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BCTYIl

OCHOBHMMH IUISIMH TPOBEACHHS TNPAKTUYHUX 3aHATh Ta BHUKOHAHHS
caMOCTiifHOT po0OTH 13 HaBYainbHOI AWCHUILUTIHU «Teopis ¥WMOBIpHOCTEH Ta
MaTeMaTHYHa CTaTUCTUKA» € Yy3arallbHCHHS, CHUCTeMaTH3allili 1 TOTIUOICHHS
CTyJICHTaMH 3HaHb, OTPUMAHHUX TIPM BHBYCHHI Marepiany, IO BiTHOCHTBCS [0
TEMAaTUKU TPETHOTO MOIYJS JaHOI MUCHUILTIHU. BupoOneHHS y ciiyxadiB yMiHHS
CaMOCTIfHO 3aCTOCOBYBaTHM OTPHMaHI 3HAHHS TIIPH BHPIMICHHI KOHKPETHUX
MPaKTUYHUX 3aBJaHb.

[Ipu BUKOHAHHI CaMOCTIMHOI POOOTH CTYACHT MOBMHEH MOKA3aTH BOJOJIHHSA
TaKMMHU HaBUKaMH, fK: poOOTa 3 HaBYaJbHOI 1 HAYKOBOK JIITEPATypoOIo,
MIPE/ACTABICHOID B JIPYKAPCBKOMY 1 €JIIEKTPOHHOMY BHJAX; IMOIIYK 1 00poOka
MaTEMaTUYHOI Ta CTaTUCTUYHOI 1H(pOpMaIlii; opopMIECHHS TEKCTOBOT JOKYMEHTAII],

3aBAaHHs CaMOCTIMHOI poOOTH MOJIATae y po3B’sA3aHHI 3aBAaHb, 33JaHUX Ha
MPAKTUYHOMY 3aHSTTI BUKJIaga4eM 1 0(hOPMIICHHI 110 HUM 3BITY.



TEMA 1 KJIACUYHE BU3HAUYEHHS HMOBIPHOCTI.
EJEMEHTHU KOMBIHATOPUKH

1.1 OcHOBHIi NOHATTA Teopii HMOBIpPHOCTEH

Teopicto uimogipnocmeil Ha3UBAETbCSI MaTeMaTWYHA HayKa, II0 BHBYAE
3aKOHOMIPHOCTI y BUTIQJKOBUX SIBHINAX. PO3TIsiHEMO psi/i OCHOBHUX IOHSATh, HA SKUX
BOHA 0a3yeThcsl.

[lin eunpodysannam (exkcnepumenmom) po3yMitoTh JI€AKy CYKYITHICTb YMOB,
B SKHX CIIOCTEpIraeTbCs Te abo 1HaKme sBHINE, (PIKCYeTbcs TOM abo 1HIIMI
pe3ynbTat. Jlocmig Moxe OyTH MOBTOPIOBAHUN B OJHOTUITHUX (HE3MIHHUX OCHOBHUX)
yMmogax HeoOMexeHe 4yucio pasiB. Kommiekc OpyropsiiHuX ymos, siki HEMOXKIIUBO
OPOKOHTPOJIIOBATH 3MIHIOETbCSI BIJ BUIPOOYBaHHS [0 BHUIPOOYBaHHS, IO
IPUBOAUTH JI0 PI3HUX PE3YJIbTATIB HACHIIKIB €KCIIEPUMEHTY.
» BurpoOyBaHHS — TiIKUJAaHHS MOHETH (TPaTbHOT KICTKH).
OCHOBH1 YMOBHU — CUMETPUYHICTh MOHETH (KICTKH).
JpyropsiiHi — cuiia KMjKa, CHiia BITpY, BOJIOTICTh TOBITPS 1 T. 1.

Bunaokoeoro nodiew (nodicro) Ha3UBA€EThCA OyNb-sIKM (PakT, SIKUH MOXKeE
HaCTaTU YU HE HACTaTU B pe3yJbTaTl MPOBEACHHS BUIPOOyBaHHs. Bumaakosi momii
M03HAYal0Th BEJIMKUMU JTATUHChKUMU OykBamu A, B, C.

HUmosipnicmro nodii Ha3uBaeTbCA 4YMCENIbHA Mipa CBOOOJM BIEBHEHOCTI B
MOSIB1 JaHOT MO/I1i BHACIIJOK HOBOTO BUITPOOYBAHHS.

ImoBipHIiCcTh TOJIT 4 TO3HAYA€ThCs SIK P(A).

Bipozionorw wnazuBaetbcs nofis U, sika BHACHIJOK BUNPOOYBAHHS HEOAMIHHO
MOBHUHHA CTaTHUCS.

Jl1st nocToBipHOT mOAIT PWU) =1
» BumananHs MeHIIE CEeMH OYOK MPU OJHOKPATHOMY KHJAaHHI TPabHOI

KICTKH.

Hemooswcnugorw Ha3UBa€eThCs MOMIs &, sSKa BHACHIIOK JIOCBIY HE MOXKE
CTaTHCH.

JIJ1st HEMOXKITUBOT ITOIii P (2)=0.
» Bunagands ceMu O4OK ITPH OJHOMY KMIKY IPaIbHOI  KiCTKH.

NMOBIipHICTh Oylib-KOi BUNIAKOBO1 No1i A mpuiiMae 3HAYEHHS MK HYJIEM 1
OJIMHULIEIO:

0<P(A)<I.



Ilognor zpynorw noodiii Ha3UBaIOTLCS JIEKUJIbKA IMOJIA TaKuX, 10 BHACIIIOK
BUMPOOYBAaHHS HEOJMIHHO TTOBUHHA CTATHCS X04 OW O[HA 3 HUX.

» [losiBa rep6a abo penIku npu KUJIaHHI MOHETH.

Jlexinibka MO B JAaHOMY JOCTiAl HA3UBAIOTHCS HECYMICHUMMU, SKIIO HISKI
7IBa 3 HUX HE MOXYTb 3 IBUTHCS Pa30OM.

» llosiBa 4epBOHOI 1 YOPHOI MAcCTi MIPHU OJHOKPATHOMY BUTSATHEHHI KapTH.

Jlexinpka MOAIA B JaHOMY BUIPOOYBaHHI HA3UBAIOTHCS PIGHOMOMNCTIUBUMU

SKIIO BOHMU MAalOTh PIBHY Mipy CBOOOJM BIEBHEHOCTI B TIOSIBI BHACIIIOK
BUMPOOYBaHHS.

» TlosiBa 1, 2, 3, 4, 5, 6 090K Ip¥ KWTaHHI IPaTHHOTO KyOHKa.

Skmo Hacmigku BUNPOOYBaHHS YTBOPATH IOBHY TPyly HECYMICHHX
PIBHOMOJKJIMBHUX TOJIi, TO BOHU Ha3UBAIOTHCS 6URAOKAMU.

Hacniiok (BUIMAmoOK) HA3UBAETHCA CHPUAMAUGUM RHOOIi A, HAKIO BiH
CIIPUYHMHSIE 10 000B’SI3KOBOI MOSBU MOl A.

» Ilpu xugaHHI rpaJIbHOI KiCTKHU 3 mecT Bunaakis (1, 2, 3, 4, 5, 6 04ok) moii
A — «1osiBa MApHOTO YKCJIA OYOK» CIIPUSATINBI TpH BUNIAIKH: 2, 4, 6 OYOK.

1.2 KitacuuHe BU3HA4YEeHHs IMOBIpHOCTI

Skmo pe3ynbTaTd BUOPOOYBAHHS 3BOMASTHCA JI0 CXEMU BUIIAQJKIB, TO
WMOBIPHICTB TIOAIT A 00UUCITIOETHCS 32 (HOPMYJIOIO

P(A)=", (1.1)

Jie N — 3arajbHe YHCJI0 BUIAJIKIB; M — YKCIIO BUIIAJIKIB, CIIPUSTIMBUX MOIIT A.

CmiBBignomienss (1.1) € kiaacuuHow ¢GopMyJsI0l0 0O0YUCIEHHS WMOBIPHOCTI
TIOJT1A.

Ipukaan 1. Po3riissHeMO eKCIEPUMEHTH 3 KUJIAHHAM T'palibHO1 KicTKu. Tpebda
BU3HAYUTH WMOBIPHICTH BUMAAIHHS MAPHOTO YUCIIA OYOK.

Po36’a3anns. SIk BUNMAIKU TPU KUJIAHHI TPANbHOI KICTKH PO3TISIAEMO TPYIY

momin: Bumamiaag 1, 2, 3, 4, 5 1 6 ouok. Toxl 3araabHe YHMCIO BHUIAJKIB B

EKCIIEPUMEHTI — IIICTh; YUCJIO BUMIAJKIB, CIPUITIUBUX MOMAIl «ITaApHE YUCIIO OYOKY, —

TpH: BUNALiHAS 2, 4 i 6 ogok. Illykana iimoBipricts P(A)=3=1.

Ipuxknaxy 2. Biggin TEXHUYHOTO KOHTPOJIIO 3HAWIIOB y mapTii 3
1 000 mpwmanis 30 6pakoBanux. BuzHaunT HMOBIPHICTH BUTOTOBJICHHS] OpaKOBaHHX
BUPOOIB.

Po3zé’azanns. 3aranpHe uncno BumaakiB B ekcnepumeHTi — 1 000; uymcmo
BUIIAJIKIB, CIIPUSATIMBUX MOAII «BUTOTOBJICHHS OpakoBaHux BHpoOiB» — 30. [llykana
iimoBipHicTe P(A) =32 =0,03.



1.3 EnemenT KOMOiHATOPUKH

Komébinamopuka — 1ue po3ail MaTEeMaTHKH, 10 BUBYAE pO3TAIIyBaHHS,
BIIOPSIJIKYBaHHS, BUOIp 1 PO3MOALT €IE€MEHTIB 3 (PIKCOBAaHOT MHOXKHHH.

[Ipn BenawKOMYy 4YHCII MOXIIMBUX HACHIJKIB BUIPOOYBaHHS MPOIEAYypU
psSIMOTO TIepedopy MOKIMBUX BapiaHTiB ManoedekTuBHe. Ha momomory nmpuxoasrts
KOMOIHATOPHI METOJIH, B OCHOBI SIKUX JIE)KATh JBA HACTYTHHUX ITPaBUJIA.

IIpaBujio nogaBaHHs. SKIIO 1BI 83aemMo8uKIOYHI 11 MOXKYTh OyTH BUKOHAH1
BIIMMOBITHO N; Ta Nz cmocob0amMu, TOMI SIKYCh OJAHY 3 IUX Ji MOXHA BHKOHATH
n,+ n, cnocobamu.

Ipuxaanx 3. 3 micta A B micto B MoxHa no0OpaTtucs 4 moTsramu, 2 JliTaKamH,
6 aBToOycamu. CKUJIbKOMa criocodamMu MoXHa go0paTucs 3 micta A y micto B.

Po3zé’azannsa. Ilpoisg 3 A y B mHa mnorsary, mitaky abo aBTOOycoM €
83AEMOBUKIIOYHUMY OTIEpALlISIMU, TOMY 3arajbHy KUIBKICTh MapIIpyTIB  MO>KHA
0JIEp)KATH SIK CyMY CIIOCO01B TIepecyBaHHs, TOOTO

N=n,+n,+n,=4+2+6=12 cioco0OiB.

IIpaBwio MHoxeHHs. Hexali 1BI BUKOHYBaHI OJIHA 3a OAHOK [1i MOXYTh
OyTu 371MCHEH1 BIIMNOBIAHO N1 Ta Nz cnocobamu. Toal 0OUABI BOHU MOXYTh OyTH
BHUKOHaH1 N, * N, cmocobamu.

Ipukaaxg 4. Y yemmionati kpainu 3 ¢yrtOony OepyTh ydacth 16 xomaH.
Ckinpkoma criocobamMu MOXKYTh OyTH PO3MOJIIIEHI 30JI0Ta, CpiOHAa 1 OpoH30Ba
menan?

Po3zs’sizanns. N =n; -n,-n, =16-15-14 = 3360.

Hpuxnax 5. CkiabkU CUTHAIIB MOXKHA TOAATH 3 KOPaOJisi 3a JIOMOMOTOK0
YOTUPHOX MparopiB PI3HOIO KOJBOPY, PO3MILIYIOYM I1X Ha MO, SKIIO
BUKOPUCTOBYBATH Pi3HY KIJIBKICTh MParopiB?

Po36’a3anna. Curnany MoOKHa TOJABaTH YOTUPMA, TPbOMA, IBOMA 1 OJIHUM
npanopamu. BiamoBiHO 10 MpaBujia MHOXEHHS, KUIBKICTh MOXJIMBHUX CHOCOOIB
nojayi curdHany 3 4 mpamnopiB ckjianae n, =4-3-2-1=24 cnoco0iB, Jjisi CUTHAIY 3 3

nparnopiB — n, =4-3-2 =24 cnocoOiB, AJisl CATHAIY 3 2 MpanopiB MaemMo n, =4-3=12,
a nus curHainy 3 1 mpamopa n, =4 cnocoba. 3arajgbHy KUIBKICTh CHUTHAJIIB MOXKHA

oJIep)KaTh sSIK CyMy CIIOCOOIB st curHaimiB 3 4, 3, 2 1 1 mnpamopiB, TOOTO
N=n+n,+n,+n, =24+24+12+4=60 cnocobamu.

OOunBa mpaBWiIa y3araldbHIOIOTHCS HA BHUIAMO0K OYyJb-IKOI CKIHUYEHHOT
KUIBKOCTI JIH.

Y KoMOIHATOpUIN PO3PI3HAIOTH TPU BUIW PI3HUX 3’€AHAHb (KOMOIHAIlIN)
eJeMEHTIB (DIKCOBAaHOT MHOKHHU: TTEPECTAHOBKH, PO3MIIIICHHS, CTIOTyYCHHS.



IlepecTaHoBKaMM 3 M E€JIECMEHTIB HAa3WBAIOThCSA TaKi iX CYKYITHOCTI, IIIO
BIJIPI3HAIOTHCS OHA Bif| 1HIIOT TIJIBKU MOPSIAKOM BXOKEHHS €JIEMEHTIB:

P, =m. (1.2)

m

[Tpu pomy n=1.2-...-n, 0l=1.
Mpuxnag 6. CKUIbKM pPI3HUX TPU3HAYHUX UKCET MOXKHA CKIAcTH 3a
JOTIOMOTI'O0 TPhOX KapToK 3 mudpamu 1, 2, 3?

Po36’a3anns. 3aranbHa KUIBKICTh MOXKIJIMBUX TPU3HAUHUX YHUCET JOPIBHIOE
P, =31=6.

JIerko mOMITUTH, 110 TaKH K€ pe3yabTaT MOXKHA OJCPKATH, 3aCTOCOBYIOUH MPABUIIO
MHO>KEHHS.

Po3minieHHsiMu 3 N eJIEMEHTIB MO M Ha3WBAIOThCA TakKi CYKYITHOCTI M
€JIEMEHTIB, IO BIAPI3HSIOTHCS OJHA BIJl 1HINOI MPUHANMHI OJHUM €JIE€MEHTOM alo
IIOPSIIKOM X BXOJKEHHS (m<n) -

m n!

A = Gyt - (1.3)

Mpukaag 7. CkUbKM PI3HUX JBO3HAYHUX YHCET MOXXHA CKJIAcTH 3a
JIOTIOMOT OO0 TPhOX KapTOK

3 uudpamu 1, 2, 3?

Po36’sa3anns.3aranpHa KiUbKICTh MOKIJIMBHUX JIBO3HAYHUX YHMCET BU3HAYAETHCS
. . 3!

BIAMOBIZHO 10 BUpa3y : AZ = G- -6

CnosiyyeHHsIMM 3 N €JIEMEHTIB MO M Ha3MBAKOTHCS TakKl CYKYMHOCTI M
€JIEMEHTIB, 1[0 BIJIPI3HAIOTHCA OJHA Bl 1HIIOI  TpPHHAKWMHI OJTHUM
eseMeHToM (M<n) :

m _ n!
Ch = T (1.4)
HpH ObOMY CO =1; C’ =1; Cl =n, C:1 :C:_m .

Hpuxnan 8. Cxiapkoma criocodbamu MoyKHa BUOpaT 1Bl iudpu 3 Tppox 1, 2, 32

Po36’a3annsa. 3aranpHa KibKiCTh MOKIIMBHUX CIIOCO0IB BHOOPY MU(P AOPIBHIOE
o3 g
(3—2)121

PosrasiHeMo HacTyIHI NPUKIIAAl KOMOIHATOPHUX 3a/1a4.

Mpukaag 9. Kugarots AB1 IpalibHi KICTKI. SIka WUMOBIpHICTH moAii: 4 — cyma
BUIIABIIUX OYOK JIOPiBHSE 5; B — 100OYTOK BUNIABIIMX OYOK JopiBHsE 8; C —cyma 5, a
T00yTOK 8 OYOK.

Po36’sa3anns. 3aranbHe 4HCIIO MOKIMBUX HACIHIIKIB BHMpoOyBaHHS N = 36,
OCKUIBKM KO’KHA KICTKa Ma€ 6 HACIIOKIB 1 KOXHUI HACIIIOK OJHIET KICTKA MOXKE

9



MOEHYBATUCA 3 6 HAC/IIKAMM 1HINIOT KICTKU. Y Cl HACTIIKI CKJIaJal0Th TOBHY TPYITy
HECYMICHUX PIBHOMOJJIMBUX TIOJIH.
CrpustimBumu tonii A € HactynHi Hacmiaku: (1, 4); (2, 3); (3, 2); (4, 1),
T06TO M =4. IllyKana iMOBIpHicTS, 3rigHo 3 popmynoro (1), P(A) =55=75 .
CrpustimBumu Tionii B € nBa Hacuiaku: (2, 4); (4, 2);, TobTo m = 2.
3riguo 3 popmynoro (1.1)  P(B) = % = %.

CropusitiiuBux nozii C HacmiakiB — Hemae, Toorom =0, ta P(C)=0.

Mpuxkaax 10. 3 m’stu OykB po3pi3HOi a30yku ckiageHe cioBo «KHUITAy.
JluTrHa, ska HE yMi€ YMTaTH, po3cunana OyKBH, a IMOTIM 3i0pajia B JOBIILHOMY
NOpSAAKY. 3HAUTH MMOBIPHICTH TOTO, 110 Y HET 3HOBY BUUIILIO ci10BO « KHUI' Ay.

Pozé’azanns. 3 mw’stm OyKB MOXKHA CKJIACTH Pi3HI OYKBOCHOJYYEHHS, IO
BIJIPI3HSIOTHCS OJIHE B1J OAHOTO TIIBKU MOPSAIKOM OYKB, TOMY YHCIIO YCIX HACIIIKIB
BUIIPOOYBaHHS OOYUCIUMO K YHCIIO TIEPECTAHOBOK 3 5 eneMeHTiB: n = P5 = 5!1=120.
VYci Hachmiakd yTBOPSTH MOBHY TPYIHy HECYMICHMX PIBHOMOMJIMBHX IOJIH, 3 SKUX

TUIBKU OJlHA CHpUSATIMBa mosiBi mojii A — BigHOBieHHIO cioBa «KHUI'A». Otxe

mykana #imogipricte P(A) =& = 155 .

Hpuxaan 11. Te x nutadHs, ako O0yio ckiaaeHe ciioBo «MOJIOKOy.

Po3ss’s3anuns. 3aranbHe 4YMCIIO HACHIAKIB BUIpoOyBaHHS n = P6 = 61=720,
YHUCJIO CIIPUSATIUBUX HACTIAKIB M= P, =31=6, Tak gk OykBU «O», 0 MOBTOPIOIOTHCH,
MOXHAa  JO3BUIBHO  TEpecTaBisTH MDK  coboro. Illykana  HMOBIpHICTB

P(A) =2 =81

~ 7200 120

Hpuxaan 12. B smmky 100 neraneit, 3 mux 10 — OpakoBani. Hayran
BUTATHYTO 4 nertani. 3HalWTH WMOBIPHICTh MOAIl A — HAsBHICTb CEpEJ BUTITHYTHUX
JeTaniell piIBHO TPbOX CTaHAAPTHUX.

, . 4
Po3ss’s3anns. 3aranbHe 4MCIIO MOXKJIMBHX HACHiIKIB BUMpoOyBaHHS 7= Cyqg .

VYci BOHU YTBOPSITH IOBHY T'PYITy HECYMICHHUX PIBHO MOXIHBUX nofiil. [ligpaxyemo
YUCJIO COPUSITIMBUX HachiaKiB. Tpu ctanmaptHi Aetam 3 90, 1m0 € B SAMIMKY, MOXKHA

BUTATHYTH Cg, CIOCO0aMM. 3 KOXHOIO OTPHMAHOI0 BHOIpKOIO 3 3 CTAaHJapTHHX

o 1
neTanael Moxe oeaHyBaTHUCS OJlHa HecTaHAapTHa aeTanb 3 10 mo € C;, cnocobamu.

3 1 _ m __ C930'(:110 —
OT}KC’ m:C90C10 ,a P(A) = _—Cfoo —0,3
Ipuxaan 13. [loBHa koyiofa 3 52 KapT AUIMTHCS HA370Taj HA /Bl PIBHI MMaYKH
no 26 xapT. 3HaTH MMOBIPHOCTI HACTyHMHUX MNOAINH: A — B KOXHIM 3 MavyoK
BUSIBUTHCS TI0 JBA Ty3W; B — B OJIHIN 3 Ma4oK He Oyjie KOJIHOTO Ty3a, a B 1HIIIHN — ycCi
yotupu; C — B OJH1H 3 Ta4oK Oyjie OJIUH TY3, a B 1HIIHA — TPH.
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s . . 26
Po36’s1i3anns. 3aranpHe umcno HacmiakiB BumpoOysamus N =Cg;. Yucmo

HACIIIKiB, CIPUATINBHX mofii 4, m=C}-CZ; , P(A)=1= Ci% ~0,0109

26
CSZ

[Tonis B moxe 3MIHCHUTHCS ABOMAa criocobamu: abo B mepinii madii OyayTh
yCl1 YOTHPH TY3H, a B APYTid — )KOJTHOTO, a00 HABMAKH:

P(B) = 204% ~0,0031. Amanoriuno P(C) =255 ~0,0139,

C26

IMpuxkaan 14. Ha necartu xaptkax Hamucani mudpu 0, 1, ..., 9. Tpu 3 HUX
BUOMPAIOTh HA3JI0TA]l 1 YKJIAJIAI0ThCS HA CTL B MOPSAKY MOSIBU. 3HAUTH MMOBIPHICTD
TOro, mo: a) Buiae uuciao 523 (momis A); 0) 3 BUOpaHHUX IUGP MOXKHA CKIACTH
qucio 523 (moxis B).

Po3zé’azanns.. 3aranbHe YMCIO yCiX MOXIIMBHX HACHiIKIB BUIPOOYBaHHS
n= A130 =720, TaK K OTpUMaHI 3’ €JTHAHHS €JIEMEHTIB MOXYTh BIJPI3HATUCS OJIUH BiJl

OoIHOro a00 caMHMH €JeMEHTaMHu, a00 TMOPAJIKOM IX CIiJyBaHHsS. YCl HACIIJIKH
YTBOPATH MOBHY I'PyNy HECYMICHUX PIBHO MOXJIMBHX IOAIH. I3 3arajgpHOro umcia
HACJIJIKIB TUIBKM OJWH CHOPUSTIMBUM OTpuMaHHIO yucia 523, tobrom=1. Tomi

nrykaHa KMOBIPHICTB 1ojii A, 3rigHo 3 ¢popmyioro (1), P(4) = % :

Jlnst mozii B 3arajbHe YKMCIIO HACHIKIB BUMPoOyBaHHA N = C;, =120, OCKinbKH

MOPAJIOK TMOSBU €JIEMEHTIB HE BiJIIrpae poji (€IeMEHTH MOKHA MIHSITH MICHAMH 32
1

ymoBoto). Illykana iimoBipricTs P(B) = Cl?@

Hpuxaan 15. V midT ceMunoBepxoBoro OyAMHKY Ha TMepHIOMYy MOBEpCi
BBIHIILIN Tpu JroauHU. KojkHa 3 HUX 3 0JJHAKOBOIO MMOBIPHICTIO BUXOJUTH Ha Oy/Ib-
AKOMY 3 MOBEPXIB, MIOYMHAIOYU 3 APYroro. 3HAUTH WMOBIPHOCTI HACTYNHUX MOAIN:
A — ycl macaxupu BUUIYTh Ha YETBEPTOMY MOBEpCi; B — ycCl MacaKupu BUUIYTH
OJIHOYACHO (Ha OJHOMY 1 ToMy Xk ToBepci); C — ycCl Mmacakupu BHUIYTh Ha PI3HUX
noBepxax.

Po3zé’sazanns. 3aFaJIBHe YUCJIO MOXJIMBHX  HACHIAKIB  BUIPOOYBaHHS,

n=6%=216, P(A) = MMoBipHicTs nomii B v wmicTs pasis Ginbine AMOBIpHOCTI
216 p y p p

6
moztii A, Tak K OBEPXiB, HA AKMX MOXKHA BHHTH, 1ricTh; m=6, i P(B) =% =% . Ml

noxaii C uucno crnoco6iB, SKUMU MOXKHA po3nomnmm TPHOX MACAXKHPIB IO IIECTH

noBepxax, gopisaioe m=C> =20, P(C)=2 =2 .

1.4 3agaui 1 caMoOCTIHHOTO PO3B’A3KY

1.1 CkinpkoMa crioco0amMu MOKHA PO3TAITyBATH HA MOJIUIT B PSAJ] TPU P13HI KHUTH?
1.2 CkinbkomMa cmocobamMu MOXKHA PO3CATUTH 32 KPYTJIUM CTOJIOM II’SITh
rocrei Ha 5 CcTUIbIIX?
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1.3 CkinbkomMa crnoco0aMu MOXHA MPHU3HAYUTH TPHOX OCI0 HA TpHU Pi3HI
nocaau?

1.4V Baroni tpamBaio 15 aBomicHux kpicen. CkilibkoMa croco0aMu Ha HHUX
MOXYTh po3MicTuTHCs 30 macaxupis?

1.5 Ckinpku pi3HUX TPU3HAYHUX YUCENI MOXKHA CKJIACTH 32 JOTIOMOTOI0 ITU(DP
1,2,3,4,5?7

1.6 Ha cranmii € 8 3anmacHux nuixiB. CKibKOMa croco0amMu Ha HUX MOJKHA
PO3CTaBUTH TPH PI3HUX MOTATH?

1.7 I'pyma 3 8 oci0 BuOupae nemnerarito Ha 300pu y CKIIaai Tphox 0ci0. CKUTBKH
PI3HUX BapiaHTIB Jieserallii MOXHa CKJIacTu?

1.8 Ckinpkoma crioco0aMu MOKHA 3 TPYTH B 25 0Ci0 MPU3HAYUTH:

a) TpU 0COOM Ha PIBHOIIIHHI MTOCAH;

0) yoTHpu 0cOOU Ha Pi3HI ocaau?

1.9 Komanay 3 BocbMH OCI0 p030MBarOTh Ha JIBI TPYIH 3 PIBHOIO KUTBKICTIO
moaei. CKulbKoOMa crioco0aMu MOKHA 1€ 3p00UTH?

1.10 CkinbkoMa pi3HUMH CHOCOOaMH MOKHa PO3KJIAcTH B 1Bl kumieHi 10
MOHET P13HO1 BapTOCTI MO PIBHIN KUIBKOCTI MOHET?

1.11 Homep aBTOMOOUIA CKJIAJa€Tbcsl 3 JBOX OYKB, 3a SIKUMU CIIAY€E
Tpu3HayHe 4nciio. CKUIbKH ICHY€E PI3HUX aBTOMOOUIBHUX HOMEPIB?

1.12 3HaiiTH KUTbKICTh MOXKITUBUX HOMEPIB, SKIIO B HOMEPI:

a) 2 0yksu 14 uudpu;

0) 3 6ykBu 1 4 uudpu;

B) OJTHOYACHO BUKOPUCTOBYIOTHCSI HOMEPHU 000X THIIB.

1.13 [Ipu mepenavi MoBiAOMIIEHD 1O Tenerpady BUKOPUCTOBYIOTH Ko Mop3e.
Bkazaru:

a) Y4 JOCTaTHHO KOMOIHAIlIM, IO CKJIAIal0ThCsAd HE OUIbIIEe HIXK 3 I SITH
CUMBOJIIB, 100 3aK0TyBaTH OY/Ib-sKe MOBIIOMIICHHS HA POCIMCHKINA MOBI;

0)4M IOCTATHBO JUIS ITLOTO KOMOIHAIlIM, IO CKJIAMarThCS HE OUIbIIe HiXK 3
YOTUPHOX CUMBOJIIB?

1.14 CxiflbkM YOTUPU3HAYHUX YHCENT MOXKHA CKJIACTH, BUKOPUCTOBYIOUH
mudpu 1,2,3.,4,5 sxmio:

a) HisIK1 M(pY HE TOBTOPIOIOTHCS OUIBINE OJHOTO Pa3sy;

0) MOBTOpEeHHS HUGP TOMYCTUMI;

B) UKCJia IOBUHHI OyTH HEMapHUMU, 6€3 MOBTOPEHB IUdp.

1.15 3 mynkTy A B nyHKT bu Beayts 4 nopory, a 3 b y B cim nopir. Ckinbku
ICHy€e MapIIpyTiB IPOUTH:

a)3AyB;

0)3BBA;

B)3 Ay B iHazaz;

r) 3 A 'y B 1 Ha3az, sK1io moBepTaTucs MOTPiOHO HOBUM IIISXOM?

1.16 CkiabKy CHTHAJIIB MOXKHA TIOJATH 3a JOIOMOIOI0 6 IIparopiiB Pi3HOTO
KOJIbOPY?
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1.17 Ckinpku HaTypaJIbHUX YHMCEJI MOXKHA CKJIACTH 3a Jomomororo mudp 1, 2,
3, 4, 5 Tak, mo0 nepmra nudpa Oyma 1, gpyra — 2 i mobd oTpuMaHi YUClIa JITHITACS
Ha 57

1.18 bixkath 8 ciopTcMeHiB. 3HAUTH KUIbKICTh Bap1aHTIB:

a) po3MOoLIN Ha (PiHIIIL;

0) YTBOPUTH TPIUKY MPHU3EPIB;

B) CKJIACTH TPIMKY HArOpoHKEHHUX 30JI0TO0, CPIOHOO 1 OPOH30BOIO MEIAIISIMH.

1.19 Kupnarots aBi MOHETH. SIka HIMOBIPHICTH TOTO, IIO:

a) TUTHKU Ha OHIN BUIaJE «repo»;

0) mpuHaliMHI Ha O/IHIN BUTIaAE «Trepo»?

1.20 KunaroTe 1B1 rpajibH1 KICTKH. 3HAUTH HMOBIPHICTH TOTO,IIO:

a) CyMa BHUIIABIIMX OYOK JOPIBHIOE CEMU;

0) pI3HMIIS BUTIABIIUX OYOK JOPIBHIOE TPEM;

B) CyMa JIOPIBHIOE CEMHU, & PI3HUIIS TPbOM;

') cyMa JJOPIBHIOE CEMHU, SIKIIO BIJIOMO, IO PI3HULISL IOPIBHIOE TPHOM.

1.21 Kybuxk, yci rpaHi sSKOTO 3a0apBlieHi, pO3MWISHUMA Tak, M0 KOXXHE HOTO
pebpo pozainero Ha 10 yactuH. 3 ojepxkaHoi Oe3i4i KyOUKiB HaBMaHHSI BUOMPAIOTh
OJIMH. fIka HIMOBIPHICTh TOTO, 11O B HHOT'O 3a0apBIICHI:

a) OJlHa rPpaHb;

0) Z1B1 TpaHi;

B) TpU I'paHi;

') YOTUPHU TpaHi

1) H1 OHOT T'paHi;

€) MpuHaMHI OJlHa TPaHb;

)  HE MEHIIE ABOX IpaHel;

3) He OLIBIIE ABOX TpaHEH.

1.22 Ha m’satu xaptkax Harmcani gitepu O, I1, P, C, T. 3nalitn MOBIipHICTH
TOT0, U0 HAa BUMHATUX MO OJHOMY 1 pO3TallOBaHUX B OAHY JIIHIIO KapTKaX MOXHa
oyne npountaTth ciioBo «CITOPT»?

1.23 Ha mecthox kapTkax Hamucani mitepu M, O, O, O, JI, K. 3naiitn
WMOBIpPHICTh TOTO, IO HA BUMHATHUX IO OJHOMY 1 PO3TallOBaHUX B OJAHY JIHIIO
KapTkax MoxkHa Oyzae npountatu cioBo «MOJIOKO»?

1.24'Y myxnsal 3mimadi 6 omgHakoBHX KyOukiB. Ha ycix rpaHsix KOKHOTO
KyOuKka HamucaHa ojHa 3 Takux Jjitep: A, A, A, H, H, C. 3naiit iMOBIpHICTH TOTO,
10 Ha BUMHATHX MO OJHOMY 1 pO3TalllOBaHUX B OAHY JIHIIO KyOMKax MoOkHa Oyne
npountatu cioBo «KAHAHAC»?

1.25 Ha n’stu kaptkax Hanucadi jgitepu K, M, H, I, T. Buiimarors HaBMaHHs
TPU KapTKH. SIka WMOBIPHICTh TaKOTO: a) Yy MOPSAAKY BUXOAY KapTOK YTBOPUTHCA
cioBo «KIT», 6) 3 BUMHATUX KapTOK MOKHA CKJIACcTH cJI0BO «KIT»?

1.26 3 4 xaptok 3 mitepamu A, b, B, I' BuitmatoTs HaBMaHHS 2 KapTKHU. 3HAUTH
HWMOBIPHICTB TOTO, IO JIITEPU HA KapTKaxX BUIBISITHCS CYCITHIMH 32 a0ETKO¥O.
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1.27 3 10 xaptok 3 mudpamu 0, 1, 2, 3,4, 5, 6, 7, 8, 9 BuOUparoTh HaBMaHHS
TpH. SIKka HMOBIPHICTH TAKOTO: a) Y OPAAKY BHOOPY LGP yTBOPUTHCS ynciio 327; 6)
MOHa Oyze CKIacTH 4yncio 327; B) MoxkHa Oyze ckiaacTu ynuciio 3237

1.28 3 10 xaptok 3 mudpamu 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 BuOUparoTh HaBMaHHS
nBi. Slka UMOBIPHICTH TOTO, 1110 YTBOPEHHE YKMCIIO IITUThCS Ha 187

1.29 Ha m’stu xaptkax mubpu: 1, 2, 3, 4, 5. JIBi 3 HHX, OgHA 3a OJIHOIO
BUMMAIOTHCA. 3HAWTH WMOBIPHICTh TOTO, IO YHCIIO HA JPYTid KapTii Oyae OUThII
HDXK Ha TIEPIIIH.

1.30 Ha m’atu xaptkax mudpu 1, 2, 3, 4, 5. JIBl 3 HUX oAHA 3a OJHOIO
BUWMAIOTh. 3HAUTH UMOBIPHICTH TOTO, 1110 YUCJIO HA APYTiil KapTii Oyae Ouibllie HIK
Ha TepIIiH.

1.31 Habupatoun HOMep TenmedoHy, aOOHEHT 3a0yB nBI OocTaHHI HUGPH 1,
1aM’sITal0uy TUIbKH, 1110 BOHU Pi3Hi, HAOpaB iX HaBMaHHsA. 3HANTH IMOBIPHICTh TOTO,
110 HaOpaH1 NoTpiOH1 HUdpH.

1.32 'V xonreitnepi 10 nammn, 4yotupu 3 sSKux HecnpaBHl. HaBMaHHS BUiiMatoTh
OJIHY JIaMITy, sIka KIMOBIPHICTh TOTO, III0 BOHA Oy/ie HecIipaBHa?

1.33 'V xopobmi nexats 3 6imi 1 4 dopHi mapu. HaBmanHS BUiIMaioTh OJUH 3a
OJIHUM JIBa IIapy. 3HAUTH UMOBIPHICTH TOTO, 1110 BUOPAHO PI3HOKOJILOPOBY Mapy IIapiB.

1.34 Ha w’stu omnakoBux KyJjsax Hamucani uudpu 1, 2, 3, 4, 5. Kym
nepemimany. Slka WMOBIPHICTH TOTO, IO BUMMAIOYM OJHY 3a OJHOIO TPU Ky,
0JIEPKUMO YC1 TPU HETIapHI HOMEPH.

1.35 B akagemiuHiit rpymi 25 CTylneHTiB, 3 HUX 15 miBuar. Slka WMOBIpHICTH
TOTO, 1110 CEpe]l MEePIIUX 6 CTYACHTIB, K1 3alILUIN A0 ayaAuTopii, Oyae 4 aiBuuHu?

1.36 B akamemiuniii rpymi 25 CTyaeHTIB. Y TpbOX CTYJEHTIB TPIi3BUIIE
MMOYMHAETHCS Ha JITEpPY «A», y 1BOX — Ha «O», B oiHOrO — Ha «I», B IHIIUX — Ha
MpUTOJOCHy. Bukiianay HaBMaHHS BHMKJIMKA€ OJIHOTO CTyJEeHTa. Slka MMOBIPHICTb
TOTO, 1110 1OT0 MPI3BULIE TOYNHAETHCS HA TPUTOIOCHY?

1.37 3 ramaHIId, y SKOMY 5 MOHET TIO IT’SITh KOIIHOK, 3 MOHETH 10 TPU KOIIMKH
i1 2 MOHETH 10 JIBI KOMWKH, BUWMAaIOTh HABMaHHS TPU MOHETU. 3HAUTH WMOBIPHICTh
Taoro:

a) yCl TpY MOHETH TIO I1’ATh KOIIHOK;

0) yci MOHETH pi3HOi BapTOCTI;

B) YC1 MOHETH OJTHAKOBOI BapTOCTI;

') OJTHA MOHETA JIB1 KOMMMKH 1 ABI MOHETH 1O TPH KOTIHKH.

1.38 CtyneHT mpuiIoB Ha ek3aMeH, 3Har4M BianoBiai Ha 25 3 30 muTaHb
nporpamu. Exzamenaropom Oyio 3a7aHO TpW MUTaHHSA. 3HAWTH WMOBIPHICTH TOTO,
10 CTY/ICHT 3HA€ BIMOBIII:

a) Ha yCl TUTaHHS,

0) TUTBKY Ha TIepIIe MUTAHHS;

B) TIJIbKY HA JIBA MATAHHS;

) He OibIe HIXK Ha JBa MUTAHHS,

1) He MEHIIIEe HI)XK Ha JIBa TUTaHHS,

€) MpUHANMHI1 Ha OJTHE MUTAHHS.

14



1.39 Kynytoth 0ofHy KapTKy Ipu «CHOpPTIOTO», y SIKIM TpaBIiO0 HOTPiOHO
BUKpecauTu 6 uncen 3 36. SIka WMOBIPHICTH TOTO, IO TpaBelb BUKPECIUTH 6 13 6
BUTPAIIHUX YUCEN?

1.40 Kynytots oaHy kKapTky Tpu «CHOpTIOTO», y SIKIA TPaBI0 MOTPIOHO
BUKpecauTH 6 uncen i3 36. Slka HMOBIpHICTh TOTO, IO TPaBEIlb BUKPECIUTH 3 13 6
BUTPAITHUX YHCET?

1.41 Kynywoth onHy KapTky rpu «CHoopTiaoTo», y sKid TpaBIi0 MOTPiOHO
BUKpeCIUTH 6 uncen 3 36. Y BUIMAIKY, SKIIO IpaBellb BUKPECTUTH 3, 4, 5 a0 6 13 6
BUTPALITHUX YHUCEIl, BIH OJIEP>KY€E TPOLIOBY BUHATOPOy. SIKa HMOBIPHICTb O/Iep KaHHS
IPOIIOBOT BUHATOPOAH?

1.42 Ilicnsa Toro, sIK BICIM CTPUIBIIIB OJiHIET KBamidikaiii BHCTPUIMINA IO
MIllIeH], y Hiil BUABWIOCA 5 TpoOOiH. 3HAWTH WMOBIPHICTH TOTO, IO MEPIIUN 1
JIPYTHUI CTPLUIBIIL BIYYUII B MIIIIEHb.

1.43 Ha gotuppox kaptkax mubpu 1, 2, 3, 4. Tpu 3 HUX O7HA 3a OJHOIO
BUIMAalOTh. 3HANTH WMOBIPHICTh TOTO, IO HU(PH 3’ ABIATHCS B OPAJKY 3pOCTaHHS.

1.44 YetBepo npy3iB JOBUIHHO CIAAIOTh 33 KPYTJIMM CT1. 3HAUTH WMOBIPHICTD
TOTO, 1110 JIB1 (JIKCOBaH1 0COOM BUSIBISATHCS MOPSI/I.

1.45 3 xonoau s npedepancy, Mo MICTUTh 32 KapTH, HABMaHHS BHUIMAalOTh
oJIHY. Slka HIMOBIPHICTH TOTO, IO HEIO BUSBUTHCS «aMay, KKOPOJIb» abo «BameT»?

1.46 Tpoe rpaBuiB rpatoth B kapTu. Koxxnomy 31ano no 10 kapt, nBi Kaptu
3anuieHo B npukymi. OJuH 3 rpaBIiliB 0a4uTh, 1110 B HROTO Ha pyKax 6 kapT OyOHOBOI
MacTi 1 4 1Hmoi. BiH ckuae 1Bi KapTH 3 HUX YOTHPHOX 1 Oepe coll MpUKym. 3HANTH
HWMOBIPHICTb TOTO, 1110 BIH MPUKYIUTH JABI OyOHOBI KapTH.

1.47 TloBHa konomga kapt (52) AUIMTHCS HAaBMAaHHS Ha JIBI PiBHI YaCTHUHHU.
3HalTH HMOBIPHICTB TTOIH:

a) y KOKHIM Tavili 1mo JBa Ty3H;

0) B 07H1H 3 MMayoK He OyJe KOHOTO Ty3a, a B 1HIIIN — yC1 YOTUPH;

B) B OJIHI! 3 Ma40K Oy/ie OJIMH TYy3, a B 1HIIN TPH.

1.48 YV posirpamri nepmiocTi 3 6acketOoiry 0epyTh y4acTh 18 KOMaH[, i3 SKUX
JOBLIIBHO (POPMYIOTHCA ABI IPyNH 1Mo 9 komaH[ B KOxHi. Cepe/l ydaCHUKIB 3MaraHb
€ 5 KOMaH]l eKCTpakiacy. 3HallTh WMOBIPHICTb TAKUX MOA1M:

a) yC1 KOMaHI1 €KCTpaKjacy NoTPaIlIITh B OJHY TPYILY;

0) 1Bl KOMaH/IM €KCTPaKIIacy MOTPAILISATh B OJHY 3 LIUX I'PYII, & TPU — B 1HIITY.

1.49V 0Gapabani peBoyibBEpa CiM Kamop, i3 HHX B II’STH TAaTPOHU, JBA —
nopoxHi. bapaban o6epratoTh, 1 PoOIATH MOCTPiA. 3HAUTH WMOBIPHICTH TOTO, IO,
MMOBTOPUBIIIN JTOCBIJ IBIYi:

a) 00mIBa pa3u MoCTpiny He OyIIo;

0) oOuBa pas3u BiAOYBCS MOCTPIIL.

1.50 YoTupu KyJIbKH JTOBUIBHO PO3KHUIAIOTH MO YOTUPHOX JyHKax. KokHa
KyJIbKa MOTpAruisie B Ty a00 1HIIY JIYHKY 3 OJTHAKOBOIO MMOBIPHICTIO 1 HE3AJIEKHO BiJT
IHIIMX. 3HAWUTH WMOBIPHICTH TOTO, IIO B OJHINA 3 JIYHOK ONHUHUTHCS TPU KYJbKH, B
HIITN — O1HA, a B PEIITI IBOX JIYHOK KYJIhOK HE Oye.
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TEMA 2 OCHOBHI TEOPEMM TEOPII UMOBIPHOCTEM

2.1 Aaredopa BUNaaKOBHX MOMii
BunankoBi mozii MoxyTh OyTH mpocTUMU M ckiagHumu. CkiaagHl moail
CTaHOBIISITH CyMy a00 T0OYTOK MPOCTUX MOIiH.
Cymoro 060x noodiit A 1 B Ha3uBalOTh MOJ1I0, 10 MepedyBae B MOSBI X04 OU
onHiel 3 momid A abo B.
» .BurpoOyBaHHs — KHJOK IPaIbHOT KiCTKH;
A — Bunaio 2 ouku; B — BUTIAI0 HenapHe ynciio ouok {1 ,3, 5};
C=A4+B={1, 2, 3, 5}.
Jlooymkom 060ox nodiii A 1 B nazuBarots noaito C, mo nepedyBae B COIIbHIN
nosiBl moiit 4 1 B.
» .BunpoOyBaHHsS — KHJOK I'pajbHOI KiCTKH;
A — Bunao 3 ouku; B — BUIAJI0 HeMapHe Yuciio ouok {1, 3, 5};
C=4B ={3}.
[ToHsTTS cymMu i JOOYTKY MOAIN MOXKYTh OyTH y3arajibHEH1 Ha BUIAJKHU Oyib-
SIKOT'O YMCIia TOA1H.

3 BU3HAuUCHHS Olepaliid JoJaBaHHS Ta MHOXXEHHS BUIUIMBAIOTh TaKi
CITIBBIIHOIIICHHS:

1) A+A =A; A A=A

2) A+U =U; A-U=A;

3) A+t0 = A; A-0= 0,

4) A+B = B+A; A-B=B-A;

5) (A+B)+C = A+(B+C); (A-B)-C=A-(B-C);

6) A (B+C) = A-B+A-C.
2.2 OcHoOBHI TeopeMH Teopii IMOBiIpHOCTEH

Teopema noxaBanHs iMOBipHOCTEH

NMOBIpHICT, CyMH JABOX TMOAINM piBHA CyMmi IX WMOBIPHOCTEH MIHYC
HMOBIpPHICTB T00YTKY LIUX TOJIIMA:

P(A+B)=P(A)+P(B)-P(A-B). (2.1)

VY pasi Hecymicruxx TIOAIN UMOBIPHICTH X CyMHU BU3HAYAETHCS 32 (OPMYyIaMHU:

P(A+B)=P(A)+P(B); (2.2)
P4+ Ay +..+ 4y)=P(4)+ P(A) +..+ P(4,) — mms nmopiit. (2.3)
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[lomiss A, ska moJjsrae B TOMY, IIO MOMiS A HE CTaHETbCs, HA3HMBAIOTh
npomunexcuoro toniiA. Ilogii A Ta A yTBOpSITH NOBHY 2pyny  HECYMICHUX
nontid 4+ 4=U.Cyma UMOBIPHOCTEH MPOTUIICKHUX MO JOPIBHIOE OJUHUIIL:

P(A)+P(4) =1, (2.4)

» BunpoOyBaHHS — BUTSTaHHS KapTH.
A— TIOsIBA KapTKH YEPBOHOM MacTi, 4 —T0sIBa KAPTKH YOPHOU MacCTI.

[Toxii A4 1 B Ha3WBAIOTHCS He3A1eHCHUMU, KO WMOBIPHICTh OJTHIET 3 HUX He
3anedcums B1 301HCHEHHS 1HIIIO].

» BunpoOyBaHHS — TOCIIIOBHE KHJAHHS JJBOX MOHET.
Pozrisiparotes nouii:
A — BumnajganHa rep0a Ha NEepIIi MOHETI;
B — Bunaganus xou Ou ogHiei nuudpu;
C — BunaganHs repda Ha Jpyriid MOHETI.
ITomii A1 B 3anexHi. [Toxii 4 1 C He3amexHi.

Ymoenoro umosipuicmiro P(B/A) HazuBaeTbcs WMOBIPHICTH TOJIi B, ska
3HaljIeHa 32 YMOBOIO 3/IIMCHEHHS Moii 4.

Jns vezanexuux nomaii ~ P(B/A) =P(B); P(A/B) =P(A).

Teopema MHOXKeHHs iiMoBipHocTeii. VIMoBipHicTh TOOYTKY IBOX MOl
piBHA T0OOYTKY WMOBIPHOCTI OJIHiI€I 3 HMX HAa YMOBHY MMOBIPHICTb 1HIIIOI PU YMOBI,
110 MepIiia Mois cTajiacs:

P(A-B) = P(A)-P(B/ 4) = P(B)- P(A/ B). (2.5)
V pasi nezanescuux noaiit popmyna (2.5) CrpomryeTbes:
P(A-B)=P(A)-P(B)=P(B)-P(4) — nua nBox noxiit A i B; (2.6)
P(4;-Ay ... A,))=P(41)-P(4y)-..- P(4,) — Ui n TOMIM. (2.7)
Mpuxaan 1. VIMOBipHiCTs BIIydeHHS y Wiib IIPH OJHOMY HOCTpimi 3 mepmroi
rapmatu nopiBHtoe 0,7; 3 npyroi — 0,8. 3HaiiTu WMOBIPHICTh Ypa)K€HHS UL TIPH
OJTHOMY 3aJIIli 3 JIBOX rapMmar.

Poszs’s3anna.BBenemo mnos3nHauenHs. Hexanh 4 — momis, ska IojIrac B
nomnajaHHi B IUIb Tepiio rapmartoro; B — apyroro. Iloxii, mo po3risgarThes €
cymicHuMHU ¥ HezanmexHuMU. OTxe monist C (ypaxeHHs LUII TIPU 3ajIi) € CyMOIO
JIBOX CYMICHHUX TIOAiH, iMOBIpHiCcTh oaii C MOXKHA BU3HAUUTH 3a (hopmysioro (2.1)

P(C)=P(A+B)=P(A)+P(B)-P(A-B)=P(A)+P(B)-P(A)-P(B)==0,7+08-0,7-08=0,94.
[ro 3amady Mo>kHA PO3B’SA3aTH III€ IHITUM CITIOCOOOM.
[line Oyae ypakeHa, SIKIIO CTAHEThCS OJHA 3 TPHOX HECYMICHHUX TOMIN: 4, - A,—
y LiIb T0Mana mepiia rapMata i He nonajia apyra; A - A, — y HiJIb He TIoMana Iepuia
rapamara il momnania pyra; A-A, —y IUIb MONAIK OOMABI rapMaTh. Y 1bOMY BUIAJKY,
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3aCTOCOBYIOUH TEOpEeMy IIpO CyMy HecyMicHHUX moaiidi 3a ¢dopmynoro (2.3),
OTPUMAEMO:

P(C)=P(A -A)+P(A -A)+P(A -A)=P(A)-P(A,)+P(A)-P(A,) + P(A)-P(A,) =
=0,7-(1-08)+(1-0,7)-08+0,7-08=0,94.

Hatinpocrimmii cmoci® po3B’s3aHHS 3a/1adi MOJIATAaE B MOJaHHI WMOBIPHOCTI
noii C yepe3 UMOBIPHICTh MPOTHIIEKHOT MOI1T — MpoMax 000X rapmar:

P(C)=1-P(C) =1- P(4; - Ay) =1- P(dy)- P(4y) =1-(1-0,7)(1-08) = 0.94.

Hpukaan 2. Crpizens pobuts 3 HOCTPiIM Mo ofmiil Mimeni. FIMOBipHiCTH
BJIyYEHHS MPH KOKHOMY IMOCTpPLIl ojJHakoBa ¥ jopiBHIoe 0,9. 3HaTH WMOBIpHICTD
TOTO, 110 B MiIlIeHi Oye:

a) Hi OJH1N TPOOOTHHU;

0) ogHa nMpoboiHa;

B) /1Bl IpOOOTHH;

') TpU IPOOOTHH.

Pos3é si3anns

a) MO3HaYUMO Aj — BJIyYEHHS IPH MEPIIOMY MOCTPLIl, Ay — BIyYEHHs MPU
IpyroMmy MocTpiii, Az — BIy4eHHS TpH TperboMy moctpimi. [lomii A, Ay Az —
He3aJIeXkHi, ToMy Tofaisi A (HI omHOI MPOOOIHU) sIBJISE COO0O0K TOOYTOK TPhOX
3aJIEKHUX ITOIHN:

A=4-A,-A, P(A)=P(A A,-A)=P(A) P(A) P(A)=(1-09)°=0001;

0) monis B — ogHa mpoOoiHa :

B=d,-A-A+A-A-A+4-A A, P(B)=3-0,9-01%* =0,027;
B) oist C — 1B MpoOOiHU:
C=d,-A-A+A-A-A+4-A-A, P(C)=3-0,9%-01=0,243;

r) noxisi D — tpu mpoboinu”
D=4,-A,-A,, P(D)=P(A - A, -A;) =09° =0,729.

Hpuxaan 3. CTyaeHT NpUNIIOB HA €K3aMEH, 3HA4M BiANMOBial Ha 15 3 20
MUTaHb MpPOrpaMu. 3HAUTH WMOBIPHICTH TOTO, IO CTYJAEHT BIAMOBICTb HA TPH
3aJJaHUX €K3aMEHATOPOM 3alUTaHHS.

Po3é’sizanns. Tlopist C (CTyAEHT 3HAE BIANOBIAI HAa yCi TPH 3alUTaHHS) SBJISIE
co0010 AOOYTOK TPHOX 3aJeKHUX MOMiIN: A1 (CTYIEHT 3Ha€ BIAMOBIAL Ha TEpIIe
3anuTaHHA); A2 (CTyAEHT 3Ha€ BIAMNOBIIb Ha Jpyre 3amUTaHHS MPU YMOBI, IO BIH
BIJIMOBIB Ha mepuie); Az (CTyACHT 3HA€ BIANOBIAb HA TPETE MPHU YMOBI, 11O BIH
BIAMOBIB Ha mepiue i apyre). OO0uuciuMo HWMOBIpHOCTI 1mux momik: P(A4;) = 15;

E’
P(A2/A1):%; P(AglAlAz)Z%-
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3a TeopeMOI0 IIPO UMOBIPHICTH TOOYTKY:

P(C)=P(A)-P(A, | 4)-P(A, ] A A,)=15.14.8 20368,

20 19 18

IMpukaan 4. (3agaua O6yna 3anponorosana I. Herotony C. Ilipcom B 1693 p.).
['paBenb Kujae MICTh TpajbHUX KICTOK 1 BUTpae€, SIKIIO BUIAAAE€ X04 OU OaHA
onuHuI. ['paBenb Kugae MBAHAALUSTh TPATBHUX KICTOK 1 BUTpae€, SKIIO BHUIATYTh
X04 O AB1 OuHUII. Y KOro Oibliie IMOBIPHICTh BUTPATH?

Po36’a3anns. OOUUCIMMO UMOBIPHICTh BUTPAILY JAJISl TIEPUIOTO TPABIIS: MO
A — Tpu KHJaHHI IIECTH TPajbHUX KICTOK BHUMAnae OAWHUI; Ai — BHUIaJaHHA
OJIMHUII MPU KUJIKY OJIHI€T IPpadbHOI KICTKH;

. _ 5)° 6
A=A44,4,4, 4,4, , P(A)=(Ej , P(A):1—@ ~0,6651.

OO6uncIMMO WMOBIPHICTh BUTpally JUIsl JIPYyroro TpaBls: Mojis B — mpu
KUJaHH1 JBAHAALSATU TPAJIbHUX KICTOK BUIAJIa€ X0U OU JAB1 OJUHUIIL:

P(B)=1_(5j _12.1.(5j =1_17(5j ~06187; P(4)>P(B).
6 66 6.6

Otxe, UMOBIpHIIIIE BUTPATA XO04Y OW OJHY OJMHHUIO MPHU KUIAHHI YOTHUPHOX
IPaIbHUX KICTOK.

Mpuxaag 5. («Ilapagokc me Mepe». [lpunBopHuii kaBajgep 1 a3apTHUI
rpaBelp IeBasibe ne Mepe, cydacHuk bnesa Ilackans, BBakan 1i WMOBIPHOCTI
pPIBHMMHM 1 3BUHYBauyBaB MAaTeMaTHKIB y CBOiX Mporpaiiax). JloBectu, mo OuiblI
WMOBIPHO TIPH MiJIKUIAHHI YOTHPHOX IPATILHUX KyOWKIB OJIepKaTH MPUHAWMHI OJTHY
OJIMHHUILIIO, HIK TIpH 24 MIAKUJIAHHAX JBOX KYyOWKIB OfepKaTu MpPUHANMHI OJUH pa3
JIB1 OQWHHIII.

Po36’a3anns. BinnoBigHi MMOBIPHOCTI CTAHOBIIOTH!

P(A)=1—(§j ~0.5177, P(B):l—(%j ~0.4914, P(A) > P(B)

Otxe, UMOBIpHIIIIE BUTPATH XOY OW OJHY OJUHHUINO MPHU KUIAHHI YOTHPHOX
IPaIbHUX KICTOK.

2.3 MoaeJi HAZIHOCTI TEXHIYHUX CHCTEM

[lin wHagidHicTIO TeXHIYHOI CHCTEMM PO3YMIETbCS WMOBIPHICTH i
0€3B1IMOBHOI pOOOTH 3a NIEBHUI nepioa yacy T.

OcCHOBHI TeopeMHu Teopii UMOBIPHOCTEH AO3BOJISIIOTh BU3HAYATH MMOBIPHICTb
0€3B1IMOBHOI POOOTH CHUCTEMHU 3a BIJIOMUMHU WMOBIPHOCTSIMU O€3BIAMOBHOI poOOTU
OKpEMHUX ii eJIEMEHTIB.

3anexxHo Bij croco0y 3’€IHAHHS €JIEMEHTIB PO3PI3HAIOTh TaKi CHCTEMH:

1) i3 nocnioosnum,
2) i3 napanenvHum,
3) i3 smiwanum 3’ € JHAHHSAM €JICMCHTIB.
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IocainoBHe 3’€¢qHaHHS ejeMeHTIB cucremMu. [l 0e3BIIMOBHOI poOOTH
cuctemMu, 0€3yMOBHO HeoOXigHa Oe3BiIMOBHa pOOOTa yCiX EJIEMEHTIB CHUCTEMH,
BIJIMOBJIEHHSI CHCTEMH HACTA€ TO/1, KOJIU BIIMOBJIIIE X04a O OJUH €JIEMEHT CUCTEMH.

Ipukaax 6. Po3rnsgHeMo cucremy 3 MOCHITOBHUM 3’€IHAHHSAM N €JIEMEHTIB.
KoxHoMy I-My eJIeMEeHTY MOoCTaBjIeHa y BiAIOBITHICT HMOBIPHICTH ii O€3BiIMOBHOI
poboTu pi. bynemo BBakatu, Mo CUCTeMa po30MTa HA €JIEMEHTH TakK, IO BiAMOBa
OyIb-sIKOTO 3 HUX Hi B SIKOMY pa3l HE BIUIMBA€E HA BiIMOBY 1HIIHUX €JIEMEHTIB.

o— h == p =5

Pucynok 2.1 — [1ocnioBHE 3’ € JHAHHS €JIEMEHTIB
VH

Po3zs’azanns. Ilo3znauumo:

C — cucreMa rnpanesaTHa 3a aeskuil nepiog yacy T;

A1 — nparne3naTHul 1-uil e1€eMEeHT CUCTeMU NIPOTAroM vacy T;
A — npanie3naTHUM 2-Uil €1EMEHT NPOTIToM vacy T;

Aj — mpane3gaTHHi I-uii eJIeMEHT CUCTeMH IpoTsaroM dacy T.
IMoOBipHICTB TOIT Aj P(A)=p,

Vs cuctema npane3aTHa TUTBKY TOJ1, KOJIM Ipale3jaTHi yci il e1eMeHTH, TOOTOo

C=d-A A4 =T[A.
i=1

Ockinbku yci monii A;i Mk co0Ol0 He3alexHi, To WMOBIpHICTH mofli C
BU3HAYUTHCS 32 (HOPMYIIOHO:

n
P(C) = H P; - (2-8)
i=1
IlapanenbHe 3’€¢IHAHHA €J€eMEHTIB CHCTEMH. R

BigmoBa cuctemu 3 mapajienbHUM 3’€IHAHHSIM €JIEMEHTIB
HACTyMa€ TOMl, KOJM BIAMOBISIOTH OJHOYACHO YCi
enemeHTd. CucTemMa BBaXa€TbCsl TMpale3JaTHOl, SKIIO
nparne3IaTHUi Xxoua 0 OJIMH €JIEMEHT CUCTEMH.

Hpuknan 7. PosriasHeMo cucreMmy 3 mnapajeilbHUM
3’¢qHAHHSAM N €JIMEHTIB.
Po3ze’sazanns. IlozHaunmo:

C — cucTeMa Tmpare3aTHa 3a Jesikuii mepioq yacy 7; C — cucreMa BiIMOBHIIA;
Aj — 6e3BigMoOBHA pobOTa i-r0 €JIeMeHTa CUCTEMH; A — BiJIMOBa I-ro eleMeHa.

Best cucrema Oyzne Hemparie3natHa TUIBKH TOI, KOJMU OyayTh Hempare3aaTHi
yci i1 enemMeHTH, To0TO

n

C=4-A o A-cd =][A

i=1
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Ockinbku yci momii A MK co00I0 He3alexHi, To HWMOBIpHICTH momii C
n
BU3HAYAIOTH 32 (POPMYJIOKO: PC)=]]a-p).

i=1
Hlykany WMOBIPHICTb MpaIe3JaTHOCTI CUCTEMU 3HaiAeMo 3a (hOpMYIIOi0

P(C)=1—P(6)=1—f[(1— p). (2.9)

n
Awuaniz Mojielni mokasye, o ockinbku g06yTok [[(1- p;)— 0, To mpu n — oo,
i=1

HMOBIpHICTh 0€3BIIMOBHOI po00TH cucteMH P(A) —1. TakuM 4YMHOM, BBEJICHHS B
CHCTEMY JTOJTATKOBUX MAPAJICITBHUX T1JI0K CIIPHSIE MMiIBUIIIEHHIO HAAIHHOCTI CHCTEMHU.

3mimiane 3’¢IHAHHA €JIEMEHTIB CHCTEeMH

Hpuxaan 8. PeanpHi TeXHIYHI CHCTEMH, SK MPABWIO, MAlOTh 3MillIaHE
3’€IHAHHS €JIEMEHTIB, TOOTO SBIIIIOTH COOOI0 CKJIaJHI KOMOIHAII ITOCIIJIOBHHX 1
napajelbHUX 3’€aHaHb. Po3rissHeMo cucteMy 31 3MilIaHUM 3’€IHaHHSAM 6 CIIEMEHTIB.
KoxHOMY I-My €JIEeMEHTY TOCTaBJIeHa y BiJIOBIJHICT, MMOBIPHICTh ii O€3BIAMOBHOI
po0oTH pi.

P4
P1
o— — Ps Ps ]
P2
Ps
. J . J
3 [ =
B: Bir Brr

Pucynox 2.3 — 3Mimane 3’ € HaHHS €IEMEHTIB CHCTEMHU

Po3zé’sazanna. Tloznaunmo:
C — cucrema npanesziaTHa 3a J1eskuil nepiof yacy 7;

C — cucTteMa BIJIMOBMIIA;
Aj — 0e3BiIMOBHA PoOOTa I-T0 €IeMEHTa CUCTEMU;
A, — BIZIMOBA I-TO €JICMEHTA.

Bj — 6e3BimMoBHA poOoTa i-ro 610Ka CUCTEMH;

— - — _ 2 . 2

B, =4,-A, P(Bl):H(l_ Pi) P(B,)=1—P(B|):1—H(1— Pi)
i=1 i=1

Bn :Aa ) P(Bu ) =Ps,

E||| :Zl'KZ'KS ] P(Blu):l_ P(Em):l_n(l_ pi)’

C= BI 'Bn 'Bm | P(C) = P(B| ’ Bn ) Bm ) = (1—H(1_ pi))' Ps '(1_H(1_ pi))-
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2.4 3apavi 1151 caMOCTIiHOTO PO3B’SI3KY

2.1  3naiiTu UMOBIPHICTH MOSIBU KOJILOPOBOI KYJIi, SIKIIIO B YpHI MiCTUThCS 10
YEPBOHUX, 5 CUHIX 1 15 011X KYJIb.

2.2 IMOBipHICTH BIy4YeHHS B LiIb npu oaHomy moctpiii 0,4. Pobutbes 3
nocTpinu. SIka HMOBIPHICTB TOTO, IO Oye:

a) TUIBKU OJTHE BIIYYCHHS,

0) xoua O OJIHE BITyYEHHS.

2.3 Kunyto aBi rpanbHi Kictkiu. YoMy piBHa HMOBIpHICTH TOTO, IO X04a O
Ha OJIHIHN 3 HUX BHIIAZE 5 0YOK?

2.4 B ognomy simuky 10 cTaHmapTHUX 1 3 HECTaHIAPTHI JETalll, B 1HIIOMY
12 cranmaptHux 1 4 HecTaHAAPTHUX. BHUilMaeThCs HaABMaHHS 3 KOXHOTO AIIMKA IO
OJIHIH AeTami. Slka IMOBIPHICTB, IIIO:

a) oOW/IB1 IeTalll CTaH apTHI;

0) 0Ou/IBa HECTaHIAPTHI;

B) 3 TIIEPILIOTO SIIMKA CTAaHJAPTHA, 3 IPYTroro HECTaHapTHA;

') OJIHA CTaHAApPTHA;

1) xo4a 0 ojiHa cTaHgapTHA?

2.5 ImoBipHicT ypaxeHHS 1Tl npu ogHomy moctpiai 0,7. Crpinnba
BEJIETHCS JI0 MEPIIOro BIYYEHHs, aje He OUIbIIe I’ SITH MOCTPUIB. SIKa MMOBIPHICTb
TOTO, 110 OyJIe BUTPAYCHO:

a) IBa CHapsIu;

0) YOTHPHU CHAPSAIY;

B) I1’ATh CHApAIB?

2.6  Crpineup Bubupae 10, 9, 8 odok 3 HimoBipHicTiO BiamosigHo 0,1, 0,3 1
0,2. 3pobseHo Tpu MOCTPUTH. 3HAUTH UMOBIPHICTh TOAIH:

a) yci kymi By B 10;

0) yci Ky BiIy4dmwiid B 9;

B) JKOJIHA KyJig HE Biyuuia B 10;

I') )KOJIHOTO pa3y He Oys0 BUOUTO O1JIbIlle 8 OUOK.

2.7 BunumniyBau Bene CTpUIb0y MO Ha3eMHIN Il TPhbOMa HE3AICKHUMHU
yepramu. Jlist ypakeHHS Il JOCTaTHbO BIYYEHHsS OJIHOTO CHapsija B I[UJIb.
VIMOBIpHIiCTb BIIydYeHHS OJHMM CHApsIOM B Tepimiii yepsi pisna 0,2, B apyriit 0,3, B
TpeTiit 0,4. 3HalTH HMOBIPHICT ypaXKEHHS IT1T1.

2.8 T'pyna BHHHMIIYBadiB aTaKkye JaHKy 60oMOapayBalbHHUKIB. IMOBipHicTb
3HHINEHHS OJHOTO OoMOapmyBainpbHUKa piBHO 0,5, aBox — 0,25, Tprox — 0,15.
Busnauntt IMOBIPHICTH TOTO, IIO:

a) Oyne 36utnii xoua 6 oquH O6oMOapayBaIbHUK;

0) Oyne 30UTO HE MEHIIIEe HIXK JIBa OOMOap1yBaIbHUKHU.

2.9 IMmOBipHICTH BUSIBIEHHS Il NMpu ogHoMmy nonsoTi 0,8. Busnauntu
HMOBIPHICTB TOTO, 1110 Oye NOTPIOHO HE MEHIIIE YOTUPHOX MOJIBOTIB HAJT LIJUITIO.
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2.10 [ns curHamizarii mpo aBapito BCTAHOBIICHO JBA HE3AJICKHO TPAIFOIOUNX
cHTHaJTi3aTopu. VIMOBipHICTh TOTO, 110 TIPH aBapii CHTHAI3aTOP CIPALIOE, IOPiBHIOE
0,95 nns mepuoro curnanizaropa i 0,9 mis apyroro. 3HalTH WMOBIPHICTH TOTO, IO
IIpH aBapii COpaLiOe TUTbKU OJJUH CUTHATI3aTOpP.

2.11 IMOBIpHICTb OJHOTO BIyYEHHS B IIUJIb MPU OJHOMY 3aJIli 3 JBOX rapmar
nopiBaioe 0,38. 3HaiiTh WMOBIPHICTD Ypa)KEHHSI 1Tl TP OJHOMY TOCTPLIL MEPIIOIO 3
rapmar, SIKIIo BiJOMO, 1110 JIJIsl APYToi rapMaTH I IMOBIPHICTH JIopiBHIOE 0,8.

2.12 ImoBIpHICTh X04Ya O OJHOTO BIYYEHHS B IIJIb MPH YOTHPHOX IMOCTpiiax
nopiBHioe 0,9984. 3naiiT HMOBIPHICTH BIYYEHHS B I[1JIb IPU OJAHOMY MOCTPLII.

2.13 ImoBIpHICTH X04a © OJHOTO BJIYYEHHS CTPUIbLIEM B IUJIb MPU TPHOX
noctpuiax AopiBHoe 0,875. 3HailTH WMOBIPHICTH BIYYEHHS B IUIb HPH OJHOMY
nocTpini

2.14 JIBa cTpinbli CTPiNsOTh MO MileHi. VIMOBipHICTh BIy4eHHS B MilllcHb
Py OJTHOMY MOCTpidl A nepiioro piBHa 0,7, mist apyroro 0,8, 3HalTH HMOBIPHICTH
TOT0, 1110 IPU OAHOMY 3aJIII1 B MIILIEHb BIIYYHTh TUIBKH OJIUH CTPLICLb.

2.15 ]IBa CTpinblli OJHOYACHO CTPUISIOTH IO OAHIN MIiIIeHi, pOOJSIYH IO
OJIHOMY TIOCTpiny. MIMOBIpHICTh OZHOTO BIYYeHHS B MillleHb TIPH 11bOMY piBHa 0,42.
BusHauut KWMOBIpHICTh BIYyYE€HHS B  MIIIEHb MPU OJIHOMY MOCTPUIl APYyTUM
CTPLIBIEM, KOJIU BIIOMO, ITO JUIS MEPIIOTO 1151 IMOBIpHICTH popiBHIOE 0,6.

2.16 CryaeHT po3mykye moTpiOHy #Homy QopmMyay B  TphOX
NOBigHMKAX. VIMOBipHicTH TOro, IO (OpPMyNa MIiCTHTBCS B IEpPIIOMY,
IpYyroMy, TPEThOMY JOBIIHUKAX, BianmoBigHo mopiBHioe 0,6; 0,7; 0,8. 3naliTu
HMOBIPHICTB TOTO, IO (OpMYyJIa MICTUTHCH:

a) TUIBKU B OJTHOMY JIOBITHUKY;

0) TUIbKU B IBOX JOBIJTHUKAX;

B) Y YCiX TPhOX JOBIJHUKAX;

) y KOJTHOMY JOBIJTHUKY.

2.17 Ha ckmami 15 ogHOTMIHHUX arperariB, 5 13 HUX MawTh AchekTu. 3i
CKJIany ojepkaHo 3 arperatu. BusHauuTh HMOBIPHICTH TOTO, IO XOo4a O OAWH 3
OJIEp>KaHMX 13 CKJIaJly arperariB 0yJie 3 1e(peKTOM.

2.18..3 xonoam, 1Mo MICTUTh 52 KapTKU, BUHMAaIOTh Hayrajg TpPU KapTKH.
Butarnyti kapTku B KOJOIY HE MOBEPTAIOTHCS. 3HAUNTHU MMOBIPHICTH TOTO, IO CEpea
HUX He Oyzie Hi OJHOTO TYy3a.

219 3 mudp 1,2, 3, 4, 5 BuOMparOTh HA3MOTA] OAHY, a 3 THX, IO
3AITMIIWINCS, IPYTY. 3HAWTH HUMOBIPHICTH TOTO, 1110 Oye BuOpaHa HenapHa I dpa:

a) MepInii pas;

0) npyruii pas;

B) oOuJiBa pasmu.
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2.20 Ilpu ogHOMY LMKl OTJISY PAIIONOKAIIMHUN CTAHINT I1JIb BUSBISIETHCS
3 iimoBipHicTIO 0,7. BUSIBIEHHS 11111 B KOKHOMY ITUKJI1 BiIOYBA€ThCS HE3aJIEKHO Bl
1HIIKX. 3HANTH HMOBIPHICTH TOTO, 1110 TIPH 5 MUKJIAX 1171k Oy/i€ BUSBJICHA.

2.21 IMOBIpHICTHP TOro, IO B EJIEKTPUYHOMY JIAHIIOTY HaIMPYKEHHS
MEePEeBUILNTH HOMIHANIbHE 3HaYeHHS, nopiBHIOE 0,15. [Tpu migBuIieHOMY HampyKeHH1
WMOBIpHICTh aBapii mpuiagy CHOXXKHBa4a E€JICKTPUYHOTO CTpyMy mopiBHioe 0,85.
BusnaunTu iMOBIpHICTH aBapii NMpujaay BHACTIIOK I1IBUIICHHS HAMPYKEHHS.

2.22 Y smuky cepen 100 oqnakoBuX Ha BUTJIA aetanen 80 ctangapTHux. I3
SAIIAKA B3ATO ABI AeTalli. 3HAUTH HMOBIPHICTh MOKJIMBUX TIPH IIbOMY HACJIIIKIB.

2.23 AOGoneHT 3a0yB ocTaHHIO U(PY HOMepa TenedoHa i ToMy HaOupae ii
HaBMaHHA. Bu3HaunTtH WMOBIPHICTH TOTO, IO MOMY JOBENETHCS Tele(OHyBaTH HE
OBl HIXK B TPU MICIIS.

2.24 IMOBIpHICTh BIYyYEHHS B LUIb NpH CKUAaHHI OomMOM nopiBHioe 0,7.
ImoBipHICTH TOTO, MO O60MOa He BUOyxHe, aopiBHIOE 0,08. 3HaliTH HWMOBIPHICTH
pyiiHyBaHHs 00’€KTa, SKILO Oye CKUHyTa oJiHa bomOa.

2.25 'V mimky 3mimani 30 % KoTymok 3 HUTKamu 61510ro koasopy 1 70 % —
YEpPBOHOT0. 3HAUTU WMOBIPHICTH TOTO, 10 BUMHSATI HA3/IOTA]l 1Bl KOTYIIKUA OYIyTh 3
HUTKaMU OJJHOTO KOJIbOPY.

2.26 3 ypHH, IO MICTUTb KYJIl 3 HOMepaMmHu 1, 2, ... 9, MOCIiJOBHO BUTSTYIOTh
IBI Kyqi, JO TOro > IMepuia Kyjsl IMOBEPTAEThCA, SKIIO ii HOMEp HE JOPIBHIOE
OJIUHMUII. 3HANTH WMOBIPHICTH TOTO, IO KyJIsl 3 HOMEpOM 3 Oy/e BUTATHYTA il 4ac
JIPYTOro BUTSTHEHHSI.

2.27 Y maumi 8 matpoHiB, 2 3incoBani. HaBMaHHs BUOMpPArOThCs 3 maTpoHU Ta
3MICHIOIOTBCST TOCTpiM. Bu3HAUMTH 1MOBIPHICTH  TOrO, IO MiJ 4Yac CTPUIbOU
B1IOYACTHCS 2 TTOCTPLIH.

2.28 IMOBIipHICTH TOTO, IO TIPU OJHOMY TOCTPLII CTPUIEIH BIYYHUThH y IiJb,
piBHa 0,4. CKITBbKM TIOCTPLIIB OBUHEH 3POOUTH CTpLICIb, 00 3 IMOBIPHICTIO HE
MeHie 0,9 BiH BIy4UB Yy U1Ib IPUHANMHI OJIUH pa3?

2.29 IMOBipHICTB TOTO, IIIO0 MPU OJTHOMY MOCTPLII CTPIIOK BIYYUTH y IECATKY
piBHa 0,6. CKUIbKH MOCTPLIIB HOBUHEH 3pOOUTH CTpisielb, 00 Xxoua O pa3 BAYUUTh Y
JIECSATKY 3 IMOBipHICcTh He MeHie 0,87

2.30 BwusHaunTH HaMIMHICTH TEXHIYHOI CUCTEMH, 300pakKeHOI HA PUCYHKY, 3a
BIJIOMUMHU UMOBIPHOCTSIMU 0€3BIIMOBHOT pOOOTH OKPEMUX 11 €JIEMEHTIB.

0,7
Q— 0,6 —| I_ 0,8 [©
0,5
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2.31 Bwu3HauuTHU HAJAIWHICTh TEXHIYHOI CHCTEMH, 300paK€HOi Ha PUCYHKY, 3a
B1JIOMUMH NMOBIPHOCTAMH 0€3B1IMOBHOT POOOTH OKPEMHUX ii €IEMEHTIB.

0,6

-

0,4

2.32 Bu3HauYWTHU HAJIWHICTh TEXHIYHOI CHCTEMH, 300paK€HOi Ha PUCYHKY, 3a
B1JIOMUMH MMOBIPHOCTAMH 0€3B1IMOBHOT POOOTH OKPEMHUX ii €JIEMEHTIB.

0,5 0,6

0,4
o—] o.s6 —| 0

0,7

TEMA 3 ®OPMY.JIA IOBHOI HMOBIPHOCTI I ®OPMYJIA BEHECA

3.1 ®opmy.ia MOBHOI HMOBIPHOCTI

Hacnigkom 000X OCHOBHMX IIpaBWJI Teopli HMOBIpPHOCTEW — mpaBuja
JI0JIaBaHHS 1 MpaBuJia MHOKEHHS — € (popMyJia TOBHOI KMOBIPHOCTI.

Hexaii B ymoBax n0cBify mojisi A 3’SBISETHCS CHUIBHO 3 OJHIEID 3 MOBHOI
rpynu HecyMicHuXx momiil (rimore3) H, (i e{L2,...,n}), Bigomi ampiopni HMoBipHicTi
P(Hi) xoxHOi TimoTe3u i yMmoBHI #MoBipHOcTi P(A/H;) moxii A 3a ymMOBH, IO
3niiicHUIIaca Ta abo 1HINA TimoTe3a, TOJI WMOBIPHICTh MOAIT A BHU3HAYA€THCS 3a
(¢opmyJ1010 MOBHOI IMOBIPHOCTI:

P(A)zzn:P(Hi)-P(A/Hi), (3.1)

ne P(H,) — iimoBIpHICTh rinote3u Hi; P(A/H,)— yMOBHa NMOBIPHICTb MOAlT A TpH
3MI1CHEHHI T1oTe3u H;.

Hpuxknaxg 1. € 15 ex3aMeHaiiHUX OIJIETIB, KOXKHUN 3 SKHX Ma€ IO JIBa
nutanHsa. CTyA€HT 3Ha€ BIANOBIAL Ha 25 3anmuTaHb. 3HAUTH UMOBIPHICTH TOTO, IO
eKk3aMeH OyJe 37aHui, SIKIO JUIs IIbOTO JOCHTH BIAMOBICTA HA OOWJBA 3alUTAHHS
cBoro Ourera abo Ha OJHE 3amUTaHHSA 3 CBOro OuleTa 1 Ha ojaHE (3a BHOOpPOM
BHKJIaJa4a) 3allUTaHHS 3 JJOJAATKOBOIO Oiiera.

Po3zé’azanns. Busnaummo mogii: rimote3a Hi — CTyACHT 3Ha€ BIAMOBiAI Ha
oOu/IBa MUTaHHS CBOrO Oinera; rimore3a H, — CTYIEHT 3 IBOX MUTaHb CBOTO OijleTa
3HAECBIAIIOBIAbL HA OQUH.

2524, 0 255 5 25 250 25,
30 29

P(Hl): = . = =355
30 29 30 29 870 87
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YMOBHI #iMOBIpHOCTI HOAIT A1 P(A/H,)=1, P(A/H,)=2%.
28

25 24 1+ 25 24 190

P(A) = P(H,)- P(ATH,) + P(H,)- P(ATH,) == oo L+ o 28 = 20a -

3.2 ®opmy.aa beiieca

Sk1o BioMi anpiopHi (10 BUMPOOyBaHHS ) MMOBIPHOCTI MOTE3 1 BiJIOMO, IO
nonis A cramacs, TO amnocTepiopHi (micai BUMPOOYBaHHS) HMOBIPHOCTI TimoTe3
P(HilA), (i=1,2, ..., n) obunciooTh 3a popmy.aoio beiieca:

P(Hj)-P(AHi)
P(H/A)=— ,j=12..0 . (3.2)

ZP(Hi)-P(A/Hi)

i=1

®opmyna belieca ga€ MOXIUBICTh MNEPETJITHYTH WMOBIPHOCTI TINOTE3 3
ypaxyBaHHSM OTPUMAHOTO pe3ybTaTa eKCIICPUMEHTY.

IMpukaan 2. Ha cknan HAIXoauTh NPOAYKINiS TphoX GabpuK, MpUYOMy dacTKa
npoaykiiga nepuioi ¢adpuku cranoButh 20 %, npyruit — 40 %, tperboi — 30 %.
BizoMo Takoxk, 10 cepeaHiid BIACOTOK HECTAaHIAPTHUX BUPOOIB I MEpIIOi
¢dabpuku cranoButh 1 %, npyruit — 2 %, Tpetboi — 3 %. 3HalWTH HMOBIPHICTD TAKOTO:
a) y3ATU HaBMaHHS BUPIO BUSBUTHCA HECTaHAAPTHUM; O) BUPIO BUTOTOBJICHUN HA
nepurii  ¢abpuill, SKIIO BIH BUABWICA HECTAaHIAPTHUM; B) Ha sKid Qadbpuir
HaAWBIPOTiIHIIIIE OYB BUTOTOBJICHHM BUPIO, SKIO BIH BUSBHIICS CTAHIAPTHUM?

Po36’a3nns. a) BU3HauuMo moAii: 4 — Ha3aoraj B3ATHM BHUPIO BUSBUTHCA
HECTaHJApTHUM, TirnmoTe3a Hi — Ha3moraja B3ATH BUPIO BUTOTOBJICHUN Ha TEPIIii
¢dabpuii; rinoreza Hy — Ha apyrii ¢abpuii; rinoteza Hz — Ha TpeTiit ¢adbpuii. Yci
TinoTesW HECYMiCHI i CKIajaioTh MOBHY TPyHy. VIMOBIpHICTH KOXKHOI Timotesm
BU3HAYAETHCS TIEPEKIAI0M IPOIICHTHOI YaCTKH MPOAYKIli BIAMOBIIHOI (aObpHKu B
0e3po3MipHy Beau4HHy, ToOTO AuteHHsM Ha 100 %. Tak, P(H,)=0,2;P(H,)=0,4;
P(H,) = 0,3. AHQJIOTIYHO BU3HA4YalOThb YMOBHI WMOBIpPHOCTI noaii 4: P(A/H,)=0,01;
P(A/H,)=0,02; P(A/H,)=0,03. BukopucroBytouu ¢popmymny (9), MoxxkHa oTpuMartu
IIyKaHy MOBHY MMOBIPHICTh MO A:

ZP P(A/H,) =P(H,)-P(A/H,)+ P(H,)- P(A/H,) + P(H,)- P(A/H,) =
=0,2-0,01+0,4-0,02+0,3-0,03=0,019.

06) Bemomo, mo momii A Bxke crajocs. Tpeba 3HAWTH amocTepiopHy
HMOPIBHOCTH TinoTe3u Hj.
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[lykany MMOBIpHICTH 3HaiIeMo 3a hopmyioro beiieca:

P(H,)-P(A/H,) _P(H,)-P(A/H,) 02-001

_an P(H,)-P(A/H)) P(A) 0,019

P(H,/A)= ~ 0,1053;"

B) 100 BHU3HAYWTH, Ha sKii ¢adpuill HaliBiporigHimie OyB BHTOTOBJICHUIMA
CTaHJApTHUNU BUPIO, HEOOXITHO TMOPIBHATH MDK Cco00I0 yCl arocTepiopHi
HMOBIPHOCTI TimoTe3: P(H,/A), P(H,/A), P(H,/A). 3a yMoBOIO 3agadi BUPIO
BUSIBUBCS CTaHJIAPTHUM, TOOTO CcTajacs Mmoist 4 .

[Tonii A1 4 € mpoTuneKHUMU. 3 BUpaxyBaHHIM (2.4)

P(A)=1-P(4)=1-0,019=0981.

OOuKCIIOEMO YMOBHY WMMOBIPHICTh TIOJII 4 TpPH YMOBI, IO MiITBEPAMIACS
rinote3a Hi: P(A/H,)=1-P(A/H,)=1-0,01=099 |,

P(A/H,) =1-P(A/H,) =1-0,02=0,98, P(A/H,) =1-P(A/H,) =1-003=0,97.
3a dopmynoro betieca,

P(H,)-P(A/H,) 0,2-0,99

P(H,/A)= AN ~0,2018
P(A) 0,081
. 04-098 _ 03
P(H, I A) =222 (03096, P(H,/A)=2997 0 2066.
0,981 0,981

HaiiGinpmmoro amoctepiopHolo HMOBIPHICTIO Mae Jnpyra rimore3a. OTxe,
CTaHAAPTHUW BUPIO IMOBIpPHIILIE BCHOTO OYB BUTOTOBJIEHUI Ha IpyTii (hadpul.

3.3 3agauyi ajs1 caMOCTiiiHOT0 Po3B’SI3KY

3.1 YV naGopatopii € 6 KOMIT'IOTEpiB MEPIIOro TUIy 1 4 APYyroro THUITY.
IMOBIpHICTH TOTO, IO MiJ Yac JIESIKOTO PO3PaxyHKy KOMII'IOTE€p HE BHiie 3 Jiany,
piBHa 0,95 mns mepmoro Ttumy 1 0,8 mus apyroro tumy. CTyAeHT NPOBOAWTH
PO3paxyHOK Ha HABMAaHHS BUOPAHOMY KOMIT t0Tepl. 3HAUTH MUMOBIPHICTBH TOTO, IO JI0
3akiHYeHHs po3paxyHky 1K He Buiine 3 namy.

3.2 VY smuky MictuThes 12 neraneid, BurotoBiaeHux Ha 3aBoai Ne 1, 20
JieTajaeii, BATOTOBJIEHNX Ha 3aBoidl Ne 2 1 18 meraneii, BUTOTOBJIEHHMX Ha 3aBoiai Ne 3.
IMOBIpHICTH TOTO, IO JeTajdb, BUTOTOBJIEHa Ha 3aBoAl Ne 1, BIAMIHHOI SIKOCTI,
nopiBHoe 0,9 1 nmns nmeraneid, BUTOTOBIEHMX Ha 3aBojai Ne 2 — 0,6 1 Ha 3aBoJi
Ne 3 — 0,9. 3naliTu WMOBIPHICTH TOTO, 110 BUTSATHYTA HAaBMAaHHS JI€Talb BUSBUTHCS
BIIMIHHO]I SIKOCTI.

3.3 Ilo mitaky poOUThCA TpU OJMHOYHI MOCTPUIA. IMOBIPHICTH BIIy4eHHS
npu nepiomy noctpini 0,5, npu apyromy — 0,6, ipu Tpethomy — 0,8. [t BUBE1CHHS
JiTaka i3 Jajay A0CTaTHbO TPbOX BiIydeHb. [Ipu ogHOMY monagaHHi JiTak BUXOIUTH 13
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nany 3 iMoBipHicThIO 0,3, ipu 1BoX — 0,6. 3HAWTH UMOBIPHICTH TOTO, 1110 B HACIIIOK
TPHOX MOCTPLIIB JiTaK Oyae 30UTHH.

3.4 'V mepmiéi ypHi mictutbes 10 Kyab, 13 HuUX — 8 OUT, B Apyrid
ypHi 20 KyJb, 13 HUX — 4 OuIl. 3 KOXKHO1 YpHU HABMaHHS BUTATHYJIM 10 OJHIN KyIi, a
MOTIM 3 WX JABOX KyJIb HABMaHHS B3SUIA OJIHY KYJTt0. 3HAWTH WMOBIPHICTH TOTO, IO
B35TO OLTy KYIJTIO.

3.5 € gBi ypuu. Y nepmiii 3 6inux 1 4 4opHi KyJi, y Apyriid — 6 6inux 1 3
YOpHI KyJi. 3 MepIoi YpHU B JPYry MEpeKadu S5 Kyib, HICIS YOro 3 JAPYroi ypHH
BUIMAIOTh OJIHY KyJt0. BU3HaunTH HIMOBIPHICTH TOTO, 1110 BOHA BUSABUTHCS O1I010.

3.6 barapes 3 Tpbox rapmar 3AIMCHWIIA 3a1M, TPU LBOMY 2 CHapsau
MOTPANWJIM B I, 3HAUTH WMOBIPHICTH TOTO, IO TEpIa rapMara jJaja mpomax,
SKITO MMOBIPHICTh BIYYE€HHS B IUIb IS Tepiioi rapMatu jopiBHioe 0,4, mis
apyroi — 0,3, nns Tpetsoi — 0,5.

3.7 KinOkicTe BaHT@XHUX MAIMH, IO MPODKIKAIOTH IO IIOCE, Ha SIKOMY
PO3MIIIY€EThCSI OEH30KOJIOHKA, BIAHOCHUTBCS JI0 KUIBKOCTI JIETKOBUX MAIIWH, IO
OPODKIKAIOTh 0  TOMY caMoMy Imoce, K 3:2. IMOBIpHICTH TOro, WIO
3ampaBIsiTUMEThCS BaHTakHa MaiuHa, gopiBHioe 0,1, a merkoBa — 0,2. Jlo
OCH30KOJIOHKH i1’ iXana JJis 3alpaBKyd MalluHa. 3HAWTH WMOBIPHICTH TOTO, IO II€
BaHTa)KHA MallTUHA.

3.8  Cepen 10 cTpuibIliB — JiBa MACTpU CHIOPTY, SIKI BpaxkatoTh 10 milieHei 3
10; onuH mepmopo3psAHKK, KU Bpaxae 9 3 10; yoTHupu APYropo3psSIHUKH, SKi
BpaxatoTb 8 3 10; Tpu HOBauku, BpaxkaroTh 1o 7 mimeHei 1310. fIka WMOBIpHICTb
TOTO, IO BHKJIWKAaHWW HaBMaHHS CTpUIClb Bpa3uTh mmiapsna 3 wMimeHi? Ska
WMOBIPHICTh TOTO, IO MOCTPLN 3pOOUB MEPIIOPO3PSATHUK, SKIIO TOM, IO CTPiIsAB
Bpa3uB 3 MileH1?

3.9 Ha cknaxg moctymae mpoAyKiis TpboxX (GaOpuk, mprUuoMy MPOIYKILis
nepmoi ckmamgae 20 %, npyrumit 46 % 1 tperhoi 34 %. Bimomo, mo cepemHiit
BIJICOTOK HECTaHJAPTHUX JeTayell nms mnepuioi ¢padbpuku piBamid 3 %, apyroi — 2 %,
TpeThoi — 1 %. 3HaliTu MOBIPHICTH TAKOTO:

3.10 a) naBMaHHs B3ATHII BUPiO BUSIBUBCS CTaHJIAPTHHUM,

3.11 ©0) HaBMaHHS B3STHI BUPIO BUTOTOBJIEH Ha mepiiid Gadpuili, sIKIIO0 BiH
BUSIBUBCS CTAaHJAPTHUM,;

3.12 B) Ha sixoi (paOpuill HaliBiporiAHinie OyJI0 BUTOTOBJIEHO BHUPIO, SKIIO BiH
BUSIBUBCSI CTAaHIAPTHHUM.

3.13 Tekcr mporpamu cknanaerbess 3 55 mitep, 30 mudp 1 15 cnemianbHUX
CHMBOJTIB. IMOBIpHICTh TIOMWJIKH TIPH BBeJIEHHI morpamu aopiBHioe 0,02 mist Oyab-gaKoi
mitepu, 0,01 — mnst Oyab-axoi udpu 1 0,08 — i OyIB-SIKOTO CIEIiaIbHOTO CUMBOITY.
3HalTH WMOBIPHICT,  OE3MOMMIKOBOTO BBEJIEHHS HaBMaHHS OOpPaHOr0 CHUMBOJY
nporpaMy. 3HalWTH WMOBIPHICTH TOTO, IO BBeJEHA IHdpa, SKIO BBEICHHS BIAOYIOCS
0€3MOMUITIKOBO.
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3.14 VY mipamial ’STh TBUHTIBOK, TPU 3 SKUX OOJagHAHI ONTUYHUM
npuuinomM. MMOBipHICTE TOTO, IO CTpiNenb ypasuTh MillleHb NPH THOCTPimi 3
TBUHTIBKM 3 ONTUYHHUM TPHUIIOM, AopiBHIOE 0,95, miisi TBUHTIBKU 0€3 ONTHYHOTO
nputiy — 0,7. 3HaliTH HMOBIPHICTH TOTO, IO MillIEHb Oy/Ie BpaskeHa, SIKIIO CTPLIeHb
3pOOUTh OJMH MOCTPLT 3 HABMaHHs 00paHOi TBUHTIBKHU.

3.15 V rpyni cnoprcmeniB 20 nuKHHKIB, 6 KOB3aHipiB 1 4 Qirypucru.
VIMOBipHiCTh BUKOHATH KBamidikaiiiiHy HOpMY JOPIBHIOE: ISl JMIKHUKA — 0,9, 1T
koB3auspa — 0,8, mns dirypucra — 0,75. 3HaliTH UMOBIPHICTH TOTO, IO HABMAHHS
BUKIIMKAHUN CTIOPTCMEH BUKOHA€E HOPMY.

3.16 Tpers yacThHa OJHIET 3 TPHOX MAPTIM € APYTrOCOPTHOIO, 1HII JeTajl B
yCiX mapTisix — mepmoro copty. [eramb, B3sita 3 onHi€i mapTii, BUSBUIACS
NEPIIOCOPTHOIO. 3HAUTH WMOBIPHICTH TOTO, 1110 JIeTalb Oyyia B3sTa 3 MapTii, 0 Ma€e
JIPYrOCOPTHI JIe€Tarl.

3.17 IMOBIipHICTh BCTyMy JO I1HCTUTYTY BHUIIYCKHHUKA CEPEAHBOI IIKOJIH
piBaa 0,6, Texnikymy — 0,7, miaroroBuoro BimminenHs — 0,8. Cepen koxxaux 100
a0iTypieHTiB — 50 BUIYCKHUKIB CEPEIHbOI IIKOJIH, 25 — TEXHIKyMIiB 1 25 —
MIATOTOBYMX BIJIIJICHHs. BunajgkoBo BUOpaHuil abiTypi€eHT BCTYNUB JO 1HCTUTYTY.
Slka WMOBIPHICTh TOTO, IIO A0ITYpIEHT OYB BHUIIYCKHHMKOM: a) CEPEIHbOI LIKOJIH;
0) TeXHIKyMY; B) MIATOTOBYOTO BIAILJICHHS?

3.18 Touku 1 Tupe B TenerpadhHOMY KOJI BUKPHUBJISIOTHCS HE3QJIEKHO OJHUH
B1Jl OJTHOTO 3 OJJHAKOBOIO WMOBIpHicTIO 0,15. 3HaliTH UMOBIPHICTH TAKOTO: &) CJIOBO 3
YOTUPHOX CHUMBOJIB IepefaHe 0e3 CHOTBOPEHHs; 0) y CJIOBI 3 TPbOX CHMBOJIIB
CIIOTBOPEHO HE OLIBIIE TBOX CUMBOIIB.

3.19 V mipamini gecaTh TBHHTIBOK, YOTHPU 3 SIKMM OOJagHAHI ONTHYHUM
OPULIIOM. IMOBIpHICTh TOTrO, IO CTPUIELb Ypa3uTh MIIIEHb HPU TOCTPLIl 3
TBUHTIBKM 3 ONTUYHUM MPHUIIOM, aopiBHIOE 0,95; miis TBUHTIBKM 0€3 ONTHUYHOTO
nputiioty — 0,8. Crpinenps ypa3uB MillleHb 3 HaBMaHHS 00panoi rBuHTiBKU. Illo
WMOBIpHILIE: CTPUIELb CTPUISAB 3 TBUHTIBKY 3 ONTUYHUM MPULILIIOM YU 0€3 HbOr0?

3.20 Ha Tprox modok — Ipy, Oneny, Mamry B ciM’i moknaneHuii 000B’ 30K
mutu nocyd. Ockinbku Ipa crapiia, it noBoguthesa BukonyBatu 40 % yciei podoTu.
[am 60 % pobotu npumnagae nopiBHy Ha Oneny 1 Mamry. IMoBipHICTH 110-HEOY b
po30UTH 3 TOCYAy TMiJ Yac OgHOTO MUTTA i Ipu, Onenu ¥ Mamu BiNOBIAHO
nopisaioe 0,02; 0,03; 0,04. batbku He 3HAIOTH, XTO YEPTyBaB yBEUEpi, aJie BOHU UyJIU
J3BiH pO30MTOro mocyay. SIka WMOBIPHICTH TOTO, 1110 mocya Muia: a) Ipa; 6) Onena;
B) Maima?

3.21 3 mepmoro Bepcrara Ha 300pky moctrymae 40 % ycix naeranei, 3
apyroro — 30 %, 3 Tperboro — 20 %, 3 yerBepToro — 10 %. Cepen neraneii 3 mepiioro
Bepctata — 0,1 6pakoBanux, 3 apyroro — 0,2 %, 3 Tpersoro — 0,25 %, 3 yeTBepTOTO —
0,5 %. Ha 30upanns Haniinuia 6pakoBaHa jaetaib. Slka HMOBIPHICTH TOTO, IIIO BOHA
HaJINIIUIA 3 IPYroTo BepcTaTa?
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3.22 EnexTpoHHUN NPUCTPI CKiIamaeThes 3 8§ OJI0KIB, 3 3 IKMX BIIMOBJISIIOTH
3 imoBipHicTio 0,1, a iHm1 3 iMoBipHIicTIO 0,15. flka IMOBIpHICTH B1JIMOBM HaBMaHHS
BUOpaHOro OJIOKY?

3.23 Cepen N ex3zamenarriiinux oieriB N (N < N) «mracauBux». JIBa crymenra
MiIXOIATh 3a OlTeTaMy OJIMH 32 OHUM. BU3HAUNTH, y KOTO 31 CTYICHTIB — IEPIIOTO
9H Ipyroro — Oyzie OUIBIIO MMOBIPHICTh Y3ATH «ILACTHBHID O1IIET.

TEMA 4 IIOBTOPEHHSA EKCIHEPUMEHTY

4.1 ®opmyaa bepuyaai
BunpoOyBaHHS Ha3WBAaIOTHCS HE3ANE€HCHUMU, SIKITO WMOBIPHICTH TOTO abo

1HIIIOTO HACTIJAKY BUIPOOYBaHHS HE 3aJIe)KUTh BIJl TOTO, SIKI HACTIAKK Majd 1HIII
BUIPOOYBAHHS.

He3zanexHi BUMpoOyBaHHS MOXYTh MPOBOAWTHCS SIK B OJHOTHUITHHX yMOBaX,
Tak 1 B PI3HUX. Y MEPIIOMY BHUMNAAKYy HWMOBIPHICTH MOSABHM SKOiCh Momii 4 y ycix
BUINPOOYBAaHHS OJHA 1 Ta K, Y JAPYrOMY BHUIIQJKy BOHA MIHA€THCA BiA JOCITITY 10
JOCTIY.
®opmyaa bepuyJsuii. IMOBIpHICT TOTO, IO B N HE3aJEKHUX BUIIPOOYBAHHSX,
B KOXKHOMY 3 SKHX HMOBIPHICTH MOSBH TOAil JopiBHIOE p (0< p<1), momis A
HacTynuTh piBHe K pas3iB (Oaiimyke B SKifi MOCITITOBHOCTI), BHU3HAYAETHCS 3a
dbopmyioro:
P.(k)=Cy - p*-(@-p)"". (4.2)

Mpukaag 1. [IpoBoauThCcs 5 MOCTPUTIB MO MIMIEHI 3 WMOBIPHICTIO YIIYYEHHS
koxHoro 0,7. Slka IMOBIpHICTB TOTO, 110 Oy/Ie: a) TOYHE 3 BIy4eHHs; 0) HE MEHIIIE 3a
4 Biy4eHb; B) He OUIbIIE 32 3 BIyYEHb.

Po36’a3annsa. a) nmpoBoauThbes N = 5 HE3aJISKHUX BUMIPOOYBaHb 3 UMOBIPHICTIO
yIIy4eHHSI B MIIIEHb B KOXHOMY 3 HUX p = 0,7. IMOBipHICTh TOTO, 1110 Oy/I€ TOYHO
k=3 BiydeHHs, 00YHCITIOEThCS 3a (hopMyIior0 bepHyJuti:

P.(3)=C2.0,7°(1-0,7)° =0,3087.

0) moaito A4, sika moJiArae B TOMy, III0 TIpU 5 MocTpijgax Oyjae He MeHie 3a 4
BJIy4YE€Hb, MOXHA PO3IJIAIATH SIK CyMY JBOX HECYMICHHMX MOJIN: B — 4 BiIyueHHsA 3 5 1
C — 5 Bay4eHsb 3 3S.

P(B)=P,(4)=CZ-0,7*(1-0,7) =0,36015; P(C)=Ps(5)=C2-0,7°(1-07)° =016807 ,
Toni P(A)=P(B)+ P(C)=0,36015 + 0,16807 = 0,52822;

B) MIPKYIOYH aHAJIOTIYHO, HMOBIPHICTh MOAIl — HE O1IbIIIE TPHOX BIYYCHH MPHU
I’ SITH TIOCTPLJIaX MOYKHA OOYMCIIUTH, SIK CyMYy HMOBIPHOCTEH YOTUPHOX HECYMICHHUX
TIOI1M:
P(A) = Ps 0)+ P @+ P 2+ P (©F

30



Onnak, noii A (He Oiiblle TPHOX BIYYECHb IIPH I'SITH MOCTPiiax) i (He MEHIIe
YOTUPHOX BIYYCHb MPU II'SITH TOCTpijax) MPOTUICKHI OJUH OIHOMY, TOMY

P(ﬂ) =1-P(A)=1-0,52822=0,47178 .
4.2 JlokaabHa Teopema Jlanjaca

SIKIIO KUTBKICTh HE3aJeKHUX BUIPOOYBaHb JOCUTH 8elUKdA, 3aMICTh (POPMYIH
bepnymai Tpeba KOPUCTYBATUCS J0KANIbHOW 1 IHmMe2panibHoo meopemamu Jlanaaca,
AK1 al0Th NMPUOTU3HUN pPe3yJbTaT, ajge BIiH THUM OJIDKYE 10 pe3yibTaTy TOYHOI
dbopmynu bepryii, 4uM OiIbIe KUIBKICTh BUTIPOOYBaHb.

JlokaabHa Teopema Jlamiaca. IMOBIpHICTH TOro, II0 B N HE3aJIEKHUX
BUIIPOOYBAHHSAX, B KOKHOMY 3 SIKUX MMOBIPHICTE MOSBH MOJIT HopiBHIOE p (0< p <1),
OISl HACTYNMHUTH PiBHO K pasiB (Oaiiayxe B sKiil MOCIITOBHOCTI), MPUOIM3HO PiBHA
(TUM TOUHIIIE, HIXK OUIBIIIE N):

1
P, (k) = o(x), (4.2)
VIPq
1 _LZ k—
ne o(x)= E e ? — ¢ynkuis [aycca, x= ’;5— aprymeHT ¢yHkuii ['aycca;
A

g = (1 — p) — IMOBIPHICTH MPOTHUIICIKHOT TOJIi1.
Bracmueocmi ¢pynxyii ol(x) :
1) dyukmis ¢(x) — mapHa, o(—x)=p(X);
2) V¥>4, o(x)=0..
VYV Jlonatky A HaBeneHa TaOnuus 3Ha4eHb (YHKIII ¢(x) Bix mosuTHBHOrO
apryMeHTYy X.
Teopemy Jlammaca pekoMeHAY€EThCS 3aCTOCOBYBaTH Ipu Npg > 9.
Hpuxkaang 2. € 50 ayHOK, MO SKUX BUMNAAKOBUM YHWHOM PO3KUIAIOThH
20 xkynpok. KokHa KyJnbKa 3 OJJHaKOBOIO MMOBIPHICTIO MOKE TOMACTH B OYyIb-SIKY
JYHKY. 3HAUTH UMOBIPHOCTH TOTO, 110 B JaHY JYHKY MOMaJ]i€ PIBHO OJHA KYJIbKA.
Po3ss’sa3anns. a) 3a yMOBOO 3a7a4i MpoBOAUTHECS N = 20 He3aleKHUX KHJIKIB

o .. 1
KYyJIbOK 3 OJHAKOBOK HMMOBIPHICTIO BIYYCHHS IIPpU KOXHOMY KHMJIKY p= i 0,02.
IMOBIpHICTB BIIy4eHHS B JYHKY PIBHO OJHOI KyJi npu 20 KUIKaX MOKHA OOYUCIUTH

3a monomororo dhopmynu bepuyimi, ane mpu N > 10 1ie npuBeae 10 HEBUMIPABIAHO
BeIUKUX o0uucieHb. CKOpUCTaEMOCS JIOKalIbHOIO TeopeMorto Jlammaca:

P, () = () . Has 1IbOTO 3a3/aeriib 004HCcINMO BUPA3H:

v/Npq
_ k-np _ 1-20.0,2

Jnpg =1/20-0,2-(1-0,2) =0,626, X = - = G55 ~ 0,96. 3a ra6mumero A.1 (mox. A)

3HaiiaeMo 3HadeHHs GyHKii ¢(0,96)=0,2516.
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3HaieMo IyKaHy HMOBIPHICTb:

0,96) 0,2516
P = go( ) = ~

\npq 0626

04.

4.3 ®opmyaa Ilyaccona

S0 WMOBIPHICTD P MOSBU TOAIT 4 B OKpEeMOMY BUIPOOYBaHHI OJIU3bKa 10
HYJIsI, TO HaBITh MPU BEJIIUKUX N 3HAYEHHS MMOBIPHICTI, 0OUMCIIIOBAHE 32 JIOKAJILHOIO
Teopemoro Jlammaca, BHSIBISIETBCS HEOOCTaTHRO TOYHMM. B Takux BuUIaakax
BUKOPHCTOBYIOTH POpMyIy, oiepkany Ilyacconom.

Teopema Ilyaccona. SIkio WMOBIpHICT, P HacTaHHS NOMAIT 4 B KOXKHOMY
BUINPOOYBaHHI TMOCTIHA, ajieé MaJjia, YKCIIO HE3aJIeKHUX BUIIPOOYBaHb N JIOCTATHHO
BeIuKe, al=np<10, TO WMOBIPHICTb TOTO, IO B N BUIPOOYyBaHHAX mOIIA A

HAaCTYIUTh PIBHO X pa3iB MPUOIU3HO piBHA

P, (k) = %e , (4.3)

ae A=np.
s popmynum [lyaccona HaBeaeHH Ta0uMIll 3HaYeHb QyHKIii P, (k) (mox. B).
Ipukaaa 3. IMOBIpHICTH, BUTOTOBJIEHHSI HecTaHAapTHOI fetam piBHa 0,004.
3HalTH UMOBIPHICTH TOTO, 110 cepen 1000 neraneit BUSBUTHCS 5 HECTaHJAPTHHX.
Pozé’azanns. Maemo n = 1 000, p = 0,004, To6TO BMKOHAHU BUMOTI
teopemu Ilyaccona A=np=1000-0,004=4<10. 3a Tabmuuewo ¢ynkmii [lyaccona

(mox. B) mpu k=5 ogepxemo:

A
P (k) = a et = P000(5) = 0,1563.

3HailnemMo UMOBIPHICTh TIET 5K MOJI1 32 JOKaIbHOIO TeopeMoto Jlamnaca.
Maemo  n=1000, p=0,004, k=5,
_k-np  5-1000-0004 1
Jnpg  +/1000-0,004-0,996 1996

. 0,501) 0,3519
IIvkana AMOBIDHICTD: P...(5) = ¢( ! =
Y P t005) 1996  1,9966

Toune 3HaueHHs Hagae ¢popmyina bepHyii:

-0501, ¢(0,501)=0,3519.

~0,1763.

F)1000(5) = C15000 . 070045 . 0,996995 ~ 0,1552.

TakuMm uuHOM, y naHoMmy Bunanky ¢opmyna Ilyaccona nae nHabarato OuibI
TOYHE HAOMMKEeHHs, HIK popMyna Jlamaca.
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4.4 TurerpanbHa Teopema Jlamiaca

InTerpanbHa teopema Jlamnaca. IMOBipHICTH TOro, IO B N HE3AIEKHUX
BUIIPOOYBAHHSX, B KOKHOMY 3 KX WMOBIPHICTB MOsABM NOJIT 1opiBHIOE p (0< p <1),

MOJIisl HACTYNUTh He MeHme Ki pasiB i He Oumbiie Ko pasiB (Oaiimyxke B sKiif
MOCJTIIOBHOCTI), MPUOJU3HO piBHA (TUM TOYHIIIE, YUM OLIBIIIE N):

P, (k1’ kz) =(D(X2)—(D(X1), (4-4)

e CD e 2 dX — iHTerpanpHa pyHkiis Jlamnaca;

e
k, —np L ox _ky—np

- AJnpg 2 /NP9

g = (1 — p) — IMOBIPHICTH MPOTHUIICIKHOT TO/TI1.

— apryMEHTH 1HTErpabHOI (PYHKIIIT pO3MOILTY;

Bnacmueocmi ¢hynxyii @(x):

1) pyHkuis @(x) — HenapHa, @(-x)=-d(x);

2) V|x|>5, @(x)=05.

V Jlomatky b HaBemeHa Tabnumis 3HaueHb QYHKIHT @(Xx) BiJ MO3UTHBHOTO
apryMeHTy X.

IMpukaan 4. IMOBIpHICTH BIyYEHHS y MIIIEHB [IPU OJTHOMY TOCTPLIIl JOPIBHIOE
0,8. 3HaiiTu HMOBIpHICTh TOTO, 10 npu 100 moctpinax, mimeHb OyAe BpaKeHa:
a) piBHO 75 pa3iB; 0) HE MEHBII HiXk 75 pasiB.

Po3g’si3annsa. a) 3a yMoBOW 3amayi mpoBoauthess N = 100 He3aleKHHUX
BUNMPOOYBAaHb 3 UMOBIPHICTIO MOSBU MOAIT B KoxkHOMY p = 0,8. BUsHaunMo mykany

HMOBIPHICTB 3a JIONOMOTIOI0 JIOKaiabHO1 Teopemu Jlammaca. [ mporo 3a3ganeriib

k-np _ 75-100-08 _
x=-P -125. Bracaigok
\/npg 4

napocti dyukii Taycca ¢(-125)=¢(L,25)=0,1826 . [Ilykana iMOBIpHICTb:

00YHCIMMO BHpasu: ./npg =./100-08-(1-08) =4

o(-1.25) 01826

v/ NpPq

0) ckopucraemocs iHTerpajibHOlO Teopemorw Jlammaca mpu  n=100;
p=08; q=02; k; =75; ky=100:

Poo(75) = = 0,0456 -

Pa (k1 kz) = P(75,100) =q>(x2)_q>(xl):q{kz —np}_q{kl —np} :
~/NPq \/ﬁ

_ @[100—1;0-0.8)_@(75—120'0-8j — @(5)-&(-1,25).
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Ockinbku  &(—x)=-d(x), T0 D(5)-B(-1,25)= &(5)+ @(1,25), a MOTIM 10 TAGIHIL
b.1 (nuB. nox. b) 3HaiiTu BiANOBIAHI 3HaYeHHS QYHKIIII. Y pe3ynbTaTi OTPUMAEMO:
P,40(75:100) = @(5)+ @(1,25) = 0.4999997 + 0,3944 ~ 0,8944 .

Ipuxknax S. IMOBIpHICTH BiABIAYBaHHS CTYJACHTOM OYIb-sIKOi JIEKIi 3a
Kypcom «Teopis #moBipHOCTEI» pAopiBHIOE p = 0,9. BusHauutu HWMOBIPHICTH
BIJIBIIyBaHHS CTYJCHTOM HE MEHBIN HK 12 jekmii i3 16 3aruraHoBaHUX y ceMecTpi,
SIKIITO HMOBIPHICTH MOT0 TOSIBU Ha Oyab-sKii ekl ckiaaae 0,9.

Pozé’sazanns. 3a ymoBOIO 3amadi MpOBOOUTBCT N = 12 He3amexHUX
BUMPOOYBaHb 3 WMOBIPHICTIO MOSBHU MO/1l B KO)kHOMY p = 0,9. BuzHauuMo 1iykany
HMOBIPHICTB 3a JOTIOMOT'O0 iHTETpabHOI Teopemu Jlarmiaca:

P, (k11 K, ) = P16(12116) ~ CD(xZ )_ cD(xl) ,

_k-np_12-16-09 _-24_ . Xz_kz—np_ 16-16-09 _16 _, 35,
/npq  +/16-0,9-01 1,2

- ./npg  16-0,9-01 12

P, (12;16) = @(1,33) + @(2) = 0,1647 + 0,4082 = 0,5729 .

A€ x,

TakuM 4yMHOM, IITyKaHa UMOBIPHICTh P, (12;16) =0,5729.

4.5 HaiiBiporianime yucJjio 3aiiicHeHHsT moii

[Ipu po3B’si3aHH1 3a7a4, OB’ s13aHuX 3 hopmynamu bepnyini 1 Jlannaca, yacto
BUKOPUCTOBYIOTh TMOHSTTS HAUGIpOIOHiue 4YUcio 30iUcHeHHs nodit. Skimo B
KO)KHOMY 3 N HE3aJeKHUX BHUIPOOYBAaHHSAX IMOMAIL 3 SABISETHCS 3 OJHAKOBOIO
fiMoBipHicTIO p (0< p<1), TO Haiigipozionime uucno 30iticnenna mnopii Ko B 1ux
BUNIPOOyBaHHsIX (Oaiimyxke B SKi MOCIIJOBHOCTI) BH3HAYAETHCS 3a JOIMIOMOTOIO
JB1MYaCTOI HEPIBHOCTI:

np_qgkosnp+pa Ac q:l_p' (45)

Ipukaag 6. IMOBIpHICTH TOTO, IO MACAKHUP CIHIZHUTHCS IO BIAMPABICHHS
noizaa, nopisuioe 0,02. 3HaiiTH HAWBIPOTIIHIIIE YUCIIO 3aMi3HEHNUX 3 855 macaxupis.

Po3ze’azanns. TlpoBomste N = 855 He3aneXHUX BUMPOOYBaHb, IMOBIPHICTH
MOSIBU TOMIT A (CII3HEHHS Taca)Xupa M0 BIAMPABICHHS TMO0i37a) B KOKHOMY 3 HHUX
onHakoBa (p = 0,02). HaiiBiporignime uyuciao 3ailicHeHHs monaii 4 moTpiOHO
BU3HAYUTH 32 HEpiBHICTIO (14):

np—-gq<k, <np+p;
855-0,02-0,98 <k, <855-0,02+0,02;
1612 <k, <17.12.

HaiiBiporignimie 4ucio 3A1MCHEHHS MOINA — 1€ I[ij1a BeInYruHa. ToMy IITyKaHe
qnuciaok, =17.
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Hpuxnax 7. Ckinpku TpeOa B3ATH JeTajed, 100 HaWBIpPOTiIHIIIE YHUCIO
npunatHux Oyno piBHO 20, SKIIO WMOBIPHICTH TOTO, IO HAaBMaHHS B3sTa JIETalb
BUSIBUTHCSI OpakoBaHO10, TopiBHIOE 0,17

Po3zé’a3anns. IMOBipHICTE TOTO, MO JAETalb € TPHUAATHOI, BHU3HAYMMO SK
HMOBIpHICTh mpoTuiexHoi noxaii: p = 1-0,1 = 0,9. Jlng BuU3HAYEHHS ITyKaHOI
BEJIMYMHU N (3arajbHa KUIbKICTh AETajcH, cepe/ SKUX HaMBIPOTiHIIIE 3HAXOAUTHCS
20 mpugaTHUX) CKOpUCTAEMOCS (HOPMYJIOI0 HAWBIPOTIAHINIOTO YWCA 3IIHCHEHHS
noniit (14), miacraBuBiu B Hei k, =201 p=0,9:

n-09-01<20<n-0,9+0,9.

Po3B’s13aB11K cUCTEMyY HEPIBHOCTEI:

OTPUMAEMO IIyKaHe
20<n-0,9+0,9; n-09>191; n>212;

pIIIEHHS. n=22.

{n .0,9+0,9-1<20; {n -0,9<20,1; {n <23
=

4.5 3anadyi 1J151 caMOCTiiHOT0 PO3B’SI3KY

4.1  Crpureup Bilydyae B MIlIEHb NPU OAHOMY HOCTPLIl 3 iMOBIpHICTBIO 0,6.
3HalTH UMOBIPHICTB TOTO, III0 HA I’ SITh TOCTPLIIB MPHUIIATYTh:
a) TPH BIyYEHHS;
0) He MEHIIIE TPhOX BIyYEHb;
B) Xo4a O OJIHE BIIy4YECHHS.
4.2 VY ¢imM’1 5 giteid. 3HalTH HMOBIPHICTH TOTO, IO B CIM'1:
a) 2 XJIOIYUKH,
0) HE MEHBIII HIXK 2 XJIOMYHUKA,;
B) HE MEHBII HIX 2 1 HE OUThII 4-X XJIOMYHUKIB?

4.3  I'panbHa kicTka kuHyTa 4 pasu. Slka WMOBIpHICTH TOro, 1O 6 OYOK
BUNAJE TPU pazu?

4.4  PoOutbca 5 mocTpuriB 3 HMOBIPHICTIO BIy4Y€HHA B KoxkHomy 0,7.
BuznauuTtu iMOBIPHICTH TOTO, 110 Oy/ie HE MEHIIIE 2-X BIyY€Hb.

4.5.... JIa piBHOCUJILHUX IIAXICTU TparoTh B maxu. [l{o iMoBipHIIIe: BUTpaTH
JIB1 TIAPTIT 13 YOTUPHOX UM TPH MAPTIi 13 MeCcTH (HIYU1 A0 yBaru He MPUHMAIOTHCS)?
4.6 IMOBIpHICTH BIAMOBH Oynb-sKOi1 13 8§ OJHAKOBUX MIKpOCXeM B OJoIIi
nopiBHtoe 0,02. 3HalTH IMOBIPHICTH TAKOTO:
a) BIJIMOBHJIO HE OUIBII HIXK 2-X MIKPOCXEMU;
0) yci MIKpOCXEMH CITpaBHI.
4.7  KyOuk xkuHyTuit 4 pa3zu. 3HaliTH IMOBIPHICTh TAKOTO:
a) 1IecTipKa BUMNaia NpUHAHMHI OAUH pa3;
0) 1IecTipka BUMNaua He OUIBII JBOX Pa3iB;
B) JBi4i BHIIAJIO YHCIIO OYOKIB, HEC MEHBII HIX 11 SITh.
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4.8  IMOBIpHICTH HapOHKEHHS XJIomuuka aopiBHIoe 0,515. SIka IMOBIpHICTh
Toro, o cepen 10 HoBoHapoIKEeHUX Oye:
a) 4 TIBYMHKU?
0) He MEHBII 3a 7 XJIOIIUKIB?
4.9  Biapizok AB nmosxunoro 15 cm pozainbhuii Toukoo C BigHOCHO 2:1.
Ha me#i Bimpi3ok HaBMaHHS KUHYTO 4 TOYKH. 3HAUTH WMOBIPHICTH TOTO, IO JIBi 3 HUX
BUSIBIISATBCS JiBimie Touku C i 1Bi — mpasimie. Ilepenbadaerbesi, M0 HMOBIPHICTD
BIIyYEHHS TOYKU Ha BIJIPI30K MPOMOpILIAHA JOBKUHI BiJIpi3Ka 1 HE 3aJIEKUTH BiJ 10TO
pO3TaIryBaHHS.

4.10 Bingpizok po3auibHuil Ha 4 piBHI yacTMHU. Ha BiIpi30oK HaBMaHHA
KUHYTO 8 TOYOK. 3HAWTH WMOBIPHICTH TOTO, IO HA KOXHY 3 YOTHPbOX YaCTHUH
nonaje mo 1Bl Touyku. llepenOadaerncs, 110 WMOBIPHICTH BIYYEHHS TOYKH Ha
BIJIP130K MPOMOPIIiHHA JOBXKHUHI BIJPi3Ka 1 HE 3aJICKUTH BiJl HOTO pO3TAlllyBaHHS.

4.11 IMOBIpHICTh YpaXX€HHS MIIICHI OpPH OJHOMY IIOCTPUIl MOCTIHHA 1
nopiBHioe 0,8. 3HaiiTu WMOBIpHICTH Toro, 1o npu 100 moctpinax MimieHb Oyje
ypakeHa:

a) piBHO 75 pa3iB;
0) He MeHIe7S pasis;
B) 3HAWTH TO HAMBIPOTIJHIIIE YACIIO BIYYEHb Y MILLIEHb.

4,12 IMOBIpHICTh TOTO, IO TACAXHP CIIZHUTHCSA IO BIIMpaBiICHHS TOi3aa
nopiBHioe 0,02. 3HaNTH HAMBIPOTIIHIIIIE YHUCIIO CII3HUBIIMUXCSA 13 855 macakupis.

4.13 Pobutbcs 5 mOCTpUTiB 3 WMOBIPHICTBIO BIy4YeHHS B KoxHOMY 0,6.
3HalTH HAWBIPOTIAHIIIE YHUCIIO BIIyYEHb.

4.14 CxinbKy MOTPIOHO B3ATH JeTajiei, 100 HalBIpOT1AHIIIE YUCIO TOTHUX
Oyno piBHe 50, AKII0 WMOBIPHICTH TOTO, 110 HAaBMaHHsA OOpaHa JAeTaib OpakoBaHa
nopisaroe 0,1,

4.15 IMOBIpHICTh TOSIBU MOJIi B KOXKHOMY 3 HE3QJIEKHUX BUIPOOYBaHb
nopiBaioe 0,3. 3HaliTh yucio BUMPoOyBaHb N, TIPU SIKOM HAWBIPOTITHINIE YHUCIIO
MosiBU noAii Oyze nopiBHoBaTh 30.

4.16 UYemy nopiBHIOE WMOBIPHICTH P TOSBHM TOJMIi B KOXHOMY 13 49
HE3IC)KHUX BUIPOOYBaHb, SKIIO HAWUBIPOTIAHINIE 4YHCIO TOSBU TMOAII B IHMX
BUIIPOOYBAaHHSX AOPiBHIOE 307?

4.17 3HaliTu UMOBIPHICTH TOTO, IO KUIBKICTh MOsAB oawHUIN micias 12000
KHUJIKiB KyOHKa JICKUTH TTOMIXK:

a) 1 900 Ta 2 150 paz3is;
6) 1 800 Ta 2 100 pa3iB.
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4.18 ImoBipHICTH BHIYCKY enekTposiamnu 3 aedexrom mgopiBHioe 0,03.
3HaiiTu HaMBiporigHime uyucio Oe3gedekTHux gamn B mapTii 3 200 mTyk.
Busnaunrtu:

a) IMOBIPHICTb HaWBIPOT1HIIIOTO qyucia oe3nedexkTHIX JIAMIT,

6) IMOBIPHICTP TOrO, IO B MIA MapTii YuciIO Oe3AePEKTHUX JIaMIl He
MIEPEBUIITUTH JCCITH.

4.19 IMOBIpHICT, TPABWJIBHOTO CIpALIOBaHHS aBTOMaTa IpPU OIyCKaHHI
MoHeTu mopiBHIOe 0,03. 3HalTH HaWBIPOTIAHINIE YHCIO BUMAIKIB IMPAaBUIBHOTO
CIpalllOBaHHs aBTOMarta npu omyckanHi 150 moneT. BusHauuTu #MOBIPHICTH TOTO,
[0 YHCJIO BUITAJIKIB MPABWIBHOTO CIPAIIOBAHHS BHUSBHUTHCS: a) piBHUM 140; 0)
MeHbII HIXK 140.

4.20 Texct cknamaerbest 3 800 3HaKiB. IMOBIpHICTH MOMUIIKH TpU HAOOPi
Oynb-sikoro 3Haky nopiBHioe 0,005. 3HallTH HaWBIPOTIAHINIE YHUCIO 3POOJIECHUX
MTOMUJIOK 1 KOTO UMOBIPHICTb.

4.21 Tligpyunuk Bumanumii tupakem 100 000 exzemmisapiB. s KOXHOTO
OKpPEMOI0  €K3eMIUIApa HMOBIpHICTb OyTH  HENpaBWIBHO  30pOIIYypOBaHUM
nopiBatoe 0,0001. 3HaliTh WMOBIPHICTH TOr0, WIO0 THPAX MICTUTh PIBHO 5
OpakoBaHUX I1JIPYyYHUKIB.
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TEMA S BUITAZIKOBI BEJIMYNHHU

Bunaokoeoro eenuuunolo (8.6.) HA3UBAETHCSA BCIMYHMHA, SKa BHACIIJIOK
BUMPOOYBAaHHS MpUMae T€ a00 1HAKIIIE HEB1OME 3a3/1eJIeTiIb 3HAYCHHS.

JlJis o3HaYeHHS 6.6 BUKOPUCTOBYIOTH BEJHKI JIITEPH JATMHCHKOTO andasiTy
X, Y, Z, a st iX MOKJIMBUX 3HAY€Hb — BIJIMOBIAHO MaJi JIITEPH X, ), Z.

BumankoBi BETMYUHU JUTSITHCS 32 THUIIOM IMPOCTOPY MOXIIMBHX 3HAYCHb Ha
JTMCKPETHI 1 HerepepBHi.

5.1 /IuckpeTHi BUNAIKOBI BeJIMYUHH

BumagkoBa BennunHa X Ha3uBa€Thes ouckpemnoi (/[BB), skiio:

1) cykymHicTh 11 MOXKIMBHX 3HA4YeHb BIAE€THCS IEpepaxyBaTH — X1 Xo .. Xn
(abo X1 X2 .. Xn,.), TOOTO ii 3HaYEHHS HAJIE)KATh JIIYUIbHINA MHOXHUHI — CKIHUCHHIN
a00 HECKIHYEHHI;

2) MO’KHa 3HAHTH BiAMOBimHI fiMOBipHOCTI P, = P{X =X, } Toro, MO BHUMAaAKOBA
BeJIMYMHA X MPUKMAE 111 3HAYECHHS.
3axkon po3nodiny — i€ BHYEPIIHA XapPaKTEPUCTHUKA BHIIAJKOBOI BEJIWYUHH,

3B’SI30K MDDK MOKJIMBHMH 3HAYCHHSIMHU BHUIAIKOBOI BEIWMYMHHA (200 KOHKPETHUMHU
Jliara30HaMU 3HAY€Hb) 1 BIIMOBIIHUMHA WMOBIPHOCTSIMH.

Haii6inpm npoctoro GopMoro 3aaHHsl 3aKOHY PO3NOAULY € psaod po3nooiny —
TAOJHIIS, MO0 CKJIAJAETHCS 3 ABOX PAAKIB. Y TEPIIOMY PSAAKY TMEPepaxoBYIOTh YCi
MOXJIMBI 3HAYCHHSI BUITAJIKOBOI BEJIMYMHHU B TOPSAKY 3POCTaHHS, a Y IPyromMy —
BIJIMTOB1AH1 IMOBIPHOCTI:

Xt | X2 | .| X | Xn
Pr [ P2| .. [ Pi| .. |Pn

Ockinbku mogii {X =x, },{X =x,},... HECymicHi # yTBOPATH MOBHY IpyIly HOIH, TO
n(+o0)

p,=1 —  yMOBa HOpMyBaHHS. (5.1)
i=1

@yukuyicto po3nodiny BUTIAAKOBOI BeanuuHbl X HazuBaeThcst QyHKis F(X),
sKa MpU KOXKHOMY CBOEMY apryMEHTI X YHCEIbHO TOPIBHIOE MMOBIPHOCTI TOTO, IO
BUIIAJIKOBA BEJIMYMHA X BUSBHUTHCS MCHIIIC 32 3HAYCHHSM apTyMEHTY X.

F(x)=P{X <x} (5.2)

Bracmusocmi ¢pynxyii poznooiny:

1) F(X) — necnagua QpyHKIis, TOOTO AKIO X, >X, T0 F(X,)>F(x)
2) F(~0)=0;

3) F(+o)=1.
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AHamTuaHu# 3anuc GyHKIIT po3noaity F(x) Mae BUTIIS;
0, Xx<0;
F(X): Zi:x-<x piv x>0.

ToOTo Ist AMCKPETHUX BUTIAIKOBUX BENWYUH F(X) — pospuena CTymiHYACTa
(GyHKIIis, HETIepepBHA 311iBa.

F(X)
10— —

[
i
' [
l [
, [
Lo

|
—t [

s | I : i X
Xl X2 X3 Xn—IXn

Pucynox 5.1 — ®ynkuis posnoainy F(x)

5.2 HenepepBHi BUNaIKOBI BeJJUYNHA

BunankoBa BenuunHa X Ha3zuBaeTbesi Henepepenoi (HBB), sxino:

1) MHOKMHA Ti 3HaY€Hb CIIBIAJa€ 3 TMPOMDKKOM (KUIbKOMA IMPOMIKKAMH)
YHUCJIOBOI OCl, MHOKHHA MOe OyTH 0OMEXEeHO0I0 a00 HEOOMEKEHOIO;

2) IMOBIpHICTh TOTO, I[0 BUIAJKOBa BEIIMYMHA HaOyBae Oy/ab-iKOTO Hamepes
3aJJaHOTO 3HAYEHHS Xi , JOPIBHIOE HYJIIO.

3ayBaXuMo, o Xxo4a P{X =x,}=0, momis X =X, € MOKJIUBOIO.

3aK0oH pO3MNOJIUTY HenepepeHoll BUMAJAKOBOI BEIUYMHU MOXKE OyTH 3aJaHUil y
BUTJISIIL iHmezpanvroi QyHkyii poznodiny (5.2) ado winvrocmi po3nodiny (wineHocmi
UMOGIpHOCM).

[Tpu ymcii niama3oHiB N — oo JUCKpPETHA (PYHKIIIST PO3MOILITY MEPETBOPIOETHCS B
HETEepEPBHY IHTETpaNIbHY (DYHKIIIIO po3noAlny F(x), 30epiratouu yci il BIaCTUBOCTI.

Dyukuyia winenocmi pos3noodiny wimosipHocTi f(X) sBIsIE COO0I TpaHHMIIO
BIJTHOIIIEHHS] WMOBIPHOCTI BIYyY€HHS HENEPEpBHOI BUMAJKOBOI BEJIIMYMHU B MaJHM
Jiaras3oH [x,x+AXx), 10 TOBXKHHH I[LOTO J1aMa30Hy A X:

P{X e[x,x+Ax]} - P{X< X <(x+Ax)} - F(x+Ax)-F(x) _dF
AXx—0 AX x>0 AX A0 AX B dx '

HIiTbHICTh PO3MOALTY WMOBIPHOCTI € MEPIIO0 MOXIIHOIO B IHTETpaIbHOT (YHKIIIT
PO3MOILITY:

)= . (5.3)
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Bracmusocmi winonocmi po3nooiny:.

1) f(x)=0; (5.4)
2) [ feodx=1. .. (5.5)

Axmo BUMAAKOBAa BEIMYMHA 3a/laHa MIUTHHICTIO PO3MOILTY, TO (yHKIIiO
PO3MOALTY MOYXHA 3HAWTH 3a (GOpPMYIIOI0

F()=[" f(dt (5.6)

5.3 OCHOBHI YHCJIOBI XapPaKTePUCTUKHU

Mamemamuune cnogioanus TUCKPETHOT BUMTAIKOBOT BEJIMUNHU:

M(X)=>" xp;; (5.7)
Mamemamuune cnogioanHs HENEPEPBHOT BUIMAIKOBOT BETHUNHH:
M(X)=[" x-f(x)dx . (5.8)
Hucnepcis TMCKPETHOT BUMAIKOBOT BEJTMUNHH:
D(X)=27,(x =M(X))*p; ; (5.9)
Jlucnepcia HenepepBHOI BUMAAKOBOI BEIMUNHMU:
D(X )= f:(x— M (X))? f (x)dx.. (5.10)
Cepeone ksadpamuune 8i0XUNECHHSL:
o, =D, ; (5.11)
lpyauti nouamkosuiit Momenm NUCKPETHOI BUMAAKOBOI BEJIMUNHMU:
a, =M(X?)= XD (5.12)
pyeuti nouamkoguii Momenm HETIEPEPBHOI BUTIAJKOBOT BEJTUUHHU:
(ZZ:M(XZ):J:XZ-f(X)dX. (5.13)
B imxenepuiii mpaktumi D(X) BHM3HAYaIOTHL 3a JOIOMOIOK JIPYroro
OYaTKOBOIO MOMEHTY: D(X)=a, —-m?, TOOTO
D(X):Zn:xi-pi—Mz(X); nns JIBB; (5.14)
=)
D(X) =] %"+ f (x)dx—M?(X); s HBB. (5.15)
ImogipHicmb 8nyuenHs UNAOKO80I 8eIUUUHI HA 3A0AHUL ITHMEPBAL.
P{X <c.d)}= F(d)— F(c) = p, s JIBB; (5.16)
ko
P{X e[c,d)} = F(d) - F(c) = f f(x)dx s HBB. (5.17)
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Hpuxnax 1. CxoxicTh HACIHHS OIIHIOETHCA WMOBIpHicTIO 0,8. Po3risamaerbes
BUIAJKOBA BeJMYMHA X — YWCIO HACIHHA, IO CXOJIWJIO Cepell MATHU TMOCISHUX.
BusnaunTti 3akoH po3moAily y BHIIAAI psAxy posnoaiuny. IloOymyBatu rpadik
iHTerpanbHoi  (QyHKUIT po3monauny F(x). 3HalWTH MaTeMaTH4HE CHOBITaHHSI M (X),
aucnepcito D(X) 1 cepeiHe KBaJpaTUYHE BIAXHWICHHS o, BUMAJAKOBOI BEIMYUHU X.
HaiiTi TakoX WMOBIpHICT BIYY€HHS BHIIaJKOBOI BenuynHM X B 1HTEpBaI
3HaveHs [0; 3,5).

Poss’azanna. BunaakoBa BenuunHa X MOXKE NpPUHAMAaTH OJHE 3 YHUCIOBHUX
3HaveHs: 0, 1, 2, 3, 4, 5. BusnauuMo BIJNOBIIHI HUM MMOBIpHOCTI. B ymMoBax mgaHoi
3a1a4i HaWOUIbII BIAMOBIAHMM CIOCOOOM BHM3HAYEHHS HWMOBIpHOCTEH € (opmya
bepuymni (4.1), B axoi n = 5; p = 0,8. OrpuMaeMo BiJMOBIHI WMOBIPHOCTI: IS
Xy =0, p;=000032; mua Xp,=1, p,=00064; mua Xz3=2, p3=00512; mua
X4 =3, ps =0,2048; miust X5 =4, ps =0,4096 ; i1 Xg =5, pg =0,32768.

[yxanuii psaa po3noainy HaOyae BUTIISLY:

X 0 1 2 3 4 5
Pi 0,00032 | 0,0064 | 0,0512 | 0,2048 | 0,4086 | 0,32768

[Tpu no6ynoBi rpadika F(x) Bick abCUC MOXKIUBUMH 3HAYCHHSIMU BUTIAIKOBOT
BEJIMYMHU PO30uBacThea Ha (N+1) Hiana3oH, B KOKHOMY 3 TAKHX Jiala3oHiB (QyHKIis

F(x) mae crane 3Ha4YeHHS:

x<0; F(X)=0; FO)
1] 0
0<x<1; F(X)=p,=000032; 1
|
o622 (
1<x<2; F(X)=p.+p,=000672; *l?—i
3 | |
2<X<3; F(X)=)p,=0,05792; | |
1 0,26272 | |
; F(X) i 0,26272; R ﬁ'_? el X
3<x<4, = pS: , y ;‘ _______ |
s=1 9 | ._V | >

5
4<x<5; F(X)=) p, =067232;

s=1
X>5; F(X)=1.
Marematnune crnopimanHs M(X) BumagkoBoi BenuyvHM X BU3HAYAKOTH 3a
dbopmymnoro (5.7) mpu n = 6:

6
M(X)22i=1xipi =X P+ X Py +X3P5 + X, Py + X5 Ps + X5 Pg =
=0-0,00032+1-0,0064+2-0,0512+3-0,2048+4-0,4096 +5-0,32768 =4 .
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Hucnepcis D(X) BunaakoBoi BeanunHu X BH3HA4YaloTh 3a Gopmyioro (5.14)
npun = 6:

D(X)=>" x’p, —m? =0?-0,00032 +1? -0,0064 + 22 - 0,0512 + 3 - 0,2048 + 42 - 0,4096 +
+5°.0,32768 - 4% = 0,8.

CepenHe KBagpaTU4YHE BIAXWJICHHS BUIAJAKOBOI BETUYMHUA X BU3HAYAIOTH 32
dopmyioro (5.11): oy = /Dy =./0,8 ~0,8944 .

IMOBipHICTH BIy4YEHHS BUMAAKOBOI BETMYMHU B 3aJlaHUMl 1HTEpBajd 3HAYCHb
BiZ X1 = -5 70 X2 = 2,7 MO>KHA BU3HAYUTH JIBOMA CIIOCOOaMU:

a) P(0< X <35)=F(35)-F(0)=0,26272-0=0,26272.

6) P(0< X <35)=P(X =0)+P(X =1)+ P(X =2)+ P(X =3)=
=0,00032 +0,0064 +0,0512 +0,2048 = 0,26272.,

Ipukaax 2. besnepepBHa BuMajgkoBa BeduunHa X 3a7aHa INIUIBHICTIO
0 x¢10;1;
f(X):{ npu [ ]

O3IIOILT
P AR cx mpu xe[0;1].

3HATH 3HAYEHHS CTaNol ¢, IHTErpajbHy

¢ynkuiro posnoxainy F(x). IloOyayBatu rpadik HIUIBHICTI po3noaury f(x), rpadik
iHTerpanbHoi GyHKIii po3noauny F(x). BusHauntu matematuuHe croBiganas M(X),
muctiepcito  D(X), cepemHekBajpaTHYHEe BIIXWICHHAG,1 WMOBIPHICTh BIyYCHHS
BUIIaIKOBOI BennunHM y iHTepBan (0; 0,5).

Po3z6 ’s3anna. TlocTiliHA BEIMYMHA ¢ BU3HAYACTLCS 3a JTOIIOMOTI'OI0 BJIACTUBOCTI
IIBHOCTI po3noairy (5.5).

Ockinbku 3amana f(X) — KycouHO-HemepepBHA, TO PO3MIAIAETHCA CyMma
1HTErpajiB Ha MPOMIXKKaX HETIEPEPBHOCTI:
2 1
00 0 1 ) CcX C
J' f(x)dx:j O-dx+J.chdx+J'l O-dx:0+7 +O:§,
0

. c _
OTpuMy€eMO PIBHSHHSA — =1, 3 SIKOTO C = 2.
2

0 mpu xe[0;1];

IlinbHicTs posnominy HaGyne Burmsmy: f(x)= { 2% mpu xel0:1]

[HTerpanbHy QyHKIIIO po3NOALLY F(x) BU3HA4arOTh 3a Gopmynoro (5.6) mis
KO>KHOT'O MPOMI’KKa HETIEPEPBHOCTI:

mpu Xx<0 F(x)=[ 0-dt=0;

mpn 0<x<1 F(x):fwo-dt+jox2tdt :O+t2‘: =x%;

npu X >1 F(x):fo-dt+.|':2tdt+.|?0-dt:0+t2‘(1)+0:1.
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0, ecm XxX<0;
OcTarouno oTpuMyeMo: F(x)={x*, ecmnm 0<x<1;
1.

ecmm X >1.
I'padiku f(x) 1 F(X) MaroTh BUIIsA

F(X F(x) 4
2 1

I
|
|
|
|
|
Y <

e
\j
>

0 | bo 05 1

o
o

Matemarnune crnioBiganas M(X) BuzHauaiots 3a hopmyinoro (5.8):

3|}

M(X)ZIZX' f(X)dXZ_f_wa-O-dx+_[:x-2xdx+fx-0-dx:0+2%

+0:E_
3

0

Hucnepcito D(X) Bu3Hauaroth 3a popmynoro (5.14):

1

2

o, ) i 2 (2 ZZE
D(X) =] x*- f(x)dx—=M*(X) = | x* - 2xdx (3)

4

4t
. 9 18

Cepe/IHE KBaIpaTUYHE BiIXMICHHS: 0, =+/D, = /& =¥2 ~0,2357 .
IMOBIpHICTB BIyY€HHS BUMAJAKOBOM BEJIMYMHU HA 33JlaHUN IHTEPBAJ:

a) P(0< X <05)=F(05)-F(0)= (%)2 —0? =1, Ha rpagiky F(X) uieii iMmoBipHOCTI

BIJIIIOBIIa€ BEJIUYMHA AF .

6) P(-5< X <35)= jf f(x)x = jjzxdx =X 0 =1, Ha rpabiky f(x) wuiei

WMOBIPHOCTI BIJIMIOBIIA€ IJIOIIA, BUIJIEHA CIpUM (POHOM.

VY Teopii KWMOBIPHOCTEH YHCIOBI XapaKTEPUCTUKH BIAITPAlOTh BEIUYE3HY
poiib.YacTo BOaeThCsl po3B’sI3aTu MPUKIIAAH] 3a7a4l, ONEPYIOUNd OJHUMH YHCIOBUMU
XapaKTEPUCTUKAMU, 3aJTUIIAI0YN 3aKOH PO3MOJILTY.

5.4 3agauu NSl CAMOCTIHHOTO PO3B’A3KY

5.1 Tpu cTyneHTH CKJIagaloTh €K3aMeH. IMOBIpHICTH 37aTH €K3aMEH IS
nepmioro cryaentra gopiBHioe 0,95; mns npyroro — 0,9; mns tperboro — 0,85.
Posrnsigaerhes BuUmaakoBa BenMMurMHa X — YKCIO CTYJCHTIB, SIKI CKJIATA €K3aMEH.
BusHaunTil 3aK0H po3NOAUTY y BUIJISAL pAAy po3noauty 1 GyHkIii po3noauty F(X).
[ToOynyBatu rpadix F(x). Busnauntu marematuune croaiBanus M(X) i qucrepciro
D(X), monmy. 3HaiiTh WMOBIPHICTh BIYYCHHS BHIIQJKOBOi BEIMYMHU X B iHTEpBAaJ
3HaveHs [1,5; 3).
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5.2 3 aBTOBOK3aJly BIANPABUIMCS TPU aBTOOYCH. IMOBIPHICTH CBOEYACHOTO
MpUOYTTS KOXKHOTO aBTOOyCa B KIHIIEBUI MyHKT BinmoBigHo gopisaioe 0,7; 0,8; 0,9.
Posrnspgaerhcs BumagkoBa BeaudrHA X — YHCIO aBTOOYCIB, IIO MPUOYIW BYACHO.
BusnaunTy 3aK0H pO3NOAUTY Y BUIISAAL PALY po3noauty 1 GyHKIi po3noaury F(X).
[ToGynyBatu rpadik F(x). Buznauntn maremarnyne cnomiBanas M(X) i gucrepciro
D(X), moay. 3HailTH HMOBIPHICTh BJIyUYCHHS BHUITAJKOBOI BeIMYWHH X B iHTEpBal
3Ha4eHs [1;2,5).

5.3 backer6omicT Kugae M’S4 y KOIIMK 3 HMOBIPHICTIO BIy4YEHHS NpU
KokHOMY KuaKy 0.4. PosrmsgaeTscs BuIagkoBa BelWYMHAa X — YHCIO  BIIYYEHb
M’ST9eEM B KOIIUK TPU TPHhOX KHUIKaX. BU3HAUNWTH 3aKOH PO3MOAUTY Y BUTIISAII PSITY
posnoainy 1 ¢yHkimii posmoainy F(x). IlodymyBatu rpadik F(x). Busnauutu
MatemaTuune croBiganas M(X) i1 gucmepcito D(X), mMoxy. 3HaliTH HMOBIPHICTB
BJIyYEHHs BUIIQJKOBOI BEIMYUHU X B IHTE€pBaj 3HaueHb [1; 3,5).

54 Ha mmsxy pyxy aBroMoOuts Tpu cBiTiiodpopu. KoxHuil 3 HUX 3
nMoBipHicTio 0,5 abo A03Bojsie, a00 3a00pOHSE ABTOMOOUTIO MOAAIBIIUN PYX.
Posrnspaerbcst BunagkoBa BenuuMHa X — YHUCIO  CBITIOQOpPIB, MPOUIECHUX
aBTOMOOUIEM J0 NEpHIOl 3yNUHKHU. BU3HAUMTH 3aKOH PO3MOAULY Yy BUIVIAAL DALY
posnoauty 1 ¢yskiii posmoauty F(x). [loOymyBatu rtpadix F(x). Busznauutu
MatemaTuune croBiganas M(X) i1 gucmepcito D(X), moxy. 3HaliTH HMOBIPHICTB
BJIyYCHHS BUIIQJKOBOI BEJIMYMHU X B iHTepBai 3HaueHb [-1; 1,5).

5.5 B ypHi — ’a1h OJHAKOBUX KyJb 3 Iudpamu 1, 2, 3, 4, 5. BUTAryoTs Tpu
KyJi. Po3risaeTscst BunajikoBa BeIMYMHA X — UUCIIO BUTATHYTUX KYJIb 3 HETAPHUMHU
muppamu. BuzHauuTH 3aKOH PO3MONAUTY Y BUIVIAL PSAYy pO3MOAUTY 1 (QYHKI
posnoaity F(x). IloOynyBatu rpadix F(x). BusHaunTu mMaTemMaTH4HE CHOBIAaHHS
M(X) i mucnepcito D(X), momy. 3HaiiTh HMOBIpHICTH  BIIyYEHHS BHIIQJKOBOI
BEJIMUMHU X B IHTEepBaJI 3HaYeHb [-1; 2,5).

5.6 € m’aTh KBUTKIB BapTicTiO | rpuBHA, 3 KBUTKH BapTICTIO 3 TPUBHU 1 2
KBUTKHM BapTICTIO 5 TpuUBEHb. BuOuparoTh Hazgoraja /Ba KBUTKU. Posrispaerbcs
BUTIAJKOBA BEMMYMHA X — CyMapHa BapTICTh BUMHATUX KBUTKIB. BH3HAYMTH 3aKOH
pO3MOAUTY Yy BUINIAIAL psiay posnoaury 1 (yHkuii posnoautry F(x). [loOymysatu
rpadik F(x). Busnauntu marematuune cniogiBanus M(X) i gucriepcito D(X), mony.
3HaNTH UMOBIPHICTh BIIYYCHHS BUIIQJKOBOI BETUYMHU X B IHTEpBaJI 3Ha4YCHb [3; 5).

5.7  Crpinenp, KUl Bpakae MIIICHb MPU OJHOMY MOCTPLJII 13 UMOBIPHICTIO
2/5, Bene BOTOHb A0 MEPIIOro BIYYECHHsI, MalOYM BChOTO 4 matpoHu. Posrisgaerbes
BUITaJIKOBA Benu4rHa X — 4nCI0 3p00JeHUX MOCTPUIiB. BUSHAUUTH 3aKOH PO3MOILITY
y BUINISAAL psify posnoaury 1 QyHkmii posnoaury F(x). Ilobynysatu rpadik F(X).
Busnauntn marematnune crnogiBanHs M(X) i mucnepcito D(X), momy. 3HaiiTi
UMOBIPHICTh BJIYYEHHS BHUIAJKOBOI BeJIMUMHU X B 1HTepBai 3HadeHb [0,5; 3).
5.8 HenepepBHa BumaakoBa BeaudMHa X 3ajlaHa UIUJIBHICTIO PO3MOJLITY
0 mpu x<-2
f(x)=4{c mpu —-2<x<3; 3HAlTU 3HAYEHHS CTaJOi c. BU3HAYUTHU IHTETPATILHY
0 mpum x>3.
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¢byHKIi0 po3noaiuty F(x), mooyayBatu rpadiku F(x)i f(x). 3HaliTh MareMaTH4He
cnoxiBanus M(X), nucniepcito D(X), cepente KBaapaTUIHe BIIXWICHHS o, , MEiaHy 1

HMOBIPHICTh BJIIYYEHHS BHUIIQJIKOBOI BEIMYMHU X Ha 3aJaHUN 1HTEpBaJI 3HAYCHBb
P(-1< X <3).

5.9 HenepepBHa BumagkoBa BenuunHa X 3ajJlaHa HIUJIBHICTIO  PO3MOJILITY
0 mpnm x<%
f(x)={(x-1)/c mpn 1<x<3 3HAWTH 3HAYEHHS CTaloi c. BU3HAUUTH 1HTErpanbHy QyHKIIIIO

0 mpu x>3.
posnoainy F(x), mooymyBatu rpadiku F(x)i f(x). 3HaiiTh MaTeMaTH4YHE CIIOIBAHHS
M(X), mucnepcito D(X), cepemHe KBaapaTU4HE BIIXWICHHA o,, MeIiaHy 1
NMOBIPHICTh BJIYYCHHS BHUIIQJKOBOI BeIMYMHM X Ha 3alaHUi 1HTEpBal 3HAYCHb
P(-05< X <15).
5.10 HenmepepBHa BumagkoBa BenMwuMHa X 3ajlaHa MIUIBHICTIO PO3MOJILITY
0 mpu x<0;
f(X)=4cx®> mpu 0<x<2, 3HAWTH 3HAYEHHSA CTaNO0i c. BU3HAYMTH IHTErpajbHY
0 mpu x>2.
¢yskuiro posnoaury F(x), moOynyBatu rpadiku F(x)1 f(x). 3HaliTH MareMaTH4HE
cnogiBanas M(X), nucnepcito D(X), cepenHe kBanpaTnyHe BiIXWiICHHS o, , MEeliaHy i
UMOBIPHICT,  BIyYCHHsI BHUINAJKOBOI BenWYMHM X Ha 3aJaHUil  1HTEpBa
sHayens P(0 < X <1).
5.11 HenepepBHa  BumajgkoBa  BeaMuumHa X 3aJaHa  IIUIBHICTIO
0 mpwu X&‘[O;l];
c(2-x) mu xel0;1]
iHTEerpanbHy QYHKIIIO po3noairy F(x), mooyaysatu rpadiku F(x)i f(x). 3naiitu
matematnune coomiBanag M(X), mumcmepcito D(X), cepeaHe KBagpaTHdHe
BIIXWICHHS o,, MEMiaHy 1 WMOBIPHICTh BJIy4Y€HHS BHWIIQJIKOBOi BeIW4YMHH X Ha

posnomnyf(x):{ 3HallTH 3HA4YeHHS cTajnol c¢. BuzHauutu

3a1aHuii inTepBan 3navens P(0< X <0,5).
5.12 HenepepBHa BumajakoBa BenuunHa X 3ajaHa 1HTErPagbHOIO (YHKIIIEHO

0 mpu x<0;

posmominy F(x)=<cx® mpum 0<x<2,  3HaiiTh 3HaYeHHS cTamol c. BusHauntu
1 mpu Xx>2.

HIIBHICTE po3noainy f(x), mobymysatu rpadiku f(x) i F(x). 3HaiiTh MaTeMaTHUHE

cnoaiBanus M(X), aucniepcito D(X), cepenne KBajpaTU4He BIIXWICHHS o, , MEIiaHy 1

WMOBIpHICT, BIyYEHHS BHUMNQJAKOBOI BenwmunHu X HA 3aJaHUNd  1HTEpBaj

3HaueHb P(0 < X <1).
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5.13 HenepepBHa BumajgkoBa BelnynHa X 3a7aHa 1HTETPaIbHOIO (DYHKIIIEO
0 mpum x<0;
posnoainy F(x)=<cx mpm 0<x<2; 3HaliTH 3HA4YeHHsA cTajgoi c. BuzHauuTu
1 mpu Xx>2.
IIUTBHICTE pO3MOALTYy f(Xx), moOymyBaTu rpadiku f(x) iF(x). 3HAUTH MaTeMaTUYHE
cnoaiBanas M(X), nucnepcito D(X), cepenHe kBagpaTndHe BiIXWICHHS o, , ME/IiaHy i
WMOBIpHICTh BIYYEHHS BHIMAJIKOBOI BeNMWYMHH X Ha 3aJaHUl IHTEpBal 3HAYCHb
P(05< X <1).
5.14 HenepepBHa BuIaJKoBa BelWuynHa X 3a7aHa 1HTETPaIbHOIO (DYHKIIIEIO
0 mpm x<-1
posnoainy F(x)=<c(x+1) mpm -1<x<1; 3HaWTHU 3HAYCHHs cTajoi c¢. BuszHauutu
1 mpu x>1.
MIBHICTE po3noainy f(x), mooynyBatu rpadiku F(x)i f(x). 3HaiiTh MaremaTHyHe
cnomiBanus M(X), nucriepcito D(X), cepenHe kBajpaTHIHE BIIXWICHHS o, , MEIiaHy
1 UMOBIpHICTh BIyYEHHSI BUITQJIKOBOI BETWYMHU X Ha 3a/JlaHUil 1HTEpBald 3HAYCHb
P(05< X <1).
5.15 HenepepBHa BumnajkoBa BeaudrMHa X 3aJlaHa 1HTETPaJbHOK (YHKIIIEIO
0 mpu x<0;
PO3MOAUTY F(x)={cx+1 mpn 0<xX<3; 3HaliTh 3HaYeHHS cTanoi c. BuszHauutu

1 mpum x>3.
HIUTBHICTD PO3MOALTY f(x), moOynyBatu rpadiku f(x) 1F(x). 3HaATH MaTeMaTHYHE
cnoniBanas M(X), nucriepcito D(X), cepente kBaapaTHIHE BIIXHIICHHS o, , MEIiaHy

1 WMOBIpPHICTh BIYYEHHS BHUIMAAKOBOI BenuunHU X Ha 3aJaHUil  1HTEpBaI
3HaueHp P(L< X <2).
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TEMA 6 3AKOHMU PO3IIOALTY JUCKPETHUX BUITAJIKOBUX
BEJINYHUH

6.1 biHomiajbHMIA 3aKOH PO3MOALITY

Hexaii poOUTBCS N HE3aIEKHUX EKCIEPUMEHTIB, y KOXHOMY 3 SKHUX 3
OJTHAKOBOIO IMOBIPHICTIO p MOXe€ BiAOYTHCS Jesika moais A.

BumnankoBa BennuuHa X — YUCIIO €KCIEPUMEHTIB, Y SAKHX BiIOYBa€ThCS MOI1S
A Oyne po3noiyieHa 3a OiHOMiaTbHUM 3aKOHOM PO3IOILTY

P(X =m)=C/"'p"(1—p)"" (6.1)
3 PSAIOM PO3IOALTY, 110 MA€ BUTJIS
Xi 0 1 . m . n
pi (d-p)" | np@-p™ | ... | C"p"(@-p)" ] ... p"

Cyma iMOBIpHOCTEH y OpYromMy psAKy psaay pO3MNOAULY IOPIBHIOE OJMHUI,
TOOTO

2.Cop'-p)' =1
i=0

biHomianbHMI 3aKOH PO3MOJILITY Ma€ JBa MapaMeTpu:
P — UMOBIPHICTH MOSABH MO/I1i 4 B OTHOMY €KCIIEPUMEHTI;
N — 3arajgbHe YUCIIO eKCIIEPUMEHTIB (BUIPOOYBAHb).

YucsoBi XapakTepucTUKU 0iHOMiaJIbHOI BUNIAJKOBOI BeJTMUMHU

M(X)=np. (6.2)
D(X) =np(l- p). (6.3)
o, =/D(X) =/np(Ll-p) . (6.4)

HIMOBipHICTh BIyY€HHS JUCKPETHOI BUMAJAKOBOI BEJIMYMHU Yy 3aJ]aHUM J1ama3oH
3HAYEHb BU3HAYAETHCS 3a JOTIOMOTOI0 POopMyIIn

P{kl X< kz}: %Cr; p'a-p". (6.5)
ik,

IMpukaax 1. TexHiyHa cucTeMa CKIATAEThCS 3 5 BY3IiB, M0 (PYHKIIOHYIOTH
HE3AJIE)KHO OJWH BII OJHOro. BW3HAYMTH MareMaTW4dHE CIIOIBAHHSA M(X),
aucnepcito D(X) 1 cepeaHe KBaJpaTUYHE BIIXWICHHS o, YWCIA BiJAKAa3iB BY3JIB,
AKII0 UMOBIPHICTB BijiKa3y Oyab-sikoro 13 Hux p = 0,2.

Po3zg’si3annsa. Bigkasu By3niB — 1€ HE3alle)KHI TOAIl. IMOBIpHICTH BiAKazy
KO)KHOTO 3 HHMX ofHakoBa 1 nopiBHioe 0,2. Omxe, BumajakoBa BeauunHa X
po3no/iieHa 3a 61HOMIAIbHUM 3aKOHOM.
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A 11€ 3HAYUTh, 110 ii YUCIOBI XapaKTEPUCTUKU BU3HAYAIOTHCS 3a (hopmyiaMu

(6.2) — (6.4):

M(X)=np=5-0,2=1.
D(X)=np(—p)=5-0,2-08=08.

o, =+/D(X) =/np(l- p) =/0,8=0,8944 .

6.2 3axon po3noaginy Ilyaccona

3akoH posnoaury Ilyaccona € TpaHMYHUM BUIAAKOM OIHOMIATBLHOTO
pasnojiny.

JI1s HAaMmPOCTIIOro MOTOKY MOAIN BUIIAAKOBa BelnurnHa X — KUTBKICTh MOIHM,
110 MOTPANMIIK Ha 1HTepBaa 1 — po3noauieHa 3a 3akoHoM Ilyaccona

m

P(X =m)= Tn'ea, (6.6)

ne a = AT = nNp — cepeaHe YUCIO MO, 0 MOTPAIUISIOTh HA 1HTepBal 1 (€AUHUMN
napamMeTp 3aKOHY PO3IMOJILTY); A — IHTEHCUBHICTh HACTaHHS MOJiIN (KIIBKICTh MOJINA B
OJIMHHUILIIO Yacy); T — MeBHUM Mepioj vacy.

Psan po3noniny myaccoHIBCbKOI BUNIQAKOBOT BEJTMYMHHA MA€ BUTIISA

Xi 0 1 m

pi e ae’ . (a e®)/m!

Jle cyma WMOBIpHOCTEH y APYrOMy PSAKY PSAY PO3NOIITY TOPIBHIOE OJUHUII,

a' _
TOOTO gle a=1.
0 il

8

3akoH posnozaity Ilyaccona mae equHuil mapamerp:

d —MaTCMaTHU4YHC CHOI[iBaHHSI.

Yucs10Bi XapaKTEePUCTUKH MMyaCCOHIBCHKOI BUIIAIKOBOI BEJIHYUHH

M(X)=a. (6.7)
D(X)=a. (6.8)
o, =+/D(X) =+/a. (6.9)

Jlnst  3HAXOJKEHHST WMOBIPHICTI BIYYEHHSI ITyaCCOHIBCHKOI BHUIAKOBOI
BEJIMYMHU B 3aJIaHUM 1HTEPBAJ 3aCTOCYIOTh JIB1 CIIeIiaIbH1 TaOIHIII.
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[lepma Tabmuis 103BOJsiE BU3HAYATH WMOBIPHICTH TOTO, IO MyacCOHIBChKa
BUIIQ/IKOBA BEIMYMHA IPUHMAE 3HAYCHHS M, TOOTO HMOBipHICTH P(X=m).

Jpyra Tabmuis A03BOJISIE BH3HAYaTH HMOBIPHICTH TOTO, IIO ITyacCOHIBChKa
BUIAJKOBA BEJIMYMHA TpUNAMAE 3HAUEHHS, sKEe MeHie abo piBHE M, TOOTO
iimoBipHicTe P{X<m}.

Jpyra Tabnuiist € 617IbII yHIBEpCaIbHOIO, TOMY IIIO JO3BOJISIE JETKO BU3HAYATH
HMOBIPHOCTI:

P(X=m) = P{X<m} — P{X< (m-1)}:
P{X>m} = 1 - P{X<(M-1)}:
P{m;< X< my} = P{X<my} - P{X<(m-1)}.

Hpuxnax 2. Buznauntu iiMOBIpHICTH TOrO, 0 Ha A3C 3HaXOIUTHCS OAUH
a00 TpUHAWMHI OJWH aBTOMOOLIb, SKIIO CEPEIHE YHUCIO AaBTOMOOUIIB, SKH
3HAXOAAThCA y Nanuii Tepmin yacy Ha A3C gopiBHIoe 3.

Po36’a3anns. IMOBIpHICTh 3HAXOKEHHS 0JTHOTO aBTOMOO1Ist Ha A3C:

m 1

P(X =m)= ?n'e‘a, P(X :1):‘?‘_—|ea —a-e?®=3.e°%=0]49.

ImoBipHICTB TOTO, 1110 Ha A3C 3HaXOAUTHCS TPUHANMHI OJIUH aBTOMOO1JIb:

0
P(X 21)=1- P(X =o)=1—%e-a —1-e*=0,95.

6.3 3amaum 1J1s1 caMOCTiiiHOTO PO3B’SI3KY

6.1 BunangkoBa BemnunHa X — KUIBKICTH OJI0KiB, mo moctynatoTh 3 JKBK Ha
OyniBedbHUNM MaWJaHYuMK — po3nojiieHa 3a 3akoHOM IlyaccoHa. IHTEHCHUBHICTH
HAJIXO/KEHHST OJIOKIB Y = 2 010Ku/200una. 3HaAUTH UMOBIPHICTH TOTO, 110 KIJIBKICTh
0JI0KIB, 10 HAOIHIILUIM 3a 2 TOAUHU:

a) cknane 10 mir.;

0) nepeBuInuTh 10 1T ;

6) cKi1age MeHbII Hixk 10 mIT.

6.2 BumankoBa BenuunHa X mignopsakoBaHa 3akoHy Ilyaccona 3
MaTEMaTUYHUM CHOJIBaHHAM a = 3. 3anucatv (QYHKIiI0 PO3MOALTY MMOBIPHOCTI
BUITQIKOBOI BelWYuHNA X. 3HAWTH WMOBIPHICTH TOTO, IO BUITQJIKOBAa BelnyuHa X
punme:

@) 3HaYCHHS MEHIIE, HiXK il MaTeMaTHYHE CIIO iBaHHS;

0) TO3UTHBHE 3HAYCHHSL.
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6.3 IloTik 3asBOK, IO MOCTYIaKTh Ha TeledOHHY CTaHIlIIO, SBISE COOOIO
HAWUTIPOCTIMINNNA TOTIK MOIA. MaTemMaTHYHE CIOMIBAaHHS YHCIIa BUKIWKIB 32 TOAUHY
nopiBHioe 30. 3HalTH UMOBIPHICTH TOTO, IO 33 XBUWJIMHY HaJ1i]Ie¢ HE MEHBIIE ABOX
BHKJIUKIB.

6.4 Ilpuctpiit cknanaerscst 3 1000 enemeHTiB, SKi MPaIylOTh HE3AJIEKHO OJUH
BiI ONHOTO. VIMOBIpHICTH BiIMOBM OyIb-SIKOTO CIEMEHTY HpOTSAroM dacy [T
nopiButoe 0,002. 3HaliTH WMOBIPHICTH TOTO, IO 3a 4Yac [ BIJIMOBIATH PIBHO 3
CJIEMEHTH.

6.5 Ilinpyunuk Buganuii Tupaxkem 100 000 ex3emmuisipiB. UMOBipHICTH TOTO, IO
HiAPYYHUK 30polTypoBaHMil HenpaBuibHO, HopiBHIOE 0,0001. 3HaliTH WMOBIPHICTD
TOT0, 10 TUPAXK MICTUTh 5 OpaKOBaHUX KHHT.

6.6 Bepcrar-aBTomar mrammye aeraii. MIMOBIpHICTH TOro, IO BUTOTOBJICHA
JeTanb BUSIBUThCA OpakoBaHOo, NopiBHIOE 0,01. 3HaliTH HMOBIPHICTH TOrO, IO
cepen 200 ageraneli BUSBUTHCSA PIBHO 4 OpaKkOBaHUX.

6.7 3aBox Bianpasus Ha 6a3y 500 BHPOGiB. FIMOBIpHICTh YIIKOKEHHS BUPOOY
B 10po3i nopiBHIoe 0,002. 3HaiiTH KMOBIPHICTH TOTO, IO B OPO31 Oy/I€ YIIKOKEHO
BHUPOOIB:

a) nopiBHIOE 3;

0) MEHBII HIXK 3;

8) OLIbII HIX 3;

2) MpUHaMHI OJTUH BHPIO.

6.8 IlpucTpiii CKIama€eTbcsi 3 BEIMKOTO 4YHCIA HE3AJIEKHO MPAIFOI0YNX
€JIEMEHTIB 3 OJIHAKOBOIO (JIy>KE€ MaJiol0) UMOBIPHICTIO BIJIMOBHU KOXKHOI'O €JIEMEHTA 3a
yac 7. 3HaWTU CEpEHE YHUCIO EJIEMEHTIB, 10 BUMIYTh 3 Jiaay 3a 4dac 71, SIKIIO
HWMOBIpPHICTb TOTO, 110 3a LI Yac BIIMOBUTh IPUHANMHI OJMH €JIEMEHT, 10piBHIOE 0,98.
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TEMA 7 3AKOHMU PO3ITOA1TY HEIIEPEPBHUX BUITA/IKOBUX
BEJINYUH

7.1 PiBHOMIpHMI 3aKOH PO3MOAITY

HenepepBHa BuIlagkoBa BeIMYMHA PO3MOAUICHA 32 PIBHOMIPDHHM 3aKOHOM,
AKIIO 11 IITBHICTH PO3MOILTY MA€ BUTTISA:

f(x):{o’ x ¢[a,b]; (7.1)

c, xelab].

PiBHOMipHUIT 3aKOH PO3IOIITY Ma€ JBa mapameTpu: a i b .

[aTerpanpHa QyHKIIIS pO3MOALTY Ma€ BUTIIA;

0, Xx<a;

F(x) = X=8  a<x<b: (7.2)
b-a
1, X>b.

['padiki MIIBHICTH PO3MOALTY Ta IHTErpaidbHOI (YHKIII sl PIBHOMIPHO
pPO3MOAUICHOT BUMAJAKOBOI BEJIMYMHU Ma€ BUIJISAI, HAaBEICHWW Ha pPUCYHKY 7.1 1
PUCYHKY 7.2.

(x)

_ 1
C=pa

baa mye g b Oaa mxﬂb

Pucynok 7.1 — lllineHicTs posnoainy f(x) Pucynok 7.2 — Interpanpaa pynkuis F(x)

Yuc10Bi XapaKTepUCTUKH

|\/|(x)=aTer N (7.3)
_(b-a)

p) = (7.4)

o, =/D(X =@. (7.5)

IMOBIpHICTB BIIy4E€HHS BUITAIKOBOI BEJTMYMHM B 3aJaHUM Jiama3oH [a,f], SAKII0
IIeH J1iara3oH BXOAMWTH y Jiana3oH [a,0],MoxHa BU3HAYUTH 3a (GOPMYJIOLO:

P{aSXSﬂ}:ﬁ:Z. (7.6)
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IMpukaax 1. Tponeiibycu npuOyBarOTh Ha 3YNUHKY KOXHI 4 XBUJIMHH.
BusnaunTtu HMOBIpHICTH TOTO, 1110 Yac O4iKyBaHHS TpoJieiidyca He nepeliibirye 3 XB.?

Po3se’saz3anns.

Tak sk [o, 8]=3 xB., a [a,b]=4 xB.,TO P{OSXSS}:%:OJS.

7.2 Tloxka30Buil 3aKOH PO3MOALTY

HenepeppHa BuITaIkoBa BEJIMUMHA PO3MO/IJICHA 3a TTIOKa30BUM 3aKOHOM, SKIIO
il IIBHICTD PO3MOILTY Ma€ BUTJISI:
0, x<0;
f (t) = —AX (7 7)
Ae™, x=20,
e A — IHTEHCUBHICTb MOA1H, TOOTO KUIBKICTh MO/ B OJIMHUIIIO Yacy.

[aTerpanbHa (yHKIIS BUITAJIKOBOI BEIMYMHU, PO3MOALICHOI 32 TMOKa30BUM
3aKOHOM, BU3HAYA€THCA BUPA30M

0, x<0;
RO ={1—e‘“, x>0. (7.8)

['padiku uriapbHOCTI PO3MOALTY 1 1HTErpajsbHOT (YHKII I BHUMAJAKOBOI
BEJIMYMHM, PO3MOJAUICHOT 3a TOKAa30BHUM 3aKOHOM, MAa€ BWIJISJ, HaBEJACHUM Ha
pucyskax 7.3, 7.4.

F(t) A
1 @ 2, .

—~+Y

0
Pucynok 7.3 — lllinpHicTs posmoainy f(tf) Pucynok 7.4 — InterpansHa dynkiis F(t)

[Toka3oBHil 3aKOH PO3MOJLTY MA€ TUTLKHU OJUH TTapaMmeTp A.

Ync10Bi XapaKTepUCTUKH

1
M(X)=> . (7.9)

1
D(X)=; - (7.10)
o = JD(X) =%. (7.12)
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IMOBIpHICTh BIIyueHHsI BUIIaJKOBOI BEIMYMHM B 3aJaHM Jiana3oH [a,b], skiro
1€l /1iana3oH BXOIUTh y Aiana3oH [0, o0 |, MOXKHA BU3HAYUTH 32 POPMYJIOIO:

Pla< X <b}=e ™ —e ™. (7.12)

IMpuxnan 2. BumagkoBa BenMuWHA PO3MOJIIJICHA 32 TMOKAa30BUM 3aKOHOM 3
napameTpoMm A=2. Bu3HauuTH HMOBIPHICTh TOTO, 1110 BUIIAJKOBA BelnunHa X HaOyze
3HAYEHHS MCHBIIIE 32 MAaTEMaTHUYHE CIIOJiBaHHS .

Po3zs’s3anus.

Tak sk M(X)===>=05. TO

A 2
P{X <05}=P{0<X <05}=e?"—e?*=1-e° ~0,997.
7.3 HopMajibHU# 3aKOH PO3NOIITY

HenepepBHa BumajgkoBa BEIWYMHA PO3MOJUICHA 3a HOPMAJIIBHUM 3aKOHOM,
SIKIIO 11 NIUIBHICTD PO3MOJILITY Ma€ BUTIIS:

()= ¢ 2 (7.13)

Jie 0 1 M — mapaMeTpu PO3MOILITY.

[HTerpanpHa QyHKIISA pO3MOALTY BUBHAUAETHCA BUPA3OM:

y < 1 (t-m) 1 < (t=m)
F()= [ f(t)dt=] e 29 dt= fe 2 dt. (7.14)

o w027 O~27 ~w

I'padixku wriaBHOCTI PO3MOAULTY 1 I1HTErpajibHOI (YHKIIT JUIsi BUIAJKOBOI
BEJIMYMHU, PO3IMOAUICHOI 32 HOPMAJbHUM 3aKOHOM, Ma€ BUIJIAJ, HaBEACHUN Ha
pucyHnkax 7.5, 7.6.

Pucynox 7.5 — lllinbHicT po3noainy f(x) Pucynok 7.6 — Iurerpanibna QyHkiis F(x)
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YucioBi XapaKTepUCTUKHU

M(X)=m .. (7.15)
D(X)=0" . (7.16)
o, =+/D(X)=0. (7.17)

IMOBIpHICTb BIYYCHHS BUIIAJKOBOI BEJIMUMHHU B 3aJaHMi Jaiana3oH [a,b] moxkna
BU3HAYUTH 32 HOPMYJIOIO:

pla< X gb}zqﬁ(b_—mj—cb(a_mj:@(xz)—@(xl). (7.18)

o o

ne @(x) — dynkiis Jlamaca (nox. b).

Mpuxaag 3. Cepennmii uwac obcmyrosysamHs IIK t=2 1. Cepenne
KBaJIpaTUYHE BIIXWICHHS 4acy oOCIyroByBaHHsS JOPIBHIOE o, = 0,403 r. BuzHauutu

HMMOBIpHICTB 3aBepiieHHsa oociyroByBanHs 11K y Tepmin vacy Big 1,5 o 2,5 r.
Po3z’sazanns.
Tak sx m=2, o0=0403, a=15 b=25, 1O

L _15-2 , _25-2
' 0,403 o 20,403

P{5< X <2,5}=d(x,)—®(x,)=0,3925+0,3925 = 0,785.

=124, @(x,)=-0,3925 &(x,)=0,3925

7.4 3amavu 1J19 CaMOCTIHHOTO PO3B’A3KY

7.1 ABTOMOOUIICT CKOIOE JBI CHpOOM 3 METOK TNOJAOJAaHHS JAOPOKHBOI
MepeIKoad. IMOBIpHICTh MOJOMAHHS MEPEHIKOAU NPH KOXKHIM crnpodi OJHAKOBA 1
nopiBHioe 0,8. 3HalTH UMOBIPHICTH TOTO, 110 B PE3YJIbTaTl ABOX COPOO MEpelKoaa
Oyze noaojaHa NpUHaAMHI OUH pas.

7.2 Mane nignpueMcTBO Mae 16 aBTOMOO1TIB, 10 MPAIIOIOTH HE3AJICKHO OJIMH
BiJl OaHOro. BwW3HAYMTH MaTeMaTWYHE CIOBIJAHHS, JHCIEPCII0, CEPEIHE
KBaJ[paTUYHE BIIXHUJICHHS 4YHC]Ia BiJIMOB aBTOMOOLIIB, SIKIIO WMOBIPHICTh BiJIMOBH
Oynp-sikoro 3 HUX gopiBHIo€ 0,3.

7.3 Yucno nepeBipok MiAMPUEMCTBA MPOTITOM POKY 1HCIEKIIEIO € BUMAIKOBOIO
BEJIMYMHOO, 10 Mae posnoain Ilyaccona. 3HailTu WMOBIpHICTH TOTO, IO Ha
nianpueMcTBl OyAe Mpoi3BeleHA MPOTIrOM KaJeHAAPHOTO POKY IMpUHAWMHI OJHA
nepeBipKa, SKILO CEePe/IHE YUCIIO MEPEeBIPOK HA TAHOMY TUMUYAaCOBOMY 1HTepBalll a=4.

7.4 Ha mignpuemctsi mpaiftoe 50 BepcTariB. IMOBIpHICTh BIIMOBH KOKHOTO 3
Hux gopiBHioe (0,002. Yuciao BiAMOB — BHIIAJIKOBA BEIMYHMHA, IO MAa€ PO3IMOILIT
[lyaccona. BwusnHauntu #WMOBIpHICT, O€3BIAMOBHOTO  (DYHKILIOHYBaHHS  YCIX
BEPCTATIB.
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7.5 TloTaru MeTpomnosiiTeHy CliayrTh yepe3 1,5 xB. 3HalTH UMOBIPHICTH TOTO,
10 Yac OYIKYBaHHS MOTATY HE MEPEBHUIINTH | XB?

7.6 Cepenns roauHHa Bupyuyka MarazuHa 100 rphH. CepenHe KBaapaTU4HE
BIIXWICHHS] TOAMHHOI BHUpPYyYkd 25 TpH. ['OguHHA BUpYYKa € BUIAJKOBOIO
BEJIMYMHOIO, SIKa TiJyIeria HOPMaJIbHOMY 3aKOHY pO3NOALTY. 3HAWTH WMOBIPHICTH
OTpUMAaHHS MPOTATOM OJIHIET TOJUHU BUPYUIKH Y po3mipi Bia 80 10 120 rpH.

7.7 ABTOOYyCcH puOyBalOTh Ha 3YMUHKY Yepe3 KOKHU 6 XB. 3HANTH WMOBIPHICTD
TOTO, III0 Yac OYiKyBaHHs aBTOOyca HE MEPEBULIUTH 5 XB?

7.8 O0’eM mpojaxiB TOBapy MPOTATOM MICSIS € BHUIAQJKOBA BEJIMYMHA, SKa
HiJJIeryia HOpMaJIbHOMY 3aKOHY PO3IMOALIY 3 mapaMmerpamu X =500 1 o, =120 TpH.

3HalTH WMOBIPHICTh MPOAAXKY TOBApy HPOTATOM OJHOTO Micsug Ha cymy Big 450
10 600 rpH.

7.9 IlinmpueMcTBO Mae 5 BepcTaTiB, IO IMPAIIOIOTh HE3aJEKHO OJUH BiJ
onHoro. IMOBIpHICTH BiAMOBH Oyab-sikoro 3 Hux nopiBHioe 0,25. Buznauutu
napaMeTpyu OIHOMIAJIBLHOTO 3aKOHY PO3MOJUTY BHUIAIKOBOI BEIMUYMHH X — YHCIIO
B1JIMOB BEpCTAaTIB.

7.10 Buznaute cepeHe KBaapaTHUYHE BIIXWICHHS 1 JUCIEPCIIO YHCIa BiJIMOB
aBTOMOOUIIB, SKIIO BUIAAKOBA BeauunHa X — YKCIO BIAMOB aBTOMOOLIIB — 3ajaHa
PSAZIOM PO3MOALTY:

Xi 0 1 2 3 4 5 6 /
Pi 0,2 1(015|0,15| 0,1 {0,25|0,04 | 0,06 | 0,05
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JOJATOK A

1 2
Ta6mus A.1 — 3nauenns QyHkmii o(x) = N e ?
T

X ol 1 | 2 | 3 | 4 | 5 [ 6 | 7 8 9

0,0 ]0,3989 10,3989 0,3989 10,3988 0,3986 0,3984 0,3982 0,3980 0,3977 0,3973
01 03970 0,3965 0,3961 0,3956 0,3951 0,3945 0,3939 0,3932 0,3925 0,3918
02 | 03910 0,3902 10,3894 0,3885 0,3876 0,3867 0,3857 0,3847 0,3836 0,3825
03 | 03814 0,3802 0,3790 0,3778 0,3765 0,3752 0,3739 0,3726 0,3712 0,3697
04 | 073683 0,3668 0,3652 0,3637 0,3621 0,3605 0,3589 0,3572 0,3555 0,3538
05 | 03521 0,3503 0,3485 0,3467 0,3448 0,3429 0,3410 0,3391 0,3372 0,3352
06 |03332 03312 03292 0,3271 0,3251 0,3230 0,3209 0,3187 0,3166 0,3144
0,7 | 03123 03101 10,3079 10,3056 0,3032 0,3011 0,2989 0,2966 0,2943 0,2920
08 | 02897 0,2874 10,2850 0,2827 0,2803 02780 0,2756 0,2732 0,2709 0,2685
09 | 02661 02637 0,2613 0,2589 0,2565 02541 0,2516 0,2492 0,2468 0,2444
10 [02420 02396 072371 02347 0,2323 0,2299 0,2275 0,2251 0,2227 0,2203
11 [ 02179 02155 02131 0,2107 0,2083 0,2059 0,2036 0,2012 0,1989 0,1965
12 [ 01942 01919 01895 01872 0,1849 0,1826 0,1804 0,1781 0,1758 0,1736
13 [01714 01691 01669 0,1647 0,1626 0,1604 0,1582 0,1561 0,1539 0,1518
14 [ 01497 01476 01456 01435 0,1415 01394 0,1374 0,1354 0,1334 0,1315
15 [01205 01276 0,257 0,1238 0,1219 0,1200 0,1182 10,1163 10,1145 0,1127
16 [01109 01092 0,074 0,1057 0,1040 0,1023 0,1006 0,0989 0,0973 0,0957
1,7 [ 00940 00925 00909 0,0893 0,0878 0,0863 0,0848 0,0833 0,0818 0,0804
18 [00789 00774 00759 00745 0,0731 0,0718 0,0705 0,0692 0,0680 0,0668
19 [ 00656 00644 00632 00620 0,0608 0,0596 0,0584 0,0573 0,0562 0,0551
20 | 00540 0,0529 10,0519 0,0508 0,0498 0,0488 0,0478 0,0468 0,0459 0,0449
21 00440 00431 10,0422 0,0413 0,0404 0,0396 0,0387 0,0379 0,0371 0,0363
22 | 00355 0,0347 0,0339 0,0332 0,325 0,0317 0,0310 0,0303 0,0297 0,0290
23 | 00283 00277 00270 00264 00258 0,0252 0,0246 0,0241 0,0235 0,0229
24 00224 00219 00213 0,208 00203 0,0198 0,0194 00189 0,0184 0,0180
25 | 00175 00171 10,0167 00163 0,0158 0,0154 0,0151 0,0147 0,0143 0,0139
26 | 00136 00132 00129 00126 00122 0,0119 00116 0,0113 0,0110 0,0107
27 100104 00101 0,0099 0,0096 0,0093 0,0091 0,0088 0,0086 0,0084 0,0081
28 100079 00077 0,0075 0,0073 0,0071 0,0069 0,0067 0,0065 0,0063 0,0061
29 | 00060 0,0058 0,0056 0,0055 0,0053 0,0051 0,0050 0,0048 0,0047 0,0046
3,0 | 00044 0,0043 0,0042 0,0040 0,0039 0,0038 0,0037 0,0036 0,0035 0,0034
3,1 00033 0,032 0,0031 0,0030 0,0029 0,0028 0,0027 0,0026 0,0025 0,0025
3,2 0,00238 0,00231 0,00223 0,0022 0,00216 0,00203 0,00196 0,0019 0,00184 0,00178
3,3 |0,00172 0,00167 0,00161 0,00156 0,00151 0,00146 0,00141 0,00136 0,00132 0,00128
34 10,00123 0,00119 0,00115 0,00111 0,0011 0,00104 0,0010 0,0010 0,00097 0,00094
3,5 |0,00087 0,00084 0,00081 0,00078 0,00076 0,00073 0,00071 0,00068 0,00066 0,00063
3,6 |0,00061 0,00059 0,00057 0,00055 0,00053 0,00051 0,00049 0,00047 0,00046 0,00044
3,7 ]0,00042 0,00041 0,00039 0,00038 0,00037 0,00035 0,00034 0,00033 0,00031 0,00030
3,8 10,00029 0,00028 0,00027 0,00026 0,00025 0,00024 0,00023 0,00022 0,00021 0,00021
3,9 | 0,0002 0,00019 0,00018 0,00018 0,00017 0,00016 0,00016 0,00015 0,00015 0,00014

[Tpumitka.
L o= x)=e(x);

2. V|X| > 4,p(x)=0.
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JTOJATOK B

Taoaunsa b.1 — 3nauenns pyHkmii @(X) = —
i ()= 2= [

N

2

o | 1 | 2 | 3 | 4 | 5 | 6

7

8

9

0,0

0,0000 0,0040 0,0080 0,0120 0,0160 0,0199 0,0239

0,0279

0,0319

0,0359

0,1

0,0398 0,0438 0,0478 0,0517 0,0557 0,0596 0,0636

0,0675

0,0714

0,0753

0,2

0,0793 0,0832 0,0871 0,0910 0,0948 0,0987 0,1026

0,1064

0,1103

0,1141

0,3

0,1179 0,1217 0,1255 0,1293 0,1331 0,1368 0,1406

0,1443

0,1480

0,1517

04

0,1554 0,1591 0,1628 0,1664 0,1700 0,1736 0,1772

0,1808

0,1844

0,1879

0,5

0,1915 0,1950 0,1985 0,2019 0,2054 0,2086 0,2123

0,2157

0,2190

0,2224

0,6

0,2257 0,2291 0,2324 0,2357 0,2389 0,2422 0,2454

0,2486

0,2517

0,2549

0,7

0,2580 0,2611 0,2640 0,2673 0,2703 0,2734 0,2764

0,2794

0,2823

0,2862

0,8

0,2881 0,2910 0,2939 0,2967 0,2995 0,3023 0,3061

0,3078

0,3106

0,3133

0,9

0,3159 0,3186 0,3211 0,3238 0,3264 0,3289 0,3315

0,3340

0,3365

0,3389

1,0

0,3413 0,3438 0,3461 0,3485 0,3508 0,3531 0,3554

0,3577

0,3599

0,3621

1,1

0,3643 0,3665 0,3686 0,3708 0,3729 0,3749 0,3770

0,3790

0,3810

0,3830

1,2

0,3849 0,3869 0,3883 0,3907 0,3925 0,3944 0,3962

0,3980

0,3997

0,4015

13

0,4032 0,4049 0,4066 0,4082 0,4099 0,4115 0,4131

0,4147

0,4162

0,4177

14

0,4192 0,4207 0,4222 0,4236 0,4251 0,4265 0,4279

0,4292

0,4306

0,4319

1,5

0,4332 0,4345 0,4357 0,4370 0,4382 0,4394 0,4406

0,4418

0,4429

0,4441

1,6

0,4452 0,4463 0,4474 0,4484 0,4495 0,4505 0,4515

0,4525

0,4535

0,4545

1,7

0,4554 0,4564 0,4573 0,4582 0,4591 0,4599 0,4608

0,4616

0,4625

0,4633

1,8

0,4641 0,4649 0,4656 0,4665 0,4671 0,4678 0,4686

0,4693

0,4699

0,4706

1,9

0,4713 0,4719 0,4726 0,4732 0,4738 0,4744 0,4780

0,4756

0,4761

0,4767

2,0

0,4772 0,4778 0,4783 0,4803 0,4793 0,4798 0,4803

0,4807

0,4812

0,4817

2,1

0,4821 0,4825 0,4830 0,4834 0,4838 0,4842 0,4846

0,4850

0,4854

0,4857

2,2

0,4861 0,4861 0,4868 0,4871 0,4875 0,4877 0,4881

0,4884

0,4887

0,4889

2,3

0,4893 0,4895 0,4898 0,4901 0,4904 0,4906 0,4909

0,4911

0,4913

0,4916

2,4

0,4918 0,4920 0,4922 0,4925 0,4927 0,4929 0,4931

0,4932

0,4934

0,4936

2,5

0,4938 0,4939 0,4941 0,4943 0,4945 0,4946 0,4948

0,4949

0,4951

0,4952

2,6

0,4953 0,4955 0,4956 0,4957 0,4959 0,4959 0,4961

0,4962

0,4963

0,4964

2,7

0,4965 0,4966 0,4967 0,4968 0,4969 0,4970 0,4971

0,4972

0,4973

0,4974

2,8

0,4974 0,4975 0,4976 0,4977 0,49/7 0,4978 0,4979

0,4980

0,4980

0,4981

2,9

0,4981 0,4982 0,4983 0,4983 0,4984 0,4984 0,4985

0,4985

0,4986

0,4986

[TpumiTka.
1. @(— X) = —@(X);
2. V|x|>5, @(x)=05.
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9g

. 1 ¢
Mponosskennst Tabauni b.1 — 3Hauenns pynxmii @(X) = N _[ e
7T o

_x2
2

dt

X

0

1

2

3

4

5

6

7

8

9

3,0

0,49865

0,498694

0,498736

0,498777

0,498817

0,498856

0,498893

0,498929

0,498965

0,498999

3,1

0,49903

0,499065

0,499096

0,499126

0,499153

0,499184

0,499211

0,499238

0,499264

0,499289

3,2

0,49931

0,499336

0,499359

0,499381

0,499402

0,499423

0,499443

0,499452

0,499481

0,499499

Sk

0,49952

0,499534

0,499549

0,499564

0,499581

0,499596

0,499610

0,499624

0,499638

0,499651

3,4

0,49966

0,499675

0,499687

0,499698

0,499709

0,499719

0,499730

0,499739

0,499749

0,499759

3,5

0,49977

0,499776

0,499784

0,499792

0,499799

0,49981

0,499815

0,499822

0,499828

0,499835

3,6

0,49985

0,499847

0,499853

0,499858

0,499864

0,499869

0,499874

0,499879

0,499883

0,499888

3,7

0,49989

0,499896

0,499900

0,499904

0,499908

0,499912

0,499915

0,499918

0,499922

0,499925

3,8

0,49993

0,499931

0,499933

0,499936

0,499938

0,499941

0,499943

0,499946

0,499948

0,499949

3,9

0,49995

0,499954

0,499956

0,499958

0,499959

0,499961

0,499963

0,499964

0,499966

0,499967

4,0

0,49997

0,499970

0,499971

0,499972

0,499973

0,499974

0,49976

0,499977

0,499978

0,499978

41

0,49998

0,499980

0,499981

0,499982

0,499983

0,499983

0,499984

0,499985

0,499985

0,499986

4,2

0,49998

0,499987

0,499988

0,499988

0,49989

0,499989

0,499989

0,499990

0,499991

0,499991

4,3

0,49999

0,499992

0,499992

0,499993

0,499993

0,499993

0,499994

0,499994

0,499994

0,499994

4.4

0,49999

0,499995

0,99995

0,499995

0,499996

0,499996

0,499996

0,499996

0,499996

0,499996

4,5

0,49999

0,499997

0,499997

0,499997

0,499997

0,499997

0,499997

0,499997

0,499998

0,499998

50

0,4999997

[TpumiTka.
1. @(-x)=-D(x);
2. V|X|>5, @(x)=05.




Taboanusa B.1 — 3nauenns ¢pynkuii Ilyaccona P, (k) =

JTOJATOK B

ﬂlk
—e
Kl

-1

A

01 |

0,2

03 |

04 | 05

0,6

0,7

0,8

0,904837

0,818731

0,740818

0,670320 0,606331

0,548812

0,496585 0,449329

0,090484

0,163746

0,222245

0,268128 0,303265

0,329287

0,347610 0,3594463

0,004524

0,016375

0,033337

0,053626 0,075816

0,098786

0,121663

0,143785

0,000151

0,001062

0,003334

0,007150 0,012636

0,019757

0,028388

0,038343

0,000004

0,000055

0,000250

0,000715 0,001580

0,002964

0,004968

0,007669

0,000002

0,000015

0,000057 0,000158

0,000356

0,000696

0,001227

0,000001

0,000004 0,000013

0,000036

0,000081

0,000164

0,000001

0,000003

0,000008

0,000019

O NO|OB([WIN|FP|O |

0,000001

0,000002

0,9

1,0

1,5

2,0 2,5

3,0

3,5

4,0

0,406570

0,367879

0,223130

0,135335

0,82085 0,049787

0,030197

0,018316

0,365913

0,367879

0,334695

0,270671 0,205212

0,149361

0,105691

0,073263

0,164661

0,183940

0,251021

0,270671 0,256513

0,224042

0,184959

0,146525

0,049398

0,061313

0,125510

0,180447 0,213763

0,224042

0,215785

0,195367

0,011115

0,015328

0,04067

0,090224 0,133602

0,168031

0,188812

0,195367

0,002001

0,003066

0,014120

0,036089 0,066801

0,1000819 0,132169

0,156293

0,000300

0,000511

0,003530

0,012030 0,027834

0,050409

0,077098

0,104196

0,000039

0,000073

0,000756

0,003437 0,009941

0,021604

0,038549

0,059540

O INOOD|O|B[(WIN|F (O~

0,000004

0,000009

0,000142

0,000859 0,003106

0,008102

0,016865

0,029770

©

0,000001

0,000024

0,000191 0,000863

0,002701

0,006559

0,013231

=
o

0,000038 0,000216

0,000810

0,002296

0,005292

-
-

0,000004

0,000007 0,000049

0,000221

0,000730

0,001925

[EY
N

0,000001 0,000010

0,000055

0,000213

0,000642

=
w

0,000002

0,000013

0,000057

0,000197

H
o

0,000003

0,000014

0,000056

=
(€]

0,000003

0,000015

=
(o]

0,000001

0,000004

|
\l

0,000001

0,000001

4,5

5,0

6,0

7,0 8,0

9,0

10,0

0,011109

0,006738

0,002479

0,000912 0,000335

0,000123

0,000045

0,049990

0,033690

0,014873

0,006383 0,002684

0,001111

0,000454

0,112479

0,083227

0,044618

0,022341 0,010735

0,004998

0,002270

0,168718

0,140374

0,089235

0,052129 0,028626

0,014994

0,007867

0,189808

0,175467

0,133853

0,091226 0,057252

0,033737

0,018917

0,170827

0,175467

0,160623

0,127717 0,091604

0,060727

0,037833

0,128120

0,146223

0,160623

0,149003 0,122138

0,091090

0,063055

0,082363

0,104445

0,137677

0,149003 0,139587

0,117116

0,090079

O|N|O|(OTPR|W[IN|P|O

0,046329

0,065278

0,103258

0,130377 0,139587

0,131756

0,112599

©

0,023165

0,036266

0,068838

0,101405 0,124077

0,131756

0,125110

[EEY
o

0,010424

0,018133

0,041303

0,070983 0,099262

0,118580

0,125110

o
o

0,004264

0,008242

0,022529

0,045171 0,072190

0,097020

0,113736

[N
N

0,001599

0,003434

0,011264

0,026350 0,048127

0,072765

0,094780

=
w

0,000554

0,001321

0,005189

0,014188

0,029616 0,050376

0,072908

57




ﬂ.»k

IIponos:xennst Tadauui B.1 — 3nauenns ¢ynkiii [lyaccona P, (k) = W e’
A

K 4,5 5,0 6,0 7,0 8,0 9,0 10,0
14 10,000178 0,000472 0,002228 0,007094 0,016924 0,032384 0,052077
15 |[0,000053 0,000157 0,000891 0,003311 0,009026 0,019431 0,034718
16 ]0,000015 0,000049 0,000334 0,001448 0,004513 0,010930 0,021689
17 (0,000004 0,000014 0,00018 0,000596 0,002124 0,005786 0,012764
18 ]0,000001 0,000004 0,000039 0,000232 0,00009440,002893 0,007091
19 |- 0,000001 0,000012 0,000085 0,000397 0,001370 0,003732
20 |- — 0,000004 0,000030 0,000159 0,000617 0,001866
21 |- — 0,000001 0,000010 0,000061 0,000264 0,000889
22 |- — — 0,000003 0,000022 0,000108 0,000404
23 |- — — 0,000001 0,000008 0,000042 0,000176
24 |- — — — 0,000003 0,000016 0,000073
25 |- — — — 0,000001 0,000006 0,000029
26 |- — — — — 0,000002 0,000011
27 |- — — — — 0,000001 0,000004
28 |- — — — — — 0,000001
29 |- — — — — — 0,000001
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