynoBi Moaenei IMCKpeT-
HMX KaHaJliB Tpeba BpaxoByBaTH, NO-MIEPILE, TE, IO [t HUX BXiIHH-
MM Ta BUXIZIHUMH CHTHAJIAMH € IIOCTiJOBHOCTI KOAOBHX €JIEeMEHTIB
(CHMBOJ‘I]B) i, mo-apyre, Te, WO posnomn YMOBHHX lMOBIpHOCTCH
BUXIJHOTO CHTHAJly 3aJI©XHMTh Bijl 33aHOI0 BXIJHOIO PO3MOALNY.
Tomy A BU3BHAYEHHS BXIZHHX CHTHAJIIB JOCUTh YKa3aTH KiJIbKICTh
¢ pi3HUX CUMBOIILB (andasiT a60 OCHOBY KOAY), a TAKOX JOBXHUHY
T KOXHOTO CUMBOJTY. SIKINO 3HaueHHs T BBaXaTH OfHAKOBUMM IJIs
BCiX CUMBOJIIB, TO BeJIMYMHA v = |/ T BH3HAYaTHME KIJTBKICTH CHMBO-
J1iB, SIKi HEPEAAIOTHCSA 32 OJMHUIO Yacy. L1 BenuunHa Ha3MBa€eThCS
MeXHINHOI0 WeUoKicmio nepedayi (WBUAKICTIO MOIYJISALIT CUTHANIB)
[33] 1 BupaxkaeTbes B 6oaax.

Hexaii cm{xponiaauia B KaHaJli i/leasibHa 1 KOXKHUI CHMBOJI, IO
TIOJA€THCS Ha HOTO BXiJl, 3yMOBJIIOE IOSBY OAHOIO BHXITHOTO CHM-
BOJIy, TOGTO TeXHi4YHa MIBMAKICTH lepeayi Ha BXO/l Ta BUXOMi KaHa-
ny oqHakoBa. OTxe, BCI BXi/IHI T2 BUX1AHI HOCIIIIOBHOCTI (BEKTOPH)
3aBIOBXKH 1, KUTBKICTh SIKHUX HOPIBHIOE ¢", yTBOPIOIOTH KiHLEBHH
¢"-BUMIpHUI BEKTOPHHH NPOCTIp.

st OLIHKY MPaBUIIBHOCTI IPHHHATOT NOCTiJOBHOCTI CHMBOJIIB
BHU3HAYAIOTh PI3HUIIO MIX MPUAHATOIO T4 NepeJaHOI0 MOCIiI0B-
HOCTSIMH TIOPO3PAIHUM BiIHIMaHHAM iX 3a MoayieM q. IIpu upomy
AICTAIOTh 6eKMOP NOMUAKYU. 3 IbOTO BUIUIMBAE, IO HPOXOMKEHHA
JUCKPETHOrO CHrHaMy 4epe3 KaHal MOXHA pO3IVIAAATH K AoHa-
BaHHS BXiJIHOTO BEKTOPa 3 BEKTOPOM NOMMJIKH, TOOTO OCTaHHIH B
JUCKPETHOMY KaHajli Bilirpa€ Taky caMy poJib, SIK 3aBajia B Herle-
PEepBHOMY KaHaJIi,

TakuM YMHOM, 17151 6yAb-s1KOT MOZENI AUCKPETHOrO KAHATY MOXK-

Ha 3aIucaTi m:-f_
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ne A i A — punanKosi NOCHIMOBHOCTI /' CHMBOJIB Ha BXOMi T2
BUXOMi KaHanmy; E™ — BHIIANKOBHIA BEKTOD NOMHIIKH, SKUH Y 3a-
TajlbHOMY BHIAIKy 3aJNeXHUTh Bix A",

Binomi Mozeni IMCKPETHUX KaHATIB Pi3HATBCS PO3MOMINOM iMO-
BipHOCTeit BekTopa E™. Po3riisneMo aesiki 3 HUX.

Cwuemputmuu Kanan b6e3 nam’smi — 1€ JUCKPETHHUH KaHaJ, y
SIKOMY HMOBIPHICTb IOMMJIKOBOTO NpUAMAaHHs CUMBOILY HE 3ale-
XKHTb Bl IEPENiCTOPIi, TOGTO BiZ TOrO, AKi CHMBOJIH MEpeaBaHCS
paHilue Ta IK BOHH Oy IpHHHATI. B TakoMy KaHani KOXHHUIA nepe-
IaHUH KOAOBHIt CHUMBOI MOXeE OyTH npm‘fmﬂmﬁ MTOMUJIKOBO 3 ik~
COBAHOIO MOBIPHICTIO p i PaBUIILHO 3 IMOBIPHICTIO 1 — p, NpHYOMY
B pa3i IOMMJIKH 3aMiCTh TEPEIAHOTO CUMBOITY @ MoXe 6yTH 3 0A-
HAKOBOIO HMOBIDHICTIO NPHUHATHIT OYXb-IKUH IHIIHA CUMBOI 3
andasiry q.

Takum 4YMHOM, IMOBIPHICTb TOTO, 110 6YB MPUIHATHH CUMBO d;
3aMICTb NEPEaHOTO CUMBOITY @;, MOXXHA BH3HAYMTH TaK:

pdla;)= {1’"11 mpu % J; (1.11)

npH i=].

IMOBipHICTE 6yIb-SKOrO n-BUMIPHOTO BEKTOPA MOMUIKH B Ta-
KOMY KaHaJli BA3Ha4a€ThCS BUPa30M

PEM)=[p/(g-DI(1-py, (1.12)

A€ V — KUIBKICTh HEHYJIbOBUX CUMBOJIIB Y BEKTOPI MOMMITKH (Bara
MOMUJIKH).

IMOBIpHICTh BUHMKHEHHS V Oy/Ib-IKHX MOMHUIIOK (i B 6yan-sK0-
My MOPSAIKY) y BEKTOPI 3aBIOBXKKH 7 MOXHA 3HANTH 32 GOpMYNOI0
Bepnymni

p(v)=C, (—q{—l)v(l—p)”"', | (1.13)

ne C; = n!/ V! (n - v)!] — 6inoMHuit xoednulem AKKH JOPIBHIOE
KiTbKOCT PI3HHX CITOY4eHb V NOMHUJIOK Y MOCIIIOBHOCTI 3 1 elie-
MEHTIB.

Mognens (1.13) we HasuBaeTbea binomuum kanarom. Bona Buxo-
PHCTOBYETHCS TOAI, KOIIH B HEMepPEPBHOMY KaHaJli, O BXOAUTH 110
CKJ1aZty IMCKPETHOTO, BifICYTHI 3aBMUPAHHS i € TiNIbKH aIMTHBHHUI
«Oinuii mym» (y KpaitHboMy paal — «KBa3161HHH»)

Cumempuunuii kanan 6e3 nam’ami 3i cmupanHamu BiIlpi3HSAETBCA
BiO TNOMEPEHBOrO TUIBKH BBECHHAM Y NOYATKOBY NOCHIXOBHICTh
CUMBOJIIB JI0JaTKOBOTO CHMBOILY, IO TO3HAYAETHCS 3HAKOM «7»,
KU BUKOPHCTOBYETBCS TOAI, KOJIM PO3B’A3YBAIBHA CXEMa JIEMO-
IyJIATOpA HE MOXE HaAIHHO PO3Mi3HATH mepeAaHuil CHMBONL. 3a-
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BJAKY BBEIEHHIO LIbOr0O JOJATKOBOTO €JIEMEHTA CTUPAaHHS JOcATa-
€TbCs 3HAYHE 3MEHILUEHHS IMOBIPHOCT1 TOMHJIKH.

Hecumempuunuii kanan 6e3 nam 'sami BIIPi3HAETHCA Bill CHMETPH-
YHOTO THM, 1110 IIOMMJIKM BHHHKAIOTh Y HbOMY HE3aJIeXHO OJHA BiJ
OMIHOI, ajie HMOBIPHICTD IX 3aJIEXKUTH BiJl TOr'O, IKUM CHMBOJ NEpe-
JaeThesa. Tak, nns aBilikoBoro (6iHapHOIrO) HECUMETPUUYHOIO Ka-
HaJy (q = 2) AMOBIpHICTb P(l/O) npuﬁMaHHx CHMBOIY «1» npu ne-
penadi CUMBOJY «0» He nopmmoe HMOBIpHOCTI P(O/ D) npunmaﬂﬂx
CHMBOITY «0» mpu nepenaui CHMBOJTY «1». ¥V uiit Mmomeni HMOBlp-
HICTBb BEKTOPA MIOMMIIKH 3aJIEKUTD Bill TOCIIXOBHOCTI CHMBOJIIB, SIKi
MepearThCs.

Map;czscz;xa Mo0entb € HAMIPOCTIIOK MOAEILTIO IHUCKPETHOTO
KaHaJIy 3 NaM’sATTO. VMIMOBipHICTH BUHUKHEHHS TOMMJIKH B L1iit MO-
IeNTl yTBOPIOE MPOCTE KOJIO MapkoBa, TOOTO 3aJ€XKUTH Bif TOTO,
NPaBUILHO YM IIOMWJIKOBO NPHIHATO ITONEpeJHii CUMBO, aJjie B
TO# e yac He 3aJIeXUTh Bill TOTO, IKMH CHMBOI nepeaaerses. Lis
MOJIENb 3aCTOCOBYETHCA TOII, KOJIH B HEMEPEPBHOMY KaHaJIi 3 rayc-
COBHMM IIYMOM BHKOPHCTOBYEThCS BilHOCHA (hazoBa Momysrsnis [33].

Kanan 3 adumuenum ouckpemuum wymom € y3arajbHEHOI MO-
JEIUTIO JUCKPETHHUX KaHaIIB, 1e HMOBIPHICTh BUHHKHEHHS BEKTOpa
nomunky E®) He 3a0exuTh Bijl IOCHINOBHOCTI CHMBOJIIB, SKi Iepe-
naroThes. [Ipu uboMy HMOBIpHICTE BHHUKHEHHS KOXXHOTO BEKTOpa
MIOMMJIKH BBa)XA€THCA 33[aHOIO 1 B3arajl He BH3HA4Ya€ThCSA HOro
Barow. Y 6araTb0X JIBOBEKTOPHMX KaHaJIaX 3 OOHAKOBOXO Barolo
6inbLI IMOBIPHHMM € TOH, B IKOMY IIPHUCYTHI Ta4yKH (IIAKETH) NOMU-
ok ab0 MOMMJIKM PO3TALIOBaHI OJIHKYE OIHA Bif OJHOI.

1.4. NPEOMET TEOPI IHOOPMALLIT
TA KOOYBAHHS

Teopis ingpopmayii — ue po3ai KibepHETHKH, B IKOMY 32 JOTIO-
MOTO0 MATEMATHYHHIX METOLIB BUBYAIOTBCS CIIOCOOH BUMIDIOBAHHSI
KinbkoCTi iHopMauii, o MicTUTBCS B 6YAb-IKHUX IIOBIJOMICHHSX,
CTI0CO6M KOAYBAHHS 1St €KOHOMIYHOTO ITOJaHHS NIOBIIOMIIEHb 1 Ha-
Oi#HOI mepeaadi iX MO KaHajlax 3B’A3Ky 3 3aBaJlaMH.

Kypc Teopii indopmanii 06’exHye Taki TEOPETHYHI HANIPAMH, K
KUIbKICHA OuiHKa iHGopMaLii, KoJAyBaHHS IOBIIOMIIEHB, iX CTHC-
HEHHs, OlliHKA eheKTUBHOCTI Ta 3aBaJOCTIHKOCTI mepegayi Kojxo-
BaHHX IOBIIOMIIEHD.

OnHuM 3 rOJIOBHMX 3aBIaHb Teopil inbopMauii € MaKCHUMalibHe
BHKOPHUCTAHHS TIOTEHLIMHMX MOXJIMBOCTEH KaHAIIiB 3B 13Ky Ha OC-
HOBi ONITHMMAJILHOT'O KOJYBaHHS [UKepesia MOBIIOMIEHHS Ta Horo
JANBLUIOro 3aBafocTiiikoro koaysanus. Lle 36iracTbcs 3 3aBIaHHAM
meopii KoOysaHHs — 3;106yTTxM e(beKTHBHHx aJITOPHUTMIB KOJlyBaH-
HA JUIS JoKepeJT OBIIOMIIEHb i epefiadi JaHUX IO KaHajlax 3B’ A3KY.
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Teopia indopmalii Ta KOAYBaHHA 32 CBOEIO MPUPOIOID TyXKe
6nu3bKa 0 MAaTEMATHYHMX JUCUHILTIH; TOMY K allapaT JOCHiIKEH-
HA B HI#f 32CTOCOBYIOTBCS TEOPis CKIHYEHHUX OB, JIiHilHA anre6-
pa, koMbiHaTOpHKa, TEOPisk MATPHUILb, TEOPis HIMOBipHOCTEH Ta Ma-
TeMaTUYHA CTATHCTHKA.

bes po3BuTKy Teopii indopMaLii Ta KOXyBaHHS i BIIpOBALKEHHA
il B JKMTTA NPaKTUYHO HEMOXJIMBO CTBOPEHHS CKIAJHMX CHCTEM
KepyBaHHs CyITyTHUKaMH 3eMJli T2 pAKETAMH, CHCTEM 1 MEPEX 3B’S13-
Ky Ta nepeiadi faHux, ckiagaux EOM i koMmutekcis Too.

3acBoeHHs MaTepiany Kypey Teopil indbopMauii Ta KORyBaHHS € He-
OOXIIHUM U151 JAJIBIIOTO OBOJIOAIHHS 3HAHHAMMU B Tajly3i 30MpaHHA,:
NepelaBaH s, IIEPETBOPEHHS, 06POBIICHHS, HAKONUYEHHS Ta 30epiraHHs
iHjpopMalii, TPoeKTYBaHHs Ta po3pobieHHs iHpopMaLIHIX CHCTEM i
3ac00iB aBTOMATUKH Ta iHbOpMaTHKH GYIb-1KOTO NPU3HAYECHHS.

' IHTepec o Teopi'i iHdopmMarii Ta KOQyBaHHS, a TAKOX JI0 TeXHi4-

CATIB NIOTOKIB 06MiHy iHpopMaui€ero. Lis TeHneHLis MPOCTiAKOBYETh-
Cfl B yCIX TaJTy3sX HAYKH Ta TexHiku. [IpoBaauTbes 6araTo JOCTiAKEHb
LWON0 po3pOOKH HOBHUX KJIACiB KOMIB, CNOCOGIB 3axucTy iH(opMaLii
BiJl HECAHKLIIOHOBAHHX BTPY4aHb y MOTOKM indopMallii, BEOCKOHa-
JIeHHA crocobiB 1 3acobiB ii KOMyBaHHS T4 JE€KO YBAHHS.

KOHTPOJIbHI SANTUTAHHS!

1. I{o Take nmoBinomieHHs?
2,V yoMy nosarae pisHHIA MiX JaHUMH, NTOBIIOMIIEHHAMH Ta iHpopMauicio?
3. o Take carunan?
4. SIxi 6yBaloTh CUrHANK?
5. SIxuMHU napaMeTpaMy XapaKTepHU3YIOTbCs CHrHamn?
6. SIx y3romuTH €MHICTH KaHany ta obcar curnamny?
7. UM XapaKTepH3YIOThCS HENEPePBHi Ta AUCKPETHI MOBIAOMIIEHHS?
8. SIki ocHOBHI B3/ cHcTeM nepenauyi indopmauii Ta ke MPU3HAYEHHS iX?
9. Ilo Taxe niHif Ta KaHai 3B’13KYy?
10. Y yomy nondrae pisHuLs MiX JIHI€I0 Ta KAHAIOM 3B’3Ky?
11.'Y YoMy nonsraioTh onepauii nepeTBOPeHHs CHIHANY Ha MOBIIOMJIEHHSA
npu nepeuaql 1H¢opmaun"
12. SIxi BimMiHHOCTI GaraTokaHambHOI CHCTEMH Tepenaui iHdopmaii Big
OIHOKaHAaNbHOI?
13. Sxi 6yBaloTh MaTeMaTH4HI MOJEI KaHAIB 3B’83KY?
14. I1Jo Taxke ineanbHuit KaHan 38’3Ky 6¢€3 3aBan?
15.V oMy nonsrae 0oco6auBiCTh kKaHaITy 3B’93Ky 3 AAUTHBHUM IayCCOBUM
myMom?
16. SIxa pi3HHLA MiXX OOHO- Ta GaraTONPOMEeHEBUM KaHanaMH 3B’ A3Ky?
17. SIxi 0cO6MBOCTI KaHaly 3B’3Ky 3 HEBU3HAUYEHOIO (a30k0 CHrHamy?
18. SIxi BigMiHHOCTI MiX% CHMETPHYHAM 1| HECUMETPHYHUM KaHaNaMH 38’ A3Ky?
19. llo Take cumeTpuqHun KaHaJj 3B’43Ky 6e3 nam’ari?
20. SIxi MaTeMaTHYHI MOAEN] AMCKPETHUX KAHAIIB 3B’ 43Ky 32CTOCOBYIOTHCS
IPHU MOZENIOBAHHI pealbHUX KaHaiB?
21. o BuByaeThest B gucuumini «Teopis iHpopmanii Ta KogyBaHHA»?



KITbKICHI
XAPAKTEPUCTUKMA

vosun (L IHOOPMALLI

Obzosoprorouu KitbKicHI Xapakmepucmuku 6y0b-aK020 00CAOHCYBAHO20
006 '€Kma, mMarms Ha y8a3si HACAMNEPEO MONCIUGICING | BMIHHA GUMIPIOSAMU
my uu inwy xapaxmepucmuky. Lls moxcaugicme eusnauaemsca 0ocmynHic-
mio 06°exma ma HAABHICHIIO BUMIDIOBANLHO20 NPUCPOIO, 4 BMIHHS — HASG~
HICHII0 MA 3HAHHAM KiNbKICHOT Mipu | npoyedyp wu Memooux ii 3acmocyeamHs.

3sicno, eubip mipu € axmom doginsium. Modscha eubpamu 3a2aibHo-
npUtiHAMY MIpY, CKAXCIMO, Memp 0N BUMIDIOBAHHA O0BHCUHU 0€SIK020 06 ‘€K~
ma. A modicna subpamu i wocy iHwe, AK Yy 8I00MOMY MYAbMUNIIKAYITHOMY
pinvai, Oe 2epoi sumiprosanu doexcury yoasa 6 nanyzax, dicmagwu 38 nanye.

Y meopit inghopmayii nopad 3 inwumu eupiuyiomscs RUMAHHS GUMIDIO-
sanns kinvkocmi ingopmayii. IIpu yvomy nompebyiome 6020 8UIHAYEHHA
00 'exmu 00Cni0NHCEHH — OxHcepena nogidoMaeHs i MoOeni iX, 30Kpema ancam-
621i nogidomnens. Huoicue onucyromecs ocobausocmi 0sicepen nogiodomuers,
daemyca oyinka Kinbkocmi ingopmayii 8 noezdo/wzemuu HABOOAMbBCA 614
cmugocmi enmponii ma ii piznosudu.

2.1. AHCAMBJ1I TA JDKEPEJIA NOBIAOMJIEHD

MarepiaibHOMY CBITOBI, 1110 OTOYYE JIIOANHY, NpUTaMaHHa 6e3-
Ji4 pi3nyHUX sBuLl, 6araTo 3 AKUX 3MIHIOIOTHCA B Yaci, MAalOUH
dbopMy bi3HYHHX NIPOLIECIB, TOOTO TAKUX ABHIL, (i3HYHI TOKA3HU-
KM SIKHX HE € MUTTEBMMHU, & PO3NOALIEHUMH B 4aCl, K1 MOXKHA CIIO-
CTepiraTH KOXHOI MHUTI.

Byne-sixuii MatepiaabHuil 06’€KT pa3oM i3 criocrepirayeM yTBo-
PIOE CUCTEMY, KA HA3UBAETBCA Oxcepenom nosioomnens [15,44). Ha
pHc. 2.1 306paxxeHO cxeMy CHCTeMHM. B3a€MO3B’I3aHHX O0’€KTIB i
crocrepirauis, BKIaJeHHX OJHE B OJHE, CTOCOBHO lepeaayi Bigo-
MocTeit npo neBHUi hisuuHui 06’°€KT NeBHOMY oiepXyBauesi. s
KOKHOI CTPIJIKM Ha pucC. 2.1 yacTHHa CUCTeMHU, pO3MillieHa MBOpYY,
MOXe PO3IIISAATHCSA, K CIIOCTEPEXYBaHUH 06’€KT, 2 pO3TalIoBa-
Ha NpaBoOpyY — AK cnocreplraq HpPI LHbOMY HEC Ma€ 3HAYCHHSA l'IpI/I-
poaa cnocreplraqa YH L€ JIFOAHUHA, Y Lie SIKHICh l'IpI/U]aIl I/IOI‘O
T'OJIOBHC 3aBAdHHA ITOJIAra€ B HepGTBOpCHHI BILIOMOCTCPI npo CTaH

21



| 1
{ | B
e _: (I
e - -
by ! : to
Lt | E| diwanai Crotepiras | | @182-.ac | Kkaman abo |11 1
11}y ]| npouec > cnocrepiras 8 1m R
| a€A 1
NN K |- i P U
b 1]
e ! o
T ) ﬂxepenoA Yl
P [ U DOxepeno B : ar
IR et et 1]
x L
| (!
bt 1
P by, by,....b, Opepxysay C ']
cnocrepiray C,
H beB ¢ piras C) b
1 Axepeno C i
U SN O N Jd i
I ceC |
I |
] Cnocrepiray !
| D —> |
] |
1 |
U |
Puc. 2.1

CIIOCTEPEXYBAHOTO 06°€kTa Ha GOPMY, 3pYUHY AN IPHHHSATTS iH-
LIMMH JTIOAMHOIO 00 MpUIaioM.

Cran MaTepianbHOro 06’ekta, a OTXKe, 1 Horo QizuyHi noxasuu-
KM MOXYTh HaOyBaTH 3HAYEHHS 3 MEBHOrO AMCKPETHOIO Habopy
3Ha4eHb. J[Kepeno MoBiIOMIIEHS 3 TAKUM 06 €KTOM € QUCKDEMHUM.
SIKIO CTaH MaTtepiajgbHOro 06’eKkTa, BIAOHTHI y Horo ¢isuyHux
NMOKa3HMKaX, HabyBa€ 3HAYCHHS 3 HECKIHYEHHOI MHOXHHH MOXKJIH-
BHX 3Ha4€Hb, TO TAKE JKEPEJIO NIOBIIOMIIEHD € Henepepsrum. [puH-
UHMIIOBO BOHO MOJe 6YTH 3BeZIeHE IO AUCKPETHOT 0, AKLIO IPUAHATH
JOMYCTUMHH piBEHb NOXUOKH Ta 32 Ii JOIIOMOrOX0 3 HECKIHYEHHOL
MHOXHHM MOXJIMBHX 3Ha4€Hb NMOBIXOMIIEHb BUODATH NEBHHUIA
IUCKpeTHUH Habip. Came TyT y HaABHOCTI MOXMOKHM Ta ii AOMYCTH-
MOMY PiBHI KPHETHCS IIPHHLIMIIOBA PI3HULS MiX TUCKPETHMM i He-
NIEPEPBHUM JDKEPENaMH NOBLIOMIIEHD. JJOKNaiHIlIE 11e TUTaHHS PO3-
IJISA€THCA B PO3A. 4.

SKo mix yac AeIKOro HYacOBOTO MPOMDKKY IHCKPETHUM JDKe-
penoM BMOpaHO Hesike MOBIXOMIEHHS a;, SIKE HisIK HE 3yMOBJIEHE
NIOBIIOMJIEHHSM q;_,, BAGpaHUM y nonepemun HpOMl)KOK yacy, To
TaKe JUKEPENIO € QUCKDEeMHUM doicepeﬂom be3 nam’smi.

SIKHIO B IEIKOMY YaCOBOMY IIPOMDKKY JHUCKPETHHM JXKEPEIOM
BHODPaHO NOBIOMIIEHHS @, TIOB’I3aHe 3 NONEPeHIM NOBIIOMIIEH-
HAM @;_; i CTATHCTHYHO 3YMOBJICHE HUM, TO TaKe [DKEPESIO Ha3UBa-
€THCS OUCKPEMHUM OHCEPENOM (3 NaM AMMIO.
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KpiM AUCKPETHHX, MOXYTh OyTH TaKOX Henepepeni dxcepena
nosidomaens i3 nam ‘smmio Ta 6e3 nam 'ami (aus. . 4.4). Iepeniyenu-
MH TYT TUTIAMU HE BUYEPIYIOTHCA BCi BIIOMI Jkepena MOoBIIOMIIEHb.
CreundiuHi mKepena noBiIOMIEHb, B IKMX BPAXOBAHO CTATUCTHY-
Hi sKocTi Qi3MYHMX MapaMeTpiB, pO3rIAAanoThes B [3, 35, 44].

SIKLIO KOXHOTO IIPOMIXKKY 4YaCy AUCKpPETHE JAXepelo IOBiIOM-
neHs BUOMpae ooHe 3 K MOXJIMBHX TIOBIXOMIICHE 4, 4y, ..., dy, TO
KaxyTh, WO 4 = {a,, ..., @;} € TUCKPETHOIO MHOXHMHOIO NIOBIIOM-
neHb, a60 MPOCTO MHOXHMHOIO NOBiZOMIEHD A. SK mpasuio, s
MOBHILIOTO ONKUCY JUKepeiia MOBIAOMIIEHb HA MHOXHHI 4 BU3HA4a-
10Tb 11 ﬁMOBipHiCHy Mipy, TO6TO 3 KOXHHMM IOMCKPETHHUM ITOBIIOM-
JNIEHHSAM @; TIOB’A3YI0Th HMOBIPHICTE p; Hioro BubOpY IkepesnoMm.

Taxkum ‘{HHOM MHOXUHI A = {a,, ..., a;} 3ICTABNIAETLCSA HMOBIPHICHA
Mipa y BUIJISii MHOXHHM P, = {Pv .o» Dy}, Ha SIKY HaKJIaIEHO OOMe-
k

XeHHsl y BUDIsmi Y, p; =1.

JBi MHOXXHHU A lTa P naoTh JOCTATHBO NOBHUH OIMC AUCKPET-
HOTO JKepea MOBiIOMIIEHD y BUIIIsAL floro iiMOBipHICHOI Mozer,
a TOMy pa3oM BOHH YTBOPIOIOTb aHCAMOJIb NOBIIOMIIEHb AUCKPET-
Horo mxepena. Lle o3Hauae, 10 KOXKHOIO IPOMIXKKY 4acy AUCKPET-
HUM JKEPENIOM BUOMPAETHCS NEBHE MOBIIOMIIEHHS a; € A 3 IMOBIp-
HicTio p(a;) = p;€ P. HaBenexe Buiie oOMexeHHs € MPHPOJHOIO
YMOBOIO BKJIIOYEHHS 0 CKIIady MHOXHHU A IIOBHOI TPYIH nomn
SKMMU BUCTYMAIOTh QUCKpeTHI MoBimoMneHHs. LIg sBumora 3’aBJis-
€TBCS TYT TOMY, L0 Hajali Tpeba CKOPUCTATHCA anapaToM MaTe-
MaTHYHOI CTaTUCTHUKH, 3BiLlKH H MOXOIUTH LieH TCpMiH Ile J1a€ 3MOTY
BpaXyBaTH IIpHU posrnsai Bei o6rosoprosam TIOi-[IOBIAOMJICHHA.
3a CBOIM pO3CYIOM MOXKHA 3MIHMTH CKJIaJl MOXJIMBHUX [IOBLIOM/IEHB
B A, aJjie CITiI IPOHOPMyYBATH iX AMOBIPHOCTI TaK, 1106 CyMa HMOBIp-
HOCTei JOPiBHIOBaJIA OJXUHHMILL.

2.2. KINbKICHA MIPA IHOOPMALIII

Posrnsisemo noxajHile AesKi BJIACTUBOCTi JUCKPETHOTO JXKe-
pe’ia NoBiLIOMIJIEHb Ta MoJeli #oro aHcamOIIo.

Hexait aMcKpeTHe [KEPENO MOBIIOMIIEHb CKIIAIAEThCA 3 JIIOAH-
HH-CHIOCTepiraya Ta Takoro ¢isuyHOro mpoiecy, sk kojip Heba.
SIKWO SCKPaBOro 6€3XMapHOTO HA B IIEBHY MUTb TAKHM JUKEPENIOM
BHOPAHO MOBIIOMJIEHHS CHHIi», TO HiIKMX HOBUX BITOMOCTEH 10
HAIIMX 3HAHb PO el 06’€KT BOHO HE 1acTy, TOOTO MOXHa CKa3a-
TH, IO € NOBIJOMJICHHS, aJle HEMAE mtbopmaun a60 11 KiNbKICT
IOPIBHIOE HYJIO.

SIKLIO X 32 LIMX caMHX 06CTaBMH KEPEIoM BUOPaHO sIKkeCh iHIIe
HOBIZOMIIEHHS PO KoJip HeOa (HanpUKiIag, «3eJeHHH»), TO BOHO
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AacTb HOBI BiZIOMOCTI TIPO CIOCTepeXyBaHuil 06°€KT, AKi JONaRYTh
Jl0 HaIllMX 3HAHB OCh HOBE. TOMI MOXHA CKa3aTH, 1O € MOBiIOM-
JIEHHS 1 B HbOMY € SIKacCh KUIBKICTb iHGopMallii.

3apas indopmaliio Ha SKICHOMY piBHi iHTYITHBHO MOXHa BM-
SHAYHTH K HOBE 3HAHHS IIPO CTaH CIIOCTEPEKYBAHOTO 06’€KTa, a Ti
KUIbKICTb — fIK KilIbKICTh HOBOTO 3HAHHS MPO HBOIO. 3BHYANHO,
AKLIO HOBE 3HAHHA 36LIbILY€ 3aranbHUil piBEeHb 3HAHHS MPO CTaH
00’€KTa, TO KiNbKicTh iHbOPMaNii Ma€ HaKOMMYYBATHCS 0.4~
BaHHAM | MOBUHHA MATH aJMTHBHMIT XapaxTep. 3 iHmOro 6oKy,
CIIOCTEpIira4 y NeBHUH MOMEHT Yacy Hi4Oro He 3HAa€ IMPO HOBHUI
cTaH o6’exTa. Bin TinbkM cnocrepirae iforo i, nuume Bu6pasin
HOBE MOBiIOMJICHHS!, IO3BOJIAE MiCTATH KECh HOBE 3HAHHS NPO
006’exT. MoxHa cka3aTH, Wo 10 BUGOPY TIOBiLOMIIEHHS IDKEPEIOM
HEBH3HAYEHICTh CTaHy 06’¢kTa 3 GOKy CrocTepiraya Mae meBHHi
piBeHb.

Iicnst BUGOpY MOBIMOMIIEHHS KEPENOM YTBODIOETHCA AESKa
KUIBKICTh iHOpMalii npo cTaH cnocTepexyBaHOTro o6’ekTa, sKa
IIEBHOIO MipOIO 3MEHLIYE L¥0 HEBU3HAYEHICTb.

Po3rnsHemo, A€o yCkIaaHUBILY, BigoMuil TPUKJIAL, NOB’s13a-
HH# 3 rporo B axu. Hexait IHCKpeTHE JKepeso MoBiIOMIEHs CKTa-
Aa€ThCA 3 WAXIBHULI 3 dirypaMu Ta crocrepiraya, sikuit y reBHi
MOMEHTH 4acy IMOBMHEH (iKCyBaTH CTaH CIpaB Ha IIAXiBHULI Ta
NepeJaBaTH HOro y BUIJIAAI MOBIAOMIIEHb. [JIMCKPETHICTh TAKOrO
JOKEpeNa BU3HAYAETHCS AUCKPETHICTIO Ta YEProBiCTIO Aiil IpaBiiB,
BHACJII0K YOTO 3MIiHIOETBCS CTAH CIIOCTEPEKYBAHOTO 06 €KTA.

[Ipunyctumo, uio cnocrepiray noynHae GikcyBaTH CTau rpH Ha
WAXiBHUL 3 IEBHOTO MOMEHTY IIiC/ISt Y4ePrOBOT0 XOxy (TO6TO mic-
715 4eproBoi 3MiHK NO3Hui#). BiH Mae BUOGpaTH oHE 3 MHOXKUHU A
MOXJIMBHX IOBiIOMIIEHb. SIKi K BIIOMOCTI BiH ITOBHHEH BKIIIOYUTH
10 nosinomieHHs? 3Bu4aiiHo, nepeik ycix HasBHUX iryp Ha Iua-
XIBHHLI T4 TOJIOXKEHHSI IX Ha 110JTi (TOBTO KOOPIAMHATH KOXKHOI TO3H-
L) Ha JaHU# MOMEHT 4acy. 3aKOHH 06y IOBH MOBIIOMIIEHD 3 MHO-
KMHH A MOXYTb OYTH PI3HHUMH: 32 MOBOIO, 3HAKAMH YH CHMBOJIaMH,
CKJIaZI0M €JIEMEHTIB NMOBIIOMIIEHHS TOWWO. Bu3HauMMOCH 3 eneMeH-
TaMM NOBIIOMIIEHHS. SIK yXKe 3’COBAaHO BMILE, CIEMEHTAMHU MO-
BIZIOMJICHHS 3 MHOXKHHHU A MaloTh OyTH: a) 3a3HAYEHHS rpasus abo
Kospopy ¢irypy; 6) 3asHauenns camoi dirypu (ska came dirypa)
abo ii BLACYTHOCTI; B) BiToMOCTi Npo ii no3uLio0 260 KITHHKY wwa-
XIBHULI, IPO AKY HOeThes.

Crnocrepiray MosKe 3aKO/lyBaTH €JIEMEHTH ITOBIZOMIIEHHS 3BHYai-
HOIO MOBOIO 260 SKMMUCh JIiTEPAMH, CAMBOJAMH, iepormidamu
Tomo. Hanpuknan, eneMenT a (611nit a60 4opHuit) MOXKHA 3aKOAY-
BaTH (103HayuTH) uMdpamu 0 i 1 BianosigHo; eneMenT 6 (BigcyT-
HICTb a60 Ha3By BIANOBIAHOI (irypH) — 3BHYAHHMMHU uudpamu.
Cxaximo, BiCyTHICTb 6yab-aK0i 1aX0BOi (Girypy MOXHA MO3Ha-
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yuTH UMQpoIo 0, a HAABHICTB mimaka — 1, cnoHa — 2, KoHs — 3,
Typu — 4, hep3st — 5, kopoins — 6 (Bizomo, 1o 11i GirypH B Iaxo-
Biif JIiTEpaTypi TEX MO3HAYAIOTHCS CHMBOJIAMH, AJI€ JITEPHUMHU).

Io3uuio mwaxoBoi ¢iryps MOXHA MTO3HAYMTH KOOpAMHATAMU
KJTITHHKH, 5K NpUitHsTo B rpi. [Ipy 1isbOMY 3HaH06NATHCA BICIM NO-
3HAYOK A/ BU3HAYEHHS PANKA KIITHMHKU Ta CTUIBKH X HO3HAYOK
IUIS BUBHAYEHHS CaMO]l KINITUHKM B psAAKy. MMM no3HaukaMu Mo-
xyThb 6yTu ukdpHu 0, 1, 2, ..., x04a it He 060B’a3k0B0. Toxmi, Hampu-
KJla, Take NOBiAOMIEHHs cnocrepirada, sk 0368 o3nauae, wio
iinerscs npo 6iny (no3Hayka 0 Ha nepiuii nosuuii) Girypy nin Has-
BOIO «KiHb» (MO3HAYKA 3 Ha ApYTii Mo3uLii), pO3MilIEHy Ha BOCh-
Mii KIIITHHIN LIOCTOr'O PSIKA.

MuoOxuHa A MICTUTH CTLIBKM NMOBIJOMIEHb, CKIIBKH B3araini
Moxe 6yTu noaibuux uudposux 3anucis y upomy popmarti. [lpu
TakoMy dopmati Bcboro moxke 6yti 2 x 7 x 8 x 8 = 896 nosinom-
JeHb, TOGTO B MHOXHUHI A € 1B NIOBIIOMIICHHS Ha ncpmm [1O3U-
uii, ciMm — Ha apyriii Ta no BlClM ~— Ha TpeTii i 4eTBepTil MO3HULIAX.

PosrsHeMo Tpoxu iHmmi GOpMaT NOBIIOMIIEHD CIIOCTEpIraya.
Hexait BiH MICTUTB /1B, @ HE YOTHUPH EJIEMEHTH, SIK Y MOINEPEIHBO-
My BUNAJKY: epiunii — 1e GakT BIICYTHOCTI 11ax0Boi Pirypu (CUM-
Bon 0) a60 3a3HaueHHs oaHiel 3 12 diryp (WICTh YOPHMX i CTINBKH
% OLKX), BinoOpaxenoi nudpamu Bi 1 1o°12; Apyrui — e NpocTo
HOMePp OAHi€l 3 64 KIIITHHOK IHaXiBHULL, IO PO3TIIAAAETHCA. Takum
YHHOM, NEPLIKH eNEMEHT NOBIOMIIEHH MOXeE MaTH 13 3HaueHb, a
apyruii — 64, To6TO B MHOXKHUHI A, € 13 X 64 = 832 HOBUIOMJ'ICHH}I
Hanpuxnan, nopigomsieHHs 037 o3Hauae, o Ha 37-H KIITHHLI
IIaXiBHUL HEMAE HifKol BirypH, a noBifoMIIeHHA 936 CBITYMTL PO
Te, 110 Ha 36-i1 KIITHHLE PO3MILIYETHCS, CKaXIMO, OUTHIA KiHb (Ludpa
9 nmo3Hauyac came OIIOro KOHs).

Taka NOMITHA Pi3HUIA MXK KIIBKICTIO MOMNUIMBHX NOBIAOMJIEHD
(896 y nepuromy 1a 832 B apyromy opmaTax) NOSCHIOETHCS AYXKE
IpocTo: B NepwioMy GOpMaTi 10 MHOXKHMHHU A | BKIIOUEHO abCypaHi
TMIOBiIOMJIEHHS i3 B3a€MOBUKITIOMHUMU enleMeHTaMu. Lle nosigom-
JIEHHS, B AKHX 3a3HaYeHO KoJiip Pirypu, pakrt i BiZCyTHOCTI Ta KOOp-
IMHATH WaX0Boi KIITHHKY. SIKIIO 32 BiACyTHOCTI BirypH Ha KOXHiH
3 64 KJIITHHOK nepuinii GopMaT Aa€ 3MOry BKa3aTH Koiip ¢irypu,
TO TAKMX TOBiNOMJIEHb Ma€ OyTH 128 (o 64 Ha KOXKHMH KOJIp):
OnHaK MOJ0BHHA KX 128 MOBIIOMIIEHD € 3aiBUMHU. 3BICHO, HEMAE
3HaYeHH, AKOro KONbopy dirypa BiAcyTHs Ha HaHii kiTHHLI. Mae
3Ha4yeHHs caM (aKT BiACYTHOCTI ¢irypu, TOMy HOCTaTHBO JIHLIE
64 TaKuX MOBIIOMJIEHB.

Ortxe, 6aunMo, 110 i3 896 NoBiOMIEHS 64 € 3aiiBUMH, AKi IIOTPi6-
HO BUKJIIOYMTH 3 MHOXUHH A,. Toni 4, = 896 — 64 = 832 = 4,.
TakuM YMHOM, AKLIO cnomepxraq He nonymeﬂ BUOHpaTH abCypani
MOBIIOMJIEHHS], TO KUIBKICTh MOXJIMBUX MOBLIOMIIEHb OUCKPET-
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HOTO Jxepena 3a o6oma popMaTamu Mae 6yTH OIHAKOBOIO, TOBTO
A, =4,

Moxna cxasaty, wo KinbKicTs iHpopMalii B nosizomnenyi mpo
CTaH TaKOT'O CHOCTEPEXKYBAHOTO 00 €KTa, K IIAXiBHHIISA, HE3AIEX-
HO Bill TO6YIOBH LBOTO MOBIAOMIIEHHS (4M TO 3 MHOXMHYU A 1 4H
TO 3 MHOXHHH A ,) 3aJIMIIAETECA OHAKOBOK. SIKIIO NMepexoyBa-
TH IOBIIOMJIEHHS NPO NMEBHMI CTaH 06’eKTa B iHIIMX CHMBOJAX,
CKaXiMO, NBIfKOBHUX, TO ISl NOBIAOMIICHHS 3 MHOXHHH A | TOTPiGHO
10 undp: ogna — xostip mwaxosoi dirypu (ue 0 a6o 1) Ta no TpU —
il Ha3Ba, HOMEp PAIKa 1 HOMEpP KIITHHKH B psaKy. st NOBiOM-
JIEHHA 3 MHOXHHH A, Takox noTpi6Ho 10 nubp: YoTupu — Haspa
¢irypu uu ii Bincy THICTS i LIICTH — HOMEp KIIITHHKH. 3 iHIIOTO 60ky,
KUIBKICTb MOBinOMIIEHb 4| = 4, = 832 MOXHa MOA2TH B ABIAKOBIH
¢opmi, o notpebye Tex 10 ABIiKOBUX MK D, OCKINBKH 33A0BOE-
HAETBCSA HepiBHICTD 210 > 832 > 29,

Taxum YuHOM, Ha IHTYITHBHOMY, AIKICHOMY DiBHi MOXHa MiHTH
BHCHOBKY, IO KiNIbKICTh iHpopMawii Moxe 6yTu HYIBOBOIO ab0
MATH AKECh HEHYJIbOBE 3HAYEHHSI, TOBIJOMEHHA MOXHA NTOPiBHIO-
BaTH 32 KUIBKICTIO iH(opManii B HUX, KiIbKiCTh iHGOpMalii Mae
HaKOMHUYYBATUCh AOJABAHHSAM, SAKIIO CKJIAAHICTh NOBiIOMIEHHS
3pOCTac.

Orxe, po3rnsan QIUCKPETHOTO IKEpPeNa Ta MHOXHHH HOTO NOBi-
JOMIIEHB IPHBOAMTE N0 HOPMYIIIOBAHHA TAKHX IPUPOIHUX BUMOT
JUIS BUBHAYEHHS KilbKOCTI iHopMarii:

1) y noBigoMIIeHHI Ipo BipOTiAHWIL BUMALOK BOHA MAE JIOpiBHIO-
BaTH HYIIIO;

2) y ABOX HE3AJIEXHHX MOBIIOMJIEHHSX BOHA Ma€ JOPIiBHIOBATH
CyMI KifibkoCTeH iHopManii B KOXKHOMY 3 HUX;

3) BOHa He MOBHHHA 3aJIEKATH Bijt IKICHOTO 3MICTY IOBIZOMJIEH-
Hsl (CTyTeHs HOro BaXkIIMBOCTI, BIZOMOCTE# TOIwIO).

IIpo 3MicT i 3HaYeHHs nepiioi BUMOTrH Hiwtocs Bume. [pyra
BHMOIa Ma€ Ha yBa3i CTATUCTMYHO He 3YMOBJIEHi MOBIZOMJICHHS.
Ckaximo, B HaBeIeHHX NIPHKIANAX 3 LaXaMH Ha GOPMYBaHHS elie-
MEHTAPHHX MOBIIOMJIEHD i3 MHOXMHH A | IOTPIGHO MaTH TaKy Killb-
KIiCTb ABilikoBUX muop: 1; 3; 3; 3, a MOBIZOMIIEHD i3 MHOXHHU Ay, —
4 ta 6. OnHak ckIaHe NOBIAOMIIEHHS 3 060X MHOXHH noTpedye
10 gBifikoBuX LM, WO NOPIBHIOE CyMi KinbkocTel mudp B 060X
BHITaAKaX.

Tpers Bumora 3ymoBnena Heo6xigmicTio ab6cTparysartucs Bix
KOHKDETHOT'O 3MiCTy IOBIIOMIIEHHS 3apaiy JOCATHEHHS Hal3araib-
HILIOTO XapaKTepy BU3HAYEHHS KLTbKOCTI iH(opMalii.

Takxum unHOM, 1 BUBHAYEHHS KUIBKOCTI iHpopMaLii B 1OBiOM-
JieHH] Tpeba BUXOMTH 3 HaM3araabHiloi HOro XapaKTepHCTHKH.
Taxy XxapakTepuCTHKy, OY€BHIHO, JA€ MOMENb JUKEpENa — aH-
caMOb NOBIIOMIIEHD.
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4

Buuie MH KOPHCTYBAJIUCS JIHIIE MHOXKHHOIO NOBIIOMIIEHD 3 aH-
caMb110. 3BEPHIMO Tenep yBary Ha MHOXHKHY HMOBIDHOCTEH LIMX
nosigomieHs p (a,) € P. ko HaeTbes Ipo BipOTiXHUI1 BUNIAJIOK,
iMOBipHiCT® sIKOTO p (a;) = p; = 0 260 p; = 1 (Hikonu He BinOynerncs
HEMOXTHBHil BUIIAJOK 260 TOUHO BiaBYIeThCs), TO KUIBKICTb iH-
dopmauii B HpoMy  (;) = 0, OCKiNIbKH piBeHb HEBM3HAYEHOCTI OJ0
craHy o6’ekTa micng BUGOpy JKepenoM TaKoro MOBiZIOMJIEHHS He
aMiHUBCA. SIKINO % Jkepesio Bubepe He Take BXe Halepel BU3Haue-
He MOBLIOMJIEHHS, TO PiBEHb HEBU3HAYEHOCTI 00 CTaHy 00’ekTa
3HH3UTBCA. OTXe, KITBKICTB iHpopMallii B oBinoMieHHi Mae 6yTH
¢yHKUi€I0 AMOBIPHOCTI LIHOTO TIOBIOMIEHHS, TOOTO [ (@) =71,
a,€ A,p;€ P.

JUist 3300BONIEHHs APYToi BAMOTH MOXHA BPaxyBaTH, IO HMO-
BipHICTh JBOX HE3aJIEXHMX TIOBIIOMJIEHD d; Ta 4, 33 3AKOHOM MHO-
eHHs UMOBipHOCTeH p (ay, a,) = p (a;) p (ay). IIpoTe KiJIBKICTB iH-
¢dopmauii y UMX ABOX MOBITOMJIEHHSIX |

i(a,a)=i(a)+iay). 2.1

3BincK BUILIMBAE HeOOXimHiCTL BUOOPY Takoi dpyHKuii f (p)), 3Ha-
4eHHs IKOI IPH TIEPEMHOEHHI 1i apIyMEHTIB p, ofiaBanucs 6 1 1mob
f(0) = f(1) = 0. €nunoro QYHKLIEIO 3 TAKUMH BIACTUBOCTAMH €
norapudmiuHa GyHKUIs

I(a)=klogp (a), (2.2)

e k — xoedilieHT, AKHUil y3rouKye po3aMipHOCTI (3ragaemo obro-
BODEHHS PO3MIpiB i Mip U1 KOXHOTO 3 HUX), & Iorapudm 6epeThes
3a 6yIb-SKOIO 3PYYHOIO OCHOBOIO.

IIpu TakoMy BU3HAYEHHI KUTbKOCTI iHopmawii 3a10BONbHAIO-
ThCS BCI TPH HaBeJeHi Buile BuMory. Bubip ocHoBH norapudMa He
NPYHLUIOBMI, TOMY 1O Bijl HEI 32JIEXHUTH JIMIIE ONMHULSA ¢iznu-
HOI BETMYMHH (3MIHIOETBCS 3HAYEHHH k):

k, log,,p (a) = k, log, nlog,p (a) = k, log, p (a). 2.3)

Jlns Toro mo6 KiIbKicTh iHpopmaii / Bupaxanack NOAATHUM
yucyioM, noknagemo k = —1, ockineku p (a) < 1 1a log p (a) < 0,
SKILO OCHOBA JorapudMa 6inpiua Big omuauni. Tom

I (a) = -log p (a) = log (1/p (a)). (2.4)

3a ocHoBy Jorapudma Haiiuacriure BuGupaoTh Ailky. ITpu
LIbOMY OJMHHULA KibKOCT iHpOpMALIl HA3UBAETECS 06ilIK06010, abo
6imom (Binary digit). BoHa nopisHIoe KinbkocTi inpopmauii B
NOBiZOMJIEHH] NPO TaKuil BUTMAIOK, KM 3 OJHAKOBOIO HMOBIp-
HICTIO MO>Ke K BiIOyTHCS, TaK i He BinbyTHCS, TOOTO KOJIM MOZEITIO
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1a), 6im pe) eTanom{oro IKepena € ancaM6ib
” 2, -aa ;{{al,az} Ta P = {0,5; 0,5}.

KIIO 32 OCHOBY Jiorapudma

! 1 BHOPaHO 4HCIIO €, TO TaKa OIHHHU-

&0 % us indopmauii HasusaeTcs namy-

- 1 pamvhow.

40, % Taxum 4MHOM, KUIbKICTE iH(OD-

: \ {  mauii B noBioMnenHi THM Ginbiua,

20 02 4uM BOHO MeHII HMOBIpHE, TO6TO

\\ { - 6inbw Heouikysane. Lo 3amex-

0 . {0 micTs BioOpaxeHo Ha puc. 2.2

0z g4 06 08 pm xpusorwo /. JIinix 2, To6TO rpagik

Puc. 2.2 p (@ =p (a), Ha LbOMY DHCYHKY

3HAAOOMUTHCS Nai.

Koma ZKEpeno iHopMallil TOpoIKYeE HOCTIAOBHICTD B3a€MO3a-
JICKHUX IOBLIOMJIEHD, TO 3z[o6yT'm KOXHOT'0 3 HMX 3MiHIOE HMOBIp-
HICTb HACTYITHHX, & OTXKe, KUIbKICTh m(bopmauu I B Hux. OcraHHs
Mag€ BXe BU3HAYATUCSI YMOBHOIO HMOBIPHICTIO BUGODY JOKepenom
LbOT'O MOBIIOMJIEHHS a,, SIKIO 10 HbOTO BUOPAHO MOBIAOMIICHHS
a,_1,4,_s ..., TOBTO

I(an/an_l,a"_z, ...)=log[l/p (@a,/a,_,a, 5 ...). (2.5

Busnauena Takum 4HMHOM KinbKicTs iHOpMauii € BeTHUHHOIO
BHITAIKOBOIO TOMY, IO CaMi MOBiZOMIIEHHS BUMaaKoBi. Posnoxin
1l AMOBIPHOCTE} BU3HAYAETHCS PO3NOALIOM MOBiIOMIIEHD y UbOMY
a”Hcambim.

Axio NPUIYCTUTH CTATUCTHUYHY HE3ANIEXHICTH Ta OJHaKOBY
HMOBIDHICTb NIOBinOMJIEHD y HABE/ICHOMY BHILIE NIPUKIIA/ CTOCOB-
HO IAaxiB i BUSHAYUTH HMOBIDHICTb KOXHOTO TOBiIOMIIEHHS K
p(a) = p;=1/832, To 3rigHo 3 (2.4) kinskicTs indopmauii B onHomy
TaKOMY IOBIIOMJIEHH] B 6iTaX CTAHOBHTHME

I(a) =-log, p, = log, (1/p) = log, 832 ~ 9,70044,

Sk 6athO Lie BiOnoBigae Maixe 10 aBifikoBuM CHMBOJIaM, I10-
Tpl6HHM AJIS 3a1IMCY TaKOTO MOBiOMIIEHHS 260 d)OpMymOBaHHSI
Horo crocrepirayem.

CDpameHT TabauLli 3HAYEHB OBIIIKOBHX Jorapu¢miB LiTMX Yu-
cesl yMilleHo B aof. 1.

2.3. EHTPOMIA TA Ti BNACTMBOCT!I

Yike iunocs npo te, mwo 3106yTTs iHpopMauii Bix mkepena 3Hi-
M€ NEBHOIO MIPOO HEBU3HAYEHICTh CTaHy CIOCTEPEXKYBAHOTO 06’€K-
Ta. SIKIO 3a yac GOpMyBaHHS IKEpPesIOM HOBOTO TTOBIXOMIEHHS
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006’€KT He 3MIHIOE CBiif cTaH (TOOTO MKepenoM BUOHpaEeThes MoTIe-
peIHE NMOBiIOMIIEHHS 3 MHOXHHH A ), MOXHAa YTOYHHTH BiIOMOCTI
TIPO TOMepeAHIi cTaH 06’€KTa, BKIIOUMBIIH 0 L€l MHOXXHHH HOBI
MOXUIHBI NOBIZIOMIIEHHS Ta TIEPEHOPMYBaBLIN HMOBIPHOCTI 3 MHO-
XUHHU P.

Bsarani 3 caMoro mo4aTKy 0 CKJIaAy MHOXHWHHU A CJIi BKIIOYATH
Taki MOBIJOMJICHHS Ta TaKy KUIBKICTB iX, 1106 OIHNMM NMOBIZOMIIEH-
HSIM Mo>xHa 6y710 6 BU3HAYUTH CTaH 06’€KTa 3 NOTPIOHOIO TOYHICTIO.
11e o3Hauae, wo, GopMyrOuH MOJIENB JKepera NOBLIOMIIEHB (Horo
aHcambO1ip), Tpeba 3a3nanerias nepeadavuTH BCl HeoOXimHI MOBI-
JOMJICHHS.

[Hma cripaga, 1110 KOXHe TakKe MOBIIOMIIEHHS MOXe OyTH BiZo6-
paXkeHe MEBHOIO KUIBLKICTIO CUMBOJIIB, 3HAKiB TOINO, NEPEHOCIUU
NeBHY KinbkicTh iHdopmauii. [1pu oMy MHOXUHA MOBIIOMIIEHB
A € angpagimom nogioomaens, a MHOXHUHA CUMBOJIB, 3HAaKiB TOLLO,
32 JONOMOIOI0 SIKMX CIIOCTEpiray fojAa€ KOXXHE IMOBIIOMIEHHS Y
dopwmi, 3py4Hid O onepyBaua, — aagasimom dxcepena. B nite-
paTypi neptiiie iHOi Ha3UBAIOTh HEPEUHHUM, A IPYTE — GMOPUHHUM
andasitamu [42].

Mu Bxe Gauustd BUUIE, 110 HEMAE HISIKOTO 3HAYEHHs, B SKOMY
andasiTi noaawThCA MoBiToMIIeHHA. Mozenb mxepena (aHcamOIib)
BPaXOBY€ JIMIIE CKJIAJL IX 1 PO3NIOALT IMOBIPHOCTEH (ITOKM L0 HAETHCS
MPO CTATUCTUYHO He3aJIeXKHI IIOBIIOMIIEHHS).

PosrnsHeMo, HanpuKiaja, AUCKPETHE JXKEPEIO MOBLAOMIEHD 3
aHcaM6eM, HaBeneHUM y Tab. 2.1. O6urcnInMo, AKy KUIBKICTb iH-
dbopmauii Hece KOXHE Take MOBLIOMIICHHS, W 3aHECEMO Ui JaHi B
tabn. 2.1. Tpeti#l panok ii nigTBepHXKye, MO KITbKIiCTh iHGOpMaLii

Tabauysa 2.1
a,€ A a, a, | a, a, a, a,
p,EP 0,4 0,3 0,15 0,1 0,03 0,02
I(a) 6iT 1,322 1,737 2,737 3,322 5,059 15,644

NpH NIPUAHATOMY i BM3HaYeHHi Bmo6pax<ye Mipy HeOuiKyBaHOCTI
KOXHOTO IOBIIOMJICHHS.

PosrnsHeMo, 9Ky KibKicTs iHbopMalii HecyTh OLUIbLI-MEHII JOBTi
MOCTAOBHOCTI TAKUX MOBIZOMIIEHD:

* HIEepila MOCIIiAOBHICTH

as, 4y, Ay, Ay, Gy, Gy, Ay, A3, Ay, Ay,
asa a]’ al’ 023 035 a2’ a[a az: ap al,
ay, 4y, 4y, 4y, 4y, Ay, Ay, Ay, 4y, A3,
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* Ipyra MOCIIOBHICTE

Qay, Ay, A3, Ay, Oy, Ay, Gy, Ay, g, Ay, Ay
ay, Ay, Ay, Ay, a3, Ay, Gy, 4y, ds.

¥ nepuuiii nocmigosHocti € 30 moBimoMIeHs, a B Apyriit — 20.
Posnonin iMoBipHOCTEH 3 aHcamOmo0 (guB. Tabn. 2.1) HaCTiNBKM
HEPiIBHOMIPHHIA, 11O Hi IO NepIuoi, Hi [0 Apyrol HOCHIOBHOCTEH He
BBil1LIIO MOBiAOMIIEHHS g¢. CripaBa B TOMY, HIO HOTO 33 3aKOHAMH
CTATUCTUKU MOXXHA OyJio © MOMITHTH B IOCHKIIOBHOCTI IOBLIOM-
JIeHb NIpK AOBXMHI OCTaHHBOI, 3Ha4HO Oinbwid Big 7 = 1/ pg = 50.
Orxe, KinpKicTs iHbGOpMaNii B mepluiii OCHIAOBHOCTI

30
i = Zl(a.)=12I(a1)+9l(a2)+51(a3)+3I(a4)+1(a5)=
=]
—15.864-+15,633+13,685+9,966+5,059 = 60, 207 6ir,

a B Apyrii

20
=Y 1(a;)=81(a)+6I(ay)+31(ay)+21(a,)+1(as)=
i=1
=10,576+10,422 + 8,211+ 6,644 + 5,059 = 40,912 6iT.

Sk 6a4uMo, Ui MOCTITOBHOCTI PI3HATHCS HE TIIBKH KUIBKICTIO
MOBIOOMIIEHB, a ! KiNbKiCTIO iHQOpMaLil B KOXHiH 3 HuX. OnHaxk,
SIKIIO OGUMCIIMTH KUTBKICTh iHbOpMAL, sika NPUIIAAE HA ONIHE
TIOBINOMJIEHHS] B OJHIH ITOCIiZOBHOCTI Ta B iHIUiM, TO BHABUTHCH,
o £,/30 = 2,0069 6it/nosinomnenns Ta i,/20 = 2,0456 6ir/nopixom-
nenHs. e o3Ha4ae, 10 cepefHs KINbKICTh iHbopMalii, sKa npumna-
Ja€ Ha OAHY Jirepy andapBiTy NOBiIOMIIEHD (e Te came, 10 i Ha
OnHe I'lOBi}IOMJIeHHH), HE 3JIEXXUTh Bifl KOHKPETHHX MOBIOOMJIEHD 1
JIOBXHHH IOCIIIOBHOCTI iX.

Hesxa pizauus TyT Mix £,/30 Ta 12/20 TOSICHIOETHCA JTHLLIE HEO-
CTaTHBOIO KOBXHHOIO nocnmoaﬂocreu HOBiOMIEHB. BinnosinHo
[0 CTATUCTUYHOIO 3aKOHY BEJIMKUX YHUCEJ Ui BIAHOIIEHHS 30iraTu-
MYThCS Kpallle, YuM OUTbIUMU OyayTh HOBXKHHU MOPIBHIOBAHHX
HOCT IOBHOCTEH.

MoxxHa cka3aTH, IO Lie BiTHOIIEHHS (TOOTO KiNBKICTh iH(Op-
Mauii, Ka Npunajgae Ha OIHe MOBIIOMIIEHHS) XapaKTepH3Y€e HHC-
KPETHe JXXepeNo MOBiIOMIIeHb B LToMy. IHie fxepeno 3 iHIUM
aHcaMOeM NMOBiZOMIIEHb MaTUMe 30BCIM IHIY TUTOMY KiJIBKICTb
indopmauii. L5 3arapHa xapakTepucTHKa [KEPENa MTOBIIOMIIEHD
Ha3MBa€EThCs Horo ewmponiero H (A). Bona mae Qisnunuii 3micr
CepeIHbOCTATUCTUYHOI MIpH HEBHU3HAYEHOCTI BiOMOCTEH crioc-
Tepiraya 4 (auB. puc. 2.1) BIZHOCHO CTaHy CIOCTEPEXKYBAHOIO
ob’ekTa.
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TO4YHO EHTPOIIO MOXHA BU3BHAYHUTH AK MATEMATHYHE CIIOAIBaH-~
HS TUTOMOI KUTBKOCTI iHbopManil

H(A4) =3 p(a;)I(a;) = -3 p(a;)log p(a;). (2.6)

3rigHo 3 ganumu tabn. 2.1 maemo H (4) = 0,4 - 1,322 + 0,3 x
x 1,737 + 0,15 - 2,737 + 0,1 - 3,322 + 0,03 - 5,059 + 0,02 - 5,644 =
= 2,0573 6iT/m10oBiIOMIIEHHS.

Baunmo, 10 TouHe 3HauyeHHs eHTponii H (A4) He qyxe BiApi3Hi-
€ThCA BiJl 3HaYeHb, 3M00YTHX y HaBeIEHUX BUILE IPUKIIaax Moci-
IOBHOCTEH MOBIIOMJIEHD.

s moneruwieHHs po3paxyHKiB eHTpOIi 3a (2.6) y 10A. 2 BMILIEHO
¢dparment Tabnuui 3HaueHs GyHxuii —p log, p.

Y Bupasi (2.6) ycepenHenHs (K OOYHUCIEHHS MaTeMaTHYHOTO
CIOJIBaHHS) BUKOHYETHCS IO BCOMY aHCaMOIII0 noBinomienb. [1pu
1IbOMY NTOTPIOHO BpaxOBYBATH BCi IMOBIPHICHI 3B’13KH MiX Pi3HH-
MU MOBIJOMIIEHHSIMM. 3 LbOT'O BHPA3y BUIIJIMBAE, IO YUM BHILA
EHTPOIIIs, TUM O1IIbIYy KUIbKICTb iHpOpMaLii B cepeqHpOMY 3aKiiae-
HO B KOXXHe MOBLAOMJICHHS JaHOTO [DKEpena, TUM BaXKye 3amam’sTa-
T (3amMcaTH) abo nepeiaT Take NOBLIOMIIEHHS IO KAHATTY 3B SI3KY.

Heo0xinHi BUTPATH eHeprii Ha epesayy NOBIIOMIIEHHS NPOTIOp-
LiiHi #oro eHTpoii (cepeaHii KinbkocT! iHpopMallii Ha oiHe Io-
BiIOMJIEHH#). BUXOOUTB, 10 KUTbKICTh iH(OpMaLil B TOCTIZOBHO-
CTSX BU3HAYAETHCS KUTBKICTIO MOBiZOMIIEHb N y NOCHIOBHOCTI Ta
enTpormieo H (A4) mxepena, TobTo

i(Ny=NH (A). 2.7
Hanpuxmnan,

i,=30-2,0573 = 61,719 6ir; i, =20 -2,0573 = 41,146 6iT.

LIi TouHi JaHi MOXKHA NOPIBHATHU 3 HABEACHHMH BHIIE PO3PaxXyH-
KaMH i| Ta i, CTOCOBHO JBOX MocigoBHocTeH 3 N = 301 20 i ancamb-
JIIO TOBiZOMIIEHD i3 Tabi1. 2.1. Po306ixHICcTD TYT NOSICHIOETHCS HEBe-
JIMKAMHU 3HAYEeHHSIMH N, ajpke KMOBIpHOCTI pi 00YHCIIOIThCS, K
IIPaBUIIO, 32 YMOBU N — oo,

PO3rIsSHEMO BUPOIKEHE HUCKPETHE KEPEno 3 €AHHUM IOBIi-
nomieHHsaM a € A 3p (@) = 1. Toni H (A) = 0 3rigHo 3 (2.6). Axmo
p (a) =0, To H (A) Tex nopiBHIOBaTUME HYMO. TakuM YUHOM, eHm-
ponis 3a6xcou 0odamua abo dopisHioe Hya0, TOOTO HeBiX eMHa. Lle
nepiua il BJIaCTHUBICTh.

Hpyra BaacTUBIiCTs €HTPOTI] BUIIMBAE 3 BUpa3y (2.6), 3rixHo 3
SKHM BOHA € BEIMYUHOIO AAUTUBHOIO. SIKIO N-BUMIpHi NOCTiNOB-
HOCTI NTOBIZIOMJIEHB @, 4y, ..., @y PO3IMIAAATH 5K 301IbIIEH] TOBIIOM-
JIEHHs1 HOBOT'O JKepena, To Horo eHrpomnis Oyne B N pa3siB Oinb-
UIOO BiJ IO4YAaTKOBOI.
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SAxwo andasit 4 = {a,, a,, ..., 4;} Mae k pisHUX NOBiTOMIIEHS,
To H (A) <log k. TyT piBHIiCTB crocyerbca TUIBKH PIBHOWMOBIpHMX
1 CTAaTHCTHYHO HE3aIeXKHMX NMOBiAOMIEHSD a, € A. Uucno k Hasuea-
€TLCS 06cazoM angagimy nogioomaens.

Y posrasnysanomy npuknani A = {a, ..., a;}. Baxarouu no-
BIIOMJICHHS. CTATMCTUYHO HE3aJI©XHHUMH 32 YMOBM PiBHOHMOBIp-
HOCTIiX 13 p;, =p=1/6 gnsi=1, ..., 6, MaTUMEMO

6
H(A)=—26log2 3 =log, 6=2,585 OiT/nOBiHOMIIEHHS.
i=l

V nificHOCTI HEPiBHOMMOBIPHICTD MOBIZOMIIEHL TPH3BOIUTD 1O
3MEHUICHHA AE€AKHX CKIafOBHUX Y BUpasi (2.6). Tomy My i gictanu
AJis JOKepena MoBiAOMIIEHD 3 aHcaMOeM, HaBeneHuM y 1abm. 2.1,
3Ha4yeHHs H (4) = 2,0573 61T/n031110MﬂeHst K pO3IUIaTy 32 HepiB-
HOHMOBIPHICTb OBiIOMJIEHb.

2.4. BEBYMOBHA EHTPONIA

TepMiH «6e3yMOBHA eHTPOIIA» 3aNO3MYEHUH 3 MaTEMATHUHOI
CTATUCTUKH 34 aHATIOTi€I0 3 6€3yMOBHOIO HMOBIPHICTIO, IO CTOCY-
€TBCS CTATHCTHYHO HE3AJIEKHUX NOMIH, TYT — nosizomieds. OTxe,
be3ymosna enmponia — e KiNbKiCTb iHpOpMaLil, ska MpUNafae Ha
OIIHE MOBIJIOMJIEHHS JKEpelia i3 CTATHCTHYHO HE3aJIeXKHHMH OB~
JOMIIEHHSIMH.

3a UMM BH3HAYEHHSAM PO3IJISHYTA B 1. 2.3 eHTporis € 6e3yMoB-
HO10. 3ynUHUMOCS JOKJIaaHilIe Ha 6e3yMOBHiil eHTpomnii Ta ii Bia-
CTHBOCTSIX.

SIKu10 € AUCKPETHE IHKEPENIO CTATHCTHYHO HE3AJIEKHHX [OBiOM-
neHb 3 aHcaMbnem 4 = {a,, a,, ...,q, ...,a,} Tap = L1209 JYR JR
pk} TO KUIBKICTh mlbopmaun (cepemm) HIO NPUIAJAE HA OHE 10-
BIIOMJIEHHS a; € A it BU3HavacThes hopmysior LllenHona

k
H (A)=—ZI p;logp;, (2.8)
i=
€ XapaKTEePHCTHKOIO LbOT0 JUKEPeNa B LijioMy. Bona Mae disnunmit
3MICT cepeHboO] 3a aHCaMbJieM HEBU3HAYEHOCT1 BHOODY JKEpenom
HOBIIIOMIIGHHSI 3 A, npH4oMy 6auny>1<e AKOTO CaMe ITOBIAOMJIEHHS,
OCKLUIBKH O6‘IPICJI€HH$I eHTponii (2.8) «nornuHae» iHaekc i. Hanpuk-
aaj, JKEPEIIo 3 k = 8 He3aIeXHUMH Ta PIBHOMMOBIPHUMMH MOBIIOM-
JIEHHSIMH Ma€ €HTPOIIiI0

8
H(4)=-Y %log 2 % =3 6iT/MOBinOMIIEHHS.
i=l

32



TyT ypaxosano, wo p; = p = 1/8. Ina HepiBHOUMOBIpHHX NOBi-
AOMIIEHD y LbOMY pasi H (A4) < 3 6it/nosinoMnenns.

Hageneni B 1. 2.3 Bnacrusocri EHTPOIIi IpH LILOMY 36epiraloThes,
T06TO AKIWO p = 1 a60 0, TO g0 aHCAMETIO A HE MOX€ BXOIMTHU
6inp1r six oaHe MoBinoMeHHS. Takum YHHOM,

1
HI(A)=Zl-log2-;-=llogzl=O 2.9)
abo i=l |
HO(A)=ZO-log2(1)=0-e°,

=
A€ HEBU3HAYEHICTh 0 - oo, FKLIO i PO3KPHUTH 32 npaBuiioM Jlomitans
4epe3 rpaHuYHui nepexia, gae

Hy(A4)=0. (2.10)

Ocranniii Bunagok norpebye nosicHenns. Skmo € aHcamM6b 3
an¢asiToM A, B IKOMY TEBHe TOBiAOMIICHHS a;, Ma€ HMOBIPHICTD
Pi = 0, To Take nosigoMitenHs @, MOXHa NPOCTO BUKTIOYUTH 3 aH-

CaMO0110 Ta falli He pO3IIIANATH, OCKITBKH Y p;, =1 ansBcixizk,a
i

Cknazoea yactka H (A) i3 (2.8) nopisHioe Hymo 3a (2.10). Sxmo
TpH UbOMY B andaBiTi A 3aIHLIMTLCA JIHLLE OHE MOBIAOMJIEHHS
(npunycrumo, ix 6yno aBa), To OY€BHIHO, WO p = | Ay 3anuuIeHO-
IO MOBIIOMJICHHS | MAEMO BUNAIOK (2.9).

SAxwo B andasiti A Gyne Ginsiue, Hik oxHe HNOBLIOMJIEHHS, TO
BUKIIOYCHHA a; 3 4 (p (a,) = 0) nume CIPOCTHTbL MOJEND DKepe-
na — ioro aHcaM6b i He 3MiHHTD PE3YNBTAT OGYHCACHHS EHTPO-
nii H (A4) 3a (2.8).

Be3zymoBHa eHTponis K piBHONMOBIPHMX NOBiIOMIEHD 3aBXIH
MaKCHMabHa i BU3HAYAETHCS BUPA30M

H{(4) =log, K, Q11) 1 Gm

AKHIA HA3UBAETHCA hopmynoio X apm- g / \
i i nerxo micraTu 3 dopmynu llen- | 2
HoHa (2.8), noknasum p; = 1/K mns %
i=1... K, Xoua XpOHOJIOTiYHO nep- | / J
wolo Gyna 3anponorosana popmy- o ,/;X;{\\
na (2.11). _ v ) | / 1 H \

KopucHo pocninutn Brumms imo- | A | N
BipHOCTi p (a;) Ha cKnagoBi I, = 0'2[~ ! H
= -p (a)) log; p (a;) dopmymu (2.8). ol ]
Haoune TIOJaHHS ULOTO BIUIMBY fa€ @ o g6 95 g
rpadix /; = f (p,) — xpusa / Ha puc.
2.3, 5Ky 3106yT0 3 puc. 2.2 NOMHO- Puc.2.3
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KEHHAM OpIMHAT KpHuBOi / Ha MHOXHHK p (a), Binoﬁpaxcennﬁ Ha
puc. 2.2 niniero 2. Sk BUIUINBac 3 puc. 2.3 (Kpmaa 1), Mai 3Ha4eH-
Hs p (@) 3HayHO CHIIbHIllIE BIUIMBAIOTH Ha PiBeHb CKIANOBHX ¢op-
myiu LlleHHOHA, HiX BeJTHKI.

KpiM Toro, 3a rpadikoM NMpoCHigKOBYETECS EKCTPEMYM LIUX CKJla-
JOBHX: SIKIO BOHU MAIOTh HOro, TO i cyma H (A4) ix Tex Matume
€KCTPEMYM.

JI7is npukiiany po3riistHEMO 6e3yMOBHy EHTPOMIIO ABIAKOBOTO
Ikepena, konmu A = {a,, a,} Ta P = {p, | — p}. Toni

2
H(A):—Zpilogzpi=p10g2—;—+(1—p)log2#, 2.12)
i=1

OCKibKM p, +p,=p+1-p=

I'padix nepioi ckmagoBoi BimobpaxkeHo Ha puc. 2.3 KpuBow 1,
rpadik Ipyroi ckiagoBoi — KpuBoIo 3, a rpadik enrtpornii H (4)=
= f(p) — xpuBo 2. Baynmo, 1110 OCTAHHA € CHMETPUYHOIO 1 Mae
MakcumyMm H (A)_,, = 1 npu p = 0,5, To6T0 MaKCHMaTbHA HEBU3HA-
YEHICTh MOBIAOMIIEHD JUKepena pH p = 0,5 CIpUYKHIOE HOro Mak-
CHManbHy 6€3yMOBHY €HTPOIIIO.

JocnimkeHns HeasifikoBux mxepen (K > 2) 1a10Th pe3ynbTar 3
TIEIO CAMOIO TEHEHLIEI0: De3yMOBHA EHTPOITIs IX MaKCUMaJIbHa TpH
PiBHOMMOBIPHOCTI OBiAOMIIEHD, KON p; = /K mna Beix i =1, 2, ...,
K[3, 42, 44].

TaxuM YUHOM, OCHOBHHUMH BJIACTHBOCTSIMH 0€3yMOBHOI EHTPO-
Mil JUCKPETHUX MOBIIOMIIEHD € TaKi:

* EHTPOIiA — BeNHYMHA AiiicHA, 0OMeXeHa Ta HEBII €EMHA;

* EHTPOTIis BipOriAHMX NOBIAOMIIEHb TOPIBHIOE HYJIIO;

* EHTPOIIis MAKCUMaJIbHA, SKIIO MOBIIOMIIEHHS PIBHOHMOBIPHI
Ta CTATUCTUYHO HE3aJIEXHI;

 EHTPOIIif JKepesa 3 ABOMa albTePHATUBHHMH IOMISIMH MOXe
aMiHIoBaTHCs Bin 0 no 1;

¢ EHTPOIIsA CKIIAJEHOTO IKEpena, MOBIIOMIIEHHS SIKOT'O CKiaaa-
IOTBCS 3 YACTKOBUX TMOBIIOMIEHD KIIBKOX CTATHCTHYHO HE3aJIex-
HHUX JDKepesl, JOPIBHIOE CYM1 eHTPOMIi LIUX MKEpert.

2.5. YMOBHA EHTPONIA

IpunycTumo, LI0 NOBIXOMIIEHHS @ 3yCTPIYanocs y JIOBFOMY JIaH-
uto3i 3 N = 1000 nosinomnens /; = 200 pa3is, noBigoMneHHs b y
UbOMy camoMy nanuiosi — /[, = 200 pasis, a pa3oM BOHH 3yCTpinvcs
nmume [; = 50 pasiB. CKOpHCTaBIIMCh TEOPIEI0 MATEMAaTHYHOI cTa-
THUCTHKH, MOXKHA BCTAHOBHTH, 11O HMOBIPHICTb IIOSIBY [TOBIIOMJIEHHS
a B 1bOMY naHW1o3i p (@) = 1,/N = 0,25, a noBinomnenHs b - p (b) =
=1L/N = 0,2. Kpim Toro, p (ab) = I,/N = 0,05. IIpu ubomy p (ab) =
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=p(a)p(b)=0,25-0,2 =0,05, H10 € IBHOIO O3HAKOIO CTATUCTHYHOI
HE3aJIeXHOCT MoBigoMIeHs a Ta b. CaMe 1) TaKUX MOBIAOMIEHD
icHye 6e3yMOBHA EHTPOIIis, PO AKY MILIOCS BUIIE.

Konu 6 y upoMy npukiazi napa ab sycrpinacsa /; = 30 pasis, T0
BUsBHIIOCA 6, 110 p (ab) = L/N = 0,03 < p (a) p (b). Lle € o3Hakow0
[OPYLIEHHS CTATUCTUYHOI HE3aJIEXHOCTI TOBLIOMIIEHD a Ta b, ska
BiIOMBaE TOM (aKT, IO BOHU HE KIIPArHYTH» 3yCTPidaTHCS Pa3oM
y TOCIIAOBHOCTAX IOBiXOMIIeHb, TOOTO NOfBA OXHOIO 3 HUX JAE
miacTaBy 3 61BIIOK BIIEBHEHICTIO HE OUYiKYBATH ITOSIBH IHILOI'O, HiXK
e 6yno 6 1o nosBH nepiioro nopigomiaeHHs. Lie o3nayae, 1o imo-
BIpHICTB MOSIBH, CKaXIMO, TOBIIOMNEHHS b B IOCIIIOBHOCTI Bixpa-
3y ITCIIS [OSIBU IIOBIHOMJIEHHS @ TPOXH 3MEHILYETHCS, i HABIAKH,
xoua B3araii 6e3yMoBHa HMOBIpPHICTS p (a) uu p (b) mo Bciil moci-
JOBHOCTI B IIIJIOMY € CTaNoIo.

3 inmtoro 6oky, npu /5 = 100 maemo p (ab) = L/N =0,1> p (a) p (b),
1110 1€ MiACTaBy MiZIO3PIOBATH B3aEMHE TSDKIHHM @ 10 b, 1 HaBNa-
k4. TYT TeX NpOrsAiacThCd HOPYLUIEHHS CTATUCTUYHOI He3amex-
HOCTI, TOOTO BigHOLIEHHS «6aiay>KOCT» MIX MOBIIOMJICHHAMH a
ta b. [losgBa B MOCITZOBHOCTI OAHOTO 3 HUX, HANPHKIAJ d, TPOXH
361IbLIY€E HMOBIPHICTE ITOSIBU NIOBIIOMIIEHHS b Biipa3y 3a MOBLIOM-
JIeHHsM g, | HaBniaku. [IpoTte 6e3ymoBHi HMOBipHOCTI p (a) Ta p (b)
0 OCTIZOBHOCTI B LIJIOMY TEX € CTAJIUMHU.

Miporo MopyLeHHs CTATUCTUYHOI HE3aJIEXHOCTI (CTany «6ait-
ILYXOCTI») MiX MOBIJOMJIEHHSIMH @ Ta b € yMOBHA HMOBIPHICTb 1O-
SIBU MOBIIOMIIEHHS @ 32 YMOBH, IO BXe 3’SIBWJIOCA MOBiZOMIICHHSA
b: p (a/b), abo yMOBHa MOBIPHICTE MOSIBH MMOBiIIOMIIEHHS b, KONH
BXKe 3’ABUIIOCA MTOBiioMIIeH A a: p (bla), npuuomy B3araii p (a/b) #
#p (bla). '

Teopist MaTeMaTHYHO! CTATUCTUKKM BU3HAYa€ YMOBHY HMOBIp-
HicTh uepe3 6e3yMOBHI iIMOBIpHOCTI p (a), p (b) Ta cyMicHy 6e3yMOB-
Hy MMOBIpHICTB p (ab) 332 3aKOHOM MHOXEHHS IMOBIpHOCTEH:

p (ab) =p (a) p (bla) = p (b) p (alb). (2.13)

3BiACH BHILUIMBAE, L0

p(blay=p(ab)/p(a);p(alb)=p(ab)/p (b).  (2.14)

3okpema, I CTATUCTUYHO HE3AJIEXXHHX TOBIIOMIIEHb a Ta b
(muB. BHILIE) MAEMO

p (bla)=0,05/0,25=0,2 = p (b);
p (alb) =0,05/0,2=0,25 = p (a),

TOOTO YMOBHI MIMOBIPHOCTI HOSIBU MOBIZOMJIEHb BUPOXKYIOTHCA B
Oe3ymMoBHi.
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Toni i I; = 30 3rigno 3 (2.14) 3Hax0aMMO
p (bla)= 0,03/0,25 = 0,12; p (a/b) = 0,03/0,2 = 0,15, (2.15)

TOGTO BCTAHOBNEHHMH (HaKT NOSBY NOBIIOMIICHHS @ 3MEHIye 6e3y-
MOBHY HMOBIpHICTb p (b) = 0,2 10 ymoBHOI itMoBipHocTi p (bla) =
= 0,12 nosiBK NOBLAOMIIEHH b 32 YMOBH HAABHOTO BXKE MOBIIOM-
neHHs a. | HaBnaky, dakT nosBu NOBiAOMIIEHHS b 3MeHiuye Ge3y-
MOBHY nmompmcn p (@) = 0,25 no yMoBHOI iiMoBipHocTi p (a/b) =
= 0,15 nosBM NOBIAOMIICHHS ¢ 33 YMOBH HasiBHOCTI NOBIAOMJIEHHS
b. SIx 6aunMo, IMOBIPHICTh NOSABH MOBLIOMIICHHS b 3MEHIIYETHCA
Ha 0,08, a noBimoMnenHs a — Ha 0,1 KOXHOTO pa3y, sK iHIlIE 3 HUX
3’BUTHCA B NTOCIIOBHOCTI.

AHaJIOTiYHO CTOCOBHO HaBEAEHOrO BHMILE Npuknany 3 /; = 100
BiZnoBixHO R0 (2.14) Maemo

p (bla) = 0,1/0,25 = 0,4; p (a/b) = 0,1/0,2 = 0,5, (2.16)

LIO MAKPECTIOE 3rafiaHe BUIIE «TSOKIHHA» a Ta b ogHe 10 OJHOro
yepes MiICHICHHA IMOBIPHOCTE# NOSIBH iX.

Hacnpasggi, Tipu Ge3yMOBHiii IMOBIPHOCTI, ckaximo, p (b) = 0,2
(came 3 TaxO10 HMOBIPHICTIO JUkepeto BubHpae b cepen IHLIMX MOX-
JIMBUX TOBIJIOMIIEHb y IOBIOMY iX JIaHL03i), AK TiIbKu Gy/e BUO-
PaHO a, IMOBIpHICTb BUGOPY b CiTiioM pi3ko (BABi4i B pO3rIIsnysa-
HOMY NPHKJIaj) MiACKIIOETCA 10 3HAYCHHS YMOBHOI HMOBIpHOCTI
p (b/a) = 0,4 nosBY NOBIXOMIICHHS b 33 YMOBH HASBHOCT] NOBIIOM-
sieHHd a. | HaBriaxy, nipu p (a) = 0,25 B3araji, Ak TUIbKU Oye BUsBIe-
HO TIOBIOOMJIEHHA b , HMOBIpPHICTb ITOSBH NMOBIAOMIIEHHS @ CTIAOM
a60 mopsia 3 b pi3ko MACWIMTHECS A0 3HAUYEHHA YMOBHO1 HMOBIPHOCTI
p (alb) = 0,5 3rigHo 3 (2.16). OTxe, TpH BUABJICHHI OHOIO MOBIAOM-
JICHHS HMOBIPHICTb ITOSIBH CILIOM 260 MOpsiA i3 HUM CTATHCTHYHO
3YMOBJIEHOI0, 3B’A3aHOr'0 MOBiAOMJICHHA 30UIbIIyEThCS [ YMOB
(2.16)] ab0 3MmeHIyeThCA [ ymoB (2.15)).

L1i noxanbHi nopyieHHs HMOBIpHOCTER IPU CTATUCTUYHI 3a1eXK-
HOCTi NIOBLIOMJIEHB HE MOXYTb Oy TH HETOMIYEHUMM JKepesioM. I BoHO
Ha HUX pearye BiAMOBIAHMM 3MEHLICHHAM a60 361nbLIeHHAM KUTBKOCTI
iHpopmanii B KOXKHOMY TaKOMY MOBIIOMIIEHHI 3rifiHo 3 (2.5). 3BicHO
H eHTpOMis TAKOro JDKEpesia Ma€ 3MIHIOBATHCH HAJIEKHHUM YHHOM,
MPUYOMY Ha3HBAETHCA BOHA YMOGHOI, BUSHAYAETHCA BUPa3oM (2.6),
ase 3 ypaxyBaHHAM YMOBHMX iMOBIDHOCTEil OBIIOMJICHS.

Po3pi3HAIOTh 1BA Pi3HOBHIM yMOBHOI eHTpOIii: yacmkogy Ta
3azanvry. [epiy 3HaX0A4Th TaK:

H(A/bj)=——Zp(a,-fbj)logp(ai/bj),j=1‘..1; 2.17)
i

H(B/ai)=—2p(bj la;)log p(b;la;)i=1..k, (2.18)
- .
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neA_ ={a;, a3 ..., A, ..., 43}, B= {I?,, b,, ..., bj, cves b;} — andasitu
TOBiIOMIIEHD; 4;— KOHKPETHE MOBIJOMIICHHS, BITHOCHO KOO BH-
3HAa4acThCA YaCTKOBA yMOBHa eHTpomnis H (Bla)) andasity B 3a
yMOBH BUGODY NONEPEIHBOTO NOBITOMIEHHS a;; b; — KOHKpETHe
MOBILIOMJIEHHS, BIIHOCHO SIKOTO OOUUCITIOETECA YAaCTKOBa YMOBHA
entponis H (A/b) andasity A 3a ymOBH BHOOPY MOIEPENHBOTO
[OBIIOMIICHHS bj; i — HOMep NOoBiKOMIICHHS 3 andabiTy 4; j — HO-
Mep MoBiIOMIIeHHs 3 andasity B; p (a/b), p (bla) — yMoBHI HAMOBIp-
HOCTI. o

TepMmiH «Bubip MONEPeIHBOro» JOCHTh YMOBHHH, OCKLITbKH 110~
BiIOMJIEHHS a Ta b MOXyTh OYTH PO3HECEHi B Yaci, ajic 3HaXOAUTH-
cs1 pa3oM y mpocTopi (sik 3amucano suiue a/b uu bla), abo 6yTH on-
HOYACHMMH YM MaiiXke OJTHOYACHUMHM Ta PO3HECEHHMH B MPOCTOPI
(sx Ha puc. 2.1). Hiski o6MexeHHs Ha andasitu 4 Ta B He Hakna-
JaloThcs. BOHH MOXYTh HaBiTh 36iratucs (4 = B). Tomy mMoxHa
aHaNi3yBaTH i BpAXOBYBaTH B3a€MO3B’A30K MiX TOBIIOMICHHAMU
OJIHOTO i1 TOTO CAMOTO JPKEpPENa B OHOMY i TOMY CaMOMy angasiTi
MOBiIOMJIEHD, PO3HECEHMMH B Yaci, aJie He B NPOCTOPi (HaNpUKIaz,
Ha BUXOZi Mxkepena A uu B 3riaHo 3 puc. 2.1). Taki nocniA0BHOCTI
3yMOBJIEHHX NIOBiIOMJIEHb Ha3UBAIOThCA anylozamu Mapkosa [38,
46, 49).

3 inworo 60oky, andasitn A Ta B MOXYTh He 36iratucs (4 # B),
X04a MK ereMeHTaMu ix Moxe OyTH it BianoBigHicTs. Lo curya-
uiro BigbuTO Ha puc. 2.1, ne mkepeno A Ma€ CBOIO MOJENb — aH-
cambb A Ta P . OCKiTbKH BOHO MOXE MATH K JIMCKPETHUX CTaHiB,
JKepeno A BUCTYIAE ik 00’€KT criocTepiraya B i pa3soMm i3 HUM yTBO-
PIOE HOBE KEPENIo B, sixe Mae CBOIO Mojelb — aHcamMOib B 1a Pg.
Mix mxepenoM A4 Ta cioctepiraueM B iCHy€ KaHaJ 38’s13Ky, B sIKO-
MY JilOTb, YMOBHO KaXy'H, 3aBa/IH, IO NOPYIIYIOT NPOLEC BUOOPY
crioctepirayem B nosizomiens b; € B. e, B CBOIO uepry, nopyuuye
BiNOBIHICTh MK NOBiOMIECHHAMU a, € ATab,€ B.

Andasitu A Ta B MOXyTb 6yTH OIHAKOBOTO (k =) 1 HEOAHAKO-
Boro (k # [) o6caris. 3BMUaliHO PO3TNANAOTH CUTYAL], Koy k = [
a60 k < [. Cucrema criocrepexxeHHs 3 k =/ Ma€ IPUPOIHE MOACHEH-
a. TyT criocrepirau B OBUHEH pearyBaTy CBOIM MOBiIOMIIEHHAM
b(j=1... [) Ha KOXHUIA CTaH JuKepena A, BUCIOBIIEHHH NOBIIOMIICH-
Ham a; (i = 1 ... k). [Tpu upoMy Jti€ IPHHLNN IEPETBOPEHHS a; — b,
ay—> by, ...,a;—> by, ..., a = by, KON KOXHOMY TIOBIIOMJICHHIO 4;
JKepena A BiANoBIAA€E NOBiJOMIEHHA -b; Ikepena B. Lo Monens
306pakeHO Ha puC. 2.4, 32 BUHSATKOM eneMeHTa b, i3 B, ne =k + 1.
Ha pucyHKy BUILIEHO HANIPSAMKH B3a€MOOXHO3HAYHOI BIAMOBIAHO-
cti A <=> B. o ‘

Sl 3ranyBayiocs BHlle, 3aBaay NOPYLIyOTs BUGip NOBiIOMIIEHD
b; mxepenom B. 3a uux obcTaBuH, AKILO JKepeaoM A BHOpaHo nes-
He NOBiIOMIIEHHS d,, SKOMY Ma€ BilIOBiJaTH NOBIOMJIEHHS b, pH
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Jabodu J =i, To mxepeno B moxe BuOpatu
g ~ Oyab-ske noBiXOMIEHHS b, mpu j =

: =1...k3 mompmc*rro p (bj/a;), npu-

qomy YMOBHa HMOBlleCTb MpaBuiIb-
HOro BHOOpY (TYT BOHO Ma€ CMHUCI

K-

N

3Mory nocmnwm CHCTeMY CIIocTepe-

KEHHH, nepenadi, MepeTBOPEHHH,

36upaHH4, 36epexeHHs iHpopmMalii 3

\\é\ 60Ky criocTepiraua B.

) BoaHoyac Taky cCHCTEMY MOXHA

Puc. 2.4 JOCNiINTH 3 MO3MLIH criocTepiraya B.

) Jlis uboro nmoTpibHO 3HATH dakT

BHOOpY mKepenom B mesnoro nosimomsienns b, Ilicna BcTaHOB-

JIEHHS TaKOrO (PaKTy MOXHA 3 YMOBHOIO HMOBIPHICTIO p (a;/b)) cKa-

3aTH, IO 06’€KT A 3HAXOOUTHCA B CTaHi a;. Lle TBemeem-m MOXe
6yTH npaBUNBEHUM IIpH i = j a60 HenpasuannM IIpH i # j.

IcHyroTh NEBHI cUTYaLil, 32 IKMX CHCTEMY TOBOLHMTHCS YCKIIAJHIO-
BaTH, BuOuparouu / > k(qacn'mel k+ 1, nuB. puc. 2.4). Hpu usomy
TOBiIOMJIEHHS b; He BiAMNOBiNaE HITKOMY NOBIIOMIIEHHIO g, (z #l),ae
O3HAKOIO Ta noamomenﬂxm PO 0cOONUBHIf CTaH cnocrepxraqa B,
SIKHH BIIMOBJISIETBCS Bl BHOODY AKOrOCh NEBHOTO NMOBITOMIEHHS b;
¢ =1... k) y Blanosigp Ha nopinoMneHHs g, (i = 1 ... k). Leii craf
cnocreplraqa Ha3UBAETHCA CMUPAHHAM noezdomenmz Bm6yBaeTbc;1
BOHO 3 YMOBHOIO HMOBIPHICTIO p (b,/a;), sKwI0 cTaH a; ; Iokepena A Bi-
nomo. SIKIo x, HaBMaKK, BIDOMUM € CTaH cmpamm TMOBLIOMJICHHS
b, mxepena B, TO 3 YMOBHOIO HMOBlleCTIO pla /b,) MOXXHA BBaXaTH,
LIO JDKEPENIo A 3HaXOoaWwnocs B cTadi a, Komuxi=1... kTa j = 1.

..k,Bce BmGyBaeTch aHaJIOrIYHO Bumeposmsmynn MOIICJII 6e3 b =

bk+1 y cKiIagi mkepena B, To6To xonu [ = k.

3ragaeMo Iie TakoX Ipo Te, IO Kle CTaTHCTHYHOIO 3B’A3KY
MiX NapaMH NOBiOMIIEHb Y JOBIMX MOCTIIOBHOCTSX (PO3HECEHHS
B 4aci) ab0 B CKJIaICHUX CHCTEMAX (pomecex-u-m B IPOCTOPI) 4acTo
cnoc*repxrae'rbca CTATUCTUYHHUH 3B 30K MiX TpbOMa, 4OTHpMA i
GubLue MOBINOMIIEHHAMH, ILO 3YMOBITIOE HASIBHICTb YMOBHOI EHTPO-
nii 6UIbLI BUCOKOTO NOpPSAKY [3, 42]..

Tenep nosepreMocs 3HOBY 10 YaCTKOBOi yMOBHOI eHTpomii i 6yaemo
JOTPHUMYBATHCA MOAEJI CHCTEMH CIIOCTEPEXEHHS, NTOKA3aHOi Ha
pHc. 2.4 6e3 cTupaHHs, TOO6TO Konm / = k. 3BepHeMOocs 10 (Gi3udHOro
3MiCTy YMOBHOI eHTportii. SIK i pu Bu3HaueHHi 6e3yMOBHOI EHTPOIII,
4aCTKOBa yMOBHA EHTPOIIA € MATEMATHYHHUM CIIOIBAHHAM 3HAYCHHS
y/, (a,./bj) abop (bj/a,.). Ile nonsarrs BinbuBae cepeHIo 3a MOBHUM aJida-

<
g"f § NEepPETBOPEHHs a; — b)) 1OpiBHIOE
<" £ p (b;j/a). Pemra Bn6opua 6ynyTb o-
5- § MMWIKOBHMH 3 YMOBHMMH HMOBIp-
4 . g HocTaMH p (b;la)) nipu j # i. Ue nae
5

DY

8%
PRSI SR =

£

x=
+

=
&
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BiTOM KiIbKICTh iHOPMAL], 10 NPUNIAJAE HA OIHE NOBIIOMIICHHS
uporo andasity (mxepena). Tomy H (A/bj) B (2.17) € IMTOMOIO KiIb-
kicTio ingopmauii kepena 4 3a yMOBH, 10 BXE BCTAHOBIIEHO, daxr
BUOOPY IKEPENOM B NEBHOrO MOBIAOMIIEHHS bj; H (Bla) B (2.18) —
ITMTOMOIO KUTHKICTIO iHopMaLii wkepena B 3a YMOBH, 10 BXe BilO-
Mo craH mkepena A. Inunmu cnosamu, H (4/b) — ue cepenns KiJIb-
KicTb indopMaii, sika MicTuiacs B 6yap-skomy MOBITOMJICHHI JIKe-
pena A, SKwo mxepeno B Bubpaino noBiloMIeHHS b.ji=1..k),a
H (Bla) — cepenus KinbKicTb iHpopMaii, 3n06yTol micnsa Bubopy
JKepenioM B 6y/Ib-SKO0ro CBOTO NOBIIOMIIEHHS, KOJIM BIIOMO, 1110 [DKe-
peno A 3Haxomunocs B cratiag; (i = 1 ... k). HacTkoBa yMOBHA €HTPO-
fist BU3HAYAETHCA SIK CTATHCTHUYHE YCEpeIHEHHs 32 METOJIOM 3BaXe-
Hoi cymu (2.17), (2.18) no inmexcy i=1... kaboj=1... k BiAMOBiOHO.

VpaxoByloyu BMKIa[ACHE BHUILE, 3arajbHy YMOBHY EHTPOTIiI0
MOKHA BU3HAYMTH TaK: AKIIO YAaCTKOBA YMOBHA EHTPOIIis Jkepena
A BiJHOCHO KOHKPETHOrO MOBIAOMIICHHS bj nopieuioe H (Alb), a
po3noain imoBipHocTei Py kepena B 3anaHo aHcambneM Bi3 Py =
={p®),...,p (bj), ...y P (b})}, TO LNKOM NPHPOIHO oBuucnuTH
cepenHe Mo j 3HaveHHsa H (A/bj) 3a BCiMa j SIK CTATHCTHYHE ycepen-
HEHHS METOOM 3BaXKeHOl CyMH, ToOTO

H(A/B)=3 p(b,)H(A/b)), (2.19)
J

ne H (A/B) — 3aranbHa yMOBHa eHTpONis Jxepena A BIIHOCHO
mkepena B. Lle nutoma (cepeqHbOCTATHYHA) KiBKICTh indpopma-
uii, mo npunanae Ha Gyab-sKe NOBIIOMIIEHHS kepena A, SKWo
BiIOMO HOTO CTATUCTHYHY B32€MO3AJIEXHICTB i3 [uKepenoM B.

Ananoriyzo (2.19) 3aranpHa YMOBHA €HTpOIIis [kepena B Bill-
HOCHO jKepeiia A BU3HaYa€ThCsA BUPA30OM

H(B/A)=Y p(a,)H(Bla,), (2.20)

1LIO € MUTOMOIO (CEPeIHBOCTATHYHOIO) KiMbKicTIO indopmautii, 1xa
npunanac Ha Gynb-sike MOBIIOMIIEHHS Jkepena B, Axumio BiOMO
J10ro CTaTHCTHYHY B3a€MO3aNeXHICTS i3 mkepenom 4.

Bupasu (2.19) i (2.20) € onepauisMu 3rOpTKH 32 iHaEeKCOM, BHACHI-
JIOK siKoi onepauis (2.19) «rorauHae» iHaeKc j, a onepauis (2.20)—
iHpeKc i.

3 ypaxysanusm (2.13), (2.17), (2.18) Bupasu (2.19) i(2.20) Haby-
BAlOTb BHIIIAAY

H(A/B)=—Zp(bj)Zp(a,./bj)logp(a,./bj)=
j i
=—Zz_p(bj)p(ai/bj)logp(ai/b}.)= (2.21)
ji
=-Zzp(ai/bj)1°gp(ai/bj);
joi
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H(B/A)--Ep(a )Ep(b /a)log p(b;/a;) = |
‘-EEp(a )p(b; /a Yogp(b; /a)= (222

i

=‘ZZP(0,- 1bj)log p(b; / ;).
iJ

3arajioM CTaTHCTHYHA 3aJIEXHICTD JKeperna B Bii mxepena A Bia-
6uBa€eThCs MAaTpHIielo NPIMHX NMEPEXOAIB NOBiAOMIEHDb a; (i = 1 .
k) mxepena A B noBigoMneHHs b;(j=1... k) mxepena B:

Al b, | 6, [.] 5[] b
a, |p@® /a)p(bzla,)'... p(bj/a,) oo p(byla))

I p(b /az)—&/—az')f:: {)..(b’/az) o ‘.D..(b"/az).(z.zs)

a; p(b fa) p(bzla) ... p(bjla) ... p(byla)

a, p(b Ja) p (bzlak) . p (bj/ak) . pbplay)

Ha ronosniit riaronani uiei MaTpuii po3mileHo YMOBHi AMOBIp-
HOCTI NIPAMOT BIINOBIAHOCTI THIY @, — by, ..., a, — b,, sKi Xapak-
TEPU3YIOTh NPaBUIIBHHIA BUGID mxepenom B cBoix MOBiIOMJIEHD
(TobTO0 Bumomzmo A0 nosigomiuensp mkepena A). Pewra iimMoBip-
HOCTEH BiANOBiJAIOTH HENPaBUIBHOMY BUOOPY NMOBIZOMIIEHB HXKe-
penom B.

Martpuus (2 23) BinOHBa€ BIUIUB 3aBaJ y KaHaJI Mix ZKEpeIioM
ATa CHOCTCplI‘a‘{CM B (nus. puc. 2.1). ﬂxuxo 3aBa/lM HEMOMITHI 260
30BCIM BLICYTHi, TO MAEMO OHO3HAYHY BiAMOBIIHICTb a, — b, 3 yMOB-
HOI #iMOBIpHOCTI p (b;/a) = 1 mus i = 1 ... k. Pewrra it MMOBlpHOC’I‘eH
p (b;la) = 0 nns Beix j # i.

lfox(mm panox y (2. 23) € CHOTBOPEHHM PO3NOALTIOM mompuoc-
Te# Py nosiBu nosinomneHts b, € B. [lxepeno B mae po3nozain 6e3-
yMOBan iMoBipHOCTEH Pp, B’paxynam{ﬂ CTaTHCTUYHOTO BILIMBY
NOBINOMIIEHHS 4, € A cno*n;oploe ueit posnonin (a6o yrouHioe Horo)
i Ha€ HOBUH po:momn imoBipHOCTel P (Bla;) s i-ro psaka MaTpH-
ui. Came TOMY BUKOHYETBCS 3aKOH HOPMYBaHHS .

S, /a)=1, i=1..k (2.24)
J

CraTtucTHYHA 3a/IeXHICTh mxepena A Bix mxepena B BinGuBa-
€TBCS MATPHLIEIO 3BOPOTHHX NEPEXOAIB THNY a; ¢— b, > CKIIAJIEHOIO 3
YMOBHHMX iMOBipHOCTeH p (a; /b)
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[p(a,/b) pa/B,) ... pa/b)) .. pla /b))
pla, /b)) p(a,/b,) .. p(aZ/bj) . play1b,)

P(A/B)= p(a.,.“/bl) p(a;.}bz) p(a;..}bj) p(a;-}bk)

| p(a, /b) plag 1by) . p(ag1b) - p(a15,)]
=P(Alb),i=1..k. ’ (2.25)

BoHa Bizobpaxae k po3MilueHHX CTOBILAMH BapiaHTiB COTBO-
PEHHX NIEPBUHHUX PO3MOALTIB IMOBipHOCTEl ancambmp A, AKi BIA4y-
BAIOTh Ha COGi CTATMCTHYHMH BIUMB noBifomMieHs b, (j =1 ... k),
BuGpaHux kepenoM B. CaMe TOMY JUIA KOXHOTO TaKOFO PO3Noiny

T pla;b)=Lj=1..k - (2.26)

TakuM YHHOM, KO 3aJaHO aHCaMONb A Ta MATPHLIO NIPSIMHUX
nepexonis (2.23), To, BpaxoByiouu (2.13), MOXHa 3HAHTH CyMicHi
6Ge3ymoBHi iimosipHocTi p (a;, b) = p (b;, a,), B3ABLIM 3 aHCambiio A4
6e3ymoBHi iiMoBipHocTi P, = {p (a)},i= 1 ... k. BUKOHABILIX 3rOpT-
Ky No i, JICTAHEMO TaKMM po3nofil 6e3yMOBHHMX iMOBIPHOCTEH
Pp={p®)},j=1..k

p(bj)=21p(a,.bj),j=l...k. (2.27)
1=

3Bincy 3a hopmynoro, noai6Hoo 10 (2.8), Bu3HaUaEMO OGe3yMOB-
HY EHTpOTIiI0 '

k
H(B)= -le(b,-)Ing(b,-)- (2.28)
jo

3BH4aiiHO, LIIO EHTPOTIiI0 MOXHA 3HaiTH Ge3nocepenbo 3a (2.8),
CKOPYCTaBIIMCh 3HAYEHHsM p (a,) 3 aHCaMGmo 4. YMOBHi eHTpoOii
SIK YACTKOBI, TaK i 3arajibHi MOKHA BU3HAYNTH 332 HAABHUMH JaHU-
mu {p ()}, {p (b;la)} Tap (a;b). Bsarani Tpeba BUALIUTH PO3NOALT
cymicuux iMoBipHocreit P (4, B) = {p (a,, bj)}, 3a SKMM MOXHa Jic-
TaTH po3noain Py 3roptkoio no i (2.27), abo posnoain P, 3ropt-
KOIO 3 J:

k
p(a,) = 21 plab),i=1..k, (2.29)
J:

[ic/Is 4Oro JIerko 3HaiTH pO3MOALIM YMOBHHMX iMOBIpHOCTEH ISt
MaTtpuib (2.23) Ta (2.25) Ha niactasi (2.14). Majous ui aaHi, MOX-
Ha BU3HAYHTH BCi PO3MAAHYTI pisHoBUaM eHTponii: H (4) 3a (2.8),
H (B) 3a (2.28), H (A/b) 3a (2.17), H (Bla,;) 3a (2.18), H (A/B) 3a
(2.21)i H (B/A) 3a (2.22).
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Ha 3aBepiieHHS po3risHEMO KOHKPETHUI MPHKIIAA.

Hexaii 3agaHo Taky Mmatpuuio P (a, bj) CYMICHHX IMOBIpHOCTeIf MOSIBU NO-
BiIOMJIEHB OBOX Jkepen 4 Ta B (aus. puc. 2.1) 3andasiramu g, Tab, nei=1,2,
3T1aj=1,2,3(k=1=3):

02 0 o1l 1
Pa,b)=| 0 02 o1 2.
2 PR (2.30)
12 3
[ —]

i
Ockinbki p (ab) — Ge3yMOBHI HMOBIPHOCTI, U1 HUX BUKOHYETHCS 3aKOH
HOPMYBaHHS 33
i=1j=1
Oxpema posropTka no paakax (no i) 6e3 3Minu j «nornunae» andasir g, i
na€ 6e3yMOBHY HMOBIpHICTS p (bj), TO6TO HMOBIpHICHY Mipy i mxepena B:

02+0+0,1=03=p(b)npuj=1; ‘
0+02+0,1=03=p(d)npuj=2; 2.31)
0,1+0,1+02=0,4=p (b)) npuj=3.

TlepeBipUMO HOPMYBaHHS:
p(b)+pb)+p(b)=03+03+04=1

Oxpema 3ropTka no cToBnusx (3a j) 6e3 3MiHu | «rmoriuHae» angasit bj i
Aae 6e3yMOBHY iMOBIpHICTS p (a,), TOO6TO HMOBIpHICHY Mipy /s Axepena 4:

02+0+0,1=03=p(a)npu i=1; )
0+02+0,1=03=p(a)npui=2 (2.32)
0,1+0,1+0,2=0,4=p(a,)npui=3.

ITepeBipseMo HOpMYBaHHS:
pa)+pa)+p@a)=03+03+04=1.

3 ypaxyBaHHaMm (2.14) Ha migcrasi (2.30) gictraeMo Taky MaTpPHLIO YMOB-
HHUX IMOBIpHOCTEI:

o
N
o
—

o
'wlo

oL
—w

L
1)

@.33)

W N rm

2/3 0 1/3
pla;1b;)= = 0 2/31/3

0,25 0,25 0,5

ol P
[2gle gl
oo
—0
oo
N W

-9
=N
o
o
o
w N

k_[

IMepeBipka Ha BUKOHAHHS 3aKOHY HOPMYBaHHs (2.26) 1a€ TO3UTHBHY Bif-
MoBiAb, TO6TO

—+0+§-=%=1=p(a]/bl)+p(a2 1by)+ play b)) mpuj=1;
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0+%+% =%=1 = play Iby)+ play I1by) + plas 1by) TP/ =2;
0,25+0,25+0,5 = %
OTxe, KOXH#I panok (2.33) € po3nojiioM NOBIIOMIICHb @, CTIOTBOPEHUM

yepes CTATHCTHUHMIA BIIMB NoBifoMieHb b € B [nop. i3 (2.32)]: -

=1= p(ay/b3)+ play /b3)+ p(az /b3) mpHj=3.

92 0 01
j
063 8’3 %‘: 1 [2/3 0 025
pbla) =\ o7 o5 o [2=| 0 2/3025| (2.34)
03 03 04143 1y/31/3 05
ol 01 02
0,3 03 04
1 2 3
\—q.——-—‘
]

TepeBipka BUKOHaHHS 3aKOHY HOpMyBaHHi (2.24) 1a€ NO3UTHBHY Biano-
Bib, TOO6TO

23+0+13=33=1=p(bla)+pbja)+p (ba) mpu i =1;
0+23+1/3=3/3=1=p(bla)+p(bja)+p(bjfa)upni=2;
0,25+0,25+0,5=1=p (bla) + p (bja) + p (bja,) npu i =3.

TakuM YMHOM, KOXHHIL cToBnELD (2.34) € PO3MOALIOM NOBinOMIEHb b,
CTIOTBOPEHHM Yepe3 CTATUCTHYHMI BILTHB NOBiNOMIIEHb g, € A4 [nop. i3 (2.31)].

Tenep, Marout aaHi (2.32), 3a (2.8) pospaxyeMo 6e3yMoBHY €HTPOMIIO JKe-
pena A:

H (4)=—0,310og 0,3 + 0,3 log 0,3 + 0,4 log 0,4)=
=1,57095 6iT/mOBiAOMIICHHS.
AmnasoriuHo, Matoun jaaHi (2.31), 3a (2.28) o6uncnuMo 6e3yMOBHY €HTPO-
nito axepena B: o

H (B) = (0,3 log 0,3 + 0,3 log 0,3 + 0,4 log 0,4) =
=1,57095 6iT/nOBiROMIIEHHS.

V posrasaysaHomy npukiani H (B) = H (4) romy, mo 36iraloTecs po3no-
Ainu 6e3yMOBHKX iMOBipHOCTEH. J10 pedi, MAKCHMANILHOTO 3HAYEHHS H(A)Ta
H (B) nocsriu 6 npy pisHoiMOBIpHOMY PO3ToAiNi HiMOBipHOCTEH, To6TO NpH
pa)=13Tap (bj) =13 mai,je {1,2,3}.

Toxi 6yno 6

H_ (4)=H_, (B)=-log (1/k)=logk=log3 =
=1,58496 6iT/noBiROMIIEHHS.

SIk GauMMO, MAKCHMaIbHA EHTPOTIA MEPEBHILYE 3HaueHHs Ge3yMOBHOI
eHTpOTI] IpH HEPIBHOMIPHOMY PO3MOiNi AMOBIPHOCTEH.

YacTkoBa YMOBHA EHTPOTIs Jxkepena A 3a (2.17) 3 ypaxyBaHHAM (2.33)
CT@HOBHUTHME

H (Alb) = -{(2/3) log (2/3) + 0log 0 + (1/3) log (1/3)] =
= 0,91829 6iT/nMOBIAOM/ICHHS;
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H (Alb,) = {01og 0 + (2/3) log (2/3) + (1/3) log (1/3)] =
= 0,91829 Gi1T/MOBIAOMIIEHHS;

H (A/bs) =—(0,2510g 0,25 + 0,25 log 0,25 + 0,51l0g 0,5) =
Y 61T/n03momnenﬂa

3aransHa yMOBHa EHTpONis Ikepena A BITHOCHO JuKepesa B 3rigHo 3 (2. 19)
abo (2.21)

H(A/IB)=03H (A/b,) +0,3H (4/b,) + 0,4 H (Alb,) =
=2.0,3-0,91829 +0,4 - 1,5 = 1,15097 6it/nosinoMieHHs.

YacTkoBa yMOBHa €HTpomis mkepena B 3a (2.18) 3 ypaxysauusam (2.34)
CTaHOBUTHME

H (Bla)) = -[(2/3) log (2/3) + 0 log 0 + (1/3) log (1/3)] =
= 0,91829 GiT/noBigoMNEHHS;
H (Bla,) = [0 log 0 + (2/3) log (2/3) + {1/3) log (1/3)} =
= 0,91829 6it/moBinoMneHHs;
H (Bla,) = -(0,25 10g 0,25 + 0,25 log 0,25 + 0,5 log 0,5) =
' = 1,5 6iT/ NOBiXOMNEHHA.

3araneHa yMOBHa empomn Iokepena B BIMHOCHO mxkepena A 3rigHo 3 (2.20)
abo (2.22)

H(B/A)=0,3-2-0,91829 + 0,4 - 1,5 = 1,15097 6iT/noBinoMiIeHHS.

Bia3HauMMoO OKpeMOo TaKi BIaCTUBOCTI yMOBHOI EHTPOTIL:

1. SIxmo mxepesna noBinomieHs A Ta B CTATUCTUYHO HE3aJIeXHI,
TO YMOBHAa €HTpOITisl Axepena A4 BiTHOCHO Ixxepena B HOPIBHIOE
6e3yMoBHIl eHTpomii Jxepena A i HaBIaku:

H (4/B) = H (A); H (B/A) = H (B).

2. SIxmo mxepena noBiioMIIEHs A Ta B HaCTUILKM CTATHCTHYHO
B3a€EMO3B’A3aHI, 110 BUHUKHEHHS OJHOIO 3 IMOBIJOMIIEHb CIIPUYH-
HI0€ 6€3yMOBHY NOABY iHLIOTO, TO YMOBHi EHTPOIIi iX AOPiBHIOOTH
HYJIIO:

H (4/B) = H (B/4) = 0.

3. ExTponis JKepena B3a€MO3aJIeXHHX IOBIXOMIECHs (YMOBHA
EHTPOIIsT) MEHIIA BiJ eHTPOIii Jkepesia He3aIeXHHX MOBIIOMIIEHb
(6e3yMOBHA eHTpOTIIN).

4. MakcrMaibHY eHTPOTIIIO MAIOTh JKepesia B3aEMOHE3ATIEKHNX
PIBHOMMOBIPHHUX MOBIIOMIJIEHb, YMOBHA €HTPOIIis AKUX JOPIBHIOE
HYJTI0, 2 KIMOBIPHICTE IIOSIBM CUMBOJIIB andasiry p = l/k, ne k —
KUILKICTD ITOBiIOMIIEHD B ajdaBsiTi.
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2.6. EHTPONIA OB'€AHAHHA ABOX KEPEN

Entpormiio H (A, B) 06’eiHaHHA ABOX Jkepei A Ta B 3HaX0IuMO
yepe3 IMOBIPHICTb CYMICHOi OABH Nap TOBiOMIIEHD a;, b; 11 BCiX
i=1...kTaj=1... ], Ky NO3HAYUMO p (a; bj). Jlns usoro CKiIajeMo
MaTpuuo Tuiy (2.23), 1o BH3HAYaE po3noain cyMicHoi G6e3yMoB-
HO1 MMOBIpHOCTI ABOX JIXepen:

p(ay,by) play.by) plas,by) .. plag.by)
P(aivbj )= p(ay,by)  play.by) plas,by) - ... P‘ak »b7) (2.35)
plap,by)  play,by)  plasb) . plag.by)

Ockinbku p (a; bj) — 11e IMOBIpPHICTL CYMICHOI NOSIBH JBOX I10-
Binomens, entponis H (4, B) €.CepeaHboI0 KibKICTIO indopma-

Lii, LIO MpHUNajac Ha JBa JOBUILHHX NOBiIOMJIeHHs mkepen A Ta B
¥ BU3HAYA€ETHCA TaK: B :

H(A,B)=—Z};p(ai,bj)log p(a;,bj). (2.36)
3po3ymiNo, L0 t ‘ '
H (A, B)= H(B, A), 2.37)

OCKINBKH p (a;, bj) =p (bj, a;). Ans cymicHol NOSBH NOBIIOMIIEHbD 4;
1a b, IOC/IIOBHICTb 3aIHCY 1X HE MA€E 3HAYCHHS.

PosrnsHeMo JoKiaaHiite Bupa3s (2.36). Slkuio BpaxysaTH (2.1 3),
TO MOXHa 3alUcaTH ' _ ’

H(A,B)=-3 3 p(a;)p(b;/a;)loglp(a;)p(b;/a))]  (2.38)
ij
3rafasuy, 1o Jorapudm 106yTKY JOPiBHIOE CyMi norapudMiB
(1€ BIIACTHBICTh aJIMTHBHOCTI KinbkocTi iHpopmauii), MATHMEMO

H(4,B)=-3 3{p(a,)p(b;/a;){logp(a;) +logp(b;/a))]} =
i j o
= '{Zzp(ai )P(bj /a;)log p(a;)+ Z‘Zp(a,-)p(bj /a,.)logp(bj la;)}=
: i j L)
= ‘{Zp(ai)logp(a,-)zp(bj /a;)+ X p(a) X plb; /a;)logp(b;/a;)}.
i ¥ ! J

(2.39)
Tenep noTpi6HO BpaxyBaTH, IO 3riIHO 3 (2.24) ¥ p(b ila;) =1.
j

ToMy nepiua cknagosa B (2.39) signosiguo mo (2.8) BusHauyae 6e3-
YMOBHY EHTPOIiI0 Jukepena A4, To6To

X p(a;)log p(a;) = H(A),
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a ipyra CKIafoBa BiANoBiaHO 10 (2.22) € 3aranbHOI0 YMOBHOIO
enrponieio H (B/A). Otxe,

H (A, B)= H(A) + H (BIA). . (2.40)

Bunacrusicts cumerpii (2.37) nae 3Mory nposecty noai6Hi nepe-
TBOPEHHS L€ Pa3 i nicTaTH iHumii Bupas entporii H (4, B), a came:

H (4, B)= H (B) + H (A/B). (2.41)

3 ypaxyBanuaM (2.40) 1 (2.41) 3aranbHy YMOBHY €HTPOIIII0 MOKHA
BU3HAYHUTH NOPIBHAHHAM 6e3yMOBHOI €HTpOMNIT 06 € AHAHHS IKepest
Ta EHTpOmil OJHOro 3 HUX — A 4 B:

H (BIA) = H (4, B)- H (4);

H(A/B) = H (4, B) - H (B). (2.42)

Kinbkicrs indopmauii, mo npunanae na omme MOBIIOMIEHHS,
TNIEpeNaHe N0 KaHATy 3B’S3KY B CUCTEMI CIIOCTEPEXEHHS (IUB.
puc. 2.1) Big mxepena A criocrepirayesi B 3a HasBHOCTI 3aBaj y
KaHaJli Ta CTATHCTHYHI 3yMOBJIeHOCTI aHcambiiB 4 Ta B (3, 42],
BH3HAYa€ThCI BUPA3OM

1(4,B)=H (A)- H(AIB) = H (B) - H (BIA) =

= H(A) + H(B)~ H (4, B). (243)

Hagepnenuit Bume npuknan (aus. m. 2.5) nae yABY IIPO EHTPOIIIO
o6’exnanns. Tak, 3rinuo 3 (2.36) i (2.30) Maemo

H(4,B)=—3-0,2l0og02+4- 0;1 log 0,1) =
= 2,72193 6i1/ nBa NOBiAOMIIEHHS.

3 inworo 60Ky, BpaxoBywun (2.40), nicraemo

H (A4, B)= H (A) + H (B/A) = 1,57095 + 1,15097 =
= 2,72192 6i1/aBa NOBiOOMIIEHHS,

a KOpUCTYIOUHMCh (2.41), MmaeMo

H(A,B)=H(B)+ H(AIB) =
= 2,72192 6it/nBa NOBIZOMIEHHS.

Bin3HaunMo Taki OCHOBHI BIIACTHBOCTI €HTPOIIi 06’ IHAHHS [BOX
JUKepe:

1. Tpyu cTaTUCTHYHO He3aNeXKHUX TIOBIOMIICHHAX Kepen 4 Ta
B enrpornis 06’etHaHHs iX JOPIBHIOE CyMi eHTPOTIT OKpEMUX Jke-
pen, Tob6To

H(A,B)= H(4) + H (B).
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2. Ipu NoBHil CTaTUCTHYHIMA 3aJIeXHOCTI mxepen A Ta B €HTpO-
[is 06’eHAHHS iX JOpiBHIOE 6e3yMOBHil eHTpOII OZHOTO 13 JIKe-
pen, 10610

H (A, B)= H (4) = H(B).
3. EnTponis 06’ eqHAaHHSA JBOX. [UKEPEI BimoBigae HEPiBHOCTI
H(A,B)<H(A)+ H(B).

KOHTPOJbHI 3ALAM!

1. Bizomo, 110 MOBIIOMICHHS a, € A4 3'IBIASETHCA 3 imosipsictio p, = 0,03.
BH3HAYMTH KiILKICTB iHQOpMAaLil, IO MICTUTHCS B LLBOMY TIOBiIOMJIEHHI.

2. AncamGnb C MICTHTB 16 piBHOIMOBIPHHUX MOBIIOMIEHb. BU3HAYHTH KUTb-
KicTb inpopmallil, IKy MICTUTb KOXHE TaKe NOBIIOMIIEHHS

3. IIxepeno A BHpPOOGIAE TPUIITEPHE nosigomiieHHs a,€ A 3 andasity
{a, b, c, d}, BUOHpaOUH iX PiBHOMMOBIPHO il HE3aEXKHO OMIHE BiJl OAHOrO 33
THIIOM a, = abc, a, = abd i T. 1. BU3HAYMTH EHTPOMIIO LBOrO JUKEPENaA.

4. JIxepena A Ta B MaloTh po3NOAiIH fiMOBipHOCTEH moBifoMieHs P, =
={0,1;0,1;0,15;0,125;0,125;0,1; 0,15, 0,15} i P, = {0,5;0,3; 0,1; 0,025; 0,025;
0,02; 0,015; 0,015}. EnTponis sxoro Jkepena 6insa? Sixa MakCMMaJIbHA €H-
TpOMist LBOro JUKEPENa Ta 3a AKOoi ymoBu?

5. BM3HAUUTH CHTPOIiI0 MOHITOpa NEPCOHANBHOT EOM npH BHBeACHHI
TekcTy B 28 pakis 1o 60 piBHOHMOBIPHUX CHMBOJIIB Y KOXKHOMY, SIKILO BUKO-
PUCTOBYETHCSA CTRHAAPTHUH MikHapoaHHEt ko (128 cHMBOTB) i3 1BOMA Ipa-
JaLisMH SICKPaBOCTI.

6. [Tpu nepenavi 6aHKIBCHKOT igopMauii pedeHHsMH 110 16 pIKiB HA KOXHi
100 peuens undpa 5 3ycrpivaerses 90, a undpa 9 — 70 pasis. Ynucna 59 195
3ycrpiyatoThes 12 pasis. BusHauuTH yMOBHY eHTpOTIIIO MOABH B PCUEHHI Lkd-
pu 9, AKIIO B HHOMY € LHpa 5, T2 YMOBHY eHTponilo nosiBK UMdpH 5, AKLIO B
peuenHi 3’sBunacs undpa 9.

7. AncaMm6ib OBIAOMIIEHD JOKepena A BU3HAYEHO K A = {0,1} Ta P, =
= {0,75; 0,25}. CTaTHCTHYHA 3aNeXHICTh NoBifOMIEHb @, € A XapaKTepu-
3Y€ThCA YMOBHHMH HMOBIDHOCTAMH p (0/1) = 0,121 p (1/0) = 0,08. BU3HAUUTH
YaCTKOBY T4 3arajbHy YMOBHY EHTPOIIIIO LBOTO KEpEna.

8. JloCIiIKeHHs KaHATy 3B 3Ky MK JOKepenoM A Tta crnioctepiraueM B
BHSBWIO Taki yMOBHi HMOBIpHOCTi BUGOpY NMOBIIOMIIEHD bje B:

0,97 0,02 0,01
p(bj/a,»)= 0,1 0,86 0,04 |
0,03 0,08 0,89

BU3HAYMTH HACTKOBY Ta 3arajibHy YMOBHY EHTPOTIIO MOBIIOMJIEHb B LBO-
My KaHaJi IpH PiBHOKMOBIPHOMY Bubopi ix mxepenom A ta pu P, = {0,65;
0,3; 0,05}.

9. JlBa CTATHCTHYHO He3AIEXHHX Jukepena A Ta B BU3HAUAIOTECA MaTPU-
LIeI0 CYMiCHUX IMOBiIpHOCTER

025 0 0]l
pla;,b;)={015 03 01
0 0,05 0,05
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BH3HAa4MTH 4aCTKOBY Ta 3arajbHy YMOBHY EHTPOII10, eHTPONiIo 06’ 1HaH-
Hsl, 6€3yMOBHY CHTPONIIO0 UMX IDKEPEN, a TAKOK KilTbKiCTh iHpopMauii, wo
NpHNiajla€ Ha napy NOBiAOMIeHs a, b.

10. Po3B’s3aTH NONEPeaHIO 3aa4y, AKLIO MaTpULs CyMiCHHX iMOBipHOCTE#H
JOKepeJl Ma€ BUIIAL '

0,2 0,01 0,02 0,03
(a.b;)=| 002 0.16 0,03 0,01
PRais0i)=1 001 0,04 017 0,02 |
0,03 0,05 0,1 0,1

KOHTPO/IbHI SAMUTAHHS

1. Illo Take IKepéno noBifoMIeHb?
2. [lo Take aHcaMb6/b NOBIAOMIEHD?
3. SIx BU3HAYAETBCA KiNbKICTL iHpOpMAL] B ORHOMY NMOBIXOMIIEHHI?
4. I1[o Take eHTpoMmis Ta AKi Ii BIACTHBOCTI?
5. o Taxe 6e3yMoBHa eHTponia?
6. LLlo Take ymMoBHa eHTpomin?
7. SIki oCHOBHI BNacCTHBOCTI 6€3yMOBHO] EeHTpomnii?
8. Ski € pisHOBHAM yMOBHOI eHTpONiT?
9. 5Iki OCHOBHI BITaCTHBOCTi yMOBHOI eHTpONIi?
10. Ak BU3HAYAETHCH YACTKOBA YMOBHA €HTPONia?
11. Sk BU3HAYAETECA 3araibHa yMOBHA eHTpONiA?
12. SIx BH3HAYAETHCS EHTPOMiA 06 €AHAHHS ABOX xepen?
13. SIxi ocHoBHi BracTHBOCTI enTpomii 06’cHaHHES 1BOX kepen?
14. Sk BU3HAYAETHCA KINBKICTL iHdOpPMALIi Ha OaHe MOBIIOMIEHHS JABOX
CTATHCTHYHO B3a€MO3B’I3aHHX JoKepen?
15. 3a KUX YMOB EHTPOIIiA IKEPeNa CTAE MAKCHMAJTLHOIO?



XAPAKTEPUCTUKHA
OMCKPETHMX OXEPEN

roamn ) IHOOPMALL

EByov-axy ingopmayiio nompiéro docmasumu 00epiicysayesi HosioomMaeHy,
iHakwe 6ona He Mamume 014 Hb020 HiaKkol yinnocmi. IIpome npu nepedavi
iHpopmayii 8i0 duckpemmux 0xcepen no KaHarax 36 A3Ky MONCymyb GUHUKA~
mu i smpamu, AKWo 8 KaHanax dilone 3a6adu Ma € CROMEOPEHHA CUZHANIE,
AKUMU Nepedarombcs nOGIOOMAEHHA.

Bio inmencusnocmi 3a6ad y kananax sanexcame weuoKicmoy nepeoavi in-
dopmayii ma nponyckna 30amuiemv kananie. Tomy 6 yvomy po3dini iimu-
MembCs npo weudkicmy nepedayi ingpopmayil 6id Juckpemnux dxcepen, oyi-
HIOBAHHA émpam ii @ KAHANAX, NPONYCKHY 30aMHicMb OUCKPEMHO20 KaHANY,
meopemu Lilennona npo K0Oy8aHHa OUCKPemHUX 0icepen.

3.1. MPOAYKTUBHICTb AUCKPETHOIO
IKEPEJIA TA WWBUOKICTb
NEPELANI IHOOPMALI

Ao mrepeno 4 BUOMpae NOBIIOMICHHS a;, TO MOXHA FOBOPH-
TH, UI0 BOHO BUPOOJISE NEBHY KIIBKIiCTD m(bopmaun I, = -log p;. 1i
BU3HAYEHHS 3a Pi3HHX YMOB PO3IIIAAAIOCA B MONEpeaHbOMY PO3i-
. TaM xe 3razyBanocs po MOXJIUBICTh 3aJ1yUeHHS 4YaCOBOT'O BH-
MIpIOBaHHS K0 Mojemi Jkepena. Po3risHeMo Tpoxu ckiaaHily
fioro Moziens, a caMe: aHCaMOJIb A MOBIIOMIIEHb, YpaxyBaBLIM pO3-
NOMLN iIMOBIPHOCTEH p; T2 PO3NOJLI MPOMIXKIB 4acy T, MPOTATOM
AKKX JDKepesio BUOMpAe pi3Hi NOBiIOMIIEHHA ;.

IIponyKTHBHICTB [pKepena o0 NEBHOTO MOBIIOMIIECHHS a; MOX-
Ha BU3HAYMTH AK

Vi = 11 7, 3.1)

Ti onuEMng 3a1eXHTH Bil BUGOPY OAMHMII KibKOCTI iHpOpMa-
uii /.. Hanpuknan, ue moxe 6yTH 6iT 3a ceKyHAy.

Sk MPABHIIO, JKEPEIO BHOUPAE NOCHTh BEIMKY KUTBKICTh MO-
BIIOMJIEHB [TPOTATOM MEBHOTO Yacy. TOMY NPUPOIHO SK 3arajbHy
XapaKTEPUCTHKY JpKeperia MPUHHATH CepenHIo 32 aHcaMmbieM iHoro
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HNPOLYKTHBHICTh, KOPHCTYIOUMCh BiJOMHM 3 [IONIEPEAHBOTO PO3i-
JIy METOJIOM CTATUCTHYHOIO YCePEIHEHHS: '

k
Vix = '21 inm« - ; (3.2)
D
3arayioM, KOJIM T, # T, IpH { # j BUpa3 (3.1) micns ycepennexus 3a
4aCOM MOJXKHA NEPETBOPUTH A0 TAKOTO BUITIAAY:

k
V)J)l(i=1i /(leiti)zlilrcep 5 (33)
i=

e Teep — cepeaHiii yac BU6OPY MKepesIoM OJHOrO MOBIIOMIIEHHS.
Bupa3s (3.3) mificHuit TakoX A7 OUTBII MOIMPEHOTO BUMAMKY,
KOJIM JKEepesIo BUOMpAE BCi CBOI MOBIIOMIICHHS 32 OJMH i TOM ca-
MMH NIPOMIKOK 4acy T = Tg,..
3 ypaxyBaHHsM (3.3) Bupa3 (3.2) nabyBae BUrIAOY:

k H(A
ZP, = ZP[IOgPi=_('—)-

Teep i=l Teep izl cep

(3.4)

Bauumo, 1o Taka 3arajibHa XapaKTEpPUCTHKA, SIK MPOXYKTHBHICTh
JHCKPETHOT O JPKEpeia, BA3HAYAETHCS HOTO cepe/IHIMH IIOKa3HUKa-
MH: EHTpOMI€I0 (CepeIHBOI0 KUIBKICTIO iHdopMaLii B OfHOMY HO-
BIIOMJIEHHI) Ta 4aCOM YTBOPEHHS OCTAHHBOIO.

Posrnssemo y3aransHeHy Mozenb KaHaiy nepenaul indpopmauii
(puc. 3.1). 3a3HauuMo, 10 nepeRava MOXKIIUBA SIK Y l'lpOCTOpl Tak i
B yaci. Lle 3anexuTh Big MeTH nepenadyi Ta BAOpaHUX HOCIIB iHbop-
Mauii B JiHii 3B’3Ky. Buxosuu 3 HaBeAeHOro B 1. 2.1 BU3HAYEHH
MaeMo axepeiio A 3 entporniero H (4), yrBopeHe criocrepirayeM 4
Ta CIOCTEPEeKYBAHHUM (DI3UYHMM ITpouecoM 4.

IMosinomnenns a; € A neBHOi GOPMH NePENAIOTHCS THIEIO 38’43~
Ky, € Ha HMX BIUIMBAIOTh 3aBajIH, 10 MOXYTh CITOTBOPIOBATH iX.
BHacnimok HbOro YTBOPIOEThCS HOBUM (i3uuHMM npouec B, akuit
CNOCTEpIraeThcs Ha BUXOMi JinHil. Cama JiHig npu 1bOMY po3ris-
JaeTbes gk Giznunuil 06°exT B. Ponb crocrepiraua B Tyt Bimirpae
npuiMaIbHU NPUCTPIi, O BUOHpPAE MOBIIOMIIEHHS b;3 andasity
B BigmoBinHo no ¢iznunoro npoiecy B. TakuM YHHOM, YTBOPIO-
€TBCS JKepeno B 31 cBoewo 6e3yMoBHOIO eHTporttieio H (B).

Bubip nosinomiieHb bJ. € B XapaKTepu3ye IpH LOMY IIPOLEC
nepenaBaHHs iHGopMalLlil 1o KaHay 3B 13Ky Big mkepena A Ha BU-
xin mxepena B. ITo3nauumo uepes I (4, B) cepenHio KUIbKICTh iHOP-
Maluii po cTaH Jxepena 4, sKka MICTHTHCH B OAHOMY TOBiXOMJIEHH]
mxepena B. SIKio Ha BUOip KOXHOTO MOBLIOMIIEHHS BUTPA4a€ThCA
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A4

{(cnocTepiray B)

Pxepeno B: H(B)

|

|

[ i {
! | I
t I — AndasitA ! :
1 [ |reeeeA cnorepra | tera ) T e sy 1,
L A A 1 (dizvunnn o6’exr) |
Pl : i L 5 l
(W ! |
(. ) |
: : Dxepeno A: H(A) : :
5 [
] |
{ |
t 1
i i
| QisnuHuin Andasit B |
! npouec 8 NpuamancHuin {by...bJ |
{ npUCTpin |
{ |
| |
1 1
1 i

yac T, TO IUTOMA KIUIBKICTh nepefaHol iHGopMauil € IBHIKICTIO il
nepenayi no KaHaiy, To6to

V=I(,B)=I1(4,B)r. (3.5)

3.2. IHOOPMALIIHI BTPATU NPW MEPESAYI
IHPOPMALYI NO AUCKPETHOMY KAHANY

3amaya IMCKPETHOTO KaHAJIY IOJArae B TOMY, 11100 MoBiioMIIEH-
Hs b; OIHO3HAYHO BIANOBIAAJIO MOBIIOMIIEHHIO a;. Lie 6yno 6 Mox-
nuBe Tomi, komu p (a;/b) = p (b;/a)) = 1 nna seix i = 1... K. A ue
O3Hauae, O MalOTh BUKOHYBAaTHCS PIiBHOCTI p (a, b) = p (a) =
=p(b)Tap(a;/b)=p(bla)=0abop(a,b)= Omanmx;;ﬁz I.Ieu
BUIIaIOK c*rocyen:ca KaHany 3 MaJIUMH 3aBanaMH SIKi HE MOXYTb
CIIOTBOPHTH TIOBiIOMIIEHHS @; JUKepena A Tak, o6 croctepiray
B nomumses nig yac pO3I‘ll3HaBaHHﬂ CTaHy JpKeperna B Ta BUOOpY
TIOBifIOMIIEHHS b,.

Hasepneni Bume YMOBH O3HaualOTh OBHMI 36ir aHcambiiB 4 Ta
B (naragaemo, 10 A0 aHCaMOITI0 BXOASTh MHOXHHA TIOBITOMIEHb 1
MHOXHMHA IMOBIpHOCTe# 1X). A SKIIIO Lie TaK, TO CepeaHs KiIbKiCTh
nepenaHoi ingopmauii Ha onxe nosigomieHHs H (4) npu noBHiiH
BiACYTHOCTI iHpOpMALIAHKX BTPAT AOPIBHIOE TaKii caMii KiTbKOCTI
npuitaarol inpopmauii H (B), To6to

1(4,B)=H(4)=H(B)= H (4, B). (3.6)
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OcraHHs piBHiCT b BUIIJIKBAE 3 TOro, o 3a HABEACHUX YMOB

H (A/B) = H (BIA)=0. 3.7

Takum YMHOM, KibKIiCTb NepesiaHoi iHpopMaii 3a BiACyTHOCTI
3aBaj nopismoe‘eﬂ'rponii' o6’eqHaHHA nxcepen A ta B abo 6e3ymoB-
Hill EHTPOI{ OZHOTO 3 HHX.

Y pa3i IOBHOI CTATHCTHYHOI He3aJeXHOCT kepen A Ta B, mo
XapaKTepu3ye BUCOKMH piBeHb 3aBajl, KOJIH MOBiIOMIEHHS b; Hisk
CTaTHCTHYHO HE3yMOBJICHE NTOBIIOMIICHHSM a,, MAEMO (IHB. I1. 2.5)

H (A/B) = H (A4); H (B/A) = H (B). (3.8)
IIpu uboMy eHTpoOmMis o6’emiamm IBOX JKepeJl CTAHOBUTHME |

H(4, By=H(B A)=H(4) + H(B) (3.9)

Y pa3i cTaTMCTH4HOI He3aNekHOCTi Mkepen A4 Ta B Hiska
indbopmauis Bix 4 no B yepe3 1l MOBHE CIIOTBOPEHHS HE NEPEAAETHC.
IndopmaiiitHo MipOIO LBOro CHOTBOPEHHS € YMOBHA €HTPONis
OIIHOTO JKEpENa BiIHOCHO IHILOT O, siKa 361IbIIYETHCS Bifi HYJis 3TiA-
HO 3 (3.7) mo MakcumyMmy 3riaHo 3 (3.8) y Mipy 3pocTaHHS CTATHC-
TUYHOI 3yMOBJIEHOCTI xepen A Ta B.

Y npoMiXXHOMY BHUNaaxKy HeaGCOMIOTHOI CTATHCTUYHOI 3aJIexk-
HocTi xepen A Ta B 3asajii AEAKOI0 MipOIO CIOTBOPIOIOTH NOBIAOM-
JIEHHS, IO CTATHCTHYHE BIAOMBA€ETHCA Y BUITIALI MAaTPHUIlbL IMOBIp-
HOCTEH NEPEXPECHHX nepexoma (ouB. 0. 2. 5) IIpu ubomy ymMOBHa
EHTPOIIisl Ma€ NEBHI PiBHI:

OSH(A/B)SH(A);OSH(B/A)SH(B). (3.10)

YpaxoBylouH BHKIIaJICHE, KUTBKICTb inopMallii, 1o nepenaeTses
B KaHalli, MOXKHA BU3HAYMTH Tak. SIxmio mkepeno A subpano nes-
HE NOBIJOMJIEHHS, TO BOHO BHpPOOJIf€e KibKicTh iHpopMauii, 1o
nopisHioe H (4). [epeno B, Bubpasiuu nosigomienns b; € B, 3a
YMOBH MOPYIIEHHS IIOBHOI CTATHCTUYHOI 3aJIEXHOCTI JuKepen A Ta
B Bupo6iise neBHy Kinbkicts iHGopMallii po ukepeno A4, mo Mic-
THTHCA B Jukepenti B it nopisuioe H (A/B).

Cnocrepirau B (npuitMaasHuil NpUCTpiit), BUGPaBILH NOBIAOM-
NeHHs b; € B, npuiiMae TaKOX PilIeHHs NPO TMIOBIZIOMJIEHHS q; € A,
sAIKe nepefaBanocs, Wo € OOHUM i3 fioro 3aBaaHs. [1pHiiHABLIM Take
pillieHHS, BiH BUpOOJIs€e KibKICTh iHGopMallii npo-maxepeno A4, saxa
nopisuice H (A). Ilpore nepen uuM BiH yxe onepxas H (A/B) 6itis
indopmauii npo Le mKepeno, TOMY KUIBKICTb NEpeAaHol B KaHai
indopMauii mpo axepesio A AK KibKICTh HOBOT'O BIICYTHBOrO 3HaH-
HSl BA3HAYAETHCA PI3HULIEIO

I(A, B)= H (A)—H (A/B). (3.11)
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Bupas (3.11) 36iraetnes nosictio 3 (3.6) 3a ymosu (3.7) npu
Manux 3aBanax i 3 ypaxyBaHHSIM TOTO, 1O 32 YMOBH CTATHCTUYHOI
HezanexHocTi (3.8) kepen (BeMKi 3aBaH B KaHa)

I1(4,B)=0. (3.12)
3ragaemo, o H (4, B) = H (B, A); Tomy
H(A)+ H(BIA)= H (B) + H (A/B). (3.13)

3Ha1<v PiBHOCTI TYT He 3MIHMTBCS, AKLIO Bil 060X YaCTHH (3.13) Bin-
Hatu cymy H (B/A) + H.(4/B), T06T0

. H(A)- H(A/B)= H (B) - H (B/A), 3.149)
3BIOKH
1(4,B)=1(B, A). . (3.15)

Takum uMHOM, indopMauiiiHi BTpaTH NpU nepeaayi 1chopmau11
B KaHaJil BU3HAYal0ThCsl YMOBHOIO eHTpOHIGIO OIHOTIO /Kepena Bi-
HOCHO IHIIIOTO, 2 KiNbKICTh nepeaaHoi indopmauii — 6€3yMOBHOIO
EHTpOIicIO JXepena Ta iHpopMalifHUMU BTPaTaMH 33 BUPa3OM
(3.11) a6o (3.15).

3 ypaxysanusm (3.11), (3.13) 1 (3.15) MOKHa 3aMHCaTH

I(A,B)=H(A)-H(A/B)=H (A)-[H (A4, B)- H(B)]=
ZH(A)+HB)-HA,B), (3.16)
1(B, A) = H (B) - H(BIA) = H (B) - [H (B, A) - H (4)] =
= H(B)+ H(A)-H (B, 4).

CriocTepiraeThcsl IOBHA CHMETPIst IIMX BHPA3iB.

3.3. PONYCKHA 30ATHICTb
[CKPETHOTO KAHANY

MakcuMaNbHO MOXUIMBA IIBMAKICTH mepeaadi iHpopmauii no
KaHayy 383Ky Ha3MBa€ThCA HOr0 nponyckHoro 30amuicrio C. Bu-
Xozisuu 3 BUpasy (3.5) MaeMo

_—[I(A B max -;l-[H(A);H(A/B)][ﬁax. 3.17)

OueBusHoO, BHpa3 (3.17) nocsarae MakCUMyMy npn abcomoTHOMY
CTaTHCTHUYHOMY 3B’I3Ky Jokepen 4 Ta B, KoM BUKOHYIOThCA piB-
nocri (3.6) i (3.7). Lle Bunanok mMainoro piBHs 60 BiICYTHOCTI CTIO-
TBOPIOOYHX 3aBai. Toxi

c =:C-H(A)max. (3.18)
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I3 . 2.4 BinoMo, 1o Ge3yMOBHA eHTPOTIIS KepeNna OCATae MaK-
CUMYMY NPH PiBHOHMOBIPDHMX i CTATHCTHYHO HE3AJIEKHUX IO~
BIIOMNIEHHSX a;, i = 1... k. TIpu upomy p (a;) = 1/k ans Beix i Ta
H (A).x = log, k. OTxce,

=Liog, k. (3.19)

Lleit Bupa3 i BU3HAYa€ NPOMYCKHY 3AaTHICTL KaHany 6e3 3aBaj.

Sxuro B kaHami € BIAYYTHI 3aBaZiM, a YMOBHA EHTPOIlis Ha Jioro
BXOJI Ta BUXOZi NIeXUTs y Aianasoni (3.10), To nponyckHa 31aT-
HICTb KaHAaJIy i3 3aBaflaM¥l BU3HAYAETHLCA BUPA3OM

C=%[log2 k- H(A/B)). . (3.20)

ITpu 3meHIueHHI 3aBaf ueit Bupas mpsmye xo (3.19), a npu ix
3OUIBILEHHI — IO HYJA.

3.4. TEOPEMA LLIEHHOHA
NMPO KOAYBAHHA ANCKPETHOIO AXEPENA

IFonosna Teopema indopmauii, chopMynsoBana Ta noBeAeHa
K. lllennonom [44], Ha3uBAETLCA meopemord KoOysanHa Ouckpem-
Ho20 docepena. Ii3Hime 3’aBuiocs GaraTo ii Moaudikauiik ns pis-
HUX 06yMoOBIIeHOCTEl Ta cuTyaii [3, 13, 28, 29, 35, 37, 38]. Huxue
o TeopeMy Ta ii Moaudikauito moaamo 6e3 JOBEAEHHS, AKE MOXKHA
3Ha#TH B [3, 42], i KOPOTKO IPOKOMEHTYEMO iX. L

Hexail mxepeno nosinomnens Mae ancambne 4 = {a;},i=1,1 Ta
P = {p;}, i =1, l. Moro 6e3ymoBHa eHTpomis nopisHioe H (4), a
NPONYKTHBHICTE — V,  H (A), ne V.= T,, ! — xinbkicTs oBigom-
JIEHB JDKEpela 3a OAUHHUUIO Yacy. o

Hexaii kanan 6e3 3aBan Mac ajndasit B = {bj} ,Jj =1, k Ta eHTpO-
mito H (B). Toai wBuakicTs nepenayi ingopmanii no xaxany R, =
=V, H(B). Bukopucraemo 6e3HaqMipHi BXIIHI IOBIIOMIICHHS KaHa-
Jy, IKi MaIOTh MAKCUMAJIbHY EHTPOIIIIO, 1110 3a6e3reuye MakcuMallb-
HO MOXIIMBY LIBHAKICTB nepenadyi indopmauii B kanam C, = V, log, k
(srapaemo, wo H (B) = log, k). Bennunna C, Ha3WBAETHCS nPONYCK-
Hoto 30amHicmio kanany 3 nmapametrpamu k ta V, = T\, ne T, —
TPHUBAJIICTh TIEpeAayi OHOrO CHMBOJY KaHaiy.

Sxuo B3araji HafIMipHICTb TOBIJOMIIEHB AXKEPE/a HE NOPIBHIOE
Hymo, To R, < C,. Sk nosiB K. lllenHoH, Bignosiguum no6opom
criocofy KoayBaHHs NMpH OyAb-sKil HAAMIPHOCTI mkepena 4 MOX-
Ha 3a6e3neunTH IBHAKICT Nepenaui indopmauii no xanany 6e3
3aBall K 3aBrOAHO GNU3bKY IO HOTo mpomyckHoi 3xatHocTi C,.
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TaxuM YHHOM, YMOBOIO Y3TOJDKEHHS JUKEPENTa Ta KaHaIYy | € BiANOBIA-
HICTh MPOAYKTHBHOCTI NEPLIOrO NpOMYCKHiH 30aTHOCTI APYroro.

Hns IOBECHHA LLOTO TBEPKEHHA K. lIleHHOH BUKOpPHUCTAB
HOHSTTS TUIIOBUX i HETHIIOBHMX MOCHINOBHOCTEH moBinoMnens. He-
xan sz epeno A4 BHPOGJISiE CTATUCTHYHO HE3ATENKH1 MIOBLIOMJIEHHA
g, i=1,1 (ue He mae 0COOIUBOrO 3HAYEHHS, aJie CIIPOLLYy€E pos-
msm) PO3rIsIHEMO JesKi BIaCTHBOCTI JOBIHX MOCIIOBHOCTEH M0-
BigoMileHb [okepena A. B 61HapH0My BHUITAAKY (amfpamT ckiaja-
€ThCH 3 IBOX HOBl}IOMJIeHb) uvxompmcrb TOTO, 11O B IOCIIAOBHOCTI
n 6yae ¢ NOBiZOMIIEHb @, i n — 1 MOBiIOMNIEHD a,, BA3HAYAETHCH 61-
HOMHMM 3aKOHOM pO3IOJiny iMOBipHOCTEH

=Cpi(1-p)" 75

neCl=n!/{t!(n-0)1]— KiJIBKICTB pmmx MOBIOMIIEHB i3 t EIEMEH-
TaMH a, in— 1t eNeMeHTaMH ay; P — IMOBIpHICTb NOSIBH MOBiIOM-
nenus a;; 1 - p; = p, — HMOBIPHICTb MOABU TOBIIOMIICHHS @,

3{ 36iNbIIEHHAM 7 3HAUEHHS { i 1 — ¢ B KOXHii peanizauii 10Broi
nocnmoauocn MPAMYBATHMYTb 110 CBOIX MaTEMaTHYHHX CIIOAIBaHb,
AKI IlOplBH}OIOTb np, in(l1-py) BIIIHOBUIHO CaMe Taki nocmifioB-
HOCTI Gy Ha3BaHI MUNoGUMY, OCKITbKH HE3ATIENHO Bili B3A€MHOTO
p03M1HICHH$l IOBIIOMJIEHb @, Ta @, B JOBTil MOCIiNOBHOCTI Kijlb-
KicTb ix 6yne ogHakosa. [ToCTiAOBHICTD 3 iHIUMM CIIIBBIAHOLIEH-
HAM KiTbKOCTi MOBIIOMIIEHb d; T4 d; HA3MBAIOTBCSA HEMUNOSUML,
PUYOMY HMOBIDHICTb MOSBH iX i3 36LIBLICHHSAM /1 IPAMY€E 10 HyJIS.

Vci TMROBI NOCHIZOBHOCTI NOBIIOM/IEHh M3IOTh OJHAKOBY HMO-
BIpHICTb

P_=pp" pzpzﬁ,

AKLIO 7 IPAMYE A0 HECKiHUEHHOCTI.

AnanoriuHo ans k pmmx CHMBOJIIB ampamy B 1a Buxo/i KaHa-
le (me k 36iraeThCs 3 KUTBKICTIO CHMBOJIIB KaHaﬂy) MaeMo aHcaMbib

={b},j= L,ktaP= . j=1, 1, k. Ty i3 361MbLIEHHSM 7 Killb-
KlCTb HOSIB KOXKHOTO CHMBOJIy b; IpsMYye€ 10 CBOrO MaTEMaTUYHOTO
CrIofiiBaHHA, # came Taka noara nocmnom-ncn CMMBOJIIB Ha3UBa-
€THCS TUIMOBOIO. B Hiii He3aJIeXHO Bill KOHerTHOl peam3aun KIJIb-
KICTb KOXHOTO CHMBOTTY b; 6yne onHaKoBOIO # NOPIBHIOE NP Mmo-
BIpHICTb TaKol nocm,uosnocn CHMBOJIiB BU3HAUAETLCH BupaaoM

Pr =Dy plnpzpzn...pkpkn .

Sk 6a4uMO, HMOBIPHICTD p;. HE 3AJIEXHTH Bill KOHKPETHOI peali-
3a11ii THIIOBOI TOC/iJOBHOCTI CUMBOIIB, & 3aJIEXHTH TUTBKHM Bif aH-
camb10 (TOOTO Bif o6cary andasiTy Ta pO3HOAiILY HMOBlpHOCTCPI)
TakuM YMHOM, IMOBIPHICTb p. [UIsl BCIX THIIOBHX MOCIIAOBHOCTEN
JoKepeia € BEANUHMHOIO CTAaJIOH. :
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KifbKiCTh pi3HHX THIIOBHX MOCHiIOBHOCTE! CHMBOJIB 3aBIOBXK-
KM n nopisHioe n!/[ (np,)! (npz)' (np,)!], mo BuNIMBac i3 3aKOHIB
KOMGlHaTOpHKPl Bci THIOBI NOCTAOBHOCTI CHMBOJTIB PiBHOHMOBIp-
Hi, a cymMa HMOBIpHOCTeil MosABM iX NMpsAMYe 0 OMHMLI (L€ NOBHA
Tpyna BUNAAKiB) NPU n — . [Ipu 1boMy #iMOBipHicTL HeTHI'IOBOI
nocmnonﬂocn IpSIMYE 10 HyJIs.

‘TakuM YMHOM, IMOBIPHICTH THIOBOI MOCTIXOBHOCTI CHMBOJIIB
MOXe 6ym nonaua sk p, = 1/N_(A), ne N, (A) — kinbKictsb THNO-
BHX NOCTiIOBHOCTEN CUMBOJIIB mlcepe.na

P03I‘JI$lHyTl BJIaCTHBOCTI TIOC/IiIOBHOCTEH (GOPMYJTIOIOTLCH Y BH-
s TaKoi TeopeMi [3, 42): koorcna peanizayis doe20i nocnidosHocmi
nogioomaens cmayionapHozo dvcepena A 3a ymosu docrmamisoi 0o6-
HCUHU IX 3 IMOGIpHICMIO, AK 308200H0 61U3bKOI0O 00 00uHUYi, 36i2a-
EMBCR 3 OOHIEI0 3 PIBHOUMOBIPHUX MUNOGUX NOCRIdosHOCMeil NOGI-
Oomaens.

Ix pisHO#IMOBIpHicTD 3yMOBmoe MaKCHMaJIbHE 3Ha4YeHHS EHTPO-
nii JpKepesia THIOBHX MOCHiAOBHOCTEI! nonmomeub TaK, WO Ha
KOXHY 3 HUX NIpHnajac HaibLIbLIa 3 MOXITHBHX KUIBKOCTEH iHpop-
Mauii 7, = log, N_ (4). 3 iHworo 60Ky, eHTporris nxepena A BU3Ha-
4aETHCH K

H(A)=(1-R,,,)log, k

ae R, — HaaMipHICTb mxepena A.
Le nae smory susnaunty I, sk

I =nH(AA)=n(l- R,..) log, k,
3BiAKH
log, N.(4)=n(1- R,.) log, k

Buxonsuu 3 BusHaueHHs norapndma 3HaXO0OuMO
N 4)= 2 (1 - Ryap) logok

Kinbkicrs yClX MOXIIUBUX HOCJ'IIIIOBHOCT €/ NOBLAOMIJIEHD 3aBOBX-
KM n, CKJIaA€HUX 3 eJIEMEHTIB-IIOBIIOMIIEHD JKepena A, CTAaHOBHUTH

N (A) = kr = 2nlog2k,

Toni yacTka THNOBHMX NOCAIXOBHOCTEH NOBIAOMIEHD cepen ycix
MOXTMBHX BH3HAYHUTBCH K

N, (A) N (4) = 2-"Ruaz logzk

Ipu vaamiprocri R,,,, # 0 Ta n — 0 us yacTka npsaMye 1o HYJIs i
nuwe npu R, =0 Maemo N, (4)/ N (A) = 1, To6TO B LILOMY pa3i
KUTBKICTb THIOBHX nocnizoBROCTei NOBiXOMIIEHD 36iracThca 3 3a-
TaJIbHOIO KUIBKICTIO NOCHIIOBHOCTEH 3aBXOBXKH 7 i BCi BOHH piB-
HOMMOBIDHI Ta BUKODHCTOBYIOTBCS VISt iepenadi iHpopmari. Ta-
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KHM YHHOM, iIMOBIPHICTh MOABM HETHMOBHX NOCIIOBHOCTEH NOB-
JIOMJIEHE TIPSAMYE IO HYJIS.

Ha usomy rpyHTyethes TeopeMa HLleHHOHA po KOyBaHHS ANC-
KPETHOTO Jukepena, abo, sk ii iHaKile Ha3UBaIOTb, Mmeopema Koody-
8aHHA OuCKpemHo20 Kanary 6Ge3 3aead. POPMyYNIOETbCA BOHA TaK:
AKWO NPONYCKHA 30aMHiCcMb OUCKPemHo20 Kanany bes 3aead nepesu-
Wy€ npodyKmueHicmp 0dicepena nogioomiens, mobmo

V log, k> V, H(4), (3.21)

mo icHye cnoci6 kodyearHs ma 0eKo0y8aHHs nogidomiens dxcepena 3
enmponicio H(A), wo 2apanmye sk 3a6200H0 6UCOKY HaOitinicmy 3i-
cmaenents npuﬂmzmux KOMBIHaYii nOBIOOMIEHY 3 NEPEOaHUMU, AKIYO
V.0og, k <V, . H(A), momakozo cnoco6y HeMae.

Ilns )IOBCIICHHH TEOPEMH BCi TUNOBI OCITIOBHOCTI ITOBIJOMIIEHD
tpuBaiictio T konywoTh B andasiti B obcarom k y BHrIsai Koao-
BHX KoMO0iHalliii noBizomneHs Tiei camoi Tpusainocri 7. KinbkicTs
CHMBONIB Ha ofHy KOMOiHawio HoBoro andasity, wo Binobpaxae
TUIIOBY MOC/IIOBHICTH MOBIZOMIIEHDb JKepena A, CTAHOBUTD Ng =
= TV,. Toai KUIbKIiCTb Pi3HHX KOAOBHX KOMOIHaUI#H OBLIOMICHD ¥
HOBOMY aJi(aBiTi B CTAHOBHTHME

N( B) = 2 TVlog2k

KinbKicTh e THIOBHX IOCIiZOBHOCTEH MOBIIOMIIEHb TPHBA-
nictio T'3 pospanuicTio n = TV BU3HAYAETHCS K

N (A) 2TVmKH(A)

YMOBY TeopeMH MOXHa 3anucaty y urisiai 7V, log,k > TVMH A,
abo
N (B) > N.(4).

IMepenmemo 1o ymoy Tak: N(B) = N (A4) + € abo N(B)/N A)>
> 2T¢, ne € > 0 — 5K 3aBroHO Mala BENIHYHHA. Bn6epemo € >
> (log, e)/[TN, (4)]; Toni N(B)/N,(4) > e!/N«(4) i, ppaxysasum pos-

(-]
BHHEHHA B pa e* = Y, x”" /n!, micranemo

=0
N (B)> N, (4) +1.

TakuMm 4MHOM, NpH BHKOHAHHI yMOB (3.21) KiNBKiCTh Pi3HHX
KomoBUX KoMbiHauilt nosigomineHs B andasiti B npuHaiMHi Ha
ONMHHLIO NEPEBUILYE KibKiCTh TMIOBHX MOCTIZOBHOCTEH NOBI-
JOMIIEHB IXepena A, o 3abe3neyye 6e3MOMMUIKOBE JEKOLYBaHHS
ix. [Tpu HeBukoHaHHi yMOBH (3.21), konu V, log, k < V_ H (4),
maemo 27Vklog2k < 2TVawH(A) abo

N_(4) N (B)> 2T,
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Bubpasum € < (log, €)/[TN (B)], 3armmuiemo
N, (A) N(B)>e'NB =1+ 1/N(B)+ l[2IN2(B)} + ...,

3BiOKM BUIIMBAE, O N, (4) > N (B) + 1, To6TO KUIBKICTh THIIOBUX
NI0CIIAOBHOCTEH NOBIAOMIAEHD NPUHANMHI HA ONMHHUIIO [IEPEBUILYE
KUIBKICT pi3HHX KOMGiHALiH KOXY 3 MAKCHMAIIBHOKO EHTPOTIEI0.
Le o3Hayae, n10 HABITh PH HAHKPALIOMY KOLYBaHHI, ke 3a6e3rne-
4yye OJHAaKOBY HMOBIPHICTh BAKOPMCTAHHS BCiX KOIOBHX KOMOiHa-
Uit Ha BXOIi KaHaly, a TaKOXX MaKCHMaJIbHY LIBUKICTb Nepeaaui
indopMaii, HeMOXIHBO 3aKOAYBATH Ta NEPEAATH BCi TUIIOB] TOCIi-
ROBHOCTI noBinoMneHs N, (4) mxepena. B uboMy i nonsrae gose-
JE€HHS PO3IIAAYyBaHOI TEOPEMH.

IIvtaHH4, NOB’A3aHi 3 TOYHICTIO Nepeayi NOBiAOMIIEHD, OLiH-
KOIO BiporigHocTi 6e3MOMHIIKOBOI niepenayi ix, IMOBIPHICTIO IOMU-
JIOK TIPH BIATBOPEHHI NOBIIOMJIEHB TYT He posrisaanucs. I1po ue
HTUMETBCSA B Po3A. 9, A€ 1i BIZOMOCTI 3HaHOONATHLCA OIS OUiHIO-
BaHHs SKOCTI KOHKPETHUX KOAIB 1 MeToAiB nepenaui indgopmariii.

KOHTPOJIbH! 3ALANI

1. AHcaM6np NOBiIOMIIEHD IKepena A BU3HAYEHO K A = {a,, a,, a,} Ta
p (a)) = 0,65; p (a,) = 0,25; p (a,) = 0,1. MaTpuus yMOBHUX iMOBipHOCTEH
KaHaJly Ma€ BUIIAL
0,99 0,005 0,005
p(bj/ai)= 0,13 0,75 0,12
0,15 0,35 0,5

Bu3HauuTH KinbKicTh iH(popMaLii, o nepenaerscs B oqHoMy Ta 100 no-
BigoMaeHHsaXx. YoMy mopiBHIOOTH iHpOpMauiiiHi BTpaTH B KaHaJli IpH nepe-
nJaui 100 moBinoMneHs 3 andasity 4?

2. Busnauutu inbopMaLUiliHi BTpaTu B KaHalli nepeaayi 3 MaTPULEIO YMOB-
HHX IMOBIpHOCTE#H

1 0 00

o100
p(bj/a,-)— 001 of

00 01

3. Cepenna xinbkicTh iHpopMauii B 6y ab-1KOMY OBiXOMIEHH] b,€ B nopis-
HIo€ 2,312 6iT. YMOBHa eHTpONis Ha BUXOAL B KaHany nepeaayi BiGHOCHO Horo
Bxony A cranoButh H (B/A4) = 0,312 6it/nosigoMneHHs. BU3sHauHTH KiNbKICT
indopmauii, mo nepenaerscs B 10 000 MOBIAOMIIEHHSX, @ TAKOX CEPENHIO
IIBMAKICTS Ii nepeaadi, AKUIO Ha Mepenayy 3a3HaYeHoOI KUTbKOCTI NOBIAOMIEHD
BUTpayaeTses 1/3 xs.

4. MaTpuus cyMicHHX iMOBIpHOCTe# KaHally Nlepeaayi Mae BUIJIAL

0,15 0,15 0
pla;,b;)=[ 0 0,25 01 [
0 02 015

BusnaunTh indopMalliiiHi BTpaTH B KaHalli Ta IWBHAKICTb nepeaadi iHgop-
Manii, K10 Ha NMepejayy OAHOrO NOBIIOMIIEHHS BUTpavyaeThea 1073 ¢.
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5. [TOBIIOMIIEHHS MEPENAIOTHCH B3AEMOHE3ANIEKHUMH PiBHOHMOBIPHUMH
CHMBOJIaMH TpHBaJicTiO 5 - 10 c. BUSHAYMTH IIBHAKICTE Nepenayi KOXHOro
cuMBoITy Ta BCiei indopMatiii, skuio obesr andarity gopistioe 8,16, 32.

6. Yac r[epenal{i nosigomieHHs 0 nopisxioe 0,1 ¢, a nosigoMnenns 1 - 0,6 c.
3HaiiTi po3moain lMOBlpHOCTeH P, T2 P, 33 SKHX JOCATAETHCA MAKCUMAJIbHA
HIBHIKICTB Nepeaayi m(bopmaun :

7. BU3HAYHTH NPOXYKTHBHICTB JUKepena 3 aHcambnem 4 = {a,, a,, a;,a,, 4,

,a,a} 1ap € {0,1;0,2;0,1;0,15; 0,05; 0,1;0,2; 0,1}; 7, € {001 0001 001
0 005 0 008; 0 006; 0,003; 0,001}. 3a skux ymoB us nponykmsmcn, 6yne
MakcHManbHOW0? Bu3HaunTH ii 3HaUYeHHS UL TOTrO CAMOTO PO3MOLTY T,

8. Kanan nepenaui sagano ascambnem 4 = {a, a,, a,} 12 p, € {0,3; 0,2;
0,5}. MaTpuus YMOBHUX iIMOBIpHOCTEH KaHATy Ma€ BHIISI

0,97 0,015 0,015
p(b;la;)={0,015 0,97 0,015]-
0,015 0,015 0,97

BH3HAUNTH NPONYCKHY 30aTHICTb KaHany npu T = 107 ¢ i LIBUAKICTH nepe-
nadi iHpopmaini.

9. Bu3HauuTH NPOMYCKHY 3NATHICTh KaHaNy, MaTPHLUS HMOBIpHOCTei! KO-
ro npu T = 10-? ¢ Mae BUTNAR

0 0,2 0,15
p(a,-,bj)= 0 02 0
0,3 0 0,15

10. Yu moxnuBa GesnoMHIKOBa nepenaya iHpopMauii no kaxamy, napa-
METpH SKOTO 33JaHO B MONEPeHii 3adadi, KO NPOAYKTHBHICT IKepeaa
Vo = 9,6 Koit/c?

KOHTPOJIbHI SATTUTAHHS

1. Yum BU3HAYAETHCA MPONYKTHUBHICTS JUCKPETHOTO Jkepena?
2. SIk MOXHa BU3HAYMTH MPOAYKTHUBHICTH JUCKPETHOTO JuKEpea 3 pis-
HOIO TPHBaJiCTIO BUGOPY NOBiROMIIEHB?
3. SIx BU3HA4Ya€ETHCA IBMAKICTD Mepenadvi iHpopMauii Mo TUCKPETHOMY
KaHany?
4. Yomy nopiBHIOOTH iHQOpMauiiiHi BTpaTH npu nepenayi inpopMaiii
MO KaHaJy 3B’A3Ky?
5. YoMy RopiBHIOIOTH BTPATH iHpopMaLii B kaHali 3 aGCOMOTHOIO CTa-
THCTHYHOIO 3aJIEXXHICTIO floro BUXOAy Ta Bxony?
6. YoMy nopiBHIOIOTE BTpaTH iHdopMauii B KaHai i3 CTaTHCTUYHO Hesa-
JIEXXHUMH HOTO BUXOIOM i BXOZOM?
7. SIx BU3HAYAETBCA KiNbKiCTh iHpOpMAaLii, IO NMepexacTbcss B OMHOMY
MOBiIOMJIEHH?
8. Sk NpoinoCTpyBaTH NPHUHLIMIT CHMETPII [UIA KiTbKOCTI iHpOopMaLil, o
MepeaacThes Mo KaHany?
9. SIx BU3HAYAETHCA MPOIYCKHA 3MATHICTb KaHaly nepeaayi?
10. SIx BU3HAYAETHCA MPOIMYCKHA 3MATHICTb KaHAJY 3a BIICYTHOCTI 3aBaa?
11. Ik popMynioeTbes Teopema [lleHHOHA PO KOAYBAHHS AHCKPETHOrO
Jxepena?
12.V yomy nonsirae 3micT Teopemu LlIeHHOHA MPO KOZYBaHHSA AUCKpET-
HOro Jxepena?



XAPAKTEPUCTUKN
HEMEPEPBHWX

roamn I LKEPE IHOOPMALUT

He eci nogidomnenns marwons duckpemnuii xapakmep. € it maxi (moeHi,
menesizitini, gaxcuminbri mowjo), xapakmep aKux Henepepemuii, Ha ujo
mpeba 3eepmamu ygazy. B yvomy naami cnid ypaxosysamu empamu npu
nepemeopenii HenepepeHux nosioomaeHb Ha ouckpemui ma ingopmayitini
empamu npu KOOYBAHHI HenepepeHux Oxcepen, yMirou oyinumu weudKicme
nepedaui HenepepsHux NoGidoMAeHs i NPONYCKHy 30anmicne HenepepeHo20
kanany. 1lpo sce ye limumemscs 6 ypomy po3oini.

4.1. KBAHTYBAHHA CUIHANIB

Ipu nepenayi noBiIOMIIEHB 32 JONOMOTOIO HETIEPEPBHUX CUTHAIIIB
CTHKAIOThCS 3 TPYAHOILAMM, OB I3aHUMH 3 BHHHKHEHHSM anaparyp-
HHX OXHOOK, & TAKOX MOXMOOK Bil HeCTaGUTBHOCTI TApaMETPIB MiHiit
1 kaHaiB 38’13Ky Ta iH. B Toif %e yac nepenaua HenepepBHMX CHrHa-
JIiB 3 BUKOPHCTaHHSAM JMCKPETHUX 3HAYEHD iX Ja€ 3MOTY YCYHYTH L
MOXHOKH MOBHOIO PErEHEPALIEIO IMITY/IBCIB y IIPOMDKHHMX MyHKTaX i
Ha npuimManbHoMy 6oui cuctemu nepenayi. ToMmy npu nepenadi He-
NEPEPBHUX CUTHAJIB iX, SIK PaBUJIO, NIEPETBOPIOIOTH HA JHCKDPETHI.
Kpim 3a3HaueHOro BUIUE, AMCKpeTHA (OPMA MONAHHS CHTHAJIB Ja€
TaKOX 3Ha4Hi Niepesary npu 36epiranxi Ta 06pobnenHi iHGopMai.

IIpouec nepeTBOPEHHs HEMEPEPBHUX CHIHANIB HA JAHUCKPETHI,
AKMH Ha3UBAECTLCS K6AHMY6aHHAM, MA€ Kilbka pisHoBuaiB. ITpu
LIbOMY PO3DI3HSIOTh: OucKpemu3zayito (KBAHTYBAHHS 33 YACOM), K6AH-
myeanis (KBAHTYBAHHS 3a PiBHEM) 1 keanmu3sayiio (KBaAHTYBaHHS
3a 4acoM i piBHeM, a60 KOMOIHOBaHe KBAHTYBaHH).

Huckpernzanis. [Ins Toro mo6 Kpaiue 3p03yMiTH, K BHKOHY-
€TBCSl QUCKPETH3aLlisl HEMEPEPBHUX CHTHAIIB, PO3ITISIHEMO Teope-
My BiUTiKiB, fiKy chopmymosas B. O. Korenbuukos. Lle ocHOBHa
TeopeMa, IO IOBOANTh MOXUIMBICTb Hiepeayi HemepepBHUX CUTHA-
JIB 33 JOMOMOTOO JUCKPETHHX.

Teopema cTBepIKyE: Ko Henepepena 6 uaci pynxyis mae obme-
JHCEHULE YacMmOMHULl Chexmp, AKutl He MICIMumb CK1ado8ux 3 4acmo-
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mamu, wo nepesuwytoms F,, mo S s(t)
80HA NOBHICMIO 6U3HAYAEMBCA CY-
KYNHICIIO C80IX MUMMEBUX 3HA4EHb
(duckpem), aKi 8i0niuyombCs Yepes
inmepeanu yacy At = (1/2)F,,, oe
F,,,— makcumanbHa wacmoma cnex-
mpa HenepepeHozo CUZHANY . 0

JAucKpeTd 1ie BU3HAYAKOTHCA ¢
gionikamu (BU3HAYAILHUMH OPIH- Puc. 4.1
HATaMM), 2 MOMEHTH BiJUTIKY — maKmosumu moukamu. InTepa
MiK BiITIKaMH (TUCKpeTaMu) Af Ha3UBa€ThCA inmepéanom (abo kpo-
Kom) duckpemu3zayii (KPOKOM KBAHTYBaHHA 3a yacoM). [JoBeaeHHs
Teopemu HaBezieHo B [31, 38].

TaxuM YHHOM, AKIIO € TOTpeda nepeaadi HeMepepBHOro CHrHATY
3 OBMEXEHHM CIIEKTPOM, TO JAOCHTb NMEPEAaTH HOro OKpemi JHC-
KPETHi 3Ha4YeHHs, BiTiUeHi yepe3 MPOMDKKM yacy Ar < F, 2
(puc. 4.1). Unm MeHwwi iHTepBany At, TaM TOUHile Oyne nepenana
dynkuis s(7). TpuBagicTh T, AUCKPET TEOPETHIHO MOXE 6yTH oyxe
MaJIoi0, aJie MPAKTUYHO BOHA BUOHPAETHCA 3 yPAaXyBaHHAM IIMPH-
HH CMYyTH TIPOITYCKaHHs Af KaHajy 38’A3KY, OCKUIBKH Af =kl ne
k, — crana BennuKHa, 6IM3bKa 10 1.

BinnoBiaHO O TEOpEMH BIUTIKIB HenepepBHa NeTEpPMiIHOBaHA
dyHKuis yacy s(f), 1o Mae OOMeXKEHUH CHEKTD, MOXeE 6yTu noxgaHa
psaom [28, 31]

> sinw,, (£ -kAt) :
t)= kA —2——— | (4.1)
s() k;_ms( M) (1—KAD)
ne k= ...,-1,0, +1,... — BUIIKM MUTTEBHX 3HAYCHb byHxuil s(7);

®,, = 2nF,,— MaKCHMAIbHa 4aCTOTa CIEKTPa HENEPEPBHOrO CUIHAIY.

3 (4.1) BunMBac, WO HenepepBHa QYHKLIA 3 0OMEXEHUM CTIEKT-
poM Moxke GyTH NOJIaHa y BUIJIA CYMH HECKIHYEHHOTO YHCIIa i1e-

HiB, KOXKHHI 3 SKHMX € 106yTKOM byHKuii Biaiky Buay SV i koe-

y
diuicHTa s(kAf), AKMHA BU3HAYAE 3HAYEHHA ¢yHkuii s(¢) B TOUKax
simtiky. ['padiuno ¢pyHkuio Bilikis 306paxero Ha puc. 4.2, nie
1= t — kAt. MaKCHMAaJIbHOTO 3HA4EHHS, 110 JOPiBHIOE OIMHULL, LISt
dyHKUis JOCAraE B MOMEHT 4acy ¢ = kAf, a B MOMEHTH Hacy = (k+
+0)At, ne i = 1,2,3,...,00, BOHa JOPIBHIOE HYJIIO.

. sinw,, T . ..

DyHKLis BUAY —— M € HE WO IHILe, SK PeaKlis LIeanbHOro
m

}inbTpa HMKHIX YAaCTOT 3 FPAHHYHOIO YACTOTOIO W, HA JENbTA-

dynxuito. SIKIO Yepe3 TaKuH GUIBTP MPONYCTHTH TUCKPETH30BA-

Uil CUTHAJI 3 YACTOTOIO AMCKpeTH3aii f, = 2F,, = ®,/x, To miacy-
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sin wn¥ MOBYIOYH CUTHAJIX Ha BUXOi GUIbT-
G Pa, MOXHa JICTAaTH HENepepBHHI
MEepPBUHHUHN cUrHai s(Z).

Teopema BiUTIKiB BU3HAYAE TEO-
PETHYHHIT RiAXiA OO NEepeTBOPEHHS
HeriepepBHUX QyHKUI# Ha TUCKpET-
PN —~__ Hi. Tax, qus Tounoro BIITBOPEHHSA

~~/ 0 \J =y HenepepBHOi NepBUHHOI (yHKi

%ﬂ it 5 2f 30 s(f) HeoGXimHO minCyMyBaTH peakuii
2 Wa Wy Wi Wg W dinpTpa Ha BXiAHI IMIYJIBCH B Yaci
Puc. 4.2 B —oo 10 +oo. [IpoTe Ha MpaKTHLLi

BHKOPHCTOBYIOThCS OOMEXEHi B
4aci CMFHaJHU, WO, SK HACHINIOK, MAlOTh HECKIHYEHHO IHPOKHH
CIIEeKTP. Ocranii YMHHUK CyllepedyUTh 'OIOBHIH YMOBI TeopeMu
BLITIKIB.

Tomy 3 nesxkMMH BTpaTaMu TOYHOCTI BIATBOPEHHS, SIKi JOyCKa-
IOTbCS Ha MPAKTHUII! NPH JMCKPETU3AL|i, peanbHHi CIEKTD CHTHAITY,
IO MPOCTAra€ThCS BiA HYAS 10 HECKIHYEHHOCTI, YMOBHO OOMEXKY-
I0Th JiaNa30HOM YaCTOT, B IKOMY 30CEPEKEHO OCHOBHY YaCTHHY
EHeprii CIIeKTPa CUTHAITY 3 MAKCHMANIBHOIO YacToTOW 0,,. ITpu po-
MY €Heprisl YaCTHHH CIIEKTPa CUTHAILY, IO sanMIMIacs Mo3a obMe-
KEHUM YaCTOTHMM [iana3oHOM, BU3HAYAE TOXHUOKY npu BLITBOpCH-
Hi (bopMH MEePBHHHOI QyHKLIT s(t) )Inﬂ 3MEHUIECHHS Li€l MOXHOKH B
pasi BUCOKUX BUMOT 1O TOYHOCTI BIITBOPEHHS HOPMHU NMEPBHHHO-
IO MOBIZOMJICHHS YaCTOTy AMCKPETU3allii f; BUOMPAIOTb 3HAYHO
6uboro, Hixk 2F,.

KsantyBanus 32 pisnem. IIpu kBaHTYBaHHI 32 piBHEM HemepepB-
Ha QyHKLUis 5(¢) 3aMiHIOETHCS MHOXXHHOO IHCKPETHUX 3HAUEHD (IHC-
KpET) LIKaNM PiBHIB, Ki BHHHKAIOTh Y MOMEHTH 4acy, KOJIH 3Ha-
YEHHS HENEePEPBHOIO CUIHaJly AOCATAa€ IEBHOTO PiBHS, WO Biana-
JIEHHU# BII NIOTIEPETHHOrO Ha NEBHY BEJTMYMHY As, KA HA3UBAETHCA
inmepeanom (kpoxom) Keanmyeanus 3a pisnem (puc. 4.3).

s

AS

S N WS e U»

Puc. 4.3
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S(t)

DN W h

Puc. 4.4

TakuM YHHOM, IIPH KBaHTyBaHHi 3a piBHEM 4aCTOTa IPOXOKEH-
Hsl AMCKPETHHX CUTHAIIIB BU3HAYA€THCS KPYTICTIO PyHKLUT HenepepB-
HOTO curuany s(f) Ta iHTepBajOM KBaHTyBaHHS As, a KUIBbKICTh
JIO3BOJIEHUX PIBHIB KBAHTYBAHHS 71 — MAKCUMaJIbHMM DIBHEM CHT-
Hajy s I .x> Pray) T IHTEPBANIOM KBAHTYBaHHA As, TOOTO
M = Smax

Po3p13HmoTb pignomipHe (As= const) 1 nepieHomipHe (As# const)
KBaHTYBaHHS 3a pisneM. Ha npakTuili HalNOMUPEHIIIMM € PiBHO-
MlpHe (mmmxe) KBaHTYBAHHS (sz puc. 4.3) 3aBasku 6inpm npo-
cTifi #ioro TexniuHiH peanizamii.

Ilpu HCOL[Hal(OBlPI IMOBIpHOCTI pO3MOAiNy 3HaYeHb (pym(un s(t)
32 MIKaJOK piBHIB eq)emusmme 3aCTOCOBYBATH HEPIBHOMIpHE
KBaHTYBAHHS, OCKiJIbKK HOrO OCHOBHOIO METOIO € 3MEHIIEHHS yCe-
PedHEeHoI 32 napaMeTpoM mucnepcii noxubku kBaHTyBaHHs. IIpu
TaKOMY KBAHTYBaHHI 3HA4YCHHS HeriepepBHOI QyHKuii s(¢), sAKi Ma-
IOTb BEJIMKY HMOBIPHICTb BUHHKHEHHS, IEPEAAIOTHCA 3 MEHLIOIO 110~
XMOKOIO KBAHTYBAHHS, & MEHIU iMOBipHI — 3 61JIBIIIONO.

J7s1 HepiBHOMIPHOTO KBAaHTYBaHHA MOXHA 3aCTOCOBYBATH pi3Hi
npuHuMny nobynosu wikanu piBHiB. Tak, Ha puc. 4.4 NOKa3aHO
NepeTBOPEHHS HENEPEPBHOTO CHTHATTY 5(2) 3 norapudMivyHOIO IIKa-
JIOK0 KBAHTYBAHHA 32 PIBHEM, JI¢ MaJli 3Ha4eHHs CHrHany s(f) nepe-
TBOPIOIOTHCA HA JlPlCerTHl 3 MEHILOKO MOXUOKOI0, a BENHUKI CTIIec-
KH, 1[0 MAIOTh Mally umompmc'rb — 3 OINBINOIO NOXUOKOIO.

Ksantusauis. ITpu KBaHTH3allii (koOMBIHOBAHOMY KBaHTYBaHHI,
TO6TO KBAHTYBaHHI 3a 4aCOM 1 piBHeM) HenepepBHa QyHKuia s(¢)
KBAHTYEThCS 33 YACOM i piBHEM, TOOTO 3aMiHIOETBCS MHOXHHOIO
JIMCKPETHMX 3HAueHb (IMCKpPET) LIKAIH PiBHIB, AKi BUHMKAKOTH Y
MOMEHTH 4acy, Lo BIACTOATH OIMH Bifl OQHOTO Ha iHTEpBal (Kpox)
JUCKpETH3allii A7 , IPUYOMY 3HAYEHHS JUCKPET BU3HAYAETHCS Hal-
OMMKYMM IO 3HAYEHHS HenepepBHOi GYHKLIT s(f) piBHEM KBaHTY-
BaHHS B MOMEHT BiuTiKy (puc. 4.5, a).

max( max?

63



~ N W Oy n

0
a
Oks _
P DO S N AT
7 IF T
)
Puc. 4.5

KBanTusopanuii CHrHan He MOXe Gy TH BIITBOPEHHIA Ha IIpHitMAaL-
HOMY 6ol MOBHOIO MipOI0 HABITh 3a BiliCyTHOCTI 3aBa. Lle noscHio-
€TLCS THM, L0 MiJ YaC KBAHTH3aLlil BHOCATHCA CIIOTBOPEHHS, yCy-
HYTH 5Ki HeMOXXITHBO. Lli CIOTBOPEHHSs HA3MBAIOTBLCA WLYMOM K6AH-
myeanHs, a BA3BHAYAIOTHCA BOHH Pi3HHULEIO MiX 3HAYEHHSMHU KBaH-
TOBaHUX JUCKPETHUX CHUTHaJB 5°(f) Ta QyHKUi€IO HenepepBHOro
curHany s(f) y BiANOBIZHHX TOYKaX BIAJKY (TAKTOBHX TOYKaX).
IToxnbka (abo 1wym) kBaHTYBaHHS (puc. 4.5, 6) NpUbAU3HO OLiHIO-
€TbCst NOTYXKHICTIO LIYMY KBaHTYBaHHA

As/2 2

1 2 As 2 _As

Gy =— | slds=-B5 abo o2, =2
® AS-AJ;/Z 243 ®o12

Ie As — IHTepBaJl KBAHTYBAHHS 33 PiBHEM.

Ans 3HMKeHHS O, , HEOOXiZHO 3MEHINYBaTH m‘repsan KBaH-
TYBaHHA As, aje NIpH LbOMY 3HHXKYETHCA 3aBalOCTIAKICTb Nepena-
4i, OCKiJIBKH Mifl. BIJIMBOM 3aBaJl PiBEHb CYMapHOTO CHrHajy (cur-
Haj + 3aBajla) MOXe ONHHUTHCS GIIMXKUeE 10 IHWIOrO PiBHA KBaHTY-
BaHHs, HDK J0 piBHS, IO nepenacthes. Tomy BUGIp As 3anexuTs sk
Big I10’I‘p16H01 TOYHOCTI BiITBOpEHHS cbym(un s(¢) Ha npuiiManbHO-
My o, Tak i Big plBHﬂ 3aBaj y KaHaJi 38 A3KY.

Ilpu kBaHTH3aLIi, K i IPK KBaHTYBaHHI 32 plBHeM TaKOX BHKO-
PHCTOBYIOTH Hepumompﬂe KBaHTYBAHH, IIPH SKOMY 3i 361TbIUEHHAM
HOMEpa aMIVIITyAHOI rpafauii 3POCTA€ TAKOXK iHTEpBAJ KBAHTYBaH-
H# 3a piBHeM. Lle nae 3MOTY 1IpH NeBHii moxubui (1ymi) KBAHTYBaH-
HS1 CYTTEBO 3MEHILHUTH KUIBKICTD pmnm KBRHTYBaHHI, HCOOXITHMX U1
JHUCKPETHOTO MO/IAHHS HenepepBHOI PYHKLII 3 3a1aHOI0 TOYHICTIO.
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KsanTusauis uimpoko 34CTOCOBYEThLCS B CHCTEMAX TENEBUMIPIO-
BahHA. J[0 HEOMIKIB TAKHX CHCTEM MOXHA BiIHECTH CKIaLHICTh
ACKONYBaHHs KBAHTU30BAHMX CHTHAJIB HA MPUHMAIbHOMY GoLi.
Tomy kBanTH3aNist YaCTiLIe BUKOPHCTOBYETCA STK MIPOMIDKHMIA eTan
TIIpH IMITyABCHO-KOAOBIi Monynsuii [7, 8], komu 3amicTb aMCKper y
KaHaJl 3B’3Ky HaACHJIAIOThCA KOIOBI KOMOIHALT, KM OIHO3HAY-
HO BIANOBiaOTH 1i AuckpetH. Lle 3HayHO TIONITINIY€E 3aBafOCTii-
KICTb CHCTeM Niepegaui, ase norpebye PO3IUMPEHHS YaCTOTHOI CMyTH
[IpOITYyCKaHHS KaHAJTy NPH 36epexkeHH] MepBHHHOT IUBHAKOCTI ITe-
penadi MoBiIOMIIEHS.

4.2. IHOOPMALJMHI BTPATU
NPU KOOYBAHHI HENEPEPBHMX
IUKEPEN

CrocoBHo HenepepBHOTO Mkepena Ha BIIMiHY BiJl AUCKPETHOTO
MOHA rOBOPUTH TIPO HECKIHYEHHHIH andaBiT MOBIIOMIIEHD, KOX-
HE 3 SIKUX BIAPI3HAETBCS Bill CyCiHIX HA HECKIHYEHHO Majiy BeJu-
YMHY, T2 HECKIHYEHHUH aHCaMOnb noBimoMiens. OmHaK y LIbOMY
pasi 3aMicTh IMOBIPHOCTEl OKPEMHX 1I0BITOMIIEHD 3 andasity npuii-
HATO TOBOPUTH NP0 JM(EPEHLIATBHUI 3aKOH PO3NOMiny HMOBIp-
HOCTeH w(X) BUNaaKOBOi BEMMYHHM Xx. IHakue w(x) Ha3uBa€ETLCA
dyuxyiero ponodiny winenocmi Umogiprocmeii HenepepeHozo nogi-
Oomnenns. IIpyu ubOMy KinbkicTs mdopmauii, HasiBHa B IPUIHATOMY
HEINEPePBHOMY MOBIIOMIEHH, K i paHillle BU3HAYAEThCS PI3HHLEIO
3HAYEHb EHTPOIIii (HEBU3HAYEHOCTI) JKEpeNa MOBIIOMIEHD [0 Ta
TiCIIS OfEPXKAHHS TIOBIAOMIIEHHS.

Hexa¥ winbuicts iMoBiprocti w(x) mae BMITISLA, TIOKA3aHMI1 HA
puc. 4.6. IIpokBaHTyeMO 32 piBHEM BHUITIAIKOBY BEJIMYMHY X i3 AMC-
kperoro Ax. IMOBIpHiCTb Toro, 1o X, < X < X,+1> CTAHOBHTB p(x,) =
= w(x;)Ax, TO6TO BU3HAYAETELCS IUTOLLIEIO S; IPSIMOKYTHHKa:

p(x;)=S; "f'w(x)dx =w(x; )Ax; . (4.2)

w)
Si=w{x) Axg
A

.

-X ) 0 X A{{ Xn+t X

3 119 Puc. 4.6
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Koopnunaty To4ky x; Bu3Ha4ae Teopema npo cepenne [3]. pu
LIOMY Ma€ BUKOHYBATHCS YMOBa HOPMYBaHHs
oo

[ w(x)dx=1. 4.3)

EnTpomnis Takoro IITYY4HO YyTBOPEHOTO AMCKPETHOTO JKepela
BHU3HAYAETHCA TaK, K BUKIAAEHO B 1.2.3, a came [18]:

k k
H,(x)=-3, p(x;)log p(x;) =~ ¥, w(x; Axloglw(x,)Ax]=

i=1 i=1

k k
=Y w(x;)Axlogw(x;)- Y, w(x;)AxlogAx = 4.9

i=1 i=1

k k
=Y [w(x; Nogw(x;)]Ax - logAx Y, w(x;)Ax.
i=l i=1
3po6uMo 3BOPOTHHIA NIEPEXil 10 HENEPEPBHOTO JXepena yepes3
capsMyBanHa Ax 1o 0 Ta rpanuuHui nepexin {18]:
k
H(x)= lim {H,(x)}= lim {— > [w(x; Ylogw(x; ) JAx +
Ax—0 Ax—0

i=1

k
+ lim {—logAxZw(xi)Ax}= 4.5)

= - f w(x)logw(x)dx —limlogAX ,

-00 Ax—0

OCKLIBKH 3TifH0 3 (4.3)

k =)
lim X w(x;)Ax = [w(x)dx=1.
Ax—0;=] —oo

Hpyra cknanosa B (4.5) npsaMye 10 HeckiHyeHHOCTI. OTxXe, EHTPO-
nis H(x) HerepepBHOro [KEPEna Mae JOPIBHIOBATH HECKIHYEHHOCTI,
TOOTO TOYHE NOJAHHS BHIIALKOBOTO BIIUIIKY HENEPEPBHOTO JXe-
pena (0OOHOTO HOro NOBiXOMIIEHHS) NOTPEOYE HECKIHUEHHOT Killb-
KOCTI, CKaXiMO, JBIIKOBHX PO3PALIB, TOMY LIO HECE HECKIHUEHHY
KUTBKICTB iHpopmauii. TTpoTe B peaibHEX yMOBaX BiLTiK HENepepB-
HHX TIOBIIOMJIEHb Ha MIPUIMaIbHOMY GOLIi BUKOHYIOTb y IUCKDPET-
HMX TOYKAX X, X, |, ... (IUB. pHC. 4.6). Lle 3yMOBIIEHO CKiIHYUEHHOIO
TOYHICTIO Ta PO3LTLHOIO 3MATHICTIO TEXHIYHMX 3aCO6iB (3AaTHICTIO
iX po3pi3HATH X,, i X,,,.; IpH Ax —> 0). 3a Lux 06CTaBUH BeNMYUHA Ax
€ MaJIolo, ajle Ma€ CKiHYEHHE 3HAYEHHS,

TaxuM urHOM, BUpa3 (4.5) eHTpomii HemepepBHOro MKEpena Mae
IB1 CKJIa[OBi, ONHA 3 SKMX BH3HAYAETHCS 3aKOHOM HEMEPEPBHOTO
posnoniny AMOBipHOCTei, a iHIIa — JOMYCTHMOIO TOYHICTIO (IO-
XuOKOI0) Ax KOJyBaHHS HETIEPEPBHOTO JXKEpeNa.
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[lepia ckianosa

oo
h(x)=- _[w(x)log w(x)dx 4.6)

Ha3UBAEThCA Oupepenyiarbhow enmponicio, WO 3aNEXHTh Bil
CTATHCTHYHHUX BJIIACTHBOCTEH HEMEPEPBHOro Jxepena. Skio mnpo-
HOPMYBATH X, 1106 3pOGHTH L[10 BETMYUHY 6€3PO3MIPHOIO, TO MOX-
Ha BU3HAYMTH A(x) y ABIMKOBUX OOMHMLEX (IIpH HBOMY OCHOBA
norapudma Ma€ TOPIBHIOBATH ABOM).

JIpyra CK/IafioBa 30BCIM HE 3aJIeXHTh Bill CTATHCTHKHU JDKEPENa,
a BU3HAYAETHCA JIUIIE JUCKPETHICTIO KBAHTYBAHHS AX HENIEPEPBHO-
o NOBIIOMJICHHS.

MoxnuBUil CTAH IKEpeNa MOBIAOMIICHb JO OAEPXaHHS MOBI-
JOMJIEHHS Y Ha BUXOJl KaHANly BU3HAYAE€THCA PO3MOAUIOM w(Xx), a
TCTIA OJEPXKAaHHS BIUIKY 3 HerepepBHOro aHcaMOMIoO y HA BHUXO-
Ji — HEeNepepBHUM 32KOHOM PO3MOALTY YMOBHOI iMOBipHOCTI
w(x/y), 32 IKAM MOXH4 3HANTH YMOBHY HMOBIPHICTb, KOPHCTYIO-
YUCh TOHATTSAM €IEMEHTAPHOT IJIOMMHU AxAy Ta pobnsuuy, 4K i pa-
Hile, rpaHMuHMii nepexig Ax — 0, Ay — 0. Sk i B (4.5), 3araneHa
yMoBHa eHTponis H(x/y) IOPIBHIOE HECKIHYEHHOCTI, ajle KiUIbKICTh
iHdopmaLii B HpboMY BiIiKy, K 1 paHilile, ROPiBHIOE pi3HHLI 6e3y-
MOBHOI Ta YMOBHOI €HTpOIIII J)Kepena BLIHOCHO BUXOJY KaHaly,
T06TO

I(x,y)=H(x)-H(x/y)= h(x)-h(x!y)= @7
=- f w(x)logw(x)dx + J' fw(x y)logw(x/ y)dxdy,
ae w(x, y) — CyMiCHa WIiTBHICTb IMOBIPHOCTI 3HAYEHHSI BITIKY y TA
$aKTHYHOTO 3HAYEHHS HENEPepBHOTO IOBIXOMIIEHHS HA BUXOMI
xanany. Tyt A(x), h(x/y) — 6e3ymMOBHa i yMOBHa NudepeHLiaTbHa
EHTPOIIis JKEpena.

Hpyra cknagosa Alim0 log Ax B H(x) Ta H(x/y) BUsSBNS€THCA OA-
X—>

HAKOBOIO i pH BiAHIMaHHI B (4.7) 3HUKAE.

TaxkuM 4MHOM, KUIBKICTb iHopMaUiil B 0OZHOMY BiUIIKY, IO ITe-
pelaeThCs HENEPEPBHUM KaHAJIOM, BU3HAYAEThCA Pi3HULEI0 6€3-
YMOBHOI T2 YMOBHOI midepeHuiaibHOI eHTPOII HETIEPEPBHOTO IXKeE-
penia BIJHOCHO BHUXOAY KaHaly, IPHYOMY BUpa3 h(x/y) xapak-
Tepusye iHGOpMaLiliHi BTpaTH HA OMUH BiIUIIK NPH KOAYBaHHi
HENepepBHOTo /uKepena.

V Teopii BUMIpPIOBAHHS BUNIAAKOBHX BETMYHH KOPUCTYIOTHCS iH-
HIOIO KUTBKICHOIO Mipo¥o iHdopMauii — encunon-enTpormiero. [1pu-
MyCTMMO, IO BHIAJKOBA BENMYMHA Y MiCTUTB iHpOpMalliio PO
iHUIy BUMANKOBY BeNMYMHY X — AificHe 3HaYeHHs BUMipIOBaHOI
BEJIMYMHH, TOOTO Y € BimmikoM X y IEBHUX OJUHULISX. 3a i€l yMO-
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BH MiHIMaJIbHa KUIBKICTh iH(GopMauii npo X, sika Mictuteca B Y i
noTpibHa g Toro, mob 3a Y BinTBopHTH X i3 CepeAHEOKBAAPATH-
YHOIO MOXUBKOI0, WO He nepesBuye €2 (e € > 0 — Hanepen 3a1aHa
BENIMYMHA), HA3UBAETHCH eNCUIOH-CHIMPORIEID:

=X ) <€

ITpu upoMy MiHIMYM KinbkocTi iHbOpMaLii BiIIIYKYETBCS 32 BCi-
Ma 3aKOHaMHU po3mnoniny imosipHocteit w(X/Y), To6TO

H(X)= min [H(X)-H(X/Y)]
w(X1Y)

Iro BenuuMHy, K IPaBHIO, MOJAIOTH Y BUIJISAAL

. w(X,Y)
H_ (X)= mm w(X,Y)log———"—><dXdY,
e(X)= min, It WCOW(Y)
ne w(X, Y) — cymicHa IlllJIleCTI: po3nomny HMOBlpHOCTeH XiY;
w(X), w(Y) — OIHOBMMIpHI ILUILHOCT] PO3MOALTY LIMX IMOBIPHOCTEH.

4.3. NPOAYKTUBHICTb HEMEPEPBHOIO JKEPENA
TA WBWAKICTb NEPEAAYI IHOOPMALIJI

Buxonsum 3 Toro, mio eHTponis H(x) HenepepBHOTO IKepena 3a
abCOTIOTHUM 3HAYEHHSM € HECKIHUEHHOIO, POAYKTUBHICTH TAKOTO
JOKEpeIta TAKOX HecKiHueHHa. [Tpo POAYKTHBHICTb HenepepBHOro
JoKepena JOULILHO FOBOPUTH JIMLIE B AM(EPEHIliaTEHOMY BiHO-
LIEHH], IOTyCKAIOYH MOXHOKY 260 MopiBHIOIOUM AudepeHuianbHy
EHTPOMIIO /;(X) i hy(X) CyCimHIX BIIUTIKIB NOBIIOMIIEHHS, B3STHX 3
iHTepBaJIOM vacy At =1, -, [18].

BinanoBixHO 10 TEOPEMH BIUTIKIB HENIEpEPBHI OBIIOMIIEHHS X, ¥
MOXYTb OyTH NMOJaHI CyKyITHOCTAMM BIMTIKIB iX X; T4 y; B IMCKPET-
Hi MOMEHTH 4acy 3 KDOKOM Af.

Po3nozin cykymHOCTi BUITAAKOBHUX BEJIMYMH OMUCYEThCs bara-
TOBUMIPHOIO LIUILHICTIO PO3NOILTY HMOBIpHOCTEH W(X |, X,,..., X,,),
W(Y15 ¥se-+5 V). SIKILO BBAXKATH BUNA/IKOBi BETMYMHH HE3ATICHKHU-
MU Ta BpaxyBaTH, L0 EHTPOIIis CYKYITHOCTI HE3aJIEXHUX BUNAIKO-
BHX BEJIMYHH JOPIBHIOE CyMi EHTPOIII] OKPEMUX TaKHX BEJIMYMH, TO
nudepeHniaabHa eHTPOIA MOBITOMIICHHS BUSHAYUTBCH 5K

hp(x)= ﬁh(x,-) , (4.8)
i=1

ne h(x;)=- j' w(x;)logw(x;)dx; — nudepeHuianpbHa eHTpOIisA

i-ro BiIiKy noBimomieHHs y dopmi (4.6); m = T/At — KinbKicTb
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BiUTIKiB MOBimoMiIeHHs TpuBamicTio T, 3pobieHux 3 iHTepBaIOM
yacy Af.

OO6MEXMBIINCH CTALIOHAPHUMH BUNAJKOBHMHM NPOLECAMH,
ZiCTaHEMO

. h(x,) = h(x,) = ... = h(x,) = h(x),
3BIKH
hp(x) = mh(x), (4.9)

e h(x) — qudepeHLianbpHa EHTPOIist OAHOTO BIATIKY NOBIAOMIIEH-
HA y popwmi (4.6).

AHaJIOTIYHO MOXHa TOKa3aTH, 10 YMOBHA nmbepeﬂulaﬂbﬂa
EHTpOIIis

hy(xly) = mh(xly), (4.10)

ne h(x/y) — ymoBHa audepeHuiagbHa eHTPOMiS OQHOTO BITIKY
MOBiIOMIIEHHS.

Toni Bupa3 kinbxocTi iHGopMaii B HelepepBHOMY ITOBLIOMNIEHHI
TpuBaIicTIO T MaTHUME BUITIS]L

I(x,y) = mh(x) — h(x/y)]. 4.11)

HasseMo cepednboro weudkicmio nepenadi iHpopmarlii Henepeps-
HUM JDKEPENOM KiTbKicTh iHdopMallii, o MepeaacThes 3a OANHN-
L0 yacy, To6To

o
Ry (e, 9)= 1252 M) (et )] By ) - (e, 4.12)

ne F; = m/T — 4acToTa AMCKpPETH3aUi] MOBiJIOMJIEHHS.

4.4. NPONYCKHA 3[ATHICTb
HENEPEPBHOIO KAHAJTY

ITponycknoio 30amuicmio HenepepeHO20 Kanaly Ha3UBAEThCSA MaK-
CHMAaJIbHO MOJKJIMBA IIBHAKICTD Nepeaadi indpopmari B Heomy [44]:

C = max[R(x,y)] = Fymax[h(x) — h(x/y)]. (4.13)

Sk i U1 NUCKPETHOTO KaHany, Bupas3 (4.13) gocsrae MakcumMymy
NpH MaKCMMAaJIbHOMY CTYNEHI CTATUCTHYHO!I 3yMOBIIEHOCTI Here-
PEPBHMX IOBiIOMIIEHb Ha BUXOAI Ta BXOAl KaHany. IIpu ntbomy
yMOBHa JudepeHLiaTbHa EHTPOIIS PAMYE 4O HYJIs 3aBASKH HU3b-
KOMy DiBHIO 3aBaj i BCE MEHILOMY CIIOTBOPEHHIO NOBIIOMIIEHD Y
kanaui. [Tpore pyHKLis A(x) MATHME MAKCHMYM JIMILE NIPX NIEBHUX
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3aKOHaX PO3MOALUTY w(x) IMOBIpHOCTel (HApUKIaA, AKIO K (i-
3MYHHUH fpoliec X BHKOPHCTOBYETHCH CTallilOHapHUH BUIIAZKOBHI
MIPOLIEC Y BUIIIAAI «6iToro mymy»).

Bupa3 (4.13) 3a HasBHOCTI 3aBajfu y BUIJIAALI «OUIOro mrymy»
HabyBae BUTNSLIY

C=F,log(l +P,IP), (4.14)

ne F, = F, /2 — makcuMasnbHa 4acToTa CMyr npoaopocn KaHay;
P, P cepem-n TIOTYXHOCTI CHTHAJIY HellepepBHOrO MOBIIOMJIEH-
HA Ta 3aBaji¥ Y BUIJIAMAL «Oin0oro mymy».

IIpornycKkHy 3JaTHICTh HENEPEPBHOI'O KAHATY MOXHA PeryJioBa-
TH, 3MiHI0I0uHK F,, P i P,. CyTs BUpa3y (4.14) nonsrae y Tomy, 1o
cyma (1 + P/ P,) Bu3Ha4ac KiIbKICTh PiBHIB (KBAHTIB) HETIEPEPBHOTO
MOBIIOMIJICHHS, fKi HAMHO PO3MI3HAKOTECSH HA ¢oni 3aBamu npu
3aJaHOMY BIIHOILEHH] CHrHa/3aBaja. Tomy KiutbkicTs iHdopMaLii
TYT, 11O NPUITANAE HA OJMH BiUIiK NOBIXOMIIEHHS, 6y/ie TAKOIO CaMOIO,
K 1 JUIst TUCKPETHOI'O JKepena 3 KUIbKICTIO cTa"iBk =1+ P/ P,,
konu I(x,y) =log,(1 + P,/ P,).

KOHTPOJIbHI 3AAHI

1. HenepepBHUil KaHAJI XapaKTEPU3YETHCA BiTHOUIEHHAM CEPEMHIX MOTYX-
HoCTel curHany ta wymy P /P , ne P, = NAf (N,— cnexTpanbHa WINBHICTh
MOTYXHOCTI 3aBaj; Af — IUMpPHUHA CMYTH 4YacTOT KaHany). CurHan, axui
NepeNaETsLCA, Ma€ TPHBAJICTS T. BusHaunTh norpiGHe inHowenns P /P ana
BHMaKY, KOJIM TPHBANICTh CHTHATY 3MEHIUYETHCA IO T, & IUMPHHA CMyT'H Ya-
CTOT KaHajly 3MiHIOEThCA 10 Af|.

2. dosectH, wo h(z) = h(y) npu z =y * k abo z = -y, ne k = const.

3. BusHauutH audepeHIiaisHy eHTPOMilo BHIAAKOBOIO BiIIIKY MOBIIOM-
JIeHHA X, SKINO PO3MOJLN KOro HMOBipHOCTEl PIBHOMIDHHIH Y TPOMIXKY X, X.

4. HenepepBHa BUMaKOBa BEIMYUHA 3MIHIOETBCA 32 PIBHOAMOBIPHHM 3aKO-
HOM po3noairy B mpoMixky x = 0...1,8 ta x =0...0,3. BusHauntu qubepeHLians-
HY €HTPOIIIO JKepena Ui LIHX BUMAAKIB i MOPIBHATH 3000yTi pe3yibTaTH.

5. BusHauMTH WBHAKICTS NepeRadi iHpopmalii B HenepepBHOMY KaHali 3
MOBIXOMIIEHHAM, PO3NOAIICHUM 32 3aKOHOM

Onpu y<0;

w(y)= y2 npu0< y<l;
Inpuy>1

Ta 3 nepionoM Bimnikis 10 c.

6. TenedoHHuii KaHaN 3B’43Ky XapaKTEPU3YETHCA TAKUMH JaHUMHU: Af =
=3100 I'y; P/ P, = 10. TexcT nepenacTses 3 eHTpomicto 3,5 6it/cuMBOIL, a cepets
LIBHAKICTH HOro YuTaHHa gopisHioe 200 cUMBONIB/XB. BU3HAYHTH, HACKITBEKH
eeKTHBHO BUKOPHCTOBYETHCS MPH LILOMY MPONYCKHA 30aTHICTh KaHaNy.

7. Hanpyra B enekTpHYHOMY KOJi BUMIiproeThCca B Mexax 150...180 MB. Sk
3MIHUTBCSA EHTPOIiA BUMAAKOBO! BEIMYMHH HALPYTH MPH BUMIpIOBaHHI 1i B
MiKpOBOJIbTAX?
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8. INpu yacToTHilt MoxynALii HOCIHHOI HeMepPEePBHUM CUTHAJIOM 3 PiBHOMi-
PHHM DO3MOAUIOM 4acTOTa 3MIHIOEThCA B Mexax 15...60 MI'u. Busnauutu
€HTPOIIIO CHTHANTY NPH BUMipIOBaHHI 4acTOTH 3 moxubkoro 5 kI'w.

9. IIponyckHa 30aTHICTL HenepepBHOro KaHany C = 9600 6it/c npu BigHO-
wenHi P /P = 10. SIx 3MiHuTbCA C NPH 3MEHUIEHH] LILOTO BRiOHOWEHHA 1o 17

10. HenepepsHuii npoliec Ma€ HopManbHHil po3Moaisl iMOBipHOCTeH i3 INiTb-

1 e—x2 K20?)

2nc
noxubui BUMIPIOBaHHA AX.

11. 3HayeHHs curHany piBHOMIpHO NexaTh y Aiana3sosi 0...10 B. Busnaun-
TH JH(epeHLIiaIbHY SHTPOIILIO OO JKepena. SIkoo Oyne 11 eHTPOMis, AKIO
3HAYEHHsS CUTHAJY BUPA3UTH B MiliBONbTaX?

12. TenemeTpuuHa cranuis 3a 10 ¢ nepenae noxasu 20 natynxis. CnexTp
YacTOT HeNepepBHHUX MMOBIIOMIIEHD NEXUTD y Mexax 0...30 I'u. PiBeHb curHa-
i cranoBuTs 0...10 B, a nonycruma sinsocHa noxu6bka nopisxioe 0,5 % iforo
MaKCHMyMy. BusHauuTH noTpibHy mBUAKicTs nepenadyi indopmauii B kaHai.

HicTIO w(x)= . BH3Ha4yuTH €HTPONIIO LBOTO APOLECY NPH

KOHTPOJIbHI SATTNTAHHS

1. II{o Take enTponis HenepepBHOro mxepena?

2. I1lo Taxe nudepeHniaTbHa EHTPONS HENEPEpBHOTro mxepena?

3. SIx obuncnoeTbca oudepeHiaNbHa eHTPOMis HENEPEPBHOTO Ke-
pena?

4, 5Ik BU3HaYa€ThCA KinbkicTb indopMalii Ha oHe MOBIAOMIIEHHS Hene-
pepBHOro mxepena?

5. 3a axux yMoB AxMbepeHLiaibHa EHTPOIIA HENEPEPBHOTO Jukepena Byne
BiX’eMHOI0?

6. 11lo o3Hayae BiMHOCHICTH AudepeHIiabHOI EHTPONii HENEpEPBHOTO
Jxepena?

7. Slx BU3HAYA€ETHCA NPONMYCKHA 3AATHICTh HENEPEPBHOIO KaHamy?

8. SIxe rpaHMuHe 3Ha4eHHs MponyckHoi 3naTHocTi C = Aflog[1 + P /(N /)]
(6iT/c) HemepepBHOro KaHajly 3 HOPMAaJIbHUM LUYMOM, SKIIO HIMPHHA
Af cMyru HOro 4acToT NpaAMye A0 o npx P_ = const i N = const?

9. SIx BU3HaYa€eThCA MBHAKICTS Nepenayi iHdopmauii npo HenepepBHHi
nipouec?

10. SIx BU3Ha4YaeThCA MEPiOA BiIIIKiB HEMEPEPBHOI BEIMYMHM 33 TeOpe-
Moro Bimtikis Korenpuuxosa?
11. L1{o Taxe eNCUIOH-EHTPOMNisA BUIAAKOBOI BETHUNHM?



KOOYBAHHS
B ONCKPETHMX

poann & | HENEPEPBANX KAHANAX

Iepedaua ingpopmayii no ainiax i KaHanax 36 'A3Ky No6 'A3aHa 3 NEGHUMU
mpyonowamu. I'onoeHum yunom — ye 0ia 3a6ad HA CUZHANU, WO HECYMb
ingopmayiro. Tomy Ons yCyHeHHA ROMUNOK, SKI 6UHUKAIOMb NpU nepedavi
cuzHanie nid 6NIUEOM 3a8a0, NOGIOOMAEHHA KOOYIOMb, OCKIIbKU KOOYBAHHA €
Hatieghexmueniwum cnocobom ix 3axucmy.

Hns kpaugozo po3yMinHa npoyecy KoOy8aHHA nogidomieHb mpeba Hamu cuc-
memu uucienns, 0esKi 0cHoeHi onepayii Hao enemenmamu nons GF(q), cnocobu
nooanHa KO8, OCHOSHI meopemu KoOYBaHHs ons kananie. ITpo ece ye tinumemscs
6 ybomy po30ini. Kpim mozo, mym euxiadeno kracugixayito koois, Hasedeno xa-
PAKMEPUCHIUKYU IX, ONUCAHO OCHOBHI NPUHYUNY ONMUMANLHOZ0 KOOYBAHHA.

5.1. KNTACU®DIKALISA KOAIB | XAPAKTEPUCTUKM IX

Kooysanns — uie npouec epeTBOPEeHHs NOBIIOMIIEHHS Ha BIIO-
pAIKOBaHU Habip CUMBOJIIB, eNeMeHTiB, 3HaKiB. IIpy KomyBaHHI
KOXHOMY [MTOBIIOMJIEHHIO CTaBUTHCS Y BIATIOBIAHICTH 3yMOBIIEHa
KonoBa koMmbiHauis — Habip CUMBOJIB (€IEMEHTIB, 3HaKiB) 3 He-
AKOI CKiHYEHHOI KiJIbKOCTI iX, ika Ha3UBAETHCH angdagimom.

MHOXH1Ha KOXOBHX KOMOiHaLiH, noOy10BaHMX 32 OAHKUM IIPABH-
JIOM KOAYBaHHS, HA3UBAETHCA K0OOM. 3AJIEXKHO Bif andaBiTy, SKHH
3aCTOCOBYETBCA A1 HOOYI0BH KOAOBUX KOMOiHAIH, KOAH MO~
IOThCS Ha 08itiko6i, a(aBiT SKUX CKIaJaeThes 3 IBOX CUMBOIB (0 1
1), Ta nedsitixoei (6araTono3uuiiHi, g-koau), andapiT AKMX MiCTUTD
OliblLe ABOX CHMBOIIIB.

Po3pi3HAIOTB OB PNy KOIB: 6e3Ha0mipHi (HEKOPEKTYBaJIbH, IIep-
BHHHI, NIPOCTI) Ta Haomipri (3aBagoctiiiki). Ilepun He AaioTh 3MOTH
BYSIBUTH Ta BUIIPABUTH CIIOTBOPEHI €IEMEHTH B CBOIX KOMOiHAIIIfX,
Ipyri — 3a6e31euyroTh MOXIIUBICTh BUSIBJICHHS Ta/abo BUIIPABIEHHs
€JIEMEHTIB KONOBHX KOMOIHALLiH, CIIOTBOPEHHX YHACTINOK Ail 3aBaj.

V HaaMipHEX KOAaX XOMOGiHaUil MOXYTb MaTH iHGOpMALiHHI Ta
nepesBipHi enemenTH. OOUABI IPYIH KOJIB NOMINSIOTHCS HA PiBHO-
MipHi Ta HepigHoMipHi, TOOTO KOMIH 31 CTAJIO0 Ta 3MIHHOIO KLIBKICTIO
pO3psmiB.
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HanaMipHi koau Takox 6yBaroTh HenepepeHumu (PEKYPEHTHUMMU)
1 6a0ko6umu. B HeTiepepBHUX KOJAX MPOLIEC KOAYBAHHS Ta OEKOAY-
BaHHS Mac HelepepBHHIl XapakTep, Y 6110KOBUX — KOXHOMY I0-
BioMIieHHIO Binnosimae kogoBa koMbiHauis (610K) 31 CKIHUEHHOI
KUIBKOCTI €JIEMEHTIB. BIIOKH KOAYIOTHCA Ta JEKOLYIOTECS OKPEMO.

BJIOKOBI KOMIH, B CBOIO YEPTY, MOXYTb OYTH H0OinbHUMU TA HENoOinb-
Humu. J10 IEpIIMX HATIEKATH KOIH, IO OyAYIOThCS AOTIOBHEHHSM 1H-~
opmauiinmux €JIeMEHTIB NIEPEBIPHUMH; 10 APYTUX — KOIH, B SKHUX
HEMAeE YiTKO 3yMOBJIEHUX iHPOPMALUIMHHUX | NEPEBIPHHX €IEMEHTIB.

IoninpHi 610K0BiI KOAW OYyBaOTh CHCTEMAaTHYHHMHM Ta HECHCTE-
MmaTHYHUMH. CucmeMamuynum noditbHum 610K08UM KOOOM Ha3M-
BA€ETHCA TAKHUIT KOJ, y KOMOIHALISX KOO Nepii k no3uii (po3ps-
,[IIB) 3aHHATO mq)opmaumxmmn €JIEMEHTAMH, A PEIUTY 7 = 11— k mo-
3uiii, Jie 1 — 3araJibHa KiIbKICTh 03Ul B KOZOBiH KoMbGiHawii, —
nepesipauMu. 10 HecucmemamuyHux nodinbHux 610xoeux KOIiB
HAJEXaTh KOAH, B AKHX iHpOpMaLiiHAMK elleMEHTaMHU He 3aHHATO
BCi k TepIIHMX ITO3ULI.

Pi3HOBHIOM NOAUILHUX CUCTEMATUYHUX OITOKOBUX KomB € YUuK-
JUYHI KOJH.

[pu BH60pl KOZUB JUIs nepenadi inpopmauii KepyloTbCs BUMO-
ramu a0 Blpormﬂocn indopmailii, o nepesacTuCd, Ta II.IBPIJIKOCTI
nepenadi, AKi BU3HAYAIOTHCS TAKMMH XapaKTePUCTUKAMH KOJiB!

e KUIBKICTIO k md)opmaumuux €JIEeMEHTIB;

+ KUTBKICTIO 7 IEPEBIPHHX €IEMEHTIB (JU15 KOPEKTYBATbHHX KOJiB);

+ JOBXKHHOIO (PO3PSAIHICTIO) 1 — KiJIBKICTIO €/IEMEHTIB (CUMBO-
niB), AiKi BXOJATH 0 CKJIafy KonoBoi KoMbinauii (n = k +r);

* OCHOBOIO (anq)aBlTOM) q;

* NOTYXHICTIO N, — KUIBKIiCTIO I03BOJIEHHX KOAOBUX KoMOiHa-
i, mwo Buxopncmsymnm JUIs Tiepenadi IIOBiAOMIIEHb;

« IIOBHOMO KiNbKicTiIO N KOAOBUX KOMGiHaLiH, TOOTO KUIBKICTIO
BCIX MOXKITMBHX KOMOiHALIiH, ka JOPIBHIOE ¢” (VIS ABIKOBHX KOIB

=27,

e HAJMIPHICTIO

log q N ) '
Ryax -l—m (N1 HEMOMINBHUX KOLIB)
q N
abo

Ry o = 1 ~kin=rin (nna NOMINbHUX KOAIB npu N = 261 N =2m);

o BIZHOCHOIO IUBHIKICTIO R, sIKA XapaKTepU3Ye CTyNiHb BUKO-
PHCTAHHS B HAAMIpPHOMY KOJi iHpOpMaLIIHHMX MOXIIHBOCTEH HOTO
NOTYXHOCTI, IPUYOMY

logq N,
- logqN
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Barolo KoJ0Boi koMmbiHauii (A1 ABIHKOBOro KONy BU3HAYAETHLCA
KUIBKICTIO OXMHKLB Y Hilf);

¢ MiHIMQJILHOIO KOZOBOIO BIZICTAHHIO d = min d TOOTO MiHIMANIB-
HOIO BiICTaHHIO MiXX NapaMH KOJZOBHX KOM61HaH1PI

dj =12=:1|a1i —alj"

A€ ay;, a);— ENIEMEHTH, L0 3HaXOAATECA B [-My MiClli B i- Ta j-if KOM-
BinaLtisx. e 3HauuTS, 10 d; BUSHAYAETHCA KITBKICTIO ONHOMAMEH-
HHX PO3DAZIB 3 PISHUMH 3HalieHHﬂMn

. lMOBlleCTIO P,  HEBUABIICHO] IOMMIIKH, TOGTO # MMOBipHicTIO
Takoi nopii, 3a saxoi MPUHHATA KOAOBA K0M61Haum BiApI3HAETHCS
Bill MEpENAHO]l, a BIACTHBOCTI KOy HE JAlOTh 3MOTH BU3HAYHTH
dakT HasBHOCTI HOMMIIKY;

. mompmcrm P, . BUABJIEHOI TOMUIIKH, TOGTO i HMOBIpHicTIO, 32
KO NPUHHATA KOAOBAa KOMOGiHaLis BiApi3HAETHCA Bin nepenaHof i
3aBISKM BJIACTHBOCTAM KOJY BCTaHOBJIIOETHCS (PAKT HASBHOCTI
MOMMJIKH B KOIOBIi# KOMbOIHALIT;

. iMOBipHicrlo PBn n BnnpaBneHo'i TIOMMJIKH, TOOTO ﬁMOBipHicno
TaKOI Noii, 32 Kol HpUAHATA KOJ0Ba K0M6maum BIAPI3HAETHCA
Bl MEPENAHOI i 3aBASKM BIACTUBOCTSM KOJY BUNPABJIAETHCA II0-
MUJIKa B KOIOBiil koMOiHauil;

* IMOBIPHICTIO P, BHHUKHEHHS IIOMMJIKH, TOOTO HMOBIpHICTIO Ta-
Koi noaii, 3a gKoi npnﬁux’ra KoJ0Ba KOMOiHALIA BigPi3HAETHCA Bifg

nepenasoi (P, = PHB . n— V151 KOAIB, SIKi BUABJISIOTH TOMHJIKH,
TaP =P,  +P + Pm;.n —— IS KOAIB, SIKi BUNPABIAIOTH TOMMUII-
Ku, ne P, = — IMOBIPHICTb HEBUIIPABJIEHOI BUSBJIEHOI IOMHUIIKH);

* KPATHICTIO V IOMHJIKH, IO BU3HAYAETBCS KPATHICTIO V, BUAB-
JIEHMX Ta V,, BUNIPABICHUX IIOMHIOK;
. eq)exmnmcno

L Ne A
eb TN v
F, n- E F;
i=1
ne P, — iMOBipHICTb BUSIBIIEHOT a60 BUNPABIEHOT MOMUIIKH 3aJI€XK-
HO B[] BTACTUBOCTEM KOY.

Cryninb 3axucTy iHpopMauil Bia MOMMIOK BiNOBIAHUM CIIOCO-
60om KOQyBaHHS 3aJIEXUTh FOJIOBHAM YMHOM Bifl MiHIMAJTIBHOI KO-
HOBOI BiACTaHi d,;, TAHOTO KOy [12]

Po3pi3HAIOTE TPH BHIM KOLOBOI BiacTaHi: XeMminra, JIi Ta Mat-
puuny. INepua 3HajiunTa Hai6iIbLIe TOLIUPEHHS B TEOPIi KOXYBaH-
Hs. KogoBa BincraHs XeMMiHra HEpO3ALILHO ITOB’13aHA 3 TOHATTIM
6azu w K00060i KoMbiHayii — KiNbKICTIO 1i eIeMEHTIB, SKi He NOpiB-
HIOIOTB HYJIIO.
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Komosa Biacranb XeMMminra d Mix gBomMa KoMOiHaLiAMHU OHI€l
JOBKMHHU 1 BH3HAYAETHCS K KUIBKICTh OMHOMMEHHUX pO3psiB (T10-
3u1ji1), AKi MaIOTB HEOHAKOBI eneMeHTH. Tax, s ABIAKOBUX KOJIiB,
OCKLUIBbKM B ABIMKOBi# aprdMeTHUi JOTaBAHHS OXHAKOBUX €JIEMEH-
TiB gae 0, a HEOAHAKOBUX — 1, BiaCcTaHb XeMMiHra MK IBOMa KOIO-
BHUMHM KOMOIHAIIAMH MOXHA BUSHAYHTH NIOPO3PSAHKUM T0AaBaHHAM
ix 32 MOyJieM 2 T2 TOAANBLIMM MApaxyHKOM KLTBKOCTI HeHyJILOBPIX
€JIEMEHTIB, TOOTO BU3HAYEHHIM Barl w TaKoi CyMH.

3arapHa KiTbKICTb KOIOBHX KOMOiHaLi 3aBAOBXKH 7 RopiB-
HIOE 2", a KiNBKICTb THX 3 HMX, fKi BiasieHi Bif 3afaHOi Ha Bil-
cTaHb d , — KUIBKOCTI CIIOJTy4€eHb 3 7 1O d:

= n!f[d\(n - d)!].

I1{06 BH3HAYMUTH KONOBY KOMOiHaLiIO, KA BilfaneHa Bia 3a1a-
HOI Ha BiacTaHp d, 00 ui€i koMmGiHauii MOXHa nonaTH Oyab-IKy
koMbiHalio Baroo w = d (3 d ODMHULSMH Ta n — d HynsaMu). Jona-
BaHHs — MOPO3PSIHE 32 MOJyJIEM 2.

Jlns BUSIBIIEHHS BCiX TIOMMJIOK KDATHICTIO V, KOJIOBA BiJCTaHb
Ma€ CTaHOBUTH d = v, + 1, a BUNpaBIeHHA NOMUIOK KpPAaTHICTIO

Vyo—d22v, + 1 Il[o6 BHIIDABUTH TA BUSBUTH BCi NOMUJIKH, Ma€
BHKOHYBaTHCS YMOBA

d2v, +v,+ 1

Hepes Te, WO 3arajiom KOXXHHI efieMeHT (po3psa) xkoMmOiHamii
HeJBIIKOBOrO (6araTon03uumHoro) KOJly MOX€ MaTH Ha BLOMIHY
Bix BiliKOBOrO ¥ NoHan ofHiel mosuuii (m 2 1) 3 andasiry g, konosa
BiZICTaHb NpH UbOMY BH3HAYAETHCS BUPA30OM

m
d=Yd;

i=
1€ m — KUIbKiCTb IIO3UL{IH B KOXKHOMY pO3psal (ITOOAMHOKOBOMY
4aCOBOMY iHTepBani IO BiANOBiZac TPUBAJIOCTI OJHOTO EIEMEH-
Ta) KOZOBOI KOMOiHAwil.

Y MeTprui XemMiHra KOI0Ba BiICTaHb, SK i /14 ABIAKOBOTO KOy,

BU3HAYAETHCA KUTBKICTIO ONHOMMEHHUX PO3PAMIB 3 PI3HMMH TO3H-
LisMH (CUMBOJIAMH):

di(xksx1)={

0, Xp =X,
]., Xk # Xi.
V merpuui Jli
d; (x,x)=min{px; —x)Lg-|x, - x[}= min{djmods‘l'djmod |
edinod = lx, — x)\.
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Y MonynbHi# MeTpuui di(x;,X)) = |x; — x|, To6TO C1ij BUKOHYBa-
TH BIAHIMAHHS 32 MOJYJIEM g.

BinzHauuMMo, HI0 KONIM 3HAYEHHS KOJOBOI BiNCTAHI s ABIHKO-
BOT'0 KOJIy B Pi3HHX MaTPHIISX 36iraloThes, s HEABIHKOBOTO KO
npu ¢ = 3 3Ha49eHHA d B MeTpukax Xemminra Ta JIi Takox 36ira-
10ThCA. Ilpu g > 3 3HaueHHs d y Pi3HUX METPHUKAX PI3HATHCS.

Ilpn KOHKpeTHii peanizanii HeABIHKOBOro KONy 3 BUKOPHCTAH-
HSIM MO3HLIH THX a0 IHIIMX O3HAK CHIHAJIY KOJIOBA BIACTAHb BH-
3HA4Ya€ThCA BIAMOBIAHOIO METPHKOIO.

5.2. CUCTEMU YACNEHHA

V Teopii indopmanii, koayBaHHs, Nepeaayl JAHMX i CHCTEMax
obMiHy indopMauicio HaHNOWHpPEHiMY € ABiifKOBa, BICIMKOBA
Ta WICTHANAUATKOBA CHCTEMH YHCIIEHHS. TIpore ue Hi B skOMy pasi
He O3Hayag, 1o Ha npaxmul HE KOPHCTYIOThCS! iHIIMMM CUCTEMAMHU
YMCIIEHHS, TAKMMHU K TPiHKOBa, YETBIpKOBA, MIICTKOBA TOIIO.

¥Y3arani uine yucno Ny 6ynb-skiif CHCTEM] YHCTIEHHS MOXKHA 3a-
MIUCATH Y BUINIALI PRy

n-1 .
N=Yaq', 5.1)
i=0
Ae O, — po3pAnHi KoedillieHTH, 3HaUeHHS SKUX 3MIHIOIOTHCS Bi 0
o g - 1; g — ocHOBa (anq)aBrr) CUCTEMM YMCIIEHHS; | — HOMEp po3-
psOy; n — KUIBKIiCTB iX. _

Ha3spa cucTeMu YMCIEHHS NOXOAUTH Bil OCHOBH (aidasiTy)
q : g = 2— pgBiitxoBa, ¢ = 3 — TpilikoBa, ¢ = 8 — BiCIMKOBa CcHCTe-
MH YHCJIEHHS TOUIO.

Hus sanucy uncen (tabin. 5.1) y meB’aTKOBii CHCTEMi BAKOPHCTO-
ByroTs 10 tudp (0, 1,2, 3,4, 5,6, 7, 8, 9); y nsiiikosiit — api (01 1);
y TpifikoBiit — tpu (0,1,2); y BicimkoBiit — Bicim (0, 1, 2, 3, 4, 5, 6,
7), a B LIICTHAALUATKOBIN — 16 3HakiB, 3 HUX — 10 uudp (0...9) i
wicts nitep (A, B, C, D, E, F).

Tak, kopucTyouncs BipasoM (5.1), necaTkose uncio 375 MoxHa
3anucaTH y BUTTIAL] psay

(375)4p=3- 102+ 7- 10" + 5 10°.
Te caMe yKCI0 B ABIMKOBIM CUCTEM] YMCIIEHHS 3aMIIETHCS K

(375),=1-284+0-27+1-264+1-25+1. 24+0-23+1-22 +
+1- 20+ 1-2°>101110111;

yTpiﬁKosiﬁ—-—ﬂK
(375);=1-35+1-3%+1-33+2.32+2.3+0-3% - 111220,
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Tabnuys 5.1

Yucna
ECATKOBI IBIAKOBI " BiciMkoBi WiCTHAAUATKOBI
1 1 1 1
2 10 2 2
3 11 3 3
4 100 4 4
5 101 5 5
6 110 6 6
7 111 7 7
8 1000 10 8
9 1001 11 9
10 1010 12 A
11 1011 13 B
12 1100 14 C
13 1101 15 D
14 1110 16 E
15 1111 17 F
16 10000 20 10
17 10001 21 11
18 10010 22 12
32 100000 40 20
64 1000000 100 40
100 1100100 144 64
128 10000000 200 80
256 100000000 400 100

y BiCIMKOBI# — 5K
(375)3=5-82+6-8'+7-8"— 567,
a B UICTHAUATKOBIA — SIK
(375),s=1+162+7-16' +7-16° > 177.

KinpkicTs koMbinaliil npocToro kony B 6yab-aKii cucTeMi 4uc-
JIEHHS 3aTIEXUTH BiJ aidaBiTy KOAYy Ta JOBXHHHA KOXOBOI KOMOiHa-
uii (N = ¢") i, 3BuuaiiHo, yuM Oinbini andasit xoay, THM MeHLIA
KiNBKICTB pO3PAAIB Y KOMOiHaMii.

st 3a1KCy IECATKOBOTO YHCINIA B Oyb-sKili CHCTEMI YHCNEHHS
Tpeba TNOJUTHTH HOTO Ha OCHOBY Buﬁpaﬂm cucremu. Iicns nepuro-
TO HiNEHHs MICTaHeMO Uiy 4acTky # ocrauy. IIpomoBxkuBiIM ni-
JIEHHS HUIOT YaCTKM, MATMMEMO HOBI Lily 4acTky Ta ocrauy. [i-
JEHHS LIJIMX YaCTOK MPOJOBXYEMO AOTH, XOKH YacTKa He CTaHe
MEHIIOIO BiJl OCHOBH ¢ CHCTEMH YMcHeHHs. L{1 ocTanHs yacTKa H
6y/ie cTapLIKM PO3PAIOM YKCIIa y BUOpaHiit cucteMi uncnenns. [
PO3PAAHM BIMOBIZATUMYTH OCTa4yaM Bijl AieHHs. Monoamui pos-
Pl — L€ OCTaya Bil MEPHIOro AiICHHS.
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Hexait uucno 217, sanucane B ecATKOBIH CHCTeMi YHCEHHs, Tpeba nepe-
BECTH y ABIfiKOBY cHCTeMY. BukoHyemo nocninosHe ninexns yucna 217 Ha 2 (B
IyXKax 3a3Ha4eHO OCTayi Bil JiIEHHs):

217:2 =108 + (1); 13:2=6+(1);
108 :2 =54 + (0); 6:2=3+(0);
54:2 =27+ (0); 3:2=1+(1);
27:2=13+ (), 1:2=0+(1)

BianosinHO K0 BUKJIANEHOrO BUILE OCTAHHS YAaCTKA Bifl KiMeHHs, 3HAYEHHS
AKO1 MEHIIIE BiJl OCHOBH CHCTEMH YHMCIIEHHS (B JaHOMY Das3i 1€ 3HAYeHHS YaCTKH
B EPENOCTAHHBOMY ALIEHHI, KoJH 1 < 2), € koedillieHTOM NpH OCHOBI CHCTe-
MU YHCJICHHS y HaHBHIIIOMY CTeleHi (B AaHOMY pasi uie 1) a6o octanHs ocTayva,
o piBHO3HayHO. Pemrra octau 6yayTs koedilicHTAMM TIPH OCHOBI CHCTEMH
YHCNEHHs. MEHLIUX CTeneHiB. TakuM YMHOM, uucno 217 y ABifkoBii cHcTeMi
4YHCJIEHHS 3aMuCy€eThea y Bursiai 11011001,

5.3. OCHOBHI ONEPALLJi HAL ENEMEHTAMW NONS

OcHoBa (an¢asiT) g KoLy MOXe MaTH pi3Hi 3HaYeHHsH (g = 2).
Metoauka no6ynoBu 6araTbox KOJIiB IPYHTYETHCS HA BAKOPUCTAH-
Hi BJIACTHBOCTEH NMOCTINOBHOCTEH ABiliKOBUX uMcen. Po3risHeMo
nesiki onepalii Haj eeMeHTaMHy ABIHKOBUX KOMiB (g = 2).

IIpaBuna noxaBaHHs 3a MOAYJIEM 2 BU3HAYAIOTECS TAKUMH OITe-
parismu:

020=0;1@21=0,001=1;190=1.

Hanpuxknan, npu qoaasanHi 3a MogyneM 2 IBIHKOBUX MOCIix0-
BHOCTeH yncen 0111000 i 10010 maTumemo

0111000
10010

0101010 .

Ha BigMiHy Bia 3BUYafiHOTO apH(METHUHOTO AONABAHHSA OIle-
pauis nonaBaHHs ABIHKOBUX YKCeN 32 MOMYJIEM 2 TOJISrae B TOMY,
1[0 B AaHOMY pPasi PO3IJIANAaIOTh KOHKPETHY Napy ABIMKOBHX 3HAKIB
HE3aJIEXHO BiJ IHIIMX 4YHces ABifikoBol nocmigosHocti. ToMy pe-
3yJbTAT IONEpEAHIX onepaniii py foJaBaHHI Y4epProBoi napH JABiii-
KOBHX 3HAKiB HE BPaXOBYIOTb, TOXI SIK NTPH 3BUYaHHMX apudMeTH-
YHUX ONepauisx Lel pe3ynbTaT Tpeba BpaxoByBaTH 06OB’I3KOBO,
KOJIM IIpY 10JaBaHHI ABOX ABIHKOBHX YMCeN1 (HATIPUKIIA, ONUHHIb)
3anucyeTecs 0, a | mepeHOCHTBCA B CTapiuuit po3psaa. s npukna-
Iy, L0 pO3IIANAEThCA, IpY apudMeTHUHIHi onepauii 6yno 6:

0111000

10010

1001010 .
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Onepalis BiAHIMAHHS 32 MOJIyJIEM 2 HiYMM He BiIPI3HAECTECA Bill
omepauii fogaBaHHA.

MHOX€EHHS Ta JiIeHHs IBIAKOBHUX YMCEN 32 MOAYJIEM 2 BUKOHY-
I0Th 3a JAOIIOMOrOI0 Onepalii JoAaBaHHA 3a MoayneM 2. Tak, npu
MHO>EHHI 32 MOJyJleM 2 MHOXEHe 3CyBaroTh y 6ik cTaploro pos-
PAly CTUIBKM PasiB, CKiIbKU pO3PSNIB € Y MHOXHUKY, a TIOTIM JI0-
JAI0Th iX 32 MoAyieM 2. MHOXe€HE BUITHCYIOTH TUILKU B TOMY pasi,
KOJIM B MHOXHHKY € 1. SIK110 ) y MHOXHHUKY € 0, TO 4eproBuit 3CyB
BUKOHYIOTb 6€3 BUITMCYBaHHS MHOXEHOTIO:

1111
1101
1111
1111

® 1111

1001011

IMpu mineHHi 3a MOZyneM 2 DiINBHUK HilIHPlcy}OTb I JiIeHUM
TaK, Wwob 36iramucs crapii pospsau. Sxumo KIJIBKICTE PO3PANiB
JUJIEHOTO NepeBHILy€e 300 IOPiBHIOE KITBKOCTI PO3PSMiB AUIbHHKA,
TO B YaCTKY NEPEHOCATD 1, MICNIE YOTO BHKOHYIOTh JOJAaBaHHs 32
Moxynem 2 it no 3,1106yToro YuClia JOMUCYIOTh PaBOpyd HACTYIIHY
mudpy aineHoro. SIKIo XK YKCIO 0CTadi pa3oM 3 JOMUCAHO0 HUG-
POIO AOPIBHIOE KiNBKOCTI pO3pSIJIiB OUIBHMKA, TO O YaCTKM JOMHU-
CyIOT I OIHY 1, a AKIo Hi — T0 0 JOTH, AOKHU KUIBbKICTb PO3PSA/IIB
ocTaul HE NOPIBHIOBATHME KiIbKOCTI po3psniB minbHuka. ITicns
LUbOI'0 BUKOHYIOTh AOAaBaHHs 32 MoxyJjieM 2. Onepaliio NoBTOPIO-
I0Tb CTUIBKH Pa3iB, OKH BCi pO3PSAM ALTIEHOTO HE NEPEHECY THCS JO
ocraui. Hanpuknan:

@ 1001011 1101 @ 10101 1011
1101 1111 1011 11
1000 I+ To11
1101 :

1101
® 1101

Hyxe 3pyuHo onepauii JoAaBaHHA, BITHIMAHHSA, MHOXEHHS Ta
JiJIEHHS 32 MOZYJ/IEM 2 BUKOHYBATH 3 ABIHKOBUMM YUCIIAMH, 3aIU-
CaHMMH Yy BULJIAAL mosinomiB. Tak, ABiiikoBi kom6Ginanii 110010 i
100001 MoxHa 3anucaTH MOMIHOMaMHU

Vix)=x3+ x4+ x; Vy(x) = x>+ 1.
Toni nopasanns V (x) @ V,(x) 3a Mogynem 2 1actsb
V)@ Vyx)=x>+x*+x+x3+1=x%+x+1-010011.
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PesynsTaTOM MHOXEHHS Oyae

ViV, =3+ x4+ )3+ D) =x0+ x2+ x5+ x5+ x4+ x >
— 11001110010.

ITicis nMineHHs LUX MOJIHOMIB JicTaHEMO

x +x+1

5

Vi(x):Vy(x) = (x5 + x* + x):(x + 1) =1+
x” +1.

Onepauii qogaBaHHA, BIAHIMAaHHS, MHOXEHHS Ta AUTCHHS [IPU
OCHOBI ¢ > 2 KOAy MaloThk CBOI ocobauBocti. Bei HeasiitkoBi Koau
(g-xoaM) NOAINAIOTHCA Ha ABi BENMKI IPYIIM: KOAM 3 IIPOCTOO OCHO-
BOO g =p,nep€ {3,5,7,11,13,...}, T06TO 3 NPOCTUMH YHCNAMH, L0
IUIATHCA TUIBKH Ha caMMX ceGe; KOIM 3 PO3KIaHOK OCHOBOIO .
Hai6ine1umii mpak THYHUM iHTEpeC CTAHOBUTD MIAKIIAC KOMIB 3 pO3-
KIIAJHOKO OCHOBOIO ¢ = 2/, eJIeMeHTH AKOTO MaIoTh iHopMaiiiny
eMHicTb / 6iTiB i MOXyTb GYTH NODIBHSHI 3 yciMa [-pO3PSAHUMH
IBIHKOBMMH YHCIIAMH, LIO JA€ 3MOT'Y BHKOPHCTOBYBATH JBIMKOBY
TEXHiKY I BAKOHAHHSI OltepaLliif 104aBaHHs, AUIEHHS Ta MHOXEHHS,

Jlo miaxiacy KofiB 3 0CHOBOIO ¢ = 2/ HanexaTh HeBiitKOBi KON,
B AKUX g = {4,8,16,...}. JIns Takux KoniB Heob6XigHO 3aaTH orepa-
uii Hax eneMentamu nons GF(g) = GF(2). SIxmo B3aTH 32 OCHOBY
NONiHOMHE nofanHs enemenTis nonst G = {0,1,2,...,¢- 1} = {0,...0,0,,
00,15y L 1113, = {0,1,., x'-1+ ..+ x+ 1}, To onepanis
JOJaBaHHs ABOX €JICMEHTIB BUKOHYETHCA SIK TOPO3PSAHE AOAABAHHS
3a MoayneM 2 NBiKOBUX enemeHTiB ix. Hanprknan, npu g = 8 = 23
matumeMo G = {0,1,2,...,7}¢ = {000,001,010,...,111},. Pe3ynbraTu
JoMaBaHHA 3a MOIyJieM § HaBeleHo B Tabu. 5.2.

Onepauiist MHOXKEHHS JBOX €JIEMEHTIB aITOPHTMIYHO BUKOHYETHCS
SIK MHOKEHHS IBOX ITOJIIHOMIB, LIIO BIATIOBiAAIOTh €IEMEHTAM IO,
sIKi MHOXATb 33 MOJIyJIeM HE3BiIHOrO noslinoMa crenens /. Tak, npu
g = 8 = 23, | = 3 uessinuuit noninom crenens / = 3 3riano 3 [25,32)
BUGHpaeMo Buny P(x) = x* + x + 1. MHOXHMO /IBa €JIEMEHTH MOJIs
G=1{0,1,2,...,7}4 = {000,001,010,...,111},. 3n006yTi 3HaueHHA AiMH-
MO Ha HE3BIJIHHH ITOJIIHOM 1 pe3yJIbTaTH 3aHOCKMO B Tab. 5.3.

Tabauys 5.2

(=)}

AN UNNWO =
NAEANAA~=OWN I
APUANO—=DNW W
WN=—ONOWnL |
NWO—=AJHW|wn
—OWNWMAIO

O=NWHBULAN |

NOAVMBAWND—=O (%3]
NN UNMBAWNN=O IO
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Tabnuys 5.3

NoUubhwN—Ol®
coooocooo|o
AN BRI = O~
namwabhtoln
=AU WO|W
— UM ANWRO| A
AWINHR—~LO|Wn
BNWUN=ARNO |
WAARA=NDULNNO|

Orepauis BinHiMaHHs 36ira€Thcs 3 onepaui€io J0AABAHHA,
a onepattii gienHs Ta o6epHeHHs (MiAHeceHHs 1O cTeneHs —1) ene-
MEHTIB BUKOHYIOTCS IK MHOXEHHS, OCKiIbKM OOEPHEHHS eJIEMEH-
Ta a piBHO3HAauHe AineHH:o: a”! = l/a.

Hexaii, HAPHKNIAJ, TOTPIGHO 3HAMTH Pe3y/bTaT Bid AUICHHSA
5/6 = B. Ile piBHO3HauHe 3amucy 6B = 5. 3 Tab1. 5.3 3HaXOAUMO, IO
Heo6xinHo MoMHOXUTH 6 Ha 4 (B = 4), o6 xicraTu 5. TaKUM 4H-
HOM, P = 4 it € pe3ynpTaTOM NiNeHHs 5/6.

AHAaJIOriYHO MOXYTH 6yTH N06yn0BaHi TaGmMui ‘AN onepauii
JO/IaBaHHS TA MHOXEHHS TIpH iHLIMX OCHOBaX KofiB (¢ = 4,16,32,...).
Tak, [U1s BUKOHAaHHS PO3paxyHKis Hax nonem GF(g) npu g = 16
3pyuHillle KOPUCTYBATHCA TabI. 5.4, e HABEACHO nesiki GopMH 110-

Tabruys 5.4

JecsaTxose . |MynpTHOTIKATHB- AnutHBHa ¢popma
NoAaHHs nr(l);)[);ag;? 1 z;xzm‘;x;;ﬁi Ha popma y afy? +bbﬁzd+ CB(I)';' dp’,
€JIEMEHTIB | 11B{itkOBOr0 BEKTOpA BUIJIALI CTETEHA ab.cde {01}
noJst NPUMITHBHOTO y 6a3ucax
OFUO |2 |2 |2 |2 | pegri | B | B |8 | B
0 010 010 0=p" 0
1 0|0 0 1 pe 1
2 0l 0 1 0 ! B

3 00 1 1 4 B | +1
4 0 1 0 0 2 p?

5 0|1 0|1 J B2 +1
6 011 1 0 B’ B | +p

7 041 1 1 pro g2 |+ ] +t
8 1[0 010 3 B’

9 1|0 0 1 g p? +1
10 110 1 0 g B3 +B

11 1 {0 1 1 B’ g? +B | +1
12 1 1 0 0 e B B2

13 1 1 0 1 g1 g B2 +1
14 1 1 1 0 B B? B2 +B

15 1 1 1 1 Bu B3 62 +ﬁ +1
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AaHHA eleMeHTiB nonst GF(16) Ha OCHOBI MORYIBHOTO MOMNIHOMA
Px)=x*+x+1(g=16=24 5= 4), Axuii 3a5a€ pO3IMPIOBAJIbHE
PiBHsHHA x* = x + 1 i 3a aHanorieio piBHsHHz B = B + 1.

Ipu nonaBauui 3a tonomororo ta6i1. 5.4 NIPUMITUBHHX €JIEMEH-
Tis, Hanpuknan B¢ + B° + B° + B4, Tpe6a nepesectn ix 3 myib-
THIULIKATUBHOT YOPMH B 2IUTUBHY, CKOPOTHTH ITIOBTOPEHHH, & 3J0-
OyTHH pe3yNbTaT NepeHeCTH 3HOBY B MyJbTHIUIIKaTUBHY (abo ne-
CATKOBY) bopMy, TO6TO

B4+B5+B9+Bl4=ﬁ+1+32+B+B3+B+ﬁ3+1=
=p+p=p=6

5.4. CNOCOBM NOJAHHS KOAIB

Kon xoxHoro Bumy mae cBiit HalpanioHanbHimmii croci6 mno-
AlaHHs, MO BHIUIMBAE 3 Horo BiaacTuBocreil. ITpoTe BigoMo Taxox
KUIbKA 3aralbHUX CIIOCOGiB MONAHHS KOMIB, fKi € JOCHTD yHiBep-
CanbHUMH i MOXYTh 3aCTOCOBYBATHCS [ ONMUCY IIAPOKMX Kia-
ciB xonis. JIo LMX CrIoco6iB HANEXATb OAAHHS KOMIIB y BUIIIAMI:
1) Tabnuue kogoBHX KOMOGiHALN; 2) KOXOBOTr'O NepeBa; 3) reoMer-
PHYHOI Mozeni; 4) MaTpHL.

Iepwuii cnocib nonsirae B nofanHi KOy y BUIVIAAL TAGIHII BCix
Horo xombinauiii. Hanpuxian, m’sTHeneMeHTHUIA ABifKOBUI 6110-
KOBHH KOJ 31 CTaJIOI0 Barolo, B KOXHil KOMGiHAIi] KO0 MiCTAThCS
TPU OJMHHULUI, 3a[Ja€THCA TAK:

Homep konosoi Kom6inauis asiiikosoro
KoMOGiHauil 6.J10K0BOTO KOAY 3 Baroo 3
00111
01011
01101
01110
10011
10101
10110
11001
11010
10 11100

Ieit crioci6 3acTocoByeThes s nogaHus 6yIb-KuX 6IOKOBHX
KOZiB, aje He MOXe 6yTH BUKOPUCTAHMIT I HETIEPEPBHHUX KOJIIB.

Hpyauii cnoci6 nonaHHs KoxiB nonsrae B 306paxeHHi KOMGiHALL
KOJly y BUIJIZli KOOOBOTO €PeBa, KOJIM KOMBiHANI] PO3MILLYIOTHCS
B iforo Bysnax. ITix xodosum depegom PO3yMiTHMEMO rpagiyHuii
06pa3, Akt CKNafaeThes 3 TOYOK i NiHIH, {0 PO3XOAATHCA Bil HUX
1 TAKOX 3aKiHUYIOTBCS TOukaMu. OCTAHHI HA3HBATHMEMO 8y3aamu,
a JIHii, AKi iX 3’€HYIOTb, — pebpamu. Ilepumuit By3on, Bix sxoro
TIOYMHAETBCS PO3XO/KEHHs pebep, Ha3UBAEThCA Kopenem depesa, a
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KiTbKicTh pebep, sixi TpebGa mpoHTH Bilf KOPEHs 10 OYab-IKOTO BY3-
na — pigHem, abo nopsdxom, OO By37a.

MaKcHMAaITbHA KiTBKICTb By3JIiB, sIKi 3yCTPIYaiOThCA Mifi 4ac pyxy
B3IOBX KOJOBOTO JIEPEBa B HAIPAMKY Bill KOpEHS NO BEPIIMHH,
pu3Hauae gucomy h xomosoro nepesa. BoHa IOPiBHIOE MaKkCHMa-
AbHIM OOBXMHI KoMOiHauil koay, no6yaoBaHOMY 3a JOIIOMOTOI0
LBOTO JIEpeBa.

By3JIH KOJOBOTO JIEPeBa PO3TALIOBYIOTHCSA HA PI3HMX PIBHAX.
KoxHu# piBeHb JepeBa PIBHOMIPHOTO KOy MOXeE MaTH g Byanis,
1€ ¢ — OCHOBa KOy, i — HOMED DiBHs (i=1,2,...,n, TYT n — HOB-
®HUHa Kofy). Jl1s piBHOMIPHOTO JIBIKOBOTO MTPOCTOTO KOXY Kilb-
KiCTb By371iB HA OCTAaHHBLOMY PiBHi 71 JOPiBHIOE KinbKOCTI N KOMOi-
Hauii xoay, T06T0 2" = N.

By31H, 1110 He 3’€/IHYIOTCS 3 HACTYITHMMH PiBHSAMH, HA3HBAIOTHCA
KiHyeeumu;, BOHH BIMOBIJAIOTh KOMOIHALUAM KOAY.

OCHOBOIO KOy 0OMEXYEThCSI MAKCHMAIbHA KUTBKICTh pedep, SKa
MO>e BUXOAUTH 3 KOKHOTO By3J1a AepeBa, 2 MAKCHUMaJILHOIO J0B-
XVHOIO KOJI0BOi KOMGiHAaLIil — MaKcMMasbHa KUTbKICTh PiBHIB KO-
n0BOTO Jepesa. KOXXHOMY By3Jly NPUIUCYETHCA 3HAUYEHHS PO3psi-
1B KOMGiHallii, 0 BiATIOBiAa€ HAIPSIMKAM PYXY B3ZIOBX pebep Bil
KopeHs Jepesa 10 By3na. Pe6pa, 1o HAyTb Bil KOPEHs 10 BY3JIiB
TepIIOro PiBH#, BU3HAYAOTh 3HAYCHHS MEPLIOTO 37iBa PO3PALY
KOIOBOI KOMOiHALII, a Ti, 110 3’€ AHYIOTh BY3JIH I€PLIOTO Ta APYTroro
piBHiB, — 3Ha4eHHs APYroro 3jiBa po3psay i T. &. Ha puc. 5.1 no-
Ka3aHO TMPHUKJIAJM KOJOBUX JEPEB: PIBHOMIPHHX ABOENEMEHTHOTO

b 2
' Puc. 5.1
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ABiiKOBOTO (PUC. 5.1, ), ABOENEMEHTHOrO TPIAKOBOTo (puc. 5.1, 6),
TPHENEMEHTHOTO IBIKOBOTO (PHC. 5.1, B) Ta HEPIBHOMIPHOTO MBiii-
KOBOro (puc. 5. 1, 2). Le# cnoci6 3acTocoByeThCs Iist 300paxeHHs
K OGJIOKOBHUX, TaK i HENEPEPBHUX KOJIB.

3a 101IOMOT 010 KOZIOBHX IEpEB JIETKO 306pa3uTH npegikcHi KoM,
IO MAIOTh BIACTUBICTH Npedikca i MOXYTb 6yTH yTBOpEHi nociti-
NOBHUM BHKPECIIIOBAHHAM OCTAHHBOI'O PO3PALY KOAOBOI KOMOiHa-
uii, IPHYOMY XO0IHa 3 KOoMOiHawii naKoro npedikCHOTO KOOy He
Moxke 6yTH npedikcoM itoro kombinauii. Hanpuknan, npedikcamu
KonoBoi komGinauii 10111001 6yayTs 1, 10, 101, 1011, 1011 1,
101110, 1011100, 10111001, To6TO Wi OOAHO3HAYHOrO ii JeKony-
BaHHs! XOJHa 3.KOMGIHALIH UBOTO KOAY HE IOBMHHA MATH IEpeTi-
4eHi BUILEe KoMOiHaui.

- Tayactuna, ka JONOBHIOE PeiKCHUI KO O IIOBHOI KOIOBOI
xoMGiHauii, yTBOpIoe cydike, To6TO KOKHA KOZOBa KOMOIHAIis
CKJIafla€ThCs 3 npedikca Ta cydikca.

ITpedikcHi koau MOXKHA YTBOPHTH 3a JOIIOMOTOIO KOLOBOTO JIe-
PeBa, B AKOTO HEMA€E BEPUIMHY i KOXHHI OO KiHLEBHIA By30J Bix-
noainae xombinauii npedikcHoro koxy.

Tpemiii cnoci6 nogaHHs KOIiB NONArae B 306paxeHHi KOMbiHa-
Ui KOXY TOUKaMH IHCKPETHOTO 1-BUMiPHOTO BEKTOPHOTO IPOCTO-
py. Tak, xoxHy xoMbiHali0 piBHOMIpHOro 610KOBOro K0y (3 OC-
HOBOIO ¢ 1 IOBXuUHOION) V=(V,, V, _ 15 +=+» V5, V) MOXHa po3risgaTy
K BEKTOP 260 TOUKY AESKOTO -BUMIPHOTO BEKTOPHOTO IIPOCTOPY
3 xoopauHaTamu V,, V, _,, ..., V,, V. Slxu10 3Ha4YeHHA g CKiHYEH-
He, a Oy/b-sIKa KOOPAMHATA BEKTOPA € LTUM JOJATHIM YHCIIOM Bif
0 o g — 1, To 3a3HaueHMIT KO MOXKHA PO3TNIANATH AK JAUCKPETHHIA
n-BUMipHHH IPOCTIP, IO CKIAanaeThes 3 N = g" TOYOK, SIKi BilITOBi-
AAIOTh KIHLSAM YCiX MOXIJIUBUX BEKTODIB.

Lle#t n-pumipHuit npoctip aictaB HasBy k0do60zo. KinbkicTs
TIIPOCTOPOBHX BUMIPIOBaHb KOJOBOTO NMPOCTOPY ISl KOAY 3 6Yb-
SAIKOIO OCHOBOIO JODIBHIOE IOBXHHI n KOAY, a KUIbKICTh Ipamalliii
IO KOXHIiM 3 OCelt (HaIpSIMKIB BUMIPIOBAHHSA) BH3HAYAETHCA OCHO-
BOIO KOJIY i CTAHOBHTb ¢q — 1.

SIKINO AN AMCKPETHOTO N-BUMIPHOTO NMPOCTOPY, WO TYT pos3-
TIIANAETHCA, BBECTH TIOHATTS KOAOBOI BifcTaHi d Mik Toukamu V,
Ta Vj, TO MAaTHUMEMO

d(Vi,Vj)zkil(Vki Vi) (5.2)

L11KOM NPUPOAHO, IO IS IPOCTOPY 3 BiACTAHHIO (5.2), ax i
11t 6y b-SKOTO IHIIOr0 KOZOBOTO HPOCTOpY, d( V, V) =d( Vs, V).

OnuuM 3 OCHOBHHX NapaMeTpPiB KOLY 3 HOBLILHOIO OCHOBOIO q,
IO BU3HAYAIOTh HOro 3aBalOCTINKICTB, € MiHiManbHa K00o8a
éiocmans d, .. Ha BinMiny Bin komoBoi BincTaHi d, mo BusHauae
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KiNbKICTh CTaHIB, SIKi MalOTh IIPOUTH SAKICHI O3HAKH KOJOBOI KOM-
GiHauii, 106 OMUHHTHCA B CTaHi, AKMHM BiANOBiAa€ MOPiBHIOBAHIN
KomoBiit koMOiHaLll, MiHiMaIbHA KOZOBA BiACTaHb XapaKTEpU3ye
He IIBi OKpEMO B3ATi KOMOiHallil, a KO y HUIOMY, i BASHAYAETHCS
MiHIMaJTBHOO KiIBKICTIO SIKICHHX O3HAK, 32 AKHMH BiIpi3HSIOTHCS
oIHa Bif ofHoi 6yab-aKa apa KoMOiHauii IHOro Koay.

JIns BU3HAYEHHS KOJOBOI BiCTaHI MiX KOMOiHauUisiMM KOAy 3
OCHOBOIO g Tpeba BUKOHATH iX MOPO3Ps/IHE BIAHIMAHHS 32 MOAY-
nem g. Konosa Bincrans mopiBHioe Ba3i kombinaiii, mo ckiazna-
€ThCA 3 PI3HUII 3Ha4YeHb KOMOIHAIIIH, MK SKMMH BU3HAYAETHCS 1A
BIACTaHb.

3’eIHABIIM KOXHY TOYKY IPOCTOPY, IO PO3IANAETHCS, TPSIMHU-
MH JIiHISIMH 3 yciMa TOYKaMu, BIIAJIEHUMH Ha Biacrans d(V,, Vi) =1,
picTaHeMO reoMeTpHuHy irypy citkoBoi cTpykTypu. Lo dirypy
Ha3UBAIOTh 2€0MEMPUUHOI0 MOOCANIO N-EIEMEHBTHOTO ¢-KOMY.

TOYKH AHCKPETHOIO MPOCTOPY, SKi MICTHTBH Iis T€OMETPHYHA
dirypa, HazuBalThCs i epuunamu, a NiHii, WO X 3’€NHYIOT, —
pebpamu.

Ha puc. 5.2 306paxeHo reoMeTpiuHi MoJeni Jeskux koais. Mo-
JEII0 6Yab-AKOro ABO3HAYHOro Habopy AKiCHMX O3HaK (ABO-
€JIEMEHTHOT0 KoAy) € Girypa JBOBUMIPHOTO IIPOCTOPY — KBaApaT
(puc. 5.2, a) abo dirypa, 10 CKIaKa€Thes 3 KBaapartis (puc. 5.2, 6,
0); Mozemno 6yAB-IKOro TPH3HAYHOrO HABOpy AKICHHUX O3HAK
(TpHeNeMeHTHOTO Koly) — Girypa TPMBUMIPHOTO IIPOCTOPY — Ky©
(puc. 5.2, 6) abo dirypa, wo ckIanaeTses 3 Ky6is (puc. 5.2, ¢, e).

[Mo6ynoBa MOAENI YOTUPU3HAYHOTO HAOOPY SKICHUX O3HAK (40-
THDHEJIEMEHTHOTO KOAY), TOOTO irypu 4OTHPUBHUMIPHOTO IPOC-
TOpY, MOXJIMBA, SKLIO TPUBUMipHUH Ky6 abo KoxHY 3 foro Bep-
LUMH 3MICTHTH B HOBOMY HanpsiMKy. Baaraiti B iboMy pas3i #-BUMIp-
HUii Ky6 TOBHHEH MaTy 2n BepliuH, n - 2"~ ! pebep, n(n - 1) - 2n-3
rpaHeH, a HaiiBiutaneila Bij NeBHOI HOTO BEPIIMHY TOYKA MAE
3HAXONMTHUCA HA BifCTaHi n pebep. \

Po3rnsHeMo 6inpui JOKNAAHO BXaCTUBOCTL, 1O BUIUIMBAIOTh 3
reoMeTpu4HOi GirypH, fKa € MOJIEIIIO N-eJIEMEHTHOrO ABIAKOBOTO
KOJy # JicTana Ha3By n-eumipHozo Kyba. Bincranp Mix Gyib-siku-
MH #0r0 BepIIMHAMHU, TOOTO MiX ABOMa KOZOBUMH KOMOiHaLisMY,
3rigHo 3 (5.2) MOXHa BUBHAYHTH K KUIBKICTh PO3PAMIB, IKMMH BOHU
pisuarscs. Tak, Bincrans Mk komGiHauismu 010 i 100 nopisHroe
JIBOM, OCKIJIbKH BOHM Pi3HSATBCS €JIEMEHTAMHU B IBOX po3psiax —
NepIIOMY Ta APYTOMy.

BigMiHHICTb €IEMEHTIB OXHOMMEHHHX PO3PsiIiB KOMOiHALIH ABIH-
KOBOT'O KOZy JIETKO BH3HAUHMTH, 3aCTOCYBABILH O HUX OTEpaliio
OZaBaHHs 3a MoAayJieM 2. SIk BiZoMo 3 M. 5.2, pe3yJabTaT TaKoro
[OABAaHHS TUILKH TOAI JOPIBHIOE 1, KONMHU YMCHAa, IO JOJAI0THCH,
pi3HATHCA. 3 ypaxyBaHHAM LbOrO BiCTaHb MK OyIb-sIKMMH JBO-
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Ma KOMOiHallifIMH n-€JIEMEHTHOTO IBIKOBOTO KOy (BEpIIMHAMU

n-BUMIpHOro Ky0©a) BU3HAYAEThCA BUPA30M

n
d(Vi,Vj)= ) Vi @ij).
k=1

Bincrans Mix koMb6iHauisMu V, Ta V; MoXHa 3HARTH TaKOX Ye-
pe3 KUTbKICTh ONMHULB Yy Jeskiit komGiHauii V), [a6o uepes ii Bary
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w(¥)], 30006yTy micns KonaBaHHs 32 ModyneM 2 kombiHauii V; Ta
Vivi=v,@Vv):

AV, V) = w(V). (5.4)

3pyuHicTs reoMerpudHoi Mozelni 306paxeHHs Oyab-IKOro Koay
TIOJIATAE B TOMY, LIIO KOXHa Ti BeplllMHa BiAnoBinae oqHii kombiHa-
uii kozy, a BincTaHb Mix koM6iHauismu V;Ta V;3rinso 3(5.2) OpiB-
HIOE KiTBKOCTI pebep, aki Tpeba NpodTH HARKOPOTHIMM IILISIXOM 3
BEPLIMHH V; 10 BepiHHH V).

HelIOJ'IlKOM reomeTpuqu MOJIeNi € Te, WO NIPH TOBXHUHI KoM
n > 3306pa3uTH ii y 3BU4AHHOMY TPUBHUMIPHOMY IPOCTOPI HEMOXK-
nuBo. ToMy BOHA 3aCTOCOBYETHCS! JIHLIIE U1 PIBHOMIPHHX 610KOBUX
KOJiB 3 METOIO HAOUHOT'O 300paKeHH Ta MOJIETHIEHHS aHaIi3y iX-
HiX BJIACTUBOCTEH.

Yemesepmuii cnocif ONAHHA KOIIB Y BUITIAI MaTpHLi 3 2" paa-
KaMH Ta /1 CTOBIILSAMH MOXJIMBUIA TiTBKH JUIS PIBHOMIDHMX n-€Jie-
MEHTHHX JBIKOBHX 6;I0KOBUX KOJIB. SIKI10 MAaTPHLEIO NOJAETHCA
CYKyIHICTh HEHYJILOBUX KOMOGiHaL{iif KOy, TO KUIBKICTh pANIKiB
JopiBHIOBaTHUME 2" — 1.

3 ypaxyBaHHIM TOT'O, LLIO MATPHUIIA n-€JIEMEHTHOTO KOAY CKIaaa-
€Tbes 3 2" — 1 xombinauiil, 3anucaHux y BUIIIAAL PAAKiB, ocobmu-
BiCTB TAKOT'O 3aMKCY IOJIATA€ B TOMY, IO AOAABAHHS 32 MOJYJIEM 2
6yab-KOi KiNbKOCTI pAOKiB i€l MaTpHui TNPUBOANTH 10 MOABH
03BOJIEHOI KOMOIHALII KOy, B TOMY yuchi i HynboBoi. ko
OCTAHHIO BIAKHHYTH, TO XICTAHEMO HOBY MaTPHIIIO KOAY, aJI€ BXKE 3
MEHLIOIO KiNbKicTIO psnkis. [IOBTOPUBILY aHAIOTIYHY OIepalio
JONaBaHHA PAAKIB MaTpUUi 32 MOXYJEM 2, MOXHA 3HOBY HiCTaTH
HyNIbOBY KOM6iHaLi0 xoay. L1 onepaliis NOBTOPIOETECA NOTH, TIOKH
He Gyne 3m00yTa MaTpHLA 3 JiHIHHO HE3ale)KHUMHU pSAIKaMH, A0-
JlaBaHHS AKUX 32 MOAYJIEM 2 BXE He NPUBeJIE A0 YTBOPEHHS HYJIbO-
BO1 KOMOiHaLil KOxy.

Hanpukian, wob robyayBaTH MaTPHILO TPHEIEMEHTHOTO ABiM-
KOBOT'O IPOCTOrO KOAy, TpebGa, 3anmucaBliM y BUITISAAI MaTpHULi
BCi 2" — 1 koM6iHawiif MPOCTOro KOAy, KpiM HyJIbOBOI, IIOCIiNOB-
HO J0/IaTH iX 32 MOJy/IeM 2, BUKJIIOHAIO4H KOXHOTO pasy Ti KOM-
Ginauii, siki B cymi 3 nonepeanH YTBOPIOIOTH HYNBOBY KOMOi-
Hauio:

1) 001 2)001 3)001 4)001 5)001 6) 001 7) 100
010 010 010 010 010 010 010
011 000 100 100 100 100 001
100. 100 000 000 000
101 101 110 111
110 110 111
11 111 .
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HApyra kofoHKa TyT GOPMYETHCH TaK: AKILO 10 TPETHOTO PAIKa
[epLIoi KOJIOHKHU J0JATH CyMy 1i epUIOro Ta APyroro psikis, TO
YTBOPUTBCS HYJIbOBA KOMOIHaMLis, SIKY BHKIIIOYAEMO NPH 3AIHCY
TPETHOI KOIOHKU. SIKINO NO I’SATOTO psAAKa APYrol KOJOHKH Hicis
IBOT0 JOIATH CyMY ii EPLIOro Ta YeTBEPTOrO PAAKIB, TO AiCTaHe-
MO HynbOBY KOMOiHaLiIO B TpeTiii konoHui. Lro KOMGiHauiio Ta-
KOX BHKIIIOYA€MO, 3aTUCYIOYH YETBEPTY KOJIOHKY, i T. K. Takum
YMHOM, BIAKHHYBUIM BCi HYIbOBi komGiHawii, MaTHMeMO mocTy
KOJIOHKY 3 KOZOBHMH KOMOIHALISIMH, W10 MICTATb TUIBKM 110 OHIMH
onuuuu. Le # 6yne MATpHIS JAHOTO KOAY (cpoMa KOJIOHKA).

KBanpaTHa MAaTPHLS, aroHab SKOi CKIIAA€ThCA 3 OIMHHULb, 3
pelnTa ii efeMEHTIB — HyJIi, Ha3UBAETHCSA 00UHUYHOI0. SIKIIO paKH
TaKol n-eJIEMEHTHOI MaTPHUi JOJABATH 33 MOAYJEM 2, TO nixbo-
poM BiAnoBigHOI KoMGiHanlil IX MOXHa aicTaTh Bci KOMGiHawil
n-eJIEMEHTHOrO Koay. ToMy Taki MaTpHI 1lie HA3UBAIOTHCS BU3HA-
YaNbHUMU.

SIK1IO HANPAMOK rOJIOBHOI iarOHaJli MATPHULI TPOXOAMTE CIPaBa
HaJIiBO, TO MaTPHUS HA3UBAETLCA MPAHCNON08aHOI0. s PO3LIs-
HYTOTO KOiy e Oyae MaTpuLs (LIOCTa KOJIOHKA)

001
010
100

3aranoMm BH3HAYaJbHA MaTpHILs n-€JIEMEHTHOTO KOOy 3aIiucy-
€TbCA TaK:

100 ... 000
010 ... 000
001 ... 000
................ *h pSAKIB
000... 100
000...010

[000... 001 }.
\-—_v_..._.._/
1 CTOBIILIB

Po3rnanyTuii npHKiIan yTBOpEHHS BU3HAYAIBHOI MaTpuLi i 310-
6yTa ONMHUHA MATPHUA MOXYTh 6yTH BUKODHCTaHi TUIbKM JUIs
no6ynosu BCix KOMGiHALLH ABIHKOBOrO MPOCTOro Koy 3 MiHiMaJIb-
HOIO KOZOBOIO BiiCTanHIO d,; = 1.

Matpuunnii ciocié Mosxe OyTH 3aCTOCOBaHHI TAKOXK WIs MOGY-
AOBH KOPEKTYBAJIbHUX KOMIB 3 d, ;. > 1, 30aTHUX BUSABJIATH Ta BUII-
paBasti nomuikd. IIpoTte npu 11boMy TBipHA (HOPOIKYBasbHA)
MaTpHUUs CKNaJa€ThCs 3 ABOX MIAMATPHLB — YXKe BIIOMOI OXMHUY-

Hoi (indopMmanifiHol) Ta HoAAaTKOBOI (IIepeBipHOT).
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3a nonoMororo inpopMaIiiiHoi onMHIYHOI miaMaTpuLi £, yTBO-
PIOIOTS iHGOpMaLiitHy YaCTHHY KOLOBOI KOoMOiHalii KOpEeKTyBallb-
HOrO KOy, KA CKJIafaeThes 3 k inpopmanifiHux €JIEMEHTIB i BU3HA-
yae po3mMip miamatpuui (k X k), 1o Bianosinae po3MipaM BH3HaYaIb-
HO1 KBaZipaTHOI MaTpH1li ABIIKOBOr0 MPOCTOro KOAY, OCKLITBKH KiJIb-
Kicth N koM6iHaliil KOPEKTYBAILHOTO KOy JOPIBHIOE KUIBKOCTI
N koM@iHALii TOYATKOBOTO ABIHKOBOrO MPOCTOTO KOAY, fKi Tpe-
6a 3aK0AyBaTH MM KOPEKTYBaIbHUM KOIOM.

3a I0MOMOTOI0 A0AATKOBOI nepesipHoi ninmaTtpuui C, ;, NpaBu-
710 nobymoBH SAKOi ONMCYETHEA B 1. 8.1.1, A€ po3rIsaaThCs Kope-
KTYBallbHI KOJIM, YTBOPIOIOTb NEPEBIPHY YACTHHY xombOiHauii ko-
PEKTYBaNBHOTO KOAY, 10 CKNIANAETHCS 3 7 MEePEBIpHUX €JIeMEHTIB.
ToMy 10aTKOBA NepeBipHa MAMATPHLS M€ PO3MIp r X k.

TakuM YHHOM, 3arajibHMi po3Mip TBIpHOI MATPHUIIL KOPEKTYBAIIb-
HHX KOJiB NOPIBHIOE n X k, OCKITBKM n = Kk + 1.

5.5. HAOMIPHICTb NOBIAOMAEHD | KOAIB

Bix HaMipHOCTI OBIZOMJIEHD | KOIB, SKMMH BOHM IIEPEIAIOTHCH,
3aJIEKUTH MAKCUMAIIbHA KITBKIiCTD iH(opMaii, mo Moxe OyTH ne-
penaHa 1o KaHaily 32 OJMHMLIO Yacy. SIKUIO MOBIIOMIIEHHS nepe-
JAIOThCS aNPaBiTOM ¢, TO MAKCHMAJIbHY KIIbKICTh indopmaiiii Ha
OJIMH eleMEeHT (CHMBOJI, 3HaK) noBigoMiieHHs H = logg MOXxHa Iic-
TATH JTMLIE B pasi HOro PiBHONMOBIPHHX i HE3AJIEXHHX €NEMEHTIB.
PeanbHi KoM, SIKi BAKOPHCTOBYIOThCS 11 KOJlyBaHHsi IOBLIOMIICHD,
Maiie HIKOJM He 3aJOBONBHSIOTH L0 YMOBY, TOMY IO iHGOD-
MallilfiHe HaBaHTAXEHHA KOXKHOTO eJIEMEHTA iX, AK IPAaBUJIO, MCHIIIE
BiJ TOTO, sike BOHUM Mornu 6 3abesneuysatu. Lle CBIIYUTBH HPO TE,
1110 MIOBIOMJICHHS MalOTh iHGOPMALIHiHY HAIMIPHICTD.

PO3pi3HSAIOTH 11BA BULM HAAMIPHOCTI: npupodny Ta wumyuny. Ilep-
LLI0I0 ONUCYETHCA HA/IMIPHICTb IEPBUHHUX as1aBiTiB, a APYTOI0 —
BTOPUHHMX. [IpMpOAHA HAIMIPHICTb MOAUISETHCA HA CEMAHTHYHY
Ta CTATUCTHYHY.

Cemanmuuna HadMipHicmp BATUIMBAE 3 TOTO, 1O OyAb-Ky AyM-
KY, fika MICTMTBCS B IOBIIOMJIEHH], MOXXH2 BUCJIOBUTH KOPOTLUE.
B3arai BBaXalOTh, L0 KOJIM NOBIIOMJIEHHS MOXXHA CKOPOTHTH 63
BTpAT OTO 3MICTY, a II0TiM IIOHOBUTH OCTAHHIH, BOHO Ma€ CeMaH-
THYHY HAJMIpHICTB. : ;

Taxk, nosigomienns: «J1o Be4opa HaCTYNHOTO MHs NEpeAaTH iH-
dopmaniio He 3MOXKEMO Y 3B’A3KY 3 IOLIKOJKEHHAM niHii, oo 3’€x-
HYIOTb TyHKT 36MpanHs iHpopmallii 3 nepudepiiHuM1 a00HEHTCHKH-
MM NyHKTaME» 6€3 3HayHOI BTPATH UiHHOCTI iHopmaii MoXxHa
6yno 6 chopmymoBatu koporue: «Ilepenaya indopmauii 3aTpu-
MYETBCA 710 BEYOPA HACTYMHOTO [Hs Y 3B°A3KY 3 IOUIKOIKEHHIM
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abOHEHTCHKHUX JIHIi», TOGTO Nepiile NOBIIOMIIEHHS Mae CEMAaHTHYHY
HaJMIpHICTb BiTHOCHO ApYroro.

€ 6araro crnoco6iB yCyHeHHS CEeMaHTHYHO] HagMipHOCTI: 3aMmi-
HOIO I€AKMX TUIIOBHUX MOBiMOMIIEHB, SIKi 3yCTPI4aIOTHCS MOCHTD
4acTo, YMOBHHMH NO3HAYCHHSMU; BBEICHHAM TabIuib, KYaM 3a-
HOCATBCA XapaKTEPH €JIEMEHTH NOBiJOMIIEHHS; 3aCTOCYBAHHAM CKO-
pouens Towo. Haranaemo, 1mo Bci Li mepeTBOpeHHS CTOCYIOThCS
NIEPBMHHOTO asdasity.

CucreMaTHYHa HaAMIPHICT CIPUYHHEHA HEPIBHOMIPHUM PO3TO-
ALTOM SKICHUX O3HAK NMEPBHHHOTO aJIpaBiTy Ta B3aEMO3ANEKHICTIO
ix. e MoxHa MOGaunTH Ha MPUKNA] aHIIHCEKOrO andasirty, mo
MICTUTB 26 JtiTep. MakcuManbHe 3HaYeHHs EHTpOMii aHIMIACLKOTO
andasity H . =log,g= log,26 = 4,7 6it [42]. ITpote Y 3B’3KY 3
THM, 10 HMOBIPHICTb TIOSIBH JIiTEp aHIIHCHKOTO andasiTy He of-
HAKOBA, EHTPOIIisl AHTMIHCEKOI MOBH 3HAa4HO MeEHIIA Hix 4,7 6iT i
0Oe3 ypaxyBaHHA B3a€MO3AIIEXXHOCTI MiX C7IOBAMHU CTAHOBHTD npuo-
Ju3HO 2,35 bir {42).

SKwo x ypaxyBaTH NiCHyY 4acTOTY MOSIBU JITEP Y TEKCTAX, pi3-
HHX CIIOJyYEHHSX 1 CIiB Y Pi3HUX NOBITOMIEHHSX, TO iHpOpMaLiI0,
IO MEPEa€THCA, MOXKHA 3HAYHO CKOPOTHTH, CTUCHYTH. KoediuieHT
YyWiTbHEHHS iHopManii BU3HAYaeThCS BMPa3oM

K, =HIH_,,,
a HaJMIpHICTh — BHpa3oM
Ryan=1-K, =1-HIH_,.. (5.5)

I3 (5.5) BunnuBae, WO IS 3MEHIUEHHS HaJMIpHOCTI MOBiZOM-
TIEHHS HEOOXIAHO 36IMBLUINTH EHTPOIIII0 IEPBHHHOTO andasity.
Jis aHrsifcbkoif MOBU

2,35
R, =1-="-=1-0,5=0,5,
Han 4,7 4
TOOTO MOXHA BIJHOBHTH 3MICT aHITIMCHKHX TEKCTIB, CKJIAIEHHX 3

50 % andasiry.

Ho BURiB crnamucmuynoi hadmiprocmi andasiTis HanexaTs Taki
MOHATTS, SIK HAAMIPHICTh R\ a5 35> 3YMOBIICHA CTATHCTHYHMM 3B’513-
KOM MiX €IEMEHTaMH NOBIOMJIEHH, T2 HAMIPHICTH R\ oz p> CTIPH-
IMHCHA HEPIBHONMOBIPHHM PO3IIOIIOM EIEMEHTIB y IOBIIOMIIEHH].

Hq,uMlpchL Ryjas 25 BKA3YEHA mtboplvgaumnnﬁ PE3EPB NOBIIOM-
JIEHD 13 B32€MO3a/IeXKHUMH €/IEMEHTAMH BITHOCHO ITOBiIOMIIEHD, SKi
MaIOTb CTATHCTHYHHH 3B’I30K MiX eneMentamu [42]:

RHaIL:lB =1-HIH,
ac H=_Zzp(ai )p(bj/a,-)logp(bj/ai ) H,=_ZP;' log p;.
i j i
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Tyt H' Tex Mae HaAMIPHICTh Yepe3 HepiBHOMipHHHA po3noain
iMOBIpHOCTEl OKpEMHUX e/IEMEHTIB andasiTy.

HaamipHicts H,,, , BKa3ye Ha 1H<popMau1anu pe3epB MOBLIOM-
JIeHb, eIEMEHTH SKMX HEPiBHOMMOBIpHI [42]:

R =1-HI/H

Hagp max’
ne H_,, =logq. o '
I1oBHA CTATUCTMYHA HAAMIpHICTH aydaBiTy BU3HAYAETHCS BH-
pa3oM
R. =R +R R R

Hal Hal.3B Hag.p ' HaA.3B * Hag.p

Ipy HesHaunux R, .. i R,  ueil Bupa3 HabyBae BUITIAAY

RHa}l = RHalI.ZB + RHan.p’
TOMY IO 31 SMEHIIEHHAM R, ., 1 Ryanp, IOOYTOK iX IpsAMY€E 10 HYJIA.

JU1s ycyHeHHS CTATMCTHYHOI HaAMIPHOCTI andasiTiB BUKOPHC-
TOBYIOTb ONTUMAJIbHI HEPIBHOMIPHi KOaH (AnB. 11.5.7); MPH LbOMY
CTATHCTHYHA HAaAMipHICTb IIEPBUHHOrO an¢aBiTy 3Ha4YHO 3MEHUIY-
€ThCS 3aBSKH OUTbLI pallioHabHil M06YI0Bi IOBIIOMIIEHD Y BTO-
puHHOMY andasiTi.

[HOMI CTATHCTUYHA HAAMIPHICTH BUIUIMBAE 3 MPUPOAM CAMOTO
koxy. Tak, npu nepeaayi AeCATKOBUX YHMCEI ABIHKOBUM KOJIOM TPbO-
Ma JBIHKOBMMMU PO3PANAMU MOXHa IepefaT i uudpy 5, 1 uudpy 8,
TOGTO [UTSl NIEpeayi I’ SATH Ta BOChMH IIOBIIOMIIEHB Tpeba MaTH KoM
OJIHAKOBOI JOBXHHM.

Jloxuua xoMbiHauil ABIHKOBOro KOAY BU3HAYAETHCA BUPA3OM

log, N lo
nz———gz , abo nz——gz el ,
log, q log, 95
ae N — KiTbKiCTb IOBiZIOMIIEHb, IKY HEOOXIIHO epelaTy; 4, 4, —
BLAMOBIMHO AKICHI O3HAKM MEPBUHHOTO T4 BTOPMHHOTO aj1(aBiTiB.
Tax, ans nepenadi N = 5 oBioOMIIeHb JBIHKOBUM KOJIOM g=2)
notpibHO
> log, 5
log, 2

3aranoM HaaMipHICTb Bill OKpYITIEHHSI BU3SHAYA€TbCA BUPA30M

K-K
RHaJ:l.oxp = _—Eﬂ >

=2,32 =~ 3 ABIKOBUX CHUMBOJIB.

e K — OoKpyrieHe [0 HaiGMMKYOro UUIOro 3Ha4eHHs K, =
- log, q
log, g,
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Y naHomy pasi

3-232
RHan.oxp = -3 =0,227,
IO XapaKTepU3ye HEAOBAHTAXKEHICTh KOIY.
Bupas
n> H__loghN (5.6)
logg  logg

MO>XHa 3aCTOCYBATH JUIsl BU3HAYEHHS JOBXXHHH KOMIB 3 PIBHOWMO-
BIDHHMM T4 B3a€MOHE3ANIC)KHUMH €leMEHTAMH. Hns asiiikoBoro
Koy (¢ = 2) uelt BHpa3s AiiicHuMit TiNBKU TOmi, KOMM HMOBIPHICTD
nossu 0 Ta 1 ognaxosi. [Tpote B piBHOMIPHHMX KOJAX, SK IIPABHIIO,
HYJIi 3yCTpi4aloThCs yacTilue, Hix oauuui [42]. Tomy HaJMipHICTB,
3aKnazeHy B MPUPOAY KOAY, IOBHICTIO YCYHYTH He MoxHa. OnHak
HaJIMIpHICTb BiX HEPIBHONMOBIPHOCTI IIOSIBU €/1EMEHTa Ta HaaMip-
HICTb Bi/l OKPYTTIEHHS 3MEHIIYIOTCS 31 36LIbLIEHHSM TOBXHHI KO-
ZoBOro GioKa.

Ha Binminy Bix npuponnoi HagMiprocTi, sika XapakTepHa s
NEPBUHHHUX aN(aBiTiB i IPUCYTHS B IOBIOMNEHHI IIE 10 TOTrO, AK
BOHO NEPETBOPIOETHCS HA KOJ, WMYUHa HAOMIpHICMb BBOOUTLCI B
HBOTO y BUIJIAAI ' JOXATKOBHX €JIEMEHTIB CNEeL[ianbHO VISl ITiABU-
LIEHHS HOro 3aBafoCTiitkocTi. TAKHUM YHHOM, 3 7 PO3PSALIB Kony, 3
SIKMX k HecyTh iHbOpMaLiiine HABAHTaXEHHS, r = n — k po3psAaiB
BBOJSITECS K KOPEeKTyBanbHi. Lls BenuuuHa xapaktepusye a6co-
JIOMHY KOPEKTYBANBHY HAIMIPHICTD, 4 BEJIMYHHA

n—k

R =
Haxr n

=1-

X &

ERR

— BIJHOCHY KODEKTYBaJIbHy HA/MIPHICTb KOIy (MHB. II. 5.1).

5.6. OCHOBHI TEOPEMW KOAYBAHHS
ANA KAHANIB

ITosinomienHs npu nepenadi no kaHanax KORYIOTHCS I TOTO,
06 3MEHIUMTH BIUIMB 3aBaj y KaHAJ Ta 3a6e3NeunuTd HamifHmii
3B’A30K MDX JUKEPEIIOM I 0fiepsKyBadeM ITOBiIOMIIEHb.

IMOBIPHICTE HempaBUIIBHOI Nepenayi MOBIXOMIICHHS 110 KaHajy
MOxe OyTH y>e MAJIOIO, SIKLIO BOHO NMEPENAETHCH 33 JOTIOMOTOIO JI0-
CHTB BEJIMKOI KUTBKOCTI ITIOBTOPEHB OHOTO i TOrO CAMOTr'0 BXIHOTO
curHaiy. ITpoTe ue nponopuiitHo 36inbluye Yac, KUl BIABOIUTHCA
Ha nepefayy; NpH LbOMY IUBHIKICTH Iepenadi (To6To KiIbKIiCTh iH-
(opmallii, Wwo nepesacTLC 33 ONUHULIO 4acy) psAMYeE 0 HyJIsl.

{TeopeMu KOLyBaHHS JUIS KAHAJIB JOMOMATalOTh 3pO3YMITH, 1110
iCHYIOTB HETpUBiabHi ciOCO6U KOLYBaHHS, SIK1 JAIOTh 3MOT'y 3[iit-
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CHUTH Niepeiady NOBiIOMIIEHD 31 CKLIBKH 3aBIOJXHO BHCOKOIO BipoO-
FiHICTIO Ta BIAHOCHO BENMKOIO WIBUAKICTIO. L1i TeopeMu He BKa3y-
I0Th KOHKPETHMX LUIAXiB 1o6YIOBH NPUCTPOIB KOAYBaHHA Ta e~
KOJyBaHHS, aJie [IOKa3yIOTh, 1110 BIUTUB 3aBaj Moxe 6yTH 3BeleHU i
1o MiHIMYMY 3aBAAKH BUOpaHOMY crioco6y KoAyBaHHA Ta Horo pe-
amizauil.

TeopeMa KOLYBaHHS [l KaHany i3 3aBafaMi (AKy LI Ha3H-
BAIOTh OCHOBHOI Meopemolo Lllennona O AUCKPETHOTO KaHay i3
3aBajaMu) JOBOAUTh, 1[0 HOTO MPOMYCKHa 3IAaTHICTh BU3HAYAE
BEPXHIO MEXY IIBUAKOCTI 6e3MOoMUIKOBO] nepeaadyi indopmailii no
xaHaiy [42]. @OpMYITIOETLCS BOHA TAK: iCHYE MAKULi CRoci6 Kodyean-
HA 0N QUCKPemH020 KAHAY i3 3a8a0AMU, NPU AKOMY MOJCHA 3abe3ne-
yumu 6e3noMuiKo8y nepeoawy ingopmayii 6io dzcepena, Ko npo-
OYKMUBHICMb OCMAHHBbO20 MEHWA 8i0 NPONYCKHOT 30aMHOCMI KAHARY,
mobmo

VxH(A4) < V[log,k —~ H(BIB)] = C,, 6.7
ae ¥V — KinbKicmp nogidomaeHs, gupobaerux odcepenom A 3a 00uHu-
yio uacy; H(A) — enmponis dxcepena; Vi, — KinbKicmo cumgonis kody,
w0 nodarompcs Ha 6xi0 Kanany 3a 00unuylo Yacy; [log,k — H(BIB')] —
MAKCUMAAbHA KibKICMb IHGOpMayii, AKa NEPEHOCUMbCA 00HUM CUM-
sonom k0dy; H(BIB') — nadiiinicms KaHaxy, wjo 6U3HAYAEMbCSA OI€I0
3a6ad; B — angasim obcszom k cumeonie Ha 6xo00i kanany, B’ —
angagim cumMeonie, IKi 3 A6AKIOMbCA HA UXOOI KAHANY.

Jns noBeeHHs i€l TEOPEMU BUKOPHCTAEMO IIOHATTS TUIIOBHX
OCiIOBHOCTEHN NOBIIOMIIEHD Jkepena A, AKi KOAYIOTbCA Ha BXOAL
KaHaJly CUMBOJIAMH 3 MHOXUHH B (andapiT BXo#y kaHary) Ta Bigo6-
PaXaIOThCs CHMBOJIAMH 3 MHOXHHHU B Ha BUXOZAi KaHany (andasit
Buxoay Kanany). KinbkicTs THIIOBHX NOCIHAOBHOCTEH mkepena A4
BeNMKOi IOBXUHH T pH foro nponyxTusHocti V, H(A4) Bu3Hava-
€ThCsl BUPA30M

Ny (4 =2" D,

e TV, — KUIbKICTb NOBIOMIIEHb JKepena A B THIOBI# [TOCITiXOB-
HOCTI. '

JIns KkonyBaHHs THIIOBUX NOCTIZOBHOCTEH Ha BXOMI KaHaly 3a-
CTOCOBYEMO IUCKPETHI K0oJ0B1 KoMmbiHalii B andasiTi B obcsarom k,
1110 AOPiBHIOE 00CATY andaBiTy CHMBOJIIB KaHaTy. SIKII0 TOBXUHA
HMX KoMOiHalliil cTaHOBUTB TakOX T, TO KUIBKICTh CHMBOJIB Y Hii
oyne TV,, a KiNbKiCTh MOXJIMBHX KOJOBMX KOMOiHali# cTaHO-
BHTHME
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Toni HepiBHICTS (5.7) MOXHA 3aNKMCATH Y BULJIAL
Vi (A) < Vilog,k ~ V, H(BIB).

Ockinbxu H(B/B’) > 0 3a HAIBHOCTI 3aBa/Jl y KaHaNi, BUKITIOYHB-
LY APYTYH WIEH y NpaBii YaCTUHI HEPIBHOCTI, TiILKHM TACHIMMO
OCTaHHIO:

Vixd(A4) < Vi logyk,

3BIAKH

T
N, (4)=2

e o3nayae, uio kox B sik MHOXHHa koMOiHauii andasity B, sxi
MOXYTb 6yTH BUKOPUCTaHI IS KOXYBAaHHS TUIIOBUX ITOCIIIOBHOC-
Te# mxepena A, HabaraTo MepeBMILYE MHOXKHHY OCTaHHiX. Takum
YMHOM, NIPH KOAYBAaHHI THMOBUX NMOCTIAOBHOCTEH Mxepena 4 Bu-
KOPHCTOBYETBCS HEBEJIMKA YaCTHHA KOAOBHX KOMOiHalii B andasiti
B, mo 3a6esrneyye BENUKY PI3HOMAHITHICTE MOXIIMBHUX criocobis
KOZyBaHHSI.

VY reopii inpopmMawii o6uncIeHHsIM cepeqHbOl iIMOBIPHOCTI I1TO-
MUJIKM JEKOJYBAHHS JOBEACHO, HIO Cepell MHOXUHH CIOCO6iB Ko-
IyBaHHA € IPUHARMHI OUH, AKUii a€ 3MOTY TIOPIBHATH Oy Ib-IKY
NPUAHATY KOAOBY KOM6iHawio 3 andasity B 3 oaHieo 3 KoMbiHa-
ui¥ andapity B, BUKOPUCTaHMX [P KOAYBaHHi, IO € YMOBOIO Bi-
POTiIHOTO JEKOAYBaHHS, IPUYOMY CEpeAHs HIMOBIPHICTD TOMMIIKH
OEKOXYBAHHS 13 30UIBLIEHHSIM JOBXHHHU KOAY NPSIMYE 0 HYJIS.

Teopema llleHHOHa He BCTaHOBIIIOE NMEBHUH CIIOCI6 KOMyBAHHS
IUid KaHany i3 3aBafiaMy, sKuii 3a6e3neuye 6e3110MUIKOBY nepena-
4y iHpOpMaLii 31 IUBMIKICTIO, IK 3aBrOAHO GIN3LKOIO 0 IPOILYCK-
HOI 3JaTHOCTI KaHaJly, a JIUIIe JOBOJUTb HASBHICTh TAKOr'O CIIOCO-
6y Ha piBHI HOro icHyBaHHs. B 1bOMYy BiJHOIIEHH] BOHA € HEKOHCT-
PYKTHBHOIO, aJI€ 1a€ 3MOTY 3pOOUTH BaXKITMBUN BUCHOBOK: 8ipo2io-
Hicmb nepedayi iHPopMayii no OUCKPEMHOMY KAHARY i3 3a8a0aMU MUM
suwya, yum binvua 006xcuHa k00080t KOMOIHaYIl ma MeHwa npodyk-
musnicmb Oxcepena A 6iOHOCHO nPONYCKHOT 30amuocmi KaHany.

TakuM UUHOM, CTa€ MOXJIMBOIO 3aMiHa epeKTUBHOCTI BUKODHC-
TaHHSA KaHajly BiporinHicTio nepeaadvi iHgopmalii, o WUpokKo 3a-
CTOCOBYETBCS B peaJIbHHX KaHaJaX i CUCTEMaXx Iepefayvi AaHux.

Jns omHO3HAYHOIO AEKONYBaHHS NMPUHHATHUX IOBIIOMIEHD, 4
TaKOX JUIS Nepefayi BeIMKUX obcsaris inpopmaiii 3 skoMora MiHi-
MaJIbHIIUMMH MaTepialbHUMM T4 YACOBUMHU BUTPATAMH, KOIM Ma-
I0Th 3aI0BONBHSATH €Ki BUMOTH, SKi Kpalle BUKIACTH Y BUITIAII]
TeopeM [13]. CrioyaTky KoBeaeMoO TeopeMy, B Kill HOpMyIIOEThCA
HeoOXiTHa yMOBa OJHO3HAYHOTO JEKOAYBAHHSA KOAY.
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TEOPEMA 5.1. Hexaii K00, uj0 00HO3HAYHO 0eK0OYEMbCS, CKAA-
Oaemvca 3 N kombinayili 3a600682CKu ny, n,, ..., By, a 1020 argasim
micmumb q cumeonis. Toodi

HosenenHs. [osnauusmu yepe3 L OoBiNbHE JOJATHE Liije
4HCIIO0, 3AMUILEMO TAKY PiBHICTB!

N L ( +njy bt )
(glq ) -3 5.5, 2 (5.8)

ll—‘llz =1 lL =1

KOXHA CKJIa[I0Ba IIPaBoi YaCTHHH SAKO] BiJIfIOBIIA€ KOXKHIM MOXIH-
Bl noc.m,uOBHocrl L xonoBux xoMOiHa1ii. CyMa i, + ni, +...+tn;

OOPIBHIOE CyMapHii OBXHUHI nocnmosﬂocn me K0M61Haum
SIxiuo uepe3 A; Mo3HaYMTH KUIBKICTb HOCHIZOBHOCTEN L KOZOBUX
KOMOIHaHIH, mo MaloTh CyMapHY OOBXUHY J, To (5.8) MOxHa noxa-
TH y BUIIISAIL

N o\ L
Xq EAﬂ (5.9)
i=1

i€ n — MaKCUMAaNbHE 3 YHCENl 1, Ny, ..., Hy.

Kon onHo3Ha4HO IEKOAy€eThCS, AKIIO MpH OyAb-AKkuX L Ta j iCHye
€IMHa MOCIiJOBHICTh KOJOBUX CHMBOJIIB 3aBIOBXKKH j, yTBOpeHa L
KOIOBHMH KoMObiHauismu. Yepes Te 110 ¢/ — MaKCUMaJbHa Killb-
KiCTb PI3HHX NMOCIIJOBHOCTEH 3aBAOBXKH j, TO A;< ¢'. MincraBus-
1M L0 HEPIBHICTH ¥ (5.9), micraHeMo

N L
(Zq"’") <Ln, (5.10)
abo =

lognL

N L
[zq“”f ] <(Lnl/E =2L (5.11)

HepisHicts (5.1 1) JificHa ISt BCIX JOAATHUX Linux yucen L. [epe-
HIIOBIIM IO IPaHULI IPU L — 0, MATUMEMO TBEPIXXEHHS TEOPEMH

Zq""" <1. (5.12)
i=l

Hepinicts (5.12) HasuBaeThes Hepisnicmio Kpagma [13, 42) nns
npeQ)iKCan KOZiB, IKMH JOBIB, LIO ISl TOro MO0 iCHyBaB npedikc-
Hu#t Kox B andasiti obcsarom g 3 K0M61HaumMn 3aBJIOBXKH 7,

Ny, ..., Ny, HEOOXIOHO # JOCTAaTHBO, 106 Zq " <1. I1s "epiBHiCTB
i=1
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€ HeOOX1IHOIO Ta JOCTATHHOIO YMOBOIO iCHYBaHHS KOAOBOI'O Jiepe-
Ba, BEPIUUHY SIKOI'O MAIOTh NOPAIKH Ny, Hy, ..., Hy.

Hexaii {X, p(x)} X= {xl, Xgy o xN} ——noninbﬂuif( JIUCKpETHUH
ancambnp nosigomsieHs 1 H(x) — ioro empom;x TTo3HauumMo ye-
pe3 i(x) cepedHIo NOBXHHY g-koay (g — Horo andasit), To6TO

n(x)= Zn p(x;), ne N — KilbKiCTb KOJOBHX KoMOiHamii.
i=1

TEOPEMA 5.2. [{as 6y0b-aK020 KOOy 3 61ACMUBICIIO OOHO3HAY-
H020 0eK0OY8AHHS GUKOHYEMBCS YMOBA

n(x)=H(x)/logg.

JloBeaenHsd. 3 BH3HAYECHHS CEPEeHBOI JOBXMHH KOLOBHX
xoMOiHauii MaeMo

fi(x)logg= 2p(x )n;logg = Ep(x Yogg"i (5.13)

i=1 i=1
Po3risHeMo pi3HUIIO

H(x)-7(x)logg=- Zp(x Yog p(x;)+ EP(x Yogg ™" =

i=1 i=l1

- - (5.14)
—Zp(x)log G

VYpaxysasu Te, o In x < x — 1 [49], nicranemo

H(x)- n(x)logq<loge2p(x ){ ) 1]
= (5.15)

N
=loge[ Sq" —1]_<_ 0.
i=l

OCTaHHs HEPIBHICTB € HACIIAKOM TOTO, [0 KOJ MA€ BIACTUBICTh
OXHO3HAYHOTO AeKoayBaHHs (auB. Teopemy 5.1). Teopemy no-
BeJIEHO.

TEOPEMA 5.3. Icnye g-k00 3 61acmugicmio 00HO3HAUHO20 0eKo-
0y6anHsi, 08 AKO20 6UKOHYEMbCS HEPIBHICMb

Ai(x)<H(x)/logg+1. (5.16)

AoBeneHH L. Hexail n — HajimMeHIIie Llijle YHCIIO0, WO BiA-
nosinae ymoBin; i I(x, )/logq, ae I(x;) = -logp(x,) — inauBinyansHa
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iHdopmauis noBinomieHHs x,i=1,2,...,N. Toni
I(x)/logg < n/ < I(x)/logg + 1. .17

Ockinbku

N . N _ . N
Yy IO RIS pxy=1,  (518)

i=1 i=1 i=1

3riaHo 3 (5.12) icHye nepeBo 3 KiHIEBUMH BepIIMHAMH TOPAKIB

n',ny, ..., ny'. Binnosinuuii kox MaTume CEPEAHIO TOBXHUHY
N
n(x)= Y n;p(x;)< H(x)/logg +1. (5.19)
j=
Teopemy noseneno.

Teopemu 5.2 Ta 5.3 MoxHa y3aranbHUTH B pasi KoLyBaHHs MOCIi-
AOBHOCTEH NOBIIOMIIEHB, KOJIH aHCAMGIIb iX € 7-M CTEIIeHeM AHCAM-
6mo X.

s uboro po3risxHemMo KOBiNbHMIA IHUCKPETHHI aHCaMbJIb noci-
AOBHOCTEH nosinomners {X", p(x)}, ne n — nOBxKUHA NoCcIiaoB-
HocTel i H(X™) — enTponis uporo ancam6;uio. Toni (quB. Teopemu
5.2 Ta 5.3) ans 6ynp-sxOro g-xony, HI0 ONHO3HAYHO KOAYE MOCHi-
AOBHOCTI NIOBiIOMJIEHB 3 aHCaMOTio X7, BHKOHYETBCS YMOBa

= n n
ﬁAn(X )2 HX ),
n nlogq

(5.‘20)

e i — CEPENHs KUIbKICTh CHMBOJIIB, IKa TIpUIAJa€ Ha OJIHE TOBi-
JIOMIICHHS.
Kpim Toro, icuye kon, ans skoro CIIPaB/KYEThCS HEPIBHICTD

n
A< HX) 1 (5.21)
nlogg n

Hexait € cranionapue mkeperno U,, wo BuGupae nosinomnenus
3 MHOXHHH X | Mae entpomnito H(X/X™). Hexaii Takox ue JDKEpesio
KOIy€ETHCA 32 IOMIOMOT 00 HEPIBHOMIPHOTI'O ¢-KOAy, TOGTO KOMKHii
nocninoBHOCT nosinomens x = (x(), x@, . x") e X" craputses
Y BiRNOBiHICTb KOmOBA KOMGIHALLS 3aBIOBXKKH n(x). Cepenus nos-

XHMHA KOy ﬁ(X " )= 3 p(x)n(x), a cepenHs KiTbKiCTh KOZOBHX
X"
CHMBOJIiB, fKa NPUNANAE HA OHE OBIHOM/IEHHS JUKepena,
-— n
gzl ”‘; =L peon(0). (5.22)

4 1195
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Ilpu upOMy cepenHs WBHUAKICTD KOLYBAHHS

A A
R=mogq=l‘3§-‘i 3 p(x)n(x). (5.23)
Xﬂ
TEOPEMA 5.4 (o6eprena TeopeMa KollyBaHHs). [ns 6y0b-axo-

20 KOOy, o 00HO3HAUHO KOOye Odxcepeno U, cepedns wigudkicme
K0OY6aHHS 300080MbHAE YMOGY

R<H(XIX™). (5.24)

HoBegeHHs. 3 BU3HAYCHHS CEPEHBOI WBMAKOCTI KOAYBAHHS
(5.23) Ta ymoBH (5.20), a TAKOX BAUXOIAYH 3 TOTO, 1O IS 6yIAb-5IKO-
FO IMCKPETHOTO CTALliOHAPHOTO JKepena nocinosHicts H(X /X"~ 1)
Ma€ rPaHMLIIo

im #(x, x™f =H(x x)

n—eo

BUIUIMBAE, 1O WK BCix # = 1,2,... BAKOHYETHCHA YMOBA

R2H(X")In> H(X,/ "~y 2 H(XIX™). (5.25)

Teopemy noeeneHo.

TEOPEMA 5.5 (npsma Teopema koayBanus). Hexaii € — do-
6ibHe yine 0ooamue Hucno, a ¢ — angasim kody. Icnye 00Ho3Ha HO
0exodosanuii g-Kofi, wjo kodye 0xcepeno U, 05 AK020 6UKOHYEMbCS
yMo8a

R < H(XIX™) +¢. (5.26)
HAoBenenHus [lna Gyap-KOro JOJATHOTO LIIOrO 4HCIA €

3HaWAeThCs Take 4ucio N(g, ), o 1 Beix n > N(€,) CIpaBIKy€eThCS
HEPIBHICTH

H(X")/n < H(XIX™) + ¢,. (5.27)

3(5.21)i(5.27) BunummBae, o Ans JOBUIBHOTO LIOr0 yucna g > 0
iCHy€ OJTHO3HAYHO J€KOXOBaHMU ¢-KO/ i3 CEpeqHbOIO KiTbKICTIO ef1e-
MEHTIB Ha OJHE MOBiAOMJIEHHS

n oo
pHOXD 1 HOXX™), & 1 (5.28)
nlogg n logg logg n
1, IK HACIIIOK, 31 IUBHIKICTIO KOAYBAHHS
R<H(X/X°°)+al+-l% (5.29)
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Bepyuu €, = €/2, nicraemo, 1m0 115 BCIX 12 lOg—q= -Zk)ﬂ BHKO-

E—§) €
u logg
YETBCH YMOBA g +-—

TrepmxeHHs TCOpeMH IificHe Temep Ui BCIX 7, OULIbLIMX HIX

MaKcUMabHe 3 yucen N(e/2) ta _2__15?2

Teopemy noBeneHo.

3 Teopem 5.4 Ta 5.5 BUIUTMBAE, 1O CepeIHA MIBUAKICTD CTBOPEH-
Hs iHpOpMaUii JUCKPETHUM CTAUIOHAPHUM JKEPEIOM JOPIBHIOE
H(X/X"") — eHTponi'i Ha OJIHE NOBiXOMIIEHHS, TOOTO TiH caMmiii BENTH-
4MHI, WO # Y 3a71a4i iBHOMIPHOTO KOJlyBaHH. 3BIIICH BUIUIHBAE,
IO MiHIMaTbHa KiJIbKICTh ABIHKOBUX €JE€MEHTIB, SKa MPUIAfac B
CepeHbOMY Ha OJIHE TIOBIIOMIIEHHS JKepena, Moxe OyTH myxe
6113bKOI0 10 H(X/X™) X IpU PIBHOMIPHOMY, T2K i IIpH HEPIBHOMIp-
HOMY KOJyBaHHi.

5.7. ONTUMAJIbHE KOAYBAHHA

3uaiiti KOx, AKMi GyB 61 ONTHMANBHUM 3 YCIX TOYOK 30pY NPaK-
THYHO HEMOXIIMBO. ToMy KOI MOXKe 6yTH ONTHMATBHUM TIIbKH 32
MEBHUX YMOB (3 TOUOK 30pY IIBUAKOCTI epeaayi ingopmauii, 3aa-
THOCTI BHIPABIATH IIOMHJIKH TOIIIO).

¥ Teopii iHdopmaii icHye KUTbKa METOOVK ITOOYIOBH ONITUMAJIb-
HUX 3 TOUKH 30py HIBUAKOCTI nepeadi inpopmanii 6e3HagMipHux
KOMIB.

Ho onmumanvrux besnadmiprux k0die (3 TOYKH 30pY JOBKHHH
ix, To6TO IIBUAKOCTI nepeaadyi iHpopmMalii) HajexaTb HEpiBHOMIp-
Hi KOJH, fKi NepeJaloTh MOBIXOMIEHHS KOMOIHALIAMH MiHIMAlIb-
HO1 cepeIHbOI ROBXUHHU. Lle 30BCiM He 03Hayae, 10 BOHM IiHCHO €
abcomoTHO 6e3HaAMIPHIMH, OCKUTBKH TAKMMH BBaXAIOThCS KOIH,
K1 33 JOBOJIBHAIOTH YMOBY PIBHOCTI OOCATY Ta KiJIbKOCTI iHpopMa-
uii (auB. 1.2.2). Ii Komu Bee X Taku MaIOTh IOTEHIaNbHY HaaMip-
HICTh Yepe3 3a60poHeHi KOZOBI KOMOIHALI, IO AKUX HAJIEKATh KOM-
GiHauii, IO JOMOBHIOKOThH BEPLUIMHU HEMIOBHOI'O KOJOBOTO AE€PEBa,
AKe BUIMOBIA€ ONTUMAIBHOMY HepiBHOMipHOMY Koay (OHK), o
MIOBHOTO (IUB. 11.5.4) YTBOPEHHS PiBHOMIPHOTO KOZY.

BinnosinHo no [42] onmumanshum kodyeéanHam Ha3UBAETHCA TIPO-
ueaypa NepeTBOPEeHHs: CHMBOJIB NEPBUHHOTO and)anTy g, Ha Ko-
HoBi KoMOGiHalil BTOpuHHOTO andasiTy ¢,, pH SKiil cepenHs KOB-
’KHHa NOBIJOMJIEHHS Y BTOPUHHOMY ayihaBiTi MiHIMaJIbHA.

TakuM YMHOM, OCHOBHHMM 3aBJaHHsIM ONTHMAIBHOTO KOAYBAaH-
Hs € JOCATHEHHs PIBHOCTI MiX KUTbKicTIO iHpopMaii 7, o Bupo6-
TSETBCS IKEPETIOM ITOBIIOMIIEHB, Ta 00csroM indopMauii Q Ha BXo-
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ni npuitMaua nosigomiens. Skwo I = QI ., = H, T0 36inbIIEHHS
IMIBUAKOCTI mepenayi ingopmanii 3aBAsSKH NOMIIIEHHIO TPOLENY-
PH KOIYBaHHS CTA€ HEMOMXJIUBUM.

I pyHTYIOYHCh Ha HABEEHHUX Y I1.5.6 TEOpEMaX, MOXHA 3a1pOIIo-
HyBaTH Kijibka MeToauK nobyaosu OHK juist IMCKpeTHUX aHcaMO-
niB nosigomieHs {X, p(x)} i3 cepeNHbOIO JOBXKHHOIO KOIOBHX KOM-
Ginawuiit

n(X)=H(X)/logg.

ITepwa ynisepcansna memoouxa nodynosu OHK rpyHryeThes Ha
Mmeromuui [llennona — ®ano [36, 44] i nependayae uo nobymnosy B
KOZ0BOMY andaBiTi 3 KUIBKICTIO IKICHUX 3Ha4eHb ¢. 3TiHO 3 Li€I0
METOAMKOKO BUKOHYIOTH TaKi IPOLELYPH:

1) MHOXMHY 3 N MOBIZOMIIEHD, IKi KOAYIOTBCS, PO3TAILOBYIOTDH
y TIOPSAKY CIIafaHHS HMOBIpHOCTEH;

2) BIIOpAAKOBAaHI 32 IMOBIPHOCTAMH IIOBIAOMIIEHHS PO30MBAIOTE,
110 MOXIIUBOCTI, Ha ¢ PIBHOIMOBIpHHX TPy,

3) KOXHiit 3 [Py 3aBXAH B OIHIM i Tifl camiif TOC/IiIOBHOCTI MPH-
CBOIOIOTE CHMBOJIH aihaBiTy ¢ (BCIM NOBIMOMIIEHHSM IEPLIOI Ipy-
M — NEPILY AKICHY 03HAKY LbOro adaBiTy, BCIM NOBIIOMIIEHHAM
APYroi rpyIu — OPYry sIKiCHY #HOro 03HaKy TOLIO);

4) cTBOpEHi rpynu po36UBaIOTh, 10 MONJIHBOCTI, Ha PIBHOHMO-
BipHi MiArpynu, KUIbKICTB SKUX JAOPIBHIOE a60 MEHINA HiX g (AKLIO
ricns poaGunamm B IpyIi 3aNMIIAETHCA ONHE MOBIIOMIIECHHS, TO
NOAAJIbLIMH NOALT CTAE HEMOXUTMBUM);

5) KOXHii 3 YyTBOPEHHX MiACPYN IPHCBOIOIOTH SKICHI O3HAKH 3
andagity ¢ 3a npoueaypoo .3;

6) po36MBaHHS TA MPUCBOEHHSA O3HaK andaBiTy g MOBTOPIOIOTH
JOTH, MIOKH IIiCJIsl Y4eProBOro MOALLY B yTBOPEHHX MIAIPYNax 3aju-
IIMTHCA He OUIBII K OHE MOBIIOMIICHHS.

Jlnst no6ynoeu OHK 3a BHK/1a1eHOIO METOIMKOIO CITiJl ypaxoBy-
BAaTH TAKOX BIIXMJIEHHA Bill piIBHOWMOBIPHUX 3HA4€Hb, WO YTBO-
PIOIOTHCS [IPH TMOAUN HA MArpyny. BoHH BpaxoBYIOTBCA 3TiIHO 3
NpaBWIaMM 3Ky OCTay AUICHHS Ta CEPEAHBOTO BUIXUIICHHS:

1) nns Toro wo6 MOBLAOMIIEHHS MEPBUHHOTO JDKEPENIa MOXKHA
OyJ10 MOIUIMTH MO MOXJIMBOCTI Ha SIKOMOTa PiBHOHMOBIpHi mij-
rpynu npu nobynosi OHK 3 andasiToM ¢, ocTaya nonepeaHboro
JiIEHHS TONA€ThCA 3a aBCOMIOTHUM 3HAYEHHAM CyMapHOI HMOBIp-
HOCTi 4eproBoro AUIEHHs [ocmavero dinenHs Ha3UBAETHCSA PI3HULIA
MDXK KBAHTOM ALIEHHS Ta PealbHUM 3HaY€HHAM CyMapHOi HMOBip-
HOCTI B rpymni (miarpymi), ie KBaHT AiieHHs gopiBHIoe 1/ gJ;

2) cepefHE BIIXMIEHHS Mac OyTH MeHIIMM abo NOpiBHIOBATH
3HAYEHHIO HMOBIPHOCTI NEPIIOrO CHMBOJY YE€ProBOro NUICHHS.
SIKILO cepenHe BIAXWIEHHS He TOPiBHIOE HYJIIO, TO CepeIHE 3HAUEH-
HsI CyMapHOi HMOBIpHOCTI B rpymi (miarpymni) npu yeprosomy ai-
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JNeHH] MiAPaXOBYETHCS 3 IOAABAHHSAM 3HAUEHHS CEPEAHBOTO BiIXH-
JeHHs (cepedHim gidxuneHHAM HA3MBAECTHLCA abCONIOTHE 3HAYEHHN
CYMM OCTa4 IiJIeHb Ha IPOMDKHMX eTarax mo6ynosy Koay).

Posrmsnemo npuknan nobynoss OHK wis nepenadi 16 nosinomieHs 3a
ZONOMOrOI0 YeTBIPKOBOTO KoMy 3 andaBiToM ¢ = 4, SKILIO MOBI/OMICHHA Ha
BHXOJI JpKepesnia 3’ ABJIAIOTECA 3 IMOBIPHOCTSMM p(X ), K 3a3HadeHo B Tabm. 5.5.
IMocninoBHicTh i€l no6ynoBu Taka:

1. BusHauaemo kBaHT noainy l/g = 1/4 = 0,25.

2. Po36uBaEMo BCi NOBiTOMIIEHHS, 10 MOXJMBOCTI, HA YOTHPU PiBHOMIPHI

rpymnH:

ip(x,-) =0,22, ocraua Bix ainenus mopisHioe 0,03, ockinbku (0,25 -
0,22’)=l< (0,32 - 0,25);
% p(x;)=0,28, ocraua popisnioe 0,03, cepenne BIOXHJIEHHS 1O nﬁox ni-
aro:iztjls{x HY/TBOBE;

8
Y p(x;)=0,26, octaua nopisuoe 0,01, cepenne BiAXHJIEHHA MO ABOX
i=5
miaroHansx craHosuts 0,01;
16 . .
Y p(x;)=0,24, ocraya nopisHioe — 0,01, cepeiHe BIAXUIEHHA 110 ABOX
i=9
[laroHaJsX HylIbOBE.

Tabauys 5.5
ImMoBipHicTh Hom.n Ha rpynu Konosa
nosi};gx;rejﬂnx noBsigoMIeHHS (miarpymm) KoMmGiHais
px) Mepuwa l Hpyra l Tpets OHK
1 0,22 0
2 0,1 ? 10
3 0,1 > 11
4 0,08 o 12
5 0,07 > L 20
6 0,07 g 21
7 0,06 - 22
8 0,06 23
9 0,05 . 30
10 0,05 . 31
11 0,04 ' _ 320
12 0,03 » - 321
13 0,02 _ 330
14 0,02 - 331
15 0,02 o 332
16 0,01 - 333
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3. 3a pesynbTaTaMM NEpPIIOro MOALLY IPYN AK NEPHIHii CUMBOJ KOZOBHMX
KoMOGiHaii MPUCBOIEMO NOCIIOBHO AKICHI 03HAKH anbaBiTy ¢ = 4 3rigHo 3
TPETBOI0 NPOLEAYPOIO NMeEPIIOi yHiBepcanbHOi MeToanku nobynosu OHK.

4. YTBOpeHi rpyny, kpiM nepiuoi, po3busaemo Ha niarpyn. Jipyra ta Tpe-
TS TPYIH MaKOTh A0 YOTUPLOX MOBILOMIIEHB, TOMY SIK APYTHit CHMBOJ KOMO-
BUX KOMGiHaNiit IM NPHCBOIOEMO BIAMOBIAHO TPH TA YOTHPHU AKICHI O3HAKH
andasity q.

s. '-IeTBepTa rpyrna Mae BiCiM MoBioMIIeHB, TOMy po36uBaeMo ii Ha piBHO-
HMOBIpHI m,urpyrm Ksant noainy (0,24 + 0,01) : 4 = 0,0625 (0,01 nonaernca
SIK 0CTa4a Bill MONEPEHLOTO MOALTY).

IMoain mpucBOEHHs 03HAK aaBITY ¢ BUKOHYEMO JOTH, MOKH MiC/s uyepro-
BOrO MOJLTY B YTBOPEHHX NIArPyNaXx 3aTULUINTLCA He GilbII AK OJHE MOBIIOM-
JIEHHA.

6. Insg Toro mo6 nmepeBipHTH ONTHMAIBHICTE KOOy BiIHOCHO JOBXHHH
KONOBHX KOMGiHaLiil, BU3HAYAEMO CEPE/THIO IOBXKHMHY /1 , KOOBOI KOMbiHa-
wi OHK. ¥ pa3i ONTHMANBLHOCTI LA JNOBXUHA He NOBHHHA MEPEBHIYBATH
HOBXKHHY PiBHOMIPHOTO 4eTBIPKOBOTO KOJIy, IKHM MOXHa 3aKoAyBaTH 16 mo-
BiIOMJIEHB, TOOTO ¢ = 4% = 16(n = 2):

16
Neep = 2, P(X;); = 0,221+ (0,1 + 0,1 + 0,08 + 0,07 + 0,07 + 0,06 +
i=l
+ 0,06 + 0,05 + 0,05) - 2 + (0,04 + 0,03 + 0,02 + 0,02 + 0,01 + 0,01)- 3 =
=0,22+0,64:-2+0,14-3=0,22+1,28+0,42=1,92<2.
TakuM YHHOM, YTBOPEHHIT KO AIACHO ONITHMANBHMIA, OCKINbKU By < M.
OnTUMaNbHICTL KOMYBAHHSA MOXKHA BU3HAYHTH TAKOX MOPIBHAHHAM €HT-
ponii, 1o TIpUNAJIAE Ha OIHE NOBIIOMIICHHA, i3 CEPEJHBOIO JOBXHHOIO KOJOBOI
koMbiHauii, AKi MaIOTh 6yTH oyxe O61M3bKi 32 3HAUCHHAMHM, IPUUOMY eHTpO-
nist Ma€ GYTH MEHLIOIO Bifl CEPeaHBOT JOBXKHHH KOL0BOI KoMGinawii 260 Kopis-
HIOBATH iil.
OTxe,

H= le(x o8 p(X; )= _ (0,2210g0,22 +0,110g0,1 +0,110g0,1 + 0,08l0g0,08 +
i

+ 0,07 10g0,07 + 0,06 1og0,06 + 0,06 log0,06 + 0,05 10g0,05 +0,05 log0,05 +
+ 0,04 10g0,04 + 0,03 log0,03 + 0,02 log0,02 + 0,02 log0,02 + 0,02 log0,02+
+ 0,01 log0,01) = 0,4806 + 2 - 0,3322 + 0,2915 + 2 - 0,2686 + 2 - 0,2435 +
+2-0,2161 + 0,1857 + 0,1517+ 3 - 0,1129 + 0,0664 = 3,6354 GiT/MOBIZOMIEHHS.

ITpu usoMy Tpeba 3BepHYTH yBary Ha Te, IO CHTPOist 3aNeXHTD Bif anda-
BiTY ONTHMAJILHOIO KOAY, IKHM KOZyIOTECA NOBilOMIeHHS, To6To ciix ypa-
XyBaTH KUIBKICTh iHOpMaLii, ka MICTHTBCA B OLHOMY €/IEMEHTI KOJOBOI KOM-
6inauii. [{1s1 ONTUMANTBHOTO KOAY ¢ = 4 B OAHOMY €/IEMEHTi KOLOBOI KOMGiHa-
uii 6yne 2 6itu indopmariii.

TakuM YHHOM,

H = 3,6354 6it/mosinomneHus < 2n,,
= 3,84 6ir/moBigoMneHHA <2n =2 -2 =4 61TInOBmowleHHx

TO6TO KOI € ONITHMAJILHHM.

,leyza yHisepcarvha memooduxa no6ynosu OHK rpynTyerncs Ha
Binomiit Meroauui Xadpdmena [12, 42). BoHa, sk i meroauka [llen-
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Hona — ®PaHo, nepeabauac nobynosy OHK y xomoBomy angasiTi 3
KiJIBKICTIO SIKICHHX 3Ha4eHb ¢. 3riIHO 3 Hi€I0 METOJUKOIO BUKOHY-
I0Th TaKi IpOLENyPH:

1) MHOXMHY 3 N NOBiZOMIEHB, L0 KOAYIOThCS, PO3TALIOBYIOTh
Y IOPSAKY CTIafaHHsA AMOBIPHOCTEH;

2) ocranHi N, nosinomnens (2 < Ny < q) o6’€1my1(m> y HOBE NO-
BITOMJICHHS 3 lMOBlleC’I‘lO 110 JOPiBHIOE CyMi HMOBIpHOCTEH 06’€ -
HYBaHHMX MOBIIOMIIEHB;

3) yrBopeHy MHOXHUHY (N — Ny + 1) noBiiomiienb po3TailoBy-
I0Th Y NOPSAIKY CHAJaHHA ﬁMOBipHOCTeﬁ‘

4) o6’€11Hy10T1> OCTaHHi ¢ MOBLIOMIIEHb i BIIOPSUIKOBYIOTb MHOXH-
HY TOBIIOMIIEHb y NIOPANKY CIialaHHs #iMoBipHocTe#t. Taxk IIIOTB
JIOTH, IOKY HMOBIpPHICTb YEProBOro 06’€AHAHOTO MOBIIOMIIEHHS HE
JOPIBHIOBATHME OJMHMIL;

5) 6yyi0Tb KOI0BE IEPEBO, IIOYMHAIOUH 3 KOPEHS, 1 IiJIKaM LbOro
JiepeBa MPHUCBOIOIOTH SIKICHI O3HAKH KOJJOBOTO andasity 4.

Konogi kom6inanii OHK — ue nmocninoBHICTh AKICHUX O3HAK,
sIKi 3yCTpIYalOTHCS Ha LIUIAXY Bill KOPEHs JO BEPIIMHHU KOZOBOTO
JiepeBa.

Mo6ynosy OHK 3a monomoroio Apyroi yHiBepcanbHOi METOAUKH PO3LIIs-
HEMO CTOCOBHO Hepefadi 16 nosigoMieHs KOMOIHAUIAMH YETBIPKOBOTO KOAY,
fKi 3a/aH0 B nonepeaHboMy npuknami. [ocnifosuicTs niei noGyaoBy Taka:

1. MuoxuHy 3 N = 16 noBinoM/eHbr pO3TallOBYEMO B MOPAIKY CaJJAHHA
HMOBipHOCTEi.

2. Ockinbku g = 4, 06’¢AHyEMO OCTaHHi YOTHPH IOBIIOMIICHHS i yTBOPIO-
€MO HOBE YMOBHE TOBiZIOMIICHHS 3 IMOBIPHICTIO, 10 IOPiBHIOE CyMi HMOBIp-
HOCTe# 06’€IHaHNX MOBiIOMIICHD.

3. YTBOpeHy MHOXHHY 3 16 — 4 + 1 = 13 nosioMJIeHb PO3TalIOBYEMO B
NOPSAAKY CiaflaHHA HMOBIpHOCTEH.

4. 310By 06’¢AHYEMO OCTaHHi YOTHPH NMOBIXOMIICHHS Ta BIIOPAOKOBYEMO
MHOXUHY NOBiIOMJIEHD Y IOPSAKY CliafiaHHs #imoBipHocTeit. 1o npouenypy
NOBTOPIOEMO LIE TPH Pa3H, IOKH NIPH OCTAHHBOMY 06’eiHaHHi cymMapHa #Mo-
BIpHICTb He JOCATHE 3HAYCHHs ONMBHLI (Tab. 5. 6)

5. Bynyemo xozoBe AepeBo (puc. 5.3). Mloro rinkam npHcBoXEMO AKICHi
o3Haku KogoBoro andasity Bia 0 no 3.

6. Konoai xom6inauii OHK 3anocumo 1o 1abn. 5.6. BoHH BU3HAYAIOTHCA
NOCNIZOBHICTIO AKICHHX O3HAK, fKi 3yCTPIYalOThCA HA LUIAXY Bill KOpEHsS KO
NeBHOI BEPIIMHH KOZOBOTO iepeBa.

7. Jins Toro mo6 nepeBipUTH ONTHMAJIBHICTh KOXY BiTHOCHO AOBXHHH
KOJOBHMX KOMOiHALiH, BU3HAYAEMO CEPENHIO NOBXUHY N, KOXOBOI koMGiHa-
wii OHK Ta eHrponiio, 10 NPHNANAE HA ONHE FIOBiTOMMEHHS:

n,=022-1+ (0,1 + 0,1 + 0,08 + 0,07 + 0,07 + 0,06 + 0,06 + 0,05 +
+ 0,05 + 0,04 + 0,03) - 2 + (0,02 + 0,02 + 0,02 + 0,01) - 3 =
=0,22+0,71-2+0,07-3=1,85<2;

H = 0,6354 6it/mnoBiaoMIeHHs < 2"0,,, = 3,7 GiT/moBiiOMIIEHHS < 2n =
= 4 6iT/nOBIAOMNECHHS.
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Tabauys 5.6

ImMoBipHOCTI MOBiZOMIEHD TIpH
Homep | ImosipuicTs 06’eqHAHHAX Konosa
H?I?;I::' noau;cx;eunx nepuo- | APYro-| Tpe- |4eTBep-|nm’ATO- Kongﬁ;;{;um
i My My [ThOMy| TOMy | My
1. 0,22 0,22 0,22 0,26 r0,35 1 2
2 0,1 0,1 F>0,17 0,22 | 0,26 00
3 0,1 0,1 0,1 0,171 0,22 01
4 0,08 0,08 0,1 0,1 0,17 02
5 0,07 0,07 0,08 0,1 03
6 0,07 0,07 0,07 | 0,08 10
7 0,06 0,07 0,07}; 0,07 12
8 0,06 0,06 0,07 13
9 0,05 0,06 0,06 30
10 0,05 0,05 0,06 31
11 0,04 0,05 32
12 0,03 0,04 33
13 0,02 0,03 110
14 0,02 111
15 0,02 112
16 0,01 113

Ortxe, ueit Kox TakOX € ONTHMAIBHUM 1 Ma€ Kpawli OKA3HHUKH, HiX ONTH-
MaJIbHUH KOJI, N06yROBaHMUi 3a NEPLIOIO YHIBEPCATLHOK METOLUKOIO, OCKiJTb-
KHn,,<n (1,85 < 1,92).

p2

O6u B yHiBepcaIbHI METOAMKH MAIOTh HEOAHO3HAYHICTh, aJie Iiep-
uIa 3 HMX Aae 3mory TouHie 6ynysate OHK. Ho wenonikis apyroi
yHiBepcaibHOi MeToauku nobynosu OHK crin BigHecTs rpoMisakicTs
(ocobauBo 3i 361NbHIEHHAM KiTbkocTi noBinomiens N Ta andasiry g
KOIy), IO NMOSICHIOEThCA HEOOXITHICTIO MOGYIOBH KOLOBOTO AEpeBa.
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Bin3HayuMo, 110 NepeBaru Ipyroi yHiBepcaano'i METOAMKH IO-
6ynosu OHK 3¢9 >2 npu N<q" 6y11yTb BaroMili npu GUTbLI peTesib-
HOMY BUOOPI KUIBKOCTI HaliMEHIL IMOBIPHUX TOBIZOMIIEHb, IO 06¢A1-
HYIOThCA Ha niepuiomy eTami (2 £ Ny < ¢). Ha Bcix HacTynHux era-
nax Ls KUIBKICTh Ma€ TOPIBHIOBATH ¢.

KOHTPONbHI SALAMI

1. 3anucatu gecaTkoBe uucno 184 y nBifKOBIit cHCTEMI YHCITEHHSA.

Po3B’g3aHHA. BUkoHyeMO nocnigoBHe OUTEHHS JeCATKOBOTO unucia 184
Ha OCHOBY JBiHKOBOI CHCTEMH YHCIIEHHS g = 2:

184:2=92+ (ocrauya 0); 92:2=46 + (0);46:2=23+(0); 23:2=11 + (1);
11:2=5+(1);5:2=2+(1);2:2=1+(0);1:2=0+(1).

3anucyemo ocrtaui Bix ainexdHs tak: 10111000. Le i Gyae nBifikoBUM no-
JaHHAM JECATKOBOTO 4yMcna 184.

IepesipsieMo npaBUALHICTD 3amucy AecaTKoBoro unucna 184 y asiitkosiii
CHCTEMI YHCIIEHHS, U1 YOro BUKOHYEMO 3BOPOTHHIA Niepexia Bil ABiHKOBOTO
gucna 10111000 no necsatkosoro 184:

(10111000),=1-27+0-25+1-2°+1-24+1-22+0-2240-2'+0-2'=
=128 +32+ 16+ 8 =(184),,.

2. 3anmucaTH necATKOBE 9uco 382 y BiCIMKOBIi CHCTEMI YHCIICHHS.

Po3B’13aHH s. BHKOHYEMO NocIiToBHe JiIeHHA N1eCATKOBOTO YHcia 382
Ha OCHOBY BiCIMKOBOi CHCTEMM YHCIIEHHS ¢ = 8:

382:8=47+ (ocraya 6); 47:8=5+(7); 5: 8=0+ (5).

3anucyeMo ocTai Big aiieHHs Tak: 576. Lle i € 3a1HcoM IecATKOBOTO YHCiIa
382 y BiciMKOBilf CHCTEM] YHCIEHHS.

IMepeBipseMo npaBHIBHICTD 3aMKCY AecATKOBOro yucna 382 y BiciMkogii
CHCTEMi YHCIIEHHS, VI YOro BHKOHYEMO 3BOPOTHHIH Iepexil Bi BiCiMKOBOTO
yucna 576 xo pecatkosoro 382:

(576),=5-8+7-8'+ 68" =320+ 56 + 6 = (382),,.

3. 3anucatu gecaTkoBe ynucno 333 y OBiAKOBI CUCTEMI YUCIIEHHS,

4. 3anucaTy necATKOBE Yyucno 91 y TpiHKoBil cHCTEMi YHCTICHHS.

§. 3anmucaT aecATkoBe YUCNO 815 y 4ETBIPKOBIif CHCTEMI YUCIIEHHS.

6. 3anucaTtu aecaTkoBe yuciao 4327 y wicTHaZUATKOBIM cucTeMi umc-
JICHHSA.

7. BusHauuTH KOJOBY BiCTaHb MiX KOMOiHaLisMK A Ta B ABIHKOBOro KOy
i3anucaTu Bci koMOiHalii, SKi 3HaxoAAThCA Big KOMOiHaUii 4 Ha KO1OBiii Bid-
crati d = 3, axmo 4 = 01001, B = 11101.

Po3B’a3anH s BuxoHyemo nomaBaHHs 3a MoayJieM 2 koMGiHawii 4 Ta
B xony (4@ B=C).

01001
@ 11101
10100,

t06T0 C = 10100. Bara w xom6inauii C nopiBHio€ 2, ToMy 10 B KOMGiHaNisX
A Ta B Ha TPhOX OJHOMMEHHHX MO3ULIAX (MepLuiif cripaBa, Apyriit Ta yeTBep-
Tiif) 3HaXOOATLCst OOHAKOBI e7IeMEHTH, 4 Ha HBOX (TpeTii cnipasa Ta n’arii) —
Pi3Hi e7IEMEHTH, CYKYIHICTb AKMX | BA3HAYAE CTYNIHb Pi3HUL MX KOMOiHaLisg-
MH 4 Ta B. Bara xom6inauii C i € KoXoBOIO BIACTaHHIO XeMMiHra Mik KOM6i-
Hauismu 4 Ta B, Tobro d = 2.
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Byne-sika koMGiHanis Barow w = 3, SKUIO ii MOPO3PAJHO AOAATH IO KOM-
GiHaui'n' A (ti€i camol nomxmm), Ja€ HOBY KoMOiHauio, IO 3HAXOAUTHMETHCS
B koM6inawii 4 Ha KomoBii BincTaui d = 3. Bunuuiemo Bci koMGiHallii Barowo
w— 3 3apnoBxkku n = 5 (ix KinekicTs cranoutume C* = C 4= C2 = 10, ne

= nif[d'(n — d')] = uucno crionydens i3 n no d): 001 ll 01011 01 101 01110,
10011 10101, 10110, 11001, 11010, 11100.

Jlonaroun nOpo3psaaHO KOXHY 3 LMX KOMGiHawi# xo koMbiHauii A, nicrae-

MO HIyKaHi KOJOBI KOMGiHawii:

® 00111 01011 01101 11100
01001 01001 01001 01001
01110, 00010, 00100, - ..., 10101;

8. [Mo6ynyBaTH BCi XOMOiHaLi] #-PO3PAAHOTO ABIHKOBOrO MPOCTOro KOAY,
10 3HaXOAAThCA Bif KoMGiHaLil A Ha KOAOBii BigcTaHid = 1, 2, 3, akwo 4 =
=1010lin=>5.

Po3p’a3anHa Jlng nobynosu uykaHux koMbiHauii notpibHo no 3a-
naHoi koM6iHawii 4 JoxaTu koMb6iHaLio n-po3paHoOro (n = 5) xomy 3 Biamo-
BiAHOIO Barolo. [logasaHus KoMOiHaLii BUKOHYEMO ITOPO3PAIHO 338 MOAY/IEM
2. Tpu ubOMy JicTAaEMO Taki KOAOBiI KOMOiHAwL], 9Ki 3HaXOAATECS Bil KOMOi-
Hauii 4 Ha BiACTaHAX:

d=1
10101 10101 10101 10101 10101
00001 00010 . 00100 01000 10000
10100, 10111, 10001, 11101, 00101;
d=2
10101 - 10101 10101 - 10101
00011 00101 00110 11000
10110, 10000, 10011, e 01101;
‘ d=3
® 10101 10101 10101 ® 10101
00111 01011 01101 11100
10010, 11110, 11000, s 01001.

Bzarani kinbkicte koMOiHawii mnnoaumm BAar¥ BM3HAYAEThCA AK C) =
= CY. Orxe, KipKicTh KOMGiHaLiM, ki 3HAXOAATHCA Big KoMOiHauii A ua
pincTanid = 1, 6yne C! = 5, na sincrani d =2 - C} = 10 i Ha BincTani d =3 - Cl=

=10.

9. BU3HaUMTH KOJOBY BiICTAHb MK KOMGiHaLisAMK A Ta B IBIIKOBOTO KORY
i 3armMcaTy Bci koMbinaii, ki 3HaX0AATHCA Bil KOMbiHawiit 4 Ta B Ha BiacTa-
Hid =2, axmo 4 = 110101, B = 101100.

10. Busnauuru MiHiManLH)’ Ta MakcMMallbHy KOHOBI BifcTaHi d XeMMiHra
Mk KoMOiHaLiAMHU ABIHKOBOTO MPOCTOro KOAY, BKa3aBIUH Ha NapH KoMbiHa-
uiiad  id  nns xom6inaniit 000011, 110111, 010100, 101001, 011101.

11. I‘[oGynyaa'm BCi KOMGinanii n- poapsumoro ZBIKOBOTO MPOCTOrO KOAY,
AKi 3HAXOATHCS BiA koMGiHaLil 4 Ha konosiii Biacrani d = 1,2,3; 3rpymyBaTH
iX 3a Barow Ta mnpaxysam KiTbKiCTh KOMGiHALIH, sKi 3HaXOJ.lﬂTLC$1 Bil KOM-
6inauii 4 Ha Bincranid = 4...n, sxkmwo A = 10110in =
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12. MigpaxyBaTH KinbKiCTB ycix KOMGiHauifl #-po3psanHoro ABifkoBOro
MPOCTOrO KOAY, AKi 3HAXOAAThCS Bin KoMGiHauii A Ha BiacraHi d, skwo 4 =
=00010,d = 2.

13. Bu3HauuTH KONOBY BinCTaHb MiXk koMbGiHauismu 4, B, C, D piBHOMipHO-
rO TPIHKOBOTO KOAY 3aBAOBXKH n = 3, skimo 4 = 021, B=002, C=212,D =
= 120.

Po3B’a3aHHda. BuxoHyeMo mopospsiaHe BinHiManHs xoM6GiHauii 3a
MonyneM 3. KonoBa BiAcTaHb NOPiBHIOE Ba3i KOMGiHALI, 11O MICTHTh pi3HHU-
0 KOMGiHauif, MK SKMMM BU3HAYAETHCS LA BIICTaHb:

021 021 021
6002 d=3 6212 d=4 6120 d=2

—iw=3 —| w=4 —_ w=2

021 211 101

002 002 212
9212 d=3 6120 d=S5 6120 d=4

—w=3 — | w=5 (w=4

210 122 112

14. BU3HayuTH KOJOBY BIICTaHB MiXX TAKMMH KOMGiHaWisiMy PiBHOMIpHO-
ro TpilikoBOro Koay 3aBaoBxku n = 4: 1020, 0211, 0122, 2012, 2221, 1110.

15. Bu3HauuTH KOJOBY BiZICTaHb MiX TaKMMH KOMOiHaLiIMH PiBHOMIpHO-
ro 4eTBIpKOBOTO KOoAy 3aBIOBXKHK n = 3: 031, 123, 303, 210, 022, 111.

16. 3apaTv B TabnuuHiit Gpopmi koxosi komGiHauil ABIKOBOrO 6JI0KOBOTrO
KORY IOCTIHHOIO Baroxo w = 2 3aBOOBXKHU 1 = 5,

Po3B’a3aHH4. Busnauaemo kinbkicTs koMbinauiit 3ananoro xony Cr=
=C2=10.

3anucyeMo koMbiHauii xony y Tabnuuniit dopmi:

Homep Komb6inauist asiiicoBoro
KoMOinanii 0,10K0BOTO KOAY 3 W = 2
Tan=95

1 00011
2 00101
3 00110
4 01001
5 01010
6 01100
7 10001
8 10010
9 10100
10 11000

17. 3aparu B TabuuHiit hopMi konosi komGiHanii ABiAiKOBOro 610KOBOTrO
KOZY 3i CTaJIOI0 Baroio w = 4 3aBXOBXKH n = 6.

18. 3apatu B Tabauyniii bopMi komoBi kom6GiHawii ABikKOBOro NMpocTOro
KOAY 3aBAOBXKH n = 4,

19. 3agaty B TabnuyHiil dopMi komoBi koMGiHaLIT TpifikoBoro 610KkOBOrO
MPOCTOrO KOAY 3aBAOBXKH 1 = 3.

20. 3agaTy 3a JOMOMOTOIO KOZOBOTO AepeBa KOoMOiHalil HepiBHOMIpHOTO
JBiHKOBOTO KOAY 3 MaKCHMAaNbHOIO JOBXHHOWO 1 = 4.,
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PiBHi

Puc. 5.4

Po3B’a3aHHA. MakcuMmanbHa 10B-
HHa n = 4 HepiBHOMIpHOTO ABitKOBOTO
KOJly BU3HAYAE KiJIbKIiCTb PiBHIB KOLOBOIO
[lepeBa; TOMY BOHO MaTHME BHIIA, MMOKa-
3aHHii Ha puc. 5.4

3 pucyHka BHIUIMBAE, MO KiNbKiCTh
kombinauiii (1, 01, 001, 0000, 0001) usoro
KOy AODIBHIOE I'ATH.

21. 3agaTu 3a JONOMOTOK KOJOBOTO
nepeBa koM6iHawii piBHOMIpHOTO JBifiKO-
BOTO KOAY 3aBIOBXKKH 1 = 4.

22. 3agatv 3a JAONOMOTOK KOAOBOTO
nepesa Kom6iHallii piBHOMipHOro Tpiiiko-
BOTO KOAY 3aBJIOBXKM n = 3.

23. 3apaTH 3a AOTOMOTIO KOAOBOTO

nepeBa koMGiHawii piBHOMIPHOrO BICIMKOBOTO KOZY 3aBIOBXKH n = 2.
24. 3anaTH 3a JOMOMOTOK KOAOBOTo AepeBa koMbiHallii HepiBHOMIpHOTO
IBIHKOBOrO KOy 3 MAKCUMAJILHOKO HOBXUHOIO 11 = 5.

25, [ToOynyBaTH BH3HAYAJIbHY
I'o IPOCTOTO KOAY.

MaTPHIIO YOTHPHEIEMEHTHOIO ZIBIHKOBO-

Po3s’s3aHHa 3anmucyemo Bci 2" - 1 xombinauiii npocroro kony, KpiM
HYNBOBHX, Y BUIJISI MATPHII T4 NOCTIZOBHO JIOAAEMO iX 33 MOAYJIEM 2, BUKITIO-
uuBLY Ti KOMGiHaLl, fKi B CyMi 3 HOMepeIHiMU YTBOPIOIOTE HYIbOBY KOMOi-

Haulo:

1) 0001 2) 0001

0010 . 0010
0011 0000
0100 0100
0101 0000
0110 0000
o111l 0000
1000 1000
1001 0000
1010 0000
1011 0000
1100 0000
1101 0000
1110 0000
1111 0000

3) 0001 4) 1000

0010 0100
0100 0010
1000 . 0001

Takum 4HMHOM, BU3HAYaJIbHA MATPHUA YOTHUPHEIIEMEHTHOTO IBIRKOBOTO

TNPOCTOro KOAY Ma€ BUIIIAN

26. [ToGyayBaTu BH3HaYajbHY
IIPOCTOrO KOAY.

MAaTpHULIO II'STHEJIEMEHTHOTO JBIHKOBOrO

27. TlobyAyBaTH BU3HAYATEHY MATPULIO BOCLMHUEIEMEHTHOTO ABifKOBOTO

MPOCTOTO KOAY.
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Tabnuys 5.7

Lo TTonin Ha rpynu
Homep | ImosipHicTs (nigrpynn) Konosa.
NOBiZIOM- | TOBINOMIIEHHS o 1= xoMbiHanis

JICHHSA P(x) nepury | Apyry | TpeTio BepTy ATy OHK

1 0,3 3 00

2 0,2 01

3 0,15 - 100

4 0,12 101

5 0,1 . > 110

6 0,08 : " o 1110

7 0,03 . | 11110

8 0,02 - 11111

28. [To6yaysarh nsifikosuit OHK IllenHona — daHO i BOCMH TOBi-
HOMJIEHB Kepena 3 iMosipuocTamu P(x,) = 0,3; P(x,) = 0,2; P(x,) = 0,15;
P(x) =0, 12 P(x,) =0,1; P(xy) = 0,08; P(x,) 0,03; P(x,) = 0,02.

Po3B’ a3aHHA. Kopnc"rquucs Tepmoio. yHIBEPCATTBHOIO METOIHKOIO
no6ynosu OHK (aus. n. 5.7), 6yayemo 3ananuit ko (tabin. 5.7).

Hepesipsiemo YTBOpEHH#i KOX Ha ONTHMAJIbHICTB, VIS YOrO BH3HAYaEMO
CEpE/IHIO KUTHKICTD eIEMEHTIB, SIKa NpUNajac Ha onHy kombiHanio kogy [Hex-
HoHa — PaHo:

n, —2(03+02)+3(015+012+0l)+4 0,08 + 5(0,03 + 0,02) =
-1+111+032+025 2,68 <3,

TOGTO KOA ONTHMANLHHUI.

29. Hoﬁynynam nsitikosuit OHK [lennona — daHo s aHcaM6imio no-
BizoMneHb 3 iMoBiprHocTamu 0,16; 0,2; 0,14; 0,4; 0,02; 0,03; 0,05.

30. Po3p’3aTH NONEPEAHIO 3a0a4y A chaMGmo NOBiAOMJIEHD 3 IMOBIp-
woctamu 0,16; 0,11; 0,04; 0,12; 0,07; 0,07; 0,09; 0,03; 0,1; 0,02; 0,02;.0,01; 0,06;
0,04; 0,01; 0,05.

Tabnuys 5.8
ImMoBip- IMOBIpHOCTi NMOBIXOMIIEHD MPH .

Homep| = ;o 06’cAHaHHAX Konosa
nos.i- . " koMGi-
fom- |TOBIAOM- | niepuio-| APYro-| Tpe- [METBEP-|m’sTO-| WOC- | CbO- | ypyiig
NeHHs H;&ﬁ)’! My My |ThbOMY| TOMY My | TOMY |[MOMY| QK

1 0,3 0,3 0,3 0,3 0 42 1 00

2 0,2 0,2 0,2 0,22 *’0 28 0 42 11

3 0,15 0,15 0,15] 0,2 022 028 010

4 0,12 0,12)p0,13} 0,12 100

5 0,1 0,14 0,12 0,13 101

6 0,08 0,08 0,1 0110

7 0,03 }r>0,05 01110
8 0,02 01111
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31. ITobynyBaTu TpilikoBHE
OHK IllenHoHa — ®auo s aH-
cambJII0 MOBIAOMIIEHE 3 IMOBIpHO-
cramu 0,15; 0,35; 0,2; 0,03; 0,02;
0,05; 0,1; 0,04; 0,06.

32. ITo6bynyBaTu ABIHKOBHN
OHK Xaddmena ans ancambmro
TIOBiIOMMIEHS 3 IMOBIDHOCTSAMH, 3a-
JaHUMMU B 3ajayi 28.

Pos3s’a3annsa. Kopucry-
IOYHCh IPYrol yHiBepcanbHOIO
Metoaukow mnobynosu OHK
(muB. n.5.7), 6ymyeMo 3amaHuii KOx
(Tabn. 5.8).

Bynyemo xonmose mepeso, wo
Ma€ BUTIAA, 300paxeHHi Ha
puc. 5.5.

IepesipsieMo yTBOpeHwMit KO Ha
ONTHUMAJIBHICTS, /IS YOTO BU3HAYA-
€MO CEPENIHIO KiIBKICTh elIEMEHTIB,
AKa NpUnajzac Ha OAHy KOMOIHawio
koay Xaddmena:

M, =203 +0,2) + 30,15+ 0,12+ 0,1) + 4- 0,08 + 5 (0,03 + 0,02) =
=1+1,11+0,32+025=2,68<3,

TO6TO KOA ONTHMANBHUH.

33. Po3B’a3aTH NONEPENHIO 3aa4y ISt aHCaMOJI0 TIOBIIOMMEHD 3 iIMOBIp-
Hoctamu 0,07; 0,1; 0,03; 0,05; 0,05; 0,16; 0,08; 0,14; 0,1; 0,1; 0,04; 0,01; 0,03;
0,02; 0,02. :

34. Ilobynysatu nsiiikosuit OHK Xaddmena nns ancam61o noBinoMneHs
3 imoBipHOCcTaMU 0,06; 0,25;0,1; 0,05; 0,2; 0,04; 0,3.

35. [To6ynysartu Tpitixosuit OHK XaddmeHa s ancaM6:110 OB IOMITEHD
3 imoBipHocTamu 0,03; 0,08; 0,055; 0,2; 0,04; 0,07; 0,14; 0,36.

36. Ins ancambmio moBigoMieHs 3 iMoBipHoctamu 0,15; 0,1; 0,05; 0,25;
0,02; 0,03; 0,35 no6ynyeatu asifikosi OHK Illennona — ®ano ta Xadhdme-
Ha, NOPiBHABILH IX 3@ ONTHMAJILHICTIO.

KOHTPOJIbHI SAMUTAHHS

1. SIka pi3sHMUS MK OBIHKOBHMH Ta HeBifKOBUMH KOZaMu?

YuM BiApPI3HAIOTHCA PIBHOMIDHI KOAM Bil HEPIBHOMipHHX?

SIKa pisHMLA MiX MOAITBHUMH TA HEMOAUIBHAMM 6JI0KOBHMH KOAaMH?
S1xa 0co6HUBICT MOOYAOBH CHCTEMATHYHMX MOAUTEHHUX GIOKOBHX KOMIB?
SIxuMH napaMeTpaMH XapakTePU3YIOThCA Koan?

o Take xonoOBa BIACTaHb i WO XapaKTEpU3ye MiHiMaabHa KOJOBA
BICTaHb Koay?

SIk nepeliTH 3 OAHIET CHCTEMH YHMCIIEHHS OO iHIIOT?

SnA W

%

SIxi ocHOBHI omnepaliii BUKOHYIOTBCS Hal eneMenTamu nons GF (9)?
9. JSIki cioco6u BUKOPUCTOBYIOTLCS IS MOJAHHS KOMiB?
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10. Y yomy mosnsirae cnoci6 306paxenHs KoMGiHauii koxy y BULIAM KO-
IoBoro nepesa?

11. Y goMy nonsrae croci6 306paxeHHs koMOiHaLil KoQy y BUTNAAL Teo-
MeTpHYHOI Mozemi?

12. Sxi oco6mmBOCTI MaTpUYHOTrO criocoby noxaHHg komy?

13. UnM pi3iaThCA CHCTEMATHYHA Ta CTATHCTHYHA HAJIMiPHOCTi OBiAOM-
JIeHb 1 KoaiB?

14. Ha mo cpsMoBaHi OCHOBHi TEOpeMH KOJyBAHHS 1A KaHawy 38’ 13Ky?

15. 3 uuM noB’a3aHa HepiBHicTs Kpadra?

16. 1o noBoaATs nNpsAMa Ta obepHeHa TeopeMy KOMyBaHHS?

17. LL{o Take onTHManbHe KOXYyBaHHA?

18. Ha uoMy IpYHTyeThCs Meplua yHiBepcalbHa METONHKa Mo6ynosu
OHK?

19. Ha yoMy IpyHTYEThCS ApYra yHiBepcasibHa MeTomuka nobynosu OHK?

20. Yum pizuatecs OHK Lilennouna — dano Ta Xapdmena?



KOLYBAHHS

roamny) IOBILOMIIEHb

ITosidomnenna, wo nadxodamo 6id nepsicnux dxicepen, AK NPABUNO, KO-
Oytomyca. Kodysanna 3acmocbgyempcs ak Ons cnpouens o6pobnenta nogi-
Oomnens, mak i Ons nideuwenns 3aeadocmisixocmi ix nepedavi no ninisx i
Kananax 36'a3Ky, 0e cnomeopiolomsCs CUZHANM, U0 CHPUNUHIOE NOAEY NOMU-
JI0K y NOBIOOMACHHAX.

Ans kodysanns nosidomnens, ski Ha0xo0amb 3 Oxcepena ingopmayii, Ha
nepwiomy emani (nepgunte o6pobaenns nOIOOMACHD ) EUKOPUCMOBYIOMbCA
nepeunHi Koou, AKi Mawomy Minimanshy Kodosy sidcmans d,.. = 1 i e Mo-
JHCYMb 3aCMOCO8YBAMUCA ORA BUABNEHHS MA BUNPAGNEHHA ROMUNOK. [Ins nio-
suwjerna 3a8adocmitixocmi nepedayi nogidomaeHb BUKOPUCMO8YEMBCA 6MO-
DuHHe KOOY8aHHA KOMBIHAYIil NepeuHHO20 KOOy KOPeKMYBANbHUMU KOOaMy,
WO BUABNAIOMY | BUNPABNAIOMb NOMWIKU.

Y yvomy po3oini posensdaromvcs minvku nepienomipni ma PpigHOMIpHI
NEpEUHHI KOOU, W0 3HATIUY 30CMOCY8aHHS 8 MeXHiyi 38 A3KY, menemexaHiyi,
nepeoaui oanux.

6.1. KNACU®DIKALIS NEPBUHHUX KOAIB

st KonyBaHHS NMOBiZOMIIEHB NPH MiATOTOBLI Ta BBEACHHI Aa-
HMX y CHCTeMHM nepenadi # o6pobnenHs inpopmauii 3actocosy-
I0TBCA, SIK TPABHIIO, IEPBUHHI KOAH, O IKHX HAJIEXATb N-PO3PAIHI
KOJH 3 OCHOBOIO (as1haBiTOM) g, B AKHX BHKOPHUCTOBYIOTHCS BCi ¢”
KOJOBHX KOMOiHaLi 3 MOTYXHICTIO ¢" > N> qrl.

Po3pisusiots nepignomipni Ta pinomipni nepsuuHi komu. 3 nep-
IIMX HaWBIMOMILIMMH € ONTHMAaJIbHI ABiKKoBi komu IlleHHOHa —
®ano Ta Xaddpmena, ki posriaganucs B 1.5.7, a TAKOK IBIHKO-
BUH Kox Mopse [12].

H0 piBHOMIpHUX IEPBHHHUX KOAIB, Ki IIMPOKO 3aCTOCOBYIOTHCS
Ha npakTuui [7, 39, 43], Hanexats pekomennoBani MKKTT (Mix-
HapOJHHIt KOHCYTbTATHUBHHUIH KOMITET 3 Tesierpadii Ta TenedoHii —
Tenep MixHapoauuit Co03 e1eKTPO3B’13Ky) Ta MixkuapoaHoo op-
raisauiero i3 crannaprusauii (ISO) koau: I’ ITHPO3pARHHIA ABiHKO-
BHUi, MDKHapoaHu# craHaapTHUI Tenerpaduuii kon Ne 2 (MTK-2),
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MDKHApOJHUM CeMHPO3PSAHUI CTAHIAPTHMIA IBilikOBM Ko Ne 5
Ul epefaYi AaHUuX. 3 METOIO KOJOBOI CYMICHOCTI €MMHOT CHCTEMHU
EOM y 70-1i poxu XX cT. 6ynu po3pobJieHi CTaHIapTH, NPHHHSTI
cBoro yacy kpainamu Pagu ExonoMiunoi B3aemononomoru, y 38°s-
3Ky 3 4uM 6yJI0 PEKOMEHIOBaHO BUKOPUCTOBYBATH ABIHKOBI KOAH
MiKMaIIMHHOro o6Miny inpopmauiero KOI-7H, KOI-7C,, KOI-8,
kox JAIKOI ms BHYTpiliHbOro 00MiHy inpopmamicro ta kox KITK-12
INst MOIaHHA JaHUX Ha nepdoKapTax.

Kpim nepeniyeHux BHIle, 10 HEPBHHHUX KOAIB HAJIEXATb TAKOXK
KOZM, IO MarTh cneuudiuHe BUKOPHCTaHH:1. Lle piBHOMIpHI ped-
JIEKCHI KOJH, 1O 3aCTOCOBYIOTBCA B TEXHlli aHAJIOrO-UH(POBOro
NMepEeTBOPEHHS | TEICBUMIPIOBAHHI, TA JIBIKOBO-IECATKOBI KO,
1II0 TIOIIMPEHi B CHCTeMax BioOpaxeHHs iHpopmaii a0 BUKOPH-
CTOBYIOThCH SIK IIPOMiXHI npu BBeieHHI B EOM nauux, nogaHux y
JIECATKOBOMY KOJIl.

6.2. HEPIBHOMIPHI IBINKOBI NEPBMHHI KOAN
6.2.1. KOO, MOP3E

Kpim npifikopux OHK Illennona — ®aypo ta Xaddmena, axi no-
CHUTb JOKJIATHO PO3IIISIAIHCS B I 5.7, IO LIbOT'0 Yacy IMHUPOKO 3aCTO-
COBYETBCS HEPIBHOMIpHHI1 (HemoBHMI) Kox Mop3e, koMbiHalii skoro
HepeJaloThCs eNIEMEHTaMU Pi3HOI TPUBATIOCTI (Kpanky Ta Tupe). Lleit
KOJl B OCHOBHOMY BUKOPHCTOBYETHCS VIS Niepeadi tesnerpadHux mo-
BIIOMJIEHB NIPU PaNio3B’ 3Ky 3 MOPCHKHMH CYJHaMH, F€0JIOrOpo3Bi-
JYBaJIbHUMH Ta NMOUTYKOBUMH MAPTisIMHU, TIOJISPHUMM CTAHIISAMH.

CrnouaTky Ko Mopse 6y110 po3po6iieHo [uis TIaTHHCHKOTO asida-
BiTY 3 ypaxyBaHHSAM 4aCTOTH MOSBU OKPEMUX Jiitep y Tekcti. [Ipu
nepexozi 40 yKpaiHCbKoOro anasiTy HeoOXiqHO 30LMBIIKUTH Kiib-
KiCTb KOJOBHX KOMOIHaLi#, 1106 MOXHa OYJ10 NepenaBaTH JITEPH,
SIKi HE MaIOTh aHAJIOTIB Y IJATHHCHKOMY andasiTi (1w, 11, s TOLO).

o nepesar xony Mop3e (Tabu. 6.1) ciig 3apaxysaTu #oro npo-
CTOTY, JIETKICTb 3aI1aM’ITOBYBaHHS, MOXJ/IUBICTh Bi3yaJIbHOTO IpHii-

Tabauys 6.1
Jlirepu andasitis .
H : . H .
mfng Haiyo- Kowm6ina- x(?:gi‘-’ udpu, Kombiua-
.. |HaJIbHO- [TATHHCE- s SHAKH uis
HaWl o (ygp/| KOro Hauii
poc.)
1 A A - 32 1 ————
1) B - 33 2 ——
3 B w - 34 3 -

113



3axinuenns maba. 6.1

Jlirepu andasitis
I:fxf;? Hamio- | | KowGina- i{;:gf Uugpn, Kombita-
.. |HaJbHO- b- nis 3HAKH uis
Hauil Hauii
ro (ykp./| Koro
poc.)

4 r G - 35 4 -

s H D _ 36 5 e

6 E E 37 6 -

7 K v - 38 7 -

8 3 Z - 39 8 -

9 I ;71 U I :(1) g -———-
10 J B et | 2 S I it
11 K K - 42 Kpanka |- --
12 I L R 43 Kpanka 3 komo10|—* — -+
13 M M - 44 Koma te—e—
14 H N — 45 Jlanxu R
15 0 0O - 46 JBoxpanka ———
16 H P .. :'8] ‘;! PRI
17 P R c—- ! -
18 C S 49 Anocrpod P——— -
19 T T _ 50 T"pe —_— e a
20 vy U e 51 | Ayxkn —-—-
21 o) F cels 52 Einxpecnennx e
22 X H 53 2 -
23 I C ——- 54 Yekatn e
24 y _ 55 3po3ymiB = |-—-—~- -
25 I —— 56 '|Hdpobosa pucka |-----
26 111 _——— 57 3nak noainy —
27 b/B X . 58 Hepeﬁlﬁ ........
28 /bl ——— 59 INoyaTok
29 10 oo nepeaayi —r——
30 A - -

31 €/3 E ~

MaHH# Ta NpUHMAaHHA Ha CITyX, A0 HEOOMIKIB — HEOOXIAHICTD AEKO-
IyBaHHs TEKCTY Iepel BDYYEHHAM CIIOXHBAYEB], @ TAKOXK HaaMIp-
HicTb. KpiM TOTO, 11€#i KO He BpaxoBye OCOONMBOCTE! yKpaTHCHKOI
MOBH, TOOTO 4acTOTY IOSIBH JIiTEP B YKPATHCbKOMY TEKCTi.

6.2.2. YACNO-IMNYNbCHI KOAW

¥ uucno- iMI‘IyJ’II:CHOMy KOZi, IKHI LLIe MA€E HA3BY 0OUHUYHO-0eCAm-
k08020 [34], KOXHMI PO3PAN NECATKOBOTO YHCIA 3aIHCYETHCS y
BHIJISUAL BIAMOBIAHOL KUTBKOCTI OMMHULB. [l MOXIMBOCTI MPUH-
MaHH4 iX mpuiiMadyeM OKpeMi po3psau KOXOBHX KOMOiHawLii Bino-
KPeMIIIOIOThCA iHTepBanamMu. Ko He € piBHOMIpHHMM, X04a MOXeE
OyTH nepeTBOpEHHH Ha PIBHOMIPHMI JOMHUCYBAHHSIM Y KOXHiH KOM-
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Ginallii 37iBa HyJIiB U151 3aNIOBHEHHS 3arabHOI KUTBKOCTI X eJleMeH-
TiB 710 10. Tak, 3anuc gecsTkoBoro uncna 45 mae Burism 1111, 11111
(y BapiaHTi piBHOMIpDHOI'O YHC/IO-IMITYILCHOTO KOAY 1I€ YMCIIO 3a-
nicyerbes Tak: 0000001111, 0000011111).

6.3. PIBHOMIPHI ABIVKOBI NEPBUHHI KOAM

I_Il KOJIM HIMPOKO 3aCTOCOBYIOTBCS 11 nepenatn Tenerpaqmnx
MIOBIIOMIIEH i JaHHX, a plSHSITbCﬂ BOHHU KUIBKICTIO €JI€EMEHTIB, 3
SAKUX CKIaHaloThCsl KOAOBI KOMOiHalil, Ta KOMOIHAIIAMY LIHX efe-
MEHTIB.

6.3.1. Y4CNOBI ABINKOBI KOAM

VY uMx Kofax, [Ki 1€ Ha3UBAIOTHCA NPOCMUMU, BCI TIOBIIOMJIEH-
Hst HYMEPYIOTECS [TOPAIKOBOIO MOCIIiNOBHICTIO B ABINKOBIM cucTeMi
YMCIIEHHS, 110 YTBOPIOE iXHiH ABiHikoBuit kox. KinpkicTs koMbina-
Ui aBiiikoBoro komy N = 2", TO6TO [1s 3aNUCy B ABIKOBOMY KO
N nosioMiieHs Tpeba MaTH n PO3psiB: n = log, N, ne n— nine
YUCTIO.

VY uncoBMX ABIIKOBHX KOZAX BUKOPUCTOBYIOThCS BC MOXITUBL
KoMOiHauii (N, = N) TOMY Lii KOAH € 6e3HaI[M1pHHMH Ta 3aBaJIOHe-
3aXHIICHUMH, a MiHIMaJbHa KOIOBA BiCTaHb y HuX d,, = 1.

Mixxnapoauuii Tesrerpadunii kox. JIns BUKODHCTaHHs B Tenerpag-
Hux anapatax MKKTT pexomennyerscst MbkHapoauuii Tenerpad-

Tabnuys 6.2
E(?:gf - - Pericrp KombGinaniss -
Hauii Ha?;g:f;‘:g"" naTHHChKMH | unbpoBHii
1 T T 5 00001
2 IMoBepHeHHA KapeTku 00010
3 0 9 00011
4 ITpo6in 00100
5 . X H 10§ 00101
6 H N s 00110
7 M M . 00111
8 INepeBenenHs psaoka 01000
9 JI L ) 01001
10 P R 4 - 01010
11 r G A 01011
12 I/'n I 8 01100
13 I1 P (6] 01101
14 I C : 01110
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3axinuenns mabn. 6.2

Perictp L.
Eg:‘;? HaliOHaNbHUH : KomGinauia

Haii (yp/poc) NaTHHCEKMI | umdpoBHit

15 X v .= 01111
16 E E 3 10000
17 3 Z + 10001
18 pi § D XTo Tam? 10010
19 b B ? 10011
20 C S Arnoctpod 10100
21 /bl Y 6 10101
22 o) F €/9 10110
23 b X / : 10111
24 A A - 11000
25 B w 2 11001
26 2 ] 10 11010
27 Lindposuii perictp ' 11011
28 Y U 7 © 11100
29 Aa 0 1 11101
30 K K ( 11110
31 JlaTuHCBKHIT pericTp 11111
32 |HauioHansHwuii pericrp. 00000

Huit koa Ne 2 (Tabi1. 6.2). Y upoMy I’ ITHEIEMEHTHOMY Kozi 3 32 KOM-
6iHauiit 29 3acTOCOBYIOThCS VIS IIEpeaayi JiTep, Ludp, po3AUIOBHX i
CITy>kOOBHUX 3HAKIiB Y TPbOX PETiCTPaXx (JIaTHHCHKOMY, HAalliOHAJIBHOMY,
1ppoBOMY), IS AKHX TIPU3HAYEHO PEIUTY KOIOBUX KOMOIHALIH.

¥V 3B’43KY 3 THUM IO NPY CIIOTBOPEHH] KOXOBOI KoMOiHaii, sKxa
BiAnoBinae ajipaBiTHOMY pericrpy (JJaTHHCHKOMY, HalliOHANIbHOMY),
BCA TOCIIAOBHICTh KOMOIHALIM, IO NIepeAacThCs ICIs Hel, AeKo-
JYETHCS] HENIPABWIBHO, JUIS IEPEMHKAHHSA PETiCTPiB BUOMPAIOTHCH
KoMbOiHauii, HaibinbIn 3axuineHi Big Oii 3aBaj (JIATHHCBKUI pe-
rictp — 11111, Hauionansuuii perictp — 00000).

Koan ans nepenaln JaHUX T2 0OMiny mq)opmaulcm. Ipu nepenaql
IAHMX, KPIM JIiTep, IM(PPOBHUX, apUPMETHUIHHX i CTTyKOOBHX 3HAKIB
MmcHaponHoro Tenerpa(bnoro xony Ne 2, HeoO6XiHO nepeaBaTy
TaKOX He TUIbKM MaJl, a i Benuki JiitepH, JOAATKOBI PO3ALIOBI,
ciyx60Bi Ta Kepyioui 3Haku. Po3poGienuit s wiel MeTH MikHa-
POAHMIT CeMUPO3pAIHUI cTaHAaPTHHH Kog Ne 5 (Tabmn. 6.3), skui
PEKOMEHIOBaHO AJ1A nepenayi Ta oopobienns indopmauii, noby-
JOBAHO Tak, 1100 6ynb-aKui 3HAK HOro KOJOBOI TabnuLi MOXKHa
BiIOOpa3sUTH CEMHUEIEMEHTHOIO MOCTIIOBHICTIO, SIKa MICTHTh TPHU
cTapiui po3psAay, WO BiANOBIAAIOTh CTOBIILIO d;dds, i YOTHPU MO-
7011 PO3PSIHM, AKi BiINOBINAIOT PANKY @,a,a,a, (HAaNPHUKIaZ, Jii-
Tepi B Bignoeinae koposa nocnigosHicts 1000010). ITpu upomy B
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Tabauys 6.3

[0 0 0 (O T ST N
> 0 0 1 1JojJol1}l1
l.————> 0 1 o /I o 1] o 1
lalaslas|as|az]a;]a Ne 0 1 2 314151617
olojolo 0 NUL (TC7)OLE |Spacej0 |@ | PN | p
ololol 1 |(TC,) SOH DC, | 1 t]AlQJalgqg
olol1]l0 2 {{1C;) STX DC, * 21 BjR]Db r
R ERE 3 [(TC;) ETX DC, #£]3[C|S|c]s
0({1]0[0 4 I(TC,) EOT DC, $ |4lDfT[d]t
of1410]1 5 J(TC) ENQI(TCNACK] % [5[EfUlefu
ofi1l1]0 6 |(TC.) ACK|(TCo)SYNC] & T6TFivIflv
[ ENERE 7 BEL (CEmBY 7/ |71GIwlglw
110{0]0 8 | (FE)) BS CAN C [81H [ XTh]x
1Jolo]1 9 | (FE,) HT EM ) {9l v {Y[ily
I E 10| (FE,) LF SuUB * 1JdlzZ[ilz

1101141 11] (FEa) VT ESC + i IKI[Tk

1111010 12| (FE,) FF | (I1S,) FS , <| L 1

11101 131 (FE;) CR | (IS;) GS — |=IM]1]lm

111j140 14 SO (1S,) RS . S>INIAln]l
114111 15 S) (1S,) US 7 {210 ]-1 o0 |DOEL

pa3i HeoOXiTHOCTI MPOCTUM BUKJTIOYEHHIM CTapIIHX pO3psIiB MOX-
Ha JiCTaTH NiIMHOXHHHM KOMGiHaLii MEHIIO PO3PSIHOCTI.

Lleit xon y CILIA BuxopucToByeThes mi Hazsoro koay ASCII
(abo USASCII) six 3aci6 B3aemonii 3 EOM. Bin nae 3mory neperso-
PIOBATH MAIIMHHI JaHi, 3aMCaHi B ABIHKOBOMY KO, Ha 3BUYANHI
3HAKM. (YMCNIa, JITEPH), sIKi MOXKHA PO3JPYKYBaTH Ta BUBECTH Ha
tepminan. OcKibku BOCbMUOGITOBI KoM 3acTocoByioThes B EOM
3HAYHO YacTile, Hix ceMubiToBi, B koai ASCII-8 BocsMuii (xpaii-
Hiii J1iBHi1) 6T BUKOPUCTOBYETHCA SIK 6iT napHOoCTi (1 — AKILO paBi
ciM GiTiB CKNIafalOTh HeMapHe YUCIO ONMHULB i 0 — IIpH TapHOMY
iX uMCITi JUIA TIepeBipKH NTPpaBUIBHOCTI Nepenayi qanux. [py Buss-
JIleHHI MOMMJIKH KOPUCTYBauyeBi BUAAETHCS MOBiOMIeHHs Parity
Error — nmoMusxa napHocTi). : : :

MixHaponuuit cranfapTHHi ko Ne 5 roriyno Mosxe 6yTH noai-
JIeHHMit Ha YoTHPH 30HH. o nepioi 301U (kooHkH 0, 1) HanexaTs
(yHKIiOHANBHI CHMBOIH, 32 BUHATKOM cumBony DEL (BuTnpaH-
H#, nepebiit), [s SKOro BiIBEIEHO OCTAHHE Micue (xoMOiHanis
1111111). OcHoBHa yacTUHA GYHKUIOHATBHUX CUMBONIB L€l 30HH
MOJINSAETHCA HA YOTHPH TPYIIH: :

« Nepilia — JUIs KEpyBaHHs nepeaadelo inpopmauii o kaHamax
38’s13ky (TC,... TC,p);

« npyra — anis kepyBanss gpykoM (FE,... FEs);

« TpeTsi — JUIs kepyBaHHs Kinuesumu npuctposmu (DC,... DC));

« YeTBepTa — 15 pO3AUIbHMKIB iHdopmanii (IS,... IS,).

Ilepuia rpyna MiCTUTh CUMBOJIH 3B’ 513Ky U KEpyBaHHs nepena-
yelo iHpopManil o KaHanax 3B’a3Ky. Bonu MaloTh ABa NpH3Ha-
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HCHHS: BUKOPHCTOBYIOThCS ULt OGpaMIIEHHs OBIOOMIIEHHS Y GOp-
MaT, SKHH JIETKO PO3Mi3HAETECS, 260 B MOCIIHOBHICTD, KA MOXE
06POGIATHCS CNOXUBAYEM; 3aCTOCOBYIOTBCS U KEPYBaHH Nepe-
Jla4yero JaHUX Yy MEPEXi.

Sk BinOMO, TekcT — ue iHdOpMaUifHMil 3MICT NOBIXOMIIEHHS.
SK1o BOHO ocHTE TpHBalle, TO HOTO, SIK MPABUIIO, PO3GHBAIOTH Ha
KijibKa 60KiB, AKi EpeNaloTh OMH 32 OJHUM IO JiHii 3B’53Ky. 3a-
JIeXHO BiZl CHCTEMH, L0 BUKOPHCTOBYETBCS IS Tlepeniayi, repes 6110-
KaMH MOXe OyTH 3aroJI0BOK, IKHii TOBMHEH MaTH aPECHY Ta Kepy-
104y iHpOpMallilo, 110 CYIIPOBOMXKYE TEKCT MOBIZOMIIEHHS. 3aroo-
BOK MO>€ MICTHTH BiIOMOCTI IIPO IPiOPHTET ITOBiIOMIICHHS, nary
Ta 4ac Joro BIANpaBlIEHHs, ineHTHOIKATOp NiHil 3B’43KY, MO SKil
TNIEPENAETECA NIOBIIOMIEHHS, BITOMOCTI 1IPO CTYMiHb CEKPETHOCTI
Tomo. OTXe, B 3aroloBKy NOAAKOTHCA BIIOMOCTI TIPO Te, 5K MOBi-
AOMJIEHHS Ma€ 06POGIATHCA HA IUIAXY Bifl [Kepesia A0 OfepKyBaya.

PiuieHHs 1po BUKOPHCTaHHS 3ar0/I0BKa ITOBIXOMIIEHHS, 2 TAKOXK
HOro 3MICT NpHUHMAETLCSI Ha OCHOBI XapaKTEPUCTUK KOHKPETHOI
CHCTEMH Iepe/layi JaHUX i MporpamMHoro 3abesneyeHHs. SIKILO no-
BIIOMJICHHS MiCTHTb, HAIIPHKJIA, YOTHPU GIIOKH TEKCTY, TO nep-
1IMii HOro 6JI0K NepeNaeThes i3 3aroOBKOM, y SKOMY MOAAIOTHCS
HEeOOXi/tHi XapaKTEPHCTHKH MOBIIOMIIEHHS, 2 BCI HACTYIHI 610KU
[epenaroThCs 6e3 3arojioBKa.

Po3rnsHeMo npu3HaYeHHs OKPEMHX CHMBOIIB 3B’13Ky Oinbin
JOKJIA/HO. :

Ilepwa 2pyna. Cumson TC, (1o4aTOK 3aroiioBKa) BHKOPHCTO-
BYETBCH SIK NEPIUHI CHMBOJI 3aroJIoBKa iHopMaliiiHoro nosigom-
JIEHHS 1 IOBIAOMIISIE OJEPXKYBaya, IO iHdopMaLis, sKa NoAacThCs
MiCJIs HBOTO, MA€E IHTEPIPETYBATHCS (TIYMAUYHTHCS) SIK 3aTONIOBOK
MOBIXOMJICHHS.

Anarnoriuno cumBon TC, (1104aTok TekcTy) PO3MILIYETHCA Ha
TIOYATKY TEKCTY 1 3aCTOCOBYETHCSA [UISl [IO3HAYEHHS KiHLIA 3arOIOBKa,
a TaKOX IOKa3ye, Wo iHGopMallis, SKa MOAAETHCA MICIS HbOTO, €
TEKCTOM NOBIIOMIICHHS.

Cumon TC, (xiHewb TeKCTY) nepenacThes B KiHLi TEKCTY i 03Ha-
4ag, L0 NOBiXOMIEHHA OyI0 EPeJaHO TOBHICTIO. :

Cumson TC, (xixeus nepenadi) BUKOPUCTOBYETHCS [UIS 3a3Ha-
YEeHHs KiHLA nepefayi OXHOro a6o KibKoX TEKCTiB.

Cumson TC (XTO TaM?) 3aCTOCOBYETLCS UTA 3aNUTY BiANOBiAi
BiIIaJIEHO] CTaHIii, MPUYOMyY BiANOBiIbL MOXeE MICTHTH ineHTHGi-
KaTop i CTaTyC CTaHii.

Cnmeon TC (minTBepIKeHH ) IEPEAAETHLCS MPUIAMAYEM K T
TBEPIDKEHHS NIPUHOMY 3alIMTy NepeaaBaya.

Cumeon TC, (nepiumit aBTOPETiCTp) BAKOPUCTOBYETBCS [U1s po3-
UIMPEHHs! (pYHKUIH KepyBaHHS Nepefayero JAHUX; IPH LbOMY BiH
3MiHIOE 3HAYEHHS OOMEXEHOI KiTbKOCTI CHMBOJIIB, fKi NepenarTh-

118



cs1 6e3nocepeaHBO 3a HUM. J{0 LIMX CUMBOIIB MOXYTh HaJIEXaTH TUlb-
k¥ rpadiyHi CUMBOJIY T2 CUMBOIIH 3B’S3KY.

Cumson TCg (HeraTMBHA KBUTAHLIs) MePeAaEThCS npuiiMayeM
SK HeraTMBHA BIATIOBiIb IEpeAaBavy.

Cumson TC, (CHHXPOHi3a11ifl) 3aCTOCOBYETCS B CHHXPOHHHX CH-
cTemax nepeaadi 3a BiacyTHocTi iHhopMaLiAHMX CUMBOJIIB IS BCTa-
HOBJICHHS Ta MIATPMMKM CHHXPOHI3aLii KiHIIEBOTO YCTaTKYBAHHS.

Cumson TC,, (kiHews 610Ka) BAKOPHUCTOBYETBCA U1 3a3HAYCHHA
KiHIs 6J10Ka TOMI, KO AaHi, IO NepeJaloThCs, po36MBalOThCH Ha
6moku. :

3a3Ha4KMO, L0 B JAKMX CHCTEMAX MPH nepeaadi 6aratobyioxo-
soro nosinomienns cumpol TC, (KiHelb TeKCTy) Ma€ OyTH B KiHLi
KOXHOTO 610K Uls TOTO, 06 oepxyBay Mir CKIacTH 3 6J10kiB
IIOBHE MOBIJOMJIEHHS.

JIpyza zpyna. J10 i€l rpyny HajeXaTb CHMBOJIH KEpyBaHHS ApY-
KOM, sIKi BAKOPHCTOBYIOTBCS TIpH po3MillieHHi indopmatti Ha Apy-
KOBAaHOMY apKyllli a60 Ha eKpaHi PUCTPOIO Bi3yalbHOro 300pa-
sKEHHS 3 METOIO TIOJIETIIEHHA CIPUAHATTA Nauux. [lepmmit cumBon
FE, (moBepHEHHS Ha KPOK) BiZITIOBiNa€ NOBEPHEHHIO Ha KPOK i Aa€
3MOTy MOBEPHYTH OJOBKY NMPHCTPOIO PYKY Ha ONMH KPOK Ha3a.
JIns pUCTPOIB Bi3yaJIbHOTO 300paXKeHH s 11ei CHMBOJI O3HAYAE Ie-
peBelIeHHs TOKAXKYHKA Ha OJIHY TMO3HLIIO JIIBOPYY.

Cumson FE, (ropusonTanbHa Tabynsiuis) Jae 3MOry MIEPEMICTHTH
FOJIOBKY JPYKY B 3a/1aHE NOJI0XKEHHS B TOPU3OHTAJIBHOMY HaNpsM-
ky; cumsoi FE, (nepeBeneHHs psaaka) — B T€ CaMe MOJIOXKEHHA B
HacTynHoMy psky; cumBon FE, (BepTuxasibHa TaOynsLis) — B TE
caMe MOJIOXKEHHS Yepe3 KiIbKa PAAKiB y MEXaX OMHIE] CTOPIHKH;
cumson FE, (nepesenenns Gpopmaty) — B T€ CaM€ MOJIOKEHHSA Ha
3YMOBIJIEHOMY PSIKY Ha iHili# cTopiHLi; cumBoa FE (TIOBEpHEHHS
KapeTKH) — B [I0YATKOBE TIOJIOXKEHHS psaKa.

Tpems zpyna. J10 Ui€] rpyny HaNieXaTh CHMBOJIH KEPYBaHHS IIPH-
CTPOSMH, 10 BCTRHOBMIOIOTH (isuuni dyHkuil Ha TepMinani. Tax,
cumpost DC, npu3HaueHnit 1l PUEHAHHS 10 TEPMIHATy KaceT-
HOro Hakonuuysaya; ciMBos DC, — Jijis BAMMKaHHS IIbOTO HAKO-
nuuyBaya; cuMBon DC, — u1s BUBeaeHHs iHdopMaLii 3 IPHCTPOIO
Bi3yAIbHOTO BiIO6PaXKEHHS Ha JIOTIOMDKHHUIA IPUCTPIi APYKY, 8 CUM-
Bon DC, — st 6/10KyBaHHs IPUCTPOIO Bi3yaIbHOTO 300paxeHHs,
1106 ONEpaTop He 3MIr BUBECTH 3 HBOTO JaHi.

Yemesepma zpyna. L1s rpyna CHMBOJIB Ma€ YOTHPH PO3ALTBHUKH
indopMmaliii, MpH3HAUeHi IS JIOTIYHOrO PO3MEXOBYBaHHs iH(OP-
Mallii 3 MeTolo noJeruenHs ii 06poonenns na EOM. Tak, cuMBox
IS, BUKOPUCTOBYETHCS AT PO3MEXOBYBAHHS HafMeHIIoro obcary
indopmauii i HA3UBAETHCS PO3VITLHUKOM 00UHUYL; CUMBOI IS, —
JUTs PO3MEXOBYBAHHA MArpyn ingopmauii, siki MOXYTh MICTHTH
KibKa OJXMHHIIb; CAMBOJI IS; — /U1 pO3MEKOBYBAHHS MIATPYII iH-
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dopmaltii, sKi MOXYTE CKIamaTHCS 3 KiIbKOX NiArpyn, a CUMBOJN
IS, — ana posmexosysanus daitnis, sxi MOXYTb MICTUTH KiJIbKa
rpyn ingopMarii. .

Pewrty 30H Tabun. 6.3 3aituaro rpadiunumu 3uakamn. 1i apyry
30HY (KOJIOHKM 2, 3) BUAINEHO MIA CIieLiafibHMX MaTeMATHIHMX
3HAKIB, 2 TAKOX 3HAKIB ITHKTyaLii Ta uudp. Y ABOX OCTaHHIX 30HAX
ui€i TabaMLi po3MIiILYIOTECS BETHKI i MasTi 1aTHHCHKI JiTepw Bigmno-
BIZIHO /IO BUMOT JIeKCHKO-rpad)iuHOi BIOPSAKOBAHOCTI (nonoxen-
Hsl Hp, 3HAKIB MyHKTYawii Ta npobiny Takox BHOpaHO 3 ypaxy-
BaHHAM LMX BUMOT). TyT 3HaX0nAThCA U yCi pe3epBHi Mo3umii.

3unak «IIpobin» («Space») He APYKYETbCS, ajie HAJIEKUTDL [0 YHU-
cna rpaivHuX i 3aCTOCOBYEThCA ANA MOALTY CIiB i NepeMillieHHs
TNO3H LI ADYKY HAa OHH KPOK ynepen. udpu xonyroTecs 3Buvaii-
HUM JBifikoBUM konoM. [To6ynosa YOTHPHUPO3PATHUX KOMOiHaLii
AN HUX BUKOHYETBCA BiKMAAHHAM TPBOX CTAPLIMX PO3PSIB.

€ 1Ba METONU NIEKONyBAHHS 3HAKIB Y MDKXHApOJHOMY CTaHAAPT-
HoMmy koxi Ne 5. ITo-nepue, MoxHa 3aCTOCyBaTH iX IBifiKOBe mo-
AaHHs (HanmpHKnaz, nocnigoesicts 1010100 sigmosinae 3Haky T).
THILMI METOA MONArae y BHKOPUCTAHHI HOMeiB PSAKIB i CTOBILIB
A7 OTHO3HAYHOTO BU3HAYEHHS! KOHKPETHOrO 3HaKa (HANPMKIIaz,
3anuc 5/04 BinnosizaTHMe TOMy caMoMy 3HaKy T, IKUil 3HAXOOUTh-
Cs1 y I’ITOMY CTOBIIIIi Ta YETBEPTOMY PANKY).

Bincytuicts y posrnsgysanomy koxi 3Hakis, siki Bixmosiganu 6
HauioHaJIbHOMY asiaBiTy (B TOMy pasi, KOJH BiH BiAPI3HAECTHCS Bif
NATMHCBKOTO) HE [1a€ 3MOTH IIMPOKO BMKODUCTOBYBATH HOTO y
KpaiHax 3 HEJIATHHCHKUMH andaBiTaMu, B TOMY 4YHCHi ¥ ¥ HaLii
kpaiHi. ToMy Ha ocHOBI MiXxHapoaHOroO CTaHAApTHOro Koy Ne 5
6yno pospobneno kox [12, 43], B sixoMy BpaxoBaHO OCOGIMBOCTI
HauioHaneHOro andasity (Tab. 6.4). Y ueit xox yBeneHo Hauio-
HaIbHHHA PericTp (yKpaiHChkuit). 3py4HicTh BHKOPHCTaHHS TaKOTO
CEMHPO3PAIHOIO KOAY B CHCTEMax Nepeaadi JaHuX MOJISrae B Ipo-
CTOTI IIEPETBOPEHHS HOTO Ha BOCLMUPO3PSIHHMIA KO 3 NEPEBIPKOIO
Ha TapHICT, IO Ja€ 3MOTy MiABULIKATH 3aBaf0CTIAKICTD nepenayi
indopmaii 1o kaHanax i3 3aBagamu.

IMonanbiumit po3BUTOK KOMIB OGUHCIIOBATIBHHX MAILMUH i anapa-
TYPH Nepeiayi TaHKX 0B’ I3aHMIA 3i CIIBPOGITHALITEOM y 70-1i poxnu
XX cr. kpain Panu Exonomiunoi Baaemomonomoru y cepi po3pob-
KH Ta BIOCKOHAJIEHHs! OGUHCIIOBANILHOI TEXHIKH, 3aBIsSKH YOMY 6YII0
PO3po6IIeHO i BIIPOBaIXEHO KOMILIEKS NMPOrpaMHO-CYMICHHX 06uHu-
CIIIOBAJIBHUX MALIHH TPEThOTO NOKOMiHHA — €nuHoi cucremu EOM.

Onxumu i3 3ac06iB 3a6e3neuenns ix CyMiCHOCTI € npuithsti pop-
Ma Ta popMmaTH nonaHHs naHux. CTPYKTYPHOIO ONHHHUIEIO TYT BH-
CTynae BocbMubiTHuii 6aiit. [pu upomy BHUKOPHCTOBYIOThCS TaKi
xomu: KOI-71 KOI-8 — mist o6miny indopmaniero; KITK-12 — s
nojnanHs nanux Ha nepdokaprax; JKOI — BHyTpimHiii.
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Kon KOI-7 po3pobneHo Ha OCHOBI CeMMPO3PSAHOTO CTAHAAPT-
Horo kony [12,43], B AkOMy BpaxOBaHO BUMOTH Mi)KHapom-xoro CTaH-
napry ICO MC 646. Cemupospsanuit kon KOI-7H,, mictuts 128
3HaKiB MiKHApOJHOTO angasiTHO-UNPpOBOrO Ha60py Innexc «0»
y no3nauenni H, yka3ye Micue 1poro KoMy ripu nepexonysax-ml fioro
B xon KOI-8: BiH po3MiimyeTscs B jiBii yacTHHI KO}IOBOI Tabauui
KOI-8. ITpu nsomy crapuum 6yne po3psn 0.

CeMHpoapsm}mn ko KOI-7H, Takox MicTuTb 128 3HakiB: y cToBn-
usx 0... 3 po3MilyoTeCs CHMBOJIH LIO BiITIOBIJAIOTH 3HAKAM KoJ10-
BOL TaGJmm KOI-7H,, a B croBnusx 4...7 — BeNMKi Ta Mai Jmepn
HauioHanbHoro andasity. Inaekc «1» y osHayeHsi H] ykasye Micue
LI-0r0 KOy MpH nepexonysaum #oro B ko KOI-8: BiH po3Milyerscs
B ITpaBiii yacTuHi konosoi Tabnuui KOI-8 nix BockMuM pospsaom 1.

CeMHposp;mHHn kon KOI-7C, mictuts 32 xonoBi kombinauii mis
nepezadi J0AaTKOBHX Kepyxoqnx 3HakiB. Ingexc «1» y mosHaueHHi
G yKasye Miclie Lboro KOy NpH nepelconyBaHm #ioro B xox KOI-8:
BiH PO3MILIY€THCS B NPaBiii yacTuHi Kog0Boi Tabmuui KOI-8 nix Bock-
MMM PO3DALOM 1.

k1o nig yac 3anucy mq)opmauu B MTOCJIIIOBHOCTI KOJOBAHUX
3HaKIB HCO6X111HO BHKOHATH Nepexia BlIl xony KOI-7H0 0 KOOy
KOI-7H, i HaBnaky, TO MOAAKOTHCA CrielialIbHI KOXOBI KOMOGiHALL:
«BHX» — 0001110 Ta «BX» — 0001111. BigcyTHiCTh Ha MOYaTKy
TEKCTY Kepyloyux 3HakiB «BUX» i «BX» piBHO3HAYHO HAasiBHOCTI
TaM KEpyro4oro 31axka «BX».

Komu KOI-7H,, KOI-7H, i KOI-7C, natoth 3MOry JONOBHIOBATH iX
BOCbMHMM DPO3DANOM IS BUSIBIIEHHS TIOMMJIOK B m(l)opmauu e po-
6UTBCS EPEBIpKOIO Ha TIapHICTH CeMMPO3PSAAHOI KOZOBOT KoMOiHaLLii.

CyKynHICTh Ha3BaHUX KOAIB 3 JOJaTKOBMM BOCBMHM PO3PSIOM
y Ko1oBi# koMbiHaLi] yTBOpIOE BOCbMHUpO3psaanuii kox KOI-8.

Agivixosuit kon JKOI nns o6po6nenns indopmauii pozpobie-
HO Ha OCHOBIi YHiBEPCaJIbHOrO Mi)KHapOIIHOI‘O xony EBCDIC
(Exended Binary Disimal Interchage Code) i3 BkIro4eHHAM niTep
HauioHanbHoro andasiry [43].

Kon KIIK-12 nns nepdokapt [43] npusHaueHuii s 3aHeCeHH
iHpopmauii Ha 12-no3uuiiini nepdoKapTH NMPUCTPOIB HiArOTOBKH
BBEICHHS-BUBEACHHA AaHUX. BiH MicTuTh 256 KomoBUX KOMOiHa-
1i#, Ki 6yyIOThCA HAa OCHOBI MaTpuui 16 X 16. V xomosiii TaGnuui
BUKJIIOYEHO JITEPH HALLOHANBHOTO aji(aBiTy, O MAIOTh OAHAKO-
Be€ HanucaHHs 3 TaTHHCbKUMH (Hanpukinan C, K, P ra in.).

6.3.2. ABINKOBO-AECATKOBI KOOu

V nBilikoBo-znecaTkoBoMy komi (JJIK) koxuuit pospsan aecsr-
KOBOTI'O YHCJIa 3aIIMCY€EThCS Y BUTTIANI YOTUPUPO3PSAAHOTO ABiiiKO-
BOTO YKcNa (TeTpajn), 1o gae 3Mory chopmysaTH 24 = 16 konoBHx
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koMGinaniit. Yepes Te, 10 B JECATKOBIH CHCTEM] YUCIEHHS BUKO-
pucrosyerscs 10 nudp, wictk koMOiHALN € HAAMIPHUMH i, SIK Ha-
crninok, Bubip 10 kombinauii /1K, saKi 3acTOCOBYIOTBCSA 1 HOTO
nobymnosu, Mae 16!6! = 2 - 9 - 10'° BapianTis [12].

Yei AAK MoxHA NOAUTHTH Ha 6a206i TA Hea208i, Ie BATOK0 KOX-
HOTO pO3psANy ABIKOBOrO 4YHMCia € I eKBIBAJIEHT Y AECATKOBiH
cucteMi yncienHs. ITincyMoByIouM Bary BCiXx YOTHPHOX PO3PALIB,
JICTaloTh HUPPY AECATKOBOTO YUCHA. Baeomum Ha3UBaETHCS TAKUIA
AJOK, B sKOMy Bara KOXHOTO pO3pARY A Bcix 10 koMOGiHaliiii 3a-
JIMILAETHCS CTaNO00. BynyeThes BiH 3 ypaxyBaHHSM TaKHX YMOB:

« Bara HaiiMeHIIOro po3psiay ¢, AOPiBHIOE 1;

« Bara APyroro 3a MiHIMaJIbHHM 3HAUEHHSM pO3pALdY ¢, MOXKeE
nopieHoBaTH 1 abo 2;

* Bara, 1O BIINOBIAA€E OCTAHHIM JBOM PO3pAIaM g; Ta g, KOAY;
niaGupaeTbes Tak, mob cyMa ix 6yna 6inbuioo abo nopiBHIOBaIA
IIECTH (AKLIO g, = 2) ui CeMH (AKWIO ¢, = 1).

3rigHo 3 uuM MoxHa aicratu 17 Bapiantis JJIK 3 nogaTtHolo Ba-
roto pospsais (Tabmn. 6.5). Kpim xony 8 4 2 1, pemrra 16 koniB He
MalOTh OJHO3HAYHOCTI B 300pakeHHI IeCATKOBHX 4ucen. Tak, kox
332 1 gae 3mory 3anucaty unudpy S y asiiikosiit popmi sik 1010 abo
0110.

B inmux JJJIK Bara okpeMux po3psmiB Moxe O6yTH JONAaTHOIO
abo Bix’emHol0 (Tab1. 6.6) [30].

3anexHo BiJ KOY, 10 BUKOPHCTOBYETLCS, KOXKHA 3 AECATKOBHX
uudp Moxe 6yTH noJaHa OfHIEIO 3 KOMOiHALIH YOTHPHOX ABIHKO-
Bux eyeMenTiB. Tak, uuppa 7 y JJK 6 4 -2 —1 3 nonaTHuMHU Ta
BII'EMHHMMH YHUCIAaMH 3aMUCYEThes K 1111, a B komi 4 4 3 2 — sk
1010-a60 0110.

Bubip Toro uu iHmoro JAK 3ainexuTh Biff KOHKPETHHX YMOB
iforo 3acrocyBaHHs Ta 3py4HocTi peanmizauii. JJK mupoko BUKO-
PHCTOBYIOTHCSH ¥ BUMIPIOBAJIBHUX IPHCTPOSX, A€ BUMIPIOBaHHU Na-
paMeTp Mac€ BiITBOPIOBATUCS Ha LUGPOBUX IHIAUKATOPAX.

Tabauys 6.5

Ne Bara po3psanis No Bara pospsnis

Pt gl gy | & | 4 [[™)] @ | 4 4, 4,
1 8 4 2 1 10 3 3 2 1
2 7 4 2 1 11 6 2 2 1
3 6 4 2 1 12 5 2 2 1
4 5 4 2 1 13 4 2 2 1
5 4 4 2 1 14 6 3 1 1
6 7 3 2 1 15 5 3 1 1
7 6 3 2 1 16 4 3 1 1
8 5 3 2 1 17 5 2 1 1
9 4 3 2 1
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Tabauys 6.6

Ne | Bara pospsanis Ne | Bara po3psais Ne | Bara pospsanis
Plgla |ala ™ a|alalea|™ a|lalaelq
1 |81 7 ]-4]-2[19 |8 2 1] 43771 3 11-2
2 |81 4 {31212 |7} 2 1 -4 38|6] 3 11-2
391712141121 61 2 11439 (5] 3 17-2
4 1712 |-3(-1}122 (8| 4| 2]-3140]|6]|2 1]-2
S5 (814 |-2|-123 6| 4| 2|-3|41 8|4} 2]-1
6 {714 | -2|-1124 |54 2;-3142]7|47]2]|-1
71614 |-2|-1125]|7]| 5 113 43{6]| 4| 2/{-1
8 1514 1-21-1f126]|71| 2 1] -3} 44 |5} 4| 2]-1
91613 [-21-1[271]6] 2 1] -3[45(4] 4| 2]~
10 16 | 3 (-1(-1}28 18| 4] 3|-2)14(7]|3] 21}-1
I | 71513 (-61290161] 4 31211471631 2]|-1
12 |64 3}-51301]|5]| 4 3| 248153} 2]|-1
13 16| 5| 3 (-443l 41| 4 31249 (4] 3 2 (-1
1416152141326 3 212150162} 2]-1
15 (18312401338} 4 =251 {52 2;-~1
16 |6 3|2 |-4[34 |61} 4 1]-2 521613 1| -1
17 18| 6] 1 |-4035 (|5} 4 11 -2 53513 1] -1
18 |71 5|1 {4136 1}4] 4 1] -2

Yei K MaroTh IesKy HaAMipHICTh, 110, K IPaBHIIO, 3aCTOCO-
BYETbC [UIS BUSBJIEHHS TOMMIIOK. 3 11i€f0 MeTOI0, KpiM 10 pobounx,
MaroTh QikcyBaTHcs H peurTa micts KoMGiHaUiM, puyoMy min yac
NIPUMMAaHHSA OCTaHHIX, SKI MOXYTH OYTH TUIbKHM Pe3ylnbTaTOM TI0-
muiiok npu nepeaadi JJIK, mae 3a6esmeuyBatucs 3a60poHa Bi-
TBOpeHHs iHdopMaLllii, Xo4a MPH LIbOMY BHABJISIOTHECS HANEKO HE
BCi, HaBITh HAMNMPOCTIlLii, OXHOKPATHI ITOMHUJIKH.

6.3.3. IBINKOBO-AECATKOBI KOAM
3 CAMOZIONOBHEHHAM

HeoObxinuicTs 3aMinu onepauii BigaiMauus 8 EOM onepauieio
IOAaBaHHS, 110 BUKOHYETHCS 32 JOMIOMOTOIO CIIELialbHUX MAaIUHH-
HUX KOJiB, npusena no po3pobku JAK, ski MaloTh BIacTUBIiCTh
caMOIOMOBHeHHs [12].

B obGepHeHoMy Koz 3 CaMOIONIOBHEHHM KOXHMH po3psx [a],
Noa€eThCs SK JONOBHEHHs a0 2-1, T0670 [a], = 2-1 — a,. Jonos-
HeHHs 10 2-1=1 nopiBHioe 0, axmo a,= 1, i 1, saxuio a; = 0, To6TO €
inBepciero nudpu g;. s 1ecaTKOBOro KOAY MOTPIGHO 3HAXOAUTH
JIOTIOBHEHHS 10 9.

3py4HicTs IUX KOAiB nossArae B romy, wo AJK uudpu, sxa €
JONOBHEHHSM 110 9, aHAJIOrIYHO JABIMKOBOMY KOJY 3HaXOIMTHCS
MIPOCTOIO IHBEPCIEIO ABIIKOBUX 300pa’keHb AECATKOBOIO YUCIA B
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Tabnuysn 6.7

Kon Kon
Hecarxose Kon i3 maamip- Jlecarkoge E(on i HaaMip-
YHUCIIO AlikeHa wicTio 3 YUCIIO AlikeHa HicTio 3

0 0000 0011 5 1011 1000
1 0001 0100 6 1100 1001
2 0010 0101 7 1101 1010
3 0011 0110 8 1110 1011
4 0100 0111 9 1111 1100

KO, JUTS IKOTO BiILIYKYETHCS TOMOBHEHHA. TaKMM YHHOM, SIKIIIO
PO3PSZL IECATKOBOTO YHCIIA @; IOAAHO TETPAOIo IBIAKOBHX PO3-
psanis q4q3q2ql, TO nonosnemm 10 9 Bu3HayaeThes AK {a},) =

Ha#6L1b110ro NOMKMpPEHHS 3 JUIK i3 caMOIOMOBHEHHSAM JIicTa-
nu kox Ajikena (2 4 2 1) i kox i3 HaaMipHicTio 3 (8 4 2 l) AKi HaBe-
neHo B Tabum. 6.7. SIk BunnuBac 3 Tabnauui, mpu 3aMiHi udp ycix
YOTHPLOX PO3psiiiB kKoAy 3 0 Ha 1 (a60 HaBnaku) AiCTAEMO IOMOB-
HEHHS 0 9 IJsA KOJOBaHOI AeCITKOBOI LuQpH.

6.3.4. ABIKOBO-LUICTHALLIATKOBWIA KOZ,

v LlBiHKOBO-HIiCTHaIIuﬂTKOBOMy KOl [Jisi 3aIucy nBiﬁKOBoro
GaitTa (BiciM po3psAiiB ABIHKOBOr0 KOIY) BUKOPHCTOBYETHCS IIICT-
HaJUATKOBA CHCTEMA YHCIICHHS. ITpu upomy YOTHPHPO3PSIHI IBiH-
KOBi uKcna (TeTpaiu) 3aMUCYIOThCA ICTHAJUATKOBUM CHMBOJIOM.
Tak, 3amuc ABilikoBux nocnigosHocteit 1100 0110, 0010 1101 mae
surisn .C6 1 .2D, e kpanka nepeji CAMBOJIaMH BKa3ye Ha BiIMIH-
HICTh ABOPO3PSIHOTO J{BIMKOBO-IICTHAAUATKOBOT'O YKCIIA Bifi ABO-
PO3PAIHHX HIiCTHAAIATKOBHX uncen. Y usomy npuknagi (C6),, =
=(198)11(2D); = (45),,-

JIBiKOBO-IIICTHAAUATKOBHH KO IMPOKO 3aCTOCOBYETHCS I
CKOPOYEHOTO 3alKCy KOAOBHX KoMOiHanii 6aiTOBOI CTPYKTypH
[23].

6.3.5. PEQJIEKCHI KOAU

Oco6muBicTs 106yn0BH pedIeKCHUX KOJUiB IIOJIAra€ B TOMY, IO
CycimHi KOJOBi KomOGiHauii Ha BiIMiHY Bif ABIKOBHMX NPOCTHX KO-
ZiB Pi3HATBCS MUGPOIO TIKH B OXHOMY po3psai, To6TO KomoBa
BIICTaHb MiX HUMH JOPIBHIOE OXHHHLL.

IHIIOKO OCOBHMBICTIO LIMX KOJIB € T€, IO 3MiHa eIEMEHTIB Y KOX-
HOMY PO3psi Npu nepexosi Bia koMbiHawiil 10 KOMGiHALL BinOy-
BA€ThCA B JBA Pa3M pIILIE, HDK Y MPOCTOMY KOAi, 3aBASKH YOMY
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Tabnuys 6.8

Hecarkose Bapiauty pednekcHBx xonis
YHCIO
nepini apyrui TpeTii YeTBEPTHIt W ATHH

0 000 000 000 000 000
1 010 100 100 001 001
2 011 101 110 011 101
3 001 001 010 010 100
4 101 011 011 110 110
5 111 111 111 111 111
6 110 110 101 101 011
7 100 010 001 100 010

3Ha4HO CIpoIlyeThCs Koxep. KpiM Toro, npu toxasauHi ABox cycia-
Hix KoMbiHauil pedekcHOro Komy 3a MomyIeM 2 KilbKicTs oau-
HHLb JOPIBHIOBATHME KiTbKOCTI PO3DPAMIB MiHYC 3, TOGTO OQMHHLI,
IO BUKOPHCTOBYETLCS MJS MEPEBIPKM MPABUILHOCTI MPUHAHATOL
KOJOBOI KOMOiHauii,

CB010 Ha3By pedIeKCHi KOIU JICTANIM Yepe3 HasBHICTb OCeif chMe-
TPii, BITHOCHO SKHX BUPA3HO NPOIIISIAETHCS iIEHTHUHICTD E/IEMEHTIB
Y JieAKuX po3psinax. Bick cumeTpii, o posMilyeTses B n-3HaunOMy
pedrekcHOMY KoAi Mix koMGiHalisMH, SKi BIINOBiAIOTH piBHSM
(2™!-1) 1 2™, HasuBaeThCs 201061010 L1010 HET € iNEHTHUHICTD elle-
MEHTIB B (n—1) pO3psiiax CHMETPUYHUX KOJOBUX KOMGiHALLiA.

MoxxHa yTBOPUTH BENMKY KUIBKICTh JBifKOBUX pedIeKCHHX KO-
AiB, y AKMX JBi CyciiHi KOMO6iHawii BiNpi3sHATUMYTBCS TINBKH Of-
HUM CHUMBOJIOM (Tabi1. 6.8).

Ha#b6inbioro nommpenHs 3 pedekcHuX Kogis mictas kox I'pes
(Tabun. 6.9), sxnit, Ha BiIMIHY BiX IHUIMX, IPOCTILIHMIA K NePEeTBOPEH-
Hi /i0ro Ha nBitikoBuit mpocTHit kox. O6epHeHe NepeTBOPEHHS ABiil-
KOBOT'0 MPOCTOr0 KOAY Ha KOA I'pest BAKOHYETHCA 32 aIrOpUTMOM

Vi =% @ Xy,
Tabnuys 6.9
JBiitkoBuit JIBiiikoBuUit
Lle::z;l(gse npoctuit | Kox I'pes I[e:::;lcgse npoctuit | Kon I'pes
xon KOX
0 0000 0000 8 1000 1100
1 0001 0001 9 1001 1101
2 0010 0011 10 1010 111
3 0011 0010 11 1011 1110
4 0100 0110 12 1100 1010
5 0101 - 0111 13 1101 1011
6 0110 0101 14 1110 1001
7 0111 0100 15 111 1000
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Ie y;— 3Ha4yeHHs i-ro pospsny xoay I'pes; x,, X;4) — BIANOBiAHI
3HauYeHHs PO3ps/iB AsifikoBoro uucna (i = 1, 2, . n, NOYMHAIOUH
371iBa).

TakuM YHHOM, Ui YTBOpEeHHs koMOiHawuii koay I'pest mpakThy-
HO JIOCHTB 3CYHYTH ABifiKOBY KOMOIHAUIIO TPOCTOrO KOAY Ha OJHH
O3PSI IPABOPY, TOPO3PSNHO 10AATH ii 32 MoayJieM 2 110 movar-
KOBOI KOI0BOi KoMb6iHauii 6€3 nepeHeceHHs MiX po3psAIaMH i Bifl-
KMHYTH MOJIOMIUHIL po3ps 3006yTOil CyMu.

JexoaysanHs (0OepHeHe NepeTBOPEHH) Koy I'pest MoxHa BU-
KOHATH IBOMa criocobamu:

» nepiuuii croci6

{ yn ,
x; =X Oy
ze X,,1 y, — BIATIOBIIHO 3HAYEHHS CTAPUIOro poapsmy IBifiKOBOTO
npOCToro Komy Ta kony I'pes (i =n-1,n-2, ..., 1, noYnHaIOYK
3J1iBa);
« IpyrHii croci6
n
xj = Zyjs

j=1
Zie y; — 3HAYCHHSA po3pﬂmB xoay I'pes, a cyma 68peTbCﬂ 3a BCIMa
po3px,uaMu UBOro KOAY Bifl i- A0 7-TO (CTAPILIOT0, KPaHHBOTO 37iBa).

IHmmMy coBaMH, o6 nepeiiTu Big kxoxy I'pest o ABifikoBOro
MpOCTOro Koxy, Tpeba:

« 3aMMMTH UKudpy cTapuioro po3pany 6e3 3MiHy;

* KOXHy HacTyIHy UMQpY iHBEPTYBATH CTiIbKH pa3iB, CKLUTbKH

OJMHHL € NIEPEJT HEeIO B xouxi I'pes, a60 BUKOHATH MOCIAOBHE MO-
PO3pSIHE MiAICYMOBYBAHHS 32 MOTYJIEM 2 nepiuoro (CTapioro) Ta
Ipyroro po3psis kombixawuii uporo koxy (1 @ 2), micas yoro nocmi-
JOBHO foJaTU | © 2@ 3,1@©2@3@4iT. 1.

Jlo xapakTepHux ocobnuBocTelt kony I'pest HaeXUTh Te, 1O,
no-Mnepiue, KOXKHA HACTYITHA KOMGlHaulﬂ 3aBXKAM BIAPI3HAETHCA BiJl
TONePeaHbOT TLIBKM B onum no3uuii (0XHOMY Po3psia); mo-apyre,
3MiHa 3HAUEHb EJIEMEHTIB Y KOXKHOMY PO3psi NpH nepexom Bi KOM-
6inawii 1o koMGiHaii Bu16yBaeTbca B /1BA PasH IIBHLIE, HiX Y JBiH-
KOBOMY IPOCTOMY KOZi, TOGTO SIKIIO B OCTAHHBOMY 3MiH2 €JleMeH-
Ta Nepuoro (MOJNOAILOro) po3psLy BilOyBa€ThCA 3 YEPryBaHHIM
eneMenTiB 0-1-0-1-..., eneMeHTa APYroro po3psay — 3 4epryBaH-
HsaM enemeHTiB 00-11-00-11-..., eneMeHTa TPETHOTO PO3paay — 3
YepryBaHHsIM enemenTiB 0000-1111-0000-1111-... i T. 1., TO B KOAIi
I'pest BIANOBIAHO MAEMO TaKi YepryBaHHs €JIEMEHTIB: VI nepmoro
pospsany 11-00-11-00-..., mus Apyroro 0000-1111-0000-1111-..

T. I., IO A€ 3MOTY IIpU Tiil camiii IWIBMAKOCTI Koaepa ,uocslram
BMIIO] TOYHOCTi KOAYBAHHS NNOPIBHSHO 3 ABIIKOBUM IPOCTHM KO-
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AOM; IO-TPETE, NpH N0AABaHHI IBOX CYCIAHIX KOMGiHaNifi 3a Mony-
7IEM 2 KINBKICTh OXMHHLD JOPIBHIOBATUME KLILKOCTI pO3psIB Mi-
HYC 3, 1110 BUKOPHCTOBYETBCS [UIst HEPEBiPKH HAsIBHOCTi IIOMHJIKH B
NPHAHATIH KOROBIH KOMb6iHaNL: NO-4ETBEPTE, B LILOMY KOJi MOX-
Ha BHJIUIMTH KiJIbKa OCeit CUMETpii, BLOHOCHO SKHX CIIOCTEPIra€Th-
Csl IIEHTUYHICTD eIEMEHTIB Y Aesaxux po3psanax. Tak, mae Micue cu-
METPis IEIKUX PO3PAIIB BIHOCHO oce#, IPOBEIEHUX MK YHCIIaMH
1i2,31a4,516,77128,9 10, 11 Ta 12 (auB. Tabmn. 6.9).

Kon I'pest mupoko 3aCTOCOBYETLCA AN AHAJOTO-LUGPPOBOro
NEPETBOPEHHS Pi3HUX HEMEPEPBHHUX MOBIXOMIIEHD. Bin nae 3Mory
SMEHIINTH KUIBKICTh IIOMHIIOK Bijl 3aBaj, sKi BAHHKAIOTS npu ne-
penaui inpopmauii no xananax 3B’53KY.

Ho HeNoniKiB HOTO KOy HANEXKUTE «HEBArOMICTBY KOZOBOI KOM-
GiHawuii, KomM Bara oIMHMLI B Hiif He BU3HAYAETLCS HOMEPOM po3ps-
Ay, Ha MiCLIi IKOrO BOHA 3HAXOMMTHCH, 4 NEPEBEICHHS KOLOBO] KOM-
OiHauii 3 ABIAKOBOT CHCTEMU YMCIIeHHS B JECATKOBY HE BU3HAYATHUME
TnopsnkoBuit Homep kombiHawii B komi Ipes. Taxi komm Baxko JeKo-
AYBATH, TOMY NEPEN NEKOAYBAHHAM iX, K IIPABHIIO, [IEPETBOPIOIOTH
Ha [BIHKOBHMI NIPOCTHIT KOZ, MiC/s YOro i 06pobIAI0TH OCTaHHiil.

6.4. HEABINKOBI MEPBWHHI KOOU

OcHoBa (andasit) HenpiiikoBux KoiB 3aBxIM 6ibIIa Bil IBOX,
TOOTO g 2 3; ToMy 115t o6y noBH iX BHKOPDHCTOBYIOTb METOIH TEO-
pii KOMGiHATOPUKH: NTepecTaHOBKH P, 3 g enementiB, posmimen-
HA AN icnonyyenns C ¢ 3910 m eneMeHTIB.

s xoniB, sIKi IpYHTYIOTHCS Ha nepecmano6kax CUMBOJIIB anda-
BITY, JOBXHHA KOJ0BOI KoMbiHauii # = g = const. 3aranbHa Kiip-
KiCTb NePeCTaAHOBOK BH3HAYAETHCS BHPa3oM

n
N =F, =Hz =1-2.3...n=n'=q!
i=l

Tak, nns xony 3 andasitom ¢ = 3 (a, b, ¢) Bcboro 6yne wicrs
MepeCcTanoBoOK: abe, ach, bac, bea, cab, cha, T06T0 N = Py =

3
=[li=1-2-3=6. 36inbuicHns anQasiTy KOy IPUBOIUTH 1O 3poc-

i=1
TaHHA KUIbKOCTi IEPECTAHOBOK, a OTXKe, H KillbKOCTi KOLOBHX KOM-
GiHawiii N.

BingMiTHOI0 0co6uBicTIO Takoro KOJY € BiZICYTHICTb OHAKOBHX
CHUMBOIIB Y OfHii1 KONOBIit KkoMbiHaii; ToMy ix MOXHa BIIHECTH 110
KOZUB 3 BUABJICHHAM ONHOKDPATHHX i IEAKUX 6araTokpaTHHX TOMH-
nok. JlificHo, nepexin 6yab-axkoro CHUMBONY B KOMGiHalii mpu3Bo-
AHTD 10 MOSIBH B HiH KilIbKOX OAHAKOBUX CHMBOJIIB, 110 ABTOMATHY-
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HO BHABHTECS Ha MPUAMANbHOMY 6Golli i CIPHYMHUTS 3aXHCHY Bia-
MOBY B NNpUHMaHHI KOMGiHaMii.

JUnsi KoniB, SIKi IPYHTYIOTBCS HA po3MityeHHAX CUMBOJIIB andasiry,
3araljibHa KUIBKICTb KOMOiHalli#i BH3HAYaEThCA BHpa3oM

N=A"=q(q-1)g-2)...(g-m+1)=gq!/ (g-m),

A€ m — KIIBKICTh CHMBOJIB aiIaBiTy ¢, SKi MiCTHTH KOTOBA KOM-
GiHauis. 3aBXau g > m, a AOBXHMHA KOLOBOI KOMOIHALIT 71 = m.

Taxk, ans xony 3 andasitom ¢ =3 (a, b, ¢) i n = m = 2 3aranena
KiNBKICTh KOIOBHX KOMGiHanii N = 4 J=31/(3-2)=31=1-2.3=
= 6. Lle xombiHauii ab, ac, ba, ca, be, ¢cb.

Hi ko Ha BiAMiHY B KOJiB Ha NEpPECTAHOBKU NAIOThH 3Mory
BHSBJISTH TUIbKH J€sKi ONHOKPATHI TIOMMIIKH, KOJIM i gi€ro 3a-
BaJl BAHMKA€E IEPETBOPEHHS, IO 3yMOBIIIOE TOABOCHHS CHMBOJIIB y
xoMOGinaunii. Pemra nepersopens cumBostiB y KOOOBiif KoMbiHaLii
YTBODATSH iHUIY I03BONEHY KOMGIHALII0, TOMY Taka MOMMIKA He
Gyze BusABneHa Ha npuiiManTLHOMY 6oL

JU1si kOB, AKi IPDYHTYIOTBCS Ha neeHOMY yuchi CRoyyenb CHMBOJIIB
angasiTy, 3aranbHa KUIbKICTh KOMOIHALIN BU3HAYAETHCS BHpa3OM

N= . =g/ l(g-m)! ml].

IIpu neomy g > m, a noBxuHa konoBoi koM6iHawuii n = m. Bin
KOJIB Ha PO3MILUEHHS i KOAH BilPI3HAIOTHCA BiICYTHICTIO KOMGi-
Hallii, sKi PiI3HATBCA TLMBKM NOPSIKOM PO3TAIIYBAHHS CHMBOJIIB,
TOOTO 10 TAKMX KOJIiB HaJIeXaTh KOJOBI KOMGiHAL, 10 PI3HATBCS
TUTKH CAMHMH CHMBOJIAMH 4.

Taxk, s xony 3 andasitrom g =3 (a, b, ¢) Tan = m = 2 3aragpHa
KiJIbKIiCTh KOJOBUX KOMOiHauiit N = Ci=31/[213-2)}=1-2-3/ (1-2)=
= 3. Le xoMbinauii ab, ac, be. [lo koMbinaniii kony He MOXYTb Ha-
+ JIOXAaTH CIoNy4eHHs ba, ca, cb, OCKLIbKH B HEX BUKOPHCTAHI Ti cami
CIIONTyYEeHHS CHMBOJIIB, IO H Y J03BOJIEHUX KOMOIHAIHX.

Y Takux Kozax, K i B KOZax, 10 IPYHTYIOTCS Ha PO3MIilIIEHHSX,
B OfHi# KoMGiHaLii He MOXe 6yTH IBOX OJHAKOBHX CHMBOJIIB. ITi
koMGiHawii 1erko BUABNSIOTBCS Ha MPHIMANBHOMY 6o

Konw, sixi rpyHTyIoThCs Ha 6cix cnoayyennax cumBonis angasi-
TY, B OHi} KOMGiHaLlii MOXYTb MiCTHTH Gyab-5Ki, B TOMY YHCII H
onHaxoei, cumBonu. IIpy uboMy 3aranbHa KinbKicTh KoMGiHaIii
BH3HAYa€ThCA BUPA30M

N=gq"

HAns Takux KoIiB MOXHA BiA3HAYMTH 36iMbIIEHHS KUIBKOCTI
koMGiHauiil NOPiBHAHO 3 KOAaMM Ha po3mileHHs. Lle MOACHIOETD-
CSl THM, HIO g" > A;".

Tax, npn ¢ = 3Tan = m =2 3aranbHa KiNbKiCTb KOZOBUX KOM-
Ginawiit N = ¢" = 3 = 9, Lle xomb6inaltii aa, ab, ac, bb, ba, be, cc, ca,
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¢b. 36inbuIeHHsA KUTBKOCTI KOMOIHALHM TYT AOCATaETbCA 3aBIsSKH
BHKOPHUCTAHHIO TaK¥X KOMOiHaLii, Ak aa, bb, cc.

3MiHHO-AKICHMH KOJ MOXKHA AICTATH 3 KOAY Ha BCl CIIOAY4EHHS
CHMBOJIiB, SKIIO HAKIACTH Ha HbOTO AesKi oOMexeHHs. Tak, y KoM-
GiHauii 3MiHHO-SIKICHOr0 KO/ly OTHAKOBI CHMBOJIH HE TIOBUHHI 3Ha-
XOOUTHCS TOPYY. 3arajnpHa KibKicTh KOMOiHalilf Takoro Komay
BH3HAYAETbCSA BUPA3OM

N =g(g- 1"

Hanpuxnag, npu ¢ = 3 1a n = 3 MOXHa YTBOPUTH 12 KOJOBUX
KoMOinauiit: aba, aca, abc, ach, bab, beb, bac, bea, cac, cbe, cab, cha.

o nepeBar 3MiHHO-SKICHOTO KOJY CIiJl BIIHECTH MOXMUIMBICTB
pPO3pi3HEHHs KOOOBHMX KOMOIHAIl 1 BUSBJICHHS B HUX MOMMIIOK,
TOMY L0 B KOMOiHalliIX LIbOrO KOOy ABa OGHAKOBHMX CUMBONMU HE
ITOBHHHI 3HAXOAUTHCS TOPYY.

KOHTPOJIbHI SAOAMI

1. 3axoaysatu JJJK 8 4 2 1 necarkose uncno 2987.

Po3B’s3aHH 3yMoBU 3agadi BitoMo Bary KoxHoro 3 pospsais JJIK:
q,=1,9,=2,q,=4, q = 8 BinoMo Takox, IO KOXHE AECITKOBE YHCIO B
JAAK 3anucyeTbes ABiiiKOBOIO TeTpafoio. TakuM YHHOM, 3aMHUC AECATKOBOTO
yucna 2987 y K matume purnag 0010 1001 1000 0111.

2. 3akonysatu [JJIK 4 4 2 | necaTkoBe yucno 492.

3. 3axonysati JJAK 7 3 2 1 necaTKOBE YUCIIO HOTOYHOIO POKY.

4. 3axonysatu JJK 5 4 2 -3 3 nomaTHUMHM Ta Bil’EMHHM YHCIaMH OECAT-
KoBe yucno 364.

Po3B’sa3aHHs. 3 yMOBH 3aadi BiIoMO Bary KoxHoro 3 po3psaais JAK:
q,=-3,9,=2,4q,= 4, q,= 5. Bitomo Takox, 10 KOXHE NECATKOBE YUCIIO B
JK 3anucyeTses ABiKOBOIO TeTpanoio. TakuM YHHOM, 3aIHC AECATKOBOTO
yucna 364 8 JIJJIK matume Burnag 0111 1101 0100 a6o 0111 1101 1011.

5. 3axonysatu JJAK 8 7 -4 -2 3 A0AaTHUMH Ta Bi’€MHHMM YHCIIAMH AECHT-
KoBe uucno 237.

6. 3akoagysatu JJK 4 3 2 -1 3 nogaTHUMH Ta Bi’€MHUM YMCIaMy OeCAT-
KoBe yucno 13415. :

7. HeperBoputn Ha Kox I'pes AsiitkoBuii mpocTuit kox 000111001.

Po3B’a3aHH4. [leperBopenns ABifiKoBOro NpocToro KoAy Ha kox I'pest
BUKOHYETECA 3a aNrOpUTMOM Y, = X, @ x|, € y, — 3HAYEHH: i-r0 po3psay
xony I'pes; x, x,,, — BinnoBiaHi 3HaueHHs po3psais asiikosoro xony (i = 1,
2, ..., n, nounHaiouyn 3nisa). OTxe, Mo6 3MIHCHUTH 1Ie NEPETBOPEHHS, 10-
CHTb 3CYHYTH ABIKOBY KOMOiHAI[{}0 POCTOro KOAY Ha OAHH PO3PAX NPaBo-
PYyY, NOPO3pSAHO fHodaTH ii 32 MoayseM 2 10 TOYaTKOBOI KOXOBOT KOMOiHaji
6e3 mepeHeceHHsT MK PO3pPsAaMH i BIIKMHYTH MOJIOALIMH po3psa 3806yToi
CyMH:

@ 000111001
00011100(1)

000100101,

To6TO WyKaHa Koxora koMOGiHauis Mae Burax 000100101.
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8. [leperBopuTH Ha Kox I'pes Taki koMGiHauil ABIIKOBOTO IPOCTOTO KOAY:
01100100, 110110, 101010001, 0001101101.

9. Po3B’s13aTH NMONEPERHIO 3a1ayvy, SKIo KoMOiHaUisMu ABiIHKOBOro npoc-
Toro koxy € 001100111, 11100001, 1011110, 010001.

10. INepeTBopurH Kox I'pest 1001011011 Ha aBifikoBuil npocTHH KOM.

Po38B’s3aHHs. OGepHeHe nepeTBopeHHs Kooy I'pest Ha ABIKKOBHI Mpo-
CTHi1 KOI MOXXHa BUKOHATH ABOMa ciocobaMu. JIist foJlerieHHs 3aucy aaro-
PHUTMIB LIbOT'O NEPETBOPEHHS KOXHOMY PO3pAILY koMbiHawii koxy I'pest npucao-
I0EMO 3HAYEHHH , ... J,, & ABIAKOBOTO npocroro KOy — 3HAYEHHS X,
3aJIeXHO Bijl HOMepa po3psny.

Hepmmii cnoci6: x, =y, =L x,=x, @y, =1®0=Lx,=x, ® y, =
=190= l;x7=x8®y7=l@l=0,x =x,0y,=000=0; x =x @ys—
=001=Lx,=x,®y,=101=0;x,=x,0y,=000=0; x +x ®y,=
=081=Lx=x,®y,=101=0, 06To MaeMo KoMbiHanio 1110010010

10
Jpyruii coci6: *10 = Z J’j =y =1, s X9 = 2 }’j =y0®Pys =180= L.

10

xg = _Ey, =y10® 9 @ys =1®0®0=1;  x7= Zy, =110®5 ©y3®y7 =
j=8 J=1

=1@0@0@1=0, X6 = Z y_l =10 @yg @yg ®y7 @yﬁ =120800D1D0= 0

prl
10

5 =Xy i=y @y @y @y By Dys Oy Dy By, By =
Jj=1

=100 D0R1D1D0P1D1=0, To6TO MaeMo kombixauiro 1110010010.
[TepeBipseMO NpaBUABHICTE BUKOHAHOTO MEPETBOPEHHS, Ul YOrO YyTBO-
peHwmii aBifikoBHH npoctuii kox 1110010010 mepeTsopumo Ha xoxn I'pest:

@ 1110010010
111001001(0)
1001011011 °

Takum uuHOM, 3006yTa KoMOiHanis 1001011011 koxy I'pes 36iraernes 3
3a1aHOIO0 32 YMOBOIO 3a/1aui, IO CBIAYUTD PO NPaBHIIBHICTh BUKOHAHUX Tie-
PETBOpPEHb.

11. Ilepersoputu xoMbinauiro 01011100 xoxy I'pest Ha aBiitkoBuit npoc-
THH KOZ.

12, Po3B’a3aTH NOMNEPENHIO 3a0a4y CTOCOBHO Koay 'pes 3 kombinanieio
100001001.

13. [To6ynyBaTH TAGMHIIIO MPSIMOTO # 06EpHEHOTO NePeTBOPEHb yCix KOMOi-
Halii M’ ATHPO3PALHOro ABiKOBOTO MPOCTOro koay Ha xoa I'pest i HaBMakH.

14. Po3p’s3aTH nonepeaHio 3aJaqyy CTOCOBHO UWIECTUPO3PSIHOTO IBiHKO-
BOTO MPOCTOrO KOAY.

15. BukoHaTH nipsMe i oGepHeHe nepeTBOpeHHs Ha koA I'pes Bcix koMbi-
HaLlii I’ ITHPO3PAAHOro ABIHKOBOIrO MPOCTOrO KOAY 3 Barolo w = 2.

16. Po3B’43aTH NONEPEAHIO 3aAa4y CTOCOBHO CEMHPO3PAAHOro ABIKOBO-
ro MpocToro Koay 3 Baroio w = 6.

17. INo6yayBaTu xoMOiHaLil HEABIHKOBOrO KOLy Ha MEPECTAHOBKH IJA
andasity g = 4.
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Po3B’f3aHHA. 3aransHa KiUIbKICTb NePeCcTAHOBOK HENBifKOBOro KOAY

N=ql=41=24.

JloexuHa KoMGiHaLili ILOro KOy 71 = ¢; TOMY 32 YMOBH, 1O HOro andasir
g€ [0, 1, 2, 3], xombinauismu xoay SyayTs 0123, 0231, 0321, 0132, 0213, 1023,
1032, 1203, 1230, 1302, 1320, 2013, 2031, 2103, 2130, 2301, 2310, 3012, 3021,
3102, 3120, 3201, 3210, 0312.

18. Po3s’a3aTH nonepeaHio 3amady s ¢ = 5.

19. TMo6ynysaTn KoMGiHalii HEABIAKOBOTO KOy Ha MEPECTAHOBKH IIA
andasity g = 6.

20. ITo6yaypath kom6iHawuii HEABIAKOBOrO KOXY HA PO3MILUEHHA A af-
daBityg=4T1an=m=2,

Po3B’A3aHHA. 3aranbHa KinbkicTs koMOiHalli# HeABiHKOBOTO KOAY Ha
PO3MilLICHHA

N=gl/(g-mt=41/(4-2) =12

Jlnd uboro Komy 3a yMOBH, WO Horo andasir g € [0, 1, 2, 3}, HanexaTu-
MyTB Taki koMm6inauii: 01, 10, 02, 20, 03, 30, 12, 21, 13, 31, 23, 32.

21. Po3p’#3aTH TIoNepenHio 3ajayy wis g =4tan=m= 3.

22. Mo6ynysatu koMGinauil HeABIHKOBOro KOMY Ha PO3MIILEHHS VIS alt-
daBiryg=5in=m=2.

23. Io6ynysaTi KoMGiHaLil HEABIHKOBOrO KOAY Ha MEBHE YHCIO CHONY-
yeHs Juist andaBity g =4T1an=m=3.

Po3B’g3aHH4. 3aragpHa KUIbKICTh KOMOiHaliif HEABIHKOBOrO KOLY Ha
MEeBHE YUCNIO CHONYYEHD

N=gq!/[(g-m)ml]=4/[@4-3)3]=4

Jlo uporo koay 3a yMOBH, Lo #oro andasit g € {0, 1, 2, 3], HanexaTuMyTs
kombGinauii 012, 013, 023, 123.

24. Po3p’s3aTH NoNepeaHIo 3afady i g =4tan=m= 2.

25. Tlo6yaysatu koMGiHaLii HEABIHKOBOTO KOAY Ha IEBHE YHCIIO CMOMY-
yeHb uig andasity g =5in=m=3.

26. Iobynysatu koMGinauil HeABIHKOBOrO KOAY Ha BCi CIIONYYECHHA IS
andasityg=3Tan=m=3.

Po3B’s3aHHS. 3aranbHa KinbKicTh KOMGiHaLiit HeABiKOBOro KONy Ha
BCi CNIOJTY4EHHS

N=g'=3=27.

JIo 1pOro KOy 3a yMOBH, 1O iioro andasirt q € [0, 1, 2], HanexaTuMyTsb
Taki komGinawuii: 000, 001, 002, 010, 020, 012, 021, 011,022, 100, 110, 111, 112,
101, 102, 120, 122, 121, 200, 201, 202, 210, 220, 221, 222, 212, 211.

27. Po3B’s3aTH NONEPENHIO 3afady Mt g =4Tan=m=2,

28. Mo6ynypaTn xoMbiHawii HeABIAKOBOro KOdy Ha BCi CMOAYYEHHS 1Is
andasityg=5in=m=2,

29. Mo6ynyeatu xombiHaLil HeABIAKOBOrO 3MiHHO-SKICHOrO KOAY IUIA aj-
dasityg=4Tan=3.

Po3B’s3aHH4. 3araasHa KinbKicTh xoM6iHauiii HeXBIIKOBOTO 3MiHHO-
AKICHOTO KOOy

N=g(g-1y-'=4-31=36.

132



Jlo uboro xoAay 3a yMoBH, o itoro andasir g € [0, 1, 2, 3], HanexaTUMyThb
Taki xom6inauii: 012, 010, 020, 030,013, 021, 031, 023, 032, 101,.102, 103, 120,
130, 123, 121, 131, 132, 201, 202, 203, 212, 213, 231, 210, 230, 232, 301, 302,
303, 310, 320, 312, 313, 321, 323.

30. Po3B’s3aTi NONEPEAHIO 3ajady Wi g = 5in = 3.

31. [No6ynysaTy koMbinauii HeABIHKOBOTO 3MiHHO-SKICHOTO KOy AN an-
GbaBityg=5in=4.

KOHTPO/J1bHI SATTUTAHHSA

1. SIki KOAH HaNEXaTh IO NEPBUHHUX?
2. le BUKOPHUCTOBYEThCA Kol Mop3e?
3. Sk 6yny0ThCA YMCNO-IMAYIIBCHI KOAH?
4. Jle 3acTocOBYIOThCH PiBHOMIPHI ABiiiKOBI NepBHHHI xoau?
5. SIxi ocobnuBOCTI NOGYZOBH I’ ATHPO3PSAAHOIO MIXHAPOAHOIO TelNe-
rpadHoro koay Ne 2?
6. Ha sixi 30HM MOXHA NOAUTHTH MXKHapOAHUH CEMHPO3PAIHUMH CTaHAAPT-
Hu# xox Ne 57
7. SIki GpyHKLIT BUKOHYIOTH YOTHPH IPYIH GYHKLIOHAILHHX CHMBOJIIB Mix-
HAapOJHOrO CEMHPO3PSAHOTO CTaHAAPTHOTrO kKoay Ne 57
8. 3 sxolo MeTow po3pobneno koau KOI-7 i KOI-8 ans o6Miny indop-
Maunieo?
9. Sk 6yayrorscs JAK 3 noaaTHOIO Baroo pospanis?
10. Sk 6ynyiorscs JAJIK 3 ogaTHAMM Ta BiI’€eMHMMHM BaraMu po3psais?
11. SIka ocobnusicTb nobynosu JJK i3 caMoxonoBHeHHAM?
12. Ie 3acrocoByiorses JAK?
13. SIxa ocobausicTh NOGYAOBH ABIKOBO-LIICTHAAUATKOBOTO KOay?
14. 3 9KOI0 METOIO 3aCTOCOBYIOThCS pediekcHi koau?
15. SIki xapakTepHi oco6imBocTi koay I'pes?
16. Yum BinpisHAIOTHECA HenBiKOBI NEPBHHHI KOIH Bil ABiKOBHX?
17. Sk 6yayroThCs HEABIHKOBI KOAM Ha NEPECTaHOBKH?
18. Sxi ocobnuBoCTi MOGYAOBH HEABIKOBUX KOMIB HA PO3MIILIEHHSA?
19. Sx 6yayoThCsl HEABIHKOBI KOAW HA MEBHE YHCIO CHOMYYEHb?
20. YuM pisHATHCH HEABIKOBI KOAW Ha TMEBHE YHMCIIO CIIOJYYEHDb i HA BC
cnony4yeHHa?
21. SIki ocob6auBOCTI MOGYIOBH HeABIHKOBHMX 3MIHHO-AKICHHX KOMiB?



KON,
O BUABNIAIOTH

roamn [ IOMMIIKM

Ocobnugicmb K00i8, AKI UABNAIOMb NOMUNKU, NONAZAE 8 MOMY, U0 KOO8
KomGinayii, axi 6x00amby 00 cmaby yux Kodie, pisHAMbCA KOO080I0 8i0CMAaH-
HIO, He MeHWO10 Hixe d ;=2

Taxi K0Ou YMOBHO MONCHA NOJINUMU HA 08I 2PYNU. KOOU, 8 AKUX GUKO-
pucmogyiomusca eci KoMGIHayii, ane 0o KoX*CHOT 3 HUX 3a 06yMo8reHUM npa-
BUNOM 000AIOMbCA I' NEPEGIDHUX eNeMeHMi8, KOOU, YMEOpeHi IMEHUIEHHAM
Kinokocmi 003801eHUX KOMOIHayil.

Ho nepwioi zpynu Kodis, o SUAGAAIOMb NOMUNKU, HANeHCamb KOOU 3
nepegipkoio Ha napricmoe i HenapHicmv,; K00 i3 NPOCMUM NOBMOPEHHAM;
ineepcHuil ma xopenayitinuii koou; 0o dpy2oi — ko0 3i cmanoto eazoio. Kod
3 Kinvbkicmio odunuys y KombiHayii, KpamHow mpboM, Modce Harexcamu
0o nepwoi abo Opyzol epynu Ko0ig 3anexcHo 8i0 memoduku tio2o noby-
ooesu.

7.1. ABIMKOBI KOOMU,
WO BUABNAOTL NMOMUIKHK

7.1.1. KOA I3 NEPEBIPKOIO HA NAPHICTb

e HafinomupeHilmii KOA, KKl 3aCTOCOBYETHCS JUIS BUSBIICH-
Hsl IOOJAMHOKMX MOMHIOK i BCIX NIOMHJIOK HENapHOi Kpamocn
Koxa mictuts (n — 1) iHpopMauiitHux H OOUH nepeBipHUit eneMeH-
TH, HAJIEXHUTh O CUCTEMATHYHHUX KOMIB 1 MO3HavacThCAd K (1,
n - 1)-xox.

IlepeBipHuii eneMeHT KOOy BU3HAYAETHCA CYMOIO 33 MOAYJIEM 2
BCiX iHpOpMaLifHUX €IEMEHTIB:

n-1

b1=§0“i’

TOOTO BiH YTBOPIOETHCH JOMOBHEHHAM KOMOiHaii k-eleMEHTHOTO
NEPBUHHOIO KOIY OJHHM €JIEMEHTOM TAKHUM YHHOM, OO KibKICTh
OOMHMIIB Y HOBOMY n-po3psiaHoMy (# = k +1) kozxi Oyna napHoIo.
Konosa Bincrans d; =2
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Jist BUABIICHHS TIOMHIIKM Ha NpUiiManbsHOMY Ooli nepeBipsaioTh
Ha MapHICTh YCIO MPUAHATY KOAOBY KOMOiHallil0, BU3HAYAKOYH KO-
JIOBHI1 CHHIPOM

n-l
sp= 2, 0a; B,
i=1

e a/, b’ — npuitHATI Ha npuiiManbHOMY 601 BiANOBIAHO 1HPOP-
MalllifHi Ta IepPeBipHUI eTeMEHTH.

Bsaxaerncst, 1o npH 5, = 0 moMuIKu B KOMOiHaUii HEMAE, a pH
s, = 1 momunka €. HanMmipHiCTh KONy BU3HA4a€ThCS BUPA30M

Ry, = 1 - Kl(k + 1) = 1/(k + 1),

7.1.2. KOA 13 NEPEBIPKOIO HA HEMAPHICTb

Lleit xoa BiNpI3HAECTHCS BiZl TONEPEAHLOIO THM, IO KOXHA HOro
KoMOGiHalis Mae HeMapHy KibKiCTb ONMHALE, TOGTO JONATKOBUH
nepempﬂnu €NIEMEHT (POPMYIOTh, BUXOIMYH 3 KITbKOCTI OMMHHLIb Y
I04YaTKOBi} KOAOBiH KOMOGiHaUil: Npy MapHii KUILKOCTI mepeBip-
HMH eNIEMEHT NOPIBHIOE OJMHHIL, a ITPY HEMAPHIA — HyJI0.

Jinst BUSABJEHHS IOMUIIKH B KOJOBIH KoMOiHauii Ha NpuAMans-
HoMy Goui il nepeBipsAIOTh Ha Henapnlch Koz € noginsHuM 3aB-
n0BXKH n — | inpopmauifiHux i onuH nepempmm CIEMEHTH; BiH
MOeE TaK CAMO BUSABJIATH OMUIIKH T MA€ HAAMIPHICTD, K i KOJ i3
NepeBIPKOIO Ha ITapHICTh.

7.1.3.KOA4 13 NPOCTUM NOBTOPEHHAM

Kon i3 npoctum nosropenHsm (6e3 iHBepcii) € noainbHUM JTiHiH-
HUM KomoM. BiH MicTuTh k indopmaniiinux i r = k nepeBipHHX ete-
MeHTIB. Y 1IbOMY KO 7 [IepeBiPHUX €JIEMEHTIB € IPOCTUM NIOBTOPEH-
HAM k inpopmauiiiHUX eleMEHTIB EPBUHHOI KOI0BOi KOMbiHawUii:
b;=a,nei=1..k.

LIepes Te, IO KOJI Ma€ BIACTaHb d,;, = 2, BIH MOX€E BUKOPHCTOBYBa-~

THCS JUIsl BUABJIEHHS MOOAMHOKMX MOMMIOK. Llst mpouenypa 3Bo-
OUTHCS A0 nopm}m}mﬂ OJHOAMEHHHX inpopManiiHux i rlepemp-
HHX EJIEMEHTIB y TIpUHAHATIA KONOBI xombinaii. Hes6ir ix csia-
YHTH NP0 HASBHICTh NOMMWIOK Y Hiil. Kox na€ 3MOTy BUABHTH HE
TUIBKM OMIHOKpATHI MOMHIKH, a # JAesKi NOMWIKM 6iibloi Kpar-
HOCTI, 32 BUHATKOM «/I3¢PKaIbHUX), KOJIH B mtbopmaulm{m Ta Me-
peBipHiii noc/IiA0BHOCTAX KoA0BOi KOMOiHaLii BHACINOK Aii 3aBaj
CIIOTBOPIOIOTHCH €JIEMEHTH, L0 3HAXOAATHCA HAa OZJTHAKOBHUX 32 HO-
MEpOM pOo3psfax.

HazaMipHiCTh KOQy BH3HAYA€THCS BUPa30M

R, = 1-kIQ2K) = 112,
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7.1.4. IHBEPCHWUA KOA

IuBepcHumii koA (i3 NOBTOPEHHSM Ta iHBEPCIEIO) € NOAUIBHUM JIi-
HIHHUM KOZIOM, skuit Mae k inpopMauifiHuX i CTINbKK X nepesip-
HHX eJleMeHTiB. Moro BiAMIHHICTB BiJl TONIEpeAHbOrO KOAY NONATac
B TOMY, W10 3HAYEHHS NEPEBIPHUX E/IEMEHTIB Y HbOMY 3aJIEXXATh Bifl
3HAYEeHHs CYMH 3a MoAyJieM 2 BCiX iHQopMauiitHux eneMeHTIB. 3a

k
YMOBH _Zloai =0 T06T0 MpH NapHiii KiILKOCTI OAMHALD Y NOYAT-
=l .

KOBIif KOOBiit KOMOiHalii, TepeBipHi eIEeMEHTH IPOCTO MOBTOPIO-

k
10Th iHdopMawtiiiHi (b; = a;, ne i = 1...k), a 3a ymoBu .Elo"" =1, 106-
. 1=

TO NPH HEMapHii KiTbKOCTI 3a3HaYEHUX ONMHULb, NEPEBIpHI ele-
MEHTH NMOBTOPIOIOTH iH(OpMaNiiiHi B iHBEPTOBaHOMY BHIALi (B
obepHeHoMy komi): b, =q,;® 1, mei=1...k.

Jns BUSBNEHHS NOMWIOK Ha NpuiiManbHOMY GOl B MOCIITOB-
HOCTI, 1[0 CKNaAa€Thecs 3 2K €JIEMEHTIB, CTIOYaTKy MiICYMOBYIOTh
OJIMHMIII, Ki 3HAXOAATLCA B MEPLUMX k eneMeHTax. Skio ix Kinb-
KICTh ITapHa, TO PelTy k elIEMEHTIiB NpUiMaloTh y no3utusi. O6ua-
Bi 3apeEcTpoBaHi YaCcTHHH KOMOIHALIT MOeNEMEHTHO NOPIBHIOIOTh
(nepuKi eNEMEHT i3 NepIuM, IPYTUid — 3 APYrUM i T.4.). 3a HasB-
HOCTi X04a 6 oHOro He36iry BCs MOCIIJOBHICTH €JIEMEHTIB Opaky-
€TBCSL.

SKWO KUIBKICTh OAMHULB Cepell NePILNX K eIEMEHTIB HenapHa,
TO pELUTY k eIEMEHTIB MPUIMAaIOTh Y HeraTusi (IHBEPTYIOTD), MICNs
YOro MoejIeMEHTHO IOPiBHIOIOTH ix. HasBHiCTh HE36iry NpU3BOIUTH
Ilo BigOpakoByBaHHA Beix 2k eneMeHTiB. Taka nobynoBa KORy na€
3MOTY BUSABJISATH Maike BCi BUITAOKH CIIOTBOPEHHSA MOTO €lNEMEH-
TiB, KpIM ABOKPATHHX «I3€PKaIbHUX» IIOMHIIOK.

HaaMipHicTh KOy BU3HA4YAETHCS BUPAa30OM

R, .. = 1 =klI(2k) = 1/2.
7.1.5. KOPENSAUIAHAN KO,

VY upoMy Koai KOXKHHI po3psaa ABIHKOBOrO NOYAaTKOBOTO KOAY 3a-
ITHCYETHCS Y BUITIAAI ABOX eneMeHTiB: 0 — sk 01, a 1 — sk 10. Taxk,
NoYaTKOBiH KoxoBiii koMGinauii 010011 Bianoinatiume KoMOGiHalis
011001011010 xopensuiiiHoro koay. B TexHiyHiit niTepaTypi Takuit
IBIfKOBHI 3aIMC JyXe YaCTO Ha3UBAEThCs Manuecmep-kooom.

TpuiiManbHMil IPUCTPIH B KOXHOMY TaKTi, IO CKJIANAETHCSH 3
IBOX CYCIHIX elleMEHTIB KOpPEeISUifHOro Kouay, Ma€ 3adikcyBaTu
nepexin 0 — 1 a6o 1 — 0. Y pasi npuitHaTT ABOX HyJiB 260 oIu-
HMIIb IPUAMAJIBHUIM NPUCTPIi dikcye HassBHICTH MOMMIIKH.

136



Kopensuifinnii Koji 1a€ 3MOry BUSBISTH MOMMIKU Gyap-sKoi
KPaTHOCTI, aJle HE 30aTHUH BUABUTH IBOKPATHI «A3ePKaNbHD» M10-
MHJIKH, KOJIH CYCiJIHi €leMEHTH OIHOTO TaKTy MiJl BIUIMBOM 3aBaj
3MIHIOIOTBCS Ha MIPOTHUIIEKHI 32 3HAYEHHSIM.

HaaMipHiCTB KOJy BU3HAYAETHCH BUPa3OM

R, = 1-ki(2k) = 1/2.

Ao mepepar KOpemsLiiHOro kofy, KpiM BIICYTHOCTi ITOCTiHHOL
CKJIQ[IOBOI B Hanpysi KOZIOBOTO CUIHAITY npu nepeadi KOAOBOI
koM6iHauii 110 KaHay 38 13Ky, MOMHA BiTHECTH TAKOX MONUIMBICTD
CaMOCHHXPOHi3aLlii reHepaTopa NpuiimMaya, OCKUIbKH MPUHHATTS
KOXHOTO 6iTa CyMpOBOKYETHCS ($pPOHTOM CHrHaIy, IO NpUiiMa-
€ThCA, B LEHTpI Oita.

7.1.6. KOJ, 31 CTAJI0IO BAIOiO

Ko 3i craioro Baroo, To6To 3 He3MiHHOIO KilbKiCTIO OAUHHLL 1
HyJIiB y KOMOiHALisX, YaCTO HA3UBAETHCA KOOOM HA 00He CNORYHeHHS.
3aranbHa KUIbKicTh KOMGiHaLii bOro Koy BABHa4Ya€ThCA BHPAa3oM

m n!
N=Cy= m(n-m)!’

e m — KiIbKICTh OJMHMLb y KOAOBIit KOMOiHaLii 3aBAOBXKKH N

Taxuiit KOX YTBOPIOEThCS 3 ABIAKOBOIO MPOCTOTO KOAY Binbo-
pom koMOiHaLLi, L0 MAIOTh OZHAKOBY KUIbKICTh OIMHMLB M. IIpym-
MAaJILHKI PUCTPIii, NiIPaXOBYIOUH KUILKICTh OMHHIIb Y IPUAHATIH
KxozioBiit koMObiHauii, BUABIAE IOMUWIKH, AKILO KUIBKICTh NEPLUIHX
BIIPI3SHATHMETBCS Big m.

Kop 3i cTanoo Baro Mae MlHlMaJ'IbHy KOJIOBY BifCTaHb dyyp, = 2.
Bin BUSBIISE BCi IOMWIKH HEMAPHOT KPATHOCTI, @ TAKOX YCl TOMHJIKH
NapHOI KPaTHOCTI, 110 TIPH3BOMATH 10 OPYIICHHS YMOBU m = COnst.

HanmipHicTe KOy BU3HAYA€THCS BUPA30OM

R,,, = 1-(log,C")in.

I'[opmﬂsmo 3 KOJIOM i3 IPOCTHM IOBTOPEHHSM LeH KO/ DU MEH-
it #oro HaAMIPHOCTI a€ 3MOTY BHABJIATH NOMMJIKM Ti€i caMoi
KPATHOCTI.

7.1.7. KOA 13 KINbKICTIO OANHMLIb Y KOMBIHALLI,
KPATHOIO TPbOM

I_[CPI KO MOXXHa YTBOPDUTH a60 nqogaBaHHAM 10 KOXHOI KoMOi-
Hal_lll MOYaTKOBOIoO KOOy r = 2 HCpCBlpHI/IX CJ'IeMCHTIB abo 3MeH-
LIEHHAM KiJIBKOCTI JO3BOJIEHHX KoMOiHaliil TOYaTKOBOro Koay 3
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HaKJIaJaHHAM JOJATKOBOI YMOBH: KUIBKICTh OOWHHIb Y KOXKHIH
KOoMOiHauii Ma€ OyTH KPaTHOIO TPHOM.

YV nepmioMy BUMaJKy A0 MOYaTKOBOI KOJOBOI KOMOiHalil Joaa-
IOThCA 1Ba NIEPEBIPHUX PO3PSIH, IKi MAIOTh TaKi 3HaYEHHS, 110 CyMa
OAMHMUB Y KOJOBil koMOiHalLil cTae KpaTHOIO TpboM. Tak, fKilo
MoYaTKOBa KOJ0Ba KOMOiHalLlig Ma€ 1B a00 I’ ATk OOUHHILb, TO IS
3m106yTTs Baru w = 3 abo 6 kogoBoi koMbiHauii Tpe6a TONOBHUTH
ii nBOMa nepeBipHUMH eneMeHTaMu 10. SIKHIO X y IOYaTKOBI# KOM-
6iHaLtii € ogHa a60 YOTHPH OJUHHULI, TO BOHA JOTNIOBHIOETHCH OBO-
Ma nepeBipHUMH efleMeHTamu 11. Tak, kombinauis 01010 nouat-
KOBOTO KOy, 3aKOJOBaHa KOJIOM i3 KibKICTIO OAMHHL, KPATHOIO
TpboM, Matume Burnsxg 0101010, a 10000 — 1000011,
0110 —» 011010, 101100 —» 10110000, 110110 — 11011011,
0111011 — 011101110 rowro.

Y npyromy BUIaaKy 3 ycix KOMOiHaUilf MOYaTKOBOTO KOIY BU-
6MparoTh TUNBKY Ti, AKi MAIOTh Bary w = 3 Ta 6. Perty koMOiHamii
BUKOPHUCTOBYBATH HE MOXHA.

Kon nae 3Mory BUABUTH BCi MOOOUHOKI ITOMUIIKY Ta JIefKi IO-
MHJIKH GiNBIIOT KPATHOCTI, IO MPU3BOAATE X0 NOPYLIEHHS YMOBH
w = 3 abo 6, e w — KIIbKICTh ONMHHMLD Yy KOJOBiit KoMOiHaI.
3naTHICTb KOAY BHSIBIISATH IOMUIIKOBI KOMOiHaLii Malixe Taxa cama,
K 1 KOZY 31 CTaJI00 Baroio.

HanMipHicTb KOy 3 JOIOBHEHHAM 10 HEOOXIMHOI KITBKOCTI OH-
HHIb BU3HAYAETHCSA BUPA30OM

=1--2_
Ran=l- 72

a Kofy, 1O YTBOPIOETHCSA BiIOOPOM i3 3arajibHOI KUTBKOCTi KOMGi-
Hauii 3 BIIMOBLIHOXO KUIBKiCTIO oqUHULE (3 abo 6), — BHpa3oM

log, |G +C§

Rﬂan=l— OgZ(r:l+ n)‘

7.2. HEABIMKOBI KOAW, WO BUABNAIOTb
NOMWIKHK

Po3pi3HsAI0Th ABA NPUHLMIM TOOYOBH HAAMIPHHUX HEABIMKOBHX
(g-xonis, 6araTon03nuiﬁan) KOZiB, IUO BUABJIAIOTH IOMUJIKH: BBE-
AEHHSM AOJATKOBUX nepeBponx €JIEMEHTIB, sKi YTBODIOIOTHCS iCos
BHKOHAHHS JIHIAHMX onepauiil HaJ eleMeHTaMU KOAoBOi KoMbi-
Hallii; 30UIBIIEHHSIM HaIMIPHOCTI 3aBISKY 3MEHLIEHHIO KiNbKOCTI
JO3BOJIEHUX 1 3pOCTAHHIO KiIBKOCTi HEIO3BOJIEHHUX KOTOBUX KOM-
Oi”auif. B 060X BUnagxax AOCATa€ThbCs 301bILIEHHS KOAOBOI Bifl-
CTaHi A0 3HAYEHHs, IO JA€ 3MOTY BUSABHTH TY UM iHIIY KiIBKICTh
TIOMMJIOK y KOMOiHalil.

138



SIx BimOMO, MiHIMaJbHa KOJOBA BIACTaHb I KOMIB, SIKi BUAB-
JSIOTH MOMMWJIKM, BH3HA4AEThCS BHpasoM d,, = v, + 1, ne v, —
KPATHICThb TTIOMHJIKH, 10 BUSIBJISAETHCA.

I3 HenBiHKOBHUX KOJIB 3 JOAATKOBUMH MEPEBIPHUMH €lEMEHTA-
MH, 110 BUSIBIISIOTh MOMWIKH, HARMPOCTillle Peasi3yloThCs KOIH 3
nepeBipKoIo Ha MAPHICTh 32 MOLYNIEM ¢ Ta KOA i3 MpOCTUM NOBTO-
PEHHSM, a 3 HeIBifIKOBHX KOJIiB, yTBOPEHHX 36iNbIIEHHAM KiJIbKOCTI
JO3BONIEHMX KOJIOBHX KOMOiHAaLiH, HAHGLIBIIOro MONIMPEHHS AiCTa-
7 He3BimHI 3MiHHO-no3uniMHI koau (H3-koau) 3 eneMeHTaMH Of-
Hi€ei Ta pi3HOI Bar.

7.2.1. KOJ, 13 NEPEBIPKOIO 3A MOAYJIEM g

Lleit kon 6yAy€THCS RHAJIOTIYHO ABIHKOBOMY KOZy 3 MepeBipKOIO
Ha MapHICTb 32 MoAyieM 2. BimminnicTs y no6ynosi nonsrae y no-
TOBHEHHi KOMGiHawiil IEPBUHHOTO ¢-KOAY NEPEBIpHUM PO3PAIOM
70 3HaYeHHs OCHOBH (andasiry) ¢ Koy, TOOTO SAKILO KOXOBA KOM-
GiHALiS € MHOXHHOIO k €leMeHTIB {a,a,...a;}, i€ aj, ay,..., Gy —
indopMauiiiti enemenTH koMbiHaii, 110 HAOYBaIOTh 3HAYEHB Bin 0
1o (g — 1), To nepeBipHMii pO3psAA BUSHAYAETHCA CYMOIO LIUX EJIEMCH-
TiB 32 MOIYJIEM g:

b,=(a;®a,® ... ®a)modg.

Leit BUpa3 i € aNrOPUTMOM NOGYI0BH HEBIHKOBOIO KOy 3 me-
PEBIPKOIO 33 MOLYIIEM ¢.

SIKIo KOXHHIT po3pan KofoBoi koMOiHalii Mae m no3uwii, To6-
TO € MHOXMHOIO TO3HMLIH (3HaKiB 3 andasiTy ¢), TO NepeBipHUN
PO3PAI TAKOX MOBUHEH MaTH m MO3ULIA. 3HaYeHHS no3uuii nepe-
BipHOTO pO3psAY B IbOMY Pa3i BU3HAYAETHCA CyMOIO BIANOBIAHUX
HOMepiB TO3MiLiit BCix po3psiB kKonoBoi koMGiHaLIT 33 MOIYIIEM ¢.

Po3rnamyBanuii KO Ma€ HE3HAUHY HaaMipHicTb R, = 1/(k + 1)
i mae 3MOTy BHUSBISTU HAsABHICTh MOMMJIOK Y po3psax KOAOBOL
KoMGiHALi PM HEBIAMOBIAHOCTI 3HAYEHHS TIEPEBIPHOTO PO3pPAIY
cymi k inpopMauiitHuX pO3PSAIB 32 MOAYJIEM §.

7.2.2.KO[ 13 NOBTOPEHHAM

B ocHOBY no6yI0BU LbOr0 KOAY 32 aHAJIOTI€IO 3 ABIAKOBHM I10-
KTa/IeHO TIOBTOPEHHS II0YaTKOBOT K00BOI Kombinaii. BinmiHHICTB
g-KOJy BiJl aHAJIOTI4HOTO ABIHKOBOTO NONAra€ B TOMY, LIO [IOBTO-
peHHs KOfoBO] KOMOiHaLii MepUIOro MOXXe BUKOHYBATUCS [TapaJie-
JIbHO B Yaci BBEIEHHAM JOAATKOBOI no3uuii HaamMipHocTi. Tak, npu
BMKOPHCTaHHI 6araTo4acTOTHOTO KOAY NMOJBOEHHA KiIbKOCTi
YACTOTHMX MO3MIIIH 3a6e3nedye napaienbHy nepeaauy kombinauii
LBOTO KOZY.
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ITpy upoMy 3’MBISIOTHCA AOAATKOBI fepesaru Haj ABIHKOBUM
KOJOM: nepeaaya iHpopMauifHoi Ta nepeBipHoi yacTHH KoMGiHauii
6araTo4acTOTHOIO KOy BUKOHYETHCA 3 PO3HECEHHAM 32 YaCTOTOIO,
IHO MiABMIIYE 33BaJIOCTIHKICTh KOLY NPH CEJIEKTUBHUX 3aBMUPaH-
HSX, XapaKTEPHHUX AJIA JEAKUX THIB Ge3NpOBOMOBHUX JIiHiH 3B’ A3-
KY; IPM BUKOPHCTAHHI KUTBKOX O3HaK CUrHaIly nepefaya inpopMa-
Lif{HO1 Ta nepeBipHO1 YaCTUH KOIOBOI KOMGiHAaIIT MOXKE BUKOHYBa-
THCS MO3ULISIMM Pi3HUX O3HaK (Hanpuknaz, iHpopmanilina yacruHa
MOXe NepejaBaTHCA YaCTOTHUMM NMO3HULIAMH, a nepesipHa — ¢a-
30BMMH, HIO 3aCTOCOBYETRCA /15 MiABHIIEHHA a60 BiporiaHocTi, abo
IIBMIKOCTI nepenadi ingopmauii).

HanMipHicTp kony 3 TOBTOPEHHSIM MOXKHA OLUHHUTH HaAMIPHICTIO
no3uuiit o3nak curnainy. Ilpn ubomy Haamipsicts R,,, = 0,5. On-
HaK 4acoBa HaAMipHICTb, SIKa 3raflyBajiacs BUILE, MOXe He MifiBU-
LTyBaTHUCA. ‘

AnropuTt™ no6yn0Bu KOAY 3 IOBTOPEHHSM Ma€ BUITISA

a, b, ic[l,k, (7.1)

Ie a;, b,— MHOXHHH NO3MLIM, NTpH3HAYEHI 114 nepegayi i-x iHgop-
MaillifHOro Ta MepeBipHOro eleMeHTIB KOJoBOI KOMOiHaLil BiANO-
BiIHO; k — KUNbKIiCTb iHpOpMALIHHIX €IEMEHTIB.

PosrnsayBaHuii Koa 3rizHo 3 anroputMoM (7.1) 1ae 3Mory BUsB-
JIATH BCi MOMMIJIKH, 32 BUHATKOM IOMWJIOK Yy NMapHHX MHOXXHHaX
MO3MLIH, NPU3HAYEHUX IS nepenadi iHpopMauiiHoi Ta nepesip-
HOI YaCTHH KOy, 1[0 HECYTh OAHY i Ty caMy iHdopMalilo.

7.2.3. HE3BIAH!I 3MIHHO-NO3ULIAHI KOAW

He3Biaui 3mMinno-no3uuiiini xoau 3 eaemeHTamu oaniei sarn. I'o-
JIOBHA fepeBara HUX KOMIB IIOJIArae B Majiit KUTLKOCTI eJIEMEHTIB
i BIIMOBIAHO yacOBUX MO3uLi# (iHTepBaniB) y KoMOiHauii, wo
Ma€ BUrpall y MIBHAKOCTI Iepeaayi NopiBHAHO 3 ABIHKOBUMM KO-
JaMH.,

3 xy1acy 3MiHHO-HO3ULIHUX KOAIB HaiOLIBLUIOrO NMOLIMPEHHS
nicramu H3-koau, mpy BUKOPHCTAHHI AKHX BiANafAa€ HEOOXiAHICTD
Y XKOPCTKiM CHHXpOHi3auil npuiMaibpHOl anapaTypH, Lo, LIKOM
IIPHPOIHO, MABHUIIYE HAMIHHICTh KX KoAiB. Po3riasHeMo MeToau-
Ky no6ynoBH ix.

ITin ne3sionum 3MinHO-no3UYiiiHUM KOOOM BYIEMO PO3YMITH KOI,
SKHi1 32I0BOJIBHSAE TaKi YMOBHU:

e KOXHA KOJOBa KOMOiHALlis CKIIAHA€THCA 3 OMHAKOBOI KiIBKO-
CTi €JIEMEHTIB, SIKi NePeNaloThCs TOCTIIOBHO;

o KOXHHI efleMeHT KoMOiHaLil MiCTUTE m no3unii (3Hakis) 3 g;

« CYCiIHi eTeMeHTH KO0BOI KOMOiHaLii pi3HAThCA X04a 6 OaHi€I0
TO3ULII€IO;
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« ocTaHHil efeMeHT KoMbiHaii 36ira€Teca 3 1i mepumM ene-
MEHTOM, TOOTO Mepili T2 OCHOBHI €JIEMCHTH Kom0BOI KOMOiHAaLLi
MaloTh Pi3Hi GaraTOMO3MIiiHI CIIONyYeHHs, 1O He 36iraloTecs.

BHKOHAHHS OCTAHHBOI yMOBH 3a6€3Me4ye HE3BIHICTb KOAY, 11O
Jla€ 3MOTY BUKOHYBATH Tlepe/iauy eeMeHTiB 6e3 nay3 i B meaxKux
BMIIAZIKAX BIIMOBHTHCS BiJl CHHXPOHI3allii, 2 TAKOX CIIPOLILY€E oCIi-
[OBHICTh BUKOHAHHS OTIEpalliii IPH JEKOyBaHHI.

IocnigosHicTs no6ynosu H3-kony 3aranom Taka:

« GepeThCs MHOXKHHA m 3 ¢ TIO3ULIA CHTHATTY;

« BU3HAYAETHCA KiTBKICTh CIIOMYHEeHD IO3ULIH 32 3a/IaR0I0 Killb-
KIiCTIO MO3HKLIH B KOXHOMY CHIOITYYEHHL;

« BCA KLUIBKICTB CIIOTy4Y€Hb NO3HI1H pO30OHUBAaETHCE HA 1 TPYI, A€
n — KiJIbKICTb €JIEMEHTIB KOJI0BO1 KoMbinaltii;

« YTBOPIOIOTHCH KOJAOBI KOMOHAN) 3 1 €JIEMEHTIB, &5 KOXHOTO
3 AKMX GepyThCA COTYydeHHS NO3MIIH 3 3aKPIJIEHO! 32 EIEMEHTOM
FPYIH.

3a MeTONOM NOGYI0BHM KOJOBHX KOoMOGiHauii 6araTono3HiiHi
H3-K01 MOXKHa TOAUTMTH Ha Ba Kiiach: 6e3 nojiny angasity KOAy
Ha TPYNH; 3 NOALIOM andasiTy KOAY Ha IpYIH. Ocranniii knac, y
CBOIO uepry, NOALNAIOTh HA IBA nigknacu, mo Mmicrare: H3-xon,
KOXHHIA eIEMEHT AKOro Mae m mo3uuiil 3 pisunx rpyn; H3-xon,
KOXHMI ElIEMEHT AKOTO MICTHTb 71 IO3MIiH 3 ONHIE] IPYNH.

[Tin H3-x0dom 3 enemenmamu ooniei eazu Oynemo PO3YMITH KO/,
elIeMEHTH SKOTO CKIAAAIOTHCA 3 OJHAKOBOI KUILKOCTI TO3ULIHA m.

H3-x00 6e3 nodiny angpagimy xody na zpynu. Kinbkicrs crony-
JeHb NO3UIIH andasiTy HHOTO KOy BU3HAYAETHCSA BHPA3OM

9 m(g-m)’
2 KUILKICTh MOXJTMBUX KOJOBHX KOMGiHALi# B TOMY pa3i, AKIIO BCi

CTIOJIy4eHHS TIO3ULiH PO3IOALUIEHO MIX 1 TPyNaMu NOpiBHY, — BH-
pasoM

N =(C,riny. (1.2)

SIKIIO BCS KiNBKICTb CIIONYYeHb PO3NOAIIAETHCA MUK IPyNaMu
He NMOPIBHY Yepe3 ocTady JAesKOl KiNbKOCTi CIIOTy4eHb, TO

C‘;"/n =S+ Q/n,

ze S i Q — uini nopaTHi uKcna, npudomy Q <n, to6T0 Q — HiNa
ocTaya BiJ AiNEeHHS C‘;"/n, a S — uina yacTHHa 4acCTKH.

Jlictaemo S crojty4eHb NO3ULiH B KO>Hi# rpymi #f ocrauy ¢ crnio-
nydeHb. PalioHaNbHO, HE BIAKMAAIOUHM OCTady 0, BUKOPHCTATH il
IS 36LIbIIEHHs KiTBKOCTI KOTOBHX KOMOiHALiH. JIOLUIBHICTh Ta-
KOTO BUKOPHCTaHHS ocTadi O MATBEPIKYE TaKUil IPUKIAL: IKIIO
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BIIKHHYTH TPH CIIOJIyYeHHs No3uii (Q = 3), 1o 3anmmumocd, 3 19
JUISL WIJIOTO MOZAINY IX Ha YOTHUPH TPYIH, TO 3arajibHa KiJbKiCTb
MOXXJIMBHX KOAOBHX KOMOiHAaIilf TpH 1IbOMY 3MEHILUTBCS TPUOIN3-
HO B JIBa pa3H.

Takum 4MHOM, 3 ypaxyBaHHAM n ~ Q rpyn 6e3 104aTKOBHX CITO-
Ty4€eHb MO3ULIH 3 Q, 10 3aTUILIMIKCS, TICTAEMO

=SS+ 1)L, (7.3)

abo m n=0r _m 1]
N - Cq -0 Cq —-Q+n 7.4)

max n n *

®opmynu (7.3) Ta (7.4) ToTOXHI ¥ AificHi IpM KIMBKOCTI rpyn
CHOJIy4Y€Hb, HIO JOPIBHIOE KUTHKOCTI eJIEMEHTIB # KOTOBOI KOMbi-
Halii.

Tlpu HakmagaHHI TOAATKOBUX YMOB (HANIPUKIA, KOJNH 1is 00y-
MOBJIEHOTO €lIEMEHTA IOTPiOHa MEHIIa KIIBKICTh CIIOTyYeHb HO3U-
Liif, TOMy IO BiH Ma€ mepefaBaTH MEHINY KiTbKICTh iHGopMallii,
a60 konu HeoOXiTHO NepenaBaTH SKUACH €IEMEHT 3 OLIBLIOKO 3a-
BaJOCTIHKICTIO TOLIO) B rpynax Oyae HEOAHAKOBA KiIBKICTh CITO-
JyyeHb no3uiid. Hexai i-ta rpyna MicTuTh S; conyueHns, Tomi

N= HS =8,5;...S,, (1.5)
i=1
NpUIOMY n
_rm
i=l
Ilpy upoMy AN YTBOPEHHS sIKOMOTra OiNbINOi KUTBKOCTI KOJ10-
BHX KOMOGiHali# CrIo/y4eHHs O3 MK rpynamMu TpeGa noaim-
TH NPUOITH3HO nopumy, 1106 PI3HHUII MDK KITBKICTIO iX y rpynax
Oyna MiHIManpHOIO it He HepeBUIyBana OOUHULI, 32 BUHATKOM
OKpEMHX TPy
H3-x00 i3 nodinom argpagimy kody na zpynu. llpu noaiii g no3u-
Wi} Ha n., TPYN y TOMY pasi, KOJIM KOJZOBHI eNEMEHT MiCTHTb m
MO3HLIH 3 PI3HUX TPYI, a KINBKICTh MTO3MLIHA B KOXHIMN rpyri oaHa-
koBa (g, =¢,= ... =q,= g,), 38 YMOBU m = 1, KiTbKICTh MOXIMBHX
CIOJy4YeHb ITO3HIIH BUSHAYAETHCS BUPA30M

Rey =(ql.)"FP , (7.6)

a KUTbKIiCTh KOJOBUX KOMOiHaLi# — BUpa3oM

N= (g.)' _ (1.7)
n
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3aranom npu m =n_ im# n_, BUpa3 (7.6) HaOyBae€ BUITIAOY

i
q m
m | i - Cm yn
Cnrp nrp nrp (ql ) 2
a supa3s (7.7) — Burmsany
n
)rz:l.p (qi )m
N= — | (7.8)

Skiio ¢ MO3MLIH NMOAUIAIOTHCA HA N, TPYT HE TOpiBHY, T06TO
g, # gy #* ... # 4, TO JUIA 3006y TTs MaKCHMaJbHOI KUIbKOCTI KOAO-
BHX K0M61Haum Heo6XiAHO MOMIMMTH MO3ULil MK IpyNnaMH IO
MOXJIMBOCTI piBHOMIpHO.

3arajioM /Ui BU3HAYEHHS KUTLKOCTI CIIOy4YeHb MO3UIliH MOXHA
ckopucraTucs Gpopmynono

Rpp Arp - Irp nrp

Aen =2 2 2 > (qilqiz"'qim)', (7.9)

il =] i2 =i1 +1‘i3 =l'2 +1 l‘m =im—l +1

Yepes Te, wo U GpopMyna rpoMisaxa, st NPUOIH3HUX po3pa-
XYHKIiB MOXHa OOIHTHCS BUPa30M

nep m/nrp

ren=Co | Tla; : (7.10)

P

KifbKiCTh MOXITMBHX KOJOBUX KOMOiHaLii 3 ypaxyBaHHsaMm (7.10)
BU3HAYAETHCS BUPA30OM

N= . (7.11)

i ]

Jns noGynoxm KoMOIHaLii PO3IIIAAYBAHOTO H3- -KOJIy MOXHA
3aCTOCYBATH IHUIMH NiAX1M, KM IDYHTYEThCS Ha RO g mo3uLii
Ha rPYNM Ta BUKOPUCTAHHI CIIOIyYeHb ITO3ULiiH, 3100yTHX 3a 10-
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TIOMOTO¥O MO3HLIH, 10 6epyTHCS TUIBKH 3 OAHIET TPYNH /I yTBO-
PEHHS BIANOBIIHOIO eJleMEHTa KOAOBOI KoMGiHalii, To6TO n,=n.
OnHax Takuii MeTo[ Beie 40 MOBHOI HaaMipHOCTi koay. KinbKicTs
MOXUIHBHX KOJOBHMX KOMOiHawmiil MpH UbOMY BM3HAYAETHCA BH-
pasom

N=C™"Cc™ .Cc™
qqQ 492 qn

MakcumanbHy KilbKicTh KOJOBHX KOM6iHaui#l micTaioTh mpu
ROTPUMAHHI PIBHOCTi ¢, = g, = ... = ¢, = g/n,. Tomi

m "rp
N =(cq e ) _ (7.12)

Heseiaunii 3minHo-nosuuiiinuii xon 3 enementamu pisnoi Baru.
Le#t kox Ha Bigminy Bix H3-kozis 3 enemenTaMu ofuiel Baru Mae
BJIACTHBICTh MOEJIEMEHTHOI CHHXPOHI3auil 3aBAAKH TOMY, 1O HOTo
€JIEMEHTH MICTATb Pi3Hy KibKiCTh no3uuiii. Lie aac smory yTBopio-
BaTH 3HA4HO OLIBIIY KUTBKICTh KOMOBHX KOMOiHawii.

Y kozi cycinni 4acosi nosuuii cki1afaroTECA 3 m, i m, No3umii, a
KOJI0Ba KOMGIHALlisl Mae 1, €NIEMEHTIB 3 m, NO3ULISAMH Ta n, €IEMEH-
TiB 3 /7, NO3ULIAMH, IPHYOMY 7, + n, = n. Po3rasHeMo Kilbka
BapIaHTIB YTBOPEHHS CHONYYeHb MO3ML LHOTO KOAY.

Hns koxy 6e3 moxiny andasity Ha rpynu KibKIiCTh CHOMYYEHb
NO3MUIA m, i m, Bu3HayaeThes sk C ;’ "1 Z' ? . o6 yTBOPHUTH KO-
AoBi KOMOiHAUI{, BAKOHYIOTB MapaseibHUi MO CIONyYeHb Mo-
3UIH HA TPYNM OKPEMO JUist m, i m,, To6TO npH No6yx0Bi KOTOBOL
KOMO1Haii MOXYTb 3yCTPIYaTHCA BUIIAAKH, KOJIH €JIEMEHT i3 MEH-
IUOXO KUIBKICTIO HO3MIUIH CKIaJa€cThes 3 THX CAMHMX MO3MLH, fKi
BHUKOPHCTOBYIOTbCH B CYCIIHBOMY €IEMEHTI 3 BiJIBIIOIO KUTBKICTIO
IIO3H L.

Toni 3a ananorieio 3 (7.4) Maemo

y ) C‘;"‘—Ql =0 C:]"l Q4 )
max n n,
J
(7.13)
ny =0 )
y C‘;nz "Qz C;nz "Qz +n2
) ny ’

ne Q,, Q, — KiIbKICTb CIOyYeHb MO3MLiH, 1O 3aIHIIMIMCS TICs
X MOAUTY BIXMOBIAHO MiX I'PYIIaMH €JIEMEHTIB nin,.
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Hns H3-kony, yrBopeHoro npu noauii andasity Ha rpynu, Mak-
CHMaJIbHa KUIbKICTh KOZOBUX KOMOIHALIH BUSHAYAETHCA BHPA3OM

m-Q
n _Q Q mllnrp
c™ q-0 R q_Q3_nrp 3 -0,
"mil P "rp
Nmax= n X
r n,.p~Q3 Q Q3 ml/nrp
m | 4-03 9—C3 Ny
Cnep|| 7 T — “Qi+m
p rp rp
X< F X
n
( . — mZ/n nZ-QZ
oma|[47Qe | (4 Qumm Y 1T
np "rp nr‘p 2
X + X
ny
- my/n 102
cm q-04 R q—Q4_nl'P o4 i 0,-n
X270
"l M "rp
&
n2 [ ’
(7.14)

ae Q,, Q, — KiNbKiCTh CNONYYeHb MO3ULIH, IO 3ATHIIMITUCS MiCS
ix noxainy BiANOBIIHO MiX rPyNaMu eJeMEHTIB n, i ny, Q;, 03 —
KUIBKICTh MO3MLIHA, WO 3aTHLIMIMCA TCHA iX MOAULY MDK eJIeMEeH-
TaMH BiITIOBINHO 3 M, i M, NO3HIIAMH.

V 1poMy pasi AiCTAEMO 3HAYHMI BHUIpPall ¥ KiTbKOCTI KOJOBUX
koMCiHauii iopiBHAHO 3 H3-k0m0M 3 eneMeHTaMu OfHi€l Baru Ta
moaini andasiTy KOAy Ha IPYIIH.
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V 3B’S13Ky 3 THM, LIO €IEMEHTH KOZOBHX KoMOiHanii Bcix Ge3
BuHATKY H3-komiB MaioTh 0GYMOBIIEHY Bary, Taki KOAM MOXYTb
BHABJIATH 6YAb-SKi IOMUIIKH, 1O IPU3BOAATE A0 3MiHM BarH ee-
MEHTIB (3MeH1eHHs a60 361IbIIEHHS KiTbKOCTI MO3HLIH €lEeMEHTa)
KOHOBOI KoMOiHallii, 3abe3neuyroud ii YMCIOBUH 3aXHCT.

Hanmipricts H3-koaiB BU3HAUaETHC BUPA3OM

B log, N,
Ryan= logy Ny’

max

neN_..iN BiIIﬂOBi)IHO MaKCHUMAaJIBHO MOXJIMBA Ta JO3BOJIEHA

pice] BHKOpI/ICTaHHH B l“),[ll KITbKICTh KOMGiHALIH.

7.3. WUTPMXOBI KOO

OcTaHHIM YaCOM HaHWIMEPCNEKTUBHI MM HANPAMKOM aBTOMAaTH-
3auii IPOLIECY BBEIIEHHS inpopmauii B EOM € 3acTocyBaHHs IITPU-
XOBHX KOZIB (L[IK) K1 BHKOPUCTOBYIOTHCS 114 inenTndikauii oau-
HUYHHX TIPEJMETIB 1 CKOHCTPYHOBaHi crieianbHo A nodyaoBu
CHCTEM aBTOMATU30BAHOTO 306MpPaHHs NepBHHHOI iHGopMali s
MOIABIIOTO il KOMITIOTEPHOTO 06POGIEHHS Ta ONTUMANIBHOI Op-
rasisanii MaTepianbHUX MOTOKIB Yy Haﬁpi3H0MaHiTHimnx ranys3sx
rocnogapcTsa (BUpOOHHUIITBI, TOpI‘lBJIl MeOULMH1 Tomo) (11.

I rpuxoBi xoau MOXYTb MATH JBilKOBHIt 60 HeABIHKOBUIL €KBi-
BAJIEHT 3aMHCy, TOMY i1 po3rJIIHEMO X OKpeMo.

IMepui K 3’ ssunucs B 1949 p., a Bxe Ha noyatky 60-x pOKlB
XX CT. mouasy MUPOKO 3aCTOCOBYBATUCSA UTS ileHTH]IKaIT 32113~
HuuHMX BaroHis y CIIIA. 3 1973 p. IIIK y CILIA BUKOPHCTOBYIOTBCS
B TOPTiBJIi Ul KOLYBAaHHS TOBApiB, a B €BPOIIi 3 LIEI0 CAMOIO Me-
TOXO BOHH 3aCTOCOBYIOThCS, MOYMHaIouM 3 1977 p.

V saranpromy Burnsai HIK — ue nocnifoBHICTh WITPHXIB i
npo6LIiB, PO3TAIIOBAHUX y HANPAMKY ysBHOI npsimoi. V K ix-
¢opmanio MOXyTh HECTH AK IITPUXU Ta npobinK pi3HOI UIMPH-
HH, TaK i IUTPUXH Pi3HOI BUCOTH. ICHYIOTH K, BUKOHAHI Y BH-
11 KOHLEHTPHYHHUX K pi3HOI IIMPHHH, IO 3a0e3ne4ye MOXIIU-
BiCTh JIEKOJyBAaHHS iX MPM MPOXOJKEHHI TPaEKTOPIi 3UUTYBAHHS
yepe3 LEHTP 300PaKEHHS HE3ANEXHO Bl HANPSIMKY PYXY ONTHY-
HOTO NMPHCTPOIO 3unTyBaHHA. [Ipore Haunomnpemmum croco-
6omM 3anucy LK € 3anuc y BUrisi WITpHUXiB i npo6itiB pi3HOT K-
punmu [1].

J1o OCHOBHHX TEpMIiHIB, siki xapakrepu3yioTs [1IK, Hanexars:

« WIMpUX — TEMHA 30Ha 300paXeHHs Ha OJHOTOHHOMY $OHi, 06-
MeXeHa NPAMHMH I1apasie/IbHUMH JIIHISIMU;

enpobin — NPOCTIp MX LITPUXAMHU,;
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*8UCOMA Ta WUPUHA WMPUXa — PO3MIPH 300pakeHHs , TOJaH] y
BIIHOCHHMX OAMHHULIX (MOAYNISAX) 260 B MHIMHHX OMMHULAX (MLUTIMET-
pax, OoiMax TOLLHO);

*M0OYb — OCHOBHMH pO3MIip, IKOMY KPaTHi BCl BEJIMYUHH, LIO
BU3HAYAIOTh HapaMeTpH enemeHTiB 306paxenns LIIK;

*3HaK — CYKYIHICTB IITPHUXIB 1 NpOOINiB, sfIKa HECE 3aKOLOBaHY
iHpopMaLiro Mpo CUMBOJ (TTOBIJOMIIEHHS), 11O KOAYETHCH;

* K00 HenepepeHuti — KO, Y IKOMY 3HaKU He pO3/iIeH] MiX co-
6010 PO3IITOBHMH 3HAKAMU;

*K00 QucKkpemnuil — KO, y IKOMY 3HaKH PO3/iIeH]I Mix cob010
npobinamu a60 3HaKaMH, IO OOMEXYIOTh 3HAK 3J1iBa Ta CHpasa,

*x00 0806iunuii — Kop, noOyIoBaHM Ha OCHOBI OOMeEXeHHUX
311iBa i CpaBa 3HAKIB, Y SKOMY IApHI MO3MLIl KOZOBOrO CIOBA
KOIYIOTECS LITPUXaMH PI3HOI LIMPUHY, 2 HenapHi — npobitaMu
Pi3HOI IIMPUHHU, TOOTO iIHBEpTOBaHUM 300 pakeHHsM wTpHxis. He-
'00XIAHOI0 YMOBOIO AJISl TAKUX KOZIB € MapHa KiIbKICTh 3HAKIB Y
KOAOBOMY CIIOBI;

*K00 080CNPAMOBaHUI — KO[I, IKUH AAa€ 3MOT'y IPOBAJUTH 3UH-
TYBaHHS B BOX HaIlpsAMKaXx — 3/1iBa HANPaBO i HABMAKY;

*K00 KOHMpPOAboBanuil — KoI, y 300pa)KkeHHI 3HaKIiB i KOTOBHX
CIIiB SIKOT'O 3aKJIaJieHO HaaMipHy iH¢opMauiro (onuH abo Kijgpka
KOHTPOJIBHHUX CHMBOJIIB), 10 3a6e3neuye BUABICHHS ITOMUJIOK.

Bzarauni icHye 6ararto pisHoeuzis HIK [1]. Tak, 3a ko1bOpOBOIO
ramoro HIK noainsiotscs Ha 6azamo- Ta 080K0Mb0po6i. Peanizauis
HEpIIKX He LyXe MpocTa (HaHeceHHs 300paXKeHHS KORY, CKIaaHICTh
3YUTYBANbHUX NPUCTPOIB TOULIO), TOMY Ha NPAKTHIII BUKOPHUCTO-
BYIOTb JBOKOJIOPOBI (4opHOo-6ini) LK. 3a npusnavennsm IHK
MOJINAIOTHCSA HA Yu@posi (BUKOPUCTOBYIOTHCS VTSl TIOJAHHS OECAT-
KOBUX YHCeN) T2 anghagimHo-yugposi; 3a 1o6yR0BOIO — HA QUCKpem-
Hi, B IKHMX 3HAKU PO3/UIEeH] Mix cobolo pobitaMu, Ta HenepepeHi, B
SIKMX CYCLIH1 3HaKH HE PO3AUIAIOTHCA PO3AINTBHUKOM.

Hesxi HIK MaioTh By3bkocheltiaibHe npyu3HaueHHs. Tak, koau
32, CIP, «Konabap» BUKOPUCTOBYIOTHCS B MEOUILIMHI; Ko 128 —y
TexHili 3B’13Ky; xoau 39 i 93 — y BuAaBHUUIN CipaBi Ta MPOMUC-
nosocrti; komu «2 3 5» ta ITF — y npomucioBocti # toprismi [1].

Hainomupenimumu K ¢ komu EAN (Europian Article
Numberig) Ta UPC (Uniform Product Code), pexomenoBaHi cTBO-
peHoio B 1988 p. €sponeiicrkoro acouianiero EAN mis 3acrocy-
BaHHS B CTAHAAPTU30BaHIi Mepexi 3B’13Ky MiX WIEHaMH L€l aco-
wiauii 3 BAKOPUCTAHHSAM IPaBUI IEKTPOHHOro oOMiHy iHpopMa-
1i€ro T ynpasiiHH4, Toprisii Ta Tpancnopty — UN/EDIFACT
(United Nation Rules for Electronic Data Interchange for
Administration, Commerce and Transport), 110 HicTana Ha3By
EANCOM [1}.

Posrasinemo nobynoBy aeskux LK.
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IImpuxoei kodu EAN nipusHaveHi s koxysanss 10 uudgp (0...9)
im’stu nogatkosux cumeonis (CTAPT, CTOII i po3ninosi 3HaKH).

Kon EAN nBocnpsiMOBaHHH i MOXE MaTH KOJIOBE CJIOBO 3aBIOBXK-
ku4...8, 10, 12...14 3naxip. OnHak iCHyIOTb Ba OCHOBHHX PiSHOBHU
uporo koay: EAN-13 i EAN-8, ae undporo no3sHaueHO JOBXHHY
xoay (KinbKirTh 3HaKiB y KogoBoMy cnosi). Tak, ko EAN-13 mae
CTPYKTYpY, 300paxeHy Ha puc. 7.1.

Koa Kon

Kpainu ToBaposupobHUKa
X X X X X X X X X X X X X X
o AR PR
Kon Kon Koq Tosapy KoHr-
KxpaiHvu TosapoBnpobGHmuka (HaiiMeHyBaHHS, ponbHMiA

’ XapaKTepucTmKa) CUMBON
Pnc. 7.1

Jlo €sponeiichkoi acouiauii EAN 3apa3 Bxoaars Gnusexo 80
kpain. Komu mesikux 3 HUX HaBeleHo Hukue. 3a YkpaiHoio EAN
3aKpinuiIa TPU3HaKoBHUit Kox 482.

Kpaina Kon kpainn Kpaina Kon xpainn
CIIA, KaHana 00...09 Tlopryranis 560
Pezeps EAN 20...29 Icnanpis 569
®paHuis 30...37 Danis 57
Boarapis 380 Ionbma 590
CrnoBeHis 383 PymyHis 594
Xopsaris 385 Yropunsa 599
BocHis-Tepuerosnna 387 Iisnenno-Adpn-

Himeyunna 40...43 KaHcbka PecniyGmika 600, 601
SAnouis 45, 49 Maspixkii 609
Pocis 460...469 Mapoxkko 611
TatiBaub 471 Amxup 613
Ecrtonis 474 Tynic 619
JlaTBis 475 Dinnannis 64
JiutBa 477 Knrait 690,691
IHIpi-Jlanka 479 Hopseria 70
Dininmiiu 480 I3pains 729
Vkpaina 482 LIBenis 73
Monnosa 484 IBatemana, CanbBa-
TOHKOHT 489 nop, Fonpypac, Hixa-

Benuka Bpuranis parya, Kocra-Pika,

ta [iBuiuna Ipmanpis 50 IManama 740...745
Ipenis 520 JoMiHikancbKa

Kinp 529 Pecnybnixa 746
MaxenoHis 531 Mexcuka 750
MansTa 535 Benecyena 759
Ipnanpis 539 UIseituapis 76
Beneris Konymbis 770
Ta JlrokcemOypr 54 Vpyraait 773

148



Kpaina Kox kpainn Kpaina Kon xpainn

Iepy 715 Typeuunsa 869
Bomnisis 777 Hinepnanau 87
ApreHTHHa 779 Ilisnenna Kopes 880
Unni 780 Tainann 885
ITaparsait 784 Cinranyp 888
ExBajiop 786 InnoHesis 889
Bpazunis 789 Ingis 890
Itanis 80...83 B’etHam 893
Icnanis 84 AgcTpis - 90, 91
Ky6a 850 Ascrtpanis 93
CrnoBauunHa 858 Hosa 3enanais 94
Yexis 859 Manaiizis 955
KOrocnasis 860 INanya-Hosa I'sines 959

3a3HauuMo, O KOJA KpaiHM-BUPOOHHKA MOXE MaTH He ABa, a
TpH 3HAKH. B bOMy pa3i xox TOBapoBMpOOHHKA MA€ HE I’ATh, 4
YOTHPH 3HAKH.

Koxa ToBapoBupoGHUKa ineHTHOIKYE NiANPHEMCTBO (IPUCBOO-
€ThCs perioHansHow oprasizauiero EAN), sike BUNYCTUIIO TOBAp,
peiTa nudp NPUCBOIOIOTHCH TOBapy 6e3MocepeqHbO CaMUM Mil-
npreMCTBOM. BOHH XapakTepu3yIoTh HaliMeHYBaHHs TOBapy, HOTO
CTIOXKMBYI AKOCTI, po3Mipu, Macy, kouip. OcraHus, 13-Ta, nudpa €
KOHTPOJBbHOIO, BOHA HOPMYETECH 32 CIIELiaIbHUM AJITOPUTMOM:

e KpOK | —3HaxonasTh CyMy Liudp, pO3TAIIOBAHUX HA HEMAP-
HMX NO3MLIIX KOJOBOIO CNOBa (TMEperisai BUKOHYIOTH ClipaBa Ha-
niBo), i MHOXATh 3100yTHH pe3yabTaT Ha 3;

¢« KpOK 2 — 3HaxoIsATh CyMy LM(p, PO3TalIOBAHMX HA MAPHUX
MO3HLIsAX KOZOBOTO CIOBA;

¢ KPOK 3 — JOOAIOTH Pe3yabTaTH, 3006YTi B NONEPEAHIX KPO-
Kax; )

* KPOK 4— KOHTPOJIbHA IH(Pa JOPIBHIOE HAUMEHILIOMY YHC-
ay, WO He mepeBuiuye 9, sxe, SKLIO HOro NOAATH A0 pe3yJbTary,
3106yTOMY Ha NONEPEeAHbOMY KPOL, Aa€ uncno, kpaTxe 10.

V konax EAN BHKOPHCTOBYIOTbCS YOTHPU HAbOpH 3HaKiB A, B,
C, D (Tabn. 7.1) ans KOAyBaHHS AECATKOBHX 1MbP, a TAKOX 3HAKiB
CTAPT, CTOII (H1, H2, H3) i po3ainosux 3uakie (H4 ta HS).
KoxHHii 3HaK CKJIAAa€THCS 3 IBOX IITPHXIB imaox npo6iniB. JJoBxu-
Ha KOXHOTO 3HaKa /1 KOAyBaHHs LHbD nopmmoe CEMH MOJIYJISIM,
a IOTOMDKHI 3HAKM MAIOTh JAOBXHHY TpPH, II'STh i IICTh MOAYIB.
Sx 3uak CTAPT BukopucroByrotbes 3Haku H1 i H2, a sk 31ak
CTOIT — ui caMi 3HaKH 3aJIEXHO Bifi CAMBOJIIB IOYATKY Ta KiHLS
xonoBoro ciosa (Tabn. 7.2, ne 0 — npobin, 1 — wWTpHX).

HIrpuxosi xonu EAN, mio MaioTs A0BXuHY 4...7 3HaKiB, KOAy-
10Thc Habopom A (auB. Tabn. 7.1) i 06MEXyIOTBCA 3HAKAMHU
CTAPT (H1) i CTOII (H2), a konosi cnosa 3aBroBxku 8, 10, 121
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Tabauys 7.2

3uak Kognose 3Hak 3Hak Konose 3Hak

CTAPT CIIOBO cTon CTAPT CIOBO CTOIl
H1 0..0 H1 H1 0.1 H2
H3 1...1 H2 H3 iI...0 H1

14 3HakiB CKNAAalOTHCA 3 ABOX YACTHH 3 OJHAKOBOIO KUIBKICTIO
3HAKIB y KOXHii 3 HUX, po3aineHux 3HakoM H4. [ 306paxeHHs
3HAKIB JIIBOT YaCTHHH KOJOBOI'0 CJI0OBA BUKOPUCTOBYIOTHCS HAaG0pH
A Tta B, a npasoi — HabGopu C ta D. Taki K0OJOBI CIIOBA MalOTh
obmexysansHi 3naku CTAPT i CTOII tuny H1 [1].

Hexait neskuii BUg ToBapy mae Homep 869047210056, To6ro ueit ToBap
surotosyeHo B Typeuunsi (869). 12 uudp, axi Bxe €, HeoOXiAHO crpaBa J0-
MOBHHTH KOHTPONBHOIO HOpoio K, AKy BU3HAYAIOTH 3TiAHO 3 AITOPHTMOM,
HaBeIeHUM BHLIE.

ITpouec xonysanusa roBapy kogoM EAN-13 nokazano Ha puc. 7.2, ne K
BHU3HRYAETHCA TaK:

6+0+1+7+0+6)-3=20-3=60;
(5+0+2+4+9+8)=28;

60 + 28 = 88;

88+4+2=90->K=2.

V xoai EAN-13 wTprxoBe 306paxeHHs CKIaAa€eThCA 3 ABOX YaCTHH MO
WICTh 3HAKIB Y KOXHIM, saxi posmineHo sHakom H4, i Mae 31iBa Ta cnpasa
obmexysansHi 3Haku H1 (CTAPT i CTOIN). Ilepura uudpa (U,,) ToBapHoro
HOMEPA y BUIJIAAI INTPUXiB i MPOGiNiB He KOAYETHCA, @ TUIBKK NMULIETHCA 3JTi-
Ba BHU3Y i BU3Haya€ HesBHE KOMYBaHHS UM(p, PO3TALIOBAHHX Y JiBiil yac-
THHI KOOBOTO ctoBa Mix 3Hakamu H1 i H4 (ta6n. 7.3). Jlitepamu A ta B B
Ta61. 7.3 mo3naueHo HaGopu 3 Tabn. 7.1, SKMMH KOAYIOThCS BIANOBiAHI 3HAKH
JIiBOI YaCTHHHU KOJOBOTO C/IOBA. )

Uy Uy Upp Uy Uy U; Ug Uy Uy Uy U, U
§6 90 4721005 6

8 6 9047 210056 K
8 6 90 47 210056 2
1] ‘ H4 H1
806 9 047 20 1005 6 20 oocumen
! = Y BUrNKRAl WTpuxis
ABABBA cccccec i npoGinis
Puc. 7.2
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Tabnuyn 7.3
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Lilono po3rnsaysanoro npuknany pagok 8 (U,, = 8) ta6n. 7.3 mae purmsan
ABABBA i Bu3Hauae npotiec kofayBauus ungpp U 11+ U TOOTO LUpH U, =
=6, U, = 0i U, = 2 xonyioTscs 3HakamMu Habopy A, a uudpu Uo=9,U,=
=4Ta U, =7 — 3nakamu Habopy B (nuB. Tabn. 7.1). Hudpu U.... U, aTakox
koHTponbHa uKdpa K = 2 xonyioTscs BianoBinHAMH 3HakaMu Habopy C. 3Haku
Habopy D, a Takox 3naxu H2, H3 Ta H5 B ko EAN-13 He BUKOPHCTOBYIOTECS.

TaxuM yuHOM, TOBapHOMY HOMepy 869047210056 Binnosinac kox EAN-13,
noxasaHuii Ha puc. 7.3, ne obmexcysanbHi (H1) i posninosuit (H4) 3uaxu 306pa-
KEHO MOJOBXKEHUMH MO BHCOTI IUTPUXAMH.

Hesiki ToBapH MOXYTbh MAaTH KOPOTKHIX HOMED, KU CKIaNaETh-
cst 3 cemu undp. Iicns 1onoBHEHHS HOro KOHTPOJIBLHOIO LUPPOIO
32 HABEIEHUM BHIIE aNropuTMoM Wig kony EAN-13 micraiors Bicim
uMp, fKi KoayoTs konom EAN-8. KomoBe ClI0BO OCTaHHBOTO CKJTa-
naetbes 3i 3Haka CTAPT (H1), 4oTupbox 3HakiB Hab6opy A (muB.
Tabu. 7.1), posninosoro 3naka H4, Tppox 3Hakis Habopy C, 3Haka
KOHTPOJIbHOI LInGpu B Habopi C, a Takox 3naka CTOIT (H1). V xoxni
EAN-8 nepuwa mudpa U, HessBHE KOLYBAHHS HE BU3HAYAE, A KOIY-
€TbCS, sIK 1 HACTynHI wudpu Uy... U,, Habopom A (uus. Tabn. 7.1).

LlImpuxosi xoou UPC, mo BukopucroByioTecs B CIIIA Ta Ka-
Haji Juis inenTugikanii ToBapiB, TAKOXK NPU3HAYEH] I KOAYBaH-
Hs 10 uudp (0...9) i n’saTn gomaTkosux 3Hakis. Lli koau cymicHi 3
konamu EAN, OCKiNBKH 3aCTOCOBYETBCH OfHA i Ta caMa Tabauus
HabopiB 3HakiB (Tabmu. 7.1).

Icaye kinbka pisHoBHAIB XoaiB UPC, 3 AxuX Hai6GiuibLIOro no-
wupenHs aictanu koau UPC-A ta UPC-E. Konose cnoBo nepimx
cknagaersed 3 12 uudp (ocranHs undpa — KOHTPONbHA), TOOTO
Ha oHy undpy MeHe, Hix y kogi EAN-13. Lle noscHIoeThCS THM,
o xkon kpain (CIIA ta Kanaau) mae tinbku asi uudpu. BinMiTau-

Mu ocobimuBoctamu kony UPC-A sigxoc-

! .

Ho xony EAN-13 € Te, wo:
» crapma uudpa (U,,) ToBapHOro Ho-
MEpa B IITPUXOBOMY 300paxkeHHi KOay-

€TbCA SBHO;

6904721100562 * LITPUXOBE 300pa’keHHst KOXOBOI'O CJIO-
Puc. 7.3 Ba B kogi UPC-A cknanaerscs 3i 3Haka
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nabopy C Ta 3naka CTOII (H1) (aus.
tabn. 7.1);
. 0135719246

« Y IITPUXOBOMY 306pakeHHi HudpH
U,, i K MatoTb BHCOTY, 110 AOPIBHIOE BH- Puc. 7.4
coti 3nakiB H1 i H4, npuuomy 3Ha4eHHs UGP M UMMM 3HaKaMH
He HAHOCATHCS;

« 371iBa Bifl IITPUXOBOro 300paxeHHs APYKyeThes uudpa 0, 1o
inentudikye xon UPC-A.

Konrposnbha uudpa koais UPC Bu3HayaeTbCs 32 THM CAMHM
anropuTMoM, 1o i y xoai EAN-13.

Hexait Homep Buy ToBapy 6yne 00135792468, itoro KOHTpPOJIb-
Ha uudpa mopisnioe 1. Toai mTpuxose 306paxxeHHs HOMEpa
00135792468 (1) xonom UPC-A MaTume BUIIIA, OKAa3aHHU Ha
puc. 7.4.

Tosapuuii Homep y koxi UPC-E cxiaiaeThes 3 mecti uudp; npu
LIbOMY BiH TaKOX TOAUISETHCS HA JBI YACTHHH MO TPU Lu(pPH B
KOXHi#, Mepila 3 SKUX KOAYeThCs HabopoM A, a ipyra (B TOMY 4uCIi
it KOHTponbHHU# 3HaK) — Habopom C (nus. Tabn. 7.1).

Mpwu aexonysanHi koaiB EAN i UPC nacamnepen BU3BHA4a€THCA
KOHTpPOJIbHMH 3HaK, IKUH Mae 36iraTycs 3 nepenanum. Kpim Toro,
cyMa BCix uudp NpUIHATOrO Ha NpHitMaabHOMY 60LI KOLOBOIO
cnoBa Mae 6yTu kpaTHOIO 10. 32 1IMX yMOB NOMUJIKK HeMae. IHake
BUSBJIAETHCS IOMMIIKA, IPUYOMY BOHA Oyae i nNpy HENMPaBUILHOMY
NpuiiMaHHi 3HaKiB, siKi He BiNOBiAAI0Th HAGOPaM, YCTAHOBIIEHHM
HESBHHM KOJyBaHHAM 3a cTapluuM 3HakoM y koai EAN-13 uudp
7iBOT TIOJIOBUHM KOJOBOTO CNIOBa, TOMY 1o Habopu A Ta B (mus.
Tabi. 7.1) He 36iraroTscs.

CTAPT (H1), wecty 3HakiB Habopy A,
posninosoro 3uaka (H4), sty 3HaKiB
Habopy C, 3HaKa KOHTPONbHOI LMPH 0
8

KOHTPOJTbHI SALAHI

1. 3akonysatu koM6inauito 0110110 asiiixoBoro npoctoro xony (k = 7)
IBIIKOBMMH KOJAMH, L0 BUABJIAIOTH MOMHUJIKM 3 [IEPEBIPKOIO HA MAPHICTS i
TIPOCTMM MOBTOPEHHSM. BUSBHTY OIHOKPAaTHY MOMUIKY Ta MOPIBHATH Hall-
MIpHOCTI LIMX KOJIiB.

Po3B’s3anHHa Kom6inauis xoay 3 nepeBipKoio Ha MApHICTL MaTHME
sursn A, = 01101100, a koxy 3 NPOCTUM NMOBTOPEHHAM — BUIJIAA A,=
=01101100110110.

Hexaii B koM6iHallii KOy 3 IepeBipKO10 Ha NAPHICTh BUHUKIIA ONHOKpaTHA
nomuska, Bektop akoi E, = 00100000. Togicyma 4, ® E, = 01001100. Y uso-
My pa3i cyma 3a MOXyJieM 2 elleMeHTIiB yTBopeHoi konoBoi kombiHawii fopis-
uio€ 1, TO6TO HenapHa, 1O BKa3ye Ha HASBHICTS Y Hiif noMunxH. HaaMmiphicts
kogy R, =1-7/8=0,125.

Hexaii B KoM6iHaLlii KOy 3 MPOCTHM NOBTOPEHHAM BEKTOP OJHOKPATHOI
nomunxy 6yne E, = 00010000000000. Toni cyma 4, © E,=01111100110110.
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Tlepesipsiioun nepiry Ta Apyry YacTHHH KOAOBOI KoMGiHauii (noparoum ix 3a
MonyneM 2), JiCTaEMO 0CTayy, SKa He JOPiBHIOBATHME HYIIO:

@ 0111110

11011
0001000,

L0 BKA3y€ HA HASBHICTb IOMMIIKH B IPHIHATIH KOA0Bi# koMbinauii. HanMip-
HICTb KOOy R, =05

Takum unnoM, R 2 > RW,.

2. 3akonysatH koMGiHawio 110010 asiltkoBoro npocroro xony (k = 6)
IBIAKOBHMM KOZOM, O BHSBIIAE TOMIIKH 3 KIBKICTIO OHHHIb B KoMOiHauii,
KPaTHOIO TPEOM, T2 iHBEPCHMM KONOM. BHABHTH OXHOKpaTHy MOMHIKY Ta
NOPiBHATH HaAMIPHOCT] LIMX KOZIB.

Po3ss’s3annsg. KombiHauis xoay 3 KifeKiCTIO OfMHHMLP, KpaTHOO
TpbOM, MaTHMe BUrasAn 4, = 11001000, a iHBepcHOro xoay — BHrIAL 4, =
= 10010001101.

Hexaif B koM6inauii Koy 3 KifIbKiCTIO OIMHHIIB, KPATHOIO TPbOM, BHHHK/IA
OIHOKpATHA [IOMAINIKA, BEKTOP sKoi E,=00010000. Tozi cyma 4, ® E,=11011000.
Y upomy pasi Bara yreopeHoi konosoi koMGisawii w = 4, To6T0 BiZIPI3HACTHCA
Bil w = 3, IO CBIIYATb MPO HASBHICTb y Hill MOMHJIKH. HanmipHicte koay
R, ., =1-6/8=0,25.

exaii B koM6iHallii iHBEpCHOrO KOy BUHHKIIA OHOKPATHA IOMMIIKA, BEK-
TOp sikoi E, =000010000000. Tozi cyma A, ® E, = 110000001101. ITpu npwuii-
MaHHi MepeRipAEMO KiIbKICTh OMHHLD Y HIEPILil MOMOBHHI KOLOBOI KOMGiHa-
uii, sixa gopisHioe 2. Ile o3nayae, mio Apyra nonoBHHa KOMBiHALIT Mae NpHiimMa-
THCS B O3uTHBI. TlopiBHIOIOUN Mepiny Ta IPyry (HeiHBEpPTOBAHY) YACTHHH
NpHiiHATOl KOROBOT KOMGiHawii, NicTaeMo He3Bir y M’aTH po3psaax, wo BKa-
3y€ Ha HasIBHICTb y Hili momuku. HaamipHicTs koay R,...=05.

Taxum yuHOM, R > R

3. 3axonysaru komGiHaw0 01100 gBifikoBoro npocroro kony (k = 5) nmiii-
KOBUM KO/IOM, IO BUSABJIISIE TOMHJIKH 3 IEPEBIPKOIO HA HENAPHICTB, i KOpens-
UiHHUM KOXOM. BHSBHTH OJHOKPAaTHY MOMMIKY Ta NOPIBHATH HAaAMIPHOCTI
UKX KOJIB.

Po3B’a3anua Kom6inauis koxy 3 mepesipkoio Ha HETApHICTh MaTUMe
Burasan A, = 011001, a kopensuiiinoro — BUrIAn 4,=0110100101.

Hexaii B xomGinawii kony 3 nepeBipkoto Ha HemapHiCTb BUHHKIA OIHOKpAaT-
Ha TIOMHIIKA, BEKTOp skoi E, =001000. Toai cyma A4, ® E, = 010001. ITpu
MpHAMAHHI NIEPeBipAEMO 32 MOMYJIEM 2 CyMy €IEMEHTIiB yTBOPEHOi KOXOBOL
xomb6iHawii. BoHa qopieHIoe Hymo, To6TO napHa, WO CBiAYMTD PO HAABHICTh
noMuikyu B kombinanii. HaamipHicts koxy R, .. =1-5/6 = 0,166(6).

Hexait B xoM6iHawii KopensuiitHoro komy BUHMKIA OOHOKpaTHA IIOMMIIKA,
BekTOp sKoi E, = 0000100000. Tozi cyma A4,® E, = 0110000101. Sk sixomo,
AekonyBaHHs KoMOiHauii NpH ii NpuiiMaHHi NPOBAMMTHLCA TAKTAMH IO ABA
€IEMEHTH B KOXHOMY. [TpH 11bOMY efleMEeHTH OHOTO TaKTy He NOBHHHI MaTH
ONHAKOBE 3HAYEHHS, TO6TO He NOBUHHO 6yTH criomyyens 00 i 11. YV Bunanxy,
IO PO3IIIANAETHCA B 3a/iadi, B TPETHOMY TaKTi (I1api eNEMEHTIB) € CIIOTyMeH-
Hs 00, mo Bka3ye Ha HaABHICTh MOMHIKH B KOMGiHALL Hanmipuicrs kony
R, 2 =0,5.

aKMM YHHOM, R . > le.

4. 3akoaysatu KOMuéiHauilO 011010011011 BiiikOBOrO MPOCTOro KOAY ABifi-

KOBHM KOZOM, IIO BHABJISE NOMUIIKH 3 MIEPEBIPKOIO HA MAPHICTh, Ta iHBEpC-
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HUM KOZOM. BHABHTH OHOKpDATHY MOMMUIKY Ta MOPIBHATH HaAMIPHOCTI LIUX
KOZIB.

5. 3akonysaTty komGiHauito 1110010 xBifikOBOro IPOCTOTO KOAY ABIKOBH-
MH KOJIaMH, IO BUAB/AIOTH IOMMJIKH 3 TIEPEBIPKOIO Ha HEMAPHICTB i NPOCTHM
NOBTOpPeHHAM. BUABHTH OJHOKDATHY IIOMUIIKY T2 IOPiBHATH HAAMIPHOCTI LIUX
KOJiB.

6. 3akoayBaTH koMbinauizo 10001111 ABiiiKoBOro MPOCTOro KoMy ABIAKOBH-
MH KOJIaMH, 1O BUABJIAIOTh OMHIKH: iHBEPCHHM i xopensuiiinuM. Bussuty
onﬂoxpa'my TIOMHJIKY Ta MOPiBHATH HaJIMlpHOCTI LUMX KOMIB.

7. 3akonyBat koMbinawuito 01010101 aBifiKoBOro MPOCTOro KORY ABIAKOBH-
MH KOJaMH, IIIO BUABISIOTEH IOMUIIKH 3 KITBKICTIO OJMHHLb, KDATHOIO TPHOM,
i 3 IPOCTHM [OBTOPEHHSM. BuABUTH OZHOKPATHY IIOMHIIKY Ta NIOPiBHATH Hall-
MIpHOCTI LIMX KOZIB.

8. 3 xoMbinaliil aBiliKoBOTrO IPOCTOro Kony MpH k = 6 noGyaysaTtu IOBiii-
KOBI KOIH, WO BUABNAIOTH MOMHJIKH 31 CTanuMu BaraMu w = 2 1a 4. BusButH
OIHOKPATHi MOMMJIKH T2 MOPIBHATH HaAMipPHOCTI LIHX KOXIB.

9. 3 kombiHauiit ABilikoBOrO TPOCTOrO KOMly MpH k = 8 nobynyBaTH OBiiiKOBi
KOIM, IO BHSBJISIOTH MOMHJIKH 3 MOCTIiHMMH BaraMu w = 3 Ta 5. BuaButu
OJHOKPATHi MOMUIIKH T2 nopmﬂxm HaAMIPHOCTI LI¥X KOXIB.

10. 3aKo1yBaTH BCiMa ABIHKOBMMM KOJGMH, IO BUSBJIAIOTH IOMHUJIKY, JBiji-
KOBE MOJAHHSA YMCA MIOTOYHOTO AHSA THXKHS. BUABUTH OIHOKPATHY MOMHIIKY
Ta NOPIBHATH HAAMIPHOCTI LMX KOJiB.

11. 3akonyBaTH BCiMa ABIKOBUMH KOJAMH, 1O BUSBJIAIOTH IOMHJIKH, ABiji-
KOBE MOAAHHS NOPAAKOBOIO HOMEPA MOTOYHOIO Micaus poky. Bussurtu oa-
HOKpPATHY MOMHJIKY Ta NMOPIBHATH HaﬂMlpHOCTI LUX KOMIB.

12. 3akonysat xombinauio 021 TPiitkOBOro KOAY Ha BCi CIIONY4YEHHS He-
IBIHKOBMMH KOAAMH, 1[0 BUABJISIOTH MOMMIKH 3 NMEPEBIPKOIO 32 MOAYJIEM ¢
(npu q= 3) Ta 3 NOBTOPEHHSAM. BHABHTH OOJHOKPATHY NOMHJIKY Ta OPIBHATH
HalIMlpHOCTI LMX KOMIB.

Po3s’s3anus. Kombinauis Tpifikooro xoay 3 repeBipKoIo 32 MOAY-
nem 3 matime Burnaa A, = 0210, a TpilikoBOro KONy 3 TOBTOPEHHAM — BU-
rap A, = 021021.

Hexait B xoMGiHauii TPiKOBOro KOAY 3 MEpPEBipKOIO 32 MOAY/IEM 3 BUHHK-
7na OJHOKpATHA MOMHIKE, BEKTOP axoi E, =2000. Toxi cyma 3a MozyJieM 3
A, @ E, =2210. TIpn npuitMaHHi HepCBlpﬂCMO 3a MOXYJIEM 3 CyMy eNIEMEHTIB
yTBOpCHOl komoBOi koMGiHauii. BoHa nopiBHIOE 2, TOGTO BiIPI3HAETLCA Bin
Hme 110 CBIYHTH NPO HASABHICTH MOMMUIIKM B KoMOGiHawii. HaaMipHicTs KOTy

=1/(k + 1) = 1/4 = 0,25.

‘hexau B KOMOiHawii TleKOBOI“O KOAY 3 MOBTOPEHHSAM BHHHKIIA OHOKPAT-
Ha moMuJIKa, BekTop fKkoi E, = 002000. Toxi cyma 3a MozyieM 34,9E,=
=020021. I'[opmmoroqu nepmy (po3psau 1...3) Ta Apyry (po3paau 4 .6) vac-
THHH KooBOi KoMbiHa1ii, 6a4nMO, L0 BOHHU Pi3HATECA B TPETLOMY it wocro-
My pospanax. Lle Bkasye Ha HasABHICTh IOMHMJIKY B IPUAHATIH KOJOBIM KOMOi-
sauii. HaamipHicts Kony R,,=05.

TakuM ynHOM, R, >

13. 3akonyBaTH KOMGmauno 615 BicIMKOBOro KOAY Ha BCi CIIOJy4YEHHS
HeZBiKOBMMH KOJAMH, IO BUABJISIOTH MOMIIIKH 3 IEPEBIPKOIO 32 MOAYJIEM 8
i 3 MOBTOpeHHSM. BUSBHTH OJHOKPATHY NOMMIKY Ta MOPIBHATH HAJMiPHOCTI
LMX KOZIB.

14. 3akoxyBatH koMGinauio 8921 WICTHAAUATKOBOTO KOy Ha BCi CrIOMY-
yeHHs HeIBiiKOBMM KOIOM i3 NepeBipkoio 3a MoayneM 16. Bussutu oaHO-
KPATHY MOMMITKY Ta BU3HAYHTH HaJIMIipHICTL KOAY.
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15. 3axonysatu xombinauio 413 WATIPKOBOTO KOAY HA BCI CIIONMYYEHHS
HE/BIKOBHM KOJIOM i3 MOBTOpeHHSM. BUABUTH OHOKPATHY IOMUIIKY Ta BH-
3HAYHTH HaAMIPHICTb KOAY.

16. 3HaitTu MaKCHMAJIBHY KilbKiCTh xomﬁlﬂamﬁ HE3BIIHOTO 3MiHHO-TIO3H-
wiliHOTO xony 3i CTAJIOI0 BAarow Ta MOALIOM ancbamry KOy Ha IPYIH, AKY
MOXHa AICTAaTH IS anq)ann'y q= 8 Koty npu KiNIbKOCTI eNEMEHTIB y KO}.IOBIP[
xoMGiHauii m = 2 Ta KifIbKOCTi MO3ULiH B OAHOMY €NIEMEHTI, 110 JOPIBHIOE
KUIBKOCTI rpyn (m = n_ = 2).

Po3p’sa3anns. Pospnuxxm‘b ABa BHAM uporo H3- -KOJly: KOJ{ i3 moninoM ¢
noamun Ha n TPYN 3 m NO3HUISMHU B OmHOMY €TeMEHTI 3 pmmx rpyn i aHa-
JIOTIYHMI KOlI, y AKOT0 m no3uuiit 6epyThca TiNLKHA 3 OAHIET rpynn.

Otxe, Tpe6a BM3HAYNTH MaKCHMAaNbHY KUTBKiCTh KOoMGiHawuill a1s aBox
BapiaHTiB no6ynosu H3-kxony.

Lns H3-xony, noGynoBaHOro 3a nepiiMM BapiaHTOM, MAaKCHMANbHA KiJlb-
KicTb KoMOiHauiif BU3HauaeThCs BHpasom (7.8), To6To

cr (g
| M

171 | »

n

e g, — KilbKICTh NO3ULii B KOXHIi rpymi.
Y naxomy pasi g, = g/ n_ = 8/2=4. Toni

2
c2.42
Ny= —ZT_ =64.

Ans H3-xony, no6yxoBaHoro 3a APYruM BapiaHTOM, MAKCHMAIbHA Kijlb-
KicTb KoMbiHallii BU3HayaeThca Bupasom (7.12), o670

(C;"/n ) 8/2)Z =36

Orxe, MakcuManbHa KitbkicTs kom6inauiit H3-kxony 3i cranoto Baroio ta
nozinom angaiTy KOAy Ha rpynu Moxe GyTH YTBOPCHA TIPH BHKOPHMCTaHHi
Ans GopMyBaHHA Mm-MO3HUIHHOTrO e/eMEHTa MO3ULIH andasiTy pi3HHX rpyIL.

Takum uuHoM, N, > N,. -

17. 3HaiiTi Maxcnmanbuy KIABKICTB K0M61Haum HE3BIXHOTO 3MIHHO-1103HU~
uiHHOTO KoMy 3i CTaNI0I0 Baroio 6e3 noainy andasity KOZy Ha FpyNH.

18. 3HaiiTH MaKCUMaNIbHY KilbKICTh KOMOGiHallil HE3BIIHOTO 3MIHHO-O3H-
UifHOrO KOAY 3 eleMEHTAaMH Pi3HOI BarH.

19. Heo6xinHo 3a6e3neynty nepenady 24 xOMaH[ He3BIAHHUM 3MIHHO-TIO-
3ULIHHAM KOIIOM 3i CTAJIOIO0 Baroko 6e3 noainy andJamTy KOZty Ha rpynu. Busna-
YHUTH NOTPIOHE 3HAYECHHA andasiry KOZ1y, KO KUIBKICTB €IEMEHTIB y KOOBiit
xOMGiHauii n = 2, a KUTbKICTb NO3KLH, AKi MEPENAIOTLCH B ONHOMY eIEMeHTI,
m=2,

20. HeoGxinHo 3a6e3neunTn nepesady 80 xoMaHX HE3BIAHHM 3MiIHHO-IIO-
3UIIAHMM KOIOM 3 €JIEMEHTaMH pi3Hoi Baru 6e3 noxiny andasiry Koaly Ha rpy-
1. BusHauuTtH norp|6ny KiJILKICT MO3MLLIH B eNeMeHTaxX m, i m, KOAYy, SKLIO
fioro andasit ¢ = 6, a KiNbKiCTb eleMEHTIB Y KOJOBii xomﬁmaun n=2,
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KOHTPO/IbHI SATTUTAHHS

& W -

13.
14.

15
16.

17.
18.

19.
20.

SIKi Ko HaJeXaTh [0 KOAIB, IO BHUSBISIOTH MOMHIIKH?

Jle BUKOPHCTOBYIOTECA KOJH, 1O BUABISIOTH NOMHUAKK?

SIk BIIMBAac MiHiManbHAa KOJMOBA BIICTAHb KOAY Ha #Oro 3MaTHICTH
BUSBIIATH MOMMWIKH?

Sxi ocobnuBocTi Mo6yA0BH ABiiKOBOro KO 3 MEPEBIPKOIO HA map-
HicTB?

UYyM BiIpI3HAECTHLCA ABIHKOBH KOA i3 IIEPEBIPKOIO HA HEMAPHICTH Bil
aHaJIOTIYHOro Koay 3 nepesipxoxo Ha napHicrb"

ki ocoGnuBoCTi NoGyn0BH nsmkonoro inBepcHoOro xKomxy?

UYuM Bigpi3HAETHCA ABIHKOBHIl KOA i3 MPOCTHM TMOBTOPEHHAM Bil
msepcnoro"

Slka HagMIpHICTb OBiHKOBMX KOJIB i3 MEpeBipKOIO Ha MapHICTD,

iHBEPCHOTO Ta 3 MPOCTHM nonropenmm"

SAxi ocobnusocti nobynosu AsiiikoBoro xopenxumnoro xoxy?

SIki oco6muBocCTi no6ynonn IBI#KOBHX KOJIB 31 CTaNo0 Barow?

UpM Bimpi3HAETHCA ARIHKOBHI KOX i3 KUIBKIiCTIO OAMHULL B KOMOiHa-
11ii, KPATHOIO TPHOM, Bill KORY 3i CTANOI0 BArow?

SIki 0coGnHBOCTI MOGYNOBH HEABINKOBHX KOJIIB, WO BUSBISIOTH MO~
MHIKH?

YuM Bi(pi3HACTHCA HENBIAKOBUH KO/ i3 IEPEBiPKOIO 32 MORYJIEM ¢ BiX
aHaNOTiYHOTO [BiHiKOBOro Kozy?

Unm BiApi3HACTBCS HEABIKOBHIA KOJI i3 MOBTOPEHHAM Bill aHanoriy-
HOTO ABIHKOBOIO KOAy?

SIKi KOZM HATEKATh JO HE3BLIHUX 3MIHHO-TIO3HIIHHMX KOAIB?

Sxi 0coB6aMBOCTI OGYIOBH HEIBIAHMX 3MIHHO-TIO3MLIHHX KOAIB 3 efle-
MeHTaM¥ ojHiei Baru?

SIki 0COBANBOCTI MOGYIOBH HE3BIAHMX 3MIHHO-TIO3HLIHHUX KOJIB 3 €ne-
MEeHTaMH Pi3HOi Baru?

Ynm pisHATHCSA HEABIHKOBI HE3BINHI KOIH 3 ENCMEHTAMH OAHi€l Ta pis-
Hoi Bar?

He 3acrocoByerbes LIK?

Y YoMy NoNAraloTh BigMinuocTi Mik kogamMu EAN-13 a UPC-A?



KON,
O BUNPABAAIOTD

roamn &) IOMUIKM

Koou, wo eunpasasioms nomunku (abo KOpexmyeanvHi Koou) noeuHHi

Mamu MiHiMaeHy K0008y eidcmans d ;. > 3. Ii 3pocmanns docazaembca

36inbwienHAM KitbKocmi n po3padie kody abo 3menuwennsm Kinvkocmi N
003601€HUX K000BUX KOMbBIHaYIH, AKi 8UKOPUCMOBYIOMbCA 0N nepedayi no-
8i00MAeHb, MOBMO NIOBUUEHHAM HAOMIPHOCE KOOY.

Haibinbuio20 nowupenus ceped 08itikosux kopexnysansnux kodig [9, 12,
19, 20, 23, 39] dicmanu cucmemamuuni ma necucmemamuyuni 6:10x08i K0du
(60Hu, y ceoto uepzy, nodinslomvca na niniini ma neniniini ), a makooic pe-
Kypenmui kodu. 3 Hedgitikosux Kooie 0as 3axucmy ingopmayii 6i0 nomunok
[6, 8] 3acmocosyiomubca ysazanshenuii koo Xemminza, nanyrozosudi ma ime-
DamueHull Koou.

8.1. ABIKOBI r'PYMOBI KOAW

8.1.1. JIHINHWA CUCTEMATUYHWUI rPYNOBUNA
(BJTOKOBUW) KOA

3acToCyBaBLIM TEOPIIO JIHIHMX NPOCTOPIB, MOXHA JATH TaKe
BU3Ha4eHHs [4, 40]: rinitinum cucmemamuunum 2pynosum 08itikoeum
(n, k)-x000M Ha3UBAETHCS KOJ, Y AKOTO nepeBipHi eneMeHTH b, (ne
J = 1...r) 3HAXOAATHCS K CyMH 32 MOZyNeM 2 06YMOBIIEHHX in)op-
MaUIHHUX eNeMeHTIB g; (1€ i = 1...k). V Heniniftnux nsiiikosux (n,
k)-xomax nepeBipHi €lEMEHTH 3HAXOAATHCA IHAKILE.

Takum unHOM, y THIAHOMY KOZIi IepeBipHi eJIeMEHTH BU3HAYA-
IOThCS 5K

k
by =3 00 ;a;
i=l
8.1)
k
br = 2 Oari ;s
i=1
ne Y0 — 3HaK CyMHM 33 MOZYNEM 2; O — KOe(illieHTH, 3HAYEHHS
AKUX OOPiBHIOWTE 0 abo 1.
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Sk sunnusac 3 (8.1), 3axon no6yoBH NiHiliiHOTrO xozxy BU3Ha4a-
€Tbecst BHOOpOM kr Koeqnmemm o

OzHa 3 BIaCTHBOCTEH JIIHIHHUX *koxis monsrac B TOMY, IO CyMa
3a MofyneM 2 Gy/b-aKHX JABOX JO3BOJIEHHX KOLOBHX KOMOIHauUiH
TaKOX € J03BOJIEHOIO KOMOIHAli€l0 UBOTO KOAY.

Hexali € nBi 103B0IEH] KOJ0BI KOMOiHaLil JTiHIHOTO KOy

PO 0, a0 40,50
PO o) ) 4)

nepeBipHi CHMBOJIU SIKMX BU3HAYaIOThCS BiAMOBIIHO BHPa3aMH

k
m_ . @_ 2)
B ZOaua, . 6P =300;a?).
i=1
TIpu noaasauHi 3a Moxynem 2 komGinauiit ¥V i V@ picranemo
xoMbinamio V¥, sxa Takox 6yae KOMBIHALIEIO HBOTO KOAY:

VO = Y@ YO =g ® +4,®,..,
aO®a®,bO@bD, b VDb,

pilS]
k k k
b\ @p?) = 300 e %00 i) = 200 (Wed?)
1= 1= 1=

TOMY LIO MPH AOJABAHHI 32 MOAYJEM 2 JIIOTh ACOLIaTHBHHM, KO-
MYTaTHBHHI Ta QUCTpUOYTUBHMIK 3aKoHH [32].
Takum YHHOM,

VO =(a,®, ..., a3bO,... b®),
Jc

k
- = 3 3
a®=aM®a®,b® =" @b a60 b = ZIOa ).
1=

Taxa BIACTHBICTb A€ MOXIIMBICTb IOGYAYBAaTH BCi JO3BOJIECHI
KOMOiHaNil TiHIHOTO KOy, MAIOYH TUIbKH OOMEXEHY KUIBKICTB iX.
Tpu upomy no6yaoBa JTHIHHOrO KOy BUKOHYETHCS Ha OCHOBI TBIp-
Hoi (mopomxyBanbHoi) MaTpuLi. s MaTpuus 6yayeTses Tak, mo6:

1) KibKIiCTh MOYATKOBHMX KOJOBHX KOMGiHaLil nopiBHIOBana K,
TOBOTO KinbKOCTI iHpOPMALIHHX €IEMEHTIB IEPBUHHOTO KOAY;

2) BCi noYaTKOBi KOXOBI KOMOGiHauil Oy Pi3HMMHU;

3) HynbOBa KOMOiHALS HE BXOAMNA JO CKIIally ITOYaTKOBHX;

4) Bci moyaTkoBi KoMOiHALIT OYNH JiHIHO HE3aJNEKHUMM;

5) KiNBKICTh OAMHMIb B KOXKHIM rouaTKoBiit koMOiHauii 6yna He

MEHILO HiX d; ;
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6) xonoBa BiCTaHb MiX 6yab-SKMMM IAPAMH OYATKOBHUX KOM-
GiHawuii Takox Gyna He MeHIIO0 HiX d ;.
ITiniGpani 3a MM NpaBHIOM IOYATKOBI KOMGiHALLiT 3aMMCYIOTD-
CA Yy BMITISZI mBipHOi mampuyi Gy, ky KA MICTUTb K PANKIB i n

CTOBIIIIB:

ay @y .. ay by by .. b,

Gy = G gy - Gy by by . by, ) 8.2)

akl akz akk bkl bk2 bk,.

Matpumo (8.2) MOXHa noAaTH TaKOX y BUIINIAMI ABOX MiAMAT-
puLs: ingopmayiiinoi E, Ta nepepipHoi C¢., 1- Hepy 3pyuno 3a-
MHCATH B KAHOHIYHiIH QOPMi K OMMHUYHY MIAMATPULIO, L0 MaE k
CTOBIIHIB i CTUIBKH X PAMKIB:

100..0
010..0
Ek= 001...0.
000..1

ITepeBipua {Iinmannqa Ce, k) 6ynyerbes ninbopom r-po3psi-
HUX KOMOIHaLil 3 KUIBKICTIO OAMHHLb B PAAKY HE MEHLIOIO Bif
(dpin — 1)- IIpu ubomy Heo6XinHO BpaxoByBaTH, 110 Cyma 3a MOZY-
7nieM 2 Oyab-sIKMX PO3PSAMiB NOBUHHA MaTH 6inbu sk (4, — 2) onu-
HULb.

YpaxoByrouu BUKJIAIEHE, B MEXaX T€OPil MATPHIIL MOXKHA AaTH
Take BU3Ha4YeHHs [40]: ninitinum cucmemamuunum 2pynosum 0gitixo-
éum (n, k)-xo0om Ha3HBAETbCA KOA, y AKOro Bci itoro (2X - 1)
HeHyJ1bOBi KOMOGiHaLii MOXYTh GyTH YTBODEHi iK CyMH 3a MOZIyJIeM
2 psaKiB OeaKoi MaTpuii Gy, k) PO3MIPOM Kk X n, siKa HAa3UBAETBLCS
MEIPHOI0 Mampuyer Koay.

in

PosrnsneMo npuknan no6ynoBu MaTpuili CHCTEMATHYHOTO T'PYHOBOTO
KORY, 31aTHOrO BHMNPABJIATH OAHOKPAaTHY NOMMIKY (v, = 1) nipu nepenaui 16
nosigoMsieHs (N_ = 16).

BinoMmo, mo N_ = 2%, 3Binku k = 4 (N, = 16 = 2*). OTxe, KinbKicTh pAnKiB
TBiPHOI MaTpHLi n. &y OPIBHIOE 4, & KUIBKICTh CTOBMLUIB — JOBXHMHI n KOy
(n=k+r,per=3nnav, =1 idm =2v_ +1=3), To6T0 KiNbKiCTb CTOBNUIB
nigMaTpuui G, ,, cTaHoBuTD 3. KUTBKiCTh nepeBipHHX PO3PAMIB MOXHA BH-
3HAYHTH, KOPUCTYIOUMCH Tabmn. 8.1.

3rigno 3 npaBuIOM NO6yA0BH MiAMATPHLI C... 1, KUTBKiCTb OMHHULD B Hili
Mae OyTu He MeHIIoo Hixk d__ — 1 =3 — | = 2. 3 TpueneMeHTHHX KOMGiHaLiH
mns nigMatpudi C, . BUGMPAEMO TiNBKH Ti, B SKHX KiNbKICTb OXMHUUL Giltb-
wa asox: 110, 101, Oil, 111.
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Tabnuya 8.1

1 2 3 4 5 6 7 8 9 10

2 1 1 1 1 1 1 1 1 1 1
3 2 3 3 3 4 4 4 4 4 4
4 3 5 5 6 6 7 7 7 7 8
5 4 7 8 8 9 9 10 10 10 11
6 5 9 10 11 11 12 12 13 13 14

Yepes Te, 1o 1k iHpopMaLiiina E, BUKOPHCTOBYEThCH OMHUYHA MiAMAT-
PHUS, TBipHA MaTpHLA NiHiliHOTO KOAY fa PO3ITISYBAHOTO NPUKAANY, TO6-
TO KOAY, AKMH BUNPABIISE OJHY NOMMIKY, OCTaTOYHO Ma€ BUITIAN

1000
0100
S04=0010
0001

8.3)

—_——
—np—-o.—-

1
1
ol
1
. Psinxu B nepesipuiit ninMaTpuui C,,..xy MOXHA MiHATH Micuamu. TTpu UbOMY
AICTAHEMO KINIbKa BAPIAHTIB TBIPHUX MATDHIb IS IPUKNARY, L0 PO3MIAaa-
€ThCH. :
Io6yayemo 3a nonomoroio noxauoi paHille TBipHOT MaTpHLli BCi KOMGiHa-
wii posrnsyxyBaHoro (7, 4)-kony. Ockinbku nepiua KoMbiHaLis — HynbLOBa, Apy-
ra — i’sta KoM6iHawii € paaxamu TBipHOi MaTpuui, pewury 11 3xaiinemo mincy-
MOBYBaHHSM 3a MORYJIEM 2 BCIX MOMUTHBHMX KOMGiHaNi# psiaKis TBipHOT MaTpH-
ui. Bci 16 komb6inauiit (7, 4)-xony 3 i€ MaTpULEIO MaTHMYTb TaKHi{ BULIS:

1. 0000000, 9. 0110011 (3 @ 4);

2. 1000011; 10. 0101010 (3 @ 5);
3.0100101; 11. 0011001 (4 @ 5);

4. 0010110; 12. 1110000 2 @ 3 & 4);
5.0001111; 13. 0111100 3 © 4 & 5);

6. 1100110 (2 @ 3); 14. 1011010 2 ® 4 ® 5);

7. 1010101 2 ® 4); 15.1101001 2 @ 3 & 5);
8.1001100 (2 & 5); 16. 1111111 2 © 30 4 @ 5).

IIpu no6ynosi koM6GiHauiit niniiizoro KOJy 3a TBipHOIO MaTpH-
LEI0 HEOOXIAHO BMITH 3HAXOAMTH NepeBipHi PO3psAH KOJOBHX KOM-
GiHauiit 3a inpopMaLiiiHUMH. ANrOpHTM yTBOpEHHS MepeBipHHX
PO3pAiB 32 AOMIOMOTOIO TBIPHOI MaTPHLi Gy, 1 32 BinoMuM iHdop-
MauifHUM Ma€ BUIIISN,

by =byya; @ bya, ® ... ® byyay; by = by, ® byya, ® ... ® ba,,
b, =b,,0,®by0,® ... Db, a,

CucreMa nepeBipok [U1s KOXHOT KOHKPETHOI MaTpuui G 1y POP-
MYJIIOETLCS TaK: y NMEPUIY NEPeBipKy PasoM i3 NepeBipHHM po3ps-
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JiloM b, BXoaaTs indopmaiizi po3psaau, 1O BiANOBIIAIOTb OMUHH-
LM TepLIoro croBnus mamarpuui C;, 4 Y APYry — NepeBipHui
po3psn b, Ta inhopMalliitHi po3psaaM, AKI BIANOBIAAIOTE ONUHULIAM
Apyroro crosnus miaMarpuui C, 4 1 T. A. KinbkicTh nepesipox
JOPIBHIOE KUIBKOCTI MEPEBIPHUX PO3PSAIB KOAY, TOOTO KUIBKOCTI
CTOBIILIB MAMATPHLI C, ).

Cucrema nepeBipok JUIs HaBeIEHOI BUILE TBIPHOI MAaTpHL G, 4
mae Buran b, = a,® a; @ a, b,=a, ®a;®a,, by;=a, Da, D a,

Onupaoyych Ha TBIpHY MaTPHULIO, MOXHa OOy IyBaTH NepeBip-
Hy MaTpuwio H, sika MICTHTD r PAKIB, 71 CTOBIILIB 1 CKJIANAETHCA 3
JBOX ni,uma'rpnub: .D(k, sy IO Ma€e k cToBmMIiB 1 r PAOKIB, KO?KHPIﬁ
PAOOK SIKOI BIAIIOBIAA€ TPaHCIIOHOBAHOMY CTOBIIHIO IEPEBIPHUX
po3psaie miamatpuui C,, ;, TBipHOi MaTpuui G, ;,; OIMHHYHOI M-
marpuii E :

by by by 100..0

byy .. b 010...0
H(n,r)z[D(k,r);Er]= b12 22 k2 . (8.4)

by by, by 000..1

I1s nepeBipHa MaTpuils Ja€ 3MOT'Y CIPOCTHUTH Ofiepalii KoAyBaH-
Hs Ta nekoayBaHHs. ITo3uuii, 3aifHATI OMMHULIAMU B i-My PAAKY IiJ-
martpuui Dy, ), BU3HAYalOTh T1 IHpOpMALIiHI PO3PAIH, SIKi MaIOTh
6paTi yuacth y GOpMYBaHHI i-ro MEPEBIPHOro po3psay.

Kinbkicts po3psiaiB KOIOBOTO CHHAPOMY i , SIK HACIiAOK, KiJb-
KICTh NIEPEBIPHUX €IEMEHTIB NP BUIIPABJIEHHI OJHOKPATHHUX NO-
MHJIOK BU3HAYa€ThCA HEPIBHICTIO 27 — 1 2 n a6o 2" — 1 2 CL. [lnsa
BUIIPaBJICHHA He TUILKU OHOKPATHHUX, a i TOMMIIOK Oinb1of Kpa-
THOCTI HeOOXiIHO BUKOHATH YMOBY

r 1 2 v
2" -12C,+C +...+Cp P,
I€ V,, — KPATHICTb BUIIPABIIEHOI IOMMIIKH.

Sk npuknaj nepeTBoprumMo TBipHy MaTpHLIO (8. 3) Ha mepeBipHy

0111 100
Hz3y={1011 010/ (8.5)
1101 001

IepeBipHUMHU e51EMEHTAMH, 1110 BU3HAYAIOTHLCA 32 JOTIOMOTOI0 MaTpHLi, 6y-
ayte b, =a,®a,®a,b,=a, ®a,®a,b,=a,®a,®a, IToBinoMneHHs,
nanpukian 0110, 3akonoBaHe TAKMM KOZOM, MaTMe BUrisaa 0110011, ockinb-
knb=10190=0,0,=00100=1,6,=00100=1.

MeToan BHNIpaBJIeHHS] IOMHJIOK Y CHCTEMATHYHOMY FpYNoBOMY
Kkoai. Po3pi3HAIOTH JBa OCHOBHMX TaKMX METOAM: 32 AONOMOTOI0
KOJIOBOT'O CHHAPOMY Ta 32 JOMOMOI0I0 KOiB-CyITyTHHKIB.
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Buxopucmanua Kodosozo cundpomy. TlepeBipka kogoBoi koMbi-
Hauii, o NpUAMAETHCA, IIPH LBOMY BUKOHYEThLCS 3iCTABIEHHAM ii
NepeBipHUX PO3PAAIB 3 MEPEBIPHMMU PO3PANAMM, SKi 0OUHCIIO-
IOTBCS Ha OCHOBI MPUHHATUX iHGOpMaIliitHUX.

Komosi xoMbiHauii , mo TepefialoThCs Ta NpUAMAIOTECS, 3aU-
LIEMO BiXTIOBINHO Y BUIIISI

V=C(ay,...,a,b,....b); V=@, ..,aq b/ ,....b).

3 MeTOK BHSBJIEHHA [OMHIKH B KOHOBI¥ komOiHawii, mo npu-
fiMaeThbes, 3poOUMO NEpeBIpKU

20% i (8.6)

Ta TMOPIBHSEMO Ui 3HAYECHHA 31 3HAYEHHSIMU MPUMHSATHX HepeBip-
HUX ejieMeHTiB b,. Y pe3ynbTaTi MOPiBHAHHS IiCTAHEMO 7-CJICMEHT-
Hu# Habip (S, ... ,S,), 10 BU3HAYAETBECA AK CyMa 32 MOAYJIEM
2 IBOX r-eNeMEeHTHUX HabopiB:

by .. BYVE B, .. b)) = (S, ... ,S,). 38.7)

ITicnsa nmigcraHoBky (8.6) y (8.7) 3HalIeMO 3HAUYEHHS KOXXHOTO
eleMeHTa SJ B Habopi (8.7) :

S; _$0a i+ (8.8)
i=]

Habip enemenTis (S, ..., S,) Ha3UBAETbCSA cunopomom (i3HABA-
YeM) MTOMHUIIOK.

3a BiacyTHOCTI MOMMIIKM KOMOIHaLisi CHHOAPOMY CKIAHAaEThCs 3
onHuXx HyniB. [IpucyTHICTH XO04ya 6 OTHOTO HEHYJIILOBOI'O €JIEMEHTA
B KOMOiHalii CHHApOMY BKa3y€e Ha CIOTBOPEHHS €JIEMEHTa y HpHii-
HATIH KOOOBiH KoMOiHawuil.

Mix koMOiHaLi€I0 CHHAPOMY Ta TOMWIKOBOIO KOMOIHALIIEO, IO
CIIPUYMHUIIA CTBOPEHHS CHHIPOMY, HEMA€ B3a€MHOI OJIHO3HAYHOI
BIATOBIZHOCTI, TOMY 332 KOXKHUM CHHAPOMOM 3aKPiILUTIOETLCS TaKa
KOMOiHalisg TOMHIIOK, IO BUIIPABJISETHCS, BHHUKHEHHS SIKOI B Ka-
HaJli € HaitiMOBIpHIILIMM.

3HaueHHs CHHAPOMY 36iraloThCs 3 KOMOIHALIEIO pe3yJIbTaTiB
JIepeBipKY HA MIAPHICTh, AKI BU3HAYAIOTHCS MIEPEBIPHOIO MATPHIICIO
H. Tax, cunapoM i cucteMaTuuHoro (7,4)-koay 3 nepeBipHOIO
MaTpuueio (8.5) BU3HauaeThcs Bupasamu S, = b, @ b\”, S, =b,’ ®
®b,”, Sy = by @ by”, ne b/ — i-i nepeBipHUil €eMEHT NPUHHATO]
KOJ0BOI KOMOiHawil, b, — i-# nepeBipHUi eneMeHT, 06uHCIeHUH 3a
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iHpopManifHUMH elleMeHTaMH Ha npuiiMajisHOMy 6oui. Hdus
(7,4)-xony Mmaemo

7? ’ ’ ’ [ ’ ’ ’ 7
b| —a2®a3®a4,,b2 ,—al§3a3®a4,b3 =
=a,®a, Da,.

SIkwo 3HaveHHs b;” MiACTaBUTH y BUpa3 S, TO MiCTAHEMO

a,@a,@a,®b/=35,;
a1®a3®a4®b’—52,
a/®a,@a,®b; =85,

YcTaHOBHUMO BiAMOBIAHICTD BHJlY CUHJIDOMY 3 BUIIOM IIOMHIIKH,
IO BHIIPABJISETHCA, VIS IEPEBIPHOT Ma'rpmn H (tabn. 8.2).

Slxio npu nepenayi no KaHanax y KoJOBiit KOMOiHallil BUHMKHE
O/IHOPAa30Ba IOMIIKA B ONHOMY 3 PO3pAiB, TO O6UUCIeHU I Ha TpHii-
MaJjibHOMY 6o CHHIPOM YK2)ke HOMED CIIOTBOPEHOTO PO3pszy.

ITo6ynoBa cuHapOMIB AJTs BUIIPaBJICHH MOABIHHUX, NOTPIHHUX
i moMusox 6110l KpaTHOCTI CKMagHa. ToOMy METO/ BUIIPABIIEHHS
ITOMHIIOK 32 JOMIOMOTIOI0 KONOBOIO CHHAPOMY BHKDPHCTOBYETHCS
I'OJIOBHHM YHHOM JUISl BUTIPABJICHHS IIOOAHHOKHX IOMUIIOK, IMOBIp-
HICTb BUHMKHEHHs fKHX 3HA4YHO Oinblua, HiX MOMMWIOK 6inbHIoi
KpPaTHOCTI.

PosrnsHyTuil BHIE JNiHIHHUA CUCTEMAaTHYHUR I'PYNOBUH KOX
HaJIEXHUTh O JOCKOHAJIMX KoiB [8, 12] Hockonanum ninitinum xo-
0oM HA3MBAETHCA TAKUH ONTUMANBHUH 32 d, ; NiHiiiHKI KO, Y AKO-
ro KUIBKIiCTh  HEHYJIbOBUX KOMOiHawLiH CHHIIPOMY @2-1 nopiBmoe
KUIBKOCTI BCIX MOXITHBHX KOMGiHaLi# TOMMIIOK i3 Barowo v, i MeH-
e, a KoxHa 3 (27 — 1) rpyn i3 2 koM6iHaLisIMU NOMMUITOK, Ak yTBO-
PIOIOTH HEHYJIbOBI KOMOiHaLIT CHHNIPOMY, Mae TUIbKH OZIHY i3 3a3Ha-
yeHUX koMOiHauiit moMusnok. Tak, niniuwuii (7,4)-kox, skuii 3a1a-
€ThCA NIEPEBIPHOIO MaTpuLElo (8,5), € AOCKOHAIUM JIIHIHHUM KOIOM,
TOMY ILO IIPH din = 3 T 3IATHOCTI BUIPABJIEHHS MTOOIHHOKHX NO-

. MHJIOK KiJTBKIiCTB HEHYJIbOBHX xoMbinaniii cungpomy (23 -1 = 7)
JOPIBHIOE KIIBKOCTI BCIX MOXIUBHX KOMGiHaLi#l OMHOKpAaTHHX
noMunok (aus. Ta6in. 8.2).

Tabnuys 8.2

KombGinauis| Howmep KombGinauis Howmep

(sextop) |cnoTBopeHo- | CunapoMm || (BexTop) |cnoTBopeno-| CHHAPOM

NOMHJIKM | rO po3paay NOMHIKH | ro po3paay

1000000 1 011 0000100 5 100
0100000 2 101 0000010 6 010
0010000 3 110 0000001 7 001
0001000 4 111
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Buxopucmanus xodis-cynymnuuxis. Lieit MeTon nepenbauae mo-
6ynoBy K00BOI TAONHMII 3 KOAAMH-CYIYTHHKAMH 3a TAKKM IIPaBH-
noMm (tabn. 8.3): B mepoMy ii psaky PO3TalIOBYIOTE yci KogoBi
xombiHalii V;, Is AKNX HEOOXiAHO 3HaHTH KOIU-CYNyTHHKH; B
IOpYyroMy psiIKY 3alIHCYIOTh BEKTODH, YTBOPEHI MiJICyMOBYBaHHAM
3a MOZy/ieM 2 KOZOBHX KoMOiHallii V;3 BEKTOPOM NIOMUIIKH e, Bara
aKoro w = 1, a omuHUNSA 3Haxo,ambcx B NEPLIOMY PO3psAAi; TpeTii
PAKOK € Pe3yIbTaTOM MiICYMOBYBAaHHS 32 MOAYJIEM 2 KOJAOBUX KOM-
Ginaui# V3 BekTopom e,, Bara AKOro w = 1, a onMHMUA po3Miiy-
€ThCA B nperMy po3psial, i T. . Tak Qil0Th AOTH, JOKH He OyayTh
HlllcyMOBaHl 3 KONIOBMMM KOoMOiHauisMu V; Bei BEKTOPH e; BAroko

=] 3 OAMHUMLIAIMH B KOXXHOMY 3 /1 PO3PSIiB, NOTIM l'IlI.lcyMOBYIOTb
3a MOMyJIEM 2 BEKTOPH €, Barolo w = 2 3 [IOCiA0BHUM IIepeKPUBAH-
HsIM yCIX MOXJIMBHX PO3PsAIiB (Bara BEKTOPIB e; BU3HAYAE KINBKICTh
[OMMJIOK, IO BUTIPABIISIOTBCS, 4 PO3PAIHICTD LIUX BEKTOPIB BiAmo-
BiZa€ pO3pSAHOCTI KOAOBOI KOMOiHALLT).

Takum ynHOM, A1 KOXHOI KOAOBOI KOMOiHalil V; miHifiHOrO
CHCTEMATHYHOIO KOy AICTaIOTh CBOIO PYNY KOMiB-CYIIyTHHKIB,
PO3TALIOBAaHMX Yy BiMOBITHOMY CTOBNUI (HuB. Tabn. 8.3), saki 36e-
piratotecs B mam’sTi EOM. V pasi npuitManHs kom6iHanii, mo 36i-
Ta€ThCA 3 OJHHUM I3 KOMIB-CYIyTHHKIB, CIIOTBOpPEHA KOMOiHALis
po3IHGPOBYETHCA K MOYaTKOBa poboyua KoMbiHaLis, 10 AKOI Ha-
JIEXKHTh HEH KOA-CYMMYTHUK.

HenmonikaMu po3IiissHyTOTO METOAY € BeJMKa €MHICTh IaM’siTi
EOM i 3nauHi 3aTpaTu yacy Ha nepebip kombiHauiit komis-cymnyT-
HHKIB.

Yxopoueni ninilini cucreMarnyuni xoau. Po3pisHsOTH MOBHI Ta
BKOPOYEHI JIiHilHI cucteMaTu4Hi Koau. [0 NEPIIMX HANEXaTh Ji-
HilHi (1, k)-Koxu, 1mwo mictsTs 2F komM6inauiit, a 10 ApyruX—iHilHi
(n, k, i)-xomu (me i = 1 ... k — 1), sixi Maroth 25~ komM6inawniit. Ykopo-
YEHHH JIiHIHUIA CHCTEMAaTHYHHUI KOX YTBOPIOIOTH 3 IOBHOTO KOAY,
HPH LOMY JiICTa0OTh KOJOBY BiICTaHb d_. , HE MEHLIY HIX y II04aT-

min>
Tabnruys 8.3
e, 4
v, v, v, Vi)
e, e,®V e,®V, e,®V, e @V(2k—l)
e, “0V, | 4@V, | e®V | . | eV
ra) | epra)®V1 | Sora) B2 on)OVsl o | Eln ) BV
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KOBOTO JIiHIfHOrO CHCTEMATHYHOIO KOAY 3i 30Cpe)KEHHAM TaKOi
caMoi KUTBKOCTI NepEBiPHHUX eJIEMEHTIB, TOOTO r = (n— i) — (k- i) =
=n-k. '

3006yTTA BKOPOYEHOrO JiHIIHOTO CHCTEMATHYHOT O KOy IPYH-
TYETBCS HAa TOMY, IO OCKiIBKY 3 3aTalIbHOI KilTbKOCTI 2k kombiHa-
1il IEPBUHHOTO KOAY, SKi NOTPIGHO 3aKOMYBATH JIiHIHHUM CHCTE-
MaTHYHMM KomoM, 2¢! kom6Ginauiif mounHaroteca 30,a 281 —3 1,
Ticiis KOAYBaHHA JiHiltHOTO (1, k)-KOIY 21 jioro xombGinauiit Ta-
KOX ITOYMHATHUMYThCs 3 0.

IIi 2% xomMb6inauiii poO3raagaTUMEMO K HOBHH TIHIHHUHA CHCTe-
MaTHuHHiT koZ. Toji, uepes Te 110 BOHH HAJIEXKATh TOYATKOBOMY (71,
k)-xony, KofoBa BifCTaHb d,;, HOBOro Koay 6yae He MEHILOIO, HiXk
nouyarkoBoro. Hy/boBHii CHMBOJ Ha IOYaTKY KOJOBOI KOMOiHawLil
36epiraeThes i 1icsA KOyBaHHs il niHiiHMM (7, k)-KOZOM, IpHIOMY
B YTBODEHHi NepeBipHUX eIEMEHTIB JIIHIHHOTO CHCTEMaTHYHOTO KO-
Ay y4acTi BiH He Gepe. 3 ypaxyBaHHSIM LbOTO HyJIbOBHI CHMBOJ MOX-
Ha BimkuHyTH. [IpK LBOMY IicTaHeMmo JiHilHMHA (n -1, kK — 1)-KOx,
TOBTO KOZI, 1O MICTHTB 1 — | eJIeMeHTiB, 3 axux k — 1 € inpopMmauiii-
HHMH, & r — IEPEBIPHUMH.

VKOpOY€eHHiA JIIHIfHMI CHCTEMaTHYHMIT KO JIETKO MICTaTH 3 ITOB-
Horo JiHiitHoro (n, k)-Koay, 110 MOAAETHCA Y BUTIIAAI TBIPHOI MATPH-
ui G, 4 po3mMipoM k X n BUay (8.2) BUKITIOUESHHAM 3 MaTPHLI Tep-
IIMX PAIKA TA CTOBILS. B pe3ynbTaTi gicTaHEMO TBIpHY MaTPHLIIO
Gs_1, k1) HOBOIO BKOPOYEHOTO NiHIHHOTO CHCTEMATHYHOIO KOAY
po3Mipom (k — 1) x (n — 1), wo yrBopioe 24! iioro komGinauii. s
3006y TTs nepesipHoi MaTpuui H (n-1, ) IBOTO KOJY JIOCUTD BUKITIO-
YHMTH TIEPIUMIi CTOBNEU i3 MATPULL H,, ,) BIATIOBIHOTO MOBHOTO
Kony.

Taxk, TBipHY i niepeBipHy MaTPHIi BKOPOUEHOTO JiHIHHOTO CHC-
TeMaTHYHOTO (6, 3)-KOAy MOXHA NICTATH 3 BiAMOBIIHUX MATPHIb
G, 4) (8.3) Ta H4 3 (8.5) moBHoTO KOAY:

100 101 111 100
Gey=|010 110, Hgy={011 010, (39
001 111 101 001

ITicns BKOPOYEHHS Ha OJMH CUMBOJI JIIHIHHOT O CHCTEMATHYHOTO
(n -1, k - 1)-kony 3106ynemMo Bkopouenuii (n -2, k — 1)- komi T. A.

8.1.2. KOOAU XEMMIHTA

Lle oaHi 3 HAHMOUIMPEHIIIMX CUCTEMATHYHUX KOAIB, Ki BUTIpAB-
ns10Th moMunky. Jo xomiB XeMMinra HaexaTb KOAM 3 MiHIManb-
HOIO KOJIOBOIO BiACTaHHIO d,;, = 3 , IO BHIPABJIAIOTH BCI NOOAH-
HOKi TOMMJIKH.
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@opMyBaHH# 7 IEPEBIPHUX €NIEMEHTIB Y KOMOIHALIAX IUX KOAIB
BUKOHYIOTh 32 Kk iHpOpMalifiHUMHU enemeHTaMu. TakuM YHHOM,
JIOBXKHHa KOXOBOI KOMOiHawii n = k + r. [TepeBipHUMU eleMEHTaAMH
€ NiHiiHi komMbiHauii iIHGOPMALIfHUX €NEMEHTIB, TOGTO 3BajeHi
cymH iHGOpMaLIHUX €JIEMEHTIB 3 BATOBUMMU Koe(blmeHTaMH 1Ta0.

HocninoBHicTs OAMHULE 1 HYNIB y KOAOBIiH KOMOiHaLIl Ha3HBa-
€ThCA e K00oeum sekmopom. Kopam XeMMiHra npuramaHHi Biac-
THUBOCTI JIIHIHHUX KOJiB: cyMa (pi3HULA) BEKTOPIB JIHIHHOTO KOAy
JIa€ BEKTOD, AKHH HAJIEKUTH LIbOMY KOIY; JIIHIiHI KOIU YTBOPIOIOTH
anrebpyuHy rpyny BiIHOCHO onepaii JoJaBaHHS 3a MOAYJEM 2;
MiHIMaJIbHa KOJOBA BIACTaHb MK BEKTOPAMHU IPYNOBOTO KOLY HO-
PiBHIOE MiHIMaJIBHIH Ba3i HEHYJTBOBUX KOJOBHX BEKTODIB.

Ipu nepenavi KOZOBOro BEKTOPa Moxe GYTH CIIOTBOPEHHUH Oy Ib-
AKHH €IEMEHT, KiNbKiCTb Takux cutyauii C, = n. Jlo usoro cuizn
ZOJaTH 1Ll OfHY CHMTYalil0, KOJIM NOMHIKA He BUHMKaE. Takum
YHMHOM, 3arajbHa KUIbKiCTh 2" koMOiHaliii IepeBipHHUX €NeMEHTIB
Ma€ MEePEBHILIYBATH KUIBKICTh MOXIMBHX TIOMUIIKOBHX CUTYALiH B
KOZIi 3 ypaxXyBaHHAM BIICYTHOCTi IOMHJIOK [UIsl IPABHJILHOTO PO3-
PI3HEHHS iX 1 BU3Ha4Y€HHS MICL[b IOMHJIKH:

2 >n+l. (8.10)
Ockinpky 2" = 2K+7 = 2k. 21 MoxxHa 3anmcaTH
2"2(n+ 1)-2", 8.11)

Iie 2" — NOBHA KiNbKICTh KOMOiHaLi# Koay.

MiniManbHe CiBBITHOLIEHHS KOPEKTYBAJIBHUX Ta iHQOpMaLiii-
HHUX PO3pAAIB, HUKYE AKOTO KOJ He MoXe 30epiraTu 3agaHi KOpek-
TyBaJIbHI BIIaCTUBOCTI, BA3BHAY2€ThCA BUPA30OM

2 —-1=n.

Jis po3paxyHKy OCHOBHHX HapaMeTpiB Ko/iB XeMMiHra Mox-
Ha 3aJaTH KillbKiCTh NMEPEBIPHUX €JIEMEHTIB r; TOAI 3 OCTAHHLOTO
BUpa3y BU3HAYAETbCA M1, @ KINBKICTh iHGOpMaliiiHUX eNIeMeHTIiB
k = n—r. CniBBiIHOIEHHS MiX 7, n i k nist xoniB XeMMiHra HaBeze-
HO B Tabn. 8.4.

XapakTepHa ocoONMBICTb NEpeBipHO] MaTpHLi Koy 3 d, .

=3
. . min
nojsra€ y ToMy, 1o 11 CTOBIILI € PI3HUMH HCHYJIbLOBUMH KOMDiHa-

Tabruyn 8.4

k{1 {123 |alaf{s]e] 7|89 10|11
2 13 [3[3 34 alalalala|ala]s
n (3 ]a]s]e |78 fofwojnliz[iz]iafis]is
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1isiMu 3aBIOBXKH r. Hanpuknan, npu r = 4, n = 15 nepesipHa mat-
puus (15, 11)-xkoay Moxe MaTu TaKHi BUTTIAA:

— ) b —

1010101 0 1 0
Up Uy Uy Uy Us Ug Uq Ug Ug Uy Uy Uy U3 Uy Uys

(8.12)

TakuM 4MHOM, SKIIO B3ATH KOMOiHALil YOTHPHEIEMEHTHOTO
IBIAKOBOTO MPOCTOTO KOAY i BIIKMHYTH HEHYJIbOBY kKoMbiHalliio,
MOXHa JIOCHTB JIETKO HICTATH NEPeBipHY MATPHULIIO, 3AIIUCABIIH BC
KooBi KOMGiHaL{l NOCNIAOBHO B CTOBMNLI MaTpulli H.

Iicns nepecTaBieHHs CTOBIILIB, SKi MAaIOTh OJHY OAMHHIIIO, Ma-
Tpuus (8.12) HabyBae Burnsany

00001 T1T1T1T1T1T110O0PO0
0111000111 10100
Hgsp=/1 01 1011001 10010
’ 11 011 01T 01 0 1 0O0O01
ay ay ay a4 as ag a; ag ag ayg ay by by by by
(8.13)

3riaxo 3 MmaTpuuelo (8.13) nicraemo cucTeMy NepeBipHUX PiBHSHb,
3a JOTIOMOTOI0 SIKMX 3HAXOIMMO NEPEBipHI PO3psaau:
by=a;@ac®a; ®ag®ayDayDa;
by=a,®a;0a,DPagDagDa)yDa;;
by=01®a;Da,DasDa; DaDay;;
by=a®a,Pay, @as@a; OagDay,.

(8.14)

INosiBa MOMUIIKK B KOJOBiit koMbiHauii Beae 70 HEBUKOHAHHSA
THX NepeBipHUX criBBifHoweHD (8.14), B AKi BXOIUTL 3HAYCHHS
MTOMMJIKOBOI'O PO3pANY.

Tak, SK1O MTOMMJIKA BHHUKNA B CbOMOMY iHpopMauiiHoMy po3-
psiAi (CIOTBOPEHHM € EJIEMEHT ), TO HE BAKOHYIOThCS NEpILIE, TPe-
T€ Ta yeTBepTe cniBBigHOUIEHHS (8.14), TOGTO CHHAPOM IOPIBHIOE
1011 [36iraeTnes 3 cbomuM crosruem marpuii H (8.13)]. Taxum
YHHOM, MiCLIC3HAXOMKEHHS CTOBIIA MaTpuui H, wo 36iraerbes 3i
3HaWJIEHUM CUHAPOMOM, BU3HAYAE MicCLle ITOMUIIKH.

O64ncneHe 3HAUEHHS CHHIPOMY 060B’I3KOBO 36iraeThecs 3 OTHUM
i3 croBnniB MaTpuui H, TOMY IO SIK CTOBIILI BUOHPAIOTHCS BCi MOXK-
nUBi r-po3psanHi ABilikosi koMbiHawii. P. XeMMiHr 3amponoHyBaB
pO3TalllyBaTH CTOBIIL NMepeBipHOi MAaTPHLI TaK, OO HOMeEp i-ro
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cToBnus MaTpuui H i HoOMep po3psany KoaoBoi koMmOiHaLil Bif-
noBifany ABIHKOBOMY MOAaHHIO yKcna i. Toni cHHIpoM, 3Hake-
HHI 3 NepeBipHUX piBHAHB, Oyne ABIMIKOBUM HOJAHHAM HOMEpa
po3psay KoaoBoi koMGiHawii, B kil BUHHKIIA ToMuika. [ upo-
o NepeBipHi pO3ps iy MaIOTh 3HAXOAMTHCA HE B KiHII KOJOBOI KOM-
6inawii, a Ha HOMepax MO3HUMLiH, AKi MOJAIOTHCSA CTENEHEM ABIHKH
(20, 21,22, 23, ... 21, ax y maTpuui (8.12), TOMY 1O KOXHHIA 3 HHX
BXOIMTH TUILKH A0 OAHOTO 3 NEpeBipHMX PiBHAHL. B.ocTanHbOMY
BUIAAKY TepeBipHi po3psau pOo3MIIyIOThCA MiX iHpopMmauii-
HHMH.

CunapoM BiOnoBigHO A0 nepeBipHOi MaTpuii (8.12) BH3Haya-
€TbCS 3 CHCTEMHU PiBHSHB

S1=u; Qu; Qus Ou; Qug Quy Ouy3 Ouys;
Sy =ty Quy Qug @u; Ouyg Ouyy Ouyy Ouys;
Sy=uy Qus Qug Qug Ouyy Supy Ouyy Ouys;
Sy=ug ug ®uyg @upy Qupy Qupz Ouyy Suys.

(8.15)

Sk nepeBipHi Bp_x6rjlpaxon>cx PO3PSIM U, Uy, U, TA Ug, IO 3YCTPI-
YaloThCA B CUCTEMI piBHAHS (8.15) Mo ogHOMY pasy.

Hanpuknaz, skwo HeoOxigHo 3akoaysaTi mopinomiexHs 11001010110
asiiikoBoro nmpocrtoro xoay (k = 11) y xoai Xemminra, To noTpi6HO BU3HA4H-
TH nepeBipHi po3panu B kombiHauii u,u,1u,1004,1010110.

3 nepesipHoi MaTpuui (8.12) MmaeMo

Uy =u3 Ous Ou; Qug Quyy Ouy; Ouys;
Uy =u3 Qug Quqy Suyy Ouy Oupy Ouys;
Uy =us Qug Ouq Ouypy Ouyy Ouyy Ouys;
ug =ug Duyy Ouy Ouyy Ouy3 Ouyy Ous.

(8.16)

OGYHCIIOIONH U, U,, U, T2 U, 3TiAHO 3 (8.16), RicTaemo

D101 1@100
D0D0B0D1ID1DO
000000210100
0ol ®1®0

O

1
1
1
1

SR RR
~

Orxe, koMbiHauia kony XeMMiHra 0JIs pO3INISAYBaHOTO MOBiIXOMIEHHS
maruMme Burnan 111110001010110.

Tenep npunycTuMo, WO WOCTHIE eneMeHT uiei koMmbinauii npuiiMacThes
NOMMIKOBO, TOOTO ofiepxaHo mosigoMrenHs 11111 1 001010110. O6uucnro-
0YH CHHAPOM 32 JONOMOTr0I0 CHCTEMH PiBHAHD (8.15), 3Haxonumo S, = 0; S, =
=18, =18, =0, Tobro CHHIPOM Ma€ BHIIAN 0110. Axwo ue nsmkose
YUCIIO nepesecm B JECATKOBE, TO AicTaHeMo 6(0 - 23+ 1-22+1-2'+0-20=
= 6). TakuM YHHOM, HEOBXIAHO BHIIPABHTH IIOCTHI PO3PSA MOBIZOMIICHHA,
O HamifuwIo.
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Po3smnpennii ko Xemminra. Kog Xemminra 3 komosolo Biacran-
HIO dmm = 4 Ha3UBAEThCA poswupenum. BiH 3abe3neuye BunpasieH-
HA BCIX OJHOKPATHHX i BUABIIEHHS BCiX IBO- T4 TPHKPATHHX [IOMHU-
oK. Jlns bOro BBOAWTLCA NOAATKOBMI NeEpeBipHUit po3psia by,
SIKMi JIONTHCYETBCA A0 mepeBipHOi MaTpulli XeMMIHIa 3 KOAOBOIO
BIICTaHHIO d,; = 3, 3aBASKH YOMY OCTAHHA 361IbIIYETHCS 10 4.

HonaTkoBuit nepeBipHUi po3psA 3aiiMac OCTaHHIl CTOBNEL®b
OIMHMYHOI MiAMaTpHUL nepeBipHoi MaTpuui. KpiM Toro, 36iibieH-
Hsl KUIBKOCTI IepeBipHUX po3psuiB y koMbiHalii kogy XeMMinra
BeJI€ 10 3pOCTaHHs KUTBKOCTI psiaKiB nepesipHoi MaTtpuui. Jomat-
KOBHH DANOK YTBOPIOETHCS IOMOBHEHHAM CTOBIIUIB MEPEBipHOi
MaTpHLi 0 HEMAPHOCTI, AK Lie II0Ka3aHO Ha [IPHKJIali IEPETBOPEH-
Hs nepeBipHOi MaTpHLi (8.13) koxy Xemminra 3d,_;, = 3 Ha nepesip-
Hy MaTpuuio koay 3 d;, = 4:

o001 1111111000170
[01' 110001 1110100]0
Hugsy=[,1 0 1 1.0 1 1001100100
i 1011010101000 T1]0
J_1 1011010010000,

a) ay az a4 as ag a; ag ag ajg all\bl by b3 by by

Ha npaxTvii XoLibHILIe 32CTOCOBYBATH iHIIUH METO YTBOPEH-
Hsl PO3IIHPEHOr0 KOAYy XeMMiHra 3 Koy XeMMiHra, B IKOro KoJo-
Ba BiaCTaub d ;. = 3. JIng 1boro KogoBy KOMGiHaLiI0 OCTAHHBOTO
IPOCTO ZOMIOBHIOIOTD IOIATKOBHM MIEPEBIPHUM E€NIEMEHTOM by, SIKHIA
3HaXOIATh 32 JAOMOMOTOIO NIepeBIPKU KOOOBOI KOMOiHawii Ha map-
HicTb. ITpu LIbOMY nepeBipHMii eleMEHT Ma€ JOPIBHIOBATH OJHHH-
i, SKIIO KiTBKICTh OJMHHLL B 3aKOXOBaHi KOMOiHaLIT HenapHa,
M HYJIIO0, SKIUO LS KUIBKICTh ITapHAa.

Posmmpennit kox XeMMiHra I1eKOAYIOTh Y 3BOPOTHIM MOCTiOB-
HOCTI: CITOYaTKy BHKOHYIOTb 3arajlbHy NepeBipKy MPUAHATOI KO-
ZoBoi KoMOiHauii, 2 moTiM — ii nepempxy 6e3 enemenra b, Ilpu
IbOMY MOXYTh BUHMKHYTH TaKi BapiaHTH:

1) nomunok Hemae (OBi mepeBipku — 3araibHa i 6e3 eneMenTa
by maIOTh HYNBOBI KOAOBI CHHAPOMH);

2) € OJHOKpAaTHA NMOMHIIKA (3aranbHa NepeBipKa CBITYUTH MPO
HasIBHICTh MOMMJIKM — KOJOBHI1 CUHAPOM He JOPIBHIOE HYIIO, a
nepesipka Oe3 enemMeHTa b 1a€ CHHAPOM, KMl BKa3ye HOMeEP CIIO-
TBOPEHOTO EJIEMEHTA);

3) € ABOKpAaTHA ITIOMUJIKA (3aranbﬂa nepeBipxa CBITYHTBH PO Bifl~
CYTHICTBb ITOMMJIKH — KOJOBHI CHHIPOM TOPIiBHIOE HYIIIO, 4 nepe-
BipKa 6€3 eneMeHTa by 1a€ CHHAPOM, KMl BKa3ye HOMep 1no3uuii,
Jie HIGUTO MOMHITIKA BUHHUKIIA, TPOTeE il BUNPABJIATH HE CIifl — Tpe-
6a TINBKM KOHCTATYBATH HASBHICTD ABOX IIOMMJIOK);
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4) € TpUKpaTHa IIOMUIIKA (3arajbHa NepeBipKa CBiITYMTH NIPO
HasBHICTh NNOMHUIKH — KOJIOBHI CUHADPOM He HNOPIBHIOE HYMIO, &
nepesipka 6e3 enemenTa by Ja€ CHHIAPOM, 1110 MojXe HabyBaTu Oy ap-
SKOrO 3Ha4EHHs, B TOMY YHCII i HYJIbOBOTO).

3 ypaxyBaHHSIM BHKJIAAEHOTO KOAM XeMMiHra 3 d, ;. = 4 BUKO-
PHCTOBYIOTHCS, K MPABUIIO, /U1l BUABIEHHS ONHO-, [BO- TA TPH-
KpaTHHX IOMUJIOK.

JIns yTBOPEHHS BKOPOYEHOro Kofy XeMMIHra 3 MiHiMaibHOIO
KOJOBOIO BigcTaHHIO d_ ;. = 3 a60 4 KepylOThCs NPaBUIaMH, PO3-
IISHYTMMM TIpU OPMYBAHHI aHANOTIYHMX JIHIHHMX CHCTEMAaTHY-
HHUX KOIIB.

8.1.3. LMKIYHI KON

Ili KomM TaKOX WIMPOKO 3aCTOCOBYIOTHCS VIS 3aXMCTy iHdop-
maiii Big nomuiok. IloganHg KoMbiHalLiil B IUKIIIYHUX KOAAX BH-
KOHYIOTb y BUIJIAA] ITONIHOMiB GOPMaIbHOI 3MiHHOI X, LIO AA€ 3MOTY
3BECTH Aii HaJ KOJOBMMHM KOMOiHALISAMH 10 aiii Hax MoniHOMaMHU
(muB. m. 5.3).

JIinifiHi cuctemaTHyHi (1, k)-KoaH, B AKMX LHKIIIYHUHA 3CYyB 4, _,,
Gy 3, @y gy -5 Oy Ay, Ay Ay nosaoneu_o'i K9M6iﬂauﬁ Ay 1,8y Gy 35 -1 5
a,, a; TAKOX € JIO3BOJIEHOIO KOMOIHALIEIO, IO HANEXHTh LBOMY
KOJLy, HA3UBAIOTHCS yukiuHumu. Taka HUKIi4HA IEpeCTaHOBKa eJie-
MEHTIB BUHHUKAE MiCls MHOXEHHs NojiiHoma Ha x. Sxmo V(x) =
=a,_ x"!+a, x"2+ .. +ax+ay,T0xV(x)=a, x"+
+a, _zx"" + ... + a,x2 + ayx. 11106 cTemiHb NOHOMA HE NEPeBH-
1UyBaB 1 — 1, YieH a, | x" 3aMIHIOETHCS ONUHHULEI. ToMy

xV(x)=F(x)=a, x""'+. .. +ax*+ax+a,_,.

Ocob6nuBy posb y Teopii HUKIIYHUX KOMIB BIIrpaloTh meipHi
noninomu. TTomiueno, mo xoMGiHaLil TIHIHKHOIO KOAY MalOTh BlIac-
THBIiCTh LIMKJIYHOCTI, KOJIH SK TBipHI BUKOPHUCTOBYIOTBCS IOMIHO-
MH, IO € AiTbHMKaMHK aBouneHa x” +1. KoxHuit Takuii ABOWIEH
Moxe 6yTH PO3K/IaJeHHMil Ha KUIbKa HE3BIIHHUX MONHOMIB, TOOTO
TaKHX, fKi MOXyTb 6yTH nozaHi y BUrisai fo6yTKy noxiHOMiB HU-
KYHUX CTENeHiB (BOHH MiNATHCA caMi Ha cebe a0 Ha OIMHHMIIO).

SIx TBipHi NONIHOMM PI3HMX LMKJIIYHUX KOAIB MOXYTb OyTH 3a-
CTOCOBaHi BCi HE3BifHi moniHOMK Ta KOOYTKHU iX, TOMY IO BOHM
TAKOX € AUIbHMKAMH JBOYNEHA X" +1.

3 ypaxyBaHHSIM BUKJIAAEHOTO MOXHA JaTH HIE OJ(HE BU3HAYECHHSA
NBIKOBOTO LMKIYHOrO Kony [40]: yuxaiunum HAa3UBAETHCS JiHIMH-
HUit IBIMKOBHIA CHCTeMaTHYRHMI (1, k)-Koa, Bei 2K koMbinawuii sko-
rO MOAAHO MOJIHOMAaMH cTeneHs x — 1 1 MeHule, HIo AUIATBCA Ha
IesKuit momiHoM P(x) creneHsa r = n— k, SKU# € JUTBHUKOM ABOYJIE-
Ha x" +1. Jleaxi TBipHi moniHoMu HaBeneHo B Tabu. 8.5.
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Tabnuys 8.5

r TBipu#uii noniHoM P(x) lIBlHKO!?HH 3anuc
noninoMa

1 x+1 11

2 [ x2+x+1 111

3 [ xX¥*+x+1 1011

4 | x¥*+x2+1 1101

4 I x*+x+1 10011

4 [ x*+x3+1 11001

4 | xX*+x3+x2+x+1 11111

S [ X¥+x2+1 100101

5 xS+ x3+1 101001

5 X+x*+x?+x+1 101111

5 | xX+xt+xr+x+1 110111

6 | x+x3+x*+1 1110001

8 [X+x"+x0+x5+x2+x+1 111100111

9 | X+xX+x3+1 1000101001
I5 [ xB+x8+xP+x2+ x4+ x3+x2+x+1 1111000000011111
16 | x®+x2+x5+1 10001000000100001

Po3pi3Hs0Th aneebpuuni Ta Mampuyni METOIH NOOYZOBY LIMKITIY-
Horo xony. I[Tobynosa no3soneHoi koxoBoi koMOiHallii (AIrOPUTM
KOIYBaHHS) NMEPUIMX 3BOAUTHCSA OCh 1O YOro:

e ofaTtu iHbopMaLiiHy qacmﬂy 3 k eleMEeHTiB Y BUIJIALI MOJIi~
HoMa Q(x) crenens k — 1;

* NTOMHOXUTH Q(x) Ha X" (mo €KBIBJIEHTHO 3CYBY k-pO3psaHOi
KoztoBoi koMbiHauil Ha r po3psiaiB);

* IIOIUIMTH NOJTIIHOM X" Q(x) Ha BUOpaHuii TBIpHMH rONiHOM P(x),
CTENiHb SKOTO AOPIBHIOE r, 1 BUHAYUTH OCTauy BiJ AUIeHHS R(x),
TOOTO

,
R
TP(x) P(x)
e C(x) — yacTka BiJ AUIEHHS, KA Ma€ TOM CaMHUil CTeMiHb, Lo #
noniHoM Q(x); R(x) — ocTaya Bif AiNeHHS, IKa MA€ CTEMiHb, HE
OuTpLLMIt Big r — | [MEeHLIMA, HiIX CTemiHb OibHUKA P(X)].

3a3Ha4uUMO, IO ¥ PO3PAAIB OCTaYi € 7 NepeBipHUMH €NEeMEHTAMH
KOZXOBOI KOMOiHalii, NpuuoMy

x"Q(x) = C(x)P(x) ® R(x), (8.18)

abo
F(x) = C(x)P(x) = x'Q(x) ® R(x), (8.19)

ne F(x) — xoMbiHallis IMKIIIYHOTO KOy .
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3 Bupasy (8.19) BUMIMBAIOTEL ABA PIBHOLIHHUX aNreOpHYHMX
Meroau no6ymoBr KOMOIHaNIH HUKIIYHOTO KOXY:

Fy(x) = x'Q(x) ® R(x); (8.20)
Fy(x) = C(x)P(x). (8.21)

IIle oaMH METOI MOXHA AICTaTH, 3aMiHuBIM B (8.21) yacTky Bix
ninenHs C(x) Ha noniHoM Q(x) K010BOI KOMOIHALLT 7-eJIEMEHTHOTO
JBIAKOBOTO MPOCTOTO KOMY, 10 MOJAETHCS U1 KOAYBaHHA LIHKITiY-
HMM KoJ0M. 1151 3amina Linkom ciyliHa, oCKinbKY noiHomu C(x) 1
0O(x) MaroTh 0JHAKOBHI HAROLIbLINI CTENiHb (OFHAKOBY KUIBKICTD
po3psais). Otxe,

Fy(x) = Q(x)P(x). (8.22)

Y xoMG6iHalisX UMKIIYHKX KOMIB, OOYNOBAHMX 32 MEPUIMM i
ApYruM MeTonamu [aus. Bupasy (8. 20)i @. 21)], po3TaniyBalus iH-
¢opMalifiHUX 1 epeBipHHX €EMEHTIB NIANOPAAKOBYETHCA TaKO-
My NpaBuily: kK CTapiumx po3psaiB koMOiHali € inpopmaniiiHuMH,
pewta n — k = r po3psAdiB — NEPEBIPHHMH.

TIpn BHKOPHCTaHHI TPETHOTO METOAY HOOYIOBH LHKIIYHHX KO-
IiB [m1B. Bupa3 (8.22)} nicraioTh KOMOIHALIT HENOAUILHOTO LIMKITIY-
HOTO KOfy, B AxuX indopManiiiHi Ta nepeBipHi eJIEeMEHTH HE BilO-
KpeMJIEHI OMH Bifl OIHOTO, IO YCKNaJHIOE NPOLEC ACKOAYBaHHS.
ToMy Ha nmpaxkTHlli HaliNOIMPEHIIINMH € NEepilli ABa anreOpH4Hi
MeToAM NoOyIOBH HUKJIIYHOTO KOXY.

OueBuzHo, 0 KoMbiHaisa F(x) Mae auMTHCA Ha NomiHOM P(x) 6e3
ocraui. Ha upoMy it rpyHTyeThCst nepeBipka koMOiHanii Ha HasBHICTD
NMOMMIIOK NpH ii npuiiManHi. STkino npuitHaTa koMOiHanis F'(x) qUmThCA
Ha IoJIiHOM P(x) Ge3 ocrayi, TO BOHAa BU3HAETHCH 6E3MOMHIIKOBOIO.

PO3pI3HAIOTH [Ba MATPHYHHX METOMIH no6ynoBH LMUKIHYHOIO
KOZYy Ha OCHOBI TBIpHOL Manum G, Tlepumii 3 HUX IPYHTYEThCA
Ha BXe BizoMoMy Bupa3i (8. 17) anosmm«m PSIOK TBipHOI MaT-
puui G, 3anucyeTses y BUDai x"Q(x) + R(x) I’Ipn LIbOMY BCS MaT-
puus posﬁunae’rbca Ha nm migMaTpuLi, K i B J'IlHlPIHOMy cHcTeMa-
THYHOMY TpynoBoMy kozi (auB. n.8.11): G, = =[ET, C, C, 4l ne ET—
TPAHCIIOHOBaHA OIMHUYHA mtbopmauMHa nmma’rpnux C,—me-
peBipHa MiAMATPHUSA 3 KUIBKICTIO CTOBIILEB 7 i pAAKIB k, IO yTBO-
PIOEThCS OCTauyaMH BiXl AineHHs R(x). Taxuii MeTOx Na€ MOXIH-
BICTb JICTATH TBipHY MATPHLIO B KAHOHIYHOMY BUIJIA/IL.

g no6ynosu TBipHOI MaTpulli (bopMyBaHHs ii paakiB) 6epyTs
He J0BibHI KoMbiHanil Q(x) ABIMKOBOro MPOCTOro KONy, a TUIbKU
Ti 3 HUX, SKi MiCTATH OOMHMLIO B OAHOMY po3psai O x), ne i =1,

, ..., k. 111 xoMbiHawii MHOXATh Ha X' 1 3HAXONATH OCTAYy Bix mi-
nenHs Q(x)x’/P(x), mo nopiBHIOE R(x).
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Tak, mis uukiivboro (7, 4)-xony 3n = 7, k = 4 i TBIpHMM NTOJTIHO-
MoM P(x) =x3 + x2 + 1, o6 no6yxyBaTH TBIPHY MaTPHLIO, BUOH-
paloTh YOTUPHEIEMEHTH] OIMHUYHI KoMbiHauii ; ABiiiKoBOro npo-
cToro kony: 0,(x) = 1 0001); 0y(x) = x (0010); 04(x) = x2 (0100);

0,0x) = x*( 1000) Bn6pam xoMbinarii Q(x) MHOXaTb Ha x3 (r =
=n-k= 7 4 = 3), ninate Ha P(x) = B+xi+1i i 3HaXOASATh OCTaYi:
3
X R (x)=x? 415510
3 2
x”+x°+1
xx> 2
————— Ry (x)=x"+x+1->111;
3 2
x7+x“+1
x2x3
————R3(x)=x+1-01];
3 2
x”+x°+1
3.3
XX S R(x)=x?+x-110;
3 2
x” +x°+1

Takum YUHOM, TBipHA MaTPHL U1 PO3TAALYyBaHOIO IIPUKAAAy
MaTHMe BUTJIAL

1000 110
0100 011

Gagh=lo 01 0 1 1 1 (8.23)
0001 1011
N — R —
ET Cr,k

k

TBipHa MaTpPHL Ma€ 3MOTY AICTaTH k KoMbiHanii koxy. Pemrry
2% — k — 1 xombinawi, KpiM HyJIbOBOI, 3HAXOATh IOAABAHHAM 33
MonyneM 2 psaxiB TBIPHOI MaTpHLi B YCiX MOXIIMBUX CHOJyYeH-
Hsx. OcranHs KoMOiHalig KOOy — HYJIbOBA.

3a aHanorieio 3 NiHIHHUM CHCTEMAaTHYHHUM IPYNOBUM (1, k)-xo-
JIOM TBipHY MaTpUIIIO Gu 74) (8.23) moxHa NepeTBOPHTH Ha nepesip-
Hy MaTpuLio H, um(mlmoro KOy, IKA MAa€ TaKui BUTTIAL:

1 011 1 00
1 110 01 0}

0111 001 824
al a2 a3 a4 bl b2 b3

u(7 3

IMepeBipHUMH €7IEMEHTaMH, 110 BU3HAYAE LA MATPHULA, OynyTh
by=a,®a;®a;b,=a,®a,@a;;b;=a,Da;Da,
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Inmnit MaTpuyHMit MeTo MO6YIOBH IMKIIIYHOTO KOAY IPYHTY-
€ThCS Ha TBipHOMy noniHoMmi P(x). 3a UMM METOAOM IIpH MOOYOOBI
TBipHOI ManPlI.Il G AK i psiKy GepyTs k NiHIHHO HE3AJIE)KHUX KOM-
Ginauii, o BAMOBIAAIOTH IOJIHOMAM XOP(x), x' P(x), ..., x*~1P(x)
[40]:

xOP(x)

G, = *P(x) | (8.25)

HonasanHsM 1o asa, TpH iT. 1. 0o k psAnkiB 3a Moxynem 2 micra-
10Tb yci 2K — k — 1 HeHyBOBI KOMGiHALIT MKIIYHOrO KOy, 1O 3a-
JTUILAJTHCA.

Tak, AKWO 3a0aTUCS TBIpHMM MoiiHOMOM P(x) = x3 + x2 + 1
(muB. Tabn. 8.5), MoxHa nmobyayBaTH uMKIiYHUHA (7,4)-KOI, AKUi
BUITPABIAE€ ONHOKPATHI IOMHIIKH.

Sk k = 4 psanxu MaTpuui G, BUKOPHUCTOBYIOTBCS TOTIHOMH

XOP(x) = x3 + x2 4+ 1; x1P(x) = x* + x3 + x; x?P(x) = x5 + x* + x%
X3P(x) = x8 + x5 + X3,

TOOTO
0001101
10011010
Cur=l0 1 1 01 0 0 (8.26)
1101000

3 2k =2% = 16 kombinawiif LuKTiYHOro (7,4)-KOY, IO OTUCYETHCS
Li€I0 TBIPHOIO MaTPHLEIO, Ilepiiia KOMOiHALIIA — HYJIBOBA, APYra —
w’sTa — € psAJKaMM TBipHOI MaTpuii, a pewra 11 — cymamu 3a
MofyneM 2 BCIX MOXJIMBHUX CIIOJIy4eHb (kKoMmOiHanii) psaxis TBip-
HOI MaTpuui.

TBipHy MaTpPULLIO (8 26) MOXXHa 3BECTH IO BUTJISALY TBIPHOI MaT-
putli G; 4 (8.3) JTiHIHHOTO CUCTEMATHYHOTO PYNIOBOrO KOAY, UIA
YOro BUKOHAEMO JIesiKi HECKJIaIHi onepauu [€PECTAaBUMO NEPIIHIA
14eTBepTHH, OPYruif Ta TPETil PAIKH, MOTIM ZOAAMO IO YTBOPEHO-
IO [EPIIOTO psijika APYIHH 1 TpeTiH, 1o APYroro psaxa — TpeTid Ta
4YeTBEPTHH, 10 TPETHOTO PSAAKA — YETBEPTUd, 2 YETBEPTUH PAMOK
nepenuiueMo 6e3 3MiH. Y pe3ysnbTaTi MATHMEMO

0 00 0

Gur,4) = (8.27)

SO o -~
o
— D

00
1 0
01

o
—_—

1
I
1
0
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3BiAcH 32 aHAIOTIEIO 3 JIIHIHHUM CHCTEMATHYHUM I'PYHOBHM (1,
k)-KOIOM LI0 MATPHLIO JIEFKO IEPETBOPUTH HA NIEPEBIPHY MaTpH-
110 (8.24) HHUKIIIYHOro KOAY Ta 3HANTH NEPEBigHI eleMEHTH:

b=a,®a;®@a;b,=a,@a,®ay;0,=a,Da,Pa,

Lukmiyauii Koo MOKHA MOOYAYBATH TAKOX 32 HOMOMOIOIO Ne-
peBipHOro noyxiHomMa H(x) crenens k, AKuii TiCTaloTh iUIEHHSM ABO-
yjieHa x” +1 Ha TBipHMii moninoM P(x), Tob6TO

H(x) = (x" + 1)/P(x).

Tak, mia uukiiyHoro (7,4)-koay, TBipHHI OJIIHOM fIKOTO P(x) =
= x3 + x + 1, nepeBipHHii NONIHOM Ma€ BUIIIAL

HxX) ="+ +x+ D =x*+x2+x+1,

abo y asiiikoBomy 3amucy H(0,1) = 10111.
ITepeBipHa MaTpH1IL ITPH HEOMY GYAYETHCS 32 aHAJIOTIEIO 3 TBIp-
HOI0 MaTpHLeio (8.25):
xYH (x)

1
Hy,= xHX) | (8.28)

JInsa posrnsamysBaHoro npukiaany [P(x) = x* + x +1] nepesipHa
MaTpHLA MA€ TaAKUI BUIIISL:

1 1] '
1 0} (8.29)

Jns 3anucy nepeBipHUX cHiBBiqHOLIEHb MaTpUL (8.29) Mae OyTH
JOBEJeHa 10 KAHOHIYHOT0 BUTIIAAY (3 ONUHUYHOIO NIEPEBIPHOIO Mil-
MaTpHULEIO), 0 BUKOHYETHCS AHAJNIOTIYHO YTBOPEHHIO MOLIOHHX
TBIPHHUX MaTpPHIb IHMKIIYHOTO KOAY:

1 011 1 00
H 1-1(7,3) = 1 1 1 0 0 1 0 .
0111 0 01
al ai 03 ﬂ4 b] b2 b3
KopucTy104HCh OCTaHHBOIO MAaTPHLIEIO, JIEFKO AICTATH NEepeBipHi
CHiBBIIHOILIEHHS U1 KOAyBaHHA. )1 po3risaayBaHOro MPUKIAny
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BOHM MalOTh BUIJISL
by=a,9a;®a5b,=a, ®a,Pay;b,=a,Da;Pa,
3BificH MaeMO TaKi piBHSHHS JEKOyBaHHS:
a,®a;®a,®b =0;a,9a,®a;9b5,=0;a,0a;Da,®b;=0.

JexoayBanHst mMKJIiyHHX KoaiB. [TepeBipHy MaTpuiio H MOXHA
3aCTOCYBATH /U1 BUSIBJICHHS T2 BHIIPABJICHHS MIOMHIIOK Y um(mq-
HOMY KOJIi, BU3HAYHBLIX KOJOBHi CHHIPOM (32 aHAJIOTI€I0 3 JIiHiM-
HMM CHCTEMATHYHMUM TpPYHNOBMM KoaoM). OfHaK i3 L€ METOIO
4YacTille BUKOPHCTOBYIOTHCA METOMIH, IO rpymyxo*rscsz Ha 3aCTO-
CyBaHHi TBipHOro moyliHoMa P(x).

IIpy ubOMy BUSIBIIEHHS TIOMUJIOK HPH JEKOAYBaHHI 3BOAUTHCH
J10 IiTeHHs NpUitHATOI KogoBoi koMGiHaLll Ha TOH caMuit TBIpHHH
ONiHOM, 1O ¥ IpH KoAysaHHi. Ocraua, sKa HAa3UBAETHCA CUHOPO-
MOM, KOJI BOHA Ma€ r HyJIbOBUX KOe(iLi€HTiB, CBITYHUTH PO BiJi-
CYTHICTh MOMMJIKH. SIKIIO K OCTava He HYJIbOBA, TO IOMHIJIKA €.

OCKUIBKHY NOJIIHOM OCTaui Ma€ CTeriHb, MEHILHUIH Bi 7, a Kilb-
KICTb YWIEHIB y Hill JOPIBHIOE 7, KUIBKICTh Pi3HHX HEHYIBOBHX OCTaY
Moxe zocaratu 27 — 1. Jlng xoxay, 110 BUIIpaBas€ OOHY NMOMMIKY
(dpin = 3), KIIBKICTh TAKHMX OCTaY aopiBmoe JOBXHHI H KOZOBOI
KoMOinauii (2" —~ 1 = n) abo nepesuye ii. HOMep pospsny KOMObi-
Hauii, B AKil BUHHKJIA IOMUWIKA, ONHO3HAYHO [10B’A3aHUI1 3 BUIJIS-
JIOM OCTaui.

A5l BUIIpAB/IEHHA [IOMHJIKK BUKOHYIOTh YMOBY, 32 AKOi KiJb-
KICTh PI3HMX HYJIBOBHX OCTaY JODIBHIOBATHME KUTBKOCTI efleMeH-
TiB (TIpY KpaTHOCTI BUNpaBieHHs v, = 1) a6o kiibkocTi koMbiHa-
Wi# 3 7 TIO V,, [i€ V,, — KUIBKICTb IIOMMIIOK, KA BUIPABIACTHCA
KOZIOM. Ile 3Ha'-lPITL mo Hampuknag, npu n = 151 v, = 2 tpeba
matu CZ = 105 HeHyIBOBMX OCTAY JUTS OIIHO3Ha‘{HOl‘0 BunpaBneH-
HA maox 6y115-5nmx [TOMHIJIOK Y KOJIi 3aBJOBXKH A.

Hns uporo HeoOXigHo BUOpaTH noniHoM P(x) crenens r = 7 i
nobyayBaTH KO/ 3aBIOBXKKH n = 15 npu r = 7 nepeBipHHUX e€NIeMEH-
TiB (1pu uboMy k = 8).

Po3risiHEMO BUINAKOK BUIIPABIEHHS OHOKPATHOI TOMHIIKH (6a-
raTOKpaTHi MOMUJIKM BUIIPABISIOTHCS aHAJIOTIYHO, aje obcar po-
60TH B KibKa pa3iB Giibiumii). BU3HAUEHHS MiCUs TOMMIIKY B LMK~
JIYHOMY KOJIi IPYHTYEThCS Ha IOPIBHAHHI PE3yJIbTaTIB AeAKOI MOCITi-
JIOBHO BUKOHAHOI ofepauii 3 cHHApoMoM MOMIIKH. Ls onepauis
GyayeThes Ha Tl BAACTUBOCTI, IO MPH JJIeHHI IPHITHATOI 3 TOMUII-
K010 KOMbinauii F'(x) Ha rnosiHoMi P(x) Ta yacTuHa F'(x), iKa JopiB-
HIOE nepefaHiit koMbinauii F(x), aimutecs 6e3 ocradi, a BracHe
0CTa4a BU3HAYAETLCS BEKTOPOM MOMMIKH E(x):

F(x) = F(x) ® E(x).
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Ockinsku F(x) = C(x)P(x) sriguo 3 (8.19), Mmaemo

F'(x) E(x)
P(x) P(x)’

3Haio4H 3a3gaserias abo BUKOHYIOUM MMOCTIZOBHO OMEpAaLlii Mi-
JIEHHS BEKTOPIB MOMMJIKH [4¥ HIUKIIIYHO 3CYHYTHX KOMOiHauiil F(x),
10 MO3BOJISIETHCS 3 YPAaXyBaHHSM KUIBKOCTI 3CyBIB] Ha IOJIIHOM
P(x), MO>XxHA OHO3HAYHO BKA3aTH MiCUE3HAXOMMKEHHS MMOMHIIKH 33
36iroM ocray.

J1ni BUITpABIIEHHs TOMUIIOK Y IPUIHATIH HA MpUAMaIBEHOMY 60w
koMbiHaii F'(X) NUKNI4HOTO KOXY MOXHA CKOPHUCTATUCS PI3HUMH
Mmeronamu. OHaK HalnpocTiliie peanizyeThCa ANrOPUTM BU3HAYEH-
HSl IOMHJIKH, IKHH I'DYHTYETBCS HAa METO/I TMOTe3, CYTh AKOro M0-
JIArae och y 4oMy.

Sk 3a3Ha4YeHO BMIIE, 332 HASBHOCTI, HANPUKJIAA, OQHOKPATHOI
MOMMIIKY B KOAOBIif KOMOiHawil F'(x) ocTaya Bia HieHHs Uiel KoM-
6iHauii Ha TBipHMIi MONIIHOM P(x) He NOPiBHIOE HyI0. J{/1s 3HaX01-
’KEHHS MICIIs HOMUJIKM BUKOHYEMO TaKi Oneparii:

Kpox 1. ByayeMo rinoresy npo HOMUIKY B MOJIOQIIOMY pO3-
paai koMbiHanii F'(x), TOGTO NPUITYCKAEMO, IO BEKTOD HOMUIKU
E\(x)=1(E, =00...001). [TincymoByemo F'(x) ® E,(x) i aAinumo w0
CyMy Ha IojliHoM P(x) i3 METOIO NiATBEPIKEHHS (B pa3i HYJIbOBOI
ocradi) abo crnpocTyBaHHs (B pa3i HEHYJIBOBOI OCTauyi) rimoTe3u.
Axio ocraya R(x) He MOPIBHIOE HYJIIO, TO TiNOTE3a BIAKUAAETHCH.

Kpoxk 2. Byayemo rinoresy npo MoMHIKY B APYroMy po3psi
koMb6inanii F'(x), T06TO NPUNYCKAaEMO, IO BEKTOP NMOMHMIKK

E(x)=x (E2 00.. 010) Hl}ICYMOByeMO F'(x) + Ey(x) i minumo 1o
CyMy Ha NoJIiHOM P(X) i3 METOI0 mnTBemeeHHﬂ abo cnpocryBaH-
H4 wi€l rinoresu. Ipu R(x) # 0 rinoresa BigKUaa€ThCS.

Kpox 3. Byayemo nociigoBHO TiltoTe3H Mpo HasiBHICTD IIOMHUII-
KH B TPEThOMY, YETBEPTOMY 1T. 1. po3psgax KoMbinauii F'(x), ans
4Oro BIANOBIAHI BEKTOPH IIOMHIIOK E(x) (i=3,4,..., n) nopaeMo 1o
KoMb6iHawii F'(x) i Pe3yNLTAT AUIMMO Ha NOJTiHOM P(x) -0 3000y 1T
ocraui R(x) = 0, TOGTO A0 MiATBEPIKEHHS TIIOTE3H.

Ocraya R(x) = 0 CBiZYUTb NPO Te, WO NOMHUIIKY BHIIPABIIEHO.
Cyma npuitaaToi kombinauii F(x) 3 BEKTOPOM TIOMUIIKH £ {x), Axa
nae ocrauy R(x) = 0, Bignosigae mo4aTKoBiil KOMOiHaLIL F(x) LIMK-
JIYHOI0 KOAY, sIKa TNepEeNACTLCA B KaHaJl, T06TO F(X) = F(x) @ E(x).

THumiA noumpemm METOJl BHSIBIICHHS Ta BHMIIPABIICHHA [IOMU-
JIOK y IpUHHATIHM Ha mpuiiManbHOMY 6oL KoaoBi# KoMbiHauii F(x)
LMKJIIYHOTO KOy Micis 3000y TTs octaui R(x) # 0 Bix AUTeHHs npuii-
HsTOl KOMOIHALIT HA TBIPHHIA MOIHOM, 3BOJUTBLCS A0 BUKOHAHHS
TaKUX NPOUERYP:

* MIPAXOBYETLCS BAra W OCTaui, TOOTO KiNIbKiCTh OMUHULD B Hill.
Sxmo w< v, ne v, — KUIBbKICTh IOMMIIOK, SKY A4€ 3MOTY BUITpa-
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BUTH KOJI, TO NIpHitHsTa KOMOGiHaLis F'(x) A0A2€ThCS 32 MOAYJIEM 2
1o ocrayi. CyMa it iae BUTIpaBiIeHy KoMbiHawi1o;

o SKIO W > V,, TO BUKOHYETHCA UMIKJIIYHHMH 3CYB IPUAHATOL
xoMbinauii F'(x) Ha OMMH PO3psA JiBOpYY i 3100yTa KOMOiHaLis
3HOBY JTUTHECA HA TBIpHHMI noniHoM P(x). SIKIO NpH LbOMy Bara
3006yToi ocTadi w < v, , TO UMKJIIYHO 3CYHyTa xoM0biHaLis goaa-
€TBCS 33 MOAYJEM 2 10 OCTadyi, a TOTIM LHMKIIIYHO 3CYBA€ThCA Ha
OJIMH pO3psA NPaBopyH (TOBEPTAETHCS B nonepenHii crax). YTBo-
peHa TaKMM YHHOM KOMOiHaLis BXKe He MICTHUTB TOMMJIOK;

« SIKIIIO X HiC/IS IEPLIOTO UMKITIYHOrO 3CyBY i HACTYTIHOTO ALICH-
Hsl Bara ocraui, K 1 pasiuie, w > Vv, , TO BAKOHYIOTbCS J0JAaTKOBI
LMKITIYHI 3cyBH TiBopYyY. [TpH 11bOMY MICIIS KOXKHOTO 3CyBY yTBOpEeHA
KOMBiHALLA AUTUTHCA HA IOTIHOM P(x) i nepeBipseThCs Bara ocTaul.
Ile pobuThCcs OTH, JOKH He Gyne 3100yTO Bary ocrayi w £ v .
Toni koMm6iHallis, yTBOPEHA BHACIIIOK OCTAHHBOTO LHMKIIYHOTO
3CyBY, ONAETHCA 32 MOIYJIEM 2 IO OCTayi Bij JineHHs uiei kom6i-
ALl Ha TOMiHOM P(x), MiCs 4OTO BUKOHYETHCA UMKIIYHHIA 3CYB
IpaBOpYY Ha CTiIbKK PO3PALIB, Ha CKUIbKH OYJI0 3CYHYTO ii BigHO-
cHO npuitHATOI KoMbiHawii F'(x). Sk pesynbTar Gyne 3100yTO BU-
npaBeHy koMGiHanio F(x) UMKIIYHOrO KoY.

Luk:iuni KOAH 3 KOO0BOIO BiacTaHHIO 4 ;, = 4. BOHM MOXyTb
BUNPABJIATH OLHOKPATHi T2 BUSBISTH OMHO-, IBO- 1 TPUKPATHI MO~
MHJIKH.

st 36inbLIEHHS KOAOBOI BiACTaHi 40 djp;, = 4 KUIBKIiCTB NepeBip-
HHX efleMeHTiB y koMbiHauii Takoro koAay Mae OyTH Ha OJMHHLIO
GLIBLIOI0, HIXK Y KOmi 3 dy;, = 3. TBipHMI NOTIHOM ILOTO KOAY
P(x)dy;, = 4 MOPIBHIOE NOJIHOMY P(x)d ;, = 3, wo 3abesnedye Ko-
JIOBY BIACTaHb d,;, = 3, IOMHOXEHOMY Ha IBOICH (x+ 1)

P(x)d . = 4= P(x)dy, =3(x+1). (8.30)

[1e NOSICHIOETHCA THM, LIO ABOWIEH (x + 1) 1a€ 3MOry BUABIATH
BCi O/IHO- TA TPUKPATHi OMMJIKH, & NOJIHOM P(x) dpy, = 3 — MBO-
kpatHi. Tax, i3 uukiaiusoro (7,4)-kony npu dp;, = 3 1 TBipHOMY IIO-
minomi P(x) = x3 + x2 + 1, 110 PO3IIIAAABCs BUILE, MOXHA YTBOPUTH
UMKTYHAN KOX i3 d,_;, = 4, AKMi{ BUSABNATHME TPUKPATHI IOMHIIKH,
AKILO BUOpATH TBIPHHII IONIHOM

P(x)d ., =4=(3+ x>+ 1)(x+ D=x*+x2+x+1.
3arajioM CTeniHb LbOTO MOJIHOMA AOPIBHIOE KIbKOCTI NepeBip-
HHX €JIeMEHTIB Y KOJOBiN KOMOiHaLLii.

[Moaanblua MpoLEAypa KOAYBaHHS Ta IeKOAyBaHHSA 3aJIMILIAETD-
¢l TAKOIO CaMOI0, AK i JUISl IUKIIYHOTO KoMy 3 d, = 3.

YxopoueHi unKJIi4Hi KOau. L{uxniuni (n, k)-KOAH, WO MICTATH 2k
KOMOiHALiM, HA3UBAIOTLCS NOGHUMU. 3 KOXHOTO MOBHOT'O MOXHA
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YTBODHUTH BKOPOYEHHH (HEMOBHUM) IMKIiuHuU# (1 — i, k — i)-xon (ne
i=1... k- 1). Takuii kog mae 2%~ xoMBinHawuii i KOZOBY BiCTaHb
d_;, He MEHIY, HXX Y TOBHOTO UMKJIIYHOr'O KOZY.

Iponuec ykopoueHHs TOBHOTO HUKJIIYHOTO KOAY Nonsrac y subo-
pi 3 2% Jioro nosiHOMIB TiNBKM YAaCTHHY i3 WieHaMH He BHe x" - !,

Lli momisoOMH MAarOTh BUTJISLA
— n—i-1
Vy(x) =a,_; X +...+ax +a,.

Yci koMbinHanii BKOpOUEHOro LUKIIYHOrO KOy JUIATHCA Ha TBip-
HU 1oJ1iHOM P(X) NOBHOTO UMKIIIYHOTO KOAY, 3 IKOTO BiH 6yB yTBO-
peHuit. OgHaK UMKIIYHUI 3cyB KOMOIHALIN BKOPOUEHOrO KOy HE
3aBX/I¥ IPUBOLHTH O CTBOPEHHA KOMDiHAallii, 110 HAEXHUTD IHO-
My Kony, TOOTO naHHil KO He Ma€ BIIACTUBOCTI LuMKiiyHocTi. OTxe,
BKODOYEHi KOJIM HE € HUKJIIYHUMH 1 TOMY YaCTO Ha3HBAKOTLCS NCEB-
doyurivHUMU.

TsipHy MaTpuLo G, BROPOYEHOTO UHKIIIYHOTO (1 — i, k — i)-KOmy
AICTAOTh 3 MATPHLi G, NOBHOTO IMKJIIYHOTO KOAY BHKITIOYEHHSM
3 Hel NepIUuX i PsIKIB 1 CTOBILIB, 4 IEPEBipHY MATPHIIIO H, —3
MaTpuLi H | TIOBHOTO KOAY BUKITIOYEHHSM MEPILHMX CTOBIILIB!

Tak, TBipHa Ta NepeBipHa MaTpHUlli BKOPOYEHOrO LMKIIYHOTO
(6,3)-xony MOXyTh 6yTH 3000yTi 3 BiLnoBigHux MaTpuus (8.23)
i (8.224) LMKITIYHOTO (7,4)-KOy 3 TBipHUM noniHOMoM P(x) = x3 +
+xc+ 1:

000 011 011 1 00
001 1 01 111 0 01

I'pyHTYIO4HCH Ha TBipHil MaTpulli G 3 AICTAEMO TaKi KOMOi-
Hauii BKOPOYEHOro uMKIiyHoro koxy: 000000, 100011, 010111,
001101, 110100,101110,011010, 111001. Lie# xox € nceBROMUKNIY-
HHUM, TOMY 1110 HHKIIYHKHA 3CYB JIIBOPYY HA OJJHH €JIEMEHT, HATIPH-
xiazn komOiHawii 100011, nae xombinaniro 111000, sxa He HanexuTh
JI0 IaHOTO KOAy.

8.1.4. KOAN BOY3A — 4YOYAXYPI — XOKBIHFEMA

Ili koM € pi3HOBUAOM UMKIIIYHHMX KOMIB 3 KOKOBOIO BIICTAHHIO
d_i, 2 5. BOoHM [alOTh 3MOTY BHMSBISTH Ta BUIIPABJIATH Oyab-sKy
KUIBKICTh TOMUIIOK. IIpy KOAyBaHHI 3aa10ThCA KiBKICTIO TIOMH-
JIOK, SIKY CJIiJ{ BUIIPABUTH, a60 MiHIMAIbHOIO KOJOBOIO BiICTAHHIO
Ta 3arajIbHOIO KUIBKICTIO 1 €JIEMEHTIB Y KOooBii koMmbinawii. Kinb-
KicTb iHpopMaLiliHUX k | IepeBIpHUX 7 €/IEMEHTIB BU3HAYAKOTH NTPH
nobynosi xony boysa — Yoyaxypi — Xoxsinrema (BUX). Pos-
TJISHEMO JIesIKi IpaBmia i€l nobynoBH.

180



Josxuny #n kombiHauii koniB BUX MoxHa BU3HAYUTH TaK:
n=2"_1a6on=(2"-1)lg, (8.31)

ae h > 0 — uine 4ncno; g — HemapHe JOJATHE YKUCIIO, IPHU MiJIEHH]
Ha K€ 71 CTa€ LIJIMM HeTTapHUM YHUCIIOM. TaKHM YHHOM, JOBXHHA N
MOX€E MaTH TiUIbKY HEeMapHY KiJIbKICTb €NIEMEHTIB.

Kepyrouucs (8.31), ycraHoBm0€MO, 110 71 MOXeE AOPIBHIOBATH 3,
7, 15, 31, 63, 127, 255, 511, 1023 po3psnam i T.4.

Tak, po3knanarour 2%~ ! Ha CiBMHOXHMKH, 3HAXOMMO TaxKi 3Ha-
YeHHA N1 g:

7=2-1=7;63=20-1=733=213;511=2°-1=73.7;
15=24-1=53;127=27-1=127;1023 =210~ 1 = 31-11-3;
31=25-1=31;255=28-1=17-5-3; 2047 = 2! - 1 = 89- 23.

3BiJICK BUIUTHBAE, IO IIpK & = 6 HOBXHHA 7 KOOOBOI KOMGiHail
MOXe JOPIBHIOBATH He TUIbKHU 63, a i1 21 (pu g = 3).
KinbKicTh epeBipHUX eJIeMEeHTIB KOy BU3HAYa€ThC BUPA30M

<MD _fiog, (n4n}L, (8.32)

- KipKicTh iHGOpMaUifHUX €JIEMEHTIB — BUPa30M
k> —1)—”(‘12—“) a6ok=n-r. (8.33)

TBipHX/Iﬁ TIOJIIHOM kony BYX € HaliMeH KM CIUTFHUM KPaTHUM
(HCK) MiHiManbHuX nojiHoMiB M(x), nei=1,3,5, ... ,d_ ;-2 —
TOPSAZIOK nojinoMa P(x) = HCK [M (x)M3(x) M, 2(x)] Or)lce
KiNbKicTh L MiHIMaNbHHMX MMOJIIHOMIB BUBHAYAETHCA KIIBKICTIO MMO-
MMJIOK V., SIKi BATIPABIISIOTBCA KOAOM: L =V

Haii611bi1e 3HAYEHHS CTeNeHs x MiHIMATBbHOrO NIONIHOMA € Hajl-
MEHIIMM LIUVTHM YUCTIOM, TIDH ﬂKOM?’ 2/~ 1 pinuThes Ha n a6o ng 6e3
ocraui, T0610 n =2/~ 1 260 ng=2'-1. 3Bl)10H BHILIMBAE, 1O [ = h.

V Tabmn. 8.6 HaBeneHO AeAKi MiHIMaJIbHI ONMiHOMH kofiB BUX.

Cremninp b TBipHOTO NoninoMa 3anexutsb Bia HCK i He nepepu-
uye nobyrox Iv,, abo IL Tomy, mo L = v, Tak, m1d xoxy BYX
3aBIOBXKH n = 15, 1o BUnpasnse v, = 2 nowmnxn KUIBKICTD Mi-
HIMaJILHUX noJiiHOMIB L =2, a HaﬁGinbmnn CTeMNiHb MiHIMaJIBHOTO
noiHOMa / 3aIEKUTh Bil IOBXHUHM 7 Kofy (n = 2/ — 1), To6T0 [ = 4
Tpw upoMy TBipHuUi noninom P(x), ne b = IL = 4 - 2 = 8, Bu3Hava-
€ThCS BUPA30M

P3(x) = HCK [M *(x)M;4(x)],
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Tabnuys 8.6

Homep MiHiManbHi MONIHOMH pi3HOTO cTeneHs /
MiHiMab-
HOTO 2 3 4 5
nojiHoMa
M (x) P+x+1|x*+x+1 {x*+x+1 x4+ xt+1
M (x) XPHx2+1 [ x*+xX+x+x+ 1+ x4+ +x2+1
M (x) xt+x+1 X+xt+x2+x+1
M.(x) xt+ 3+ ] X3+x3+xP+x+1
M(x X+xt+x2+x+1
9
M, (x) XH+xt+xi+x+1
M (x)
3axinvenns mabn. 8.6
Homep MinimManpHi moniHoMH pisHoro crenens /
MiHiMaJTb-
HOro 6 7 3 9
nojgiHoMa
M(x) [x*+x+]1 [X+x>+]1 XHxt+x3+x2+ 1 X+ x4+ 1
M(x) [x*+x*+ xT+x3+ x84 x84 x5+ X+ xS+ xt+
+x2+x+1]+x2+x+1 +x* + x2+ x+1 +x3+1
Mx) [x¢+x*+ XT+xt+x3+ [ xP+xT+H x5+ x°+ x8+ x5+
+x2+x+ 1 +x2+1 +x0+xfrx+ ] | +Hx+1
M(x) [x+x7+1 | xT+x5+x+ | xB+x0+ x5+ X+ xT+xt+
+ x4+ x4+ +x3+1 +x}+ 1
+x+1
Myx) [X¥P+x?+1 [ xXT+x5+x+ [ xP+xT+ x5+ x*+xt+xt +
+xP+ x4 +xt+ x4+l | +Hx+ ]
+x+ 1 i
M (x) [X*+x5+x+ xT+x0+xt+ [ XPEXT O H X [+
+x2+1 +x2+1 +x2+x+1 +x2+1
M (x) X'+ x+1 xE+ x5+ X+ x*+x8+ x5+
+x+1 +xr+x2+x+1

SIKUH TICNs MiACTAHOBKY 3HaueHb M(x) HabyBae BUTTIALY

PHo)y=(x*+x+ DA+ x3+x2+x+1)=
=x8+x7+x6+x%+1—111010001.

Haii6inpmuii creniges TBipHOTO mojiHoMa P(x) BU3HAYa€ KiJlb-
KiCTb TIEpEBIpHUX €IEMEHTIB y KOMbiHawii (r = 8), a KinbKicTs i1 iH-
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dopmaniiinux enemenTiB k = n—r = 15 -8 = 7. Maemo (15, 7)-xox
BUXs3v, =2.

3a HeobxinHOCTI TBipHY MaTpuLO Kogy BUX MoxHa nobyaysa-
TH 32 IpaBUJIAMH MOGYJOBH TAKO1 MATPHUI I LIMKIIIYHOTO KOAY.
Tax, ans npuxiany, IO PO3TSAAEThCH, 32 aHaorieo 3 (8.25) i
(8.26) TBipHa MaTpuus kogy BUX MaTume BUTIIAR

M 000000 11101000
0100000 01110100
0010000 00111010
Gpuxasy)=|0 0 0 1. 000 0001 1 101
0000100 11100T1T10
0000010 011100°T1°]1
0000001 1101000 1]

¥Yci nomaneii HpoueaypH KOAyBaHHS BUKOHYIOTbCS aHAJIOI Y-
HO METOIUKAaM, BUKJIAJEHUM BUILE IS LIMKAIYHUX KOMIIB.

VY Tabi. 8.7 HaBeneHo napaMeTpu Aeskux koais BUX 3aBaoBxk-
k1 10 n = 255. [TopaHi B Tabnuili napaMeTpH BU3HAYEHO 3TiJHO 3
BUKJIAJICHOIO BHILE METOAUKOO. {15 3py4HOCTI 3anuCy TBIipHi Mo-
JiHOMH P(x) 3aIIMCaHO Yy BICIMKOBIH CHCTEMI YHUCITICHHS.

[I{o6 nicraTi TBiIpHUI MONIHOM y 3BHYaHHOMY BUIJIsSII, TOOTO B
Tilf popmi, sika BUKOPUCTOBYEThCs A 1106ya0BU koais BUX, kox-
Hy uudpy Tpeba nepepectH y nsifikoBuit TpubiT. Hanpuknan, mo-
JTiHOM P(x) = 45 nBIIKOBUMH YHCIIAMH 3aNTHIIEThCA Tak: 4 — 1001
5 — 101. Orxe, Macmo asiiikose uncio 100101, ske MoxxHa noga-
TH NOMIHOMOM P(x) = x° + x2 + 1.

Sk nokasaHo Bule, koau BUX MaroTh HenapHe 3HaUYeHHS MiHi-
MaJIbHOi KOAOBOI BiACTaHI d ;. [ins Toro mob 36inemuty d,; Ha
OAMHMIIO, JOCUTh OJOMHOXHUTHU TBipHUI nosiHoM koay BUX Ha
aBowieH (x + 1).

Koau BUX xapakrepusyroTs neski 3akoHoMipHocTi. [To-niepiue,
CNiBBiJHOIIEHHS MK MAKCHMAJIbHOO KOJOBOIO BIICTAHHIO Ta YUC-
JI0M h Moxe OYTH rmoaaHe s

g =211

HiiicHo, [u1a MpuKnaay, o po3risaascs Buwe, npu n = 15 (h =
=4)d,, =241 -1="7 (ue nixTBepmxyerpes Tab. 8.7), a Kinb-
KicTb iHQOpMaUifHUX PO3PAMIB, 1Ka MOXKe 6YTH BUKOPUCTAHA NTPH
00yMOBNIEHUX 3HAYEHHAX A id , , nopiBHIOE (h +1).

ITo-gpyre, KiNbKICTh KOAIB, IO PI3HATHCS CBOEIO KOPEKTYBAIb-
HOIO 3JJaTHICTIO 1 MaIOTh OJHAKOBY JOBXHHY KOIOBOI KOMOiHALIT
(n =2"—1), Ha OBi OMMHMLI MEHIIA BiJ KiNbKOCTI BCIX HE3BIIHHUX
TIOJIIHOMIB, Ha SKiI PO3KNAAAETHCS IBOYJIEH xzh—x +1-
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Tabnuya 8.7

n k r d.. Tsipuuit noninoM P(x)
7 4 3 3 13
15 11 4 3 23
7 8 5 721
5 10 7 2467
31 26 5 3 45
21 10 5 3551
16 15 7 107657
11 20 11 5423325
6 25 15 313365047
63 57 6 3 103
5t 12 5 12471
45 18 7 1701317
39 24 9 166623567
36 27 11 1033500423
30 33 13 1574641656547
24 39 15 17323260404441
18 45 21 1363026512351725
127 120 7 3 211
113 14 5 41567
106 21 7 11554743
99 28 9 3447023271
92 35 11 624730022327
85 42 13 130704476322273
78 49 15 26230002166130115
71 56 19 6255010713253127753
64 63 21 1206534025570773100045
255 247 8 3 435
239 16 5 267543
231 24 7 156720665
223 32 9 75626641375
215 40 11 23157564726421
207 48 13 16176560567636227
199 56 15 7633031270420722341
191 64 17 2663470176115333714567
187 68 19 52755313540001322236351
179 76 21 22624710717340432416300455

Tak, s n = 15 picranemo £ = 4 ta gsounen (x!'5 + 1). Leit aBo-
4jieH He € HAHNPOCTILMM, TOMY A = 4 OyJIe CTapIIKMM CTETIEHEM He-
3BIAHOIO NMOJIIHOMA, Ha SKHMii PO3KIaNacThesa qBoueH x'5 + 1. Ta-
KHMM YHHOM, JBOuNeH x'° + 1 6yae po3kiagaTHcs Ha He3BiHi moti-
HOMHM YETBEPTOI'O CTENEHS Ta HAa HE3BIHI [TOJIIHOMH THX CTEIICHIB,
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MOKa3HMKH SKHX € OUTbHUKaMu ynucna 4, to6to 11 2:

B +1=(x+ D2+ x+ 1) +x+ Dt +x3+ Dx* +
+x3+x2+x+1).

SIK BUIUIMBAE 3 LbOTO PO3KJIAJAHHS, KUIBKICTh HE3BUIHUX MOJIi-
HOMIB JIOPiBHIOE ITSITH, 3 KUIBKICTh UMKIIYHUX KOiB Ans n = 15
CTaHOBHUTH 5 — 2 = 3, mo niarsepmkye Tabin. 8.7.

Jlexonysanns konis BUX (BHsiBNEHHS Ta BUIPABJIEHHS MOMH-
JI0K) 3aBIOBXKH n = 15 MOXe BMKOHYBAaTHCS 3 BUKOPHCTaHHAM
METON¥KH, BUKIAAEHOI AN HUKIiYHMX KoaiB 3 d; < 5. Ilpn
nekonyBanHi koaiB BUX 3 n1oBxHHOIO KOMOiHaLi# 7 > 15 MOXYTh
BHHUKHYTH AeAKi TPyAHOLL], TOB’s3aHi 3 BelMKuM 06csrom oGuuc-
JleHb 1715 BUABJICHHS T4 BUIPABICHHS MOMMUIIOK. Y TaKMX BHIal-
Kax pu k > n/2, ne k — KpaTHIiCTb 3CYBY, PEKOMEHIYETHCH KOMOI-
HALII0, yTBOPEHY MiC/IA k-KpaTHOTO 3CyBY 1 NiICYyMOBYBaHHS 3 OC-
Tauelo, 3CyBaTH He NIPaBOpYY, a JIBOPYY HA 1 UMKIIYHUX KPOKIB.

KinbKicTs MOMHJIOK, SKI MOXYTh BUIpaBnaTH koau bUX, ne
obMerxeHa, ajie 31 30UIbIIEHHAM KPATHOCT] ITOMHUIIKH 3HAYHO 3pOCTaE
CKJIaHICTh NPUCTPOIB IEKOLYBaHHS, IO TPU3BOIUTH JO 3MEHIICH-
HH WIBMAKOCTI nepeaadyi inbopmallii.

8.1.5. KOO ®ANPA

Koau BUX po3paxoBaHi Ha BUIIPaBIEHHs KiTbKOX TOMHUJIOK, SIKi
He 0BGOB’SI3KOBO 3HAXOAATLCS MIOPYY; TOMY BOHH NOTPeOYIOTh 3HaU-
HOI KUIBKOCTI NepeBipHuX eneMeHTiB. [IBifikoBuit xoa Paiipa npu-
3HAYEHHUH 715 BUMIPABJIEHHS TOOAXHOKHX MaYOK MOMMWIOK, JUIS HOT'O
BiH OTpe6ye 3HAYHO MEHILO] KUIbKOCTI IIEPEBIPHUX ETIEMEHTIB 110~
piBHsHO 3 kogamu BUX.

Mix nauxoro (MakeroM) NOMWIOK PO3YMIIOTh HE TUILKM IpyImy
MTOMMJIOK, PO3TAlOBAHUX NOPYY, a i rpyIy abo Kifbka CrioTBOpe-
HHUX | HECTIOTBOPEHHX EJIEMEHTIB, siKi 3HAXOAATBCA MK ABOMA CIO-
TBOPEHHUMH €JIEeMEHTaMH. B oCTaHHBOMY BHMAAKy 10 TAYKH NOMHU-
JTOK, KPiM IBOX KpaiHiX CIOTBOPEHHX E/IEMEHTIB NAUKH, HAJIEXKATh
11le CIOTBOPEHi Ta HECTIOTBOPEHI €IEMEHTH, PO3TAILIOBaHI MK HUMH,
TO6TO B CepeNHi MauKH.

Taipuuii noninom xony Paiipa [12, 25] BU3HaUaETHCI BUPa3oM

Pg(x) = P(x)(x¢ +1), (8.34)

e P(x) — He3BiJHUH OIHOM CTeneHs /, IO HANEXHUTB h; ¢ — Ipo-
CTe YKCII0, SIKE HE NOBHHHO IiMMTHCA Ha h Ge3 ocTaui.

MoninoM P(x) Ma€ JedKHii CTeninb A, KO h — HaAMeHIIe Jo-
JaTHE YKCIIO TAKe, 110 ABOYNeH x” + 1 ainurtbes Ha P(x) 63 ocrai.
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Hnst ©yab-axoro / icHye npuHaRMHI OZMH He3BiaHUI nosiHOM P(X)
CTeneHs /, SKuii HaNeXUTh YUCTY

h=21-1. (8.35)

Hessinuuit noninom P(x) Bubupactnes 3 Tab. 8.5 TaK, 106 BU-
KOHyBanack ymosa (8.35), npudomy / 2 b, ne b = v, — nosxuna
navku noMuiok. Tax, skio P(x) =x3 + x2+ 1 (/=3),Toh=2'-1=
=7, @ 4MCIIO ¢ MOXE MaTH 3HAYEHHs, AKi He OiIATbCA Ha 7, TO6TO
15, 16, 17, 18, 19, 20, 22 Tomo.

Hopxuna kogy Palipa BU3HAYAETHCS BUPA30OM

n=HCK (c, h), (8.36)

106710 € HCK uncen ¢ ta h, TOMy 110 TilbKK B IbOMY pa3i JBOWICH
x" + 1 Gyne minuTHCS HA HOTMIHOM Pg(x) 6e3 ocTaui.
KinbKiCTb nepeBipHUX eleMEHTIB LIbOTO KOAY BH3HAYAETHCS TAK:

r=c+l, (8.37)
a indopMaLifHIX — TaK:
k=n-c-1 (8.38)

SIKIIO CKOPHCTATHUCS METOXOM YTBOPEHHS BKOPOUEHHX HMKITiy-
HHUX KOZiB, BUKJIAJIEHUM BHIIE, TO MOXKHA JICTATH KOJ ®daiipa MeH-
IIOT TOBXMHH 3 TIEIO CAMOIO KiJIbKICTIO ITepEBIPHUX €JIEMEHTIB.

Kon ®aiipa sunpasnse 6yap-aKy NOOAMHOKY NayKy IIOMMIIOK
3aBIOBXKM b a60 MeHIIe i OXHOYACHO BHABJIAE OYAb-SIKYy MAauKy
TIOMHJIOK 3aBIOBXKH B 2 b abo MeHwue, skmo c2b+B-11/2b.

SIK1IO KOPHCTYBATHCS MM KOJIOM TiJIbKHM JJ151 BUSBIICHHS IOMH-
JIOK, TO MOXKHA BHSIBUTH OyIb-1Ky KOMOiHALIIIO 3 ABOX [TAYOK IO-
MUWJIOK, JOBXHHA HAWMEHIIOI 3 AKUX HE MEepeBUILYE /, a CyMa qOB-
XKHMH 060X Na40K MeHIIA, HiX ¢ + 1. MoXHa TakoX BUSBUTH Oy/1b-
SIKY NIOOQHUHOKY NIaYKy MOMHUIIOK 3 JOBXKHHOI0, He OLIBLIONO Bif r =
= ¢ + I, e r — KinbKiCTh NEPEBIPHUX EJIEMEHTIB.

Tax, srinxo 3 [12], saxwo Teipauit noninom koxy Paiipa Py (x) =
=t +x+ DT+ 1) =x+ x8+ x7+ x4 + x + 1, To creninm
HE3BIHOTO NoniHoMa P(x) craHoBuTh | = 4, a ¢ = 7. 3HadeHHs A, n,
rik 3naxoaumo 3a (8.35)—(8.38): A=24-1=15n=HCK (7,15) =
=715=105;r=4+7=11;k =105 - 7 - 4 = 94. Leit kox Mmoxe
OyTH BUKOPUCTaHH, HATIPUKIIA, [Vl BUTIPABIICHHS MaYKH MOMHU-
JIOK 3aBJIOBXKKH 10 b = 4 Ta BUSABIEHHSA 6y Ib-IKOI NaYKH TOMUIIOK
3aBIOBXKKH b > 4 a0 U151 BUNpaBIIEHHS TAYKK [IOMMIIOK 32aBAOBXKKH
b <2 Ta BUSBIIEHHS TAYOK TOMHJIOK 3aBROBXKKH b < 6. S0 3acTo-
CyBaTH HOro TiJIbKH ISl BUSIBIIEHHS TOMMIIOK, TO HUIM MOXHA BH-
ABUTH OYyAb-SIKY MOOAUHOKY MAYKy NMOMMIIOK 3aBEOBXKH b <
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< (4 + 7) i 6yap-sKy KOMGiHALIO 3 ABOX NMAYOK IOMMIIOK, IOBXHUHA
HaliMeHIIoi 3 axux / < 4, a 3arajgbHa CyMa JOBXKUH iX HE IEPEBUIIYE
c+1=38.

ITopiBusnus kony Paiipa 3 aHANOTTYHHM KOIOM BUX 3a 3pat-
HICTIO BUNIPABJISATH MOMUIIKH Oy/ie HE Ha KOPUCTb OCTAaHHBOTO. Hiiic-
HO, KiIbKICTh HepeBipHUX eneMmeHTiB koxy BUX, mo sumpasise
YOTUPH MOOAMHOKI TOMHIIKH i M€ IOBXHHY 1, GIIH3bKY 110 NOBXKH-
u xoxy Paiipa, cranoBuTHME r = 28 (1UB. TAOI. 8.7) npu 3aranpHii
JOBXMHi n = 127 i kinpKocTi #oro iHpopMmanifiHuX eneMeHTIB k=
=99 nopieusano 3 r = 11 Ta k = 94 xony Paiipa. OTxe, HaIMIipHICTb
komy BUX (R, =28/127 = 0,22) 6yne 3Ha4HO BUILOIO, HiX HaAMIP-
uicts xony Paitpa (R,,, = 11/105 = 0,1). 3 uporo BUILIMBAE, 11O
BHMPABUTH YOTHPY TMOMUJIKH, SKI 3HAXOIATHCA B OJHOMY MICIL,
HabaraTo npocTilue, HiX Ti caMi YOTUPH OMHUIIKH, BUIIAIKOBO PO3-
noiieHi no Beiit JoBxuHi koMGiHawii.

OcTaHHE 3yMOBIIOE BUKOpHCTaHHA koly Daiipa npu nepenadi
indopmallii 110 KaHanax 3 BEMKOIO HMOBIPHICTIO BAHMKHEHHA 13-
YOK TOMMIIOK.

8.1.6. KO 13 BATATOKPATHM NOBTOPEHHAM

Kon i3 6aratokpaThum noBropeHHsM (6e3 inepcii) € MOOiNb-
HUM JIHIHAM KoaoM. BiH MicTHTb k iHbOpMAaLiiHuX i gk MepeBip-
HYX EIEMEHTIB, € Ny = 2 — KiIbKICTb MIOBTOPEHD [O4aTKOBOI KO-
H0BOi koMGiHaL{i. B 1IbOMY KOZI KOXHI K NepeBIpHUX €JIEMEHTIB €
TIPOCTO MOBTOPEHUMH iHPOPMAUIAHMMY €IEMEHTAMH

by = bz = bz == sy =455 = 1 k.

Yepes Te, 110 KOJ MAE KOAOBY BigcTaub d, = ngp + 1, BiH MOXe
BUKOPMCTOBYBATHCS [UISl BUABJIEHHS Ta BUIIPABJICHHS MOMMIIOK.
IIpouenypa BUABIEHH TOMUIIOK Y TPHAHATIH KOOBi} KOMOiHaLil
TIONIATAE B NIOPiBHAHHI OMHOUMEHHUX iH(opMaLiHHX i TEPEBIPHUX
enemenTis. He36ir ix cBiIYMTDb MPO HASBHICT IOMMUIIOK Y IIPUAHSA-
Tik KOMOiHAaILLii.

[Ipu BumpaBeHH] MOMHUIIOK y KOJOBIl KoMOiHallil 3aCTOCOBY-
€TbCA MAXKOPUTAPHHHN MPUHUMII BUIIPABJIEHHSA /15 KOXHOTO indop-
MaliitHOTro eJleMeHTa, TOOTO «rOJIOCYBaHHS, 32 OUILUIICTION, KOJH
3a iCTHHHE 3HAYeHHs NpUIMAEThCS Te, SKe HaiyacTiue 3ycTpiya-
€TbCA B LIbOMY iH(OPMALIHHOMY Ta BiINOBITHAX TIepeBIpHUX efe-
menTax. Ko nae 3MOry BUIIPaBUTH TIOMMJIKM KPaTHICTIO B 1 10
(di, — 1)/2 T2 nesKi NOMUIIKK 6iyIbLI BUCOKOI KPATHOCTI 3aJIEXKHO
BiJl KIIBKOCTI TOBTOPEHB iX.

HanMipHiCTb KOy BU3HAYA€ThCA BUPA30M

R,y = ngl(ng +1).
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8.1.7. ITEPATUBHI KOAMU

Ynepuie itepaTusHi koau 6ynu 3anpononosani I1. Eniacom [48].
Bonu xapaktepusyroThca 18oMa ab0 BLIBIIOIO KITBKICTIO Hepesi-
POK ycepenuHi KogoBoi KOMOIHaLl, 4 BIACTHBOCTI LIMX KOIB [OB-
HICTIO BU3HAYAIOTHCA NAPAMETPAMH iX.

Tax, nosxuHa n xon0BOi KoMbiHaLil, KUIbKICTH iHOpMaLiiiHIX
napamerpis k Ta MiHiMaJlbHa KOJOBA BiCTaHb d,;, BU3HAYAIOTbCA
BHpa3aMH.

S S S
”=Hl”i§ k=Hlki§ dimin =l_Ildmini’
1= I= i=l

Aen; k;, d . ,— napameTpu iTepOBaHUX KOZiB; S — KPATHICTB iTe-

pyBauns; || — 3nak MHOXeHHS.

Ha npaktuui 1inpoko 3aCTOCOBYIOTHCS ABOBUMIpHI JiHiftHi iTe-
PaTUBHI KOOH 3 KOAYBAHHSM 32 PAAKAMM Ta CTOBILIAMMU 3 OIHIECIO
NEPEeBIPKOIO Ha NAPHICTh. J{03BONAETHCA BAKOPUCTOBYBATH KOIU 3
KUIBKICTIO nepeBipHUX eneMeHTiB 8, 91 16. [na koxay 3 r = 8 3acro-
COBYETBCA 610K IHPOPMALIHHUX eleMEHTIB po3Mipom 3x4 (3 k, = 3
psakamu 12 k, = 4 crosnusamu). IIpu usoMy kinekicts indopma-
UIAHUX eneMeHTiB kK = k\k, = 3 - 4 = 12, a nepeBipHux r =
=8;n=20. Ina Kony3r=906epyts k =k k,=4-4=16,n=25; ans
kopy3r=16abok=kk,=8-7=56,n=72,a60k=kk,=7-8=
=56,n="172.

Lli xonu mMaroTh MiHiMaTbHY KOZOBY BincTanb d,, =2 -2 =41
Jal0Th 3MOTY BHABHTH IIOMMJIKH GYIb-IKOI KpAaTHOCTI, 32 BUHST-
KOM JI€SKUX YOTHPH-, LIECTH- T4 BOCBMUKPATHHUX TIOMMJIOK, SIKILO
BOHH PO3MILLYIOTbCA HA BEPLIMHAX NPSMOKYTHHKIB 260 MonapHo
B IIEBHOMY NMOPSAAKY. B pexxuMi BUnpasieHHs Ta BUSBICHHA TOMH-
JIOK KOJ BHMpaBiise Oyab-AKi NMOOJUHOKI MOMMIIKH i BUSBISAE BCi
MOJBIMHI Ta JeSKi IOMUIKH GUIBLIOT KPATHOCTI.

Ilpu BUsIBNIEHH] TOMHUIIOK HA MPHIAMANTLHOMY 60U BUKOHYETBCS
nepeBipKa Ha MAapHICTh KOXHUX PAJKA Ta CTOBMLS. HeBUKOHaHHS
YMOBH NMAPHOCTI B SKOMYCh CTOBIILI CBIIYHTDh NPO HAABHICTH CITO-
TBOPEHHUX €JIEMEHTIB Y IPUAHATIN KOAOBIH KOMbiHaLiL.

Ilpu BANpasnenHi Ta BUABNEHHI IOMWIOK HA MPUIMANLHOMY
6oL BH3HAYAIOTLCA PAAKM i CTOBILI, Iisi IKUX HE BUKOHYETHCS
yMoBa napHocTi. CrnioTBopeHuil iHpopmaniitHuii eneMeHT 3Haxo-
AUTBCS Ha MICLi MEPETHHY PAAKA Ta CTOBIILSA, IS IKUX HE BUKOHY-
€TbCs NIEpEBipKa Ha NapHICTh.

HanMipHicTb J1BOBHMIDHHUX iTepaTHBHUX KOMAIB CTAHOBUTS:

Ryn=1-kin=rIin=8/20=2/5upur =8,
R, =925npur=9;
Ryay = 16/72=2/9 npu r = 16.
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Hexaii, HanpUKJIa1, ABOBUMIPHUM iITEPATHBHUM KOJOM Tpeba 3akoayBaTH
koMmb6inamiro 110111000110 asilikoBoro npoctoro koay 3 k = 12 indpopmauiii-
HUMH €leMEHTaMH.

Po36uBacMo 110 KoMGiHallii0 Ha TPU YAaCTHHH # 3aNHCYEMO il B TpY PAAKH:

1 1 0 1
1 1 0 0
01 1 0

TMepeBipseMO Ha MapHICTb €IEMEHTH KOXKHHUX PAIKA T4 CTOBMUS H AONHKCY-
€MO NEPEBIpPHI eIEMEHTH:

10 11 ()
1 1 0 0 0 (b
o 1_1 0o @)
0 1 1 1 1
b, b, b b, b

« Ys Ye U7 T

TaxkuM YHHOM, MAEMO JABOBUMIDHHIf iTEPaTUBHHMIL KO i3 NEPEeBIpKOO Ha
napHicTs. Y JiHiio (KaHaT) NepelacTbCs TaKa MOCHiOBHICTE IBIHKOBHX eJie-
menTis: 11011110000110001111.

IMpunycTumo, L0 NpH Nepeaayi BHACHIZOK CIIOTBOPEHb BUHHMKIIA HOMHIIKA
i na nipuitMay npuiuia koM6iHauis 11011110001110001111. ITpu aexoxypaHHi
Ha NpHiMansHOMY 601 NPUAHATY ABIRKOBY IOCTIIOBHICTb 3HOBY 3aNKCYEMO
y BULJISAI MaTpHLi

1 1 0 1 1
1 1 0 0 O
1 1t 1 0 O
0o 1 1 1 1
i mepeBipsEMO Ha MaPHICTh KOXHI ii PAXOK Ta CTOBIENb:
1 1.0 110
1 1.0 0 0 O
1 11 0 0 1
o 1 1 11 0
I 0 0 0O

Tlpu BiACYTHOCTI CHOTBOPEHD YCi MepeBipHi eNeMEHTH, chOpPMOBaHi JeKO-
JEpOM, MAKOTh JOPiBHIOBATH HYMO. OAHAK y pO3rasayBaHOMY NMPHKIALI BU-
SBJIEHO NOMWIKY B HEPIIOMY CTOBML Ta TPETbOMY PSAKY, PUYOMY B JBOX
nepeBipkax 6pas YHaCTb EEMEHT a. SIKIIO 3HAYEHHA L{(bOT'O eNIEMEHTA 3MiHHU-
TH Ha obepHeHe, TO BCi nepeBipHi eneMeH'ru cpopmosaHi ZCKOLEPOM, OpiB-
HIOBATUMYTh HYMI0. TaKUM YHHOM, NOMHIKY Oylie BUSABIICHO i BUIIPABIICHO.

ITpn no6yz(0131 iTepaTHBHHX KOAIB U KOAyBaHHA €NIEMEHTIB 110
PSKaXx i CTOBIILAX MOXHA BMKODHCTOBYBATH He TUIBKH KOJ i3 Te-
peBipKOIO Ha MapHicTh (ab0 HenapHicTh), a i iHII KoAW (HampH-
knan, Xemminra). ITpu nbomy MiHiManpHa KOMOBa BiACTaHb d ;.
361IBIIYETHCS, 4 3HAYHTD, 3pOCTAE H 3MATHICTD KOAY BUIPABISTH
TIOMWJIKY.

CyTTEBMM HETOJIIKOM iTEpAaTHBHUX KOMIB € MOPIBHSHO BHCOKA

HAaJAMIPHICTb iX, KA 3HAYHO NEPEBHILYE HAJAMIPDHICTh HHUKIIYHUX
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KOZIB, 3MaTHUX BUSBJIATH T4 BUIPABIIATH Ty CaMy KiIbKICTb IOMH-
JIOK 3a iHIIHUX OAHaKOBHX YMOB. OHaK iX BUKOPDHUCTaHHS B CHUCTe-
Max rnepenadi JaHuX 3yMOBIIOE GinbLI TPOCTE NOPIBHAHO 3 IMKIIY-
HMMH KOJaMM KOJYBaHHA T4 JeKOAYBaHHA 3a qoromMoroo EOM.

ITepaTHBHI KOAM 3HAHIILIY IIMPOKE 3aCTOCYBAHHS AJIS BUSABIICHHS
Ta BUNpaBIIEHHs TIOMHUJIOK, sIKi BAHMKAIOTh NPH 3aMHCy, 30epiranHi
Ta 3uMTyBaHHI UMb pPOoBol iHdopMauil Ha MarHiTHHX HOCISX.

8.1.8. KACKAOQHI KOO

36inblueHHs MiHIMaTbHOT KONOBOI BiICTaHi d;, 1, SK HACIIIOK,
31aTHOCTI KOy BUTIPABJIATH IIOMMIIKH MOXKH2 JIOCATTH, SKILO 33CTO-
CyBaTH KUITbKA CTYNICHIB KOyBaHHS (xackaaHWi MPUHLIKI KOZyBaH-
H). Taki Koy JiCTany Ha3BY KACKAOHUX.

Ha npakTuui MOMKHPEHUMH € KacKaHi KOAH, IO CKIafaloThCs 3
JBOX KOJiB ({Ba CTYIEHI KOYBaHHS), IKI HA3UBAIOThCS HYMPIUIHIM
1 306niwnim. TIpy 1bOMY 30BHILUHIA KOJ BHKOPUCTOBYETHCSA IS
KONYBaHHS MOBIIOMIIEHb, 110 HAAXOAATh Bifl JUKEpeNna y BUIJIAM
NEPBMHHOIO KOAY, a BHYTPIlUHiH — JUIS KOAYBaHHS KoMOiHaii
30BHIIHLOrO KOy IEpeN nepeaayeto ix y kaxan 38’s3ky. Ha puc. 8.1
MIOKa3aHO CIPOIEHY CXeMy CUCTEMH Nepeaadi 3 KaCKaJHUM IIPHH-
LIMIIOM KOAYBaHHS IOBIIOMJIEHB.

SIX 30BHILIHIN KOJ 3BHYaNHO BUKOPUCTOBYIOThCS Koau Pina —
Conomona a6o koau BUX [27, 37]. Bubip BHYTPiLIHLOTO KOIY 3aie-
XHTB BIJl XapaKTEPUCTHUK KaHAJTY 3B’A3KY T4 IHTEHCHBHOCTI BUHMK-
HeHHs nmoMuiokK. Lle moxe 6yt xox BUX, xox XeMMiHra uu iH-
mui KoA. B3arami 3amauero BHYTPIIUHBOrO KOy € 3a0e3MnedeHHs
NMPUMHATOI AMOBIPHOCTI ITOMMIIKH, a 30BHIIIHBOTO — 3HMXKEHHS
PE3YNBTYIOYOI MMOBIPHOCTI HENMPAaBHABHOIO JEKOLYBaHHA O 3a-
JAHOTO 3HAYCHHS.

Dxepeno 30BHIWHINA BHyTpiwHin Moayns- Kanan
nosinoMneHs >| xomep (n,r) xopep (N,R) TOop 38'A3Ky
AN J
N

Poswmpenuin kopep

Demogy- BHYTPIWHif 30BHilWHIN | Oaepxysa4
naTop nexonep nexonep NOBIAOMNEHL
~ 7
~
Poawunpeunin aexonep
Puc. 8.1
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ITpn KoayBaHHI 30BHILHIM KOJOM 5K iHGOpMaliiiHi eleMeHTH
KOMOiHaMiil MEPBUHHOTO KOAY NPUIAMAIOTHCS BCi €IEMEHTH KOMOi-
Haii TEPBUHHOTO KOAY, IO HAAXOINTH BiJl AXKepelia MOBIAOMIIEHD,
a.TIp¥ KOAyBaHHi BHYTpILIHIM KOOOM — Yyci eneMeHTH (iHdopma-
wiitHi Ta nepeBipHi) koMOiHaUii 30BHILIHBOTO KOy. JdexonayBaHHs
BHKOHYETHCSH B 3BOPOTHOMY NOPSAKY —— CHOYATKY JAEKOAYEThCA
KoMObiHallis BHyTPiIHBOrO KOIY, @ MOTIM — 30BHIHIHbOTO.

3aranom, To6TO npu S cryneHsx (Kackagax) KOAYBaHHS, MiHi-
MaJibHa KOAOBA BiiCTaHb KaCKaJHOTO KOy BU3HA4YA€THCA KOZOBH-
MH BIICT@HAMH KOJIB, SKi BUKOPHCTOBYIOTHCS AJ1 HOro noOynoBu:

S
dmin =1—Ildmini .

IIBHAKICT i HAAMIPHICTD KACKaQHOI'O KOAY TAKOX 3aJIeXKaTh Bi/f
KOZIB, IO BUKOPUCTOBYIOTHCS IIPU HOTro NoOYHOBI.

Kackanui koau 3sHaiUuIM IIMPOKE 3aCTOCYBaHHS IS nepenadi
TIOBIIOMIIEHD 110 paliOKaHaJax i3 BEIMKUM PiBHEM 3aBall, 30KpeMa
B CYINYTHUKOBHX JIiHIfAX 3B A3KY.

8.2. PEKYPEHTHI KOOU

Pexypenmuumu (HeEpePBHUMH) HA3UBAXOTHCS KOIH, LIO ITOAA~
IOTHCS HETIEPEPBHOIO NOCIIJOBHICTIO KOOBUX €JIEMEHTIB 6e3 noniny
Ha OKpeMi KoMOiHail.

PexypeHTHI KOIY HaIOTh CYTTEBUI edeKT NpH 3axUcTi inpopma-
1ii, KA mepenaeTsCs o KaHanax, e MOX/IMBe BUHUKHEHHS TIOMM-
JIOK BEJIMKO] KPaTHOCTI Ta MO4YaToK nomunox. Halinpocrie i koau
peanisyloTbCsa NpH HaaMipHocTi R, = 1 —a/l = 0,5, ne a — kinb-
KiCTh iHpOpMAIHUX eNIEeMEHTIB; / — JOBXXHUHA OUISHKY MOCTiX0B-
HOCTI €JIEMEHTIB, IO NepeIaloThC.

Binx 6510KOBMX peKypeHTHI KOU BiAPI3ZHSIOTECA THM, IO JAIOTh
3MOTY KOAyBaTH iHGopMaliifHy MOCTIOBHICTh HENEPEepBHO, HE
noautsiiouy 1i Ha 610K GikCOBaHOI AOBXUHM 1 3 k iHpopMaLiitHu-
MM Ta r NepeBipHUMH eleMeHTaMH. Taki KOAHM 1lie Ha3UBAIOThC
naHylo206uMy. B HUX TpH Mepefadi KOXHUNA MepeBipHUR eJIeMEHT
(dhopMyeThCst TOAABAHHAM 32 MOIYJIEM 2 IBOX iHbOpMaLiHHUX eneMeH-
giB, Biél(;;al{b MDX SKHMM JOPIBHIOE KPOKY NOJ@BaHHs 1, = k — i

puc. 8.2):

a®a,=b;0,,.,9a 1 =by ke

a,®a, e Ap41 eaak-o»l-n,(p =bk+1,k+l+t,(p o
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Indopmauiin

GNeMBHTN vees Oy Of4 14 ooy Ok, Opp g, «-0y 0k+,¢, a“.,m X 0k+2,w, .re
Nepesipni \ MMX/
enemeHT coor Oike Binte ces Ou 4 Bkag s oees Bratgs o
k+ kit  Kkttegtl k+21
Puc. 8.2

KinpkicTs nepeBipHUX eneMeHTiB, chopMoBaHux 3a yac 7, ZOpiB-
HIOE KiIbKOCTI iHpOpMaLIiiHUX eleMEHTIB, SKi HAmiHIILUH 32 TOif ca-
Muii yac. Lli eneMeHTH nepenarmoThbecsa 4yepes onuH (a, b, a, b, a,
b, ...). Ha npuiimMansHOMY G0Li BOHH PO3IiISIOTHCS i PEECTPYIOTHCS
HE3AJIEXKHO.

I3 mpuituATOI HOCNiTOBHOCTI iHpoOpMaLiiiHUX eneMeHTiB popMmy-
I0TBCSl KOHTPOJILHI eleMeHTH b, 32 TUM CAMHM aJIrOPUTMOM, 11O #
enemeHTH b, npu xoxysaHHi. IIpH 1bOMY KOXHHI KOHTPOJIBHUH
eNIeMeHT b, NOPIBHIOETHCS i3 NPHUHHATHM NEPEBIPHUM €JIEMEHTOM
b/. SIxuo cnioTBOpeHs He Oyno, To b = b’ (nepeBipHuit enemMeHT
36iraeTecs i3 BLAMOBITHHM KOHTpOJIBHUM). HasiBHiCTS 1BOX He306iriB
KOHTPOJIBHUX i NepeBipHUX eJIEMEHTIB, 3CYHYTUX OOUH BiZHOCHO
OJHOTO Ha I, €JIEMEHTIB, CBITYMTH TIPO CIOTBOPEHHS iHdOpMaiii-
HOTO €JIEMEHTA, CIIUTbHOTO I 000X NEpEBIPHUX €JIEMEHTIB, 1 Horo
3HaYeHHs HEOOXIIHO 3MIHUTH Ha IPOTHIEKHE.

IIpu croTBOpeHHI TUIBKY NEPEBIPHOTO eJIeMEHTa 1 NpaBIUIbHO-
My npuimaHHi iHpopMalifiHuX eleMeHTiB g, Ta a,” Oyde TiIbKH
OIMH He30ir KOHTPONBHHUX 1 EPEBIPHUX €NIEMEHTIB, L0 BKA3y€ Ha
NOMMJIKOBE NpUHMaHHS NIEPEBIPHOTO €IEMEHTa, | HiSKMX BHIIPaB-
JIeHb po6OTH He NOTPiOHO. 3 NPHHIUITY BUITPABJIEHHS OMUIOK ¥y
JIAHI{IOFOBOMY KOJIi BUILTUBAE, 1O NIPaBUIbHE BUIIPABJIEHHS [IOMU-
JIOK MOXXJIMBE TUILKH B TOMY pas3i, KOJIY {Ba €IEMEHTH 3 TPHOX, OXO-
TUIEHI NEPEBIPKOI0, IPUHHATI IPaBUIIBHO.

KopekTyBanibHa 31aTHICTB JIAHLIIOTOBOTO KOAY 3aJIEXHTh Bil KPOKY
NOJABAHHA 1, ;. SIKIO KOXKHMH MepeBiPHHA eNleMEHT NepeN nepeaayeio
B KaHaJ 3aTPUMAaTH Ha yac T, i NaYKu MOMWIIOK, PO3TALIOBAHI NOPYY,
PO3IOUTMTH 3aXHCHHM iHTEPBAIOM A, KMl HE MICTHTh CIIOTBOPEHHX
€JIEMEHTIB (4 = 6th +L;T,= 3(th + 1), e T, -— TPUBAJICTL OHOTO
€JIEMEHTA), TO JIAHLIIOTOBHIA KOJT MOXKE BUTIPABUTH NAYKY IIOMHJIOK 3aB-
HOBXKH 2f,,. 3MIHOIO JOBXKHMHH KDOKY 1, , KODEKTYBAIbHY 3JATHICTb
KOJIIy MOXKHA Y3rODKYBATH 3 XapaKTEPUCTHKAMH KaHATTy 3B’A3KY, 3MEH-
LIyI04M YM 301TBIIYIOUH AOMYCTHMY YaCTiCTh IMOMIIOK [12, 45].

8.3. HEOBINKOBI KOau

i Kou NOALIAIOTHCS HA 610K061 Ta Henepeperi. STk Binomo {2, 8,
12], aBiitkoBi 6JI0KOBI KOO NPU3HAYEHI B OCHOBHOMY [UIS BUTIPAB-
JICHHS HE3aJIeXHUX NOMMWJIOK. BinmoBiaHi IM ¢-KOJIH TAKOX BUIIPAB-
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JIAIOTH MOMMIIKM aHAJIOTIYHOTrO noxomxenns. Ipote crix ypaxy-
BaTH, 1110 OAHH ENEMEHT ¢-KOMy Hece log,q (mpu m = 1) a6o logZCq'"
(nipu m 2 2) 6itiB indopmauii 3anexuo BUI METOY NO6YAOBH KOH-
KPETHOTO KOfy.

3a3Hauena oco6nuBicTs g-KOQly Ia€ MiICTABY CTBEPKYBATH, 110
HaBITh HeBIAKOBHI GIIOKOBHMiL KOZ 11a€ 3MOT'y BUIIPABIISATH YMOB-
HUH HaKeT MOMMIIOK i3 log,q a6o log,C ™ 6iris indopmauii, AKHIA,
AKINO 6 BiH BHHHUK y aHaNIOTIYHOMY ABIHKOBOMY KOZi, HE Mir 6ytu
HHM BUNpaBienuit. Le € onuiero 3 nepesar Bukopucranus HenBiii-
KOBMX KO/IiB, SIKi BUNPABIISIOTH TIOMHJIKH.

Posrnsanemo anropurm noOyIOBH JESKHX HEABIKOBHX KOJIiB, 110
BUNPABJIIOTH IOMHIIKH: 3 6araTOKpaTHUM MOBTOPEHHSM, y3aras-
HeHoro kony Xemminra, konis BUX, konis Pina — Conomona, ite-
PaTHBHUX i JTAHLIOrOBOIO.

8.3.1. KOA 13 BATATOKPATHUM NOBTOPERHSM

Binminnicts nporo xony Bix g-KOIly 3 IOBTOPEHHSM IIOJISTAE B
bararokpatHomy (n r 2 3) NOBTOPEHHI 10YATKOBOI KOAOBOT KOMbi-
Hauii. Jlanuif MeTox xoayBaHHS 3aCTOCOBYETLCA NPHU Nepenavi
iHpopMaLii o KaHaNaX 3 BUCOKUM PIBHEM 3aBaj IS iCTOTHOIrO
TMABHINEHHS BIPOTiHOCTI, KOMH HeMae MOMUIMBOCTI IS L€l MeTH
BHKOPHCTATH 3BOPOTHHIT KaHaJI. ‘

Axuo 3acrocysauns npiiikosoro Kozy 3 6araTokpaTHHM IOBTO-
PCHHAM N0Tpebye BIANOBIAHOTO aHANOrYHOTO g-Komy nae 3Mory abo
30€pErTH KOJIMIIHIO MIBUAKICTD nepenadi, a0 3MEHIINTH ii HeCyTTe-
B0. Le nosicuioeTsest THM, 1o npu BHKOPHCTaHHI g-KOy MOXKHA BBEC-
TH 2HAJIOT 11,-KPaTHOTO NOBTOPEHHS, 36LIBIIMBLIN KUTHKICT MO3H-
L{ifi Ta O3HAK CHrHATy (andasir xony). B pasi nepenayi iHpopmanii
10 pajiiokaHanax, 1€, KpiM CeleKTHBHUX 3aBMHUpaHb, AIIOTh TAKOX
3aBMHMDAHHS CHTHAJTY B YacCl, aHAIOT GaraToKpaTHOro ITOBTOPEHHS
MOXHa BBECTH 3a KiJIbKa YaCOBHX O3 (inTepBanis).

Kon i3 6araToxpatnum nmosropennsm micTuts & inbopmaniii-
HHX €JIEMEHTIB, 2 KilbKiCTh NEPEBIPHUX EEMEHTIB 3a/IEXHTE BiX
KUIBKOCTi [IOBTOpEHb 7 R» IPAUYOMY KOXXHMH TEpeBipHUil eneMeHT
30iraeTbest 3 BiAMOBiAHAM oMy iHpopmauiitHuM. Takum YHHOM,
AOBXHHA KONOBOI KOMOGIHALIT n = k + knp = k(1 + n R)> e T = knp,

Hpw np-xpatHOMY noBTOpEHHI HaJIMipHICTb KOy BU3HAYAETHCS
BHpPa3oM

Ryun = npl(1 + np).
Anroput™m no6ynosu g-Kony 3 6araToKpaTHUM ITOBTOPEHHAM
Ma€ BUITIAN
a; bf; i=[LH, j=[Lng],
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nea, | b, — MHOXHHH TO3MLLIH, npmﬂaqeﬂi s nepenaqi i-x im;oop-
Mauumoro Ta nepempx—xoro €JIeMeHTIB KoJ0BOI KoMbiHanii Bixno-
BIIHO; j — MOPSAKOBHIT HOMEDP MOBTOPEHHS.

Lleit ko € XapaKTEPHHUM NPEACTABHHKOM KJIaCy HU3bKOIIBHIKIC-
HHUX KOAIB, TOMY HIO #Oro wBuIKicTk R = kin = 1/(n, + 1).

8.3.2. Y3ArANIbHEHW KOA XEMMIHTA

Cepen g-kofiB HaHIIPOCTIIMMY KOJAaMH, SKi MaloTh anrebpuu-
HY CTPYKTYpY if 3a6e3redyioTh HeCKJIaAH] IPOLEeAyPH KOTYBaHHS
Ta JEKOMYBaHHs, € JIHIHHI OI0KOBI KORH, IO BHIIPABIAIOTh OJHY
NOoMWIKY. B kiiaci 1BiHKOBHMX KOJIIB iCHY€E aHAJOT iX — Ko XeMMiH-
ra. Xo4a MiX LMMH KONAMH € CYTTEBI BIIMIHHOCTI, ¢-KOJl 4acTo
Ha3MBAIOTh y3a2anvHeHum ko0om Xemminza [8], Maroun Ha yBasi y3a-
raibHEHHs KOAY Ha HeaBiikoBUH andair g > 2.

Ha BigMminy Bin ABifiKOBOr0 CHMBOIaMH ¢-KOAY € €JIEMEHTH
g-Tiojist: Horo nepesipHa MaTpuus H He € MHOXKHHOIO BCIX IOCII0B-
HHMX HOMEDIB I03HULi# elIeMEHTIB Koay B 6;1011i 3aBOOBXKKH 7. B g-K0-
i, KpiM BU3HAYEHHS MICLIs TOMKJIKH B 611011, HEOOXiHO I1IEe 3HATH
ii 3HayeHHH e [8].

PosrisineMo MaTpHYHE NOAHHA Y3araibHEHOTO KOy XeMMiH-
ra. Yoro nepesipna mMatpuus

= (), i=fir], j=[lr (8.39)

Mae po3mip r X n. Tyt i — HOMep psKa; j — HOMEpP CTOBNLS; 7 —
KUIBKICTh MepeBipHUX eIEMEHTIB y GJiol; n — noBxuHa 610Ka.

Ha Bigminy Big aBiiKoBOro Koay MaTtpuus H € minMaTpHLEIO
Marpuui

4=ta). 1=}, =i

PO3MIpOM 7 X ¢’, y CTOBILX SIKOI ITOCHIZOBHO 3aIUCYIOThCS BCi
r-KOMIIOHeHTHi g-Bektopu (H = A npu g = 2). Crosnui H Maiors
6yTH HEHYJIBOBUMH, PI3HHUMH Ta JIiHiIHO He3aneXXHUMHU. JI7s Lbo-
ro B MaTpulio H HeOOXigHO BBECTU BCi BEKTOPU-CTOBILI MAaTPHLI
A, IO MAIOTb OJHAKOBY NEPLIY HEHY/IbOBY KOMIIOHEHTY d.

OCKinbKH List KOMIIOHEHTa BilioBifae yMOBi 1 < §<g-1, kinp-
KICTb 1l MOXJIMBUX 3Ha4eHb AOPIBHIOE g — 1. ToMy, BUKIIIOUHBLIM 3
A HyNIbOBHHM BEKTOP-CTOBIIEUb, JICTAHEMO KiNbKiCTh BEKTODIB-
cToBNLIB y MaTpuui H (oTxe, i JOBXUHY KOAOBOro 610Ka) n =
=(q" - /(g - 1), wo Bignosinae [32].

I3 noGynosu matpuui H BUMIMBAE, WO 7 1l NEPUIMX BEKTOPIB-
CTOBIILIB, KOXHUI 3 IKUX MICTUTh €QUHY HEHYJILOBY KOMIIOHEHTY
$, YTBOPIOOTh JiarOHAIbHY MiAMATPULIO po3MipoM 7 X r. 11a 06-

194



CTaBMHA BKa3y€ Ha 3pYy4YHi MO3MLIi U1 PO3MILLEHHS 7 IEPEBIPHUX
eJIeMEeHTIB y 6o,
3aranom KoJoBHif BEKTOP Mae BUTJIAL

X=by..b..ba..a;..a, (8.40)

Ze a; - g-iHpopMaiiiHi CHMBONM JKepena; j =|1,k[; k — xinbkicTh
indopmauiiuux enemMeHTis Bektopa X(k = n — r); b, — nepesipHi

CIICMEHTH KOXOBOro 6j10Ka (i=|1,r ), IpHYOMy

-
b=67"Yah, ., . (8.41)
J=

Bupas (8.41) moxHa aicraTtu 3 MaTpUYHOro piBHsAHHA HXT = (
BUIHOCHO MNEPEBiPHHX e1eMEHTIB, Ae X7 — TpaHCIOHOBaHUI Bek-
TopX.

Ykasane y (8.40) po3MilueHHs nepeBipHHX €EMEHTIB HE € €IUHO
MOXUIMBHM, aJie BOHO 3abe3medye MiHiManbHui 06car 0OUUCIEHD
TIpH KOAyBaHHI Ta AekoxyBaHHi. [Ipu npomy Bupas (8.41) ycraHos-
JIOE ONTUMAIIbHUIN aNTOPUTM KOLYBaHHS.

Konosuit 610k (8.40) TOKOMIIOHEHTHO NMepPeNAETHCS B KAHAJ 38’53~
Ky, ie Biti MOxe 6yTH cioTBopeHHii 3aBanoro. He Brarouuce 10 cyTi
LbOTO SBHUILA, IPOLIEC CIOTBOPEHD 3PYYHO MOJATH K

Y=X+E,
neY — CTIOTBOPEHHMH N-BUMIPHHUH KOZOBHUI BEKTOP Ha BUXOi Ka-
Haiy nepenadi; £ — n-BUMIpHHI BEKTOP HOMMIIKH 3 €QHHOIO He-
HYJIbOBOIXO KOMIIOHEHTOIO € (B NPHITYIEHHI OMMHHYHOI IOMMIIKH).

ITepmum KpOKOM NIPH AEKOAYBAHHI 32 AHAJIOTIEIO 3 ABIHKOBUM
KOJIOM € OGYHCICHHS  r~KOMIOHEHTHOTO NIEPEBIPHOTO CHHAPOMY

S=HYT=Le.

Bekrop S — Iie 3HaUeHHs MOMUIKH e(l < e < g — 1), noMHOXeHe
Ha cToBneup L mepesipHoi MaTpuui H, sxuit Bianmosifae nosuuii
CIIOTBOPEHOrO eneMeHTa B Y. FIoro Ha3UBaIOTh 10Kamopom nomun-
Kku. OCKUIBKH BCi BEKTOPH-CTOBILI B H MaIOTh MEpIIy HEHYIbOBY
KOMIIOHEHTY O, B S nepiua HeHyIbOBa KOMITOHEHTA BU3HAYAETHCS
BHPA30M

s;=de

Ie 3ymoBTIO€ XPYTHit KPOK IIPOLEAYPH AEKOIYBAHHI — BU3HA-
YEHHS IIOMMIKH
e=s508"1=4/8.
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I3 Busnauenns S = HYT =Le BuruIMBa€ TPETiH KPOK NpouenypH
JeKOJyBAHHS — 3HAXODKEHHS JIOKATOPa MIOMUIIKU

L=Se!=S]e.

Ha yerBepTOMY KpOLi IPOLIEYPH IEKOLYBAHHS BIIOPAIKOBAHUM
nepe6OPOM CTOBILIB NePeBipHOl MATpuL H i MOPIBHAHHAM IX i3
nokaTopoM L 3a 36iroM BU3Ha4a€THCS MO3HLLIS CIOTBOPEHOTO ele-
MEHTA B KOJIOBOMY 61011,

IT’THM i1 OCTaHHIM KPOKOM AEKOAYBAaHHA € BUIIPABIIEHHA I1O-
MHUJIKH, SIKE 3aTaIOM BUKOHYETHCH BiTHIMAHHAM 3HAYCHHSA TOMUII-
KH € BiJl CIOTBOPEHOTO eJIEMEHTa, 3HAHACHOro BY 3a HOTO J10KaTO-
pom L. ani cnoTBOpEHHIA eleMEHT y 61101l 3aMiHIOETBCS PE3YIbTa-
TOM BiIHIMaHHS i ITC/IA BUKJIIOYEHHS NIEPEBIPHHUX €/IEMEHTIB Oep-
XKyBad ficTac iHpopMalliiiHy YaCTHHY KOJIOBOro OI0Ka.

Yce omucaHe BUILE CTOCYETHCH KOAY 3 JOBLIBHOIO OCHOBOIO .
3a3HaYMMO, 1O ¢-KOAM MPUMHATO MOALIATH HA JBi BENHKI IPYIIH:
KOZH 3 IPOCTOIO OCHOBOMW ¢ = p, fie p € {3,5,7,11,13,...}; xonu 3
OCHOBOIO ¢, MO po3KianaeTses. HaiOGinbmui mpakTHYHUIA 1HTe-
pec BHKJIMKAE TUIKM OKPEMHUIE BUTIATIOK LIMX KOMIB 1PU ¢ = 2!, xonn
CHMBOJIM MaloTh iHhopMaLiitHy eMHicTs / 6iTiB i MOXYTb 6yTH 3i-
cTaBJIeHi 3 ycimMa [-pO3pSTHAMU OBIIKOBUMHM YHUCITIAMH.

Bubip ¢ BIIMBac Ha BH3HAYEHHA OTEpauiil JodaBaHHA, BiJHi-
MAaHHS, MHOEHHS 1 JiIeHHS I Yac BUKOHAHHs MpOueaAyp Koay-
BaHHS T4 IEKOyBaHHA. SIKI1I0 OCHOBA g — MPOCTE YHUCIIO, TO 3pyY-
HO BMKOPHCTATH anapart oO4MCIeHb 33 MOAYJIEM LBOIrO YHCIIA.
SIxmo x g = 2!, To HeoGXiAHO 3BEPHYTHUCS [0 ANredpU1HOro ana-
paTa obuMCieHb 3a MOAYJIEM HE3BIIHOTO MONiHOMA (AMB. 1.5.3).
CHMBOIH KOIY NPY bOMY CTaBIIATBCA Y BiATOBIAHICTD €IEMEHTaM
CKIHYEHHOT'O 101 NOPSIKY ¢.

8.3.3. KOAW BOY3A — YOYAXYPI — XOKBIHIEMA

Hengiiikosi xoqu BUX € pisHOBMAOM WMKIIYHUX KomiB. Sk i
IBiiikoBi, HenBiiKoBi komu BUX 6yayloThes 3a JOMOMOIOIO TBIp-
HHX NIONIHOMIB P(X), sIKi BUBHAYAIOTHCA 32 33JaHO0 MIHIMAJIBHOIO
KOJIOBOIO BifICTAHHIO d, ;i HOBXKHHOIO 71 KOZOBOI KOMOiHaLLii.

OpHUM i3 HAHMOIMPEHILINX MAKIACIB HeaBifkoBUX kofiB BUX
€ KOIH, JUIsl IOOYIOBH SIKHX 3aCTOCOBYIOThCS TOJIE eNleMeNHTiB GF(q)
i posumpene nose nokaropis GF(g"), ae h > 0 — wuine 4ucio.

Tak, sixwo h > 0 i n xinuThes 6e3 octadi Ha ¢* — 1, TO B po3mHMpe-
Homy noni GF(g") 3aBxu 3HalneTsCs eneMeHT € GF(g") nopan-

Ky 7 (32 yMoBy, 110 §" = 1). V 1boMy pasi BCi eN1EMEHTH B.nei=1,n,

GymyThb Pi3HMMH i JTiHii{HO He3anexxHMH. Taka BIIaCTUBICTb 1€ 3MO-
ry 3 ¢" enemenTiB BimibpaTy TUTBKM 7 €IEMEHTIB JUIs 3aJaHH JIOKa-
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TOPiB KOJOBOTO 610K 3aBIOBXKH 1. Y Ci 11i TIOKATOPH € €lI€MEHTa-
MM po3LIMpeHoro nous GF(g”) i craHoBasTh OCHOBY 115 NO6YI0BH
nepeBipHOi MaTpuui H Koy (nepworo ii psiaka), a TAKOX TBipHO-
o NMOJIHOMA.

Teipuuii noninom xoxy BUX Moxke 3anaBatucs 3 ypaxyBaHHAM
TOTO, 10 BUOIp NEPLIMX r CTENEHIB €1eMENTA 3 BU3HAYAETHCS 3HA-
uennsam B, ne j = 0,1,2,3,... (TobTo0 B!, B2, B4, B8,...), sxe BUKOpHC-
TOBYETBHCH K CIIEKTP TBIpHUX KOpeHiB. [1pu uboMy TBipHHH mouri-

HOM Mae€ BUIJIA
j=r-1

P(x)= [T (x-p*/)
j=0

1 060B’13K0BO MICTHTB KoediuieHTH nosis nokatopis GF(g").
TBipHuii MOTIHOM MOXHA 33aBATH TAKOX BUPA30M

H%=q&—Wx

ne B’ nabysac snauens Bl, B2 B3, B4, ... .
Toit un inmmii cioci6 3aAaHHs TBIPHOTO MONIHOMA 3aJI€KHTE Bifl
BMOpPaHOro ajIrOPUTMY ACKOLYBAHHS.,

IMocminoBHicTs NokaTopiB B (i =1,7) kony BUX 3a neAkux yMoB

BII3HAYAETHCA OCOOIMBOIO BlacTuBicTIo. Tak, AKio po3rainyBaT
noxaropu By BUrisai Kinbus, TO s CTPYKTypa 6y e KinbueM Kia-
CiB ocTay 3 Teopii uncen i nmoniHoMa. Toai 6yab-IKOMy eneMeHTy
AAHOI CTPYKTYpH 060B’13K0BO BiIIIOBIIATHME OJMH ITPOTHIEKHUH
eJieMeHT (ix 106yToK ZOpiBHIOE 1), a CyMa LUX €JIEMEHTIB € eJIeMEH-
TOM po3MHpeHoro nons GF(g"), To6to HanexuTs nomo GF(g).

BuGpasuu nepury nojnoBuHy TBipHMX KOPEHiB AOBUIBHO, a ApPY-
Iy — sIK €JIEMEHTH IOJIs1 IOKATOPIB, IO BiAMOBIIAI0Th BUOPAHMM €Jie-
MEHTaM, JICTRHEMO TBiPHMIA MOJIiHOM P(x) y BUrIsdi no6yTKy NiHil-
HUX MHOXHUKIB (x — V), ne B¥ — Bci BUGpaHi TBipHi KopeHi koxy.

XapakTepHa BIACTHBICTb LbOrO METOAY MO6YAOBH TBipHOTO
T0J1IHOMA IONISArae B TOMY, IO TAKMil MONIHOM 3aBXIH BUXOJHUTh
«caMoABOICTHMY i Horo koediuieHTH € yncnamu nons GF(g"), To6-
TO eneMeHTaMu nons GF(q). Ocranns o6CcTaBHHA Ja€ 3MOTy NpH
He3HAYHUX OCHOBAX g-Koay OyxyBaTu noBri (3a n) xogu BUX s
BUSABJICHHSA TOMUNIOK. ITpH oMY Ik KOZYBaHHS, TaK i O6G4UCICHHS
CHHAPOMY BHKOHYETBCSA TUIBKH B UACIIOBOMY Moni GF(g), mio 3Hay-
HO NPOCTille, HbX Y po3mupeHomy noni GF(g").

I[Tpu nobynosi konie BUX, rpyHTYI04HCh Ha LIbOMY METO[Ii, 3aBXK-
Au 3a0€3MevyeThesl MiHIMAIBHO OCSKHA IJIsl BKA3aHOTO KJIACy
KOJIiB HAAAMIPHICT (r = 2V, ), TOAI SIK 32 MeTONOM [32] HaAMipHICTb
KONy BU3HAYAE€ThCA BUpasoM r = 2v,_ + 1.
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TaKkuM YMHOM, BUKJIAAEHHH METO N06YyA0BH TBIPHOTO NOJIHO-
ma P(x) mae 3Mory B Groni Tiei caMol JOBXHMHY 7 NpHU Til camiit
KiTBKOCTI V,, AiCTATH HA ONMH HAIAMIDHHI €NEMEHT MEHILE. IIpu
1bOMY UWIBHAKICTb Kogy R = 1 —r/n =1 - 2v_ /n, a fioro HaIMip-
HicTh — R, = 2v, /n. Kol na€ 3MOTy BUABUTH 2v, i BUTIDaBUTH V
IOMHJIOK, TOMY ILIO MiHiMabHa KOJOBa BiICTaHb doin = 2Vgn + 1.

8.3.4. KOAM PIOA — CONNOMOHA

Lli KoM BUKOPHCTOBYIOThCS JUIsl Iepeayi indopmattii o kaHa-
71aX 3 BUCOKOIO IHTEHCHBHICTIO 32Bajl, KOJIX BUHHKAIOTh NOMMIKH
KPaTHOCTI ABa # Oijblle, MayKy MOMMIIOK, 8 TAKOX CHONYIEHHS
Ma40K i OHOKPATHHX MOMHIIOK.

Konu Pina — Conomona (PC) MoxHa pO3IIISJATH K OKPEMY
rinky uuitiHux KofiB BYX, ronosHa BiAMiHHICTb SKOI IONIATaE B
TOMYy, HIO MoJie TokaTopis Koy PC 36iraeTscs 3 nosieM HOro eeMeH-
tiB. OTxe, sxmo none GF(q) kongy BYX Mmae zl OKPEMHX EIIeMEHTiB
(MOTY>KHICTB NIONS OPIBHIOE ¢), a none GF(g") #oro IOKaTOPiB —
g" enemenTis i € h-postumpennsM nons GF(q), To B koai PCienemen-
TH, i JIOKATOPH iX 3HAXOAATHCSA B OJHOMY IO, TOOTO HAIEKATh
nomo GF(q) [2, 3, 24, 25, 32]. IHIuMMH CTOBaMH, KOI PC — ue Bu-
pomxena ¢popma koxy BUX, y saxoro & = 1.

Hosxuna kony PC BU3Ha4a€ThCs BUPA3OM

nzq_l,

ne g — ocHoBa (ayihaBiT) Koay.

Ha nizfcrasi nuporo Bupasy koau PC Ha3HBAIOTBCS 6i0HOCHO KO-
DOMKUMU.

Koxn PC, sk i kog BUX, Moxe 3a1aBaTHcs TBIPHOIO 4H NEPEBIp-
HOIO MaTpHIEo abo TBIPHHM 4HM mepeBipHuM noniHomom. Haii-
MOWKPEHIiLIUM € MeToz o6yaoBH koxy PC Ha OCHOBI TBIPHOTO MO-
niHoMa P(x). [lepeBipHy MaTpuLio H yacro BAKOPUCTOBYIOTH A7is
BHBYEHHS JesKuX BIacTupocteil kony PC i fioro 3B°43Ky 3 cucrema-
THUYHHUMH KOJAMH.

Teipuuit nonisoM kony PC i3 BUNPABICHHAM V,, TOMUJIOK € 110~
6yTKOM KiJIbKOCTi MEPEBIPHUX ENEMEHTIB 7 = 2v,, i MiHIMabHHX
OJiHOMIB IUTs crieKTpa eneMenTis nons GF(q) [2, 24]:

P(x)=(x—p70 )(x-p/0" )...(c-pio*r! ), (8.42)

e ﬂjO s Bj0+1 , e Bjo” -l _ criexTp TBipHMX KODEHIB NONHOMA.

Creninb nojinoMma (8.42) NopiBHIOE KibKocTi r = 2v, = n -k
nepeBipHUX eJIEMEHTIB.
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Hus cnpoienns nobyaosu kony PC subupaiors j, = 1 i gicra-
10Tb 3BHYaiiHy ¢opmy koay PC:

P(x)=(x—B1)(x—Bz)...(x—B')zﬁ(x—Bj). (8.43)
j=1

IlepesipHuii noninom H(x) kogy PC 3HaX0AsATh K 4acTKy Bij
ninenns (x4 + 1) na P(x).
MiniMainsha kofoBa Binctaub kogy PC cTaHOBUTS

dpin=r+1=2v_+1,

10670 KOA PC — 11e KO 3 MAKCUMAJILHO JOCHKHOIO KOZOBOIO Bijl-
CTaHHIO.
Hanmiphicts komy PC BU3HaYa€ThCS BUpa3oM
R, = 72V
My g-1°
a oro WBHIKICTh — BUPA30M

n-r_ q_2v5n -1

R= n q-1

Skl

ITepesipna MaTpuis kony PC mae surnsia [2,24,32].

Bjo (”_I)Bjo (n-2) Bj() 1

o+ UoH)n2) g+
H=|B0T o BT (8.44)

B(jo +r-1)(n—l)B(j0 +r-1)(n-2) Bjo +r—ll

Ae 3 — npumiTHBHUit eneMenT nons GF(g); j, — NPUMITHBHHMIL KO-
PiHb TBIPHOTO NONIHOMA; 1 — JOBXHHA KOAY; I — KilbKiCTb HOTO
TIEPEBIPHUX €JIEMEHTIB.

Crin 3BepHyTH yBary Ha Te, IO JPYrMiH IPaBOPYY CTOBIEUb Y
maTpulli (8.44) BiANOBifae CreKTPy KOPEHIB TBIpPHOTO MOJiHOMA
(8.42). Y marpuui (8.44) nepenix CTOBILIB 110 { #e clipaBa HAMIBO,
npudoMy 0 < i< n - 1. Ilepenik enementisB y kogosoMy 61011 Mae
6yt TakuM camum. Iepenik psaxis y matpuui (8.44) iine 3epxy
BHU3 10 j, £ j < j, + r — 1. MoxuiuBuit i iHIIM# NOPANOK Nepeniky,
Tpeba Juiile JOAeP>KyBATHCA 36iry IOCTIIOBHOCTI TBIpHUX KOPEHIB
P(x) i3 ipyruM npaBopy4 CTOBMNLEM MaTpuili (8.44).

Haitnipocrime komu PC peanisytotscs st andasity g = 2/, e /=
=243,...
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SIkuio none Mae ocHoBy 2(g = 2%), To onepauii BirHiMaHHs 36ira-
JOTBCA 3 ONEPALIsSMH AOJaBaHHS; TOMY CKPi3b 3HAK « — » MOXHA
3aMIHMTH Ha 3HaK « + », 30KkpeMa y Bupasax (8.42) ta (8.43).

JexonysanHs koziB PC BUKOHYEThCS BIATIOBIAHO KO 3arajbHUX
NPUKIIAIB AeKOTyBaHHs [2, 3, 24, 25, 32]. I1pu BUNpaBieHH] IOMHU-
JIOK JIiCTA)OTh 3HAYeHHs nokaropis L/ = (/, o BiANOBiAaKOTSH CIO-
TBODEHHMM €JIEMEHTAM, | 3HAUEHHsA MOMUIIOK ISl KOXHOT'O CIIOTBO-
peHoro enemenTa. [IOMUIKH BUNPABIAIOTD, BIIHIMAIOUH 3HAYCHHA
MIOMUJIKH BiJ 3HAYEHHS BIAMOBIAHOTO EIEMEHTA.

Po3risHeMo KinbKa npukiagis nobynosu koxy PC.

Hexaii g = 2% = 16. Toni xox PC Moxe MaTH IOBXHHY n =g -1=16-1=
= 15. Ipumitusuuit enement B € GF(g) Takuii, wo B = 1. Bci HeHybOB
enementH [ (0 <j < 14) yTBOPIOIOTE MHOXHHY JIOKATOPIB KOMy, AKX Byne 15.
BoHH 36iraloThcs 3 MepiuuM psakom Matpui (8.44) npu j, = 1 abo 3 apyrum
pankoM mipu j, = 0. Bei BOHU Pa30M i3 HyNIEM € eIeMEHTaMHU MOJId GF(q) noka-
TOPIB i €NIEMEHTIB KOAY.

Jlns BUKOHAHHA PO3PaxyHKIiB 3 eleMeHTaMu nons GF(q) Tpeba xopwuc-
TYBaTHCA AAMTHBHOIO T2 MY/ILTHIUTIKATHBHOIO GOPMaMH iX MOJaHHs (IMB. Tabm.
5.3 mns ¢ = 16). Hexait v, = 2. Bubepemo j,= 1, Tozi 3rigHo 3 (8.43) MaTUMEMO

P(x) = (x - B)(x - B)(x — B)(x — BY) = (x + B)(x + PA)(x + B)(x + B) =

= x4+ B3 + o2+ Bx + BlO=xt + 133 + 1207 + 8x + 7.

ITpu KOMYBaHHI TAKMM MOJMIHOMOM 7 = 2V, = 4. 3Ha104H, 0 n = 15, micra-
eMok=n-r=15-4= 11, To6To Ue — cucteMatnunuii (15, 11)-xon i3
KonoBoOO Bincranmiod | =r+1=4+1=5. Indopmauiiinuii 610k LBOTO
koxy Mae 11 micTHANUATKOBUX eNeMeHTiB (44 6iT).

SIkio  npH Tk camiii ocrosi koay PC (¢ = 16 = 2%) a nosxuti n = 15
1106y IyBaTH KO, IO BUIPABIISE TPY NOMHIKH (V, = 3), TOr=2v = 2-3=6
i ipu j, = O TBipHHH NONIHOM KOIY MAaTUME BHITIAL

P(x) = (x + BO(x + B)(x + BI(x + P(x + B)x + f7) = x° + Fx* +

+ Bi2xt +Bx3 + Bix? + Bix + BF = x6 4+ 10x° + 15x! + 2x° + 4x7 + 3x + 6.

Y usomy komi k =n-r= 15—6:9’drnin=r+ 1=6+1=7, TobTo Horo
inpopMauiiHuit 610k Ma€e JeB T €JIEMEHTIB 110 YOTHPH GiTH KOXHHIA, a BCbOTrO
36 6it.

KonysanHs xonoM PC BUKOHYIOTh OTHUM i3 BIIOMUX cnoco6iB KoayBaHHsS
UHMKITIYHOro Koxy. MOX/IMBe TAKOXK HECHCTEMaTHYHE KOAYBAaHHA MHOXEHHAM
iHpopMariiHoTO noniHoMa Q(x) cTenens 8 Ha TBipHMIi NOMHOM P(x) crenens
6. TIpu bOMY AiCTAIOTH NOMIHOM CTeneHs 8 + 6 = 14 3aBNOBXKH /1 = 15 eneme-
HTiB. OmHAK GifbIL OUIMPEHNUM € KOAYBAHHS AUIEHHAM HOOYTKY x'Q(x) iH-
(bopMaiitioro noninoma Q(x) Ha TBipHU# MosiHOM P(X), AK e XapaKTepHO
U1 UMKITIYHAX KOMIB 3 TOANbIUMM JOJAaBaHHAM ocTadi R(x) BiJl HIICHHA:

F(x) = x'Q(x) ® R(x).

8.3.5. BATATOBUMIPH! ITEPATUBHI KOAU

st nepenaui indopmalii IIMPOKO BUKOPHCTOBYIOTHCA ITEPATHB-
Hi KOAM, SKi BiA3HAYAIOTHCA BUCOKOIO 3AATHICTIO BUSBIIATH ITOMMII-
ku. Tak, BilOMHIl ABiiiKOBHIi iTepaTiBHUIl Ko [12], mo peanisye
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HepeBipKy Ha MapHICTh 32 PSAAKAMU Ta CTOBIUSMM, BUSBJIAE BCi
OJHO-, I1BO- ! TPUKPATHI IOMUIIKH, AEAKI YOTUPUKPATHI TOMHIKH
1 TOMUIIKH GLNBLIOT KPATHOCTI, pO3TAIIOBAHI B KyTax IPSAMOKYT-
HHKA, a TAKOX JesKi [IeCTH-, BOCbMMKPATHI Ta IHIII TOMHJIKH.

Jns yCyHeHHs BKa3aHOro HeNONiKY B JaHHii JBOBMMIpHHI iTe-
PaTUBHUIA KO BBOAHMTHCS JONATKOBA HMepEBipKa MO AiarOHaJIi.
VYTBOpeHHIf TAKMM YHHOM TPUBUMIPHHH ITEPATUBHUM KOJI 1a€ 3MO-
Ty BUSABJISATH OLIBLIICTh IOMUIOK KPATHICTIO 0 IT'SITH Ta JEAKI Mo-
MWIKH O1IBLIOT KPATHOCTI.

[MigBumIeHHs WBUAKOCTI nepepadi iHpopMalil TPUBHMipHHAM
iTepaTHBHUM KOJOM MOXHa JOCATHYTH 36inbiueHHsaM 6a30BOro
6noka Horo iHhopMaLiiHUX eJIEMEHTIB.

IMoaanslile MABKIIEHHS 30aTHOCTEH KOIB bOTO KNACy BUSBJIs-
TH T4 BUIPABIATH IIOMMIIKM MOMJIMBE NPU 30UIbLUEHH]I KUTBKOCTI
NepeBipoK, TOOTO BUMIpHOCTI itepaTuBHOro KoAy. Tax, skuwo 6a-
30BMH 610K iHpOpMaLiitHUX eeMeHTIB CHOPMYBATH Y BUTTIAAI Ky6a
abo NpsIMOKYTHOTO Mapaveneninesa, To MOXHa 36UIbIHTH 31at-
HICTB iTEPATHBHOT'O KOJY BUSIBJISITH Ta BUIIPABJIATH IIOMUIIKH, BBiB-
IIM JOJATKOBI MepeBipku nmo miaroHai. Yepe3 Benuki o6cAru iH-
dopmauii, mo noTpedyioTs 36epiranus i 06pobaenHs, GyHKUI
KOJyBaHHs Ta AEKOAYBaHHS TaAKUX KOAIB Ha)KaHO JOPYYHTH ClIelti-
am3oBaHiit EOM.

ITinBuILEHHS LIBUAKOCTI iTEPATUBHOIO KOLY MOYXHA JIOCSITH 301Tb-
LICHHSIM OCHOBH ¢ Kony. IIpu g > 2 3pocrtae obcsir iHdopMaii, 1o
NIEPEAAETHCS, OCKLUIBKH KUIBKICTb iHpOpMAllii, IKa MiCTUTLCS B OIHO-
My €JIEMEHTI KOJOBOI KOMOiHallil, BU3HAYAEThCS OCHOBOIO ¢ KOAY.

IIpy BM3HAYEHHI NEPEBIPHUX E€JIEMEHTIB iTEPATHBHUX ¢-KOMiB
BUKOHYIOTh [IONABaHHA €JIE€MEHTIB koMOiHauiit 6a3oBoro koay 3a
MonyneM g. IToMUIKH BUSBNAIOTHCS 32 aHAJIOTIEIO 3 ABIHKOBUM
KOJIOM — MOPIBHAHHAM IIEPEBIPHUX €JIEMEHTIB KOXHOTO psAKa
(croBnus), MPUAHATHX 3 KaHANY i 3M06YTHX OOYHCICHHAMH.

CnoTBopeHui eneMeHT BUIIPABISIETHCA TaK. SIKUIO HE BUKOHY-
€ThCS NIEPEBipKa i-ro PAAKA Ta j-IO CTOBIILS, TO €JIEMEHT, IO 3Ha-
XONUTECS Ha iX NIEPETHHI, 3aMIHAETHCS elIEMEHTOM, KU OyB 06unc-
JIEHUH JONAaBAHHAM LbOTO MPUHHATOro eneMeHTa (IOMHIKOBOIO)
JO 3HAYEHHH, 3HAHAEHOTO BIAHIMAHHAM 3HAYEHHS, IPUMHATOrO 3
KaHajly, i 0G4YHCIIEHHAM ITepEeBIPHHUX EIEMEHTIB i-I'o psaka (a6o j-ro
CTOBNLISA).

ITpy BUBMKHEHHI KUIBKOX IOMMIIOK B OJHOMY PAAKY (CTOBIILI)
BOHM BUIIPABJISAIOTHCS MOCIIAOBHO JUIS THX CTOBMUIB (PAAKiB), 1e
TIOMMIIKH € ITOOJUHOKHMH.

Cnin BiI3HAYUTH, IO KPATHICTb IIOMHUIIOK, SKi BUIIPABIAIOTHCS
g-KOJIOM, BHIIA IOPIBHAHO 3 JBIHKOBUM KOJOM, OCKi/IbKM BHIIPaB-
JIEHHS OJJHOTO €IEMEHTa ¢-KOJy BiINOBiNa€ BUIPABIEHHIO 10g,q
IOBIHKOBUX OOMHHUIIb.
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8.3.6. HEABINKOBWI NAHLIIOrOBMIA KOA,

PexypenTHi (HerniepepBHi) KOAH NMPH3HAYEHI B OCHOBHOMY JUISt
BUIIPABJIEHHs [1a40K (TIAKETiB) IOMMIIOK. Jns TakMX KOMIB Xapak-
TEPHHUM € Te, 1[0 Olepautii KOAyBaHH: Ta JEKOyBaHHI BAKOHYIOTBCS
HaJl HelepepBHOIO NocinoBHicTIO eneMenTiB. Lle € nepesaroro pe-
KYPEHTHHX KOJIiB, OCKUIbKH Ja€ GBI MOXTMBOCTI U1l BUKOPHC-
TaHHS HA[MIPHOCTI, 11O BBOAMTHCS.

Haiinpocriwe PEKYPEHTHi KOl peali3y oTbCs MpH HaJIMipHOCTI,
110 gopiBHIOE 0,5, KOIH KiJTbKICTh HCpeBlpHPIX MHOXHH (€leMEHTIB
KOJOBHMX KOMOiHaIiif) JOpiBHIOE KiNbKOCTI iHpopMauiiiHux. Takuii
KOJ Ha3UBAETHCS NAHYI0206UM. 3 YCIX PEKYPEHTHHMX KOJIB LEH KOA
ZIicTaB HAHOLUTHIIOTO MOMIMPEHHS.

Po3rnsiHeMO NPUHLUMIKM NOOYXOBH HEIBiHKOBHMX JIAHIIOTOBHX
KoziB. Y TaHLIOroBOMY ¢-KOJi Ha Nepeaadi KOXHa NepeBipHa MHO-
KMHA QOPMYETECS 32 ABOMA inpopMaliifHUMH, PO3TALIOBAHHMH
OIIHa BiJ ofHOI HA BificTaHi Lo 2 1.

Yepes Te 10 KOXHA m(bopMamHHa MHOXHHA Gepe y4acTb y ¢dop-
MyBaHHi JBOX TIEPEBIPHIX MHOXHH, & KOXHA IEpPEBipHA MHOXHHA
dopmyeTscs 3a 1BOMA iHQOPMALIHHUMY, KifIbKiCTh NePEeBiPHHUX
MHOXHH, cpopmoBaHux 3a yac 7, nopmmosamme KinbKoCTi iHpop-
MaLiHHAX MHOXMH, L0 HAJAXOAATD 32 TOH CaMHii yac. Y KaHall iH-
¢opmawiiini Ta riepeBipHi MHOXHHU NIEPEAAIOTHCA MIOC/IIAOBHO Ye-
pe3 ooHy: a, b, a, b,aiT. o

Ha npuiimansnoMy 6oL MHOXKHHU PO3ILIAIOTECH i pikcyroTscs
HE3aJIeXHO. 3 MPUIHATOL MOCIIXOBHOCTI iHPOPMALIAHUX MHOXHH
a’ nepeBipHi MHOXUHU b” GOPMYIOTECHA TAKMM CAMUM YMHOM, K i
npy nepenadi. ITicns nporo BOHU NMOPIBHIOIOTHCS, @ IOMUIIKH BH-
MpaBIsIOTHCS 38 AHAIOTIEIO 3 BITOMMMM JBIKOBUMH JIAHLIIOTOBUMH
KOZaMH.

Yacopa HaAMIPHICTb JIAHIIIOTOBOTO KOy BU3HAYAETHCs CTPYKTY-
POIO MHOXHH, SIKi IEPEIalOTHCA 32 ONIHH yacoBui iHTepBail. ¥ pasi
cymileHHs indopmauiitHux i ncpemphmx MHOXHH BOHH pO3MilLly-
IOThCS Ha OJJHOMY 4aCOBOMY iHTepBaJi # yacosa HaIIMlleCTb Bix-
cyTas. OfHAK NP [BOMY 3POCTAE MO3HLIHHA HaJIMlpHICTb siKa
30iNbIIYETBCS B IBA Pa3H. IMpu po3smiumeHHi x iHpopmamii-
HHX i EPEBIPHUX MHOXHH Ha OKPEMHX YaCOBHX iHTepBaNax y Apa
pasu 3pOCTae YacoBa HAAMIPHICTh, a MO3MLilHA MOXe OyTH BiA-
CYTHBOIO.

TTpu nepenayi NOBiJOMIIEHb 10 KaHANAX, Y AKUX OMHUJIKH (CI10-
TBOPEHHS €IEMEHTIB KOAOBUX KOMOiHaLiH) rpynyloThCs B MaYKH
1O f,, TOMUJIOK y KOXHiif, epeBipHi MHOXUHH HOPMYIOTHCH TaK,
mo6 BOHH 3B’A3yBaJIH md)opmaumm MHOXHHHU, IO BIICTOATH
OIHa Binl OHOT Ha BiNICTaHb 7, KA BUSHAYACTHCS CTAHOM KaHally
3B’A3KY.
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3B’930K MK iHOpMaLi#i{MMHU TA NIEPEBIPHAMM €JIEMEHTAMH JIaH-
LIOTOBOTO KOAY MpH f,, = 1 MOXXHA NONATH TaKOKO CHCTEMOIO PiB-
HSIHB:

a,®a, = by
a, ® a3 =b,5;
.................... (8.45)
2,®a,, ___b1i+ b
@G B ap=by_;
a aNropuT™ KOJYBaHHs NPH I, = | 3anmcaTH y BUIMAA
a;®a;,,=b;, '=1,k|-
3aranom (npu L2 1) ueit aropuT™M Ma€ BUTIISAL
48 sy, =biine,, i=lLH (8.46)

JIaHLIOTOBHI KO BHSABIISE T4 BUNPABJIS€ CTUPAHHSA Oyqb-IKHX
MHOXMUH, 3B’I3aHUX MiX CO00I0 NepeBipHOI0O MHOXMHOIO, 11O BUII-
JIMBAE 3 aITOPUTMY KoAyBaHHA (8.46).

ITomMunka BUABISAETHCS, aje HE MOXE OYTH BUIIpaBJIEHA, AKILO
CTHPAETHCS TPH 460 Ginblie MHOXUH BUAY : b, . a; b;; ity KYIH
BXOZATH 1Bi TEPEeBipHi MHOXKHHH. ITOMMIIKA HE BUABISETHCS NMPH
MOMUJIKOBOMY NIEPEXO/i TPHOX 3B’I3aHUX Mix CO60I0 MHOXUH, JIBi
3 SIKMX [EPEBipPHi, y BIINOBIIHI J03BOJIEHI MHOXXHHH.

Crnig 3BepHYTH yBary Ha Te, WO IJISI MOXKJIMBOCTI BUSIBJICHHS Ta
BUITPABJIEHHS CIIOTBOPEHUX KpaitHixX (mepliux # octaHHix) iHpop-
MaLiiHMX €JIEMEHTIB Y HEeNepepBHY IOCTiIOBHICTh €JIEMEHTIB Ha
TMOYATKy Ta B KiHU Tpe6a BBOJIMTH ¢, IONaTKOBHX €JIEMEHTIB, sIKi
3aBYaCHO BiZJOMi Ha IIPUAMAIIBHOMY Boui.

Mo HeZOMIKiB IAHLIOTOBOTO ¢-KOAY Tpeba BIIHECTH Te, L0 BiH
He BUNPABJISE MIOCIIIJOBH] IOMHUNIKM KPATHICTIO, 611010 Bif 2 7,
HaAMIpHICTB LIbOTO Koy nopiBHIoe 0,5.

KOHTPOJIbHI 3A0ANI

1. TIoGyayBaTH TBipHY MaTPHLIO T4 BU3HAYMTH BCi KOMOiHaLii JiHiHOTO
CHCTEMaTHYHOTO ABiKOBOT0 IPYIIOBOT0 KOAY, 3AaTHOT'O BHIIPABJIATH HOOJH-
HOKi MOMMINIKH (v, = 1), IpH Nepeaayi BOCbMH NOBiIOMJIEHb.

Po3B’A3aHHA. Uepes Te wo N, = 2* = 2} = 8, MaeMo k = 3. OTxe, Kifb-
KIiCTh PARKIB TBipHOI MaTpHLi G, ;(opmmoe 3, a KiNbKiCTB il CTOBNUIB BU3HA-
4aeThCA HOBXUHOIO KOOy n = k ¥, Kimsxicts r NePEeBipHUX PO3PSAIB MOXHA
3HaiiTu 3 Tabn. 8.1, YpaxyBaBlilH, 1O d,=2v +1=3 Tomir=3, T06T0
KinpKicTh cTOBNNIB miaMaTpuui C, nopmmoe 5a TBipHOi MaTpHLi G,

3rizHo 3 MpaBHIOM NO6YNOBH numa-rpmu C , xinpKicTh OMHHULE y kox-
HoMy 1i psIIKy Mae GYTH He MEHIIOI HiX d_, — “f=3-1= 2, a KOJ0Ba BiA-
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cTaHb MiX PAIKaMHM — HEe MEHINOK Hixk d | -2=3-2=1. Tomy 3 TPHENEMEH-
THUX Kombinauii ana miamatpui C, Bu6upaeM0 TiNLKH Ti, AKi 33JJOBOJIb-
HAOTH Ui yMoBH, To6T0 101, 011, 110

OcKinbKH K 1H<1)opMaumHa miamatpuus E, TBlpHOl Manmu G, , subrpa-
€TbCH OAMHHYHA MiAMATPHUS, JOMHCABLIN no Hei nmepeBipHYy mnma'rpumo
IiCTaHEMO TBIpHY MATPHIIO JIHIHHOIO CUCTEMATHYHOIO IPYNOBOTO KOAY,
3JATHOTO BUIIPABJITH OAHOKPATHi TOMMJIKH:

100 101
Gen=l0 10 01 1|
G501 11 0

3a DOMOMOrow Lici MATPHL BH3HAYa€MO BCi BiciM KoMOiHauii naHoro
Komy:

1. 000000; 5.110110 (2 @ 3);
2.100101; 6. 101011 (2 ® 4);
3.010011; 7.011101 (3 @ 4);
4.001110; 8. 111000 2 ® 3 @ 4).

2. Tlo6ynysaTu mepeBipHy MaTPHULIO JIHIHHOTO CHCTEMAaTHYHOTO JBiHKO-
BOTO IPYNOBOro KOMIY, 31aTHOTO BHIIPABJIATH ORHOKDATHI OMMIKH (v, = 1)
TIpH niepe/iayi BOCEMH NOBIXOMIICHD. 3akoayBaTH 3a ONOMOTOI0 nepempﬂox
MaTpuili usoro xkoay nosinomnenns 1011 001.

Po3B’s3anug. i noGynoBu nepeBipHOI MATPHLI JiHIHHOTO CHCTEMA-
THYHOTO ABIHKOBOIO IPyNOBOIO KOAY, 3MATHOrO BHIPABIIATH OJHOKDATHI MO-
MUJIKK, CKOPHCTAEMOCh TBIPHOIO MATPHIIEIO, T0OYI0BaHOIO B NIOTIEPEIHil 3a0aui.

IlepesipHa MaTpHL H nosunHa MaTH r = 3 paaku Ta n = 6 croBnuis. Boxna
CKJIaJA€ThCA 3 IBOX nmma'rpum, D, ,,, O MICTUTE 110 TPH CTOBILI Ta PAAKH,
KOXHHUI PAIOK AKOI BIANOBIAAE CTOBMLIO nepempﬂox niamarpuui C,, ,, TBip-

HOT MaTpHLi Gy 3 OJWHUYHOI MiAMaTPHLI E,, . Otxe,

101 100
Hen=011 01 0l
N7 10 00 1

IepeBipHi eleMEHTH KOAY 3TiHO 3 LI€I0 MATPHUEIO BU3HAYAIOTLCA K
b=a®a;b,=a,®a;b,=a Da,

Kopucrytouucs TepeBipHOIO MaTpULeio H (., BAKOHYEMO KOZlyBaHHS 10-
Bigomiuenns 101 i 001, w1 yoro BU3HaA4YaEMO nepempm €JIEMEHTH JUIS HHX.
,&nanosmOMneHHﬂIOIb—l@l—Ob—O@l Lb,=1©0=1; ana
noigomnenHs 001: b, —0@1 =1b —061-1 b, —0@0 0.

TaxuM 4YHHOM, xonom KoMOinalii s 3az(aan MOBiIOMJIEHb MATHMYTh
purnan 1010111001110,

3. KopHCTYIOUHCh TBIpHOIO MaTPHLEIO JIiHIHOTO CHCTEMAaTHYHOTO IBiit-
KOBOTO IPYNOBOTO (1, k)-KOxy Npu k = 4 Ta n = 7, 0 BUNPABJIAE OHOKPATHI
MOMHITKH:

Gar,4)=

’

(==
-0 OO

110
011
1 01
1 11

ococo—
o= o
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noGyAyBaTH NEPEBipHY MAaTpHLIO H, , # 3aKONyBaTH 3a ii AOIIOMOT0I0 KOM-
6inauii 0010, 1010, 1110 nBifixoBoro npocroro koay. BU3HAYHTH CHHIAPOM
U BUMPABJICHHA OJHOKPATHHX NMOMMIIOK Y KOMGiHALifAX 3aJaHOro Komy.
Hagectn npuxian BUNMpaB/ieHHS OAHOKPAaTHOI MOMHUIIKH.

Po3B’A3aHHA. 3rigHo 3 nmpaBwioM noOYIOBH NMepeBipHOI MaTpuLi
H, , ocranus Matume r =n—k =7-4 =3 paaku ta n = 7 CTOBMUIB icknana-
€ThCA 3 ABOX mzmarpnub D, ;3 k=4crosnusmura r =3 paakamu, KOXHHH
PSOOK fKO1 BiAmoBigae TpchnononaHomy CTOBIMUIO NEPEBIPHOI MiAMaTpHLI

C(!. 8 TB]pHOl ManH[ﬂ G(7, 8 OHPIHH“IHOI ManPIIll E(B)' OT)KC,
1 011 1 00
0 11 001

TepeBipHi eleMEHTH KOAY 3riIHO 3 WI€I0 MAaTPHLEIO BUBHAYAIOTECA AK
by=a,®ay;®a;b,=a ®a,®a;by;=a,Da;Pa,

Kopuctyrouncs nepesipHOI0 MaTpHUICIO Hg, 3 KOIyeEMO 3axaHi KoMGiHa-
wii npocroro koay. A HbOro BU3SHAYaEMO HEPEBIPHI eNeMEHTH:

ans kom6iHawii 00105, =0@ 1 @0+ 1;5,=00000=0;5,=00 1@ 0=
= 1. KoMbiHaui€eto cucreMaTuyHoro kony oyae 0010101;

ans kom6inanii 10105, =10 1©0=0;5,=10 000=1,5,=001®0=
= 1. KoMbinauis cucreMaTuyHoro koxy Mae urisig 1010011;

s koMOiHaii 11105, = 1@ 1@0=0;5,=10100=0;5;=1®1+0=
= 0. Kombinauiero cucreMaTuyHoro koay 6yne 1110000.

Ha npuiiMansHoMy Golli JUI BUABIIEHHS Ta BMIIPaBJICHHS OXHOKPAaTHOI
NOMHIKH B NPUAHATIH KOXOBi# kOMOiHaLii CHCTEMaTUYHOTO KOOy BHKOHY-
€ThCA NepeBipka — BU3HAYAETHCA CHHAPOM NMOMMIKH. [l Matpuui H; 5
MaeMo

5,=a,®a;,9a,®b;5,a,®a,Da, Dby
S;3=a,@a;Da,® b,

3HaiineMo Ta BUNPAaBUMO OJHOKPATHY NMOMMJIKY, HANpHKIaL, y KoMOiHa-
uii 1010101 cucrematuyHoro koay. Jns uboro BABHAYMMO KOZOBHIt CHHIPOM
TOMMJIKH:

5,=10100®1=1;5=1000000=1;5,=0D100D1=0,

T06TO CHHApOM Mae Buryan 011, mo BiANOBiAa€ MepIIOMY CTOBILIO NEPEBip-
HoOl ManHul Hg 5. Cmmpom MOKa3ye, L0 MOMUJIKA 3HAXONUTHCA B MIEPLIOMY
po3psai npuﬁmrrox Ko0Boi koMbiHaii. JIns i BUIIpaB/IeHHA IHBEPTYEMO 3Ha~
YeHHs L1bOTO po3psay, ToOTOo 3aMicTs 1 3anucyemo 0. Bunpapnena koMGiHa-
Wil CHCTEMaTHYHOTO koay Matume Burasan 0010101,

4. ITo6ynyBaTH KOaM-CYyTHUKM 1)1 KOMOiHauiii 4 Ta B niHiliHOro CHCTe-
MaTHYHOrO ABIIKOBOrO rpyNoBOro Koay, Lo BUIIPABIIAE OOHO- Ta ABOKPATHI
MOMMIIKH, Ko 4 = 00011, B =11100.

Po3B’sa3anusa. Bimomo, uo Leil kox BUNpaBisA€ JBOKPATHI TOMHIKH
(v,, = 2). Tomy GyayeMo KOAM-CYNyTHHMKM, AKi BiIpi3SHAIOTBCA Bill 3a0aHHX
KOJIOBHX KoMGiHaLif Ha e, 3 Baramu w = | i 2. JIj1s LbOTO KOPHCTYEMOCS
Tabn. 8.3, a pe3ynbraTH 3afocuMo B Tabu. 8.8.
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Tabnuys 8.8

e A =00011 | B=11100 e A =00011 | B=11100
00001 00010 11101 00110 00101 11010
00010 00001 11110 01001 01010 10101
00100 00111 11000 01010 01001 10110
01000 01011 10100 01100 01111 10000
10000 10011 01100 10001 10010 01101

10010 10001 01110
00011 00000 11111 10100 10111 01000
00101 00110 11001 11000 11011 00100

TpuitasTi KogoBi koMGiHauil 4 Ta B 3 noMuIKaMi B oqHOMY a60 IBOX
po3psaax BiANOBIIaTUMYTh KOAAM-CyITy THHKaM, sIKi Ha/lexaTh UM KoMbiHa-
uisM, i Tomy 6yayTe poswndposani sk 3anani. Hanpuxian, npuiiasra crno-
TBOpeHa kombinauis 11011 3rigHo 3 Tab. 8.8 posundppoOBYETHCS AK MOBIXOM-
neHHs A, a kombinauis 10100 — sk nosimomneHHs B.

5. TTo6yayBaTH TBipHY MaTPHIIO JIIHIHOTO CHCTEMAaTHYHOTO ABIHKOBOTO
TPYNOBOTO KOy, 3AaTHOrO BUNPABJIATH OAHOKpaTHI noMuiiku (v = 1) npu
nepezadi 64 nosinomiens (N = 64).

6. ITo6ynyBaTh nepeBipHy MaTpHLIIO KOAY, 3a1aHOTO B noncpem-lm 3ajaui,
¥/ HaBECTH NpPHKIa KOAYBaHHS 332 JOTIOMOIOIO L€l MaTpHIL.

7. 3axonyBaTH JIHIHHUM CHCTEMaTHYHHM ABIKOBHM IDYNOBHM KOIOM,
3AaTHUM BUIIPABISTH OQHOKPATHI noMunky, komGinauiro JK, mo sianosi-
[a€ NOPAAKOBOMY HOMEpPY IOTOYHOTO JHSA THXXHA. Bunpasutu 3a aonomo-
roo nepesipHOi MATPHUL 6yb-1Ky TOOAMHOKY TOMHIIKY B YTBOPEHiH koMbi-
Halii CHCTEMaTHYHOTO KOAY.

8. [To6ynysaTu KOAU-CYNyTHHKH st koMGiHaui# 100101011 10111010 mi-
HIHOT O CUCTEMATHYHOTO ABIHKOBOIO IPyNOBOrO KOAY, 30aTHOIO BUNPABAATH
OHO- Ta ABOKPATHI MOMUIIKH.

9. BusHauuTH, aKki 3 kombinauii 1101001, 0110011, 0111100, 0011110 mi-
HiitHOTO CHCTEMaTHYHOTO JBIHKOBOro rpynosoro 6nokosoro (7, 4)-komy Mic-
TATH NOMUJIKY, KOJIH BIIOMO, 110 KO T06yN0BaHO 3a TBIPHOIO MaTPHLEO

1 000 0
010
001
000

11
0 111

G = 0 01 1f
1 1 01

10. 3akoaysaTH ABiitkoBUM KOZOM XeMMiHra koMbinauio A = 10111 apii-
KOBOTO MpPOCTOr0 KOAY Ta MOKAa3aTH Ha MPHUKIANi BUNPaBIeHHs Oynb-saKoi
OMHOKPATHOI MOMMUJIKH. BU3HAYHTH HaAMIpHICT Koxy XeMMiHra.

Po3B’s3aHHs BukonyeMo xomyBaHHs 3agaHol kombinauii 4. 3rigxo 3
Tabn. 8.4 npy k = 5 MiHiManbHa KiNBKICTh EPEeBIPHUX ENEMEHTIB 7 = 4 CTaHO-
BUTb n = k +r =5+ 4 = 9, TlepeBipHi eeMEHTH 3HAXOAATHCA HA NMO3HUIAX
1,2,4 Ta 8 [nuB. nepesipHy MaTpuuio (8.12)].

3anucaBiM KOAOBUH BEKTOp KORY XeMMiHra y sursiai u,u,1u,011u,1, 3 ypa-
xyBaHHaM MaTpuL (8.12) i piBHsHHA (8.16) BU3HAYAEMO 3HAYEHHS 1), u Uy, Uy

2 Hg
ul=u3®u5®u7®u9=1690@1691:1, 2=u Qu@u,=10181=1
u,=u,@u@u,=00101=0u,=u,=1.
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Toni xom6Ginauis kony Xemminra matume Burasg 111001111,

11106 BUKOHATH BEKOAYBaHHS Li€i KOMOIHALI] 3 BUITPaBIEHHAM OTHOKPAT-
HOI TOMHIIKH, IPUIYCTHMO, IO NPH Nepeaayi CTajocs CHOTBOPEHHS 1 3aMicThb
111001111 6yna npuiinsra kogosa kombinauis 111001011,

JIns BUSIBJIEHHS T4 BHIPABJICHHS IIOMIIIKH 3pOOHMMO Ti caMi nepeBipkM Ha
NapHIiCTh, WO # MPU KOAYBaHHI, aje 3 ypaxyBaHHAM NEPEBIPHHX €lIEMEHTIB,
TOGTO 3HaliIeMO CHHIPOM IIOMMIIKH 3riHO 3 NiepeBipHOIo MaTpHLeio (8.12) i
crcTeMolo piBHSHE (8.15):

S =u,@u,Qu@u@u=101000001=1;
S,7u,®u,®uQu,=1018100=1;
S, =u,®u@u@u=0200100=1;
S,=u,@u,=1@1=0.

Maemo cunapom 0111. Otke, CHOTBOPEHO eNleMeHT 3a HomepoMm 0111, =
=7,, TOOTO efleMeHT u,. BunpasnseMo #oro 3a A0MOMOrol0 iHBEpCii: 3aMicTh
NOMMIKOBOTO eleMeHTa U, = 0 3amucyeMo 3HaYeHHs u, = | i AicTaeMo npaBuIL-
Hy KozoBy koMmbinauiio 111001111.

Hapmipuicts kony Xemminra R, = rin = 4/9.

11. ITo6ynyBaTu nepeBipHy MaTPHLIIO ABIHKOBOTO KOAy XeMMiHra i kK =
=7 131 nonoMoroo 3akoaysati komOiHauii 0110010 Ta 1000111 asifikosoro
npocroro koxy. [TokaszaTi Ha mpukiazni BUNpaBiieHHs: 6y b-KOI OMHOKPAT-
HOI IOMHJIKH B YTBOPEHHX KOMOiHaNisAX Koxy XeMMiHra Ta BU3HAYHUTH HAAMIp-
HICTB LIbOTO KOY.

12. 3akonyBaTu IBiifkOoBUM KoJOM XeMMiHra KOMOIHaLIIO ABiIKOBOro
MIPOCTOTO KOAY T2 BUNIPABUTH OYb-AKY OAHOKPATHY MOMMIIKY, SKLIO KOMGiHa-
L€I0 IPOCTOTO KOAY € 3aITHC MOTOYHOT'O POKY B ABIHKOBIH CHCTEMI YUCIIEHH.

13. 3akoayBaTH ABifikoBUM KoZoM XeMMiHra BOCBMHENEMEHTHY KOIOBY
KoM6iHallil0 Ta BUNPABUTH 6YAb-IKY OXHOKPATHY MOMMIIKY, SKIIO IS KOMOi-
Halis € 3aIIMCOM OCTaHHIX ABOX Ludp noroyxoro poxy B JAK 721 1.

14. IToGynyBaTu ABiiikoBHI KOX XeMMiHIa I BUNPABICHHS OZHOKpAT-
Hol noMunku npu k = 9 1 17. [To6ynyBaT Takuifi caMuit koI Uis nepenadi
aecatupo3spanHoi (k = 10) inbopmauniitnoi kombGinanii 1101011101, ITokasaTn
MpOLIEC BUABJICHHS Ta BUIIPABIEHHs MOMHMIIKH, 110 BHHUKIIA B AE€B ATOMY PO3-
pazi kombiHauii koxy XeMMiHra.

15. 3akoxyBaTH BBilfKOBUM LIUKIIYHUM KOXOM, L0 BHIIPABIIAE OXHOKPAT-
Hi NOMIWIKH, KoMbiHauio 0111 gBiiikOBOro MPOCTOro KOAY i BUNMPaBUTH Oy ab-
Ky OJHOKPaTHY NOMMJIKY B YTBOpPEHiit koMOiHawii uukiiuHoro kony. Busua-
YHTH HAOMIPHICTh LBOI'O KOAY.

Po3B’s3aunus. Io6 3akonysaTi 3agaHy KOMOIHAUIIO UHKIIYHUM KO-
oM, Heo6XinHo BuGpaTH TBipHHit nosiHoM P(x) . loro creninb Bu3HayaeThCs
KiJIBKICTIO 7 TIEpEBipHMX eNIEMEHTIB y KOMOIHALT LIMKIIYHOTO KOAY, TPUYOMY
3HAa4EHHA r NpH d = 3 MOXHA 3HAHTH 3 BUpa3y 2’ — 1 2n a6o 22k +r+1.
Orxe, npu k = 4 maemo r = 3. Kopucryrouucs tabn. 8.5, Bubupaemo takuit
TBipHM# nominoM: P(x) = x>+ x + 1.

BukoHaeMo KOfyBaHHS TOYaTKOBOI KOMGiHALI ABIKOBOTO HPOCTOro KOAY:

OQ(x)=x*+x+1->0111,
3 uiero MeT1010;
¢ noMHOXUMO Q(x) Ha x'. Ockinbku r = 3, micraemo Q(x)x* = (x? + x +

+ Dx3= x5 + x4+ X3
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 moxinumo Q(x)x> Ha P(x) ans Bu3Ha4YeHHs ocradi R(x), koediuieHTn npu
CTeneHsX x AKOI € nepeBipHMMHM eneMeHTaMH KoMOiHalii IMKIIYHOTO KOAY.

OTtxe,
@ X +xt+x’ |x3+x+l
x5+ xP+ x2 x4 x
x*+ x?
xt+x2+x
x

Jicraemo octauy R(x) = x, aKkiil BiZmoBifae TpUpo3pAAHHii (r = 3) BeKTOp
010;

* nomaMo ocrauy R(x) mo Q(x)x* it yreopumo kombiHanio F(x) = Q(x)x* +
+ R(x)= x>+ x*+ x* + x — F = 0111010 aBifiKoBOr® UMKIIi4HOrO KOMY.

IMpunycTuMO, 1O Py nepeaadi iHGopMailil BUHHKIIA OHOKPATHA IIOMUII-
Ka, BeKkTop aKoi E(x) = x* — 0001000. Toai noniHoM npuitHaToi koMbinauii
mmKTiugoro koay F(x) = F(x) + E(x) = x* + x* + x — 0110010.

Ha npuitMansHoMy 60Li JEKOAEp BHKOHYE NepeBipHe NineHHa kombinauii
F(x) na noninom P(x), BUKOPHCTaHHii IPH KOOYBaHHi iHbopMallii:

0110010 |1011
1011 lOlll
IV
® o1
—1000
® 1011

01l »x+1

Orxe, ocraya R(x) = x + 1,a60 R = 011.

OcKifbKH OCTaya Bill AUIEHHS He JOPIBHIOE HYJIIO, poOMMO BUCHOBOK IpO
HASBHICTH MOMMJIKH B MPHIHATIH KOOBiH KOMOiHawii.

Jins BU3HAYEHHS MICLIS TOMUIIKH KOPHCTYEMOCSH METOIOM FiIoTeE3:

* Gyayemo rinoTe3y nNpo NOMIIKY B MOJIOALIOMY pO3psai koMGinawuii F(x),
TO6TO BBAXKAEMO, 1110 BEKTOP MOMHUIIKH E (x)=1-> E, = 0000001. BuxoHas-
iy nonaBaHHs F* @ E| i noauIMBIIM pe3y/IbTaT Ha nonmom P(x) 3 METOI0
nm‘rBemeeHHx (8 pasi Hym,ono: ocraui) a6o cpocTyBaHHs (B pasi HEHYJIBO-
BOi OCTa4i) riMmoTe3H, AiCTaHeMO

90110010 @0110011 1011
0000001 _loi1 |0111
0110011 ® PSETETE
_1o1r
o 1001
® __1oi1
010 > R(x) =x,

T06TO OCTaya HEHYNIBOBA if rinoTe3a BiIKMAAETHCS;

« GyayeMo TinoTe3y Npo NOMHIIKY B APYroMy po3psiai kombisauii F', T06-
TO BBaXaEMO, IO BEKTOP MoMuiku E,(x) = x — E, = 0000010. Bukonasiuu
nonasanus F @ E, Ta NOMINMBIIY Pe3yIbTAT HA l‘IOJIlHOM P(x) 3 meTOI0 Mmig-
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TBEpAXEHHS a60 CIPOCTYBaHHA MIiOTE3H, MATHMEMO

0110010 0110000 1011
0000010 1011 lom
0110000 SI110
1011
1010
o1
T 00l R(x) =1,

TO6TO OCTaya HEHYNILOBA i TiNOTe3a BIIKHIAETHCH;

* Gy@yeMo rifnoTe3y PO NOMHIIKY B TPEThOMY PO3psiii KoMbiHatii F7, To6To
BBAXaEMO, 1O BEKTOP NOMUIKH E (x) =x? — E, = 0000100. Buxonasum jo-
nasanns F @ E, Ta MOAUTHBIUM pesynbTar Ha noniHoM P(x) 3 MeTOlO MiA-
TBEPIKEHHS a60 CNPOCTYBaHHS TiNOTE3H, 3HaAnEMO

@0110010 €B0110110 1011
0000100 1011 0111
0110110 @ 1101

_ 1011
® TS 1100

1011
T > RGx)=x*+x+1,

TOGTO OCTaya HEHYJIbOBA H TiMOTe3a BIIKUAAETHCH;

« GyayeMo rinoTe3y Mpo NOMMIKY B YETBEPTOMY po3psni KoMGinawii F,
To6TO BBAXAEMO, IO BekTOp MOMHIKH E (x) = x> — E, = 0001000. BukoHas-
wy gofasanHs F' + E, Ta NOMIMMBIIK Pe3ynbTaT Ha MojdiHoM P(x) 3 MeTolo
MiaTBepAXeHHA a60 CHPOCTYBaHHS TiNOTE3H, JiCTAHEMO

@0110010 0111010 1011
0001000 1011 ‘_'011
0111010 @ 1101
1011
T O0SR(X)=0

TOGTO MOMHUIKA AIACHO € B YETBEPTOMY PO3pAAi, a MOYAaTKOBAa KOMOiHALIs
HUKIIYHOTO KOAY Mae Burian F = 0111010 — F(x) = x* + x* + x* + x.

Hanmipuicts usoro xoxy R, = 3/7.

16. 3akoayBaTH ABi{KOBUM LMKSTIYHHM KOZIOM, IO BHIPABJISE ONHOKPATHI
AOMMIKH, KoMGiHauio Q(x) = x* + x MpocTOro ABI#KOBOro KoMy Ta BUIIPABH-
TH Oy Ab-AKY OIHOKPATHY MOMHUJIKY B yTBOpEHii KOMBiHALIT LMKITIYHOrO KOAY.
BH3HAYHUTH HAAMIPHICTb LIbOTO KOZY.

Po3s’s3anus o6 3aKOyBaTH xoMGiHauio Q(x) = x* + x LuKIi4-
HUM KOIOM, HeOOXigHO Bu6pam TBipHUii noninoM P(x). Moro crenine Bu3Ha-
9a€ThCA KUTBKICTIO r EPEBIPHUX €JIEMEHTIB, AKY 3HAXOAMMO 3 Bupasy 2’ — 1 2
2n(anad = 3).Tlpu k = S nicraemo r = 4 i Bubnpaemo MOJIIHOM YeTBEPTOro
CTerneHs P(x) x* 4 x + 1 (aus. Ta0n. 8.5).

BHKOHaEMO KOAyBaHHS NOYaTKOBOI KoMGiHauil Q(x). 3 ui€ro MeTol0:

o TOMHOXHMMO Q(x) Ha x". Ockinbku r = 4, gictaeMo Q(x)x* = (x* + x)x* =
=x%+ x5

e moginuMo Q(x)x* Ha P(x) Ans BM3HAaueHHS YacTKH Bil mineHHs C(x).
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OTtxe,

x84+ x5 [xt+x+1
x84 x5+ x* Ix*+ 1= C(x)
@x“
x*+x+1
x+1

* nomuoxuMo C(x) Ha p(x) i 3HalimeMo kKomoBY Kombinauito F(x) =
SCOPX)=(A+D(xt+x+D=xP+x*+x+x+x*+1=x3+x5+x+ 1.

IMTpunyctumo, 1o npH nepeaayi iHbopmauii BAHHKIA OZHOKPATHA TOMHJI~
Ka, BekTop sixoi E(x) = x2. Toxi noniHoM OpuiHATO] KOMGIHALIT UMKITIYHOTO
Kooy F(x)=x*+ x5+ x>+ x+ 1.

Ha npuitMansHoMy 6oL Aekoiep BHKOHY€E NepeBipHe AieHHs KoMBiHauil
F(x) Ha moninoMm P(x):

€Bx“+x5+x2+x+l ’x‘+x+l
x4 x5+ xf x4+ 1
Y+ x4+ x +
@X Tx+x 1

X+ x+1
x2— 0100, w =1

Omxe, ocraya R(x) He DOPIBHIOE HYJIIO; TOMY pOGHMO BHUCHOBOK IpO HASB-
HICTb MOMMIKH B NIPHHHATIH KomoBii kombGinauii F'(x). Ockinbku Bara ocraui
(w= 1) He NePEBHLLYE KiNbKOCTi IOMUIIOK V, , SIKY MOXE BUTIPARIIATH JAHHi KOZ,
IUTsl BUNPABJICHHS IOMMWIKH Ta YTBOPEHHS MOYATKOBOI KOMOIHaMIT F(x) UMKy~
HOro KOAy MPHHHATY KoaoBY xoMbiHauio F(x) Tpeba nomaTu o ocrayi R(x) :

FX)=FxX)®Rx)=x}+x"+x2+x+1+x2=x3+x5+x+ 1.

Haamipuicts usoro xony R, = 4/9.

17. 3akonyBaTH ABIHKOBHM LIMKJIIYHMM KOXOM, L0 BUNPABAAE OQHOKPAT-
Hi nOMUNKH, koMOiHauio Q(x) = x7 + x* + 1 aBiitkoBOro Ko4y i BHIPAaBUTH
6ynp-AKy OAHOKPATHY MOMMIKY. BU3HaYNTH HAAMIPHICTH LBOTO KOAY.

18. 3akoxyBaTu NBiIKOBMM LHMKJIIYHAM KOJOM i BUIPaBUTH OyAb-SKY Ol-
HOKDPaTHY NOMMIKY JUIsl IOBIZOMIIEHHS, IO BiINOBiIa€ MOPSAKOBOMY HOMEDY
MOTOYHOro aHs THxHA B JJJK 6 3 2 1. Bu3HauWTH HaaMipHIiCTh IBIHKOBOIO
LHMKJIIYHOTO KOAY.

19. 3akoayBaTi NBIKOBUM LMKIIYHHM KOZOM, LIO BHSABISE TPHKPATHI
nomunku (d, = 4), xombinauito Q(x) = x* + x? + x ;BiiikoBoro mpocroro
KOOy Ta BHABMTH OyIb-sIKY TPHKPATHY MOMMIKY. BH3HaYHTH HaAMipHICTD
IBiKOBOIO LMKIIYHOTO KOLY.

20. IToGymxyBaTH TBIpHY MATPHLIO ABIKOBOrO UMKIIYHOTO KOLY, 3AATHOTO
BUTIPaBJIATH ORHOKPATHY IOMUIIKY, TBIPHHIA [TOIHOM AKOTO P(X) = x* + x* + 1,

21. BU3HAYHTH KiNbKICTh ITepEBIPHUX €IEMEHTIB ABIKOBOrO LMKIIYHOIO
KOZy, O BHNPABASE OJHOKPAaTHY MOMMIIKY, AKILO KiNBKICTh fioro iHpopMa-
LIHHMX eneMeHTiB &k = 9.

22. Bu3HauMTH, KA 3 YOTHPHOX NpUIAHATUX KoM6inawii 0111011, 1011010,
1111110,0111010 aBiitKkoBOro KOxy MOMHUIKOBA, AKLIO TBipHHIi TONIHOM KOy
P(x) = x* + x + 1. BUunpaBuTH BUABIIEHY TOMHIIKY.

23. 3naiiTu TBipHU# MoMiHOM P(x) ABikikoBoro koay BUYX, 3snatHoro sunpas-
JIATH TPUKPATHI IIOMHUJIKH, JUIA Nlepeadyi 25 NoBiOMIIEHb y ABIKOBOMY KO/i.

Po3B’sa3aHHsa MiHiManbHa kogoBa Bigcrtans koxy BUX, 3gatHoro Bu-
NpaBisSTd TPU MOMMIKH, d . =2v_ + 1 =2.3 + | = 7. [Ina nepenaui 25
IOBiIOMJIEHB JOCUTH MaTH k = 5 (22 > 25) inbopMaLifHUX €IEeMEHTIB,
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11106 Bu3HAuMTH TBipHKHE MoiHOM P(x) kony BUX 3d=7ik =5, ckopuc-
Tyemocs Tabn. 8.7. MiHimManbHa HOBXHMHA KOy 3 3aJaHMMH NapaMeTpaMu
craHoBuTh n = 15 (k =5, r = 101d = 7), TBipHuUi# NoJiHOM sixoro P(x)= 2467y
BiciMKOBI# cucTeMi unciienns [a6o P(0,1) = 010100110111 y nsiiikoBiit cucre-
Mi UHCTIEHHs] BU3HAYA€ThCH BUpa3zoM P(x) = x¥ + x5+ x>+ x4+ x2 + x + 1.

24, Io6ynysaTu asifikosuii koq BUX 3aBoBxku n = 15, 110 BUNpaBIse
TPU NOMHUIKH a0 BUABIAE O IECTH MOMMUIIOK, i BUSABUTH LUICTh MOMMIIOK.
BH3HaYNTH HaAMIPHICTB LIbOTO KOAY.

Po3B’s3aHH4. TeipHuii nonisom P(x) kony BUX Busnauaetscs sk HCK
no6yTky L =v_= 3 MiiMansHuX noniHoMiB, HaliGinbiue 3HauenHs crenens /
MiHIMaBHOTO MOJIHOMAa MOXHa 3HaTH 3 BUpa3y n = 2/~ 1, Tobto / = 4(15 =
=24~ 1). B3sBwu 3 Tabu1. 8.6 Tpu MiHiManbRUX noxiHOMHU [ M (x), M, (x), M (x)],
nicraHeMo

P(x) = HCK [M (x)M (x)M (x)] =
St xS+ D2+ 1) =
=x0 +x3+ x5+ x*+x2+x+1—10100110111.

Hai6inpwuii cTeninb LBOro MOMiHOMAa BU3HAYAE KiJIBKICTh MEPEBIPHUX
eneMenTiB koxy (r = 10). 3rigHo 3 BUpa3oM k = n — r KUIBKICTb iHpOpMaLliTHHX
e/IeMEeHTIB CTaHOBUTb k = 15~ 10 = 5.

3akoayeMo koM6iHaLi0 ABIHKOBOro MpocToro kody 3 k = 5 [Q(x) = x* + x?+
+ 1 — 10101} xomom BUX, nns yoro:

o oMHOXHMBIIY Q(x) Ha x'°, micTaHeMo (x* + x? + )x10 = xM + x'2 + x10;

» noxpinusum Q(x)x'® Ha P(x) , 3HaiimemMo ocTayy R(x), To6TO

XM+ x12 4+ x10 !x‘°+x8+x5+x‘+x2+x+l
A2+ S E xS+ xt [
x10+x9+x8+x6+x5+x4
XM+ xS+t X2+ x+ 1
X2+ x0+x2+x+1- R(x);

» qonasun Q(x)x' no ocraui R(x), MmaTumMemo koMbiHauito xogy BUX

FxX)=x"+x2+x0+x°+x5+x2+x+1— qu:‘ml 1001000111.
r
TIpH BHAB/EHHI LIECTH IIOMUJIOK [BEKTOP LIECTHKpaTHOI noMuiku E(x) =
=xP 4 x2+ x'0+ x7 + x* + 1] npuitaara komGiHauisg xoxy BUX mae Burnsn
FO)=x"+xB+x"+x7+x0+x3+x2+ x.
Ha npuiimansHoMy GoLi Aekoaep BHKOHYE NepeBipHe AiieHHs KoMbinauii
F(x) Ha nonidoM P(x) , BAKOPUCTaHuUit NIpH KOAyBaHHi iHGOopMallii:

XM E P+ 0+ XT3+ X2+ x [xO+ x84+ x5+ x*+x2+x + 1
XM+ x4+ %+ xP+ xS+ x5+ x* [xX¥+x3+xT+x+1
XB+ x4+ xS ExT+ XA X+ X
xl3+xll+x8+x7+x5+x4+x3
ex”+x“+x2+x
xl2+x10+x7+x6+x4+x3+x2
xl!+x10+x7+x6+x4+x3+x
M+ +xt+ P+ +x2+x
FULLJI RS SRV I prag)
X+ xSt x+ ]
xX*+x¥+xT+x+ 1> R(x).
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Ortxe, octaya R(x) He AOPIBHIOE HYIIO, IO CBITYUTH PO HASABHICTh TOMH-
JIOK y NpuiiHaATi#t konoBiil xoMbiHawii F(x). 31aTHICTh KOAY HE Ja€ 3MOTH
BHUIIPABHTH LIiCTH TOMIWIOK.

Hanmipsicrs usoro kony R, = 10/15 = 2/3.

25. INo6ynyBaTy OBifikoBu# LukIiYHKii xox BYX 3apnosxku n = 31, 3aaT-
HUH BUMPABIAATH IT’ATh IOMHJIOK.

26. INo6ynyeatu neifikoBuil puxtiueuif kog BUX 3aBgoBxku n = 63, 3gat-
HHUH BHNPaBJSATH CEMHKpATHY NOMIIIKY. [lokasaTu npolec BUIPaBIEHHS Ce-
MHKPATHOI TIOMHJIKH.

27. TobynysaTu nBilikoBuii kox Maiipa, 31aTHUH BUNPABIATH MAYKH MO~
MHJIOK 32BJOBXKH J0 b = 5. BU3HauuTH HaAMIpHICTb LBOTO KOAY.

28. 3akoayBatu kombGinauino 10011 aBilikoBoro npocroro xony ABiiKo-
BHM KOJIOM 3 6araToKpaTHHM MTOBTOPEHHSM, 3aTHUM BHIIPABIATH JBOKPATHI
NOMHUIKHY. Bunpasurn 6yan-a1Ky ABOKpaTHY NOMUIIKY Ta BU3HAUHMTH HaIMip-
HICTB LIOTO KOAY.

Po3p’a3anns KinbkicTb NOBTOPEHD 71, MPH BUNMPABJICHHI ABOX MOMHU-
oK (v, = 2) BM3HAuacThes 3 BUpa3y d = n, + 1. MiHiManbHa KofOBa Bid-
CTaHb IpH v, = 2 CTaHOBUTbd_, =2V +1=2-2+1=5ToMyn, =d-1=
=5-1=4.

Kom6GiHauis aBifikoBoro xoay 3 6araToxpaTHHUM NOBTODEHHSM MaTHMe
Bursaa 10011 10011 10011 10011.

IIpunycTuMo, mo npu nepenaui koMOiHawil ABifikoBoro kogy 3 Gararo-
KpaTHUM MOBTOPEHHSM BHHHKJIA ABOKPATHA NOMMIIKA, BEKTOP AKOI MAa€ BH-
s 00100000000100000000. Toxi npUAHATOX KOAOBOXO KoMGiHauieo 6yae
10111100111101110011.

Ha npuiimansnoMy 6oui aekonep po36uBac 10 KOMOIHALIIO HA YOTHPU
YaCTHUHHU MO 5 GIiT y KOXHi# i BAKOHYE MOPO3PAAHE MOPIBHAHHA iX:

10111
10011
11011
10011,

3aBIAKH YOMY BUSBNSIOTHCA MOMHUIIKM B TPETHOMY Ta YETBEPTOMY pO3pAdax.
3acTOCYBaBIUM «IONOCYBAHHA 32 GUIBLIICTION, MOXKHA BUMPaBHTH Lli MOMHI-
K4. Bunpaenena xkoMGiHallisg NOYaTKOBOIo ABIHKOBOro KOAY MaTUME BUIIIAL
10011.

HanmipnicTs uporo xoay R, = 15/20 = 3/4.

29. 3akonyBaTu KxombiHauio 0110011 xifikoBoro MIPOCTOTO KOARY ABIHKO-
BHM KOZOM i3 6araTOKpaTHUM MOBTOPEHHAM, 31aTHAM BUIIPABIIATH TPHKPAT-
Hi NOMUIKH. Bunpasutn 6yab-sKy TPHKpATHY TOMHIIKY Ta BUSHAYHTH HAaMip-
HICTh LIbOTO KOAY.

30. 3akoxyBaT koMGinauiio 1110001100110011 asiiixoBoro mpocToro Koy
JBOBHMIPHHM JBIHKOBHM iTEPATHBHUM KOJOM, 30aTHUM BHIIPABIATH OJHO-
KPaTHi MOMHJIKH. BUNPaBUTH G6yNb-sAKY OMHOKPATHY MOMHJIKY Ta BU3HAYHTH
HaaMipHICTh LBOTO KOAY.

31. 3akonyBatu kombinanio 101110 aBifikoBOro MpocToro KoLy ABOCTY-
MiHYaCTUM KaCKaJHUM ABIHKOBHM KOZOM, 3MaTHHM BHIIPABJIATH ABOKpPATHI
MOMMIIKH, Ta BU3HAYUTH HaIMipHICTh LIbOTO KOAY.

32. 3akonyBaTH ABiIHKOBHM NaHUIOrOBHM KOJIOM i3 KPOKOM 7, = 4 iH¢op-
MauiiiHy nocnigoesicte 1111111000000111000. BunpaButi 6yab-Ky 4OTH-
PHKpPaTHY MIOMHJIKY Ta BU3HaUYUTH HaAMIPHICTh LbOT'O KOAY.
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Po3s’szanHHg [Ind noGynoBH NTaHUIOTOBOTO KOXY 3 KPOKOM L= 4Ta
BUNpPABAEHHSIM YOTHPHOX MOMHIOK Tpeba BUKOHATH Taki il -

e 3anucaTH iHpopMauifiHy HOCIIAOBHICTh ABIHKOBHX €JIEMEHTIB;

* BH3HAYUTH NMEPEBiPHI €JIEMEHTH JONABAHHAM 32 MOJYJIEM 2 IBOX iHGOP-
MalliiHUX eJIEMEHTIB uepe3 KPOK lo= 4 (puc. 8.3);

* YTBOpPEHY NOCIITOBHICTh iHGOPMAaLifHUX i HEPEBIPHUX EIEMEHTIB nepe-
JaTH B KaHaJI 3B A3KY.

IMpunycrumo, 1o NpH nepenadi BUHUKIIA YOTHPUKPATHA TOMUIKA B IIPUH-
HATIH MocnigoBHOCTI iHpOPMaLifHUX eleMEHTIB i Ha AeKOoAep MOAAEThCS O~
CJITOBHICTE 3 YOTHPMA NMOMHIIKaMH B iHpopMauiiHux pospsaax. Ha npuii-
MaJibHOMYy 6011l ieKoAepOM BUKOHYIOTBCS TaKi onepauii:

» iHQopMaLiiiHi Ta nMepeBipHi poO3psANH NPURHATOI MOCHZOBHOCTI PO3Mi-
NSIIOTHCS;

* 3 NIpuitHATOI iHQOpMaLifHOI MOCIIAOBHOCTI HOPMYIOTBCS KOHTPOIBHI
€JIEMEHTH 32 NPaBUIOM (OPMYBaHHS NIEPEBIPHHX €JIEMEHTIB Ha Nepesadi;

* 3100YTi KOHTPOJILHI Ta MPUAHATI 3 KaAHATY NEPEBIPHI €IEMEHTH MOPIiB-
HIOIOTBCS MiJK 06010 MOPO3PSIAHO, He36ir iX ykasye Ha HasBHICTH MOMMIIOK.

BunpasneHHs MOMUIOK BUKOHYEThCA Tak. SIKIo He 306iraroThcs ABi MapH
HEPEBIPHUX | KOHTPOJILHUX €JIEMEHTIB, BIICTaHb MK SIKHMH ROPIBHIOE KPOKY
AONaBaHHA [ = 4, TO iHBepTYEThCA TOH iHPOPMaLIHHUI elIeMeHT, KUl yTBO-
pIOBaB Ui eJeMeHTH (puc. 8.4).

Haamipaicts koxy R = 1/2.

33. 3akoayBaTH IBiiKOBMM JIAHLIOTOBMM KOAOM i3 KPOKOM IOAABAHHS
L,=3 indopmauiiiny nocnizopxicts 0111 IOOIQ 101'01 110010. Bunipasutu 6yap-
SIKy JJBOKpaTHY MOMMJKY Ta BU3HAYMTH HaMIPHICTh LIbOTO KOAY.

34. 3akonyBaTd ABIAKOBUM JIAHLIOTOBHM KOJAOM i3 KPOKOM 0AaBaHHS
L,=5 iHpopMauiiity nocaizosHicts 1001111000001111100010101011. Bunpa-
BHTH OyIb-AKy Ma4yKy 3 I'ITH MOMHIIOK.

35. 3akoayBaTu ABIHKOBMM JIaHLIOTOBHM KOJOM, BHIIPAaBUTH OyIb-siKy
TPHUKPATHY MOMHJIKY Ta BU3HAYHTH HaJMIipHICTb KOy NPU Hepenadi Bcix uudp
noroyHoro poxy B JAJIK 5 3 2 1 i3 kpokoM nonasauus ¢ = 4.

36. 3akonyBatu xom6GiHauio 4 = 5426713 HensiiikoBoro kony 3 andasi-
TOM ¢ = 8 y3arabHeHHM KOJOM XeMMiHra Ta BUIIPaBHTH Oy Ab-AKY OMHOKpAT-
HY TIOMMJIKY.

Po3s’s3anua Jusano- Hbopmauitni 1111
An enemeHt ARRANAAAAAAAAAAN

6yAOBH y3arajJbHEHOTO KOOy \\Yy ¥YYYYYY//
XemMiHra Heo6XigHO 3amaTH \ x} )zxy)\(x XX )z/ XXXX/
ioro nepesipuy matpuuio H. MepesipHi 000111100111011
Hexaii KUTbKIiCTB 1i epeBipHuX €NEMEHTH Puc. 8.3

IndopmoLiHi enemert 1 1

MepesipHi enemerty \

1111011100011 1
A\ YRTUVV Y
00

<
<
<
- SO

KonTponbHi enemerty 6646600114 o1

Puc. 8.4
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eneMeHTiB r = 2 [iHdopMauiiiHa eMHICTb OIHOrO eneMeHTa KoMbiHauil Hboro
Koy cTaHOBHUTB [ = 3 6iT (g = 2/ = 8 = 2%), TOMy ABOX NEPEBIPHHX EJIEMEHTIB
JOCUTD, 100 BHMIPABHTH OAHOKPATHY NOMHIIKY].

Buxonsuu 3 Bupa3y n = (¢’ — 1)/(g — 1) npu g = 8 maemo n = 5. Otrxe,
MaTpuus H srigHo 3 (8.39) mae po3Mip r ® n, To6To 2 ® 9. [loBinbHO BHbHpae-
MO 3 = 4 i 6yAyeMO 110 MATPHLIO

gf4 044444244
“lo412345%6 7]

Koposwnii BexTop npu nepefadi kogoBoi komGinauii A = 5426713 mac Bu-
ran X = (b, b, 5426713). O6uncnioeMo 3HaUYEHHS NEPEBIPHUX eNEMEHTIB 32
(8.41).

BrKkOHABIIN MHOXEHHA Ta JOAaBaHHA 3rigHo 3 Tabu. 5.3 Ta 5.2, nicTaHeMo
b, =0, b, = 3. TakuM YHHOM, Ha Nepeaauy NOAAETHCH KONOBHH BeKTOp X =
= (035426713)

BunpasuMo ogHOKpaTHY NOMMIKY. [Ing LBOTO NPUNYCTHMO, IO BEKTOD
npuiiHaToi koMGiHauii ¥ = X + E =(035426113), ne E — BeKTOp NOMMIKH
[E = (000000600)]. B

JexonyBaHHs NOYHHAEMO 3 OGUHCIIEHHS MIEPEBIPHOrO cUHApoMY S = Le,
Iie L — noxaTop NOMUIKH; e — ii 3HaueHHs. OTxe,

s {1

Binnosinuo ao criBBinHomenns ¢ = S,/5 MaeMo e = 5/4 = 6, a nokatop
nomunku L = § /e nabysae surnany

/e

BuxoHyiouu srnopsakosauuit nepe6ip crosnui MaTpuii H i NopiBHIO0YH
iX 3 JokaTopoM L , BUABISEMO 32 36iroM, 10 CIIOTBOPEHHM € CbOMMH efne-
MeHT y KoMbiHauii ¥, 3Hauenns sxoro ¥; = 1. [lns BUNpaBieHHs IOMHIIKH 1O
3Ha4yeHHs y; NPUHHATOI KOJOBOI KoMGiHaLIT Tpe6a LOAATH 3HAYEHHS TTOMHIII-
KH e = 6. Toai icTHHHE 3HAYEHHA CbOMOT'O €JIEMEHTA CTAHOBUTHUME

y,=y;te=1+6=1.

ITicnst 3aMiHH CIIOTBOPEHOTO 3HAYEHHS J) eNIEMEHTA Ha ICTHHHE BHAAEMO
nepxcyaaqem noBizoMIIeHHs inpopMauiliny yactuny 4 = 5426713 sunpas-
JIeHOI KOA0BOi KoMbiHaWi. _
37. 3akonysaTu koM6iHauio 4 = 130267 HensilikoBoro xozy 3 andgasitoM
g = 8 y3aranbHeHUM KOJOM XeMMiHra Ta BUOPaBUTH Byab-AKy OOHOKpPATHY
MOMMIIKY. 3
38. 3akoayBaTu koMGiHauio 4 = 5671204322 HeasiitkoBoro xoay 3 anda-
BiTOM g = § y3araJbHeHUM KOJOM XeMMiHra Ta BUNPABUTH Gyab-Ky OJHO-
KpaTHY NOMMIIKY.

KOHTPOJIbHI SANUTAHHS

1. Hlo Take KOpeKTyBajbHa 3XATHICTb Kony?

2. SIx xnacudikyiOTbCs OBIHKOBI KOAH, WO BUNIPABIAIOTH NOMHUIKH?

3. Aka ocobnuBicTh NOGYAOBH MIHIHHOTO CUCTEMATHYHOrO ABIHKOBOTrO
rpYNnoBoro xonay?
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4. Jlns 4oro B NiHItHOMY CUCTEMATHYHOMY I'PYNOBOMY KOJi BUKODHCTO-
BYIOTbCs TBipHA Ta MepeBipHa MaTpHiLi?
5. I1{o Take KONOBHil CHHAPOM i K BiH BH3HAYa€ThCA?
6. SIK BUABNAIOTHCSA Ta BUNPABIAIOTHCA NIOMUIKHM B JIiHiHOMY CHCTeMa-
THYHOMY JBIiKOBOMY IpynoBoMy Komi?
7. UnM Bipi3HAIOTECS BKOPOYeHi MiHiHHi cHcTeMaTHYHI ABifKOBI rpymno-
Bi KOAM Bix MOBHUX?
8. Jlns 4oro 3acTOCOBYIOTHCA KOMU-CYMYTHHKH?
9. SIx BU3HAYAEThCA CKIAJ1 IEPEBiPHUX EIEMEHTIB Y ABIHKOBOMY KO XeM-
MiHra?
10. [ie po3MilllyioThCsl EPEBIpHI ENEMEHTH B IBifikoBOMY koai Xemminra?
11. Yum pisnsTscs ABiikoBi konu XeMMiHra 3 KOJIOBHMH BiflCTaHSIMH
d, =31ad?
12. SIKi KOIH HANEKATh A0 LUKIIYHUX?
13. SIK BHOGHPAETHLCA TBIPHHUI MOMIHOM y ABIKOBHX UMKITIYHHX KOAaxX?
14. Ski € MeToAM MOBYNOBH ABIAKOBUX LUKIIYHUX KOJiB?
15. SIK BUABMAIOTHCA T4 BUNPABIAIOTHCS MOMMIIKHM B JBIHKOBHX LMKIi-
Hux komax?
16. SIi OCHOBHi Pi3HOBHIHM ABIHKOBHX UMKIIYHHX KOMIB i AKi BacTHBOCTI iX?
17. Sk BUGMPpAETHCA TBipHUIA TOMIHOM P(x) y ABIKKOBHX UMKIIYHUAX KOAAX
3d, =47
18. YuM Bipi3HAIOTECA BKOPOYEHi ABIMKOBI LIMKITiIYHI KOJH Bill MOBHHX Ta
AKi 0co6IMBOCTI MOOYAOBH iX?
19. SIx BU3HAYa€ThCH JOBXHMHA KOMGiHaLIl B ABiitKoBHX Kogax BUX?
20. Sk BubHPpacThCS TBIpHHMIA MOMIHOM Y JiBiliKoBHX Koxax BUX?
21. o Take MiHiManbHUIA noniHOM?
22. Six no6yayBaTH TBipHY MaTPHLIO ABiiikosoro kogy BUX?
23. SIxa npoueaypa AeKOAyBaHHA ABiKKoBHX Koais BUX?
24. Jle 3aCTOCOBYIOThCA JBifiKoBi konu Daitpa?
25. SAxa rniocnigoBHicTh Mo6yn0BH ABiliKoBOTO Koay Dakipa?
26. L1{o Take nauka (raker) MOMHIIOK?
27. V yoMy NOJIATAIOTH NlepeBary IBilikoBux kofiB Malipa Hax xonamu BUX?
28. Ax 6ynyroThCA ABilKOBI KOAH 3 GaraTOKPATHHM MOBTOPEHHAM?
29. UuM BH3HAYAETHCA BUMIPHICTD iTepaTHBHUX i KACKaJHUX KOAiB?
30. SIxa mpoueaypa BUABJIEHHS Ta BUMPABICHHS MOMHIOK B iTEPaTUBHUX
kozax?
31. SIx BUNPaBAAIOTHCS MOMWIKH B KACKAZHOMY Koxi?
32, SIki KOAM HAJNEXATh JO PEKYPEHTHHX?
33. Slke OCHOBHE NPU3HAYEHHS PEKYPEHTHHX KOMIB i AKuil npuHLMN noby-
noBy ix?
34. UuM BH3HAYAETLCA 3ATHICTH BUIIPABNCHHS JAHIIOTOBOTO Koay?
35. Sx xnacudikyloThes HeABIKKOBI KOPEKTYBANIbHI KOAU?
36. UuM BinpizHAETHCA HEABIHKOBHI KOA 3 6araTOKpaTHUM MOBTOPEHHAM
BiJ aHANOri4HOro ABiiKOBOroO?
37. SIki 0co6nMBOCTI NOGYROBU y3araJbHEHOTro Koy XeMMinra?
38. 110 BM3HAyYAE JIOKATOP NOMMIIKHM B y3arajbHeHOMY Koli XemMiHra?
39. Jle 3acTOCOBYIOThCA Ta K OynyroThest koau PC?
40. SIx 6ynyioThcs 6araToBUMipHI iTepaTHBHI Konu?
41. YuM BiIpi3HAETHCA HEABINKOBHIE TAHLIOrOBMIT KO Bil aHAJTOTTYHOTO
ABiiikoBOro?



EDEKTUBHICTb
KOLOYBAHHS

poagn & JA TIEPELAY IHOOPMALLJI

IIpu npoexmyeanni ma po3pobiaenHi cucmem 36upanHs, nepedasaHus i
0bpobnenna ingpopmayii 3nauny ysazy npudinsaiomb MaKuM YUHHUKAM, K
6ubip Kody ona 3axucmy ingopmayii nid uac nepedayi no KAHANAX 38 A3KY,
Modcaugicmy il CMUCHeHHA ONA 30ITbUWeHHA weudKocmi hepedayi nogidom-
nens, Heobxionicms d00amko6ozo 3axucmy inghopmayii npu nepedaui no
Kauanax i3 snauynum pienem 3aead ma in. Ilpo éce ye imumemocs 8 yoomy
po30ini.

8.1. BIPOTAHICTb NEPEOAYI KOAOBAHWMX
NOoBIAOMJEHD

BiporigHicTio nepefayi KOJOBAHHUX MOBIAOMIJIEHB OUIHIOETHCS
BIONOBIAHICTE MDK KOJOBUMH KOMOIHAL[SIMM, TPUAHATHMHU Ha TIPHIi-
MaJIbHOMy 6oL, Ta koMbiHauismy, nepeJjaHuMHU B KaHall 3B’513Ky.

Y cBoio yepry, oLiHKa BiporixHocTi 06MiHy iHdopMani€ro Bu3Ha-
4A€ThCA AMOBIPHICTIO CIIOTBOPEHD IIOBIAOMIIEHb, TOOTO TPHIAHAT-
TAM P NOMHJIKOBOTO NIOBIAOMIIEHHS [IPH BiIOMiH iMOBipHOCTI P,
CHOTBOpCHHﬂ €/IEMEHTA MOBIXOMJIEHHS, 1O NEPENAETHCH. Taknm
YMHOM, BipOTIJHICTh NepeAadi € MOXiAHOIO XapaAKTEPUCTHKOIO, SKa
3aJIEXHTD 5K Bil KOPEKTYBaJIBHOI 30aTHOCTI KOy, TaK i Bif TUIly
KaHany (JiHii) 3B’3Ky Ta yMOB Nepenadi 110 HbOMY eJIEMEHTIB KO-
IOBOi KOMOiHalii.

Jns xBiIAKOBUX KOXIB [is 3aBaj] HA €JIEMEHT KOJOBOI KOMBiHaLIii
MO>€ NPU3BECTH IO Pi3HMX HACITIKIB y HECHMETPUYHHUX i CHMET-
PMYHHX KaHalax. Tak, y HeCHMEeTPUYHUX KaHajiaX iIMOBIpHOCTI re-
pexony nin BruBoMm 3aBax 0 B 1 (Py,) ta 1 B 0 (P)) He GynyTs
OIHAKOBUMH, a B CUMETPUYHUX BOHHM 30irarorscs. [Ipore mis
CMpOLIEHHS PO3PaXyHKIiB IPH OLIHIOBAHHI BIpOTiIAHOCTI MOBiAOM-
JIEHb, L0 MEPEIAIOTHCS, BBAXATHMEMO JBIHKOBHI KaHAJl CHMETDH-
YHUM, TOOTO Py = Py = P,

Kle TOroO, po3p13x{mon, KaHAJIM 3 He3ANeHCHUMU NOMUNKAMU,
KOJIM BUHMKHEHHS OJIHI€l IOMMJIKM HE 3aJIeKHUTh Bill MOSBHU iHIIOL
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(kanan 6e3 Mam’sTi), Ta KaHAJH 3 NAKeMHUM PO3NOOIIOM HOMULOK, B
SKKX € 3aJIEXKHICTh IMOBIPHOCTI CHOTBOPEHHS HACTYHHOIO €lIEMEH-
Ta, IO ITEPEAETLCSA, Bil CIOTBOPEHHS MOTIEPEAHBOTO (KaHall Ma€e
Mam’sTh).

Po3rnsHeMo OLUHKY BipOTiIHOCTI PH Nepeaayi KOIOBaHuX Mo-
BiJIOMJIEHD 110 IMX JBIHKOBHMX CUMETPHYHHX KaHasaXx.

V pasi nepeaaui noBiZOMIIEHD IO KaHANaxX 13 HE3AIEXKHUMH I10-
MUJIKAMH FIMOBIPDHICTB BIZICYTHOCTI CIIOTBOPEHDb JBIHKOBOTO e€e-
MeHTa MOBIAOMIIEHHs no3HauuMo sk (1 — P,). Tomi s ABilikoBOi
MOCITIIOBHOCT] 3aBIOBXKH 1 eJieMeHTiB [12] IMOBipHICTb NpaBUIIb-
HO MIPUIMHATOI MOCIiTOBHOCT1

PrIp =(1-P), ©.1)
a HMOBIPHICTb HOMMIIKH B IPUIHATIN IIOCTiTOBHOCTI
P ,=1-(1-P). 9.2)
OcranHiii BUpa3 MOKHA NOJATH TakK:
P, =C)P + C2P:+ CJP}+ ...+ C )P, 9.3)
e C": =_L, av=1,2,3,..-— KpaTHICTb IOMHUJIKH.
vi(n—-v)!

Yepes Te, mo P, << 1, AMOBIPHICTb IOMHJIKH B n-eJIEMEHTHIH
KOJIOBiil MOCIIIOBHOCTI MOXKHA 3aIIUCATH SIK

P = nP..

SIK BiOMO, KOPEKTYBajibHi KOAM NAIOTh 3MOTY BHUSBISATH abo
BUMPABIATH (32JIEXHO BiJl KOLOBOI BIACTaHi) Ty YH iHIIY KiIBKICTh
nomuiiok. ToMy 114 oLiHIOBaHHS e(eKTHBHOCTI KOJIiB HEOOXIHO
3HATH HMOBIPHICTb BUHUKHEHHs B KOIOBiH KOMOGIHaUil OMHIOK
Oyab-AKOi KPaTHOCTI.

TTpu He3aNeXHUX MOMMIKAX IMOBIPHICTb MOSIBH V-KPaTHHUX I10-
MUIIOK BU3HAYAETHCA 3a popmynoo bepHyui

P (V)= CYPY(1—P)". 9.9

€

Jinsi xoniB 3 d, ;> 1, O BUKOPHCTOBYIOTECS 3 METOIO BUSABJICH-
H{ BCIX TOMHJIOK KPaTHICTIO V, = dmin — 1 i MeHI010, IMOBIPHICTh
OMMJIKOBOI (HeNpaBuiibHOI) KOMOIHALi HA BUXO/I IeKoAepa Jier-
KO 3Ha{TH, BpaXyBaBIIH, 1O [pH Nepeaadi kombinawuii MoxyTs 6yTH
TakKi YOTHPH CUTyaLi:

« KOMGIHaLlf, KA NPUXOOUTD 3 KaHaITy, Nnpuiinsara 6e3 nomu-
JIOK (IIpaBUIIBHO) 3 IMOBIpHICTIO P__;

« KOMOGiHALlis MICTUTB He GiIbLI SIK V, CIIOTBOPEHHX €/IEMEHTIB,
110 BUSBJISAIOTBCA KOAOM (iMOBIpHICTB Taxoi noii P, );
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« koMbiHallig MiCTUTB V > Vy, IOMMJIOK, aJI€ BOHH PO3TaIlOBaHi
TaK, [0 BHABJISAIOTHCA KOAOM (lMOBlleCTb Takoi noxii P, );
* KOMGiHallist MiCTUTb V > V, IOMHUJIOK, 5iKi KOZOM He BUABIIS-
IOThCA 3 lMOBlleC’I‘IO PHB -
OckinbKu cyma fMOBIPHOCTeH BCiX nepesiueHuX nozii JopiBHIoe
1, a iimoBipHicTs P’ =0,
P.=P, +P . 9.5)

HB.II

3 ypaxyBaHHSM TOTO, IO CIIOTBOpPEHi KOMOiHawLil, ki BUsBIs-
IOTHCS IEKOJEPOM, He BUIAIOTECS CIOKHMBaueBi iHdopMauii, #imo-
BlleC’l‘b 3006YTTs HUM IOMHIIKOBMX KOMGIHaLIii OLUHIOBATHMETbCS
TUIBKH HMOBIDHICTIO HEBHSABIIEHOT IIOMHUJIKH P, . o IKY MOXHa 3a-
nucaTu y Burisai [12]

n
Pun= XWWF (1-P), (9.6)
v=dmin

ne W(w) — BaroBa xapakTepUCTHKA Koy (KUIBKICT HOro kom6i-
HaUif Baroxo w, TOOTO KUIBKICTh BAPiaHTiB HOMHJIOK, SIKi HE BUSB-
JIAIOTECSA UMM KOAOM); dp .. — MiHIMaJIbHA KOJOBA BiICTaHb.

3HadeHHs W(w) BU3BHAYAETHCA 32 CIIeLiaIbHUMU METOJUKAMM I
PI3HUX KOiB [14] Tak, noBeaeHo, WO KoMK ABIAKOBHI (1, k)-Kox
Ma€ KOZIOBY BiACTaHb d TO

=0,v<d,;
W(w)= Scx" Vo d 9.7
Cy

net=(d-1)2.
3 ypaxyBaHHaM (9.7) maemo

1 t -V _
PHB.H<———[ SCh R =R
(1-R,) Cpyy

n+
" Zcr‘zlﬂpv (I—Pe)"“—v

v=n+l

9.8)

IIpaBa yacruna (9.8) npu 0 < P, < 0,5 06MexeHa 3BepXy 3HaUeH-
HaM) P, =0,5; ToMy B Oy ap-siKkoMy Kaﬂam 3 HE3ATIEXKHUMH ITOMHIIKAMH

Py S2IC .

Ll10 oniHKy MOXHa 3aCTOCYBATH U1t KOPOTKHX KOJIiB 3 HEBE/H-
KOIO HaAMipHicTIO. [/ KOAIB 3 BEJMKOIO HAAMIPHICTIO GaxaHo
KOPHCTYBaTHCS BUpa3oM [14]

< 2K(dIn)¥(1 — dinyn -4,

HB.MI

218



ne k — KinpKicTh iHGopManifHKX eeMeHTIB; d — MiHIMaJIbHa KO-
JIOBA BiACTaHb; N — JOBXUHA KOAY.

Ha npakTHIli MoIMpeHiloo € GopMysia 1yis NPUGIM3HOTO OLli-
HIOBAHHS MOBIPHOCTI BUHHKHEHHS HEBUSIBIEHOT MOMMIKH [12]

n
SCYPY (1P, 9.9)
v=d

P

~L
HB.I 2,-

€ r — KUTbKICTb NIepeBipHUX €JIEMEHTIB KOIYy; V — KPaTHICTb 110~
MWIKY, d — MiHIMajlbHa KOJXOBA BIICTaHb.

Jl1si KomiB 3 d > 2, 1110 BAKOPUCTOBYIOTBCS LTSl BUTIPAB/ICHHS BCIX
TIOMUJIOK KpaTHicTio v, = [(d - 1)/2], ne [-] o3Ha4ae Uiy YaCTHHY #
MEHIIE, HMOBIPHICTb P, BUHMKHEHHS IOMMIKOBOI Kom0OiHauil Ha
BHXO[Ii JeKoJepa MOXHa 3HaiTH, BpaXyBaBILH, O MICIsA MPOXOa-
JKeHHs KO0BOI KOMOiHalIil M0 KaHAy MOXJIMBHMH € TaKi YOTHPH
cuTyauii: »

« koMGiHaLis npuiiHaTa 6€3 NOMWIOK (MPaBUILHO) 3 IMOBIp-
HicTio P

. KOMgiHauiﬂ MICTHTh He Giabll K V, CIOTBOPEHHX €JIEMEHTIB,
AKi BUNIPABJIAIOTHCS KOJAOM 3 IMOBIpHICTIO Py

» xOMBiHaLis MICTUTD V >V, TOMHJIOK, PO3TALIOBAHUX TaK, 110
BOHH BUIIPABISIOTHCA KOAOM 3 IMOBipHicTIO P/

* KOMOiHaLis MICTHTb V > V,,, IOMUJIOK, SIK1 HE BUIIPABIIAIOTHCSA
koJoM (iMoBipHicTs Takoi momi P, .. ).

Ockinbky iiMoBipHicTs P | = 0, MaeMo
. Pn = Pnn.n + PH.B]‘I.]’I’ (9‘10)
3B1AKH
PH.BH.H = Pn - PBn.n'

TTpu He3aJIEKHUX TOMIIKAX iIMOBIPHICTb BUIIPABIICHHS IOMMIIOK
KPATHICTIO 10 V KOJAMH, 110 BUTIPABJISIOTH IIOMHIIKH, BU3HAYAETHCH
BHPa3’oM

v . .
PBn.n=ZC:1Pel(l"Pe)n-l' .11
i=1

3 ypaxysanHam Bupasis (9.2) Ta (9.11) picraemo

P

v .
BRI =1-(1—Pe)”—.§‘41C,’,Pé (-pr)". 9.12)
i=

Ha ocHoBi 3106yTHX 3Ha4eHb P MOXHa& BU3HAYUTH KOPEKTY-
BaJIbHUI KOJ, ONTUMANbHUIL U1 JAHOI'O KaHay.

JIBifiKOBHIA KOPEKTYBANbHUM KO/ 3aBIOBXKKH 713 N KoMOiHaLisIMK
HA3WBAETHCHA ONMUMATbHUM JUTSL JBIHKOBOTO CHMETPHUYHOIO KaHa-
11y, AKIIO HMOBIpHICTh P, BUHHKHEHHS IOMHIIKOBO] KoMOiHanii Ha
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BHXOZi IeKOZiepa He IIEPEBUILYE TaKOi caMoi iMoBipHOCTI st 6y -
SIKOT'O IHIIOTO ABIHKOBOI'O KOy Ti€i caMol NOBXHHM 71 i3 Ti€Io ca-
MOIO KUTBKICTIO KOMGIHALiH N .

Y pasi nepenadi MoBiIOMIIEHD 10 KAHANAX i3 TAKETHUM PO3MOL-
JIOM ITOMHMJIOK BU3HAYEHHs HMOBIpHOCTI iX 3a dopmynamu (9.3) —
(9.12) naroTh 3HaYeHHs, AKi HAGAraTO BIAPI3HAIOTHCS Bill pealbHUX.
Lle nosICHIOETLCA THM, IO B LIMX KAHAJIAX HA MTPOXOMKEHHS CHIHA-
TiB (2 Le B OCHOBHOMY PaJiOKaHaIM) CHIILHO BIUTHBAIOTh Ce30HHI
Ta 1000Bi 3MiHH METEOPOJIOTIYHUX YMOB, POMMCIIOBI 3aBA/IH, iH-
TEHCHBHICTD SIKUX 3MiHIOETHCS IPOTATOM AOGH T THXHS, TOLIO [S,
12]. Bee ue nmpu3BOAMTE 1O BMHMKHEHHS B KaHAJaX MakeTiB (na-
4OK) MOMUIIOK. BU3HAYMTH HMOBIPHICTD iX 32 TAKHX YMOB HOCUTS
CKJIAJIHO, OCKLIBKH HEOOXIIHO MPOBECTH NOCIIKEHHS PEATIbHUX Xa-
PaKTEPUCTHK KaHAaJIiB.

Dopmyia, 10 Aa€ MPUGIH3HE 3HAUEHHS HMOBIPHOCTI IOMIIIOK
IpY MAaKeTHOMY pO3AuTi iX 1 nepegadi ABiHKOBOI MOCHIZOBHOCTI 1
eneMeHTiB [21], Mae Burnsg

P. bmax _1\ bP
P =ty (1+E—1)_—b_, 9.13)
I 3 b )bmax
2.bP,
b=t

ne P, — IMOBIPHICTb CTIOTBOPEHHS ABIIKOBOTO €JIeMEHTa; | — IL[iTb-
HICTb TOMUJIOK Y MAKETI, IKa BUSHAYAETHCS BIHOLIEHHAM KUTBKOCTI
TIOMHJIOK Y HbOMY JI0 OBXHHH nakera b; P, — ymMoBHa HMOBIp-
HICTb BHHUKHEHHS NTAKETA NOMUIIOK 3aBJOBXKKH b.

HAns KOAiB, 11O BUABJISIOTH MAKETH NOMHUIIOK, IMOBIPHOCTI O~
MHJIOK MOJKHA 3HaiiTH 3a dopmynamu [21]:

P. |bmax } bP bmax
P, ==& (]+”—1)—£— Ly [H

B.II 7 T
: [ - b )bmax e
b=l fri bP, 2" b=l} 41
b=l (9.14)
L n=@h+1)] bR, ’
b |bmax
Y.bF,
b:
| P, bmax [ n-(2 +1)] bP,
PﬂsnzTTe ) [H' b 5 s ©.15)
’ 2 b=I1 +1 | “max
k* bzle,,

ae lk JOBXWHA MAaKEeTa ITIOMUIIOK, KA BUSBJIAETHCS.
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3HAYEHHS YCiX BEJMYMH, SKi BXOMATh y Li GOPMYIH, AiCTAIOTH
eKCIIEPMMEHTANIbHO, BU3HAYAIOYM XapaKTep PO3MOALLY MOMHIIOK,
a60 6epyTs i3 JiTepaTypH Ul KaHAJIB aAHAJIOTIYHOrO THITY.

V [46] peanbHi KaHaaM OMKUCAHO 3a JOMOMOIOI0 IBOX NapameT-
piB: iMOBIpHOCTI P, CIIOTBOPEHHS [BIAKOBOTO €IEMEHTA T2 MOKa3-
HHKa O TpyNyBaHHs rnoMuinok. IIpu upoMy HabmmkeHi GopMyan
JUIS BU3HAYEHHs MMOBIPHOCTI HEBUSIBIIEHHX IIOMUJIOK MAlOTh Ta-
KUH BUIJIAN!

o UL KOAIB, LIIO BUABJISAIOTH IOMMJIKH,

P zi_”_l_a-
HB.I Y d >

 JUIS KOAIB, 1O BHUITPABIAIOTH IOMUJIKH,

n 1-o
Fipn z(’m) Fe;

e IUI KOMIB, 110 BUSABJIAIOTH 1 BUIIPABIISAIOTH IIOMHIIKH,
i
_ZC" 1-or
Ppn==2H-"—| F
HB.N r d—v e’
ne d — MiHiManpHa KOJ0BA BICTaHb; V — KPATHICTh IOMHIIKH, 1O
BUIPABJISETBCS; 7 — KUIBKICTB NEPEBiPHUX €IEMEHTIB.

Li ¢popmy:H faloTh Hernoraxi pesynpTaTu npu v < 0,3n, ne n —
KUIBKICTb €1eMeHTIiB KOA0BOI KOMOiHaLii.

9.2. CTUCHEHHS! IHOOPMALIII

CrucHeHHs iHpopMauii 3aCTOCOBYEThCA i TPUCKOPEHHSA Ta
3HIDKEHHS BUTPAT Ha il 06pobneHHs, 36epiranus # moyk, a Ta-
KOX JUIs 3MEHIIEeHHs EMHOCTI nam’sTi, 3aitusaroi B EOM.

Ilix cmuchennsm ingpopmayii po3yMiTUMEMO ONepaLlito, BHACII-
[OK SIKOI [IEBHOMY KOJy YM MOBIZOMIJICHHIO CTABHTBCS Y BillIOBiA-
HICTb KOJ 260 MOBIIOMIIEHHS MEHILIOI JOBXHHH.

Cnoco6u cTHcHeHHs iHdopMallii oAUIIOTh 3a MPU3HAYEHHAM,
XapaKTepOM i CTyNleHeM CTHCHEHHS, LUBHAKICTIO Ta CTYTIEHEM Biji-
HOBJIEHHS MOYATKOBOro cTaHy indopMauii (BTpaTaMH).

3a npusHauenHsm PO3PI3HAIOTH ABI BEMKi IPYIH cocobiB CTHC-
HeHHs: U nepeiadi JaHux i uist ix apxisauii. Pisnuus MiX HUMU
[IOJIATAE B TOMY, 11O NEPIIi ONEPYIOTh 3 HE3HAYHUMH iHpopMaiii-

* HanucaHo CrijIbHO 3 KaHA. TexH. Hayk b. FO. JKypaxoecokum.
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HUMH MacHBaMH (10 KUTBKOX J€CATKIB, COTeHb GaiiTiB), a Apyri —
31 3Ha4HO OibIMM 06CAroM iHbopMauii (MerabaiiTy).

3a xapaxmepom cTuCHeHHs inpopMalii PO3PI3HSIOTH JiHiMHI,
MaTpH4Hi, KOMGiHOBaHI Ta KackagHi cnocobu. J{o ainiiinux Haje-
XaTh CIIOCOOHM, 32 AKMMM CTHCHEHHS eJIeMEHTIB iHhOpMauiiiHoro
MaCHBY BUKOHYETBCS B OJHOMY 3 HANPAMKIB (TOPU30OHTAILHOMY
abo BEPTHKANTBLHOMY). 3aJIEXHO BijJl LIbOro MIHIAHAMM CIIOCOGAMHM
MOXYTb BUKOHYBATHCS [O30BXHE (TOPH30OHTAJIbHE) Ta IONEPEYHE
(BepTHKanbHE) CTUCHEHHS iHbOpMalii.

Ho mampuunux nanexats ciocobu cruchenHs ingopmauii, 3a
AKMMH EJIEMEHTH iHPOPMALIHOT O MACHBY CTHCKAIOTHCS 3 BUKOPH-
CTaHHAM MAaTPHYHOLO IPHHLMITY 3aMiHH IOBTOPIOBAHHUX EIIEMEHTIB.

Kombinosani cniocobu moenHy0Th OAHOYACHE BUKOPHCTAHHS
AUIS CTUCHEHHS 1HpOpMaNiiHOro MaCUBY JBOX UM Giiblile TiHIAHMX
abo/Ta MaTpUYHMX CIIOCO6IB.

Ho kackadnux nanexartb cnocobu cTUCHeHHs iHbopMalii, 3a
SKMMH BOHO BUKOHYETBCS NIOCIHIOBHO Pi3HUMH CIIOCOBaMH.

3a cTyneneM cTHCHEHHS iHGopMaLii po3pi3HSIOTH HU3bKOe(eK-
THBHI (3 KoedilieHTOM CTHCHeHHs 1o 1,5), cepenHboedheKTHBHI
(1,51...3) Ta BucokoedexTHBHi (MoHaa 3) CNOCOOH; 33 MIBUAKICTIO
CTHCHEHHS/PO3NaKOBYBaHHI — HH3bKO-, CEPeIHbO- T BUCOKO-
IIBHKICHI, IDH SKMX INBHIKICTb CTHCHEHHS/PO3IIAKOBYBAHHS 3Mi-
HIOETBCS BI KUIBKOX KiNOGAHTIiB 3a ceKyHIy (HM3bKOLIBHAKICHI)
IO KiTbKOX MerabaiTiB 3a cekyHay (BHCOKOIIBUIKICHI).

3a cmynenem 6i0H0GACHHS NOYAMK 08020 cmany ingpopmayii (BTpa-
TaMH) ClIOCOOU CTUCHEHHS NIOAUTAIOTH Ha 6€3 BiIHOBJIEHHS TIOYaTKO-
BOro craHy iHpopmalii, 3 4acTkoBoIO ii BTpaToo Ta 6e3 BTpaTH
iHpopmauii (3 noBHMM ii BixHOBNeHHAM). IL[0 CTOCYETHCH OCTAHHBO-
ro moainy cnoco6is cTHCHeHHs iHpopmauii, To 10 mepwoi rpynu
HaJIeKaTh HAMNPUMITHBHILI, 2 10 APYroi Ta TPeThOi IPyH — CKITa-
Hiun # edexTuBHiL cioco6u.

Tak, no BimoMux cnoco6is crucHenns inpopmauii 6e3 BigHOB-
JIEHH 11 I0YaTKOBOI'O CTAHY MOXHa BiTHECTH CTHCHEHHS 3a JI0NO-
MOTOI0 ITOAiY KOI0BOT KOMOiHALIT Ha Kinbka yacTuu [19, 22, 42] i
3 IOPO3psAHUM 3cyBoM [42]. i criocobu 3aCTOCOBYIOTCS yXe pint-
KO, OCKITbKM HE IrapaHTYIOTh HOBHOTI'O BiTHOBJNEHHS CTUCHEHOI iH-
(opmauii 3 TOYKH 30py HEOXHO3HAYHOCT] YTBOPEHOI IPH CTHCHEH-
Hi IOCIIIAOBHOCTI CUMBOJIIB.

Y Toii Xe 4ac croco6u 3 YaCTKOBOIO BTPATOI0 iHpopMaLii MaloTh
crienuivHe 3acTocyBanus [22] , KON yacTKOBA ii BTpaTa Maiixe
HE MO3HAYAETHCS HA SAKOCTI BiIHOBIIOBaHOI iHdopMauii. Tomy B
TiAPYYHUKY PO3TIANAIOTHCS TUIBKH CIIOCOGU CTUCHEHHS, IO rapaH-
TYIOTb TOBHE BIIHOBIEHHA CTHCHeHOI iHbopmawii i sKi mpoko
BHKOPHCTOBYIOThCS B CHCTEMAX 30UpaHHS, IlepeaBaHHs Ta 06po6-
JIeHHs iHdopMallii.
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9.2.1. CNNOCOBU CTUCHEHHA JARWX NPU NMEPELAYI

Po3rnsiHeMO KijIbKa HAaHNOUIMPEHIINX cocobiB CTUCHEHHS Ja-
HMX, 5IKi 3aCTOCOBYIOTBCSA IIPH Nepeadi ix. Jlo HUX HajiexaTh JIiHii-
Hi, MaTpHuHi, KOMOIHOBaHI Ta KacKaIHi cnoco6H, M0 rapaHTyOTh
MIOBHE BiAHOBJIEHHS IIOYATKOBOr'O CTAHY CTHCHEHOI Ta NepeJaHoil
iHpopmauii.

Jliniiini cnoco6u. Crnucnenns 0anux i3 6UKOPUCIMAHHAM 3aMiCMb
noemopens dodamxosux cumeonie. Lli cnocobu rpyHTYIOTbCSA Ha
3aMiHi MOBTOPIOBAHKX €IEMEHTIB AESIKUMH YMOBHHMHU CUMBOJIAMH.
Bonu € eq)eKmBHnMH B TOMY pasi, koju MacuBH iHdopMauii, gki
NOMAIOTHCA Y BUIMISAI PAAKIB 200 CTOBMLIB, PO3TAIIOBAHUX Y 3pO-
CTAalO4YOMy NOPAIKY, MAIOTh OIHAKOBi 3HA4YEHHS eJIEMEHTIB B OJI-
HMX i TUX CAMHX PO3PAAaX, [0 XapaKTEPHO [UIT TEXHIKO-eKOHOMiY-
Hoi iHdopmanii. Take CTHCHEHHS JaHHX A€ 3MOTY CKODOTHTH MacHB
y Kinbpka pasis [42].

Tak, SKIIO eJIEMEHTH IOBTOPIOIOTEHCS Ha TIOYATKY PSIKIB (CTOBII-
1iB) BITHOCHO MONEPEHIX, TO 3aMiCTh BUKIIIOUYEHUX PO3PSILIB Y Ma-
CHB YBOJIWTHCH 3HAK ITOALTY P , AKUM Ja€ MOXKJIUBICTh BiIIOerMPITH
€JIEMEHTH B 3rOpHyTOMY MacHsi. Ilpu p03F0pTaHHl 3aMICTh 3HaKa P
TIOHOBIIOIOTH BCi MIPONYILEHI PO3PAAH, sKi Oy 0 eNeMeHTa, 1o
3HAXOIMBCA G€3M0CEPENHBO 33 P B CTHCHEHOMY TEKCTI. 3aIIHC 3HAKIB,
SIKi 3HAXOOATBCS IIC/s P, BAKOHYETHCH 3 KiHISA PsIKa (CTOBMLSA).

SIK nIpUKNag poO3TITHEMO MACHB, y AKOMY iH(popMallilo 3aNHCaHO Y BUTIIA-
Oi PAAKIB, IO CKIAAAI0THC 3 BOCBMH JIECATKOBHX 3HaKiB:

39145680 56718329
39145686 56718343
39167596 56729462
39145721 567183438
39145638 56717631

3ropHyTHii MacuB iHpopMauii MaTHMe TAKMH BHIIISA:

39145680 29p43p29
p6p67596 762p1834
p45721p6 8p7631
38567183

Po3roprky BUKOHYEMO 3 KiHUA MacuBy. I1py LibOMY Ha HACTYIHHMii PSAIOK
nepexoauMo a6o micns 3aNoBHEHHS pAnKa, abo Npy 3HaKy MOAINY p:

39145680 56718329

....... 6 ......43

.67596 ...29762
...45721 ...18348
..... 638 ....7631

Ilicns 3anoBHEHHs MPOMYLIEHHX LUGD 32 aHANOTIYHNMH PO3PAAAMH TIO0-
MepenHbOro psaaka AicTaeMo MacuB iHdopMalii, akui 6yB 10 CTHCHEHHS.
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Henoikom 1bOro crnocoby CTUCHEHHs iHpopMallii € HEMOXIIH-
BiCTB HOT'O 3aCTOCYBAHHS 10 BIOPSAKOBAHUX MACHBIB, Y AKHX MOB-
TOPIOBaHI PO3PSIIH 3yCTPIYaIOTHCS HE HA MOYATKY psakiB (CTOBI-
LiB).

JInis 3ropTaHHs MacHBiB, y IKMX B OHOMY PAIKY (croBmiti) € TiNlb-
KM OJIHA TTIOBTOPIOBAHA IUIMHKA, MOXHA BUKOPHCTATH BUILE3raa-
Huit croci6 3 yBeaeHHaM aoaatkoBoro cumsony K (kiveus paaxa,
croBnus). IIpy IbOMY pO3rOpPTaHHS MacHBY BELCTHCA Bin K no K.
B pasi dikcoBaHOi JOBXMHHU PsiKa (CTOBILS) BCI PO3PANH, AKi 3Ha-
xoasteca Mix K, pazom i3 mponymueHuMH po3psaaMu MaloTh yTBO-
pIoBaTH NOBHMI psifok (cToBneup). Tax, [IOYATKOBUH 1 3SrOPHEHHH
O PANKAX MACHBU MAaTHMYTb BHIJISAI

47536891 47536891
47536432 Kp432K35
35536690 p690K69p
69536241 241K7pl10
79536210 K8p802KI
89536802 6pK63pK4
16536802 69p5Kp34
63536802 8K
46936805

46936348

[TOHOBIIEHHS MAaCHBY MOYXe€ BUKOHYBATHCS 3 TI0YaTKy 260 3 KiH-
1s. 3a HAZBHOCTI B PAAKY (CTOBLI) KiTbKOX IIOBTOPIOBAHHX Iins-
HOK 3aMiCTh P BBOAATD CIELiajibHi CHMBOJIY, HIO BKa3yIOTb HeoO-
Xi/iHy KiTbKicTb MpormyckiB. [TpH 1boMY HEOOXIAHICTb Y cumborni K,
KMl BU3HAYAE KiHelb paaka (crosmus), Bignanae. Tak, AKIO A1
[103HAYEHHS 3aJaHOI KUIbKOCTI IPOMYCKIB y PSAKY BBECTH BiAIIOBLI-
HO cumBosH X — 2, ¥ =3, Z — 5, TO IOYAaTKOBHIA 1 3STOPHEHNH MacH-
BY JECSTKOBMX 3HaKiB MATUMYTh TAKHH BUIJISAA!

23456785 23456785

63456798 6Z98XT7XX
63756792 224YY893
24756792 X2311ZXZ
89356231 48938Y5X
19356231 2Y7Y172X
19356489 X0
38356589

28357589

17257580

PO3ropTaHHsA MacHBiB NPU LbOMY COCOO] CTHCHEHHS BUKOHY-
€Thes 3 iX 10YaTKy 260 3 KiHIif, 2 3alOBHEHHS BiAMOBLIHOI KUTBKOCTI
IPOINYCKIB 3aMiCTh JOAATKOBUX CUMBOIIB X, Y, Z — niepeHeceH-
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HJM BIANOBIAHOI KiILKOCTI CHMBOJIIB, fK1 3HaXOAATHCS HA OMHOM-
MEHHHX PO3psaiax MonepeaHbOro psaaka:

23456785
6..... 98
ST 2
24 ... ..
893 ..231
1o.... ..
.....489
38...5.

2...17.

172....0

Cmucuenns inghopmanii GUKTIONEHHAM OaHUX, AKI ROEMOPIOIOMLCA
@ pisnux ¢aiinax [42). 3a uuM cnocoboM BUKOHYETHCA TaKa HIEK-
cauis (aapecallis) JaHUX, SKa Ja€ 3MOTY JOCATTH JIOTi4HOi Ta (izny-
HOI He3ajiexHocTi iX. [Ipn LubOMy NOBTOPIOBaHI aHi MOXYTDb Bif-
HOBJIIOBAaTHCA 6araToOKpaTHUM 3BEpHEHHAM 1O OAHOro i TOro ca-
MOT0 NOJIA 3aMHUCYy.

Cmucnenus ingopmayii 6uKIIONeHHAM NOGMOPIOGANUX CUMBONIE
[42]. BUKOHYETLCA BOHO BBEJEHHAM IBOX ZONATKOBHX CHMBOJIIB,
O/IMH 3 AKHMX yKa3ye€ NOBTOPEHHS, a IHIIMi — KUIBKICTB iX (Kuib-
KICTBb JliTEp, 10 NOBTOPIOIOTHCA B NECATKOBIN CHCTEMI YHCIICHHS).

Hanpuknan, nepenik BUpo6iB npunago0yniBHOro 3aBoay:

1. 'enepatop curHanis Hu3bKkoyacTotTHui I'3-109.

2. T'enepartop curHaniB Hu3bKoyacToTHuit ['3-112/1.

3. I'enepaTop curHais cneuianbHoi popmu I'6-26.

4. Ocuunorpag C1-81.

5. Ocuunorpag C1-83.

6. Ocuunorpag C1-65

y CTHCHEHOMY BUTJISAAI MOXHA [TOJATH TaK:

1. I'eneparop curHasis Hu3bkovactoTHuit '3-109.

2.*%36—12/1.

3. * 17 cneuianbHoi popmu I'6-26.

4. Ocuunorpag C1-81.

5.¥14—3.

6.* 13 —65,

Je * — 3HaK NOBTOPEHHS, a UM(PH MICAA HBOTO — KUIBKICTb I10-
BTOPIOBAHHUX 3HAKIB.

Ipu BiTHOBNEHHI AAHKUX PO3TOPTAHHA BUKOHYETHCA 3BEPXY BHU3
i cripaBa HaiBo.

3onne cmucnenns ingpopmauii [42). Y usomy pasi BpaxoByeThCS
Te, 1O 3aNHKC AaHUX ¥ namM’ats EOM 31iiicHIOEThCS 32 ZOTTIOMOT 010
BOCBMH BOCbMUOITOBUX CIIiB, SKHM CTaBIATHCA Y BIAIIOBIAHICTD Jli-
Tepd Ta UHdpHU NMOBIAOMIIEHH. BUKOpHUCTaHHS BOCBMHUOITOBOrO
8 1-195
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cnosa (6aiiTa) nae 3Mory 3akoaysaTH 28 = 256 3HaxiB, ToAi AK pea-
JIBHI ancbasi’m 3 ypaxyBaHHAM uudp i JeSKHX JOMOMIXKHUX CHMBO-
niB MicTaTs 10 50...60 3HaKiB, TOGTO A KOAYBAHHS 1X n0'rp161-u
I’ ATH-1eCTHGITOBI KOMGiHALLT Ta aHANOTIYHI CTPYKTYPH KOMipOK
nam’sti. [isa-Tpu 6iTH, IO 3aIMIIAIOTHCA, HE BUPILUYIOTH NpobneMy
cTHcHeHHs inopMaii, OCKIIbKH 32 iX AOIIOMOTOI0 MOXHA 3aITHCa-
TH TUIBKH 4...8 3HaKiB.

OnHax, SKIIO BUKOPUCTATH TiB6aiiTa 1uis 3anucy 24 = 16 3HakiB
aesxoro abcrpakTHOro angasity, a MOTIM 3aKOAYBAaTH MOBIZIOM-
JIEHHS B IbOMY ¢ = 16-3HaK0BOMY andasiTi 1o m = 2 3HaKH B KOJI0-
BOMY CJIOBi, TO OHUM 6aiiTOM MOXHA NepeaaBaT Ti cami N = ¢ =
= 16% = 256 3HaKiB.

Lieit 16-3naKoBHit andasiT MOXHa MOOYIyBaTH Tak, o6 13 sixic-
HHUX O3HaK BUKOPHCTOBYBAJINCA K OCHOBHi CHMBOJIH, & TPH — SK
JonoMixHi. Takuii andasiT MaTUME BUIJIAL

0. 0000 4. 0100 8. 1000 C. 1100
1. 0001 5. 0101 9. 1001 D. 1101
2. 0010 6. 0110 A. 1010 E. 1110
3. 0011 7. 0111 B. 1011 F. 1111

HMepuui 12 cumBonie ymoBHO HasuaTuMmemo LIMMPA, a pewrry
4 — 30HA (cniBBifHOIIEHHS «UUdP» 1 «30H» MOXKXHA 3MIHIOBATH
Bin8:8m015:1).

YMOBHMOCH, 1110 B KOJIOBOMY CJIOBi BTOPUHHOTO asipaBiTy nepii
YOTHPH PO3PAIM 3aBXKIH CTAHOBHTHMYTH 30HY, 2 YOTHPH iHLI —
mbpy. KibKicTs MOXIMBHX KOMOiHALliH BTOPHHHOTIO andasity B
JaHOMYy pasi Oyne N =4 - 12 =48,

JInst BUKOHAHHS 30HHOI'O CTUCHEHHS iH(popMauii noTpibHo 3Ha-
KM BTOPHMHHOrO ajdasity po36uTtu Ha 30HH. [Ipu upomy, Axio B
TEKCTi 3yCTPiYaloThCS MOPYY 3HAKH, AKi HAJIEKATD O ONHIE] 30HH,
HoMep il BKa3yeThCA TUIBKH Nepel MEPLIMM 3HaKOM, a 3aIIMC HaCTy-
HHX 3HaKiB OOMEXYETHCA 3a1IHCOM LHGPOBOi YaCTHHH iX.

Jlns Toro o6 3Haky, siKi MalOTh OJHAKOB] 30HHU, YTBOPIOBAJIN
6iypIn JOBri MOCHIAOBHOCTI MPH CTBOPEHHI KOJOBHUX CIiB, Y BTO-
pHHHOMY aJipaBiTi HEOOXiIHO BPaXOBYBATH CTATUCTHYHI XapaKTe-
PHUCTHKH aiaBiTy, 3 SKOTO CKJIaAAIOTHCA TEKCTH, fAKi ci1ix 06po6-
naTH. BaxaHo TakoX BpaxyBaTH HMOBIPHICTb Pi3HHMX CIIOTY4YE€Hb
JESKUX 3HAKIB.

EdexTHBHICT PO3GUTTS Ha 30HH BCTAHOBIIIOIOTh 32 IOTIOMOTOI0
MOTEHIIAJILHOTO Koe(iLiEHTa CTUCHEHHS, SKHUI BU3HAYA€THCS BHU-
pa3zoM

K_ = NN,
ne N, N,— BilnoBifHO KUIbKICTh 6aHTiB y IEPBUHHOMY Ta CTHCHE-
HOMY TEKCTax.
226



CrucHeHHs indopMallil BinOyaeTbcs TINBKU TOI, KOJIH HAaCTYyI-
HMI 3HAK Y TEKCT] HaJleXaTuMe 0 Tiei caMoi 30HH. ToMy HMOBIp-
HicTh wi€i noxii

Pi=a®+ b +cl+d?,
ne a, b, ¢, d — WMOBIPHOCTI TOTO, 110 HACTYNHUHA 3HAK HAJIC)KHTD
BiANOBiAHO nepuiiit, ApyrTiii, TpeTiil Ta yeTBepTii 30HaM.
ImoBipHicTh BiacyTHOCTI cTHCHEHH# iHdOpMaLii
Py=1-P,

TTpu CTHCHEHHI Ha KOXHMit 3HaK BilBOAMTHCH MiBGaiita, a npu
fioro BiACYTHOCTI — noBHHUH 6aitT. TakuM 4HHOM,

N,=N,P,)2+ Ny(1-P);
K. = Nl _
T NMB/2+N,(-R)"
1 _
(@2 +62 +c2 +d? )2 +1-a% b2 -2 -d?
— 2 4
2402 +b% +c +d* -2a% -2b% ~2¢% -2d?
- 2 .
2-(a? +b? +c? +d?)

Posnoain nitep ykpaincbkoro andasity Ta 3HaKiB HA YOTHPH
30HHM HaBeeHo B TabJ1. 9.1, Ie BpaxoBaHO YaCTICTh MOSABH iX Y TEKCTI.

Tabnuya 9.1
3oHa :
C D E F Kon 3HaKa
B 30Hi
Jlitepa Jlitepa Jlitepa (3nax) | Ludpa (3Hak)
Ipo6in M @ — [}
o In 10 1 1
E € i1 2 2
A 3 1 3 3
P K 4 4 4
J pas X 5 S
T A X 6 6
H y IO 7 7
B b s 8 8
I B . 9 9
U " ; ! A
C L : 2 B
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PosrnsHeMo cTucHeHHs iHdopManii Ha KOHKPETHOMY IIPUKIAAI.

3akonyemo takHii TekcT: «[locTiftHuil 3anamM’ATOBYIOUHii IPUCTPIit € He-
Bil’EMHOIO YACTHHOIO eIEKTPOHHOT 06YHCIHIOBANILHOT MALIHHKY. Y 3aKOA0Ba-
Hiii 33 Roniomoroio Tabu. 9.1 GopMi BiH MaTHMe BUIIIAL

DI1C1B69DACTADACOD3C3D1C3DOESD6C618D7E74CA
DACOD1C4AB649DAC0OD2C07289D5SE8D20C71E7COE4C3
B6A71E7C0252D4C641771901 DIE4CABSE7C835D8C7190D0
C3E2CAT7AE9

Koeoiuient cruchenns texcry K_ = 1, 3.

Cmucnenns inpopmayit IMEHWEHNAM PO3PROHOCI KODOBaNUX Cllig
{42]. 32 uumM cmoco60oM edexT cTUCHEHHS iHbOPMaLil JOCATAEThCS
3aBIAKH TOALTY ITOCTIAOBHOCTI HaNIepeR YIOPSAIKOBAHMX YHCEI Ha
KiIbKA OJTHAKOBMX BiJpi3KiB, BCEpeAHHi IKUX BiIUTIK BEAETHCA He 32
ix aGCOMOTHMM 3HAYEHHSM, & Bill MEXI NONepeiHBOro Binpiska. Ilpu
LbOMY YTBOPEHa PO3PAMHICTb YHCEN 6yne 3aBxXIH MEHILA Bij po3-
PARHOCTI BiAMTOBiAHUX peanbHHUX YHCEN, VIS 40TO B nam’sati EOM
HeobXinHOo 36epiraTH 1i CTHCHEHI YHCa 3 PO3PSAIHICTIO MEHILOIO,
HiX pO3PAAHICTh peaibHUX YHCEIl.

€muicts naM’aTi (aBiiikoBux pospanis) EOM nis po3milieHHs
N KopfiB BUBHAYAETHCS BUPA3OM

@ = Nlog,M, (9.16)

Je M — KinbKiCTb KOZiB, IO po3MiliyioThed B nam’ati EOM.

Sk punuBac 3 (9.16), 3i 36ubmIeHHAM M 3pOCTaE IOBKHUHA KO-
noBoi kombiHauii (log,M). ToMy mna eKkOHOMIi EMHOCTI Nam’ATi
gucno 248, M (ge [log,M] oxpyrnseTscs 10 HaiOMKXHOrO LLIOro
4ycia) po36nBaeTbcx Ha L oaHakoBHX 4acTHH. MakcumanbHe yuc-

JI0 B yTBOPEHOMY iHTEepBaIi yucen Oyae He Ouiblie logZT , 4 €EM-

HiCTh mam’aTi juis ix 36epiranns @7 = Nlog, % .

Slxmo B nam’siti EOM 36epiraTi Takox apecH Mex BiJpi3KiB i
NIOPSAKOBI HOMEPH YHKCEN, 110 30epiraloThes, BIUTIK AKHX BEAECTHCS
BiJl 4eproBOi MeXi, TO PO3PAAHICTD YHCEN IS 3anHCy HoMepy Mexi
MOXHa BU3HAYHTH 4K log,(N - 1), a eMuicTh mam’ari ans 36ep1raHHﬂ
Homepm mex — sk (L- l)log (N - 1), ne (L — 1) — KUIBKICTb MEX .
MiX Bifpi3kaMmy, npuyomy (L -DS(N-1).

3aranbHa eMHicTh nmam’ati EOM 3 ypaxyBaHHAM BHKIaZEHOTO
BU3HAYAETHCA BHPA30OM

Q’=Nlog2%+(L—l)log2(N—l). (9.17)

Sxmo npoaudepenuiosaty (9.17) no L i npUpiBHATH NOXiAHY
N

JI0 Hy/Is, TO QICTAHEMO 3HA4YeHHS O TV

min K€ Oyme mpu L. =
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€MHICTb naM’sTi NPH ONTHMAJIBbHIMN KiJIBKOCTI 30H, Ha fKi po36uBa-
IOTBCA YHCHNA, 1O 30epiraiotecsa B nam’ati EOM, suaiizemo micns
nigcraBnenus B (9.17) sHaueHHs L.

Q’=Nlog2%1i,nﬂ-log2 (N-1). (9.18)

IIpu N > 100 MoxHa KOPHCTYBATHCA NPUOIU3HOIO GOPMYIIOI0

Q"=Mlog, _____eM}}/nN .

o6 3HaiiT indbopMauio, 3anucany B nam’ste EOM, croyat-
Ky BH3HA4aloTh L ., a NOTiM — 3HAYEeHHA iHTEpBaiB MiX JBOMA
MeXaMH

2[log2 M]
=‘-——L— N
Jne [log, M] — okpyriieHe 10 HaGIMKIOrO LISIOTO YHUCIIA 3HAYEHHS

log, M. ITicns HbOTrO BCTAHOBIIOIOTD IHTEPBAJI, y IKOMY 3HAXOAHUTBCA
WyKaHe Yucno X

K=XIC.

Anpeca HIyKaHOrO YHMC/IAa BU3HAYAETHCS SK PI3HHLSA MiX HOro
aBCoOMOTHUM 3HAYEHHAM 1 YHUCTIOM, IO € 'PRHHYHMM JUIS LbOTO iH-
TepBany.

Burpaill y eMHOCTI naM’sTi BU3HAYAEThCA AK

AQ=Q-Q'=Nlog2M—Nlogze—M-]gﬂ—logz(N-l).

Po3rsisiHeMo KOHKpeTHHI IPHUKJIa.

Sxuo M = 800, X = 300 i N = 25, To noiuyk uucia 500 BereMo 3a TaKow
NOCILTOBHICTIO:

[log; 800)
=—g§..=2—5=8; C=;2—-2———=!£2"4—=128;

In25 322 L 8
—i:m‘
K= c-1% 3I>K>2.

Orxe, MwykaHe YHCIIO IEKHUTH Y TPETHOMY iHTEpBAJ, A€ 3HAXOAATHCA YHC-
na Bixg 128 - 2 = 256 no 383 = 256 + 127 (momaemo 127, a He 128, ockinbku B
iHTepBaNi 3HAXOAUTHCA BCbOro 128 umcen, 3 AKuX ogHe — Hynb). [Topsiako-
B HOMEp YUCIa BU3HAYAEMO K PI3HHLIO MiX LIYKAHHM YHCIIOM i YHCIIOM,
IO € TPAHHYHUM U1 LIYKAHOTO iHTepBany:

300 - 256 = 44,
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3HaxoZMMO BHUrpall y €MHOCTI maM’aTi AQ:
Q = N log,M = 25l0g,800 = 25 - 10 = 250 aBiitkOBHUX PO3PANIB;

2,3-800In25 _
25

=25l0g,237=200 ABifKOBHX pO3pALiB;
AQ = Q- Q" =250 - 200 = 50 ABiliKOBHX PO3PANIB.

0" =Niogy M "V =2510g,

Cmucnenns ingpopmayii 3aminoto deaxux Kombinayii aimep oou-
nusnumu cumeoramu [42). Leit cnoci6 rpyHTYeTbCA Ha 3aMiHi
JesIKMX CIIONy4eHb JIiTep, sKi HaluacTille 3yCTpivaloThCA B TEKCTi,
OIMHUYHHMH CHMBOJIAMH Y BUIJIA ABIHKOBHX KOTOBHX KOMOiHa-
1ii#d, O HE BAKOPHCTOBYIOTHCS JUIS ITOJAHHS 3HAKIB i CUMBOJIIB IPH
konyBaHHi sk B EOM, Tak i npu oOMiHiI JaHHMH 32 JONOMOrOK0
JIHIMH 3B’43KY.

Tak, ans noaanus andasiTHO-LHbPOBOi Ta CIyx60BOi iHPOD-
Maiii B kogax KOI-8 i ITKOI 3 256 MOXJIMBHUX HE 3aCTOCOBYIOTHCS
167 cuMBOIIB, 5Ki HE MaIOTh rpadiYHMX EKBIBANEHTIB. 3a LM CIIO-
cob0oM cTHCHEHHs iHhOpMaLli NPONOHYEThCA BUKOPUCTATH LIEH
pesepB 1A KoAyBaHHs 6irpam, o Haiyacrile 3yCTpIYAIOTHCA B
TekcTi. EQEKTHBHICTD CTHCHEHHS HAYKOBO-TEXHIYHHX TEKCTiB NIPH
upoMy pocsrae 40 % i Ginbure. Januit crnoci6 MoXHa NOWHKPUTH
TAKOX Ha 3aMiHy B TEKCTI CIOJy4eHb 3 TPHOX i Ginbiue siTep.

Cmucnenna inpopMayii GUKOPUCMAHHAM AOARMUGHOZO KOOYEaH-
#s [8]. BOHO 3 yCIiXOM 3aCTOCOBYETHCA TPH Tlepeaati TeXHIKOo-eKo-
HOMIYHOI, CTaTHCTHYHOI Ta iHWHKX BUAIB indopmauii, e, AK mpa-
BHJIO, yKe BUCOKA BipPOTIAHICTh NMepeaayi noTpiGHa He 3aBXIH.

Bumoru 10 BiporiaHocTi iHpopMauii MOXKYTb KOJIMBATHUCH B
LIMPOKHMX MeXaX 3aJIeXHO Bill XapaKTepy MoBinoMieHb. Tak, npu
Tepeayi CraTHCTHYHOI iHpOpMaLii PO KiMbKICTh BHUpOOIIEHO1 NPO-
AYKI{i TOMHJIKA B MOJIOAIUMX PO3pAAax MOBIAOMICHHS (necATKH
TA ONMHMLI) MEHILE BIUIMBATUME Ha NMPABWIBHICTb NEepeaHol iH-
dopmauii, HiXX COTBOPEHHS CTAPIIUX PO3PAAIB (MINbHOHHU T2 TH-
cstui). TIpu mepeaayi TEKCTOBHX MOBIAOMIJIEHD BILUIMB NIOMMIIOK Ha
nepenavy e MEHILHA.

TakuM YMHOM, JOLNIBHO NEPEIaBaTH NOBIIOMIICHHS 3 33/1aHOI0
BipPOTIIHICTIO Y BiAMOBiJHUX MEXaX, BHKOPHCTOBYIOYH a1aITHBHE
KOYBaHHS BiIHOCHO JKEPENa MOBiOMIIEHb, IO [1a€ 3MOTY 3abe3-
MIEYHTH BipOTiAHICT iHMOpPMaLii, KA NEPEAAETHCA, 3ANEKHO BiJ
BMMOT JiKepena HOBiIOMJIEHD.

JUj1s ubOro MOBiIOMIIEHHS HEOOXIIHO MOALINTH 32 KaTeropisaMu
3 3a1aHOIO BiporiaHicTio nepeaayi. Ha noyaTky KOXHOi Kareropii
B iHOpPMaLlil0 BBOAATHCS AOAATKOBi CIIyX60Bi xoM6iHauii, axi npu
HAJXODKEHHI B Kozep (i yac nepefaBaHHs) Ta AEKOAEp (mig yac
NpUIiMaHHsA) CUCTEMH Nepenadi nepebyaoByIoTh ix. ITepebynoBa
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KOZ€epa MOXXe BUKOHYBAaTHCA TAKOX 3a CHFHAJIaMH Bii aHanizaTo-
pa indopmailii, AKLIO BiH yCTAaHOB/IEHMIi HA BXOIl CHCTEMH Tiepejayi.
AmnanizaTop 06po6isie iHpopMauilo, 10 HAAXOAUTH BiJl JuKepena
HOBIZIOMIJIEHD, i OALIAE ii Ha KaTeropii.

s nepenadyi AOUiNbHO BUKOPHCTOBYBATH TPHU KaTeropii iHgop-
Mauii 3 pi3HOIO BIPOTiAHICTIO (3 Pi3HOIO HMOBIPHICTIO OMMJIOK):
1073...10* — mnst nepenayi texcris; 1075...10°— nna nepenayi ung-
POBHX MOBiIOMIIEHB Bil OMMHHLD KO THCAYI; < 106 — nns nepenaui
uHQPPOBHUX NOBIJOMIIEHD OiNbILE THCAYI Ta By Ab-AKHX dy’Ke BasKIIH-~
BUX LM(POBHX i TEKCTOBUX NOBitoMIIeHs. TTpuHLMNHM oaity iHdop-
Mallii Ha KaTeropii MOXyTh 3MIHIOBATHCS 3AJIEXHO BiJl KOHKPETHHX
YMOB i BUMOT.

Tepenauy inpopMmauii 3 pi3HOIO BipOTiAHICTIO MOXHA 3abe3ne-
YMTH 3MiHOIO criocoOy xonyBaHHs. Tak, Aiua nepenaui indpopmanii
10 NPOBOJIOBHX KaHaJax 3 Biporianicrio 1073...10# gocuTs 3acrocy-
BaTH NBiKKOBHH NepBUHHMIT Ko 6e3 yBeieHHs Oy Ib-1KOTO 3aXHCTY
indopmauii; 3 Biporiasictio 1075...10-5 — ngiiikosuii kox, 110 BHSB-
J1si€ IOMMIIKH, a 3 BiporianicTio < 10~ — kon, skuii Bunpasnse Bin-
TNOBiHY KiIbKiCTh moMunok. Toxi ans nepenauyi, Hanpuknan, 32
KOJOBHX KOMOiHaLi# IX JOBXKHHA B NEPUIOMY BUNIAJIKY CTAHOBHTHME
n, =35,y apyromy —n, =6...7,y TPEThOMY — 13 = 8...12 enieMenTiB.

CepenHs J0BXHHA KOAOBOI KOMGiHALT PH BUKOPHUCTaHHI afar-
THBHOTI'O KOJYBaHH 3aJIEKaTHME BiJl TPOLIEHTHOTO CITiBBiIIHOLIEHHS
TIOBIIOMIIEHb Pi3HOI KaTeropii i 3aranom Moxe 6yTH BU3HAYEHA AK

n _nlNl +H2N2 +n3N3
cep N ’

Ie ny, ny, Ny — NOBXHHH KOJOBHMX KoMOiHaLii mpu nepenadi nogi-
ROMIIEHb MEPLIO, APYroi Ta TPEThOI KaTeropii; N,, N,, Ny — Bia-
MOBIHA KUILKICTh LUX KOMGiHaliil; N — 3araibHa KUIbKICTB iX.

KoedinieHT cTicHeHHs iHbopManii MOXHA BU3HAYHTH K Bif-
HOIIEHHs1 MAaKCUMAJILHOI JOBXHHHU 1 KOJOBOI KOMOiHawmii 1o ii ce-
PEIHBOI JOBXUHHU Peep

K.= n/ncep.

Hanpuxnaa, npu nepegaui N = 1000 nosinoMieHn, 3 skux N ,' =
=700, N, =200 i N; = 100, saxumio n, = 5, n, = 6, ny = 8, MaTUMEMO
n =2:-700+6-200+8-100

cep 1000

1 KoediLliEHT CTUCHEHHS

=5,5 enemenTa

K., =%.~.1,45.
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Crucnenns inpopmanii 36insuiennsm ocnosu kody. I pyHTyEThCH
BOHO Ha NEPEeXOYBaHHi KOJXOBAHUX NMOCTHAOBHOCTEH CUMBOJIIB CH-
CTEMH YHCIICHHS 3 MEHILIOK0 OCHOBOIO B CHCTEMY 3 611100 OCHO-
oo, Tak, sKxuo iHpopmaliiinuii MacuBs, AKH CKIANAETHCA 3 NBiA-
KOBHX €JIEMEHTIB, TIOATH Y BiCIMKOBI# 260 LIICTHAAUATKOBI#H cucTe-
Mi uMcIieHRs (To6TOo NepeKoAyBaTH HOro), TO 11e pUBee 10 3Hau-
HOT'O 3MeHLIEHHH KUIBKOCTI €JIEMEHTIB MAacHBY (B KiTbKa pas3iB):

00000101001110010111011 1)
001010011100101110111000
010011100101110111000001
011100101 110111000001 01 0y_iq.
10010111011100000101001 1[4
101110111000001010011100
110111000001010011100101
111000001010011100101110)
01234567 05 3 9 7 1)
12345670 2 9CBB 8
23456701 4 ES5DC.I
34567012y _2.72ETEO0 Aly_
456701 2326449 7 7 ¢ 5 3N=%8
56701234 BB S 20 C
67012345 DC 1 4E S5
7012345 6 EOA 7 2 E

TIpK 1BOMY KOEDILIEHTH CTHCHEHHS TIEPBUHHOTO MACHBY [IBii-
KOBHX €JIEMEHTIB y BiCIMKOBY 1 IIiICTHAAUATKOBY CUCTEMH YHCIIEH-
HS CTAHOBUTHMYTb

=——-=———=3; K =-——=——=4,
cr8 ctl6 N3 48
TO6TO 3aJ1eXkKaTh Bifl KIILKOCTI GiTiB, 1110 HECE OIMH eNIEMEHT iHdOP-
MauiiiHoro MacuBy (y BiciMkosiii cuctemi 8 = 23 — 3 Gir/enemenT, y
IiCTHAAUATKOBIH — 16 = 24 — 4 6it/eneMeHT).

Marpuuni cnoco6u. J1o eheKTHBHIX MATPHYHHUX C1OCOOIB CTHC-
HeHHs iHpOpPMALlii TIpH Tlepesadi JaHNX HANEXHUTb cnocib 3i 30epi-
2annam ampubymis y euzasdi 6imosoi mampuyi [42]. T1pn upomy cno-
cobi ckiHueHHa KinbKicTh aTpubyTiB (Tabn. 9.2) BUHOCHTHCA B Nep-
Iy 4acTHHY («WIANKy») MaTpuili, TNOM sikoi € HaGip IBIHKOBHX
eJIEMEHTIB, 3 IKMX | 03HaYae HasBHICTD, a 0 — BiICYTHICTb aTPUOY-
Ta (Tabu1. 9.3). «Illanka» 6itoBoi MaTpHU Ta ii TiTIO MOXYTb 36€pi-
raTHCS Ha pisHMX AinsHkax nam’ati EOM.

3HauHUIA eeKT CTUCHEHHS A€ iHIHI Mampuunuii cnocib i3 3a-
MiHOI0 eneMenmis, 110 TIOBTOPIOIOTHLCSA Ha JiesiKiii rutomi indopmawii-
HOT'O MacHBY, ONMHMYHHMM €JIEMEHTaMH, fIKi HECYThb O3HaKM LiMX
ninsHOK Macusy [8]. Tak, Ko BBECTH CHMBOJIM, 1O BiAOHBAIOTH
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Tabauys 9.2

Howmep
BUPOOHHYOT THN KOMIUICKTYBaJIbHOTO BUPOOY
OUTBHALE
0001 0301 1017 2216 1100
0012 1008 0011 2001 2216 1017
0015 1100 2001 2000 1008 0301
0117 1100 0011 0301 '
1206 2001 2216 0011 0301 1100 1017
Tabauys 9.3
Howmep Tun KOMIREKTYBaNbHOro BUpO6y
BHpOOHHUOL -

AimeHAL 0011 | 0301 {1008 | 1017 | 1100 | 2002 | 2001 | 2216
0001 0 1 0 1 1 0 0 1
0012 1 0 1 1 0 0 1 1
0015 0 1 1 0 1 1 1 0
0117 1 1 0 0 1 0 0 0
1206 i 1 0 1 1 0 1 1

nesKi o6MexeHi rutowr iHpopMaLiifHOro MacHBY, B IKHX €JIEMEHTH
MOBTOPIOIOTHCS IIOPIBHAHO 3 ONHOMMEHHHUMH PO3pANAMH NONepea-
HbOro paaKa (Hanpuiag, R-2x2,X-2x5,Y-3x2,Z-5x%x3),
T0 iHGopMaLlifHII MacuB

WWLWWN—

NN
WWWWWW
EE R R
N9
o Re Yo Yo Yo, Yo
N-RREN BN BN RN

nicns 3ropTaHHA MaTHUME BUTIAQ

1
2
Y

2 3 45 6
Y 8 R 5 X
8 9 1

7 89
373

2 D W LA OO
O \O OO OO
COOOOO

0
Z

Po3roprka BUKOHYETHCSA 3 MOYATKY MacHBY:

1
2
3

2 34567
A
7

8§ 90
5 ..
3

i
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KoedinienT cruchenns K_ = 60/24 = 2,5.

Cmucnenns ingpopmayii 3 munosumu mampuyamu 3aCTOCOBYEThCS
FOJIOBHMM YMHOM ISl BITHOCHO BENIMKHUX MacuBiB. [Ipu upomy B
nam’sti EOM 36epiralorsCs MaTpHIll ASSKHX HaMMOMHKpPeHilNX
HabopiB CHMBOJIIB, fIKi 3yCTPi4alOThCA B iH(OPMaLiiHOMY MacHBi,
L0 CTHUCKAETHCA. [IJ1s 11bOT0 3a3a1erias aHai3yIoTh indopManiii-
HHUI MACHB, YTBOPIOIOTh THIIOBI MaTPHLI i IPH CTUCHEHHI 3aMiCThb
HaGOpiB CHMBOJIIB, SKi BIANOBIIAIOTS Liif TUNOBI# MaTpuI, B moci-
JOBHICTh CUMBOIIIB iH()OpMalLiiitHOro MacCUBY BBOAATH aApECH LIMX
MaTpHLb.

Kom6inoBani Ta kackaaui cnoco6u. 3 koMOiHOBaHUX CITOCODIB
SIK MPUKJIA MOXXHA HABECTH JIHIlIHO-MAMPUYHE CMUCHEHHA IHpOop-
Mauii, IpH SKOMY NepBUHHMI iHpopMaLiHHNIT MACHB CTHCKAETBCS
3a IOTIOMOT OO IOAATKOBUX €JIEMEHTIB, AKUMH IIO3HA4a10Th 1OBTO-
PEHHSI eNIEMEHTIB y PAKaX NMOPIBHAHO 3 NONEpeHiM (HanpyKiaz,
cumBosamMu K — 2, L — 3, M - 5 1a B OOMexXeHUX AUISHKaX — MaT-
pynsix cumBosamMu X — 2 x 2, Y - 2 x 5, Z — 3 x 5). Toni, sxio
iHpopMaLifHII MaCHB Ma€ BUIIIS

WWWNNON -
SINTEINEIN I NN
WWWWwWWW
AhBBARADD
(L RV RV R RV, RV, RV,
NN
N N N N N R
[CR S F S N N
N=JV-RVRV RV JV-RV.}
Locoococo

TO 3rOPHCHUM BiH MaTHIME TaKUH BUDIIAL;

1 23 45 6 7 8 9 0
2 2Z KS5Y X 6 4 6
X4 3 22X 7 KL M

POSI‘OpTaHHSI BUKOHYETHCA 3 NOYATKY MACHBY:

1 2345671890
2 2 . .5

6 4 6
32 . . 0. 02

7

Koedinienr crucHenns K = 70/30 = 2,33(3).

Kackaoui cnocobu cmucnenns ingpopmauii 3acTOCOBYIOThCS IS
36inbLIeHHS KoedilieHTa cTucHeHHs. I1py 1boMy, sk IpaBUJIO, BH-
KOPHUCTOBYIOThCA KOMGiHALil JIHIAHUX | MAaTPUYHUX CIIOCOGIB.
MojHa yTBOPUTH TaKi KacKaiHi crrocoOu CTUCHEHHS, 1K KOA0-30H-
HUH, KOJO- T2 30HHO-MATPHYHI TOLIO.
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9.2.2. CMOCOBW CTUCHEHHS JAHWX MPU APXIBALLT

IMpu apxiBauii nanux B EOM, Ha Juckax, K IIpaBuIIo, ONepy-
JOTb 3i 3Ha4YHO GinbiMM obcarom iHdopmauii, HiK NpH Tepeaadi
naHux. [TpH 1IbOMyY I71s1 CTUCHEHHS 3aCTOCOBYIOTb apXiBaTOpPH (16,
26]. BaxaHo, o6 OCTaHHI NpawioBatu B peanbHoMy yaci. Kpim
TOr0, BOHH MaIOTh 3a0BOJILHATH JBi BUMOTH: 3a6€3neuyBaTH MaK-
CHMaJIBHO BHCOKI CTYNEHi CTUCHEHHS JaHMX i LIBMAKOCTI NOBUIb-
HOTO ZOCTYIy A0 HUX.

J11st BUKOHAHHS NEPILOi BUMOTH, 3 0AHOro 60Ky, noriyHo Gyno
6 CTHCKATH BCi JaHi Ha JUCKY B LIJIOMY, TOOTO SIK OJITMH HEMEPEPB-
Huit noTik iHdopmauii. [Tpote 3 iHworo 60Ky, B ILOMY pa3si s
3a6e3neyeHHs AOCTyNny HeoOXiHO epenaKkoByBaTH (PO3NAKOBYBa-
TH) Bech AucK. TOMy Ha MPAKTHI BECh JIOTIYHUH MPOCTip AHCKA
po36MBAIOTh HA OKpeMi 00J1aCTI, AaHi B AKUX CTHCKAIOTBCS HE3AJIEXK-
HO Bif iHIINX, a ¢haiiiy NoAaloTh K JAHUIOTH JUCKOBOTO NPOCTO-
py (xnacrepwu).

[1{o6 3anucysaTy AaHi Ha AMCK i 36epiraTi KOOPAHHATH MOJIO-
JeHHs iX [ NOJaNbIUKX ONEpAlliii 3uMTyBaHHs Ta MoaMdikauii,
BHHUKAE HEOOXIAHICTb yBEAEHHS JOAATKOBUX CTPYKTYP JUIsl TUIAHY-
BaHHs 00J1acTeil CTUCHEHMX JaHUX JUCKA. J1o LIMX AaHUX HalexXaThb:
T0YATKOBE MOJIOKEHHS (HOMEP CTApTOBOI'o CEKTOPa) Ta po3Mip cer-
meHTa (KiTbKicTh cextopiB). L{i maHi [uis KOXHOTO Knactepa opopm-
JISIOTHCS Y BULMIAAL AOAATKOBOI TabiHLi Oro AeCKpUITOPIB.

TakuM YHHOM, LIS YUTAHHS JeSKOTO KJIacTepa JOCHTH 32 I0I10-
MOTr'OI0 TaGMHIL AECKPUNTOPIB BU3HAYHTH, JI€ 3HAXOOUThCH ¢par-
MEHT 3 HOTO CTMCHEHHMMH AaHHMH, NIPOHYMTATH Ta PO3NaKyBaTH
Horo.

OnHaK NpY 3aMMCyBaHHi KilacTepa B 06/1aCTh JaHUX KOPHCTYBA-
THCA iHQOpPMALIi€I0 TIPO AMCKOBHI IPOCTIP Y TOMY BUIJIAML, K il
noaHo B Tabnuuli AECKPUIITOPIB, Ayxe cknaaHo. Tomy, sk npaBu-
710, ii MOJAIOTH Y BUIMISIL CITMCKY BLILHOrO MpocTOopy obnacri cTuc-
HeHMX JaHuX. SIK aNTpTepHATHBA MOXe 6YTH YyTBOpEHa TaKoX 6iTo-
Ba KapTa 3aifHATHX CEKTOPIB O6NACTi CTUCHEHHMX AaHHUX [26] .

ITpu 06pobIeHH] 3aNUTiB NpaHBEPOM CTUCHEHOTO TUCKA MOXHA
BUAUTHTH TPH IPYIH AJITOPUTMIB, Ki MAIOTh CAMOCTiHHE 3HAYEHHS:
IITaHyBaHHs JUCKOBOTO [IPOCTOPY, XeLIyBaHHs (OpraHi3allis CTpyK-
TYp JaHHX, o 3a6e3nedye eheKTHBHHA NOMIYK Ta AOTOBHEHH),
CTHCHEHHS/pO3NaKOBYBAHHS.

TIpu apxiBanii CTHCKAIOTh, SIK [PaBHIIO, GIOKH JIAHUX EMHICTIO
1...8 K6aiit, ane npu UsOMy caMi aJrOpMTMH CTUCHEHHS MaloOThb
BHKOPHUCTOBYBATH MiHIManbHy €eMHICTb am’sati EOM.

I3 ainitinux ciocodiB CTUCHEHHS iHpOpMaLil, sIKi HXPOKO 3aCTO-
COBYIOTBCS MPH apXiBawii, MOXKHA BUIUTHTH KOOYSAHHA nomoKie
cumeonie y nesikoMy andasiTi 3 Pi3HOIO YaCTOTOIO MOSBU CUMBOJIIB
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y mortoui. MeToio KORyBaHHS € NMEPETBOPEHHS LBOro NOTOKY HA
HoTiK 6iTiB MiHIMaJIbHOI AOBXMHU. Lle ocsAraeThcs 3aBIAKH 3MEH-
IIEHHIO HAAMIPHOCTI BXiTHOTO MOTOKY BpaXyBaHHSAM YaCTOTH HOH-
BY CUMBOJ1iB HA BXOZI Ta JOBXHHHU KOLY, AKa Ma€ 6yTH nponopuii-
HO10 iH(pOpMallii, IO MICTUTBCA y BXiGHOMY noToui aaHux. Taki
CNOCO6H I'PyHTYIOTHCA Ha BUKOPHCTaHHI ONITUMAJIBHOTO KOYBAHHSI.

SIx1o po3nonin iMOBIpHOCTEH MOSBH CHMBOJIIB Y BXiAHOMY IO-
TOLi JaHHX Hamnepel HEBIIOMHMIA, TO MOXKHA CKOPHCTATHCH OXHHM
i3 1BOX migxoniB. 3rifHO 3 MEPIIMM MiAXOAOM CIiA MEPErIAHYTH
BXiqHMH NOTIK JaHHX i N06yayBaTH ONTUMANBHUH KO (HATIPUKNAL,
xon Xaddmena), IpyHTYIOUHCh Ha HasABHil craTuctuui. [Tpu upo-
My OiCTalOTh BUXiJHMI MOTIK JAHHMX, 3aKOAOBAHHI ONTHMANLHIM
KOJIOM. SIK NpHKiaf BUKOPUCTAHHS TAKOTO MiAXOAy MOXXHA Ha3BATH
cmamucmuyne Kooyeanns Xagdpmena [16]. Y usomy pasi sxigaum
CHUMBOJIaM, HOJaHHM NOCHIIOBHOCTIMH GiTiB OJHAKOBOI JOBXUHH,
3iCTaBJIAIOTHCA MOCIKOBHOCTI GiTiB 3MIHHOI AOBXMHH. JIOBXHUHA
KONy AJIs CHMBOJIY IIPONOPLiifHa (3 OKPYIIEHHsM A0 LLIOro) ABiii-
KOBOMY Jlorapu¢My 4acTOTH Horo nossu, mo GepeTscs 3 0GepHe-
HHUM 3HaKoM. lle xonyBaHHA € npediKCHUM, 1O JA€ 3MOTY IEKOIY-
BaTH HOro oAHONpOXigHMM anroputMmoM. IIpedikcHuii koa 3pyu-
HO IO/1aBaTH y BUTTISAI ABIFKOBOTO KOJOBOI'O IEpEBa, B AKOT'O LLISX
BiJl KOPEHS IO BEPIIHHH BU3HAYAE KO CUMBOJY (OMB. 1.5.7).

Hexail, Hanpuxnan, BXigHu# andasiT CKIAAETHCA 3 YOTHPHOX CHMBOIIB
a, b, ¢ Ta d, ’MOBIPHOCTI NOABH AKHX BiANOBINHO KOpiBHIOIOTL 1/2, 1/4, 1/8, 1/8.
Toni xonom Xaddmena mis uporo andasity 3amicts piBHOMipHOro Komy 00,
01, 10, 11 moxe 6ytn kog a — 0, b - 10, ¢ — 110, d - 111, i Bxinua xom6inaris
abaabbaaacd, 3amicts 0001000001010000001011 MaTume BMrAAA
010001010000110111, To6T0 3amicTs 22 6iT Ha BXoai Ha Buxoi 6yae 18 6iT.

3rifHo 3 APYIMM NiAXOAOM BHKOPUCTOBYETHCS afaNTUBHUIL KO-
Iep, AKMH 3MIHIOE CXeMY KOLYBaHHS OTUMATIbHHM KOLOM, 3aJIEXHO
BiJ MEPBUHHUX JaHuX. [ekoaep, wo NeKOAye KOMOBaHMIA NOTIK,
CHMHXPOHHO 3 KOAEPOM 3MIHIOE CXeMY AEKOAYBaHHs, TOYMHAIOUH 3
JesKO1 3a1aHO1 Hanepen.

AnanTuBHe KoayBaHHs iHGopMaLlii sae GLIbILMI CTYIIIHD i cTHC-
HEHHS, OCKiIbKM BPaXOBYIOTHCS JIOKaJIbHI 3MiHM HMOBipHOCTEH y
BXIJHOMY NOTOLI JaHMX. [IpMKIanoM Takoro KoayBaHHS € adan-
mugne (Ounamiyne) xooyeanus Xagpgmena [16] . [Ipu Takomy Kouy-
BaHHI NOTPiOHe NOCTiiiHE KOPEKTYBaHHS KOJOBOTO JEpeBa Biamo-
BiIHO 10 3MiHM CTATHCTHKH BXiqHOro noTtoky. I1pu peanizauii uporo
crnocoby BUHHKA€E CKIIaAHICTh NepeGya0BY KOJOBOTO IEPEBA 3rigHO
3 HOBUMH HMOBIPHOCTSIMH CUMBOJIIB Ha KOXXHOMY KPOLIl CTUCHEHHS.

Konysanus XaddpmeHa Bii3Ha4aeTbCs MiHIMAIBHOIO HAAMIPHi-
CTIO 32 YMOBH, IO KOXXHHH CUMBOJI KOLYETbCS OKPEMOIO ITOCAIAOB-
Hictio B andasiri {0,1} i 3a6e3neyye JOCUTH BUCOKI IIBUAKICTb Ta
SIKICTh CTHCHEHHA iHdopMauii. o Henomikis 1boro cnocoby ciin

236



BIHECTH 3aJIEXHICTh CTYIMEHA CTUCHEHHS BiJ OM3bKOCTi HMOBIp-
HOCTEN CUMBOJIIB A0 BiJi’€MHOTO CTENEHs ABIHMKH, IO MOB’A3aHO 3
HeOOXiIHICTIO OKPYITIEHHs [0 LINIOro YKcna B OiK 30LIbIIEHHS, OCKUIB-
KM KOXXHHUH CHMBOJI KOIYETHCS HUIMM 4yuciioM 6itiB. Lle npu3so-
AUTH 10 TOTO, MO, HANPHKIAX NPH JBOCHMBOJIILHOMY anq)aBiTi
CTHCHeHHs! iHpopMaLii B3arasi HEMOXIIMBE, SKIIO KOXKHHHA 3 CHM-
BOJIIB OKPYTJISETHCA 20 1/2.

Binswmit CTYNiHb CTUCHEHHS A€ apudmemuune xodysanua [16,
32]. YV uboMy pasi TEeKCT, CTUCHEHUI apH(METHYHUM KOXEPOM, PO3-
CNANAEThCA K AesdKuil ABifikoBuii npib 3 inTepsainy [0, 1]. Pe3yns-
TAT CTUCHEHHS MOXHa IMOAATH AK MOCHiOBHICT ABIHKOBUX CHM-
BOJIiB LIbOT'O np06y TIepBHHHHIM TEKCTOM € 3amKC APOOY, B AKOMY
KOXHHIA BXIIHHI CHMBOJI Ma€ Bary, NponopuiiiHy #iMoBipHocTi iioro
NOSIBH.

Hexaii, Hanpukinan, andasit CKIanaeTbea 3 ABOX CHMBOIIB a Ta b 3 iMOBip-
HOCTAMM nosBH ix 3/4 i 1/4 sianosigHo. Po3rnsHeMo BiAXpHTHII npaBopy4
inrepsai [0, 1). [ToainuMo ueli iHTEPBaX Ha KiJIbKa YAaCTHH, JOBXHHA AKHX
nponopuiiHa AiMOBIPHOCTAM NOABU cCUMBONIB, To6TO [0, 3/4) Ta [3/4, 1). KOX-
HOMY CJIOBY Yy BXigHoMy andaBiTi Bixnosigae neskuit nmigintepsan 3 [0,1), a
MOPOXXHBOMY CIIOBY — BeCh iHTepBal [0, 1). ITicns npuiiMaHHA KOXXHOTO Ha-
CTYITHOrO CHMBOJTY apHdMeTHYHHI KoZlep 3MeHLIye iHTepBaJ1, BAGHparoun Ty
HOTro 4acCTHHY, fKa BiANOBifac NOJAHOMY B HaHHIt MOMEHT Ha BXiJl CHMBOJY.
Konom nocnigoBHOCTI € iHTEpBal, 10 BUAIIAETLCA micis o6po6ieHHs Beix i
CHMBOIIIB, TOGTO NBIKKOBHI 3aNHC KOOPAUHATH OYAb-3KO1 TOYKH 3 LBOTO iH-
TepBajy. TaKHM YHHOM, IOBXXHHA YyTBOPEHOT'O iHTEpBaJly MponopuiiHa iMo-
BipPHOCTI NOABH KOAOBAHOI NMOCIIOBHOCTi CHMBOJIIB.

TIpu peanisanii uboro anropuTMy HeobxigHa ailicHa apudMeTHKa HeoOMe-
xeHoi Toynocti. KpiM Toro, pe3ynbTaT KogyBaHHA CTa€ BiTOMHM TUTBKH ITic-
11 3aKiHYeHHs NpUAMaHHA BXiTHOrO MMOTOKY CHMBOJIIB.

Haii6insioro moumpeHHs 3i cnoco6iB CTUCHEHHS NPH apXiBa-
1ii JaHux picraau anroputMu Jlemnens — 3iBa Ta iXHi pi3SHOBHIH
(Jlemnens— 3isa — Bemya LZW, Miepa — Benmana MW, AP,
Y Tomo) [16, 26].

PosrnsHeMo Sk NpUKNazx aszopumm LZ77, 3anponoHoBanMit
A. Jlemnieniem Ta 5. 3iBom y 1977 p. Po6ory LZ77-konepa 3a uum
aJIrOPUTMOM NOsCHIOE pHc. 9.1 [26]. OcHOBHOIO onepaui€lo koaepa
€ NOLIYK pAAka Y BXiiHOMY 6ydepi, skuit skoMora Kpaie 36iraBcst
6 3 MOTOYHOIO TIO3UIIEI0 BXIAHOTO MTOTOKY. 715 IPHCKOPEHHS IIPO-
HEAYPH L{bOTO NOIIYKY 3aCTOCOBYEThCA XeuryBaHHA. [Ipu uboMy 3a
MepIIUMH iBoMa a60 TpbOMa CHMBOJIAMH BXiTHOTO ITOTOKY JaHUX
BH3HAYAETHCA HeAKa BEIMUNHA, KA, HE3BAXKAIOUH Ha Te, 1O € 06Me-
XeHOIO 3BepXy (Hanpukiaan, yucinoM 2000), nocute 1o6pe xapak-
TepHU3yeE PANOK, 3 AKOTO BOHA Oyna yTBopeHa. 3HaUeHHd i€l Beu-
YHHHM BUKOPHCTOBYETBCA JaJli K IHAEKC AO AEAKOI TaOnuLi, B AKii
PO3MILILYIOTECA aPECH PSAKIB 3 IEBHUMH 3HAYEHHAMH Xell-iHAeK-
ca B MOPSAAKY NOSBH iX y BXimHOMY Oydepi.
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Xew-

Tabnurul 1
Xews-
v ¢y_unuiﬁ
floTouta noauuis 36ixHuit
y sxinHomy Gydepi PRAOK

I [yabbaabb] Bydep exinnux panux  [yabboabb] . . j
1 1]

) Biacrans D - Doexuxa L
(1 1
L Bydep suxiarnux aaHux [OL}... l
MoTouna noauis — Koa,
y suxianomy Gydepi a6ixHOro
paaka
Puc. 9.1

Skino tenep npu oOHOBIEHHI 3MiCTy Xew-TabmuLi 3°acyeThes,
1O B Hill Bxe 36epiranacs azpeca AeSKOro PAIKa, TO NIPH UBOMY
3aJIHIUATECS TUIBKH NEPEBIPHTH, HACKUIbKH Liei PAXOK 30iraeThes
3 IIOTOYHOIO IOCNIJOBHICTIO CHMBOJIIB.

st 30inbIueHHs MIMOBIPHOCTI 3HAXOMXKEHHS MOTPIOHOrO pAaKa
3aCTOCOBYETHCS TAKOX IEpeNIiK TO3BOJICHUX KOMi3ii — naHIora
azpec psAKiB, AKi MalOTh OTHAKOBI Xel-IHAEKCH, TOOTO AKILIO Hait-
OIKYKi PANOK, 3aHEeCeHnit 1o xem-Tabnuui, B aificHocTi He 36ira-
€TbCS 3 OTOYHOIO MOCHIIOBHICTIO CUMBOJIIB, TO IPOLEC MOLIYKY
psaxa, 1o HaibGinbie MAX0auTh, MPOAOBXKYETHCS BXKE B IIEPENIKY
komiziit. ITicis 3akiHUeHHs LBOTO aHaNi3y B XeI-Tabnuuio 3aHo-
CHTBCS apeca IIOTOYHOIO PAAKA, a EPENTiK KOMi3ii JOTIOBHIOEThC
PALOKOM, SIKHH BUTHCKYETHCA 3 XeHI-TaOmu1Ii.

SIKINO TakKuit NOLIYK € BOAIHM, TOOTO JOBXUHA 306iry ogHoro 3
NiAPSAKIB 3 MOTOYHOO HOCTHIOBHICTIO CHMBOJIIB Y BXiHOMY Oydepi
NepeBULIYE ASKH NOpir (K mpaBuiio, Ba abo TpH CUMBOMH), TO
y BUXiAHHI OTIK HepecunaeThes i Koa, SKMH CKIaJacThes 31 3Ha-
yeHb BiacTaHi D Ta noBxuHu L (quB. puc. 9.1).

Y ToMy pasi, KOJIH KOHEH 3 PSAKIB, AKi pO3IVISHAIOTHCS, HE MiIXo-
IUTH, Y BUXiIHUI Oydep nepeciunacTses MOTOUHUI CHMBOJ BXiHOTO
HOTOKY ¥ yBeCh Ll POLIEC IOBTOPIOETHCS 15l TOAAIBIINX CUMBOJIIB.

Ins noainy koais psakis, siki 36iraloTscs, Ta OKPEMUX CUMBOJIIB
y BUXIZHH#H MOTIK NOJAIOTHCA TAKOX OITH O3HAK PSOOK/CHUMBOIIL.

EdexrusHicTs crucHeHHs iHpopMaLii neBHUM criocoOoM 3are-
KUTB Bix ii Buay. Tax, CTyIIiHb CTHCHEHHS MOJ€ 3MIHIOBATHCH BiX
1,2...1,5 pa3a nnis TeKCTOBOL 1H¢)opmauu 10 6..8 paam AJIst YOPHO-
6innx 306paxeHp, a WBUAKICTH CTUCHEHHS — BIAMOBIXHO Bix
0,07...0,2 M6aiit/c no 1,5...1,9 M6aiir/c [26] .
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9.3. 36UIbLUEHHA OCHOBW KOAY

TinsuienHs epeKTHBHOCTI KOAYBAHHS, ILIO NoJimnuye AKiCTh
nepeaayi indopmalii, MOXHa PO3YMiTH N10-pi3HOMY, aJle npuitHAaTi
B TeOPii KOXYBaHHS NIOKa3HAKHA AKOCTi 3BOAATHCS 110 TPHOX HACTYII-
HHX TBEpIUKEHb, SKi € KpUTEPiAMU ePEeKTHBHOCTI 3aBaNOCTIHKMX
KOJiB:

1) cepen KOAiB 3 OAHAKOBUMH HOBXKHHOIO 7 T2 MIHIMAJIBHOKO
KOZIOBOIO BIACTaHHIO d, ; HaMKpalli Ko MaloTh HaiGLIBILY N0B-
XuHY iHGOpMaLi#HOT 4aCTHHH 67I0Ka;

2) cepen KOJIiB 3 O/{HAKOBHMM JIOBXHHOIO /1 i kimpkicTio k n-ld)op-
MaIiifHUX eIEMEHTIB HaliKpallli KO MaloTh HalOLIbIY MiHIMATTb-
Hy KOJOBY BIIICTaHb d;,;

3) cepen KOJIB 3 OHAKOBUMH K Ta dp;, HalKpallli KOZU MaIOTh
HalMeHILY NOBXHUHY 1 O10Ka.

BianoBiHo 10 NEPUIOro TBEP/KEHHS Y KPAILOMY Kom ecpexmn-
Hillle BAKOPHCTOBYETLCA KOPEKTYBaIbHUM norexuian’ iy AKHH
saxumae GUIbINY KinbKicTh k iHpopManiiiHuX enemMeHTiB y Gmoui,
HiX B IHIIOMY KOZi.

BianosinHo 10 ApYroro TBEPIKEHHS Kpaumifl KO Mae GUIbLINIA
KOPEKTYBaIbHUIA NOTEH1LIaN d, i 11O [12€ 3MOTY HIOMY BHTIDABJIATH
GLIbLIY KITBKICTB V,;, CTIOTBOPEHHX EIEMEHTIB y KOZIOBOMY 6oui.

Bixnosiaxo a0 TpCTbOFO TBEPIDKEHHS KPALIKiA KOJ M€ MeHIy
KUIBKICTb r HaIMIDHUX eneMeHTiB y 6noui (r = n - k), a TOMy i MeH-
1y HaaMipHICTB r/n.

Ockinbky HaBeJIEHI TBEPIKCHHS CTOCYIOTBCS TPHOX napaMeTpis
xoay (n, k Ta d; ), nepedopmynroemo ix y TepMiHax BITHOCHHUX
BEJIMYMH, IO AACTh 3MOTY, 3aMacKyBaBIIM OUH i3 LMX mapamer-
piB, IPOBOMTH MOPIBHAHHS KOAIB Y TUIOLNMHHIMH GopMi IBOX BUMi~
PIOBaHb.

Ans usoro, MOAUTUBILH K Ta dm Ha JOBXHUHY 1 6JIOKa, JicTaHe-
MO WBHAKICTh R = k/n KOAY i BIIHOCHY KOHOBY BifICTAaHb dp;/n.
HAonamo 10 BU3HAYCHHS ocraHHboi KoediuieHT 1/2, mo6 npoBoau-
TH aHaNi3 y €JMHMX 3 BIIOMMMH JDKEpeNamMu OAMHHLSX [25, 32].
OcraHHE po6m'bcﬁ 3 ypaxyBaHHsM (PYHKLIOHATBHOI 3aJIEXKHOCTI
dpin = 2V + 1, 3Bi1KH BUIUIMBAE, WO Vo = (dpyin — 1/2.

Y BmHOCHOMy NOJaHHi v/n U1t AOCUTH BEITHKHMX 3HAYEHb N MAEMO

Ven _ dinin~ lzd 9.19)

n 2n 2n

* T1ig kopekmy8anbHum nomeHyiaiom po3yMiTUMEMO KOPEKTYBAJIbHY 3M1aT-
HIiCTB KOZY, K2 BU3HAYAETHCS MOKA3HUKOM d_, , & BTUTIOETECS B KUIBKICTb V, |
CMIOTBOPEHHUX €EMEHTIB y OJIOLi, AKi MOXYThb 6y1'u BUAPABJICHI LM xonom,
npudomy d_ 22v_ + 1[12, 25}
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TakuM YuHOM, Hacrymmﬁ PO3IJIA/L 3BOJAMTHCS 10 IBOX NapaMeT-
piB: R = kinivy/n = d, /(2n). [lns cipowenHs BiIk#HeMO iHzexc
min Ginsa d , MalouH Ha yBasi, wo d i € MiHiManbHOIO KOJOBOIO Bill-
CTaHHIO.

Toni HaBeneHi BULIE TBEPIXKEHHA MOXYTh OYTH BUKJIACH] TaK:

1) cepen xoniB 3 OAHAKOBOIO BIAHOCHOIO KOJOBOIO BiICTaHHIO
d/(2n) = const KpamKM € KO i3 GO0 HIBUIAKICTIO R;

2) cepen KOAiB 3 OMHAKOBOIO IUBHAKICTIO R = k/n = const kpa-
HMM € KOJI i3 OUIBILIOI0 KONOBOIO BiacTaHHIo d/(2n);

3) cepen KOAIB 3 OIHAKOBUMM 3Ha4eHHAMH k Ta d KpalLluM € KOJ
i3 OinpIMMU 3HaUeHHSIMHU R = k/n i dI(2n).

Po3risneMo 3 no3uuii LUX KpUTEpiiB BIUIUB Ha e)EKTHBHICTH
KOAYBaHHS OCHOBH ¢ KOAY. 3araJIbHOBU3HAHUM METOJOM OLIHIO-
BaHHs €(PeKTUBHOCTI KOJYBaHHs B3araJii € BillIyKaHHA TPAHHYHUX
3anexHocTel THny R = f[d/(2n)] mna Halfikpalux KOKIB, SKUMH € He
AKICb KOHKPETHI KOJH, a KO 3aBAOBXKH n — oo [25]. Ocranus
YMOBa a€ 3MOry TaKMM KoJaM BignosiaHo o (9.19) Matu JOCHTH
BEJIMKY KODEKTYBallbHY 3/aTHICTh V. Lli rpanuuHi 3anexuocri
R[dl(2n)] Ha3UBAIOTHCA MEXaMH (BerHlMPl a60 HIDKHIMM) 19 Mi-
HiMaJIBHOI KOOBOI BiacTaHi d.

Y [25, 32] mexy ITnoTKiHa 3aMHCAHO Y BUITIS

k<n - q:_'ll +1-log,d. . (9.20)

TloninuBLIM 110 HEPIBHICTE HA K, IICTAHEMO

log,d
R=ESI— 4 i+ 1 +l+i.
n g-1n n(g-1) n n

SIxmro 36iMBLIYBATH 1 A0 B — 0, TO MATUMEMO HEPIBHICTD

R<i-24 4 ©.21)
qg-12n
B SIKiH BIIKHHYTO TONAHKH BHILMX CTYIEHIB.

JIinii mexi Inotkina IT, , o BiANOBIiNAIOTH O. 21), MOKa3aHo Ha
puc. 9.2. lns g = 2 ue nixig 172, amnsag=oco—minia I7_.3 PHCYHKa
BHIUTMBAE, 1HO 3i 3011bIIEHHAM OCHOBH g KOy B NOBHIii BIANOBIA-
HOCTI 10 TPhOX HABEACHUX BHILE KPUTEPLIB 361IbILYETHCH e)eKTHB-
HicTh komyBanHsa. Tax, npu ¢ikcoBaHOMy 3HaueHHi d/(2n) 36inb-
LIEHHS OCHOBH ¢ KOOY IPUBOAMTH 0 3pocTaHHsd R = k/n i HaBna-
k. Lle onHa 3 BepxHiX MexX 14 d, 3MICT SIKOI OJIArac B TOMy, IO
6yap-sikuit KOX BiZoGpaxkaeTbes Ha pHc. 9.2 y BUITISAl TOYKH 31 CBO-
iMu koopaunataMu R ta d/(2n) i HeMae XORHOTO KOy, KOOPIHHA-
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TH SIKOTO NepeBuntysanu 6 Binnosia- R .
Hl KOOpAMHATH OyIb-aKOi TOYKH \\\

BEPXHBOI Mexi, To6TO He icHyloTh 48 ; “.\

KOIH, Kpallli Bil THX, 110 BinoGpa- \\\ \ ANV

KAIOTHCHA BEPXHBOIO MEXEIO. g6 P
€ me ABi BepXHi Ta OHa HMXHSA \\\\ e N

MeXi A1 d, IoMMpeHi 3aBASKH cBoiit 44 AN
HEBEJIMKIiM CKIIaHOCTi TAKOX TOMY,  |g. r}\é\\ G N
N

IO BOHH aJIeKBaTHO BioOpaxaioTs G2

6araro Bimomux Koais [25, 32], yrou- Q }{ :
HIOIOYH Ta JOTIOBHIOIOUM OIHA OIHY. g ? A
Po3srnsxemo ix goknaaxiie. Le mexi gr 62 03 04 qlf?n)
Xemminra, Enmiaca Ta HIKHA Mexa Puc. 9.2

Bapmamosa — [Mins6epra. Bei BoHU
noB’q3aHi 3 HepiBHiCTIO YepHoBa [32], e BUKOPUCTOBYETHCA BYHK-
Hist BULY

@o(x) = xlogq(q -1)- xlogqx -(1- x)logq(l -x), (9.22)
AKa TICHO NOB’A3aHa 3 eHTpomnielo H(x) mxepena i npu g = 2 36ira-

€ThCA 3 HelO.
Mexa XeMMiHra Mae Takuil BUriag [25]:

R<1-@(v,/n). 9.23)
Sxmo Bpaxysatu (9.19) i n — oo, TO micraHemo
d
<1 - o %=1 -
R<1 (p( 2n) 1~ g(x), (9.24)

e x = dl(2n).
Bxmounsum ao (9.24) Bupa3s (9.22), MaTUMEMO PiBHAHHS MeXi

R=1- xlogq(q -1+ xlogqx +(1- x)logq(l -Xx). (9.25)

ITpoananizyemo Bupa3s (9.25) peransuime. [ Manux 3HaYeHb
x—> 0 npu g — oo IesKi CKIaf0Bi 0ro NpAMYIOTh KO HyJIs U TOAI
R <1 - x. B iHIIOMY BHNIAKy, KOJIH X — 1 Ta g — o0, 3 THX CAMMX
npuymH R < 1 — x. Cepenns o6acThb VI x BH3HAYAETHCS BUPA30OM
. 25) 3 IKOTO BUILUIUBAE MeXa XeMMiHra X ; anst JBIIKOBOTO KOLY
ue jiHig X, Ha puc. 9.2. SIkmo 36u1bmy5am OCHOBY KOJIy 10 g — ©°,
TO JIiHisi Mexi X MiHIMAa€TbCA BHIIE HAJ JIiHi€I0 X, — NPH g = oo
3aiiMae NnonoxxeHHA X, Jalouu Toi camuii achnToquuﬁ BHMpa3
Mexi XeMMiHra NpH BEJIMKMX 3HAYEHHAX OCHOBH ¢, TOOTO

R<1-x. (9.26)
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Bepxus mexa Eniaca BusHauaetbes BUpas3oM [25]
d/n<8(R)[ S(R)"] 9.27)

ne 8(R) — po3p’s30K piBHaHHA ¢(x) = | — R, yrBopeHoro 3 (9.23), a
@(x) — dyukuig (9.22); € > 0 — sk 3aBrogHoO Mana CKJIaJoBa.

IMo3naunmo x = 8(R), Tomi G[O(R)] = 1 — R. TakuM 4YuHOM, 32
Jonomoroio Mexi Xemminra (9.24) a6o (9.25) aictaemo napHi 3Ha-
yeHHs x = 8(R) ra R. ITicas uporo s KOXKHOro R 3a BimoMuMm x =
= 8(R) po3paxoByeMo 3HaueHHs d/(2n) Mexi Eniaca, KOpHCTYIOUHCD
BUpa3oM (9.27), nepeTBOpEeHHM IO BUTIAAY

d _1 q
-2—;’—<56(R)[2—;I-_—18(R)]+8. (9.28)

Jlinii E, (ans g = 2) ta E_, (ana g = ) BepxHboi Mexi Emaca
Bumosumo o (9.28) 3o6pa>xeﬂo Ha puc. 9.2. Bei l'lpOMl)KHl JIiHil E,
st 2 < g < o0 PO3TAWOBYIOTHCA MIX LIMMH ABOMA JIiHISIMH.

Haperri HuxHa Mexa BapiuaMosa — [inbp6epra BU3HAYA€ThCS
BUpasoMm [25]

i 422 .
g"* <Y clg-1, 9.29)
i=0

ne C}—6inoMHi koedinieHTH. H106 BUKJIIOYHTH iX i3 po3risay, CKo-
pucmemocs{ ACUMITTOTHYHOIO OL{iHKOIO UMX KOe(iLIEHTIB y BUITIA-
It HepiBHOcTi UepHoBa

Y Cplg-1)'<g"™"", (9.30)

i=0

ne O(x) — ¢yHukuis (9.22).
3 ypaxysanuaM (9.30) Bupas (9.29) HabyBae BUTISLY

< q'“‘{d_;z)_ 9.31)

ITicns norapudmysanus o6ox yactus (9.31) maTumemo
-k< mp( d-2 ),
n

R=k/n>1- i——z-J
n

n

3BIIKH
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36UIBLIYIOUH 71 IO 71 —> ©°, AICTAEMO ACHMIITOTUYHY POPMY HIK-
HbOI Mexi Bapmamosa — IMinpbepra

R21-o(dn). (9.32)

Axwo (9.32) nopiBHATH 3 Mexelo XemMiHra (9.24), ToO MOXHa
1no6ayuTH, 1o

R21—0(2—2-‘-ir—l-)=1—(p(2x), (9.33)

nie x =d/(2n) — cniIbHUR apTyMEHT YCiX PO3IIAHYTHX aCUMITTOTHY-
HHX MEX, a 3HaueHHA R y dopmi (9.33) Moxke OyTH po3paxoBaHe 3a
(9.25), KO apryMeHT X MexXi XeMMIHra 3aMiHUTH apryMEHTOM
y = 2x mexi BapmamoBa — I'inpbepra.

OcTtaTo4HO micns neperBopeHHs (9.25) 3Hax0auMO

2 2x
R21+log, (q—xl) 1-2x)12%) |, (9.34)
ne x = di(2n).

Jlinii B— 1T, (nna g = 2) Ta B— I, ([UIs1 ¢ = o) HKOKHBOI MEXi
Bapmamosa — I'inpbepra, 1o BianosinaioTs (9.34), noka3zaHo Ha
puc. 9.2. Bci mpomixHi ntinii B — I o s 2 < g < o0 pO3TaLIOBYIOThCSA
MiX MMM JBOMA JIiHisIMU.

Pizuuns Mix HaBeIEHUMH ACHMIITOTHYHUMH MEXaMH VIS MiHi-
MaJIbHOI KOJIOBOI BIICTaHi MOSACHIOETHCA PISHULEIO MIXK ICHYIOUHMHU
i 111e He BiAUIyKAaHUMH B SBHOMY BUIJIsiAI KpamwiuMu konamu. IIpote
OnbI BaXKTMBUMHU € 3aTajibHi pUCH LIMX MeX. Ponb ycix nmpomix-
HHUX MeX 2 < g < eo TIOSTAE B TOMY, IO AT KOKHOTO 3HAYEHHS ¢
HEMa€ KOJiB, TOUYKHU BiTOOPaXkeHHS AKHX 31 CBOIMHM KOOPAMHATAMHU
R i d/(2n) Ha puc. 9.2 nexanu 6 BUIIe BIGHOBIAHOI JIiHIl BEPXHBOL
ab0 HuXX4Ye BiAMOBIMHOI NiHil HIKHBOI MeX. Le nae 3Mory oLiHuTH
i3 3araJbHUX MO3HLIM rPaHUYHI MOXJIMBOCTI KOJiB B3araini i BKa-
3aTH Ti NApaMETPH, KOAU 3 AKMMH NMOTPIOHO BIAUIYKYBaTH i Oymy-
BaTH AK HaitepekTHBHilI. Pa3oMm i3 TM L acuMnToTHYHI (U1 n —
— o0) MeXIi NpH Pi3HUX 3HAYEHHSX ¢ HAIOTh 3MOTY BUSBUTH BEJU-
KU TO3UTHUBHMIA BILTHB OCHOBH KOAY HAa e()eKTHBHICTH KOJYBAHHS
inpopMauii BIZAMOBIAHO 10 3a3HAUEHUX BUIIIE KPUTEPIiB.

9.4. BUKOPUCTAHHA 3BOPOTHOIO 3B’A3KY
Ans NIABULEHHA EQEKTUBHOCTI NMEPEOAMI
IHOOPMALLI

Ilpu nepegaui mMOBiZOMIIEHs MEPBUHHUM KOAOM BipOTiIHICTH
npuiiMaHHA IX B OCHOBHOMY BU3HAUA€ThLCA JIIHIEIO (KaHAJIOM) 3B’43-
Ky, a TaKOX piBHEM i BUIOM 3aBaJ, AKi JiI0Th B Hiii. 3n06yTa npu
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UBOMY BiPOTiAHICTh AYXXE€ YacTO HE 3a/I0BOJIbHIE BUMOTH CIIOXH-
BayiB iHdopMalii; TOMY IS MiABHIUEHHA BipOriIHOCTI nepenadi
FIOBiIOMIIEHD, K IIPABUIIO, BXHBAIOTHCA CIICWAJIbHI 3aXO/IH.

OnHUM i3 HUX € BAKOPHUCTaHHS 3BOPOTHOIO 3B’A3KY. IIpH iboMy
NopsAj i3 NiABMIEHHAM BipOTIAHOCTI MOBiAOMIIEHb AOCATAETHCA
Takox 36inbLIeHHs edeKTUBHOCTI Nepenadi inpopmaitii.

IiiicHo, AKIIO B cUcTeMax nepeaauyi iHpopmauii 6€3 3B0pOTHOTO
3B’I3KY JJIs MiABMIUEHHs BipOriAHOCTI Mepesayi MoBiLIOMIIEHD 11O-
TPi6HO 3aCTOCOBYBATH Ginbi CKIaAHI KOPEKTYBabHI Koau (Taki
K, HANpUKIal, uukiiydi kogn BUX, Pajipa Ta inii, 110, y CBOIO
yepry, NPU3BOAUTS O 36UIbIIEHHS JOBXHHH KOJOBUX KOMOIHalii
i, IK HACNiOK, JO 3MEHIUEHHS BHAKOCTI Nepenadi indopMarii),
TO B CHCTEMaX 31 3BOPOTHHM 3B’I3KOM Jy’Ke CKIaHi (i Zyxe HOBri)
KOPEKTYBaNbHi KO BUKOPUCTOBYBATH He Tpeba. B Takux cucreMax
Ul Tepefadi MOBiJOMJIEHb JOCHTh KOPHCTYBATHCH KONAMH, 1[0
BHSBJISIOTH MOMMWIKH Ta SKi MAIOTb 3HAYHO MEHLIY IOBXHHY IIOpiB-
HSHO 3 KOPEKTYBAJIbHUMH KOJaMH, HIO BUIIPABJISAIOTh IIOMMIIKH.

V pa3si BUSBIEHHS IOMUJIKY B NPUIHATIHA 110 NIPIMOMY KaHay
KOJOBi KoMbGiHalil B cHCTEMI nepenadi 31 3BOPOTHUM 3B’SI3KOM IIO
3BOPOTHOMY KaHajly NMOCHJIAEThC CUTHAN 3alMTY, 32 SIKHUM Iepe-
JaBAJIbHUI IIPUCTPIii CHCTEMH IOBTOPIOE nepenaqy iﬂcbopmauii' no
NpAMOMY KaHaiy. Y 38’43Ky 3 LM NepeaaBajbHUi TIPUCTPIii CHC-
TeMu Mae 36epiratu m(bopmauuo 1po nepenam KOHOBI KOMOiHawLii
Ha NepioA Yacy, A0CTaTHil Ul aHAnI3y X IPUAMATIbHUM NPHCTPOEM
1 oJiepXKaHHA MOXJIMBOTO 3alIUTY NIPH BHSBICHH] IIOMMIIOK.

KinpKicTh IIOBTOPEHD 3aJIEKUTH Bif CTaHY KaHATY 3B’A3KY i, K
NpaBWIO, OGMEXKYETHCS 3 ypaxyBaHHAM BUMOT 3aMOBHHKa. 3i 36L1b-
ILICHHAM NTOBTOPEHB IUBMAKICTB nepeAayi inpopManii SMEHIIYEThCH,
ajie 1e MOMITHO TiJIbKM IIPH IIOFaHOMY CTaHi KaHally 3B 43KY.

TakuM YHHOM, eQEKTHBHICTD epefayi MOBIIOMIIEHD Y CUCTEMAX
31 3BOPOTHHM 3B’I3KOM 3aJIeKaTHME 5K BiJl BUOOpY KOy, IO BUSB-
JIsl€ TIOMHMJIKH, TaK 1 Bifl IHTEHCHBHOCTI T4 BUAY ITOMUJIOK Yy KaHai
3B’A3KY.

KpnrepmM e)eKTHBHOCTI METOAY HiABHUIUEHHSA BIPOTiTHOCTI 11e-
penadi noBiAOMIIEHb MOXe OyTH BHpa3

keg =108, 9-, (9.35)

ne a = Py /P, — sarpai y 3aXHMCTi BlJ.I NOMHUIIOK (TYT Py, P,
BiANOBIZHO HMOBIPHOCTI HOMMUJIKH B MIOBiIOMJIEHH] Ge3 HAZIMIPHO-

. - na -
CTi Ta 3 HAAMIPHICTIO); £=&iy T 8cx = < +pu <. HAJMIPHICTb
0

Yk
[TyT i Bex — Bi)II‘IOBiI[HO inpopManiiiHa Ta CXeMHa HaAMipHOCTI;
V., V| — BUINOBiaHO CymMapHa Ta kopucHa (6e3 HaJMipHOCTI) IIBUA-
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KOCTi nepesavi inpopmauii; | — Barosuii koedillieHT, 10 3BOIUTH
in(bopmauiiiuy Ta CXeMHY HaAMIpHOCTI 10 €KBiBaJIEHTHUX TEXHIKO-
€KOHOMIYHHMX MOKA3HHKIB; Cow €, — BinnosinHo 06’emu nepena-
BaJIbHOI anapaTypH 3 anCTpoaMH numnmennx BIpOTiTHOCTI Nepe-
Ja4i OBiIOMIIEHB i 6€3 IIMX IPUCTPOIB B EKBIBAIEHTHHUX OIMHULISX].
Ans KomiB, 110 BUSBIAIOTh IOMMJIKH 3 HACTYIIHMM 3aIIMTOM, iH-
(bopmaniitna HaaMipHICTS [12] BU3HAYAETHCA BUPa3OM

_ r 1
g-(“‘;Im)- (9.36)

Hpyruii MuOXHUK Y (9.36) moKa3ye 36LIbLIEHHS HAAMIPHOCTI
4epe3 NOBTOPEHHS.

Ouinnmo eeKTHBHICTL BHKOPUCTaHHS IBilikoBoro (7, 4)- -KOZy
XeMMiHra A1 BUNpaBJIeHHs OIHOKPATHHX NOMUJIOK y cucTeMi ne-
penayi nosinomiieHb 6e3 3BOPOTHOTO 38’513KY Ta LILOTO CAMOTO KOZY
AT BUSIBJIEHHS IBOKPATHHUX MOMMIJIOK i3 3aIlIUTOM y CHCTeMax 3i
3BOPOTHHM 3B’3KOM. YMOBUMOCH, 1110 HMOBIPHICTh CIOTBOPEHHS
ONMHUYHOrO eneMenTa P, =5 - 10~ 3

Ilpu 6iHOMHOMY xapaKTepl pO3M0AUTy NOMUIOK MaEMO

PL,=1-(1-Py=1-(1-5-107%)7=35-102

Indopmaniitna HaaMipHICTS:
* IIPY BUITPABIICHHI OJHOKPATHOI MOMMIIKH

8y = (1 +1lk) =1+ 3/4=1,75;
*y p3.3i BUSIBJICHHS IIOMUJIOK
1
1 — =181
i =( +r/k)(1 7 J 175-— pre 18

Slxmo YMOBHO B3SITH CXEMHY Haumpmcrb {12} nns cucrem nepe-
Zayi NOBiIOMJIEHb NIPH BUNIPABJIEHHI IOMUIIOK g, = 1,51 B pasi ix
BUSIBJICHHS ¢, = 2,5, TO

8158t 8 =175+1,5=325;
8= &yt 8exa = 1,81 + 2,5 =431

IMOBIpHICTb MOABH IIOMIJIKH B IOBiNOMJIEHH] 6€3 HaAMipHOCTI
Pu=1-(1-P)=1-(1-5-103)*=0,02,

a B TIOBIIOMJIEHH] 3 BUKOPHUCTaHHSAM JBilikoBoro (7, 4)-koxy XeM-
MIHTa, IO BUIPABJIAE OJHY IOMMUIIKY,

P (1)"1—(1—P€_)"—nP(l—P)"‘1—
=1-(1-5-1037-7 - 5.103f - 5. 10-3)6 = 0,002,
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IMOBIpHICTh BUHMKHEHHS IOMHJIKH NIPH 33CTOCYBaHHI IBOTrO Ca-
MOTO KOy JUIsl BUABJICHHS JIBOKPATHHX MOMMJIOK

P () =TP31-P)+TPY1-P) +P]=
=7(5 - 105301 - 5% 1034+
+7(5- 10341 = 5- 10733 + (5 - 107)7 = 0,86 - 105,

Burpanr y 3aXUcTi BiI TOMIJIOK

Pﬂk - 0,02
Pn(2) 0861075

ay = =23000.
Kpurepii ebpexTHBHOCTI

a 1
k1e¢ =log, —git =log, ?3_5_ =16;

krep =108; —_1og2 22‘;‘)0 =123,

TOGTO BUKOPHCTaHHs ABilikoBoOro (7, 4)-Koay XeMMiHra Juisl BHAB-
JIEHHS TOMUIIOK Gl epeKTHBHE, HIXK AN IX BUTIDABJICHHS.

KOHTPOJIbHI SAJAMI

1. BU3Ha4MTH HMOBIPHOCTi BUHMKHEHHS BUSABCHHX P, i HEBUABACHUX P,
MOMMJIOK Y ABIKOBOMY KOZ, 11O BUSBIAE MOMUIIKH, AKIIO BIH CKNIAAETHCA 3
TaKMX TpbOX KombiHaniit: 001, 010, 100.

2. BU3Ha4UTH HMOBIPHOCTI BAHMKHEHHS BUABNEHHX P, 1 HEBUSBNEHUX P
MOMMJIOK Y N-€IEMEHTHOMY HBIKOBOMY KOZi, 11O BUABIAE MOMMWIKH, SKIIO
BiH CKJIAIAETHCA 3 TAKMX KOMOBHMX KoMbGiHauiii: 0001, 0010, 0100, 1000. Ml-
Hmanbug }onosa siacraus d_, = 2. KaHan 38’43Ky CHMCTPHYHHH (P, =P,

).

3. Busnauutu nmompnocn BHHVMKHEHHS BUSBJICHUX P, i HEBUSBICHHX P
MOMUJIOK Y nmx‘fmonomy KOJi 3aBIOBXKH 1 = 6 3 nepempxow Ha MAapHICTh,
SIKILO KaHa 3B’3Ky CUMeTpHuHu# (P, = P =P =5 109).

Po3B’932aHH 4. 3aauuii KOX BHIBIAE BCI NOMUIKH Henapﬂm KpaTHOCTi
i1 He BUABNSAE IOMMIKK apHoi kpaTHOCTI. ToMy HMOBipHICTb BUABICHHSA NO-
MHJIOK

P = P(1)+ P3)+ P(5)=
=C/P(1-P)y+ CIPX1- P+ CSP(1-P).
OueBuaHO, HaNbiNpIIa HMOBIPHICTD BHUSBJICHHS TIOMMJIKH MPHIANAE TYT
Ha neplmii wieH, To6TO
P =P1)=C/P(1-P)=6-5- 104 =3-103.
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IMOBipHICTE BUHMKHEHHS HEBHUSBICHUX MOMHJIOK

Pon =;‘;[P(2)+ P(4)+ P(6)]=

1|~2p2 4 ~4p4 2, ~6p6 0
=Lezr2a-pyt+cirta-ry vcgrSu-ry),

ane yepes Te, mo P(2) > P(4) > P(6), MmaeMo

PHB.n=lP(2)=%C§P§ a-r)* z12—5(5-10*‘)2 ~18810°5.

4. BusHaunTH HMOBIPHOCTI BUHUKHEHHS BUABJIEHHMX | HEBUABIICHHX MOMH-
JIOK Y ABIAKOBOMY KOXi 3aBAOBXKH 1 = 5 3 niepeBipkoio Ha napHicts. Kanan
3B’3Ky CUMeTpHyHmii (P = P = P, =2-10%).

5. BusHayuTH fIMOBIPHOCTI BHHUKHEHHS BUABJICHHUX 1 HEBUSBICHUX TOMH-
JIOK y ABIAKOBOMY KOJi 3i CTaIo0 Baroo nmpu w = 3 ta n = 5. KaHan 38’13Ky
cumetpuynuit (P =P =P =0,5 - 10).

6. Bu3HauuTH KMOBIPHOCTI BUHHKHEHHS BUABJIEHHX | HEBHUABICHHX TIOMM-
JIOK y IBiiKOBOMY iHBEpCHOMY KoAi NpH 1 = 4. KaHas 38’43Ky CUMETpHYHMiT
(Py,=P,=P =025-10%).

7. Bu3HauuTH HMOBIPHOCTI BUHHKHEHHS BUABJIEHUX | HEBUABAECHHUX TOMH-
JIOK y ABiiKOBOMY KOpessuiliiHoMy Koji pu n = 6. KaHau 38°13Ky cMMeTpHY-
auit (P = P =P =0,8-107).

8. BianauHTH i umompﬂocn BUHUKHCHHS BUIIDABJICHUX P, BUSBICHHX P,

i HeBUsABNIEHUX P TOMMIOK y IBilikoBomy (7, 4)-xoai XeMera (n=17, k=
=4). Kanan 3B ﬂ31<y cumetpuynuil (P, = P = P, = 107?), miHiManbHa kogoBa
BiACTaHb dmm 3.

Po3B’sa3anns. 3agaHuil KOd BHUIIPaBise OAHOKPATHI MMOMHJIKH, 4 BH-
ABJISI€ IBOKPATHi. Tomy iMOBIpHICTH BUNpAB/IEHHS TIOMHJIOK
=P()=C/P(1-P)=7-107,

iMOBIpHICTH BHSIBJICHHS iX

= P(2) = C2PX1 - P)*=2,1-10%,

B.n

a HMOBIPHICTb BUHHKHEHHS HEBUSBIIEHUX TIOMHIIOK
= 3 p3 4 L1077
P..=PB)=CPX1-P)=105-10".

9. Po3p’s13aTH nonepeIHIo 3ajauy CTOCOBHO ABiiikoBoro (15, 11)-kony Xem-
Mitra (n = 15, k = 11).

10. Bu3nauuTH HMOBIPHOCTI BHHUKHEHHS BHIIPABJIEHUX i HeBHﬂpaBJ'ICHHX
TIOMHJIOK Y AABiHikOBOMY LuKITiuHOMY (7, 4) kogi(n=7,k= 4) Kawnan 38 ﬂaxy
cuMeTpHyHuit (P = P, = P_=2.107), miniMa/bHa KOZ0Ba BiICTaHb d.=

11. Buaﬁaqmn HMOBlpHOCTl BHHMKHCHHS BHIIDABICHHX i HeaunpaBneuux
MOMMJIOK Y msmxoaomy uuxmqﬂomy (11, 7)-komi. Kanan 38’ ﬂaxy cuMe'rpnq-
uuit (P, = P, =5 - 10™%), MiniManbHa KOfOBa BiAcTaHb d,_,

12. BH3Ha'-IPITH HMOBIpHOCTI BUHUKHEHHS BHIPABIEHUX i Hesunpaaneﬂux
nommox y ABilikoBOMY (15 7)-xoni BUX. Kanan 38 gaxy cumerpuqﬂuu
(P, = =P =4.10 3), MiHiManbHa KOHMOBA BiICTaHb d_,

13 BH3H3.‘-XPKTP[ HMOBIPHOCTI BUHUKHEHHS Bnnpanneﬂux i Hesnnpaaneﬂux
HNOMHUINIOK y ABifikoBoMy (15, 5)-xoai BUX. Kauan 3p’s3ky cumeTpuuHmit
(P, = Py= P, =0,5-107), minimansHa konosa BiacTaub d_ =
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14. CTUCHYTH NiHiHHUM CNoco60M, BUKOPHCTOBYIOYH 3HAK MOAULY P, Ma-
cuB indopManii, axuit Mac BUTIAN

4152338¢671
4152338¢672
4152338¢674
4152338¢670
4152338672
41523386735
4152338¢671

15. Po38’43aTH NOMEPENHIO 3aa4y TA BUSHAYMTH KOeilliEHT CTHCHEHHS
CTOCOBHO TaKOTro MacHBy iHdopmMauii:

DN
©0 G0 00 00 00 SO
b Dt it et et et
NP Y S
[V RV XV RV VY
NN
W bhwo
O =— AN

16. Po3ropHyTH cTHCHEHHit MacHB iHpopMaii

3562313738
p21p399p 4
4 2 5 p 4 9p 6op
pp38

17. BinHOBUTH NepBUHHHI MacHB iHbopMalii, AKIIO Ha MPOMIKHOMY eTa-
i pO3ropTaHHA CTUCHEHHIt MacHB MaB TaKH# BUIISA:

6 445398

... .3
4 5611

WO
OB N00— O\ W30

N AoV -

18. BUKOPHCTOBYIOUH 3HAaK NMOALTY P Ta 3Hak K KiHUA psaka, CTHCHYTH
. MackB iHpopMauii

ANV hAW
NWwW Qoo —
©0 00 00 00 B0 00 00 &0
©0 00 00 GO 00 00 00 O
PEPRRERDL
LD HEDEADN
Pt st et ot ek k. kit
(G RV RV RV RV RV RV R V,]
NN
ONOW— s O
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19. Po3ropHyTH CTHCHEHHIT MacHB iHdopmaii

318844152020
K 4 0p 4 K S5 62p35
K 75p1 K 228p3
K 97 p 8K 73p2
K 6 2 p 9 K

20. Po3B’53aTH NOMEPEOHIO 3a1auy CTOCOBHO TaKHX JABOX MacuBiB iHdop-
Mmauii:

4 73935566 1 1 5468776
K3p2KZO9 p8Kop K 4 p8 K E©6op 4
KpK7p1K25po0 7 K8p 1l 44K
13502KG69p 8K 5 6 p 0K

21. CtucHyTtH Macus indopMallii, 3axaHuit B 3a1ad4i 18, BUKOPHCTOBYIOUM
cumMBomu X =2T1aZ=35.

22. Bukopucrosyloun cumBoiid X = 2, Y = 3 1a Z = 5, CTHCHYTH MacHB
indopmauii

023945617128¢61S5
22394567128¢62¢6
3239456718633
323975617017¢633
6 239755107¢6 34
5139745 107¢6 34

23. Po3ropHyTH TaKi ABa CTHCHEHI MacuBH iHpopMaLlii:

023 9456 71 86 135
2 2722 6 3 223 33Y17
Y 0 7Y 62Z51XX2435 1
Y 4 Z X

1 22 1156 7 1 2
32X X 46YY 53
X2Y 6 Y3 Z XX 2
X 72Z 2 17Y 4 XX

24. BuxopucToByouu cuMBony X, Y i Z, CTHCHyTH MackB iHdopmauii

YN RO CO
U2 LI W2 WO OO
~J ~J 00 00 OO 00 QO OC
NN NN NN
PN WLWEODRN
12 LY L2 00 00 00 OO th
N R LRk
WWWWWWWW
NN NN
COCOCOO —
—— it s = N DO

25. CTHCHYTH MacuB iHdopMaii, 3a1aHHit y nonepeHii 3a1a4i, BAKOPHC-
TOBYIOYH 3HaK MOALTY p Ta 3Hak K kinug paaka.
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26. INepsunHuUii MacHB iHQopMaLlii Ma€ BUFIAR

1

NNE RO
AN NNII)
COOOOO
— ot et s

NN
(VS RVERUS RV RVERVE ]
N S
(W RV RV RV RV, RV,
(o W= o o Xo Yo
©0 00 Q0 OO 00 00
OO OO Q0 00 OO 00
e DD
A hAWW
e W) BN
RS RV RN R S Ne N

CTHCHYTH Lieit MaCHB, BHKOPHCTOBYIOYH: a) 3HaK NMOALTY p; §) 3HaK moainy
p Ta 3Hak K kiHus panka; B) cumsonu X, Y, Z. [TopiBHATH YTBOpEHi MAaCHBH
Mix co6or0.

27. Sixum cnoco6oM Halikpalie CTHCHYTH TakHii MacuB iHdopMaLtii:

0987654 3
0987654 3
0987654 3
0987654 3

0987654 3?

IlokazaTu npolec 3ropTaHHs Ta pO3rOPTaHHs HbOIO MacHBY.

28. Cnoco60M 30HHOTO CTHCHEHH iHbOpMallil 3 BAKOPHCTaHHAM Tab. 9.3
3aKOAyBaTH Takuil TekcT: «CTHCHEHHS iHGopMauii BUKOPUCTOBYETHCH IS
MPUCKOPEHHSA MpoueciB 06po6neHHs, 30epiraHia Ta NOWyKy iHpopMauiin.
BusHauuTH KoeillieHT CTHCHEHHS.

29. Po3p’s3aTH nonepeaHio 3axady CTOCOBHO Takoro TekcTy: «Maiixe Bei
cyyacHi EOM no6ynoBaHo Ha IHCKPETHHX €lEMEHTaX».

30. Po3sropHyTu MacHB iHdopMawii

D1C4A08AD9C1490D4C1D5C980D5C5D6C0D1C242D5C3
E4C9097E0C14D0C3E3C990D4C24D7E7C6D8CBD6CO8A
DOCIDBC3D0CAODSC108941 DBCODSC71B69097E0C14D
0C3E3C99E8COE1C10D1C242D5C3D2C6D8CBD6ESCO
630E2C8AD354C1B690990D1C242D5C3E4CIE9,

AKHH OyB 3ropHeHH# cnoco6OM 30HHOrO CTHCHEHHS 3 BUKOPUCTAHHAM
Tabu. 9.1, Ta BU3HAUNTH KOeDiMiEHT CTUCHEHHS.

KOHTPO/IbHI SANTNTAHHS
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1.
2.

&~ W

- R - wn

YHM OLIHIOETHCA BIPOTiHICTh KOAOBAHHX MOBIAOMIIEHB?

Sk BU3Ha4Ya€THCA HMOBIPHICTh BAHUKHEHHS i-KPaTHHX MOMUJIOK Y pasi
iX He3aNmexXHOCTI?

5K ONiHIOIOTHCS IMOBIPHOCTI BHHHKHEHHSI BUSIBJIEHHX | HEBHSABJICHHX
MIOMMJIOK Y CHMETPHYHOMY KaHaJli /Ul KOJIB, 1O BHSBISAIOTH HOMHIIKH?
SIK OUIHIOIOTLCS AMOBIPHOCTI BUHMKHEHHSA BHIIPABIEHUX | HEBUIPAB-
JIEHMX AOMMIIOK AJIS KOZIB, IO BUNPABASIOTh NOMHUIIKH?

Sk BU3HAYa€ThCS MOBIPHICTH BAHHKHEHHA TIOMHIIOK Yy pa3i nepeaayi
NOBIIOMJIEHB 1O KaHaNax 3 MAKeTHUM PO3MOALTOM MOMHIOK?

. 1l{o posymiioTs nix crucHeHHsM inpopmanii?
. Sk xnacuikyroThcs criocobu cTUCHEHHs iHdopManii?
. Slkuit ocHOBHHIT HeROJiK crIOCOGiB CTHCHEHHA iHbopMalii 6e3 BigHOB-

JIEHHS Il MOYaTKOBOTrO CTaHy?



9.
10.

11

12

13

14
15.

16

17

18.

19
20
21.
22,

23.

SIki cioco6H CTHCHEHHS HaNEeXaTh A0 JiHIAHUX?

Iilo xapakTepu3ye MaTpHU4Hi, KOMGIHOBaHi Ta KACKaJHi CIOCOGH CTHC-
HeHHs inpopMauii?

Sk BUKOHYETBCS CTHCHEHHS iH(popMaitii 3 BHKOPHCTAHHAM 3aMiCTh NOB-
TOpeHb A0JaTKOBHX CHMBOJIIB?

SIKi cioco6u CTHCHEHHS BUKOPHCTOBYIOThCH IS apXiBallii NaHMX Ha
nuckax?

Ha YoMy IDYHTYEThCS CTHCHEHHS iHGOpMallil BUKITIOUEHHIM JaHHX,
SiKi TOBTOPIOIOTHCA B pi3HuX (daiinax?

SIxi mepeBaru Mae croci6 30HHOTO CTHCHEHHS iHdopmartii?

V 4omy nossrac cnocib crucHeHHs iHpopMallii 3MEHIIEHHSM PO3psa-
HOCTI KOZOBaHHUX CiB?

Sxi nepeparu Mae cnoci6 crucHeHHs inopMallii 3aMiHOKO IESKUX KOM-
6inauii Jirep OOUHUYHUMHU CHUMBOJAMHU?

Ha yoMy IpyHTYEThCS CHOCiO CTHCHEHHA iHdOpMaLii BUKOPUCTAaHHAM
alalTUBHOTO KOAYBaHHA?

Y yoMy nonsrae cnoci6 cTHcHeHHs iHdopMaltii 36epiransam aTpuby-
TiB y BU/IAAi 6iTOBOI MaTpHLI?

SIi OCHOBHI KpHTepii eeKTHBHOCTI 3aBaNOCTIHKHX KOZiB?

[1{o foKa3yloTh BEPXHi Ta HIKHI MEXi /S KONOBOI BiACTaHi?

Sk BIUTHBA€ 36iNbLICHHA OCHOBM KOAY Ha Oro epeKTHBHICTB?

SIKi KOOM PEKOMEHAYETHCA BUKOPHCTOBYBATH B CHCTEMax mepenavi
indopMallii 31 3BBOPOTHHUM 3B’sI3KOM?

SIK BIIMBAE Ha BipOTiAHICTH Nepeaayi NOBiLIOMIIEHD YBEACHHS 3BOPOT-
HOTO 3B’A3Ky B CHCTeMax nepegadi indpopmanii?

SIK OLHIOEThCS eheKTHBHICT METOIIB MiABULICHHS BipOTiAHOCTI ne-
penaui indopmanuii?



AOLATKU

Hoaatok 1. ®dparmenr TabauLi 3HAYCHD ABIHKOBHX aorapudmis nirnx

qucen
X log,x x log,x X logx i} x log,x
1 0,000 36 5,170 71 6,150 106 6,728
2 1,000 37 5,209 72 6,170 107 6,741
3 1,585 38 5,248 73 6,190 108 6,755
4 2,000 39 5,285 74 6,209 109 6,768
5 2,322 40 5,322 75 6,229 110 6,781
6 2,585 41 5,358 76 6,248 111 6,794
7 2,807 42 5,392 77 6,267 112 6,807
8 3,000 43 5,426 78 6,285 113 6,820
9 3,170 44 5,459 79 6,304 114 6,833
10 3,332 45 5,492 80 6,322 115 6,845
11 3,459 46 5,524 81 6,340 116 6,858
12 3,585 47 5,555 82 6,358 117 6,870
13 3,700 48 5,585 83 6,375 118 6,883
14 3,807 49 5,615 84 6,392 119 6,895
15 3,907 50 5,644 85 6,409 120 6,907
16 4,000 51 5,672 86 6,426 121 6,919
17 4,087 52 5,700 87 6,443 122 6,931
18 4,170 53 5,728 88 6,459 123 6,943
19 4,248 54 5,755 89 6,476 124 6,954
20 4,322 55 5,781 90 6,492 125 6,966
21 4,392 56 5,807 91 6,508 126 6,977
22 4,459 57 5,833 92 6,524 127 6,989
23 4,524 58 5,858 93 6,539 128 7,000
24 4,585 59 5,883 94 6,555 200 7,644
25 4,644 60 5,907 95 6,570 256 8,000
26 4,700 61 5,931 96 6,585 300 8,229
27 4,755 62 5,951 97 6,600 400 8,644
28 4,807 63 5,977 98 6,615 500 8,966
29 4,858 64 6,000 99 6,629 512 9,000
30 4,907 65 6,022 100 6,614 600 9,229
31 4,954 66 6,044 101 6,658 700 9,451
32 5,000 67 6,066 102 6,672 800 9,644
33 5,044 68 6,087 103 6,687 900 9,814
34 5,087 69 6,109 104 6,700 1000 9,965
35 5,129 70 6,129 105 6,714 10000] 13,288




Jdonatok 2. dparment Tabauui 3nauens dyukuii —plog,p

r ~plogp 4 -plogyp p -plogp p | -plogyp
0,001 | 0,0099 | 0,027 | 0,1407 | 0,150 | 0,4105 ] 0,600 | 0,4432
0,002 | 0,0179 | 0,028 | 0,1444 § 0,160 | 0,4230 | 0,610 { 0,4350
0,003 | 0,0251 | 0,029 | 0,1481 | 0,175 | 0,4400 | 0,625 | 0,4238
0,004 | 0,0319 | 0,030 | 0,1518 § 0,180 | 0,4453 | 0,650 | 0.4040
0,005 | 0,0382 { 0,032 | 0,1589 |} 0,190 | 0,4552 | 0,675 | u,3828
0,006 | 0,0443 | 0,035 | 0,1693 | 0,200 | 04644 | 0,700 | 0,3602
0,007 | 0,0501 f| 0,037 | 0,1760 § 0,210 | 04728 | 0,710 | 0,3508
0,008 | 0,0557 | 0,040 | 0,1858 | 0,225 | 0,4842 | 0,725 | 0,3364
0,009 | 0,0612 | 0,042 | 0,1941 | 0,250 | 0,5000 | 0,750 { 0,3113
0,010 | 0,0664 | 0,045 | 0,2013 | 0,275 { 0,5122 ] 0,775 | 0,2850
0,011 | 0,0716 {§ 0,047 | 0,2073 | 0,300 | 0,5211 | 0,800 | 0,2575
0,012 | 0,0766 §| 0,050 | 0,2161 | 0,310 | 0,5238 | 0,810 | 0,2462
0,013 | 0,0814 §| 0,055 | 0,2301 | 0,325 | 0,5270 | 0,825 | 0,2290
0,014 | 0,0862 | 0,060 1 0,2435 | 0,350 | 0,5301 | 0,850 | 0,1993
0,015 0,0909 0,065 } 0,2563 | 0,375 0,5306 0,875 | 0,1810
0,016 | 0,0954 | 0,070 | 0,2686 | 0,400 | 0,5288 | 0,900 | 0,1368
0,017 | 0,0999 | 0,075 | 0,2803 | 0,410 | 0,5274 | 0,910 | 0,1238
0,018 | 0,1043 | 0,080 | 0,2915 { 0,425 | 0,5246 | 0,925 | 0,1040
0,019 | 0,1086 | 0,085 | 0,3023 { 0,450 | 0,5184 | 0,950 | 0,0703
0,020 | 0,1129 | 0,090 | 0,3127 § 0,475 | 0,5102 | 0,975 | 0,0356
0,021 | 0,1170 | 0,095 | 0,3226 }§ 0,500 | 0,5000 | 0,980 | 0,0286
0,022 | 0,i211 § 0,100 | 0,3322 § 0,510 | 0,4954 | 0,990 | 0,0143
0,023 | 0,1252 | 0,110 | 0,3503 } 0,525 | 0,4880 | 0,095 | 0,0072
0,024 | 0,1291 { 0,125 | 0,3750 § 0,550 | 0,4744 | 0,097 | 0,0043
0,025 | 0,1330 § 0,130 | 0,3826 § 0,575 | 0,4591 | 0,999 | 0,0014
0,026 | 0,1369 | 0,140 | 0,3971
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