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BCTVII

HapuanbHuii MOCIOHMK MIATOTOBJACHUN BIAMOBITHO 10 HABYAJIBHOI MpOrpamMu
3aranbHOrO Kypcy «Buma wmaremaruka» 3 gucuumuiind «Teopis HMoBipHOCTEH 1
MaTeMaTHYHa CTATHCTHKA» SK OJUH 3 PO3JUIIB BUINOT MaTeMaTHKU. CTPYKTypH3allis 3a
MOJYJIbHUM TPHHIIMIIOM Ii€1 HABYAJbHOI JUCHUIUIIHK € CKJIaJIOBOK0 YaCTHHOIO
BIIPOBA/DKEHHSI ~ KPEOUTHO-MONAYJIBHOI ~ CHCTEMHM  HaBYaJBHOIO  IpoOLieCy B
CeBacTonoJabrChbKOMY HallilOHAJLHOMY TEXHIYHOMY YHIBepcHUTETi. MeTa BUKIaAaHHS ITi€T
JTUCITUIUIIHA TIOJIATAE Yy TOMY, IIOO IIOTIOMOTTH CTYyJASHTaM 3acBOITH BiIIOBITHUN
MaTeMaTHYHUH anapar, HeoOXTHHIA Il 0OPOOKH MaTEeMaTHYHUX MOJIEIICH, MTOB'I3aHUX
3 MMOJANBIIIO MPAKTHYHOIO TisIIbHICTIO (haXiBIIiB.

BaxxnuBum eneMeHTOM OmaHyBaHHS KypCy ¥ OBOJIOAIHHSM HOro METOJaMHU €
camocrTiiiHa po0oTa cTyneHTiB. BoHa € CyTTE€BOIO Ta BaroMOIO CKJIAJOBOIO YACTHHOIO
Ipy BUKOHAHHI IOTOYHHMX JIOMAIIHIX 3aBJaHb IMKIIYHOT pPOOOTH 3 BUKOHAHHS
IHAUBIAyaTbHUX MOMAYJBHMX 3aBJaHb. Pe3ynbTaTUBHICTH CaMoOCTiHHOI poOoTu
CTYIEHTIB 3a0e3neuyeThcsi €(EKTUBHOIO CHUCTEMOIO KOHTPOIIO, IO CKIAJA€ThCA 3
ONMUTYBaHHS CTYJIEHTIB 3a JICKI[IHHUM MaTepiajioM, MEpPEeBIPKM BUKOHAHHS MOTOYHUX
JIOMAIIHIX 3aBJaHb, BUKOHAHHS 3aBIaHb OUIA JOIIKH, 3aXHUCTY I1HAWBITyaTbHHUX
MOJIyJIbHUX POOIT.

HaBuanbHuii OCIOHUK € CKIIAJOBOI0 YaCTHHOIO Kypcy «Bwuima matematuka» i
3aBepUIaAIbHUM 3 TUCHUILTIHU «Teopis HMOBIpHOCTEH 1 MaTeMaTUYHA CTATHCTUKA.

Bucnosntoemo mupy mnoasky mnpodecopy kadenpu BHUIIOI MaTEMaTHKH
HamionaneHoro  ripuudoro  yHiBepcutery  Ykpainum  Cropuato  Bomogumupy
@denopoBUYYy 3a KOPHUCHI 3ayBaKeHHs, sKi BpaxoBaHI B OCTaTOYHOMY BapiaHTI

HABYAJILHOT'O [MOCIOHUKA.



Po3aia 1. Bunaakosi nmoaii

1.1 llpeamet Teopii iimoBipHocTell. OcHOBHI moHATTH. Jlii Hax moaissMu
I[Ipeamer Teopii iMOBIpHOCTEH

Teopis iiMOBipHOCTEH — HayKa, 1110 BUBYAE 3aKOHOMIPHOCTI Y BUTIAKOBUX SIBUIIAX.

Bunaokoeum Ha3MBa€ThCS Take SBUILNE, SKE MPH HEOIHOPA30BOMY BiATBOPEHHI
OJTIHOTO 1 TOTO X JOCHIAY BiIOYBAETHCS KOKHOTO Pa3y HEOTHAKOBO.

Teopis WMOBIpHOCTEH BHMBYA€ Ti BHUITQJKOBI SIBUIA, SKI MOXYTh CIIOCTEPIraTUCs
NPaKTUIHO HEOOMEKEHO.

BusiBisieThes, 1m0 HE3alEKHO BiJi KOHKPETHOI MPHUPOAM BUMAJKOBHX SIBHII, SKi
MOBTOPIOIOTBCST  0arato pasiB, iX KUIBKICTh BIANOBIZAE TIEBHUM LMOGIDHICHUM
3AKOHOMIPHOCMISM.

BcraHoBIeHHSIM WX 3aKOHOMIPHOCTEH 1 3aMAETHCSI TEOPist HMOBIPHOCTEH.

Omoce,  npeomemom  meopii  UMOGIpHOCMEU €  BUBUEHHS  UMOBIPHUX

3aKOHOMIpHOCMEU MACO8ULL OOHOPIOHUX BUNAOKOBUX ABULY.

OcHOBHI MOHATTSA Teopii HMOBIpHOCTEH

Bunpobysannsa - HasBHICTb IE€BHOTO KOMIUIEKCY YMOB a0o [iid, HpH SKUX
CIIOCTEpIraeThCsl BIANOBIAHE sBMINE. BuUnpoOyBaHHSM €, HampuKIaja, CTPUISHUHA B
MillIeHb, MIKuaanHs MoHeTH [13].

Ilo0is - MOXIVBHUHA pe3ynbTaT BUNPOOyBaHHA. Tak, Mpu CTPUISIHUHI B MiIIEHb
noJisiMu OyAyTh TMOMaJaHHs 1 MpoMax; MpHU KUAAHHI MOHETH - mosiBa "rep6a" abo
"mudpu". Ilpu KugaHHI rpabHOT KICTKM MOXKYTh BiAOYTHCS UIICTh PIBHO MOMJIMBHX
pe3ynbTaTiB, BIIMOBIIHUX BWITAJIaHHSI OJTHOTO, ABOX, TPHOX, YOTUPHOX, M'ATH 1 IIECTH
OYOK.

Bunaoroseorw noodiero Ha3zuBaloTh OyAb-sK€ MOXIHBE O€3Nid pe3ynbTariB. Tak mpu
KHMJIaHHI TpaJIbHOI KICTKM BHITQJIaHHI IMAPHOTO YHCJIa OYOK, TOOTO IMOsiBa abo Tr'paHi 3
JIBOMa OYKaMH, a00 3 4OTHpMa, a0 3 IIICThMa OYKaMHU, € BUTIAJKOBOIO MOi€t0. Takox
BUITQJIaHHSI MEXI1 3 TPhOMa OYKAMH € BUIAJIKOBOIO Mojier0. [losiBa Oynb-aKOTO YHCIa
ouok (1, 2, 3, 4, 5, 6) TakoX € BHUIMAJKOBOIO Tojicr0. [le BumagkoBa mojis BOJOJIE
OJIHIEI0 OCOOJIMBICTIO, BOHA OOOB'I3KOBO HACTYIAE 1 TOMY HA3UBAETHCS OOCMOBIPHOIO

nooiero [9].



Knacudikamis BUDagAKOBUX NOJIH
1. Toxmiro HA3WUBAKOTH 00CMOGIPHOM, SKIIO TPU BUIPOOYBAHHI BOHA OOOB'S3KOBO
Bi1OyneThes. JlocToBipHY moAito mo3Hauumo U .
2. Tloxio HA3UBAKOTH HEMOJNCIUBOH0, SIKIIO TPU BUMPOOYBaHHI BOHA HE BIIOYIETHCA.
HemoxuBy moito mo3Hauumo V .
3. Tlonxiro Ha3UBAIOTh GUNAOKOE010, SKIIO TIPH BUIPOOYBAHHI BOHA MOXKE BiAOyTHCS, a

Moke 1 He BimOyTucs. Bumangkosi moxii mo3navarote A, B, C,.

4. Tlonaii Ha3UBaIOTh HeCyMiCHUMU, SIKILO TOSBY OJIHIET 3 HUX BUKIIIOYAE MOSIBA 1HIIMX
MOJIii B OTHOMY i TOMY K BUIIPOOYBaHHI.

5. Tlonii Ha3WBAIOTh €OUHO MOMCIUGUMU, SKIIO TIOSIBA B PE3yNbTaTi BUIPOOYBaHHS
OJIHIE€T 1 JIUIIE OHIET 3 HUX € TOCTOBIPHOIO MOI€I0.

6. Iloxii Ha3UBAIOTH pPi6HOMONCIUBUMU, SIKIIO € TIJCTaBU BBAXKATH, 10 KOJHA 3 LUX
MOIiH He € OUIBbII MOKIMBOIO, HIJK 1HIII.

7. Tlomii A, B, C,. yTBOpWOIOTH nogHy epyny nooii, S[KIIO B pe3yjibTari
BUIIPOOYBaHHSI BiOYAEThCs o/iHA 3 HUX. [Ipu boMy moJIii monapHo HECYMICHI 1 €IUHO
Mo>kuBi. [1ofii, 10 YTBOPIOIOTH MIOBHY T'PYITY MOiH, HA3UBAOTH eleMeHMaAPHUMU.

8. Bumankw, 3a sKuX mofil BiMOYBalOThCS, HA3UBAKOTh MAKUMU, WO CAPUSLIOMb TIOSBI
[IUX [OMIIM.

9. IBl €OMHO MOXJUBI MOAI{, 110 CTBOPIOIOTH MOBHY TIpyIy MOJiH, Ha3UBAIOTh
npomunexchumuy. JIBi IPOTUIIEKHI MOail mo3Ha4aroTh A i A. Hanpuknan, skimo A -
nonig (MomajaHHd B MIIIEHb NpU TMOCTPUIl), TO 1 MPOTHIIEKHA A (mpomax mpu

HOCTPLI Y MILLICHB).
J1i Hag momisimMu

Busuauenns. Cymoro nsox moxiii A i B HasuBaerncst momisi C, sika mojsirae y
nosiBi moii A a6o moxii B, a6o mosBi 060x moiit pazom.

[To3navaetsest cyma noaii C = A+ B, abo C=AUB.

CyMoO10 JEKIIBKOX IO HA3WBAETHCS MO, SIKA TOJISATaE y TOSBI Xou Ou 0OHiel 3

yux nooil.



n
Hosnagaerses: Ap + Ay +...+ A, = ZAI .
i=1

3 BU3HAYCHHsS BUIUIMBAE, IO CyMa HPOTHJICKHUX IO — JOCTOBIpHA IOMIS:
A+A=U.

Busnauenns. Jlo6yrkom asox moxiii A i B HasuBaerhcst mogisi C, sika moJIsIra€e B
cyMicHiit mosBi mozii A i moxii B.

IosnauaeThest 1o6yTok moxiit C = A-B a6o C = A[]B. Jo6yrox nporunexnux
noxiif — memoskmiBa momis: A- A =V .

JIoOyTKOM KIUJIBKOX TOMIM HA3WBAETHCS MO, IIO TOJATAE B CYMICHIM MOSIBI BCIX

LUX [OMIIM.

n n
[To3HnavaeTbest JOOYTOK KUTBKOX MO H A| abo ﬂ AI .
i=1 i=1

Posrnsinemo rpadidyHy UnrocTpaliito HaBeJJeHUX OCHOBHUX BU3HAYEHb.

KoxkeH HeposkimajHWH Ha CKJIAIOBI  pe3ynbTaT BUOPOOYBaHHA  Ha3BEMO
enemenmapuoro noodicro. IlozHaunMo depes Qz{a)} 0e3miu ycix elneMEHTapHUX
nofii. Ll MHOXHHA HAa3UBAETHCS NPOCMOPOM SIIEMEHTAPHUX TTOIMH.

st HaoyHOCTI OyzmeMo 300pa)kyBaTH MPOCTIpP Q y BHUINIAAI NPSIMOKYTHHKA Ha
IJIOIMHI, @ EIEMEHTH NpOCTOPY, €IEMEHTapHI NOAil @; — TOYKaMH B TOMY

npssmMokyTHUKY (pucynok 1.1). IIpoctip 2 MicTuTh B €001 BCi MOXJIMBI pe3yJbTaTh

BUIIPOOYBaHHS.
Q Q

o L

Pucynok 1.1 — IIpoctip Q2 Pucynok 1.2 — HecymicHi mogii

Byne-sika migmuoxmaa A mpocropy Q (A Q) HasuBaetscs momiero A,
nigmMuoxuHa B — Q nasuBaersest mogiero B (Pucynok 1.2). Ile o3navae, 1o Koiu B

pe3ysbTaTi BUIPOOYBaHHS BiIOYAETHCSA CIEMEHTApHA MOMiA 3 MiAMHOXKHUHU A, TO i
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BiOynerbes moxis A (rpadiuHo — B pe3yibTaTi BHIIPOOYBAaHHS BHSBHUTBHCS TOYKA B
obmacti A).

Ha pucynky 1.2 cyma aox noxmiii A i B o3Hadae mposiB TOYKH @) abo B
migmHoxkuHi A a6o B minvuoxuni B. Ioxii A i B € necymicnumu.

Ha pucynky 1.3 cyma nBox momii A i B o3nasae mosBy Toukm @; abo B

miamuoxual A , @60 B migMHOXMHI B, abo B 3aranbHiii yacTuHi migMHoxkuH. Iloxii A

i B € cymicnumu.
Pucynox 1.4 imoctpye cymy mozmii A+ B+ C+ D. Cyma 3a3HaueHUX MOIiH

noJArae B IposiBi TOYKU ; y 3adapOosaniii yactuni €.

Q Q
Ch- a

Pucynok 1.3 — CymicHi noaii Pucynok 1.4 — Cyma noniit

Ha pucynky 1.5 300paxeno, 1o g00yTok aBox mnofiii A-B o3Hauae mosiBy Touku
@; B CHLIbHIN, 3adapOoBaHiil o6macTi.
JIoOYTKOM JEKITbKOX MO HA3UBAETHCS TOIS, 10 MOJSATae B CyMICHIHM MOSIBI BCIiX

nux noxii. Ha pucynky 1.6 nosBy Touku @; B 3adapOoBaniii 00;1acTi 03Ha4ae J0OYTOK

aﬂ Q Oa

Pucynox 1.5 — JIoOyTok mogiit Pucynok 1.6 — JIooyrok A B C

ImrocTpartist npoTUiIeKHUX MO — Ha pUCYHKY 1.7.

S

Pucynoxk 1.7 — IIpotunexui nozii Pucynok 1.8 — IloBHa rpymna noiit
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Ha pucynky 1.8 300pakena 1mmoBHa rpyna HeCyMICHUX mofin Ay, Ay, ... A,.

Tyt nozii momapHO HECYMiCHI A| . Ak =V (I * k)

Hexaii A, B 1 C— noBiIbHI BUIAAKOBI MOMII, V _ uemosxnusa noxisi. Beeneni

onepaui'l' Hazg HOI[iSIMI/I 3aJ0BOJIbHAIOTL HACTYITHUM 3daKOHAaM.

1. A = A - saxon MOJIBIHOTO 3arepeyeHHsI.

2. A+ B =B + A - xoMyTaTUBHUI1 3aKOH JI0aBaHHSL.
3. A-B=B"- A- komyraruBHUii 3aKOH MHOKCHHSL.
4

. (A+B)+C = A+ (B +C) - acouiarnuBHuii 3aK0H 101aBaHHsI.

ol

. (A-B)-C=A-(B-C)- acouiaruBHuii 3aK0H MHOXEHHS.

(o2}

. (A+B)-C=A-C+ B-C- nepumii qucrpuGyrusHuii 3aKoH.

~

. A-B+C=(A+C)-(B+C)- npyruit muctpnbyruBHmii 3aKOH.
8. A+ A=A.

9. A-A=A.

10. A+A=0Q.
11. A-A=V |
12. A+QQ=Q.
13. A-Q=A.

14. A+V =A.
15. AV =V |

16. A+ B = A - B - 3axon mogsiitHocTi.

17. A-B = A + B - 3axon nozgiiisocri.
3ayBaxkeHHS. Bcl HaBeseH1 BUIlle BUBHAYEHHS OyAyTh CHpPaBEIMBUMHU, SKIIO MOJIT
HAJISKATUMYTh OJJHOMY HPOCTOPY €IEMEHTApHHUX MOJid. SIKIIo  mojist A HalekXuTh
npocropy €, mozis B mHamexuts iHmomy npoctopy (2,, TO Hi Ipo cymy, Hi Tpo
no6ytok moxiii A i B MoBu He MoXke OyTH.
IMpuknan 1. VY mimieHp podutskes aBa noctpind. [To3naunmo A - momist, mo

HOJISATAE Y MOMAJaHH] y MILlIeHb TPH NEepIIOMY MOCTpiii; B - monmamanHs y MitieHb mpu

ApyroMy mocTpimi. IM mporunesxni moaii A - mpomax Hpu HepumIOMy MOCTpii, B-

poMax IMpH IPYroMy MoCTpifi.
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Kom6inyroun npocti moaii A i B Ta iM mpoTuiiexHi, MOKHA OYiKyBaTH Ha IMOSIBH

TaKUX MOIIN;

a) ToNalaHHs y MillIeHb TIPU OIHOMY ab0 000X moctpinax A+ B
0) momnagaHHs y MillIeHb 1 IPU TEPIIOMY i pu Apyromy moctpinax A- B ;
B) MpOMax 1 IpH MEPIIOMY 1 IPH APYrOMYy MOCTPLIax A-B;

T) MOMaIaHHs Y MillleHb TUTbKH OJMH pa3 npu aBox noctpitax A-B + A - B.

KoHTpOoJIbHI 3aniuTaHHA

1. Illo Ha3WBaETHCS MOMAIEI0, EIEMEHTAPHOI MOJIEI0, MPOCTOPOM EIIEMEHTAPHUX

noxiii? Haenite mpukian nociigy (BUNpoOyBaHHS), B PE3YJIBTaTi SIKOTO MOXKE

3'IBUTHCS a00 He 3'IBUTHCA SIKaCh BUIIaAKOBa HOI[ifI.

2. Slxi mofii Ha3UBaIOTh CYMICHUMH, HECYMICHUMH, TOCTOBIPHUMH, HEMOMXIJIMBUMH,
IPOTUIIEKHUMU ?

3. SIxi moaii yTBOPIOIOTH MOBHY TpyITy?

4. 1llo Ha3WBA€ETHCS CYMOIO MOJIH, TOOYTKOM TIOJTIi?

5. HaBeniTh mpukiagu I0JaBaHHA ABOX HECYMICHHX MOIINA 1 JABOX MOAIH, sKi
MOKYTbh BIIOYTHUCS OJTHOYACHO.

6. Haenite mupmkman moOyTKy naBoxX moxiii. HaBemiTe mnpuKiIan HBOX IO,
TOOYTOK SIKUX € HEMOXJIMBOIO TOJI€I0, aje SKI HalekaTh OJHIM MHOXHHI
€JIeMEHTapHHUX MOIH.

3aBaaHHA

Hexait momii A4;, Az, .., As TO3Ha4YalOTh O€3BIAMOBHY pOOOTY  BIJMOBIIHUX

eJeMEHTIB A1, Ay, ..., As Ha cxeMax a, b, c. [Ipu 6e3BiAMOBHIN

poOOTI eneMeHTa EJIeKTPUYHUN CHUTHAJ MPOXOAUThH yepes

a) A
eJIeMEHT. SIKIIO eleMEeHTH PO3TaIloBaHi MOCIIOBHO, CUTHAI
A- IPOXOJUTh 3a CXEMOK TIpu 0e3BIIMOBHIM poOOTI BCIX
g €JIEMEHTIB. SIKII0O €eJeMEHTH pO3TalloBaHl MapajeNbHo,
3 CUTHAJI IPOXOJMUTh Yepe3 CXEeMy, SKILO MpaIfoe Xou OM OAUH
enemeHT. KomOinytoun nonii A1, Ay, ..., A 1 IM NpOTUIIEKHI, OJANTE JUIS KOKHOL

CXEeMH a, b, C OJIIf0: CUTHAJI TPOXOUTH YEPE3 CXEMY.

bl+— 4 A~ A Ay
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=y _a‘g.l

1.2 Kaacuyna i reomeTprnyHa WMOBIpHOCTI

[ToOymoBa JOriYHO  TOBHOLIIHHOI  Teopii HWMOBIPHOCTEH  3acHOBaHE Ha
aKCIOMaTMYHOMY BU3HAYE€HHI BUITAIKOBOI Moii 1 Horo WMoBipHOCTI. B cucremi akciom,
sanpornionoBanoi A. H. KommoropoBum y 1933 poui [8], HeBu3HaueHI MOHATTS €
eJIeMEHTapHe Mois 1 WMoBipHicTE. HaBenemo akcioMu, 110 BU3HAYAIOTh WMOBIPHICTH:
1. KoxHoi mofii A 1mocTaBieHo y BiamnoBigHicTs HeBix'eMue nikicHe uncio P(A)> 0. Lle
YHCJIO HA3UBAETHCS HMOBIPHICTIO MOIT A.
2. VIMOBipHiCTb TOCTOBIPHOT MOIT TOPIBHIOE OIMHMIII:

P@)=1

3. IMOBipHICTh HacTaHHS X04a 6 OJJHOTO 3 MOMApPHO HECYMICHUX IMOJiH JTOPIBHIOE CyMi

iimosiprocreit mux moxii P(Q° A ) => P(A).
k k

Buxonsun 3 mux akcioMm, BIACTHBOCTI WMOBIPHOCTEH 1 3aJ€KHOCTI MiXK HUMH

BUBOJIATH B SIKOCTI TEOPEM.

1.2.1 Kuacu4He BU3HAYeHHA IMOBipHOCTI

SAxuo MaoxkuHA Q cknagaeThes 3 11 piBHOMOKIMBHX, HECYMICHHX @IeMEHTApHUX

MOJIIH, SIK1 YTBOPIOIOTH MTOBHY TPyIy, TO

m
P(A) = (1.1)

e M - gucno eJIEMEHTAPHMX TO/IiH, AKi CIPUSIOTH MOABI oIl A.
[nakrre: WMOBiIpHiICTH moaii A TOPiBHIOE BiTHOIIEHHIO YHCIA, IO CIPHSE TOIi

pe3ynpTaTiB M npu ogHOMY BUIIPOOOBYBAaHHI, O BCIX PIBHOMOXJIMBHUX DPE3YyJIbTaTiB

n.



14

[Mpuxnanx 2. B ypni 3naxoauthes 15 Kyabp omHaKoBOrO aiamerpa: 4 4epBOHUX,

5§ CHHIX, 6 OU1iX. 3HalTH HIMOBIPHICTb TOTO, 110 BUIHATA HABMaHHSA Kyl Oyae CHHBOIO.

Po3B’s13auug

AHani3 yMOBHU 3aBIaHHS. BuiiMaHHS Kyib 3 YpHH, 1IE:

1) noBHa rpyma momii (MHOKHHA Q ), OCKITBKH TIPH OJTHOMY BHIIPOOOBYBaHHI
(BuiiMaHHI KyJ1i) 0OOB'S3KOBO 3'SBUTHCS KYJIS;
2) mosiBa Kyjib — PIBHOMOYKJIMBA IMOJis (KyJi OJHAKOBOI'O PO3MIPY Ta KOJIbOPY HE
BUJTHO IIPY BUIIMAaHH1).
BucHoBOKk — BukoHaHHs yMOB 1 — 2 mo3Bossie 3acrocyBatu popmyiy (1.1).
[To3Haunmo moxiro A - MOSBY CUHBOI KYJIi. 32 YMOBOIO 3aBJaHHs

n=15 m=5 =

wm=%=

w| -

1.2.2 T'eomeTpu4He BU3HAYEHHS IMOBIPHOCTI

Hexaii B pe3ynbrati BUIpoOyBaHHS TOYKa 3 OJTHAKOBOIO WMOBIPHICTIO 0OOB'SI3KOBO
MOX€ MOTPanmuTH B Oyab-sike Micie neskoi obmacti G. BBakaemo, mo momis A
BigOynacs, SKIIO TOYKa MpU LbOMY MHoTpamiusie B obmacte (g, g G.
[eoMeTpruHOIO #MOBIpHICTIO TOAIl A Ha3MBalOTh WMOBIPHICTh, OOYHCIIEHY 3a

dbopmyIoro

Mmipa (
P(A)=———
(A) mipa G (12)

ITig Miporo po3yMilOoTh JOBXKHHY, IUIOLLY, 00'€M B OAHO-, ABOX 1 TPUBHUMIPHOMY

BUIIAJKAX BIAMIOBIIHO.

Pucynok 1.9 — 'eomerpuuHe BU3HaUYCHHS HMOBIpHOCTEH
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Ha puc. 1.9 npocrip Q - CYKYIHICTh yCiX TOUOK obyacti G 1 CKiIamaeTbes 3
HECKIHYEHHOI KUTbKOCTI eneMeHTapHux noaii. [lousarrs «'eomeTpruuHOi KMOBIPHOCTI»
MOJKHA PO3TIISIATH K y3arallbHeHHS MOHATTS «KimacuuHoi HMOBIpHOCTI» Ha BUIAJIOK 3
HECKIHYCHHUM YHCIIOM PE3yJIbTATIB.

['eomeTpryHOrO0 BH3HAYEHHS WMOBIPHOCTEH MPOAEMOHCTPYEMO Ha MPHUKIA/IL
«3aBJAaHHS PO 3YCTPIU».

I[Mpuknan 3. «3aBIaHHsg MPO 3yCTPId».

yh y=x+lf4 M

JlBoe  mronmel  yMOBWIMCS — 3yCTpITHCA Yy
BU3HaYeHOMY Micmi MK 12 1 13 roaumHamu gHs.
[lepma nronWHa, MO TPUHANUIA, YCKAE HA JPYTY
BIIPOJIOBXK YBEPTI TOAWHM, ITICIIS YOTOo ije. 3HAUTH

HMOBIpHICTh TOTO, IO 3yCTPi4 BiIOYIETHCS, SKIIO

KO)KHA JIFOJMHA HaBMaHHS, HE3aJe)XHO BiJ 1HIIOI,

BUOMPAE MOMEHT CBOTO IPUXOTY.

'..
12 X 13 x

Pucynok 1.10 — 3aBnanss npo 3ycTpiyu
Po3B’sa3anHs

[TozHayuMo X 1 Yy — MOMEHTH IPHXOAY Ha 3yCTpid HEpLIOi i JPYyroi JHOJUHU
12<x<1312<y<13. Ockiibki MOMEHTH MOSIBU JFOJel MOKIHBI Mix 12 i 13
rogunamu, To Touka M (X,Y) 3 0IHAKOBOK HMOBIPHICTIO MOTPANMMTH 10 KBaApaTa
ABCD, 306paxenoro na pucynky 1.10.

Toukn, mo 3Haxomathcs Ha miaromani AC xksagpara 3 piBusmaam Y = X
BIJINOB1/Ial0Th OJTHOYACHIN MOsBI B 00YMOBJIIEHOMY MicIll 000X mroaei. JliHis NM 3
piBHsHHAM Y = X +1/4 Bixnosizae ToMy, IO Apyra JIOJWHA IPUXOIUTH HA YBEPThH
roquny misHime nepmoi. Jlinis KL 3 piBHSHHAM Y = X —]/ 4 BiaNOBiJIA€E TOMY, IO
Jpyra JIoAvHa MPUXOAUTh Ha YBEPTh IOJMHU paHilie nepmoi. 3ycTpid BiIOYyIeThCs,
sikio Touka M (X, Y) motpamuts y 30Hy Mk minismu Yy =X+1/4 i y=x-1/4.
YMOBH reoMeTpu4HOI HMOBIpHOCTEH BHUKOHYIOTBHCS, MOXKHa 3aCTOCYBaTH (GOpMyIy

(1.2). Ilnoma 3oum G (mmoma kBagpata ABCD) nopiBHioe oaunmui. 30Ha ¢ —
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3adapOoBana Ha pucyHky 10. Ilmomry 30HM ¢ 3HAaXOAMMO, BIJHIMAIOYM BiJ IUIOMII
kBaapara ABCD ot ABOX TPUKYTHUKIB
Sg =Sasco —(SkaL +Snmvp)-

SIxo A- OIS, 1110 TIOJIATAE B 3YCTPivl, SKa BiAOyIacs, TO
nowa g 1-9/16 7
niowa G 1 16°

P(A) =

_r
16

[Ipuknan 4. CynyrHuk 3emini pyXaeTbes 1Mo OpOiTi, 10 po3MimeHa Mk 60°

Bianosijp: P(A)

miBHIYHOI 1mHMpoTd 1 60° miBaeHHOI mMpOTH. BHU3HAYMTH HMOBIPHICTH TOrO, IO
CYIyTHHUK yTajie Ha MoBepxHio 3emuti Butie 30° miBHIYHOT IIMPOTH.
Po3B’s13aHHS

[Ipu po3B’si3aHHI OyIeMO BHXOAUTH 3 TOrO, IO MaTEMaTUYHOIO MOJEIIIO
3emiul € Kyns, panalyc sKii mo3HauuMmo udepe3 R 1 maaiHHS CcynyTHHKa
PIBHO MOXIHUBE B OyAb-KOMY «MicCIi» KyJIbOBOTO Mmosca Mix 60° miBHIYHO]
mmpotd 1 60° miBmeHHOT mupoTH. OCKUTBPKM IDiomia S KyJbOBOTO IOsica MIiX
3a3HAYCHUMHU [MHpoOTaMu gopiBHwe S = 2zR(2H), ne H = Rsin60° —
MOJOBHHA BUCOTHU KyinboBoro mapy (Pucynok 1.11), a mioma S KyabOBOTO

nosica Bume 30° mBHIYHOT MUPOTH 1 HIKYE 60° MiBACHHOI mUPOTH Oyne s = 2xRhA,

ne h =Rsin60° — R/2, To mrykana iMOBIpHICTh ckiagatume P = @ =0,2113.

s
S

ra| o

Pucynok 1.11 — Moaens nepetuHy 3eMili MEpUIiaHHOIO TUIOIIUHOIO



17

KoHTpoJbHi 3antuTaHHA

1. [lo po3ymiroTh miJ HMOBIpPHICTIO TOI1?

2. VY SKHUX MeXaX 3MIHIOETHCS HMOBIPHICTh MOII1?

3. Slxa HMOBIpPHICTh JOCTOBIPHOI Ta HEMOXKJIUBOT MO11?
4. CdopmynoiiTe KIIaCHYHE BU3HAYCHHS HMOBIPHOCTI.
5

CdopmymroiiTe reoOMeTpUIHE BU3HAYCHHS HMOBIPHOCTI.

Sagaui

1. IMinkunaeThes TpanbHU KyOWK 3 mudpamu Ha rpaHsx 1, 2, 3, 4, 5, 6. fka
HMOBIpHICTB: a) BUIIQJAAHHS APHOTO YKCIIa; 0) BUMAJaHHS YMCIIa, KPATHOTO TPHOM?

2. Ha n'ate norepeiinux OineriB 3 120 Bumamae Burpam. SIka HWMOBIpHICTB
BUTpAIlly TP NPUIOAHHI OJJHOIO KBUTKA?

3. Crin mae ¢opmy kBagpata i3 cropoHoro 1 M. Ha croni HamanboBaHO KOJIO
miametpom 0,5 M. SIka WMOBIpHICTH TOTO, IO KYy/IbKa, KHHYTa 3BEpXy Ha CTiJ,
HOTPANUTh 0 KoJia (332 YMOBH, IO KyJbKa 3 OJHAKOBOIO MMOBIPHICTIO MOTpAIUISE B
OyIb-sIKYy TOUKY CTOINY)?

4. Tlicna Gypesiro Ha gl Mk 50-M 1 80-M KkioMeTpamu TeneOHHOI TiHil
BifOynocs oOpuBaHHs ApOTy. SIka WMOBIPHICTH, 10 O0OpMBaHHS BiAOyBcs Mix 60-M i
65-M KiTOMEeTpaMu JTiHi1, SKIIO MIITHICTh IPOTY OAHAKOBA B3JOBXK yCi€il JiHIT?

5. Hudpu 1, 2, 3, ..., 9, 300paxkeHi Ha OKpeMHX KapTKax CKJIaJaloTh [0
CKPUHBKHM 1 peTelbHO MepeMilryloT. HaBMaHHS BuIiMalOTh OJHY KapTKy. 3HaTH
HWMOBIpPHICTH TOTO, [0 YUCJIO, HATTMCAHE Ha 11 KapTIli MapHe.

6. YV mpsMOKyTHUKY 5 Ha 4 cM 3HaXxoIuTbcs Koio paaiycom 1,5 cm. fka
HMOBIpHICTh TOTO, IO TOYKA, BUIAJKOBUM YHHOM IIOCTaBJI€Ha B MNPSIMOKYTHUKY,
ONUHUTHCA y KOJi?

7. Ha Bimpizok OA nosxkuHOl0 L mocraBiena HaBMaHHs Touka B. 3HaiiTi
HMOBIpHICTH TOTO, 110 MeHIMH 3 Biapi3kiB OB 1 BA mae nosxuny, Menmry Hixk L/3.
[TepenOavaeThest, 1m0 HMOBIPHICTh MOMAAAaHHSA KpamKd Ha BIAPI30K MpOIOpIiiiHa
JIOBXKHUHI BiJIpi3Ka 1 HE 3aJIeKUTh BiJl HOro po3TanryBaHHs.

8. Ha Bigpi3ok [-2;3] cTaBUThCS HaBMaHHS TOdYKa. Slka WMOBIPHICTH TOTO, IIO

BIJICTaHb BiJI ITi€1 TOYKU JI0 MMOYATKy KOOpAUHAT MeHIe 17
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9. Bcepenuny komna 3 pamaiycoM 2 M KHHYTa TOYKa. 3HAWTH WMOBIPHICTH TOTO,
o [ TOYKAa HajJeKaTHME BIUCAHOMY B KoJO KBazapaTy. llepenbauaerbcs, 110
WMOBIpHICTh TIOMAJaHHS TOYII 0 KOJa MPOMOpIiiHA HOTO IUIONI 1 HE 3aJICKUTH BiJl
pO3TallyBaHHS.

10. Ha mutomuHi HaKpecyieHo JiBa KOHIEHTPUYHI KoJia 3 pagiycamu 51 10 m. fka
HMOBIPHICTH TOTO, III0 TOYKA MOCTABIIEHA Y BEIMKOMY KOJI MOTPAINUTh Y KUIBIIE, IO
YTBOpPEHE LIMMH KOJIaMU?

11. Jlpa maporyiaBu TOBHHHI MAIATH A0 OFHOTO mpuyairy. Yac mnpuxomy
NapoIUIaBiB He3aJICKHUN 1 PIBHOMOXKIUBUI YIPOIOBX J00H. 3HAUTH MMOBIPHICTH TOTO,
10 OJHOMY 3 TIAPOTIABIB JOBEJETHCS YEKATH 3BUIBHCHHS IPUYAITY, SKIO YaC CTOSHKH
MepIIoro naporjasa 1 roguHa, a APyroro — 2 roJIMHU.

12. HaBManHs 0OpaHo [Ba 10AaTHI YKcia, KOXKHE 3 SIKUX He nepeBuiye 3. Ska
HMOBIPHICTB TOTO, IO iX cyma Oye He OinbIme 17?

13. Kunyro nBi rpanbHi KocTi. Slka HMOBIpHICT TOTO, IIO: a) CyMa OYOK Ha

rpaHsx, U0 BUNAIU, AOPiBHIOE 7; 0) cymMa OYOK Ha IpaHfX, [0 BUMAIU JOPIBHIOE 5, a

n00yTOK - 47
1 1 1 T 1 4 2 2
Bi imi: 1 —30)—;2)—;3) —; 4 —; 5 —; 6)0,1125 7 - —-g) —-
innosii )a)2 )3 )24 ) 2 )6 )9 ) ,7)3,8)5,
2 10) 0,75 11) 139 . 12) L. 13) )1 6) L
- . , ; —_—, —, a —’ —_—
N 152" 7 18 6 18

1.3 Bignocna yacrora, 200 CTATUCTUYHA HMOBIpHiCTH MOl

Jlaneko He BCSAKUN JOCIA MOXHA 3BecTH 10 cxeMu ¢opmyin (1.1) abo (1.2), 1 Toxai
HMOBIPHICTb MOAI1 HE MOXke OyTH BU3HAUEHA TEOPETUYHHUM LUISIXOM, SIK y MpUKIagax 2,
3 abo B 3amauax no § 1.2. Hampuxman, WMOBIPHICTh TakuX MOJiH, SK «IOMAJlaHHS B
L[Ib TPU TOCTPLN», «301i y poOOTI KOMI'IOTepa BIPOJOBXK TOJUHM» HE MOXE OyTH
BU3HAYeHa 3a BKazaHUMHU ¢opmynamu. Pazom 3 TuM, mepepaxoBaHi MOii
BIJII3E€PKANIOIOTh TEBHY CTYMiHb OO'€KTHBHOI MOXIIMBOCTI, Ky MOXHa BHUMIPSATH

YUCIaMHU.
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ExcrniepuMeHTanbHe BU3HAYCHHsI HMOBIpHOCTE#H mojii A moisirae B mpoBECHHI cepil
N IOCTiAiB, Y KOXXHOMY 3 SIKHMX BiOyBaeThcsi a00 He BinOyBaerbes momisi A. SIkio
nofisi BimOynacss B M J0CTifax, TO BIJHOMIEHHS M/N  HA3WBAETHCSA BiIHOCHOIO

yactoToro moseu nonii A. IloropenHs cepii BumpoOyBanb (N, My) JacTh, B
3aralbHOMY BUMNAJKy, iHIIMH pesynpTar My /Ny = mM/n. XapakrepHo, WO IIpH

30UTBIIEHHI YHCJIa JOCHIIB, BIJIHOCHA YacTOTa TOMIl TMPOSBISE TECHJCHIIIIO

cTabLTi3yBaTUCS, HAOIM)KAFOYKCH JI0 JCSKOI MMOCTIHHOT BETUYHHM.

[Mpuknax 5. barato pa3iB BUKOHYBAIH JOCTIAM 3 MIAKUIAHHSIM MOHETH, B SIKHX
MipaxoByBalM YHUCIO TMOSBH «repba». Pe3ynpTatu KimbKOX [OCHIAIB HaBeldeHI y
Tabymmi 1.1.

IMOBipHiCTh TIOSIBE «Tep0Oa» MpU OJHOMY IiIKHIAHHI BU3HAYAETHCS 33 KIACHYHOIO
iMoBipHicTIO 1 opiBHIOE 0,5. Pesynbrarh, 1o HaBeneHi B TabmuIli 1, MepeKOHYIOTh Y
TOMY, L0 IpU 30UTbIIEHHI KUTHKOCTI JOCHiJIB BIJHOCHA YacTOTa HAOIMKAETHCS [0
TEOPETHYHO 00YUCIICHOT KMOBIPHOCTI MOSIBU «TepOay.

Tabmuus 1.1 — pe3ynpTaTu AOCIIAIB 3 MOHETOIO

Yuciio KuaaHb Uwucno nosiBu «repbay Binnocna yacrora
4040 2048 0,5069
12000 6019 0,5016
24000 12012 0,5005

SIKII0 AOCTIAHKMM IIISXOM BCTaHOBIIEHA BIJIHOCHA YacTOTA MOSBU AESIKOI MOii, TO
il MOKHa B3STH K HAOJIMKEHEe 3HAYeHHS HMOBIPHOCTI.

BinHocHy yacToTy nmojiii Ha3UBaKOTh 11 cmamucmuyHo UMOGIpHICMIO 1 TO3HAYAIOTh

pr(A) ="

n

. bepuymni noBiB, MmO TpH HEOOMEXKEHOMY 30LIBIIEHHI YHCIA OJHOPIAHHUX
HE3QJIeKHUX JIOCIIIIB 3 TMPAKTUYHOIO JIOCTOBIPHICTIO MOXHA CTBEP/KYBAaTH, IO
BITHOCHAa YacTOoTa Tojii OyAe CKUIbKH 3aBrOJHO Majo BIAPI3HATUCS BiA HOTO
HMOBIPHOCTI B OKPEMOMY JIOCII/].

Takum uYnHOM, WMOBIPHICTH MOXE€ OYTH BH3HAY€HA CTATUCTUYHO, OCIIJTHUM
nuisxoMm. JUIst 1p0oro HEOOXITHO MaTH MOMKIJIMBICTP BHKOHATH HEOOMEKEHE YHCIIO

BUIIPOOOBYBaHb. 3a IIi€]l YMOBH BiJIHOCHA YaCcTOTa MOBMHHA TOKA3aTH CTaOLIBHICTD y

PI3HUX cepisix BUIIPOOOBYBAHb.
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Mpuknan 6. (derckas sunuxinonenus, T.2, M.: IIpocBemienue, 1965 — C.461)
PuboBomoBi Tpeba Oylo BU3HAYUTH, CKUIBKH B 03epi puO, MPUIATHUX JO BUJIOBY.
JoTpumyrounch peKOMEHJalii Teopii WMOBIpHOCTEH, pUOOBOA 3aKMHYB CITKY 13
3a37ayeriap 00paHuM PO3MIPOM YapyHOK 1, BUTATIIM 1i, mepepaxyBaB 3100u4. Pub
BusiBiiocs 38. 3poOMBIIM MMO3HAUKY Ha KOKHINA puOLi, puOOBOA BiAIYCTHB BCIiX iX B
o3epo. Ha apyriit 1eHb BiH 3aKHHYB Ty X caMy CITKY 1 Telep BUJIOBUB Bxke 53 puOKH,
JIB1 3 SIKHX BHUSIBUWIMCS MIYCHHMH. 33 IUMHU JAaHUMH PUOOBOJ OOYHMCIIHMB MPUOIHU3HO
KUIBKICTh pu0 B 03€pi, 10 MPpUAATHI I BUJIOBY JIaHOIO CITKOIO. /[0 SKOrO BHCHOBKY

npuiIoB puboBoa?

Po3B’ga3anHs
Hexaii kxinpKicTs pub B 03epi, 110 MPHUIATHI /Ui BHJIOBY JaHOIO CITKOIO, JOPIBHIOE X.
Toxi BigHOUIEHHS YMCIIa MiY€HHX pUO A0 YUCIa BCiX pUO, 3HOBY-TAKW MPUAATHUX JJIS
BUJIOBY JIAHOIO CITKOIO, A0opiBHIOE 38/X. YV npyrwuii pa3 puOoBOI BUIOBHB 53 puOH, 3 HUX
nBi MideHi. OTxe, BIJHOIICHHS YHCIIa MIYEHUX PUO J0 YKCIIa BUJIOBJIICHHX JIOPIBHIOE

2/53. byaemo BBaxartH, 1110 Miu€Hi puOH PIBHOMIPHO PO3MOIUIHIIUCS Cepel BCiX pubd y

BOJIOMMI, TOJIi OOMBa BiAHOMICHHS MPHUOJU3HO OJHAKOBI: — = %’ 3Biaku X = 1007.
X

BI/IXO,Z[I/ITL, B 03€pi € HpI/I6J'II/13HO THUCAYa pI/I6, NpUAATHUX AJISI BUWJIOBY JaHOIO CITKOIO.

KoHTpoJbHi 3anuTaHHSA

1. IIlo Ha3MBaETHCS BITHOCHOIO YaCTOTOO MOii?

2. YoMy BiAHOCHA YaCTOTa MOJii HA3UBAETHCA HOTO CTATUCTUYHOIO HMOBIPHICTIO?
3. Hagenite mpukiaa mojii, AMOBIPHICTb SKOi MOKHA BUSHAYUTH JTOCITITHIM

OIIAX0OM, 00YHCIUBIIN BiI[HOCHy qaCToTy HMOTO TIOSIBH.

1.4 EnemeHTH KOMOIHATOPUKH

IIpu knacuyHOMYy BHU3HAueHHI HMOBipHOCTI neskoi moxii 3a Qopmynoo (1.1)
KUIBKICTh YCIX pe3yJibTaTiB N 1 YUCIO M pe3ynbTaTiB, WLI0 CIPHUSIOTH MOSBI MOAIi,

4acTo JI0BOAUTHCS OOUYUCITIOBATH, BAKOPUCTOBYIOUH €JIEMEHTH KOMOIHATOPUKH.
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3a HasgBHOCTI N SAKHUX-HEOYJb €JIEMEHTIB MOKHA YTBOPUTH 3 HUX pi3HI KOMOiHamii
(rpymnu). Po3pi3HAIOTE epecTaHOBKH, PO3MIIICHHS 1 CIIOy4YeHHS €JIEMEHTIB.

IcuyroTh 1181 cxemu Bu6opy M enementis (0 <M< N) 3 noyaTkoBoi MHOKMHM O€3
nmoBepHeHHs (0€3 MOBTOPEHB) 1 3 MOBEPHEHHSM (3 IIOBTOPEHHSM). Y TEPIIOMY BUIAAKY
oOpaHi eJeMEHTH HEe TOBEPTAIOThCA Ha3ad, MOXHa BimiOpatu Bigpasy Bci M
€JIEMEHTIB 200 MOCiOBHO BiAOMPATH X TTOOIUHII.

VY apyriit cxemi BUOIp 3A1MCHIOETHCS MTOEIEMEHTHO 3 000B'I3KOBUM

MOBEPHEHHSM BiIOpaHOT0 €IEMEHTY Ha KOKHOMY KPOIIi.

Cxema BuOOpy 0e3 moBepHeHb
1) IlepecranoBKkM
Hexaii A - geska KiHIleBa MHOXHHA, IO CKJIQJA€ThCs 3 N PI3HUX EJICMEHTIB
A= {al, ay, .., a, } Beusiki kiHIEBI 6n0psioko6ari MHOXKWHH, IO MICTATH N
PI3HHMX €JIEMEHTIB, Ha3UBAIOTHCS MIEPECTAHOBKAMU 3 N €JIEMEHTIB.
Ipuknan 7. A= {3;1;2}. Bei nepecranosku: (1;2; 3), (2; 3; 1), (3; 2; 1),
(1; 3;2),(2; 1; 3), (3; 1; 2). Bchoro miicTh nmepecTaHoOBOK.
Yucno nepecTaHOBOK 3 N elIeMeHTIB (mo3HavaeThesa P, ) 3HaXomuThes 3a GopMyII0r0
P,=1.2-3-..0—-1-n=n! (1.3)
I[Mpuknag 8. CiM KHUT MOXXHA PO3CTaBUTH B pPsA Ha ONHIA monuii 7!
crioco6am, Bcboro 1-2-3-4-5-6 -7 =5040 BapiaHTiB.
2) Po3mimennst
Hexaii A - neska kiHleBa MHOKHMHA, IO CKIQJAEThCA 3 N PI3HMX €IEMEHTIB
A= {al, ay, .., Qa, } Bubepemo 3 HUX AESKUM YHHOM IMPI3HUX EIEMEHTIB, 1
CKJIAJJAaTUMEMO 3 IIUX M EeJEMEHTIB pi3Hi 6NOps0K06ari MHOKUHUA. BOHU Ha3WBarOTHCA
PO3MIIIEHHAMHU 3 N €JIEMEHTIB 10 M eJIEeMEHTIB.
[Mpuknan 9. A= {3; 1 2}. Bci po3minieHHs 3 3-X €1€MEHTIB 110 2 €JIEeMEHTH:
(3; 1), (1;3),(3;2), (2; 3), (1; 2), (2; 1). Bcboro 6 po3MillieHb.

Yucno po3MileHb 3 M eleMEHTIB B KOKHOMY, CKIAJEHUX 3 JaHUX NN eIeMeHTIB,
m
no3Ha4aTs A .

MeTo10M MaTeMaTUYHOI 1HAYKIIIT MOXKHA TOBECTH, 110
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A'=—"— a6o Al =n(n-1)-(n—2)-...-(n—(m-1)). (1.4)
(n—m)!
[Tpuknan 10. 3 BoCbMHU €JI€MEHTIB MOYKHA CKJIACTH T'PYIHU 10 TPU CJIIEMEHTH, SIKi

BIApI3HsUTMCS © CaMHMHU €JIeMEHTaMH UM iX MOPSAKOM HACTyIHE YHCIO pasiB

|
AS _8_6.7.8-33
5!
3) Komoinamii

KinueBi negpecynboeani MHOKMHH, 10 MICTATH M pi3HUX €JIEMEHTIB, BUOpAHHX 3

N  eleMeHTIB 3aJaHOi MHOXHHH A= {al, ay, .., Qa, }, Ha3MBAOThCS
KoMOiHariamMu 3 N exeMedTiB o M eJIeMEeHTIB.
[Mpuknag 11. A= {3;1; 2; 4}. Bci kom0iHarrii 3 4-X eJIEMEHTIB 1O 2 CJICMCHTH:
(3;1),(3;2),(3;4),(1;2),(1;4), (2; 4). Bcboro 6 komOiHaITIH.
. L . . . m
Yucro Beix KOMOIHAL[ 3 N Pi3HHX €ICMEHTIB [0 M exeMeHTiB mo3HadaeTbest C,

Ha Bi,I[MiHy Bi,[[ pOSMiH_[CHB B TAKHUX I'pYIIaX BUKIHOYAKOTHCS IEPECTAHOBKU:

m_ A n!
Cn'= P, mi(n—m)! (13)

Jlist urcna KoMOiHaIlIN CIIpaBe/IMBI HACTYITHI BIACTUBOCTI:
m_ ~n-m,
Ch =Cn
m+l _ ~m m+1,
Cn+1 - Cn + Cn J

Cl+CL+C2+..+CMtych=2"

ITpuknax 12. CkinbkoMa crioco0amMu MOKHA BHOpaTu AB1 JeTalli 31 CKpHHI, 110

MICTHTBH JECSITh AeTaneh?

| .
Po3B’s13aHHS: C120 = E = & =45,
2181 2

Y HacTymHUX JBOX NpUKJIagaX TMpH BU3HAYEHHI KJIACHMYHOI IMOBIPHOCTI

BUKOPHCTOBYIOTHCSI KOMO1HAII1].
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puknax 13. B ypui 12 kyns, nponymeposanux 1,2,...,12. Hasmanns

BUMMarOTh & Kyjb. 3HAUTH WMOBIPHICTH TOTO, IO CEPE]l BUMHATUX KYJIb OMMMHATHCS: 1)
kyns Ne3 (momis A);  2) kyimi Ne5 i Ne6 (nmomis B).
Po3B’sa3aHHs

Yuciio pe3ynbTariB, M0 CHOPHUAOTh MoMAii A, KOJM BUHHATA KyJis 3 MOTPIOHUM

HOMEpPOM, a pElITa CiM Kyjlb MAKOTh iHIIi HOMepH, jopieHioe C/ . 3aranbHe umcno

) ) 8 ) )
MOKJIUBUX PE3Yy/IbTATIB JOPIBHIOE C12~ TakuM 4MHOM, BIIMOBIAL HA TEpPIIE MUTAHHS

3amaul

C/ 11841 8

P(A)=—Ll=""Cr o =
cf 72 12

0,667.

Jlpyra yactuHa 3aa4i BUPIIIYETHCS aHATIOTIYHO

Ch 1018141 7.8

P(B)= "X = =
c§ o6+l 11-12

~0,424.

[Ipuxknan 14. Y ckpuni 3Haxomuthes 20 neraned, cepen skux 15
crangaptHux. HaBmanns oOpamu 10 neraneii. 3HaifiTh WMOBIpHICTH, IO Cepex
BiJIiOpaHuX 8 jerasneil BUSIBIATHCS CTaHIAPTHUMH.

Po3B’g3aHHs
3aranbHe 4McIO BapiaHTiB Bigoopy 10 aeraneit 3 20 xgeraneil AOpiBHIOE Cég.
OOGUYMCIUMO YHUCIIO CHPUSATIUBUX pe3ynabTariB. Ham moTpiOHO MaTtu 8 cTaHAapTHHUX
neraneir 3 15 MOXIMBMX 1 2 HECTaHAapTHI JgeTami, sKi Bi3bMyTh 3 5 HasBHHX
HecTaHAApTHUX. Takuil pe3yabTaT OOUUCIIOETHCS JOOYTKOM Cﬁ; -Cé . TakuM umHOM,
IIyKaHa HMOBIPHICTb JOPIBHIOE:

5 _ CisCs _ 1551010
clo 8o

Cxema BUOOpY 3 NOBEpPHEHHAMH
4) IlepecTaHOBKH 3 NOBTOPEHHSIMHU
Hexaii A - 1esdka CKiHY€HHAa MHOXKMHA, IO CKiIagaeTtbes 3 N eleMeHTiB

A={a;, a,, .., a,} M pisaux Tumis (M <n). Enementn omsoro Thmy He
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BHUPI3HAIOTECA Mixk coboro. Hexaii k; enemenTiB nHanexuts 1-y tumy, K, enemeHTiB

HANCKUTh 2-y THIY, i Tak gami, K., enemeHTiB Hanexuts Tury [11, npuuomy

m
Ki +Ko +...+k,, =n.

Pi3Hi KiHIIEBI BHOPSAKOBAaHI CYKYITHOCTI, IO MICTSTh n €JIEMEHTIB, 3 SKHX k1

€JIeMEHTIB HalexXuTh 1-y Tumy, K, - HalexuTb 2-y TUIly, i Tak Jaii, km €JIEMEHTIB
HAJISKUTh THITY M, HA3UBAIOTHCS IIEPECTAHOBKAMH 3 MOBTOPEHHSIMH, 110 MAIOTh CKJIA
(ki ko, oy Ky

Yucno Takux NepecTaHOBOK 3 TOBTOPEHHIMHU

n!
K tKo ko k!

C(ky Kz Kpy) (1.6)

[puxknang 15. CkigbKu pi3HUX MIECTU3HAYHUX YHCET MOXHA YTBOPHTH 3 3-X
OJIMHUIIb, OJTHIET IBIMKY 1 TIBOX TPIHOK?
6! :1-2-3-4~5-6 _ 60
32t 1.2.3-1.1-2

5) Po3MileHHsI 3 NOBTOPEHHSAMU

Pose’szannn: C4(3,1,2) =

Sxmo npu Bubipmi M epemenrie 3 N enementn MOBEPTAIOTHCSA Hazaa 1
YIOPSIKOBYIOTECS, TO TOBOPATS, 110 L€ € PO3MILIEHHS 3 TOBTOPEHHIMH.
Po3mMmilieHHs 3 TOBTOPEHHSAMHM MOXYTh BIJIPI3HATHCA OJUH BiJl OJIHOTO

eJIeMEHTaMHU, 1X MOPSAIKOM 1 KUIBKICTIO TIOBTOPEHD €JIEMEHTIB:

An =n". (L.7)
[Mpuknax 16. CKinbkH M'ITH3HAYHUX YHUCET MOXKHA CKIIACTH, BUKOPHUCTOBYIOUN
uudpu:
a)2,5,7,8
Aq =45,
6)0,1,9

—5 —4
Az — A3 =243 -81=162.
6) Komoinaii 3 moBTopeHHsIMH
Hexaii € M pi3HMUX THUIIIB €JIEMEHTIB, YUCJIO MMOBTOPEHb SKUX CKIHYEHHE, ajie He

oOMexeHe.
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KomOinamissmu 3 M pi3HUX eneMeHTiB 1o N eneMeHTIiB 3 MOBTOPEHHSIMHU
HA3UBAIOTBCS Heape2ylbo6ani MHOXKHHHU, IO CKIANAIOThes 3 N eleMEeHTIB, KOXKEH 3
SKUX HAJISKUTH 0 OAHOro 3 M THIiB.

[Ipuxknax 17. 3 3-x pizHUX eneMeHTiB {l; 2; 3} MOXHa CKJIacTH HACTYIIHI
KOMOIHAIII] 10 /IBa €JIEMEHTH 3 TOBTOPEHHSIM:
(1;1), (1;2), (1;3), (2,2), (2;3), (3;3).

UYucno pi3HUX KOMOIHALiM 3 M eJeMEeHTIB MO N eJleMEHTIB 3 MOBTOPEHHSIMU

n .
nosuavaersest o i o6umncioeTses 3a hopmyoro:

n m-1 n
fm :Cm+n—1 =“m+n-1- (1.7)

I[Mpuknang 18. B ypHi 3HAXOAATHCS OJHA YOpHA i OgHA OuLTa Kyni. 3 ypHH
HAaBMaHHS BUMMAETHCS KyJIsl, 3allaM'STOBYETHCS 1i KONIp 1 KYJIFO TIOBEPTAIOTh JIO YPHHU.
Tak moBTOpro€eTbess 4 pa3u. Bu3HAYMTH WMOBIPHICTH TOTO, IO BCi YOTHPU pa3u
3'IBUTHCS Oi1a KyJsl.

Po3B’s13aHHS
3a yMOBOIO, pi3HMX eneMeHTiB 2, M = 2. CKIagacTbcs MHOXKHUHA 3 4-X €JIEMEHTIB
N =4 . Yucno Beingkux koMOiHaliii MOXHaA 3HaliTu Gesnocepennno: (6660), (6664),
(6644), (6uuu), (vauu). TyT “0” — o3Ha4ae nmosBa 6101 Ky, “4” — yopHOi. O6UUCIUMO

KUIbKICTh KOMOIHaIIi# 3a hopmyroro (1.7):

fn_Cm—l _n _r4_ o -5
m — ~¥m+n-1—" ~¥m+n-1— *~5 _4']_'_
3 5-T pi3HHUX PE3yJbTaTIB TUIBKH OJUH CHpHUs€ NOsBl 4-X OUIMX KyJb. 32 GpopMynor0
1

KJIaCU4HOI iMOBipHOCTEH P = — .

KoHnTpoJbHi 3anuTanHs

1. Ilo Ha3uBaeThcs nepecTaHoBKamu 3 [1 eleMeHTIB, MO3HAYCHHS, OOYHCIICHHS.

2. lllo wasuBaetbcs po3mimenHsmMu 3 [N emementiB mo [N enemeHTis,
MMO3HAYCHHS, O0YMCIICHHS.

3. 1o nasuBaerbcs koMOinarismu 3 N emementiB mo M emeMeHTiB, MO3HAYEHHS,

oOunciaenHs. BractuBocTi KOMOIHAIIIH.
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4. 1llo Ha3uBa€eTHCS MEPECTAHOBKAMU 3 IOBTOPEHHSIMHU, IIO3HAYCHHS, OOUUCIICHHS.

5. Illo Ha3uBaeThCsA KOMOIHAIISIMY 3 TIOBTOPEHHSIMU, TIO3HAYCHHS, OOUMCIICHHS.

3anaui
1. IIpu Habopi TenedonHOro HOomMepa aboHeHT 3a0yB ABI ocTtaHHI HUdpPU 1 HaOpaB iX
HaBMaHHS, NaM'ATal0YM TUTbKHM, IO i nudpu HemapHi i pi3Hi. 3HAWTH HMOBIPHICTH

TOT0, 110 HOMep HabpaHUil MPaBUIILHO.

2. Cepen 100 moTtepeiHMX O1ETIB € 5 BUTpalTHUX. 3HAWTH WMOBIPHICTH TOTO, IO 2

BUOpaHNX HABMaHHS OJIETH BUSBIIATHCS BUTPAITHIUMH.

3. JlutmHa rpae 3 4oTUpMa JiTepamMu po3pizHoi abetku A, A, M, M. flka iiMOBipHICTB
TOTO, IO NpPHU BHUIAJKOBOMY pO3TAlllyBaHHI JITep MOPYY BOHA OTPHUMAE CJIOBO
«MAMA»?

4. 'V amuky 3HaxoasThes 4 xapTku 3 mudpamu 0, 0, 2, 6. BuiiMaroTh HaBMaHHS 10
4ep3i KapTKH 1 CTaBIATh MOPA. SIka HIMOBIPHICTB TOTO, IO OTpUMaeMO dncio 20067

5. Ha mectu kaptkax nanucasi gitepu B E T I1 P T. Ilicns perenbHOro nepeMinryBaHHs
OepyTh MO OAHIM KapTIll 1 BUKJIAIal0Th MOCIIOBHO MOpYyY. SIka HIMOBIpHICTH TOTO, 110
otpumaemo cioBo «[IPUBIT»?

6. Ha Bocbmu kaptkax Hamucani jitepy A B E XK K JI P X. Ilicna perensHOTO
nepemilnyBaHHsi OepyTh O OJIHIM KapTIll 1 BUKIAMAIOTh IMOCIIJIOBHO I'STh KapTOK
nopyu. Slka KMOBIPHICTH TOTO, 110 OTpUMaeMo ciIoBO «XAKEP»?

7. 'V AmuKy nexaTh ynepemiml 12 BUpoOiB OJHOrO TUIY JIBOX PI3HHUX KOJIbOpIB - 7
HITYK CUHBOI'O Ta 5 MITYK yepBoHOro. HaBmanHs BuOpano 7 BupoOiB. SIka MIMOBIpHICTh
TOTO, IO Cepe/l HUX 3 4epBOHUX BUPOOIB?

8. B ypHi 3HaxoAaThCs TPU KYJi OJHAKOBOTO AiaMeTpy: OAHA YOpHa, ojHa Oina i ogHa
YepBOHA KyJs. 3 YPHM HaBMaHHS BHMMA€ETHCS OJHA KYJIs, 3amaM'sITOBYETHCS 11 KOJIp 1
KYJIsl TOBEPTAETHCS 10 YpHU. Tak MOBTOPIOEThCs 6 pa3iB. BusHaunTtu WMOBIpHICTH TOTO,
10 YOTHPU Pa3H 3'IBUTHCS O1s1a KyJid 1 BIY1 — YEpPBOHA.

Binnogini:

1) 1/20; 2) 1/495; 3) 1/6; 4) 1/12; 5) 1/720; 6) 1/6720; 7) 0,442; 8) 1/28.
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1.5 Teopemu noagaBaHHsI i MHOKeHHSI HMOBIpHOCTeH

1.5.1 Teopema nogaBaHHs HMOBIPHOCTel HECYMICHUX MOIiH
Teopema 1. lmoBipHicTh cymMHm [BOX HeCyMiCHMX HOiil JOpiBHIOE CcyMi
HMOBIpHOCTEH 1TUX MOIii:
P(A+B)=P(A)+P(B) (1.8)
JloBeneHHS
Hexait MHOXMHa () CKJIQIa€Tbcsi 3 N PIBHOMOXKIJIMBUX EIEMEHTApHHUX IOJIH,
OpU4OMy M - 4YKCIIO €JIEMEHTApPHUX MOJii, Mo BXOAATh B moaio A, K- 4mcio

EIIEMEHTAPHUX MO/Ii, 0 BXOIATh B moxito B. 3a ¢opmyioro kiacuuHoi HMOBIPHOCTI
P(A)=—, M P(B) =—. Ockinbku mogii mecymicui (auB. Pucyrok 2), xo mogii A+ B
BXOJUTh M + K enementapuux momiin. Tomi

m+k _m E = P(A) + P(B) wo it tpeba 6yno nosectn.
n

P(A+B)=
Teopema y3arajibHIOETbCS HAa CYMY TPHOX 1 OUIBII HECYMICHUX TOJ1MA:

P(A+B+C)=P(A)+P(B)+P(C);

ZA ZP(A) (L9)

BucunoBok i3 teopemu 1. Skmo momii A, A,, ..., A, YTBOPIOIOTH IOBHY

rpylny HECyMICHUX MOJIiH, TO cyMa X IMOBIpHOCTEH J1OpIBHIOE 1:
n
> P(A) =1
i=1

HoBenenns: ockineku Ay, A,, ..., A, - IOBHa Ipyna Ioiii, To NosBa Xo4 Ou
onniei 3 Hux — gocroBipHa momia: P(A + A, +...+ A,) =1. Ockineku mnopii

HecyMiCHi, A0 HUX 3aCTOCOBHA TCOPEMaA NOJaBaHHA ﬁMOBipHOCTCfI:

P(AL+A +..+A)=P(A)+P(A)+..+P(A,) =1.

BaxnuBuil okpeMuit Bunajgok BUcHOBKY: Cyma IMOBIpHOCTEH MPOTHIICHKHHUX

MOJIil TOPIBHIOE OJIMHUIIL:
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P(A)+P(A) =1. (1.10)

I[Ipuknaxg 19. Ha mnomumi y BUIIaAKOBOMY TIOpSIAKY po3cTaBiieHi 15
MiIPYyYHUKIB, TPUYOMY I'SITh 3 HUX 3 MareMaTuku. Bu Oepere Tpu BHITaIKOBI
MIIAPYYHUKH. 3HAUTH HUMOBIPHICTh TOTO, 110 X04 OU OJIMH 3 Y3ATHX IIAPYYHHKIB Oy/e 3
MaTEMaTHKH.

Po3B’sa3aHHs

Hexaii A - monis, sika mojisrae B TOMY, IO XO04 OM OJHMH 3 TPbOX Y3ATHX
MiIPYYHUKIB Oy/e 3 MaTreMaTuku. Tomi A- MIPOTHJICKHA TIOJIIsI: BCI TPH MIAPYIHHUKHU HE
3 maremarnku. Cyma iiMoBipHocTeit mpormnexunx momiii P(A) + P(A) =1. Yucro
pe3yNbTaTiB, IO CHOPUSIOTH TOMY, LIO OOpaHi MiAPYYHHKH HE 3 MaTeMaTHKH, —
KUTbKicTh KoMOiHatii 1o 3 3 10. KinbkicTh ycix pe3ynpTariB — yuciio KoMOiHallii mo 3
Cip _ 101312 0,264,
cd 37

3 15. ViMOBipHicTb mpoTHIIEKHOT MO P(K) =

Omxe, mykana fimosipricts P(A) =1— P(K) =1-0,264=0,736.

IMpuknan 20. CTpuIAloTh Y MilIEHb, 10 CKIAJAETHCSA 3 TPHOX KOHLIEHTPUUYHUX
kin. Vimosipricts nomanamms B uentpansHy 30Hy (1) gopieaioe 0,05, B kimbue
(2)-0,1; B ximeue (3)—0,17 (Pucynox 1.12). fka HMOBipHicT HOmagaHHs y
MIIIEHb?

Po3B’sa3aHHs
Hexaif A; — nmomaiaHHs B IEPIIy 30HY;
A, —monanaHHA y Jpyry 30HY; Ag— TONAaJaHHS Yy TPETI0 30HY, TOJII
e A=A +A, + A; - noxis, WO monArac B INONAJaHHI Y

MIIIEHb.
Pucynoxk 1.12 — Jlo npuxiagy 20

IMonii A, Ay, A; — HECyMiCHI (HE MOKHA OJJHUM IOCTpPLIOM
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HNOTPANUTH 70 SKUX-HEOyIb NIBOX PI3HUX YAaCTUH MIMIECHI), TOMY 3TiJHO TEOpEMH

MaeMo:

P(A + Ay + Ag) = P(A) + P(Ay) + P(A;) =032

1.5.2 Teopema nonaBaHHs iMOBIPHOCTEH CyMICHMX MOii

Teopema 2. Mwmosipuicts cymu cymicuux mogiii A i B nopismioe cymi ix

HMOBIpHOCTEH, 6€3 MMOBIPHOCTI iX CyMiCHOI MOSIBH, TOOTO:
P(A+B)=P(A)+P(B)-P(A-B). (1.11)
HoBeneHHs

Hexait MHOXMHa Q CKJIada€TbCA 3 n piBHOMO)KJ'II/IBI/IX CIICMCHTAPHUX HOI{iﬁ,

npuyomy M + 1 - uucio €JIEMEHTAPHUX TIOJIH, IO BXOISTH B IOIIIO A, k +1-
YHUCIJIO €JIEMEHTAPHUX TOJIIH, 110 BXOAATH B MOIII0 B , | - gncno CJIEMCHTApHUX TOIH,
m + |

saranprux o nogii A iB . 3a dopmyioro kimackanoi iimosiprocTi P(A) = ,

K+1
P(B) :T. Ockinpku monii cymicHi (auB. Pucynox 1.3), mo monii A+B

Bxomaute M + K +1 eneMeHTapHux noain. Tomi

m+k+1 _m+|+k+l I

P(A+B) =" - ———=P(A)+P(B)~P(A-B). mo i

NOTpi1OHO OYJO T0BECTH.
BUCHOBOK i3 Teopemu 2. VIMOBipHICTB CyMH TPhOX CyMiCHMX TIOfi#
P(A+B+C)=P(A)+P(B)+P(C) - P(AB) — P(AC) —
—P(BC) + P(ABC).

1.5.3 Teopema 100yTKy noaii

Iloois A nasusacmuvcs nezanesxicnoio 6io nooii B, xonu iimoBipuicts momii A He
3aJIeKHUTh BijI TOTO, BinOysacs mofist B, un He BigOymnacs.
Iloois A nasusaemuvcs sanedxcnoro 6id noodii B, komu iimoBipHicTs momii A

3MIHIOETHCS 3aJIXKHO BijI TOTO, BinOysacs mofist B, un He BigOymacs.
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Mpuknan 21. a) Ilpu migkuaanHi 2-X MOHET MO3HAYMMO 4Yepe3 A - TOsBY
nudpr Ha nepmiii mMoHeri, B - mosBy nmdpu Ha npyriii moweri. Ilomii A 1 B -
HE3aJIEXKH] OHA BiJ OIHOI.

0) B ypni 2 6imi 1 aB1 9opHi Kyii. JBl J0IUHM 10 Yep3i BUWMAIOTh 1O OJIHIA KYIIi.
Hexait A - mosiBa 06inoi kynmi y mnepmioi joguau; B - mosiBa Oinoi kymi y apyroi

. : 1 . :
moauan. Skuio noxis A Binbynacs, to P(B) = 3 Slkmo BinOymacs moxist A - mosiBa

. 2 . . : :
qopHol Kyini y mepoi moxauau, To P(B) = 3 Slknio e BimOynacs Hi momis A, Hi

noxis A, o P(B) =1/2. Taxum uuxom, mogist B e samexnoro Big moxii A.
Wmogipuicte moxii B, oOunciieHa 3a ymoBH, 110 mojis A BigOynacs, Ha3UBAETHCS

YMOBHOIO tiMogipHicmIo nodii’ B 1 mo3HavaeThcss CMMBOJIAMHE P(B|A) abo P, (B).

3 npuknany 21(6) 3posymino, mo P(B) # P(B|A) :

Teopema 3. Imogipuicts 106yTKy JaBOX TOAiil MOpiBHIOE 10OYTKY
HMOBIpHOCTEH O/HI€T 3 HUX HA YMOBHY HMOBIPHICTH iHIIO1, OOYHCIIEHY 32 YMOBH, IO
nepiia nojist Bigdymnach:

P(A-B) = P(A)-P(B|A). (1.12)

JoBeneHHs
Hexait MHOXMHa () CKJIQIa€Tbcss 3 N PIBHOMOXKIMBUX EIEMEHTApHHUX MO,
npudomy M+ | - dyucio enemeHTapHUX MOMIIH, 10 BXOAATh B moxito A, K + | - uncio
eJIEMEHTAPHHUX TMOJIH, 110 BXOAATh B momitoB, | - uncio enemeHTapHuX MOIiH,

saranpHuX s monid A 1 B. Tlomis A-B BinOymerbces, skimo BinOyaetbes oqHa 3 |
L : |

exeMeHTapHuX moxid. Wmosipuicts mosBu moxpii A-B: P(A-B)=—. Hexai
n

m+| . Omxe, g noxii B

NEepUIOK0 BiAOyacs MOAis A, AMOBIPHICTB KOI P(A) =
3aJMIIAIOTHCS MOKIUBUMH M + | enemenTapHux moxid. Ockinbku | ememMeHTapHHX

noxiit cnpuaTimBi s momii B o P(B|A) =—I. [TigcraBuMO BUpas3u
m+

wist P(A-B),P(A), P(B|A) y hopmyny (1.12):
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I m+1 | | .
—=—————— &> — = — OTPUMAJIM TOTOXKHICTh, TEOPEMA JIOBEJIEHA.

n n m+l n n
Ilpu 3acmocysanni meopemu 3 He Mae pizHuyi, Ky nooit0 88axcamu NepuLoro, Ky —

opyeoro, popmyny (1.12) modxcna 3anucamu y uensoi
P(A-B)=P(B)- P(A‘B).
BucnoBok 1. SIkmo momist A He 3a1exuTh Big noaii B, To 1 moxia B He 3aiexuthb Bin

moxii A.

BucHoBok 2. MMoBipHicTs 106yTKY JBOX HE3aNEKHHX TOJiil JOPiBHIOE T06YTKY
HMOBipHOCTEH UX MOJIiH, TOOTO:
P(A-B) = P(A)-P(B). (1.13)
VY pazi N He3aeHUX MOMIN

n

PIT1A |-TTPA)
i=1

i=1

[Mpuknan 22. IZMOBipHiCTI: MOTAJIaHHST B MIIIEHb TEPIIMM CTPUTbIEM (OIS
A) nopiaioe 0,8. MIMOBipHiCTs TONajaHHs B MilleHb APYTHM CTpiibleM (mois B)
nopiBHioe 0,7. BusHaunTH HMOBIPHICTD MONAAaHHS y MIIIIEHb, SIKIIO KOXKEH 13 CTPLIBIIB
3pOOUB MO OJJHOMY TTOCTPIITY.
Po3B’s3aHHs
Mimenp BpakeHa, SKIIO B Hel Momaae Xo4 OM OJIWMH CTplielb, TOOTO
BinOynersest momist A+ B . Tloxii A i B cymicHi i He3anexHi.
P(A+B) = P(A) + P(B)— P(A-B) = P(A) + P(B) — P(A) - P(B).
P(A+B)=08+0,7-08-0,7=0,94.

1.5.4 UmoBipHicTh MOSIBM X04 OM OHIi€l MOAil

Teopema 4. VIMOBipHICTh TIOSIBH X04 O OAHI€ET 3 MOAIN HE3aIEKHUX Y
CYKYITHOCTI, TOPIBHIOE PI3HUIII MIXK OJJUHHIICIO 1 TOOYTKOM MMOBipHOCTEH

MPOTHIICKHUX TOJTIN
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P(A)=1-qy0;...0p-
JdoBeneHHs

[To3naynmo uepes A MOJiI0, sIKa IOJIAra€e B IOsABI Xo4 OM oxHiel 3 moxii

Al’AZ""’An, Ionii Ai ALA2,., AN (ckomHa 3 TOAIM HE HacTymuia)

IPOTUJICKHI, OTIKeE, CyMa iX HIMOBIPHOCTEH JOPIBHIOE OXMHHULL:
P(A)+P(ALA2...An) =1.
3Bi/IcH, KOPUCTYIOUHCH TEOPEMOKO MHOKEHHSI, OTPUMAEMO
P(A) =1- P(A1A2...An) =1— P(A1)P(A2)...P(An),
au

P(A) =1-q05....0p.

Oxkpemuii BUMamoK. Skmio moii Al’AZ""’An MAIOTh  OJHAKOBY

HMOBIPHICTB, IO AOPIBHIOE P, TO HMOBIPHICTB MOSIBU X0Y OM OJHI€ET 3 IIUX TOIIN

P(A) =1-q".

[Mpuknax 23. IlpucTpiii MICTUTH ABa €IEMEHTH, HIO NPAIIOIOTh HE3AJIEKHO.
ﬁMOBipHiCTL BIJIMOBU €JeMEeHTIB BifnoBigHo nopiBHioe 0,05 1 0,08. 3Haiitu
HMOBIPHICTh BIAMOBU NPHUCTPOIO, SKIIO JAJS LBOrO JOCTaTHbO, 1100 BIIMOBHUB X0Y OU
OJIMH E€JIEMEHT.

Pos3B’sa3anus

llykana iimosipuicts P(A) =1-q,0, =1—(1-0,05)(1—-0,08) =0,126.

puknan 24. IMOBIpHiCTb MOMAIaHHS B MillleHb KOKHIM 3 IBOX CTPiNbIIiB
nopiHtoe 0,3. CTpuibLi CTPUISIFOTH MO Yep3i, IPUUIOMY KOKEH MOBUHEH 3pOOHMTH 1O JBa
noctpiayu. Tol, XTO NomnaB B MillIEHb MEPLIMM, OTPUMYE MpH3. 3HAUTH HMOBIPHICTh
TOTO, IO CTPUIBITI OTPUMAIOTH TIPHU3.
Po3B’sa3anns
Jliist BpydeHHs pU3y JOCUTh, 100 X04 OM O1HA 3 YOTUPHOX CIPoO Oyia yCHilIHOKO.

VimogipricTs yemimmoi cnpobu P = 0,3, meycnimmoi ¢ =1-0,3=0,7.
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Ilykana iimosipuicts P(A) =1— q4 =1-0,7* =0,7599.

KoHTposbHi nuTanHs

1. Cdopmymroiite i JOBEIITH TEOPEMY J101aBaHHS IMOBIPHOCTEH HECYMICHUX
TOJTIH.

2. CdopmynioiiTe BUCHOBOK TEOPEMH J10/IaBaHHS.

3. CdopmynroiiTe 1 JOBEAITh TEOPEMY J10aBaHHS UMOBIPHOCTEH CyMICHUX MO/IIH.
CdopmynroliTe BACHOBOK TEOPEMHU.

4. S$lki moxii HA3UBAIOTH 3aJICKHUMH, HE3AICIKHUMHU; 1110 O3HAYAE YMOBHA
HMOBIpHICTH TOIi?

5. CdopmymioiiTe i OBEIITh TEOPEMY MHOXKEHHS HMOBIPHOCTEH.

6. CdopMmynioiiTe BUCHOBKU TEOPEMHU MHOXKEHHS IMOBIPHOCTEH.

3agaui
1. MoHeTy miIKMHYTO JBi4i. 3HAUTH WMOBIPHICTH TOTO, IO X0U OU OJUH pa3 3'SIBUTHCS
«repom.
2. YV nidt ceMurioBepxoBoro OyJMHKY Ha IMEPIIOMY TOBEPCi BBIMIIUIA TPU JIFOJWHH.
KoxxHa 3 HHX 3 OJHAaKOBOI IMOBIPHICTIO BUXOAWUTh Ha OyIb-SKOMY 3 IOBEPXiB,
NOYMHAIOUU 3 ApYyroro. 3HallTM WMOBIPHICTH TOTO, IO BCl MacaXupu BUINyTh Ha 4

noBepci.

3. Jlnsa curHamizamii Mpo aBapil0 BCTAaHOBJICHI [IBa HE3AJIEKHO MPALIOIOYUX
cHrHasTi3aTopu. VIMOBIpHICTB TOTO, IO TP aBapii CHTHATI3ATOP 3aIpAaIlioe, TOPIBHIOE
0,95 nnst mepioro cur"anizatopa i 0,9 — nast npyroro. 3HalTH HMOBIPHICTH TOTO, IO
IpH aBapii 3ampaiioe TIIbKU OJJUH CUTHANI3ATOoP.

4. ]JIBa CTpiibIi CTPIIAIOTH Y MillleHb. VIMOBIpHICTb IIONAAHHS B MillleHb IPH OJHOMY
MOCTPUTL Jyuisi mepuioro crpumblis gopiBHioe 0,7, a mis apyroro — 0,8. 3Haiitu
HMOBIPHICTH TOTO, IO TIPH OJAHOMY 3aJITli B MIIIIEHb MOMaJe X04 OU OJMH 13 CTPIIBIIIB.
5. 3 maprtii BUpOGiB TOBapO3HABELb BiNOMpac BUPOOM BHINOTO TAaTYHKY. VIMOBipHicTH
TOTO0, 1110 HaBMaHHS y3STUH BHUPIO BUSBUTHCS BUIIOTO TaTyHKy jaopiBHIoe 0,8. 3HaiiTu
HMOBIPHICTH TOTO, IO 3 TPbOX MEPEBIPEHUX BUPOOIB TUIBKHU JABa BUSBISATHCS BUIOTO

TaTYHKY.
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6. Y wmimeuky Mmictutrbes 10 ogHakoBux KyOukiB 3 Homepamu 1, 2 ., 10. HaBmanus
BUTATYIOTh TIOOJMHII TpU KyOMKH. 3HAWTH WMOBIPHICTH TOTrO, WIO IOCIiOBHO
3'SIBIATHCS KyOUKH 3 HOMepamu 1, 2, 3, a) 6e3 moBepHEHbB, 0) 3 TOBEPHEHHSIMH.

7.V «CeKpeTHOMY» 3aMKY Ha 3arajibHiil 0Cl YOTUPH JIUCKH, KOXKEH 3 SIKUX MMOJAUICHUN Ha
I'SITh CEKTOPIB, HA SKUX HamucaHi pi3Hi nudpu. 3aMOK BiIKPUBAETHCS TUIBKH B TOMY
BUMNAJIKY, SKIIO JMCKM BCTAHOBICHI TaK, 1m0 HU(PH HA HUX YTBOPIOIOTH IEBHE
YOTHPU3HAYHE YUCIIO0. 3HANTH WMOBIPHICTH TOTO, 11O TPH JOBIIBHINA YCTAHOBII TUCKIB
3aMOK Oyzie BIJKPUTHH.

8. Tpu CTpiNbLi HE3QIEKHO ONMH BiJ OJHOTO CTPINAIOTH Y ILiib. MMOBipHicTH
MOMAaJlaHHsl B IUTh JUISL Mepuioro crpiibls popiBaioe 0,75, mns apyroro — 0,8, mis
tpeTthoro — 0,9. Bu3zHauuTh WMOBIpPHICTH TOrO, IO B IUJIb IOMaaA€ XO04 OW OJUH
CTpiJICIIb.

9. 3HaiiTh WMOBIPHICTH NPOXOKCHHS EJNEKTPUYHOTO CHUTHAILY dYepe3 CUCTEMY

IapajeibHoO 1 MOCTIMOBHO CIIONYy4YeHUX BY3lmiB Ay, A,, ..., Ag (muB. PuCyHOK), KO

HMOBIpHICTb 0€3BIIMOBHOI POOOTH BY3IIiB BiIMIOBIIHO JOPIBHIOE

P(A) = p1, P(A2) = P2,.... P(Ag) = Pe-

HmoBipHiCTh 6€3BiIMOBHOI pOOOTH BY3JIiB

P1 P2 P3 Py Ps Pe
1 BapiaunT ansi cxeMm a, 0, B, | 0,9 0,9 0,9 0,9 0,9 0,9
2 BapiaHT Juis cxeMm a, 0, B, | 0,9 0,7 0,9 0,7 0,9 0,7

T A Ay As }
A Ay Ag
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e P

10. V¥ smuky Brepemim Jiexarb 6 Y4OpHUX, 4 cipux i 2 Oinux mkaprnerku. [locnimaroun

Ha poOOTy, JIFOIMHA HABMaHHS BUTATHYJIA JBI IIKapIeTKu. Slka WMOBIpHICTH TOTO, IO
BOHH OJIHOTO KOJIbOPY?

11. ViMoBipHicTs X04 61 OXHOrO MONMANAHHS B LiJNb IIPH YOTHPHOX MOCTPLIAX TOPIBHIOE
0,9984. 3HaiiTn IMOBIpHICT MONAAAHHS B LIJIb IPH OJHOMY ITOCTPIIII.

12. Jlns curHamizamii mpo aBapir0 BCTAaHOBJICHI JBa  HE3QJICKHO IMPAIOIOYI
curHaizaropu. VIMOBipHICTb TOrO, IO NPU aBapii CUTHANI3ATOP CIIPAIIOE, TOPIBHIOE
0,95 ansa nepuoro curnamizaropa i 0,9 — s npyroro. 3HalWTH MMOBIPHICTH TOTO, IO

IpHY aBapii CHpaIoe TITBbKU OJMH CUTHAII3ATOP.

Bigmosini: 1) 0,75; 2) 1/216; 3) 0,14; 4) 0,94; 5) 0,384; 6) a)1/720, 6u) 0,001; 7)
1/625; 8)0,995; 9) 1 Bapianr a) 0,927; 6) 0,97; B) 0,89; 1) 0,954;
2 Bapiant a) 0,758; 6) 0,913; B) 0,677; 1) 0,837.10)1/3; 11) 0,8. 12) 0,14.

1.6 ®opmyJia noBHOI iiMOBipHOCTI

®opmyna MOBHOT HMOBIPHOCTI — BHCHOBKM TEOpPEM JIOJIaBaHHSI 1 MHOXEHHS
HMOBIpHOCTEH.

Hexail nesxka momis A Moke BiAOYTHCS TUIBKM pa3oM 3 OJHIEI0 3 TOJIIN
Hy, H,, .., H,.
Ilomii H,, H,, .., H, ck1agaroTe NoBHy rpyny HECyMICHUX MOZId i

Ha3UBaIOTLCS 2cinome3amu.



36

Teopema 5. VmMoBipHIiCTb TOAIT A, sSIKa MOKE€ BiIOYTHCH JIUIIIE 32 YMOBH MOSIBH
ommiei 3 Hecymicmux momiiH;, H,, ..., H,, mo yrsoprorors mosmy rpymy,

JIOPIBHIOE CYMi JIOOYTKIB MMOBIPHOCTEH KOXHOI 3 IMX MOJIHA Ha BIAMOBIIHY YMOBHY

HMOBIpHICTB TTOAIT A

P(A) =3 P(H;)- P(AH,). (1.14)
i=1

®opmymna (1.14) HA3UBAETHCS hOPMYI0I0 NOBHOT UMOBIPHOCIHII.

Hosenenna.  Ockimekn H;, H,, .., H, - moBHa rpyma mouii, To mpu

BUNPOOYBaHHI MOJIis A BiIOYACTHCS TUTBKHA Pa30M 3 OJHIEIO 3 TIIOTE3, TO:
A=H;-A+H, -A+..+H, -A.
I'inoresu HecymicHi, Tomy i momii Hy - A, H, - A,...,H, - A Takox necymicui. [l
Bu3HaueHHs HMosipHocteit P(A) 3actocoByemo Teopemy monaBaHHs HMOBipHOCTEl
HECYMICHUX MOJii:
P(A)=P(H;-A)+PH,-A)+...+PH,-A).
Ho momii  H;-A H,-A..H,-A 3acTtocoByeMO TeopeMy MHOKCHHS
HMOBIpHOCTEH, OTPUMAEMO
P(A)=P(H,)- P(A|H1) + P(HZ)P(A|H2) +...+P(H n)P(A|H n)

110 i moTpiObHO Oys0 T0BECTH.

[Ipuknan 25. € Tpu 0HAKOBI KOP3UHU. Y MepuIiil Kop3uHi 5 O011uX 1 3 YOpHUX
KyJib, B Apyrid — 4 Oinux i 6 4opHHUX, B TpeTid — 7 Oinmux i 4 4opHUX. 3HAXOIIYKHChH
CIHMHOIO J10 KOP3HMH, BUMMAIOTh OJHY KyJto. SIka HMOBIpHICTb, 1110 BUHHATA Ky Oyne
o11010?
Po3B’sa3aHH4

OCKiNbKM KOP3MHM OJHAKOBi, TO MependayvaeTbes, M0 WMOBIPHICTH BUOOPY Oynb-

SAKOT KOP3UHH OJHaKoBa i nopiBuroe —. Hexaih H,, H,, H; — moxii, mo nomnsrarors y

BUOOPi mepuroi, Apyroi a6o tpersoi kop3unu. Tomi P(H;) = P(H,) =P(H;3) = % .
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[To3Hauumo dvepe3 A mofiro, 1o Mojsrae y BuiiMaHHI 0101 Kyji B3aram, a uepes
A/H; — monis, 3a sikoro Oiny Kymo BuiiMyTh 3 nepioi kopsunn, A/H, — 3 apyroi

kop3uuu, A/H 3 — 3 Tperboi kop3uHu. OGUHCIMMO YMOBHY HMOBIpHICTb IIMX IO

P(AH)=2:  P(AH,)= :

P(A/Hj)=—.
3acrocoBytoun Tenep Qopmyny (1.14) nmpu n =3, oTpumyemo, 1O HMOBIPHICTH

BUUTY4eHHs 01101 Kyni (Oaiimysxe 3 sikoi KOp3uHH) Oyze JOPiBHIOBATH

1514 17

P(A)==-2+>.—+=.- =0551.
3 8 3 O 311
[IpumiTka — mnpu po3B’si3aHHI 3adad 3a (QoOpMyJoOH MOBHOI KWMOBIPHOCTI
BUCYBalOTbCst rimoresu H,;, H,, .., H,. Baxmso nepesiputn, mo cyma

n
UmMosipHoCmi 2inome3s 0OPI6HIOE OOUHUYL: z P(H,;)=1.
i=1

1.7 ®opmy.un Baiieca

Hexait Ttemep pesxka momis A 6i0byracs pa3oM 3 OOHIEKD 13 TOMIN

H,, H,, .., H, . mockiagaioTs NOBHY IPyIly HECYMICHUX IOJIiM.
Busnaunmo ¥imMosipuicte rinores H;, H,, ..., H, 3a ymosn, mo noxmis A

BXKe BiiOynacs, To0To o6unciuMo ymoBHi iimoBipHocti P(H 1| A),....,P(H, |A) .
3a TEOPEMOIO MHOKEHHS P(AH,)=P(A)P(H 1‘ A), 3BifKK

P(H,)P(AH
P(AH 1) — ( 1) ( ‘ 1) ) ﬁMOBipHiCTL P(A) 0o0UYHCITIOEMO 32
P(A) P(A)

P(H,|A) =

. AHanoriygo

dopmynoro (1.14), orpumaemo: P(Hl‘A) _ nP(Hl)P(A‘Hl)
> P(H;)P(AH;)
i=1

MOXHA O00YHCIHTH yMOBHY HMoBipHicTs P(H 5 |A), . P(H, | A). Tomy 3aranbHy

bopMyIy 3alHUILIEMO y TAKOMY BUIJISIIL
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P(H)P(AH,)

> P(H;)P(AH;)
i1

P(H,|A) = k=12,...n. (1.15)

Dopmynu Baiieca (1.15) 0ozeonsioms nepepaxysamu imosipHicms 2inomes nicis

moeo, sik nodisa A 8iodynacs 6 pesynomami unpoOy8aHHs.

[Mpuknax 26. Ha ¢aOpumi, 1m0 BHUTOTOBIAE MPOrOHUYI, IEpIIa MamluHa
BurotoBisie 25%, apyra —35%, tpetst — 40% Bcix BupoOiB. ¥ ixHii npoaykuii Opak
cknanae Bixnosigno 5%, 4% 1 2%.

1) SIxa IMOBIpHICTB TOTO, IO BUMAIKOBO OOpaHU MPOTOHUY 3 JeeKTOM?
2) Slxa AMOBIpHICTH TOTO, IO BUIAJKOBO OOpaHHW MPOTOHUY BUTOTOBIICHO TPETHOIO

MAaIINHOIO?
Po3B’s13auud

Cdopmynroemo Tpu rinoresu: H; — oOpaHuii BUIIagKOBO IPOrOHWY BUIOTOBJICHUH
nepmolo MmamuHow, H, — apyrooo, Hj — tpersoro. Hexait momis A — oGpanuit

IMPpOroHUY 3 ,I[C(I)GKTOM. HpI/I TaKHX IIO3HAYCHHAX I[aHi sanaqi MOJKHa 3aIlluCaTu TakK:

P(H;)=0,25; P(H,)=0,35 P(H3;)=0,4;, ockinbku mepma  MallMHa
nomyckae 5% 6paxy: P(A/H;)=0,05; P(A/H,)=0,04; P(A/H;)=0,02.

1) Mmosipnicts moxii A (BHiydeHHs n1ed)eKTHOTO MPOrOHNYA) BU3HAYAECTHCA 32
¢dbopMyioro oBHOI HMoBIpHOCTEH (1.14):

P(A) = P(H;)P(A/H; )+ P(H,)P(A/Hy )+ P(H3)P(A/H3) =
=0,25-0,05+0,35-0,04 +0,4-0,02 = 0,0345.

2) Jlns BU3HAaYeHHsS WMOBIPHOCTEH TOTO, IIO0 BHUIIAIKOBO OOpaHWil MpOroHWY OyB
BUTOTOBJICHHH TPETHOIO MAIIMHOIO, MOTPIOHO ckopuctatucs dopmynoro baiieca, 3rigHo

3 AKOIO

P(H,/A)= P(H3)-P(A'H,) _

~ P(H)P(A/H)+P(H,)P(AH, )+ P(H3)P(A'H )
04-002

= 0~

0,0345
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KoHnTpoabHi nuTanus

1. 3anumite ¢popmyiry MOBHOI HMOBIpPHOCTI. STk HA3MBAIOTHCA
nomiiH,, H,, .., H,,moim Bractuso?

2. JloBenith (hopMyiy HOBHOI HMOBIPHOCTI.

3. 3anumrite popmynu baiieca. V sikux BUIagKax BOHU 3aCTOCOBYIOTHCS?

3apaui

1. B obuuncmoBanbHiil 1aboparopii € 6 STOHCHKUX 1 4 KOPEHCHKUX KOMI'IOTEPH.
VIMOBipHiCTh TOT0, 10 3a Yac BUKOHAHHS JIAGOPATOPHOT POGOTH AMOHCHKHI KOMITFOTEp
HEe BiIMOBUTH AopiBHIOE 0,95, a xopelicbkuii - 0,8. CTyaeHT BUKOHYE pO3pPaxyHOK Ha
HaBMaHHsA OOpaHiii MamwmHi. 3HaliTH WMOBIPHICTH TOTO, MO CTYIACHT 3aKiHUUTH
BUKOHAHHS PO3PAXYHKY.

2.V uexy npairoroTs 20 BepctatiB. 3 Hux 10 BepcraTiB Mapku A, 6 — mapku B 1
4 —mapku C. ﬁMOBipHiCTL TOrO, IO SKICTb AeTajled BUABUTHCA BIAMIHHOIO, IS LIMX
BepcTariB  BignmoBimHo gopiBaioe: 0,9; 0,8; 1 0,7. Skuit BigCOTOK BiJAMIHHO
BUTOTOBJICHHX JIETAJICH BUITYCKAE IIEX B HUJIOMY?

3. IIpucTpiii MOke MpaIroBaTH B JIBOX PEXKHMaX: HOPMaJbHOMY 1 aBapiiiHOMY.
Hopmanbuuii pexum crnoctepiraetbest B 80% yacy poOotu mpuiany, a aBapiiHuil — B
20%. VimoBipHicTh BEX0My IpHIay 3 Tay 3a yac T B HOPMATbHOMY PEXHMi JOPiBHIOE
0,1, a B aBapiiinomy — 0,7. 3HaliTH TOBHY WMOBIPHICTh BUXOy MIPHIIAY 3 JIATy 3a 4ac
T.

4. Ha mnignpueMcTBI BUTOTOBJISIOTHCS BHUPOOM NEBHOTO BHAY Ha TPhOX
NOTOKOBUX TiHisAX. Ha meprmiit minii Burorosmisietbes 40 % BupoOiB Bif BChbOro 00'eMy
iX BUpOOHUIITBA, Ha ApYTid — 25%, Ha TpeTiil — 35%. KoskHa 3 JiHIi XapakTepu3yeThCst
BIJIMOBIAHO HACTYNIHUMHM BIJCOTKAaMM MpUIATHOCTI BHpoOiB: 96, 93 1 95%. Tpeba
BU3HAUUTH IMMOBIPHICTh TOrO, IO HAaBMaHHSA B3ATUH  BUPIO, BUIYLICHUN
HiANPUEMCTBOM, BHSBHUTHCS OpakOBaHUM, a TaKOXX MMOBIPHICT TOro, MO i
OpaxoBaHUi BUPIO 3p00OJIEHNI HA APYTiH JiHII.

5. € nBi ypHu: y nepmiiid 5 Oumux Kynb 1 4 yopHux; y apyriii 10 Oumux 1 6
YOpHUX. 3 MepIIoi ypHU B JPYry NepeKiIafaloTh, He AUBISUYUCH, OB Kymi. [licas mporo

3 Ipyroi ypHU OepyTh O/HY KYJIr0. 3HaAWTH MMOBIPHICTh TOTO, IO 111 Ky Oyzae 0151010.
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6. € nBi ypHu: y nepuriii 3 6imi Ky 1 2 yopHi; y Apyriit — 4 6ini 1 4 4opHi. 3
HepuIoi YpHU B APYTY MepeKiIafatoTh, HE TUBISYUCH, AB1 Kyii. ITicns mporo 3 apyroi
ypHH OepyTh OJHY KYyJIt0. 3HAaWTH HMOBIPHICTh TOTO, IO 11 KYJIs Oy/1ie O11010.

7. Ha migmpueMcTBI BUTOTOBJISIFOTHCS BUPOOHM TEBHOT'O BUTJISY Ha TPHOX
NOTOKOBHX JiHiAX. Ha mepmiit ninii Burorosnserscst 20 % BUpOOIB BiJ BCbOTO IXHHOTO
o0'emy BupoOHUITBA, Ha napyrii — 30%, Ha Tperii — 50%. Koxua 3 miHii
XapaKTEePU3YETHCS BIATOBIAHO HACTYITHUMHM BiJICOTKaMH IIPUAATHOCTI BUPOOIB: 95, 98 1
97%. Tpeba BU3HAYUTH UMOBIPHICTH TOTO, III0 HABMAHHS B3SITUI BUPi1O, BUTOTOBICHUI
HiANPHEMCTBOM, BHSBHUTHCS OpakOBaHMM, a TaKOX WMOBIPHICTh TOrO, MO IIeH
OpakoBaHuii BUPiO 3poOiIeHNi Ha IepIIiil, qPyTii 1 TPETil MiHIsAX.

8. Ha pucyHky 300pakeHa cxema

A nopir. XToch, BHUHMIIOBIIM 3 IYHKTY A,

pyXaeTbcs 3BEpXy BHHU3 3a CXeMOw. Y
KO)KHOMY TYHKTI BiH BHUOHWpae HaBMaHHS

OAHH 3 MOXKJINBUX [IIAX1B. Ska

z HWMOBIPHICTh TOTO, IO BiH MOTPAamUTh JI0
NYHKTY B , IKII0 00ipBaHi JiHIi O3HAYAIOTh JJOPOTH, 1110 HE CIIPSMOBaHI 10 METH?

9. BunpoboByeThest pwiiaj, mo ckianaeTses 3 18ox By3miB [ i1 II. HamifinocTi
(fiMoBipHICTH Oe3BiAMOBHOI poboTn 3a 4yac 7) By3niB I 1 Il Bimomi i 1OpiBHIOIOTH
pp=08 1 p,=09. By3nu BiAMOBIAIOTH He3aNeKHO OAWMH Bix oxaHoro. Ilicis
3aKIHYEHHsSI 4yacy 7 3'sAcyBajocs, II0 IpWUJIajJ HecHpaBHUI. 3HaAlTH 3 ypaxXyBaHHSIM

bOr0 WMOBIpHICTh TimoTe3: Hi= { HECTpaBHUM TIIbKU MEpUIMHA BY30JI t; H 2=
{ HECHPaBHUMN TIIbKHU APYTUH BY30] b H 3 = HECIIpaBHI 00H/IBa BY3JI '

10. 3 gecaTw CTyAEHTIB THX, [0 NPUNINLIM CKIAJaTH ICOUT 3 Teopii
imoBipHocTeit, [BanoB 1 IletpoB 3HaroTh Bigmosini Ha 20 Gineris 3 30, Cumopis — 15,
1HIIIE CTYACHTH 3HaTh Bianosial Ha Bcl 30 OuneriB Ilicis wacy BinBeaeHOro Ha
MiJITOTOBKY €K3aMeHATOP HaBMaHHS BUKIUKAE CTYJCHTAa. BU3HAUNTH HMOBIPHICTB TOTO,
IO [IeH CTYIeHT CKJIaJe ICIUT, SKIO 3HAHHS BiIMOBiACH Ha OUIET rapaHTye CKIIaJaHHS
iciury 3 iimosipuictio 0,85, a npu Hesmammi Ginera MOXHA CKJIACTH iCHHT 3
iimoBipHicTio 0,1.

11. V cneuianizoBany JiKapHIO HampaBlsiloTh B cepeaHboMy 50% XBopux i3

3axBoproBaHHsM K, 30% — 3 3axBoproBanHsaMm L, 20% — 3 3axBoproBaHHAM M.
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ﬁMOBipHiCTB nmoBHOTro BUiIiKyBaHHs xBopobu K mopiearoe 0,7, L — 0,8, M — 0,9. Oqun
XBOpHM BWIIIKYBaBCS. 3HAWTH WMOBIPHICTH TOrO, IO IIeM XBOpPUH CTpaKaaB Ha
3axBoproBaHHs K.

12. V nepmriii ypHi MicTuThes 10 Kyib, 3 HUX 8 OUtHX; y npyrii ypHi 20 Kyib, 3
HUX 4 Oinmx. 3 KOKHOI ypHU HaBMaHHS BUHHSUIM MO OJAHIN KyJli, a MOTIM 3 IHX JBOX
KyJIb HABMAHHS y3sUTH OJHY KYJII0. 3HATH IMOBIPHICTB TOTO, IO B3sUTH 01Ty KYJIIO.

13. Ilpumam Moke mpamoBaTH y JBOX peKUMax: 1) HoOpMaabHOMY 1 2)
HeHopManbHOMY. Hopmanehuii pexxum crnocrtepiraetecsi y 80% Bumagkax poboTu
npriIaLy; HeHopManbHuil — B 20%. VIMOBipHiCTh BHXOMy mpuiafy 3 naay 3a dac t B
HOpMaJIbHOMY pexumi nopiBHioe 0,1; y HeHopmanbHOMY - 0,7. 3HaAWIITH IMOBHY
HAMOBIpHICTH BUXO/Ly TIPHIIAY 3 Jamy 3a yac 1.

14. V mipamimi mocTtaBieHO 9 TBHUHTIBOK 3 SKHX 3 3a0€3IEYCHI ONTHYHUMHU
npuiinamyu. MMOBipHiCT TOro, IO CTpilelh ypa3suTh MilleHb NpH MOCTPim 3
TBUHTIBKM 3 ONTHYHUM MpuIiioM nopiBHioe 0,95, a 6e3 ontuyHoro mpuiiny - 0,5.
3Haii1iTh HMOBIPHICTH TOTO, IIO I[JIb Oy/Ie BpaskeHa.

15. € Tpu ogHaKOBI ypHU 3 KyIssMu. Y mepmriii 3 Hux 3 Oumi i1 4 4opHi Kyii, B
npyriii — 2 6imi 1 5 yopHUX, B TpeTiii — 10 4opHHUX Kyib. 3 BUIAAKOBO 00paHOi ypHU
HAaBMaHHS BUHHSATA KyJsl. 3HAWTH MMOBIPHICTh TOTO, 110 i€ KyJIs Oina.

16. Crynent miarorysas o icnuty 20 6ineTiB 3 25. Y AKOMy BUNAJKy LIAHCH
y34TU OLIeT, SIKUM BiH MITOTYBaB, OUIbIIE - KOJIM CTYACHT MPUNHIIOB Ha ICIUT HEepUINM
YU Ipyrum?

17. YV cknaganbHU 1eX HaAIWNUIM JAeTanl 3 TpboX BepcrariB. Ha meprimomy
BepcTaTi BUrotoByieHo 51% aeraneit Bij iX 3araibHOI KUIBKOCTI, Ha APYroMy BepcTarti -
24% 1 Ha TpetboMy - 25%. [Ipu ipomy Ha mepioMy BepcTaTi 0ysno BUrotoBiieHo 90%
JeTaneu meproro copry, Ha apyromy - 80% 1 Ha Tperbomy - 70%. Buxopucrapim
dbopMyIy MOBHOT IMOBIpHOCTEH BU3HAYUTH, sIKa HIMOBIPHICTh TOTO, IO B35ITa HABMAHHS
JeTallb BUSBUTHCS MEPILIOTO COPTY ?

18. ¥V mepmiit imanpHi mpamiooTe odimiantamMu 5 4osoBikiB 1 10 xiHOK. Y
Ipyrii iganpHi 3 4onoBikM 1 10 *xiHOK. 3 mepiioi ifajbHI 0 IPYroi NepeBoAsTh ABI
MITaTHI OAWHMII. SIka HMOBIPHICTH TOTO, IO KIII€HT, IKAH MPUHUILIOB A0 APYTOi igaibHi,

Oyne o0ciyroByBaTucs oQiiaHTKo0?
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19. Y rpyni 20 THXHUKIB, 6 BETOCHIIEIUCTIB i 4 Girynu. IMOBipHiCTh BUKOHATH
kBasTipikaniiHuil HOpMaTuB Taka: s mkHuka — 0,9, ans Benocuneaucra — 0,8, mos
6iryna — 0,75. 3HaliTi KIMOBIPHICTH TOTO, IO CIIOPTCMEH, OOpaHWi HABMaHHS, BUKOHAE
KBaTiQiKaiiHU HOPMATHB.

20. IMpumyctumo, mo S gomnosikiB 31 100 1 25 xinok 3 10000 € mambTOHIKAMH.
HaBmanus BuOupaeTbcs 0coba, KOTpa, MOXIIHMBO, CTpaKJae HalbTOHI3MOM. Ska
HMOBIpPHICTB, IO 1€ YOJIOBIK?

21. Y Bopgoitmunii BusiBiaeHo 3a0pyanenHs 3 nepepumieHHsM [1JIK. [Torenmiiini
JDKepena - J1Ba IiANPHEMCTBA, IPUYOMY BUKHUIM Ha MEPIIOMY BinOyBaloThCs B 9 pasis
yacrime, Hixk Ha apyromy. Tinbku 15% BUKHIIB MEPIIOro MigIpUEMCTBA IEPEBUILYIOTH
[TAK. JIns npyroro migmpueMcTBa Il HMOBIpHICTh AOpiBHIOE 92% . XTO BUHEH?!

22. € Tpu OJTHAKOBI Ha BUTJISA CKPUHI. Y TMEpIIiid CKpUHI 3HAXOAUThCA 26 OLTuX
KyJb, B ApyTid - 15 Ginux 1 11 9opHUX, B TpeTiil CKpuHi - 26 4OpHHUX Kyib. 3 0OpaHoi
HaBMaHHS CKPHHI BHHHsUM Olry Kyiro. OOUnMCIUTH WMOBIPHICTD TOTO, MO Oy KYITO
BUUMYTbH 3 MEPIIOT CKPHUHI.

23. 3 10 yyHiB, 110 IpUNALIUIA HA ICIIUT, TPOE MIATOTYBAJIKUCS BiIMIHHO, YETBEPO
no0pe, IBO€ 3al0BUIBHO 1 OJWH 30BCIM HE MmiArotyBaBcs. Y Oimerax 20 mHUTaHb.
BingMiHHHKY MOKYTbH BIAIIOBICTH Ha BCl1 MMUTaHHS, YE€TBIPOYHUKU — Ha 16, TPi€UHUKHU —
Ha 10, a nBieyHWKH — Ha 5 muTaHb. KoXeH y4eHb oTpumye 3 muTaHHs. 3amnpoleHun
HEepUIMM yYeHb BiJIIIOBIB HA TPU MUTaHHS. SIka HMOBIPHICTb, 1110 BiH BIAMIHHUK?

24. Tpu cTpiiblli BUCTPUIMIM, IPUYOMY JBI KyJi MONATd B MillleHb. 3HalTH
HMOBIpHICTh TOro, IO 3-i cCTpulelb NOTpPalmuB B MIIIEHb, SKIIO HMOBIPHICThH

nomnaJaHHs B MillIeHb KOXXHUM 13 CTPUIBIIIB JIopiBHIOE BianosiaHo 0,6, 0,51 0,4.

Binnosizi: 1) 0,89; 2) 83%; 3) 0,22; 4) 0,051; 0,343; 5) 0,617; 6) 0,52; 7) 0,031;
0,322; 0,193; 0,483; 8) 5/12; 9) 0,64; 0,29; 0,07; 10) 0,76; 11) 0,45; 12) 0,5;

13) 0,22; 14) 0,983; 15) 0,238; 16) nepumm; 17) 0,853; 18) 0,755; 19) 0,86;

20) 0,02625; 21) nepie; 22) 0,634; 23) 0,5787; 24) 0,52.
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1. 8 IToBTOpEeHHs1 BUNpPOOyBaHb

1.8.1 ®opmyaa bepnyJsii

YacTto 3ycTpivyaroThbes 3aaadi, B SKUX OJWUH 1 TOM K€ AOCHia (BUIPOOYBaHHS)
MOBTOPIOIOTHCS HEOTHOPA30BO.

B pe3ysbTari KO)KHOTO BHIIPOOYBaHHS MOKE 3'SBUTHCS a00 He 3'sBUTHCS momis A.
[likaBuTh HE pe3ysbTaT OKPEMOro JOCIiIY, a 3arajibHe 4HUCiIo mosB moaii A B cepil
OCJIIIB.

HaBenemo ymoBH [yt BUIIPOOYBaHB, 110 MIOBTOPIOIOTHCS:

1) xunbKicTh BUIPOOYBaHb — YUCIO OOMEXKEHe, Mo3HaYaemMo N ;

2) WMOBIpHICTh TOsBU mmOAil A B KOXHOMY BHUIPOOYBaHHI HE 3aJCKUTh Bij
pe3ynbTaTiB  IHIIMX  BHUIPOOYBaHb, Taki BHUNPOOYBaHHS  HAa3UBAIOTHCA
HE3aJICKHUMU 1010 ol A;

3) HMOBIpHICTH MOsIBH MOJIT A B KOXKHOMY BUIPOOYBaHHI — BEJIMYMHA MOCTIiHA,
noszuaunmo P(A) = p.

3a3HauyeHUM OOMEKEHHSIM BIJNOBINAIOTh, HANPHUKIAA, JEKUIbKA TOCIITOBHUX
HiJKKIaHb MOHETH, MPH IKUX (QiKCyeThes mosiBa moaii A - mossu mudpu. [Ipu pomy
P(A)=0,5.

[loBTOpeHHss BunpoOyBaHb MOXe OyTH OOYMOBJIEHE IIOBTOPEHHSIM Yy daci
BUMPOOYBAHHS OJHOTO 1 TOrO X O0'€KTa, AK 3rajaHe MiJKUJIAHHSI MOHETH OJIHIECI0
moauHor. [IpoTe, moBTOpeHHS BUNIPOOYBaHb MOKE BiAOYBAaTHCS HE3aJIEKHO BiJl Yacy,
KOJIM BHUIPOOYBAaHHIO MiJAA€ThCA NEKiTbKa OJHAKOBUX OO'€KTIB, SK Yy PO3TISHYTUX

HIDKYe npukiaaax 251 27.

TMosHauuMo cumBonioM ( iimoBipuicTs He mossu noxii A: P(A)=1-p=q.

Hexait notpi6HO BU3HAUMTH #iMOBipHiCTH Toro, mo moxis A Bix6ymacs pisao M
pazy n BunpoOyBanHsaX. Taka iiMoBipHicTs mo3Havaetsess P (A) . (OueBnano, mo

B 3aranpHOMy Bumagky O < m < n).

[Toznaunmo B, - mogxiro, sika mossirae B ToMy, 1o noaist A BinOynacs pisao M pa3

y N BunpoGysanusix. Hexait Ay mnosBa moxii 8 i- M BumpoOysanni; A, - HemosBa

nozii B k - M BunpooyBaunHi. Tozi
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= A A AN AL A AALAL AL AL A
+A1 AnmAn m+1-- An

V koxen 100yrok A Bxomuts M pas, A Bxomute (N —M) pa3s. Yucio Beix 106yToK

. . ‘o . m s C m s . .
JOpIBHIOE YnCITy KOMOiHaIiit 3 N eneMeHTIB 1O enementiB: C,;'. moBipHicTh
KOXKHOTO JTOOYTKY BHU3HAYAETHCS 32 TEOPEMOIO MHOXKEHHS WMOBIPHOCTEH HE3aJeKHUX

. . m . N—m . . N co .
nofii 1 fopiBHoe P Q . oOyTkH Mk co0oro HecymicHI (y KOXKHIM mapi 100yTOK €

OPOTWICKHI TOJIi 3 OJHAKOBUM 1HJEKCOM), TOMY HMOBIPHICTH CyMH J00YTOK

BU3HAYAETHCS 32 TECOPEMOIO CKJIAJJaHHS HECYMICHHX TTOMIM:

P(B,,) =P(AA .. A A, 1..A)+..+P(AL.A A g A)=

=p q 1y pmqn B pmq” 1o pmq” L Takum unHOM

Pon(A)=Cq'p"q" " = e lm), p"(A-p)" . (1.16)
®opmyna (1.16) HazuBaetbest popmynoro bepuyui.
VmoBipricTs Toro, mo y N Bunpo6ysanusx moxis A HACTYIHTE:
a) merme M pasis: Py (A) + P (A) +...+ P10 (A);
6) 6inbme M pasis: Py g (A) + Pryon (A) +...+ P (A);
B) e merme M pasis: Py (A) + Py (A) +...+ Py (A);

r) ve 6inpme M pasis: Po,n (A) + Pl,n (A)+...+ I:)m,n (A).

[Tpuxnan 27. VIMOBIpHICTh NOSIBM MOAIl A B KOXXHOMY BHUIPOOYBaHHI JOPIBHIOE
0,9. BuzHaunTy IMOBIpHICTB TIOSIBU MOJi1 4 pa3u y MIECTH BUIIPOOYBAaHHSIX.
Po3B’sa3aHHs

3a ymosoro 3apmanas N =6, m=4, P(A)=p=0,9, gq=1-p=0,1.
4 _ 60

Oxpemo oOumucnumo uuciao komGiHauii 3 6 mo 4: Cg = YT =15. Ulykany

HWMOBIpHICTh BU3HaYaeMO 3a Ghopmysor beprymi:
P, (A)=Cg p*q® =15-(0,9)* - (0,1)* =0,0984.
BigmnoBis: P4,6 (A) =0,0984.
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1.8.2 Hab6um:xena ¢popmy.ia Ilyaccona npu noBTOopeHHi BUIPOOYBaHb

®opmyna bepHymii He Moxe OyTH 3aCTOCOBaHa, SIKIIO YUCIIO BUIIPOOYBAaHb JIyKe
BEJIMKE, OCKUIBKH MPH [IbOMY HEMIPUITYCTUMO BEJTHMKa MOXUOKa 00U CIICHb.

Hexait N — oo, p — 0, ane Beanuuna P-N = A 36epirae nocriitHe 3HaueHHs. Y

(Gopmyny bepHyi nmigcTaBUMo ) = — 1 BU3HAYUMO MEXY IIPU N —> 0.,
n
n-m
: : n A"(. A
lim P, ,(A) = lim 1-— =
1 m
n—o0 n—omi(n—m)in n
A
n _7(n_m)
m Nyn
A n! A 2
=—Im—1-= =
m! ns (n—m)In™ n
ﬂm lim —An+Am ﬂm 2
[ — .l. en_>w n = — .
m! m!
. n . .
Tyr lim ————— =1 sk BiJgHOIIEHHSA HECKIHYEHHO BEIMKHX BEIMYMH OIHOIO

n—o (n—m)kn™
HOPSAKY 3POCTaHHS.

Otpumana HaOmkeHa hopmyna

P (Ml
m,n( )N e (1.17)
m!
ne A = P-N, HasuBaerses Gopmyoro [Tyaccona i 3acTOCOBYeThCsI, Ko N - BENHKeE, a
ifiMmoBipHicTh P - mana (opientyBanus p < 0,1, npg<9).
®opmyna IlyaccoHa BUKOPUCTOBYETHCS B 3aBIAHHSX, J€ PO3MIIAJNAIOTHCSA PIOKICHI

nooii.

I[Mpukmang 28. NMOBIpHICTh BIIMOBHU €JIEMEHTAa B CXEMi BIIPOJIOBXK 100U
nopieatoe 0,01. ¥V cxemi € 500 ogHakoBUX eleMeHTIB. Slka WMOBIpHICTH TOTO, IO

BIIPOJIOBX TOOW BIIMOBIIATH 3 efeMeHTH?
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Po3B’s3aHHs
3a yMOBOIO 3aBJaHHS, IMOAiE A - BIIMOBa €JIEMEHTa BIPOAOBXK JT00U:
P(A)=p=0,01; A=n-p=500-0,01=5; m=3. JUis  po3B’sA3aHHS

3acTocoByeMo popmyny I[lyaccona.

3
P3500 (A) = Z_' e_5 = 12?5 -0,00674 = 0,14037 .

[IpumiTka — mnrykaHa HMOBIpHICTB, oOuHcieHa 3a TO4YHOIO (opmynoro bepnymi,

cknamae 0,14022; pinHocHa moxubka po3B’sA3aHHSA 3a HAGIMKEHOIO (HOPMYIIOIO

ITyaccona cknagae 0,1%.

1.8.3 JlokasabHa Ta inTerpajnHa teopemu MyaBpa—J/lannaca

3a3HaueHi TEOpPEMHU € OKPEMUMU BUIIaJKaMU LIEHTPAJIbHOT TPaHUYHOI TeOpeMu (IUB.

§1.16) i 3aCTOCOBYIOThCS, AKIIO YHMCIO HE3ANEKHUX BUIPOOYBaHb BETHKE, aile MO
A ne e pinxicaoro, To6t0 0 < P(A) <1.

JlokanbrHa Teopema MyaBpa — Jlanmaca. Mwmosipuicte Toro, mo B [N
HE3ICKHUX BHUMNPOOYBAHHSAX, B KOXHOMY 3 SKHX HMOBIPHICTh TMOSIBM IOl
nopisuioe P (0 < p<1), nomis wactynute M pas (Oyab-sKifl MOCHIIOBHOCTI),

MPUOJIU3HO JTIOPIBHIOE

1 m-n
Pon = P(X), x= P (1.18)
v npPq Anpg
Tyr o(X) = %e_)@/ 2 ¢ynkuis [aycca. Tabnung 3HaueHb QyHKIIT ¢(X) € B

nonatky A mociOHuka. @yHkuis ['aycca — mapHa QyHKIIiS.

IMpuknan 29. BuzHaunTu WMOBIpHICTH TOTO, 1110 pu 1000 BUnpoOyBaHb Moais
BiOyneTbest 410 pasiB, AKIIO MMOBIPHICTH MOSBU MOJIi B KOKHOMY BUIIPOOYBaHHI
nopisHtoe 0,4.

Po3B’sa3aHHs

3aymoBoro N =1000, m=410, p=04, q=0,6. Toui



47

_m-np 410-1000-0,4
Jnpgq  /1000-0,4-0,6
¢(0,645) =0,324.

=0,645. 3 nogatky A 3HaX0aUMO

OT)KG, P410’1000 = 1 . 0,324 = 0,0209 .

/1000-0,4-0,6

Interpansna teopema MyaBpa—Jlangaca. VMoBipHICTh TOTO, IO B n
HE3QJIC)KHUX BHUIPOOYBaHHSAX, B KOXXHOMY 3 SKHX HMOBIPHICTb TIOSBH IOIii

JOPIBHIOE P (0 <p <1), HOJis HACTYNUThL HE MEHIIE My pasiB 1 He Olibmie M,

pa3iB, NpUOIU3HO JOPIBHIOE

m, —n m, —n
P, (m;,m,) = O(x,) —D(Xx,), X1=1—p =2—p.

, X
Joog 2 Jnpg

X 2
I e_(t /2) dt - ¢ysxois Jlammaca.  TaGnuis 3HadeHb QYHKIGT
0

(1.19)

1

Tyr ®(X) = 5
T

3

Jlarmnaca € B nogatky b manoro nmocionuka. @ynkuis Jlammaca — HemapHa QyHKITiS.

IMpuknag 30. Kinekicts ctyaentiB B notoui 150 donoBik. Hexail, koxeH i3
CTYJEHTIB BIJBIYy€ JEKIit0 3 iiMoBipHicTIO 0,8. BusHaunmMo WMOBIPHICTH TOTO, IO HA
nexii npucytHi Bix 115 go 140 cryneHris.

Po3B’s3aHHA.
3a  ymoBoo 3asmamns n=150, m; =115, m, =140, p=038 i
g=1-p=0,2.
st po3B’A3aHHS 3aBIaHHS 3aCTOCOBYEMO JIOKAJIbHY TeopeMy Myaspa — Jlamaca.
. = m, —np _115-150-08 1021 X, = m, —np _ 140-150-0,8 _

Jopg  150-08-0,2 Jnpg  |/150-08-02
3a Tabnuuero gonarka b snaxomumo P (—1,021) =—-0,3464, D(4,082) =0,4999.
Tomi P,(115140) = d(X,) —P(X;) =0,4999—(—0,3464) = 0,8463.
Bigmosins: P, (115,140) = 0,8463.

4,082.

KoHnTpoubHi nuTanus
1. HaBeniTs yMOBH, 3a SKUX BiAOyBaeThCs MOBTOPEHHS A0cmiiB. HaBeniTh

MIPUKIIA]l TOBTOPEHHS JOCIIAIB 32 TAKUMU YMOBaMHU.
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2. Josenits (hopmyny bepHysuti npu MOBTOPEHHI TOCIiAIB.

3.V gKux BHUIIaJKax MPU MOBTOPEHHI JOCTIIIB 3aCTOCOBYETHCS (hopMyIia
ITyaccona? Jlosenits hopmyny Ilyaccona.

4. VY sKkuX BHMaJKax IMPY MOBTOPEHHI JIOCII/IIB 3aCTOCOBYETHCS JIOKAJIbHA
dbopmyna Myaspa-Jlamnaca? 3anumnite Gopmyry.

5. V saxux BUDaAKax MpH MOBTOPEHHI JIOCIIIIB 3aCTOCOBY€EThCS IHTErpaJibHA

dbopmyna Myaspa-Jlamnaca? 3anuiite Gpopmyiy.

3agaui
1. 3 maprii BupoGiB ToBapo3HABELb BiAGHpae BUPOGH BUIIOrO IaTyHKY. MIMOBipHiCTb
TOTO, 110 HAaBMaHHs Y3ATUH BUPIO BUSABUTHCS BHILOTO IaTyHKY, AopiBHIO€ 0,8. 3HalTH
HMOBIpHICTh TOTO, IO 3 TPHOX IMEPEBIPEHHX BHUPOOIB TUIBKK JBa BHPOOHW BHIIOTO
TaTyHKY.
2. Illo BiporiaHimie BUTpaTH y piBHOCWIBHOTO CyNepHUKA (HIYMHHUIA pe3yapTaT mapTii

BUKIIIOUEHU ): TP MAPTIii 3 YOTUPHOX YU M'SITh 3 BOCBMU?

3. Bupobu nesikoro BUpoOHMIITBA MICTATH 5% Opaxy. 3HalTH HMOBIpHICTH TOTO, IO
cepes I'ATH B3ATUX HaBMaHHSI BUPOOIB: a) HEMA€ KOIHOTO OpakoBaHOTO; 0) OyayTh ABa

OpakoBaHi.

4. MoHety MiAKUIA0Th 5 pa3iB. 3HaWTH HMOBIPHICTh TOTO, 1110 repO BUIMAJE: a) MEHIIE
JIBOX pa3iB, 0) HE MEHILIE IBOX pas3iB.
5. MIMoBipHICTh HAPOHKEHHS XJIoMm4uKKa JopiBHIoe 0,51. 3HaliTH HMOBIPHICTh TOTO, 110

cepen 100 nHoBoHapoxeHux Oyae S0 XTOMIuKiB.

6. CXOXICTh HACIHHA JaHOi pociaMHU JopiBHIOE 0,9. 3HaiiTH HMOBIPHICTH TOTO, 11O 3

900 nocaKeHUX HACIHUH Yucio mpopociux oyae Mix 760 1 820.

7. ¥V nepui kjaacu MoBUHHI Oynu 3apaxysatu 200 miteil. BusHauntu #MOBIpHICTB TOTO,
mo cepen Hux Oyae He MeHmie 100 giBYaToOK, SIKIIO HMOBIPHICTH HAPOJKEHHS

xjormuuka nopisutoe 0,51.

8. MwmoBipHicTs mosiBU mofii B oxHomy pgociaiai gopiBHioe 0,01. 3pob6ieno 1000
HE3JIeKHUX JAOCHiIiB. Slka HMOBIpHICTH TOro, L0 MOMIA BixOynacs B YOTUPHOX

OCIIgax.
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9. IlpucTpiii, MO CKIATAETHCS 3 T'SITH HE3AJICKHO MPAIIOI0YNX €JIEeMEHTIB, BMUKAETHCS
3a uac T. VIMOBipHiCTb BiIMOBH KOXHOTO 3 HMX 3a Lei uyac jopisHioe 0,2. 3HaiiTu
WMOBIpHICTh TOTO, IO BIIMOBJATH: a) TPHU €JIEMEHTH; O) HE MEHIIE YOTHPHOX
€JICMEHTIB; Y) X04 OU OJWH €JIEMEHT.

10. 3HaliTh WMOBIPHICTH TOTO, IO KOMW MiAKMHYTH MOHery 200 pasiB, To “opern”

Bunaze Big 90 no 110 pasis.

Bigmosimi: 1) 0,384; 2) iimoBipHime — Tpu 3 4oTupbox; 3) a) 0,7738; 6) 0,0214; 4)
a)3/16, 6) 13/16; 5) 0,3910; 6) 0,865; 7) 0,387; 8) 0,019; 9) a) 0,0512; 6) 0,00672;
B) 0,67; 10) 0,8384.

Po3ain 2. BunaakoBi BeJJTHYMHHA

2.1. JIuckpeTHi BUNIAIKOBI BeJTMYMHH. 3AKOHHU PO3MOIITY

Bunaoxoseoro Ha3uBaIOTh BEJIMYNHY, KA B pe3y/IbTaTi BUPOOYyBaHHS HAOyBae ogHE 1
JMIIE OJHE 3 MOXJIMBUX 3HAu€Hb, Halepe] He BIJIOME 1 3aJIe)KHE BiJl BUIAJKOBUX
NPUYHH, SKi 3a37aJIeT1/1b He MOXKYTh OYTH BpaxoBaHi.

Po3pi3HAIOTH TUCKPETHI 1 HETIEPEPBHI BUIMAIKOBI BEIUUNHU.

3miHHa BemuuuHAa X , 10 HaOyBa€ YMCIIOBI 3HAa4YeHHs X; 3 HMOBIipHicTIO p;,

Ha3HMBA€THCA ()MCermHOIO BUNAOKOBOIO BETIUYUHOIO.

Takum uunom, Ouckpemua 6unaoko8a 6eluyuHa Habyeac oKpemi, (3016068aHi
3HaQueHHs 3 neenolo umogipnicmio. Hanpuxnao, skwo eunaoxkosa eenuuuna X -

KIIbKICMb NACAJNCUPIE MAPUIPYIMHO20 MAKCI, Mo ii 3HAYeHHA X; HaOysaromv MilbKu

HeBi0 'eMHI Yini 3HAYeHH L.

Dynkyionanrbna 3anedcHicmv UMosipnocmi  P; 6I0 X; HA3UACMbCA 3AKOHOM

PO3N00LLY UMOGIPHOCI TUCKPETHOT BUITAIKOBOI BEIMYMHA X .

3aK0oH po3MOiTy MOXKHA 300pa3uTu y BUTIAAL Tabmuii 2.1 abo rpagiv=o.
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Tabmuis 2.1 — 3akoH PO3MOALTY TUCKPETHOI BUMIAIKOBOT BETMIMHH

Moxn1Bi 3HaUCHHS X; BUNIAIKOBOI BEIUYMHH _ Xq X, Xy
MMOBIpHICTH P; 3HAYEHb BUIIAJAKOBO] o P, Pk
BEJTUYMHU

I'padix abo GaraTOKyTHHK PO3MOILTY HMOBIPHOCTEH 300paKy€eThCS TAKUM YHHOM (ITUB.

pUCYyHOK 2.1)

Pa

Pi

pl Py P

»
xXp Xy Xg Xr x

Pucynok 2.1 — baraTokyTHUK po3mo/Iiiy HMOBIpHOCTEH

Te, o BUMaaKoBa BenuurHa X HaOyBae OjHE i3 3HAYCHb Xy » € MO JOCTOBIPHE 1
TOMY IIOBUHHa BUKOHYBaTHCS yMOBa z Py =1 (3a3HauuMoO, WO MOCIIJOBHICTH

3HAYEHb X, P, MOXKe OYTH K CKIHYEHA, TAaK i HECKIHYCHHA).

ITpuknax 1. 3MiHHa BenuumHa X € YKMCIO, IO BUIIAJA€ HAa BEpXHiMl rpani
rpanbHOI KOCTI MpH 1i OAHOpa3oBoMy miakuaaHHI. CkigacTu TaOIMIIO PO3MOALTY
BHITAKOBOT Benmmannan X .

Po3B’sa3aHHs
Ha rpansix rpanpHOi KOCTi uncno o4ok 1, 2, 3, 4, 5, 6. [TosiBa KO’KHOTO YKCIa 040K
PIBHOMOKJIMBA.
Tabmuus 2.2 - 3akoH po3MoOIiLTY 3a MPUKIAIoM |

pi | 1 1

L 1
6 | 6 6

Hesxi 3axonu po3nooiny Ouckpemuoi 6unaoko8oi GenuyuHu MONCHA 300pazumu

ananimuyno (y euensioi popmynu).
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2.1.1. binomianbHuUi po3moaia

3aK0oH pO3MOJIITY HA3UBAETHCA OIHOMIANbHUM, SKIIO WMOBIPHICTH MOSIBU KOXXKHOTO

3HAUCHHS BUIAKOBOT BeIMYMHU X BH3HA4YA€ThCs 3a GopMysioro bepHysi.

IMpuknan 2. 3miHHa BenmyrHa X - KUIBKICTH MOSBU IUGPU MPH I AKUIAHHI
MOHeTH 5 pa3iB. CKJIacTH TaOJIHINO 1 0araTOKyTHUK PO3IOALTY BUIIAIKOBOI BETMYMHHU.

Pos3B’s13anHg

BunapgkoBa BenuunHa € OUCKPETHOW, BOHA Moxe HabyeaTtwm 3HadeHHs O, 1, 2, 3, 4, 5. VIMOBipHiCTb

NOSIBM KOXXHOMO 3HAaYEeHHs1 BU3Ha4YaeMo 3a cpopmyrnoto BepHynni (1.16).;

P(X =0)= % 05)° - (1-0,5)° =(0,5)° =0,03125:

I
P(X =1) =%(o,5)5 =5-(0,5)> =0,15625:

5 5 5
P(X =2)=P(X =3) :ﬂ(O,S) =10-(0,5)" =0,3125;

PN 5 _ oo 5
P(X —4)—M(0,5) =0,15625: P(X _5)_ﬁ(0’5) =0,03125.

Tabnuis 2.3 - 3akoH pO3MNOALTY B MPUKIaAL 2

p; | 0,03125 | 0,15625 | 0,3125 | 0,3125 | 0,15625 | 0,03125

[TepeBipka npaBUIILHOCTI CKJIa/laHHS 3aKOHY PO3IOALTY:
2x0,03125+2x0,15625+2 % 0,3125=1.

baratokyTHUK po3mo/iity WMOBIpHOCTEH 300pa’keHO Ha PUCYHKY 2.2.
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0.4+

E

0,24

—————»
o1 2 3 4 542

Pucynok 2.2 — baraTokyTHUK pO3M0IiJTy KMOBIpHOCTEH

2.1.2. Po3nogia [lyaccona

Hexaif IMCKpeTHA BHMAAKOBA BETHUMHA X BHpaXae KimbKicTh mosB momii A mpn
MacoOBHX BHIPOOYBaHHSIX (n - BEJMKE), ajie MpH I[bOMY B KOKHOMY BHIPOOYBaHHI
iimoBipHicTs mosiBu noxii P(A) = p mana, i BukonyeThest ymoBa NP = A =const. vV

Takux Bunankax (amB. §1.8.2) 3akoH po3MOAITYy BUMAIKOBOI BEIMYMHU 33TA€THCS
/'Lm
-1 . .
dopmymoro Iyaccona Py, ,(A) =— @  1HasuBaerhCs posnoniiom [lyaccona.
‘ m!
[IpuknagaMy BHITAIKOBHX BEJIHYWH, IO MaioTh posmnoxain Ilyaccona, €: ymcio
BUKJIMKIB Ha Tejae(OHHIM cTaHIii 3a yac t; YUCIO APYKAPCHKUX MOMUIIOK Y BEIUKOMY

TEKCT1; YUCJI0O OpaKOBaHUX JeTalel y BeJIMKiN mapTii 1 Take iHILe.

[Mpuknan 3. VY nopTy koxHy 100y MOXe 3'SBUTHCS OJHE BEIUKOBAaHTA)KHE

1

cynaHo 3 Hmogipuictio P ZE. VIMOBIipHICTh MOSBU OUIBII OJHOTO CyJHA HPOTATOM

001 3HaYHO Maja. Slka HMOBIPHICTH TOTO, 10 3a Micslb (30 qHIB) OPT BIABIAAIOTH HE
6inbrie 4 cynen?

Pos3B’s13anag

3a ymosoro N =30, p =%.

1 e>.5" —
3naiinemo A = np:BO-E:S, P, (m) D——— m=0,4.
m!

3a ¢popmynoro Ilyaccona nrykana WMOBIpHICTh MPUOIU3HO JOPIBHIOE
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4
P(m<4)= > P,(m) =Py (0) + Psy (1) + P3y(2) + Psp(3) + P3p (4) =
m=0

=0,0067 + 0,0337 +0,0842 + 0,1404 + 0,1755 = 0,4405.

2.1.3. TeomeTpuuyHHUii po3noain

Hexaii BinOyBaroThCsl He3aleKHI BUMPOOYBaHHS, B KOXKHOMY 3 SIKMX HMOBIPHICTh
nosisu moxii A nopiBuroe p (0 < p <1), iimoBipHicTh Hi sBU popiBHIOE ( =1—p.
BunpoOyBaHHs 3aKiHUYOTBCS, K TUIBKH 3'SBUThCs mofis A. SIkiio momis 3'sBuiacs B
k -M BUITpOOYBaHHI, TO y BCIX IMONEPEIHIX BOHO HE 3'SIBIISLIACK.

[To3Haunmo vepe3 X IUCKPETHY BHUITAJKOBY BEIMYMHY — YHCIIO BUIIPOOYBaHb, AKi
N0TPiOHO 3po6HTH /10 Tepmoi nosBy noaii A . MoXJIMBUMU 3HAYEHHSAMH € HATYpaJIbHi
sncna X, =1, X, =2, X3 =3,1Tak gam. Skmo B nepmmx kK —1 BumpoOyBaHHAX
MOJTist He 3'ABHJIacs, a B k -M BUIIPOOYBaHHI BiOyacs, TO

P(X =k)=g“?-p. 2.1)
Bamaroun K =1,2,3,..., BU3HAUMMO CyMy MMOBIpHOCTEH BCiX 3HAYEHb BUIIAIKOBOI

BeNUYMHU X |

2 3 n
P+pPg+pq +pq +..+pq +...
OTpuMaHu YUCIOBHM psAJT — 11€ HECKIHYEHA CIaJa€ TeOMETpUYHA ITPorpecis 3i

3HAMEHHUKOM \q\ <1. Tomy psn 36iracTbes, a cyma psfly BU3HAYA€ThCs 32 GOPMYIIOH0

s=P _P_q
1-g p
3akoH po3nojiny iMoBipHocTeit (1.20) Ha3UBAETHCS ceomempuyHUM.
[TpuknagaMu pealbHUX BUNIAJKOBUX BEJIMYUH, PO3MOIIICHUX 32 TEOMETPHUHUM
3aKOHOM, €: YHCIIO TTOCTPLIIB /IO TEPIIOTo MOTMAJaHHs, YUCIIO BUIIPOOYBaHb MPUIIAIY JI0

MepIIOi BIZIMOBH, YUCJIO MiJIKKJIaHh MOHETH JI0 TIEPIIIOTO BUIAIaHHS IU(PPHU 1 TaKe THIIIE

IMpuknan 4. Crygent A 3Hae BiInoBiai Ha 6 MUTaHb 3 JECATH, CTYICHT b
3HA€ BIAMOBIAI HAa 2 muTaHHA 3 gecat. 11[o6 ckimacTu icnuT, HEOOXITHO BiAMOBICTH

TUTbKM Ha oaHe mwmrTaHHs. [licma 3-X HeBmanux cmpod CTyAEHTa BIAPaxXOBYIOTh 3
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yHIBEpCcUTETy. BH3HauMTH WMOBIPHICT TOro, MO KOXeH i3 crymeHTiB A 1 b

MIPOJIOBKUTH OCBITY.

Pos3B’s13anHg

Hexait X - BMmagxoBa BeIMYMHA, IO Mae reoMeTpudHuUi posmoxin (2.1), kK — uucio

BUIIPOOYBaHb JI0 MEPIIOi BIMOBIAI HA €K3aMEHAIliliHe MUTaHHs. 3a YMOBOK 3aBIaHHS

TSt

crynentaA p=0,6, q=0,4, aas cryrenta b p=0,29=0,8. Cxnagemo

TaOJIMIIIO PO3MOIUTY 71l IEPIINX S5-THU 3HAYCHb BUMAIKOBOI BETHUHHHU.

Tao

uts 2.4 — 'eoMeTpUYHUM 3aKOH PO3TOILTY

k

1 2 3 4 5

Pa(X =k) | 0,6 0,24 0,096 | 0,0384 |0,01536

Ps(X =k) | 0,2 0,16 0,128 | 0,1024 | 0,08192

VIMOBIipHICTB CKJIalaHHSI iICIIUTY 32 TPH CIIPOOH 1 MOMIIMBICTh 3JIUIIIUTHUCS B

YHIBEpPCHUTETI:

JUISL CTyJIEHTa A iimoBipuicts 0,6+0,24+0,096=0,936;

g ctynenta b imosipaicte 0,2+0,16+0,128=0,488.

KoHnTpoJibHi nuTanus
1. Slka BenmuuMHA HA3WBAETHCSI BUITAJIKOBOIO, TUCKPETHOIO BUIAIKOBOWO? HaBeniTh
IIPUKIIAJ AUCKPETHOI BUMAIKOBO1 BEJIMUNHHU.
2. Illo Ha3uBa€ThCA 3aKOHOM PO3MOJLTY HMOBIPHOCTEH AMCKPETHO! BHIIAJKOBOT
BETTUYMHU?
3. V¥V sKkuxX BHIIQJKaxX JMCKPETHA BUIAJIKOBA BEMYMHA Ma€ OIHOMIabHUHA 3aKOH

posnofiny, po3noain [lyaccona, reomeTpuyHuii po3noain?

3anaui

1. Tlizkungarots aBi rpanbHi Kocti. Hexaii X - cyma mudp, 1m0 BUany Ha ix BEpXHiX

rpansx. HanucaTtu 3akoH po3no/iry KMOBipHOCTEH.

2.

3IiliCHIOIOTBCS Cepis He3aleKHHX BHUIPOOYBaHb, B KOXKHOMY 3 sKHX momis A

BiIOyBaeThcss 3 HMoBIpHIcTIO 0,8. BumnpoOyBaHHS NPUNHHSIOTHCS, SK TUIBKU
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BinOyBaeThes noxist A. Hanucatu 3aKoH po3Noily BUIIAJAKOBOI BEJUYMHU X - yKCla
BUKOHAHUX JTOCIIIiB.

3. 3aiicHIOIOTHCS 4 HE3aIEKHUX JTOCIIIN, B KOKHOMY 3 SKHX 1Moais A BigOyBaeThCs 3
iimosipuicTio 0,6. Hexaili Bunmagkosa BenmuuuHa X - yacTtoTa nosiBu noxii A B 4 — x
nocnigax. Hanucaru 3akon posmnozainy X .

4. 3iiiCHIOIOTBCS JBa HE3AICKHI MOCTPLIN y MileHb. IMOBIpHICTh IONagaHHs Ipu
KOKHOMY mocTpimi nopiBHioe 0,7. Po3risimaeThCsi BUMAAKOBA BeTUUUHA X - PI3HHUI
MIX YHCJIOM TIOTaJJaHb 1 YuCiIoM pomaxiB. HamucaTu 3akoH 11 po3noainy.

5. JIBi rapmatu CTpUISAIOTH y AesKY 1iab. [lepmia rapmara cTpinise aBivi, a Apyra — OJUH
pa3. FIMOBipHiCTh IONIAJAHHS y I1iJIb IIPH OXHOMY TIOCTpiJIi 3 MEPIIOT TAPMATH JOPIBHIOE
0,8, 3 apyroi — 0,6. 3HaliTH 3aKOH PO3MOILTY BUMAAKOBOI BETUYHHH X - 3arajgpHOTO

4uclia MONagadb B [[UIb.

2.2 ®yHKUis po3moity

@ynryiero posnodiny (no3nadaerbess F(X)) HasuBaeThcs WMOBIPHICTH TOrO, LIO
BMIIAJIKOBA BEIMYMHA X HaOyJe 3HAUYEHHs, MEHILIOIO Bijl 3HAYEHHS 3MiHHOI BEJIMYMHH
X

F(x) =P(X < X).

JUi TUCKpETHO1 BUNIQAKOBOI BETMYMHU (QYHKIIIS PO3MOILUTY MA€ BUTIISL:

F(X)= > P(X =x).

Xj<X
[puknan 5. 3pobaeHo Tpu He3anexHi moctpiny. MmosipricTs nonananus - 0,4

[ToOynyBaTu QyHKIIIIO PO3NOALTY YUCIIA TONA/1aHb.
Po3B’sa3aHHs

Bunankosa BemumumHa X HaOyBae 3HaueHHA: X; =0, X, =1, X3=2, X, =3.
VIMOBIipHIiCTh MOMK/IMBHMX 3HAUeHb BHIIAJKOBOI BEIMYMHH BH3HAYMMO 33 (OPMYJIOKO
Bepnymni:
Xi X N—Xi
P(X=x)=Cy'p"qg" ™, (n=3, g=06).

Maemo:
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P(X =1)=C3}.0,4'.0,6% =0,432; P(X =2)=CZ2.0,42.0,6" =0,288;
P(X =3)=C3-0,4°.0,6° =0,064.

Cxuagemo psij (Tabmuirio 2.5) po3noainy.

Tabmuus 2.5 — P po3noainy 1o npukiamy 5
Xi 0 1 2 3

p; 0,216 | 0,432 | 0,288 | 0,064

[ToO6ynyemo (yHKITitO po3moaiTy:

0 npu x<0;

P(X =0)=0216 npu 0<x<I;
F(x)={ P(X=0)+P(X =1)=0648 npul<x<2;

P(X =0)+P(X =1)+ P(X =2)=0936 npu 2 < x<3;
P(X =0)+P(X =1)+P(X =2)+P(X =3)=1npu x> 3,

['padik Gynkuii po3noainy 300pakeHuil HA pUCYHKY 2.3.

F) &
o
0,936 [T —
0,648 |- —_—

0,216 —

Py
L

0 p; 2 3 ot

Pucynok 2.3 — @yHKIis po3MoAiTy 3a MPUKIAIOM 5

PosrnsiHeMo BHMIagKOBY BelMMYuMHY X SIK BHIQJKOBY TOYKY Ha YHCIIOBIH OCi
Ox, siKa B pe3yNbTarTi A0Ciiay Moxke OyTH y Oyab-1koMy Mici Ha miii oci. Tomi F(X) -
HMOBIpHICTb TOT'0, III0 BUMAJAKOBA TOYKAa X B pPe3yJbTaTi JOCTIY MOTPANMTH JiBilIe 3a
TOYKy X. 3a OyAb-sIKHX X, > X; BHKOHYeThcs HepiBHICTH P(X < X5) = P(X < X;),

omke, (yHKLis posmoxiny Taka, mo He cmamae, F(X,)>F(X;), fKmo X, > X;.

TakoX 3 TOTIAAY reoMeTpudHOi inTepnperanii ¢pynkuii posmominy lm F(x) =0,
X—>—00

lim F(x)=1.

X—>+00
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Taxum ynHOM, (PYHKIIISI pO3MOLTY MA€ HACTYITHI BIACTHBOCTI:

1) MHOXWHA 3HA4YeHb (YHKIIIT PO3MOIIITY 30Ira€ThCs 3 IHTEPBAIOM 3HAUCHD
iimosipuocteit F(X)=P(X <X) 0<F(x)<1;

2) ¢ynxuis posnoxiny He cnagae, F(X,) > F(X;), KO Xy > Xq;

3) rpanuuni 3sHayenns Gpyukuii posnoginy F(—0) =0; F(+0) =1;

4) SKIIO BCi MOXJIMBI 3HAYEHHSI BUMAKOBOI BEJIMYMHU HaJeKaTh inTepsany (a;b), To
F(X)=0npux<a, F(X)=1npu x>b.

I'padix ¢yHKuii po3moxaiay AUCKPETHOI BHIIAJKOBOI BEIWYMHU MAa€ PO3PUBH 3
KIHIICBUM CTPHOKOM B TOYKaxX, € BWIIAJKOBA BEIMYMHA HAOyBa€ CBOI 3HAYCHHS.
Benuunna crpubka B Toulli X, JOPiBHIOE iiMOBipHOCTEH P, (1UB. pUCYHOK 2.3).

SIkIio nesika BUIIAIKOBA BEIMYMHA X Ma€ HemepepBHY (YHKLIIO pO3MOIiTY F(X)
(muB. pucyHOK 2.4), TO Taka BUIIAJKOBA BEITMYMHA HA3UBAETHCS HenepepsHot. B ibomy
sunaaky F (X) Ha3MBAETHCS 1€ IHTETPATBHUM 3aKOHOM PO3ITOJILITY.

HenepepBHa BunaakoBa BenTnunHa MOKe HaOyBaTu Oyb-sKe 3HAYCHHS Ha YHCIIOBIN
oci Ox a6o Ha neskoMy intepsani (a;h).

Takum umHOM, (QYHKIIS PO3MOAUTY € 3aKOHOM pO3MOJUTY HMOBIPHOCTEH SIK

JAUCKPETHUX, TaK 1 HCIICPCPBHUX BHUIIAAKOBHUX BCINYHH.

Fix) 4

1- ______

| L
0 3 x

Pucynok 2.4 — I'padik ¢yHKIIT po3moaiay HemepepBHOi BUMIAAKOBOT
BEJIMYMHH
KonTpouabHi nurtanns
1. o Ha3uBaeTbcs QYHKIIE PO3MOALTY?
2. Ha3BiTh 1 HOSCHITH BIACTHBOCTI (YHKIIIT pO3ITOLTY.
3. Slxa BemMYMHA HA3WBAETHCS HEMIEPEPBHOIO BUIIAIKOBOIO BETHUMHOIO?
4. Sxuit Burnsag mae rpadik  (QyHKIII poO3NOALTY JAMCKPETHOI BHIIAJKOBOI

BCIIMYHUHH, HCHCpCpBHOI BHUIIAJKOBOI1 BCIIUYMHU?
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3apaui

1. V maprii 7% HectanmapTtHux pAetaned. HaBmaHHS B3sIM TpHU JeTai.
HanmcaTty 3aK0oH po3Moiy IUCKPETHOT BUITAIKOBOI BEIMYMHHA X - YMCIIAa CTAaHAAPTHUX
JeTaneu cepen Tpbox Bimiopanux. [ToOyayBaTu GyHKIIII0 po3noainy i ii rpadik.

2. B ypHi € yoTupu Kyiai 3 HomMepamu Bix 1 no 4. Buitnsumm asi xyni. Hexait
BUIAJIKOBA BeIMYMHA X - cyMa HOMepiB Kyib. [ToOyayBaTu psa po3noainy i QyHKIIiFO
po3noairy BunaakoBoi BenuuuHu X . [loOymyBatn 6araToKyTHUK pO3Moiay Ta rpadik
GyHKIIIT po3moaiy.

3. Tpoe CTYIEHTIB CKIaaloTh iCIIUT 3 Teopii iMoBipHOCTEit. FIMOBipHiCTS TOTO,
110 MEPIINi CTYIEHT CKJIaze icnut, nopiBHioe 0,9, st Ipyroro i TpeThoro CTYACHTIB
1151 IMOBIpHICTh AopiBHIOE BianoiaHo 0,85; 0,8. [ToOyayBaTtu 3aKoH po3mOALLY
HMOBIpHOCTEH JUCKPETHOT BUIMAKOBOI BEIMYMHA X — YHCIIA CTYJICHTIB, K1 CKJIaIyTh

icut 3 Teopii HMoBipHOCTEH, TOOymyBatn F(X) 1 HakpecnuTH 1i rpadik.

2.3 UmoBipHicTH MONAJaHHS BUINIAJIKOBOI BeJIMYUHM B 3aJaHUI iHTepBaJ

Hexaii peska BumagkoBa BemuumHa X Mae dynkuiio posmomimy F(X).
BusHauumMo HMOBIPHICTh TOTO, IO BHIIQJKOBA BEIHYMHA IMOTPAIUIIE B PE3yJbTaTi
BUIIPOOYBAHHS 10 iHTepBaﬂy[Xl; Xz), T00TO X; < X < X5

BBenemo HacTymHi TMO3HAuUEHHS: MMOMiS A TIOJSIrae B TOMY, IO B pe3yibTari

BUNpoOyBaHHA X < X,; nofis B - y pesynmbrari BumpoOyBanHa X < X;; C -y
pe3ynbTari BUNpoOyBaHHA X; < X < X,.
Toni A= B +C.Iloxii B i C - necymicui, orxe P(A)=P(B)+ P(C) =
P(x; £ X <X,)=P(X <X,)—P(X < X;)ocrarouso
P(x; <X <X5)=F(Xy)—F(x). (2.2)
Hmogipricms nonadanus eunaoxkosoi eenuuunu 00 iHmMepeany [Xl; X2) odopigHioe

npupocmy QYHKYIi po3noodiny y ybomy iHmepaaii.

3MeHIyBaTUMEMO 1HTEpBal [Xl; X2) npu X, —> Xj.

lim P(x; <X <x,)= lim (F(x;)—F(X))=P(X =%;).

Xo—>X1
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3HaueHHs 11i€i MPaHuLi 3aIeKUTh Bij TOro, un HenepepsHa ¢pynkuis F(X) B Toumi
X = X; 200 3 Mae po3pHB.

Skmo y Toumi X = X; (yHKUiS po3mOAiTy Mac PO3pHB, TO I'PAHMIS JOPIBHIOE
3HAYECHHIO CTpHOKa QYHKIIT B 1ii Toumi (quB. pucyHok 2.3 B Toukax X = 0; 1; 2; 3).

SAxmo ¢dyrkuis posmominy F(X) B Toumi X =X, HemepepBHa, TO s TIPaHHI

JIOPIBHIOE HYJIO (JIUB. PUCYHOK 2.4 1 prCYHOK 2.3 B iIHT€pBajlaX HEMEPEPBHOCTI PYHKITIT
po3noiny). 3BiICH MAEMO BUCHOBOK:

Hmosipuicms 6y0b-51K020 OKpeM020 3HAYEHHS. HenepepeHoi 6UnaoKkoeoi eenuuuH
O00PIBHIOE HYIIIO.

Ha mpakTtumi ne o3Hayae, 1m0 Npu HEOOMEKEHOMY IMOBTOPEHHI MOCIHIIIB MOMisL
X = X 3'SBISATHUMETHCS CKUTbKH 3aBTOHO PiJIKO.

Tomy mu1st HerlepepBHOT BUIIAIKOBOI BEIMYWHY (1 JIMIIE NI HeTIepepBHOI) (Gopmyrna
(2.2) moxe OyTu 3anucana:

P(X; < X <X3) =F(X) = F(x)
a6o P(X; < X <X,)=F(X;)—F(x)-

[MIpuknan 6. Bumankosa BennunHa X 3amaHa Ha oci OX (yHKII€0 po3nOaLTY
2 . o .. )
F(X) = —arctgx. 3HaiTu KMOBIPHICTL TOro, HIO B PE3yabTaTl BUIIPOOYBaHH
T

BeIMYMHA X Halyje 3HaYeHHs, 1110 3HAXOJUThCS B iHTEpBai (O; 1).

Pos3B’s13anHg

3a popmynoro P(x; < X < X,) = F(X,) — F(X;) 3Hax011M0

PO<X<D)=FQ-F(0)= Earctgl- Earcth:E-
T T T

NI
N |-

KoHTpobHi nuTaHHs

1. Sk migpaxyBaTu HMOBIPHICTH NOMAJaHHS BUIIAJKOBOI HEMEPEPBHOI BEIMYUHU
JI0 TAHOTO IHTEpBaIly, AKIIO BioMa ii (PYHKIIIS PO3MOILTY?

2. Yomy JOpiBHIOE WMOBIPHICTH MOSBH  OYyJb-SIKOTO JHUCKPETHOTO 3HAYEHHS

HEeNepepBHOI BUMA/IKOBOI BEJIMYUHU?
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Sagaui

1. ®DyHKIis po3MOALTY BUNIAJIKOBOT BETMYMHI X Ma€ BUTIISA

0, eciu x<0;
2

F(x) = x—XT, eciu 0< X< 2;

1 echu X > 2.

Bu3naunTy IMOBIpHICTh TTOTIAIaHHS BUITAIKOBOI BEJIMYUHU JI0 IHTEPBAITY:
[-3 -1]; [-11]; [0;1]; [0,5;15]; [0; 2]; [1; 4]; [3; ).
2. DyHKITis PO3MO/ITY BUTIAAKOBOT BeMYMHN X Ma€ BHIIIAS
0, eciu X< -1
F(x) = %(x+1), eciu —1<x <1,
1, echu X >1.

Busnauutu ﬁMOBipHiCTB MOoIaJaHHs BUIIaJKOBOI BEIMUMHH B iHTepBaJ'II/IZ

[-3 -1]; [-11]; [0;1]; [05;15]; [0;2]; [ 4]; [3; «].

2.4 WinbHicTs po3noainy

Haoune ysiBneHHs Tpo XapakTep pO3NOAUTY Henepepeéroi BUMAIKOBOI BETUYHMHU B
OKOJIaX PpI3HUX TOUYOK Ja€ (YHKIISA, sIKa HAa3MBAETHCS LIUIBHICTIO PO3MOALTY
HMOBIpHOCTEH a00 nudepeHiianbHUM 3aKOHOM PO3MOUTY BUMIAAKOBOI BETUYHHH.

OO0uHcIMMO HMOBIPHICTH TONAJaHHS BHIIAJKOBOI BEIUYMHH X Ha €JIEMEHTapHY
ninsuky (X, X + AX), BAKOPUCTOBYIOUH hopmyiy (2.2):

P(x< X <X+ AX) = F(X+ AX) — F(X).
HJinbricmio  posznoodiny T (X) tLMoGipHOCIMeEU  BUNAOKOBOI BelUYUHY HA3UBAIOTh

IPaHUIIO BigHOmeHHs pupocty Gpynkuii posnoginy AF (X) = F(X+ AX) — F(X), no

AX, mpu AX — 0, to6ro f(X)= lim F(X+AX)_F(X).

[nakme kaxyun,
Ax—0 AX

HIUTBHICTh PO3MOALTY HMOBIpHOCTEH — MOXiAHA (QYHKIIIT pO3MOALTY:

F'(x) = f(x). (2.3)
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3mict f(X) momsrae B ToMy, W0 BOHA BKasye Ha Te, SK YacTO 3'SIBISIETHCS

BUITQJIKOBA BEIIMYMHA X VY JACIKOMY OKOJI TOYKH X TIPH IOBTOPEHHI JOCIIIIB.
OckinbKd (PYHKITSE PO3MOAUTY — HECHAagHA, TO WIIbHICMb pPO3N00INY — BelUHUHA
He6i0 'emHa f(x)>0. OckinpkM ~ rpaHM4Hi  3HauyeHHs  (QyHKI
posnoainy F(—©) =0; F(+00) =1, 10 rpanuuni 3HaYeHHs MUIBHOCTI PO3MOILILY
f (—0) = f (+0) =0.

JIMCKpeTHa BUNAJKOBA BEIMYMHA HE MOXE XapaKTepU3yBaTUCS IIIIHHICTIO
po3mnoainy.

I'padix mriapbHOCTI PO3MOALTY HA3UBAIOTh KPUBOIO PO3NOOINY. 3anedcHo 8i0 68Uy
KpUBoi po3noodiny pO3pi3HAIOMb O€KLIbKA MUNOBUX 3AKOHI8 PO3NOO0INY, HANPUKIAO,
3AKOH PIBHOMIDHOT WiNbHOCMI, HOPMANbHUL 3AKOH PO3NOOLLY MA IHULI.

Bu3HaunMo WMOBIpHICT TIONQJaHHS HEIEPEPBHOI BHITAJKOBOI BEIMYMHU Ha

samaHmil BifAPi3oK [X;;X,| I3 cmissimmomenns F'(x) = f(X), mpoinTerpysasum

HOro Ha BiJIPI3KY [Xl; Xo ] , MaeMo:

TF'(x)dx =)]'2f(x)dx, Xff(x)dx: F(x) & =F(X,)-F(x), =

1 1 1 1

X2
P(x, < X <%,) = [ f(x)dx. (2.4)

X
OcranHs ¢opmyna Mokasye, M0 WMOBIPHICTH MOTAaHHS HETIEPEPBHOI BHUIIAIKOBOT
BEJIMYMHU Ha 33JaHUM B1JIPi30K [X1; Xz] JIOPIBHIOE TUIOII KPUBOMIHIKHOI Tpanenii mij
KPHBOIO PO3MOALTY Ha BIAPI3KY [Xl;XZ]. Toxni naowa nio ecicio Kpusoio po3nooiny

+00
00pi6HI0E 0OUHUYI J. f(X)dX =1.

00

30KpeMa, AKIIO BCi 3HAYEHHS BUITAIKOBOT BEMIMHM Haexath intepsaty (a;h), To

? f(x)dx =1.



62

Bupazumo ¢ynkmiro posmominy F(x) uepe3 MmIbHICTE po3monairy. OcKiTbKu

F(X)=P(X <X)=P(—0o< X <X), 10, BpaxoByroun  (2.4), Maemo:

F(x) = ')ff(x)dx.

I[Ipuknax 7. Hexaii BumaakoBa BenuunHa X  TMIANOPSAIKOBaHA 3aKOHY

PO3MOILTY 3 HIUIbHICTIO

L sinx, 0<x<
- ) SAET,
F)=12
0, x<0 u x>
[TobynyBatu rpadix OIUIBHOCTI PO3MOALTY. 3HAWTH WMOBIPHICTH IOMATAHHS

. T
BHIIAIKOBO1 BCJIMYMHU Ha B1API3OK [0, Z:‘ .

Pos3B’sa3auusg.

[To6ymyemo rpadik MiIbHOCTI PO3NOALTY (PHCYHOK 2.5).

z, "1 1
P(O<X <7)= [ Zsinxdx=—cosx 74 ~0,15.
4 0 2 2 0
Jix)
R i : o y

Pucynok 2.5 — [l nmpuknamy 7

KonTpoJbHi nuranns
1. [Ilo Ha3uBaeThCs IIUIBHICTIO PO3MOJALTY MMOBIPHOCTEH BUIAJAKOBOI BEJIWYMHH,
AKUH 11 IMOBIpHICHUH 3MICT?
2. SIk BHU3HAYMTH MMOBIPHICTh IONMAJaHHS BUMAJIKOBOI BEJIWYMHM Ha 3aaHUN
BiZIPI30K, SIKIIO BiJOMa HIUIBHICTH PO3MOILTY?
3. Ha3BiTh 1 MOSICHITH BIACTHBOCTI MIIILHOCTI PO3MOILTY.
4. Sk HazuBaeTbcs rpadik MIJIBHOCTI PO3MOALTY, YOMY JOPIBHIOE IIJIONIA IiJ

rpadgikoM IIBHOCTI PO3MOALTY?
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5. Sk 3HaiiTH QyHKIO PO3MOALTY BUMAJAKOBOI BETUYHHH, SKIIO BiOMA MIIIHHICTH
po3noiny?
6. Uun Moxe WIUIBHICTH PO3MOJiIy HaOyBaTH HETAaTUBHI 3HAYCHHs, 3HAYCHHS

OlIbIIIE OAUHUII?

Sagaui

1. BunaakoBa BenuurHa X Ma€ TaKui 3aKOH PO3MOALTY:

0, eciu X< 0;
f(x)=1 sin2x, ecuu 0< X< 7/2;
0, ecu X > 7/2.

[Motpi6Ho: a) BusHauuTh (QyHKUi0 posmominy F(X); 6) 3ualitn #MOBipHICTH

o T,
HOIaJaHHsA BUIIAIKOBOI BEIMYNHU Ha BIIPI30K |:—, —:| ;

4
B) no6yaysatu rpadiku f(X) i F(X).
2. 3anana GyHKIS pO3NOALTY HMOBIpHOCTEH
0, ecru x<0;
F(X)=4 sinX, ecu 0<x<7/2;
1, ecnu X > 7/ 2.

Buaiitu f (X). [oOynysaru rpadiku f (X), F(X) i oGuncnuru P(% <X < %) .

3. 3ajaeThCsl MUTbHICTH UMOBIPHOCTEN (DYHKITIEIO
0, eciu X <1,
f(x)= alnx, ecu 1< x<eg;

0, ectu X > e.
Buaiiti a i F(X). [ToGynysaru rpadiku f(X) F(X).
4. 3a nanumMu QyHKIISIMU

0, eciu X <0 0, eciu X <0;

f(x) = 5\/;,66721/{ 0<x<1 f(x)= 25 X,ecm 0< X<

0, ecru x> 1. 0, eciu X >1.
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BU3HAYUTH, KA 3 HUX € IUTbHICTIO BUMAJKOBOI BEIMYMHU X, BU3HAYCHOIO HA BIIPi3Ky
[0;1].
5. BunamkoBa BenmunHa X Mae€ 3aKOH PO3IMOILTY
0, ecu x<0;
f(x)=<C-cosx, eciu 0< X< 7/6;
0, eciu X > /6.
[MoTpi6HO: a) o6unciutu koedinient C; 6) Bu3HaunTH GyHKiio posnoxiny F(X);

B) no6yaysatu rpadiku (X) i F(X).

6. BumagkoBa BenrunHa X poO3IMOJiJicHa 32 “3aKOHOM PIBHOOCIPEHOTO TPUKYTHHKA™,

KpHUBa PO3IOLTY 300pakeHa Ha pUCYHKY 2.6.

Fx)
0,5

\:

-2 | 2

Pucynok 2.6 — [lo 3anaui 6

[MotpiGHO: a) 3amucatu Bupas winbHOCTI posmoxiny f(X); 0) swaiitn Qynkuito
posnoxminy F(X); B) 3HaiiTh HMOBIpHiCTH NONAJAHHSA BUIAJIKOBOI BEIMYMHHM HA

BIJIPi30K [— 1 l]; Ha BIJIPi30K [0;3].

7. BunankoBa BenuanHa X pO3IMOJIIEHA 32 3aKOHOM, 300payKeHIM Ha PUCYHKY 2.7.

Pucynok 2.7 — 1o 3agaui 7
Bamucatu Bupasu f(X) i F(X) i moGynysaru rpadix gpynxuii F(X).



65

2.5 YmncioBi XapaKTepucTUKH BUNIAJKOBHX BeJTHYNH

[ToBToproroun mpoiineHe B maparpadax 2.1, 2.2 i 2.4, 3a3HaumMoO, IIO: BCSKE
CIIIBBIIHOIIEHHS, 10 BCTAHOBIIOE 3B'I30K MDK MOKJIMBUMHU 3HAUYEHHSIMH BHIIAIKOBOI
BEJIMYMHU Ta UIMOBIPHOCTSIMH, 110 iM BIANOBIAAI0Th, HA3UBAETHCS 3AKOHOM PO3NOOITY.

Byno po3riisiHyTo po3nonaian HMOBIPHOCTEH AMCKPETHOI 1 HENEPEPBHOI BUITAJKOBUX
BeIMYMH. J[MCKpeTHUI pO3MOIii 3pydHO 3a4aTH y BUIIISAL Tabmuii (auB. Tabmumi 2.1,
2.2,2.3,24).

SIk11o BUIIaIKOBA BEJIMUYMHA — HElepepBHa, TOOTO, HaOyBa€ BC1 3HAYEHHS 3 JESIKOI0
inTepBany, To i posmoxmin 3amaerbcs winbHicTIO posmominy f(X). IlitsHicTs
po3moainy 1 ii rpadik (KpuBa pO3MOMALTY) HA3MBAETHCA TaKOXK AUQepeHIiaTbHIM
3aKOHOM PO3IOJLTY.

I nuckpeTHi 1 HemepepBHI BHUITAKOBI BEITMYMHH MOXYTh OyTH omucaHi (yHKIIi€r0
posmozpiny F(X) = P(X < X). ®yukuis posnopiny F(X) i ii rpadix HasusaroThcs
IHTETpATBHUM 3aKOHOM PO3IIOJILITY.

Bynp-sikuii 3aKOH PO3IMONLTY BHITAJKOBOI BEJIWYMHU:  TaOJUI, HIUIBHICTE abo
GbyHKIIiS po3MOALTY - HaWIIOBHIIIE OMKUCYE BUIAJKOBY BEIMYHUHY 3 IMOBIPHICHOI TOUKH
30py.

Ha mpaxrtuii, gacto, HemMae HEOOXITHOCTI 3HATH MPO BUIAIKOBY BEJIUYHHY BCE.
JocuTh BKa3zaTu JeKUIbKa YHMCIOBHX IapaMeTpiB, IO XapaKTEpU3YIOTh OKpeMmi
BJIACTUBOCTI po3noauty. Taki mapaMeTpu, 10 BUPAKAIOTh B CTUCIINA (opMi HAMOUTBII
ICTOTHI OCOOJMBOCTI PO3MOALTY, HA3UBAIOTBCA YUCAOBUMU XAPAKMEPUCMUKAMU

BUIIQ/IKOBOI BeIMUKHH [3, cTop. 83].
2.5.1 MaTemaTu4iHe crioAiBaHHS

Mamemamuunum Ccnooi6aHHAM OuckpemHoi BUINAJAKOBOI BeNIUYMHH X
Ha3WBAETHCSA CyMa JMOOYTKIB MOKJIMBUX 3HAYCHb I[1€i BEJIMUYMHA HAa WMOBIPHICTH iX

I1OSB:

n
M(X) =D Xy Py (2.5)
k=1
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MaremaTuuHe CIOAIBaHHS BKa3ye CEpPEIHE 3HAYCHHSI, OIS SKOTO TPYIYIOTHCS BCl
MO>KJIBI 3HAYCHHSI BUITAIKOBOT BEJIMYUHHU.

MexaHIYHUN 3MICT MaTEMaTHYHOTO CIOMIBaHHSA: Koy Ha oci OX po3TamoBaHi
n
TOYKU X1, Xy, ..., X, 3 Macamu P1, Py, ..., Pp> HpI/I‘-IOMyZ Pi =1, to
i=1
M (X) - abcruca neHTpy Baru 1aHoi CHCTEMH MaTepiaJbHUX TOYOK.
Q@opmyna (2.5) He mo iHMIE, SK CKAIApHUN MO0OYTOK apu(pMETHYHHX BEKTOPIB
X(X1, X040y Xp) 1 P(P1s P2sess Pp) -
Mamemamuyne cnoodisannsi HenepepéHoi  BUIAIKOBOI BEIMYMHU X  MOXKHA

BUPA3HUTHU BXKE HE CYMOIO JIOOYTKIB, a iHTerpaiomM
o0
M(X) = [x-f(x)dx. (2.6)
—0o0

Sxmro BCi MOXJIMBI 3HAYCHHSI BHUIIAJKOBOI BEJIMYMHHU HAJEXKaTh iHTEpBaNy (a;b), TO

MaTeéMaTU4HEC CHO,Z[iBaHH}I BHPAXAETbCA iHTeraJ'IOM
b
M (X) = [ x- f (x)dx. 2.7)
a

MexaHniuHa IHTepIpeTais — Taka X, K Ui JUCKPETHOI BUIMAJKOBOI BEJIUYUHU —
abciuca 1EeHTpYy Baru AJjie pH IbOMY Maca, sika JOPIBHIOE OJMHMII, PO3MOJIIJICHA Ha

oci OX 3a 3akoHoM minsHOCTI posnoxiny f(X).

[H11€ TO3HAYEHHS MaTEMAaTUYHOIO CHOI[iBaHHH - mx.

BrmacTtuBocTi MAaTEMAaTUYHOTO CHOMIBAHHSI

BrnactuBocti crpaBeyiMBI SIK JUISL JAUCKPETHUX, TaK 1 A HENEpepBHUX
BUIA/IKOBUX BEJIMYUH.
1. MaremaTtuuHe CHOAIBaHHS TOCTIHHOI BEIMYMHH JOPIBHIOE caMiil TOCTIMHIN
M (C) = C. Ilpu upomy nocriiina C - 1€ BUNIAIKOBA BEJIMYHMHA, KA MAE OJTHE
3nayeHnss C i HabyBae iforo 3 iimoBipHicTio P =1.
2. TlocTiiiHM MHOXHHUK MO>XHa BHHOCHUTH 33 3HAK MaTeMaTHMYHOI'O CIIO/iBaHHS

M(C-X)=C-M(X). pu usomy nobyrox CX - Bumanxosa BeauuuHa,
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o HaOyBa€ 3HAYCHHS CXl, CXZ, - CXn 3 TaKOK X HMOBIPHICTIO, 5K
BenuurHA X - 3HAYCHHS X, Xoy ey X -
3. BuragkoBi BETUYMHM HA3UBAIOTHCS HE3ANEHCHUMU, SIKIIO 3aKOH PO3IMOJILTY

OJIHI€T 3 HUX HE 3aJCKUTH BiJ] TOTO, SIKI MOXJIHMBI 3HA4YeHHsS HaOyBae iHIIA
BeNMWYMHA. [HaKIIe BUNANKOBI BEIMYUHH 3anexchi. JI0OyTOK He3alexHHX
BunaakoBux BeanunH XY - BHUIQAKOBA BEIWYMHA, MOXIIMBI 3HAYEHHS SKOI
piBHI JO0OyTKaM KOXXHOTO MOMKIMBOIO 3HaueHHS X Ha KOXKHE MOJKIIMBE
3HayeHHs Y. Maremaruyde CHofiBaHHS J0OyTKY JIBOX HE3aJe)KHHUX
BUMNA/IKOBUX BEJIMYMH JOPIBHIOE JOOYTKY IiXHIX MAaTeMaTWUYHHMX CIIO/(iBaHb
M(X-Y)=M(X)-M(Y).

4. Cymor BunagkoBux BeauunH X +Y Ha3HMBA€ThCS BUIAJKOBA BEIMYHUHA,
MOXJTHBE 3HAYCHHS SIKOi OPIBHIOE CyMi KOYXXHOTO MOXJIMBOTO 3Ha4YeHHsS X Ta
KOKHOTO MOXJIMBOTO 3Ha4eHHsAM Y . MaremaTHYHE CIIOMiBaHHS CYMH JIBOX
BUIAJIKOBUX BEJIUYHMH JOPIBHIOE CyMi MaTeMAaTHYHUX CIIOJIBaHb JOJAHKIB
M(X +Y)=M(X)+M().

I3 BiTacTUBOCTEH MaTEMaTHYHOTO CIIOJIBAaHHS BUILUIMBAE TEOpEMa MPO MaTEeMATHYHE

CIIOJIIBAHHS YHCJIA TIOSIBY MTO1H B HE3AJICKHUX BUITPOOYBAHHSIX.
Teopema 1. Skmo BumagkoBa BenuunHa X - 4ucio mmosB moxaii A B N

HE3AIEKHUX BUIPOOYBaHHSX, NPH SKUX B KokHOMY Bunpobysauui P(A) = p, To
maremarnune cnoxiBanas M (X) gopiBHioe m00yTKy uncna BuUnpoOyBaHb Ha

MMOBIpHICTB MOsIBY MOIiT B KOkHOMY Bunpobysanni: M (X) =np.

2.5.2 Mogaa i Megiana BUNNAAKOBOI BeJTHYNHU

Moooro (Mo) IUCKPETHOI BHIAJKOBOI BEIMYMHM X Ha3MBAIOTh Te 1 MOMKIIMBE
3HAa4YeHHs, IKOMY BiJIIIOB1/1a€ HalOIbIIIa HMOBIPHICTH HOT'O MOSIBH.

Moot s HenepepBHOI BUMAAKOBOI BETHYMHH X HA3MBAlOTh T 11 MOXKIIMBE
3HAYCHHSI, SKOMY BIJIITOB1/Ia€ MaKCUMaJIbHE 3HaYEHHS IIIJTFHOCTI HMOBIPHOCTEIH:

f(Mo)= max f(X).
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SKmo BUMAAKOBA BEIMYMHA MAa€ OAHY MOJY, TO TaKUU pO3MOJIIT WMOBIpHOCTEH
HA3UBAIOTh 0OOHOMOOAIbHUM; SKIO PO3MOJILT Ma€ IBI MOJH — 080MOOAIbHUM 1 TaK AAJIi.
IcHyOTS 1 Taki po3MoALIH, SKi HE MAIOTh MOJIH. Ix Ha3MBAIOTH aHMUMOOATLHUMIL.

Meoianoro (Me) HeTIEpepBHOI BUIIAIKOBOI BETMYMHN X HA3WBAIOTh TE€ 11 3HAYCHHS,

JUIS SIKOTO BUKOHYIOTBCS PIBHICTh HMOBIPHOCTEH TOIii:

P(—0 < X < Me) = P(Me < X < o0);
=> F(Me) - F(—0) = F(x0) - F(Me)=>
F(Me) =0,5 2.8)

Takum YHHOM, MEiaHy BH3HA4YarOTh 3 piBHOCTI (2.8).

Me MOXxHa 3HAITH, CKOPUCTABIIUCH IIUTBLHICTIO HMOBIPHOCTEH:

Tf(x)dx= Tf(x)dx=1, 2.9)
—00 Me 2
abonpu X €[a;b]:
'\j'ef (x)dx = .T f (x)dx = 1 (2.10)
a Me 2

Takum yriHOM, Me - MOXXJIMBE 3HAYCHHS BUIIAJKOBOT BEIUYMHU X , IPHUOMY TakKe,
IO MpsiMa, MPOBeIeHa MEePIEHAUKYIISIPHO 0 BIAMOBIAHOI TOUKHM Ha muomuHi X = Me,

noinsie wionty Girypu, sky oomexye dynkiis f(X), Ha 1Bi piBHI YaCTHHH.

[Mpuxan 8. 3amana MUTEHICTE HMOBIPHOCTEH HA PUCYHKY 2.8.

Pucynok 2.8 — Jlo npukmnany 8
O6uucnutu Me, 3HaiiTi Moay Mo.
Po3B’a3anHA.
Ha Bigpizky [-2;0] wmiiapHICTG HMOBIPHOCTEM 3MIHIOETBCS 3a 3aKOHOM MPSAMOI

nponopuiitaoi 3amexnocti  f;(X) =k x+b; (k; >0), a ma Bigpisky [0;4] 3a

aHamoriuanM 3akoHoM  f,(X) =K,Xx+Db, (K, <0). Jna 3HaxXomKEHHA 3HAYCHb
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napamMeTpiB 00UMCIMMO KOOPAMHATH BEPIIMHU IIbOTO TPUKYTHUKA B(X,y). AOGcuuca miei
TOYKM BiIOMa 3 yMOBH 3aBHaHHs: X=0; opAMHATy 3HAWIEMO 3 YMOBH HOPMYBaHHS,
3TiHO 3 sIKOIO TUTomIa TpUKyTHHKa ABC MOBHHHA TOPIBHIOBATH OJMHMILL

1 1 1
S, =—AC-BO==-6-y=>Vy==
AT 5 y=>y 3

TakuM YMHOM, IITyKaH1 KOOPAMHATH:
x=2;y=1/3.
3HaiigeMo piBHIHHS PSAMOi, 0 MpoxoauTh Yepe3 Touku A(-2;0) 1 B(0;1/3):

y-0 1/3-0 _  x+2

X+2 042 A

Tak, Ha Biapi3Ky [-2;0] Maemo:

X+2
fi(x)=——.
1(X) ==
PiBHSHHS TpsAMOI, 1110 TpoxoauTh yepe3 Touku B(0;1/3) i C(4;0):
y-1/3 0-1/3 = 4-X

X—0 4-0 y 12

3Bizxcu Ha Bifpi3ky [0;4] orpumyemo:

4—-x
fo(X)=——.
(0 ="
TakuM 4MHOM, IIITBHICTh KMOBIpHOCTEH
0, x<-2;
X+2,—2<x£&
F(x) = 46— X
—, 0<x <4
12
0, x>4.

3 pucyHka BuaHO, o Me Hamexuth Biapisky [0;4]. [dns 3HaxomkeHHs Me

ckopucraemocs popmyroro (2.10):

4 4 a2t 02t —Me)?
Trogme [ 4 Xao—@=0°) @0 _@-M9® 1
Vie ve 12 24 2

24 Me 24 ‘ Me

=> Me=4+22.

Bubepemo Te, 3HaUCHHS, sIKE HAISXKUTh Biapi3ky [0;4], TooTo Me =4 — 242
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3HaiiieMo Mofy.
f(Mo)= max f (X);
f(0)= 1/3 — max.
OTtxe, Mo = 0.
Binnosine: Me = 4 —2+/2; Mo = 0.

2.5.3 JIucnepcis BUNAJIKOBOI BeJIUYNHU

,Zlucnepciem GUNAOKO060T éenuunuHu Ha3WBAIOTh MaTeMaTHIHE CHO,Z[iBaHHH KBaJpara

BIIXWJIEHHS BUIIAAKOBOI BEJIMYUHM BiJ il MATEMATUYHOTO CIOIIBAHHS:
2
D(X) =M (X =M (X))2. (2.12)
Jucnepcisi xapakTepu3ye CTYIIHb PO3CIIOBaHHS 3HA4YeHb BHIAJIKOBOT BEIUYUHU

o0 i MaTEMaTUYHOTO CHOIIBaHHS.

Jlucniepcist AMCKPETHOT BUMAIKOBOI BETMUUHU O0OYHCITIOETHCS 32 (DOPMYJIOHO:

n
2
D(X)=>.(x —my)°p; (212)
i=1
Jlucmepcist HenepepBHOI BUITAIKOBOT BEIMYUHU OOUHCITIOETHCS 32 (OPMYIIOF0:
D(X) = [(x—m,)? f (x)dx. (2.13)

SIKI0 BUIAIKOBA BEIMYMHA 3a/1aHa B inTepsaii (a;b), To
b
D(X) = [(x=m,)? f (x)dx. (2.14)
a

Tyr my, = M (X), f(X) - migericts posmoziny HerepepBHOI BUITAKOBOI BEITHIHHH.
Po3mipHicTh qucnepcii — KBajgpaT po3MipHOCTI BUIAJIKOBOI BEIMYMHU, TOMY ii He
MOXKHa BKa3aTH Ha OC1 BHIQJAKOBOT BeNWMYMHHU. [lJIs HAOYHOCTI XapaKTEpUCTHKH
pPO3CiIOBaHHS 3pYyYHIIle KOPHUCTYBATHCS BEIHMYMHOIO, PO3MIPHICTH SIKOi 30iraerbcs 3
PO3MIPHICTIO BUIAIKOBOT BEJIMYMHU — KOPEHEM KBaJIpaTHUM 3 JIUCIIEPCi.
Kopinp kBajpaTHMii 3 gucnepcii Ha3UBAETbCA CEPEOHIM  KeaopamuuHum

GIOXUWICHHAM 1 TIO3HAYAETHCS

o(X)=,/D(X) ab6o o, =\/D7X. (2.15)
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BinxuieHHs BUIIAAKOBOI BEJIMUMHU Bij 11 MAaTEMAaTUYHOI'O CIIOXIBAHHS HA3UBACTHCS

—~

YEHMPOBAHOI0 BUNAOKOB0I0 6elu4uHOo0, To3HauatuMeMo ii X . TakuM uHHOM,
X =X-M(X) a6o X =X —m,.
Ha mnpuknami AMCKpEeTHOI BUMAAKOBOI BEIUYMHH IMOKKEMO, IO MaTeMaTUYHE

CIIOJIIBaHHS LIEHTPOBAHOT BUMAIKOBOI BETHUMNHU JIOPIBHIOE HYITIO.

M(X) = M(X —my) =306 —m)ps =3 xps —m, > py =
i=1 i=1

i=1
=m, —m, =0.
Mamemamuyne cnodieanus Keaopama YeHMPOBAHOI BUNAOKOBOI  BeIUUUHU

(Oucnepciio) modicha obuuciumu iHwumu gopmynamu, sKi iOPIsHAIOMbCS 6I0 hopmyn

(1.28) (1.29) (1.30). {nsa ouckpemnoi sunaodxkogoi eeiuduHu.

n n n n
D(X)=>"(x, —m, ) p; :inz i —2m, > X p; +mfz Pi =
i1 i1 i1 i1

n n
2 2 2 2 2
:in Pi _zmx +my :in Pi —My.
i=1 i=1

Takum YHHOM, Oucnepcis OOpPIBHIOE MaAMeMamuyHoM)y CHOOIBAHHIO Keaopama

BUNAOKOBOI BEIUYUHU MIHYC KBAOPpAm il MAmMemMamuyHo2o CnoOi6aHH .

D(X) = M(X?)~(M(X))? =3 xZp, ~mZ. 216
i=1
BiamoBiaHo /15t HEMEpepBHOI BUMAIKOBOT BEJIMUUHUA MAIOTh MICIIE€ Taki (pOpMYIIH:
D(X) = sz f (x)dx — (M (X))?, (2.17)
;oo
D(X) = [x*f (x)dx— (M (X))?. (2.18)
a

[Mpuknang 9. I'pyma crynmeHTiB ckiagae icnur. BumaakoBa BemuumHa — X
(otpumyBaHa ouiHka) HaOyBae 3HaueHHI X =2, X, =3, X3=4, X;=05.
VIMOBipHiCTh OTPUMaHHS LMX OLIHOK HABYANHLHOI) TPYNOI0 BiATOBIIHO IOPIBHIOE
p, =01 p,=04; p3=03, py=0,2. 3nalith MaTeMaTH4YHE CIOJiBaHHA

BHUIIAJKOBOI BEITUYMHU X , III/ICHepCiIO 1 CCPCAHE KBAAPATUIHC BiI[XI/IJICHHH.



72

Po3B’s13auug

3aKOoH pO3MOIiLTY IS JAHOTO 3aBJaHHs Ma€e BUTJISA (1uB. Tabnuio 2.6).

Tabmuis 2.6 — 3aKoH pO3MOALTY 10 MpUKIamy 9

Xk 2 3 4 5
o, 01 0.4 03 02

Marematuune criogiBanus: M(X)=2-01+3-0,4+4-0,3+5-0,2=36.
Otpumane uncio 3,6 Mo)kHa BBAXKATH cepeaHiM 6anoM (MaTeMaTH4He CIO/iBaHHs),
Ha KOTpUI BUI/Ie TPyIIa HA iCIIUTI MPH TaHUX HMOBIPHOCTSIX OTPUMAHHS THX a00 1HIIIHMX

OLIIHOK.

n
Jlucnepciro Busnavaemo 3a popmyioro (2.16): D(X) = Z Xi2 p; —m 3 .
i=1
D(X)=(2%-01+3%-0,4+4%.0,3+5%-0,2)-3,6° =

=138-12,96=0,84. o(X)=,/D(X) =0917.

BractuBocti aucnepcii

BnactusocTi CHpaBeZ[JII/IBi SAK I AUCKPETHUX, TaK i JJI1 HETICPCPBHUX
BUITaAKOBHX BCIIMYMH.

1. Jlucnepcist Gyab-AKOi BUMQJAKOBOI BEIMYMHM HeBin'emua, mpudomy D(X) =0
nume ko X - mocriiina. M (C) =C = D(C) =M (C?)-C? =0.
2. sxmo C = const, o D(CX) =C2D(X). Hiiicro
D(CX)=M(C?X?)=(M(CX))?> =C*(M(X?)=M?3(X)).
3. Sxmo Bunaakosi Beauunad X 1Y - He3aluexHi, TO
D(X +Y) =D(X) + D(Y).
BucnoBok 1. /fucniepcisi cymu AEKIJTbKOX B3aEMHO HE3QJICKHUX BUITAIKOBUX BEIMYWH

JOPIBHIOE CyMi X AMCIIepCiii:

D(X1+ X5 +..X,) =D(X1)+ D(X5) +...+ D(Xy).
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BucnoBok 2. Jlucmepcis cymMH NOCTIHHOI BENIWYMHM 1 BHUIAIKOBOIO JIOPIBHIOE

nucnepcii Bunankosoi Bemmunnn: D(C + X) = D(X).

BucnoBok 3. Jlucnepcis pi3HUII ABOX HE3aJIEKHUX BUIAIKOBUX BEITUYUH JOPIBHIOE

cymi ix gucnepciii: D(X —=Y) = D(X)+ D(Y).

I3 BnactuBoCTE# Auicniepcii BUILTUBAE Teopema Mpo AUCIIEPCIIO YKCIia MOsIBU MOMAIN y

HE3aJIC)KHUX BI/IHp06YBaHH${X.

Teopema 2. /lucnepcia uucia noss nooiii 6 N HE3ANEHCHUX BUNPOOYBAHHSAX, 8

KOJICHOMY 3 AKUX UMOSIpHICMb P Noséu noodii nOCmilina, OOpieHIOE 00OYMKY Yucia

8UNpo0Y8aHbL HA UMOBIPHICMb NOA6U [ He NosAeU Nodii 6 00HOMY BUNPOOYEAHHI:

D(X)=npq.

[IpumiTka — Teopemu 1 1 2 HaJle)KaTh 10 BUIAAKOBOI BETUYMHH, PO3IOIIICHOT 3a
OIHOMIaTbHUM 3aKOHOM, TOMY iX MOXHA CYKYIHO C(HOPMYIIOBATH TAaKHM YHUHOM:

MamemamuyHe cnooi6anHs OIHOMIATLHO20 PO3NOOINY 3 napamempamu N i P OOpPi6HIOE

oo6ymry N+ P, a oucnepcis dopisnioc meopy N- P- Q.

Hpuxnan 10. VmoipricTs BimMOBHM meTani npu BUNpOGYBaHHI Ha HAiHHICTh
nopiBHtoe 0,15. 3HaliTh MaTeMaTHUYHE CIIO/IBAaHHS, TUCIEPCIIO 1 cepeHe KBaJpaTHUHE
BIIXWJICHHSI YHMCJIAa JIeTajei, 110 BIJIMOBWJIM, SIKIIO BUMPOOYBaHHIO Oyne migmaHo 20
JIeTaJIen.

Po3B’sa3aHHs
Hexaii X - umcio BigMOB npu BUNPOOyBaHHI AeTajeil. BiqmoBa npu BumpoOyBaHHi
OJIHI€T JleTalll He 3aJeKUTh BiJl pe3ysbTaTiB BUIPOOYBaHb IHIIUX JETalei, ToOMy JaHi
noii HezanexHi. OTxke, 3riIHO TeopemMoro |
M(X)=np=20-015=3 (ueramni).
3rigno 3 Teopemoro 2 D(X) =npg=20-0,15-0,85=2,55.

Cepee kBanpatmane Bigxmienns o(X) = ,/D(X) = /2,55 =1,597 .
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2.5.4 IloHATTS PO MOMEHTH PO3NOAiTy. XapaKTepUCTHKH (pOPMHU KPHBOI

IUIBHOCTI PO3MOALTY

Touamkosum momenmom nopsaoky S BHIAAKOBOI BenMdMHH X (II03HAYACTHCS

as (X)) Ha3suBaeTbCA MaTeMAaTHYHE CIIOJIBAHHS BUIAJKOBOI BEIMYMHM Y CTEMNeHi S,

TOOTO
_ s
as(X)=M(X7).
BiamosimHo mo BU3HAYEHHS OOYMCIEHHS ITIOYATKOBUX MOMEHTIB 3I1HCHIOETHCA 3a
dbopmynamMu:
n
. . S . .
- JUI TUCKPETHOI BUNIaJIKOBOI BEIMYMHH (g (X) = Z Xi Pj;
i=1

o0

- JUIsL HeTepepBHOI BUITaaKoBoi Bemmanan o (X) = J. x® f (x)dx.

—0o0
MareMaTH4YHE CITOIBaHHS — IEPIINil TOYaTKOBUI MOMEHT (S =1):
o (X)=M(X)=m,.

Lenmpanvnum momenmom nopsioky S (mosHadaeTbesi g (X)) HasuBaeThes

A

MaT€MaTH4YHC CHO[[iBaHHFI IICHTpOBaHO.l' BUIIAJIKOBOI BEIWMYUHU X = X —mx B

creneni S, 10610 11 (X) =M (X %) =M ((X —m,)®).
Buie nokaszaHo, 1110 nepuinii HeHTpaJbHUN MOMEHT JOPIBHIOE HYITIO
w#(X)=M(X)=0.
Jpyruii HeHTpanbHUN MOMEHT — Lie Aucnepcis. Buie nokasaHo, 1110
2 2 2
#2(X) =D(X) =M(X?) = (M(X))" = a2 (X) -1 (X).
IleHTpasibHi MOMEHTH BMIIUX IOPSAJIKIB BUKOPUCTOBYIOTHCS SIK XAPAKMEPUCTIUKU

Gopmu Kpugoi winbHocmi po3nooiny.
XapakTepUCTUKOI0 acUMETpli KpUBOI pO3MOALTY € MaTeMaTU4yHe CIOJIBaHHS KyOa

[IEHTPOBAHOT BUTIAJIKOBOI BEJTUIMHU, TOOTO mpemiil YyeHmpaibHUuii MOMEHM.

= [(-m ) £ (o
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Tpetiii HeHTpadbHUII MOMEHT Mae€ pPO3MipHICTh KyOa BumaakoBoi BennuuHH. LI[00
oTpuMaTH O€3pO3MipHY BEIMYMHY, g3 IUITh Ha KyO CEepeIHbOro KBaJpaTUIHOTO

BigxmwieHHs. OTpuMaHa BeJIMYMHA HA3MBA€ThCS KoedimientoMm acumetpii. [lo3naunmo

xoedimienT acumerpii S. Tomi S ='u—:3%. 3Hak koedilieHTa 3aNeKuTh Biag Ghopmu
O

KPHUBOT PO3MOJILTY, IO LUTFOCTPY€E PUCYHOK 2.9.

&
St 5 0 5, <0

—————tT | \

M) M%)

Pucynok 2.9 — Brums popmu KpHBOIO pO3MOILTY Ha 3HAK KOedillieHTa acuMeTpii

Kpusa po3noainy BUnIaKoBOi BETHUYMHI MOXKE MaTh OUTBII-MEHII TUIOCKY BEpIINHY.
OOuMCIIOETbCS  MaTEeMaTUYHE CIOJIBAaHHS 4YETBEPTOrO0 CTYNEHS LEHTPOBAHOI

BUIIAJIKOBOI BEIMYMHH (UETBEPTHUI LIECHTPAIbHUIA MOMEHT):

0

pg = [ (x=m)* f(x)dx-

—00

. . H .
[Totim oOuMcIIOETBCS O€3pO3MipHA BEIMYMHA —j s BenuumHA U1 BUITAJIKOBOI
o)
X

BEITMYMHU, MIANOPSAKOBAHOT HOPMAJIbHOMY 3aKOHY pO3MOJLTY, AOpiBHIOE 3 (Tpo

HOPMAJTBHHUM PO3MOJILT TUB. HIDKYE).

Szl 4

Pucynok 2.10 — 3anexHicTh ekciecy BiJ GopMu KpUBOi PO3MOALTY
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[HOI 3aKOHM PO3MONLTY TOPIBHIOIOTHCS 3 HOPMAJIbHUM 3aKOHOM, Koe(ilieHT

_Ha_
oy

NOPIBHSHHS HA3UBAEThCs excyecom (mo3Havaerbest E, ) i mae sursn: E,

Jns KpHBOi pO3MOAiTY 3 TOCTPINIOK BEPIIMHOIO, HIXK y HOpManbHOI kpuBoi E, >0,

I KpUBOI pO3MOziLy 3 ,,iuiockimor” sepmunoo E, <0 (xus. pucynox 2.10).

I[Ipuknaxg 11. HenepepBHa BumankoBa BeauymHa X 3aJlaHa IIUIbHICTIO

PO3MOILTY
0, x<0;
f(x)=4c-(x+1)?, 0<x<2;
0, x>2.
[ToTpiOHO:

1) BusHaunTu Koediuient C;  2) 3uaiitu dpyukuiro posnoginy F(X);
3) nobynysaru rpadiku f(X) i F(X); 4) oOuuciuru maremaruuHe CHOIIBaHHS
M (X) i qucnepcito D(X); 5) 3HaiiTu iiMOBipHICTb TOTO, 110 BUNIAAKOBA BEIHYHHA X
HabyBae 3HaueHHs 3 inrepsany (1; 2); 6) BusHaunTh KoedilieHT acuMeTpii KpUBOi
posmoziny S iekcuec E,.

Po3B’g3anHs

1. Jlna Bu3HaueHHs Koe(illieHTa ¢ BUKOPUCTOBYEMO BIIACTUBICTh  IIUIBHOCTI

posmnominy (§2.4):
[ f(x)dx =1.

OCKiJIbKY IS HAIIOTO NpuKnaxy | (X) =0 yéui x<O0 3yéui Xx>2,10

(x+1)°]2 26

+00 2
__[Of(x)dx:gc-(x+1)2dx:c- 3 1,°3° 3sincn

26 3
—Cc=1= c=—.
3 26



2. OyHKIIIO PO3MOILTY F( ) BHPAKAEMO 31 IIITHHOCTI PO3MOALTY F J. f

JUIA Halloro BUIIAJIKY
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X 3
Ii X+1 (X+1) (X+1) —i; TaKUM YHHOM
5 26
0, x<0;
F(x) = (x+1) 1 0<x<2
1, x > 2.
3. I'padiku pyHKIIN f ) OyayeMo B OIHIH cucTeMi KOOpAUHAT (AUB. PUCYHOK
2.11).
4. MatemaTH4He CrIOiBaHHS 004UCIIIOEMO 3a hopmylior (2.6):
B
M (X ) = IX - f (X)dX; IS HALIIOTO BUMAIKY
o
: 3. 17
I X — x + 1
y 26 13
Fx), #(x)

1
1
1
1
1
1
1
2

Pucynok 2.11 — Jlo npuxnany 11

Jlucrepciio BUMagKoBoi Benmuunan X oGuncmioemo 3a hopmyitoro (2.18):
2
17 289
D(X)=M(X?)-M?(X), e M?(X z(_j _ 2%,
() =M(x?)=M?(x). 20 M2(x)=| 12| =22
BenmnunHy M (X 2 ) BU3HAYA€EMO OKPEMO:

M(Xz):fxz-f(x)dx:j 3 = (x+1)%dx _1%8.

726 65
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128 287 219
65 169 845

5. VMoOBipHICTH TOrO, IO BUIIAJKOBAa Beln4yMHa X HaOyle 3HAYCHHS 3 IHTEpPBATY

rozi D(X)=M(X2)-M2(x)

(1;2), 3maxoaumo 3a hopmyioro (2.2):

7 19
Pl<x<2)=F(2)-FQ)=1-—=—.
(< x<2)=F2)-F@)=1- L =2
6. [y BU3HaYeHHA Koe(illieHTa acCUMETpPii 00UHCITIOEMO TPETii HEHTPaTbHUNA MOMEHT
_ T 3
p3 = [ (x=m,)® f(x)dx, ro6ro
2 3
17 3 2 184
=||X-——=| —= - X+1)dx=——+
#3 g( 13) T 2197
Koedinient acumerpii § — Hs . H3 —0,635-

oy (o))

Busnauaemo HeHTpaJ’IBHI/Iﬁ MOMCHT YCTBEPTOI'O MMOPALKY

2 4

17\ 3 , . 32883

= X="—| -—-(X+1)°dx = :
Ha g( 13) 26 X =1 00007

ITotiM 00UYUCITIFOEMO eKCLIEC

KonTposbHi nuTanus

1. Ilo Ha3uBaeTbcs MaTeMaTHMYHUM CIOJIBAaHHSAM JUCKPETHOI BHIAJKOBOI
Beymunan X ? 110 BKa3ye (xapakTepusye) MaTeMaTHUHE CIIO/IiBaHHS?

2. SIKk OOYMCIIOETBCS MaTeMaTHYHE CHOIIBaHHS JUCKPETHOI 1 HermepepBHOi
BUIA/IKOBOT BEJTUUYNHU?

3. flka MexaHiuyHa IHTepHpeTallisi MaTeMaTUYHOTO CIOJiBaHHS JUCKPETHOI 1
HEIEepPEPBHOI BUIIAJIKOBOI BETUYNHU?

4. Sk iHTepmpeTyeThcs 3 IMOBIPHICHOI TOYKHM 30py mocTiiiHa BenuunHa C? Yomy

JIOPIBHIOE MaTeMaTH4He crojiBanHs C ?
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11.
12.

13.

14.

15.

16.
17.

18.

19.

20
21

79

[TosicHITH Ha MPOCTOMY MPUKIIAML, IO Take CyMa i JOOYTOK ABOX JUCKPETHUX
HE3JICKHHUX BUITAKOBUX BEJIWYHH. SIK CKIIACTH 3aKOH PO3MOALTY HMOBIpHOCTEH
CyMH JIBOX HE3aJC)KHHX BUITAJIKOBUX BEJIWYWH, SKIIO BiJIOMI 3aKOHH PO3IMOALTY
nomaHkiB? Sk CKJIaCTH 3aKOH pO3IMOAUTY HWMOBIPHOCTEH 1T0OYTKY JBOX
HE3aJICKHUX  BHUIIAJKOBUX BEJIMYWH, SKIIO BIJOMiI 3aKOHH  PO3MOJILITY
CITIBMHOKHHKIB?
Ha3BiTh OCHOBHI BJIACTUBOCTI MATEMAaTUYHOI'O CHOJIBaHHS.
1o Ha3uBarTh MOI0I0 (MO) AMCKPETHOT BUITAKOBOI BEIUYMHA X ?
1o HazuBaroTh MO0t (M0O) HenepepBHOI BUTIAIKOBOT BeTnulHN X ?
Sxuit po3noAisn IMOBIpHOCTEH Ha3UBAIOTh AaHTUMOAATIBHIM?
. SIxkuii po3moais1 KMOBIPHOCTEH HA3WBAIOTh OJTHOMOAAIBHBIM, JTBOMOIATLHBIM?
[Ilo HazuBaroTh Meianoro (Me) BUTIaKOBOI BETUYMHHN?

Yomy nopisutoe F(Me)?

X ]
[Ipu sikoMy 3Ha4eHHI X BUKOHYETHCS PIBHICTh J‘ f (x)dx = J‘ f (x)dx?

—00 X
[Ilo Ha3MBalOTh MAMCIEPCIEI0 BUMAIKOBOI BEIMYMHH, IIO XapaKTEPH3Yye
mucnepceis’?
Sk MOXHa OOYHMCIMTH JHCIEPCII0 JAMCKPETHOI 1 HEMepepBHOI BHIAJKOBOI
BEJTUYUHU?
Ha3BiTh OCHOBHI BIaCTUBOCTI IUCHEPCii.
[I{o Ha3MBaeTHCS cepeHIM KBapaTUUHUM BIIXMJIEHHSM BUIIAJKOBOI BEJIMUYMHU
BiJ 1T MATEMAaTUYHOT'O CIIOXIBaHHS?
SIKk OOYMCIIOIOTBCS MaTeMaTHYHE CIIOJIBaHHS 1 Jaucnepcis OiHOMialbHOTO
posnoainy?
Sxka po3MipHIicTb a) (QyHKUII po3moauly; ©) UIIUIBHICTG pPO3NOALLY; B)
MaTeMaTUYHOTO CHOJIBaHHS;, T) JHUCIEPCli; 1) CEepeaHbOrO KBAJAPATUYHOTO
BIAXWJIEHHA?
. 1Ilo € xapakTepuCTUKOO acCUMEeTPii KpUBOI PO3MOALTY?

. 1o xapakTepu3ye 1 Ik 00UUCTIOETHCS eKcIiec?
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3anaui
1. 3amaHuii 3aKOH PO3MOMiNy JUCKPETHOI BHMaaKkoBoi BemuumHM X . IloOymysaTu
0araTOKyTHUK  pPO3MOALTY HMOBIpHOCTEH. 3HAWTH MaTeMaTHYHE CIIOJIBaHHS,
JIUCIIEPCiI0 1 CepeTHE KBAIPATHYHE BIIXUICHHS.

Bapiant la

Mo>x1Bi 3Ha4€HHs X; BUIIAJKOBOI 1 2 3 4 5

BEIUYMHHA X

fIMOBipHiCTL p; 3HAYCHb BUIAJKOBO] 0,1 0,1 0,2 0,3 0,3

BEIUYMHHA X

Bapiaar 16

Mo:x1Bi 3Ha4€HHSI X; BHIIAJKOBO] 1 3 5 7 9

BEJINYUHU X

VIMOBipHiCTh p; 3HAYEHD BHIAIKOBOL 02 |01 |02 0,1 0,4

BEINYUHUA X

Bapiant 1B

Mo:x1Bi 3HaU€HHsI X; BUIIAJKOBOI 2 4 6 8 10

BEIUYMHHA X

VIMOBipHiCTh p; 3HAYEHb BUMAIKOBOT 03 |03 |01 0,1 0,2

BEIUYMHHA X

2. 3HaiiTu MaTeMaTH4YHE CIIO/AIBaHHS, AMCIEPCIIO 1 CepeqHE KBaapaTUYHE BiIXUICHHS
BHITQJIKOBOT BeMUMHM X , 33/1aHOi B 3aaa4i 1 §2.1.

3. 3HalTH MaTeMaTU4yHE CIOJIBAHHS, JUCIEPCIIO 1 CEpeAHE KBAAPATUUHE BIAXUIICHHS
BUITIAJIKOBOI BeMIMHM X , 337aHOi B 3amadi 3 §2.1.

4. 3HaiiTH MaTeMaTHUYHE CIIOAIBAaHHS, IUCIEPCII0 1 CepeqHE KBaapaTUYHE BiIXUICHHS
BHITAJIKOBOI BEIMUMHKA X , 33J1aHOI B 3a1a4i 5 §2.1.

5. 3HaillTH MaTeMaTUYHE CIOIBaHHS, IUCIEPCIIO 1 CepPEeIHE KBAIpaTUYHE BIIXUICHHS
BUITAJIKOBOT BETMYMHU X , MIAMOPSAIKOBAHOI OIHOMIAILBHOMY 3aKOHY 3 IMapamMeTpamu
ayn=10, p=09; 6)n=20, p=0,8.

6. 3a 33J]aHUM IMOBIpHICHUM 0araTOKyTHUKOM Ha PUCYHKY 2.12 oGunciut M(-4X+1);
D(-4X+1).
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1 1
5 - 2 D12 485°7x
Pucynok 2.12 — Jlo 3aBnanus 6

7. 3anana

0, sxmo X <O0;
F(x) =<05-(1-cosx), ko 0< x<7;
0, gk X > 7.

3naiitu M(X), D(X), Mo, Me.

8. 3akoH po3noAiTy KMOBIpHOCTEH 300pakeHUd Ha pUCYHKY 2.13.

fix)

e

2 01 4 B ¥

Pucynok 2.13 — Jlo 3aBnanHs 8
3naittu M(X), D(X), Mo, Me.

9. HenepepBHa BMIaJKOBA BENIMYMHA X 3ajJaHa IIUIbHICTIO posnoaity f(X).
[TorpiOHO:

1) Busnauntu koedinient C ;

2) s3uaiitn Qpynkuito posnoginy F(X);

3) moGynysaru rpadiku f(X) i F(X);

4) 0OYUCITUTH MaTEMAaTUYHE CIIOAIBAHHS 1 JUCIIEPCIIO;

5) 3HaliTM MMOBIPHICTH TOTO, IO BHIIQJKOBA BelMuunMHA X HaOyBac 3HAYEHHA 3

intepsany (a, ) .
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9a.

96.

OB.

10. 3amauo F(x)= {

f(x)=

f(x)=

f(x)=

T
0, SKIIO X < _E;

T T VA
C-COSX,IKIMI0 ——<X<—; a=0, f=—
= 2 2 P 6

T
0, AKmIO X > E'

0, aKaro x<0;
C-X, AKIIO 0<x<6; =1 =3
0, IKI10 X > 6.

0, gKmo x<0;
c-sinx, AKIo 0< x< 7, a=0, ﬂ:%;
0, SKIIO X> 7.

0, Ko x<0;
1—e™*, gkmo x> 0.

3uatitu As; Es.

Biamosizi:

la. M(X)=36; D(X)=164; o(X)=1281.
16. M(X) =58, D(X)=976; o(X)=3124.
15. M(X)=52; D(X)=896; o(X)=2,993.
2. M(X)=7; D(X)=5833 o(X)=2415.
3. M(X)=24; D(X)=096; o(X)=09797.

4. M(X)=22; D(X)=056; o(X)=0,7483.

sa M(X)=9; D(X)=09; o(X)=0949.
56. M(X)=16; D(X)=32 o(X)=1789.
6. 1,8; 165,76.

7.p/2; (p2 —4)/4; p/2; p/2.

8.8/3: \/26 /3: \24-2: 4.

1
9a. C=—,
2
1
96. C = —
18

2
T

M(X)=0, D(X):T—Z, Pla<x<p)=

, M(X)=4, D(X)=2, Pla<x<p)=

OIN

N|iE
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2
T

9B.c=%, M(X)z%, D(X):T—Z, Pla<x<B)==. 10.2;6.

N

2.6 [lesiki 3aKOHHU PO3MOAITY HellepepBHUX BUNIAJAKOBUX BeJIHYHH

bararo TumiB peaqpHO iICHYIOUMX BHITaJKOBHX BEJIUYHH BHBUEHO, TOOTO TEOPETUUHO
BCTAHOBJICHUH 1 €KCIIEPUMEHTAJIBHO MEepeBipeHuid iX 3akoH posmonity. Ilpu BuBYeHHI
HOBO{ BUIAKOBOI BEJIMYMHU MOXKHA MEPEBIPUTH, YW HE HAJEKHTH ii 3aKOH PO3IOALTY

JI0 Y)K€ BUBUCHHX paHillle.
Y nanmomy maparpadi CTHUCIO PO3TJISHYTI JesKi 3aKOHH po3moniny. HaiOimbm

BaXXJIMBOMY — HOPMAJIBHOMY PO3TIOJILTY IPUCBSIYCHUN OKpeMuid aparpad.
2.6.1 PiBHOoMipHuMii

[Iupoke 3acTOCYyBaHHS 3HAXOATH BHUIAJAKOBI BEIUYUHHU 3 PIGHOMIPHOIO WITbHICMIO
po3nodiny. B 1pboMy BUIIaJIKy HelepepBHA BUIIAJKOBA BEJIMUMHA HAOYBa€ 3 OJHAKOBOIO

HMOBIpPHICTIO 3HaYEHHS 3 IEBHOTO 1HTEPBAITY [a; b]. OyHKIIIS MITHHOCTI MA€ BUTIIS:

ir11/161<X<b
f(X)=1p-q PHA=A=D

0 mpu x<a x>h.
I'padik miABHOCTI PIBHOMIPHOTO PO3MOALTY — BIJIpi30K MpsMOi, napanenbHuit oci 0X .
VIMOBipHiCTh HONAjaHHS BHUIAJKOBOI BEIMYMHH HAa BiIpi30K [C; d], 0 HAIEKHUTh

d-c

BIJIPI3KY [a; b], BHU3HAYAETHCS 32 (HOPMYJIOI0 P(C < X< d) =

Jix)

=Y

1) [ o b

Pucynok 2.14 — 3akoH piBHOMIPHOI IIJIBHOCTI
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[urerpanbua pyukiis F(X) piBHOMiIpHOTO 3aKOHY PO3MO/IiTY Ma€e BUIJIS

0, x<a,
F(x) = ;)(;a’ a<x<hb,
1, x>h.

Maremarnune crojiBanHs — cepeauna Bigpizka [a;b]:

b b
M(X):jxf(x)dx:jx-%dx:b%f".
a a -a

Jlucnepcito o6uncmoenmo 3a hopmynoro D(X) =M (X 2) = (M (X))?.

b 2 2
M(XZ):JXZ- 1 dx = 2 +ab+b ;
. b-a

3

B 2\ , _a’+ab+b® (b+a)® (b-a)°
D(X)=M(X")-(M(X))" = 2 7 -

HO BHUIIaAKOBUX BCJIMYHMH, IO MArOThb plBHOMlpHI/Iﬁ pOSHO,I[iJ'I, HaJCXaTb: 4ac

CTOJIBaHHS TAaCaXHPOM TPAHCIOPTY, IO KYypCye 3 TEBHHM IHTEPBAJIOM; MOMHIIKA
OKPYTJICHHS YHCiIa JI0 IUIoro (BOHA PIBHOMIPHO po3MOjiieHa HA Binpi3ky Big -0,5 mo

0,5)
2.6.2 ExcnoHeHIiaIbHHANR

EKCIIOHEHIaTbHIM HAa3UBACTHCSA PO3IO/III HENEPEPBHOI BUMAIKOBOT BEIUYUHT X |
HIJIbHICTh HMOBIPHOCTEH AKO1 Ma€e BUTIIS:

f(x):{o, X <0,

e x>0,
Tyt A >0 - mapamerp po3MoaiTy.

InTerpanpHa QyHKIIIS pO3MOALTY €KCIIOHEHIIaIbHOTO 3aKOHY

X 0 X
F()= [ f(dx= [ Odx+[2e ™ dx=1-e* . Omxe
—o0 O

—o0



85

F(X) =5~
() 1-e ™ x>0.

I'padixm mimbHOCTI 1 PYHKINIT pO3MOAUTY 3aJ7I€KHO Bijl BEJIMUYMHU MTapameTpa

posnoainy 300pakeHi Ha pucyHky 2.15.

F(x) F(x)

Pucynok 2.15 — ExcrioHeHiansHuil po3moiia

o0
) _ 1
Maremaruune cogiBanust M (X) = jxﬁe Xdx = Z
0

Tuenepein D(X) =M (X ?) = (M (X))? :%.

1
Cepenne kBanpatiase Biaxuiennst o(X) =,/D(X) = ’E

XapaxmepHa o3Haxa eKChoHeHyianbHo20 po3nodiny — pisnicms M (X) = O'(X) .

ExcrioHeHIianbHIIM po3MOALT MIMPOKO 3aCTOCOBYETHCS B TEOPIl HAIHHOCTI, OHUM 3
OCHOBHMX MOHSATb AKOi € (DYHKIIisI HAIIMHOCTI.

Yacto TpuBamicTh yacy O€3BIIMOBHOI POOOTH €JIEMEHTa Ma€ EKCIOHEHIIATbHUN
pO3MOILT.

ExcrioHeHIianbHUI ~ pO3MOAIT  BUKOPUCTOBYETBCS B TeOpii  MacoBOTO
oOciyroByBaHHs, y (i3uii, B Teopii HaailfHOCTI. BiH BUKOPUCTOBY€THCS A ONMUCY
PO3MOAITY BHITAKOBOI BEIHMYMHH BHUIIALY: TPHBAIICTh poOOTH MpHiamy 0 MepIiol
BIIMOBHM, TpHUBAIICTh 4Yacy OOCIyroByBaHHsS TIpWJIagy B CHCTEMI MacoBOIO

00CIIyroByBaHHS 1 Take iHILEe
2.6.3 Peutest

Lleit po3moais 3aCTOCOBY€ETHCS B paIlOTEXHIIIl, €EKTPOTEXHILI Ta 1HIIIE.
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Po3mnoninom Penes HemepepBHOT BHIAAKOBOI BEIMYMHUM X HA3UBAIOTH PO3MOL,

IIUJIBHICTh HMOBIPHOCTEH SIKOTO Ma€ BUTJIS

x2

X 5.2
f(x):—ze 28" npu x>0
a

ne A - mapamerp po3moiny.
X2
Inrerpansha Qynkuis posnominy F(X) =1—e 2a% . I'padiku minbHOCTI 1 PyHKIIT
PO3MOALTY 3aJISKHO BiJI BEJIMUMHHU ITapaMeTpa po3IMoIily 300pakeHi Ha pucyHKy 2.16.

MatematuyHe CrOAiBaHHS 1 JUCHEPCiS BUPaXKalOThCS 4epe3 MapaMmerp a 1 MaroTh

BUIIAA:

M(X)=a % D(X) = 2a? 1—%

Pucynok 2.16 — Po3mozin Penes

KonTpouabHi nurtanus

1. SIxuii 3aKOH pO3MOALTY Ha3UBAEThCA PIBHOMIPHUM, SIKUW BUTIIA] Ma€e rpadik
HIUIBHOCT1 pO3MOJLTY 1 PYHKIIIT po3noainy?

2. HaseniTe mpuKIiIag BUMIAJAKOBOI BETUYUHHU 3 PIBHOMIPHOIO IIITBHICTIO
pO3MoALTY.

3. Slkwmii 3aK0H PO3MOJIITy HA3WBAETHCS CKCIIOHCHIIIATFHUM, JIe BHKOPUCTOBYIOTHCS
BUITA/IKOB1 BEJTMYMHH 3 €KCIIOHCHIIIAIIbBHUM PO3IMOiI0M?

4. Sk BU3HAYAETHCS 1 1€ 3aCTOCOBYEThCS po3noain Penes?
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3agaui

1. Ilina moAiIKM MIKaJIKW BUMIpIOBAIBHOTO npuiany nopisaioe 0,2. [TokasanHs
MIpUIay OKPYTIIOKTH 10 HAWOIMKYOI IMUIOT MOMIIKA. 3HAWTH HMOBIPHICTH TOTO, IO
pH BiUTiKy Oyze 3pobieHa nommka: a) meHia 0,04; 6) 6inema 0,05.

2. ABTOOYyCH NESKOTO MapIIpyTy BiOYyBarOThb TOYHO 3a PO3KIJIaaoM. [HTepBai
pyXy 5 XBWIHMH. 3HANTH HMOBIPHICTH TOTO, L0 MACAXKUP, AKUNA MIAIAIIOB 10 3yIHHKH,
YeKaTUMe YeproBuil aBTOOYC MEHIIE 3 XBUJIMH.

3. XBUJIMHHA CTpUIKA €JIEKTPHUYHOTO TOJUHHUKA IEPEMIIIY€EThCS CTPUOKOM B
KiHII KOXXHOI XBWJIMHU. 3HANTH HMOBIPHICTH TOTO, IO B JJAHY MUTh TOJAUHHUK MMOKAXE
qac, sIKUH BiIPi3HAETHCS Bijl ICTHHHOTO He Oibine Hix Ha 20 c.

4. 3HaliTH MaTeMaTW4HE CIIOJiBaHHS BHIIAQJKOBOi BETHMYUHH X, PO3IIOILICHOIO
piBHOMIpHO B iHTepBai (2, 8).

5. 3HaliTH MaTeMaTHYHE CIOJIBaHHS €KCIIOHEHIIAIBHOTO PO3MOJILTY, 3a1aHOTO
npu X >0: a) wineHicTIo f (X) = 56 °%; 6) GynKuieto posnoainy F(x) =1-e 2.

6. CTyaeHT mamM'siTae, Mo OIUIBHICTh EKCIIOHEHIIAIBHOTO PO3IIOALTY Ma€ BUTIIS

f(X)=0 sxkmo X<O0, f(x)=Ce™ saxmo X>0; npore BiH 3a6yB uoMy
nopiBHtoe noctiitHa C. HeoOxinHo 3Hatitu C.
Binnosini: 1)a) P(0 < X <0,04)+P(0,16 < X <0,2) =0,4;
6) P(0,05< X <0,15)=0,5;2) P(2< X <5)=0,6;
3) PO< X <1/3)+P(2/3< X <1)=2/3;4) M(X)=5;
5)a) M(X)=0,2;6) M(X)=10;6)C =A1.

2.7 HopmaabHuii po3noain (I"aycca)

SIKIIO BUTIAIKOBA BeTMUMHA X - pe3ysbTaT MiJICyMOBYBaHHS 0€3J1iui BUIMaIKOBUX
BEJIMYMH 3 JJOBUIbHUMHU 3aKOHAMU PO3IOALTY, IPUUOMY KOXKHA 3 HUX BIAIrpae
HPHUOIU3HO OHAKOBY POJIb B CyMi, TO 3aKOH PO3IO/ILTY BUIAJAKOBOI BEUYUHA X
OIM3BKUIA 10 3aKOHY PO3MOALTY, HA3BaHOTO HOpMAlbHUM, 00 poznodinom I aycca.

[Tpu HOpMaTEHOMY 3aKOHI IIIBHICTH PO3MOALTY 334a€ThCS (POPMYJIOFO:
_(x-a)?

1
F(X)=——@ 202
(x) or e 2

(2.8)
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®opmyna (2.8) HaxzBuyaiina 3 Oarateox npuunH. [lo-nepie, popmyna MicTUTH JBi

BHUKJIFOYHO BKJIMBHUX KOHCTaHTH — uucio x (mi) 1 yucio Hemepa e_ [To-npyre,

napameTp a — MaT€MaTH4YHC CHOIIiBaHHSI BI/IHa,Z[KOBO'f BCJIMYHUHU, MMaApaMCTp O -

cepenHe KBaapaThuHe BiaxuieHHs. [lo-Tpete, mpu Oynb-SKMX 3HAYEHHSIX MapaMeTpiB
o0

d, O IIOLIA il HOPMAJIbHOIO KPUBOIO JOPIBHIOE OJUHHUII j f(x)dx =1.

—o0
I'padix pyHKIIT pO3MOAITY HA3UBAETHCS HOPMAILHOW KPUBOIO.
BimzHaunmo, HacTyIHE:
1) ¢ynxkuis Bu3HaueHa Ha B30BXK yciei oci OX ;

2) mpu Beix X 3HauenHs (yHkuii nogatue, o610 11a VX € R, f(X) >0;

3) lim y =0, aue o3nauae, mo Bick OX € rOPU30HTAIBHOK aCUMIITOTOIO;
X—>to0

1
4) y Touni X = @ QyHKIisA Ma€ MAKCUMYM, KUH JOPIBHIOE Yo = —F—.
oN2rx

['padix GpyHKIIT CHUMETPHUYHUIA BITHOCHO MPSIMOT X=a.

Jix) 4

=

s i

Pucynok 2.17 — ITonoxxeHHs1 KpUBOi Ha oci

[Ipu opHakoBOMYy 3HAaueHHI MapamMeTpa O MmapameTp a (MaTeMaTH4HE
CMOJ[IBaHHS) BU3HAYa€ IMOJIOKEHHS HOPMaJbHOI KPHBOi Ha 4MCIOBIN oci. Ha pucyHky
2.17 nokasaHi 1Bl HOpMalbHi KpMBI, 114 IKUX 0y =0, =1ia;, =-2, a, =3.

IIpu onHakoBOMYy 3HA4YeHHI MapaMeTpa & BeJMYMHA THapamerpa o (CepeaHe
KBaJpaTHYHE BIIXWJICHHs) BU3HA4Ya€e GOpPMY KPUBOI.

Ha pucynky 2.18 nokasani kpuBi, 1ns skux 8y =a, =21 07 =05, o, =1.
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Sxmo nmapamerpu a i o >0 MarOTh JOBUIbHI 3HAYEHHS, HOPMAJIBHUI PO3IMOJILT
Ha3MBA€ThCA 3aeanbHum. HopmampHuil posmonin 3 mapamerpamu a=0 1 o=1

HA3UBA€ThCS HopmosaHum. KpruBa HOpMOBAHOTO PO3MOLTY CUMETPUYHA 11010 ocl Oy .

Ji) 4

Pucynok 2.18 — ®opma HOpMalbHOT KPUBOL

Tabmumsl TIUTBHOCTI HOPMOBAHOTO PO3MOJLITY (D(X)z HaBeJICHAa B

JOIaTKy A.

®ynkuis HopmoBaHoro posnoginy Fy(X) = I(D( X)dx.

—00

Interpan BiJI WITBHOCTI HOPMOBAHOTO PO3MOALTY Ha Biapi3ky [0;X] Ha3uBaeThCs

Z

dynkuiero  Jlarmaca:  D(X) = 2 dz. ®ymkuis Jlammaca  mopiBHIOE

=0
oy
MMOBIPHOCTI MOMaJaHHs HOPMOBAHOI BHIAJKOBOI BemuunHu Ha Biapizok [0; X].
Oynkuis Jlannmaca — HenapHa ¢ynkuis. ®dynkuis Jlammaca nos'a3aHa 3 (yHKII€O
posnoziny Fy(X) HOpMoBaHOTO posnoxiny Gopmymnoro Fy(X) = 0,5+ D(X) .
VIMoBipHicTh monanaHHs Gymb-AKOI BHIAAKOBOI BEIMUYMHH B iHTEPBAN (a; ,B)
JIOPIBHIOE MPUPOCTY i1 PYHKIIIT pO3MOALTY Ha IIbOMY 1HTEpBal
Pla<X<pB)=F(p)-F(a).

Sxio BUMaaKOBa BEJIMYMHA MMIMOPSIAKOBAaHA HOPMAIBHOMY 3aKOHY, 9acTO 3aMICTh

¢byHKLii po3noainy 3actocoByeThes GpyHKIisA Jlamaca.

P(a <X < f)=Fy(B) - Fy(a) =D(5) - D(a).
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Skmio BWIMAIKOBAa BEIMYMHA 33JaHa 3arajlbHUM HOPMAJIbHHM PO3MOJIIOM, TO
HMOBIpHICTh TMOMAJaHHS  HOPMAaJbHOI BHUMAJKOBOI BEJIWYMHM B IHTEpBAl (a; ,B)

BU3HAYAETHCS 32 POPMYIIO0

Pla<X < f)= (D(’B; aj_q)(a —a). (2.9)

o)

VY npomy mociOHUKy (yHKiis Jlamraca 3agana Tabnuimero B 1o1aTky b.
IIpaBugo Tpbox curm. Yacro 3ycTpivaeTbes 3aBIaHHsT 00YNCIICHHS
HMOBIPHOCTEH MMONaIaHHs BUTIAIKOBOI BEIMYMHH Ha AUISHKY, CAMETPUYHY III0/I0

LIEHTPY PO3CiFOBAaHHSA, TOOTO MIOJ0 MaTEMATUYHOTO CIIOIBaHHA M, = a.

Pla—I<X <a+l) =®(w]—q{mj - zm(lj 260

o) (o} o)

P(‘X —a\ <l)= ZCD(I—) (2.10)
(o}
Tak, sxkmo | =0, TO P(|X —a| <o) = 2q3(1)=0,6826. Skmo | = 25, 1o
P(X —al < 20) =2d(2)=0,9544.

Sgxmo |=30, T10 P(‘X - a‘ <30) =2d(3) =0,9973. Ocranme umcmo

o3Hauae, mo 99,73% ycix 3HaUYeHb BHMAJKOBOI BEIUYMHHU, MiJIOPSIKOBAHOL
HOPMaJIbHOMY 3aKOHY, BMINIyeThCs Ha AingHmi M, +3c . lle mosBonse, 3Harouu
MaTeMaTH4YHE CIOJIIBAaHHS 1 CepelH€E KBaJpaTHM4YHE BIIXWIECHHS (O - cUIMa), BKa3aTH
1HTepBaJ il MPaAKTUYHO MOXJIMBUX 3Ha4eHb. Takuil croci® OLIHKM MOXJIMBUX 3HAYEHb
BUTIA/IKOBOT BEJTMUMHH HAa3UBAEThCS «[IpaBHiIOM TPHOX CHTMY.

Ha pucynky 2.19 3amrpuxoBana 001acTh — IUIOMIA i HOPMAIBHOIO KPUBOIO Ha

BIJIPI3KY

f(4

Pucynok 2.19 - Imroctpartist mpaBuiia TphOX CUTM

y
|

LN |
Q
£
o
_|_
Ll
it



91

HopmanbeHuii 3aKk0H po3MOJily MalOTh, HAPUKJIIA/, TaKi BUIAJKOBI BETUYHUHU:
NOMWJIKM BHUMIpIOBaHb, BETMYMHU 3HOCY JIETajel B MeXaHi3Max, 3pOCTaHHS JIIOJWHH,
NOMIIKM CTPUISSHUHM, BEIMYHMHA LIYMY B PaJiONPUIMAIBEHOMY NPHCTPOI, KOJMBAHHS

KYpCy aKIlii 1 Take 1HIIe

[Mpuknan 12. 3amaHa HOpMaJIbHO PO3MOJIICHA BWITAJIKOBA BEMUYMHA X 3
napamerpamu d =9 i o = 3. [lorpiOHO:
a) HaIMCATH LWJIBHICTh PO3MOiNY BUIAAKOBOI BennunHn X i moOynysarH ii rpadik;
6) 3HaiiTH iiMoBipHicTh TOrO, o X Habyse 3Havenns 3 inrepsany (7;13);
B) 3HAWTH 1HTEPBaJ, CAMETPHUYHUNA BITHOCHO @, HMOBIPHICTh MONAAaHHs B SIKUHA JTaHO1
BunakoBoi Benmmunan X jopisatoe ¥ =0,95.
Po3B’s13aHHS
HIibHICT PO3MOIITY BHIIAAKOBOI BEIMYMHH X BH3HA4Ya€ThCs 3a (opmysoro (2.8)

npu a=9, o=3:

KpHBa HOPMAJIBHOTO PO3NOALTY (Tpadik MITFHOCTI PO3NOILTY) MTOOYJ0BaHA HA PUCYHKY

2.20 (moOymoBa BukoHaHa B maketi Mathcad).

0.05T

Pucynok 2.20 — KpuBa HOpMaibHOT0O po3HoOALTy

MIMOBipHICTh TOTO, IITO BUTAJKOBA BeIMYMWHA HAaOy/le 3HAYECHHS 3 IHTEPBAIY (7;13)

3HAX0IUMO 3a (hopmyioro (2.9).
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P(7<x<13)= @(#j - @(7—;9) = ®(1,33)—D(-0,66) =

= ®(1,33)+ D(0,66) = 0,40824 + 0,24537 = 0,65361.
3navenns ¢yukuii Jlamiaca CD(l,33) i CD(O,66) MOJKHA 3HAWTH B TaOIUI 101aTKy b.

IuTepBan, CHUMETPUYHHMI IOJO0 MaTeMaTHYHOrO CHOAiBaHHA O, HMOBipHICTH

IONAIaHHs B SIKMH JaHOi BUMAAKOBOI BENMMYMHM X  JOPIBHIOE ) BH3HAYAEMO 3a

o
dopmyioro (2.10) PQX — a\ <o ): ZCD(—). Tyr BigoMa
(o}
HAMOBIPHICTb PQX - a| <o ) = y, UIyKaHHil IHTepBaJl BU3HAYAETHCS BEIUYMHOIO O . 3
o o
(GopMyIH BUXOAUTH, IO 2@(—) =7,= CD(—) = % 3Ha4uu g, 3a TabiuIero
O O

¢ynkuii Jlarmaca (momatok b) Bu3Hawaemo X = —, o . lllykanmii iHTEpBa:

-
(a-0;a+9).
, o
Jlnst wamoro mnpukinany y =095, =3, a=9. Toui @ 5 =0,475; y

tabnuui Jonatky b upomy 3HaueHHro (¢yHkiii Jlammaca BigmoBigae 3HaueHHS

apryMeHTy X = g =196, ¢ =5,88; mykanwuii intepsan (3,12;14,88).

KonTpoJbHi nuTanus

1. Slka BHUMagKOBa BEJMYMHA HA3MBAETHCS HOPMAJIbHO PO3MOAUIEHOI0? SIkMMH ABOMa
napaMeTpamMM BH3HAYa€TbCS HOPMaJbHO pO3MOJUIEHAa BumajgkoBa BenuunHa? [lo
03HAYaIOTh J[Ba UX MTapaMmeTpu?

2. Sk BrutMBarOTH mapaMeTpu A i O Ha MOJOXKEHHS HOPMAIbHOI KPUBOI 1010 oci OX
1 Ha hopMy KpHBOi?

3. SIxuif HOpMaJIbHUNA PO3MOJLNT HA3UBAE€THCS HOpMOBaHMM? SIK po3TalioBaHa KpuBa

HOPMOBAHOTO PO3MOILTY II0/I0 OCEH KOOPAUHAT?
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4. Jlaiite Bu3HaueHHs (yHkIii Jlammaca. [1oScHITE, SIK 32 JOIOMOTOKO TaOIUIl 3HAYCHD
¢ynkuii Jlaraca 3HaliTH HMOBIPHICTH TOTO, IO HOPMAJIBHO PO3MOJiIEHA BUIIAJAKOBA

BEJIMYMHA 3 IapamMeTpamu a i o HabyBae 3HayeHHs 3 nanoro intepsany (a; f)?

5. Y yomy nossrae «1paBuio TpbOX CUTM»?

Sagaui
1. 3amaHa HOpMaJbHO PO3IOITICHA BUMAIKOBA BEIMYMHA X 3 apaMeTpamMH o
(MaTeMaTU4HE CIIOMIBaHHS) 1 0 (cepenHe KBaaparuyHe BiaxuieHHs ). [loTpioHO:
a) HaIlMCaTH IIJIBHICTH PO3MOALTY BUMAIKOBOI BenmnynHu X 1 moOynyBaTH ii rpadik;
0) 3HaiiTn MOBIpHICTB Toro, mo X Haby/e 3HaueHHs 3 iHTepBaLy (Xq,X5);
B) 3HAWTH IHTEPBAJI, CAMETPUYHHIA BIIHOCHO ¢ , IMOBIPHICTh MOMAJAHHS B SIKUH JaHOT

BHITaJIKOBOT BeMIMHN X JIOPIBHIOE ¥ .
11 a=10; o=1 X% =9 x,=12; y=0.9;
12a=11 o=2; X =10; X, =13, »=0,99;
13 a=12; o0=3;, X =6; X, =15 »=0,95;
14 a=13;, o=4;, x,=10; X, =17; y=0,999.
2. MaTeMaTH4He CIOIBaHHS HOPMAIBHO PO3IOALICHOT BeNMIMHA X IOPIiBHIOE

a =3 i cepenHe KBajgpaTUUHE BigxuneHHs y = 2. HanucaTu mIiIbHICTH HMOBipHOCTEH

X.

3.HopmansHo po3MoaiIeHa BEITMYMHA X 3a/1aHa HITBHICTIO
2 . ) . )
f(x) = 1 e~ (x-D7/50 3naiiTh MaTeMaTHUYHE CHOAIBaHHS i AUCEpCio X.
527

4. MaTtemaTHuHe CHOJIBaHHS 1 CE€peaHE KBaJpaTUYHE BIAXWICHHS HOPMAaIbHO
PO3MOICHOT BEMUYHHNA X BiANOBIAHO HopiBHIOE 20 1 5. 3HaiiT IMOBIpHICTH TOTO, IO
B pe3yibTaTi BUpoOyBaHHs X HaOyne 3HaueHHs B iHTepBaii (15, 25).

5. Apromar mramnye pgetani. KoHTposnboBaHa JAoBXkuHA jetani X, sKa
pPO3MOJIiIEeHa HOPMAlbHO 3 MAaTeMaTUYHUM CIIOMIBaHHSIM (TPOEKTHA JOBXKWHA), IO
nopiBHIOE 50 MM. DaKTHYHO TOBXKHHA JIETalleH, 110 BUTOTOBIISIOTHCS, HE MeHIIe 32 1 He
Outpiie 68 MM. 3HAWTH WMOBIPHICTH TOTO, IO JOBXWHA HABMAaHHS B3SITOI JETami: a)

oube 55 mm; 0) menme 40 M.
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6. BumaakoBi MOMWIKYM BUMIPIOBaHHS MiAMOPSIKOBaHI HOPMAaJIbHOMY 3aKOHY 3
CepeIHIM KBaIpaTHYHUM BIIXWICHHSM )y = 20 MM 1 MaTeMaTUYHHUM crioAiBaHHsIM a = 0.
3HalTH WMOBIPHICTH TOTO, IO 3 TPHOX HE3AICKHHX BHMIPIOBAHb MOMHIJIKA X0Y OU
OJTHOTO HE MEPEBEPIIUTH 32 A0COIOTHOIO BETUYUHOO 4 MM.

7. deranb, BATOTOBIIEHA aBTOMATOM, BBKAETHCS IPUIATHOIO, SIKIIO BiAXUICHHS
il KOHTPOJNBOBAHOTO pO3MIPY BiJI HpOoeKTHOro He mnepeBumnrye 10 Mm. Bumagkosi
BiJIXWJICHHSI KOHTPOJILOBAHOTO PO3MIpY BiJI MPOEKTHOTO ITiIIOPSAKOBaHI HOPMAJILHOMY
3aKOHY 3 CEpeAHIM KBaJpaTHYHUM BIAXWICHHSAM y = 5 MM 1 MareMaTHYHUM
cnoniBanHsM a = (. CKUIBKY BIJICOTKIB MPUIATHUX JICTAICH BUTOTOBJISIE aBTOMAT?

8. bombapayBaabHUK, IO MPOJICTIB Y3IOBXK MOCTa, JOBXHUHA siKoro 30 M i
mupuHa 8§ M, CKUHYB OomOu. BumankoBi BenuyuHH 1 (BIACTaHiI BiJ BEPTHKAIBHOI i
TOPU30HTAJILHOI OCEH cuMeTpii MocTa J0 Micls TaaiHHA OoMOM) He3alle)kHI Ta
PO3MOIiTICHI HOPMAIBHO 3 CEPEIHIMH KBAPATUIHUMHU BiIXUJICHHIMH, IO JTOPiBHIOIOThH
514 M, i MaTeMaTUYHUMH CIOJIBaHHSMHU, IO JOPIBHIOIOTh HYJIO. 3HAUTH: a)
HMOBIPHICTb MOMAIaHHs B MICT OJHIET CKHHYTOI0 O0MO010; 0) IMOBIpHICTh PYHHYBaHHS
MOCTa, SIKIIO CKUHYTO JBI OOMOW, NMPUYOMY BiIOMO, IO JIsi PYWHYBaHHS MOCTa

JOCTAaTHBO OJHOI'O ITOIIaJaHH.

Binnosini: 2) f (x) = Le_(x_g)z/g; 3) M(X)=1; D(X) =25;

221
4) P(15< X <25)=0,6826;5)a) P(55< X <68) =0,0823;

6) P(32 < X <40) =0,0027;6) P = 0,41; 7) npu6nuzuo 95%;
8) a) P(|X| <15)- P(|Y| <4)=2D(2,5)-2(1) =0,6741;

6) P=1—(1-0,6741)% =0,8938.

2.8 3akoH BeJMKHX YHCeJ | HeHTPaJbHAa TPAHUYHA TeopeMa

3a JesKuxX yMOB TOBENIHKA CYMH BEIMKOTO YHCIa BUIAJKOBHX BEJIHUYMH BTpadae
BUITAJIKOBUI XapakTep 1 cTae 3akoHOMipHOM. [li yMOBHM BKa3ylOThCS B Teopemax, sKi

HOCATDH 3arajilbHy Ha3BY 3aKOHY BCJIMKUX YHCECII.
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HepiBuicts YeOumeBa. JIvosipuicms mo2o, wjo 6ioxunenHs 6unaoko8oi eeIuduHu

X 610 i1 MamemamuyHo20 CnOOIBAHHS 34 AOCONIOMHOIO BEIUYUHOI MEHUE 000AMHO20

yucna &€, ne menue, nise 1— D(X)/E;2
P(X —M(X)| < &) 21— 2.
g

SIKIIO YMClIO & MOCTAaTHBO Majie, HEPIBHICTH J03BOJISE OLIHUTH WMOBIPHICTH TOTO,
mo X HaOyje 3Ha4eHHs1, OJIM3bKi 0 CBOTO MaTEMaTHM4HOro CIoJiBaHHA. HepiBHicTh

CIIpaBCAJiMBa SAK OJid JUCKPCTHUX, TAK 1 AJI1 HEIICPCPBHUX BUITAIKOBUX BCJIIMYMH.

[Mpuknan 13. BukopucroByrouu HepiBHICTh YeOuIieBa, OLIHUTH HMOBIPHICTh
roro, mo|X — M (X)| < 0,2, sxmo D(X) =0,004.
Po3B’d3aHHs

3a yMOBOIO 3aBIaHHs & = 0,2. IMincraBumo B HepiBHICTh UeOwuiea:

P(X —M(X)\<O,2)>l—%—l 01=0,9.

Bimnosizs: P(|X —M(X)| <0,2) >0,9.
Ipumitka — ockinbku nogii [ X —M (X)| <& i |[X =M (X)|2 & - nporunexai,

HepiBHICTh Yebuiena mae iHIIy Gopmy:

D(X
P(X -M(X)|28) < 2. ¢)
OCHOBHOIO TEOPEMOIO 3aKOHY BEIMKUX YHCEll € TeopeMa YeOuiena.
Teopema Yebummesa. Hxwyo X, X,, .., X, - NOnapHo He3anexCHi

BUNAOKOBI GeIUYUHU, NPUHUOMY OUCNEPCIi IX He Nepesuwyromv 0esaKo2co NOCMIUHO020
yucaa C, mo, akum ou manrum He 6y10 000amue Yucio & , UMOGIPHICMb HEPIBHOCMI
Xp+Xp +4 Xy M(X)+M(X5) +...+ M(X,)| oy
n n |

0yO0e CKilbKU 3a8200HO ONU3LKOIO 00 OOUHUYI, AKUWO YUCIO BUNAOKOBUX BETUYUH
00CMAamHbO BeUKe.
Cytp Teopemu YeOuiieBa mosisira€ B TOMY, IO CepeaHE apuPMETHIHE TOCTATHHO

BCJIIMKOI'O YHCJIa HC3aJICX)KHUX BHIIAJJKOBUX BCIIMYHUH BTpada€ XapaKTep BUNAJKOBOI
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BEJIMYMHH —  BOHO HaOyBae 3HAYCHHS, Onu3bKe 10 BEJIMYMHU
(M(X)+M(Xy)+...+M(X,)/n.

Teopema YeOumieBa mMae BelMKe MpakTHYHE 3Ha4YeHHA. Ha Teopemi 3acHOBaHUI
BXXHMBAaHUW Yy CTAaTHUCTULI BHUOIPKOBHH METOM, CYyTh SIKOTO IIOJIATaE B TOMY, IO 3
MOPIBHSHO HEBEJIMKOI BUITAJIKOBOI BHUOIPKH POOJIATH BUCHOBOK IIPO BCIO CYKYITHICTh
JIOCIIIJDKYBaHUX 00'ekTiB. Hampukian, npo sSKicTh 3epHa B 0araTOTOHHIN BaHTaXIBII Ha
esieBaTopl poOJIATH BUCHOBOK 3 HEBEIHMKOI HOro mpoOu. Ake SKIIO Uis mpoou
BiZiOpaHMii KiJlorpaM 3epHa, TO KUTBKICTh 3€peH B HbOMY JIOCTaTHBO BEJIHKA.

[noro popmoro 3akOHy BETUKUX Yncen € Teopema bepuyii.

Teopema BepuyJuti. ko 6 kodxxcHomy 3 N He3aNeHCHUX 8UNPOOYBAHL UMOBIDHICHb

P noseu nooii A nocmitina, mo sk 3a6200H0 61U3LKA 00 OOUHUYT UMOBIPHICHIL MO20,
Wo GioXunenHs: 8BIOHOCHOI yacmomu 6i0 UMogipHocmel P 3a abconomHo0 8eIUYUHOIO

0y0e CKiNbKU 3a8200HO MANUM, AKWO HYUCIO 8UNPOOYBAHL OOCMAMHbLO eluKe, moomo

npu cxinvku 3a620010 maromy € >0

lim P(m/n—-p|<s)=1.

Nn—o0

o : m :
OcTtanHs PIBHICTH O3HA4Yae€, MO B1IAHOCHA 4aCTOTa — IIParie a0 MMOBIPHOCTCU p )
n

are He B 3HadenHi rpanmmi lim(m/n) = p, ockineku HepiBHiCTH |m/n— p| <&
n—o0

MOJKe TIpH OKpeMHX 3HadeHHsX [l mopymysarucs. Teopema BepHymi cTBepIxKye, MO

BIJHOCHA 4acTOTa NMpH N —> o0 HpsMye 3a HMOBIpHICTIO 10 [P. Y Teopemax

3aKOHY BEJMKUX YHCEJl HE BPAaXOBYIOTbCS 3aKOHHM PO3MOALTY BHITAJKOBHX BEIHYHUH.

['paHnyHi 3aKOHU PO3MOAUTY CKJIANAlOTh NMPEAMET YEeHMPAlbHOI ePAHUYHOI meopemu.

Bci dopmu nieHTpasibHOT TPaHUYHOT TEOPEMH TTPUCBSYEHI BCTAHOBIIEHHIO YMOB, 32 SIKHX

BUHHMKA€ HOPMAJIbHUN 3aKOH PO3MOILTY.

Teopema. ko Xq, X,, ..., X, - He3aneHCHI 6UNAOKO6I GeNUYUHU, U0

Maiomes 00uH i Mol dce 3aKOH PO3N0OiNy 3 mamemamuyHum cnooieanusam M i
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. 2 : . .
oucnepcicioc®, mo npu neobmexcenomy sbinbwenni 1 zaxon posnoodini cymu
n
Y, = Z X Heobmedncero Habnudicaemocs 00 HOPMATLHOZO.
k=1

V 3aranbHOMY BHIIQ/IKY, CKJIaJ0BI BHIIQAKOBI BEIMYMHH PO3MOIIICHI HEOHAKOBO.

[TpakTHYHO LEHTPAIHFHOIO TPAHUYHOIO TEOPEMOI0 MOKHA KOPUCTYBATUCS 1 TOAI,
KOJIM MOBa W€ MPO CyMH IMOPIBHAHO HEBEJIMKOTO YHCJAa BHUIAJKOBHX BenuyuH. Komn
YHUCIO0 JOJAHKIB OJNM3BKO JECSTH, 3aKOH PO3MOJALTY CyMH B)KE MOXKE OyTH 3aMiHEHUI

HOpMAJIbHHUM.

KoHTpoabHi nuTaHHsA
1. Cdopmymoiite HepiBHiCTh UeOumena. 11lo q103BoJIs€ OMIHUTH HEPIBHICTH?
2. Cdopmymroiite Teopemy Yebumiena. Y yoMy cyTb TeopeMu?
3. Cdopmymwoiite Teopemy bepnymm. Ilo o3Hauae Bupa3z «mpsiMyBaTH 3a
HMOBIpHICTION?

4. Y yoMy CyThb LIEHTPaJIbHOI IPaHUYHOI TeOpeMU?

3apaui
1. BuxopucroByroun HepiBHiCTh UeOuIeBa, OMiHUTH WMOBIPHICTH TOTO, IO OyAb-iKa
BUIIQ/IKOBA BEJIMYMHA BIAXWINTHCS Bl CBOTO MATEMAaTHYHOT'O CIIO/AIBAHHS MEHII HIXK Ha
TPH Cepe/iHi KBaJpaTHU4HI BIIXUICHHS I[i€] BETUYHHH.
2. BukopucToByroun HepiBHICTh Uebuiena y ¢popmi (*), OLIHUTH HMOBIPHICTh TOTO,
1[0 BUMAKOBA BENMYMHA X BiIXHMJIMTBLCA BiJl CBOIO MATEMATHYHOIO CIIOMIBAHHS HE
MEHIIIE YUM Ha JIBa CEPEeIHI KBaIpaTUUHI BIIXUJICHHS.

3. Slxum noBuHHe OyTHM 3HA4YEHHA BEIMYMHU & B HepiBHocTi YeOumeBa, 11100
P(|X - a| < &) =~ 0,99, konu Bigomo, mo D(X)=4.

4. 3 sKow HaAIHHICTIO cepelHe apu(METHMYHE BHUMIPIOBAHHS JESIKOi BEIHMUYUHH
BIIMIOBiJJa€ JIIHCHOMY pO3Mipy L€l BEIMYUHH, K10 Oyio 3podiaeHo 500 BUMipIOBaHb 3
tounicTio 0,1 1 mpH LbOMY AUCHEPCisl BUMAJAKOBUX BETUYMH — PE3yJIbTaTiB BUMIPIOBAaHb
— He nepesunyye 0,3.

5. Ckinpku HEOOX1IHO MPOBECTHM BHUMIPIOBaHb JiaMeTpa BTYJIKH, LI00 cepenHe

apudMeTHYHEe IIMX BUMIPIOBAaHb BIJPI3HIOCA BiJl AIHCHOIO PO3MIpY AiaMeTpa BTYJIKU
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He Outbmn HiXK Ha 0,05 3 HaxiiHicTio 90%, sSKIO Aucrepcii BUNAJKOBUX BEIHYUH

(pe3ynbTaTiB BUMipIOBaHb) He nepeBuuryoTs 0,2.

6. Bunagkosa BenmumunHa X — cepeane apudmerrane 10000 He3aneKHMX BUIAIKOBHX

BEJIMYMH, SKI MalTh OJMH 1 TOH € 3aKOH pPO3MOAUTY, 1 CepeaHe KBaJpaTUIHE

BiIXMJICHHS KOKHOIO 3 HHX JOPiBHIOE 2. SIke MaKCHMMajbHE BiJIXUIICHHS BEJIMYMHH X
B1J1 HOr0 MaTeMaTUYHOTO CIIOIIBaHHS MOXHA YeKaTu 3 WMoBipHicTiO 0,95447

Bignosini: 3) € = 20; 4) 0,94; 5) n = 800; 6) 0,04.

Po3ain 3. CucremMa BUNIaJAKOBUX BeJIHYUH

3.1 Cucrema BUIIAJAKOBUX BeJIUYUH

SIKmo pes3ynbTaT JOCHTiTy ONUCYEThCS HE OJHI€I0, a JEKUJIbKOMa BHITaJKOBHMHU
BEJIMYMHAMU, BOHU YTBOPIOIOTh CUCTEMY BUIIAJKOBUX BEITUYMH.

Hamnpukinan, noroga B K0)KeH MOMEHT 4acy XapaKTepU3Y€EThCS TAKUMU BUIIAIKOBUMHU
BEJIMYMHAMH, SIK TeMrepaTypa (mo3HaduMo X ), BOJOTicTh ( mo3HauyuMo Y ), IMIBUIKICTH
BiTpy (mo3Hauumo Z). Tpu UUX BEIMYMHH YTBOPIOIOTH CHUCTEMY HEIEPEPBHHUX
BUITAJIKOBUX BEIUYHUH, SKY MO3HAYMMO (X Y, Z). CucreMy BUNAJKOBUX BEIIUMYUH
(X Y, Z) MOKHa TaKOX pO3IJISIIaTH SK OJHY TPUBHUMIPHY BHUIMAQJKOBY BEIUYHHY,
TEOMETPUYHUN 00pa3 sIKOT — BUMIAJKOBA TOUKA B TPUBUMIPHOMY ITPOCTOPI.

SIKIIO pe3yNbTaT AOCBIY ONMUCYETHCS ABOMA BUIMAJIKOBUMHU BemuunHaMu X 1 Y, TO
MAa€EMO CHUCTEMY JBOX BHIIaJKOBUX BeanHH(X ,Y), reoMeTpuyHuil olpa3 SKOi —
BUIIaJIKOBA TOYKa Ha ruiomuHi. Hexail BunaakoBa BenuunHa X - 3pOCTaHHS JIFOIUHH,

BUIIaAKOBa BCIIMYHWHA Y - Bara JJIOJHUHU. I[J'ISI KOXKHO1 KOHerTHOI JIFOJUHH JIBOBI/IMipHa

BUITA/IKOBA BETMYMHA (X ,Y) HaOyBa€ CBOE 3HAYCHHS 1 DIKCY€EThCS IBOMA YHCIIaAMH.
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BnactuBocti n1BOX, Tpu- abo OararoBUMipHOi BHIAIKOBOI BEIWYMHHU HE
BUYEPITYIOTHCS CYMOIO BIIACTUBOCTEH OKPEMHUX BEIMYMH, ajie BMIIIYIOTh TaKOX B3a€MHI
3aJIe)KHOCT1 BUIIAJKOBUX BEIMUYUH M1k COOOI0.

CknamoBi 6araToBHMIpHOI BHITAJIKOBOI BEJIMYUHU MOXKYTh OYTH JHUCKPETHHUMH abo
HeniepepBHUMH. Takok 1 OararoBuMipHa BHUIAIKOBa BEJIWYMHA — JUCKpeTHa abo

HellepepBHa.

KonTpoJbHi nuTanus
1. HageniTs npukiaj, KOJH pe3yiabTaT BUNPOOYBAHHS OMUCYETHCS CUCTEMOIO TBOX
a00 TPHOX BUIAJKOBUX BEJIUYUH.

2. Slkuii reomeTpUYHUI 00pa3 CUCTEMH JIBOX 1 TPHOX BUMAJIKOBHUX BEIMYUH?

3.2 3akoH po3nojinay iiMoBipHOCTeil TMCKPEeTHOI ABOBUMIpPHOI

BUIIAAKOBOI BeJIMYNHU

3aKOHOM pO3MOJLTY AMCKPETHOI JBOBUMIPHOI BHIIaJKOBOI BEIUYMHU (X,Y)
HA3MBAIOTh CYKYMHICTh BCIX MOXIJIMBHUX 3HA4eHb Ii€i BETUYMHU, TOOTO TMapa 4YUCel
(X, y j) 1 iXx ¥MoBipHOCTEH p(Xi, y j)~ 3aKOH pO3MOALTY 3a7a€ThC Y BUIISIL
TaOMHUII 3 MOABIHHUM BXO0M (I¥B. Tabmuio 3.1).

[Mepimuii psmgoK TAOMUIN MICTHTh BCi MOKJIMBI 3HAYEHHs CKIaaoBOi X , TEpIIuii

CTOBIIYMK MICTUTHh BCi MOXIMBI 3HA4YeHHs CKIagoBoi Y . Y KIITHHI{, IO CTOITH Ha

NEPETHHI «CTOBITYMKA X;» i «psijka Y j» BKasaHa iimMoBipHicTe P(X;, Yj) TOro, 1o
JIBOBMMipHA BUIIAJIKOBA BeIMYMHA HAaOy e 3HaueHHs (X;, Y j ).
Hoxii (X =x;,Y = yj), ne i =1,2,..,n; j=12,...,m, yTBOPIOIOTb IOBHY IPYILY,

TOOTO MpU KOXKHOMY JOCIHII BiOyneThcs oHa 3 ux noaid. Tomy cyma iMoBipHOCTEH

y KJIITHHKaX TaOJIUIli JOPIBHIOE OJTUHMIIL.
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Tabmuus 3.1 — 3aKoH po3MoAiTy AMCKPETHOI TBOBUMIPHOI BEJIMYMHU

X
Y X1 Xy Xj Xn
Y1 P(X1, Y1) p(X2, Y1) P(Xi, Y1) P(Xn, Y1)
Yi P(Xe, Yj) P(X2, Yj) p(Xi, Yj) P(Xn, ¥j)
ym p(X1’ ym) p(XZ’ ym} p(Xi’ ym) p(Xn’ ym)

3a 3akoHoM Tabmuii 3.1 MOXHa 3HAMTH 3aKOH PO3MOALTY KOXXHOI CKJIaJ0BOT
BHITA/IKOBOI BEJIMYMHH.

Hanpuxnan, nogii (X =X1,Y =Y;), (X =X, Y =Vy1), ... (X =%,Y =VY;), ...,
(X =X,,Y =Y;) HecymicHi, Tomy i¥moBipuicte P(y;) Toro, mo Y Habyne
3HAYCHHS 1 , OOUUCITFOETHCS 32 TEOPEMOIO CKJIIaJaHHSL:

P(y1) = p(Xy, Y1)+ p(X2, Y1)+t (X, Y1)+t P(Xq, Y1)
Cxiaaroun HMOBIPHOCTI OJTHOTO PsiJIKa, OTPHMAEMO WMOBIPHICTh OJJHOTO 3HAYCHHS

BUIAJKOBOT BenuuMHU Y . SIKIIO K CKJIagaTd HMOBIPHOCTI OJHOTO CTOBITYHMKA,

OTPUMAEMO HMOBIPHICTh OJTHOTO 3Ha4YeHHS X .

IMpuknan 1. 3akoH po3NOALTY AUCKPETHOI JBOBHUMIPHOI BEJIMYMHHU 331a€THCS

tabnurero 3.2. BU3HaunTH 3aKOHU PO3MO/LTY BUMTAJAKOBUX BeTHUrMH X 1Y .

Tabmumns 3.2 — Po3nojin

Y X

X1 X2
Y 0,1 0,15
Yy 0,25 0,2
Y3 0,2 0,1

Pos3B’s13auug
CkJ1aBIIv HMOBIPHICT y CTOBMYMKAX, OTPUMAEMO HMOBIPHICTh MOKJIMBUX 3HAYEHB

X : P(x;) =0,1+0,25+0,2=0,55; P(x,) =0,45.
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Tabmuus 3.3 - 3aK0H po3MOIiTy BUNIAIKOBOT BETMUUHA X
X Xq
P(x;) 0,55

KonTpons obuucnens: 0,55+0,45=1.

Xy
0,45

CKJ1aBIIM MMOBIPHICTB y pSAKaX, OTPUMAEMO HMOBIPHICTh MOXKIIMBHX 3Ha4eHb Y

P(yl) =0,1+0,15=0,25; P(yz) =0,25+0,2=0,45; P(y3) =0,2+0,1=0,3.
Ta6muist 3.4 - 3aK0H pO3MOIITy BUMAAKOBOI BETMYUHA Y

Y Y1 Y2
P(y) | 025 | 045

Kontpoisb o6uncnens: 0,25+0,45+0,3=1.

Y3
0.3

KoHTpoJibHi nUTAHHS
1. [Ilo Ha3uBalOTh 3aKOHOM PO3IMOAUTY JTUCKPETHOI JTBOBUMIPHOI BHIAIKOBOL
BEJIUYUHHU?
2. Onumiite TabmUIO, sSKa 3a/Ja€ 3aKOH PO3MOJLTY JAHUCKPETHOI JABOBHUMIPHOT

BUNAJAKOBO1 BEIMUMHH.

3agaua: 3agaHuii 3aKOH PO3MOLTY IUCKPETHOI TBOBUMIPHOI BETMYUHU (X Y ) .

Y X

X Xy
vy 0,2 0,15
Y, 0,35 0.3

BuznaunuTu 3aKkoHH pO3l'IO,I[iJ'Iy BUITaAKOBHX BCIIMYMH XTaY.

3.3 @yHKIisA po3noaiy IBOBUMIPHOI BUNIAIKOBOI BeJTUYHHU

Sx wHaromomryBajocs pasime, (QyHKIiS PO3MOAUTY OJHOBHUMIPHOI BHUIAJKOBOI
BEJIMUMHU — YHIBEPCAJIbHUN 3aKOH PO3MOILTY HMOBIPHOCTEH SIK AMCKPETHOI, TaK i
HENepepBHOI BUMAIKOBOI BEIMYUHHU. T€ 5K CIpaBeIIUBO ISl TBOBUMIPHOI BUIAKOBOL

BCJIMYHUHU.
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ODYHKIIEI0 PO3MOALTY JABOBUMIPHOT BHUIIAJIKOBOI BEIWYHUHU (X ,Y) Ha3HUBaIOTh
dyukuito F (X, Y), mo BusHauae ais koxuoi napu yucen (X, Y) WMOBipHiCTb TOrO, 10
X nabyze 3Ha4eHHs MeHIeE X , i npu oMy Y HaOyae 3HaueHHs, MeHie Y :

F(X,y)=P(X <X, Y <Y).
v & ['eomeTpryHO 1€ MOXHA TIYMayuTH TaK:

F(X,y) - iiMoBipHicTh TOrO, 110 BHII4AKOBA TOYKA

(x.»)

(X ,Y) noTpalyvesie 10 HECKIHYEHHOTO KBaJIpaHTa 3

BepHo (X, Y), Bka3aHow Ha pucyHky 3.1. Uum

{7 Oinplle 3amTpuxoBaHa o00JacTh, TUM  OUIbIIE

3Ha4eHHs QYHKIIT pO3MoIiTy.

N

Pucynok 3.1 — 'eomerpuune Tirymauenns a1 ¢ynkuii posnoxiny F (X, Y)

3 BusHauenHs ¢pyHkuii posnoginy F (X, Y) BummusaroTs Taki i BIacTHBOCTI:

1. 3uauenns dyukuii poznoxiny Hanexats Bigpizky[0;1], To6to 0 < F(X,y) <1.

2. OynKuig F(X, y) - HecmaJHa 3a KO)KHUM 3 apTyMEHTIB; IIHCHO, SIKIIO TOYKa
(X,y) ma pucynky 3.1 pyxaerscs mapanemsuo oci OX 3misa mampaso, To
3alITPUXOBaHa 00JacTh HE 3MEHNIYEThes. Te K came i mpu pyci Toukn (X, Y)
y3nosk oci QY Bix HU3Y 10 BEpXYy.

3. Mators wMicie rpannuni cmiBBigHomenus: F(—oo,y) =0, F(X,— ) =0,
F (—o0,—0) = 0 (ionia  3amTpuxoBaHOro KBaJApaHTa JOPIBHIOE HYJKO Ha
pucyrky 3.1); F(+00,+0) =1 (nmonamanus BUMaAKOBOi TOYKH Ha ILIOLIMHY
xOy - IOCTOBIpHA MOTisN).

4. Ilpu Y —>+00 QyHKIIA pPO3NOALTY CHCTEMH CTa€ (YHKLIE PO3MOALTY
ckimanoBoi X : F(X,+0) = F(X);mpu X—>+00 F(+00,y)=F,(y).

3a ponomMoror (YHKIIT pO3MOALTY MOXKHAa BHU3HAUUTH WMOBIPHICTH MOIMATaHHSA

BUITAJIKOBOI TOYKH (X; y) B 3aJjaHUi TpAMOKYTHHK. Hexail moTpiOHO BHU3HAUUTH
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HMOBIpHICTh TOMaJaHHS BHIIAJKOBOI TOYKH B NpsAMOKYTHHK ABCD, koopauHatu
BEPIINH SKOT0 MOKa3aHi Ha PUCYHKY 3.2.
[lykana IMOBIpHICTh BU3HAYAETHCS (DOPMYIIOIO:

P(x <X <Xy, y1 Y <yp) =(F(Xz,Y2) —F (X, ¥7)) -
(F(X2,¥1) —F (%, ¥1))-

Yok Ax, vl Bixy.va)
D(x,00) Cxg . 1)
-

O x

Pucynok 3.2 — MimoBipricTs nonananus g0 ksagpara ABCD

KoHTpOoJILHI MUTAHHS

1. [o Ha3uBaeThCs PYHKIIE€IO PO3MOILTY TBOBUMIPHOI BUIIAKOBOI BETUYHHHU, SK
il TIIyMa4uTH r€OMETPUYHO?

2. SIkuMu BIACTHBOCTSIMU BOJIOJIi€ (DYHKITISI PO3IIOALUTY TBOBUMIPHOI BUIIAKOBOT

BEIIMYHUHU?
3. Slk BU3HAUMTH HMOBIPHICTh TOMAJaHHS BUMAIKOBOT TOYKH (X; y) B 3aJJaHUN

IPSIMOKYTHUK?

3.4 IliabHicTh cymMicHOro po3noainy iiMoOBipHOCTel HelepepBHOI IBOBUMipHON

BUIIA/IKOBOI BEJIMYUHH, il 32CTOCYBAHHS i BJACTUBOCTI

Hinbnicmio  cymicnozo  posnodiny  umosipnocmeti (X, y)  aBosumipHOi
HenepepBHOi BunankoBoi Benmuwan (X,Y) Ha3MBaOTH Apyry 3MilIaHy YacTKOBY
MOX1HY BiJl QYHKIT pO3MOALTY:

O°F(x,Y)

f(xy)= xdy
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['eomeTpuyHO 10 (QYHKIIIO MOKHA TIIYMAYUTH SIK PIBHSHHS MOBEPXHI, Ky Ha3UBaIOTh
nogepxHero po3nooiny.

SIkuio Bigoma winbHicTs cymicuoro posnoniny f (X, Y), To Mmoxua 3HaiiTh GpyHKIO

posnoginy F (X, Y) 3a gpopmymnoro:

F(Xx,y)= f Tf(u,v)dudv,

1110 3pO3YMLJIO 3 BUSHAYCHHS IIUIBHOCTI PO3IOJILITY.

3acTOCYBaHHSA NBOBUMIPHOT MIJBHOCTI PO3MOAINY

Buie My po3risiHyny, siK 3a TOMOMOTO0 (DYHKITIT pO3MOALUTY MOKHA BUSHAYUTH
HMOBIPHICTh IIOMQ/IaHHSI BHITAKOBOT TOYKH (X; y) B 33J[aHUN TNPSIMOKYTHHK.
[IimpHICTh PO3NOALTY 103BOJISIE BA3HAYUTH WMOBIPHICTH MOMAAaHHS BUMAIKOBOI TOUKH

B Oosinbry obnacme D wa mnommui XOY. Vkazana WMOBIpHICTH BH3HAYa€ThCS

HOJBIHUM IHTETPAIIOM BiJl IIUIBHOCTI po3MoALTy 1mo obmacti D :

P((X,Y)< D) :Hf(x, y)dxdy .
D

SIKmo BiioMa MIUTBHICTH CYMICHOTO pO3MOIUTY WMOBIPHOCTEH CHCTEMH JIBOX
BUITAJIKOBUX BEJIMYMH, TO MOXHA BH3HAYUTH IIIJIBHICTh PO3MOJUTY KOXHOI 31

CKJIaJIOBHX 3a (popMynamu:

f00=[Foendy,  fo(y)= [ F(x y)dx

BnactuBocTi NBOBUMIPHOT HM[IJIBHOCTI PO3MOAINY

1) BoBuMmipHa uIiibHICTS WMOBipHOCTEH Benuuuna Hesim'emua: f(X,y)>0. x
BIIACTMBICTh BHUILTMBAE 3 TOro, mo ¢yHkuis posmoxiny F(X,Yy) - necmamna
(byHKIiS CBOIX apryMEHTIB.

2) TloxBiliHWii HEBIACHUI IHTErpajl 3 HECKIHUCHHUMH MEXaMH Bill JBOBHMIPHOI

o0 00
IIBHOCTI JOPIBHIOE OJMHHMILL: I J.f(X, y)dxdy =1. Mexi inrterpyBanHi

—00 —00
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MOKa3ylTh, 10 007acTh iHTerpyBanHs — Bes tuiomuaa XOY. IMomamauxs

BHITAJIKOBOI TOYKH Ha IJIOIIUHY — IOMISA JOCTOBIpHA, il WMOBIPHICTH JOPIBHIOE

OJIMHMLII.

KoHTpOJILHI MUTAHHS
1. Illo Ha3uBaeThCA NIUIHHICTIO PO3IOALTY HMOBIPHOCTEH HEMEPEPBHOI TBOBUMIPHOT
BUIIA/IKOBO1 BEJIMUYMHU?
2. Jlns 90T0 3aCTOCOBYETHCS 1 SIKi BIIACTUBOCTI Ma€ JBOBUMIpHA IIUIbHICT

po3mnoainy?

3.5 YMoBHi 3aK0HM PO3MOLTY CKJIAOBHX CHCTEMH JUCKPETHHX i

HEIIEPEPBHUX BHUITAJAKOBUX BCJINIUH

VY naparpadi 1.5 po3riasHyTi HMOBIpHOCTEH TOOYTKY 3alIeKHUX 1 HE3aJIeKHUX TOTIH.
BunaskoBi BEJIMYMHH TAaKOXX MOXXYTh OYTH 3aJKHHUMH a00 HE3aICKHHMHU OJIHA Bij

0HOI. JIJIs1 3aJIeKHHUX TOJI1H
P(A-B)=P(A)- P(B‘A),

3BiIKM, YMOBHa WMOBIpHiCTh momii B, 3a ymoBu, mo momis A Bxe BiaOynacs,
OOYHNCITIOETBCS TaK:
P(B‘A) =P(AB)/P(A). *)
Hnst mnesanesxnux noxii P(A-B) = P(A)-P(B).
[1lo6 oxapakTepu3yBaTH 3aJICKHICTh MK CKJIaJOBUMH JIBOBHMIpPHOI BHITIaJKOBOI
BEJIMYMHU, BBEJICHO MOHATTS] yMOBHOTO PO3MOALTY.

Hexaii 3amana nBoBUMIipHa Ouckpemua eunaokoga eeiauyuna (auB. maparpad 3.2,

Tabmuns 3.1). fIkmio, Hanpuknan, BeanunHa Y HaOyna 3HaueHHS Y = Y, TO BEJIMYUHA
X IpH LBOMY HaOyBa€ OIHE 31 CBOIX MOXIJIMBHMX 3HA4€Hb X, X, .., Xq-
[To3HauMMO yMOBHY HMOBIipHICTH TOro, mo X HaOyjae 3HAYEHHS X; 3a yMOBH, IIO
Y =y, uepe3 p(Xi|y1). Ll HMOBIpHICTb, B 3arajJbHOMY BHUIIAJKy, HE JOPIBHIOE

GesymoBHiit fimoipHocTel P(X;)
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B3arai, yMOBH1 HMOBIPHOCTI ITI03HA4a0ThCsI p(Xi ‘y j ) .

VYmosnum posnodinom cknadosoi X ,mpun Y =y j » HA3UBAIOTH CYKYITHICTh YMOBHHX

iiMmoBipHOCTEi p(xl‘y i) p(xz‘y i) p(xn‘y j) > 00UNCICHNX y IPHITYILEHHI, IO OMis
Y =Y BKe HACTYNHIA. AHANOTIYHO BU3HAYAETHCS YMOBHUHN PO3MOJILT CKIIAI0BOI Y .
VYMOBHHH 3aK0OH po3nofiny X , B IPHUIYIIEHH], mo nogit Y =Y j BKE BimOymacs,

MOKe OyTH 3HalIeHul 3a popmyIioro, 1o aHamoriuna Gopmyii (*):
PO, Yj) .
p(xi/yj)=—1r25 =120 j=12..m. (**)
(¥j)
Cyma WMOBIpHOCTEH YMOBHOTO PO3MOJIOBI JOPIBHIOE OJHMHHUII, TaKOX SK 1

0€3yMOBHOTO.

Y npuximani 1 3 §3.2 3a 3aganum tabnwmero 3.2 po3noaiTy (X,Y) o0uucIteHi
PO3MOLIM CKIaJ0BUX. 3HAWJIEMO YMOBHUI 3aKOH PO3MOiIY CKiIanoBoi X 3a yMOBH,
mo cknanosa Y = Y.

Po3B’a3anus. Ulykanuii 3aKOH BU3HAYAETHCS CYKYIHICTIO HACTYITHUX YMOBHHX

HMOBIpHOCTEH:

P4 Y1), P(Xa| ).
Bukopucrosyemo popmyiy (**), Bpaxosyroun, mo p(y;) =0,25.

p(x,y1) 01 —04

X 1y;) = = =0,
P(Xy /Y1) 0(y1) 0.25
P(Xy,y;) 015
Xo lY,) = = =0,6
P(X2 /Y1) o(y1) 0.25

KonTponb o6uncnens: 0,4+0,6=1.

Jns nopiBusauus, (auB. npuknan 1 B §3.2), P(X;) =0,55; P(x,) =0,45.

YMOBHUH 3aKOH PO3NOALILY HenepepeHoi 6unaodkosoi eenuduny MOXKHA 33aBaTH SIK
(GYHKIIIEI0 pO3MOALTY, TakK 1 MIUIBHICTIO.

I[J'ISI CHUCTCMH ABOX BHIIAJAKOBHUX BCIHYMH (X ,Y) CIipaBCAJinBa TCOpEMa MHOKCHHA

3aKOHIB PO3MOJILTY, sIKa aHAJIOT1YHA TEOPEMI MHOXKEHHSI KIMOBIpHOCTEHN MOIiH.
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Teopema. Ifirbnicms po3nodiny cucmemu 080X BUNAOKOBUX GeAUYUH OOPIGHIOE
WinbHOCMI PO3NOOINY OOHIET 3 BEIUYUUH, NOMHOICEHOK HA YMOBHY WIIbHICMb PO3NOOLLY
[HWOI  8enuyuUHU, OOYUCTEeHOI 3a YMOSU, WO nepuia GeluduHda Haodyia 3a0aHo02o

3HAYEHHA.

f(xy)=f1(x)- f(yx),
abo f(x,y)=fa(y)- T(Xy).

3 mnpuBeneHux GoOpMysl TEOpeMH BHUPA3HMMO YMOBHI 3aKOHU PO3IMOAUTY Yepes3

0e3yMOBHI 3aKOHH PO3MOLTY:

f(xy) (e y)
PO ="ty T0="

®opmynu obuncienHs O0e3yMoBHHX 3aKkoHiB posmoximy fy(X) i f,(y) npuseneni B

§3.4.

KoHTpoJibHi nuTaHHs
1. I[llo wHa3uBaeThCA YMOBHUM PO3MOIUIOM OJHIET CKJIQJ0BOI JIBOBHMIPHOL
JTUCKPETHOI BUMIAAKOBOI BETUYUHU?
2. Cdopmymnioiite TeOpeMy MHOKEHHS 3aKOHIB PO3MOJILTY.
3. Sk oOuucmiooThCS Oe3yMOBHI 1 YMOBHI 3aKOHH pO3MOIUTY CKJIaIOBHX
HenepepBHOI IBOBUMIPHOI BUIIAJJKOBOI BEIMYMHU?
3agauya
BukopucToByroUYH 3aKOH PO3MOALTY TUCKPETHOI TBOBUMIPHOI BUMAIKOBO1 BETHUNHU

13 3aBAaHHs 710 maparpada 3.2, 3HaAWTH YMOBHI 3aKOHU PO3IOLTY CKJIAIOBHUX.

3.6 3aJuexHi i He3aIeKHI BUIIAAKOBI Be IMYMHHU

CxJ1azioBl ABOBMMIPHOI BUIIAQJKOBOI BEJIMYMHU (X ,Y) MOKYTh OUIBLI YU MEHII

CHJIBHO 3aJIe)KaTH OJIHA BiJ OMHOI. AJie I 3aJIeKHICTh HEe € (YHKIIOHATBHOIO, TOOTO,
SKIIIO BiJOMO, SIK€ 3HAUYCHHs HaOyna OJIHAa BHIIAJKOBAa BEIUYHMHA, TO HE MOXKHA TOYHO
BKa3aTH, sSIKe 3HAYEHHS MpH [IboMYy HalOyje iHIIa BHUMAgKoBa BenuunHa. Haitwacrirme,

MOXXHA JIMIIIE TMPOCIHIJKYBAaTH TEHJCHINIO 3MIHU OJHI€] BEIWMYMHHM MPU 3MiHI 1HIIOI
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BHUITaJIKOBOI BEIUYNHU. MOXKINBO, 1[0 BUIIAAKOBl BEJIMYUHY B3araji He 3aJ€)KaTh OIUH
B OHOTO.

Bunaokosi eenuuunu X i Y HA3u8ar0MbCs HE3ANCHCHUMU, AKULO 3AKOH PO3NOOILY
KOJICHOT 3 HUX He 3a1edCUmb 810 MOo20, SIKe 3HA4eHHsl HaOy1a IHua 6UNa0Ko8a GeIudUnd.
Inakmie Beauunad X 1 Y Ha3sUBAIOTHCS 3A1€HCHUMU.

I[HSI HE3AJIC)KHUX JUCKPCTHUX BUIIAJJKOBUX BCIIMYUH
p(%i,yj)=p0G)-pyj), i=12...n; j=12..m.

HJ’IH HE3AJIC)KHUX HEIICPCPBHUX BHIIAJKOBUX BCIMYUH X ) Y TE€OpEMa MHOXCHHIA

3aKOHIB PO3MO/I1Ty HAOyBa€ BUTJIS;

f(x,y)=1,(x)- fo(y),

TOOTO HIUTBHICTD PO3MOJLTY CHCTEMH HE3aJIeKHUX BUIAIKOBUX BEIMYMH JOPIBHIOE
JO00YTKY IIUIBHOCTI PO3MOAUTY OKPEMHX BEIMYHH, 110 BXOIATH JJO CUCTEMHU.

SIKIIO 3aKOH PO3MOALTY CHCTEMH Bimomuii, i sikmio wwiisHicTs posmoniny f (X, Y)
MoOXe OyTH 3ammcaHa JoOyTKOM JBOX (DYHKIIH, KOKHA 3 SKHX 3QJIC)KHUTh TUIBKU Bij
OJIHOTO apTyMEHTY, TO MOXKHA CTBEpXKYBatH, 110 Benuunad X 1 Y - He3alexHi.

Takum umuom, ymoBa f(X,y)= f;(X)- f,(y) - HeoOximma i jmocraTHs s

HEe3aJ1eKHOCTI BUnagkoBux Beauund X i Y.

KonTpoabni nuranns

1. V gxkux BUHaaKax BUMAAKOBI BeJMUMHU X 1 Y HaA3MBAIOTHCS HE3AJIEKHUMH, a
B SIKUX HA3MBAIOTHCS 3AJIC)KHUMU?

2. 3anuuiTh HEOOXiJHY 1 JOCTaTHIO YMOBY JJsi HE3aJIe)KHOCTI BMIIQJKOBHX

BeaquunH X 1 Y.

3.7 UncaoBi XapaKkTepUCTHKU CHCTEMH IBOX BUNAKOBUX BeJTUYHH

Takox sk JUIs OAHIET BHUIMAJKOBOI BEIMYMHM, AT CUCTEMM JBOX BHITQIKOBHX
BEIMYMH  HAMBAXIMBIIIMMM  YUCIOBUMH  XapaKTePHUCTUKAMH €  MaTeMaTH4yHe
CTO/IiBaHHsI, JUCIIEPCis 1 CepeIHe KBaJApaTUIHE BiIXMIeHHS KOxHOT ckinagoBoi X 1 Y

CHUCTCMH BHUIIAJKOBUX BCINYNH (X ,Y )
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Maremaruuni cnopiBanass M (X) i M(Y) B cykymHocti € XxapakrepucTHka

ITOJIOKCHHSA CUCTEMU. FeOMCTpI/I‘IHO Oc KOOpAUHATH TOYKH Ha HJ'IOHII/IHi, HaBKOJIO SIKOT

B1JI0YBAETHCS PO3CIIOBAHHS TOYOK (X Y ) .

MareMaTnyHi CIIOAIBaHHS OOYHCIIIOIOTHCS 3a (OPMYyIIaMHu:

- JUUIA I[I/ICerTHI/IX BHUITAIKOBHUX BCIINYNH
n m m n
M(X)=2" > x-p(X.y;). MY)=>>y; p(X.Y;);
i=1 j=1 j=li=1
- JUUIA HeHepepBHI/IX BHUITAIKOBUX BCIMYHUH

M(X):T Tx- f (x, y)dxdy, M(Y)=T Ty- f(x,y)dxdy .

—00 —00 —00 —00
Jucnepcii  BunagkoBux Benmmunn  D(X) 1 D(Y) xapakrepusyiors wmipy
pO3CilOBaHHS 3HAYCHb JABOBUMIPHOI BUIIAJKOBOI BelnurHu y Hanpsami oceit Ox i Oy .

I[I/ICHepCiﬂ CKJIaa0BUX BCINYNH O00YHCITIOETHCS 3a (1)OpMy.]'IaMI/II

- AJI1 JUCKPECTHUX BUIMAAKOBHUX BCIIMYUH

DO =33 (% ~m)2- pxi.¥;),

i1 j-1
m n 5
D(Y)=2>.>.(y; —my)"- p(X;,Y;);
=11
- JJIS HeHepepBHI/IX BHUITAIKOBUX BCIIMYHUH

D(X) = [ Joc-m,)? 1 (x y)aay.

—00 —00

D(Y)= | [(y-my)*f(x y)dxdy.

—00 —00

¥ nasenennx popmynax m, =M (X), my, =M(Y).
CepenHi KBaJpaTHYHI BiAXUICHHS BUNAAKOBUX Bennund o, = o(X) =,/D(X),

oy =0(Y)=+D(Y).

Jlns cucteMu BHNAAKOBUX BEJTUYHH (X ,Y) 0CcoOJIMBE 3HAYCHHS MAa€ MaTeMaTHUIHE

CHOI[iBaHHSI }106YTKy OEHTPOBAaHUX BUIIAAKOBHUX BCIWYHMH, OO0 BXOJATH JO CUCTCMHU, Ta
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3BYThCSI KOPeaauiitHum momenmom esunaokosux eeauyurn X 1 Y . Kopessmiiaui

MOMCHT ITIO3HAYA€THCS
Ky = M((X —m,)-(Y —m,)).

HJ’I?I JAUCKPETHUX BHIIAJKOBUX BCIMYHH KOpeHﬂHiﬁHHﬁ MOMEHT OOYHCIIIOETHCS 3a

dbopmyIoro:

Ky =ii(xi —m)(y; —my)p(xi,yj)

j=1i=1
I[J'ISI HEIICPCPBHUX BUITAJKOBUX BCIWYHH KOpGJ’IHHiﬁHHﬁ MOMCHT O6LII/ICJ'IIO€TI->CSI 3a

dbopmyIor0:

Ky = ] Jx=mo)(y—=my)f(x, y)dxdy.

—00 —00
KopensmiiHuii MOMEHT OKpiM TOTO, IO XapaKTepU3ye PO3CIIOBAHHS BHIIAJKOBOT
JIBOBUMIPHOI BETMYMHU, XAPAKMEPU3YE MaKodxic 36’130k midxc il cknadosumu X i Y.
[Io6 mepekoHAaeThCSI B OCTAaHHBOMY, OOYMCIMMO KOPEJALIWHUA MOMEHT JUis

HesaNexXHUX BHMamkoBux BemmauH X 1Y, mo Bxomats B cuctemy (X,Y). Sk Gymo
3a3HAQYCHO BHINE, [UIS HE3AICKHUX HEHEPEPBHUX BHIIAJKOBHX BEIMYHH TEopeMa
MHOXKEHHS 3aKOHIB po3noziny HaOysae Burnany f(X,y) = f;(X)- fo(y).

Toni

o0 O

Kay = | Jx=m)(y—my)f(x y)dxdy =

—00 —00

= [(x=m) f,(x)dx [ (y—m,) f,(y)dy = (m, —m,)(m, —m,) =0,

Kopenayitinuti momenm nesanexchux eunaokosux eeaudur oopisnioe nyao. OTKe,

SIKTITO ny # 0, To iCHYyE 3aJIeKHICTh MIXK BHITaKOBUMHU BenndrHamMu X 1 Y .

[1lo6 B xapakTepucTuIli 3B'I3Ky MiX BUMagkoBumu BenuuuHamu X 1 Y He Oyna
MPUCYTHS XapaKTepUCTUKA PO3CIFOBAHHS, BiJ KOPENALIMHOIO MOMEHTY MEPEXOAsTh 110

Kyy

6e3p03MipHOT XapaKTePUCTHKH = :
OxOy

Xy —
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BenuuunHa r,,, Ha3sWMBa€ThCS Koepiyicnmom Kopensyii BUMAIKOBUX BenuduH X 1

Xy
Y . Jlns He3ane)KHUX BUIMAAKOBHX BeauuuH X 1 Y KoedimieHT Kopesiii JOpiBHIOE

HYIO Ty =0. IIpore, us ymoBa HEOOXiIHA, alie HENOCTATHS /I HE3AICIKHOCTI
BHIIQJIKOBHX BCIHYMH. ICHYIOTH 3a/eKHI BUNAJKOBI BEIMYMHHM, JUIs sKHX Ty =0

(muB.[1], mpuxman Ha cTop. 171).

Sxmo r,, #0, To BUMaAKOBI BEIMYMHH HA3UBAIOTH KopeivbosaHumu. B 1bomy

Xy
BUIAJIKy KOE(DIIIEHT KOpENsIii XapaKTepu3ye CTEIiHb TICHOTH JIHIHHOI 3aJIeKHOCTI
Mk BeauurHamu X i Y.

V pasi TouHoi iHiMHOI 3anexkHocTi Bunmaakosa touka (X,Y) morpamise npu

OJIHOMY JIOCIIiJIi B OJTHE 3 YKa3aHUX Ha PUCYHKY 3.3 TMOJIOKEHb, 3a3/1aJIeTib HEBIIOMO,
sgke came. Ase Bci mi TONOKeHHs Hamexarh npsamii Y =aX +b. Ilpu a>0
Koe(ilieHT Ny =1, npu a < 0 xoedirieHT Iy = —1 (nuB. pucynok 3.3).

VY 3aranbHOMY BHWIIJKy, KOSQII[IEHT KOPEJSIii MOXE MaTH 3HA4YCHHS B MEXax

-1< My < 1. IIpu no3uTHBHIN KOpemsuii Ny > O mpu 3pocranHi oAHi€T BUMAAKOBOI

BCJINYHHU, 1HIIIA BUITaJIKOBA BCJIMYMHA B CEPCAHBOMY 3pOCTA€, TUB. PUCYHOK 3.4a. HpI/I
HETaTUBHIN KOpCJ’IHL{ﬁ 3pOCTaHHsA O,Z[Hi€I BUNAJIKOBOI BEIIMUMHHU CIIPUYHUHAEC 3SMCHIICHHS

B CEpPEHbOMY 1HIIOT BUIAJIKOBOI BEIMYMHH, JUB. pUCYHOK 3.4D.

Pucynok 3.3 — Touna miniiiHa 3anexsicts Mk X 1 Y

KonTpouabHi nurtanus

1. Illo B cucTeMi IBOX BUNAAKOBMX BEJIUYMH XapaKTEPU3yIOTh MaTeMaTHUHi
cnoxiBanas M (X ) ta M (Y), mucnepcii D(X) ta D(Y)?

2. 1llo Ha3MBaeThCS KOPENALIHHIM MOMEHTOM BUMaAKoBUX BeimduH X iY , 1o B

CUCTEMI BHUIMAJIKOBUX BEJIMYUH XapaKTEpU3ye KOPEISIIHHII MOMEHT?



112

3. Yum xoedimieHT KOpensiii BiIPI3HAETHCS BiJ] KOPENSIIHHOTO MOMEHTY, SIKUH
3B's130Kk MK BenmuunHamMu X 1 Y XapakTtepusye Koe]illieHT KOpesirii?
4. TlosicHITH 3a JOIOMOTOI0 MAJIIOHKA, B SIKUX YMCJIOBHX 3HAYEHHSX 3MIHIOETHCS

Koe(iIieHT Kopessiii.

Pucynok 3.4 — JlonatHa (a) i Big'emHa (b) xopemsiis

Po3ain 4. EjleMeHTH MATEeMATHYHOI CTATUCTUKH

4.1 OcHOBHI 3aBAAHHA MATEeMATHYHOI CTATUCTHKH

BuBueni Bumie wmaTeMaTH4YHI 3aKOHM Teopii HMOBIPHOCTEH — MareMaThyHe

BUD
L1

CIIO

QKCHHS pealbHUX 3aKOHOMIPHOCTEH, IO ICHYIOTh B MACOBUX BUIIAJKOBHX SIBUIIAX.
peaibHI 3aKOHOMIPHOCTI BHBYAIOTHCS JIOCTIHUM IUISXOM, IIISXOM OOPOOKH

CTCPCIKCHb HaA MAaCOBHMMHU BUIIAAKOBHMU ABHILIAMMU. LIG € IpecIMETOM CHGLIiaJII)HO'I.

HAyKU — MaT€MaTU4YHOI CTaTUCTHUKU. BOHA 3aiiMa€eThbCs BU3HAYCHHAM 3a I[OCJ'IiI[HI/IMI/I

na”

UMH THX CaMHMX HMOBIPDHOCTEH OKpEeMHX eJNeMEeHTapHHUX MOl abo 3aKkoHiB

pO3MOoiTy, SIK1 B eI YaCTHHI TIepen0adanncs 3aJaHUMH.

TunoBi 3aga4yi MaTeMaTUYIHOT CTATUCTUKHU

1. 3aoaua eusnauenns 3axony po3nodiny BUNAJAKOBOI BEIWYMHHU, ab0 CHCTEMHU
BUTIA/IKOBUX BEJIMYMH, 32 CTATHCTUYHUMH JaHuUMH. [Ipy 00poOI1Ii cTaTHCTUYHNX
JaHUX MOTPIOHO 30€perTi TUIOBI PUCH CIIOCTEPEKYBAHOTO SIBUINA 1 BIAKUHYTH
BUNA/IKOBI. BHUHUKae 3aBlaHHS MpPECTAaBICHHS 3aKOHY PO3MOALIY B IPOCTIiH
aHAMTHYHIN QopMi.

2. 3aoaua nepesipku npasoonodionocmi ucyHymoi cinomesu TPO Te, IO
BUITA/IKOBA BEJIMYMHA MA€ TOW UM 1HIIUNA 3aKOH PO3TOJILTY.

3. 3aoaua eusHauenHs HeGIOOMUX nNApaAMempie po3nodiny 1 OIliHKA IX TOYHOCTI.
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4.2 T'enepaybHa cyKkynHicTh i BUOipka. IIpocTa cTaTHcTHYHA CYKYNHICTD.

CraTuctuyHa QyHKIis po3noaity

HaiiBaxIMBIIINMH MTOHATTSAMU MaTeMaTUYHOI CTATUCTUKH € TeHepaJibHa CYKYIHICTB 1
BHUOIpKa.

TI'enepanvua cykynnicms — 1e 0€3Ii4 BCIX 3HAYCHb BHUIAJKOBOI BEIMYUHH X .
OyHKIisA po3noALTy Ii€l BUNaaKoBol BemnuuHu F(X) - milficHa ¢yHKIis po3noiny, Ha
BIIMIHY BiJI €KCIIEPHUMEHTAIbHOI, HAOMMKEHOI (QYHKIII pO3MOMINY, SIKA BU3HAYAETHCS
JOCITITHUM IIUISIXOM.

3 BUNAAKOBOK BeIMYMHO X  BHKOHYIOTH N HE3JICKHHX  JOCIHIIIB
(cmoctepexeHb) i oTpuMyIOTh N 3HaueHb X;, 1=1,2,...,n. Bea cykymnicth mux
3HaYeHb HA3UBAETHCS BUOIPKOBOIO CYKynHicmio abo TPOCTO 8UOIPKOIO.

3a BUOIPKOBOIO CYKYIHICTIO pOOJIATH BUCHOBKHU PO F€HEpalIbHY CYKYIHICTb, 00'eM
aKoi — ikcoBaHUI a00 MOXke OyTU MPUIUHATHI HECKIHUEHHO BEITUKUM.

Bubipka opopmiserbes B Tabmuiio 4.1. [lepmuii psjgok Tabiuii — HOMep J0CTiayi,
Apyruil psigok Tabuuii — 3adikcoBaHe 3HadeHHs X; BumaakoBoi Benmumun X . Taka

CYKynHiCTI) 3HAYCHb BHUMAJIKOBOI BEJIIMYMHM HA3UBAETHCS npocmor cmamucmu4Hoio

CYKYNHICIIO.

Tabmuus 4.1 — IIpocTa cTaTUCTUYHA CYKYTTHICTh

Jocmig Ne 1 12 |3 |4 |5 |. . n

3navenns X X1 | X2 | X3 | X4 | X5 | - . Xp

[Ipocra craTUCTMYHA CYKYNHICTH MoOK€ OyTH OTpUMaHa HE TUIBKH LUISIXOM
HE3JIKHUX JOCIIIB, 10 TMOBTOPIOIOTHCS, Haa OAHUM o00'ektomM. Hexalt morpiOHO
BUBYMTHU CYKYIHICTb OJJHOPIIHUX 00'€KTIB 11010 JESIKOI KUTbKICHOT 200 SIKICHOT O3HAKH.

SIKIIO KIJIBKICTH OO'€KTIB HEBENMKa, TO BHUKOHYIOTH CYILUJIbHE OOCTEXEHHS. Y
nepmmii psaaok Tadsmii 4.1 3anucyeTrbest HOMep 00'€KTa, B JIPYry — XapaKTEPHUCTHKA
O3HAKH.

SIKIIO KUTBKICTh OO'€KTIB BEJHMKA 1 CYILIIbHE OOCTEKEHHS HEMOXIIUBE, TO 31 BCi€l

CYKYITHOCTI BiIOMParOTh OOMEKEHEe YHCTI0 00'€KTIB 1 MiAJAI0Th IX BUBUYEHHIO.
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OnuH 13 crmoco0iB 0OpOOKM TPOCTOI CTATUCTHUYHOI CYKYMHOCTI — moOymoBa
craructianoi dynkuii posmoginy F*(X) = P*(X < X).

3uaiity 3HaveHHs F*(X) IpU KOHKPETHOMY 3HaueHHI X O3Hayae MigpaxyBaTH

KUIBKICTh JOCHIJIB, B SIKHX BeJIMUMHA X HaOyina 3HAYCHHs, MEHIIE HDK X 1 PO3AUIMTH

Ha 3arajgpHe ynciio I mpoBeaeHUX MOCTimiB.

I[Ipuknax 1. Otpumana mpocra CTaTUCTUYHA CYKYIHICTb, 3a7aHa TaOyuiero 4.2.
[ToOynyBaTu CTaTUCTUYHY (PYHKIIIIO PO3IIOALTY.
Tabmuns 4.2 — Jlo npuknagy 1
Ne |1 2 3 4 5 6 7 8 9 10
X; |3 5 2 6 4 3 1 5 4 6

I W (X)

0.5+ —

| I | I B
T 1 L

0 2 4 6 8 x

Pucynok 4.1 — Craructuuna QyHKIIS pO3NOILTY

KonTpoJbHi nuTanus
1. TlosACHITh MOHATTS I'eHEPaTbHOI CYKYITHOCTI 1 BUOIPKOBOI CYKYITHOCTI.
2. IIlo Ha3WBa€THCS MPOCTOIO CTATUCTHYHOIO CYKYITHICTIO, SIKiil TIepBiCHIN 00poOIIi

MIJAETHCS TPOCTA CTATUCTUYHA CYKYITHICTH?

4.3 Cratucruunmii paa. I'padiune npeacraBieHHs] CTATHCTHYHOIO PSAY

IIpu Bemukomy o6'emMi N (6IU3BKO COTHI) MPOCTa CTATUCTUYHA CYKYIHICTH

M1/1a€THCS IEPBUHHIN 00pO0IIl — OyAyEThCS CramucmuyHull pso.
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Y BuOIpII BIAUIYKYETbCA MAKCUMAIOHE Xqay | MIHIMANbHE X, 3HAYEHHS, 32
AKMMH BM3HA4ae€Thest macwmab eapitosanis R = Xpax — Xpin - 3PYYHO  IEpen

MOYaTKOM 0OpOOKH BHOIPKHM YIOPSIKYBAaTH BUOIPKOBI 3HAYEHHS B MOPSAAKY 3pOCTaHHS.
Taka BopsiIKOBaHAa B TIOPSIIKY 3pOCTaHHS BHOIpKa HA3UBAETHCS 8APIAYItIHUM PSAOOM.

Becw inTepBan [X Xmax ] 3adikcoBaHMX 3HaueHb BHUIAJKOBOI BEIMYMHH X

min
pO3IUIMMO Ha iHTepBamd (PO3pAaM) 1 MiAPaXyeMO KUIbKICTh 3HAY€HbM;, IO

NPUIANAOTh HA KOXKEH i- ¥ pospsan. Bemmumnn m; Hasuparote wacmomamu. Ilotim

) . m;
3HAWIEMO 8IOHOCHY wacmomy, MO BIAOBIIa€ KOXKHOMY PO3PSTY hi =1,
k
Cyma BIJHOCHUX YacTOT JIOPIBHIOE OIMHMIIL: Zhi =1, ne k — KinbKicTb poO3psiB.
i=1
Cknagaemo Tadauirio 4.3, o Ha3UBAETHCS CTATUCTHYHUM PSIJIOM.
Tabmuis 4.3 — CTaTUCTHYHUE psif
Pospsn X2 | XiXg |- | XiiXig |- Xics Xi+1
Yacrora M my m; ' m; ' My
Binnocna hy h, : h; : hy
gactora D,

Tyt X;i;Xj,; — Mexi |I-ro pospsgy. Ilpu rpymyBanHi 3HadeHb X 3a pospsizamu
3HAYEHHS, [0 3HAXOIATHCS HAa MEXKax po3psaiB, MOKHA BiJIHECTH abo 110 JIiBUX, a00 10
IIPaBUX PO3PAIIB.

Kinbkicts pospsaiB 7 — 20. JloBxuHU po3psiiiB MOkKHA OpaTtu oaHakoBoro. IIporte
SKILO BUIAJAKOBA BEJIMYMHA PO3IOJIIEHA AyKe HEPIBHOMIPHO, TO B IUISHII HAHOLIbIIOL
LIUIBHOCT1 BUOUPAIOTHCS PO3PSAN MEHIIOI IIMPUHH, HK B JUISIHIII MEHIIOI IIUTBHOCTI.

Haii6inpmn HarnmsgHa ¢opma rpadiyHOro 300pa’k€HHS CTAaTUCTUYHOTO pALy —
eicmozpama.

Hexaii 6;, OJ,, .., Oy — JOBKHHHM iHTEpBAlliB IPYNyBaHb X; X, Xy —

-
ixHi cepemunu. [licmoepamoro uacmom € crymiH4data (irypa, IO CKJIaJa€Tbes 3
NPSIMOKYTHHUKIB, OCHOBOIO SIKUX € YacCTUHU IHTEPBAlU JOBXKHHOIO Jj, 4 BHCOTH
JOPIBHIOIOTh BIAHOMICHHIO M;/d; (IIUIBHICTh 4YacToTH). MoOkHA TMOOYIyBaTH TaKOXK

eicmoepamy GIOHOCHUX wacmom — CTymHYacTy (irypy, Mo CKIaZaeTbCcs 3
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OPSIMOKYTHUKIB, OCHOBOIO SKHX € YaCTHHHI IHTEpBaJM MJOBXKHHOI Oj, a BUCOTH
JOPIBHIOIOTH BiHOMIEHHIO Ni/d; (IIUIBHICTH BIIHOCHOT YaCTOTH).

[nma ¢opma rpadidHOr0 NpencTaBiIeHHS CTaTHCTUYHOTO PALY — IOJITOH YacTOT.
Ilonicon 6iOHOCHUX wacmom — 1€ JaMaHa IJiHiSA, IO CHOJIy4a€ TOYKH 3

xoopauHaTtamu (X;, h;), To6T0 3 abcuucamu, 10 JOPIBHIOIOTH CEpeAMHAM iHTEpBaliB

yIpynyBaHHS, 1 OpJIMHATAMH, 1110 BIAMOBIIAIOTH BIAMOBITHAM BIJITHOCHUM YaCTOTaM.

MosxHa TakoX MOOYIyBaTHU noicon Hakonudenux wacmom. I'padix Oyne Takoro

1
JIJaMaHOIO, 110 CIIoJIy4Ya€ TOUYKU 3 KOOpAUHATAMH (Xi+1’ Z hj ] .
j=1

lcrorpamMa i TOJIrOH BIIHOCHUX 4YacTOT € CTATUCTHYHUM AaHAJIOTOM KpPHBOI
PO3MOAiTYy, a TOJIrOH HAKOMMYEHUX YacTOT — CTATUCTHYHHUHA aHanor rpadika QyHKmil
po3noaiTy. 3a CTATUCTUYHUMM aHAJIOraMU MO>KHA BUCYBATH TiIOTE3U IPO TEOPETHYHI

(IcTUHHI) 3aKOHU PO3MOALTY.

[Tpuknan 2. Orpumana Bubipka o6'emom N = 100 (Tabmuis 4.4).
Tabmuus 4.4 — Bubipka o6'emom n =100

1 359131293457 (184 (247|209 226|154
1411416 (1,29 |16 |1,25|2,73|2,94 344|342 |1
2,42 12,29 12,78 |2,75|1,02 | 1,02 | 2,38 | 2,05 | 2,66 | 3,24
1,78 | 2,07 | 1,97 12,89 |226 |16 |132|4,48|3,41|145
3,32 352 (427|125 |248 243|197 (296|123 233
1,36 3,12 11,32 3,37 |11,35(3,39|222 (141|169 1,23
2,85 14,77 1331(222|204|213|301|34 |1,62]3,01
166|251 (14 |197|112|298|135|217|129 |23
11915732941 |314|2,06|215|1,06]|3,37|2
13134 |132|232|223|298|281|238|247 |28

[ToTpibHO:
1) moOymayBaTH CTAaTUCTUYHUIN PSI;
2) moOymyBaTH TiCTOTpaMy, MOJITOH BiJHOCHUX YacCTOT, MOJIrOH HAKOMHYCHHX

qacCToT.
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Po3B’s3aHHs
Xmax =477 Xmin =1 R=Xqax — Xmin = 3,7 7. BubupaemMo KilbKicTb po3psiB
k =10. oBXHHHU IHTEpBaIiB IpylyBaHb Oy/leMO BBa)KaTH OJHAKOBUMH, TAKUMH, IO
nopiBHioloTh 0,38. Bu3nawaemMo Mexi po3psdiB 1 3amucyeMo iX B TMEPLIMH PAIOK

Tabmuui 4.5. IligpaxoByeMo 4acTOTH M; , BIAHOCHI 4aCTOTH hi 1 3aITUCYEMO J10 TaOJIHIII.

Y ueTBepTOMY PAAKY TAaOJIHUII IPOCTABIAEMO CEPEAUHU KOKHOTO IHTEpBALY X .

Tabmuis 4.5
Pozpsig | 1- 1,38- | 1.76- | 2.14- | 2,52-| 2,9- | 3,28- | 3,66- | 4,04- | 4,42-
1,38 1,76 (2,14 |252 |29 3,28 13,66 |{4,04 [ 4,42 |48
m; 21 11 12 19 8 10 13 0 3 3
hi

0,210,111 (012 |0,19 (008 |01 |0,13 |O 0,03 | 0,03

1,19 11,57 | 1,95 (2,33 | 2,71 [ 3,09 3,47 |3,85 |4,23 |4,61

ol

lNicrorpamy MoOXHa, 3BHYAHO, MOOYIyBaTH BpYydYHY, aje Kpaimie CKOPHUCTATUCS
nporpaMHuMu 3acobamu. Ha pucynky 4.2 noOymoBaHa rictorpaMa BiIHOCHUX YacTOT B

naketi Excel.

0,25
0,2 H] —
0,15
-
0,1
0,05 *H~ —
O 1 1 1 1 1 1 1 1 D 1 D

1.2 3 4 5 6 7 8 9 10

Pucynok 4.2 — I'icrorpama BiJHOCHHX 4acTOT, BUKOHaHa B Excel

Iicrorpamy Mo’kHa Takox 1modynysatu B makeTi Mathcad (nuB. pucyHok 4.3). s
IIbOTO 33/Ia€ThCs BEKTOp X CeperH iHTEPBANiB IPYIyBaHb i BEKTOP BiIHOCHHMX Y4aCTOT
h . I[Tpu noOyn0Bi rpadika B IeKapTOBUX KOOPAUHATAX BUOUPAETHCS TUII JIiHIT «bary.

[Toniron BiAHOCHMX YAacTOT 1 IMOJIIFOH HAKOIMMYEHUX 4acToT Oymayemo B Mathcad.

Jis moOy0BY MOMIrOHY BITHOCHUX YacCTOT (JIUB. pUCYHOK 4.4) BUKOPUCTOBYEMO Ti XK
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JaHi, o 1 171 1o0yAoBu ricrorpamu (Bektopu X i h). BiaminHicThs nossirae y Bubopi
TUNy JiHii Ha rpadiky. Tyt notpiObHO BuOpaTH TUN JiHIT «drawy.
IToniron HaKONMMYEHMX YAacTOT NOOYMOBaHUI Ha puCYHKY 4.5. 3minHa b, nosHauae

IpaBi MEXI IHTEPBaiB.

x:=(1.19 1.57 1.95 2.33 2.71 3.09 3.47 3.85 4.23 4.61) X::XT

h:=(0.21 0.11 0.12 0.19 0.08 0.1 0.13 0 0.03 0.03) h:= hT

0.3

0.2+
hi
4 0.1+ H H

Wil s
0 2 4
bj

Pucynok 4.3 — I'icrorpama BiJHOCHHX YacTOT, BUKOHaHa B makeTi Mathcad

0.3T

0.21,
0.2T

hj
0.1T1

0 2 4 6
0 X

Pucynok 4.4 — IToniro BiIHOCHUX 4acTOT

bg:=1 k:=1..10

Kk
ka:1+ 0.38- k Fk = E hj—l

j =1

i:=0..10

Fi

bj

Pucynok 4.5 — IToniron HaKOMUYEHUX YacTOT
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KoHTpoJibHi nuTaHHS

1. TloscHiTh MOOYIOBY CTaTUCTUYHOTO psAAY (IO Take po3Max BUOIpKH, pO3ps,
4acToTa, BIIHOCHA YacTOTa).

2. TlosicHiTh MOOYMOBY TiCTOrpaMH 4YacTOT, BIIHOCHHUX 4YacTOT, IIOJITOHY

BIJTHOCHUX 1 HAKOIIMYEHUX YACTOT.

IIpakTuyne 3aBaaHus. [lepenuuriTe BHOIpKY CBOro BapiaHTy 3 J0JATKy 3.
[ToOynyiiTe CTAaTUCTUYHHUHN PO, TiCTOrpaMy 4YacTOT 1 BIAHOCHHMX YacTOT, IMOJIITOH

BIJITHOCHHUX YaCTOT 1 HAKONUYEHUX YACTOT.

4.4 CratucTHYHi OUIHKM NapaMeTpiB po3moaiay

Y nonepeaHbomy maparpadi  Oya0 pO3IVISHYTO 3aBJaHHS CTaTUCTUYHOI'O
BU3HAYEHHS 3aKOHIB po3noauty. Ha OCHOBI cTaTMCTHYHOrO Marepially MOXKHa
BU3HAYMTH YHUCIIOBI XapPaKTEPUCTHKH BUMAAKOBOI BEIMYMHH — MaTeMaTH4yHe
CHOIBaHHS, TUCIIEPCiI0, CepeIHE KBaApaTHIHe BiaXmieHHs. Ynm Oinbie BuOipKa, THM
TOYHIIIE OOYMCIIOIOTHCS YMCIIOBI XapakrepucTuku. Ilpobrema mosdrae B ToMy, LIO
4acTO JOBOAMTHCS 3aJ0BOJIBHATHCS BUOIpKOIO Majoro o0'emy. O6uucieHl Ipyu bOMY
YHCIOBI XapaKTePUCTHKH BUMAJAKOBOI BEMYMHHM 3HAYHO BIJPI3HSAIOTHCA BiA MIMCHUX
YHCJIOBUX  XapaKTepUCTHUK. HaOmmkeHe 3HAUYEHHS YWCIOBOI  XapaKTEPUCTHKH
Ha3uBaIOTh 11 ouinkoro. OIIHKH, SKI BHU3HAYAIOTHCS OJHUM YHCJIOM, HAa3WBAOTHCS
MOYKOBUMU. IIpo TOUYKOBI OLIHKM MiJ€¢ MOBa B IOTOYHOMY 1 B HAacCTYIHOMY
naparpadax.

BUKOpUCTOBYIOTBCSI TaKOXK iHmMeEp8anbHi OYiHKY, K1 BU3HAYAIOTHCS JBOMA YHCIaMU
— KIHIAMU 1HTepBaliB (y 1HTEpBajll pO3MilllEHA OLlIHIOBaHAa BEIMYMHA 13 3a/IaHOI0
HMOBIpHICTIO). IHTEpBaIbHI OLIIHKH PO3IIIAHYTO B §2.6.

ToukoBi OLIHKM TIOBUHHE 3aJOBOJIbHATH TaKUM BHMMOTaM: HE3MIIEHICTb,

e(eKTUBHICTb, CITPOMOXKHICTb.

H63MZW€H0}0 HAa3UWBAKOTh CTATUCTUYHY OI[IHKY ® , MAaTEMaTU4YHEC CIIOA1BAHHS SKO1

JIOPIBHIOE OI[IHIOBaHOMY NapaMeTpy ® mnpu Oyap-sikomy 00'eMi BUOIpKH, TOOTO

M(@*)=0.
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* .
Jlorpumanns Bumorn M (O ) =® rapanTye Bin OTpUMaHHS CHCTEMATHYHHMX

TIOMUJIOK.
3miwenoro Ha3WBAIOTh OLIHKY, MaTeMaTH4YHE CIIOJIBaHHS $KOi HE JIOPIBHIOE
OI[IHIOBAaHOMY TIapaMeTpy.
Egexmusnoro Ha3uBaOTh CTaATUCTUYHY OIIIHKY, sKa (TP 3a1aHOMY 00'eMi BHOIpKH)

Mae HaiiMeHIy aucrepcito, Tooto D(®™) = min. Jlorpumanss Bumorn D(O©*) = min

rapaHTye MiHIMIi3alliF0 TOMIJIKH TIPU OOYHCIICHH] ITapamMeTpa.

Ipu posrisai Bubipok Benukoro o0'emy (I Benwke), CTaTUCTUYHI OLIHKK TOBHUHHE
OyTH CIPOMOXXHUMH.

CnpomooicHol0 Ha3WBAIOTh CTAaTHCTUYHY OIHKY, fKa MpH N —> 00 MpsIMye 3a

HMOBIpPHICTIO JI0 OIIHIOBAaHOTO TapameTpa. Hampukian, Ko ajis HE3MIIIEHO1 OIlIHKU

D(®") = 0 mpu N —> o0, TO TaKa OLIHKA € CIIPOMOXKHOIO.

KoHTpoJbHi nuTAHHS
1. IIlo Ha3WUBa€THCS OLIHKOK YUCIIOBOTO IMapameTpa’
2. SIki OLIHKY HA3MBAIOTHCI TOUKOBUMMU?

3. JlaiiTe BU3HAYCHHS HE3MIIEHO1, €hEKTHBHOI, CIIPOMOYKHOI OIIHKH.

4.5 To4kKoBi OI[IHKM MATEMATHYHOI0 CIIOAiBAHHS i AUCHepcii

. * . .
Ouinkoro M~ (X) maremarnunoro cnoxiBanns M (X ) Bunagkosoi Bemmunnm X

€ cepez[He apPI(bMeTPI‘-IHe 3a(I)iKCOBaHI/IX 3HAUYCHb BI/IHa)IKOBO.l' BCJIIMYHUHU:
1 n
*
M (X)=HZXi, (4.1)
i=1

ne X; - 3HaYeHHs BHIIAJKOBOI BEIMYMHHM, 3aQikcoBaHe B |-My JoCHidi, N- 4HCIO

nocniniB (auB. Tabmuimo 4.1). [lpu Benmukomy 4ucial JOCTIAIB OOYUCICHHS OI[IHKH
3MIMCHIOETHCS HE 3a TEPBUHHUM CTAaTUCTHYHUM MatepiasoMm Ttabnuii 4.1, a 3a

CTAaTHUCTUYHUM psioM Tabmui 4.4:

k
M*(X)=) % -h;, (4.2)
i=1
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Je X;- cepelHe 3HAYEHHs po3psany, N - BigHOCHaA yacToTa po3psany, K - KiIbKicTh

PO3PSIiB.

Ob6uucnena 3a ¢opmynamu (4.1) 1 (4.2) omiHKa MaTeMaTUYHOTO CIOJIBAHHS €
HE3MIIIEHO 1 crpoMoxHOW. Popmyna (4.2) He MmO iHIIE, SK CKAISIPHUN JTOOYTOK
apudMeTHIHNX BeKTOPiB X(Xi, X5 ,..., X, ) 1 h(hy, h,,...;h,). 3a Tieto x popmynoro
CKaJIIPHOTO JOOYTKY OOUUCIIIOETHCSI MATEMAaTUYHE CIIO/AIBAHHS JUCKPETHOT BUIIAIKOBOT
BennuuHM B §2.5, popmyina (2.5).

MoxHa OOYHCIIOBATH OIIHKY JWCHEpCii 32 CTaTUCTHYHHM PSIIOM SIK JHCIIEPCIIO
JTUCKpeTHOi BumaakoBoi BenmuuuHH (popmyna (2.12). IIpu oMy poib MOMKIMBHUX

3HaueHb X; BUIAJKOBOi BeIMUMHM X BUKOHYIOTH X;- CEpE/Hi 3HAUCHHSA PO3PIIiB,
pons HMOBipHOCTEH P; BHKOHYIOTH N - BIiTHOCHI 4YacTOTH pO3PAMIB, 3aMiCTh

MaTEeMaTUYHOIO CIIOJIBaHHA M, Tpeba IiJACTaBUTH OLIHKY MaTEMAaTUYHOIO CIIOIBaHHS

* . cee
M (X). Takum umMHOM, OLIHKY JHMCIEPCii MOXHA BH3HAUMTH 3a (HOPMYIIOH,

aHajoriysoro gopmyri (2.12):
k
D*(X)=> (X —M*(X))*-h. (4.3)
i=1

[Ipote, obuncieHa TakKUM YUHOM OI[iIHKA MAaTEMAaTUYHOTO CIIOJIBaHHS € 3MIIIEHOI Y
01k 3MeHmeHHs. JloBeneno (auB. [1], [2]), 1m0 3CyB OLIIHKKA MO>KHA BUIIPABUTH, SKIIIO

nomHoxutH i Ha koediuient K/(K —1). Toxni BumpasneHa, He3MileHa i ClpOMOXKHA

OIlIHKA JIUCIIepCii 00UNCITIOEThCS 32 (OPMYIIOI0
DT (X) =1 7 2 =M (X))*-hy. (4.4)
T i=l

[Tpu oOuMCIEeHH] HE3MILIEHOI 1 CIPOMOYKHOI OI[IHKM MAaTeMaTHUYHOTO CIIOAIBaHHS 3a

NEPBUHHOIO BUOIPKOIO BUKOPUCTOBYETHCS (popMyia
* 1 n * 2
D7(X) == 2.(x M7 (X))", (4.5)
il

A€ Xj - 3Ha4YEHHs BUIIAJKOBOi BEIMYMHH, 3a(iKCOBaHE B I -my mocimimi, N - gucno

J0CI111B, M (X) - OII1HKa MaT€MaTHU4YHOI'O CIIOA1BaAHH.
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He3mimiena, «BuUmpaBieHa» OLIHKA CEPEIHBOTO KBAAPAaTUYHOTO BIIXUIICHHS

00YHCITIOETHCS SIK KOPiHb KBAIPATHUH 3 «BUIIPABICHO» AMCIIEPCii

o =D". (4.6)

[Mpuknan 3. BukopucTOBYHOYH JaHi NMPHUKIAAY 2, OOYUCIUTH 32 CTATHCTUYHUM
PAIOM OLIIHKKA MaTEMaTUYHOTO CIOIBaHHSA 1 JUCHEPCii.

Po3B’s3anns. Omninku oduncaoeMo B maketi Mathcad, BUKOpUCTOBYIOUM CTBOPEHI
B MpUKIaAl BeKTOopu X 1 h. MaremaTu4He CHOiBaHHS OOYHCITIOEMO 3a (OPMYIIO0

(4.2) six ckansipHuii 100yTOK BeKTOpiB X 1 h:
M:=x-h M=2341

Hucnepcito obuuciroemo 3a hopmyioro (4.4), BpaxoByrOUH, 110 HyMEpaIlisi eIEMEHTIB
apuMEeTHYHUX BEKTOPIB X 1 h MOYMHAETHCS 3 HYISI, @ BChOTO CJIEMEHTIB, SIK 1

po3psiaiB Tabuwii 4.5 - 1ecATh.

9
D=2 > (x-MP-h D =0.951

. . k . cen
TakuM YMHOM, OL[IHKA MaTEMATUYHOro crioaiBanus M (X) = 2,34 ; oninka aucnepcii

D*(X)=0,95.

KonTpouabHi nuTanus
1. Sk oGuuCIIOETHCS HE3MIIIEHA 1 CIPOMOXKHA OI[IHKa MAaTEeMAaTHYHOTO CIIO/[IBAHHS
BUIAJKOBOI BEIIMYMHHM 3a TICPBUHHUAM CTaTHCTHYHUM MarepiajioM 1 3a
CTaTUCTUYHUM psoM?
2. Sk oOuucnioeTbcs HE3MilleHa 1 CIpPOMOXKHA OIliHKa Jucrepcii BHMaIKOBOT

BCJIMYMHU 3a ICPBUHHUM CTAaTUCTUYHHUM MaTepiaJ'IOM 13a CTaTUCTUYHUM prJIOM?

IIpakTnuyne 3aBaaHHs. OOuYMCHITH A7 BHUOIPKM CBOTO BapiaHTy TOYKOBI OILIIHKH

MAaTEMaTHU4YHOI'O CHOI[iBaHHSI, zmcnepci'l' 1 CCPCAHLOI0 KBAAPATHUIHOT'O Bi)lXI/IJ'ICHHH.
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4.6 Hapiiinmii inTepBaJ i HajiliHa iiMOBipHiCTH

Y nonepennpoMy maparpadi po3rISHYTO METOAM BU3HAYCHHS TOYKOBHX OIIIHOK
YHUCIOBUX XapaKTepUCTUK BUOipKu. [Ipu mMamoMy 4uciti ciocTepekeHb TOUYKOBA OIliHKA
3HAYHOI0 MIpPOIO0 BWIAJKOBA, 3MIHIOETHCS BiJl BHOIpKH 110 BUOIpKkH. TOMYy BaKJIMBO
3HATH, SKI MOMHIJIKHA MOXE CIPHYMHHTH 3aMiHa MapaMeTpa HOro OIHKOI, 1 B SIKUX
MO>KJIMBUX MEXKaX JIS)KUTh JAIMCHE 3HAUYEHHS OLIHIOBAHOTO MTapaMeTpa.

[[fo6 martu ysBY mpO TOYHICTH 1 HAMIWHICTH OIIHKM B MAaTEMaTUYHIM CTATHUCTHIIL
KOPUCTYIOTBCS ~TaK 3BaHUMHM HaJiWHUMHU 1HTepBajaMH 1 HaJiHHOIO
HMOBIPHICTIO.

Hexaii 11 mapametpa © OTpHMaHa 3 I0CHiAy He3MimeHa oninka @ . Ska MoxkIuBa
nommiika? BizbMeMo AesKy BeTUKY WMOBIPHICTh (HAIPUKIIA], ﬂ =0,9 a6o ,3 =0,95,
a6o f =0,99), raky, mo6 noxiro 3 iimosipuictrio f/ MoxHa GyI0 BBaXKaTH MPAKTHYHO

JIoCTOBIpHOM. Jlaii 3HAleMO TaKe 3HAYCHHSI £ , TSI SIKOTO
P(‘®* - @\ <&)=p. @4.7)
Jliama3oH nmpakTHYHUX 3HAYCHb MOMMUJIKH, 10 BUHUKAE MPH 3aMiHi mapamerpa @ #Horo
ominkorw @, 6yae * & . PiBHicTs (2.7) nepenuiuemMo y BUTIISI
PO —e<@®<0®" +5)=4. (4.8)
Pipnicte (4.8) o3Hauae, mo 3 WMosipHicTio [ HeBinoMe 3HaveHHs mapametpa ©

MOTPAIUISE 0 IHTEPBATY

I 5 = (O -, 0" +&) (4.9)

Bennunna © - HeBumnajakoBa, a iHTepBan | p - Bunankosuii. Tomy [ notpi6Ho
TIYMa4YUTH K HMOBIPHICTE TOTO, 110 BUIAAKOBHI iHTEpBal | 5 «Hakpue» ToUKy O .

Vmogipricts [ HasuBaeThes Haditinoio tivosipuicmio, intepsan | B8 - HAOTUHUM
inmepsanom. Mexi intepany | 3 Ha3UBAIOTH HAOIUHUMU MeNCAMU.

SIKIIO HEBiOMMI 3aKOH PO3MOJiTY BHITAIKOBOI BEIWYHHM X , TO HaMiHHI Mexi

BH3HAYaIOThCS HAOIMKEHUMH METOaMH 1 JIOCUTh CKIIaTHO [3].
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SIkiro BUMagKoBa BenuurHa X PO3MOUICHA IO HOPMAIBHOMY 3aKOHY PO3IOLTY,
TO PO3pOOJIeHI TOYHI METOIM BU3HAYCHHS IHTEPBAIBHUX OI[IHOK MAaTEeMaTHYHOTO

CIIOIIBaHHSA 1 qUCTIEpPCii.

[HTepBanbHI OIIHKYM MAaTEMAaTHYHOTO CHOJiBaHHS

1. IuTepBaibHOI OLIHKOK (3 HafiiiHOI iiMoBipHicTIO f) MaTeMaTH4HOrO
CIIONiBaHHS @ HOPMAIGHO PO3IOJiNEHOi BUNAAKOBOI BenmuumHH X 3a BHOGIPKOBOIO
cepennboro M " (X) npu BimoMoMy cepenHBOMY KBaJpaTHYHOMY BiIXWIEHHI o

reHepalibHIl CYKYITHOCTI € HalifHUI iHTEepBal

(o2 (o2
M*(X)-t| —= |[<a<M*(X)+t| —= |, (4.10)
Jn Jn
o . . . t
ne t| — |=¢& - Tounicts ominku, N - 06'eM BuOIpKH, - 3HAYEHHS apTyMEHTY

Jn

dynxuii JTanmaca D (t) , npu sxomy D(t) = g (muB. momatok B).

2. SIkmio HeBiJioMe TOYHE 3HAYEHHS CEPEAHBOTO KBAJAPATHUYHOTO BIIXWICHHS O, a

. o . * [ [V
BiJlOMa Horo BuIpaBieHa OLiHKa o , obuucieHa 3a ¢opmysor (2.6), To HaaIHHUN
IHTEpBaJl Ma€ BUTJISA

M*(X)~tg G—n <a<M*(X)+ty =

Jn Jn)'

e t [ 3HAXOIATH 32 Tabiunero 1onaTky B 3a 3amananvu N 1 ﬂ

(4.11)

3a pomomororo ¢opmynu (4.11) MoXHA OUIHUTH JIHCHE 3HAYEHHS JESIKOl
BUMIPIOBAHOT BETMYMHHU, SKIIO MPOoBeAeHO [1 piIBHOTOYHMX HE3aJEKHUX BHMIipPIOBaHb.

InTepBanbH1 OLIHKU CEPEAHHOTO KBAJAPATUYHOTO BIAXUJIEHHS

[HTepBaIBLHOKO OLIHKOIO (3 HafiiiHOIO ¥iMoBipHicTIO ) cepeaHbOro KBaapaTHMYHOIO

BIZIXHJICHHS HOPMAJIbHO PO3MOJIJICHOT BUIMAIKOBOT BEIMYMHA X 32 «BUIPABICHHM)»

BHOIPKOBHMM Cepe/IHiM KBAIPATHUHHUM BiIXHICHHAM O € HaJifHUil iHTepBan
c'1l-q)<o<oc"(1+q) (mpuq<1)

O<o<o (1+q) (upuq>1) (4.12)
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e q 3HAXOAATh 1o Tabmuii noxatka I mo 3amanux M i ﬂ .

®opmyna (4.12) 3acTOCOBYETBHCS MJIs OILIIHKA TOYHOCTI BUMIPIOBaHHS (TOYHICTh
npuiany), OCKUIBKM TOYHICTh BUMIPIOBAaHb MPUHHATO XapaKTEPHU3YBATH 3a JIOTIOMOTOIO

CCPCAHBOI0 KBAAPATUIHOI'O Bi,HXI/IHGHHSI BUITaJKOBHUX ITOMHUJIOK BI/IMipIOBaHB.

[Mpukian 4. 3a Bubipkoo 06'emy N =50 HOpManbHO PO3MOMAIICHOI BHITIAJAKOBOI

BE/IMYMHY BU3HAYEHI TOYKOBI Olinku Marematndnoro crogisanns M~ (X)=3,45 i
. % o . .
CepEeIHbOTO KBaJpaTHUHOrO BiaxwieHHs o =156. 3 HMOBIPHICTIO BHU3HAYUTH

S =0,99 Busnauutu inteppanbui oninku s M . (X)io".

Po3B’s13aHHS
OcCKiTbKM HEBIJOME TOYHE 3HAYCHHS CEPEIHBOr0 KBAJAPATUYHOTO BiXWIICHHS, a
BU3HAUCHAa HOr0 CTAaTUCTUYHA OLIHKA, TO /IS BU3HAYCHHS HAAIHHOTO iHTEpBaTy
MaTeMaTUYHOIO CIIOIIBaHHS 3aCTOCOBYEMO opmyay (4.11):

M*(X)—ts] = |<a<M*(X)+ty] °=

Jn Jn

Bemnuuny |  BU3HaTaeMo 3a tabmuneto nomatky B mpn N =50 i f=0,99. Orxe

t; =2,679. Ilincrasusemo nani'y popmyiry (4.11):

3,45 — 2,679(@j <a<345+ 2,679(@j

V50 V50
345-059<a<345+0,59
286 <a< 4,04.

BusznauenHs HaHiﬁHOFO iHTepBaJ'Iy AJig CepEAHLOT0 KBAaAPATHYHOI'O Bi,Z[XI/IJ'IeHHH

nounHaemo 3 Tabmumi nogarky I, e sraxomnmo semmamay ¢ = 0,30 mpn n =50 i
B =0,99. Morim Buxoprcrosyemo hopumyy (4.12):
c'(l-q)<o<o (1+Q).
1,56(1-0,30) < o <1,56(1+0,30), 1,09 <o < 2,03.
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Takum dYMHOM, 3 WMOBIPHICTIO ,B =0,99 giiicHi 3HAYEHHS MAaTEMATHYHOTO

CIIOMIBAHHA 1 CEPEIHbOr0 KBAJIPAaTHYHOTO BIIXHIJICHHS 3HAXOMAThCS BCEpPEAUHI

inTepranis 2,86 <a<4,041109< 0 <2,03.

I[Mpuknang 5. Haeemeno 12 He3aleKHUX PIBHOTOYHHX BHUMIPIOBAHb JESKOT
¢i3nunoi BenmuuHU. Pe3ynpTatu BUMIpIOBaHb HaBedeHi B TaOmumi 4.6.  OuiHuTH
JICHE 3HAYCHHS BUMIPSHOT BEJTMYMHH 1 TOYHICTH BUMIPIOBAHb.

Tabmuist 4.6 — pe3ynbrat 12 BUMipiB

Ne BumiproBanns | 1 2 3 |4 5 6 7 8 9 10 |11 |12

X; 6,6 | 6,768 |6,7|66 |68 65|67 |66 |68 |65]|6,6

Po3B’s3anHs.
JlilicHe 3HAa4YeHHs BHMIPIOBAHOI BEJIMYMHHU JOPIBHIOE 11 MareMaTHYHOMY
cnofiBaHHi. TOMy OIIIHIOEMO MaTeMaTHYHE CIOIBaHHA 3a JONOMOTOK HAIIHOTO
iHTepBally. 3HAXOIUMO CepeaHE apu(pMETHUHE pe3yNbTaTiB BUMIPIB 32 (HOPMYIOI0

(4.2):
. 1 &
M (X)="> X, =6,67.
1243

I[am 3HaXOAUMO «BHIIPABJICHY» I[I/ICHepCiIO 1 CCPEAHE KBAAPATUIHC Bi,I[XI/IJ'ICHHSI 3a

hopmynamu (4.5) i (4.6).

D*(X) :1—11§(><i ~M*(X))? =0,012, o* =D*(X)=0,108.
i=1

Haniitauii iHTepBai A MaTEMaTHYHOTO CIOJIIBAHHS Oy/IeMO 3HAXOAUTH 332 POPMYIIO0

(4.11). Benmuuny { [ BU3HAYAEMO 32 tabymneto nogatky B mpu N =12 1 mamidHii

iimosiprocti = 0,95. Omxe tﬁ =22,

0,108 0,108
6,67 —2,2| = <a<667+22 — |, 659<a<6,73
( V12 j ( V12 j

Jlnst  OIIHKM TOYHOCTI BHUMIpPIOBaHb HATIAHAN 1HTEpBAI JJIA CEPEIHBOTO

KBaJIpAaTUYHOTO BiIXWJICHHS 3HaXOquMO 3a Gopmyinoro (4.12). 3HaxXoAuMO BETHYUHY

q=055mpu N =12 i #=0,95 3a rabmurero nomary I.
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c'(l-q)<o<o (1+Q).
0,108(1—0,55) < & < 0,108(1+0,55), 0,049 < & < 0,167 .
BiamoBias: 3 wHagiHicTIO 0,95 IiCTMHHE 3HAYEHHS BHUMIPIOBAHOI BEITUYMHHU

posmimeHo B HafiiiHomy inTepsam 6,59 <@ < 6,73; Toumicts BUMipIOBaHL 3

Haiitnictio 0,95 owintoemo naniitnum intepsanom 0,049 < o < 0,167 .

KoHTpOJILHI MUTAHHS

1. Slke 3HayeHHs MarOTh piBHOCTI (4.7) 1 (4.8)?

2. TlosicHITH OHATTS HAAIMHOI KMOBIPHOCTI 1 HAIIHHOTO IHTEPBAITY.

3. Jna sSKoro 3aKOHY pO3NOJUTY CHpaBeuBI (OpPMYNIH HaAiHHUX IiHTEpBaJIiB

(4.10) -(4.12)?

3apaui
1. 3naiitm HamiiHWUN IHTEpBaI IS OiHKHM 3 HamiiHicTIO 0,95 1 0,99 HeBimomoro
MaTeMaTHYHOTO CIIO/IBaHHSA & HOPMAaJIbHO PO3MOUICHOI BUIIAJAKOBOI BEIMUMHH, SKIIO
o=3 M"(X)=1206'"m ubipxu N = 20.
2. TlpoBeneHo 8 He3aleKHHUX PIBHOTOYHHUX BHMIPIOBAHB JEAKO! (hi3WUHOT BETUUHHHU.
Hageneni pe3ynpTaT BUMIpIOBaHb

Ne BuMmiproBaHHA 1 2 3 4 5 6 7 8
X; 3,34 |335 3,33 (3,34 | 3,32 [3,35 |3,34 | 3,32

OMLiHUTH ICTUHHE 3HAYEHHS BUMIPSIHOT BETMYMHU 1 TOUYHICTh BUMIPIOBaHb.
3. Ortpumana BUOipka BUNAAKOBOI BedHIuHH X , IO MiAMOPSIKOBAaHA HOPMAILHOMY
3aKkoHy (00'emoM Bija 5 10 9, 3anexHO Bij BapiaHty). [loTpiOHO:
1) oOumcnautd BUOIPKOBY CEpEIHIO, BHIIPABICHY HUCIEPCII0 1 CepeaHe
KBaJIpaTHYHE BiIXUIICHHS;
2) BU3HAYMTH HAJiMHI IHTEPBAIM I MAaTEMAaTHYHOIO CIIOIIBaHHS 1 CEPEeIHBHOTO
KBaJPAaTUYHOTO BIIXWJICHHS 3 HAIIHHOI WMOBIPHICTIO
BapianT 1

191 [49 [82 |47 [32 |
Bapianr 2

121 |40 [-11 |10 [-05 [38 |
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Bapianr 3

1-41 |-31 |66 |65 [11 [-36 [19 |
Bapianr 4

11,9 [-09 [49 [08 |63 |-12 |25 [-35 |
Bapianr 5

-25 |-22 |12 |24 |(-30 |06 |11 |-33 |-11

Bapiant 6

23 [02 |-15 [-10 |56 |-05 [-31 |05 [05 |

4.7 CratuctuuHi rinore3u. [loMmujaxu nepuoro i Apyroro poay.

Craructuunuii kpurepiii. Kpuruuni Toukn

OOpoOuBIIM cTaTUCTHYHI AaHi (BUOIpKY) 1 MOOYIyBaBIIN TiCTOTpamy, MH MOKEMO
NPUIYCTUTH, KU 3aKOH PO3IOALTY Ma€e reHepajbHa CYKYIHICTh. SIKIIO 3a BUTISIOM
ricrorpaMM € TiJICTaBU MPUITYCTHTH, IO 3aKOH PO3MOJULY Ma€ IEBHHHA BHIJISL
(Ha3BeMo ioro A), BUCYBAEThCSA cinomesa: reHepalibHa CYKYITHICTh PO3IOIiICHA 3T1THO
i3 3akoHoM A. MOXIHUBI 1 iHIN TiNOTE3M, HANPHUKIAJ, NPO 3HAYCHHS HEBIJIOMOTO
napaMeTpa BiIOMOT0 3aKOHY PO3MOALTY 1 Take iHIIe.

I'imoTe3u mpo BHUJ po3nojiay abo mpo mapaMeTp BiJOMHUX PO3MOALIIB HAa3UBAIOTh
CMamucmuyHUMU.

Pa3oM 3 BHCYHYTOIO TINOTE30I0 pO3INIAJAIOTH 1 TIMOTE3y, L0 CYNEPEUuTh iH.

Bucynyry rimoresy HasumBawoTh Hyawoeoio Hg, abo ocHoBHOw. I'imoresy, ska

CyNEepeunTh OCHOBHIM, Ha3MBAaIOTh MAKoO0, WO KOHKYpYE, ab0 aJbTEePHATUBHOIO,

no3Ha4darTs H,.

Hanpuknan, sKmio HylbOBa TinmoTe3a MOJSITae B IMPHITYIIEHHI, M0 MaTeMaTUYHE
CHOJIBaHHS & HOPMAaJIbHOI'O PO3IMOJALIY JOPIBHIOE 5, TO KOHKYpYIOYa TiloTe3a MOXe
nonsrath B mpumymeHHi, mo a#5. Koporko MoxnHa  3amucaru:
Hy:a=5 H;:a#5.

I'imore3u, 1m0 MICTATH TUIBKH OJIHE MPUIYIIEHHS, HA3UBAIOTh npocmumu. I'inoresu,

10 MICTSTh BiApa3y A€KUIbKa MPUIYLIEHb, HA3UBAIOTh CKAAOHUMU.
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CratucT4HI TINOTE3W 1 MEPeBIPSAIOTh  CTAaTUCTHUYHMMU  MeTojgamu. [lpwu
CTaTUCTHYHIH MepeBipIli MOXKYTb OyTH JIOMYIEH] TOMWIKH JBOX POIiB.

Tlomunxa nepuioco pody NoJsTae B TOMY, 0 Oy/e BiAKHHYTa IpaBUiIbHA TilOTE3a.

Ilomunxa Opyeoeo pody monirae B TOMY, IO OyJe BHKOPHUCTaHA HeNpaBHUIbHA
rinmoresa.

VIMOBipHiCTb 3iiiCHEHHS NOMMIKM MNEpIIOr0 pOAy IMO3HAYAIOTH uYepes o il
HA3UBAKOTh pisHem sHauyujocmi. Haliuactime piBeHb 3Hauymocti gopieaioe 0,05 abo
0,01.

Cmamucmuynum Kpumepiecm (abo TPOCTO Kpumepicm) HA3UBAIOTH BHIAJKOBY
BEJIMYMHY 3 BIIOMUM 3aKOHOM pO3IOJUTY, K4 CIYKUThb JUIS TEPEBIPKH HYJIBOBOI
rinoTesu.

JUis mepeBipKkH TIMOTE3W 3a JaHUMU BHOIPKH OOYHCIIOIOTH YAaCTUHHI 3HAYCHHS
BXIJJHUX B KpUTEpil BEeIUUUH 1 HAOYBAIOTh cnocmepediceHe 3HaueHHs: KPUTEPIIO.

Cnocmepesicysanum 3uavenuam K., Ha3uBalOTh 3HaYCHHS KPUTEPil0, OOUUCIICHE 32
BUOIPKOIO.

Bbesniu ycix MOXKIMBUX 3HaU€Hb KPUTEPIIO PO30MBAETHCS HA JBI MHOXXHHH, IO HE
NEePETUHAIOTHCS: OJJHE 3 HUX MICTHTh 3HAUCHHs KPUTEPilo, IPU SKUX HYJIbOBA TiloTe3a
BIJIKMJIA€THCSI, 1HIIIA — ITPU SIKUX BOHA IPUHAMAETHCA.

Kpumuunoro obracmio Ha3uBalOTh CyKYITHICTh 3HAYCHD KPUTEPIIO, IPU IKUX HYITHOBY
rinoTe3y BIIKUIAIOTh.

Obnacmb yxeanenns 2inome3su Ha3UBalOTh CYKYIHICTh 3HAYEHb KPUTEPIIO, IPU SKUX
rinoTe3y yXBallOKTh.

Kpumuunumu mouxamu (Mexamn) ka Ha3WBAIOTh TOYKH, IO BiJIOKPEMITIOIOTH

KPUTUYHY oOnacTe BiJ 00jacTi yXBajeHHs rinmore3u. s KOXKHOTO KpPUTEPI0 €

BIJINMOB1/IH1 TaOIHII, 32 SIKUMH 3HAXOIATh KPUTHYHY TOUKY.

KonTpoJbHi nuTanus

1. Ski rimore3n HA3MBAIOTHCS CTATUCTUYHMMH, SKa TiNOTE3a HA3UBAETHCS
HYJILOBOIO, SIKa — € KOHKYPYIO4OH0?

2. Y oMy mossira€ MOMHJIKA MEPIIOTO POAY, IPYTOTo pory?

3. Illlo Ha3uMBaeTbCcs KPHUTEPIEM, CIOCTEPEKYBAHUM KpPUTEPIEM,  KPUTHUHUMH

TOYKaMu?
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4.8 Kpwurepiii y3rogxenocri Ilipcona

Kounu 3akoH po3noaisy HEBIIOMUI, ajie € mijcTaBa IPUITYCTUTH, 10 BiH MOXKE MaTH
BUIIAA A, TO MEpeBIpsAIOTh HYIBOBY TiMOTE3y: IeHEpalbHa CYKYITHICTh PO3MOjiIcHA
3rigHO 3a 3aKOHOM A.

Kpumepiem 3200u Ha3uBalOTh KpUTEPid MEPEBIPKU TIMOTE3W MPO IMepeadadyBaHUMA

3aKOH HEBIZOMOTO po3moAiny. € aekinbka KputepiiB 3roau. Haitbinpi yHiBepcaibHUi
3 HUX — KpUTEpii y3romkeHocti [lipcona ;(2 («x1 xBagpaTy»). YHIBEpCAIbHICTh MOJISATAE

B TOMY, 1110 KpUTEPiif 3aCTOCOBYETHCS ISl PI3HUX 3aKOHIB PO3MOILTY.
Takum unHOM, Hexail 3 BUOipkH 00'eMy N oTpUMaHMI eMITIpUIHUI PO3TONIN (AUB.

§4.3, Tabmuus 4.5).

Cepenunn po3psiiB X, Xq X5 : Xy

Emmnipuyni gactotn m, my m, : my

[TpunyckaeMo, 110 TeHepaibHa CYKYIHICTh PO3MOMALICHA 3riIHO i3 3aKOoHOM A, i

O0YHCIIIOEMO TEOPETUYHI YacToTH M| (JOKIajiHille — HUK4e). 3a3BUUail eMIipuyHi i

TEOPETUYHI YaCTOTH PO3PIZHAIOTHCA. PO3ODKHICTH YacTOT MoOxe OyTH He3HauHoMw, 1
Oyne mosicHIOBaTHCS a00 MaJIdM YHUCIOM CIIOCTEPEKEHb, ab0  BHITAJKOBHUMH
npuyrHamMu. PO301KHICTh 4acTOT MOXe OyTH 3HauHO0, 1 OyJe TIOSACHIOBATUCS THUM, 1110
TEOPETUYHI YaCTOTH OOUHCITIOBAINCS BUXO/ISTYH 3 HENPABWIBHOT HYJIbOBOI T1ITOTE3H.

Sk Mipy po30DKHOCTI Ta SIK KpUTEepili TMepeBipkM HYNbOBOI TiNOTE3H OepyTh

BUITaJIKOBY BCIIMYHUHY

[TipcoH 10BIB, IO 3aKOH PO3MOALIY BHIIAJKOBOI BETUYUHU ;(2 HE 3aJeXUTh Bij
3aKOHy po3moainy A 1 Ymcia JOCHiAiBN, a 3aJeKUTh TUTBKH BiJl YUCIIA CHYNEHI8
ginonocmi ¥ =K —1—S. Tyr Kk - KimbkicTh po3psiiB BHOIpKHM; S - YHCIO
napameTpiB nependauyBaHOIro po3Moily, sSIKi OLliHEH] 3a JaHUMU BUOIPKH.

Sxmo nependavyBaHUil PO3MOAUT — HOPMaJIbHUI ab0 PIBHOMIPHUM, TO OIIHIOIOTH
JIBa TIapaMeTpu (1711 HOPMAJIBHOTO PO3IMOAUTY OIIHIOETHCS MaTEeMaTHYHE CIOJIBaHHS 1

Cepe/iHe KBaJpaTUYHE BIJXWJICHHS; Ul PIBHOMIPHOTO PO3MOJiTY OLIHIOIOTHCS MEXI
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Biipi3ka po3noainy). Tomy uncio cryneniB BitbHOCTI I = K —1—2 = k — 3. Konu x
nepeadavacThes, M0 TeHepaIbHA CYKYITHICTh PO3MOiIeHa 3a 3akoHoM IlyaccoHa, To

OL[HIOETBCS OMuH mapamMeTp A, Tomy S=11 r=Kk—2.

[IpaBuno 3acTocyBaHHS KpuUTepiwo y3romxenocti [lipcona

1. 1I{o® npu 3agaHoMy piBHI 3HauymocTi (X NepeBIPUTH HYIbOBY rimoresy Hg

(reHepanbHa CYKYIHICTH IIKOPSETHCS 3aKOHY PO3IOILTY A), Tpeba crmovyarky

00YMCIIUTU TEOPETUYH] YaCTOTH, a MOTIM CIIOCTEPEKyBaHe 3HAUECHHS KPUTEPIIO

< (mi B mi‘)2
Zinoe = 27— (4.13)
i=1 i

2. YV 1almuii KPUTUYHUX TOYOK PO3MOMLTY ;(2 (momatok Jl) 3a 3amaHUM piBHEM

spauymocti ¢ i wumcmom crymenis BimbHocti ¥ = K —1—S  3maiite xpuriuny
2
TOUKY Y (a,r).
2 2 . . .
3. Komn ¥poe < X\, - HEMAE MIICTAB BIIKUIATH HYJIBOBY Tinoresy. Komu

2 2 . .
Xenoc = Xip - HYIIBOBY TIIOTE3Y BIIKUIAIOTE.

KonTpouabHi nurtanns
1. V¥ yomy nosdrae yHiBepcalbHICTh KpUTEPIO y3roxeHocTi [lipcona?

2. CdopmymroliTe MpaBUIIO 3aCTOCYBaHHS KpUTEPito y3romkeHocTi [lipcona?

4.9 TlepeBipka rinore3u Npo HOPMAJIbHUI PO3MOALJ reHePaTbHOL

CYKYIHOCTI

Ha KOHKPCTHUX IIPUKIaJaX PO3TIAHCMO 3aCTOCYBAHHA IIpaBujia, PO3rJIIHYTOIO B

nornepeHboMy naparpadi.

Hpuknan 6. Ilpu pieni 3nauymocti o = 0,05 nepesiputu rinoresy npo
HOPMAaJIbHUM PO3IOJIUT TeHepaTbHOT CYKYITHOCTI, SKIIO BiJOMI €MITIpHYHI 1 TEOPETUYHI

HaCTOTH
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Emmipuyni yacToTi 7 13 |37 |74 | 105 |86 |29 |15
Teopernyni yacToTu 3 14 |42 |82 |99 76 |37 |13

Po3B’sa3anHs
OO0uucnroeMO criocTepekyBaHe 3HadeHHs kpurepito B Mathcad. [ns 1woro
CTBOPIOEMO BEKTOp € eMmipu4yHHX 4acToT i BekTop { TeopeTtmuHux vacrtor, a MoTiM 3
mumu no3HadeHHssMu € 1 U 3actocoByemo dopmyny (4.13). IllykaHy Benmu4uHy «Xi-

KBaJpatT» MO3HAYMMO X2.

7 3
13 14
37 42
74 82
e = t :=
105 99
86 76
29 37
15 13
7 2
(ei —ti)
x2:= > U
o (ti) x2=10.497

3a TaOIUIeI0 KPUTHYHUX TOYOK PO3MOILTY ;(2 (muB. momatok JI), 3a piBHEM
suauymocti & = 0,05 iuucnmom r =8—3 =5 3naxoxumo ;(,fp (0,05;5) =111.

. 2 2 . . .
OCKUIBKA ¥ (poe < Xy » TO HEMAE MIJICTAB BIIKMAATU HYJILOBY rimoresy. Inakiue

KaXy4d, pO30DKHICT EMIIPUYHMX 1 TEOPEeTHYHHUX 4YacToT He3Hauyma. JlaHi
CTIIOCTEPEXKEHBb Y3TOKYIOThCS 3 TIMOTE300 MPO HOPMAJIBHHUHA PO3MOJIN TeHEepalbHOL
CYKYITHOCTI.

VY 1npoMy OpUKIaAl TEOpeTHyHI yacToTH Oynu 3azxaHi. Komm x o0poOiserbes

BUOIpKa, TO TEOPETUYHI YACTOTHU HEOOX1IHO I1Ie BU3HAYATH.

[Mpuknan 7. Orpumana Bubipka o0'emom N = 100. [TorpiOHO:

1. moOynmyBaTu CTaTUCTUYHUUN P,

2. moOymayBaTd TicTOTpaMy, 3a TICTOTPaMOI0 BHCYHYTH TillOT€3y MpO 3aKOH
PO3MOALTY TeHEpaTbHOI CYKYITHOCTI;

3. 3a gonomororo kpurepito [lipcoHa nepeBipuTH BUCYHYTY TiHOTE3Y.
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Tabnuus 4.7 — Bubipka o6'emom N = 100

6,56 | 7,99 6,28 4,10 6,59 7,43 6,98 7,14 7,94 | 1,719
6,32 | 7,86 6,48 4,84 6,33 6,52 7,03 8,70 7,22 | 7,14
6,93 | 7,92 7,56 7,21 6,87 6,30 7,26 6,68 7,41 |599
6,05| 7,67 6,76 6,38 8,02 | 10,05 | 7,49 4,97 5,84 |6,07
531 | 596 7,09 5,80 7,18 6,71 7,24 5,99 5,89 |6,12
7,04 | 7,07 8,26 7,10 7,51 5,72 6,32 5,67 5,90 | 7,28
6,88 | 6,24 6,29 7,77 7,74 7,76 5,39 6,48 6,59 |6,60
7,56 | 7,70 7,00 7,31 6,98 6,61 8,41 7,06 5,69 |8,30
9,19 | 6,82 8,11 7,01 7,28 5,80 7,97 6,40 | 4,16 |5,62
7,81 | 6,36 7,89 6,24 7,16 5,96 5,84 6,67 8,28 | 7,38

Po3B’s3anus
maxx) =10.05 minX) =4.1 R:=max{X) —minXx R=5.95

BizeMemo kinmbkicTh po3psimiB K =10. JIoBXHHU iHTEpPBAIIB TPYITyBaHHS HeXan
OyIyTh OJHAKOBUMH, 1 mopiBHIOBATUMYThH 0,595. Tlepmmii psimok Tabmwmi 4.8 — Mexi
IHTEepBaIiB, APYTHH PSAIOK — CEPEAMHU IHTEPBAIIIB, TPETIH PSATOK — YaCTOTH.

3anucyeMo JaHi JOPYroro i TPETbOTO PSIKIB y JBa BEKTOpU 1 OyIayeMo
ricTorpamy Ha pUCyHKY 4.6.

1 100

= 100 2. X; =6,85, nmucnepcis

*
Marematuune CIIOJ1BAaHHA BH6lpKI/I M (X)

N 1 PN
BuGipkun D (X)= @Z( i —M (X )) =0,964 | cepenne kBampaTHuHE BiIXHICHHS
i=1

o*(X)=VD"* =0,982

Tabmuns 4.8 — Po3B’a3aHHS TpUKIany 7

Po3ps | 4,1- | 469- | 529- | 5,88- | 6,48- |7,07- |7,67- |826- |8,86- |945-

hi§ 46 |529 |588 |648 |7,07 7,67 8,26 8,86 9,45 | 10,05
9

X; 44 1499 |559 |6,18 |6,78 7,37 7,97 8,56 9,16 | 9,75
0

m- 2 2 11 19 23 22 14 5 1 1

Zi; Z;,] " -2,2-(-159 [-098 |-0,38 | 0,23 0,83 1,44 2,05 | 2,65
-22 1159 |1-098 |-0,38 | 0,23 0,83 1,44 2,05 265 | +o0
P; 00 |004 |011 |0,18 | 0,24 0,21 0,13 0,06 0,02 | 0,004
1
m. 1 4 11 18 24 21 13 6 1 1




134

[To6bynoBa rictrorpamu B Mathcad

X:=(4.4 4.99 5.59 6.18 6.78 7.37 7.97 8.56 9.16 9.75)
m:=(2 2 11 19 23 22 14 5 1 1)

T
X:=X m:=m

30T

20T

10T

111 | |_| —i
4 6 8 10
X

Pucynok 4.6 — I'ictorpama 4acToT 10 npukinagy 7

lcrorpama [ae migcTaBy BHUCYHYTHM TilOTe3y NP0 HOPMAJIbHUN  PO3MOJLT
renepanbHoi cykynHocti a° = 6,85 o = 0.982.

O06uncIMMO TEOPETUYH1 YaCTOTH HOPMAJILHOTO PO3MOILTY.

1) HOpMy€MO 3alaHy BHIIAJKOBY BCJIIMYUHY, TOOTO nepexoanuMo 10 BCIWYHUHU

_X-a" .

1 3HAXOJMMO KiHIIl IHTePBAJIIB:

Z
o

HaliMeHIlle 3HaueHHs1 Z JOpIBHIOE — 00, HaiiOunble — + 00 . Pe3ynpTaTu 3ammucyeMo B
YeTBEpTOMY psiIKy Tabmuill 4.8.

2) O64ncII0EMO TEOPETUYHY HMOBIpHICTH P; MomagaHHA Z B iHTEpBAIH (Zi; Z; +1)
3a popmynoro  (P; = D(z;,1) — D(z;) 3HaueHns bynkuii Jlammaca quB. 107aTOK
b). TeopeTnuny MMOBIpHICTb 3aIIMCYEMO B M'ATOMY pAAKY Tabmuii 4.8.

3) TeoperuuHi 4yacTOTH BHM3HAYaeMoO 3a (opmysnol0 M =N-P; 1 3amUCyeMO B

HIOCTOMY PAAKY Tabnui 4.8.
OO0umCcII0EMO CrIOCTepEeXKyBaHe 3HaUeHHs Kputepito [lepcona.

3a pieaem smauymocti & =0,01 i uucnom r=10-3=7 3HaxoAuMO
}(fp (0,01;,7) =18,5 (nonarox ).

. 2 2 .
OCKUIBKA ¥ poe < Xy » TO PE3YIBTATH CIIOCTEPEKEHD Y3TOIKYIOTHCS 3 TIIOTE30H0

PO HOPMaJIbHUI PO3MO/IUI TeHEPATbHOT CYKYITHOCTI.
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4.10 Ilepesipka rinore3u npo piBHOMipHHUI PO3MOJiJI FreHePaJbHOI CYKYITHOCTI

Sk 3a3Hauvanocs B maparpadi 4.8, kpurepiii y3romxenocti Ilipcona MoxHa
3aCTOCOBYBAaTH JJisl PI3HUX 3aKOHIB po3noAury. PosrisHemo mnpukiajg mepeBipKd
TiIOTE3U MPO PIBHOMIPHUN PO3IMOLT FeHEPATBHOI CYKYITHOCTI.

Hpuxnax 8. Orpumana Bubipka o6'emom N =100,
[TotpiOHO:
1. noOynyBaTu CTaTUCTUUHUH PAJ;
2. moOymyBaTu ricTorpamy,
3. 3a TICTOrpaMoOl0 BHUCYHYTH TiNOTE3y MPO 3aKOH PpO3MOJLTY TI€HEepalbHOI
CYKYITHOCTI;

4.  3a nmomomoroto Kpurepito [lipcoHa mepeBipuTH BUCYHYTY TillOTE3Y.

Tabmuns 4.9 — Bubipka o6'emom N = 100

3,00 | 5,97 5,36 4,13 4,80 3,44 5,20 4,42 4,59 3,76
3,58 | 3,36 5,87 5,03 5,21 3,42 3,84 5,54 553 | 3,00
4,76 | 3,03 4,62 3,03 4,72 5,08 5,05 4,37 4,97 5,42
4,05 | 4,59 4,39 3,83 3,45 4,28 5,17 5,95 553 | 3,63
547 | 4,81 5,59 4,76 4,28 5,90 3,37 5,22 3,33 | 4,66
352 | 3,50 5,34 5,51 4,55 3,46 5,50 3,59 394 | 3,34
513 | 4,35 5,99 4,45 5,25 5,47 4,55 3,52 3,86 | 5,26
3,91 | 3,17 4,38 5,23 3,51 3,57 4,28 4,50 3,42 | 4,63
3,27 | 5,35 3,80 4,37 4,48 5,45 5,85 3,08 550 | 4,31
3,44 | 456 5,52 5,23 5,10 3,47 4,65 4,72 480 | 5,09
Po3B’s13aHHA

max X =5.99 minX =3 R :=maxX) — min(X) R=2.99

Bubupaemo kinbkicts po3paaiB K =10. JloBkuHM 1HTEpBaJiB rpylyBaHHS BBa)XXaeMO
O/IHAKOBMMHU Ta TaKuUMH, 10 A0piBHIOWTH 0,3. Ilepmmii psgok Ttadbmum 4.10 — mexi
IHTEepBaiB, APYTHH PSATOK — CEPEAMHHU IHTEPBAIIIB, TPETIH PSAIOK — YaCTOTH.

Tabmuis 4.10 — Pimmenns npuknagy 8

Pospsin | 3-33 [3,3- [36- |39- |42- |45 (48 |51- |54 |57-6

3,6 39 4,2 4,5 4.8 51 54 57
3,15 | 3,45 3,75 |405 (435 |465 |495 |525 |555 |585

ol

7 17 6 4 11 14 9 12 14 6

m
mi' 10 10 10 10 10 10 10 10 10 10
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Bynyemo ricrorpamy vactot, Pucynok 4.7.

X:=( 3.15 3.45 3.75 4.05 4.35 4.65 4.95 5.25 5.55 5.85) X:=
m:=(7 17 6 4 11 14 9 12 14 6) m:=m
20T
15T _ _
mg 101 [
o
JininiAln
3 4 5 6
Xk

Pucynok 4.7 — I'ictorpama 4acToT 10 npukiamy 8

[Nicrorpama 4acToT Ja€ MmiJCTaBy BUCYHYTH TIIIOTE3Y PO PIBHOMIPHHNA PO3TOILT
TeHePaJIbHOI CYKYITHOCTI.

PozpaxoByemo TeoperuyHi yacTotu. OCKUTBKA 1HTEPBAIHU BCIX PO3PSIAiB OAHAKOBOI

. . ) n )
JIOBXHUHH, TO 1 YACTOTH IMOBUHHI OYTH OJIHAKOBI: m; =—, e K - gucno po3psais. Y

HAIIOMY BHIAAKY My =M, =...= mio =10.
OO6uncneMo ciocTepexxyBaHe 3HaueHHs Kpurepito [lipcona.

k _ _'2
22, =3 M) gy
i1 m.

1

[Tpuranaemo (auB. §4.7), 110 MOMMJIKA MEPLIOTO POAY IMOJSArae B TOMYy, L0 Oyxe
BIJIKMHYTA MpaBUJIbHA TiIOTE3a.

VIMOBipHiCTb 3pOGHTH TIOMHUJIKY IIEPIIOTO POy MO3HAYAIOTH Yepe3 ¢ ; ii Ha3MBAIOTh
pIBHEM 3HAUyMIOCTI. 3a TaOnuIer M0AaTrky J| BHU3HAYaeEMO KPUTHUYHE 3HAYEHHS

napametpa. Yucio r =10—-3=7.

3asieHO BiJ piBHS 3HAUYIIOCTI Ma€MO pi3HI KPUTUYHI 3HAUEHHs MapameTpa. Tak

mpn & =0,01 y2,(0,01,7) =185, nmpn @ = 0,02 2 (0,025;7) =16,0, mpn
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2 .
a=005 z2(0,025,7)=14..
CnocTepexxyBaHe 3HA4EHHS KpUTepito OJM3bKE O KPUTUYHOTO 3HAYCHHS, TOMY
subupaemo « = 0,01 }(sp (0,05,7)=185. B usomy BI/IHaI[KyZC?nOC < Z,fp , 1

pe3yJIbTaTH CIIOCTEPEIKEHb Y3TOKYIOTBCS 3 TIMOTE30I0 MPO PIBHOMIPHHMA PO3MIOJILT
TeHePaJIbHOI CYKYITHOCTI.
IIpakTuyne 3aBAaHHsA. 3a TiCTOrPaMOIO CBOTO BapiaHTy BHOIPKH TOTPIOHO
BUCYHYTH TillOTE3Y MPO 3aKOH PO3MOJILTY F'eHepaIbHOI CYKYITHOCTI (HOpMAaJIbHHIA 3aKOH,
piBHOMIpHUW 3akoH). IlepeBipuT BHCYHYTy Tinore3y kputepiem Ilipcona i

chopmyItOBaTH BUCHOBOK.

Po3zain 5. 3aBpanusa ais caMoCTiHHOI podoTH

5.1 Tecr
1. Yomy mopiBHIOE HMOBIPHICTH TOTO, IO MPH MiAKUAAHHI TPaJbHIN KOCTI HA TpaHi
BUMNanyTh udpu 1, 6 ado 4?

A b B T
1/2 1/11 1/24 1HIIIA BiIIOBIiIb

2. Bxaxirp, sike TBEp/KEHHS CIIpaBeNIMBe, KOH mofii A i B - HecymicHi

coboro A

A b B r
A cnpuumnnsie 3a | P(A+B)=P(A)+ P(A+B)=P(A)+ Konne
coboro B, a B P(B) - P(AB) P(B) TBEP/’KEHHS HE
CIIPUYMHSIE 32 CIpaBeINBe

3. Ckinpkoma crocobaMu MOXKHA PO3CEITUTH 5 TYpHUCTIB y 12 BUIBHUX OJJHOMICHHUX

HOMepax”?
A b B r
792 475200 95040 120
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4. Ckimpkoma crioco0amMM MOXKHa 3 KOJIOAW 3 36 KapT BUUHATH IIICTh KapT Tak,
100 cepe1 KX IIeCTH KapT Oyau 4OTHpH AamMu?
A b B r
1260 630 992 496
5. € monuns Ha 5 xkHUr. CKilbKOMa crioco0amMu MOXHA PO3CTaBUTH HA MOJIUII CiM
Pi3HUX KHHT?
A b B r
2520 21 5040 1HIIIa BIAOBIAb
6. CkUTbKM TpU3HAYHHMX YMCEN MOkHA ckimactu 3 mudp 0, 1, 2, 3, 4, 5, 3a ymoBH ,
o QP HE TTOBHHHI MOBTOPIOBATUCS?
A b B r
120 75 100 125
7. Y xjaci HaBYAIOTHCS g JIBYATOK 1 6 XJOMUYMKIB. Ilepmmm mimoB BiAMOBiIaTH

XJIOIMYUK. SIka IMOBIpHICTB TOTO, IO APYTOIO BIAMOBIAATH Oy/e AiBUNHKA?

A

b

B

r

a/(a+6)

a/(a+6-1)

(6-1)/(a+6-1)

(a-1)/(a+6)

8. Ilicns Toro, sk 3 madu, B ki Oyno 70 kuur, y3sum 10 KHUT 3 MareMaTHKU,

HMOBIPHICTh Y3TH II€ OJHY KHUTY 3 MaTeMmaTuku ckiana 1/3. CKUIbKM KHMT 3

MaTeMaTuKH 0yio B madi crnovyaTky?

A

b

B

r

20

25

30

1HIIIa BIIIOBIIH

9. Ha xoxHiif 3 4OTHPHOX KapTOK HamucaHa mo onHiil mitepi E, P, Ilpo, M. Sxa

HMOBIPHICTbH TOTO, 1110 PO3KJIABIIA HABMaHHS B Psii KapTKH, oTpruMaeMo ciioBo MOPE?

A

b

B

I

1/24

1/4

1/2

1HIIIa BIIIOBIIE

10. Yxaxite PucyHok Ha sikomy 3amtpuxoBaHo nofist DE.

E

0)

E

D

E

)




11. Bkaxite Pucynok Ha sikomy 3amTpuxoBana noais D + E.

E

@

0)

E

D)

B)

E

)

r)

12 . SIxe TBepKEHHS HETIPABUJIbHE, KOJIA TOBOPSATH PO MPOTUIICIKHI MMOIIi:
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a) IMOBIpHICTh TMOSBH OJHI€T 3 MPOTUICKHHUX IMOIINA 3aBXKAM OlIbIIe WMOBIPHOCTI

ApyToi.

0) Iloxis mpoTuiIex)Ha JOCTOBIPHI € HEMOXKIIMBOIO

B) SIKII0 N1Bi MOJIi1 € TMHO MOKJIMBI 1 HECYMICHI, TO X Ha3UBAIOTh MPOTHIIC)KHIMH

r) Cyma HMOBIpHOCTEH JBOX MPOTUIICKHUX MOMAIM TOPIBHIOE OAMHMUIIL

13. ¥V smuky nexats 10 4OpHHUX MIKapIeToK i 6 3eeHNX, BCi 0THOTO po3Mipy. Bu, He

JVBJISTYNCH, BUTSATHYJIH 3 IIKAPIIETKH, sIKa HMOBIPHICT TOTO, IO YTBOPUIIACS X0U OH

oaHa napa?
A b B r
1 1/2 1/8 1HIIIa BIAIOBIAE

14. Buznaute WMOBIPHICTb TOTO, 1110 NPH MIAKUIAaHHI I'pajbHOi KOCTI Bunajae uudpa

2, abo HemapHe YUCII0 OYOK.

A

b

B

I

2/3

1/6

1/4

1HIIIA BIAOBIOb

15. Ha npssIMOKYTHHKY 3aJJaHa TeOMETpHUYHa HMOBIPHICTH 1 TO3HAY€eH1 moii A (J1iBa

NOJIOBHHA MOJIs) 1 B (TpUKYyTHUK HUXue B AiaroHani). 3 sSIKUM TBepaKeHHSIM Bu He

3roaH1?
A b B r
P(A+B)= | P(AB)=P(A)* P(B)= | P(A)=P(B)=1/2 P(A)+ P(B)=1
7/8 1/4
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16. IMOBipHICTH MOMaJaHHA B IIJIb IPU CTPUISAHHI 13 IEPUIOTO Ta APYroro NpUCTPOiB
nopiBHOe BianoBigHo 0,7 1 0,8. 3HaliTH HMOBIPHICT TIOMAJAaHHS TIPU OJTHOMY 3ari (3
000X MPUCTPOIB) X0U OM OJHUM 13 IPUCTPOIB.

A b B r
0,94 0,15 0,56 0,6

17. EnexTpu4HMi JTAHUIIOT CKJIAJIA€ThCA 3 JABOX MApaJIeNIbHO CHOJIYYEHHX JIAMIIOYOK.
HMMoBipHicTh BimMOBH mepmioi jammnodkd popiBHioe 0,1, apyroi - 0,3. 3Haiitu
HWMOBIpHICTh TOTO, III0 OOM/IB1 JIAMITOYKH HE CBITSTh.

A b B r
0,03 0,63 0,07 0,27

18. Crpinens 15 paziB cTpuisiB y MillleHb. 3HANUTH HAWIMOBIPHIIIE YUCIIO MONAJAaHb
MO MillleHl, 32 YMOBHU, 110 WMOBIPHICTh MOTPANUTU B MIIIEHb NPU OJAHOMY MOCTPLIi
nopisHioe 0,9.

A b B I
12 13 14 15

19. Jlo Mara3uHy NpUBE3JIH J[BA XOJIOAWIBHUKY, BATOTOBJICHI Ha Pi3HHUX 3aBojax. Ha
nepmomy 3aBojii Opak ckianae 1%, Ha apyromy - 2%. 3HalTH WMOBIPHICTH TOTO, IO
s . s
0o0n/Ba XOIOAMIBHUKHA OpaKOBaHi.

A b B r
0,02 0,0002 0,002 0,2

20. € yotupu ypHH. Y mepuriil ypHi jgexarb 5 OUIHMX 1 5 3eJIeHuX KyJib, B Apyrii - 1
Oura 1 2 3eneHi, B TpeTid - 2 Ol 1 5 3eleHuX, B 4eTBepTid - 3 Ouml 1 7 3eleHux.
HaBmanHs BuOupaeThes ypHa 3 Hei OepyTb 1 Kymro. SIka HMOBIpHICTH TOro, III0 BOHA
BUSIBUTHCS 3€JIEHOI0?

A b B r
203/400 271/420 293/400 313/420

21. Y nepuriit ypHi 3HaxXouThcs 3 6111 1 7 YHOpHUX Kyib. Y Apyridl ypHi — 5 OLIHX 1
15 4opHUX Kynb. 3 HAaBMaHHS B35TOI YPHU B3sUIM OJHY Kyn0. Toni WMOBIPHICTh TOTO,
110 1151 KyJIsl BUSBUTHCS 011010, JOPIBHIOE:
A b B r
0,275 0,276 0,725 0,733
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22. Y nmepuwiil iganeHi npamorTh odiniaHTaMu 5 4osoBikiB i 10 kiHOK. Y
apyriit — 3 4omnosikiB 1 10 xiHOK. 3 mepmioi inanbHi B APYry NMEpeBOAATH 2 IITATHI
onuHMIN. SIka WMOBIPHICTh TOTO, IO KIIEHT, KUK MPHHIIOB 10 APYroi ixaibHi, Oyae
00CITyroByBaTHCS KIHKOIO-0di1iaHTOM?

A b B I
1/14 61/105 1/2 2127

23. 3 10 yyHiB, 0 NPUHILIK HA ICIUT, TPOE MIATOTYBAJIUCS BIIMIHHO, YE€TBEPO -
nobpe, JBO€E - 3aJ0BUIBHO 1 OAWMH 30BCIM HE MiArotryBaBcs. Y Oinerax 20 muTaHb.
BingMiHHMKY MOKYTbH BIATIOBICTH Ha BCl MUTAaHHS, YETBIPOUHUKU — Ha 16, TPIEUHUKHU —
Ha 10, a nBieunukn — Ha 5 muTaHb. KoxeH ydyeHns otpumye 3 nutanns. [lepmmii ydeHb
BIJIMOBIB Ha TpU NMUTaHHA. SIka HMOBIPHICTb, IO BiH BIAMIHHHUK?

A b B r
0,578 0,234 0,512 1HIIIA BIAOBIAb

24. Illo BiporigHimie y Tpi 3 PIBHUMHU ‘32 CHIIOIO CymepHUKaMu (0e3 HIYiX):
BUTPaTH TPHU MaPTii 3 YOTUPHOX a00 IIICTh MAPTIK 3 BOCBMH?

A b B r
TPHU 3 YOTUPHOX IIiCTh 3 BOCBMU HMOBIpHICTb HE BHCTAYae JaHUX
OJIHAKOBA JUIs pO3B’sI3aHHS

25. Cepen 20 ex3ameHaniiiHux OineriB € 5 "nerkux". CTyAeHTH NIAXOASTH 3a
KBUTKAMU OJMH 3a IHIIMM. Y KOro Oijbllle HMOBIpHICTH y3sTH "nerkuil" Oiner: y
MIEPIIOTO YU y IPYroro?

A b B r
y HIepIIoro y Apyroro OJIHAKOBA HE BUCTAYa€ JTAHUX
JUISL PO3B’ SI3aHHS

26. B ypHi 9 kynb, 3 HUX 4 Oini 1 5 3eneHux. HaBmanusa Oepyth 6 Kyib. Ska

HMOBIpHICTb TOTO, 1110 CE€pel] BUMHATHX KyJb Oyne 2 61i?

A b B I
1/14 2[7 5/14 317
27. Sxa 3 moAiii HAMMOBIpHIIIIE MTPH MiAKUAaHHI TPATFHOTO KyOuKa?
A b B r

Bumnananus 6ymab-
SIKOTO HETIapHOTO
YHCJIa OYOK

ITostBa 6 ouok

[osiBa 6yab-KOTrO
MapHOTO YUCIIa
OYOK

[TosiBa Oyab-aKOi
rpaHi, OKpiM 6
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28. Ctpaxyerbest 1750 aBromMoO1LTIB. BBaXKa€eThCsI, M0 KOXKEH 3 HUX MOXE TOTPATUTH
B apapito 3 imMoBipHicTIO 0,04. J[ns 0OYMCIIEHHS WMOBIpHOCTEW TOTO, MO KUIBKICTh

aBapiii cepen ycix 3acTpaxoBaHuX nepeBepunTh 80, BUKOPUCTOBYIOTH POPMYITY:

A b B r
dopmyiny ®opmyny bepnymni | JIokanbHy [aTerpanbny
[Tyaccona dbopmynny Myaspa- | popmyny Myaspa-

Jlanacca Jlannacca

29. Ha cknazi 2000 Ky/IbKOBHX PydoK. MIMOBIpHICTb TOTO, 110 OZHA PYdKa 3 GpakoM
nopiBaioe 0,001. 3HaiiTi mpuOIM3HY HMOBIpHICTH TOTO, IO Ha CKJIATl € Xou Ou JBi

OpakoBaHi PYYKH.

A b B I

0,632 0,478 0,594 0,702

30. IosBa TalipyHy B MEKCUKAHCBHKIH 3aTOIl O9iKy€eThCs Mo AHs 3 imoBipHicTio 0,1.

CkibKH pa3iB MOXHA YeKaTu MOosIBY TailpyHy B uepBHi 3 iiMoBipHicTiO 0,27

A b B I

1 2 3 1HIIIA BIAIOBIAb

31. V mara3uHi Tpu kacu. FIMOBipHICTb TOT0, 1110 Kaca mpaiiioe, gopisHioe 0,9.
3HAWTH MaTEMaTHYHE CTIOJ{IBAHHS BUIIAIKOBOI BEIMYHHH - KIJTHKOCTI MPAIFOI0YNX Kac.

A b B I

2,484 2,652 2,7 2,9

32. JluckpeTHa BUMAIKOBA BeJIM4YKMHA X 3a/laHa 3aKOHOM PO3IOJILTY HMOBIpHOCTEH

X -1 1 3
P 0,1 01 0,8
Toni mucriepcis BUMAAKOBOT BETMUYUHH X JIOPIBHIOE:
A b B r
1,64 1,28 7.4 2,4

33. 3HaiiTH TUCTIepCito YUciia 040K, 1110 BUMAIM IPU KUAAHHI OJHI€T rpaibHOT KOCTI.

A b B I

7112 35/12 55/12 70/12
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34. BunankoBa BenmnuMHa X Ma€ HOPMaJIbHUH pO3MOIUT 3 MaTeMaTHYHUM
CIIOJIIBAaHHSAM, IO JOpIBHIOE 5. Bimomo, 1m0 HMOBIpHICTH TOTO, MIO ISl BUIAJKOBA
BenuuuHa HaOyne 3HavyeHHs MK 4,4 1 5,6 mopiBHioe 0,95. 3HaiiT nucriepcito Ii€i

BUNAJAKOBO1 BEIMUNHH.

A b B I

0,3 0,09 0,6 1.2

5.2 BapianTn iHAuBiAyaJbHUX 3aBJaHb 10 MOXYJs «Bunaakosi momxii»

3aBnannst 1. 3HalTH HMOBIPHICTH MPOXOJDKEHHS EIEKTPUYHOTO CHTHATY dYepes

CHCTEMY TMapajeibHO 1 TIOCTIIOBHO CIIONYy4eHUX BY3IiB A A, A5, SKIIO
V2,

HMOBIpHICTB 0€e3BIIMOBHO1 poboTtu BY3JIiB BIJIIIOBITHO JIOPIBHIOE
P(A)=p1, P(A))=py,....,P(A5) = ps. [l KoKHOro BapiaHTy — CBOs CXema 1

HMOBIpHICTb 6€3B1IMOBHOI pOOOTH BY3JiB

Ne No MoBipHicTb 6e3BiIMOBHOI pOGOTH By3IIiB
BapiaHTy | CXeMHu 1 2 3 4 5
1 1 0,9 0,9 0,8 0,7 0,4
2 2 0,9 0,9 0,8 0,7 0,4
3 3 0,9 0,9 0,8 0,7 0,4
4 4 0,9 0,9 0,8 0,7 0,4
5 5 0,9 0,9 0,8 0,7 0,4
6 6 0,9 0,9 0,8 0,7 0,4
7 7 0,9 0,9 0,8 0,7 0,4
8 8 0,9 0,9 0,8 0,7 0,4
9 9 0,9 0,9 0,8 0,7 0,4
10 10 0,9 0,9 0,8 0,7 0,4
11 1 0,8 0,7 0,9 0,6 0,9
12 2 0,8 0,7 0,9 0,6 0,9
13 3 0,8 0,7 0,9 0,6 0,9
14 4 0,8 0,7 0,9 0,6 0,9
15 5 0,8 0,7 0,9 0,6 0,9
16 6 0,8 0,7 0,9 0,6 0,9
17 7 0,8 0,7 0,9 0,6 0,9
18 8 0,8 0,7 0,9 0,6 0,9
19 9 0,8 0,7 0,9 0,6 0,9
20 10 0,8 0,7 0,9 0,6 0,9
21 1 0,6 0,8 0,7 0,9 0,8
22 2 0,6 0,8 0,7 0,9 0,8
23 3 0,6 0,8 0,7 0,9 0,8
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Ne Ne MMOBipHicTb 6e3BiIMOBHOI pOGOTH BY3I1iB
BapiaHTy | CXeMH 1 2 3 4 5
24 4 0,6 0,8 0,7 0,9 0,8
25 5 0,6 0,8 0,7 0,9 0,8
26 6 0,6 0,8 0,7 0,9 0,8
27 7 0,6 0,8 0,7 0,9 0,8
28 8 0,6 0,8 0,7 0,9 0,8
29 9 0,6 0,8 0,7 0,9 0,8
30 10 0,6 0,8 0,7 0,9 0,8
Cxema 1 1‘13 | -"14
Cxema 2
A A
{ {; i
4":12 _,ﬂ4
CREMA S
.:":11 o | .:":13
{ H % i
.e":lg A4
Coxema 4 HZ
-— ﬂl 144 J":lj -
)
Cxema 5 | ﬂg Cxema B —"ﬂg
§ ;
— ﬂl ﬂg 4":15 I { .4‘14
| z
| | _,-14 1"115
Cxema ¥ ] —’"112
Cxema 5
4 4 . LA 4
- 4 45 4 | A A
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CxermaEI_ ﬂl ] 4":12
. Ay A .
As
Coxmaa 10 T 5 H s L4 .
As

3appanns 2. B ypui Nel nexute M yopupx i N 6inux xyas. B ypri Ne2 nesxuts k
gopuux i I Ginux kynb. 3 ypru Nel HaBmanHs nepekianyu 2 Kyii. [lorim 3 ypau Ne2
HaBMAaHHS BUUHIM OAHY KyiiO0. BU3HAa4MTH HMOBIpHICTH TOTO, IO KYJIs, BHIHATA 3

ypHu Ne2, BusiBUThCA OUIOIO0 (A7 HEMmapHUX BapiaHTiB) ab0 4YOpHOIO (A7 MapHUX

BapiaHTiB).

No 1 ypHa 2 ypHa Ne 1 ypHa 2 ypHa Ne 1 ypHa 2 ypHa
Bapi | M | n | k r Bapi | m | n k r | Bapia | m n k r
aHty aHTy HTY

1 2 18| 4 4 7 8 | 2 6 2 13 4 6 6 2
2 317 |4 4 8 911 6 2 14 3 7 6 2

3 4 16|14 4 9 8 | 2 6 2 15 2 8 6 2

4 51515 3 10 713 7 1 16 3 7 5 3

5 6 | 4|5 3 11 6 | 4 7 1 17 4 6 5 3

6 71315 3 12 515 7 1 18 5 5 5 4

19 6 | 4| 4 3 23 8 | 2 6 4 27 4 6 8 6

20 | 7 | 3| 4 5 24 713 6 4 28 3 7 7 3

21 | 8|2 | 4 5 25 6 | 4 8 4 29 2 8 7 3

22 |91 ]| 6 4 26 5|5 8 4 30 1 9 7 4

3aBaannd 3. IcnuT ckiiagany CTyJ€HTH TPhOX I'PYIl, IPUUOMY B 1-il TpyIll HABYAIOTHCS
M; cryzaentis, i=1,2,3. IMOBIPHICTb CKIACTH ICITUT HA IIO3UTUBHY OLIHKY JUIS
crynenTa i-ii rpynu ;. HaBmanns oOpaHuil CTyIeHT iCIIUT He CKIaB. Busnauntu

HMOBIpHICTB TOTO, 1110 1€l CTYIeHT 3 i-01 rpymnu?

Ne m | my | mg P | P2 | P3|
BapiaHTy
1 40 20 40 0,9 0,9 0,8

30 10 30 0,4 0,5 0,3
25 20 30 0,1 0,7 0,1
20 18 25 0,2 0,6 0,2
30 25 26 0,3 0,5 0,3
35 30 28 0,4 0,4 0,4

OB WIN
WINIFRPWIN|F-
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Ne m | my | mg Pr| P2 | P3|
BapiaHTy
7 45 26 30 0,3 0,3 0,5 1
8 20 24 20 0,4 0,2 0,6 2
9 35 29 30 0,5 0,1 0,7 3
10 22 32 40 0,6 0,65 |0,8 1
11 32 36 34 0,8 0,55 |0,9 2
12 38 38 26 0,9 045 |025 |3
13 34 40 34 0,3 03 (035 |1
14 28 30 26 0,2 025 (045 |2
15 26 20 22 0,4 0,15 | 055 |3
16 40 20 40 0,9 0,9 0,8 1
17 34 |22 |24 08 |01 |04 |2
18 36 24 38 0,7 0,2 0,1 3
19 38 |26 |25 06 |03 |02 |1
20 40 28 26 0,5 0,4 0,3 2
21 22 |32 |28 04 |05 |04 |3
22 24 34 30 0,3 0,6 0,3 1
23 26 |36 |38 02 |07 |04 |2
24 28 |42 |28 01 |08 |05 |3
25 30 25 30 0,65 |0,9 0,6 1
26 32 35 40 055 |0,25 |0,8 2
27 34 |18 |34 045 | 035 |09 |3
28 36 |22 |30 035 |045 |03 |1
29 38 |20 |26 025 |055 |02 |2
30 40 27 32 0,15 | 0,65 |04 3

3aBaanng 4.

BapianTu 1-6.
WmoBipHicTh moOsBU moAili A J0OpiBHIOE p. Slka HMMOBIPHICTH TOro, L0 MpPU N

BUIIPOOYBaHHSX MO A 3'IBUThCS HE OUIBII m pa3iB?

Ne 1 2 3 4 5 6
BapiaHTy

p 0,2 0,34 0,42 0,26 0,38 0,4

n 5 6 7 5 6 5

m 2 3 4 3 4 4

Bapiantu 7-12.
B ypHi n 6inux i m gopHuX Kynb. Buitaamm miapsa K - Ky, IprdoMy KOsKHY BUHHATY
KYJIIO TIOBEPTAIOTh JI0 YPHU Mepe]l BIIIydeHHAM HacTynHoi. Kyii B ypHI nepeMilyroTh.

Sxa HMOBIPHICTb TOTO, IO 3 YOTUPHOX BUHHATHX KYJIb 1Bl OyAyTh O11UMU?
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Ne 7 8 9 10 11 12
BapiaHTy
k 2 2 2 3 3 3
n 10 15 8 6 12 9
m 5 5 4 4 6 3

Bapiantu 13-18.

Bukonanu n He3aJie)KHUX BUNPOOYBaHb. Slka HMOBIPHICTB TOTO, IO Oy/Ie M YCIIIIHUX

BHUIPOOYBaHb, SIKIIO BiZIOMO, 1110 HMOBIPHICTH YCHIITHOTO BUITPOOYBAHHS JOPIBHIOE P.

Ne 13 14 15 16 17 18
BapiaHTy
p 0,2 0,34 0,42 0,26 0,38 0,4
n 5 6 7 5 6 S
m 2 3 4 3 4 4

BapianTtu 19-24.

[Mapris Bupo0OiB MicTuTh K % Opaky. 3HATH HMOBIPHICTH TOTO, IO CEPET

y34TUX HAaBMAaHHS N BUPOOIB BUSBUTHCS M OpaKOBaHUX.

Ne 19 20 21 22 23 24
BaplaHTy
k 2 3 4 2 3 4
n 5 6 / 3) 6 5
m 2 3 4 3 4 4

BapianTtu 25-30.

HNIMOBIpHICTh BUXO/Ty Ha JIIHIIO KOXKHOTO 3 N aBTOOYCiB JOPiBHIOE p. Ska

WMOBIPHICTB YITKOT poOOTH aBTOOA3U BIPOJAOBXK JHS, SKILO JIJIS I[HOTO

HEOOX1THO MaTH Ha JIiHIi He MEHIIIE m aBTOOYCIB.

Ne 25 26 27 28 29 30
BaplaHTy
p 0,92 0,84 0,82 0,86 0,88 0,94
n 5 6 / 5 6 5
m 2 3 4 3 4 4
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3pa30Kk BUKOHAHHS KOHTPOJILHOTO 3aBIaHHSI

3agaua 1. 3HaliTH HMOBIPHICTH MPOXOHKCHHS EICKTPUYHOTO CUTHAIY 4epes

CHCTEMY IapalelIbHO 1 MOCIIIIOBHO CIONy4eHHX BY3IiB, Ay Ay A, SKIIO HMOBIPHICTH

0e3BiAMOBHOI poboTHu BY3JIiB BIMOBIAHO JIOPIBHIOE P ( Ai) =0,8

P(A)=0,7 P(A3) =0,6 P(A;)=0,9 P(A5)=0,5

A A
-— ﬂl ﬂz w{ J—-
As

Po3B’sa3anus.

[Toznaunmo noniero B 0e3BiAMOBHY poOOTy MapajeibHO CHOJYYEHUX JIAHOK
As, As, As. 1100 enekTpUYHUK CUTHAJI IPOWIIOB Yepe3 IIi JaHKH, JOCTaTHhO, MO0 BiH
pouioB abo 4depes As, A4 abo yepe3 As, abo yepe3 Bci pazoM. Iloxii As 1 Az, A
CYMICHIi, TOMY BU3Ha4a€MO HMOBIPHICTH CyMHU CYMICHHX TOZIIM:
P(B)=P(Ag- Ay + As) = P(A3) - P(Ag) + P(A5) — P(AAy A) =
=06-09+05-0,6-09-0,5=0,77
[To3nauumo noaiero C NpOXOKEHHS €JIEKTPUYHOTO CUTHAILYy Yepe3 MOCiI0BHO
crnonydeni manku Ay, Ay, B. Tlogis C BigOyzmerscs nuie B TOMy BHIAJKY, SIKIIO
BinOyayThes oxHouacHo moxii Ay, Ay, B, tomy
P(A - A, -B)=P(A)-P(A,)-P(B)=08-0,7-0,77 =0,4312.
3agaua 2. B ypHi Nel nexuts 6 4opHuX 1 8 Ounux Kynb. B ypHi N2 nexuts 5
4OpHUX 1 7 01X Kynb. 3 ypHU Nel 1o ypHu Ne2 HaBMaHHS B3sTi 2 Kyii. [loTim 3 ypHH
Ne2 nHaBMaHHS BUMHAIM OAHY KyJt0. BU3HauMTH WMOBIPHICTH TOTO, IO KYJIs, 3 YPHH
No2, BUSIBUTBCS O1110¥0.
Po3p’si3anus.
[Toznaunmo uepe3 A mofiro — Kyisi, BUitHATa 3 ypHH Ne2, BusBHiacs 011010.

3 mepiuoi ypHu Moriu OyTtu BuidnsTi 2 6imi kymi (momis Bj), 2 wopni kymi

(mogist By ), 1 wopHy i 1 6iny kyui (mogist Bg).
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C§ 28
P(Bl)=C—§=a;
14
P(8,) - S -1 p(a,) - CoCo 28
Cl4 91 C:14 91

YMOBHa HMOBIPHICTH TOTO, IO 3 JAPYroi YpHHU AiCTand OUTy KYJIIO, 32 YMOBH,

o BinOymacs nogist By, mopiBuioe (y mpyriit ypHi crano 5 dopnux i 9 Ginux Kyib)
9 . . . :

PBl (A) = ﬂ; YMOBHa WMOBIPHICTb TOTO, 1110 3 APYroi ypHU AiCTanu OUTy KyJo, 3a

YMOBH, IO BigOymnacs Mmomist BZ, nopiBHIOE (y ApyTii ypHI cTano 7 4OpHHUX 1 7 Olnux

KYJIb) F’B2 (A) :E; yYMOBHa MMOBIpPHICTh TOrO, L0 3 JAPYroi ypHM JicTanu Oty

KyJII0, 32 YMOBH, 110 BinOymacs mogist By, mopiBHioe (y apyriii ypHi crano 6 4opHUX i
8 OLTNX KyJIb)
[lykana WMOBIPHICTH TOTO, IO KYJs, BHMHATA 3 JIPYroi ypHH BHUSBHUTHCA
6111010, 32 HOPMYITIOI0 TOBHOT IMOBIPHOCTEH TOPIBHIOE
P(A)=P(By)- P, (A) + P(B;) - Pg, (A) + P(Bs3) - Pg, (A) =
289 15 7 48 8 1
Tl 14 o1 14 91 14 1274

3anava 3. Icnut ckiagany CTYAEHTH TPhOX IPYIL, IpUYOMY B i-i rpymi
HaB4arThCs M cTyneHrtis, 1=1,2,3. VIMOBIpHICTb CKJIACTH iCIIUT HA O3UTHBHY OLIHKY
JUIs CTyzieHTa 1-i rpynu ;. HaBMaHHS 0OpaHuii CTyEHT ICIUT HE CKJIaB. BusHaunTh
HMOBIpHICTb TOTO, 110 LIeH CTyAeHT 3 2-01 rpynu?

m =20; m,=30; my=26; p;=03; p,=06; p3=0,4.

Po3B’si3anns.

[Tozraunmo depe3 A Moo — HaBMaHHsI 00paHUl CTY/ICHT ICTIMT HE CKJIaB.

3poOuUMO HACTYMHI NPUIYLICHHS:

1) HaBmauHst oGpaHuii cTyaeHT 3 mepiuoi rpymnu (rinoresa By ) ;

2) HaBmanHst o6panmuit cryzeHt 3 apyroi rpymnu (rinoresa B, ) ;



150

3) HaBmanust 06panmii cTyaeHT 3 Tpethoi rpynu (rimoresa Bj).

[lykany WMOBIpHICTh TOTO, IO HaBMaHHS OOpaHHM CTYAEHT 3 JIpYroi rpymnw,
3HaiaeMo 3a ¢popMmyioro baiieca:
P(B;) - Pg, (A)
P(B,) - P, (A) + P(B) - Pg, (A) + P(B3)- Ps, (A)

Pa(By) =

P(B))=02; P(B,)=03 P(B3)=0,26.
Ps, (A)=0,7; Py (A)=04; Py (A)=06.
lykana iMOBIpHICTB

0,2-0,7 ~
0,3-0,4+0,2-0,7+0,26-0,6

Pa(By) =

3anaua 4. MmogipuicTs nosiBu moxii A nopisuioe 0,4. SIka iiMOBipHicTb TOTO,
110 npu 6 BUMpoOyBaHHAX MOAIS A 3'IBUThCS He OibIie 2 pa3is?

Po3p’si3anns.

Ckopucraemocs popmynoro beprymr (1.16). B npomy Bunaaky n=6, p=0,4,
q=0,6. MmoBipHicTs TOro, 10 NpH 6 BUNPOOYBAHHSX OIS A 3'IBUThCA He Gibiie 2

pa3iB MOXKHA 3HANUTH 32 (HOPMYIIOIO:
Ps(0) + P () + Ps(2)=Cg - p°-q° +C5 - p'-q° +C5 - p?-q* =

6!
=Q°+6:-p-0°+- P -q" =q"(a” +6pq+10p*) =0,44

5.3 BapianTu inguBinyajabLHUX 3aBJAaHb 10 MOAYJs ,,Bunaakosi BeJnunun”

3anava 1. 3HaliT 3aKOH pO3MO/IUTY BKa3aHOi AUCKPETHOT BUIAJKOBOI BETUYMHU
X i ii ¢ynkmito posmominmy F(x). O6umciutu matematmune crogmiBaras M (X),
mucnepcito D(X) i cepenne xBanparnune Bigxunenns. IloGyaysatu rpadik GyHKIIil
posnozainy F(x).

VY maptii 3 n BUpoOiB m OpakoBaHHUX. {151 KOHTPOIO iX SKOCTI BMIIQAKOBUM

yuHOM BigOuparoTh K BupoGiB. Bumagkosa BemmumHa X — 9HCIO OpaKOBAaHHX

BUPOOIB.
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Ne n |m [k [Ne n m [k |[Ne n m | k

BapiaHTy BapiaHTy BapiaHTy
1 20 | 5 3 11 16 7 4 21 10 | 4 | 2
2 15 | 4 3 12 20 5 3 22 11 | 4 ] 3
3 25 | 6 | 4 13 26 | 6 | 4 23 12 | 5 | 4
4 22 | 5 3 14 18 5 3 24 13 | 5| 3
5 231 7 |5 15 23 | 6 | 3 25 14 | 5| 2
6 24 | 8 5 16 22 7 4 26 15 | 4 ] 3
7 18 | 5 3 17 21 5 2 27 16 | 4 | 2
8 26 | 4 | 3 18 20 | 6 | 2 28 17 | 6 | 4
9 20 | 6 | 4 19 15 | 5 | 3 29 18 | 6 | 3
10 16 | 4 | 2 20 10 | 6 | 3 30 19 | 6 | 2

3agaya 2. Jlanumil mnepedik MOXJIMBUX 3HAYeHb JUCKPETHOI BHUIAIKOBOL
BennuuHU X: X1, X2, X3, a TaKOK BiJIOMI MaTeMaTH4HI CIIOMIBaHHSA Ii€l BEIUYMHHU Ta 11
kBagpata: M (X)=a; M (X2)=b. 3naiitu HMOBIPHOCTEH, BIAMOBIIHO MOMJIHBI

3HAYECHHIM X.

Ne xl [x2 [x3]a |b Ne xl [x2 |x3|a |b

BapiaHTy BapiaHTy
1 2 3 4 135]| 92 16 2 4 |6 |35 92
2 1 2 3 36| 93 17 1 3|5 |67]|114
3 4 5 6 | 37| 94 18 1 4 | 5 |37] 142
4 31 4 |51[38] 95 19 1 | 4|7 [54]123
5 516 [7]65]102 20 2 | 3|5 |62]136
6 2 3 4 142 | 85 21 3 4 | 7 56| 92
7 1 2 3 |53]111 22 2 719 (163|114
8 4 | 5|16 |24] 53 23 6 | 7835|095
9 3 4 5135]| 64 24 2 3141361102
10 5 6 7 167|113 25 1 2 13 |37] 85
11 2 3 4 | 37| 92 26 4 516 |38]111
12 1 4 7 |54 114 27 3 4 | 5]165] 53
13 2 5 8 | 62 14,2 28 5 6 | 7 142 64
14 3 | 4 |7 ]56]123 29 31416 |53]092
15 4 6 8 | 63| 13,6 30 2 6 | 8 |24] 93

3agaua 3. HenepepsHa BumajkoBa BenuunHa X 3afana miisHicTio posnoainy f(X).
[otpi6uo: 1) BusHaumTH Koedimient; 2) 3Haittu dynxiio posmominy F(X); 3)
no6ysysatu rpadiku (X)) i F(X); 4) o6uncnutu marematuune crionisanns M (X)

ta mucnepcito D(X); 5) 3HaiiTH IMOBIpHICTH TOTO, IO BHIAJIKOBA BEJIMYUHA HaOy/e

3HA4YeHHS 13 IHTepBaNy (o, f).



152

Bapiantu 1-10 Bapiantu 11-20
0, X<a; 0, X< a,;
f(x)={c-(x—n)?, a<x<b; f(x)={c-(x+n)®, a<x<b;
0, X >bh. 0, X > .

Bapiantu 21-30

0, X <0;
f (X) =4c-sinnx, OSXSZ; azf; Ing
a C d
0, X > Z.
a
Ne BapianTy| n a b a B
1 1 -4 2 -3 0
2 2 2 5 3 4
3 3 -6 -2 -4 -3
4 4 0 5 2 3
5 5 1 6 2 4
6 6 2 8 4 6
7 7 -3 4 0 3
8 8 0 7 2 5
9 8 1 4 2 3
10 9 3 6 4 5
11 3 0 7 2 5
12 4 1 4 2 3
13 5 3 6 4 5
14 6 5 1 6 2
15 7 6 2 8 4
16 8 7 -3 4 0
17 7 -4 2 -3 0
18 6 2 5 3 4
19 5 -6 -2 -4 -3
20 3 0 5 2 3
Ne n a c d
BapiaHTy
21 9 [2 6 4
22 6 3 6 4
23 8 1 6 3
24 5 1 4 3
25 2 2 4 3
26 3 [2 6 4
27 4 3 6 4
28 5 1 6 3
29 6 1 4 3
30 7 2 4 3
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3p330K BUKOHAHHS KOHTPOJBHOI'O 3aBAaHHSA

3anava 1. 3HaliTH 3aKOH PO3MOIITY BKa3aHOI TUCKPETHOI BUMAAKOBOT BETMUYUHA
X i 1 ¢yukmito posmominy F(X). OOGumciautu marematwune crnomiBanas M(X),
mucriepcito D(X) 1 cepenne xBaapatuuHe BiaxwieHHs. [loOymyBatu rpadix ¢yHkmii
posnoxainy F(x).

Y maprii 3 n=25 BupoOiB m=6 OpakoBaHuxX. [lIsI KOHTpOJIO iX SKOCTI
BUITAIKOBUM YHHOM BinOMparoTh k=4 BupoOu. BumagkoBa BemnumHa X — YHCIIO
OpakoBaHHUX BHPOOIB.

Po3B’si3anus.

BunaakoBa BenmuunHa X— 4YHCIO OpakoOBaHMX BHPOOIB cepen BimiOpaHUX

BHpPOOiB Mae HactynHi MoxuiuBi sHauenns: X; =0; X, =1; X3 =2; X, =3; X5 =4.

C r . C k—r
VIMOBipHiCTh MOXTHBHX 3HAaUeHb 3HaiineMo 3a popmynoro P(X=Tr)= m—kn—m :
n
0 ~4
P(x=0) =8 4C19 - 1938 _ 5,306,
Cos 6325
1 ~3
P(x=1)= Ce :219 _ 2907 _ 0,459;
Cog 6325
2 (2
P(x=2)= Cs 4C19 _ 018 0204
Cos 2530
3 1
P(x=3) = Ce 4C19 _ 38 _ 0,03
Cos 1265
4 0
P(x=4)= Ce 4C19 -3 _o00L
Cos 2530
CxutanemMo IIyKaHuid 3aKOH PO3MOLTY:
X 0 1 2 3 4
P 0,306 0,459 0,204 0,03 0,001

[ToGynyemo ¢yskuito posnoxiny. s pi3HMX 3HadeHb X  3HaRAEMO
F(x)=P{X < x}:
1) SIxmo X <0, 10, F(X)=P{X <0}=0;
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2) Sxmo 0<x<1, 10 F(X)=P{X <x}=P{X =0}=0,306;

3) SIxio 1l<x<2, TO
F(x) =P{X =0}+ P{X =1}=0,306 + 0,459 = 0,765;

4) Sxmo 2<X<3, 10

F(x) =P{X =0}+ P{X =1} + P{X =2}=0,306 + 0,459 + 0,204 = 0,969;

5) Sxkmo 3<X<4, 10

F(X)=P{X =0}+ P{X =1+ P{X =2} + P{X =3}=

=0,306 + 0,459 + 0,204 + 0,03 = 0,999;

4) Sxmo 4 < X, 10

F(X)=P{X =0}+ P{X =1} + P{X =2} + P{X =3} + P{X =4} =
=0,306 + 0,459 + 0,204 + 0,03+ 0,001 =1.

OTxe,
Fix)
1
Dlggg —_ = = = __ﬁ_
0983 T 7T T
. |
07651 — ™ : |
P! |
I | [ |
|
oas— | | |
IR
0 1 2 3 4 :

Pucynok 5.1 — I'padik ¢pyHkuii poznoainy
MareMaTHuHe CHOAIBaHHSA, HUCIEPCiI0, CEpPeJHE KBaJApaTU4YHE BIAXHICHHS

004YnCcIUMO BiamoBiaHO 3a popmynamu (2.5), (2.18) i (2.15).

n
M(X)= Zxk p, =0-0,306+1-0,459+2-0,204 +3-0,03+4-0,001=0,961.
k=1

n
D(X)=>'xZp, - M2(X)=07-0,306+1% 0,459 + 2% -0,204 + 32 - 0,03+
k=1

+4%.0,001- (0,961)* = 0.637.
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(X) = /D(X) =0,798.

3agaua 2. BigoMi MOXIHBI 3HAY€HHS IUCKPETHOI BUMAJKOBOI BEIIMYMHH X:

X = 1, Xy = 2, X3 = 3, a TakoX BiOMi MaTeMaTH4Hi CIIOiBaHHS I[i€] BEINYUHH 1 il

kaapara: M (X)=2,3, M (X 2) =5,9. 3maiiTu HMOBipHiCTB, BiAMOBiAHY
MOJIMBMM 3HA4YEHHAM X.

Po3B’sa3anus.

Kopucryrounch TuM, IO cymMa HMOBIPHOCTEH yCiX MOMJIMBHX 3Ha4€Hb X
JIOPIiBHIOE OJMHMI, a Takoxk Oepyun no ysaru, mo M(X)=23, M (XZ) =509,

CKJI/IEMO CHCTEMY TPhOX JIHIMHUX PIBHSIHB 11010 HEBIIOMUX i1 KMOBIPHOCTEH:

P+ P2+ P3 =1

12.p,+2%-p, +3%-p; =59.
Po3B’sa3aB11K 110 cucremy, 3HaligeMo IIyKaHi MMOBIpHICTB:

pl :0,2, p2 :0,3, p3 20,5

3agaua 3. HemepepBHa BumNaJKoBa BedWYMHA X 3aJaHa IIUIBHICTIO PO3MOALTY

0, X< =3
f(x)=4c-x?, —3<x<0;.
0, x> 0.

Heobximno: 1) BusHauntH koedimieHT; 2) 3HaikTH dynkiio posmoginy F(X);

3) nobynysatu rpadikn f(X) i F(X); 4) o6uuciuty MmaremaTuuHe crojiBaHHs

M(X) . _ D(X). o
1 aucnepcio ; 5) 3HalTH MMOBIPHICTH TOTO, L0 BUIAJIKOBA BETUYMHA

HaOy/ie 3HaueHHs 3 iHTepBany (-2; -1).

Po3B’si3anns.

1) Hnsa BusHaueHHA koedimienTa C BUKOPUCTOBYEMO HACTYIHY BIACTUBICTh LIUIBHOCTI

po3moaLTy:

© -3 0 o0 X3 0

[ f()dx=[odx+c [x*dx+ [odx=c{ =9c.
—o0 —o0 -3 0 3 -3
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3Biacu 9c=1. Omxe C = 5

2) dyukuiro posnoxiny F (X) 3HAXOUMO TaKHUM YHHOM:
X
Ipu X<—-3 F(X)= Jde =0;
—0

Ipu —3<x<0

-3 X 3% 3
FO) = [odx+ [2xtdx==-X1 — L3 rany-14 2,
e 39 9 3|, 27 27
TR ! X 13
Ipn 0<x F(X)= J'de+J'—x2dx+J'0dx=—-— =1.
9 393
e o 3
0, X< -3
3
F(X)=<1+—, —-3<x<0;
27
1 x> 0.

3) mobynyemo rpadiku T (X) i F(X).

-3 0 -3 d
Pucynok 5.2 — I'padiku miisteHOCTI po3noaury Ta GyHKIIIT po3noainy

4) MatemaTuuHe CHOJIBaHHS 1 JUCHEPCII0 BUIAIKOBOI BENMUYMHH X OOYHCIIOEMO

BiAmoBiHO 3a popmymamu (2.7) 1 (2.18).

2 1 1 x4’ 9
M(X):jx-—-xzdx:—-— ==

.9 9 4 4

- -3

9,1 81 1 x5 81 27
D(x):sz-—-xzdx——z—-— _o-_ef

9 16 9 5|, 16 80

5) UMoBipHICTH TOTO, III0 BUMAAKOBA BeIU4YrHA X HaOy/e 3HaYEHHS 3 IHTEPBATY



(-2;-1) Bu3HAUaeMo 3a popmyioro (2.2):

1 8
P(-2<x<-)=F(-D)-F(-2)=(-)-U-)=

5.4 BapianTu iHIMBiAyaIbHUX 3aBAaHb 10 MoayJsa «MaTemaTu4Ha

CTAaTUCTUKA»

Jlaetbes BuGipka o6'emy N =100

7

27
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[TorpiOno: 1) moOynyBaTu CTaTUCTUYHMU psfA; 2) MoOyAyBaTU TiCTOrpamy, IMOJITOH

BITHOCHHX YacTOT, IOJIIFOH HAKOIMMYEHUX YacTOT; 3) OOUHMCIUTH BHOIPKOBE CEPEIHE,

JUCTIEPCIIO 1 cepeTHE KBaJlpaTUYHE BIIXWICHHS; 4) 3a FICTOrPaMOI0 BUCYHYTHU TiMOTE3y

PO 3aKOH PO3MOJULY TE€HepallbHOI CYKYIHOCTI (HOpMajbHH, piBHOMIpHHUI); 5) 3a

Joromororo kpurepiro [lipcoHa nmepeBipuTH BUCYHYTY TiIIOTE3Y.

Bapianr 1

3,75 1,88 3,31 5,05 2,07 1,13 6,35 3,78 4,47 4,4
3,89 5,16 2,97 4,34 5,4 3,08 -0,41 2,82 1,93 4,74
4,31 5,84 1,74 4,09 8,36 2,35 4,51 3,95 5,54 5,36
4,07 8,25 2,89 5,79 3,18 4,21 2,27 4,39 5,83 4,94
55 6,24 7,23 5,99 6,57 2,98 3,41 4,7 -0,19 | 4,06
4,25 1,57 6,89 4,84 4,75 3,81 3,78 3,05 2,61 4,5
4,45 2,25 6,52 5,17 2,76 6,89 4,51 4,43 3,19 3,29
7,58 9,79 2,88 5,84 6,45 6,61 5,66 4,29 6,64 5,61
5,39 6,47 4,17 3,46 5,58 4,33 7,27 2,71 7,13 3,3
9,17 4,99 8,21 4,73 3,24 14 3,78 481 3,4 4,0
BapianT 2

3,18 5,66 1,92 5,56 3,73 4,05 4,44 1,66 1,84 3,87
3,89 5,47 3,78 4,64 3,04 1,36 4,03 5,76 2,7 3,74
4,14 2,14 2,21 4,34 3,33 4,27 1,03 1,14 2,84 2,56
3,52 3,05 4,02 2,58 1,76 1,52 15 1,28 5,01 5,04
4,48 4,14 3,92 2,53 4,69 2,14 5,32 1,66 3,63 2,42
1,95 3,26 3,47 1,54 5,13 5,6 4,74 5,32 4,99 5,48
1,89 3,99 47 5,26 5,37 4,31 2,9 4,61 1,72 4,72
3,29 5,27 4,1 1,77 2,5 3,46 3,76 1,07 3,01 2,81
1,49 4,12 5,02 1,4 1,64 3,48 5,78 4,54 1,68 2,14
1,47 3,83 3,88 4,2 4,92 3,55 1,88 2,09 1,33 2,15
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Bapiant 3
0,24 4,14 -6,3 -1,82 -5,07 3,7 0,13 2,57 -0,15 | -1,73
-1,99 5,57 -0,09 -7,21 3,97 -0,21 -2,23 2,67 2,22 -1,64
0,22 -5,87 1,47 -6,55 -4,68 -1,48 1,65 -3,24 | 6,09 5,44
-3,28 5,15 3,12 0,91 -0,11 -7,97 -2,68 -4,85 | -6,59 | -3,94
-0,19 -4,66 6,47 2,06 -1,3 -3,81 -3,88 -2,48 | -191 | -149
-1,01 -5,6 -2,44 -3,66 -3,86 4,32 2,95 -4,37 10,88 -4,89
0,08 -2,06 0,55 -6,76 -0,69 -6,43 2,82 -0,97 | -16 6,56
7,14 -0,71 -4,76 2,38 1,39 -1,13 -1,81 0,31 0,82 -8,18
-0,29 2,57 -10,4 5,19 2,57 4,48 -2,33 2,06 2,7 4,88
-1,88 -0,83 6,05 1,93 -0,86 0,92 -1,14 4,27 0,92 -4,14
Bapianr 4
0,83 0,8 0,89 1,06 1,06 0,97 1,13 1,01 1,01 0,91
0,81 1,02 0,86 0,97 0,95 1,04 1,06 0,97 0,89 1,07
0,98 1,06 1,07 0,95 0,99 0,78 0,91 1,15 0,96 1
0,81 0,77 1,05 0,81 1,04 0,95 1,01 0,84 1 0,71
0,94 0,89 1,09 1,03 11 0,95 0,85 0,74 1,05 1,12
0,89 0,98 1,06 0,96 0,96 0,62 1,04 0,87 1,06 1,06
0,98 1,07 0,92 1,08 1,03 1,16 0,99 1,05 0,88 0,92
0,91 0,98 0,85 0,91 1 1,03 0,85 0,95 1,01 0,82
0,93 1,03 1,08 0,98 0,92 0,81 0,81 0,83 0,88 0,97
1,01 0,63 0,86 0,93 0,99 0,97 0,94 1,01 1,06 0,77
Bapianr 5
2,12 4,07 -1,15 1,09 -0,54 3,85 2,07 3,29 1,92 1,14
1 4,78 1,95 -1,61 3,99 1,9 0,88 3,33 3,11 1,18
2,11 -0,93 2,73 -1,27 -0,34 1,26 2,02 0,38 5,05 4,72
0,36 4,58 3,56 2,45 1,94 -1,99 0,66 -042 | -13 0,03
191 -0,33 5,23 3,03 1,35 0,1 0,06 0,76 1,05 1,25
1,5 -0,8 0,78 0,17 0,07 4,16 3,47 -0,18 | 2,44 -0,45
2,04 0,97 2,28 5,28 -1,38 1,66 -1,22 3,41 1,52 1,2
5,57 1,64 -0,38 3,19 2,7 1,44 1,09 2,16 2,41 -2,09
1,86 3,28 -3,19 4,59 3,29 4,24 0,83 3,03 335 | 444
1,06 1,59 5,02 2,97 1,57 2,46 1,43 4,14 2,46 -0,07
BapianTt 6
2,63 3,84 2,8 3,18 1,72 1,12 3,83 2,32 3,69 2,1
1,16 2,6 2,73 1,09 3,71 1,57 2,74 2,19 3,19 1,33
2,57 3,08 1,67 2,93 3,71 1,46 1,77 2,78 2,18 1,61
1,28 1,78 1,01 1,26 1,24 3,66 2,06 3,85 3,71 2,96
3,67 2,58 1,25 3,84 1,52 1,59 3,39 2,18 2,16 3,06
1,44 2,2 3,57 1,82 3,33 2,94 1,21 1,56 2,06 1,24
3,79 2,76 3,43 3,95 1,63 3,73 2,77 2,72 3,24 1,08
1,14 3,05 3,07 1,88 1,01 3,76 1,59 2,88 3,22 1,92
2,01 2,31 2,59 2,1 1,34 1,45 2,93 1,15 1,6 1,43
2,2 1,02 1,43 1,66 1,93 2,71 2,81 1,78 3,04 1,2
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Bapiant 7
-0,43 -0,67 -1,64 -0,33 -2,48 1,05 0,7 0,36 -0,98 | 185
0,32 0,6 -1,78 -0,31 0,81 0,71 0,95 -0,81 |08 -1

0,88 -0,77 1,89 0,14 -0,35 -0,99 -0,71 156 | 0,34 1,09
0,16 0,15 1,54 -0,96 0,55 -1,51 0,97 -1,57 | -0,53 | -0,21
0,03 -0,29 -0,15 0,88 0,71 -0,35 -0,84 167 |-0,13 | -0,39
-0,45 -1,58 -1,15 0,37 -1,02 0,28 1,42 383 1013 |-0,16
-0,64 -0,87 1,27 1,02 0,97 1,01 1,93 1,43 | -1,17 | 0,67
-2,79 -0,43 -0,54 0,31 0,08 -0,88 0,64 -0,68 | -0,9 -0,87
1,02 0,12 -0,55 -0,18 -0,35 -2,87 -0,55 -0,72 12,72 | -0,61
0,03 -0,41 -0,89 1,85 0,38 -5,51 0,42 11 -0,78 | -0,68

Bapianr 8
1,24 9,83 -2,46 9 2,54 3,34 4,37 -366 | -2,78 | 2,89
2,94 8,42 2,66 4,95 0,9 -5,66 3,3 10,94 | 0,02 2,58

3,58 -1,67 -1,41 4,09 1,59 3,91 -13,4 -8,66 | 0,37 -0,38
2,05 0,92 3,28 -0,33 -3,14 -4,43 -4,57 -6,48 |62 6,31
4,48 3,57 3,03 -0,46 511 -1,67 7,53 -3,66 | 2,32 -0,77
-2,35 1,42 1,93 -4,32 6,69 9,33 5,25 7,55 6,12 8,44
-2,58 3,19 5,15 7,23 7,79 4,03 0,53 4,86 -3,33 |52

1,49 7,32 3,47 -3,09 -0,54 191 2,64 -106 | 0,81 0,29
-4,68 3,53 6,24 -5,35 -3,78 1,96 11,21 4,66 -3,53 | -1,65
-4,78 2,79 2,92 3,74 5,88 2,11 -2,62 -184 | -594 | -1,63

BapianT 9

-4,15 -3,16 6,58 6,99 1,19 -3,65 1,99 2,37 | 4,05 3,58
-1,37 4,2 -6,62 2,22 1,96 4,49 5,97 -71,37 | 2,37 -2,12
3,58 -3,25 2,79 2,32 3,82 0,37 0,73 -2,94 1-2,13 | 3,01
3,26 -2,78 0,94 -2,66 -1,75 6,3 0,57 1,58 1,9 0,35

0,23 8,61 3,77 -1,76 0,42 -0,39 -1,21 -2,85 | 3,02 111
-0,06 2,52 5,26 1,58 2,15 5,63 -2,12 0,7 6,36 2,21
2,45 5,67 1,23 0,88 0,94 4,13 4,53 1,05 2,8 -1,22
-5,65 2,83 541 521 3,27 5,07 2,83 -0,53 | 041 1,42
2,68 4,56 -3,64 -3,79 -2,96 1,37 4,15 -3,09 | 2,58 1,09
-0,69 0,26 8,73 4,04 5,34 5,48 2,89 3,43 | 449 3,77

BapianT 10

2,9 0,68 3,45 3,17 2,14 0,33 3,83 2,32 3,69 2,1

2,78 1,24 1,23 2,36 3,12 3,42 2,74 2,19 3,19 1,33
2,62 0,85 0,11 2,28 0,79 1,23 1,77 2,78 2,18 1,61
0,39 1,94 1,56 2,69 3,19 1,89 2,05 3,85 3,71 2,96

0,2 1,76 0,12 0,04 3,4 0,77 3,39 2,18 2,16 3,06
1,86 2,42 3,43 1,37 2,51 3,98 1,21 1,56 2,06 1,24
2,91 1,6 1,61 3,08 2,47 2,99 2,77 2,72 3,24 1,08
2,72 3,37 2,45 3,48 1 0,7 1,59 2,88 3,22 1,92
1,49 2,49 3,5 2,9 3,15 11 2,93 1,15 1,6 1,43

0,2 0,21 2,38 3,58 2,86 3,36 2,81 1,78 | 3,04 1,2
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Bapianr 11

2,17 2,01 2,07 2,2 2,96 2,91 2,17 2,25 2,95 2,44
2,07 2,29 2,91 2,19 2,33 2,37 2,96 2,51 2,47 2,38
2,96 2,86 2,76 2,96 2,89 2,21 2,2 2,99 2,92 2,56
2,45 2,71 2,1 2,74 2,43 2,05 2,05 2,12 2,37 2,84
2,18 2,92 2,68 2,68 2,27 2,25 2,04 2,71 2,66 2,01
2,47 2,09 2,82 2,92 2,53 2,14 2,08 2,29 2,51 2,04
2,25 2,08 2,27 2,84 2,79 2,61 2,57 2,53 2,28 2,26
2,28 2,38 2,87 2,11 2,49 2,2 2,22 2,52 2,79 2,71
2,82 2,52 2,97 2,9 2,56 2,76 2,23 2,83 2,86 2,13
2,63 2,14 2,22 2,89 2,35 2,64 2,41 2,1 2,46 2,86
Bapiant 12

0,98 1,18 0,85 0,95 0,77 0,84 1,14 0,87 1,19 1
0,85 1,1 1,12 1,15 0,88 1,04 0,81 1 0,93 0,8
1,19 0,92 0,72 1,09 0,93 1,2 1,16 0,95 0,87 0,7
1,11 1,07 0,63 1,26 0,96 1,11 0,86 0,86 1,09 0,72
0,85 0,99 0,77 0,87 0,99 0,96 1,08 1 1,04 0,89
0,63 1,05 0,94 1,06 1,21 0,67 0,53 1,02 0,92 1,04
1,09 0,71 0,66 0,74 1,09 0,97 0,79 0,74 0,81 0,79
0,99 0,98 1,07 1,01 0,89 0,95 0,88 0,89 0,94 0,93
0,98 0,98 0,7 1,05 0,89 1,03 1,01 0,95 1,04 1,13
0,85 1,1 1,16 0,72 1,16 0,79 0,93 0,74 0,81 0,71
Bapiant 13

0,61 -3,08 -1,33 1,44 -2,67 -6,54 -2,47 0,31 2,79 2,15
-1,38 | 0,75 -1,91 -3,1 -2,25 6,55 -4,47 -4,26 | -2,22 | -3,47
-3,16 | -0,13 2,32 -0,48 -3,68 2,06 -2,51 -1,91 | -3,63 | -0,9
1,95 -0,96 -4,96 0,8 -6,36 -1,23 2,55 -3,51 | -2,38 | -3,24
-2,57 | -9,53 -0,84 -0,62 -1,66 -2,36 -1,45 -3,58 | 0,62 -3,32
4,25 0,43 -6,11 2,56 -0,98 -0,08 1,76 -0,7 -1,11 | -2,97
-6,09 | -1,57 1,92 2,39 -1,98 -5,97 1,69 -0,05 | 0,13 -2,76
3,58 1,22 0,81 -3,86 0,16 1,24 -2,59 -245 | 1,14 -8,5
6,17 -6,92 3,56 -1 0,67 -1,03 -5,18 2,86 0,51 -0,31
-1,7 -3,24 2,54 0,73 2,77 -3,51 -4,33 -3,34 | 0,32 -1,95
BapianT 14

0,75 -0,43 0,24 0,42 -0,77 -0,25 -0,16 1,69 0,02 0,52
0,22 1,67 0,8 -0,92 0,07 0,04 1,95 -0,02 | 0,45 -0,8
0,5 -0,91 0,43 0,36 0,23 0,99 0,78 0,71 1,51 1,95
1,62 -0,82 1,85 -0,59 -0,11 1,8 -0,6 0,04 0,62 0,85
1,34 -0,23 15 -0,36 1,23 -0,68 0,8 -0,13 | 0,71 0,1
0,77 -0,65 1,4 1,39 -0,83 0,67 0,07 1,77 0,92 1,58
-0,16 | 0,48 1,61 0,98 0,08 1,69 0,44 1,42 1,28 -0,27
1,62 -0,85 1,82 1,34 -0,52 1,62 1,84 1,06 -0,53 | -0,85
-0,1 0,01 1,83 1,53 -0,6 0,16 1,95 1,3 1,36 -0,48
1,6 0,55 -0,62 0,5 -0,46 1,02 0,54 1,17 0,32 -0,34
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Bapianr 15
-0,9 0,91 -0,25 1,01 1,93 1,16 0,45 1,39 0,08 1,09
2,09 -0,18 -0,45 0,18 -1,08 0,56 -1,9 -1,15 | 0,68 -0,3
0,3 0,51 -1,85 1,35 0,16 -0,07 1,75 0,01 0,43 -0,1
-3,46 | 0,83 -1,91 0,76 0,02 -0,28 -0,01 2,08 1,91 -1,81
1,74 -0,52 -2,22 0,6 0,63 -0,56 -0,51 -0,94 | 0,7 -1,51
-1,15 | 0,32 2,8 -0,15 0,3 3,03 1,69 -1 -0,67 | -0,3
-0,71 | -0,67 -0,75 2,5 2,33 -2,25 -0,98 0,43 -0,69 | -1,89
-1,5 0,55 0,32 0,27 -1,03 0,41 0,1 -0,88 | -0,49 | -1,72
0,59 2,15 -1,7 4,51 -1,44 0,43 1,6 -1,13 | 1,23 0,17
-1,06 | 1,07 3,95 0,15 -0,8 -1,37 0,23 0,33 -0,66 | -1,1
Bapianr 16
0,51 8,6 1,24 2,95 -3,45 -9,65 8,42 -0,71 | 6,44 -1,62
-86 | 041 0,93 -10,3 6,67 -4,36 0,95 -1,26 | 2,96 -6,29
0,3 2,45 -3,76 1,79 6,68 -5,12 -3,21 1,12 -1,3 -4,1
-6,77 -3,15 -16,3 -7,11 -7,32 6,13 -1,85 8,8 6,72 1,92
6,32 0,31 -1,24 8,7 -4,72 -4,24 4,07 -1,32 | -1,37 | 2,37
-5,29 -1,23 5,32 -2,91 3,73 1,8 -7,75 4,44 -1,81 | -7,34
7,84 1,04 4,37 11,96 -3,96 6,91 1,1 0,9 3,22 -10,7
-9,02 2,32 2,42 -2,65 -16,7 7,38 -4,2 1,56 3,13 -2,44
-2,04 -0,78 0,36 -1,63 -6,15 -5,19 1,78 -8,86 | -4,16 | -5,38
-1,23 -14,8 -5,38 -3,82 -2,38 0,84 1,27 -3,13 | 2,27 -7,88
Bapiant 17
2,15 2,18 1,42 1,69 -0,59 0,61 0,58 0,67 1,08 1,94
-0,67 1,54 0,45 -0,98 -0,89 1,63 0,27 2,11 -0,97 | -0,67
-0,45 1,38 2,9 1,42 0,04 2,78 2,41 -0,4 2,08 2,39
1,25 -0,22 2,58 0,16 -0,09 -0,99 -0,21 -065 | 2,88 0,44
1,53 -0,07 2,81 1,99 2,45 -0,8 0,88 0,89 2,62 -0,62
0,81 -0,04 -0,19 2,65 -0,81 0,69 0,73 0,33 -0,11 | -0,25
0,34 0,63 0,42 1,42 -0,78 1,42 0,68 1,46 0,91 2,65
0,13 0,09 0,16 2,14 -0,66 1,32 0,12 0,65 0,24 0,66
2,49 0,52 -0,6 1,17 2,85 1,49 0,35 0,76 2,37 0,37
2,47 -0,17 1,84 0,58 2,51 -0,98 2,8 -0,12 | 0,71 0,09
BapianT 18
-1,05 1,67 -3,57 -2,49 -1,26 -0,96 1,47 0,12 -283 | -1,2
2,52 -3,57 -2,32 -1,45 -1,45 -2,07 -1,44 -165 | -3,87 | -1,22
-4,01 1,83 -2,06 -3,77 -0,69 -3,15 2,3 -012 | -0,62 | 0,15
2,3 -1,15 0,25 -3,2 1,79 -1,62 1,19 -5,9 -3,16 | 5.12
-0,57 -3,56 -2,35 -3,78 -1,48 -2,8 2,05 -104 | -0,82 | -5,06
-3,01 -2,51 -2,23 1,18 2,44 0,56 1,17 -3,31 | -1,1 0,51
-1,66 -2,36 0,05 1,03 0,54 -0,77 0,21 -2,44 | 1,25 -3,58
-2,09 -2,51 -2,49 -1,6 -4,31 -0,67 -2,25 -1,54 | 1,77 -1,53
-2,05 -0,75 2,06 -1,6 2,63 -1,43 1,34 -3,05 |-3,83 | 147
-3,79 -1,96 -1,56 -3,23 -1,19 2,94 -1,32 0,13 -2,74 | -3,03
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BapianT 19

1,21 0,85 0,87 0,73 1,32 1,4 1,43 0,96 0,25 0,47
1,42 1,11 0,54 0,32 0,66 1,58 0,99 1,4 1,12 0,49
0,57 0,97 0,72 0,72 0,89 1,09 1,06 0,86 0,66 1,26
0,41 0,89 1,29 0,64 0,73 1 0,55 0,98 0,53 0,69
1,31 0,58 0,87 0,75 1,44 1,36 1,44 1,06 0,89 0,42
0,24 0,61 0,84 0,16 0,46 1,02 1,22 0,86 0,54 1,09
0,91 0,95 0,27 0,61 0,92 1 1 1,48 1,12 0,62
1,28 0,44 0,9 1,23 0,57 0,46 0,57 0,26 1,11 0,73
1,25 0,72 0,73 1,18 0,91 1,46 1,04 0,66 1,35 0,34
0,9 1,3 0,71 1,73 0,9 0,82 1,21 0,48 1,15 1,25

Bapiant 20

0,74 1,4 1,63 1,79 1,47 0,43 0,65 1,92 1 0,86
0,47 1,32 1,63 1,09 0,25 1,54 0,4 1,58 0,53 0,77
0,46 1,07 1,8 1,05 0,75 1,11 0,25 1,64 1,29 0,02
1,94 0,11 0,54 2 1,83 1,7 1,79 0,27 0,53 1,73
0,05 0,52 0,46 1,73 0,06 1,08 0,44 0,04 0,92 1,4
0,3 1,73 1,75 0,29 0,9 1,74 1,12 1,5 0,7 1,2
0,02 0,17 1,69 0,57 0,46 0,46 0,85 1,8 0,95 1,12
1,29 1,42 0,08 1,95 0,31 0,74 1,73 1,54 0,81 0,76
0,83 1,73 0,37 1,43 1 0,07 0,53 1,26 0,08 1,87
0,18 0,59 0,9 1,29 1,51 0,8 1,36 1,36 1,19 1,93
BapianT 21

1,26 0,86 0,52 0,84 0,85 0,62 0,81 0,75 0,94 0,82
1,15 1,09 0,78 1,12 0,97 0,52 0,52 1,3 1,19 0,82
1,12 0,85 0,59 0,71 0,78 0,94 1,01 1,33 1,05 0,56
1 0,76 0,92 0,64 0,6 0,96 1,08 1 0,79 0,74
0,71 1,04 1,01 0,96 0,66 0,99 0,94 0,77 0,64 0,81
0,95 0,51 0,66 0,85 1,27 0,61 1,11 0,81 1,2 1,27
0,97 0,81 1,02 0,75 1,11 1,08 0,99 0,7 1,36 1,33
0,89 1,18 1,01 1,04 0,92 0,84 0,84 0,56 1 0,65
1,13 1,38 0,46 1,19 1,12 0,76 0,62 0,55 1 1,09
0,71 0,68 0,41 0,9 0,94 0,67 1,1 1,02 0,45 1,23
BapianT 22

-1,77 0,3 2,08 -0,83 1,37 -0,2 1,11 -166 | 2,56 -2,55
0,32 -0,61 0,22 -1,75 0,63 1,77 2,52 1,83 -1,48 | 1,56
-3,61 -1,26 -2,39 4,61 2,68 2,84 0,44 0,37 -2,73 | 2,75
-2,33 0,24 -1,5 -1,09 5,69 -0,58 -3,18 0,5 0,55 3,17
1,12 0,7 2,06 -1,2 2,01 0,82 -0,04 3,1 -1,19 | -0,94
-2,99 -1,8 2,91 -3,83 1,44 -0,14 0,47 -161 | -0,24 |12
0,46 -2,6 1,97 0,62 1,36 1,27 0,4 1,89 1,05 -1,97
-1,04 1,28 -0,39 -2,83 0,21 -0,14 0,24 -0,66 | 0,94 1,55
-6,85 2,91 -0,89 0,55 -0,84 -0,38 -2,55 -0,39 | 3,01 -2,22
-3,8 -1,64 -0,9 4,87 2,88 -1,39 0,73 -191 | -254 | -1.24
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Bapianr 23

-1,42 0,05 -1,96 0,62 0,8 0,06 -1,73 1,89 0,22 0,66
0,46 2,2 -0,12 0,23 -2,03 1,05 -0,49 0,11 2,81 1,68
-0,19 0,5 -2,07 -1,04 1,19 0,37 0,19 -0,18 | 0,24 -1,17
0,06 -0,23 2,78 2,48 -0,68 -2,59 -2,52 -1,05 | -141 | 048
1,55 -0,98 -0,77 11 -0,44 1,04 -0,53 1,83 1,95 0,25

-1,81 0,83 0,02 -2,12 -1,2 0,06 0,92 0,6 022 |1,05

-0,49 -0,44 -0,89 -0,34 -0,73 1,03 0,32 -0,5 0,14 1083

0,58 0,11 0,69 -0,8 -0,95 0,93 1,92 -1,74 | -0,3 -0,77

-0,92 0,96 -1,84 -1,28 1,6 -0,11 2,41 0,16 -0,58 | -1,11

0,01 0,36 -0,28 0,47 -0,87 131 -0,94 1,37 [048 | -0,57

Bapianr 24

4,85 -7,94 9,22 6,72 0,71 -12,1 -2,63 4,22 2,98 3,86

4,09 -3,99 -4,08 1,83 6,33 8,88 -5,97 326 | 7,88 |-851

3,2 -6,55 -18,0 1,39 -7,01 -4,06 -5,99 0,71 9,59 -14,9

-11,1 -0,31 -2,21 3,6 6,85 -0,54 17,56 -143 111,72 | -19.8

-14,8 -1,21 -17,2 -22,9 8,99 -7,19 -18,8 -523 | -1.2 3,04

-0,72 2,15 8,99 -3,28 2,63 26,5 -8,6 9,22 |-3,01 |11.83

4,92 -2,0 -1,99 6,07 2,38 3,04 -23,4 -11,7 | -1,46 | -1,37
3,77 8,39 2,27 9,5 -5,48 -7,78 2,96 4,46 -35,2 | -5,69
-2,62 2,52 9,75 4,86 6,57 -4,85 -1,73 9,25 6,14 3,18
-14,7 -14,4 1,92 10,66 4,57 8,25 -11,5 -4,4 -11,6 | -18,8
Bapianr 25

3,7 0,34 2,74 0,98 7,46 0,09 2,77 4,23 3,79 2,28
4,34 3,34 10,54 -4,25 4,13 -0,27 4,73 4,84 5,82 5,58
4,59 7,59 3,38 4,36 5,62 -511 2,31 0,91 0,69 -0,14
-0,75 2,35 8,83 3,72 0,5 1,66 0,64 5,02 7,48 7,28
9,44 2,46 4,3 7,33 6,53 2,33 -1,44 -1,2 8,47 2,83
3,57 -1,64 3,04 2,9 1,57 -3,83 5,55 4,11 4,13 4,85
2,69 8,24 4,45 3,77 3,82 2,59 4,3 0,85 12,75 | -0,5

-1,57 1,83 0,75 2,38 3,73 1,6 -0,72 1,88 -0,82 | 1,68
-4,66 1,78 1,15 7,62 2,29 3,56 1,73 4,19 5,51 -1,63
7,79 0,05 8,55 1,17 2,76 8,41 5,45 -0,28 | 2,41 1,62
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Jonatok A
.
Tabmuns 3Ha4eHb QyHKITIT (p(X) =—— @ 2
N2
X 0 1 2 3 4 5 6 7 8 9

0,0 0,3989 3989 3989 3988 39986 | 3984 3982 3980 3977 3973

0,1 0,3970 3965 3961 3956 3951 3945 3939 3932 3925 3918

0,2 0,3910 3902 3894 3885 3876 3867 3857 3847 3836 3825

0,3 0,3814 3802 3790 3778 3765 3752 3739 3726 3712 3697

0,4 0,3683 3668 3653 3637 3621 3605 3589 3572 3555 3538

0,5 0,3521 3503 3485 3467 3448 3429 3410 3391 3372 3352

0,6 0,3332 3312 3292 3271 3251 3230 3209 3187 3166 3144

0,7 0,3123 3101 3079 3056 3034 3011 2989 2966 2943 2920

0,8 0,2897 2874 2850 2827 2803 2780 2756 2732 2709 2685

0,9 0,2661 2637 2613 2589 2565 2541 2516 2492 2468 2444

1,0 0,2420 2396 2371 2347 2323 2299 2275 2251 2227 2203

11 0,2179 2155 2131 2107 2083 2059 2036 2012 1989 1965

1,2 0,1942 1919 1895 1872 1849 1826 1804 1781 1758 1736

1,3 0,1714 1691 1669 1647 1626 1604 1582 1561 1539 1518

1,4 0,1497 1476 1456 1435 1415 1394 1374 1354 1334 1315

15 0,1295 1276 1257 1238 1219 1200 1182 1163 1145 1127

1,6 0,1109 1092 1074 1057 1040 1023 1006 0989 0973 0957

1,7 0,0940 0925 0909 0893 0878 0863 0848 0833 0818 0804

18 0,0790 0775 0761 0748 0734 0721 0vo7 0694 0681 0669

19 0,0656 0644 0632 0620 0608 0596 0584 0573 0562 0551

2,0 0,0540 0529 0519 0508 0498 0488 0478 0468 0459 0449

2,1 0,0440 0431 0422 0413 0404 0396 0387 0379 0371 0363

2,2 0,0355 0347 0339 0332 0325 0317 0310 0303 0297 0290

2,3 0,0283 0277 0270 0264 0258 0252 0246 0241 0235 0229

24 0,0224 0219 0213 0208 0203 0198 0194 0189 0184 0180

2,5 0,0175 0171 0167 0163 0158 0154 0151 0147 0143 0139

2,6 0,0136 0132 0129 0126 0122 0119 0116 0113 0110 0107

2,7 0,0104 0101 0099 0096 0093 0091 0088 0086 0084 0081

2,8 0,0079 0077 0075 0073 0071 0069 0067 0065 0063 0061

29 0,0060 0058 0056 0055 0053 0051 0050 0048 0047 0046

3,0 0,0044 0043 0042 0040 0039 0038 0037 0036 0035 0034

3,1 0,0033 0032 0031 0030 0029 0028 0027 0026 0025 0025

3,2 0,0024 0023 0022 0022 0021 0020 0020 0019 0018 0018

3,3 0,0017 0017 0016 0016 0015 0015 0014 0014 0013 0013

3,4 0,0012 0012 0012 0011 0011 0010 0010 0010 0009 0009

3,5 0,0009 0008 0008 0008 0008 0007 0007 0007 0007 0006

3,6 0,0006 0006 0006 0005 0005 0005 0005 0005 0005 0004

3.7 0,0004 0004 0004 0004 0004 0004 0003 0003 0003 0003

3,8 0,0003 0003 0003 0003 0003 0002 0002 0002 0002 0002

3,9 0,0002 0002 0002 0002 0002 0002 0002 0002 0001 0001
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Jonarok b
X 22
1 .75
Ta6mmis 3navens GyHkmii Jlamaca q)(X) =— J e dz
N2 0

X elx) |[* Jelx) [ X jex) | X D(x) | X D(x)
0,0 0,0000 0,51 0,1950 1,02 0,3461 1,53 0,4370 2,14 0,4838
0,01 0,0040 0,52 0,1985 1,03 0,3485 1,54 0,4382 2,16 0,4846
0,02 0,0080 0,53 0,2019 1,04 0,3508 1,55 0,4394 2,18 0,4854
0,03 0,0120 0,54 0,2054 1,05 0,3531 1,56 0,4406 2,20 0,4861
0,04 0,0160 | 0,55 |0,2088 | 1,06 | 0,3554 | 1,57 0,4418 | 2,22 0,4868
0,05 0,0199 | 0,56 |0,2123 | 1,07 | 0,3577 | 1,58 0,4429 | 2,24 0,4875
0,06 0,0239 | 0,57 |0,2157 | 1,08 |0,3599 | 1,59 0,4441 | 2,26 0,4881
0,07 0,0279 | 0,58 |0,2190 | 1,09 | 0,3621 | 1,60 0,4452 | 2,28 0,4887
0,08 0,0319 0,59 0,2224 1,10 0,3643 1,61 0,4463 2,30 0,4893
0,09 0,0359 0,60 0,2257 1,11 0,3665 1,62 0,4474 2,32 0,4898
0,10 0,0398 0,61 0,2291 1,12 0,3686 1,63 0,4484 2,34 0,4904
0,11 0,0438 0,62 0,2324 1,13 0,3708 1,64 0,4495 2,36 0,4909
0,12 0,0478 0,63 0,2357 1,14 0,3729 1,65 0,4505 2,38 0,4913
0,13 0,0517 0,64 0,2389 1,15 0,3746 1,66 0,4515 2,40 0,4918
0,14 0,0557 0,65 | 02422 | 1,16 |0,3770 | 1,67 0,4525 | 2,42 0,4922
0,15 0,0596 0,66 0,2454 1,17 0,3790 1,68 0,4535 2,44 0,4927
0,16 0,0636 0,67 0,2486 1,18 0,3810 1,69 0,4545 2,46 0,4931
0,17 0,0675 0,68 0,2517 1,19 0,3830 1,70 0,4554 2,48 0,4934
0,18 0,0714 0,69 0,2549 1,20 0,3849 1,71 0,4564 2,50 0,4938
0,19 0,0753 0,70 0,2580 1,21 0,3869 1,72 0,4573 2,52 0,4941
0,20 0,0793 0,71 0,2611 1,22 0,3883 1,73 0,4582 2,54 0,4945
0,21 0,0832 0,72 0,2642 1,23 0,3907 1,74 0,4591 2,56 0,4948
0,22 0,0871 0,73 0,2673 1,24 0,3925 1,75 0,4599 2,58 0,4951
0,23 0,0910 0,74 0,2703 1,25 0,3944 1,76 0,4608 2,60 0,4953
0,24 0,0948 0,75 0,2734 1,26 0,3962 1,77 0,4616 2,62 0,4956
0,25 0,0987 0,76 0,2764 1,27 0,3980 1,78 0,4625 2,64 0,4959
0,26 0,026 | 0,77 |0,2794 | 1,28 |0,3997 | 1,79 0,4633 | 2,66 0,4961
0,27 0,064 | 0,78 |0,2823 | 1,29 | 0,4015 | 1,80 0,4641 | 2,68 0,4963
0,28 0,103 | 0,79 |0,2852 | 1,30 | 0,4032 | 1,81 0,4649 | 2,70 0,4965
0,29 0,1141 0,80 0,2881 1,31 0,4049 1,82 0,4656 2,72 0,4967
0,30 0,1179 0,81 0,2910 1,32 0,4066 1,83 0,4664 2,74 0,4969
0,31 0,217 | 0,82 |0,2939 | 1,33 | 0,4082 | 1,84 0,4671 | 2,76 0,4971
0,32 0,1255 0,83 0,2967 1,34 0,4099 1,85 0,4678 2,80 0,4974
0,33 0,1293 | 0,84 |0,2995 |1,35 | 04115 | 1,86 0,4686 | 2,84 0,4977
0,34 0,1331 | 0,85 |0,3023 |1,36 | 0,4131 | 1,87 0,4693 | 2,88 0,4980
0,35 0,1368 | 0,86 |0,3051 | 1,37 | 04147 | 1,88 0,4699 | 2,92 0,4982
0,36 0,1406 | 0,87 |0,3078 | 1,38 | 0,4162 | 1,89 0,4706 | 2.96 0,4985
0,37 0,1443 0,88 0,3106 1,39 0,4177 1,90 0,4713 3,00 0,4986
0,38 0,1480 0,89 0,3133 1,40 0,4192 1,91 0,4719 3,20 0,4993
0,39 0,1517 0,90 0,3159 1,41 0,4207 1,92 0,4726 3,40 0,4996
0,40 0,1554 0,91 0,3186 1,42 0,4222 1,93 0,4732 3,60 0,4998
0,41 0,591 | 0,92 |0,3212 | 1,43 | 0,4236 | 1,94 0,4738 | 3,80 0,4999
0,42 0,1628 | 0,93 |0,3238 | 1,44 | 04251 | 1,95 0,4744 | 4,00 0,4999
0,43 0,1664 | 0,94 |0,3264 | 1,45 | 0,4265 | 1,96 0,4750 | 4,50 0,4999
0,44 0,700 | 0,95 |0,3289 | 1,46 | 0,4279 | 1,97 0,4756 | 5.00 0,4999
0,45 0,1736 | 0,96 |0,3315 | 1,47 | 0,4292 | 1,98 0,4761

0,46 0,1772 0,97 0,3340 1,48 0,4306 1,99 0,4767

0,47 0,1808 0,98 0,3365 1,49 0,4319 2,00 0,4772

0,48 0,1844 0,99 0,3389 1,50 0,4332 2,02 0,4783

0,49 0,1879 1,00 |0,3413 | 1,551 | 0,4345 | 2,04 0,4793

0,50 0,1915 1,01 |0,3438 | 152 | 0,4357 | 2,06 0,4803
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JNonarok B — Tabnuug 3nauens 8= t(B,n)

n | =09, =099 n £=095 | =099
5 |2,78 4,60 20 2,093 2,861
6 |257 4,03 25 2,064 2,797
7 1245 3,71 30 2,045 2,756
8 |[237 3,50 35 2,032 2,720
9 231 3,36 40 2,023 2,708
10 | 2,26 3,25 45 2,016 2,692
11 | 2,23 3,17 50 2,009 2,679
12 12,20 3,11 60 2,001 2,662
13 | 2,18 3,06 70 1,996 2,649
14 | 2,16 3,01 80 1,991 2,640
15 | 2,15 2,98 90 1,987 2,633
16 | 2,13 2,95 100 1,984 2,627
17 | 2,12 2,92 120 1,980 2,617
18 | 2,11 2,90 0 1,960 2,576
Jlonarok I' — ta6auns snauens 4 = (3, )

n| =09, 4=099n £=095| =099
5 | 1,37 2,67 20 0,37 0,58
6 | 1,09 2,01 25 0,32 0,49
7 10,92 1,62 30 0,28 0,43
8 10,80 1,38 35 0,26 0,38
9 [071 1,20 40 0,24 0,35
10 | 0,65 1,08 45 0,22 0,32
11 | 0,59 0,98 50 0,21 0,30
12 | 0,55 0,90 60 0,188 0,269
13 ] 0,52 0,83 70 0,174 0,245
14 10,48 0,78 80 0,161 0,226
15 | 0,46 0,73 90 0,151 0,211
16 | 0,44 0,70 100 0,143 0,198
17 | 0,42 0,66 150 0,115 0,160
18 | 0,40 0,63 200 | 0,099 0,136




. . 2
Jonarok /| — KpUTHYHI TOYKHU PO3NOALLY Y
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Ywucio PiBeHs 3Ha4YHOCTI O Yucio PiBeHb 3Ha4YHOCTI X
CTyIEHIB 0,01 0,025 0,05 CTyIEHIB 0,01 0,025 0,05
cBOOOIHN cBo0OIN

1 6,6 50 3,8 11 24,7 21,9 19,7
2 9,2 7,4 6,0 12 26,2 23,3 21,0
3 11,3 9,4 7,8 13 27,7 24,7 22,4
4 13,3 11,1 9,5 14 29,1 26,1 23,7
5 15,1 12,8 11,1 15 30,6 27,5 25,0
6 16,8 14,4 12,6 16 32,0 28,8 26,3
7 18,5 16,0 14,1 17 33,4 30,2 27,6
8 20,1 17,5 15,5 18 34,8 31,5 28,9
9 21,7 19,0 16,9 19 36,2 32,9 30,1
10 23,2 20,5 18,3 20 37,6 34,2 31,4
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