Tema 1. Aucamonu u eepoamnocmu. baiiecoeckuii 6v1600

Ancambro X — 310 Tpoiika (X, A, PX) , TIle UICXO0A X — 3TO 3HAYCHUE

HEKOTOPOW CIy4ailHOW BENWYHMHBI, MPHHAMAIONIEW oaHO U3 Habopa

BO3MOJKHBIX ~3HaueHMd A ={a1,a2,...,ai,...,a,} C  BEPOATHOCTAMHU
P ={PuPyrees Pirees Py § -
P(x=a)=p,, p20, X, P(x=a)=1.
Ecau T — nogmuoxkectso A, , Toraa
P(T):P(XGT):ZaieTP(Xzai).

Coemecmnoiti  ancambae XY — 5T0 aHcaMONb, KaXKOBIH HCXOJ

KOTOPOT0 HpEeJCTaBisieT coG0H ynopsaodeHHyo napy (X,Y), B KOTOpoii

xeA ={a,a,,...a,},a yeA ={b,b,,...b}.
Byznem HasbiBath BeposTHOCTb P(X,Y) coemecmuoii eposimnocmoio
X W y. B Takoil sammcu 3amsrtas omiuoHanbHa, modtomy P(X,Y) u

P(xy) cyrs onHo 1 10 3xe. Cieryer 06paTHTh BHUMaHHE, 9TO CIIy4aiiHbIe

BCJIMYMHBI X W Yy, BXOAJAIIHC B ancamOmp XY MOTYT HC OBITh
HC3aBUCHMBIMH.

BeposTHOCTH OT/IENBHBIX BEIWYHH P(X) 5 P(y), BXO/AIIUX B

aHcamOJIb OIMpeACTIAOTCA 4€PE3 COBMCCTHBIC BEPOATHOCTHU KAK

P(XZ"’E):ije;\ P(x=ai,y=bj),
P(y)=2,., P(xy).

BeposATHOCTL TOTO, YTO X paBHO & NpH YCIOBMM, 4TO Y =Db;

Ha3bIBACTCS YCJOBHOIH BEPOSTHOCTHIO, 00O3HAYACTCS M OMPEICISEeTCS
CJIEIYFOIIUM 00Pa3oM:

P(x=ai,y=bj)
P(y:bi)

P(x:ai|y:bj): npu P(y:bj);to
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ITpaBuIIO YMHOKEHHS:
P(x,y)=P(x|y)P(y)=P(yIx)P(x).
IIpaBuno cyMMupoBaHUs:
P(x):ZylP(x,y):Zy:P(My)P(y).
Teopema baiteca

- PxIY)P(y) _ P(xIy)P(y)
TR RGP
He3zasucumocmu

JBe ciyuaiiapie BenmmuwHbl X W Y He3aBucuMbl ( X LY ) Torma m
TOJILKO TOTJIa, KOT[a

P(x,y)=P(x)P(y).
Mamemamuueckoe oxcudanue ciyatiHoU GeIUYUHbL.
JuckpeTHbIil ciyyaid:

MX =D xp; -
HenpepsIBHBII Citydaii:

MX :J:i xf (x)dx.

Jucnepcusa cayuatinou genuyutbl.
JuckpeTHbIil ciryyaid:

DX =>"(x —MX)"p,.
HenpepsIBHBII Citydaii:

DX =[" (x=MX)* f (x)dx,

DX = MX? —(MX )’.

3agava 1.1

BrlunicnuTh IUCHEPCUI0 U MAaTEMaTHYECKOE OXKMJAHHE TUCKPETHOM
CITy4ailHOM BENWYHMHBI C 33/JaHHBIM 3aKOHOM pacmpeneneHus (CM.
BapHaHTHI).



Bapuanmur 3a0anuii:
1) Bepuymtu (mapamerp p) — ycmex (WIH OpPOBai) B OAMHOYHOM
UCIIBITAHUY:
-fP,
1-p, k=0.
2) BuHOMHUABHBIN 3aKOH pacrpenesieHus (mapaMeTpsl P U N) —4UCII0
YCIIEXOB B N HE3aBUCUMBIX UCIIBITAHUSIX bepHymu.

p(k)=Cyp"(1- p)mk , k=0,...,n.

3) I'eomeTpudeckoe pacrpeaenaeHue (mapamMmeTp P) — YUCIO MOMBITOK
JI0 IEpBOTO ycrexa

p(k)=(1- p)k_1 P, k=1..,n,..

3apava 1.2

BbramcanTh TUCTIiepcHio U MaTeMaTHIECKOe OXKHIaHNE HeIPEePHIBHOM
CIy4alHOM BeNWYMHBI C 33/JaHHBIM 3aKOHOM pacmpenesneHus (cM.
BapHAaHTHI).

Bapuaumer 3a0anuii:

1) PaBHOMEpHBII 3aKOH pacrpe/e/icHns Ha nHTepBaie [a,b]

0, Xx<a
1
f(x)=y——, a<x<bh,
b-a
0, X>D,
2) DKCTIIOHEHIMATIBHBIN 3aKOH pacpeAelIeHUs
Ae ™ x>0,
f(x)= ,
0, X< 0.
3) HopmasibHbIi 3aKOH pacrpe/Ie/iCHusI.
(-’
(X)=———e 2 .
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3agaua 1.3

Jano mpomssenenne ancamonerr XY (cMm. BapuadTsl). OnpenenuTs,
SIBIISIFOTCS 7T aHCaMOm X U Y HE3aBHCHMBIMHU, BBIYHCIUTH BEPOSITHOCTH

p(%).p(y;) p(%1y;). p(y;1%).
Bapuanmer 3a0anuii:

By xy 2| %Y aYe XN XY |
(04 03 02 01

2 xy | W XY X% XYe |
|03 045 0,2 0,05]

3 xy | Y XY %Y XY |
045 03 015 01

2y xy | B KYe %V %Y |
015 0,05 06 02

5 xy = %% WY %% Xzyz]

10,63 0,07 0,27 0,03

6) Xy | XY WY XN XY
02 03 03 02]

7y XY = XY XY, XY XY XY, XY,
0,05 015 0,2 0,075 0,225 0,3 |

XYr XY, XY XY XY, XY
0,25 0,05 0,2 0,25 0,2 0,05|

9) XY = XY XY, XV XY, XY XY,
0,35 0,15 0,14 0,06 0,21 0,09|

10y Xy =] W WY XN XY, Xy XY, |
004 016 0,02 0,08 0,14 0,56

11) xy < e XY XV XYp XYs |
04 02 02 01 005 0,05
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12) XY:{Xiyl XY, XY XY, XY x3y2:|

02 01 03 01 02 01]

012 0,3 018 0,08 0,2 012

XY XY, X3 XY XY, XV
02 01 01 03 015 015]

13) XYz{lel XY, XYs XY %Y lea}
14) XY{

Pemenue 3agauu 1.3 (Bapuanr 1)

MR RS AR S A
04 03 02 01

BepositHocTH coObITHI aHcaMOmss X  ONpENeNsioTCs KaK CYMMBI
COOTBETCTBYIOIINX BeposiTHOCTEH aHcamOnsa XY :

P(Xi)=2j:p(xiyj)’

2
p(x)=> p(xy;)=04+03=07,
j=1

p(x,)=0,2+0,1=0,3.

AmnajmorugHo OIpEACIAOTCA BEPOATHOCTH coObITHI ancaMOms Y

2
P(¥.)=> p(xy,)=0,4+0,2=0,86,
i=1
p(y,)=0,3+0,1=0,4.
Takum o6pazom:
x:[xi xz]Y:[yl yz]
0,7 0,3 06 04

OHpe,I[CJ'H/IM, SIBJISTIOTCSL JIM aHCaMOJIM HE3aBUCHUMEBIMU. I[J'ISI 9TOI0
ITPOBEPUM BBIIIOJTHECHUE paBEHCTBA

p(xy;)=p(x)p(y,)-



Eciu 3T0 paBeHCTBO BBIMOIHSAETCS I BCEX BO3MOXKHBIX KOMOHHAIIMH
coOpITHH aHcamOneli X u Y , To aHcaMOJIuM HE3aBHCHMbBI, MHA4Ye —
3aBHUCHMEIL.

P(%)P(y,)=0,7-0,6=0,42= p(xYy,).
[lockonbKy paBEHCTBO HE BBIIOJIHACTCS, aHCAMOJIN 3aBUCHMBI.
Tenepp paccunTaeM yCIOBHBIE BEPOSITHOCTH, UCXO/1 U3 OIIPEEIEeHUS
YCIIOBHOM BEPOSITHOCTHU:

pP(xIy,)= o(%,) —3—2, p(xllyz)—pgz;iz))=%=§,
_p(%y) 02 1 p(xy,) 01 1
P(X|Y;)= () 06 3 P(X 1Y) o(y,) 04 4
Amnajgoruyso,
p(xyy)
p(y; %)= o)
p(nlx)= BEB) 844 oy, )< BEM) 822
_p(xy.) 03 3 Ly Pey:) _01_1
p(y,I1%)= o(x) 0.7 7 p(Y,1%) o() 03 3
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Tema 2. Iumponusn

IIpenmonoxum, 9TO 3aaH JUCKPETHBIA BEPOSITHOCTHBIM aHCaMOJb

{Z, p(z)} ¢ N BO3MOXHBIMH COCTOSHHSIMM M 3aJaHHBIM Ha HEM

pacrmpenencHUEM BEpOSITHOCTEH p(zi) TakuM, 4to s Bcex 1=1 N

P(z)=0,a ZD(Z )=

{zl,zz,...,zi,...,zN }
Pis Passs Pisess Py
WudopmanmonHas aBonvHas suTponus H (Z) JUISL 9TOTO aHcamOuIs

paCC‘II/ITI)IBaeTCSI CICOAYIOIIUM o6pa30M:
Z p Ioga i ) :

Eciu 3amaHel 1Ba IUCKPETHBIX aHCAMOIS {Z, p( Z)} u {V P (V)} :
Z= {Zl, 2y, 2y } uV= {Vl,vz,...,vK } , TOMHMO SHTPOIIHNH JIJIS1 KOKIOTO U3

3TUX aHCaMOJIe MOXKHO ONPECIUTh KX COBMECTHYIO SHTPOIIUIO;

=33 (a2, )log, p(zy,).

i=1 j=1

a TaK)K€ 4YaCTHBIC YCIIOBHBIC OHTPOIIUHA

ij (Z):_gp(zi |Vj)|092 p(zi |Vj)’
H, (V):—ZK;p(vj |,)log, p(v;|z),

u COOTBGTCTBy}OH_II/IC WM IOJIHBIC YCIIOBHBIC SHTPOIINHU

;p() )=—§;p<v,.>i“zlp<zi|v,.)|ogzp(zi|v,.),
IZNIZp p(zi)ZK;,p(vjlzi)logzp(vjlzi)-

:Flllﬂz T



CymiecTByeT psIl BBIPQKEHHH, OMNHCHIBAIOIINX CBSI3b MEXIY
MPUBEACHHBIME ~ BEJIMUYMHAMH, OCHOBHBIM W3 KOTOPBIX  SIBISICTCS
cieayrolee:

H (ZV): H (Z)+ H,(V)=H, (Z)+H(\/) .

CrnexyeT OTMETHTb, YTO U HE3aBUCHUMBIX CITyYalHBIX BEJIHMUWH Z H

V BBINOJHAIOTCS paBeHCTBa H (V ) =H,(V) u H(Z ) =H, (Z), u3 gero

CIIEIyeT, 9TO
H(ZV)=H(Z)+H(V) (TonbKo uIsi He3aBHCHMBIX BEIHINH).

Jlns HempephIBHBIX BEIWYMH BMECTO SHTPOIMH BBIYUCISAETCS, TaK
Ha3bIBaeMast, tuddepeHimansHas suTpornus h (Z)

+00

h(z)=-[ f(z)log, f(z)dz,

—0
rae f(z) — mIoTHOCTH BEPOSTHOCTH Cily4ailHOl BenuduHbl Z .

Jlns ABYX HENPEpPBIBHBIX CIyYalHBIX BENMYHMH TAK:KE MOXKET OBITh
ompezeicHa COBMecTHas auddepeHIanbHas SHTPONHS W YCIOBHAs
nmuddhepeHnranbHas SHTPOIIUS:

h(zV) :—TT f(z,v)log, f(z,v)dzdv,

—00 —00

TF f(z.v)

h,(V)=— ”f(zv)log2 ) dzdv =

—00 —00

__.[ _[ (v|z)log, f (v|z)dzdv
h(zV)=h(Z)+h, (V)=h(V) +h,(2).

3agaua 2.1
BeposTHOCTH TOSBIIEHUS COOOIIEHHW TUCKPETHOrO aHcaMmOmus X

)=74: P(e)=15. ()=
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IIpn 3TOM yCIOBHBIE BEPOATHOCTH TTOSIBIICHUS COOOIIeHNH aHcaMOst Y
(v 1X)=p(¥,1%)= 255 p(y;1%)=p(¥I%)=

P(Vi1%)=0; p(Y,1%)=20: p(vs1%)=p(Yal %)=,
P(Y1%)=P(¥s1%)=0; p(¥,1%)=p(Yal%)=2.
Brrncmrs H(X), H(Y), H(XY), H, (X), H, (Y).

Pewenne 3amaum 2.1

I[J'Ii[ HaXOXKXACHHA SHTPOIINU ancamOis X ecTh Bce H€06XOHI/IMBIG
BCPOATHOCTHU:

3
Zp )log, p(x)=-2_p(x)log, p(x )=
——(—Io l+—Io —+—Io Ej—§
VRV RE PR

Hatiném BeposTHOCTH NOSIBIICHUS COOOIIeHU aHcaMOuis Y .

p(y,-)=Zp(xiy,»)=Zi‘,p(y,- 1% ) p(x)

y1)=Zilp(Xiyl Zp p(y:1%) %-%+%-0+%-0=%;
RS UNE S

=Zi:p(xiy3 Zp P(y:1%) % 0+%-%+%-0=%;
Ya) =2 P(x¥a) =2 P(x) P(v: %) % 0+%-3+%-%=%;

4
4

(XJ) Z:;p(yj)logzp(yj)z

1Iogl 1 1):7

g 92"y

Z_Z p(yj )Ing

——(llog Iog1
g J2g 510025

13



JIiss BBIYMCIICHUST SHTPONUU COBMECTHOTO aHcamOis Heo0XOauMo
3HATh BEPOSATHOCTH COOBITHIA P(x. 7 )

p(xy;)=p(y;1%)p(x).

I[Hi[ YHOpOUICHUA 3allMCU BbINUIIEM BEPOATHOCTHU TOJIBKO I COOBITHI
C HeHyJ’ICBOI‘/'I BCPOATHOCTBIO!:

Xl yl Xl y2 X2 yZ y
X=p1 11 1
8

8 8 4

;
=% % p(x, g plxy) =23
=—(6-§Iogzg+ilogzij:%1

Jlnsi HaxOXKJICHHMs IOIHOM ycioBHO sHrpormn H, (Y) ects Bee
HEOOXOIMMBIE BEPOATHOCTH, TTOCKOJIBKY

3 3 4
=3 p(x)H, (Y)==2p(x) D p(y; 1% )log, p(y; %)
i-1 i-1 j=1
BBI‘II/ICJ'H/IM OTACIIBHO Ka)KI[yIO ‘IaCTHyIO YCJ'IOBHyIO 3HTpOHI/IIO'
s 1. 1.1 1
Hxl(Y)=—Zp(y,-|x1)logzp(y,-lxi)=——logzg—§|092§—1
j=1
4

H,, (Y)==2p(¥;1%)log, p(y; %)=

=t

I\Jloo

4
Hx3 (Y)= _Z p(yj | X3)|092 p(yj | X3) =1
j=1
HOHHaﬂ YCJIOBHAA SHTPOIIUA BBIYHUCIISCTCA KaK

3 1 131 5
Y)= IH, (Y)==-1+=-2+=. 1=2.
) IZ:l:p(Xl) Xi( ) + + 4
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Jns HaxoXAEHWA IIOJIHOW YCIOBHOW JHTPONHH HEOOXOIUMO

BBIYUCJINTDH YCJIOBHBIC BEPOATHOCTHU p(Xi | yj ) .

)= =5 1 )44
P(%1¥s)= pé(x;zg’))ﬂ-%:  P(xYs)= pé(x;f“))w %:0,
L i e
ol 1) =B 201 i1y B 282,
P(% %)= pé(x;lyg)w-%:o, P(%1y2) = prf(x;fz))%f:%,
e S L

Teneppr TmomHAs yCIOBHAas OSHTPONHUS HAXOAWUTCS AHAIOTUYHO
MpEbITYIEH:

Hyl(x):_gp(xi | y1)|092 p(zi |V1):0,

H (X):-ip(x.|y )log, p(z; |v):£.2+1.1+1,2:§,
Y1 — 1 1 2 i 1 4 2 4 2
3

H, (X pr|yl log, p(z |Vv,)

0,

2 1 1
=—> p(x1y)log, p(z |v,)==-1+=-1=1
i=1 2 2

p(z
4 1 131 1
)=2p(¥;)H,, ( ‘g 042450+ 51=1,

j=1
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MOo’XHO TIPOBEPUTH, YTO IMOTyUYEeHHBIE PAa3HBIMH CIIOCOOAMU OTBETHI
COBIIAJIAIOT:

H (XY):_ZZ p(xY; )log, p(xiyj)zlzl'

H(XY):H(X)+HX(Y)=S+%=1—1,

H(XY):HY(X)+H(Y)=1+£=1741.

3agaua 2.2
DHTpomus s aHcaMOJist A ¢ 3aIaHHBIMH BEPOSTHOCTSIMHU COOBITHH

A:[ai az}
p 1-p

paBHa H,
a) Beipasuth yepes H, snTpomnmio aHcamb6ai X CO CleIyIOIMMU
BEPOATHOCTSMHU:
Xl X2 X3 X4
X=|p p 1-p 1-p|.
2 2 2 2

b) Bsipasute yepes H, sHTpommio aHcamOmust Y €O CIEIyHOIIHMMU

BepOﬂTHOCTHMI/I:
Yi Y. Y5
Y = .
B B 1-— p
2 2
€) Bripasurs uepes H, sHTpomuio aHcamOiast Z CO CIEYIOIHMMH
BepOHTHOCTﬂMI/I:
Z, Z, z, Z,
7 =

p* p-p) p(l-p) (1-p) ]
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3amgauva 2.3

Jano mpomsBenenue ancamOneir XY (cM. BapuaHTHI). BerancianTh
H(X), H(Y), H(XY), Hy(X), Hy(Y).

Bapuanmer 3a0anuii:

By xy o] X% XYe XY XY |
10,45 0,3 015 01

2) xy | B XYe %Y XY |
015 0,05 06 0,2

3 xy | WY KV X% XYe
10,6 015 0,2 0,05

) xy | Bh KV XY XN XY, XY
0,63 0,18 0,09 0,07 0,02 0,01

XY XY, XY XY XY, XY
0,27 054 0,09 0,03 0,06 0,01]

6) xy=| S MY MY XY XY, XY
018 0,45 0,27 0,02 0,05 0,03/

XY XY, XY XY XY, XY,
0,09 0,36 0,45 0,01 0,04 0,05]

g) xy=| W WY WY XY XY, XYy
014 0,04 0,02 056 016 0,08

XY XY, XYs %Y %Y, XY
0,06 012 0,02 024 0,48 0,08]

10) Xy = W XY XYa XV %Yo XoVa |
0,04 01 0,06 016 0,4 0,24

11) XY = lel leZ X1y3 X2yl X2y2 X2y3 .
002 008 01 008 032 0,4

5) XY =

7) XY =

9) XY =
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12) Xy =| B¥ WYz XYs XN XY, XY |
0,49 014 0,07 0,21 0,06 0,03
13) xy | BH K XYs XY X¥e XV
0,21 0,42 0,07 0,09 0,18 0,03
14y xy = B XYe KV XYW XY, XY
1014 0,35 0,21 0,06 0,15 0,09
15) xy | %Y XYVe s XV XYe X¥s|
0,07 0,28 0,35 0,03 012 015
16) wy _| XV XY XYs XY XY, XYa|
10,28 0,08 0,04 0,42 0,12 0,06
17) ey | XY XY XY X%V XY, XY |
012 0,24 0,04 018 0,36 0,06
18) oy _| XY XYe XYs XY XYy %Ya|
10,08 0,2 012 012 0,3 0,18
19) wy | WY 0Ye XYs XYi XYs XY
10,04 0,16 0,2 0,06 0,24 0,3 '
3anaua 2.5

PaBHOMepHO pacrnpesieni€éHHas ciydaiiHas BenmuunHa X MPHHUMACT
3HaueHuss w3 ajndaBUTa {0000,0001,...,1001} (aucna or 0 mo 9,

3arycaHHbIe C TOMOIIBIO YETHIPEX OUTOB).
BbI4uCINTE SHTPOIUIO KaXKAO0TO OHUTA.

3agaua 2.6
Berauciouth cranmoHapHOe (aCMMIITOTHYECKOE) pachpeienenue X,

surpormio H (X;), surpommo H(X;X,;) ® ycioBHyw SHTpomuio

Hy, (XM) MapKOBCKOMW 1eTH (CM. BapUaHTHI).
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Bapuanmur 3a0anuii:

p(ala)=0.0, p(alb)=0.15 p(alc)=0.7,
1) p(bla)=0.9, p(b|b)=04, p(bjc)=0.3,
p(cla)=0.1, p(c|b)=0.45 p(c|c)=0..

p(ala)=05 p(alb)=0.2, p(alc)=08,
2) p(bla)=0.4, p(b|b)=0.1, p(blc)=0.1,
p(cla)=0.1, p(clb)=0.7, p(c|c)=0.1.

p(ala)=0.1, p(alb)=0.1 p(alc)=04,
3) p(bla)=0.1, p(b|b)=03, p(blc)=03,
p(cla)=08, p(clb)=0.6, p(c|c)=03.

p(ala)=05 p(alb)=06, p(alc)=04,
4) p(bla)=0.35 p(b|b)=0.2, p(blc)=01,
p(cla)=0.15, p(c|b)=0.2, p(c|c)=05.

p(ala)=0.0, p(alb)=04, p(alc)=0.2,
5) p(bla)=0.9, p(blb)=0.2, p(b|c)=0.7,
p(cla)=0.1, p(clb)=04, p(c|c)=0.1.

p(ala)=0.1, p(alb)=0.1 p(alc)=04,
6) p(bla)=0.6, p(b|b)=0.2, p(blc)=0.1,
p(cla)=03, p(clb)=0.7, p(c|c)=05.
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p(ala)=2.  P(alb)=2.  p(ale)=2, p(ald)=,
, p(bla)= g p(blb)= g p(blc)=0,  p(b]d)=0,
pela)=¢.  p(clb)=0. p(cle)=2.  p(cld)=0,
p(dla)=0, p(dlb)= % p(dlc)=%, p(d|d)= g
pala)=2,  p(alb)=2, p(alc)=7. p(ald)=0,
pbla)=2,  p(bID)=2,  p(ble)=7, p(bld)=1,
8 4 4 4
plela)=2, pleib)=2,  p(ele)=2,  p(cla)=o
p(dla)=0, p(d[b)=0, p(d|c)= % p(d|d)= ;

Pemenne 3agaun 2.6 (Bapuanr 1)
N300pa3uM 3a1aHHYI0 MapKOBCKYIO IIeTIh

p(ala)=0.0, p(alb)=0.15 p(alc)=0.7,
p(bla)=0.9, p(b|b)=04, p(bjc)=0.3
p(cla)=0.1, p(c|b)=045 p(c|c)=

B BUJIC KOHCYHOI'O aBTOMATa:




B cooTrBercTBHE € 3aJaHHBIMH BEPOSATHOCTSIMH TEPEXOIOB MOKHO
3aImcarh CBS3b BEPOATHOCTENM COCTOSHHM MapKOBCKOH LIEMH Ha |-M U
(i+1)-m marax:

P(Xii=s)= 2 p(xizsj)'p(xiﬂ:sklxi:sj)’ s e{ab.c},

s, lab.c)

a)=0,15-p(X; =b)+0,7- p(X; =c),

b)=0,9-p(X; =a)+0,4- p(X; =b)+0,3- p(X; =c),
c)=0,1-p(X;=a)+0,45- p(X; =h).

[TockoBKY ISl CTAMOHAPHOTO (ACMMITOTHYECKOT'0) pacipe/ieiCH s

p(XM:SJ-): p(Xi =Sj) mis s, e{a,b,c}, obosHaumm  3TH

p(xi+l
p(xi+l
Xi+l

p(

BEPOATHOCTH KaK P, M 3alHIIEM CHCTEMY YpaBHEHUH, JOMOJHEHHYIO

or =1
paHUYEHUEM Z P, 1
sjefa,b,c}

p,=015-p,+0,7-p,,
p,=0,9-p,+0,4-p,+0,3-p,,
p.=01-p, +0,45-p,,
Pa+ P+ P =1
Pemum 31y cuctemy (IOCKONBKY OAHO M3 MEPBBIX TPEX YpaBHEHUH
SIBJIICTCS. M30BITOYHBIM, HCKITFOUUM BTOPOE):

60pa=9pb+42pc' 62pa:62pc’ = pazpc’

20p, =2p, +9p,, 18p, =9p,, = Po = 2P,

p,+p,+p =L 4p, =1. = p. =0,25.
Takum  oOpa3oMm, 3HAa4eHUS  BEPOSTHOCTEH  CTAIIMOHAPHOTO
pacrpeneneHus 3aIaHHOMN MapKOBCKOM Lenu paBHBI

pa :01 251 pb 20,5, pC ZO, 25.

OHTpOmust  JUIsl  3TOTO  PACHpPEJENICHUsT  PacCUUTHIBACTCS  I10
CTaHIapTHOU dopmyie:
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3
H(X;)= {Z p(X; =s;)log, p(X; =s,;)= {Z P log; p,, =%
sjefab,c} sjefa,bc
Jlnst Beraucnenns surpormn H (X X;,;) HeoGXOMUMBI COBMECTHBIE
BEPOATHOCTU p( =S;, Xiy =S¢ ) , KOTOpBIE BBEIYUCIIAIOTCS IO hopmye:
p(xi =85, X :Sk): p(xi zsj)p(xi+1 =5 | X; =Sj): P, p(sk |Sj)'

Takum oO6pazom:

p(X,=a,X,,=a)=0,
3
p(Xi=b, X, = )—4—0,
p(X,=c,Xi+1=a)=l,
40
p(X,:a,XM:b):i,
40
(X, =b.X,., =b)= >
40
p(X,:c,XM:b):i,
40
p(Xlza,XM:c):i,
40
p(Xizb,XMzc):i,
40
p(X;=c,X;,,=¢)=0,
H(XX;,.)=— [430|0924_?Z)+4o|092470 40Iogz%wt
i092 0 3 log, — 3 L log, — L i092 9)
40 40 40 40 40 40 40 40

Ycnoras sHtpormst  H, (Xi,1) Moxer ObiTh HaiileHa JByMA

CII0OCOOAaMH.
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HepBHﬁ CI10co0:

Ho (Xi)= 2 b, 2 p(scls;)log, p(sils;).

sjefa,b,c} ske{a,b,c}
Bropoii ciocob:
H, (XHl) H (X X;1)—H(X;).

3agaua 2.7
HenpepbiBHast ciydaiiHas BenuunHa X pacrpenelieHa Mo 3aKOHY
PaBHO¥ BEPOSTHOCTH B IIPEJieIax OT X, 10 X, +a:

0, X< Xy,
1
f(x)=4=, X, SX< X, +4,
a
0, X>X, +a.

Haiitn nuddepeHnnanbHy0 SHTPONMHUIO STOH Cy4YaliHOH BETMYUHEL.

3anaua 2.8
HenpepriBHas cnywaiiHass BenuumHa X = pacmpesaeneHa IO

HOPMaJIbHOMY 3aKOHY ¢ napamerpamu N (0, 0'2) .

Haiitn nuddepeHnmanbay0 SHTPOIHUIO STOH CTy4YaliHOH BETMYUHEIL.

3agaua 2.9
HempepbiBHast — cioyvaiiHass —BenwuMHAa X pachpeseieHa 1o
OKCTIOHCHIIHATLHOMY 3aKOHY:

Ae ™, x>0,
f(x):{o x <0.

Haiitu nuddepeHnpanbHyr0 SHTPOITUIO 3TOW CITyYaiHOW BEJIMYHHBI.
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3anaua 2.10
CpaBHHTh  SHTPONHHU  HEMPEPHIBHBIX  CIy4aWHBIX  CHTHAJIOB,

pacnpeaejacHHbIX COOTBETCTBCHHO PABHOMEPHO HAa UHTCPBAJIC [—(Z;(Z] nu

HOPMAJIbHO, €CJINU UX NJUCIICPCHUU PABHBI.

3agaua 2.11
CpaBHUTh  JHUCIIEPCHU  HEMPEPBIBHBIX  CIyYalHBIX  CHTHAJIOB,

pacrpeneNneHHbIX COOTBETCTBEHHO PaBHOMEPHO Ha MHTEpPBAJC [—a;a] 71

HOPMAJIbHO, €CJIM UX SHTPOIINHU PABHBI.

24



