HexkoTropnie acnektbl Teopembl 1llennona

B.A.3opuu

1. Hngopmayusn u €€ Koauvecmsennoe onucarue.

Ecim cinyyanast Bem4unHa MOYKET C PABHOM BEPOATHOCTHIO NMPUHUMATH
OJIHO M3 JIBYX BO3MOXKHBIX 3HadeHuil, Harrpumep, 0 wim 1, To yKazanue KOH-
KPETHOT'O COCTOSTHUS TaKOU BEJMINHBI €CTh WHMOPMAaIns, KOTOPYIO IPUHS-
TO Ha3bIBaTh Oumom uudopmaruu. Mbl onpeienuwin 6ut uabopmarmu (u
HEOIPEJICIEHHOCTH ).

Ecim umeerca M paBHOBO3MOXKHBIX 3HAYEHUI CIyIallHON BEJIMIMHBI, WU
M paBHOBEPOATHBIX COOBITHUI, TO YKa3aHUE OJIHOIO TAKOTO COOBITUS TPedyeT
log, M 6ur. (Bekrop u3 Hyseil u enxuHuI).

CKOIBKO pa3IMYIHBbIX 00BEKTOB MOXKHO ONMHUCATH BEKTOPOM JIJIMHOM N U3
HyJieit u eqmHur: 2".

Ecyin BepodTHOCTH COOBITHUS P, TO OHO BCTpEYaeTcs O/l pa3 cpeju M = é
cOOBITUI. 3HAYUT, €r0 HEOIIPE/IeIEHHOCTh, U3MePeHHas B OuTax, ecth log, M =
log, % = —log, p.

Cucremy cirydaitHbIX cOObITHI ((DYHKIMIO CO CITydailHBIMU 3HAYEHUSIMU )
B MaTeMaTuKe MPUHATO HAa3bIBATh ciaydaitnoil Beqmaunoit. [lycrs X coyqait-
Has BesmuanHa. Cpe/iHsist Ha OJJHO 3HaYeHUe (HA OJ[HO COOBITHE) HEOIIPEe/Ie/IEH-
HOCTDb B OMTaX CUCTEMBI CJIyYaHBIX COOBITUI — 9TO MaTeMaTHIeCKOe 0K/ 1a-

M o
e EX = —) .~ p;log, p; ciydwaitaoit Bemanaer X . DTO MaTeMaTHIECKOe
OXKWJaHNE Ha3bIBAETCS IHMpPonuet, CUCTEMbI WU, TOYHEE, IHMpPonuet cAY-
watinot ceqununoe X u obosmanaor cuvsoom H(X) = — M. p;log, pi.
(Cpeu. nuTpemia, oT Jap.-rped. nv — B + Tp@mn — IpeBpallienne; oopa-
menne. TepMuH sHMponuA NCXOIHO TOABUIICA B TEPMOJMHAMUKe. B Teopuio
uadopmanun BeeaéH 11lénHOHOM. )

Eciau nmeercst apyras ciydaiiHasg BeJndnHa (CHCTEMa BO3MOYKHBIX CO-
ObiTuit) Y, To mosiBieHne eé cOObITHI MOXKET JaTh WH(MOPMAIUIO O COObI-
TUAX UCXOTHON CIydaifHON BeJIMYIMHBI X M, TEM CaMbIM, U3MEHUTH €€ SHTPO-
o H (X') 1o nekoropoit Besmanabt H (X |Y). Besmanny H(X|Y') HaspiBator



YCcA06HOT sHMponuets CAYHatiHOT 6eAUNUHDL X 10 OMHOWEHUIO K CAYUATHOT
seauvune Y, a pasnocts [(X;Y) = H(X) — H(X|Y) caurator cpednetd un-
popmayuet o cucmeme X, KOmopyro Hecém nossaenue 001020 U3 cobvMUI
cucmemor Y .

OTU MOHATHUS TOAPOOHO Pas3spadaTHIBAIOTCS U ONKUCHIBAIOTCA B O0IIIEH Teo-
pun nHMOOPMAIIIH.

Ecnu cobbrrue cucrembr X mMes0 BEPOSTHOCTD TOSBICHUS P, TO €0 OCY-
mecTBJIeHne HeceT — log, p ouT napopmanun. Ho jumrensHoe HAOIIONEHNE 30
MTOSIBJIEHUSIMH TaKOT'O COOBITHS B €/IMHUILY BPEMEHU ITPUHOCHUT Bcero —p log, p
ouT nHMGOpPMaIUN. ITO Ke OTHOCUTCA U K CPeJHEMY YHUC/Ty OUT nH(MOPMAIIH
H(X)=- Zf\il p; log, p;, KOTOpOE 3a €IMHUILy BPEMEHU MPUHOCUT IOSBJIE-
HI€ OJIHOTO M3 COObITHI cucTeMbl X (3HaueHuit caydvaiinoit Beamannnst X ). B
9TOM CMBIC/T HTHPOPMAIIMOHHONW SHTPOTIHH.

DTOT CTATUCTUIECKUI CMBICT SHTPOITUU MOXKHO OIHCATH CJIeIYIOMNM 00-
pasom.

[Iycte X — mpomsBosibHAs JUCKPETHAS CIydaiiHas BEIUUNHA, KOTOpAasd
MOXKET PUHUMATL M pPa3/IMIHBIX 3HAYEHUN X; C BEPOATHOCTIME P; COOTBET-
CTBEHHO.

CrarucTudecknii XapakTep SHTPOIUN B TOTHON (DOPMAILHON 3aIluCH CO-
CTOUT B CJIEJTYTONIEM: /TSI JIIOOBIX MOJIOKUTEIbHBIX TUCE]T €, ) HAWIETCS TaKoe
YUCTIO Neg, UTO IPU N > N5 BBIMOTHAETCA HEPABEHCTBO

n
1
Pl -~ > logyp,, — H(X)| <6} >1—¢, (1)
i=1
re, Kak OObIYHO, P — BEepOsTHOCTb yKa3aHHOTO B CKOOKAaX COOBITHs, HO Te-
mnepb r;, ¢ = 1,...,m — n HE3aBUCUMbBIX 3HAUYCHUI C/IydaiiHONl BeJIMIUHbI X
& Pg; — BEPOATHOCTHU 9TUX 3HATCHUIA.

Kaxk cBsi3ana sHTpONHS ¢ KOAUPOBAHUEM !

PacemorpuM cOOBIIEHUSA-CII0Ba-BEKTOPBl T = (1, ..., Ty, ), 0OpA3OBaHHBIE
N TOCJIEJIOBATEILHBIMU HE3ABUCUMBIMU 3HAYECHUSMU CIyIalHON BETUINHDBI
X. BeposaTHOCTb pz NOSABJICHUSI CJIOBA T PABHA Pz = Dgy * ... * Pg,. B CHIIY
coorrorernst (1) mpu n > n.s ¢ BepoATHOCTHIO, GostbIieil yeMm 1 — &, Gyaem

nMETh
2—n(H(X)+5) S Da S 2—n(H(X)—§)‘ (2)

CJ10BO T HA3BIBAIOT §-MUNUYHBLM, €CJIN JIJI HETO BBIIIOJIHEHBI 9TU OIICHKH.
deno, uro cymecryer ne Gomee 2" (X)) pagpx §-rHIMUHBIX €JI0B, a ecin



n > N.s, TO UX emé u He MeHbIine dem (1 — 5)2"(H(X)*5), U TIPA TOM BCE
MHOXKECTBO He (-THIINIHBIX CJIOB NMEET BEePOATHOCTD, He DOJIBIILYIO UeM €.

B mpunmune Temeph y:Ke MOMKHO WCIOJIB30BATH JBOMYHBIE OCJIEI0BA-
tesibHOCTH JymHON n(H (X)) + §), 91066l 3aKOANPOBATE BCE J-THITMIHbIE CJIO-
Ba. [lazke, eciu Bce ocTasIbHBIE CJIOBA 32KOIMPOBATH OJJHUM CHMBOJIOM, BEPO-
STHOCTD OIIMOKY IIPH Ilepejiate CJIOB I JIJIMHBI 1, BbI3BAHHAS TAKUM KOJIOM,
OyJileT MEeHbIIIE €.

C nmpyroii cropossl (1 910 3 dEeKT HEYCTONINBOCTH SKOHOMHBIX KOJIOB),
JIIO0O# KOJI, UCIIOJIb3YIONIHMI B TOM K& CUTYAIIMH JIBOUYHBIC TTOC/IEI0BATE /b
HOCTU OTHOCUTEIHHO 4y Th Menblieil puutbl n(H(X) —0) (manpumep, 20n u3
n(H(X)+4) mocaanHbIX CHMBOJIOB IIOTEPSIIOCH B IIIyMe), Oy/IeT HIMETh ACHMII-
TOTUYECKH HENCYE3aOIIyI0 BEPOATHOCTD OIIHOKH, CTPEMAIILYIOCS K €/IHUIIe
opu n — —+0o0.

Urak, cBSI3b SHTPONNHN U KOIANPOBAHIA HH(GOPMAIIHA COCTOUT, HAIIPIMED,
B TOM, 9TO 3(dDEKTUBHOE KOAUPOBAHUE aCUMITOTHYECKU IIPH 1 — 400 Tpe-
oyer N ~ 2"1(X) crop u surporasa H(X) MOXKeT MHTepIPeTHpOBaTLCA KaK
Mepa KosimdecTBa HHGOpMaIK B OUTaX Ha IepeJaBaeMblil CHMBOJ, T. €. Ha
OJIHO 3HAYEHUE CJTyYaHONW BeJTMIUHBI X .

OTciofa, B 9aCTHOCTH, CJIEYET, 9TO SHTPONNS MCTOIHUKA MHQPOPMAIIN
He JIOJIKHA IIPEBBINATH MPOIYCKHYIO CIOCOOHOCTh KaHasa CBSA3H, €CIIH MbI
XOTHM aJIEKBATHO U 0€3 3a/IepKeK Mepe/laBaTh IIOCTYIIAIONLYI0 HH(POPMAIIHIO
10 9TOMY KaHAJIy CBSA3M.

2. Ckopocmsb nepedavu unpopmaru.

Ecmm nepemaéres M cooOrieHnii 1 Ha repegady KarKI0ro 3aTpaduBaeTCs
Bpemst T CEeKyH/I, TO 3TO PABHOCUILHO TOMY UTO CKOPOCTH I€PEJIatin B OUTax
B CEKYH/ly PaBHA ,_lp log, M.

3. /l[uckpemusauua HENPEPHIBHO20 CULHAAG.

(Pazmoxenust B psiypl. P @ypbe. Crekrp curnana. Narerpan Oypobe.
CurHaJibl ¢ KOHEUYHBIM crieKTpoM. (3penue, ciyx.) Teopema orcuéros (dbop-
mysia Koresbuukosa — [Ilénnona) u unrepsan Haiiksucra. Onenka pasmep-
HOCTHU N TeJieBU3uoHHOro curnata (n &~ 100 > 1).)

Teopema orcuéroB (popmyna KorespaukoBa — Illennona).
DTO puMep KpacuBoro Kombunuposauus psijia u nurerpaita Oypoe. Pop-
MyJia ©UME€ET IIpAMO€ OTHOIIIEHE K TeOpUuU Iiepegadan I/IH(bOpMaLH/H/I 110 KaHaJIy



cBsa3u. UToObI IpuMep He IIOKA3aJICA UCKYCCTBEeHHBIM, HAIIOMHIM, 9TO B CHLLY
OI'PaHMYICHHbIX BO3MOXKHOCTEH! HaIINX OpraHoB 9yYBCTB MbI CHOCO6HBI BOCIIpHU-
HUMaTh CUTHAJIBI TOJIBKO B OIIPE/IeJIeHHOM Jifalia3oHe dactor. Hamnpumep, yxo
capimuT. B auanasone ot 20 reprir o 20 kustorepil. Takum oOpaszom, Kakue Obl
HY ObLIN CUTHAJIBI, MBI, IOJ00HO (PHIILTPY, BHIPE3AEM TOJLKO OIPAHUICHHYIO
YaCTh UX CIIEKTPA U BOCIIPUHUMAEM UX KAK CUTHAJIBI ¢ (DUHUTHBIM CIIEKTPOM.
Bynem nosromy cpasy cuuTarh, UTO Iepe/iaBaeMblil WJIM TOJIydaeMblil HaMu
curnan f(t) (rae t — Bpemsi, —00 < t < 00) mMeeT (DUHUTHBINA CIIEKTD, OT-
JIMYHBIA OT HyJIs JIMIIb JJIS 9aCTOT W, BEJIMYMHA KOTOPBIX HE IIPEBBLIIAET
HEKOTOPOro KPUTHIECKoro 3uadenns a > 0. Urax, f (w) = 0 wpu |w| > a,

[O3TOMY TIPEJICTABJICHUE
o0 A~ .
= / f(w)e“ dw
—00

Jyist GYHKIMYU ¢ GUHATHBIM CIIEKTPOM CBOJIUTCH K MHTEIPAJLY JIMIIIb [0 [PO-
MEXKYTKY [—a,al :

/ Fw)e . (3)

Ha orpeske [—a, a] dyukuo f (w) pazmoxum B psag Oypbe
flw) =Y eal(fle™ (4)

1o cucreme {e'’a ¥: k € 7}, opTOronaaLHOlM 1 HOJIHOM Ha 9TOM OTpe3Ke. Y dn-
ThIBast (POPMYILY (3)7 st koaddummentos ¢, (f) sToro psaa momyuaeM cie-
JIyIOIIee MPOCTOE BhIpazKeHue:

o 1 a o~ Mk 1 T
- Ty = —f (<2 k). 5
alf) =5 | Fl)e ¥ = o (- )
[Toncrapmsis psg (4) B uaTerpad (3), ¢ yaérom cootHomenuii (5) Haxoaum
a 1 > m mk
t) = - <_ k’) twt—i 7w dw.
=[ (%27 ¥
Nm

a

10 =3 kz f( )/" e



Beruncims st JIEMEHTapHble MHTET'PAJIbl, IIPUXOJIUM K (bOpMyJIe

sina(t— g k)

- 5 1)

1o dopmyna Korenpuukosa — Illennona min dhopmysna (Teopema) oTcué-
toB. OHa IOKa3bIBAET, UTO JIJIT BOCCTAHOB/IEHUS COOOIIEHHSI, OIMCHIBAEMOIO
dbyukuumeii f(t) ¢ UHATHBIM CLIIEKTPOM, COCPEIOTOYEHHBIM B TI0JIOCE YaCTOT
0 < w < Q) = a, A0CTATOYHO IepeaaTh 0 KAHAJIY CBA3H JIMIIh 3HAUECHNS
f(kEA) (Ha3bIBaeMble OTCUETHBIMU 3HAYEHUSIME ) JAHHO (DyHKINN Yepe3 paB-
HbIe TIPOMEXKYTKH BpeMenn A = = = T.

Kaxk unrepnossinuonnast popmysia (crenuaibHbiil ciydail popmyiist Jla-
rpaHKa Jiisi TeJbIX (DYHKIMA KOHEYHO! CTEleHM) OHA yrKe ObLIa W3BECTHA
mareMaTukam. 3aciyra Korenpuukosa u [llennona cocrout B mHTEpIIpETA-
AU 9TOH (POPMYJIBI ¢ TOUKU 3PEHMs KOJUPOBAHWMS CUTHAJIA W TIepeIadn NH-
dopmanuu 1o KaHay CBSA3MH.

Orcuérasnii marepBaa A, Beiaex 3a IlleHHOHOM, HA3BIBAIOT UHMEPBALOM
Hatixeucma, obparusiiiero Ha Hero ocoboe BHUMaHue. HarmoMHHM, 9TO Ya-
cToTa vV KojieOaHuil B CEKyHILy, u3Mepsiemas: B [epriax, u Kpyrosas 4acrora
w, U3MepsieMasi B pajJliaHax B CEKyHJLy, CBSI3aHBI COOTHOIIIEHUEM W = 27V .
Taxum obpaszom, ecu criekTp dactor 0 < v < W orpannden Besmmaunoit W,
TO-eCTh MePHOJ] KOJIEOAHU MAKCUMAJILHON 9acTOThl ecTh 1 /W ceKyHibl, TO
OTCYETHBII MHTEPBAJ JIOJ2KEH ObITh BIBOE KOpoye A = ﬁ (=38)

[Tepernuriiem hopMyIry OTCIETOB 10 OTHOIIEHUIO K TaCTOTAM, U3MEPSIeMbIM
B ['eprax.

1) i f E O\ sin27W(t — %)
—~T\2W ) 2xW(t — 5)

Dopmysia 103BoJIsIET BoccTaHaBmBaeT curiat — GyHkiuio f € Ly(R) ¢ du-
HUTHBIM CIIEKTPOM YacTOT V/, He TpeBbimatonux W epiy, — 110 coBOKymHOCTH
orcuérnpix 3nadennii f(ty) B Toukax ¢y = kA, rae A = 5= — orcuérHbiii
uHTepBaJs Bpemenu (uHTepBas Haiiksrcra), 3aBucsiuii or W,

B Maremaruke u B TEOPETHYECKUX MUCCIIEOBAHUSIX, TJI€ BCTPEYALTCS all-
napar psijioB u npeodbpasoanuii Dypbe, 9TOObI HE OCTOKHSITH (DOPMYJIBI
MHOTOKPATHBIM [OBTOPEHUEM MHOMKHUTEJA 27, OOBIYHO TOJIb3YIOT YIJIOBBI-
Mu dactotamu. Ho naMm ceifyac Kak pas yjio0Hee MOIb30BATHCA OOBIYHBIME
YaCTOTAMH.




Omnennm, Beses 3a [llennonoMm, pa3MepHOCTh BEKTOPA OTCUETHBIX 3HAUE-
nnit T'V-curnana spemén Illennona. Ilycts, nanmpumep, kak u [llennon, mbr
pacemarpuaeM TV-curnas, nmeromuii wactory W = 5 MHz (1 merarepit
= 108 Tepn) u npomokurensaocts T = 1 wac. Iogcunraem, kakoit jm-
HbI JIOJIZKEH OBITH BEKTOD OTCUETHBIX 3HAYEHUl, OTBEYAIONINil TAKOMY CHTI-
Hasy, T. e. Haiigem kosmdectBo N = T/A = 2WT orcueTHbIX 3HAYCHUIL:
N =2-5MI't;- lyac = 2-5-10°-60% = 3,6-10'°. Dro BekTOpP B IPOCTPaHCTBE
RN orpomuoii pazmeprocti. ['eoMeTprs TAKOro HPOCTPAHCTBA MMEET CBOIO
cunernduky, Kotopyio [[lenHoH MOHMMAI W HCIIOB30BAJ B CBOEH TeOpeMe.

4. Mowmrocmu cuznaisa U NOMETU.

Pabora nepeardnka 1o CoO3IaHUIO0 3JIEKTPOMArHUTHOTO curHadta f(t) mpo-
JOJIZKUTETHHOCTHIO 1’ BhIparKaeTcs MHTETPAIOM

/OT fA(t)dt.

Tora MOIIHOCTE NepejaTIrKa (U CUTHAJA) €CTh

1 (T,

Ecim .
f(t) ~ Z Ter,
1

Sin27rW(t—%) .
W’ TO < €, €5 > =

2W

1
s 0ij 1

r 2 1 - 2
/0 f (t)dt:ﬁzlzxk.

Buauur, ecomm © = (Z1, ..., T,), TO

1 2
_ZW—THxH .

[Tockoubky 2WT = n,

||x|]2 =nP, 2~ P.

12



Taxum 06paszom, P MOXKHO TPAKTOBAaTh KaK MOIIHOCTb, OTHECEHHYIO K OJIHO-
My OTCYETHOMY 3HadYeHMIO curHaaa f(t).

Awnayoruano, eciim § = (&, ..., &,) — BEKTOD MOMEXH, TO
[]?=nN, & =~N,

rae nN — moJiHash MOIIHOCTD IToMeXH, a [N — MOIIHOCTDb, OTHECEHHAS K KarK-
JO KOOpAUHATE BEKTOPA IIOMEXMU.

5. Udes cayuaiinozo xoda 6 npocmpancmse 60AbUWOT PA3MEPHOCTIAU.

[Tomexa pasyBaeT KaxKk/10e WHIUBU/IyaJbHOE COOOINEHUE, BbIPAKEHHOEe
BEKTOPOM (TOYKOIf) x, 70 1mapa ¢ ImeHTpoM x u pasuycom ||€]].

Y1066l rapaHTHPOBAHHO M30€XKaTh OIIMOOK JIEKOIUPOBAHUS HAJIO 3aHU-
MaTBhCS IJIOTHOM YIIAKOBKOI TaKUX MapoB, n3deras ux nepecevenuii. Ho, ecotu
Pa3MEepHOCTb OYeHb OOJIbINAas, TO, JayKe MPU HAJUIUHU TepecevdeHuil, Bepo-
SITHOCTD OIMUOKM JIEKOAMPOBAHUS CTAHOBUTCS MAJION, U T€M MEHbIIe, 1em
00JIbITIe pa3MEPHOCTb.

B 3T0it cBA3M BMeECTO MOMCKa MJIOTHOW YIAKOBKU BBISBAHHBIX ITOMEXaMU
IIIAPOB, IEHTPDI MMAPOB PACHPEIEITIOT CIIyYallHbIM 00pa30M 110 00JIACTH CHUT-
nasta. [losiyuennoe pacipesesenne MEeHTPOB PUHUMAIOT 38 MCXOHBIN KOJI.
Nrak, wexonubiii kox ciaydaen! Ho, okasbiBaercsi, oH o4eHb 3(DdeKTHBEH.
[Iponenaem HYKHBII pacydér.

[Ham Ha/10 OIEHUTH KOJMYeCTBO COOOIIEHUIT TP CIyvaiiHOM pacipejie-
JIEHUU KOJIOBBIX TOYEK IO O0BEMY IMapa, yIUThIBasg MOIIHOCTH CUTHAJA U
MOIIIHOCTD 1oMexu, pu 1 > 1. U Haj1o oleHUuTh BEPOATHOCTDH OIMIMOKHU IIPU
JIEKOJIMPOBAHUI TAKOTO KOJIA. |

Nrak, paccanraeM CJIydaifHbIN KOJI C yIETOM IIOMEXU.

YVUauTeiBasg, 9TO Pa3MEpPHOCTh 1 OYEHb OOJIbINAsi, MOXKHO CUUTATb, YUTO
[I0YTH BCe TOYKHM cJrydaitno Gpormennbie B map ||z||? < nP BO3MOXKHBIX CO-
OOINeHNT &, OKAaXKyTCAd B HEIOCPEJICTBEHHOW OJIM30CTH T'PAHUYHON chephl,
TO-€CTh MOJKHO CUHTATH, UTO ||z|| = v/nP.

Hanee, ciaydaiinplit BeKTOp moMexu & HE3aBUCUM OT BEKTODA T, IIO3TOMY
mpu 1 >> 1 MOXKHO cIuTaTh, 910 < ,& >= 0.

Torma

2+ €12 = llal[2 + 1I€][2 = n(P + N),

U, 3HaquT, ecyiu NeHTp & Mapa HoMeXu HaxXoauTcs Ha cdepe ||z|| = vnP, 1o
BeKTOp (TouKa) = + & Haxomurcs Ha cdepe pajguyca /n(P + N).



Eciin mapsl nmomexu, numerormue paanyc vVnlN pacupeaensarh CrydaiinbinM
obpazoM 1o 06béMy mapa pajuyca /n(P + N) 10 ucaepiianus ero oobéMa,
TO MOJIYIMM CJIydaiiHbIii Habop (Ko) u3

n(P+N)\? P\ P\"T
() (%) - (+5)
TOYEK, KOJIUPYIOIIMX STUM CJIYyIalHbIM KOJgoM M coobIieHunii.

6. Ckopocmnv nepedayu unGopmayuy 68 Karaie npu HAAUYUY NOMET.

Tenepb MOXKHO HAUTH CKOPOCTH Ie€peiadu HHMOPMAIIMH 110 TAKOMY KaHa-
JIy CBsI3U B OMTaX B CEKYH/LY

1 P
C:flog,ZM:VVlog2 (1+N)'

SaMeTI/IM, YTO JazKe €CJIM BMeCTO paBE€HCTBa

PWT
M=(1+=
(%)

HAIUCATh MPUOJIMAKEHHOE PABEHCTBO ¢ HEKOTOPBIM OIPAHUYEHHBIM KO3 hu-
IINEHTOM IPOIOPIIMOHATHEHOCTH

PWT
M=k(1+>
(o)

to ipu T' > 1 MbI nostyauu ObI Ty 2Ke ckopocTh C' epegadn nHMOpMAaIni.

7. Ouenka 6ePOAMHOCTIU OWUOKLU.

Jomyctum, 9T0 Ha TPUEMHOM KOHIIE TTOJTydeH BeKTop x + &. Hao Boccra-
HOBUTH IEPEJIAHHOE COODIEHNE T .

Usectno, uto ||z|| = VP u ||z +€||? = n(P 4+ N) . Ommubka jexomupo-
BAHMS MOYKET HACTYIINTB, €CJI B JIYHOUKY Iepecedenns mapa ||z|| < vnP u
mrapa pagmyca v/ N ¢ IeHTpoM & + &, KpoMe Z, TONaIeT eImlé XoTs 6bl oA
KOJT0Bast ToUKa. [[0CKOBbKY KOOBBIE TOUKN PACIIPE/IEIEHBI TI0 TIIOIIATH CJTY-
JaiiHBIM 00pa30M, BEPOSITHOCTH TAKOI'O COOBITUsT MEHbIIIe OTHOIIEHNA 00bEMa,
9TOii JTyHOUKH K 00béMy Beero mapa ||z|| < vnP. Ecm guamerp myHOUKH
paBeH 2h, To 00bEM JIYHOUKH MEHbIIe, YeM 00bEM Iapa pajuyca h.



Benuunny h Haxomum u3 3j€MEHPATHOW I'€OMETPHH, 3allUChIBasl JIBYM:
CIocOo0aMM ILIONIA/Ih IIPSIMOYTOJIBHOIO TPEYTOIbHIKA ¢ KaTeTaMu X, £ U T'u-
MIOTEHY301 T + &:

VnPvnN
vnP + N

SHAYNT, BEPOATHOCTD OIMIMOKN JIEKOJINPOBAHNISA HE IMPEBOCXOIUT BEJIMIHHBI

hllz + &l = [l=[l - ll¢]] h=

hN\" [ vaN ' [ N \? AT
||z + €] n(P + N) P+N N M
YBemmunBas T, Mbl yBemauBaeM n = 2WT u M = (1 + %)WT, a Be-

POATHOCTD OIUOKU ﬁ YMEHBITAeTCs IIPU COXPAHEHNHN HAMJIEHHON CKOPOCTH

nepenadn C' = W log, (1 + %) . Takum 0Opazom, CKOPOCTD Hepeadn orpeie-
JISIeTCST TIPeKie Bcero mupunoit W mostocsl IOMyCTUMBIX YACTOT. DTO BIIOJIHE
AHAJIOTTIHO TOMY, KaK KOHe4Yas CKOPOCTh PAKEThI ITPEYK/IE BCETO ONpeesseT-
¢ 9(pPEKTUBHOCTHIO TOPIOYETr0, & He COOTHOIIIEHNEM MAaCC PAKEeThI U TOTLITNBA.

8. Dopmyauposra meopemovi [llenrona.

I/ITaK, MBI IIOACHUJIA COAECP2KaHue, CMbICJI U CIIPaBE/IJINBOCTD CJIEYIOIIETO
YTBEP2KJICHNA.

Teopema.

Iycmv umeemces Kanas c6a3u co caedyrowumy Tapaxmepucmuramu: P
— ydeavhasa (Ha 00HO OMCUEMHOE 3HAUEHUE CULHAAL) MOUHOCTL NEPedam-
wuka;, N — ydeavnaa mMowHocmv caywatinot nomexry (6eaozo wyma); W —
WUPUHA NOAOCHL HACTNOM, NEPEIINUUKG.

B maxom xanase moocno acumnmomuvecku docmuydb nepedaiu ur@op-
MAUUL CO CKOPOCTNDIO

P
- Wl 14+ —
C Wog2<+N>

oum 6 cexyndy npu cKoab 200H0 MaA0T BEPOAMMHOCTNUY OWUOKY JeK0IUPOSa-
HUA.

Ata Teopema Oblia Jokazana Kiogom IIénnonom B padore! 1949 roja.

LC.E.Shannon, Communication in the Presence of Noise. Proceedings of the IRE vol.
37, no. 1, pp. 10-21, Jan. 1949.



Bo mHOrmx oTHOMIEHUSX T0JIE3HO TPOCMOTpeTh opurnHaja. Kak n mourn
KaxKaad pyHIaMeHTaJbHasg paboTa, 3Ta CTaTbd HAIIUCAHA ITPOCTO U SICHO.

HebosbIm0it 3aK/II09UTETHLHBIIT KOMMEHTAPWII.

Cremxyer obpaTuTh BHUMAHNIE HA TO, UTO JIOOOE IPEBBIINIEHNE YKA3aHHOIM
CKOPOCTH TIepeJIavn BEJIET K TOMY, YTO OININOKHU JICKOMPOBAHUS TTOABJISIOTCS
C BEPOSTHOCTBHIO, CTPEMAIIENCT K eJMHUIE. DTO POJIOBOI I'pex JIF000ro OITH-
MaJIbHOI'O KOJIa, KaK U I'PeX HEYCTONIMBOCTH JIIOOOTO MaKCUMyMa ITOTEHITU-
AJIbHBIX BO3MOXKHOCTE (HAIpUMeED, MAKCUMyMa IIOTEHIMAIBHON SHEPTUH ).

Emé ciaenyer obparuTh BHUMaHUE Ha TO, 9YTO TeOpeMa 'OBOPUT HE O CKO-
POCTH TepeJiadn CaMUX COODINEHH, KOTOPbIE MOI'YT OBITH OUYE€Hb JIJIUHHBIMH,
a 0 CKOpocTH nepejiadn nHdopmaluu B outax B cekyHay. [lepeada ojHoro
COOOITeHNsT MOYKeT 3aHUMAaTh BpeMs 1' > 1. Bosee Toro, 17 yMeHBITICHUS
BEPOSTHOCTH ONIMOKHU JIEKOIMPOBAHUSA, COODINEHUS TPUXOIUTCA JI€/1aTh JIJTIH-
HbIME. 1O ecTh TeopeMa JaéT MPeIe/IbHYI0 CKOPOCTD Iepeadn HHMOPMAIIH
[IpA MaJIoil BEPOSITHOCTH OIMMOKHU JIEKOIUPOBAHUS KakK pa3, Korma 1 — 00.
DTO 03HaYaeT OOJIBIIYIO 3aJIeP:KKY B Iepegade CaMUX COOOIINEHMId, el OHI
OYeHb JIJINHHBIE U MEPEJIAI0TCs T0C/IEI0BATETHHO.

N nocnemnee. B Teopeme ucnosib3yercs cydaiiHbIil KO, IOy YeHHbII BbI-
6OpoOM CIIy9aiiHbIX TOUeK (BEKTOPOB) B MHOIOMEPHOM Iape. DTO O3HAYAET,
qT0 Teopema [IleHHOHA TOBOPUT JIIIIB O CTATUCTUIECKOH CKOPOCTH Mepeiayn,
0 CKOPOCTHU, OCPEIHEHHO 110 MHOIMM TAKUM CJIy9IaiiHbIM KOJAM.

Reprint: Claude E. Shannon, Communication in the Presence of Noise. Proceedings of
the IRE vol. 86, no. 2, pp. 447-457, February 1998.

®opwmyia "Korenpaukoa — Illerrona" B KOHTEKCTe KaHAJOB Ieperadn MWHMOPMAIAN
nosiBuiack B pabore Korenbuukosa 1933 roga: B.A. Koreasaukos, O mpomyckHoil cro-
CcOOHOCTH «3(Upay U MPOBOJIOKH B JIEKTPOCBA3U. BCECOIO3HDIN SHEPTeTUIeCKIT KOMUTET.
Marepuasibl K iepBoMy BcecoozHOMY ¢be3jly Mo BOIPOCAM TEXHHIECKON PEKOHCTPYKITUH
JieJia CBSI3W W PA3BUTHS CJIA0OTOUHON mpoMbinuieHHoCcTH. — M.: V31, Yupasienus cBa3u

PKKA, 1933.
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