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HEPE/IMOBA

Teopist UMOBIPHOCTEW Ta MaTEMAaTUYHA CTATUCTUKA 3aiiMa€e BaXJIMBE
MICIIE Y HAaBUAJIbHOMY MPOIIEC], OCKUIbKH opmye 0a30Bi 3HaHHS y cepi
3aCTOCYBaHHS HMOBIPHICHO-CTATUCTUYHOIO arapara, BUBYCHHS
3aKOHOMIPHOCTEH y MAacOBHX BHIIQJIKOBUX SBHUINAX, BHU3HAYCHHS iX
AMOBIpHICHUX XapaKTEpPUCTUK 3 METOI 3aCTOCyBaHHS [I0 aHaji3y
CKOHOMIYHUX SIBUIIl Ta TMPOTHO3yBaHHA. JlucuuIuiiHa TOKJIMKaHA
chopmyBaT y 3700yBauiB HEOOXIJHUN OOCSAT MPAKTUYHUX HABUKIB 3
BUKOPHCTaHHS 3HAaHb 3aKOHOMIPDHOCTEH  BHNAAKOBUX  SIBHIN,  iX
BJIACTUBOCTEW Ta Omepallii HaJl HUMHU, MOJIEJIEeH BUMAJKOBUX IPOIIECIB Ta
Cyd4acHHMX IIPOTpaMHHUX  CEPEIOBHUIN IS  pPO3B’SI3yBaHHSA  3ajad
CTaTUCTUYHOT 0OPOOKM JaHUX 1 TOOYA0BU MPOTHO3HUX MOJECIICH.

Teopis WMOBIpHOCTEH Ta MaTeMaTHYHA CTAaTUCTHKA Ma€ Baromi
3aCTOCYBaHHS B MOJICJIFOBaHHI 1H(POPMAIIMHUX MOTOKIB B BEJUKUX 0a3ax
naHux. JlaHa OCBITHA KOMIIOHEHTA BHUCBITIIIOE (PyHIaMEHTaIbHI MTUTAHHS
Teopli WMOBIPHOCTEM 1 MaTeMaTH4YHOI CTAaTHUCTUKH, 1X poji 1 cdepu
3aCTOCYBaHHSl y Cy4aCHOMY CYCHIJIbCTBI, ONAaHYBaHHS SIKUX JO3BOJISIE
chopMyBaTd BHU3HAUCHY CHUCTEMY KOMIIETEHTHOCTEM Ta JIOCATTH
OUIKYyBaHUX PE3yJIbTaTIB HABYAHHS 3 AUCIUILIIHA

MeTor0 AaHOrO BHJAHHS € O3HAMOMIICHHS 3700yBaviB BUIIIOT OCBITH
(a TakoX ycCiX 3alikaBlieHHX (axiBIiB) 3 OCHOBHUMHU TMOHSATTAMHU
KOMOIHATOPUKH, OCHOB TEOpid WMOBIPHOCTEH, Teopli OLIHIOBAHHS

HEBIJIOMUX TapaMeTpiB, MEPEBIPKM CTATUCTUYHUX TiMOTE3, E€JIEMEHTIB



KOpEIAIIHO-PErpeciiHoro  aHajily, METOJaMH, TeopeMaMH  Ta
dbopMynaMu Teopii UMOBIPHOCTEM Ta MAaTEMaTUYHOI CTATUCTUKH.

Y Kypcl JIeKIii BHU3HA4YE€HI OCHOBHI 3acaJy MaTeMaTU4YHOI
CTaTUCTUKH, S5IKAa BHUKOPUCTOBYETHCS ISl TOOYJOBHM 1 TEPEBIPKU
MaTeMaTHYHHUX Mojiese. I MeTou po3IIHPIOIOTh MOKIIMBOCTI HAYKOBOTO
nepeAdadyeHHs 1 palloHAIbHOrO MPUKWHATTS pIlIEHb y 0araThboX 3a/ayax,
1€ CYTTEBI MapaMeTpu HE MOXYTh OyTH BHU3HA4Y€HI a00 KOHTPOJbOBaHI 3
JIOCTaTHHOIO TOYHICTIO. MaTreMaTH4Ha CTaTHCTHKA BHKOPUCTOBYETHCS B
KOMIT FOTEPHUX HayKax i aHalli3y JaHWX, MAaIIMHHOTO HaBYaHHS,
MITY4YHOTO 1HTEJIEKTY, 00pOOKH 300pakeHb, KOMIT FOTEPHOTO 30pYy, aHAIII3Y
Mepex 1 0aratbox 1HIIUX 00JIacTei.

OnaHyBaHHS TeM JUCHUIUIIHA A03BOJIsIE CPOpMyBaTH y 37100yBayiB
BUIIOI OCBITH BH3HAYCHY CHCTEMY KOMIIETCHTHOCTEH Ta JIOCSATTH
OUIKyBaHHUX PE3YJIbTaTIB HABYAHHS.

HapuanbHe BHJaHHA CKJIAQJIEHO HA OCHOBI psay  BIIOMHUX
HiPYYHUKIB 1 MOCiOHUKIB, 30Kkpema [1,2,4,5,6,16,23].

3arajjoM BUBYCHHS Teopii WMOBIpHOCTEH Ta MaTreMaTH4HA
CTaTUCTHKA CIPHUATUME PO3BUHEHHIO CHEI[labHUX KOMIIETEHTHOCTEH Yy
raixy3i 1HQOpMaIHHUX TEXHOJIOT1M, BUKOPUCTOBYETHCS B KOMIT FOTEPHHUX
HayKax JUisl aHali3y JaHUX, MAIIMHHOTO HaBYaHHSA, IITYYHOI'O 1HTEJEKTY,
00poOKU 300pakeHb, KOMII IOTEPHOTO 30Dy, aHaII3y MEpex 1 0aratbox

IHIIUX 00JIaCTEM.
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TEMA 1. BUIIAAKOBI HOI[Iiu, OCHOBHI HOHATTA 1
TEOPEMM TEOPII UMOBIPHOCTEM

[1man
1. BuxiJHi MOHATTA T€Opli UMOBIPHOCTEM
2. Knacudikarist momii.
3. Kitacuune, reomerpuuHe, CTAaTUCTUYHE O3HAYEHHSI MIMOBIPHOCTI.
4. EneMeHTH KOMOIHAaTOPUKH B TEOP1i KIMOBIPHOCTEM.

1. BuxigHi MOHATTA Teopil HMOBIpHOCTEH

Teopia umogipnocmenr — 1€ poO3aUT MaTEMaTHKU, 10 BHUBYAE
MaTeMaTU4YHI MOJIEJIl BUITAJIKOBUX SIBUII PEATILHOTO CBITY.

BuxigHumMu  MOOHATTAMM  TEOpil  HUMOBIDHOCTEH €  TOHATTS
CTOXaCTUYHOI'0 BUIIPOOYBaHHs (200 €KCIEPUMEHTY), BUTIAJIKOBOI MOl Ta
WMOBIPHOCTI BUMAKOBOI MOIi1.

BunukHeHHs1T Teopii MMOBIPHOCTEH CHpPUYMHEHE KOMOIHATOPHUMU
3aa4yaMy a3apTHUX 1rop 1 OOyMOBJIEHE CHNpPO0O0I0 1X TEOPETUUHOTO
oo0rpyHtyBaHHs, BiiHOCUThCA 10 X VI-XVII cT. 1 noB's3ane 3 imeHamu JIx.
Kapnano, b. Ilackamsa, X. Trwiirenca, II. ®depma. HaltictoTHimum
JTOCSATHEHHSIM IbOTO mepiony € BiakputTTsa S1. bepHyi 3aKkoHY BEIHKHX
quce.

Jpyruil mepioa pO3BUTKY Teopli HWMOBIPHOCTEH BIJHOCUTBHCA O
XVII-XIX cT. 1 nmoB'szanuii 3 imeHamu Jlammaca, ['aycca, Myaspa,
Ilyaccona, bynskoBchbkoro ta iHmux. IIpore, sik mMaTeMaThyHa Hayka,
Teopis HWMoBIpHOCTeM chopmyBanacss Ha Mexi XIX-XX CT. 3aBIdKd
npaigiMm I1. JI. Yebummesa, O. M. JlsnyHoBa, A. A. Mapkoga, P. Mizeca.

Ilpeomemom meopii iimosipnocmeit € BUBYCHHS I1MOBIPHICHHUX
3aKOHOMIPHOCTEH MaCOBHUX OJHOPIAHUX BUITAAKOBHUX ITOIIH.

[TocnitoBHICTE omepaliiii, BUKOHYBAaHMX 3 JOJICp)KAaHHSAM IIE€BHOIO
KOMILUIEKCY YMOB, HAa3UBalOTh eKcnepumenmom, (10CiigoM, crupoOoro,
BUIPOOYBAHHSM).

Hacmigok Oy1b-sIKOro eKCIepuMeHTY Ha3UBalOTh HOOIEl0.

ExcriepuMeHT He OOOB'S3KOBO Ma€ BUKOHYBAaTH JIIOAWHA. BiH MoOXe
3MIMCHIOBATUCS HE3aJCKHO BiJ HEl, CKaXXiMO Komm'torepoMm. JlroguHa B
TaKOMy pa3l € crocTepiradeM, KOTpuid (ikCye HACHIJOK EKCIEPUMEHTY —
HO/IIIO.



2. Knacudikauist moaiii

ITonii MOAUISIIOTBCS HA  BIPO2IOHI(OOCMOBIPHI), HEMOJNCIUBL Ta
BUNAOKOBL.

Sxo B pe3yabTaTi €KCIEPUMEHTY, 3MIMCHIOBAHOTO 3 JOJICp>KaHHSIM
MEBHOIO0 KOMIUIEKCY YMOB, TI€BHA IMOJisi OOOB'SI3KOBO HAacTa€, TO BOHA
HA3UBAETLCS  GIPOCIOHOI0(00cmogipHoio). BiporiqHa mojais IO3HAYAEThCS
CHMBOJIOM £ («OMeray).

[lomiss  HA3MBAETHCS  HEMOMCAUBON, SKIIO B Pe3yJbTaTi
EKCIIEPUMEHTY, MPOBEJICHOTO 3 JI0JACP>KaHHSIM IMEBHOIO KOMILUIEKCY YMOB,
BOHA HE HacTae Hikojau. HemokimBa mopis MO3HAYAETHCS CHUMBOJIOM )
(MOPO>KHSI MHOXKHHA).

[Toxist HA3UBAETHCS UNAOKOBOIO, SIKIIIO 32 TIEBHOTO KOMILIEKCY YMOB
y pe3yibTaTi eKCIIEPUMEHTY BOHA MOYKE HACTaTH a00 HE HACTATH 3aJICIKHO
B Mii YMCJIEHHUX JpiOHUX (AKTOPIB, ypaxyBaTu sIKI JOCHITHUK HE B
3MO31.

Bunankosi nmomii mo3HadaroTh cuMBoiaMu A,B,C, ... abo A1, Ao,
As,...,Ax;B1,B>,...,By.
OTtxe, BUIIAIKOBI ol IOB's13aH1 EKCIIEpUMEHTAMU

(BUMpOOYBaHHSIMM ), HACTIJKH SIKMX € HEOTHO3HAYHUMHU.

ITonii A 1 B Ha3UBAKOTLCS HECYMICHUMU, SIKIIIO TIOSIBA OJHIET 3 HUX
BUKJIIOYAE TOSIBY 1HINIOI B OJTHOMY 1 TOMY K BUIIPOOYBaHHI.

[Toxnii A 1 B Ha3uBalOThCS CyMiCHUMU, KO MOSBA OJHIET 3 HUX HE
BUKJTIOYA€ MOKJIMBOCTI IMOSIBY 1HIIIOI B OTHOMY 1 TOMY K BUIPOOYBaHHI.

[Tonii Ha3UBAIOTHCA €OUHOMOMCAUBUMU, SKIIO TOSBA B pe3yibTaTi
BUMPOOYBaHHS OJIHIET 1 TIILKU OJHIET 3 HUX € JIOCTOBIPHOIO IMO/IIETO.

[lomii A1, A2,,. An Ha3UBAIOTHCS PIBHOMONCAUBUMU, SIKIIO 32
BUKOHAHHSI TEBHOTO KOMIUIEKCY YMOB Yy KOXHOI 3 HHX € OJHaKoBa
MO>KJIMBICTD B1AOyTHCS a00 HE BiIOyTHCS

3. KiaacuyHe, cTaTHUCTHYHE, TeOMETPUYHE O3HAYEHHS
HMOBIPHOCTI

moipricTio P(A) monmii A Ha3WMBAIOTh BiJHONIGHHA YHCIA 71
eJIEMEHTApHUX PE3YJIbTaTIB BUIIPOOYBaHHS, CIPUSITIMBUX MOSBI 11€1 MOI1
0 YUClia 1 YCIX €IUHOMOXJIMBUX Ta PIBHOMOMJIMBUX €JEMEHTapHHUX
pe3yibTaTiB BUPOOYBaHHS: P(4) = f

Baacmueocmi iimogipnocmi:
1. Sxmro nmomist 4 - mocToBipHa, TO P(A)=1.
2. SIxmo moxist A - HemokimBa, To P(A4)=0.
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3. SMxmo momis A - BUIIaAKOBa, TO ii WMOBIPHICTH 3aJ0BOJIHHSIE

HEPIBHICTh
0<PMA) <1

BukopucTtanHg KJIaCMYHOrO O3HAYEHHS J0 3a7ad MPUPOJHUAYO-
HAayKOBOTO 200 €KOHOMIYHOTO XapaKTepy HE 3aBXKIA MOXJIMBO 3 PI3HUX
OpUYMH. 30KpeMa, 4acTO HEMOXKJIMBO IMOJATH Pe3yJbTaT €KCIEPUMEHTY
K CYKYIHICTh TOJIH, SIKI MOX- Ha Oyji0 O BBa)XaTu PIBHOMO>KJIMBUMHU.
Hanpukian, 3 mMipkyBaHb CUMETpIi, Ha SKHUX TIPYHTYIOTbCS MipKyBaHHS
PO PIBHOMMOBIPHICTb MO/I1id, BABECTH MMOBIPHICTh TOT'O, 1110 HAPOKEHA
TUTHUHA OyJia XJIOMYMKOM, HEMOKJIMBO.

3 1i€l NPUYUMHUA TOpsiA 3 KJIACUYHUM BHU3HAYEHHSM KMOBIPHOCTI
KOPUCTYIOTHCSI TaKOX  CTaTUCTUYHUM  BU3HAYEHHSIM  HWMOBIPHOCTI,
npuiiMarouu 3a UMOBIPHICTb TOJIT ii BITHOCHY 4acTOTY.

Bionocna uwacmoma nooii - [le BiJHOILIEHHS m — YHCJa
BUIIPOOYBaHb, B SKUX BimOymacsa momis A4 0 N - 3arajJbHOTO YKCIIA
BUITPOOYBaHb.

TobT0

m”
P(4) = —

n*

Cmamucmuune 03HAYEHHA ﬁmoeipuocmi. qI/ICJ'IO, HAaBKOJIO SKOI'O
IPyNyIOTHCS BiAHOCHI YaCTOTH MOJIi A, 3a BEJIMKOI'0 YKCJIa EKCIICPHUMEHTIB
HA3UBAETHCS UMOBIpHICIIO nodii A 1 mo3HavYaeThes P(A).

Knacudyne o3Ha4eHHs WMOBIPHOCTEH  BHUKOPUCTOBYETBCS  JIMIIE IS
EKCTIEPUMEHTIB 3 OOMEKEHUM YHCIIOM DPIBHOMIPDHHMX €JIE€MEHTapHUX TOJii, TOOTO
KOJIM TIPOCTIp eJIeMEHTapHUX MOJIIH 0OOMEKESHHM.

JIJIsT MaTeMaTUIHOTO OTHCY JOCTiAY 3 HeCKIHYCHHUM YHCIIOM PiBHOMOKITHBHUX
pe3yIbTaTiB BUKOPUCTOBYIOTh T€OMETPUYHE O3HAUCHHSI TMOBIPHOCTI

TI'eomempuunorw Hazusaemvca UMOGIPHICMb BUMNAIKOBOI MOAIl A,
sKa IOPIBHIOE BiHOIIEHHIO MipHu ¢ 10 Mipu G, ToOTO

__ mesg
P(A) " mesG '
ne mes g i mes G — Mipu (JIOBXXHHH, TLIOII, 00’ emMu) obacteit

g ta G.

4. EneMeHTH KOMOIHATOPMKH B TeOpii HMOBipHOCTEi
Ilepecmanosékamu 13 N €IEMEHTIB HA3MBAIOThCS CYKYIIHOCTI 71
CJIEMEHTIB, 110 BIAPIZHAIOTHCS TOPSAJIKOM po3TanryBaHHs. KiIbKiCTh
MO>KJIMBHUX TEPECTAHOBOK 13 7 €JIEMEHTIB 3HaXOAUTHCS 32 (POPMYIIOI0
P, =nl
8



JloOyToK mepimx N HATypaJIbHUX YMCENT HA3UBAETHCS ghakmopianom i
no3HavaeTecsa n/= 1-2-3-...-n; 0! =1.

Po3mimennamu 3 n €IEMEHTIB 1O m €JIEMEHTIB Ha3WUBAIOTHCS
CYKYIIHOCTI, CKJIaJIeHI 3 m €JI€MEHTIB, BUOPAHUX 13 JIaHWUX 7 €JIEMEHTIB, SIKI
BIIPI3HAIOTHCSL TOPSIAKOM, PO3TalllyBaHHA Ta CKJIAJOM €JIEMEHTIB.
KinbKicTh MOKIIMBHX PO3MIILIEHb 3HAXOAUTHCS 32 (POPMYJIOIO

!
mo_ .
Ay =

Cnonyuennamu 13 n €JIEMEHTIB II0 m €JIIEMEHTIB Ha3UBaIOThHCS
CYKYITHOCTI, CKJIQJICH1 3 7 €JIEMEHTIB, BUOpaHUX 3 JaHUX 7 €JIEMEHTIB, 1110
BIIPI3HAIOTHCS TIJILKU CKJIAJIOM €JIEMEHTIB, MOPSIAOK 1X pO3TaIllyBaHHS HE
Ma€ 3HAYCHHSI.

KiabpKicTh MOKIIMBHX CITOTYYEHb 3HAXOIUTHCS 32 (OPMYJIOHO
n!

(n—m)!

m - —
n m!(n—m)!

TEMA 2. OCHOBHI TEOPEMHM UMOBIPHOCTEM
I11an

1. Cyma noiii.

2. TeopeMa J10oJ1aBaHHS KMOBIPHOCTEW HECYMICHUX MOI1i
3. YMOBHa IMOBIPHICTb

4. Teopema MHOXEHHSI UMOBIPHOCTEH HE3aJICKHUX MOIIN

1. Cyma noaii

Ilpunyun cymu. Slkmo muHoxkmHa A mictuth  N(A)=Nn ememeHTIB,
mHokuHa B-N(B)=m enemenri, a ANB=0, Toai MmHOXnHA A+B (AUB)
MicTuth N(A+B)=n-+m eneMeHTIB.

Bunanxosi momii A 1 B Ha3UBAIOTh 3aA/1€HCHUMU, SKIIIO NOSIBA OHIET
3 HUX (A abo B) BrmMBae Ha WMOBIPHICTh MOSBH IHILIOI. Y MPOTUBHOMY
pasi BUNajakoBi mojii 4 1 B HA3UBAIOTHCS He3aA1eHCHUMU.

Cymoro A+B nBox moxiii A Ta B Ha3uBaroTh Moit0, SIKa IMOJATAE B
rosiBi moii A a6o moxii B, a60o 000X 1iux moii.

Cymoiro OeKinbkox nooill HAa3WBAIOTh TOJII0, sIKa TOJISITAE B TOSBI
xo4da O OJHI€ET 3 IUX TTOIH.



2. Teopema nogaBaHHs iiMOBiIpHOCTEH HeCyMiCHMX MO

Teopema gopaBaHHsi MMOBIPHOCTEM  HECYMICHHMX  MOJiil.
ﬁMOBipHiCTB MOSIBM OJIHIET 3 JBOX HECYMICHMX TMOJIN JOPIBHIOE CyMI
NMoBIpHOCTEN IuX nofii: P4 + B) = P(4) + P(B).
Teopema. Cyma iimoBipHOCTEHN TIoA1 A1 Ao,....An, SIKI yTBOPIOIOTh IOBHY
rpyIy, JOPIBHIOE OJUHUIIL:

P(A,) + P(4;)+...+P(4,) = 1.

Teopema. Cyma HMOBIpHOCTEH NPOTWICKHUX TMOJIM  JOPIBHIOE
onuHull: P(4) + P(4) = 1.

3. YMoBHa iiMOBipHicTB

Ymoenor iimosipnicmro P(B/A) a6o Pa (B) Ha3UBAETHCS
HMOBIpHICTH Noi1 B 3a yMOBH, 1110 1101151 A Bi10y1acs.

Teopema. fIMOBipHiCTL CYMICHO1 MOSIBH JBOX BUMAJAKOBUX MO A
1 B nopiBHIOE 100YTKY WMOBIPHOCTI OJIHI€] 3 HUX HA YMOBHY WMOBIPHICTh
Apyroi 3a yMOBH, IO MepIla MoAis Bi0ynacs.

P(AB) = P(A)P4(B) = P(B)Pg(A)(P(A))0,P(B))0).

4. Teopema MHOXKeHHSI HMOBIPHOCTEH He3aJIE;KHUX MOAIN

Teopema MHOKeHHSI HMMOBIpPHOCTEH HE3AJICKHUX TMOdiM.
ﬁMOBipHiCTE OJIHOYACHO1 TIOSIBM  JIBOX HE3aJIe)KHUX TOAIN JOPIBHIOE
n00yTKy iMOBIpHOCTEN uX noxii: P(A4 - B) = P(4) ' P(B)

JIns  AeKiNbKOX  TOMAapHO  HE3AICKHUX MO BHUKOHYETHCS
piBHICTBP (A * A5+ A,) = P(A4,) - P(45) - P(4,).

ﬁMOBipHiCTL NMOSABH X04a 0 OAHicT BUIIAAKOBOI MOTIil

Hexait y pe3ynbpTaTi BUIIPOOYBAaHHS MOXYTh 3 SIBUTHCS N TOJIIN
HE3ICKHUX Y CYKYITHOCTI.

Teopema. MMmoBipHicTs mOSIBY X04a O oxHiel 3 momiil A, A,,.... A,
HE3aJEHKHUX y CYKYITHOCTI, JOPIBHIOE
P(4) = 1-P(4;) ' P(&) ... P(d,) |

ne P(A4,),P(45),...,P(4An) - IMOBIPHOCTI MPOTUIICIKHHUX TTOIIMH.

Teopema nomaBaHHs JJIsl CYMICHUX IOTiH. SIKIII0 BUMAIKOBI
nonii A1B cymicHi, To  P(A4 +B) = P(4) + P(B) —P(4'B).

Teopema npo NoBHY iiMoBipHicTh. IMOBipHicTb TOAIT A, sKa MO3Ke
HAcTaTH 32 YMOBH IOSIBH OJHI€T 3 He3anexxHux noAi Hi, Ho , ....Hy, mo
CKJIaJIal0Th TIOBHY TPYITy, TIOPIBHIOE:

P(4) = Xg=1 P (Hy) Py, (4).
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Teopema baiieca. Hexait H,;,H,,....H, - moxaii, mo ckiamarTh
noBHy rpymy. Tomi nns Oyab-fKOi  BUIAAKOBOI mOMil A, IO MOXeE

3’SIBUTHUCS JIMIIE 32 YMOBHU TOSIBM OJHIET 3 momii Hy,H,,....H,, 1 Takoi,
o P(A) # 0,BUKOHYIOTBCS PIBHOCTI:
P(Hy )P, (4)
PA(Hj{) = £ (.Eﬁf = 1,?1)

Lit 1 P(H) Py, (4)’

TEMA 3. IOBTOPHI HE3AJIE’KHI BUITPOBYBAHHS
IInan

1. He3zanexHi BUNpOOyBaHHS.
2. ®opmyna bepuyi.
3. Teopema Ilyaccona.
4. Teopemu MyaBpa-Jlamnaca.

1. He3anexHi BUIpOOyBaHHA
Hexait n pa3iB mpoBOIUTHCS TIEBHE BUIPOOYBAHHS, B SKOMY MOYHA

CIIOCTepiratu MosiBy mojii Aq,A4s,....A4,. BunpoOyBaHHs Ha3MBarOTHCS
He3ale)dcCHUMU, SIKIIO pe3yJIbTaTH KOXXKHOTO 3 HUX HE 3aliekaThb BIJ
pe3yJIbTaTIB 1HIITUX.

3 o3HaueHHS BUILIMBaeE, mo momii A; 1= 1,11 € HeE3ale)KHUMH Yy
CykynmHocTi, ToMy  P(A;-Az-....-A,) =P(Ay)  P(Az) .. P(A,),
P(4;) = 0,2, P(4;) = 1.

Heszanexxni BuIpoOyBaHHs, 1110 TOBTOPIOIOTHCS Oarato pasis,
HA3UBAIOThCS BUNPOOYBaHHAMHU bBepHYyJUIl, SIKIIO Y KOKHOMY 3 HHUX €
JIMIIE 1B MOJKJIMBI HACTIAKH 1 UMOBIPHOCTI IIUX HACTIAKIB € CTATMMU JIJIs
BCIX BUNPOOYBaHb.

[IpocTip enemMeHTapHUX MOJIA KOXKHOTO OKPEMOTO BUIPOOYBaHHS
Bepaymm ckiaamaetbes 3 ABox momii 2 = (A A), (A - «ycmix», a A —
«HEBJa4ya»), MPOCTIP €JIEMEHTApHUX MO M HE3aJCKHUX BUIPOOYBaHb
bepnysii mictuth 2" mofin.

2.®opmyaa bepuyJsuri

Teopema. VIMOBipHiCTh TOTO, 10 y 1 BHIPOOYBaHHAX bepHyuti, y
KOKHOMY 3 SKHUX HMOBIPHICTh MOSIBU MO NopiBHIOE p (0<p<I), nonis
HacTaHe k pa3iB 1 He HacTaHe (n — k) pa3iB, JOPIBHIOE
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Po(k) = Cip*q™™*.

HajiBiporignime yuciao «ycmixiB» y cxemi bepuyJuri

Hexaii Maemo0 n He3anexxHux BunpoOyBaHb bepnymm. Tomi
WMOBIpHICTh T0sIBU MOJIi A kpas3iB y M BUINPOOYBAHHSIX 3HAXOJUMO 3a
dopmynoro bepaymni P, (k) = Ckp¥q™ %, ne p - iimoBipHicTh momii A y
KOKHOMY BUIIPOOYBaHHI.

Teopema. Hexait (nn + 1)p— He e yucio, Toal 31 3MiHOK0O k Big 0
10 0 #moBipHicTh P (k) crnodarky MOHOTOHHO 3pOCTa€, a MOTIM
MOHOTOHHO CIlaJia€e, JOCATAI0YM Makcumymy mipu k = ko = [(n + 1)p].
Axmo (m+ 1)p =k, - nute umcno, 10 B, (kyg— 1) = B,(ky) 1 1pu
k < ko — 1 uimoBipHicTs P (k) 3poctae, a npu k = k, cnagae. Yucno
ko, 10 HA3UBAETHCA HAWBIPOTIAHIIIUM YHUCIOM «YCHIXiB» Yy CXeMi
bepnyii, 3a710BOJIbHSIE HEPIBHOCTI

np—q<ko=<np+p.

3. Teopema Ilyaccona
Teopema Ilyaccona. Sxmo B cxeMi bepHy/nl  KUIBKICTb
BUNPOOYBaHb M, N — 00, a WMOBIPHICTh p TOSBU MoJli A B OJHOMY
BurnpoOyBaHH1 Mana (p — 0), aie np = A, To MOBIPHICTb NOSIBU k pa3iB
nomii Ay » BUIIPOOyBaHHAX
k k
P,(k) ——e™ R—I , abo FEianP'n (k) = i_—le_}‘.

n—oo jt'. e

4. Teopemn MyaBpa-Jlaniaca

®opmyna bepHyi 1ae MOXIMBICT OOUUCIUTA UMOBIPHICTH TOTO,
mo mofis A 3’aBUTBbCS K pa3 B N HE3aJCKHUX BUIPOOYBAHHAX, SKIIO
AMOBIPHICTh TIOSIBU TOJIi B KOXHOMY BHUIIPOOYBaHHI € CTajow. Aje
KOpUCTYBaHHs (opmysior0 BbepHysuli Mpu BEIMKUX N MNPU3BOAUTH [0
TPYAHOIIB, TIIOB’SI3aHUX 3 TPOMIZAKUMH OOYMCICHHSIMU. JlokanbpHa
Teopema MyaBpa—Jlamiaca nae Tak 3BaHy aCUMITOTHYHY (GOpMyIy, sKa
Ja€ MOJKJIMBICTh HAOMMXKEHO 3HAWTH HMOBIpHICTH P (k), sSKI0 4YuCIO
BUNMPOOYBaHb JTIOBOJI BEJMKE. 3ayBaXKUMO, 110 JJIsl YAaCTUHHOTO BUIAJKY,
konu p=0,5, acumnrotnyHa ¢dopmysa Oyna 3HaigeHa me B 1730 pori
Myapom. Y 1783 pomi Jlamnac y3araabHuB 1110 GOpMyJTy JUIsl JOBIITBHOTO
3HaueHHs1 P, 0<p<l. Tomy 10 TEeopemMy YaCTO HA3UBAIOTh TEOPEMOIO
Myagspa-Jlannaca.
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JlokanbHa Teopema MyaBpa-Jlannaca. SIkmo HWMOBIpHICTE p
NOSIBH noaii A y KoxxHOMY BumpoOyBaHHI ctama 1 0<p<l, TO
UMOBIpHICT P, (k) Toro, mo mnomis A 3°SBUTbCA y I HE3AICKHUX
BUNPOOYBaHHAX K pas3iB, HAOJMXKEHO JOPIBHIOE (THUM TOYHIIIE, YUM

2
) ) 1 S 1
OUIBIIIE TII) 3HAYCHHIO HKIUT = F—p 2 = x e
) ynxuii y e o M,npqe’ﬁ( ), X
k—np
Vnpq

—x2

Oynkiia ¢(x) = ML_HE’THaBI/IBaeTBCH dyukuiero ["aycca.

g QyHKIIS 4acTO BUKOPUCTOBYETHCA Y TEOPli KMOBIPHOCTEM, TOMY
il 3HaYCHHS IS JOJIaTHUX 3HAUYCHb apTyYMEHTY HaBEJICH1 Y BiANOBIIHUX
TaOIULIAX.

Ocnoeni enracmueocmi ¢pynkuii I'aycca

1. CDyHKHiSI BH3HAU€HAa HA BCId YHCIOBIM O0Cl, TOOTO JUIA

X € (—og; o).
2. CDyHKuis[ ["aycca napHa T0OTO P(—X) = P(X).

3. maxqb(x) = ¢(0) = uﬁ

4.¢(x) — 0 s x - £,

3ayBakennsi. JlokanbHa teopema Myaspa-Jlatutaca  nmae
MOXJIMBICTh 3HAUTU HAOIMKEHHSI OKPEMHX MMOBIPHOCTEM 1 JOCIIAUTH iX
MNOBEIHKY NMPU JOCUTH BEITMKUX 3HAYCHHAX .

Yacto mnoTpiOHO 3alTH, HOpU N-HE3aJEKHUX BUINPOOYBaHb, B
KO)KHOMY 13 SIKUX HWMOBIPHICTb TOSIBM TOJIi A cTajna 1 JOpiBHIOE P
(0<p<1), itmoBipHICTH TOTO, IO MOMIs A BimOyaeThCcsS HE MEHIIe Kk, 1 He
outbluek,pa3. Lo #moBipHICT mO3HauarTh: P, (ky,k,). Otpumaru
TOYHUI pe3yJIbTaT WMOBIPHOCTEH y LIbOMY pa3l MOXKHA 3a JOMOMOIOKO
iHTerpasibHOi Teopemu Jlamaca.

InTerpasibna teopema MyaBpa-Jlamaca. SIkimo HAMOBIPHICTH p
NOsIBU MO A B KOXKHOMY BUIPOoOyBaHH1 cTajia 1 0<p<l, To WMOBIpHICTh
P,(ky, k) Toro, mo noxaisi A HactaHe He MeHIue k; 1 He Oublie kK, pa3iB
HaOIMKEHO JIOPIBHIOE BH3Haq2H0My IHTEerpay

Pm(klakz ’“'___f e 2z dz,

k —np .o ko—np
ix ===
Vnpq Vnpq

nex’ =
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2

1 X _ .
— fn e 2 dZ HA3MBA€ETHCA (bYHKI_I1€IO Jlaruraca.

Oynkuisg P (x) = =
Jnst Hei cknageHo tabmuii mis x>0, nmpuuoMy IpU X >5 BBaXarOTh
¢(x) = 0,5.

OueBugHo, P (x) = f; ®(z)dz .

Ocnoeni enracmueocmi ¢pynkuii /lannaca

1.¢(x) - HenapHa, T00TO ¢ (—x) = —P(x).

2.2(0) = 0.
3. @(x) 3pocTae s x € (—o0; ).
4 lim @(x)=5-

X—>+0
TEMA 4. JUCKPETHI BUIIA/IKOBI BEJIMUNHU

I1man
1. TIOHSATTSI AMCKPETHOI BUITAIKOBOI BEJIMUMHHU.
2. UnCcoB1 XapaKTEepPUCTUKHU JUCKPETHUX BUMAJKOBUX BEIUYHH.
3. BiacTuBOoCTI MaTeMaTUYHOTO CIIOJIIBaHHSI, TUCTIEPCli TUCKPETHOI
BUITIAIKOBOI BEJINYUHH.

1. TIoHSATTSA AMCKPETHOI BUNIAAKOBOI BeJINYUHH

Bunaokoeorw eenuuunoro (BB) nHasuBaeTbcs BeIMUMHA, SKa B
pe3yJIbTaTi eKCIEPUMEHTY MOKE HaOyTH JIMIIIEC OJTHOTO MOYKJIMBOTO YHCIIOBOTO
3HAYEHHSI, 3a37aJieriib HEBIOMOTO 1 OOYMOBJIEHOTO  BHITQJKOBUMHU
pUYNHAMHU.

BunankoBoro BeaIndnHOI X Ha3WBalOTh TAaKy BEIMYHMHY, SKa B
pe3ysibTaTi BUNPOOYBaHHS MpPUKUME JIUIIE OJHE 3 MOXJIHMBUX 3HAYCHb
HamepeJ  HEBIIOME 1 3aJeKHE BiJ BUIAQAKOBUX MPUYUH, SKI
NONEPEAHHO0 HE MOXYTbOYTH BpaxoOBaHi.

JAuckperHorwo BUNAAKOBOKW BejuunHOKW (/ABB) HaszuBaroTh
TaKy BUIIQJIKOBY BEJIMUUHY, sIKa MIPUHMAE 1301b0BaHI YMCJIOBI 3HAYEHHS 13
YCIX MOYKJIMBUX.

Jlns1 OyIb-SIKOi BUITAJKOBOI BEIMUMHU HEJAOCTATHBO BIJIOMOCTEH
po 1X MOXJIMBI 3HaYeHHS. [1oTpiOHO 3HATH II€ UMOBIPHICTH MOSBH IIHMX
3HadeHb. Ilepenmik BCiX BHUIMAJKOBUX 3HA4Y€Hb JAWCKPETHOI BHUITAJKOBOI
BEJIMYMHU Ta iX BIMOBIIHUX MMOBIPHOCTEN HA3UBAETHCS 3aKOH PO3MOALTY
JTUCKPETHUX BHMIAAKOBMX BEIHYHMH. [IpnuoMy TOBMHHA BHKOHYBAaTHCH
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PIBHICTB
pl+p2+..+pn=1
3aKOH pO3MOAUTY JIUCKPETHUX BUMAJKOBUX BEJIUYUH MOXE OyTH
3aJaHUHM TaKUMH CIIOCOOaMH.
1. Taonuunuu. eyt cnocid mnojsArae B TOMY, IO JIA€ThCS
TaOuUILIsl, B SIKIM 3a-MCaHI OKPEMI 3HAYEHHSI BUITQIKOBOI BEIMYUMHU X Ta
BI/IMIOB1/IHI iM IMOBIpPHOCTI.

X X1 X2 Ce xXn
P pl p2 e pn

Skmo BumagkoBa BeauyuHa X TpUHAMaE CKIHYEHE YHCIO PI3HUX
3Ha4YeHb X1, X2, ... , Xn, TO BHUIAIKOBI BEJIWYMHU YTBOPIOIOTH ITOBHY
IPyIly TIONMAapHO HECYMICHHX IIOJiH, a OTXKe, cymMa iX HMOBIpHOCTEH
NOBMHHA OyTH piBHA 1.

2. I'paghiunun. 1ling dyac nporo crnocoOy (YHKINIO 33aaai0Th rpadikom
3a3BUYal y MPSMOKYTHIM cucTteMi KoopAauHaT. Ha oci abciuc BiIKJIa1al0Th
3HAUYEHHS BUIA/l- KOBOI BEJIMYMHU, a HA OC1 OpJAUMHAT — HMOBIPHOCTI. K110
Ha 1ionuHi XOY crojy- 4uTH MOCIiI0BHO TOUKH (X1, P1), (X2, P2), ..., (Xn,
Pn), TO IiCTaHEMO JIaMaHy, SIKY HAa3WBAIOTh MHOTOKYTHHKOM PO3MOIiTY
BUNAAKOBOI BeauuuHu X. [Ipuknanom nporo cnocoOy 3aJaHHSA 3aKOHY
PO3MOJIUTY € TIOJITOH PO3MO/I1Ty UMOBIPHOCTEH.

3. Ananimuunuii 3aKOH PO3MNOJAUTY TMOJATa€ B TOMY, IO JIA€THCS
MaTeMaTudHa (opmylia, 3a SKOK MOXHA OOYMCIUTH WMOBIPHOCTI TOTO,
10 BUMAJKOBA BEJIMUMHA MIPUITME TE UM 1HIIIEC 3HAYECHHS.

BumaakoBl BeIWYMHH MO3HAYalOTh BEIUKUMHU JnTepamu X, Y, Z.

TOIIO, a iX MOJKJIMBI 3HAYCHHS X;, V;, Z;, 1 = 1,m.

BumagkoBl BenmMUMHU TMOOUISIOTHCS Ha OHCKPETHI Ta HENCpPEpBHI
BUITAIKOB1 BEJINUYNHU.

Jluckpemnorw eunaokoeoro eenuuunoro (/IBB) HazuBacTbcsad Taka
BUIIAJKOBA BEIMYMHA, SKa HaOyBa€ CKIHUEGHOI a00 3IMYCHOI KUIBKOCTI
YUCJIOBUX 3HAYEHb 3 TIEBHUMH MMOBIPHOCTSIMH.
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2.YHcI0Bi XapaKTEePUCTUKH JMCKPETHUX BUNAAKOBUX BeJIUYUH

Mamemamuunum cnooieannuam /BB X Ha3uUBa€TbCA YHUCIIO, SKE
JOPIBHIOE CyMl JOOYTKIB YCIX 1i MOXJIMBHX 3Ha4€Hb Ha BiAIOBiIHI
HMOBIPHOCTI 1 o3HayaeTbest M(X)

M(X) = X3 X P

Tyr X - JIBB, mo HaOyBae 3HaueHHs X, 3 MHMOBIPHOCTSIMHU
Pr, kK = 1,n.

Jucnepcierwo JIBB X Ha3uBa€ThCid 4YHUCIO, 110 JOPIBHIOE
MaTeMaTUYHOMY CIOJiBaHHIO KBajpaTa BIIXuieHHS X Big il
MaTeMaTUYHOIO CIOAiBaHHS 1 mo3HavyaeTbest D (X):

D(X) = M((X — M(X))?).

Teopema. Jlucnepcis JIHUCKPETHOI BUIIAJIKOBOI BEJIMYMHU X
JOPIBHIOE  PI3HUIIl MK MaTeMaTUYHUM  CHOJIBaHHSIM  KBajpaTa
BUMAJKOBOI BEJIMYMHM X Ta KBAJAPATOM ii MAaTe€MaTUYHOI'O CIIOJIIBAaHHS:
D(X) = M(X?) — M*(X).

Cepeonim KeadpamuyHum 6iOXUIEHHAM Ha3WBAIOTh KOPIHb

KBaJApaTHUI 3 qucnepcii
ag(X) = /D(X).

3.BaacTtuBocTti MATEMATHYHOTO CIoAiBaHHS, aucnepcii
AMUCKPETHOI BUNAJKOBOI BEeJIMUMHH.

Bnacmueocmi mamemamuunozo cnooiearns /[BB:

1. MaremaTuyHe CIIOJIBaHHS CTajol BEIWYMHH JOPIBHIOE caMiit
cTaJu

M(C)=C

2. Crammii MHOXXKHMK MOJKHA BHHOCHUTH 3a 3HAK MAaTEMaTUYHOIO

CITOJIIBAaHHS
M(CX) = CM(X).

3. MarematuuHe coofiBaHHS JOOYTKYy JBOX  HE3aJeKHHUX
IUCKPETHUX BHUIIQAKOBUX BEIMYMH JOPIBHIOE HOOYTKY iX MaTeMaTHUYHHUX
CIIOA1BaHb

M(X-Y)=M(X) M(Y).
4. MarteMaTU4yHE CIOJIBaHHS CYMH JBOX HE3aJIC)KHHUX IUCKPETHHUX

BEJIMYUH JOPIBHIOE CYyMI iX MaTeMaTUYHUX CIO/[IBaHb
MX+Y)=MX)+M(Y).
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Bhaacmueocmi oucnepcii /[BB:
1. Jlucmepcisi IUCKPETHOI BUMAJKOBOI BEJIMYMHHU X HEBiJ €MHA,
TOOTO
D(X)=0.
2.  Jlucnepcis cranoi Benuuunu C TOpIBHIOE HYIIIO, TOOTO
D(C) = 0.
3. Crannii MHOXHUK MOKHa BHHOCHUTH 3a 3HaK JHUCHEpCIi,
M1JIHICIIN HOT0 CMOYaTKy J0 KBaJApaTy
D(CX)=C?-D(X).
4. lucnepciss  anreOpaiyHOI CyMH JBOX HE3QJIECKHHX JAUCKPETHHX
BUMAAKOBUX X Ta Y JOPIBHIOE CyMI iX qucnepcii, To0To
D(X£Y)=D(X)+ D(Y).

TEMA 5. HEIIEPEPBHI BUITIA/IKOBI BEJINUUHU

IIman
[ToHATTS HETIEPEPBHOI BUIIAIKOBOI BETMYMHHU.
[HTerpanbHa QPyHKIIIST pO3MOILITY.
HIibHICTH PO3NOALTY.
UwucaoBi XapaKTEPUCTUKHA HETIEPEPBHUX BUIIAKOBUX BEIUYMH.
ITouaTkoBI Ta IEHTpaIbHI MOMEHTHU.
AcumeTpis 1 eKcIec.

Sk wihE

1.IToHATTA HenmepepBHOI BUNAIKOBOI BeJTMUMHHI

HemepepBHOIO BUITaIKOBOIO BEIMYMHOIO HA3UBAIOTh TAKY BEJIUYUHY,
sKaHaOyBa€ BCl CBOT MOYKJIMBI 3HAYEHHSI 3 JISSIKOTO MPOMIKKY.

Ha BigMiHYy BiA JHCKPETHOI BHIIAJAKOBOI BEIMYUHHM PO3IOJILI
HETEePEepPBHOT BUITAJAKOBOI BEIMYMHU HEMOJKJIMBO 3a7aTH, 3a3HAYMUBIIH
IIeBHI 3HAYCHHS, SKUX BOHA HaOyBa€, Ta BIAMNOBIAHI iM MMOBIPHOCTI.
MHOXHHA MOXJIMBUX 3HA4Y€Hb HEMEPEPBHOI BHUIIAJIKOBOI BEIMYMHU
He3iyeHHa. ToMy BHHHMKA€ TIMTAHHS TMPO HOBHM CHOCIO 3amaHHs
BUIMAKOBOI BeIMUYMHU. BiH mosrae y 3aganfi yHKIT po3MoaiTy.

3aKOHOM PO3MOJAUTY BHUMNAAKOBOI BEIMYMHHA HA3WBAIOTh TaKe
CITIBBITHOIIICHHS, SIK€ BCTAHOBIIIOE 3B’SI30K MK MOXXJIMBUMH 3HAYCHHSIMHU
BUIAIKOBOT BEJIMYMHU 1 BIAMIOBIAHUMHU iM HMOBIPHOCTSIMU.
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Henepepenow eunaoxkoeorw eeauuunorw (HBB) Ha3uBaeThes
BUMAJKOBa BEJIMYMHA, sIKa MOXE€ HaOyBaTh OY/b-SKOTO 3HAYCHHS 3
JIEAKOT0 CKIHUEHOT0 a00 HECKIHYEHHOTO 1HTEepBay.

2.1nTerpanbHa pyHkuis po3noainy

Inmezpanvhoro pyuxkuiero  po3nodiny ado (QyHKIIE PO3MOILTY
HMOBIPHOCTEH BHUIIaJKOBOI BEJIMYMHM HA3UBAETHCS MMOBIPHICTH TOTO, IO
BUMAJKOBa BeJnunHa X y pe3ysbTari BUNPOOyBaHHS HaOyJlle 3HAYCHHS,
MEHIIIOT' O 3a 3Ha4YEHHA X, A€ X - JOBUIbHE JIHCHE YHCIIO.

DYHKI[II0 apTYMEHTY X, 1110 BU3HAYa€ UMOBIPHICTh BUITAIKOBOI MO11
X < x Ha3uBaKOTh PYHKUIEI) POZNOOLNY UMOGIPDHOCMEIL:

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

[{ro dhyHKIII0O MOXKHA TAYMAYUTU TaK: YHACIIJIOK €KCIIEPUMEHTY BU-
MaJIKoBa BEJIMYMHA MOXKE HaOyTHU 3HAYEHHSI, MEHIILIOTO 32 X .

Bracmueocmi F(x):

10 <F(x) = 1.

2. F(x) € HecragHOo (yHKII€E0, a came F(x,) = F(x;) , KO
X, = X;.

Hacniook 2.1.IMOBIpHICTb TOTO, III0 BUIIAAKOBA BeIMUYMHA X HaOyie
MOKIMBOTO 3HaueHHs X = X € [a; ], HOpiBHIOE TPUPOCTY IHTErPaILHOI
¢yHkuii F(x) Ha UbOMY IPOMIXKKY:

Pla<X < p)=F(B)— F(a).

Hacniook 2.2. SIkumio BUmajakoBa BelWYMHA X € HENEPEPBHOKO, TO
WMOBIPHICTH TOTO, 110 BOHA HaOy/ie KOHKPETHOTO MO>KJIMBOTO 3HAYCHHS,
3aBKJIM OpIBHIOE HyJt0: P (X = x;) = 0.

3. SIKuo MOXJIMBI 3HAYEHHS HEMEPEPBHOI BUIMAJAKOBOI BEIMYMHU
HaJexaTh iHTepBany (a; ), To:

a) F(x) =0mpux < a;

0) F(x)=1mnpux = .

4. OyHKIIiS pO3MOALTY HEellepepBHa 3J1iBa.

3.1linbHicTH po3noairy

JI1s HemepepBHUX BUIMAAKOBUX BEIMYHH 3aKOH PO3IOILTY MMOBIp-
HOCTEH 3pYYHO OIMKCYBAaTH 3 AOIOMOIOIO IIIIBHOCTI MMOBIPHOCTEH, Ky
no3HavyaroTb f(x).

Hlinvnicmro timogipnocmeii HETIEPEPBHOI BUIIAJIKOBOI BEJIUYUHU X
HA3MBAETHCS MeplIa MOXiHa Bl IHTErpaibHoi PyHKIiT F(x):
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f(x) = lim = F'(x) =

Ax—=0 Ax e

dF (x) = f(x)dx.

F(x+Ax)—F(x) dF(x) .
> 3BLIKH

Bracmueocmi f(x):

1. f(x) =0 . L4 BIacTUBICTb BMILUIMBAE 3 O3HAYEHHS IIIJIBHOCTI
NMOBIPHOCT1 $IK mepuioi moxigHoi Bix F(x), 3a ymMoBH, O F(x) €
HECMAaIHOI (PYHKUIEIO.

2. YMOBa HOpMYBaHHSI HEIEPEPBHOT BUITAIKOBOI BEJIMUUHU X:

Jo f(x)dx=1.

3. IMOBIpHICTh, MOMaJaHHS HEMEPEPBHOI BUITAJKOBOI BEJIMYUHU B

inrepsani [a; f] o6uncmoeThCs 32 HOPMYIIONO:

P(a<X<B)=[ f(x)dx.
4 OyHKIA PO3MOALTY WMOBIPHOCTEM HENEPEPBHOI BHUITAJAKOBOI
x
BeTMYnHU Mae BUrinin F (x) = [~ f(x)dx .

4. YuCJI0Bi XapaKTePUCTHKH HeNepepBHUX BUIAAKOBHX BeJIHYHH
Yucnosi xapaktepuctuku HBB:
1. SIkmo HemepepBHa BUIIAAKOBAa BEIMYMHA HAOyBa€ MOMIMBHX
3HaueHb 3 Biapisky [a;b], mae wineHicTe f(x), TO Ti Mamemamuune

L b
cnoodisanna 3HaX0IUTHCS 3a popmynoro: M (X) = fa xf(x)dx .
3ayearcenna. SIkimo MoOXIMBI 3HaueHHS X  HalexaTh R,
0 . (XY
ToM (X) = f_?:xf (x)dx 3a ymoOBH, IO HEBIACHUI IHTErpaj y JaHHIH

PIBHOCTI a0COJIIOTHO 3015KHMIA.

2. Jlucmiepcis HenepepBHOT BUMAAKOBO1 BEIMUMHU BU3HAYAETHCSA 3a
dopmyioro: D(X) = M((X — M(X))?).

3. CepeaHe KBaApaTHYHE BIIXWICHHS HEMEPEPBHOI BUMAIKOBOI
BEJIMYMHM BU3HAYAETHCS Ta OOUHUCITIOETHCS 32 (hOPMYJIIOHO:

o(X) = /D(X).

5. IToyaTkoBI Ta HEHTPAJIbHI MOMEHTH
VY3arajJJbHEeHUMH YHCJIOBUMM XapaKTEPUCTUKAMHU BUIIQJIKOBUX BEJIH-
YHH € TTI0YaTKOBI Ta IIEHTPaJIbHI MOMEHTH.
Ilouamkosum momenmom K-20 TIOPSIKY BHITATKOBOI BEITHMIUHH X
HA3MBAIOTh MATEMATHYHE CIIOJiBAHHS BEIMYHHA X :
Ve =MX®) (k=123,...).
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Kom k =1,v; = M(X); komu k = 2,v, = M(X?) it

JJist AMCKPETHOT BUTIAJIKOBOT BETUYMHU X Vi = )1, xﬁ" Di;

JIJIs1 HEIIEPEPBHOI © Vy = f_TT x®f(x)dx.

Henmpanonum momenmom k-co mopsiniky Ha3WBa€ThCS
MaTeMaTH4He crofiBaHHsA Bix (X — M(X))* :

e =MX-MX)* (k=123,..)

Kommk =1,y = M(X —-M(X))=0;

ko k = 2, u, = M(X — M(X))? = D(X);

Ko k = 3, uz; = M(X — M(X))?;

Ko k = 4, u, = M(X — M(X))*.

J1J1s1 TUCKPETHO1 BUITAAKOBO1 BEJTUYNHU:

pe = s (G —MX)*p; ;

JUISL HETIEPEPBHOT L) = f:ﬂ(x — M(X)F f(x)dx.

6. AcuMmeTpis i ekciec
TperTiil HEHTpaIbHUM MOMEHT XapaKTepHU3ye aCUMETPiI0 3aKOHY PO3-
MOy BUIAIKOBOI BeaWYUHU. SKIo p; = 0 , TO BUNAJIKOBa BeIWYHMHA X
CUMETPUYHO po3moijeHa BiTHOCHO M(X). OCKUIbKU [tz MA€ PO3MIPHICTh
BUIAJKOBOI BEJIMYMHU B KyOl, TO BBOAATH OC3pO3MIPHY BEIUYHMHY — KO-
edilieHT acuMeTpii:

t3
As = —=,
0.3

[lenTpanbHUi MOMEHT YETBEPTOrO MOPSAIKY BUKOPUCTOBYETHCS IS
BU3HAUCHHS €KCIleCy, M0 XapaKTepHu3y€ IUIOCKOBEPIINHHICTh, a0o

rOCTPOBEPIIMHHICTD IIUIBHOCTI MMOBIpHOCTI f(x). Excuec oOucimoerbes

1]
3a opmyiioro: Es = G—j — 3.

3ayBa)KUMO, 1110 YKCIIO 3 BIAHIMAETHCS OCh YoMy. J[J1s1 IEHTpaJIbHOTO
pO3MOJIUTy, TaK 3BAaHOTO HOPMAaJbHOTO 3aKOHY, BUKOHYETHCS PIBHICTD:

#—123.OT)K6,ES=U.
a
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TEMA 6. 3AKOHHN PO3IIOALITY BHIIAJAKOBHUX

BEJIMYNH
[1man

binoMianbHUI 3aKOH pPO3MOALITY UMOBIPHOCTEM.
[TyaccoHiIBChKHIT 3aKOH PO3IMOLITY MMOBIPHOCTEHA.
['eomeTpHruHMI1 3aKOH PO3MOLITY KMOBIPHOCTEIA.
PiBHOMIpHUI 3aKOH PO3MO/1Ty HMOBIPHOCTEH.
['inepreoMeTpruyHUNA 3aKOH PO3NOALITY KMOBIPHOCTEH.
HopmanbHuii 3aK0H po3noiity HMOBIPHOCTEH.
ExcrnioHeHIiaabHUM 3aKOH pO3MOALITY UMOBIPHOCTEH.

NoOhkwhdE

8. Posmoin X

1.biHomiaJbHUI 3aKOH PO3M0aiJy WMOBIpHOCTEl

IlinounciaoBa BuIIaJgKOBa BelnurMHa X Mae OiHOMIAJIbHHMM 3aKOH
pPO3MOUTY, SIKIIO MMOBIPHICTH ii MOXJIMBUX 3HAUY€Hb OOUMCIIOETHCA 32
dbopmynoro bepnyi:

P.=P(X=k)=Ckp*q"*, k=0,1,2,3, ..., N.

VY tabnauuHii ¢hopmi 11ei 3aK0H HaOKpae TaKOTO BUTJISY:

X=x,=k 0| 1 2 3 |.|n

n

Capq™ [ Cap*q" " |Cap g™ . | P

P=Px=K=Ccip*"* |

[Ipu mepeBipili BUKOHAHHS YMOBH HOPMYBAHHS BHKOPHUCTOBYETHCS
dbopmyna Oinomy HproToHa, TOMY 3aKOH PO3IOALITY Ha3UBaIOTh

OIHOMIQIbHUM .
r=aPi = Xiza CipFq" = (g +p)" =1

ImoBipHicHa TBipHa (yHKIIIS A1 OIHOMIAJIBHOTO 3aKOHY
AX) = (g +po)™

Yucnosi xapakmepucmuku 0131 OIHOMIANbHO20 3AKOHY:
1.M(X) = np.

Z.D{:X} = npq.

3.0(x) = Jnpg.

2. IlyaccoHiBcbKHH 3aKOH po3moiiy iiMoOBipHOCTeI

[{imouncmoBa BHUIaJKOBa BeaudumHa X Ma€ IyacCOHIBCHKHH 3aKOH
pO3MOALTY, AKIIO KMOBIPHOCTI il MOXK/IMBHX 3HAYEHb

Pk:P{:X:k}:Z—Te‘" - k=0,1,2.3,...,n,
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TOOTO O0YHCTIOEThCA 3a (opmynoro Ilyaccona, ae a=np. Y TaOIMUHIN
dbopmi 11el 3aK0H PO3NOALIYy Oye TaKu:

X=k 0 1 2 3 n

k
a 1 1 1
_ _ _ ~at - 2 —a 3.,—a n,.—da
P—P(X—k)——k!eﬁ’ ae —2!{1 e Y 3 ey

»p =% if-5*‘“-.5*"" n E—-5*‘“-5*“—»3["—1
kT SE=0y,, - E=0g = - -

YMOBa HOPMyBaHHSI BUKOHY€THCS.

ImMoBipHICHA TBipHA (QYHKIIIS AJISI MyaCCOHIBCHKOTO 3aKOHY
A(X) = eal=L),

Yucnoei xapakmepucmuku 014 NyaccoHi6CbK020 3a4KOHY .

1.M{:X} =a = np.

2.0(X) =a.

3.0(X) =+a.

3.I'eomeTpUUYHUI 3aKOH PO3MOAiTy iMOBipHOCTEI

[{isiouncioBa BUMaAKOBA BeJWYMHA X Ma€ T€OMETPUYHHUN 3aKOH
PO3MOJILTY, AKIIO WMOBIPHOCTI 11 MOXIMBUX 3HAUEHB Py =P(X=k)=pg* ! |
k=1,2,3,...,n.

TyT p — IMOBIpHICTh HOSBHM BHUIIAJKOBOI IIOJI11 B KOXKHIN CIIpo0l — €
BEJIMYMHOIO CcTa)Io, = 1 —p.

VY Tabnuuniil hopmi TeOMETPUYHUN 3aKOH PO3MOILTY TaKU:

P,=PX=k)=p¢"" | p | pqa |pq|pq

[Ipu mepeBipili YMOBH HOPMYBaHHS BHKOPHUCTOBYETHCS (opmyna
CYMH HECKIHYEHHOI T'€OMETPHUYHOI Mporpecii, TOMy H 3aKOH PO3IMOJLTY
HA3UBAIOTh TCOMETPUIHUM:

o
1

1
ZPk =p+pg+pg*+pgi+...=p(l+qg+q*+q+...) =p—1_q =p5
k=1

=1.
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ImoBipHICHA TBipHA QYHKIIIS JJISI TEOMETPUYHOTO 3aKOHY

AN =
Yucnosi xapakmepucmuKku 011 2e0MempUUHO20 3aKOHY
1.M(X) = i
2.D(X) = ui
3.0(X) = ‘;—E

Cepell AUCKPETHUX BHUIIAJKOBUX BEIUMYHUH JIMIIE T€OMETPUUHOMY
3aKOHY NpHUTaMaHHA BJIACTHUBICTh BiACYTHOCTI micisaii. Lle o3Hayae, 1o
HMOBIPHICTh TIOSIBM BUIAIKOBOI TOJIiTi B K-My €KCIIEpUMEHTI HE 3aJIC)KHUTh
BiJI TOT'0, CKIJIBKH 1X 3’sIBHIIOCS J10 K-T0, 1 3aBXKIU TOPIBHIOE .

4. PIBHOMipHUii 3aKOH PO310i1y iMOBipHOCTEI

[utouncnoBa BUMaAKOBAa BeaMYMHA X Mae PIBHOMIPHHM 3aKOH
PO3MOILTY, SKIIO MMOBIPHOCTI 1i MOXJIMBUX 3HAUYC€Hb OOUUCIIIOIOTHCA 3a
dbopMmy10t0:

P.=P(X=k)==

VY TabmuuHii QopMi 3ammcy pPIBHOMIpHUN 3aKOH PO3IMOAUTY Mae
BUTJISAL;

X=x.=k 1 2 3 n
1 1 1 1 1
P,=PX=k)=- — — — —
n 1 1 1 1

YMOBa HOPMYBAHHSA %7, p, = T3~ == = 1 BUKOHYEThCH.

ImMoBipHicHA TBipHA (QYHKIIIS ISl LILOTO 3aKOHY
11—x"

AX) = ———.
Yucnoei xapaxmepucmuKu piHOMIPHO20 3AKOHY .
1M ===
2.000)=""1
3.a(X) = WE

23

S.I'imepreomeTpu4HmMil 3aKOH PO3MOAiTy HMOBIpHOCTEH
[{imounciioBa BUNIaIKOBA BEIMYMHA X Ma€ TepreoMeTpuIHuN 3aK0H
PO3MOITY, KO UMOBIPHICTH ii MOXKJIMBUX 3HAYECHb OOYUCITIOETHCS 32

dbopMyI010
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ok, ok
e

VY tabnuuHii hopMi 3anucy 1€ 3aKOH PO3MOJILTY IOJA€ThCS TaK:

P.=P(X=k)=

X = X = k O 1 2 m
P = P(x = k) = oG pLimny | Cn G Gy G| Gy
) Ch' | G cy cr c”

ITpu npomy m < n.

YMoBa HOpMyBaHHS T}, P, = .:im m o CECmk =1,

3ajexHO B1JI YMOBM 3a7a4l HalMEHIIIE 3HAYCHHS MOKE€ CTaHOBUTHU
m=0,1,2,3, ... m-1.

Yucnogi xapakmepucmuKku 2inepzeomempuiHozo0 3aKOHY.

1.MQX) = 5 X7 kCE CIk.

<
C "

2.D(X) = cimZ}f:Dkz Ck Cmk — M2 (X)

3000 = [ SRk CLOISE — M200).

6. HopMaJjbHHii 3aK0H po3noaiay
Bumagkopa BenmuunHa X Mae HOpMaJbHUN 3aKOH PO3IOJALTY HMO-

BIPHOCTEH, SKIIO
filx) = LT = , —co< X < o0,

o 2w

ae a = M (X), o =o (X). Omke, HOpMaJIbHUN 3aKOH BHU3HAYAETHCS
3BIJICH TTapaMeTpaMU a 1 G 1 HA3UBAETHCA 3aTAIbHUM.
Toni

; . (x—m 2
F{jx}:g%ffxe‘ 207 dx.

Axmo a =01 o = 1, To HOpMaJTLHUI 3aKOH HA3UBAIOTh HOPMOBGAHUM.
VY upomy pasi

F(x) = e T 00 <X <0,

TtobTO f (X) = (X) € dhynkiiero ["aycca,

F(x) = \f—l_w [ o= dX.

Fpa(l)il_{n f (x), F(X) m1st 3aranpbHOr0 HOPMAJIBHOTO 3aKOHY 3aJICKHO

B1JI TapaMeTpiB a 1 ¢ 300paxeHi Ha puc. 11 2.
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/@) [a. 1 j
“““ "ov2n

v
~

a>0

Puc. 1

F )]

=V

a<0 0 a>0
Puc. 2

s HopmanbHOro 3akoHy Mo = Me = a.
JIJIs HOpMOBaHOTO HOpMajbHOro 3akoHy Tpadiku ¢yHkmin f(X),

F (X) 300paskeHo Ha puc. 31 4.
P )

?0 ;
Puc. 3 Puc. 4
3arajpHHI HOpMaJIbHHH 3aK0H Mmo3Ha4aroTh: N (a; o).
Hopmosanuit HopMmanmeHuii 3akoH nozHadaots N (0; 1).
IIpaBuJI0 TPHOX CUTM [IJIsI HOPMAJILHOI'O 3AKOHY
Komu § = 30, To Maemo:
P(lx—al < 30) = 2¢ (3?5) = 2¢(3) = 2-0,49865 = 0,9973
[IpakTHyHO 11 TIOAISA TPH OJHOMY EKCIIEPUMEHTI 3IIMCHUTHCS, a
TOMY 11 BBOXXaOTh MPAKTUYHO BIPOTiTHOIO. 3BIJCH:
25



P(lx—al > 3¢) =1 —-P(lx—al < 30) = 1-0,9973 = 0,0027.

To0OTO UMOBIPHICTH TOTO, 1110 BHACIIIOK MPOBEJCHHS €KCIIEPUMEHTY
BUIIAJKOBA BeanunHa X, sika Mae 3akoH posnoaiuty N (a; ), He moTpanuTh
y TMPOMDKOK [a — 30; a+ 30], AopiBHIOE 0,0027. e cranoButh 0,27%, TOOTO
NPAKTUYHO BBAXKAETHCS, IO I MOl BHACHIJOK MPOBEACHHS OJHOTO
CKCIIEPUMEHTY HE 3IIMCHUTHCS.

/. ExClIOHeHIiaJIbHMH 32aKOH PO3MOALTY
EKCrOHEHIIalbHUM 3aKOHOM BHIIAJIKOBOI BEJIMYMHU HA3UBAIOTh
raMMa-po3ImoJii, B skomy a = 1.

JI71s1 IbOTO 3aKOHY PO3IMOILTY:
i 0,x =0
=4

e~ ¥ =0,
Fo={1 s
Yucnogi xapakmepucmuku 0J11 eKCHOHEHUIAIbHO20 3AKOHY .
1.Mmx) =2
2.D(X) =—.
3.0(x) =+

|=|'_3"'I

|y,

8. Posmoin X° (xi-kBajapar)

Sxmo koxkHa 13 X; (i =1, 2, ..., K) He3ane:KHUX BHUITaIKOBHX BEJIUYUH
XapaKkTepPU3y€eETbCS HOPMOBAHUM 3aKOHOM PO3MOAUTY MMOBIpHOCTEH
(N(0;1)), To BUIAAKOBAa BENMYMHA X = TX,x?MaTuMe posmoxain x> i3 K
CTyIICHsIMH CBOOOIM, IIUJIBHICTh IMOBIPHOCTEH SIKOi Oy/1e

_ 0,x =10
-

B, o_x
Cxz & z,x=0;

DyHKIIIST pO3MOJALTY HMOBIpHOCTEN
0,x=10;

. 1 Tk, o=
F(x)= - j xZ e Zdx,x = 0.
o

Yucnosi xapakmepucmuxu po3nooiiy Ve

1.M(X) = k.
2.M(X?) = k(k + 2).
3.D(X) = 2k.
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4.5(x) = \2k.
Po3nooin Cmorooenma

: X
Axmo Y mae poznoaut N (0, 1), a BumaakoBa BennuuHa X — = 10
W

Y :
BUIIAQJIKOBA BEIMYMHA L = ¢ XAPaKTepU3yBaTUMETHLCSA — PO3MOJILIOM

CTpl0JIeHTA 31 HIIJILHICTIO HMOBIPHOCTEM

k+ 1 st
f(z) = F( )(l+ ) : —o = Z =
. ,EL ¥ - &8

- —
Vil (2)
Toni pyHKLIS pO30OILTY HMOBIPHOCTEMN
k+ 1 k1
r (=)

F(z) =

- 2 - J‘z (1 +i)_?dz
Vir (3) =K

Yucnoei xapakmepucmuku po3nooiry Cmvrooenma:

1.M(Z) = 0.
2.0(2) = —.
3.0(Z) = J;

Po3noodin @imepa—Chedexopa
2

q X i aY —%X ek
KIIIO BUIIAJIKOBA BCIIMYNHA Mae pO3HOIL1J'I 1, a — kz’ € K1 —

YHCJIO CTYIICHIB CBOOOM BMITaJIKOBOI BEIMYMHU X, K2 — YHCIIO CTyIICHIB

: : : Y :
cBoOoau Y, 1 ipu 1boMy X 1 Y He KopenboBaHi, TO Z = ~ Mae posmozin

dimepa—CHeaekopa 31 LTLHICTIO HMOBIPHOCTEN

0, z=0;

'il':l + kﬂ k:

: r 2) e .
Fx) = —i—i—l{ﬂf‘iﬂu+ 2T, 220
r@)rG) . .
2/ \2
DyHKIIIS] pO3MOLTY HMOBIPHOCTEHN
Dr z=10

Fx) = rl::'{‘: I ;K, }} { _)1. .rz __l(l-i- z) %dz, z=0.

Yucnoei xapakmepucmuxu p03n00my Dimepa—CHeodexopa:.
1. M(Z) = 2

ki(kp+2)
kep (kg —2)(ky—4)
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_ 2ki(ky+ky-2)
3D = ety

kg |2(kotky-2)
4.0(2) = ky—2 ﬁf ky(ky—4)

Pienomipnuit 3axon poznodiny. HeriepepBHa BHUMNAJIKOBA BEJIWYHHA
X, 1110 BU3HAYCHa Ha MIPOMIXKKY [@, b], Mae piBHOMIpHUIT 3aKOH PO3MOILTY,

SIKIITO

0,x =a,
1

0,x = b,

A< x =bh,

flx) =

DyHKLIS pO3NOALTY UMOBIpHOCTEHN
0,x =a,
F{]—J‘x 1 iy ¥—a e x=b
x) = . b—a *=1p_a’tT*="
0,x = b,

Yucnosi xapakmepucmuxku pi@HOMIPHO20 3AKOHY pO3noOily:.

LM(X) = [ xf ()dx = =[] xdx = =%,
(b—a)?

2.D(X) ===,
b—a

3.0(X) = 5

4Me = M(X) = 22

2

TEMA 7. PAJIA PO3INOJAITY. CEPEJIHI BEJIMUNHHA
[Inan

1. TloHATTS MaTeMaTUYHOI CTATUCTUKH.

2. CTaTUCTUYHI PSAIU PO3MOALTY.

3. Emnipuuna ¢ynkuis F *(X) Ta ii BIacTUBOCTI.

4. YucnoBl  XapaKTEPUCTUKH  JUCKPETHOTO  CTATUCTUYHOTO
PO3MOILTY BUOIPKH.

5. CtaTUCTUYHI CepeIHI.

1. IloHATTHA MATEMATHYHOI CTATHCTHKH
Mamemamuyna cmamucmuka — 1€ PO3AUT MaTEMAaTUKU, SKUM
BHBYAE 3aKOHOMIPHOCTI, IO MAalOTh MiCIleé B MAacOBHUX SBHINAX 1

CTATUCTHUYHUX CYKYIIHOCTAX.
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3micm mamemamuunoi cmamucmuku CKIAJalOTh MaTEeMaTUYHI
METOAM CUCTEeMarTu3alii, oOpoOKM Ta aHajal3y MAaCOBUX CTaTUCTUYHUX
JAHUX HE3AJIEKHO BIJI iX SKICHOTO 3MICTY.

Ocnog6Hi 3a60aHHA MATEMATUYHOI CTATUCTHKMU:

- BCTAHOBJICHHSI 3aKOHIB PO3MOJILITY PI3HUX BHUITAJKOBHX 3MIHHUX,
OJIEp’KaHUX B PE3YJIbTATI CTATUCTUYHOTO CIIOCTEPEKEHHS;

- TEepeBIpKa CTATUCTUYHUX T1OTE3;

- OIlIHKa HEBIJIOMHUX NapaMeTpiB PI3HUX PO3MO/ILIIB.

OckIbKHU CyIIIIbHA 00pOOKa BCIX €JIEMEHTIB CYKYyITHOCTI HPAKTUYHO
HEMOXJIMBA, TO, SIK MPaBUJIO, 3aCTOCOBYEThCS BUOIpKOBUM MeToAd. OTxke,
PO3PI3HAIOTH 2eHEPAIbHY [ 6UDIPKOBY CYKYRHOCHII.

Muoxuna () OZHOTHIHHUX €JIEMEHTIB, SKHM MpPUTAMaHHI TEBHI
KiJIBKICHI O3Haku (po3Mmipu, Bara, mMaca TOIIO), YTBOPIOE 2eHepaIbHy
cykynnicmb. KiIbKICTh yCIX €JIEMEHTIB T€HEpPaJbHOI CYKYIMHOCTI
HA3WBAIOTh 1i OOCATOM 1 II03HAYalOTh CHMBOJIOM /N, 3HAQUYEHHS SKOT'O
31€01IBIIIOT0 HEBIJOME.

Koxxna wHemopokHs migMHOXuMHAa A MHOXHMHE Q (4 < Q)
BUMAJKOBO BUOpAaHUX  €JIEMEHTIB 13 T'E€HEPaJbHOI  CYKYIHOCTI
Ha3UBa€eThCS 6udipkor. KibKICTh YCIX €JIEMEHTIB BUOIPKH HA3UBAIOTh
ii o06cazom i TO3HAYAOTH CHUMBOJIOM N. Moro 3HaudeHHs Bimowme,
OpUYOMYy BOHO HabaraTo MeEHIIE 3a O0CAT TEeHEpaldbHOI CYKYMHOCTI
(n <N).

MaremaTtuuna CTaTHUCTHKA pO3B’s3y€ 1Bl Kareropii
3ajau:

1) cTaTHCTHYHE OIIHIOBaHHS (TOYKOBE, IHTEpBajbHE) IapaMeTpiB
reHepabHOI CYKYITHOCTI;

2) mepeBipka TPABAWBOCTI CTATUCTHYHHUX TiMOTE3 IPO 3HAYCHHS
napaMeTpiB T€HEpaJIbHOI CYKYMHOCTI a00 MpO 3aKOH PO3MOALTY O3HAKU
reHepabHOI CYKYITHOCTI Ha MiACTaBl 00pOOKH pe3yJibTaTiB BUOIPKH.

KinbKiCHI O3HaKM €JIEMEHTIB T€HEPAIbHOI CYKYIMHOCTI MOXKYTh OyTH
OJIHOBUMIPHUMH 1 0araTOBUMIPHUMH, TUCKPETHUMHU 1 HEMIEPEPBHUMMU.

2.CTaTUCTUYHI PAAU PO3NOAITY

Cmamucmuuni paou po3noodiny — 1€ BIOPSAAKOBAaHI CTATUCTHYHI
CYKYITHOCTI, TOOTO CYKyMHOCTI (MHOXXWHHU) OJHOPITHUX OO’ €KTIB UM
SBUIL, 00 ’€IHAHUX 3a IIEBHUMH O3HAKaMHM KUIBKICHOIO YH SKICHOTI'O
XapaxkTepy B €UHE IiJIE.
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Panosicupoeanuii pao — 1ie psaa 9ucel, K1 3HAXOMITHCS B MOPSAKY
3poCTaHHs a00 ClajaHHs O3HAKH, 10 BapIIOE.

Po3noain oaMHMIL CYKYNMHOCTI 32 O3HAaKaMmH, II0 HE MaroTh
KIJIbKICHOTO BUPa3y, Ha3UBAETHCS AmMpUudymueHUM psaoom.

Konu peanizyerbest BuOIpKa, KUTbKICHA O3HaKa, Hanpukiaa X, HaOyBae
KOHKPETHHUX YMCIIOBUX 3HAYEHb (X = X;), K1 HA3UBAIOTh 6APIAHMOI0.

3pocTarourii YUCIOBUH PsiJl BapiaHT HA3UBAIOTh GaApiauiitHuM.

KoyxHa BapiaHTa BUOIpKH MOKe OyTH cIIocTepekeHoro Ni pa3(ni > 1),
YUCJIO Ni HAa3UBAIOTh YACHIOMOIO éapianmu Xi.

ITpu npomy

k

= E mn;

i=1
ne K — KimbKicTh BapiaHT, M0 Pi3HATHCS YHCIOBUM 3HAUCHHSIM;

N — oOcsAr BUOIPKH.

BigHomieHHst 4aCTOTH Nj BapiaHTH Xj 10 00CsATY BUOIPKH N Ha3UBAIOTh
il 6ioHOCHOW uacmomoro 1 1o3HavaroTh yepe3 Wi, TooTo

w, ==,
n
J71s1 KOKHOT BUOIPKY BUKOHYETHCS PIBHICTh
TELW =1,

SIKII0 AOCHIIKYEThCS O3HAKa TeHEpPalbHOI CYKYMHOCTI X, sika €
HEIEepPEPBHOIO, TO BapiaHT Oyne Oarato. Y 1LboMy pa3l eapiayiiinuil psao
— II€ TIE€BHA KUIbKICTh PIBHUX a00 HEPIBHUX YaCTHHHHUX 1HTEpPBAJIB YU
IpyN BapiaHT 31 CBOIMU YaCTOTaMH.

Taki 4YacTHHHI 1HTEpPBAJIM BapiaHT, SKI PO3MIIIEHI Yy 3pOcCTarodii
MOCJIJTOBHOCTI, YTBOPIOIOTh IHMEPBATbHUIL 6APIAUiHUIL PAO.

Ha npaktuiii asig 3py4HOCTI, SIK IPaBUIIO, PO3MIISIAAIOTH IHTEPBaIbHI
BaplaliitHi psiau, y KOTPUX 1HTEPBAIN € PIBHUMHU MIK COOOIO.

[lepenik BapiaHT BapialiiHOTO psiAy 1 BIAMOBIIHHUX IM 4acTOT, abo
BIIHOCHUX  YacCTOT, Ha3UBAIOTb  OUCKPEMHUM  CHAMUCMUYHUM
PO3n00iiom euodipKu.

VY TabnuuHiil hopmi BiH Ma€ TaKUWA BUTIISL;

X=X | X1 X2 X3 Xk
Ni Ny N2 N3 Nk
Wi Wi | Wo | W3 Wi
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JIMCKpETHUI CTAaTUCTUYHHUM PO3MOMALT BHUOIPKM MOXKHA TIOJATH
eMmmipunaHo0 pyHkmiero F *(x).

3. EMnipuuna ¢yunkuis F *(x) Ta ii BaacTuBocTi.

@DyHKIIIST apTyMEHTY X, II0 BU3HAYa€ BIIHOCHY 4acTOTy mofii X <X,
TOOTO

F'(x) = W(X <x) =,

HA3UBAETHCS eMUIPUUHOIO, A00 KOMYIAMOIO.

TyT N — 0o0c¢sr BuOipku;

Ny — KUIBKICTh ~ BaplaHT CTATUCTUYHOIO  PO3NOALLY  BHUOIPKH,
3HAYEHHSI IKMX MEHIIE 3a (JIKCOBAHY BaplaHTY X;

F *(X) — Ha3uBaIOTh IIC (IYHKUIEIO HAZPOMAONHCEHHA BIOHOCHUX
yacmom.

Bracmueocmi F *(X):

1)0<F~*(x)<1;

2) F(Xmin) = 0, 11 Xmin € HAHMEHIIIOIO BapiaHTOO BapialliiHOTO PSIY;

3) F(x)]|x = Xpmax|> 1€ Xmax € HAWOUIBIIIOO BapiaHTO BapiamiiHOTO
pAany;

4) F(X) € HecrmagHoO (PyHKIIEIO apryMeHTy x, a came: F(X2) > F(X1)
IpU X2 = X1.

JIMCKpETHUM CTAaTUCTUYHHMM PO3MOALT BUOIPKM MOXKHaA 300pa3uTH
rpadiyHO 'y BUIUIBIAI JlaMaHO1 JIiHII, BIJPI3KM SKOi CIIOJIY4YaroTh
KOOpJIUHATH TOYOK (Xi; Ni) — monizon uwacmom, ado (Xi; Wi) - nonizon
6IOHOCHUX yacmom.

4, YucaoBi XapaKTePUCTMKH JHCKPETHOIO0 CTATHCTHYHOIO
po3noaiiny BUOIpKH

Yucnoei xapakmepucmuxu:

1) eubipkosea cepeonsa eeauuuna Xg. Bennuuny, sika BU3HAYAETHCS

dbopMyI010

- _E.r[:lz[
Y5 = n !

HA3UBAIOTh BUOIPKOBOIO CEPEOHBOI0 GEIUUUHOIO OUCKPEHIHO20
CIAMUCMUYHO20 PO3NOOLY 6UDIPKU.

TyT Xi — BapiaHTa BapialiitHOTO psiAy BUOIPKU;

Ni — YacToTa ITi€i BapiaHTH;
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N — oOcsr BuOipku (n = ), n;).
K110 BCl BapilaHTH 3’ SIBJIIOTHCS Y BUOIPIIL JIMIIIE TI0 OJTHOMY pasy,
To0TO Nj = 1, TO

2) eioxunenmnsa  eapianm. PizHuiio  (x,—i.)Ni  HA3HBAIOTh
BIIXWJICHHSIM BaplaHT.

ITpu npomy

Yx,—xgn, =X xm,—XNxgn, =n-ip—n-xp=0.

OTxe, cymMa BIIXWIEHb YCIX BapilaHT BaplaliiHOIO psALy BUOIPKU
3aBXIU JOPIBHIOE HYJIEBI;

3) mooa (Mo*). MoJi0I0 JHUCKPETHOTO CTATHCTHYHOTO PO3IOILTY
BUOIPKY HA3UBAIOTh BapilaHTy, 1110 Ma€ HAUOIIbIITY YAaCTOTY MOSBHU;

4) meodiana (Me*). MeniaHO JUCKPETHOTO CTAaTUCTHUYHOIO
O30Ty BUOIPKU HA3WBAIOTh BaplaHTy, siKa MOJIIJIs€ BaplalliiHUN ps Ha
1Bl YACTHWHHU, P1BHI 3a KUIBKICTIO BApIAHT;

5) oucnepcia. Jlns BUMIpIOBaHHS PO3CIFOBAaHHS BapiaHT BUOIPKH
BIJTHOCHO X5 BUOUPAETHCS TUCTIEPCIS.

Jlucnepcia eubipku — 1¢ cepenHe apudMeTHYHE KBaJpaTiB

BIIXWJICHb BapI1aHT BITHOCHO Xg, IKE€ OOUUCIIOETHCS 32 POPMYJIIOHO
B(x; — £5)n

B
n

abo
Dy =M _ (2,72,

6) cepeone keaopamuune sioxunennsn euodipku os. llpu oounciIcHHI
Dg BiAXWUJICHHS MIAHOCUTHCS JO KBajpaTa, a OTXKe, 3MIHIOETHCS OJIMHULIS
BUMIpY O3Haku X, TOMy Ha OCHOBI JHCHEpCii BBOJIUTHCI CEPEIHE

KBaJ[paTUYHE BIIXUJICHHS

n

Og = \"I'D_B'

AK€ BUMIPIOE PO3CIIOBAHHS BapiaHT BUOIPKU BIIHOCHO Xg, ajie¢ B TUX
CaMUX OJIMHUIISX, B IKUX BUMIPIOETHCS O3HAKa X;

7) posmax (R). Jlns rpy0oro OILIHIOBaHHS PO3CIIOBaHHS BapiaHT
BIJIHOCHO Xg 3aCTOCOBYEThCS BEJIMYMHA, SIKA JOPIBHIOE PI3HUIN MIXK
HAMUOIBIIOI Xmax 1 HAMEHIIIOIO Xmin BaplaHTaMu BapialliiiHoro psgay. s
BEJIMYMHA Ha3UBAETHCS POIMAXOM

.
mrx ]

B = xmin
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8) koegiuiecnm eapiayii V. JIns NOpIBHSHHS OIIHOK Bapialii
CTaTUCTUYHUX PSIAIB 13 PI3HUMHU 3HAYCHHSIMU Xp, Kl HE JOPIBHIOIOTH
HYJIEB1, BBOJUTHCS KOE(DIIIEHT Bapiallii, SKUid 00OUUCIIOETHCA 3a (OPMYJIOH0

V= ?—;mﬂ%.

[Tepenik YacTKOBUX IHTEPBAJIIB 1 BIANOBIIHMX IM 4YacToT, a0o

BIIHOCHUX 4YaCTOT, HAa3UBalOThb IHMEPBAAbHUM  CHAMUCHUYHUM
PO3n00iNoOM 8UdIpKU.
VY tabnuuHiil hopmi 1Iei po3noaia Ma€e TaKUN BUTJIS;

h | X1—X2 | X2— X3 | X3 —Xa Xk-1 — Xk

ni N n2 N3 Nk

Wi W1 W> W3 Wi

Tyr h=Xi—Xi1 € JIOBXHHOI dYacTKOBOro I-ro iHTepBamy. K
paBUJIIO, 1I€H THTEPBaJ OEPETHCS OJTHAKOBUM.

[HTepBaIbHUNA CTATUCTUYHUI PO3MOALT BUOIPKM MOXKHA TMOJATH
rpaiyHO y BUIJISIAL TiCTOTpaMy 4acTOT a00 BIJHOCHHUX YacTOT, @ TaKOX,
AK 1 JJIs1 TUCKPETHOTO CTATUCTUYHOTO PO3MOILTY, EMIIIPUYHOIO (QYHKIIIED
F *(X) (koMyJIATOI0).

S5.CraTucTu4Hi cepeaHi

Cmamucmuuni cepeoni BioOpaxaroTb OO0 €KTUBHY HAasBHICTh
MEeBHUX YMOB, SIKI MPOSIBISIOTHCS B KOXKHINM OJWMHMIN JOCIIKYBaHOI
CYKYITHOCTI, BOHHM [IalOTh Y3araJIbHIOIOUY KUIBKICHY XapaKTepUCTUKY
CTaTUCTUYHUM CYKYIHOCTSIM OJHOTUIHHMX SIBUII 3a BapialliifHOO
03HAaKOIO.

Cepeona y3araipHIOE a00 sABJSIE COOOIO0 BECh J1ala30H JIaHUX 1 €
pe3yJbTaToM abCTparyBaHHS BiJl BIIMIHHOCTEH, 1110 MpUTaMaHHI OKPEMUM
OAWHUIISIM CcyKymHOcTel. CepenHi MOAUISIOTBCS Ha 00’ eMHI Ta
CTPYKTYPHI.

CepeHIO MOKHA BU3HAUUTHU SIK Mpocmy, KOJM 3HAYCHHS BapiaHT
CIIOCTEPITal0ThCI B CYKYIHOCTI JHUIIE OJWH pa3 ad0 OJHAKOBY KIJIbKICTh
pasiB, 1 SIK 36adceny, KOJIW 3HAYCHHS BaplaHT IOBTOPIOIOTHCS PI3HY
KUIBKICTh pa3iB. CTeneHeBi cepeiHi (IMpocTa 1 3BakeHa) MatoTh BUTJIS;
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— k Exif — K Exi-"-ni
x — , x p— B —
n EHI'

X — CTCIICHEBA cepeaHs; K — MOKa3HUK CTEIEHs, 1[0 BU3HAYAE BHI

ne
CEPEHBOI;
X; - BapiaHTa; Nj—4vactotu (n = ), n;).
Binnosiani GopMyiu cTeneHEBUX CEpeaHIX MoAaHO B Ta0muii 1.
Taomums 1
Dopmynu cmenenesux cepeoHix
Ry
S Buo
o3 " Cmenenega cepeonsn
S cmenenesoi
Ry
(x) cepeoHboi npocma 36a)1ceHa
- n _ Y,
-1 | Tapmomiiina Ei X = y 1
0 T ¥ — 21 ny na g
COMETPHUYHA X = XX, x,
- _ Z Xj - N
1 | Apudmernuna X = S
i
2 | KBagpatnuna

apu(pMETUYHOT

CEpEIHBOL
1 HA3UBAETHCA

Cnpowenuii.  memoo  po3paxyHKy
3aCHOBAaHHWM Ha BHUKOPHUCTaHHI psAay il BJIACTUBOCTEU

METOJIOM BIJJTIKY BiJl yMOBHOTI'O IMOYAaTKY X0:
(Fio).

X=x""h+x,= E “h + x,
i

— Exé-ni )
fe X' = =5 — 3MCHIICHA CCPe/HA apu(MeTHYHa;
mnj

r Xi —.X.'D . .
X = ] — BIAXWJICHHA B IHTCPBAJIAX,
1
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Xo — MOYaTOK BIAXUILY;
h — BennuuHa iHTEpBATY.

Ilpasuno masricopanmuocmi cepeonix:
-imp.u < Xogou < fapugﬁu < fx&m’:lp-

s XapaKTEPUCTUKH CTaTUCTUYHUX  PSAIB  PO3MOALTY
BUKOPHUCTOBYIOTHCA TAKOX CTPYKTYPHI CEpeaHI: MOJa Ta ME/I1aHa.

Mooa — 11¢ BapiaHTa, 1110 Ma€ HaMO1IbIIY YacTOTY.

JI71s1 IHTEpBaAJILHOTO PSIAY PO3MOALTY MOJIa BUBHAYAETHCSA 32
dbopMmyiot0:

Mdo M Ap—1

(Mara—nMa 1)+ pa—Agae 1)
1€ Xpfomin — HWKHS TPAHUIA MOJAJIBHOTO 1HTEpBaidy (IHTEpBamy,

SIKUH Ma€ HaMOLIBIITY Y4acToTy);
h— BennunHA IHTEpBANY;
Ny — YaCTOTa MOJAIBHOTO 1HTEPBAY;
Njgo— 1— YACTOTA IEPEAMOIAILHOTO 1HTEPBAIY;
N0+ 1— YACTOTA MICIAMOJIATIBLHOTO IHTEPBAIY.

Mo = XMomin T h

Meoiana — 11e 3HAYCHHS BapiaHTH B CEPEIMHI PAH)XHUPOBAHOTO Py
PO3MOILTY.

J71s1 1HTEepBaIBLHOTO PALY PO3HOJILTY:

Me = XMe min T h - )
NMe

€ Xpemin — HUKHA TPaHMIT MEIIaHHOTO I1HTEpBady (IHTEpBaly,
AKOMY BIJINOBIJA€ TEpIia 13 HArpOMaJPKEHHMX YacTOT, IO TEPEBUIIYE
MOJIOBUHY BCHOTO 00’€MY CYKYITHOCTI);

h — BenuunHa iHTEpBaIY;

0,52 N; — NOJOBHHA CyMH BCIX 4aCTOT;

Sye_1 — HarpoMaKeHa 9acToTa IepeIMOIaIbHOTO 1HTEpBAIY;
Ny — YaCTOTA MEAIAHHOTO 1HTEPBAITY.
Iloka3nuxku eapiauii
Bapiayia- ue xonuBaHHA O3HAKW. J[JIs XapaKTEpUCTUKU MIpW Bapiaiii
MOTPIOHO BHUKOPHCTOBYBATH IMOKAa3HWKH Bapiarii, IO TMOJaHl B BHUTJISAIL
Taduuin 2.
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Po3max eapiauyii nae mnuvie 3arajibHE YSIBICHHA MPO PO3MIpU
Bapiallii, TOOTO 11 HAOJIM)KEHY OIIHKY.

Tabmuusa 2
Dopmyau po3paxyHKy nOKA3HUKIE eapiauyii
Cmamucmuuna Dopmu nokaznuka eapiayii
xapaxme- npocma 36a)ceHa
pucmuka
eapiauii
55;;:3% R=Xmax = Xmin R=Xmax = Xmin
CepgnHe JIHIAHE 5 Z‘Xi — )—(‘ g Z‘Xi - X|- N
BIJIXUJICHHSA = T - 3 n,
ucrnepcis, 2 2.
ceplelzLHiﬁ EBa):[paT g2 = 20x: = %) ‘= 206 — X" m
BiIXWJIEHD n Ln
epene 2 — %) 2 -0 m
KBaJIpaTUYHE g = g =
BiIXWJIEHHS n Xny
Koediuient
Bapiarlii 3a g o
cepeIHIM V; ==-100% V; ==-100%
KBaJIpaTUYHUM * *
BIAXUJIEHHAM

Cepeone niniiine GiOXUIEHHA XaAPAKTEPU3y€ TOBHOTY KOJIMBAHHSA
o3Haku. YuMm Ouipiia HOro BeIMYMHA, THUM MEHII OJHOPITHOIO
BBAYKA€THCS CYKYITHICTb.

Cepeone Keaopamuune 6i0XUIeHHA XapaKTepu3ye aOCONIOTHY MIpy
Bapiallli, MoKa3ye Ha CKUIbKM OJWHHUIIL y CEPEeIHhOMY BCl 3HAUYCHHS
O3HAKHU BIJPI3HAIOTHCS Bl CEpeIHbOI apU(PMETHIHO].

Koegiuienm eapiayii xapakTepuszye BIJIHOCHY MIpy Bapiamii 1
J03BOJISIE TIOPIBHIOBATH CTYIIHb Bapiaiii B psaaxX pO3MOAUTY 3 Pi3HUM
piBHeM cepeaHix. Axkmo V = 5% - Bapiaiisa cnabka, 6-10 — nomipna, 10-
20 — 3nauna, 21-50 — Benuka, V = 50% - qyKe BelHKa.

Baacmueocmi oucnepcii'.

1.  Skmo 3 ycix MOXJIMBUX BapiaHT BITHATH CTalie YUCIO A, TO
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BEJIMYMHA JUCTIEPCli He 3MIHUTHCS:
J{ii_ H=0°.

2. SIxkmo 3HauYeHHs  BapilaHT TMOIIUTH Ha cTaje dYHcio 4, TO
BEIMYMHA JMCIEpCii 3MEHIUTHECS B A% a cepefHE KBaJpPaTHUHE
BiAXWJICHHS — B A pa3iB.

3.Jlucnepcis cTanoi BeTUIUHH JTOPIBHIOE HYJIIO.

TEMA 8. CTATUCTHUYHI I'lTIOTE31
[1man

1. TIOHATTA CTaTUCTUYHMX TIMNOTE3.

2. OOnacTi NPUUHSTTS T1MOTE3H.

3. ANropuTM NIepeBIPKU MPABUIBLHOCTI T1OTE3H.

1. IIOHATTA CTATUCTUYHMX rinore3

Bynp-gK1 CTaTUCTUYHI BHUCHOBKHM, 3/100yTi Ha MijacTaBl 0OpoOKH
BUOIPKHU, HA3UBAIOTh CHAMUCIMUYHUMU 2INOME3AMU.

CTaTHCTHYHI TIOTE3W MPO 3HAYCHHS MMapaMeTpiB 03HAK TeHEPaTbHOI
CYKYMHOCTI Ha3UBAIOTh HAPAMEMPUUHUMU.

CraTtucTUYHI TIMOTE3H, 110 BUCYBAIOTHCS HA MMIJICTaBl 00pOOKU BUOIPKU
Ipo 3aKOH PO3MOJALTY O3HAKW TeHEPAbHOT CYKYIHOCTI, Ha3WBAIOTHCS
HenapamempuyHuUMu.

I'imoTe3sy, 110 miIarae nepeBipil, Ha3UBaIOTh OCHO6HOI. OCKIIBKU
I TINOTe3a IMPUIYCKAE BIJACYTHICTh CHUCTEMaTUYHHMX pO30iKHOCTEH
(HyJIbOBI pO301KHOCTI) MIXK HEBIJIOMHM IapaMETPOM TIeHEepaIbHOI
CYKYITHOCTI 1 BEJIMYMHOIO, 110 Ojep>kKaHa BHACIIOK 00pOOKU BUOIPKH, TO
il HA3UBAIOTh HY/MbOBOI 2iNOMe3010 1 I03HAYAI0Th H.

3MICT HYJILOBOI TIOTE3M 3aMUCYETHCS TaK:

Hy:222222 Xr=a, Hy: or = 2, Hy: 1y, = 0,95,

KoxxHiii HyJIbOBIA  TiMOTE31 MOXXHA  MNPOTUCTABUTH  KIIbKa
anbmepHamueHux (KOHKypyrwuux) cinomes, siki Mo3Ha4aloTb CUMBOJIOM
Hq, 10 3amepedyroTh TBEPIKEHHSI HYJIbOBOI. Tak, HANpUKIAA, HYJIbOBA
rimore3a CTBEpIXKye: Hy:Xr = a, a ajnpTepHAaTMBHA TiMoTe3a —
H,:Xr > a, ToOTO 3anepeuye TBEPAKEHHS HYJIbOBOI.

Ilpocma zinome3a, sk TPaBUIO, HAICKHUTH IO TapaMeTpa O3HAK
reHepaIbHOI CYKYITHOCTI 1 € OJTHO3HAYHOIO.

Cxknadna cmamucmuuna 2inomesa € HEOJAHO3HAYHOIO. BoHa Moxe
CTBEpJKYBaTH, 10 3HAYEHHS I[apaMeTpa TeHEepajbHOI CYKYIHOCTI
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HAJCKUTh TIEBHIM 001acTi WMOBIPHUX 3HA4Y€Hb, SKa MOXKEe OyTH
JHMCKPETHOIO 1 HEMIEPEPBHOIO.
MHoxuHy €2 BCiX MOXJIMBUX 3HAYE€Hb CTATUCTUYHOIO Kputepito K

MO>KHA TTOJTUTATH Ha JIBi TiAMHOKUHK A 1 A, AKi He MIEPETUHAKOTHCS.

(AUA=0,AnA=0).

2.00s1acTh NPUIHATTS TINOTE3U

CyKynHICTh 3Ha4€Hb CTAaTUCTUYHOTO KputTepito K € A4, 3a skux
HYJIbOBA TINOTE3a HE BIAXWISETHCS, HA3UBAIOTh 001ACHII0 NPULHAMMA
HYb060I 2inomesu.

CyKynHIiCTh 3HAaueHb CTaTHCTUYHOro kpurepito K € A, 3a gxux
HYJIbOBA TINIOTE3a HE MPUNMAETHCS, HA3UBAIOTh KPUMUYHOIO 0071aCMI0.

Otxe, A — obnacth npukHATTS Ho,

A — xputndHa 06nacTk, ae Ho BiAXUIAETLCS.

Touky ab0 KUIbKa TOYOK, IO TOJISAIOTH MHOXHHY () Ha
MiAMHOKUHEN A 1 A, Ha3sUBaIOTh KpumuyHuMu i NO3HAYAIOTH yepes Kyp.
[CHYIOTh TpU BUJIU KPUTUYHUX 00JIACTEi:

Sxuo npu K < Ky Hy1b0Ba rinoTe3a BIAXWISETHCS, TO B LILOMY pasi
MU Ma€MO JIBOCTOPOHHIO KPUTUYHY OO0JacTh, SKY YMOBHO MOHa
300pa3utu (puc. 1).

K <Ky .
Oo6nactb npuiHATTI Hy

Ko

Pucynok 1 — JiBOCTOpOHHS KpUTHYHA 00JIaCTh

Skmo npu K > K, Hynb0Ba rinoresa BIAXUISAETHCS, TO B LIbOMY pasi
MaeMO TIPABOCTOPOHHIO KPUTHYHY 0071acTh (pHC. 2).
O6nactb npuituarTs Hy K> K/W

) K
K

Kp

PucyHnok 2 - IIpaBoCTOpOHHSI KpUTHUYHA 00J1aCTh

Sxkmo x npu K <K, i nmpu K > K., HyneoBa rimoresa
BIIXHJIIETHCS, TO MAEMO JIBOCTOPOHHIO KpUTHYHY 00J1acTh (pHc. 3).

K <Ky H, npuiimMaeTbest K>Kg
AN o [/ [ 11/«
K',<p 0 Krzp

PucyHok 3 — JIBOCTOpOHHSI KpUTHYHA 00J1aCTh
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JIiIBOCTOpPOHHSI 1 TPABOCTOPOHHSA 00JIACTI BU3HAYAIOTHCS OJHIEIO
KPUTUYHOI TOYKOKO, JBOCTOPOHHS  KpPUTHYHA 0O0JacTh — JBOMA
KPUTUYHUMH TOUYKaAMHU, CHMETPUIHUMH BIJTHOCHO HYJIS.

JInsi mepeBIpKu MpaBUIBLHOCTI FHp 3aa€ThCsl TaK 3BAHUN pieeHb
3Hauyuiocmi Q.

o — II€ MaJla UMOBIPHICTb, KOO Harepen 3aJaroThbesi. BoHa Moxke
HaOyBatu 3Ha4ueHHs o = 0,005; 0,01; 0,001.

B ocnoBy nepepipku Hy noknaneno npunnun P(K € A) = a, To6T0
AMOBIPHICTh TOTO, 110 CTATUCTUYHUI KPUTEPIM MOTpAIUIsiE B KPUTUUHY
obnacte A, nopiBHIOE Maiiii iMOBipHOCTI 0. SIKIO % BHSABHUTBCH, ILO
K € A, a ug nomis MaJIOUMOBIpHa 1 BCe K B1AOyjacs, TO HEMaeE IMiACTaB
OpUMaTH HyJbOBY T1IOTE3Y.

3.AJITOpUTM NepeBipKH NMPAaBUIBHOCTI IiNnoTe3n

Anzopumm nepegipku npaguavrnocmi Ho:

1. ChopmymoBatu Ho i 0JHOYACHO aIbTEPHATUBHY TiNOTE3Y Ho.

2. Bubpat cTaTUCTMYHMI  KpUTepiil, sAKUNA BIANOBIAAB OuU
copMyJibOBaH1i HYJIbOBiH TiOTE3I.

3. 3aleKHO BiJ 3MICTy HYJIbOBOI Ta aJlbTEPHATUBHOI TIMOTE3
OyIyeTbCS TIPABOCTOPOHHS, JIBOCTOPOHHS a00 JIBOCTOPOHHS KpUTHYHA
00J1aCcTh, a caMe:

Hexal Hy: X,. = a, Toji, SIKIIO:

H,:X,. > a, To BHUOUPAETbCS MNPABOCTOPOHHA KpUTUYHA OOJIACTh,
AKIIIO

H,: X, < a, To BUOUPAETHCS JTIBOCTOPOHHS KPUTHYHA 00J1aCTh 1 KON

H,: X, # a, TO BAOUPAETHCS JBOCTOPOHHS KPUTHYHA 00JIACTh.

4. Ins ~ moOyaoBM  KpUTHUYHOI  0oO0jacti  (J1BOCTOPOHHBOI,
IPaBOCTOPOHHBOI UM ABOCTOPOHHBOI) HEOOX1THO 3HANTH KPUTUYHI TOUKH.
3a BUOpaHMM CTaTUCTUYHUM KPUTEpPIEM Ta pPIBHEM 3HAUYYIIOCTI
3HaXOJAThCS] KpUTUYHI TOUKH.

5.3a pe3ynbTaTaMyd BHUOIPKHM OOYHUCIIIOETHCS  CIIOCTEPEKYyBaHE
3HA4YCeHHS KpUTepito K.

6. BigxumsroTh YU IpUHMAaOTh HYJbOBY TIMOTE3Y Ha IMIJICTaBl TaKUX
MIpKYyBaHb:

y pasi, koma K* € A, a 1ie € MaJoiMOBIpHOIO BHIAKOBOIO TOII€0,
P(K" € J) = « 1, HE3BAXKAIOYM Ha IIe, BOHA Big0yJacs, TO B bOMY pasi
Hop B1aXunseTbes:
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JUTS1 JTIBOCTOPOHHBOT KPUTHYHOI 00J1aCTi

P(H:n < th) = a,

JIJIs1 IPaBOCTOPOHHBOI KPUTUYHOI 00J1aCT1

P(H:n = HKp) = a,

JUIsl IBOCTOPOHHBOI KPUTUYHOI 00J1aCTI

P(K;H{Kh)-l_P(K:H Kp):a

abo

P(K;H{KR )_P(H:H}HR)__

YPaxoBYIOUM Ty OOCTaBUHY, WO KPUTHYHI TOUKH Ky 1 KB:%,
CUMETPUYHO PO3TAIIOBAHI BIAHOCHO HYJIS.

TEMA 9. JTUCHEPCIMHO-KOPEJSIIMHUN METO]
AHAJII3Y

[Lian
1. EneMeHTH IUCTIEPCIHHOTO aHaJI3Yy.
2. EnemenTu Teopii perpecii.
3. KopensmiitHa 3a1eXHICTb.

1.EjieMeHTH AMCHIEPCIiHOTO aHATI3Y

Cymmuicmop Oucnepciiino2o ananizy TosArac B TOMy, 110 3arajibHy
JUCIIEPCIIO AOCIIKYBAHOI O3HAKU PO3JUISIOTH HA OKPEMI KOMIIOHEHTH,
K1 OOYMOBJICHI BILJIMBOM II€BHUX KOHKPETHUX UMHHHUKIB. ICTOTHICTBH iX
BILJIUBY Ha I[I0 O3HAKY 3/IIMCHIOETHCSI METOJIOM IUCIIEPCIMHOTO aHai3Y.

BiamoBigHO 10 AMCIIEpCIMHOTO aHai3y Oyab-SKHUH HOTo pe3ysbTaT
MO>KHA MOJATH Yy BUIJISAII CYMH MEBHOI KIJTLKOCTI KOMIIOHEHT. [lin pienem
¢hakmopa po3ymitoTh IEBHY HOTO MIpy.

VY pasi npoBeAeHHSI AUCHEPCIHHOTO aHATI3y AOCHIIKYBAHUW MAacUB
JaHUX, OJICpKAHUX TIiJ] Yac €KCIIEPUMEHTY, MOAUISIIOTh Ha MEBHI TPYIIH,
K1 PI3HATHCS JII€I0 Ha pPe3yJbTaTh EKCIEPUMEHTY IEeBHUX PIiBHIB
dakTOpiB.

BBaxkaeThcs, Mo AO0CHIKyBaHAa O3HaAKa Ma€ HOPMaJbHHM 3aKOH
pO3MOJTY, a AucHepcii B KOXHIM OKpeMiid rpymi 3100yTHX 3HA4YeHb
o3HaKu oJHaKOBI. L{i mpumyIeHHs He0OX1HO MEPEBIPUTH.
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Oonoghaxkmopnuit oucnepciunuii ananiz

Hexail motpiOHO JOCHIAUTH BIUIMB HA O3HAKy X MEBHOrO OJIHOTO
dakTopa. Pe3ynbTaty €KCNEpUMEHTY IUISITh HAa MEBHE YHUCJO TPYI, SK1
BIJIPI3HAIOTHCSI MK COOOIO CTyNEeHEM Jiii (hakTopa.

BignoBigHo 10 Mojent 0JHO(AKTOPHOTO JUCHEPCIMHOrO aHalizy
HEOOX1JTHO BU3HAYUTU JIB1 AMCIEPCIi, a caMe: MDKIPYNOBY (AMCIEPCito
IPYNOBUX CEPEJHIX), 3yMOBJICHY BIUIMBOM JOCJIKYBaHOTro (pakTopa Ha
o3HaKy X, 1 BHYTpPIIIHBOI'PYMNOBY, 3yMOBJICHY BIUIMBOM 1HIIUX
BUMAIKOBUX (PAKTOPIB.

3aranbpHa JUCTIEPCisl PO3MIISIAETHCS SIK CyMa KBaJIpaTiB BIIXUJICHbD:

0.
j yp )2
{1 3py4HOCTI B IPOBEACHHI HEOOXIJHMX OOYMCIICHb pe3yabTaTH
CKCIICPUMEHTY 3BOJIATH B CHCIiabHy TaOmIo(Taos.1):

Tabnuuys 1
CryniHb
BILIUB CriocTepexyBaHe . i
@aKToga SHaquHE OH;I}{,aKH Y ['pynoBi cepenHi | 3araibHa cepeaHs
(rpymu)
1
_ i=1 Xi1
1 X11,X21,X31,---, X1 Xy = —Il
1 nj e
_ Ei:lzj=1x1’f
m X =
_ L—leE N
2 xlz,ng,x32,...,xn2 x2 = — =
n,
N = nj
- i=1%i3 J
3 X13,X23,X33,---, Xpn31| X3 = ——
ns
m
_ Li=1%ip
p xlp,XQp,pr,... anp xP - Il
P




2. EnemenTH Teopii perpecii

IIpu pochimkeHHl JBOX 3MIHHMX X Ta Y 3MiHa 3HadueHb X = X
OPU3BOJUTHh JO TaKOl 3MIHM 3Ha4eHb Y, SIKy MOXKHa po30UTH Ha JBa
KOMIIOHEHTH: CUCTEMATU4YHY, IO IMOB’si3aHa 13 3aJIeKHICTIO, KOTpa ICHY€
MK X Ta Y, 1 BUIQJAKOBY, SIKa 3a3HA€ BIUIMBY BUIIAJIKOBUX (PAKTOPIB.

[TokazHUKOM, 1110 BUMIPIOE CTOXACTUYHUM 3B 30K MIK 3MIHHUMH, €
Koe@iyiecnm Kopenauyii, sSIKU CBIAYNATH 3 MEBHOIO MIPOIO HMOBIPHOCTI,
HAaCKUIbKA 3B’SI30K MDK 3MIHHUMHU OJIM3BKHIL IO CTPOroi JIHIMHOI
3aJIEKHOCTI.

3a HagBHOCTI KOPEJALINHOrO 3B’A3KYy MIX 3MIHHHUMH HEOOX1JHO
BUSIBUTU HOro (¢GopMmy (YyHKIIOHAIBHOT 3aJeXKHOCTI (JIIHIMHA YU
HeJlHilHA), a caMe:

y = Bo + Bix; (1)
Y = Bo + Bix + B2x?; (2)
y=Bo+22 3)

Hapeneni moxxauBi 3anexxknocti mixk 3mimauma X 1 Y (1), (2), (3)
Ha3UBAIOTh PYHKYiAMU pezpecii.

JIJIs. TBOBUMIPHOTO CTAaTUCTHYHOTO PO3IOIiLTY BUOIpKU 03HaK (X, Y)
MNOHATTA CTATUCTUYHOI 3aJIe)KHOCTI MK O3HakamMu X Ta Y Mae Take
BU3HAYECHHS:

cmamucmuynolo 3anexcuicmio X Bil Y Ha3UBAIOTh TaKy, 3a SKOI
npy 3MiIHI 3Ha4Y€Hb O3HAKU Y =Y 3MIHIOETHCS YMOBHUM CTAaTUCTHUUYHHUI
pO3MOJALT O3HAKKW X, CTAaTUCTUYHOIO 3aJIeKHICTIO O3Haku Y Big X
HA3UBAIOTh TaKy, 3a SIKOi 31 3MIHOIO 3HAUY€Hb O3HAKU X = Xj 3MIHIOETHCS
YMOBHHUH CTaTUCTUYHUN PO3MO/LIT 03HAKH Y.

VY pasi 3MiHM YMOBHHMX CTATUCTUYHHUX PO3MOJILIIB 3MIHIOBATUMYThCS
1 YMOBHI YHUCJIOB1 XapaKTEPUCTHUKH.

3.KopeasimiiiHa 3aJ1€KHICTD
Kopenauininorw 3anexcnicmio o3Haku X Big Y Ha3UBAEThCSA
(GyHKIIOHAJIbHA 3QJIEKHICTH YMOBHOI'O CEPEIHBOTO Vx; BiJl apTyMEHTY X,

II[0 MO’KHA 3aIMCaTH TaK:
Yo = a(x).
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Mix o3nakamu X Ta Y MOKe ICHyBaTH CTaTUCTUYHA 3QJICKHICTh 1 3a
B1JICYTHOCTI KOPEJISIINHOI. AJie KOJIM ICHY€E KOpEJISIiHA 3aJIE€XKHICTh MK
o3HakaMu X Ta Y, TO 000B’A3KOBO M)XK HAMH ICHYBAaTHME 1 CTaTUCTUYHA
3QJICKHICTb.

JliniiiHe piBHSHHA 3B’s3Ky X 1 Y MOXHa

’ » ,  TIOJaTH B TAKOMY BUTJISI:
. 0" Yi = Bo + Pix; + &,
.. ne Bo, f1€ HEBLIOMI TTapaMeTpH perpecii, &; €
el ] BUIIAJKOBOKO  3MIiHHOI, IO  XapaKTepHu3ye
T BIAXWICHHS Y BiJ TINOTETUYHOI TEOPETUYHOI
° " perpecii (puc.l).

Pucynoxk 1

43



IMUTAHHA AJIsd HNIACYMKOBOI'O KOHTPOJIKO 3HAHb
3JI0BYBAUYIB BUIIIOI OCBITHU
1. TIpenmet Teopii itmoBipHOCTEH. [ToHATTS oxli. Kimacudikaitist moiu.
2. BignocHa wuyacrtora. CrTiiKicTh BigHOCHOI dactoth. CratucTuyHa
HAMOBIpPHICTb.
3. Heski BimoMocTi 13 koMOiHatopuku. KomOiHaii, po3milieHHs,
NePECTaHOBKH.
4. KnacuyHe  BU3HAYCHHA  HMOBipHOCTI.  MOro  0GMEXKEHICTS.
['eomeTpruHa UMOBIPHICTb.
5. Tlouarrs mpo cymicHi Ta HecyMicHl nofii. Cyma mopaiid. Teopema
J0JaBaHHs UMOBIPHOCTEH HECYMICHUX MOIIM.
6. IToHa rpyma noxiii. IMOBIpHiCTb CyMH MOBHOT IPYITH HOii.
7. TIpotunexui nofii. iMoBipHicTs MOSBH MpoTHiIEKHOT Hoaii. Biporimxi
8. Heszanexni momii. Teopema MHOMXKEHHSI WMOBIPHOCTEHM HE3aJICKHUX
ITOI1H. ﬁMOBipHiCTB IOSIBM X04a OM OJHIET He3alIeKHOI noil.
9. 3anexni mnomii. YMoBHI HMoOBipHOCTI. Teopema  m0JaBaHHS
AMOBIpHOCTEN CYMICHUX MOJIIH.
10. ®opmyna mnoBHOI iiMoBipHOCTi. MMmoBipHicTh Timotes. Popmyiu
barieca.
11. IloBTOpHI He3aNekH1 BUunpoOyBaHHsI. Dopmyna bepHyii.
12. JIuckpeTHl Ta HEMepepBHI BUMAJKOBI BEJIMYMHHU. 3aKOH PO3MOILTY
BUIMAIKOBO1 BETMUYMHU. BIHOMHUI 3aKOH pO3MOALTY.
13.3akon posnoziny Ilyaccona. VIMOBIpHICTH BimXuiaeHHS BimHOCHOI
YacCTOTH B1JI CTAJI01 UMOBIPHOCTI B HE3AJIC)KHUX BUIPOOYBAHHSIX.
14. 3naxo)KeHHA HAWIMOBIPHIIIOTO YHCIAa TOABU MOl B HE3AJICKHHUX
BUNPOOYBAHHSIX.
15. JlokanbHa Teopema Jlammaca (6e3 1oBeIeHHS).
16. IuterpansHa Teopema Jlamiaca (0e3 10BEICHHS).
17.YucnoBl  XapakTEPUCTUKU  JUCKPETHUX  BUMAJIKOBUX  BEJIUYWH
(MaTeMaTH4YHE  CHOJIBaHHSA, CEpeAHE  KBaApaTUYHE  BIJXUJICHHS,
JUCTIepCis).
18.YucnoBl  XapaKTEepUCTUKU HEMEPEPBHUX  BUMAJAKOBUX  BEJIMYUH
(MaTeMaTU4YHE  CHOJMIBaHHSA, CEPEHE  KBaJpaTUYHE  BIIXHWIJICHHS,
TUCTIepCis).
19. BnacTuBoCTI MATEMAaTUYHOT'O CIIOI1BAHHSI.
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20. BractuBocTi guctepcii. IToHATTS Ipo MOMEHTH PO3TOLTY.

21. MaTeMaTH4HE CHOAIBaHHS BHMIAAKOBOI BEIMYMHH, PO3IMOMUICHOI 3a
OIHOMHHM 3aKOHOM.

22. luctiepcis  Ta cepeaHE KBaJgpaTHYHE BIAXWUJCHHS BHUIAJAKOBOI
BEJIMYUHU, PO3IOIIECHOI 38 OIHOMHHUM 3aKOHOM.

23. MaremaTH4He CIIOJ[IBaHHS BHWIIAJKOBOI BEJIMYHUHM, PO3MOAUICHOI 3a
3akoHOM Ilyaccona.

24. Jlucniepcis 1 cepe/iHe KBaIpaTUYHE BIIXWICHHS BUMAJAKOBOT BEJIMUMHU
po3mnoauieHoi 3a 3akoHoM Ilyaccona.

25. TlonsaTTs iHTEerpanbHOi QyHKIIT po3noalty. BiracTuBocTi iHTErpaibHOT
26.Tlonsatrs  gudepeHmianbHoi  GYHKIIT  pO3MOALTY  MMOBIpHOCTEH
HelepepBHOI BHIAAKOBOI BEIMYMHM Ta ii BIACTHBOCTI. VIMOBIpHICTH
nonajaHHs HEeTIEpEePBHOI BUTIAKOBOI BEJIMYMHM B 33JIaHUK 1HTEPBAJI.
27.3HaxO/PKeHHS  IHTErpajibHOI  (PYHKINT PO3MOAUTY 32  BIJIOMOIO
nudepeHIianbHO (QYHKITIETO.

28.3akoH Benukux uucen. HepiBHICTh 1 Teopema YUeOumieBa. 3HauCHHS
Teopemu UeOuieBa IJis MPaKTHKH.

29. 3akoH Benukux yucesn. Teopema bepnyi.

30. HopManbsHuUii 3aKOH PO3IOALTY BUIAAKOBOI BEJIMYHHH.

31. BractuBocTi (PyHKIT HIIJIBHOCTI WMOBIPHOCTI HOPMAJILHOTO 3aKOHY
PO3MOILITY.

32./IMoBipHiCTp ~ HOMAmaHHS B  3aJaHMH  iHTEPBaT  HOPMAIBHO
PO3MOIIEHOT BUIMAIKOBOT BETMYMHHU.

33. IIpaBuiio TpOX CUTM.

34. MaremaTuuHe cnojiiBaHHsA JudepeHtianbHoi (QyHKIII HOPMaTbHOTO
PO3MOLITY.

35. Mucniepcis nudepeniiianbHoi GyHKIT HOpMaIbHOTO PO3MOALTY.

36. [louarrs mnpo TteopeMmy JlsmyHoBa. DopmyJitOBaHHS IEHTPaIbHOI
CPaHUYHOI TEOPEMHU.

37.01miHKa BIOXWICHHSA TEOPETUYHOTO PO3MOAUTY BiJT HOPMAaJIBbHOTO.
AcumeTpis Ta eKciiec.

38. TlokazHukoBHi po3noaul. YUCIOBI XapaKTepUCTUKH.

39. Ilpeamer mMaTeMaTH4YHOI CTaTHCTHKH. Ii wmicue B cucremi
CTATUCTUYHUX JUCIUTLIIH.

40. 3aBma”HHsa MAaTEMaTUYHOI CTATUCTUKMU.
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41. CraTUCTUYHI PAIU PO3MOILTY: PAaHXUPOBAHUHN PsiJl, BaplalliiHUMN Psifl
(n1uckpeTHUM Ta 1HTEpBaibHMi). [ToOym0Ba psiAiB po3nOALTY.

42. T'padiune 300pakeHHS pPsAIB PO3MOALTY: TOJITOH, TiCTOrpama,
KyMyJsiTa Ta oriBa. OCHOBHI JOPMHU CTATUCTUYHHUX PO3MOALTIB.

43. EmmipudHa Ta TeopeTudHa (QYHKIIS PO3MOALTY.

44. llentpanbHa TeHAEHLIS psAxy posnoAury. CepeaHi BEIUYUHHU SK
XapaKTEPUCTUKH PSIY.

45. OO’eMHI cepelHI BEIUYMHU: CEpeaHA apuPpMETUyHa, CepeHs
r€OMETPUYHA, CEpellHd TapMOHIWHA, cepenHsd KBaapaTtuyHa. [IpaBuiio
MaYKOPAHTHOCTI CEpeIHIX.

46. CTpyKTypHI Cepe/iHi BEJIMUYMHU: MOJIa Ta Me/TiaHa.

47. Tloka3HMKM Bapiallli O3HAK: po3Max Bapiailii, CEpeHE JIiHIiTHE
BIIXWJICHHS, JUCIIEPCis, CEpeAHE KBaJApaTUYHE BIAXWICHHS, KOC(ILIEHT
Bapiai.

48. MareMaTu4H1 BIACTUBOCTI cepenHboi apupmernynoi. OOUncIeHHS
CepeHbOi aprU(PMETUIHOT CIIPOIIEHUM METOIOM.

49. MarematuyHi BiacTUBOCTI auchepcii. OOuuciaeHHs aucnepcii
crpoliieHuM MetooM. Dopmyia st 00UUCIISHHS JUCTIEPCi.

50. 3aranbHa, rpymnoBa Ta BHYTpilIHbOTrpymnoBa pgucnepcii. [IpaBuio
JOJaBaHHS JUCIIEPCiil.

51. MoMeHTH CTaTUCTUYHOTO PO3MOALTY: IOYaTKOBI, IIEHTpaJIbHI,
YMOBHI Ta HOPMOBaHi.

52. OiliHKa BIIXWIEHHS EMIIIPUYHOTO PO3MOJIIY BiJ HOPMaJIbHOIO.
XapakTepUCTUKA aCUMETPIl Ta €KCIIECY PO3IMOILTY.

53. 3aranbHi MNOHATTS BUOIPKOBOIO CHOCTEpEKEHHs. [eHepanbHa Ta
BHOIPKOBA CyKYITHOCTI. IX XapaKTepHCTUKH.

54. TloBropHa Ta Oe3moBTOpHa BUOIpKH. Penpe3eHTuBHa BHOIpKA.
CnocoOu B1100pYy.

55. Craructuuni  omiHku. OliHKa TeHepajdbHOI  AMCHEpcii  3a
BUIPABJICHOIO BUOIPKOBOIO.

56. OcHOBHI BHMOI'H JO CTAaTHCTHYHOI OIIHKH: HE3MINIECHICTD,
€(EeKTUBHICTh, CIPOMOYHICTb 1 JIOCTATHICTb.

57. ToukoBa Ta IHTEpBaJIbHA OI[IHKK TMapaMeTpiB T'€HEPAIbHOI
cykynHocTi. Hamiiina #imMoBipHicTh. Hagilinuii  iHTepBan. PiBeHb
3HAYUMOCTI.

58. Hapifinmuit iHTEepBan M1 OIIHKA MATEMAaTHYHOTO CITOJIBaHHS
HOPMAaJIbHOTO PO3MOJITY TIPU BIIOMOMY G.
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59. Hapiifiamii i1HTEepBaNn A OIIHKA MAaTEMAaTHYHOTO CITOJIBaHHS
HOPMAaJIbHOT'O PO3MOALTY MPU HEBIJIOMOMY G.

60. Hapifinmii 1HTEpBan I OIIHKH CEPEAHBOTO KBaJIpPaTUIHOIO
BIIXWJICHHSI G HOPMAJIbHOT'O PO3IOILITY.

61. 3akonu po3noaity. HopmanpHu# po3nomai.

62. Posmoxin CTeroneHTa, po3noin x2, posnoain dimepa-CHenexopa.
63. CrarucTuuHi TINOTE3U: HYJIbOBAa Ta AaJbTEPHATHBHA, IMPOCTa Ta
CKJIaJHA.

64. CraTucTuuHi KpUTEpii Ta KPUTUYHA 00IACTb.

65. IlepeBipka CTAaTUCTHUYHUX T1I1OTE3 BIAHOCHO CEPEHIX.

66. IlepeBipka CTAaTUCTUYHUX TiMOTE3 BIIHOCHO PO3IOILTIB.

67. TIlepeBipka rimoTe3 NPO BIAMOBIAHICTH EMITIPUYHOTO PO3MOALTY
TEOPETMYHOMY 3 BUKOPUCTaHHSIM y2-kputepito IlipcoHa sK KpuTeEpiro
y3TOJIKEHHSI.

68. IlepeBipka rimOTE3 TMPO JOCTOBIPHICTH  BIJIMIHHOCTEH  MIXK
aUcTepcisiMu 3a JornomMororo F-kpurepito.

69. CyTb Ta 3aBHaHHs AUCTIEPCIMHOTO METOY aHai3Yy.

70. CxeMa qucmnepciiHOro aHaizy.

/1. Anaroput™ pimieHHsa 0JHO(AKTOPHOT MOJEMI.

/2. ®OyHKIIOHAIbHA, CTATUCTUYHA Ta KOpeJAIliiiHa 3aJI€KHOCTI.

/3. 'YMmoBHI cepeani. JIB1 OCHOBHI 3a7a4l T€OPil KOPEJISIIii.

/4. Meton HaliMEHIIMX KBaJpaTiB IIpHd BUANIYKaHHI IapaMeTpiB
BHOIPKOBOT'O PiBHSHHS JIIHIT perpecii 3a He3rpyInoBaHUMHU JTAHUMHU.

/5. BimmykanHsa mnapamMeTpiB  BHUOIPKOBOTO PIBHSHHSA MPsSIMO1  JIiHIT
perpecii 3a 3rpynoBaHuMH JaHnumu. Kopesnsiiiina Ta0auus.

76. BubipkoBuii koediuieHT kopessiii. KoediienT nerepminarii.

/7. BusHaueHHs KoedilieHTIB perpecii (pyx, Pxy) 4Yepe3 KoedilieHT
KOpEJISAIi.

/8. BubipkoBe kopensiiine BigHomeHHs. KpuBosiHiiiHa perpecis.

79. TlepeBipka afieKBaTHOCTI KOPEJSIIHHOT MOAEI (PaKTUUHUX JAHUX.
80. IlepeBipka 3HaUMMOCTI KOoe(IlIEHTA KOPEIISILIIi.
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JIOJIATKH

HHooamox 1
xz
3nauenns pynkuii Fayca ¢(x) = ﬁTl_n e z

X 0 1 2 3 4 5 6 7 8 9

0,0 | 0,3989 | 3989 | 3989 | 3988 | 3986 | 3984 | 3982 3980 3977 | 3973
0,1 3970 3965 | 3961 | 3956 | 3951 | 3945 | 3939 3932 3925 | 3918
0,2 3910 3902 | 3894 | 3885 | 3876 | 3867 | 3857 3847 3836 | 3825
0,3 3814 3802 | 3790 | 3778 | 3765 | 3752 | 3739 3726 3712 | 3667
0,4 3683 3668 | 3653 | 3637 | 3621 | 3605 | 3589 3572 3555 | 3538
0,5 3521 3521 | 3503 | 3467 | 3448 | 3429 | 3410 3391 3372 | 3352
0,6 3332 3312 | 3392 | 3271 | 3251 | 3230 | 3209 3287 3166 | 3144
0,7 3123 3101 | 3079 | 3056 | 3034 | 3011 | 2989 2966 2943 | 2920
0,8 2897 2874 | 2850 | 2827 | 2903 | 2780 | 2756 2832 2709 | 2685
0,9 2661 2637 | 2613 | 2689 | 2565 | 2541 | 2516 2592 2468 | 2444
1,0 0,2420 | 2396 | 2371 | 2347 | 2323 | 2299 | 2275 2251 2227 | 2203
1,1 2179 2155 | 2131 | 2107 | 2083 | 2059 | 2036 2012 1989 | 1965
1,2 1942 1919 | 1895 | 1872 | 1849 | 1826 | 1804 1781 1758 | 1736
1,3 1714 1691 | 1669 | 1647 | 1626 | 1604 | 1682 1561 1539 | 1518
1,4 1497 1476 | 1456 | 1435 | 1415 | 1394 | 1374 1354 1334 | 1315
15 1295 1276 | 1257 | 1238 | 1219 | 1200 | 1182 1163 1145 | 1127
1,6 1109 1092 | 1074 | 1057 | 1040 | 1023 | 1006 | 100969 | 0973 | 0957
1,7 0940 0925 | 0909 | 0893 | 0878 | 0863 | 0848 0833 0818 | 0804
1,8 0790 0775 | 0761 | 0748 | 0734 | 0721 | 0707 0694 0681 | 0669
1,9 0656 0644 | 0632 | 0620 | 0608 | 0596 | 0584 0573 0562 | 0551
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[IponoBxkenus noaarka 1

X 0 1 2 3 4 5 6 7 8 9
2,0 | 0,0540 | 0529 | 0519 | 0508 | 0498 | 0488 | 0476 0468 0459 | 0449
2,1 0440 | 0431 | 0422 | 0413 | 0404 | 0396 | 0387 0379 0371 | 0363
2,2 0355 | 0347 | 0339 | 0332 | 0325 | 0317 | 0310 0303 0297 | 0290
2,3 0283 | 0277 | 0270 | 0264 | 0258 | 0252 | 0246 0241 0235 | 0229
2,4 0224 | 0219 | 0213 | 0208 | 0203 | 0198 | 0191 0189 0184 | 0180
2,5 0175 | 0171 | 0167 | 0163 | 0158 | 0154 | 0151 0147 0143 | 0139
2,6 0136 | 0132 | 0129 | 0126 | 0122 | 0119 | 0116 0113 0110 | 0107
2,7 0104 | 0101 | 0099 | 0096 | 0093 | 0090 | 0088 0086 0084 | 0081
2,8 0079 | 0077 | 0075 | 0073 | 0071 | 0069 | 0067 0065 0063 | 0061
2,9 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 0033 | 0032 | 0031 | 0030 | 0029 | 0028 | 0027 0026 0025 | 0025
3,2 0024 | 0023 | 0022 | 0022 | 0021 | 0020 | 0020 0019 0018 | 0018
3,3 0017 | 0017 | 0016 | 0016 | 0015 | 0015 | 0014 0014 0013 | 0013
3,4 0012 | 0012 | 0012 | 0011 | 0011 | 0010 | 0010 0010 0009 | 0009
3,5 0009 | 0008 | 0008 | 0008 | 0008 | 0007 | 0007 0007 0007 | 0006
3,6 0006 | 0006 | 0006 | 0005 | 0005 | 0005 | 0005 0005 0005 | 0004
3,7 0004 | 0004 | 0004 | 0004 | 0004 | 0004 | 0004 0003 0003 | 0003
3,8 0003 | 0003 | 0003 | 0003 | 0003 | 0003 | 0002 0002 0002 | 0002
3,9 0002 | 0002 | 0002 | 0002 | 0002 | 0002 | 0002 0002 0001 | 0001
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, HHooamoxk 2

1 _z
3nauvenHa pyukuii Jlanaaca ¢(x) = Ner f'f e 2dz
W

X D (x) X D (x) X D (x) X D (x)
0,00 0,0000 0,34 0,1331 0,68 0,2517 1,02 0,3461
0,01 0,0040 0,35 0,1368 0,69 0,2549 1,03 0,3485
0,02 0,0080 0,36 0,1406 0,70 0,2580 1,04 0,3508
0,03 0,0120 0,37 0,1443 0,71 0,2611 1,05 0,3551
0,04 0,0160 0,38 0,1480 0,72 0,2642 1,06 0,3554
0,05 0,0199 0,39 0,1517 0,73 0,2673 1,07 0,3577
0,06 0,0239 0,40 0,1554 0,74 0,2703 1,08 0,3599
0,07 0,0279 0,41 0,1591 0,75 0,2734 1,09 0,3621
0,08 0,0319 0,42 0,1628 0,76 0,2764 1,10 0,3643
0,09 0,0359 0,43 0,1664 0,77 0,2794 1,11 0,3665
0,10 0,0398 0,44 0,1700 0,78 0,2823 1,12 0,3686
0,11 0,0438 0,45 0,1736 0,79 0,2852 1,13 0,3708
0,12 0,0478 0,46 0,1772 0,80 0,2881 1,14 0,3729
0,13 0,0517 0,47 0,1808 0,81 0,2910 1,15 0,3749
0,14 0,0557 0,48 0,1844 0,82 0,2939 1,16 0,3770
0,15 0,0596 0,49 0,1879 0,83 0,2967 1,17 0,3790
0,16 0,0636 0,50 0,1915 0,84 0,2995 1,18 0,3810
0,17 0,0675 0,51 0,1950 0,85 0,3023 1,19 0,3830
0,18 0,0714 0,52 0,1985 0,86 0,3051 1,20 0,3849
0,19 0,0753 0,53 0,2019 0,87 0,3078 1,21 0,3869
0,20 0,0793 0,54 0,2054 0,88 0,3106 1,22 0,3883
0,21 0,0832 0,55 0,2088 0,89 0,3133 1,23 0,3907
0,22 0,0871 0,56 0,2123 0,90 0,3159 1,24 0,3925
0,23 0,0910 0,57 0,2157 0,91 0,3186 1,25 0,3944
0,24 0,0948 0,58 0,2190 0,92 0,3212 1,26 0,3962
0,25 0,0987 0,59 0,2224 0,93 0,3238 1,27 0,3980
0,26 0,1026 0,60 0,2257 0,94 0,3264 1,28 0,3997
0,27 0,1064 0,61 0,2291 0,95 0,3289 1,29 0,4015
0,28 0,1103 0,62 0,2324 0,96 0,3315 1,30 0,4032
0,29 0,1141 0,63 0,2357 0,97 0,3340 1,31 0,4049
0,30 0,1179 0,64 0,2389 0,98 0,3365 1,32 0,4066
0,31 0,1217 0,65 0,2422 0,99 0,3389 1,33 0,4082
0,32 0,1255 0,66 0,2454 1,00 0,3413 1,34 0,4099
0,33 0,1293 0,67 0,2486 1,01 0,3438 1,35 0,4115
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[IponoBkeHHs noaarka 2

X D (x) X D (x) X D (x) X D (x)
1,36 0,4131 1,67 0,4525 1,98 0,4761 2,58 0,4951
1,37 0,4147 1,68 0,4535 1,99 0,4767 2,60 0,4953
1,38 0,4162 1,69 0,4545 2,00 0,4772 2,62 0,4956
1,39 0,4177 1,70 0,4554 2,02 0,4783 2,64 0,4959
1,40 0,4192 1,71 0,4564 2,04 0,4793 2,66 0,4961
1,41 0,4207 1,72 0,4573 2,06 0,4803 2,68 0,4963
1,42 0,4222 1,73 0,4582 2,08 0,4812 2,70 0,4965
1,43 0,4236 1,74 0,4591 2,10 0,4821 2,72 0,4967
1,44 0,4251 1,75 0,4599 2,12 0,4830 2,74 0,4969
1,45 0,4265 1,76 0,4608 2,14 0,4838 2,76 0,4971
1,46 0,4219 1,77 0,4616 2,16 0,4846 0,78 0,4973
1,47 0,4292 1,78 0,4625 2,18 0,4854 2,80 0,4974
1,48 0,4306 1,79 0,4633 2,20 0,4861 2,82 0,4976
1,49 0,4319 1,80 0,4641 2,22 0,4868 2,84 0,4977
1,50 0,4332 1,81 0,4649 2,24 0,4875 2,86 0,4979
1,51 0,4345 1,82 0,4656 2,26 0,4881 2,88 0,4980
1,52 0,4357 1,83 0,4664 2,28 0,4887 2,90 0,4981
1,53 0,4370 1,84 0,4671, 2,30 0,4893 2,92 0,4982
1,54 04382 1,85 0,4678 2,32 0,4898 2,94 0,4984
1,55 0,4394 1,86 0,4686 2,34 0,4904 2,96 0,4985
1,56 0,4406 1,87 0,4693 2,36 0,4909 2,98 0,4986
1,57 0,4418 1,88 0,4699 2,38 0,4913 3,00 0,49865
1,58 0,4429 1,89 0,4706 2,40 0,4918 3,20 0,49931
1,59 0,4441 1,90 0,4713 2,42 0,4922 3,40 0,49966
1,60 0,4452 191 0,4719 2,44 0,4927 3,60 0,499841
1,61 0,4463 1,92 0,4726 2,46 0,4931 3,80 0,499928
1,62 0,4474 1,93 0,4732 2,48 0,4934 4,00 0,499968
1,63 0,4484 1,94 0,4738 2,50 0,4938 4,50 0,499997
1,64 0,4495 1,95 0,4744 2,52 0,4991 5,00 0,499997
1,65 0,4505 1,96 0,4750 2,54 0,4945
1,66 0,4515 1,97 0,4756 2,56 0,4948
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3uavenns t, = t(y,n)

JMooamok 3

n ’ n y

0,95 0,99 0,999 0,95 0,99 0,999
5 2,78 4,60 8,61 20 2,093 2,861 3,883
6 2,57 4,03 6,86 25 2,064 2,797 3,745
7 2,45 3,71 5,96 30 2,045 2,756 3,656
8 2,37 3,50 5,41 35 2,032 2,720 3,600
9 2,31 3,36 5,04 40 2,023 2,708 3,558
10 2,26 3,25 4,78 45 2,016 2,692 3,527
11 2,23 3,17 4,59 50 2,009 2,679 3,502
12 2,20 3,11 4,44 60 2,001 2,662 3,464
13 2,18 3,06 4,32 70 1,996 2,649 3,439
14 2,16 3,01 4,22 80 1,001 2,640 3,418
15 2,15 2,98 4,14 90 1,987 2,633 3,403
16 2,13 2,95 4,07 100 1,984 2,627 3,392
17 2,12 2,92 4,02 120 1,980 2,617 3,374
18 2,11 2,90 3,97 1,960 2,576 3,291
19 2,10 2,88 3,92
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Buauenns q = q(y,n)

Hooamok 4

n y n y

0,95 0,99 0,999 0,95 0,99 0,999
5 1,37 2,67 5,64 20 0,37 0,58 0,88
6 1,09 2,01 3,88 25 0,32 0,49 0,73
7 0,92 1,62 2,98 30 0,28 0,43 0,63
8 0,80 1,38 2,42 35 0,26 0,38 0,56
9 0,71 1,20 2,06 40 0,24 0,35 0,50
10 0,65 1,08 1,80 45 0,22 0,32 0,46
11 0,59 0,98 1,60 50 0,21 0,30 0,43
12 0,55 0,90 1,50 60 0,188 0,269 0,38
13 0,52 0,83 1,33 70 0,174 0,245 0,34
14 0,48 0,78 1,23 80 0,161 0,226 0,31
15 0,46 0,73 1,15 90 0,151 0,211 0,29
16 0,44 0,70 1,07 100 0,143 0,198 0,27
17 0,42 0,66 1,01 150 0,115 0,160 0,211
18 0,40 0,63 0,96 200 0,099 0,136 0,185
19 0,39 0,60 0,92 250 0,089 0,120 0,162
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Hooamox 5

Kputnyni Touku posnoainy ®imepa (F-po3noainy)

PiBens 3nauymocti 0,05

Ko~k 1 2 3 4 5 6 12 24 0
1 164,4 | 199,5 | 215,7 | 224,6 | 230,2 | 234,0 | 244,9 | 249,0 | 254,3
2 18,5 9,2 19,2 19,3 | 19,3 | 19,3 194 | 195 | 195
3 10,1 9,6 9,3 9,1 9,0 8,9 8,7 8,6 8,5
4 7,7 6,9 6,6 6,4 6,3 6,2 59 5,8 5,6
5 6,6 5,8 5,4 5,2 51 5,0 4,7 4,5 4,4
6 6,0 51 4,8 4,5 4,4 4,3 4,0 3,8 3,7
7 5,6 4.7 4,4 4,1 4,0 3,9 3,6 3,4 3,2
8 5,3 4,5 4,1 3,8 3,7 3,6 3,3 3,1 2,9
9 51 4,3 3,9 3,6 3,5 3,4 3,1 2,9 2,7
10 5,0 4,1 3,7 3,5 3,3 3,2 2,9 2,7 2,5
11 4,8 4,0 3,6 3,4 3,2 3,1 2,8 2,6 2,4
12 4,8 3,9 3,5 3,3 3,1 3,0 2,7 2,5 2,3
13 4,7 3,8 3,4 3,2 3,0 2,9 2,6 2,4 2,2
14 4,6 3,7 3,3 3,1 3,0 2,9 2,5 2,3 2,1
15 4,5 3,7 3,3 3,1 2,9 2,8 2,5 2,3 | 2,1
16 4,5 3,6 3,2 3,0 2,9 2,7 2,4 2,2 2,0
17 4,5 3,6 3,2 3,0 2,8 2,7 2,4 2,2 2,0
18 4,4 3,6 3,2 2,9 2,8 2,7 2,3 2,1 1,9
19 4.4 3,5 3,1 2,9 2,7 2,6 2,3 2,1 1,8
20 4.4 3,5 3,1 2,9 2,7 2,6 2,3 2,1 1,8
22 4,3 3,4 3,1 2,8 2,7 2,6 2,2 2,0 1,8
24 4,3 3,4 3,0 2,8 2,6 2,5 2,2 2,0 1,7
26 4,2 3,4 3,0 2,7 2,6 2,4 2,1 1,9 1,7
28 4,2 3,3 2,9 2,7 2,6 2,4 2,1 1,9 1,6
30 4,2 3,3 2,9 2,7 2,5 2,4 2,1 1,9 1,6
40 4,1 3,2 2,9 2,6 2,5 2,3 2,0 1,8 1,5
60 4,0 3,2 2,8 2,5 2,4 2,3 1,9 1,7 1,4
120 3,9 3,1 2,7 2,5 2,3 2,2 1,8 16 | 1,3
0 3,8 3,0 2,6 2,4 2,2 2,1 1,8 1,5 1,0
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IIponoBxkeHHs 1oaarka 5

PiBens 3nauymocti 0,01
>~k 1 2 3 4 5 6 8 12 24 0
1 | 4052 | 4999 | 5403 | 5625 | 5764 | 5859 | 5981 | 6106 | 6234 | 6366
2 | 985 [ 99,0 | 992 | 99,3 | 99,3 | 99,4 | 99,3 | 99,4 | 99,5 | 99,5
3| 341 | 308 | 295 | 287 | 282 | 279 | 275 | 27,1 | 26,6 | 26,1
4 | 212 | 180 | 16,7 | 16,0 | 155 | 152 | 14,8 | 144 | 139 | 135
5| 163 | 133 | 121 | 11,4 | 110 | 107 | 103 | 99 9,5 9,0
6 | 13,7 | 109 | 9,8 9,2 8,8 8,5 8,1 7,7 73 | 69
7 123 | 96 8,5 7,9 75 7,2 6,8 6,5 6,1 5,7
8 | 113 | 87 7,6 7,0 6,6 6,4 6,0 5,7 53 | 4,9
9| 106 | 80 70 | 64 6,1 5,8 5,5 5,1 47 | 43
10 | 100 | 76 6,6 6,0 5,6 5,4 51 | 4,7 4,3 3,9
11| 97 7,2 6,2 5,7 5,3 5,1 4,7 4,4 4,0 3,6
12| 93 6,9 6,0 5,4 5,1 4,8 4,5 4,2 3,8 3,4
13| 91 6,7 5,7 5,2 4,9 4,6 4,3 4,0 3,6 3,2
14| 89 6,5 5,6 50 | 47 4,5 4,1 3,8 3,4 3,0
15| 87 6,4 54 | 49 4,6 4,3 4,0 3,7 3,3 2,9
16| 85 6,2 5,3 4,8 4,4 4,2 3,9 3,6 3,2 2,8
17| 84 6,1 5,2 4,7 4,3 4,1 3,8 3,5 3,1 2,7
18| 8,3 6,0 5,1 4,6 4,3 4,0 3,7 3,4 3,0 2,6
19| 82 5,9 50 | 45 4,2 3,9 3,6 3,3 2,9 2,4
20| 81 59 | 49 4,4 4,1 3,9 3,6 3,2 2,9 2,4
2 79 57 | 48 4,3 4,0 3,8 3,5 3,1 2,8 2,3
24| 78 5,6 47 | 42 3,9 3,7 3,3 3,0 2,7 2,2
26| 7,7 55 | 46 4,1 3,8 3,6 3,3 3,0 2,6 2,1
28| 7,6 55 | 46 4,1 3,8 3,5 3,2 2,9 2,5 2,1
30| 7,6 54 | 45 | 4,0 3,7 3,5 3,2 2,8 2,5 2,0
40| 73 52 | 43 3,8 3,5 3,3 3,0 2,7 2,3 1,8
60| 7,1 50 | 41 3,7 3,3 3,1 2,8 2,5 2,1 1,6
120| 6,9 4,8 4,0 3,5 3,2 3,0 2,7 2,3 2,0 1,4
w| 66 4,6 3,8 3,3 3,0 2,8 2,5 2,2 1,8 | 1,0
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Mooamok 6

Kputnuni Toukn po3noainy CteiogaenTa (t-po3moainy)

Yucno cTymeHiB PiBeHb 3HAYVYIIOCTI, &

csobom, K 0,20 ( 0,10 | 005 | 0,02 | 0,01 | 0,002 0,001
1 3,08 |6,31 12,7 |31,82 |63,66 |127,32 | 636,62
2 1,89 | 292 |430 |697 |993 |14,09 | 31,60
3 164 (235 |318 |454 |584 | 745 12,94
4 153 | 2,13 2,78 | 3,75 | 4,60 | 5,60 8,61
5 1,48 | 202 | 257 |337 |403 |4,77 6,86
6 144 | 194 | 245 | 314 |371 |432 5,96
7 1,42 | 190 | 236 | 3,00 | 350 | 4,03 5,41
8 1,40 | 186 | 231 |29 |33 | 383 5,04
9 1,38 | 183 | 226 |282 |325 | 3,69 4,78
10 137 | 181 | 223 |27 |317 | 3,58 4,59
11 1,36 | 1,80 | 220 | 2,72 | 311 3,50 4,44
12 1,36 | 1,78 | 2,18 | 2,68 | 3,05 | 3,43 4,32
13 135 | 1,77 | 216 | 265 | 3,01 | 3,37 4,22
14 134 | 1,76 | 214 | 262 |298 | 333 4,14
15 1,34 | 1,75 | 213 | 260 |29 |[329 4,07
16 1,34 | 1,75 | 212 | 258 |292 | 325 4,02
17 133 | 1,74 | 211 | 257 |290 | 3,22 3,97
18 1,33 | 1,73 | 2,10 | 255 | 288 | 320 3,92
19 1,33 | 1,73 | 2,09 | 254 |286 | 3,17 3,88
20 1,33 | 1,73 | 209 | 253 |28 |315 3,85
21 1,32 | 1,72 | 2,08 | 252 |283 | 314 3,82
22 1,32 | 1,72 | 2,07 | 251 |282 | 312 3,79
23 1,32 | 1,71 | 2,07 | 250 |281 | 310 3,77
24 132 1,71 | 206 |249 |280 | 3,09 3,75
25 132 (171 | 206 |248 |2,79 | 3,08 3,73
26 1,32 | 1,71 | 206 |248 | 2,78 | 3,07 3,71
27 1,31 1,70 | 2,05 | 247 | 277 | 3,06 3,69
28 1,31 [ 1,70 |205 |247 |2,76 | 3,05 3,67
29 1,31 | 1,70 |2,04 |246 |276 | 3,04 3,66
30 1,31 [ 1,70 |204 |246 |2,75 | 3,03 3,65
40 1,30 168 |202 |242 |270 | 2097 3,55
60 1,30 | 167 |200 |239 |266 |291 3,46
120 1,29 | 1,66 198 |[236 |262 |286 3,37
0 1,28 | 1,64 196 |[233 |[258 |281 3,29
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