T'naBa 3

CTATUCTUYECKASA MOJAEJIb PEHBU

[IpuBOIATCS OCHOBHBIC METOABI M UACH TCOPUH WH(GOPMAIUU, MTOCTPO-
€HHOW Ha CTaTUCTHUYECKOW MoJeiHu PeHbu. BBIBOASATCA M aHATU3UPYIOTCA JIO-
rapupMUYECKHE MEPhI SHTPONHUH U UHPOPMAIMK pa3nnyuus Penbu u ux 0000-
IIEHUS JUTSl QITATUBHBIX CIIYIaHBIX 00bEKTOB.

B ornmume ot moaxona lllennona—Bunepa, Anbppen Pensu Bnepsbie
BBEJI MEpPHI, 3aBUCAIIME OT HEKOTOPOrO MmapaMeTrpa (] U UTPAIoIIUe BaKHYIO
pOJIb HE TOJILKO B TEOPUHU MH(OpPMAIMU, HO ¥ B TEOpHUH MYIbTH(pakTaioB. Pe-
3ynbTathl pabotsl [103] u monorpaduu [104] sBUIUCH 3HAUUTETHHBIM IIArOM
BIIEpPE] U CIIOCOOCTBOBAIM HAUYATYy Pa3BUTHs 00O0OIIEHHON Teopuu MHOpMa-
unu. Umenem Penbun Ha3Ban MHcTUTYT MaremaTMKu BeHrepckon akanemMuu
HayK, IEPBbIM TUPEKTOPOM KOTOPOTO OH SIBJISIICS JI0JIT0€ BPEMSI.

3.1. B3gemennoe cpegnee Koamoroposa—Harymo
C IPOM3BOJIbHOM PyHKIHEH

PaCCMOTpI/IM MHOKECTBO BCEX COCTOSHMH CHy‘I&ﬁHOFO O6T>€KTa, OITNCBI-

BAaE€MbIX pacHpe/ieIeHUEM :{ Byseees pm} Y MHOKECTBO CIIyYailHbIX BEJIUYHH

T={T,.... T}

Omnpenenenne 1. Cpennee  Kommoropoa—Harymo ¢ Becom
p:{ B Qn}, P, >0 u npoussonbHOH QyHkuMed ¢ =(|)(T) YMEeT BUJI
[81, 94]

5e(m)R0
A(T)=0 1%% (3.1.1)
SRR
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e ¢ =¢ (T) — HempepbIBHAS CTPOTrO MOHOTOHHAs (yHKiMs Ha R, a ¢71 (T) -

dyHkms, oopatHas ¢ (T) .
Ecnu BeINoONHsIETCA yCI0BHE BEPOATHOCTHOM HOPMHMPOBKHU JJISL pacipe-
nenenus, To u3 (3.1.1) cneayer BeIpaxkeHue

AM=0"F0(T)ry 3 p=1 (3.12)

IIpuBeneM OCHOBHBIE CBOMICTBa B3BELIEHHOro cpenaHero Komamoroposa—
Harymo ¢ nmpousBonbsHOM pyHKImei [47, 63, 81, 94].

1. Hopmuposka. [y Heciny4yailHON BETWYMHBI, UMEIOIIEH MOCTOSIHHOE
3HaueHue C, cripaBeAIMBO PaBEHCTBO

A, (C) =C. (3.1.3)
ITockonpky mpu C=1 u3 (3.1.3) BbITEKAET A¢ (1):1, TO UMEEM CBOMCTBO

HOPMHPOBAHHOCTHU B3BELIEHHOT'O CPETHETO HA ETUHMUILY.
2. DKkBUBaJIeHTHbIE cpelHre. HeoOXOMMBIM U JJOCTATOYHBIM YCIIOBH-
€M paBEHCTBA

A, (T)= A (T) (3.1.4)
JJIS1 BCEX T n p SIBJISACTCS yCJ'IOBI/Ie
X=a¢p+3, (3.1.5)

rae 0 u 3 —nocrosHEbie U O 0. CpenHue ¢ QyHKIHMSAMA ¢ U X Ha3BIBAIOT-
CsI OKBHBAJICHTHBIMH CPETHHMH.

3. Onnopoanocts. Ilyctb (I)(T) HENpEepbhIBHA B OTKPBITOM HHTEPBAJC
(0,00) U MyCTh

A, (aT)=aA(T) (3.1.6)

JUIS BCEX TOJIOKHMTENBHBIX T, P u a. OueBugHo, uto (3.1.6) crpaBemuBoO,
korma ¢ =T9 mwm ¢ =log,T. B obmem cmydae, cornacho (3.1.5), nna ¢

uMeeM (QYHKIIMOHALHOE YPaBHEHUE
O(TT,)=0(T)+o(T,)+ed (T)o(T,). (3.1.7)
[Tpu € =0 u3 (3.1.7) BeITEKAET (I)(T) =MAlog, T. Eciu € #0, T0 001mumm

pemenuem (3.1.7) sBnsiercs

¢(T)=e?(T9-1). (3.1.8)
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4. CpaBHumoctsb. [lycts Y u X SBIAIOTCS HENPEPHIBHBIMU M CTPOIO
MOHOTOHHBIMU (DYHKIHSIMUA. YTOOBI Ay (T) U Ay (T) ObUIM CpPaBHHUMBI, TO

CCTh JIs1 HUX CITPaBCAJIMBO HCPABCHCTBO

A(M)=A(T) (3.1.9)
Ui BceX T U P, HEOOXOUMO M JOCTATOYHO, YTOOBI (PYHKITUS
db=xyp? (3.1.10)

YAOBJICTBOPsJIa HCPABCHCTBY

TR Yo(T)p
q)Dlm EK |

SN

ecnu X — Bo3pacTaromas GpyHKIus; ecau ke X yOwBaet, To B (3.1.11) numeem

, (3.1.11)

oOpaTHbIN 3HAK HEPABEHCTBA.
5. Beinykisioctb. Eciu 1711 MPOU3BOJIBHON HENpepbiBHON (QyHKIHUK @

crpaBe/IMBO cTporoe HepaBeHcTBO B (3.1.11), kpome Tex ciywaeB, Korja

T. =constunu ¢ (T) nuHeWHas QyHKIus, TO 3Ta QyHKIUSA 00Ja1aeT CBOMCT-
BOM BBIITYKIOCTH. DyHKIIMA (—(])) ecTb BorHyTtas u B (3.1.11) umeet oOpaTHbIii
3HaK. HeoOXOAMMBIM M JIOCTaTOYHBIM YCIOBHEM BBITYKIOCTH (I)(T) B pac-

CMaTpMBAEMOM MHTEPBAJIE ABJSIECTCS HEPABEHCTBO ¢ (T) > 0. Knacc ¢pynkimii ¢

HCCIIeyeTCs B TEOPUHU BBITYKJIBIX (YHKIIHH.
6. Cymma ¢ npousBosibHOl pynkuumeit. Ecniu p =1 nim p, =1/m, o

C TOYHOCTBIO /10 OCTOSHHON 1/M MMeeM cyMMy ¢ IPOHM3BOJIBLHON (ByHKIMEH

A(T)=07 %(P(I)E, (3.1.12)

KOTOpas HempepbIBHA U CTporo MoHOoTOHHA. [Ipu crporom pasenctse (3.1.11)
cp= 1/ m Beipaxenue (3.1.12) ectb cpennee Kommoroposa—Harymo ¢ npous-
BOJIbHOW (hYYHKIUEH /7151 pABHOBEPOSTHOTO COCTOSIHUS.

7. ®@aykryanusa. PaccMOTpUM OTKIIOHEHHE MPOU3BOJIBHOW (YHKIIMU

CJIIY4aHOU BCIINYUHBI TI OT CPCIAHCTO II0 KOHMOFOpOBy—HaFYMO 1 BBCICM

bayKTyarnmio:
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2o(T)=0(T)-A (7). igEMI)(T)Ep:O, (3.1.13)

Ha4YaJIbHBIC 1 HCHTPAJIbHBIC MOMCHTBI n-ro nopsaka

a =_§¢"(Ti) P, (3.1.14)

=£H)(Ti)‘%(T)Hn n. (3.1.15)

8. f -B3BemeHHOe cpenHee ¢ MPOM3BOJILHON (yHKIMel. DyHKIINO-

HabHOE 0000IIeHHe B3BemeHHoro cpeaHero Kommoroposa—Harymo 3amu-
meTcs Tak [63]:

i
_ 0 (3.1.16)
iZf(pi) E

Ecou f (pi ) =P, 1o f —B3BemenHoe cpeHee ¢ MPOM3BOIBLHON (yHK-

1yen coBmaaaeT ¢ BeipaxkenueM (3.1.1).
Onpenenenune 2. AHaAJIOrOM B3BEIIEHHOTO CPEIHETO MPOU3BOJBHOM

GYHKIIMHM KaxXI0M HepepbIBHOM ciiyuaitHOW QpyHkumu T = T( X) B COCTOSTHUH

p= p( X) ABJISIETCS] BBIPAKECHUE

D{q) deD
A (T DTD, (3.1.17)
5 [P 5
rae
O<[pdX<Ll (3.1.18)
G

[Tpu yciaoBUM BEPOSTHOCTHOW HOPMHUPOBKH JIJISi BCETO MPOCTPAHCTBA U3
(3.1.17) BbITEeKaeT

A (T)=0"1H(T) pdXg [ pdX=1. (3.1.19)

I[J'IH KBAaHTOBOM BEJIMUMHBI T, HBHHmmeﬁCH O9PMUTOBBIM OIICPATOPOM,
HMCEM BBIPAXKCHHUC

A, (T)=¢""Bpd(T)PE S =1 (3.1.20)
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r7ie P —OMNepaTop CMENIAHHOTO COCTOSIHUS CIIy4aifHOTO OOBEKTA.
B 3akmroueHuwe paccMOTpuUM pa3inuyHble (DYHKIHMH (I)(T) U TOJIy4YuM

cnenyromue cpeanue no Konmoroposy—Harymo [47, 63 ]

o(T): A (T):

T E(T)=3TR, (3.1.21)

T* N, (T)= ﬁg T p HE (3.1.22)

log, T N(T)=2" : (3.1.23)
: 1, O L
2T HS(T)—EIogzﬁzﬂ pp G129
sinT S(T):arcsinﬁ(sin]’) PE’ (3.1.25)

HEKOTOpbIE U3 KOTOPBIX PaCCMATPUBAIOTCA B CTATUCTHYECKOW Teopuu MHPOP-
MaruH.

3.2. ITonyHOpMBI
PaccMOTpUM MHOXKECTBO BCEX COCTOSIHUW CITy4aifHOro 0ObeKTa, OMHCHI-

BacMBbIX pacIpeaciacHueM P :{ pl’ ceey pm} , 1 MHO>XCCTBO CHy‘IﬂﬁHHX BCJINYHH

T= {Tl, s Tm} . B3Bemmennoe cpeiaee paBHO

ST,
E(T)="7—, 0<yp=<l (3.2.1)
> P |

Onpenenenune. Kaxmoi cnyyaitHoil BenmunHe T W mo0omy yuciy (),
—00 < (] <00, cooTBEeTCTBYET PpyHKuMs [4, 47, 63]:
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om_ . ¢

Zqu D

ﬁipﬁ

Eciun Beca P, yIOBIETBOPSIOT yCIOBUIO BEPOSTHOCTHON HOPMUPOBKH

(3.2.2)

m
> B =1 (3.2.3)
|

TO BIpakeHus (3.2.1) u (3.2.2) npuMyT ciaenyronuii Bua:

E(T)= g'l'i R, (3.2.4)

N, (T)= ﬁz Tip Sq (3.2.5)

IIpu p, =1 u3 (3.2.2) umeem cpeanure apuPMETHIECKOE U TEOMETPUYE-

gT.’ M(T)= N,(T)= B—z H' (3.2.6)

B 3aBucumoctu ot obnacreir m3meHenus uuciaa (: <0, 0<q<l],

1< q <o ompenensieTcs TOT UJIU UHON THIT BEPOSITHOCTHOTO (] -ITPOCTPAHCTBA.

[MpuBenem ocHOBHBIE cBOCTBA pyHKIMH N q (T) [4, 47, 63].

1. Ognopoanocts. IIpu 3amene P Ha ap (a> 0) ¢bynkuus (3.2.2) sB-
JSIETCSI OTHOPOAHBIM (DYHKIIMOHAJIOM HYJIEBOM CTETIEHH OTHOCHUTEIBHO P, TO

€CTb BBIIIOJIHAETCS CBOMCTBO OJTHOPOJAHOCTH.
2. Mo10:KUTEILHOCTH U HOPMHUPOBAHHOCTD. J171s1 Bcell 00macTu u3me-
HeHus uncna QUR  dyHKus sBisieTcs MONOXUTENBHOW M HEYOBIBAIOIICH.

Eciu <0 (q>0) ¥ HEKOTOpble T, paBHBI HYJIO, TO Nq (T):O

(Ny(T)=e).

st HecnmyvaitHOM nmocTossHHOM BeuunHbl C MMeeM paBEHCTBO:

113



q
DZCq P E(
- c, 3.2.7)

H3 KOTOPOT'o CIIEAYCT CBOMCTBO HOPMHUPOBAHHOCTH (bYHKI_II/II/I Ha CAMHUIY

N, (1)=1. (3.2.8)

3. IoayHopmblI Nq (T) s 3HaveHnit 1< q<oo ymcio Nq (T) eCTh

MOJIYHOPpMaA B JIOKAJIBHO BBIITYKJIIOM IIPOCTPAHCTBE Ld , AJIs1 KOTOPOIo CIipaBCa-
JIMBBI COOTHOIICHUWA:

1) N, (aT)=|d N,(T), (3.2.9)

2) Ny (T, +T,)< N,(T)+ N,( T) (uepasencrso Munxosckoro),  (3.2.10)

rae a# 0 ectb npousBosibHOE uncio. [Ipu 0<(<1 nepaBenctso (3.2.10) e
BBITIOJTHSIETCSI.
4. HeBbIpOKI€HHOCTDb. /[ MOTYHOPMBI JOIMYCTUMO Nq (T):O pu

T # 0. OTUM CBOHCTBOM MOJTYHOPMA OTIUYAETCS OT HOPMBI IpU (| = 2

NZ(T):ﬁgTi2 QHZ, (3.2.11)

mis kotopor N, (T) =0mnpu T =0.
5. HepaBenctBo I'enbaepa. [Ipu 0<g<oo u 0< Q<o BBIMOTHACTCS

HepaBeHCTBO I'enbrepa
N, ()< N (T) N (D). (3.2.12)

TAC AJid MPOU3BOJIBHBIX CJIy‘-Iaf/’IHBIX BCJIMYHH Tl n T2 UMEEM

N (1= B el N (n)= B el
Nr('I1T2)=§(TT)r gr (3.2.13)
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Koneunsle uncna ( 1 ' €CTh Tak Ha3bIBAEMBIC COIPSDKCHHBIE TTOKA3a-
TEJIA, KOTOPBIE yIOBJIETBOPSIOT PABEHCTBY
1 1
+

1

—, O<r<q. (3.2.14)
q d r

3nak paBeHcTBa B (3.2.12) gocturaercs Torja U TOJBKO TOTJa, KOTAA BBIIOJ-

HSIETCS YCIIOBUE

TA=bT{, (3.2.15)

T'JI€ TTOJOKUTEIbHBIN KOAPHUITMEHT

b= (T BN B)E" 3:2.16)

IIpn 1< <o mpoctpanctBo LY ecth compsukennoe mpoctpancTBy LY
¥ BeIMYMHbI T, W T, TpUHAIEKRAT, COOTBETCTBEHHO, STUM MPOCTPAHCTBAM.

Jnst Besikoro 0<T < 1 umeercst conpsbkeHHast Benuyunna ' =1-T .
Iycre T, =T u T, =1, Torna us (3.2.12) BeITEKAET CIEACTBHE, YTO

N, (T)= N, (T) (3.2.17)

npu mobom >0, roe O0<r <, To ectb N q (T) — Bo3pacTaromas (GpyHKIus

IIPU YBEJIMYEHUHU 3HAYCHHUS (.

ITpu r =1 u3 (3.2.17) noayyuM Ba)KkHOE HEPABEHCTBO
E(T)< N, (T)- (3.2.18)

[ToryHOpMa OOJTBITIE CPEHETO 3HAYCHUS CITYYaHON BETMUUHBL.
6. Boinykiocts pynkumin N q (T) u log,N q (T) PaccmoTpum Hepa-

BeHCTBO Munkosckoro (3.2.10) npu T = aT + (1— a) T (OS as 1). Torna mo-

Jy4YUM CBOMCTBO BBIMYKJIOCTH /i N q (T) B BUJIE

Ny (T)<aN,(T)+(1- 39 N( 1) (3.2.19)
IIpu 3Hauwenusix (>0, I KOTOPHIX Nq (T) KOHEYHO, (yHKIUSA

InN q (T) ABJSIETCS CTPOrO BhIMYKIONH or 1/q. [l mobbix 0<a<1 umeer

MCCTO HECPABCHCTBO

log Nq(T)s alog, N.(T)+(1- g log, N( ), (3.2.20)

rie r >0, v>0,auucna r,  u V yJIOBJIETBOPSIOT PAaBEHCTBY:
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=l

1-a
+—.
v

(3.2.21)

ok

7. Indpdepenunpyemocts pynknuii N q (T) u log,N q (T ) OyHKIUHU

N q (T) u log, N q (T) O6eckoHeyHO AuddepeHupyeMbl B KaX 101 TOYKE WH-

m
TepBaJIa, B KOTOPOM OHU KOHEYHbl. DyHKIUA B\lq (T)H1 = ZTiq R wumeer
i
npenen
m
limyT9p =1, 3.2.22
qaoiz 'R ( )

korga ( ctpemutcs K 0, 1 UMEET B 3TOM TOUYKE MEPBYIO MPOU3BOJIHYIO,

diqg']'IQpI = |im Zm(2q|092Ti) R =In 2£(|ng T) p. (3_2_23)

[Tpu sTom N q (T) ulnN q (T) HMEIOT TPEICIIbI

im N, (T) = N(T):ZiZ(IOQZTi)n , (3.2.24)
limlog, N, (T)= _E(Iogz'l'i) R (3.2.25)

q-0 i

Ecmu T9 u InT uHTErpHpyeMBI, TO
N(T)< N,(T), (3.2.26)

MpUYEM PaBEHCTBO JOCTUTAeTCs JIMIIb B TOM Ciy4ae, Korja | TOCTOSHHA
MOYTH BCIOJY.

Benuunna N (T) €CTb CpeJIHEee TeOMeTpHUecKoe QYHKINH T .

8. Bzanmocs3p noanyHopMm. HepaBencrBa. Vcnons3yeM npuBeieHHbIE
CBOMCTBA U JaIUM JOTOJHUTEIHHO (POPMYIIBI B3aUMOCBSI3U MTOJIYHOPM

N, (T) N (T =1, (3.2.27)

Ny (T)= HNQ(TV)HVV (3.2.28)

1 HCpAaBCHCTBA

N (T T)s NA(TD N (B)-- N (T) (3.2.29)
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N, (L+ T+ +T)< I\!h('li)+ N}z( T)+...+ N, (7). (3230
B 0600mennom HepaBenctse ['enbaepa (3.2.29) umeem

1ttt ocg <o (3.2.31)

4@ % 9 T

Hepasenctpo (3.2.30) npencrasisieT co6oil 0000meHHOe HEpaBeHCTBO MMUH-
KOBCKOro 1t 1< g <.

Ecim 0<r <Qq <V, To HaX0 UM HEPABEHCTBO

MO < e e ees

KOTOpOe IIpu  =ra+v (1— a) n 0<a<13anuumercs Tak:

gTiqpi <§i§TJ R Eﬁf]‘v pH_ : (3.2.33)

9. B3BemieHHOe oOpaTHO-rapMoHM4YecKoe cpeaHee. Omnpenenum ais
KKIOW CydailHOM BeNMWYMHBI 1 | JH000ro ymcia (, —oo < (< oo, B3BEUICH-

HOE oOpaTHO-rapMOHHUYEcKoe cpearee [63]

N, (T) 7 >TR
M, (T)= Eliﬂ Ny (T)=7——. (3.2.34)

ENq—l( ) zTiq-lpI

IIpu q=1 u q=0 u3 (3.2.24) BBITEKAIOT B3BEUICHHOE CPEHEEC U B3BE-
IIEHHOE TAPMOHUYECKOE cpennee. Ecmu p, =1, To OHM COBNMANAIOT C COOTBET-

CTBYIOIIUMHU 3HaueHUsIMU (3.2.6).
Oyuknuonan (3.2.34) BeITekaeT Kak yacTHBIM ciayyail mpu S= (-1 or

BBIPAKCHUS [63]

om_, 0@
DZTq R D
, (3.2.35)

Vg

UMCIOIIETO BAXKHYI POJb TNPH ONPEACICHHH CTATUCTHYECKOTO COCTOSIHUS
B 00001IEHHOM Teopuu nHMOpPMAITUN [66] .
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B 3akmtouenue mpuBenem aHanmor GpyHkiuu (3.2.2) KaxaoW HempepbiB-

HOHW BETUYHUHBI T = T( X) B COCTOSIHUH

_d1 _ O
Nq(T)_ F(G)équ_ﬁ = ]7‘[ odX 0 (3.2.36)

rzie 17151 BeCOBOW (yHKIIMKM UMEEM HEepaBEHCTBO
0<f pdX <. (3.2.37)
G

[Ipu ycnoBuu BEpOSTHOCTHON HOPMHUPOBKH JJIsi BCETO MPOCTPAHCTBA U3
(3.2.36) cnenyer

N, (T)=(jTod )" =(; @ pdX’®, [pax=1.  (3.2.38)

Jlnst KkBaHTOBOM BETWYHMHBI | , MPEACTABISIEMON SPMHUTOBBIM OIEpPATO-
poMm, orpeaesnsaem

N, (T)=(spT%)", Spo=1, (3.2.39)

rJe P —ONepaTop CMENIEHHOTO COCTOSIHUS CIIy4aifHOTO OOBEKTa.

3.3. lloxyHOpMBI pacnpeaesieHuit
PaCCMOTpI/IM OMPCACIICHUC ITOJTYHOPMBI paCIPEACIICHUSA

m q

DY
Nq(p):E'miﬂ , (3.3.1)
2R

g

KOTOpaA 1npu yCiIiOoBUU BepOHTHOCTHOﬁ HOPMHPOBKHU UMECT BUJ

N, (p)= ﬁg o+ Sq. (3.3.2)

CornacHo cBoiictBam 3, 4, 6 U 7, paCCMOTPEHHBIM B MPEABIYIIEM pa3-
Jiene, MOJIYHOpPMa pacrpeneieHus SBISeTCS HEBBIPOXKIACHHOM, BBIMYKIOW H
muddepennmpyemort GpyHkuueir mo aprymenty (. Ilpuuem u3 (3.2.24) u
(3.2.25) BBITEKAIOT CIAEAYIONINE PABEHCTBA!

m
> (logz pi) R

EEnONq (p)=2" , (3.3.3)
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Liinolog2 N, (p)= IE(Iog2 )R- (3.3.4)

OTMeTUM HEKOTOPBIC TOTIOJHUTEIbHBIE cBOMcTBA N q ( p) .
1. MyJabTHIUIMKATHBHOCTE. JlJIsi COBMECTHOTO pacmpenesieHus P,

HE3aBHCHMBIX OOBEKTOB C paCIPENCIEHUsAMHE ), M ), HMEEM PABEHCTBO

Ny (Pi2)= Ny () Ny (). (3.35)

I7i€ IOJYHOPMBI

Nq(pl):ﬁg H‘}” . Ny (p,) ﬁ’z q+1 , (3.3.6)

p12 Dzz pq+1 (3.3.7)

up;=RR. [TpousBenenue noixyHopM B (3.3.5) onpenensieT CBONCTBO MYJIb-

TUIIJIMKATUBHOCTHU.
2. IlosryHOPMBI PAaBHOBEPOSITHOIO pacmnpenesaeHus. [loacraBum B BbI-
paxenue (3.3.2) pacnpeeneHre paBHOBEPOSITHOIO COCTOSTHUS

=— (3.3.8)
Y MOJIyYHM, YTO MTOJyHOpMA

(3.3.9)

HE 3aBUCHUT OT Yucja (| ¥ COBMaaaeT ¢ pacnpeneneHuem (3.3.8).
3. Moaynopma uactHoro pacnpeneiaenusi. [Ilpu >0 cnpasemmuBo

HCPAaBCHCTBO
(3.3.10)

AJi1 COBMECTHOT'O pPaCIpCACICHUA p” . 3HakK PaBC€HCTBA OOCTUTACTCA IIPU

pij - H pJ JJIs1 HC3aBHCHMBIX 00BEKTOB C pacupeaciaCHusIMN BepOHTHOCTeﬁ

pou P
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Hcnonb3yeM BblpakeHHE MOJTYHOPMBI YACTHOIO paclpeaesieHus

m (a-1) n
Nos(Py)= ﬁi pﬁ‘jg  P=2 R, (3.3.11)

J

u u3 (3.3.10) momyuum
Iq

B\Iq—l( pl)B]/q’ = % HNq—l,j ( plZ)B ! (3-3-12)

rac

m E{(q—l)
N, ( p12) = ﬁlz s g (3.3.13)

Jlanee npumem T = p/ U u onpenenum, cornacHo (3.2.5), moayHopMy

Ef/q
Nqﬁgﬁ: %%%g pﬁ , (3.3.14)

KOTOpas O6H3,Z[8.€T BCEMHU NICPCUNCIICHHBIMHA CBOMCTBaMH JJIA Nq ( p) .

[Tpu 3nauennn =0 u3 (3.2.24) u (3.2.25) cnenyroT npeaebt

Liino N, BJHZZ : (3.3.15)
) OpQ_m O [
!;Tologz Nq HJH_ izaogzji'ﬁpi : (3.3.16)

[penonpenenss nanpHEWNIME PE3yIbTaThl, OTMETUM, YTO (DYHKIIMOHAIBI
_ c) — pL
Hq (p) =-log, Nq_l( p) " |q (p : u) =log, Nq_laaE €CTh aJIUTHBHBIC

g->HTponus u (-uHopmarus pazanuus Pensu [105, 106].
[IpuBenemM HarasAHYIO WUTIOCTPALIMI0 pPAacCMaTPUBAEMBIX  CBOMCTB

(O YHKIIMOHAJIOB.
Ha puc.3.1 npencraBieHbl 3aBUCUMOCTH TOJYHOPM pacHpeaesieHun

Nq_l(p) u Nq_lﬁuE%OT unciIa  OpH 3HaveHmax m=2, p, =1/4, u =1/3.

BI/I,Z[HO MOHOTOHHOC BO3pPACTaHUC IMOJOKUTCIbHBIX q)YHKHHﬁ IIpu YBECIIMYCHUU
3HA4YCHHUA (.
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Lp L

N,.(P) N‘”ETE

-10-8 6 4 -2 0 2 4 6 8 10q

Puc. 3.1. 3aBUCUMOCTH [OJlyHOPM pacipeieieHuii oT yucia J;
pL

1-N_ (p).2- NﬂﬁE

BrInyk0CcTh OIYHOPM pacnpeeraeHuil BuaHa u3 puc.3.2 u puc.3.3, rae
JIAOTCS 3aBUCMMOCTU MX OT PACNpE/IENICHUs TIPU 3HAYEHUsIX M=2, p, =1/4,

u=¥3uq=-3, -1 0, 1, 3

N1 (P)
1

0,81

0,61

0,4]

>l

0,2

0,2 0,4 0,6 0,8 p1

Puc. 3.2. 3aBUCUMOCTb [OTYHOPMbI Nq_l( p) OT pacnpeneneuus:

-(q=-3),2-(q=-1),3-(q=0),4-(q=1),5-(q=3)
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L]
i}

=
T

N

q-1

3
2,51 5
2_

1,57

1

0,21

0 0,2 0,4 0,6 0,8 p1

Puc. 3.3. 3aBUCHMOCTB MOTYHOPMBI N ) OpL OT pacTpeeeHns;
“tHuE

1-(9=-3),2-(9=-1),3-(9=0),4-(q=1),5-(q=3).

Jlnist pacnipeieNieHus U CITy4aifHOM BETMYMHBI | MMEeT MeCTO ()YHKITHSI

i{q

DXTqU\ D

) (3.3.17)
R
KOTOpast IPpHU BEPOSTHOCTHON HOPMHUPOBKE
m
Su =1 (3.3.18)

3aIIUIICTCA TaK
q
N: (T) = & Ty S (3.3.19)

[pu T =u/ p u3 (3.3.19) BeITEeKAET BBIPAXKEHHE MOTYHOPMbI pacIpesie-

JICHUA

q

|

m [Ju

*

o]
Sic

'ﬂu (3.3.20)
i plﬁ | 9.

oo
Mo

U
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4. B3ammocBsasb moayHopMm. IloacraBum B (3.3.14) pacnpenenenue
PABHOBEPOATHOTO COCTOSIHUS U, =1/M u momydmm cieyroimee paBeHCTBO

g+l

opo_ N (p)_mq N(B. 0. (3.3.21)

M

I[JISI IMPOU3BOJIBHBIX pacnpe;[eﬂeHI/Iﬁ OHO HE€ BBIIIOJHACTCA, 3a MCKIIIOYCHHCM
ciiyyasa (= 0, IIprU KOTOPOM IMOJTYHOPMBI CTAHOBATCA CPCAHUMH I'€OMCTPpUYC-

CKHUMHU pacrpeieTICHHN.
B3aumocss3s pynkinmonanos (3.3.14) u (3.3.20) onpenensercs COOTHO-
HICHUsAMHU

opod O Ourd "
e s Rl L i
(3.3.22)
Op ik 0. Ou [ﬂ(l_q)
Nes BT =0Vl

HaKOHeH BBITINIIEM BBIPAKCHUS IOJIYHOPM B IPYTIUX BAKHBIX CIIYHUasdX

Eé pd*idX C
Ny (p)= W% N, (P) :(Sppq“)]/q, (3.3.23)
G
Op0 H dX

q (p u‘l) = (Sppq"lu‘l)]/q . (3.3.24)

aHoH

I:D]:II:I@I:I
- E'%J%

3.4. Akcuombl 1 Mepbl HHGopManuu Penbu

A. Pennn [103, 104] myist BIBOJIa SHTPONHI YIIPOCTHII CUCTEMY aKCHOM
®daneena (cM. m1aBy 1) ¥ IpeUIOKUI CIETYIOIINE aKCHOMBI.

H (pl, pz) =H (1— P, p) HenpepsiBHa pu 0< P <1 u nosnoxxurenbHa
XOTs1 OBbI B OTHOM TOYKE.

H (pl, Pyyeees pm) CUMMETPUYHA OTHOCUTENBHO Py, Pyy...s Py, -
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M 10
3.H /=,=F=1. 3.4.1
q Bﬁ ZH_ ( )
4. JIns HE3aBUCUMBIX OOBEKTOB C PACIpPENCTICHUAMU P, :{ Prp-e-s p]m}

P :{ p21, y pZTl} HMEeM CBOMCTBO AU THUBHOCTH O6H.I€I>'I OHTPOIINH

H(py,)=H(p)+H(p,). (3.4.2)

m
5. Ecnm Z p; + z Py < 1, To cripaBeITMBO PaBEHCTBO

Prys-es P Pogros Py) =
n
p]_iH(p]_]_""’ pl'n)+jz IDZj H( p21’"" pZI) (343)

H

—-M3 —

m

n
.me‘*Jszj

JUIA BCEX Py M Py, .
CornacHo akcuoMaMm, HaXxOAWTCA BbIpakeHue sHTponuu llleHHOHa—

Bunepa

5 (iog, p,)
v (3.4.4)

Zpi

H(p)=~

Hanee A. PeHbu u3MeHHI akcHOMY 5 U cpOPMYIIUPOBAI €€ TaK:

m n
5.Ecm ) p; + z Py < 1, To cripaBeITMBO PaBEHCTBO

H (Prys-es Pyns Pppeeee s Py) =
EZ pm¢E_|(p11’ ’ m)%"lzn p2j¢EH( Doy pz)

m

n
> Py +JZ Py

(3.4.5)

I
-e-

DIII:IE%

DIII:IL—_!

rne ¢ ecrp Qynkuus KommoropoBa—Harymo. [Ipuaumast (l)(T): aT+b ¢

a# 0, nocrynar 5 mnpeobpasyercs B octyiar 5. Micnonb3oBanach QyHKIIHS:
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¢(T)=2"", T=log, p, (3.4.6)
4TO B UTOI'C JACT SHTPOIIHIO Peunn
om o C
1 o> PO
H.( )-—IogZD—D (q#1), (3.4.7)

| B2

3aBHCALIYIO OT Tapamerpa (.
B npenene q —» 1 dynxnuonan (3.4.7) paBusiercs saTponuu lllennona—

Bunepa

g(logz ) n
H (p) =lim Hq(p):—'—- (3.4.8)
2 b

Tako#t mogxon x ¢yHKIMU T = |ng(p/ u) no3Bosina A. Penbu moiy-

YUTh TAKKe HHPOPMALIUIO PA3TUINS

o P
(p u)——IogZDiD (q#1), (3.4.9)

1 2e
11
KOTOpasi YAOBIETBOPSET YCIOBHIO HOPMHPOBAHHOCTH | q ﬁ, O;E > ﬁz 1 (coort-

BercTByIOMmas akcuoma 3). I[Ipu q=1 ¢yukumonan (3.4.9) coBmnagaer ¢ uH-

dopmarueit paznuans Kyns6aka—Jleitbnepa

m [] p, O
By
| (pru)=lim 1, (p:u)=- (3.4.10)

q- m
E

3.5. [IapameTpu30BaHHOE pacnpe/iesieHHe.
IJuTponus Penbn

PaccmorpuM skcTpemanbpHble cBolicTBa dHTponuu [llenHona—BuHepa u
nHpopmanuu paznuuns Kynpbaka—Jleionepa:
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H ()=~ (log, )1, (3.5.1)

0
| (f :p)=-3 Hog, 'Efi (35.2)

npru JOMOJIHUTCIIBHBIX YCJIOBHAX, YTOOBI OKCTPEMYM OOCTHUTAJICA IPU COXpa-

HEHUU Mepbl HeTouHocTH H (f : p) ¢ (hMKCHpPOBAaHHBIM pacCHpECICHUEM Be-

pOSITHOCTEH P :{ R pm} 1 HOpMHUPOBKH yist | :{ o fm}

H(f:p)=-3 (log,B) f. 3 f=1 (35.3)

CornacHO BapHalMOHHOMY MPUHIUIY, HAXOAUM O€3yCIOBHBIE IKCTpE-
MyMbI () YHKITHOHAJIOB

L :—g(log2 f)f, +q_zm(|og2 R)f —af f, (3.5.4)

L= g%o%%%f‘ +(1—q)|§(log2 ) O(Zm f, (3.5.5)

rac (1_ q) M O €eCTb JIarpaHXE€Bbl MHOXKHUTECIIN.

W3 ycrnoBust paBeHCTBa HYIIO EPBOM Bapuauu

3L = zaf ﬁogz f, +—~qlog, p +a H_ (3.5.6)

oL mESfD f‘+ 1 +(1-q)| + - 0 (3.5.7)

=% & Hog, —~+——+(1-q)lo o= 5.
iz ' % 92 p. In2 4)199; R E

MOJIYYHM IapaMCTPU30BAHHOC PaCpPCACICHUC

f—pqr-l( p), I ( p)="S p%, (3.5.8)

KOTOPOE HCITOJIH30BAJIOCh B TEOPUHU camMoopranu3anuu ¢pusudeckux [1821] u
TEPMOJIMHAMUYECKUX Xa0TUUECKUX CUCTEM [56].

Pacnpenenenue (3.5.8) maer makcumanbHOe 3Ha4eHHe SHTporwu I[llen-
HOHa—BuHepa w MuHUManIbHOE Mg WHpopManuu pazmmuus KynnOaka—
Jleitbnepa:
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H(f):qH(f:p)+Iogzl'q(p), (3.5.9)

| (f :p):(l—q)H(f:p)—logzrq(p). (3.5.10)
Jo6asum x (3.5.9) u (3.5.10) uadOpMAaIHIO PA3TUIHI U PACX0XKICHHE
I(p: f)=-(-a)H(p)+log,T,(p), (3.5.11)

J(fep)=1(f:p)+1(p: f)=(2-g)pH(f: P- H( PE (3.5.12)

B3anMocBs3p paccMarpuBaeMbIX (YHKIIMOHAJIOB OMpPENEIseTCsS Clie-
JOYIOUMMU cOOoTHOMEeHusMH [20, 21]

ql (f:p)= H-I H _| (p: f) H_Iq (p)B (3.5.13)

q
1
qql (T:p)+ ! (P )= ()-H(P)E (519
3neck BBeJeHa dHTponus Penbu
_ 1 _ 1 m
Hq(p)—ﬁlogzrq(p)—rqbgziz o, (3.5.15)
KOTOpasi BMECTE C SHTPOIUEH
m |:| m |I| m
—Zﬁogz Hpﬁ > p.q%pq/z P (3.5.16)
| 1 |

Y MEpOM HETOYHOCTH

H(f:p):H(f)+I(f:p):—g(logz|o|)|qq/izmpq (3.5.17)

3aBUCHUT OT JICHCTBHUTENBLHOTO Tapamerpa (|, U3MEHSOIIETocsl B 00JacTh J10-
NyCTUMBIX 3Ha4eHui. Ecnu npenenbl n3MeHeHus: ( He 0003HAYCHBI, TO TOJIa-
raeM, uto UR. B mpemene ¢ — 1 wumeeM paBeHCTBO (PYHKIIMOHAIOB
(3.5.15)«3.5.17) ¢ sutponueii lllennona—Bunepa

—Ilm H—|q f), H( f: p)H: —g(log2 g) p. (3.5.18)

OtmeTuM, yTo Mepa HeTouHocTd (3.5.17) m mepa 29 12 piH (f p)
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paccMaTpuBaich, COOTBETCTBEHHO, B paboTax [52] u [112] kak BeIpakeHUs,
ob6o6mraronue mepy lllernHona—Bunepa.

PaccMoTpuM OCHOBHBIE CBOMCTBA SHTPONIUK PeHbH.

1. IT010:XUTEIBLHOCTh U BBIMYKJIOCTb. DHTPOIHS €CTh BEUIECTBEHHBIH,
HEOTPHUIATEIIBHBIN W BBIMYKIIBIA (PYHKIIMOHAT ¢ MAaKCUMyMOM (MUHUMYMOM)

mpu >0 (q < O) . CripaBe )TMBBI HEPABEHCTBA

H,(p)20, (3.5.19)

Ho(ap+ap,)s aH(p)+ aH( B (3.5.20)
rie a +a,=1, a >0, a, >0 usuTponuu

1 AL 1 m
H,(p)=-—log,y p}, H,(p,)=—log,y p}  (3.5.21)
1-q i 1-q :
C HOpMHUPOBAHHBIMHU PACTIPCACICHUAMU

> Py =3 Py =1. (3.5.22)

HepasenctBo (3.5.20) ecth HepaBeHCTBO MeHCeHa B TEOPUHU BBIMTYKIIBIX
Gynxuuii [47]. TIpu =0 umeem H, ( p) =log, m.

Ha puc. 3.4 mpescTapjieHa 3aBUCHMOCTb SHTPONHH PeHbu Hq(p) oT
pacripeiec/ieHusi P TpH 3HAYCHHSIX M= 2, ppuq= -3 -1 0 1 3

H,(p)
8-

2 b "‘-\__ "
N A
ol B
0,2 0,4 0,6 08 pl

Puc. 3.4. 3aBucumocTb 3HTponuu PeHbu oT pacnpenencHus:
1- (q: _3)!2_ (q: _1)!3_ (q: 0)14_ (q: 1)!5_ (q: 3)
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2. AJIMTUBHOCTL ISl HEe3aBUCHUMBIX 00beKTOB. IlycTh cocrosHue
CIIy4alHOTO OOBEKTa OIHCHIBAETCS COBMECTHBIM MYJbTHIUIMKATUBHBIM pac-

TPE/IENICHUEM BEPOATHOCTEH Py = R B, P, M P; OTHOCATCA K PasHbIM He3a-

BHUCHUMBIM 00bEKTaM. 3amnuiieM OOy SHTPOIHUIO
1 m
H, (pi2) :ﬁlogziz p; (3.5.23)
C YCJIOBUSIMU HOPMUPOBKH ISl paclpeieiCHUN
m n m n
22Ph=2R=>n-=L (3.5.24)
] | j

Torga u3 (3.5.23) noayyuM CBOMCTBO aJAUTUBHOCTH JIS SHTPOMHUI He-
3aBUCHUMBIX O0OBEKTOB

Hq(plz): Hq(p1)+ Hq(p2)7 (3.5.25)
rac
1 m 1 n
Hq(pl):ﬁlogziz P Hq(pz)=ﬁlogzg pl.  (3.5.26)

3. PaBeHCTBO /1J151 3aBUCHUMBIX 00beKTOB. B 00111eM Citydae 3aBUCUMBIX

00BEKTOB HCMOJB3YETCA TEOpeMa pazioKeHUs P, =R p”i . Paccmotpum nBa

noaxoda K HaXOXKIACHUIO YCIOBUA aAAUTUBHOCTH IJIA 3aBUCUMBIX 0O0BEKTOB.
B [EpBOM CiIyda€c HCXOJAUM U3 COOTHOIICHUM A IMapaMCTPpU30BAHHOI'O

pacrpesieeHus
m n m
=1 fj\i ' IZJZ fiy = IZ f =1 (3.5.27)
p‘q pq p‘q
i :I—J‘I, fi =—"—, (3.5.28)

129



p.q: - (3.5.29)

" IOJIYYUM PAaBCHCTBO AJId 3aBUCUMBIX 00BEKTOB

Hq (p12) = Hq(pl)+ Hq( pz‘ p]_)! (3530)

239

Hcnonb3yeM TOXIECTBO VISl CIIy4alHBIX HTPOITUM h( fij )—h( f)—l’( fj‘i

rae ¢pynkuuonan [110]

m n q
1 1 22
Ha(Pal ) =1=gl00,3 13 #) =1~ log, g
2P

(3.5.31)

Ycnosue agmutuBHOCTH (3.5.30) MO0 popme coBMATAECT C COOTBETCTBYIO-
M ycinoBueM (1.5.17) B ctatuctuueckoit moaenu lllennona—Bunepa.
Bo BTOpOM ciyuae BBeZieM mapamMeTpu30BaHHOE paclpe/IesieHre

by =00, 530, =36 =1 (3532)
i i

rac

== (3.5.33)

Y0, =L (3.5.34)

3anuieM citydaiiHble SHTPOIIUU

h(f;)=an(p)+@-9 H(r,) (3.5.35)
n(o)=an(B)+(1- 9 (). (3536)
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(0, )=an B, )+@- 9 Hy( n,) (3.5.37)

B (3.5.37) umeeM ycIOBHYIO SHTPOIHUIO
=L log, 3 p 3.5.38
Hqi(p21 _EO%% Pij - (3.5.38)

ITocae YCPCAHCHUS Pa3HOCTU MCIKAY CHy‘I&ﬁHBIMPI OHTPOIIHAMU

h( fi )— h((l)i )— h((l) i ) HOJIYYHM YCIIOBUE aJIUTHBHOCTH

H, (p2)=Hy(p,)+ Hq( Py pl)_ﬁHH(‘“: fi)- H(w:¢ )5 (3.5:39)

PaBenctBo comepxur, B ominuue ot (3.5.30), AOMONMHUTENBHOE cliarae-
MOe, KOTOpOe Ha30BeM AC(PEKTOM SHTPONHH. YKa3aHHBIA JACPEKT SHTPOIHU
3aBHUCHUT OT Pa3HOCTH MEP HETOYHOCTH.

Ipu Y, =f u Y=p cperHue yclioBHbIC SHTPONUH UMEIOT CJIEAYIO-

IIUH BUJ
Hq(pz‘pl):ig Hqi( pz‘ pl) f=

m n
m n z piq |0g2 Z ?\i
S f.log, S pfl =- ) , (3.5.40)
[ ]

i m

(1-a)y o

Hq(pz\pl):ig Hqi(pZ‘ pl) R=1

_q_f plogzzn § - (3.5.41)
! J

B npenene q — 1 nedexr suTpornnu paseH Hyimo u (3.5.39) coBnamaer ¢

dbopmymoit (1.5.17). dynknuonans! (3.5.31), (3.5.40) u (3.5.41) npuHUMarOT
3Ha4YeHHE cpeaHel ycimoBHOW SHTpornuHu (1.5.10) cTaTUCTHYECKOW Moaenu
[lennona—Bunepa. Bripaxkenue (3.5.41) paccmarpuBaercs B pabote [59].

4. Cuay4aiiHoe OTKJIOHeHHMe. PaccMoTpuM ciydyaiiHble SHTPONUU

h( f ) =-log, f u h( o ) =-log, p. Jlorapupmupys pacnpenenenue
(3.5.8), umeem

h(f)-H,(p)=afh( p)- H (AR (3.5.42)
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TAC SAICHO IMPOABIIACTCA JIMHEHas 3aBUCUMOCTh MCKOY CﬂyqaﬁHBIMH OTKJIOHC-

HUSIMH BEJIMYHUH h( fi) " h( pl) oT sHTporuu Penbu. DuTponust Peneu He

MMEeT aHaJlora CIy4aiHOH SHTPOIHH.
B reomerpuueckoil uHTEepriperanuu paBeHcTBO (3.5.42) mpencraBiser
co00i ypaBHEHHE ITy4Ka MPSIMBIX, MPOXOMSAIIUX Yepe3 TOYKY A TUIOCKOCTH

{h( f ), h( R )} . [Tapametp  ecTh yrioBoi ko3(PHUIMEHT paccMaTprUBaEcMON

pAMO (q:tga),aTqua A={Hq(p), Hq( p)} — LEHTp My4Ka.

PacripeierieHust MOXKHO 3alKcaTh B SKBUBAJICHTHBIX (hOpMax
m _
p = fﬁ““/ > 149, f = o2, (35.43)
|

5. DHTpONMsA PAaBHOBEPOATHOIrO cocTosiHUA. Haxoaum skcTpeMym 3H-
Tponuu PeHpM IIpU yCIOBUM COXpPAHEHUs HOPMHUPOBKU pacIpelesieHus P .

Bapsupyem ¢pyHKkumnoHan
1 m m
L :ﬁlog2 > pd —ayn (3.5.44)
| |

v n3 paencTBa OL =0 momyunm p, =const. M3 ycnoBus HOPMHPOBKH BBITE-

KacT paBHOBCPOATHOC PACIIPCACIICHUC

1
p=" (3.5.45)

DKcTpeManbHOE 3HaYCHHE SHTponuH PeHbn
H, (p)=H(p)=log, m (3.5.46)

HE 3aBHCHUT OT IIapaMeTpa ( M COBHANACT C COOTBETCTBYIOIIMM 3HAYCHHUEM SH-

tpornu [llennona—Bunepa (1.5.41).
6. HepaBencrBa. DHTponusi PeHbU yIOBIETBOPSIET CIEAYIONIMM HEpa-

BEHCTBAM:
Hy(Po) s H(py)+ H(py), (3.5.47)

H,(p)<log,m, (g>0), (3.5.48)

H,(p)zlog,m, (a<0), (3.5.49)
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H(f)>Hq(p)>H(p) , (0<qg<)), (3.5.50)

H(f)<H,(p)<H(p). (a>1), (3.5.51)
H,(p)>H(f) u H (p)>H(p) . (a<0), (3.5.52)
Hy(P2) = Hy (), Hy(pip) = Hy(py), (3.5.53)
H,(p,|p)20, H,(p,|p,)20. (3.5.54)

7. HopmupoBaHHOCTH M pa3MepHOCTh. BriOnpaeM HauMeHbIIee YHCII0
BO3MOXXHBIX COCTOSSHUML M=2 ¢ paBHOBO3MOXHBIMHM 3HAYEHHUSIMHU pacrpese-
neHust P = p, = 1/2. Torma nns suTpormu PeHbH BBINOJNHAETCS CBOWCTBO

HOPMHUPOBAHHOCTH

H, Bﬁ ZH: Iog2 z pi = (3.5.55)

Enununei namepenus I/IH(bOpMaI_[I/II/I B CTaTHCTHYECKOM Monenu PeHnn,
Kak cienyet u3 (3.5.55), sBnsiercs oguH OUT.
Jns pusndeckoit Teopuu HHGOPMAIIMH UMEEM SHTPOIIUIO

1 m
Hows(p)=—L s pa. 3.5.56
Phvs(p) "2 n (3.5.56)

B cratuctuyeckoit ¢usnke ucnonb3dyercss HTponus PeHbu, mMeromias

pa3MepHOCTh MOCTOSTHHOM bospiimana H q (p) =kH c';’hys( p) U COBIAJIAIOIIAs B
npexaene g — 1 ¢ saTponueit bonsiimana—I u66¢a [1,6]
m
H (p)=lim H2™(p)=-k5 (In g) . (3.5.57)
q- i

OHrporust PeHbpr ecTh oTHOIIEHWE (HU3MUECKON Oe3pa3MepHOi IHTPO-
nuu (3.5.56) kK ee 3HAUYCHUIO TIPH PABHOBEPOSITHOM COCTOSIHUU ¢ M= 2. Takum
00pa3om, IMeeT MECTO PaBEHCTBO

H Phys
q—(p), thvsm ,Eﬁz In2. (3.5.58)
H phyle }D 2
"2

H,(p)=

8. Iu¢gdpepenuuansubie cootHomenus. luddepenmpyem nndopmanio

pazmuus | (f : p) B paBeHcTBe (3.5.13) u nonyuum cootHomenue [20, 21]:
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09

KOTOpoOe 1ociie mpeodpazoBanus Jlesxxanapa mpuMeT CIeTyIOHi BUT

di(f:p)=- Ele(f), (3.5.59)

Uq C
dH (p)=1(f:p)d (3.5.60)
J(P)=1(1p) o L0

Judbdepennmanbapie cootHommenus (3.5.59) u (3.5.60) onpenenstor B3auMo-
cBs13b uHpopmanuu paznuuns Kynsbaka—Jleitbnepa ¢ sutponueit lllennona—
Bunepa u sHTponueit PeHbH, COOTBETCTBEHHO, B CIydae HEMPEPHIBHBIX 3HAUE-
HUU napamerpa (.

9. f -3HTponmsi. DYHKIMOHATLHBIM 00OOIIEHHEM SHTPONUH PeHbH

(3.5.15) stBnsieTCSl € TMHCTBEHHOE BBIPAKCHHE

Hi(p)= f N (P)E (3.5.61)

rae f —BbINyKiIas QyHKIUS OT MOTYHOPMBI PACTIPE/ICICHUSL.

Ipu f =-log, Nq_l( p) u3 (3.5.61) BeiTekaet suTpOonus Pensn

H,(p)=-log, N, (p). (3.5.62)

31ech apryMeHToM JorapuMuyeckord (QYHKIUHU SBISETCS MOJIyHOpMa pac-
MIpEACIICHUS

m (a9
Nq_l(p)zﬁiz pﬁ% . (3.5.63)

3.6. Undopmanus pazauunsi PeHbu
U Mepa HeTouHOocTH. Mepa UepHoBa

PaccmoTtpum muanMyM nHpopmarmu panuuns Kynsoaka—Jleiionepa
m [] f. O
| (f :p):z%ogz—ﬁfi (3.6.1)
i P,

MIpH 3aJJaHHOCTH Pa3HOCTH Mep HeTouHocTH H (f : p) uH (f :u) ¢ puxcupo-
BaHHBIMHU PaCTIPEICICHUSIMHI BEPOSITHOCTH [ :{ R pm} ,u :{ul,... : qﬂ} u

COXpaHCHUU HOPMHUPOBKH Jyis f :{ fa.. fm} :
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H(1:p)==3 (log, n) 1,
H(f:u):—g(logzui)fi , iZﬁzl.

CornacHo BapHAIlMOHHOMY NPHUHIIMITY, HAXOJIUM O€3yCIOBHBIA IKCTpE-
MyM (pyHKIIMOHANA

(3.6.2)

ngéc’gz%%i +(1—q)§(logz R)f-

—g(logz u)f %Gg fi (3.6.3)

rie (1— q) 1 O ectb MHOXHTeNH Jlarpanxka. Mcrnonb3ys paBeHCTBO

6L=§6f. Dog L+i+(1—q) log ﬂ+o(D 0, (3.6.4)
! a p In2 “u ﬁ:
MOJTy4UM TIapaMEeTPU30BAHHOE PACIIPE/ICTICHIE

fi = pqul—qr(;l( p: U), r(p:u):z Qq ql‘q’ (365)

paccMaTpuBacMoe B TEOPHH CaMOOpraHu3aiu Gpusndeckux cuctem [19 — 22]
u Teopuu nHopmarmu [33].

Pacnpenenenue (3.6.5) makcumuszupyer surponuio lllennona—Bunepa
NpPU  BBINICIPUBECHHBIX JIOMOJHUTEIBHBIX ycloBUsX. [lonmcTaBisisi  ero
B (3.5.1) u (3.6.1), uMeeM dKCTpeMalibHbIE 3HAYCHUSI SHTPONUHU U WH(POpMAIUN
paznuyus

H(f)=qH(f:p)+(1-q) H(f:u)+|ogzrq( p: y, (3.6.6)

L (f:p)=(-q)gH(f:p)-H(f :u)g—logzrq( p:uy). (3.6.7)

AHAJOTUYHO HAaXOJUM CJEAYIONHe WHPOPMAIIUIO PA3THYUS U PACXOK-
JIEHHUE

|(p:f)=-(-a)EH(p)-H(p:UB+log, T (Y. (368)
(

J(f:p)=1(f:p)+1(p:f)=
=(1-q)gH(f:p)-H(f:u)+ H(p:U- H(PE  (36.9)
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u ¢ yueroM (3.6.7) nonyuum cootHotenus [20, 21]

ql (frp)=1(f:u)-1,(p:u), (3.6.10)

11 (p:f)=14(p:u)=1(p:u), (3.6.11)
qi_l'(f ip)+ﬁ|(pif)=l(f u)-1(p:u)  (3.6.12)

JUTSL B3aUMOCBSI3U PacCMaTPUBACMBIX (DYHKIIHOHAIIOB.
3nech BBeAcHA HHGOpMAITUs pa3anans Penbu

Iq(p:u):qi_llogzrq(p:u):q—illogzig fge.  (3.6.13)

He BrimmcniBas (byHKIII/IOHaJIBI B SIBHOM BHJAC, OTMCTHUM, YTO B MNPCACIIC
g — 1 umeem undopmanuto paznmuuns Kynsbaka—Jleiibnepa

m []

(p:u —IlmE'q p:u), ),H(f:u)H:ZEogz%Eg, (3.6.14)

sHTponuio lllennHoHa—Bunepa
i m
H(p)=limH(f: p)= - (log, p) R (3.6.15)
- 1
u Mepy HeTouHocTH Keppumka

H(p:u)=lim H(f:u)= -5 (I0g, y) p- (3.6.16)

PaccMoTpuM OCHOBHBIEC CBOMCTBA HH(POPMAITUU pa3nudusi PeHbH.
1. Beinykiiocts. MHpopmanus pa3inuuns €cTh BEIIECTBEHHBIM, BBIMTYK-
JBIA U TOJOXKHUTENbHBIA (OTpULIATENbHBIN) (QYHKIIMOHAT C MUHUMYMOM (Mak-

cumymoM) ripu (>0 (q < O) .

HmeroT MecTo clieyromiie HepaBeHCTBa

l,(p:u)>0, (a>0), (3.6.17)

Iq(p:u)<0, (q<0), (3.6.18)
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l Heaupo+aopy): b al(pe U+ aL( s ) (36.19)

e a +a,=1, a > 0, a, > O u uHpOpPMAIUH pa3TUIHS

1 m -

Iq(pl:u):q—_llogziz pdyta, (3.6.20)
1 m _

|q (p2 :U) :ﬁlogzlz pglql a, (3621)

Pasenctea =0 mwm p=u jaior 3Hauenne | (p:u)=0.

Ha pwuc.3.5 nmpuBOATCS 3aBUCHMOCTH SHTPONHUU U MH(DOPMAIUU Pa3iu-
yust PeHpu OT uncna ( mpu 3HAYCHUSX M=2, P, =]/ 4, U =ZI/ 3, I7ie BUJIHO

yObiBanue H q ( p) 1 Bo3pacrtanue | q (p : u) C YBEJIMYCHHEM ( .

H.(p), I,(p:u)

0,5 ~_ 1

2

] J_'_F'_'_H_'___._,_,_
_]_-9_/—/_/__'5—!##-*.—- S q 10

Puc. 3.5. 3aBucumoctu ¢pyHKUMOHANOB MOoAean PeHbu oT uncia q:

1- Hq(p),2— Iq(p:u)

Ha pwuc.3.6 npencraBineHa 3aBUCUMOCTh WH(popMaIuu pasznuyusi PeHbn

Iq(p:u) OT pacrlpejiefieHHsi NP 3HaYeHHAX M=2, P, =p, U, =13 u

g=-3; -1 0; 1, 3
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Puc. 3.6. 3aBHCUMOCTS WHGOPMAIAN pa3Tidns PeHbN OT pacTpe/ieIeHus:

1-@=-3),2-@=-1),3-@=0),4-@=1),5-@=3)

2. AIINTHBHOCTH UI1 HE3aBHCHMBIX 00beKkTOB. IlycTh cocrosHus
CIIy4alHOrO 00BbEKTa ONUCHIBAIOTCS HOPMUPOBAHHBIMU COBMECTHBIMU paclipe-

nenenusaMu Py, u Uy, Mndopmanus pasnnuus sanuniercs Tak:

1

m n
'q(plziulz)=q—_1|092izjz iy (3.6.22)

B cnyuae craructuueckoil HE3aBUCMMOCTH COCTOSIHUM MMEEM PaBEHCTBA
pij =R q u uij =y Lﬁ . Torna u3 (3.6.22) BBITEKAaET CBOMCTBO aIMTUBHOCTH

L4 (P iug) =14 (Pyrug)+ 14 (P u)) (3.6.23)

JJIA PIH(bOpMaI_II/II/I pas3Iniuus HE3aBUCUMBIX 00BEKTOB

1 m _
Iq(pl:ul):q—_llogziz payte, (3.6.24)

1, (p,:u,)=—1=log, ¥ pILEa. (3.6.25)
a\P2 1) = 7210022 B

3. PaBeHCTBO /U151 3aBHCHMBIX 00beKTOB. B 00111€M ci1yyae 3aBUCUMBIX
00BEKTOB PACCMOTPUM COBMECTHBIE PACIPECIICHUS P, =R p”i u U =y u”i

Ipu pcanM3aliviu COCTOSAHUA C pi n Ui . HpI/IBeZ[eM JBa 11oaxoJa K HaXO0xXJIC-
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HUIO YCJIOBUS aAAUTUBHOCTH IJId 3aBUCUMBIX 00BeKTOB. B MEepBOM CJiydyac 3a-
MAIICM ITapaMCTPHU30BaHHOC PACIIPCACIICHUC

m n m
=1 fj\i ’ IZJZ fiy = IZ f =1, (3.6.26)
rac
ayla q
i=ea 2., J — :%, (3.6.27)
Z;qu >
m n 1-
> > Py pd
— 1] q.1-q_ i il
i = ma 4 1q e TR T B (3.6.28)
ijp”qj Iz le Bjj qul

Hcnonb3yem 3HaYCHHS CIIydailHBIX MH(POPMALUN pa3iIuyusi U MOCIE BbI-
YHCICHUH UMEEM PaBEHCTBO JJIsl 3aBUCUMBIX 00BEKTOB

Q(p12:u12): Iq(p1:U1)+ lq(p21: Ual), (3.6.29)

rie QyHKIIMOHAT

(3.6.30)

VYcioBue ajiuTUBHOCTH JJIsl 3aBUCHMBIX 00BeKTOB (3.6.29) mo dopme
COBIAJIACT C COOTBETCTBYIOUIMM YCIIOBHEM B cTaTHCTHUeckod Mojaenu lllen-
HoHa—BuHepa.

Bo BTOpOM ciyuyae BBesieM paBE€HCTBA ISl IPYTOro apaMeTpHU30BaHHOTO
pacripesienieHus

q 1-q 1-
Pt o = PU (3.6.31)

z pq l_qz J‘| Ji izpiqql_q

(I)ij =
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B pq U:.L_q n
¢_u=nl'_1i, >0 =1, (3.6.32)

¢i Z pq 1-q ]

ji Ji

ciy4aiiHbie HHQOPMAIIUH PA3TUYIUS
I (fIJ ) ql (QJ Y ) (q —l)J1 (p12 : ulz), (3.6.33)
(0w )=at(py)-(a-D) | (p:w), (3.6:34)
I (q)ji g, ):ql (pJI u, )—(q—l) ly ( p21‘ual). (3.6.35)
U YCIOBHYIO HH(POPMAIIHIO Pa3THUHsI

1
41) Iogzz p”I ” . (3.6.36)

q| (p21

[Tocne ycpenHeHus pa3HOCTH MEXIY ClydailHBIMU MHGOpPMAIUSIMU pa3-

ymuus | (f u; )—I (d) 'y ) ((1)ji :u” ) MOJIYYUM YCJIOBUE a/ITATHBHOCTH

(p12 u12) (pl UJ)+| (p21‘ 31)
qia (wif,)-1 (w:6,,)8: (3.6.37)

3necy nedexkt uHbOpMaIlMK pa3NUuuus 3aBHCUT OT PA3HOCTH HMH(pOpMa-
LUU PA3IAYHSL.
Ipu Y, = f u Y= p cpeanue ycnosHble HHPOPMALMH PA3TUIUS UME-

FOT CIEAYIOUIUN BUJ

'q(pn“al)z,z'qi(pm‘“w) =
< T T
-1 $tlog,y po 1—q_izp 0% Z i (3.6.38)
_EMZ iogzj_Zp”iu” ) T -
( 1)izp.bi‘
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(p21 al) ,g'q( z‘)plz

= 2 |ogzz J‘I ujqu (3.6.39)

B mpenene q - 1 nedexr uapopmanmu paznudusi paBeH HYJIIO U yCIO-
Bue aanutuBHOCTH (3.6.37) coBmamaer ¢ dopmynoi (1.8.23). OyHKIIMOHAIBI
(3.6.30), (3.6.38) u (3.6.39) npuHUMAIOT 3HAUYCHUE CPEIHEH YCIOBHOUN MH(DOP-
Manuu paznuuus (1.8.25) craructuaeckoit moaenu [llennona—Bunepa.

4. Cay4aiiHoe oTkjIoHeHHe. PaccmoTpum ciyyaiinele nH(opManuu pas-

e |(f;2u) == (1) ~h(u )5 log, (£/1) w1 (p:u) ==Fh(») - H{y)EF
=log, ( P, / Y ), KOTOpBIE PABHAIOTCS Pa3HOCTAM clydyalHbIX SHTpornui. [Tocne

norapudmupoBaHusi pacnpeneneHus (3.6.5) MOIyyuM CBsI3b CIy4alHBIX OT-
KJIIOHEHU 3TUX BEJIMYUH OT MH(pOpMaLIUU pa3nuyus PeHbu

I(fi:ui)—lq(p:u):qu(pl:q)—lq(p: U)H (3.6.40)

KOTOpasi HE MMEET aHaJIoTa CIyJyailHON HH()OPMAIIUH pa3InyHs.
PaBenctBo (3.6.40) ecThb ypaBHEHHE IIydyKa MpPSMBIX B IUIOCKOCTH

{I (fi :ui),l (pI ‘Y )} C IIEHTPOM B TOYKE A:{Iq(p:u), Iq(p: u)}

Pacripenenenue (3.6.5) MOKHO MPEACTABUTH B SKBHBAJICHTHOU (hopme
f = pagt-ag (P (3.6.41)
| |

S. Undopmauusi pasiuuusi ¢ U, = 1/m. TloxcTaBuM PaBHOBEPOSTHOE

pacnpenernenue U, = 1/m B (3.6.13) 1 moy4nuM paBEHCTBO

o (piu)= —IOgZZ pqﬁlgq ~TH, (p)-log, il (3.6.42)

W3 ycrnoBuii BRITYyKIIOCTH MH(OpMAIMK pa3anyus PeHbH, onpenensiemMbx He-
paBenctBamu (3.6.17) u (3.6.18), cienyer, 4To 3HTpONUs MeHbIIe (OOIbIIIE)

SHTPOITUU PAaBHOBEPOSATHOTO COCTOsIHUS ipu (>0 (q < O) .

6. HepaBencrBa. /[y nHbopMaImu pa3inyusi IMEEM CIEIYIOIIIe Hepa-
BEHCTBA!
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Ly (P iuy) < 1o (pyrug)+14( Py, (3.6.43)
I(f:u)>1,(p:u)>1(p:u), (0<qg<1), (3.6.44)
I(f:u)<i (p:u)<i(p:u), (4>0), (3.6.45)

I (pru)>1(f:u)ui,(p:u)>1(p:u), (9<0).  (3.6.46)

7. Pacxoxnenue. OmpenenuM KOJIWYECTBEHHYIO Mepy HWH(pOpMaluu
pasnuuus B HAOMIOJIEHUSIX U OTHOCHUTEIIBHO P

l,(u:p) =qi_1|092 g ui g (3.6.47)
W PACCMOTPHM CYMMY
Jq(p:u): Iq(p: u)+ Iq(u: =
:qi_laogz g pIuLa + |ogzi§ e pl‘qﬁ, (3.6.48)

KOTOpast SIBJISIETCSl pacxXokJeHHeM. PacxokaeHne ecTb CUMMETpU4Has (QyHK-

uusa J q ( p: u) = Jq( u: @ OTHOCHUTEINIbHO pactipeneieHuit P u U. B mpenerne

g — 1 u3 (3.6.48) cnexyer u3BecTHas Mepa

. mb —p
J(p: u):lel 3(nm L):_z%ogzu— p- 1) (3.6.49)
- , i
Oyukuuonan (3.6.48) sBrseTcss BBIMYKIbIM U aJAUTUBHBIM JJIsi HE3aBU-
CHUMBIX O0OBEKTOB.
B pabote [117] paccmaTpuBaeTcst pacXoKJISHHUE B CISTYIONIEM BHJIC

O ™ caq. ™ o 44C
, 0 2PYTIHYYETg
Jq(p:u): [og, - ' O, (3.6.50)

q —1@ 2
KoTopoe mpu ( — 1 taxke umeet npexaen (3.6.49). st cpaBHeHUS QYHKIIHO-
Hanos (3.6.48) u (3.6.50) yunTbsiBaeM HEPABEHCTBO:
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1 m _ m _ |:|
500, 3 i +l0g, 3 4 s

a a4 4 g ar]
2Py +” P (3.6.51)

=g .

KOTOPOE BBITEKAET U3 CBOMCTBA BHIMYKJIOCTH JOTapU(PMHUUECKON (YHKITHH.

ITocne nenenus (3.6.51) Ha (q—l) MOJIYYUM CJIEJICTBUE, YTO (PYHKIHO-
Han (3.6.48) wmenbme (Oonbmie), yem dyakmuonan (3.6.32) nmpu >0
(0<qg<1).

8. Mepa HeTouHOCTH. Mepa CTaTUCTUYECKON HETOYHOCTH OINpPEICIIsIeT-
csl YHKIIMOHAJIOM TIPH aJTATUBHOCTH MEp

Hq(p:u): Hq(p)+ Iq(p: u)=

q
Nq—l(p): 1 log P
OpQd 1-q 2 n
N
Hu H >
i

-Ms3

(3.6.52)

=-log ,
2 Dp -1

Iﬂ
uﬁp'

KOTOpBIH ObLT BBelleH B pabote [96]. [pyrue BeipaxkeHUs IJi1 MEPbI HETOUHO-
CTH

Hq(p: u)=-log, Nq_l(u):ﬁlogzg ™ p, (3.6.53)

Hy (p:u)=-log, ﬁwq 1%% - 'ngg q(q_l)/q R, (3.6.54)

HE SBJISIONIMECS CYMMOH DHTPONMUM M MHOOPMAIUHM pPa3IHdusi, MPUBOIATCS,
COOTBETCTBEHHO, B paborax [95] m [126]. B mpegene -1 u3 (3.6.52)-

(3.6.54) BriTekaeT Mmepa HetouHocTH Keppumxa
m
H(p:u):lﬁ:m1 Hq(p: u):—z(log2 q) p. (3.6.55)
- |

Ha puc. 3.7 npezcrasienst 3aBucuMocT SHTpormn H (p), nadopma-
My pasauaus | q (p:u) U Mepsl HeTouHocTH H q (p: u) B Buae (3.6.52) ot

pacnpesenienus mpu M=2, =2, py=pua) u1:]/3, 0) u1:]/2_
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H, (p), I ,(p:u), H (p:u) H, (). 1,(pru), H (p: 1)

16 1.6]
1,2 1,25 3
0,8 0,8 1
0,4 0,41
0 e 0_ """""""""""""
i 0,2 0,4 0,6 0,8
a 6

Pwc. 3.7. 3aBucuMOoCTH (DyHKITHOHAIOB MOJIENT PEHBN OT pactpeaeneHus:

1 —sHTponus Hq (p) , 2 —uHpopMaLua pa3auuus Iq (p : u) ,

3 —mepa HeTouHoctd H o ( p: u)

9. UndopmanmonHbiii paauyc. ['eomeTpuueckas UHTEpIpeTanus Hepa-
BeHcTBa (3.5.20) mpu a =&, =1/2 naer ¢opmyny s UHPOPMAIMOHHOTO

panuyca [99]

1 toop +y m m
im0 T oo

kotopas npu ( — 1 coBmamaer ¢ dyakuuonaaom (1.8.60) crarucruueckon
teopuu [llennona—Bunepa. /[pyrue BblpakeHus s Rq ( p: u) MIPUBOJATCS B

o03opax [120, 121].
10. Mepa YepnoBa. Mudopmarus pasnuuus Perpu BKIIOYaeT B cels
Mepy Uepnosa [67]

I, (p:u)= E pAyd (3.6.57)
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JUIA paznuuus pacnpeneneHuid P u U. B umnHTepBame 0< (<1 ¢ynkuusa
Fq ( p: u) ABJISIETCS AHAJIMTUYECKOW, KOHEUYHON U HeoTpuuarenbHoi. Ha koH-
[ax MHTEepBala KMMeeM paBeHcTBa f =U (f = p) npu =0 (q :1) u
Fo(p:u)=r (p:u)=

11. Uudopmanuonnoe paccrossave. i reoMeTpuueckoil MHTEpIpe-
Talu UHPOPMALIUU PA3IHYUS B BUJE MOJOBHHBI HECUMMETPUYHOTO PacCTOsI-

1
HUS 5(p, U)ZE I S(p: u) OT P A0 U HE BBINOJHAETCS HEPaBEHCTBO Tpe-

yroysbHAKa. FIMeeT MecTo HeCUMMETPUYHBIN aHaior Teopemsl [Tudaropa
q(p:u):lq(p:w)+lq(w:u), (3.6.58)

rJie PaBEHCTBO JOCTUTaeTCs TOrjJa M TOJbKO TOTAa, KOTJa CIpPaBeaMBO
yCIIOBUE

g piqql‘q = f pqle}‘qf vlvqpl‘q. (3.6.59)

IIpu q=1 u3 (3.6.58) u (3.6.59) cnenytor coorHomeHusi (1.8.68) u

(1.8.69) B craructuueckoit Moaenu lllennona—Bunepa.
12. HopMupoBaHHOCTH M pa3MepHocTh. MHbopmanms paznuunst Pensn
YZIOBJIETBOPSIET YCIOBUIO HOPMUPOBAHHOCTHU

1 1D g;,1-9 =
|q§L, 33 oo |092sz 1 (3.6.60)

a TaK)Ke PaBHACTCS OTHOIICHUIO (U3MUYECKON Oe3pa3MepHON pazIMyaromiei

uH(bopMallMK Ha 3HaueHue Quandeckoi sHTpornu H qphys(u) MIpH paBHOBEPO-

SITHOM COCTOSIHMM ¢ M= 2. BeimonHsercs cleayrouiee paBeHCTBO

| PYs(p:u)
. —_ 49
q(p.u)_—H T (3.6.61)

7[
i 2p
rac

RV SN _ 1 s
quhys(p-U)-q—_lmiZ Py, qu“ys(U)-m'niZUi‘*, (3.6.62)
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1 10
H physBE H: | phyﬁl 055 N2 (3.6.63)
B cratuctuyeckoit ¢usuke ucnonb3yercs (Qu3Mueckas pasMepHas WH-
11) = k| Ph .
dopmauws pasmaums |, (p : u) = klc';’ ys( p: u) [23].
13. Inddepenunanbubie cooTHouenusi. {uddepennupys nadopma-
U0 paznuaust | (f : p) B paBeHcTBe (3.6.10), momyuum [20, 21]:

d|(f:u):qi_1d|(f:p). (3.6.64)

Hcnonezyem mpeodpazoBanue Jlexannpa u u3 (3.6.64) umeem nudde-
PEHIIMATbHOE COOTHOIICHHUE

: q C
dl_(p:u fip dg— (3.6.65)
o(pr) =11 P) -1

B3aMMOCBSI3U UH(popMmaruu paznuuusi Perbu ¢ nundopmanueii paznuuus Kymb-
6axa—J/leitbnepa /Ui HepepbIBHBIX 3HAYCHUI MapaMeTrpa (.

14. Unpopmanus Pumepa. PaccmoTpuM napameTpudeckue pacmpese-
neHus (9) u p (9+69), COOTBETCTBYIOIIUEC MAJIOMY HM3MEHEHHUIO OIHO-

MmepHoro mapametpa 00 . [IpenenbHble 3HaueHHsT Mepbl YepHOBa U MH(MOpPMa-
UMM paznuuus PeHbn nMeroT Buj

r,(6:6+80)= p?(6) po(6+36) =

a(g-1)
2In2

=1+

Mo (30)°, (3.6.66)

H

14(0:0+80) =~ log, S pa(6) pia(6+86) =

-_4 2 3.6.67
=g o (38)°, ( )

A BCIINYHMHA

m (DIn p, (8)C]
Moo = lZ E'%()E p, (6) (3.6.68)

ecTb Mepa uHpopmanuu duiiepa o BenMunHE HEPIYKTYUPYIOIIETO IMapameT-
pa © B TeopuM OLICHMBAHUS MaTeMaTH4eckoi cratuctuku [32, 33, 39, 74, 75].
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Paznuunbie acnekTsl Bompoca 00 mH(popmannn duinepa MOXKHO HaiTh, Ha-
npumep, B padorax [106, 119].

15. f -undopmanus pazauuusi. OyHKIHOHAIBHBIM 000OIIEHHEM HH-
dbopmaruu paznuaus Perpu

Lp L
|q(p u)=log, N qlBJE (3.6.69)

OIIPCACIUM BbBIPAKCHUC
((pru)=f awq_lﬁg% (3.6.70)

KOTOPOE MPEACTABIISAET COO0H (PYHKIIMIO TIOTYHOPMBI pacTIpE/ICTICHHUS.
B ciyuae Tpex pacnpezeneHuil UMeeM MOJIyHOPMY

0 o O ﬂ/(q_l)

‘1B_B: éfzﬁ»ﬁ (3.6.71)

u f -unpopmanuro paznuuns

I (p:w:iu)= fH qlﬁ_ﬁ (3.6.72)

obo6maromryto ¢pyakiuonan (3.6.70). Ecau f ectb jorapudmuueckas GpyHk-
s, To u3 (3.6.72) noaydum crneayromnmit (byHKm/IOHan [95]

I (p:w:u ——Iogzzﬁ»ﬁ P . (3.6.73)

IIlpu w=p w3 (3.6.72) u (3.6.73) ciueaywOT, COOTBETCTBEHHO,

f -undopmanus pasmuuns (3.6.70) u uadopmarus pasaunuus Pensu (3.6.69).

3.7. O600meHHbIe MOJTYHOPMBI U MepPbI

Paccmotpum ocHOBomomnararomue 0000IeH s TOTYHOPM MPOU3BOILHON
CIy4ailHOM BEJTMYHUHBI

om_ . ¢

Zqu D

ﬁzpﬁ

(3.7.1)
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U pacnpeesieHus
ﬂ q

, (3.7.2)

Dz pq+l

ﬁzpﬁ

KOTOpBIE OMPEEISIIOTCS CIIOCOO0M YCPETHEHUS.
HopmupoBannas f-mosynopma. OyHKIHOHANEHBIM 0000IIEHHEM $IB-
JISIFOTCS B3BEIICHHBIC HOPMUPOBaHHBIE T -I0TyHOPMBI

ﬂ(q
DZTq f(n)o
Dim , (3.7.3)

ﬁzf a:

ﬂ(q
DX p'f(R)o
575 , (3.7.4)

ﬁzf )i

rae GyHKIUS OT pacupeencHus 001a1aeT CBOWCTBOM MYJIbTHILTUKATUBHOCTH

f(pp)=1(r)f(n).

3HTpOHI/I$I n I/IH(l)OpMaIlI/ISI pasianuuda NpCACTABIAIOTCS BBIPAKCHUAMUA

1 > P (n

H, ¢ (p)=-log,N_,(p) =ﬁlogzg'§TB (3.7.5)
B 4 =
5 P (R)g
Iq,f(p:u):log2 q“ﬁgﬁ:qlllo%g — B (3.7.6)
5 2 g

KOTOPBIC UMCIOT IPCACIIbHBIC 3HAYCHU A
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H, (p)=limH, (p)=-"— , (3.7.7)
izf(pi)

g%ogzp_‘%f(p)
P

uI
m
> 1(p)
o0o6mrarontue >aTponuio lllennona—Bunepa u nnpopmanuto paznumuuns Kymb-
Oaxa—Jleitbnepa.

(p:u)= Iqirpll , (3.7.8)

B kauecTBe mpumepa npuBefeM ciiydail yCpeJHEHHUsS IpU IMOMOIIU pac-
IpeJIeeHUs

5
f(p)=-, (3.7.9)

4yTO Aaet, cornacHo (3.7.5), cnenyromyto 3uTponuio [100]

Bg pq+s1 -1 D

1
Hq(p):ﬁlog2 E)ZTB (3.7.10)
B+ B

e s >1,q#1u g>0.

[lpu s = s u3 (3.7.10) BbITeKAET pyHKIMOHAT

Bg pq+ s-1 D

HS(p)= 11 |og2[-|75 (3.7.11)

¢ s=21, q#1wu q>0, koropsIii u3yyaics B padorax [52, 83].

Mepa cratucTuueckoro paccrossnusi. Ecnmu B (3.7.11) monoxwurh
1-gq=s-r,anpu S=1 cuenars 3aMmeHy (| Ha - +1, To mOTy4rM COOTBET-
CTBYIOIIIHUE YHTPOITUH:
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om  C
1 DRy 0
Hf(p):—logz'l'rs(p): Iogzﬂ' (3.7.12)

£

crzq,r>0us>0 [52]u

m

H; (p):ilog2 S pit (3.7.13)
r—g i

c r=1<qg<r, r=1[128]. ®ynkuuonan (3.7.12) sBusercs o000MEHHON Me-

POii CTATUCTHYECKOTO PACCTOSTHUS Trs( p) mexay p' u p° [63, 66].

(h,q)) -3HTponus. Onpenenum s KaKJI0M clydyallHOM BeTWYUHBI T U

MOOBIX yKcen U S QyHKIUIO

i

DZTq P D

ﬁzpﬁ

KOTOpas IIpU BBINIOJIHCHUHN BCpOHTHOCTHOﬁ HOPMHUPOBKH UMECT BU/JI

(3.7.14)

G;(T):ﬁg'ﬁq pﬁ. (3.7.15)

Oynknus (3.7.14) sBusercs B3BeneHHbIM cpeaauM o Konmoroposy—Harymo
npu s=1/q.

Breipaxenue (3.7.15) nns pacnpeneneHus

p) = ﬁ—g pﬂﬁ (3.7.16)

M €ro CBOMCTBA paccMaTpuBaIucCh B padborax [60, 66, 125, 127], a cooTBeTCT-
BYIOIIIAst SHTPOTIUS

m
Hg (p)=~-log, G2, (p)=-slog, 3 f (3.7.17)
MPEACTABISAET COO0M (h, (p) -3HTponuto [105]:
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:h%(p( 9)% (3.7.18)

npu PYHKIUSX CTETIEHHOM (p( p) = pY u norapupmuyeckoii h (G) =-log, G

PaccMoTpeHHble AByXMapaMeTpHYecKue SHTPOIUM U WHQOpMAIHs pas-
JMYHS UMEIOT JIOTapU(PMUIECKYIO MEPY U UCCIIEOBAIUCH B COOTBETCTBYFOIIUX
paboTtax kak 0000mIarONIMe BEIPAKEHUS UL SHTPOITUN U UH(OPMAIH Pa3IIu-
yusi Penbu.

3.8. IByx- u k-mapameTpu4eckasi uHGOpMAIMS Pa3THIHSL.
Mepa Xaycaopda

[Tomyuum nByXMapameTpudeckuii aHanor uHopmanuu paznuuus Perbu.
st yero paccMoTpuM MUHUMYM uHbopManuu paznuuus Kynsbaka-JleiiGnepa

(f ;p):ﬁmog B (3.8.1)
i E “p ﬁl

npu (PUKCUPOBAHHBIX pACHpEACICHUIX [ ={ Byseees pm} uu ={ul,...,qn} c
YCIIOBHEM COXPaHEHHUS HOPMHUPOBKH Jutst | :{ fa fm} U JIByX Mep HEeTO4-

HOCTH

H(f:p)= Ig('ogz p)t. H(f:u):—g(logzq)fi. (3.8.2)

Beenem HeomnpeneneHHbie MHOKUTENH Jlarpanika (1— q), T, O H, co-

IJIACHO BapHAIIMOHHOMY TIPUHIIMITY, HUCCIEAyeM O€3yCIOBHBIA 3KCTPEMYM
dbynkonana [21]

m [] | m
L=2§ng— 1-q)y (log, R) f +
| p |
m m
IZ(Iogz ui) f +0‘iZ f. (3.8.3)
Bapeupyst ()yHKIMOHA ¥ UCIIONL3YsI PABEHCTBO
f 1
oL=YSof |lo +—+(1-q)lo +
Z Llogz -+ * (1) log, b

+1log, u, +aF=0, (3.8.4)
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HOJIyYMM HOPMHUPOBAHHOE PACIIPEIETIEHHIE
f.=piy™r*(qr1). (3.8.5)

3nech omnpeaesieHa 0000IeHHas Mepa

m m D p ﬂ_l
I_(q,T)ZIZ :Iz pﬁﬁ‘ﬁ (3.8.6)
" BCIIMYHNHA
-t
D, = -1 (3.8.7)

B KOTOPBIX ( U T €CTh JEHCTBUTEIbHBIC YHCIIA, MEHSIOIIUECS B IIpeIesax J0-
MyCTUMBIX 3HAUCHUH.

[ToncraBum pacnpenenenue (3.8.5) B BeIpakeHUs: uHMOpMAIU pa3iu-
YUl U PACXOKIACHUS

m [ O
:(q—l)ZﬁogZL:o—D'iﬁfi ~log,T(q.1), (3.8.8)
m [] [
I (p f): Zaogziﬁpl =
m [ O
:(q—l)Zﬁong—D'iﬁg +log,(q1), (3.8.9)
J(f:p)=1(f:p)+1(p: f)=
m [ p O
:(q-l)ZHOQZU—D'iE( f-p) (3.8.10)
U mocye npeoOpa3zoBaHUil UMeeM CIEYIOIINe COOTHOIIEeHus [21]
g ) ) .
gt (Frp)=lo (F:u)=1g: (p:u), (38.11)
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=1 (P 1) =14 (p:u)=1p (Pru), (3.8.12)
q(il (f: P)+qil(p f)=1 q(f:U)—IDq(p:u). (3.8.13)

B (3.8.11) —(3.8.13) BBeieHBI HECTaHIAPTHBIC MHPOPMALIMH PA3IIAYUS
m
=-3 (%)~ D;h(y )Hf =

f D
us H =—HH (f)-DgH (f :u)g, (3.8.14)

1o, (Pru)==3 th(R)- B, y)He=

m U
= Zﬁogzu_'ﬂp. =-H(p)-D,H(p: uH (3.8.15)

m |:|
Rl

1_
(p1u)=g=7l0g, Y Ay ) =
O, O
1 mUp Op O
:_ 00 p=log,N _ G+ - (3.8.16)
q- Z'ZEP.D“H =% R 0

[Tpu Dq =1 u3 (3.8.14)—(3.8.16 BriTekaer uHdopmarus paznuuns KynnOaka-

Jleit6nepa u Penbu

m []
I (p:u)=1,(p:u :zaog2
' (3.8.17)

Iq(p:u) (p u)—q—log quq“‘

He paccmarpuBas Bce cBOMCTBa (DYHKIIMOHAIOB, OTMETHM JIMIIb HEKOTO-
pBIC U3 HUX.

1. BeInyKJI0CTh U aAIUTUBHOCTE. MHDOpManms paznuuns (3.8.16) ecTh
BBIMTYKJIBIH, aJIATUBHBIN (DYHKIIHOHA JJIs1 HE3aBUCHUMBIX OOBEKTOB:
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L., (Pipiup)= lap, (pyiu)+ Iqu(pZ: u,. (3.8.18)

Ilpu D, >1u q>0 (Dq <1 u <0) oH UMeeT MoNOKHUTEIBLHOE (OTPH-

narensHoe) 3Hadenue. Eciu q =0, To cripaBeyIuBBI paBEHCTBA

m p
loa(P:u)=0, Top (p:u)=-log,y y, (3.8.19)
|
a I[pu p = U uMmeemM HCHYJICBbIC 3HAUCHU

1 M 1+(1-D, )(q-
'q,oq(prp)=q_—1'°922 i( oot -

= _(1_ Dq)H (3.8.20)

1+(1-D, )(a-1) (p).

1o, (P:P)=~(1-D,)H(p). (3.8.21)

2. Uudopmanus pasimuus ¢ U, = 1/m . Tlpu paBHOBEPOSTHOM pacripe-

nenennd U, =1/m u3 (3.8.16) momyunm ¢pyHKIEOHAT

1 m 1 qu(l—q)
'q,Dq(PZU):q—_l'ngiZ D'QEEH =
=-f,(p)-D,log, m{ . (3.8.22)

N3 ycrmoBHil BBINYKJIOCTH BBITEKAET, 4YTO SHTponus PeHbn MeHblIe
(OombIIIe) BHIPAYKEHHSI Dq log,m mpu q>0 u Dq >1(q<0mu Dq <1).

3. Pacxoxxkaenue. KonmuecTBeHHass Mepa pacXOKICHHUS OINpENENsieTcs
CJICAYIOIIMMHU BbIPa)KEHUSMU

JDq(p:u): IDq(p: u) + IDq(u: p =
== (p)+H(u)g+ D, EH(p: U+ H(u PB (3.8.23)
Jq'Dq(p:u): Iq'Dq(p: u) + Iq’Dq(u: p=

= ﬁ- g()gz g piquq(l—q) +log, g 4 qu(l—Q) E (3.8.24)

4. Mepa HeToYHOCTH. Mepa cTaTUCTUUECKOW HETOUYHOCTH OIPEICIICHUS
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OJIHOTO COCTOSTHUS CIIY9aliHOTO 00BEKTa OTHOCUTEILHO JIPYTOro OMPEIEIsIeTCs
byHKIIMOHATaMH

Hp, (Pru)=H(p)+ 15 (p:U)=

q

:—DqH(p:u):—Dqg(logz u) . (3.8.25)

Hyp, (Pu)=Hy(p)+1gp (P U)=

m
N >
- ~log wi(P) _ 1 log, — o . (3.8.26)
2 Op O 1-q 2m q,,Pq(t-a)
Nq—l D. L z Py
P |

5. Mepa Xaycaopda. O6o6mennas mepa [ (q,T) paccMarpuBanach

B Teopun uHpopmarmu [116]. OTMeTrM B3aMMOCBSI3b €€ ¢ Mepoil Xaycaopda
B TEOpHH MyIbTU(paKTanoB. [ 3TOro paccCMOTPUM MHOXECTBO (), KOTOPOE

PasJIoKHUM Ha CYETHOE YHMCIIO TIOJAMHOKECTB () ¢ uamerpamu (, </ (f > O).
[TonMHOXXECTBa UMEIOT Pa3MEPHOCTh (—T). BeposTHOCTB, YTO DJIIEMEHT MHO-
KECTBA () HAXOAUTCA B ) ecThb P;. Torna B Teopuu MyJbTU(PAKTAIOB BBO-
JIUTCS TaK Ha3bIBaeMasl CTaTUCTUYECKast cyMMa [56]

m=m(¢)

r(at{w}.0)="3 poT, (3.8.27)

IJI€ YUCJIO COCTOSIHUM M= /™" .

O606menne mepsl Xaycnopda Ha cirydail MyJIbTH(PPAKTAIOB €CTh BEIH-
yiHa [56]

_ m(¢)
r(o,1)= lim Iz pet. (3.8.28)

Jnst KaKJ0ro ( CYIIECTBYET OJTHO 3HAUeHHE T = T(q) U Mepa UMeeT KO-

HEYHOE 3HauyeHue B mpenenax 0</ (q,T) <oo. Torma BBogUTCA 0000IIEHHAA

pa3MepHoCcTh PeHbu

_1(a)
D, _EZO’ (3.8.29)
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kotopas npu T=0 nMeeT 3HaUECHHE Dq =0,ampu q=0wu Tt (0) =1 coBnana-
€T ¢ pasmepHocThiO0 Xaycnoppa D, =-r . B urore mepa r (0,1) MpeACTaBIs-
et coboit u3BectHyro D, -mMepHyro mepy Xaycnopda MHOKECTBA ()

— m(¢)
r(qr)=lim 5 g (3.8.30)

£ i

OTH CBEACHUS W3 TEOPHH MYIBTU(PAKTAIOB TMOKa3bIBAIOT, YTO 0000-
meHHas Mepa Xaycaopda (3.8.28) cesazana ¢ 0606meHHo Mepoit (3.8.6) cie-
JYIOILLEH 3aBUCUMOCTBIO

r(a1)=lim/r (q1) (3.8.31)

-0

mpu U, =4, /1.
6. HopMHUPOBAHHOCTH M Pa3MepHOCTh. J/[ByxnmapaMeTpuuecKuii aHajior

nHpopmanuu paznuuns Penbn (3.8.16) He yIOBIETBOPSIET YCIOBHIO HOPMHPO-
BaHHOCTH Ha eAuHULY. CIipaBeyIMBO COOTHOILIEHUE

oo, ﬁLol 105 (3.8.32)

duzndeckas 6e3pasmMepHas HHPOPMAIUS PA3IAIHS HMEET CIICTYFOIIHIA BH/T

h . _ 1 m D (1—q)
qu,qus(p ‘u) —q—_lln |z ply o . (3.8.33)

®ynkuuoHan (3.8.16) ectb oTHomIEeHNE BbipaxkeHus (3.8.33) k 3HaUEHUIO
¢usmueckoit sHTporn H qphys(u) IpU PaBHOBEPOSITHOM COCTOSHMM ¢ M= 2,

TO €CTb BBIINIOJHACTCA PAaBECHCTBO

phyS(p u)

: —9 phys In2. 3.8.34
qu(p U) thysljl }[ q BE H: n ( )

q "2

JlJis BTOpPOTO JIByXIapaMeTPUUECKOro aHajora WH(OOpPMAIUU Pa3THIUs
Penbu nmeem BeIpakeHue:
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12 u)

1 m D (1-q)
log, > piy " 7, (3.8.35)
NCEREL

KOTOPOE y/IOBJIETBOPSIET YCIOBUIO HOPMUPOBAHHOCTH

oo, ﬁLo ! m (3.8.36)

ITpu D q" 1 o06a ananora coBnagaroT ¢ nHGopMaluen paznuyuus PeHbu.

7. k-mapamerpuyeckasi mHpopmamus pazmans. Haxonum 6e3yciioB-
HBII 9KkcTpemyM 3HTponuu lllenHoHa—BuHepa npu 3amanHocT K Mep HeTou-

HOCTH H (f : pr) c (bUKCUPOBAHHBIMU pacrpeaeIeHUsIMA
P, { Py Roe pm} (r =1,... ,k) U COXpPaHEHHWH HOPMHPOBKH  JUIs
f { f,., fm} . I3 paBeHCcTBa HYITIO TIEpBOil Bapuanuu (QyHKIIMOHATIA

§(|0g2 I) fi +£°‘r §(|ng r| ) f +(sz]‘ , (3-8-37)

rae d K~ MHOXHUTCIN HarpaHma, MOJIYYM HOPMUPOBAHHOC PACIIPEACIICHUC

Pyt P52 m
f = - P =1 (3.8.38)
|

m (04
ZpﬂlpZZ... i
|

[Tocne moacranoBku (3.8.38) B SHTPOMHUIO MONYYHM €€ MaKCHMalbHOE
3HAUYCHHE

k m
H(f)=Yo H(f:p)-log,5 prpjz... ik,  (3.8.39)
r i

k
KOTOPOE MOCIIe JICTICHNS! Ha IPOU3BEIeHHE [| O HPUMET BUJL:
r
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1 1 k

—H(f)=— ZarH(f:pr)+

o A
o gy o (PriPoi B)- (3.8.40)

3neck BBesieHa K -mapamerpuueckas nHGoOpMaIus pa3iindus

Ialvo‘zv-nyak (pl: pz:-..: pk):

Iogzgp E -

= ——Iog2 Z Pyt P52 ... R (3.8.41)

a.a,...a,

PaccmoTpuM mpuMep ¢ IByMs pacmpeleieHusMu Py = P u Py =U.
ITycts crpaBeuBo paBeHcTBO O, +0,=1 ¢ 0, = u a,=1-q. Torna u3

(3.8.41) BeiTekaer q-unpopmarius paznuyus [ 125]
| 1 | S i
u)=————lo . =
q,l—q(p ) q(l_ ) gz_z pl Lﬁl

“ Oy o &)
= log, qulﬁgﬁg QE%% . (3.8.42)

IIpu =0 u q=1 umeeM, COOTBETCTBEHHO, BhIpaXCHUS MH(DOpMAIIUN pa3Iu-

ynst Kynb6aka—Jleitbnepa

m [] :
p u :zaog2 (3.8.43)

(3.8.44)

'c|C
ED]]I:I DIED

-M3
c|-_o

U
o

3.9. Tun agAUTHBHOM (-3HTPONNH U (| -MH(OPMALNH
pazauuus

PaccmotpuM cocTosiHME CiIy4yaHOTO OOBEKTa, KOTOPOE OIMHUCHIBAECTCS
MyIbTUIUIMKATUBHEIM pacrpeneneHieM [ = Q P, a [ ¥ P; ecTh pacmpe-
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ACJICHUA JIBYX HC3aBUCHUMBIX 00BEKTOB. TOFL[a BBITIOJIHSIETCS CBOMCTBO MYIIb-
TUIINIMKAaTUBHOCTHU ITOJTYHOPMbI

N=N,N,, (3.9.1)

rie N=N,(p,) N =N () u Ny =N (py)-

HYCTL BBITIOTHSCTCS CBOMCTBO AOAJJUTUBHOCTU [JIA SHTPOIIMK B BUAC pPa-
BCHCTBA

H=H +H,, (3.9.2)
B xotopom H =H(N), H; =H(N;) u H, =H(N,).
B sTom cnyyae nonyunm nuddepenimansaoe ypasaenue [21,23]

dinN _dinN, din N, _
dH  dH,  dH,

-\, (3.9.3)

1 2

pelIeHreM KOTOPOTO sIBIIsieTCs (pru3mueckas 6e3pa3mMepHas SHTPOIHS

quhys( p) =-A1In Nq—l( p) (3.9.4)

C TOYHOCTBIO 110 Koddurmenta A 2.
VunThIBas YCIOBHE HOPMHPOBAHHOCTH SHTPOIUM B T€OpUM HHpOpMa-
UM, IOTyduM A =N 2 1 OKOHYATeNbHO MMeeM SHTPOIHIO PeHbr

_ _ 1 m m C
H,(p)=~log, N _, p)—mlogzﬁiz P?/IZ Ju (3.9.5)
AHaJOrM4YHO UCHOJIb3YEM MTOJTYHOPMBI
Dp12 C

N=N N=N_EPE N =N EP2E (3.9.6)
S AR Wi

YIOBJIETBOPSIIONINE YCITOBUIO MYJIBTHUIUIUKATUBHOCTH (3.9.1), u 3akoH aaau-
TUBHOCTH JUTsl HTH(pOpMAIIHA pa3inyus

I =1+l (3.9.7)
Ilocne BeIUMCICHUN UMEEM YPABHEHUE

dInN_dIan_dInNz_)\
d d.  d,

(3.9.8)

1 2

BbIpakeHHe (pu3ndeckoi 6e3pazmMepHoil HHPOPMAIH Pa3THIUSL:
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[p

phys -1
K (p:u) In N y

(3.9.9)

Tt

u ¢pyHkmonan Penbu

08 oo
OpO 1 02 Py
q(p u)=log, N qu_H: IogzmiD (3.9.10)

BT

Hanpumep, npu ucnonb3oBanuu 00001IeHHON nonyHOpMBI (3.7.5) ume-
€M CIIeIYIoIIUe 3HaUCHHS (DYHKIIMOHAIIOB

Hq(p):]_TbgzDim—D (3.9.11)
TN
A, - L
0> Py qf(R)D

q(piu) '0925' m O (3.9.12)
5 2f(e)

[Ipu 3TOM AOMKHO BBIOJIHATHCS CBOMCTBO MYJbTUIUTMKATUBHOCTU (PYHKIIHH
f (pi P, ) = f( p) f( R ), C TIOMOIIbIO KOTOPOM MPOU3BOJAUTCS YCPEAHEHHE B

COOTBETCTBYIOLIUX ITOJIyHOPMAX.

Takum o6pa3oM, ©MeeM OJUH THMN JOorapu(pMuuecKoil 3aBUCUMOCTH OT
paccMaTpuBaeMbIX IIOJIYHOPM, COOTBETCTBYIOLIUHM CBOWMCTBY aJJUTHUBHOCTH
SHTPOINHUU ¥ WHPOPMAIIUU PASTUIHS.

3.10. OxkcTpemym 3uTponuu Penbn
U MPWIOKEHUs

Hccnenyem skcTpemanbHble CBOMCTBA Mep PeHbH, MO3BOJIAIOIIME HAXO-
JTUTh HauOoJliee BEPOSTHOE paclpeiesieHue B cliydae 3aJaHHOCTH CPEIHETO
3HAYEHUs IPOU3BOJLHON CITy4ailHON BEIMUUHBI.

[IpuBeeM OCHOBHEBIE OTIpeIETICHHUS.

Omnpenenenue 1. B3BenieHHOE cpeHee KaxaoW CIydyalHON BETUYHHBI

{t...T

m

f :{ fa fm} paBHoO:

T

} B COCTOAHHMHU C IApaMCTPU30BAHHBIM PACIIPCACICHHCM
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. 2TH
E,(T)=3Tf =- . Yp=1 (3.10.1)

> P

Ecm p =1 wmu p =1/m, 1o Bepaxenue (3.10.1) paBHsieTCs OOBIYHOMY

cpenHeMy apupMETHICCKOMY

Eq(T)

W3 onpenenenus 1 BHITEKAIOT CIEAYIOLINE CBONCTBA!
1. OgHOpOAHOCTHL W HOPMHMPOBAHHOCTH. [Ipu 3ameHe P Ha Ap

3

ST. (3.10.2)

a>0), sepaxkenue (3.10.1) sBasgeTcss OQHOPOIHBIM (DYHKIIMOHAIOM HYJIEBOM
p p y Y

CTEIIEHHU OTHOCHUTEIBHO P, YTO O3HAYACT €0 OAHOPOIHOCTb.

HOpMI/IpOBaHHOCTB Ha CIUMHHUIY O3HAYACT BLIIIOJIHUMOCTb PABCHCTBA
E,(1)=1. (3.10.3)

2. AAIMTHBHOCTD W MYJbTHIUIMKATHBHOCTH. [lycTh ciyyaiiHas Benu-
unna T, =T, + T, win T, =TT, paBHs€TCs, COOTBETCTBEHHO, CyMMeE Cllyyai-

HBIX BCJIMYUH WJIN MPOU3BECACHUIO OJHOI'O WJIN ABYX HC3aBUCUMBbIX 00BEKTOB.
Torna IMMOJIYy4YHUM paBCHCTBA

E, (T,)= Eq(T1)+Eq(T2), (3.10.4)

E,(T,)=E4(T)E4(To). (3.10.5)

03HAYaIOIIUEe AJJUTUBHOCTh U MYJBTUIUIMKATUBHOCTh HAOJIO/Ia€MBbIX MaKpO-
CKOIUYECKHUX BEJINYUH.

Onpenesienne 2. HauanbHble U IEHTpalIbHbIE MOMEHTBHI N-TO MOpSIKa
CIy4ailHOM BETUYUHBI | paBHBI

m
@, =37 (3.10.6)

=30 —Eq(T)Hn ) (3.10.7)

rie AT, =T, - EOI (T) ecTb (UIyKTyalusi, CpeJiHee 3HaYeHHE KOTOPOU paBHSET-

Csl HYJIIO.
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Bnauane paccmMoTpuM 3KkcTpeMyM dHTponuu Pensu

1 m
Hq(p):ﬁlogziz pd (3.10.8)

IIpru JOTIOJHUTCIIBHBIX YCIOBHUAX 3aJaHHOCTU CPEAHECTO 3HAYCHUA ITPOU3BOJIb-
o I

HOM CITy4ailHOM BEJIUYUHBI T = {T o

1ae- } ¥ HOPMUPOBKH pacipeeeHUs

m m
E, (T):iZTi £ ini =1 (3.10.9)
Bapwsupyem crenyrommii GyHKITMOHAT

L :ﬁmg2 5 pe +rzT f-ay (3.10.10)

" U3 yCJI0BUSA

m
6L:6Hq(p)—aizapi+

0 m 0
T o
T s R § s =0 (3.10.11)
qg "o q i PD '
3 i .

rAcC nepBas Bapualuvs SHTPOIIUU Penbu n CpCAHCTO 3HAUCHU A

q3t3(np) a3 §op

8H, (p = , (3.10.12)
q (1— q)ln2 (l_q)ln Zg p|q
.. I L
8E,(T)=ay (aT)3(In p)= > ¥ Y(aT)3p, (3.10.13)

m
i Z piq

MIOJIYYUM PAaBCHCTBO

G {1+(-q)rin2 €, (MY -a=0  (31019)
(1-q)In 2y pf
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N3 (3.10.14) cnenyeT HOpMUPOBAHHOE PaCTIpe/ICTICHUE

Y(1-a)
R :{ 1+(1-a)tin 2HF - E, (T)E} ra(). (3.10.15)
3neck GyHKIUSA
m Y(1-q)
rq(v= Z{ 1+(1-g)tin2[ -E, (T)E} (3.10.16)

3aBHUCHUT OT q nun-t . KOTOpBIe MCHSAKTCS B Hpenenax IIOHyCTI/IMBIX 3H21‘-I€HI/II7L
Tpu 1+(1-q)tIn 2[T -E, (T)H< Oumeem p, =0, anpu q=1 u3 (3.10.15)

nosiyunM pacrpeaenenue (1.9.9) crarucrnueckoit moaenu lllennona—Bunepa
T & ST,
p=2""r*(), r(r)=y2". (3.10.17)
i

[Toacrasmsts (3.10.15) B (3.10.8), momyunm

H_(p)=-1—log, pd=
Q(p)_l—q ngiZPi =
1 m rra(t)p,
:—IogzzE d () E:

E

1-q TEL+(1-g)tn2 i ~Eq (T)%
(1-q)tin2r(t) p Hf -E, (T)@

" 1+(l-g)tin2[ -E,(T)] B

= 12100, T5°(9)-(-a)tn2 S ot 5 -, (M -

= ﬁ'ogz red(t)=log,r(1). (3.10.18)
Cormnacao (3.10.18), BeITeKaeT paBEeHCTBO
m 0 -1
rq(1)= ﬁli Pig =Bl (3.10.19)
1 i depeHIanTbHOe COOTHOIICHHE

dH, (p)=-TE,(T) (3.10.20)
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MeX1y HTponuel PeHbu U cpeJHUM 3HaUE€HUEM CITy4allHOM BEJIMYUHBI T .
Jlanee MOJIOKKM, 4TO PACIpPEAEIICHUE P IPOU3BOJIBHOE, a paclpesernne-

HUEC U UMECT BUJ
o ={ 1+ (1-q)t, 2 £, (M 17V (). @0.21)
Trac

’_q(To):g{ 1+(1-)1, In2fT, —qu(T)g Y (3.10.22)

Eoq (T)= (3.10.23)

Haxoaum nadopmanuto paznuuaus Persn [23]

o)=Ly
——logzﬁif.u qz Rq _Io quw
+q__|0g2 Z f { 1+(1-9)t, In ZBI; ~Eq (T)g r‘?_l(TO) -

——Iog pq——log 9+
a- zZ - zZL{

+qi—|092{ 1+(1-q)t4 In 2%(1 (T)_EOQ(T)Q -

=_B.|q(p)_Hq(u)B+qi_l|og2{ 1+(1- )1, N2, (T)-E,q( D} - (310.29)

IIpu =1 wuz (3.10.24) cnenyer 3HaueHHe WHGOPMALUU PATUUUS

Kynb6aka—Jleitbnepa (1.9.24) cratuctuyeckoit moaenu Lllennona—Bunepa:
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I(p:u):gznllq(p:u):
==HHq(p) = Hq (U104 (T)-Eoqg(T)H - (3.10.25)

[TycTh ciydaiiHBIMH OOBEKTaMU SIBIISIOTCS YaCTHIIBI, PACCMATPUBACMBbIC
B cratucTHyeckoi ¢usuke. [Tomoxum, uto B =-KtINn2 ecth 0OparHas Temie-

parypa, H; — JUCKpeTHbIE 3HAYCHHS SHEPIUM YACTHUIBI U Eq =E q ( H) —
CpenHsis SHeprus yacTuilsl. Torna skcTpemyM duznyeckoit sutponuu Pensu
k
H (p)=—
q ( ) 1_ q

nocturaercs, cornacHo (3.10.15), mpu paBHOBECHOM pacIipe/ie/ICHUH

ny pP=kinr,(B)=B(E-F)  (31026)

Y(2-a)
p={ 1+(1-a)kB(H-E)} ), (3.10.27)
rae Fq —cBoOotHas sueprus. AuddepeHnmanbable COOTHOUICHUS
TdH, (p) = dg,, dF, =-H_(p)dT (3.10.28)

COOTBETCTBYIOT COOTHOIICHUSIM PABHOBECHOW CTATUCTHYECKON TEPMOIMHAMHU-
KM 3aMKHYTBIX CUCTEM [6].
OTKpPBITBIC CUCTEMBI, HaXOAIINECS B OKPYXCHHH C TeMmeparypou T,

xapaktepusyrorcs, corinacao (3.10.24), dusuveckoit napopmanmein paznudaus
Pennu [23]

+qL_1|n G- (1-0) KBy ( E, - By )2 (310.29)

C paBeHCTBOM | q ( p: pO) =0 npwu pacrpeneneHun
(1-a)

B = P ={ 1+(1-q) k‘lBo( H - Em)} rit(Bo). (3.10.30)

rae B, =T, m Eoq :qu(H).
Huddepenumpys (3.10.29) nmo BpeMeHH, MOTYIUM CIEIYIONIEE COOTHO-
IICHHE JJIS1 OTKPBITHIX CUCTEM:
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dE
dlq(p: po)z—qu( p) q , (3.10.31)

To 51~ (1-q) kB, (E, - By,

koTopoe otinyaercst oT (1.11.12) Hanuuuem pa3HOCTU CpPEeTHUX SHEPTUM yac-
THUIIBl. 3HAK HEPABEHCTBA JIOCTUTAETCS JJIs CIIydast HeOOpPaTUMBIX MTPOIECCOB.
IIpu =1 u3 pacnpenenenuii (3.10.27) u (3.10.30) BrITEeKaIOT KaHOHH-

yeckue pacnpenenenus ['no66ca [6]
p :exp{—k‘lﬁ(Hi - F)} Py :exp{—k‘lﬁo(Hi - FO)} (3.10.32)

a muddepennmanpabie cootHommenus (3.10.28) u (3.10.31) coBnagaroT ¢ cooT-
HOIIIGHUSIMU CTaTHCTUYECKOU Teopun ['mb66ca [19]

TdH( p)= dE, dF ==H(p) dT, (3.10.33)

1
di(p: py)z-dH( p)+=dE (3.10.34)

0
B zakimrouenue OTMCTHM, 4YTO B paCCManHBaeMOfI BapHaHHOHHOﬁ 3a4a4e

0CTaeTCs OTKPHITHIM BOIIPOC O 3HAKOOIPEIEIEHHOCTH BTOPOil Bapuarmu d2L
YTO OCJIOKHSAET MAIbHEUIYI0 HHTEPHPETAlUI0 TEPMOJUHAMHUYECKOTO COOT-
Homenus (3.10.28). JIpyrue TpyAHOCTH, CBA3aHHBIE C YCPEAHEHHUEM IpH MO-
momi pacnpeneneHust f, paccmarpuBatorcss B moHorpaduu [21]. K HuM
MO>KHO OTHECTH HEIMHEHHBIN Xapaktep uHpopmaruu pazmuuns (3.10.29) ot-
HOCHUTEIFHO U3MEHEHHUS CpPeIHEN SHEPTHH.
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