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BCTYN

[aHi MeToanyHi BKa3iBKM NPU3HAYEHi NOMErwnTn camocTinHy poboTy
CTYOEHTIB Mpun po3paxyHKax BeSIMYUH, PO3MMAHYTUX B JIEKUINHOMY KYypPCi.
padpik 3gadvi 3aBOoaHb NOLAETLCA JEKTOPOM Ha nepliomMy JeKuinHOMY
3aHATTI.

PosB’a3kn 3apgay  (3rigHO BapiaHTy) O@OPMIIAKTECA OKpeMUM
AOKYMEHTOM Ha apkywax 6inoro nanepy cdopmaty A4 (210x297 mm). TekcT
poboTn HeobxigHO nogaBaTu, 3anulWaryM Ha apkywax nonsa Takux
poamipiB: niBe — 25-30 mm, npaBe — 10-15 mm, BepxHe — 20 MM, HUXHE —
20 MmMm. Hymepauia cTopiHOK noBuHHa 6yTW HaCKpPi3HOW A9 BCbOro
AOKYMeHTa, nogaBaTucs y npaBoMy BEPXHbOMY KyTi apkywa apabCbknmu
undpamm 6e3 3Haky Ne. [Jonyckaembcss 080CMOPOHHIU OpyK. [lepwoto
CTOpPiIHKOO poOBOTM € TUTYNbHUMA apKyw, H9KUA He HYMepYyeTbCs, ane
BKJTIOMAETbLCS A0 3arafibHOlI Hymepauil CTOPIHOK.

TekcT BMKOHYeTbCA wpudtom Times New Roman a6o Arial (po3mip
14) TexkctoBoro pepaktopa Word (37 papgkiB Ha crtopiHui). WpndTt
po3mipom 10 MOXHa BMKOPMUCTOBYBATW NpPW NoLaHHI Tabnuub Ta PUCYHKIB.
A6sauHunm Bigctyn - 1,27 cM. BwupiBHIOBAHHA OCHOBHOIO TEKCTY
BUKOHYETbLCH «3a LUWPUHOIOY.

dopmMynn Ta YMOBHI 3HakKu NOBUHHI OyTWM BBeOeHi OO TeKCTy 3a
aonomoroto pegakrtopis Microsoft Equation abo Myth Type.

PYKOMUCHUN TEKCT BUKOHYBATU CUMHIM KONIbOPOM YiTKUM MOYEpPKOM.
Lonyckaembcs eKkrieroeamu po30pyKogaHi pUCYHKU.

[Mpn BukopuctaHHi cepeposunwa MathCAD uym Excel po3gpykoBKu
BMHOCATbLCH B A04ATKW.

B KiHUi KOXHOro poO3B’A3KY MPUBOAUTLCA CMUCOK BUKOPUCTAHOI
nitepartypu.

BapiaHT 3agay BM3Ha4yaeTbCs NOPSAAKOBMM HOMEPOM Yy CMUCKY Fpynu.



BA30BI TEOPETUYHI ENEMEHTU B 3AOAYAX

TunoBa MeToaAMKa pO3paxyHKIB MO CxemMax KNacuYHol  iMOBIPHOCTI
Ba3yloTbCsd Ha MNOHATTAX KOMOiIHauin, po3MilleHb | MepecTaHoOBOK, LUO
po3rnagaTbCs B KOMBIHATOpWUL,.

Hexan paHO MHOXWHY A, WO MICTUTb n BMNOPSAKOBaHUX €JieMEeHTIB
(KOXKHOMY efneMeHTYy NOCTaBIIEHO Y BiANOBIAHICTb Aesike HaTyparibHe YMCO).

AkWwo maemo k OrokiB enemMeHTiB, YNCENMbHICTb KOXHOIo 3 AKUX CTaHOBUTb

n, N, ..., N, TO OOBINbHUA BMBIP MO OOHOMY efleMeHTY 3 KOXHOI rpynu MOXHa
iJ'IlOCprBaTVI HaCcTynHMM YMHOM:
1-1 6nok 2-11 Brok k —a 6nok
(N, enemeHTiB) (n, enemeHTIB) (n, enemeHTiB)
——— —— —
OO0 ---0 OO0 -0 OO0 ---0
| . \ y
OO0 ---0
%/—J

K eremenmie

BiaTak kinbkicte N cnocobiB 34iCHEHHSI BUOOPY BU3HAYAETLCA OCHOBHOIO
Gdopmynoro komoinamopuxu:
N=n, n,, --- n

BUBIPKA - rpyna pi3Hux enemeHTiB YUCEMbHICTIO m, yTBOpeHa 3
CYKYMHOCTi pi3HuX €nemMeHTIB JOBINbHOI MPUPOAMN YNCETBHICTIO N.

N enemMeHTIB

m eremenmie

Hexam m<n.

KOMBIHALIT (cnony4yeHHs1) i3 n enNeMeHTiB MHOXMHM A no m —
HeBNopSAAKOBaHi NIAMHOXMHM (rpynu), WO MICTATbL M eNeMeHTIB, siKi Bigpi3HATLCH
MiXk coboto xova 6 o gHMM enemMeHTOM po3TallyBaHHS.



3aranbHe 4ncno kombOiHauin C;' (YMTaeTbes: Le 3 N No m) 3HaxoauTbCs 3a
doopmyrnoto
m nin-1)-(n-2)- ... -(n—-m+1
" m! ’
ae ml=m(m-1)- .. -2-1 (4MTaeTbCa: m dakTopian).

MOMHOXMBLUM YNCENbHUK | 3HAMEHHUK Ha (n —m)! o4epXyeEMO:
m_ n!
" mi(n-m)!
[ouinbHO nam’aTaTn HACTYMHI PiBHOCTI:
C,)=C,™;
cy eyt =cn;

PO3MILWEHHA 3 n no m (1<m<n) — BNOpsSAKOBaHi NIAMHOXWHU (rpynit)

MHOXUHM A, WO MICTATb M €EJfIeMEHTIB, SAKi BIOPI3HATLCA OAHA Bid OOHOI HAK
CKIlagoM efneMEeHTIB, TakK i NoOpsaKoM iX CrigyBaHHS.

Uncno posmilleHb A (4ATAETbCS: @ 3 N MO M) BM3HAYaeETbCsA 3a

doopmyrnoto:
n!

A= my
NMEPECTAHOBKW — po3milleHHs i3 n no n, To6bTo m=n.
Yncno nepecTtaHOBOK BM3HAYaETLCS 3a hopMyroto:
P=A"=n(n-1)-(n-2)- .. -2-1=n!,

Uncno moxe Habupatn He TifbKKM HaTypanbHi 3HAYEHHS, a U OOpPIBHIOBATU
Hynto. [NopoxHa MHOXMWHa (BUBiIpKa) MOXe BMOPSAKOBYBATUCS TiflbKM OOHUM
crnocobom, Tomy 0l=1

BnactuBocTi yncna kombiHauin:

1. C=C=1;
2. Ct=C =n;
3. cM=CcMm;

4. CP+Cr+Cl+..+C)=2"
Po3MilLeHHSs1, nepecTaHOBKM | KOMOIHAUIT NOB’A3aHi PiBHICTIO:
Ay =P, CJ
PO3MILLEHHA 3 NTOBTOPEHHAMW — ynopsagkoBaHi m — ezemenmnui  NiAMHOXUHU
(rpynn), ski BigpisHatoTbLCS abo



CKNnagoMm erniemMeHTiB, abo NnopsaakoM IX LyBaHHS.
Hanpuwknag, npn m=4 rpynu {a,, a;, a,, a,}, {a,, a;, a;, a,},

{a;, a,, a3, a},
Uncno BCiX poO3MilLeHb 3 NOBTOPEHHAMU 3 n €NeMeHTIiB No m (3anucyoTb

—m
An ) 0BUMCIIOETLCA 3a OPMYIIOHD:

—m
An :nm
[MpunyctTnmo, WO MHOXWHaA A MICTUTb N €NneMeHTiB m pPIi3HUX TUNIiB: n,
efneMeHT 1-ro Tuny, n, enemMeHT 2-ro Tuny, ... n, enemeHT k —zo TuUny, npudomy
n+n,+ .. +N,=n.

NMEPECTAHOBKWU 3 MOBTOPEHHAM Takoi MHOXMHM A HasuBalOTbCA Oyab-AKi
yrnopsaaKkoBaHi MHOXWHW 3 N erfleMeHTIB,
AKi MOXYTb MOBTOPHOBATUCH.
Yuncno BCix TakmMx NepecTaHoOBOK (3anvcytoTb OBYNCITIIOETLCA 3a (POPMYIIOH

P ( n!
n,N,, .. ,N ): :
n\""1 72 1K

n!n,t ... ,n.!

CNONYYEHHA 3 NOBTOPEHHAMM — HeBnopsaakosaHi rpynu (MigMHOXUHK), SKi
BiAPI3HAKOTLCS CKNaLOM €fIEMEHTIB.
Hanpvknaa, npu m=4 wHabopu {a, a, a,, a,}, {a,, a, a, &} €
OLHaKoOBUMM AONA JAHOro ekcrnepumeHTy, a Habip {a;, a,;, a;, a;} BiOpI3HAETbLCA
Big OABOX nonepeaHix.

. . —m
Yncno cnonyyvyeHb 3 NOBTOPEHHAMMU i3 N efneMeHTiB No m (3anucyoTb Cy )
0BuNCNETLCA 3a POPMYIIOK

n!
Pn(nl,nz, ,nk)z — .
n!n,!, ... ,n!
[MpaBuna, 4dkMx HeobXigHO [OTpUMyBaTMUCA MNpU  PO3B’A3yBaHHI  3agad
KOMOIHaTOPUKW:

MpaBuno cymun. Akwo geskmn o6’ekt A MOXHa BubpaTu 3 CYKYMHOCTI
o6’ekTiB m cnocobamu, a iHWKA o6’ekt B moxHa BuOpatn k cnocobamu, TO
Bn6patn abo A, abo B moxxHa m + k cnocobamw.

MpaBuno pobyTKy. Akwo geskun o6’ekt A MoxxHa BUOGpaTU 3 CYKYNHOCTI

o6’ekTiB m cnocobamu i nicnsi KOXHOro Takoro Bubopy ob’ekt B mMoxxHa Bnbpatn
k cnocobamu, To napy o6’ekTiB(A, B) moxHa BnbpaTtn m-k criocobamu.



3apava 1
Andasit ckrnagaetbcs 3 5 cumoniB. OBGYNCIIUTY KiNbKICTb NEepecTaHOBOK 3

5 cumBorniB.
Po3B’aA3ok
[Mpn n =5 maemo:
P,=51=1-2-3-4-5=120
3apava 2
OBumcnnTK KiNbKIiCTb cnosyvyeHb i3 5 cumBonis no 3.
Po3B’aA3ok
Mpn n=5 i m=3 maemo:
S S 12345 _10
A(B-3) 1.2-3-1-2

3apava 3
OBUMCnINTY KiNbKICTb PO3MILLEHb i3 5 cMmBosiB MO 3.
Po3B’a30K
Mp n=51i m =3 maemo:
5 1.2.3:4.5

Ad =
* (5-3) 1-2

60

3apava 4

Ckinbkoma cnocobamn MoxHa obpatm Tpu KogoBi KombiHauil 3 rpynw,
yncensHicTio 20 kKomBiHaUin?

Po3B’a3ok

Mpn n=20 i m =3 Maemo:

3 20! 1.2.3-4-5-6-7-8-9-10-11-12-13-14-15-16-17-18-19- 20

? 3(20-3) 1.2-3:1.2-3-4.5.6-7-8-9-10-11-12-13-14-15-16 17

B Garatbox Bunagkax GaraTopa3oBe MOBTOPEHHSI TOr0 cCaMoro gocnigy
(BMnpobyBaHHSA) 3a TUX cCaMUX YMOB A€ NPUOMAN3HO O4HAKOBY 4YacToTy, 65IM3bKy
OO [OesIKoro 4ucrna p, HacTaHHa pgeskol nogii. Lle uyucno HasueakwTb

=1140

CTATUCTUYHOIO nmoBsipHicTIo nogii, LWo po3rnsgaeTbes.

BUNMPOBOBYBAHHA (pnocnian) — cnpamoBaHi 3annaHoBaHi il ans
OTPMMaHHSA pe3ynbTaTy NpyM A0OTPUMAaHHI NEBHOrO KOMMMEKCY yMOB S .

BBaxkaeTbcs, WO Ui YMOBM € dhikCoBaHNUMMU: BOHU abo OB’E€EKTUBHO iCHYIOTb,
abo CTBOPIOKOTLCS LUTYYHO | MOXYTb OYTW BiATBOPEHi HEOBMEXEHE YMCIO pasiB.

BUMNAOKOBA nogia A — dakTnyHUn pesynbTaT BUKOHAHHA Ail npu
3acpikcoBaHUX ymoBax.

NMPOTUNEXHA nogais — noais K, O HacTae TiNMbKU ToAi, KON He HacTae
noaisi A.

NMOBHA TI'PYIMNA — CyKynHiCTb €OMHO MOXIMBMX NOAiN BUNPOOYBaHHSA
(mocniay).

MPOTUNEXHI — aBi eanHO MOXNMBI NOAIT, WO ymMeOopHHmb ROBHY 2pyriy.

7



Akwo:

- 3 LuKO)KHVIM erleMeHTapHuM HacnigkoMm ;(i=1, 2, ... n) MOXHa 3B’A3aTu
HeBIA'EMHE 4YUCIO p;, AKE Ha3MBaAETbCHA WMOBIPHICTIO LbOro Hacnigky,
npu4yomy p, + p, + ... +p, =1;

- NMOBIPHICTb P(A) HacTaHHS noAil A, sika nonsarae B TOMy, LLIO HacTana ogHa

3 efleMeHTapHUX noain W@, . O AOPIBHIOE CYyMi MMOBIPHOCTEW HACTaHHSA
umx nogiit P(A)=p, + p; + ... +Ps;
—  MHOXWHa efleMeHTapHWUX MNOoAii OAHOTO BUMPOBYBaHHA Q =iw,,@,, ... ®,|

CKiHYEeHHa | YTBOPIOE MOBHY rpyny HECYMICHUX NOAiN;

— AKWO noAil @, ®,, ... ®, pienoimosipni, TOBTO p,=p,= .. =P, :%, TO
MMOBIpPHICTb P(A) o6umncniooTb 3a (hopMymnoo
P(A)=" — KNACWYHE o3HaueHHs AMOBIPHOCTI
n

Ae m — 4yucno Hacnigkie, siKi CNpUAKTL NMoAiT;
N — YMUCNO BCIX PIBHOMOXINMBUX HACNIOKIB.

IMOBIPHICTHO nogii A Ha3MBaeTbCA 4YMUCNO, WO OOPIBHIOE BiAHOLUEHHIO
ymucna BuMNagKiB m, WO CNpUAKTb MNOsSBI Moail, 40 4YMcna BCIX PIBHOMOXIUBUX
pesynbTaTiB n:

Hexan MHOXWHa eneMeHTapHuUX nodil Q € BUMIPHOK HenepepBHOK
CYKYMHICTIO, mesQ — 1i Mipa (goBxuHa, nnowa, o6’em). Bunagkosa nogia A € i
BMMIpPHOIO NIAMHOXMHOK i Mae Mipy mesA . [locnig nondrae y OoBinbHOMY BUBOpI
TOYKM i3 MHOXMHM Q, NPUYOMY BCi TOYKM MalOTb OOHAKOBI LWAHCK 6yTK
BUOpaHmmun. MNogia A — nonagaHHsa BUOGpaHOT ToUkM B obnacte Ac Q.

VIMOBipHiCTb BUNAAKOBOI NoAil A OOPIBHIOE BIAHOLWWEHHIO Mipy A A0 Mipn Q

P(A)= MESA _ FEOMETPUYHE o3HaueHHs AIMOBIpHOCTI

mesQ)
Akciomu Teopil NMOBipHOCTEN
1. 0<P(A)<1; (MMOBIpHICTb BUNaAKOBOI nogii);

2. P(A+B)=P(A)+P(B), sikwo A i B HecyMicHi, TOBTO A-B =0

BnacTtuBocTi nMoOBipHOCTEN
1. 0<P(A)<1;

P(A)=1-P(A);
. P(Z) =0 (MMOBIpHICTb HEMOXNNBOT NOA;T);

. Akwo AcB, To P(B—A)=P(B)-P(A);

2
3
4. P(Q)=1 (MMOBIpHICTb AOCTOBIPHOI NoAiT);
5
6. Akwo Ac B, 10 P(A)<P(B).

Tabnuuga 1 — Knacudikauia nogin



KaTeropis Hasga O3Haku

= BIPOTIAHI O6GOB’'A3KOBO BiAbYBalOTLCA B pesynbTarTi
§ Q pocnigy (BuMnpoboByBaHHSA)
S
o HEMOXIIMBI 060B’3KOBO He BiaOyBalOTLCA B pe3ynbTarTi
§ 2 pocnigy (Bunpo6oByBaHHS)
3
S - )
= PIBHOMOXIVBI AKLLO XoAHA 3 UMX nofiid He € 06’eKTUBHO
3 MO>ITUBILLIOKO 3@ iHLLi
S
E BUNAOKOBI iHWIi noaii MOXnuBi, ane He LOCTOBIPHi
CYMICHI MOHCymb BinOyBaTUCS 0OHOYACHO
CyMICHICmb noA6U
HECYMICHI He M0oJIcymb BifdyBaTUCA 00HOUACHO
3ANEXHI imosipHicme - nossu OOI-.I.ICI 3 HUX 3MIHIOE
iMO8ipHiCmMb MOs18U IHWOI
63AEMO3AIEHCHIC b
HE3ANEXHI imosipHicme roseu _oOHlei/ 3 HUX He 3MIHIOE
iMO8ipHICMb Mos8U IHWOI
ENEMEHTAPHI MOXXIUBI ngqu, 1340 eummugmmb ofHa
cKaaonicme OHY BHacnigok 00H020 BUNPOBOYBaHHSA
CKNAAOHI noAii, Wo CKraaarTbCa 3 iHLWNX MOoAiN

Ot HAQ noaiamMmum

BKINMKOYEHHA: nogia A TarHe 3a coboiwo B (B € Hacnigkom A), €KWwo i3
HacTaHHaM nogail A oboB’aA3koBO HacTae nogia B.  3anucytoTb
A c B.

Mogji A i B HasnBatoTb pienumu, skwo Ac B i B c A. Sanncytote A = B.

A CYMOKO (abo OB’€OHAHHSAM) nogin A i B
Ha3MBaETbCSA MOAiA, fKa nonarae y HacTaHHi nogil
A abo nogii B. lNo3sHavyatotb A+ B abo AU B.




AOBYTKOM (abo TEPEPISOM) nrogin A i B
Ha3nMBaETbCA MoAiA, fAKa mnonarae B OOHOYACHOMY

HacTaHHi 9K noail A, Tak i nogii B. lNo3navatots A B
abo A n B.

PIBHULEKO nogin A i B HasuBaeTbCca nofia, sika nonsirae B TOMy, WO HacTae

A

a > w0 NP

© © N O

11.
12.
13.

14.
15.
16.

noais A, ane He nogis B. MNo3Havatotb A — B abo A\ B

BkroyeHHs, cymy, [oOyToK i pisHWUUO noAin
reoMeTpuyHO MOXHa 306pasutm Tak camo, $K
BKINIOYEHHSA, CyMy, OOOYTOK i Pi3HULIO ABOX AO0BINbHUX
MHOWH.

BNACTUBOCTI OMEPALIN

. B; A - B=A + B —3aKkoHu e MopraHa.
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HeobxigHiCTb KiNbKICHOI NepeouiHKKU MMOBIPHOCTEN MNOAIN, O YTBOPKOWTL
MOBHY rpyny, BWHUKAE TOAi, KONMM nogid A HacTtae pasom 3 0Oyab-gKow 3
HecymicHux nogin B;, B,, B,, ... B,. B uUbOMy BMNagky 3acCTOCOBYETbCH
¢dopmyna Beuneca:

P(B;)-P(A/B)

P(B;/A)=—
>.P(B)-P(A/B))
i=1
Moaii B,, B,, B;, ... B, Ha3nBaTbLCA 2imome3amu.

Hexan BigbyBaeTbCs n NOCILOBHUX HE3anexHnX BunpobyBaHb, B KOXXHOMY
3 KOTpUX MoOXxe Bigdbytuca um He BIigbyTUca nogid A. AKWO MMOBIPHICTL p

HaCTaHHA noAil A MNOCTiMHA, TO MMOBIPHICTb HEHACTaHHA OOUINbHO MO3HAYUTU
yepes (.
P(A)=1-p=g

Y BUNagKy HEBENUKOI KiNbKoCTi BUNpobyBaHb MMOBIPHICTbL TOro, WO B n
BMNPOBOBYBaHHSAX LA MOAis HacTtae piHO k pasiB po3paxoByeTbCs N0 dhopmynii
BepHyni:

P.(k)=Cy - p“-q"",

ae CX —uucno cnonyyeHb 3 n mo k.
BUNAOKOBA BEJTIMMUHA — 3miHHa BennymHa, sika B pe3ynbTaTi BUNpobyBaHHS

MOXe npuumaTtu ofHe, 3aBvacy Hesigome
3HayeHHs p(X;) 3 BiAOMOI MHOXWHW 3Ha4YeHb X .

OUCKPETHA (nepepBHa) BMnagkoBa BefWYMHA — 3MiHHA BeNMYMHA, MHOXWHA
MOXIMBUX 3HAYEHb AKOI 3Mi4YeHHa.

HEMEPEPBHA BunagkoBa BenvyMHa — 3MiHHa BenUYMHA, WO OMUCYETbCA
X
HeBizI'eMHOIO cpyHKuieto W (x) Takoto, Wwo F(x)= [W (t)dt

Hanpuknag, kinbkictb aBTomobiniB 6ins ceitnodopa — OuckpeTHa BuNagkoBa
BeSfIMYMHA, a AOBXMHA CKYNYEHOI KOJNTIOHM — HenepepBHa BUNaaKoBa BefNYnHa.
BuvnagkoBi BENIMYMHM MO3HAYaAOTbLCA BENUKMMU JliTepamMyn  NTAaTUHCLKOro

andgasity X, Y, Z, a IX MOXN/Bi 3HA4YeHHS — BigNOBIOHUMW Manumu nitepamu
Xiy, Xpy e X

3AKOH PO3MOAONTY BunagkoBoi BenMWYMHM — BIigMOBIOHICTL  MiX
MOXIMBMMMW 3HAYEHHSMU BUNAOKOBUX BENUYMH Ta 1X MMOBIPHOCTAMM.

11



3aKkoH po3noainy MoXxHa 3agaTtu:
—  aHaniTU4HO;
— y BumMagi Tabnuu;
—  rpadiyHo.

3akoH po3noginy AWCKPeTHOI BMNAAKOBOI BENUMYMHU 33a0AETbCS PAOOM
po3nodiny, To610 Tabnuueto

X Xq X5 X,
P p(X,) p(X,) p(X,)
ae X, X,, .., X. — po3TawoBaHi B Oik 3poCTaHHA 3HAYeHHS AOUCKPETHOI
1 2 n

BMNAaOKOBOI BENMUYUHU X ;
p(x.), p(X,) ..., p(X,), — UMOBIPHOCTI 3HA4YEHb ANCKPETHOI BUMAOKOBOI BEMUYMHN X .

3posymino, wo > p, =1

k=1

®YHKUIA PO3MNOAONTY — MoBIpHICTb TOro, WO BMNagkoBa BenudnHa X Habyae
3HAYEeHHS, AKe MeHLle 3a 3aJaHe 3HAYEHHA X :
F(X)=P(X <X).
BINNACTUBOCTI ®YHKLII PO3MOOINy

0<F(x)<1.

F(X) —HecnagHa yHKLUis, TOBTO, AKLWO X; < X,, TO F(x) < F(X,).

3. MMoBipHiCTb nonagaHHA BMMAAKOBOI BenWuMHM B iHTepsan (a, b)
popiBHioe P(a< X <b)=F(b)— F(a).

4. HAKWwo BCi MOXIINBI 3HAYEHHA BMNAOKOBOI BEMUYMHN X 3HaXoOATbCA Ha
iHTepBani (a, b),To F(x)=0 npn x<a i F(x)=1 npn x>Db.

5. Im F(x)=0, lm F(x)=1.

X—»00 X—»00

N

dDyHKLis po3noainy AUCKPEeTHOI BUNaaKoBOI BENMYMHM NpeacraBnsie cobotro
CTYNiHYacTy OYHKLIO 3i CTPMOKaMM B TOUKAX X, Xp, oy X, -

BJNTACTUBOCTI LWIJIbHOCTI AMOBIPHOCTI
1. W(x)>0.

2. WMOBIpHICTb NnonagaHHa HenepepsBHOT BUMAAKOBOI BEMNYMHM B iHTepBarn
(X{, X,) OOpPIBHIOE iHTerpany Bif LWiNbHOCTI MIMOBIPHOCTEN B LIMX MEXaX:
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P(X, <X <X)= XJ.ZW(x)dx =F(x,) - F(x).

3. TW (x)dx =1.

Y Tux Bunagkax, Konuv BU3HAYNTU 3aKOH PO3MNoainy BUMNagkoBOl BENUYMHMU
HEMOXINBO, OXapakTepudyBaTu BUNALKOBY BESIMYMHY MOXHA 3 [JOMOMOroH
AEesKUX NOCTIMHNX BENUYUH (YMCITOBUX XapaKTEPUCTUK) LIbOro 3aKOHY.
MATEMATUYHE CHNOQMOIBAHHA — uncno, wo Bupaxae cepegHe 3HaYeHHS

BUNALKOBOI BENIMYMHN 3 BpaxyBaHHAM pO3noainy.

[na ANCKPEeTHUX BENUYNH BOHA OBYMCIIOETLCSA NO GopMyni

M (X)=X; - P(X) + X, - P(X) + oo + % - p(X,) = in - p(x%)
i=1
A€ X, Xy, oy X, — MOXIIMBI 3HAYEHHS BUNALKOBOI BEMNYMHM,
p(x,), P(X,) ..., p(X,),— IX NIMOBIPHOCTI.

[ns HenepepBHUX BUMNAOKOBUX BENUYMH MaTeEMaTU4YHEe CrofdiBaHHA — Le
Yyucno, KoTpe BU3Ha4YaeTbcs no popmyni

M(X)= +fo (x)dx (cxoguTbcs).

BJIACTUBOCTI MATEMATMHHOFO cnoaiBAHHA
— M(C)=C (C=const);

— M(CX)=CM(X) (C=const);

- MXxY)=MX)xM();

- MXY)=M(X)M(Y) (ana HesanexHnx BUNagKOBMUX BESTUYUH).
BigxuneHHa  MOXNMMBUX  3HAYeHb BUNAAKOBOI  BESIMYMHM  BiAHOCHO

MaTeMaTMYHOro CnoAiBaHHS OUIHIOETLCA OAUCNEPCIED Ta cepeaHbOKBaApaTUYHUM
BIOXUITEHHSIM.

OWUCMNEPCIA BunagkoBol BenuUUYMHM X — BeNWYMHA, WO OOPIBHIOE
MaTeMaTUYHOMY CMoLiBaHHIO KBagparta BiaXUieHHs.

D(X)=M (X —M (X)),
[Ana npakTMyHUX 0B4YncneHb AOLUiNbHO 3aCTOCOBYBaTU (hOPMYnY:
D(X)=M(X*) = (M(X))*.
[Ana HenepepBHWX BUNAOKOBUX BENUWYUH AUCNEpCis  0BYUCITIOETHCA
dopmynamu:

D(X)= +}O(x — M (X))?W (x)dx

13



—+00
D(X) = [xW (x)dx - (M (X))?
Auncnepcisa xapakrepusye Mipy po3cCitoBaHHS MOXITMBUX 3HAY€Hb BUMNagKoBOI
BENMUYMHM HABKOJO TI MaTeMaTu4HOro cnogiBaHHA. 3 OBOX BENUYUH, LLO MalTb
OAHaKOBI MaTeMaTU4Hi CNoAdiBaHHSA, «Kpawa» — 3 MEHLUM BiAXUNEHHSAM.

BJIACTUBOCTI OUCNEPCII
— D(C)=0 (C=const);

— D(CX)=C’D(X) (C=const);

— D(XzxY)=D(X)xD(Y);
CEPEOHbOKBAOPATUYHE BIOXUJNEHHA - apudmMeTuyHuMin KOpiHb i3
avcnepcii BUNagkoBol BENUYMHWN.

o, =+/D(X)

10 OCHOBHMX 3aKOHIB PO3Mno4isly HernepepBHUX BUNaAKOBUX BIQHOCATLCA:

- HOpMaﬂbHMﬁ 3aKOH p03r|o,l:|,ir|y BUMNAOKOBOI BENUYNHU
(x-a)’

W (x) = e 20° — o< X <0

o~N2r

Uncna aeR Ta o >0 HasuBalTbCA NnapamMeTpaMmy HOPMaribHOro 3aKOHY.
HopmanbHMin 3akOH 3 TakuMu napameTpamu rnosHadaetecs N(a,o). B

3aranbHoMy Bunagky M (X)=a, D(X)=0c">.

— NMOKa3HUKOBUM (eKCMOHeHLUiarbHUN) 3aKOH pO3noAifly BUNagKkoBOl BESTUYUHM

W (%) 0 x<0
X) = :
a-e ™ x>0
, 1 1
Hucnosi xapaktepuctukn: M (X)==, D(X)=—.
a a

— PIBHOMiPHMM 3aKOH PO3Moaifly BUNagKoBOT BENNYNHU

W0 1 xe[a, b]
X)=ib-a>
0 x ¢[a, b]
2
Uncrosi xapaktepucTuii: M (X) = & er b , D(X)= (b Iza) .

3apgava 5.

Y nocnigoBHOCTI 3 6 ABIMKOBMX CMMBOISIB € Tpu oauHuui. [lpu nepenadi
AaHoI NocnigoBHOCTI 36epiraeTbCsl TpU CMMBONU, a pellTa BTpadvalTbecs. HAka
MMOBIPHICTb TOro, Wo cepep 36epexeHnx byae He Ginblle ABOX OAUHULL?

14



Po3B’A30k
HaaBHiCTb cepe ABIMKOBMX CUMBONIB He Binble aBoX oanHuUb (TO6TO ABi,
abo ogHa, abo xogHoi) nos3HauyMmo K nogdito A. Toai MMOBIPHICTL nogil A
BU3HAYaETbCA SIK Cyma:
P(A)=P(X<2)=P(X=2)+P(X =1)+P(X =0)
VIMOBIpHICTb KOXXHOrO [O04aHKy MOXHa po3paxyBaTW, BUKOPUCTOBYIOUM
rinepreoMeTpuYHMin Ppo3noain ANCKPETHOT BUNaaKoBOI BENMNYNHU

m n-m
CM CNfM

P(X=m)=

3aranbHa KifbKiCTb MOXNUBUX KOMOGiHaUin BMOGOPY CUMBOMIB [AOPIBHIOE
uucny cnonyyeHb 3 i3 6, To6To C..

KinbkicTb cnpmsatnuBmx Hacnigkie onss X =2 BU3Ha4YaeTbCs sK A00YTOK
C32C§, Ae nepwum MHOXHUK — 4ucno kKombBiHauin BumbBopy ABOX «OAUHULbY» i3

Ginbworo 4yucna «oguvHWUbL» Yy nocnigoBHOCTI. [1poTe 3  KOXHOK  TaKoko
KOMOIHaLiel0 MOXYTb 3yCTpi4aTUCA CUMBOMK, WO HE € «oauHuuamMu». Ymcno

Takux KoM6iHaLi ctaHoBUTb C;. TOMy LiyKaHa MMOBIpHICTb HabyBae BUrNaay
2~1
px =2)= 538 _ g5
C
6
AHanorivyHo gns
1~2
P(X =1)= C3§3 =0,45
C
6
CJC3
P(X =0)=—-2=0,05
C
6

Omxe P(A)=0,95

3apava 6.

Mo kaHany 3B'A3Ky 3 3aBajamMu nepefaeTtbCs OAHa 3 [OBOX KOMaHA
ynpaeniHHa y Burnsgl 11111 ta 00000 . I7IMOBipHoc:Ti nepefadvi uuMx KomaHAa
BiANOBIAHO AOpiBHIOITL 0,7 Ta 0,3. VIMOBIpHICTb NpaBMnbHOO NPUAOMY KOXHOIO
3 cumeonis 0 i 1 gopiBHioe 0,6 . CMMBOMKN CNOTBOPIOKOTLCS 3aBajamMu HE3ANEXHO
OoAvH Big opHoro. Ha Buxodi kKaHany ogepxaHo kogoBy kombGiHauito 10110 .
BuaHauuntu, ska kombiHauia 6yna nepegaHa.

Po3B’A30k

Hexan npuinom kombiHauii 10110 € nogieto A. s nogia moxe Bigabytucs

pas3oMm 3 nogiamu B, (nepepasanacb kombiHauia 11111) ta B, (nepepasanach

komb6iHauis 00000 ). MNpw ubomy P(B;)=0,7; P(B,)=0,3.
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YMOBHa WMOBIPHICTb npunoMy KombiHauil 10110 npwu  yMmoOBi, WO
nepenasanacb komaHga 11111 gopiBHIOE
P(A/B))=P(/1)-P(0/1)-P(1/1)-P(1/1)- P(0/1),
ne P(1/1)=0,6; P(0/)=1-P(1/1)=0,4
P(A/B;)=0,6-0,4-0,6-0,6-0,4=0,035,
YMOBHa MMOBIpHICTb npuiomy KombGiHauii 10110 npwu ymoBi, WO
nepenasarnacb komaHga 00000 gopiBHIOE
P(A/B,)=P(1/0)-P(0/0)-P(1/0)- P(1/0)- P(0/0),
ne P(0/0)=0,6; P(1/0)=1-P(0/0)=0,4
P(A/B,)=0,4-0,6-0,4-0,4-0,6 =0,023,
Topgi noBHa MMOBIPHICTb P(A) npuinomy kombiHauii 10110 cTaHOBUTb
P(A)=P(B,)P(A/B,) + P(B,)P(A/B,)=0,7-0,035+0,3-0,023 =0,0314
Mo goopmyni baneca
P(B,)-P(A/B;) 0,7-0,035

P(B,/A)= =0,78
P(A) 0,0314

p(e, /)= PB:) P(A/B;) _03:0023 .,
P(A) 0,0314
nOpiBHFIHHFI ogepXaHux pe3yanaTiB 0O3BOJIA€ 3pO6MTI/I BUCHOBOK, LUO

nepegadva komaHau 11111 € UMOBIPHILLOIO.

3apava 7

Mo gBikoBOMY KaHarny 3B’A3Ky i3 3aBagamu nepepgartsca cumsoriv 11 0 3
nmoBipHoCcTaMKN p; = p, =0,5. IMOBIpHiCTb Nepexoay OAMHULL B OOAMHULIIO Ta HYNs
B Hynb BignosigHO pfopisHwoTL p(/l)=p, p(0/0)=qg. BusHauntn 3aKkoH

po3noaifly MIMOBIPHOCTEN BMMNALKOBOI BESIMYNHU X — OAHO3HAYHOro CMMBOISY, LLO
OAEPKYEMO Ha npurMarnibHoMy GoLii.

Po3B’A30k

X =0 Ha npunmanbHoOMy 6oui MOXHa ogepXaTu npu nepegadi Hyns abo
OANHUL.
P(B,)=0,5 — MMOBIpHICTb NepenaTu Hyrb;
P(B,)=0,5 — MMOBIpHICTb NepeaaTn oauHULIO;
3a hopmynoto NOBHOI MMOBIPHOCTI 06YNCAOEMO MMOBIPHICTb NOABM Noaii A

P(A)=P(X =0)=P(B,)-P(A/B,) + P(B,)P(A/B,) =
= P(0)-P(0/0) + P()P(0/2) =0,5-q +0,5- (1— p) =0,5(q +1— p)’

ae P(0/1)=1-P@A/1)=1-p
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AHanoriyHo X =1 Ha npunmManbHoMy Boui MOXHa ogep)kaTu nNpu nepeaadi
Hyns abo oanHuLi.

P(C)=P(X =1)=P(B,)- P(A/B,) + P(B,)P(A/B,) =
=P@) - P(/1) + P(0)P(1/0)=0,5-p+05-(L—q)=05(p+1-q)’

ne P@/0)=1-P(0/0)=1-g¢
[ns1 3py4HOCTi po3noain NMOBIPHOCTEN NoAAaEMO Yy BUrnaai Tabnuui

X 0 1
p; 0,5(q+1-p) 0,5(p+1-q)

MepeBipka: P(X =0)+P(X =1)=0,5(g+1- p)+0,5(p+1-q)

3apayva 8
BukoHyeTbcsa npuniom cumeosie 0 i 1 o nepwwol nodsu cumsony 1.
MoBipHicTb mosieu 1 npu npuiiomi p=0,4. MpuiiMaeTbca He Binbliue YOTUPbOX

cumBoniB. OBuucnutn M (X), D(X), o(X) BENUYUHU Yucna nNPUNRHATUX

CUMBOSIB.
Po3B’sA30k

AIMOBIpHiCTb nosiBn 0 npu npuitomi p=0,6.
Posnoain nMoBipHOCTEN MOXHA po3paxyBaTu HAaCTYMHUM YNHOM:
P(X =1)= p(1) =0,4 — NMOBIPHICTb ofepxaTn 1 y nepomMy BUNaaKy;
P(X =2)=p(0)- p(1) =0,6-0,4=0,24 — NMOBIpPHICTb 0gepxaTtu 1 y apyromy
BUNAOKY;
P(X=3)=p(0)- p(0)- p(1) =0,6-0,6-0,4=0,144 — MOBIpHICTb ogepxatn 1 y
TPeTbOMY BUNAKY;
P(X =4) = p(0)- p(0)- p(0)- p(1) + p(0) - p(0) - p(0)- p(0)=0,6-0,6-0,6-0,4+0,6*=0,216
— NMOBIpPHICTb ogepXaTu 1 y yeTBepTOoMy BMNagKy abo MMOBIPHICTb
ogepxaTtu YoTupu pasu 0.

M(X)=> xp;=1-0,4+2-0,24+3-0144 + 4-0,216 = 2,176

i=1
D(X)=M(X?)=M?(X)=1-0,4+4-0,24+9-0144 +16-0,216 — 21762 =1,382

a(X)=+/D(X) =117

Posanogin nmoBipHOCTEN OOLINBHO NpeacTaBnAaAT y BUrnsaai tabnuui

X 1 2 3 4
P; 0,4 0,24 0,144 0,216

[Mepesipka: 0,4+0,24 +0,144 + 0,216 =1
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3apgaua 9
F(x)

1

0,5

1 2 3 4 5 6
®yHkuis posnoginy F(X)
BUMNaOKOBOI BENMUYUHU X

0 X

dyHKUia posnoainy F(X) BunagkoBol
BENUUYMHM X 3agaHa rpadikom.

BusHauntu:

— aHanitTMyHMn  Bupas  gna  pyHKuil
posnoainy;

— nobyayeaTu rpaqoik LLLiNbHOCTI
nmosipHocTen W (x);

— BU3HAYMUTM  MMOBIPHICTb  MonagaHH4
BUMNAAKOBOI BenMuYMHM X B iHTepBarn
(3,5; 4,5).

Po3B’a30kK

1. 3 rpadpika 6a4mmo, wo npu X €[3;5] dyHkuUia posnoginy F(X) rpadik npsmoi
NpPoOXoanTb Yepes ABi ToYkn 3 koopanHatamu (3, 0) i(5, 1). 3 piBHAHHA NPSAMOI,

LLIO NPOXOAUTb Yepes ABi TOYKM

X=X _¥Y=%
Xo=X; Yo=Yy
O4EePXyEMO
x-3 y-0
5-3 1-0
Biatak F(X)= XT_?’ :
OTxe,
0 X<3
F(X)=4(x-3)/2 npn 3<x<5 We9
1 X>5 05
2. W(x)=F'(x), Tomy
0 X<3
W(x)=105 npu 3<x<5 0 1 2 3 4 5 6 X
0 X>5 Mpadik winbHocTi mosipHocTen W (X)

P(35< X <4,5)=F(4,5)-F(35)=

45-3 35-3

0,5
2 2

[[eoMeTpUYHMI CeHC BU3HA4YeHOT MMOBIPHOCTI — MNJioLLa 3alTpuxoBaHol irypu.
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3agaua 10
3apaHi aHcambni X i Y ABOX ANUCKPETHUX BESTUYMUH:

X; 05(10,71091|0,3
MMOBIpHiCcTb nossun | 0,25 ] 0,25( 0,25 0,25

Yi 0510,71091|0,3
MMOBIpHICTb nogsun | 0,25 ] 0,25( 0,25 0,25

[MopiBHATY IXHi eHTpOMil.
Po3B’si30K
EHTpOnia He 3anexuTb Big KOHKPETHUX 3Ha4yeHb BUMNaOKOBOI BENUNYUHW.
OckinbKn MMOBIPHOCTI 1X NosiBU B 060X BMNagKkax O4HaKoBi, TO

m
H(X)=H(Y)= —Z p; log p; =—-4(0,25log 0,25) = -4(0,25log 0,25) =log 4 =2 6im
i=1
3apava 11
3HaUTU cepefHe 3HaYeHHs KiNbKOCTI iHopMauil, dka npunagae Ha 1
enemMeHTapHuin cumBon (NiTepy) yKpaiHCbKol abeTku i NOPIBHATM 3 MakCMMarbHO

MO>JTMBOIO iHpopMaLli€to, WO nepeaaeTbcs O4HUM eNEMEHTOM.

3apava 12

BusHauntn Kinbkictb iHpopmauil B Tenesi3inHOMY curHarni, o Bignosigae
OAHOMY Kaapy po3ropTkn. Kagp cknagaeTtbca 3 625 psakiB, KOXHUM 3 AKUX €
nocnigosHicTio 3 600 BuMNagkoBMx Mo amnnitTydi iMNynbCis, NpMYOMy amnnityaa
iMAyrnbcy Moxe HabyBaTu byab-sike 3 8 3Ha4yeHb 3 KpokoM B 1 B.

Po3B’a30k
B naHomy Bunagky OOBXMHA MOBIAOMIEHHS, WO BigNOBigae OAHOMY PSAKY,

AOPIBHIOE YNCNY BUMNALKOBMX MO amMnniTyai iMnynbeiB y Hin: n=600.

KinbkicTe enemeHTiB NOBIAOMMNEHHA (3HaKiB) B OQHOMY pPSLKY [OOPIBHIOE
4YUCNy 3HaYeHb, AKi MOXe NPUMHATY amniTyada iMnynbCiB y psaky: m=8.

KinbkicTb iHpopMaLii B o4HOMY pAaKYy

| =nlog m=600log 8.
KinbkicTb iHpopmaLii B kagpi
I'=6251 =625 - 600 log 8 =1,125 -10° 6im .

3apava 13

BuaHaunTn MiHiManbHy KifbKiCTb 3BaXKyBaHb Ha PiBHOMMEYNX LWanbKax, wob
cepepn 27 30BHi OQ4HAKOBUX MOHET 3HaUTWN OOHY nerwy, anbliMBy MOHETY.

Po3B’a30k

OcKiflbknh MOHETW 330BHI OOHAKOBi, TO BOHW MPEACTaBNSATb KEpeno 3
PiIBHOMMOBIPHUMW CTaHamMu, a 3ararbHa HEeBU3HAYeHiCTb aHcambns, Lo
XapaKTepusye Noro eHTponito, CTaHOBUTb

H .. log 27 6im
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PesynbTaT 0gHOro 3BaxkyBaHHS MOXe ByTn O4HUM 3:
— niBa Yalua nerwa;
— npaBa Yalla nerwa;
— Wwanbku nepebyBatoTb Y piBHOBAS3I.
Omke pesynbTaT OOHOrO 3BaXyBaHHA nMNpeacTtaBnse mKepeno 3
PIBHOMMOBIPHUMW CTaHaMM, EHTPONIA SIKOro CTaHOBUTb
H. =log3 6im
Ockinbku eHTpoMia BignoBigae BMMoram aguTUMBHOCTI, MPUYOMY
H.. =3H_, =3,
To onga BU3Ha4YeHHA panbLWrBOl MOHETU AOCTAaTHbO TPbOX 3BaXKYBaHb.

3apava 14
[MOpiBHATN HEBM3HA4YEHICTb, WO nNpunagae Ha bykBy mkepena iHdopmauil

(pocincbkoro andaBiTy 3 BpaxyBaHHSIM MPOMNYCKiB MK crnoBamu), sika
XapakTepusyeTbCs npeacrtaBneHuMm B Tabnuui aHcambrnem (OvB. gogaTtok), 3
HEeBM3HAYEHICTIO, KOoTpa 6yna 6 B LUbOro X gxepena 3a yMOBU PiBHOMMOBIPHICHOrO
BUKOPUCTaAHHA CMMBOJIIB.
Po3B’aA3ok

Mpn ogHaKkoBMX WMMOBIPHOCTAX nosiBU 6yab-skoi 3 BCiX nitep abeTtku

HEeBU3HAYEHICTb, WO Npunagae Ha ogHy fniTepy, XxapakTepusye eHTponis
H =log m=log 34 =5,087 6im

EHTpoRito gxepena, Wo xapakTepmsyeTbCs 3agaHnuM B Tabnuui aHcambnem,
BU3Ha4aloTb 3a POPMYIoK

H= —Z p; log p, =-0,138log 0,138 — 0,86 log 0,86 — ... — 0,003 log 0,003 ~ 4,536 6im
i=1
OmxKe, HEPIBHOMIPHICTb pO3MoAinly MMOBIPHOCTEN BUKOPUCTAHHA CUMBOISIIB
(niTep) abeTkn 3MeHLUye eHTpoNito oxxepena 3 5,087 6im Ao 4,536 6im

3apava 15
[bxepeno cTpymy Bugae cumBonu 3 andasity A={a}, i=14 3
nmosipHocTamn p, =0,2; p, =0,3; p;=0,4; p, =01. 3HANTK KINbKICTb iHOpMaLi
Ta HaOJINLLKOBICTb
Po3B’a30K
Mo dpopmyni LLleHHOHa

N 1
H=> plog—.
i=1 Pi
H(A)=-(0,2-log 0,2+ 0,3-log 0,3+ 0,4-log 0,4+ 0,1-log 0,1=1,86 6im
HanauwkoBicTb
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_HA) _
log , 4

1- 186 _ 0,07
2log , 2

p=1

3agava 16

BusHaunTu KinbkicTb iHpopMauil Ta eHTponil NoBigoMNeHHs 3 5 nitep OYKB.,
AKLLO YKCIIO NiTep Yy andasiTti AopiBHIOE 32 i BCi NOBIAOMITEHHS PIBHOUMOBIPHI.

Po3B’A30k

3aranbHe Yncno N'ATUNITEPHUX NOBiAOMIIEHb AOpiBHIOE N =m"
N =32°,
€HTpoNis aAns piBHOMMOBIPHUX NOBIAOMMEHb No hopMyri XapTni
H=Ilog,N

H =log,32° =5log, 2° = 25 6im

3agava 17
3agaHo  po3nogin  MMOBIPHOCTENM BUMNAOKOBOI  OUCKPETHOI  ABOMIPHOI
BENTUYUNHN:
Y
X 4 5
3 0,17 0,10
10 0,13 0,30
12 0,25 0,05
3HanTKn 3akoHu posnoginy X ta Y.
Po3B’s130k

[logaBun MMOBIPHOCTI «MO psigkax», OOEPXUMO WMOBIPHOCTI MOXITMBUX
3HayeHb X:

P(3)=0,17 +0,10=0,27;
P(10) =013+ 0,30 =0,43;
P(@2)=0,25+0,05=0,30.
[Mepesipka: 0,27 + 0,43 +0,30 =1.
[MpeacrtaBumo po3noain X y surnagi tabnuui
X 3 10 12
P(x) | 0,23 | 0,30 10

[loaasLumM NMOBIPHOCTI «MO CTOBMNUSX» OAEPXMMO po3nogin Y:
P(4)=017 +0,13+0,25=0,55;
P(5)=0,10+0,30 +0,05=0,45;

[MepesBipka: 0,55+ 0,45=1.

[MpeacrtaBmumo po3noain Y y surnagi tabnuui

Yy | 4 | 5 |
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P(y;) | 0,55 | 0,45
[Mepesipka: 0,55+ 0,45=1.

3apava 18
JMiHieto 3B’A3Ky nepenaloTbCa HenepepBHi aMnliTyaHO-MOLY TbOBaHi CUrHanu

X(t), po3nogineHi No HopMarnbHOMY 3aKOHY 3 MaTeMaTUYHUM OYiKyBaHHAM m, =0
i naucnepcielo o’ = o’ =8B%.
BusHauntn eHTtponito H(X) curHany npu TOYHOCTI MOro BUMIpIOBaHHA

Ax=0,2 B.
Po3B’a30k

3a YMOBOIO LWiNbHICTb MMOBIpHOCTEN curHany x(t)

1 e—)<2/202

W= 2.

H(X)=- TW (x)logW (x)dx — log Ax = —é ]OW (X)log W (x)dx — log Ax =

1 % 1 x? 1 1 x>
——— W) In — dx — log Ax = — In — —log AX =
In 2_'[0 ( ){ o~ 2rx 20'2} : In 2( o2 ZO'ZJ |

2

1 2
=———InV27zeo? —log Ax = log Nemeo
In 2 AX

[MigcTaBMBLUM YNCNOBI 3HAYEHHS, O4EPXKYEMO

27e8

H(X)=log =~ 5,87 0s6. 00.

3apava 19
Bu3HaunTn NoBHY eHTpoNito cucteMm X , CTaH AKOT Mae eKCrnoHeHUiaribHUn

posnoain.

Po3B’A30k

[MoBHa eHTpoNia cuctemn X
H(X)=H"(X)-log, Ax,
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H*(X)=M[-logW (x)]=M[-loga-e*]=M[-log,a—log,e *]=

e

—log,a+ MJ[ax-log,e]=-log,a+a-log,e-M[x]=-log a+a-|og2e-£:Iogz—
a a

H(X)=H*(X)—Iongx=IogZE—Iongx:logzi
a aAX

3apava 20
Ha BXig OWCKPEeTHOro CUMETPUYHOro KaHany ©0e3 nam’ati nocTynakTb
ABINKOBI cuMBONM x; =0 Ta X, =1 3 anpiopHUMKU UMOBIpPHOCTAMM p(X,)=0,85 Ta

p(x,)=015. TllepexigHi WMOBIpHOCTI p(y;/x;) B TakoMy KaHani 3afjalTbCs
CNiBBIOHOLLUEHHAM
p j#I
. /X = ,
PCy; /%) {l—p i
ne p=0,05 — NMOBIPHICTb MOMMJSIKMW.
BusHaunTKn BCi anocTeopHi MMOBIPHOCTI.

Po3B’a30K
. . X, =0 y, =0
CuTyauis B KaHanmi xapaktepuayetbes 1 — - [———7 Y1 =
CXEMOI0 X, =1 y, =1
wym

Ockinbkn p =0,05, TO UMOBIPHICTb NpaBubHOro npumMomy gq=1-0,05.

B ubomMy KaHani KOXHWMW KOOOBUW CUMBON MOXe OyTn NpUAHATUN 3
NMOMMSTKOBOO MMOBIPHICTIO

P(Y,/%,) = P(Y,/%)=p=0,05
[MpaBunbHO NepeaaHa iHopmaLlist ONUCYeETbCA
P(Y1 /%) = p(y,/%;)=0=0,95
Mo dpopmyni baneca anocteopHi NUMOBIPHOCTI
POi)PQyi /%) _ p(x)p(Yi/x)
POD S )Ry %)
i=1

p(x/y;) =

P(x4) PCY: /%) _ 0,85-0,85 _
P(X) P(Y1/ %) + p(Xz)p(Y,/%,) 0,85-0,95+0,15-0,05

p(X /y,) = 0,991
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P(X) P(Y, /%) _ 0,85-0,05 _
p(x)P(Y./ %)+ p(x,)p(y,/%,) 0,85-0,05+015-0,95

pP(x /Y,)=

(X, y,) = P(X,) p(Y,/%,) _ 015-0,05 — 0,009
P(X,) P(Y,/X,)+ p(x)p(y, /%) 015-0,05+0,85-0,95

P(x2) P(Y2/X,) _ 015-0,95 _
P(X)P(Y, /%) + p(x)p(y, /%) 015-0,95+0,85-0,05

P(X,/Yy,)=

3apava 21
KaHanowm 3B’s13Ky nepefaeTbCcs NOBiAOMMAEHHSA 3 aHCamMbns

X Xe Xg o X, X5 Xg o X; o Xg
10,09 01 0,22 007 015 017 0,02 018

CepegHa TpmBanicTb nepegadi oQHOro erieMeHTa MoBiAOMIIEHHA B KaHani
7=0,44 mc. llym B kaHani BigCyTHIN. BU3HaunTn nponyckHy 3gaTHICTb KaHany i

LWBMAOKICTb Nepenadi iHopmadli.
Po3B’a3ok

3a yMOBM BICYTHOCTI LWYMY B KaHani MOro npornyckHa 34aTHICTb

c=Vilogm; V; 1 L o3t

r 044107

O6’em andasiTy 4aHOro NoBigOMMAEHHS m =8

C=—— log,8=6819 6im/c
0,44 .10 J2

IHpopmavuinHa WBUAKICTb
V=1(X,Y)-V;.

1(X,Y)=H(X)=H(X/Y).

Ockinbkn Wym B KaHani BigCcyTHin, To H(X/Y)=0, I(X,Y)=H(X)
EHTponia 3agaHoro posnoainy

3 1 1 1 1
H(X)= x)log, ——=0,09-log, —+01-log, —+0,22-log, — +
(X) gp( ) gzp(x) 92509 927 92355

1 1 1 1
+0,07-log,——+015-log, ——+0,02-log, — +0,18-log , — +
9207 92015 9200 92018
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+0,17 -log , 1 2.44 o6im
0,17

3agaua 22
[xepeno BMpoOnsie Tpyn NOBIAOMIIEHHS 3 UMOBIpHOCTAMKU: p, =0,1; p, =0,2;

p; =0,7. TloBigOMNEeHHA Hes3anexHi i nepefgarTbCsA PIBHOMIPHUMM  [BIVKOBUM
Kogom (m=2) 3 TpUBanicTio CMMBOSIIB, WO OOPIBHIOE 1 muc . BU3HAUNTU LWIBNOKICTb

nepepaadi iHpopmaldii kaHanom 3B’aA3Ky 6e3 3aBag.
Po3B’si30k

[na nepegadi TpbOX NOBIAOMMNEHb PIBHOMIPHMM KOAOM HeobxigHO ABa
po3psaaun, Npy LboMy TpuBasnicTb KOOOBOI KOMGiHALIT AOPiBHIOE 2t .
CepeaHs WwWBMAKICTb Nepeaadi curHany

V, == 500 Goo.
2t

LUBnakicTe nepenadi indoopmauii

M =V, H(X)=500-116 =580 6im/c.

3apava 23

KaHanom 3B'Al3ky nepenarTbCs  MOBIOOMIIEHHS, MMOBIPHOCTI  SIKUX
AOpPiBHIOIOTL: p(X,)=01; p(x,)=0,2; p(xX;)=0,3; p(x,)=0,4. KaHanbHa maTpuus,
LLIO BU3Ha4yae BTpaTu iHpopmaLil B KaHani 3B’A3Ky

099 0,01 0 0

0,01 0,97 0,02 0
0 0,01 098 0,01
0 0 0,01 0,99

P(Y/X)=

BusHauutu:

— eHTponito opxepena iHpopmauilt H(X);

— 6e3ymMoBHY eHTponito npunmada iHpopmadii H(Y);

— 3aranbHy yMOBHY eHTponito H(Y /X);

— WBWMAKICTb nepepadi iHopmauil, SKWOo 4ac nepegadvi ogHOro CUMBOSTY
nepBuHHOro andgasity t=0,1 uc;

— BTpaTuv iHdopMaLii B kaHasi 3B’a3Ky npu nepegadi 500 cumsonis andasity;

— CepenHIo KiNbKICTb NPUUHATOT iHGbopMaUil;

— MNPONYCKHY 30aTHICTb KaHarny 3B’A3KY.
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Po3B’sA30k

EHTponis gxepena noBigoMNeHb

H(X)=—Z p(x;)log, p(x)=01-log,01+0,2-log,0,2+0,3-log, 0,3+

i=1

+0,4-log,0,4=18465 6im

VIMOBIpHICTb NOSIBI CUMBORIB Ha BUXOAi NpuiiMaYa

p(Y;) =_ZN1) P(Xi. Vi)

) p(y,)=01-0,99 +0,2-0,01=0,101
p(y,)=01-0,01+0,2-0,97 +0,3-0,01=0,198
p(y;)=0,2-0,02+0,3-0,98 +0,4-0,01=0,302
p(y,)=0,3-0,01+0,4-0,99 =0,399

[Mepesipka: 0,101+ 0,198 + 0,302 + 0,399 =1.

EHTponia npunmaya

H(X)= —Z p(y;)log, p(y;)=-(0,101-log, 0,101 + 0,198 - log , 0,198 +

i=1

+0,302 - log , 0,302 + +0,399 - log , 0,399) =185 6im

3ararnbHa ymMoBHa eHTponis
N M 1
H(Y/X)=iZ=1j ,Z; p(xiy,-)logz—p(yj )
H (Y /X)=-[01-(0,99 - log , 0,99 + 0,01 log , 0,01) + 0,2 - (0,01- log , 0,01+ 0,97 - log , 0,97 +
+0,02 - log ,0,02) +0,3- (0,01 log , 0,01+ 0,98 - log , 0,98 + 0,01 log , 0,01) +
+0,4-(0,01-log ,0,01+0,99 - log , 0,99)) = 0,132

LBnakicTe nepenadi indoopmauii

1,85-0,132 )
V :VT(H(Y) - H(Y/X)) :W:17,18 KOim /C

BTpatu iHpopmauii B kaHani 3B'A3ky
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Al =k(H (Y /X)=500-0132 =66 6im
CepeaHs KinbKiCTb NPURHATOI iIHdbopMauil

| =k(H(Y) - H (Y /X)) =500 - (185 —0,132) =859 6im

[MponyckHa 34aTHICTb KaHany 3B’A3Ky

2-0132
c=V(log, m-—H(Y/X)=—T"T=1718 «o6i
(log , ( ) 0.0001 KOim

3agaua 24
BusHaumMtn wBKMAKICTb nepefadi No OBIMKOBOMY CUMETPUYHOMY KaHamny
3B8’a3Ky npu 7 =0,001 ¢, SKWO WYyMWN B KaHani BHOCATb NOMWUITKM TakUM YMHOM, LLIO

B cepeaHboMy 4YoTupu cumonu i3 100 npunmatroTbes HeBipHO (To6TO 1 3amictb O i
HaBnaku).

Po3B’A30k

[1BINKOBO CUMETPUYHUI KaHan MOXHa NpeacTaBUTU CXEMOHO

Xo 1-p Yo

/AMOBIpPHICTb MOMUMKN P = 4 0,25

Cknagemo Tabnuuto MMOBIPHOCTEN X1 1 Y1
p(X) =0.5; B(yo /%) = 0,96 - P
p(x)=0,5; p(y,/%,)=0,04

P(Y,)=0,5; P(Y, /%) =0,04

p(y,) =0,5; p(y, /%) =0,96

[MponyckHa 3a4aTHICTb ABIMKOBOro CUMETPUYHOrO KaHany
1
C=;(1+(1— p)log ,(1— p)+ plog, p) =

~10°(1+ 0,96 log , 0,96 + 0,04 log 0,04) = 0,76 «6im /¢
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KOHTPOJ1IbHI 3AOAUI
3apgaua 1

IHpopmauinHMn npucTpin Bugae IiHopmauito YeTBIPKOBUM KOLAOM

KoMOiHaLUisMN 3 YOTUPLOX CUMBONIB — X;, X,, X3, X,, MMOBIPHOCTI SKUX

fopiBHIOWTE BignoeiaHo — pP(X), P(X,), Pp(X3), p(X,). 3HanTm KinbkicTb

iHbopMmauil B BiTax 3agaHoi KogoBOT KOMBiHALIT i MakcumanbHy eHTpOonito
oxepena iHopmauil.

Tabnuusa 1. BuxigHi gaHi gna po3B’aA3kKy 3apavi 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 | 15|16

p(xl) 0,2 |0,15|0,05| 0,1 (0,55(0,45| 0,4 |0,5]|0,5|0,45|0,13|0,57|0,43| 0,1 |0,3|0,2
p(xz) 0,3 {0.35|0,45(0,2 0,3 |0,30|0,25|(0,2 |04 (0,25|0,17(0,13|0,17| 0,1 |0,3(0,2
p(X3) 0,4 {0,45)0,25(0,25|0,15|0,15| 0,2 |0,15|0,05| 0,2 | 0,3 |0,12| 0,2 | 0,2 |0,2|0,5
p(X4) 0,1 |0,05|0,25|0,45(0,2 ({ 0,1 |0,15|0,15|0,05| 0,1 | 0,4 |0,28| 0,2 | 0,6 |0,2|0,1

3apgava 2

Mpwn amnniTygHIin Moaynauil NepeHOCHUK curHany (Hecyuwas yacrtoTa)
mae amnnityay U, =20 B, vactoty f;, dasy ¢,. Mogyniowunii curHan
Mae Bua

3
s(t) = Y scos(Qt + @); Q=2af
k=1

3anucatn maTtemaTnyHum Bupas AM-curHany i rpadidyHo nokasaTu
MOro 4actoTHMM cnekTtp amnnityg. LWkany 4actor po3miTutu B
norapugmiyHomy MmacwTtabi, wkany amnnityg — B fiHINHOMY

Ta6nuua 2. BuxigHi paHi gna po3B’A3Ky 3apgauvi 2

BuxigHi
.uafi 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16
fO’ 0 0 0 0 0 0 © © © © © © ©
[ls) o o o o o o © o o o o o o o ™~
Fl/l N < (e} © oo » AN (ap] 0 © N~ (e o] (o]
fl’ o o o o o ™ o ™ o < ™ o (@) o o o
o o o o o o o o o o o o o ey o o
FL! — N ™ N — ™ — <t — — — Te} <t —
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NMpopnoBXeHHA Tabnuuii 2.

f2’ ™ < ™ ™
o o o o o < o o o o < < o ® o ™
o o o o o 8 o — o — 3 8 - 8 — S
Fl/l — N <t © <t © a o0 & B <
[32]
f3’ ™ o <t
o o o o o o o — o
To) o o o o o o — . — o o o o o o
[’ — ™ © o © (o)) N
(7] ™ = e

o 30 (25| 0 [30 |30 | 0 |15 |60 |60 |90 |60 | O |90 |90 | O | 60
®, 30 145|130 | 60|60 O |30 |90 | 60| O |60| O |60 |45 | O | 60
@3 60 [ 30 |45 |90 | O O (45| 0 (60| O 0 0 0 0 0 0

3apava 3

[Jatn onuc xapakTepucTuk KoaiB. 3anucatu 3ajaHe 4Yucno vy
OBIMKOBOMY, HaTypanbHOMY [OBINKOBO-AECATKOBOMY Kodax, koai [peq, B
KoZi 3 nepeBipKo NapHOCTI, Y Koai XeMMiHra. BusHauymMTn xapakTepucTukm
3anncaHux KogoBmx KomMOiHaLin.

Tabnuusa 3. BuxigHi pgaHi gna BWKOHAHHA 3apaui 3.

1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16

Nyg| 27 |19 | 21 | 23 | 26 | 20 {30 | 33 | 35 | 37 | 40 | 47 | 51 | 55 | 59 | 61

3apgaua 4

3akogyBaTtu ontumanbHuMm kogom UleHHoHa-®eHO andasit 3 8-mu
CUMBOMIB, 4AKi MalTb 3afaHi 4acTOTM MNOBTOPEHHSA. 3HAWTU eHTPOonito

andaBity Ta CcepeaHbOCTATUCTUYHE YUCAO CUMMBOMIB Y  KOOOBUX
KoMmbiHaLisax.

Taonuua 4. BuxigHi gaHi AnNnA BUKOHaHHA 3ajaavi 4.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

p(X) 0,25 0,2 0,15 0,3 0,4 0,2 0.12 | 0.04 | 005 | 0.17 | 0.15 | 0.18 0.2 0.18 | 0.23 0.2
1
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NMpopnoBXeHHA Tab6bnuuii 4.

p(Xz) 02 J]015] 01 | 02 | 015 | 01 [ 016 | 016 | 01 | 010 | 005 | 012 | 01 | 0.6 | 0.12 | 0.15
p (X3) 0,15 0,1 0,05 0,1 0,1 0,2 0.22 0.03 0.15 0.06 0.1 0.15 0.16 0.12 0.17 0.12
p(X4) 0,1 0,05 0,25 0,05 0,15 0,1 0.08 0.17 0.2 0.02 0.1 0.25 0.14 0.14 0.13 0.13
D(X5) 005| 01 | 015 | 01 | 005 | 015 | 01 | 006 | 02 | 01 | 012 | 014 | 018 | 01 | 012 | 0.3
p(X6) 01 | 03 | 02 | 01 | 005|015 | 02 | 014 | 015 | 02 | 02 | 005 | 0.08 | 0.08 | 009 | 0.1
p(X7 ) 0.05 0,05 0,05 0,1 0,05 0.05 0.06 0.15 0.1 0.15 0.22 0.06 0.08 0.07 0.08 0.09

0.1 | 005 | 0,05 | 0,05 | 0,05 | 0.05 | 0.06 | 0.25 | 0.05 | 0.15 | 0.08 | 0.05 | 0.06 | 0.07 | 0.07 | 0.08
P(Xs)

3HauveHHs pyHKUiT p;i-logap;

Pi pi-logap; Pi pi-logap; Pi pi-logap; Pi pi-logap;
0,01 -0,0664 0,26 -0,5053 0,51 -0,4954 0,76 -0,3009
0,02 -0,1129 0,27 -0,5100 0,52 -0,4906 0,77 -0,2903
0,03 -0,1518 0,28 -0,5142 0,53 -0,4854 0,78 -0,2796
0,04 -0,1858 0,29 -0,5179 0,54 -0,4800 0,79 -0,2687
0,05 -0,2161 0,30 -0,5211 0,55 -0,4744 0,80 -0,2575
0,06 -0,2435 0,31 -0,5238 0,56 -0,4684 0,81 -0,2462
0,07 -0,2686 0,32 -0,5260 0,57 -0,4623 0,82 -0,2348
0,08 -0,2915 0,33 -0,5278 0,58 -0,4558 0,83 -0,2231
0,09 -0,3127 0,34 -0,5292 0,59 -0,4491 0,84 -0,2113
0,10 -0,3322 0,35 -0,5301 0,60 -0,4422 0,85 -0,1993
0,11 -0,3503 0,36 -0,5306 0,61 -0,4350 0,86 -0,1871
0,12 -0,3671 0,37 -0,5307 0,62 -0,4276 0,87 -0,1748
0,13 -0,3826 0,38 -0,5305 0,63 -0,4199 0,88 -0,1623
0,14 -0,3971 0,39 -0,5298 0,64 -0,4121 0,89 -0,1496
0,15 -0,4105 0,40 -0,5288 0,65 -0,4040 0,90 -0,1368
0,16 -0,4230 0,41 -0,5274 0,66 -0,3956 0,91 -0,1238
0,17 -0,4346 0,42 -0,5256 0,67 -0,3871 0,92 -0,1107
0,18 -0,4453 0,43 -0,5236 0,68 -0,3783 0,93 -0,0974
0,19 -0,4552 0,44 -0,5211 0,69 -0,3694 0,94 -0,0839
0,20 -0,4644 0,45 -0,5184 0,70 -0,3602 0,95 -0,0703
0,21 -0,4728 0,46 -0,5153 0,71 -0,3508 0,96 -0,0565
0,22 -0,4806 0,47 -0,5120 0,72 -0,3412 0,97 -0,0426
0,23 -0,4877 0,48 -0,5083 0,73 -0,3314 0,98 -0,0286
0,24 -0,4941 0,49 -0,5043 0,74 -0,3215 0,99 -0,0144
0,25 -0,5000 0,50 -0,5000 0,75 -0,3113 1,00 0,0000
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ANTA HOTATOK
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