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BBepeHue.

B nacrosmem y4eOHOM MOcOOMHM paccCMaTpPUBAIOTCS OCHOBBI TEOpHH HH(MOPMAIMH, OCHOBBI
TEOpUHU KOJUPOBAHUS U Mepeaadn nH(popMaluu no KaHajlaM CBSI3U, KOTOPBIE CIY>KaT TEOPETUUECKUM
0azucoM Uil CIEIUANTM3UPOBAHHBIX KYpPCOB, CBSI3aHHBIX C aBTOMATHYECKOH 0O0pabOTKOiA
uHpOpMaLnu U e€ Iepeaun.

Copepxanue mocobusi COOTBETCTBYET mporpamme kypca «OcCHOBBI Teopuu HHGOpMalUU U
KOAUPOBAHUS» Ul CTYIEHTOB BBICHIMX YYEOHBIX 3aBEICHMI, OOydYalOIIMXCS MO CHEHHATbHOCTAM
HanpassieHus 120200 «@oTorpaMMeTpHsi U JUCTAHIIMOHHOE 30HUPOBAHUE.

[Tocobue cocToMT H3 YETHIPEX TEOPETHUECKUX TJaB, JIaDOpaTOpPHOTO TPAKTUKyMa H
NpUIOXKeHUs. B mepBoii rimaBe coaeprarcsi OOIIME CBEIEHUS IO OCHOBaM Teopuu wHopmanuu. Bo
BTOPOIl TJlaBE€ paccMaTpPUBAIOTCS OCHOBBI TEOPUHU KOJUPOBAHUS, TPEThS IIaBa MOCBAIIEHA KPAaTKOMY
U3JIOKEHUIO TEOpHUU Tepenayd WH(OpMalUU MO0 KaHajlaM CBS3H M B UYETBEPTON TIiaBe MPUBEICHBI
IpUMEpPhl UCIONB30BaHUS HWH(GOPMAIMOHHBIX MOJIENECH TpH aHAIM3€ CHUCTEM AaBTOMAaTHYECKOM
00pabOTKH N300PKEHUI U UX OCHOBHBIX Y3JIOB.

. M3noxeHue TeOpeTHYECKUX TJIaB HAMUCAHO B MPEINOJIOKEHUU, YTO CTYAEHThl 3HAKOMBI C
OCHOBHBIMH MOHSATUSIMU U3 Kypca BICIICH MAaTEeMAaTHKH.

JlaGopaTOpHBIi MPaKTUKyM BKJIIOYAeT B ceOsl J1BE J1abopaTopHbIe pabOTHI MO OCHOBAM TEOPUH
nH(popmaruu, paboTy MO0 OCHOBBI TEOPHUH KOJMPOBAHUS U JIAOOPATOPHYIO PabOTy IO OIMPEACIICHHIO
WH()OPMAIMOHHBIX XapPaKTEPUCTHUK ONTHYECKUX H300pakeHUl W (oromszodOpakenuit. OmnucaHue
1ab0paToOpHBIX pabOT BBIMOJIHEHO M3 pacyera Ha TO, YTO K MOMEHTY WX BBINIOJHEHUS CTYJICHTAMH
U3YYEeH COOTBETCTBYIOIIMMA TEOPETUYECKHA MaTepual, a Takke MPUOOPETeHbl HaBBIKU PAaOOTHI Ha
MEPCOHAILHOM KoMMbloTepe B mporpamMMHoM Tmponykrte «MathCad». B koHme kaxmon pabOThI
MIPUBEIEHBI KOHTPOJIbHBIE BOIPOCHI.

IIpunosxeHne COACPKUT KPATKUM CIPABOYHBIA MaTepHasl 110 OCHOBAM TEOPHUM BEPOSTHOCTEH,
3HaHUE, KOTOPOro HEOOXOJMMO TMpPH H3YYEHHH OCHOBHOTO TEOPETUYECKOTO MaTepuana
MIPEACTABICHHOTO B TIOCOOHH.

[Ipu monroroBke mocoOus UCMOIb30BAHBI TEOPETUYECKUE TTOTOKEHHSI, OTPAKEHHbIE B HAYYHBIX

CTaThsIX, B y4eOHOM JIUTEpaType U MOHOTpaPHIX.



Mnasa 1. OcHoBbI Teopun HcpopmaLuu.
1.1. Uupopmanus. O0umme noHATHS

[Ipu mcciaenoBaHUM WM HAOIIOACHUHU JIO00TO (PU3UYECKOTO MpoIiecca, OOBEKTa WIIM SIBJICHUS
MOKHO BBecTH MoHsATHE HHPopMmaiuu. CyllecTByeT AOCTaTOYHO MHOIO OIpeAeieHHUI MOHSTUS
uH(pOpMaLKs, CYIIECTBEHHO pa3IMYarouXcs B 3aBUCUMOCTH OT C(ephl IeATEIbHOCTH B IPUMEHEHUN
K KOTOpOHM Ha€Tcsd KOHKPETHOE ONpPEIEICHHE 3TOr0 MOHATUA. Takoe IMOJNOoXKEHHE, NpU KOTOPOM
CYILIECTBYET MHOXKECTBO PA3JIMYHBIX ONpPEAENEHUI U OTCYTCTBYET €IMHOE OOILENPHUHITOE U TOYHOE
orpezieNieHue ATOr0 TOHSATHUS, BBITEKAaeT M3 TOr0, YTO MOHATHE WHGOpMalWU, HapsAy C TaKUMU
¢dyHIaMEHTATBHBIMU TOHATUAMHU KaK MaTepHs U SHEprus B (pru3MKe WM KaK MHOXECTBO WJIM TOYKA B
MaTeMaTUKe, SBJISETCS IEPBUYHBIM IOHATHEM M IO3TOMY HE MOXET MMETh YETKOIo
dbopManr30BaHHOIO OIpe/IEICHHUs], T.€. HE MOXET OBITh OIpeeleHO yepe3 0ojee MpOCThie U3BECTHBIE
00BEKTHI, UMEIOIIKE YeTKHUe ornpeaeneHus. [loaTomy npu onpeneneHn OCHOBHBIX (yHIaMEHTaIbHbBIX
NEPBUYHBIX MOHATUN MCHOJB3YIOT MHTYUTUBHBIN MOJAXOM, ONPEIEIss NOHATHE YEpPe3 COBOKYIHOCTh
IPUCYIIUX €My CBOWCTB. [I€HCTBUTENBHO, UCXOA U3 IPAKTHUUECKOIO ONbITA, UHTYUTUBHO, MOXHO
IpeJICTaBUTh UH(OPMALINIO KaK COBOKYITHOCTb COJEPKATENbHBIX CBEACHUMN, 3aKIIOYEHHBIX B TOM WJIH
MHOM OOBEKTE WUJIH SIBJICHUU, U TIEPEUHCIUThH €€ OCHOBHBIE CBOMCTBA, TEM CaMbIM HHTYUTHUBHO, UCXO/IS
U3 OTUX CBOMCTB, €€ ONPEICIINTD.

OcHOBHBIE CBOWCTBa HH(OPMAITIH:

1. Madopmanusi MPUHOCHT 3HAHUS OO0 OKPYKAIOIIEM MHpPE, KOTOPBIX B paccMaTpPHBAEMOM TOYKE
IIPOCTPAHCTBA HE OBLIO /10 €€ MOIYUCHHUS.

2. Nudopmamnuss He MaTepusi, a CBOWCTBO OpraHM30BaHHOM Marepuu. MHpopmarus Takoe ke
HEOTHEMJIEMOE CBOMCTBO MaTepUM KaK Macca M DSHEprus, OJHAKO, B OTIMYME OT HHMX OHAa HE
MOIYMHSETCS 3aKOHAM COXpaHEHHsI, TOA0OHBIM 3aKOHAM COXPAHEHUS MACChl U DHEPTHH.

3. Undopmanus He MarepuanbHa, HO OHA TMPOSIBISETCS B BHUAEC MAaTEPUAIbHBIX HOCUTENEH —
CHUMBOJIOB U CUTHAJIOB. [IpnyeM cMMBOJIBI — 3TO peajbHbIE pa3IMUUMBbIE MOJIy4YaTesIeM MaTeprUaIbHbIe
00beKThl (OyKBBI, IUQPHI, W300pakeHUs), a CUTHAIBI — O3TO IUHAMUYECKHE IPOLECCHI, T.C.
M3MEHSIOIIMECS BO BpEMEHHU WM MTPOCTPAHCTBE 3HAYEHUS J1I000H (PU3NdYecKoil BETUYUHBI.

4. udopmarust MokeT ObITh 3aKJII0UEHA KaK B CAMUX CHUMBOJAX, TaK B UX B3aUMHOM PACIIOJIOKEHUU
(marmpumep, cumBoisl T, P, C, O MoryT npuHecTH HHQOPMAIIHIO: TOPC, COPT, TPOC, POCT U T.1.).
CHMBOJIBI U CHTHAJIBI HECYT MH(OPMAIIUIO TOJBKO IJIsi OJTydaTess, ClIOCOOHOTO UX paclo3Harh, T.e.
MOCTaBUTh B COOTBETCTBUE NPUHATHIM CHMBOJAM M CHUTHaJlaM OOBEKTHl PEallbHOTO MHpa U MX
OTHOIICHHUS.

Hcxonst u3 BBIIETIEPEUHCICHHBIX CBOMCTB, MH(POPMAIIUIO MOKHO paccMaTpUBaTh KaK CBEICHUS



(3HaHUs), TIOJNYYCHHBICE B PE3YJIbTaTe MOJCIUPOBAHMS (OMUCAHUS) pPEATbHOTO MHpa WIH €ro
UCCIIEyeMO YacTH, SABIAIOUIMECS OOBEKTOM HEKOTOPBIX OIlepaluid: Nepeaayd, paclpeneieHus,
npeoOpa3oBaHusl, XpaHEHHS WM HEMOCPEICTBEHHOTO UCTIOIb30BaHUSI.

JanpHeiimee u30keHUEe TpeOyeT onpeesieHHe HEKOTOPBIX YCTOSBIIUXCS TIOHSATHH M TEPMHUHOB
TeopuH WHPOPMAIINU, KOTOPBIX HEOOXOIMMO CTPOTO MPUACPKUBATHCS B JATbHEHIIIEM.

Hugpopmayus conepXUTcsi B CO0OWeHUsAX, KOTOPbIE TeHEPUPYIOTCS UCTOYHUKAMU COOOWEHU.

Hcmounux  coobwenuti — mo0OH mporece, OOBEKT WM SBJICHHE, KOTOPBIM 001aaaroT

CIIOCOOHOCTBIO H3MEHSATEL CBOE COCTOSIHHE BO BPEMCHU UJIK B ITPOCTPAHCTBE.

Cumeon ucmounuxka coodbuienutl - 3To 1000e MTHOBEHHOE COCTOSIHUE HCTOYHHKA COOOIICHUI.

Coobwenue — mobast KOHEUHas ITOCIEA0BaTEIHLHOCTE CHMBOJIOB.

Angpasum ucmounuka coobweHuil — BCE MHOXECTBO Pa3IMYHBIX CHMBOJIOB, T€HEPUPYEMBIX
HCTOYHUKOM COOOIIEHHH.

Obvem angpasuma ucmounuka coodOWenuti — 4YUCIO PA3IUYHBIX CHMBOJIOB, T€HEPUPYEMbIX

ACTOYHUKOM COOOIIIEHUI.

Jluckpemmuulil UCMOYHUK COOOWeHUlT — WCTOYHUK COOOINCHMM, OO0JaNalomui KOHESYHBIM
asaBUTOM.

Henpepuignoiii ucmounux coobujeHuii — WCTOYHUK COOOIICHHA, 00Mamamuil OECKOHEUHBIM
angaBUTOM.

1.2.A3mepenne nupopmanumn

JIJist MpaKTUYEeCKOTO UCIIONIb30BAHUS MMOHATHS HHPOpPMAIIH HEOOXOIUMO HAYIUTHCS €€ U3MEPSITh.
OTO MOXHO CZAeNaTh MO aHAJIOTMHU C METOJUKON YUCIEHHOTO M3MEPEHHs MHBIX (yHIaMEHTaIbHbBIX
MOHTHM, TAKMX KaK MaTepus (Macca), SHEpIrHsi WK MPOCTPAHCTBO, ISl 3TOr0 TpeOyeTcsl yCTaHOBUT,
YTO MPUHUMACTCS 332 MEPYy KOJIUYECTBEHHON OICHKH WH(GOPMAIMU U YTO MPUHUMAThH 33 C€IUHUILY
u3MepeHust 3Tol Mepbl. [log Mepol KOJMYECTBEHHOM OLIEHKH MOHUMAKOT HEKOTOPOE SIBIICHHE WU
00BEKT, KOTOpPbIE OJTHO3HAYHO (IIPOMOPLUUOHAIIEHO) CBSI3aHbI C OMPEENIIeMbIM EPBUYHBIM MOHITHEM
1 KOTOpPBIE MOTYT XapaKTepHU30BaTh KOJIMYECTBEHHOE COAEPIKAHUE ITOTO OHATHS.

Tabnuna 1.1 wuroCTpUpyeT OOMIETIPUHATYIO METOANKY M3MEPEHUsS MEPBUYHBIX MOHITHHA, TAKUX

KaK Macca, mMpoCTPaHCTBO U T. II.

Tabmuua 1.1



[IepBuunoe nonsitTue.  Mepa KOJIMYECTBEHHOU OLICHKU. |[EX. u3Mep. MEpBI KOJI. OLIEHKHU.
Marepus. Bec. I'pamm, TOHHA U T.11.
IIpocTpanctBo. Paccrosinue. Mertp, KUITOMETP U T.J.
Wndopmarnms ? ?

TpaauLIMOHHO CIIOKUJIOCH TPU OCHOBHBIX MOJXO/a K BBIOOPY MEpBl KOJIMYECTBEHHOW OIECHKH
uHpOpMaLIUH.

1. Cmpyxkmypusiii nooxod, Tpu KOTOPOM KOJWUYECTBEHHAs OIleHKa HWH(OpMAIUd O COOBITUH
OILICHUBACTCS ITyTEM OIpPENEICHUsT OOBEKTHBHOH BO3MOXHOCTH 3TOTO COOBITHS, BXOMISIIETO B
HEKOTOPYIO MOJIHYIO TPYIITY COOBITHIA.

2. Cmamucmuyeckuti no0xo0, IpU KOTOPOM KOJMYECTBEHHAs OI[eHKa MH(OpMAIMK O MPHHATOM
COOOIICHUN TIPOM3BOJMTCS HAa OCHOBE MEpBhI HEONPEICICHHOCTH, CHHUMAaeMOH C HCCIeIyeMOro
nH(pOpMaAITMOHHOTO TIporiecca (COOBITHS) MPU MOTYISHUU JAHHOTO COOOIICHHS.

3. Cemanmuueckuti no0xo0, KOTOPbIi B OCHOBHOM YYHUTHIBAET IIEHHOCTh MOJYYCHHOM
UH(OPMALIUU C TOYKU 3PEHUSI KOHKPETHOTO MOIy4aTelis 3TOi nH(opMaruu.

O4eBUIHO, YTO, JUII TOYHOTO, TEXHHYECKOTO, OOBEKTUBHOTO WCIIOJIb30BAHHS, CEMaHTHUCCKUI
MOJIXO/J HE TMpHEeMJIeM, TaK KaK OH CYry0o CYOBEKTHBEH M HE MOXXET JaTh OOIIEHpPUHSATON
KOJINYECTBEHHONH Mepbl MH(POPMALMU, XOTS 3TOT IMOAXOJ M MOXET OBbITh HCIIONIB30BaH B cdepe
TYMaHUTaPHBIX U OOIECTBEHHBIX HAYK.

[TpuMeHUTETHHO K TOYHBIM M TEXHUYECKUM HayKaM JIJIsl OMpEeIeSICHHs] Mephbl KOJIUYEeCTBECHHOMH
OILICHKH MH(OPMAIIUU HCIIOIB3YIOT CTPYKTYPHBIN M CTATUCTUYECKUH TTOIXOIBI.

Bribop kputepust Ui KOJUYECTBEHHOH OIGHKM WH(OpPMAallUU, HE3aBUCHUMO OT BBIOPAHHOTO
M0JIX0/1a, TOJKEH YJOBIETBOPSTH YCIOBUSAM, BHITEKAIOIIMM U3 PAKTUYECKOTO OMBITA!

— COOOIIeHNIO OOJBINEH IIUHBI (TPU OJHOM U TOM XK€ oObeMe andaBHUTa) COOTBETCTBYET
OoJipIiee KOIMYEeCTBO HH(POpMAInu;

— Ooulblliee KOTMYECTBO WHGOPMAIIUU COACPKHUTCS B T€X COOOIMICHUSX (OIMHAKOBOHU IIUHBI),
KOTOPBIE COCTABIICHBI U3 CHMBOJIOB OOJIBIIETO aj(aBuTa;

— CUMBOJIBI B COOOIICHHH MOTYT TOSIBJIATHCS C Pa3IUYHBIMUA BEPOSITHOCTSMH M MOTYT OBITh
CTaTUCTHYECKHU 3aBUCHMBIMH.

YuuTeiBass 3TO, Mepy KOJMYECTBEHHOW OIEHKHM WH(POPMAIMM MOXKHO BBECTH HCXOAS W3
creayommx coobpaxenuit. Ilpeamonoxum, 4To Kakoe-TO COOBITHE HMEET M PABHOBEPOSITHBIX
UCXOJIOB, HAmpuMep, MOsIBIEHHE KaKoro-mubo cuMmBoia W3 andaBuTa, coAepXkamero M Takux
CHUMBOJIOB. MI3MEpHUTh KOJIMYECTBO MH(POPMAIINH, COJIEpIKAIIEECS] B COOOMICHNU U3 N TaKUX CHMBOJIOB

MO’KHO, ompenenuB 4ucio N BceX BO3MOXHBIX COOOIIEHUH, KOTOPbIE MOTYT OBITh COCTABIICHBI U3



CHUMBOJIOB 3TOr0 andasura. Ecnu coobuienne popmupyercs u3 ogHoro cumBona, To N=m, eciau u3

2
N=m-m=m " ecny u3 N cumBoios, o V= 17" [TonyuenHnyo Mepy KOJTMYECTBEHHOM

IBYX, TO
OLIEHKM HMH(OpMAIMy MOXXHO TOHUMATh KaK Mepy HEONpPEIeNCHHOCTH MOJYYeHUsS KOHKPETHOTO

3aJJaHHOTO COOOILEHUs, COCTOALIET0 U3 N CUMBOJIOB ajdaButa. OIHAKO 3Ta Mepa KOJIMYECTBEHHOM

oneHky umH(poOpManuu He coBceM ymobHa. JlelictBurensHo, mpu /77 =1 (re. andaBUT COCTOUT W3

OJTHOTO CHMBOJIa) HEONPEACICHHOCTH HE CYIIECTBYET M MOSBICHHE 3TOTO CHMBOJIA HE HECET HUKaKOW
—1n

nHpopmanuu, ogHako 3HadeHne N B atom ciydae (N=1") He oOpamaercs B Hyab. Kpome 3toro, u3

MPAKTUYECKUX COOOPaKESHHI, 1IEIeCO00Pa3HO CUYUTATh, YTO KOJIMYECTBO HH(OPMAIIUHU, TIOTYYSHHOE OT

JBYX HE3aBUCHUMBIX MUCTOYHHKOB, PAaBHO CyMME€ KOJMYECTB MH(POPMAIUH, MOJIYIaeMbIX OT KaXKIOTO

UCTOYHUKA, a MpejuiaraemMas Mepa KOJIMYecTBa HH(pOpMAIMU JaeT B 3TOM CiIydae IMpPOU3BEACHHE

—mhth n N _ o
N=m +m*-m= =N;-N, , T1e N1, N2 apcno Bosmoxkmbix COOOIIEHUH OT ABYX UCTOYHHKOB

coolmmeHnid. DT HEeymoOCTBa JIETKO MPEOAOTNMBI, €CJIM B KAYECTBE MEPHI KOJIMYECTBEHHOW OLEHKH
uadopmarmu ( /) B3sith mOrapudM mo KakoMy-Iub60 OCHOBAHHIO OT OOIIEr0 YHCIA BO3MOXKHBIX

COOOIIIEHU I (N)
/=1og/N, (11)

WM JIorapu(M BEPOSITHOCTHU TOSBIICHUSI KOHKPETHOTO coobmenust (P)
1
I =1 oN gl ogg—l oP, (1.2)

IIPU YCIIOBUH, YTO BCE COOOIICHUS PAaBHOBEPOSITHBI, T.€.

Onpenencunas mo dopmynam (1.1) u (1.2) mepa xonmudectBeHHON oueHkd wuHPopmaruu (1)
Ha3bIBACTCS Kouuecmeom ungopmayuu. KommdectBo mHPOpManmum Kak Mepa KOJIMYECTBEHHOU
OLIEHKH MH(OPMALIMU MOXKET ObITh BITMCaHA B COOTBETCTBYIONTYIO rpady Tadmums! 1.1.

B cnyuyae ecnu cooOuieHHsI HE PAaBHOBEPOSITHBI, ME€pa HEONMpPEeNCHHOCTH OYAET 3aBHCETh He
TOJBKO OT OOIIEro Ymciia BOSMOXKHBIX COOOLICHWIl, HO M OT pacHpeAeeHUs] BEPOSATHOCTH MEXIY
BO3MOKHBIMH COOOIICHUSIMU.

B oOmem ciywae, mpu Haqu4My IIyMOB, TOHSTHE KOJIMYECTBa WH(POpPMALUA MOXKET OBITh
OTIPENIEJIEHO U3 CIEAYIOUINX COOOPasKEeHHIA.

Ecnu nmoctynuio coolmieHue o COOBITUH, alpuOpHAs BEPOSITHOCTb, KOTOPOTO paBHA 7 (A

XapaKTepU3yeT COCTOSHUE CHUCTEMBI J0 TMOJY4YeHHs COOOIICHMs, T.e. IO OMbITa), a MOocie Mpuema
COOOIIEHUsI aNOCTEPHOPHAsT BEPOSTHOCTh JTOTO COOBITHS CTama JUIsi TOJy4aTess e (P 2

XapaKTepU3yeT COCTOSTHUE CHUCTEMbl IIOCJIE TOJYy4YeHHUS COOOIICHHS), TO MHPHUPOCT KOJIUYECTBA



uHdopmanuu (1), CBA3aHHBIN C TPHEMOM COOOIICHHSI O COOBITHH, ONPEAEIIACTCS BRIPAKEHUEM
P
/=log*>=
A (1.3)

OT0 BBIpaXKEHHE YaCTO HA3bIBAIOT OCHOBHBIM COOTHOILIEHUEM TEOPUU HH(OPMALIUH.
B uvactHOM cnywae, kKoraa IIymbl NpH Nepefaye U MpUeMe COOOIICHUS OTCYTCTBYIOT, COOBITHE
P, =1

MoCJIe MpUeMa COOOIIEHHs] O HEM CTaHOBHUTCS JOCTOBEPHBIM, T.C. u BeIpakenune (1.3)

IMPpUHHUMACT BU/:
/=-logA, (1.4)
Takum o00pa3om, KOJIWYECTBO WHGOPMAIIUHU, COJEpKaIleecs B COOOIIEHWH, 3aBUCUT OT

BEPOSTHOCTH COOBITHS 10 TpUEMa COOOIICHHS (2 1), U YE€M MEHbIIE 3Ta BEpPOATHOCTh, T.C. UYEM
OOoJBIIIE HEOIIPENIEIEHHOCTh MCXO/a, TeM OOJbIlle KOJIMYECTBO MH(MOPMAIMA O HEM IOJydaeTcs B
pesyabTate mpuema coobmenus. [Tockoneky P < 1, To onpenensiemoe dhopmynoit (1.4) konmaecTBo
UHPOpPMAIIUK BCETAa MOJIOKUTENbHO. CrenoBaTenbHO, MPHEM KaKOTO-TMOO COOOIICHUS HUKOUM
00pa3oM HE MOXKET YMEHBIIUTh KOJIUYECTBO YK€ UMEIOILEHCs HH(OPMAITHH.

Enuaunel  u3MepeHus KoinW4yecTBa HWHMOPMALMHM  OMPEACNSIOTCS  BHIOOPOM  OCHOBAHHS
norapupmoB B BeipaxkeHusx (1.1) - (1.4). Ecnu ocHoBanue norapudMoB OepeTcs paBHBIM 2, TO
noJy4aeM eIMHHITY KoJudecTBa HHpopmanuu 6um (0T anrimiickoro binary digit, - aBonunoe uuncio).
Taxkum o0pa3om, OTUH 6um TO KOJMYECTBO MH(OPMAIINH, ITOIy4aeMOe MPH MpUEMe OJTHOTO U3 JBYX
PaBHOBEPOSTHBIX CUMBOJIOB COOOILICHHS.

Ecnmu ocHoBanue norapudmoB paBHo 10, TO equHHIIA KOTMYECTBA WH(POPMAIIMA HOCUT Ha3BaHUE
Oum, a CITU MCIOJIL3YIOTCS HATYpaabHbIC Jorapu(MbI (TI0 OCHOBAHUIO €) — TO HAM.

Hcnonb3oBanue BhINIE YKa3aHHBIX (OpPMYT 4acTo OBIBAET 3aTPYAHEHO, MO3TOMY HA MX OCHOBE
MOJTy4alOT WHBIC BBIPAXKEHUS JJIsl ONpEAeNeHUs] KOndecTBa MH(OPMAIIUU, KOTOpBIe 00Jee MPOCTh U

NPaKTUYHBI, OJTHAKO MPHUMEHUMBI JINIb K KOHKPETHBIM BUaM COOOIICHUN.
1.3.CTpykTypHOE (KOMOMHATOPHOE) ONpeAeieHne KoJniecTBa uHpopmannu (mo Xaprtim).

JlanHoe ompeneneHre KoIuyecTBa HH(GpOpMauu IPUMEHUMO JIUIIb K JUCKPETHBIM COOOIIEHUSM,
IpUYeM TaKUM, Y KOTOPBIX CHMBOJBI PaBHOBEPOSTHBI M B3aUMHO He3aBUCHMBI. KonnuyecTBo
UH(OPMaIINH, COZIEPIKAIIEecs] B TAKOTO PoJa COOOIIEHUSIX ONPENEISIOT U3 CIECAYIONINX COOOPaKEHUH.

A=(a,, a,, . .a,,,)’ 00beM andaBuTa KOTOPOTO

[TycTh maH MCTOYHUK AMCKPETHBIX COOOIICHUH
paBen M. Ilpenmonoxum, 4TO KaXKJI0€ COOOIIEHWE BKIIOYAaeT B ce0s N CHUMBOJOB, MPU ITOM

cooOuieHns pa3nuyaroTcs Ju00 HaOOpOM CHUMBOJIOB, JHOO MX pa3MerieHueM. UHciao pasIndHbIX



NO, COCTOSIIUX U3 N CUMBOJIOB, OyJET No=m" [Ipeanonoxum, 9T0 BCe COOOIIECHUS

COOOIIEHU I
PaBHOBEPOSITHBI U OJIMHAKOBA IIEHHOCThH ATHX COOOIIECHUH.

Toraa jerko MoACYUTaTh KOJIUUYECTBO HH(OPMAITUH, KOTOPOE HECET KaXI0€ COOOIIEeHNE.

BeposiTHOCTB TOSIBIIEHUST KaXKI0TO TAKOTO COOOIIECHUS (FP.) MOJKeT OBITh JIETKO HalcHa:

U, cnenoBaTenbHO, KOJTUYSCTBO MHPOPMAIIMK B OJHOM COOOIICHUU (/ "), B cooTBeTcTBUU C (1.4),

paBHO:

l,==1 & mg'=n-10,m (gyr), (1.5)

Oty popmyny npennoxun P.Xaptmu B 1928 1., u oHa HOcHT ero ums. Pa3nenus /1 Ha KoNMMUeCTBO

CHUMBOJIOB B cooOmeHnu (N), TMOJIYYMM 3HAYCHHE CPEJHEro KOJIMYeCTBa HH(GOpMAIHH (7)),

IMpUXOAAMICECS Ha OJUH CUMBOJI COO6I.H€HI/I$IZ

/, =10, m=—1 0,A, (6ut / cumBoII), (1.6)

rac Pm - BCPOATHOCTD IMOABJICHUA OAHOTO CUMBOJIa COO6H_I€HI/I§I.

N3 coornomenuii (1.5) u (1.6) BeITEKaIOT BayKHBIE CBOMCTBA TUCKPETHBIX COOOIIEHUN, CUMBOJIBI
KOTOPBIX PaBHOBCPOSATHBI U B3AUMHO HC3aBUCHUMBI.
1. KonunuecTBo nH(pOpMAIMK B COOOIIEHUH MPOTIOPIIUOHAIBHO ITOJHOMY YHCIIy CHMBOJIOB B HEM — N
u jorapudmy oobema andaBura- m.
2. CpenHee KOMMUYECTBO HMH(GOpPMAIMH, MPUXOISIIEecs Ha OIUH CHMBOJ, 3aBHCHUT TOJBKO OT M —
o0bema angaBuTa.
B pPCaIbHBIX JUCKPCTHBIX COOGH.[CHI/IHX CUMBOJIBI 4YaCTO IMOSABIAIOTCA C Pa3JIMUHBIMU
BEPOSTHOCTSIMH M, OOJiee TOTr0, YacTO CYIIECTBYIOT CTATUCTHUYECKAs CBSI3b MEXIY CHUMBOJIAMH,

P(a,./a/.)

XapaKTEpU3YIOIIAsICsl YCIOBHOM BEPOSITHOCTBIO , KOTOpasi paBHa BEPOSTHOCTH IOSIBICHHUS

a

CHUMBOJIa “°/ TI0CJIE CHMBOJIA a

/. Hanpumep, B TEKCTE HAa PYCCKOM S3bIKE BEPOATHOCTbH IOSBIICHUS
pa3IuuHbIX CUMBOJIOB (OykB) paznudHa. B cpennem, B Texcte u3 1000 6ykB 6ykBa O mosiBisiercst 110
pa3, E-87, A-75, T—-65 H-65, C—-355, kpome TOro, CyleCTBYIOT CTATUCTUYECKHUE CBS3ZU MEXKIY
OyKkBamM, CKa)KeM, TI0CJIe TIaCHBIX OyYKB HE MOXKET MOsSBUThCSA b nmn b.

Hcxons u3 aToro, npuMeneHue GopMysibl BEIYMCIEHUS KoudecTBa nHpopmarmu no Xapriu (1.5)

u (1.6) He Bceria KOPPEKTHO.

1.4.CraTucTnueckoe onpeaenenne koaniectsa uHpopmannu (no lllennony).



DTOT MOAXOJ K OMPEACICHUIO KOJWYecTBa WH(POPMAIMM B COOOIICHUSX, YYHUTHIBAIOIIMK HE
PaBHOBEPOSITHOE TOSBICHUE CUMBOJIOB COOOIICHUS M MX CTATUCTHUYECKYIO CBS3b, OBUT MPENJIOKEH
K.IIlennonom B 1946 r.

PaccmoTpenue 3Toro meroma ymoOHO HayaTh C OMNPEACIICHHs] KOJWYecTBa WHGOpPMAIUU B
JTUCKPETHBIX  COOOIIECHUSIX, CHMBOJBI KOTOPBIX TOSBISIOTCS HE  PAaBHOBEPOSITHO, OJHAKO

CTAaTUCTHUYCCKAA CBA3b MCIKAY CUMBOJIAMH OTCYTCTBYCT.

[TycTh, Kak W paHee, JaH WCTOYHHK JTUCKPETHBIX COOOIICHHI A= (a1’ Azs--4p) ¢ 00BEMOM
andaBuTa paBHBIM M, KOTOPBIH TEHEPUPYET COOOIIEHUE, COCTOSIIEE U3 N CUMBOJIOB. JlomycTUM, 4TO B

a 17

1 pas, cumBon %2

9TOM COO6H.I€HI/II/I CHMBOJI 1 BCTpPEYACTCA L pa3 U Tak JajIeC BIUJIOTH OO0

cuMBona &m | KOTOpBIii BeTpeuaeTcs /’m pas, mpUdeM OYEBUIHO, UTO

m+n+..+n,=n

[0}
IIpu mpreMe ofHOTO cuMBoTa Z1, kak cexyer n3 (1.4), moTydaeM KOITHYIECTBO HH(POPMAIHH /o
0o _
/ al — —-lo zgpal

rac R’l - alipuopHasA BEPOATHOCTD IMOABJICHUA CUMBOJIA a, .

A Konu4ecTBO MH(pOpMaIUn / a1 comepxamieecs B 71

B3aMMHO HE3aBHCHMBIX CUMBONAX %1, Gymer
paBHO:
l,=-n-10, W

al

17, /az:

AHaJIOrM4YHO, B cuMBonax %2 comepKHUTCA KONHYECTBO HH(OPMAIUN

I, =—n,-I 02@a2’
U TaK Jajiee BIUIOTh JI0
I, =—n,-10,8, .
OdeBuaHO, yTO TONMHOE KonmuecTBO uHpopmanuu (l,), comepkaimieecss B cCOOOHMIEHMH U3 N
CHUMBOJIOB, paBHO CyMME KOJIMYECTB MH(POPMAIIUHU COAEPKAIIMXCS BO BCceX M cUMBOJIax andaBuTa.

Lh=la+lo+. +1; =01 ,Pg+n,-1 Po+. +n,d ,Po)=-> 10,0, (6ur).
/=1

Pa3nenuB u yMHOXHB 3T0 Bhipakenue Ha N (N # 0), mpuBeIeM 3TO BBIPAKECHUE K BUILY:

m n,
/n=—ﬂ';7'| 02@ (6uT)

/7.
/ -
SIcHo, 4TO OTHOMIEHUE 7 — 3TO anpuopHasi BEpOATHOCTh MOABIEHHS I-r0 cuMBoJia. Takum oOpazom,
n. m
! —_— = v
Py JOCTaTOYHO OOJNBLIOM N, MMEEeM: 7— Pai, npu4eM Zpai _l, KaK CyMMa BCPOSTHOCTCHU
i=1
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MTOJTHOM TPYIIIBI COOBITHM.

OKOHYATETBHO MOIYUYHM:

m

ly==1"2 P, il 0, A (Gur) (1.7)
=1
[Ipu 5TOM cpeHee KOTMUECTBO HHPOPMALIUH, IPUXOIAIIEECcs Ha OUH CUMBOII (H), OyaeT paBHO:
/ Z o6ur
H=-"=->» P -] 0, A —_—
n ,Z:l: ? 'I S [CHMBJJ (1.8)

OnpeneneHHasl TakuM oOpa3oM BenuuuHa H Ha3bIBaeTcs oumponuell, a ¢dopmyna (17) uzBecTHa
kak ¢opmyna [lleHHOHA IS SHTPONMUU HUCTOYHHKA JUCKPETHBIX COOOIEHUN. DHmponus onpenenser
CpeaHee KOIMYecTBO MH(POPMAIIUH, TIPUXOSIICECS Ha OJUH CUMBOJI JUCKPETHOTO COOOIICHHSI.

B o0miem ciydae, CHMBOJTBI, BXOJSIINE B COOOIICHHMSI, MOTYT MOSIBJIATHCS HE TOJIBKO C PA3IMIHON
BEPOSITHOCTHIO, HO U OBITh CTATUCTHYECKU 3aBUCHUMBIMH. CTaTHCTHYECKasi 3aBUCHMOCTDh MOKET OBITh
BBIpa)XEHA YCIIOBHOU BEPOSTHOCTHIO MOSBJICHHS OJHOTO CUMBOJIA TIOCIIE IPYTOTO.

qTOGBI YUYCCTh CTATUCTUUYCCKHUC CBA3U MCKAY CHUMBOJIaMH, BXOAAINIUMU B COO6H_I€HI/I€, BBOOAT

ITIOHATHEC yCJZO@HOlZ IHmMponuu.

YcnoBHas SHTpoOnHs ( 7« ) ornpenensieTcs: BhIpaKeHUEM

sz_ég.ép[‘%i y pP[a}éi (C;%;O) (L9)

a

a.
J . .
rac P( 4. | — YCIOBHas BEPOATHOCTDH IMOABJIICHUS CUMBOJIA / TI0CJIC CUMBOJIa a; . Kommaectso
i

uHpopMauu (I k ), cojiepKaleecss B TAKOro pojia COOOLICHUH JITMHON N CUMBOJIOB, PaBHO:

m m a. a.
|k:n.Hk:—nZ_l:Pa-__.lP % 1 ,® % (6um) (1.10)

j,
1.5.CBoiicTBa (P)yHKIMH FHTPONIUM UCTOYHHUKA JUCKPETHBIX COOOIIECHUI.

CpoiicTBa (yHKIMU SHTPOIUU MOKHO HAIJISITHO NMPOJEMOHCTPUPOBATh HAa MPUMEpPE WCTOYHHMKA
JTUCKpeTHBIX coobrnenuit A=(al, a2) ¢ oobemMoM ajdasura M paBHOro 2, T.e. M=2. B 3TOM Citydae

Pal"'Paz =1

CIIPaBEUIMBO , 1 BeIpaxkeHue (1.8) MoxeT ObITh 3aKucaHo B BUJIE:

H=-P,-1 qP,gP,-1 qP,=-P,-1 9P, _9(1_ Pa)-1 91— Fgl) (6ut/cuMBOII).

I'padux sToit PpyHKIIMM HMeeT BUA, IpeCTaBIeHHbIN Ha puc. 1.1.

11



H (611/cum)
1

| |
0 0.2 0.4 0.6 0.8

Puc.1.1. I'padux ¢yHKIMM SHTPOIUH.

W13 rpaduka BUIHO, 4TO 0OpaleHre BEPOSTHOCTH MOSIBICHUS OHOTO U3 BO3MOKHBIX CUMBOJIOB B 0
wir | BHOCUT MOJIHYIO ONPEJeNIEHHOCTD, SHTpoIUs obparaercs B 0 u coobiienne o mpuémMe Takoro

CHMBOJIa HE COJICPIKUT B ce0e HUKAKOH HH(OpMAIH.

Ipu 7, = £, = 0,5 monydyeHre KOHKPETHOTO CHMBOJIA HANOOJIEE HEOTIPEIEICHO M KOJIUYECTBO

uH(pOpMalnK, cojiepKalieecs: B HIOCTYHUBIIEM CHMBOJIE, MaKCUMaJIbHO.

Amnanusz popmynst (1.8) u rpaduka (Puc. 1.1) mozBonser chopMynupoBaTb OCHOBHBIE CBOHCTBA

(YHKLIUHU SHTPOIHH.

OHTpONUsA MCTOYHHMKA JAUCKPETHBIX COOOLICHUH €CTh BEJIMYMHA BEUIECTBEHHAs, OrpaHUUYCHHAs U
MIOJIOKUTEIbHASL.
Outponus paBHa 0, €M ¢ BEPOATHOCTHIO, PAaBHOW €IMHUIIE, BCETAa BEIOMPAETCS OUH M TOT XK€
CHUMBOIL.
OHTpoNMsA MaKCHUMallbHa, €CJIM BCE CUMBOJIBI MCTOUHUKA COOOIIEHUI MOSIBIAIOTCS HE3aBUCHMO U
PaBHOBEPOSITHO.
WHTepecHo OTMETUTS, uTO cpaBHeHHE BhipaxkeHuit (1.5), (1.7) u (1.10) nokassiBaeT, 4to Gpopmyrna
XapTiu SBISETCSA YacTHBIM ciiydaeM (opmyisl LIleHHOHA NP yCIIOBUM HE3aBUCUMOCTH U
PaBHOBEPOSATHOCTH MOSIBIIEHUS] CHMBOJIOB B cOO0OIIEHNH, a popmyia lllenHoHa, B cBOIO ouepep,
ABJISIETCSA YaCTHBIM CIIy4aeM YCJIOBHOH SHTPONMHU IPU YCIOBUH, YTO CUMBOJIBI COOOIEHUS

He3aBUCHMEI. JlelicTBuTensHO, u3 (1.10) cnenyer, 4Tto KomMyecTBO MH(OpMAIIH
(1) ,COZIepIKaIeecs: B COOOIEHUH, COCTOSIILIEM U3 N HEPABHOBEPOSITHBIX U B3aMMHO 3aBUCHMBIX

CHUMBOJIOB OIIPCACIISACTCA BBIPAKCHUCM!

I, =-nYP, -} P % 1 P %
i=1 j=1 L i

12



a. m
Ecny cuMBOJIBI COOOIIEHHS B3aUMHO He3aBUCUMBI, To P % = P(a;) u )_P(a;) =1,
i =

CJIeIOBATENLHO, 9TO BRIpAKEHUE Mpeodpa3yeTcs K BUAY:

m m a. a. m
I, =-n pa.ZP % 1 pP| ) _ :—nZ;P(aj)-l o P@;)=1,
=1 =1 ! i=

i i= i
[Mocnennee BoipaxeHne cooTBeTcTBYeT popmyrie llleHHoHa.

1 .
B ciyuae paBHOBEPOSITHOIO MOSBICHUS CUMBOJIOB coobuienust P (a;) = o> 1pu =1,2,...,m.

(M — 00BéM andaBuTa) U BHILIE MPUBEAEHHOE BBIpaXKeHUE ist popmyabl [llenHOHA mocie

COOTBETCTBYIOIIETO NPe0Opa30BaHMs IPUMET BHI:

4 &1 1 1
In=—n§_ P(a;)-I ZP()ai):_nZgE" 2E}o=—n~| 2gr—no=n~l , g,
= 1

KOTOPBII COOTBETCTBYET (hopMmysie XapTiH.

Takum oOpa3om, KOJIHMUECTBO UHPOPMALIHH, OoNpeaessieMoe 1o XapTiu, T.e. IPU TOMYIIeHUN
MOJIHOM HE3aBUCHUMOCTH U PAaBHOM BEPOSITHOCTH MOSBICHUS OTJEIbHBIX CHUMBOJIOB COOOIIEHUS,

onpeacsiCT MAKCUMaJIbHO BO3MOKHOC KOJIMYCCTBO HH(bOpMaL[HH B COOGH.IGHI/II/I SaI[aHHOI\/'I JJINHBI
(n).

[Ipu HEpaBHOW BEPOATHOCTH MOSBICHUS CUMBOJIOB ((popmyia IlleHHOHA) KOTUYECTBO
nHpopMaIuu, comepxkaiieecss B COOOIIEHUH 3aaHHOoM 1uHEI (N), cHIkaetcs. [Ipyrum dakTopowm,
CHUXAIOIIUM SHTPOIINIO, a, CJIICAOBATCIIBHO, U KOJIMYCCTBO I/IHq)OpMaLII/II/I B COO6H_I€HI/II/I BaHaHHOﬁ

JUTUHBIL (N), SBIISIETCS HAIMYUE CTATUCTUYECKON 3aBUCUMOCTH MEK]Iy CUMBOJIAMH — KOPPEJISALINH.

N3-3a KOpPESAIMOHHBIX CBSA3EH MEXAy CUMBOJIAaMU U HEPABHOBEPOSATHOTO UX MOSBICHUS
KOJIMYECTBO MH(OpPMALIMU B pealibHbIX COO0IIEeHuAX nagaeT. KoarmuecTBeHHO 3TH MOTEpH

uH(pOpMaIIMU XapakTepu3yoTcs kod3ddunrenTom n3opirognoctu (R)

R:Hm _|a_|:x1_ H 1 H |
H H . ) oem

m a X m

(1.11)

rac Hmax— MaKCHUMAaJIbHOC KOJIHMYECTBO HH(bOpMaHHH, KOTOPOC MOXKCET COACPIKATH OJUH CHUMBOJI

coo0mieHus, onpenensiemoe mo popmye (1.6);

H  — cpemHee KOJIMYECTBO WH(OPMAIMU, KOTOPOE IMEPEHOCHT OJWH CHMBOJ B PEATbHBIX
COOOIIEHUSAX
M — YHCIIO CUMBOJIOB B ali(paBUTE UCTOYHUKA COOOIICHHH (00hEM andaBuTa).
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Us6biTounocts (R 0) TOBOPHUT O TOM, YTO YHCJIO CHMBOJIOB B COOOIIIEHUH OOJIBIIIE, YEM ITO
Tpe6OBa.HOCB 651 HpI/I IIOJIHOM HX HUCIIOJb30BaHHU, T.C. HpI/I YCJ'IOBI/II/I, YTO CUMBOJIBI ITOABJIAKOTCSA
PaBHOBEPOSTHO U B3aMMHO HE3aBUCHMO.

HNHTEepecHO OTMETUTD, YTO, IS €BPOIEHCKUX SI3bIKOB N30BITOYHOCTh COCTaBIISIET HE MeHee 0.5.
1.6 UndopmannoHHasi eMKOCTb JMCKPETHOI0 COO0IICHHS.

[Tpu onucannu HHGOPMALIMOHHBIX MPOIIECCOB YACTO MOJIB3YIOTCS CIEAYIOIIUMU

MH(OPMaLIMOHHBIMU XapaKTEPUCTUKAMH.

Ipoussooumenvrocms ucmounuxa coodbwenuti (P) — cpeaHee KonmdecTBO HHMOpMAIUH,

TCHCPUPYCMOC HCTOYHHUKOM B CAMHUIY BPCMCHU

p= %
t
EnuHuIel n3MepeHus MPOU3BOIUTEIFHOCTH UCTOYHHKA COOOIICHUH SIBIISIETCS Hom.

160m6un

C e.K.'
Hnpopmayuonnas emxocmo coobuenuss (R) — 3T0 cpemHee KOJIMYECTBO HMH(DOPMAIUH,

cojiepkarieecs: B COOOICHUN eMHUIHON ITTUTSIIBHOCTH

-y
R= b

rae | — xonudecTBo MHGOPMAINH, COAEPIKAIIEECS B COOOIIECHUY;
t — IIUTENEHOCTh COOOIIECHUSI.
Cropocmb cozoanus (eenepayuu) ungopmayuu (Q) — 3TO cpeaHee KOIMUECTBO MH(DOPMAIUH,
reHepupyeMoe HCTOUHUKOM COOOIIEHUH 3a €IMHULLY BpEMEHU
Q=W-H,
rae W — cKopocTb nepejauu CUMBOJIOB (CUMBOJI /CEK);
H—-cpeanee konmmuecTBO MHPOPMAIUK MPUXOIAIIEECS HA OJIUH CUMBOJI (OUT /CIMBOI).
Enunauneit uamMepeHusi CKOpoCTH TeHepanuu nHpopManuu 1 HHPOPMaImOHHON €MKOCTH

COOOIICHHUS CITY>KUT OOT.

B kauectBe npumepa, onpeaenumM HHGOPMAITMOHHYIO eMKOCTh IPOCTEHIIET0 JUCKPETHOTO
COOOLIEHHUS, COCTOSIIEr0 U3 COBOKYITHOCTU UMITYJIBCOB U Nay3, IPUYEM JAJIUTEIbHOCTh UMITYJILCOB
¥ 1ay3 OJMHAKOBA, a aMIUIUTY/a UMIIYJIbCOB MIOCTOSHHA, T.€. COOOIIEHNE CTPOUTCS Ha

WCITOJIb30BaHUH JIUIIH JIBYX CUMBOJIOB (€r0 00bEM aiaBUT paBeH 2).

OueBUIHO, €CM HM30BITOYHOCTH OTCYTCTBYET, TO Ha KaXIbli CHMBOJI TaKOTO COOOIIEHUS
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MPUXOJIUTCS OJHA NBOWYHAs enuHmIa uHpopmarnuu (1 OUT), a Ha Bce COOOIIEHHE, COCTOAIIEe U3 N
CHUMBOJIOB, IPUXOAUTCS N OUT HHPOpMAIUH.

ITycTh JIMTENHLHOCTh MMITYJIbCA M May3bl OJMHAKOBA W paBHa ., TOrja JJIMTENBHOCTh BCETO
coobmenus (T) OynsaT paBHa

I'=n-t

Ha

13 PAAUOTCXHUKH U3BCCTHO, YTO UMITYJIbCY C MJIUTCIIbHOCTBHIO [II COOTBCTCTBYCT OIPCACIICHHAA

1oJjoca 4actot Aw mpudyem
Aw =K (1.12)

rae K — ko3¢ unment, 3aBucsami ot GopMbl IMITYIIbCa (k=1),

CnenoBarenbHO, KOJMYECTBO HMHGOPMAlMM B paccMaTpUBA€MOM JIBOMYHOM COOOIIEHUH

JIIUTCIIBHOCTBIO T HE MOXKeET MMPEBbINIATE MPCACIIBHOTO 3HAYCHUA (/np)

n

T
I, =n-I 0229:n:t—.

u

U ¢ yaerom dopmysr (1.12) umeem:
!/ p=T-Aw (6ur).

Pasnenus /.» Ha T, monydum mpeiensHy0 HHQOPMALMOHHEYIO EMKOCTh cooOmenus (R)

R ~ 4w (0or).
Takum o0Opa3oM, MHPOPMAIMOHHAS EMKOCTh JIBOMYHOTO IMCKPETHOTO COOOIIEHHUS UYMCIEHHO
paBHa TMOJOCE YAacTOT CHUTHAjMA, C IIOMONIBI0 KOTOPOTO TEpPEeNaroTCs CHMBOJIBI COOOIICHUS,
BBIPAXKEHHOW B Tepliiax.

PaCCMOTpHM JAUCKPETHOC COOGH.ICHI/IC coCTosAImee H3 IOCICAOBATCIBHOCTU  HMITYJIBCOB

JIUTENBLHOCTRI0 £, TIpUdeM mHay3sl MEXKIY HMMIYIbCAMH OTCYTCTBYIOT, a aMILIMTY[a KasKIOTro
UMITyJIbCAa COOTBETCTBYET OJHOMY W3 L 3apaHee yCTaHOBJIEHHBIX AWCKPETHBIX YpOBHEH. MOXxHO
CUHTATh, YTO aJ(PaBUT TAKOTO UCTOYHHKA COOOIIEHUN COCTOUT U3 L paBHOBEPOSTHBIX U HE3aBHCHMBIX

cumBoiioB  KoaudecTBo I/IHq)OpMaL[I/II/I B COOGH.IGHI/II/I, cOoCTOosIIeM W3 N TaKuxX CHMBOJIOB

(umTenbHOCTBIO T), HE MOXET IIpeBBIIATh mpenenbHoro 3Hadenus ( /.»), ompenensemoro 1o

dopmyne Xapriau
T
l,=n1 g L:g[—-l Q LT 4w -log, L (6ur).
A uH(pOpMaLIMOHHASI eMKOCTh TaKoro coolienwus (curnana) (R) pasHa:

!
R:—z AW'Ing L
T
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Crnenyer OTMETUTh, YTO IOJYYEHHBIE BBIPAXKEHHUSI UMEIOT CMBICI TOJBKO TOTJa, KOrJa pa3HOCTh
MEXAY IBYMS COCEIHUMHU CUMBOJIAMU 3HAUUTEIBHO MPEBBILIAET YPOBEHb IOMEXHU U KOTa OTCYTCTBYET
U30BITOYHOCTh. B MpOTHBHOM cCiiy4ae, a Takke B clydae, KOTJa CHMBOJBI, (HOPMUPYIOIIUE
COO00IlleHnEe UMEIOT PA3IUYHYIO0 JUIUTEIbHOCTh, BHIYMCICHHE WH(DOPMALIMOHHOW €MKOCTH COOOIIEHUS

SIBJIETCS OOJIee CIIOKHOM 3aqadueii.
1.7. Uudopmanusi B HenmpepbIBHBIX COO0IICHUSX.

[Tog HempepbIBHBIM COOOLICHHEM IIOIPa3yMEBAIOTCS COOOIICHUS, COCTOSIIHE W3 CHMBOJIOB
OeckoHeuHOro angaBuTa, T.€. CUMBOJBI TAKOrO COOOIIEHUS MPEACTABISAIOT cO00 HempepbIBHOE
MHOXECTBO M3 HEKOTOPOro KOHEYHOro HHTepBajia. [1o3ToMy HempephBHOE COOOIIEHHE MOXKHO
paccMaTpuBaTh KaKk HEKYIO HETIPEPHIBHYIO (DYHKIIHIO.

[Toaxonpl, MprUBeAECHHBIE IS OLICHKH KOJIMYECTBA HH(OPMALINH, COAEpIKaIIeHcs B TUCKPETHBIX
COOOIICHUAX, HEOCPEACTBEHHO MPUMEHUTH K HEPEPBIBHBIM COOOIICHUAM HE yIaETcs, TaK Kak 3TO

IIPUBOAUT K PE3YJIbTATY, IPOTUBOPEYALLEMY 3PaBOMY CMBICIY.

JleficTBUTENBEHO, TIOCKOJIbKY ajiaBUT MCTOYHUKA HEMPEpBIBHBIX cooOmieHuit (L) OeckoneueH u

YHUCII0 CHUMBOJIOB B cooOmieHnu (N) Takke OECKOHEYHO, TO W KOJIUYECTBO HH(bopMauHH(/ ,,),
coJieprkalieecsi B HEPEPbIBHOM COOOIICHUH JJa)ke KOHEYHOM JJIMHBI, PaBHO OECKOHEYHOCTH, T.€.
/,=nlo,d—ow

OpHako IS peanbHBIX HCTOYHMKOB COOOIICHHWI 3TO MPOTHBOPEYHE YCTPAHUMO, T.K. JIFOOBIE
peaabHbIe HCTOYHUKH COOOIIEHUI 001a1at0T CICAYIOIIMMH 0OCOOCHHOCTSIMHU.

Bo-niepBrIX, peanbHble UCTOYHUKH COOOIIEHUN 00JaJal0T WHEPIMOHHOCTHIO (T.€. JUIsl Tepexoja
WX U3 OJJHOTO COCTOSIHHS B JIPYroe TpeOyeTcss KOHEYHOE BpeMsi). DTO BBIPAKAETCS B OTPAHHMYEHHOCTHU
YaCTOTHOTO CIIEKTpa HEMPEPHIBHBIX COOOINEHUH, M, CIEOBATEIbHO, K HUM IMPUMEHUMA Teopema

KorenpHukoBa («Teopema otTcueToB»). M3 3TOW TeopeMbl cClemyeT, 4To J000e HEmpephIBHOE

coobmenne X(t) amurenbHOCThIO T M BepXHel IDAHUYHON YaCTOTOH B crekTpe /7 MOXKeT ObITh

MPEACTABJIICHO MOCJICAOBATCIBHOCTBIO PABHOOTCTOAIUX MIHOBCHHBIX 3HAYEHHUI 3TOr0 COO6H_I€HI/I5I

B3ATHIX ¢ MHTepBanoM At = 1/2 £, . TIpu 3ToM o6liee 4KuciI0 PaBHOOTCTOSIIMX MIHOBEHHBIX 3HAYEHMUH
He OyJeT nmpeBbIaTh 3HaueHust N:

N=—T y1-27 F1

12F,
Bo-BTOpBIX, B JTIOOBIX peabHBIX CHCTEMax BCErJa MPUCYTCTBYIOT NMOMEXH (IIyMbl), BbI3BAaHHBIE
Pa3IUYHBIMU IPUYMHAMY, BIUIOTH O MOJEKYJSPHBIA U KBAHTOBBIX. JTH LIYMBI OTPaHUYUBAIOT YUCIIO

pa3IMUMMBIX CHMBOJIOB cOO0OmmeHus. JlefcTBUTENbHO, IJIs HAJEKHOTO PACIO3HABAaHUS COCETHUX

16



CHMBOJIOB HEOOXOIMMO, YTOOBI Pa3HOCTh MEXK/Ty HUMHU OblIa OOJIBIIE, YeM YPOBEHb MOMEXH (1IIymMa).

[Ipu 3amaHHON CpemHelW MOIIHOCTH TMOMexu (Pp) W MOIIHOCTH COOOIICHUS (P c) YHCII0
pasnuuuMbix cuMBOJIOB (L) HempepbiBHOTO coobiieHust X(f) mpuOIMKEHHO MOYHO ONPEACTUTH W3

COOTHOIICHUA:

¢
)
S

I
B
[EEN

Takum o0pazom, 110060€ peanbHOe HEMPEepPhIBHOE COOOIICHUE ATUTEIBHOCThIO 7 M C YaCTOTHBIM

CHEKTPOM, OFPaHUYEHHBIM 4acTOTOH #/, MOXKeET OBbITh IIPEICTABIEHO JUCKPETHBIM COOOIEHUEM U3
N cumBonoB ¢ andaBurom odbemoM L. B cooTBercTBHM C GopMysoi omnpeacsieHus] KOJIMYeCTBa
uHpopmanuu no Xaptiu (1.5), MOKHO MOTYIUTh GOPMYITY Ul OLEHKH MAaKCHUMAJIbHOTO KOJIMYECTBA

uHpopmanuu B TakoM coodbmenud (I,):
P+P,
L,=N-1 o~ ,+1Fl o —p8" (6ur) (1.13)

MOJHO TaK e MOJCUUTATh NPEACIbHYI0 HH(POPMAIMOHHYIO EMKOCTh PEaIbHOTO HEMPEPHIBHOTO
coobmienus (R):

L 2T L RER PR,

T T 2 P P

n n

R=

IpH ycioBuy, uto 2TFn>>1.

Ora (QopMmysia ycTaHABIMBAaeT MpPENENbHYI0 HMH()DOPMAIMOHHYIO €MKOCTh HENpPEpbIBHOIO
coobmienusa. M3 Hee ciegyer, 4YTO BaXKHEHIIMMHU XapaKTEPUCTUKAMHU JIIOOOrO0 HCTOYHHUKA
HETpEpPhIBHBIX COOOIIeHUH (M KaHaia mnepenaud HMHGOpMAIMM) SBISIOTCS IIMPHUHA YaCTOTHOTO
CHEKTpa M OTHOIIIEHHE MOIITHOCTH COOOIEHHS (CUTHANa) K MOIIHOCTH TIOMEX.

Crnenyer Nog4epKHYTh, YTO IPUBEACHHBIE BBILIE COOTHOLIEHNUS CIIPABEAINBBI TOJIBKO IIPU YCIOBUU

B3aMMHON HE3aBUCUMOCTH U PaBHOBEPOSATHOCTH MOSIBIIEHUS] CHMBOJIOB HEITPEPBIBHOTO COOOLICHUS

T.K. UX BBIBOJI OCHOBAH Ha UCIOJIb30BaHUU (POPMYIIBI XapTiH.

1.8. DHTpONUA HenpepbIBHBIX COOOIEHMIA.

B npuBeneHHBIX BBIIE PACCYKACHUSIX IPEAINONAraloch, YTO BCE BO3MOXHBIE 3HAYCHUS
(CMMBOJIBI) HEMPEPHIBHOTO COOOIIEHHUST PAaBHOBEPOSATHBI, OJHAKO 3TO HE Bcerja crpaBemnuBo. Kak
IPaBUIIO, CUMBOJIBI HEMPephIBHOTO coodmieHus x(f) 001agaroT HeKOeH MIOTHOCTBIO paclpeaeiICHUs
BEPOATHOCTH p(X), KOTOpasi XapaKTepU3yeT BEpPOSTHOCTh IOMaJaHUus CUMBOJIOB HEIPEPBHIBHOIO

coobmenus x(t) B maTepBan Av, nmpuMbIKaOmmid K ToYke X. M, eciau IUIOTHOCTBIO paclpeeieHus
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BEPOSITHOCTH 3HAUCHHUI HEMPEPHIBHOTO COOOIIEHUS p(X), HE TIOCTOSIHHA, TO U BEPOSITHOCTD MOSBICHUS
OTJENBHBIX CHUMBOJIOB HEMPEPBIBHOTO COOOIIeHUs pazianyHa. CleqoBaTelibHO, B COOTBETCTBUHU C
dopmymoit  (1.4), xomuyecTBO HMHGPOPMAIIUU, KOTOPOE MOXKET HECTH OTACIbHBIA CHUMBOI
HETPEPHIBHOTO COOOIICHHUs, TaK K€ HE IMOCTOSHHO M OyIeT 3aBUCETh OT 3HAYCHHWH HETMPEPHIBHOTO
coobmerust x(t) IToaToMy BaXKHO BBISCHHTH, KaK 3aBHCAT WHQPOPMAI[MOHHBIC XapaKTEPUCTUKU
HEMPEPHIBHOTO COOOIIEHHUS OT MPUCYIIETO €My 3aKOHa paclpeieIeHus] ero CHUMBOJIOB.

[lomoxxum, 4YTO HeEHmpepbIBHOE COOOIIEHHE 00JanaeT W3BECTHOW (QYHKUHMEH IUIOTHOCTH

pacrpeiesieHusi BEpOSATHOCTH €ro CUMBOJIOB p(x) (Puc. 1.2).

P
uc. 1.2,
DyHKIUA
MJIOTHOCT
"
pacmpene

JICHUSI BEPOSTHOCTH P(X) cOOOIIEHUSI(X).

Bribepem wuHTEpBanm AXy. W 0003HaUMM CepeAUMHY OSTOTO HWHTEpBaja depe3 Xx. byaem
paccMarpHuBaTh BCE CUMBOJIBI HEPEPBIBHOTO COOOILICHUS, MOMAIAI0IINE B HHTEPBAIT AXy , Kak K-Thii
CUMBOJI ITUCKPCTHOT'O COO6H_I€HI/I}I. BepOHTHOCTB MOSABJICHUS 3TOTO0 CUMBOJIa TUCKPETHOT'O COOGH.IGHI/IH

(Px) OyzeT onpeaeasiThCst BRIpaKEHUEM:

Axk

AX AX,
B
sz/D(Xk > <X<Xk+— Ip(x)a’x
2
OHTPOINHIO TOJYyYEHHOTO0 TakuM o00pa3oM JuckpeTHoro cooOmenuss (Hjy), Ha ocHoBaHUM

dbopmyasl lllernona (1.8), MOKHO 3amucaTh B BUJIE:

AA xm—ﬂ
DIRIELED)Y [pd 1 %9 [ pood (1.14)
k AXk AXk

KT X~ 2

[Mpeamomnarast, uro GyHkImsa P(X) BMECTE CO CBOEH MPOM3BOIHON HEMPEPHIBHAS, HMEEM:

Xk+7

[ P(ax= p(x) - Ax, .

AX

Xe— 2
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HcxomHoe HeENpephIBHOE COOOIICHWE MOXKHO paccMaTpuBaTh Kak Tpeaed chOPMHPOBAHHOTO
TUCKpETHOTO coodtmeHust npu AXy—0 (T.e. pu cTpemieHUn o0béMa andaBuTa cPOPMUPOBAHHOTO
TUCKPETHOTO cOOOIeHHs K 0eckoHeuHOCTH ). [103TOMY, MOACTaBUB MPHUBEICHHOE BHIIIE BRIPAYKEHUS B

(1.14) m mepeiiast K mpeaemy, MOJTYyYUM BBEIPKEHHE JIJIS1 SHTPOIIUU HETIPEPHIBHOTO COOOIIICHUS:

H,0)=1 H,=rh

k=0 Axy %O{i_ Z P(x) - A% - 2[p(Xk) : Axg]}.

3aMeHssI B 3TOM BBIPOKEHUU JIOTapu(pM MPOU3BEACHUS CYMMOH JOrapu(MOB COMHOXXHTENEH,

npeodpaszyeM 3TO BhIpAXKEHHE K BULY

0

H,(X) = Alxk»o{_ E'[p(xk) - 20p(Xk)]gAXk} + A!<k %i {_ni[p(xk) - A - QAij% =

== PCO1 000d gl XX pOR)-AX 1 ,0x, (1.15)

O0603Ha4MM TIEpBOE ClaraeMoe B 3TOM BBhIpaKeHHH Kak Hy, a BTopoe - kak Hy. Jlerko moka3sarts,
yTo cimaraemoe H, oOpamiaercss B OeckoHeyHOCTh mpu AXy—0 He3aBHCHMMO OT BUIa (GYHKIIHUU
IUIOTHOCTH PACIIPEICIICHIS BEPOITHOCTH CHMBOJIOB HEIIPEPBIBHOTO COO0MICHHUS (p(X)).

JleficTBUTENbHO, €CIM NPUHATH, YTO HMHTEpBaJbI AXy OJMHAKOBBI, T.e. AXyx = AX mns Bcex

3Ha4eHMi K, To a1 Broporo ciaraemoro B BeipakeHunH (1.15) umeem:

Hy=—1 [E PN Ax - | ZA'BJ = _Alx_m[gi 2 A(sz (X )9 AXkJ =

Ax—0

=—1 (i ,ro0l

Ax—0 Ax—0

(Eﬁ POM ~Axk] ——1_(li , 00 j P

A

C y4eToM TOro, uTo _[ P(X) dx =1, nonyuaem
H, =-lim(log, Ax) =
Ax—0

Ha ocHOBaHMHM BBIIIE U3JIOKEHHOTO MOYKHO CACIaTh CJICAYIOUINUC BBIBOIBI:

1. HenpepsiBHBIE COOOIICHNST HE UMEIOT a0COTIOTHOW Mephl SHTponHH. VX TONHas SHTPONHS paBHA
0ECKOHEYHOCTH.
2. Bropoe cmaraemoe B BbipaxkeHuu (1.15) crpemurcs Kk 6€CKOHEUHOCTH OJMHAKOBBIM 00pa3oM st

JTI0OBIX HETPEPHIBHBIX COOOLICHUN HE3aBUCUMO OT MPHCYILEr0 UM 3aKOHA paclpeieeHusl.

Ha mpakTuke mpu OIpeAereHuH pa3iIndHbIX HH()OPMALMOHHBIX XapaKTEPUCTHK HEMPEPHIBHBIX
COOOIIEHHH, KOTOpPOE B pEANbHBIX YCIOBHSX BCeria JACHCTBYeT Ha (oHE IIymMa, HPUXOIUTCS
BBIYUCIIATh PA3HOCTh SHTPONUI coolmienus u myma. Ilpu sTom Geckonedno Gonpiue crnaraembie Ha
B DHTPOIMU COOOIICHUS M SHTPONHMU IIyMa B3aUMHO YHUYTOXKAIOTCS, TaK KaK OHU HE 3aBUCAT OT
3aKOHOB PACHpE/IEICHNs] CHMBOJIOB COOOIICHNS U mIyma. V1 oCHOBHOE 3HaueHHe MpHOOpeTaeT mepBoe

cnaraemoe Hy B Beipaxenuu (1.15).
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Takum oOpa3om, 3a Mepy SHTPOIUHU HETIPEPHIBHOTO COOOIICHHSI MOKHO MPUHSTH BHIPAKEHUE

H,=—[ p(x)-log, p(x)ax. (1.16)

BrIYnciieHHYI0 TakuM 00pa30M SHTPONHUIO HA3BIBAIOT OMHOCUMENbHOU WIH QU@ hepeHyuanvHol,
TaK Kak OHa OIpENeNsIeT HE MOJHYI0 SHTPOIUIO0 HEMPEPHIBHOTO COOOIICHHS, PaBHYIO, KaK OBLIO
MOKa3aHO, OECKOHEYHOCTH, a TOJIBKO Ty ee 4acTh (Hy), KoTopast 3aBUCHUT OT 3aKOHA pacHpeeICHUs
CHUMBOJIOB HEIPEPLIBHOTO co0OIIeHus. Y moa sHTporuel HeMmpephIBHOTO COOOIIEHUS, KaK MPABUIIO,

MOHUMAIOT UMEHHO TudepeHIraIbHY0 SHTponHio Hy.
1.9. JkcTpemMabHble CBOMCTBA JHTPONUH HENPEePbIBHBIX COO0IICHUH.

[IpencraBisier WHTEpeC OmpejeicHUe BUIA (YHKIHUU TUIOTHOCTH PACIIPEICICHUS BEPOSTHOCTH
cumBojI0B (P(X)) HempepbiBHOTO coobdiienus x(t), ¢ 3agaHHBIME MpeaciaMid H3MCHEHHS CHMBOJIOB,
KOTOpasi 00paIaeT SHTPOIIHIO STOTO HellpepbIBHOTO coobmienus (Hy) B MakcuMyM.

Ilyctes HempepbiBHOE cooOmienne x(t) mpenctaBiseT COOOH OrpaHUYCHHYIO HEMPEPBIBHYIO
byuknuo ¢ obiacTeio 3HaucHHMM u3 mHTepBaia [a,b] (Puc. 1.3) u ¢ HEHM3BECTHOW IMJIOTHOCTHIO

pacrpeiesieHus] BEpOsSTHOCTEH CUMBOJIOB P(X), KOTOpasi yIOBICTBOPSET YCIOBUIO

[ pax=1, (117)

Puc. 1.3..I'paduk HenpepriBHOTO coobrmenus x(t).

[MocraBum 3amady HaWTH pacnpeeiacHue Pmax(X), mpu koTopoM auddepeHnnanbHas dHTPOIUSL

3TOr0 COOOIIEHUSI
H,=—[p()-1 o pE)d

MPUHUMAET MaKCUMaIbHOE 3HaUCHHE.
Jnst pemieHust 3Toil 3a1a4l BOCIIOIB3YEMCSl METOJIOM HEOMPENEICHHBIX MHOXUTENeH Jlarpanxka,

KOTOPBI HMCHOJNB3yeTCsl Uil HAaXOXJACHHUS JIOKAJTbHBIX HKCTPEMYMOB (DYHKIMHA HECKOJIBKHX
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nepeMeHHbIX. CyThb 3TOr0 MeTOJa 3aKijrouaercs B cienyroomeM. Eciau 3amaHa QyHKIMS HECKOIBKHX
nepemennbix, Hanipumep H = H (X, P) | apryments koTOpoii yI0BIETBOPAIOT HEKOEMY YPABHEHHUIO
ceasu 2(X, P) =0 10 MoxHO cocTaButh dynkmuio Jarpamka F (X, P, A4)

F(x,p,4) =H(X, p)+A-o(x, p)

a JIOKAJIBHBIC SKCTPEMYMBI OIIPCACIIUTDL U3 PCIICHUA CUCTCMBL ypaBHeHHﬁI

oF (X, p,A4)
op
o(x,p) =0

-0

B nannom ciydae ¢pynkius H wumeer Bus:

H—H,——[p>)-1 ap(ad

a ypaBHEHHE CBSI3U NIOJy4uM U3 BblpaxeHus (1.17).

CocraBuB ¢ynkuuio Jlarpanxa

F(x p.2) = HM(Ip(x)dx—lj = [[- AR-tog, p(0)+2- A R)]ax— 2,

u npoauddepeniupoBas ¢e mo P (P He 3aBUCUT OT X, MOITOMY JOCTATOYHO MPOaU(PepeHIIMPOBATEH

MOABIHTCTIPAJIBHOC BBIpa)KGHI/Ie), Ha OCHOBAaHHU HGOGXO,Z[I/IMOFO YCII0BUA CYHICCTBOBAHUA SKCTPEMYyMa

MOJIyYHUM:
IF(X p2) _ 1
o Iogzp—|n2+/1_0.
OTkyna rnocie HeCI0XKHbBIX TpeoOpa3oBaHuit
1 | @ g 2*
| ,op=Ag—=1 @' ——g2-=1 “o0—
P=A9 e 1@ d e

HUMECM:

pmax()() = 71 npu Xe[a;b]

[ToncraBus 310 BeIpakeHue B (1.17) momydum:

Y UCIIOJNIb3Ysl IIPEBIAYIIEE PABEHCTBO HAXOIUM:

A

2
Pm QX):?Z

. , IpH xela; b,

CrnemoBarenbHO, HCKOMast (DYHKIUS MJIOTHOCTH paclpeieieHuss BEPOSITHOCTH (Pmax(X)) 3amuUImeTCst

B BHUJE:
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0, 7 p w<a,

P (x)= . pad x< b,
b—a,
0 7P w> b

Taxkum 00pa3oM, SHTPOIUS HENPEPHIBHOTO COOOIEHNUS IPUHUMAET CBOE MaKCUMaJIbHOE 3HAUECHHUE
NP PAaBHOBEPOSITHOM TIOSBIIGHMH BCEX CHMBOJIOB, NpWHAUICKAIUX uHTepBany [a;b]. Ilpu stom
MaKCHUMaJIbHO BO3MOXHOE 3HaU€HHE SHTPONUHU OyIeT OnpeaensiThes no Gpopmyne

1 1
Hrax = _Ib—a'logz(b—a) ax=log, (b-a).

b
1.10. Uudopmanms B HelpepbIBHBIX COOOIICHUSIX TPH HAJIMYMH LIYMOB.

PaccMoTpum Moziens HCTOYHHKA HETTPEPBIBHBIX COOOIICHM, TPEACTaBICHHYIO Ha puc. 1.4,
rae: 1 — MCTOYHMK HENPEPHIBHBIX 3aIlyMJICHHBIX COOOIICHUH;

2 — WJleNIbHBIA UCTOYHUK HEMPEPHIBHBIX COOOIICHUIA;

3 — cymmarop.

BrixomHoe cooOmieHne Takoro YCTpOWcCTBa ()) MPEACTaBIsSET

co0oif cMech HIEaTbHOrO HEMPEPhIBHOIO COOOMICHUs (X)

myma (n). Bynem paccmaTpuBaTh 4YacTHBIM cilydail, Korja 2 x J |y

IIYMBI U IIOMEXU HOCAT a,I[I[I/ITI/IBHHﬁ XapakTep, TO €CTh KOorjaa

BBIXOJTHOE cOO0OIIeHHE (y) €CTh CyMMa HACAIbHOTO COOOIIECHUS 1

(x) 1 mryma (n) T.e.
y=xX+n Puc. 1.4 Mozaenb UCTOUYHUKA

HETPEPHIBHBIX COOOIICHUIA.

s ompenenenus KayecTBa WH(POPMAIIHH, COEPKAIIETOCS B KAKOM-THO0 KOHKPETHOM CHMBOJIE
HernpepbIBHOTO cooOmieHus (l), MOXHO BOCHOJB30BAaThCS OCHOBHBIM COOTHOIICHHEM TEOPUH

unpopmaruu (1.3):
P
/=10g—2%,
g R (1.18)

rac P1 — alipuopHas BEPOATHOCTL MMOABJIICHUA CUMBOJIA COOGH.[CHI/IH;
Pz — aloCTCPUOPHAA BEPOATHOCTD IOABJICHUA TOT'O )K€ CUMBOJIa COO6I.H€HI/I$I.

B ciydae HenpephlBHOTO coobmienns x(t) mox anpuopHOM BeposATHOCTBIO 471 clemyer

Hojipa3yMeBaTh BEPOSATHOCTh TOTO, YTO CUMBOJ cooOmieHus x(t) 3akiaroueH B WHTEpBajie 3HAUYCHH
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Mexay x u X+ AX. Eciu u3BecTHa (YHKIMS TUIOTHOCTH PAaCHpEACICHUS BEPOSATHOCTH CHMBOJIOB
MCXOJHOTO co00LIeHus (p(x)), TO alpUOPHAs BEPOATHOCTL £~1 IMEET BUJI:

R=px- Ax,
a armoCTEPHOPHYIO BEPOATHOCTh COOOIIEHU 47> MOYKHO IIPEACTABUTH B BUJIE:

P, = p,(x)- Ax,

riae py(x)_ YCJOBHAs TUTOTHOCTH PAcIpec/ICHUs] BEPOSITHOCTEH CHMBOJIOB coobOimenus x(t), korma

M3BECTEH KOHKPETHBIN CUMBOII .

Craemyer OTMETHTD, YTO YCIOBHAS IUIOTHOCTH pacnpeaeieHus Py () MIPEACTABISIET COOOM HE UTO
WHOE, KaK TJIOTHOCTh pPaclpeesieHUs BEPOSATHOCTEH ITymMa p(n). JleicTBUTENBHO, €CJIM Ha BBIXOJE
3aIyMJIEHHOTO MCTOYHHMKA HEMPEPHIBHBIX COOOIIEHUH 3a(UKCUPOBAH KAaKOW-THOO OMpeaenéHHbBIN
CHUMBOJI Yo, TO B cooOiieHuu x(t) eMy COOTBETCTBYET CUMBOJ X = Yo — N, KOTOPBI UMEET IIOTHOCTh
pacrpezesieHus TOXASCTBEHHYIO IUIOTHOCTU paclpeiesieHus uyma n.

IMoacrasnsas B Qopmyny (1.18) 3mauenms BepostHocTel 41u £, u mepexols K IIpeeny

pu AX — 0, MoJTyduM Clie Iy oImne COOTHOIICHHUS:

e [peMd ], R )
soo 2 pGoax T po-d |® xp(x) p(x) (1.19)

[IpenenvHBI TIEpexoa B 3TOH ¢GopMylie HEOOXOAWM, T.K. HEMPEPHIBHBIE COOOMICHHS OOJIaTar0T
OCCKOHEYHBIM aJI(DaBUTOM.

Onpenensiemoe dopmynoii(1.19) konmuuectBo uaGopMaruu (1) COOTBETCTBYET TOIBKO OHOM mape
BO3MOXKHBIX 3HAUYECHUU HEMPEpPhIBHOTO cOoOOImIeHus x U mryma N. Tak kak u cooOIIeHHe W moMexa
MOTYT MPUHUMATh OECKOHEYHOE YHUCIIO PA3IMYHBIX, HE CBA3aHHBIX MEXIY COOOM, 3HAYCHH, TO AJIs
OIICHKHM CpEIHEro KOoJIM4YecTBa HHGOpMAIUHU, MOJIy4aeMOW TpH TpHeMe cooOmieHuss Ha ¢GoHe
aJIMTUBHOTO IIyMa, HE00X0IMMO ycpeIHUTh BbipaxkeHue (1.19) mo BceM BO3MOXKHBIM 3HAYEHUSIM X U
n.

st 3TOro MCHIoab3yITCS U3BECTHBIE COOTHOLICHUS TEOpPUHM BeposTHOCTEH. Tak, coBmecTHas
IUTIOTHOCTD PacIpee/iCHUs BEpossTHOCTEH coObIThii X 1 Y (P(X,Y)) mpeacTaBiseTcs B BUIC:

POGY)=py ()-P(y)= Px(¥)-p(X), (1.20)
rae Px(y) - MIOTHOCTH pacmpeleiicHHsT BEPOSATHOCTH CHMBOJIOB B COOOINEHHHM Y=X+N, Korjia
nepeaHHOe COOOIICHHE eCTh X ;

Py(X) - ycioBHas IUIOTHOCTH pacIpelelieHHs BEPOSTHOCTH CHMBOJIOB B COOOIIECHWM X , KOTZIa
MIPUHSATOE COOOIICHHE eCTh Y.

W3BecTHEBI Tak ke CJICAYIOINEC COOTHOILICHU:
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Tﬁ(x,y)a’y= P(X);

—00

[ px ax= p(; (121)

“+oo

+o00 400

[ [ xaxay=1

Kpowme Toro, u3 (1.20) ciexyer

py()() _ 10)((”
oD )

[Toacraisist 3T0 oTHOMIEHUE B hopmyiy (1.19) momyqaem:

- 9[&(90}! Q{M}

p(y) p(y)-d

C yuerom Ttoro, uro Px(y)-dy = Px(y) ecTh ycioBHas BEpOSTHOCTH IMOSIBICHHUS COOOIICHUS Y B
HUHTEpBaJe [y:y+dyl, xorma nepenaBaeMoe coodrieHue ectb X, a p(y)-dy = P(y) - BeposTHOCTB TOTO,

YTO COOOIIEHUE Y CONEPKHUTCS B HWHTEpBaJe [y;y +dy] IIpH HEU3BECTHOM X, MPEABIAYIIEe

BBIpa)KEHHE Mpeodpa3yercs K BULY

P
* P

DTO COOTHOLICHHE OMpEAEseT KOIMYECTBO MH(pOpMAIHMHU, MOJydyaeMoil Npu mepeaade CUMBOJIA

/ = log (1.22)

Co0O0IIeHus X, KOTa MpH mprueMe HaOII0JaTel0 U3BECTEH CUMBOII B BUJIE CYMMBI Y = X + N.

3ametuM, 4TO Px(Y)-O CyIIECTBY €CThb HE YTO HHOE, KaK IUIOTHOCTh paclpeieCHuUs
BEpOSTHOCTEH 1ryma N. JIeHCTBUTEIBHO, €CIIM 3a7aH KOHKPETHBIH CHMBOJI COOOIIEHHUS Xp, TO CymMMa
Y=Xo+N pacmpe/enena 1mo 3aKoHy pacrpeaeneHus nyMma N, KOTOPbIA HaJ0KEH Ha CUMBOII COOOIICHHS

Xo, a CJIEA0BaTEJILHO,

Px(y)-= p(n). (1.23)
VYuuteiBas (1.23), Beipakenne(1.22) npumeT BUA:
p(n)
= I —
OgZ p(” . (1.24)

JUisl OLICHKHM CPEHEro KOJMYecTBa MHQOpPMAaLuu MpH Ipueme coolmieHus Ha ¢oue mryma (1)
HEOOXOMMO ITyTeM MHTETPHUPOBAHMS 110 BCEM 3HAYECHUSM X M Y YCPEIHUTH KOJINYECTBO WH(POPMAIHN

(I, mpuxopsieecs Ha Kak10€ pacipeaecHre BepoaTHOCTEH P(X,Y).

T=] J1peeyd x| Sf{ryq[%%}}-p(x,y)d x d

+00  +00 +00  +00

= [{rxy)-1 qlp@@ld x| {1 wlp(@]} p(x y)d

—o0  —oo —o0  —oo

(1.25)
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OueBUIHO, YTO TUIOTHOCTH pacHpelesieHUus BEPOSTHOCTEW IrymMa (N) HE 3aBHCHT OT X U Y IO
OTJICTPHOCTH, & OMPEENICTCS TOIBKO UX PAa3HOCThIO, T.K. N= Y - X. Kpome Toro, yunrteiBas (1.23),
cootHomenue (1.20) MoxkHO peodpa3oBaTh K BUAY

Py)= px(y)-p(Y)=p(n)-p(x), (56)

Tora nepBoe ciaraemoe B (1.25) MOXKHO 3anmucaTh B CIEAYIOIIEM BHJIC:

'TmenwamdM@&T[Tmm4w4mmwﬂmnm;

Bo BHyTpenHem unTterpaie dy 3ameneHo Ha On , T.K. y=X + N, a NpH UHTETPUPOBAHUH IO Y
BEJIMYMHA X PACCMaTPUBAETCS KaK MOCTOSTHHASL.
B takoii 3anmucu BHyTpeHHH HHTETpai, B cOoTBeTCTBUU C (1.16), mpeacTasiseT coboi B3ATYIO CO
3HaKOM MHHYC 3HTpormnuto tryma (H(n)).
[Ipu cranimoHapHOM IIIyMe SHTPOMUS IIyMa SIBISIETCS BETUYHMHON TTOCTOSSHHON U MOYKET OBITh

BBIHECEHA 33 3HAK MHTETpaJia, TorJa MepBoe ciaraemoe B BeipaxkeHuu (1.25) npeobpasyercs k

BU]TY:

+00

I[jmmwammhﬂmnm:—mmjmnm:—mm,

—00

T.K.
[ Aax=1,

Ucnonw3ys nzBectHoe paBeHCTBO (1.21), BTopoe ciiaraemoe BeipaxkeHus (1.25) nerko npuBecTy K

BHU]LY:

T 1 L] peyyd g=[1 .lp() ]p(x,w)gg}d — [ty Ap®]- p(y)-d —g-H ()
(59) b N -
OKOHYATENBHO MOTYYaeM:
7=H)-H().
Takum oOpa3oM, cpenHee KOJIWYeCTBO MH(OpPMAIMU B CHUMBOJIC HEMPEPHIBHOTO COOOIICHHUS X,

KOTOPYIO MOXKHO H3BJICYb W3 3alIyMJIIEHHOTo cuMBosia Y (Y= X+ N) paBHO Pa3HOCTH SHTPOMHI

HPUHATOrO COOOIICHHUS Y U Iyma N.

MmaBa 2. OcHOBLI TeOpUN KOAUPOBAHUS.

2.1. KogupoBanue. OCHOBHbIE MOHATHS.
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Paznuynble MeTONbl KOIMPOBAHMS IIMPOKO HCHOJB3YIOTCS B MPAKTUYECKOW NeATeIbHOCTU
YeloBeKa ¢ He3anaMsATHBIX BpeMEH. Hampumep, necsTHUHAS MO3UIIMOHHAST CUCTEMA CUUCICHHS — 3TO
Croco0 KOIWUPOBaHMS HATypajdbHBIX umcen. [pyroil cmoco0 KOAMPOBAaHUS HATypalbHBIX YUCEN —
puMckre nu@pbl, TpUYeM 3TOT METO] 0oJiee HATJIIHBIA U €CTECTBEHHBIH, 1eHCTBUTENbHO, nanel — |,
natepast — V, ase narepHu — X. OAHAKO OpH 3TOM CHOCO0€ KOAMPOBAHUS TPYIHEE BBIMOJIHATH
apupMeTHUeCKue onepanuu HaJx OOJBIIMMU YHUCIAMH, MOSTOMY OH OBUI BBITECHEH CIIOCOOOM
KOJMPOBAaHUS OCHOBAHHOM Ha MO3ULMOHHOM JECATUYHOM CHUCTEMOM cumcieHusd. M3 sTtoro nmpumepa
MOKHO 3aKJIIOYUTh, YTO pa3jHyYHble CIOCOOBI KOAUPOBaHUS O00JaJal0T MPUCYUIUMH TOJBKO WM
cnenupuIecKuMI 0COOEHHOCTSMH, KOTOPhIE B 3aBUCUMOCTH OT IeJIed KOAUPOBAHUS MOTYT OBITh Kak
JIOCTOMHCTBOM KOHKPETHOT'O CII0c00a KOAMPOBAHUS, TaK U €r0 HEAOCTATKOM.

[Iupoko H3BECTHHI CIMOCOOBI YHCIOBOIO KOAMPOBAHUS TE€OMETPHUECKUX OOBEKTOB U UX
MOJIOKEHUS B MPOCTPAHCTBE: JEKAapTOBBI KOOPAMHATHI M TMOJISIpHBIE KoopauHaThl. M 3TH crmocoObl
KOAMPOBAHUS OTIMYAIOTCS MPUCYIIMMH UM CHEeU(PUIECKUMU OCOOEHHOCTSIMH.

Jlo XX Beka MeTOABI M CpPEACTBAa KOJMPOBAHWS WIPAIM BCIOMOTATEIbHYIO pOJb, HO C
NOSIBICHMEM KOMIBIOTEPOB CUTYallUsl paJiiKajabHO 3MeHmIack. KonupoBaHue HaXOUT MUpoyaiinee
IpUMEHEHHE B MH(QOPMAIIMOHHBIX TEXHOJOTHSIX M YacTO SBIAETCS LEHTPAJbHBIM BOIPOCOM MpU
PELICHUH CaMBIX Pa3HbIX 33/1a4 TAKUX KaK:

— TMpeICTaBlieHHE MJAaHHBIX TIPOU3BOJBHOM NpPUPOABI (YHMCeN, TeKcTa, rpadukd) B THaMITH
KOMITBIOTEPA;

— ONTUMaJbHas epeaaya JaHHbIX M0 KaHallaM CBSI3H;

— 3amuTa nHpopmaruu (COOOIICHHIT) OT HECAHKITMOHUPOBAHHOTO JTOCTYIIA;

— obecrieueHue MoMexoyCTOHYMBOCTH NIPU Tiepeiaye JaHHbBIX N0 KaHaAJIaM CBSI3H;

— cKaThe MHPOpPMaLUH.

C TOukM 3peHus Teopud HHPOpPMAIMH KOJUPOBAaHWE — HBTO MPOILECC OJHO3HAYHOIO
coTocTaBieHUs ajdaBuUTa UCTOYHHKA COOOIIEHUS M HEKOTOPOIl COBOKYMHOCTH YCJIOBHBIX CHMBOJIOB,
OCYILECTBIISIEMOE TI0 OIpPEICIIEHHOMY MpaBUIy, a KOJX (KOJOBBIM andaBUT) — 3TO TMOJHAS
COBOKYITHOCTHh (MHOXXECTBO) PAa3JIMUHBIX YCIOBHBIX CHMBOJOB (CHMBOJIOB KO/a), KOTOpPBIE MOTYT
UCIIOJIb30BAaThCS JJII KOAMPOBAHUS HMCXOJHOTO COOOUICHHS M KOTOpPbIE BO3MOXHBI MpPHU JaHHOM
IpaBuiie KOJUPOBaHUA. UHCIIO e pa3IMYHBbIX KOJOBBIX CUMBOJIOB COCTABIISIIOIIMX KOJIOBBINA ai)aBUT
HA3bIBAIOT O0BEMOM KoJa WM 00BEMOM KojoBoro andaBurta. O4YeBUAHO, 4TO OOBEM KOJOBOTO
asnpaBuTa HE MOXKET OBITH MEHbIE 00BEMA andaBUTa KOJUPYEMOTO0 HCXOTHOrO coodmeHus. Takum
o0pazoM, KOIUpOBaHHWE — ITO MpeoOpa3oBaHHE MCXOAHOTO COOOIICHHWS B COBOKYITHOCTH WJIH
MOCJIEI0BATENHHOCTh KOJOBBIX CHMBOJIOB, OTOOpa)KalolUX COOOIICHHE, MepefaBaeMoe MO KaHaly

CBA3H.
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KomupoBanue MOKeT ObITh YHUCIOBBIM (IIUGPOBBIM) U HEUYHUCIOBBIM, B 3aBUCHUMOCTH OT BHJIa, B
KOTOPOM TIPEJICTABICHB KOJIOBBIC CHUMBOJIBI: YHCIIA B KaKOW-TUOO CHCTEME CUUCIICHHS WM WHBIC
KaKHe-TO OOBEKThI WIH 3HAKU COOTBETCTBEHHO.

B OonpmmHCTBE ciay4aeB KOJOBBIE CHMBOJIBI TPEACTaBIAIOT €000 COBOKYMHOCTh HIIU
MOCIIE0BATEIBHOCTh HEKUX MPOCTEHIINX COCTABJISIOUINX, HApUMEp, MOCIEA0BaTENbHOCTh UG B
KOZOBBIX CHMBOJIaX YHCJIIOBOTO KOJQ, KOTOpPHIE HA3bIBAIOTCS AJIIEMEHTaMH KOJOBOI'O CHMBOJIA.
MecTononoKeHrne i MOPSIKOBBIN HOMEP 3JIEMEHTa B KOJIOBOM CJIOBE OTIPENENSIETCS €ro MO3HUIHEH.

Yucno 31eMEeHTOB CUMBOJIA KOJa, UCIONIb3yeMOoe JUIsl IIPECTaBICHUs OJHOIO CUMBOJa andaBuTa
MCXOJHOI0 MCTOYHMKA COOOIIEHUH, HA3bIBAIOT 3HAYHOCTHIO KoAa. Eciau 3HayHOCTh KOJla OJIMHAKOBa
JUTSL BCEX CUMBOJIOB ayipaBUTa UCXOTHOTO COOOIICHMSI, TO KOJI HA3bIBAIOT PABHOMEPHBIM, B IPOTUBHOM
Clly4ae — HEepaBHOMEPHBIM. UHCIIO 37IEMEHTOB BXO/ISIIIUX B KOJAOBBII CHMBOJ MHOTAAa HAa3bIBAIOT JIJTH-
HOU KOJIOBOI'O CHMBOJIA.

C ToukM 3peHHs] H30BITOYHOCTH BCE KOABl MOXKHO DAa3AeNuTh Ha HEU30BITOYHBIE KOIBI U
U30BITOYHBIE. B M30BITOYHBIX KOJAX YUCIO AJIEMEHTOB KOJIOBBIX CHMBOJIOB MOKET OBITH COKPAIICHO
3a cuer Oosee Y3PPEKTUBHOTO HCIOIH30BAHMS OCTABIIUXCS AJIEMEHTOB, B HEM30BITOUYHBIX K€ KOJAaX
COKpAIIIEHUE YUCIIA AJIEMEHTOB B KOJOBBIX CHMBOJIaX HEBO3MOXKHO.

3amaul KOIMPOBAHMS NMPU OTCYTCTBHM TOMEX M MPU UX HAJIUYUM CYIIECTBEHHO Ppa3JINYHbI.
[Mosromy paznnuator 3¢ddekTrBHOE (CTATUCTHYECKOE) KOOUPOBAHME U KOPPEKTHpYIOIIee
(momexoycroitunBoe) koxupoBanue. Ilpu >pPekTHBHOM KOJMPOBAHMM CTABUTCS 3a/adya JOOUTHCS
MPEJICTAaBICHUS] CHMBOJIOB aji(aBuTa MCTOYHHKA COOOUICHHH MHUHHUMAJIbHBIM YHCIOM 3JEMEHTOB
KOZOBBIX CHMBOJIOB B CpEIHEM Ha OJMH CHMBOJ ajdaBUTa HCTOYHUKA COOOIIEHHUH 3a CYeT
YMEHBIICHUsI U30BITOYHOCTH KOJIa, YTO BEJAET K MOBBIIICHUIO CKOPOCTHU MEpelaun cOOOIIeHus. A mpH
KOPPEKTUPYIOMIEM (TIOMEXOYCTOHYMBOM) KOAUPOBAHHHM CTAaBUTCS 3a7ada CHIDKEHUS BEPOSTHOCTH
omuOOK B TIepeaue CUMBOJIOB HCXOIHOTO andaBUTa IMyTeM OOHAPYKEHHUS M UCIIPABJICHUS OIIMOOK 3a
CYET BBEJICHUS AOMOJIHUTEIBHON U30BITOYHOCTH KOJIA.

OtnmenbHO  crosmie — 3amadell  KOOUPOBaHMS — SIBISIETCS  3allMTa  COOOIIEHUH  OT
HECAHKIMOHHPOBAHHOTO JOCTYMa, MCKAXXCHUS W YHUYTOXKEHHsS uX. [Ipw 3TOM BHUAE KOIUPOBAHUS
KOJMPOBaHUE COOOIICHUH OCYIIECTBISECTCSA TakKMM o00pa3oM, 4YTOOBI Jake TONYy4YUB HX,
37IOYMBIIUIEHHUK HE CMOT Obl MX packoaupoBath. IIporecc Takoro Buaa KOAMPOBAHUS COOOIICHMIA
Ha3bIBaeTCsl mudpoBaHueM (WK 3amUpPOBKOI), a MPOLECC NEKOIUPOBAHUS — pacmiupoBaHUEM
(umu pacmugppoBkoif). CaMo KOJUPOBAHHOE COOOIIECHHE HA3bIBAIOT IMH(PPOBAHHBIM (KMJIH TPOCTO
mGPOBKOH ), a MPUMEHSIEMBIA METO ] KOJAUPOBAHUS — IITU(POM.

JIOBOIBHO YacTO B OTAENBbHBIN KJIacC BBIAEISIOT METOJbl KOJUPOBAaHUS, KOTOPbIE MO3BOJISIOT

OoCTPOUTH (03 moTepu HHPOPMAIUH) KOJBI COOOIIEHUH, UMEIONUE MEHBIIYIO IJTUHY 110 CPAaBHEHUIO
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C MCXOJHBIM cOOOIIeHneM. Takue MeTOAbl KOJUPOBAHUS HA3bIBAIOT METOJAMH CXKATHS MM YIaKOBKU
naHHbIX. KadecTBo cxxkaTust onperensercs KOdQQPHUIIMEHTOM CKaTHsl, KOTOPBIH OOBIYHO M3MEpsieTcs B
NPOIEHTaX M KOTOPBIA IOKAa3bIBAET HA CKOJBKO MPOIEHTOB KOJUPOBAHHOE COOOIICHHE KOpoue
HCXOJTHOTO.

[Ipu aBTOMaTHueckor oOpaboTke wuHOpPMAIMUM ¢ HCHOdb30BaHMEeM OBM Kkak mpaBMIIO
UCTIONB3YIOT YHUCIIOBOE (IU(PPOBOE) KOAMPOBAHME, MPU 3TOM, E€CTECTBEHHO, BO3HHKAET BOIPOC
00OCHOBaHMS HUCMOJNb3yeMOU CHCTEMBl CUuclieHUs. [leficTBUTENbHO, NMPH YMEHBUICHUH OCHOBAHUS
CHCTEMbI CUHCIICHHS YIpOIIaeTcs aa(aBHUT JIEMEHTOB CHMBOJIOB KO/a, HO NMPOUCXOJHUT YIUIMHCHHE
cuMBOJIOB Koza. C pyroil CTOpOHBI, 4eM OOJIbIIE OCHOBAaHWE CHCTEMBI CUHCIICHHS, TEM MEHBIIee
YHCIIO pa3psa0B TpeOyeTcs i MpeCTaBIeHUs] OJHOTO CUMBOJIA KOJIa, a, CJIeI0BATENbHO, U MEHBIIIEE
BpeMs Uil €ro Tepeiadn, HO ¢ POCTOM OCHOBAHHUSI CUCTEMBI CUMCIICHHUS CYIIECTBEHHO MOBBIIIAIOTCS
TpeOOBaHMS K KaHAJlaM CBSI3M M TEXHHYECKHUM CPEJICTBAM PACHO3HABAHMS HJIEMEHTAPHBIX CHUTHAJIOB,
COOTBETCTBYIOUINX PA3IMYHBIM 3JIEMEHTaM CHMBOJIOB Koaa. B wacTHOCTH, KOJ 4ncIa, 3alIMCAaHHOTO B
JIBOMYHOM CHCTEME CUUCIICHUS B CPEIHEM MPHOIM3UTENBHO B 3,5 pasza JUIMHHEE NECITHYHOIO KOAa.
Tak xak BO Bcex cHUCTeMax o0O0pabOTKM HMHPOPMAIUU TNPUXOIUTCS XPaHUTh  OOJbIINE
MH()OpPMAIMOHHBIE MAaCCUBHI B BUJIEC YHCIOBOW MH(GOPMAIMH, TO OJHUM M3 CYIIECTBCHHBIX KPHUTEPUCB
BBIOOpa ajdaBuTa IEMEHTOB CHMBOJIOB YHCIOBOTO KOAA (T.€. OCHOBAHHMS HCIOJIB3YEMOM CHCTEMBI
CUHCIICHUS) SBISIETCS MUHUMU3AIUS KOJIMUYECTBA DJICKTPOHHBIX 3JIEMEHTOB B YCTPOMCTBAX XpaHEHHUS,
a TaKk)Ke UX MPOCTOTA M HAJEKHOCTb.

[Ipn ompeneneHUH KOJIMYECTBA AJICKTPOHHBIX JJIEMEHTOB TpeOyeMbIX msl (UKCAlMu KaKaoro M3
9JIEMEHTOB CHMBOJIOB KOJIa HEOOXOAMMO MCXOANTh U3 MPAKTHYECKH ONPABJAHHOTO MPEANOT0KEHHS,
YTO s 3TOro TpedyeTcs KOJNMYECTBO TPOCTEHINNX 3JEKTPOHHBIX JJIEMEHTOB (HampuMmep,
TPaH3UCTOPOB), PABHOE OCHOBAHMIO CHCTEMBI CUHMCICHHMsS a. Toraa jsi XpaHeHHs B HEKOTOPOM

YCTPOMCTBE N 3JIEMEHTOB CUMBOJIOB K0/1a TOTpedyeTcsi M 311eKTPOHHBIX JIEMEHTOB:

M =an. (2.1)
Haubospiiee KOJIMYECTBO Pa3IMYHBIX YHCEN, KOTOPOE MOKET OBITh 3aIIMCAHO B 3TOM YCTpPOICTBE
N:
N=a".
[IpomorapndmupoBaB 3TO BEIPa)KEHUE U BBIPA3UB M3 HETO N MOTYyUHM:
n=InN/Ina.
[IpeobpaszoBas BeipaxkeHue (2.1) k BULy
M=a-InN/Ina (2.2)
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MOXHO OIpPEAEINTh, NPH KaKOM OCHOBAHHH JIOTapH(MOB @ KOJIMYECTBO 3iMeMeHTOoB M Oyzder
MHUHUMaITBHBIM Tipu 3agaHHoM N. Iponuddepenupoas no a ynkuuo M = f(@) u npupaBusB eé

IIPOU3BOHYIO K HYJIIO, IIOJy4YUM:

—M:I N lTr-1 _
d a | Ra
OueBHUIHO, YTO I JIIOOOr0 KOHEYHOI0 a
INN/Ina#0
H, CJICA0OBATCIbHO,
Ina-1=0,

OTKynaa =e=2,7.

Tak kKak OCHOBaHHE CHUCTEMbI CUMCICHHS MOXET OBITh TOJBKO LEJNBIM YUCIOM, TO d BHIOMPAIOT
paBHbIM 2 uiu 3. Jnsg mpuMepa 3aJaAuMcsl MaKCUMalbHOW €MKOCTBIO YCTPOMCTBA XpaHEHUs N=10°
gucen. Torga mpu pa3aMyYHBIX OCHOBAHUSAX CHUCTEM CUMCIeHHs (a) konudecTBo sieMentoB (M) B
TaKOM YCTPOWCTBE XpaHEHHUs Oy/IeT, B COOTBETCTBUU C BhIpakeHueM (2.2), cnenyromue (Tabmuma 2.1):

Tabmauua 2.1.

a 2 3 4 5 10 20
M 39,2 38,2 39,2 42,9 60 91,2

CrnenoBarenbHO, €CIM UCXOAWUTh M3 MMHUMH3AIMM KOJIMYeCTBa OOOpYJOBaHUA, TO Hamboiee
BBITOJJTHBIMHU OKa)KYTCS IBOMYHAs, TPOMYHASI U YETBEPHUHAsl CUCTEMBbI CUUCIICHUS, KOTOpPbIE OJIM3KH 110
3ToMy mapaMmeTpy. Ho Tak Kak TeXHUYecKas peaju3alysi YCTPOWCTB, pabOTAIOMIMX B IBOMYHOMN
CHCTEME CYUHMCIICHHUS, 3HAYMTEIBHO NpOINE, TO HauWOOJIblIee pPACHPOCTPAHEHUE NPU YHCIOBOM

KOAWPOBAHHUHU IMOJIYYHUIIM KOJAbI HA OCHOBE CUCTEMBI CHUCIICHHS 110 OCHOBAHUIO 2.

2.2. I30BLITOYHOCTEH KOIOB.

[ToHsiTHE HM30BITOYHOCTH O3HAYAET, YTO (DaKTHUECKas HSHTPONHUS Koxa wWiu coodOmenus (H)
MEHBbIIIE, YeM MAKCUMaJIbHO BO3MOKHAs SHTpONHs (Hmax), T. €. YMCIO CHMBOJIOB B COOOIICHUU WU
3JICMEHTOB B CUMBOJIE KOJ1a OOJIBIIIE, YeM 3TO TPeOOBAIOCH OBI MPU MOJHOM HX MCIIOJIh30BAHUH.
[ToHsITHE N30BITOYHOCTH JIETKO MOSCHUTH CICAYIONUM IPUMEPOM.

Brigenenue mone3HOTro CHrHaia Ha ypOBHE MOMEX — OJHA M3 OCHOBHBIX MpOOIeM mepenadu
uHpopmanuu. OTHUM U3 TyTEH MOBBIIICHUS HAAEKHOCTH TEepeadd COOOIIEHU MOXKET OBITh

nepeaada JO0IOJTHUTCIbHBIX CUMBOJIOB, T.€. ITIOBBIIICHUEC H30BITOYHOCTH COO6HI€HHI>'I.
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HetictBurensHo, o TeopeMe KorenpHukona (§ 1.7), HenmpepbIBHOE COOOIICHUE (CUTHAT) MOXKHO
nepeaaTh MOCIEAOBATEIbHOCTEI0 MTHOBEHHBIX OTCUETOB €r0 3HAYCHHH C MPOMEXKYTKAMU MEXKIY
aumu At
__1
S 2-f .

m aXx

At

re fmax — BEpXHsSA TpaHUYHAS YaCTOTA B CIIEKTPE CUTHAJIA.

[Tpu HaNMMUUK MOMEX MPOMEXYTKH MEXay oTcueTamu (Al,) HEOOXOIUMO YMEHBIIATh, T.€.

B »sToM ciydae MBI yBEIMYMBAEM YHCIO OTCYETOB U, CIIEJOBATEIbHO, YBEIHMYHMBACM
M30BITOYHOCTE COOOIIIEHUS M TEM CAMBIM ITOBBIIIAEM €0 TOMEXO03AIUIIEHHOCTD.

[Tycte coobmieHne U3 N CUMBOJIOB COACPXKHUT KoiaudecTBO MHpopmauuu |. Ecnu coobuienue
o0namaerT M30BITOYHOCTHIO, TO €ro (MpuU OTCYTCTBHH ITyMa) MOXKHO IMEpeAaTb MEHBIIUM YHUCIOM
cuMBOJIOB Ng (Ng < N). IIpu stom, konmyectBa uHGOopMaruu (11 ¥ limax), TPUXOASIIAECS HA OJUH
CHUMBOJI COOOIICHMS, OYAYT CBSI3aHbI COOTHOIIICHHEM:

I: =1/n < limax = I/Ng
U, CJICAOBATEILHO,
N1t = no - limax-

3a Mepy U30bITOYHOCTH IPUHUMAETCS BeuvrHa R:

n—n n | H
R= 0-1-90—-7- 1 -1~ (2.3)
n n I im a X H m
Takum oOpa3oM, U30BITOYHOCTH — OTO CBOWMCTBO, XapaKTEPHU3YIOIIEe BO3MOKHOCTh

MIPEICTABJICHHS TEX YK€ COOOIICHUI B OoJiee IKOHOMHOM (opme.

[Ipu xogupoBaHUK U30BITOUHBIX COOOLICHNUI BO3HUKAET ONpeaesieHHast HCXOJHast H30bITOYHOCTD
Kom0B. Hamnume wncxoaHoil HM30BITOYHOCTH YMEHBINACT MPOMYCKHYIO CIIOCOOHOCTh KaHaJOB U
yBenu4uBaeT ¢opmar coodmeHuit. Bmecte ¢ TeM B mporiecce nepeaaun WHPOopMaluu W30bITOYHOCTh
COOOIICHUN W KOJIOB SIBJISIETCSI CPEACTBOM, IOJIE3HBIM Ui OOpHOBI C BHEITHHMMH BO3MYIIAIOIIUMHU
BOBHGﬁCTBHHMH U IIOMEXaMHU.

Ilo wHanmuwuio I/I36I>ITO‘-IHOCTI/I KOAbI TaKXE€ ACIATCA Ha I/IBGBITO‘IHBIG n HCI/IBGBITO‘IHBIG. I[J'DI
HGI/I36I>ITO‘-IHBIX KOIOB XapaKTCPHO TO, YTO OHU NO3BOJIAIOT IIPOCTO OMPCACIUTL PA3JIMYHBIC CUMBOJIbBI
coobmienus. [lepexoa oT HEM30BITOYHOTO KOJIa K U30BITOUHOMY OCYIIECTBIISIETCS TTyTEM JT00aBICHUS
MO3HUIIMK B KOJOBBIX CHMBOJIAX, KOTOPHIE MOXKHO TOJYYHTH JIMOO IyTEM pa3IHYHBIX JIOTHYECKHX

onepaunﬁ, BBIIIOJIHACMBIX HaJd  OCHOBHBIMHU I/IHq)OpMaI_II/IOHHBIMI/I IIO3UIIUAMU, 1mmbo nmyTeM
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WCITOJIH30BaHUS AJITOPUTMOB, CBSI3BIBAIOIINX HEM3OBITOYHBIM M M30BITOUHBIN KOAbl. Hampumep, eciau
€CTh CUMBOJIBI cooOIIeHus A1; Az; As; A4, TO UX MOXHO 3aKOJMPOBATh B JBOMYHOM HEU3OBITOYHOM
KOJg:

A1 =00; A, =01; A3=10; A, =11.

Jnst mosmydeHust n30BITOYHOTO KOJIa MOYKHO BBECTH €III€ OJIHY TO3HUIINI0, 3HAYCHUE KOTOPOH OyeT

OTIPECNATHCS KaK CyMMa 3HAYCHHH MPEANIECTBYIOIIUX CHMBOJIOB 110 MOJYJIIO JBa!

A, =000; 4, =011; A3 =101; A4 = 110.
OCOOCHHOCTBIO TAKOTO KOJAA SIBJISETCS TO, YTO OH TIO3BOJISIET OOHAPYXHUTH JIFOOYIO EIUHUYHYIO

ommOKy (omuOKy B OAHOM M3 O3UIIMK KOJIa), BRISBUBIIYIOCS B IIPOIIECCE Mepead Koa.
2.3. DppexTHBHOE KOAUPOBAHHE PABHOBEPOSITHBIX CHMBOJIOB COOOIICHHI.

O¢ddexTuBHOE KOAMPOBAHUE HCIONB3YeTCS B KaHalax Oe3 IIyma, T.e. B TaKUX KaHAJaxX, T
MOMEXH OTCYTCTBYIOT, JUOO MMH MOXKHO mpeHeOpeub. OCHOBHOHM 3ajavyeil KOJUPOBAHUS B TaKOM
KaHaJle SBIsETCS oO0OecleueHne MaKCUMAaJIbHOW CKOpPOCTH Tiepenadd WHGOpMamuH, OJM3KOH K
MPOIYCKHOW CITOCOOHOCTH KaHana nepenadn (§3.4).

B ciydae, ecnu Bce cuMBOITBI alihaBUTa KOAUPYEMOTO COOOIICHHSI HE3aBUCHUMBI U UX TOSBICHHE
PaBHOBEPOSITHO, MOCTPOCHUE ONMTUMAIBHOTO A(P(GEKTUBHOTO KOJIAa HE NPEACTABISIET TPYTHOCTEH.
HelictButensHO, MycTh H(X) — SHTpOMHMS HMCXOMHOTO COOOIIEHUs. bymeMm cuMtath, 4TO CHUMBOJIBI
COOOIEHHS (Xi) PAaBHOBEPOSTHBI M 00BEM aidaBHUTa MCXOJHOTO MCTOYHHKA COOOIICHUIH paBeH M.
CrnenoBatebHO, BEPOSTHOCTh MOSIBJICHHSI JIFOOOTO I-r0 CMMBOJIA JTaHHOTO cooOieHust (P(xi)) Oyxer

OJUHAKOBa, T.€.
1 .
P(Xl):_ ’ :l)-'ym!
m

a PHTponus coobmenus pasHa (H(x)):

HW=-2 PGP om

Ecnu nmas koaupoBaHMS HCIOJB3YETCS YHCIOBOW KOA MO OCHOBaHHIO K (00bem amdasuta
9JIEMEHTOB KOJIOBBIX CHMBOJIOB paBeH K), TO SHTPOMHsS SJIEMEHTOB KOAOBBIX CUMBONOB (H1), mpu
YCJI0BUH, HYTO J3JICMCHTLBI CHUMBOJIOB KOJA IMOABIIAIOTCA PABHOBCPOATHO W B3aWMMHOHC3aBUCHUMO,
OTIPEICITUTCS U3 COOTHOIICHHUS:

H, = |ng k.
Tornma mnmua 3 GeKTHBHOrO PaBHOMEPHOTO KOJa, T.€. YHUCIIO JIEMEHTOB B KOJO0BOM CHMBOJIE (l,p4p.),

MOJKET OBITE HaﬁI[GHa N3 COOTHOIICHMUA:
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n, (2.4)

rme m=Kk".

2.4. dpdexTHBHOE KOAUPOBAHNE HEPABHOBEPOSITHBIX CHUMBOJIOB COO0ILIEHU A

B cnyuae, eciiu cHMBOJIBI KOAUPYEMOT'O COOOIICHUSI HEPABHOBEPOSTHBI, B 00ILIEM BUJIE MPABUIIO
MOJIyYEeHHUsI ONITUMANIBHOTO 3()(hEKTUBHOTO KOoJla Heu3BecTHO. OIHAKO U3 00IUX COOOpaKEHUH MOKHO
NPEICTaBUTh MPUHIIMITBI €r0 TIOCTPOCHUSI.

OueBugHO, YT0 3G(EKTUBHOEC KOIWPOBaHWE OyIeT ONTUMAJIbHBIM, €CIIH HEPaBHOMEPHOE
pacripenielieHne BEpOsSTHOCTEH MOSBICHUS CHUMBOJIOB a()aBUTa MCTOYHHMKA COOOIICHUH C MOMOIIBIO
OTpeNeIeHHBIM 00pa3oM BBIOPAaHHOTO KOJa TNEPEeBOMAT B PABHOBEPOSTHOE paclpesieleHue
BEPOSITHOCTEH TOSBICHUSI HE3aBUCHUMBIX DJIEMEHTOB KOIOBBIX CHMBOJIOB. B 3TOM ciydae cpemHee
KOJIMYECTBO MH(OPMAIIUH, TPUXOASIIEeCs Ha OJWH 3JEMEHT CHMBOJA KOJa, OyleT MaKCUMaIbHBIM.
Jns ompeneneHus BHIA KOJAA, YIOBIETBOPSIONIETO S3TOMY TpPEOOBAaHUIO, MOXHO pPacCMOTPETh

«(DYHKIIUIO CTOMMOCTH (LIEHBI TIepeiadl CUMBOJIOB COOOIICHHS) B BHJIE:
m
Q=Z:P(Xi)-Wi , (2.5)
i=1

rae P(Xi) — BEepOATHOCTH MOSIBIICHUS I-TO CUMBOJIA ali(haBUTa HCXOAHOTO KOJUPYEMOT0 COOOLICHUS;

m — o0beM andaBuTa;

W; — croumocTh mepemaud I-ro cuMBoJia anaBUTa, KOTOpas MPOIMOPLHUOHAIbHA JJIHHE
KOJIOBOTO CJIOBA.

D¢ dexTuBHBIN KOA AODKEH MUHMMU3UpoBarth ¢yHkuuio Q. Ecim mepermaua Bcex 371€MEHTOB
CHMBOJIOB KOJla HMEET OJMHAKOBYI0 CTOMMOCTb, TO CTOMMOCTb KOJIOBOIO CHMBOJIa Oyner
NPOTIOPIIMOHATIFHA JUIMHE COOTBETCTBYIOIIETO KOJAOBOTO cuMBoJa. ClieZloBaTeNbHO, B OOIIEM CiTydae
(mpu HEPaBHOBEPOSTHBIX CHMBOJIAX HMCXOIHOTO COOOIICHHS) KO JOJDKEH OBITh HEPaBHOMEPHBIM,
MO3TOMY MOCTpOeHHE 3P (PEKTUBHOTO KO/Ia JTOJKHO OCHOBBIBAThCA Ha CIEIYIOIIUX MPUHLIUIAX:

1. JInuHa xomoBOro cuMBoia (N;) JODKHA OBITH OOPATHO MPOMOPLUUOHAIEHA BEPOSTHOCTH TOSBICHHS
COOTBETCTBYIOIIETO CHMBOJIA HCXOIHOTO KOJUPYEMOT0 coo0IIeHus (X;);

2. Hauamo Gojee JUIMHHOTO KOJAOBOTO CHMBOJIA HE JIOJDKHO COBITJATh C HadajoM 0o0Jiee KOPOTKOTO
(U1 BO3MOYKHOCTH pa3JieNICHUsI KOAOBBIX CUMBOJIOB 0€3 MPUMEHEHHS Pa3/IeIUTENbHbBIX 3HAKOB);

3. B nnamHHOM mOCIenoBaTENbHOCTH AIEMEHTHI CHMBOJIOB KOJA JOJDKHBI OBITh HE3aBUCHMBI H

PaBHOBEPOSITHBI.
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Teopernueckoe 0OOCHOBaHHE BO3MOXKHOCTH 3(PGEKTHBHOTO KOAUPOBAHUS TIEPEIaBACMBIX TI0
KaHay cooOIeHnii obecneunBaeT Teopema, nokazanHas K. [IIeHHOHOM M KOTOpas HOCHUT Ha3BaHHE
nepBasi Teopema lllenHOHa nin ocHOBHAst Teopema llIeHHOHA 0 KOIMPOBAaHUU I KaHATIOB 0€3 moMeX.
Dra Teopema IJIACUT, YTO €CJAM HMCTOYHHMK COOOINEHHI mMeeT sHTpormio H [6ut/cuMBoOI], a KaHal
obmamaer mpormyckHON cmocobHocThio C  [0uT/cek] (MpoOIycKHas CIIOCOOHOCTh XapaKTepPH3yeT
MaKCHMaJlbHO BO3MOXKHOE 3HAUEHHE CKOPOCTH Teperaud WHQPOpMAIUH), TO BCETJa MOXKHO HalTH
Croco0 KOJAMPOBAHMS, KOTOPBIH 00ECIeUnT mepeaady CHMBOJIOB COOOIICHHUS IO KaHANy CO CpelHen

CKOPOCTBIO
C
Vep= T ¢ [cmvBon/cex],

TAC & — CKOJIb YITOOAHO MaJias BCIIMYMWHA.
OOpatHOe yTBEp)KICHUE TOBOPHUT, YTO IEpeaadya CUMBOJIOB COOOIICHUS MO KaHATy CO CpeaHen

CKOpOCThIO V), > H HEBO3MOXKHA U, CI€I0BATEIBHO,

Vinax = 1y [cmmBon/cex].

DTa TeopemMa 4acTo MPUBOAMUTCS B MHOW (POPMYITHUPOBKE: COOOIIEHUSI MCTOYHHUKA COOOIICHUH C
SHTponuMel H Bcera MOXKHO 3aKOUPOBATh ITOCIIEA0BATEILHOCTIME 3JIEMEHTOB KOJIOBBIX CHMBOJIOB C
oobemMoM andaButa K Tak, YTO CpeIHES YMCIIO DJIEMCHTOB CHMBOJIOB KOJa Ha OJHUH CHUMBOJ
koaupyemoro coobmenus (I ¢, ) Oyzner ckons yroguo 6iau3ko k Benuuune H / 10g; K, Ho He MeHee ee.

He BpaBasch B JIOKa3aTENbCTBO ATOH TEOPEMBI, OTMETHM, 4YTO 3Ta TeOpeMa IOKa3bIBaeT
BO3MOXKHOCTh ~ Hawiydmero 3((EeKTHUBHOTO KOJUPOBAHHS, TMPH KOTOPOM OOECTIeUnBACTCS
PaBHOBEPOSITHOE M HE3aBHCHMOE IOCTYIUICHHE JJIEMEHTOB CHMBOJIOB KOJa, a CIIEJIOBATEIhHO, U
MaKCUMaJbHOE KOJHYECTBO TIEPEHOCUMON KaXIbIM H3 HHUX uH(popManuu, paBHoe  logs K
(out/anement) . K coxkanenwio, TeopemMa HE YKa3bIBa€T KOHKPETHOTO crocoda 3()QeKTuBHOTO
KOJMPOBaHUs, OHA JIMIIL TOBOPHUT O TOM, YTO NPH BBHIOOPE KaXKIOTO 3JIEMEHTa KOJOBOTO CHMBOJIA
HEOOXOUMO 4YTOOBI OH HEC MaKCHMAaJIbHOE KOJIWYECTBO HH(OpPMAIUH, a, CIEeIOBATEIILHO, BCE
AJIEMEHTHI CHMBOJIOB KO TOJIKHBI TIOSIBIISITHCSI C PABHBIMU BEPOSTHOCTSIMH M B3aMMHOHE3aBHCHMO.

Hcxons W3 W3IO0KEHHBIX MPHUHIUIIOB, pa3paboTaHbl psijf  alropuTMOB  3(H(HEKTUBHOTO
KOJMPOBaHUS KakK /Il B3aMMHOHE3aBUCHMBIX CHMBOJIOB COOOIICHHUS, TaK U JJISl B3AaUMHO3aBUCHMBIX.
CyTh HX COCTOUT B TOM, YTO OHU COKPAIIAIOT CPEIHIOK0 UTMHY KOJIOBBIX CUMBOJIOB ITyTE€M MTPHUCBOCHUS
KOJOBBIX CHMBOJIOB MUHUMAIILHOHM JIJIMHBI CHMBOJIAM MCXOJIHOTO COOOIICHMHSI, KOTOPHIE BCTPEUAIOTCS

HanOOJIEe YacTo.
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2.5. AinroputMbl 3(p)(peKTHBHOI0 KOJAMPOBAHUS HEPABHOBEPOSITHHIX B3AaUMHOHE3aBHUCUMbIX

CHMMBO0JIOB HCTOYHUKOB COOﬁHIeHHﬁ

Anzopumm Illennona-@eno. CyTb 3TOr0 aJIropuT™Ma, IpU HCIOJIB30BAHUU JBOMYHOIO KOAa
(00Bem andaBrTa FIEMEHTOB CUMBOJIOB KOJ/Ia PABEH 2), 3aKITI0YACTCS B CIACAYIOIIEM.

Bce cumBonbl angaBuTa MCTOYHMKA COOOIICHMN PaHXKUPYIOT, T. €. pacrnojaraimT B IHOpsIKe
yOBIBaHHS BEPOSITHOCTEH HX TMOSIBICHUS. 3aTe€M CHUMBOJBI ajdaBUTa JAEIATCA Ha JBE TPYIIIBI
NpUOJIM3UTENIEHO PAaBHOW CYMMapHOH BEpOSTHOCTH HMX MOSIBICHHsS. Bce CHUMBOJIBI MEpBOW TpYIIIBI
nosry4aroT «0» B KauecTBe MEPBOTO 3JIEMEHTA KOJOBOIO CHMBOJIA, 3 BCE CUMBOJIBI BTOPOU TPyl —
«1». [Janee rpynmsl nenstcs Ha HNOArPYIIIbI, [0 TOMY K€ IPaBUIy IPUMEPHO PABHBIX CyMMAapHBIX
BEPOATHOCTEN, U B Ka)KJ10M MOATrpyIIE IPUCBAUBAETCS BTOpas MO3ULIMS KOJOBbIX cMMBOJIOB. [Iponecc
MIOBTOPSIETCSI 10 3aKOJAMPOBAHMS BCEX CHMBOJIOB aj(aBHTa KOAMPYEMOTO0 MCTOYHHUKA cooOuieHuid. B
KOJZIOBBII CHMBOJI, COOTBETCTBYIOUIMM TMOCieqHell rpyIme, 100aBiseTcs B KayecTBE IOCIEIHEro
anemeHTa «0» sl TOro, 4ToObl HaYaIbHBINA AJIEMEHT CUMBOJIOB KOJIa HE COBIAJall ¢ KOHEYHBIM, UTO
MIO3BOJIIET UCKIIIOYUTD Pa3JeIUTEIbHBIE JJIEMEHTBI MEX]ly CHMBOJIaMH KOJIa.

Tabnuna 2.2 wmocTpupyer mpoiecc nocrpoenus kona [llennona—®eHo Ha TpUMepe UCTOYHUKA

COO0IIeHUH, a(aBUT KOTOPOT'O COCTOUT M3 BOCBMHU CHMBOJIOB.

Tabnuma 2.2
Howmep CuMBOJIBI BepositHocTn Homepa Konossie

cumBoa. (i) andaswura. (M;) (Py). Paz0ucHuii. CHMBOJIBL.

1 mp 1/2 0

2 e 1/4 | 10

3 ms 1/8 . 110

4 My 1/16 " 1110

5 Mms 1/32 11110

6 me 1/64 v 111110

7 my 1/128 1111110

8 Mg 1/256 v 11111110
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Ha puc. 2.1 npencraBieHn rpad komupoBaHUs (KOJOBOE IEPEBO), KOTOPHIA IMOKA3bIBACT, Kak
«pacHUICTUISICTCS»  PAaH)KUPOBAHHASI  MMOCJIEIOBATEILHOCTh CHMBOJIOB  KOJUPYEMOTO HCTOYHHKA

COO6H1€HHI>'I Ha I'pyHIibl U OTACIIBHBIC CUMBOJIbBI 1 KAKUC KOAOBBIC CUMBOJIbI IPUCBANBAIOTCA I'pYIIIIaM

Y OTJICTIbHBIM CUMBOJIaM aJipaBUTa UCTOYHHUKA COOOIICHUI Ha KaXXOM Iare pa3oneHus.

m ()

m(10)

m(110)

= m (1110)

- m(11110)

my(111110)
‘m?(IIIIHO]

i=6 Zp_ m(11111110)

i
i=¥

Puc 2.1. I'pad komupoBanus mo anropurmy lllerHona—deHo.

Anroputwm lllenHoHa—®DeHO MPUMEHUM | NPH MHBIX YHCIOBBIX OCHOBaHMsAX Kona (K > 2). B atom
Cllydae aJrOpUTM TOJy4YeHHUS KOJa aHAJIOTMYeH pPAacCMOTPEHHOMY NpHUMEpY, TOJIBKO aiiaBUT
KOJUPYEMOTI'0 MCTOYHHKA COOOIICHUI pa3OuBaeTcss Ha K rpynn ¥ MOATpyIn OPUMEPHO OJUHAKOBOM
CYMMAapHOU BEPOSITHOCTH.

[IpencraBnsier wHTEepec cpaBHeHHE S(H(YEKTUBHOTO KOAMPOBAHUS PABHOMEPHBIM KOJOM U
HEpPaBHOMEPHBIM KOJI0oM 110 anroputmy lllennona—deno.

B kadecTtBe mpumepa paccCMOTpUM TpeaiokeHHbIH Bbie (Tabm. 2.2) UCTOYHUK COOOIICHHH ¢
o0beMoM andaBuTa paBHBIM § M COOTBETCTBYIOLIUMHU BEPOSTHOCTSIMH TOSIBICHUS OTIEIBHBIX
cumBoJ10B (Pj). [y KomupoBaHuUs HCIOb3yeM ABOUYHBIHN Ko ( K = 2).

DHTPONHUS PACCMOTPEHHOTO CTOYHMKA coodmieHut (H,) onpenensercs no ¢popmyse [llennona:

8
Hu = —ZPI N OZ P,g:]-19 (6ut/cumBoN).
=1

MakcumanbHO € BO3MOXXHOE 3HAUYCHHE HSHTPONHUHM HCTOYHHMKA cooOmeHuil (Hymax), mpu
YCJ'IOBI/II/I paBHOBepOHTHOFO U B3aMMHO HC3aBHCHMOI'O ITOABJICHUA CUMBOJIOB, HAXOAUTCA I1O0 (bopMyne

Xaptiu:
1
Hom =5l o0&l o8-8,

CrnenoBarenbHO, H30BITOYHOCTh PACCMAaTPUBAEMOTO UCTOYHUKA coobmeHuit (R,) MoxeT ObITh

HalijeHa U3 COOTHOILIEHU:
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Hcnone3ys dhopmyay s 3¢GeKTHBHOTO paBHOMEpHOTo Koaa (2.4) mpu K = 2, monyduM 3HAYHOCTh
PAaBHOMEPHOTO IBOMYHOTO KOJA (71,):
n,=1 o, ng=1 0,8¢3,
1 U30BITOYHOCTB PaBHOMEPHOTO Koaa (R,x):
H

R, =l-—-+*—=03 .
n,-1 okg

HTPOIHS DJIEMEHTOB CHMBOJIOB PAaBHOMEPHOTO KO/ 1.r), T.e. KOJUYECTBO HH(POpMALUU
DHTpO 3JIEMEHTOB CHMBOJIO aoeoooa(H),eoeco OpMallHH,

MIPUXOIAIIEECS HA OJIUH JIEMEHT CUMBOJIA KoJ1a, Oy/IeT paBHa:

Hyp= N “=0,6  (Gur/onement cumBoIa K01a). (2.6)
P

[Ipu  wucnonb3oBanuu  3PGEKTUBHOTO KoaupoBaHus mo  aiaroputMmy lllenHona-®deno

COOTBETCTBYIOIIKE HH(POPMAIIMOHHBIE TTapaMeTphl KoJia OYAyT CleayIoIne.

Cpenuss IIHHA HEPAaBHOMEPHOT'O KOJIa (71) OMPEAEISICTCS BHIPAKEHUCM:
m
nH:Zni'pizz, (2.7)
i=1

IJIe nj — 3HAYHOCTH | - TO KOJOBOTO CHMBOJIA, COOTBETCTBYIOIIETO CHMBOITY ajiaBuTa M;.

N36biTouHOCTS HEpaBHOMEpHOTO Ko (R k) OmpeneiuM U3 COOTHOIICHHS:

R, 7l-— =00
n,-1 o Kg

DOHTpOMHUS 3JIEMEHTOB CUMBOJIOB 3()()EKTUBHOTO HEPAaBHOMEPHOTO KOJa (H 1H )MO}KCT OBITh JIETKO

HaligeHa:

H, = n =09 (OuT/>1eMEHT CHMBOJIA KOJQ). (2.8)
H

N3 cpaBHeHus BolpakeHudd (2.6) u (2.8) BUAHO, YTO, TPHU HCIONB30BaHUHU S(PPEKTUBHOTO
KoaupoBanusi 1mo anmropurMmy lllenHoHa-DeHO, SHTPOMHS  3JEMEHTOB CHMBOJIOB  TaKOIoO
HEpaBHOMEPHOT0 Koja Ha 50% BbIIIE YeM SHTPOMMS IEMEHTOB CUMBOJIOB B CIy4ae UCIOIb30BAHUS
paBHOMEpHOro Kozaa. Ecnu npeanonoxuTs, 4To CKOPOCTh Mepeiadyu M0 KaHaly 3JEMEHTOB CUMBOJIOB
koga (W) oauHakoBa [UIsi PaBHOMEPHOIO M HEPABHOMEPHOIO KOJa, TO CKOpPOCTb IEpeadu
uHpopmanuu (V), onpenensemasi BBIpaKeHHEM

V=HW,

rac H— OHTpOIUA 3JICMCHTOB CUMBOJIA KOJI4,
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takke Oyner Ha 50% BbIlIe TPU HMCMONB30BAHUHM 3(PPEKTUBHOTO KOAWPOBAHUS IO AITOPUTMY
[ITennoHa—®EHO 1O CPAaBHEHUIO C PABHOMEPHBIM KOAUPOBAHUEM.

Anroput™ lllennoHa—®eHO yacTo MPUMEHSIOT U s GiiouHOro KoaupoBaHus. [lpu sTom Taxke
CYILIECTBEHHO TOBbIIIaeTCA 3PPEKTUBHOCTh KOAUPOBaHUA. [[1s1 MilTtoCTpaliii Takoro KOJWPOBAHUS
paccMOTpuM Tpoueaypy 3>PQPEeKTUBHOTO KOAUPOBAHUS IBOMYHBIM YHCIOBBIM KOJIOM COOOIIEHUH,
TeHEPUPYEMBIX HCTOYHHKOM COOOIIEHUH ¢ 00heMoM andasuta paBHbIM 2 (M = 2), T.e. ¢ andaBUTOM,
COCTOSIITMM TOJBKO M3 IBYX CHMBOJIOB M1 U My ¢ BeposTHOCTAMU mosiieHust P(my1) = 0,9 u P(m;) =
0,1 u, cnemoBarensHO, ¢ F3HTporment H = 0,47.

[Tpu mocumBONILHOM KOAUpOBaHUH 110 anropuTmy Lllennona—®eHo 3¢ (eKT OTCYyTCTBYET, Tak Kak
Ha KaXIbI CHUMBOJ COOOIIEHUS OyAeT NPUXOAMTCS OJWH CHMBOJ KOJA, COCTOSIIUI M3 OJHOTO
DIIEMEHTA.

[IpousBenem Temneps KomupoBaHue 1o anroputMmy lllenHoHa—®eHO OJOKOB, COCTOSIIUX U3
KOMOHMHAIMKA JBYX CHMBOJIOB HCTOYHHKA COOOIIEHUH, CUMTAas CHUMBOJIBI B3aUMHOHE3aBUCHMBIMH.

Pesynbrat npuseneH B Tabnure 2.3.

Tabnuua 2.3.
bnoxu BepositHocTn Howmepa pa3buenuit | KogoBble koMOMHAIUN
mimq 0,81 1
I

mim; 0,09 01

I
mamy 0,09 001

Il
mam; 0,01 0001

Cpennee 4YHCIIO 3JEMEHTOB CHMBOJIOB KOJIa Ha OJMH CHMBOJ HMCXOJHOTO COOOIICHHMS,
BbIUUCIIEHHOE 10 Gopmyine (2.7), paBHo 0,645, 4TO 3HAUUTENBHO HIKE, YEM IPH MOCHUMBOJIHLHOM
KOJIMPOBAaHUM.

KonupoBanue O0J0KOB, COOTBETCTBYIOIIMX KOMOMHAIMAM W3 TPEX CHMBOJIOB HMCTOYHHUKA

cooO1eHu, naet eme 6onpiumii 3¢ ¢dekt. Pesynprar npuseneH B Tabmure 2.4.

Tabmuia 2.4.

Konosrie

bnoku. BepositHocTH. Howmepa pa3ouenuid.

KOMOWHAIAY.
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mqmqmy 0,729 1
|
momMqi My 0,081 011
i
mq Mo My 0,081 010
|
m;mp;my 0,081 001
v
mo Mo My 0,009 00011
Vi
m, My My 0,009 00010
Vv
my M, My 0,009 00001
VIl
mo Mo My 0,001 00000

B osTomM ciydae cpemHee 4YMCIO SJEMEHTOB CHMBOJIOB KOJa Ha OJMH CHMBOJ HUCXOIHOTO
UCTOYHUKA coobtmeHuit pasuo 0,53.

Teopernuecknit MuanmymM H = 0,47 Moxxer OBITb JOCTUTHYT TPH KOJUPOBAHWUU OJIOKOB
HEOTPAaHUYEHHOW JUIUHBI.

Anroputm IllenHona-deHO HE Bceraa MPHUBOIUT K OJHO3HAYHOMY IMOCTPOCHHIO KOJNa, TaK Kak
npu pa3O0UEeHUHU Ha MOATPYIIBI MOXKHO ClIeJaTh OOJBIIEH M0 CyMMapHO BEPOATHOCTH KaK BEPXHIOK,
TaK U HIDKHIOIO TOATPYIITY. DTOro HEAOCTaTKa JUIIeH anroput™ XaddmeHna, KOTOphId TapaHTHPYET
OJIHO3HAYHOE TTOCTpoeHne 3 (HEKTUBHOTO KOJIa.

Anzopumm Xagpgpmena. CyThb 3TOTO aNropuT™ma, Ipu UCIMOIb30BAHUH IBOMYHOTO KOJ1a, COCTOUT B
cnenyromeM. Bce cuMBOibl andaBuTa WCTOYHHKA COOOIICHHWA DPAHKUPYIOT, T.€. BBIUCHIBAIOT B
cTonbeIl B OpsAIKE YOBIBAHUS BEPOSTHOCTEH UX MOSIBICHUS. /[Ba MOCIETHUX CHMBOJIA OOBEANHSIIOT B
OJIMH BCIIOMOTaTeNbHbIM CHMBOJI, KOTOPOMY MPUITHUCHIBAIOT CYMMapHYIO BEPOSITHOCTb.

BeposTHOCTH CMMBOJIOB, HE Y4aCTBOBAaBUIMX B OOBEAMHEHUU, U BEPOSTHOCTH BCIIOMOTaTEIbHOTO
CUMBOJIa BHOBb DPAHXHUPYIOT, T.€. pacmojaraloT B TMOpsAKe YyOBIBaHHS BEpPOSTHOCTEH B
JOTIOTHUTEIFHOM CTOJIOIE U JIBA TTOCIEAHUX CUMBOJIA 00beauHIOTCs. [Ipotiecc mpoaomkaercs 10 TeX
1op, MOKa He MOJYyYUM €IUHCTBEHHBIH BCIIOMOTaTEIbHBIA CUMBOJ C BEPOSITHOCTHIO PAaBHOM €IUHUIIE.

[Tpumep koaupoBaHus o anropuTMy Xaddmena npuBeneH B Tadauie 2.5.

Tabmuma 2.5
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Crmmonst | Beposmsocr BennomorarenbHBIE CTOJIOLBL
1 2 3 4 5 6 7
m, 0,22 0,22 | 0,22 i 0,26 = 0,32 g 0,42 = 0,52 kg 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{|| 0,26
m, 0,16 0,16 | 0,16 || 0,16(| 0,20
m, 0,10 0,10 p 0,16!]| 0,16
m, 0,10 0,10{( 0,10
m, 0,04 > (0,06
m, 0,02

Ha puc. 2.2 mnoka3zan rpad xoaupoBaHus (KOIOBOE JEPEBO), KOTOPBIM WILTIOCTPHPYET
paHXXUpPOBaHUE CMMBOJIOB Ha TPYIIIBI U OT/AEJbHBIE CUMBOJIBI, IPUYEM W3 TOUYKH, COOTBETCTBYIOIICH
BEPOSITHOCTH 1, HampaBiisieM JBE BETBH: OJHOW M3 HUX (C OOJBINECH BEPOSTHOCTHIO) MPUCBAWBAEM
cuMBoJI 1, a BTOpoil — cumBoa 0.

Takoe mnocienoBaTeIbHOE
~ -~ BeTBIIEHUE MPOJOKUM 0
TEX TOp, MOKa HEe AOoiaeM
JI0 BEPOATHOCTH KaXXJ0TO
cuMmBoJia. J[Burasdce 10
KOJIOBOMY JI€PEBY CBEPXY
BHH3, MOXHO 3amucaTh
JUIS  Ka)KJIoro  CHMBOJIA
HCTOYHHUKA COO0O0IIeHUI
COOTBETCTBYIOIIYIO €My
KOMOWHAIMK©  (KOAOBBIN

CHUMBOJ).

my

Puc 2.2. I'pa kogupoBanus no anroputmy Xaddpmena .

Paznuunnie CHUMBOIJIbI, TCHCPUPYEMBIC HCTOYHHUKOM COO6H_ICHI/IH, U COOTBETCTBYIOIIHUE HM

KOJIOBBIE CHMBOJIBI TIPEJICTABIICHBI B TabyHIIe 2.6.
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Tabmuia 2.6.
ms mo ms My Ms Mg ms Mg
01 00 111 110 100 1011 10101 10100

OTOT ITOPUTM MOXHO HCIIOJIIb30BaTh W IPU MHOM YHMCIOBOM OCHOBAaHHUHU KOJa, a TaKkXe
UCIIOJIb30BaTh OJIOKH, KaK 3TO paccMOTpeHo B anroputMme lllennona-deHo.

D¢ hEeKTUBHOCT PACCMOTPEHHBIX AJITOPUTMOB JIOCTUTAETCs OJyaromapsi TPUCBOCHUIO Oolee
KOPOTKMX KOJOBBIX KOMOMHAIMi (KOZOBBIX CHMBOJIOB) CHMBOJIAM HCTOYHHUKA COOOILEHUIH,
BEPOSTHOCTh KOTOPHIX OoJjiee BBICOKA, M Oojiee JIUHHBIX KOJIOBBIX KOMOMHAIMKA - CHMBOJIAM
UCTOYHUKA COOOIIEHUH ¢ MaJIOi BEPOSITHOCTBIO. DTO BEJET K PA3InUMsAM B JUIMHE KOJOBBIX CUMBOJIOB
U, KaK CIEJICTBUE, K TPYIHOCTAM IPU MX JEKOAUPOBaHMU. [l pa3fereHus OTAENbHBIX KOIOBBIX
CHUMBOJIOB MOKHO MCIOJIb30BaTh CIELMAIBHBIA pa3eInTEIbHBINA AIEMEHT, HO IIPU 3TOM CYLIECTBEHHO
cHIKaeTcs 3 (HEeKTUBHOCTh KOJ1a, T.K. CPEAHSISI [UIMHA KOJIOBOTO CUMBOJIA (DAKTUYECKH YBEIMUUBACTCS
Ha O/IMH JIEMEHT CUMBOJIA KOJa.
IlenecooOpa3Hee obecneunTh AEKOAUPOBaHUE O€3 BBEIEHHS JOMOJHUTEIbHBIX 3JIEMEHTOB CUMBOJIOB.
OTOro MOXHO H0OUTHCH, ecn B 3((EKTUBHOM KOJe HHM OJHAa KOJOBas KOMOHMHalus He Oyzaer
COBIAJaTh C HayajuoM OoJsiee IIMHHOW KOZOBOM KoMmOuHanuu. Kojbl, yZOBIETBOPSIOLINE 3TOMY
YCIIOBHIO, HA3bIBAIOT MPEPUKCHBIMU KOJaMH (IIpe(UKCOM WIIM HAadyaloM Ha3blBaIOT MEPBBII 3JIEMEHT B
KO/IOBOM CHMBOJIE, @ TOCJIEAHUMN 3JIEMEHT — OKOHYAHUEM WJIH ITOCT(PUKCOM).

Jlerko 3aMeTHUTh, 4TO KOJbI, MocTpoeHHble N0 anroputmaM lllenHona—®eno nnn Xaddmena,

SIBIISIFOTCS IPEPUKCHBIMHU.

2.6. AnroputMbl 3p(PeKTUBHOT0 KOJMPOBAHUSA HEPABHOBEPOSITHHIX B3aMMO03aBHCUMBbIX

CHMBOJIOB COOOIIICHU I

YcTpaHeHHe B3aMMHOW 3aBHCHMOCTH CHMBOJIOB HMCTOYHHMKA COOOINEHUS MOXET OBITh
OCYIIECTBIICHO TyTeM YKpyHHEHHs ajdaBUTa HMCXOJHOTO HCTOYHUKA coobmeHus. [lis »Toro
MOJIIKAIUE KOJUPOBAHUIO COOOIICHMS ITOCIICIOBATEILHO pa3OMBAIOTCS HA JBYX-, TPeX- WK N-
3HAKOBBIE coueTaHus (OJIOKH), BEPOSITHOCTH KOTOPBIX M3BECTHBI, @ 3aT€M 3TH COYCTAHUS KOIUPYIOTCS
B cooTBeTCTBHH ¢ anropurMmamu Lllennona-deno nimm Xadpdpmena.

HenocraTok 3TOr0 anroputMa COCTOUT B TOM, YTO HPHU €ro UCIOIB30BAHWUU HE YUHTHIBAIOTCS
CBSI3U MEXIY CHMBOJIAaMHU, BXOSIIMMH B COCTaB COCETHUX coueTaHUi (OJIOKOB).

OTOT HEAOCTATOK MOXKET OBITh YCTPAHEH KOJMPOBAHHMEM IO METOJY JUarpaMM, TPUTPaMM WK B

obmem ciydae K-rpamm. K-rpamMMoli Ha3bIBalOT TMOCIEIOBATENLHOCTh U3 K CMEXKHBIX CHMBOJIOB
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coobmienus. [Tpu k=2 coueranne CMEKHBIX 3HAKOB HAa3BIBAIOT AMAarpaMMoi, mpu K=3 — Tpurpammoit
nuT.O.

B mporecce koaupoBaHus MO METOAY K-rpaMM NPOU3BOISAT HENPEPHIBHOE IMOCIEIOBATEIbHOE
nepeMerieHie K-rpaMMbl 1O COOOIIEHUIO C I[IArOM PaBHBIM OJHOMY CHMBOJIY. DTOT MpPOIIECC

(monryuenwue 3-x K-rpaMm) HILTFOCTpUpYeETCs puc. 2.3, rie Xj - CHMBOJIBI COOOIICHHS.

3-5 R-rpaMMa

1{a k-rpamma

ISIEI3I4””.””.””.”””IEII .'X'HIE

2-51 R-TpaMMa

Puc 2.3. [Ipouecc HEMPepBIBHOTO MOCIEI0BATEILHOTO MEpeMeNIeHuUs K-TpaMMBbI 10 COOOIICHUIO.

Ecimu  BeposTHOCTH TOSBICHUS pA3NUYHBIX K-rpaMM H3BECTHBL, TO UX 3(deKTHBHOE
KOJMPOBAaHUE, B YACTHOCTH, MOKET OBITh BBINOJIHEHO 1o anroputMaM lllennona-®eno mm Xadppmena.
KonkperHoe 3HaueHue K BBHIOMpaeTCs MUCXOIS M3 CTEICHH B3aUMO3aBUCHMOCTH MEXIY CHMBOJAMHU

COOOILIEHNUS U CII0)KHOCTH TEXHUYECKON peaau3aluu KOAUPYIOIUX U JEKOAUPYIOIIUX YCTPOHCTB.

2.7. Hepocrarku aaroputrmMoB 3¢ GeKTHBHOr0 KOAUPOBAHMS.

OCHOBHBIM HEJOCTAaTKOM JTHX aJTOPUTMOB SBIISETCS crHeuuduyeckoe BIMSHHE IOMEX Ha
JIOCTOBEPHOCTH JIEKOJMPOBAHMS, KOTOPOE MPOSIBISETCS B TOM, YTO OJAMHOYHAS OMIMOKa B KOJOBOU
KOMOMHAIIMM MOXET TIIepEeBECTH €€ B JAPYryl0 KOJOBYIO KOMOMHAIMIO, HE paBHYIO €H IO
JUTNTETBHOCTH. OJTO MOXET NPUBECTH K HEBEPHOMY JEKOIUPOBAHUIO pAAa MOCIEAYIOIINX
KOMOWHAIIH, YTO HAa3bIBAIOT TPEKOM OIIMOKH, XOTS CYILECTBYIOT METO/bI, IO3BOJISIOLINE CBECTH TPEK
OLIMOKH K MUHHMYMY.

CylIecTBeHHBIM HEIOCTATKOM SIBIISICTCS TAKXKE CIJIOKHOCTh TEXHHYECKON pealn3aliyl CHCTEM
3(PEeKTUBHOTO KOIUPOBAHUS, KOTOpHIC IOJDKHBI BKIIOYaTh B ce0s OydepHble yCTpolcTBa U
YCTpPOMCTBa HakoIUIeHUs. Mcmonb3oBaHME 3THUX YCTPOMCTB BBI3BAHO TEM, YTO JJIMHA KOJOBBIX
KOMOUWHAIMH pa3iuyHa, a KaHAJIbI CBSI3U 3P PEKTUBHO pabOTAIOT TOJIBKO B TOM CIIy4ae, €CIIU CUMBOJIBI
HOCTYIAIOT Ha HUX C ITOCTOSIHHOI cKopocThio. Kpome 3TOT0, MpH KOIMpOBaHNH 0JIOKAMU HEOOXOIMMO
HAaKalIMBaTh CHUMBOJIBI, NPEXIE HYeM TIPHCBOMTH HX COBOKYITHOCTH KaKylO-THOO KOJOBYIO

KOMOWHAIUIO.
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2.8. [TomexoycToiiuuBoe (KOppeKkTHpYIOlIee) KoaupoBanue. O0me MOHATHS

Bricokue TpeOoBaHMA K JIOCTOBEpPHOCTH W HAJECKHOCTH Iepenaud, oOpabOTKM M XpaHEHHUs
uH(pOpMAIIMK B CHCTEMax Mepelaud TaHHBIX, B BRIYUCIUTEIBHBIX CUCTEMaX M CEeTSIX, B PETMOHAIBHBIX
cHUCTeMaxX VIpaBICHUS W PA3IMYHOTO pojaa WHGPOPMAIMOHHBIX CHUCTEMax TPeOYIOT TaKoro
KOJMpOBaHUsI WH(POpMAIIUH, KOTOpoe obecreunBago Obl 0e30MMO0YHYIO0 €€ Tepenady, a B ciydae
NOSIBIICHUSI OIIMOOK - UX 0OHApY)KEHUE U UCTIPABJICHUE.

Kompl, oOnanmatomme Takoi  CIIOCOOHOCTBIO,  HA3bIBAIOT  MOMEXOYCTOWYMBBIMH WM
KoppekTupytomumu.  [lomaisiromee  OOJBIIMHCTBO — CYHISCTBYIOIIMX B HACTOAIIEE  BpEMs
MMOMEXOYCTOMYMBBIX KOJOB 00JagaroT TpeOyeMbIMH CBOWCTBaMH OJyiaromapss HUX ajreOpandeckoit
cTpykType. [loaToMy MX Ha3bIBaIOT aareOpandecKuMU KoJaMHU. XOTS CYIIECTBYIOT M WHBIC KOJIBI,
KOPpPEKTUPYIOIIee JIEHCTBHE KOTOPHIX OCHOBAaHO HA OIEHKE BEPOSTHOCTU HMCKAKECHHS KaXKIOTO
CHMBOJIa KOJIA.

KomoBeie koMOMHanuu (KOJOBBIE CHMBOJIBI) alreOpanvecKux KOJIOB BKIIOYAIOT B ceOs JBe
TPYNIBI 3JIEMEHTOB KOJOBBIX CHUMBOJIOB: WH()OPMALMOHHBIC SJIEMEHTHI UM MPOBEPOUYHBIC SJIEMEHTEHI.
COBOKYMMHOCTh MH(OPMALMOHHBIX JJIEMEHTOB KOJOBOTO CHMBOJA COOTBETCTBYIOT CHMBOJY
KOJUPYEMOTO  COOOIICHUS, a TPOBEpOYHBbIC (M30BITOYHBIC) OJIEMEHTHI  JOOABISIOTCA K
WH(POPMAIIMOHHBIM AJIEMEHTAM U CITYXaT JUIsi OOHAPYKEHHSI X UCTIPABJICHUS OIIHOOK.

Bce anrebOpanyeckue KOAbI MOXHO pa3eliuTh Ha JIBa OONBIIMX Kiacca: 01o04HbIe (0JI0KOBBIE) U
HENPEPBIBHBIE.

bro4Hble KOJBI TPEACTABISIOT COOOH COBOKYITHOCTH KOJOBBIX CHMBOJIOB, COCTOSIIUX W3
OTHENbHBIX KOMOWHanuii (OJIOKOB) SJEMEHTOB CHMBOJIOB KOJa, KOTOPbIE KOAMPYIOTCS U
JEKOTUPYIOTCA He3aBUCUMO. llpu 3TOM KaXaOoMy CHMBOJIY KOJUPYEMOI'O HCXOJIHOTO COOOLICHHS
CTaBUTCS B COOTBETCTBHE OJOK (KOMOMHAIW) U3 N 3JIIEMEHTOB CHMBOJIOB KOJA, KyJa BKIIOUYAIOTCS
WH(POPMAIIMOHHBIC W TPOBEPOYHBIC 3JIEMEHTHI. BIIOUHBINA KOJ Ha3bIBAlOT PABHOMEPHBIM, €CIIA N IS
BCeX OJIOKOB OQMHAKOBO.

HenpepbiBHBIC (IpEBOBUAHBIC) KOJBI MPEACTABISIOT COO0N HEMPEPBHIBHYIO MOCIIEI0BATEILHOCTD
KOZOBBIX CHMBOJIOB, TIPUYEM BBEICHUE MPOBEPOUYHBIX SJIEMEHTOB IMPOU3BOJUTCS HEMpPEpPHIBHO, 0€3
pa3zeneHus ee Ha HE3aBUCHMBIE OJIOKH.

Kak 0;10uHBIC KOJIBI, TAK M HEMPEPHIBHBIC MOTYT OBITH Pa3/IEIMMBIMU ¥ HEPA3ICTHMbBIMH.

B pa3ngenuMbix kogax mHGOPMAIMOHHBIE U TPOBEPOYHBIC AJIEMEHTHI CHMBOJIOB KOJa OTUETIIMBO
pasrpaHUYeHbl W BCET/la 3aHUMAIOT OJHU M T€ K€ OIpeNeleHHbIE MOo3ulluu (pa3psiabl). Takue Kombl
9yacTo Has3biBaroT (N,K) Kompl, rie N — JJIMHA KOJOBOTO CUMBONA, K — 4ucio mHOOPMAIMOHHBIX

3JICMCHTOB B HEM.
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[Ipy KOAMpPOBAaHMM  HEPA3AENMMBIMM  KOJAaMH  pA3[eleHHE KOJOBOTO CHMBOJIA  Ha
uH(OPMAILIMOHHBIE JIEMEHTHI U TIPOBEPOYHBIC HEBO3MOKHO.
Cpenu pa3nenuMbIX KOJOB BBIICISIOT CHUCTeMaTH4Yeckue (JIMHEWHBIE) W HECHCTEMaTHYECKHE.
CucremMaTH4eCKUMH KOJAMHM HA3bIBAIOT KOJIbI, B KOTOPBIX IMPOBEPOYHBIE JJIEMEHTHI SBIISIFOTCS
JUHEWHBIMM KOMOMHAIMSIMH HH()OPMALMOHHBIX. OJTHU KOAbI Haubojee pachpoCTpaHEHbl, T.K. HUX
WCIIOJIb30BAaHUE CYIIECTBEHHO YIPOIAET TEXHUUECKYIO PEAIM3aLMI0 KOJUPYIOMNX U JEKOAUPYIOIIUX

YCTPOMCTB.

2.9. TeopeTuyecKkue OCHOBBI IOMEX0YCTONYUBOI0 KOAMPOBAHUS

TeopeTnueckre OCHOBBI IOMEXO3AIIUIIEHHOIO KOAMPOBaHUS cooOIIeHni Oa3upyroTcs Ha
ocHOBHOM Teopeme llleHHOHa 0 KOAUPOBAHUH ISl KaHajla C IOMeXaMu. JTa TeopeMa riacur:

1. Ilpu 060K TPOU3BOAUTEIFHOCTH HWCTOYHHMKA COOOIEHHMH, MEHBIIEH 4YeM IpOITyCKHas,
CIOCOOHOCTH KaHajla, CYIIECTBYET TaKOM CIOco0 KOAMPOBAHUS, KOTOPBIA MO3BOJISET 00ECIICYUTh
nepeaady Bced mH(OOpMAIUMU, CO37aBa€MON MCTOYHHUKOM COOOIIEHUM, CO CKOJIb YTOIHO MaJloi
BEPOSATHOCTHIO OLITUOKHU.

2. He cymecTtByer cocoba KOAUPOBAHMSI, TIO3BOJISIONIETO BECTU Mepeaady WH(popMamuu co CKOJb
YrOJHO MAajioi BEPOATHOCTHIO OMIMOKH, €CIU MPOU3BOJUTENBHOCTh HCTOUYHUKA COOOIIEHUI
0oJIbIIIe TPOITYCKHON CITOCOOHOCTH KaHaIa.

AHanu3upys TeopeMy, BaXHO OTMETUTh, YTO OHA YCTAHABIMBAET TEOPETHUECKUU TIpeaen
mpolecca nepenayn HHGOpMaIluU, CO3JaBaeMO UCTOYHHKOM COOOINEHUH, CO CKOJIb yrOJHO Majou
BEPOATHOCTHIO OIMIMOKM M IOKa3bIBa€T, YTO MOMEXH B KaHaje HE HaKJIaJbIBalOT OTpaHMYEHUN Ha
TOYHOCTb U JOCTOBEPHOCTH IMEpelayd COOOIICHMH, a OrpaHUYEHHs HaAKJIAJbIBAIOTCS JIMIIb Ha
CKOPOCTh Tepenadyu, Ipyu KOTOPOH MOXKET ObITh JOCTUTHYTA CKOJIb YTOJHO BBICOKAs JTOCTOBEPHOCTH
nepeaayu.

Teopema, K COXaJEHUIO, HE YKa3bIBa€T KOHKPETHBIX MyTed MOCTPOCHHUS KOJOB,
o0ecreunBaroUX HaAeKHOCTh MEepelayt, OJIHAKO OHA JOKA3bIBAET, YTO TAKUE ITYTH CYIIECTBYIOT.

s ompeneneHuss KOHKPETHBIX HAMpaBlIEHWH, 0OECIIEUYMBAIONINX MMOBBIIICHUE HAIEKHOCTH U
JIOCTOBEPHOCTH TIepefaun COOOIIeHUur, oOpatuMcs K oO0meld MH()OPMAIMOHHOW MOJETU CHCTEMBI

nepeaadn cooOIIeHUH, IPEICTaBICHHON Ha puC. 2.4.

L Ty

x v
_— Kanan | » Ilpuemunr [ IHomygaTedsb

Herounnr | ¥ JaTaur
coo0IeHnA *| coobmeHua

Puc. 2.4. O6mas nadopmarimoHHas MOJIeTb CUCTEMBI TIepeadl COOOIICHHMIA.
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ITycts U— ucxomuoe cooOlueHre, FeHEPUPYEMOE HCTOYHUKOM COOOIIEHHS, AaTYUK COOOIIECHHS
npeoOpa3yeT ero B CHTHal, x=¥(u) sarem sTor curHan MNPOXOAUT IO KaHAIy U IOCTYyNaeT Ha
NPUEMHIK, B KOTOPOM IIpeo6pasoBbiBactes B coobmenne Vi v =¥ (x).

Taxum o6pa3om, mpolecc nepenaun cCoOOOUICHNH OMUCBHIBAaeTCs B cieayronem odpasom (Puc.2.5.):

— Ha TMepelalolmeM KOHIE KaHaga mnpoctpaHcTBo —coobmennii U mpeobpasyercs B

TIPOCTPaHCTBO curHanos X |

— Ha TpUEMHOM KOHIE KaHala M3 IPOCTPAHCTBA CUTHANOB X  BOCCTAHABIMBAETCS
npocTpancTBo coobdimenuii V .

||I. o ”|X A 4

- S -
Puc. 2.5. Mmmroctpanus nporiecca nepeaadn COOOeHUH o KaHamy.

[Ipu oTCYTCTBHM TIOMEX BBIMOIHACTCA OJHO3HAYHOE COOTBETCTBUE MEXIY MCXOIHBIM CHMBOJIOM
coobmmeHus (Uj) ¥ MPUHATHIM CUMBOJIOM (Vj). JlelicTBUTENBHO,

vi =¥ (%)= \P‘l[\}l(ui )] =U;,

[Ipu Hanuyum nomex curHan X MpHU MPOXOXKACHUH 4Yepe3 KaHall Oy/eT MCKaKaThCs U, B 00IIeM

ciaydae, Vi 7 Ui, 4TO MPUBOAUT K MCKAKEHUIO MCXOJHOTO COOOIIEHUS U BBI3BIBACT TPYTHOCTH B

pa3feneHud M OMO3HAHMU HCXOJHBIX CHMBOJOB coobmeHui. [liga Oe3zommbouynoro mnpuéma

HE00X0UMO UAEHTU(UIMPOBATE NPUHATOE COOOIIEHUE V, TO €CTh ONPEIEIUTh, KAKOMY UCXOAHOMY

coobmmenuto Y

i OHO COOTBETCTBYET.

BbImomHUTE 3Ty HIeHTUGUKALNIO MOXKHO cienyromuM odpazom. Eciau coGcTBeHHBIE IIyMBI B
OpUEMHHUKE OTCYTCTBYIOT, TO MOXHO OJHO3HAQ4YHO ONPENCIUTh TNPUHATBIA  CUTHAT X,
COOTBETCTBYIOLIHI MOJIy4eHHOMY COOOIICHHIO V:
v=%"(x)

Y OIIPEETUTH MOJI0XKEHUE CUTHAJIA X B TpocTpaHCcTBe curHanos X (Puc. 2.6.).
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Puc. 2.6. [lonoxeHnue curnaia X B IpOCTPaHCTBE CUTHAJIOB X.

Bektopy X MOXHO MNPUCBOWTH 3HAu€HUE ONMMKANWIIEro K HEMY H3BECTHOTO BEKTOpa U3

npocrpancTsa curHaios X , to ects X = Xi | ecim
|x- xi|< |x- xj|

15 modoro 1 #

[IpueMHuK, paboTarOmuUil MO0 BBIIIE PACCMOTPEHHOMY NMPUHLUIY HICHTH()UKAINU, HA3BIBAIOT
U/IeaTbHBIM IPHEMHUKOM.

Ommbka mpreMa HAeaTbHOrO TIpHUeMHHKA (mpueM coobmenus Yi BmecTo mepemaHHOro Uj)
HNPONUCXOMUT JMIIb TOTJA, KOTJIa CHUTHAN X MOJ JCHCTBHEM IIOMEX IEPEeXOANT TPaHMIly paszera

o0JracTeit 3TUX COOOIIEHHH, TO €CTh TOT1a, KOraa

I - x| > 1|xi
2

- XJ|

BeposiTHOCTh TOSIBICHUS TaKOM OIIMOKM MOXKET CIY)KUTh MEpOH IMOMEXOYCTOMUMBOCTH WU

HaJIeX)KHOCTH cucTeMbl cBsizu (I1):

=1 o{—pé—j:—l 0, pg (2.9.)

0

rae Py— BeposATHOCTH MOSABIEHUS OMUOKK HA BBIXOE MPHEMHHKA.
OueBUIHO, YTO C YBEIUYEHUEM PACCTOSHHUA MEXKIY BEKTOpaMH Xj U Xj IOMEXOYCTOHYMBOCTb
MOBBIIIACTCS.
Ecnmu Benmumua momexu ¢ ompeaensieTcss kKak ¢ = Xj - X, TO g 0e30mmO0YHOrO mpremMa

coo0IIeHUsT X HE0OXOMMO BBHITIOJIHEHHE YCIIOBHS:
- x|< ‘x- xj‘

NI

] = x = x=x;| =[ax =&],
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e A% :‘xi —xj‘
U Torpa ycrmoBue 6€301MO0YHOTO TTprieMa 3aInIIeTCsl B BUJIE:
|Axij| = 2|g]
B ciyuae, eciiu momexa (£) uMeeT IIOTHOCTD pacnpenenenus BepostHoctel (), To BeposTHOCTD

MOSIBJIEHHUS OLIHOKH Po MOKHO OIIPCACIUTE U3 BBIPAKCHUA:

= __ff (x)3 +x;ff (x)d

2

AX; i
2

P, = P4|¢|>

B o0mem cinyyae mpoctpaHcTBo coobmieHnii U mmeer pa3sMepHOCTh N (Hampumep, KaxIbli
CHUMBOJ 3TOrO COOOIIEHUS COCTOMT M3 N 3jJeMeHTOB). Toraa ycioBue O0€30MMO0YHOr0 mMpuema

MOJIYYUM U3 CIEIYIOIINX COOOpaKEHHI.

Tak kak
X =¥(U),
TO
AX, = ;:Jk AU,
a

AX|® :Zn:Asz ,
k=1

rae X, — k-5 koopauHata npocTpancTsa X.

CrnenoBaTeiabHO,

2
axf =>ax? 2¥ au, | .
— ou,

Ecmm 6Uk n AlJk — HE3aBHCHMbI, TO MUHHUMAJIBHOC PACCTOAHUC MCKIAY CHUTI'HaJlaMH (dmin)

AOJIDKHO YAOBJICTBOPATH YCJIOBHUIO!:
2 2
([ oY oY n .
d, V=[aX[=> AU | <[ = D (au,) = r?
(m) | ||n (auk kj (auj ( k) m r ]

k=1 m k=1 a X
. ov¥
e S
rac m a x[au jm a,

I' — paccrosHme Mex Ay ABYMs OIMKANIIUMU COOOIIEHUAMH.

Koppektupyroiiee kogupoBaHue MPUMEHSIOT B T€X CIydasiX, KOTJa BO3MOXHOCTH Ipyrux Ooiee

IMPOCTBIX CI0COOOB TMOBEIIICHHUS IMIOMEXO03alIMIIICHHOCTH (TaKI/IX KaK MHOT'OKpaTHOC IMOBTOPCHUEC WA
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bunpTpamus) ucyepmaHbl. ITO OOYCIOBJICHO YCIOKHEHHEM CHCTEM TMepenadyd WHpOopMaluu Tpu
BBEJICHUU KOJIUPYIOIIHUX YCTPOUCTB.

Kak cnemyer w3 Bbllle NpHUBEIEHHBIX BHIBOJOB TEOPHH IOMEXOYCTOMUYMBOCTH, OCHOBHOM
NPaKTUYCCKUI MPUHIIUT TOCTPOSHHS KOPPEKTUPYIOMIHMX (TTOMEXO03aIIUIIEHHBIX ) KOJJOB OCHOBBIBACTCS
Ha JOMYIICHWH, YTO TPHHSTHIA KOJOBBIH CHMBOJ IIOCIE BO3ICHCTBUSI Ha HErO IOMEXH BCerua
ocTaercs B HEKOTOpOW ONM30CTH OT KOJOBOTO CHMBOJIA, OJHO3HAYHO COOTBETCTBYIOILETO
nepeaBaéMOMy CHMBOJIY HCXOJHOTO COOOIIEHHs. DTO TO3BOJSIET B JaJbHEHIIEM OTOXKIECTBUTH
NPUHATBIA CHMBOJI C ONIDKAHIIUM K HEMY CHMBOJIOM KOJOBOTO ai(aBuTa MyTEM HAXOXKIACHUS
MUHHMAaJIBHOTO PACCTOSHUS M3 BCEX PACCTOSTHUN MEXIY MPHUHSATHIM CUMBOJIOM M BCEMH CHMBOJIAMHU
KOZIOBOTO andaBuTa.

Co3naHue cCHenUagbHBIX IOMEXOYCTOHYMBBIX HU(POBBIX KOIOB, MO3BOJSIOMIMX HE TOJIBKO
OOHApPYKUTh, HO M TIPHU OMPEICIICHHBIX YCIOBUSIX HCIPABUTh BO3HUKAIOIINE OMIMOKH, OCHOBAHO Ha
YBEJIMYCHUH MUHHMAIBHOTO PACCTOSIHUS MEXKIy CHMBOJaMH KomoBoro andasuta (Omin) myTém.
YBEIUYEHUS U30BITOYHOCTH KOJIOB.

OTO AOCTHraercs BBEACHHUEM IPH KOAMPOBAHUHU JOTOJHUTEIBHBIX (M30BITOUYHBIX) 3JIEMEHTOB
CHMBOJIOB KOJ]a, KOTOpPBIC YAOBJICTBOPSIOT HEKOTOPHIM JOIMOJHHUTEIBHBIM YCJIOBUSM M IPOBEPKA
KOTOPBIX JaeT BO3MOXHOCTh OOHAPYKUTh M UCTIPABUTH OIIHOKH.

[TpuHIMTIBI TPAKTHYECKOTO MOCTPOCHUSI KOPPEKTUPYIOIIUX KOJIOB YOOHO MPOJEMOHCTPUPOBATD
Ha IpuMepe OJOYHBIX CHCTEMATUYECKHX KOJOB (B YaCTHOCTH airedpanmyecKux KOJIOB), Kak Hauboee
HATJBSITHBIX M ITUPOKO TPUMEHSIEMBIX.

Jns anreopanyeckux (N, K) KoppekTUpyromux KoaoB n3bdsirounocts koaa (Ry, Rx) onpenensiercs

BI:Ipa)KeHI/IHMI/I .
n—k k H
R = —1—-—-=1— R =(0-1)-
n n H, 0= );
n—-k n H
k k k H y k [l (29)

r7i€ N — YKCIIO 3JIEMEHTOB B KOJJOBOM CHMBOJIE;

K — umcio uHGOPMAIIMOHHBIX 3JIEMEHTOB B KOJOBOM CHMBOJIE (MM MHUHUMAIbHO BO3MOKHOE
YHUCJIO0 3JIEMCHTOB B KOAJOBOM CHMBOIJIC.

Benuunna Ry, ¢ o6nacteio u3menenus ot 0 10 oo mpeAnoyYTHTENbHEE, TaK KaK Jy4llle OTBEYaeT
CMBICITY MTOHSTHS H30BITOYHOCTH.

Konpl, obecneunBaromue 3aJaHHYI0 TTOMEXOYCTOMYMBOCTh MMPU MHHUMAIHHO BO3MOXKHOU
I/I36I>ITO‘-IHOCTI/I, HAa3bIBAOT OIITUMAJIbHBIMH.

O‘-IGBI/I,Z[HO, 4TO IpU OINTUMAJIBHOM KOJUWPOBAHWH, KOIrJa JIMIOHUC 3JBJIECMCHTBI B KOJaX

OTCYTCTBYIOT, T.€. Koraa N = K, u30bITouHocTh paBHa 0.
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JIst OIIGHKH KOJOB C TOYKM 3PEHHS BO3MOXKHOCTH OOHApyXCHHs M HCIIPABICHHS OIIHOOK
VICIIOJIB3YIOT TTOHATHE KOJAOBOTO PACCTOSHHS (YMCIIO KOJOBBIX EPEX0M0B ISl ABOMYHBIX K010B) dj.
KonoBeim paccrostHuem (djj) Mexny komoBeiMu cumBoiamu Ki m Kj HaspBaloT cymMMmapHBbIH

PE3yabTAT CIIOKEHUS 110 MOAYIIIO My OJHOMMEHHBIX Pa3psiIOB KOJOBBIX CHMBOJIOB Kj 1 kj:
n
dijzzkik@kjk,
k=1

« DK Ki o+ K; g e ¢ aky+k;,<m,
TAg ik jkki k—l—kj —m, ec Jlki%"'kjkzmk.

Kik 1 Kjx — K pa3psn xomoBbix cuMBoosB K; 1 Kj;

@ — CHMBOJI CIIOKEHUS TI0 MOIYITIO My

My — OCHOBaHHWE KoJia (OCHOBAHHUE CUCTEMBI CUHCIICHHSI IIU(GPOBOTO KOJIA).
Hanpumep, ecitit 1aHbl CUMBOJIBI IBOMYHOTO ynciioBoro koga ki = 10111 u kj = 01010, To xozoBoe
paccTosHUEe MEXTY STHUMH CHMBOJIaMH paBHO 4 (dij= 4).
KonoBoe paccTostHrie MOKET OBITH TOCUUTAHO U JIJISI YUCTIOBBIX KOJIOB C MHBIMH OCHOBAHHSIMH,
OTJIMYHBIMU OT 2.

KonoBoe paccrosHue nHoraa Ha3bIBalOT pacCTOSTHUEM XEMMHUHTA.

2.10. HekoTopbie MeTOAbI MOCTPOEHUS OJIOYHBIX KOPPEKTHPYIOIIUX KOJA0B

1. Koowl, nocmpoenmnvie Ha 0CHOGe y8enuuetus K0O08020 PACCMOAHUS

Nnes oOHapykeHUs M UCTIpPaBICHUS OMMOOK B TaKWX KOJaX 3akKiiodaercs B ciemyromiem. s
nepeJaud CHUMBOJIOB COOOUICHHS] HCHOJIB3YIOT He Bce N BO3MOKHBIX KOMOWHAIMK 3JIEMEHTOB
CHUMBOJIOB KOJla JJMHOW N, a TONBKO 4acThb uU3 HUX N, KOTOpble Ha3bIBAIOTCS pPa3pelIeHHBIMU
cumBosiamu kona. Ocrasimecs AN komounanuii (AN = N — Ng) Ha3bIBaroT 3anpenieHHbIME. Oroka
OoOHapyXMBaeTCsl TOTAA, KOTJa TMPUEMHHUK TONydaeT 3alpelieHHYI0 KOMOWHAIMIO D3JIEMEHTOB
CHUMBOJIOB Koja. Besikuit kox, y kotoporo AN > 0, cmocobeH oOHapyKUBaTh OMUOKH B AN ciydasix u3
N. Jlonst oOHapyKMBAaEMBIX OIIMOOK (S) ONPeNeNsieTCs BhIpaKECHUEM:

SAN Ny
N N

ITo ¢hopmyie (2.9) nerko onpeaeauTs H30BITOYHOCTH TAKOTO KoppekTupyroiero koaa (R ):

_HWMN) ,_nl omg,

“TH(N,) | gN,g

rae H(No )—auTtpomnust koga ¢ oobemom andasurta Ny ;

H(N)—osHuTponus koaa ¢ oobemom andasura N;

N— YHCJIO DJICMEHTOB B KOAOBOM CHMBOJIC;
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My— OCHOBaHUE KOJa.

Hcnpasnenne ommOoK B KOPPEKTUPYIOMIMX KOJAX 3aKII0YAETCS B TOM, YTO, OOHAPYKHB OIINOKY,
OTNPENENAIOT KOJOBOE COCTOSIHHE OT TMOJIYYCHHOW 3ampelieHHOW KoMmOuHaimu Ki 10 Bcex
paspemeHHbIX cuMBoJIoB koza Kj (=1, 2, ..., No) 1 B KauecTBe IepelaHHOTO CHMBOJIA KO CUMTACTCS
TOT W3 pa3pelIeHHBIX CHUMBOJIOB KOZa, /10 KOTOPOIO pacCTOSHHWE MHUHUMAalbHO. TakuM obOpazom,
UCTIpPABICHUE  OIIMOOK  KOPPEKTHUPYIOIIUMH  KOJAMH  IPOU3BOAUTCS C  TMOMOINBIO  Tpex
MOCJIE/I0BATEIbHBIX ONEpaluii:

- ONpENENeHHs] KOJOBOTO PACCTOSHUS MEXIY MPHUHATONW KOJAOBOM KOMOMHALIMEW W pa3pelieHHbIMU
KOZIOBBIMH CUMBOJIAMHU;

- OTBICKaHUSI MUHUMAJIbHOT'O KOJIOBOT'O PaCCTOSIHUS;

- TMPHUCBOEHHE TNPUHATONH KOMOBOW KOMOHMHAIMM 3HA4YeHUs Oympkaiiero K Hell (1Mo KOoJoBOMY
PAaCCTOSIHUIO) Pa3pelIEeHHOT0 KOJOBOIO CHMBOJIA.

Hanpumep, B Tpex3HauHOM paBHOMEPHOM JBOMYHOM KOJE YHCIO BO3MOXKHBIX KOJOBBIX
KOMOWHAIU §:

000, 001, 010, 011, 100, 101, 010, 111,

KOJZIOBOE paccTosHHe Mekay KoTopsiMu (dij) paBHO 1. Omubka B 1F000M OZHOM 3JIEMEHTE CHMBOJIA
KOJIa TMpeBpallaeT NepeJaBacMblii pa3pelIeHHbId KOJOBBII CHUMBOJ B JIPyrOM, HO TakK XKe
pa3pelIeHHBIN.

Ecmu yBenmmuuth kogoBoe paccrostaue (dij=2), T.e. cuenaTh pa3pelieHHbBIMH KOJOBBIE CHMBOJIBI
oTmyaromumucs B 1Byx oanementax (001, 111, 010, 100), To mOMeX03alIUIIEHHOCTh KOJa
yBenuuuBaeTcs. JlelcTBUTENBHO, €CIM B MpOIEcCce Mepeaadyd BO3HUKAeT OMIMOKa TOJBKO B OJIHOM
3JIEMEHTE JII000T0 pa3peleHHOr0 CHMBOJIA, TO 3Ta KOMOMHAIIMA MPEBPALIAETCS B 3alPELICHHYIO, YTO
CBUJICTEILCTBYET O TOSBICHHH OJWHOYHON OIMMOKH B CHUMBOJIE KOJa, XOTS M HEU3BECTHO KaKOM
uMeHHO. Takoil KoJ He TMO3BOJSET BBISICHUTH KakOMl KOHKPETHO M3 Iepe/laBaeMbIX 3JIEMEHTOB
HCKa)XEH, a 3HAYUT U HE MO3BOJIAET UCIIPABUTD OILINOKY.

Ecmn eme Oonpmie yBenwduTh KomoBoe paccrosiHue (dj=3), T. e. caenaTh pa3peuieHHbBIMU
KOJIOBBIE CHMBOJBI OTJIMYHBIMU JAPYr OT JApyra B Tpex siaemeHrtax (Hampumep, 111, 000), To
MOMEXO03alIUILEHHOCTh Ko/ia elle 0oJiee Bo3pacTaer.

JleiicTBUTENBHO, €CIIU B IpOLIEcce Nepeau IPOU30iAeT oIrdKa B OJJHOM HIIM JIBYX JIeMEHTaxX
11000T0 U3 IBYX Pa3pelIeHHBIX CHMBOJIOB KO/1a, TO BO3HUKHET 3allpeleHHas KOMOUHAIHS 3JIEMEHTOB.
Taxkum 06pa3zom, MpUMEHEHHE FTOTO KO/1a JaeT BO3MOXHOCTh OOHAPYKHUTh JIBE HIIH, €CIH MPOU30IIeT
TOJIKO OJIHa OIIMOKa, 4TO OoJiee BEpPOSITHO, TO MOXKHO BOCCTAHOBUTH MEepEAaHHbIN CUMBOJI KO/A.

W3 npuBeneHHOro mpruMepa BUIHO, YTO JIJIsl OOHAPYKEHUS €IMHUYHON OUIMOKU B CUMBOJIE KOJia

TpeOyeTcst OIMH H30BITOUHBIN AJIEMEHT B CUMBOJIaX KOJa, YTOOBI 00ECIIEYNTh MUHUMAJIBLHOE KOJIOBOE
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paccrosiHue (pacCTOSHHE MEXIY pa3pelleHHbIMU cuMBoiamu (djj)) paBHOE 2, a JJIs UCIIPABICHHS B
CHUMBOJIaX KOJa OJHOW OIIMOKH HEOOXOAMMO YBEJIWYHTh MUHHUMAJILHOE KOJIOBOE PACCTOSHUE MEXKIY
cumBotamu kofa (djj) mo 3, T. €. BBECTH B CHMBOJIBI KOZAA JiBa W30BITOYHBIX 37eMeHTa. B obmem
cirydae st N30BITOYHBIX KOJOB CIIPABEIIMBO COOTHOIICHHE:
dj=1+p+q,

re p=4q;

p— KOJIN4ecTBO 0OHAPYKUBAEMBIX OIIMOOK B CHMBOJIAX;

0— KOJIMYECTBO UCTIPABISIEMBIX OIIMOOK B CHMBOJIAX KOJIA.

CBoiicTBa KOPPEKTUPYIOUIMX KOIOB MO OOHAPYKEHUIO U MCIPABICHUIO OIIMOOK, B 3aBUCHMOCTH

OT BEJIMYMHBI MUHUMAJIBHOTO KOJIOBOTO PACCTOSIHUSL MEXAY Pa3pelIeHHBIMH CHMBOJIAMH, ITPUBEICHBI

B Ta0nure 2.7.
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Tabmuma 2.7

XapakrepucTHKa
KOJOB. CBolicTBa KOI0B.

d p g
1 0 0 OTnuvaer ogHy KOJIOBYIO KOMOWHAIIUIO OT JPYTOM.
2 1 0 OOHapy>XUBaeT OJHY OIINOKY.

1 1 OOHapyXMBaeT U UCIPABJISIET OJIHY OLIHOKY.
’ 2 0 OOHapy»XUBaET JIBE OIIMOKH.

2 1 OOHapyXMBaeT JIBe OLINOKH U HCTIPABIISET OIHY.
* 3 0 OOHapyXrBaeT TPH OIUOKH.

2 2 OOHapyXUBaeT U UCIIPABIISET JABE OMINOKH.
5 3 1 OOHapy>XMBaeT TPU OIMUOKH M UCTIPABIISCT OIHY.

4 0 OOHapy>KHBAET YETHIPE OIIMOKH.

UT. ]I

2. Koovl, nocmpoenHvle na 0CHO8e NPOGEPKU HA YEeMHOCMb.

OTOT METOJ MOCTPOEHUS IMOMEXO3ALIMIIEHHBIX KOJOB 3aKII0YaeTCsl B TOM, YTO B KaKIbIH
KOJIOBBIA CUMBOJI IBOMYHOTO KO/a 100ABIAETCS Il MPOBEPKH OJUH M30bITOUHBIN 31emMeHT (0 nmu 1)
TaK, 4TOOBI 00IIee KOJIMYECTBO €AMHUI] B KaX/IOM CUMBOJIE Koja Obl1o yeTHBIM. [locTpoeHue Takoro

KOJIa Ha TIPUMEPE IBYXAJIEMEHTHOT'O TBOMYHOTO KO/Ia MpecTaBieHo B Tabmure 2.8.

Ta0numa 2.8.
Hewns0brrounsie Ko0BbIC KouTtponbHbIi TonHbie KONIOBEIE CHMBOIIEL,
. OOHaPYKUBAIOIIHE
CHUMBOJIEI. I/I36BITO‘-IHBII/I JJICMCHT.
€IMHOYHYIO OIIHOKY.
00 0 000
01 1 011
10 1 101
11 0 110
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[Ipy mony4eHMH CHUMBOJOB, TaKMM OOpa30M MOCTPOEHHBIX H30BITOYHBIX KOJOB, MEpes HX
PacKOAMPOBAHUEM IPOU3BOJIUTCS MPOBEPKA MX HA YETHOCTh. [IpyM OMMHOYHON OIMMOKE KOIUYECTBO
CANMHUYHBIX 3JICMCHTOB B KOJOBOM CHMBOJIC CTAHCT HCUCTHBIM, YTO JACT BO3MOXKHOCTDb O6Hapy)I(I/ITI:
OLIMOKY U OCYIIECTBUTH TIOBTOPHYIO MEpeaauy.

bau3kuM K paccMOTpPEeHHOMY CIoco0y MOCTPOEHHUS KOPPEKTUPYIOLIUX KOJOB SIBISIETCS CIIOCO0
I[OGaBJIeHI/IH KOHTPOJIbHBIX HBGBITO‘IHBIX 9JICMCHTOB, Ha OCHOBC CyYMMHPOBAHUA IO OCHOBAHUIO «2»
DJIEMEHTOB CHMBOJIOB JAIBOHMYHOI'O KOJA4a MW Ha OCHOBEC HpOCTCfIH.IHX JIOTUYCCKUX onepaunﬁ Hazg
3JIeMEHTaMU CUMBOJIOB KO/a.

3. Ha ocHose 3auumul cO80eHHbIMU dJIeMEHMAMU.

B sTtom KOAC KOJHUYCCTBO 3JICMCHTOB B CHMBOJIaX JIBOHWYHOI'O KOJA YABAHMBACTCHA, IMPUYCM K
KaKJI0MY 3JIeMeHTY «0» mpunucheiBaeTcs «1», a K KaKI0My 3JE€MEHTY «1» MPUIUCHIBAETCS 3JIEMEHT
«0». Hampumep, uicxonublidi koAoBbIii cuMBoJl 11010 mo 3ToMy MeTOmy KOAUPYETCA CIEAYIOIIMM

obOpazoM:
1 1 0 1 0
1 0 1 0 0 1 1 0 0O 1
Puc. 2.7. Meroa nocTpoeHusi KOPPEKTUPYIOLIEro KOJia Ha OCHOBE 3aIUThI CIBOCHHBIMU AJIEMEHTAMHU.

[TomydeHHBIH KOPPEKTHPYIOMNH KO/ TO3BOJSET OOHAPYKUTh OAMHOYHYIO OIIMOKY B KaXKIOM
paspsie MyTeM CIIOKEHHUS M0 MOIYJIIO 2 KayKIOH Maphl 2JIEMEHTOB CHMBOJIA KOPPEKTHPYIOMIETO KOJa.
Ecnu BcnencrBue enuHMyHOrO c00si B Kakoil-mubOo mape cymma Oyzaer paBHa O, TO 3TO SBISETCS

CUTHAJIOM OIIUOKH B JTAHHOM pa3psie.

2.11. KogupoBaHue Kak cpeacTBO 3a1MThl HHGOPMALMH 0T HECAHKIMOHUPOBAHHOIO 0CTYIA.

Yacto xpaHummas W TepegaBaeMas HH(GOpMamMs MOXET IPEJICTAaBIATh HMHTEpPEeC Ui JIHII,
KENAIOIIMX HCIOJIb30BaTh €€ B CBOMX HMHTEpECax, MOATOMY BaXHYIO POJb MIPaeT MHPOPMALMOHHASL
0€3011aCHOCTh, KOTOpas JOJDKHA O00eCHeunTh 3alMTy KOH(UICHIUAIbHOW HH(OpMAnu OT
O3HAKOMJICHHSI C HEH KOHKYPUPYIOIIMX TPYHIL. OJTO BBIHYXJIAET HCIIOJB30BATH PA3INYHBIC BHUJIBI
3amUTHl MHGOPMALMK OT HECAaHKIIMOHMPOBAHHOI'O IOCTYyMa, T. €. 3alIUThl MH(GOPMAIUH OT JIUI,
KOTOPBIM OHAa HE MpeJHa3HaYCHA.

CymiecTByIOT TPH OCHOBHBIX crocoba 3ammTthl uHGopMmanuu. OOUH W3 HUX MpeAroyaraet

3aIIATY €€ YUCTO CHJIOBBIMH METOJIaMU — OXpaHa JOKyMeHTa (HocuTessi nHpopManun) Gu3ndecKuMu
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JUIAMH, TIepeada €ro CHelualbHbBIM KypbepoM M T.N. BTopoi cmoco0 3akioyaeTcs B COKPBITHH
camoro (akra Hamuuus wuHpopManuu. Peanuzamms 3TOro MeToAa dalle BCEro CBsi3aHa C
UCTOJIb30BAaHUEM, TaK Ha3bIBAEMBIX, CHMIATUYECKHX YEPHWJ, KOTOpbIE TNPOSBIAIOTCA TpU
COOTBETCTBYIOIIEM BO3ACHCTBMM Ha JOKYMEHT, HO MOTYT MCIIOJNB30BaThCcsl U Oojiee 3K30THUECKHE
MmeTonbsl. Hanmpumep, oauH 13 HUX NpuUBEAEH B TpyJax ApeBHerpedeckoro ucropuka ['epomora. Ha
rojoBe paba, KoTopas Opwiiach HAarojo, 3alKChIBAJIOCh HYXKHOE COOOIIEHHE U, KOTJa BOJOCHI
JOCTAaTOYHO OTpaCTajH, pabda OTIPABISUIM K aJpecaTry, KOTOPbIi CHOBAa OpPHJI €ro TOJIOBY U CUMTHIBAII
coobmenue. Tperwit crmoco0 3amuThl WH(POpPMAIMA OCHOBBIBAJCS Ha KOJMPOBAaHWU, T. €. Ha
npeoOpa3oBaHuK CcOOOMmEHU (maHHbIX) B (QopMy (KOa), TPH KOTOPOH HCXOJHBIE COOOIICHHS
CTaHOBSTCS JOCTYIHBIMH TOJIBKO TPH HAIWYMM Yy TOJydarens HEKOTOpo crneunduyeckoi
uHpopManuu (KI04a), MO3BOJISIOUINNA BRIOJHUTE 00paTHOE MpeoOpa3oBaHUE U MOIYYUTh HCXOTHOE
coobmienue. Takoit BUJ 3amUThl HHGOPMAIMU HA3bIBAIOT KpUNITOrpaduueCcKOr 3auToN nHOOpMaIuu
U OCYLIECTBIISIIOT €€ crienn(pUuecKuMu orepanusiMi KOAUPOBAHUS U AEKOJUPOBAHUS, KOTOPbIE HOCAT
Ha3BaHU MM(POBaHUSA U JemU(POBAHHUS COOTBETCTBEHHO. 3amu(poBaHHOE COOOIIEHHE Ha3bIBAIOT
KPUITOTPaMMOM, a 00JacTh 3HaHWUH O mHdpax, METOJaX HMX CO3JaHUS M PACKPHITHS HA3bIBACTCS
kpunrorpadueiit (mnm TaiiHONHMCHI0). CBOWCTBO mHU(pa MPOTUBOCTOSATH PACKPHITHIO  HAa3bIBACTCS
KPUINITOCTOMKOCTBIO (WM Han&KHOCTBIO) W OOBIYHO M3MEPSETCA CIOKHOCTHIO  aJrOpUTMa
nemu(pupoBaHus.

B mnpaktuueckoil kpunrorpaguu KpHINTOCTOMKOCTh MIM(pa OIEHUBACTCS M3 SKOHOMUYECKHUX
coobpaxkenuii. Ecimm packpeiTie mudpa cTouT (B IEHEKHOM OTHOIICHUM, BKIIOUYAs HEOOXOIUMBIE
KOMITBIOTEPHBIE PECYpPCHI, CIECIMAIbHBIC YCTPOWCTBA W T.I.) OOJbIIE, YeM cama 3ammdpoBaHHas
uHpopManus, TO U CUNTACTCS JOCTATOUYHO HAIEKHBIM.

OcHoBHOe TpeOoBaHHE K MUPPY COCTOUT B TOM, YTOOBI pacmuppoBKa OblJIa BO3MOXKHA TOJIBKO
OpU HAJUYUU CAaHKIMHM, TO €CThb HEKOTOPOHl MOMOJHUTENbHOM HHpOpMalUKM (UM YCTPOMNCTBA),
KOTOpasi Ha3blBaeTcsl kiouoM mudpa. [Ipouecc nekoaupoBanus mudpoBkU 0e3 Kiroua Ha3bIBAETCS
nemupupoBaHueM (WK IPOCTO pacKpbITHEM HU(pPa).

HIudpsl, B KOTOPHIX A 3aIM(POBKH U PacIM(PpPOBKU HCIONB3YETCS OAMH M TOT K€ KIIIOY,
HA3bIBAIOTCS CUMMETPUYHBIMHU.

B Hacrosiee BpeMsi IIMPOKOE PACIPOCTPAHEHHUE MOTYYHIN HIHUGPPHI C OTKPBITHIM KIIIOUOM. OJTH
mHQPHI HE SBISIOTCS CHMMETPUYHBIMH - JJIS 3aIM(DPOBKU U pACIIU(PPOBKH HCIIOIB3YETCS Pa3InYHbIC
kiaoun. [Ipyu 3TOM KITIOY, MCIIONB3YyEeMBbIi JUIs 3alu(POBKH, SBISETCS OTKPBITHIM (HE CEKPETHBIM) U
MOXXET OBITh COOOIIEH BCEM IKEJIAIIMM OTHPABUTh MU(GPOBAHHOE COOOIICHHWE, a KoY,
UCIONIB3YEMBIA i pacupOBKH, SBISETCS 3aKpPBITBIM M XPAaHUTCS B CEKpeTe MojydyaTesieM

mu(poBaHHBIX cooOIIeH. [laxke 3HaHKWE BCETo 3alIM(ppPOBAaHHOTO COOOIIEHUS M OTKPBITOTO KJII0Ya, ¢
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MTOMOIIIBI0 KOTOPOT'0 OHO OBLIO 3amu(poBaHO, HE TTO3BOJISET AU PUPOBATH COOOIICHUE O3 3HAHUS
3aKPBITOTO KITFOUA.

Baxmueiimeil 3amaueii kpunTorpauuecKkoi 3alMThl SBISETCS OOecledeHne HEBO3MOXKHOCTH
noctyna K uWHGOpMaluMyd TpH  YCIOBUH, 4YTO NOTEHUUAIbHBIA NPOTUBHUK 00JadaeT JH00bIM
TEXHUYECKUM 000pYZI0BaHUEM, CIIOCOOHBIM MEPEXBATUTh, 3aMKUCATh KPUITOIPAMMBI U €My W3BECTHBI
HEKOTOpBIC (hparMEHTHI KPUIITOTPAMM U COOTBETCTBYIOIINE UM YaCTH UCXOIHOTO COOOIICHUSI.

MeTtonbl KpUNTOrpaUUECKOTO 3aKPHITHS MOTYT UMETh KaK IMPOrpaMMHYIO, TaK U allapaTHYIo
peanuzaluio.

[IporpaMMHasi peanu3aiysi OCYUIECTBIISETCS Ha OCHOBE BBIYMCIUTENbHBIX MPOIECCOB, Kak Ha
JTame MHUQpPOBaHUS, TaK W Ha JTane AemupUpOBaHUS. ATMMapaTHas peaau3alvs OCHOBaHA Ha
MCIIOJIb30BaHUH CIEIHALHON armaparypel.

[Ipumenenue kpunrorpaguu U3BECTHO C TIIYOOKOW IPEBHOCTH M C TE€X IMOP M3BECTHO OOJBIIOE
YUCJIO  Pa3IMYHBIX METOAOB  KpunTorpaduyueckoro 3akpeiTus (mmdpoB), Kak YUCTO
WH(OPMAIIMOHHBIX, TaK W MEXaHWYECKHX, KOTOpPbIE WMEIOT pa3IUYHBIE CTENEHH CIIOXKHOCTH H
HanEKHOCTHU 3aIllUTHI.

[IpencraBisieT HHTEpPEC pacCCMOTPEHNE HEKOTOPBIE U3 HUX HA MpUMepe MU(POBaHUS TEKCTOB.

[Iudp npocroit moxacranoBku. [lpm sToM Meroae mMPPOBKM BCE CHUMBOJBI aydaBuTa

OJTHO3HAYHO 3aMEHSIOT JPYTUMH CHMBOJIAMM 3TOTO K€ MJIM MHOro andasurta. Eciu 00béM andasuta
HCXOJIHOTO COOOIICHHsSI paBeH N W 3aMeHa MPOW3BOAMTCS M3 ATOTO K€ ajdaBuTa, TO cymecTByeT N!
CIOCO0OOB 3aMEHBI CHUMBOJIOB MCXOHOTO COOOIIEHHMS, T. €. CYIIECTBYET N! pa3IMuHBIX KIFOUYCH.
Hcropuueckum npumepom mudpa moactaHoBku sBisercs mmdp Llesaps (I Bek mo H. 23.).
[IpuMeHUTENBHO K TEKCTYy Ha PYCCKOM SI3BIKE OH COCTOMT B clieayrolieM. BrimuceiBaercs angasuT, a

3aTeM IO/ HUM BBIITUCHIBACTCS TOT K€ ali(haBUT, HO CO CABUIOM, Harmpumep, Ha 3 OYKBBHI:

[Ipu mmdpoBanun OykBa a 3amensiercss OykBoi ¢, 6 — 0 u Tak ganee. [lomyuyaTens cooOuieHus
IPOJIEBIBA OOPAaTHYIO IOCIIEAOBATEILHOCTh ONEpaluii U BOCCTaHABIMBAJI HCXOIHOE COOOIICHHE.
Kmrouom B mmdpe llezaps sBisercss BeauuwHa cABura angaBuTa B HIKHEH CTpPOKe, KOTopas B
MIPUHITUATIC MOXKET OBITH JIFOOOH.

B XynoxxecTBeHHOW IuTepaType KJIAaCCHYECKMM NPUMEpOM MH(pa MPOCTOW MOJCTaHOBKH
spisiercs mudp « [ Isurynme yenoseukn» (K. J{oitns).

[Ipumepom Takoro tuma muppPoOB MOXKET ABIATHCS, TAK HA3bIBAEMBbIH, KHIDKHBIN MHA(P, KOTOPHIHA
3aKJII0YaeTCsl B TOM, YTO KaKMM-THMOO Majo3aMETHBIM CIIOCOOOM IMOMEYAIOTCsI OYKBBI CEKPETHOIO

COO6H_IGHI/I}I B TCKCTC KHUT'H HJIM APYroro rneyaTHoro TCKCTa. I/IHTepeCHO OTMCTUTL, YTO BO BpEMA
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IEpBOIl MUPOBOM BOMHBI T€PMAHCKUE IIMUOHBI UCIOIB30BAIN 3TOT HIM(pP, HAHOCA CUMMIATUYECKUMU
YepHUJIaMH TOYKH Ha OyKBE ra3eTHOro TekcTa. KHMKHBIA mH(p B COBPEMEHHOM €ro BHAE UMEET
HECKOJIbKO MHOH BuA. CyTh €ro COCTOUT B 3aMEHE Ha HOMEP CTPOKH M HOMep 3Toi OYKBBI Ha 3apaHee
OTOBOPEHHOW CTpaHMIe HEKOTOPOH KHMUIH. KimrouoM Takoro mmugpa sBiseTcss KHAra U UCIOoIb3yeMast
CTpaHuIla B HeH. DTOT mmdp NPUMEHSIICS Jake BO BpeMEHa BTOPO MUPOBOW BOWHBI.

Emé omnum mpumepom mmdpa MOJCTAHOBKM MOMKET CIYKUTh, TaK Ha3bIBAEMBIH, KBajapar
[Monmubus. IlIudpoBanue B 3TOM ciaydae 3akiIO4aeTcsl B ClIeAyiouleM. B KBajpaTHyI0 MaTpuily ¢
YKMCJIOM 3JEMEHTOB PaBHbIM MM OonblieMy 00BEMY andaBuTa Ha MECTO KaXXIOro 3JEMEHTa B
MIPOU3BOJILHOM TIOpSJIKE BIUCHIBaIOTCS Bce OykBbl andaBurta. llludpyemas OykBa 3amensercs e&
KoopauHaTamu B marpuue. [Ipu pacumdpoBke kakaas mapa ducell Onpeaessiia COOTBETCTBYIOIIYIO
OykBYy coobmienus. Kiitouom siBnsieTcs pacrnonoxkenue OykB B UCXOAHOM marpuiie. OTMETHM, YTO TIpU
IIPOM3BOJILHOM DACIIOJIOKEHHMH OyKB B MAaTpHUIlE BO3HHUKAET HEKOTOpPOE 3aTpyAHEHHue: JUOO Halo
IIOMHUTb OTIPABUTEIIO U MOJYYaTEI0 COOOIIEHNUS 3a/laHHOE PACIOI0XKeHHe OyKB B MaTpHle (K04
mudpa), 4TO 3aTPYAHHUTENBHO, JUOO MMETh MpHU cebde 3amuch ATOr0 KIOYa, YTO IMPEACTaBIISAET
OMACHOCTb O3HAKOMJIEHUS C KJIIOYOM [IOCTOPOHHUX JiML. [loaToMy B pszge ciaydaeB KiIrod
NPEACTaBIAIOT CIeAYIOIIUM 00pa3oM. bepércs kakoe-mubo «KIIIOUEBOE CJIOBO», KOTOPOE JIETKO
3allOMHUTh, YAQISIOT U3 HEro MOBTOPbI OYKB M 3alMCHIBAIOT €0 B HAYaIbHBIX AJIEMEHTAX MaTpPHUIBL.
Ha mecTo ocTabHBIX 3JIEMEHTOB 3aIIUCHIBAIOT OCTAJIbHBIE OYKBBI alipaBUTa B €CTECTBEHHOM MOPSIKE.
PazHoBUAHOCTBIO Takoro mmpa sBISETCS, TaK Ha3bIBAEMbIH, «TIOPEMHBIH IK(pP» NPH KOTOPOM
MaTpHulla 3aroiHsAeTcsl OyKBaMU B IIOPSIIKE UX CIIEJOBAaHUS B al(aBUTeE.

Metonpl mmbpoBaHUsS MPOCTONW IMOJCTAHOBKOMW JOCTaTOYHO IPOCTHI, HO HE O0OECIICUUBAIOT
BBICOKOW CTETEHM 3allUThl, TAaK KaK OyKBBI JIOOOTO sI3bIKa OO0JIAJAIOT OINpPEACTICHHOW U Pa3IMIHON
BEPOSTHOCTBIO MOsiBIeHUS. B 3ammdpoBaHHOM TakuMm 00pa3oM TEKCTE CTaTUCTUYECKHE CBOWCTBA
UCXOIHOTO COOOIIEHUS COXPAHAIOTCS, II09TOMY, aHAIM3UPYysd KpPUITOIPaMMbl JOCTaTOYHOMN
JUINTEIIBHOCTH, MOKHO UX JeMU(GPUPOBATh UCXOAS U3 UX CTATUCTUYECKUX CBOMCTB.

HIudpsr nepecranoBkd. CyTh 3TOro mudpa 3akioyaeTcs B cCleAyroueMm: OepETcs HEKOTOpoe

YHCII0 N U 3aIIUCHIBACTCS B CTPOKY psAl uucen 1, 2, ..., N 3aTeM M0J] HUMHU 3aIIUCHIBAIOTCS T€ K€ LH(PHI
B IIPOM3BOJILHOM ropsiike. Hanpumep, ans n = 5:
12345
43251
[Tocne sToro 3amuceiBaeTcs mUdppyeMoe coodIieHne 0e3 MpoImyCcKOB U pa30oUBaeTCsl Ha TPYIIIBI
no N OykB. Eciam yncno OykB 10 N HE KpaTHO N, TO MOCIEAHSAS TPYyNNa JOMOJIHAETCS 10 N JI0OBIMHU
OykxBamu. Ilocie 3Toro OYKBBI Ka)KHOH TPYNIIBI NEPECTABISAIOTCS B COOTBETCTBUH C BBIOpaHHOM

JIBYXCTPOYHOH TabnuLeil: nepas OykBa CTAaHOBUTCS YeTBEPTOM, BTOpasi — TpeThel u Tak nanee. [locne
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BBINIOJTHEHUS TIEPECTAHOBKH B Ka)KAOHM TPyIIle, MOJyYEHHBIH TEKCT 3alHCHIBaeTCS 0e3 IPOITyCKOB.
Kntogom storo mmdpa sBusercs tabiuia nepectaHoBoK. llpu nemmdpupoBaHuy KpUITOrpaMma
pa3buBaeTcst Ha TPYIIBI 10 N OyKB U OYKBHI IEPECTAHABINBAIOTCS B 0OPATHOM MOPSIKE.

[udp Bmwxunepa. ludposanue mo 3ToMy METOAy 3aKiarodaeTcs B ciaenytomeM. Kaxas Oyksa

andaBUTa HYMEPYETCs, CKaXKeM, JIJIT PYCCKOTO SI3bIKA CTaBITCS B COOTBETCTBHE ITUMPHI oT 1 (A = 1)

70 33 (51 = 33).
‘ A B B s ‘

‘ 1 2 3 33 ‘

B kadectBe KiIOYa HKCHOIB3YETCS HEKOTOPOE CIOBO WM MPOCTO  OMNpeleieHHas
MOCIIEOBATEIHPHOCT, OYKB. OTOT KIIOY TOJMUCHIBACTCS C TIOBTOPEHHEM TON IH(PpPyeMbIM
COOOIIIEHNEM, TaK YTOOBI MMOJ KaXIOoHW OYKBOW HMCXOJHOTO COOOIIECHHS HAxXOoIujaach OaHA OyKBa
kimoda. Kpunrorpamma ¢dopMupyeTcsi Kak MOCIEI0BATEILHOCTh UG, MOJYIaeMbIX B PE3yIbTaTe
CYMMHPOBAHHS YHUCIIOBBIX IKBUBAJICHTOB, COOTBETCTBYIOIIMX OyKBE MCXOAHOTO COOOIICHUS U OyKBe
CTOSIIETO O/ HeH Kiroua U mpuBeaEHHON o Moaynio 33 (00séM andasuta). CreneHb HANEKHOCTH
3aKpBITUSI COOOIIEHWN JOCTaTOYHO BBICOKA, TaK KaK J3TOT IMHMQpP HapymaeT CTaTUCTHYECKOE
pacrpeieiecHle BEpOsSTHOCTEHN TOSIBJICHUS OTACIBbHBIX OYKB B COOOIIICHUH.

s obecniedeHUss AOCTATOYHO BBICOKON HANEKHOCTH 3aKPBITUS HEOOXOAWMO HCIIOJIb30BaTh
BEChbMa JITMHHBIC KIIOYH, YTO COMPSDKEHO ¢ ompeaenéHHbiMH TpyaHocTsmu. [llupp Bwmkunepa c
HEOTPaHWYEHHBIM HETIOBTOPSIOMIMMCS KITIOUOM M3BECTEH Kak mudp BepHnama.

[lIudpoBanne rammupoBanuemM. CyTh 3TOro MeToAa MU(PPOBAHMS 3aKIIOYAETCS B TOM, 4YTO

U(POBBIE SKBUBAIECHTHl CHMBOJIOB cooOmmieHuss (OyKB) CKIQAbIBAIOTCS C IICEBIOCTy4YailHOM
HIOCJICIOBATEILHOCTHIO YUCEJI, MMEHYEMOH TraMMOM, W NpUBOIATCA Mo Monyiro K, rme K — oObém
anaBUTa UCTOYHHMKA COOOMICHUI. TakuM 0Opa3oM, KIIFOYOM B 3TOM CrocoOe mudpoBaHUs SIBIISICTCS
TIICEB/IOCITy4aifHas ITOCIIEeI0BATEILHOCTD YHCEI.

[lceBnocnyuaiiHyl0 IOCIEAOBAaTEILHOCT TE€HEPUPYIOT HA OCHOBE pETHCTPOB CIBHra C
oOpatHpiMU  CBs3IMH. COOTBETCTBYIOLIMM BBIOOPOM  OOpaTHBIX CBSI3eH MOXHO JIOOUTHCS
reHepupoBaHUs TOCieN0BaTeIbHOCTEH ¢ TepuoaoM nopropenus 1 = 2" - 1 cumsonos, rae N —
YHCIO pa3psnoB peructpa. llomydaemple TakuM 00pa3oM MOCIEIOBATEIBHOCTH YHCEN SIBIISIOTCS
NICeB/IOCTYYaHBIMH, TaK KaK OHHU Y/AOBJIETBOPAIOT DSy OCHOBHBIX TECTOB Ha CIIy4ailHOCTh, YTO
CYIIECTBEHHO 3aTpyIHSET pacKphITHE TaKOro KIOYa, W B TO K€ BpeMs  SBISAIOTCS
JIETEepPMIHUPOBAHHBIMH, YTO MTO3BOJISIET 00ECTIEYNTh OHO3HAYHOCTD ACMIN(PUPOBAHNS COOOIICHNUIA.

HanéxHocTh Kpunrorpaguueckoro 3aKpbITUs METOJIOM TaMMHPOBAHHUS, B OCHOBHOM, 3aBHCHUT OT

AJIMHBL TICpUOaa HGHOBTOpHmMGﬁCH YaCTu TraMMbl U, CCJIMW MJIMHA IICpUoJa MNPCBLIIACT IJIHUHY
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mmdpyeMoro CooOIIeHUsI, TO PACKPBITh KPUITOTPAMMY, OIUPAsCh TOJBKO Ha CTAaTHCTUYECKHE
pe3yNbTaThl 00padOTKH, TEOPETHUECKH HEBO3MOXKHO.

OpHako, eciay M3BECTHO HEKOTOPOE YMCIO HU(MPOBBIX 3KBUBAJICHTOB CHMBOJIOB COOOIICHUS U
COOTBETCTBYIOIIME UM CHMBOJIBI KPUITTOTPAMMBI, IEMA()PHUPOBAHNE JJOBOJIBHO JIETKO BBITIOJIHHTH, TaK
KaKk TMpeoOpa3oBaHMe, OCYIIECTBIIIEMOE IMPH TaMMHUPOBAHWHU, SIBISICTCS JHHEWHBIM. [l TOJIHOTO
PACKpBITUSL KPUITOTPAMMBI JIOCTATOYHO BCEro 2N COOTBETCTBYIOIIMX IAap CHMBOJIOB HMCXOJHOTO

COOOIICHUS U CUMBOJIOB KPUIITOIPAMMBI.

MnaBa 3. Nepepnaya nHpopmaumm no KaHanam CBA3N.

3.1. Kanaa cesazu. O0nime nousiTus.

Kananom cesa3u Wnm mpOCTO KaHAIOM HA3bIBAIOT COBOKYIMHOCTh TEXHUYECKUX CPEICTB U
dusznyeckux cpei, 00ecrneunBaroINX Nepeaady COOOMEeHUN U3 OJHOW TOUYKH MPOCTPAHCTBA B IPYTYIO.
B 3aBucuMocTH OT TOTO, IUISl TIEpeayd KaKoro BHJIA COOOMICHUN (AMCKPETHBIX WMJIM HETPEPHIBHBIX )
UCTIONIB3YEeTCs KaHaJ, OH Ha3bIBACTCS IMCKPETHBIM WJIA HETIPEPHIBHBIM COOTBETCTBEHHO.

AHanu3 TpOoIeCcCCOB Tepenayn COOOIICHUN MO KaHajllaM BO MHOTOM OIPENeNseTcsl BIUSHUEM
IIYMOB WX MoMeX. Eciii BpeIHBIM BO3ACHCTBHEM MOMEX B KaHAlle MOKHO MpeHeOpedb, TO MPU €ro
aHaJIM3€e UCTOJIB3YIOT MOJIENh KaHalla B BUJIE MICATM3UPOBAHHOTO KaHajla, Ha3bIBAEMOT0 KaHAIOM 0e3
nomMex. TakoMy KaHaTy IPUCYIIIAa TOXKACSCTBEHHOCTh COOOIIEHHUH HA BXO/IE M BBIXO/IC KaHAIa.

Ecnmu ke BIMSHUE TIOMEX 3HAYUTENBHO W MPEHEOPE)KEHHWE HECOOTBETCTBUS BXOJHOTO U
BBIXOJHOTO COOOIIEHUSI HEJOMYCTHMO, TO HCIIOJIb3YeTCsl OoJiee CIOKHAs MOJENbh KaHajda — KaHal ¢
TIOMEXaMH.

Teopernuecku, Mpyu nepeaade COOOIMEHU MO KaHAIOM 0e3 MOMEX HHUKaKuX MpoljemMa CBS3H, B
TOM HJCAUTHHOM CiIy4ae, He Bo3HHMKaeT. OJHAKO Ha MPAKTHKE, TEXHUYECKas peanu3alus TaKhX
KaHaJOB TPYJHOOCYIIECTBUMA, Ja M CaM IPOIECC Iepenayd COOOIICHUH IO TaKhuM KaHallaM
npoOaemaTudeH. JIelicTBUTENBEHO, B TOM Ciydae JIF0OOW HEeNmPephIBHBIN CUTHAJ (MMITYJIhC) KOHEYHOM
JUTMTENIFHOCTH, 3HA4eHHEe WH(POPMAIIMOHHOTO MapaMeTpa KOTOPOTO Ha BBIXOJE KaHalla MOXKET OBITh
U3MEPEHO ¢ HEOTPaHMYEHHOW TOYHOCTHIO, 001a1aeT OECKOHEYHBIM an(aBUTOM, a, CIEIOBATEILHO, C
€ro TOMOIIBI0 MOXET OBbITh MepefaHo OecKOHEYHO OOJIBIIOe KOJMYECTBO HH(GOpMAIMH, YTO
POTHBOPEYHT 3JIPABOMY CMBICITY.

[TosToMy paccMOTpeHHE Tpolecca TepeAadyd COOOINEHWH 1Mo KaHary 0e3  IMoMex
HEIeJIeCO00pa3Ho, M B MIPAKTUYECKON JEATeIbHOCTH UMEET CMBICT PacCMAaTPUBATh TOJIBKO MPOIIECCHI

nepeaayn coOOOIEHHH Mo KaHalaM C IIyMaMH.
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Onenka kayecTBa KaHalla, KaK IPaBHJIO, OCYIIECTBISETCS MO TPEM OCHOBHBIM IOKa3aTessiM:
JIOCTOBEPHOCTH, CpPEIHEW CKOPOCTH Nepelayd U CIOKHOCTH TEXHMYECKOW peanu3anuu. XOTs C
MPaKTUYECKOW TOYKU 3pPEHHUSI CIO0KHOCTh TEXHUYECKOW pealn3aldd MOXKET HMETh pelIaroiee
3HaYeHHWe, MpPHU ONPEICICHUU TMPeAeNbHbIX (MOTEHIHMAIbHBIX) HH(QOPMALIMOHHBIX BO3MOKHOCTEH
CUCTEMBI 1elecoo0pa3HO OILIEHHWBATh KAadyeCcTBO KaHaja JOCTOBEPHOCTBIO U CpEIHEH CKOPOCTHIO
nepenavyn. JloCTOBEpHOCTh MUCKPETHOTO KaHajda OOBIYHO OIICHUBAETCS BEPOSATHOCTHIO OIMIMOOYHOTO

npuema OJHOro CHUMBOJIA, a O HJOCTOBCPHOCTU HCIOPCPBLIBHOIO KaHajla CYOIAT 110 3HAYCHUIO

cpenuekBanparudeckoit omubkn (M (£2)) npu nepenade coobeHus.
17 :
M (£%) = M((x(®) ~u(®) )9 [ (x(®) ~u(t) *d |
0

rae X(1) — coobmenue na Bxoze KaHala;

U(t) — cOOOILIEHNE HA BBIXOE KAHAJIA,

T — INIATENHLHOCTDL CUTHAIA.

Cpennsisi  CKOpOCTh TMepenadyn (CKOpPOCTh Tepefadd) XapaKTepu3yeT CpeaHee KOIUIEeCTBO
uHpOpMaLny, TepeaBaeMoe M0 KaHaly B €IUHHILy BPEMEHH. DTOT MOKa3aTelb TOXKE 3aBUCHUT OT
HaIU4Yusl OIyMOB W mMomeX. B mo0oM peanbHOM KaHale CBSI3W BCEra MMEIOT MECTO IMOMEXH U
UCKQXEHUS Kak JCTEPMUHUPOBAHHOTO, TaK M CIy4yallHOTO XapakTepa, 4YTO BeJeT K TMOTepe
uHpopManuu B KaHaie. JleWCTBUTENbHO, €CIM Ha TeEpearolieM KOHIIE KaHalla KOJIUYECTBO
uH(pOpMaIUK, TPUXOJAIICHCS Ha OJUH CUMBOJI COOOIIEeHUs paBHO |1, TO BCIIEACTBHE BO3ACUCTBUS
nrymMa Iocie MPOXOXACHUs KaHajda Ha OAWH CHUMBOJI MPUHATOTO COOOMICHUS OYyIeT MPUXOAUTHCS
KOJMYECTBO MH(POpMAIHK paBHOE |2, mpruuem

|2 = |1—AI s
rne Al mpencrasisier coOON KOJMUYECTBEHHYIO MEpy MOTEepH MHPOpPMALUU IMPHU Tepeaade OJHOro
cumBona. Tak kKak cpefHee KOTU4YecTBO MHGOPMAIUH, TIEPEHOCUMOE OJJHUM CHMBOJIOM TI0 KaHAy C
IIYMOM, YMEHbIIIAETCs, TO, OYEBUAHO, UTO CHUXKAETCSI U MPOITYCKHAs CIIOCOOHOCTh KaHalla C IIyMOM
10 CPaBHEHUIO C KaHAJIOM 0€e3 ITyMOB.

JIOCTOBEpHOCTh WIIM TMOMEXO3alIUIIEHHOCTh KaHalla — OJHA M3 BAXHEHIIMX XapaKTePUCTHK
KaHaia. I1oBeICUTE AOCTOBCPHOCTDb WJIM MMOMCXO3aIIUIIICHHOCTL KaHalla 1 TEM CAMBIM 3aCTPaxoBaThCsA
OT OIIMOOK Mpu mepefaye COOOLIEHUN MO KaHaly CBSI3U C IIyMaMH MOXHO IyTéM MHOTOKPATHBIX
MOBTOPHBIX IEpesiad, O4eBUIHO, YeM OoJIblliee YUCIIO pa3 OyAeT MOBTOpPEeHa Nepeaadya OJJHOTO U TOTro
KE€ COooOmeHusi, TeM OOJbIlIe JOCTOBEPHOCTh MPHUHATOrO cooOmieHus. JlelcTBUTENbHO,
OMEXO0YCTOWYMBOCTh KaHajla NMPH MHOTOKPATHBIX MOBTOpHBIX nepeaadax (II, ) B cooTBeTcTBHU C

dbopmyroii (2.9) MokeT ObITh HalJIeHA U3 BBIPAKCHHUS:
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rae N —4gmcno mosropennmii;

P, — BEpOATHOCTH MOSBIICHUS OIIHOKH;
IT — momexoycTOHYMBOCTh KaHaJIa O€3 MMOBTOPEHUS TIepe/iay.

Od4eBHUIHO, YTO MHOTOKPATHOE MOBTOPEHUE COOOIIEHUN BEJECT K POCTY MOMEXO3alIUIIEHHOCTH,
HO B TOXKE€ BpEMS 3HAYUTEIHHO BO3PACTaeT M3OBITOYHOCTH. J[JIs1 MONMHON JOCTOBEPHOCTHU TEpeaaqu
cooO0IeHn Heo0X0MUMO OECKOHEYHO YBEJIMYMBATH YHWCIO TIOBTOPHBIX Iepenady, IpH 3TOM
OCCKOHEYHO BO3pacTaeT M30BITOYHOCTH W, CJIEIOBATEILHO, MPOMYCKHAS CIIOCOOHOCTh KaHayia OyneT
CTPEMUTHCS K HYIO, YTO HEMPUEMIIEMO C TIPAKTHYECKON TOYKHU 3PCHHSI.

Hpyrum myreM oOecnedeHus AOCTOBEPHOM IMepenadd COOOIMICHWH MO KaHaly C I[IyMaMH
ABJISIETCS palliOHATIbHOE TOMEXO0YCTONUNBOE KOJUPOBAHUE, TEOPETHUECKUM 000CHOBAaHHUEM KOTOPOTO
cyxut Teopema lllernona (§ 1.9). DTa Teopema, IpUMEHUTENHHO K KaHaJlaM Tiepeaaun nHpopManuu,
MOXeT OBITh chOpMyTUpPOBaHA CIETYIOUIM 00pa3OM.

[lycTe nuckpeTHbI KaHan oOnagaeT MpomyckHOM crmocoOHocThi0 C, a JUCKPETHBIH HCTOUHUK
COOOIIIEHUST UMEET TTPOU3BOAUTEIBHOCTh H (OUT/CEK), T. €. HICTOYHUK COOOIIEeHUs co3/aeT H enuHuI]
uHpopmanuu B cekyHay. Ecim H < C , To cymiecTByeT Takas CHUCTeMa KOJWPOBAHHS, YTO
COOOIIEHUsI MOTYT OBITh TMEpeJaHbl MO KaHaly C MPOM3BOJIBHO MaJOW BEPOSTHOCTHIO OMIUOOK (CO
CKOJIb YrOJHO Majol HeHanexHOCThI0). Omnako, ecmu  H > C | 10 HamMeHbInas HeHamEKHOCTD,

KOTOpasi MOXKCT OBITE AOCTUTHYTAa TPUMCHCHUCM TOI'0 UJIM MHOT'O crocoda KOAUPOBAaHUA OrpaHUYCHA

IIPENIEIOM Pa3HOCTH (H- ©C).
W3 Teopemsl cnenyer, yTo 7Sl TOTO, YTOOBI OCYIECTBUTH Nepeady ¢ Harepe. 3aJaHHON Maioi
BEPOSITHOCTBIO OLIMOOK, HY’KHO YMEHBUIMTH CKOPOCTh Iepeladd cOOOIIeHUI Tak, 4ToObl OHa cTaja

pPaBHOM WJI MEHBIIEH TPOITYCKHON CITOCOOHOCTH KaHaa.

3.2. [lepenaya TUCKPETHHIX COOOIIEHUI M0 KAHAJIAM CBSI3H.

Kanan cBs3u mpencraBiser coO00i COBOKYMHOCTh TEXHHYECKUX CPEACTB M (PU3UYECKUX CPEN,
MpeAHa3HAYEHHYIO IS Tepefadyd COOOIICHWH W3 OJHOW TOYKM MPOCTPAHCTBA B JPYyryro. IJTa

nepeaayda Jaiie BCero OCYIISCTBIISETCS B YCIOBUSIX HEM30CKHBIX MOMEX. B pe3ynbrare BO3AeHCTBUS
OMEX KaXKIbIi OTIPaBICHHBIA CHMBOJ Xj MOXET OBITh OIO3HAH IOJydaTelieM Kak CHMBOI Y,

npudeM Yy # Xj. Takoe coObITHE Ha3BIBAIOT OIMIUOKOM.

[lepenauy cHMBOJIOB COOOIIEHHS MOMKHO paccMaTpuBaTh KaK COCTaBHOM HKCIIEPUMEHT,

COCTOSIIINI B OTIPABICHHH CHMBOJIOB COOOIICHUST X; U monydeHus cuMBOIOB Yy . C TOYKH 3peHHs
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Teopuu MHPOPMAMU (PU3UUECKOE YCTPONCTBO KaHalla HECYLIECTBEHHO, a CBOMCTBA KaHaNa IIPH STOM
. .l X Yi
ITIOJTHOCTBIO OIIMCBIBAKOTCS ManI/IHeI/I HepeXO,Z[HI:IX BepOHTHOCTeI/I p y NJINn p X y
k i

X.
rre P 'y €CTh BEpPOATHOCTH Mepefadyn cuMBoyia X, eciad 3a(UKCUPOBAH TMONYYSHHBIH
k

cumBoiI Y,
p % — BEPOSITHOCTh IONYYCHUs CUMBONA Y\, eciu 3adukcupoBaH (mepenactcs)
i

cumBoir X;.

[Tpu »TOM mpearnosaraercsi, YTO HOBbIE CUMBOJIBI (CBEPX 33aJaHHOTO oObeMma andaBuUTa M) HE

MOTYT OBITE CO3aHHbI IO BIIMAHUEM ITOMEX.

2ol )
2

Ecnu nmomexu OTCYTCTBYIOT, TO BCC NTHMArOHAJIbHBIC 3JICMCHTEI MaTPUIIbI p % HJIM MaTpUIbI
|

CrnenoBaTeiabHO,

X.
Pl ) y PaBHBI €IUHUIIE, @ OCTAJbHBIE — HYIIO. [Ipn 0YeHb OOJBIINX MOMEXax BCE HIEMEHTHI
k

MaTpHI] MOTYT OBITh MPUOIUIUTEITHHO OJUHAKOBBIMH.

HpI/I HaJIM4YuKU IIOMEX, II€p€aadya CHMBOJA Xi HC CHHUMACT IIOJIHOCTBIO HEOIIPCACICHHOCTDH

OTHOCHUTEJIBHO TMOJY4YeHHOro cuMBoja Y. Takum o00pa3om, mepenavya CHMBOJIOB [0 KaHAIY

OTIHCBIBACTCS HUXKE MEPEUNCICHHBIMA MEPaMHU HEOTPEAETICHHOCTH (SHTPOIHSIMH).

HeonpeneneHHOCTh IEpeaBacMbIX CUMBOJIOB IIPU YCIOBUU UX HE3aBUCUMOCTH (H (X)) :
H (X) = _Z P(Xi) - G P(gi) .
i=1
HCOHpeI[eJ'IeHHOCTI) IMOJIY4YCHHBIX CUMBOJIOB (H (y)) .

H(Y) =-> P! o P(5).

HeonpeaeneHHOCTD TOIyYeHUs: CHMBOJIOB ITPU 3a)MKCHPOBAHHOM CUMBOJIE X H ( K ij
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(LS o)

OTa BeJIMYMHA Ha3hIBACTCS YaCTHOM BHTpOHHeﬁ IMPUHATBIX CUMBOJIOB.

) IO BEPOATHOCTAM
i

ITonmmas OHTPOIHA IMMPUHATBIX CUMBOJIOB BBIYHUCIACTCA YCPEAHCHUEM H( y X

nepeaBaeMbIX CUMBOJIOB X;

SZARVILE

i=1
Benmnuuny H (%) Ha3bIBAIOT CPEIHEN YCIIOBHOM SHTPONMEN IPUHUMAEMBIX CUMBOJIOB.

HeomnpeneneHHOCTh nepeaBaeMbIX CUMBOJIOB IIPY 3a()UKCUPOBAHHOM IMPUHITOM

cinsorte Vi H(%k) :
1()-2 )t #4)

DTa BeJMYuHA SBJISETCA YaCTHOM SHTPONUEHN NepeiaBaeMbIX CHMBOJIOB.
TT0JTHYIO SHTPOIHMIO TepeIaBaCMbIX CHMBOJIOB HAXOAT yCpeAHEHHEeM SHTporun H ( % ) o
k

BEPOATHOCTAM IIPUHHUMACMBIX CHUMBOJIOB yk .

H(%jziH(%k)P(w).

B cooTBeTCTBUM ¢ OCHOBHBIM COOTHOIIIEHHEM Teopuu uHbopmaruu (1.3), mpupocT KoauvyecTBa

uHpopmarnuu (| ), CBI3aHHBIN C TPUEMOM OJHOTO CUMBOJIA COOOIIEHUS, OMIPEIEIAETCS BRIPAKEHUEM:

I = Iogz%z log, P, - log, R = H(x)- H (%,) (3.1)

1

rac Pl — alipyuopHas BEPOATHOCTDb MMOABJICHUA CUMBOJIA,

PZ — allIoCTEpUOPHad BEPOATHOCTD ITOABJICHUA 3TOT'O K€ CUMBOIJIA.

CHpaBGI[JII/IBO TaKXE COOTHOIIICHHUC!

|= H(y)- H (%) (32)

U3 Beipaxennii (3.1) u (3.2) BUAHO, 4TO, IO Mepe yMEHbBIIEHHs ToMeX, BenumumHa | Gymer

CTPEMUTHCS K H(X),a IIPU YBEJIMUEHUU TIOMeX OyZIET CTPEMUTHCS K HYJIIO.
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3.3. [lepenaya HenmpepbIBHbIX COOOIIEHUI 110 KAHAJIAM CBSI3H.

Tak e Kak B cilyyae INepeiadyd JAUCKPETHBIX COOOLICHHM, MPH HAJUMYUHU IIYMOB HEMPEPHIBHOE
coobmenne X(t) mocre MPOXOKJCHUS KaHalla MOXET ObITh MPUHATO KaK COOOIIeHNe y(t), npuYeM

Y(t)i a'X(t+T ) JUIsL BCEX WJIM HEKOTOPBIX MOMEHTOB BpPEMEHHM, TI€ d M T - KOHCTaHTHI,
XapaKkTepHU3yIollue OcIablieHre U 3ama3/IbIBaHie CUTHala, KOTOpPble 0OBIYHO HECYIIECTBEHHBI C TOYKU
3peHusl OMpeeNIeHus KoJaudecTBa WH(OpMaluu, coiepkamerocsi B cooOmeHun. Takoe coObITHE

Ha3bIBAIOT OLIMOKOIA.

HcTouHNK HempepbIBHBIX COOOIIEHUH YAOOHO MPEACTaBUTh B BHJIE HENPEPHIBHOW CiydaiiHOU
BeIMUYMHBI X , KOTOpas IOCJIE MPOXOXKACHUS KaHala mpeoOpa3yercs B HENPEPHIBHYIO CIYYalHYIO
BenuuuHy Y . KonmuecTBo nH(pOpMaIuy B HEMPEPHIBHBIX CyYalHbIX BenuurHax X U Y , IPH HAIUYUHU
IIYMOB, MOXHO OIpEAENUTh MPEABAPUTENBHO MPOBEAS WX JUCKPETH3AIMIO [0 YPOBHIO (T.e.
npeoOpa3oBaB UX B JUCKPETHBIE CIyyaiiHbIe BETUYMHBI), a ITOCTIEe OMPEACTICHHS COJIePKAILETrocs B HUX
KOJIMYECTBA MHGOPMAIIUU BBIMOTHUB MPEACTBHBIA MEePeXo/, KOTr/a YHCIO YPOBHEH IMCKPETU3AINU
CTPEMUTCS] K OECKOHEYHOCTH. ITa ONeparus MmoApoOHO pacCMOTpPEHa B OCHOBAX TEOPHH WHOOpMAIUU
(§1.8).

B pesynbpraTe BBINOJHEHUS ONEpalMid AMCKPETU3ALMU MO YPOBHIO M IPEIEIBHOIO IEpexoia
MOKHO CJIeNaTh BBIBOJ: AU(GEepeHIINATbHbIC YHTPOIHH CIYYaiHBIX HETPEPHIBHBIX BEMUYUH X U Y
KOHEYHBI, XOTSI UX MOJIHAsi SHTPOIHUS U CTPEMUTCS K OECKOHEYHOCTH.

AHanOruYHBIM 00pa30M MOKHO OTIpeenuTh KomuuecTo nHpopmamuu (| ) cryuaitnoit

BEJIMYUHBI X , cOAepKalLEelcsl B HENPEPBIBHOM CIIy4aiiHOHN BeIMYMHE Y

roe Px (X, Y) =Py R (%) — COBMECTHAs TNIOTHOCTb pacipe/ieIeHUs] BEPOSATHOCTH BeJIMUKUH X U Y,

P, (X), R, (Y) - mnotsocts pacnpenenenus ciry4aiHbIX BeTuYrH X U Y COOTBETCTBEHHO.

N3 ananuza ¢hopmyisl (3.3) MOKHO CAENATh CIAEAYIOIINE BHIBOIBI.

1. Eciu nomexu CTOJIb BEJIMKH, YTO CiIydaliHas BeJIU4YMHA Y IPAKTUYECKU HE 3aBUCUT OT

ciyuaitnoit Bemmunss X , T.e. P (%) =R.(Y¥) 10

Py (% Y)= Py (X)- P, (y)

U, CIIeJ0BATENBHO, KOJIMYECTBO noydaemoit unpopmanui (| ), Beraucnennoe no gpopmyine (3.3),

PaBHO HYIIIO.
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2. Ecim momexa (M), mpexncrasnsiemas B BUAE HENPEPHIBHOM CIyd4aliHOM BEIMYMHBI. HOCUT

aJIUTUBHBIN XapaKTep, TO €CTh
Y=X+n,

npuyeM, ciiydaifHas BenuuuHa X U momexa N He3aBUCUMBI (UTO OOBIYHO BBITIOIHSIETCS ), TO

R (%)= - %,

rae Pp(Y - X) = Py(n) — motHOCTH pacnipesienenus BepoSTHOCTH MOMEXH.
B stom ciyyae,
I=H(y)- H(n),

rae,
H(y)=—[R (y)-l oR @) - mpdepenuuanbuas SHTPOMHS curHana Y,

H()=—[R.(n)-1 oP@) — mpdepenmuansuas SHTPoHs rryma M.

3.4. CorjacoBanue KaHAJOB C CHTHAJIAMU.

Hapsny c¢ uHdopmanueil, mepenaBaemMold B BHJAEC IJUCKPETHBIX CHUTHAJIOB, B psjie CIIydacB
MPUXOJUTCS TMepelaBaTh M0 KaHajdaM CBSI3M MH(POPMAIMIO B HEMPEPHIBHOW MIIM aHAIoroBod (opme.
Takue cUrHAIBI XapaKTCPUIYIOTCA MOIIHOCTBIO (I/I.HI/I I/IHTGHCI/IBHOCTBIO), HaCTOTHBIM OHAIIa30HOM U
JUTUTENIBbHOCThIO. BaxkHeliee 3HaueHWE MMEET MOIIHOCTh CUTHAJIa, OJHAKO TPAKTHYECKH, H3-3a
HaJIM4Ms [IyMOB, CBOIMCTBA CHUTHAaJa KaK NMEpeHOCYHKa MH(OPMAIIUHN ONpPEesioTCs He aOCOIIOTHON

€ro BEeJIMYMHOMN, a MPEBBIIICHUEM YpPOBHS CUTHaJa HAJl YPOBHEM MOMeEX. 3a KOJIMYECTBEHHYIO MEpy

WHTCHCUBHOCTH CHTHAJIa MPUHUMAIOT oTHomeHue (H;) MOIIHOCTH cHTrHaia (P.) x moumoctu

neiictByromeit B kanaje momexu (P p):

P
— C
H. =25,
n
HJIN KC J'IOFapI/I(l)M OTOT'O OTHOIICHHUSA B BUJIC:
P
— C
H,=1 0Ol gP—
7

eIMHUIIA U3MEPECHHSI KOTOPOTO HOCHUT Ha3BaHue nernuoden (nb).

CrnenyromuM BaKHEHIIUM MapaMeTpoM JIFo0Oro CUTHaA SIBJSETCS MIMPHHA €ro MOJIOCHl YacTOT

WJIM YaCTOTHBIM Juana3oH Fc, MIPEACTABISIIONTUN CO00M Pa3HOCTh MEXKIY MaKCUMaJIbHOU fmax u

MHHHMAaJIbHOH fmin qaCToTaMH, KOTOPBIC COACPIKATCA B CIICKTPEC CUTHAJIA.
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CHrHAJT XapaKTEPH3YeTCs TAKKE JUTHTEILHOCTBIO | PABHOI PasHOCTH MEKILY BPEMEHEM

OKOHYaHHWS CHTHana ty u BpemeHeM ero Havana t,,:

T, =t —t,

[IpousBenenue V. = H_F_T, naspisaercs o6semom curnaia.

AHaJIOTHYHBIMH TIapaMeTpaMH MOJXKHO XapaKTepu30BaTh M KaHal CBS3M (KaHAI Tepeaadu
cooOIeHunit), ckaxkeM Hy — MOmyCTUMBINA JUamna3oH MU3MEHEHHsI MOIIHOCTH B KaHane, Fy— mmpuna
CIIEKTpa YacTOT, MPOIMYCKAEMbIX KaHAJIOM, |y — BpeMsl 3aHATHS KaHaJIa.

Torma cBoiicTBa KaHaJla MOKHO XapaKTEPU30BaTh IPOU3BEACHUEM

Vi =H KT, ,
KOTOPOE HA3bIBAIOT EMKOCTBHIO KaHaJa.

OueBUIHO, YTO TIepeiada CUTHANA MO0 KaHATY CBSI3U BO3MO)KHA JIMIIb TPU COOJIIOICHUH YCIOBUIA:

H, >H

\%
T

|:k c, (34)
T, =T

c.

U3 »tux orpanmuenuii cmemyer, yro Hi-Fo-Te =Ho-F-T. yu cremosarensno, Vi =Vi.
TakuM 00pa3oM, cUTHAJI MOXKHO NepenaTh MO KaHaly CBSI3U 0€3 HCKaKEHUH TOJNBKO B TOM ciydyae,
€CIIM EMKOCTh KaHayia Oonbllie WIM paBHa o0beMy curHana. OrpanuueHus (3.4), Kacarommecs
OTJENBHBIX TAPaMETPOB CUTHAJIA: MOLTHOCTH, YaCTOTHI U BPEMEHH, SIBJISAIOTCS OTHOCUTEIIbHBIMU U TIPU
OTIpEe/IeNIEHHBIX YCJIOBHUSAX, 3@ CUYET HEKOTOPHIX IpPeoOpa3oBaHUN HMCXOJHOTO CUTHAlla, MOTYT OBITh
MIPEO0JICHBI.

OCHOBHBIM Ha3HaueHHEM JI000i1 MH(OPMAIIMOHHOW CHCTEMBI, a CJEeIOBATEIbHO M KaHaja
CBSI3U, SABISETCA Iepenada COOOIICHUH, coAepXaluX Kakyio-T1u00 HWHGPOpPMalUIo, ¢ 33JaHHBIM
KayeCTBOM.

[To ananorum ¢ MHPOPMAITMOHHBIMH XapaKTEPUCTUKAMHU UCTOYHUKOB cooOmieHuit (§ 1.6), mis
KaHAJIOB Tepelauyd COOOLICHWH TaK XK€ MOXKHO HCIOJb30BaTh HH(DOPMAIMOHHBIE MapamMeTpamH,
XapakTepusyromue ux kadecTBo. OTHON M3 BaKHEHIIMX XapaKTEPUCTHK, OMPECIISIONINX KaueCTBO
KaHaya, SBISCTCS ckopocmb nepeoayu ungopmayuu (Q), MOA KOTOPOHW IMOHHMAIOT CpEIHEe
KOJIMUECTBO MHGOpMAIIUU NIepe/laBaeMoe 10 KaHAIy B €IUHUILY BpeMeHHU. /{11l BEIYMCIIeHNs 3HAaYeHUS
Q MO’XHO HCHOJIB30BATh COOTHOILICHHE:

Q=W-H

)
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rae W - TexHumyeckas CKOpPOCTH IEPENAYd CHMBOJIOB COOOIIEHHI, MO KOTOPOM MOAPa3yMeBaIOT
YHCIIO AJIEMEHTApHBIX CUTHAJIOB (CHMBOJIOB), IIEpelaBaeMbIX 110 KaHaly B €IMHUILY BPEMEHU (CUMBOII
/ cex.).

H — cpennee xonmyecTBO MH(pOpMAIMK, MPUXOASIIAECS HA OJIWH AJIEMEHTAPHBIA CUTHAN WM
cUMBOII (OUT / CUMBOI).
TexHUuyeckass CKOPOCTh Mepeaayn CUMBOJIOB coobmeHuii (W) 3aBUCHT OT CBOMCTB M TEXHUYECKUX
cpencTB KaHana. C ydeToM BO3MOKHBIX PA3JIMYMil B UIUTENBHOCTSIX CUMBOJIOB, MOKHO CUUTATh, UTO

W=t

Tcp !

rae - cpeJiHee 3HaYeHue JUIMTEIbHOCTH CUMBOJIA.

3a eAMHUILY U3MEPEHUS CKOPOCTH repeaaun nadopmaruu (Q) npuHuMaetes H6om = [OuT/cex].

JlJiss TEOpUU | MPAKTUKUA BAXKHO 3HATH, 10 KAKOTO Mpejesia ¥ KaKuM MyTeM MOKHO TOBBICHTH
CKOpOCTh Tepefaud WHPOpMalMKd IO KOHKPETHOMY KaHaly, a IO03TOMY Jpyroil BakHeHIIen
XapaKTepUCTUKON KaHala SIBISIETCA MpelelbHOe KOJIMYECTBO HMHMOpPMALUU, KOTOPOE MOXKET OBbITh
nepeJaHo 1Mo HEMY 3a eIMHHUIY BpeMeHU. [laHHas XapakTepucTHKa MOJTy4usia Ha3BaHUE NPONYCKHOU
cnocoonocmu kanana (C), T.€.

C=m Q=m aW -HyaW-mx H=Wd ,m;
rae M — o0wséM andaBuTa rnepegaBaeMoro CooOIEeHuUs.
[Ipomyckass cmocoOHOCTH KaHalla W3MEpPSEeTCs TakkKe KaKk M CKOPOCTh Iepenadu

uHpopmanuu B 00TaxX.

[IponyckHast cHoOCcOOHOCTh KaHalda HMEET OrpaHHYEHHOE 3HaueHue, Kak Ipu Iepenade
JTUCKPETHBIX COOOIIEHHM, TaK U HEMPEPHIBHBIX CUTHAJIOB. JTO OOBSICHSIETCS TEM, UTO MPU YBEIUYECHUN
YHClla BO3MOXXHBIX 3HAUCHUU CUTHaNa (Xx) YBEIMYCHHE KOJMYECTBA MepenaBaeMoil HHQpOpMAIun
BO3MOYKHO JIMIIb IO T€X MOp, IMOKa BO3MOXHO YBEPEHHOE paclio3HaBaHUE 3TUX 3HadeHui. Ecnm xe
OTJIMYMSI MEXy COCETHUMHU 3HAYEHUSIMHU CUTHaJA (4X) CTAHOBUTCS MEHBIIIE CPEJHETO YPOBHS LIyMa,
TO YBEJIMYEHHE YKCIia BO3MOXKHBIX 3HAUEHUN CUTHAja HE YBEJIMYMBAET KOJMYECTBa NepenaBaeMoil
uHpopmanuu. I[lodToOMy mpomyckHas CHOCOOHOCTh KaHalla pacTeT C YBEIUYCHHEM OTHOIICHHUS
MOJIE3HOTO CHUTHAlIa K IIyMy (OTHOIIEHWE curHan / 1rym). KolnuecTBEeHHOE COOTHOIICHHE MEKIY

TIPONYCKHOM crocobHocThio kaHana ceasu (C) mpu mepemade HempepbIBHBIX COOOIIEHHi, ero

YaCTOTHBIMU XapaKTEPHCTHKAMH M CPEIHMMH MOIIHOCTSMH cHrHama i myma ( P,u P,,) onpenensiercs

COOTHOIICHHUEM

P
C < fy 1 0,8+ | (Gur/cer) (3.26)

w

e fB — BCPXHMAA I'paHUYHAsA 4aCTOTa B CIICKTPC 4aCTOT KaHaJia.
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Mex 1y MponmycKHOM cOocOOHOCTBIO KaHala U CKOPOCTBIO Mepeaaud HHOOPMALUU CYIECTBYIOT
IpeJiebHBIE COOTHOLIEHMS, BEITEKAIOUIME U3 BTOpoi Teopemsl lllenHona (cm. § 2.9): eciu ckopocTh
cosnanms mHpopmarmn (H) menpme npomycknoit cmoco6roctn (C), To mmeercs mpaBmio
KOJMPOBaHUS (BO3MOXKHO HEHM3BECTHOE), NMPH KOTOPOM BEPOSITHOCTH OIIMOOK MOXET OBITh CKOJb
YroIHO MaJoH, a CKOpPOCTh TNepenadn HH(OpMAIMM MOXXET CKOJIb YroJHO MpHOMMKAThCd K

MPOIYCKHOW CIIOCOOHOCTH KaHaja.

NnaBa 4. Ucnonb3oBaHue HhOPMaLMOHHLIX MoAeNen NPy aHannse cucTem

aBTOMaTU4eCcKOn 06paboTKM N30OpaKeHUN U UX OCHOBHbIX Y3510B.

4.1. UnpopManmoHHbIe MOJEJIM CHCTEM aBTOMATHYeCKOi 00padoTKHN N300paskeHn i

B coBpeMeHHOW Hayke W TEXHHKE MIMPOKO MCIIONB3YIOTCS CHUCTEMBI, CIyXallue st coopa,
o0paboTku wnmm nepenayn wHPopMmaruu. OCHOBHOE OTJIIMYME TAKMX CHUCTEM COCTOUT B TOM, YTO
pe3yabTaToM MX (PYHKIIMOHUPOBAHHUS SIBISAIOTCS HE MaTepHabHbIe 00BEKTHl PEaJIbHOr0 MUPA, A JIUIIb
CBEJICHUS WJIM 3HaHUs 0 HUX (MHPOPMAIKs) U MO3TOMY OCHOBHBIMHU XapaKTEPUCTHUKAMH ITHX CUCTEM
SBISIIOTCSL  MH(GOpPMAIIMOHHBIE ~ XapaKTEPUCTUKU. Takoro poja CHUCTEMbl HOCAT Ha3BaHHE
UH(POPMALIMOHHBIX CHCTEM.

K mHpOpMalMOHHBIM cHCTEMaM CIEAYeT OTHECTH M CHUCTEMbl aBTOMATHUYECKOW 00pabOTKH
pe3yabTaTOB AMCTAHIIMOHHOTO 30HAMPOBaHUS. VICXOMHBIM HCTOYHMKOM HWH(POpPMAIMA B TaKUX
cUCTeMaxX Yalle BCEro CIyXaT ONTHYeCKHe Win Qororpadudeckre U300paKeHHs, TOJTYYCHHBIC B
pe3yabTaTe pPEerucTpaluy pacrpelesieHus] OTPAKEHHBIX WM HM3JIyYCHHBIX 3JEKTPOMArHUTHBIX BOJH
ONTUYECKOTO [Uara3oHa, a Ledb O0pabOTKM 3aKII0YaeTCs B MONTYYEHHH KaKHX-JIMOO MapaMmeTpoB
U300pakeHusI, ero nepeaadyn win npeoOpa3oBaHuu. [103TOMy Takue CHUCTEMBI NMPHUHSATO HAa3bIBATh
CHCTEMaMU aBTOMATHYECKOW 00pabOoTKH n300pakeHHH.

CHOXHOCTh TPOEKTHUPOBAHUS U HCCIENOBaHUS HMH(OPMAIIMOHHBIX CHUCTEM TpedyeT ux
MOJICIIUPOBAHMS C IEJIbI0 OLEHKH UX HMH(OPMAIIMOHHBIX CBOWCTB, MPUYEM, YUUTHIBAS CHEHH(PHUKY
9THX CHCTEM, OCHOBHBIM BHJOM WX MOJCIUPOBAHUS JIOJDKHO OBITh MaTeMaTHYECKOe
WH(POPMAIIMOHHOE MOJICTTUPOBAHUE.

WudopmanMoHHbIe MOJEIN - 3TO BHJ MaTEeMaTHYECKUX MoOJeNed, KOTOpbIE IO3BOJISIOT
MOJIEMPOBATh HH()OPMAIIMOHHBIE MTPOLIECCHI B PA3JIMYHBIX CUCTEMAX.

OO6mrast wHbOpMAIIMOHHAS MOJETb JI000M CHUCTEMBI MOXET OBITh TMpEICTaBlieHA B BHJEC,

n300pakeHHOM Ha puc. 4.1.

HUcTounu
co0011IEH]



Puc. 4.1. O6mas nHbOpMaIIMOHHAS MOJIETTh CUCTEMBI.

OtnenbHble OJIOKM, BXOJAIIME B O0OHIYI0O HWHGOPMALMOHHYIO MOJEb, ONPEACISIIOTCS
CJICIYIOIIUM 00pa3oM.

Hcrounuk cooOmieHuit - Gu3M4ecKuii o0BEKT, 00JagaronIuii BO3MOKHOCTHIO TEHEPUPOBATh
cooOuieHue.

JlaTuuk COOOIIEHUN - TEXHUYECKOE YCTPOMCTBO, MpeolOpa3yroliee UCXOAHOE COOOIIEHHE B
n3oMopdHy0 (aHATOTHYHYI0) popMy, YIOOHYIO 711 TalibHEHIeH repeaadn uiu oopadoTKu.

Kanam - TexHMuYeckoe YCTpPOWCTBO, TpEICTaBIsAmOINICe COOOH IMOCIen0BaTeOILHOCTh
npeoOpaszoBareneil, KOTOpble MepefaroT Wi 00padaThIBAIOT MCXOJHOE COOOIIEHUE IO 3aJaHHOMY
QITOPUTMY.

[IpueMHUK COOOIIEHHI - TEXHHYECKOE YCTPONCTBO, C MOMOIIBIO KOTOPOTO MEPEIaHHOE WU
obpabotanHOe cooliieHne mpeodpasyeTcs B Gopmy, YAOOHYIO ISl TOTydaTers.

[Tonmyyarens - HEKM 0OBEKT, CIOCOOHBIA NMPUHUMATH PELICHUS Ha OCHOBE MOJYYCHHOH WIIN
00paboTaHHON COOTBETCTBYIOIIMM 00pa3oM mHpopmanuu. Tak, B KauecTBE MOJydaresist COOOIIEHUs
MOJKET OBITh WJIN YEJIOBEK, MM JIOTHUECKOE YCTPONUCTBO, UM PErUCTPUPYIOLIHI MPUOOD.

HcTouyHuK MmomMex - COBOKYMHOCTh MOMEX W IIyMOB, JIEHCTBYIOIIMX Ha OTAENbHBIE OJIOKH
UH(POPMALIMOHHON MOJIENH, TPUBEICHHBIX K KaHATY.

Crenyer OTMETHUTBH, YTO B KOHKPETHBIX MH(OPMAIIMOHHBIX MOJEISAX MOTYT OTCYTCTBOBATb
OJIMH WJIM JJa)Ke€ HECKOJIBKO OJIOKOB, MPUBEIECHHBIX B 0011l HH(GOPMAIIMOHHON MOJIEIH.

NudopmanronHas monenb B oOlIEeM BUIE MOXET ObITh MPUMEHEHa IMPU MOJEIHUPOBAHUU
CaMbIX PA3JIMYHBIX YCTPOMCTB M INPOLIECCOB, CBSI3aHHBIX C INepenadeii u o0paboTkoi MH(OpMAaIHH.
OpHako TpH MOJENMPOBAaHUM KOHKPETHOTO YCTPOICTBa WM Tpoliecca Topa3io yaoOHee
MOJIb30BAThCA TaKUMU HMH(POPMAIMOHHBIMH MOJENSMH, B KOTOPBIX YKa3aHbl KOHKpPETHBIE
GbyHKIIMOHATBHBIE OJIOKW, BXOJMSIIME HEMOCPEICTBEHHO B ATH ycTpoiicTBa. Ha puc. 4.2 B kadecTBe
npuMepa TpejacTaBieHa WHGOpPMAIMOHHAs MOJETb CUCTEMbl aBTOMAaTHYECKOW 00paboTKh
¢doronzobpaxennit Ha ocHoBe DOBM. Ilpu 3TOM Hapsny ¢ (QyHKUMOHAJIbHBIMH OJIOKAMU CHUCTEMBI

MOKa3aHOo U UX 0003HaUEHHE B TEPMUHAX WH(HOPMAITMOHHOW MOJIENH OOIIETo BUIA.

WC.
4.2.
HNudo

pManu
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OHHAas1 MOJIEJIb CHCTEMBI aBTOMATHYECKO 00paboTku doTonzodpakeHuit Ha ocHoBe DBM.

COBpeMeHHBIe HH(bOpMaHHOHHBIC CUCTCMbI, B YaCTHOCTHU, CHUCTCMbI, HCIIOJB3YCMBIC JId

HCCJIEIOBAHMSI IPUPOTHBIX PECYPCOB, MPEACTABISAIOT COOOM JOBOJIIBHO CIIOKHBIE CTPYKTYpHL. [ToaTtomy

MOCTPOCHUE UX MHGOPMAIIMOHHBIX MOJENeH, Kak MpaBuiIo, TpeOyeT UX MpeBapUTEIbHOTO Pa30reHUs

Ha HCECKOJIbKO MOACHUCTCM, IOCJIC YCTO MOXHO MNCPEXOJUTH K I/IH(bOpMaL[I/IOHHOMy MOACIINPOBAHUTO

KaXJ10H OTZIEIbHOM MOJICUCTEMBI C YYETOM UX UH(POPMAIIMOHHOHN COTIACOBAaHHOCTH.

B GonbmmHCTBE ciydaeB MOCTpoeHHe MH(OPMAITMOHHOW MOJEIU CJIOXKHOM CHCTEMBI MOKHO

MPEJICTaBUTh B BUE OAHOW U3 CIEIYIOMIMX TPEX OCHOBHBIX OJIOK-CXeM, M300pakeHHBIX Ha puc. 4.3,

WY UX KOMOUHAIIUN:

Iloncuc-
TeMa
«1»

«2»

IToncuc-
Kanan N TeMa

a). [TocrenoBarenbHOE COCTMHEHUE TIOJICUCTEM

—>{rema
«K-1»

Iloncuc-

Kanan

IMoncuc-
TeEMa
«K»

«1»

IToacucrema

Kanan |IToxcucrema
9 7
«1» «1»
Iloncuc- N Kanan |Iloxcucrema
7
TeMa — [«2» «2»
«0»
Kanan |IToxcucrema
9 7
«K» «K»

«2»

IToacucrema

«K»

Iloxcucrema

Kanan

«0»

IToncucrema

B). CoelHEHHE MOJICUCTEM C MapajlIeIbHBIM cOOpOM MH(OpMAITUH

6). CoenrHeHNE MOACUCTEM C MapajuIeIbHON nepenaveil HHPpopManuu

Puc.
4.3.
OcHoB
HBIE
0JI0K-
CXEMBI
oCTp
OCHMUS

uH pOp
Marmo
HHBIX
Mozei
CIIOXH

BIX
cucTe

M.
Cneny
eT
OTMET
UTh,
4TO
KaHaJ
Bl

CBs3U

MEX]T

OTIEN

bHBIM
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U TOJICUCTEMaMH MOTYT U OTCYTCTBOBaTh (OOBIYHO B TE€X CIIydasx, KOrJa MoJjiydyaTeslb cOOOUICHUS
OJTHOW TOACHUCTEMBI CIY)KUT HCTOYHMKOM COOOIIEHHUsS Apyroil moacucremsl). Hampumep, ecnu
TpeOyeTcs MOCTPOUTh HWH(DOPMANMOHHYIO MOJAENTh AaBTOMATHYECKOW CHUCTEMBI TONyYEHUS
M300paXCHU 3E€MHON TOBEPXHOCTH W3 KOCMOCA, KOTOpas COCTOMT U3 (POTOPETHCTPUPYIOIICH
CUCTEMBbI, YCTAaHOBJIICHHON Ha OOPTY KOCMUYECKOT0 anrapaTa, ¥ CUCTeMbI Iiepejaund u300paskeHui ¢
KOCMHMYECKOI'0 ammapara Ha 3eMiio, TO YIOOHO paccMOTpeTh MH(POPMALMOHHYIO MOJENb ATOH
CUCTEeMBl ~ KaK  TIOCIECIOBAaTEIbHYI0  KOMOWHAIIMIO  ABYX  WH(GOPMAIMOHHBIX  MOJEIEH:
nHpOpMAIMOHHOW  MoAenu  ToJiydeHHs  (POTOM300paKeHHWsS  TMOBEPXHOCTH  3eMJId |
nH(pOpMaIMOHHOW Mozenu Tepeaaun n3obpaxenuit Ha 3emtro. B atoM ciayudae poromzobpakeHue
3eMHOM MOBEpXHOCTH, MpuHATOEe Ha Oopr KA, Oymer ans mepBoil MH(POPMAIMOHHON CHCTEMBI
HoJyJaTesneM cOOOIIeHNUs, a Ui BTOPOU - HCTOYHUKOM COOOIICHUSI.

[IIupokoe mpruMEeHEHNE CUCTEM aBTOMAaTUUYECKOW 00pabOTKMU M300paKeHUN U HEOOXOAMMOCTh
Npu UX pa3pabOTKe MW HKCIUTyaTallid ydeTa WH(POPMAIMOHHBIX XapaKTePUCTUK TpedyeT Oosee
NOJPOOHOT0 PACCMOTPEHUS MPUCYLTUX STUM CHCTEMaM CIEeHU(UIECKUX COCTABISIONUINX U MPOILECCOB
B HUX MPOUCXOISAIINX C TOYKH 3PEHHS] HHPOPMAIIMOHHOTO MOJICIIMPOBAHUS.

HcTounuku cooOIieHui, BXoAsIMe B HMHPOPMAIIMOHHbIE MOJEIN CHCTEM aBTOMAaTHYECKOM
00pabOTKN HW300paKECHHM, C TIENbI0 TOMYEPKUBAHHUS WX CHEIMU(UKH, OOBIKHOBEHHO HAa3bIBAIOT
HUCTOYHUKAMHU BHU3YalbHBIX cOOOIeHu. [Ipu 3TOM UCTOYHUK BU3YAIBHBIX COOOIICHUI OMpEAeIstoT
Kak JTF000# (pusmdeckuii mporecc, 0ObEKT WIH SIBICHUE, TPOUCXO SN B HeKoel (hu3ndeckoit cpene
U CONPOBOXKJIAIOIIUNCS M3ITYYEHHEM WJIM OTPAKEHUEM JIyYHCTOM SHEpruu, MpH YCIOBUHU, YTO
MT'HOBEHHBIE COCTOSIHUSI 3TOTO Ipolecca ¢ JOCTaTOYHOM MOJHOTOM M TOYHOCTHIO XapaKTepU3YIOTCS
MTHOBEHHBIMH TIPOCTPAHCTBEHHBIMU PACHPEICICHUSIMH MOIIHOCTEH W CHEKTPATbHBIX COCTABOB
DJIEMEHTAPHBIX TIOTOKOB JIYYUCTOW DJHEPrHH, W3JIy4aeMbIX (WM OTPAKAEMBIX) pPa3InYHBIMU
obsactsaMu Gpu3NUECKON Cpebl, B KOTOPOW MPOTEKAET JAHHBINA MPOIIECC WIIU SIBJICHHE.

[IpuBenenHoe ompeneneHue TpeOyeT AOMOJHUTENbHBIX MosicHeHui. CTporo roBopsi, TEPMHUH
«HUCTOYHUK BU3YAJIBHBIX COOOIICHHI» CIIENyeT NPUMEHSATh TOJLKO K TEM HMCTOYHHKAM, CIIEKTP
JYYUCTON SHEPTUU KOTOPHIX HE BBIXOJIUT 32 MPEEibl BUAUMON YaCTH OMTUYECKOTO CIEKTPa, TO €CTh
or 0,450 mo 0,700mkm. OpHako, B CBA3M C TEM, YTO OCHOBHBbIE (DHU3HUYECKHE CBOMCTBA
3IEKTPOMArHUTHBIX U3ITy4YEHUH COXPAaHAIOTCS B TOpa3io 0ojee MUPOKOM Juarna3oHe JIMH BOJIH U UTO
AQHAJIOTMYHBIC TO TPHUHIMITY JIEUCTBUS MpeoOpa3oBaTeNy JTyYHUCTOW DHEPIHH, BHICTYHAIONINE B
KaueCcTBE JAaTYMKOB COOOINEHUH, TaKKe MOTYT OBITh HCIIOJIb30BaHBI B 0OJ€€ IMIMPOKOM YacCTOTHOM
nuana3oHe, K HCTOYHMKAM BHU3YaJbHBIX COOOIICHMH OTHOCAT HCTOYHUKHA COOOIICHHH, CHEKTp
KOTOPBIX MPHUHAJJICKUT BCEH ONMTUYECKO 001acTH 3JEKTPOMArHUTHBIX W3JIyUYE€HUH C JJIMHAMU BOJIH

ot 0,01MxM 110 300MKM.

69



3a SJeMEHTapHBIM MOTOK JYYHUCTOW SHEPruu OyaeM NpHHUMATh TOTOK, W3JIy4aeMblid (WU
OTpa)KaeMblIil) 2JIEMEHTAPHOH TIIOMIA KON TaKUX Pa3MEpPOB, YTO €0 MOIIHOCTh U CIEKTPATbHBIN
COCTaB MOT'YT BOCHPHHHMMATBhCS TOJIBKO KaK MHTErpajbHble BEeIWYUHBL. lIpumepoM sneMeHTapHOro
[IOTOKA JIyYUCTOM DHEPIMU MOXKET CIYKUThb IIOTOK JIy4UCTOM DHEPIUM, U3JIy4acMbld 3BE310M WU
TOYEYHBIM UCTOYHUKOM CBETA.

[To aHanoruu ¢ TEPMHHOJIOTHEH, IPUHATON B TEOPHUHM MH(OPMAIMH, CHMBOJIOM BH3yaJIbHOTO
COOOILIeHUsI Ha3bIBAIOT JII000E MTHOBEHHOE COCTOSIHUE MCTOYHUKA BH3YaJbHBIX COOOIIEHUH, TO €CTh
OTlIelbHOE (MTHOBEHHOE) MPOCTPAHCTBEHHOE paclpeiefieHue MOIIHOCTEN U CIIEKTPAIbHBIX COCTaBOB
MOTOKOB JIYYUCTOM SHEPrUH, M3TYyYa€MbIX 3JIEMEHTAPHBIMHU IUIOLIAJKAMHU HMCTOYHUKA BU3YaJIbHBIX
coobmeHuii. B 3TOM cioyyae Bce MHOXKECTBO pa3IUYHBIX (HETIOBTOPSIONMIUXCS) CHMBOJIOB,
TeHepUPYEMbIX HCTOUHUKOM BU3YaIbHBIX COOOIEHUI, HA3bIBAIOT ali()aBUTOM MCTOYHHKA BU3YaJIbHbBIX
COOOIIEHUH, YUCIIO PAa3IMYHBIX CUMBOJIOB — 00BEMOM asihaBUTa UCTOUYHHUKA BHU3YAJIbHBIX COOOIIEHUH,
a Jo0yl0 TOCIEA0BaTeIbHOCTh CHMBOJIOB BHU3YaJIbHOTO COOOILEHHS, MMEIOUIYIO Ui IMOJy4YaTess
COOOIICHUS 3aKOHYEHHOE CMBICIIOBOE (CEMaHTUYECKOE) 3HAYCHUE - BU3YaJIbHBIM COOOIIICHUEM.

Ecnu B3saTh B KadecTBe MpuMepa a’poPOTOCHEMKY 3€MHOM IOBEPXHOCTH, TO B TEpMHUHAX
UH(OPMALIMOHHBIX MOJEJIe MOXXHO CUYUTaThb 3E€MHYI0 TIOBEPXHOCTh MCTOYHHKOM BHU3YalIbHBIX
COOOLICHNH, TOCIEI0BATENBHOCTh a3POPOTOCHUMKOB, OTHOCAIIMXCS K OJHOMY MapIIpyTy, -
BU3YaJIbHBIM COOOIICHUEM, a KQKbIH OTJEIbHBIA a9POCHUMOK - CHMBOJIOM BH3YaJIbHOT'O COOOIICHHUS.
OpHako OTMETHUM, YTO NMPU UHPOPMAIIMOHHOM MOJEIUPOBAHUU APYTUX MPOILIECCOB a3pO(POTOCHUMOK
y’K€ MOKHO paccMaTpUBaTh KaK UCTOYHUK BU3YaJIbHBIX COOOIICHUH.

[ToBepxHOCTH JIFOOOTO MCTOYHMKA BU3YaIbHBIX cooOmenuir Q (Puc. 4.4) MoxxHO pa3douTh Ha

OJIEMCHTAPHBIC IIJIOMIAAKU TaKUM 06pa30M, 4YTO BCs MNMOBCPXHOCTH HMCTOYHHKA BH3YaJIbHBIX

coo01eHni OyeT paBHA CyMMeE BCEX 3JI€MEHTapHBIX IIIOIIA 0K, TO €CTh

Puc. 4.4.
Pa3buenue
MOBEPXHOCT
u
HMCTOYHHKA
BI/I3yaJ'IBHBI
X

COOOIICHUH HA COBOKYITHOCTD 3JIEMEHTAPHBIX TUIOIIA/IOK,
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[Ipu >TOM KaXabplii CUMBOJI BU3YaJbHOTO COOOUICHHUS ( ), TEHEpUPYEMBIl TaKMM HMCTOYHHUKOM B
MOMEHT BPEMEHHU , B o0mem ciyyae OyZeT ONMUCHIBATHCSI MTHOBEHHBIM HPOCTPAHCTBEHHBIM

pacnpeesieHneM MOIIHOCTEH U CHEKTPaJIbHbIX COCTaBOB 3JIeMEHTapHBIX

IIOTOKOB JIYYHCTOW SHEPIUH, U3Ty4aeMOU DJIEMEHTAPHBIMU IUIOIIAAKAMU:

E =Et)=Wky.2sA(xy.2)l,, (4.1)

rae - IGKapTOBBI KOOPJIMHATHI IIEHTPOB TSHKECTH JIEMEHTAPHBIX TIJIOMIAIOK.
CrenoBaTenbHO, MaTeMaTH4eCKOM MOJICIIBIO BHU3YaJIbHOT'O COOOIIeHMS Ooyner
MOCJIEIOBATEILHOCTh BO BPEMEHU JUCKPETHBIX pacipeaesieHu npu K=0, 1, 2,..n Takas

MOJIe]Th TIO3BOJIIET OXBAaTUTh BCE MHOXECTBO HCTOYHHUKOB BH3yalnbHbIX coobmenuii (MBC),
pPa3TUYHBIX MO (U3UYECKON TpUpoJe M HHQPOPMAIIMOHHBIM CBOWCTBaM, OJIHAKO HA TMPAKTHKE
MpeACTaBIsIET MHTEpec pa3domeHue Bcero MHokectBa MIBC nHa kmaccel, B koTopsie Bxoast MBC
OJTHOPOJIHBIE TIO CBOEH CTPYKTYype, (GU3NIECKON NpHupoe U HHPOPMAIIMOHHBIM CBOMCTBAM.

[Ipencrapmusiercs palMOHAIBHBIM TOJO0XHUTH B OCHOBY Kinaccudukanuu NBC Beipaxkenue (5.4)
U KIacCU(UIMPOBATH UX MO Pa3MEPHOCTH AUCKPETHBIX (YHKIUN U U 10
Pa3MepHOCTU AMCKPETHBIX paclpeaeacHuil , OTIMCBIBAIOIINX CUMBOJIBI BU3YaJIbHBIX COOOIICHUH.

OueBuano, yro MBC Moryr ObITH OJHOMEPHBIMH - , U JIByMEPHBIMHU -

, @ pa3MepHOCTh (YHKIIMH u MOJKET IPpUHUMAaTh 3HaueHus ot 0 110

B 0co0bIii KJTacC MOXKHO BBIACTUTH UCTOYHUKU BU3YAIbHBIX COOOIICHUH, IJIsT KOTOPBIX
H ) (4.2)

To ecth pacnpeneneaus W u A He 3aBUCAT OT KOOpAMHAT mpocTpaHcTBa. [lo cBomM du3mueckum
CBOWCTBAM OHM AHAJOTHYHBI TOYCUHBIM HCTOUYHMKAM M TOJHOCTBHIO XapaKTEPU3YIOTCS 3HAYCHHEM
BenmanH W 1 A. [To3TOMy MX Ha3bIBalOT HHTETPATBHBIMU HCTOYHUKAMH BU3YaIbHBIX COOOIICHUI.

Bce ocranbHble MCTOYHMKH, Ui KOTOPBIX XOTS Obl 0AHO ycioBue (4.2) HEe BBINOJTHSETCA -
OTHOCATCS K Kiaccy qudpepeHIIaIbHbIX HCTOYHUKOB BU3YaJIbHBIX COOOIICHUH.

Ecm nnsa muddepenmmansupix UBC cripaBenmmBo

(4.3)

to Takue UBC Ha3wBatoT qudpepeHnmnanbHpIMA 00 bEMHBIMU.

CootBerctBenno, UBC, aiis koTopsix
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)51

Ha3bIBalOT AU epeHITnaTbHBIMU TUIOCKUMU (TUTOIIAHBIMU ) UCTOYHUKAMH.

Huddepennmansasie UBC, miist KoTopbix

Ha3bIBAIOT AU PepeHInaTbHBIMU JIMHEHHBIMH HCTOYHUKAMHU.

(4.4)

(4.5)

Hcxons w3 sroro Ha puc.4.5 mnpeacraBieHa Kiaccu(UKalus HCTOYHUKOB BH3YaJIbHBIX

COOOIIECHUH.

E€HU.

[Ipumepamu pa3IUUYHBIX KJIACCOB MCTOYHUKOB BHU3yaldbHBIX coobOmennii (MBC) wmoryt

CITY)KHTh:
— UHTErpajbHbBIC OJTHOMEPHbIE: OnTHUeCKui Tenerpad ( ), cBeTodop ( );

— WHTETPaJIbHBIN IBYMEPHBII: U3IIy4CHUE 3BE3;

— muddepeHuanbHbIi  OJTHOMEPHBIA JIMHCHHBIA: ONTHYECKUH TIJIOCKOCTHOW KIWH  (

I[BETOBOM KIIHH ( )i
— muddepeHInaIbHBII 0THOMEPHBIH IIIOCKUI: yepHo-0enoe dporonsodpaxenue (

moste ( );

— muddepeHManbHbIi  OJHOMEPHBI OO0OBEMHBIN: YepHO-0eroe crepeon3odpakeHue (

I[BETOBOE TeJIO ( );

— muddepeHIuanbHbIA TBYMEPHBIN JIMHEHHBIN: CTIEKTporpad;

), IIBETOBOE
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— muddepeHIranbHBIN IByMEPHBIH MJIOCKUN: IIBETHOE (HOTON300paKEHHE;
— muddepeHInanbHBIN ByMEpHbI 00bEMHBIN: IIBETHOE CTEPEOn300pakeHHE.

[Ipy [OUCTAaHIMOHHBIX METOAAX 30HAMPOBAHHS B KaueCcTBE HMCTOYHHKOB COOOLICHUS
UCTIONB3YIOT auddepeHImaibHble MIIOCKUe U 00heMHBIC (KaK OJJHOMEpPHBIC, TaK U n1ByMepHbIie) BC.
[Ipu TexHUYECKOH Ke pealn3alii CUCTEM aBTOMATHYECKOW 00paboTKU pe3yabTaTOB JUCTAHIIHOHHOTO
3oHaupoBanusi o0bemHbie UBC, kak mpaBuio, MPUBOAST MYTEM COOTBETCTBYIOIIUX MPOCKTHBHBIX
npeoOpa3oBaHMl K COBOKYITHOCTH HeckosbkuX Tiockux MBC, nampumep, oosemubiit UBC 3amensioT
crepeorapoii 1ockux MBC, a pasnmuuHble y4YacTKH ONTHYECKOW O00JIACTH SJIEKTPOMArHUTHBIX
U3IIydeHU ( ), KOTOpPBIM TpHHAIeKAT CreKTpbl ucciaeayembeix MBC, omHo3HAaYHO
npeoOpa3yroTcs B BUAUMYIO YaCTh ONITUYECKOTO JHMaIa3oHa ¢ MOMOIIbI0 COOTBETCTBYIOIIUX JaTYNKOB
U PETUCTPUPYIOIIMX YCTPOWCTB, Hampumep, uHpakpacHbie NMBC Bu3yanmu3upyoT B BUIUMOI
obnactu. Yka3aHHBIE MPeoOpa3OBaHUs BBIONHSIOT ¢ lenbio momydeHus VBC mpuemnembix ans
CyOBEKTUBHOTO BU3YAJILHOTO KOHTPOJIS U UCIOJIB30BAHUS, a TAKXKE JJIsI COKPAIICHUS HOMEHKIIATYPBI
BugoB MBC wu, crienoBarenbHO, 4YHCIa PA3IWYHBIX JIaTYMKOB, HCIIOJIB3YyEMBIX B CHCTEMax
ABTOMAaTUYECKOM 00pabOTKH pe3ynbTaToOB AUCTAHIIMOHHOTO 30HAUPOBAHHUSL.

Takum o0Opa3oM, B CHCTEMax aBTOMATHYECKOH OOpabOTKM H300pakeHH B KauecTBe
HUCTOYHUKOB COOOIIEHUI B IMOJABISIONIEM YHCIE CIy4aeB HCIONB3YIOTCS (MM MPUBOIATCS K HHUM)
muddepeHIManbHble TUIOCKUe ogHOMepHbIe U JByMepHble MBC co crnekTpoM 31eKTpOMarHUTHBIX
W3JIyYEHH, JekKaleM B BUJMMON YacTH IMana3oHa ONTUYECKOTO U3Iy4YeHHs, a CUMBOJIBI Takux MBC
TPAIUIIMOHHO HA3bIBAIOT ONTHYECKUMH HU300PAKCHUSIMH WU TIPOCTO HU300paKEHHUSIMH (YEpHO-
OeNbIMH WJIM [BETHBIMH COOTBETCTBEHHO). B nanpHelieM Mpu paccCMOTpPeHHH WH(GOPMAIMOHHBIX
aCIeKTOB CHCTEM aBTOMAaTHYECKON 00paboTku m3o0pakeHuit umeHHo Takue IBC u renepupyembie
UMHU CHUMBOJIBI (M300pakeHMsI) UCIOJIBb3YIOTCS B HUX B KQ4€CTBE MCTOYHHMKOB COOOIIEHUS, MPU 3TOM

NOJIy4EeHHBIE PE3YIbTaThl MOTYT OBITh pacipocTpaHeHbl U Ha npyrue Buasl UBC.

4.2. UapopManmoHHAS OLIEHKA KAYeCTBa ONTHYECKUX U300paKeHuil.

[Ipu mpoeKTUpOBAaHMM aBTOMATU3UPOBAHHBIX CHCTEM OOpabOTKH M Tepenadn M300paKeHUun
pa3IMYHOIO HA3HAYEHUS OJHUM U3 OCHOBHBIX TPEeOOBaHUM, NPEABABISIEMBIX K HHUM, SBISCTCS
o0ecrieyeHne 3aJaHHOTO KadyecTBa IOJIYYEHHUS M BOCIPOU3BEICHHMS M300pa)keHui, uTo TpedyeT
BBIOOPA KOJIMYECTBEHHOTO KPUTEPHS UL €r0 OOBbEKTHBHOM OIeHKH. 1o 00menpuHaATON METO107I0T I
KOJIMYCCTBEHHAsI OIleHKa (M3MEPEHHE) XapaKTEPUCTUK JIF000TO (HU3UYSCKOTO OOBEKTa WIIM SIBICHHS

NOJpa3yMeBaeT ONpeAeieHHe HEKOSH Mephbl UX OLIEHKU W BHIOOpP €IMHMII MU3MEpPEeHUs 3ToW Mephl. B
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CBSI3M C YeM U KOJMYECTBEHHAs OllEHKa KauecTBa M300pakeHHUA, KaK XapaKTEPUCTUKU ONTHYECKOIO
n300paxeHus, TpedyeT BpIOOpa MEpHI I OIICHKH KauyecTBa M300PaKEHUS U SIUHUI] €€ U3MEPEHUSL.

B OoNbIIMHCTBE NPUMEHSEMBIX B HACTOSIIEEC BpPEMsi KPUTEPHUEB OIEHKH KadecTBa YEepHO-
0eoro n300paKeHUs 3a MEpy 3TOM OIEHKH MPUHUMAETCs paspemaromnias crmocooHocts (QR), kotopas
3aBHCUT KaK OT MPOCTPAHCTBEHHOTO Pa3pelIeHUs] N300paKeHUs, XapaKTePU3YIOIIErocss MaKCUMalbHO
BO3MOXXHBIM KOJIMYECTBOM DPA3NIMUYUMBIX YEPHBIX M O€NbIX JTUHUN HAa EAUHUIY JJIUHBL, TaK U OT
dboToMeTpUUECKOTO paspenieHus (KOHTpAcTa), OICHUBAIOIIETOCS YHCIOM pa3lUYMMbIX YpOBHEH
(rpamamuii) HCIOIB3YEMON ONTUYECKOW XapaKTEPUCTUKH H300paKEHUs, HANpUMEp, ONTHYECKOM
MJIOTHOCTH. YMCITOBOM MHTErPUPOBAHHOM OIIEHKOM KauecTBa M300pakKeHUs MPHU YKA3aHHOM ITOJX0JIe
BBICTYIIAeT YaCTOTHO-KOHTpacTHast xapaktepuctuka (UKX), ompemensionias MakCUMaIbHOE YHUCIIO
Pa3TUYUMBIX YEPHBIX U OCJBIX IMHUHN Ha MUHUILY JJIMHBI PU 33JJAHHOM KOHTpACTe.

Opnako W3 aHalu3a KpPUTEPHEB OLEHKM KadecTBa H300paK€HUIl, OCHOBAHHBIX Ha
paspemaromniei CmocoOHOCTH, CIETYET Pl 3aMEUaHHI.

Bo-nepBbIX, mpakTHuecKkoe MpuMEeHEeHHe KputepueB QR dacTo BeAeT K 3aBBINICHUIO
paspemiaronieil  crmocoOHOCTH M300pakKeHWW W, Kak CIEICTBHME, WX KauecTBa, BBI3BAHHOE
CyOBEKTUBHBIMHI OCOOEHHOCTSIMH STUX METOJIOB, KOTOPBIE MPOSBIISIOTCS B CIICAYIOMIEM:

— JTUHEHHBIE 00BEKTHI Pa3pELIAIOTCS TT1a30M 3HAYUTEIBHO Jy4Ille, YeM TOUCUHBIC ;

- 4acTo MHTepecyrolue Halmoaarens OObEeKThl HMEIOT MEHBIIMI KOHTpAcT, ueM

KOHTPAcT YEpPHOrOo H OENoro mpH WCHOIb30BAaHUM CTAaHAAPTHBIX MHUp, HANpuUMep MpH

00paboTKe N300paKEHUI 3BE€3THOTO He0a;

— aHaM3 M300pakeHUs, KaK MPaBUIIO, TPOBOAUTCS HA HEKOTOPOM €ro ()parMeHTe M B

CUITy CreM(pUKH 3pPEHUS, 3aKITI0YAIONIeics B O0OOIMEHUH W JTOMBICIIMBAHUH, IOJY4aeMOe

paspellieHue oOKa3bIBaeTcsi Ooubllie, YeM pa3pelieHue H300pakeHUs TOro K€ KauecTsa,

COCTOSIIIEE U3 JBYX OTIEIBHBIX TOUCK (CEMaHTHUECKAs OIICHKA).

Bo-BTOphIX, KpuTepuu Ha ocHOBe QR HE MO3BOJSIIOT OAHO3HAYHO YYECTh BIIMSHUE YCIOBHIA
MOJTYYeHHUST M300paKeHW Ha WX KadecTBo. Hampummep, ycTaHOBHUTH, KaKoe U3 JABYX H300paKEHUM C
TOYKHM 3pEHHs KayecTBa JIydlle: MOJIy4eHHOe Ha (oTomarepuasie ¢ BBICOKUM MPOCTPAHCTBEHHBIM
paspenieHneM W HU3KUM (OTOMETPHUECKUM pPa3pelIeHHEeM WIH U300pakeHHe, 3aperuCTPUPOBAHHOE
Ha (oTomarepmanie ¢ HU3KUM IPOCTPAHCTBEHHBIM pPa3pelIieHuEM M BBICOKHM (HOTOMETPHUECKUM
pa3pelieHueM.

B-Tperbux, cinemyer OTMETHTb, 4TO XOTS KpuTepun QR U MO3BONSIIOT OLIEHUTH KauecTBO
KOHKPETHOTO H300paKeHUsI, KOTOPOE MOXKET BaphbUPOBAaThCS B BECbMa IIUPOKHX TMIpelenax B

3aBHCUMOCTH OT OOBEKTa M yCHOBI/Iﬁ CbCMKH, TCM HC MCHCC OHHU HC IO3BOJJIAKOT YCTAHOBHUTH
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IrpaHUYHbIE 3HAUECHUS MapaMeTPOB, XapaKTEPU3YIOIIUX KaueCTBO M300paKEHHUS C y4ETOM 3aJaHHbIX
YCIJIOBHM U LIEJIEH UX TOJyYEHHUS.

B-deTBepThIX, OlleHKa KadecTBa m300paxkeHus mo kpurepuio QR, Kak mpaBuio, HE SBISETCS
KOPpEKTHOH, Tak Kak o0a BHMJa pa3pelieHUs: MPOCTPAHCTBEHHOE U  (POTOMETpUYECKOoe
B3aMMO3aBHCHMBI.

W, HakoHen, ciexyer OTMETHTh, YTO MPAKTHUYECKas OIEHKa KadyecTBa H300paxKeHHS IO
kputeputo QR (Hampumep, myTeM BreyaThIBaHHWS B HETO CTAaHIAPTHBIX MHUP) MOJpa3yMeBaeT, 4YTO
ompenenasieMoe TaKuM 00pa3oM KadecTBO H300pakeHHWs, KaK W caMO HU300paKkeHHE, CUHTACTCS
JNETEPMUHUPOBAHHBIM M CTATUYECKUM, XOTS PEalbHO OLIEHUBAEMOE KaueCTBO N300paKeHUs, KaKk ObLIO
YKa3aHO BBIIIE, MOXKET BaphbHUPOBATHCS B 3aBUCUMOCTH OT YCJIIOBH MOTYYEHUS U300pKEHUS U 1eTeit
UCTIOJIb30BaHUSI.

[lepeuncnennble 3aMe4aHus HE TIO3BOJIAIOT OCYIIECTBUTH BCECTOPOHHE OOBEKTHBHYIO OLIEHKY
KadecTBa nu3obpaxenus mo kpurepuio QR.

Jlpyroii moaxoJ K BEIOOPY KPUTEpHsI OLIEHKH KayecTBa M300pakeHUsI MOXKET ObITh OCHOBaH Ha
ToM (pakTe, 4To JTH000E N300paKEHHE MPEICTABIAET COOOM 3aJaHHOTO BUAA COOOIEHHE, ColeprKalliee
nH(pOpMaIHI0 0 KaKOM-THO0 OOBEKTE WIIHM MPOIECCE U 3aBUCAIIEE OT YCIOBHI (POPMHUPOBAHUS STOTO
nzoOpaxenus. Ilpu 3TOM 3a Mepy OLIEHKM KadecTBa M300pakeHHUs TMpPEAroiaraeTcs NpPUHATH
HauOoJIpIIee KOJUYECTBO HWH(POpMAIMK, KOTOPOE MOXET B HEM COAEP)KaThCs, a 3a CIUHUILY
U3MEPEHUs] 3TOW Mepbl KOJMYECTBO HMH(OpMAIUM, BBIpAXKEHHOE B OMTaX, OTHECEHHOE K EIUHHIIC
wioniaad HM300paKkeHus, TO €CThb HHTPONHUIO H300pakeHUs. B manmpHeillieM BBEACHHBIH TaKUM
00pa3oM KpUTEPH OICHKHM KadecTBa HW300pakKeHHs OyleM OINpeneNnsaTh KaK SHTPONMUNHBIA |
006o3Hauath ero Ql.

Kputepuii QI mo3BosisieT, BO-MepBIX, A KaXIOTO KOHKPETHOTO M300pakeHUs MPU OILICHKE
€ro KauecTBa YYMTHIBATh YCJIOBHUS €ro ()OPMHUpPOBAHHUSA, U, BO-BTOPBIX, €CIIM JaHHOE H300pa)keHHE
MOABEPKEHO JaNbHEHNIIeH 00paboTKe WM MpeoOpa30oBaHUIO, TO TOBTOPHOE MIPUMEHEHNE ITOM OIICHKH
K M300pakeHUI0, OJTYYEHHOMY T0CIIe YKa3aHHBIX OINEpaIuii, 1aeT BO3MOXXHOCTb YCTAaHOBHUTD MOTEPIO
nH(OpPMAIIUU WIH CTETICHb €€ UCTIOIB30BaHUS.

C Qusuyeckoil TOYKM 3peHUs H300paKEHHE MOXKHO OXapaKTepH30BaThb Kak pe3yibTar
oTOOpakeHHs Ha (PUKCUPOBAHHBIH MOMEHT BpPEMEHHW U 3aJaHHON OrPaHMYECHHOW TOBEPXHOCTH
(TTOCKOCTH) COBOKYITHOCTH MHTETPATbHBIX UICTOYHUKOB M3TYYCHHSI HIIA OTPAKCHHSI, PACTIONOKEHHBIX
BHE 33JJaHHOM MOBEPXHOCTH. /JaHHOE TOJIKOBaHUE TIO3BOJISIET MEPEUTH K WHPOPMALIMOHHOMY MOJIXOMY
MPEACTABICHUS H300paXEeHHsS, MO KOTOPOMY H300pakKeHHE - OTO PE3yJbTaT NPeoOpa3oBaHUs,
nepesayd U BOCIPOU3BEACHUS MHPOPMAIMK, COAEpIKAIIEHCs B UCTOUHUKE BU3YaJIbHOTO COOOIIECHUS

(u3nmyvaromedi win oTpaxaromed mnoBepxHoctu). [Ipu 3TOM mpenmonaraercs, UYTO HCTOYHHMK
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Bu3yasibHOTO cooOmieHus: (MBC) B kaxaplii MOMEHT BPEMEHH COOTBETCTBYET OJHOMY W3 CHMBOJIOB
andaBuTa, paccCMaTpUBAEMOr0 MCTOYHHKA (M300paKeHUI0), XapaKTEePHU3YIOIIEMy MPOCTPAHCTBEHHOE
pacrpeieiecHue HHTETPAIbHBIX IOTOKOB JIYUYHCTOM OHHEPTrUM, HU3JIy4aeMbIX (WM OTPaKaeMbIX)
OTJIeIbHBIMU 3JIEMEHTAPHBIMH YYaCTKaMH U3JIydarollell TOBEpXHOCTH.

NudopMannoHHbIii TOAX0a TPEACTaBICHUS HW300pakeHHWs W BBeIeHHBIM Kputepuit Ql
MO3BOJIAIOT OTOXKACCTBUTH TMOHITHE KayecTBa ONTHUYECKOTO U300paXKEeHHs C MaKCHMalTbHBIM
KoJIndecTBOM HH(popmaiuy, coaepxkammmces B cumBoie HMBC, rme mnox cumBomom HWBC
(n300pakeHneM)  TPAAWIIMOHHO  TOHMMAaeTcs  Jro0oe  MrHoBeHHoe  coctosinue  MIBC,
XapaKTepu3ylolleecs MTHOBEHHBIM PACHpPEIeICHUEM SHEPIrUU U CIEKTPAIbHOIO COCTaBa M3IydeHUS,
reHepupyeMoro sieMeHTapabiMu yaactkamu UBC.

Jlis monydeHusl pacyeTHBIX (OPMYN OICHKM KauecTBAa ONTHYECKOTO H300paKEHUS IO
kputeputo Ql orpannuum 00sacTh 3aaHUsT U300PAKEHUS MIPSIMOYTOJIBHBIM ydacTKoM Q, pa3OuThIiM
PETYJISIPHON KBagpaTHOM CETKOM Ha 3JIEMEHTapHBIE YYaCTKU (MUKCenu, 3JIEMEHTBI Pa3I0KEeHMUS)
TaKOro pa3Mepa, 4TO B KaXKJI0M M3 HUX 3HaUE€HUE paccMaTpHUBaeMOro MHGOPMAIMOHHOIO MapaMeTrpa

ONTHYECKOTO M300pakeHusl, HarpuMmep, sipkocTH (U) sBrsiercst moctossHHbIM (Puc. 4.6).

Qll

Qij

Puc. 4.6. Pa3zouenue npsiMOyTropHOTO ydacTka n300paxkeHus Q peryisipHOi KBaapaTHOW CETKOM Ha

3JIEeMEHTapHbIE YYaCTKU

OTrmeTnM, 4TO Takoe pa3OMeHHe BCErJa MOXHO BBIMOJTHHUTH, TaK Kak JIFOOOMY pealbHOMY
MPOIIECCY WJIM SBJICHHUIO CBOMCTBEHHA WHEPIIMOHHOCTH (TO €CTh KOHEYHOE BPEMS WM MPOCTPAHCTBO
MEePEXOTHOTO Tpoliecca) U MOITOMY BCerjaa OyAeT CYIIECTBOBATh JOCTATOYHO Malias, HO KOHEYHas

4acTh U300paKeHUs1, KOTOPYIO MO’KHO CUUTATh MHTETPAIbHBIM UCTOYHUKOM ONTUYECKOTO COOOLICHUS.
[Ipenmonarasi, 4To 3HAYEHUS PaBHOBEPOSITHBI U HEKOPPEIUPOBaHBI (B 3TOM cCllydae SHTPOMUS

MakcuMaibHa), KomudecTBo uHGpopmanuu (), comepkamieecss B IO00M 1M0m00IaCcTH ,
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oOajaromei iIomanbo , MO)KHO HAMTH MCXOMAS M3 OIpeNeNIeHUs] KoIndecTBa HHPOpPMALUU T10

Xaptau cormiacHo hopmyiie:

(4.6)

rmue - o011ee YMCII0 MUKCEI0B, COACPIKALTUXCS B TTO100IaCTH ;

, - 3HA4YeHMs IIOLIAZe COOTBETCTBEHHO MOA00IacTH U TIMKCena ;
m - oObeMm andaBUTa MHUKCEIOB, TO €CTh KOJMYECTBO PA3IUYUMBIX IUCKPETHBIX 3HAUYEHUMN
uHpopMaloOHHOTO napamerpa U.

OdeBuIHO, UTO IS JIFOOBIX peanbHbIX MBC 4rcno AMCKPETHBIX 3HAaYeHUN HH(DOPMAIIHOHHOTO
napaMeTrpa - KOHEYHO, TaK Kak NMpu uX GOPMUPOBAHUU BCET/Ia MPUCYTCTBYIOT IIYMBI, 00YCIOBICHHbBIE
MOJICKYJIIPHON CTPYKTYpOHl (H3HYECKUX OOBEKTOB W KBAHTOBOW MPHUPOJOW JTyUYHUCTON IHEPTHUHU.
[ToaTomy, ecnu M3BECTEH HMHTEpBAl JOMYCTHUMBIX 3HaueHUW wmHopmarnmonHoro mapamerpa (U) u

BeIMYMHA IryMa ( ), TO 3HaUYE€HHUE M MOXKET OBITH OMPEICTICHO U3 COOTHOIICHHUS:

B pesynbrare cootHomeHue (4.6) npeodpazyercs K BUIY:

) 4.7)
a MaKCUMaJbHO BO3MOYKHOE KOJIM4uecTBO MH(popmaruu, coaepxkaiieecs B UBC mmomianpio , Oyner
OTIPENIETATHCS BHIPAKCHUEM:
(4.8)
Ecnu BeIOpaTth momoOmacte Q enmuHUYHON TUTOmAI ( ), TO MaKCUMaJIbHO BO3MO>XHOE
konmuecTBO uHpopmanmu (H), conepxarieiics B Heit
(4.9

MOYKET CITY)KUTh YACIICHHOW OIIEHKOM KauecTBa N300payKeHHUSI.
Takum o6pazom, BenmnuuHa H, xapakTepusyromas KauecTBO n3obpaxeHus no kpureputo Ql,

OMpCACIIICTCA ABYMA MapaMCTpaMu: IUIOIIAJAb0 MHUHUMAJIBHO PAa3IMYUMOro 3JICMCHTA Pa3JIOKCHUA

(mukcena) 1 MaKCUMaJIbHBIM 3HAYCHUEM OTHOIICHUS CUTHAI/IITYM

HaxoxzaeHue »THMX ©DapaMeTpoB Ha INPAKTHKE 3aTPyAHEHO, TaK KaK OHH, BO-TIEPBBIX,
KOppENUpPOBaHbI, a, BO-BTOPHIX, 3aBUCAT OT yCIOBUN (hopMUpoBaHMs H300pakeHus. [leiicTBUTENBHO,

IpU YMEHBIIEHUU IUIOMIaau 3yieMeHTa pasnokeHus VBC oTHomieHue cCUTHaji /IIym BO3pacTaeT, a
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YMCHBIICHUE OCBCIICHHOCTH BEACT U K MMAACHUIO OTHOUICHUA CI/IFHaJ'I/H_IYM, " K YBCJIIMYCHUIO pasMEpPOB

MHWHHUMAJIBbHOI'O Pa3JIMYUMOTIO 3JICMCHTA PA3JIOKCHUS IIJIOIIAABIO

Onpenenuth (QYHKIHOHATBHYIO CBSI3b MEXAY IUIOMIAABIO DJIEMEHTA pPA3IoKeHus ( ) |

OTHOLLICHUEM CI/IFHa.H/I_HYM , 4 TAKXKC UX 3aBUCUMOCTDH OT yCJIOBI/Iﬁ OCBCHICHHOCTH BO3MOXHO,

MCXO0JI U3 KBAHTOBOM TEOPUM CBETA, COTVIACHO KOTOPOH ONTHUYECKUM JTyd MPEACTABISAET COOOM MOTOK

dotonoB. Takum o6pazom, 060t BC MOXHO paccMaTpuBaTh Kak HEKYIO MOBEPXHOCTH, KaXKIIbIi

DIIEMEHT Pa3JIOKEHHsT KOTOPOM u3jydaet (MM oTpaxkaer) (GOTOHBI ¢ Pa3IMYHON HHTEHCHBHOCTBIO
( ), T.C.

L
rae - ZIEKapTOBBI KOOPAMHATHI DJIEMEHTA Pa3JIOKEHHUS

Hecamocgersmmecs MBC Moryt reHepupoBaTh CUMBOJIBI BU3YAIbHBIX COOOIIEHHI TONBKO B
TOM CJIy4ae, €CJIM OHHM OCBEILIEHbl M OTPa)XaloT IAJAIOIIMI HAa HUX HEKUU PaBHOMEPHBIM IIOTOK

(GOTOHOB.

NurtencuBnocts  ( ) ompexnensercs Kak KOIWM4ecTBO (OTOHOB ( ), HBIIYUYEHHBIX

3JIEMEHTOM Pa3JI0KEHUS IUIONIABI0 3 BpeMs
Takum oOpazoM, 000 UCTOYHUK ONTHYECKUX coobmeHuit (F) mpu 3amaHHOM MOYHO
MPEJICTAaBUTh B BUJC COBOKYITHOCTH 3JIEMEHTOB PAa3JIOKCHHS , KOKIBIH M3 KOTOPBIX H3JIy4aeT

omnpenieIeHHOe Yncio () KBAaHTOB CBETA, TO €CTh
F z:@| J:Z n; J:nz (x;, iy’ pu
1] 1] 1]

Hpe,Z[CTaBJISIeT HHTCPCC ONMPCACIICHNC MUHUMAJILHOT'O YU CJIa q)OTOHOB B 3TOM IIOTOKEC, KOTOPOC
obecrieunt noydeHue UBC u cooTBEeTCTBYIONMIETO N300paKEHUSI C 3aJaHHBIM Ka4eCTBOM.

O4eBHIHO, YTO MUHUMAIBHOE KOJIMYECTBO PABHOMEPHO paclpeiesIeHHbIX NaJalomuX (GOTOHOB
(), meobxomuMoe IS IMOCTPOCHHS JIIOOOrO KOHTYPHOTrO (COAEpsKaIlero TOJBKO JBa YPOBHS

spkoctu) UBC, cocrosimero u3 N ajeMeHTOB pa3iioxeHus, OyaeT

Ho ecnu tpebyercst monyunts monyroHoBbii MBC M cooTBeTCTBYyIOIIEE €My IMOJIYyTOHOBOE
M300paXeHHE C HEKOTOpPOW 3aJlaHHOW MHUHUMAJIBHOM  pa3IMuMMON  pPa3HOCTBIO  SIPKOCTEH

(MUHUMAaTbHBIM KOHTPACTOM) DJIEMEHTOB pa3NioKeHHUs (c), WIM C 3aJaHHBIM YUCIOM Tpajaluidi U
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OTHOIIICHUEM CHUTHAJI/IIIYM , TO MUHUMaJbHOE KOJIMYECTBO (POTOHOB ( ), HEOOXOAUMOE

JUTSI TIOCTPOEHUS TAKOTO N300pa)KEeHUS, TIOJKHO OBITH PaBHBIM:

rae
,opu i=1,2,....m; j=1,2,... k.

N3nydyenue HoTOHOB, a CIeA0BATENbHO, U X MaJCHUE HAa HEKOTOPYIO TUTOMIAAKY TTOUYUHSICTCS

KBAaHTOBBIM 3aKOHAaM M HOCHUT CIIy4alHBIM XapakTep, NOTUUHSIONIMICSA, KaK H3BECTHO, 3aKOHY
pacnpenenenus IlyaccoHa, W3 KOTOpPOTO CJIENYeT, YTO BEPOSTHOCTh KOJIUYECTBa (HOTOHOB ,

HCITYyCKaCMbIX KaKHUM-JIH0O CBCTAIINUMCA TCJIOM 3a BpCMA T, OIMUCBIBACTCA BBIPAKCHUCM!

rac - CpCAHCC 3HAYCHUC KOJIMYICCTBA UCITYCKACMBIX q)OTOHOB.

[TosToMy OYEeBHMIHO, YTO B ACHUCTBUTEIBHOCTH YHCIO (DOTOHOB, TAMAONIMX HA KaXKIbIH

AJIEMEHT DA3JI0KEHUs 3a BpeMs |, paclpeneseHO BOKPYT CPEIHEro 3HaueHus TaK, 4TO

CPEIHEKBAIpaTUYHOE OTKJIOHEHHE (B COOTBETCTBUM C pacrpeneneHueM llyaccona) paBHO , TO

€CTh CpeIHEKBAJPAaTHUECKOE 3HAYCHHE IIymMa OyAeT paBHO . Ecnim mpu 3TOM OTHOUIEHME

curHan/mym ( ) Oyzer Ooiblie ¢, TO MOJYYUTh HM300pakeHUE C 3aJaHHBIM MUHUMAJIbHBIM

KOHTpacToM (C) HeBO3MOXKHO. [loaToMy HEOOXOIMMO MOBBIIIATH MUHUMAIBHOE YHWCIIO MaJal0LINX
¢$oTOHOB, YTOOBI YPOBEHb IIyMa HE TPEBBIIAN 33JaHHBIH MHHMMAIbHBIM KOHTpAcT, TO €CTh

MUHHUMAJIBHOE YHCIIO (DOTOHOB, TMAJalOMMX Ha OJIWH 3JieMeHT paszioxenus VMBC, nomkHO OBITh

YBCIMYCHO N0 BCIUMYHUHBI ne , TaKOﬁ, YTOOBI BBIIIOJIHUTD YCIIOBHC:

1, CJICA0BATEIbHO,

B stom cimyuae obmiee unciio ¢hoToHOB, puxosiieecs Ha Becb UBC, Bo3pacrter 10
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N3 — 3TO MUHUMAJILHOE KOJIMYECTBO (DOTOHOB, MMAIAIOMINUX HA OJIMH deMeHT paznoxenus UBC,
KOTOpOE 00ECIIEUYHT MOTydeHHEe N300pakeHusl, cocTosiero u3 N 3JIeMEHTOB pPa3IokKeHHUS, C
3aJlaHHBIM OTHOIIIEHHEM CUTHAJI / ITyM (KOHTPAcT) B COOTBETCTBUU C pacmpenenenueM [lyaccona.

Jlst mofcueTa MUHUMAIBLHOTO KosindecTBa (oToHOB, nmamarmmx Ha UBC u obecnieunBaromumx
noJlyueHue N300pakeHus ¢ 3aJaHHbIM MUHUMAJIbHBIM KOHTPACTOM HEOOXOIUMO YUUTHIBATH €IIE€ OJNH
daxTop.

ITpu 0OpaboTke M300pakeHUH, COOTBETCTBYIOIIMX CHMBOJIAM BU3YaJIbHBIX COOOIIECHUH, Kak
OpaBWJIO,  CYMTAIOT, YTO WX  MHUHUMAQJIbHO  Pa3NUYUMbIH  KOHTPAacT  COOTBETCTBYET
CpEeIHEKBaIPaTUYECKOMY 3HAUEHHUIO IIYMOBBIX QuIyKTyauuidl. OJHAKO 3TO HE 3HAYUT, YTO MTHOBEHHOE
3HAUEHHUE IIyMa B ATOM CiIydae He OyIeT MpPEeBHIIATh MPUHITOTO YPOBHS MUHUMAJIBHO PAa3IMYUMOTO
KOHTpacTa, TaK KaKk MrHOBCHHOE 3HAa4eHHE IIyMa MOXXET 3HAYUTENBHO TIPEBHINIATH €ro
CpeIHEKBaIpaTUYHOE 3HAUCHUE.

[TosTomy mipu 00paGoTke H300paXEHUH, COCTOAIMMUX U3 OOJBIIOr0 YHCIA AJIEMEHTOB
pasnokeHus, He00X0UMO, YTOOBI MUHUMAIIBHO PA3IMYUMBIA KOHTPACT COOTBETCTBYIOIUX CUMBOJIOB
BU3YaIbHOTO COOOIICHHS CYIIECTBEHHO TMPEBBIMIAT CpPEJHEKBAAPATUYHBIA YPOBEHb IIyMa,
BBI3BAaHHOTO ()JIYKTyaIlMel MOTOKa Maatomux (OTOHOB.

BenuunHy mnpeBbILICHUS JIETKO OIICHHUTbH, AMMPOKCHUMHPYSI CTaTHCTUYECKOE pacIpeleieHue
YHuclia TaJaIuX (OTOHOB HOPMUPOBAHHBIM HOPMAIIGHBIM 3aKOHOM pPAacIlpeieNeHus, KpuBas
pacnpeneneHus KoToporo ( ) IpencTaBieHa Ha puc.4.7, a ee aHATUTUYECKOE BBIPAKCHUE MOKET

OBITH MPUBEJICHO K BUIY
) (4.10)

rJie O - CPeIHEKBAIPATHUECKOE OTKIIOHEHHE OT CPEIHEro 3HaueHus ( );
k=12,..
Pu
c.4.7.

Kpusas
pacnpene

JeHUS

qrcna
ENEN 115

X
¢$hoTOHOB

anmnpoKcu
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MUPOBaHHAas HOPMUPOBAHHBIM HOPMAaJIbHBIM 3aKOHOM pacIlpeieIeHusI.

BepOHTHOCTB TOIr'o, 4YTO 3HAYCHHUEC YHCJIa ITaJar0IMUX CBETOBBIX q)OTOHOB Ha OTI[GJ'H:HI:II\/'I IMUKCEII

() Oymer orTimMuathbes OT cpenHero 3HaveHus () Ha BeJWYMHY Oosiee ueM Ko ompenensercs

BBIPAKECHUEM:

B Tabum. 4.1 npuBeeHbI YUCIICHHBIC 3HAUYCHHS ATOH BEPOSTHOCTH MIPU PA3INYHBIX K.

Tab6u. 4.1

k 1 2 3 4 5 6 7

0,32 | 0,046 | 0,27-10°| 6,3-10°5,7-107 | 2,0-10° | 2,5.1012

Tabnuma 4.1 mo3BONISIET ONMPEACIUTh HEOOXOAMMYIO KPAaTHOCTH IMPEBBIMICHUS MHHHMAJIBHO
Pa3IUYMMBIM KOHTPACTOM CPEIHEKBAJAPATHYHOTO 3HAYCHHS IMymMa (DIYKTyallMH YHUCIIa TaJaroIIux
(GOTOHOB TpH 3alaHHOW BEPOATHOCTH JIOXKHOTO ero wusMepeHus. Hampumep, s monxydeHus
I/I306pa)KeHI/I}I C 3aJaHHBIM MHWHHUMAJIbBHBIM KOHTpaCTOM nu BepOHTHOCTLIO JIOZKHOI'O €ro I/IBMGPGHHSI HEC
6osee 1% HE0OX0AUMO, YTOOBI 3HAYCHHE 33JJAHHOTO MHUHHMAJIBHOTO KOHTpacTa HE MEHee 4eM B 3
pasa mpeBBIIAIO0 CPEAHCKBAAPATHICCKOE 3HAUYCHUE (IIYKTYAIlMH YMCIIa TITAf0IINX (POTOHOB.

CHGI[OB&TG.HBHO, JUIA YMGHBLHGHI/IH 0 I[OHYCTI/IMOI‘O 3HAUYCHUA BepO}ITHOCTI/I JIOKHOT'O
u3MepeHus: nH()OpPMAIMOHHOTO TapaMeTpa 31eMeHToB paznoxenus UBC Heobxomumo emie Oomblie
YBGJII/I‘II/IBaTB cpe;[Hee YUCJIO0 IMaJarmmx Ha HUX (bOTOHOB, TEM CaMbIM YBGJ'II/I‘-II/IBEUI OTHOIIICHUC

CUTHAJI/IIIYM.

B ciyuae pacnpenenenus IlyaccoHa npu cpeiHeM 3HAU€HUM YMCIIA TAJAIONMX (OTOHOB

CPeIHEKBAIPATUIHOE 3HAYCHHE IITyMa PaBHO , @ OTHOIIICHHE CUTHAJI/TITYM -
[TosTOMY i1t yBENMUYEHHsI OTHOIICHUSI CUTHAI/TIIYM ( ) B K pa3 cpeiHee 4uCIO Taar0IMX
($hOTOHOB HEOOXOUMO YBEIHYUTH B pa3, TakuM 00pa3oM, MUHHUMaJIbHOE 4Kcio (GOToHOB (),

KOTOpPOE HEOOXOAMMO MJisi TONyYeHUs] U300paxKeHusl, cOCTosAmEero u3 N 3JeMEHTOB pa3iIoXKeHHs, C
3alaHHBIM KOHTPAacCTOM ¢ W IpPU 3aJaHHOW BEPOSATHOCTH JIOKHOTO H3MEPEHMS, MOKHO HAWTH H3

BBIPpaXKCHUA:

81



, (4.11)

a COOTBETCTBEHHO YHCIO (DOTOHOB, MPHUXOAIIUXCS HAa OJUH JJIEMEHT paszioxkeHnus ( ) Oyzmer

OIIPENEIATHCA PABEHCTBOM:

(4.12)

[ToaTBepkIeHNEM MPAaBHIBHOCTH TMOJYYEHHOTO TEOPETHYECKOro cooTHomeHus (4.11) moryt
CIY)XHTh OKCIICPUMEHTAILHBIE HCCICNOBAHUS, KOTOPhIE 3aKIOYaINCh B  (HOTOPETUCTPALUH
U300paXeHHS CIIeUATHLHOTO TECT-00bEKTa NP PA3TUIHBIX YCIOBUSIX CHEMKH.

TecT-00BeKT mpeacTaBisieT coOoi Oermoe mojie, Ha KOTOPOM pa3MENIAINCh YEPHBIE KPYTH,
IpUYEM BJIOJIb CTPOK KPYTd MMENH MO CPAaBHEHUIO C (POHOM OJMHAKOBBIH KOHTPACT, HO Pa3IUYHbIC
auameTpel ( ): JuMaMeTp KaXKAOoro IOCJEQYIOIIEero B JBa pa3a MEHbIIE MNpPeIblIylIero, a Io
cTonOmaM OBUTH pa3MelIeHbl KDY OJHOTO TUaMEeTpa, HO KOHTpAcT () KaXJIOTO IMOCIEIYIONIEro
ObLT B JIBa pa3a MEHbILIE MpeabIayIero. B aTom ciiydae nmpousBeneHue 0CTaeTCsl MOCTOSIHHBIM
BJIOJIb JIMHUM, TTapajuIeIbHBIX AUAaroHa N TECT-00bEKTa.

Ha puc.4.8 mpencraBieHbl 3aperMCTPUPOBAHHBIE M300pPaKEHUS TECT-OOBEKTa, IMOJYUYCHHBIC
OpU TIOCTOSHHOW OCBEUICHHOCTH, HO PAa3JIMYHBIX BpEMEHAX OJKCHO3UIMH, TNpUYEM KaKIoe

nocineayrlee n300pakeHre NoMy4eHo MPH SKCIO3UINHU B 4 paza OoJbIIe, yeM mpeblayIiee.

: v = ¥

“ @ - - 9 e - -
e - - }...-
®e - @9 e » -
& ... .

oo ¥ oo .

Puc. 4.8. M300paxenus TecT-00beKTa, MOJyYeHHBIE PU MIOCTOSHHON OCBEIIEHHOCTH, HO Pa3JInYHbBIX

BpPCEMCHAX JKCIIO3ULIUH.
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N3 cootHomenus (4.11) ciemyeT, 4TO MpU MOCTOSTHHBIX YCIOBUSX ChEMKH

A Tak Kak 4HCIIO MAJarolINX Ha TeCT-00BEKT (POTOHOB ( ) COOTBETCTBYET BEIMYMHE DKCIIO3ZUIIUN

(B), TO MOXHO CUUTaTh, YTO MPOHU3BEICHHE 00paTHO TPOMOPIUOHAIBHO BEJIUYHHE

OKCIIO3HUIINH

CrnenoBaTenbHO, A TOrO, YTOOBI I'paHUIA PA3IUYUMBIX JHUCKOB Ha 3aperdCTPUPOBAHHOM

U300paKeHNH TeCT-00BEKTa CIBUHYJACh HAa OAMH JHUCK BIPaBO ( ; ) win

N—r

yTOOBI TPAaHUIIA PA3TUYMMBIX JUCKOB CABHUHYJIACH HA OJWH JAWCK BHU3 (

HEO0OXOMMO YBEITUYHUTH IKCITO3UIINIO B 4 pasa.

AHanu3upysi moiydyeHHble (PoToM300pakeHUsT TECT-00bEKTa, MOXKHO CJAeNaTh BBIBOJ, YTO
paspelieHre 3JeMEHTOB N300paKeHUs MPU 3aJaHHOW 3KCIIO3MIIMH 3aBUCHUT Kak OT MX pa3mepa (),

Tak U OT KOHTpacta (), ¥ XOPOIIO COTIACYeTCsl C MOJYYCHHBIM TEOPETUUYECKUM COOTHOLICHHUEM
(4.11).

JIeCTBUTENbHO, MPU YBEJIMYEHUH OHKCIO3UMIMU B 4 pa3za IpaHHIa Pa3IUYUMbIX JHCKOB
CMeIllaeTcsl Ha OJMH LIar BIPaBO, B CTOPOHY AMCKOB C JUAMETPOM B 2 pa3a MEHbIle, U Ha OJUH LIar
BHH3, B CTOPOHY JTUCKOB C KOHTPACTOM B 2 pa3a MEHBIIINM, KaK U ClieyeT u3 cooTHomeHus (4.11).

JlJiss IpaKTUYECKOTO MCTOIh30BAaHUS MOMy4YeHHBIX cooTHomeHu# (4.11, 4.12) uenecoobpazHo

NPUBECTH UX K OOLICTIPUHATOMY BHJIy, TO €CTh K BHAY C HCIHOJb30BAHUEM SHEPreTUUYECKUX U

CBETOTEXHUYECKHUX XapaKTEPUCTUK. M3BeCTHO, YTO MajieHue 3a BpeMs HA HEKOTOPYIO TUIOMIAIKY
IIJIOIIABIO guciia GOTOHOB N € YaCTOTOH V COOTBETCTBYET MPUTOKY dHEPTHH Q:

: (4.13)
rae - dHeprus ogHoro GOTOHa;

- noctossHHag Il1anka.

B CJIy4a€ HECMOHOXPOMATHYCCKOI'0 U3JIYYCHHA B AWAIla30HEC 4aCTOT OT a0
, (4.14)

rme - pacripeiesieHue yuciia OTOHOB 10 YaCTOTE V.

B 5TOM cilydae SHepreTHIECKMi M CBETOTeXHHYeCKHH noToK n3nydenus (P> u Pc cOOTBETCTBEHHO)

OTIPENIETISIOT 110 (hopMysIam
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s 1, D, =6 8®@,[n ], (4.15)

C AL
a OCBELIEHHOCTb PHEPrETUUECKAsl U CBETOTEXHUYECKAS ( u ) o popmynam
D Q D
=_2 = B -wmi? |- E =—<|n
=S At.so[ J ‘ S0[ q. (4.16)

Ocgemennocts UBC nerko Moxer ObITh U3MEpPEeHa M TeM caMbiM Ha ocHoBaHUM (4.13,4.15 u
4.16) ompeneneHO COOTBETCTBYyomIee 4ucio ¢oroHoB, mamaromux Ha WBC. [leficTBUTENBHO, IS

MOHOXPOMATHYCCKOI'0 U3ITYUYCHUA

n_E3~A'[~S0 417
Ty (4.17)
u Toraa cootHomeHus (4.11 u 4.12) MoryT OBITh PEACTABICHBI B CIIEIYIOIIEM BH/IE:
E,-At  k?
> =—. 4.18
h-v S.c? (4.18)

[Tonyuennoe cootHomeHue (4.18) MO3BONAIOT MOMYYUTHh JKECTKYIO (DYHKIIMOHATBHYIO
3aBHCUMOCTh MEXIY JIETKO M3MEpSEMBIMH WM KOHCTPYKTHBHO 3aJjaBaeéMbIMH (KaK B YCTpPOHCTBax

CUMTBHIBAHUS) pa3MEPOM 3JIEMEHTA pa3iokKeHus (), apaMeTpaMu MOJy4YeHUs] CUMBOJIA BU3YaIbHOTO

coobmenus ( E. AL,V )y npenensHo BO3MOXKHBIM IpU 3a1aHHOM HomycTuMoii morpemuoctu (K)
MUHUMAaJIbHBIM KOHTPACTOM (C), IPaKTHUECKOE U3MEPEHNE KOTOPOTO TPYIHO BBHIITOIHUMO.

BripaszuB u3 (4.18) € - npenenbHO BO3MOXKHBI MUHUMAJIBHBI KOHTPACT U TOJICTaBUB €T0 B

(4.9), ¢ ywyeToM TOro, HTO u , TIONlyYUM BBIpXKEHHE IJIs MaKCHUMAallbHOTO

npeaenbHoro koiumvectBa wuHpopmanuu (H), koTtopoe MokeT comepxkarbcsi B cumBoiie MBC

€IUHUYHON ILIoIMAaan

H:si" 0 _Ekgz'iﬁu (6 /mt) (4.19)

v

HJiv € y4€TOM TOro, 4To

1 E,-At-S
H=§'| QKWJ@ /Mf) (4.20)

A MakcuMallbHOE TIpEeeIbHOE Cpe/lHee KOJIWUYECTBO MH(OpMaIU, MPUXOIAIISECs Ha OJUH JIEMEHT

Pa3I0XKCHUA, OIIPCACIACTCA COOTHOIICHUEM

H 1 E,-At-S
— = ) 0
h—N—2| 2(:k2.h.vg }( A H.IIp Tea j (421)

Nwmenno Beipaskenust 4.20 u 4.21 MOTyT CIy’KUTh YMCIIEHHOW MEpPOH KauecTBa M300paskeHUs,

MoTOMYy 4YTO TpenenbHas HSHTporus (H) u mpemenvHOEe cpeaHee KOJIUYECTBO HH(POPMAIIHH,
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NPUXOJAIIEHCS HA OJMH 3JeMEHT pasjioxeHus (N) M300paKeHHs XapaKTEPU3YIOT HU300paKeCHHs C
OCHOBOTMoOJNarawmeid MHOOPMAIIMOHHOW TOYKM 3pPEHHUs, KOTOpas BO MHOIOM OIpeaeseT UX
noTpedbuTensckue cBoiicTBa. [IpakTuueckoe ucmonb3oBanue cooTHomeHui (4.20 u 4.21) He BbI3BIBACT
TPYAHOCTEH, TaK KaK BCE BXOMAIIME B HUX BEJIMYUHBI MOTYT OBITh JHOO JETrKO HU3MEpPEHBI, JIHOO
3aJaHbl KOHCTPYKTHBHO. B KauecTBe mnpumepa OMNpEeNeNuM MpeasiaraéMbIM CIIOCOOOM KadecTBO

U300pakeHMsI, KOTOPOE MOXKET OBITh IOJIYUYEHO B MPOIECCE CUNTHIBAHUS (POTOM300pAKEHUS Pa3MEPOM

IpHA OCBELIEHUHU €r0 PaBHOMEPHBIM CBETOBBIM IIOTOKOM , TEHEpUPYEMBIM
reJIUi-HEOHOBBIM JIA3€POM C JUIMHOM  BOJIHBI ( ). CuutbeiBaHHE
NPOM3BOJUTCS  KBAaJPAaTHOW ammepTypoi ¢ JuHeHHbIM  pasmepom O (MkM)  ( ) ¢
OBICTPO/ICHCTBUEM 10° snemeHTOB/CEK ( ) W BEpPOSTHOCTH JIOKHOTO H3MEPEHUS

pa3IMYnuMbIX YpOBHEH KoHTpacTta He mpebimarorieii 0,01% (k=4). B aTom ciydae ucxons U3 BbIlIe
MIPUBEJCHHBIX COOTHOLIEHUH JIETKO HAUTHU:

- YHCJIO Pa3IMUMMBIX YPOBHEH KOHTpacTa (M):

@-At- d*

PANT 1270 1 %del.
S K-hv

- CpeJiHee KOJIMYEeCTBO HH(OPMAIIHH, IPUXOASIIICHCS Ha OAMH dJIeMeHT pasnokerus h(d):

- IpeaeIbHOE KOJIMYECTBO HH(OpMAIIMH, CoAepsKaIieiics Ha BceM u3obpaxenun |(d):

- IpeenbHas SHTpomus nzodpaxenus H(d) mpu

B Tab6u. 4.2 NPUBEICHBI 3HAUYCHUA , , u Ipu pa3jIMYHbIX 3HAYCHUAX
d.
Ta6m. 4.2
d(10°m) 1 5 10 15 25
AS(10™m) 1 25 100 215 625
m 8 36 71 106 177
h(6ur/>m.pas.) 3,0 5,2 6,2 6,7 7,5
|(Gur) 1,2-10" 8,3:10° 2,5:10° 1,2:10° 4,8-10°
H(Gur/™) 3,0.10° 2,1.10+ 6,2:10™ 3,0-10% 1,2:10™

85



H(Gut/Mm) 3,0-10° 2,1-10° 6,2-10" 3,0-10* 1,2-10"

BaxxHo Tak e OTMETHTb, YTO B CIy4yae PErucTpaly H300pa)KeHUIl ¢ MOMOIIbIO pealbHbIX
PETUCTPUPYIOUIUX YCTPONCTB B PETUCTPUPYIOIIEE YCTPOMCTBO TMOMAAaeT JUIIb 4YacTh ( )
(OTOHOB, OTPAKEHHBIX CHUMBOJIOM BHU3YQJIBHOTO COOOIICHHS, HO ¥ OTH T[ONAJAIIHNE B

perucTpupyromiee ycTpoucTBO (OTOHBI PErHCTPUPYIOTCS HE BCE, TaK KaK KBAaHTOBBIA BBIXOJ]

PErUCTPUPYIOIIMX YCTPOUCTB (), KaK IPaBUJIO, MEHbLIE 1.
ITosToMy B 3TOM cityyae Uil perucTpalui n300paKeHHsl CUMBOJIA BU3YaJIbHOI'O COOOILEHUS C

3aJaHHbIM Ka4Y€CTBOM HCO6XOI[I/IMO KOPPEKTUPOBATh IMOJTYYCHHBIC COOTHOLICHUSA, CIIC OoubIle

yBeIU4KBas o0Iee Ynuciio POTOHOB, MAAAIONIMX HAa CHMBOJI BU3yalIbHOTO cOOOImeHus ( ):

(4.22)

Bce BbIKiIaaKH, IPUBEICHHBIE BhINIE, KACAIUCH MPEXKAE BCETO M3IYUYECHUS B BUAMMOM 001acTi
crektpa (0,4 - 0,7 MKM), OTHAKO, TaK KaK MCXOJHBIMHU TMPEINOCHIIKAMH TIPH BBIBOJEC COOTHOIICHUMN
SIBIISICTCS MICKJIFOUUTEITFHO KBAaHTOBAsI TEOPHS, TO OYEBHJIHO, YTO BCE BBINIECKA3aHHOE CIIPABEIIMBO H
K cUcTeMaMm, paboTaloNIMM BO BCEM JHMAINa30HE JIEKTPOMArHUTHOTO H3JIy4eHHUS.

Crnenyer Takke Yy4YUTBHIBaTh, YTO MOJYYEHHBIE COOTHOILEHHUS CHPABEIJIUBBI TOJBKO IPH
YCIIOBHH, YTO JIMHEHWHBIC Pa3Mephl JIEMEHTA Pa3NIOKEHHs 3HAYUTEIHHO MPEBBINIAIOT JUIMHY BOJIHBI
CBETOBOTO M3Ny4deHus, nanatomniero Ha UBC, Tak kak OHM HE YUUTHIBAIOT BOJTHOBBIC A (EKTHI CBETA.

Takoif cnoco0 ompenenseHus KadecTBa M300pakeHUsl SBIsiETCs 0Oojiee KOPPEKTHBIM 10
CPaBHEHHIO C MCIOJIb30BAHUEM JUIA ATHX I MOJI0C 33AaHHOTO0 KOHTpAcTa, MOTOMY YTO MMEHHO C
MOMOIIIBIO AJIEMEHTOB Ppa3JIOkKEHUsT (a HE T0JIOC) MOXKHO TIOCTPOUTH JI000€ H300pakeHue, u
COBPEMEHHBIC aBTOMATHYECKUE METOJbl OOpabOTKHM W300paXKCHU MpEArnojaraloT pa3z0oueHue
n300pakeHHs Ha COBOKYITHOCTB 3JIEMEHTOB, (hopMa KOTOPBIX OJM3Ka K KPYTy WM KBaJpary.

[IpemioskeHHBI MOAXOJ K ONPEACICHUIO KaueCcTBA HM300paKEHUS XOPOILO COTJIACyeTCs C
METOIOJIOTHEH COBPEMEHHBIX (PM3NYECKHUX NPEACTABICHUH, KOTOPhIC 3alpemalT 00CYKIaTh SBICHUS
camH 10 cebe, He3aBHCUMO OT cItoco0a ux HaOmoAeHus. [Ipr 3TOM pa3uvHbIC SBICHUS OTHOCSTCS K
O0OBEKTUBHON peanbHOCTH (HE 3aBHCSIICH OT CO3HAHHS CyOBEKTa), a WX HAOIOJCHHE IO3BOJISICT
NOJYYUTh (PU3HUECKYIO PEaIbHOCTh, TO €CTh TY YacTh OOBEKTHUBHOM PEATbHOCTH, KOTOpas MOXKET
OBITh TIO3HAHA OIBITHBIM ITYTEM M CO3HAHWEM CyOBEKTa, MPHUYEM BEIWYMHA 3TOW YaCTH 3aBUCHT OT
cnoco0a HaOIIOIEHU .

[TosTOMy OYEBHIIHO, YTO KayecTBO M300pakeHHs (ero MH(POPMATUBHOCTH) Kak (pH3MUEcKas
pearbHOCTh, OTpaXKarolasi HEKYI0 YacTh OObEKTUBHOW PEaTbHOCTH, OY/IET ONMpPENeNIAThCS YCIOBUSAMU

HaOJIOZICHUS - CTETICHBIO OCBEIIICHHOCTH U3y4aeMOro 00hEKTA.
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4.3. UnpopManoHHAas OLeHKA KayecTBa (OTON300paKeHH .

Kak ormeuanochk panee, m3o0pakeHHE MpeacTaBiisieT co0oi cuMBON au(depeHITnaTLHOTO
IJIOCKOTO WM 00BeMHOTO (omHOMepHoro wim aBymepHoro) MBC, momyuaemblii B pesynbTaTe
oTroOpakeHHs] Ha (UKCUPOBAHHBII MOMEHT BPEMEHM W Ha 3a/JlaHHOW OTPAaHUYCHHOH IUIOCKOCTH U
3apeTUCTPUPOBAHHBII Ha HEKOTOpOM HocuTene. B panpHelimeM mnpu  ero  o0OpaboTke
3apETUCTPUPOBAHHOE H300paKEHHE YK€ CaMO MOXKET UIpaTh pOJIb HUCTOYHMKA COOOIIEHUs Mpu
WH()OPMAITMOHHOM MOJICTTUPOBAHHUH MPOIECCOB €r0 00padOTKH.

OueBUAHO, YTO MPOLECCH OTOOPAKEHHSI M PETUCTPALUN M300paXKEHHUS C TOUYKU 3PEHHS HUX
UH(POPMALIMOHHBIX XapaKTEPUCTHK MOTYT XapaKTepU30BaThbCs MOTEPsIMH HH(OPMAIMH, KOTOpHIE
OyIyT 3aBHCETh KaK OT METO/1a PETUCTPALIUU, TaK U OT CBOMCTB HOcUTENs n300pakeHus. B Hacrosee
BpeMsi HanboJiee YHUBEPCAIbHBIM, OBICTPOACHCTBYIONIMM U OOUICTIPUHATHIM METOJOM PETUCTPALUU
ONTUYECKUX M300pakeHUH ABIsAETCA (HOTOPErUCTpaIs, IPU KOTOPOM HM300paskeHHE PErUCTPUPYETCS
(puxcupyetcs) Ha CBETOUYBCTBUTEIBHOM (DOTOHOCUTENE B BUAE (POTON300pasKeHUSL.

®oron3o0pakeHuss OYEeHb YacTO UCIHOJB3YIOTCS B KAuyeCTBE MCTOYHMKOB BH3YaJIbHBIX
co00IIeHN B Teojae3uH, Kaprorpaduu, UCCIeTOBAaHUM MPHUPOJIHBIX PECYPCOB, SKOJOTHUU U IPYrHX
001acTAX 4YeNoBEYECKOW JeATeNbHOCTH. Bo MHOrMX u©3 HUX HHPOPMALMOHHYI0 EMKOCTh
¢doTron300pakeHU ONpeneNndioT uepe3 HX H300pasUTeNIbHbIE U U3MEPUTENbHBIE BO3MOKHOCTH
MPUMEHUTEIFHO K PEIICHUIO KaKOW-TMOO KOHKPETHOM 3amadu. B 3ToMm ciydyae, Kak MpaBHIIO,
MPUMEHSIOT CEMaHTUYECKHI (CyOBEKTHBHBIN) MOAXO0/, TaK KaK OIICHUBAIOT KOJUYECTBO MH(MOpMAIUU
C TOYKM 3pEHUS BO3MOXHOCTH pEUICHHWS KOHKPETHOH 3amauu (HampuMmep, H3MEpeHue WIn
nemuprupoBaHUe) MPH KOHKPETHOM TEXHOJIOTUHM HCIIONB30BaHMs (poTomzobpakenus. Kpome Toro,
n300pa3uTenbHble M W3MEPUTENIbHbIE CBOMCTBA (POTOM300paKEHUs OINPEAESAIOTCS METOAaMH €ro
MOJTYYCHHSI, TTIO3TOMY CYAUTh 00 MH(POPMAIIMOHHBIX XapaKTEPUCTHUKAX caMOro (PoToM300pakeHHs HE
KOPPEKTHO.

C Toukm 3peHus Teopuu uHPopManuu Oonee OOBEKTUBHBIM SBJISIETCS PAaCCMOTpPEHHE
dboTon3o0paxkeHuss Kak MCTOYHHKA BU3YaJbHBIX COOOIICHHWH, BXOJANIETO B  HEKOTOPYIO
MH(OPMALIMOHHYIO MOJIENb, M OLIEHKA €ro MpeleibHbIX (MOTEHIIUAIbHBIX) BOBMOXKHOCTEH C LIENBIO €ro
UH(POPMALIMOHHOTO COTIACOBAHUSA C OCTAIbHBIMU OJ0KaMU HH()OPMAITMOHHONW MOJIEIH.

Jns mpuMepa paccMOTpUM 4epHo-Oenoe (oTomzoOpakeHHe, KOTOpOe, KaK HU3BECTHO,
npeaAcTaBisieT co0oit nuddepeHnnanbHbIi 0THOMEPHBIA MUIOCKHH UCTOYHUK BU3YaIbHBIX COOOIIEHU.

B nanpHeiieM mnony4eHHbIE BBIBOJBI MOXKHO OYJET NPUMEHUTh U K LBETHBIM (OTOM300paXKEHUSIM,
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KOTOpBIE SBISAIOTCS UG GEpeHINATBHBIMA IBYMEPHBIMH IIJIOCKAMH HCTOYHUKAMH  BH3YaJIbHBIX
coobmmenuit (cm. puc. 4.5).

CornacHo u30panHoi Mojenu (8§84.2) UCTOYHHMK BH3YalbHBIX COOOLICHUI MOXXHO pa3OUTh Ha
3JIEMEHTapHbIE IUIOIIAAKH, TIPUYEM, €CIIH pa3Mephl BCeX IIIOIMAI0K OAMHAKOBEI, TO €IMHHIIA TJIOMIAIN

dboTonzobpaxenus coaepx ut N 37eMeHTapHBIX TUIOIIAI0K:

rne - IUIOIIA/Ib 3JIEMEHTAPHON TUIOIAIKH.

[TonoxuB, YTO BO3MOXHBIE IUIOTHOCTH TOYEPHEHHMS KaKIOW IUIOMIAJKH HE3aBUCUMBI,
PaBHOBEPOSTHBI U MOTYT NMPUHUMATH OJTHO U3 M 3HAYCHHIA, MOKHO HAWTH MaKCHMaJIbHOE KOJIMYECTBO
uHOpMaIIKH, COIEepIKaIEeics B eAuHHMIIE TuTomaau ¢porousodpaxenus (1),

(4.23)

[IpuMeHSATH 3TO BBIp@XKEHUE [UIA MOAcYeTa HMH()OPMAIMOHHOW EMKOCTH KOHKPETHOTO
¢doron3obpaxkeHnss He KOPPEKTHO, TaK KaK KOHKPETHOE (POTOM300paKeHHE HMEET OIpeaesICHHBIN
3aKOH pacHpeieieHHss BO3MOXKHBIX TUIOTHOCTEH 3JIEMEHTapHBIX IUIOManoK. OmHAaKo, TPU OILEHKE
MaKCHUMaJIbHO BO3MOXXKHOH WH(MOPMAIIMOHHON €MKOCTH, KOTOpasl JOCTHTaeTCs MPU PaBHOBEPOSTHOM
pacrpenielieHuu TUIOTHOCTEH TUIOIAA0K, BIOJIHE TOMYCTUMO. 3aTPYAHEHUS IPU UCTIOIB30BAHUHU 3TOTO
BBIPQKEHUSI BO3HUKAIOT NPU BBHIOOpPE M - YHCla BO3MOXKHBIX 3HAYEHUH ONTHUYECKOH IUIOTHOCTH
3JIEMEHTApHBIX IUJIOLIAJIOK, TaK Kak HW3BECTHO, 4YTO H3-3a CBOEH mpupoabl (oTon300paxeHue
HEMBICIIUMO 0€3 HaJH4Us ITyMOB, BEI3BAHHBIX 36PHUCTOCTHIO (DOTOCIIOS.

Hamuyme 1IymMOB OrpaHMYMBAET YHCIO Pa3IHYMMBIX Tpajaliid IUIOTHOCTH W TOrIa
MakcuMajbHas  MHOOPMALMOHHAs  eMKOocThb  (oromsobpaxenus (12), mpm  ycnosum
PaBHOBEPOSTHOCTH TPalalliii TNIOTHOCTH M WX B3aMMHON HE3aBUCHMOCTH, MOXKET OBITH OmperesicHa

o ¢opmyne XapTiu:

AD
=N -1 0,[§2+1], (4.24)
Op
rac - AUarta3oH BO3MOXXHOI'O U3BMCHCHU A OHTquCKOﬁ IIJIOTHOCTH,

- MaKCUMaJIbHO BO3MOXXHaA IIJIOTHOCTb @OTOHOCHTCJ’IH;
- INIOTHOCTH BYaJIH;

- CpEHEKBAAPATUUECKOE 3HAUCHHE 1IIYMOB.
®opmyna (4.24) cnpaBennuBa, €CIM JOMYCTUThb, YTO CUTH&JI W IIyM HE3aBUCUMBI U
cTanoHapHbl. OgHako Uit (HOTOM300paKEHUI ATH JOMYIIEHUS HEKOPPEKTHBI, TaK KaK HM3BECTHBI

OMIIMPHUYCCKasd 3aBUCUMOCTH, YCTaHaBJIMBArOIas CBA3b MCKIY CpCI[HCfI OINTHYECKON IIJIOTHOCTBIO
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() yuactka (¢orousoOpaxkeHus IIOMAABI0 ( ) U CpEeIHEKBaJIpaTUUYECKUM 3HAYEHUEM

[04 3D45,
Op = T, (425)

re S, - CpemHsIs TUTOIAAbh POSKIIMH OJTHOTO 3€pHA UCIIOJIb3yeMoro oToMarepuaa,

(IIyKTyaluy ONTUYECKOW TIOTHOCTH ( ):

Y BBIPOKEHHE JIJIsSI OTIPEICNICHHsI COOTBETCTBYIOLIETO OTHOIICHUS CUTHAII/IIYM (¥):

(4.26)

rae Do — nnotHOCTE Byanu.

I'paduku  3aBHCHMOCTH u or VD mnpu AS=1 0M k? mns pasIHYHBIX
dboTomarepuanoB (1 — acTporactTuHka; 2- manxpoMm-10; 3 — maHXpoM cpenHel YyBCTBUTEIBHOCTH; 4
— auano3uTuB; 5 — Mukpat-200; 6 — maHXpPOM MEJIKO3epHUCTas]; 7 — KUHOMO3UTUB M3) IpeacTaBICHbI

Ha puc.4.9 u puc. 4.10 cOOTBETCTBEHHO.

=

o, FF

Puc.4.9 I'paduku 3aBUCUMOCTH or vD . Puc. 4.10 I'paduku 3aBuCHUMOCTH or VD .

Anamu3z ¢opmyn (4.24) u (4.25) mokasbpIBaeT, YTO YHWCIO Pa3IMUMMBIX Tpajanuii OyaeT
GyHKIMEH Kak CpeqHell OomTWYecKoil IUIoTHOCTH (), TaK M IUIOMIA[X SJIEMEHTAPHOW IUIOIIAIKU
( ), IPY U3MEHEHHS ONTUYECKON TIOTHOCTHU OT 10

Haiitu B 3TOM ciydae mpefenbHyl0 HH(POPMAIMOHHYIO €MKOCTh (POTOM300paKEHUSI MOXKHO,
pa30uB Bech JAMANA30H W3MEHECHHs TUIOTHOCTH Ha L paBHOOTCTOSIIUX YpPOBHEHW (M B JallbHEUIIEM

ycTpeMuB L K 00), Ipu 3TOM pa3HOCTh MEKY COCEIHUMHU YPOBHSIMH paBHA

CpenHsisi IUIOTHOCTh 3JEMEHTApPHBIX IUIOLIANO0K ( ), TmpHHAIeKAIMX K-oMy YpOBHIO,

MOKHO OIIPCACIUTE U3 BbIPAKCHUA:
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D, =D, +k-6D, (4.27)

rme k=12,...1.
Uucno 3jeMEHTapHBIX IUIOMIAI0K ( ) CO CpedHel IMIOTHOCTHIO LJPUXOIAIINXCA Ha
y4acToK (oTon3o0pakeHUsT €AUHUYHOW IIJIOMIAMH, YYUTHIBAsS PaBHOBEPOSITHOE pacIpeieiieHue

ONTHUYECKOMN TUIOTHOCTH (IIJ1s1 00€CTIeueHrs] MAaKCUMAJIbHOTO KOJIMYECTBA MH(OpPMAIIUN), MOXKET OBITh

JIETKO HAWJEHO:

(4.28)

W3 Beipaxenuit (4.24), (4.25), (4.27) u (4.28) yerko HAWTH COOTHOIIEHUE ISl HAXOXKICHUS

MaKcHManbHOro kommuecta mHpopmamuu ( 1« ), KoTopoe MoxkeT comepikaTh COBOKYITHOCTH TOYEK

YUCIIOM , IpUHAa UIeXKaIas K-oMy ypoBHIO ONTHYECKOH IUIOTHOCTH. J{eHCTBUTENBHO,
N2
Ik:ﬁ'l 2 SDk 5 +1 =ﬁ'| 2 9(D05+k ) +11.(4.29)
' \/0,4 .D3>: 4 ' \/0,4 - 223.(D, +4 - D)
AS AS

O6miee komuuecTBO HHGOPMAIINH, CoAepKaiieecs B (POTON300paKeHIH SIMHUYHOMN TUIOIIAIH
(1&), maxomurcs myTeM cymMHpoBaHHs Bcex KommuecT uudopmanmu (|« ), conmepxammuxcs B

9JICMCHTAX Pa3JIOKCHHUS C IIJIOTHOCTBIO 1o K:

L 1 L (D, +k-6D)
Ip=>1, = ST g——20
P=2 N a1 &

g——2 +11(6 /Jeuw n ) (4.30)
\/0,4 -3 . (Dg+k-6D)

AS

B mosryueHHOM COOTHOIIEHWH B KayecTBE MapaMeTpa UCHOib3yeTcs L — uucio rpamanuii mo
YPOBHIO ONTHUYECKOM INIOTHOCTH. Hpe,Z[CTaBJIHeT HHTCPCC 3aBUCUMOCTL NPCACIBHOI0 KOJIMYCCTBA
napopmanun (1) or u3bpanHoro wymcna rpaganuii onTtmueckor rrotnoctn (L). Ha puc.4.11
npecTaBieH TrpaduK 3aBHCUMOCTH TIPEACIBHOTO KOJUYECTBAa HH(OpMAIMK, COIEpKAIIErocss Ha
yuacTke (oTOM306paKeHus mwiomanpo 1 Mm%, or umcna rpagaumii L mpu Dmax=2.7, Dy =01,

S,=5-10m dpd=101Cum 1
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3.810"
3.60%10%,

3.6-10*
1¢(L)3.4-10"
3.2.10*

3.05%10%, 3.40%

L

0 50

100

150
L

200

250 300

256,

Puc. 4.11. I'paduk 3aBHCUMOCTH MPEJEITHHOTO KOJIMYECTBAa HH(POPMAIIUU, COAEPKAIIETOCS Ha

yqacTke (hOTOM300paKeHUs, OT Ynciia Tpajgaui L.

Tabnuua 4.3 conepKUT YMCIEHHBIE 3HAYCHHS 3TOM 3aBUCHUMOCTH IPU HEKOTOPBIX 3aJaHHBIX

3HaueHuAx L.

Tabn.4.3

L

2

4

8

16

32

64

128

256

1p(L)(Gur)

3,39-10"

3,25-10*

3,16-10%

3,11-10°

3,08-10"

3,06-10"

3,06-10"

3,05-10%

U3 rpaduka (Puc.4.11) BUaHO, 9TO B NpeeIbHOM cilydae, npu L —> %0, mMoxHO HaiiTn TouHOE

npefenbHOe KOJMYECTBO HMH(OpMaIum, coaepkaiieecs Ha ydacTke (OTOM300pa)keHUs 3aJaHHON

momazny ( ! o.n ). Jlst OLleHKM MOrpeIIHOCTH BHIYUCIEHNS TIPEIENFHOTO KOIMYECTBA HHMOPMAIUH Ha

yuacTke poTomsobpakenus noctpoeH rpaduk (Puc.4.12) 3aBucumoct otHomenns M = 'Qb(l—)/ Iy

OT Ymcna Tpajanuii onTudeckoi miotaocty (L), mpu stom B kadectBe | o.n Gpamock 'qb(256), aB

Tabnune 4.4 npencraBieHbl YUCICHHbIE 3HaYSHHS OTHOLIEHUS! M mpy HEKOTOPBIX 3HAUYECHHUSX L.

1.18,

1.15

1.1y
M(L)
1.05

150

200

250

300
256,

91



Puc. 4.12. Tpadux 3aBucumocts oTHOmeHns M = |Qb(|—)/ I'y . or uncna rpaganumii onTHyeckoit
wiotHocTH (L),

Tabin. 4.4

L 1 2 4 8 16 32 64 128 256
M 1,18 1,11 1,06 1,03 1,017 | 1,008 | 1,004 | 1,001 | 1,000

N3 puc.4.12 u Tabnuupl 4.4 BUAHO, YTO JJI TIOJICUETA TIPEACITBHOIO KOJIMUECTBAa HH(OPMAITUH,
coliepkanieiicss Ha ydacTke (HOTOM300pa)K€HUSI € TMOTPENIHOCThI0 He mpeBblmaromend 1%, uwncio
rpajaiuii ONTUYeCKON TUIOTHOCTHU AOJKHO OBITh HEe MeHee 32.

[Tonb3ysick  momydeHHbIM  BbelpaxkeHueMm  (4.30), MOXHO  paccuuTarbh MPEACIbHYIO

WH(POPMAITMOHHYI0 E€MKOCTh HEKOETO aOCTpaKTHOTO (DOTOHOCUTENS Kak (DYHKIMIO IIJIOIIATH
aneMeHTapHoi romaaku. Ilycte (OTOHOCHTENs WMEeT CIEAYyINUe MMapaMeTphI: ;
;
Breibepem emuauIly miomanan (HoTOU300paKeHUs , @ UYHCIO YpOBHEW Tpajganui
ONTHYeCKO# rotHoctn L =32,
Ha pwuc.4.13 mpencraBieH rpaduk 3aBHCHMOCTH TpPEACIbHOW WH()OPMAIMOHHON EMKOCTH
doromnsobpaxenust wiomanpo 1mMv® (19) B 3aBUCHMOCTH OT JHHEHOTO pa3sMepa dIEMEHTapHOI

mwiomiaaku (d).

6

51-10
.8.19% 107,

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035
=103, d ,0.035

Puc. 4.13. I'paduk 3aBUCUMOCTHU TIpeACIbHON HH(DOPMAITMOHHON €MKOCTH (OTOU300paKEHUS

mromaznsio 1mm? (1) B 3aBHCHMOCTH OT IMHEHHOTO pasMepa dlIeMeHTapHOi miomankw (d).
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A Ha puc.4.14 npencraBieH rpaduk 3aBHCHMOCTH TPEIEIHHOTO CPEIHETO KOJIMYeCTBa
uHpOpMaLlUK, TPUXOAALIETOCS HA OJHY JJIEMEHTApHYI0 IUIOUIAJKy OT JHMHEHHBIX pa3MepoB

anieMeHTapHo# momanku (d).

4.751,

h(d)

0.819 g | | | | | |
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035

d .0.035

Puc.4.14. I'paduk 3aBUCIMOCTH MPEAECIIBHOTO CPEIHETO KOJIMYEeCTBA HH(POpMAIUH,
MIPUXOASILErocsl Ha OJHY IEMEHTapHYIO IUIOUIA/IKy OT JMHENHBIX pa3MepOB IEMEHTApHON

wromaaku (d).

B Tabnumy 4.5 cBeneHbl YMCICHHBIE 3HAYCHMS MPEACIbHOM HH(OPMAIIMOHHONW EMKOCTH
y4JacTKa U300paxeHHs IUI0IIAIbI0 1M (1&), cpennee KonmuecTBO HHPOPMAIMH, TIPUXOISIIEECS HA
OJIHY 3JIeMeHTapHyo Iiomaaky (N) mpu pasnuuHbeix THHEHHBIX pazMepax (d) m rumomamsax ( )

AJIEMEHTAPHOU IUIOLIAKH.

Ta6m. 4.5
d (107mm) 1 2 3 5 10 15 25
AS (10°mm°) 1 4 9 25 100 225 625
lp (Gur/mm®) | 8,19-10° | 3,22-10° | 1,87-10° | 8,98-10" | 3,08-10" | 1,60-10" | 6,81-10°
h (6ur/smmn)| 0,82 1,33 1,70 2,24 3,08 3,60 4,26

W3 Tabmuip 4.5 BUIHO, 4TO NPU JIMHEHHBIX pa3Mepax sJeMeHTapHoi ruomanku (d) menee 2
MKM cpelHee KOJIMYECTBO HH(pOpMAlMK, NPUXOMALICHCS Ha OAHY 3JIEMEHTApHYI0 IUIOIAAKY
CTAaHOBUTCSA MeHee | OUT, TO €CTh YUCIIO PA3INYMMBIX YPOBHEH INIOTHOCTH 3JIEMEHTAPHON IJIOLIAKU

CTAHOBUTCA MCHCC MOBYX, YTO HC IIO3BOJCT pas3indaTb OTACIBHBIC 3JJICMCHTAPHBLIC IIJIOMIAAKH.
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[TosToMy U1 paccMOTPEHHOTO (OTOHOCHUTENS HCHOJIb30BAHUE DJIEMEHTapHBIX IUIOIAA0K C
JMHEHHBIMU pa3Mepamu (0) MeHee 2MKM Heleliecoo0pasHo.
CpaBnenune nannbix Tab6mn. 4.2 u Tabn. 4.5 nokaspiBaeT, YTo HHGOPMAIIMOHHAS EMKOCTh ONITUYECKOTO
M300paKCHUS SIMHUYHON TUTOIIAAM, TPUBEACHHOTO B § 4.2, CYIIECTBEHHO BBINIE WH(POPMAIIMOHHON
€MKOCTH (POTOHOCHUTEJSI TAKOM e IIIOIIAH.

[Ipencrasnsier MHTEpeC ONpeeNeHHE 3aBUCHMOCTH OTHOCHTEIBHBIX IMOTEph WH(pOpMAINH,
coJiepKalieiics Ha eMHUYHON TUIOIAAN ONTUYECKOro M300pakeHus, npuBeaeHHoro B Ta01.4.2 npu

perucTpanmuu ero Ha QotoHocuTene Takor ke momanu (Tabm.4.5), oT JMHEHHBIX pa3MEpOB

anemeHtapHoil miomanku (d). B 3ToM cinydae oTHOcHTENbHBIC MOTEpH HHGOPMAIUU (17(d))

BBIUMCIISUIACH IO popMyJIe:

n(d)= %(2)) . (4.31)
PesynbTaThl BRIYMCICHUN TIpecTaBieHbl B Tabm. 4.6.
Ta6n.4.6
d(10°mm) 1 5 10 15 25
n(d) 3,66 2,34 2,01 1.87 1,76

W3 sToii TabmuIsl BUIHO, YTO 3E€PHUCTOCTH (POTOHOCHUTENS OCOOEHHO CHJIBHO BIMSET Ha
OTHOCHTEJIbHBIC TOTEPH UHPOPMAIIUH TIPU MAJIBIX JTHHEHHBIX pa3Mepax AJIEMEHTAPHBIX TIOMIAJIOK.

Cnenyer 3aMeTuTb, 4YTO paccuuTaHHas 1o ¢opmyne 4.30 wmHbDOpMaIMOHHAS EMKOCTh
doroHOCHTENST  SIBIISIETCS  MPENENbHO BO3MOXKHOW. PeanbHble  (orom3oOpaxenus o0dagaroT
3HAYUTEIBHO MEHbIICH HMH(YOPMAIIMOHHOW EMKOCThbIO, TaK KaK HX pa3pelieHHue OrpaHUuYeHO
dboTorpaduecCKUMH CHCTEMaMH, YCIOBHSIMH CHhEMKH U 00paboTku QoromMarepuana, a TaKkKe
JIOCTAaTOYHO MPOU3BOJIBHBIM PacIpeelIieHUeM 3HaYCHUH ONTHYECKOM TIOTHOCTH.

B cnyuae, eciin U3BECTEH KOHKPETHBIN 3aKOH paclpeAeeHus YKCiIa AIEMEHTapHbIX UIOIIA0K

( ), TIOMAJAONIUX B KaXKIbIM W3 L ypoBHEH MIOTHOCTH (THCTOrpaMma pachpeiesieHus) W3

BbIpakeHus (4.30) MokeT OBITh MOJYY4EHO COOTHOIIEHHWE MAaKCHMAJIbHOTO KOJIMYECTBa WH(MOpMAIUU

(), comepskarieiics Ha eIMHUYHOM IIJIOIIAU TAKOTO H300paKEHHUS

, 1< D, +k-8D
1'=—>"P -1 9o|—¢ (©, ) +1(6 Jer ), (4.32)
AS k=1 3
0,4 ~i-(@0+k-m)
AS
IS P. - BEPOATHOCTh IMONAaJaHUs DJIEMEHTAPHBIX IUIOIIAIOK B K-Th1i1 YPOBEHb ONTHYECKOH

IIJIOTHOCTH.
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Crnenyer mOMYEpPKHYTh, YTO TOJy4YeHHBIE cooTHomeHus (4.31) u (4.32) xapakTepusyroT
¢oToHOCHTENh TONBKO Kak HOCUTENb HWHGpOpMalMM, B ciaydae (GOPMHUPOBAHUS ONTUYECKOTO
U300pakeHMs, COOTBETCTBYIOLIETO 3aJaHHOMY (HOTOM300paKEHHIO, HEOOXOIUMO YYHUTHIBATh U

KBaHTOBBIC CBOICTBA HCTOUYHKKA cBeTa (84.3).

4.4. UndopManiuOHHAS OlLlEHKA JATYUKOB COOOIIECHH i

CormacHo mpunsTOoM oOmEel wHpopManronHo momenu (Puc.4.1) mepBudHOE BOCTpUITHE
COOOIIIEHUH OCYIIECTBISETCS MaTYMKaMH cooOIeHui. JlaTuank coobmenuii nmpeodpazyeT nepBUIHYIO
€CTECTBEHHYIO (hOpMY BHU3yalIbHOTO COOOIIeHUs B popMy, YAOOHYIO Ui mocieayromeil 00paboTku,
yalle BCEro B DJJIEKTPUYECKYH0. J[aTUMKU IPUHATO XapaKkTEpU30BaTh CIECAYIOLIUMU OCHOBHBIMU

napaMeTpaMu:
1. Koadpuuuent npeodpasosanus K., koTopslii onpesensercs cooTHOMEHHEM

n = %, (4.33)
rae - IpUpallEeHHE NEPBUYHOTO COOOIIEHUS;
- IPUPALICHUE BBIXOAHON BEJIMYUHBI 1aTYUKA.
DTOT mapameTp XapaKkTepu3yeT JHIIb Oe3bIHEPIIMOHHBIC M TMHEWHBIEC JATYMKH COOOIICHUH.
JlaTuK Ha3bIBAIOT GE3BIHEPIMOHHBIM, ecii K, He 3aBHCHT OT JJIMTENBHOCTH MPHPAIIEHUS

, U .]'II/IHCI\/’IHBIM, €ClIn Kn HE 3aBHCUT OT BCIIMYHHBI . JInnerHOCTHL JaTyrhKa XapaKTCPU3yeT

CTEeNeHb MPUOIMKEHUS PYHKIIUU K JJMHEHHOMN 3aBUCUMOCTH.

CreneHpb HETMHEHHOCTH JAaTUYrKa COOOIIEHUHN XapakTepu3yeTcs: K03 GUIIMEHTOM HEeTMHEWHBIX

MCKaKECHH.
2. llepenarounas GyHKIIUS - OTHOIIeHHE MpeoOpa3oBanus Jlarmaca OT BBIXOMHOM
BEJIMYMHBI K mpeoOpa3zoBanuio Jlammaca OT mepBUYHOTO COOOIICHHUS
) (4.34)
rae

3. YyBCTBUTENBHOCTh - 3TO MHUHHUMAJIbHOE 3HAYCHHE COOOIICHMS, KOTOPOE MOXKET ObITh

npeoOpa3oBaHO JATYUKOM

O
X =
= (4.35)
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rae O - 3hdexTuBHAS BEIUYMHA ITyMOB JaTYHKA.

3Hasi OCHOBHBIE TEXHUYECKHE MapaMeTpPhl JaTYNKa MOXKHO HAaliTH OCHOBHBIC HH()OPMALIMOHHBIE
XapaKTEePHUCTHKH, TPHCYIIIE MPOLECcCY MPeoOpa3oBaHMs NCXOJHOTO COOOIIEHHS X B BBIXOTHON CUTHAI
JaTyKa Y, BXOASIIETo B HH(pOopMaMoHHyto Moaens (Puc.4.1).

JleicTBUTENTFHO, TIPU HEOJHOKPATHOM MPEOOPa30BAHHH CHUMBOJIOB HCXOJHOTO COOOIICHUS
MOXHO HaHTH u - MUHUMAJIbHOE U MaKCUMaJIbHOE 3HAYCHHE BXOJIHOTO
CUTHaJa JaTdydKa, COOTBETCTBYIOIIETO HCXOJHOMY coOOmmIeHH0. [lo 3TUM 3HAYeHUSM MOXKHO
OTIPENICTUTH AUana3oH Ipeodpa3yeMoro BXOIHOTO CUTHAIA
(4.36)
N3 (4.35) cmemyer, 4TO IS KaXAOTO JaTyUKa CYHIECTBYeT KOHKPETHOE 3HAYCHUE
(4yBCTBUTENLHOCTh JIaTYHKA), OMPEICIIIEMOE YPOBHEM IIYMOB HaTurKa. YyBCTBUTEIHHOCTh AATUYUKA
OTIpeIeIsET pa3penaronlyl0 ClIoCOOHOCTh JaTYHKa , TO €CTh TY MUHUMAJIbHYIO Pa3HOCTh
MEXIy YpPOBHSIMH BXOJHOTO CHUTHANA, NIPU KOTOPOH MOXKHO JOCTOBEPHO PACIO3HATH OTACIbHBIC
CHUMBOJIBI HCXOJHOTO COOOIICHHS.
Tak xak amamason BxomHoro coobmenns (DPx) u paspemaromas cnoco6HOCTs ( )

KOHEYHBI, TO BO3MOYKHO Pa3JIn4UTh JHIIb KOHEYHOE Ynciio ypoBHei (N)

D
N=—"2+1
AX

Taxum o6pazom, 00beM anpaBuTa BXOJHOTO COOOIICHUsT HE MOKET ObITh Ooubie N.
B ciaydyae oTCyTCTBHS NaHHBIX O 3aKOHE pPacHpeeNieHHs] CUMBOJIOB MCTOYHHMKA COOOIIECHUS
MOXHO CUUTAaTh, YTO WX TOSBJICHHE PAaBHOBEPOSATHO, M SHTPOINUS BXOAHOTO cooOmieHus mardmka H

MOXKET OBITh HalifieHa 1o popmyiie XapTiau
D
_ 6 m T
H=I 9[—§AX +1j( S 7) (4.37)

Ecnu xe mosiBIeHHE CHUMBOJIOB HCPaBHOBCPOATHO, HO HM3BECTCH 3aKOH pacCHpCACICHUSA CHUMBOJIOB

BXOJHOTO coobmmenus, To 3aTponus (H) onpenensercs mo popmyne lllerHona
, (4.38)

rne - BEPOSTHOCTb MOTMAaIaHusI B K ypOBEHb;
k - HOMep ypoBHSL.
[Ipu wu3BecTHON wYacTOoTe HW3MEpEeHHMM natymka - F (ceK'l) JIETKO TIOJCYHMTATh BXOJTHYIO

IMPONU3BOAUTCIIBPHOCTD JaTYUKa

P,=H-F(6 o). (4.39)
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st uHGOPMAIIMOHHOTO COTJIAaCOBAaHUS HWCTOYHHMKA COOOIICHHH C JAaTYMKOM COOOIICHHM
HEO0O0XO0IUMMO, YTOOBI MPOU3BOIUTEIIBHOCTh MCTOYHHKA COOOIIECHUI (PH) HE TPEBBIIIAJIa BXOIHYIO

MIPOU3BOJUTENIBHOCTh JaT4yUuKa COOOLIECHUIT (Pu), B IIPOTHMBHOM CJly4a€ HEMHUHYEMBbI IOTEpPHU
uHpOpMaLIKH.

Bo3zeilicTBue mymMOB Ha JAaT4YMK BBIPAXKAETCS HE TOJNBKO B OrPAaHUYEHUH OSHTPONUU
BOCIIPUHUMAEMOT'O0 COOOIIECHHS, HO W B TMOTepsX HHPOpPMAIMK B Tpolecce MpeoOpa3oBaHUS.
W3BecTHO, 4TO €ciau Ha JaT4MK BO3AEUCTBYET HEKMM aJAUTHUBHBIN IIyM (N), TO SHTPONUS MOJIE3HOTO
CUTHaJIa , KOTOPYIO MOXHO M3BJIEYb U3 CMECH , paBHa Pa3HOCTHU SHTPOIUMA TPUHITOTO
COOOIIICHUS U IIIymMa , TO €CTh

(4.40)

3ameTuM, 4YTO BIMsSHHUE IIyma (N) HapyllaeT OJHO3HAYHYIO 3aBHCHUMOCTH MEX]Y BXOIHBIM
CUTHAJIOM X U BBIXOJHBIM CUTHAJIOM Y U JIEJIAeT €€ CIy4ailHOM (CTaTUCTUYECKOM).

B cnydae anguTMBHOrO ImIymMa 3aKOH pPAacOpeleseHuss BBIXOJHOIO CUTHaJIa Y TpH

(buKCHUPOBAaHHOM BXOJHOM CUTHAJIE X paBEH 3aKOHY pacrpezesieHus IIymMa, TO eCTh

rue - IJIOTHOCTh PacIpeeNIeHNs IIyMa;
- YCJIOBHAs IUIOTHOCTb Paclpe/ieeHUsl BBIXOJHOIO CUTHAJA Y MPU U3BECTHOM BXOJHOM
CUTHAJIE X.

Torma Beipaxkenue (4.40) MOXKeT OBITH 3aMMKMCAHO B CIEAYIOIIEM BHUJIC:

(4.41)
[ToncTaBUB B 3TO BBIPAKEHHE COOTBETCTBYIOIINE 3HAYCHUS u , pacCUMTaHHBIC TIO0
dbopmyie lllenHona, morydanm:
, (442
rme - COBMECTHasI IJIOTHOCTh BEPOSITHOCTH CUTHAJIOB X U
Y;
- INIOTHOCTH BCPOATHOCTH BBIXOAHOT'O CUI'HAJIa y,
- IJIOTHOCTb BEPOATHOCTHU BXOJHOI'O CUTHAJIA X;
n - COOTBCTCTBYIOIIHUC YCJIOBHBIC IIJIOTHOCTH BCPOATHOCTU IIPpHU
(UKCUPOBAHHOM BXOJHOM CHUTHaje U (UKCUPOBAHHOM BBIXOJHOM CHUTHAle

COOTBETCTBEHHO.
Jlist cimydasi HeTIpepBhIBHBIX CUTHAIOB X W Y BhIpakeHue (4.42) mocie mpeaesbHOro nepexozia

puoOpeTeT BUJT
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, (4.43)

rne - COBMECTHasI IJIOTHOCTh BEPOSITHOCTH CUTHAJIOB X U Y;
- YCIIOBHAs IUIOTHOCTh BEPOSTHOCTH CUTHANA Y IPU (PUKCUPOBAHHOM X;
, - IVIOTHOCTH BEPOSTHOCTH CUTHAJIOB X M Y COOTBETCTBEHHO.

Takum o0Opa3oM, AaT4MK COOOIIEHHS KaK 3JIEMEHT HH(POPMALMOHHOM CHUCTEMbI TpeOyer
COIVIACOBAHUS MO MH(POPMALMOHHBIM IapaMeTpaM ¢ UCTOYHHUKOM COOOIIEHUH C LENbI0 YMEHBIICHUS
(a B maeane yctpaHeHus ) MoTeps HHPpOpMaIuu B mpoliiecce npeodpa3oBaHust COOOMEHN HCTOYHUKA B
UHYIO (opMy, YIOOHYIO JJIsl JadbHEUIIETO NCTIOIb30BAHUS.

JUis IpakTUYECKOIO HCIOJIb30BAaHUS PAaCCMOTpPEHHbIE BhIE cooTHouIeHUs (4.40-4.43) ne
BCeTa yIOOHBI, TaK 3aKOHBI PACIPEEICHUSI CHMBOJIOB BXOAHOTO cooOmieHus (X) u nryma (N) garie
BCEro Heu3BeCTHbI. IloaTOMy Ha mpakTHKe LenecooOpasHO MH(DOPMAIMOHHBIE CBOMCTBA JaTYMKOB

COO6H1€HHI>'I BBIPAXKATH YCPE3 MAKCUMAJIBHO BO3MOXHYIO Ui JAHHOTI'O AATYWKA SHTPOMHUIO BXOJHOI'O

COO6I_HCHI/I$I - Hmax, cyuTas, 4YTO CHMBOJIBI BXOJHOI'O COO6HICHI/I$I PaBHOBEPOATHBI H
HEKOPPEITHPOBAHBI
D D
X X
H, =1,, +4 =1 +11 (4.44)
AX m . AX )

a BXOJHYIO IIPOM3BOIMTENHFHOCTh JATUMKA XapaKTePH30BAaTh €€ MaKCHMAIbHBIM MpPeJeTbHBIM
3HaYECHHEM P max
Pom THn 2Fa 6. X (4.45)
rac I:max - MaKCHUMAJIbHas 4acToTa I/ISMepeHI/ISI JaT4YrKa.
B CKaHHPYIOIIMX YCTPOMCTBAX B KadecTBE (POTOIIEKTPUUYECKOTO IIpeobpazoBaTels

(poTomaTtumka) HCHIONB3YIOT —IOJYNPOBOAHUKOBBIE (OTONPHEMHUKHA WIH  (POTOIIEKTPOHHBIE

ymHOXkutenu (DPDY), sl KOTOPHIX OCHOBHOM MPUYMHOW OTPAHUYCHUS SHTPOMHUH BXOJIHOTO

coobmennst (Hmax) wu  Bxommoit  mpomssomurensHocTH  (Pamax)  gBasroTcs  uryms

dboTOMETpUpPOBAHHUS, BbI3BaHHBIE KBAaHTOBOW TIPUPOJOM CBeTa ©  (PU3MUECKOW MPUPOIOH
(GOTONPHEMHHUKOB, TPUYEM SHTPOMHUS BXOIHOTO COOOIIECHUS (Hmax) A YacToTa U3MEpEHUs

(GoToMeTpHUECKHX TapaMeTPOB OT/ENbHBIX deMeHTOB H300pakeHns ( Fmax ) B3anmosaBucumL.

[TpuMeHUTENPHO K (OTONMPUEMHHUKAM JAMANa30H IMpPeodpa3yeMoro BXOAHOTO COOOIICHHUs

D.=®y, .5xPn i, tne Pmax 1 Pmin - MAKCUMaIbHOE U MUHHUMAIBHOE BO3MOKHBIE 3HAYCHHUS
CBETOBOIO MOTOKA, MaJaloIero Ha (OTONPUEMHHK, a B KaueCTBE Pa3peIlarolell cnocobHocTu AX

nenecooOpasHO  HUCMONB30BaTh  CpelHEKBajgpaTHueckoe  A(GQEeKTUBHOE  3HAUYEHHE  IIyma

(oTonpreMHNKa, IPHBEICHHOE K €r0 BXOAY - © ¢.n . Torna Bepaxkenue (4.44) mpeobpasyercs K BULY:
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D, —D

_ m am X i|_n
Hom =l 472gm 50121 dy, +1), (4.46)
) R i
rae H ¢ max - MakcumanbHas BXoaHas SHTpONHS (OTONPHEMHHKA,
_ (Dm ax *m i
Y =" - OTHOILICHHE CUTHAI/IIYM (HOTONPHEMHHKA.

¢ .m

B ¢oronpuemMHbIX YCTpoOWcTBaX OCHOBHBIM BHJIOM IIyMa sBIsieTCS ApOOOBOH IIyM,
IPEACTaBIAIOIMNNA cO00H (QIyKTyalluu BO BPEMEHHU 3JIEKTPUYECKOIO CHUIHAJIA, BbI3BAHHBIE TEM, YTO
IEKTPUUECKUN TOK SBJIAETCS TOTOKOM JHUCKPETHBIX YAaCTHIl, 4YHCIO KOTOPBIX IOJUUHSETCA
KBaHTOBBIM 3akoHaMm. CpeaHekBaapatuueckoe (3(QeKkTuBHOE) 3HaUYeHHE ApoboBoro myma (/) Ha
BbIX0JI€ (POTONPUEMHHMKA MPH 33JJAHHOM 3HAUYE€HUH CBETOBOIO ITOTOKA, MaJIAl0LIEro Ha (POTONPUEMHHUK
(@) UPONMOPUMOHATBEHO TMOJOCE 4YacTOT Ipeobpasyemblx curHanoB (A7) wmm  obparHO
IPOTOPIIMOHATIBHO BPEMEHH W3MEpeHHs CBETOBOro moroka (7). V3BecTHO BBIpaKeHHE ISt

HAXOXJICHHS CpPETHEKBAJIpaTUUECKOro 3HA4YeHUs APOOOBOTO IIymMa Ha BBIXOJAE (OTONPHUEMHHUKA
(PIY):

5 =261 A M+ B)- e-i-M(+B)_[e-®-X,-M(L+B) @.47)

)
T T

rie €=16-1 G °A-c - 3apsi/1 AJIEKTPOHA;

i - Tok ®IY [A];

Za

M -~ - koadduruent ycuaenus POV,

Z o - AHOMHAs YyBCTBUTEIBHOCTD DOV [A/BT];

Z « ~ Karo/Has qyBCTBUTENHHOCTE OOV [A/BT];

@1+B)- K03 UIIMEHT, 3aBUCAIINNA OT KOHCTpYKIMKU DY, B cpeHeM paBHBIi 2,5.
AHaJOTUYHBIE COOTHOIICHHS, CBS3BIBAIOIINE CPEIHEKBAIPATHUECKOE 3HAYCHHUE APOOOBOTO
HIymMa ¢ TEXHHYECKUMH XapaKTEepUCTHKaMU (POTONPUEMHHUKA U BPEMEHEM M3MEPEHUS XapaKTEePUCTHK
3JIeMEHTa U300paKeHHsI U3BECTHBI U JIJISl TIOJIYITPOBOJHUKOBBIX (DOTOPUEMHHUKOB.

[IpuBens cpennexBanpaTudeckoe (3P pekTuBHOE) 3HAUCHHE IITyMa KO BX01y (hOTONPHEMHHKA

5

S. =
¢.n za’

U 33J1aBasiCh OTHOILIEHWEM CUTHAJI/IIyM Ha BXojie (POTOIPHUEMHHKA

99



cDm a_cpm i
5cb .o ’

Ve =

¢ yueroM (4.47) MOXHO TOJYYUTh BBIPAKEHUE [UJISI HAXOXKJACHHUS OTHOIIEHHUS CHUTHAJ/IIYyM

dboTonprueMHIKA IIPX 33aHHOM JUTUTSIILHOCTH H3MEPEHHUSI CBETOBOTO MOTOKA (7):
@m 3@ _ (®m 3@m )iZa
8y . [|ei-M-(L+B). (4.48)
T

Vo=

CnenoBarenpHo, u3 (4.46) BBITEKAaeT COOTHOIIEHUE JUIS OMNPEACTCHUS MaKCHUMAaTbHOW BXOJHOU

SHTPOIUU (POTONPUEMHHKA:

ho s LR | )

Hcxons u3 obmero Buaa uHbopmanronnon mozaenu (Puc. 4.1), ycnmoBuem nHGOpMAIIMOHHON
COTJIACOBAHHOCTH HMCTOYHHMKA COOOINEHHWS W JaT4YhKa COOOIICHHWs, IMPH BBIMOJIHEHUH KOTOPOTO

oOecrieynBaeTcst MpeoOpa3oBaHUE UCXOAHOTO coo0IeHus 0e3 moTepb HHpOpMaLuu, OyaeT:

Hum aqu)m a’ (4.50)

rac HH- max. - MaKCUMaJIbHOC KOJHYCCTBO I/IH(bOpMaHI/II/I, KOTOPOC MOXKCET COACPKATBCA B CHUMBOJIC

HCTOYHUKA COOOIIEHUH (3JIEMEHTApHOM IIJIOMIAIKE).

CrnenoBatenbHO, TOHKHO BBITIOIHITHCS YCIOBUE!
1 o,(g, +1)=H,, . (4.51)
B cmysae wucmomb3oBaHMS B KadecTBE HMCTOYHHWKA COOOINEHHMS ONTHYECKUX WM
dortonzobpaenuit ux H . max MoXer OBITH HaliIeHO HA OCHOBE MONYYEHHBIX COOTHOIIEHHMH (§4.2,
§4.3), u u3 (4.51) nerko onpenenuTh TpeOyeMoe OTHOIICHNE CUTHAI/TIIyM (hoTonprueMHuKa (¥ ¢ ):
w, 22" =l=m-1, (4.51)
rzie M — oobeM andaBuTa HCTOYHUKA COOOIICHHUS,
a 3Hast TpeOyeMoe OTHOIIEHHE CUTHAI/IIYM M 3HAYCHHUS TEXHHYECKHUX MapaMEeTPOB HCIIOIB3YEMOIO

doronpuemHruka u3 4.48 JE€rko MONY4YUTh COOTHOUICHHE MAJISi ONpPENENICHUS BPEMEHU H3MEpeHUus

XapaKTEePUCTHUK dJIEMEHTA N300pakeHUsI (7) IPH 3aJaHHOM OTHOIIICHUH CUTHAJI/TITYyM:

100



Ve MO+B) (n-1f i W+ B)
_((Dm _(Dam ))3 2 ((pm _(Dan )j 't21n.

b

(4.52)

Takum 06pa30M, MAaKCUMAJIbHO BO3MOXHOEC 3HA4YCHHC BXOI[HOﬁ MPOU3BOJAUTCIILHOCTU

doronpremnnka ( Po. max ) MoxkeT 6BITh HaiiIeHO U3 CITETYIOIIMX COOTHONICHHNIH:

— TIpH 33JIaHHOM 7T

; (4.53)
— npu3aganHoM Hum o 10,97

2 N2

o -0 .2
P, =H.. ;F..=l ., 0; (”" —— (4.54)

dm Slamoox ma o txa2 tx 2 . , ‘
(m+1)-e-i-M(1+B)
1 1
Tae F= ;, Frax= r_ - 4aCcTOTa U3MEPEHHUS NaTUNKa,

m - 00beM alipaBUTa UCTOYHHUKA COOOIICHHUS.
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JTaGopaTopHbIN NPaKTUKYM.

JlaGoparopHas padora Nel.

Nudopmanusi B AMCKPETHBIX COOOLICHUSIX.

Ilenv padomer. HaydanThcsi MPaKTUUECKU OIPEICIATh KOJUYECTBO MH(POPMALUU B Pa3IMYHOTO
BUJA JUCKPETHBIX COOOLICHHUSX.

Teopemuueckoe ob6ocnosanue. KommdecTBo wWH(pOpPMALUK, COAEpKamieecs B IUCKPETHOM
coobmienuu (1) MOXXHO HaTH U3 TIPOCTOTO COOTHOIICHHS

I=n-H,
rae N— YKCIIO CHMBOJIOB B COOOIICHUU,

H- sHTpOnuUs NCTOUYHMKA COOOILICHHI, TO €CTh CpeAHEe KOINYECTBO HH(POPMALIUH, PUXOAIIeecs

Ha OJIMH CUMBOJI COOOIIEHNS.

DOHTpOIUST HMCTOYHHMKA COOOIIEHUS ONpPEAETSIeTCS M3 OCHOBHOTO COOTHOLICHHS TEOPUH
uHpopmanuu (1.4), koTopoe a1 ynoOCTBa MPAaKTUYECKOTO HCIIOJIB30BAaHUS Mpeodpazyercss K BUIY
Han0oJiee MPOCTOMY U yJOOHOMY B 3aBUCUMOCTH OT CBOMCTB JMCKPETHOTO HCTOUYHUKA COOOIICHU.

B caydae, ecnm CHMBOJIBI HMCTOYHHKA COOOILICHUS MOSBISIIOTCS PAaBHOBEPOSTHO W B3aWMHO

HE3aBHCHUMO, TO JIJIsl TIOJICUETa SHTPOIHMH TAaKOT'0 poja COOOIICHH UCTIONB3YIOT hopMyy XapTiu:

I=n-lTo,m6 u); H, =1 Ozmg6 /é ’ZZ )Jt

rae M- o0beM andaBuTa UCTOUHUKA JUCKPETHBIX COOOIICHUH.
Ecnu >xe CUMBOJIBI MCTOYHHMKA COOOIIEHUS T€HEPUPYIOTCS C Pa3IUYHBIMU BEPOSTHOCTSIMH, HO

B3aMIMHO HE3aBUCHMBI, TO UCTIONB3YIOT (hopmyiy [lleHHOHA:

I=-n-Y Pl oRG )

HZZ_ZPa b oR, (59%”

i=1
rae P, — BEpOATHOCTh MOSBJICHUS CHMBOJIA &;.
B cinydae xe HepaBHOBEPOSTHOTO TOSBICHUS CHMBOJIOB HCTOYHHMKA COOOIICHUS W HAIAYUS
CTaTUCTUYECKUX 3aBUCUMOCTEH MEXAY COCEAHUMHU CHUMBOJAMHU SHTPOIHUIO TAaKOTO POJa MCTOUYHHKA

MO>KHO OIPENEIUTh C TOMOUIBIO (bopMynLI [llenHoHa ¢ yCIOBHBIMU BEPOATHOCTSIMHU:

DD VAL VA A
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a.
rac { / a. | YCJI0BHas BEPOATHOCTD IMOABJICHUA CUMBOJIA aj II0CJIE CHMBOJIA 4.
i

Cooeporcanue pabomel.

1.ITocuntate cpegHee KOMUYECTBO HH(OPMAIIUH, MPUXOAALIEECs HAa OAMH CHUMBOJI MCTOYHHMKA
JTIUCKPETHBIX COOOIIEHU (IHTPOITHIO) B CITyJasiX:

a —paBHOBEPOSITHOTO M B3aMMHO HE3aBHCHUMOTO TOSIBIICHHSI CHMBOJIOB;

0 —HEepaBHOBEPOSTHOTO U B3aMMHO HE3aBUCHMOTO TOSIBJICHUSI CHMBOJIOB,;

B —IIpU HEPABHOBEPOSITHOM TMOSBICHUHA CUMBOJIOB M HAJMYUU CTATUCTUUYECKHX CBS3EH MEXKIY

COCEIHUMH CHMBOJIAMH.

B kadecTBe AUCKPETHOTO MCTOYHHMKA COOOIICHUI B35Th UCTOYHHUK C 0OBeMoM andaButa M = 34
(aHasmormuHBIH TO 00BEMY aidaBUTa TEKCTy Ha PYCCKOM s3bike: 33 OykBeI W mpoben), a ero
CTaTUCTHYECKUE XaPAKTEPUCTHUKH CMOJIEIIMPOBATH C MMOMOIIBIO TeHEPATOpa CIyYaiHbIX YHCEIL.

2 IloncunTaTh KOMMYECTBO HH(GOpPMAIMKM B COOOINEHUH, MpPEICTABIAIONIMM co00if Bamry
damMuIuIo, UM ¥ OTYECTBO, CUWTAsl, YTO CHUMBOJIBI COOOIICHUS TOSBISIFOTCS HEPAaBHOBEPOSTHO U
HE3aBUCHMO. 3aKOH pacIpelleIeHUs] CUMBOJIOB HAWTH IyTeM aHaIM3a ydacTKa JIIo0Oro TEeKCcTa Ha
pyccKoM si3bike anuHoM He MmeHee 300 cuMBOJIOB.

Boinonnenue padomoi. Pabota BBINONHACTCS HAa NEPCOHATHHOM KOMITBIOTEPE B MPOTPAMMHOM
cpeactBe «Mathcad». Tak kKak B 3TOM NMPOTrpaMMHOM TPOAYKTE B KauyeCTBE BCTPOCHHBIX (YHKIIUN
UCTIONB3YIOTCS TOJNBKO (DYHKIIMM HATypalbHBIX M JCCATUYHBIX JIorapudMOB, TO B TIporecce
BBITIOJIHEHUS paOOThl HEOOXOAUMO BBITIOJIHHUTD MEPEXO0]] K Jorapudmam 1o 0OCHOBaHUIO 2 0 hopMmyie

nepexoaa K MTHOMy OCHOBAHUTO:

lo,gV
lo,gV=—"-—"—,
lo,®
a
Il€ @ — OCHOBaHME U3BECTHBIX JOTapU(PMOB;
6 — OCHOBaHHE TPEOYEMBIX JIOTapr(PMOB;
N — jorapudpmupyemasi BeTuIrHa.
I1.1.a. Ucnons3ys popmyny XapTiu, HAUTH SHTPOIHIO YKa3aHHOT'O UCTOYHUKA JUCKPETHBIX
cooOmienuii (Hy).
I1.1.6. CmonenupoBaTh 3aKOH pacHpeiesiCHHs] CHUMBOJIOB JHCKPETHOTO HMCTOYHHKA COOOIIEHUH,

ucnone3ys onepatop rnd (A), KOTOpBI TeHepHpyeT CiydaiiHble uucia u3 auamazoHa [0,A] mo

CIEAYIOLIEH MpOorpamMmme:

m: =34 — 3aj1aHue oobema andasura (M);
i:=12,..m — |- IOPAAKOBBIM HOMEP CHMBOJIA al(aBHUTa;
r(i) :=rnd (1) — reHepupoBanue 34 ciydaiHbIX yncen B uHTepBaie ot 0 10 1;
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/= Z (/) — HaxoxIeHue cymmel Beex r(i);

r(J/
P = # — P(i) — BepOATHOCTB TOSBJICHHS i-T0 CHMBOIA (;).

[IpoBepuTh MPaBHILHOCTH BBIYUCIICHHI, Haiias cymmy Beex P(i) mpu 1 = 1,2,...,m.

[Toctpouts rpaduk 3akona pacmpeaenenust P(i) Mcmonssys dopmyny IllenHoHa, ompeacinTh
SHTPOIHIO CMOCTMPOBAHHOTO HCTOYHHKA TUCKPETHBIX COOOIIeH i (H?).
I1.1.B. CMoOIenupoBaTh MaTPHUILy YCJIOBHBIX BEPOSITHOCTEH MOSIBICHUS CHMBOJIA @j MOCIIE CUMBOJIA @i
0 CIEAYIOLIEN MPOrpaMMe:

m: =34 -— 3aganue oobeMa andasuta (M);
I=12,.m
J=12,.m

— TOPSAIKOBBIN HOMEpP CUMBOJIA all(paBUTa;

r(i,j) :=rnd(1) — reHepupoBanue MaTpuilbl (34x34) cnydyaiHbIX yncen B uHTEepBaie ot 0 1ol;
W, = Z,: ")) — HAXOJKIEHHE CYMMEBI DJIEMEHTOB B Ka)0H CTpOKe MaTpuibl I(i,j);

A Y)) -
S(4, /) ~ "\ ~—HOPMHpOBKAa IO CTPOKAM MaTpHIIBI r(ij) ¢ Uenbl0 TMOJNy4eHHsS] CYMMBbI

7

AJIEMEHTOB B Ka)XKJ10i CTpOKE, paBHOM 1;

U, = Z,: SN HaAXO0’KJICHUE CYMM 3JICMEHTOB B KaXI0M cTojiome matpuilst S(i,j);

— HOPMHpPOBKa MO croj0maM matpuilbl S(i,j) ¢ Ienblo MOJydeHHUs

P @ j)=20)
U,

CYMMBI 3JIEMEHTOB B KQXKJIOM CTOJIOIIE paBHOA 1.

[MonyueHnple 3HaUeHHs eMeHTOB Matpuilbl PP(i,]) mpuOInKeHHO MOKHO CUMTATh YCIOBHBIMHU
BEPOSTHOCTSIMU TOSIBJICHHSI CHMBOJIA ITOJT HOMEPOM | TOCIIE I-r0 CUMBOJIA.

Ucnonezys ¢opmyny IlleHHOHa ¢ YCIOBHBIMH BEPOATHOCTSIMH OMNPENCIUTh JHTPOIHUIO
CMOJICTUPOBAHHOTO HCTOYHHUKA TUCKPETHBIX COOOIEHH (H3).
I1.2.0npenenuth BEpOSATHOCTH MOSIBICHUS Kaxaoro cumBoia (OykBwl) P; myreM neneHus 4ucia
MOSIBJIEHUH 3TOT0 CUMBOJIA (@) Ha ob1iee unciio cuMBoJioB (He meHee 300), BXOASAIIMX B COOOIIEHNE.
B cnyuae, ecnu kakoi-mu60 cumBon (M3 M= 34) B COOOIIEHWH HE BCTPETHIICS, CUUTATh, UYTO OH
BCTpeTuics | pa3, HaYe MOXET BOSHUKHYTh HeolpeneaeHHOCTh B popmyre [llenHona. OTcyrcTBUe B
UCCIIETyeMOM COOOIIEHWH KaKoro-1ubo CHUMBOJAa W3 cOocTaBa and)aBUTa HCTOYHUKA COOOIICHUU
CBUJIETENBCTBYET JIMIIL O TOM, YTO aHAIM3UPYEMOE COOOIIEHHE HE COACPKUT JOCTAaTOUYHOTO YHUCIIa
CHUMBOJIOB (HE IOCTATOYHO JJIMHHOE), YTOOBI MTOSBUIIMCH BCE CUMBOJIBI BXOIAIINE B a()aBHT.

[MocTpouts rpaduk 3akoHa pacnpeieIeHusi CHMBOJIOB (OYKB)B COOOIIICHHH.
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[TpoBepuTh NPABUIBLHOCTH MOJYYECHHOI'O 3aKOHA pacHpeleieHus, Il 4ero HaWTH Ccymmy
BEPOSATHOCTEH MOSBICHHSI KQXKIOTO CUMBOJIAa. JDTa CyMMa JIOJIKHA ObITh paBHa 1.

C momombto Gopmynsl [llerHona HaiiTh >HTponui0 (H4) AUCKPETHOTO UCTOYHHMKA (TEKCTa Ha
pycckoM si3bike). [lomcumTaB umcino cumBoioB B Bameil damuiany, uMeHH U OT4YeCTBE (BKJIIOYAs
npoOesbl), HAUTH KOJIUYECTBO HH(POPMAIINH, COACPIKAIIEHCS B 3TOM COOOIIICHHH.

KOHmPOJIbele 80npOChbl.

1. Kakue UCTOYHUKH COOOIIECHUI Ha3bIBAIOT TUCKPETHBIMU?

2. JInsa KaKux MCTOYHHUKOB TUCKPETHBIX COOOIICHUI mpuMeHUMBI popmyibl Xaptiu, [lleanona?

3. Kakum o0Opa3oM OMHCHIBAETCS CTATHCTHYECKAash 3aBUCHMOCTh MEXKIY COCEIHHMH CHMBOJAMH B
JTUCKPETHBIX COOOIICHHMSIX ?

4. JlaliTe omnpeeneHne SHTPONUN UCTOYHUKA TUCKPETHBIX COOOIICHUIA.

5. Kak mnpoBepuTh NPaBHWIBHOCTh HAXOXACHUS 3aKOHA pACHpEeNIeHHs CHMBOJOB HCTOYHUKA
JTUCKPETHBIX COOOIICHMIA?

6. Kakoii Bu1 AUCKpPETHBIX COOOIIeHNH 001a1aeT HanOoIbIIeH SHTpOIHEH?

JlabopaTopnasi paGora Ne2.

Nudopmanus B HenmpepbIBHBIX COO0IICHUSX.

Ilenv pabomwl. V3ydyeHue METOIOB OIPENEICHUS KOJIUYECTBA WH(GOpPMAIMA B HEMPEPBIBHBIX
COOOIICHUSX.

Teopemuueckoe o6ocnosanue. HenpepblBHBIE COOOIIEHUS - 3TO COOOIICHMS, IIOCTPOSHHBIC HA
OCHOBE O€CKOHeuHOro andaBuTa, TOITOMY COOTHOIICHHS, WCIIONb3YeMbIE [UIS OIPEICIICHUS
KOJIMYeCTBA MHPOPMALMU B JUCKPETHBIX COOOMICHUSX IUIsI HUX B OOIIEM cilydyae HE MPUMEHUMBI.
HckmoueHne COCTaBISIOT JIMIIL HEMPEPhIBHBIE COOOMICHHS, Y KOTOPBIX CHMBOJBI TOSIBIISIOTCS
PaBHOBEPOSITHO, CIIEKTP OTPAHUYCH, & CAMH OHU MPOSBIISIIOTCS HA HEKOTOPOM YPOBHE IITYMOB.

JlelicTBUTENFHO, TaKHe COOOIICHUS MOTYT OBITh MPEICTABICHBI TUCKPETHBIMU COOOIICHUSIMH C
o0beMOM ainaBuUTa, PaBHBIM YHCITY PA3IUYMMBIX YPOBHEW, M YHCIOM CHMBOJIOB B COOOIICHHH,
ompezaenseMbiM Teopemoit KotenbHukoBa. KommuectBo mHbopManuu coxepkamieiicss B HIX MOXKET
OBITH TOCYUTAHO C TIOMOIIBIO POpMYITBI XapTiu.

Yucno paznuaumbix ypoBHeH (L) onpeaensitor Ha OCHOBE COOTHOIIICHUS :
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rae P. — MOIIHOCTBH COOOIICHUS (CUTHANA);

P,, —MOImHOCTH 1Iyma.

B cootBerctBum ¢ Teopemoit KortenpHHMKOBa, UIS Iepegadyd HENPEpPBIBHOTO COOOIEHUS
JUTUTEIIBHOCTBIO T(CeK) W TpaHWYHOM YacCTOTOH B CHEKTpE Fm(ceK'l) JIOCTaTOYHO TepeaaTh €ro
PaBHOOTCTOSIIIINE MTHOBEHHBIE 3HAUCHUsI ¢ MHTEpBaIOM At (cex) m obmum uuciaom N , mpudem
At<1/2F . u N>2TFq+1.

Ucnons3ysa ¢popmyiny XapTiu, KOIUYECTBO HH(POPMALIUU, COAEPIKAIIEECs] B TAKOM HETPEPHIBHOM

coobmienuw, (1) u ero saTponus (H) MoryT ObITh HaliIeHbI IO (hopMyIIaM:

P.+P
=N =@ IR B (G

1 P +P o6um
H=—=Il o, |[§&—* —_—

N P cCUMEBO)

w

B obmiem cnydae, Korja CUMBOJIBI HEIIPEPHIBHOTO COOOIIEHUS MOSBIISIOTCS HEPABHOBEPOSTHO U
UX 3aKOH pachpelielieHHs] OIUCBIBACTCSA HEKOTOpOMl (YHKIMEW TMJIOTHOCTH paclpeesieHus
BepositHocTH P(X), (P(X) XapakTepusyeT BEpOATHOCTD MOMAAaHKs CHMBOJIA HEMPEPHIBHOTO COOOIICHHUS
X B HEKUH mHTEpBas AX), A mojcyera WHPOPMAIMOHHBIX XapaKTEPUCTUK IOJIB3YIOTCS (HOopMyIon
JUISL IOJICUETa SHTPOIHUU HETIPEPHIBHBIX COOOIICHUH.

OO0mast SHTpPOMHUST HEMPEPBHIBHBIX COOOIICHUHM, Kak Toka3aHo B §1.8, paBHa OECKOHEUHOCTH,
OJIHAKO BBIpaKEHUE, €€ OMHUCHIBAIOIEEe, MPEICTaBIseT COO0OM CyMMYy JIByX cCllaraeéMbIX, OJHO U3
KOTOPBIX CTPEMHUTCS] K OECKOHEYHOCTH OJMHAKOBBIM 00pa3oM JUIs JIIOOBIX HETPEPHIBHBIX COOOIIECHHH,
a BTOpOE SIBISIETCA KOHEUHBIM M 3aBHCUT OT 3aKOHA pacCHpeAesieHHs CHMBOJOB HENPEPHIBHOTO
coo0IIeHus. DTO ciraraeMoe M Ha3biBaeTcs qudPpepeHInaIbHON UM OTHOCUTEIHLHOM SHTPOTTHEH.

Huddepennmanbras saTponus (Hy) onpenensercs BRIpaKCHHEM:
H,=—[p()-1 op(@)d

[IpakTudeckoe wucnonp3oBanue AU EepeHIIMAIBHOW YHTPOIUM OCHOBAHO HA MPEIIIOI0KECHUH,
YTO HETPEPHIBHBIE COOOIIEHUS MPOSBIIIOTCS HA HEKOTOPOM YPOBHE aIUTHBHBIX IITYMOB (YTO BCETAa
CIPaBEIJIMBO JJI pPEaTbHBIX COOOIIeHMi). B 3TOM cimydae SHTpoONuUs peasbHOr0 HENMPEePHIBHOTO
cooOuieHus H paBHA pa3HOCTH SHTPOIUH MPUHATOTO (3alIyMJICHHOTO0) coobmienus (H,) u myma (H,,),
TO €CTh

H=H.+ H,.
Cooeporcanue pabomel.
1.ITogcunTarh KOMUYECTBO MH(POPMAIMN B PEATHHOM HEMPEPHIBHOM COOOIICHUH MPU HATUYHH

ANAJUTUBHOI'O IiymMa IIpHu yCJIOBHUHU, YTO CUMBOJIbBI COO6H_ICHI/IH IMMOSABJIAKOTCA PaBHOBEPOSATHO.

106



B xadecTBe TaKOr0 HEMPEPHIBHOTO COOOIEHHS HCIoab30BaTh curuan U(t) Buaa:

U)=As kif)nBc (nof)+cs (i

rne k— Bamr Homep 1o criucky;

n=k+2;

m=k+4;

A, B, C 6epercs u3 TabnuIbI U onipeensieTcs: BammM HOMEpOM 1Mo CIHCKY.

HmutensHocts curHama U(t) paBma 2 cek. (77 = 2cek.). B kadecTBe aiIuTHUBHOIO IIyma
UCIIONB30BaTh Ciay4aiubiii curHan X(t), momydaemblii ¢ MOMOIIBIO TeHEpaTOpa CIydailHBIX YHCEIL.
3HadeHus Iryma jiexar B uatepsaie ot —D/2 mo D/2 (D=1,2).

2.IMoncuutath nupGHEpPeHIIHATLHYI0 SHTPOIMIO 3allyMJICHHOTO aIJWTUBHBIM IIYMOM CHUTHAJa
Q()=U(t) + X(t) u muddepennmanpayro 3HTponMio myma X(t) U onpenenuTs cpeaHee KOTUYECTBO
UHpOpPMAIINH, TIPUXOAAIICECsS Ha OJHH CHUMBOJI, KOTOPOE MOXKET OBITh M3BJIICYCHO M3 3aIIyMJICHHOTO
curHana Q(t),cunras, 4To Bce CUTHANBI MPUHUMAIOT CBOM 3HAYCHHSI C PABHOM BEPOSITHOCTBIO.

Boinonnenue paboomwr Pabota BBINOMHSAETCS Ha IEPCOHAIBHOM KOMIIBIOTEpE B cpejie
nporpamMmmHoro npoxaykra «Mathcad»:

I1.1.a). [Toctpouts rpaduku curnanos U(t), X(t) u Q(t) = U(t) + X(t).

0). IlpencraButh HenpepbiBHBIA curHan Q(t) B BHIE MMOCIEAOBATCILHOCTH OTCUETOB, B
cooTBeTcTBUH ¢ Teopemoi KorenpHukoBa. CieayeT ydecTb, 4TO MaKCHMalbHas 4acTOTa B CICKTPE
curnaia U(t) ompenernsercs KpyroBoi 4acToToi M (pa3MepHOCTh: paji/cek), a MaKCUMallbHasl 4acToTa
CIIEKTpa, BXOJIAMIasi B BBIPAKEHHE TeopeMbl KoOTelnbHUKOBa, SIBISETCS IUKIMYECKOH YacTOTOU
(pa3mMepHOCTH cex =2y), TIOATOMY CIIPaBEIJTINBO COOTHOIICHUE

F,=2"

2

B). Iloctpouts Ha omHom 3kpane rpaduku Q(t) m Q(t), rme Qk(t)- rpaduk B3sTHS BHIOOPOK
curnana Q(t).

r). BEIYMCTUTH MOIIIHOCTH MOJIE3HOTO CUTHAJA P, ¥ MOIIHOCTD Iryma P, o hopmynam

2

[Q)]d;. P, =

2

P, = [X(®)] d

1 1
Cc T T

Oty
O ey —

n). Haiitu kommyectBo wmHpopmarmu (l), comepikareecss B HENMPEPHIBHOM COOOIIEHWUU TPH
HAJIMYUH QJJUTUBHOTO IIIyMa, ¥ €ro SHTponuio (H).
I1.2. a). Boipa3uth aHanuTu4eckd (QYHKIHMIO MIIOTHOCTU PACHpPECNCHHUs] BEPOATHOCTU 3HAYECHUI

curnana Q(t) u mocTpouTh ee rpaduk.
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Tak kak curaan U(t) m mym X(t), mo ycaoBHIO, IPUHHUMAIOT CBOM 3HAYEHHUS C OJUHAKOBOM
BEPOSTHOCTHIO, TO 1 curHan Q(t)=U(t)+ X(t) Oyaer npuHUMAaTh Bce CBOM 3HAYCHHUS PABHOBEPOSITHO BO
BCEM Juarna3oHe 3HaueHui ot -(A+B+C+D/2) no (A+B+C+D/2).

[TosToMy ero (GyHKIUS IUIOTHOCTH pachpenenenus BepostHocTH P(Q) (¢ yderom TOro, uro

| PO &1) yyeer cnenyrommit Bux:

npn(H{A+ B+ C+§);

L
0=/ (A B D)
TR nplg <A+ B+ +E),
L

npuf)-(A+ B+ C+§).

ITporpamMma BBIYHCICHHS 3TOM (DYHKIMH MOKET OBITh pealu30oBaHa Ha OCHOBE OIllepaTopa
ycioBHOTO niepexona If ciemqyronmm oopazom:
Q:=-10,-9,9....10

o[
I | O< [ FH

0). BeipazuTh aHATUTHYECKH (YHKIMIO IUIOTHOCTH PaClpeeSicHUs BEpOSATHOCTH nryma P(X) u
NOCTPOUTH €€ rpaduK aHAIOTMYHO TOMY, KaK 3TO CHENaHO JIs (YHKIMH IJIOTHOCTH pacHpeesIeHUs

BeposiTHOCTH curHaia Q(t):
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B). Onpenenuts auddepenimanbayo suTponuio curuana Q(t) u auddepeHaaTbHy0 SHTPOIHIO

uryma X(t) B COOTBETCTBUH ¢ ompeieieHueM qudGepeHInaaIbHON SHTPOIIHH:

H. == [P@-1 o.mQd @2 §

H, —— [ POO -1 0,m00d 621§
- c u M’ e

r). Haiitu cpennee xonudyecTBO MH(pOpMAIUH, MPUXOASIIEECS Ha OJUH CHUMBOJ 3alllyMJIEHHOTO
CUTHaJIa, KaK pa3HOCTb Mexny H. u H, W CpaBHUTh €€ C SHTPOINHEH 3allyMJIEHHOro curHaia H,

BBIUKCJICHHOTO B 1.1 3TOM 1a00paTOpHOM pabOTHI.

Konmponwnusie éonpocut
1. Kakue ucTOYHUKH COOOIEHU HA3BIBAIOT HEMPEPHIBHBIMU ?
2. Chopmynupyiite Teopemy KorenbHukoBa.
3. Kakoe coOTHOIIEHUE ONPEIEISET YUCIO PA3INUUMbIX YPOBHEH HEMPEPHIBHOTO COOOIICHHS IIPH
HAJIMYUH aATUTHBHOTO IIyma?
4. Jlatite onpenenenue nudpepeHnnanTbHON Y HTPOITHUH.

5. Uemy paBHa MOJHAs SHTPOIUS HEMPEPHIBHOT'O COOOIIEHHUS U U3 YeTO OHA claraercs?

JlaGoparopHasi padora Ne 3.
¢ dexkTUBHOE KOAUPOBAHNE HEPABHOBEPOSTHBIX CHMBOJIOB HCTOYHHUKA JUCKPETHBIX

COOOIIEHH .

Llenwv padomer. O3HaKOMIICHHE C ANTOpUTMaMU 3PPEKTUBHOTO KOJAUPOBAHUSI HEPABHOBEPOSITHBIX
CHMBOJIOB MCTOYHHKA JTUCKPETHBIX COOOIICHUI M CpaBHEHHUE MX d(PPEKTUBHOCTH.
Cooepocanue pabomot. Ilo Homepy B criucke rpymnbl ( K ) u3 Tabnuiie 1 BEIOpaTh 3aK0H
pacnpeneNeHus BEpOSTHOCTH MOSBICHUS CHMBOJIOB HCTOYHUKA TUCKPETHBIX COOOIICHHI ¢ 00BEMOM
andasura M=8.
[IpousBectn >(ppekTHBHOE KOTUPOBAHNE 3aJAaHHOTO UCTOYHUKA TUCKPETHBIX COOOIIEHUM 110
anroputMy LllenHona-®deHo u no anroputmy XadmeHa.
Paccunrarh uisi MOCTPOCHHBIX HA OCHOBE ATHX AJITOPUTMOB KOJIOB:

a). CPEHION0 [UTMHY HepaBHOMEpHOTo Koxaa (N,,);

0). M30BITOYHOCTH HepaBHOMEPHOTO Koaa(R,,,);

B). SHTPOIIHIO AJIEMEHTOB CHMBOJIOB MOJTy4eHHBIX KO10B(H /,.);
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CpaBHHTB TIOJTYYECHHBIC PE3YJIBTAThl C COOTBETCTBYIOIIMMH TTApaMEeTPaMy PAaBHOMEPHOTO JBOUYHOTO
1u(poBOro Koja.

Tabauua 1.

m; |010 |0.18 |0.07 |0.65 |055 |060 |0.01 |015 |030 |0/01
m, |051 |010 |[003 |005 |0.05 |0.06 |002 |010 |0.20 |O0.05
ms | 002 |047 (011 |006 |0.16 |0.02 |002 |030 |010 |0.03
m, |010 |007 |033 |0.03 |003 |010 |015 |035 |[0.05 |0.02
ms | 002 |003 |025 |002 |002 |0.02 |002 |002 |015 |0.10
meg | 020 |002 |(001 |015 |0.02 |015 |045 |0.02 |010 |0.14
m;, |001 |004 |017 |002 |0.02 |0.03 |030 |001 |007 |0.25
mg | 004 |009 |003 |002 |015 |0.05 |0.03 |0.05 |0.03 |0.40

Konmponwsuwie eonpocoi.

1. Kakoii Bua KogqupoBaHus Ha3bIBAIOT 3((HEKTUBHBIM U B YeM €ro creruduka’?

2. Yro Takoe n30BITOYHOCTH KOIOB?

3. Kakwue koapl Ha3bIBAIOTCSI pABHOMEPHBIMU ?

4. Ha xakux NpUHIMIIAX OCHOBAHO MOCTpOeHUE 3PPEKTUBHBIX KOJOB IIPU HEPABHOBEPOSTHOM

IIOSABJICHHUHN CUMBOJIOB COO6I_HCHI/I$I?

o

[Tpuntun noctpoenus 3 dexTuBHOrO Koaa 1o anroputmy lllennona-deno.

6. Ilpunaun noctpoeHus 3¢ HEKTUBHOTO KOJ1a 1O alropuTMy XadMeHa.

JlabopaTopnasi paGora Ne4.
NudopmannonHoe MogeTUPOBAHNE HCTOYHMKOB BU3YAJIbHBIX COOOLIIEHUH 1

(¢orousodpakennii

Ilenv pabomer. 3yuenre MeTo 0B UH(OPMAIIMOHHON OLIEHKM KayeCTBAa MCTOUYHUKOB BU3YaJIbHBIX
cooOmeHnt M (HoTOM300paKEHNN, HCIONB3YEMBIX B CHCTEMaX aBTOMAaTHYECKOW 00pabOTKH
HU300pakeHU.

Teopemuueckoe obocnosanue. KadyecTBO CUMTAHHBIX IUQPPOBBIX H300pakeHUl B OTrpOMHON
CTETEHU 3aBUCHUT OT KauyecTBa MCXOJHBIX M300paXCHHU, KOTOPOE MOXKET XapaKTepU30BaTbCS HX
UH(POPMAIIMOHHBIMH €MKOCTSIMH, T.€. MAaKCUMAJIBbHBIM KOJMYECTBOM HH(DOPMAIIUU MPHUXOISIIAECS
Ha eOUHMIY WX IUiomand. [losromy, mcxoass w3 WHGOPMAIMOHHBIX MOJENeH, HE0OXOIMMO
paccunTarh HHPOPMALMOHHBIE XapaKTEePUCTUKH

- UICXO/IHOTO ONTUYECKOT0 H300paXKeHNUS ;

- (oronzoOpakeHwus.
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NudopManinoHHble  XapaKTEPUCTHKHA  ONTHYECKOTO HM300paKEHUs, KakK (QYHKIHSA
AUHEeWHOro pasmepa (d) ayeMeHTa pa3lioKEHHS, OINPEICNISIOTCS W3  CICTYIOUINX
COOTHOILICHUI:

- YHCJIO PA3IUUMMBIX YPOBHEH KOHTpacTa (M):

o-At-d” /E-Az‘-fs+1
S, K -hv K-hv

- CpCAHCC MAKCUMAJIIbHOC KOJMUYCCTBO HH(bOpMaL[HH npuxoaameecda Ha OAUH 3JICMCHT

pasnoxenus h(d):
h(d) =1 o0 ,91d) (6ut/cumBoN);

- mpeaensHoe KommuecTBO mHpopmanuu 1(d), comepikaiieecs BO BCeM H300paXKCHHU

[UIOIIAABI0 S:

S
(@) =—7-Md)  (6ur);

- uHPOpPMALMOHHAs EMKOCTh H300paxeHus (IpelesibHOEe KOJIMYECTBO WH(pOpMaIUH,

cojiepkaieecs B U300pakeHNH eAMHUYHOM miomaau) H(d)

1
H(d) = FEi h(d) (6ur/en. mmomanm),

rie @ - cBeTOBOI MOTOK MaJAIOIINI Ha H300paKeHUE;

So - TIJIOIA b U300paKeHUS;

D

E=—
S, - OCBCILCHHOCTH n300paxkeHus;

TAVAS BpCEMA OKCIIO3ULIUU;

J— o - 4 .
h=66 2 % oic € . nocrosHHas [1naHka;

V. YaCTOTa Magaromero MOHOXpOMATHYICCKOI'O CBCTA,

K

- KpaTHOCTB HpeBBILHeHI/IH MHUHHUMAJIBHO paBJ’II/I‘II/IMBIM KOHTpaCTOM
CPEHEKBAIPATHYECKOTO YPOBHS IIIyMa, BBI3BAHHOTO (IYKTyaIlMeH MOTOKA MaJIarollux
($hoToHOB, KOTOpast HaxoauTcs U3 Tadmuisr 1

Tab6muna 1

P( h,-m|)zko | 032 |0,046 |0,00027 |0,000063 | 0,00000057

XapakTepHOH O0COOEHHOCTHIO (POTOM300paKEHUs SBISETCS HAIMYUE HA HHUX LIYMOB,

BBI3BAHHOTO UX 3€PHUCTOCTBIO (POTOCIOS, KOTOPBIE BEAYT K (PIYKTyaldsiM ONTHYECKOM
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IUIOTHOCTH,  CPEIHEKBaJpaTHYeCKoe 3HaueHue Kotopoid (P o)  ompemensiercs

BBIPAKCHUEM:
04 34S,
Op=q——,
AS
rie s - CpeHss MJIOMIAAb MPOCKIUH OHOTO 3epHa (OTOCIIOS, 3aBHUCAIIAs OT THIA
dboToHOCHTETIS;

L - cpenuss ONTHUECKAS TUIOTHOCTH (DOTOM300paKEHHUS;

AS . mnomans AJIEMEHTAPHOTO Y4acTKa (POTOM300paKEeHHUS.

OtHorrenue curaai \ urym GpoTon300pakeHus (\PD) OTIPEIETISETCS COOTHOIIICHUEM:

D- D,
0
Y, ==""0
O'D !
[ (0]
rac - INIOTHOCTHb ByaHI/I.

[IpenenbHOe KoMMUYecTBO MH(pOpMaInu, coaepkamieecs B GOTOM300paKEHUN €TUHUIHON

wiomaan (T.e. MHPOPMAIMOHHAS EMKOCTh (POTOM300pakeHus) /s moxHO HaiiTH u3
BBIPAKCHUS:
L D, + k-oD
= 04 -8 4 (OuT/en.mmomam)
T3.(DO+/(.5D) J.IUI0IANN),

rae L - gmcio paBHOOTCTOSIIMX YPOBHEH ITOTHOCTH;

oD = Dm ax DO
= / - BEJIMYMHA Pa3HOCTU MEXKY COCETHUMHU YPOBHSIMH.

KonuyectBo wuHpOpManum, coaepxkamieecss B OJHOM  DSJIEMEHTAPHOW  ILJIOIIAIKE

dhoTon300paKeHUs, OTIPEIEIACTCS BEIPAKCHUEM:

/4
h= N (6ur),
1
me V=35
Buvinoanenue pabomor:

1. Omnpenenuts MHPOPMALMOHHBIE XaPAKTEPUCTUKUA ONTHUYECKOTO M300paKeHHUs pa3MepoM

$=0,2%0,2 M IIPU €r0 PaBHOMEPHOM OCBEILIECHHOCTU TI'EIMI-HEOHOBBIM J1a3€pOM
o 4 1

MOIHOCTBIO @ W mMHOM BomHel cBeta 4 =0,63 wmxm.(¥V =47 & 0c e ).

a

CunThbiBaHHE NPOU3BOAMUTCA KBAJIPATHOM amIepTypod C JIMHEWHBIM pa3MepoM
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(d ? = §) c OwIcTpoaeiicTBHEM N snemenToB/cek. (At ~ ) H  JIOmyCTHMOi

TIOTPEIIHOCTHI0 M3MEPEHHs Pa3lMuHBIX yPOBHEH KOHTpPAcTa He mNpeBbImaromei & .

@’ d, At, E

3HayeHus B34ATb U3 TaGHI/II_IbI 2 B COOTBETCTBHH C 3aIaHHbIM BApHUAaHTOM.

Tloctpouts rpaduxu sasucumocreii: 7X@ M) 1) (D) ypy At=1-1 Oc e

HaiiTu u pacnieyataTh 3Ha4€HUS ITUX XapaKTEPUCTHUK NpU d= 25,10, 15,25 MKm.

[TocTpouTth rpaduku 3aBUCIMOCTEH: MAD AAD (A H(AD pu d =10 mxm.
Haiitn u pacriedararb 3HAYEHUS 3TUX XapaKTepUCTUK npu
At=1 °Q °0 *a 3P0 e

IIpoananu3upoBaTh MOJIYYECHHBIE PE3YJIbTATHI.

[IpousBecTn aHanM3 BbIpAXEHHUS s oOnpeAeneHus WHPOPMAIMOHHON EMKOCTH

dhoTonzobpaxkeHnss Ha mpuMepe (HOTOM300paKEHUSI TUIOMAILI0 | MM mpu  Dyax=2,7;
Do=0,1; $,=5-10°ym% d=10-10"ym. Ilpn >Tux 3HAYeHHMAX NMAPAMETPOB HAiTH

suaucnue /o npu L=2" (n=1, 2,....8).

/

[octpouts rpaduku HHOOPMAIMOHHBIX XapaKTEPUCTUK “ 2 U /1 or nuHeiiHoro

2

pasmepa dJIeMEHTapHON TUIOIAKH d(AS=d") npu 3HaueHuu L=64.

Haiitu u pacrnieyarars 3HaUEHHUS 3TUX XapakTepucTuk mpu d=2, 5, 10, 15, 25 mMxm.
CpaBHI/ITB MOJIYYCHHBIC PC3YJIbTAThI C H.l, T. €. ONPCACIINUTL OTHOCHUTCIIbHBIC ITOTCPU

uHpOpMAIINY, COAEPIKAIICHCS B ONTUYECKOM HM300paKEHUH, MPH PETUCTPAIMU €r0 Ha

¢doroHocuTene npu 3axaHHoM 0. {1t STOT0 BEIYUCIUTH KOI(DPUIHUEHT 17(a) pu d=2,

5, 10, 15, 25 MKM.

H
n=7

Tabmmma 2.
N 1 2 [3 4 |5 e [7 [8 9 J10 [11 [12 [13
oer) |1 [1 [1 1 [2 [2 [2 J[2 [3 [3 [3 [3 1
dmkm) |10 [20 [25 [30 [10 [15 [20 [25 |30 [10 [15 [20 |25
Al(cex. |10° [10” | 107 [10® [10® [ 10 |10® [ 10 |10 | 107 |10° | 10™ |10
)
& 0,01001[01 |01 [001]001|01 [01 [001/001][01 |01 [0,01
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KOHmpOJleble 80npocCol.

o W DN e

1.1.
1.2.

1.3.

1.4

1.5

1.6

1.7.

Uro Takoe nHGOpPMAIIMOHHOE MOICTUPOBAHUE?

OO6muii Bug HHPOPMAITMOHHON MOJENH U €€ COCTABIISIONIHE.

Jaiite onpeneneHue MpoCTPaHCTBEHHOTO Pa3pelIeHUs M pa3peuieHHs 10 TUIOTHOCTH.
WHpopMannOHHbBIE XapaKTEPUCTHKH ONITHYECKOTO H300paKCHHUSI.

OT KakuX OCHOBHBIX TMapaMETPOB 3aBUCHUT HHQPOPMAIIMOHHAS EMKOCTh ONTHYECKOTO
U300paskeHMsL.

Yro SIBIISIETCS] PUYHUHON MOSBICHUS IIYMOB (DOTOM300pakeHMsI, KAaK OHU TPOSIBISIFOTCS U OT
KaKHX ITapaMeTPOB 3aBUCHT.

OT KaKuX OCHOBHBIX TAPaMETPOB 3aBUCUT MH(POpMAIIOHHAS EMKOCTH (POTOM300paskeHUsI.

IIpuioxenne.

HexoTopsble moJie3Hble CBeJACHUS U3 TEOPUH BEPOATHOCTEN.

1. Cayuaiinbie COOBITHS.

Cobvimuem (U) Ha3pIBaIOT BCSIKHIA (haKT, KOTOPBIH MOKET IPOU30MTH HITH HE TPOU30MTH.
Beposmnocmoio  cobvimus P(U) Ha3bIBacTCS dHCIIEHHAss Mepa CTENCHH OOBEKTHBHOM
BO3MO>XHOCTH 3TOTO COOBITHS.

Hocmosepnvim cobvimuem HazbiBaroT cooObiTue (U), KOTOpoe B pe3yibTaTe OIbITa
HEMPEMEHHO JIOJDKHO TPOU30UTH. BEpOsITHOCTD 1OCTOBEPHOTO COOBITHS MPUHUMAETCSl paBHON
enunurie, T.e. P(U)=1.

Hegosmoorcnvim cobvimuem HazbBaloT coObiTHe Q, KOTOpoe B pe3yjbTaTe OMbITa HUKOUM
00pa3oM He MOKET MPOU30UTH. BEeposSTHOCTH HEBO3MOXHOTO COOBITHS MPUHUMAETCSI PABHOM
nyio, T.e. P(Q)=0.

N3 m.1.3. u 1.4. cienyer, 9To BEpOSTHOCTH JIOOOTO peasbHOro cOOBITHs (A4) 3aKiaioueHa B
uaTepBane or 0 1o 1, T.e. 0 < P(A) <1,

Heckonbko cOOBITHII B TaHHOM OIBITE HA3bIBAIOT HECOBMECTMHbIMU, €CIT HUKAKUE JIBA U3 HUX
HE MOT'YT IIPOU30UTH OJJHOBPEMEHHO.

Heckonbko cOOBITHII B NaHHOM OIIBIT€ HA3BIBAIOT PABHOBO3ZMONCHLIMU, €CIHU IO YCIOBUIM
CUMMETPUH ONBbITa HET OCHOBAHUN CUMTATh KaKoe-TMOo U3 HUX 0oJiee MPeArnoYTUTEIbHBIM UITH

BO3MOXHBIM.
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1.8.Vcnosnou eeposmnocmo coovimusi A TpU HaIUYUM COOBITHS B Ha3bIBaIOT BEPOSTHOCTH
COOBITHS A, BRIYUCIICHHYIO MPH YCIOBUH, YTO COOBITHE B POU30ILIO0. Y CIIOBHASI BEPOSATHOCTH
B 3TOM CiTy4ae o0o3HauaeTcs kak P(A/B).

1.9. CoOBITHS Ha3BIBAIOTCS HE3ABUCUMbBIMU, €CITU TIOSBICHUE OJHOTO M3 HUX HHUKOUM 00pa3oM He

MEHSIET BEPOSTHOCTH TOSIBICHUS Apyroro. [[is He3aBUCUMBIX cOOBITUI A U B cripaBenInBoO:

f@é#ﬂ@, 4%}%@)

1.10. Ilonnoti epynnoti cobvimuti Ha3pIBAIOT HECKOJIBKO COOBITHI TaKHWX, YTO B PE3YJIbTATE OIMBITA
HETMPEMEHHO MPOU30iIeT X0Ts Obl 0HO U3 HUX. Ecnu coobitus Ay (k=1, 2, ...,n) cocTaBistoT

MIOJIHYIO TPYIIIY COOBITUI U HECOBMECTHBI, TO

> AA)=1

TaK KaK Zk: A . JIOCTOBEPHOE COOBITHE.

1.11. Ecniu HECKOJIBKO COOBITHIA

a) 00pa3yroT MOJHYIO TPYIITY COOBITHIA;
0) HECOBMECTHBI,

B) PaBHOBO3MO>KHBI,

TO BEPOSTHOCTh COOBITHUS A MOYKHO BBIYHCIUTH IO (hopMyIie
m
P(/‘D == 7 ,

rae N — o0liee Ynuciio BO3MOXKHBIX COOBITHIA (MCXOI0B OTIBITA),

M — 9UCJI0 COOBITUMN, OTATOTPHUATCTBYIOITNX COOBITHIO A.

2. Aaredpa coObITHI

2.1. Cnyyaiinble coOBITHSI 0003HAYAIOT OOJIBIIMMH OyKBamMHu andaBura.

2.2. Pasencmeo 08yx coovimuii A u B (A=B) 03Ha4aeT, 4TO MOSBIECHNUE OJTHOTO COOBITHS HEIIPEMEHHO
BJICUET 3a CO0OI MOSBICHHUE IPYTOro.

2.3. Cymmoti 08yx codovimuii A u B nazwiBaoT coobitue C (C=A=B), 3aKiIo4aronieecs B MOSBICHUN
XO0Ts OBbI OTHOTO U3 cOOBITHI A 1 B.

2.4. Ilpousseoenuem 08yx coovimuii A u B Ha3zpBaoT cobbitne C(C=A-B), 3akmouaromieecs B
OJTHOBPEMEHHOM HACTYIUICHUH 000MX cOObITH A U B.

2.5. Ecnu pe3ynbTar Kakoro- JIM0O0 OIbITa MOKET UMETh JIBa B3aUMHO UCKITIOYAIOIINX COObITHS A U B
(mostHas rpymna coOBITHIA), OHO U3 3TUX COOBITHH Ha3bIBAIOT APOMUBONONONCHLIM COObIMUEM

JIpyromMy, HarpuMep, coObITHE B - TPOTUBOIOJIOKHOE COOBITHIO A M 0003HaUaeTcs A (YuTaeTcs
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KaK «He A»). Jlns mpaMoro cobbiTus A M MPOTHBOIOIOXKHOTO cOOBITHS A (KaK COCTABIAIOIINX
MOJTHYIO TPYIITY COOBITHI) CITPaBEAIUBO TOKICCTBO:
P(4) + P(A)=1.
2.6. Teopema cnoowcenus eeposmuocmeti. BEpoATHOCTb CyMMBI IBYX COOBITH 4 W B paBHa cymme
BEPOSITHOCTEH 3TUX COOBITHI O€3 BEPOSITHOCTH MPOU3BEICHHS 3THX COOBITUH, T.€.
P(A+B)=P(A) + P(B)- P(A-B).
B cnyuae, ecnu 4 u B HecoBMecTHBI, TO P(4-B)=0 u, cienoBaTensHoO,
P(A+B)=P(A)+P(B).
2.7.Teopema ymuodicenuss eeposmuocmeti. BepoaTHOCTh TIPOU3BEACHUS BYX COOBITHI A U B paBHa
BEPOSATHOCTH OJHOTO W3 HUX, YMHOXXEHHOW Ha YCJIOBHYIO BEpPOSITHOCTH APYroro Mpu HATUYUHU
NEPBOTO, T.€.
P(A-B) = P(A-B) = P(4)-P(B/A) = P(B)-P(A/B).
B cnydae, eciiu coObITHsI A 1 B He3aBUCHUMBI, TO € yueToM 11.1.9 cipaBeayinBo:
P(A-B)=P(A)-P(B)= P(B)-P(A).
2.8. [Tone3Hoe mpaBMIIO pelIeHus 3a/1a4 Ha HAXOXKAECHUE BEPOATHOCTHU CITyYaHbIX COOBITHIA.
Jst Toro, yToOBI HAWTH BEPOSITHOCTh MHTEPECYIOIIETO COOBITHS, HEOOXOMMO:
a) C TIOMOIIBIO aIreOpbl COOBITUI OMUCATh MHTEPECYIOIIee COOBITHE Yepe3 U3BECTHBIC COOBITHS, T.C.
4yepe3 TaKue COOBITHS, BEPOSITHOCTH KOTOPHIX U3BECTHBI;
0) Cc MOMOIIBI0 TEOPEM BEPOSTHOCTH CYMMBI U BEPOSITHOCTH TPOU3BEICHUS HAUTH BEPOSTHOCTH

WHTEPECYIOIIETO COOBITHS.

3. Cryyaiinble BeJIUYUHBI.

3.1. Cayuatinoti 6enuuunoti Ha3bIBAIOT BEIMYUHY, KOTOpasi B pe3yabTaTe OIMbBITA MOXKET MPUHUMATH TO
WM MHOE YUCJIEHHOE 3HaUY€HUe, He U3BECTHOE 3apaHee.

3.2. Hduckpemnoii (npepviéHou) cuyuaunol eiuyunoti Ha3bIBAIOT CIyYailHYIO0 BEIWYHHY, KOTOpas
MO>KET IPUHUMATH TOJIHKO KOHEUHOE YHCIIO PA3IIUYHBIX 3HAUCHUH.

3.3. Henpepuvignoti cnyuaunou 6eauyuroli  HA3bIBAIOT CIIy4alHYIO BEIIMYMHY, KOTOpas MOXKET
MPUHUMATh OECKOHEYHOE YHCIIO PAa3IMYHbIX 3HAUYCHUH, 3aMOTHSIONINX KaKOH- INOO MPOMEXKYTOK.

3.4. 3akonom  pacnpedenenus  CIYYAUHOU  BeIUYUHbLI ~ HA3BIBAIOT  BCSIKOE  COOTHOIICHHE,
YCTaHABIMBAIOINIEE CBSI3b MEXKIY BCEMH BO3MOXXKHBIMU 3HAUCHHUSMHU CIy4alHOW BEIMYUHBI U
COOTBETCTBYIOIIMMU UM BEPOSTHOCTSIMH.

3.5. Jnga AMCKPETHBIX CIIydalHbIX BEJIMYMH, B KauecTBE 3aKOHA paclpeiiesieHus, Yalle BCEero

UCTIONB3YIOT Al pactpeneieHus. P pacripeneneHus mpeacTapiseT coooi Tabauily, B BepXHEH
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4acTU KOTOPOW pa3MEIeHbl BCE BO3MOXKHBIC 3HAYEHUSI TUCKPETHOW CIy4ailHON BEJIWYUHBI, a B

HIDKHEH 4acTH - COOTBCTCTBYIOIIIHUEC UM BCPOATHOCTH.

X X1 X2 Xk

Xn

P(xi) P(x1) P(x2) P(Xk)

P(Xn)

@opMaIbHBIM  MPU3HAKOM MPABWIBHOCTH COCTABICHUS psiia paclpeieNieHus: SBIseTCs

BBITIOJTHCHHE YCIIOBHA:

> P(x)=1.

3.6. [Ins HEMpEepbIBHBIX CIIYYaWHBIX BEJIMYMH B KaUECTBE 3aKOHA PACHPEACIICHUS YacTO MCIOJIb3YIOT

¢ynkuuio pacnpeneneHus (QyHKIHS paclpeneieHuss MOXeT OBITh HCIIOJb30BaHA B KayecTBE

3aKOHA pACIpeNeeHUs] W s TUCKPETHBIX BENUYHH). DyHKyuell pacnpeoenenus CryYauHol

gerununbl X Ha3biBarOT (yHKIUO F(X), BBIpa)arol(yl0 BEpOATHOCTh TOTO, YTO CIIydaiHas

BeanurHa X IMPUMET 3HAYCHUEC MCHBIIEC, YEM X, T.C.
F(x) = P(X<x).
W3 onpenenenuns GyHKINUN pacupeeNeHHs BHITEKAIOT €€ OCHOBHBIE CBOWCTBA!

1.0< F(X) <1

2.F(— ¥»=0;
3.F(+ =1
4.F(X)—H e y 0 braBga 30 H

B o0miem citydae rpaduk QyHKIIUN pacrpeieieHns UMeeT BUI:

U3 onpenenenus F(X) BbiTekaeT BaXKHOE COOTHOIICHHE, BHIPAXKAIOIIEE BEPOSTHOCTD MOMAIAHHUS

CITydaiiHOW BEJIMYMHBI X B MHTEPBAJ OT & J10 b:

P(a< X <b)=F(b)-F(a).

3.7. Hapsgy c ¢yHKuuei pacrnpeneneHus, B KadecTBe 3aKOHA paclpeleleHHs] HEMpPephIBHBIX

CITy4aiiHBIX BEJIHYMH HCIIONB3YIOT M (DYHKIHIO IUIOTHOCTH pacmpeneienus BepostHocTH (f(X)),

KOTOpasi ONpeeNsieTcs Kak Mpou3BoaHas GYyHKIIUN pacIpeeeHus, T.¢.

f(X)=F (x).
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U3 ompenenenus (QyHKIMU TUIOTHOCTH PACIpPENEICHUS] BEPOSITHOCTH BBITEKAIOT €€ OCHOBHBIC

CBOMCTBA:

1.f (—oo) = 0;
2.f (+o0) = 0;
3.f(xX) =0;

4.T f(x)dx =1.

B o6mem cityuae rpaduk GpyHKIMU IIIOTHOCTH pactpeaeneHus BepostHocTH f(X) nmeer Bu:

f(x)}

7

I'padpuk dynkuuu f(X) Ha3BIBAIOT KpUEOL pacnpedenerusl.

x-.

I

|

I
n 1
| |
| |
| |
| |
] |
a b

3.8. DOnemenmom eeposmmocmu A ciydaiiHOW BenuunmHBl X HaspBaroT BenumumHy  f(X)dX,

BBIPAXKAOIIYIO BEPOSTHOCTh IMOMAJaHHsI CIyYalHON BeNUYMHBI X B 3JIEMEHTapHBIA OTpe3ok dX,

IIPUMBIKAIOIIHUNA K TOUYKE X.

3.9. BeposATHOCTh MOMaAaHUs CIy4alHON BENMYMHBI X B KOHEYHBIH MPOMEXYTOK OT a 10 b

OnpeacsICTCA COOTHOIICHUEM:
b
P(a< X <b) = [ f(x)d

U3 KOTOPOTO claeayeT cBOUcTBO 4 11.3.7.
3.10. U3 cooTtHomieHus m. 3.9. coBMeCTHO C 1.3.6, MOKHO TOJYYUTh BBIPAXKEHHE, CBA3BIBAIOIICE

¢byuknuto pacnpenenacaus (F(X)) u ¢yHKumMO mIoTHocTH pacmpenenenus BepostHocTH (f(X))

CIIy4aifHON BEJIMYMHBI:

F(x) = jf(x)d 3.

4.CTaTHCTHYECKHE XaPAKTEPUCTHKH CJIYYaHHBIX BeJHYHH.

4.1. Mamemamuueckoe ooxcudanue ciydaiHoi BenmuuuHbl X (0o6o3Hauaror M[X] wmm my) — ato

CpelHee 3HAaUCHUE CITyYailHON BEIMUYMHBI, BEIYUCICHHOE IO (hopMynam:

n
M, [X ] = Z X; - p(X;) - s JTUCKPETHBIX CITYIalHBIX BEJIUYHH;
=1
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M[X]= [ x- £(Xd - 15 HenPepbIBHBIX CITyYaiiHBIX BETHUMH.

4.2. Ilenmpuposannou ciydailHOW BenMuMHON °X HAa3BIBAIOT PA3HOCTh MEXKIY CaMOW CIIy4ailHOM
BENIMYMHON X U ee MaTeMaTHueckuM oxkuganueM M[X], t.e.
°X =X - M[X].
4.3. /lucnepcus cnydaitnoit BenmuuuHbl X (0603Hayaercs D[X] wnu dy) — 3T0 ecTh MaTeMaTHYECKOE
0’KMJIaHME KBaJpaTa COOTBETCTBYIOLIEH €l IEHTPUPOBAHHON CIIy4alilHON BEJIUYHUHBL, T.€.
DIX]=M[*X"],
KOTOpask BEIYUCIIAETCS 10 (hopMyiam:

O x]= Z (% = M{X]D? - p(x;) - JUISL TUCKPETHBIX CIyYallHBIX BEJINYUH;

)
O x]= [(x— M[XD? - £(9& - g HenpepbIBHBIX CITyYaNHbIX BEIMUHH.

Hucnepcusi XapakTepuszyeT CpelaHee OTKIOHEHHWE 3HAUYCHUH CIIydalHOW BEIWYUHBI OT €&
MaTE€MaTU4YecKoro OXuaaHus. Pa3MepHOCTh JHCIIEpCMM HE COBMOANAeT C  Pa3sMEPHOCTHIO
XapakTepU3yeMoOM ClaydalHON BeNWYHMHBL. Pa3MepHOCTH IUCIEPCHUU €CTh KBAaApaT PasMEPHOCTH
COOTBETCTBYIOLICH CIIy4ailHOU BEJIMYUHBI.

4.4, Cpeonee rkeadpamuueckoe omiioHeHue (o,) CAYYaWHOW BEIMYMHBI X—OTO €CTh KBaJPaTHBIN

KOpEHb W3 € JIUCIICPCHH, T.C.

CpenHee KBaJIpaTHYECKOE OTKJIOHEHHWE MHOTIA Ha3bIBAIOT cTaHaapToM. CpenHee KBaJpaTHYECKOe
OTKJIOHCHHE UMEET TY K€ pa3MEPHOCTb, YTO U caMa CilydaiiHas BeJIMYHHA.
4.5. Hauanvuvim momenmom nopsioka K (vk) ciaydailHOW BenW4MHBI X HAa3bIBAIOT MAaTeMaTHUYECKOE

okuanue K-Toi cTerneHu 3ToW Cly4aifHON BEJTUYUHBI, T.C.

v, =MX*|
4.6. I{enmpanvnoim momenmom nopsioka K (uy) cirydaiiHON BeMWYMHBI X HAa3bIBAIOT MaTeMaTHUYCCKOE

OKujaHue K-Toi CTermeHW OTKIOHEHHs 3TOW CIy4aiHON BEJIMYMHBI OT €€ MaTeMaTHYECKOTO

OXUaaHus, T.C.
s = M|(x- M X)]

4.7. Dxcyecc cmydaitHOW BeTUYHHBI (E) — 3TO €CTh BEIMYMHA, BRIYHCIEHHAS TI0 (hopMyIIe:

=t _3

(:uz )2
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[ns HOpManbHOro 3akoHa pacmpeaesneHus E=(, oTiuuuMe 3Kclecca OT HYyJs YKa3bIBaeT Ha
OTKJIOHEHHE SMITUPUUECKOI0 3aKOHA PACIIPENEIEHHUS OT HOPMAJIIBHOI'O 3aKOHA PaCIpeieICHMS.

4.8. Accumempus XapaKTepu3yeT CUMMETPUYHOCTb KPHUBOW pacrpeieeHus CllydyailHONH BeTU4UHBI X.
[TokazaTenb accumeTpun (S) BIYUCISAETCS TTO GOpMYyIIE:

5: lu3 = .
G

s cuMMeTpudHBIX pactipenenenuii S=0.

5.Cayu4aiinbie pyHKIMMH.

5.1. Cryuaiinou ¢ynxyueti X(t) Ha3pIBatOT QYHKIHIO, KOTOpPas B PE3YJIBTATE OIBITA MOYKET MPUHUMATH
TOT WIA UHOU KOHKPETHBIN BUJl, HEU3BECTHBIN 3apaHee.

5.2. KoHKpeTHbI BUJA, NMPUHUMAEMbIH ClIy4alHOW (yHKUHMEH, Ha3bIBAIOT peanuzayuel CIydaiHON
byHKINH.

5.3. Ceuenuem crnydaitHON (DyHKIIMHM Ha3BIBAIOT CiTydaiinyto Benuunny X(tk), B KOTOpyro obpariaercs
ciyqaiinas pynkuus X(t) npu ¢puxkcupoBanHoM aprymente (t = ti).

5.4. Oonomepuviv  3axonom  pacnpedenenusi  ciydaiHon QyHkiumu  X(f) Ha3bpIBAOT  3aKOH
pacnpenenenus f(x,tx) ceuenus X(t) cnyuaitnoin Gpyukmu.

5.5. Mamemamuueckum odxcudanuem ciydaitnonn ¢ynkuuu X(t) Ha3pIBArOT HECIy4aiHYIO0 ()YHKIHIO
My(t), KoTOpas mHpW KaXKIOM 3HAUYCHHH apryMeHTa [ MpeacTaBiseT CO00i MaTeMaTH4YeCcKOe
0’KU/IaHUE COOTBETCTBYIOIIETO CEUCHHS 3TOW CIly4yailHON (PyHKIUH.

5.6. Jucnepcueii cnydaitnoit Gpyukiuu X(t) HaspBaroT Hecaydainyo Gyakuuio dy(t), koropas mpu
KaXIOM 3Hau€HUHU aprymenrta t mpeacrapisieT co0Oil AMCIEPCHIO COOTBETCTBYIOIIETO CEYCHHS
3TOH ciy4aiiHOM (QyHKIHH.

5.7. Koppenayuonnoii ¢pynxyueii ciydaitnoin ¢pynkuun X(t) Ha3pIBarOT HeCay4aliHYIO (QYHKIHUIO JBYX
aprymeHTOB Ry (tk,t1), KOoTOpas mpum Kaxmoil mape 3HaueHH aprymeHtoB ty u t; paBHa

KOPPEJIAIIMOHHOMY MOMEHTY COOTBETCTBYIOIINX CEUECHUN CIydyailHON (yHKIHH, T. €.

R, (t.t)=M[X () X )],
rae X(8) = X(&) —m (D - yenrpupoBaHHas ciaydaiiHas (yHKIHL.
Koppensuronnas GyHKIUS XapaKTepU3yeT CTATUCTHUECKYIO CBA3b MEX]y CEUYECHUSIMH CITydaiiHOM
GyHKIIMH, T.e. BHYTPEHHIOIO CTPYKTYpy ciydaiiHoW ¢yHkmuu. [lpu ty = t; xoppemsimonHas

¢yHKIMs oOpamaercs B IMCIEPCHIO, JEHCTBUTEIBHO,

R, (tt) = M[(X () ?).

120



5.8. Hopmuposannoii koppensyuonnoti (pynkyueti cirydaitnonn yakiuu X(t) Ha3pIBarOT HECTydaitHyIO

GyHKIHIO ABYX apryMeHTOB I'y(tk,tk1), onpenensemyto o popmysie:

Rx(tk ’tl) — Rx(tk ’tl)
o,(t) o, ) D) D,(t)

r(tot)=

npu =1ty Mt tia) = 1.
5.9. Cmayuonapmnoti cinydaitHoW (QYyHKIIMEH Ha3bIBAIOT CIyYailHYIO0 (YHKIHIO, MaTeMaTHYECKOE

oxuaanne Kotopoii mocrosauo (My(t) =C 0 N) 3 e8 xoppensronas GyHKIMS 3aBHCHT TOJNBKO

OT pPa3sHOCTHU MCKAY AapTYMCHTAMMU:
Rx(tl7t2) = Rx(r),

roe Tt =t; - to.
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	Шавенько Н.К.
	Основы теории информации и кодирования. Учебное пособие. – М,: Изд-во МИИГАиК, 2012. – 125 с.
	Содержит краткие теоретические положения курса «Основы теории информации и кодирования», а именно: основы теории информации, основы теории кодирования и передачи информации по каналам связи. Кроме этого пособие включает в себя лабораторный практикум,...

	Введение.
	. Изложение теоретических глав написано в предположении, что студенты знакомы с основными понятиями из курса высшей математики.
	Символ источника сообщений - это любое мгновенное состояние источника сообщений.
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	Табл. 4.1
	П.1.а. Используя формулу Хартли, найти энтропию указанного источника дискретных сообщений (Н1).
	Контрольные вопросы.

	Н = Нс + Нш.
	Контрольные вопросы
	Контрольные вопросы.
	Контрольные вопросы.
	Некоторые полезные сведения из теории вероятностей.
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