T'maBsa 1

CTATUCTUYECKASA MOAEJIb LIEHHOHA-BUHEPA

[TpuBonsaTcs hyHIaMeHTANbHBIC TOHITHUSI U MPEACTABICHUS TEOPUH HH-
dbopmaru, OCHOBaHHOM Ha cratuctrdeckoi mojenu Illennona—Bunepa. O6-
CYXKIAIOTCS JTorapu(PMHUIECKHE MEPhI SHTPOITUHU U UH(DOPMAIIMH PA3ITAIUS TS
aJIUTUBHBIX CITy4alHBIX 0OBEKTOB U METO/bI UX MOJTYyUYCHUS.

Hawano craructudeckoro mojxoia B TEOpUU WHGPOPMAIIUU CBS3aHO
¢ padoramu P. Xaptmu [77], K. [llennona [50], H. Bunepa [5], B.A. Kortens-
nukoBa [30, 31], A.H. Konmoroposa [27-29] no Teopun nepenayr nHGopMa-
UM 1o cuctemaM cBsizu U P.A. @umepa [74, 75] o Teopuu mapameTpruyecKo-
ro OLICHUBAHMS B MAaTEMaTHYE€CKON CTAaTHCTHUKE.

B oTnuume oT TpaAMIIMOHHOTO M3JIOKEHUS OCHOB TEOPUH MH(OpManuu,
MpEACTAaBICHHOT0, HapuMep, B MoHorpadusx [5, 8, 31, 33, 35, 37, 38, 41, 42,
44, 46, 50, 76], B 1aHHOU TJIaBE HAPAJLY C OMPEACIICHUEM B3BEIICHHOTO CPE-
HEro BIEPBbIC BBOJUTCSA B3BEIICHHOE CPEHEE T'€OMETPUUYECKOE IS Kaxaou
CIy4ailHOM BEIWYMHBL. TakoM MOAXOJ IMO3BOJIMJI CTaTUCTUYECKUM, BapHualld-
OHHBIM M TPYNIOBBIM METOJIAMHU OTPEACIIUTD OJUH TUI AJAUTUBHON SHTPOMUU
U uHGOpPMaIIUU Pa3IUyusl, 3aBUCAIIUX OT CPETHUX F€OMETPHUUECKUX Ui pac-
MpeIeICHHUS.

1.1. BepositHOoCTh. B3BemeHnHoe cpeaHee
Wnest KOMMYECTBEHHBIX MEp B MH(OPMAIIMOHHBIX NPEICTABICHUSIX CO-
CTOHMT B TOM, YTO PacCMaTpPHBACTCS BEPOSITHOCTHO-CTATUCTHYECKOE OIHMCaHNE
o0bekTa (Imporecca, CUICTEMbI WM CUTHAJIA), KOTOPbII UMEET JUCKPETHBIE WIH
HETIPEPBIBHBIC CIyYallHbIE COCTOSTHUS.
[TpuBeneM OCHOBHBIE ONIPEICIICHHS.
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Onpenenenne 1. Hocurenem mHpOpManuu SIBISIOTCS 1B MHOXKECTBA!
MHOXKECTBO BCEX COCTOSIHUI OOBEKTa, OMHCHIBAEMBIX PACIPEICICHUEM BEpO-

SITHOCTEH p={ P pm} (pi >0, i=1 2,... ,m) Y MHOXECTBO CITy4alHBIX

BEJIMUMH | = {T Tm} , XapaKTEePU3YIOIHNX OOBEKT.

Lo
Omnpeaesienue 2. B3pemeHHoe cpeaHee KaXKI0M CIydyallHOW BeEIUYM-
HbI T B COCTOSIHMM C pacIlpeicICHHeM [ PaBHO

m
2 TR
E(T)="—., (1.1.2)
2P
re M —YKiCIIO BO3MOXHBIX COCTOSIHUM 00bEKTa 1
m
0<ypsl (1.1.2)
i

Hcnonb3yercs yciaoBUe BEPOSITHOCTHOM HOPMUPOBKH pacipe/leieHUs
m
z p. =1, (1.1.3)
|

IIpX BBIIIOJIHCHUH KOTOpOﬁ B3BCIHICHHOC CPCIAHEC IIPUMCT CJ'IG,Z[YIOIHI/Iﬁ BHU
m
E(T)=>TiR- (1.1.4)
|

3uauenus P, B Beipaxenusx (1.1.1) u (1.1.4) mpencrapusior coboi
TaK Ha3bIBacMbIC Beca 3HaueHui T, . B janpHeiinieM 3Tu BoIpakeHus Oynem

Ha3bIBaTh MPOCTO CPEAHMMH, €CIH Beca HE UMEIOT CBOEro 000COOIEHHOTO
MPEICTaBICHHUS.
Ecn p =1, 1o Bhipaxkenue (1.1.1) paBHseTCs OOBIYHOMY CpETHEMY

apudmeTnuecKkomy

E(T)= g'l'i : (1.1.5)

3

N3 onpenenenus 2 BHITEKalOT OCHOBHBIE CBOMCTBA.

1. Ognopoanocts. IIpu 3amene p Ha ap (a>0) B3BEIIEHHOE CPej-

Hee SIBISETCS] OJTHOPOJHBIM (PYHKIIMOHAIOM HYJICBOH CTEIICHU OTHOCHTENh-
HO P, TO €CTh BBINOJHAETCS CBOMCTBO OJTHOPOIHOCTH.

14



2. HopmupoBanHocTh. J[s HeciydailHOW mocTostHHONW BenmuumHbl C
MMEEM PaBEHCTBO

E(C)=C, (1.1.6)
cnpaseyuBoe mpy C =0 u C = o . B yactHocty, npu C =1 u3 (1.1.6) cnenyer
E (1) =1, 94TO O3HaYaeT HOPMHUPOBAHHOCTD B3BEILICHHOT'O CPETHETO HA CANHHMILY.

3. AnmuruBHOCTh. IlycTh ciyyaiinas Benmuuuna 1, =T, + T, paBHsercs

CyMMeE CITy4allHBIX BEIUYMH JBYX HE3aBUCHUMBIX 00beKTOB. COBMECTHOE pac-
MPEACIICHUE  BEPOSTHOCTEW  3HAYEHUU Tij =T +Tj MYJIBTUTUIMKATUBHO

m n m n
P; = R P (teopema ymmosKeHus1) 1 HOpMUpoBaHO » > Py = P = » p; =1.
T i i

Torma noxy4uM paBeHCTBO

E(T,)=E(T)+E(T,). (1.1.7)
Jlnst cnydast onHOro obbekTa co ciywaiinod Benmumuon U =U +U,
nMEEM

E(U)=E(U,)+E(U,). (1.1.8)

3/1ech cpeiHue 3HAUCHUS
E(T)=232%0n. E(U)=3yp .19
E(Tl):g n, E(TZ):ZnTj P, (1.1.10)

i ]

E(Ul)ngﬂpl, E(Uz):fuzp. (1.1.11)

PaBenctBa (1.1.7) m (1.1.8) o3HauUawT aaTUTUBHOCTH HAOIIOJAEMBIX
MaKPOCKOTINYECKUX BEIUYHH.

4. MyJ'[I)TI/Il'l.]'II/IKaTI/IBHOCTb. CpeﬂHee 3HAYCHHUEC MMPOU3BCACHNA HC3aBU-
CHUMBIX CIIYYaHHBIX BCJINYUH TlTZ AJIsT OAHOT'O UJIN IBYX 00BEKTOB paBHO IIPO-

W3BEJICHUIO CPEIHUX 3HAYEHUI

E(TT,)=E(T,) E(T,). (1.1.12)
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5. f -B3BemieHHoe cpennee. DyHKIIMOHATLHOE 0000IICHIE B3BEIICHHO-
r'0 HOPMHPOBAHHOTO CPETHETO 3AMUIIETCS TaK

m
>T1(n)
E,(T)="—. (1.1.13)
iz f(p)
Ecmm f (IC)I ) = H , TO f -B3BemeHHOC CpCaHEC COBIIAAACT C BBIPA)KCHUECM
(1.1.1)

Ompenenenne 3. OTKIOHEHHE CIy4aiiHOW BENIMYUHBI T, OT CpeaHero

3HA4YCHUA €CTh q)HYKTyaI_II/IH
m
AT =T —-E(T), iz(AT) p=0. (1.1.14)

Onpenesienne 4. HauanpHble ¥ LEHTpaIbHbIE MOMEHTBI N-TO MOPsAJKA
CIIy4aiiHOM BEJIMYMHBI | PaBHbI

a, :g'l'i”pl : (1.1.15)

n

=S H-E(ME R (1.1.16)

[Ipn n =2 nosy4nuMm AUCHIEPCUIO

=0(M=3F-EME =3 T p-F 7ol @117

CraTtuctuyeckas 3aBUCUMOCTb JIBYX BEIMUYMH XapaKTepu3yercs Ko3(du-
LIUEHTOM KOPPEJIALHUH

(1,T))- E(ATAT,)

1’ 2) - !
o(r,) o(T,)
rac UMCCM KBAaAPaTUYHbIC OTKIIOHCHUA

V2 y2
G(Tl)_ B:)(Tl)% ! 0(Tz)_ B:)(Tz)% ) (1'1'19)
OTL[CJIBHBIG MOMCHTBI UMCHOT CyHIeCTBeHHOG 3HAYCHUEC B CTATHCTHUYC-
CKOW Teopur MH(POpPMAIIUH, TTOCKOIBKY SIBJISIOTCS HAOII01aeMBIMH MaKPOCKO-

MUYECKUMHU BEITMYMHAMH, COAEPKAIMMU KOJIMYECTBEHHbIE HH(POPMAIIMOHHBIE
CBOIMCTBA O CITy4alilHOM OOBEKTE.

(1.1.18)
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[lasiee paccMOTpHUM BEPOSITHOCTHOE IIPOCTPAHCTBO C HEMTPEPBIBHOM MEPOU

I(G)=[p(X)dX 0< f X)<o, (1.1.20)

rie p= p( X) ecTb (YHKIUS TJIOTHOCTU PACHpPEENICHUs BEPOSTHOCTEH IO

HEPaBHOBO3MOXXHBIM MHKpococTosiHMsIM X B obmactu G. B olmiem ciyuae
(GyHKIIMS MOXET 3aBHCETh OT BpeMeHHM t{ W OT HekoToporo mapamerpa 0.
[T1oTHOCTH pacmpenencHus BEPOSATHOCTEH (MM, KPATKO, PACIPEICIICHUE) SIB-

JSIETCS TaK Ha3bIBaeMoM mpomsBoaHoi Pamona—Hukomuma p=dl ( X)/ dX u
BCET/ia MoJoXuTeapHa [33].
Onpenesenne 5. Ananorom B3semeHHoro cpeasero (1.1.1) xaxnon He-

MPEPHIBHON CIIy4alHOM BETWYUHBI | :T( X) B COCTOSSHUM [ SIBJISICTCS BBI-

PaKCHUC
1 éTde
E(T) :ménr = [pix (1.1.21)
G
rac
o<y pdX < oo, (1.1.22)
G

[Tpu ycnoBuu BEpOATHOCTHOM HOPMHUPOBKH JJIsl BCETO MPOCTPAHCTBA U3
(1.1.21) BBITEKAET ClIeyIOIIEe B3BEIIICHHOE CpeIHEE IO BEPOATHOCTHON Mepe

E(T)=[Td =[TpdX [ pdX=1. (1.1.23)

BecoBoii ¢yHKImel ciaydaiiHOW BETUYHUHBI T(X) ABJISETCA PaCIpEeNCICHUE

p(X).

1.2. B3BeneHHoOe cpe/iHee reoMeTpudecKoe

[TpogomxuM paccCMOTPEHHE OCHOBHBIX OMPEIEICHUN.
Onpenenenne 6. Kaxmoit ciydaitHOW BenuumHE 1 COOTBETCTBYET
B3BEIIEHHOE Cpe/iHee reoMeTpruueckoe [4, 47]

N(T)=2 T =§ﬁﬂ e (1.2.1)

E('ng'ﬁ)ﬂ 1

17



I/ICHOHB3y€TCSI TAKXXC BBIPAKCHUC

m

Z (IOQZ i )
i

_ (1.2.2)
2o

log, N(T)=

B (1.2.1) u (1.2.2) B3BelIEHHOE CpeHEE OMPENEAETCs sl CIIydaitHOM
Benuuunbl 109, T.. [l HOPMHUPOBAHHOTO pacHpe]eNeHUs MMEEM CpejHee

reOMETPHUIECKOE U ee JIorapuhm

N(T)=2" : (1.2.3)

log, N(T) = iE(log2 T)p.Sp=1 (1.2.4)

Ecmn p; =1, to u3 (1.2.1) BeITeKaeT 0OBIMHOE CPETHEE TEOMETPUIECKOE

N(T)= n\]/fl-nT (1.2.5)

HpI/IBeI[eM OCHOBHBIEC CBOMCTBA B3BCIICHHOT'O CpECOAHETO IrCOMCTPHUICCKOTIO.

-

1. OnHopoaHocTh M BOrHyTOCTBh. Benmmunna N (T) SIBJISIETCS. OHOPO/-

HOM OTHOCHUTENILHO 3aMeHbl | Ha aTl
N(aT)=aN(T), a=const (1.2.6)

U BOTHYTOM, TaK KaK OTPULATEIBHOE 3HAYEHUE CPEIHEr0 I'e€OMETPUYECKOIO
€CTb BbINYyKIas QyHKIMSL.
Ecmu T, u T, 1B€ MONOXUTENBHBIE (YHKLMH, TO CIIPABEJIMBO HEPABEHCTBO

N(T,)+ N(T,)< N(T+ T). (1.2.7)

kpome ciydaeB, korma bT =cCT,, rme b u C He paBHB HymoO, HIM
N(T,+T,)=0.

B o6mem cirygae (1.2.7) 3anumercs Tak

N(T)+N(T)+...+ N(T)< N[ T+ T+...+ ). (1.2.8)
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2. HopmupoBanHocTh. J[711 Hecly4ailHOW MOCTOSIHHOM BenuuuHbl C
MMEEM PaBEHCTBO:

3 (002

Epi
N(C)=2 i =C, (1.2.9)

U3 KOTOpPOI'oO BBITCKACT CBOMCTBO HOPMHPOBAHHOCTU B3BCIICHHOI'O CpCAHCTO
reOMCTPHUYCCKOI0 HA CAMHUITY

N(1)=1. (1.2.10)

3. Cpeanee reoMeTpuueckoe M B3BelIEHHOE cpeaHee. [ B3aMOCBs-
33U CPCAHUX IT'COMETPHUICCKUX MMPUBCICM COOTHOIICHUA

N(T)N(T?)=1, (1.2.11)

N(T DT 0

T +T ﬁr T T ES ﬁﬁ? (1.2.12)
N(Tz T ) =BNCDE BN D BN DE” @219)

Ecnu B3BelIeHHOE cpe/iHee CayyallHOW BEIMYMHBI | KOHEYHO, TO CIipa-
BEJUIMBO HEPABEHCTBO

5 (l0g,T;) 5 (log, T)T p
| m I
Epi zTI R g"} R
2 i < 'm <2 , (1.2.14)
2

KpOM€ TOI'O CiIy4asd, Korga T=C , TAC C —1mocTosiHHAS.

Paccmotpum Tpu ciiydas 3aBUCUMOCTH | OT pacnpeaencHuil.

[Ipu T = p B3BeHIEHHOE CpeIHEE TEOMETPUIECKOE PACIIPEACTICHUS SIBIIS-
eTCs CIEAYIONUM (PYHKITHOHAIOM

E('ng PR

N(T)=2 T (1.2.15)

JUIsL KOTOPOT'O BBITIOJHSIIOTCS CBOMCTBA 1, 2 1 3 U cienyromue JOMOTHUTENb-
HBIE CBOMCTBA.
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4. My bTHMIUIMKATHBHOCTb. B3BelIeHHOE cpefHee TeOMETPUUECKOe
npouseneHus P = P pacrpeieiecHuii HE3aBUCHUMBIX OOBEKTOB PABHO

MIPOU3BCACHUIO UX B3BCHICHHBLIX CPCAHUX I'COMETPUICCKHX

N(p)= N(R) N( ). (1.2.16)

TIe

Eanii
N(p,)=2 ! , (1.2.17)
5 (1og, 1) %('092 i)
I’T‘Ii gp
N(p)=2 o N(p)=2 T . (1.2.18)

5. B3BelieHHOe cpeqHee reOMeTPUYeCcKOoe PABHOBEPOATHOIO pacrpe-
nenenus. [logcraBum paBHOBEPOSTHOE paclpesiesieHue

1

B onpenenenue (1.2.1) u momydyuM cpeHee reoMeTpuiIecKoe

N(p) = (1.2.20)

00paTHO MPOMOPIUOHATILHOE YHCITY BOZMOXKHBIX COCTOSHUN 00BEKTA.
Janee mpumem T =U u T = p/U 1 ONpeenuM CpeIHIE TEOMETPUYECKHE

E('ng u)R

N(u)=2 2 , (1.2.21)

2R
EED S (1.2.22)

KOTOPBIE UMEIOT BCE IPUBEACHHBIE CBOKCTBA.
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6. B3auMoCBsI3b B3BELICHHBIX CPeJHMX IeOMETPUYECKHX pacrpe-
neaenunii. Mcrnons3dyem paBerctBo (1.2.13) u momydum crenyroliee coOT-
HOIICHUE:!

_N(p)
Eugﬁ_ N(u) "

N (1.2.23)

[Toncrasus B (1.2.23) paBHOBeposiTHOE pactipenenenue (1.2.19), nomyunm

N EUED mN( ). (1.2.24)

[IpuBeneM HenpepbIBHBIE aHAJIOTH B3BEHICHHBIX CPEIHUX T'€OMETpUYe-
CKHX pacIpe/ieJIeHH

f (Iog, p) pdx [ (log, u) pdx
e e T
jde jde
N(p)=2 ¢ , N(u)=2 ¢ : (1.2.25)
IDog £D dX
Gﬁ ? Poﬁ)
NEP e, (1.2.26)
Nl -
U UX JIOTapu(MBbI
(j}(logz p) paX ({(Iogz u) pdX
| N = ;| N == (1.2.27
og, N(p) [ X og, N (u) rpax (4220
G G

lo 1.2.28
g, N u [ de ( )
G
[Ipenomnpenenss naabHEHIIHE PE3YIbTAThI, OTMETHM, UYTO () yHKIIMOHAJIBI
H(p)=-log, N(p), (1.2.29)
H(p:u)=-log, N(u), (1.2.30)

Dp[

| (p:u)=log, N 0, F (1.2.31)

€CTh aJIUTUBHBIC BhIpakeHUs dHTponuu lllenHoHa—BuHEpa, Mepbl HETOYHO-
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ctu Keppumka u nuadopmannnu paznunaus Kyns6aka—J/leitbnepa B craTuctuye-
CKOi1 Teopun HHGOPMALIUH.

B3Bemennoe cpennee reomerpuueckoe (1.2.1) MOXHO 3amucaTh B 9KBH-
BAJICHTHOM BHjie [47]

2 (nT)p g
N(T)=expi————-n0n (1.2.32)

-

Torna ¢ynxmuonanst (1.2.29) u (1.2.31) ¢ HaTypaidbHBIM JOrapupmMom
HaxoJsIT MPUMEHEHHE B cTaTucTHYeckon usuke [19, 21].

1.3. IlpyHOMI MEHUMYMA CPeIHEro0 reoMeTpUu4ecKoro
pacnpeaesieHus

PaccMOTpuM 3KCTpEMYM CpeHEr0 Fr€OMETPUUECKOTO pacpeiesICHUs

|\|(p)=2i2(|°(‘]’2pi)H (1.3.1)

IIpU COXPaHEHUHN HOPMHUPOBKHU
m
> h=1 (1.3.2)
|

DTO MO3BOJUT HAUTH BEPOSTHOE PACIPECICHHUE, MPU KOTOPOM JOCTUTACTCS
JKCTpeMallbHOE 3HAUYECHUE CPeHEro reomeTpuyeckoro. CoriacHO BapHallMOH-
HOMY IPHUHIIUITY, BBIYHCIUM 0€3yCIOBHBIN IKCTPEMYM (yHKIIOHAA

Elog PR m
Lot —ay p,, (1.3.3)

rae O ecTb MHOXHTeNb Jlarpanxka.
[IpupaBHUBast HYIIO MEPBYIO BapHUALIUIO

m

3 (logz i) m_ 10 m
oL=2i In20) op. Flo +—rmraSyop =0, 1.3.4
@rw]%ﬂ n2H ;9 (1.3.4)
HOHy‘II/IM paBeHCTBO
E('ng PR
yHIn2)log, p, +15-a =0, y=2' , (1.3.5)
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U3 KOTOPOrO C Y4YE€TOM YCJIOBHS HOPMHMPOBKH BBITEKAET PaBHOBEPOST
HOE pacmpeneieHue

1
p=—. (1.3.6)
m
[ToncraBum (1.3.6) B (1.3.1) u momyuuM sKCTpeManbHOE 3HAUEHUE CpPEl-
HET0 TeOMETPUICCKOTO
1

N(p)=—

(1.3.7)

I[anee pacCMOTpuUM BapI/IaI_II/IOHHHﬁ [IPUHIUIT DSKCTpEMyMa CPEAHETO
FeOMCTPHUYICCKOTO pacupeACICHUA NIPpU HOIOJHUTCIBbHBIX YCIOBUAX 3aJaHHO-

CTH CPEHET0 3HAYCHHUS CIIydaitHOW 3HTponuu h :{ h,..., hn} Y HOPMHUPOBKH

H(p)=_§h9, gpfl. (1.3.8)
Onpenenum QyHKITMOHAT
L = 2iZ(Iogz pi)H +T_§h . —szm . (1.3-9)

rge d u T eCTb MHOKUTEIIU HarpaH>Ka. I/ICHOJHBYSI PaBCHCTBO

m

5 (log, b )R m N 10
oL=2i In20y op. A —
g oo, 1
+13 hp —ay 8p =0, (1.3.10)
MOJTYYUM
yH{In2)log, p, +IF+th —~a = 0. (1.3.11)

[TockonbKy O M T MMEIOT MPOM3BOJIbHBIC 3HAUCHHUS, TO TpuMeM YIN2=0 =T.

Torpa uz (1.3.11) cnenyer pacnpeneneHue
p =27 (1.3.12)
Y 3HAYCHHUE CIy4alHON SHTPOIIUH

h(p)=-log, R (1.3.13)
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Yepennsis (1.3.13), momyuum GyHKITHOHAT:

m m
H(p)=3n(R) p=-2(log, p) p. (1.3.14)
| |
noacTaHoBka kotoporo B (1.3.1) maet skcTpeMalnbHbIE BHIPAKESHUS
N(p)=2""(), H(p)=-log, N( p. (1.3.15)

Hakoneny HaxoquM 3KCTpEMYM CpPEIHEro T€OMETPUUYECKOro OT BEJIH-
YUHBI p/ u

mQ O
2 092*I (
N Dpﬁ:ziﬁ U (1.3.16)
u
IIpH JONOJTHUTCIBHBIX YCIOBUAX
m m
I(p:u)=31p, SRp=1 (1.3.17)
| |

Tornma 3amada cBOAMTCS K HAXOXKICHHIO OE3YCIIOBHOTO SKCTpEMyMa CIIEAYIO-
mero GyHKIHoHaIa

mQ O
Hy
L=2' —TZI P; O(Zp (1.3.18)
¢ MHOXHTensmu Jlarpamka O u T. U3 ycnoBus OL =0 momyynm
p. O
y{In2)log, —+15-1l, —a=0 (1.3.19)
U B

unpu YIN2=0a =T okoHYATETLHO UMEEM BBIPAKCHHS
p =y2', (1.3.20)

p.
=1 (pi ‘U, ) = Iogzu—'.

(1.3.21)

Ycpennenue cnyvaitHoit mHbopManuu paznuuus (1.3.21) npuBoauT K
(dhyHKIIMOHATY

I(p:po):glI p p0 R = f%ogzﬂmp. (1.3.22)
i ' pOiE

Z[J'IH CpEAHETO I'COMETPUICCKOTO IMOJIYYHUM SKCTPEMAJIBHOC 3HAYCHUC:
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ppo =| 1.3.23
Ep»oﬁ: (p:u)=log, N B_E ( )

Ilonmy4eHHBIE SKCTPEMYMBI Il CPEJHUX T'€OMETPUYECKUX COOTBETCTBY-
0T MUHUMYMY PacCMaTpUBaeMbIX (DYHKIIMOHAJIOB, MIOCKOJIBKY BBITIOTHSIOTCS,
COOTBETCTBEHHO, HEPABEHCTBA Ul BTOPOW BapHallUH

2
( ) 0, (1.3.24)

(PE EN(PE + N(
2 _ ﬁ me OpOm 6p| >
6L—§ %aw NBG@—Q_OI (1.3.25)

CnenoBatenbHO, B 3KcTpemyme 3HTponusa lllennona—Bunepa H (p) u

uHpopmanus paznuuusi KynnOaka—Jleitbnepa | (p:u) UMEIOT MaKCHUMyM H

MHWHUMYM COOTBCTCTBCHHO.

1.4. Tun axAMTUBHOM YHTPONMH,
Mepbl HETOYHOCTH M HHPOPMALIMH Pa3Tudus

PaccmoTpuM citydaiiHblii 00BEKT, KOTOPBIH COCTOUT MX ABYX HE3aBHUCH-
MBIX 00bEKTOB. Mcnonab3yeM CBOMCTBO MYJIbTUIUIMKATUBHOCTH CPEIHEIO Ieo-
METPUYECKOTO

N=NN,, (1.4.2)
s mpousBenieHus P = [ P pacnpenenieHnii He3aBUCUMBIX OOBEKTOB, TJIE
N = N( plz), N, = N( pl) u N, = N( pz) ompezaensoTrcs  hopMmynaMu
(1.2.17) u (1.2.18).
Jlanee monoxum, 4TO BBIMOTHIETCS] CBOWCTBO aIUTUBHOCTH ISl SHTPOTIUI
H=H +H,, (1.4.2)
KOTOPBIE 3aBUCST OT COOTBETCTBYIOIIUX CPETHUX T€OMETPUUECKUX

H=H(N), H=H/(N), H,=H,(N,). (1.4.3)

Torma, muddepenuupys (1.4.1) 1 yuutsiBasi paBeHCTBa

dN _ dNdN, dH,  dN_ dNdN, dH, (L.4.4)
dH dN dH, dH® dH dN dH dH o

IIOJIyYUM ypaBHECHHUE:
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dinN _dIn N, _ din Nz__)\

(1.4.5)
dH ~ dH dH

1 2

rae A —IpOM3BOJIbHAS MTOCTOSIHHAS.
Pemenuem ypaBuenust (1.4.5) sBnsercs ¢usmueckas Oezpa3mepHasi H-

TPOMHUS C TOYHOCTBIO 10 KO (uienTa A
HPYs(p)=-A"tIn N(p). (1.4.6)

Hcnonb3yeM CBOWCTBO HOPMHPOBAHHOCTH SHTPOIUU HA EAMHHILY B TEO-
pun nHGOpPMAIHH, U TIOTyYnuM 3HaueHue A =In 2. DuTponus (1.4.6) npuHUMa-
€T JUIs BCeX 00BEKTOB OJTMHAKOBBIN BH]T

Ig(log2 )n

H (p)=-log, N(p)=- (1.4.7)
5
Jlanee onpenenuM cieaylone reOMeTpUIecKUe CpeIHue:
N:N(Lﬁz)' N1:N(ul)’ NZZN(UZ)’ (1.4.8)
N:NDEEE N, = N%u%l% N, = N%&E (1.4.9)
rae P, = PP, U, = UU,. AHAIOTHYHO HCIIOIb3YeM CBOMCTBA MyIbTHILIH-

katuBHoct N = N1 N2 JUTSL HE3aBUCUMBIX OOBEKTOB M QJITATHBHOCTH TSI MEP
HETOYHOCTH Y MH(DOPMAITU pa3Iudms

H=H +H,, (1.4.10)
I =1, +1,. (1.4.11)
B nrore nomyuum ypaBHEHUs

dInN_dIan_dInNz__
dH  dH,  dH,

(1.4.12)

1 2

In N In N
dinN _dInN, _din 2 =) (1.4.13)
di di dl

1 2

peIIeHUSIMA KOTOPBIX TIpU A =N 2 sBIstOTCS Mepa HETOYHOCTH W MH(pOpMa-
LUl pa3JIAYus:
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H (p:u)=-log, N(u)=-1T— , (1.4.14)
2P
géog L Ep
2. i
) — Op_ i u,
I (p:u)=log, NG (1.4.15)

Taxum 00pa3oM, UCTIONB3Ysl CBOMCTBA MYJIbTUIUIMKATUBHOCTH, aIUTHB-
HOCTH ¥ HOPMHUPOBAHHOCTH JOKa3alld, YTO CYILECTBYET TOJIBKO OAWH THII 3H-
TPOIHMH, MEPbl HETOYHOCTH U MH()OPMAITIH Pa3INIHAL.

1.5. duTponus lllennona—Bunepa.
HNudopmanus u mepa Xaprian

K craructuueckum CBONCTBaM CIIy4alHOTO OOBEKTa OTHOCHUTCS Mepa
uHPOpPMALIUK KaK Mepa CTaTHCTUYECKOH HEOINpeaesIeHHOCTH (MM CITydaifHO-
CTH) B COCTOSIHMSIX, BbIpaxkaeMasi HEKOTOPBIM (DYHKIIMOHAJIOM OT pacrpeeie-
Hus. s aJAUTHBHBIX OOBEKTOB TaKUM (DYHKIMOHAJIOM SBISETCS SHTPOIUS
[llennona—Bunepa [5, 50]

5 (log, B,) p
H(p)= —'—. (1.5.1)

x
HpI/I BBIITOJIHCHHH YCIIOBUA BCpOHTHOCTHOﬁ HOPMUPOBKH
m
yp =1 (1.5.2)
|

B3BeIlIeHHoe cpeanee (1.5.1) cnyuaiinoii sHTponuu
h( pl): —log, P (1.5.3)

MPUHUMAET CJIETYIOMNN BU:

H(p)= g(logz p)R. (1.5.4)

IIpuBegem ocHOBHBIE cBOMCTBA SHTponuH [llenHoHa—BuHepa.
1. I10/10:KUTENBHOCTh M BBINYKJIOCTh. JHTPOMUSA €CTh BELICCTBEH-
HBI, HEOTPUIIATEILHBIM W BBIMYKJIBIA (YHKIIHOHAT, TO €CTh CIPaBEJIHBBI
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HEepaBeHCTBA

H(p)=0, (1.5.5)

H(ap+ap)s at(p)+ aH p). (1.5.6)

3mecy &, +a,=1, a >0, a, >0 usurponuu

H(p,)=-3(log, p;) b, H(p,)=-3(log, p,)p;  (157)
C HOpMHUPOBAHHBIMHU PACTIPEACICHUAMU
> Py =3 py =1 (1.5.8)

2. AJIMTHBHOCTH VI HE3aBUCHMMBIX 00beKTOB. [lycTh cocrosiHue
CIIy4aifHOrO OOBEKTa OMUCHIBAETCS COBMECTHBIM MYJIBTUILTUKATUBHBIM pac-

IpCaACIICHUCM p” - q p.,a pi n pJ OTHOCATCA K pa3HbBIM HE3aBHUCUMBIM 00b-

CKTaM. O61ua51 OHTPOIINA 3alIMIICTCA KaK

H(py,)= g

/i€ YCIOBHSI HOPMUPOBKH
m n m n
zz P; :_z o :_z R =1 (2.5.10)
i i i
Torna u3 (1.5.4) BeITEKaeT CBOWCTBO aIMTUBHOCTH JIJIsSI SHTPOIUA HE3aBUCH-
MBIX 0OBEKTOB
H (p12): H(p1)+ H( pz)’
m n
H(p)=-3(loo;n)n. H(p)=-3(log ) p-

3. AIIUTUBHOCTH AJ15 3aBHCHMBIX 00beKTOB. B 00mem ciyyae 3aBu-

(Iog2 IJ) R (12.5.9)

._M:

(1.5.11)

CHMBIX 00BEKTOB AJI1 HOPpMUPOBAHHBIX pacnpeneﬂeHHﬁ NMECM COOTHOIICHUA

P =R p”i =N P\j (TeopemMa YMHOKEHH), (1.5.12)

B; :i P R =§ R (Teopema cnoxenus); (1.5.13)
] i
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n m
p= PP R= > Ri P (teopema pasnoxenus).  (1.5.14)
] i

Jlorapudmupyst mpousBenenue pacnpenencauii (1.5.12), moiydum aaguTHB-
HOCTb CIIyYailHbIX SHTPOIUN

h(m)=h(p)+H n,) (1.5.15)

3n1ech h(pji):—log2 pi\i — Clly4ailHasi yCJIOBHasi SHTPOIHMS C YCIIOBHBIM
pacnpeeneHueM p”i . YuuThIBas yCI0BHSI HOPMUPOBKHU

EZn P; :_f R=1 (1.5.16)
] I

MOJIYYUM CBOMCTBO QJITUTUBHOCTH JIJISl SHTPOIHUI CTATUCTUYCCKU 3aBHCHMBIX
00BEKTOB

H (py,)=H(py)* H( Pyl By, (1.5.17)
IJIC YCNOBHAs SHTPONHKS 00BEKTA C PACTIPEAICTICHHEM Py

n

H, (p21) = —Z(Iog2 pji) B (1.5.18)

H €€ CPCAHCC 3HAUCHUC

A CALY :g RH ( IO“) (1.5.19)

BBIUUCIIAIOTCS IPU YCJIOBUU pCAJIM3allui COCTOSAHUS C pACIIPEACIICHUEM pl .
Ecmmn peain3yeTCia COCTOAHUC C paCIPCACICHUCM p2 , TO plj = pJ pl‘j u

TOra nmojiy4acm SHTpOIIHNU

H(p,)=H(p,)*+ H(pp,), (1.5.20)
H, (|°12)=—i§(|og2 p,j) Rjj (1.5.21)
S CALY :Ji P H; ( qz). (1.5.22)

C yuerom (1.5.17) u (1.5.20) umeem paBeHCTBO:
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H(p)+H(p,|p)= H(p,)* H B p). (1.5.23)

B gactHOM ciiydae HE3aBUCHUMOCTH OO0BEKTOB cooTHomeHus (1.5.17) u
(1.5.20) nepexonar B (1.5.11).
J5ig Tpex 3aBUCUMBIX 0OBEKTOB MMEEM CIIEIYIOUINE pacIpeIeIeHUs

n T r %pijk
P33R R R RiTmr (1.5.24)

| 330

_ Py B
pi,j‘k _#1 pl‘Jk - mJ y (1525)
lZJX Pijc IX Pic
JJI1 KOTOPBIX CIIpaBCAJIMBbBI (I)OpMYJ'IBI
Pic = BPRik = Ry BR= PR Ry (1.5.26)
r
Pi =R Pi» R =% Pej (1.5.27)
_ PRy Rl (1.5.28)
Piik = Pk Rk =™ m : 5.
iz Pi Py
BBOI[I/IM COOTBCTCTBYIOIIHUEC SHTPOIINU
H (Pyss) = IZ;;(IOQZ p|jk) Rik - (1.5.29)
m n r
H(plz):—iijzg(logz ,J) Ry - (1.5.30)
H(p)=-23 ¥ (00, n) By, (1.5.31)
m n r

H (pl\ pz)=—i212g(|092 p,j) Ry - (1.5.32)
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H (pu p| P3)=-§12n§(|092 Q,jk) R - (1.5.33)

m n r
H (Dl‘ Py ps) = —iz JZg(log2 p,j’k) Rk (1.5.34)
U B UTOT€ JIJIs1 HUX UMEEM CBOMCTBO aITUTUBHOCTU B BUJIE

H (p123): H(p1)+ H(pz’ ps‘ p]): H( p12)+
+H(p3‘p1, pz): H( p)+ H( o H)+ H( o B pz) (1.5.35)

4. ®aykryanus. Vcnonab3yeM BblpakeHHe (PIyKTyallud MUKPOCKOIMYE-
CKOM SHTPOIIHH

ah(p)=h(p)-H(P (1.5.36)
H 3allMieM paclpeaciICHUC B BUAC
p= o EH(P)-2h(P)E (1.5.37)
U3 ycrnoBust HOpPMUPOBKH MOTYYUM (POPMYIIBI

o=0h(R)

b, :W, (1.5.38)
.

H(p)=log,y 2 ") (1.5.39)

MO3BOJISIFOIINE HAXOIUTh PACTIPECIICHUE U SHTPOIHUIO C HCIIOIH30BAHUEM 3HA-
YeHUs1 QITyKTyaluu Ah( ! ) .

5. DHTpoNUs PABHOBEPOATHOIO cOCTOsIHUA. [IycTh B ciiydaitHOM 00b-
€KTE€ OTCYTCTBYIOT (JIyKTyallMid MHKPOCKONHMYECKOH SHTponuu u Ah (p) =0.

N3 (1.5.38) u (1.5.39) BbITEKAaeT paBHOBEPOSATHOE pacHpe/ieieHue U COOTBET-
CTBYIOIIAsI SHTPOTTHS

p=1, (1.5.40)
m
H (p)=log, m. (1.5.41)

6. HepaBencrBa. DuTponus lllenHoHa—BuHEpa Takxke yHIOBIETBOPSET
OCHOBHBIM HEPABEHCTBAM:
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H (p,) < H(py)+ H(p,), (1.5.42)

H(p,)zH(p|p,). H(R)=z H(p)|n) (1.5.43)
H (p)<log, m, (1.5.44)
H(p|p,. py)< H( R By, (1.5.45)
H (P po|ps)< H( Ry p), (1.5.46)
(| ps)< H(r|p)*+ H( B By, (1.5.47)

(1.5.48)

H
(slp)_H(als)_(sln)
H(p.p) H(pup,) H(pp)

KOTOpBIE BHITEKAIOT U3 CBOIMCTBA BBIMTYKIOCTH HHPOPMAIUHU Pa3TUUHSL.
7. JuTpONMiiHOe paccTosiHMe. ['eomeTpuyeckas HHTEPIIPETALIUS SHTPO-

MU B BUJIC 6( Py p2) = H( pl‘ p2) + H( pz‘ H) COOTBETCTBYET PACCTOSHUIO OT

P, 10 P, . BeimonHseTCS HEPABCHCTBO TPCYTOJIbHUKA

5(py, ps)<8( Py ) +3( Py ), (1.5.49)
e 5(p1, p2)2 0, B(pl, pl) =0 u 6(p1, p2) :6( P, pl). PaccmarpuBaercs

TAK¥XXC BBIPAKCHUC

5 (py py) = LB Pe) g P’ P1P)

H(p,,) ) H(p,,)

KOTOpOE paBHsETCS HyIO npu H (plz) =0. [TogpoOHO O CTATUCTHUYECKUX pac-

, (1.5.50)

CTOSTHUSIX MOKHO 03HAKOMHUTBCSI B MOHOTpadusx [71, 91, 125].

8. HopmupoBaHHOCTL M pa3MepHOCTb. B pesynbpTaTe 3KCIEpUMEHTa
MeEpa HEOINPEICICHHOCTH COCTOSIHUM CTAHOBUTCS U3BECTHOW W SIBIIAETCS WH-
dbopmarmeit 00beKTa 0 caMoM O0BEKTE. 3a eUHUILY U3MEpEeHHs] UHPOpMAaIUH
MIPUHUMAETCS HEOIIPEEIEHHOCTh, MPU KOTOPOM BBINOJHAETCS CBOMCTBO HOP-
MHPOBAHHOCTH YHTPOIIUU

H(p)= —g(log2 p)R =1 (1.5.51)

BriOupass HaumMeHblIee YHMCIO BO3MOXHBIX COCTOSIHUM M=2, moiy-
unMm u3 (1.5.51) sHavenns p, = p, =1/2. Takum 06pa3oM, HAUMEHbILAS €1~
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HHIIA U3MepeHuss MHOOPMAIIUK €CTh JBOMYHAS CIWHHIIA SHTPOIIMH CHCTEMBI,
KOTOpas UMeeT Ha3BaHue oauH ouT (ot binary digit)

H %%ﬁ: —ii(log2 pi) p=1 (1.5.52)

B cnydae necsatuyHoro m HatypanbHoro sorapudma B (1.5.4) enunuia
u3Mepenus nHpopMalMK Ha3bIBacTCs auToM wid HaTtoM (ot hatural digiy, co-
OTBETCTBEHHO. [y Tmepexoja MEKIy STHMH €IUHHIAMH HU3MEPEHHS HMEEM

pasetctBo 1aur =(1/1g 2)6ur n 1nar =(1/In 2) 6ur. Jns pusnueckoii Teopun

nH(pOpMaIU UMEEM SHTPOTIHIO
m
HPY(p)=-y(Inp)R. (1.5.53)
|

B craructuueckoit Gpu3uke MCIONIB3YyeTCs €IUHHUIIA U3MEPEHUil, UMero-
masi pa3MepHOCTh MOCTOSIHHOM bonbimana. Torna momyuum pasMepHyto ¢u-

3UYECKyI0 dHTponuio bonsimana—I n66ca H (p) =kH IOhys( p) [1, 6].

Ountponus lllenHona—Bunepa ecth oTHOUIEHHE (U3NYECKON SHTPONHU
K €€ 3HAYEHUIO IIPU PAaBHOBEPOSTHOM COCTOSIHUM C M=2, TO €CTb BBINOJIHSA-
€TCsl PABEHCTBO

w H phys L ED

H phyle }D'
"2

H(p)= =In2. (1.5.54)

PaCCMOTpI/IM CJ'Iy‘I&fI, Koraa COCTOAHUA aJJUTHBHOI'O 00BEKTa ABISIOTCSI
PABHOBCPOSATHBIMM M CTATUCTHYCCKHW HE3aBUCHUMBIMU IIpU N Ha6HIOIIeHI/ISIX.
Torna CIIPAaBCJINBLI CIICAYIOIINEC BbIPAKCHUA

=R YR=3 R =L (1.5.55)

k

rae K=1,...,n u pacnpeaeneHue

1
P =—- (1.5.56)
m
B utore u3 (1.5.4) nonyuum mepy nnpopmaruu Xaptiu [77]:
m
H (p)=-3 (log, p) B = nlog, m (1.5.57)
!
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N3 (1.5.57) cnenyer, uto uHpopManus ecTh Jorapupmuyeckas Mepa ot
4lClla PaBHOBEPOSATHBIX COCTOSIHUM ciaydailHOro oObeKTa, MpONOpLHOHAIbHAS
unciTy HabmoeHuit N, u coctasnser l0g, M 6uT.

9. f-3uTponMsA. OyHKIMOHATBHBIE 000OIICHUS YHTPOIIMH ONPEICIISIOT-
Cs1 BBIPQXKXCHUAMU

Hf(p)=_§f(p.)n, (1.5.58)
H (P)=3 f(R), (1.5.59)
H¢ (p)= fEN(P)B (1.5.60)

rne f ecTh BbIMyKIIas QyHKIHSL.

Ipn f=-log,p, f=-(log,p)p n f=-log,N(p) ums (1.558),
(1.5.59) u (1.5.60) cnemyet TpaguimonHas Mepa napopmaimu Lllennona—Bunepa.
OynkuuoHnan (1.5.58) aBnsercs cpeHUM 3HAUEHHUEM CIIy4aillHOM 3HTpO-

nuu, Beipakerue (1.5.59) ¢ undopmarnmonnoii pynkumeit f (p) paccmarpu-

Bajock B paborax [53, 58], a (1.5.60) ecTb QpyHKIHS OT T€OMETPUUYECKOTO
CPEIHET0 pacIpe/ICICHHUs.

1.6. Akcuombl XuHYHHA. AKcHOMBI PajieeBa
1 MeToa HH(popManuoOHHON pyHKkuuu lapomm

EnunctBennocts ¢ynknuonana IllenHHona—BuHepa, COBMECTHMOTO C
MPUBEACHHBIMU CBOMCTBaMHM, JT0OKa3aj BIEPBbIE aKCHOMAaTUYECKHM MOJIXOJ0M
A, Xunuun [48, 49]. beumu chopmynupoBaHbl Il TUCKPETHOTO CITyvasi pac-

npeneiaeHus P :{ R pm} OCHOBOIOJIAraroIue aKkCHOMBI:
1.H (pl, Pyreees pm) HETIPEPBIBHA OTHOCHTENBHO P, Ps;..., B, B 00ac-
m
™ 0<p <lu} p =1
i

2. H (pl, Pyreees pm) CUMMETPUYHA OTHOCUTENLHO Py, Pyy...s Py

3. H (pl, Pyreees pm,0)= H( (S O pn). DTO 03HayaeT, 4To J00aB-

JICHUC K MHOXKCCTBY COCTOSTHMH HEBO3MOXKHOI'O COCTOSHHMS HE H3MCHSI-
€T HCOIIPCACIICHHOCTD.
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4 H (Dygsees Pyi Pogeees Pyyieees Bupe--» Bir) =

Op C
=H(m;quqg+£;y1§%m“{?% (1.6.1)

i
rac p” — HOPMHUPOBAHHOC COBMCCTHOC PACIPCACIICHUC CTATUCTUYCCKU 3aBU-

CUMBIX 0O0OBEKTOB C
Z?W:Lﬂzgﬂ (qu. (1.6.2)

5 H (pl, Pys-.es pm)s Hﬁ%,%},... ’_rln% OT0 03Ha4aer, 4To (QYHKIHO-
HAJl IMEeT HanOoIbIlIee 3HAYCHHE IPH P, = P, =...= P, =1/ m.

Onpeaenm{ OHTPOIHUIO aKCHMOMaMHU XHWHYMHA C TOYHOCTBIO J0 II0CTO-

SIHHOTO ITOJIOKUTEJIHLHOTO MHOKUTEIS )\_1, MOJIYyYUM JIOTapU(PMUYECKYIO
Mepy [48, 49]

m

H (py Py By) =AY (log, p) R- (1.6.3)
|
[Ipu HatypambHOM sorapupme U A =1 umeeM (HU3UUECKYIO Oe3pa3sMEpHYIO

m
sHTponuo H IOhys(p) ==y (In pl) n.
!
6. YcnoBrue HOpMUPOBAHHOCTH. BrIOupast IBOMYHYIO €UHUIY SHTPOIIUU
C &=2 U yuyuThIBasi yCJIOBHE HOPMHUPOBAHHOCTH

pt 10, (1.6.4)
B2
OKOHYAaTeIbHO nostyduM QyHkimonan lllennona—Bunepa

m
H(p)= —Z(Iog2 pI) n. (1.6.5)
|
K. ®anneeB [43] ynpocTuil CUCTEMY aKCMOM XWHYWHA U MPEIIOKUIT
CIICTYIOIIINE aKCHOMBI:
1.H (pl, pz) =H (1— P, p) HenpepwiBHa pyu 0< p < 1 u monoxuTenbHa
XOTsI ObI B OJHOM TOYKE.

2. H (pl, P,,..., pm) CUMMETPUYHA OTHOCUTENBHO Py, Pyy...s Py, -

3.IIpu m=2
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H (pl,..., P ys Py pwl): H( Pees Progs PF pm])+
0 O
(P P ", fmpm’ pmiw;mlﬁ Pu® P> 0. (L)

Axcromamu (DazmeeBa SHTPOIIMA IpU M= 2 OIpEACIIACTCA OAHO3HAYHO

C TOYHOCTBIO 10 KO3 HIMenTa A1 1 uMeeT BHA
H(p, 1~ p)=-A"'Eplog, p+(1- p log, (- PE (1.6.7)

VYuuteiBas pasMepHOCTb U yclioBHEe HOpMupoBaHHOCTH (1.5.50), numeem
a=2, A1=1 a(1.6.7) 3anumercs Tax:

H(p, 1- p)=-pHplog, p+(1- p log,(+ PE (1.6.8)

[Tepexon k oOmieMy citydaro ¢ M> 2 OCYIIECTBIISIETCS METOJAOM MaTeMa-
TUYECKOW MHAYKIIMM Ha OCHOBAHUU aKCUOMBI 3.

B pabote [43] oTMedaeTcs, 9TO pa3HUIA B 3TUX JBYX CHCTEMaxX aKCHUOM
3aKiIrovaeTcs B cienyrouieM. Bo-mepBbiX, akcMoMa 5 (9KCTPEMaJIbHOCTH) B
cucTeMe XWHYHMHA 3aMEHsieTcs TPeOOBaHHEM IMOJIOKHUTEILHOCTH YHTPOMNHUH B
OJIHOM TOYKE M, BO-BTOPBIX, aKCUOMBI 3 U 4 3aMEHAIOTCS OJHOW aKCMOMOH 3
cucteMbl DajeeBa, OUYEHb €CTECTBEHHOM, €CIIM PACCMOTPETh SHTPOIUIO KaK
Mepy HEOTPEIEICHHOCTH COCTOSHUI CITy4ailHOTO 0OBEKTA.

Hanee 3. apommu [52, 53, 72] npencraBuin akcuomy 3 cucrembl Dajjee-
Ba B 00IIIEM BUJIE C TPYIIOBLIM YCPEIHEHUEM

m O L
T

31ech Tak Ha3piBaecMas HHpopMaroHHas GyHkius f (X) npu M=2 yaoBie-

TBOPSCT I'PaHUYHBIM YCJIIOBUAM
F(0)=1(1), f %ﬁ: 1 (1.6.10)

1 (YHKIIMOHATILHOMY YPaBHEHUIO

O x C

F(x)+(1-%) fﬁ%ﬁ: (+@-) G5,p @61
IUTSL BCEX (X, y)D D, rue
D={(xy):0<x<1, 0<y<1, xt y<}. (1.6.12)

Pemenuem ypaBaenust (1.6.11) sBnsercs wmHbopmarmoHHas (GYHKIUS
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Hapomu, pasHas saTponuu lllennona—Bunepa
H(p, 1-p)= f(p)=-plog, p-(1- plog,(+ P. (1.6.13)

Takoit moaxoa ¢ uHGOPMAITMOHHOW (DYHKIMEH mpu M= 2, 3aBUCSIICH
OT JIBYX TMEPEMEHHBIX, MO3BOJISAET MOJYYUTh HHpOpManuio pa3auuns Kymnpba-
ka—JleliOnepa

| (1-p,p:1-u,u)= f(p,u= pIogZB+(1— o IOQZ?, (1.6.14)
u -u
110
KOTOpasi yIOBJICTBOPSCT YCIOBUIO HOPMHUPOBAHHOCTH | ﬁl, 0 :E > 1

[TogpoOHBIe MaTeMaTW4ecKue BBIKJIAJAKH METona WH(POPMAMOHHOM
(byHKIMK TpUBOAATCS B MOHOTpaduu [53].

1.7. Onpenesienne uHPpOPMALMH B KAHAJIAX CBA3H.
®opmy.a lllennona

PaCCMOTpI/IM OIIPCACICHUC PIH(bOpMaI_II/II/I KaK KOJMYECTBO CHSTOU MCPBI
HCOMPCACITICHHOCTH O COCTOSAHUAX CJIy‘-IElfIHOFO CUT'HaJia B KaHaJlaX CBs3H. HyCTB

TEPEIAHHbIA CUTHAJ XapaKTEPU3YETCs paclpesiesieHueM . (i =1,... ,m). Konu-

4ecTBO MH(pOPMAIIUU ONPEENIAeTCs anpuOPHO SHTPONUEH CIy4ailHOrO CHr-
Hana [50]

H(p)=-3(og,n)R. 3 p=L (1.7.1)

i
Eciun nony4eHHBI CUTHAJI HE PAaBEH MEPEIAHHOMY, TO OCTAETCS Mepa
HEOIIPEIECICHHOCTH II0CJEe IpUEMa CHUTHala, XapakTepuzyemas YCIOBHBIM

pacrpeneaeHueM pi‘j (J =1,... ,n). CooTBeTCTBYIOIIAs YCIOBHASA SHTPOMUS

paBHsIEeTCS
m m
Hj(plz):_iX(IOQZ p|J) 9“ ' Iz P“ =1, (1.7.2)

a ee cpeanee 3HaueHue [50]
n m n
H (p1| pz) = _Jz P; Hj ( Hz) = _izjz(logz QJ) p“ P (1.7.3)

BBIYHUCIECTCA IIO PACHPCACIICHUIO ITPUHHUMACMOI'0 CUT'HAJla pj . BBIpa)KeHI/Ie

(1.7.3) ecTh anocTepropHast SHTPOIHUS CIY4allHOTO CUTHAaJA.
Takum oOpa3om, MHQpOpMaluUs, MOJy4YEHHAs IOCIE MpHeMa CUTHaia,

paBHseTCs cienayromieit paznoctu [S50]:
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=H (pl)_H (p1|p2)=—_§(|0g2 ) 9+ZZ(|092 QJ) p“ P (1.7.4)

MEXIy anpHOPHOW U arOCTEPUOPHON DHTPONMHUSIMHU M OTPAKAET KOIHYECTBO
CHSTOH HEONPEIEICHHOCTHU O CIIy4aifHOM CHTHAJIE.
[Tepenumem (1.7.4) B cneayromiem Buje

m m n
(p12 plpz) IZ(|0929)9+iZJZ(|092 91) R =
m nU pi“D m nUJ pij O
=2 2 HOo%——Hpy =2 > Ho9,——Hp - (1.7.5)

T B ] kB
rAC Py = P R|j CCTh COBMECTHOE PACTIPEICICHHE IEPEIAHHOTO H MOTYICHHO-
ro curuanos. Tak Kak CIPaBe/UIMBO PaBEHCTBO P = | P \ji » TO I3 moTyHeH-
HOUM HH(OPMAIHH HMEEM TAKKE BHIPAKCHUEC

| (plz: plpZ): H( ( P H)

n

:-;(log2 pj)pj +|ijzn(|092 Jl) PR =

:gz”mog Sl " o0 Pl gy (17.6)
R Hp” T

B xayectBe npumepa U3 TEOPUM CBSI3U PACCMOTPUM HETIPEPBIBHBIN KaHaI
¢ mryMoM. McTouHMK mochuIaeT B KaHall CUTHAJIBI € 1OJIOCOM yacToT AV 3a Bpe-
mst t. ITycTe X ecTh mepeaHHOe CUTHATIBHOC HAlpsDKeHHE, a X = X+ Y ompe-

JCICT HOJIy‘ICHHBIﬁ CUTHAJl IPYU HAJIMYMH [IYMOBOT'O HAIIPSKCHUA Y . Bennun-
Hbl X U Y SBIIAIOTCSA HE3aBHUCHMBIMU. OI’paHI/I‘II/IMCH rayCCOBbIMHU CUT'HAJIaMU U

urymoM. Toraa 3anuiem HenpepbIBHBIN aHanor nHdopmarmu (1.7.5) B HaTax

L==fp(x)in p(x) cxr [ (N H kY Kk} d§ o
X, X
=[rp(x X)ln% dxdx (1.7.7)

HCHOJ’IBSYH BBIPAXXCHHA COBMCCTHOI'O HOPMAJIBHOT'O paCIIPCACICHHAA:
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P(% X 7%
{2 ()D(9A- P (x0)F
H 1 O x? , X *2 [
R = 1 BT 61T O M £ SR
N 9aCTHBIX HOPpMAJIbHBIX PACIIPCACIICHUA
(x)= exp%— x° B (1.7.9)
{2ro(x)}"* 0 P(¥O

! o _x* O 1.7.10
Y oy "2 o6 o

u3 (1.7.7) BeITeKaeT KOIMUECTBO UH(DOPMAITUT

| = —%In H-r?(x,x")E (1.7.12)

I[J'IH PACXOXKIACHUS UMCCM BBIPAKCHUC

_ r’(xx)
J T lox) (1.7.12)

3nech quctepcuu U K03(h(OUIMEHT KOPPESIUHA PaBHIIOTCS

D(x):E(xz):‘[xzp(@ dx D( k):E( 5(2):[ % by dx (1.7.13)

r(x,x’)— o(x é/ZJ'_[xXp X X) dxdx (1.7.14)

HOCKOHBKy Xu X 3aBUCUMBI, TO IPUHHUMACTCA

=) {4 )= k¥ b X (1.7.15)

I YCIOBHOE HOPMAIILHOE pacIpe/ieiiCHue

X|x) = ! =X
(1) {orD (x)B-r2(x )"
0 [ , E{zﬁD
xex H ! "= xr(x DD(X) H .
G CE = O I
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VYuursisas (1.7.15), noxyuum paBeHCTBa

C (g DD(X')&(Z: 2 (x _ _ P
(x, )%ﬁ 1 r2(x,x) (X PN’ (1.7.17)

rne P= E(Xz) u N= E(yz) €CTh CPEIHUE 3HAYEHUSI MOIIHOCTH MEPEAAHHO-

ro curHajga u myma. l[logctaBum ko3ddunuent koppemsuuu B (1.7.11)
u (1.7.12), B pe3ynpTaTe UMeeM BbIpa)KEHHUE JJIsI KOJMYECTBA MHPOpPMALIUU B
MOJTyYCHHOM CUTHAJIe U 3HAYEHUE PACXOXKICHUS

1 PC
| ==Inl+— 1.7.18
: ﬁ_ "D (1.7.18)
P
J=—. 1.7.19
" (1.7.19)

Jlns ompeneneHusi mepelaHHOTO CUrHalla HeoOoxomumo N = 2Avt HesaBu-
cumbIx HaOmoaenui [30, 31, 50]. O6mee komrmaecTBO MHGOpMAIK paBHseTcs Nl
U B MTOTE MMeeM 3HaMeHUTYI (hopmyiny llleHHOHA ISl IPOITYCKHOM CIIOCcO0-
HOCTH KaHaJa

nl _

PC
=— =AvinA+— 1.7.20
t @ N (1.7.20)

N3 (1.7.20) cnenyer, 94TO yMEHbIIEHUE BEIUYMHBI MOIIHOCTH IITyMa TO-
3BOJISIET YBEIMYUThH KOJTHMUYECTBO MEePEIaHHON HHPOPMAITHH.
OO11ee KONMUYECTBO PACXOKICHHS PABHACTCS

nd=2E/N,, (1.7.21)

rae E=Pt ects monmas smeprus mepemanHoro curmana, a Ny = N/Av —

CpeJHsIS MOIITHOCTh IITyMa Ha €IMHUILY MTOJIOCHI YacTOT.
B cnyuyae ucuuciienuss mHbopmanuu B OMTaX HEOOXOIUMO pa3ciUTh
(1.7.18) u (1.7.20) ma In 2, yro B UTOTE JIACT

1 PLC
| =Zlog., Al+—r, 1.7.22
2 ngTl NF (1.7.22)
PC
C=Avlo +— 1.7.23
gzﬁl N P (1.7.23)

[lepeiineM K pacCMOTPEHHIO OCHOBHBIX CBOMCTB MH(POPMALIUHU Pa3THUIUSL.
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1.8. Undopmanus pazanuusa Kyasoaka—Jleiidaepa

K cratuctuueckuMm cBoiicTBaM 00BEKTa OTHOCUTCS Mepa MHPOpMAIIH B
OJIHOM COCTOSTHUM OTHOCHTENIbHO JAPYrOro COCTOSHUS, KOTOpas BbIpa)kaeTcs
dyuaknuonanom KynwOaka—Jleitonepa [33, 88]. B mpempiaymem maparpade
MPUBOJIMJICSI YACTHBIN BHJI MH(POPMAIUHM Pa3H4Ms, UMCIOIICH BAXHYIO POJIb
B TEOpHH CBs3H. PaccMoTpuM o0munii ciydai.

[Iyctp cratuctudeckue HAOMIOAEHUS BEAYTCA C pacHpeesieHueM

p :{ Byseees pm} OTHOCHUTEJILHO COCTOSIHHA € ), :{ Pops--+ s p(m}. Torma nHa-

OTIOCHUS XapaKTEPU3YIOTCs CllydailHON nHpopManue pa3nuyus B BUAE pas-
HOCTH CIIy4ailHbIX SHTPOIUN

P

H(pu)=-F(R)- h('#)%ﬂogzu—l'

B3Bemiennoe cpenee 3HadeHue ecTh nHMopManus paznmnyuus Kyimnoaka-
Jleit6bnepa [33, 88]

(1.8.1)

I (p:u) — (1.8.2)
£
WM TIPOCTO pas3iuvarolas nHPOpMaIlus.
[Tpu BBIOTHEHUU YCIOBHSI BEPOSITHOCTHOM HOPMUPOBKHU
m
>h=1 (1.8.3)
I
B3BelIeHHOe cpeanee (1.8.2) mpuHumaeT cneayouuii Buja
m[] pi U] m
(p:u):zaogzu—ﬁpl, Sy=1. (1.8.4)
| i |

[TpuBeeM OCHOBHBIE CBOWCTBA pa3IMyaroiei nHpopmammm.

1. ITo10:KkMTEJBLHOCTHL M BBIMYKJIOCTh. MHpOpManus paznuuus ecTh
BEIIICCTBCHHBIN, HEOTPUIATENbHBIN U BBIMYKIbIH (DYHKIHOHAN, TO €CTh IS
MPOU3BOJIBHBIX P U U MMEEM HEPABEHCTBA

| (p:u)=0, (1.8.5)
(P ra,p):(aut a,u))s a(pr g+ a( s u).  (186)
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3nech a ta, =1 q > 0, a, > 0 u mHbopMaMK pa3TUIKs C HOPMHUPOBAH-

HBIMU pacpCACICHUSIMU

m [] [ m

I(pyiuy)=3 %0925—’J %pl, > p =1, (1.8.7)
! 1 |
m [] [ m

| (py:u,) = 2%092%%%, S p, =1 (1.8.8)
| 2i |

PaBenctBo B (1.8.5) mocturaercst Torna U TOJIBKO TOTHA, KOoraa P = Py -

AHaNOTUYHbBIC HEPaBEHCTBA CIIpaBeUIUBHI s yHKIMoHana (1.8.2).
2. AJINTUBHOCTD /ISl HE3aBUCUMBIX 00beKTOB. [1ycTh 1Ba cocTosiHUA
00BbEKTa OIMKCHIBAIOTCS HOPMHUPOBAHHBIMH COBMECTHBIMH PAaCIPEACICHUSIMU

P, U Up,. Mndopmanus pasnnyns uMeeT BUL

| (pyz:u anDOQ P b . (1.8.9)
12' -4 @ 2 ﬁ” .O.
an Py :onq,- =1 (1.8.10)
J [

B cnyyae cratuctuyeckoli HE3aBUCUMOCTH COCTOSIHUN MUMEEM paBEHCTBA
=RRP ¥ U =yy. N3 (1.8.9) cnenyer cBOMCTBO aJIUTUBHOCTH /ISl UH-

dbopManuu paznuyus

| (pyiup,) = 1(pyzug)+ 1(pyuy), (1.8.11)

rac
m [] p.
(pyiay)= Zaogz B, 1(py:0,)= zgog2 ﬁp (1.8.12)

3. AIIUTHBHOCTD VISl 3aBUCHMBIX 00beKTOB. PaccMoTpuM niepexos ot
COCTOAHUA € ; K COCTOAHMIO € Uy = 1 . Torpa cBOMCTBa aAAUTUBHOCTH

OTIPECISAIOTCA B TEPMHHAX YCIOBHOM SHTpomuH. s 3TOro ompeaenum, co-
TJIaCHO TeOpeMaM CIIOKeHUs U pasznoxkenud (1.5.10), HopmupoBaHHBIE pactpe-

JCIICHUA:
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p :Jﬁ B. B=>R (1.8.13)

pj =t By = (1.8.14)

Cornacuo (1.8.9), momy4yum CBOWCTBO aJAWTHBHOCTU MAJII 3aBHUCHMBIX
CHUCTEM B BHU/IE

I (p123 plpZ):ingnEOQZ%Ep'j =
=H (p,)*+H(p,)-H(py)=
=H ()= (pfp)=H(r)-H(pln).  8a9

race COOTBETCTBYIOIIHUE SHTPOIINHU

H (pl):—g(log2 p)R. H( pz):—zn(log2 H) B, (1.8.16)

H (pyz) =3 (losz my ) ) H(pal):‘,zn('ogz ) P @81)

A(pafn)=2 aH () H(alp)=2 pH(g,) @819

TakuMm oOpazom, HHPOPMAITUS PA3TUIHS PABHICTCS PA3HOCTU YHTPOIHU
[llennona—Bunepa u cpeaHeil ycnoBHOM SHTponuu. B Teopun cBsi3u, kak ObLI0
MOKAa3aHO B MpeAblAyIieM naparpade, 3ta HHQOpMaIUs pa3Iudus XapaKTepu-
3yeT MPOITYCKHYIO ClIOcOOHOCTh KaHasa. OcTaHOBUMCS IOpOOHEe Ha €€ HeKO-

TOPBIX CBOﬁCTBaX, B KOTOPBIX COCTOAHHUC C pi u I’:)J OonpeacIsAr0T, COOTBCTCT-

li
BCHHO, KaK HepeﬂaHHbeI u HOHy‘leHHHﬁ CHUTHAJIBI.

CummerpuyHocTs uHpopmanmu. V3 onpeneneHus QyHKIHOHANA
(1.8.15) cnengyer paBeHCTBO

1 (Pyp: PiP,) = 1( Pyt P,P) 20, (1.8.19)

KOTOpO€ O3HA4aeT, 4YTO MOJOXUTeNbHas WHpopmamus 00 o0bekTe, co-
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JiepKalascs B MEPEJaHHOM U IPUHUMAEMOM CUTHaIaX, OJAMHAKoBa. pyrumu
CIIOBaMH, HEOIPEICICHHOCTh, CHATAsI MPH MOCBUIKE TOr0, KAKOW CUTHAI OyaeT
MOJIyYeH, paBHA HEOMPEICIICHHOCTH CHSTOW MPH MPHEME CHrHaja TOro, Kakon
cUrHaji ObUT OTIIPaBJICH.

HUnpopmanus o camom curnase. Eciu p; = 96”. (rme 5ij — CHMBOJI

Kponekepa), To u3 (1.8.15) BeITekaeT KOITMYECTBO HHPOPMAITUN

m

| =H (p)= —Z(Iog2 pi) o (1.8.20)
|
0 MepeJaHHOM CUTHaJIe, paBHOe dHTponuu lllenHoHa—BuHepa.

B obmiem crydae u3 onpepenieHus: MOJOXKUTEIBHON pa3muvaromeid uH-
(dbopmaruu BBITEKAIOT HW3BECTHBIC HEpaBeHCTBa I SHTpomnui (1.5.42) u
(1.5.43).

Ymenbuienne napopmanuu. ITycts HOBBIN NepegaHHbIl CUTHAJI O CUC-

!

TEMe XapaKTepu3yeTcs pacrpeseacuuem p’ :{ R qn} . KonmuuecTBo momny-

YeHHOW HMH(OpMAIMKU HE YBETHMYMBACTCS, a CTAHOBUTCS MEHBIIE MCXOIHOM.
JlokazarenbcTBo npuBoauTcsi B MoHorpaduu K. Illennona [50].

Jlanee paccMoTpuM OOIIMIA CIy4ail ¢ COBMECTHBIMH pacHpeeIeHUIMU
P, ¥ U, # p; P,. Torna ucnons3ys pacnpeeaeHust

P, :Ji . Y :Ji ' (1.8.21)
p”i :& u ! :q—j, (1.8.22)
P; u

MOJIYYHUM CJIICAYIOIICEC CBOMCTBO AAJUTHUBHOCTHU

u, 1) . (1.8.23)

| (pyup,) = 1(pysuy)+ I(p21

[lepBoe cnaraemoe B (1.8.23) ecTh nupopManys paznuuns B HAOMHOAEHUAX Py

OTHOCHUTCJIIBHO Ul, a BTOPOC — CpCAHCC 3HAYCHUC I10 pl

I (p21‘u2 1): g l, (pa]lum) R (1.8.24)

YCIIOBHOM pa3nuyaromeii nHopMaIim:
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! (pu‘uz 1) %EI ” Dp (1.8.29)
i H ili -

[Tpu U, =Rnp u (1.8.23) BeITekaet Boipaxenue (1.8.15).

N3 (1.8.9) mmeem CBOMCTBO aJIMTUBHOCTH B BUC

! (p12:u12): | (pz: u2)+ I(p12‘u14 2)' (1.8.26)
rJIe
I(plzum) %Ij(p12 12)p , (1.8.27)
m U p,; U
|j(p12 u, 2):iz§ogzrf§gj . (1.8.28)
il

OxoHYAaTEITBHO MMOJIYYHUM PaBCHCTBO

1 (p,:u)-1(p,iu,)= I(plz‘ul)z)— I(paJum). (1.8.29)

[epeiinem K ciay4aro TpeX 3aBUCUMBIX OOBEKTOB. YUHTHIBast (HhOPMYJIbI
JUTS pacIipeesIeHU, SHTPONTUH 1 HHPOPMALIUH pa3THIus

n

p,; O
H(Pyipy)=H(p)-H(p p)=3 .% ong_‘ﬁpj, (1.8.30)

I(plz pz‘p3)= H(pl‘ p3)— H( p| P, p3)=

D

» rD , 1.8.31
Izjzgﬁogz Pij Hp”k ( :
| (Piz: Pg)=H(Py,)~ H( Py P p3)=
mn rU |
=3 ngﬁogz —hile ﬁp,,k, (1.8.32)

MMOJIy4YruM CBOMCTBaA AAJJUTUBHOCTHU B CICAYIONIEM BUIC!

H(p)+H(p)* Hp ol )= (R p)* (P p). (1833
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I (pl: p3)+ | (pl: pz‘ p3): I( p,: p2)+ I( p; P p) p12 p (1.8.34)

4. ®aykryanus. PaccMotpum QuiykTyaluio ciay4daiHOW paznuyaroniei
nHpopmaruu

Al(pi:ui):l(g:q)—l(p:u) (1.8.35)
U 3aIMILIEM paclpesielieHue

p =y PUCERACED S (1.8.36)

Hcnonb3ys ycnosue HopmupoBkH (1.8.3), monyunm

U ZAI (pi Y )
p=—t—— (1.8.37)
1 m
Su o0 (piy)

i
u nHpopmanuio paznuuus Kynsbaka—Jleitbnepa
1 (p:p,)= Iogzz py 2 (ptpo) (1.8.38)

Brenem daykTyanuu cirydaitHbIX SHTPOITHMA

Ah(p)=-log, = H(p), AHy)=-log, - H) (1.8:39)

1 MH(pOPMAaIIUH pa3IHyHst

Al (p:po)=-N (P)-2h(R)BFERRN( R)E  (1.:840)
e Cpeee amaTCHHE
E@h(u)g=i§g;h(q)g9. (1.8.41)
Tora Beipasenus (1.8.37) u (1.8.38) IPUMYT ClieTyIONHiA BHT
0y 2 A-Bn(p-an(w)
Z%{ ah (p)-ah (R}

p = , (1.8.42)

| (p:u)=-EH(p)- H(UB+ERN(UE
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E o=0h(u) g =0 (po)

|92mz_{Ah =TV (1.8.43)

logz m

zz—{Ah )-81(n:y )}

i I
Ecmu otrcyrerByer QuykTyanms cirydaiiHOW MHGOpMAIMK Pa3IHyusi, TO
u3 (1.8.42) u (1.8.43) BeITEKAIOT paBEHCTBA

p.=u, |(p:u):0_ (1.8.44)

Takum oOpa3om, 3a1aBas 3HauUeHUs (QIAYKTYyaluil CllydalHbIX SHTPONUI U
uHGOpMallMK pa3NuyMsi, MOKHO HaXOAWTh paclpeiesicHHue U CpelHee 3Haye-
HUE pacCMaTPUBAEMBIX CITYYalHBIX BEUYHH.

5. Uudopmanust paziunumsi ¢ U, =1/m. ToxacraBum B MHPOPMALHUIO

paznuuus (1.8.2) pacnpenenennue paBHOBEPOSITHOIO COCTOSTHUS

u =1/m, (1.8.45)

m 0
> Hog, P, _
1 (p:u)= 'E N :_Eﬁ(p{]bgzmgzo, (1.8.46)

5P 5D

U3 KOTOpPOI'o CJICAYCT, YTO SHTPOIIHNA PABHOBCPOATHOI'O COCTOSAHUS 6OJ'IBH_IG,
YCM SHTPOIINA I_HeHHOHa—BI/IHepa MMPOU3BOJILHOI'O COCTOAHMA.

6. HepaBencrBa. ndopmanius pa3nuuus yoBI€TBOPSIET HEPABEHCTBAM

(P, iup,) < T(pyiug)+ 1(pyuy, (1.8.47)
I (plz: p3)2 I (pl: p3‘ pz), I( P, pg> I( P p$ p), (1.8.48)
1(py:ps)2 (P py). 1Py s> 1( Py Py, (1.8.49)

(0,2 ps)2 1 (P12 Pyl Py),

(1.8.50)
(P psg)> 1(Pyips), 1Py P2 1( Py D).
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7. Heraurponuiinbiii npuHuun bpuwiiosna. Ilycts cpennee 3HaueHue

CIIy4ailiHOM 3HTPOIHH h(l,g ) JUTS pacmipe/iesieHnid P, U U; oanHakoBbl. Torma
CIpaBeIMBBI PABEHCTBA
m m m
EEn(v)Er 3 Aly) - H(YB p=-3(log; 1) p+3 (log, U u=0. (1.8.51)
a B UTOTE MOJIyYUM 3HAUCHHE pa3inyaroneii nHpopmauu
g Rk (Po)

! (p: p0)=—EH(p)—H(pO)H=Ingim—. (1.8.52)
ZZ‘A*\(P)

N3 (1.8.52) cnepyer cooTHOIIEHUE
H(p)=H(u)-1(p:u), (1.8.53)

rae nHbopMmanus pazauyuus MpeACTaBlIeHa B BUJE OTPULATEILHOTO BKJIaja B
SHTPOIHUIO U MO3TOMY Ha3bIBaeTcs HersHTponuel. IloHsTHe HersHTponuu, To
€CTb M3MEHEHHE YHTPOINUU C 0OpaTHBIM 3HAKOM, ObLIO TpemioxenHo D. Lpe-
auarepoM [51]. B o0meM ciydae BBIMOJHSAETCS HETIHTPONUHHBIN MPUHIIHIT
bpumtosna [2, 3]

| (p:u)+EH(p)- H(u)B=0, (1.8.54)

I7ic 3HaK HEPABEHCTBA COOTBETCTBYET HEOOPATUMBIM IPOIIECCaM, MPOUCXOIS-
ITUM B CTy4ailHOM OOBEKTE.

N3 (1.8.54) cnepyer, uto yBenudeHwe sHTponuu H (p) JI0 3HAYCHUS

H (po) MPOUCXOJUT COBMECTHO C moTepel nHdopmanuu paznuuus | (p : u).

H. Bunep [5] Taxxe 3anucan 4acTHbIA BUA HHGOPMAIIMH JIJIT PABHOBEPOSTHBIX
pacnpeneneHuii ¢ p, = /muu | = 1/n B BUzE

| (p:u)=—FH(p)- H(uWE=
[ n B m
- HZ('ng p)n - (log,u )y = log,— (1.8.55)
i j 0 n
norapuMUYECKOH Mephl OTHOIICHHUS YUCENI BO3MOXKHBIX COCTOSIHUW CITy4aii-
HOTO O0BEKTA.

8. Pacxoxnenme. OmnpenenviM KOJUYECTBEHHYIO Mepy WH(OpMAIUu
pasnuuus B HaOm0AeHUIX U oTHocuTenbHo P [33, 80]:
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m[] m m
(u:p :Izaogz% Yy=3 p=1 (1.8.56)

U 3alIHIIeM cnez[y}omm“l (byHKuHOHaJI
()= 1(p: B)* (R A= doa, - p- )20 (1857

Bennuuna J ( p: u), BBeJieHHas B pabote [80], Ha3bIBaeTCS pacxoxjie-

HUEM U ABISIETCA JIOTapuU(PMUIECKON MEpOi TPYAHOCTH Pa3uyus B HAOIIOe-
HUSAX P U U. OTMETHUM HEKOTOpbIE CBOMCTBA PACX0XKJICHHS.

Pacxoxxnenue o0magaeT CBOMCTBOM CUMMETPUYHOCTH OTHOCHUTEIBHO |
u u, To ecth J ( p: u) = J( u: [:) Jlist mHpOpMaIUil pa3auyus 3TO CBOWCTBO

He BbINonHseTcs | (p:u)i I(u: p) u nostromy | (p:u) u | (u: p) MOKHO

paccMaTpuBaTh KaK HampaBleHHBIC pacXokiaeHus. Takxke QyHKIIHOHAT
(1.8.57) siBnsieTCst BBIMYKJIBIM U aJITATUBHBIM ISl HE3aBUCHUMBIX OOBEKTOB.

9. Mepa Herounoctu. K nHpOpMaIMOHHBIM CBOHCTBaM OOBEKTAa OTHO-
CUTCS Mepa CTAaTUCTUYECKONW HETOYHOCTH OMPEIEICHUS OJHOTO COCTOSHUS
CIIy9aifHOTO 00BEKTa OTHOCUTEBHO JIPYroro, KOTOpasi BeIpaxkaeTcsi (pyHKIHO-
HAJIOM IPU aJAUTUBHOCTH MEP

H(p:u)=H(p)+1(p:u). (1.8.58)
N3 (1.8.58) caenyer, uro Mepa HeTouHOCTH Keppumka [87]
m
H(p:u)= —_Z(Iog2 q) R (1.8.59)
|
SIBJISICTCSI CPEIHUM 3HAUCHHUEM CITy4ailHOW SHTPOIUH h(ui):—log2 Y. Hn-

dbopMalus pa3inuuus MPeCTaBIsIeT cO00H OTPUIATENIBHBIN BKJIaJ B MEpy He-
TOYHOCTH W SIBIIICTCSI, TAKAM 00pazoM, nH(popMarmed 0 CHATOW Mepe HETOY-
HOCTH.

IIpu u=p dyaxuuonan (1.8.58) cosmamaer ¢ sHTponmei IllenHOoHA—

Bunepa, To ectb H (p: p) = H( p).
Ha puc.1.1 npexncrasiaens! 3aBucCMMOCTH SHTponuu H (p) , “H(hopMaIu
paznuuus | (p : u) U Mepsl HeTouHOCTH H (p: u) OT pacnpeleneHus py 3Ha-

geHHsIX M=2, p, = p;a)—u,=1/3,6)—u, =1/2.
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H(p),l(p:u), H(p: N .
6, ()1 (p:u), H(p:u) 5 1ﬁt_i(p),l(pu), H(p:u)

02 04 06 08

a 6

Puc.1.1. 3aBucumoctu ¢pyHkuuoHanos moaenu lllennoHa—BuHepa oT pacnpeneneHus:
1 —»surponus H(p), 2 — undopmanus paznuuust |(p:u),
3 —mepa nerouHoctu H( p:u)

Mepa HETOUHOCTH M300pakaeTcs KacaTelbHON K (PYHKIIMHM SHTPOIUU B
TOYKE U, .

10. Uudopmanuonusplii paauyc. ['eomeTprdeckas MHTEpIpETAILIUS HE-
pasenctBa (1.5.6) mpu a =a, =1/2 paer onpeneneHue HUHGOPMAMOHHOTO

panuyca [108]
Dp +ud 1

PR P CARS
) +u
Hiog, p,) n +(log, y ) yE- i Zq log, 1 > ! > 0. (1.8.60)

‘EPE

m
"2
Ucnonb3ys ¢pyakuonan (1.8.60), mepenuiieM pacxoxxIeHUE B BHJIE

J(p:u)=4R(p: Y+ T p )5 (1.8.61)

rac BTOPOE cliaracmMoe

T(py)=52

+
% log, 221/2[;2 >0 (1.8.62)

BBelleHO W wu3ydaercs B pabore [121]. Dyukmmonansl (1.8.60) u (1.8.62)
3aJaf0TC TaKXKe, KaKk MOJycyMMbl uH(popmanuii  pasnuums KynbOaka—
Jlewibnepa [121]:
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ptu
2

|

ptu
2

p u : p: [u: ' (1.8.63)

N[~
[
quj

@
1DDp+u N Dp u,

p u __H BT pHF u (1.8.64)

11. Undopmaunonnbiii ko3gdunuent koppeasuuu. CtaTuctuueckas
3aBHCHMOCTh CIIy4allHBIX OOBEKTOB OIpenessieTcss HHPOPMAIMOHHBIM KOA(]-
¢urmenTom Koppensiuu [92]

%%%

- \/1_ 5721 (P12:P1P) , (1.8.65)

rae uHpopMaIys pa3Iudus I(plz: plpz) BbIpakaetTcst ¢opmynon (1.8.15).
Mupopmannonsslii kod3dduiment koppessauun umeet 3Hadenne R, =0 Torma

U TOJIBKO TOT/a, KOrja OOBEKThl HE3aBUCHMMBI. B 3TOM cllydae cOBMeCTHOE
pacmpesieieHue  paBHSETCS i =R B, YT0 MPUBOIMT K PABEHCTBY

I (plz: plpz) =0. B teopuun nepenaun uHGopManuu B CHUCTeMaX CBA3U HH-

dbopManMOHHBIA KOY(POUITMEHT KOPPEISAIUHA COBHagaeT ¢ KodpduuueHTom
KOppENSIUK  JUISl  TIEPEJAaHHOTO W TMOJYYCHHOTO CHUTHAJIOB, TO €CTh

R, =r(x X) (cm. pasz. 1.7).

NudpopmMannoHHbIH KO3()PHUIHMEHT KOPPENSIUH TaKKe 3aliChIBACTCs
B DKBUBAJICHTHOM BUJIE

Op, C
R, = [1- NZE;%% (1.8.66)
172

uy, paspemas (1.8.66) OTHOCHTENBHO CPEIHErO FEOMETPHUYECKOTO, MOTYUUM
Eﬁﬁ: R (1.8.67)
P, P,

12. UudopmanmonHoe paccrosinue. ['eomerpuyeckass UHTEpHpETAIUS
1 :
uHGOpPMAIIUU PA3TUYUS B BUIC 6( p, ) =3 I ( p: u) COOTBETCTBYET MOJIOBUHE

HECUMMETPUYHOTO PacCTOSHUS OT P 10 U. Torna HepaBeHCTBO TPEYIoOJib-

HUKA HE BBITIONHSACTCS M HMMEEM HECHUMMETPUYHBIA aHAJIOT TEOPEMBI
[Tudaropa:

I (p:u)=1(p:w)+1(w:u). (1.8.68)
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PaBenctBo B (1.8.68) nocruraercs Toraa U TOJIBKO TOTJA, KOI/IA CIPABEIIMBO
yCJIOBHE

m [] w O m[]
;Eogzu— p = IZEOQZ (1.8.69)

B paccmarpuBaemMoii HHTEpIIpETALIMM UMEET MECTO TOXKJIECTBO IMapasijie-
JorpamMma

+wO O p+wd, . Op+ w

I(p:u)+|(w:u): HHBW > HZIBT:uﬁ (1.8.70)

Bompoc 06 nHQOPMAITMOHHBIX PACCTOSHUSAX SBISETCS YaCTHBIM CIIydaeM
o0meit mpo0ieMbl cTaTHCTUYECKUX paccrostauid [71, 91, 125].

13. HopMupoBaHHOCTH M pa3MepHOcTb. HopmupoBanHOCTh HHpOpMA-
WU PA3JINYMS ONpeiesieTcs paBEHCTBOM

| E{,o :% %ﬁ: if%logzuﬂ;%;i -1 (1.8.71)

KOTOPOE BBIMOJIHACTCS TOXKACCTBEHHO. MHpopManus pa3nuyus ecTh OTHOIIE-
Hue (u3MyYecKol paznuyaronie MHPoOpMaUM K 3HAUYCHUIO (PU3NYECKON 3H-

Tporuu H |Ohys(u) MIPY PAaBHOBEPOSTHOM COCTOSIHUU ¢ M= 2

| PYS(p:u
| (p:u) :+|p11)[’ (1.8.72)
H Phys =

"2
rac

| PYS(p:u :Eén& p,H IOhyS(u):—i(ln ui)q ,  (1.8.73)

H phVS%,%ﬁc | phyﬁl 0:1 fﬁ_ In2. (1.8.74)

B cratucrtuyeckoit (msmke HMCMONB3yeTcs pa3MepHas (usmueckas WH-
dopmanys pasmrams | (p:u) =kl phys( p:u) [19, 21].
14. f -undopmanus pasauuusa. OyHKIUOHATIBHBIE O0OOIICHUS WH-

(dhopMaruy pa3uyus ONPeIeSIOTCS BRIPAKCHISIMHE:
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Ou, O
(p:u) =§f . P, (1.8.75)
>

f(p.y). (1.8.76)

((pru)=3

rJic BBOAUTCS Bbimykias Gpyakuus f . B wacTtHocTH, B Teopuu nepenaun uHPOP-

_MB

Maruu 1o kKaHaigam cBsizu u3 (1.8.75) umeem crenyromryto f -uHbopmanumio pas-

JINYUA

m n D
)= eyl 1.8.77
(p12 p1p2 IZ Jz ﬁﬁﬁq ( )

Hns ¢ynknuun f =-— %1( p ) - h( y )E, SIBJISIFOITICHCSL CITydaitHOW MHQOp-

Manuen pasznuuus, u3 (1.8.75) BwiTekaeT wu3BecTHas wmepa KynbOaka—
Jletibnepa. dynknumonain (1.8.75) npencrasiseT co0oil cpeaHee 3HAYEHUE OT

BBIYKJIOW pyHKIMHU, a QyHkuus f (p, u) B (1.8.76) ectb mHpOpManrOHHAS

¢ynkuus. CpoiictBa nHpopmarmii pazmunst (1.8.75) u (1.8.77) neranbHO HC-
ciefoBaHbl B paborax [69 — 71, 125].
B cnyuae tpex pacnpenenenuit pynkipona (1.8.75) 3anumiercs Tak [122]:

(p:w:u) g fﬁ—ﬁp (1.8.78)

Ecmu f =log, (Wi / q) €CTh ciy4aiiHas uHdopmarus pazaudus, To 0000IIeH-

HOE BbIpaxeHue [ 122]

(prwi)=5 dog, o = 1(p: ) 1(p Y-
=-fH (p:w)-H(p: uH (1.8.79)

npencTaBisier co0oil pazHOCTh WHGOpPMAIUMK paznuuusi OO0 Pa3HOCTH MeEp
HETOYHOCTH.
Onpenenum taxxke f -uHPOpManuu pazmuyus:

awmpm (p:w:u)= fEN@—;V% (1.8.80)
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rac CpeaHeC rcoMETpUICCKOC paCcupCaCICHUC

mDW
u

H_H: 2t ﬁo (1.8.81)

IMycts f ectsb norapudmuyeckas dynxius, toraa us (1.8.80) ciaemyror
Boipakenus (1.8.4) u (1.8.79). IIpu w= p u3 (1.8.79) u (1.8.80) BBITEKAIOT, CO-
OTBETCTBeHHO, MH(poOpManus pasianuus Kynpoaka—/leibonepa n f -undopmarms
pazmuuus (1.8.75).

1.9. JkcTpeMalibHbIe CBOMCTBAa Mep HH(opMannu

[IpuBeneM 3kcTpeMaibHbIE CBOMCTBA Mep MH(GOPMALMU B COCTOSHUSX
00BEKTa, KOTOPBIE TO3BOJIAIOT HAXOIUTH Hanbosiee BEPOSITHOE pacIpeieiieHHe.
[TpuHIIMD MakcUMyMa SHTPONHUU ObLI C(OPMYITHPOBAH BIEPBBIE B CTATHUCTH-
YeCKOM MexaHuke [6], a MpUHIMIT MUHAMYyMa pasjinyaromeid nHdopManuu —
B MaTemaruueckoil cratuctuke [33]. O0a mpuHIMIA HIUPOKO HUCIIONb3YIOTCS
B Teopuu WHGOpPMAIMU, a aBTOP MPUMEHWI WX B TEOPHUH CaMOOPTraHHU3AINH
OTKPBITHIX pu3uueckux cucrem [14 — 24, 130, 131].

Paccmorpum cinyuait sxkcrpemyma suTponuu [llennona—Bunepa

H(p)= -g(logz )R (1.9.1)

IIPU COXPAaHEHUU HOPMHUPOBKHU
m
z p =1 (1.9.2)
|

CornacHo BapHallMOHHOMY METOJY, BBIYHCIUM O€3YCIOBHBIH 3KCTpEMyM
¢byHKIMOHATA

L= —g(log2 p)n —ag R, (1.9.3)

rae 0 —HeompeaeeHHbII MHOXUTENb Jlarpanika.
W3 ycrnoBust paBeHCTBa HYIIO MEPBOM Bapuanuu GyHKIIHMOHATA

-—gépi ﬁog2 ! +%§-agép =0 (1.9.4)

ciaenyer [ =CONSt. YuuThiBas yCIOBHE HOPMUPOBKH, HaXOJWM PaBHOBEPO-

ATHOC pacCpCaACICHUC U COOTBCTCTBYIOIICC SHAYCHUEC SHTPOIIUHN XapTJII/II
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==, H{(p)=log, m. (1.9.5)

HyCTL B MaKpOCKOIIMYCCKOM OIIBITC Ha0rogaeTcs CpCAHEC 3HAUCHUC
m
E(T)=YTR (1.9.6)
!

CIy4ailHOM BEIWYUHBI T :{Tl,...,T } . Torma umeeM AOMOJHUTEIBHOE OTrpa-

m,
HHYCHHEC Ha pacOpeacicHue pP. Onpez[eneHI/Ie 9TOr'0 pacCnpCaAcCIICHUA COOTBET-

CTBYET 3aJjau€ Ha SKCTPEMYM SHTPOIUU MPHU JOMOJIHUTEIBHBIX YCIOBUIX HOP-
mupoBku (1.9.2) u pasenctBe (1.9.6). Haxonum Oe€3ycioBHBIN 3KCTpEMyM
dbyHKIIMOHATa

=-3(log, p) R+ Tp-ay p. (19.7)

rae O u T ecTb MHOKHTENM Jlarpanxka.
N3 ycnoBus

m 1 |:|

-y dp o +— —1T+ar=0 1.9.8

iZ pﬂ 9, R+ 5Tl 0 (1.9.8)
BBITCKACT pacnpeneﬂeHI/Ie

m
p=2"r?(1), r(r)=y 2" (1.9.9)
i
C ImapaMeTpoM T, KOTOPBbI MEHSETCA B MpEAesiaX JOMYCTUMbBIX 3HAYEHUU.

Oynkuus [ (T) MMEET CIEAYIOIIHNE CBOWCTBA

al()g;—Tl_(T):E(T), %%Iogzr(r)ng(p). (1.9.10)

Cornacuo (1.9.9) u (1.9.10), nonyyum sutponuto lllennona—Bunepa B skc-
TpemMyme

H(p)=—g(log2 ) g ==tE(T)+log, I (1) (1.9.11)

U COOTBETCTBYIOMIEE MU PepeHIInanbHOE COOTHOIICHHE:
dH (p)=-TdE(T) (1.9.12)

B3aMMOCBA3U CO CPCAHNM 3HAUCHUCM CHy‘I&fIHOfI BEIUYUHBI T .
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Jis bryKTyaruu ciiydaiiHON BEIMYUHBI UMEeM QOopMyITy

_oh(p)
ot

WCIOJI30BAaHNE KOTOPOHM IMO3BOJISIET HAXOAWTHh MPOU3BOJBHBIC IIEHTPALHEIC
MOMEHTHI.

Jlanee paccMOTpuUM 3KCTpeMyM HHpopMmanuu paznuuns KynpOaka—
Jlenibnepa

=T,-E(T). h(p)=-log, B, (1.9.13)

m [] p O
p u =z%og2 (1.9.14)

AJIL ABYX BBIINIC PACCMOTPCHHBIX CJIIY4YAacB U IIOJTYYUM, COOTBCTCTBCHHO, pac-
OpeaciIiCHUA

p=u, (1.9.15)
p=y2% (1), r(t)=3 2%y (1.9.16)

u cBoMcTBa pyHKIMU [ (T)

alog;—TI'(T):E(T)’ —%%Iong(r)gzl(p:u). (1.9.17)

Jlisa mpousBOAHON ciydaiiHOM MH(OpMAIMK pa3Iu4us UMEEM COOTHO-
ICHUE

al(pi :ui)

P! -E(T). (1.9.18)

Pacnipenenenue (1.9.16) maer skcTpemanbHBIC 3HAUYCHUS HHQPOPMAIIUH
pa3uyus U pacxOoxACHUS

m []
(p:u =Izaog2 u'  =1E(T)-log, I (1), (1.9.19)
m ] O
=izaogz%%& ==1E,(T)+log, I (1), (1.9.20)

J(p:u)=1(p: U+ I(u pP=T1FE(T)-E,(NE (1.9.21)

[TycTp pacmpenencHue P NPOU3BOJBHOE, a paclpenesieHe U IMpuHal-
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JIEKUT NapaMETPUYECKOMY CEMENCTBY paCIpeeICHUN
m
u =2°"r(ty), I(t,)=3 2" (1.9.22)
!

Torpa, ucnons3zyem 3HaueHust >HTponuu lllenHoHa—BuHepa u cpenHero 3Ha-
YEeHUsI BEIMYMHBI | TpU yCPEAHEHHUHU C paclipeesaceHueM U

H(u):—g(logzui)q . E(T)=3 T (1.9.23)

u niepenuineM uHbopmaruio pazauuus (1.9.19) B cnexyromiem Bue:

I (p:u)=-FH(p)-H(UE T, E(T)-E,(TE (1.9.24)
B muddepennmansroit popme (1.9.24) 3anumercs Tak:

di(p:u)=-dH( p-T1,E(T). (1.9.25)

OTMmeTuM HEKOTOpble cBOiicTBa (pyHKIMH | (p:u) U CpeJHEero 3Haye-

Hus E (T) , 3aBHCSIINX OT T.

1. ®yakums | (p : u) SIBJISICTCSL BBITTYKJIOM, TO €CTh | (p : u)Z 0. Pagen-
CTBO JloCTUTaeTcs Toraa, korga T=0.

2. Oyukuus | (p:u) MOHOTOHHO BO3pacTaeT MpHu E(T)Z E(T)T:0 u

MOHOTOHHO yObIBaeT npu E (T) <E (T)T 0"

Haxkowner, paccMoTpuM BTOpPYIO BapHaluio (QYHKIHOHAIOB W MOJYYUM
COOTBETCTBYIOIIIME HEPABEHCTBA

2
op.
62L=—i§( p') <0, (1.9.26)
In29 p
2
3p,
62L:i§ﬂzo. (1.9.27)
N2 py R

U3 (1.9.26) cnenyer, uto s3xcTpeMmym sHTponuu [llenHoHa—Bunepa nocturaert-
cs B ee Makcumyme. B ciydae mHpopmanuu paznuuns Kynn6aka—Jleitbnepa
BTOpas Bapuanus (1.9.27) sBiseTcss MONOXKUTEIBHOW, YTO YKa3bIBaeT Ha €€
MUHUMYM. AHaJOTUYHO MUHUMYM JIOCTUTAETCS U JJISI PACXOKICHUS.
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1.10. Uudgopmanus ®umepa. Hepasencrso Pao—Kpamepa

PaccMoTpuM cemeiCcTBO pacmpefenieHuid OHOTO U TOro ke (PyHKIHO-
HaJIBHOTO BUJA, KOTOPHIE PAa3IMYalOTCA 3HAYCHUSIMU OJHOMEPHOTO WIJIM MHO-
roMepHoro mapamerpa 0, xapakrepusymomero HaomoaeHue. [IpocTpaHcTBO
MapaMeTpoB €CTh MPOCTPAHCTBO BCEX JOMYCTHUMBIX MapaMeTPUUYECKUX TOYEK.

Jlnst 1Byx To4ek O :{91,...,9n} nu o :{9'1,...,9}]} B N-MEPHOM MPOCTPAHCTBE
umeem pacipenencunst P, (8) u p. ('), coorsercTenHo.
Mepa unbopmanuu B COCTOSHUH [, (8) orHocHTenBHO COCTOMHUS
P, (9’) BhIpakaeTcsi nHpopmaren pazinnuns Kyiasbaka—Jleionepa [33]
p(8) 0

oy mk
1(6:0)= Z%ogzmﬁji (8). (1.10.1)

ITpu manom oTkinoHeHHHn Touek 6 m 6'=0+030 mpocrpancTBa UMeeM
pacnipesieienus . (9) up (9+59). Torna cnydvaiinas wHGOpPMALUS PA3ITH-

Yys IPUHUMAET CJICTYIOIIUI BU]T

npu paznoxenuu B pan Teinopa no 6. [IpeneOperas wieHaMu BbIIIE BTOPOTO
nopsanka B (1.10.2) u yuntsiBas paBeHCTBa

dlog,p(6)_ 1 9n(6)

= , (1.10.3)
®,  (n2)p (6) 08,
2 ) U 2 U
0%log,p(6) _ 1 O 1 9°p(6) 1 RO RO ;104
36,06,  In2gp (6) 3,0, pZ(6) a6, 08,
MOJIYUYUM 3HAUCHUC I/IH(bOpMaI_[I/II/I pas3Iniusdg
1(6:0+30)=—~_S T, 30,36, (1.10.5)
2In2k 7
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rac

Epi (8) (1.10.6)

CCThb IMOJOXKHUTCIIbHO OIIPCACICHHAA KOPPCIIIIUOHHAA MaTpula. I[J'IH pacxox-
JCHUA UMCCM 3HAUYCHMUA

1

J(8:6+30)=21(0,6+30)= s

n n
>>T,,0000,. (2.10.7)
kK
Marpuna I',, sBiseTcs GyHaaMeHTaTbHOW HHPOPMALMOHHOM MaTpUIIEH

®durepa B MaremMaTuueckoit craructuke [32, 33, 39, 74, 75].

PaccmoTpuMm cinydail usmeHeHHus OJHOMEpHOro napamerpa. [lo ompene-
JICHHUIO TIapaMeTP HE MCIBIThIBACT (IYKTYaAIlMil W, CIIeOBATEIIbHO, HE UMEET
CTaTUCTHYECKUX XapakTepuCTHK. OHAKO MOXHO MTOCTABUTH 33jauy 00 OILCHKE
He(IYKTYUPYIOMIETO MapaMerpa Mo pe3yiabTaraMm HaOIIOICHUM, MOABEPIKEH-
HBIX CTATHCTUYECKHUM OTKJIOHCHHUSM. [IpH 3TOM HCIONB3YIOTCS U TEOPUHU

napamMeTpUuecKOro OLlEHUBaHUSI.

o *
I[lycth ciyyaiiHas BenuuuHa 6, , KOTOpas He 3aBUCHUT OT O, BhIpaxaer-

Csl 4epe3 M3BECTHBIC JUCKPETHBIE BEIMUMHBI, XapaKTEPU3YIOLUE CIIydailHbIN
0o0bekT. Takas BenmuYMHA Ha3bIBA€TCS OIEHKOW HMCTHMHHOTO 3HAYEHHUS He-
¢dnykryupyromiero napamerpa 0. [Ipu BeIOOpE OICHKH €CTECTBEHHO MPEATO-

*
JIOXKUTh, YTO €€ CpeJiHee 3HauCHHUE E(e ) ObUTO OMM3KO K mapametpy 0.

B O6H.[€M CJIydac OLCHKAa UMMCCT CMCIICHUC b(e), 3aBUCAIICC OT 0 , 1 BbIpa-

KaCTCA Tak:

E(0")=5 6 p (8)=06+D(6). (1.10.8)

[Ipu paBeHcTBe E(G*):B JlaHHAasl OIlEHKa MpEeJCTaBisIeT co0o0il He-

CMCUICHHYIO OLICHKY, IIpU KOTOpOﬁ OTCYTCTBYET CUCTEMATHUYCCKAA oIInoOKa

HaOMrOeHN, 00yCIOBIICHHAs BEIUYUHOMN b(e). Jns nucrnepcuu OLEHKH

crpaBeyuBO (yHAAMEHTAIbHOE WH(POPMAIMOHHOE HEpaBeHCTBO Pao—
Kpamepa [32, 39]:
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o)>p(6) =—0U , 10.
D( )>D( )min m[ﬂlnpl(e) e (1109)
ZE]TD p.(6)

N\

JaroIIee e HIKHIO rpaHb. HekoTopeie o6o0menwus mist (1.10.9) npuBoastes
B [9-13]. Ilpu b(e) =0 wueparenctBo (1.10.9) obpamiaercs B

D(6')=D(6") =Tg. (1.10.10)

min
Bemunna I' gy cootBercTBYeT KONmMuecTBy nudpopmannn duiiepa o Be-

nmuunHe O, KoTopas cojepxkuTcs B oueHke O . UeM BhIIe MHMOPMALHS, TEM
MEHbIIIE JHCIIEPCUs U, COOTBETCTBEHHO, BBINIE TOYHOCTh HAOMIONEHUS. DTO
CBSI3aHO C TE€M, YTO JUCHEPCHUS OMPEAEIsieT MEPY TOYHOCTH CTATHCTUYECKHUX
HaOII0JICHUH B CIy4allHOM OOBEKTE.

Mepa nnpopmarun dOurrepa
= § Mg p (6) (1.10.11)

00 T 00 0 i

XapaKTepu3yeT MpeeabHOe 3HaUeHUEe HHPOPMAIUH Pa3TUIUs

1 (6:6+36) :%nzree (36)* = (692)2 f il ?gz(e) Epi (6). (1.10.12)

1.11. ®usuyecKue NPUI0KEHUA

[Tycth cnyuaiiHblii 0OBEKT MPEACTABISAET COOON YAaCTUILY B CTATUCTUYC-
CKO#l (u3MKe, KOTOPBIII MMEET COCTOSHUS C paclpeiieieHueM BepOsSTHOCTEU

p :{ Pys-ees pm} . MakcumanbHOe 3HaueHue (PU3UIECKON pa3MepHOl SHTPONIUU

Boasimana—I u606ca [6]

H(p)=-kS (I p) R =B(E- P (1.11.1)

nocturaeres, cormacHo (1.9.9), mpu paBHOBECHOM KaHOHHYECKOM pacmpee-
nenuu ['n66ca;
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p, =exp{-kB(H - F)}. (1.11.2)

3nece B=-kt1/IN2=YT ecrp obparmas aGcomoTHas Temmeparypa, H. —

JUCKPETHBIE 3HAUYEHUs SHEpruM yactuupl, E=E ( H) — CpeaHsis SHEeprus 4ac-

tuibl. CBOOOIHAS SHEPTHS
m
F=-KkTIny exp{-kBH} (1.11.3)
i

OTIPEIENIACTCS U3 YCIIOBHSI HOPMUPOBKHU PACIIPEICIICHUSL.

JuddepeHnmanbaple COOTHOIIEHUS! PABHOBECHON CTaTHCTHYECKOH Tep-

MOJIMHAMUKH 3aMKHYTBIX CHUCTeM uMeroT, cornacHo (1.9.10) u (1.9.12), cre-
JYIOUIUN BUJT

TdH(p)=dE, dF=-H(p)dT. (1.11.4)

Jist OTKPBITBIX CHUCTEM, HAXOISIIMXCA B OKPYKEHHUHM C TeMmIepa-

Typoii T,, usndeckas pasmepHas MHPOPMALMA PA3TUYUsS UMEET, COTIIACHO
(1.9.24), 3Hauenue [12]

==FH (p)-H(py)R = (E- §)=0 (1.11.5)

C paBC€CHCTBOM TOT'Zlda U TOJIBKO TOT'Z4d, KOraa pi = pOi . 3,I[GCB JJIA HCPAaBHOBEC-

HOHM ¥ paBHOBECHOW DHTPOIMM U, COOTBETCTBEHHO, CPEIHUX SHEPIUi UMEEM
m m
H(p)=-ky(nRp)R. H(p)=-kY (N py) Ry,  (1.11.6)
! i
m m
E=>HR B =>Hp- (1.11.7)
! i

CocTosiHHE ITOJIHOTO PaBHOBECHUS C OKPYKCHHEM OIIUCBIBACTCA KaHOHMU-
YCCKUM PACIIPCACICHUEM

Py =exp{ -k By (H - F))} (1.11.8)
¢ obparHoii Temneparypoit B, = ZI/TO v CBOOOIHOM dHepruei F; .

Hcnonp30BaHue AMarpaMMbl SHTPOIMUA-IHEPTHs MPUAAET MPOCTOM U Ha-
TIAIHBINA cMbIca uHopMmanuu padnuuus. Ha puc.1.2 npuBeneHo reomerpuye-
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CKOE TPeJICTAaBICHUE TEPMOMHAMIYCCKUX BeyarH [12].

‘H(p)
b q
d
—OH
|(P:po)
e OE a B c
E

-
-

Puc.1.2. DuTponusa-3Heprus 11 GU3n4eCKUX CUCTEM

Kpusas ab uzobpaxaer uzmenenue pynkuuun H (E) OT NPOU3BOJIBHOTO
COCTOSIHUSI, COOTBETCTBYIOIIETO TOUKE a = ( H, E), K TIOJTHOMY PaBHOBECHOMY
B TOuke b= ( S Eo) W3 Touku b mpoBoautTcs kacatenbHas npsimas bc. To-

raa, corimacHo (1.11.5), orpe3ok ad, mapamrensHbiii ocu H (p), €CTh UH-

dbopmanus paznuuus Kynpbaka—Jleitbnepa | . OTpe3ok ac, mapamienb-
HBIA ocu E, n3obpaxaer mMakcumaibHyo paboty R, BBIIOJHAEMYIO CHC-

TEMOW HaJ OKpyxeHueM. Munumanbnas pabora R . =-R_  ces3ana ¢ us-

MEHEHHUEM TOJIHOM AHTPOMHUH 3aMKHYTOW CHCTEMBI (CHCTeMa+OKpYy>KEeHHE) OT
CBOEro HauOOJIBIIETO 3HAYEHHUsS, €CIU CHCTEMa HEPaBHOBECHA, BBIPAKEHUEM

n—_
AH" =-R . / T
B nepBoM ciiydyae cpaBHUM 3HAYEHHsI SHTPOIUN IIPOU3BOJIBHOTO U IOJI-

HOT'O PaBHOBCCHOT'O COCTOSIHUM CHUCTEMBI IIpHu OJWMHAKOBLIX CPCIHUX 3HAYCHHU-
AX SHEPIruu, 4TO COOTBETCTBYCT YCIIOBUIO I'ub6ca

gHi P = an H py - (1.11.9)

[Tepenumenm (1.11.5) B cnenyronieM Buie

1 (p:py)=—FH(p)-H(p)E20. (1.11.10)

Tak kax uH(pOpMaIHA pa3nuuns €CTh 3HAKOOMPEaeICHHBIA (DYHKIINO-
Han, To u3 (1.11.10) cnegyer teopema ['m60ca 0 MakcUMyMe SHTPOIUU pPaB-
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HOBECHOTO COCTOSTHUS [6]
H(p)=H(p,). (1.11.11)

Takum oOpa3oMm, He nmpuberas K paCCMOTPEHHUIO BPEMEHHOM 3BOJIOLMH
SHTPOIINHU, MOXKHO OIPECIUTh U3MEHEHHSI €€ MPU Tepexo1ax MEXIy pa3iind-
HBIMH COCTOSIHUSIMU cHCTeMBI. [IpudeM sHTponus mpuobpeTaeT CBOWCTBA 3HA-
KOOIIPEIEJIEHHOTO (DYHKIIMOHAJIA TOJIBKO IPU BBINOJIHEHUH JIOMOJHUTEIBLHOIO
YCIIOBUS IOCTOSTHCTBA cpeaneit suepruu (1.11.9)

[TpuHIIMN MakCMMyMa SHTPOIUH MOKA3bIBAET, YTO MPU CIIOHTAHHOM Iie-
pexojie OT MPOU3BOJILHOIO HEPABHOBECHOTO COCTOSHHS K PABHOBECHOMY CTE-
NEHb HEOMNPEAETICHHOCTU (Pa3ymnopsI0OUY€HHOCTH) CUCTEMBl YBEJIWYMBAETCA U
IPU PABHOBECUHU JOCTUraeT MaKCUMAJIbHOI'O 3HAYEHHUS.

s HeoOpaTUMbIX HH()OPMAITMOHHBIX (PU3UYECKHUX MPOLIECCOB K paBEH-
ctBy (1.11.5) mobGaBnsiercss 3HaK HEpaBeHCTBA U B TU(PEpEeHIINATEHOM BHIE
nmeem [12]

m(p:%)z—dH(@+$ldE (1.11.12)
0

PaccmarpuBaemslii citydail COOTBETCTBYET TaKOW (PU3NYECKON CUTYaAIHH
B TEPMOJIMHAMUKE HE3aMKHYTBIX CHCTEM, KOI/Ia B CUCTEME HE IIPOUCXOAUT U3-

MEHEHHUSI SHEPTUH (dEZO). N3 (1.11.12) BBITEKaeT BBIpAKECHUE HETIHTPO-
nuiHorO npuHIMna bpumiosna [2, 3]

di (p: p,)+dH( P20, (1.11.13)
ob6obmaromiero npunnun Kapuo—Kimaysuyca o Bo3pacTaHMM SHTPOINUU IS

3aMKHYTBIX CUCTCM
dH (p)=0. (1.11.14)

[Ipu oTCyTCTBMM H3MEHEHHUS PabOTHI (6R = 0) BBITTOJIHSACTCST  OOIIHIA
NPUHIUI YMEHbIICHUS HHPOpManuu paszauyus [12]
dl <0. (1.11.15)

Takum oOpa3oM, B3aMMHOE M3MEHEHHUE SHTPONHUM U (PU3NUECKON HH-
dopManuK pa3nMuMg CONPOBOXKAAETcA HoTeped HHpopMauuu (ymnopsuo-
4EeHHOCTHU) cocTosiHul cuctembl. M3 (1.11.13) cnenyer, yto npu HeoOpaTu-

MBIX SIBJICHUSIX YBEJIMYEHHE SHTPONHHU dH(p)>—dI( p: Q)) OonblIe, yeM

YMCHBIICHUC pasnnqafomeﬁ I/IH(I)OpMaI_[I/II/I. CJ'IGI[OBaTeJ'IBHO, MMPpOUCXOAUT
caMopaciiajg HepaBHOBeCHOﬁ CUCTCMbI U CIIOHTAHHBIC IICPCXOJAbI IIPUBCAYT
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B KOHIIE KOHIIOB K MOJHOMY PaBHOBECHOMY COCTOSIHHIO HE3aMKHYTOH cHCTe-
MBI ¢ MaKCUMaJIbHOW HEOTPEAETICHHOCTHIO (Pa3ynopsIOYeHHOCTBIO) B COCTOS-
HUSIX.

Cornacno bpwtrosny [2, 3], n3aMeHeHHe pabOTHI AJIsl pacCMaTpUBaEMO-
ro ciyyas Ha BenuuuHy KT, COOTBETCTBYET O/IHOM HATypalbHOH eIMHMIE W3-

MepeHus KoindecTBa nHpopmarmu (1 HUT) B TEIUIOBOM cpeie.
Bo BTOpOM ciiydae cpaBHHBAaEM 3HAUEHUsI CPEJHUX PHEPIHMl IPU OJIMHA-
KOBBIX SHTPOMHMAX

H(p)=H(p,). (1.11.16)

Torpa umeem BbIpaK€HHE NPUHLUIIA MUHMMYMa CPEIHEW DHEPrUU B PAaBHO-
BECHOM COCTOSIHUU

R = (E- E))=0. (1.11.17)

JlnarpaMma 3HTPONHS-3HEPT U TO3BOJISIET HAUTH ITEOMETPHUYECKOE TIPEI-
craBnerne kod¢p¢unuenty mnosnesnoro aerctBus (KIIJ[) npeoOGpasoBanus
SHEpruM [yl oOpaTHMBIX mporeccoB. M3BectHo, uro KIIJ mpeoOpazoBanus
SHEPTUH BBIPAXKAETCSI OTHOLIICHUEM COBEPUICHHONH MaKCUMAaJbHOM PabOTHI OT-
KPBITOM CHUCTEMBI K 3aTPAY€HHON YHEPTUU B OKPYKECHUHU

JlaHHOE PaBEHCTBO MPECTaBISIET COOO0M OTHONIEHHE OTPE3KOB AC/ €C, KOTOpoe
MOXHO 3amucarth B Bune N =ad/eb. Torna KIIJ| npeobpazoBanus sHepruu

BBIp@XKaeTCsl KaK OTHOIIEHUE MH(DOPMALIUU PA3IUYUSI K U3MEHEHUIO SHTPOIHH
IIPY NIEPEXOE OT MPOU3BOJIIBHOTO COCTOSIHUA K paBHOBECHOMY [12]

= = <1 (1.11.19)
—3H H,-S

n

C npyroil croponsl, uHTepnperanus HepaseHcTBa (1.11.19) Ha mukpo-
CKOIIMYECKOM YPOBHE O3HAYaeT, YTO CTENEHb YIOPSJIOYEHHOCTH COCTOSIHHUM
OTKPBITOM CHCTEMBI IIPU CIIOHTAHHOM IIEPEX0/1€ CUCTEMBbl MEHBIIIE, YeM U3Me-
HEHHE CTENEHU Pa3ynopsI0YeHHOCTH.

WNudopmanus paznuuns KynpOaka sBiseTcss 3HAKOONPEAEICHHON (yHK-
uuelt Jismynosa. [loaToMy, yTOOBI COCTOSIHHE ITOJIHOTO paBHOBECHUS OBLIO yC-
TOWYMBBIM, HEOOXOJIMMO BBINIOJIHEHUE CIEYIOLIEr0 HEpaBEHCTBA Ul MPOU3-
BOJIHOH:
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di(p: py) __d(H(p)-H(n)

<0. (1.11.20)
dt dt

N3 (1.11.20) crnegyeT 3akoH BPEMEHHOW »HBOJIIOLMU HHTPOMUU
(H —reopema Bonbimana [1])

dH (p)
dt

Ipu HpI/I6J'II/I}KeHI/II/I K COCTOSHUIO IIOJTHOI'O paBHOBCCHA. HpOI/ICXOI[I/IT caMo-

>0 (1.11.21)

pacmai MaKpOCKOITMYECKON CHCTEMBI IPU CIIOHTAHHBIX MEPEXoax.

[Tycth cuctemMa HaxOOUTCS B JIOKAJIBHOM (YaCTHYHOM) DPAaBHOBECHUHU
¢ temnepatypoir T . IloacraBnsis (1.11.4) B ocHoBHOe ypaBHenue (1.11.12),
MOJTyYHM

di(p: po)z—%lf—_ri%da (1.11.22)
0

rac 3HakK HCPABCHCTBA COOTBCTCTBYCT H606paTI/IMBIM I/IH(I)OpMaHI/IOHHBIM IIpo-
meccaM Ipu KOHTAKTC JIOKAJIbHO paBHOBGCHOﬁ CHUCTEMBI C OKPY’KCHHUEM.
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