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BBenenue

Hacrosimuii cOOpHUK 3a/ad COAEPKUT MpaKTHUYECKUE 3aJaHus
10 OCHOBHBIM ~pazjieliaM JUCHMIUIMHBL «OO0mas Teopusl CBSI3H.
Yacte 2» u O6a3upyercst Ha yudeOHOM mnocobuu FO. A. BproxaHosa,
A. JI. TIpuopoBa «OO1mmas Teopusi CBsI3u», U3JaHHOM B SIpociaBckom
rocyaapctBenHoM yHuBepcutere um. I1. I'. lemugosa B 2014 r. [1].
s spdextuBHON pabOThl CO COOPHUKOM 3a7ady PEKOMEHIYETCS
MIPEIBAPUTEIIBHOE U3YYEHHE COOTBETCTBYIOIIMX TEOPETUUECKHUX pPaA3-
nenoB [1-10], paccMarpuBaeMbIX B paMKaX YKa3aHHOW AUCHUILINHBI.

[Tocobue coCcTOUT M3 CEMU Pa3feioB, MOCBSIIECHHBIX CIIyYailHbIM
BEJIIMYMHAM, CIIy4YalHBIM IPOLECCaM, TEOPUH OLIEHOK, TEOPUHU MPHUHS-
THSI PEUIEHUM, ONTUMAIBLHOMY OOHAPYKEHHIO CUTHAJIOB, TEOPUMU WH-
dbopManv U KOAUPOBAHUS UCTOUYHMKA, & TAKKE TTOMEXO0YCTOMYMBOMY
KoaupoBaHuto. [IpakTuyeckue 3amaHusi B COOPHUKE H3IAraloTcs Io-
CJIEIOBATENIbHO, HAUMHAs OT 0a30BBIX TEM W 3aKaHuuBas Oojiee Mpo-
JTBUHYTBIMU pa3ieiaMH, pacCMaTPUBAEMbIMU B OOIIEH TEOPUHU CBSI3H.
B ocHOBY moco0Ousi mojiokeH MaTeprall MPaKTUUEeCKUX 3aHSATUH, B Te-
YEHUE HECKOJIBKUX JIET TPOBOJUMBIX aBTOPAMH JJIsl CTYJIEHTOB (hU3H-
yeckoro (akynprera SApl'Y wum. I I'. leMunoBa, oOyuaronumxcs
no HarnpasieHuto 11.03.02 «MHPOKOMMYHUKAIIMOHHBIE TEXHOJIOTUU
Y CHCTEMBI CBS3H.

BoipaxkaeM riay0oKyro O1aroapHOCTh HallleMy HAay4YHOMY PYKO-
BojuTento npodeccopy 0. A. bproxaHOBy 3a MOMOIIb MPU CO3/IaHUU
Kypca «OOmas Teopus cBsI3M. YacTth 2» MW JTaHHOTO MOCOOUS,
3a BIUSIHUE Ha ()OPMHUPOBAHUE B3TJISIZIOB aBTOPOB B JAHHOM HAayYHOM
HaIpaBJI€HUU. DTU B3Il (DOPMHUPOBATUCH TAKKE B COBMECTHOMU
paboTe ¢ HAIIMMHK KOJUJIETaMH, CPEJIU KOTOPhIX OCOOEHHO XOYETCS OT-
metuth [O. Jlykamesnua, E. KporoBy, T. ApremoBy, B. Xpsmiesa,
A. TapakanoBa, A. I'Bo3mapeBa, A. TonuunkoBa n B. Kupnoca. Becem
VM aBTOPHI OYEHb TPU3HATEIIHHBI.



1. Cry4yariHble BeJIMYUHBI

1.1. HHmezpaabvHasa PyHKYus pacnpedeeHus,
3aKOH pacnpedesieHUsI QUCKPemMHOll CAYYaliHOl 8e/IUYUHbI
U NJI0MHOCM®b 8eposimHocmeti

1.1. JTana nuckpetHas cinydaiiHas BennuunHa (JICB) X. Jlokaszath
CJIEAYIOIIME MAaTEMATUUYECKUE BbIPAKEHUS:
a) P(a< X <b)=Fyx (b)—Fx (a);
0) P(@a< X <b)=Fx (b) - Fx (a) + P(X =a);
B) P(a< X <b)=Fyx (b) - Fx () — P(X =h);
0) P(@< X <b)=P(X =a)+ Fx (b) - Fx (a) - P(X =b).

1.2. JTana JICB X, omumcheiBacMmas CICIYIOIIUM 3aKOHOM pacrpe-
nenenus JICB:

px O =22, px (2 =14, px (=18, px (4)=18.
Hartitu:
a) UHTETpajbHyI0 PyHKIMIO pacnpenenenus Fy (X);
0) BeposatHocTu P(X <1), P(1< X <3), P1< X £3).

1.3. ITpoBepuThb, uTO QYHKIIUS
X
§(Ej , Xx=0,1,2,...,
Px (X)=14 (4
0, nHaue

apisgercss 3akoHoM pacnpenencaus JCB. Hawntu BeposdrHOCTH
P(X=2), P(X<2), P(X>1).

1.4. Ilycte ICB X omnuceiBaeTcs pacrnpenenenrem Ilyaccona
C I1IapaMeTpoM A :

k
px(k>=P(X=k>=e—k-”l<—,,

a) I0Ka3aTh cBoMcTBA QYHKIUU Py (X);
0) HaiiTu BepoaTHOCTh P(X >2) nna A =4.

k=0,1,...

1.5. ITycte ICB X onuceiBaeTcs pacnpeeicHueM bepHyu:



px (K)=P(X =k)=p*@-p)*™*, k=0,1.
Haiitu unterpansuyto pyHkuuio pacnpenenenusa Fy (x).

1.6. ITycte JICB X onuchiBaeTcs OMHOMHUAILHBIM PACTIpE/ICIICHUEM:
px (K)=P(X =k)=CKpK@a-p)", k=0,1....,n,
|
ck- ™
k!(n—k)!
Jloka3zate cBoiictBa Py (X). Halitm BepostHOCcT P(X >1)
st N=6, p=0.6.

1.7. Jana JCB, omnuceiBaromas 4KCIO BBIIAJCHHUS  OpJja
B DKCIIEPUMEHTE C MOoJA0packiBaHUEM MOHETKH TPH pasa moapsa. Haitu
Y MIOCTPOUTH UHTETPaANIbHYI0 QYHKIMIO pacnpenenenus Fy (X).

1.8. loka3aTh, 4TO IJIsi HENPEPHIBHON CIIy4yalHOW BEJIUYWHBI
(HCB) X BepositHocth P(X =x) =0.

1.9. Jlana HCB X ¢ IJIOTHOCTBIO BEPOSTHOCTEH
1/3, 0<x<1,

Wy (x)=<2/3, 1<x<2,
0, uHaye.

Haiitu unrerpansuyto GyHkuuto pacnpenenenus Fy ().

1.10. JTara HCB X ¢ mIIOTHOCTBIO BEPOSTHOCTEH
kx, 0<x<1,
W (x) =

0, mHaue.
A. Onpenenuts BennuuHy K.
b. Haiitu wuHTErpaneHyro (QyHkuuioo pacnpenenenus Fy (X)

Y BEPOSITHOCTH P(% <X < 2}.

1.11. lana HCB X, onuceiBaemas rayCCOBCKOM IJIOTHOCTBIO Be-
POSATHOCTH C mapaMeTpaMu M U G2



_(x—m)2

1
€
ov/2n

Jloka3aTb CBOMCTBO HOPMHUPOBKHU IUIOTHOCTH BEPOSATHOCTEMN
WX (X)

2
Wy (X) = 206" | —co< X<,

(—x*+x-a) .
1.12. Jlana ¢yuknus W(x)=e , —o0< X<oo, HaliTu Be-
JUYMHY @ Takyro, uto QyHkius W (X) sBISETCS INIOTHOCTHIO BEPOST-
Hocreit HCB X.

1.13. Jlana HCB X, onuceiBaemasi pacupeaeaeHiueM Pames:

X o X/26h) 450
Wy (X) =14 2

0, x<0.
Haiitu unTerpanbHyo GyHKUuUIO pacnpenenenus Fy (X).

1.14. Jlana HCB X ¢ m0THOCTBIO BEPOSATHOCTH
K(x — x? , O<x<l,
Wx (x) ={ ( )

0, HHaue,
rae K — HekoTopas KOHCTaHTa. Haitu BenmnunHy K ¥ MHTErpalibHYIO
¢ynkuuto pacnpenenenus Fy (X).

1.15. lana HCB X c mi1oTHOCTBEIO BeposiTHOCTH Wy (X) :

2
k(2x —x%), O0<x<1,
Wy (X) ={ ( )
0, hHaue,
rae K — Hekoropas koHcTaHTa. Haiitn BenuunHy K ¥ BEpOSITHOCTH

P(X >1).

1.16. PaccmoTpuM HMHTErpajibHYI0 (YHKIHUIO pacrpeiesieHus
ClIy4aliHOM BeTUYHHBI X



0, x<0,

1 1
Fy (X)=<Xx+—, 0<x<—,
x (X) 5 5

1, x= l
2
A. lokasats cBoicTBa pyHKIMH Fy (X).

b. Halitn BeposdTHOCTH P(X < %), P(0< X < %), P(X =0),

P(OSX Slj
4

B. Onpenenutp TUIT CITy4YaWHOW BEJIMYUHBL.

1.17. Jlana ciyvaiiHasi BeIUYMHA X C UHTErPAIbHON (QyHKIUEH
pacnpeaeneHus
(0, x<0,

Fx (x):<%x, 0<x<],

1, x>1.

y 1 1
A. Haiitu P < X<1|, P §<X <1l|lu P(X>2).
b. OnpeaenuTes TAN CIIy4allHOW BEJIWYVHBI.

1.2. Mamemamuueckoe o cudaHue u duchepcus

1.18. Jlana JICB X, onmceiBaemas CIeIyIOIIMM 3aKOHOM pacrpe-
nenenus JCB:

1/3,x=-10,1,
px(X)={

Haiitu MaTeMaTnyeckoe O)KUIaHue My U JUCIEPCUIO cs%( JCB X.

0, wuHaue.

1.19. Jlana JICB X, onuceiBaemas CIeIyIOIIMM 3aKOHOM pacrpe-
nenenus JCB:

1/3, x=-2,0, 2,
px(X)={

0, wHaue.



Haliti MaTeMaTHyecKoe OKUIaHUE My U JUCIEPCUIO G%( JCB X.

1.20. lana JICB X, omuchiBaroiias MCXOJ IOAOpachIBaHUS WT-
pajbHOM KoCTU. HaWTu MareMaruyeckoe OXKUIAAHUE My W AUCIIEp-

CHIO ci JICB X.

1.21. lana JICB X, ommceiBaeMasi T€OMETPHUYECKHUM 3aKOHOM
pacnpenenenus [JCB:

Py ()=P(X=x)=(1-p)* - p, x=12,3,..., 0< p<L.

Haiitu MaTeMaTnyecKkoe O)KUIaHUE My U JUCIEPCUIO Gi JCB X.

1.22. Jlana JICB X, omnuchiBaemas OMHOMMAJIbHBIM pacrupeicie-
HHUEM C TTapameTrpamu (N, p):

Py (K)=P(X =k)=CfpX@-p)" ¥, k=0,1....,n, 0< p<1,
|
ck-__ M
kI(n — k)!

Halitu MaTeMaTHyecKkoe O)KUIaHUE My U JUCIEPCUIO Gi JCB X.

1.23. Jlana JICB X, omuceiBaemas pacrpenenenuemM Ilyaccona
C ImapamMeTpoM A :

k
px (K) =P(X =k):e—“‘k—l, 2>0 k=01...

Haittn MateMaTuieckoe 0KUIaHue My U TUCIIEPCUIO Gi JICB X.

1.24. lana HCB X, onuceiBaemMasi paBHOMEPHOM TJIOTHOCTHIO Be-

pOHTHOCTH:
L,a3x£b,
Wy (X)=1b-a

0, WHAYE.

Haiitn MmaTeMaTH4eCcKoe OKUIaHUE My U JUCIIEPCUIO Gi HCB X.



1.25. lana HCB X, omucweiBacMasi SKCIIOHEHIIMAILHOM IIJIOTHO-
CTBIO BEPOSTHOCTH C TapaMeTpoM A >0

L-e ™ x>0,

Wy (x) =
0, HMHave.

Haiitn MmaTeMaTH4eCcKOE OKUTAHUE My W JUACIIEPCHIO cs%( HCB X.

1.26. lana HCB X, onuckiBaemasi TayCCOBCKON IJIOTHOCTBHIO BE-

POSITHOCTH C mapamMeTpaMy M | ol
(x-m)?
Wy (X) 1 e 20 00 < X < 00
X = y - .
oA 2T

Halitu MaTeMaTHyecKkoe O)KUIaHUE My U JUCIEPCUIO Gi HCB X,

1.27. lana HCB X, omuceiBaemasi INIOTHOCTBIO BEPOSITHOCTH Pa-

Jiest ¢ MapamMeTpom G2

X2

X 5 2
2 a2
WX(X): 02 e <0 ,x20,

0, 1515728 (S8

Haiitu MaTeMaTnyeckoe O)KUIaHUEe My U JUCIEPCUIO Gi HCB X,

1.3. YcaoeHnasa eepossmHocme. IIpasusio Baileca.
Teopema Baileca

1.28. [lycTh €cTh aBTOHOMHBIM POOOT, KOTOPBI MOXET HaXo-
JTUTHCS B OJHOW W3 JABYX KoMHaT. Kakmas u3 KOMHAT MMeEeT CBOM
IBET: KpacHbIM WJIM 3€JIeHbI. M3HauanbHO poOOT HE 3HAET, B KaKOU
KOMHaTe OH HaxoauTtcs. [loAToMy MOXXHO CUMTaTh, UYTO ANPUOPHBIC
BEPOSITHOCTH HaXOXAeHUs poboTta B kpacHoii P(R) u 3enenoii P(G)

kKoMHatax paBHbl 0.5. POOOT MMeeT HeCOBEpIIEHHBIN JaTYUK, MO3BO-
JSAIOLIAN OIPENENIUTh LBET KOMHAThbl, B KOTOPOW OH HaXOJUTCH.
YcnoBHasg BEpOSITHOCTh TOTO, UTO JATYUK (PUKCUPYET KPACHBIN LIBET
Opyu  YCIOBUH, YTO POOOT HAXOJUTCA B KpPAacHOM KOMHATe,
P(Bunets R|R)=0.8, a ycnoBHas BEpOSATHOCTh TOTO, YTO JATUUK



(bUKCHUpYyeT 3eJEHBIN LBET MPU YCIOBHH, YTO POOOT HAXOIUTCS B 3€-
nerori komuare, P(Bumets G|G)=0.8. Ilyctes nmatumk Qurcupyer
KpacHbI uBeT. Haitu:

a) YCJIOBHYIO BEPOSITHOCTh TOT'O, UYTO POOOT HAXOJAUTCS B KPACHOM
KOMHAaTe IIpH YCJIOBHH, YTO JaTYMK (HKCHPYeT KpacHBIA IIBET,
P(R|Bumets R) ;

0) YCIIOBHYIO BEPOSITHOCTh TOT'O, YTO POOOT HAXOAUTCS B 3€JICHOM
KOMHAaTe€ MPHU YCJIOBUH, YTO JaTYMK (HUKCHPYET KPACHBIA IIBET,
P(G | Bunets R).

1.29. Pemmte 3amauy 1.28 mis ciaydas, Korja alpUOpPHBIE BEpO-
SATHOCTH HaXOXJeHHUs poOoTta B KpacHoit P(R) u 3enenoit P(G) xom-
Hatax paBHbl 0 u 1 cooTBeTCTBeHHO. CpaBHUTH MOJYYEHHBIEC PE3YJib-
TaThl ¢ 3anauen 1.28.

1.30. Pemuts 3amauy 1.28 i cimydas, Koraa yclIoBHasi BEpOSTHOCTD
TOTO, YTO JATYUK (PUKCUPYET KPACHBIM IBET MPU YCIIOBUHU, YTO pOOOT
HaxoJuTcs B KpacHO komHarte, P(Bumets R|R)=0.8, a ycioBHas Bepo-
SATHOCTh TOTO, YTO JATYUK (PUKCHUPYET 3€JICHBIN I[BET MPU YCIOBUH, YTO
po0oT HaxoauTces B 3eiaeHOM KomHate, P(Bumers G|G)=0.5. CpaBHUTH

MOJTyYEHHBIC PE3YIbTaThI ¢ 3a1a4eit 1.28.

1.31. [lycTh ecTh aBTOHOMHBIM POOOT, KOTOPBI MOXKET HaxXo-
IUTHCST B OJHOM M3 Tpex KoMHar. Kaxpas U3 KOMHAT MMEET CBOU
I[BET: KOMHaTa A — KpacHbIid, koMHaTa B — 3enmenbiit 1 komHata C
— 3esieHbIi. MI3HauanbHO poOOT HE 3HAET, B KAKOM KOMHATE OH HaXo-
nutcs. 1loaToMy MOKHO CUHMTaTh, YTO alpHUOPHBIE BEPOSITHOCTU
HaxoxaeHus pobora B komHate A P(A), B koMmHate B P(B)

u komaatre C P(C) paBubI 1/3. POGOT nMeeT HECOBEPIICHHBIN TaTUVK,
ITO3BOJISAIOIINAMN ONPENECIUTh LIBET KOMHATBI, B KOTOPOU OH HAaXOJUTCH.
VYcnoBHasg BEPOSITHOCTh TOTO, UTO JATYMK (PUKCUPYET KPACHBIN LIBET
Opyd  yCJIOBUM, 4YTO  poOOOT  HAxXoAWTCS B KOMHate A,
P(Bunets R| A) =0.9, yclioBHasi BEpOATHOCTh TOTO, YTO JATUYUK (HUK-
CUpPYeT 3€JICHbIH I1BET NpH YCIOBHUU, YTO POOOT HAXOIUTCA
B koMHaTe B, P(Bumets G|B)=0.9, a ycinoBHass BEpOSTHOCTH TOTO,
YTO JAaTYMK (PUKCHUPYET 3€JIeHbIN 1BET MPHU YCIOBUHU, YTO POOOT HAXO-
autcs B komHare C, P(Bumers G| C) =0.9. Ilycth matunk pukcupyer
KpacHbIi uBeT. Haitu:
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a) YCJIOBHYIO BEPOATHOCTb TOT'O, YTO POOOT HAXOJIUTCA B KOMHA-
Te A TpHU YCIOBHHM, YTO JAaT4YWK (PUKCUPYET KpacHBIM IIBET,
P(A|Bunets R);

0) YCIIOBHYIO BEPOSATHOCTh TOTO, YTO POOOT HAXOAUTCA B KOMHa-
Te B mpu ycmoBuu, dYTO JaTyuK (UKCUPYET KpAacHBIM IIBET,
P(B | Bunets R);

B) YCJIIOBHYIO BEpPOSITHOCTH TOTO, YTO POOOT HAXOJIUTCS B KOMHa-

Te C NpU YCIOBUH, UYTO JATYUK (UKCUPYET KpaCHBIM IIBET,
P(C|Bumets R).

1.32. Jlan ABOMYHBIM KaHall CBSI3W. BxomHoit cuMBon X KaHaja
MOYKET NMpUHUMATh ABa 3HaueHus: 0 uiu 1. AHaIOrMYHbIE 3HAYCHUS
MpUHUMAET BbIX0aHON cuMBOJ Y. [IOCKOJIBKY B KaHaje MPUCYTCTBYET
IyM, BxogHoe 3HaueHue 0 MoeT ObITh MPeoOpa30BaHO B BHIXOJIHOE
1 u HaoOopot. Kanan onuceiBaercs BepostHocTamu PO, g0, pl, qi,

OTIPEICIICHHBIMHU CIETYIOLINM o0pazoMm: p0 = P(y1] x0),
g0 = P(y0| x0), pl=P(y0|xl), ql=P(yl|x1), rme X0 u X1 mpeacTas-
7s10T coObITHsE X =0 u X =1 cooTrBeTcTBeHHO, a Y0 U Yyl — COOBI-
™A Y =0 u Y =1 coorBercTBeHHO. Kpome Toro, p0+q0=1= pl+qgl
u P(x0)=0,5, p0=0.1, pl=0,2. Haiiru:

a) BepoATHOCTh npuema Hyns P(y0);

6) BEpOATHOCTH pUeMa euHuIbl P(yl);

B) YCIOBHYIO BEPOSATHOCTb I€pefadyd HyJsd IPH YCIOBHH, YTO
HOMb Ob1T IpuHAT P(X0| y0);

I') YCIIOBHYIO BEPOSTHOCTD TE€pe/lauu €INMHUIIBI TP YCIOBUH, YTO
eIMHMIIA OblIa MPUHSATA P(X1| yl);

1) BEPOSITHOCTh TOTO, YTO B NMPUEMHHUKE TNEepe/IaHHbIA CUTHAI OY-
JIET TIPOYUTAH C OIITUOKOM;

€) BEPOSITHOCTh TOTO, YTO B IPUEMHHKE MEpPEeaaHHbIN CUTHA OY-
JIeT MPOYUTaH BEPHO.

1.33. /lan nBOWMYHBINA KaHaJI CBsI3W. BXomHol cuMmBOJI X KaHasia
MOKET MpUHUMATh JBa 3HaueHUA: 0 unu 1. AHaOrM4YHbIC 3HAYEHUS
MPUHUMAET BBIXOIHOM CUMBOJ Y. ITOCKOJIbKY B KaHajie MPUCYTCTBYET
IIyM, BXOJIHOE 3HaueHue () MOXKeT OBITh MpeoOpa3oBaHO B BHIXOAHOE
1 u Hao6opot. Kanan onuceiBaercst BeposatHocTsimu p0, g0, pl, ql,

11



OIPEJICICHHBIMU CJIEAYIOLIIUM o0pazoMm: p0 = P(yll XO),
g0 = P(y0| x0), pl=P(y0|xl), ql=P(yl| x1), roe X0 u X1 mpencTas-
7s110T coObITHst X =0 m X =1 cooTBeTCcTBeHHO, @ YO M Yyl — COOBI-
s Y =0 u Y =1 coorBerctBeHHO. Kpome toro, pO+q0=1= pl+ql
nu q0=0.9, gl =0.6. /lnsg pemenus, Kakoe U3 ABYX COOOIIEHHI ObLIIO
nepeiaHo, Ha OCHOBE MOJYYEHHBIX JAHHBIX IMpeJjIaraeTcs UCIOIb30-
BaTh CJCAYIOIIAN KPUTECPUH.

1. Ha npuemnou cmopoune npouzouiio coovimue y0. Peiiaem, 4To
coObITHE Ha BXxoae kaHana — X0, eciu P(x0| y0)> P(x1| y0), u pe-
maeM, 4Yro coObITHE Ha BXojae KaHama — X1, ecim
P(xL| y0)> P(x0| y0).

2. Ha npuemnoti cmopoune npousouiio coovimue yl. Peiiaem, 4To
coObITHE Ha Bxoze kaHana — X0, eciu P(x0| y1) > P(x1| y1), u pema-
eM, 4To cobbITHE Ha BXoze Kanana — X1, eciu P(x1| y1) > P(x0| y1).

JIaHHBIA KPUTEPUI TPUHSATHUSL PELICHUS HA3bIBAETCA KPUTEPHUEM
MaKCHMyMa anoctepuopHoi BepostHocTH (MAB-kputepuii). Haiitu:

a) obnmacTh 3HadeHWi BeposTHocTH  P(x0), 118 KOTOpOi
MAB-kputepuii onpeaensieT, 4to codpITHe Ha Bxojae kaHama — X0,
€CJIM Ha MPUEMHOM cTOpoHE mpou3onio coobitue Y0 ;

6) o6macTh 3Hadenmit BeposTHocTH P(X0), ana  KoTOpOi
MAB-kputepuii onpeaenser, 9To coObITHE Ha Bxojae KaHama — X1,
€CJIM Ha MIPUEMHOM CTOPOHE MPOU30NILIO0 coObITHE Y1;

B) 06MacTs 3HaueHmit BeposTHocTH P(X0), @A KOTOpO#
MAB-kputTepuii onpeaeisieT, 4to coObITHe Ha Bxojae kaHama — X0,
€CJIM HEe UMeeT 3HadeHusi, kakoe coobitue — Y0 mmm yl — npowuso-
1110 HA TPUEMHOM CTOPOHE;

r) obmacte 3HaueHmit BeposTHoctH P(X0), mma  KOTOpO#
MAB-kputepuii onpeaenser, 9To coObITHE Ha BxojAe KaHama — X1,
€CJIM HE MMEET 3HaueHMsi, kakoe coobiTue —Yy0 mnum yl — mpowuso-
1JI0 HA IIPUEMHOU CTOPOHE.
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2. Cs1iyyariHble NpoLecChl

2.1. KoppeasiyuoHHasa (oyHKyus
U cheKmpa/1ibHAs1 N/JI0NMHOCMb MOWHOCMU.
Teopema BuHepa — XuHYUHa

2.1. HaliTu ciekTpaiabHYIO TJIOTHOCTh MOITHOCTH CTAllMOHAPHO-
ro cmyuaitHoro mpomecca X(t), 3Has €ro aBTOKOPPENSAIMOHHYO

_OLM, a>0.

ynxmmo Ky (t1)=D-e
2.2. HaliTu aBTOKOPPENSIIIUOHHYIO (YHKIIMIO CTallMOHAPHOTO
CIy4alHOTO IIpoLecca X(t) CO CHEKTPAJIIbHOW MJIOTHOCTHBKO MOUIHO-

Sp, 1Q£Qq,
cth Sy (Q) = 0 = 0
0, |Q>Qy.
2.3. HaliTu aBTOKOPPENSIIIMOHHYIO (YHKIMIO CTallMOHAPHOTO

CIy4alHOTO IIpolLecca X(t) CO CHEKTPAJIbHOW MJIOTHOCTHKO MOUIHO-

4
eti Sy (Q)=—, —0<Q<®.

11:(1+Q2)’

2.4. I3BeCTHO, UTO CIIEKTpajbHas MIOTHOCTh MOIIHOCTH CTallH-
OHApHOTO clly4aliHOro mpoiiecca X (t) UMEET CIEAYIOLINAN BUL:

8

Hauitu nucnepcuto ciydailHOro mpoiecca X(t) B ONPEACIICHHBIN
MOMEHT BPEMEHHU.

. —oo< ) <o,

2.5. Iokasars, yro ¢pynkims Ky (1) =3-e v Moxer GBITH aB-
TOKOPPEIAIMOHHON (PYHKITMEN ciiydaliHOro mpoiecca X (t)

13



2.2. I[IpoxodicdeHue cayuailHbIx npoyeccos 4epe3 JIMC-yenu

2.6. PaccmoTpum RC-1ienb (HanpsbkeHHEe CHUMAETCSl ¢ KOHJIEHCa-
TOpa), Ha BXOJIe¢ KOTOPOM JIEUCTBYET OCNBINA IITyM HEMPEPHIBHOTO Bpe-

MEHHU CO CHEKTPAIbHOU IJIOTHOCTHIO MOIIHOCTH, PABHOMU ? I Yya-
croT —o0 <) <00, HaliTu crieKTpalibHyIO IUIOTHOCTh MOIIHOCTH BBI-
xomHoro curaana Y (t).

2.7. PaccmoTpum CR-miens (HampsbKeHHE CHUMAETCSI C PE3HUCTO-
pa), Ha BX0JI€ KOTOPOM EMCTBYET OEbIii IITyM HEMPEPHIBHOTO BpeMe-

HU C aBTOKOppeNsAnuoHHON QyHkiuei Ky (’C)Z 628(’[), rae 8(t) —

nenbTa-Gysknus Jupaka, papHas o0 npu T=0 u 0 mpu t# 0. Halitu
CIIEKTPAJIbHYIO MJIOTHOCTh MOITHOCTH BBIXOJHOT'O CUTHAJIA Y(t).

2.8. Jlana pexypcuBHas IIElb IEPBOTO TMOPsIAKA, OMUCHIBaeMas
pasHocTHBIM  ypaBHeHueM Y (n)=X(n)+aY(n-1) (xo>dPumuent

yMHOXUTeNs a <1). Bxogno#t curnan X(n) MPEJICTABIIAET TUCKPET-
HBII O€JIBIM IIyM ¢ aBTOKOPPEIALUOHHON GyHKumer Ky (n)= 026(n),

rae S(n) — ©IWHWYHBIA HMMIyJbC, paBHbIA | mpu N=0 u 0O
npu N # 0. Haiftk criekTpaibHYyO TUIOTHOCTh MOIITHOCTH BBIXOIHOTO
currana Y (n).

2.9. Jlana HepeKypCHUBHas IIeMb MEPBOTO MOPSAKA, ONMKChIBaeMas
PA3HOCTHBIM YPaBHEHUEM Y(n): X(n)+aX(n—1). BxomHou curHan

X(n) mpencTaBiseT MMCKPETHBIH OBl ITyM CO CIEKTPANbHOM

IUIOTHOCTHIO MOIIIHOCTH, PABHOM 62 IS 9acToT — T < ® < 7. Haiitn

CIICKTPAJIbHY IO INTIOTHOCTh MOITHOCTH BbIXOJHOI'O CUTHAJIA Y(n)

2.10. laH nUCKpETHBIN OEblii IIyM C HYJIEBBIM MaTEMaTUYE€CKUM

OXHUOJaHUEM U I[HCHCpCHCfI 62 ) KOTOpBIfI moJgacTCA Ha BXOIO HECPCKYP-

CHUBHOU IIEIIM BTOPOTO mopsaka. IIpeamnonaras, 4To cBsI3b MEKIY BXO-
JIOM ¥ BBIXOJIOM pacCMaTpHUBAcMOM LM ONPEACIACTCS Pa3HOCTHBIM
ypaHerueM Y (n)= X (n) + yX(n-1)+arX(n-2), ompeneanuts

CIICKTPAJIbHY IO INTIOTHOCTh MOITHOCTH BbIXOJHOI'O CUI'HAJIA Y(n)

14



2.3. I[IpoxodicdeHue cAy4aillHbIX NPOYECCo8
yepe3 6e3bIHepyuUOHHbIE Yenu

2.11. Jlan ciyuaiinbiii nporecc X (t), KOTOpbIi B MOMEHT BpeMe-

Hu 1y ommceiBaercs HCB X(t;), xapaktepuszyemoi paBHOMEpPHOM

INIOTHOCTBIO BEPOATHOCTHU:

1 0< X1 <1
Wi (X1it1)={

Onpenennuts MIOTHOCTh BepossTHOCTH Wy (Yq;t1) ciydaiiHOU Be-

0, uHaye.

mmaunbl Y (1) =aX(ty) +b, onpenenstomieit ciayuaitasiii mporece Y (t)
B MOMEHT BpPEMCHH 1.

2.12. lan cinyuaiinbiii iporecc X (t), KOTOpbIii B MOMEHT BpeMe-
Hu t; omumceBaercs HCB X(t1), XapakTepu3yemoll raycCOBCKOM

IUTOTHOCTBIO BEPOSITHOCTH C IIApaMETpaMu M 1 G
_(Xl_m)2
2
Wx(Xl;tl)Z e 20 , —00< X1 <00,
o+ 2T

JlokaszaTh, 4TO MIOTHOCTH BepoaTHOocTH Wy (Yq;t1) ciydaitHoit
BenmuuHE Y (11), onpenensroniel cirydaitapiii mporecc Y (t) B MOMEHT
BpEMEHH {1 U cBsA3aHHOM ¢ X (t1) cienyromum o0pa3oMm:

Y(tp) =aX(ty)+b,
SBJISIETCS TayCCOBCKOW IUIOTHOCTBIO C MAaT€MaTUYECKUM OXKUJIAHUEM
am-+b u gucnepcueii a’c?.
2.13. Jlan cnyuaitasiii mporecce X (), KOTOpPBI B MOMEHT BpeMe-

Hu t; omumceiBaercs HCB X (1), xapakrepuzyeMoill rayccoBCKOMN

IJIOTHOCTBIO BEPOSATHOCTH C IMapaMeTpaMu M = Omu 62 =1. OHpGI[G-

JUTh TUIOTHOCTH BeposiTHOCTH Wy (yq;t]) CiydaiiHOW BEJIMYHMHBI
Y (t1), onpenenstomnieit cayvainbli mporecc Y (t) B MOMEHT BpeMeHH
t; u cBs3anHOM ¢ X (1) caexyroumm odpazom:

Y () = {X ()},
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2.14. Jlan cnyqainenid nporece X (), KoTOpbIii B MOMEHT BpeMe-
Hu t; ommceBaeTrcs HCB X(t1), xapakrepuzyemMoll paBHOMEpPHOMN
MJIOTHOCTHIO BEPOSATHOCTH:

1

—, =1<xq <2,
Wy (X1:t1) =13 L

0, wHaue.

Onpenennuts MIOTHOCTH BepossTHOCTH Wy (Yq;t1) ciydaiiHOW Be-
mmunHbl Y (1), ompexnenstomiel ciaydaiHbii nporecc Y (t) B MOMEHT
BpEMEHHU 1] U cBsizaHHOU ¢ X (t1) ciaeayromum oopa3om:

Y () = {X ()}

2.15. an cnyyaitabiit mporiece X (t), KOTOpBI B MOMEHT BpeMe-
Hu t; omumceBaeTcs HCB X(t1), xapakrepu3yemoll paBHOMEPHOMU
IJIOTHOCTBIO BEPOATHOCTH
1 0< X1 < 1,
Wi (x1;t1) = {
Onpenenuts MIOTHOCTh BepossTHOCTH Wy (Yq;t1) ciydaiiHOM Be-

munHbl Y (ty), ompenenstomei ciayvaineiid npomecc Y (t) B MOMEHT
BpEMEHHU t; U cBsA3aHHOM ¢ X (t1) ciemyromum o0pa3oMm:

Y(tl) = ex(tl).

0, uHaue.

2.16. Jlan cimyuaitasiii mporiece X (t), KOTOpBIE B MOMEHT BpeMe-

Hu t; omumceBaerca HCB X(t;), Xapakrepu3yemoill raycCOBCKOM

IINIOTHOCTBIO BEPOATHOCTHU C MapaMeTpaMu M U 62:

_(Xl_m)2

1 2
Wy (Xq;t1) = e 200  _—oo< X <O,
X\ Y G/_ZTE 1

OmnpenenuTh MIOTHOCTH BepostHocTH Wy (yq;t1) ciydaiiHol Be-
munsbl Y (tq), onpenenstomied ciayvaineiid npomecc Y (t) B MOMEHT
BpeMEHH t; U cBsA3aHHOM ¢ X (t1) ciemyrommm o0pa3oMm:

Y(tl) = ex(tl).
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2.17. lan cayuaiineiid npomecc X (), KOTOpBIA B MOMEHT BpeMe-
Hu t; ommceBaeTrcs HCB X(t1), xapakrepuzyeMoll paBHOMEpPHOMH
MJIOTHOCTHIO BEPOSATHOCTH:

1 T T
<X <=,

Wy (Xg;t1) =31 2 2
0, wunaue.

Onpenennuts MIOTHOCTH BepossTHOCTH Wy (Yq;t1) ciydaiiHOW Be-
mmunHbl Y (1), ompexnensitomniel caydaitabeiii porecc Y (t) B MOMEHT
BpeMeHHU t; u cBsizaHHOU ¢ X (t1) cienyronum oOpa3om:

Y (t1) =tg(X(ty)).

2.18. Jlan cinyyaiineii nporecce X (t), KOTOpPBI B MOMEHT BpeMe-
Hu t; omumceBaercs HCB X(t1), XapakTepu3yemoll raycCOBCKOM

IJIOTHOCTBIO BEPOSITHOCTH C TTapaMeTpaMu M U o2
(g—m)?
2
Wy (X1;t1) = e 20 , —0 <X <00,
o+ 2T

Onpenenuths MIOTHOCTH BepossiTHOCTH Wy (Y1;11) ciaydailHON Be-
muuuHbl Y (t1), onpenernsromen ciaydaiHbld npouece Y (t) B MOMEHT
BpEMEHH {1 U cBsA3aHHOM ¢ X (t1) cienyromum o0pa3oMm:

v (t ax (tl)! X(tl) >0,
() _{o, X (t;) <0,

rac d — IOJIOKUTEIIbHA, BCIICCTBCHHAsI KOHCTAHTA.

2.19. Jlan cimyqaitaeiii niporiecc X (t), KOTOpBIA B MOMEHT BpeMe-
Hu t; omumceBaerca HCB X(t1), Xapakrepu3yemoill raycCOBCKOM

MJIOTHOCTHIO BEPOSATHOCTH C TTapaMeTpaMu M u 02:
(g-m)?
1 262
WX(Xl;tl): e 6 | —00<X <o,
oA 2T

Onpenenuth MIOTHOCTH BepossTHOCTH Wy (Yq;11) ciaydaitHON Be-
anuuHbl Y (t1), onpenensomend ciaydaiHblid npouecc Y (t) B MOMEHT
BpEMEHH {1 U cBsA3aHHOM ¢ X (t1) cienyromum o0pa3oMm:
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2
Y(ty) = a{X (tl)} , X(t1) >0,
0, X (tl) <0,
€ d — IOJIOKUTEIIbHAA, BEINCCTBCHHAsI KOHCTAHTA.

2.20. lTanpl JBa HE3aBUCUMBIX Ciy4yailHbIX mporecca Xq(t)
u Xy (t), KoTopele B MOMEHT BpeMeHU t; omuceiBarorcss HCB Xq(ty)
u Xo(t1) coorBercTtBeHHO. IlycTts ciydaiiHble BennuuHbl X1 (1)
U X2 (t]) ONUCBHIBAIOT BBIIICO3HAYEHHBIE NIPOLIECCHI B MOMEHT BpEMe-
HU 1, TOrna AByMepHas INIOTHOCTb BEPOSITHOCTH, CBSI3aHHAS C YTUMU

CIIy4ailHBIMU BEJIMYMHAMU, OYJIeT IpeIcTaBiUMa B BUJIE€ TPOU3BEACHUS
OJIHOMEPHBIX INIOTHOCTEN BepossTHOCTEN st X1 (1) m Xo(tg):

Wi, x, (X1, X2;t1) =Wy, (x1;t)Wx, (X2:11).
[Iycte cnyuwainsiii mporecc Y (t) = Xq(t) + Xo(t) onuceiBaercs

B MOMEHT BPEMEHU cilydalHOM BennuuHOM Y (t1). Onpenenuts mioT-
HOCTb BeposiTHOCTH Wy (Yq;t1) ciyyaliHou BenuauHb! Y (7).

2.21. Pemmte  3amady 2.20 gms cimydas, korma Wy (Xq;tp)

1 Wy, (X2;t1) OIHMCBIBAIOTCS rayCCOBCKOMU IIOTHOCTHIO BEPOSTHOCTH:

2 2
1 A 1 X2
W, (i) =——e 2 Wy, (x2it1) = e 2.
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3. Teopua oLleHOK
3.1. Ceoilicmea mo4YeuHbIX OYEeHOK

3.1. Ilycte (Xq, X9, ..., Xy) — Cily4aiiHas BHIOOpKA CIIy4aiHOM

BCIIMYMHBI X, HMCIOH.ICfI HEHU3BECTHOC MATEMATUYCCKOC OXHOAaHUEe M.
HOKEBEITB, 4TO oyenka m, onpcacisacMas C HUCIIOJIb30BAHUCM CIICAY-
HOLICTO BBIPAXKCHUA

12 -
M== Z Xj=X,
n‘;
ABIAETCA Hecmeujennol oyenxou m. TepMUHOIOIrMYECKH X — 3TO
BBIOOPOYHOE CpeaHEe.
3.2. [lycthb (Xl, Xo, s Xn) — CiIy4aiiHasi BRIOOpKa CIIy4aiiHOM

BCJIMYUMHBI X, I/IMCIOHleﬁ HEHU3BCCTHOC MATEMATHUUYCCKOC OXKHUJIAHUC M

U JUCIICPCUTIO 62 . HOKaBaTI), 4TO OyeHKda 62 , ompceacisieMmast

C UCIIOJIB30BaAHUCM CJ'ICI[YIOH_ICFO BBIpa)KeHI/ISI
n
2 1 \2
$%==3(X;-X),
Ni—p

SIBIISICTCS CMEUIeHHOU OUEHKOU 2. 3nece X — 3TO BBEIOOPOYHOE
cpeaHee.

3.2. OyeHka napamempos

3.3. [lycth (X1, X9, ..., Xp) — ciy4aiiHas BbIOOpKa OMHOMHU-

albHO pacHpeAeI€HHON CIy4allHOM BeJMYMHBI X ¢ mapamerpamu N
n P, roe mapamerp N mpenamnosiaracTcs U3BECTHBIM, a mapamMerp P —
HEeU3BECTHBIM. Halltu oyenky napamempa P 10 METOAY MaKCHUMAaJlb-
HOTO MPABAONOA00US.

3.4. Ilyctb (Xq, X9, ..., X;) — Cily4aiiHass BIOOpKa CIIy4aiHOM

BEIIMUMHBI X, OMUChIBaeMoii pacrnpenencauemM [lyaccona ¢ Hems3BecT-
HBIM TapaMmeTpoM A . Haiitu oyenxy napamempa )\ 10 METOIy Mak-
CUMAJIBHOTO TIPaBIOIOI00US.
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3.5. Ilycte (X1, X9, ..., Xp) — cioy4aiiHas BHIOOpKa 3KCIOHEH-

AAIBHO PACIPEIACICHHON CIIydallHOM BEIWYHMHBI X C HEM3BECTHBIM
napameTrpoMm A . Haitu oyenxy napamempa ) 1o METOIY MaKCUMaJlb-
HOTO TPaBIONOA00u.

3.6. Ilyctb (X1, X9, ..., X;3) — ciy4aiiHas BbIOOpKa HOPMaJbHO

pacupeseeHHON ClIydYailHOW BEJIMYMHBI X ¢ HEM3BECTHBIM MaTeMaTH-

YECKUM OXXKHUJAHUEM M 1 HEU3BECTHOM JUCIIEpCUEH G?

KU napamempos m u 6% 1o METOJIy MaKCUMAaJIbHOTO MPaBA0noa00usl.

. Hantu ouyen-

3.7. IlycTb (X1, X9, ..., Xp) — cilydaiiHas BBIOOpKA CIy4alHOM
BEIMUMHBI X,  ONHUCBIBAEMOW  pacmpeneneHuemM  bepHyin
px (K; p) = pk Q- p)l_k, k=0,1, rae p ABISICTCS HEU3BECTHBIM I1a-
pametrpom 0< p <1. Halitu oyenxy napamempa p Mo METOy MaKCH-
MaJbHOTO TIPaBIOIOA00MS.

3.8. 3nauenus ciaydvaitHoit BeiOOpku 2.9, 0.5, 1.7, 4.3 u 3.2 nony-
YCHBI U3 CAy4YailHOW BeMMUYuHBI X, KOTOpas paclpeeicHa paBHOMEp-
HO Ha HEM3BECTHOM 3aMKHYTOM HMHTepBase [a, b]. Mcnons3ys onenky

10 METOJY MaKCUMAJILHOT'O MPAaBAOION00MS, HAUTU wacmHbvle peaiu-
3ayuu oyerox a u b.

3.3. OyeHka 3Ha4yeHuUs1 HeA0CMYNHOll
0151 HA6.1100€eHUs1 CAY4AatllHOU 8e/IUMUHbI

3.9. HaliTu cpemHekBagpaTUYECKYIO OIEHKY CIy4ailHON BEIUYU-
uel Y kxoHcrtauToi C,

3.10. Haititu cpenHeKkBaaApaTUUECKYyIO OIICHKY CIy4ailHOW BeEJIH-
yuHbI Y, Kak QyHKIuo g(X) ciiydailHOM BETUYUHBI X.

3.11. Jloka3athb, 4yTo mapaMeTpsl & u b B NHMHEHHON cpeaHeKBaI-

paTHYECKOM OILIEHKE Y=aX +bh MOKHO ONPEIECIUTD
C UCIIOJIb30BAHUEM CJIEAYIOIIUX MAaTEMAaTHUYECKUX BBIPAKCHUM:
oy
a=—pXY, b:mY _amx,
G X
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rae pyxy — KOIQOUIMEHT KOPPENALUU, My , My — MareMaThye-
CKHE OKMJIaHWs Cly4aiHblX BeauduH X 1 Y, a Gy, Oy — CpeIHe-

KBaAPaTHYCCKHUC OTKIIOHCHHA CJ'Iyan\/JIHBIX BeJar4ynH X 1 Y.

3.12. lokazaTb, 4TO JJ JHUHEHHOM CpeJaHEKBaJApaTHUCCKON

olleHKU } =gX +h MUHUMaIbHAA CpEIHEKBaJApaTHYECKas OIIMOKa
MOXET OBITh BBIUMCIICHA C UCIOJIB30BAHUEM CIIEAYIONIETO MaTeMaTH-
YECKOT'O BBIPAKECHUA:

2 2
€m =0y (1_pXY)’
rae pyy — KOdQOHULUUEHT KOPPEIALUMH, & Gy — CPEIHEKBaJpaTu-

YEeCKOE€ OTKJIOHEHUE CIy4YailHOW BEJIMYUHBI Y.

3.13. Ilycth cyuaiinast BenuuuHa Y = X 2 , TJIe X — paBHOMEPHO
pacupenencHHas ciaydanHas BeqnuuHa [-1,1]. Hautu nuHeunnyro

CPEIHEKBAAPATUYECKYIO OLIEHKY Y B TepMUHAX X U €€ CpeHEKBaApa-
TUYECKYIO OLIMOKY.
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4. Teopusa NPUHATUA pellIeHUM

4.1. lIpoeepka 2unome3s

4.1. [lpennonoxum, 4TO NPOU3BOJUTEIb MUKPOCXEM MaMSTH OT-
MEYaeT, YTO BEPOATHOCTh OTKa3a MUKPOCXEMBI Py...=0.05. IIycts

ObL1a BBEJIEHA HOBAsl TEXHOJOTHUS € LENbIO YIyUIIEHNUs KOHCTPYKIUHU
MUKpOCXeM. {11 TecTupoBaHUSI HOBOM TEXHOJOTUU ObLIO MPOU3BEIE-
HO 200 Muxpocxem. Ilycth ciyyaliHasi BedIuduHa X OTPa)XaeT 4KCIo
MHKPOCXEM, HE MPOILIECAINX TECTUPOBAHUE. BBeaeM npaBuiio IpUHS-
TUSl pEUIeHUs], IPU KOTOPOM JaHHAs TEXHOJOrus Oblia Obl MPUHSTA,
ecimu X <5:

Hp : Pyas =0.05 (He u3MeHsAeM TEXHOJIOTHIO IIPOU3BOJICTBA),

H1 @ Pygas <0.05 (M3MEHsAEM TEXHOJIOTHIO IIPOU3BOJICTBA).
Haiiti BeposSTHOCTB OIIMOKH IIEPBOIr0 Poja.

4.2. PaccmotpeTh 3aaa4dy 4.1 B mpeonoKeHUH TOro, 4To
Hy ' Pyxas =0.05 (He U3MEHsAEM TEXHOJIOTHIO IIPOU3BOJICTBA),

Hp @ Pyas =0.02 (M3MeHsI€M TEXHOJIOTHIO IPOU3BOCTBA).

HoBas TexHOJIOTHS MPOU3BOACTBA OyACT OTKIOHEHA, eciu X > 5.,
Haiiti BeposSTHOCTH OIIHMOKH BTOPOTO PO/Ia.

4.2. Kpumepuu npuHsmus peuleHutl

4.3. B 1BOMYHOM CHCTEME CBS3HM Kakable I CEKyH] IepeaacTcs
OJIIMH W3 JIBYX BO3MOXHBIX CUTHAJOB. [IyCTh CyIIECTBYIOT IBE T'U-
MOTE3HI:

Hg : mepenan curnan Sy (t),

H1 : nepenan curHan Sq(t).

[Mpennonoxum, uto So(t) =0 u $1(t) =1, 0<t <T. B kanane cs-
3U JEWCTBYET aJIUTUBHBIN CTAllMOHAPHBIA IIyM N(t), KOTOPBIA Tpea-
CTaBJISIET HOPMAJIbHBIMA CIyYalHBIM MPOLIECC C HYJIEBBIM MaTeMaTH4e-
CKAM OXHJaHueM M aucnepcueit, paBHoi 1. Ilycte X(t) =s;j(t) +n(t),
i =0,1. [Iycts monyuennslii curaan X(t) HaOmOAaeTcss B HEKOTOPBIN

MOMEHT BPEMEHHM B TCUCHHE KaXKJO0TO MHTEpBaja repeaadn B 1 CEKyHI.
JlomyctuMm, nostydeHHoe HaOroeHue paBHo 0.6.
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A. Ucnonp3ys kpuTepuii MakCUMaIbHOT'O MPaBAOTOA00HS, OMpe-
JIEJIUTh, KAKOW CUTHAJ OBLI MepeiaH.
b. Haiitu ommOKu 1epBoro ¥ BTOPOro poja.

4.4. Ilyctb X — HOpPMaJIBHO pacIpeeseHHas clly4yalHasl BEJu-

YyuHa C HYJICBBIM MATCMATHYCCKUM OXHAAHUCM U I[PICHGpCHGfI 62.

[IycTh CymIeCTBYIOT JBE THIIOTE3BI:
H 0-O 2 = 2,

H 1 . O 2 =5,
Onpenenutb, UCHOJIb3YsI KPUTEPUNA MAKCUMAJIBHOTO MPaBIOMO-

I[O6I/I${, IIPHU KaKUX 3HAYCHHUAX X cnyqaf/iﬂoﬁ BCJIMYHHBI X 6YI[€T BCP-
Ha I1ICpBas UJIK BTOPAA I'MII0TC34.

4.5. B 1BOUYHOU cHCTeME CBA3M Kaxable 1 CEKyH] mepenacTcs
OJIUH U3 JIBYX BO3MOXHBIX CUTHAJIOB. [IyCTh CyIlIECTBYIOT IBE TUITO-
TE3bI:

Hg : mepenan curnan Sg(t),

H1 : nepenan curHan $q(t).

[Ipennmonoxkum, uro So(t)=0 m s1(t)=1, O<t<T. B kaname
CBSI3M JCHCTBYET aIUTHUBHBIN cTanMOHApHBIA IryM N(t), KoTOpbIi
IIPEACTABISAET HOPMAIBHBIN CIIy4alHBIN IIPOLIECC C HYJIEBBIM MaTeMa-
TUYECKUM  OXHJAaHUEM U  jaucnepcued, paBHou 1. Ilycte
X(t) =s;j (t) +n(t), 1=0,1. ITycte nonyuyenusiii curnan X(t) wabmroma-
€TCSl B HEKOTOPbII MOMEHT BPEMEHU B TECUEHHUE KAXIOr0 MHTEPBAJIA
nepenaund B T cexkyHI. [JomycTuM, MOJy4YEHHOE HAOIIOJICHUE PABHO
0.6, anpuopHas BeposTHocTh P(Hp)=2/3,a P(Hy)=1/3.

A. Hcnionp3ys kputepruii MakCUMyMa anoCTEPUOPHOU BEPOSITHO-
CTH, OTIPEACINTh, KAKOW CUTHAJ ObL Mepe/iaH.

b. HaiiTu ormmGku mepBoro u BTOPOTo poja.

4.6. Ilyctp X — HOpMaJbHO pachpe/iesieHHas ciaydaiiHasi BeJu-

YUHA C HYJICBBIM MATCMATHYCCKUM OXHAAHUCM U )II/ICHCPCI/IGI\/’I 62.

[IycTh CymIecTBYOT JBE THIIOTE3BI:



H 1 . O 2 =5,
Onpenenuth, UCHOJB3Yysd KPUTEPUA MAKCUMyMa aroCTEPUOPHOU
BEPOATHOCTH, MPH KAKWX 3HAYCHUAX X CIydalHOW BENMHMYUHBI X Oy-

J€T BEpHa MepBas WM BTOpas TUIIOTE3a, MpeJrnosaras, 4ro arnpuop-
Has BeposiTHOCTh P(Hg)=2/3,a P(Hy)=1/3.

4.7. B 1BOMYHOM cUCTeMe CBSI3U Kaxkjable 1 CeKyHJ mepeaacTcs
OJIMH U3 JIBYX BO3MOKHBIX CUTHaJIOB. IIyCcTh CylIECTBYIOT JBE T'H-
MOTE3bl:

Hg : mepenan curnan Sg(t),

H1 : nepenan curHan $q(t).

[MpennonoxuMm, uto Sp(t)=0 u s$1(t) =1, O<t<T. B kanane
CBSI3M JCHCTBYET aIJUTHUBHBIN cTalMOHApHBIA mryM N(t), KoTopbIi
MPEJICTABIISIET HOPMAJIbHBIN CIIyYallHBIA IPOLECC C HYJIEBBIM MaTeMa-
TUYECKUM  OXHJaHUEM W  jaucnepcued, paBHou 1. Ilycte
X(t) =sj(t) +n(t), i =0,1. [Tyctp momydenHbIi curaan X(t) HaGmroma-
€TCS B HEKOTOPBII MOMEHT BPEMEHHM B TEUCHHUE Ka)XJI0r0 MHTEpBajia
nepenaun B 1 cexkyHI. [JomycTuM, MOJIyYEHHOE HAOIIOJICHUE PABHO
0.6, ommbka nepBoro poaa paBHa 0.25.

A. Ucnone3ysa kpurepuii Helimana — Ilupcona, onpenenuts, Ka-
KOM CHUTHaJI ObLJ ITepeIaH.

b. Haiitu omubky BTOpOTro poa.

4.8. Ilyctp X — HOpPMaJBHO paclpeiesieHHas ClydaifHasi BEJIH-

YUHA C HYJICBBIM MATCMATHYCCKUM OXHIAAHUCM U I[I/ICHGPCHCﬁ 62.

[IycTh CymIecTBYOT JBE THIIOTE3BI:

H 0- O 2 =1,
Hl . 62 =4,
Onpenenuth, wucnonb3ys kpurtepui Henmana — Ilupcona,

MIpU KaKUX 3HAYEHUsIX X CiydyalHOW BenuuyuHbl X OyJeT BepHa mep-
Bas U BTOopas rumote3a. OmuOKy TMepBOro poja IMOJOKUTh PaBHOU
3HaueHuto 0.25. Haittu ommOKy BTOpOro poja.
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4.9. [Iyctb X — HOpMaJIbHO pacrpesiejieHHas ciydaiiHas BeJu-

YUHA C HYJICBBIM MATECMATHYCCKUM OXHAAHUCM U ,Z[I/ICHGPCI/IGI\/’I o 2.

[lycTh CymIecTBYIOT JBE THIIOTE3BI:

H 0-O 2 = 2,
H 1- 0O 2 =5.
Onpenenuth, wucnonb3ys kpurteput Heiimana — Ilupcona,

IIpU KaKuX 3HAYEHUSIX X CIIydalHOW BeauduHbl X OyJeT BepHa mep-
Bas M BTopas rumore3a. OmuOKy MEepBOro pojia IMOJ0KHTh PaBHOM
sHauenuto 0.1. Haiitu ommbKy BTOpOro poja.

4.10. PaccMoTpuM  OMHapHYylO 3ajady MOPUHATHS  pEUICHUs
CO CIEAYIOLIMMH YCIOBHBIMU IJIOTHOCTSMHU BEPOSITHOCTH:

W(x| Ho)=Ze ™,

W (x| Hy)=e X,

Ilycte croumoctu baiieca umeror Bua: Copg =Cqq =0, Cop =2,

A. Haltu npaBuiio NpUHATUSA PEMICHUS HA OCHOBE KPUTEPHUS
baiteca, ecniu P(Hg)=2/3. Onpenenutb COOTBETCTBYIOIIMM Oalie-
COBCKHUM PHUCK.

b. I[ToBropuTh yHKT A nns cioydass P(Hg) =1/2.

4.11. PaccMoTpuM  OWHapHYIO 3ajady HOPUHATUS  pEUICHUs
CO CIEAYIOIIMMH YCIOBHBIMU IJIOTHOCTSMHU BEPOSITHOCTH:

W (x| Ho) =%e‘x,

W (x| Hq) =e X

Ilycte croumoctu bameca mmeror Bun: Cog =Cq1 =0, Cpop =1,
Cio =2. Haiitu npaBwIO NPUHATHUS PELIEHUS HAa OCHOBE KPUTEPUs
baiteca, ecnu P(Hp) =0.25. Onpenenuts COOTBETCTBYIOUIUN Oalie-
COBCKHMH PHUCK.

4.12. PaccMoTpuM OWHaApHYIO 3ajady MPUHATUS  pEIICHUs
CO CJICAYIOITUMHU YCIIOBHBIMU TIJIOTHOCTSIMH BEPOSTHOCTH:
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W (x| Ho) =%e‘x,

W (x| Hq) =e X

Ilycte croumoctn baiieca nmmeror Bua: Cog =Cq1 =0, Cpp =2,
C1o =1. Halitu npaBuio NPUHATUSA PELICHUS HAa OCHOBE MHHUMAaKC-
HOI'O KpUTEPHUS.

4.13. PaccMoTpuM OMHApHYIO 3ajJady TMPUHITUS  PELICHUS
CO CJIEAYIOUIMMH YCIOBHBIMU IIJIOTHOCTSIMH BEPOSITHOCTH

W(x| Ho)=Ze ™,

W(x|Hy) =e 2.

ITycte croumoctu baiieca mmeror Bun: Cog =Cqp =0, Cpp =1,
C1p = 2. Haiitu npaBuio npuHATHSA PEUICHUS HA OCHOBE MHHUMAKC-
HOI'O KPUTEPHUSI.
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5. OnTMMaJIbHOE 06Hapy>1<e1me CUTHAJIOB

5.1. BeposmHocmb owu6Ku

5.1. [lonyunTs  BBIpaXEHHE i1  NPUHIATUS  PELICHUS
IIPU UCIIOJIb30BAHUM KPUTEPHS MAKCUMAJILHOTO MPaBI0Noa00us, T. €.

Hg, X(T)>no,
d(x(T)) =
Hy, x(T)<mng,
I1€ 1o — ONTHUMAaJbHBIM NOPOr, MUHUMHU3UPYIOIINUNA BEPOSITHOCTH
ao + 8.1

omnOku npu P(Hq) = P(H{) u paBHbII — X(M)=a;(T)+ny(T),

I =0,1 — BBIXOJ JMWHEHHOTO PUIBTpaA, @j, — CUTHAJIBHBIA KOMIIO-
HEHT, & NG (T) — KOMIIOHEHT LIyMa.

5.2. Jlokazatb, 4TO MOPOT 1M U3 3a1a4u 5.1 MUHUMUZUPYET BEPO-
SITHOCTBH OIIIUOKH.

5.3. IeonyHas cucteMa CBs3M IepenaeT curHanbsl Sj(t), 1=0,1.
IMycte X(T)=a;(T)+ny(T), 1=0,1 — BeIXOJ JNMHEHHOTO (GUIBTPA,
KOTOPBIIl HAXOAUTCS B IPUEMHHUKE, TJI€ 8j — CUTHAJIbHBIM KOMIIOHEHT
(ag =—1m a; =1), a ny(T) — KOMIIOHEHT IIyMa, KOTOPBIN SIBJISETCS
PaBHOMEPHO pacipeIeICHHBIM

0.5 -19<x<01]
W(xIHo) = 0, wHauye

0.5 —-0.1<x<1.9,
W(x|Hjp)= 0

,  VHA4e.

HaliTn BepOsATHOCTH OIIMOKH JUISl Cydas PaBHOBEPOSTHBIX CHI-
HasoB Sj(t), 1=0,1, 1. e. mua P(Hp) = P(Hy).

5.4. JIBonuHasi cucTeMa CBSI3U NepenaeT curHanel Si(t), i=0,1
c oguHakoBor BeposATHOCTHIO. Ilycte X(T)=3a;(T)+ny(T), i=0,1 —
BBIXOJ1 JMHEUHOTO (PMIIbTPA, KOTOPBI HaXOJUTCS B IPUEMHUKE, TIE A
— CHTHAJIBbHBIN KOMIOHEHT (ag =—1 1 a1 =1), a ny(T) — KOMIOHEHT

IymMa, KOTOPBIM MPEICTABISET TayCCOBCKYH) CIYYalHYH) BEIIMYHUHY
C HYJICBBIM MaTEMATHYECKUM OxuaaHueM u nucnepeueit 0.1.
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A. OnpenenuTs ONTUMAIIBHOE MPABUIIO NPHUHSATHS PELICHUS, UC-
MOJIb3YSl KPUTEPUN MAKCUMAJILHOTO MPABAO0NIO00MSI.
b. Bbr4ucauTh BEpOSITHOCTh OIIMOKH.

5.5. J/[BonuHas cucrema cBsI3M mnepenaer curdaisl Sj(t), i=0,1
C BEPOSITHOCTSIMU P(Hp)=0.25 151 P(Hq) =0.75. ITycTh
X(T)=a;j(T)+ng(T), i =0,1 — BIXOA JIUHEUHOTO PUIBTPA, KOTOPHI
HaXOJIUTCS B IPUEMHUKE, TJE€ 8; — CUTHAJIBbHBIM KOMIIOHEHT (3 =—1
u a1 =1), @ ny(T) — KOMIOHEHT IIyMa, KOTOPBIi MpeACTaBIsIeT rayc-

COBCKYIO CIIy4ailHYIO0 BEJIMYMHY C HYJIEBBIM MaTEMaTUYECKUM OKH1a-
HueM U gucnepcueit 0.1.

A. OnpeiesiuTh ONTUMAJIBHOE MNPABWIO MPUHSATHUS PEUICHUS, UC-
MOJIb3YSl KPUTEPUM MAKCUMYMa altOCTEPUOPHON BEPOSITHOCTH.
b. Br4ucauTh BEpOSITHOCTH OIITHOKH.

5.6. bunonspuelii OuHapHblid curHan Sj(t), TpUHUMAIOMIMI 3HA-
yeHue A wim — A, B TeueHne nnrepaia (0, T) momaeTcs Ha BXOJH JIU-

HEWHOro (UIbTpa, KOTOPBIA TMPEIACTABISET COOOM HMHTErpaTop
(puc. 5.1).

Bribopka
B MOMEHT
T t=T1 C
r(t XeMa Pemrenne
A .[( -)dt —o/o—> OPUHITHS — |f—-Pp
0 peLIeHUs

Puc. 5.1. JleTrexTop, UCTIOIL3YIONUN HHTETPUPOBAHUE CO COPOCOM

2

[Ipeamnomnaras, 410 © 0= 0.1, onpenenuTs ONTUMAIBHBIA MOPOT

(o}

OOHapyXeHUusl T1q, €CJIU ANpHUOPHBIE BEPOATHOCTH NPUHUMAIOT Cle-
JTYIOIINE 3HAYCHUSA

a) P(Ho) =0.5;
6) P(Hy)=0.7;
B) P(Hg) =0.2.
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5.2. CozanacoeaHnHblll huasbmp

5.7. JlokazaTh, 4TO OTHOIICHHE «CUI'HAJ /IIIyM» Ha BBIXOZC JIH-

HEWHOTO (GMIIbTPA TOTUUHSIETCS CICAYIONIEMY BBIPAKCHHUIO:
cuenan| _ 2E
- - _1
wym )y N
raie E — sHeprusa BxoaHoro curHana s(t), a N/2 — cnekTpaibHas

IJIOTHOCTh MOIIIHOCTH BXOJIHOTO Iiyma Nn(t) .

5.8. HaifTu BbIXOJ COTJIacOBaHHOTO (PUIIBTPA U ONPENEIUTh MaK-
cueHa .
CUMaJbHO€ 3HA4Y€HHWE | —— | , €CJIM BXOJHOW curHain S(t) mpen-
wym
0
CTaBJIIET NPSIMOYIOJIbHBIM MMITYJIbC aMIUIMTYAbl A, 3aJaHHbBIA
Ha unrepBaie (0, T).

5.9. [loBTOopuTh 3amady 5.8, 3aMEHUB COTJIACOBAaHHBIA (DUIBTP
Ha RC-niens (HanpsiZkeHHe CHUMAETCS ¢ KOHAEHCATOpa).

5.10. Beruuciaurh BBIXOJ COTJIaCOBAaHHOTO (hMIIbTpPa HAa MHTEpBaJe
(0, T) nns cursana Bujaa:

e_t, O<t<T,

0, WHAYE.

s(t) =

5.11. HaiiTu 4acTOTHYIO XapaKTEPUCTUKY ONTUMAIbHOTO (PUIIb-

: cucHaul
tpa H(]j), xoTOpas MakCUMU3UpPYyeT | —— | IS cirydas, KOoTaa
wym
0

BXOI[HOﬁ IIYM HC ABJIACTCA OCJIBIM.

5.3. lomexoycmoiiyueocmsv 80UYHbBIX cUCMeEM hepedayu

5.12. PaccMoTpum YHUIIOJISIPHY IO nepenaqy CUTHAJIA
0€3 UCIOIB30BAHUS MOAYJISILIUM, TO €CTh

sop(t)=0, O<t<T,

si (1) = sit)=A, O0<t<T.
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JlokazaThb, 4TO BEpOSITHOCTh OIIMOKH Ha BBIXOJIE ONTHUMAJIBLHOIO
JETEKTOpPa, T. €. IETEKTOPa, COCTOSIIETO U3 COrIaCOBAaHHOTO (UIbTpa
U CXEMbl MPUHATHUS PELICHUS Ha OCHOBE KPUTEPHUS MaKCUMAaJIbHOTO
paBaONo100us, OyIeT ONPEACIATHCS CIASAYIOIINM BhIPaKECHUEM:

2
2N
;Y
rie ®(z)=—— [e 2dy,a N/2 — crexTpaibHas IIOTHOCTH MOLL-

J2n

HOCTHM BXOAHOrOo myma n(t).

5.13. PaccmoTpuM OUTIOSIpHYIO TEpenady CUrHajga 0e3 HCIOJIb-
30BaHUs MOIYJISALINU, TO €CTh

0 So(t)=—A, O0<t<T,
Sj =
sit)=A O<t<T.
I[OKaZ’»aTB, 4TO BCPOATHOCTD OILIIMOKHU Ha BBIXOJAC OIITUMAJIBbHOI'O
JCTEKTOpa, T. €. JICTEKTOPa, COCTOSIIECTO U3 COrIACOBAaHHOTO (hUIIBTPA

U CXEMBbI NIPUHATHS PEIICHUS Ha OCHOBE KPUTEPHUS MAKCHUMAIbHOTO
MPaBIONO00us, OyACT ONPEACIATHCS CICAYIONUM BhIPAKECHUEM:

2
oy -1-0| (22T |
N
;Y
rae ®(z)= NS je 2 dy, a N/2 — cnekrpajibHas IUIOTHOCTh MOIII-
—00

HOCTH BXOJHOTO Iryma n(t).

5.14. bunonsipHblii OMHApHBINA curHan (cM. 3aaady 5.13), umero-
il aMmuMTyty A =1, ABISETCS UCKAKEHHBIM aJJUTUBHBIM OEJIbIM

IIYMOM CO CHEKTPAITBHOM INIOTHOCTHIO MOIMHOCTH N /2 = 107° B1/T.
Onpenenutb MaKCUMaJIbHYIO CKOPOCTh IMEpeayu JaHHBIX B OUT/CEK

B MIPEAMOJIOAKEHUHU, YTO BEPOATHOCTh OIMOKH P, < 1074,

5.15. PaccmoTpuM nepegayy CUrHajia ¢ MCIOJb30BaHUEM aMILIN-
TyAHON MaHUMYJISIIUU, TO €CTh
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0 so(t) =0, O<t<T,
Sj =
s1(t) = Acos(QQ,t), O<t<T,
r7Ie Ha MHTEpBaIe | YKJIaABIBACTCS IIEJI0€ YHUCIIO MMEPUOJI0OB HECYIIETO
KojeOanus. Jloka3aTh, 4TO BEPOSTHOCTH OIIMOKH HAa BBIXOJEC ONTH-
MaJbHOTO JETEKTOpPA, T. €. AETEKTOPa, COCTOSIIEI0 U3 COrJIacOBaHHO-
ro ¢GuIbTpa U CXEMbI MPUHITHS PEIICHUs] HA OCHOBE KPHUTEpPUS MaK-
CUMAJIBHOTO TPaBJIONOA00Us, OYJIeT ONMPEeAEsiThCS CIEAYIONIUM BbI-
2

pakeHHeM:
2
o <1-af |27
4N
z Y

rae ®(z)= L je 7dy, a N/2 — cnekrpajibHas IIJIOTHOCTb MOLL-

J2n

HOCTH BXOJHOTO Iryma n(t).

5.16. PaccmoTpuM mepeady CUTHaJIa C MCIOJIb30BaHUEM (pa3o-
BOW MaHUITYJISILIK, TO €CTh
So(t) = Acos(Q2,t + 1) =
si(t) = =—Acos(Q,t), O<t<T,
s1(t) = Acos(QQ,t), O<t<T,
IJic Ha UHTepBajie T YKIIaAbIBAETCA 11€JI0€ YUCIIO TIEPUOJOB HECYIIIETO
koJieOanus. [loka3zath, YTO BEPOATHOCTh OLIMOKM Ha BBIXOJAE OITH-
MaJIbHOTO JIETEKTOpaA, T. €. AETEKTOpPa, COCTOSAIIETO U3 COrIaCOBaHHO-

ro Cl)I/IJ'IBTpa N CXCMbI IIPUHATHUA PCIICHHUA HA OCHOBC KPUTCPUA MaAK-
CUMaJIbHOI'O HpaBI[OHOI[O6I/IH, 6YIICT onpeACIATLCA CICAYIOIIUM BbI-

paXeHUEM:
N
;Y
rae ®(z)= N Je 2 dy, a N/2 — cnekrpaibHas IIOTHOCTh MOIII-

HOCTH BXOJHOTO Iryma n(t).
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5.17. PaccMoTpuM  OWMHApHYI  CHCTEMY,  HCIOJb3YIOIIYIO
JUTS TIEpeladd JAHHBIX CUTHAJIbI BUJIA:
so(t) =0, O0<t<T,

Si (1) = sl(t)zAsin(n?t), O0<t<T,

[lyctb A=02wMB u T =2 Mkc. AIIUTUBHBIN OCNbId IIyM

CO CIIEKTPAJIbHON MIOTHOCTHhIO MOIIHOCTH N /2 = 10715 Bt1/I'1 no6as-
JIeH B MOJIe3HbIN curdan. OnpenenuTs BEPOSITHOCTh OMMOKU IS CITY-
yas, korna P(Hp) =P(H1)=0.5.

5.18. PaccmoTpuM mepenady curHaja ¢ MCIOJb30BaHUEM YacTOT-

HOW MaHUMYJISIIUM, TO €CTh
t So(t) = Acos(Qpt), O<t<T,
si (1) {sl(t) = Acos(OQqt), O<t<T,

JlokazaTbh, 4TO BEPOSITHOCTh OIIMOKM HA BBIXOJIE ONTUMAJIbHOTO
JE€TEKTOpa, T. €. ICTEKTOPa, COCTOSIIIETO U3 COrJIaCOBAHHOTO (DUIbTpa
U CXEMBbl MPHUHATHS PEIICHUS Ha OCHOBE KPUTEPHS MaKCHMaJIbHOTO
MIPaBIOIIO00MS, OyACT ONPEACIATHCS CICAYIONTAM BBIPAKCHUEM:

2
P =1-® ,/% , QoT >>1, T >>1u (Q —Qp)T >>1,

y2

rae ®(z)=— je 2 dy, a N/2 — cnekrpaibHas IIOTHOCTh MOIII-

J2n

HOCTH BXOJHOTO Iryma n(t).
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6. Teopus nuHpopMau1 U KOAUPOBAHUE UCTOYHHUKA
6.1. OcHoBHble xapakmepucmuku dUCKpemHbIX UCIMOYHUKO8

6.1. Umeerca ogHa CTpaHHUIA TEKCTA, HAMMCAHHOTO HAa PYCCKOM
s3pike. Ctpanuiia conepxkuT 30 cTpok 1mo 60 OyKB B KaKJI0H CTPOKE.
OneHuTh KOanuecTBO MH(GOpPMAIIMU B JaHHOM TekcTe. st mpocToThl
PEKOMEHIyeTCs Tojararh, 4yTo aji(aBuT sI3bIKa COCTOUT U3 32 OYKB,
BBITA/IAIOIIAX PABHOBEPOSITHO.

6.2. Ilyctb X — AUCKPETHBINM MCTOYHHUK O€3 MaMsATH, TCHEPUPY-
IOIUHA CHMBOJIBI X1, Xo, X3, X4 ¢ BepostHocTamu P(X() = 0.4,
P(x,) = 0.3, P(x3) = 0.2, P(x4) = 0.1. Haiitu satponuio H(X) ucrounu-
Ka ¥ OMpPEACIUTh KOJIUYECTBO MH(GOPMAIIUU, COJepKaIIeecs B CO00-
IMCHUAX X1XoX1X3, X4X3X3Xo.

6.3. Ilyctb X — JIBOWYHBIM MCTOYHHK O€3 MaMSATH, TEHEPHUPYIO-
M CUMBOJIBI X1, Xp. JlOKa3aTh, uyTo 3HTponus ncrounrka H(X) sBis-
€TCsl MAaKCUMaJIbHOH B CiIydyae, KOrJa CHMBOJIBI X1, X, BBINTAJIAIOT PaB-
HOBEPOSTHO.

6.4. Jlokazath, 4TO pa3JIOKCHHE IPOIECIypbl BHIOOpA COOBITHIA
Ha HECKOJIPKO 3TAIOB HE U3MEHSET YHTPOIHUIO UCTOYHUKA (ITPOLIETYyPY
BBIOOpa COOBITHIA MOXHO CBECTH K TIOCIIEOBATCIIBHBIM JIBOWYHBIM
perenusiM). Ilpu perieHuy 3ajadu I ONPEACICHHOCTH MPEATIONo-
XKUTh, YTO AWCKPETHBIH HWCTOYHHMK O€3 MaMaThH X TEeHEPUPYET TpH
cuMmBoIIa 4, b, ¢ ¢ BepositHocTsamu P(a), P(b), P(c).

6.5. [lycth X — NHCKpETHBIN UCTOYHUK O€3 MaMsTH, TeHEePUPY-
o cumBoiel @, b, ¢, d, e, f, ¢ BeposTHOCTSIMH P(a) = 0.05,
P(b) =0.15, P(c) =0.05, P(d)=0.4, P(e) =0.2, P(f) =0.15. Haiitu

N30BLITOYHOCTD U OTHOCHUTCIIbHYIO M30BLITOYHOCTh NICTOUYHHKA.

6.6. [TomyTonoBoe TB-n300paxeHrne BBICOKOTO pa3pelieHus CO-
crout u3 2-10° mukceneit u 16 pPa3JIMYHBIX YPOBHEH spkocTu. M300-
paKeHHsI TTIOBTOPSFOTCSI CO CKOPOCTHIO 32 Kajzipa B ceKyHay. Bce muk-
CeJIM MPEATOIAraroTCsl HE3aBUCUMBIMH, a BCE YPOBHU SPKOCTH TIOSIB-
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JSIIOTCSL C OJIMHAKOBOM BEPOSTHOCTHIO. Bpruuciuth uHGOpMAIUOH-
HYIO MIPOU3BOIUTEIIBHOCTh NCTOUHHUKA TB-n300pakeHusl.

6.7. PaccMoTpum TenerpadHblii MCTOYHUK, TEHEPUPYIOIIUI JBa
CUMBOJIA: «TOYKa» MU «TUpPEe». JJIMTEIBHOCTh «TOYKH» COCTaBISET
0.2 cexyH/IbI, @ JITUTEIBHOCTh «TUPE» B TPU pasa O00JIbIIIE JIUTEIbHO-
CTH «TOYKW». BEposSTHOCTh BO3HUKHOBEHHUSI «TOUKH» BIBOE OOJbIIE
BEPOATHOCTH BO3HUKHOBEHUSI «THUPE», a JUIUTEIBHOCTh MEXIY CHUM-
BoJlaMH cocTaBiisieT 0.2 ceKyHbl. BBIUUCIUTE CpeIHIO WHpOpMAaIIU-
OHHYIO IPOU3BOJUTEIBLHOCTh TEIErPaQHOTO UCTOUHHKA.

6.2. luckpemHbvle KaHaabl 6e3 namsamu

6.8. /laH ABOMYHBIN KaHAJI, ISl KOTOPOTO MEPEXOHBIE BEPOSTHO-
CTH MPUHUMAIOT CJICAYIOLINE 3HAYCHMUS: P(y1| XO)=O.1, P(y0| XO)=O.9,
P(y0|x1)=0.2, P(yl|x1)=0.8. HaiiTu:
a) MaTpUIly KaHala;
6) P(y0) u P(yl), ecnu ussectHO, ut0 P(X0)=P(X1)=0.5;
B) P(x0,yl) u P(x1,Yy0), ecau usBectHO, uto P(X0)=P(x1)=0.5.

6.9. /lanbl ABa JBOMYHBIX KaHaJIa, KOTOPbIE COEIMHEHBI MOCIIEN0-
BaTesIbHO. J[JI1 IEpBOro KaHajla MEPEXOAHbIE BEPOSTHOCTH PUHUMA-
ror Bun: P(yl|x0)=0.1, P(y0|x0)=0.9, P(y0|x1)=0.2, P(yl|x1)=0.8;
ms Broporo . —  P(z1]y0)=0.1,  P(z0|y0)=0.9, P(z0|y1)=0.2,
P(z1| y1)=0.8.

Haiitu:

a) MaTpUIly KaHaJIa Ui UTOTOBOTO KaHAJIA;
6) P(z0) u P(z1), ecnu m3BectHO, uto P(X0)=P(x1)=0.5.

6.10. Jlanpl 1Ba ABOMYHBIX CUMMETPUYHBIX KaHaja, KOTOpPbIE CO-
€IMHEHBI MTOCIE0BaTeNbHO. I IEpBOro KaHana MEepEXOAHbBIE BEPO-
sTHOCTH puHUMaioT Bua: P(yl|x0)=0.2, P(y0|x0)=0.8, P(y0|x1)=0.2,

P(yl|x1)=0.8; nans Broporo — P(z1|y0)=0.3, P(z0]|y0)=0.7,
P(z0|y1)=0.3, P(z1|y1)=0.7.
Hairrn:

a) MaTpUILly KaHaJIa Ui UTOTOBOTO KaHAJa;
6) P(z0) u P(z1), ecnu m3BectHO, uto P(x0)=0.6 u P(x1)=0.4.
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1/3 1/3 1/3
6.11. /lan kaHai ¢ MaTpUIleH KaHaja PY IX = 1/4 1/2 1/4|.
1/4 1/4 1/2
Havitu:
a) P(y0), P(yl) u P(y2), ecnmu wusBectHo, urto P(x0)=0.5
u P(x1)=P(x2)=0.25;
0) saTponmio H(Y) Ha BbIXOj€ KaHaja.

6.12. JlaH 7BOMYHBIN KaHAI CO CTHUPAHUSIMH, MaTpUIla KaHaiaa KO-
TOporo umeet Bui: P =F— pp 0 }
YIXT o p 1-p/
a) HAPUCOBATh AUArpPaMMYy MEPEXOJ0B;
6) maiitu  P(y0), P(yl) u P(y2), ecnmu wu3BecTHO, uTO
P(x0)=P(x1)=0.5,a p=0.2.

6.13. {lokazaTh, 4TO aJis KaHaja 0e3 MOTeph yCJIOBHAs SHTPOMUS
H(X|Y)=0.

6.14. Jlan kaHan Oe3 IOMEX ¢ M BXOAHBIMHM U M BBIXOJHBIMH
cuMmBojJaMH. JlokazaTb, uTo 3HTpomnus Ha BXxojae H(X) u BeIXojae

H(Y) xanana paBusl, a H(Y | X)=0.

6.15. Jlokazate, 4YTO IS JACTEPMUHUPOBAHHOIO  KaHaia

H(Y|X)=0.

6.16. Jlan xanan co BxogoM X u BeIxomoM Y . Jloka3aTk, 4TO ec-
ma X wu Y cratucruyeckd HesaBucuMbiMu, To H(X|Y)=H(X)
u 1(X;Y)=0.

6.17. Jloka3aTh, 4TO COBMECTHAsI YHTPOIHS
HOGY)=H(X|Y)+H(Y).

6.18. JlokazaTh, 9TO COBMECTHAs SHTPOIIHS
H(X,Y)<H(X)+H(Y),
IpU 3TOM PABEHCTBO JOCTHIAeTCs TOTJAa M TOJNLKO Torma, korma X
n Y HE3aBUCHMBI.
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6.19. JlokaszaTe, 4TO cpenHee 3HaueHUe WH(opmaIlu, nepeaaBa-
emoii o kanany |(X;Y)=H(X)-H(X|Y).

6.20. Jlan [BOWMYHBII CHUMMETPUYHBIM KaHAI C P(xO)=oc
u P(yl|x0)=P(y0|xl)= p. Haiitu:

a) 1(X;Y)=H(Y)+ plog»(p)+ - p)log,(1-p);

0) 1(X;Y) mns =05 u p=0.1;

B) 1(X;Y) mig a=0.5 u p=0.5. ITosicHUTH pe3ybTar.

6.21. Jloka3aTh, 4TO JUIsl KaHaja 0e3 IMoTeph MPOITYyCKHAs CIIOCO0-
HOCTh KaHana Ha cumBon Cg =log,(M), rae M — 4YuCIO CMMBOJIOB

HCTOYHHMKA X Ha BXOJ€ KaHaja.

6.22. JlokazaTp, 94TO JJI IBOMYHOTO CHMMETPUYHOTO KaHaia
IIPOIyCKHAs CITOCOOHOCTh KaHaJla Ha CUMBOJT

Cs =1+ plog 5(p) +(1- p)log ,(1- p),
rae P(yl|x0)=P(y0|xl)=p.

6.23. Haiftu mpomyckHyI0 CIOCOOHOCTh JjIsi TBOMYHOTO KaHaja
CO CTUpaHUsIMU U3 3a1a4u 6.12.

6.24. Jlan kaHay ¢ MaTpuuen kaHana Py X :F(')/z 1(/)2 ﬂ

A. HapucoBath auarpamMmmy nepexoioB.
b. HaiiTu nponyckHy10 clIOCOOHOCTh KaHaJa.

6.3. KaHa/1 ¢ ad0umu8HbIM 6eabIM 2ayCcCO8CKUM WYMOM

6.25. Haiitn muddepenimansayto saTpormio H(X) paBHOMEpHO
pacrpeieleHHOM CiTydaifHOM BeMuurHbl X C IUTIOTHOCTBIO BEPOSITHOCTH

1 0<x<a
WX (X) — a’ —_ —_— )
0, WHAYE.

[Ipu pemieHnu 3a/1a4u MOJOKUTH & paBHbIM 1; 2; 0.5.
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6.26. ITokaszath, 4YTO MPOIyCKHAsI CITIOCOOHOCTh MJIeaTbHOTO KaHaja
C QIINTHBHBEIM OeabiM rayccoBckuM mymMoM (ABI'T) ¢ GeckoneuHoM

MOJI0COM onIpCACICTCA C UCIIOJIb30BAHUCM CIICAYIOIICTO BBIPAKCHUA !

Co :LE ouT/Cex.

In(2) n
31ech S — 3TO CpeHsisl MOIIMHOCTh CHTHANa, 1/2 — 3TO CIEKTPalib-
Has MJIOTHOCTh MOIITHOCTH O€JI0T0 rayCCOBCKOTIO IIyMa.

6.27. Paccmotpum kanan ¢ ABI'III ¢ momocoit 4 xI'm u crek-

TPaJbHOM IUIOTHOCTBKO MOIIHOCTH 71/2:10_12 B1/T'u. MomHocTs

curHaia, Tpedyemas B npuemHuke, coctapiser 0.1 MBT. Beruncnuth
MPONYCKHYIO CITOCOOHOCTH 3TOT0 KaHana.

6.28. AHanoroBelii curHaji, umeronui nosnocy 4 kl'u, sBisercs
MPOJAUCKPETU3UPOBAHHBIM ¢ yacToToit 1.25-(2-B), rne B — »at0 mo-

Joca aHajJoroBoro curHajga. Kaxaplii OoTCUeT SBISETCS MPOKBAHTO-
BAaHHBIM B OJWH M3 256 paBHOBEPOSITHBIX YPOBHEH KBAHTOBAHUSI.
[IpenmnonoxuM, 4To CIAEAyIOMKUE APYT 3a APYTOM OTCUETHI SABIISIOTCS
HE3aBUCUMBIMU:

a) HAUTH THGHOPMAIMOHHYIO MPOU3BOAUTEIBHOCTh UCTOYHUKA,;

0) MOXKET JIM BBIXOJI pacCMaTpUBAEMOI0 MCTOYHUKA OBITH Mepe-
naHHbIM 0e3 omnbok o ka"ainy ¢ ABI'TI ¢ momocoit 10 xI't u oTHO-
meHueM «curdan/mrym» 20 nb?

B) HAUTU OTHOIIEHUE «CUTHAI/IITYyM», HEOOXOIUMOE ISl Tiepea-
yy 0€3 OIMOOK B MyHKTE 0);

') HAlTU nojocy, Tpedyemyto nis kanaina ¢ ABI'I nist nepegauun
0e3 omMOOK BBIX0JIa UICTOUYHUKA, €CIIM OTHOUIEHUE «CUTHAI/ITyM» CO-
crasiset 20 nb.

6.29. [Iycte X sBasieTcs Ciy4yalHOW BEIWYMHON C TUIOTHOCTBIO
BeposiTHOCTH Wy (X) u mycts Y =aX +b, roe a u b aBHstOTCS KOH-

ctantamu. Haitt H(Y) B Tepmunax H(X).

6.30. Hatitn nuddepennuansayto s3aTponuio H(X) rayccoBckoi

cnyqaﬁﬂoﬁ BEJIMUUHBI X C HYJICBBIM MATCMATUYCCKHUM OXHIAAHUCM

Y IUCTIepCcuecit Gi :
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6.31. Paccmotpum kananm ¢ ABI'I, 1.e. Y=X4+n, tne X u Y
BXOJl U BBIXOJ] KaHaja, cOOTBETCTBEHHO, a N — ABI'II ¢ HyJeBbIM

MaTeMaTHYEeCKUM OXXHJaHUEeM M JIUCTepCcuei G%. Haittu  1(X;Y)

B CJIy4ac, KOraa BXo/ X SBHs€TCS rayCCuaHoM C HYJICBBIM MaTCMaTH-

YECKHUM OXHNJAaHUEM U I[HCHGpCPICfI Gg( .

6.32. Beruncnuth mpomyckHyr crnocoOHOCTh kaHanma ¢ ABITII
c mosiocorr 1 MI'tt u oTHOIIeHHEeM «curHaj/mrym» 40 nb.

6.4. KoduposaHue ucmo4yHuka

6.33. Ilycts X — OUCKpETHBIA UCTOYHUK O€3 MaMsTH, TeHEPUpPY-
IO CUMBOJIBI X3, Xp ¢ BepostHocTsamu P(X;) =0.9, P(xp) =0.1.
CumBoun X; kogupyetcs kak «0», a cuMBOI X, — «1». Haittu apdek-
TUBHOCTh M H30BITOUHOCTh PACCMOTPEHHOTO KO/Ia.

6.34. ITycTh X? — JTUCKPETHBIN MCTOYHUK O€3 MamsiTH, T€HEPU-
pYIOI[II/Iﬁ YEeThIPEC CHUMBOJIA: Ai = X1X1, dp = X1Xp, Az = XoX1, ag = XoXo.
31ech X1, Xo MPEACTABIAOT COO0M CUMBOJIBI U3 3a1a4u 6.33, reHepu-
pyemMbie UICTOUHHKOM X. MOKHO CKa3aTh, YTO UCTOUHHUK X? TeHEPUPY-
€T 3a pa3 COCTaBHOM cuMBol XiXj, 1 = 1, 2, j = 1, 2. CumBon a; Koaupy-
ercsa kKak «0», a, — «10», az — «110», a; — «111». Haiitu a3¢pdek-
TUBHOCTh M H30BITOYHOCTh PACCMOTPEHHOTO KOJIa.

6.35. [Iyctb X — AMCKpPETHBIH UCTOYHHUK O€3 MaMsTH, TEHEPUPY-
IOIIUI CUMBOJIBI X1, Xp, X3, X4. IIpemionoxum, 4To CyniecTByIOT YEThI-
pe pa3IMYHBIX KOJAa, KOJUPYIOMMX O3HaueHHbIe cCUMBOJIBL. Kom A: X;
— «00», Xo — «01», X3 — «10», X4 — «11»; kom B: X; — «O», Xo —
«10», X3 — «11», X4 — «110»; kom C: X; — «O0», Xo — «11», X3 —
«100», X4 — «110»; kog D: X1 — «O0», Xo — «100», X3 — «110», X4 —
«111». Iloka3zaTb, 4TO BCE€ KOJbI, 3a UCKJIOYEHHUEM Kojaa B, ynomie-
TBOpsAIOT HepaBeHCTBY Kpadra. [Tokazate, uro koael A u D sBhsroTcs
OJIHO3HAYHO JEKOJAUPYEeMbIMH, a Kokl B 1 C — HeT.

6.36. [Iycth X — AUCKpETHBIA HUCTOYHUK O€3 maMsTH, FT€HEepU-

pYIOIIUI CUMBOJBI X;, Xo, X3, X4 ¢ BeposTHocTsmMu P(X;) = 0.5,
P(xy) = 0.25, P(x3) = 0.125, P(X4) = 0.125. ITocTpouts koxa IllerHo-
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Ha — ®Pano g uctounuka X. Hailtu 3¢ PpeKTUBHOCTS M U30BITOY-
HOCTbh PACCMOTPEHHOTO KO/Ia.

6.37. [Iycth X — NUCKPETHBIH MCTOYHUK O€3 MaMsTH, T€HEePU-
PYIOILIMK OATh PABHOBEPOATHBIX CUMBOJIOB. [loctpouts kox Illen-
HoHa — ®daHOo Ay UCTOYHMKA X U BBIUUCIUTH 3PPEKTUBHOCTH
U MU30BITOYHOCTh paccMOTpeHHoro koja. IlocTtpouTs BTOpOU Bapwu-
anT koja Illernona — ®aHO I UCTOYHWKA X M BBIYHUCIUTH d(-
(GEKTUBHOCTh U U30BITOYHOCTH PACCMOTPEHHOTO Koja. [locTpouts
kon XaddmaHa s UCTOYHHMKA X U BBIUUCIUTH 3()PEKTUBHOCTH
U U30BITOYHOCTh PACCMOTPEHHOT0 Koaa. CpaBHUTH PEe3yJIbTaThl, MO-
Jy4YEHHBIE B TPEX Clydyasix KOJAUPOBAHUS.

6.38. [Iyctb X — AMCKpPETHBIH UCTOYHHUK O€3 MaMSTH, TEHEPUPY-
IOIIMA CUMBOJIBI Xi, Xp, X3, X4, X5 ¢ BepostHocTtamu P(X;) = 0.4,
P(x,) =0.19, P(x3) =0.16, P(x4) = 0.15, P(xs) = 0.1. IToctpouth KOJI
[Ilennona — ®aHo ISt KCTOYHUKA X W BBIYUCITUTH d()PEKTUBHOCTH
¥ U30BITOYHOCTh paccMOTpeHHOro koxaa. IToctpouts kox Xaddpmana
JUISI WUCTOYHHWKA X W BBIYUCIHTHh J()PEKTUBHOCTh U HM3OBITOYHOCTH
paccMoTpeHHOTO Koaa. CpaBHUTH MOTYyUEHHBIE pPE3YJIbTaThI.
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7. OCHOBBI HOMeXOYCTOﬁqHBOFO KOAUPOBAHUA

7.1. ITokazatp, uto ko C ={00 0,111} saBiasieTcs JIMHECUHBIM.

7.2. Iloka3atp, uto kog C={000,001,101} HE sABIACTCS JIH-
HEUHBIM.

7.3. PaccMOTpHUM CleAyIOIINE KOJOBBIE BEKTOPHI:

¢ =[10010],
co =[01101],
c3=[11001].
A.Hantn  paccrosaus  Xommubra — d(eq,¢o),  d(eq,¢3)

" d(c2, 03).
b. ITokasats, 4to d(cq, cp)+d(co, ¢3) = d(eq, €3).

7.4. PaccmotpuMm ko C ={000,111}. Iloka3ars, yto C 103BO-

JISI€T UCIIPABUTh OJIHY OLIMOKY W HE MCIIPABISET JJIS CJIydasi BEKTOpa
omuoku e =(110).

7.5. Jlng cucTeMaTH4eCcKOro JuHEHHOro 0j0koBoro koma (6, 3)
IPOBEPOYHBIE OMTHI C4q, Cg, Cg (HOPMHPYIOTCS C HCIOJIL30BAHUEM

CHEAYIOIINX BBIPAKECHUN:
Cp= d1 @d 3
C5 Idl@dz @dg,
C6 = dl ) d2.
A. TlocTpouts nopoxaaronryr Matpuiy G .
b. ITocTpouTh BCE BO3MOKHBIE KOJIOBBIE CIIOBA.
B. lonnyctum, uto mpunstoe cioBo r=(010111). Jlekogupo-

BaTb 3TO IIPHUHATOC CJIOBO, HAXOAA IMO3UIIUIO OHH/I6KI/I, H OIIPCACINTD
MepCcaaHHbIC OUTEI JaHHBIX.

7.6. JlaH Ko/ ¢ MPOBEPOYHON MaTPHUIIEH BUIA:
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101100
H=/1 10 0 1 0],
011001

A. OnpenenuTs NOpoXKaarolyo Marpuiy G .
b. Halitu kos10BO€ C10BO, KOTOpO€ HaunmHaercs ¢ 101....
B. lonnyctum, yto npunstoe cioBo r=(110110). [JexkoaupoBaTh

9TO IIPHUHATOC CJI0BO.

7.7. Kol ¢ MOBTOpEHUSIMU, B KOTOPOM Kaxkablid cuMBOJ (0 mim 1)
noBTOpsAETCS N pa3, sBasgercs (N, 1) 01okoBeIM koaoM. B aToM Kojie
CYILIECTBYET TOJBKO JIBa KOJAOBBIX cioBa. llepBoe kog0BOE CIIOBO CO-
CTOMT W3 OJHUX HYJIE, BTOPO€ — M3 OJHUX €IUHUI. PaccmoTpum
KOJI C TIOBTOPECHUSIMU JIJI N =5,

A. IlocTpouts noposxaaronryro matpurly G s (5, 1) 6;10koBoro
KOJa.

b. Ucnonw3ys matpuily G, HAMTH BCe KOJOBBIE CJIOBA.

B. Haiitu npoBepounyto matpuily H 1is 3Toro koza.

I'. Ilokazatp, 4TO GHT =0.

7.8. PaccmotpuM (5, 1) 6710K0BBINM KO U3 3a71auu 7.7.

A. Berauciaute cuHAPOM S IS IISITH BO3MOXKHBIX BEKTOPOB
OIIIMOKH, OITMCHIBAIOIINX HAJIWYHE OIIMOKH TOJILKO B OJHOM OUTE.

b. IloBTOpUTH MpEAbIAYIINI TYHKT IJI JIECSITH BO3MOXHBIX BEK-
TOPOB OLIMOKH, ONMMCHIBAIOIINX HAJTWYHUE OIIMOKH B JIByX OUTaX.

B. Ilokazate, uto (5, 1) koA C MOBTOPEHUSIMU CIIOCOOEH HCIIPAB-
JISTh 10 ABYX OIIMOOK.
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Penaktop, koppektop M. . JIeBakoBa
Bepctka M. 3. JleBakoBoi

[Toamucano B meuath 25.05.17. opmat 60x84 1/16.
Vca. neu. 1. 2,56. Yu.-u3n. 1. 2,0.
Tupax 4 k3. 3aka3

OpuruHan-MaxkeT MOJArOTOBJICH
B PEIAKIIMOHHO-U3AATEIbCKOM oTaeie Apl'Y.

ApocnaBckuil rOCy1apCTBEHHBIN YHUBEPCUTET
um. I1. I'. JlemugoBa.
150003, SAApocnasins, yn. CoBerckas, 14.



