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IpeauciaosBue

[lenbto JaHHOTO Y4e€OHOrO MOCOOMS SIBJISIETCS M3YYEHUE TEOPETH-
YeCKUX OCHOB AucCHUILIMH «Teopust mHpopmarun», «OCHOBBI TEOpUU
uHdopmanun», «Teopust uHGOpMAaITUU U KOTUPOBAHUS.

Coneprxanrie yueOHOTo 1mocoOusi COOTBETCTBYET TpeboBaHusiM De-
JEPAIbHOTO TOCYIapCTBEHHOTO 00Pa30BaTEIbHOTO CTaHAApTa BHICIIETO
oOpasoBanus s ctyqaeHtoB crnenuaibHocTed 10.05.02 u 10.05.03 u
Hanpasienusa noaroroBku 10.03.01 u 11.03.02, paGoyum nporpammam
COOTBETCTBYIOIINX AUCITUIIIINH U OCHOBHBIM 3aJladyaM UX OCBOCHHUSI.

YutaTenbCKUi aapec U3JaHus — JJIsl CTYJACHTOB BBICHINX Y4EOHBIX
3aBeJICHUI, oOydaromuxcsi 1o HampaieHusiM noaroroBku 11.03.02
«MH(pOKOMMYHHKAIIMOHHBIE TEXHOJOTUH U cucTeMbl cBsizu» U 10.03.01
«udopmarmonnas 6e3omacHOCTbY, W 10 cneruanbHOCTIM 10.05.02
«MuadopmarmonHas 6€30MaCHOCTh TEICKOMMYHHUKAIIMOHHBIX CUCTEMY U
10.05.03 «MuadbopmarmonHas 0€30IMaCHOCTh aBTOMATU3UPOBAHHBIX CH-
CTEM» OYHOU U 3a04HOM (OopM 00ydEeHHUS.

Tun ydyeOHOTO M3MaHUS U €r0 MECTO B CHCTEME APYTUX M3JTaHUA —
y4ueOHO€e mocoOue (TEOPETUIECKOE).

[Tocobue cocTOUT U3 MATHU TEOPETUUYECKHUX TJIaB U MPUIIOKEeHUS. B
MIEPBOM TJIaBe cojepikarcs oOIIne CBEJACHUS MO OCHOBAM TEOPHWH WH-
¢opmaruu. Bo BTOpOif T71aBe paccMaTpuBarOTCS BOMPOCHI U3MEPEHUS
uH(popManuK, TPEThS IJ1aBa MOCBSAIIEHA KPATKOMY H3JIOKEHUIO BOMPO-
COB JIMCKPETU3AIlMH M KBAaHTOBAHHWS CHUTHAJIOB, B YETBEPTOU IriaBe IMpH-
BEJICHbI OCHOBBI TEOPHUH KOJUPOBAHUS, B MATON IJaBe KPATKO U3JI0KEHA
Teopus nepeaaur nHGOpMaIuH Mo KaHallaM CBSI3H.

N3noxeHrne TeOpeTHYSCKUX TJIaB HAIMCAHO B IPEANOJOKEHUH, YTO
CTYJICHTHl 3HAKOMBI C OCHOBHBIMH TMOHATHSIMH U3 Kypca BBICIICH
MaTEeMAaTHKHU.

[IpunokeHne ComepKUT KpaTKUH CIPAaBOYHBIN MaTepHaa MO OCHO-
BaM T€OPUHU BEPOATHOCTEH, 3HAHHWE KOTOPOTO HEOOXOIMMO TMPHU H3yUe-
HUU OCHOBHOTO TEOPETUYECKOT0 MaTepuasa, MpeJACTaBICHHOTO B TIOCO-
oumu.

[Ipu moaroToBKE MOCOOMS MCTIOIB30BAHBI TEOPETUUECKHUE TTOJIOKE-
HUSI, OTPAXEHHBIE B HAYYHBIX CTaThsIX, B YUeOHOU IUTEpaType U MOHO-
rpadusx.



BBenenune

[Tonsatue uHpopmMalru — 3TO OJHO U3 OCHOBHBIX MOHATHHI KU-
oepHeTuku. CylecTByeT MHOT'O ONpeesICHU HH(POpMAIIUH:

— B mepeBojie ¢ rpeueckoro s3bika informatikoa (mar. Infor-
matio) o3HayaeT cooOIIEeHKE, Pa3bICHEHUE, OJHAKO B HACTOSIIEE BpeMs
MMOKa3aHO, YTO HE BCAKOE COOOIICHHE UMEEeT HH(DOPMAITHIO;

—  (Qunocodckoe onpenaeneHne HHPOpMaIUU — ITO OTPAKECHUE
OKpY>KaloIlIero MUpPa B YEJIOBEYECKOM CO3HAHUU;

—  DHIMKJIONEINYECKOE OonpeAeicHne HHPOpMaIui — 3TO COBO-
KYITHOCTh CBEJCHUM, ONIPECISIONIUX MEpPY HaIllUX 3HAHUM 00 00BEKTax,
mpoiieccax, COObITHSX, SBICHUSAX U T. II.;

—  TEXHUYECKOe oIlpejeneHue WHPOopMalmuu — 3TO COBOKYII-
HOCTh JAHHBIX, SBISIOMIMXCS OOBEKTOM MOJIyYEHUs, MpeoOpa3oBaHMs,
BOCITPOM3BEICHHS (OTOOpaKeHMS) U MCIIOIb30BaHus, T. €. HHpopManus
OTOXXACCTBIISICTCS ¢ MaTepuen (ogHoN u3 €€ GopM) U sABIsSETCS 00bEK-
TOM HCCJIEIOBAHUS B HAYYHBIX U IPAKTUYECKHUX LIEIISIX.

[losiBnenue Tteopun HHOpPMAIIUU CBS3BIBAIOT C IMyOJUKAIUEH
KHUTH aMepukanckoro marematuka Knoza [llennona «Martematuueckast
teopus cBsizu» B 1948 r. Umenno K. IllenHon BBEN nousitue nuHpopma-
IAH JIJI1 ONKMCAHMS MPOIECCOB B KaHalaxX cBs3u. OnHako emeé B 1928 r.
Obl1a OMyOJIMKOBaHA CTaThs aHTJIMMCKOrO WHXeHepa Puuapna Xaptiu
«ITepenaua nndopmanum», a B 1946 r. onyonmkoBaHa KHUTa COBETCKO-
ro yuénoro akaaemuka B. A. KorensHukoBa «Teopusi moTeHIIMATBLHOU
MOMEXOyCTOMYMBOCTU». Te€M HE MEHee OCHOBOIMOJIOKHUKOM TEOPUH
un@opmanuu cunrtatot K. [llenHoHa.

K teopun mupopmanuu (B ee y3KOH KIACCHUECKOH MOCTaHOBKE)
OTHOCSIT pe3yJIbTaThl pelieHus psijaa GyHIaMEHTAIbHBIX TEOPETUUECKUX
BOIIPOCOB, KACAIOIINUXCS MOBBIIEHUSA 3()PEKTUBHOCTH (PYHKIIMOHUPOBA-
HUS CUCTEM CBSI3U. DTO B MIEPBYIO OUEPE/Ib:

— aHaJU3 CUTHAJIOB KaK CPEJCTBA Iepeadynd COOOIIEHUMN, BKITIO-
YaIOIINil BOMPOCHI OLICHKH MEPEHOCUMOTr0 UMHU «KOJIMYECTBA MH(POpMa-
11070709

— aHanu3 UHGOPMAIMOHHBIX XapaKTEPUCTUK MCTOYHUKOB COOO-
MICHUWA W KaHAJIOB CBSI3UM U OOOCHOBAHHUE MPUHIMITUAIBHON BO3MOXKHO-
CTH KOJMPOBAHUA M JIEKOJUPOBAHHS COOOIIECHUMN, OOECIeUnBaIOIINX



MpEeJEIbHO JONMYCTUMYI CKOPOCTh Mepeaadyd COOOIECHUH MO KaHaly
CBSI3U, KaK MPHU OTCYTCTBUH, TAK U PU HAUTUYHUHU TTOMEX.

[IpuknagHbie pe3yJibTaThl IPUBOJSTCS 3/1€Ch TOJBKO JJIsI TTOsSICHE-
HUS OCHOB Teopud. IIpu Oojiee mmMpoko TpakToBKe Teopuu MHMOpMa-
AU PE3YJbTAaThl PACCMOTPEHHUS YKA3aHHBIX BOIPOCOB COCTABJISIOT €€
OCHOBY.

Ecnau pacuimpeHne CBSI3aHO C MPUIIOKEHUEM TEOPUU B TEXHUKE
CBA3U, & UMEHHO PACCMOTpPEHUEM MpOoOJeMbl pa3pabOTKH KOHKPETHBIX
METOJIOB M CPEJCTB KOJUPOBAHUSI COOOIIEHUM, TO COBOKYIMHOCTh M3Ja-
raeMbIX BOIPOCOB Ha3biBalOT «Teopueit nHDopMaIuu U KOAUPOBAHUSI
unu «IIpuknagHoit Teopueit HHPOpMaALTUW.

Hpyras Touka 3peHUsI COCTOUT B TOM, YTO TJ100abHON mpoOJie-
MOM Teopuu UH(POpMaIUU CJIEAYeT CUUTATh pa3padOTKy MPUHITUIIOB OTI-
TUMU3AI[UU CUCTEMBI CBSI3H B LIEJIOM. B 3TOM ciydae K HEil OTHOCST BCE
JIOKaJIbHBbIE MPOOJIEMbl CUCTEM CBSI3HM, BKJIIOYas, HapuMep, Mpoodsiemy
ONTUMAJIBHOTO TIpUeMa H JIp.

B cooTBeTcTBHM € TPEThEN KPAMHEW TOUKOM 3pEHUS K KOMIIETEH-
MU T€OpUM MH(OpMAIMK OTHOCIT BCE MpOoOJeMbl U 3aj1auu, B GopMy-
JUPOBKY KOTOPBIX BXOAUT MoHsTHE nHbopMmanuu. Ee npeamerom cuu-
TalOT U3y4YEHUE MPOILIECCOB, CBA3AHHBIX C MOJYUYECHHUEM, Mepeaadeii, xpa-
HEHHEM, 00pabOTKOM U MCTOJIb30BaHWEM HHpopManuu. B Takoit mocra-
HOBKE OHa 3aTparvMBaeT MpoOJEeMbl MHOTUX HAayK (B YaCTHOCTH, KHOep-
HETHUKHW, OWOJIOTHUHU, TICUXOJIOTUM, JTUHTBUCTUKH, TEIAroruku) Ha BCEX
TpeX YPOBHSIX (CHHTAKCUYECKOM, CEMaHTUUYECKOM U MIPAarMaTU4IeCcKoOM).

[TonBITKM MIMPOKOr0 MCIOIB30BAHUS UJIEW TEOpUU UHPOPMALIUU
B PA3JIMYHBIX 00JAaCTAX HAYKHU CBSI3aHBI C TEM, YTO B OCHOBE CBOEH 3Ta
Teopusi Mmarematuueckas. OCHOBHBIE €€ TOHATHS (PHTPOIMUS, KOJIUYe-
CTBO WH(OpPMAIMU, MPOIMYCKHAA CIIOCOOHOCTBH) OMPENENIIOTCS TOJIBKO
4yepe3 BEPOSITHOCTU COOBITHI, KOTOPHIM MOET ObITh MPUIUCAHO CAMOE
pazinuHoe pusznueckoe coaepkanue. [loaxon k uccienoBaHusIM B JIpy-
rux o0JIacTsIX HAYKH C TO3UIIMI UCTIOJIb30BAHUSI OCHOBHBIX WJIEW TEOPUU
uH(popMaIMy TOIYYWJI Ha3BAHUE TEOPETUKO—MH(OPMAIIMOHHOTO MO/I-
xoma. Ero mpuMeHeHue B pslie CIIydaeB IMO3BOJUIIO TMOJTYYUTh HOBBIC
TEOPETUUYECKUE PE3YJbTaThl U LIEHHBIE MPAKTUYECKHUE PEKOMEHJIAINU.
OHaKoO HEpEeNKO TAaKOM MOAXOJ MPUBOIAUT K CO3JAHHUIO MOJIEIIEN Hpo-
LIECCOB, MAJIEKO HE AJEKBATHBIX PEATIbHOU JEUCTBUTENLHOCTU. [T03TOMY
B JIFOOBIX MCCJIEAOBAHUSIX, BBIXOMSIIMX 32 PAMKH YUCTO TEXHHUYECKUX



npo0JieM mepeaayud U XpaHEHUs COOOUICHMM, Teopuer HHpopMaluU
CJIeIyeT TMOJIb30BAThCS C OOJBIION OCTOPOXKHOCTHIO. OCOOEHHO ATO Ka-
CaeTcsl MOJICTMPOBAHUSI YMCTBEHHOM JI€SITEILHOCTU YEJIOBEKa, Mpolec-
COB BOCHPUSATHS U 00paOOTKU UM UH(POPMALIUH.

B nactosmem mnocobun tepmuH «WHpopmanus» MOHUMAETCsS B
y3KOM CMBICJIE, TIPUHATOM MPU ONMMCAHUM TaK Ha3bIBaeMbIX HMHGOpMa-
ITUOHHBIX CUCTEM.

K HUM OTHOCSTCS TEIEKOMMYHUKAIIMOHHBIE W BBIYMCIUTEIIbHBIC
CETH, ABTOMATU3UPOBAHHBIE CUCTEMBI YIIPABJICHUS U KOHTPOJIA U T. 1. B
JTAHHOM CJly4yae TMOHSTHE KOJWYeCTBAa MHQPOpPMAIUU OMNPENENIeTCs Kak
gacToTa ynotrpeoneHus: 3HakoB. KoaudecTBo nHPOpMAINKM B YKa3aHHOM
CMBICJIE HE OTpa)ka€T HU CEMAHTHKHU, HU TMPArMaTUYECKOW IIEHHOCTU
nH(popmMaIuu.

NHdopManiMoOHHBIE CHUCTEMBI — 3TO KJIACC TEXHUYECKUX CHUCTEM,
MpeHa3HAYCHHBIX JJIsI XpaHCHMS, Mepefadyd W MpeoOpa3oBaHUs] WH-
dbopmannu. CoOOTBETCTBEHHO MH(OpPMAIUS — 3TO CBEACHUS, SIBJISIIOIIHEC-
csi OOBEKTOM XpaHEHHus, Mepeaaun U mpeoOpa3oBaHUs, a TEOPUS HH-
dbopmanuu — pazaen KUOCpHETHKH, 3aHUMAIOIIUMCS MaTeMaTHYECKUM
OTMMCAaHUEM METOJOB Mepeaadyu, XpaHEeHUs, u3BJIeueHus: (00pabOTKH) U
KiIaccupukanuu uHGopManuu. 3aMeTUM, 4TO camMa HHpOpMaIus, Kak
MPaBWIO, UCIOJB3YETCS ISl OCYLIECTBICHUS KaKUX—JIHOO YyHpaBJsiio-
X BO3JEUCTBUM.

Takum 00pa3om, MpeaMeTOM HAIIero PACCMOTPEHHS SBISETCS
Teopusi HHPoOpMaIMU B KJIACCUYECKOM CMBICIIE — PEIICHUE TeopeTHYe-
CKHMX BOIPOCOB, KACAOIIUXCS MOBBIICHUS 3P(HEKTUBHOCTU U (PYHKIIHO-
HUPOBaHUA MH(OOPMAIIMOHHBIX CUCTEM, B YACTHOCTH CUCTEeM cBsi3u. OHa
BKJIFOUAET B CeOsI:

1) aHanKM3 CUTHAJIOB KaK CPeACTBA Nepeaayn nH(popmanuu;

2) ananu3 UHQPOPMAITMOHHBIX XaPAKTEPUCTHK HCTOYHUKOB COO00-
IICHUS ¥ KaHAJIOB CBSI3H;

3) TeopHI0 KOJUPOBAHUS;

4) meToabl puemMa u 00padoTKu HHGOPMALIUH.

Kaxxnplii U3 yKa3aHHBIX pa3lieIoB MOXET OBbITh (M, KaK MpaBUIIo,
ABJISIETCS) MPEAMETOM CaMOCTOSITEILHOIO TITyOOKOr0 MU3Y4YEHHUsI B COOT-
BETCTBYIOIINX TUCHUIUIMHAX PA3IUYHBIX CIENHUATbHOCTEH MHPOpMAIIH-
OHHOTO HampasJieHHus. B HacTosIemM Kypce Mbl CTPEMHUJIUCH aKIIEHTUPO-
BaTh BHUMaHWE HAa HanbOoJiee o0mmx (QyHIaMEHTaIbHbIX 3aKOHAX, UMe-
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IOIIMX CYIIECTBEHHOE 3HAYEHUE ISl BOCHPHUATHS YKAa3aHHBIX Pa3eciiOB
KaK eAuHoro 1enoro. Ha Ham B3, Takum o0muM QpyHIaMEHTOM SIB-
nsrotest Teopembl K. [lleHHOHA 0 KOAMPOBAHUM.
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I'naBa 1. BBegenue B Teopuro nHpopmMannu

[Ipu wuccnenoBaHUM WM HAOMIOACHUU JIHOOOTO (PHU3UYECKOTO
npoiecca, 00bEKTa UK SABJICHUSI MOKHO BBECTH MOHITUE HH(POPMALIUH.
Cy1iecTByeT JOCTaTOYHO MHOTO OMPENETICHUN MOHATHS WH(OopMaius,
CYILIECTBEHHO Pa3JIMYAIOIIMNXCS B 3aBUCUMOCTU OT cephl AEATEIbHO-
CTH, B PUMEHECHUHU K KOTOPOU JAETCSI KOHKPETHOE OMPEACICHUE 3TOT0
MOHATHSL.

Takoe monoxkeHue, Mpu KOTOPOM CYHIECTBYET MHOKECTBO pPa3-
JUYHBIX OMPEJEICHUN U OTCYTCTBYET €IMHOE OOLICIPUHATOE U TOUHOE
OTpeJieNIEHNEe ITOr0 MOHSATHS, BBHITEKACT U3 TOTO, YTO MOHATHE MHDOP-
Mallu, Hapsaay ¢ TaKuMHU (PyHIaMEHTAJIbHBIMU MOHATUSIMHU, KaK MaTe-
pus ¥ dHeprus B GU3MKE WM KaK MHOYKECTBO WJIM TOYKAa B MaTeMaTHKeE,
ABJISIETCSI IEPBUYHBIM MOHATHEM, U TIO3TOMY HE MOXKET UMETh YETKOTO
(opMaIM30BaHHOT'O OMPEETEHUS, T. €. HE MOXKET OBITh ONPEIETECHO Ye-
pe3 0oJee MpoCThie U3BECTHBIE OOBEKTHI, UMEIOIINE YETKHE OMpeiesie-
HUA.

[TosToMy mpu omnpeneieHuu OCHOBHBIX (hyHIaMEHTAJIbHBIX TEp-
BUYHBIX MMOHSITUN UCIIOIB3YIOT UHTYUTUBHBIM MTOAXO/I, ONIPEEIIsisl TTOH -
TUE Yepe3 COBOKYITHOCTb MPUCYILIUX €MY CBOUCTB. JI|€HCTBUTEIBHO, UC-
XOJIsl U3 MPAKTUYECKOTO OIbITa, UHTYUTUBHO, MOKHO IMPEJCTABUTH HH-
(dopMalHIO0 KaK COBOKYITHOCTh COJAEpPKATEIbHBIX CBEJACHUMN, 3aKIIOUYCH-
HBIX B TOM WJIM UHOM OOBEKTE WJIU SIBJICHUU, U NIEPEUUCIUTh €€ OCHOB-
HbIE CBOWCTBA, TEM CAaMbIM WHTYWUTHBHO, UCXOJS U3 3TUX CBOWCTB, €€
ONPECIUTD.

1.1. Madopmanusi. O0uiue noHATUSA
1.1.1. Uudopmanus u MmaTepus

C Touku 3penus dunocodbuun ungopmayus — Hanbosee oodIIee
MOHSATHE HApSAIy ¢ MaTepuel, MOKHO CKazaTh, UTO OHA ompajlicaem op-
eanuzayuio mamepuu. Ilpu 3ToM nHPOpMaIMsI HE TOTBLKO TTACCUBHO Xa-
paKkTepu3yeT CTPYKTYPy MaTepUH, HO U CHOCOOHA AKMUBHO CO30A8AMb
u socnpouzeooums 3my cmpykmypy. Hanpumep, 110001 cO371aHHBIN Ye-
JIOBEKOM OOBEKT IEepBOHAYAJIBHO CYIIECTBYET B BHjE Hacu (0Opa3a) B
roJIOBE €ro TBOPIIA, a CBOKWCTBA CaMOT0O YEJIOBEKa B 3HAYUTEIHLHOMN CTe-
MIEHU 3alporpaMMHUpPOBaHbl HH(GOPMAIIUEH, XpaHSIIEHCS B €T0 TEHOME.
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«AHTUTIOIOMY» UHGOpMayuu, XapaKTEPU3YIOIIEH CTYKTYpUpPO-
BAaHHOCTb MaTEpUU SIBISETCA IHMPONuUs, KOTopas ompasxjicaem ee Heyno-
psioouennocms («xaoC»). COOTHOIIICHHE MaTepuu, HHPOPMalUd U dH-
TPONUHU MOKa3aHO Ha pucyHke 1.1.

OTpaxaeT CTpyKkTypy Matepum
W CTPYKTypUpyeT matepuio  —

B3anMHbIn
nepexon
NHopmaLumn
B 3HTPOMNUIO

MaTepus

OTpaxkaeT HeynopsaoYeHHoCcTb y
|

mMaTtepumn (xaoc) »; SHTpONMS i
‘ |
|

- -

Puc. 1.1. CooTHomienne Matepuu, MHPOpMAIIMKI U SHTPOIIUU

YHops104eHHOCTh U Xa0C (M COOTBETCTBEHHO, SHTPOIUS M HH-
dbopmanusi) B BUAUMON BCEIECHHOW HEMPEPHIBHO MEPETEKAIOT APYr B
IpyTa: HaIPUMEDP, CTPOUTH O3HAYAET YMOPSAOYMBATH, a pa3pyliarb —
BHOCUTBH Oecriopsiiok. Mcxod U3 3Toro cymiecTByeT npearnoioKeHue o
«3aKOHE COXpaHEHUs» KonndecTBa nHpopManuu Bo Becenennoi. OnHa-
KO €CTh M NIPSIMO IMPOTHUBOIIOJIOXKHAS TOYKA 3PEHUS: CJEJ BCEro, 4To
MPOUCXOJIUT, HEYHUUYTOKUM HAa «TOHKUX YPOBHSAX» OpPraHU3allih Mate-
puH, Tak 4TO HH(GOPMALIMS TIOCTOSHHO HAKATLIMBAETCS.

1.1.2. Undopmanuus B aJanTUBHON cUCTeMe

YTHOMSIHYTBIM BBIIIIE MOAX0A K HWHGOPMAIMM MOXHO CUUTATh
HanOosiee OOIIMM, OJTHAKO OH MaJi0 YTO JIa€T B MPAKTUUYECKOM IIJIaHE.
llonsmus xonuuecmea, 3HaA4eHUs U YeHHOCMU UHGoOpMayuu npuoope-
marwm CMviCll, ecliu 8 paACCMOMpPeEeHUU NOABIAEMCs CYObeKm — cucmema,
Komopas omy ungopmayuro ucnonvzyem. Takol CUCTEeMON MOXKET OBITh,
HalpyuMep, >KUBOW OPraHu3M, COOOILIECTBO JIOJCH WJIM KOMIIBIOTED,
YIIPABJISIONIAA HEKOTOPBIM arperaToM.
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Cucrema Bcerja CyIIeCTBYET B OIpeaesieHHOM cpeae. UToObl pe-
maTh CBOM 3aJja4H, OHA JOJKHA UMETh COOCTBEHHYIO Modelb cpedbl U
MOCTOSIHHO KOPPEKTHPOBaTh €€ Ha OCHOBE II0JyYaeMbIX CBEJICHHIA
(amanTupoBaTh). B paMkax Takoro mnojaxoja urHgopmayus ecmv «npeo-
cmasneHue cybovekma o6 okpyxcaoweu cpedey (puc. 1.2). Hanpotus,
DHTPOIHS — HEOIPESICHHOCT, B TaKOM MpejcTaBiicHuH. [losBiieHue
HOBBIX CBEICHHH CHUMaem uYacmv HeonpedeleHHOCmU W DHTPOTHS
(«He3HAHMEY) 3aMeHsIeTCS HHPOpMaIUeH («3HAHUEM).

4 UHdopmaumsa — a1o
|
| Nepenava MPeACTaBneHme cucTemb! 06
; MHcbopMAaLm OKpYy>XarLlen cpeae
=== —< ApanTtuBHas SHTpONUS —
-« — — | CheTeMa& ' \eonpepneneHHOCTb BO
Cpepna CurHansi | BHYTPEHHEN MOLENN CUCTEMDI
P § i OTHOCUTESIbHO NapameTpoB
' Mopensb !
/\_/_\4 L 3 cpenbl

Puc. 1.2. [louarue nndopmaiuy npu HaIuIuu CyObeKTa.

OOpatuTe BHMMaHUE, 4TO uUHGopmayus (Kak «npeocmasieHus
cybvexmay) cama no cebe He mamepuanibHa, 0OHAKO OHA 6ce20a umeem
Mamepuaibhble HOCUMENU. CUSHAbL, KOmopble ee NepeHocam, Uil na-
pamempul 31eMeHmos, ¢ NOMOWbI0 KOmopwvlx oHa xparnumcs. CUTHAIBI
CITy’>KaT HOCUTEJIIMU UH(POPMAINH TIPU 80CHpUAMUY €€ U3 CPEIIbl U TIPH
nepeaade OT OJHOTO CyOBekTa apyromy (IpH 3TOM «APYToM CyOBEeKT»
MPEACTABISETCA BO «BHYTPEHHEN MOJEIN», KaK JIeMeHT cpeanl). OOpa-
TUTE BHUMAHHE, YTO U3 MHOTOOOPa3HBIX (PU3NUECKUX BO3ICUCTBUN Cpe-
16l HA CyObEKTa cucHanramuy OynyT JUIb T€, U3 KOTOPBIX CYOBEKT MOJTy-
4aeT MHQPOpMaIIHUIO.

1.2. MeTomoJiornyeckasi cxeMa (JOpMUPOBAHUSI M MaTePUAJIH-
3auMM UH(POPMALUHN

Cama mo ceb6e uHbopmMmamusi MOXKET ObITh OTHECEHA K 00JIacTH
a0CTpaKTHBIX KaTE€ropui, MOJI00HBIX, HAIIPUMEP, MaTEMATUYECKUM (Pop-
mynaMm. OpjHako  OposIBISIETCST OHAa  BCerjga B MaTepualb-
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HO—BHEpreTuyeckor opme B BuAe CUrHANIOB. MeToaojioruueckas cxe-
Ma 00pa30oBaHMs CUTHAJA MOKa3aHa Ha pUCyHKe 1.3.

dusnyecknn
opuvrnHan

MaTtemaTtnyeckme mogenm

dusnyeckas
Moaenb

Marepus Annapat Annapat Annapat Marepus
ABNEHNA BOCTIPUSTUS KBaHTOBaHMsI KOAMPOBAHMS curHarnos
A N 1010
( A 101010
/\ l/ \‘ 10101010
> »{1010101010 H
i, 1 "\o1o01010101
01010101
v4 010101
Habnionaemble HayvanbHas KBaHTOBaHHas Hcnonbsyemble KoanpoBaHHas
SABMeHns WHopmauns nHopmaums curHansl nHopmaums

Puc. 1.3. Metononorudeckas cxema OpMUPOBAHUS U
MaTepHaTu3auy HHPOPMaIIUH

C mepenaudeit u oOpaboTkoi MHGOPMAIIMU CBSI3aHBI JACHCTBUS
J000Tr0 aBTOMAaTUYECKOT0 YCTPOWMCTBA, MOBEACHUE KUBOT'O CYIIECTRA,
TBOpPYECKAs IEATEIbHOCTh YEJIOBEKA, Pa3BUTHE HAYKU U TEXHUKH, KO-
HOMHYECKHE W COIMaIbHBIE MpeoOpa3oBaHUs B OOIIECTBE W cama
KU3Hb.

Kak noHsiTue sHepruu NpUBEIO K €AUHON U MPOTPECCUBHOM TOU-
K€ 3peHusl Ha (DU3MYECKUE SBJICHUSI IPUPOJIbI U TEXHUKH, TaK U MOHSITHE
uHpopMalui 00BEINHUIIO WHXKEHEPHO—TICUXOJIOTHYECKUE aCTIeKThI CO-
BPEMEHHOM TEXHUKH.

Ecnu marepuan (BemIeCTBO) W SHEPrUsi CPAaBHUTEIBLHO IOJIHO
U3y4EeHbI, TO 3aKOHBI TOJYUYCHHUs, TPeoOpa30BaHU U HUCIOJIb30BaHUS
MHpOpMaIMU €llle SBJISIOTCS HEW3BEAAaHHOW 00JIacThiO, Tadlled B cede
MHOT'0 HEOXHUJAHHBIX MPOSIBJICHUI.

1.3. DTanbl oOpamennst uHGopMaunu
Tak kak MaTepualbHBIM HOCHUTENIEM UH(OpPMAIUU SBIISECTCS CUT-

HaJl, TO MOXHO CJICAYIOIIMM 00pa30oM CXEMaTHYHO MPECTaBUTh ATAIIbI
oOpareHust 1 mpeodpazoBanms curaajios (puc. 1.4).
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O6paboTka

Q BosgernictBue

O6beKkT HabnaeHns
1 ynpaBneHus

MNoaroTtoBka

BocnpusaTtue

Puc. 1.4. Oransl oOpamienus uHpopmaiuu

Bocnpusimue coctour B ToM, 4TO (popmupyeTcsi o0pa3 oObeKTa,
MPOU3BOJAATCA €r0 OMO3HAHME W OLeHKA. [Ipyu BOCHIPUATHM HYXHO OTHE-
JUTH TOJIE3HYI0 MHPOPMAIHUI0O OT HIYMOB, YTO B HEKOTOPBIX CIIydasix
(ToHKHE OHMOJOrHYecKue, (PU3MKO—XUMUYECKHE SKCIEPUMEHTHI; CJIO0XK-
HbI€ MPOU3BOJICTBEHHBIE YCJIOBHUA; PAAUOCBA3b, JTOKALMSA, aCTPOHOMMUSA
U JAp.) CBSI3aHO CO 3HAYUTEJIbHBIMU TPYAHOCTSIMU. B pesynbrare
BOCHIPUSTHSI MOTYYAETCsl CUTHAN B (popMe, YIOOHOM NIl mepeaadu Uiu
00pPabOTKHU.

Iloocomoera ungopmayuu BKIOYAET B c€0s ONEPALIMH €€ HOpMa-
JU3alUH, KBAHTOBAHUS, KOJUPOBAHUS, MOAYJISILIMM CUTHAJIOB U MOCTpPOE-
HUSL MOJICIIEN.

llepeoaua ungopmayuu COCTOUT B MEPEHOCE €€ HA PACCTOSHUE
MOCPEAICTBOM CUTHAJIOB PA3IMYHON (PU3UUYECKOM MPUPOIbI COOTBETCTBEH-
HO 0 MEXaHWYECKUM, THUIPABINYCCKUM, IMHEBMATHUYECKUM, aKyCTHUYe-
CKUM, ONTHUYECKUM, DIEKTPUUECKUM HIIA AJIEKTPOMArHUTHBIM KaHAJIaM.
[Ipuem uHbopmanuu Ha Apyrod CTOPOHE KaHaIa UMEET XapakKTep BTO-
PUYHOTO BOCHPUATHS CO CBOMCTBEHHBIMH €MY OIEpaIusiMi OOpHOBI C
[TyMaMHU.

Obpabomka ungopmayuu 3aKI0YAETCS B PEUICHUM 3a]1a4, CBSI-
3aHHBIX C MpeoOpa3zoBaHUEM UHGOPMAILIMH, HE3ABUCUMO OT MX (YHKIHO-
HaibHOrO Ha3zHaueHus. [Ipumenenne DBM o00001maer U neHTpaIu3yeT
GyHKIIMU 00pabOTKH, UMEIOIIME OTHOUIEHUE TJIaBHBIM 00pa3oM K MO-
JCNSAM CUTYallil W MPUHATHIO PEIICHU mpu yrpasieHuu. O6paboTka
NPOU3BOJIUTCS MPHU MOMOIIM YCTPOMCTB WM MAIIMH, OCYIIECTBIISIOLINX
aHaJIOroBble WK IU(GPOBBIE TPEOOPA30BAHUS MTOCTYHAIOIIUX BEIUYUH U
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bynkiuid. [IpoMexyTOUHBIM 3TarioM 00padOTKH MOKET ObITh XpaHEHHUE B
3allOMUHAIONIUX yCTpoicTBaxX. M3BneueHne nHdopmanum U3 3aroMHUHa-
IOIUX YCTPOUCTB TAKXKE HUMEET XapakTep BOCHPUITHS U CBSI3aHO C
00pb00ii C TTOMEXaMH.

Omobpadsicenue ungopmayuu TpedyeTcs TOTAa, KOrja B LUKIE
oOparenuss nHQOpMaLMU NMPUHUMAaET ydacTue denoBek. OHO 3aKiroya-
€TCs B JIEMOHCTpAllMU TEPE]l YEJIOBEKOM YCJIOBHBIX HM300pa)K€HUM, CO-
Jep KaluX KaueCTBEHHbIE U KOJIMUYECTBEHHBIC XapaKTEPUCTUKU BBIXOTHOM
uHpopManmu. J[Ji1 3TOro UCHoNb3yIOTCS YCTPONCTBA, CIOCOOHBIE BO3-
JIEMCTBOBATH Ha OpTaHbl YYBCTB YEJIOBEKA.

W3 ycrpoiictBa 00paboTku MHGOPMAIUS MOXKET BBIBOJAUTHCS HE
TOJIBKO OIEepaTopy, HO U HEMOCPEICTBEHHO BO3JCHCTBOBATH Ha OOBEKT
yIpaBJICHHUS.

Bo3zoeticmsue cocTouT B TOM, YTO CHUTHAJBI, HECYIIUE HHPOpMA-
IIUI0, TIPOU3BOJIAT PETYJUPYIOIINE WM 3allUTHBIC JICHCTBUS, BBI3bIBAS
W3MEHEHUS B CaMOM OOBEKTE.

1.4. Buabl ungopmanuu

HNudopmario MOXKHO pa3ianyarh 1Mo o01acTsM 3HaHui (OMoIoru-
YyecKasi, TSXHUYECKasl, SJKOHOMUYECKAs U JIp.), 10 (PU3HYECKOU IPUPOJC
BOCIIpUSITHS (3pUTEIbHAS, CIIYX0Basi, BKyCOBas U JIp.), a TAKXKE IO CTPYK-
TYPHO—METPUYECKUM CBOWCTBAM.

OcTtaHoBHMMCS Ha IOCIIeHEH Kitaccudukaiyn (tadur. 1.1), Hanboiee
MPUTOJTHOU JJI TEXHUYECKUX MPUIIOKECHUM.

Tab6n. 1.1.
Buasl u hopMbl ipetocTaBieHust ”HPoOpMaIuu
dopmel npencTaBieHus: HHGpopMaIum
Bux wundop- P el dopmau
O6o3HaueHune JUHIBUCTHYE-
Maruu TOTOJIOTHYECKast | abCTpakTHas
CKast
CoOsbITHE @’ Touka Cyxnenue 3HaK
Bennunna @' JInnns ITonsTHE byksa
OyHKIUSA @? IToBepxHOCTB O6pa3 CnoBo
Komruiekc @° O0BeM Cucrema [Ipennoxenune
ITone @" IIpoctpancteo | Yausepcym | ®onp
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K mononocuuecxoii ungpopmayuu OTHOCATCS Te€OMETPUUCCKHUE 00-
pa3bl, KapThl MECTHOCTH, Pa3JIMYHbIC MJIOCKUE U300paKEHUSI U OOBEM-
HbIe 00BEKThI. Tononocuueckou ungopmayuel ynoOHO BbIpakaTb 00passbl
U CUTYaIlUH, OJIeKAI1e PACIIO3HABAHUIO.

Abcmpakmuyto ungopmayuio TPUMEHSIOT B HCCIEIOBAHUIX Ha
BBICOKOM T€OPETHUUYECKOM YPOBHE, KOT/[a HY>KHbI OTBJICUEHUS, 000OIIECHUS
Y CUMBOJIM3AIIHUS.

B tabnuie 1.1 Buabl nHOpMaIMU MOXKHO pasJeiuTh MO pa3Mep-
HOCTH MH(OPMAIIMOHHBIX MHOKeCTB. HazoBem:

— uHghopmayueil Hyneeoz2o nopsoka (HyJIb—MepHOU HH(oOpMaIu-
eil) TaKyro, KOTOpasi COOTBETCTBYET MOIIIHOCTH TOYKH,

— nepgoco nopsoka (ogHOMepHast nHPopmaIus) — JIMHUU,

— 6mopo2o nopsaoxa (IBymepHas uHdopMaliusi) — IOBEPXHOCTH,

— mpemve2o nopsaoka (TpexmepHas nHpopmalmsa) — oobema, ...

— N—eo nopsoxka (N—MmepHas uWHPOpPMAIKSI) — N—MEpPHOTo IPo-
CTpaHCTBA.

Takum oOpa3om, CTPYKTypy HH(POpPMAIIUH MOXKHO H3MEHSTH, II€-
pexo/si OT OJHOTO BHjaa MH(popmaluu K apyromy. Bee Bumbl nadpopma-
MM MOKHO MHTEPIIPETUPOBATh T€OMETPUUYECKUMHU 00pa3zamu, 4TO ObI-
BAaET yJI0OHO Ha MPAKTHKE.

B uHXeHepHOH MpaKTUKE IIMPOKOE pacHpoCTpaHEHUE UMEET mMa-
paMmeTpudeckass MHpopmaius, KOTOPYHO MOKHO CBECTH K CIIEAYIOUIUM
YETHIPEM OCHOBHBIM BHUJIaM: COOBITHIO, BEIMUMHE, (DYHKIIMHU U KOMILUICK-
cy. IM cOOTBETCTBYIOT BBEACHHBIC HIKE JOMOIHUTEIbHBIC 0003HAUCHUS
U1l PU3NYECKON peann3aliui MHOKECTB.

1. Cobvimue. 1lepBUUHBIM U HEJIEUMbBIM 3JIEMEHTOM HH(MOpMAILIIH
SBIICTCS dJIEMEHTapHOe JBOMYHOE coObiTie A (puc. 1.5, a) — BbIOOp U3
YTBEPXKACHUS WM OTPUIIAHUS, UCTUHBI WM JDKU, COTJIACHS WJIM HECOTJIa-
CHsl, HATMYMS WIM OTCYTCTBUS KaKOTO—JMOO siBieHus. [Ipumepom Moryt
CIIY>KUTh CBEJCHUSI 00 UMITYJIbCE WM TMay3€ B DJIEKTPUYECKOM IIEIH, BbI-
MTyCKE TOJAHOTO WA HETOJJHOTO U3/IEUS, TOCTUKEHUU WIH HEIOCTUKEHUN
U3MEpSAEMON BETMYMHOW OJTHOTO OMPEJICICHHOTO 3HAYEHUS, YSPHOM HUJIU
OesoM 2JIeMEHTaxX TeJeBU3MOHHOTO H300paKeHUs, MOMaJaHUM WU
HETIOMa/IaHU U B 11€J1b, HAJIMYUU UM OTCYTCTBUU KOMAaHBI U T. 1.

CoObITHE SIBISICTCS KaTEropuend HYJIEBOM MEpbI, T. €. HE HMEET
TEOMETPUUECKUX U3MEPEHUH, TTOITOMY OHO U MPEICTABUMO TOYKOHU.
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2. Beauuyuna. Benvuuna X (puc. 1.5, 6) ecTh ynopsijioueHHOE B O/I-
HOM M3MEpeHUHU (MO IIKaJe€ 3HAYCHHUM) MHOXKECTBO COOBITUM, MpUYEM
KOKJI0€ M3 HUX OTBEYACT MPUHATUIO BEIMYMHOW KAKOTO—JIUOO OJHOTO
3HaueHus. BennurHa MOXeT ObITh UM JJUCKPETHOM, UJIN HEMPEPHIBHOM; B
MEPBOM CJIy4a€ MHOXKECTBO COOBITHI CUETHO, BO BTOPOM — HECYETHO.
['eomeTpryecku BEIMYMHY MOXKHO MPEACTaBUTh JUHUCH.

A X X(T) X(TN)

D w4

(=}

O000O000O00O0O0

a) 6) B) r)

Puc. 1.5. Buasl mapamerpuyeckoit nuHpopmaimu
a — coObITHE; O — BEJIMUMHA; B — PYHKIIUS; T — KOMILUICKC.

3. @yuxyus. Oynxumst X ( T) (puc. 1.5, B), X (N ) mmu X, ( X7)
€CTh COOTHOIIEHHUE MEXTY BEJIMUMHOU U BPEMEHEM, MPOCTPAHCTBOM UJIH
Ipyroil BeIuunHoil. B 3ToM cMmbIiciie QyHKIIMIO MOKHO TPAaKTOBATh Kak
JIBYMEPHOE T10JI¢ COOBITUM.

4. Komnnekc. Ilomubpiii kommuiekc mHpopmammu X (7, N )
(puc. 1.5, 1) ecTh COOTBETCTBHE MEXY BEIMYMHOU, C OTHON CTOPOHHI,
U BPEMEHEM M MPOCTPAHCTBOM — ¢ Jpyroil. Takum o0Opa3om, MOJTHBIM
KOMITJIEKC MH(POPMAIIUU €CTh TPEXMEPHOE MOJIe COOBITHH.

Kak yka3biBanoch, HH(pOpMaIUs MOXKET ObITh IIPEACTABICHA MO-
JeTAMU C Pa3InYHON pa3MepHOCThI0. OTBIIEKAsICh OT KOHKPETHOTO BHJIA
koopauHaT (mapametp X, Bpems 7, npoctpanctBo N) u BBens 00001IeH-
HyI0 koopauHarty uHdopmanuu @ (cormacHo Tabnuue 1.2), momydaem
CIIEIYIONIYIO KJIacCHU(UKAITUIO:

@, ®, @%, @3, ..., D",
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rae ®° — nynb—MmepHas uHbopMaius (CoObITHE); o' — OJTHOMEpHAs WH-
dbopmarus (BeIUUYMHA); D° — nBymepHas ua@opmarys (PpyHKIus); @ —
TpexmepHas uHpopmanus (kommuekc); ®"— n-mepHas uHpopManUs
(N—MepHOE MPOCTPAHCTBO).

Tabn. 1.2.
CtpykTypHbIe HHPOpMAIOHHBIE (DOPMYJIBI
CoObITHsA IIpocTpancTBO COOBITHI
@° (A) ®*(N)
@' (Ar, Ay, As, ..., Ay) @*(Ny, Ny)
CoObITHSI BO BpeMEHHU CD3(N1, N>, N3)
o* (A, T) IIpocTpaHCcTBO COOBLITHIL BO BpEeMEeHH
@° (Ar, Ay, As, ..., Ay, T) @ (N, T)
IMapameTpsbI @° (N1, N,, T)
@' (X) @*(Ny, N, N3, T)
@° (X4, X2) ITapamerpuyeckue NPOCTPAHCTBA
@% (X4, Xa, X3) @% (X, N)
........ @% (X, Ny, Np)
D" (Xq, Xo, Xa, ..., Xp) @*(X, N1, Np, Ny)
ITapameTpbl BO BpeMeHH ITapameTpuyeckue NPOCTPAHCTBA BO BpeMeHH
% (X, T) @% (X, N, T)
@% (Xy, Xo, T) @* (X, Ny, Ny, T)
D" (Xy, X, X3, ..., X, T) | D" (X, Ny, Np, N3, T)

BepxHuii MHIEKC YKa3bIBAET Pa3MEPHOCTh WJIM TMOPSIOK UH(Op-
Manuu. Hambonee dacto BcTpedaromuecs: Ha MPAKTUKE Pa3HOBUIHOCTU
HAYYHOM W TEXHUYECKONW HHQPOpPMAIUd MOTYT OBITh BBIPAKEHBI TEHEPh
CTPYKTYPHBIMU UH(POPMALIMOHHBIMU (opMyliamu (cM. Taba. 1.2), koTo-
pbl€ OTJIMYAIOTCS TE€M, YTO B HUX YKa3bIBAIOTCSl TOJBKO Pa3MEpPHOCTh U
KOMITOHEHTHI HH(GOpMAIUU, HO HEe (GYHKIIMOHAIBHBIE 3aBUCHUMOCTH MEX-
1y KOMIIOHEHTaMH.

OnHO CcOOBITHE €CTh HyJb—MEpPHAasi KaTeropus, TaKk YTO COBOKYII-
HOCTh ITPOHYMEPOBAHHBIX MOJAPSIA COOBITUN 3aHMMAET OJHO M3MEpPEHHUE
N.

Bpewmst 7' camo 110 cebe He coaepXuT uHpopmanuu. MHOXECTBO
COOBITHI BO BPEMEHU MOKHO YIOPSIIOYUTH OTHOCUTEIBbHO KoopauHaT N
u T B Buae yakmuu N ( 7).
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1.5. CTpykrypa unpopmanuu

NudopMaiusi MOXKET MPETEPIEeTh Pa3UUHbIE CTPYKTYpHBIC
npeobpa3zoBanusi, nokazaHuele B Tabnuine 1.3. [locnemoBaTenbHOCTH
ATUX MPEOoOPa30BAHUN MOXKET OBITH PA3JIUUYHON B pa3IWuHbIX UHPOP-
MallMOHHBIX cucteMax. Ilosydyaemble B mpoiiecce ImpeoOpa3zoBaHUi
CTPYKTYphl UMEIOT aO0CTPAKTHBIN XapaKTep U HE COOTBETCTBYIOT CTPO-
ro TeM WJIM WUHBIM 3Tanam o0paboTku mHpopManuu B MH(OOPMAIIHOH-
HBIX CUCTEMaXx.

Tabm. 1.3.
Crpykrypa nundopmanuu
YcnoeHoe 0603HaueHVe CTpykTypa XapakTepucTtika CTpyKTypbl
X3, {1} {N} HaTtypanbHas NepBoHavanbHas CTPyKTypa MHopMaLmm
M, D, L{X}, {T}, {N} HopmanusoBaHHasi MpuBeaeHa k eanHomy Maclutaby, AuanasoHy
¥ Hayany otcyeTa
X, T, N} KomnnekcupoBaHHas MpuBegeHa k koMnnekcy ¢ 0606LLEHHbIMU

KoopauHatamu X, T

XT X [lekomMnoHMpoBaHHas Mpeobpa3oBaHbl YACNO N3MEPEHUN,
CTPYKTYpa ¥ pacnornoxeHue
X, T,N} —>XT T
XT N

Ga {X, T, N} eHepann3oBaHHas YcTpaHeHa n3bbITOYHOCTb, BbigeneHa
CyLLeCTBEHHas YacTb Mo ycrosuio A

X*, T* N* [uckpeTHas (KBaHTOBaHHas) OTcueThl B HenpepbIBHOM (opme

Ox, Or, On BespasmepHas [JuckpeTHbIe OTCHETbI NPUBEAEHBI K
6e3pa3mepHoi hopme

KonuposaHHas Lincbposas dopma nHdopmaLmm

Hamypanvnas ungopmayus otpaxaer peajbHOE CYIIECTBOBA-
HUEe 00BbekTOB. OHAa MMeeT aHaJIoroBYH0 (QOpMy, 3aCOpeHa IIyMaMu,
HEONTHMAaJIbHA 10 JWara3oHaM W HadajlaM OTCYCTOB 3HAYCHHWH Iapa-
MeTpoB. Bce 3Tu orpaHnueHusi 00yCIIOBICHBI HETIOCPEICTBEHHO (HhU3H-
YeCKMMH CBOMCTBaMHM HabOmrogaemoro oobekra. HarypanbHyto undop-
MaIlfi0 MOKHO YCJOBHO INPEJCTaBHTh KaK COBOKYITHOCTH BEIUYHUH X,
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MOMEHTOB BpeMeHu T u Touek mnpocTpaHcTBa N B BUJIE MHOXECTB
{Xh{T}iu{N}

Hopmanuzoeannas ungopmayus otiavdaeTcss OT HATypaIbHOU
TeM, 4To B Hell kaxaoe mHoxkecTtBo { X }, { T}, { N } yxe npuBeneno
K OJJHOMY MacumTaly, Auana3oHy, Hayajay oTcyeTa W JAPYruM OOIIHUM
yHU(PUIIUPOBaHHBIM XapakTepuctukam. HopmanuzoBanHyto uHdopma-
U0 MOKHO TPaKTOBaTh KakK pe3yJibTaT BO3JCUCTBUS HAa HATYpaJbHYIO
uH(opmaluio onepaTopoB: mMacmTabHoro M, auanaszonHoro D u moka-
JM30BaHHOTO L.

Komnnexcuposannas ungopmauus oOpasyeTcss B pe3yiabTaTe
MPUBENICHUS BCe MH(POPMAIMU K MOJHOMY KOMIUIEKCY, T. €. K TpeX-
MepHoit cucteme XTN, rae X — 0000IeHHass KOOpAUHATa 3HAYCHUM
napaMeTpoB WIM YyHU(PUUIMpPOBaHHAsA IIKajla KaKUX—JIHOO OIICHOK;
T — 0600mennas koopauHara BpeMenn; N — 000011eHHass KOopAruHa-
Ta MPOCTPAHCTBA UCTOYHUKOB MH(Popmaiuu. KoMmmiaekcupoBaHHasi UH-
dbopMarus mNpeacTaBisieT COOON CBsI3aHHOE U KOOPJAMHHUPOBAHHOE
MHO)kecTBO X, 7, N. I3MeHeHne KOIu4yecTBa U3MEPEHUN CTPYKTYpPbI U
PaCIONI0KEHHUSI DJIEMEHTOB B MH(POPMALIMOHHBIX KOMILUIEKCAX MPUBOJIUT
K popme dexomnonuposannou ungopmayuu. OCOOE6HHO YaCTO MPUME-
HAIOT CJIEIYIOIIME ABA BUAA JEKOMIIO3UIIUU:

— mnpuBeAcHHE (U3UYECKOTO MPOCTPAHCTBA TPEX H3MEPECHUM
(oObema) puznueckux noyuei, 00bEeMHBIX 00BEKTOB;

— MHOTOMEPHBIX CUCTEM JATYMKOB, BEKTOPHBIX U KOMILIEKCHBIX
BEJIMYMH K MPOCTPAHCTBAM JIBYX U OJTHOTO U3MEPECHUI;

— MPUBEJCHUE TOJHOro KomIiuiekca uHpopmanuu XTN K JtO-
oot mnockoctu X7, XN, NT unu ocu X, T, N KOOpAMHAT U3MEPEHUI.

JlekommoHupoBaHHasi UH(POpMAIUs JEKOppeJIUpoBaHa, B HEH
HapyUIEHbl WIN YJJIMHEHBI CBSI3U MEXAY OTACIbHBIMU 3JIEMEHTAMU WH-
dbopMmarumu.

CtpykTypHas ¢opmyisia JEKOMIIO3UIIUN UMEET BUJI, TTOKA3aHHBIM
Ha pucyHke 1.6.

XT X
{X, T,N} —> XT T

XT N
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Puc. 1.6. CtpykrypHas GpopMmyia J1eKOMIIO3UIUN

B eenepanuzosannoti ungpopmayuu NUCKIIOYCHBI BTOPOCTEIICHHBIC €€
4yacTH, JaHHbIC 000OIIEHbl M YKPYHHEHBI |'€Hepanu3aius MOXET OXBa-
ThIBaTh KaK HOMEHKJIATYpy MapaMeTPOB, TAK U MOMEHTbI BPEMEHHU, M-
Ma30Hbl U3MEPEHUS U CTENEHb MOJPOOHOCTH UX OTOOpaxeHus. Gopmy-
da G, { X, T, N } noka3siBaeT, 4TO IPOU3BOAUTCS reHepanu3anus G 1o
anroputMmy A komiuiekca { X, 7, N }.

Jluckpemnas (keanmosauuas) un@opmayus COBIATACT C HC-
XOJTHOM HemnpepbIBHOW MHGpOpMaIeil nmo ¢pu3nueckod pa3MepHOCTH, OT-
JMYasiCh OT HEE JIMIIIb NPEPHIBHBIM XapakTepoM. JlucKkpeTru3anus MOKeT
OBITh ocymiecTBiIeHa 10 ocsiM X, 7' u N mapameTpuyeckoro KOMILIEKca.
JuckperHas undopMmanus yao0Ha JJig pacueToB U SKOHOMHUYHA B pealiu-
3ammsiX. Juckperusarusi MOXKET ObITh PaBHOMEPHOW WJIM HEpaBHOMEP-
HOM, MPOU3BOJUTKLCS 0 MTOCTOSSHHOMY WJIM U3MEHSIOIIEMYCS BO BPEMEHHU
3aKOHY.

be3pasmepnas ungopmayus ornmyaeTcs YHUBEpPCaIbHOM Oe3pas-
MepHO# uuncioBoil popmoit. Uucio, oTobpaxkaroniee Oe3pa3MEpHYIO WH-
dbopmaiuio, COOTBETCTBYET KOJUYECTBY MH(POPMAIIUOHHBIX 3JEMEHTOB
(KBaHTOB) M MOJy4aeTcs B pe3ysibTaTe AMCKpPETH3aluu HHGOpMAaIU-
OHHOTO KOMIUIEKCA, T. €. PaBHO OTHOIICHUIO JIFOOOW KOOPJIUHATHI K €€
WHTEpPBATY JUCKPETHOCTH:

Ox =~ Or =— Oy =—— (1.1)

Koouposannas ungopmayus vimeer GopMy COBOKYMHOCTH YHCE,
i 1udpoByr0 GopMy, OCHOBAHHYIO Ha MPUMEHEHUU KaKOW—IHOO CH-
CTEMbI CUUCIICHUS WJIM KOJAUPOBAHHUS.
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KOHTpOJII)HLIe BOIIPOCHI U 3aJaHUA

1. YUto Takoe unpopmarius?

2. Kak cooTHOCsITCSI MHpOpMaIUs U MaTepusi, UHPopMaIus U dH-
Tponus?

3. Oxapaktepu3yiTe KaxJblii W3 3TANoOB oOpaileHus nH@popma-
107038

4. Kak xnaccuduiupyercs nHdopMmalysa mno BUaaM ¢ TOUKU 3pe-
HUsI Teopur HHGopMaIuu?

5. Kakue ¢opMmbl npeacrtabieHuss nHpopmamnun Bam uzBecTHBI?
OxapakTepu3yuTe KaxIabli U3 HUX.

6. IlpuBeaure CTPYKTypHBbIE HWH(POPMAIIUOHHBIE (HOPMYJIBI
Han0oJIee YaCTO BCTPEUAIOIINXCS HA MPAKTUKE PA3HOBUIHOCTEH HAyYHOM
Y TEXHUYECKON HH(POPMAITHH.

7. Kakue cTpykTypHbIe MpeoOpa3oBaHus MOXKET MpeTepreBaTh WH-
dopmarmst? OxapakTepu3ynTe Kak10€ U3 3TUX MpeoOpa3oBaHUil.

8. B xakux ciydasx TOBOpST O JIEKOMIIOHHPOBAHHON HH(pOpMAIIH?
OxapakTepuzyiTe ee U MPUBEIUTE CTPYKTYPHYIO (hOopMyITy.

9. OxapakTepu3yiTe BCE BUAbI MapaMeTPUUIECKON MHPOpMalud U
MPUBEAUTE CXEMATUYHbBIE U300paKEHUSI.

10. TloctpoiiTe U oOXapakTEpU3yUTe METOJOJIOTHYECKYIO CXEMY
(hopMHpOBaHUs U MaTepUaIU3alud UHDOPMAIUH.
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I'naBa 2. U3mepenue ungopmanuu

BaxxHeiuM BompocoM TeopruHr UH(OpPMAIIUM SIBJISETCS YCTaHOB-
JIEHHE MEPbl KOJIMYECTBA U KauecTBa MH(POpMaIIHH.

NudopmaninoHHbIE MEPHI OTBEYAIOT TPEM OCHOBHBIM HarpaBJie-
HUSIM B T€OpHUHM MH(OpMaALMU: CTPYKTYPHOMY, CTaTUCTUUYECKOMY M Ce-
MaHTHYECKOMY.

CmpykmypHasi meopusi paccMaTpPUBaeT JIUCKPETHOE CTPOCHUE
MAacCHBOB MH(OpMaALIMU M UX U3MEPEHHUE MPOCTHIM MOACYETOM HHGOP-
MAITMOHHBIX JJIEMEHTOB (KBAaHTOB) MJIM KOMOWHATOPHBIM METOJIOM,
MIPEIoIaralomnM IIpoCcTeiiee KOAUPOBAaHUE MAaCCHBOB MH(OPMAIIHH.

Cmamucmuueckas meopusi ONEPUPYET MOHITUEM SHTPOIUU Kak
MEpbl HEOMPEEICHHOCTH, YUYUTHIBAIOIICH BEPOSITHOCTH MOSBJICHUS, a
CeA0BaTeIbHO, U HH)OPMATHBHOCTD TEX WIIM MHBIX COOOICHHM.

Cemanmuuyeckas meopus YYUTBHIBAET I1€J€CO00Pa3HOCTh, IICH-
HOCTb, MOJIE3HOCTh WJIU CYIIECTBEHHOCTh MH(OpMAITUH.

YKa3aHHbIE TPU HampaBlieHUs (CTPYKTypHOE, CEMAHTUYECKOE U
CTaTUCTUYECKOE) MMEIOT CBOM 00JIACTH NMPHUMEHEHHS, KaKI0€ M3 HHX
MMEET MPaBO Ha CYIIECTBOBaHWE W pa3BUTHE. CMpYyKmMypHas meopust
MPUMEHSICTCS I OIEHKH BO3MOXXHOCTEH ammaparypbl HH)OPMAIHOH-
HBIX CHUCTEM (KaHAJIOB CBS3M, 3allOMHUHAIONIUX M PETUCTPUPYIOIINX
YCTPOMCTB) BHE 3aBUCHMOCTH OT YCJOBHH WX TNpuMeHeHus. Cmamu-
cmuyeckas meopus 1aeT OLEHKU MH(POPMAIITMOHHBIX CUCTEM B KOHKPET-
HBIX TIPUMEHEHUSIX, HAIIPUMED TPHU Mepeaade Mo CUCTeMe CBsI3u UHGOP-
MaIliy ¢ ONPEACICHHBIMUA CTAaTUCTUYECKUMHM XapakTepucTukamu. Hako-
Hell, ceMaHmu4eckas meopus TpUiaraeTcs K oleHKe 3()PEKTHUBHOCTH
JIOTHYECKOT'O OITBITA.

2.1 CTpyKTypHBIE MepPbl KOJIUYeCTBA MH(OPMALIUH

B cTpykTypHBIX Mepax BO BHUMaHHE IMPUHUMAETCS TOJIBKO JIHC-
KPETHOE CTPOEHHUE HOCUTENI MHGOPMAIIUU — KOJIMYECTBO COJICpIKAIINX-
Cs B HEM MH(OPMAIMOHHBIX 3JIEMEHTOB, CBSI3€H MEXIY HUMH WU KOM-
OMHAILIUN U3 HUX.

[Tox mHpOPMALIMOHHBIMHU 2JIEMEHTAMH MOHUMAIOTCS HEJICIMMBbIC
4acTH — KBaHTHI — MH(GOPMAIIMHU B JUCKPETHBIX MOJIENISIX PealbHBIX HO-
cutesieil nHhopMaIuM, a TakKe IJIEMEHTHI ajJ(aBUTOB B YHCIOBBIX CH-
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cTeMax. B CTpyKTypHOI TeopHH pa3iHYaroT T'€OMETPHUYECKYIO, KOMOM-
HATOPHYIO U aJIUTUBHYIO MEPbl HH(GOPMAIIHH.

HauOonpliiee pacnpocTpaHEeHHE MOJIy4YWIa aJJuTHBHAs Mepa
XapTim — OBOMYHAS aJJUTUBHAS Mepa, M3MEPSIOas KOJIMYECTBO HH-
(dopManuu B 1BOMYHBIX eaunHmIax — ourax (binary digit).

2.1.1 T'eomeTpuueckasi Mepa

Onpenenenre KojauuecTBa MHMOPMAIIUM T€OMETPUYECKUM METO-
JIOM CBOJUTCS K U3MEPEHUIO JIJIMHBI JIMHUH, TUIOMIAJAN I 00beMa Ieo-
METPUYECKONW MOJIENI JAHHOTO HOCHUTENSI MH(POpMAIMKU WU COOOIe-
Hus. [lo reomMeTpuueckuM pasMepaM HOCHUTEINS T€OMETpUUYecKas Mepa
ONpENEIAeT MOTEHIMUAIBHOE, T. €. MAaKCHUMaJbHO BO3MOKHOE KOJIHYE-
CTBO MH(OpMAIMK B TAHHBIX CTPYKTYPHBIX rabapuTax. ITO KOJIUIECTBO
Ha3bIBaeTCs MHOOPMAITMOHHON €MKOCThI0 HocuTens. Mudopmarmonnast
€MKOCTh — YHUCJIO, MOKA3bIBAIOIIEE, KAKOE KOJIMYECTBO KBAHTOB COJEP-
KUTCSI HA HOCUTEIIE.

['eoMeTprUECKYI0O MEPY MOKHO NPUMEHUTHh HE TOJIBKO ISl OIICH-
K1 UHGOPMAIIMOHHON €MKOCTH, HO M JJIA OIEHKH KoJu4yecTBa UHQOP-
MalliM, COAEPIKAIIETOCS B OTACIBHOM cOOOIIeHNH. Ecniu o BeauduHe,
oToOpakaeMoil COOOIIEHNEM, U3BECTHO, YTO OHA MMEET MaKCUMaJIbHOE
3HAYEHHUE U3 TOTO PSAJa 3HAYEHHM, KOTOPBIE OHA YK€ IPUHAMAJA paHee,
TO MOXHO CUUTATh, UTO KOJIMUYECTBO MHPOpPMAIIUH, COJIepKaIIeecs KaK B
ATOM, TaKk U B JIIOOBIX 00Jiee paHHUX COOOIICHUSX, ONPEIENAETCS YKC-
JIOM KBAaHTOB, COJIEPKAIINUXCS B MAKCUMAIIbHOM 3HAYECHUH.

[Tycth nHdopManus oTpaxkaercsi HOJHbIM KOMILIEKCOM XTN.

Ecnau nuckpeTHble OTCUEThl OCyIecTBIsAOTCA o ocsiM X, 7 u N
COOTBETCTBEHHO 4epe3 UHTepBaibl Ay, Ay 1 Ay, TO HEIPEPBIBHBIE KOOP-
JMHATHI pacnagaroTcsl Ha AJIEMEHTHI (KBaHThI), KOJTMYECTBO KOTOPBIX CO-
CTaBJISICT:

Torma komumyecTBO MH(poOpManuu (B KBaHTaX) B ITOJHOM KOM-
wiekce XTN, onpeeIeHHOE TEOMETPUYECKAM METOJOM, PAaBHO
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M=m, -m -m,.

MoeT uMeTh MEeCTO HepaBHOMEpHas (110 OCSM) M HECTalMoHap-
Has (M3MEHSIOIIasl CBOM XapaKTep BO BPEMEHHU) auckperu3anus. Torma
KOJIMYECTBO HH(pOpPMAIIUU OMpeAessieTCs Mo 0ojee CIO0XKHBIM (hopMy-
J1aM, BBITEKAIOIUM U3 MIEPEMEHHBIX XapaKTePUCTUK JUCKPETHU3AIUH.

B cnyuae coobwenus e2o modxcHo 3anucame (eciu 2mo mekcm) 8
CMPOYKY U OJUHY NOJYUUBUEUCS CIMPOKU pa30eiums Ha OIUH)Y OOHOU
oykevl. Taxkum obpazom, ceomempuyeckas mepa 30eCb CE00UMCS K
onpeoeneHuro Yucia OykKe 8 cooouleHuu.

pyeoii npumep: umeemcs 0ge pomozpaguu nogepxHocmu 3emiu
PA3HOoU NIowaou, Ho ¢ 0OUHAKOBOU pa3peuiaroweli cnocobHocmoio. Ko-
JIUYeCme0 UHGOPMAYUU 8 CMbICIE 2eOMempPUYecKol mepovl Oyoem npo-
NOPYUOHANBLHO naowaou pomozpaguu.

2.1.2 KomOunaTopnasi mepa

OTOT BUJ Mepbl HHGOPMAIIMU UCIOIB3YIOT TOTJa, Korja Tpedy-
€TCs OLICHUTh BO3MOXKHOCTh Mepeaadu MHPOopMaIuu Npu MOMOIIU pas-
JUYHBIX KoMOuHaIui 0ykB. OOpazoBanue KoMOMHAIMN — 0HA U3 opM
KOJIUpOBaHUs UH(OPMALTUH.

KonnuectBo nHpopmManur B KOMOMHATOPHON MEpe paBHO KOJIU-
YECTBY pa3pelIeHHbIX KOMOMHAIIUM OYKB.

MoxkHO HOTOBOPUTHCS (YCIOBUTHCS) O PA3IMYHBIX MpaBUiIax 00-
pazoBaHusl KOMOWHaIUW. Pa3znuuHple KOMOMHALMKM MOTYT, HampuMep,
OTJINYATHCA OYKBAMH WJIM TOPSIAKOM HMX CIICIOBAHUS WA U TEM U ApPY-
UM OJHOBPEMEHHO.

B komMOuHaTOpuKe paccMaTpUBaIOTCS pa3IUYHbIE BUJIBI COCIMHE-
HUSI 3JIEMEHTOB.

Coueranus u3 h amemenToB 1o | pasnnuarorcs cocraBoM 3JieMEH-
TOB. 1IX BO3MOKHO€ YMCJIO PABHO

(1Y ht o he(h=1)-.(h=1+1)
°=ln CIr(h=1) 1.2-3-]
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CoueraHue ¢ MMOBTOPCHUSAMHU TAKIKC PaA3JIHUYAIOTCA COCTABOM JJIC-
MCHTOB, HO 3JICMCHTbLI B HUX MOTI'YT IIOBTOPATBLCA OO | pas. Yucno pas-
JIMYHBIX COYCTAHUM C ITOBTOPCHUAMU U3 h siemenTos 1o | pPaBHO:

I C(h+l-1) I

h) .. I(h=1)t (h+l-1)

1IOBT

Q=

Ilepecmanosxu h sneMeHTOB paznnyaroTcs uX mopsakoMm. Yucio
BO3MOXKHBIX TICPECTAHOBOK N 3JIEMEHTOB

Q=1.2-3-..-h=h!

[lepecTaHOBKa C MOBTOPECHHUSIMH DJIEMEHTOB, IIPUYEM OJIMH M3
AJIEMEHTOB MOBTOPSIETCS ¢, IPYroll — 3, HAaKOHEIl, MOCAEeIHUI — 7y pa3,
XapaKTEepU3yeTCsl BO3MOKHBIM YHCIIOM

(a+B+.+y)

Q= al-Bl...y
Pasmewenus n3 h snementoB 1o | a1eMeHTOB pa3IMYalOTCsa U CO-
CTaBOM 3JIEMCHTOB M HX MOPSAKOM. BO3MOXKHOE YHCIIO pa3sMEICHUH U3
h snemenTos 110 |

Q= :1 —h-(h=1)-(h=2)-..-(h—1+1) =

(h—1)!
Bo3M0OkHOE YHCIIO pa3MEIICHUH C MOBTOPEHUSIMH M3 h aiemen-
TOB 110 |

1IOBT

[Ipy npuMeHeHMHM KOMOWHATOPHOW MEphl BO3MOXHOE KOJIUYe-
cTtBo mH(popMaruu Q coBMamaeT ¢ YUCIOM BO3MOXKHBIX COCJIMHEHMM.
Taxkum o6pazom, onpenenenne koaudectsa nHpopmanuu Q B KoMOUHa-
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TOPHON Mepe 3aKJII0YacTCs HEe B MPOCTOM IIOJICUETe KBAHTOB, KaK ATO
OBLJIO TIPY OIICHKE B TEOMETPUYECKOM Mepe, a B OINPEICICHUH KOJIMYe-
CTBAa BO3MOJKHBIX HJIM JICHCTBHTEIHHO OCYIIECCTBICHHBIX KOMOWHAITUM,
T. €. B OIICHKE CTPYKTYPHOI'O pa3HOOOpa3usl.

KonnuectBo mHpOpMaIMM MPH TOM K€ KOJTHUYECTBE IJIEMEHTOB
TeIeph MHOT'OKPATHO yBEIMUMBACTCI. Tak, Hanpumep, 8 ciyuae coue-
manuti uz 10 sanemenmos no 0, 1, 2, 3,4, 5, 6, 7, 8 u 9 anemenmos nony-
yaemcest caedyroujee 4ucio oopaz’oeanull, AeusAOueecs mMepol Koaude-
cmea uHgopmauuu:

o+ 10 100 1o
0+(10-0)! 1+(10-1)!  9+(10-9!) 10}(10-10)!

Q= =1+10+45+

+120+210+...+ 252+ 210+120+45+10+1=
=1024 npeobpazosarus.

Ilepecmanosxu mex sice 10 snemenmos oarom:
Q=h!=1.2-3-4-5-6-7-8-9-10=3628800 npeobpaszosanuii.

Pasmewenus 10 paznuuneix snemenmos no 10 paznuynvim nosu-
YusAM npugoosim K ewe 00buieMy NOMEHYUATbHOMY KOAUYEeCmey UH-

Gopmayuu
Q =h' =10“06pasosanuii.
2.1.3. AxnuTuBHasi Mepa (Mepa XapTJiu)

AJTMTUBHYIO MEpPY MOKHO paccMaTpuBaTh Kak 0Oojee yJoOHYIO
IS psjla PUMEHEHUN KOMOWHATOPHYIO Mepy. Hamm HHTYWTHBHBIE
npecTaBieHuss 00 WHQpOPMAIMU IPEANoJaratoT, 4ToObl KOJHYECTBO
nH(OpMAIlUK YBEIUYUBAIOCH MPUOIU3UTEIBLHO MPONOPIIMOHAIBEHO 00b-
eMy COOOIIeHUs U 00BbEMYy HCIOJIb3yeMOro mpu 3toM andasuta. Hu
reoMeTpuiecKasi, HI KOMOMHATOpHAsE MEpPbl 3TUM CBOMCTBOM HE 00J1a-
naroT. ['eomeTpryeckass Mepa BoOOIIe HE YUYUTHIBACT CBOWCTBA aj(aBH-
Ta, 00bEM k€ UHPOpPMAIIMHU B ClIydyae KOMOMHATOPHOW MEpHI pacTeT HE
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MIPSIMO MPOMOPIIMOHATIBHO pa3Mepy COOOIIEHHUS, a TI0 3aKOHY T'€OMETpH-
JecKou mporpeccun. Hanpumep, eciu coobuenue npedcmasieHo He 00-
HOU, a 08YMs nep@doKapmamu, YUCI0 803MONCHbIX KOMOUHAYUL BO3PAC-
mem @ 2% pas u cmauem pagHvIM 21000

B 1929 r. Xaptnu Obuta npeaioxeHa agautuBHas Mepa. CioBoM
«AITUTUBHOCTE» (CYMMHUPYEMOCTH) 3JI€Ch IIOJIUEPKHUBACTCS BaXKHOE
CBOMCTBO ATOM MEPHI, 3aKJIFOYAIOIIEECSI B TOM, YTO U3MEPEHHOE TPU €€
MTOMOIITY KOJIMYECTBO MH(POpMAIMK B COBOKYITHOCTH HECKOJIBKUX COO00-
IIIEHUI paBHO CyMME KOJHUYECTB MH(POpMALIMKU B KOXKI0M U3 COOOIICHUM
B OT/JEJILHOCTH.

[IpeamonoxumM, YTO MPOU3BOJUTCA MHOTOKPATHOE HW3MEPEHUE
KaKOW—JM0O0 BEJIMYMHBI B OJMHAKOBBIX YCIOBUSX U KaXKbIH pa3 MbI T0-
Jy4aeM OJHU M T€ XK€ 3HA4YEHUs ATOW Benu4uHbl. ClieI0BaTEIbHO, HU-
KaKoil HOBOM MHQOpMaIMU Ka)KJ10€ MOCIeAYIoIIee U3MEPEHUE HE JacCT,
OJIHAKO, €CII U3MepsAeMasi BEJIMYMHA OT ONbITA K ONBITY U3MEHSETCS U
yeM OOJIbllle Pa3IMYHBIX 3HAYEHHH OHA NMPUHUMAET, TEM OOJIBIIE MBI
moxydaemM uHpopManuu 00 3Tou BenmmumHe. CleaoBaTelbHO, YeM OJTu-
K€ HEeONpeACAEHHOCTh BEIMYMHBI 0 OMbITa, TEM 00Jblle HHGOPMAIIUH
MBI MOJYYUM TI0CJI€ OMbITA, T. €. KOJIMYECTBO KOMOUHAITUN pa3TuIHBIX
3HAYCHUN HM3MEPSIEMON BEJIMYMHBI KOCBEHHO XapaKTEPHU3YeT KOJIHUYe-
CcTBO MH(MOpPMAIIUH, COJIEPKAIIEHC B U3MEPEHHBIX €€ 3HAUCHUSX I10CTIe
OIBITOB.

DTO KOJMYECTBO KOMOMHAIMK MOXKHO OINPEACIUTh U3 CIIEeIYIO-
I1Ie¥ 3aBUCUMOCTH:

Q= TmaxTnmin 4 ] (2.1)

raie Q — KoJnyecTBO KOMOWHAIMI M3MEPEHHBIX (OMpEACICHHBIX B pe-
3yJIbTAaTe U3BMEPEHU) 3HAYEHUW BEIUYUHBI;
X max — MAKCUMAJIbHOE 3HAYE€HUE U3MEPEHHOMN BEJIUYUHBL;
X min — MUHUMAaJIbHOE 3HAYECHUE U3MEPEHHON BETUYNHBI
A X — UHTEPBAJI KBAHTOBAHUS U3MEPSAEMOUN BEJTUYUHBI.

IMpumep. [Ipon3BoaUTCS U3MEPEHUE TEMIIEPATYPHI B ayJIUTOPUH.

B pesynbprare 5—u u3smMepeHuit moydeHbl 3HAUCHHS | mayx = 20 °C, Tyin =
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19,5 °C, mar kBa"ToBanus AT = 0,1 C. KonnuectBo KOMOMHAIIUN 10
dopmyne (2.1) Oyner:

20°-19,5°
_|_
0,1°

Q= 1-6

BBenem noustus riryounsl h u nimuns! | ancna.

I'nybunou h uuciia Ha3pIBaeTCS KOJIMYECTBO PAIAYHBIX DIIEMEH-
TOB (3HAKOB), cojepkaiieecss B mpuHsaToMm aidasute. ['myOuHa yucia
COOTBETCTBYET OCHOBAHHUIO CHCTEMBI CUMCIICHUS U KonupoBanus. OnuH
TIOJTHBINA aaBUT 3aHUMAET OJHO YMCIIOBOE THE3/0, TIIyOWHA KOTOPOTO
TaK)Ke paBHa .

B xaowcoviti 0anHwviti Momenm peanuzyemcs moivKo 0OUH KaKou-
aub60o 3nax uz h eozmoorcuvix. Texnuuecku 2mo modxcem ObIMb BbINOIHE-
HO, Hanpumep, Nymem CMeweHus 3HaKo8 enepeo Uiy Ha3ao 00 Noseie-
HUSL HYIICHO20 3HAKA.

Jnunou | aucna Ha3pIBaeTCS KOJMWYESCTBO YHCIIOBBIX THE3J, T. €.
KOJIMYECTBO MOBTOPEHHH andaBuTa, HEOOXOIUMBIX U JOCTATOYHBIX JUIS
NIPEJICTABJICHUS YMCEN HYKHOU BEIMYMHBI. J[JTMHA YKClia COOTBETCTBYET
Pa3psSITHOCTH CHCTEMBI CUMCICHHS M KoawpoBaHus. OnuH HaGop u3 |
THE3-a1(aBUTOB COCTABJISET OJHY YUCIOBYIO TPSAIY, CIIOCOOHYIO TIpe/I-
CTaBJIATh U XPAaHUTH OJHO TIOJTHOE YHCIIO UTHHOMH |.

HekoTopoe koimuecTBO uncen Q MpeacTaBIsSeTCs YiUCIO8bIM NO-
Jiem.

[lpu riryounre h u amuae | KomuvecTBO dmcen, KOTOPOE MOKHO
MPEJICTABUTH C MIOMOIIBIO YHCIOBOU TPSAIBI, BEIpAa3UTCA (HopMyIIon

|
Q=h, (2.2)
T. €. EMKOCTD I'psAAbI SKCIIOHCHIHUAJIBHO 3aBUCHUT OT HJIMHBI YHUCJIa |

IIpumep. Jlomyctum HeoOXOaUMO CcPOPMYIUPOBATH COOOIICHUS
1o B¢ OyKBBI W3 3aaHHBIX TpEX OykB A, B, C. O603Haunm uepe3 h = 3
YKCIIO CUMBOJIOB B ajdaBute, a yepes | = 2 mmHy cooOmieHus (Koaude-
CTBO CHMBOJIOB B coobOmieHun). Toraa gnciao Q BO3MOXKHBIX COOOICHUMA
OyJIeT paBHO
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AA AB AC
Q:h|:32—)Q: BA BB BC
CA CB CC

T.e. Q =9 — 5T0 BO3MOKHOE KOJINYECTBO KOMOMHAIIMI CHUMBOJIOB
B COOOIICHUH.

VYkaxkeM Ha BO3MOKHbBIE KOHCTPYKIIMH MOJJOOHBIX CUCTEM:

a) POJIMKOBBIA cueTuWK c¢ | pomukamu u h mudpamu Ha oOoaKe
Ka)XJIOTO POJIMKA,;

0) KOMOWHHMpPOBaHHBIM KOMMyTaTop ¢ | mepekirodarensiMu, w3
KOTOPBIX KaXKJIbIi MepeKirrouaet N nemnei;

B) 3allOMHUHAIONIEe YCTPOHCTBO ¢ | suciikaMu, Kakaas €MKO-
cThI0 h enquHUII;

r) u300pakeHue, cocTosmee u3 | TUCKPETHBIX JIEMEHTOB, PH-
4eM KaKJIbIM DJIEMEHT U300paKEeHHs XapaKTepusyercs h rpamanusvu
I[BETA U TOHA;

1) CTpaHUIIa IEYaTHOTO JIMTEPATYPHOTO TEKCTa, B KOTOPOM CO-
nepxurcs | ; ctpok u | , OykB B KaXkJ10¥ CTpoke (B CpeaHEM), T. €. BCETO
| = 1; X |, yncnOBBIX MM OYKBEHHBIX THE3/; KaXKI0€ THE310 UMEET IIIy-
ouny h, T. €. crtocoOHO BBICTaBUTH OJIHY U3 h OYKB.

Bo Bcex ykazaHHBIX Ciydasx oO0Iee KOJMIEeCTBO BO3MOKHBIX CO-
CTOSTHUHM ompenenseTcs Bepaxkenuem Q = h'.

BeneacTBue mokasaTelbHOTO 3akoHa 3aBucumoctH Q ot | umcio
Q He sBiseTcs yaoOHOW Mepou i OleHKU WH(POPMAIIMOHHONW €MKO-
ctu. [losTomy XapTnu BBen aJJAUTHUBHYIO ABOWYHYIO Jorapudmude-
CKYI0 Mepy, IO3BOJISIFOIIYIO0 BBIYHCIISITH KOJMYECTBO HWH(OpManuu B
JBOUYHBIX €UHUIIAX — OUTAX, COKPAIIEHHO 0003HAYaEMbIX «OUT.

Jlst aToro O6epercsa He camo uucio Q, a ero ABOMYHBIN JToTapudm

| =log,Q=log,h' =1-log, h, (2.3)
riae | o6o3HavaeT kKoMdecTBO HHMOPMAITUH 0 XapTIIH.

Eciu konmnyecTBO pa3psgoB (uivHa | duciia) paBHO €IHMHHIIE,
NPHUHSTA JBOUYHAS CHCTEMa CUMclieHus (TayOnHa h yucna paBHA IBYM)
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U HCIIOJB3YETCs ABOMYHBIA jorapudm, TO MOTCHIIMATBHOE KOJUYECTBO
uH(popMalu paBHO OJJHOMY OUTY:

log,2=1.

DTO U ecTh eauHHIA HHPOpMAITUK B IPUHITON CUCTEME OLICHKH.
OHa COOTBETCTBYET OJHOMY 3JIEMEHTAPHOMY COOBITHIO, KOTOPOE MOKET
MIPOU30UTH UJIN HE TTPOU3OUTH.

AnnuTuBHAS Mepa yao0Ha TeM, 9TO OHa 00ECIeYMBAET BO3MOK-
HOCTh CJIOKCHHS M IIPOIOPIIMOHAILHOCTH KOJWYECTBAa HH(POPMAIIUH
JUIMHE 9ucia |, T. €. KOJIU4eCTBY YHCIOBBIX THE3/I.

Brenennoe konmndecTBO HHGOPMAIMHN SKBUBAJICHTHO KOJIUYECTBY
IBONYHBIX 3HaKOB 0 u 1 mpu KOOWPOBAaHUHU COOOIICHHWI 1O JIBOWYHOI
cucteMe cuncieHuss. OMHOMY OUTY COOTBETCTBYET OJHA JIBOUYHAS €IH-
HHIIA.

[TycTh, HampuMmep, OmpeaesseTcss IMOTEHIIMATbLHOE KOJIUYECTBO
nHpOpMaIK, CoJIepKaleecss B cUcTeMe, WH(POPMAIMOHHAS €MKOCTh
KOTOPOH XapaKTepHU3yeTCs ICCATUIHBIM YHUCIIOM:

Q=1000~999; h=10; I=3;
I =log, Q = log, h* =log, 103 = 3 -log, 10 ~ 10.

3aKoMpyeM 3TO YHCIIO IO ABOMYHOM cucteme h = 2 u naiigem I

Q=2" log,Q=I"-log,2=l,
TOTr1a
| =log,1024 =10~ 1.

DTO 03HAYaeT, 4TO MO JBOMYHOM CUCTEME JAHHOE YHUCIIO 3aIlu-
meTcs (3aKOIUPYETCs) IECAThIO €UHUIIAMU:

Q=1024~1023=2+2°+ 2"+ 2° + 2> +2* +2% +22 +21 420 =
=1111 111 111.
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Tounoe 3nauenue Q = 1024 = 210 HY>KHO 3aIlcaTh OJIHON €IUHU-
e B MO3MIUH, COOTBETCTBYIOILIEU 2 u  pmecsarsio HYJIAIMHA
10 000 000 000. ITpubnmxeHHbIE paBEHCTBA MOKA3bIBAIOT, YTO KOJIHYE-
CTBO 3HAKOB MPUXOAUTCS OpaTh paBHBIM 100 |, ecnu | — nesnoe wyucio,
I1U00 JOMOJHATE €T0 J0 OMMKaKMIIero 1enoro uncia, eciu | — npooHoe
YHCIIO.

[Ipu HaMMYMKM HECKOJIBKMX MUCTOYHUKOB MHGOpPMAIUK 00I11Iee Ko-
JUYECTBO MHGOPMAIIMH, KOTOPOE MOXKHO TOJYYHUTHh OT BCEX HCTOYHH-
KOB, BMECTE B3STHIX

I(Ql,QZ,...,QR): I (Q1)+ I (Q2)+...+ I (QR).

Taxum obpazom, bonee cosepuieHHas, OMBeUArWAsT HAUUM UH-
MYUMUBHbIM NPeOCMAasieHusM 00 uHgopmayuu mepa ungpopmayuu
00JIHCHA ObIMb CEA3AHA C 8EPOSAMHOCbBIO NOABNEHUSL COOOWeHUS, YMO U
uMeem mMecmo 8 CMamuCmu4eckux mepax uH@popmayuu.

2.2. O0bem nH(popManu

Tak kak mH(pOpMaIUs €CTh HEOMPEACICHHOCTb, CHUMaeMasi Mpu
MOJYYEHUU COOOIIEHUs, TO KOJHMYECTBO HH(POPMALMM MOMKET OBbIThH
NPEeACTaBICHO KakK MPOU3BEACHUE OOIIero yuciaa cooOIlleHWd K Ha
CPEIHIOI0 SHTPONUIO [, MPUXOASUIYIOCS Ha OJHO COOOILECHUE:

| =k-H owur.

KonnyecTBo HHpOpMAaIMU ONpEAEISIETCS NCKIIOUYNTEIBHO Xapak-
TEPUCTUKAMU MEPBUYHOIO al(paBuTa, 00bEM — XapaKTEPUCTUKAMU BTO-
1
puuHoro angasura. O0beM HHPOpMAIIUU

Q=k-ly

' Ctporo roBopsi, 00beMa nH(pOpPMAIIUK HE CYIIECTBYET. MBI BKJIA/IBIBAEM B OTOT TEPMUH
TO, YTO NMPUBBIKIH MO 3TUM I0/Ipa3yMeBaTh, @ UMEHHO KOJIMYECTBO 3JIEMEHTAPHBIX CUMBOJIOB B
MPUHATOM (BTOPUYHOM) COOOIICHHH.
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rae | ., — cpeaHsis AnMHA KOJOBBIX CIOB BTOpHYHOro andasura. s
PaBHOMEPHBIX KOJOB (BCe KOMOMHAIIUM KOJA COACPKAT OJJUHAKOBOE KO-
JIMYECTBO Pa3psiIOB)

Q=k-n,

rje N — inHa Koda (YUCIIo 3JIEMEHTAPHBIX MOCHUIOK B KOJIE).

O6beM paBeH konuuecTBy MHpopmanuu, ecnmu | ., = H, 1. e. B
Cllydyae MaKCUMaJIbHOW MH(POPMAIIMOHHOW HArpy3Kd Ha CHUMBOJI COOO-
meHus. Bo Bcex oCTalbHBIX cirydasx | <Q.

Hanpumep, ecnu xkonupoBats B Koja€ bogo HEKOTOPBIM pPaBHOBE-
POSITHBIN anaBUT, COCTOSIIIUEN U3 32 CUMBOJIOB, TO

| =k-H =k-log,m=k-log,32=k-5 6ur;
Q=k-l, =k-5 6ur.

Ecnu 3akonupoBath B kone bomo pycckuit 32-OykBeHHBbIN anda-
BUT, TO 0€3 y4yeTa KOPPEJSINN MEXIy OyKBaMHU KOJIMYECTBO MHGPOpMa-
1807071

| =k-H =k-4.358 6ur, Q=k-5; Q>1,

T. €. €CJIM B KOJIe CYUIECTBYET U30BITOYHOCTh U H # H TO 00BEM B

max >
OuTax Bcerja 0oJbIlle KOJuYecTBa HH(POpMAIMU B TEX K€ eAMHUIIAX.
IIpumep. CumBosbl andaButa 00J1a1at0T AByMS Kau€CTBEHHBIMU

npu3zHakamu (M = 2, CHMBOJIOB IEPBUYHOTO ajiaBUTa).

1. Kakoe KOIM4ecTBO COOOIIEHUN MOXKHO MOJYYUTh, KOMOUHUPYS
1o 3, 4, 5 u 6 DJIEMEHTOB B COOOIICHUSX ?

2. Kakoe konu4ecTBO UH(POPMAIIMHU MPUXOJAUTCS HA OJIUH DJIEMEHT
TaKUX COOOICHUIN?

Pewenue.
1. N=m";m=2; N,=2°=8 N,=2'=16; N,=2°=32
N, =2° =64.

2. 1 =log,N; I, =log,8=3 our; |, =10g,16 =4 6ur;
I, =log,32=5 our; |, =1I0og,64=06 our.
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2.3. CemanTHUYecKHe Mepbl HHGOpMATUT

[Ton «ceMaHTUKOI» IMMOHUMAETCS CMBICI, cojiep)kaHue nHpopMa-
uu. MecTo CeMaHTUKU B CHUCTEME MOHSATUN CEeMHOTHKH (Hayka O 3Ha-
KaX, CJIOBAaX U SI3bIKaX) YKa3aHO Ha pucyHkax 2.1 u 2.2.

Puc. 2.1. K 0CHOBHBIM ITOHATHUSIM CEMUOTHUKH

CemeunoH (rpey.) — 3HaK, NpusHak
Hayka o 3Hakax, cnoBax u si3blkax

Mparmatyka

CwuHTakeunc (rpev.) — CemaHTuKOC (rpey.) — CurmaTuka (rpeuv.) — Mparma (rpeu.) -
cocTaBneHune obo3HavatoLwmn y4YeHue 0 3Hakax OencTBuMe, NpakTvka
OTHoOLeHne mexay
OTHoLWeHne mexay pakTn4yeckada Nnone3HOCTb
3HauyeHVe 3HaKoB 1 CroB 3Hakamu (crioBamm) u
3HakKaMu n crioBamu 3HaKOB 1 cnoB
006beKkTamMun OTpaxKeHus
CTtpykTypHas ctopoHa| | CMmbicnoBas CTOpoHa CnosapHasi CTOpoHa MoTtpebutenbckas
A3blka A3blka A3blka CTOPOHa A3blKa
Z—» Z Z—» C Z—» O Z— 9

Puc. 2.2. K OCHOBHBEIM NOHATUAM CEMUOTHUKU.
Z - 3HaK, Z' - cootHOocsdmiicsa 31aK; C - cMmbicit; O - 00bekT; U - yestoBek

3Haxom Ha3bIBACTCS YCIOBHOE HM300paKE€HHE DJIEMEHTOB COO0-
IICHUSI, C1060M — COBOKYITHOCTh 3HAKOB, HMEIOINAs CMBICIIOBOE (TIPEI-
METHOE) 3HaYeHUE, A3bIKOM — CIIOBAPh U MIpaBUJiia MOJIH30BAHMS UM.
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COOTBETCTBEHHO NPHUBEICHHOW CTPYKTYpE B CEMHOTHKE pa3Jiu-
YAOTCS CUHTAKTUYECKUM, CEMAHTUYECKHM, CUTMATUYECKUMHW W MparMa-
TUYECKHUI acTIeKThl TEOPUU UH(OPMAIIUH.

CTpyKTypHas U CTaTUCTHYECKAsl OIIEHKHW MH(POPMAIIUHU OTHOCSITCS
K cunmaxkmuyeckomy acnekmy. Cuemamuyeckuii acnekm OToOpaxaercs
TEOpUEH CUTHAJIOB U KOJIOB, paCCMAaTPHUBAIOIIEH YCIOBHbBIE 0003HAYCHUS
aneMeHToB uHbopmaiuu. CUrHambl SBIASIOTCS (GU3NYECKUMH HOCUTEIIS-
MH 00O3HAYEHHBIX DJIEMEHTOB, a KOJbl — OO0OO3HAYCHHUSMH ITUX JJe-
MEHTOB. CUIrMaTH4YE€CKUE OLICHKHM HE MMEIOT MPSIMOTO OTHOIICHUS K Me-
pam uH@opmanuu. [loaTomy ocTaercs pacCMOTpPeTh CEMaHTHYECKHE U
IparMaTHIeCcKue ONCHKN HH(POpMaITHH.

PaccMOTpuM OIIEHKH, OTBEYAIOIIME KAK CEMAHTHYECKOMY, TaK U
MparMaTU4ecKOMYy aclekTaM Teopuu uH(opmaiuu. B HHXEHEPHBIX
MIPUMEHEHUAX npazmamudeckue oyeHKy CIMBAIOTCS C CEMAaHTUYECKUMU,
MOCKOJIBKY HE UMEIOIINE CMBICI CBEACHHUS OECIOJIe3HbI, a OECIIOIC3HbIC
CBEJICHUA OECCMBICIIEHHEI.

Onerka 3¢ (HEKTUBHOCTH JIOTHYECKOTO BBIBOJA, CTEICHH IIPH-
OMMKEHUsT K MCTUHE TPeOyeT HEeKOoTopou dopManuzanuu, B JaHHOM
ciydae — (popManuzaiuu cMbIca.

Onun u3 myTed Takou (hopMaIu3aluy npeajaracTcsi CEMaHTHYe-
CKOM Teopueit nadopmaluu.

Kapuan n bap-Xwuien npemioxXuin HUCIOJb30BaTh IS 1EJIeH
M3MEpPEHUS CMbIC/Ia (DYHKIIMM UCTUHHOCTH M JIOKHOCTH JJOTMYECKUX BhI-
CKa3bIBaHUH (MPEIOAKEHUM). 32 OCHOBY JUCKPETHOT'O OMUCAHUS 00BEK-
Ta Oepercs aroMapHoe (HeaeauMoe) NpeayioKeHrue, MoJ00H0e dJIEMEH-
TapHOMY COOBITHIO TEOPUHM BEPOATHOCTEH M COOTBETCTBYIOIIEE HENICIH-
MOMY KBAaHTY COOOILIEHHUS.

[TonmyyeHHass TakuM 00pa3oM OIICHKA IOJy4usa Ha3BaHUE CoO-
oeporcameslbHoCmu UHGpopmayuu.

2.3.1. Conep:katesibHOCTH MHGOPMALMHU

Mepa coaepxarelbHOCTH 0003HauvaeTrcss CONt (OT aHTJIMIICKOTO
content — coaeprkanue).

ConepkaTeabHOCTh COOBITHS | BBIpakaeTcst uepe3 (HyHKIUI0 Me-
pel M( 1) — coaepKaTeIbHOCTH €r0 OTPUIIAHUS — KaK
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cont(i)=m(~i)=1-m(i),

rne | — paccMaTpuBaeMoe COOBITHE;
M — QyHKIUS MEPBHI;
~ — 3HaK OTPHUIAHUS.
OreHKa colepKaTeTbHOCTH OCHOBaHA HAa MaTEMaTHYECKOH JIOTH-
K€, B KOTOPOHW JIOTHYECKUE (YHKIIUA UCTUHHOCTH m( | ) ¥ JIOKHOCTH
m( ~i ) umeroT HopMaTbHOE CXOJCTBO ¢ (QYHKITUSIMHU BEPOSATHOCTEH CO-
ObITHs p(1) 1 anTHCOOBITHA (( | ) B TEOPHH BEPOSTHOCTEH.
B 000ux city4asiXx UIMEIOT MECTO CXOJIHBIC YCIOBHS

m(i)+ m(~i)=1; p(i)+q(i)=1.
Kak u BCPOATHOCTDL, COACPIKATCIbHOCTb U3MCHACTCA B IIPCACIIaAX
0<m(i)<1

Jlornueckasi oImeHKa KoJiMdecTBa WHGOPMAIIMN, IOJTY4YHBIIAS
ob6o3Hauenue Inf, onpenenseTcs ciieayonuM BIpaKEHUEM:

1 )
Inf =log,| — | =log, —— = —log, m(~i).
m =109, 1—cont(i) ngm(i) og,m(~i)

CyTb JTOTMYECKOW OLIEHKA COCTOUT B TOM, YTO YUUTHIBAIOTCS Me-
pbl UCTUHHOCTHU WJIA JIOKHOCTU COOBITUM, UYTO MPUOJIMKAET K OIICHKE
CMBbICJIa UH(POPMAIIHUH.

2.3.2. Heaecoobpa3zHocts uHGOPMALIMHU

Ecnu undopmarius uCnosib3yeTcsl B CHCTEMax yIpaBJIeHHUs, TO €
MOJIC3HOCTh Pa3yMHO OIIEHWBAThH MO0 TOMY 3(eKTy, KOTOPBIM OHA OKa-
3pIBACT Ha pe3ysbTaT ymnpasieHus. B cBs3u ¢ atum A. A. XapkeBuuem
OblIa MpeIoKeHa Mepa I1eJIecooOpa3HOCTH HH(pOpMAIUK, KOTopas
onpeenseTcs Kak M3MCHEHHE BEPOSITHOCTH JIOCTHIKEHHUSI TSN TIPH T10-
JyYEeHUH JTOTIOJTHUTEIbHOU HH(POpMAITUH.

[Tonyuyennas uHdopManusi MOXKET ObITh IMYCTOW, T. €. HE U3ME-
HSATh BEPOSTHOCTH JIOCTIIKCHHUS IIEJIM, M B 3TOM ClIydae €€ Mepa paBHA
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Hyt0. B npyrux ciydasx mosydyeHHass MHQOpMaiuys MOXKET U3MEHSTh
MOJIOKEHUE JIeJIa B XYJUIYI0 CTOPOHY, T. €. YMEHBIIUTh BEPOSITHOCTH
JOCTUXKEHHUS 1IeJIM, U TOTJa OHa OyneT ae3uHdopmaluend, Kotopas u3-
MEpSETCSl OTpHUIIATEIbHBIM 3HAUYCHUEM KOJIMYECTBAa HHQPOPMAIIUH.
Hakosnen, B TpeTbeMm, OJIArOmpUsTHOM CIydae MOJIy4daeTcs T0O0pOTHas
uHpopmMaIys, KOTopas YBEJIUYUBACT BEPOSITHOCTh JOCTHXKEHUS 1ETU U
U3MEPSETCS MOJIOKUTEIHHON BEJIMUMHON KOJIMYecTBa HH(popmMaIuu.

Ha pucynke 2.3, a mokazaHO UCXOAHOE COCTOsiHME (Touka 1), u3
KOTOPOT'0 BO3MOXKHBI JiBa myTu: nyTh 1-2 u nyts 1-3. Ilycts Touka 3
MPEJCTaBISIET COO0OM 11e7ib, a TOUKa 2 — HEKOTOPBIM MPOMEKYTOUHBIM
IIYHKT B CTOPOHE OT LENH.

1
1 , .
\2 .
> 3
5 3
a)
1
| N
N2 N3
<V
4 0)

Puc. 2.3. K npumenenunto mepsl XapkeBuua il OLICHKH
uH(OopMannuu, MOTydyaeMon Ha MyTH JBUKCHUS K 1ETTH.

Ecnu Hen3BeCTHEBI IIYTH K LOCJIN, TO BEPOATHOCTH AOCTUIKCHUSA IC-

au o myTsaM 1-2 u 1-3 OyayT oAMHAKOBBI, @ TaK KaK cXeMa OIbITa CO-
JEPKUT JBa UCXOJIa, TO MOXKHO 3aUCaTh YCIIOBHE

p<1—2)=p<1—3):%.
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[Ipenmnonoxum, 4To AJOCTUTHYTa Touka 2 (puc. 2.3, 60) u B 3TOH
TOYKE 2 mojydaercs uHdopmaius, 0OJHaAKO 3Ta UH(POpMAIUs OKa3aiach
HEUTPAJIbHOW, TaK KaK OHA OCTaBUJIa HEM3MEHHOW BEPOSITHOCTH JOCTH-
KEHUS 1IEITH.

Torma

p(2-3)
p(1-2)

Bropoii (HeOnaronpusTHBIN) ciaydail MoKa3aH Ha pUCyHKe 2.3, B.
31ech B TOUKE 2 MOJydeHa JIOKHAs UHPOpMAIIUs, KOTOpas YMEHBIITUIA
BEPOSTHOCTh JIOCTHXKCHUS 11€JIM BBUY MPeoOIaJaHusl JIOKHBIX HaIpaB-
nenuit 4. KonnuectBo nHpopmaimu

I=Iog2% ogzzg —1,58.

OcTaHOBUMCS TakKe Ha TpeTheM (OJIaronpusaTHoMm) ciydae (pu-
CYHOK 2.3, T'), KOr/la BEpOSITHOCTh JOCTHKECHHUS 1eJIH 3 YBEINYHNBACTCS.
B sTOoM cnydae Takxke B TOYKY 2 MOCTyNaeT UH(pOpMaIus, KoTopas
TOJILKO JIBA HCXO0JIa U3 IIECTH OCTABJISACT JIOKHBIMH (HampaBiieHue 4), Ho
YEeThIPEe MCXO0JIa U3 IIECTH SIBIISIIOTCS OJIArONPUSITHBIMUA U BEAYT K Iie-
mu 3. KonnuectBo nHpopmanmu

p(2-3)
p(1-2)

Mepa 1enecoodpa3HOCTU B OOIIEM BHUJIE MOXKET OBITh aHAJIUTHU-
YECKH BbIpak€Ha B BUJI€ COOTHOIICHUS

3/6

/O.

| =log, =log,

4/6

=-0,42,
V2

= Iogz |0g2

l,., =log, p, —log, p, = log, Ly (2.4)

0

r€ po U p; — HavajibHas (10 MOJy4YeHUs UHOOpMAIMU) U KOHEYHas
(mociie mosrydeHust *HOOPMAITUHN) BEPOATHOCTH JOCTHKEHHUS TIEITH.
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Hpumep. Ilycts BEpOATHOCTH P, Ca4M dK3aMEHa IO TEOPUHU WH-
dbopMaIu 10 moaydeHus cooOiieHus (IocKa3Ku OT cocea) OlCHUBA-
eTcs cTyneHTom co 3HadeHueMm 0,2. [Tocne Toro, kak eMy yaaiaoch moiy-
YUTh MOJICKa3Ky, BEPOSITHOCTh clauu yBenauuwmiach: P; = 0,8. Omnpene-
JUTh KOJUYECTBO MH(OpPMAIIMH, COJIEpKAIICHCS B MOACKA3KE, C TOYKU
3pEeHUS €€ 11eJIECO00Pa3ZHOCTH.

B cootBercTBUM ¢ popmysion (2.4) umeem

| =log,(0,8/0,2) =log,4 = 2 6ur.

Ipumep. ITycTh MOJNIOKEHUE CTYACHTA JO MOJYYCHHS ITOACKA3KU
OIICHMBACTCS aHAJIIOTMYHO MpeablayineMy npumepy. Ilocie momydeHus
MOJICKa3KH, BOMPEKH OXHUIAHHSIM, BEPOATHOCTh CAAYU €IIE YMCHBIIIH-
Jach, TOCKOJIBKY TIOJICKa3Ka coJiepkajia HEBEpHYI HH(OpMAIHIO:
p: = 0,1. Onpenenuts KOJIMYECTBO UHMOOPMALINH, COJCPIKALICUCS B 10/1-
CKa3Ke, C TOUYKH 3pEHUs ee 1eJIecO00Pa3HOCTH.

B cootBeTcTBUM ¢ popMmyiioii (2.4) umeem

| =log,(0,1/0,2) =log,0,5=-1.

Takum oOpa3zom, nojiydeHHass UHPOpMaLHUs SBJIsIeTCS Ae3UHPOP-
MaleH, MOCKOJIbKY UMEET OTPUIIATEIbHBINA 3HAK ITPU U3MEPEHUH.

2.4. BeposiTHOCTH U MH(pOpMALUS

[Ipy BEpOSTHOCTHOM TOAXOJ€ HH(OpMAIUs paccMaTPUBACTCS
Kak CcOOOIIeHHEe 00 MCXO0Je CIy4yalHBIX COOBITHM, peanu3aluu Cirydai-
HBIX BEJIMYMH U PYyHKIUM, a KOTUYECTBO MH(OPMAIIMKA CTAaBUTCS B 3aBU-
CUMOCTh OT alPUOPHBIX BEPOATHOCTEH ATUX COOBITHH, BeIUYUH, (QYHK-
UH.

Korga nomy4aeTrcs cooOIIEHUE O YACTO BCTPEUAIOIINXCSI COOBITHU-
X, BEPOSITHOCTD TOSBJICHUS KOTOPBIX CTPEMUTCS K €MHUIIE, T. €. K T0-
Ka3aTeIto MOJHOW JOCTOBEPHOCTH, TO TaKO€ COOOIIEeHHEe Majo UHOOP-
MatuBHO. CTOJIb K€ MaJlo MH(POPMATHUBHBI COOOIIECHUS O MPOTHUBOIIO-
JIO)KHBIX COOBITUSIX (aHTUCOOBITHSX), BEPOSITHOCTH KOTOPBIX CTPEMSITCS
K HYJIO M KOTOpBIE, CJIEIOBATEIbHO, IOYTH HEBO3MOXKHBI. Hampumep,
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COOBITHE «YacChl HAYT» UMEET BEPOSITHOCTh p = 1, TOrja KaKk aHTHCOOBI-
THE «4achl HE UIYT» UMEET BeposATHOCTh =1 — p = 0.

CoObITHE W AHTHCOOBITHME COCTABJISIFIOT OJHO JIBOMYHOE OJHO-
MpeIMETHOE sIBJIeHHE. BOoJIBIIMHCTBO BUA0B MHGOPMAIIMU MOXKHO CBE-
CTH K JBOWYHBIM SIBICHUSM «JIa — HET» M K Mape «COOBITHE — aHTUCOOBI-
te». IMEHHO 3Ta mapa SIBJICHUM SBJIAETCS MPOCTCHUIIMM U HEACIUMbIM
AJIEMEHTOM (KBaHTOM) MH(popmaluu (Tadauia 2.1).

Taom. 2.1.
JIBOMYHBIE OJHONPEIAMETHBIEC ABIICHUS
Coovimue Aumucoovimue
JloxXap uaet JloXap HE UAeT
CHer naer CHer He uaeT
Maina paboTaer Mamuna He paboTtaer
Jlamma roput Jlamna noraiieHa
YpoBeHb TOCTUTHYT YPpoBEHb HE TOCTUTHYT

MosxeT ObITh Takke JABOMYHOE JBYXIIPEAMETHOE COOBITHE, 3a-
KJIIOYarouieecss B BBIOOpPE OJIHOTO W3 JIBYX BO3MOXHBIX IPEIMETOB,
HaIpUMep, YepHOro WM Oernoro mapa u3 ypHsl, repba WM pelkd Ha
MOHETE.

Hpyroil BU COOOIIEHUN COCTABIAIOT ABYXIPEIMETHBIE JABOMY-
HbIE SIBJICHUS, KOTOPBIE PACHaJaroTCs Ha YEThIPE SJEMEHTAPHBIX AKTa.
Hanpumep: 1) BeIHYT Oenblil map; 2) He BBIHYT O€Mblil map; 3) HE BEIHYT
YepHBIN 1ap; 4) BEIHYT YepHBIN 1ap (puc. 2.4).

Cnyyau 1 Cnyuyal 2
Joxab CHer
WNoet He npoet He vget Noet
Benbin wap YepHblit Wwap
BbiHyT He BbIHYT He BbIHYT BbIHyT

Pucynok 2.4 — JIBoU4YHbIE IBYXIIPEIMETHBIC SIBIICHUSI.

MoryT OBITh Takke HCKIIOYAlolMe APYyr Jpyra CcoOBITHA.
Hanpumep, eciu Bbinan repd, TO HE MOXET OAHOBPEMEHHO BBINACTh
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pemika. Ecinu B enu ycranopuioch Hamnpsikenue 100 B, To He MoxkeT B
TOU K€ LENU OJHOBPEMEHHO CYIIECTBOBATH HanpsikeHue 12 B.
bynem mnon coObiTHeM najiee TOHUMATh JJIEMEHTAPHOE OJIHO-
MPEMETHOE SIBIICHUE, KOTOPOE MOXKET OBITh C BEPOSITHOCTHIO OT p = 0
10 p = 1 nim He OBITH ¢ BeposATHOCTRIO OT=1—-p=1m0og=1-p=0.
Korma p = 0.5 u q = 0.5, Oyaer uMeTh MeCTO HauOoOJIbIIasl He-
ONPEJEICHHOCTh B CUTYAIWH.

2.5 Koan4yecTBeHHasi olleHKAa MH(OpMaIIUU
2.5.1 IlonsiTHE SJHTPONIMHU

CeneHust SBISIIONIKMECS OOBEKTOM XPaHEHUs, Mepeiadyn u mpeoo-
pa3oBaHUsl, HA3bIBAIOTCS uUH@opmayueli. Mepa U3MEpPEHUST KOJUUYECTBA
uH(popMalMy OCHOBaHA HA TOHSATUU SHTPONUU. DHmponus — 3TO Mepa
CTEIICHU HEOIPEICIICHHOCTH COCTOSIHUS CHUCTEMBbI X (CIIydyailHOM BeJH-
YUHBI) C KOHEUYHBIM WJIM CYETHBIM YUCJIOM HUCXOOB.

Yto 03HaYaeT HEONPEAEICHHOCTh U KaK €€ U3MEPUTH !

Ipumep. Ilycth UMEIOTCS IBE CHUCTEMBI: NE€pBas CUCTEMA — WI-
pajbHasi KOCTh (MMeeT 6 COCTOSIHUI), BTOpasi CUCTEéMa — MOHETa (UMeeT
2 COCTOSTHHS).

CopamuBaeTrcsi: COCTOSTHUE KaKOW CUCTEMBI TpyAHEE NpeayraaaTh
(HeompeneeHHOCTh Kakou cuctembl Oonbliie)? EcrecTBeHHO Heorpeie-
JIECHHOCTb TIEPBOM CHUCTEMBI BBIIIE. 3HAYUT, CTENICHb HEOIPEICIICHHOCTH
CHUCTEMBI 3aBUCHUT OT YHCJIa BO3MOXKHBIX €€ COCTOSSHMU. OIHAKO YUCIIO
COCTOSIHUM HE SBJIAETCS MCUEPIIBIBAIOIIECH XapaKTEPUCTUKOM CTEIEHU
HEONPEICIIEHHOCTH.

[TokaxxeM 3TO HA mpUMEPE IJISI CUCTEM C JIBYMsI YCTOMUYUBBIMU CO-
crositausiMu. [Tycts umerorcest 2 monetsl My u M, (y MOHETBI UMEETCS Ba
BO3MOXHBIX cocTosiHUsA: opén O u pemika P):

M, |O |P M, |O |p

Pi 05 (05 pi 0,999 | 0,001

TJ€ pij — BEPOSITHOCTA HAXOXKJICHUSI MOHET B COCTOSIHUM OpEJl WU pell-
Ka.

HeTtpynHO 3aMETUTh, UTO HEONMPEACIEHHOCTh 3TUX JABYX CHUCTEM
Oyner paznuuHod. HeompeneneHHOCTh MEpPBOM CHUCTEMBI OOJBINE, TaK
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KaK Hu3 Ta6J'H/IHI>I BHUJHO, 4YTO BTOpasd MOHCTA IIPAKTHYCCKH ITOCTOAHHO
HaXOoaUuTCA B COCTOSIHHUU OPCII. HepBaﬂ KC MOHCTAa HCU3BCCTHO B KAKOM
HaxXoAUTCA COCTOSAHHUH, OHA C paBHOfI BCPOATHOCTBIO MOKCT HAXOAUTHCA
HJIK B COCTOSHHUU OPCJI, UJIN B COCTOSIHHUHN PCIIKA.

Takum oOpa3om, MBI BHIHUM, YTO CTEICHb HEOIPEISICHHOCTH
OIPEACIISIETCA TAK)KE M BEPOSITHOCTSIMM COCTOSIHMKA CHUCTEMBI. B Kaue-
CTBE MEphI allpHOPHON HEOMPEACIICHHOCTH Teoprs MH(popMaIuu npe-
JaraeT SHTPOIIHIO.

KonnduecrBeHHass Mepa MHGOOPMAIIMK TECHO CBs3aHA C IOHSATHEM
HEOIPEICTICHHOCTH CUTYallMl — SHTPOIIMHA M PaBHA YMEHBIICHHUIO ITOU
HEOIPEICIICHHOCTH TI0CIIC TIOYYCHHUSI COOOIICHMS, T. €. pa3HOCTH aIlpH-
OpHOM (710 MOJy4YEHHUs COOOINCHUS) U alOCTEPUOPHOI (IMocie moayye-
HUSI COOOIIEHHUS) SHTPOMUHU.

Ecnmu npowmsonuio coOpiTHe (HAampuUMep, BbI MOJYYHIIM COOOIIIe-
HUE), B pe3yJIbTaTe Yero HEONPEACIICHHOCTh Oblja IMOJHOCTHIO CHSITA,
arpuopHasi BEPOSATHOCTh BO3HMKHOBEHHS KOTOPOTO p, TO KOJHWYECTBO
nHpopManuu mo XapTiau, KOTOpoe MPH ITOM OYIET MOJIyIeHO, PaBHO

| =log, p.

Ecnu xe coObITHE HE MPOU30IIO, OJHAKO M3BECTHA BEPOATHOCTH
€ro MOSIBJICHUS, TO UMEEM JIEJI0O C HEOIPEICIICHHOCTHIO B OTHOIICHUU
ATOTO COOBITHS — DHTPOIHEN, KOTOpPas BBIYUCISETCS MO aHAJOTHYHOM

dbopmyie:

H =log, p.

B 3aBucMMOCTH OT MPOMCXOXKAECHUS M, COOTBETCTBEHHO, CMBICIA,
KOTOPBIA BKJIA/IBIBAETCS B BEPOATHOCTh, UCIOJIB3YEMYIO IUISI BBIUMCIIC-
HUS KOJINYECTBa MH()OPMALMHA U SHTPOIMHU, MEHSIETCS CMBICI TOJIyvae-
MOI uH(pOpMaIMU U SHTpoNuHU. Eciu ke mocie nojsy4eHus: cooOeHus
HEONPEIEICHHOCTh CHUMAETCSI HE MOJHOCTBIO, TO KOJIUYECTBO MH(DOP-
Mallid U3MEpSAETCS KaK pa3sHOCTb MEXK]Y alpUOPHOU 3HTponueu (He-
OMPENIETICHHOCTRIO [0 TOJYYEHHUS] COOOIICHUSI) W aroCTEPUOPHOU IH-
Tponuen (HEONpeIeICHHOCTHIO TTOCIE TTOJIYUYEHUSI COOOIICHUS):
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I= Hanp o HaHCT .

Hano mpu 3TOM UMETh B BUY, YTO Kak HHGOpMAIs, TaK U SHTPO-
NUs — TOHSATHUS OTHOCUTEIBHBIE U UMEIOT CMBICH 10 OTHOIICHHUIO K He-
KOTOPBIM OMpPEJEICHHBIM COOBITHUSM, BEPOSITHOCTH KOTOPBIX UCIOJb3Y-
IOTCSl B COOTBETCTBYIOIIUX hopMyiax.

[TonstTue sHTponUM (OT TPEUYECKOrO SH-TPOINE — O0OpalleHue)
pacpoCTpaHWIIOCh Ha Psijl 00JacTel 3HAaHUA.

DHTponHUs B TEPMOJMHAMUKE O3HAYAET BEPOSTHOCTH TEILJIOBOTO
COCTOSIHUS BEILIECTBA, B MAaTEMAaTHKE — CTEMEHb HEOIPEIEICHHOCTH CH-
Tyalluu WX 3a7a4i, B “HHOPMATUKE OHA XapaKTEPHU3YET CIIOCOOHOCTH
HMCTOYHHMKA OTJAaBaTh HH(POPMAITHIO.

Bce 3T nOHSITUS POICTBEHHBI MEXKIy cOO0M U B 00I11IeM 0TOOpa-
KAIOT CTETICHU OOraTCTBA U HEOXKUJJAHHOCTH COCTOSTHUMN

CornacHo BTOpoMy 3akoHy TepMmojauHamMuku (bonblimMana) 3H-
TPOIHS 3aMKHYTOTO ITPOCTPAHCTBA BhIPAKAETCS KaK

1 < n
H=——->n-In—,
N ,Zzl: "N

rae N — KoIM4ecTBO MOJIEKYJI B JAHHOM IPOCTPAHCTBE; Nj — KOJIMYECTBO
MOJIEKYJI CKOPOCTH V, + AV

Ho n; /N ecTh 4acTOThI COOBITHIA U, CIICIOBATEIBLHO, BEPOSITHOCTH
TOTO, YTO MOJIEKYJIbl UMEIOT CKOPOCTh V, + AV OYJIyT paBHBI

ni/ N =p;

Torna

k

H :_'Zpi'ln P;

i=1

MoskHo 3amenuth In Ha 10g; , M1 TOro, YT0OBI M3MEPSATH SHTPO-
IIUIO B IBOMYHBIX €IMHUIIAX — OuTax. Torma moaryaum
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k
H :_'Z P; 'Iogz Pi- (2-5)
i=1
Bce npyrue BUIbl SHTPONUU BBIPAKAIOTCS aHATOTMYHBIMU (Op-

MYJIaMH.

31ech CIEyeT TOJIbKO 3aMETUTh, YTO C BEPOATHOCTHBIMU OIICH-
KaMH HY>KHO MOCTYIIaTh OCMOTpUTENBHO. He Bceria MoKHO mosjaratbes
Ha WJICATM3UPOBAHHBIE XAPAKTEPUCTUKH, HAYAIbHBIE YCIOBUS U HEU3-
MEHHOCTh (CTallMOHAPHOCTh) MapameTpoB. Ha mpakTuke Bcerjga 4To-
b0 MmeHseTcs. Eciu He MEeHsIeTCsl TapaMeTp COCTOSIHUS, TO MEHSIOTCS
BpEMs U MECTO, M YK€ 3TO co3AaeT HOBYyI0 mH(popmanuto. Kpome Toro,
caM (paKT HEM3MEHHOCTH SIBJISIETCA HECOKpalaeMoi nHpopMalue, Tak
KakK B JIDOOW MOMEHT BpeMEHM (paKTUUYECKU MOXKET HauyaThCsl WU TPO-
M30UTH U3MeHEeHrne. MOoKeT, HaKOHEIl, MEHATHCS caM CyOBEKT — MPUEM-
HUK WHQOpMAIMU MpPU HEM3MEHHOM COCTOSIHUM MCTOYHUKaA. [IpakTuye-
CKH TIPUXOJIUTCSI YUUTHIBATH BCEBO3MOXKHBIE OOCTOSTENHCTBA: YTO, KO-
r7aa, KTo, KOMY, 3a4€M, KaK, T. €. KOHKpPETU3UPOBaTh BUJ UHPOpPMAIIHH,
BpeMsi, OTIIPABUTENS U MOJTy4YaTelisi, Ha3Hau€HUE U Coco0 peanu3aluu,
BCE U3MEHEHUSI, TPOUCXOIAIINE C HUMU.

2.5.2 JuTponus ancamoJis

Ancambnem Ha3bIBae€TCSl TMOJHASA TpylnIa COOBITUN WA, WHAYE,
M0JIE COBMECTHBIX COOBITHI C M3BECTHBIM paclpe/ie/ICHHEM BEpPOSTHO-
CTEH, COCTABIISIIOIINX B CYMME €AUHHIY. 3/1€Ch UMEETCS B BUAY KOHEU-
HO€ MHOXECTBO COOBITUU W, CJIE€AOBATEIbHO, JUCKPETHAs CHUCTEMA CO-
CTOSIHUM, 3HAUCHUM, OJIOKCHUM U T. 1.

Aumponusi ancambis €CTh KOJMYECTBEHHAs: Mepa €ro Heompeze-
JIEHHOCTH, a CJIEI0BATEIbHO, U MHPOPMATUBHOCTH.

OnbBITOM MOXKET OBITh U M3MEPEHUE CIyYalHOW BEIMYUHBI X,
IIPUHUAMAIOILIEH pa3jIdYHble 3HAUYE€HUs. Torga Kaxaoe OIpenesieMOe
3HAYEHUE UMEET CMBICII UCXO0JIa, UJIU 3JIEMEHTAPHOTO COOBITHS.

BooO111e COOBITUAMH X1, X, ... ,Xk MOT'YT OBITh K BO3MOKHBIX JIHC-
KPETHBIX COCTOSHUN KaKOW—JTMOO0 (DU3UYECKON CHCTeMbl, Hampumep: K
3HAYCHHI HM3MEpSEeMON BEIIMYMHBI, K MOJOKEHUIH pEeryiIupyroimero op-
raHa, COCTOSHHUE K 3JEMEHTOB IPOM3BOACTBCHHOrO OOOPYIOBaHUSA H

T. I.
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DTOMYy COOTBETCTBYET Tabimiia 2.2, Ha3pIBaeMas CXEMOM aHCaM-

OJ1.
Tabn. 2.2.
Cxema ancamOIIs

HUcxo0wvl onvima A A, A Ay
3HaueHUsI H3MEPSIEMOU Be-

JTNYHHBI X1 X2 ... X .. X
BepositTHocTM  Mcxoma WM

3HAYCHUS P1 P2 Pi Pk

B mpocreiiiiem ciiydyae 3TU COOBITHSI HECOBMECTUMBbI. OHH CO-
CTaBJISIIOT MOJIHYIO TPYIY, B KOTOPOM 0053aTEIbHO PEATU3YETCA OJTHO
13 COOBITUM U UMEET MECTO YCJIIOBUE

k

2 P(X%)=p(x%)+ p(X)+.t p(x)=1.

i=1

B o0mieM cinydae BEpOSTHOCTH HE OCTAIOTCS MOCTOSIHHBIMUA. OHH
MOT'YT U3MEHATHCSA BO BPEMEHH, B 3aBUCUMOCTH OT YCJIOBUU U 0OCTOS-
TenbCTB. Torna u CTaTUCTUYECKUE XAPAKTEPUCTUKHU (CpeHEee 3HAUYCHHE
U JIUCTIEPCHUS) CTAHOBSITCA IEPEMEHHBIMU BeIMunHaMH. [Iponeccel, onu-
ChIBAEMbIC ATUMHU BEJIWYUHAMH, HA3BIBAKOTCS HECMAYUOHAPHBIMU B CTa-
THUCTUYECKOM CMBICIIE.

B cratuctuueckoit Teopuu uHOpMaIuu (TEOPUU CBSI3H), TIPE/I-
noxeHHou [IlenHoHoMm B 1948 ., SHTpONMS KOTUYECTBEHHO BBIPAXKaCT-
Cs Kak cpelHsisi (PYyHKIHMS MHOXECTBA BEPOSITHOCTEN Ka)XJOro W3 BO3-
MOHBIX UCXOA0B omnbITa. I[lycTh umeercs Bcero N BO3MOXKHBIX HCXO-
JIOB OIbITa, U3 HUX K pasHbIxX, U i—i ucxox (1 =1, ..., k) moBTopsercs n;
pa3 U BHOCUT MH(OPMALIUIO, KOJIMYECTBO KOTOPOW OlLlEHUBaeTcs Kak |;.
Torna cpennsist uHGOpMaIus, 10CTaBIsieMasi OJJHUM OIBITOM,

| :nl-ll+n2-lz+...+nk-lk
cp N
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Ho xommduectBO mH(pOpMaInuu B KaKJIOM HCXOJE CBS3aHO C €ro
BEPOSATHOCTBIO pj M BBIpAXKaeTcs B JBOMYHBIX eAuHUIIAX (OWTax) MO
dbopmyiie XapTiau

1
l; =log, —=-log, p,,
Torna

| _Nu-(=log, pi)+1,-(-log, p, ) +...+ 1 -(~10g, P, )

cp N

HOCJ’IGI{HG@ BBIPAKCHHUC MOKHO 3aIIMCATb TAKIKC B BUJC

n n n
., =N1-(—l092 p1)+ﬁz-(—logz p2)+---+ﬁk-(—logz Py )-

Ho oTHomenus n; /N npeacTaBJIAIOT c000M YaCTOTHI ITOBTOPCHUA
HCXOO0B, a CJIICAOBATCIIbHO, MOT'YT OBITh 3aMEHEHBI UX BCPOATHOCTAMMU:

ni / N=p;,

MOATOMY CpeIHssl MHPopMalus B OUTaX MOXKET OBbITh BhIpAKEHA
CJIeIYIOIINM 00pa30M:

l, =P -(—log, p,)+ p,-(—log, p, ) +...+ P - (—log, py ),
NnJiIin

k
I, =—>.p -log, p;.
i=1

[Tonyuennyto BennunHy llleHHOH Ha3Ban swmponuei 1 0003Ha-
gy OykBou H.
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k
H=1,=->p log, p,. (2.6)
i=1

2.5.3. CBoiicTBa JHTPONUM

DHTpONHUsS MOXKET OBITh ONIpejielieHa TaK JKE, KaK CpeHee KO-
4eCcTBO MH(OpPMAIIMK Ha OJHO COOOIICHHE WU MaTeMaTH4eCKOE OXKH-
naHue KonmmdecTBa nHGopManuu | 11t m3mepsieMoi BeTuIuHbI X

H(X)=M[I(X)]:—Zk:pi(xi)-log2 P (% ).

=1

®dyukiusa H(p), tne p = (py, ..., px) — BEKTOP BEPOSITHOCTH HC-
X0710B, ObuTa BeIOpana llleHHOHOM Tak, 4TOOBI OHA YIOBIETBOPSLIIA Clie-
AYIOIUM TPEOOBAHUSIM:

1) H(p) menpepsiBHa Ha uHTepBaje 0 < p < 1, T. €. IpH MaJbIX
WU3MCHCHHSX p BEIMYMHA H U3MEHSAETCS MaJo;

2) H(p) cumMeTpruYHa OTHOCUTEINIBHO p, T. €. HE U3MEHSCTCS MIPH
10001 TIepeMeHe MECT apryMEHTOB pj;

3) H(Pu P PessGi ) =H( Py Py P) + P H (0| PG| P ) T e
€CJIM COOBITHE Xk COCTOUT U3 ABYX COOBITHI X'k U X’k C BEPOATHOCTAMMU
g1 ¥ Uz, 01 + Q2 = Pk , TO oO1Iast SHTpoMnus .0yJeT paBHA CyMME IHTPO-
UM — HEPA3BETBJICHHON CHUCTEMBI M Pa3BETBICHHON YacTH C BECOM py
IIPH YCIIOBHBIX BEPOATHOCTAX (1| Py ¥ 02| Pk (puc. 2.5).

1/2

H(1/2, 1/3, 1/6) =

=H(1/2,1/2)+(1/2)H(2/3, 1/3) 1/6

Puc. 2.5. DHTpOnus pa3BeTBICHHON CHCTEMBI
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Kpome toro, snTponus H xapakTepusyercsl CIECAYHOIIUMU CBOW-
CTBaMHU:

1) sHTponUs BCETJia HEOTPHIIATEIbHA, T. K. 3HAYCHUS BEPOSTHO-
CTEH BBIpAXKAIOTCA IPOOHBIMU BEIMUYMHAMH, a UX Jorapudmbl — OTpH-
LATeIbHBIME BEJIMYMHAMY, TaK 4TO WieHsl log, p, =—(-a) HeoTpuua-

TEJIbHBI,

2) SHTpOIHS paBHA HYJIIO B TOM KpaliHEM ciIydae, KOrja OJTHO CO-
ObITHE PaBHO €IUMHMIIC, & BCE OCTAIbHBIC — HYJIIO. DTO TOT CiIy4dal, Ko-
raa 00 OMbITE WM BEJIMYMHE BCE WM3BECTHO 3apaHee M pe3yjbTaT He
MPUHOCUT HUKAKOW HOBOM MH(OpMAIIUH;

3) sHTpomHs UMeeT HauOOJIbIlIee 3HAUCHUE IPH YCIIOBHUHU, KOTJa
BCE BEPOSITHOCTU PABHBI MEXIY COOOM:

Pp=P=..=P=-.=D -
1 2 [N} I [N} k kl
[Ipu sTOM
1
H=—Iong=Iog2k.

JlorapudmMuueckasi craTUCTUYECKasi Mepa HHPOpMaIMK CBsSI3aHa C
aAUTUBHOM JorapupmMuueckoil Mmepoit Xaptiu:

I"=log, h.

CoBnazieHne OI1eHOK KojinuectBa uHbopMmanuu 1o IlleHHOHY H
1o XapTJiM CBUAETEIbCTBYET O MOJHOM HCIOJIb30BaHUU UH(OPMAIIMOH-
HOW €MKOCTH CUCTEMBI. B cilydyae HEpaBHBIX BEPOSITHOCTEU KOJIUUYECTBO
uHpopmaruu o [lleHHOHY MeHbIIe HHPOPMAITMOHHONW EMKOCTH CUCTE-
MbL. Tak, 3HTponus I ABYX HEPABHOBEPOSATHBIX COCTOSHUU OIHOTO
anementa (h =2) paBHa:

H :_( P, - Iogz P+ P, Iogz pz)- (27)
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Ona menblille “UHHOPMAIIMOHHON €MKOCTH JIBOMYHOM STYEHKH, CO-
CTaBJsitoIIeH 1 OUT, Kak 3TO BUAHO U3 IPUBEICHHBIX HUKE IPUMEPOB.

IIpumep. TpeOyercs onpeneauTb HTPOMUIO JJIsI PABHOBEPOSIT-
HBIX, HCPABHOBEPOSITHBIX U IETEPMEHUPOBAHHBIX COCTOSIHUM.

Pewenue.

a) PaBHOBEPOSATHBIEC COCTOSIHUS

P1=p2=0.5 pi+p=1
H =—-(0,5-log,0,5+0,5-l0g,0,5)=—[ 0,5-(—1)+0,5-(~1) |=1 OwuT;

0) HEpaBHOBEPOSITHBIC COCTOSTHUS
Pp1=0.9; p,=01; pi+p=1

H =—(0,9-log,0,9+0,1-log,0,1) =—[0,9-(~0.1520) +0,1-(~3.3219) | = 0,46;

our.

B). [leTepMUHUPOBAHHBIE COCTOSIHUS

pr=1; p2=0; pr+p2=1;
H =—(1-log,1+0-log,0)=0 6wur.

N3menenue suTponuu H B 3aBUCUMOCTH OT BEPOSITHOCTH p OJHO-
MPEAMETHOTO COOBITHS TIOKa3aHo Ha puc. 2.6. Makcumym H = 1 noctu-
raeTcs rpu p = 0,5, Korja aBa COCTOSHUS paBHOBEPOATHHI. [Ipu BeposT-
HOCTSX p = 0 wim p = 1, 4TO COOTBETCTBYET MOJHON HEBO3MOKHOCTH
WJIM TIOJTHOM JJOCTOBEPHOCTH COOBITHS, DHTPOIIHS paBHA HYJIIO.

1.0

0.8 ’ //
oel/ \
o \

p
0 02 04 06 08 19

Puc. 2.6. I3MeHeHHe SHTPONUN 3aBUCUMOCTH OT BEPOSTHOCTH
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AJIEMEHTAPHOTO (IBOMYHOI0) COOBITHS
2.5.4. 130bITOYHOCTh HCTOYHHUKA

Ecnu sHTpomnust HICTOYHMKA COOOIICHUN HE paBHA MaKCUMAaJIbHOU
SHTPOINMU I andaBUTa C JJAaHHBIM KOJIMYECTBOM Kauye€CTBEHHBIX MPH-
3HAKOB (MMEIOTCS B BUJY Kauye€CTBEHHBIC MPHU3HAKHU ajipaBUTa, IIPHU IO-
MOIIIA KOTOPBIX COCTAaBIISIIOTCS COOOIIEHMs), TO 3TO, MPEXkKIE BCETO,
03HAYaeT, YTO COOOIIEHHU JAaHHOIO MCTOYHUKA MOIJIHM Obl HECTH OOJIb-
1ee KoJM4ecTBo uHhopMainuu. AOCOM0THAS U30BITOYHOCTh HA CUMBOJI
COOOIIEHNH TaKOI'0 UCTOYHUKA

AD = ( Hyax - H) Out/cumBo. (2.8)

Jl1s1 onipesiesieHust KOJIMYECTBA «IUITHEH» uH(popMaIuu, KoTopas
3aJI0’)KeHa B CTPYKType andaBuTa JubOO B MPUPOJAE KOJa, BBOJIUTCS IO-
HATHE W30BITOYHOCTH. M30BITOYHOCTH, C KOTOPOW MBI UMEEM N0 B
TEOpUU WHPOPMAIIUU, HE 3aBUCUT OT COJACpPKaHUS COOOIIEHUS U OObIY-
HO 3apaHee U3BECTHA U3 CTATUCTUYECKUX JAHHBIX .

NudopmanimonHass HU30BITOYHOCTH ITOKA3BIBAET OTHOCHUTEIHHYIO
M30BITOYHOCTh HA CUMBOJI ajipaBUTa U SIBIACTCS Oe3pa3MepHOI BEIUYU-
HOU:

D:I_I"L: -, (29)

Makc Makc

rae = 11— Kod(pdunmeHT cxatusi (OTHOCUTENbHAS dHTponus); H

Makc

u H_ 0OepyTcsi OTHOCUTENHHO OJHOTO U TOTO K€ andaBuTa.

Make

Hanvure n30bITOUYHOCTH MPUBOJUT K 3arpy3Ke KaHaja CBSI3H Iie-
penadeil MUIIHUX OYKB COOOIIEHUI, KOTOphlE HE HECyT UH(pOpMAIUU
(MX MOKHO yrajaTh U HE TiepeaaBasi).

OnHako mpeaHamMepeHHass M30BITOYHOCTh B COOOIICHUSX MHOTAA
UCIIOJIB3YETCS JJIs TIOBBILICHUSI TOCTOBEPHOCTH Mepeiadn uHpopmManuu

! PaccMoTpeHHe CeMaHTHYECKON M30BITOYHOCTH HE BXOJAWT B 34l TEOPHH MH(POpMa-
LIUH.
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— HarmpuMmep, Ipu MOMEXO0YCTONYMBOM KOJUPOBAHMH B CHCTEMax Iepe-
aa4v MHPOPMAIIMHU C UCIIPABICHUEM OIIMOOK. BoJbiiyt0 H30BITOYHOCTH
MMeEET JIF000# pa3roBOpHBIN s3bIK. Hanpumep, U30BITOUHOCTh PYCCKOTO
a3bIka (kak v apyrux) okosio 50%. bmarogaps u3osITOUHOCTH OOJerya-
€TCSl IOHUMAHHUE PEYU MPU HATWYUU JAe(HEKTOB B MPOU3HOIICHUU WM
MIPU UCKAKECHUAX PEUEBBIX CUTHAJIOB B KaHAJIaX CBS3H.

IIpumep. Coobmenne cocrapiseTcs u3 aidasura a, b, ¢, d. Be-
POSITHOCTH MOsBJICHUS OyKB aj)aBuUTa B TEKCTaX paBHAa COOTBETCTBEH-
HO: P, =0,2; p, =0,3; p, =0,4; p, =0,1. HaiiTu u30BbITOYHOCTH COOOIIIE-
HUMW, COCTaBJICHHBIX U3 JAHHOTO aj(daBuTa.

Pewenue: N306bITOuHOCTD, onpenenum mo ¢gopmyne (2.9). Hus
angaBuTa U3 YETHIPEX OYKB MaKCUMaJIbHAS YHTPOITHS

H =log,m=Ilog,4=2 Gur/cumso;

Make

CPCAHAA OHTPOIINA Ha CUMBOJI COO6H_[€HI/I$I

H=->p log p,=—(0,2log,0,2+0,3log,0,3+0,4l0g,0,4 +

+0,1log, 0,1) = 0,4644 +0,5211+ 0,5288 + 0,3322 =
= 1,8465 out/cumBoOII,

TOTr1a N30BLITOYHOCTD

| 1,8465

D=1 =1-0,9232=0,07688.

2.5.5. IIpou3BOAUTENHLHOCTHh HCTOUYHHKA

[Ipou3BOAUTENLHOCTh HCTOYHHUKA OMPEACISIETCS KOJIUYECTBOM
uH(popmaluu, nepenaBaeMo B €IMHUIYY BpeMeHU. M3mepsieTcs: mpous-
BOJUTEIILHOCTh KOJIMYECTBOM JBOMYHBIX €AWHUI] MHPopmanuu (OUT) B
cekyHay. Ecnu Bce 3yeMeHTBhl COOOIIEHHS] UMEIOT OJAMHAKOBYIO JIJTH-
TEIBHOCTh 7, TO MPOU3BOIUTEIIBHOCTh



53

H'(x):@ . (2.10)

Ecnu xe paznuyHbie 2JIeMEHThl COOOIIEHNUS UMEIOT Pa3HYIO JJIH-
TEJIBHOCTH, TO B popmyiie (2.10) Hato yIUTHIBATH BMECTO JUTUTEIHHOCTH
T CPEIHIOI JUTUTEIBHOCTh 7, PaBHYIO MAaTEMaTHYCCKOMY OXKHJIAHHIO
BEJTUYUHBI T '

I
.Eﬁx

=1

OnHako B nocieaner ¢popmyine p( 7 ) MoxHO 3aMeHUTH Ha P( X;)
(BEpOSITHOCTH I-TO COOOIIEHH ), TaK KaK 3TH BEPOSITHOCTH PaBHEI. B pe-
3yJIbTATE MOJydaeM

I
LM~
N

d IIPOU3BOJUTCIIbHOCTb HCTOYHHUKA 6YI[€T paBHa

0~ 500

MakcuMajbHO BO3MOXKHAas IMPOU3BOAUTCIIbBHOCTE AHUCKPCTHOI'O
HCTOYHHUKA paBHA

H., (X)= max(x) log k |

,Z_.

JIJIsS TBOMYHOI'O MCTOYHHKA, MMEIOIICTO OAMHAKOBYIO JIJTUTCIIb-
HOCTB 3JIeMeHTOB coobmmenus (K =2, 7 =7 ) umeem

, log,2 1
HL0)="0 =0

ourl/c.
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[Tpu ykpynHeHuu andasuTa B cioBa 1o N 6yks, korna k = 2,
T =NnT, UIMEEM

=— owurlc.

, log,2" 1
i (X): grllr T

max

Takum o6pazom, MyTéM yKpemieHus aidaBuTa yBETUUUTH MPO-
W3BOJIMTEIIBHOCTh UCTOYHHMKA HEJB3s, TaK KaK B 3TOM CJIy4ae U SHTPO-
MU, U JJTUTETLHOCTh COOOIIEHNS OJHOBPEMEHHO BO3pacTaloT B OJMHA-
KOBOE 9ucIio pas (N ).

YBenmuunuTh TPOU3BOIUTEIHLHOCTh MOYKHO ITYyTEM YMEHBIIICHUS
JUTUTEIIBHOCTU DJIEMEHTOB COOOIIEHUS, OJTHAKO BO3MOXHOCThH 3Ta Orpa-
HUYUBAETCS TOJIOCOM MpOIyCKaHUsl KaHana cBsizu. [loaToMy mpousBo-
JTUTEIHHOCTh HCTOYHUKA MOYKHO YBEJIUYHUTH 3a CUET 00Jiee SKOHOMHOTO
WCIIOJI30BaHUS TTOJIOCHI MPOMYCKAaHUs, HAIPUMEDP, yTeM MPUMEHEHUS
CJIO’KHBIX MHOTOYPOBHEBBIX CUTHAJIOB.

2.6 CJ10:kHas1 JHTPONUA
2.6.1 IHTpOoNnuNa 00beAMHEHUS

Obveounenuem Ha3bIBAETCA COBOKYITHOCTh JBYX U 0oJjiee B3auMo-
3aBUCHMBIX aHCAMOJIe TUCKPETHBIX CITy4YallHbIX IEPEMEHHBIX.

Aumponus 00veOuHeHus: NUCNOJIb3yEeTCS NIl BBIYMCIICHUS] SHTPO-
MU COBMECTHOT'O MOSIBICHUS] CTATUCTUYECKUX 3aBUCUMBIX COOOIIECHHUIA.
Hanpumep, nepegaB cro pa3 mudpy 5 1o KaHaly CBSI3U C NOMEXaMH,
3ameTuM, 4To 1udpa 5 Oputa mpunsaTa 90 pas, nudpa 6 — 8 pa3 u nuudpa
4 — 2 pa3za. HeonpeneneHHOCT, BO3HUKHOBEHUSI KOMOMHAIIMN BUAa S5 —
4,5 — 5, 5 — 6 nipu nepenade udpsl 5 MOKET ObITH OMMCAHA MPU TO-
MoIy ’HTponun o0veauHenus. H( A, B ) — HeONpeaeIeHHOCTh TOTO,
4yTO OYyAET MmociaHo A, a npuHsATo B. Jlyisi aHcamOyell nepenaHHbIX CO-
001IeHU 4 ¥ NPUHATHIX COOOIIECHUM B 3HTpONUsS 00BEIUHEHUS MPE-
CTaBJsieT cOO0M CyMMy BHIA

H(X,Y)= —ZZ p(X;,Y;)log p(x;,y;) Our/nBa cumBoma.
i
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DHTponus 00BEIMHEHUS W YCIOBHAS DHTPOIMS CBSI3aHBI MEXKIY
co0OoM CIeAYIOIIMMHU COOTHOIIEHUSMHU:

H(X,Y)=H(X)+H(Y/X)=H(Y)+H(X/Y):
HEY/X)=H(X,Y)=H(X); H(X/Y)=H(X,Y)=H(Y).

B tabnuie 2.3 cxemMaTUYHO Ipe/CcTaBlIeHa HTPOIUS OObeauHE-

HU4.
Tabmn. 2.3.
DHTponHs 00beTMHEHHUS
HanmeHoBaHne O603HaveHne CooTHoLlEeHne [Ouarpamma
X Y
H(X) H(X) = H(X|Y)
H(X)= H(X |Y)+H(X"Y)
BesycnosHas
SHTpONMUS
Hy)  HOOZHYX)
H(Y)=H(Y [X)+H(X"Y)
H(X]Y) HX [Y)=H(X)-H(X"Y)
YcnoBHad
SHTpONUS

H(Y | X) H(Y [X)=H(Y)-H(X"Y)

H(OX,Y)=H(X)+H(Y |X)=
CosmecTHas  H(X,Y)=H(Y,X) =H(Y)+H(X |Y)=
SHTpOMNMS =H(X)+H(Y)-H(X"Y)

H(X-Y)=H(X)-H(X |Y)=
HX-Y)=H(Y-X) =H(Y)-H(Y [X)=H(X,Y)-
-HX[Y)-H(Y [X)

BsaumHaga
SHTpONUA

<l
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DHTponHs 00BEAUHECHUS MOXKET OBITh IMOJICUYMTAaHA MPH MOMOIIH
MaTpHIIbl BUAA

PO, Y) PO Y,) o POX, V)
P(X,, Y.  P(X,Y,) . p(xz,ym)_

P(Xn: Y1) P(XpaY2) o P(X Vi)

p(X,y;) =

Takas maTpuia odnagaer 3aMe4aTeIbHBIM CBONCTBOM:

2P0y =P(y)) 2P0, Y;) = P(x),

IIpHU 5TOM
2. p(x)=2_p(y;)=1.

DTO CBOWCTBO, B CBOIO OYEPEAb, MO3BOJISET BBIUYUCISATH SHTPO-
MU0 KaK UCTOYHMKA, TaK U MPUEMHHUKA COOOIECHUN HEMOCPEICTBEHHO
10 KaHAJIbHOM MaTpHULE

H(X)=-2.2p(x.y)log > p(x.y;);
H(Y) =22 p(y;,%)log > p(y;. %).

CyMMHpOBaHUE MPOU3BOAMUTCSA 1O | U |, T. K. IJIS TOTO, YTOOBI
HalTU OE3yCJIOBHBIE BEPOSITHOCTH, HEOOXOAMMO CYMMHPOBATh HX IIO
OJIHOW KOOpauHaTe (MMesl B BUAY MaTPUUHOE MPECTABICHUE BEPOSTHO-
CTEM), a NSl HAXOXKICHHUS H CyMMHUPOBaHHE MPOUZBOAUTCA MO IPYTrOu
KOOpAWHATE.

Ycnosneie BepositHocTH Buaa P(X /Y;) u p(y;/X) Beraucnsior-

Ci KaK
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P(%,Y;) P(%,Y;)

Z p(X.Y;) PO Z (Xuy)

(2.11)

(I’J

KonuyecTtBo nHpOpMaIK HA CUMBOJI COOOIICHUS, MEPEIAHHOTO
M0 KaHaJly CBSI3U, B KOTOPOM BIIUSIHUE TIOMEX OIMMCHIBACTCS MPHU MOMO-
1 DPHTPOIIUH 00BEAMHEHUS, TTOACUUTHIBACTCS CICAYIOIIMM 00pa3om

1(X,Y) = H(X)+H(Y)=H(Y,X). (2.12)

IIpumep. B pe3ynbrare CTaTUCTUYECKUX UCIBITAHUN YCTAHOBJIE-
HO, YTO Tpu nepeaade Kaxasix 100 cooOmieHuii JIMHOM 10 5 CUMBOJIOB
B coobmennu cumBoia K Bctpeuaercs 50 pas, a cumBon T — 30 pa3. Bme-
cre ¢ cuMmBoioM K cumBon T Bcrpedaerca 10 pa3. Onpenenuts ycioB-
Heie suTpormu H( K/T ) u H( T/K).

Pewenue.

OO6miee koaumuecTBO nepemaHHbix cumBojaoB N =100-5=500;
BeposiTHOCTB nosiBIIEHUsT cMMBOJIa K COCTaBIsieT

50
K)=— =01,
p(K) 200

BCPOATHOCTD ITOABJICHHUA CUMBOJIA T—

30
=—=0,06,
P(M) =250

BCPOATHOCTH COBMCCTHOTO ITOABJICHUA CUMBOJIA KnuT-

10
KT)=-—-=0,02.
p(KT) 200

Tak xak

P(KT)=p(T)p(K/T) = p(K)p(T /K),
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TO YCJIOBHAs BEPOATHOCTD IMOABJICHHUA CUMBOJIA K otHocutensHo T'

pP(KT) _ 0,02 0,33
p(T) 0,06
VYcioBHAs BEpOSTHOCTh NOSBJICHUS CHUMBOJIa 1 OTHOCHUTEIBLHO
cumMmBosa K —

p(K/T)=

p(KT) _002_,,,

p(T/K)= oK) o1

YcaoBHas 3HTpoNHs CUMBOJIA K OTHOCUTENIBHO T —
H(K/T)==>p(y;/x)log, p(y;/x)=—{p(K/T)log, p(K/T)+
+H1- p(K/T)]log,[1- p(K/T)]}=—-(0,33log,0,33+0,67log,0,67) =

=0,9149 6ut/cuMBOII.

VYciioBHAs SHTPOIMS ITOSBIEHNS CUMBOJIA I OTHOCHTENBHO K
H(T/K)=-(0,2log, 0,2 +0,8log, 0,8) =0,7219 Gut/cumBo.

BBeneHHBIE TOHATHS MOXHO MPOUJLTIOCTPUPOBATH MPUMEPOM
nepenayn nHGOpMaIuH 1Mo cxeme (puc. 2.7).

Y1 X1
Y2 X2

Victounnk > % & +— <IN ooy s Tipnemmunk

Yn o Xn

Puc. 2.7. Cxema nepenaun JUCKPETHON MHPOPMAIIUK IO KaHATY
CBSI3U
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[TocnenoBaTenbHOCTh CUMBOJIOB X1, X2, ..., Xj, ..., X, CO3JaBaeMas
HUCTOYHHKOM, MOKET IIPETEPIEBATH MCKAKEHHUS I10 IIyTH K IIPUEMHUKY .

CHMBOJI Xj MOKET OBITH IPUHSAT HE TOJILKO KaK OJHO3HAYHO EMY
COOTBETCTBYIOIIUI CHMBOI Vi, HO M Kak JII000H M3 BO3MOKHBIX CHMBO-
JOB V1, V2, .., Viy +--» Ym € COOTBETCTBYIOLIUMH BEPOSTHOCTIMHU.

PaznvuHbie BUIBI SHTPOINMHU B IAHHOW CXEME UMEIOT CIEIYIOIIHMN
CMBICIT:

H( x ) — b6esycnosnas snmponus ucmounuxa, WM CpeaHee KoJu-
4eCTBO HH(POPMAIMH Ha CUMBOJIL, BEIIABAEMOE HCTOYHHKOM,;

H(y ) — besycnosnas snmponus npuemnuxa, Wi cpeaHee KoJau-
4eCcTBO MH()OPMAIMK HA CHMBOJI, TI0Jy4aeMO€e IIPUEMHHUKOM;

H( X,y ) — é3aumnas snmponus CACTEMEI IIEpeIadn — IIPHEMA B
1[CJIOM, WIIH CpenHss nHopManus Ha mapy (IIepeIaHHoro U IPHUHSITOTO)
CUMBOJIOB;

H(Y|X) — ycroenas sumponus Y OTHOCHUTEIBHO X, MK MEpPa KO-
ardecTBa MHPOPMAIMK B IPUEMHHUKE, KOTJA U3BECTHO, YTO IEPEIAETCS
X;

H(X|Y) — ycrosnas smmponusi X OTHOCHUTEIbHO Y, WIH Mepa
KOJIMYEeCTBa WHGOpMaIuu 00 MCTOYHHKE, KOTAa M3BECTHO, YTO IPUHU-
Maetcs Y.

Eciu B cuCTEMe HET MOTEPH U HUCKAXKEHMM, TO YCIOBHEIE SHTPO-
IIUH PABHEI HYIIIO:

H(Y|X)=0, HX|Y) =0,

a KOJIMYECTBO B3aMMHOW MH(OPMAIUM PAaBHO DHTPOIUU JTUOO UCTOUHH-
Ka, TM00 MpUEeMHUKA:

I(X,Y) = HX,Y) = H(X) = H(Y).

Ha ocHOBaHMM CTaTUCTHUYECKUX JAaHHBIX MOTYT OBITh yCTaHOBIIC-
HBI BEPOSTHOCTH COOBITUH V1, V7 , ..., V,y TIPH YCIOBUH, YTO UMEIIA MECTO
coObITHs xj, a mmeHHO P(Y1 [Xi ), P(Y2 |Xi ), ..., PV |X; ). Torma yactHas
SHTpONUA OyJEeT paBHa:

H(Y|x;) = = Xim1 p(yilx;) - log, p(yilx;) (2.13)
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Jlanee HyxHO moxacuutaTh cpeanee 3Hauenue H(Y|x;) mms Bcex
IIePEIaHHBIX CUMBOJIOB X. DTO OyJeT yCIIOBHAs SHTPOIMS KaHaa

HY|X) = = Xicip(x) - H(Y [xy), (2.14)

WJIY B Pa3BEPHYTOM BHJIE

HY|X) = =35 X1 p(xiy;) - loga (v ]x:). (2.15)

AHanorndHo mojydaercs ycimoBHas sHrponus H(X|Y), yuutsi-
BaIOIas YCIOBHBIC BeposTHOCTH P (X;|y;)

HX|Y) = = EJLp(v;) - H(X]y)).
WJIn
HX|Y) = -2 205 p(xi!yj) -log, p(xi|yj)-
be3ycnoBHas sHTponusa aHcaMOs X
H(X) = —2i=1p(x;) - logy p(xy). (2.16)
besycnoBHas suTponus ancamos Y
H(Y) =—=Y",p(y;) - log, p(y;). (2.17)
2.6.2. YcJIoBHasI SHTPONMUS

[loHsiTHE YCIOBHOM SHTPONMUU B TEOPUHU MHPOPMALIMKU HCTIOJIB3Y-
€TCS MPU ONPEAEICHUN B3aNMO3aBUCUMOCTH MEXAY CUMBOJAMH KOJIH-

! CyTh B3aMMO3aBUCHMOCTH CHMBOJIOB OYKB al()aBUTa 3aKJIIOYACTCS B TOM, YTO BEPOSIT-
HOCTh MOSIBJICHUS I-if OYKBBI B JTFOOOM MeCTe COOOIICHHs 3aBUCHT OT TOTO, KaKue OYKBBI CTOSIT

nepen HEl U 1mocie HEC, U 6yI[eT OTJIMYaThCA OT 663YCJ'IOBHOI71 BEPOATHOCTH [;, HU3BECTHOM U3
CTaTUCTUYECKHUX CBOMCTB JAaHHOTO aﬂ(l)aBI/ITa.
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pyemoro andaButa, 1 ONpeaeIeHUs NOTeph NP nepeaade nHpopma-
[IMY 10 KaHaJlaM CBSI3H, PU BBIYUCIEHUN SHTPOTTUU 00 bETUHEHUSI.

Bo Bcex ciydasx Mpu BBIYUCICHUW YCIOBHOW SHTPONUU B TOM
WJIA HTHOM BUJIE€ UCTIOJIB3YIOTCSI YCIIOBHBIE BEPOSITHOCTH.

Ecnu npu mepenade N cooOiieHuid cumMBoi X MOSIBUJICS M pas,
cumBout Y nosiBuiics | pa3, a cumBoa X BMecte ¢ cuMBOJIOM Y — K pas, TO

m
BEPOSATHOCTh TOSBICHUS cuMBojda X coctaBiasier P(X)=—; Beposr-
n
|
HOCTh mosiBlieHUs: cumBosia Y P(Y) =—; BEpOATHOCTH COBMECTHOI'O I10-
n

k
sBiieHnuss cuMBOJIOB X 1 Y P(XY) = —; yCclIOBHasi BEPOATHOCTh TOSBJIE-
n

HHUS CUMBOJIa X OTHOCHUTEJIBHO CUMBOJIA Y U YCJIOBHAs BECPOATHOCTD I10-
SIBIICHUSI CUMBOJA Y OTHOCHTEIBLHO CHUMBOJIA X COCTABIISIET

POXY) K. sy PO _kin
p(Y) | p(Y) m/n m

p(X/Y)=

Ecnu n3BectHa YCJIO0BHAsA BEPOATHOCTDb, TO MOKHO JICTKO OIIPCIAC-
JIUTb U BCPOATHOCTH COBMCCTHOI'O ITIOSABJICHUA CUMBOJIOB Xu Y, HCIIO0JIb-
3ys IPUBCACHHOC BbIIC BBIPAKCHUC!

P(XY)=p(Y)p(X 7Y) = p(X)p(Y / X).

OT 1IEHHOHOBCKOT'O OMPEAEJICHUSI SHTPONUU (hopMyJia YCIOBHOM
SHTPOIHU OTINYAETCSA TEM, YTO B HEM BEPOSITHOCTU YCJIOBHBIE:

H(y, /x)==>_p(y;/x)log p(y;/x);
i
H(x /y;)==2_p(x/y;)log p(%/y;),
I'1€ HHIACKC | BI)I6paH I XapaKTCpI/ICTI/IKI/I HpOHBBOHBHOFO COCTOAHUMA

HUCTOYHUKA COOOINEHUs X, MHICKC | BRIOpaH I XapaKTECPUCTHKHU IPO-
U3BOJIBHOTO COCTOSIHUSA ajipecara Y.
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Pa3nuyaloT TOHSATHUS YaCTHOM U OOIIEH YCIOBHOW SHTPOIHH.
[IpuBeneHHbIC BBIIIE BBIPAKEHUS MPEACTABISAIOT COO0UM uacmmuble
VCII08HbIE SHMPONUU.

Obwas ycnosuas sumponus cooOmmeHus Y OTHOCUTEIBHO CO00-
nieHus: X XapakTepu3yeT KOJUYECTBO MH(OpPMAIINH, COJAEpIKalehcs B
a000M cuUMBOJIe alpaBUTa, W ONPENENSIETCS YCPEAHEHHUEM [0 BCEM
CHUMBOJIaM, T. €. IO BCEM COCTOSIHUSIM C YYETOM BEPOATHOCTH MOSIBIICHUS
KaXJ0r0 U3 COCTOSIHUI, U paBHA CYMME BEPOSITHOCTEU TMOSBJICHUS CUM-
BOJIOB aji(haBUTAa HA HEOMPEJEICHHOCTh, KOTOpasi OCTAeTCs MOCJE TOTO,
Kak aJipecar NpUHSJI CUTHAI

H(Y 7X) == p(x)H(y; /%) ==2_> p(x)p(y;/%)log p(y; /)

Takoe BbIpaXK€HUE SIBISAETCS OOIIMM BBIPAXKEHUEM JIsl OIpeie-
JICHUsI KOJIMYecTBa UHGOPMAILIMM Ha OJIMH CUMBOJI COOOIIEHHUS JIJIs CIy-
yass HEPAaBHOMEPHBIX U B3aUMOHE3aBUCHMbIX CUMBOJIOB.

Tax xak P(X)pP(Y;/X) mpeacraBnser cob6oil BEpPOATHOCTH COB-
MECTHOTO TIOSBIEHHs ABYX coObITHH P(X,Y;), To mpeasiaymyio dop-

MYJIy MOKHO 3a111MCaTh CJICAYOIIUM o6pa30M:

H(Y/X)==2.> p(%.y;)log p(y;/x,).

[TonsTe oOmIE M YaCTHOM YCIOBHOM HSHTPOIMH IIUPOKO HC-
MOJIb3YETCSl TPU BBIYUCICHUM HHGOPMAIIMOHHBIX MMOTEPh B KaHallax
CBSI3M C IITYMaMH.

B oOmiem ciyyae, eciu Mbl IiepeiaeM M CUTHAI0B X U OKHUAaeM
MOJIy4YUTh M CUTHAIOB Y, BIMSHUE TOMEX B KaHaJe CBS3U MOJHOCTHIO
ONMCBIBACTCS KAHAIbHOU Mampuyell, KOTopas IpruBeieHa B Tadauie 2.4.

BeposTHOCTH, KOTOpBIE PACIONIOXKEHBI IO JUaroHaM, OIpese-
JISIIOT TIPABWIIBHBIN MPUEM, OCTaJbHbIE — JIOKHBIN. 3HaueHue mudp, 3a-
MOJTHSIOMINX KOJOHKH KaHAJIBbHOM MaTpHIlbl, OOBIYHO YMEHBIIIAIOTCS I10
Mepe YJaJIeHHs OT TJIaBHOW JUAroHaJii M MPU MOJHOM OTCYTCTBUHU MO-
MeX BCeX, Kpome 1Udp, pacioIOKEHHBIX Ha TJIaBHOM JUaroHajiu, paBHbI
HYJIIO.
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Taomn. 2.4.
KananpHast maTpuna

Y Y1 I /Y Ym

X

Xt | pOYLIX), P(Y. /%), - POY; /XDy o P(Y!X)

X0 p(Y!%), P(YL /%), POYI%) vy P(Ym ! X,)

Xi | pOYL/%) P(YR /%), PCY; %) s P(Yn /%)

Xm | POYL/X0) PO /%), o POY X0 oo PV %)

Ecnu onuceiBaTh KaHaji CBS3M CO CTOPOHBI MCTOYHHKA COOOIIIE-
HHUI, TO IPOXOXKJACHUE JAaHHOIO BHMA CUTHAJIA B JAaHHOM KaHAJe CBS3H
OINMCBIBAETCS PaCIpeNeNeHUEM YCIOBHBIX BeposiTHOCTel Buaa P( YilXi).
Tak ns curHana xi pacrnpeiejicHue HMEET BU/T

PCY, /%) + PCY, /%) + oot PCY; %)+t (Y T %)

CymMa BEpOATHOCTEW NPUBEACHHOTO pACHPENCICHUs BCEraa
paBHoO 1. [ToTepu nHbopMaiu, KOTOpbIE NPUXOIATCS HA JOJIIO0 CUTHAIA

X, , OIUCBIBAKOTCA ITPHU ITOMOIIH YacmHou yCJZOGHOZZ OHmMponuu BruJa

H(y; /%) ==2_p(y;/x)log p(y; /x).

CyMMHpOBaHHE TIPOU3BOJIUTCS IO |, T. K. I—¢ cocTossHuE (B JIaH-
HOM CJTy4Yar IIEPBOEC) OCTACTCS MOCTOSHHBIM.

YToOKI y4ecTh MOTEPH IIPH Iepeade BCEX CUTHAIOB 0 JaHHOMY
KaHAJIy CBS3H, CIEAyeT MPOCYMMHPOBATh BCE YACTHBHIC YCJIOBHBIC JH-
TPOIIMH, T. €. POU3BECTH JIBOMHOE CyMMHUpoBaHue 110 | | |. [Ipu 3ToM B
Cllyyae paBHOBEPOSITHOCTHBIX MOSBJIICHUN CHUTHAJIOB HA BBIXOJC HCTOY-
HUKa COOOILICHUIN

HOY 7)== 37 p(y, /%) log p(y, /).
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Ha M JIeJIMM, TaK KaK SHTPOMIHUS €CTh HEOIPEASICHHOCTh HA OJUH CHM-
BOJI).

B cimydyae HEpaBHOBEPOSTHOIO ITOSBIICHUS CHMBOJIOB MCTOYHHKA
COOOIIIEHUH ClIeNyeT y4eCTh BEPOSTHOCTH ITOSBJICHUS Ka)KIOTO CHMBO-
Ja, YMHOXXMB Ha HEE COOTBETCTBYIOIIYIO YAaCTHYIO YCIOBHYIO DHTPO-
0. [Tpu aToM 001mas yciaoBHAS SHTPOIHS

H(Y /X) :_Z p(xi)z p(yj /Xi)log p(yj /Xi)'

Ecau MBI BcceayemM KaHal CBSI3U CO CTOPOHBI MPUEMHHKA CO00-
IIEHUH, TO C MOJYYEHUEM CUIHAlA ) NpearoaaraeM, 9ro Obul IocaH

KaKOU—TO U3 CUTHAIOB X, X, ,..., X;,...,X . IIpy 5TOM KaHapHass MaTpuLa
Oyzaet umeth Bu (Tadu. 2.4).

Tabmn. 2.5.
KaHaJ'IBHaH ManI/IHa

Y Y1 Y Yj Ym

X

X1 PO, PO TY), - POGTY), o PO Y,)

X PO Y,), POGIY,) s POGTY))s v PO YY)

X' p(x| /yl)’ p(x|/y2)1 1 p(X| /yj)’ 1 p(X| / ym)

Xm p(Xm/yl)’ p(Xm/y2)1 l p(Xm/yJ)1 ) p(xm/ym)

B 3TOM ciyyae enwHUIE NOJKHBI PaBHATHCS CYMMBI YCIOBHBIX
BEPOSATHOCTEH HE M0 CTPOKAM, a M0 CTOJIOIaM KaHAIbHOW MATPUITGI

POLTY)+ PG Y+t PG 1Y)+ P(X, 1Y) =1,

YacTHas yciioBHas SHTPONUS
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H = (5 /7,) = =2 pls 1) 10g p(3 1 7,),

a 00111as1 yCJIOBHAsI SHTPOIHS

H(X 1Y) ==Yp(y, )Zi) p(x/y;)logp(x/y;)

Tak kak
P(x) PCY; /%) = p(X.Y;),

TO JUIsl BBIYUCIICHUS OOIIE YCIIOBHOW SHTPOMUU MOXKET OBITh HCIIOJb-
30BaHO CJIEAYIOIIEE BBIPAKECHUE:

H(Y7IX)==>_> p(x.Y;)log p(y;/x,).

Ecnu 3ananbl kananbHas Matpuna suga P(Y;/X) u 6esycnoBHble
BeposITHOCTH BHAa P(X), TO 0E3yCIOBHBIC BEPOSTHOCTH MPHEMHHUKA

p(y;) Haxoaum kak Z P(X;)P(Y; /%), T. e. ecu 3a1anbI G€3yCIOBHBIE

BCPOATHOCTH UCTOYHHKA U KaHAJIbHAA MaTpula, TO MOXKCT OBITH BBIYMC-
JICHA SHTPOIIU MPUCMHHKA

H(Y)==2_ip(y;)log p(y,).

1 Ha00OPOT, €CNU 3a/laHbl BEPOATHOCTH Buaa P(Y;) ¥ kaHaTbHas MaT-

pHlia, ONKUCHIBAIOIIAS KaHAJ CBSI3U CO CTOPOHBI MPUEMHHKA COOOIIICHUM,

o P(X)= Z p(Y;)P(X/Y;),a 3HAYUT MOXKET OBITH ONpEsETeHa SHTPO-
j
IIHSI UICTOYHUKA COOOIIEHUI

H(X)==2_p(x)log p(x).
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Ecin B3anM03aBUCUMOCTB CBSI3BIBAE€T 3 DJIEMEHTA X, Xj, X TO

yCJIOBHASI SHTPOIHUS BBIYUCIAETCS 110 (hopMyIie

H(X/Y,K) :—ZZZ P(X:, X;» %) 10g p(X;, X;, %),

aHaJIOTMYHO M Ui 4, 5, ..., N BJIEMEHTOB.
2.6.3. OcHOBHBIE CBOMCTBA CJIOKHOW IHTPONUMN

1. Eciii cooOmieHus He3aBUCUMBI, TO UX COBMECTHas YHTPOIHS
paBHA CyMMe€ SHTPOIHM KaXKJI0T0 COOOIICHHUS:

H(x,y)=H(x)+H(y);
H(y,x)=H(y) + H(x).

D10 00YCIOBJIEHO TE€M, YTO JJIsi HE3aBUCUMBIX COOOIIECHUI
yCJIOBHAsI BEPOSITHOCThH paBHA O€3yCIOBHOM:

p(x,y)=p(x)p(y).

2. Eciu cooOrieHus x U y 3aBUCUMBI, TO UX COBMECTHAsI SHTPOTIHS
paBHa 0€3yCJIOBHOU SHTPOMUHU OJHOTO M3 COOONICHUH, T. K. YCIOBHBIE
BEPOSATHOCTH 3aBUCUMBIX COOBITUI MOTYT OBITh paBHbI 0 wiu 1, TO

pCyifxi)log p(yi/xi) =01 = p(xiy;)log p(xy;) = 0|1,
H(x,y)=H(x)=H(y).

3. Yci1oBHas SHTPOMHS MOYKET U3MEHSITHCS B IIpejieiiax:
O0<H(yx)<H(y)
DTO CBOWCTBO OMNPEACIICTCS TEM, UYTO YCIOBHAs SHTPOMHSI HEOT-

puLaTeabHa, paBHA HyJs JJISI 3aBUCUMBIX COOOIICHWH, MaKCHUMalbHa
JUTSl HE3aBUCUMBIX COOOIICHUI U paBHA O€3yCI0BHOM YHTPOIIUH.
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4. JIist COBMECTHOM SHTPOINMM BCET/a CIPaBEIJIMBO COOTHOIIIE-
HUE: COBMECTHAS SHTPOMHUS HE MOXKET OBITh OOJIBIIE CyMMBbI SHTPOIUM X

ny
H(x,y)<H(x)+H(y).
2.6.4. CoBMecTHAsi JHTPONUSA IBYX HCTOYHUKOB

[TycTh MMeeTcs 1Ba TUCKPETHBIX UCTOYHUKA ¢ dHTporusMu H(X)
u H(y) u o6bémamu andaButos K u | (puc. 2.8).

Hix)

H(x, y)

H(v)

Puc. 2.8. CoBMecTHast S2HTPOIHUS IBYX UCTOYHUKOB

OO0beHUM 00a 3T HKCTOYHUKA B OJIMH CJIOKHBIA MCTOYHUK U
ONPENIETUM COBMECTHYIO SHTPONUIO. DJIEMEHTAPHOE COOOIICHUE HA BbI-
XOJI€ CUCTEMBI COAEPIKUT 3JIEMEHTAPHOE COOOIIEHUE X; M COOOIEHHE Y;.
AndaBuT CIOXHON cCUCTEMBI OyeT UMeTh 00bEM K-|, a srTpoTIHS OYyIeT
paBHa

H(x,y)=m{-log p(x,y)}, (2.14)

501051
K |

H(xy)=2.2p(xy,)log p(xy;).

i=1l j=1
[TIo Teopeme yMHOKEHHUS BEPOSITHOCTEN

P(X, Y )=p( X )p(y/x)=p(y)P(xly),
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TToACTARIIAA STH COOTHOMIEHHA B (2.14), TOTydnM
H(x,y)=m{-log p(x)—log p(y/x)}=H(x)+H(y/x).
AHATIOTHUHO MOYKHO MOy THTb
H(x,y)=H(y)+H(x/y),

rne  H(X) u H(y) — coOcTBeHHast SHTPOIHS HCTOYHUKOB X U Y;

H(y/x) — yclloBHasi SHTPOIIUS MCTOYHHKA Y OTHOCHUTEIHLHO HUCTOY-
HHUKA X,

H(y/x)= ZZp(xy Jlog p(y,/x,).

OnHa mOKa3bIBaET, KaKyI0 SHTPOMHUIO UMEIOT COOOIIEHUS Y, KOT1a
y>K€ U3BECTHO COOOILICHHE X.
Ecny nCTOYHWKY HE3aBUCUMBI, TO

p(y/x) = p(y) u H(y/x)=H(y).
B sToM ciryuae
H(xy) = H(x) + H(y).
ECITH HCTOYHHKH YaCTHYHO 3aBUCHUMBIL, TO
H(x,y) < H(X)+H(y).

Ecnu MCTOYHUKHM MOJHOCTBIO 3aBUCHMBI (X U Y COAEpKaT OQHY U
Ty k€ HH(POPMAIIUIO), TO

H(y/x) =0 u H(x,y) = HX)=H(y).
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2.6.5. B3aumnasi uHgopManusa UCTOYHUKOB COOOIIEHH I

Ha pucynke 2.9 nokaszaHna ycioBHO coOcTBeHHas sHTponus H( X )
u H(y), ycinoBusie suTponuu H( X/y ) u H( y/X ) u coBMecTHas sHTpOIUs

H(x,y).

A A
H(x/y)
\
A
H(x.y)
H(y)
Y Y

Puc. 2.9. [lonarue cioxHO#M SHTpONUU

YacTe pucyHka 2.9, oTMeueHHas ITPUXOBKOH, Ha3bIBACTCS B3a-
uMHoO# nHpopmarmeit I( X, y ). OHa moka3sIBaeT, Kakoe (B CpeIHEM) KO-
JUYECTBO MHGPOPMALIUM COJECPKUT COOOIIeHHuEe X 0 cooOmieHnu Yy (uiu
HA000POT, COOOIIEHHE Y O COOOIIECHUH X).

Kak cienyer u3 pucynka 2.9,

H(x,y)=H(x)-H(x/y)=H(y)-H(y/x).

Ecnu cooOiienne X U Y MOJHOCTHIO HE3aBUCHUMBI, TO B3aWMHas
uHpopmarus orcyreteyetr u (X, y ) =0.

Eciu X ¥ Y OJHOCTBIO 3aBUCUMEI (X U Y — COAEpKAT OJHY U TY
xe uHpopManuo), o I( X,y ) =H(x)=H(y).

[TonsiTre B3anMHOM MHPOPMAIIUN OYCHD IIIMPOKO UCTIOJIBb3YETCS B
Teopuu nepeaadu nHbopmanuu. TpeOoBaHUS K B3aUMHOU WH(poOpMaIuu
pa3auYHbl B 3aBUCUMOCTH OT TOTO, C Kakod MHGpOpMaIMei Mbl UMeeM
neno. Hampumep, eciu X ¥ Y — 3TO COOOIIEHUS, MyOIHKyeMbIe Pa3iny-
HBIMHM Ta3eTaMH, TO JUIsl TIOJyYEeHHs] BO3MOXHO OOJBIIEH CyMMapHOMN
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(coBMecTHOW) nH(popmaluu B3auMHas (T. €. OJJMHAKOBAs B JJAHHOM CJY-
yae) uHpopmalus J10KHA ObITh MUHUMAIIbHOM.

Ecnm ke X Y — 2TO coOOIIeHHs Ha BXOJ€ M Ha BBIXOJE KaHaJIa
CBSI3U C TIOMEXaMH, TO JUIS MOJYyYCHHs] BO3MOXKHO Oobiiei nHpopma-
uu e€ moirydaresieM HeoOXoaumMo, 4ToObl B3auMHas uHdopmalus Oblia
HanOoubine. Torga yciaonas sutponus H( X/y ) — ato nmorepu undop-
MallMM B KaHajie CBsA3M (rHenaoeocnocmo kanana), H( y/x ) — ato nundop-
Malys 0 moMexax (dHTpomus ucTtouHmka momex — H( n)), mocrymnaro-
as B KaHajl U3BHE WJIM CO3/jaBaeMasi BHYTPEHHUMH TIOMEXaMH B KaHaJe
(cxeMaTHYeCKH 3TOT Mpoliece Moka3aH Ha pucyHnke 2.10).

Hivix)

Puc. 2.10. YcnoBHas SHTpOMNHS B KaHAJE CBA3U C TOMEXaMu
2.7. JHTpONHUSA HeNPePHIBHBIX COOOIIEHM i

Hcxoauble TaHHBIE YaCTO MPEICTABIAIOTCS B BUJIE HEMPEPBIBHBIX
BEJIMYWH, HaMpUMep, TeMmIlepaTypa BO3Jayxa WU MOpckoil Bojwl. Ilo-
ATOMY MPEACTABIAECT UHTEPEC U3MEPEHUE KOJIUUYECTBA COAEpKAIIEeCcs B
TaKUX COOOIIECHUSX UH(pOopMaInu.

Kak Ob1710 COOOIIIEHO BBIIIE, CPEAHSS YHTPOIHUS TUCKPETHOTO CO-
OOIlIeHUs, BXOASIIEr0 B MOJHYIO TPYNIy M3 M HE3aBUCHUMBIX COOOIIIE-
HUMN, HAXOIUTCS 10 hopMmyIie

H = —Zm: P(a)log, P(a).

Ota ¢Qopmyna cnpaBemsiuBa, B YaCTHOCTH, JJisI COOOILEHUH, CO-
CTOSIIIIMX U3 KOHEYHOTO yucia OyKB (B HalIEM ciaydae M MITYK).
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Ecimn paccmarpuBarh IMONAJaHUE 3HAYECHUS HENPEPBIBHOTO CO-
oOIlleHUsT B OMPEACIICHHBbIA HMHTEPBAJ KaK TMOSBICHUE OIMpPEACICHHOM
OYKBBI, TO HEIPEPHIBHOE COOOIIIEHUE MOXHO pacCMaTpuUBaTh Kak Ipe-
JEIbHBINA CIydail TUCKPETHOIO, €CJIU YUCIO OYKB YCTPEMUTh K OecKo-
HeuyHocTH (puc. 2.11).

Z(1)

A

N
i
w
o)
N
o)
P
o)
N
o)
w
A 4
~+

Puc. 2.11. TIpeactaBnenre HEMPEPHIBHOTO MPOIIECCa B BUJIE
JTUCKPETHOM MOCJIEA0BATEIHLHOCTH OYKB.

JIisi BBIUMCIICHUS] DHTPOMUU JUCKPETHOTO COOOIIEHUs HEoOXo-
IUMO OBLTO 3HATh MHOYKECTBO OYKB M BEPOSITHOCTH X IOSIBJICHUS. AHA-
JIOroM Habopa BepOsSTHOCTEH OYKB B HEMPEPHIBHOM COOOICHUH SIBIISICT-
Ccsl TUIOTHOCTH BeposiTHocTel f(a) pacmpeneneHus 3HaueHUH HEMPEPHIB-
HOro cooOmmenus (puc. 2.12).

f(@)
F Y

K =

> a

= * -
——a =k*ha e
Puc. 2.12. BoluucieHnue BeposSTHOCTH NONafaHus 3HaUCHU N

HENPEPBIBHOTO ITPOLIECCA B HEKOTOPBIM MHTEPBAI LIUPUHOM Ad
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HenpeppIlBHYIO BEIUYHMHY MOXHO CUHTATh MPEACIbHBIM CIy4aeM
KBAHTOBAHHOM I10 YPOBHIO, €CJIM pa3Mep Iara KBaHTOBaHHS Aa ycTpe-
MHTh K HYJIO.

3Has IJIOTHOCTh pachpenesieHus: BeposiTHOCTH (AuddepeHnmais-
HBIM 3aKOH paclpeliesieHHs) U Ipeanoiaras He3aBUCUMOCTh COCEIHUX
3HAYEHUN CIIyYalHOW BEJIWYMHBI, MOXHO HAWTH, UCIOJIb3Ysd U3BECTHYIO
dbopMmyIty, CPETHIOIO SHTPOIHIO OJHOTO €€ 3HAUCHMUSI:

H(sa) =3 P(a,)log, P(a,).

rae a, = kK-Aa

3 Teopuu BEPOSITHOCTEH M3BECTHO, YTO BEPOSITHOCTD IOIAJaHHUs
CIIy4aliHOM BEIWYMHBI B HEKOTOPBIM HMHTEpBal HAXOAMUTCSA depe3 Aud-
(epeHIMaIbHbBIN 3aKOH e¢ pacupeaeiacHus mo Gopmyie

a+da/2

P(a, )= j f (a)da

a—da/2

[Ipu nmocrarouno rinankod (Gynkumu P(a) m Magom Aa MOXHO
CUHTATh, YTO

a+da/2
[ f(a)daxf(a)aa,

a —da/2

O3TOMY

Aa—0 Aa—0

H,., =limH(Aa)= Ilm{ > f(a Aalogz[f Aa]}:

Aa—0

=—lim{Aa>’ f(a,)log, [ ()]} - lim 1 Aalog,[Aa]}" f (a,)

[TepBoe cmaraemoe B mpeelie MpeBpaliaeTcs B HHTETPall:
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o0

lim <> f (a,)log,[ f (a,)]Aa :J'f(a)long(a)da_

Bo BTOpOM cliaraemMom Toke 00paszyeTcsi MHTerpal. JTo Ompese-
JIGHHBIN HHTErpan oT AuddepeHIInaIbHOI0 3aKOHa pPacCIpeIesICHUs C
OECKOHEYHBIMM TpeJesaMu, KOTOPbIM, Kak M3BeCTHO, paBeH 1. B pe-
3yJIbTaTE MOJIy4aeM:

Aa—0

lim Iogz[Aa]Zk:f(ak)Aa =AILTOIog2[Aa” f (a)da:AIiTOIogz[Aa].

SIcHO Teneps, UTO NEPBOE CIAraeMOE — KOHEUHOE YUCII0, & BTOPOE
— OeckoHeuHoe. Kak u cinegoBano 0XuaaTh, SHTPONUS HENPEPHIBHOTO
COOOIIEHUSI B MATEMaTUYECKOM CMBbICJIE OECKOHEYHO BENIMKa, YTO O3Ha-
YaeT, YTO HEMPEPHIBHBIN CUTHAII HECET B ce0e OECKOHEUHO OOJbIIOE KO-
JMYECTBO MIEHHOHOBCKOW MH(popMaruu. OJHAKO B peaIbHOM KU3HU 3TO
He Tak. JItoboe HempephIBHOE coOOIIeHNe (HApUMep, MOKa3aHus Tep-
MOMETpa 3a OKHOM WJIM INPY)KUHHBIX BECOB), YCIIOBEK TaK WJIM HHAYC
MoJIBepraeT KBAaHTOBAHHUIO, YTO MPUBOJIUT K YMEHBIIECHUIO KOJIUYECTBA
uHdopmaruu o lllenHony.

Takum 00pa3oM, B MaTEMaTUYECKOM CMBICIIE HEMPEPHIBHBIE CUT-
HaJIbI—COOOIIEHNUS] HE UMEIOT a0COMIOTHOM Mepbl 3HTponuu. [lorTomy
JUISl HUX BBOJUTCS TIOHSITUE OMHOCUMENbHOU IHMPOonuu. ITO TOHITHE
MOoApa3yMeBaeT HaJIUYUE 3TAIOHA, C KOTOPBIM CPaBHUBAETCSI SHTPOIUS
HEMPEPBHIBHOTO cOOOIIeHUs. B KauecTBe Takoro 3TajoHa BhIOMpaeTcs
TaKX€ HEMPEPHIBHOE COOOIIEHUE—CUTHAJ, UMEIOLIUIA paBHOMEPHBIN 3a-
KOH paclpeie]ieHus] B UHTepBaje € (3NCuioH). ['paduk paBHOMEPHOTO
3aKOHA MPUBEJEH Ha pucyHke 2.13.
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f(a)

1

<—a,

\/
j8b)

Puc. 2.13. I'padpuk paBHOMEpPHOIr0 3aKOHA pacIpeaeICHUs
AOCOJIOTHAS SHTPOIHS TAKOTO ATAJJOHHOT'O COOOIIEHUS paBHA

agt+e

H(e) = Jlllog gda—-Ilimlog,Aa=1log, - limlog, Aa |
Y E 2 Aa—0 2 2 Aa—0 2

M3—3a Broporo wicHa H(g) Takxke OECKOHEUHO BEJIHKA.

OTHOCUTENBHAS DHTPOIUA HEMPEPHIBHOTO COOOIIEHUS B TAHHOM
clydae OIpeAeisieTCsl KaK pa3sHOCTh MEXKIy aOCOJIOTHOW JSHTPOIHEH
Hyenp 2TOTO COOOIIEHMS M abcomroTHOH sHTponuei H(e) aTanonHoro co-
obmenuss. Ee npuHATO Ha3bIBaTh OughpeperyuanvHou  3ncu-
JIOH—3HmMponuell HeTpepbIBHOTO cooliieHusi. OHa obo3Hayaercss H, u
BBIUHCIISIETCS 110 (hopmyIie

Hg = lim[H,,,, ~H(&)]=~] f(a)log, f (a)da~log, & =

=] f(a)log,[¢- f(a)]da.

Ecnu nmonoxuts ¢ = 1, To auddepeHunanbHas 3HTpONUs (CI0BO
9NCUNIOH YACTO HE MMPOU3HOCUTCS) 3aIIMIIETCS B BUAE:

Ho,=- | f(@)log,[f (2)]da
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Buaum, uro dhopmyna nuddepeHnnanibHON SHTPONUM MTOX0%Ka Ha
dbopMyITy SHTPONUU TUCKPETHOTO UCTOYHUKA, HO CIIEAYEeT MIOMHUTH, YTO
OHa OIHUCHIBAET HE a0COJIIOTHOE, @ OTHOCUTEIbHOE 3HAUYEHHUE SHTPOINH,
KOIJa 3a CTaHJapT B34Ta Cly4dailHas BEITWYMHA, PABHOMEPHO pacrpeze-
JIEHHAs] HA €IUHUYHOM UHTEpBaJIE.

HNuddepenimanbHas SHTPONUS MO3BOJISIET CPaBHUBATH Pa3idy-
HbIE HETPEPHIBHbIE MCTOYHUKHU COOOIIECHUHN IO CTENEeHU MHPOPMATHB-
HOCTH.

2.7.1. JkcTpeMaibHbIE CBOMCTBA JHTPONMH HENPEPBLIBHBIX CO-
001eHn

[IpeacraBnsier MHTEpEC pEIICHHE CIENYIOIIeH 3amayu. 3aJaHbl
HEKOTOpbIE OTPAHMYEHUS Ha NapaMeTpbl 3aKOHA pPaclpeeeHUs] Hempe-
pPBIBHOTO cooO1ieHus. TpedyeTcss ¢ y4eToM 3TUX OTpaHMYECHHN HalTh
TAaKOW 3aKOH paclpeeseHus, Ipu KoTopoM auddepeHunanbHas SHTPO-
MYsI MAKCUMAJTbHA.

Pemienue mogoOHBIX 3a/1ad UMEET MPAKTUUYECKOE 3HAYCHHE. 3Ha-
HUE TaKUX 3aKOHOB IOJIE3HO MPHU KCCIETOBAHUM KOCMOCA Ha MPEAMET
MIOMCKA B HEM CHUTHAJIOB, UMEKOLIUX HCKYCCTBEHHOE IMPOUCXOKICHHUS,
IPU MOCTaHOBKE MaKCUMaJIbHO 3()(PEKTUBHBIX MOMEX B 3aJJaHHOM MOJIO-
C€ 4YacTOT C IMOMOIIBIO NEPENATYHKA C OTPAHUYEHHOW MOUIHOCTBIO
(HampuMep, MpH MOJABJICHUU COTOBOU CBSI3U) U T. 1.

B nepBom cityuae 3HaUeHUs CTy4allHOW BEIMYMHBI & OrPaHUYECHBI
uHTepBasioM [b,C]. B aToM citydae onpeneneHHbI HHTETPaAT €€ MIOTHO-
CTU pachpenesieHus BeposiTHocTel (auddepeHunanbHOro 3aKkoHa pac-
npeesieHHs] BEpOSITHOCTEI) Ha 3TOM MHTEpBaJie paBeH 1:

jf(a)dazl :

Halinem ananutmdeckoe BBIpakeHHE i 3akoHa f(a), xoTopwrid
naeT MakcumMym audpepeHunanbHON SHTPONTUN

H,..= —T f(a)log,[ f (a)]da.
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DTy 3aadyy MOKHO MHTEPIPETHPOBATHh KaK MPEACIbHBIN CiIydai
3a/1adyd Ha MOWCK YCJIOBHOTO 3KCTpeMyMma (yHKIMH OECKOHEUHOTO KO-
JUYECTBA apryMEHTOB. DTH apTryMEHThl — TOYKHM HMCKOMOM TUIOTHOCTH
pactpezaenenus BepostHocTeit f(a). Torma aHaauTHYeCKOe BBIpaKCHUE
s 3akoHa f(a) sBiseTcss ycimoBueM, KOTOpPOE HYXHO COOJIIOCTH TIPH
MOMCKE IKCTPEMyMa.

JIst penieHus AToM 3a/1auyi BOCIOIB3YEeMCS BBIIIICOTTMCAHHBIM Me-
TOIOM MHOXUTenen Jlarpanyka, KOTOpPBIM JJIi HENPEPBIBHOTO ClIyvas
MIEPEXOJIUT B BAPHAITMOHHOE HCUHUCIICHHE.

BcnomorarensHas ¢yHkuus @ B HameM ciiydae OyJneT UMeTh
BU/I;

D= —E f(a)log,[ f(a))da + ﬂ[i f(a)da —1} |

Juddepenuupys mo f(a), momydaeM cuctemy ypaBHEHUI:

(_ 1 Inf(a)| 4
[In2+ P }da+/1 da=0

[ f(a)da=1

W3 mepBoro ypaBHEHUS MOTYYUM
f(a)=exp[4-In(2)-1] .

[ToncraBum f(a) Bo BTOpoe ypaBHeHHE, yuuThiBas, 4to f(a) oT a
HE 3aBHCHT:

jf(a)da: f(a)_c[daz f(a)(c-b)=1 |

b

Otcrona
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1
f(a)=4c-b

0 6 ocmanvhbix cyuasx

npu b<a<c

B utore Mbl MOJYUYUIId YK€ MU3BECTHBIA JJIsi JUCKPETHBIX COO0O-
LICHUM PEe3yJbTaT, YKa3bIBAIOMIUN HA TO, YTO MAKCUMYM 3HTPOIIUH J0-
CTUTAECTCs, €CJIM BCE 3HAUYCHUS CUTHAJIA PABHOBEPOSITHBI, T. €. TAKOU
CUTHAJI UMEET PABHOMEPHDBLUL 3AKOH PACNpeOeneHUs..

Bo BTOpoM ciydae mpeAmnosioKUM, YTO 00JIaCTh OMpeeieHUs
3HAYECHUW CIIy4alHOM BEJIWYHMHBI HE OTPAaHUYECHA, HO 3aJlaHa €€ JUCIIEP-
cua D u marematuueckoe oxkxuganue M. 3ameTum, 4yTo AucCnepcus mpsi-
MO HPOIIOPLUOHAIBHA MOIIHOCTH CUTHAJIA.

M3 5TOro BBITEKAIOT CIEAYIOLIWE YCIOBHUS, HAKIIAIbIBAIOIIUE
OrPaHUYEHUS HA UICKOMBIW 3aKOH paCIpeaeiICHUS

[ (a~M)?f(a)da=D:
[af (a)da=M;

[ f(a)da=1.

Omnsate Oyaem uckath Gyskiuio f(a), mpu xoTopoit muddepeniu-
aJbHasg SHTPOIMS NMPUHUMAET MaKCUMallbHOE 3HaudeHue. Emie pa3 wuc-
nojab3yeM metoa MHoxutesned Jlarpanka. BecromorartenbHast (yHKIUS
@ B 3TOM ClIy4yae UMEET BU]]

&= f@log,L/(@da+ 4| § (a=MY f(@)da=D |+
2| T at @a-w |+ 2] T t@oa-1]

Huddepennupys mo f(a), momydanm cucreMy ypaBHCHHIA:
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([ (1 InP(a) , -
_(Inz_ s )da+ﬂl(a—l\/l) da+ A,ada+ A4,da=0
I

a—M)*f(a)da=D

0

[ af(a)da=M

0

[ f(a)da=1

Hcnonb3ys nepBoe ypaBHEHUE, HAMAEM
f(a)=exp[In2-(4(a—M)* +La+4)-1]|
[ToncraBum f(2) B TpeThe ypaBHEHUE CUCTEMbI YPaBHCHUIA:

_fo f(a)da=exp(In2- 4, -1) T exp[ln 2- (4 (a-M)? +/12a]da =1.

ITo Ta6J'II/II_[aM HaXOJUM 3HAYCHHUC NHTCIpaJia:

« ) A |7
In2- -M)* +A,a|da= M ——= [—
_{Oexp[n (L(@a-M)*+ a] a=exp(4LM)- exp[ WL AJ

[loncTaBuB HaWJECHHBIM WHTETpaj B MPEIBIAYIIEE BBIPAKECHUE,
HNOJIyYUM

exp(In2- 4, —1)exp(A,M)- exp(—i l}:

—exp{lnz Ay — 1+/1M——\/7}

3HaUuT,
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IN2- 4, - 1+mv|—— z

1 K3

I/Iﬂgzm 1-4, 411

Teneps mosydeHHOE BBIpaXKCHHE HYXHO TojactaBuTh B f(a), mo-
Jy4YEHHBINA Pe3yJbTaT MOJCTABUTh BO BTOPOE YCIOBUE U HAUTH A,. [lanee
Ao moacraBisercs B f(), a monydeHHBIH pe3ynbTaT — B IIEPBOC YpaBHE-
Hue. Takum oOpazoM HaxomuTcs A;. Jlanmee A; moncraBusercs B f(a), B
pEe3yJIbTaTe YeTro HAaXOIUTCS UCKOMBIN 3aKOH pactpe/IeIcHIs

f(a) = Drep (az[“)”)

Buaym, 4TO 3TO 4acTO BCTPEUYAIOLIUICA B IPUPOAE HOPMAIbHBIN
3aKOH pacnpeneneHus. Ero Bua 3aBUCHT OT 2 mapaMeTpOB — MaTeMaTH-
yeckoro oxuganus (cpeanero 3Hadyenus) M u mucniepcun D, omnuchiBa-
IOIIEH CTEMeHb pa30poca CayJdailHON BETMYHHBI.

Ha pucynke 2.14 nzobpakeHbl rpaduKyd 3TOTO 3aKOHA MPU pas-
HBIX 3HAYCHHUSIX MAaTEeMaTUYECKOTO OXKUJIaHUS U JUCIICPCUH.

AHaJOTMYHBIM 00pa30oM MOKHO IOKa3aTh, YTO €CJIM ClydaiHas
BEJIMYMHA MOXKET MPUHUMATh TOJBKO MOJIOKUTENIbHBIC 3HAUCHHUS, T. €.
0<a<oo, To MakcuMabHas AuddepeHITnaIbHas SHTPOIUS MOJIyIaeTCs
IIpY pacupeieSICHUH CUTHaJa M0 SKCIIOHEHIIMAIbHOMY 3aKOHY:

f(a)= M ,

0 mnpu a<0

iexp( ij npu a>0

rae M — MaTeMaTH4eCcKOEe OKUIaHUE.
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0,25
0,2 /\
0,15
’ s S M=1,5 D=3
Vil RN — ——M=2D=4
0,05 RN

Puc. 2.14. I'padpuku HOpMaIBLHOI'O 3aKOHA pacCIpe/IeICHUS

Ha pucynke 2.15 n3o00pakeHsl rpa@uku SKCIOHEHIIMAIBLHOTO 3a-
KOHa pacnpeaeneHus npu M = 1u M = 2,

0,9
0,8

0,7

0,6 \
A
0,3

0,2 .
NS
-
0.1 ~=
0 e ca————
N q u © ® QO
a

M=1 e» a» o|\|=2

Puc. 2.15. I'padyiku 3KCIOHEHIIMATIBLHOTO 3aKOHA pacipeiesICHUs

2.7.2. INCUIOH—IHTPONUS UCTOYHHUKA HeNPEPbLIBHBIX CO00IIIe-

w

HHUU

CurHan Ha BbIXOJIe UCTOYHHKA (puc. 2.16) HempephIBHBIX COOOIIIE-
HUW (HampuMmep, MUKpodoHa, TeredoHa, JaTyuKa TeMIlepaTyphl U Mp.)
peACTaBIsieT cO00M HEeNMPEPBHIBHBIN CIydailHbIA MPOLIECC, SIHTPONHUS KO-
TOPOTO B JIDOOM U3 CEUEHUM B OOIIIEM Cilyyae paBHa O€CKOHEYHOCTH.
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H{1)

Puc. 2.16. OncuiIoH—3HTPOINHS HENPEPHIBHBIX COOOIICHUN

Takoe xonnuecTBO HHGOpPMALIUKU HE MOXKET OBITh MEPEIAHO MO pe-
QIbHOMY KaHaJly CBSI3M, MPOIMYCKHAs CIOCOOHOCTh KOTOPOTO BCErja
orpaHuyeHa. ITO ¥ HE HYXHO, T. K. CKOPOCTh BOCTIpUSTHS WH(POpMALIHH
JIO0BIM TTOTPEOUTENEM Ha BBIXOJE KaHalla BCEr/a orpaHudeHa ero ¢u-
3MYECKUMHU BO3MOKHOCTAMH. [103TOMY HelpephIBHBIN CHTHAN Ha BBIXO-
7Ie KaHalla CBSI3M Jlake 0e3 MoMeX OTIMYaeTCsl OT CUTHAIa Ha BXOJIE, TaK
KaK COACPKUT HE BCIO MH(POpMaIHIO 0 HEM (TIPUYEM MO KaHAJIOM CBSI3H
MO>KHO TTOHMMATh JIF000€e MpeoOpa3oBaHre OJHOTO aHCAMOJIsi CUTHAJIOB
B JIPYroe: MOAYJISILINIO, YCUIICHHUE, TUCKPETU3ALMIO U TIP.).

VYxke npeobpa3zoBaHre HEMPEPHIBHOT'O COOOIICHUS B CUTHAII COOT-
BETCTBYIOIIUM YCTPOUCTBOM (MUKPO(OHOM MIIU JIp. JATYUKOM CHUTHAJIA)
CBS3aHO C MOoTepel yacTu uHpopmaIuu, a CurHaia oTodpaxkaer coooe-
HUE JUIIb C HEKOTOPOU TOYHOCTBIO

&(t)= X(t)—x*(t),

rane  X(t)— curHanm Ha BXOje MpeoOpa3oBaTers;

X*(t)— curman Ha BBIXOHmE TpeoOpazomatens (IIp) wim oreHka
BXOJIHOTO CHTHaJIa MpeoOpa3oBaTesieM, KOTOPBIM BCerja MpeCTaBiseT
co00if HEKOTOPOE pelIaroIee YCTPOHCTBO, paboTarolee 1o OnpeIesIcH-
HOMY TIpaBUJIY U 3aIaHHOMY KPUTEPUIO Ka4eCTBA.

Kputepuii kauecTBa, Kak U3BECTHO, OIPEICIACTCS IMOTPeOUTEIeM
MH(GOPMAIIMH, HAIIpUMEP, CPEAHCKBAIPATHICCKOE OTKIIOHCHHUES

&= M X(t) —x*()]°},
WJIU JUCTIEPCHS OIINOKU

o’ =mig’(t)} .
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Ancunon—umponueii H(X) (e-2nmponueit) na3piBaeTcs MHUHH-
MaJbHOE KOJMYECTBO HH(OPMAIMH, KOTOPOE JOKHO COJCPIKATHCS B
BbIXOAHOM curHaje X*(t) o BxogHom curHaie X(t), 9ToOBI 3TOT CHUTHAI
MOKHO OBLIIO BOCCTAHOBUTS C 33/JaHHON TOYHOCTBIO &

H(X) = min 1(x,x) = H(xX) — max H(x/x),

rae  1(x,X) — B3auMHast uHQOPMALHSI X U X |

H(X) 1 H(x/X) — coorBercTBeHHO, muddepeHunanbaas SHTPOIHS
curnana X(t) u yciosHas sauTponus X(t), korma X*(t) u3BectHo;

Mmin 1 Max 6epyTcst 0 BCEBO3MOKHBIM YCIIOBHBIM paclpeaeicHu-
st W(X/X ).

B o6miem ciydae, korga curdan (wim cooOinenue) X(t) sBisercs
rayCCOBCKHM C Jucriepcueil o, ommoOka &(t) Takke SBISIETCS rayCcOB-

CKOH ¢ amcmepcueil o’, a ¢ y4eToM aJJJUTUBHOTO XapakTepa OMIMOKH

*
&(t) ycioBHas saTponus H(X/X ) mosiHOCTBIO omnpeaensercs auddepeH-
1maiibHOM sHTponuei H(e). CooTBeTCTBEHHO,

max H (x/x*) = maxH (&) = Iog(ag\/%).

Torma &—HSHTpONHUS OTHOTO CEUCHHS T'ayCCOBCKOTO HMCTOYHHKA
(e—2HTpOMHUS OJTHOTO OTCUECTA)

H (x) = log(c,~/27e) — log( o ~27€) =0,5-log(c? /57).

2 2
Beanuuna O, /O'g ITIOKa3bIBACT OTHOIIICHUC MOIIIHOCTHU (I{I/ICHGP-

cun) curHama X(I) Kk MomIHOCTH (AWCTIEPCHUU) OMIUOKH, TIPU KOTOPOM
CpeIHEKBAPAaTHUECKOE OTKIOHEeHHe curHanos X(t) u X (t) He mpeBbiia-
eT O

CrenoBaTeNbHO, NPOU3BOOUMETbHOCHL UCHOYHUKA HENPePblEHbIX
Cco0OWenutl MOXKHO OIIPEICIIUTh KaK KOJUYECTBO HHPOPMAIIUU, KOTOPOE
HEO0OXO0IMMO TIepeIaBaTh B €IMHUIYY BPEMEHHU, YTOObI BOCCTAHOBHTH CO-
OOlLIEHHE € 3aJaHHON TOYHOCTBIO.
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H . (X)=v- HX),

rae V= 1/At — ckopocTh mepeadn OTCYETOB Ha BBIXOJIC HCTOYHHUKA,
At — UHTEpBAJI MEKAY OTCUECTAMU.
JIns cTannOHapHOTO CUTHAJIA C OTPAHUYEHHBIM CIIEKTPOM

At = 1/(2Fma),
TOT 14
H (X) = 2Fmax - HAX).

ECHI/I, KpOMC€C TOI0, HCTOYHUK ABJISICTCA I'ayCCOBCKUM, TO
o\ 2/ 2
H'(X) = Fp, -log(c? /07).

KonuyecTtBo mHQpOpMaIy, BbIJaBa€MOE T'ayCCOBCKMM HCTOYHH-
KOM 3a Bpemsi [, paBHO

T, H'(X) =T, Fp, -log(c?/c?),

YTO COBIAAACT ¢ GopMyJIon 1Jisi 00bEMa CUTHaNA, KOTJa TUHAMUYECKUN
JMaTa3oH CUTHaja

Dczlog(of/af).

DTO 3HAYUT, UTO O0OBEM CUTHAJIA HAa BBIXOJIE HCTOYHUKA PABEH KO-
JUYECTBY MH(OpMAIMU, KOTOPOE COJEPNKHUTCS B CUTHAJIC JJIsI €r0 BOC-
MPOU3BEICHUS C 3aIaHHON TOYHOCTBIO.

OnpenenuM HWHGOPMATHUBHOCTH (SIICHIIOH—HTPOIHIO) CIydai-
HBIX BEJIWYHWH, pPacIpeeIEHHBIX MO HEKOTOPHIM HamOoJiee M3BECTHBIM
3aKOHAM pacIipeaesICHHUS.

[Ipy HOpMaTbHOM 3aKOHE paclpe/IeICHUs
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(@a-M)°

f(a)= ng exp{—T};

Hgﬂ:—]o f (a)log,[ f (a)]da=—i°f f ()In[f (a)]da=

{j f(a)|n[D\/Z]da+j () @=M) ) }

Yurem, 4TO KOHCTaHTa In[D\/Zﬂ} MOJKET OBITh BRIHECCHA U3 I10]]

3HaKa MHTETrpaya B MEPBOM CJIAra€MOM, a CaM MHTETPAJI B 3TOM CIIy4yae
paBeH 1.

1
KOHCTaHTy ——= MOXHO BBIHCCTH H3—IIOJ 3HAKada BTOPOI'O HWHTC-

2D

rpaja, a caM MHTEerpaJ npeacTaBigeT codoit nucnepcuto D.
YuuTeiBas BCE 3TO, MOIYYAEM:

H“:ﬁ(ln[wﬂ]ﬂlz) Iz(ln[DJ_]HnJ‘)
=log, D\27e

[Ipu paBHOMEPHOM 3aKOHE paclpeieICHUs

npu b<a<c

f(a)=4C—b

0 6 ocmanvHblx anyuaix

e 1
5C—

H

5:1

b Iog2 bda: log,(c—b) .

[Ipy SKCIIOHEHIIMATTFHOM 3aKOHE pacIpeaeICHHUs
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i(i‘Xp(—%} npu a>0
f(a)= ;

0 mpu a<0
H.= —Iﬁexp(—%)logz {ﬁexp(—%ﬂda ~

1= a 1
__ = _L . da—— log, —da
MgeXp( Mj( Mlnzj 2 JeXp( Mjogzm |

[Tocne mpeoOpa3oBaHuii W B3SATUS UHTErPAIOB (TaM, rie HY>KHO
py MOMOIIM TabnuIl uHTerpasioB) noayuum: H_, =log, Me.

Havinem 3HaueHME 3HTPONUM, KOTAA COCTOSIHUS 3JIEMEHTOB pacIpe-
JI€JIEHBI 110 HOPMAJIbHOMY 3aKOHY:

x2 X2
e 20%|o e 267 1dx — log Ax =
e\/— j I[——=— \/— ] g

X
= log(o/27 J—Ie K
loge < ~

272 _ o
+ e dx —log Ax) = log(—+/2z€
aﬂ_{o g AX) g(AXx/ )

H =

O dx +

Havinem 3HaueHue 3HTPONKM, KOTHAA COCTOSAHHUS 3JIEMEHTOB pac-
npeJiejCHbl BHYTPH MHTEPBaIa UX CyIIeCTBOBaHUA ¢ < x < D 1Mo paBHO-
MEPHOMY 3aKOHY, T. €.

Lnpu as<x<b
P(x)=1b-a

0 npux<a,x>hb

1 1 b—a
X) = ————[log(——— — AxX)dx = Io—
Hp () =——= Ig( ———AX)dx = log =
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Jlucniepcusi paBHOMEPHOTO PaclpeiesICHUs

(b—a)’
%=
IO3TOMY
b—a = 2«/§0'p.

C y4eToM 3TOro MOXKHO 3aMHUCaTh
H, () =log(322\3)
P AX

CpaBHHUBass MeX1y COOOH COOOIICHUS ¢ PaBHOMEPHBIM W HOPMaJjb-
HBIM pacIpe/ieIeHHeM BepOosTHOCTEN npu yenosuu H,(x) = H,(x), momy-
qaeM

ol =20" ~1,420°

6

DTO 3HAYUT, YTO MPU OAMHAKOBONW MH(GOPMATHUBHOCTU COOOIICHUIN
CpeIHsIS MOIIHOCTh CHUTHAJOB JIJII PaBHOMEPHOI'O PpaCIpelIesICHUs HX
aMIUTUTYJ 10JKHA ObITh Ha 42% OoJibIlle, 4YeM IPH HOPMAIBHOM pac-
pEICIICHUMN.

Hpumep. IIpu oprannzaunu MEmMArOLIETO BO3JAECHUCTBUSA IIPU TIEpE-
naye MHQpOpMaIud MOKHO HCIOJIb30BaTh UCTOYHUK IITyMa ¢ HOpMallb-
HBIM pacmlpeaeIiCHUeM IJIOTHOCTH U UCTOUYHUK, UMEIOIIHUNA B HEKOTOPOM
WHTEPBAJIE PABHOMEPHYIO MJIIOTHOCTD PACIIPEICICHMUS.

OnpenenuTh, KaKOW UCTOYHUK ITyMa MPUMEHSITh SIKOHOMHUYHEE U
KaKOB IMPU 3TOM BBIUTPHIII B MOIITHOCTH.

Pewenue.
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OueBHUAHO, YTO CpPABHEHHWE HCTOYHUKOB CIIEAYET NPOBOAUTH H3
YCIOBHS OOCCIICUCHHSI PaBEHCTBA IHTPONHUM, KOTAa KaXKIbI MCTOYHUK
BHOCUT OJIMHAKOBOE MEIIAIOIIEee BO3/IEUCTBUE MpHU nepeaade nHpopMma-
1005078

Kak ObL10 MOKa3aHO BBIIIE, 3HAUEHUE YHTPOIHNH, KOT/1a COCTOSTHHS
3JIEMEHTOB PACIPEICIICHBI IO HOPMAIIBHOMY 3aKOHY:

H'(x) =log(2 \27€) = log(o,27€) .

rae AX=1 Om,
o — 2
v 0,, T. €. 0.° — IUCIEPCHUs, XaPAKTEPU3YIOIIasi MOLIIHOCTb, BbI-
NEEMYI0 Ha PE3UCTOP € conpoTuBiicHuEM 1 OM.
J{ns1 paBHOMEPHOTO pacnpeeacHus

Hy(x) = Hp(x) = Iogéx.

Tak kak aucniepcusi paBHOMEPHOTO pacipeaeIeHuUs

_(b-a)’
12

H (x) = Iog(% 23) =log(c,,2+3), 20e

mo b—a=2J3 G U, c1edoeamelbHo,

o, =—2 AX=1wm

o
" " AX
Tak xax H'(x)=H _(X), To

log(o,v27e) =log(o,, 24/3),
2rneo; =120,

e
o, —FO' ~1,420?
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[TosToMy ciienyeT BbIOMpaTh UCTOYHUK IIIyMa ¢ HOPMaJbHBIM pac-
MPEJEIEHUEM TUIOTHOCTH, T. K. IPU TOU K€ HEONMPEAEIEHHOCTH, BHOCH-
MO UM B KaHaJ CBSI3U, MOKHO BBIMTPATh B MOITHOCTH 42%.

2.7.3. JHTpONUS JUCKPETHOI0 COOOIIEHHUS, TMOJYyYAeMOro H3
HENPEePbLIBHOIO IMyTEeM €r0 KBAHTOBAHUA M0 YPOBHIO

Jns Bcex Tpex Cily4aeB HECHO0XKHO IOJYYHUTh SHTPOIHIO IHC-
KPETHOTO COOOIIEHHS, MOJy4a€MOTr0 U3 HEMPEPHIBHOTO MyTEM €ro KBaH-
TOBaHUs MO YPOBHIO C maroM Aa. BCIOMHUM, TO 3HTPOIHS HEMPEPHIB-
HOW BEJIIMYMHBI paBHA:

H,.., = —[ f (a)log,[ f (a)]da— lim log, [ Aa |

HpI/I HEOOJIBIIMX IIIarax KBaHTOBaHHSI Ad OHTPOIINIKO KBAHTOBAH-
HOTI'O COO6IH€HI/I$I MOKHO HaxXoJUuThb I10 (I)OpMy.TIeI

H o = H,s — 100, | A2 |

Kearm

[ToaTOMy BBIpa)KCHHS SHTPOITMA KBAHTOBAHHOT'O COOOIICHUS MPH
pa3IUYHBIX 3aKOHAX pacIpeaeiicHus Oy IyT HIMETh BUI:
1) HOpMaNBHBIN 3aKOH

=log, (D\/ Znej :
Aa
2) paBHOMEPHBI 3aKOH:

(€=b) .

=10
9, A3

3) SKCMOHEHIIMAbHBIN 3aKOH:

H :Iogzl\A/lae
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Takum o0pa3om, B pauOTEXHUUECKUX CUCTEMaX HOCUTEIISIMHU HIIH
MIEpEHOCYMKAMH HMH(OpPMALIMU  SBISIOTCS DJICKTPUYECKUE CHUTHAJIbI,
dbopMHUpyeMble HCTOYHUKAMH ATOM nmHbopMaiuu. Jlaxe B TeX ciydasx,
Korja TiepBHYHAs HWHOOPMAIUS HOCUT HEIICKTPHUECKYIO IMPHUPOIY
(peub, My3bIKa, U300paKCHUs, TEKCTHI, IMAKEThl JAHHBIX U T. J.), OHA B
KOHEYHOM UTOre MpeoOpa3yeTcs B JICKTPUUECKUE CUTHAIIBI U Jlaliee COo-
XpaHsAeTCs WIM TepeaeTcs Mo KaHajlaM CBSI3U. DTH CUTHAIBI OOBIYHO
HOCSIT HEIPEPBIBHBIN XapaKTep, TO €CTh ONPEACICHBI I JII000r0o MO-
MEHTa BPEMEHHU WJIM B OECKOHEYHOM YHCJIE TOYEK CBOEro CYIIECTBOBA-
Hus. ['opa3go ynoOHee uMeTh A0 C JaHHBIMHM, UMEIOIIUMHU KOHEYHBIN
pasmep, — Halpumep, C MaCCMBaMHU YMCEJI KOHEUHOrO pa3Mepa U orpa-
HUYECHHON pa3psIHOCTH.

KonTpoJibHBIEC BONIPOCHI

1. Kakum TpeM OCHOBHBIM HAIpaBJICHUSIM B TE€OpUH MHPOpMa-
U1 OTBe4aroT uHGOpMaIMOHHBIE Mepbl? OxapakTepu3yuTe dTH
HaIpaBJICHUS.

2. B kakux ciyyasx TPUMEHSIOT T'€OMETPUYECKYI0 MEpYy HH-
dbopmanuu? JlaiiTe ee KpaTKyr0 XapaKTEePUCTHUKY.

3.  Kak ompegenuth KOIMYECTBO HH(POpMaMM MTpH TTOMOIIU
KOMOMHATOPHOU MephI?

4. Tlouemy sl ompenesieHHs] KOJM4ecTBa MH(opmaimu B CO-
OOILIEHUH UCTIONb3yeTCA Jlorapudmudeckas Mmepa?

5.  Kakoe cooO1ieHne COIepKUT OJHY JBOUYHYIO €IMHUIY WH-
dbopmanun?

6. JlaiiTe ompeaeneHue KoinuecTBa nHGopmaluu papHoit 1 O6u-
Ty.

7. Yro Takoe 00beM MH(GOPMAILIUU U KaK €ro HaTu?

8.  Urto moHmUMaeTcs Mol CEMaHTUKON nHpopManmu?

9. Kak onpenenuts 1enecoodpa3HocTs nHGopManuun?

10. Kak onpenensercst KOJIMUYeCTBO HHPOpMAIIUU B COOOIICHUH ?

11. Kakue coObITHS Ha3bIBAIOT PABHOBEPOSITHHIMU U HEPaBHOBE-
POSATHBIMU?

12. Kak HaliT anpUOPHYIO U alIOCTEPHUOPHYIO SHTPOIHIO?

13. Yto Takoe sHTpOMNHS?
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14. Kak onpenensercsi SHTPOIHUS B pPa3HbIX 00JIaCTAX 3HAHUNA?

15. Yto Takoe SHTPOMHS UCTOUYHHKA C HE3aBUCHUMBIM BBIOOPOM
cOoOOIEHUI?

16. Kak onpenensieTcss SHTPONUS JUCKPETHOIO UCTOYHUKA C HE-
3aBUCHUMBIM BBIOOPOM COOOIIICHUI?

17. KakoBa pa3aMepHOCTb SHTPOIIUU HCTOUYHUKA?

18. Ilepeuncnutre OCHOBHbIE CBOMCTBA SHTPOIHH.

19. Yemy paBHa SHTPOMNUS UCTOYHUKA MPU YKPYMHEHUU aliPaBu-
Ta (1pu 00bEMHEHUU OYKB B CJI0Ba)?

20. UYto Takoe 3proAMYeCKuil UCKPETHBIN UCTOYHUK?

21. Kax BBIYUCIISETCS SHTPOMHS IProAUIECKOr0 UCTOUYHUKA?

22. UYTO Takoe COCTOSIHUE IPTrOJUYECKOTO JUCKPETHOI'O HCTOY-
HUKA, KaK BBIYUCIUTH KOJUYECTBO COCTOSTHUN?

23. Uto Takoe n30bITOYHOCTh UICTOUYHHUKA?

24. Kakue (hakTophl yBEIMYMBAIOT U30BITOYHOCTh UICTOUHUKA?

25. bonbiias u30bITOYHOCTh — ATO XOPOIIO WM IIJI0XO JJIsS CH-
CTEM Iepenadyn HHHOpMAIUK 1O KaHajIaM CBSI3U?

26. Uto Takoe MPOU3BOJIUTEIHBHOCTh JUCKPETHOTO HCTOYHHUKA,
4eMy OHa paBHaA?

27. MOXHO 1 YBEJIUYUTh MPOU3BOAUTEIHLHOCTh UCTOUHHUKA ITY-
TEM yKpynHeHus andasurta?

28. Kak MOXHO YBEJIMYUTH MPOU3BOAUTEIHHOCTh HICTOUHHUKA TTPU
3aIaHHOM JUTUTEIBLHOCTH 3JIEMEHTOB COOOIIECHHUS ?

29. Uto Takoe COBMECTHAs SHTPOMUS IBYX HCTOUYHHUKOB?

30. Yro Takoe ycioBHas SHTponus, €€ GU3NIECKUM CMBICIT?

31. Yemy paBHa COBMECTHAas SHTPOMUS IBYX HE3aBUCHUMBIX JIHC-
KPETHBIX UCTOYHUKOB U JIBYX MOJHOCTHIO 3aBUCUMBIX UICTOYHUKOB?

32. Yrto takoe B3aumHas wHPOpPMAIUSA JABYX HUCTOUYHHUKOB (WU
IBYX COOOIIIEHUI), YeMy OHA paBHA?

33. Uro Takoe HEHaJe)KHOCTh KaHajla repenayd MHGOpMaluu,
KaK €€ OIpEJIeNIUTh Yepe3 YCIOBHBIE BEPOSITHOCTH ?

34. Kak onpenenuts nHGOPMAIIMIO O IIOMEXaX B KaHaje mepeaa-
4y HH(OPMALIUH, UCTIONIB3Ys YCIOBHBIE BEpOATHOCTH nepexona P(Yi/Xi)?

35. Kak omnpenensercs mauddepeHmaibHas SHTPOMHUS HeEmpe-
PBIBHOM CIIy4alHOW BEJIMYUHBI?

36. KakoBbl pa3HOBUJAHOCTH SHTPOIUHU HETIPEPHIBHOM CIydalHOU
BEJTUYUHBI?
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37. UYemy paBHa MakcuMalibHas nuddepeHimanbHas dHTPOIHUS,
€CJIM clly4yaiiHas BEJIMYUHA OTpaHUYeHa B 00bEMe?

38. Ilpu kakom 3akoHE pacmpeicsicHUs MakcuMaibHas Audde-
pEeHIIMaTbHAs SHTPOMUS MaKCUMaIbHa?

39. Yemy paBHa MakcuMalibHas Aud@epeHImaibHas dHTPOIuUs,
€CJIM CIydailHas BEJIMYMHA HE OrpaHUYeHa B 00bEME?

40. Kak BiausieT MaTeMaTUYECKOE OXKHUAaHUE CIydailHON BEIUYU-
HBI Ha €€ PHTPOIUIO?

41. Yro Takoe PHTPOIHUS HEMPEPHIBHOI'O CAy4alHOro Ipolecca?

42. Kak B 3HTpPONUU MPOSBISETCS CBOMCTBO APTOJUYHOCTU CIIY-
YaiHOTO Tporecca?

43. Kak ompeaensieTcsi SHTPONUs HEMPEPHIBHOTO 3ProAUYECKOTO
CJIy4allHOTO Ipoliecca, €€ pa3MepHOCTh?

44, Yto Takoe MCUIIOH— SHTPOMHUS?

45. Kak BBIUMCISETCS SICUJIOH —DHTPOINMS HCTOUYHHMKA HEMpe-
PBIBHBIX CUTHAJIOB?

46. Kak ompenensieTcs SICUIOH —IIPOU3BOIUTEIBLHOCTh HCTOY-
HUKa CTAllMOHAPHBIX CUTHAJIOB?

47. Kak omnpenensieTcs SMCHIOH— JHTPONUS U MPOU3BOAUTEIb-
HOCTb rayCCOBCKOI'O UICTOYHUKA?

48. Yto ytBepxknaetr Teopema lllenHoHa mis KaHama CBSI3U, HA
BXOJI€ KOTOPOTO MOJKJIOYEH UCTOYHUK C W3BECTHOM SICUIOH— MPOU3-
BOJIUTEIHHOCTHIO?

KouTtposbHbie 3a1aHus

49. Omnpenenure KOJIWYECTBO HMHQPOpMAIMU N0 XapTiM YHCIA,
paBHOrO fate poxjaeHus B popmare I/ IMM.

50. Haiinure agauTUBHYI0O Mepy HHGOpPMAIMK YKCIIa, PABHOTO
roJly pOXKJeHus Baliei 0a0yIIKu.

51. Tenerpaduct 3a nenb padoThl npuHHMaeT 64 cooOuIEHHS.
Bce coobmenust pasubie. Hayraa BeiOpanu ogHo coobiieHue. Kakoe ko-
JUYECTBO MH(OPMAIIUU MTPU FTOM OBLIIO MOTYy4YEHO?

52. Bam apyr uBeT B IIECTHAAIATUITAXHOM 1oMe. CKOJBKO
MH(OpPMALUH COJIEPKUT COOOIICHHE O TOM, YTO JAPYT >KUBET HA 7 3Ta-
xe?
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53. Kakoe koimyecTBO MHGOpPMAIIMU HECET COOOIIEHHE O TOM,
YTO BCTpPEYA Ha3HAUYCHA HA UIOJIb?

54. Pemmte 3amauy: B 10—sTtaxkHoMm gome Baiiero pyra 6 mojb-
e3/710B. CKOJIbKO MH(pOPMAIIMK COJASPIKUT COOOIIEHHE O TOM, YTO APYT
KUBET B 5 MOABE3ME HA 3 dTa)e?

55. B 1ByX 3anmax CTyJE€HYECKOW CTOJOBOM CTOUT 24 CTOJUKA.
Ckonbko UHGOpPMALIMKM HECET COOOIIEHUE O TOM, YTO BO BTOpOM 3aje |
CTOJIUK CBOOOJICH?

56. B ayautopuu 8 ctosioB Ha 3-x yenoBek. Ckoibko UHpOpMa-
UM COASPIKUTCS B COOOIIEHHH O TOM, YTO 3a 3-M CTOJIOM CHUJIMT 1 de-
JIOBEK?

57. 3aragpBaror uuciio B auamaszoHe or 1 go 750. Kaxkoe
HaWMEHbIIIEE KOJIMYECTBO BOIIPOCOB HAJ0 3aJaTh, YTOObI HABEPHSIKA OT-
rajgarb 4yucio. Ha Bompocsl MOKHO OTBEYaTh TOJBKO «/Jla» muimu «Hery.

58. B andaBure HEekoTOpOro si3bika Bcero aBe OykBbl. Kaxmoe
CJIOBO 3TOTO $I3bIKa COCTOMUT M3 m OYyKB. M3BeCTHO, 4TO MOXXHO COCTa-
BUTH 2048 paznuynbiX c0B. CKOJIBKO OYKB B KaXJIOM CJIOBE?

59. OmnpenenuTs SHTPOINUIO CIIOBOCOUYETAHUS, COCTABICHHOTO U3
anrnuiickux OykB Lemon tea. BeposiTHOCTh mosiBfieHHs1 OYKB B aHTJIW -
ckoMm Tekcte cneayromas: L = 0,29; E = 0,1105; M = 0,021; O = 0,065;
N =0,059; T =0,072; A=0,063

60. CooOmenue cocrtaBisieTcs n3 aiadaBurta a, b, ¢, d. Bepost-
HOCTh TOSIBJIEHUSI OYKB ajipaBUTa B TEKCTaX pPaBHA COOTBETCTBEHHO:

P, =02, p,=0,3 p,=0,4; p, =0,1. Haiitu wn30bITOYHOCTH COOOIIE-
HUI, COCTABJIEHHBIX U3 TAHHOTO ali(paBUTA.

61. OmnpenenuTh H30BITOYHOCTH COOOIICHHH, MOCTPOCHHBIX M3
andaBuTa CO CICAYIOINIUM pacCpeIeICHUEM BEPOSTHOCTEW MOSBICHUS
CUMBOJIOB B cooOmienusx: P, = 0,03; p, = 0,26; p. = =0,09; py = 0,05;
Pe = 0,16; ps = 0,1; p,=0,09; p, = 0,22.

62. OmnpenenuTh OOIIYI0 YCIOBHYIO DHTPOMHUIO COOOIICHUM, CO-
CTaBJICHHBIX U3 andaBura 4, B, eclii BEpOSITHOCTH MOSIBICHUSI CUMBO-
J0B B coobmenun paBHbl p,=0,6; pp=0,4. YcioBHBIE BEPOSITHOCTH Tie-
PEXO0JIOB OJTHOTO CHMBOJIA B ipyroi pasHbl p(B/A4)=0,15; p(4/B)=0,1.

63. B pe3ynbTare CTaTUCTUYECKUX UCIIBITAHUNA YCTAHOBJIEHO, YTO
npu nepenade Kaxasix 100 cooOuieHuil JIMHONW O 5 CUMBOJIOB B CO-
obmenuu cumBoa K BcTpeuaercs 25 pas, a cumBos T — 60 pa3. Bmecre ¢
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cuMmBoJioM K cumBoi T Betpewaerces 15 pa3. Onpenenuts yCI0BHbBIE 3H-
tporuu H(KIT) u H(TIK).

64. MHcnonb3ys >HTponui0 OObEAMHEHUS, OMPEACIUTh KOJIUYe-
CTBO MH(OpMAIIUU MpU Tepeade cooOIeHuM, MOCTPOCHHBIX U3 anda-
BuTa 1, 2, 3, ecy anpuopHbIE BEPOATHOCTH MOSIBIIEHUS CUMBOJIOB IIEP-
BUYHOTrO ajaBUTa paBHBI MEXAY COOOM, a B pe3ysibTaTe JECUCTBUSA IMO-
Mex 5% CUMBOJIOB TEpe/IaBa€MbIX COOOIIEHUI MOTYT C PaBHOU BEPOSIT-
HOCTBIO TIEPEUTH B JIFOOOM IPyroi CUMBOJI JAHHOTO aliaBuTa.

65. OnpeaenuTh SHTPOINHUIO HEMPEPHIBHOW CIy4yalHOW BEIUYU-
HbI, pacOpeeICHHON MO SKCIIOHEHIIMAILHOMY 3aKOHY C IUIOTHOCTBIO
BEPOSATHOCTH:

ce ™™, x<0
0, x<0

p(x)=

66. HaitguTe sHTpONUIO CIIyYaitHON BEJIMYUHBI, paclpe/IeICHHOM
I10 3aKOHY C IIJIOTHOCTBIO BEPOSITHOCTHU

0, Xx<0
p(x)=<x*0<x<1
1, x>1
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I'nasa 3. /Iuckpern3zanus u KBAHTOBAHUE CUTHAJIOB

HermnpepbiBHBIC CUTHAIBI — HOCUTEIW WH(OpMamuu — TpEe/ICTaB-
JSI0T cO00M HempephIBHBIC (YHKIIMM HEMPEPHIBHOTO apryMEHTa — Bpe-
MeHu. Ilepegada TakuMx CHUTHAJIOB MOYKET BBIMOJHSITHCSA MPU MOMOIIH
HEIPEPHIBHBIX KaHAJIOB CBsI3U, a 00paboTKa — MpU MOMOITY aHAJIOTOBBIX
yCTpoUCTB. HemnpepopiBHbIE KaHaNbl CBS3M M AHAJIIOTOBBIE YCTPOMCTBA
MMEIOT MHOXECTBO HEJAOCTATKOB, U30€KaTh KOTOPhIE MOXKHO, €CJIH TIpe-
o0pa3oBaTh HEMPEPBHIBHBIE CHUTHAJBI B JUCKPETHO—HENPEPHIBHBIC HIIH,
YTO Il Jy4llle, B JUCKPETHBIC WU, HHBIMU CIIOBaMH, B ¢ poBsie. [
uX Tepenadyd u o0paboTKU UCONB3YIOT 00JIee COBEPIICHHBIE TUCKPET-
HO—HETPEPHIBHBIC WIH ITU(POBBIE KaHATIBI U YCTPOUCTBA 0OPaObOTKHU CO-
OTBETCTBYIOIIEro TUMa. JIMCKpeTH3aIus Wi KBAaHTOBAHHE MO3BOJISIOT
YMEHBIIIUTh KOJWYECTBO TNEPEAaBAEMbIX JTAHHBIX, YBEIUYUTh CKOPOCTh
nepeaavr, HMCIOIb30BaTh METOJbI ITOMEXOYCTOMYHMBOTO KOJUPOBAHMUS
TUTS OCTIA0JICHUST BPETHOTO BIIUSTHHS TTOMEX.

[Ipeanonoxum, cieayeT nepeaaT Ha paccTOsITHUE UH(POPMAIUIO
0 (dopMe HEKOTOPOIro HEMPEPHIBHOTO CHUTHAJA, MPUYEM, KaK MOYKHO
To4Hee. /(7151 7TOro BBIMOJIHSIOTCS CIICYIOMNE ISHCTBUS:

1) mnpeoOpa3oBaHHWE HENPEPHIBHOTO CHUTHAJA B HENPEPHIB-
HO—JTUCKPETHYIO WJIN TUCKpEeTHYIO (1n]ppoByr0) hopMmy;

2) xomupoBaHue S()(PEKTUBHBIM KOJOM C IICNIBIO YCTPAHCHHSI
N30BITOYHOCTH;

3) KOJMpOBaHUE IMOMEXOYCTOMYHMBBIM KOJOM C IIE€JBIO 3aIUTHI
OT MOMEX;

4) mepenaya 3aKOJUPOBAHHOTO CHTHAJIA Yepe3 KaHAJl CBS3H;

5) nmexkoaMpoBaHHUE MOCJIE TOMEXO0YCTONYMBOrO KOJAMPOBAHUS;

6) nexkomupoBaHHE MOcie 3PPEKTUBHOTO KOJTUPOBAHUS;

7) oOpaTtHOoe mpeoOpa3oBaHHE CHTHAJIAa W3  HEMPEPHIB-
HO—JIUCKPETHOM MK IUPPOBOM (POPMBI B HETIPEPHIBHYIO.

3.1. Buasl nuckperusanum (KBAHTOBAHMSI)

Hanbonee npocThIMU U 4aCTO MCMOJb3YEMbIMH BHJIAMU KBaHTO-
BaHUSI SABJISTIOTCS:

— KBAaHTOBaHHE MO yPOBHIO (OyJIeM TOBOPUTH MPOCTO KBAHMO-
sanue) (puc. 3.1);



etl) (puc.

X
4 f’ AKBIL) - KBAHTOBaHHEIA cHIHan (KpacHbIA )

95

KBaHTOBaHHE 1O BpeMeHH (OyaeM Has3bIBaTh OUCKpemu3ayu-
3.2);
ux couetanue (puc. 3.3).

HUL) - HenpepeIBHEIR CHUIHAM . [ CHHKRA)

Puc. 3.1. KBaHTOoBaHue M0 YPOBHIO (K8anmosanue)

X )((t] HenpepbIEHLIA cUrHam (CUMHUWA)
A

XHHCKp(t] - QUCKPETUINPOBaHHbBIM CUrHan (KpacHbIW)

>t

LIJar AWCKPpeTHU3IaLUMKU NO BpeMEHN

s

Puc. 3.2. Jluckperusarius o BpeMeHH (Ouckpemuszayiist)
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H{t) - HenpepeIBHEIA CUIHAT. {CHHKA)

X
A y y
FUt) - oukdhpoBaHHEIA cWrHan  (KpacHEIA)

Puc. 3.3. KBanTOBaHu€e 1 MO YPOBHIO U 110 BPEMEHH

COBOKYIIHOCTh YPOBHEW W T'paHUI] KBAHTOBAHUS HA3BIBAKOT UUIKA-
JIOU K8AHMOBAHUSI.

@opMbl KBAHTOBAHHUS TOJIBKO MO YPOBHIO WJIX TOJIBKO IIO0 BPEME-
HU SIBJISIIOTCS HENPEPBIBHO—AUMCKPETHBIMU, T. K. B IIEPBOM Cllydyac He-
MPEPBHIBHON BEJIIMYMHOMN SBISAETCA BpeMs 1j repexona ¢ OQHOrO YpOBHS
Ha JPYroi, a BO BTOpOoM — 3HaucHHUE X(tj) KBaHTyeMOW BEJIMUMHBI B JIHC-
KPETHBIA MOMEHT BPEMEHH ;.

[Ipu KBaHTOBAaHUM KE IO YPOBHIO U 110 BPEMEHU OJHOBPEMEHHO
U BpeMs U YPOBEHb IPUHUMAIOT KOHEYHOE KOJIMYECTBO 3HAUYEHUH, UYTO C
TEXHUYECKON TOYKU 3PEHUS BBITOAHEE BCEr0. TOUYHOCTH MPEACTABIICHUS
CUrHaja, OJTHAKO, B 3TOM CJIy4yac HAMMEHbIAs.

KpoMe Tpex BbIIEYITOMSHYTHIX BUJIOB KBAHTOBAHUS CYIIECTBYET
M BCE IIMPE HUCHOJIB3YETCS YETBEPTHIM BUJ — IPEICTABICHUE CUTHAJIA
MyTEM Pa3JI0KEHUS €T0 B PsJl 10 HEKOTOPOU cucTeEME (PyHKITUM:

X(t) ~ éckgpk (t) 1

rae ¢ (t) — cucrema QyHKIHMH, IO KOTOPHIM BBIMOJIHACTCS Pa3ioikKe-
HUE CUTHAJIA;
C, — KO3(DPUIIMEHTHI pa3IoKEeHUSI.

Jlanee Oyner moka3aHo, 4yTo Ko3(hduimeHTsl pazioxenus Cy gB-
JSIIOTCA HEMPEePhIBHBIMU BeinunHaMu. [1loaToMy B JaHHOM ciydyae ume-
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€M JIeJIO C HETPEPBIBHO—IUCKPETHOM (POpMOIl MpeacTaBICHUSI CUTHAIA.
Jlist mepexosa K MOJIHOCThIO AUCKPETHOU (opme 3Tu KO3 DUITUEHTHI
HY>KHO MMPOKBAHTOBATH 10 YPOBHIO.

Hccnenyem TOYHOCTH TIPEACTaBICHUS KBAaHTOBAHHOTO CHUTHAIA.
J1J1s1 3TOTO0 MpeKe BCEro HY>KHO OMPEACIUTh KPUTEPUU TOUHOCTH.

3.1.1. Kpurepun TOYHOCTH HNpeICTABJIEHUA KBAHTOBAHHOIO
CHUTHAJIA

B pesynprare o0OpaTHOro mnpeoOpa3oBaHHUS M3 HEMPEPhIB-
HO—IUCKPETHON (OPMBI B HENMPEPBLIBHYIO mojydaercs curHan X(t),
OTJIMYAIOIIUICS OT wucxomHoro X(t) Ha BEIUYHMHY OIIMOKH
e(t)=x(t)—x(t). Curnan X(t) maseiBaeTca socnpouszeodsueii Qynxyu-
eu.

CnocoOpl AMCKpETU3alMi W BOCIPOU3BEICHUS BIUSAIOT Ha
omuOKy U ee napaMmerpbl. OOBIYHO, YEM IIMPE LAl KBAaHTOBAHUS IO
YPOBHIO WJIM N0 BPEMEHHM HWJIM YE€M MEHbIIE KOJIMYECTBO N YJIEHOB
pa3JoKEHUs CUTHAJIa B psijl, TEM OoJibllle OMOKAa U OJHOBPEMEHHO
MEHbIIIE JaHHBIX HYKHO MEpeaBaTh Yepe3 KaHal CBSI3U WM MEHBbIIIE
o0beM mamsATH, TpeOyeMblil uisi XpaHeHus: 3Toro curnana. [losromy,
3HAasl CBSI3b MEX]y NapaMeTpaMu JUCKPETU3AlMU U BOCCTAHOBIICHHUS,
HaJ0 BHIOUPATh KOMIIPOMUCCHOE PEIICHHE, YIOBIETBOPSIOINIEE KaK 10
TOYHOCTH, TaK U 10 00beMaM JaHHBIX.

Ommobka g(t) aBnsgercst GyHKIEEH BpeMEHU U MOTOMY HEy100-
Ha ]I UCTIOJIb30BAHUS B KaueCTBE KPHUTEPUs] TOYHOCTH TpaKTa JHC-
KpeTnu3anus—BoccTaHoBlieHHE. [103TOMYy B KauecTBE TaKOr0 KpPUTEPHUS
OOBIYHO UCTIOJB3YIOT KaKON—JIM00 (PYyHKIIMOHAN OITMOKHU.

1. Yame Bcero B KadyeCTBE TAaKOro (PyHKIIMOHATA MPUMEHSIOT
CPEeOHeK8aopamudecKyio nocpeutHocms, OIPEAEIAEMYIO IO (opMyJIe:

gX(tdt

82

ot—

_1
=

rae 7 — HEKOTOPBIM BPEMEHHOW HMHTEpBajl, HA KOTOPOM HaXOIUTCS
CpeIHEKBaApaTuyecKas ommnoKa.

2. lHor1a mpUMEHSIOT APYrol KPpUTEPUN — Haubovuiee OMKIO-
HeHue:.



98

g =max‘x(t)—§(t)‘, 0<t<T.

OpHako ero MCIOJb30BaHUE 3aTPYAHEHO M3—3a HEOOXOIUMOCTU
aripUOPHOTO 3HAHUST MAKCMMAJbHOIO 3HAYEHUSI CUTHAJa U €ro MpPOU3-
BO/IHBIX.

3. Eme ogun kpurtepuil HasbIiBaeTcs uxmezpaivHuim. OH HaXO-
auTes o gpopmyiie

P =T1 Je()dt

NHTErpalibHblii KPUTEPUM XAPAKTEPU3YET B OCHOBHOM OTKJIOHE-
HHUE CPEAHEr0 3HAYEHHS BOCHPOU3BEIICHHOIO CUTHAjla OT MCXOJHOTO.
Ero mMmeer cMpICH UCMOJIB30BaTh TOT1A, KOTAA LEJIbIO MEPEIadyn CUTHAJIA
ABJISICTCS MEpeaya UMEHHO €ro CpeHero 3HavueHus. Kpurepuii xapak-
TEPU3YETCS MUHUMAIbHBIMU 00beMaMu TpeOyeMbIX allpUOPHBIX 3HAHUHN
0 IIEpEIaBa€MOM CHUTHAJIE.

4. Beposmnocmubiil KpuTepuii 3aaetcst GopMyoi

pe(t) <&) =Py,

rac &, — lMpHuHa JOBCPUTCIBbHOI'O MHTCPBAJIA,
P, — HOBCPUTCIIbHAA BCPOATHOCTD.

BepoATHOCTHBIA KPUTEPUN MOKA3BIBAET, C KAKOW BEPOATHOCTHIO
OTKJIOHEHUSI BOCIIPOU3BEICHHOIO CUTHAJIA OT UCXOJHOTO HE BBIMAET 3a
peJesbl TOBEPUTEIbHOTO HTEpBaia. O4eBUAHO, YTO, YEM IIIUPUHA UH-
TE€pBaja MEHbIIE, & BEPOSITHOCTh BBIIIE, TEM TOYHOCTH BOCIPOU3BEIIE-
HUs curHana Oyaer Oonpiie. OQHAKO OTCYTCTBUE OOJBIINX OTKJIOHEHUM
OT UCXOJHOI'O CUTHAJIA TTPU 3TOM HE TapaHTUPYETCA.

5. Unpopmayuonnwviti xputepuit. Ilpu HCHONB30BaHUU 3TOTO
KpUTEPHsT paCCMATPUBAETCS KOJIUUYECTBO MH(OPMAIIUH, 3aKIIOUEHHON B
BOCHPOU3BEICHHOM CUTHAJIE€ OTHOCUTEIBHO UCXOJHOTO.



99

3.1.2. DyeMeHTBHI 00001IEHHONH CNEKTPAJILHOW TEOPUW CHUTHA-
JIOB

O06o061IeHHasI CTIEKTpalibHasi TEOPUSI CUTHATIOB OObEIUHSET Me-
TOJbl MATEMATHUYECKOTO OMUCAHWSA CHUTHAJIOB M MOMEX. DTH METOJIbI
MO3BOJISIIOT O00ECIEeUUTh TPEOYEMYH HM30BITOYHOCTh CUTHAJIOB C IIe-
JBI0 YMEHBIIIEHUS BIUSHUS TTOMEX, 00JIer4aroT aHaJM3 W CHHTE3 CH-
cTeM mnepeaadyr nHGopMaIuy 1 T. 1.

Curnanbl B 0000IIEHHON CNIEKTPAIbHOW TEOPUM OMUCHIBAOTCS
B BUJIC

X~ Yea O, t<t<t,

rae  X(t) — onmmchIBaeMbIi CUTHAIT,
¢k — KO3PHUIMEHTHI pa3nokenus curHana X(t) B psag mo cucreme
byuxiwmit {@ (1)} (burypHsie ckoOkM 0603HAYAIOT MHOKECTBO);

¢ (t) — 3apanee usBecTHBIE PYHKIMHU, BXOAAIIUE B CUCTEMY (MHO-
#KecTBo) {, (t)}; cucTema B IaHHOM CiTydae COCTOMT U3 N+1 useHoB.

O mpuBeneHHOU (opmysie TOBOPST, UTO OHA OMHUCHIBAET pas-
noxxenue curHana X(t) B psaa mo cucreme QyHKIIHMA {gpk (t)}. DyHKIINH,

BXOfAmme B cuctemy {@,(t)}, HaspIBatOT HasucHbLMU, A caMy CHCTEMY
{p.(t)} — 6asucom pasnoscenus.

Ecnu pynkiuu ¢, (t) oTBedaror yciaoBuio:

L A npu k=i
t)p (t)dx = :

TO Takue (QYHKIIMU HA3BIBAIOTCS OPMOCOHAIbHLIMU. DTO OUCHB YI00HOE
CcBOMCTBO. [loaTOMY 1711 pa3/iOKEHUN CUTHAIOB Yalle BCETO MCIOJb3Y-
0T UMEHHO CHUCTEMBI OPTOTOHAJIBHBIX (PYHKIIUHA.

Kpome Toro, BeIOMparoT (YHKIIMHM, OTBEYAIOIIHE €IIe OTHOMY
yCIOBHIO (Takue (YHKIIMH HA3BIBAIOTCS HOPMUPOSAHHBIMIUL):
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L
{qﬂf(t)dX:l (A=1).

Ecnu pyHKIMu oTBe4aroT 000MM yCJIOBHSM OJTHOBPEMEHHO, TO
UX Ha3bIBAIOT OPMOHOPMUPOBAHHBIMU.

Pa3noxeHue curHanos, B KOTOPOM HCIOIb3YIOTCS OPTOTOHAb-
HbI€ (PYHKIIMH, HA3BIBACTCA OPMO2OHAIbHLIM, & €CIU UCIOJIb3YIOTCS
OPTOHOPMHUPOBaHHBIC (DYHKIIUH, TO PSJl HA3BIBACTCS OPMOHOPMANb-
Hoim. Psin dypre SBIISIETCS OPTOrOHAIBHBIM, HO HE OPTOHOPMAJIHHBIM.

OmmbKa pa3noxeHus HaXoAuTcs 1o GhopmyJie:

() =x0)->ca. () .

B kauectBe kpuTepus ommOKud OyaeM HUCIOJIb30BaTh CPEIHE-
KBaJpaTUYECKYIO MOrPENTHOCTh, KOTOpas B IAHHOM ciiydae OyzeT 3a-
MHACHIBATHCS B BUJIE:

t
52=t2£tl{

Haiinem BwIpaxkenue st Kod()PHUIIMEHTOB Cyx, MUHUMHU3UPYIO-
MUX CPEAHEKBAIPATHUCCKYIO MOTPEITHOCTh OPTOTOHAIBHOTO Pa3Jjio-
xeHns. Ha ko3¢ duimenTs! mpu 3TOM HUKAaKUX YCIOBHM HE HaKIaJbl-
Baercsd. [l MUHMMM3alMKM CIEAyeT PEIIUTh CHCTEMY YpaBHCHHM
De? az &2
oc? OC;
HallICHHOE pEeLIeHNE MUHUMU3HUPYET £°.

Jliist peleHns 3a1a4u MPeICTaBUM £° B BUJIE:

-2 ckcok(tﬁdt
k=0

—ompu k =0, 1,..., n. Eciiu mpu 3TOM OKaKeTCsl, YTO >0, TO

t2 n t2 n n tz
X { X* (t)dt - ZEO{ x(t)c o (D)dt + ga E){ .G (D (D) dt
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TpeTpe crmaraemoe ¢ y4eToM OPpTOrOHAIIBHOCTH PABHO:
n b
2 2
>ci [l (t)dt
k=0 t
B pesynprare

£ = tf al j x2(t)dlt — 2i j x(t)ck¢k(t)dt+zc2 j A2 ()t

Haxonum nipon3BogHyo:

d52: 1
t

b b
2| x(t)e, (t)dt +2¢c, | P2 (t)dt |=
dck t2_1 t'[ k kt'[ k

Ecnu npeanoxuTe HOpMUPOBAaHHOCTh QyHKIMU ¢, (t), TO BTO-
poe ciaraeMoe paBHO 2¢y . B pesynbrare jierko HaWTu Cy!

L

C, = j X(t)§0k (t)dt,
Y

HecnoxxHo 3aMeTUTb, UTO BTOPAsk MPOU3BOIHAS MOJIOXKUTEIbHA.
Takum 00pa3zoM, Jyisi TOTO YTOOBI CpPEIHEKBaJApaTHYECKash MOrpell-
HOCTh OPTOHOPMAJILHOTO pa3jIoKeHUs ObLIa MUHHMMAaJbHA, KOd(Phu-
IIUEHTHI PA3JI0KEHUSI JOJDKHBI BEIYUCIISATHCS 110 IPUBEACHHON (opmy-
Je.

CyiecTByeT O€CKOHEYHO MHOTO 0a3uCHBIX cucteMm. Jlerko mo-
Ka3aTh, YTO TIPU OJHOM M TOM K€ Yhciie N YJICHOB Pa3joKeHUs B 00-
IEM clly4ae CpPEIHEKBAAPATUYECKAs MOTPENIHOCTh MPU UX MpPUMEHE-
HUU OyJIeT pa3JinyHa.

Mo0OXHO MO3TOMY NOJBICKaTh TaKylr0 OAa3UCHYIO CHCTEMY, MpPHU
KOTOPOU MOTPEIIHOCTh OY/I€T HAUMEHBIIEH.
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[IpuMepoM TakOro paszinoKEHUs SBJSIETCS Pa3JIOKECHHUE B P
KoreapHukoBa.

3.2. lucKkpeTu3anus o BpeMeHH
3.2.1. Paznoxkenne B psig KoreabnukoBa (Teopema KoreabHu-

KOBA)

OmnucanHbli 371€Ch pe3yabTaT KOTeIbHUKOBBIM ObLT MOTYYEH B
1933 r., HO paHee MoA00HBIC Pe3yJIbTAThl ObLIM MOJy4YeHBI B 1915 T.
Butrakepom u B 1928 r. HaiikBuctom.

KoTrenpHUKOB [10Ka3all, 4YTO, €CIU HEKOTOphIM curHams X(t)

UMEET OrpaHWYCHHBINM CBEpXy YacToTol f CHEKTp, TO €ro MOXHO

MPOKBAHTOBATh MO BPEMEHU C MEPUOIOM At=—=1_ u 3ateM c abco-

2f.,
JIOTHOM TOYHOCTH BOCCTAHOBUTH 110 (hopmyIIe
Do D AL sin| @, (t—KALY) |
X(1) = X
0= 2, kA= T kan

Tako#i psin HasbiBaeTcs psanoM KoTelbHMKOBA, a BBINICYKa3aH-
HOE€ YTBepKJeHue — Teopemoirt KotenpHukoBa.
ITo onpenenenuto curnan X(t) m ero cnekrp S(jw) HaxomArcs

B CJICAYIOIIUX OTHOIICHUAX!

S(jw) = T X(t) exp(—jot)dt -

X(t) :% T S(jew)exp(jet)dt

Ot Popmyiiel 00pazytoT napy npeodpazoBanuii dypoe (mpsi-
Moe U oOpaTHoe. OrpaHWYEHHBI MUHTEPBAJ WHTETPUPOBAHUS— CIICI-
CTBHE OTPAHHYEHHOCTH CIIEKTPa, IOCKOMBKY (S(jw)|=0 npu |af>an,.

31ech @ — Kpyropas 4acTora, a j =+/-1.
OGpasyem HOBBIH crektp S (j®) myTem MepUOAHYECKOro (¢

EPUOAOM 2(y,) IPOAOIDKEHUS CIIeKTpa S( j@) BIOIb OCH .
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Tornma ero, Kak NepUOAUYECKYI0 (DYHKIIUIO, MOXKHO Pa3JIOKHUTh
B pan Dypee:

k=—00 m

S,(jo)= Z C, exp(znkja)J

rne G =5—

2a)m ~ -

j S (Ja))exp(Z”a‘jJ“’de

B npuBeaeHHbIX (GopMyiax MOKHO MOJICTABIAThH Kak S( jw), Tak U
S, (Jw), Tax KaK Ha y4acTKe HHTCIPUPOBAHMUS OHH PAaBHBL.

O06o03HaUUM

sinfa, (t—KAD]

Vi) = (t—KAD

Oyuxius Y, (t) naseisaercs ¢ynxyueti omcuemos.
Tornma gpopmysia BOCCTaHOBIICHUS IPUHUMAET BUJL:

X()= 3 kot ()

k=—c0

Ha pucynke 3.4 uzoOpaxena ¢opma AByX pa3HbIX (YHKIUH OT-
CYETOB,

1,20
1,00 -

0,80 /\ . \.
0,60 I/ :

0,40

0,20

0,00 A

N,
0,204

-0,40

Puc. 3.4. I'paduku GpyHKIMI OTCUETOB



104

CBoiicTBa (YHKIIMUA OTCUETOB 3aKJIIOYAIOTCS B CICAYIOLIEM

1) QyHKIMS OTCUETOB y, (t) MMEET MaKCHUMaJbHOE 3HAYCHHE,
paBHoe 1, mpu t =KkAt;

2) () CHMMETPHUYHA OTHOCHTEIHLHO TOUKHU t=KAt;

3) GyHKIHS OTCUYETOB y/ (t)=0 npu t=iAt u i#k;
4) cucrema ¢pyHKIUH {y;(t)} OpTOrOHANBHA:

% (At =k
[ momon —{ Cnpul =K

Bo3MOXHyI0 CcXxeMy KBaHTOBaHHS—IIEPEIauu—BOCCTAHOBIICHHUS
HETPEPHIBHOTO CUTHAJIA MOKHO TIPEJICTaBUTh B BUJE, N300pAXKECHHOM Ha
pucyHke 3.5.

O(kAt)
x(t) InHKs cBAsn X(t)
——»YMHO¥UTENB——— — — — — — — » BoccTtaHoBuTEnb F——b

Puc. 3.5. Bo3aMoxHas cxema KBaHTOBaHUS — MEPeaavad —
BOCCTAHOBJICHUSI HEIPEPBIBHOI'O CUTHAJIA

TexHHUYeCKH BOCCTAaHOBUTEIb MCXOIHOM (DYHKIIUH MOXKET OBITh
peayii30BaH TPH TOMOIIU SJIEKTPOHHOTO YCTPOMCTBA, HA3BIBAEMOTO
UOEANIbHLIM  (DUALMPOM HUNCHUX uYacmom. DTOT (PUIBTP OTIMYAETCA
TEM, YTO Ha UMITYJIbCHOE BO3JICHCTBUE, OMMChIBAEMOE TaK HA3bIBACMOM
nenbTa—pyHkuuen S(t), pearupyer curnasom h(t) B Bume dyHKIUHM OT-
CUeTOB Y/, (t).

Henpra—pyHkuus 3agaerca Gopmyion

|0 nmpu t=0, 7 B
5(t)—{0 o 120 _Lé(t)dt—l

Peaxius h(t) mmeanbHOoro GuibTpa HIKHUX YacTOT HA BXOJIHOE
BO3JICHCTBUE B BHJIC JICJTbTa—HMMITYJIbCA PaBHA
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_ i SNl t-7)]
R o ()

QWIbTP HUKHUX YACTOT, KAK M IIUPOKUM KJIACC DIIEKTPUUECCKUX
CXEM, SIBJIIETCSL TUHEUHBIM YCTPOMCTBOM. JTH YCTPOMCTBA OTIANYAIOTCS
TE€M, YTO UX PEAKLUSA HA CYMMY BO3JCHCTBUU paBHA CyMME PEaKIIMK HA
Ka)XJ10€ BO3/ICIICTBUE B OTAEIBHOCTU. TakuM 00pa3oM, €Ciu Ha BXOJ| Ta-
KOT'O YCTPOMCTBA, K NPUMEPY, NOAATH MTOCIEI0BATEIBHOCTh UMITYJIbCOB,
€ro peakius OyJeT paBHa CyMME peakiMil Ha KaXJblii UMITYyJIbC B OT-
nenpbHOCTU. HO pesynprar Bee ke 0TIan4aeTcs:

_ I sin| o (t—-kAt-7)|
X(t) :Tlmk;oo X(KAt) o (KAL)~ lim x(t—7)

T—>0

BoccranoBiieHHass (QyHKIMS OKa3bIBA€TCS CMEIIEHHOM MO OCH X
Ha OECKOHEYHO OOJIBIIYIO BEJINUKHY.

Bropas npuHOMnuManpHas TPYIHOCTb IPAKTUYECKOTO HCHOJIB30-
BaHUsS TeopeMbl KOTenpbHUKOBA 3aKJIIOYAETCs B TOM, YTO BCE PEajibHbIC
CUTHaJIbl KOHEYHBI BO BpEMEHU. MaTeMaTH4ecKu 0Ka3bIBAaETCs, YTO B
ATOM CJIy4ae MX CIEKTP HE OrpaHWYEH MAaKCHMaJbHOM 4acToTOM. [[oKa-
3aHO, YTO OTPAHUYEHHBINA CHEKTP MOTYT UMETh TOJIbKO CUTHaJIbl OECKO-
HEYHO OOJBIION IJIUTEIBLHOCTH.

Ilo sroit mpuuune f, mpUXoaUTCA OMpeneNsTh MPUOIMKEHHO,

PYKOBOJICTBYSICh B 3aBUCUMOCTH OT KOHKPETHBIX YCIIOBUM Pa3IMYHBIMU
PEKOMEHAAIUSIMH.
MoskHo, HanpuMmep, f, ompeaenuTs Mo 10Jie SHEPTUU CUTHAJIA,

COCPEIOTOUYCHHOM B auama3one yactot oT 0 mo f

1 s(iw)s"(jo)do

_0

o0

IS(ja))S*(jca)da)
0

OHepeus 6 ummepsae
llonnaa suepeus

O:w
[; m]:Ba()aHHa;z 8enUYUHA

HekoTopeie pekoMeHIalum MO3BOJISIIOT Cpa3y ONPEACIUTh MEepH-
0/l KBaHTOBaHUs. JTO, HalpuMep, peKOMeHaalusl, npeaioxennas Xe-
Je3HOBbIM B 1960 1., corimacHO KOTOpOM MEPUOJ TUCKPETU3ALUM TIPE/I-
JjaraeTcsi BBIOMpaTh paBHBIM TaK Ha3bIBAEMOMY MHTEpPBaATy KOPPEISIUU:
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1 e 0]
Ae=t,,, = RX(O) _J;ORX(T)dT,

rae R (7) — xkoppensiuonHas yHKIHs.
KoppessiiinonHasi (yHKIUS CBsi3aHa CO CICKTPOM CIIEAYIOIICH
3aBUCHMOCTBIO:

R(2)= [ S(j@)S"(i@)exp(jor)de

DTOT cHocod coryiacyercst ¢ pe3yiabTaroM, noaydeHHbIM KoTems-
HUKOBBIM, M, €CJIM CIEKTP OTPAaHUYEH, JaeT MOJHOCTBHIO COBIAJAIOIINE
pe3yJbTaThl. ITO O3HAYAET, UTO OTCUETHl N0 KOTEIbHUKOBY MpECTaB-
JSI0T cOOOM Onmkaiime HEeKOppEeIHUpOBaHHBIE (HE3aBUCUMBIE) 3HaUe-
HUSI KBAaHTYEMOI'0 CUTHajia (eciu Obl OTCUEThl OpaJMCh C MEHBIIUM Iie-
pUOIOM, OHM ObUTH OBl 3aBUCHUMBI, T. €. HECIH Obl YACTUYHO COBMAJal0-
11y HH()OPMAIIUIO, YTO U3JIUIITHE HAarpy>kajio Obl KaHAJIbI CBSI3H).

B 3akimoueHue 3aMeTuM, 4to, XoTs TeopeMa KotenbHUKOBa 1 Oa-
3UPYETCsl Ha UACATU3UPOBAHHOW MOJEIM CUTHAJIOB, OHA MMEET OOJIb-
IIYI0 MPAKTUYECKYIO0 U TEOPETHUYECKYIO [IEHHOCTb.

3.2.2. BoiOop nepuoaa quckpernzanun (KBaHTOBAHUS 1O Bpe-
MEHH) M0 KPUTEPHUIO HAN0O0/IbIIIEr0 OTKJIOHEHUS

B pesynbpTare KBaHTOBaHMA IO BpeMeHM (QyHKnuu X(t) momyda-
eTCsl psiJ 3HAYCHUMN X(tl),X(tz),... KBAHTyeMOU BenuuuHbl X(1) B nuc-

KPE€THbIC MOMCHTbBI BPCMCHHA tl, tz, . HepI/IOI[ KBAaHTOBAaHU At| :ti _ti—l

MOXET OBITh MMOCTOSHHBIM, Korja At =Al, =Al; = ..., u nepemMeHHbIM,
korma At = At, = At; #...
Ecmn ¢pynkyus X(t) uMeeT orpaHU4eHHBIH MaKCHUMaJIbHOM 4acTo-

TOU f, CHEKTpP, BpEMS €€ BOCIIPOU3BEACHHUS U CIOXKHOCTh BOCIIPOU3BO-

JSIIET0 YCTPOMCTBA HE MMEIOT CYIIECTBEHHOTO 3HAYEHMS, XOPOIIETO
BOCHPOU3BEJICHUSI MOXXHO JOCTHYb MpHU momoinu psiga KorenbHukoBa.
HeoOxoamMmasi yacToTa AUCKPETU3AIMU MPU 3TOM, KaK paHee ObLIO TO-
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Ka3aHo, paBHA YJIBOCHHON MaKCHUMaJbHOW 4acTOTE, a MEPUO JUCKPETH-

1

3aIUU At, CJIe0BaTeNIbHO, Haxoautes 1o gopmyne At = 5F -
m

Yamie, oqHako, OJHO WM HECKOJBKO M3 BBIIIEYKAa3aHHBIX YCIIO-
BUM HE BBIMOJHSAETCS U TOTJIa UCIOJIB3YIOT APYrUue MPUHIUIIBI BEIOOpA
nepuojia JUCKPETU3alluh U CIocoObl BocnpousBeaeHus. [lepuon auc-
KPETU3alKM IIPU 3TOM, KaK NMPaBUIIO, yMeHbIaercsa B 5 — 10 pas.

[Ipu Bocipou3BeA€HUU UCXOIHONU (PYHKIIMU MTUPOKO UCTIOJIB3YIOT
XOpOIIO MPOpabOTaHHBIE B MAaTEMATHUKE METOAbl MHTEPIOISAIIUM, TPU-
ONVKEeHUs U dKCTpanoyanuu. [Ipu HHTEpHOIAIUU TIO yKE MOTYyUYEHHBIM
OTCYETaM BOCCTAHABJIMBAIOTCS TMPOILIbIC 3HAYEHUS] QYHKIIUH, TPUUYEM
yeM OOJIbIIE ATUX OTCUETOB MCIOJIB3YETCS, TEM TOYHEE BOCCTAHOBJIE-
HUE.

MeTobl SKCTPANOJISIUU TTO3BOJISIOT MPeAcKa3aTh OyayIue 3Ha-
yeHus PyHKIUU (TPOTHO3UPOBATH), YTO JIJII HEKOTOPHIX 3a/1a4 YPE3BbI-
YallHO Ba)XHO (BCIIOMHHUM, HalpuUMeEp, IPOrHo3 norojasl). M 3mech, yeM
OOJIbIlIE OTCUETOB HCIOJB3YETCA MJISI IKCTPAMNOJSIUU (MpeIcKa3aHus),
TE€M TOYHEE MPEICKa3aHUs BhIIIIE.

BocnpousBoasimas QyHKIus B OOJIBITUHCTBE CIy4aeB PacCUUTHI-
BaeTcs 1o hopmyJe

X(t) = kzo X(t)o, ().

rae ¢, (t) — HEKOTOpbIe PYyHKIMH.
O1u PyHKIMH OOBIYHO CTPEMSTCA BBIOPATh TaK, YUTOOBI

1 npu t=t
k(t): p ) k
0 npu t=t,

B stom cayuae X(t ) = X(t,), T. €. 3HaUCHUSI BOCIPOM3BOASAIICH U

UCXOJMHOW (YHKUMI COBINAal0OT B MOMEHTHI B3STHSl OTCUETOB MJIM, Kak
IIPUHSTO TOBOPUTH, B Y3J1aX UHTEPIIOIALMHU.
OyHKIMH, 00J1a1af0Ne TUM KauyeCTBOM, HallleJl BBIJAFOITUNCS

bpanny3ckuit  Marematuk U  MexaHuk JKozed Jlym Jlarpamx
(1736-1813).



108

®dyuknuu Jlarpamka L 3aBUCST OT OAHOrO apryMmenrta t m aByx
napaMmeTpoB N u K, 31ecs N — MakcHMaJbHBIA HOMEp OTcueTa, a K — Ho-

Mep pyHKIMH.

(t t)(t tl) (tt )(t t+) (tt) _nt—ti
A= O ="yt —0)C —t, IC -t )G -ty LIt —t

i
i=k

[TonmuaoMm Jlarpan»xa MOKHO HMCIIOJIB30BaTh JJISI pacdyera BOCIPO-
U3BOJSICH (DYHKIIMM KaK MpU PaBHOMEPHOM, Tak U MPU HEpaBHOMEP-
HOW JHUCKpeTu3auuu. Eciim K€ OrpaHHYHMTBCS TOJBKO PAaBHOMEPHOWU
TUMCKpETU3aIMen, mojJuHoM Jlarpanka MoKHO MpeoOpa3oBaTh K BUAY

k
%)= (1 ©©- 1) (@ n)z( 1)kc X(t)

ek !
riae ®= A , Ci “KIn—K)1"

HaI/II[GM IMOrpCeIHOCTb MHTCPIIOJISAITUH. HpeI[CTaBI/IM €C BHUIC

£(t) = X(t) = X(t) = (t—t, )t —t,)...(t—t,) K (t)

rae K(t) — BcnomoraTenbHast QyHKIUS, KOTOPYIO HaJ0 HAWTH.
JInst mpou3BoIBHOTO t* MeeM:

X(t*) —X(t*) — (t*—t )(t*—t)...(t*—t, ) K(t*) =0.
BBenem B paccMOTpeHuUeE €Ilie OJIHY (PYHKITHIO
D() =x(t) —x() —(t—1,)(t —1)...(t =1, ) K ().

Iponuddenupyem ee N+1 pas mo t.
d n+1 X(t) B

Tak kak X(t) — mOJMHOM N—H CTEIEHH, TO —d ot 0,

K(t*) —xoHCTaHTa, 3HAYUT
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d" [(t —t)(t—t)...(t _tn)K(t*)]
dtn+1

= (n+1)IK ()

CnemoBaTenbHO

dn+1®(t) B dn+1x(l_) B

n+1DIK(t*
dtn+1 dtn+1 ( ) ( )

dynknus D(t) mepecekaer och t kak MUHMMYM N+2 pa3 (mpu
3HAYEHUAX aprymeHTa t B Toukax ty, tp, ..., t, u t*; puc. 3.5). D10 3Ha-
4UT, 9TO MEpBas MPou3BoAHas uMmeeT x0T 061 N+1 mymeit (mo oxHOMYy
Ha HYJII0 Ha Ka)XJIOM UHTEpBaJjc), BTOpas MPOU3BOAHAS — N HYJICH H T.1.
N-+1-—s TIPOU3BOAHAS JOJDKHA UMETh XOTs ObI OJHO HYJICBOC 3HAUCHUE
pu HeKoTopoMm t =T .

(0}
A
(0}

(t)
Pintr
—— =T
/,‘[0 t, t, L& t t N t t

Puc. 3.5. Touku nepecedenus ocu @ dynkuuen O(t)

OTtcrona B DTOM TOYKE

d 1 (f) dn+1x(f)
vx(f) . o dtmt
W_(n+1)!K(t ) u K( )—ﬁ

Toraa hopmysia OIMOKK BOCTIPOU3BEICHUS



110

d n+lX (t)

o1 =X()=K(E) ()t B

Tak kak t* npon3BOJIBHO, €r0 MOXKHO 3aMEHUTH Ha t:

n

H(t_ti)dn+l f
¢0 =1 dtn)-(é)

d n+1@(f)

S =0. Ha mpakruke f

d n+1x(f)
dt n+1

Aprymenrt { BuiOupascs u3 ycioBus

o n+1l
HaUTHU clI0XHO. Eciiu BMecTo d ng) IIOACTABUTH Mn a-= max
dtn+

n

n n
smecto | [(t—1) momcrasuts max [ [-1)], To momy4aem ouenky ab-
=0 =0

COJIFOTHOM BEJIMYHMHBI OITUOKU CBEPXY

max

: (t—ti)‘
1=0
(n+1)! Mo

‘g(t)‘ <

Takum oOpaszom, Uisi ONpeeNeHUs HauOOJIBIIETO OTKIOHEHUS
BOCHPOMU3BOAIECH (PYyHKIIUH, TIPEICTABICHHONW MOJIMHOMOM JlarpaHixka,
OT MCXOJIHOM HEOOXOAMMO 3HaTh MAaKCHMaJIbHOE MO aOCOJIIOTHOMN BeJU-
YUHE 3HAYCHUE TPOU3BOHON UCXOTHON (PYHKITHH.

[Ipuctynum Teneps K pelieHruo 0OpaTHOM 3a/1auu: 10 3aJaHHOMY
3HAYCHUIO MAKCUMAJIbHOW NMOTPELIHOCTU &, , MOPSAAKY N moianHoMa Jla-
rpaHka 1 MaKCUMJIbHOMY 3HAYEHHIO MPOU3BOAHON M, HallTU Makcu-
MaJIbHO BO3MOXKHBIN I1aI' PABHOMEPHOU TUCKPETU3ALINH.

[Ipenmonoxum, 4to s AUCKPETU3ALUUU — MEpPelayd — BOCCTa-
HOBJICHUSI CHUTHaJla MCIOJIB3YeTCsl CXeMa, M300pakeHHas Ha PHUCYHKE

3.6.
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X(0) X(t) ()
— s JuckpeTuIaTop »  HTepnonAtop  —
omcidembl

Puc. 3.6. Cxema nuckpeTusaiuu—mnepeaaun—BOCCTAHOBICHUS
curnaia X(t)

BepxHsasi rpaHuIla MakCUMaJbHOM OIIMOKU &, KaK MOKa3aHO
n

max H(t—ti)‘
=0

RS

BBIIIIE, 3a/1aeTCs HOPMYION &y = ‘g(t)‘ <

n

['papuku H(t—ti) Ha MHTEpPBAJIE JUCKPETU3ALUU MPU Pa3HOM
=0

nopsiike N monrHoMa Jlarpanka n300pa>keHbl Ha PUCYHKE 3.7.

60

o D\ AN B
S\ [\ 7
30 — e =4
N ial

20 / ° — + n=5
| e o /. || p—
0 o : o W / NS

1 9 17 25 33 41 49 57 65 73 81 89 97

n

[]E-t)

1=0

Puc. 3.7. I'paduk comHOX)UTENSA IIPU Pa3HBIX N

TT-t)

i=0
CCPCANHHBIX HIarax At . CJICI[OBaTeHBHO, N BOCCTaHaABJIMBATH CHUI'HAJI
Jydme BCCTO MMCHHO Ha 3THUX CCPCAMHHBIX OTPC3KaX. OTO MO3BOJIUT

ﬂCHO, YTO HAMMEHBIIMX 3HAUECHUN mMmax JOCTHUI'aCT Ha

YMCHBIIUTD &y .

s sToro mpepyaraeTcsi MCIOJIb30BATh MOPSAIOK BOCCTAHOBIIE-
HUS, WUTFOCTPUPYEMBIN rpadukaMu, TPUBEICHHBIMUA Ha pUCYHKe 3.8.
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w X(t)
Puc. 3.8. ITopsiiok BOCCTAaHOBJICHUSI UCXOAHON (DYHKIIUM MPU UCIIOIB30-
BaHUM JIs1 9TOTO MOJIMHOMOB Jlarpanxa 4 cTerneHu

i(t)=§o X(t,), (t)

B -t -ttt )t ) (t-t)
2= Ly ()= € —t)(t —t).(t —t_ ) —t ).t —t)
N t—t,
=0 tk_ti.

i#k

PaCCMOTpI/IM HCECKOJIBKO BAPUAHTOB, OTJIMYAONIUXCS ITOPSAAKOM N

HCII0JIb3YCMBIX ITOJIMHOMOB HarpaH>Ka.
HpOBGILCM pacdeT nepuoga AUCKpCTU3alun IIPHU HUCITI0JIb30BAHHUHA

JUTsL TIOJTyYEeHUs BOCMPOM3BOJsAIIEH (yHKIMHM ToNMHOMA Jlarpanxka Hy-

JIEBOT'O TIOPSIAKA.
WHTeprnoasaius MOJIMHOMaMHU HyJIeBoro nmopsiaka N=0.

Takux MOJIMHOMOB Bcero 1:
Ly (1) = % =1, orcrona X(t) = X(to) npu t, —At<t<t,.

BocnpouszBoasiiias (QyHKIUS NpU HCIOIb30BAHUM TMOJIWHOMOB
Jlarpanxa HyJIEBOTO TOpSiKAa MMEET BUJI CTYNEHUYATOM KpUBOW (pHC.
3.9).
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P X

N :
& .A.\\\\ g

Puc. 3.9. BocnpousBosiiiast GyHKIIHUS TPU UCTIOIB30BAHUM JJIsI BOCCTa-
HOBJICHUS IOJIMHOMOB Jlarpanska HyJ€BOT0 MOpsIKa

4.

4

3
y

[TonctaBuB N=0 B (opmyny MakCUMaIbHOW MOTPEIIHOCTH, IO
3aJIAHHOM MOTPENIHOCTH HAWJAEM MAKCUMAJIbHBIM I1ar' KBAHTOBAHUA

ﬁo(t—ti)

BrinonHuM pacuer nepuoaa ITUCKPETU3ALNAU IPU UCTIOIb30BAHUN
JUTSL TIOJyYEeHUs BOCIPOM3BOAIIEeH (yHKIIMM TOJIMHOMA Jlarpanxka Hy-
JIEBOTO MOPSIAKA.

NuTepnonsauus moJItHOMaMu MepBoro nopsiaka n=1.

Takux MOJTMHOMOB OKa3bIBAE€TCS BCErO 2:

max =At, orcroga &, =At-M, u At=¢,/M,.

MO =X(o) g -+ H(0) - X)X XX
X)X, tX(t) ~toX(t)
At At '
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BuHO, 4TO 1IOCIIeHEE YPABHEHUE — YPABHEHUE MIPSIMOM.
B rpaduueckoit ¢popme Takas MHTEPHOJALMS BBITJISIUT B BUJE
jaomanou uauM (puc. 3.10).

Puc. 3.10. BocnpousBojsiiasi GyHKIUs PU UCTI0JIH30BaHUU JIJIs1 BOC-
CTaHOBJICHUS NMOJMHOMOB Jlarpanka mepBoro mopsiaka

1

Hangem Max H(t_ti)- g 3TOro mpupaBHsEM ITPOU3BOIHYIO
i=0

ATOW BEJIMYMHBI O t K HYJIIO:

d [(t—to)(t—tl)}

5t =(t—t,)+(t-4)=0,

At
orcroga [ = 5
Bropass npousBogHas oTpuLaTeabHa. 9TO 03HAYAET, YTO HAUJCH
VIMEHHO MAaKCUMYM.
Teneps noacraBum HaiteHHoe t B ¢popmyily MakCUMaJIbHOM TIO-
PELIHOCTH:

max fO[(t—ti) =A’t/4-

A%t
P :—Mz;

" 4.2
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At:a/ng/M2

Y HAUJEM LIar TUCKPETU3ALINMU.
BrinonHuM pacueT nepuoaa IUCKPETU3ALNU MPU UCIIOJIb30BAaHUH

JUTsl TIOJTyYEHUsI BOCITPOU3BOIsIIEH (yHKIMU nosimHOMa JlarpaH:ka BTO-

pOro nopsiaka.
MHTepnoisius MoJIMHOMaMy BTOPOTo mmopsiaka N=3:

L )t
20 (to_ti)(to_tz)
L (=)=t
2 (t1_to)(t1_t2)
L= =)=t
? (tz_to)(tz_g)

rjae Y(t) — mapaborna.

WuTeprnonsaius NOITWHOMAMU N-TO TOpPSAKAa pacCMaTpUBAETCS
aHAJIOTMYHO Mpeapiaymum ciydasMm. [Ipu 3Tom Habmonaercs 3HAUM-
TeAbHOE ycloxkHeHue (opmyi. O0o01eHrne npuBoAuT K hopmylie cie-
AYIOILETO BUAA:

At="gv(n)e, /M,

I'me v(n) — HekoTopast PyHKIHUS N.
Kpowme Toro, mjist M 41 BeIBEI€HA OLIEHKA CBEPXY:

X(0)] e

M., <(27f, )n+1 :
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rje ‘X(t)‘max — MakCuMajbHOE 3HaueHue X(t) Ha OTpe3Ke MHTEPIIOIALINH.

[Ipu yBennuyeHnr nopsaka moJuHOMa MaKCUMAJIbHO JOITYCTHUMOE
snauenue Al GpicTpo pacrer. MakCHMaabHO BO3MOXHEIN IIEPHO JHC-
KPETH3aIliy BO3pPACTACT MPH IMOJYYCHUH BOCIPOM3BOIAMICH (DYHKIIUH
MOJIMHOMA N-TO MOPSAJKAa MO CPABHEHUIO CO CIIy4aeM MCHOJIb30BaHUS
JUTSL OTHUX K€ LEJIEH TMOJIMHOMA HYJIEBOI'O IOPSAKA MPU MAKCUMAIBHOMN
ommoke, paBHOU 0,1% 0T Xjax.

3.2.3. Bbi00Op mHTepBaJia JUCKPETU3ALUMHU N0 KPUTEPUIO CPe/-
HEKBA/IPATHYECKOT0 OTKJIOHEHUSI

PaccMoTpum ciydall AUCKPETH3alUMU CIYYaWHOTO CTAIMOHAPHO-
ro sproauyeckoro nporecca X(f) ¢ M3BECTHON KOPPEISIMOHHON (yHK-
nuerr R(r). BoccramaBnuBaTth OyaemM mpu TOMOIIM TOJUMHOMOB Jla-
rpanka. Haubosiee 4acTo UCHoOJb3yOTCA OJIUHOMBI HYJIEBOTO U MEPBO-
ro mopsjKa.

HauneMm ¢ nonmmHOMa HYJIEBOTO MOPSIKA.

Omnbka, Kak U3BECTHO, BRIUUCIISIETCA 110 (popmyJie

£(t) = x(t) — x(t).

HMucnepcust D, ommOku B ciaydae CTAllMOHAPHBIX IPTOJAYECKUX
IPOLIECCOB MOKET OBITh BEIYMCIIEHA IO POopMYyJIE:

T

Dg — ||m1 [g(t)—mg]2 dt = S{[E(t)_mg]z} ,

T%ooT

rae S{¢}— onmepaTop ycpeaHeHUs MO BpEMEHH;
M, — cpenHee 3HaUeHUEe (MaTeMaTHYECKOEe 0XKUIaHKE) OLIUOKH.

Hatigem M, :

m, =M {g(t)} =M {x(t)} -M {x(t;,)} =m,—m, =0,
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I'me M {8}— omnepaTop MaTeEMaTUYECKOTO OKUIaHMS.
3Ha4wUT,

=S{g2 (1)} =S {X*(1)} - 2S {x(V)x(t;)} +S {X*(t,)}
Harimem kaxxnoe U3 3TUX CPETHUX.

1) S {x2 (t)} = S{[x(t)—mX +mx]z}: S{[x(t)—mx]z}_
A {[x(t)—mx]-mx}+8{mf} =R, (0)+ms;

2) S {XZ (t )} =R, (0)+m{ mo ananormuHo# nprunHe;

3) S{x(t)x(t .)}_nnﬂlﬁifx(ti —7)x(t )7 =
{Ilmz X(t, —7)x }dr——JR dz'+m

n—-—>1

B urore:

Rx(o)—Aitj Rx(r)dr]<2[Rx(o)—R(At)]

OTCroaa
R, (0)—R, (At) z%.

Hcnonw3ys 3Ty dhopMyity, mar gackpeTusanuun Al MoxHO HaWTH
rpaguyecku Tak, Kak oka3aHo Ha pucyHke 3.11.

B 3akitoyeHue OTMETHUM, YTO HAWIEHBI TAKKE BBIPAXKEHUS IS
OUCIIEPCUU OWIMOKH M TMPU BOCCTAHOBJICHUM C MOMOIIBIO MOJIMHOMOB
0oJiee BBICOKMX, YEM HYJIEBOM, MOPSIKOB.
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R, (0) 2

T

0 At

Puc. 3.11. ITopsaok rpadguueckoro onpeaesieHus 1ara JuCKpeTH3alnm,
€CJIM MCTI0JIb30BaTh KPUTEPHUM CPETHEKBAIPATHICCKOTO
OTKJIOHCHHS

3.3. KBaHTOBaHME 10 YPOBHIO
3.3.1. OnTumMaibHOE KBAHTOBAHME 110 YPOBHIO

PucynkoMm 3.12 wWITOCTpUPYETCS NPUHIUN KBAHTOBAHUSA IIO
YPOBHIO.

) = HenpepbIBHEIA CHrHan  {(CrHKIA )

X
4 _/ FEB(L) - KBAHTOBAHHEIM CHMHanN (KpacHBIA )

2_ ] ‘E—-—'—LIJGI'K FOEHH - PaHKLBl IUEros oOBaHKA
. S e T it
/

Puc. 3.12. KBanToBaHue 1o ypoBHIO

DTO KBaHTOBAHME CBOJUTCS K 3aMEHE 3HAUYCHHS MCXOJHOIO CHUT-
Hajla YpOBHEM TOIO IIara, B Mpeeibl KOTOPOro OHO (3TO 3HAYECHUE) MO-
nagaeT. Kak ye roBOpHIIOCh, WKala K8AHMOBAHUsSI NO YPOBHIO XapaK-
TEPU3YETCS COBOKYMHOCTHIO TPAHUIl MHTEPBAJIOB KBAHTOBaHUSA O; U

YpPOBHEH KBAaHTOBAHUSA X;.
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KonnuecTBO mepenaBaeMbIX WM XPAHUMbBIX JIAHHBIX O CUTHAJIE
NpsSIMO MPOMOPUHUOHAIBHO KOJWYECTBY YPOBHEHW KBaHTOBaHudA. Cieno-
BaTEJIbHO, YEM ATHUX YPOBHEUW MEHbIIIE, TEM MEHBIIIE YHUCIIO MepeaaBac-
MBIX WM XPaHUMBIX JAHHBIX U T€M SKOHOMHYHEE CHUCTEMa Iepeaadu
WJIM XpaHEHUs] KBAHTOBAHHOTO CHTHAJIA.

CoBceM HeoO0s13aTelIbHO, YTOOBI IIard KBAaHTOBAHUSI MO YPOBHIO
ObLTM onMHAKOBBIMU. Toraa, Bappupys napaMmeTpamu IIKajibl KBAaHTOBA-
HUS, MOXXHO, K MPUMEPY, NOOUTHCI MHUHUMAJILHO BO3MOXHOW MpH 3a-
JTAHHOM 4YHCJIe IIaroB KBAaHTOBaHUsA Jucnepcuu omuodku. Mnu, Haobo-
POT, 3aJIaBIINCh JUCIIEPCUEH OMIMOKH, HAUTH MapaMeTphl Kbl KBaH-
TOBaHUS (TIOJIOKEHUE YPOBHEHN M IPaHUIl IAroB KBAHTOBAHUS), IIPU KO-
TOPBIX YUCJIO YPOBHEN KBAHTOBaHWSI MUHUMAJIBHO.

BbIBO HY>KHBIX COOTHOIIICHUN OyneM BECTH, Mpejrnosiaras, 4To
YUCJIO0 YPOBHEN KBAHTOBAHUS JOCTATOYHO BEJIUKO, & CKOPOCTh U3MEHE-
HUS KBAaHTYE€MOI'O CHTHajla HACTOJBKO Majla, YTOObl 3aKOH pachpeene-
HUSI OITMOKY BHYTPH Ka)JI0TO U3 MHTEPBAJIOB KBAHTOBAHUSI MOKHO OBblI-
JIO CYUTATh PABHOMEPHBIM.

DTO NPEToaoKeHne WITIOCTPUPYETCs: pucyHkom 3.13.

x A
HEEEREEE Q"1
____;7 o I 1 O I
|-~ A
EA £(t)
pd
7 4] —

Puc. 3.13. I'padpux ommdku kBanToBanwms &(1)

U3 storo cnenyet, uro ¢pyHkuus omuodku &£(t) umeer nuinoodpas-

HYyI0 (OpMYy M UYTO 4Y€M MEHBIIE pa3Mep Iara KBaHTOBaHHUS, TEM ATa
dbopMa Omke K MlieaibHO MUI000pPAa3HOM, 3TO, B CBOIO OYepe/lb, O3Ha-
qacT, 4TO BEPOATHOCTH 3HAUEHUU OHJH6KH B IIpCACiiaX MHTCPBAJIa KBAH-
TOBAHUS PaBHBI, T. €. 3aKOH PaCMpeACICHUS APTUX 3HAUYCHUU SBIISICTCS
PaBHOMEPHBIM.
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3agaguMcs IIEIbI0 HAaTH TaKyIO IIKaJy KBAHTOBAHUS 110 YPOBHIO,
IIPH KOTOPOH Ccpedree 3HaueHue Keaopama oumuoKu MUHUMATILHO.
Beenem o0Oo3nauenus (puc. 3.14): X,; — HIDKHSS TpaHULA [ara

KBaHTOBaHWs; X ; — BEPXHSs [PAHMIIA I1ara KBAHTOBAHUS; X; — YPOBCHb

KBAaHTOBAHMSA; O, =X, —X . — pa3Mep I-To 11ara KBaHTOBaHHUS.

Puc. 3.14. O6o3HaueHus

Torma ommbka & (t) Ha I-M MHTEpBaje pacrpeieiieHa o paBHO-
MepHOMY 3aKkoHy (puc. 3.15).

1(x)
A

¥
” - - - - X
o 0 X, —X,

i

Puc. 3.15. 3akoH pacnpeneneHus OmmoOKu

BriBegeM 1uist 3TOro ciydast Gopmylibl MATEMaTUYECKOTO OXKHUIa-
HUA M, u nucnepcun D, ommOKy KBaHTOBAHUS HA I—M MHTEpBAJIe.



121

m, = T X, (X)dx = j)g Lax=X

Xgi =X _
Ea A 20, |X

HI—Xj

_2X6ixi +X12 _(Xsi _ZXHiXi +X12) . XHi +Xei —X.-
26 T2 :

D, = j(x—mgi )2 f,(X)dx=7%.

—00

CpenHee 3HaueHUE KBajpaTa OMMOKH Ha i—M ypOBHE KBaHTOBa-
HUS 110 ONPEICICHUIO HAX0AUTCs o popMmyie

M (&2 (1)} =M {[gt (t)-m, +mstf}: M {(gi (t)-m, )Z}_

—2M {(gi (t)—mst)-mst}ijjt =D, +mZ,

M {(gi (t)-m, )}:o.

Hucnepcust D, OT monoxeHus: ypoBHS KBaHTOBaHUS X; HE 3aBU-
CHUT, a

: X +X
mln(mgi):0 npu x; = =el

Beenem obosnadenus (puc. 3.16): X . — HWKHAS TpaHMua miara
KBAaHTOBaHWs, X . — BEPXHss IPAHUIA IIara KBAHTOBAHUS, O =X, —X,; —

pa3Mep |-To mara KBaHTOBAHMUSI. Torz[a I[MOJIYYHUM, YTO I MUHUMHU3ALIUA
CpCAHCIO 3HAYCHUA KBaJlpaTa OILIMOKH YPOBHH KBAHTOBAHUWSA HOJIKHBI I10-
MCIIATHCA B HCHTPC COOTBCTCTBYIOIIUX ITAI'OB KBAHTOBAHMU.
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il
|

o--o

_anll
0 o--a

Puc. 3.16. O6o3HaueHus

[Ipu »TOM HEe HaAo 3a0BIBaTh O MPEANOJONKEHUH JOCTATOYHO
OOJIBIIIOTO YHCJIa YPOBHEN KBAaHTOBAHMS, M3—3a YETO CTAJI0 BO3MOMXHBIM
MPEATNONIOKEHUE O PABHOMEPHOM 3aKOHE pacIpeieiieHUs OIIMOKH.

JlokazaHo, 4To 3HauYeHHs PyHKIUM OMMOKU &£(t) TpU pa3IMUHBIX
| MOJKHO CUMTATh HE3aBUCUMBIMH. [103TOMY cpeaHee 3HAUCHUE KBajpa-

2 o
Ta OIIMOKHM 110 BCEM YPOBHSAM £, MOXKHO BBIIOJIHHUTH 110 HU3BECTHOU
dbopmye:

£ :Z pi-M {5i2(t)},

rie Pij — BEPOATHOCTH IMOMAJaHUs KBAaHTYEMOTO CHUTHaia B I-i WHTEp-
BaJI KBAHTOBAHUS,

M {8i2 (t)} — cpe/iHee 3HaueHWe KBajpaTa OIMMUOKW Ha I—M HHTEp-
BaJIc KBAHTOBAHMSI.

Tak kak pj OT MOJIOKEHUSI YPOBHS KBAHTOBaHUA Xj BHYTPU UHTEP-
BaJla KBaHTOBAHUS HE 3aBHCUT, TO MUHHUMM3ALMUS CPEIHErO 3HAUYCHUS

KBaJpaTra ONIMOKA Ha KaXKJIOM U3 YPOBHEH MpPHUBEAET K MUHHUMHU3AINHU
CpeaHEero 3HauYeHUs KBajJipaTa OIIMOKHU BOOOIIIE.

[Tpu M, = 0 cpenHee 3HayeHHe KBaapara oMok M {giz (t)}: D, ,

[I02TOMY

) n ) n n 5_2
gcp:Z p-M {gi (t)}zz URIDA :Z pi'ﬁ:Dg.
1=1 =1 =1
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IIpu Mankix marax & moxno cuutate P = f (i) -6 (puc. 3.17).

L
A

i ce

Puc. 3.17.K pacueTy BEpOSITHOCTH MOIMAaHKs 3HAUYCHUS CUTHAJIA
B IIpEJIEIIbI II1ara

1:(x)

= X

X;

>

i

Torna

3.3.2. Iucnepcusi omuOKHA B cjaydae HUCHOJb30BAHUSA PABHO-
MEPHOH IIKAJbl KBAHTOBAHMS 110 YPOBHIO

Haitnem nucnepcuio ommOKH B Ciaydae HCIMOJIb30BaHHUS pPaBHO-
MEPHOM IIKAJIbI KBAHTOBAHUS, T. €. PABEHCTBA BCEX IIATOB KBAHTOBAHUS.
B sTom ciyuae

n
5
6=6  nD.=2 Py 12210. 12 m. K. Zp.

CrnenoBaTebHO, MPU MTOCTOSHHOM Il1are KBaHTOBAHUS AUCIIEPCHUS
OIIMOKM KBAHTOBAHUS HAXOAUTCA M0 hopMyJie

_o°
Dg —ﬁ.

3agaguMcs TENeph YWCIOM IIIaroB KBAaHTOBAaHWS N, TpaHULIAMU
unTepBana (X i, Xmax) 3HAYECHHUI KBAHTYEMON BEIMYMHBI, TOKPLIBAEMOI
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maramMu kBaHtoBaHus (puc. 3.18), u Halinem Takoe pacnpejaesneHue mia-
rOB Ha MHTEpPBAJIC, KOTOPOE MUHUMHU3HUPYET AUCIEPCHUIO OIIMOKU WIIH,
YTO TO K€ CaMO€, CpPE/IHEE 3HAUCHUE €€ KBajpaTa.

Puc. 3.18. O603HaucHus

BBeieM BCITIOMOTaTeIbHYIO IIEPEMEHHYIO
z;=0,-J1(%).

Tornma, yunteiBas pucyHok 3.19, aucrnepcusi ommOKA KBaHTOBA-
HUSL:

3aMeTHuM, 4TO

n n 0

>z,=>5-F(x)~ j JF(x)dx=S,

=1 =1

rae S — GyHKIMOHA OT TUIOTHOCTH PAaCIpEeSICHUs] BEPOSTHOCTEH —
HEKOTOPOE YHUCJIO.

Teneps Haiinem Takoi HAOOp Zj, TPU KOTOPOM JUCIIEPCHUS OIIHO-
KM MUHUMaJIbHA. {711 3TOro BOCIOJIBb3yEMCSI METOJAOM MHOXHUTENEH Jla-
rpaHxa.

BcnomorarensHast GyHkIua @ B 3TOM clydae TPUHUMAET BUI:
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o=34 a3z s
—izﬂ:ﬁJr ;Zi_ .

B pe3ynbTaTe nogyyaeM CUCTEMY YpaBHEHUIN

N3 mepBOro ypaBHEHHSI CUCTEMBI CIEIYET, 4TO Z; =-2J1, 1. e.

BCC Zj paBHBI. YuuteiBas 9TO, U3 BTOPOI'0 YpaBHCHUA CUCTCMBI I1OJIyHa-
em z;=S/n.

[Tocne noICTaHOBKY Zj MOJyYaeM CIEAYIONIYI0 POpMYITy:

S3
£ min :W !

rae S= T Yf(x) dx

Oty HOopMyITy UCIOIB3YIOT ISl IOCTPOSHUS ONITHMAIBHOM IITKa-
JIbI KBAaHTOBAHUS 1O YPOBHIO. Ho mpexie ueM NpHUCTYIHTh K €€ TTOCTPO-
€HHUI0, PACCMOTPHUM OJIHY M3 TEXHUYECKUX CHUCTEM, B KOTOPOW ATa IIKa-
Ja IPUMEHSETCS Ha TIPAKTHKE.

Ha pucynke 3.19 uzo0paxena 0J0k—cxema BapraHTa CUCTEMBI C
WCIIOJIb30BaHUEM HEPAaBHOMEPHOTO KBAaHTOBAHMSI 110 YPOBHIO.

C moMoIIpI0 KOMIIpeccopa BBITIONHASTCS HEIMHEHHOE Mpeodpa-
30BaHue BxojgHoro curhaiga X(t) B Beixomuoit Y(t). IIpeoOpaszoBanme
omuckBaeTcs hopmynoit y(t)=g| ()| .

[Ipu momoIy dKCIaHaepa BRIMOIHAETCS o0OpaTHOE Ipeodpa3oBa-
HHE: i(t)zgo—l[y(t)]

31ech ¢ '(.) — GyHKIUs, oOpaTHass QYHKIIUHA ¢f...) .
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v ()

AHaNOroERIA KOMOpECCOp
(HENMHEAHEIA NpeobpazoBaTent)

*yﬁ)

CTaHBapTHEM (C paBHOMERHOR
WkaNoH KERHTOESHWA)] aHanoro-
uMdpoeol npeobpazoeaTent

Y

Konep v NepenaTyuE
UMDpoEDR WHDOpMALMK

Y

Uudpoeo# kKaHan ceazm

!

MNpHeMHUE LWdpoBoi
HHBIOpMAaLMK ¥ JeKDgep

v

CTaHAapTHEIA (C PABHOMEDHEIM
LUATOM KESHTOESHWA N0 YPOEHH)
UM po-aHANOroERIA
npecbpazoeaTent

{30

AHaNoroBBIR 3KCNaH4ER
(HENMHEAHEIR NpeobpazoEaTent
¢ 0BpaTHOA NO OTHOLUEHWKD
K komnpeccopy dyHKUMER
NpeobpazoeaHMA)

# x(1)
Puc. 3.19. BapuaHT cUCTEMBI ¢ UCTIOB30BAaHUEM
HEPaBHOMEPHOTO KBAaHTOBAHMUSI
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CBsi3p M@Ky CUTHAJIAMU X U Y U HA00OPOT HA3BIBAETCSI 3aKOHOM
KoMnanouposarust (OT TMEPBBIX CIOTOB CIIOBA KOMNpeccop W MOCIETHUX
CJIOTOB CJIOBA 9KCHAHOED).

Takum oOpa3om, 3aKOH KOMITAHAUPOBAHUSI CBS3BIBAET PABHOMEP-
HYIO U HEPAaBHOMEPHYIO, B IAHHOM CJIy4a€ ONTHUMaJIbHYIO, IIIKAJIbl KBaH-
TOBAHUS MO YPOBHIO. ITO MO3BOJSAET B TEXHUYECKUX PEIICHUAX MOJIb30-
BaThCsl CTAHAAPTHBIMU paBHOMEpPHbIMU aHanoro—uudpossiMu (ALl u
nudpo—ananoroseimu (LIAIT) mpeobpazoBaTensimu.

I'paduk BO3MOXKHOIO BapuMaHTa 3aKOHA KOMIIAHJIUPOBAHUS U300-
paxkeH Ha pucyHke 3.20.

o<

ymax

ymin

Puc. 3.20. I'paduk BapraHTa 3aKOHa KOMIIAHIUPOBAHUS

Haitnem ero ¢gopmyny s ciaydass ONTUMaTbHOTO KBAHTOBAHMS
PU CHEAYIOIINX YCIOBUSIX:

Ymin = Xmin>
Ymax = Xmax:

y(Xi):i'M—kymin'

[Tocrequee ycnoBHe oTpaxaceT crocoOHOCTh pyHkmuu Y(X) mpe-
00pa30BBIBaTh ONTHMAJHHYIO HEPABHOMEPHYIO INKaly KBAaHTOBAaHUS
curnaia X(t) B paBHOMEpHYIO KTy KBaHToBaHus curHaia Y(t).

[Tpu GoNBIIIMX N MOKHO CUUTATH, YTO
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X=X ~o~0X n Y-y = ymaX;ymi” = Xmaxaxmi” ~ dy.

Torma

YuuteiBas, 4To

Y2=)6-JT%)~ [ {TIdx=5 u =S/,
=1 =1 —00

MOJTYYUM
S=_ >
| n%f(ﬁ)’
Toraa
dx _ S
dy (Xmax m|n)\! f (X)
(Xmax - Xmin) 3
rne dy= S JE(X) dx — muddepennmansHoe ypasHEHHE

MIEPBOTO MOPSIAKA C pa3ACISIONUMUCA NEPEMEHHBIMMU.
NuTerpupys JEBYIO €ro 4acTth OT Ymin 10 Y, @ MPaByl 4acTh OT
Xmin O X, TIOJTYYUM

J’dy y-y, . =y—x =" nin I?*/f(r )dz.

ymln mln

OTCIO)Ia IMOJIy4acM 3aKOH KOMIIAHAUPOBAHUS:
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y = e in j JTOdr+x

Takum oOpazom, 3aKOH KOMIIaHIMPOBAHUS OMHUCHIBAETCA (PYHK-
et Y=¢(X). K coxajneHuro, moka He HaljcHa Ipocras oOpaTHas

dyukums X=¢ (y). Ho umenHo 3Ta oOpaTHas (yHKIUS HAM Goiee
BCEr0 M HY)KHA, T.K. IPOLEAypa IMOCTPOEHUS ONTHMAILHOM IIKaJbI
KBAHTOBAHHUS NPEIyCMaTpUBaeT pa3oneHne UHTepBaia [Yoi, » Ymax] Ha N
PaBHBIX IIArOB M OIpEAEIeHHE TI'PAaHHI] MHTEPBAIOB HEPABHOMEPHOM
IITKAJTBI TTPY TIOMOIIN PYHKIUH X = qa_l(y) :

[TosTOMy Ipoleaypa MOUCKA IPAaHMI] IAr0B KBAHTOBAHMS HEPAB-
HOMEPHOM ONTHMAJIBHON IIKajbl KBAHTOBAHUS CeMYac IperycMaTpHuBa-
€T MCIIOJIL30BaHUE KOMIIBIOTEpA I BHIYMCICHHS MHTErPaja, BXOIAIIe-
0 B IIPABYIO 4acTh (POpMyJIbl. Belurcienue uHTErpaia, Kak 970 0OBIYHO
J€NaeTcs, 3aMEHSETCS BBIYMCIEHHEM CyMMBI. IIo Mepe HaKOIUIEHUs
cllaraeMbIX BEPXHsS I'PaHUIA ONpPEIEIEHHOro WHTerpajia pacrer. 1o
Mepe IepeceYeHus] 3HAUEHHM Y; HAXOAATCS COOTBETCTBYIOIIUE MM 3Ha-
yeHus X;. B pesyinbrare K KOHIy MHTETPHPOBAHUS HAXOMATCS BCE Ipa-
HUIIEI MHTEPBAJIOB KBAHTOBAHMS HEPABHOMEDPHOM IIKAJILI.

B 3akiroyeHue CleqyeT OTMETHTH, YTO B PsAIE CIIy4aeB OITH-
MaJIbHOE€ KBAHTOBAHME IO3BOJISAET B JECATKH Pa3 CHU3HUTH JUCIEPCHUIO
OIIMOKY KBAHTOBAHUS MM YMEHBIIUTH YHCIIO MEPENABAEMBIX OTCUETOB
10 CPABHEHUIO CO CIy4aeM IPUMEHEHNS PABHOMEPHOIO KBAHTOBAHUS.

3.3.3. Pacuer HepaBHOMEpPHOH ONTHUMAJILHOW B CMbICIEe MaK-
cUMyMa KoJin4ecTBa UHGpoOpMaui B KBAHTOBAHHOM CHTHAaJIe IIKa-
JIbl KBAHTOBAHUA

JpyruM, 3aciay’KMBaIOIIUM HHTEPEC KPUTEPHUEM, SBIISICTCS WH-
(popMaIMOHHOE COAEpKaHNE KBAHTOBAHHOIO curHana. OHo Oyzner Mak-
CUMAaJIbHBIM, €CJIM BEPOATHOCTH MPEObIBaHUSI CUTHAJIA HAa BCEX YPOBHSIX
OyIyT paBHBI, T. €.

f(%)-6=1/n,
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OTCroaa
— 1 ~y
%=t O
Xmax — X i
y yl_l ymax - ymm — "max - min zdy’

dx 4
Ay~ Ctmax —Xin) T OO’
dy = (Xmax =Xgsin) T (X)0X;
jdy Y =X = (Xpax — xmm)_[ f(r)dz.

ymln mln

Y = (Xna — mm)J f(r)dr+x .

mn

HenuHeliHOE KBAaHTOBAaHHWE HAIIO MPUMEHEHHWE, B YaCTHOCTH, B
udpoBoit TenedOHHON CBSI3M M IO3BOJISET KAYECTBEHHO II€pe/IaBaTh
Kak cJia0ble, TaK U MOIIHBIE CHUTHAJIbI, YMEHBIIUTh 3arpy3Ky KaHaJIOB
CBSI3H.

3.3.4. 3aK0H KOMNAHAUPOBAHUA NMPH YCJOBHH PABHOMEPHOIO
3aKOHA pacrnpejieeHUsi KBAHTYeMOro CUrHAaJIa

3aKoH pacrpeneneHus 3anaercsa Gopmysoi

1
f (X) — I Xmax ~ Xmin

0 npu x<x_, U X>Xmay

npu X <X < Xmax

1. Kpurepuit MUHUMyMa TUCIIEPCUN

X
Y—Xmaxsxm'” L dr+x

m|n !
Xmin \/Xmax Xmin
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Xmax
S= . 1 dr
Xooin Xmax ~ Xmin
[Tocne moICTaHOBKY MOJIy4aeM
XmaX - X H
y: o (X_Xmin)+xmin =X

Xmax — min

Takum 00pa3oM, ONTHUMaJIbHOW B CJydae KBAaHTOBAHUS PaBHO-
MEPHO PACIPEEIICHHOTO CUTHAJA SIBJISETCS PABHOMEpPHAS IIKaJia KBaH-
TOBAHMUSI.

2. Kpurepuit MakcumanbHON HHPOPMATUBHOCTH:

yzwxj Mdr:x'

Takum oOpaszom, B ciiydae UCIOIb30BAHUS KPUTEPHUS MAKCUMAIIb-
HOM WMH(OPMATHUBHOCTH ONTUMAIBLHOW TaKXKe SBISIETCS PaBHOMEpHas
[IKaJia KBAHTOBAHMUSI.

KoHTpoJibHBIE BONIPOCHI

1. Kakue criocoObl mpeACTaBICHUSI MOJIENIC CUTHAJIIOB U3BECTHBI?

2. B dyeM 3aKkiIro4aroTCsd NPEUMMYIIECTBA YaCTOTHOTO METOJa
IPEACTABICHUSI CHTHAJIOB?

3. Ilpu kakux ycloBUsIX nepuoandeckass (QyHKIUSI MOXKET ObITh
npencrasiieHa psagom Oypse?

4. YTo mOHUMAETCS IO/ CIIEKTPOM aMIUIUTYI U CIIEKTPOM (haz?

5. KakoBbl XxapakTepHble 0COOCHHOCTH CIEKTpa MEePUOIAYECKOTO
curxana’?

6. Kak B cniekTpe aMIUIUTyl OTOOpakaeTcsl MOCTOSIHHASI COCTaB-
JIAIOIIAst TEPUOIMYECKOTO CUTHAa?

8. KakoB cniekTp rapMOHHYECKOrO CUTHaa?

9. Kak MOXHO 3HEpPreTUYE€CKH HCTOJIKOBATH CHEKTP MEPUOAUYE-
CKOro cursanua?
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10. YUro moHumaeTcsa moj MPAKTUYECKOW IIMPUHOM CIEKTpa Iie-
PHUOIUYECKOTO CUTrHaia’?

11. B dem cocTouT KpuUTEepHil BbIOOpA MPAKTUUECKOW HIMPUHOU
CIIEKTpa NEePUOAUYECKOTO CUrHasa’?

12. Kak BBIMISANAT CIEKTP MEPUOAUUYECKON MOCIHEAOBATEIBHOCTH
MPSIMOYTOJIbHBIX UMITYJICOB?

13. Kakoii ¢uzndeckuii cCMbICT UMEET orudaromias CIeKTpa am-
IJTUTY IEPUOAUYECKOTO CUTHAJIA?

14. KakoB ¢uznueckuii cmbica psajga KorensHukoBa?

15. B uem cocTout pusuueckuii cmbici Teopembl KoTenbHukoBa?

16. Uto Takoe GyHKIIMS OTCUETOB U KAKOB €€ BUJI?

17. B 4yeM 3akio4aroTcsi MPOTHUBOPEYHUS YACTOTHOIO KPUTEPHUS
Korenpaukona?

18. Uto cob6oit mpeacTaBiaseT AUCKPETHOE IpeoOpa3oBaHUE
Oypbe?

19. B yeM cOCTOUT poOJib aJITOPUTMOB OBICTPOTO IpeoOpa3z0BaHUS
Oypre?

20. KakoBa peakius ujaeaibHOro GuibTpa HUKHUX YacTOT C Tpa-
HUYHOMN YaCTOTOU (¢ HA AEIbTa—UMITYJIbC?

21. Yto Takoe KOOpJAWHATHAs JETEPMUHHPOBAHHAS (YHKIIUSI
BpPEMEHHU?

22. IloueMy HEBO3MOKHO HETIOCPEICTBEHHOE MPUITIOKEHUE KITac-
CUYECKOT0 TAPMOHUYECKOTO aHAJIN3a K CIIyYallHbIM Ipoleccam?

23. KakoBbl OCHOBHBIE CBOMCTBA KOPPEIAIMOHHON (PYHKIIMM CTa-
AOHAPHOTO CIYYanHOro mpouecca’?

24. KakoBbl OCHOBHBIE CBOMCTBA CIIEKTPATIbHON TJIOTHOCTH MOIII-
HOCTH CTaIlMOHAPHOTO CIy4aliHOro mpoiiecca’?

25. Kakoii cirygaitHbIi Tipoliecc Ha3bIBaeTCst O€bIM IITyMOM?

26. KakoBa CBsI3b MEX]y CHEKTPATbHON MIOTHOCTHIO MOITHOCTH
U KOPpEJALMOHHON (PYHKIMEN ciydaitHoro npouecca?

27. Yto Takoe MHTEPBaJ KOPPEIAINHN CIIy4alHOTO mpoliecca ?

28. MOXHO JI JUCKPETHBIE OTCYETHI TI0O YaCTOTHOMY KPHUTEPHIO
KoTtenpbHuKOBA CUNTATH CTATUCTUYECKH HE3aBUCUMBIMU?
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I'naBa 4. KonupoBanue nuagopmanuu

Koouposanue — omepanuss OTOXISCTBICHUS CHUMBOJIOB WJIU
TPYIIIT CKHMBOJIOB OJHOTO KOJIa ¢ CUMBOJIAMU WJIM TPyHIIaMUd CHMBOJIOB
JAPYroro Koja.

Koo (ppani. code) — COBOKYIHOCTh 3HAKOB (CUMBOJIOB) U CHUCTE-
Ma OMpeJIeTICHHBIX MPaBWI, MPU MOMOIIHM KOTOPBHIX HHGOPMAIAI MOXKET
OBITH MpeJIcTaBICHA (3aK0AMPOBaHa) B BUAEC HA0Opa U3 TaKUX CUMBOJIOB
U1 iepeaadyu, oOpaboTKU U XpaHeHus (3anmoMuHanus). Koneunas mo-
CJIEIOBATEJIbHOCTh KOJIOBBIX 3HAKOB Ha3bIBaeTcs crosom. Hanbonee ua-
CTO JIJIsl KOJUPOBaHUS MHGOPMAIIUU UCTIONB3YIOT OYKBBI, UG PHI, YUCIIA,
3HAKW [HampuMmep, «—« (TUpe), «.« (Touka)] 1 uX KOMOUHAITUH |.

PaccmoTpuMm 000011IeHHYI0 cxemy mepenaun nudpoBoid uHbop-
maruu (puc. 4.1).

MCTOYHMK MpruemHnK
UnchpoBoi UnchpoBoi
MHgopMaLun 7chpaHeHue BoccmaroeneHue | MHCDOE)ME'L‘MM
u3bbimoyHocmu u3 cxxamoao .
(cxamue coobujeHusi
coobuyeHus UCX00HO20
Konep — ) — Oexonep
MCTOMHWKa MCTOYHWKa
— YdaneHue i
BheceHue & u36bIMoYHoOCMU
cXXamoe nocrie
Koaep - coobujeHue ObHapyxeHusi u Oekoaep
KaHaNa u3bbimoyHocmu ¢ ucrnpasneHusi KaHana
uesbto 60pb6bi ¢ ucKaxerutli e
nomexamu cxKamom
i coobuweHuu
MogynaTop »- JIUHMA cBA3K OdemopynaTtop

MNeTovHWEK
nomMex

Puc. 4.1. Cxema nepenaun unppoBoi HHPOPMALIUU

PaccmarpuBaeMble HUYKE MPUHIMIBI KOJAUPOBAHUS UHGOPMAILIUH
CIIpaBEJIUBBI KaK [ CUCTEM, OCHOBHAs 3ajlaua KOTOPBIX — Mepeaada
uH(popMaIMy B NPOCTPAHCTBE (CUCTEMBI CBSI3U), TaK U JJIsl CUCTEM, OC-
HOBHAs 3ajJlauya KOTOPBIX — Tepeaaya nHpopMalui BO BpeMeHHu (CucTe-
MbI XpaHeHus: uHdopManuu). B mocienHuX JUHUEN CBSI3M CUUTACTCS
cpena, B KOTOPOM XpaHUTCs UH(OpMAIIus.
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Ecau uctounuk mH(opmainuu BbIpaOaThIBAET HEMPEPHIBHOE CO-
oOllleHne, MEXIy HUM W KOJEpPOM HCTOYHUKA CJEAYeT YCTAaHOBUTH
KBAHTOBATENb 110 YPOBHIO U TUCKPETU3ATOP 110 BPEMEHHU.

Ecnu sxe mpueMHUK TpeOyeT npeacTaBieHus HHPOpMAIMU B BUJIC
HETMPEPHIBHOTO CHUTHANA, HA BBIXOJE JACKOJEpa HCTOYHHMKA CTaBUTCS
U po—aHaJoOroBeId MpeodpazoBaTelb U, BO3MOXXHO, YCTPOMCTBO WH-
TEPIOJISLMU ISl YMEHBILICHUS! OIITMOKU BOCITPOU3BEICHHUS.

Ha Bxom kojepa HMCTOYHHKA MOCTYHAeT TMOCIEI0BATEIbHOCTD
CUMBOJIOB, BXOJSIIMX BO MHOXXECTBO, Ha3bIBAEMOE HEPEUUHbIM angha-
BUMOM.

Kozep npeobpa3yeT 3Ty nocineaoBaTeabHOCTh B IPYTYHO, COCTaB-
JICHHYIO 4YaIlle BCEro M3 JIPYTUX 3HAKOB, MHOKECTBO KOTOPBIX 00pa3yeT
8MOPUYHBLL angasum.

Ecnu omepanuu KOIUPOBAHUS—ICKOJAUPOBAHUS BBITOJIHIIOTCS
KOMIIBIOTEPOM U MPOMEKYTOUHOE MpPEACTaBICHUE MHPOpPMALMHU YEeIIO-
BEKY He TpeOyeTcs, 3TU ajipaBUTHI Yale BCEro coCcToAT U3 2 OykB — 0 u
1 unmu ucmuna m 102cL. ITO CBI3aHO C OCOOCHHOCTSMHU COBPEMEHHBIX
I (POBBIX YCTPOMCTB U UX DJIEMEHTHOM 0a3bl.

[TockosibKy 00beM BTOPUYHOTO ajiaBuTa, KaK MPaBUIIO, MEHBIIIC
o0beMa MmepBUYHOTO ajidaBUTa U BBUIY OCOOCHHOCTEH alirOpUTMOB KO-
JTUPOBAHMS KaX0i OyKBE WK rpyIie OyKB NepBUYHOIO ajidaBuTa CTa-
BUTCS B COOTBETCTBHE TpyIma OYKB BTOPUYHOTO ai(aBUTa, KOTOPYIO
Ha3bIBAIOT KOO0BOU KOMOUHAYuUeu NI KoO08bIM c1080M. UUCIO CUMBO-
70B (OyKB BTOPUYHOTO aji(aBUTa) B KOJOBON KOMOMHAIIMK HA3bIBAIOT €€
3HAYHOCMb.

Konapl, BTOpuuHbIA andaBUT KOTOPBIX COCTOUT M3 JBYX OYKB,
00b19HO 0 1 1, HA3BIBAIOT 0BOUYHBIMU.

JIJ1s1 KOJOBBIX CJIOB JIBOMYHBIX KOJOB OIMPEACIICHO MOHSTHE Beca
KoJoBoro ciosa. Ilox eecom ko0oeoco croéa MOHUMAKOT KOJIUYECTBO
CUMBOJIOB |, BXOJAIIMX B 3TO KOJAOBOE CJIOBO.

Omneparus oOpa3oBaHUs MOCIEAOBATEILHOCTH KOJIOBBIX KOMOM-
HaIlM{ 1O TMOCIeI0BATEILHOCTH OYyKB WM KOMOWHAITMN TEPBUYHOTO
andaBuTa Ha3bIBACTCA KOOUposaHuem. BHIMIOTHIETCS KOAUPOBAHUE TIPU
MOMOIIIU KoOdepa, KOTOPBIN MOXKET OBITh YCTPOMUCTBOM, MPOrpaMMON HIIH
anmapaTHO—TPOTPAMMHBIM KOMITJIEKCOM.

OO6paTHas onepalysi Ha3bIBACTCS 0eK0OUpoBsanueM 1 BBITIOJIHSIET-
Cs1 0eK0OepoM.
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KonupoBanue BBITOJHSAETCS ISl 3alUTHI, yA00CTBA XpaHCHUS U
00paboTKu MHPOPMALIMH, YTO UMEET MECTO B KOMIIBIOTEPHOU TEXHUKE,
U C TEMH K€ IETSIMHU B CUCTEMAX CBSI3H.

Pemiaronuii BKJaJ B TEOpHUIO mepeaaur WHGOpMalMu B KOHIIC
40—x romoB, Kak M3BECTHO, BHeC amepukaHckuil yudenbld K. IllenHoH.
OH 060cHOBaJ, B 4aCTHOCTH, 3()(EKTUBHOCTh BBOJIa B CUCTEMY Iepe/ia-
9y MHPOpPMAIUU KOJIUPYIOIUX—IEKOAUPYIOIIUX YCTPOUCTB, OCHOBHOE
Ha3HA4YCHUE KOTOPBIX — COIIACOBAHME CBOWCTB MCTOYHHMKA COOOIICHUMN
CO CBOMCTBAMHU KaHAJIa CBS3HU.

OnHO U3 HUX — K0Oep UCMOYHUKA — 00eCTIeYMBaET TaKOe KOJIUPO-
BaHUE, MPU KOTOPOM IMyTEM YCTpPaHEHHUS WM30BITOYHOCTH CYIIECTBEHHO
yMEHbIIIAeTCA 00BEM JIaHHBIX, MEPEIaBAEMbIX 10 KaHATy CBS3U.

Takoe kKoUpoOBaHUE HA3BIBACTCS I PeKmueHbIM NN ONMUMATLb-
HBIM.

[Ipy HamMYUK TOMEX B KaHAJIE CBSI3M 3TO KOJAWPOBAHUE Mpeodpa-
3yeT JlaHHbie B (hOopMy, YAOOHYIO JJIsI TTOCIEAYIONIEr0 TOMEX0YCTOMYH-
BOI'0 KOJMPOBAHHSI.

[ToMexoycTONYNBOE KOAUPOBAHUE BBIMOJIHICTCS KOOEpPOM KAHA-
na. Ero Ha3HaueHue cieAyeT U3 Ha3BaHUS — OOpb0a ¢ MCKaKCHUSIMH,
BO3HUKAIOIIMMU BCIIEICTBUE MIOMEX, IEUCTBYIONIMX B KaHAJIE CBSI3HU.

Takum oOGpa3zom, IIpu MOMOIIM KOJiepa UICTOYHUKA Ha OCHOBE CTa-
TUCTUYECKUX XAPAKTEPUCTUK KOAUPYEMOI'O COOOIIECHUS YMEHBIIAETCS
ero o0beM, a MpHu MOMOIIM KOJepa KaHajla Ha OCHOBE CTATUCTUYECKUX
XapaKTePUCTUK, JESUCTBYIOMNX B KaHAJE MOMEX, 00ECIeunBaeTcsl BOC-
CTAHOBJICHUE MEPEIaBAEMbIX Y€pe3 KaHaJl JaHHbIX.

Takoe pazgeneHue CyHIECTBEHHO YHOPOIIAET HCCIEAOBAHHE H
IPOEKTUPOBAHNE KOJAEPOB—IEKOICPOB.

B ciydae Manoi n30bITOYHOCTH MOKHO OTKa3aThCsl OT UCIOJIb30-
BaHUS KoJiepa—aeKkoaepa UcTouHUKA. [Ipu manoil k€ MHTEHCHUBHOCTH
MOMEX B KaHaJIe CBSA3M 11€JIeCO00Pa3HO OTKA3aThCs OT MOMEXOYCTOUYH-
BOT'0 KOJMPOBAHMS U, COOTBETCTBEHHO, KOJIEpa—/AeKo/iepa KaHaja.

Hocutensmu nabopMaIuy B KOHKPETHBIX JTUHUSX CBSI3U SIBJISIOT-
Csl CUTHAJIbI, KOTOPBIE JJII ATOTO MOABEPraroTCcs MOAYJIAUU. Momys-
U 1 00paTHOE NMpeoOpa3oBaHUE — JEMOYISAIUS — TAKKE BBITIOJIHSIOT-
Csl C TOMOIIBIO MIPEAHAZHAYEHHBIX JIJISl 3TOr0 YCTPOMCTB — MOAYJISITOPOB
u nemMoayiatopoB. ITogpoOHee BompocCkl, CBA3aHHBIE C MOAYJIAIUEH OY-
IyT PacCMOTPEHBI B OJIHOM U3 CIEAYIOIIUX pa3aeiaoB Kypca. OTMeTum
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TOJIBKO, YTO B CiIyyae XpaHEHHUsS WH(OpMaluu B OMEPATHBHOMN MaMITH
KOMITbIOTEpA, MOAYJISLIUS HE UCTIONB3YeTCs. MOy ISIUsA—1eMOTy TSI
UCIIONIB3YETCS B KOMIBIOTEPHBIX CETAX, JUIS YEero MpeIHa3HAYCHBI
yCTPOMCTBA, HA3bIBAEMBIE MOOEMAMU.

4.1. djieMeHThI TEOPUH KOTUPOBAHMS

HexoTtoprie oOmue CBOWCTBA KOJOB PACCMOTPUM Ha IMPOCTHIX
npumepax. [Ipeanoaoxum, 4To TUCKPETHBIM HCTOYHHUK O€3 MaMsTH, T.€.
JAIOIIMA He3aBHCUMBIEC COOOIICHUS — OYKBBI — Ha BBIXOJE, UMeeT ajida-
BUT U3 K OYKB, IOCTYHAIOIINUX C BEPOATHOCTAMU P1, P, ..., Pk.

Kaxnas OykBa KOAMPYETCS C HCMOJb30BAHUEM BTOPUYHOTO aJI-
¢daButa u3 M 0ykB. O0603HaUYUM Nj — YUCIIO OYKB B KOJJOBOM CJIOBE, KO-
TOPOE COOTBETCTBYET I—ii OykBe mcrouHuka. Hac Oymer mHTEpecoBaTh
CpeaHsIs JJrMHA KOJIOBOI'O CJIOBa N.,, KOTOpas HAaXOIUTCS 10 U3BECTHOM

dbopmyiie

cp>

k
ncp = ; pi ni (41)

B kauectBe npumMepa pacCMOTPUM BO3MOKHBIE CIIOCOOBI COCTaB-
JIGHUSI KOJOBBIX CJIOB JIBOMYHOI'O KOJia MpHU 0O0beMe MepBUYHOIO ajida-
BuTa K = 4 (Tabnuma 4.1).

3aMeTuM, 4TO KOJ | MMeeT HeylauHOE€ CBOMCTBO, COCTOSIIEE B
TOM, 4TO OYKBBI ¢ HOMepaMu | U 2 KOIUPYIOTCS OJMHAKOBO — KOJOBBIM
ciaoBoM (. [ToaTOMy OJTHO3HAYHOE JIEKOJAUPOBAHUE TTPU UCIIOJb30BAHUU
ATOro KOJia HEBO3MOKHO.

Tabnuua 4.1
Bo3MoKHBIE CITOCOOBI COCTABJICHHS KOJOBBIX CJIOB IBOMYHOIO KOJIA MPHU
oOBbeMe epBUIHOTO andaButa K = 4

Léﬁﬁff(l: ai);‘:;‘ﬁ‘;;l’ Pi Kox1 |Kox2 |Kox3 | Kox4
1 05 |0 0 0 0

2 025 |0 1 10 01

3 0,125 |1 00 [110 o011

4 0,125 |10 11 111 | 0111
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Kon 2 obnagaer moJoOHBIM K€ HEJOCTAaTKOM: MOCJIEN0BATENb-
HOCTh 11 Oyzaet 3akomupoBana B 00, 4TO COBIAIAET C KOJOBBIM CIOBOM
7U1st OyKBBI 3. 3aTpyAHEHUN JJIs IEKOJAUPOBAHUSI B TOM cliydae He Oy-
JIET TOJIbKO TOTJa, KOrja MEXAY KOJOBBIMHU CJIOBaMU OYyAET 100aBJiCH
KaKOW—1n00 pa3enuTeNbHbI cuMBOJI. HO eciy Takoit CHMBOJI BBECTH,
TO €ro MOXXHO MOHUMATh KaK JOTOJHUTEIbHYIO OYKBY BTOPUYHOIO ajl-
¢daButa. Torma kaxjoe KOJOBOE CJIOBO B KOHIIE WM B Hayaje MPOCTO
JOTIONHAETCSl 3TOM OykBOM. B pe3ynbpTaTe Takoil KOJ MOXKHO paccmar-
pUBaTh KaK YaCTHBIN CiIydail KOJIOB 0€3 pa3/ieuTebHbIX CUMBOJIOB. 110
ATOW MPUYUHE KOJbI C Pa3JACIUTEIbHBIMUA CUMBOJIAMU OT/ICJIIBHO HE pac-
CMAaTpPUBAKOTCHL.

[IpruMepomM Takoro Koja MOXKET CIYKUTh Ko 4, rae 0 MOKHO To-
HUMaTh KaK pa3feuTeIbHbIA CUMBOJI.

W3 BBIIIECKA3aHHOTO CIEAYET, YTO KOJ SBJISIETCS OOHO3HAYHO Oe-
KOOUpyemviM, €CIU KOJIOBbIE CJIOBA, COOTBETCTBYIOIIHUE PA3IUYHBIM
OyKBaMm TEpBUYHOTO ajipaBUTa, Pa3IUUHbl. ITO HEOOXOAMMOE YCIOBHUE
OJHO3HAYHOU JIEKOJUPYEMOCTH, OJJHAKO HE BCETIA TOCTATOYHOE.

C TOYKH 3peHUs TEOPUM M MPAKTUKU HAUOOJee BaXKHBIMU CPEIU
BCEX OJIHO3HAYHO JEKOJAUPYEMBIX KOJOB SIBISIOTCA TaK Ha3bIBAEMbIC
npeghuKkcHvie Koobi.

llpegpuxchbimu HA3BIBAIOT KOJBI, B KOTOPBIX KaXJI0€ KOJ0BOE
CJIOBO HE SIBJISIETCS HAYallbHOW 4acThiO (MPEePUKCOM) IPYroro KOJ0BOIO
CJI0BA. DTO YK€ IOCTATOYHOE YCIOBHUE OJHO3HAYHOU JIEKOIUPYEMOCTH.

HetpyaHo 3ameTuth, 4To KOABI 1 U 2 HEe ABISIOTCS NMPEePUKCHBI-
MU.

Kozbl y100HO onuchIBaTh rpauuecku ¢ MOMOIIbI0 rpada, Ha3bl-
BA€MOI'0 KOO0OBbIM 0epegoM. ITO JIEPEBO CTPOUTCS U3 OJTHOM BEPUINHBI
Y UMEET y3IIbl HYJIEBOTO, NIEPBOT0, BTOPOTO U TaK gajnee MmopsiakoB. M3
KaXJI0T0 y371a BBIXOAUT M Jiydyel — pEoep, KaxI0My U3 KOTOPBIX COOT-
BETCTBYET omnpeesicHHast OykBa BTOPUYHOTO ajaBuTa.

Ha pucynke 4.2 n300paxeHO KOJIOBOE J€pPEBO Kojia 3, ONucCaH-
HOTO B Tabsuile 4.1.

KaxaoMy i-My KOJJOBOMY CIIOBY JUTMHOM N CTABUTCS B COOTBET-
CTBHE y3eJ] Xj I-TO TopsJIKa ¥ ONPEACIICHHBIN MyTh TI0 KOJIOBOMY JIEPEBY
OT KOPHS 70 3TOTO y3Ja.
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KopeHb

epeBa
Aep Yanel 0-ro nopagka

¥Y3nel 3-ro nopagka
Puc. 4.2. [IpumMep K0JI0BOTO JIepeBa IBOUYHOTO KOJIa

U3 rpaduueckoro mpeacTaBieHusl CIeayeT, 4To Ko OyaeT mpe-
(UKCHBIM, €CJIM y3JIbl, COOTBETCTBYIOIIME KOJOBBIM CJIOBAM, SIBISIOTCS
KOHIIEBBIMH, T. €. YEPE3 HUX HE JISKUT MyTh K APYTHM y3JIaM, TaKxKe CO-
OTBETCTBYIOIIIMM KOJOBBIM CIIOBAM.

3amMeTuM, 4TO U3 KaXkJA0ro y3ja KOJOBOrO JAepeBa BRIXOAUT M pe-
Oep 1 IIoJsl BCeX Y3JI0B JIFOOOTo mopsijaka Beime 0—To, MPUXOISIIETrocs
Ha OIMH y3en 1-ro mopsyzka pasra 1/m=m . Jlanee, yepes 1 ysen BTo-
POro HOPSAKA IPOXOIAT MyTH K 1/M°=m ? yacTu Bcex y3IIoB JIH060r0 U3
y3710B OoJiee BBICOKOTO Mopsaka U T. 1. B obmem cioyuae yepes 1 y3zen
i—T0 IopsAKa NPOXOAAT IIyTH K M ' 4acTH Y3JI0B JI000T0 U3 y3JI0B boJee
BBICOKOTO MOPSIKA.

YuuTteiBas mocienHee, T0KaKeM TeopeMy, U3BECTHYIO Kak Hepa-
sencmeo Kpagma.

4.1.1. HepaBenctBo Kpadra

Teopema 1. Ecnu nenbie uncna Ny, Ny, ..., Nk YIOBIECTBOPSAIOT HE-
PaBEHCTBY
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TO CYIIECTBYET NpePUKCHBIN Ko ¢ ajldaBuTOM 00HEMOM M, IJIMHBI KO-
JIOBBIX CJIOB KOTOPOT'O PaBHBI 3TUM YHKCIaM, U 0OpaTHO, JUTMHBI KOJIOBBIX
CJIOB JIE0OOr0 MpehUKCHOTO KOJIa OTBEUarOT HepaBeHCTBY Kpadra.

ﬂOKdS’ame]leWl@O
k

[Ipenmnonoxum, uto HepaBeHCTBO Kpadrta Zm <1 ppmonus-
i=1

ercsa. IlocTtpouM COOTBETCTBYIOIIMN TpedUKCHBIM Koj (MepBas 4acTb
TEOPEMBI).
Y1ops1ourM JUTHHBI Nj B IOPsJIKE Bo3pacTanus (N, <N, <..<n,),
Bri6epem kakod—1ub0 y3en X; mopsiaka N; B MOJHOM KOJIOBOM

JIepeBe B KAUECTBE KOHLIEBOIO. DTO 3alPETUT MCIIOIb30BaHME M ™ ya-
CTH y3JI0B N;—TO W 00Jiee BBICOKOTO MOpPsAKA JJIsi BHIOOpa B KaueCTBE
KOHIIEBBIX JJISI APYTUX KOJIOBBIX CJIOB.

Cpenu TeX y3JI0B, KOTOPBIE €€ MOKHO HCIOJIb30BaTh B KAUECTBE
KOHIIEBBIX, BBIOEPEM y3€1 X, MOpsiKa Ny B KAUECTBE KOHILIEBOTO. JTO 3a-

—Nn
MPETUT UCTIOJIb30BaHue eme M ? yacTu y350B N,—T0 U 00JIee BEICOKOTO
nopsiJika Ui BbIOOpa B KaUeCTBE KOHIIEBBIX JJISI IPYTUX KOJOBBIX CJIOB
UT. I

j
—N: .
CymmMma Zm ' Ha j—M dTare MeHbIne | W 3TO 3HAYWT, YTO JIs
—

Clleqyrorero i+1-ro KoJI0BOTO COBa €Ile €CTh BO3MOKHOCTH BhIOOpA
y37a.

3anpelieHHble K UCIMOJIb30BAHUIO y3JIbl He mepecekatorcs. Cie-
J0BaTEIbHO, 00IIIast OJIs 3alPEIICHHBIX Y3JI0B paBHA CyMMe JI0JIeH, 3a-
MPEUIEHHBIX K MCIOJIb30BAaHUIO YK€ BHIOPAHHBIMU KOHIEBBIMU Y3JIaMH.

K
Orta 051 paBHa Zm ' TI0 MPEIOI0KEHUI0 MEHbIIIE JTUO0 paBHO 1, a
=

ATO 03HAYAET, YTO OCTAJIUCH HEKOTOPHIE Y3JIbl O0JIEE BHICOKOTO MOPSAIKA,
pa3pelIeHHbBIE K HCTIOJb30BAaHUIO B KAUECTBE KOHLIEBBIX.

JI71s1 3TOro MBI pacnonoXkuiav N B IOpsAKe Bo3pactanus. i mo-
SICHEHUST HY)KHO 00paTUTHCS K KOJIOBOMY JiepeBy (puc. 4.2).

JInst noka3aTenbCTBa BTOPOW YACTH TEOPEMBI O TOM, YTO JIMHBI
1000T0 NMpeUKCHOr0 KoJa OTBeuaroT HepaBeHCTBY Kpadra, 3ameTum,
YTO NMPEe(PUKCHOMY KOJIy COOTBETCTBYET OMpE/EICHHbIA HaOOp KOHIIE-
BBIX Y3JIOB, KaXK/bII U3 KOTOPBIX 3aKPBIBACT M ' JIOJIIO y3JI0B TOTO XK€ U
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0oj1ee BBICOKOT'O InopsaaKka sl UCIIOJb30BaHUSA B KAaYCCTBC KOHIICBLIX.
Ot A0JIM HEC IICPECCKAKOTCA, CIICAOBATCIIBHO, UX CYMMa HC MOXKCT IIpC-

BemIath 1. OTcrona Zm ' <1 utom TpeOOBaIOCH JI0KA3aTh.
=1

4.1.2. Teopema 00 00001IEHMH HEKOTOPBIX Pe3yJbTATOB, MO-
JIyYeHHBIX JJI5 NpeUKCHbIX KOJA0B, HA BCE OJJTHO3HAYHO JI€KOAUPY-
eMble KOAbI

JlokaxxeM Ternepb TEOpeMy, IMO3BOJISAIONTYI0 000011aTh HEKOTOPHIE
pe3yNbTaThl, MOJYUYEHHBIC JISI TPEPUKCHBIX KOJOB Ha BCE OJHO3HAYHO
JEKOIUPYEMbIE KOJIBI.

Teopema 2. [IycTh 3a1aH KOJI ¢ AJIMHAMH KOJOBBIX CJIOB Ny, Ny,

, Ny 1 ¢ andaBuToM 0o0BeMa M. Eciam koA OAHO3HAYHO JEKOJAMPYEM,

HepaBeHCcTBO Kpadra Zm ' <1 ynoenersopseres.
=1

Jloxazamenbcmao.
[IycThb Z — IPOU3BOIBHOE MOJOKUTEIBHOE YHUCIIO.
PaccmoTpuM TOXAECTBO

K K

k
m‘”i (n . +n;,)
Y| =y

L=l ;=1

3amerum, uro N, + N, +...+ 1, MoxHO MOHMMATE Kak Cymmy
IMMH Z KOAOBhIX cioB. (OO003HaUUM dTy CcymMMmMy depe3 |
(J=n +N_ +..+01N; ), a xonmmaecTBo KOMOMHAIMH, JAKOIMX OH-

HAaKOBYIO CYMMY JIMH AJ TOFI[a HUCXOJHOC TOXACCTBO MOXKHO 3aIlCaThb
B BHJC

K V4
Zm‘”i Z A;m- I
=1
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Ecin Ko/l 0JIHO3HAYHO JEKOAUPYEM, TO BCE MOCIIEI0BATENLHOCTH
KOJIOBBIX CJIOB C CYMMAapHOH JJIMHOM j KOJOBBIX OYKB (OyKB BTOPUYHOIO
andasura) sBisiiores pazauuneivu. [ostomy Aj <m’, 1. k. m! — o6mee
YHCII0 BCEBO3MOXHBIX KOMOUHAIMI 13 M OyKB 110 j. 13 3TOro ciuemyer

ZNmax . ZNmzx

> Am gznzmix mim =" 1=7n
= = =

K
> M < (Zn )"
i=1

z

k
m"

HOCKOJ’IBKY Z — IIPOMU3BOJIbHOC YHCJIO, YCTPEMHUM €TI0 B OeCKOHEU-
HOCTb:

lim(zn, Y% =1,

Z—>0

49TO MOXKXHO J0Ka34aTb, UCIIOJIb3Yys IIPAaBUIIO Jlonurans.

K
OTcrona ciemyeT, 4To E M <1 — gepapencrro Kpadra.
I=1

CormacHo Teopeme 1 cymiecTByeT MpedUKCHBIN KOJ ¢ TEMH Ke
Ny, Ny, ... Nk . [ToaTOMY BCE pe3ynbTaThl, MOTYUYCHHBIC I MPEPUKCHBIX
KOJIOB OMHOCUMENbHO CpeoHeli ONUHbl K0008020 c06a N, PACIPOCTpPa-
HSFOTCSI M HA BCE OJJTHO3HAYHO JACKOIUPYEMbIE KOJIBI.

Teopema 2 mokasaHna.

4.1.3. OcHoBHasl TeopeMa KOAUPOBAHUA IJIfl KaHAJA CBSI3U
0e3 myma

Teopema 3. Ilpu 3amanHo# sHTponu H UCTOYHMKA U 00BEeMEe M
BTOPUYHOTO ajipaBUTa CYIIECTBYET MPEPUKCHBIM KOJ C MUHUMAJIbHOM
CpEMHEN IIMHOM N, min KOJOBBIX CIIOB, OTBEYANOIIEH CIIELYIOIIEMY He-
PABEHCTBY:

H H

—=<n . <——+1
log,m~ @™ “log,m "
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ﬂOKClS’Clme]leWl@O

JlokaxkeM CHauasa JIEBYI0 4acTh HEPABEHCTBA, JJISl YETO MEPEMHU-
IIIEM €T0 B BUJIE:

H-n_ 109, m=<0.

Jlanee BBINOJHUM MPEeoOpa30BaHMUS:

K K
H -, min 109, m==>_p;log, p _21: pin; log, m=
= =

m~"

k
=1

1 “n k
Pi |0923+ pilog,m™ :;pi log,

Ecmu pasnoxute snorapudm log,x B psa Totnopa (cTeneHHON
pSi) U B3SThH MEPBbIE 2 YJIEHA 3TOrO pAJia, MOJIYYUM CIEaylolee Hepa-
BeHCTBO: l0goX < (X — 1) logee .

Hcnonb3yst 3TO HEPABEHCTBO, MPOJOHKUM MpeoOpa3oBaHUE
HaIIIETO BBIPAXKEHUS:

K m"
H-n_ 109, m= 21: p; log, e <
I=

K m—ni K T K
s; P, Ti—l log,e=log,e- ;m '—; P,

HOCKOJ’IBKY N — OJIMHBI KOJOBBLIX CJIOB Hpe(I)I/IKCHOFO KoJa, CO-

k
riiacHo HepaBeHCTBY Kpadra mepBas cymma B CcKOOKax Zm <1
i=1
Bropas cymma paBHa 1, T. K. ABISETCS MOJHOW CyMMOM BEPOSITHOCTEM.
CrnenoBaTenbHO, YMEHBIIAEMOE B CKOOKaX MEHbIIE BRIUYMTAEMOTO U Ca-
Ma pa3HOCTh oTpurarensHa. Jlorapudwm log,e > 0, ciegoBarensHO, camMo

BBIpakenne otpunatensuo: H—n . 109, M<0. Orciona cnemyer, 4to

H 4
Iog2 m cpmin
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U, TaKUM 00pa3oM, JeBas 4aCTh HEPABEHCTBA JOKa3aHa.
Jlokaxkem Ternepb MpaBylo 4acTh HEPABEHCTBA.

3ameTuMm, uto mipu [ =m jgorapud™M B MpaBOil 4acTu pa-
BEHCTBA
K m"
H-n_ ., log,m :le o Iogz—p_
1= |

cTtaHoBUTCS paBHBIM (. Torja HepaBEeHCTBO MPEBPAIACTCS B PABEHCTBO

B
|0g2 m o cpmin .

JlocTuub 3TOro MOXHO OBLIO OBI, €CJIM OBl MACAIbHBIC JIUHBI Ni,,
KOJIOBBIX CJIOB HaXOJWJINCh M3 BhIpaKeHUs [J = Mo (Nio = —10gmpi),
OJIHAKO B OOIIEM Clly4ae OHU JOJDKHBI Obl TOT/Aa OBITh APOOHBIMU YHC-
JIaMH, YTO HEBO3MOXKHO. DTH JJIUHBI JOJKHBI OBITh 1IEJIBIMU YUCIaMU H,
KpPOME TOrO, MX 3HAYEHUs JOJKHBI COOTBETCTBOBATh HEPABEHCTBY
Kpadra (HamoMHUM, 4TO Te€opema J0Ka3bIBACTCS JId MPEPUKCHOTO KO-
na): Py <M . 3Haunt, B KayecTBE PEANbHBIX JUIMH KOJOBBIX CJIOB
MOXHO BBIOMpaTh Oyukaiiiee OoJibIIee 1e]10€ Yrciio. MakcuMalbHOe
KE€ OTJIUYUE PEATbHON W HACaTbHON JJIMHBI MPU 3TOM MOXKET MPUOIH-

xatbcs K 1. Eciii mpeanonoxuTs HauXy Al ciiy4yaid, KOrja BCe IJTUHBI
OTJIMYAIOTCS OT MjcaIbHOM Ha 1, TO

pl < m—ni +1.

Ortcrona, JorapupMupys JIEBYIO U TMPaBYK 4YacTH HEPABEHCTBA,
HAXO0JUM

10 Py,

n <
log, m
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YMHOXas MPaBYK M JIEBYIO YAaCTH 3TOr0 HEPABEHCTBA Ha Pj U
CYMMHpPYS PE3yJIbTaThl IO BCEM I, MOJydYaeM IIPaByI0 4acTh HEpPABEH-
CTBa.

Takum oOpa3oM, Teopema 3 0 MUHMMAJIbHON CpeJIHEH JIMHE KO-
JI0OBOTO CJIoBa (OCHOBHAs TeopeMa KOJUPOBAHUS IS KaHama 0e3 Iryma)
JI0Ka3aHa.

4.1.4. Teopema 0 MMHUMAJbLHOH CpeJdHEl JAJMHE KOJA0BOIO
CJI0BA NMPH MOOJOYHOM KOJAMPOBAHUM

PaccmoTpuM Tenepp ciiyyaid KOJUPOBAHUS HE OTACIbHBIX OYKB
MCTOYHMKA, a TocyeoBaTenbHoCTeN 13 L OyKB.

Teopema 4. /{7151 1aHHOTO TUCKPETHOTO UCTOYHUKA O€3 MaMATH (C
HE3aBHUCUMBIMHM OyKBaMu) U 3HTponuerd H u o0beMoM BTOPUYHOTO all-
daBuTa M npu KoauMpoBaHUM OJiokamMu 1Mo L OykB cCyIiecTByeT mpe-
(PMKCHBIN KOJl CO CpeIHEN JIMHOW KOJOBOTO CJIOBA, OTBEYAIOLIEH Hepa-
BEHCTBY

H H
< . -
fog, m > Npmin < fog, m +1/L

Jloxazamenbcmeo

[TocnenoBarenbHOCTh U3 L OyKB MOXKHO paccmaTpuBaTh Kak HO-
ByI0 cyrnepOykBy. Torma MoXXHO MCIOJIB30BaTh TEOPEMY 3, COTJIACHO
KOTOPOM MUHHUMaJbHas CPEHSs IJIMHA KOJOBOTO CJIOBA JJI TAKOTO CO-
OOILIEHUSI OTPAHUYUBAETCS HEPABEHCTBOM:

Tak xak oTAeapHBIC OYKBBI MPEAIOIAraloTCsl He3aBUCUMBIMH, TO
sHTponHs nocuenosarensHoctd L 0yks H =L-H. Kpome Toro, cpen-

HsIs JUIMHA KOJia JIJIS IOCyeA0oBaTeIbHOCTH L OyKB n =

cpminL cpmin L » TO-

rga
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L-H L-H
B L L S
log, m log, m

[Tocne neneHust Bcex yacTteil HepaBeHCTBA Ha L mojiyyaem OKOH-
YaTeJbHbIN PE3yJbTarT:
H H

W3 Teopemsl 4 clieyeT, 4ToO €ciii KOaupoBaTh OJIOKamMu, TO, yBe-
Ju4uBas pazmep 0J0KOB L, MOKHO CKOJIb YTOJIHO MPUOIUZUTHCS K HUXK-
HEH I'PAHUIIEC CPEIHEH JJIMHBI KOJIOBOTO CJIOBA, T. €.

limn

L= o0
L—ooo cpmin IO npu L_) .

> M

4.2. OnTuMajibHble HEPaBHOMEPHbIE KOIbI

Hepasnomepnvimu Ha3BIBAIOT KOJbI, KOJIOBBIE CIOBA KOTOPBIX
MMEIOT PA3IMYHYIO JIJTUHY.

OnTUMaIbHOCTh MOXHO TMOHUMAaTh MO—Pa3HOMY, B 3aBUCHMOCTH
OT KpuTepus. B JTaHHOM cilydae TakuM KPUTEPHUEM SIBJISIETCS CPEIHSs
JUIMHA KOJIOBOTO CJIOBA. ORMUMANbHOCHIb C YUemOoM 3M020 Kpumepusl
NOHUMAEMCsl 8 CMbLCAEe MUHUMANbHOU OJIUHbL CPeOHell ONUHBbL KOO0BO20
cno8a.

JlanpHeiime BbIBOIBI Oy1€M Je1aTh MPHU CIECIYIOMINX YCIOBUSIX.

1. IlycTh OyKBBI HICTOYHHUKA A1, dy, ..., Ax AMEIOT BEPOSTHOCTH MO~
ABIEHUA P1, P2, ..., Px YHOPSIAOUUM OYKBBI B MIOPSIIKE yOBIBAaHUSI BEPO-
ATHOCTEN UX TMOSIBJIEHUS B COOOILICHUH U MPOHYMEPYEM UX B 3TOM IIO-
panke. B pesymprare p >p,>..>2p,. Jug xoxupoBaHus OyaeMm uc-
M0JIb30BaTh BTOPUYHBIN andaBur, cocrosmuii u3 2 0ykB — 0 u 1, T. e.
JIBOMYHBIN KOJI.

2. IlycTh Xq, Xo, ... , Xk — MHOXECTBO KOJOBBIX CJIOB, HMEIOIINX
IUTMHY Ny, Ny, ..., Ng. OTpaHUYUMCS TaKKe€ pacCMOTPEHUEM TOJIBKO Mpe-
(UKCHBIX KOAOB. Pe3ynbTaThl, MOTy4YeHHBIE B OTHOIICHUHU IJIUH KOJO-
BBIX CJIOB JJIsi Tpe(UKCHBIX KOJIOB, COTJIaCHO TeopemaM | U 2 MOXKHO
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paclpoCTpaHsITh Ha BECh KJIACC OJHO3HAYHO JACKOJIUPYEMBIX KOJOB, a
pE3yIbTaThl, MOJYUYCHHBIC ISl ABOMYHBIX KOJOB HECJIOKHO 000OIIUTH
Ha KOJIbl C JTI0ObIM 00BEMOM BTOPUYHOTO alipaBUTa.

Jlokaxem 2 JIEMMBI.

Jlemma 1. O cyliecTBOBaHMM ONTHMAJIBHOIO KOJIa C OJIMHAKOBOM
JUTMHOM KOJIOBBIX CJIOB JIByX HaUMEHEE BEPOSTHBIX KOJIUPYEMBIX OYKB.
Dopmynuposka. Jns 11000r0 HCTOUHHKA ¢ K>=2 OykBamu cyIie-
CTBYET ONTHMAaJIbHBIN (B CMBICIIE MUHUMYMa CPEIHEH JUTMHBI KOJIOBOTO
CJIOBA) ABOMYHBIN KOJI, B KOTOPOM JBa HAaMMEHEE BEPOSITHBIX CIIOBA Xy U
Xk_1 IMEIOT OAHY U Ty K€ JJIMHY U OTIWYAIOTCS JIUIIb TMOCIEIHUM CHM-
BOJIOM.
Ilpumep: ecnu cymecTtByeT koaoBoe cioBo Xk, = 01100010,
TO CyIIECTBYeT B KojoBoe ciioBo X1 =01100011
Jloxazamenbcmeo

1. Jlokaxkem cHayaja, 4To JjIs OnTUMaIbHOro Koga Ny <N, raoe

| < k, T. e. mociegHee KOJZOBOE CIIOBO, UMEIOIIEE, KCTATH, HAUMEHb-
LIy BEPOSTHOCTD ITOSBJIEHUS, HIMEET HANOOIBIIYIO IJIHHY.

Jyist moKaszaTenbCcTBa 3TOT0 BCIIOMHUM, 4TO M) = Z PN

HaiineM Ha CKOJIBKO U3MEHUTCSA Ny, €CIU Ny = Niax U MONBITAEMCS
TIOMEHATH €r0 C JIOOBIM JIPYTHM j—M CIIOBOM AJMHOMH Nj, T. €. @ KOIUPO-
BaTh Xy U Ay KOAUPOBATH X;.

[Tociie Takoil mepecTaHOBKU MOJIYYHUM:

k-1
Nepnp = B+ PN+ PN
i=Li#j
k-1 k
An cpnp pin; + pjnk + pknj _Z PN =
i=Li#] i=1

= PN + PNy — P, — knk:pj(nk_nj)_pk(nk_nj):
:(pk_pj)(nj_nk)

1
JleMMa - BcromMorarteiabHas TCOpEMa, HCO6XOI[I/IM351 AJI1 JO0KA3aTCJIbCTBA APYTUX TCOPEM.
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Ecnu konx ontumanes, To jro0as NMEpPEeCTaHOBKA KOJOBBIX CIIOB
NOJKHA IIPUBOAUTH C POCTY CPENHEN JUIMHBI KOAOBOIO CIIOBA — K TOMY,
4TO chp >0 u x npeBpaleHHIO KOJa W3 ONTUMAIILHOIO B HEONTH-

MAaJIbHBIN.
JlokaxxeM, 4TO Mpu NPUHATHIX HAMHU YCJIOBUSX JACHCTBUTEIBHO

>.n,=0.

1

ITOCKOJIBKY, COTJIACHO ITOCTYJIMPOBAHHOMY  YCJIOBHIO, OYKBBI
HEPBUYHOrO anaBUTa YHOPSIOYEHEI B HOPSIKE YOLIBAHUS BEPOSTHO-
crelt, pasHocts P, — P; <0. C apyroii cropownsl, N, —N; 20, Toraa, Ko-

raa N 2N, 9410 u TpeOOBaIOCh JI0Ka3aTh.

2. 3aMeTuM jAajee, 4To B JJIIOOOM ONTHUMAJIbHOM NPehHKCHOM
KOJIe, JUIsl KOTOPOTO Nk = Npax, JOJDKHO OBITH APYro€ KOJOBOE CIOBO, OT-
Jauyaronieecs oT N TOJbKO OYKBOW B MmocienHeM pazpsiae. Hampumep,
eciau X = 10110, To momkHO emie ObITh cioBo X; = 10111. D10 cnenyer
13 TOTO, YTO B MPOTUBHOM CITydae ATOT MOCICTHUN pa3ps MOKHO OBLIO
OBl 0TCEYb O€3 HapyLIEHHs CBOWCTBA NpeduKca U Ny, YMEHBIIMIOCH Obl,
YTO JJIsi ONTUMAJIBHOTO KOJia HEeBO3MOXHO. CieoBaTesibHO, KOJIOBOE
CJIOBO, OTJMYAIONUIEECS TOJIBKO MOCIEIHUM pPa3psiioM, IOJKHO CyIle-
CTBOBATb.

3. Haxkownert, eciu Xj OTIMYaeTCs OT Xk TOJIBKO B OJHOM TMO3H-
UM, TO Ni=Nyg U, X; U Xx_; MOXHO MOMEHITh ME€CTaMM 0€3 yBEJIUYCHUS
Nep-

Takum oOpa3zoM, HaMM JOKa3aHO, YTO KOJIOBBIE CIOBa Xy M X¢_1
ONTHUMAaJIBLHOTO NMPe(PUKCHOr0 KOJAa MMEIOT OJMHAKOBYIO U MaKCHUMaJlb-
HYIO0 JUIMHY Ng=Ny_; U OTJIUYAIOTCS JHUIIL OJHOW OYKBOW BTOPUYHOTO
andaBura.

C moMolIp0 3TOM JEMMBI pellIeHUuEe 3aJayd MOCTPOSHMS OMNTH-
MaJIbHOTO KOJIa CBOJUTCA K PEIICHUIO 3aJauyd IMOCTPOCHMS KOJOBBIX
CIOB X1, X9, ... , Xk_» M OTBICKAHHMIO TEPBBIX Ni_; CUMBOJIOB KOJOBOIO
CJI0Ba X.

Cnenys NpHHSITOW TEPMHHOJIOTHMH, HA30BEM COBOKYMHOCTH {a}
OyKB MepBUYHOTO aidaBuTa, yHOPSAOUYCHHBIX B MOPSIKE YObIBAaHUS Be-

1
Ilocmynam (ot nat. postulatum — TpeGoBanue) — yTBepkAcHUE (CYXKICHUE), TPHHUMAEMOE B
paMKax KakoW-Tu00 HAyYHOH TEOpHH 3a HCTUHHOE, XOTS W HEeI0OKa3yeMoe €€ CpeICTBaMH, U
MIO3TOMY UTparollee B Hel POJIb aKCHOMBI.
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POSITHOCTEH MOSIBIICHHUST U BepoATHOCTEH {P} X mosiBaCHUS ancamobiem
U.

OnpenenuM Tenepb pedyuupoeaHHbzzll ancamoap U' kak aH-
caM0J1b, TTOJYYEHHBIN U3 UCXOJIHOTO HEPEAYIIUPOBAHHOTO aHCAMOJIs my-
TE€M 3aMEHBI ABYX IMOCIEIHNX (C HAMMEHBIIIEH BEPOATHOCTHIO) OYKB HC-
XOJHOT'0 aHCaMOJIsl OJJTHOM HOBOM OYKBOM peayILIMPOBAHHOI'O aHCAMOJI.

Takum 00pa3zoM, peaylupOBaHHBIN aHCAMOJIb OTJIWYAETCS OT MC-
XOJTHOTO HEPEAyIIMPOBAHHOTO MEHBIIMM Ha OJHY OYyKBY KOJIHMYECTBOM
OykB nepBUYHOro ajndaButa. Bce OyKBBI peaylUpOBAaHHOTO aHCaMOJIs,
KpOME€ OJIHOM, COBMAJar0T ¢ OyKBaMM HUCXOJHOro aHcaMOms. OnHa ke
OykBa peIylnMpOBAHHOIO aHCaMOJisi 3aMeHseT JBe TMocieaHue (c
HaUMEHBIIIEH BEPOSITHOCTHIO MOSBJICHUS) OYKBBI UCXOJHOTO aHCaMOJIs.
BeposiTHOCTh MOsIBIECHUSI 3TOM HOBOW OYKBBI PEAYIIUPOBAHHOI'O aHCAM-
OJIs TIpU TaKO# 3aMEHE, €CTECTBEHHO, paBHA CYMME BEPOSTHOCTEH IOSB-
JieHUsI IByX OYKB UCXOJHOTO aHCaMOJIsi, KOTOphIE OHA 3aMEHSIET.

bykBbl andaButa penyupoBaHHOTO aHCAMOJIS TaK e, KaK OYKBbI
andaBuTa HEPEAYIUPOBAHHOTO aHCAMOIIS, YIOPSIOYHBAIOTCS B MOPS-
Ke yOBIBaHUSI BEPOSITHOCTEN MX TOSIBJIICHUSI B cOOOIIeHUU. B pe3ybTare
TaKOTO YIOPSAI0YEHHUS TTOJIOKEHHUE JIaKEe OJTHUX U TE€X )K€ OYKB B UCXOJI-
HOM U PEIyIIHPOBAHHOM aHCAMOJIE MOXKET OBITh PA3IMIHBIM.

JIro0oii nmpeduKcHBIA KOa peayluupoBaHHoro ancamo6mis U', Mox-
HO TPEBPaTUTh B KOJ HMCXOTHOTO aHCAMOJS TMPOCTHIM J00aBICHHUEM
KOHIIEBOTO cuMBoOJia 0 K KOJOBOMY CJIOBY X'k_1 CHMMBOJIa 1 K KOJIOBOMY
CIOBY X'k. DTO yCTaHaBJIMBAET B3aMMHO OJIHO3HAYHOE COOTBETCTBHUE
MEXTy MHOXXECTBOM NPE(HHUKCHBIX KOJOB PEAYIIMPOBAHHOTO aHCAMOIIS
U' u MHOXeCTBOM NpedUKCHBIX KOJIOB UCX0HOro ancaMoOis U.

Jlemma 2. O0 onTtuMaabHOCTH MIPEPUKCHOTO KOJa HEPEIYLHPO-
BaHHOTO aHCaMOJs, eclii MPe(pUKCHBIA KOJ PeIyIHPOBAaHHOTO aHCaM-
0JIs1 onTUMAaJIeH

Dopmynuposxa. Ecnm HEKOTOpbIM NPEeUKCHBIA KOJ PEeayIUpo-
BaHHOTro aHcamOis U' gBiseTcs onTUMalIbHBIM, TO COOTBETCTBYIOIIUI
eMy Tpe(@UKCHBIM KOJ HMCXOJHOTO aHcaMOJig TakXKe SBISETCS ONTH-
MaJIbHBIM.

Jloxazamenbcmeo

! Peoykyus (ot nart. reductio — BosBpallieHue, npuBeeHHe 0OPATHO) — YHPOILIEHUE, CBEICHHE
CJIOXKHOTO K 0oJyiee TpocTOMy, 0003pUMOMY, TTIOHUMaeMOMYy, 0oJiee JOCTYITHOMY /IS aHAJIH3a
WJIH pElIeHUs; YMEeHbIIIEHHE, OclIabIeHe Yero-1muoo.
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3aMeTUM, YTO HEPEAYIIUPOBAHHBIA KOJ OT PEAYLIMPOBAHHOTO OT-
JIMYAETCS TOJBKO 3aMEHOM OJHOTO KOJOBOTO CJIOBA PEAYLIMPOBAHHOIO
KOJIa ABYMSI KOJOBBIMH CJIOBAMHU HEPEAYyLUHUPOBAHHOrO. Bee ke ocralb-
HBIC KOJIOBBIE CJIOBA 3TUX KOJOB COBIaaaroT. KpoMe TOro, mockoybKy
COrjgacHO (OPMYIUPOBKE JIEMMBI PEAYIUPOBAHHBIN KOJ ONTHUMAJEH,
CpelHsIsl JJIMHA €r0 KOJIOBBIX CJIOB MUHMUMalibHA. Ecin ynmactes moka-
3aTh, YTO 3aMEHA OJIHOTO KOJIOBOTO CJIOBA PEAYIIMPOBAHHOIO KOJIa JIBY-
MsI KOZOBBIMHM CIIOBAMHM HEPEAYLUHUPOBAHHOTO NMPUBOJUT K MUHUMAIIb-
HOMY YBEJIMYECHUIO CPEIHEN NIMHBI KOJOBOTO CI0BA HEPEAYIIUPOBAHHO-
ro KOJia, TO 3Ta CPEAHAS JJIMHA TAKXKE SBJISIETCSI MUHUMAJIbHO BO3MOX-
HOHM M, CJIEIOBATEIbHO, MOJYYEHHBIM TaKUM 00pa3oM HepeayluHupOBaH-
HBIW KOJI SIBJISIETCSI ONITUMAJIbHBIM.

s noxa3zaTenbCTBa 3aIlUIIEM BBIPAXKECHUS IS CPEIHEW JJIUHBI
KOJIOBBIX CJIOB PEIYLIHPOBAHHOTO M HEPEYLIMPOBAHHOTO KO/IA.

Cpennsist IJiMHA HEPEAYIIMPOBAHHOIO KO/

K k-2
Ny :izzll Pin, :izzl: Pin; +(pk—1+ pk)nk’

MOCKOJIbKY, COTJIaCHO JieMMe 1, JIBa MOCJIEAHUX KOJOBBIX CJIOBA JBOUY-
HOTO ONTUMAJILHOTO KOJa MMEIOT OJMHAKOBYIO JUIMHY U OTJIWYAIOTCSA
CHMBOJIOM IOCJICAHETO pa3psa.

CpenHsisi JylnHa peaylMpoOBaHHOTO KoIa

K= k-1

PN = D PN (Pt P(nc-1),

n', = | |
J=1 j=r J=1 j=r
raic r — HOMCP KOAOBOI'O CJIOBA pCAYLHPOBAHHOI'O KOA4, ITOJYYCHHOTO
nyTeM 00BbETUHEHUSA JABYX IIOCJICIHHUX KOIOBBIX CJIOB HMCXOJHOI'O HE-
peaAynrupoOBaHHOI'O KOJa.

Hano yuecTp, 4TO mocie 3TOro BCE KOJIOBBIE CJIOBA PEIYLIUPO-
BAaHHOI'O0 KOJa MEPEeynopsa0o4YnuBarOTCsI B IIOPSIAKE y6I>IBaHH51 BCPOATHO-
CTeﬁ, a I — HOMEp O6T>CI[I/IH€HHOFO KOJOBOT'O CJIOBaA IIOCJIC O3TOI'0 YIIOps-
JOYCHMUA.
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HoBoe koj0BO€ CIIOBO MOMYyYaeTcsl U3 KOAOBBIX CIIOB, KOTOPBIE
OHO 3aMEHSAET IMyTeM OTOpachIBaHUA MOCIEIHETO pas3psiia, KOTOPHIM OHH
OTJIMYAKOTCA APYT OT apyra. [loaTomy ero nnvHa Ha 1 MeHbIIIE.

Teneps HalizieM U3MEHEHHUE CpeHEe IIMHbI AN,

k-1
nlcp:ncp_n'cpzzl pini+(pk—l+ pk)n
1=
k-1
pin’ "‘ pk 1+pk)( 1):pk—l+pk'
J=l7JW

DTO NpHUpallEeHUEe MUHUMAIBHO, T. K. Py_1 U Px — HAUMEHBIIIUE BE-
POSATHOCTH. DTO U JOKA3bIBAECT JIEMMY 2.

3azada mOCTPOEHUS] ONTUMAIIBHOTO KOJIa TENEPbh CBOJIMUTCS K IIO-
CTPOEHHMIO TTOCJIEIOBATEIBHOCTU PEAYIIUPOBAHHBIX aHCAMOJICH:

U-sU'-U"-SU"—>...

[Ipu kax10¥ penykuuu (YMEHBIICHUHN) YUCIO OYKB B IEPBUYHOM
andaBuTe yMeHbIIaeTCs Ha 1 OyKBY M HACTYINaeT MOMEHT, KOT/Ia B pe-
3yJbTaTe PEAYIUPOBAHUS OCTAHYTCS TOIBKO 2 OYKBbI. ONTHUMAJIBHBIM
KOJI ISl TaKOoro ancamoOisi oueBuaeH — 0 st ogqHoM OykBbI U 1 — muis
npyroi. Jlanelie, IBUrasch B 0OpaTHOM HallpaBJICHUU

—~U"->U"-5U"'>U,

NePeXois OT ONTUMAJIBLHOTO KOJ/Ia PEIYyKIIMH 00Jiee BRICOKOTO TIOpSIKa K
OTNITUMAJIBHOMY KOJIy PEAyKIIMH MEHEe BBICOKOTO TOPSAKA, 9TO MOXKHO
JeJIaTh COIJIaCHO JIEMME 2, MOKHO JOWTH IO ONTHUMAILHOTO KOHAa HC-
xogHoro ancamousg U.
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4.2.1. Koabl XadpPpmena

Ha sToM anropurme mocTpoeHa MHpoieAypa MOCTPOCHUS OINTH-
MaJIbHOTO KOJia, mpejioxenHas B 1952 r. /1. Xa(b(bMeHOMl:

1) OykBBI HepBHYHOrO andaBUTa BHIIMCHIBAIOTCS B OCHOBHOM
cToJiOel] B MOpsi/IKe yObIBaHUS BEPOSITHOCTEH;

2) nBe mocleaHue OyKBBI OOBCIMHSIOTCS B OJHY BCIIOMOTa-
TEJIbHYI0 OYKBY, KOTOPOU MPUIHCHIBAETCS CyMMapHasi BEPOSITHOCTb;

3) BeposATHOCTH OyKB, HE Y4YaCTBOBABIIUX B OOBCIAMHCHHH, U
MOJTy4YeHHasi CyMMapHasi BEpOSITHOCTh CHOBA PacIojiaraloTcsi B MOpsIAKe
yOBIBaHUSI BEPOATHOCTEH B JOMOJHUTEILHOM CTOJIOIIE, a ABE MOCIICIHHE
00BEeTUHSIOTCS,

4) Tpolecc MPoJI0JDKACTCS JI0 TEX IOop, ITOKa HE MOJYyYHUM €JIHH-
CTBEHHYIO BCIIOMOTaTEIbHYI0 OYKBY C BEPOSITHOCTbIO, PABHOW €AMHUIIE.

Metoarka MOSICHAETCS MPUMEPOM, MPEICTABICHHBIM B Ta0Ju-
e 4.2.

Jlns  cocTaBieHUS KOJOBOM KOMOWHAITMH, COOTBETCTBYIOIICH
JTAHHOMY COOOIIEHHUI0, HEOOXOIUMO TPOCIECAUTh MYyTh MEpPexoja Bepo-
STHOCTH COOOIIEHHUS IO CTPOKAM U CTOJIOIaM TaOJIHIIHL.

JI1s1 HArMAIHOCTU CTPOUTCS KOJIOBOE AepeBO. M3 TOUKH, COOTBET-
CTBYIOIIIEH BEPOSITHOCTU 1, HAIpaBIAIOTCS ABE BETBH, NPUUYEM BETBU C
OOJIbIIeH BEPOSITHOCTHIO MTPUCBAaUBAaETCA CUMBOI 1, a ¢ MeHbIueit — 0.

Takoe mociegoBaTeNbHOE BETBJIEHUE MPOJOAKAEM JO TEX IOp,
noka He jJoijaemM a0 Kaxaou OykBwl. KomoBoe aepeBo mis andaBurta
OyKB, pacCMaTpUBAEMOT0 B TAOJIHIIE, N300paKEHO HA pUCYHKE 4.2.

JIBHUrasicp 1mo KOAOBOMY JEPEBY CBEPXY BHHU3, MOXHO 3allUCaTh
TUTSL KaKJIOM OYKBBI COOTBETCTBYIOINIYIO €M KOJIOBYHO KOMOWHAIIMIO!

m; m, M3 My Mg Mg my Mg

01 00 111 110 100 1011 | 10101 |10100

! IIsux Xabdman (p. 9 asrycra 1925, Anpsnc, Oraiio — 7 oxrsops 1999, Canta Kpys, Kanudopans) —
niepBomnpoxojel B chepe nHpopmatuku. B 1952 rony cozgan anroput™ npeuKCHOTO KOJAUPOBAHUS C MUHHMAIb-
HOM M30BITOYHOCTBIO (M3BECTHBIA KaK airopuTM wik Koj Xaddmana). B 1999 roxy momyuun menans Puuapia
XsMMUHTa 332 UCKITFOYUTENBHBIN BKIIa B Teopuro nHpopManuu
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http://ru.wikipedia.org/wiki/%D0%9E%D0%B3%D0%B0%D0%B9%D0%BE
http://ru.wikipedia.org/wiki/7_%D0%BE%D0%BA%D1%82%D1%8F%D0%B1%D1%80%D1%8F
http://ru.wikipedia.org/wiki/1999
http://ru.wikipedia.org/w/index.php?title=%D0%A1%D0%B0%D0%BD%D1%82%D0%B0_%D0%9A%D1%80%D1%83%D0%B7&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BB%D0%B8%D1%84%D0%BE%D1%80%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/1952_%D0%B3%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%B4_%D0%A5%D0%B0%D1%84%D1%84%D0%BC%D0%B0%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/1999_%D0%B3%D0%BE%D0%B4
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Ta6muma 4.2

KonupoBanue metonom Xaddpmana

BermomorarenbHBIE CTOJOIEL
Cumeodsl | BepoarHoeTn T > 3 N - 5 .
m, 0,22 0,22 | 0,22 > 0,26 p 0,32 = 0,42 > 0,52}-'_, 1
m, 0,20 0,20 | 0,20 0,22 || 0,26 || 0,32]]| 0,42
m, 0,16 0,16 | 0,16 || 0,20 0,22} (},26}
m, 0,16 0,16 | 0,16 || 0,16(| 0,20
m, 0,10 0,10 *-0,16} 0,16}
m, 0,10 0,10{| 0,10
m, 0,04 -:-0,06}
mg O,UE}I
Y
m,

ny

Puc.4.3. KomoBoe nepeBo mo anroputMmy Xaddmana
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4.2.2. Koapl lllennona — ®ano

Panee, He3aBucumMo apyr ot apyra llleHHOHOM u ®aHo® 6bLIa
npeJyIoKeHa Japyras npoueaypa nocrpoenus 3¢dexruBHoro kona. Ilo-
Jy4aeMbIil IpU €€ OMOIIY KOJ Ha3bIBatOT Kodom [llennona — Dano.

Kon [llennona — ®aHoO CTPOUTCS CIASAYIOIIUM 00pa3oM:

1) OykBHI andaBuTa COOOMICHUI BBIMUCHIBAIOTCS B TAOJIMIY B
nopsiike yObIBaHUSI BEPOSTHOCTEH;

2) 3aTeM OHHM Pa3JICIAIOTCS Ha JBE T'PYIIBI TaK, YTOOBI CYMMBI
BEPOSTHOCTEH B KaXJ10¥ U3 IPyNIl ObUIM MO BO3MOKHOCTH OJIMHAKOBHI;

3) BceM OykBaM BEpXHEH IOJOBHHBI B KA4€CTBE MEPBOIO CHM-
BOJIa IpUMNUChIBaeTcs 1, a BceM HkHUM 0;

4) xaxaas U3 MOJYYCHHBIX TPYIII, B CBOIO OYepe/b, pa3OnuBaeT-
Csl Ha JBE€ MOATrPYMIbI C OAMHAKOBEIMU CYMMApPHBIMUA BEPOSITHOCTSMU U
T. 1.,

5) mporecc MOBTOPSCTCS JIO T€X IO, MOKa B KaXKJI0H HOATPYII-
1€ OCTAHETCs 110 OJHOMN OYKBE.

PaccmoTrpum andaBuT U3 BOCbMU OyKB. SICHO, 4TO NMpU OOBIYHOM
(HE YYUTBHIBAIOIIEM CTATUCTUUECKUX XAPAKTEPUCTUK) KOAUPOBAHUM IS
MpEeACTaBICHUS KaX a0 OyKBBI TPEOyeTCSl TPU CUMBOJIA.

Haubonvwuti 2¢pgpexm cocamus mojiydaercsi B ciiydae, Korja Be-
POSITHOCTH OYKB MPEJCTABISIOT COOOH 1IEJIOUYNUCICHHBIE OTPULIATEIIbHBIE
cTereHu ABoMkU. CpellHee YMCIIO CUMBOJIOB Ha OYKBY B 3TOM Cllyyae
TOYHO PABHO SHTPONUU. Y OSTUMCS B 3TOM, BEIYMCITUB SHTPOITHUIO

H (Z)=—IZ:: P(z)log p(zi)zlg

M CPEHEE YUCIIO CUMBOJIOB Ha OYKBY
8 63
., = p(zi)n(zi):la

1=1

! PobGept Mapuo ®ano, poamics B 1917 r. B Uranuu B Typune. B nepuoxa ¢ 1950 no
1953 rox oH BO3MIABISUI TPYIITY M3YYCHHs PAIMOJIOKAIIMOHHBIX TeXHOJNOTHI B JlaGopartopuu
uM. JIMHKOJIbHA, HO B OCHOBHOM €ro pabota Oblia cBa3ana ¢ MUT. B nauane 60-x oH 3aHuMacs
pa3paboTKOil KOMIIBIOTEPOB, PabOTAIONIMX 110 MPUHIMITY pa3zesieHus BpeMeHu. B 1976 r. dauno
nonyuun npemuto Kiona lllenHona 3a Bki1aja B pa3BUTHE TEOPUU HH(POPMAITUH.
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. 1
rae N(Ze) — 4uca0 CUMBOJIOB B KOJIOBOM KOMOMHAIIMHU , COOTBETCTBYIO-
et OykBe Z,. XapakTEpUCTHKH TAKOTO aHCAMOJIS M KOJBI OYKB TIPe/-
CTaBJICHBI B Ta0uIe 4.3.

Taomuna 4.3
ITpumep kogupoBanug MetoqoMm lllennona—Pano
B B Crynenu pa3oueHus Konossie
YIEb! CPOMTHOCT 1712 3[4 [5 [6 [7 | komGusamn
Z1 1/2 1 1
Z2 1/4 01 01
Z3 1/8 0/0]1 001
Z4 1/16 000 |1 0001
Z5 1/32 0/0]0|0 |1 00001
Z6 1/64 0/0|/0|0]0 |1 000001
Z7 1/128 0/0/0|0 |0 |0 |1 |0000001
Z8 1/128 0/0/0|0|0 |0 |0 0000000

B 6osiee oOmiem ciyudae mis andaBuTa U3 BOCbMU OYKB CpelIHEE
YHCJIO CUMBOJIOB Ha OYKBY Oy/J€T MEHbIIIE TPeX, HO OOJIbIIE YHTPOIUH
andasura H(Z).

B Ttabmune 4.4, B omnuune oT Tabmuiel 4.3, NpUBEIEH MpPUMED
KOJIUPOBaHUs TMPOU3BOJIBHOIO aHcamMoOisi merogoM lllennona - daHo.
s ancamOma OykB, ImpuBEAEHHOro B Tabnuie 4.4, sHTponMs paBHA
2,76, a cpeHee YMCIO CUMBOJIOB Ha OykBy 2,84. CrenoBaTeiabHO, HEKO-
TOpasi U30BITOYHOCTh B IMOCJIEA0BATEIBHOCTSIX CUMBOJIOB OCTajach. U3
TeopeMbl [lleHHOHA cieayeT, YyTO 3Ty M30BITOYHOCTHh TaKXKE MOKHO
YMEHBIIIUTh, €CIU MEPEUTH K KOJUPOBAHUIO JOCTATOYHO OOIBITUMHU
OJIOKaMHU.

1 o .
Ywucmo pa3psioB B KOJIOBOM KOMOMHAIIMY 3/IeCh M B JaJIbHEWIIeM 0003HAYCHO Yepe3 N I TO-
ro, YTOOBI H30€KaTh PACXOXKICHUS C OOIIETPUHITON TePMHUHOIOTHEH B 00macT 3P PeKTUBHO-
T'0 ¥ IOMEXOYCTOWYIMBOTO KOJUPOBAHUS.




155

Tabnuua 4.4
IIpumep kogupoBanusa merogoM [lleanona—®ano

Bepo- Crynenu pazoueHus Kozossie

bykBbI SITHO- KOMOMHaINU
CTH 1 |2 |3 |4 |5 |6

Z1 0,22 1 |1 11

Z2 0,20 1 |0 |1 101

Z3 0,16 1 |0 |0 100

Z4 0,16 0 |1 01

Z5 0,10 0 |0 |1 001

Z6 0,10 0 |0 |0 |1 0001

Z7 0,04 0 |0 [0 |0 |1 00001

Z8 0,02 0 |0 [0 |O |O 00000

PaccmoTpum cooOrieHns, 00pa3oBaHHBIE C IMOMOINBIO aipaBHTa,
COCTOSIIIIETO BCEro U3 JIBYX OYKB Z; U Zy, C BEPOSTHOCTSIMU TOSBJICHUS
cootBercTBeHHO P(Z,)=0,9 m p(Z,) =0,1.

[TockoybKy BEpOSITHOCTH HE pPaBHbI, TO MOCJIEA0BATEIBLHOCTh U3
TakuxX OyKB OyJeT o0sianarh M30bITOYHOCTHIO. OJIHAKO MPHU MOOYKBEH-
HOM KOJMPOBAHUU HUKAKOTO 3(dekTa He moydaeTcs.

JleficTBUTENIBHO, HA TIepeAavy Kakaouh OyKBBI TPeOyeTCsl CUMBOJ
au60 1, mu6o 0, B To BpeMst Kak 3HTponus paBHa 0,47.

[Tpu xonupoBaHUU OJIOKOB, COJIEPXKAIIMX MO JBE OYKBBI, MOJY-
YUM KOJbI, MOKa3aHHbBIe B TaOmuIle 4.5.

Tabnuia 4.5
Koaupoanue kogom Illennona — ®aHo 0JI0KOB MO iB€ OYKBbI
BVKBLL BeposTHOCTH Ctynenu pa3OueHus KOJOBBIC
Y P 1]2[3[45]6 |7 |xombunauuu

Z17, 0,81 1 1

Z,7Z, 0,09 0|1 01

Z37, 0,09 0|0 (1 001

Zi2Z4 0,01 0|0 1|0 000

Tak kak OyKBBI CTATUCTUYECKU HE CBSI3aHbI, BEPOSITHOCTU OJIOKOB
OMPENIETSAIOTCS KaK MPOU3BEICHUE BEPOSITHOCTEN COCTABISAIOMIUX OYKB.

CpenHee 4ucCiio CUMBOJIOB Ha OJIOK TosrydaeTcs: paBHbIM 1,29; a
Ha OykBy — (,645.
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KoaupoBanue OJIOKOB, coIepKallux IO TpW OyKBBI, JAcT €IIe
oonpiuit 3¢ dext. CoOOTBETCTBYIONMIMNA aHCAMOJIb U KOJbI NIPUBE/ICHBI B
tabnuiie 4.6.

Tao0mnuna 4.6
Konuposanue koaom [llenHona — @aHo 6JIOKOB MO TPU OYKBBI
Crtynenu pazoueHus KOJIOBBIC
byxBbI BepostHocTH 11213121516 7 | xom6unamuu
17,7, 0,729 1 1
Z,7,7, 0,081 0|11 01
YARLYA 0,081 0|1(0 010
L, 7,7, 0,081 0101 001
2,2, 7, 0,009 0[0|0]|1]1 00011
Z,7,7, 0,009 0100 |1]0 00010
17,27, 0,009 0000 ]|1 00001

Cpennee uncino CMMBOJIOB Ha 0ok paBHO 1,59; a Ha OykBy —
0,53; uto Bcero Ha 12% Oompie sHTponHu. TeopeTnyeckuii MUHUMYM
H(Z)= 0,47 moxeT ObITh JOCTUTHYT IPH KOAUPOBAHUU OJIIOKOB, BKITIO-

yarouyx OeckoneuHoe uncno 6yks:  liml, =H(Z).

Crnenyer NMogyepKkHyTh, YTO yBeaudeHHE 3P(HEKTUBHOCTU KOAU-
POBaHMS MIPU YKPYHMHEHUM OJIOKOB, HE CBSI3aHO C YYETOM Bce Oosee ja-
JIEKUX CTAaTHCTUYECKUX CBS3€H, TaK KaK HaMHU paccMaTpUBAINCH alia-
BUTHI C HEKOPPEIUPOBAaHHBIMU OykBaMHu. [loBbilienne 3¢ (HeKTUBHOCTH
OTpeAeIsIeTCA JIMIIh TEeM, 4YTO HAaOOp BEPOSITHOCTEH, MOJIyYaroIIuicCs
MpYU YKPYIMHEHUU OJIOKOB, MOKHO J€JIUTh Ha OoJiee OJM3KHUE IO CyM-
MapHBIM BEPOSITHOCTSM HOATPYTIIIHI.

PaccmoTpennas meroauka IllenHona — ®aHo He Bcerjga MpUBO-
IUT K OJHO3HAYHOMY MOCTPOCHHIO Koja. Beap mpu pazOueHuun Ha mo/-
IPYIIBI MOKHO CJIeJIaTh OOJIbIIIEeH O BEPOATHOCTH KaK BEPXHIOIO, TaK U
HIKHIOIO TIOATPYIIITY.

MHOXXECTBO BEpOATHOCTEW, MNpPUBEACHHBIX B TaOmuie 4.4,
MO>XHO OBLTO ObI pa30UTh WHAYE, HATPUMED, TaK, KaK 3TO MOKA3aHO B
tabnure 4.7.
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Tabmuma 4.7
Bapuant kogupoBanus Mmeronom lllennona — @ano
Crynenu pazoueHus KOJOBBIE
byxBbI BepostHoctn 1 12 13 14 15 16 17 |xomounamm
Z 0,22 1 |1 11
Z, 0,20 1 |0 10
Z3 0,16 0 |0 |1 001
Z, 0,16 0 |1 |0 010
Zs 0,10 0 |0 |1 001
Zs 0,10 0 |0 |0 |1 0001
Z; 0,04 0 |0 |0 |0 |1 00001
Zg 0,02 0 |0 [0 |0 |O 00000

[Ipu 3TOM CpegHee YUCa0 CUMBOJIOB Ha OYKBY OKa3bIBAa€TCs paB-
HbIM 2,80. TakuM 00pa3oM, TOCTPOCHHBIN KOJI MOKET OKa3aThbCs HE ca-
MbIM JiydiuM. [Ipu moctpoenun 3¢(PEKTUBHBIX KOJIOB C OCHOBaHUEM
M>2 HEONPEACIICHHOCTh CTAHOBUTCS €111e OOJIbIIIEH.

OT yKa3aHHOTO HelocTaTka cBoOoaHa MeToanka Xappmena. Ona
rapaHTUPYET OJHO3HAYHOE MOCTPOCHUE KOJIa C HAUMEHBIIUM IS JIaH-
HOT'O paclpe/ielieHUs] BEPOATHOCTENM CPEJHUM YHUCIOM CHUMBOJIOB Ha
OyKBY.

4.2.3. IlapameTpbl 3 PEeKTUBHOCTH ONTUMAJIBHBIX KOJI0B

Takux mapameTpoB 2: KOdPEHUIIMEHT CTATUCTUYECKOTO CXKATHUS U
ko3 duimeHT oTHocutenbHOM 3P dexTuBHocTH. O0a MapaMeTpa xapak-
TEPU3YIOT CTENEHb YMEHBIIICHUS CPeHEN JUTMHBI KOJ0BOTO ciioBa. [lpu
ATOM CpEIHSISl JIJIMHA KOJOBOI'O CJIOBAa CPABHUBAETCA C MHHUMAIIBHO
BO3MOKHOW CPEIHEN JUIMHOM KOJOBOTO CJIOBA.

Kosgppuyuenm cmamucmuueckozo cocamus ONPENETSETCA IO

dbopmyie

(I092 m)-ncp |ngm.i pin;
=1
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rae K 1 m — 00beMbl IEPBUYHOTO M BTOPHYHOTO aihaBUTOB; 10goM yum-
ThIBa€T 00BEM BTOpUYHOTrO andauta. [ IBOUYHBIX KOJIOB (Hanbosee
4acThIil caydait) log,m=1.

KoapuimeHT cTaTuCTHYECKOTO CXKaTUsl XapaKTepHU3yeT CTEINEHb
UCIIOJIb30BAHUSI HEOJIMHAKOBOCTU BEPOSITHOCTEH MOSABICHUS OYKB JJIs
CHIDKEHMSI CpellHeW MnHBI KojoBoro cioBa. Yem KcCC Oomblie, Tem
JydIlie UCIOJIb3YETC HEOAMHAKOBOCTh BEPOSTHOCTEH ISl YMEHbBIIICHUS
CPEIHEU IJIMHBI KOJOBOTO CJIOBA.

Kosgppuyuenm omunocumenvrou s¢pghexmusnocmu pacCUNTHIBACT-
cst o opmyJie

K

H —>_Pilog, p,

Koo = == : (4.3)
(logz m)-ﬂcp IOme'Z p.n.
i=1

JanHbli KOOQPUIUEHT XapaKTepU3yeT CTENEHb IPUOIMKEHU N,

JAHHOTO KOJIa K MHHHUMAJIBHO BO3MOXHOMY 3HAYCHUIO, PaBHOMY
Hllog,m.

CoryiacHO OCHOBHOM TeopeMe KOAMPOBaHUS /Jis KaHayla CBsI3U 0e3
nryma

H H

wgncpmm <W+L (4.4)

IIpu KOAUPOBAHHUHN OTACIbHBIX CHMBOJIOB U

H H
ancpmm <w+1/L (4.5)

IpU KOAUPOBaHUM OJIOKOB 1Mo L cuMBosIOB nepBuyHOro andasura. Cie-
nosatenbHo, K, <1, n yeMm K, OombIle, TEM N, MEHBUIE U OJIMXKE K TEO-

PCTHUYCCKU MUHHUMAJIbHO BO3MOKHOMY 3HAUYCHHUIO, TCM KO JIYYIIIC.
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4.2.4. OcobenHoCcTH d(PPeKTUBHBIX KOT0B.

OcobeHHoCTH 3P(HEKTUBHBIX KOJIOB 3aKIIOYAIOTCS B CIAEAYIOLIEM.

bykBe nepBuuHOro andaButa ¢ HAUMEHbBIIIEH BEPOSITHOCTHIO MOSIB-
JICHUSI CTAaBUTCSI B COOTBETCTBUE KOJ C HAaWOObIIeH JiuHoM (1emma 1),
T. €. TAKON KOJ SIBJSIETCS HEPAaBHOMEPHBIM (C Pa3HOM UIMHOW KOJIOBBIX
cioB). B pe3ynbrare, eciii MOMEHTaMHU MEpeIadnd COOOMIEHUsI OT UCTOY-
HUKa MPUEMHHK YNPABIATH HE MOXET (HampuMmep, KOJAOBBIE CIIOBA IO-
CTYyHalT CTPOTO MEPUOJUYECKU C Iarom At), dyepes3 JUHUIO CBSI3U OY-
OyT TIE€penaBaThCAd KOJOBBIE CJIOBA C PAa3HOW JJIMHOM, T. €. KOJIUYECTBO
nepeaBaeMblX B €IMHUILY BPEMEHU 4Yepe3 JIMHHUIO CBSI3M OYKB BTOpHY-
HOTO andaBuTa OyAET MEHATHCS. Y UUTHIBAsl TO, YTO JIIOOAs] TUHUS CBSI3U
XapaKTEepU3yeTcsd MaKCUMallbHOM CKOPOCTBIO Nepeaaur HH(popMaiuu
(MpOmyCKHOM CIOCOOHOCTBIO), MMPUXOJUM K BBIBOJY, YTO MPU HCIOJIb-
30BaHUU TaKOW CXEMbl Neperayd UHPOPMAIMU MPOMYCKHAas CHoco0-
HOCTh JIMHUM CBSI3M OyJET MCIOJIb30BaThCsl HE B MOJHON mepe. U30e-
*KaTh HEAI(PPEKTUBHOTO HCIOIB30BAHUS JUHUU CBSI3M MOXKHO, YCTaHO-
BUB Ha €€ BXOJI€ U BbIXOJle Oy(epHble HAKOMUTENIbHbIE 3alIOMUHAIOIINE
ycTpoiictBa. OHU MO3BOJSIOT CTIaJUTh HEPABHOMEPHOCTH MOCTYTUICHUS
OyKB BTOpUYHOTO ayipaBUTa KaK yepe3 JIMHUIO CBSI3H, TaK U HA BXOJ Je-
KOJUpYIOUIero ycrpoicrsa. IIpu sToM BO Bcel cucteMe mepenavyd MH-
(dopMalMy BO3HUKAIOT BPEMEHHBIE 3aJ€PKKHU U, 4eM 00beM OydepHOoro
YCTPOMCTBA BBIIIE, TEM 3TU 33J€PHKKH BBIIIIE.

Bropass 0cOOEHHOCTh CBsSI3aHAa C BPEMEHHBIMHU 3aJIepKKAMH B Tie-
penaye nHGOpMaIMU, BO3HUKAIOIIMMH MPU UCIIOIB30BAHUHM KOJHPOBA-
HUsI 0JIOKOB OYKB NEPBUYHOIO andaBuTa, KOTOPHIE, KaK CIEAYET U3 TEO-
peMbl 4, MO3BOJIAIOT YBEIUYUTh 3P(HEKTUBHOCTH KOJa (YMEHBIIUTH
CPEIHIO IUHY KOJI0BOro cioBa). KogupoBanue 0J10K0B OYKB IEepBUY-
Horo andasurta TpeOyeT UX MPEABAPUTEIIBHOTO HakoruieHus. OTcrona u
BO3HHUKAIOIINE BPEMEHHBIE 3a/IEPKKH.

TpeTbss 0COOEHHOCTH 3aKIIOYaeTCsl B TOM, YTO, KaK OKa3bIBAETCH,
s PeKkTuBHBIC KOABI HE MPEIHA3HAUYECHBI I UCIO0JIb30BaHUS B YCIIOBU-
X ToMeX. Eciu e Bce—Taku 1Mo KakoH—mbOo mpuumHe (Hampumep, B
pe3yabTaTe JJIEKTPUUYECKOM MOMEXH OT TI'PO30BOr0 paspsaa KaKOW—TO
CUMBOJI KOJOBOT'O CJIOBA MCKAa3UTCS, MPABUIBHOE JEKOAUPOBAHUE CTa-
HOBUTCS HEBO3MOXHBIM HE TOJBKO JIJISl 3TOTO KOJIOBOT'O CJIOBA, HO U JJIs
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LEJIOTO PsAZla CACAYIOIMX 32 HUM KOJOBBIX CJIOB. BO3HMKaeT Tak Ha3bl-
BaEMBIN mpex ouuoKu).

Takum oOpa3om, yJIydlliuB OAHY M3 KAYECTBEHHBIX XapaKTEPUCTUK
KOJa, B JIAHHOM CJIy4ae CPEIHIOI0 JJIMHY KOJOBOTO CJI0Ba N, , yXy/Iia-

€TCsl Apyrasi XapakTePUCTUKA — YCTOMUUBOCTh K JACHCTBUIO TToMeX. Dd-
(eKTUBHBIC KOJIbI HAJ0 MCMOJIb30BaTh JIU0O0 B YCIOBUIX IOJHOIO OTCYT-
CTBHS TIOMEX, JINOO ISl YCTPaHEHUS W30BITOYHOCTH COOOIICHHS M TO-
TFOTOBKH K MOCIEIYIOIIEMY TOMEX0YCTOMYMBOMY KOJUPOBAHHUIO.

H

log, m

MPUXOAAIIAsACS Ha OAHY OyKBY BTOPUYHOrO ajiaButa Hlﬁykgyzlogzm,

Ecmu N, = , 0 H :ncplogzm. B sToMm ciydae sHTpomnus,

COBMAJAeT ¢ KoaudecTBOM HH(popManuu 1no Xaptiu. CrenoBaTelbHoO,
OykBbI BTOpUYHOrO andaButa d(PPEKTUBHOrO KOJa PAaBHOBEPOSTHHI U
CTATUCTUYECKH HE3aBUCHMBI.

4.3. IlomexoycToiiYNBOE KOAMPOBAHME

Kak ciaegyer u3 Ha3BaHUS, TaKOe KOAUPOBAHHWE IMPEAHA3HAYCHO
JUIsl YCTpPaHEHUs BPEAHOTO BIMSHUSA TOMEX B KaHAJax Mepenadd HH-
dopmaruu. Yke cooOImanoch, 4TO Takas Iepeiadya BO3MOKHA Kak B
IIPOCTPAHCTBE, TaK M BO BPEMEHH, HAIpUMeEp, NMPU XpaHESHUH UHHOpMa-
IIMY B BUJIC IOKYMEHTOB B apXWBaX WM B 3alIOMHHAIONINUX YCTPOUCTBAX
KOMITHIOTEPOB.

Teopuss MOMEXOYyCTOMYMBOTO KOJUPOBAaHUS Oa3WpyeTCss Ha pe-
3yJbpTaTax uccieaoBanuid, nposeneHHbix K. [llennHonom wu chopmynu-
POBAHHBIX UM B BHJIE OCHOBHOM T€OPEMBbI KOAUPOBAHUS JJIST TUCKPETHO-
ro KaHajia ¢ myMmoM: «/Ipu n06oti ckopocmu nepedadu CUMBOI08 8O-
PpUuHO20 angasuma MeHvulel, Yem NPONYCKHA CNOCOOHOCMb KAHAA,
cyujecmseyem maxou Koo, npu KOmMopoM 8ePOImMHOCIb OUUOOYHO20 Oe-
KoOupogauusi 6yoem CKOJb-Y200HO MAlA, BePOSMHOCMb OWUOKU He
Modicem Obimb COeNana CKOIb-Y200HO MAOU, eCli CKOpOCMb nepeoadu
OoJIbULEe NPONYCKHOU CNOCOOHOCMU KAHANAY.

31ech MOJ ckopocmvlo nepedavu uH@opmayuu TTOHAMACTCS KO-
JUYEeCTBO MH(MOpMAIUU, TTepeIaBaeMOi yepe3 KaHall CBSI3U 3a CAUHUILY
BPEMEHH, a IIOJ NPONYCKHOU CNOCOOHOCMbIO — MaKCUMaJIbHAs CKOPOCTh
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nepenaurd uHGOpMalMKM Yepe3 KaHall CBsI3M (HE HA/O MyTaTh CO CKOPO-
CTBIO MEepe/layu CUMBOJIOB BTOPUYHOTO ai(aBUTA).

[TogpobHee 3TH BOMpOCHl OYJIYT PACCMOTPEHbI HUXKE B TJIaBE
«llepeoaua ungopmayuuy.

Ceituac e npu 0OCYXIECHUU METOJO0B IMOMEXOYCTOWYHUBOTO KO-
JAPOBAHUS BAXEH CIEAYIOIIMNA BBIBOJ M3 OCHOBHOW Teopembl llleHHo-
Ha: XOTs TeOopeMa HE YKa3bIBACT CIOCOO MOCTPOCHUSI MOMEXOYCTONYU-
BbIX KOJIOB, OHa YTBEPXKIAET, UYTO KOObl, CHOCOOHblE NOJHOCMbBIO
HeUmpanu308ams 6peodHoe BIAUAHUE NOMeX NPU COOMBEMCMEYruel
cKkopocmu nepeoaqu uHgopmayuu, cyujecmsyrom. I3T0 MOOUIN30BAIO
YCUJIMS YUCHBIX Ha UX pa3paboTKy.

[Ipu paccmoTpeHuHU npoliiecca MOMeX0yCTOMYNBOTO KOJAUPOBAHUS
OOBIYHO MCXOJAT W3 TOTO, YTO TEPBHYHBIA W BTOPUYHBIA aji(DaBUTHI
coBnanaawot. [IpenmnonaratoT, uto oHU JBonuHbIE. Kpome Toro, nmpenmo-
JIaraeTcsi PaBHOBEPOSITHOCTh M CTAaTUCTUYECKash HE3aBUCUMOCTh OYKB
nepBUYHOrO andaBuTa. ITO JEUCTBUTEIBHO TaK, €CIU MPEABAPUTEIHHO
BBITIOJTHUTHh KOAUPOBAHKUE COOOIICHHUS ¢ MOMOIIBIO 3¢ dexkTnBHOTO (O1-
TUMaJIBHOTO) Kojaa. Takum oOpazoMm, MpearnoiaraeTcs, 4TO SHTPOIUS
OyKB NEPBUYHOTO ajipaBUTa MAKCUMAJIbHA, & U30BITOYHOCTh UCTOUYHHKA
paBHa HYJIIO.

B HacTosimiee BpeMst CyIiecTByeT OO0JIbIIIOE KOJIMYECTBO Pa3HO00-
pa3HBIX KOJOB. BrImonHeHa uxX moapoOHas kiaccudukamus. PaccMoT-
pUM HanOoJiee BayKHbIEC U3 KJIACCOB KOJIOB.

4.3.1. Knaccudukauusi KoaoB

1. B 3aBUCHMOCTH OT CIIOCOOHOCTH OOHApYXHBaTh U MCIIPAB-
JSATh OIIMOKM Ppa3NuyaloT KOJIbl, 0OHapydcusarowue OMMOKA, U KOJIbI,
ucnpasaaouwjue ommOku. llepBble MO3BOISIOT TOJBKO OOHApY>KUBATh,
HO HE WCTPABIATH OMIUOKU. BTOphIe — HE TOJILKO OOHAPYKUBATh, HO U
UCIIPABJIATH OONBIITYIO WM MEHBIIYIO 1010 OOHAPYKEHHBIX OLINOOK.

2. Tlo dbopme BHeceHUs M30BITOYHOCTH PA3TUIAIOT pa3zoeiumble
U Hepa3oenumble KOJIbI.

B pazgenumbIx Kojax KOJOBBIE CJIOBA YETKO pa3iesi€Hbl HA JIBE
yacTtu. OJIHA 4acThb COCTOUT M3 MCXOJHBIX (KOAUPYEMBIX) paspsiioB, a
Ipyrasi u3 JAOMOJHUTEIBHBIX Pa3ps/ioB, OJlarojgaps KOTOPHIM COOCTBEH-
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HO U 00€CIeUMBAETCS BO3MOXKHOCTh OOHAPYKEHUSI U/WIN UCIIPABJICHUS
OIIHOOK.

SIcHO, UTO 3TH JOTMOJHUTEIBLHBIC Pa3pPsIbl CO3AAI0T B COOOIICHHUH
M30BITOYHOCTh (BCIIOMHUM, YTO MpPEANOJaraeTcss HyJieBas H30bITOY-
HOCTb UCXOJIHOTO (KOAUPYEMOTO) COOOIICHNS).

B KOJOBBIX CIOBax HEPa3ACIMMOTO KOJia TaKoe pas3jeieHue OT-
CyTCTBYET.

3. B 3aBucumoctu oT crnocoba 00pa3zoBaHUs TOMOJHUTEIbHBIX
pa3psoB pa3feIuMbIe KOJbI MOPA3ACISIIOTCS HA cucmemamuieckue u
Hecucmemamudeckue. B CUCTEMaTUUECKUX KOJAaX JIOMOJHUTEIIbHBIC
pa3psAbl CUMBOJIOB OOpa3yrOTCS C TMOMOIIBIO PA3IUYHBIX JIMHEHHBIX
onepanuii Haj wHpopManrnoHHBIMUA. CHUCTEMAaTHUYECKHUE KOJBI — camasl
oOmupHas 1 HanOoJee MpUMEHsIeMas TpyIIa KOPPEKTUPYIOITUX KOJIOB.

4. Tlo cmocoOy KOaupOBaHUA Pa3INYAIOT OI04YHbIe U HENPEPblE-
Hole KoJbl. [Ipu 6JI094HOM KOJMPOBAHMH BXOJHOE KOJAUPYEMOe COOOIIe-
HUEe pa30uBaeTcs Ha OJOKM (puKCHpoBaHHOM JauHBI K. DTHM Ogokam
CTaBATCS B COOTBETCTBHE KOJIOBBIE CJIOBa JiHOM N (N > K).

[Tpu HenmpepbIBHOM KOJMPOBAHUU KaXKIbIH CHMBOJ D BBIXOIHOM
MOCJIEI0BATEILHOCTH (3aKOJUPOBAHHOTO COOOIIECHUSI) OMpeAeIsieTCs
PEKYPPEHTHBIM COOTHOIIICHUEM, CBS3BIBAIOIIMM €T0 C COOTBETCTBYIO-
IIUMH CHMBOJIaMH @ BXOJIHOM ITOCTEA0BATEIBLHOCTH (KOJIUPYEMOTO CO-
0Ol11IeHUs1 ), HAIIPUMED:

S
b;=mod,| > csa_, |, 1<j<L,
k=0

r1¢ @ — CHUMBOJIBI BXOJHOW TOCIIEIOBATEIBHOCTH (KOIUPYEMOIO CO-
oOIIeHMS );

D — CHMBOJIBI BBIXOJHOM MOCIEA0BATECILHOCTH (3aKOAUPOBAHHOTO
COOOIIIECHHUS );

Cij U S — KOHCTaHTBI, 3aBUCSILHUE OT KOJA;

| — HOMEp CHMBOJIa BXOJAHOM MOCIEI0BATECILHOCTH (KOIUPYEMOTO
COOOIIICHHUS );

] — HOMep CHMBOJIA B TpPYIIEC CHMBOJIOB BBIXOJHOH IOCIIEI0BA-
TEJIbHOCTU (3aKOJUPOBAHHOI'O COOOIIEHMS), CO3aBaeMOU B pe3ysbTaTe
MOCTYIJICHHS HOBOTO CHMBOJIa BXOHOM ITOCIE0BATEIIHHOCTH.
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L — KOIMYECTBO CHMBOJIOB BBIXOJIHOM IIOCIIE€IOBATEIBHOCTH, CO-
371aBa€MbIX B pe€3yJbTaTe€ KOJAUPOBAHUS B OTBET HA MOCTYIUICHUS Ha
BXOJ KOJIepa OJHOTO CUMBOJIa BXOHOM MOCJIE0BATEILHOCTH.

Ha pucynke 4.4 WIIIOCTpUPYETCS KOJMPOBAHHE HEIMPEPHIBHBIM
KOJIOM.

bzt ] Pizz| Pizs| Piza | Pizz b 2s by, bis ] Pz | Pis | Pria] Piaz] Piis

Puc. 4.5. O6pazoBaHue HEIPEPLIBHOTO KOa

Takum 00pa3oM, Ha KaXIbli1 CHMBOJ BXOJHOM MOCJIEI0BATEIbHO-
CTH MPUXOAUTCA L CHMBOJIOB BBIXOTHOM.

CyluecTByIOT U Ipyrue BapuaHThl GOPMYIIbl KOAUPOBAHHS.

5. Ilo cnocoOy omnucaHus BBLACISIOT aneebpauueckue KOIpI,
T. €. KOJIbl, OMMChIBAEMbIE C TTOMOIIIBIO arapaTa BbICIIEH aareOphl.

6. B 3aBHCHUMOCTH OT JJIMHBI KOJOBOTO CJIOBa Pa3iuyaloT pas-
HOMepHble I HepasHOMEpHble KOABl. ECIN JIMHA KOAOBBIX CJIOB IIOCTO-
SHHA, KOJ PABHOMEPHbILL, B IPOTUBHOM CIIy4ae — HEPABHOMEDPHDILI.

PaccmoTpuM On04HBIN paBHOMEPHBIM KoA. Eciau nmpousBosbHAS
JMHEWHass KOMOMHAIMS KOJIOBBIX CJIOB — TaK)K€ KOJIOBOE CJIOBO, TaKOU
KO/l Ha3bIBACTCS JIUHEUHBIM.

OIHM ¥ TOT k€ KOJ MOXKET OJHOBPEMEHHO MPUHAIIICKATHh HE-
CKOJIBKMM KJIaccaM, HallpuMep, MOXKET CYIIECTBOBAThH allre0panyecKui
pa3aeaMMbli HEPaBHOMEPHBIN KOJI.

4.3.2. IIpocreiimune Moaeau HUGPPOBBLIX KAHAJIOB CBSI3M C IO-
MeXaMu

CBOMCTBO MOMEXOYCTOMYMBBIX KOJIOB OOHAPYXWBAaTh U HCIPAB-
JISATHh OMMUOKW B CHUJIBHOU CTEMEHM 3aBUCUT OT XapaKTEPUCTHUK MOMEX U
KaHaia nepeaayn uHdopManuu. B Teopun nHpopmanuu O0OBIYHO pac-
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CMAaTPHUBAIOT JIBE IPOCTHIC MOJICIM JUCKPETHOro (IM(POBOIo) KaHaa.
Nmu sBisiroTest:

1) nBowuHBINM cumMeTpuuHbIH KaHal (JJCMK);

2) nBowuHbIN ctuparonuit kanan (JJCTK).

[Ipu nepenaue undopmaruu uepe3d JCMK nomexa crocoOHa ¢
HEKOTOpor BepossTHOCTHIO P mpeBpatuth 0 B 1 wim 1 B 0. Ilepenauy
nnpopMmaruu yepe3 JICMK moxHO mpeacrtaButh B BHjE rpada, u3o0-
PaXKEHHOT'0 Ha pUCYHKe 4.5.

)

Mepepaua

(1-P)
Puc. 4.5. JIBOMYHBIN CUMMETPUYHBINA KaHaI

JIBOUYHBIA CTUpAIOIIMN KaHall TaK)Ke€ OMHUCHIBACTCS BEPOSITHO-
CThIO P HCKa)XXeHUd MEepe1aBaeMOro CUMBOJIA, OJHAKO B pE3yJIbTaTe HC-
KaKEHUS TEpeIaBa€Mblii CUMBOJ CTHUPAETCSA, YTO OTPaXaeTcsl CIEayIo-
UM rpadom, n300pakeHHOM Ha pUcyHKe 4.0.

-]

Mepepava

(1-P)
Puc. 4.6. JIBonuHbIil cTUparonuii kaHan: X — HEUTpaJbHbI CUMBOJIL.

B nmansHeiimeM Bocnons3dyemcs moaenbto JICMK. Ero npeumy-
IIECTBO 3aKJIFOYAETCS B UCKITIOUYUTEIIBHOM IPOCTOTE.

4.3.3. Pacuer BepoOAATHOCTM MCKA’KEeHHMS] KOJOBOIO CJI0BAa B
JCMK

[TomoxuM, KOAOBOE CJIOBO COCTOMT M3 N JBOMYHBIX CHMBOJIOB.
BeposiTHOCTh HEMCKaKEHHUSI KOJOBOTO CJIOBA, KaK HECJI0XKHO JT0Ka3aTh,
paBHa:
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P = (1~ p).;.(l— p)=(1- p)n,

n

BeposiTHOCTh MCKa)KeHHUS OJHOTO CHMBOJIA (OJHOKpATHAS OIINO-
Ka):

=P (1= p)--(1-p) = p(L-p)"

n-1

1 11000T0 U3 S CHMBOJIOB (S — KPaTHOCTh OIMHOKH):
— NS n—s
ps=p’d-p)"" .

HerpynHo 3ametuts, uro eciu P <0,5, to ¢ pocrom kparHocTn
OIUOKHU S €€ BEPOATHOCTh Py yMeHbIIaeTcs. ITO CleyeT U3 TOro, 4To
Ps Bcerma mpeacTaBisieT co0oil mpou3BeieHne N COMHOXUTENEH, S U3
kotopeix P < 05an—-s(1-P)>05 C yBenuueHHeM KpaTHOCTH

ommnbku § umcno Gompmmx comuoxureneii (1—P) ymenpmaercs, a

MEHbIINX P — yBeNMYMBAaeTCs. DTO MPUBOJUT K TOMY, YTO IPOU3BEEC-
HUEe Ps, T. €. BEPOATHOCTh OIMOKH, C POCTOM €€ KPaTHOCTH B LEJIOM
YMEHBIIIACTCA.

Takum o6pazom, B ICMK Haubosiee BEpOATHBI OMIMOKU C MEHb-
el KpaTHOCThI0. ClieI0BaTENbHO, TAKUE OLINOKU CIEAYET UCIIPABIISATH
B [IEPBYIO OYEPEb.

4.3.4. O61mMe NPUHUIMIIBI UCIOJIb30BAHUS N30BITOYHOCTH

JIns mpocTOThl paccMOTpuM OJ0KOBBIM KOJ. C €ro moMOIIbIO
KOKIbIM K pa3psimam (OykBaM) BXOJHOW TOCIIETOBATEIIBHOCTH CTABUTCS
B COOTBETCTBUE N—pa3psAHOE KOJOBOE ciIoBO. KonnuecTBO pa3HOro BU-
na k—pa3psaHbix HHPOPMAIMOHHBIX KOMOMHAIIMA PaBHO 2%, Kaxnoit u3
HUX CTaBUTCSI B COOTBETCTBUE OIPEICIICHHOE KOJAOBOE cloBO. VX Takxke
2%, D1H KO1OBBIE CIIOBA HA3BIBAIOTCS Pa3peueHHbIMU,
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O/HAKO BO3MOKHOE YUCIIO N—paspsHbIX KoMOMHaLuMil paBHO 2.
Ecnu u3 3TOro uncia UCKIOUNTh BCE pa3pelICHHbIE KOJIOBBIE CI0OBA, TO
OCTAaHYTCSl 3anpeujeHHbvle KOJOBbIE CIOBA.

Kozep mockutaeT B JIMHUIO CBSA3U TOJIBKO Pa3pelICHHBIE KOJOBbIC
CJIOBa, OJHAKO MOJ AEHCTBUEM MOMEX OHU MOTYT MNPEBPATUTHCS B JIO-

6oe apyroe u3 2" BO3MOMHBIX — B JIPyrO€ pa3pellleHHOE WM B 3aIpe-
1nieHHoe. Bce 3ampenieHHble ¢jioBa JaHHOIO KOJla 3apaHee HM3BECTHBHI.
IToaToMy (pakT mosrydeHus Takoro KOJAOBOI'O CJIOBa JIETKO YCTaHABJIMBa-
€TCS U SIBJSICTCS BEPHBIM MPU3HAKOM HAJIM4YWS B KOJOBOM CJIOBE OIIHO-
KM — OIIMOKa 0OHAPYKHUBAETCS.

B03M0XXHOCTh HCIpPaBICHUS OIIMOKH CBsI3aHA CO CBOMCTBOM KO-
71, Ha3bIBAEMOT'0 KOOOBbIM PACCMOSIHUEM.

Onpenenuts Ko0080e paccmosiHue HEBO3MOXHO 0O€3 IIpeliBapu-
TEJIBLHOTO OMPEACIICHUS IPYTOro MOHSITHSL — PpACCMOAHUE MeHCOY KOOO-
BbIMU CTIOBAMU.

Ilon paccmosinuem medxncoy Kko0osblMu cr08amuy TOHUMAIOT KOJIU-
YECTBO Pa3IMYMil B OJJHOMMEHHBIX pa3psiiax JBYX KOJOBBIX CJIOB.

Ecmm, Hanpumep, ogHo koaoBoe ciaoBo umeer Bua 011101001, a
npyroe — 111001100, To paccrosHue MEXy HUMUA MOMXKHO BBIYUCIIUTB,
BeINTOJHUB onepanuio XOR (MCKIOYEHHOE WJIM) U IOJCUYUTAB KOJHUYe-
CTBO €IMHUYHBIX Pa3psJIOB B pe3yjIbTaTe:

PaccrosiHre MeXy KOJOBBIMHU CJIOBaMH, KakK BHJIHWM, paBHO 4.
Huxe Oynem paccTosiHue MEeXAy KOJAOBBIMHU CIOBaMHU 0003HayaTh OyK-
Boit d. B mannom npumepe d =4,

BcrnomHuM, 4TO BeCOM KOJOBOTO CJIOBa JABOMYHOIO KOJA Ha3bl-
BalOT YUCJIO €JUHUYHBIX Pa3psAloB B HEM. Toraa KOJIOBOE pacCTOSHHE
PaBHO BECy MOPa3PAIHON CYyMMBI [0 MOJIYJIIO 2 KOJOBBIX CJIOB, pacCTO-
SIHHE MEX1Y KOTOPBIMH OIpEEsETCA.

Belie Mbl MOKa3zaiy, 4TO HauOolee BEPOSITHBIMU B CIIy4yae
JNCMK sBIOTCA OJHOKpPATHBIE OIIMOKH, W, YE€M BBIIIE KPATHOCTH
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OIIMOKU, TEM MEHEE OHa BeposiTHA. BOBHMKHOBEHUE S—KpaTHOM OIIMOKU
MOHO TPAaKTOBATh Kak ImpeoOpa3oBaHuUe MepeaaBaeMoro KoJoBOro cio-
Ba B JIpyro€, HaxoJsIIeecss Ha PacCTOSIHUU S OT IepeaaBaeMoro. SIcHo,
YTO MEPEBOJIbI HA MEHBIITUE PACCTOSAHUS 0OJiee BEPOSTHHI.
['eomeTpuyecku MHOKECTBO Pa3pEIICHHBIX KOJOBBIX CJIOB
YCIIOBHO MOYKHO OTOOpa3uTh B BUC TOYCUHOI'O MHOXKeCTBA (puc. 4.7).

Puc. 4.7. ToueuHoe MHOXKECTBO

Teneps MOKHO ONIPEICTUTH MOHATHE KOJOBOTO PACCTOSTHUS.

Kooosvim paccmosnuem oannoeo xkoda Ha3bIBalOT HAMMEHBIIIEE
paccTOsSTHUE MEXIY pa3pelICHHBIMH KOJOBBIMH CJIOBAMH 3TOTO KOJa.
Husxe oHo o603Hauaercs d ..

B nutepaType 1o KOJAUpOBAaHHUIO KOJOBOE PACCTOSIHUE €I1l€ Ha3bl-
BaOT XoMuHe08biM — 1O (PAMHIIMK YUEHOTO, BIIEPBBIC €r0 MPEAI0KHUB-
IIIETO.

[IpomomkuM u3ydeHHE OOIIMX MPUHIMIIOB MCIIOJIb30BAHUS M3-
OBITOYHOCTH.

HamomHuM, 4TO BEpOSTHOCTh ONPEACICHHON 2—KpaTHON OIUOKHU

onpexnensiercs hopmyioii P, = P°(AL—P)" . Ho Takux omubGoK MOXKeT
OBITh HECKOJIbKO. Eciu, K mpuMepy, KOJOBOE CJIIOBO COCTOUT U3 5 CHUM-
BOJIOB, TO BO3MOKHBI OomMMOKU B l S5, 1 u4, 1u3, 1u2,2us52u4,?2
nu3 3us 3ud,4u pazpagax. Uroro 10 pasnuyubix 2—KpaTHBIX
omuOoK. X 41CI0 paBHO YUCITY COUECTaHUM U3 5 3JIEMEHTOB 10 2.

Ecnu roBopuTh HE O KOHKPETHBIX, & O TPOU3BOJIBHBIX S—KPATHBIX

OLIMOKAax, TO BEPOSITHOCTh [P, MX BO3HUKHOBEHHMS HAXOJMUTCS KaK CyMMa
BCEX BO3MOXHBIX I—KpAaTHBIX KOHKPETHBIX OITUOOK:
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ps=Cp°(1-p)"",

s n!

o :ﬁ — YMCJIO COYETAaHUM U3 N AJIEMEHTOB MO KO.
SHUE) L

rac

CneyeT 3aMeTuTh, uTo0 Pg B OTaMuue oT P, He 00g3aTensHO0 MO-

HOTOHHO YMEHBIIAETCA C POCTOM N.
[Ipu nosry4yeHUHn UCKAXKEHHOTO KOJOBOT'O CJIOBA MBI UMEEM JIEJIO C
KOHKPETHOU S—KpaTHOU OIIMOKOM, BEPOSTHOCTh MOSBJICHUS KOTOPOM —

P.. D1a BEpOATHOCTH MOHOTOHHO yYMEHBIIAETCS C POCTOM KPATHOCTH

omuOku S. [loaToMy mpu oOHapYy>KEHHH Ha BBIXOJI€ KaHalla 3arperieH-
HOTO KOJIOBOTO CJIOBa HanOoJiee BEPOATHBIM SABIISIETCS TO, YTO OBLIO Tie-
pEeIaHo pa3pelieHHOe KOJOBOE CIOBO, OTJIMYAIOIIEECS OT MOIYyUYE€HHOTO
B HAaWMEHBIIIEM YHUCJIE Pa3psaoB, T. €. HAXOAAIIEecs OT HEro Ha OJu-
KaUIIIEeM pacCTOSTHUY.

Ecnu xox nMeer KojpoBoe paccrosaue d ... To rapanTueiil oOHa-

pyxenus ommbku 6yner S<d ;. B 3ToM cioydae mOMeXu He CMOTYT
npeoOpa3oBaTh OJHO Pa3pelIEHHOE KOJIOBOE CJIOBO B APYroe pa3perieH-
HOE€, IOCKOJBbKY paccTOsiHUE A0 ONMKaillero pa3penieHHOro clioBa
pasuo d ;..

Ecnu kpaTHOCTh OLIMOKHM MPEBBICUT KOJOBOE PACCTOSHHUE, OHA
TaK)K€ MOXET ObITh OOHapy>KeHa, HO HE BCET/1a.

["apanTuei ke MpaBUILHOTO UCIPABJICHUS OMIMUOKU OyJeT yclo-

Bue S<d . /2, T. k. cormacHo CBOWCTBY BEpOSITHOCTH OLIMOKU Haubo-

Jiee BEPOSATHBI OIIUOKH C MEHBIICH KPaTHOCTBIO M, CJCAOBATEIbHO, HC-
IpaBJICHHE OyJeT MPOMU3BOJMTHCS B CTOPOHY OJIMIKAWIIETO pa3pelleH-
HOTO KOJ0BOTO cjioBa (puc. 4.9).

JIJ1s TOro, 4ToOBl 3TO MCHpPABJICHHE OBLIO BEPHBIM, HEOOXOIMMO
BBITMIOJTHEHUE YCIOBUA S<Upmin/2.

B CBsI3u ¢ 3THM BBEACHO IOHATHE KOppeKmupylowel cnocooHo-
cmu Kood.
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Puc. 4.9. KonoBoe paccrossHue

[Mon xoppexmupyroweli cnocoonocmvplo K0Oa TIOHUMAETCS MakK-
cUMajbHasg KpaTHOCTh MCHPABISIEMOM C NPUMEHEHHEM 3TOro Koja
OIIIHOKH.

VYuuThiBas BBIICTPUBEICHHBIC PACCYKICHUSI, KOPPEKTHPYIOIIYIO
criocoOHocTh koj1a KCK MokHO 061710 OBI OTIpeienuTh 1o Gopmyie

dmln
KCK = mt[ > j

Ha npakTtuke e, yu4uTbiBasi YBEJIMYEHUE BEPOATHOCTH OLIMOOY-

HOTO MCITPABJICHUS OIIUOKH C POCTOM €€ KPAaTHOCTH, PeabHYIO0 KOppEeK-
TUPYIOULYIO CIOCOOHOCTh YMEHBIIAIOT:

[{CK<|nt(dg'“]

B Hammx paccyXIEeHHMSX Mbl MpEanoyaraid HCHOJIb30BAHUE
JNCMK. Ecmm ke peanbHbId KaHajl 3TOM MOJEINW HE COOTBETCTBYET,
CIIOCOOBI 0OHAPYKEHUS U KOPPEKIIUH OIITMOOK BUIOU3MEHSIOTCS.

B o6mem ke mpouenypa 06Hapy>1<eHH$[—chpaBneHH;1 OLINOOK
OMUpaETCs Ha pa36HeHHe BCET0 MHOKECTBAa 2" BO3MOKHBIX KOJOBBIX
KOMOMHALMI Ha 2° IOIMHOXKECTB, KaXI0€ U3 KOTOPBIX COCTOUT U3 OJ-
HOT'O Pa3peIleHHOr0 KOJIOBOTO CJIOBAa M COOTBETCTBYIOUIUX €My 3arpe-
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IIEHHBIX. DTHU IOJMHOXECTBA HE MEPEeCEeKaroTCs MEXAy coOOM, a HX
o0beIMHEHNE HE 0053aTEILHO PAaBHO UCXOJHOMY MHOXECTBY.

[Ipu npueme ompenensercs, K KAKOMY MOAMHOKECTBY OTHOCUTCS
MPUHATOE KOJIOBOE CJIOBO M, €CIM OHO (KOJOBOE CJIOBO) HE SIBIISCTCS
pa3pelieHHbIM, OHO 3aMEHSETCS 3aKPEIUICHHBIM 3a ATUM IOJMHOMXE-
CTBOM pa3penieHHbIM KOJJOBBIM CIIOBOM.

Ecnu xe mpuHATOE KOJOBOE CIOBO HE MPUHAIJICKHUT HU OJTHOMY
U3 MOJAMHOKECTB, (UKCUPYETCSI HEUCTIPABUMOE MCKaKEHHE, 32 YEM MO-
I'YT CJEA0BaTh KaKue—Ir0O0 JAOMOJHUTEIbHBIE MEPhI, HAIIPUMEP, 3aMPOC
Ha MOBTOPHYIO NIepeaady UCKaKECHHON 9acTH COOOIICHUSI.

4.3.5. I'panuua XaMMMHTa

['pannma Xommunra Q ompegenseT MakCUMaJlbHO BO3MOXKHOE
KOJIMYECTBO Pa3pEIICHHBIX KOJOBBIX CJIOB PABHOMEPHOIO KOJia IPU 3a-
JAHHBIX JUIMHE N KOJOBOTO CJOBAa W KOPPEKTUPYIOIIECH CIOCOOHOCTH
koxa KCK.

Haitnem cBsI3b MEXAYy MaKCUMAJIbHO BO3MOXXHOUW KOPPEKTUPYIO-
et crrocooHocTri0 KCK, UITMHOM N KOIOBOr0 CJIOBA U MaKCUMAaIbHBIM

guciaoMm Q paspeneHHbIX KOJOBBIX CJIOB B ciiydae ucmojb3oBaaus [ICK.
KCK KCK

B kpyr (map) amamerpom KCK momectutcs ZCL', +1= ZCL',
= =y

KOJOBBIX CJIOB.
HOCKOJII)Ky MMOAMHOXKCCTBA HC IICPCCCKAIOTCA, TO

i 2"

2. G
i=0

Kozpl, uncino KoJOBBIX CIIOB KOTOPBIX paBHO Q, Ha3bIBAIOTCS On-
MUMATbHBIMU WA NJIOMHOYNAKOBAHHbIMU.

B reoMmerpudeckoil MHTEPIIPETAMHA TO O3HAYAET, YTO KPYTU Ha
TUIOCKOCTH WJIM LIAapbl B 00bEME CONPUKACAIOTCS, HE MEPECEKASACH IPYT C
IpyroM, W Jro0as KojoBash KOMOHWHAIMs 00s3aTebHO BXOJUT B Ka-
KOW—1100 KpyT Wiy map. M30bITOYHOCTh IPU 3TOM UCIIOJIB3YETCS MaK-
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cuMasibHO. OJIHAKO, €CJIM YYECTh CJIO0KHOCTh amnmapaTHOW Wid Tpo-
rpaMMHOM peanu3alliy, UCIO0JIb30BAHUE ONTUMAJIBHBIX KOJOB HE BCET1a
BBITOJTHO.

4.3.6. U30bITOYHOCTH IOMEXOYCTONYHUBBIX KO/I0B

OnHOM W3 XapaKTEPUCTUK KOJia SBJISETCS €ro M30BITOYHOCT.
VYBenuueHnrve n30bITOYHOCTH B MPUHIIMIIE HEKEIATEIbHO, T. K. YBEIUYH-
BaeT 00bEMbI XpaHUMBIX U TIEPEABAEMBIX JAHHBIX, OJHAKO JJIsI OOPHOBI
C UCKOKECHUSIMHU U30BITOYHOCTH BBOJST MCKYCCTBEHHO. BakHO TOJBKO,
94TOOBI OHA MCTO0JIb30BaIach 3(HPEKTUBHO.

PaznuuaroT abconrommuyro 1 omHocumenvHyio u30b61mo4HoOCHb.

Abconomnas uzoeimounocms ¥ ;. paBHOMEPHBIX TOMEXOYCTOM-
YUBBIX KOJIOB HAXOUTCS 110 (hopMyJie:

U

abc

=n—k
Omuocumenvhas u3oblmoYHOCMb:
u =", In=1-kln

[Ipu ompeneneHHBIX YCIOBUSIX H30BITOYHOCTH MOMEXOYCTONYH-
BOI'0 KOJIa CBSI3aHAa C U30BITOYHOCTBIO COOOIICHHUS.

Ecau npeamnosio)kuth paBHOBEPOSTHOCTh MOSBJICHUS Pa3pelieH-
HBIX KOJIOBBIX CJIOB, TO M30BITOYHOCTE D cooOmennst B BuIe KOJIOBOTO

ciioBa, Bbuucisemas mo dopmyne D=H__ — H  Gyner pasua abco-
max >

JIIOTHOM M30bITOYHOCTH Koja D=n—-kK =4 _ .
DTO JIETKO A0Ka3aTh, YUUTHIBASI, UTO

n k
H :—§2 iIog i:Iog 2"=nu H:—E2 iIog i:Iog 2¢ =k
max L 9N 22n 2 - 2k 22k 2 '
i=1 i=1

4.3.7. MaTtemaTu4eckoe BBeJeHHE K ajJiredpanyeckuM Koaam

B HacTtosmiee BpeMsi HanboJjiee W3y4eHbl, MHOTOYHMCIICHHBI, HC-
CIIEOBAHBI U IHUPOKO UCIOJIB3YIOTCA KOPPEKTUPYIOLINE KOJIbl, OMUCHI-
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BacMble MIPH MOMOIIM amlapara BeICIIed aiareOpnl. IlosTomy mpexie,
YeM IMPUCTYNUTh K PACCMOTPEHUIO KOHKPETHBIX KOPPEKTUPYIOMINX KO-
JI0B, 03HAKOMHUMCS C HCIOJIb3YEMOMN MpPH 3TOM YacThIO BBICIICH aireo-
PHIL.

[IpenmeToM BBICIICH anreOphl SIBISIOTCS TaK Ha3bIBaEMbIE ajlee0-
paudeckue cucmembvl, SIBISIONIMECS COBOKYIMHOCTBIO HEKOTOPBIX MHO-
’KECTB U OIPEJICICHHBIX Ha DJIEMEHTaX ATUX MHOKECTB OIlepaIluil.

[lon dsyxmecmmuoti onepayueti 37€Cb TOHUMAETCS OJTHO3HAYHOE
COIIOCTABJICHHUE JIBYM DJIEMEHTAM MHOXECTBA C TPETHUM IO OIpEICICH-
HBIM MpaBHUJIaM.

[lon ooHomecmuou onepayueti IOHUMAETCSI OJHO3HAYHOE COMO-
CTaBJICHUE OJHOMY AJIEMEHTY MHOXXECTBA C JAPYTUM IO ONpPEACICHHBIM
IIpaBUJIaM.

OOBIYHO  OCHOBHBIE  OIlEpAIlMd  HA3bIBAIOTCS  CJIOKEHHUEM
(a+b=c) u ymHOK’EHNEM (ab=d), a 00paTHbIC UM — BBIYMTAHUEM U
JeJeHUEeM, Ja)Ke €CIU ITH ONepalry MPOU3BOIAATCS HE HaJ YHCIaAMH
(HampuMep, HaJl OTTEHKAMU IIBETOB WJIM T€OMETPUUYECKUMU (UTYypaMU)
U HE WJCHTUYHBI COOTBETCTBYIONIMM apupMeTHdeckuM omeparusam. C
TOYKHM 3PEHMs BBICIICH anreOphl dJeMEHTapHas IIKOJbHas airedpa —
OJlHa U3 OECKOHEYHOTO MHOXKECTBa JPYTrMX BO3MOXHBIX ajireOpaunye-
CKHX CHCTEM.

CBoiicTBa 1 HAUMEHOBAHUS CUCTEM 3aBUCST OT 3aKOHOB, KOTOPHIC
B HUX ONpPEACIICHBI.

ITycTh S — MHOXECTBO HEKOTOPBIX JIEMCHTOB, a a U b — 3JIeMeH-
ThI, TPUHAJJICKAIE MHOXECTBY S (MOCTEHEe 3alKUChIBACTCS B BUJC
ae$S, beS).

B tabnuiie 4.8 onpeneneHbl HEKOTOPbIe BaXKHBIE JJIs1 HAC 3aKOHBI.

Cucrema, B KOTOpOW oOMpeeieHbl JIBE OCHOBHBIC ONEpalvu
(CJIO’)KEHHE U YMHOXKEHHUE) U KOTOpasi COOTBETCTBYET BCEM OTMEUCHHBIM
B TaOmuie 4.8 cBoiicTBaM, Ha3bIBAETCS NOIEM.

Cucrema, B KOTOpPOH OIpe/eieHbl 00€ OCHOBHBIC OIEpaluu M
BBINOJHAIOTCA 3akoHBI A1—A5, M1, M2, D1 u D2, Ha3wsIBaeTcsa xo./ib-
YOM.



173

Tabnuna 4.8
OCHOBHBIE 3aKOHBI KOMIIO3UIIUH
Onepanust
3aKOHBI KOMIO3UITUH Cnoxenue YMHO)EHUE
0003H. dopmyna 0003H. dbopmyna

3aMKHYTOCTb: eCIH

aeS,geS,TOCES Al a+b=c M1 | ab=c

(a+h)+c=

AcCOIMaTHBHOCTE A2 —a+(brc) M2 (ab) c=a(bc)
KomMMyTaTuBHOCTH A3 at+b=b+a M3 ab=ba
Hamuume  nynesoro

JUISL  OTIEpAIMK  CJIO- ate= ae=ea-=
J)KEHUS U eIuHU4YHOTrO | A4 M4

JUISL ONIEpALIMM YMHO- =€+a=a =a

YKEHUS DJIEMCHTA e.

Hampuue nms a€S - = - =
00paTHOro »JEMEHTa | AS E +a=a+a=0 M5 éa = aia =1
aesS. a=-—a a=a

D1 a(b=c) =ab=ac
JuctpruOyTUBHOCTH D2 (b N C) 2 — ba+bc

Ecnyu nonmoiaHUTENBHO B HEKOTOPOM KOJIBIIE BBIMOJHSAETCS 3aKOH
M3, TO 3TO KOJIBIIO — KOMMYMAMUBHOE.

Cucrema, B KOTOpOM 3ajJiaHa JIMIIL OJHA omepanus (CIoxKeHHe
WM YMHOXXEHHME) U BBINOJHSIOTCS 3akoHbl Al, A2, A4, AS umu M1,
M2, M4, M5 Ha3bIBaeTCA epynnou.

Ecnu B rpymiie onpeeieHa onepamus CJI0XKeHHs, TO Takas Tpym-
1a Ha3bIBACTCS a0OUMUBHOU, €CIIM YMHOXCHUS, TO MYJIbMUNIUKAMUB-
HOII.

['pynna Ha3bIBACTCS KOMMYMamueHoU WA abenesoil, €ClIu B Hel
BBITIOJTHSETCS] 3aKOH KOMMYTaTUBHOCTH (A3 miu M3) B 3aBUCUMOCTH OT
BBEJICHHOM OTIEpAIIHH.

['pynmbl, UMEIOIIHE KOHEYHOE YHCIIO AJIEMEHTOB, Ha3bIBaIOTCS
KOHEYHbIMU.

[TocTpoum anredpanyecKkyro CUCTEMY, YIAOOHYIO IJisi OMUCAHUS
KOJIOB PAaBHOMEPHBIX JIBOMYHBIX KOJIOB.
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[Ipenmnoyioxum, 4To KOAOBbIE KOMOMHAIIMK 00Pa3yr0T MHOXKECTBO
S. Ompenenum Temnepp Onepanyio CyMMUPOBaHHUA, 001a1a0NTy0 CBOM-
ctBamu Al, A2, A4, A5 u obpa3zyeM TakuM obOpazoMm rpymmy. Onepa-
A0 CYMMHUPOBAHUS OMPEACIUM TaKUM 00pa3oM, YTOOBI YJIOBIETBOPSI-
J0Ch ycnoBue 3aMKHYTOCTH Al. CnenoBaTenpHO, YUCIO pa3psAloB IMPH
BBITIOJTHEHUM 3TOM OMepalud MEHSThCA HE JIOJKHO. DTOMY YCIIOBHIO
OTBEYAET Omepalys MOpa3psAHOTO CIOXKEHUS KOJOBBIX CJIOB MO MOAY-
10 2 (0003HaUaeTCs 3HAKOM @ ). Pe3ynbTaToM Takoro CIIOXKCHHs OyIeT
1, ecii yuCnO €AMHUILL B pa3psijie ciaraeMbix 4eTHo, u (0 — eciu HeueT-
HO.

Ilpumep:
1011101
®0111101
0001110
1101110

BriOpanHas omepaiids KOMMYyTaTHBHa, MO3TOMY rpymma Oyzer
abeseBoil.

HyneBpIM aeMeHTOM SIBIISIETCS KOMOWHAITHSI, COCTOSIIAs U3 O/I-
HUX HYJIeH (3TO JIETKO MPOBEPHUTH ).

[IpOTHBOMOIOKHBIM 3JIEMEHTOM SIBJISICTCS caMa KOJ0Basi KOMOU-
Hamws, a o0paTHas oIepanus — BRIYUTaHUE — TOXKICCTBEHHA OCHOBHOM
oTeparyy CyMMHUPOBAHUAI.

4.3.8. JInHeliHbIEe KOIbI

PaccmoTpuM kiacc anreOpanyeckux KOJOB, Ha3bIBAEMbBIX JIUHEl -
HBIMU.

Jluneunvimy Ha3bIBAIOT OJIOKOBBIE KOJIbI, JOMOJIHUTEIBHBIE Pa3-
pAIBI KOTOPBIX OOpa3yroTCs MyTeM JMHEWHBIX OINEpaluii HajJ ompeie-
JIEHHBIMU UH()OPMAITMOHHBIMU pa3psIaMH.

3/1ech UCTIOJIb3YETCSl TOHATUE TUHEUHAS Onepayusl,

Jlunetinoii onepayueil Ha3bIBACTCS oNEpalus HaJl OObEKTaMH,
OTHUCHIBAEMAasi BRIPAKCHUEM

G+ CX + CX,+...,
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rae C, — koncrantel, X, — 0OBEKTHL

CIoBO JtuHeunwvlll 31€Ch UCIONB3YETCS B BUAY TOTO, YTO BBIIIE-
MIPUBEJACHHOE BBIPAKEHUE OMUCHIBAET MHOTOMEPHYIO MPSIMYIO JIMHUIO.
Crnenyer TOJbKO UMETh B BUJY, YTO ONEPAIlMd YMHOKECHUS U CIOKCHUS,
yKa3aHHbIE B 3TOM BBIPAKEHUH, MOTYT OTJIMYATHCS OT MPUBBIYHBIX
apupMeTnueckux. B Teopun KoaupoBaHUsA B Kaue€CTBE OMEpAIMH CIIO-
’KCHHS UCTIOJIb3YETCs CJI0KEHHE 10 MOIyIIo 2 (&).

4.3.9. YpoméHHblii cnocod NocTpoeHus JUHEHHOro Koaa

YpouieHHbI Croco0 MOCTPOEHUSI TUHEUHOTO KOJa UMEET MPOo-
CTOM aJITOPUTM, 3aKITIOYAIOIIUNCS B CICAYIOIIEM.

1. Onpeodenenue uucia 0obasouHvlx pazpsoos M.

Jlnst onipeiesieHust yucia J00aBOYHBIX Pa3psioB MOMKHO BOCIIOJb-
30BaThCsl GOPMYJION TpaHUIlbl XOMMHUHTA!

Q=int| -2 (4.5)

KCK

2.Ch
1=0

[Ipn 5TOM MOKHO MOJYYHTh INIOTHOYIIAKOBAHHBIN KO, T. €. KOJI C
MUHHMMaJbHOW TPU 3aJaHHBIX MapaMeTrpax KojJa JJIMHOM N KOJOBOIO
CJIOBA M, CJIE0BATEIbHO, U30BITOYHOCTHIO.

K 3amaBaembIM mMapameTpaM KojAa OTHOCATCS: JIJIMHA WH(OpMa-
IIMOHHOW IOCJICIOBATEITLHOCTH K ¥ KOPPEKTHPYIOIIas ClIoCOOHOCTh KO-
na KCK.

[Tpu K mHGOPMAIMOHHBIX JBOWYHBIX pa3psiax MOXKET Iepeaa-

k k
BaThbCs 2 KOJOBBIX CJIOB. Ecmu IIPUPABHATH Q =2 , TO C Y4CTOM Ipa-
HHIIBI X5MMUHTa IMoJIydyacm:

2k - 2k+m

— KCK

2. Cr
i=0

Ecnu KCK = 1, T. €. cTpouTCst KO, UCOPABJISIOMINNA MaKCUMyM OJ1-
HOKpaTHBIE OLIUOKH, TO
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[EEN

> Cl=1+n=1+m+Kk,

i=0

__n 2k<2k—+m' 2™ >m+Kk
in-!'"" " 1+m+k’ |

Ci
n
C yuerom nocneaHert GopMyJIbl UIETCS HAMMEHBIEee M, TIPH KO-
TOPOM YJIOBJIETBOPSICTCS 3TO HEPAaBEHCTBO. HamMeHsbIlee moToMy, 4To
IIPH ATOM JOCTUTACTCS] HAUMEHBINAss H30BITOYHOCTD.
IIpumep: K =7, Torma myrem mpocToro nepebopa J€rko HaiTH,
yro mM=4,
2. ITlocmpoenue obpazyrower mampuyvl HOM H

JIuneiHble KOABI 00JaAIOT CIEIYIOIIMM CBOMCTBOM: W3 BCETO
MHOXKecTBa 2¢ pa3pemIeHHbIX KOJOBBIX CJIOB, 00pa3ylommuX, KCTaTH,
IPYIIy, MOXKHO BBIJCIHTH IOJMHOXECTBA M3 K ci0B, 00JamaroImx
CBOMCTBOM JIMHEMHOW HE3aBUCUMOCTH.

Jlunetinas nesasucumocms O03HAYAET, YTO HUKAKOE U3 CJIOB, BXO-
JSIIUX B TIOJMHOKECTBO JTMHEHMHO—HE3aBUCHUMBIX KOJIOBBIX CJIOB, HEJIB35
MOJYYUTh MyTEM CYMMMPOBAHMS (C MOMOIIBIO JUHEHHOTO BBIPAKEHUS)
JIOOBIX IPYTHX CJIOB, BXOSIINX B ATO MOJIMHOKECTRBO.

B To xe Bpems it000e Apyroe U3 pa3pelieHHbIX KOJOBBIX CJIOB
MOKHO TOJIYYUTh IIYTEM CYMMHUPOBAHUS OIPEJCICHHBIX JIMHEH-
HO—HE3aBHUCHUMBIX CJIOB.

Takum oOpazom, MOCTPOEHUE KOJIOBBIX KOMOUHAIIUN JIMHEHHOTO
KOJIa CBSI3aHO C JIMHEHHBIMU orepanusMu. JIjis BBITOJIHEHUS TaKUX OIle-
panuii ya100HO MOJIb30BaThCS XOPOIIIO pa3padOTaHHBIM alapaToM MaT-
PUYHBIX BEIYUCIICHUH.

J{ns 06pa3oBaHMs KOJIOBBIX CJIOB 110 MH(POPMAIIMOHHON TOCIIE10-
BaTCILHOCTH (KOJMPOBAHMS) HCIOJIB3YIOT MAaTPHUILy, Ha3bIBAIOIIYHOCS
00pa3yromeH.

OOpa3yromas MaTpHIa MOJydaeTcs IMyTeM 3alucu B cTojoer] K
JIMHEHHO—HE3aBUCUMBIX CJIOB.
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OG603HaYMM KOAMPYEMYI0 HMH(OPMALMOHHYIO IIOCIEN0BATEb-
HOCTh X M Oy[eM 3alnchIBaTh €€ B BUJE MaTPULBI-CTPOKH || X | pasmep-

HocThio 1K, Hampumep: | X||=[[11001|, roe k =5.

OnuH U3 cnoco00B MOCTPOCHUS 00pa3yroIIei MaTPHUILIbl CIIETYO-
umit. OHa cTpouTCs U3 eAUHUYHOM Matpuusl ||| pasmeproctsio K-K 1

MPUINIUCAaHHOM K HEM crpaBa MaTpUIlbl 100aBOYHBIX (M30BITOYHBIX) pa3-
psanos ||[M/[P|| pasmepuoctu K-m:

”Okan‘ = Hlkkakam I,
rae npu k =4
1 000
Hl _ 0100
410 0 1 0o
0 001

Takas ctpykrypa OM obGecrnieurBaeT MOJyYEHHUE CHUCTEMAaTHYe-
CKOT'0 KOJ1a.

[Topsimok noctpoenus matpuiibl M/IP OyaeT paccMoTpeH HUKe.

3. [Tlopsaook koouposanus. KomoBoe cioBo KC momydaercs my-
TEM YMHOXEHUSI MaTPUIBl HHPOPMAITMOHHOH MocienoBaTenbHoCTH || X||
Ha oOpa3yroniyro Marpuity |[OM]|:

IKC,,,

| = ”X1ka ' ”OManH

YMHOKEHHE BBITIOJHACTCS 10 TPaBWJIaM MAaTPHYHOTO YMHOXKeE-
Hus (puc. 4.9):

h
a; = kZ;blkaj'

DneMeHTHl I—# cTpoku MHOkMMOro ||B|| ymHoxarorcs Ha site-
MeHTHI j—To cronbia muoxures||C || u cknanpiBarorcs. B pesynbrare
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TAKOTO CJIOXKEHHUS IMOTY94aeTCs HIIEMEHT i—# CTPOKU H J-TO cTONONA &;
pe3yabTHpyromeii MaTpuus || Af|.

Hazmo TOJIBKO MOMHHUTB, YTO CIOKEHHE 37€Ch BEIETCS IO MOAY-
0 2.

Puc. 4.9. Unmoctpanus mpaBuia MAaTPUIHOTO YMHOKEHHUS
Ilpumep. Jlonyctum, oOpasyroiiasi MaTpulia

1000 100
0100 110
0010 011
0001 001

[om]=

1 MaTpuiia "HPOPMaIMOHHOMN MMOCIIeI0BATEILHOCTH
IX| = [1L00]!.

Tak kak MHOXKMMasi MaTpuIla UMEET BCEro OJHY CTPOKY, YMHO-
KCHHE ympoIraeTcs. B aTom cirydae cieryeT mocTaBUTh B COOTBETCTBUE
cTpokaMm oOpasyromieii matpunbl [|[OM|| paspsaasl marpuibl uHGOpMa-
ITMOHHOM MocyeaoBaTenbHOCTH || X|| 1 cimoxuTh Te cTpoku oOpasyromei
MaTpPHIIBI, KOTOPBIE COOTBETCTBYIOT CAMHHYHBIM paspsiaM MaTpHIIbI

[X]].
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X IOM]|
1 1 0 O O 1 1 o©
1 0 1 0 0 1 1 1
0 o o 1 o0 o0 1 1
0 O 0 o0 1 1 o0 1
IKC =1 1 0 0 0 0 1
3aMeTuM, 4TO ||KCH = ” X/P||, roe HX ” — nH(OPMAaLMOHHAS

MOCJICIOBATEIIBHOCTD (T. K. YMHOXAaeTCsl Ha eauHuYHyo Matpuity ||l|]),
a ||AP|| — moGaBouHbBIe pa3psabpl, 3aBUCAIINE OT MATPULBI J0OABOYHBIX
paspsos ||[MP||:

| 2P| = 11X sezp|
4.3.10. Iopsinok 1eKOTUPOBAHUS

B pe3synbrare nepegadyu KOAOBOIO CI0BA YEpPE3 KaHAI OHO MOMKET
OBITh MCKaXEHO MOMEXOW. ITO MPHUBEAET K TOMY, UTO MPUHATOE KOJIO-
Boe cii0Bo ||[TIKC|| moxeT He coBmacTh ¢ ucxoaubM ||[KC]||.

HckakeHre MOKHO OTIMCATh C TIOMOIIBIO CIIEAYIOIIEH (POpMyJIbI:

HHI{CH = ||KCH + ”BO||,

rae |BO|| — eexmop owubku — maTpuiia—CTpoka pa3MepHOCThIO 1 XN, C
eAVHULIEH B T€X pa3psaliax, B KOTOPHIX MPOU3OILIN UCKAKEHUS.

JlekoarpoBaHWe OCHOBAaHO Ha HAXOXXIECHUU TaK HA3bIBAEMOI'O
orno3HaBaresiss — MaTpulbl—CTpoku ||OIly .|| mmuHOM M paspsmoB (M —
KOJIMYECTBO JTI00OABOYHBIX WJIM M30BITOYHBIX Pa3psaoB B KOJOBOM CIIO-
Be). Omno3HaBaTenb MCHOJbB3YETCS JUIsl HAXOXKJICHHS IMPEANO0JIaraeéMoro
BEKTOpa OIIMOKH.

Ono3HaBaTeIb HAXOAT MO ciaeAyonie hopmyie

HOHH - HHKCH-HTHM”,

rne |[[IKC|| — mpuHsATOE M BO3MOKHO HCKaXKEHHOE KOJIOBOE CIIOBO;



180

|ITIIM|| — mpancnonuposannas nposepounas mampuya, KOTopas
MOJIy4aeTcsl U3 MaTpHUllbl 100aBOYHBIX paspsiaoB ||MP|| mytem mpumnu-
ChIBaHUS K HEW CHU3Y €IUHUYHON MATPHULIBI:

MﬂPk-m
I

m-m

umMu=H

[TpuBeneM npumMep TpaHcoHUpoBaHHON MaTpulls || TTIM||.

© O P P O Pk -
O P O O R Kk k.
P O O F kL O

[Tockonbky
ITIKC]| = [[KC]| + [|BO],
NOCJIETHIO (POPMYITYy MOKHO 3amucaTh B BUJIE:
O] = |IKC]| > [ITTIM]| + [|BOJ| > || TIIM]|

Paccmotpum nepBoe craraemoe: ||[KC|| — marpuiia—ctpoka, mpu-
4yeM niepBbie K pa3psaoB — HHGOpMAIMOHHBIE.

JloxaxkeM Temepb, 4TO mpousBeaeHue konoBoro cnosa ||[KC|| Ha
|ITTIM|| mpuBOAMT K MOJTydeHUIO HYJIeBOH MaTpuilsl ||0)|.

[Tockompky ||KC|| — Marpuia—cTpoka, BO3MOXKEH yIPOIICHHBIN
TOPSIIOK YMHOYKEHHSI MATPHUIL, PACCMOTPEHHBIN BBIIIIE!

MJIP

pectrma|-|e e || -petpazei ey -y ae e -pol
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CrenoBaTelbHO, IEPBOE CTIAraeMoe B
||| = [[KCI| < [ TIIM|| + [BO|[<|[ TIIM]|

BCErJa pPaBHO HYJIO M OINO3HABATEb MOJHOCTHIO 3aBUCHUT OT BEKTOpA
omuoku |[BO||.

Ecnu Teneps mogoOpath Takyto Marpuity TIIM, a 3nauut u M/IP,
YTOOBI PAa3HBIM BEKTOpPaM OIIMOKH COOTBETCTBOBAJIM Pa3HbIC OMO3HABA-
tenu OII, TO Mo 3TUM OMO3HABATEISIM MOXKHO OyJET HaXOJIUTh BEKTOP
omuOku BO, a 3HAYUT ¥ UCTIPABIIATH 3TH OIIMOKH.

CoOoTBETCTBHE OMO3HABATENICW BEKTOpaM OIIMOKH HAXOJIUTCS 3a-
paHee IyTeM IEPEMHOXKEHHUS BEKTOPOB MCIPABISAEMBIX OIIMOOK Ha
TIIM:

|OH]| = [[BOJ| > || TIIMI|

Takum 00pa3oM, ClIOCOOHOCTh KOJIa UCTPABISATH ONIMOKH IIEITU-
KoM ompeaengercs M/IP.

Haitnem cmoco06 moctpoeruss MJIP miis KO0B, MCIIPaBIISIONTAX
OJTHOKPATHBIE OIITHOKHU.

Yucno cTonbiioB M onpenensercs, Kak MoKa3aHO BBIIIE, B BUJIC
MHUHHMAJIBHOTO YHCIIa, YAOBICTBOPSIOIIEr0 HepaBeHCTBY 2™ >M+K .,

Taxk kak BO jys ciydas ucnpaBiieHHs OJTHOM OITMOKH MOXKET
HMMETh JIUIIb OJHY e€AuHMITY, TakuX BO MoxeT ObITh ToJIBKO N (1 B pas-
JUYHBIX pa3psjax). YUUTbIBas BO3MOXHOCTh MCITOJIb30BaHUS B TaHHOM
CJIydae BBIIICONMUCAHHOTO YIPOIIEHHOTO CIoco0a MepeMHOKEHUS MaT-
pHUIl, BUJUM, YTO OMO3HABATEJIM B 3TOM CJIy4ae MPOCTO COBMAJAIOT CO
crpokamu TIIP, mpuuem HOMEp CTPOKH paBEH HOMEPY HCKAXKEHHOTO
paspsa.

J{nst Toro uToObI HU oj1HA cTpoka M/JIP He coBmanana co CTpOKOM,
MPUITMCAHHON K HEW HWXKE €IWHUYHOW MATPUIIbI, YHUCJIO €IUHUYHBIX
paspsiaoB B M/IP momxHO ObITH Oosbilie ogHOTrOo. KpoMe TOro, 4ToOsl
CTPOKHM HE OBUIM OJMHAKOBHIMU (4 OHM COBHAJAIOT C ONO3HABATEISAMU;
OTIO3HABATENIM PA3IMYHBIX OMIMOOK JOJKHBI OBITH PA3JIUYHBI) OHHU
JIOJKHBI OTJIMYAThCS HE MEHEE, YEM B OJTHOM pa3psie.

DTH TIpaBUjIa MOKHO MOJYYHUTh U IPYTUM CIIOCOOOM.
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Kooosoe paccrosnue nnsa kona, ucnpasistoimiero 1o KCK ommwm-
ook, Berumcisercs mo ¢opmyne KCK =int[(d.,—1)/2]. Hecnoxuo
Haiity, uro d.., =3 npu KCK =1.

JI1s1 TUHENHBIX KOJIOB CIIPaBEJIMBO YTBEPKICHUE O TOM, YTO KO-
0080¢€ paccmosiHue JTUHEH020 KOOd PA8HO MUHUMATbHOMY 8eCy KOO080-
20 cn108a 3moeo Koda. Jns pokaszatenbcTBa BCIIOMHHUM OIpEEICHUE
JMHEWMHOTO KOJia, COTJIACHO KOTOPOMY JIMHEHMHBIMU HA3bIBAIOTCSI KOJIbI
J00bIe JTMHEHHbIE KOMOWHAIIMKM KOJOBBIX CIIOB KOTOPBIX TaKXKE SIBIIS-
IOTCSl KOJOBBIMH CITOBaMU. [[J1 onpeaeneHus pacCTOSHUS MEXKIY KO O0-
BBIMU CJIOBaMH HY>KHO HalTU Bec ux cymmbl. Ho aTa cymma cama siBisi-
eTcs KoJ0BbIM ci10BOM. KogoBo€e e paccTOssHHE PABHO MUHUMAIIbHOMY
PACCTOSHUIO MEXIY KOJOBBIMHU CIIOBAMU. DTO TOXKE KOJOBOE CJIOBO.

[Ipy KOIUpPOBAaHUM MBI CYMMHUPYEM OIPEICICHHOE KOJIMYECTBO
(0003HaYUM 3TO KOJHMYECTBO OYKBOU I) CTPOK 0Opasyromieil MaTpuilbl
OM. 3a cyeT eAMHUYHON MATPHUIIbI B MOJYYEHHOM TaKUM OOpa3oM KO-
JOBOM CJIOBE OyJeT Kak MUHUMYM | €MHHII.

Ecmu 1 =1 (i He MOkeT ObITh MEHBIIIE 1), TO KOJIOBOE CIIOBO COB-
najaet ¢ oAHou u3 ctpok OM, a NOCKOJIbKY MUHUMAJIbHBIA BEC KOAOBO-
ro CJIoBa B HallleM ciiydae paBeH 3, 3a cuer MJIP noipkHO OBITh 100aB-
JeHo eme ABe enuHuIbl. OTciona TpeOOBaHUE HANMYUS He MeHee YeM
08yx eduruy 6 kaxcoou cmpoxe M]IP.

Eciu i=2, 2 equHUIBI TIOJTyYaeM 3a CUYET SAMHUYHON MaTPHIIbI U,
YTOOBI MOJYYUTh €IIE OAHY €UHHUILY, HY>KHO UMETh Xoms Obl 00HO pas-
uyue medxrcoy 08yms aroowvimu cmpouxamu MJIP.

[TonydeHHbIN HaMU KOJ HEYJA00€H TeM, UYTO OMO3HABaTelb, XOTS
Y CBSI3aH OJTHO3HAYHO C HOMEPOM HMCKAXXKEHHOT'O pa3psifia, KaKk YKCIO He
paBeH emy. JlJis mOMCKa MCKaXXKEHHOTO pas3psjia HY)KHO HCIOJIb30BaTh
JTOTIOJITHUTEIbHYIO TaOJIMITy COOTBETCTBHUS MEXKIY OIIO3HABaTelieM W
3TUM HOMepoM. KoJibl, B KOTOPBIX TaKOE€ COOTBETCTBUE MPHUCYTCTBYET,
OBLIIM HaMJACHBI U TIOJIYYUIIA Ha3BaHUE K0008 XoMMmuHea.

[Toctpoenue MJIP s ciydash UCHpaBi€HUS MHOTOKPATHBIX
OIIMOOK 3HAYUTENIBHO YCJIOXKHSETCA. Pa3HbIMU aBTOpaMu ObLUIM HakJie-
HbI pa3jIuyHble anropuTMbl noctpoeHus MJIP mis atoro ciyyas, a co-
OTBETCTBYIOIINE KOJbI HA3BIBAIOTCS X UMECHAMU.

Heckoibko ciioB 00 0003HaY€HUH KOJOB.
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PaBHOMEpHBIC OJIOKOBBIE CHCTEMATHYECKHE KOJIbI, HMEIOIINE
N—paspsgHbIe KOAOBBIE clioBa ¢ K HMH(DOpPMAIMOHHBIME pa3psjaaMu
Ha3bBaroT (N,K)—komamu.

B kadectBe nmpumepa paccMoTpeH ko (8,4).

[Ipu ucnonb30BaHUM JTUHEUHBIX KOJOB MOKHO M30€KaTh MpUMe-
HEHUS OIlepalii HaJl MaTpuiamMu. PaccmarpuBas mpouecc KOIupoBa-
HUS, HETPYHO 3aMETUTh, YTO ONPEICIICHHBIC T00aBOYHBIC pa3psi/ibl MO-
JY4YaroTCsl MyTEM CJIOKEHUSI 110 MOAYJII0 2 ompeeNieHHbIX HHPOpMaIU-
OHHBIX Pa3PsIO0B.

1000110
0100111
loMI=lg 6 1 0 0 1 4’
0001101
110
111
01 1
TrM| =1 0 1.
100
010
00 1

O6o03naunM kogoBoe ciIoBO Xi1Xo...X(Y1Ys...Yy, 3mecb X — uH-
dbopmarmoHHbIe pa3psiabl, Y — 100aBOYHBIC pa3psbl.
B Hamem npumepe

k=4 M =3;

Y= XY, = X+ X, + X,;
Y;= X+ X, + X5

Y, =X, + X;+ X, .

Jlnst pacueta pa3psiioB Z OMO3HABATENS TaKKE MOXKHO HCIOJIB30-
BaTh COOTBETCTBYIOIINE (POPMYJIBIL:
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Z,= F1+F2+F4+F5;
Ly=F2+F3+F4+F7;
Z,= F1+F2+F3+F6,

riae Fi — paspsaer TTIM.
PacyeTs! o hopmynaM MHUPOKO UCTIONB3YIOTCS TIPH MOCTPOSHUHN
KOJUPYIOIIUX U IEKOTUPYIOIINUX YCTPOUCTB.

4.3.11. JIBonvHbI€e HUKJIHYECKHE KOAbI

BrimenpuBeneHHas mpoueaypa MOCTPOCHHUS JIMHEWHOTO KOJia
UMeeT psaa HenocTtatkoB. OHa HeogHo3HauHa (M/IP moxHO 3a1aTh pas-
JUYHBIM 00pa3oM) W HeyAoOHa B peajau3allud B BHUJE TEXHUYECKHUX
YCTPOUCTB. DTUX HEAOCTATKOB JIMIIECHBI JIMHEHUHBIE KOPPEKTHUPYIOIIUE
KOJIbI, IPUHAJICIKAIINE K KIIACCY YUKAUUECKUX.

Luxnuueckumu Ha3pIBalOT JIMHEHHBIE (N,K)—KOmbI, 00iamaronme
CIEAYIOIIUM CBOMCTBOM: JIsl TF000T0 KOJOBOTO CJIOBA

[KCl =y 2.0

CyYHICCTBYCT APYIroc KOAOBOC CJIOBO:

KTl =l 12,28,

MOJIYYCHHOE HMKIWYECKUM CIBUTOM 3JIEMEHTOB HCXOJHOTO KOJOBOIO
cioBa ||KC|| BnpaBo uiau BiI€BO, U KOTOPOE TAKKE MPUHAMIICIKUT ITOMY
KOJy.

Jlnst omucaHWsl IUKIMYECKUX KOJOB HCIOJIB3YIOT TOJUHOMBI C
bukTHBHOUN TIepeMeHHON. bynem 0003HauaTh ATy epeMeHHyI0 OyKBOU
X.

Hampumep, kogoBoe cioso ||KC|| =1/011010||.

Ero MOHO omnucaTh OJTMHOMOM

AX) = 0-X°+1- X" +1. X°+0- X°+1- X*+0- X°
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Takum o0Opa3oM, pa3pszibl KOJOBOIO CJIOBa B OMMCHIBAIOIIEM €O
MOJIMHOME HCIIOJB3YIOTCS B KadecTBE KOA(DPUIIMEHTOB MPHU CTEMECHSIX
(bUKTUBHOM IepeMeHHOM X.

Haubonpiasi creneHb GUKTUBHON MepemMeHHONW X B cllaraéMoM C
HEHYJIEBBIM KO3 (UIIMEHTOM HA3bIBACTCS CTENEHBIO MOJIMHOMA. B BbI-
HIEMTPUBEACHHOM MPUMEPE MOTYUUIICS TOJIUHOM 4—i1 CTEIIeHH.

Tenepp nencTBUS HAJl KOJOBBIMU CIIOBAMU CBOJATCA K JCUCTBUAM
HaJ mosiMHoMamMu. BmecTo anreOpsl MaTpuIl 31€Ch UCTIONIb3YyEeTCs areo-
pa MOJIMHOMOB.

PaccmoTpuMm anrebpanyeckue JEUCTBUS HAJ MOJIMHOMAMH, HC-
MOJIb3YEMBbIE B TEOPUU LIUKINYECKUX KOJIOB.

CyMMupoBaHHE TOJIMHOMOB pa3doepeM Ha MpuMepe

C(X) = A(X) + B(X).

Tycrs [|A|| = [|011010], |[B]| = |110111] Toraa

AX) =0 + X+ X +0 +X +0
@ BX) = X+ X*+0 + X + X+ X°
CX) =X +0 +X +X+0 + X

Takum oOpazom, npu cymMmupoBaHuu Kod(hPuuueHToB npu X B
OJIMHAKOBOM CTENEeHW pe3ynbTar Oepercss mo moayito 2. Ilpu Ttakom
MpaBUJIE BBIYUTAHUE YKBUBAJICHTHO CYMMUPOBAHUIO.

YMHOKEHUE BBINOJHAETCS KakK OOBIYHO, HO C MCIIOJIb30BAaHUEM
CYMMUPOBAHUA IO MOIYJIIO 2.

PaccMoTpyM yMHOXEHHE HAa TPUMEPE YMHOXKEHHS TMOJMHOMA

(X3+X1-I-XO) Ha IOJIMHOM (X1+XO).

®X‘”+O + X+ X

X+ X

X +0 +XxX + X
X s o0 o+ X+ X

X+ X+ x¥X+0 + X
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Onepanus oOpaTHass YMHOXEHUIO — JerneHue. JleneHue mnoiaumHo-

MOB BBITIOJIHSIETCSI KaK OOBIYHO, 32 UCKJIIOYEHUEM TOTO, YTO BHIUUTAHUE

BBITIOJTHSAETCS TI0 MOJYJIIO 2 (BCIIOMHHUM, YTO BBIYMTAHHUE MO MOIYJIO 2
SKBUBAJICHTHO CJIOKEHHIO TTO MOJIYJIIO 2).

Ilpumep neneHuss MOJIMHOMA (X6 +X'+X° ) Ha MOJUHOM

XC+X2+X0):

X +0 + X +X +0 +0+0[X +Xx +0+ X
X+ X +0 + X PesyanaT=‘X3+X2
X+ X +0 +0
X+ X +0 + X
OcTaTtok= O+AXZ

[Muknuueckuid CABUT BJIEBO HA OJIHY MO3UIHIO KOA(DPHUIIMEHTOB
MoJIMHOMA cTeneHu N — 1 mosyyaercs myTeM ero yMHoKeHus Ha X ¢ To-
CJICTYIOIUM BBIYMTAHUEM U3 Pe3yJIbTaTa YMHOXKCHHS MmoJIMHOMa X" —1,
€cM ero mopsiiok Oosbine aub0 paBeH N. IlocrmeaHee >KBUBaJICHTHO
BBIYMCIICHHUIO OCTAaTKa OT JICJICHHUS pe3y/ibTata yMHOKeHHs Ha X" —1.

[IpoBepuM 3TO Ha pUMEDE.

[Iycth TpeOyeTcsl BBINOJIHUTh HUKINYECKUN CIBUT BJIEBO HA OJHY
no3UIMI0 KO3 puirenToB noauunoma C(X) = X+ X+ X+ X,

B pe3ynbTare 101KeH MOTYyUYUThCS MTOJTUHOM

CX)=X*+X3+ X'+ X°

OTO JIETKO JO0Ka3bIBACTCA.

C(X)x X —(X°+1)=(XF X+ X%+ X+ ( X+ X)) =X*+ X%+ X'+ X°.

B ocHOBE NMKIMYECKOTO KOJa JIEKUT OO0pa3yroluid MOJIUHOM
M-r0 nopsiika (HAMOMHUM, YTO M — YKUCIIO JOTOJHUTEIbHBIX Pa3psaoB).
Bbyaem o603Ha4aTh €ro gm(X).

Oo6pa3zoBanne KOAOBBIX clOB (koaupoBanue) KC BrimonHsgeTcs my-

TeM YMHOXEHHSI HH()OPMAITMOHHOTO TOJIMHOMA (MH(POPMAIMOHHBIN TT0-
JIMHOM — TIOJIMHOM C KO3 UIIMeHTaMH, SBJISIONUMHUCI MHOOpMAIIMOH-
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HOI mocnenoBaTenbHOCThI0) HMi(X) mopsanka 1<K ma oOpasyromuil mo-
JINHOM:

KCeri(X) :gm(X) ) HI(X)

[IpuHsATOE KOTOBOE CIIOBO MOKET OTINYATHCS OT MEPEJaHHOTO HC-
KOKEHHBIMHU pa3psiaMi — Pe3yJIbTaTOM JEHCTBUS MCKaXKAIOIIUX Tepe-
naBaeMyro HH(GOPMAaIKIO TTOMEX.

[IKC(X) = KC(X) + BO(X),

rae BO(X) — moauHOM BeKTOpa OIMMOKH, a CyMMHPOBaHHE, KaK 0OBIYHO,
BEJIETCA MO MOIYJIIO 2.

JlekonupoBaHue, Kak W paHbIlle HAUMHACTCA C HAXOXICHUS OIO-
3HaBaTellsd, B JaHHOM ciiydae B Buje monmaoMa OII(X). DTot monumHOM
BBIYUCIISIETCS. KAK OCTATOK OT JICJICHUS MOJIMHOMA HNPUHSATOrO KOJOBOIO

cioBa ITKC(X) Ha 00pa3yroImii MOJTHHOM gm(X ):

_ [HIKC(X)) [KC(x) [BOo))
OI1(X) =ocmamo (—gm(x) J ocmamo (—gm(X)J(@ocmamo (—gm(x))

IlepBoe cnaraemMoe ocTaTka HE MUMEET, T. K. KOJOBOE CJIOBO OBLIO
00pa30BaHO MyTeM YMHOXKEHUS MOJIUHOMA MH(OPMAIIMOHHOMN TOCen0-
BaTEJIbHOCTU Ha oOpa3ytomuii nmoauHoM. CienoBaTenbHO, U B JaHHOM
CJIy4yae OMO3HABATENb MOJHOCTHIO 3aBUCUT OT BEKTOPa OLINOKH.

BO(X)

OIl1(X)=ocmamox
4 9 (X)

OOpa3yronuii MOJWHOM BBIOMPAETCSI TAKUM, YTOOBI IPU JAHHOM M
Kak MOXHO Gojblnee umcno otHomenuit BO(X)/ g, (X) nasano pas-

JUYHBIE OCTATKH.

TakoMy TpeOOBaHMIO OTBEYAIOT TaK HA3bIBAEMbBIE HENPUBOOUMDbIE
NOJIUHOMbL, KOTOPBIE HE AENATCS 0€3 OCTaTKa HU Ha OJIUH MOJIMHOM CTe-
NEeHU M U HUKEe, KpoMe Kak caM Ha ce0s 1 Ha 1.
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[IpuBeneHHas 37ech mpoleaypa o0pa3oBaHusi KOJOBOTO CIOBa He-
yA0OHa TeM, YTO TaKOW KOJ MOJIy4aeTCs HECHCTEeMATHYECKUM, T.€. Ta-
KUM, B KOJIOBBIX CJIOBaX KOTOPOTO HEJb3s BBIJCIUTh UHPOPMAIIMOHHBIC
Y JIOTIOJTHUTEbHBIC PA3PSI/bI.

DTOT HEJOCTATOK OBLIT yCTPAHEH.

Cnoco0 koaupoBaHMsl, MPUBOASAIIUN K MOJYYEHUIO CUCTEMaTH4e-
CKOT'O JIMHEWMHOTO NUKINYECKOTO KOJIa, COCTOUT B NMPUINKCHIBAHUU K WH-
(dopMaImoOHHOM TOCIEeNOBATENIBHOCTH /1 NOMONMHUTENBHBIX Pa3psaoB

JIP.

OTH JOMOJHUTEIbHBIC pa3psabl IPeaaracTcs HaXOAUTh IO ClIe-
ayromen Gpopmyiie:

u(Xx)- X"
I (X)

JP(X)=ocmamox

[Topsimox moiauHoma JIP(X) rapanTrpoBaHO MEHbBIIE M (TIOCKOJIBKY
3TO OCTATOK).

[IpunuceiBaHre MOMOTHUTEIBHBIX Pa3psioB K MH(POPMaIIMOHHON
MOCJIEI0BATENIBHOCTH, UCIIONB3Ys alnre0py MoJIMHOMOB, MOYKHO OINUCATh
dbopmyoit

KC(X) = H(X) - X™+ AP(X)

OnmHYUM W3 CBOMCTB MUKIMYECKUX JIMHEHHBIX KOJOB SIBIIICTCS TO,
4TO pe3yJIbTaT JACJIICHUS J000ro paspereHHoro kogosoro cioa KC Ha
00pa3yoIIuil TOJTMHOM ( TaK)Ke SBIIACTCS pa3pelieHHBIM KOJIOBBIM CIIO-
BOM.

Jlokakem, 49TO IOJydaeMbIe MO BBIMICIPUBEICHHOMY QJITOPUTMY
KOJIOBEIC CJIOBA SIBJISIOTCS KOJAOBBIMU CIIOBaMHU ITUKIIMYECKOTO JTUHEHHO-
ro koja. JlJist 3Toro Hy>XHO YOSIUTHCS B TOM, YTO IIPOM3BOJIBHOE pa3pe-
IIIEHHOE KOJIOBOE CJIOBO JICJIUTCSA Ha 00pa3yroIIUM MOJIMHOM Oe3 ocTat-
Ka:

KC(X) _H(X)-X" ® JIP(X)
g(X) g(X) g(X)
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PaccmoTpum niepBoe cnaraemoe:

H(X)- X"

o APCY)
T

g(Xx)

riae d(X) — menas yacTh pe3ysbTaTa JICACHUS.
[TojicTaBUM TOTYYEHHYIO CYMMY Ha MECTO TIEPBOT'O CJIaragMoro:

KC(X) _ v o0 APX) o JIP(X)
000 %00 0

CymMMHpOBaHHE TOCIECIHUX ABYX CIJIAraéMbIX HAcT HYJIEBOU pe-
3yJbTaT (HAIOMHUM, YTO CYMMHUPOBAHHE BBHITIOIHSAETCS 110 MOIYJIIO 2).
KC(X)

g(Xx)
O3HAYaeT, YTO OIMUCAHHBIA BBHIIIE CMOCOO KOJAMPOBAHHS COOTBETCTBYET
IUKINYECKOMY KOJY.

3HAYUT =d(X) — uenast gyactp genenus. OcraTka HET. ITO

4.3.12. HekoTopble CBOIICTBA HUKJINYECKUX KO/I0B

Bce cBoiicTBa IUKIMYECKUX KOAOB OIPENEISAIOTCS 00pa3ylo-
UM TIOJIMHOMOM.
1. [uknuyeckuid KoJ, oOpa3yromuil MOJIMHOM KOTOPOIO COJEP-
KUT 00JIee OJHOTO claraeMoro, oOHapy»XMBaeT BCE OJUHOYHbBIEC OLIUO-
KH.
Ctporo nmokaswsiBaTh 3T0 He Oyaem. [lokaxkem 3TO Ha mpumepe
mpocTeiimero obpasyromero moimuHoMa g(X)=X +1. Bextop oxHo-

KpaTHOM OmMOKM B I—M paspsie OIUCHIBAETCS IOIMHOMOM
BO(X)=X,.
Haiinem onosnasarens OI1(X)= ocmamOK(%(XX))} :
m
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X+0 +0 + .. +0/X +1
XI + lel ’ lel + xl*l +. . . + 1
Xl—l + O
lel + X|72
X|72
X
X + 1

1 -ocratox

Takum oOpa3zom, nockoiabky BO umeet Bec 1 (He paBeH HYJIIO)
OIMOKa OOHAPYKUBACTCHI.

2. JlokaxeM Temepb, YTO MUKIMYECCKUH KOJ, 0Opa3oBaHHBIN
IIPU TOMOIIM TTOJIMHOMA g(X): X +1, nosBonser oOHapy)kuBaTh He
TOJIBKO OJMHOYHBIE HO U JTI00BIC OIMTMOKN HEYETHOW KPAaTHOCTH.

Jloxazamenvcmeo

PaccMoTprm nepBbIl BapuaHT KOAUPOBAHUS — KOAUPOBAHUE T10
dbopmyne

KC(X)=H(X)-g(X)

B namewm cioyugae g(X)=X +1.
[TocJie moACTaHOBKH MOy YHM:

KC(X)=H(X)- (X +1) =X -H(X)+H(X)

Ecm W(X) comepxutr L eauHWYHBIX KOA(P(OHUIIMEHTOB, TO H
X xH(X) TokKe COMEPIKUT CTOIBKO ke L eMHNIHBIX KOAPPUITUSHTOB, HO
npu creneHsax X Ha eauuuily Oosbimmx. O0o3HauuMm L’ KoOIM4ecTBO
€MHUYHBIX KOA(P(UIIMEHTOB MPU OJMHAKOBBIX cTeneHsx X. Oba noniu-
HOMa CIIeyeT CIOXUTh. [Ipu clokeHuu 4ieHbl TOJIUHOMOB C OJIMHAKO-
BBIMU CTEMEHSIMU W €JUHUYHBIMU KOd(pPuUIMEeHTaMH B CymMMe IaayT
cjaraeMble ¢ HyJIEBBIMU KO3 puiimenTamu (cioxeHue no moaysio 2). B
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00111eM, B CIIOKEHUU OyJeT y4acTBOBaTh 2L cllaraeMbIX ¢ € IMHUYHBIMU
koo dunurentamu, 2L' U3 KOTOPHIX MOMAPHO B3aMMHO YHUYTOXKAKOTCS.
B cymmapHOM IMOJIMHOME OCTAHETCS B UTOTE

2L-2L=2(L-L")

YJICHOB C €AMHUYHBIMU KOA(P(UIIMEHTaMU — YeTHOE 4ucio. Takum 00-
pa3oM, MPpH HUCIOJb30BaHUM OOpasyromiero nojiuHoma X +1 moaydae-
MbI€ B pe3yJibTaTe KOJOBBIE CJIOBAa 00s3aT€IbHO MMEIOT YETHOE YHCIIO
€MHUYHBIX pa3psaoB. JIr000e UCKaKeHHWE C HEUETHBIM YUCIOM OIINOOK
npeodpa3yeT pa3pelieHHOE KOJIOBOE CIIOBO C YETHBIM YUCIIOM Pa3psiioB
B 3aIPEILIEHHOE — C HEYETHhIM. Takoe KOJO0BOE CIIOBO, MOCKOJIbKY OHO
SBJISIETCS 3alpEIICHHBIM, Cpa3zy ke OyJeT OOHapyXEHO IO HAJUYHIO
OCTaTKa OT €ro JeJCHUsI Ha 00pa3yIOIIHil TOJIMHOM.
Hano 3aMeTuTh, 4TO KOJibl, 0OHAPYKUBAIOIIAE YETHOE KOJIUYECTBO
OIMOOK, UCTIOIB3YIOTCS JOBOJIBHO YaCTO.
Haiinem Terneph 1iis ciiyyas MpUMEHEHUST 00pa3yIoIIero nojnHoMa
X +1 ynporieHHbIi BapuaHT MPOoIeAyPhl KOAUPOBAHUS.
Panee Obuta npuBejieHa cieayroiias hbopmysia MoaydeHus KOJ0BO-
ro cJioBa (Cly4aid CUCTEMAaTHUYEeCKOro KO/1a):
m
KC,(X)=H,(X) - X"® [IP,(X), 20e LAP,(X) zocmamm{%]
m

OcrtaTkoM OT nenieHus Jro0oro nojuHoma Ha X +1 MOXeT OBITh
m6o 0 (octaTtka HeT), mu60 1. CnemoBarensHo, M=1, 1. e. 1 pasps.
YuuThiBast BBIBOJI O TOM, YTO MPU UCIIOIB30BAHUU 00Pa3yIoIIEro
nosimHoMa X +1 monydaemblie B pe3ysibTaTe KOJOBbIE CI0Ba 00sI3aTelb-
HO HMEIOT YETHOE YHCJIO €IMHUYHBIX Pa3psgoB, JIeJIa€M BBIBOJ, 4YTO
ATOT OJMH Ppa3psiji TIOJKEH JOIMOJHITh KOJUYECTBO €IUHUIl B HHGOpMa-
IIMOHHOM IOCIIEOBATEIFHOCTH A0 YETHOrO 4ucia. B aToM m 3akmroua-
€TCsl YIPOIIEHHBIA COCO0 KOAUPOBAHUS MPU MCIIOJIb30BAHUU Pa3en-
MOT'0 HUKIMYECKOTr0 Koja ¢ o6pasyromum moauaomom X +1.
3. Huknnaeckuii Koz, oOpa30BaHHBINA MOJUHOMOM gm(X), oOHa-

PY’KHBaeT BCE JIByYKpaTHbIE U OJHOKpPATHBIE OIIMOKH, €CJIM 3HAYHOCTh
KOJIa N MEHbIIE WIM paBHa cTeneHu L momuHOMa Xt+1, tme L —



192

HaMMEHbILEE YKCIIO, TP KoTopoM X - +1 nemutes Ha g,,(X) 6e3 ocrar-

Ka.
JloKa3aTenbCTBO HE IMTPUBOINM.

4.3.13. IlocTpoeHune Kojaa ¢ 3aJaHHON KOPpPEeKTHUPYIOIIEHd CIo-
COOHOCTBHIO

CylecTByeT HECJIOXHasl MpoleAypa MOCTPOCHHUS Kojaa C 3a-
JTAHHOM KOPPEKTUPYIOIEeH CrocOOHOCThI0. OHA COCTOUT B CIEAYIO-
IEM.

1. Tlo 3amanHOMY pa3mepy WH()OPMAIMOHHOW COCTaBIISIONICH
KOJIOBOT'O CJIOBA JUTMHOM K OmpeseNseTcs KOJIHMYECTBO M JTOTOIHUTEIb-
HbIX (M30BITOYHBIX) pa3ps0B, oOecrnedynBarollee OOHAPYKEHUE U HC-
npaBiieHUE |—kpaTHbIX ommOoK. Caenarb 3TO MOXHO NIPU MOMOIIH
dbopMynbl TpaHulibl XOMMHHTA. [[JTMHA KOOBBIX CIIOB MOJTYYaroIIerocs
xoxa Oyzaer pasuoit N=K+m. Crpourcs cucremarnueckuii (n,K) xox.

2. PaccmatpuBas koJ10BbIe ciioBa octpoeHHOro (N,K)—koma kak
HOBYIO MH(OPMALMOHHYIO MOCIEI0BATENbHOCTh JUIMHOM K, =N, moBTO-

psaem 1. 1.
B pesynbrarte moiydaem HOBbIi (N, K,)—Ko1, ClIOCOOHBII TakKe

CITIOCOOHBIN UCIIPABIIATH OJHOKPATHBIC OIIUOKHU.

IToTopsia t pa3 n.m. 1 1 2, MOKHO TTOCTPOUTH COCTABHOW KO/,
UCIIPABJISIIONINI t—KpaTHBIE OLIUOKHU.

KoaupoBanue npu nomMomiy 3T0 COCTaBHOTO KOAa MOCIE 3TOro
CBOJIUTCA K MOCJEI0BATEIbHOMY {—KpaTHOMY KOJAMPOBAHUIO, 4 JIEKO-
IUPOBAHUE — K COOTBETCTBYIOIIEMY t—KpaTHOMY AEKOJAUPOBAHUIO IIPU
noMoIIH t pa3IUUHBIX KOJOB, KXl U3 KOTOPHIX CIIOCOOEH UCITpaB-
JISATh TOJBKO OJTHOKPATHBIE OIITUOKH.

Takol KO, OOHAKO, OKAa3bIBACTCA HEONTHUMAJBHBIM C TOYKH
3pEHUS YHCIIa JOTIOJIHUTEIBHBIX pa3psiaoB. PazpaboTaHsl pyrue co-
CcOOBI TOJIyYEHHsI KOJIOB C 3aJaHHOW KOPPEKTUPYIOIIEH CHOCOOHO-
CThIO, KOTOpBIE MCIOJB3YIOT MHUHHMAJIbHOE HEO0OXOJIUMOE KOJIMYe-
CTBO JIOTIOJIHUTEIBHBIX pa3psAnoB. K HUM, B YaCTHOCTH, OTHOCATCS
IIMPOKO M3BECTHBIE CPENU JIWII, 3aHUMAIOIIUXCS TTOMEX0YCTOMYMBBIM
KOJIUPOBAHUEM, KOAbI boy3a — Hoyaxypu.
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4.3.14. MaTpu4HOe oOnMcaHue HMKJIUYECKNX KOJI0B
[Mukauyeckue KOJbl MOXKHO, KaK W JIFOObIE JIMHEHHBIE KOJIbI,
OTHUCHIBATH C TTOMOII[LI0 MATPHIL.
BcromuumMm, uto

KC(X) =gn(X)-H(X).

BcnomauM Takke Ha NpuUMEpC MopsAA0K YMHOKCHHUA ITOJIMHO-

MOB.:

dn(X) - 101011
HX) = 1011

101011x1

@ 101011 x1

101011 x0

©® 101011 1

100100101

OTO COOTBETCTBYET OIMCAHHOMY BBIIIE YIPOIIEHHOMY CIIOCO-
Oy YMHOXXEHUSI MaTPHIL;

101011000
010101100
001010110
000101011

[KC]=x]-lom] =

B = O -
X @ ® ®

Buano, 4To, eciam B KadecTBE CTPOK OOpa3yrolleld MaTpHIlbI
B35ITb HAOOpBI CIABUHYTHIX BIPaBO KO3(P(PUIMEHTOB 00pa3yIoIIEro
MOJIMHOMA, BBIYUCIICHHE KOJOBBIX CJIOB MPU IMOMOIIM MaTPHI] TOJTHO-
CTBIO KBUBAJICHTHO BBIYMCIICHUIO KOJIOBBIX CJIOB MPU MOMOIIU MOJIH-
HOMOB.

CornacHo cnoco0y KOIUPOBaHUs, MO3BOJISIIOLIEMY MOJIYYUTh
CUCTEMATUUYECKUN KOJ, KOJOBOE CJIOBO HAXOAUTCS MO (hopmyJie
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KC,(X)=H,(X)- X" ® JIP, (X), 20e JP,(X) zocmamOKLMJ

I (X)

Oo0pazyromias marpuiia ||[OM|| B 3ToM ciaydae D0JKHA COCTOSITh
U3 2 yacTeil — eMMHUYHON MaTpUIs ||l|| 1 MaTpUIBl JOTIOTHUTEIBHBIX
paspsos |[MIP:

IoOM| = |1mzP||

Pe3ynbrar KogupoBaHUS IpPH IOMOIIM MaTpuIl OyJET COBIIa-
JaTh C Pe3yJbTaTOM KOJMPOBAHHUS IPHU IOMOIIU IMOJHMHOMOB B TOM
clIydae, €ClIU CTPOKH MAaTPHIbl JOTOJHUTEIBHBIX Pa3psiioB 00pa3o-
BaTh 10 ciIeayroIei popmyre:

| —s cmpoka MJIP=ocm| ———~
O (X)

Hanee no M/IP nerko noctpouts TIIM, HaliTH ono3HaBarenu u
MIOJIb30BAThCA OMMCAHHBIMU BBILIE IS JIMHEUHBIX KOJOB IIpOLEAypa-
MH KOJUPOBAHUSA—ICKOIUPOBAHUS.

4.3.15. Bbioop o0pa3yomiero noJiuHoMa

SICHO, UTO MOJIMHOMBI KOJOBBIX CJIOB KC(X) JIOJDKHBI JIEJTUTh-

cs1 Ha obOpasyromumii moauHoM ((X) 6e3 octarka. I[UKIMYECKHE KOIbI

OTHOCATCS K KJIacCy JIMHEHHBIX. DTO O3HAYaeT, YTO JUIsl ITUX KOJIOB
CyIIECTBYEeT M JTUHEHHO—HE3aBUCUMBIX KOJOBBIX CJIOB U C UX IOMO-
IbI0 ITyTEM CYMMHPOBAHUS B Pa3HBIX KOMOHHAIUSAX MOXKHO IIONY-
YUTh BCE OCTAJIbHBIC pa3peIIeHHBbIC KOJOBBIC CJIOBA JAHHOTO KOJa.
JIs TOro 4ToOBbl BCE OHU JCIWIMCH Ha OOpa3yrolui MOJUHOM 0e3
OCTaTKa, JIOCTaTOYHO, YTOOBI 0€3 ocTaTKa Ha HEro JACJIMIIMCH TOJIBKO M
JIMHEWHO HE3aBUCHUMBIX KOJOBBIX CJIOB. DTH JIUHEHHO—HE3aBUCHUMBIE
KOJIOBBIC CJIOBA MOXKHO ITOJIYYHTH ITyTeM M—KPaTHOTO MUKIHYECKOTO
CIABHTA BIPABO WIIM BJIEBO Ha 1 MO3MIHIO J1000T0 M3 pa3peleHHBIX
KOJOBBIX CJIOB.
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HanmomHuM, 4TO CIBUTY BJIEBO COOTBETCTBYET YMHOXKEHHUE KO-
JIOBOTO cJioBa Ha X C BBIYUTAHUEM, €CIIA B PE3YJIbTATE YMHOKECHUS
MOJIy4aeTCsl MOJIMHOM TMOpsIKa 00Jibllle JU00 paBHOM N, U3 pe3yJbTa-
Ta nomuHoma X'+1. B (opMyIbHOM BHE BBIIIECKA3aHHOE MOMKET
OBITh OTOOPAXXEHO CAETYIOMNUM 00pa3oM:

gi(X) = g(X)X' = B(X"+1),
rae kodbduuueHt B = 1, ecliu cTeneHb
g(X)-X'<n

n B =0, eciu crenens g(X)-X'>n
Yactaoe @;(X)/g(X) He umMmeer ocTaTka, €CIH IOJTHHOM
(X” +1) 0e3 ocraTka aeauTcs Ha oOpasyromuii moauaoM ((X) (oue-

BUHO, IIepBO¢E ciaraemoe aeautcs Ha g(X) 6e3 ocraTka).

Takum oOpasoMm, obpaszyrowuii noaunom Qm(X) yuxiuueckozo
NUHELIH020 KoOa 0ondcen Oenums noaunom X' + 1 6e3 ocmamka.

DTO CBOMCTBO 0OecTeunBaeT OTCYTCTBUE OCTATKa MPH JICJICHUN
pa3pelIeHHbIX KOJOBBIX CJI0B Ha 00pa3yroMni MOJINHOM. Takux CIIOB
2% Beero xe Pa3IMYHBIX KOJIOBBIX CJIOB, KOTOPBHIE MOTYT OBITH MOJTY-
yeHbl Ha BHIXOJe KaHana cBsa3u 2". Cpean HuX 2" —1 3anpelieHHBIX,
T.€. MOJYYCHHBIX B PE3YyJIbTAaTe HMCKAKCHHS Pa3pEIICHHBIX KOJOBBIX
cioB nomexoil. Ommbka 0OHapyKUBAETCA, €CIIM OCTATOK OT UX Jielie-
HUS Ha 00pa3yronyuid MOJMHOM HE paBeH HYr0. OOpa3yronmi moiu-
HOM HIMEeT TOpsA0K M. MakcuMaabHO BO3MOKHOE KOJIMYECTBO HEHY-
JEBBIX OCTaTKOB paBHO 2M-1. Takoe KOMMYECTBO OCTATKOB MOTYT
JaTh TOJIBKO TaK Ha3bIBAEMbIC HENnpU8oOOUMble NOJIUHOMDbL, M. €. NOAU-
HOMbl, KOMOopble He 0eNsamcs 6e3 ocmamka HU Ha Kakue opyaue noJiu-
Hombl, kpome 1 u cebs camoeo.

KoHTpoJbHBIEC BONIPOCHI
1. Yto moHMMAaIOT MOJI KOJUPOBAHUEM COOOIICHUS?

2. IlpuBenute npuMepbl TPOCTEHUIINX KOJIOBBIX COOOIICHUH.
3. Kakune KoJ1bl Ha3bIBatOTCA PABHOMEPHBIMH?
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4. Yto Ha3bIBa€TCS JBOUYHBIM KOJOM?

5. Kak crpoutcs kop Illennona — ®ano?

6. Kak onpenensieTcss 4ucio JE€MEHTAPHBIX CUTHAJIOB, MPUXOIs-
IIUXCS HAa OJHY OYKBY COOOIICHUS?

7. ChopmynupoBaTh OCHOBHYIO TEOPEMY O KOJUPOBAHUH.

8. UTo Ha3bIBaeTCA IEKOAUPOBAHUEM COOOIICHUS?

9. Uto Ha3biBaeTCs OJOYHBIM KOJIUPOBAHUEM?

10. ITlpencraBpTe mpuUMEp peaiu3alid OJIO0YHOTO KOJUPOBAHMUS
MIPU MTOCTPOEHUU ONITUMAJILHOTO HEPABHOMEPHOTO KOJIa.

11. HazoBuTe Ha3HaueHHUE U 11eIH 23(HGHEKTUBHOIO KOJIUPOBAHUS.

12. Tlosicaute 3a cyeT yero, obecrneunBaeTcsa cxatue uHbopma-
[IUU TIPU IPUMEHECHHUH 3P (HEKTUBHOTO KOAUPOBAHUS.

13. Yem ompenenseTcss MUHUMabHasl JJIMHA KOJOBOW KOMOHWHa-
WY TIPU TpUMEHEeHNH 3PHEKTUBHOTO KOJAUPOBAHUS?

14. Kakue npo0OaeMbl BOZHUKAIOT MPH Pa3JeiICHUN HepaBHOMEP-
HBIX KOJIOBBIX KOMOWHAIIH?

15. OOBSICHUTH MIPUHLIUI TIOCTPOCHUS Ko/la Xaddhmana.

16. Kakoii Ko SIBJSIETCSI CAMbIM BBITOJIHBIM?

17. 3a cuet yero npu 3PpheKTUBHOM KOJUPOBAHUN YMEHBIIIACTCS
CpedHsisd IJIMHA KOJOBOM KOMOMHALIUU?

18. Jlo kakoro mpejaena MOXKET YMEHBIIUTHCS JIMHA KOJIOBOM
KOMOMHAUUK 1pH 3PPEKTUBHOM KOAUPOBAHUU?

19. Ilpu xakom pacmupeneneHun OyKB MEPBUYHOTO anipaBuTa OII-
TUMaJIbHBIN HEPAaBHOMEPHBIN KOJT OKa3bIBACTCs CaMbIM A(DPEKTUBHBIM?

20. Kakne ko161 Ha3pIBAIOTCS TIOMEX0YCTONINBBIMHU ?

21. Yto Ha3bIBaeTCS N30BITOUHOCTHIO?

22. Kak 00pa3yroTcsi KOpPEKTUPYIOLIUE KOJIbI?

23.00BsICHUTE METOJIUKY MMOCTPOCHUS KOJ1a XOMMUHTA.

24. HazoBHUTE OCHOBHBIE IMapaMeTPhl KOJa XOMMHUHTA?

25. Kak omnpenenuts 00Iee YKUCIO 3JIEMEHTOB KOJOBBIX KOMOU-
HaIMM KOJTOB XOPMMUHTa?

26. Kak ompenenuTh 4UCIO MPOBEPOYHBIX W WH(POPMAIIMOHHBIX
DJIEMEHTOB KoJga X PMMHUHTA?

27. Kak BbIOMparoTCsi HOMepa MPOBEPOYHBIX TMO3UIMKA KOJ1a XIM-
MHHTa?

28. Ilo xakomMy 3aKOHY pPacCUMUTHIBAIOT HOMEpPa KOHTPOJBHBIX
CHUMBOJIOB?
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29. O0BsICHUTE, B YEM 3aKJIIOYACTCS IPABUIIO YETHOCTH.

30. Kak mpoucxoauT mepexoa u3 ABOUYHONW CHUCTEMbI CUMCIICHUS
B JICCATUYHYIO?

31. O0BsicHUTE 0COOEHHOCTH KOJ1a XOMMUHTA.

KouTtpoJsbHbie 3a1aHus

1. Kak MOXHO 3aKOAMpOBaTh YeThIpe cooOmieHus a, b, ¢, d, uc-
TMOJIb3YsI TOJBKO JiBa curHaia 0 u 17

2. CooO1ieHue cocTouT U3 mocieaopaTeabHocTH OykB A, B u C,
BEPOSITHOCTH KOTOPBIX HE 3aBUCAT OT MPEbIAYIIETO COYeTaHus OyKB H
paBasl P(A) = 0,7, P(B) = 0,2, P(C) = 0,1. ITpoBectu KoaupoOBaHUE TIO
anroputMmy [llenHo—®aHO OTAEILHBIX OYKB M JIBYXOYKBEHHBIX COU€Ta-
Hui. CpaBHUTH KOJIBI IO UX 3()PEKTUBHOCTH U N30BITOUHOCTH.

3. 3akoaupoBath MeToi0M [llenHoHa—®PaHo coobmeHne « MBI BCe
YUIJIUCh TIOHEMHOTY, Y4eMYy—HUOY/Ib U KaK—HUOYIb».

4. 3agan andaBuT U3 TPEX CUMBOJIOB ¢ BepostHocTsmu 0,75; 0,1;
0,15. IlpousBecT KOAMPOBAHHE OTIEIBHBIX OYKB M JABYXOYKBEHHBIX
couetanuidi mo meroay Xaddmana. i1 MOJyYEHHBIX KOJIOB HAWTH
CpEeIHHE IJIMHBI U KOADPHUIIMEHTH ONTUMATIBLHOCTH.

5. 3akoaupoBaTh COOOIIECHHWE «YYEHbE — CBET, a HEYYCHbE —
TbMa!»

6. Ckoyibk0 MH(POPMAITMOHHBIX CHMBOJIOB COJIEPKUTCS B KOJIE,
UCIIPABJISIIONIEM OJIMHOYHYIO OIMMOKY MpU uuciie UHGOPMAIMOHHBIX
komOuHarmu N = 327

7. OnpenenuTs U30BITOYHOCTh KOPPEKTUPYIOIIETO KOJA MpHU 00-
[IIEM YHUCJIE KOTOBBIX KoMOmHaimii N = 256.

8. IlocTpoiiTe mMaTpuIly Ijis TPYIIOBOTO KOJa, CIIOCOOHOTO HC-
MPaBIISITH OJUHOYHYIO OIIMOKY TpH nepenade 16 CMMBOJIOB IEPBUYHOTO
andaBura.

9. Ucnonb3ys MeToA 00pa3yronux MaTpHUll, TOCTPOUTE ITUKITHYE-
CKH KOJI, UCIPABJISIONINN OJMHAPHBIE OIMOKU MPU nepeaaye KoMOuHa-
I YE€ThIPEX3HAYHOT'O JBOUYHOI'O KOJIa HA BCE coueTaHus (Kpome Hy-
JIEBOM KOMOUMHAITUN).
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I'naBa 5. Ilepenaua undpopmanuu

Hcnonbs3oBanue nHOOpMAIIUM CBS3aHO C TPAHCIIOPTUPOBKOM €€
B MIPOCTPAHCTBE M BO BPEMEHM OT MCTOYHMKA K morpeourento. [Tpu
3TOM CTPEMSATCH:

1) mepenaBaTh KaK MOXKHO MEHBIIC JaHHBIX B CIUHUILY BpeMe-
HU, JJI1 YE€ro, B YaCTHOCTH, UCIOJIb3yeTCs 3(PHEeKTUBHOE KOAUPOBAHUE
(ckaTue);

2) TIOBBINIATh HAJACKHOCTH IEpeJadd, YTO PEIIaeTCs 3a CYET
MIPUMEHEHUS IOMEX0YCTOMUYNBOrO KOJIMPOBAHMUS;

3) HWCIOJIb30BaTh MHOTOKAHAJIBHYID CHUCTEMY Iepeiadud, Kak,
HalpuMep, peain30BaHO B BUJE OOIICH IIMHBI B COBPEMEHHBIX KOMITh-
IOTEPHBIX CUCTEMAX;

4) WCIIOJIb30BaTh HOBBIC MEPCICKTUBHBIC JUHUU CBSI3H, HAIpPH-
MEp ONTHUYECKHUE WU MUKPOBOJHOBEIE.

Nrtak, undpopmanus mepenaercs depe3 KaHaibl CBs3u. [amum
ompeieNieHre MMOHATHIO KAHAl nepeoayu URGopmMayuu.

Kanan nepeoauu ungopmayuu — COBOKYMHOCTh TEXHHUYECKUX
CpEACTB, MpeAHA3HAYEHHBIX JIJIA TIepeaund nHpopMaIuu oT UCTOYHHU-
Ka K IPUEMHHUKY.

Jlagum Takxe ONpenesieHUE NOHATHUIO JIUHUS CEA3U.

Jlunus ceasu — cpena, B KOTOPOM paclpOCTPaHSAIOTCS CUTHAIBI,
Hecylue nHGOpMAITHIO.

B MHOrOokaHajgbHBIX CHCTEMaXx Iepenadyr WHPOPMAIMU MOXKET
MCII0JIb30BAThCS OJHA WJIM HECKOJIBKO JIUHHUM CBSI3H.

5.1. Buabl kaHaJI0B nepeaayu HHGoOPMAITUA

PaccMoTpuM KaHalbl, OTJIMYAIOMIMECS 110 THIY MCIIOIb3YEMBbIX
B HUX JIMHUM CBSI3U.

1. Mexanuueckue kauansl, B KOTOPBIX IJIsl Iepeaadu uHdopma-
[IUA HUCIOJIb3YETCSl MEPEMENIEHUE KAKUX—ITU0O0 TBEPJbIX, KUAKUX WU
razoo0pa3HeIX Tejl. B mepBom ciaydae MOTYT HCIIOJIB30BaThCS phIUuaru
WM TPOCHI (HAIpUMeEp, OpPTraHbl YIPABICHUS aBTOMOOUIIEM), BO BTOPOM
— TUJPABIWYECKUE CUCTEMBI (Hampumep, TOPMO3HAsI CUCTEMa aBTOMO-
Owisi), B TpEThEM — Pa3HOTO poja MHEBMAaTHYECKUE YCTPOUCTBa (IITUpoO-

KO HCTMOJIb3YIOTCS, HAIPUMED, B TA30BOM MPOMBIILIEHHOCTH).
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2. Axycmuueckue kauanwl. VICTIONB3YIOT MEXaHUYECKHUE KOJie-
OaHMs 3BYKOBOW W YJIBTPa3BYKOBOW YaCTOThI, OCOOCHHO XOPOIIIO pac-
npocTpaHsonmecs B Kuakux cpenax. [Ilupoko npuMeHstoTcs, Hanpu-
Mep, I Tepenadyd MHPOpMaIlUM JIOASIM WIM YCTPOMCTBaM, HaXoJs-
IIAMCS IO, BOJOW WJIA B IPYrOM KUJIKOU CpEAE, a TAKKE IPHU MPOBETIE-
HUM MeIUIMHCKUX uccinenoBanuii (Y3U). AKycTHYecKui KaHall B ra3o-
BOM cpejie — eiBa JIM HE OCHOBHOW JJiA mepeaadyr uH(popManuu MEexmay
JT0bMH (pedb). AKYCTHYECKHE CUTHAJIbI HU3KOM MHTEHCUBHOCTU 0€3-
BPE/IHBI J1s1 3[I0POBbs YEJIOBEKA.

3.  Onmuyeckue kauanvi. VICIONB3YIOT ONTUYECKUE JTUHUM CBS-
3U. SIBJISIIOTCS MEPCIEKTUBHBIMU, T. K. 00JIAAlOT B HACTOSAILIEE BpPEMS
MaKCHUMaJIbHON MTPOMYCKHOW CIOCOOHOCThI0. O0afaroT MOBBIIICHHOM
MIOMEXO0YCTONYUBOCTBIO K DJICKTPOMAarHUTHBIM TMoMexam. OTINYaroTCs
HU3KUM YPOBHEM NapPa3sWTHBIX M3JIYYCHHUH, YTO YCJOXKHSET IepexBar
coOOIIIeHUH, TIepe/laBaeMbIX 110 TAKUM KaHajaM, U JieJlaeT ux ooliee 6e3-
onacHbIMU. DU3NUYECKON CpeAaoN JIsi pPacHpOCTpPaHEHHS CBETAa MOXKET
OBITh Ta3 (BO3MyX), CTEKJIO (CTEKIOBOJIOKHO), BakKyyM (KocMmoc) u ap. B
Ka4yeCTBE M3JIydaTesisi B HACTOSIIEE BpeMs UCIOIb3YIOTCS Jiazephl. Bo3s-
MOYXHOCTb TOUHOT'O BbIOOpA HAMPABJICHUS U3TYYEHUS B OTKPBITOU Cpejie
(HE B CTEKJIOBOJIOKHE) 00EeCneYrMBaeT CKPHITHOCTh M MOMEXOYCTOMYH-
BOCTb Mepeaaun nHOOpMaIuu.

4. DOnexmpuueckue kananvi. Haumbonee pacnpocTpaHEHbI B
HACTOSIIEe BpeMs IpU Nepeaye MH(PpopMauyu Ha Mallble pacCTOSTHUSL.
OcHOBa — MPOBOJIHBIC JINHUU CBSI3H.

5. Paouoxananvi. Kak n ontuueckue, UCIOIL3YIOT JJIs Mepea-
9y uH(OpMAIMU 3JIEKTPOMArHUTHBIE BOJHBI, OJHAKO HAaMHOTO Ooiiee
HU3KOU YacToThl. biaromapsi cnocoOHOCTH TaKWX BOJIH OTUOATh MPEMAT-
CTBHSI U OTPaXaThCsl OT MJIA3MEHHBIX CIIOEB, OKPYKAIOIINX 3eMITI0, CTa-
HOBHTCSI BOBMOXXHBIM Tiepefaya MH(GOpMaIuyu Ha OOJIbIIINE PACCTOSTHUS,
B TOM YHCJI€ B MacIITade Bcer 3emiu. DTU MPEeuMyIecTBa, 0JHAKO, SB-
JISIFOTCS UICTOYHUKOM HEAOCTATKOB. PaJlMOKaHalbl CUIIBHO MOJIBEPKEHBI
BIMSHUIO MOMEX U MEHEE CKPBITHBI. PanuokaHan, Hapsiay C ONTHYe-
CKHM, MOXET HCIOJIb30BaThCA JJIs1 MOJKIIOYEHUS] K KOMITBIOTEpHOH ce-
™1 IHTepHET B pailoHax co ciabopa3BUTON MHOPACTPYKTYpOMH MPOBO/I-
HOW 3JICKTPOCBS3U.
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5.2. Pa3aesienne KaHAJOB CBA3H

CaoiicTBa kaHana nepenauyd UHGOpPMaIMU CUIIBHO 3aBUCAT OT HC-
nojb3yemMol JuHuu nepegayun uHdopmaruu. [lo pasHbIM mpuUYMHAM
ATUX JUHUW HE MOXeT ObITh MHOro. Hampumep, B panuvokaHane oHa
Bcerja oaHa — «3dup». [loaTomy nmpuxoauTcs KakuM—TO 00pa3oM BbI-
JIESATh CUTHAJIBI PAa3HBIX KAHAJIOB, UCIIOIB3YIOIIUX OJHY U TY K€ JIMHUIO
nepeaaur uHdopmanuu. PaznuyuHbeie cnocoObl TAaKOTO BBIACICHUS TPU-
HSATO HA3bIBATh pa3zoesieHueM Kauauios.

1. Yacmommnoe pazoenenue kananos. Becb cuekTp, NponycKaeMbIX
JIMHUEHN CBSI3M YacCTOT JEJIUTCS HA YYacTKU MO KOJWYECTBY KaHaloB. B
Ka)XJOM M3 KaHAJIOB MCIOJB3YIOTCS CUTHAJIBI CO CIIEKTPOM, JICKAIIUM B
npejeNax CBOero ydactka. Yepes quHUIO nepenayu uHdopmanuu nepe-
JAeTCsl CyMMa CUTHAJIOB, KaXAbIM M3 KOTOPHIX MMEET CBOM, HE mepe-
KPBIBAIOIIUICS C APYTUMHU CIIEKTP. DTO U MO3BOJISECT HA MPUEMHOM KOH-
1Ie BBIACIUTh KaXKJbIA M3 CUTHAJIOB M BOCHPHUHATH MEPEHOCUMYIO UM
uHpopmanuro. [y pa3aeneHnss CUTHAJIOB MCIOJIb3YIOTCS TaK Ha3bIBae-
MBbI€ TTOJIOCOBBIE (DUIIBTPHI.

Tak paGoTtaer paano— U TeneBenlaHue, Korja 0JJHOBPEMEHHO OJIHA
paguonuHus cBsi3U (3¢QUp) OMHOBPEMEHHO HUCIOJIB3YETCS ThICSIYaMU pa-
JTUOCTAHIIMKM 111 OpTaHU3aIuy J0CTaBKU MH(OPMAIIMU MUJUTMOHAM >KH-
teneut 3emmu (puc. 5.1).

| |
| |
I f !
e e
| f, + 71 | | 1
| | Monocosoin
| ‘ Mopynsitop }—‘V 4‘» hunbTp 1 Oemoaynsitop
I ! I
R e . [ N N B e
|
|

Fenepatop f; F
1

MpuemHuk 1

(]
[ ]
Cymmartop
L]

HOemopaynsaTtop P

MpremMHuk n

|
Monocosoin
dunbTp N
|

Puc. 5.1. Cxema cuctemsbl nepeaaqyu HHGOpMaIum, OCHOBAaHHOMN
Ha YaCTOTHOM Pa3JCIICHUN KaHAJIOB.
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[Tono0HBIM k€ 00pa3oM Mepenadya MOXKET BECTUCh U MO ONTHYE-
CKOW JUMHUU nepenadn uHpopmamuu. Tak Mo oJHOMY ONTOBOJOKOHHO-
My KaOeI0 OJJHOBPEMEHHO MOXKET MepeIaBaThCs HECKOJIbKO MUJUTHOHOB
Tene(OHHBIX Pa3rOBOPOB, COTHHU TEJIETPOrpamMM U ITU(DPOBHIX TaHHBIX.

2. Bpemennoe pazdenenue xaunanog. llpu TakoM BUAE pa3aeicHUs
CUTHAQJIBl OT MCTOYHHKOB IEPEIAIOTCS TOJBKO B OTBEICHHBIC ISl HUX

HETIePECEKArOIINECs OTPE3KH BpEMEHH IINTENbHOCTRI0 At; (puc. 5.2).

At, A, Aty At, At A, Aty At, At At, At At

________________ N

:&mmwampﬂ Kommytatop 2|
T

|

:
| ‘ | |
° : o ! °

| !

| |

Y | I /
| |
|
! |

A o

I
I
I
LS _ . L .

Puc. 5.2. Cxema cucteMsl nepegayr uHGOpMaIlii, OCHOBAaHHOM
HAa BPEMEHHOM pPa3/ICJICHUN KaHAJIOB.

Takoe wcIOIb30BaHUE JIMHUU CBSI3U B KOMITBIOTEPHOW TEXHHKE
Ha3BIBAIOT PEHCUMOM PA30eNeHUsl BpEMEHU.
3. Kooosoe pazoenenue xananos. KogoBoe pa3aeicHue Moxoxe
Ha BpeMeHHoe. OTiauune 3aKIIFo4acTcss B Crocode yIpaBieHHUsS KOM-
MyTaTOPOM HUIM BCE Yalle KOMMYTaTopaMH (Ha IMMyTH OT MCTOYHHKA K
IPUEMHUKY MOJXKET OKa3aThCs MHOXKECTBO KommyTaTopoB). Ilepema-
BacMble JIaHHBIC COJEpKaT aapec NpuemMHUKa. Ha ocHOBaHWU ero
CIIeIHATbHBIE KOMIBIOTEPHI — KOMMYTATOPHl — HAMPAaBJISIOT COOOIIe-
HUE K HY)XHOMY NPHEMHHKY. DTO HambOoJjiee pachpOCTpaHCHHBIN B
HACTOSIIEE BPeMs CIIOCO0 pa3eICHHs KaHAJIOB.
4. Pazoenenue xananos no yposwro. IIpeamnonoxum, 4To UCTOUHH-
KA BBIJAIOT COOOIIEHHUS, 3aKOJAMPOBAHHBIC OJHOPA3PSIHBIM JBOUYHBIM
KOJOM. DTH COOOIIEHNS MOYKHO HCIIOJI30BaTh KaK pa3psiibl MHOTOpa3s-
PSATHOTO ABOWYHOI'O YHCJIa W IOAAaBaTh ATO YHCIO Ha BXoj IndpoaHa-
JoroBoro mpeodpazosareiiss. CUTHAI ¢ BBIXOJA ATOrO Ipeodpa3oBaTeis
MoJaeTcs B JIMHHUIO CBSI3M JJIA Tepedadyd Ha HyXHoe paccrosHue. Ha
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MIPUEMHOM KOHIIE YCTaHaBJIMBAETCs aHanoro—1udpoBoil npeodpa3oBa-
Tenb. Ha ero BeIxojie 00pa3yroTcsi CUTHAIBI, COOTBETCTBYIOIIHE TIEpeaa-

BaeMbIM (pUCYHOK 5.3).

s
=

LIAM

AL

——
=

Puc. 5.3. Cxema MHOTOKaHaIbHOM CUCTEMBI TIEpPEIaun TBOUYHON
uH(popMaIMy, OCHOBAaHHOM Ha pa3/IeICHUH M0 YPOBHIO.

B TaGauiie 5.1 npuBeneH mpuMep UCXOAHBIX JAHHBIX IS 4 HC-
TOYHUKOB /M [—/4 NBOWYHBIX TaHHBIX, 4 HA PUCYHKE 5.4 Te e JaH-
HbIe B rpadudeckuii popMme, rae X — CUrHai ¢ BbIXo1a 4—Xpa3psaHOTO
aHaJoro—IH(pPOBOTO MpeoOpa3oBaTEII.

Tao0muma 5.1
[IpuMep MCXOIHBIX JAHHBIX A1 4 UICTOYHUKOB M [—/4 NBOUYHBIX
JTAHHBIX

Ne onbITa

1

2

3

4

5

6

7

8

9

OOOOOOOOOOOOOOOHHHI—‘S

I—‘I—‘I—‘OOOOOOOOI—‘l—‘I—‘l—‘OOOOE

OOOOOOOOOOOOOOOI—‘HI—‘I—‘%

OOOI—‘I—‘I—‘I—‘OOOOOOOOOOOOS

I\)I\)I\)OOOOOOOOOOOOI\)I\)I\)I\)U'IU'IU'IU'IN
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[Tponoxkenue Tabaunbl 5.1

Ne ombITa i u2 us "4 X
20 0 1 0 0 2
21 1 0 0 1 9
22 1 0 0 1 9
23 1 0 0 1 9
24 1 0 0 1 9
25 0 1 1 1 14
26 0 1 1 1 14
27 0 1 1 1 14
28 0 1 1 1 14
29 1 0 1 1 13
30 1 0 1 1 13
31 1 0 1 1 13
32 1 0 1 1 13
33 0 1 0 1 10
34 0 1 0 1 10
35 0 1 0 1 10
36 0 1 0 1 10
37 1 0 0 1 9
38 1 0 0 1 9
39 1 0 0 1 9
40 1 0 0 1 9

Puc. 5.4. I'paduku curHanoB Ha Bxoje U Bbixojae ALII

m

|
|
~’ \

n2

N | | oy

1

5 9 13 17 21 25 29 33 37 #1

— 3

— 4

Curnan X ¢ BbIxoAa 4—Xpa3psaIHOro aHAJIOro—Iu@poBOro mnpeoo-
paszoBaTens U UCXOJHbIEC JaHHbIE U1 4 UCTOYHUKOB M1 —H4 cBsA3aHbI
xapakrepHout mia ALIT 3aBUCUMOCTBIO:

X = U1+2 xH2+4 < 3+8 x4,

ScHo, uto pazpsannocts ALl u LIAII coBnagaer ¢ yuciomMm pasze-
JIACMBIX KaHaJIOB. HpI/I HaJIMYHUHK [TIOMEX OHAa HE OOJI’KHA OBITH CIIMIIIKOM

OOJIBIIIOM.
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st 6e30mmO0YHON Mepenadn pa3aeasieMbiX M0 YPOBHIO KaHAJIOB
HY>KHO 4TOOBI TOMEXa HE MPEBOCXO0NUJIA MOJOBUHBI MUHUMAJIHHOTO I1a-
ra ypoBHs HamnpsikeHus Ha Bbeixojae ALILIL
5. Koppenayuonnoe paszdenenue xananos. B OCHOBY Takoro
pa3/icicHUusl TOJI0KEHO HKCIOJIb30BAaHUE CHUCTEMBI OPTOrOHAIBHBIX

HOPMHPOBAHHBIX (HYHKITUI {l//i (t)} Ha uaTepBaie (0; T).
B kanan cBsi3u nmogaercs cymma

x(t)=gaiwi (t)

Wudopmarus ¢ I-To KaHajla 37eCh MepeaacTcs aMILIUTYI0H
CUTHAaJa .
Ha npueMHOM KOHIIE MOJIy4aroT CHrHa bj:

b = [x@)- i@t = [ Y aw, @) v @dt=>a; [0 vt =a,
0 0J= =L 0

T. K.

. 1 npu i=j
Jv;®-pide=4" "
0 0 npu i#j

3a oTpe30K BpeMeHH T MOXHO TaKMM 00pa3oM OJHOBPEMEHHO
nepenats N Bemmuna & (1<1<N). Cnexyrouast mopuust N Beluauu

d; nepenaercs 3a CIEAYIOIIMN OTPE30K BPEMEHU JJIMHOU 7.

Ha pucynke 5.5 u3zoOpaxkeHa OJIOK—CXeMa CHUCTEMBbI KOppes-
[IUOHHOTO Pa3/eJeHUsI KaHAJIOB.
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Puc. 5.5. Cxema MHOTOKaHaJILHOM CUCTEMBI Miepeiadyn HHPOpMAIIHH,
OCHOBAHHOW Ha KOPPEISLUOHHOM Pa3/ICICHUHN KaHAJIOB

BunHo, 4To 3Ta cXxeéMa BO MHOTOM IOJ00HAa CXEME€ YaCTOTHOIO
pasfeneHus. JTO He Ciay4auHO. JIeWCTBUTENBHO, 3/1ECh €CTh CXOJCTBO.
YacTtoTHOE pa3ieineHue OCHOBAHO HAa KCIIOJIb30BAaHUU OJHOIO W3 BUJIOB
OPTOHOPMHUPOBAHHBIX (DYHKIMH — HaOOpa CHHYCOMIAIbHBIX (YyHKIIH.
Ho oHu 00pa3ytoT Juiilb OAHY U3 MHOXECTBA BO3MOXKHBIX CUCTEM OPTO-
HOpMUPOBaHHBIX (PyHKIMI. CyllecTBYIOT elie cucTembl QpyHkiui Pa-
nemaxepa, Xapa, Yomma, Jlexxanapa u ap., KOTOpble TAKXKE MOKHO HC-
MOJIb30BATh IS PA3AECICHHUS KAHAJIOB M KOTOPBIE IMPU ONMPENCICHHBIX
YCIOBHUSX 001a7al0T MPEUMYIIIECTBAMHU 110 CPABHEHUIO C OCTAJIbHBIMHU.

6. Komburuposarnmvie memoowl pazoeienus Kanaios. KomOuHupo-

BAHHBIC METObI PA3/ICJICHUS KAHAJIOB MO3BOJISIIOT YBEJIUYUTH YHUCIIO
KaHAaJIOB U YMEHBIIUTh UX B3aUMHOE BIIUSHUE.

MoxHO, Hampumep, COYETaTh BPEMEHHOE WIIM KOJOBOE pa3lele-
HUE€ C YaCTOTHBIM, aMIUIUTYAHBIM WJIM KOPPEIISIIIMOHHBIM.

B 3akinroueHne OTMETHM, UTO 34ECh MEPEUUCIIEHBI JAJIIEKO HE BCE
BO3MOYKHBIE METOJbI PA3/ICJICHUS] KAaHAJIIOB CBSI3U. brarogaps Henpepsl-
BAIOIIMUMCSI UCCIICIOBAHUSIM, TTOSIBJISIFOTCS HOBBIE M YCOBEPIIIEHCTBYIOTCS
paHee U3BECTHBIC METO/IbI Pa3/IeJICHUsI KaHAJIOB Mepenadyn HHGHOPMaIIUH.
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5.3. IIponyckHasi cIOCOOHOCTH KAHAJIOB CBA3M

Ota TeMa SBIAETCS OJHOW M3 IEHTPAIbHBIX B TEOpHH HH(OpMa-
iy, B HeW paccMaTpuBarOTCs MpeiebHbIe BO3MOXHOCTH KaHAJIOB CBSI-
3U O Tepenaye UHQPOpPMAIMHU, OMPEACNISIOTCS XapaKTEPUCTUKU KaHa-
JIOB, BJIMSIOIIME HAa 3TH BO3MOXKHOCTH, HUCCIEAYIOTCS B CaMOM OOIIeM
BU/JIC TIPEACIIbHBIC BO3MOKHOCTH KOJMPOBAHMS, 00ECIICUNBAIOIINE MAK-
CUMYM MTOMEXO0YCTOMYUBOCTH U 00beMa TMepeaaBaeMoi nHpopMaIuu.

[IpuBeeM OCHOBHBIC OTIPEICIICHHUS

1. Ckopocmv nepedauu ungopmayuu — CpeaHee KOJIUYECTBO
uH(popManuu, mepeaBacMoil uepes KaHall 3a €IUHHITY BpEMEHHU.

B cnyuae xaHana 6e3 mryma 3ta ckopocth paBHa V. xH,, rae V, —
KOJIMYECTBO CHMBOJIOB, MepEaBacMbIX Uepe3 KaHaj B €IUMHUITY BpeMe-
HU, H, — cpeansis sHTpomus OJHOTO CUMBOJA COOOIICHUS Ha BXOJIE H
BBIXO/IC KaHaJa.

2.  Ilpouzeooumenvrocms UCMOYHUKA — CPEAHSSI CKOPOCTh IO-
CTyIUICHHS MH(OPMAIIUU OT UCTOYHHKA COOOIIICHUI.

[Tpon3BOAMTENHLHOCTh UCTOYHHKA HaXoauTcs 1o ¢popmyne V, - H ,,
rae V, — KOJIM4eCcTBO CUMBOJIOB, TCHEPUPYEMbBIX UCTOYHHKOM B €JIUHHU-
Iy BpeMeHu; H, — cpeansisi JHTpONUSI OJTHOTO CUMBOJIA COOOIIEHUS Ha
BBIXO/IC HCTOYHHKA.

3.  Ilponycknasa cnocobnHocmv Kaumana césa3u — MaKCHUMaJIbHO
BO3MOYKHAsI JUIsl TAHHOT'O KaHayla CKOPOCTh nepenadn uHpopmaiuu. by-
nem obo3nauath ee C, .

OTMeTHM eIIe OJHY BXHYIO XapaKTepHUCTHKY KaHala — MaKCH-
MaJIbHYIO0 CKOPOCTh TIEpeaud CHMBOJIOB VKmax gyepe3 Hero. OHa Bcera

orpanuyeHa. [loaToMy MakcumasbHasi CKOPOCTh Iiepeiaur HHpOpMaIuu
JIOCTUTAETCA TPU HCIMOJIb30BAHUM MaKCHMaJIbHOM CKOPOCTH Tepe/iadu
CHUMBOJIOB U MAaKCUMAaJbHOU CPEIHEH DHTPOIIUU VKmax repegaBacMoro
cuMBoJIa. PaHee 10Ka3bIBaIOCh, YTO MaKCUMAaJbHAS CPEIHSISI DHTPOIIHS B
pacyeTe Ha OJIMH CHUMBOJI JIOCTUTAETCS MPU PaBHOM BEPOSTHOCTH U He-
3aBUCHUMOCTH UX MOSBJICHHS.

[TockoyIbKy MCTOYHUK MH(OpMAIIMU COBCEM HE 0053aTEIbHO BbI-
JaeT CUMBOJIBI C TAKUMHU XapaKTEPUCTUKAMU, IJIS JTOCTHUKECHUS MaKCH-
MaJIbHO 3((PEKTUBHOIO MCIOIL30BaHUS KaHalla UX HEOOXOJMMO KOJIH-
poBath. Panee mpu uszydeHuu 3¢(HEKTUBHOTO KOAUPOBAHUS JTIOKA3bIBa-
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JIOCh, UTO UMEHHO A(P(HEKTUBHOE KOJUPOBAHUE OOECIIECYMBAET MOJTy4e-
HUE TOCJIe KOAUPOBAHUSI CUMBOJIOB ¢ TpeOyeMbIMU MapameTpamu. JH-
TPOIKS CUMBOJIOB BTOPUYHOIO ajipaBUTa B pe3ysibTaTe TAKOTO KOJIUPO-
BaHUS MPU KOJAUPOBAHUU OCCKOHEYHO OOIBIIUX OJOKOB MH(POPMAIIMOH-
HOW TIOCJICI0OBATEILHOCTH B Mpejelie paBHa log,m, rioe m — o0beM BTO-
puyHOro andaBuTa, UCMOJIH3YEMOTO Ha BBIXOJE KOJUPYIOIIETO YCTPOU-
CTBA.
YuuTeiBas 310

CK :I/KHmax :I/K 'lngm

Ecnu ke m = 2 (11 KOOQupoBaHUS UCTIOIB3YETCS TBOMYHBINA KOJ),
TO AHTPOIHMS OJHOTO CHMBOJIa Ha BBIXOJE Kojepa Oyner paBHa 1, T. e.
KXl CUMBOJI ABOMYHOTO 3¢ dekTuBHOr0 Koma Oymer Hectu 1 OUT
uH(popManum, a caMd CUMBOJIBI OyJIyT PaBHOBEPOATHBHI U CTaTUCTUYE-
CKHU HE3aBHUCHUMBI.

B stom ciiyuae CK = VK _

[Ipu mepenmave wHbOpMAIMU Yepe3 KaHaJ CBSI3U CTPEMSTCS K
Haubosiee 3pdekTuBHOMY (B CMBICIE 00ObeMa rnepeaaBaemMoit nHpopma-
IIUH) €TO UCIOJIb30BAHMUIO.

Haiimem TpeOGoBaHUS K WUCTOYHUKY HH(OpMAIMH, MPU KOTOPBIX
BO3MO’KHAa MaKCHUMallbHasi CKOPOCTh Tepeaadyn WHQPOpMaInu yepes Ka-
HaJI.

ByzeM OmMHMCHIBATH MCTOYHHK HH(OpMAIWHK mapamerpamu V, u

Hu . I[OHYCTI/IM, IIyYM B KaHaJIC CBA3HU OTCYTCTBYCT. Kanan cBs3u omnu-

CBIBAE€TCS CBOCH MPOMYCKHOM CTOCOOHOCThIO U 00beMOM M ajdaBuTa.
ITockoabKy IITyMa B KaHaJle HET, MH(popMalus Mpu nepeaade yepes
HEro He UCKaxXaeTcs U He Tepsercs. [loaTomy ckopocTu mepemadyu WH-

(bOpMaI_II/II/I Ha BBIXOAC MCTOYHHKA Vu : Hu N Ha BBIXOJC KaHalla 6YI[YT

coBnaaarb. Hanbonee >3¢pexTBHBIM OyAE€T Takoe MCMOJb30BAHUE Ka-
Haja, Ipu KOTOPOM MPOU3BOAUTEIBHOCTh HCTOYHHKA OyJET paBHaA Mpo-
MyCKHOM CITIOCOOHOCTH KaHaja

c =V, _-loggm=V -H,.

Kmax



208

Takum 00pa3om, eciii U3BECTHA CPEIHSIS SHTPOIHUS OJHOTO CHM-
BOJIa COOOIIEHHS, MOCTYIAIIIETO ¢ BhIXOJa UCTOYHUKA, Haubosee 3¢-
(EKTUBHOTO HCIIOJIH30BaHMUS KaHajla MOXKHO JOCTHYb, €CIM CKOPOCTH
MOCTYTUICHHS TUX CUMBOJIOB OT MCTOYHHKA BHIOPATh B COOTBETCTBHUU C
dbopmynoit

V :VKmax . IOme/ Hu WA Vu =V /H

u Kmax u

IpU HKCIOJB30BaHUM HAMOOJIee YacTO YMOTPEOISIEMOTO JBOMYHOTO
KOJIUPOBAHUS.
3ameTum, 4To 3Ta hopMyIa NpeaArnoiaraeT UCIoJib30BaHue (-
(eKTUBHOTO KOJIWPOBAHUS UHPOPMAIINH, MMOCTYIAIOIIEH OT UCTOUYHH-
Ka mepej nepeaadeii ee B KaHall CBsI3U 0e3 momex (Iryma).
PaccmoTpuM creayroniyro Mojeilb KaHajda CBSI3U C MOMEXaMu

(puc. 5.6).

NcTouHmMK
nomex
y4 X ¢ , Y
NcTouHmK Mpeobpaso- Mpeobpaso- MpueMHmnk
> JInHua cBasn >
MHJOpMaLnK BaTenbl BaTenb 2 MHJOopMaLnK

Puc. 5.6. Mozaenp kaHaia CBA3H C [IOMEXaMHU.

[To Buay mepemaBaeMbIX 4epe3 KaHAJl CUTHAJIOB pPa3IMYarOT JIHC-
KPETHBIC ¥ HEMIPEPHIBHBIC KaHAJIBI CBSI3H.

BaxxHeniuen xapakTepUCTUKOM KaHajla SIBJISETCS €r0 NPONYCKHASA
CnOCOOHOCMb, onpeoenseMas KaK HAUOONbWAsS CKOPOCMb nepeoayu
ungopmayuu uepesz nezo. IlpomyckHas CIIOCOOHOCTh JTUCKPETHOTO Ka-
Hajla MOXKeT OBITh paccuMTaHa, HallpUMED, IO CIIeAyroIIei Gopmyre:

C=V. -1

max

rie V, — CKOpOCTb Imepeaaun CUMBOJIOB aa()aBUTa Yepes KaHal;

|max — MaKCUMaJIbHO BO3MOXHOE KOJIUYECTBO MH(pOpMaIuu, mpu-
XOJISIIIENCS HA OJUH TIEPEIaBAEMbIN YEpPE3 KaHAJI CUMBOJI.
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KonuuectBo mH(popmanuu, nmpuxonsiieecs Ha 1 mepegaBaemblil
4yepe3 KaHajl CMMBOJI 3aBHUCHT OT 3HTPONUU (CTEMEHH HEONPENEIICHHO-
CTH TOJyYEHHUsI CUMBOJIAa) HA BXOJI€ M BbIXOJe kaHana. CoryiacHO Mepe
[IlenHoHa

l=H, —H, =H(X) —H(X/Y)

anp ancm

311ech Hanp =H(X)u H e =H (X/1Y) - YCIIOBHASI SHTPOMUS,

XapakTepHU3yIOIasi HEONPEAECICHHOCTh O MEPEIaHHOM Ha BBIXOJ| KaHaJa
CUMBOJIE X IO MPUHATOMY CHUMBOJY Y Ha Bbixojae. Hamuuwne 3toii He-
ONPEACICHHOCTH — CIEACTBUE NEUCTBUS HA NIEPEAABAEMBIN Yepe3 KaHAI

CHUMBOJI IOMEX. Y CJIOBHAas OHTPOIIHA H (X /Y) — XAPaKTCPUCTHUKA Ka-
Halla.

5.3.1. IlponyckHasi COCOOHOCTH IMCKPETHOTO KaHAJAa CBSI3HU
¢ LLYyMOM

Hccneayem Tenepb NpOMyCKHYIO CIIOCOOHOCTh AUCKPETHOIO KaHa-
Jla CBA3M C IIIyMOM.

CyuiecTByeT 00JIbIIOE KOJUYECTBO MATEMATHUYECKUX MOJENIeH Ta-
KUX KaHaJoB. [Ipocrenen u3 Moaenen sBIsIeTCs KaHAI ¢ HE3aBUCUMOM
OT nepeaaBaeMoll MHGOpMaIMK TTOMEXO0H, UMEIONIENH HE3aBHUCUMBIE BO
BpeMeHHU 3HaueHus. [lociaeaHee o3Havaer, 4To BIMSIHUE TIOMEXH Ha pas-
JUYHbIe OYKBBI MEPEIABAEMOI0 COOOIIEHUS HE 3aBUCAT APYT OT JApyra.
bynem paccmaTtpuBath KaHan 0e3 cTUpaHus ¢ anaBUTOM 00beMa M (He
nBonyHbIM cumMeTpuuHbld KaHait [ICMK, 1. k. m He paBHO 2).

Ecnu B kaHase 0e3 moMeXx cpeaHee KOJIMYECTBO MH(OpMAIIUU, MO-
Jy4aeMOW € BBIXOJA KaHaja B €IUWHHUIY BPEMEHH, COOTBETCTBYET CpEJI-
HEMY KOJIMYECTBY MH(pOpMAIUU, COAEpkKAUIEHCI BO BXOJHOM COOOIIe-
HUU TOM K€ JUIMTEIBbHOCTH, TO B KaHaJ€ CBS3U C IIYMOM 3TO COOTBET-
cTBUE Hapywiaemcs. IIpy Hanu4Ium NoMeXu CKOpPOCTh nepenadn uHpop-
MallM{ 4epe3 KaHald MOXKET ObITh MEHBIIIE CKOPOCTH €€ MOCTYIICHHS Ha
€ro BXOJ, T. K. 4aCTb HH(POPMAIIMU 32 CUET NTOMEX B KAHAJIE MOXKET Te-
PATHCSL.

[Tomexu HapymaroT B3aUMHO—OJIHO3HAYHOE COOTBETCTBUE MEXKIY
CUMBOJIaMU Ha BXOJI€ M BBIXOJI€ KaHaja, YTO MPUBOJUT K MOSBICHUIO HA
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BBIXOJIC KaHaJIa OCTATOYHOW HEOMpeeIeHHOCTU 00 HMH(pOpMallUM, Mo-
CTYIUBIIENW HA BXOJ KaHAJA.

KosnuecTBo mnepenaHHol MH@pOpMalUM TPU 3TOM BBIYUCIAETCS
corsiacHo ¢opmysie llleHHOHA Kak pa3HOCTh MEXAY alpUOPHON U amo-
CTEPUOPHOU SHTPOIUAMU:

H

| = Hanp — tanem
Hanp :Hucm:_zlp(l%)logz(p(b))’

I'me b;—i—s OykBa u3 andasura 00beMOM M;
H,,.,, - s3HTpOnMs HCTOYHUKA HH(DOPMALINH;

Hancm = H (B / B’) — cpenHssl ycloBHasi sHTponust 1 OykBbI Ha
BXOJI¢ KaHaja CBS3M C ITyMOM OTHOCHTENIBHO 1 OYKBBI, MPUHATON Ha
BBIXO/JI€ KaHaJIa CBsA3U. HalnemM 3Ty 3HTponuto.

B pe3yabTaTe MCKakeHHs TIepeiaBacMble OYKBBI Dj mpeBpararTces
B Apyrue b’ u3 toro xe andaButa. BeposTHOCTh TAKOrO MpPEBPAICHHUS

MOXHO omnucatb TIpadoM, HA3bIBAEMBIM KAHAILHOU Mampuyetll
(puc. 5.7).

Bxopa kaHana
Bbixog kaHana

n

Puc. 5.7. KanaiapHas MaTpuIia

Kaxnomy pebpy storo rpada COOTBETCTBYET YCIOBHAs BEPOST-
Hocte P(b; /b;’) — BeposATHOCTE TOro, 4To Ha BXOJ KaHajaa MOCTyIal
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CUMBOJI Dj IpY yCJIOBHH, YTO Ha BBIXOJIE ObLI MOIYy4YeH CUMBOI D; (BbI-
XOJIHbIE CUMBOJIBI 0003HAYAIOTCS CO IITPUXOM).

HeonpeneneHHOCTh (3HTPOMUS) TOrO, KAKOW CUMBOJI ObLT Ha BXOJE
KaHaja CBSI3M IO CHUMBOJY, MOJYYEHHOMY Ha BBIXOJIC, HaXOJUTCS CO-
[JIACHO OMPEACIICHUIO SHTPONHH Mo PopMmyrie

H (b, /b;”) =—log, p(b, /b;’).

Hac umHTEpecyeT cpelnHssi HEONPEAEIEHHOCTh HE3aBUCUMO OT
COYETaHUs BXOJAHON M BBIXOJHOM OyKBBI. BEpOATHOCTH Takoro coue-

TaHUA — COBMCCTHAsS BCPOATHOCTD p(b| / bj ’) .

Hcnosnb3ysi COBMECTHYIO BEPOSITHOCTh, CPEIHIOKD YCJIOBHYIO
SHTPOIMHUIO TIOJIyYaeM B BUJIC

H(B/B)=-3"3 P(b.b))log, p(b /b))

i=1l j=1

p(0) p(b; /)
p(b;)

n p(b) =ip(b.,b'-) =2p(bi> p(b; /b,) , moysm:

(popmyna baiieca)

VYuursiBas, uto  p(b, ,b'j) =

m m . b)p(b; /b
H(B/B)=-33" p(b) p(b) b log, 2 POR) g )
= lep(h)p(b,-/b.)

3nauenne yemosHoii surpormnu H (B / B’) xapaxrepmsyer nore-
pu nHGOpMaIuu B KaHaje ¥ Ha3BaHo Kiogom lllennonOM Heraldedicho-
CMbi0 KaHAd.

N3 dopmynsl (5.1) cinenyer, 4To HenadesichHocmsb KaHALA 3aBHCHT
OT CTAaTUCTUYCSCKHUX XapaKTECPUCTUK BXOJHOTO COOOMIeHNs B (BEepOsSTHO-

cTeu p(b,)), a TAKK€ OT UCKAXKECHUM, OMMCHIBAEMBIX YCIOBHBIMHU BEPO-

ATHOCTSIMH p(bj’ / bi)-
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[ToncraBuB Tenepb BBIPAXKEHUS Il AIIPUOPHOU U allOCTEPUOPHOU
SHTpONUH B (HOPMYJY CPEIHETr0 KOJIMYeCTBAa MH(OpMalMK HAa CHUMBOJI
COOOIIIEHUS, TTOTYUYUM

== p(b)log, plb) + "> p(t,b)log, p(by/b).

1=l |=1

[Tocne mpeobpa3zoBaHUi MOTYyINM

m m . p(b,b'-)
= b,b;)log, —L .
| ;; P J) 09 p(b.)p(bj) (5:2)

3ametum, uto popmyna (5.2) cummerpuuna oTHOCHTENEHO D 1 b ',
TI03TOMY

| =H(B) - H(B/B’) = H(B’) - H(B'/B), (5.3)

T. €., 60—Nepebix, CpeHee KOJINYECTBO MHYOPMAIIMU HA CHMBOJI PaBHO
Pa3HOCTH SHTPOIMH Ha BXOJIE U HEONPEEIEHHOCTH Ha BBIXOJE OTHOCH-
TEILHO BXOJd; 60—6MOpbiX, OHO PABHO PAa3HOCTH HEOINPEAEIEHHOCTH
(SHTPOIIMK) Ha BHIXOJE M HEONPEJEIEHHOCTH TOTrO, 4TO MOJYyYEeHO Ha
BBIXOJIE, ECJIM M3BECTHO, YTO OBLIO IEPEJAHO HA BXOJIE KaHaa.

I[TponyckHas CIIOCOOHOCTH MOJNY4aeTcsl MyTeM MaKCHMH3aluu
CKOPOCTH Tiepeiaud MH(OPMAIMU N0 KaHaJly CBSI3U IyTeM Hoa0opa Be-
posaraocteit P(,).

C.= V! =V [H(B) - H(B/B)]

Boobiiie, u ymensiaemoe H (B) 1 BblunTacmoe H (B/ B') B DTOU
dopmyie 3aBucar ot P(b), omHako GOJBIIMHCTBO aBTOPOB 3aBUCHMO-
crpio Beruntacmoro H(B/B’) ot p(bi) BBHUJIy €r0 MajoOCTH MpeHeOpe-
rafoT U YYUTHIBAIOT 3aBUCUMOCTh C . TOJNBKO OT yMeHbiraemoro H(B).
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WssectHo, uTo suTponus H(B) MakcumanbHa npu paBeHCTBE Beex
BeposiTHOCcTel P(). DTO paBEeHCTBO BO3MOYKHO TOJBKO IMPH YCIOBHHU
p(b)=1/m. B pesynbTaTe mojy4aeM, 4TO MPOIYCKHas CHOCOOHOCTH
JTMCKPETHOTO KaHalla CBSI3U C [IIyMOM paBHa

C.=V.[log,m—H(B/B’)] . (5.4)

[TocMOTpUM Temephb, Kak BIWACT IIyM Ha MPOMYCKHYIO CIOCOO-
HOCTh KaHaJa CBSI3H.
Henanexxnocts kanaga H(B/B’) O6yazer munumansHa u pasHa 0,

eciu 1myma HetT. Torja cuMBOJIBI Ha BXOJE U BBIXOJE BCETJla COBMAIAIOT.
OTO 3HAYUT, YTO

. 0 npu i=j
p(b'/bj): 1 npu i+j

B srom ciyqae H(B/B’)=0, a mpomyckuas crocoOHOCTh C,

COBIIaacT C HpOHYCKHOﬁ CHOCOOHOCTRIO KaHaJja CBI3HU 0e3 mryma, 9410 1
CJIEAO0BAJIO OXKMATh.

B ToM ke CJIydac, Korjga myM HACTOJBbKO BCJIMK, YTO BCC CUMBOJIbI
Ha BBIXOAC MOT'YT IMOABJIATHCSA PABHOBCPOATHO HEC 3aBUCHUMO OT TOT'O, Ka-
KOHW CHMBOIJI noagaBaJICd Ha BXOJJ KaHalla CBiA3H, T. €. €CJIIH

p(b, /bj’)=1/m 5 p(bj’)=1/m,To | =0.
ITO HECIOKHO TOKA3aTh.

m

H(B/B)=-3"" p(b.b))log, p(b /b)) =

i1 -1
=—_Z;Z; p(b;) p(b;/b;)log, p(b; /b;) =
i=l j=

l m m
:WlogszZ“l:Iogzm ,

i=1l j=1

atak kak | =H(B)-H(B/B’), rue H(B)=1log,m, 10
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| =log, m—log,m=0

st nokazarenbcTBa TeopeMbl [IIeHHOHA [T IMCKPETHOTO KaHala
C LIYMOM, BBEIEM IIOHATHE TUMHUYHBIX IOCIEIOBATEIBHOCTEM W pac-
CMOTPHUM MX CBOMCTBA.

5.3.2. THUIHYHBIE MTOCJEI0BATEJIHLHOCTH U UX CBOMCTBA

bynem paccmaTpuBaTh MOCIEAOBATEILHOCTH CTATUCTUYECKU HE3a-
BUCUMBIX OykB. COrjacHO 3aKOHY OOJIBIIMX YHCEJ, Haubojee BEeposT-
HBIMU OYyIyT IOCJEAO0BATEIBbHOCTH JJIMHOW N, B KOTOPBIX mpu N—>00
komudectBa N; mosBienuii 6yks orseuarot 3apucumoctu N; = Pi-N, rae

P, — BEpOSITHOCTD IOSIBJICHUS OYKBHI .

[TocnenoBaTrebHOCTH, JJIi KOTOPBIX BBIMOJHSIETCS PaBEHCTBO
Ni=p;i xN, Ha3bIBAIOTCSA MUNUYHBIMU.

CornacHo 3ak0HY OOJBIIMX YKCEN MPU POCTE N BCe OOIbIIEE YHC-
JIO TIOCTIEJIOBATEILHOCTEH CTAHOBSITCS TUIWYHBIMHM, a B Mpenesie, Mpu
N —> 00, Bce MOCIEI0BATENbHOCTH CTAHOBSITCSI THITUYHBIMHU.

BeposTHOCTh TOSIBIIEHUSI JIIOOOW THUIIMYHON TOCJIEIOBATEIbHOCTU
BBIYUCIISICTCS 110 OJTHOM U TOM k€ opmyIie

m
_ n pon p3n n__ pin
Poin = P - 07 % p, P =T ] 0T
i=1

rie M — aucio OykB B anipaBute (00beM andaButa).

Hwxe HaM moHagpoOuTcst popmyJsia, CBSI3BIBAIONIASI CPEIHIOD DH-
Tpornuto H OykBBI COOOIIEHUS U JUIUHY N COOOIIEHUS C KOJIUYECTBOM
TUIIMYHBIX MOCIEA0BaTEIbHOCTEN N . .

[TockoyibKy ¢ pOocTOM N BCE MOCIEAOBATEILHOCTH CTAHOBSTCS THU-
MMUYHBIMHU, TO CYMMa BEPOSTHOCTEH MX MOSBJICHUS

Yurem, KpOME TOTO, pABEHCTBO 3TUX BEPOATHOCTEM.
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Orcroma Haxoaum 3HTponuio H,,, THIUYHON mOCIeaoBaTEIbHO-
CTH

Hmun :_IOQZ(]'/ Nmun) = IOgZ Nmun

Eciu H — sHTponus OykBbl COOOIIEHMS, TO SHTPONHUS TUITMYHOU
nocienosarensHocta H,,, =n-H =109, N, ., TO

N, = 2™, (5.4)

Teneps MBI TOTOBBI K BOCIIPUSITUIO OCHOBHOU TeopeMbl [I1IeHHOHA
IUIL TUCKPETHOTO KaHaJIa C LIYMOM.

5.3.3. OcHoBHas Teopema IlleHHOHA /ISl JUCKPETHOI0 KaHAaJIa
C LLYyMOM

Dopmynuposxa. I TUCKPETHOrO KaHaIa ¢ ITyMOM CYIIIECTBYET
TaKoOW croco0 KOJMPOBAHHUS, IMPH KOTOPOM MOXKET OBITH OOCCIIeuCHa
0e3ommmboyHas nepegadya Bced nHGoOpMaInu, MOCTYMAIENH OT UCTOY-
HHUKa COOOIICHUM, €CITM TOJBKO MPOITYCKHAsI CIIOCOOHOCTh KaHayIa Tpe-
BBIIIACT TPOU3BOAUTEIHHOCTh MCTOYHHKA COOOIICHHWH, T.€. €CIU BBI-
TIOJTHSICTCS YCIIOBHE

K max

Vina| log,m — H(B/B)| >V, - H(A),

roe H (A) — DHTPOIUS UCTOYHHUKA.

3nech 0003HaYEHUS COOTBETCTBYIOT CXeMe, H300pa)KeHHOW Ha pH-
cyHke 5.8.
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NCTOYHUK
nomex
NCTOYHUK A B B
— Kogep —» JlnHnAa ceasn —»
nHbopmauymm Vv Vv
n K

Puc. 5.8. Cxema auckpeTHOro KaHajia CBs3H C IIyMOM: B, B’ — CUMBOJIbI

Ha BXOJI€ U BbIXOJE KaHana; V, u V, — CKOpOCTh MOCTYIJIEHUS] CHMBOJIOB

OT UCTOYHHUKA HAa BXOJ| KOJUPYIOIIETO YCTPOMCTBA U C BBIX0OJ1a KOAUPY-
IOILIETO YCTPOMCTBA HA BXOJ JINHUU CBSI3H.

Jloxkazamenvcmeo.
Cornacuo ¢opmyiie (5.4), 4KCIIO TUIHYHBIX ITOCIEI0BATEILHOCTEMH
IUTATEIIBHOCTBIO 1 paBHO

2v -u-T-H(A)

MakcuManbHO BO3MOYKHOE YMCIIO PA3JIMYHBIX I10CJIEIOBATEIBHO-
CTEH Ha BBIXOJIE KOAEpa, KOTOPOE CMOKET UMETh TY K€ JUIUTEIBHOCTD 7,
PaBHO

N(B) =m'*T

rae M — o0beM BTOPUYHOTO al(haBuTa.
Oty hopMyIly MOKHO 3aIIMCaTh TAKKE B BUJIE

N (B) — 2VK~T-Iog2m

[Ipenrnonoxum, 4To yCIOBUE TEOPEMBI

V [log,m—H(B/B")] >V, -H(A)
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Beimonasiercsa. Torma, mockoneky H(B/B’) >0, HepaBeHCTBO yCiaoBHS
TEOPEMBI TOJILKO YCHUIIMTCS, €CJIM €r0 3allicaTh B BUJIE:

V,-log,m>V,-H(A).

JIOMHOXU1M JIEBYIO U TIPaBYIO YacTU HEpaBEHCTBAa Ha T U cjenaeM
UX TIOKA3aTeNIIMU JIBOUKHU:

2T-VK-Iog2m —N (B) > 2T-Vu-H(A) —N A)

mun(

Takum 00pa3oM, BO3MOXKHOE HYHCIIO IOCIIEAOBATEIBLHOCTEH [UTH-
TEJIBHOCTBIO 7 Ha BBIXOJIE KOJepa OOJIbIIe YHCIIa TUITMYHBIX MOCIIeI0Ba-
TEILHOCTEH TOH JKe [UTUTEILHOCTH, KOTOPOE MOXET BbIJaTh UCTOUHHK.

Eciu ycTaHOBUTH OJHO3HAYHOE COOTBETCTBHE MEXKIY IMOCIIEI0BA-
TEJBHOCTSIMHA Ha BBIXOJC KOJEpa C IMOCIEI0BATEIbHOCTSIMUA Ha BXOJIE,
OCTAIOTCS MOCJICI0BATEIILHOCTH, KOTOPbIE HE MOIYT HCIOJIb30BAThHCS
IS KOMUPOBAHMUS, T. €. 3anpeujeHHvle KOIOBbIe ciioBa. Eciu Bee ke Ta-
Kasi IMOCJIe0BATEIbHOCTh MOJYYaeTCsl C BbIXOJA KaHajla CBSI3U — 3TO
BEPHBII MPU3HAK OIINOKH.

KaxaoMy croco0y KoaupoBaHuUsl OYJEeT COOTBETCTBOBAThH OIpE/Ie-
JICHHBI BapUaHT YCTAHOBKH COOTBETCTBUS MEXKIY KaKIOH M3 MHOXKE-
CTBa TUITUYHBIX IMOCJIEIOBATEILHOCTEH, TCHEPUPYEMBIX HCTOYHUKOM H
KOJIOBBIM CIIOBOM, B3SITBIM M3 MHOECTBA Pa3pelIeHHBIX KOJOBBIX CIIOB
N(B).

Tpebyetcst Teneps JA0Ka3aTh, YTO CPEAU BCEX BO3MOXKHBIX CITIOCO-
OOB YCTAaHOBKHM 3TOTO COOTBETCTBHSI CYIIECTBYET TaKOM, KOTOPBIA 0Oec-
MICYMBACT OJHO3HAYHYIO HICHTU(DHUKAIIHIO JTFOOOT0 MPUHATOTO KOJIOBOTO
CIIOBA, JIaXKe €CJI OHO IMOJYYHJIOCh B PE3yJIbTaTe UCKaKEHHs MOMEXOH
Hepe1aBacMoro CJoBa.

JInst moKa3aTenbCTBa HaiieM BEPOSTHOCTH MPABHIBHOTO MpPHEMA,
YCPETHEHHYIO 110 BCEM BO3MOYKHBIM CITOCOOaM KOJWPOBAHHUSA, T. €. yCTa-
HOBKH COOTBETCTBHS MEXIY MPUHSATHIM M BO3MOXHO HUCKaKCHHBIM KO-
JIOBBIM CJIOBOM M 3aKOJHPOBAHHON HH(MOPMAIIMOHHON IOCIIEI0BATEIIb-
HOCTBIO.

ITo ycmosuo#t »urponmu H(B/B’) moxHO HaiiTH KOIMYECTBO

BO3MOXHBIX THITMYHBIX HOCHC}IOB&TCHBHOCTeﬁ Ha BXOJ€ KdaHaJida, KOTO-
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PpBIC ITOCJIC UCKAKCHHUA B HCM MOIJIA OBI AaTb OIPCACICHHYIO ITOCICI0-
BaTCJIbHOCTD HA BBIXOAC KaHaJla

N (B/Ba) _ 2T-VK~H(B/B’).

BbIBOJ aHaJOrMuYeH CHCIIAaHHOMY paHee IIPH HCCIIEAOBaHUH
CBOMCTB THUIMYHBIX ITOCJEIOBATEIBHOCTEU. TOIBKO B JTAHHOM CIly4ae
SHTPOIUS CHMBOJIA Ha BBIXOJE KaHaia — (DYHKIUS TOTO, KaKOH CHMBOJI
noiydeH Ha Bxoze kanana — H(B/B’).

[IpaBunbHBIM TIpUEM BO3MOXKEH TOJIBKO TOrJa, KOrjJa Ha
[N, (B/B’)—1] He paspemieHHBIX KOMOBBIX CIIOB IIPUXOMMUTCS OIHO
pa3pelieHHoe, T. €. YUCIIO BO3MOKHBIX KOJOBBIX CJIOB BOOOINE JOJDKHO
oeite B N, (B/B’) pa3 60mabme unciaa tunuuasix N, (A) mocienoa-

mun

mun mun

TEIIbHOCTEM, KOTOPHIE MOYKET BbIJIATh NCTOUYHHUK.

[Ipennosnoxum Tenepb, 4TO COOTBETCTBUS MEKAY TUIUYHBIMU I10-
CJIEJIOBATEIBHOCTSIMHU, BBIJABAEMBbIMU HUCTOYHUKOM, WU KOJOBBIMH CJIO-
BaMH yCTaHABJIMBAIOTCS PAaBHOBEPOSATHO. Torma BEpoOsATHOCTH P, TO-

ro, 4TO ompejaeieHnoe koaoBoe ciaoBo cpead N, (A) sBiasercs paspe-

mun

WIEHHBIM, paBHa P, =N, (A) / N(B) (KOIupyrOTCS TOIBKO TUITHYHBIC

HOCJ'ICI[OB&TCJ'IBHOCTI/I).
COOTBCTCTBCHHO, BCPOATHOCTDL TOI'O, YTO KOJOBOC CJIOBO ABJIACTCA
3allpCIICHHBIM, PaBHA

1- P,y = 1 =N, (4)/ N(B).

HpaBI/IHBHOC ACKOAUPOBAHHUC BO3MOKHO TOJIBKO TOraa, €ClIIkn Cpce-

mi N, (B/B’) KomoBbIX CJI0B TOJBKO OJHO BHIOPAHO B KauecTBE pas-

mun

PELIEHHOTO.
BeposTHOCTB 3TOro paBHa:

= 1— [Nyun (B/B)-1] — 1_ mun
Pupac = A= Ppasp) Ny
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N(B)

(B/B)—1 o N

Tak kak OCHOBaHHE CTEHEHU {1— }<1, TO, yBEIMYHBAs

IoKa3arenb cTerneHu ¢ N (B/B’), monyunm Hepa-

mun mun

BCHCTBO:

p > 1_ Nmun(A) o (B12)
npas N(B) '

Pa3moxum mpaByro 4acTh 3TOTO HEPABEHCTBA B PsiJ MO CTEINECHSAM
N(B)
PEMEHHOW X, HEOPEPHIBHOWM M HMMEIONIEH BCE MPOU3BOJHBIC IMPU X=4,

VMMEET CIEAYIOIINAN BU:

, T. €. B pan Toaitopa, koTopslid st GyHKIMH Y(X) OJHOH ITe-

(x-a)

f0=f(@)+ 2 1@+ D @)+ L na) £1(a) ...
1 TIOTy9IUM
— . Nmun(A)
Pups >1- N, (B/B) S ¢
1 N, (AT
5 N (818 [N, (B18) 1] N .
OCKOJIbKY W<1 Y 4JIEHBI psJia 0 a0COIIOTHON BEIUYUHE

y6BIBaIOT, HCPABCHCTBO TOJIbKO YCWJIMBACTCA, CCJIN OT6pOCI/ITB BCC 4YJIC-
HBI psiia BBIIIC IICPBOT'O IOPAOKA:

pnpag l N (B) '

[Tosryunm
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_1- Y. N (A) _
pom =1 pnpa6>Nmun(B/B) N(B) —

[Vilog; m-V,-H (B/B")-V,-H (B)| _ 2—T[CK—VM.H (A)]

_o!

rne C .=V, -log,m—V, -H(B/B’) — nponyckHas CIOCOOHOCTh KaHalia
CBSI3U C y4YETOM IMOTEpPh MH(POPMALUU B Pe3yjbTaTe NCHCTBUS MOMEX
(mryma).

3ametum, uto, eciu C, >V, -H(A) (ycinoBue Teopemsr lllenHona),
c poctoM T BeposTHOCTB ommOku P, , ctpemutcs k 0.

[ToMuMO OMIMOKH, BO3MOXHOM MPH MPHUEME THUIUYHBIX MOCIIEIO-
BaTEILHOCTEH, BEPOSITHOCTh KOTOPOU OIpeesisieTcs: mociaenneit hopmy-
JIOH, BO3MOYKHBI OIIMOKM 32 CUET MOSBJICHUS HA BBIXOJIC UCTOYHHUKA He-
TUIMAYHBIX TIOCJICI0BATEIPHOCTEH, KOAMPOBAHUE KOTOPBIX BOOOINE HE
npeayCcMaTPUBACTCS OMUCAHHOM Tporieypoid. [Ipu BepOSITHOCTSAX TOSIB-
JICHHUSI HeTUITMYHOMW ITOCJICIOBATEILHOCTH O M TUTUYHOMN 1-0 cymMMapHas
BEPOSITHOCTh OIIMOOYHON Mepeaun paBHa:

pz :5+(1_5)' Pou-

[lpu T — o0, kak ObLIO TTOKa3aHo panee, 0 — 0.
Ecmu C.—V,H(A) > 0 (T.e. Ipu yCIOBHU BBITIOJHEHUS TCOPEMBI

[llennona), To npu I’ —ou p,,, —>0 cymmapnas ommbka Py —0.
[TockoyibKy cpenu BCEX BapUAHTOB KOJAUPOBAHUS 00S3aTEIBHO

CYHICCTBYCT XOTA OBl OJHH, UIsI KOTOPOI'O BCPOATHOCTH OIIMOKHA HE
MNpEBBIIIACT CPCAHCTO 110 BCCM BapHaHTaM KOAWPOBAHUA 3HAYCHUA pZ’

teopemy lIleHHOHA MOXXHO CUMTATh JOKA3aHHOM.

5.3.4. IlponnyckHasi cIOCOOHOCTHh HENMPEPLIBHOIO KAHAJIA NPH
HAJIMYUH AJUTATUBHOTO IIIyMa

PaccMoTpuM crieyroniyto MoJIeNb KaHaia:
1) kaHa) crOCOOCH MPOMyCKaTh KOJEOAHUS C YaCTOTAMH HIDKE

Fo:
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2) B KaHalle ACHCTBYET IOMexa n(t), MMEIIAsT HOPMAJIbHBIN
(rayCCOBCKHI1) 3aKOH pacipeie/ieHUs C HYJIEBBIM CPEIHUM 3HAYCHHUEM;

3) momexa n(t) CTaTUCTUYECKH HE CBs3aHA C IOJIE3HBIM CUTHA-
nom X(t);

4) moMmexa aaaWTHBHA, T. €. CUTHAI y(t) Ha BBIXOJI€ KaHaJia OIlH-
ceiBaercs opmynoin Y(t) =X(t) +n(t), rue X(t) — CHUTHAJ Ha BXOJE
KaHaJja,

5) mommocts P, monesnoro curnana X(t) orpanndena.

OrpaHn4yeHHOCTH MMOJIOCHI MPOITYCKaHUs KaHaJla MMPUBOJIMT K Orpa-
HUYEHHOCTH CIEKTpa BBIXOJHOI'O CHUTHAajIa X(t). ITosToMy corsiacHO
TeopeMe KoTenpHHKOBa 0€3 motepu MH(POpMAITUK CUTHAIBI X(t), y(t)

n n(t) MOXHO IPCACTABUTb B BUJAC psAdd HE3ABUCHUMbBIX OTCUCTOB, B34-

1

ThIX C mrarom At<—

2F
Kak Obl10 g0Ka3aHO paHee, KoauuecTBO umH(opmaruu |, mpuxo-
JSIIENCs HA OAUH OTCYET, PaBHO

l=H(x) —H(x/y) =H(y) —H(y/x) (5.5)
PaHee Hamu ObUIO MOKa3aHO, 4TO dHTporus H (y) HENPEPBIBHOU
CIIy4allHOM BEJIMUMHBI Y HAXOJUTCS 1O popMyJie:

H(y)=—[ f(y)log, f (y)dy+ lim log, Ay.

—00

Haiinem H (y/ X). IlepeneM K JUCKPETHOMY IIPEICTABICHUIO X U
y ¢ marom AXu Ay.
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OO ol0 2.2, POR)100: POLY)

P(Yi, X;) = p(X;)- p(Yi/X;);
p(x;) ~ f(x;)-AX;
p(Yi/x;)=f(yi/X;)-Ay.

Haiinem Teneps auddepenimansunii 3akon f(y/X). Eciu X

duxcuposan, a Y(t) = X(t) +n(t), o

f(y/x)=f(n—x).

['paduk sT0# DyHKIIMN N300pakeH HA pUCYHKE 9.9.

X

Puc. 5.9. I'paduk pynkmuu f(y/x)

[Tockonbky X pukcupoBaH, To Ay =An.
[IpousBenemM NOACTAHOBKU:

H(y) == tim S5 1 0)ax £ (i /x)Aylog, [ (3 /%)y ] =
D022

~[ [ F00 (1=x)log, [ f (n-x)ay Jdxdn =

—00 —00
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o0 o0

=— [ f(x)dx [ f(n)log,[ f (n)Ay]dn+log,(Ay) T f (n)dn =

—00

[e¢]

—_ .' f (n)log,| f(n) |dn+log,(Ay)

—00

[ToacTaBuB 3TOT pe3yabTar B (GOpMyJy KOJIU4YeCcTBa UHPpOpMa-
uu (5.5), momyunm:

| :_]9 ¢ (y)Ing[f (y)]dy+{—]9 f (n)logz[f (n)]dn} =
= ngl(y)_ Hé‘:l(n)'

Ckopocths nepegaun mHbopMamuu o teopeme KoreapHHKOBa
OyJIeT paBHa:

dl
E :VK I ,
I'ic ——— :V I . JISI HAXOKACHUA ITPOIT CKHOﬁ CHOCO6HOCTH HCIIPCPLBIB-
K pouy peEp

dt

HOI'0 KdaHaJIa CBA3U C IIYMOM CJIICAYCT MAKCUMHU3HUPOBATH CKOPOCTH IIC-

peaaqdun I/IH(l)OpMaI_[I/IH , BApbUPYys IMapaMeTpaMu 1ICpeaaBacMoOro Cur-

dt
Haja X,
V., — BeMuMHa MOCTOSIHHAS, CBsI3aHHAas ¢ mapamerpom F,, kaHana;
| 3aBucut ot H(Y).

HOCKOJII)Ky X 1 N B3aUMHO HE3aBUCUMBI,
D, =D, +D,,m,=m, +m, =m,,

T. k. m, = 0.

Panee Obuna BhiBenena 3asucumocts H__ (y)=log,27eDy, u3
KoTopoii cnexyer, uto H,_,(y) mponoprmonansua D, .
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Orcrozna cnenyer, uto H__,(Y) MakcumanpHa, KOrga MakcumanibHa

mucniepeust D,

Ho, mockomeky D, =D, +D,, D, — MakcumanbHa, KOTJa MaKCH-
ManpHa D, .

CornacHo yclOBMIO, MOIIHOCTH P, mnepemaBaemoro curnaiza X
OTrpaHUYE€Ha CBEPXY.

A, ockonbKy P, =D, +m 2, MAKCUMalIbHOE 3HAYEHUE AUCIICPCUN
D
aTo caydae P, =D,.

_ 2 _ _ _ _

3uauutr P, =D, +m =D, t.x. m, =m, +m,, m=0, m,= 0.

PaHee ObLIO 10KAa3aHO, YTO IPU OTPAHUYEHUH MOIIHOCTH CUTHAJIA
CBEPXY €r0 DHTPONHUSA IPUHUMAET MAKCUMAIBHOE 3HAYCHUE, €CIIM OH
pacrpesiesieH 10 HOPMAJIbHOMY 3aKOHY. 3HAYMUT Y JOJDKEH MMETh HOp-
MAaJIbHBIN 3aKOH pacIpeereHus. A KaKkol B 3TOM Cilydae 3aKOH pacipe-

JeJIEHUS TOJKEH UMETh BXOJIHOM CUTHAJ X7
[Tockonbky Y=X+N, a y 1 n UMEIOT HOPMAJIbHBIE 3aKOHBI pacmpe-

AOCTUTACTCA IIPU HYJICBOM MATCMATHYCCKOM OXHIAAHHUU mX:O. B

NEJICHUS, X U N HE 3aBUCHUMBI, COTJIACHO TEOPHUH BEPOSITHOCTEM X TOKE
JOJKEH UMETh HOPMAJIBHBIN 3aKOH PaCIIPEICIICHUS.
CretoBarenbHO:

X2

f
()= J2 ﬂDXe P~ 2D |

H (y) =log, \27e(D, + D,),

H(n)=log,/27€eD,,

oTCrojaa:

| =H(y)~H(n)=log,

Iockomsxy My u M, =0, D, =R,, D, =P,
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_1 R
I_2Iog2 1+ P

OTtHo1IeHUE PX/ P, Mommocreit curmama u mryma HassBaeTcs

OMHOWEHUEM CUCHAN—ULYM.
B pe3ynbTaTe MpOMYyCKHYIO CHOCOOHOCTHh HEMPEPHIBHOTO KaHaIa
CBSI3U C IIIyMOM MO>KHO 3aIlKcaTh B BUJIE:

C, =F, log, |1+ (5:6)
B

Takum 06pa3oM, MpoIyCcKHasi CHOCOOHOCTh ATOTO KaHalla Ompeie-
JAE€TCA MAaKCHMaJbHOM 4acToTou F,, mpomyckaembIx yepe3 KaHal 4a-
CTOT Y OTHOIIIEHUEM cUTHalI—IIyM. [IpornyckHas cnocoOHOCTh 3TOrO TH-
I1a KaHaya TE€M BBIIIE, YEM BbIIIE F, 1 OTHOIIEHUE CUTHAJI—IIIYM.

[IpuBenenHast ¢popmysa ONMUCHIBAET HAMXYJIIUA B CMBICIIE BEJHU-
YUHBI TPOMYCKHOM CIIOCOOHOCTH ciiydail. Eciiu 1mym MmMeeT HerayccoB-
CKHI 3aKOH PacIpeeICHUs UM UMEET KOPPEIUPOBAHHbBIC (3aBUCHUMBIE)
OTCUETHI, TO MPOMYCKHAsI CHOCOOHOCTh KaHaJla BO3pacTaerT.

KoHTpoJibHBIE BONIPOCHI

1. UTo Ha3bIBAETCS TEXHUYECKOU CKOPOCTHIO?

2. YUto Ha3bIBaeTCa MHPOPMAIMOHHON CKOPOCTHIO?

3. Kak onpenensiercs nHpopManmoHHasi CKOPOCTh MJi1 PaBHOBE-
POSITHBIX COOOILIEHUI?

4. Kak omnpepnensieTcs MpoIycKHas CIOCOOHOCTh KaHalla 0e3 mo-
Mex”?

5. Kak BIUAIOT OMEXH Ha BEIUYMHY MPOMYCKHOW CIIOCOOHOCTH?

6. Uto ytBepxkaaeT teopema lllenHoHa aist kaHana cBa3u 0€3 1o-
Mex?

7. Uro yrBepxknaetr teopema llleHHOHa 11 KaHama CBA3U C IO-
Mexamu?

8. OT 4dero 3aBUCUT MPOMYCKHAsI CIIOCOOHOCTh JAMCKPETHOTO Ka-
HaJia cBs3M ¢ noMexamu? Kak oHa ompenensiercs?



226

9. Uemy paBHa MpOIYCKHAas CIOCOOHOCTh JBOMYHOI'O KaHaja CBS-
3 TIPY BEPOSTHOCTH UCKAKEHUS DJIEMEHTa co00IeH s, paBHo# 0,57

10. OT yero 3aBUCUT MPOMYCKHAs CIOCOOHOCTH HEMPEPHIBHOTO
KaHaJja CBs3U?

11. IlpuBenute hopmyiy AJisl HAXOXKIACHUS MTPOMYCKHON CIIOCO0-
HOCTH HEMPEPHIBHOTO KaHaJa CBS3U.

12. Kak u3MeHsieTCs MpOIMyCKHas CIOCOOHOCTh HENPEPHIBHOTO
KaHaja CBSI3U MpU yBEIWYEHUH SPEGEKTUBHON MOJOCHI MPOIYCKAHUS
KaHazna?

13. Kakue mpeabsaBisitoTcsi TpeOOBaHUA K CUTHATY (€ro CTaTH-
CTUYECKOUN CTPYKTYpE), 4TOObI MPUOIU3UTHL CKOPOCTh MEpEeaayu Hemnpe-
PBIBHOTO CHUTHasa K MPOMYCKHON CTOCOOHOCTH KaHaa?

KoHTposbHbIE 3a1aHUS

1. CumBouibl andaBura a30yku Mop3e MOTYT MOSIBUTHCSI B COO0-
IICHUH CBEPOATHOCTAMM: JJist TOukH — 0,57 ; miist tupe — 0,29 ; ans npo-
MEXyTKa Mexay OykBamu — 0,1 u JJIs1 TpoMEKYyTKA MEXKIY CIOBaMHU —
0,04 . Onpenenuts cpeaHee KOIMYECTBO HHPOpMAIIUK B COOOIICHUHN U3
700 cuMBOJIOB JaHHOTO andaBUTa, CUUTAs, YTO CBSI3h MEXKAY MOCIEI0-
BaTEJILHBIMU CUMBOJIAMHU OTCYTCTBYET.

2. IlepBuuHBIi anaBUT COCTOUT U3 TPEX 3HAKOB C BEPOSTHOCTS-
vu 0.2, 0.7, 0.1. JInsg mepegaun mo kaHaiay Oe€3 IMOMEX HCIIOJIb30BaJIC
pPaBHOMEPHBIN ABOWYHBINA KojA. Yactora TaktoBOoro reneparopa 500 I'm.
KakoBa nmpomnyckHasi ClIoCOOHOCTb KaHalla U CKOPOCTh Tiepeiaun?

3. Jlis mepenaun COOOIIEHUM UCIIOIB3YETCS KO, COCTOSIINNA U3
TPEX CUMBOJIOB, BEPOSITHOCTH MOSIBJICHHS KOTOPBIX paBHbI 0.8, 0.1 n 0.1.
Koppensauuss mexay cMMBOJIaMH OTCYTCTBYeT. OmnpeaenuTh U30bITOY-
HOCTb KOJIA.
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3akJIro4YeHue

Marepuai, npencTaBICHHbIM B HACTOSIIEM YU4EOHOM MOCOOUH, HE
MPETEHAYET Ha MOJHOTY OCBENICHUS! Bcex obiyacteid Teopun MHGOpMa-
[[MW, TEOPUH KOAUPOBAHUS U Tiepeaadyr HHGOpMAIMHY 10 KaHallaM CBSI3H.
[lenb HACTOSAIIETO MOCOOUS — MO3HAKOMUTh YUTATENS C TEOPETUUECKU-
MU OCHOBAaMH MPUKIATHON Teopuu UHPOpPMALMU U KoaupoBaHus. s
3aKPETUIEHHS U3JI0KECHHOTO MaTepuaja Mocjie KaXJIO0W TJIABbI IPUBEE-
Hbl KOHTPOJIbHBIE BOIIPOCHI U 3aJIaHUS, PEIICHUE KOTOPHIX MO3BOIUT YH-
TaTENI0 r1y0Xe MOHSATh TEOPHIO.

B yueOHOM mOCcOoOMM JOCTATOYHO MOAPOOHO M3JIOAKEHBI BOIPOCHI
KOJIMYECTBEHHOW OLIeHKHM HHpopmarmu. OgHako naparpad cemaHTuye-
CKOM OIlEHKH MH(MOpMalUu HYXKJIaeTcs B Oojiee rryOokon mpopaboTke.
ABTOpamu Hamwucal psii padboT B 3TOM 001acTH, U B AaJbHEUILIEM Mepe-
W3JIaHUM TOCOOMS BO3MOKHO BOCIOJHEHUE 3TOTO Mpoodera.

B rmaBe «KoaupoBanue wmHopmanuu» AOCTATOYHO MOAPOOHO
M3JIOKEHBI METOAbI MOCTPOCHUSI OOJBIIMHCTBA M3BECTHBIX KOJIOB. Bo-
MPOCHl IEKOJAUPOBAHUS U3JI0KEHBI B JIOCTATOYHOM JJIsl JAHHOTO Kypca
oobeme. bosiee moapoOHO, BOMPOCH JEKOAUPOBAHUS OCBSILIECHBI B APY-
ruX y4eOHBIX Kypcax.

Bonpocsl nepenaun nHpopMaiuu no KaHajiaM CBSI3U U3J0KEHBI C
TOYKH 3PEHUSI TEOPUH, MPAKTUUECKON peanu3aluu yJIeJIeHO Majo BHU-
MaHHs B CHJIy TOTO, YTO MPAKTUUYECKUE OCHOBBI TCOPHUH IEpe/lauu WH-
dbopmManMM MO KaHajlaM CBsi3M 0oJiee MOAPOOHO M3Y4YarOTCAd B paMKax
IPYTUX Y4eOHBIX KYpCOB.

N3noxxeHHble MaTeprasl anpoOUpOBaH MPU YTCHUU JICKITUN B Te-
YeHre HEeCKOIbKUX JieT B FOro—3anagHom rocyjapcTBEHHOM YHUBEPCH-
TeTe. ABTOPHI BhIpakKat0T MPU3HATEIBHOCTh CBOUM CTYJEHTaM, KOTOPBIC
nomoranu nu@oBaTh B JUCKYCCHUSIX MPEACTABICHUE H3JI0KEHHOTO B
y4eOHOM MTOCOOMU MaTepuania.
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Ipuioxenue
HexoTopbie moJie3Hbie CBeIeHUS] U3 TEOPUH BEPOSTHOCTEN

1. Cnyyaiinbie coObITHS

Cobvimuem (U) Ha3bIBarOT BCAKHMHA (DaKT, KOTOPBIH MOXET IPO-
W30WTHU WA HE IPOU3OMTH.

Beposimuocmuio coovimusi P(U) Ha3bIBaeTCS YHCICHHAS MEpa CTe-
MeHU OOBEKTUBHON BO3MOXKHOCTH 3TOT'O COOBITHSI.

Ilocmosepnvim cobvimuem HazbiBaloT coobiTHE (U), KOTOpOE B pe-
3yJIbTATE OIBITA HEIIPEMEHHO JOJKHO IMPOU30UTH. BEPOATHOCTH I0OCTO-
BEPHOT'0 COOBITHS MMPUHUMAETCS paBHOM enunune, T.c. P(U)=1.

Hesoszmoorchvim cobvimuem HazpIBalOT coObITHE Q, KOTOpOE B pe-
3yJbTaTe OMbITa HUKOMM 00pa3oM HE MOXKET MPOU30MTH. BepoaTHoCTh
HEBO3MOYKHOT'O COOBITHS MMPUHUMAaeTcs paBHO# Hyo, T.e. P(Q)=0.

BepositTHOCTB 1000T0 peanbHOro coObiTHs (4) 3akiiodeHa B WH-
tepBasie or 0 1o 1, 1. e. 0< P(4) <1.

Heckoiapko cOOBITHI B JaHHOM ONBITE HA3bIBAIOT HECOBMECHIHbL-
MU, €CIIA HUKAKHE JIBa U3 HUX HE MOTYT NMPOU30UTH OJHOBPEMEHHO.

Heckoapko cOOBITHI B TAaHHOM OIBITE HA3BIBAIOT PABHOBO3IMOINC-
HbLIMU, €CJIH TI0 YCJIOBHUSM CHMMETPHH OIBITa HET OCHOBAHHWH CUMTAThH
Kakoe—1100 U3 HUX 00Jiee MPEaNOUYTHTEIHHBIM HIIA BO3MOKHBIM.

Ycnosnoti seposmuocmoto coovimusi A pu HAIMYUHU COOBITUS B
HA3BIBAIOT BEPOSTHOCTH COOBITHS A, BBIUUCICHHYIO MPHU YCIOBHH, YTO
coObITHE B mpoun301L10. Y CI0BHASI BEPOSITHOCTh B 3TOM CIydae 0003Ha-
yaetcs kak P(A/B).

CoObITHS Ha3BIBAIOTCS HE3ABUCUMBIMU, €CITA TIOSIBICHUE OJTHOTO U3
HUX HUKOUM O0Opa3oM HE MEHSET BEPOATHOCTHU MOSBJICHUS Apyroro. Jls
HE3aBUCHUMBIX COOBITHI A U B cripaBeInBO:

P(4/B)=P(4),  P(B/4)=P(B).

Ilonnoti epynnoti coovimuii Ha3bIBAIOT HECKOJIBKO COOBITUM TaKHUX,
YTO B pE3yJbTaT€ OMbITA HEMPEMEHHO MPOU30UIET XOTA Obl OJHO M3
HuX. Eciau coowitus Ay (k=1, 2, ...,n) cOCTaBISAIOT MOJIHYIO TPYIIITY CO-
OBITUI1 1 HECOBMECTHBI, TO



2 P(A)=1,

T. K. Z A _ JIOCTOBEPHOE COOBITHE.
k

Ecnu HEeCKOIbKO COOBITHI 00pa3yroT MOJHYIO TPYIIY COOBITHIA;
HECOBMECTHBI, PaBHOBO3MOXHBI, TO BEPOATHOCTb COOBITHS A MOYHO
BBIYUCIIUTH 1O (popmyiie

P(A)= %

rae N — o01iee Yuciio BO3MOKHBIX COOBITUHM (MCXO/I0B OMBITA),
M — YUCJI0 COOBITHI, OTArONPUSTCTBYIOIIUX COOBITHIO A.

2. Airedpa co0bITHi

Crny4daitabeie cOObITHSI 0003Ha4YarOT OOJBIIMMH OyKBaMHU ali(haBuTa.

Pasencmeo 0syx coovimuii A u B (A=B) 03Ha4yaeT, 4TO MOSBICHUC
OJIHOTO COOBITHSI HETIPEMEHHO BJIEUET 3a COOO MOSBICHUE APYTOTO.

Cymmoui 08yx coovimuii A u B HazpiBatoT cobObitrie C (C=A4=B),
3aKJIIOUAIOIIEECS B MOSIBJIEHUH XOTS ObI OJHOTO 13 coOnITHH 4 1 B.

Illpouszsedenuem 08yx cobvimuiti A u B Ha3pIBalOT COOBITHE
C(C=A4"B), 3axmouaromieecss B OJHOBPEMEHHOM HACTYIUICHHH OOOWX
coObITHil A U B.

Ecnu pe3ynbpTaT Kakoro—jim0Oo OIMbITa MOXET UMETh JBa B3aWUMHO
UCKITIoYaronmx coObitusd 4 u B (monHas rpynna coOBITHIA), OJHO W3
ATUX COOBITUH HA3BIBAIOT HPOMUBONOTIOHNCHLIM COObIMUEM JPYTOMY,
HaIMpuMep, COObITHE B, MPOTUBOMOJIOKHOE COOBITHIO A, u 0003Ha-
yaercsa A (untaercs Kak «He A»). s mpsMoro coObITHS A U TIPOTUBO-
TOJIOKHOTO COOBITHSA A (KaK COCTABJIAIOIIMX TIONHYIO TPYIITY COOBITHIA)
CITpaBEJIMBO TOXKJIECTBO:

P(4) + P(A)=1.
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Teopema cnoocenusi geposimrnocmeti. BeposiTHOCTh CyMMBI JBYX
coObITUl A U B paBHa CyMM€ BEpOSITHOCTEN ITHX COOBITUN O€3 BEpOsT-
HOCTH TIPOU3BEICHUSI 3TUX COOBITHH, T. €.

P(4 + B) = P(A) + P(B) — P(4-B).

B cnyuae, ecniu 4 u B HecoBmecTHBI, TO P(A'B) = 0 u, ciiemoBa-
TEJBHO,

P(4 + B) = P(4) + P(B).

Teopema ymmnoorcenus eeposamuocmeu. BeposTHOCTh Mpou3Bele-
HUSI IByX COOBITUH A M B paBHa BEPOATHOCTH OJIHOTO M3 HUX, YMHO-
YKEHHOM HAa YCIIOBHYIO BEPOSITHOCTh APYrOro Mpy HAIUYUHU NIEPBOTO, T.€.

P(A-B) = P(4-B) = P(A)-P(B/A) = P(B)-P(A/B).

B cnyuae, eciiu coObiTusi A U B HE3aBUCHUMBI, TO CIIPABEAJIUBOCIIE-
AYIOIEEe COOTHOLIEHUE

P(4-B) = P(A)-P(B) = P(B)-P(A).

[Tone3Hoe mpaBUIIO PEIICHUS 3a/lad Ha HaXOXKJICHUE BEPOSTHOCTH
CIIy4aiiHBIX COOBITHH 3aKioyaeTcsi B cienayromieM. Jljis Toro 4roObl
HaWTH BEPOSTHOCTh MHTEPECYIOMIETO COOBITUSA, HEOOXOIUMO:

a) C TMIOMOUIBIO anreOpsl COOBITUI OMUCATh UHTEPECYIONIEE COOBI-
THE Yepe3 U3BECTHBIE COOBITHS, T. €. YePe3 TaKHe COOBITHS, BEPOSATHOCTH
KOTOPBIX U3BECTHBI;

0) ¢ HOMOIIBIO TEOPEM BEPOATHOCTH CYMMbI U BEPOSITHOCTH MPO-
M3BEACHUS HAWTH BEPOSATHOCTh HHTEPECYIOIIETO COOBITHSI.

3. Cayuaiinble BeJJUYHHBI
Cryyaunou eequyyuHou Ha3bIBAIOT BEJIMYUHY, KOTOpask B pPE3yJbTa-

TC OIIbITA MOJKET IIPUHUMATL TO HUJIIM MHOC YHUCIICHHOC 3HAYCHUC, HC HU3-
BCCTHOC 3apaHCC.
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Jluckpemnotl (npepvl8Holl) CAy4auHOU 6eIUYUHOU HA3BIBAIOT CIY-
YalHYI0 BEJIWYUHY, KOTOpPasi MOKET NPUHUMATh TOJIBKO KOHEYHOE YHC-
JIO PA3JIMYHBIX 3HAYECHUH.

Henpepvisnou cayuatnou eenuuunou Ha3bIBAIOT CIIy4alHYIO Be-
JUYUHY, KOTOpas MOXKET MPUHUMATh OECKOHEYHOE YHCIIO Pa3TUIHBIX
3HAYEHUI, 3aTTOTHSAIOIIUX KaKOH—TM00 MPOMEXYTOK.

3akonom pacnpedenenus CIy4auHOU GelUYUHbl HAa3bIBAIOT BCAKOE
COOTHOIIICHUE, YCTAHABJIMBAIOIIIEE CBSI3b MEXIY BCEMHM BO3MOKHBIMU
3HAYECHHUSIMHU CJIyYailHOW BEJIMYMHBI U COOTBETCTBYIOIIUMH MM BEpOST-
HOCTSIMH.

JI1s. TUCKPETHBIX CIIyYallHBIX BEJIWYMH, B KauyeCTBE 3aKOHa pac-
MpeJIeTICHUs] Yallle BCEro MCIOIb3YIOT psiji pacnpenenenus. Psa pacope-
JIeJICHUS TPENICTaBIsAeT cOO0M TabIuIly, B BEpXHEH YaCTH KOTOPOU pas-
MEIIIEHbI BCE BO3MOKHBIE 3HAYECHUS TUCKPETHON CIy4aliHON BEJUYMHBI,
a B HIDKHEH 4aCTU — COOTBETCTBYIOIINE UM BEPOSITHOCTH.

X X1 Xo Xk Xn
P(xi) P(x1) | P(xp) P(Xy) P(Xy)

q)OpMaJ'II)HI)IM IMPU3HAKOM IIPABUJIBHOCTHU COCTABJICHUA Psda pac-
NpCACIICHUA ABJISICTCS BBIIIOJITHCHUC YCIIOBUA

> P(x,)=1

JUIsl HenpephIBHBIX CIy4YalHBIX BEJIMYMH B KauyeCTBE 3aKOHA pac-
NpeesieHUs] 4acTO MCHOJb3YIOT (DYHKIUIO pacnpenenceHus (PyHKUIUs
pacrpeaeeHlsl MOKET ObITh MCIOJIb30BaHA B KAUECTBE 3aKOHA pacIipe-
JEJNEHUS U JJI AUCKPETHBIX BEIWYUH). DyHKyuel pacnpeoeienus ciy-
yaunou eeauyunbl X Ha3pIBalOT QyHKIMIO F(X), BRIpaKaroOIIyl0 BEPOST-
HOCTb TOT'0, UTO CIy4dailHas BeIMYMHa X MPUMET 3HaYEHHUE MEHbIIIE, YEM
X, T. €.

F(X) = P(X < X).
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N3 omnpenenenus (yHKIUU pacupeeeHUs] BBITEKAOT €€ OCHOB-
HBIE CBOMCTBA:

1).0<F <1;
2). F(—0)=0;
3). F(+x0)=1;

4). F(X) - neyObIBaromiast GyHKIIHS
B obmiem cinyyae rpaduk QyHKIIUN pacupeaeaeHus UMeeT BU/I

F(x)

™

S o E

]
I a

W3 onpenenenns F(X) BeITEKaeT Ba)kKHOE COOTHOILIEHHUE, BHIPAXKa-
IOIIEE€ BEPOSTHOCTH IOMAJaHMs CIIyd4aiiHOW BEIMYMHBI X B MHTEPBAj OT
a o b:

ré&a—<b e e

Hapsiny ¢ ¢yHkuueil pacnpeaeneHus, B KAYeCTBE 3aKOHA pacmpe-
JICJICHUSI HETIPEPBIBHBIX CIIYYaWHBIX BEJIWYMH UCHOJB3YIOT U (PYHKIIUIO
IUIOTHOCTH pactpenaeiieHus BeposTHocTH f(X), koTopas ompenesnseTcs
KaK MpOM3BOHAs (YHKIIMU pACIIPE/ICIICHUS, T. €.

f(x)=F (x).

N3 onpenenenust GyHKIUHU TJIOTHOCTH PACIPEICIICHUSI BEPOSITHO-
CTHU BBITEKAIOT €€ OCHOBHBIC CBOMCTBA:

1). f (—oo): 0;
2). f(+0)=0;
3). f(x)=0;

4).+f f(x)dx=1.
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B o6mem cnydae rpaduk (yHKIMH IUIOTHOCTH pacupeeieHUs
BepostHocTH f(X) uMmeer Bua

f(x)1

7

I'paduk ¢pynkiuu f(X) Ha3BIBAIOT KpUBOL pacnpedenenus.

Dnemenmom 6eposmuocmu JAJid CIIy9aiHOW BEIMYWHBI X Ha3bIBa-
10T BeanunHy f(X)dX, BhIpakaronryro BEpOSITHOCTH IOMaJaHMs CIydaii-
HOM BEJIMYHMHBI X B DJICMEHTAPHBIN 0Tpe30K (X, IPUMBIKAFOIIMI K TOYKE
X.

BCpOHTHOCTB IIoragaHus cnyqaﬁHoﬁ BEJIMYMHBI X B KOHEYHBIN
IIPOMEXKYTOK OT a 10 b onpeaAcisICTCA COOTHOIICHUCM

MO’KHO TONTYYUTh BBIpAXKCHHUE, CBS3bIBaIolee (PYHKITUIO pacrpe-
nenenus F(X) u QyHKINIO TIIOTHOCTH pactpeneiieHus BepostHocTr f(X)
CJIy4YaliHOW BEJINYUHBI:

4. CTaTHCTHYECKHE XapaKTCePUCTUKH cnyqaﬁHbe BEJINYHUH.

Mamemamuueckoe odcudanue ciydailHou BeauyuHbl X (0003HA-
garoTr M[X] mwiam m,) — 3T0 cpeaHee 3HAYCHHE CIyYalHOW BEIWYHHBI,
BBIYUCIICHHOE T10 CIEIYIOMUM (hopMyiam:
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1). JInst AMCKPETHBIX CIIYYaHBIX BEIUUUH
MX]=2 % p(%);
i=1

2). JIJist HeNIPEPBIBHBIX CITYYaHBIX BEITHYNH

M [x]:+£x.f(x)dx.

Llenmpuposarnnoti cydaiiHON BeIMYMHON °X Ha3bIBAIOT Pa3HOCTh

MEXAYy CaMOM Clly4alHOW BEJIMYMHON X M €€ MaTeMaTHUYECKUM OKHj1a-
nueMm M[X], T. e.

X =X - M[X].

Jucnepcus ciydaiinoni Benmnuuabl X (o6o3HayaeTcs D[X] wim dy)
— 3TO €CTh MAaTEMAaTUYECKOE OKUIAHUE KBAJIpaTa COOTBETCTBYIOLIEHN €1
LEHTPUPOBAHHOW CIIyYaWHOMW BEJIUYMUHBIL, T. €.

D[X] = M[°X?],

KOTOpasi BBIUUCIIAETCS MO CIEAYIOIUM (opMyam:
1). JInst AMCKPETHBIX CIIYIAWHBIX BETMUUH

DIX]= Y (% ~M[X])*- p(x),

i=1

2). JIJist HeNIpEPBIBHBIX CITYYAWHBIX BEITHYNH
D[X]= [ (x=M[X])"- f (x)dx

Jlnucriepcus XapakTepusyeT CpPeHEE OTKJIOHCHUE 3HAYECHUW CIIy-
YallHOM BEJIIMYUHBI OT €€ MAaTeMaTUYECKOTO OXHWJaHus. Pa3MepHOCTH
JUCIIEPCUU HE COBMAJACT C PA3MEPHOCTBHIO XAPAKTEPU3YEMOM Ciydai-
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HOW BEJIIMYMHBI. Pa3MEpHOCTh NHUCIEPCUU €CTh KBAAPAT Pa3sMEPHOCTH
COOTBETCTBYIOIIEN CIyYaWHOW BEJIMYUHBI.

Cpeonee keaopamuueckoe omkiornerue (o) CIrydallHON BEITUWIMHBI
X —3TO0 €CTh KBAaJIpAaTHBIM KOPEHb U3 €€ JUCTIEPCHH, T. €.

UZJD[X].

CpenHee KBaJapaTMYECKOE OTKJIOHCHHME WHOTJIAa HA3bIBAIOT CTaH-
naptom. CpenHee KBaJpaTHUYECKOE OTKJIOHEHHWE HMMEET Ty K€ pa3zMep-
HOCTb, YTO U CaMma ClIydanHasi BEJIMYMHA.

Hauanonvim momenmom nopsoxa K (v) ciaydaiiHON BEIMUMHBI X
HA3BIBAIOT MAaTEMaTUYCCKOE OXKUIAHUEC K—TOM CTENEeHU 3TOH CIydaiiHOM
BCJIMUMHEI, T. €.

v =M| X*|.

Leumpanvuvim momenmom nopsioka K (uy) caydaiiHON BETHYUHBI
X Ha3bIBAIOT MATEMAaTUYCCKOE OXKHMJIAaHHE K—TOW CTeneHUM OTKIIOHCHHS
ATOU CIIyYalHOMW BEJIMYMHBI OT €€ MATEMAaTUYECKOT0 OXKHUAAHHUS, T. €.

= M| (x -M[x])' |

IKcyecc CIydallHOW BEIWYHUHBI £ €CTh BEJIWYMHA, BBIYMCIICHHAS
o ¢popmyiie

=t

sy

Jl1s HopManibHOTO 3aKoHA pacupeaencenus £ = 0, ornuuue 3Kciec-
Ca OT HyJs YKa3bIBA€T HA OTKJIOHEHUE HIMIIMPUUECKOTO 3aKOHA pacIipe-
JEJIEHUs] OT HOPMAJIbHOI'O 3aKOHA PACIIPEIECIICHUS.

Acummempus XapakTepu3yeT CAMMETPUYHOCTh KPUBOW pacmupese-
JeHus ciydaitnoit BenuunHbl X. [Tokazarenb acUMMeTpUn S BBIUNCIISACT-
cs 1o gpopmyiie:
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L4
)’ )

Jlist cummeTpudHBIX pacnpeaenenuit S = 0.
5. Cryuaiinbie pyHKIUH

Cnyuatino ¢ynkyuer X(t) Ha3pBalOT (QYHKIUIO, KOTOpas B pe-
3yJbTAaTE OMbITA MOXKET MPUHUMAThH TOT WJIM MHON KOHKPETHBIN BU/I, HE-
W3BECTHBIN 3apaHEe.

KoHkpeTHblil BUJ, MPUHUMAEMbI ClydallHOUW (QyHKIIMEH, Ha3bl-
BAIOT peanusayuell CIIydaiHOU QPyHKIIUY.

Ceuenuem ciiydallHOW (DYHKIIMM HA3bIBAIOT CIYYAWHYIO BEIUYUHY
X(ty), B xoTopyto obOpamaetcs ciydainas gyukmus X(t) npu ukcupo-
BaHHOM aprymenTe (t = ty).

OO0HoMmepHbIM 3aKOHOM pacnpeldenenus ciaydaiHon GyHkimm X(t)
Ha3BIBAIOT 3aKoH pactpeaenenus f(X,t) ceuenms X(t) ciyuaitHon (yHK-
107038

Mamemamuueckum osxcuoanuem ciydarinon Gyuakuun X(t) Ha3bI-
BAlOT HECIydaiHylo (QyHKIUI0 My(t), KoTopas NMpu KaKIO0M 3HAYCHUHU
aprymeHTa t mpeacTaBiisieT coO0M MaTeMaTUUYECKOE OKUIaHUE COOTBET-
CTBYIOIIEr0 CEUCHUS ATOW CIyYalHOU (PYyHKIINH.

Hucnepcuenr ciydaiitnori ¢pysknuu X(t) Ha3pIBalOT HECITyYalHYIO
dynkimio dy(t), KoTopas mpu Ka)KJ0M 3HaYCHUU apryMeHTa t mpejcras-
JsieT co00M AUCIEPCHI0 COOTBETCTBYIOIIETO CEUEHHMS ITOU CIlydyalHOU
GyHKIMH.

Koppensyuonnoii ¢hpynxyueti ciyqaaon Gpyuakmuu X(t) Ha3pIBarOT
Hecy4JaiiHyro (QYHKIHIO IBYX apryMeHTOB Ry(ty,t;), KoTopas mpu Kax-
701 mape 3HaueHuM aprymeHToB {y u t; paBHa KOpPpEIAIIMOHHOMY MO-
MEHTY COOTBETCTBYIOIINX CEUEHUN CIIydYaHOU (PYyHKIIUH, T. €.

R, (tot) =M X (8)-X(t) ]

rae X (t)= X (t)—m (t) — uentpuposanHas cayvaitnas QyHKIms.
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Koppensainonnas ¢GyHKIMSA XapaKTepHU3yeT CTAaTUCTUYECKYIO CBS3b
MEX]Iy CEUYECHHSIMU CIydaiHONW (DYHKIIMH, T. €. BHYTPEHHIOI CTPYKTYPY
ciayuaitHon ¢pyHkuuu. Ilpu ty = t; KoppenaiuonHas QyHKIMs oopaIaer-
Csl B IUCTIIEPCHUIO

FLO-NEOS

Hopmuposannoii koppensayuonnou ¢yrkyueti CrydaitHon QyHKIIUH
X(t) Ha3pIBarOT Hecny4aiiHyr0 (QYHKIOHIO JBYX apryMeHTOB Iy(ty,lx1),
omnpeaesieMyto o ¢hopmyIie:

!@Q

npu t=11, ry(tc i) =1
Cmayuonaprnoii ciydyaiHOW (yHKIIMEH Ha3bIBAIOT CIIy4yalHYIO
GyHKIMIO,  MaTeMaTHYeCKOE  OXXHUJAHHWE  KOTOPOM  IOCTOSTHHO

N

m

m()=const | a e& xoppensaLrOHHas (QyHKIMS 3aBUCUT TOJIBKO OT pa3-
HOCTH MEX]Ly apryMEHTaMHu:

Rx(tl 'tz): R, (T),

rnet =1t — 1.
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