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BCTYII

MareMaTHyHa CTaTUCTUKA — II€ NPUKIaIHA, MPaKTUYHA HayKa, IO
BMBYA€E BEIMKI CYKYIMHOCTI OMHOTHITHUX O0'€KTiB. Y 19-mMy cromiTTi BOoHa
BUALTHIIACS 3 Teopii KIMOBIPHOCTEH 1 3 THX Mip BBaXKAETHCS CAMOCTIHHOIO
HaYKOIO.

MaremaTnyHa CTaTUCTHKA KOPUCTYETHCA METONAMHU Pi3HHUX PO3ILIIB
MaTeMaTHKH. AJie HacamIlepes BOHAa KOPHCTYETBCS METOJAMH Teopil
WMOBIpHOCTEH, sKa € JIs Hel OCHOBHOIO TeOopeTHYHOK 0azoro. Teopis
HMOBIpHOCTEW Ha/la€ MaTEMaTHYHy OCHOBY aHAIi3y BHUIIAAKOBHUX MOIiH.

MartemaTnyHa ~ CTaTUCTHKA  3aiMaeThCs  300pOM,  aHAI30M,
IHTEpIIPETAIli€I0, TOJJAHHAM Ta OpraHizaii€eio qaHux. BoHa 103Bosisie poOuTH
BUCHOBKM Ta TIPUIMAaTH pIilIeHHS Ha OCHOBI aHaji3y BEIMKHX OOCHTiB
iH(hopMarii.

Jlesiki KJIIOYOBi aCTIEKTH MATEMATHYHOI CTATHCTUKH

- 36ip Oanux: MaTemMaTh4yHa CTaTHCTHUKA PO3poOIIsE MeToAu 300py
JaHUX, m00 3a0e3MeunTH iX pernpe3eHTaTUBHICTh Ta HaAiiHICTh. [le Moxe
BKITFOYATH MTPOBE/ICHHSI OMMUTYBaHb, EKCIICPUMEHTIB 200 CIIOCTEPEIKCHb.

- Ananiz oanux: CTaTUCTHYHI METOJM BUKOPUCTOBYIOTHCS JUIS aHATI3y
JIAaHUX Ta BUSBJICHHS 3aKOHOMIPHOCTEH, 3B'A3KIB Ta TeHAeHIIH. Lle Moxe
BKITIOYATH PO3PaXyHOK CEPE/IHIX 3HAUCHD, AUCTIEPCIi, KOPEJSIii Ta THITHX
CTaTHCTUYHUX MMOKA3HUKIB.

- Iumepnpemayis pe3yrbmamig: MaTeMaTU4Ha CTATUCTUKA JOTIOMArae
IHTepIpPETYBaTH PE3yNbTaTH aHANI3y JaHWX Ta POOUTH BHUCHOBKU TPO
TeHepalbHY CYKYITHICTh Ha OCHOBI BHOIPKH.

- Hputinamms piwenv: CTaTUCTUYHI METOAH BUKOPUCTOBYIOTHCS JIJIS
NPUAHSITTSA OOIPYHTOBAHUX PIllICHb y PI3HHX Taly3siX, TAKUX SK HayKa,
MeIUIIMHA, EKOHOMIKA Ta Oi3HEC.

OcHOBHe 3aBJaHHS MATEMATHYHOI CTATHCTUKH TIOJISATAE Y PO3POOII
METO/IIB aHaJTi3y CTATUCTHYHUX JaHHUX BIAMOBIIHO 10 METH JAOCHIIKCHHS, a
came:

1) Meromosoris 300py Ta cHCTeMaTH3allii: po3poOKa CIoco0iB
HaKOMMYEHHS Ta TPyNyBaHHA CTaTUCTHYHOI iH(opmamii (30kpema st
BEJIMKUX MACHUBIB JaHUX);

2) imenTudikamis pO3NOAUTY: BH3HAYEHHS 3aKOHY PO3MOJLTY
BUIAJIKOBOI BEJIMUMHHU 200 CUCTEMH BEJIMYMH HAa OCHOBI OTPUMaHMX JaHUX;



3) OIiHIOBAaHHS MapaMeTPiB: 3HAXOKEHHS TOYKOBUX Ta IHTEPBATBHIX
OIIIHOK HEBIJJOMHX ITapaMeTpiB pPO3MOILIY;

4) mepeBipka CTaTUCTUYHUX TilMOTe3:  MiATBEpDKEHHS  abo
CHPOCTYBaHHS TNPHUIYIIEHb MO0 BUAY 3aKOHY PO3MOALTY, XapakTepy
3B’SI3Ky MK BETMYMHAMH YH 3HAYEHb 1XHIX MMapaMeTpiB.

OcHoOBHI 3aBJaHHA MATEeMATHYHOI CTATUCTHKHU:
- CraTucTHYHE OLIHIOBAHHS NTAPaMETPiB 3aKOHIB PO3IOMALITY.
- CraTHCTHYHA ITEpeBipKa rinoTes.

3acTocyBaHHsI ~ MaTeMaTH4YHOI  CTATHCTHKH.  MaremaTtuiHa
CTaTUCTHKA 3HAXOJIUTh 3aCTOCYBAHHS y 0araTboX 00JIACTSIX, BKIIOYAIOYH:

-Haykoei docnioocenns: nns aHallizy pe3ynbTaTiB €KCIIEPHMEHTIB Ta
CIIOCTEPEKEHb.

-Meouyuna: i OLIHKH €(EKTUBHOCTI JIIKYBaHHS Ta JIarHOCTHKHU
3aXBOPIOBaHb.

-Exonomika: aHami3 eKOHOMIYHHMX TIIOKa3HHKIB, MPOTHO3YBaHHSI
PUHKOBHX TCHJICHIIIH.

-bisznec: g aHamizy pHHKY, OIIHKH pPH3UKIB Ta MTPUAHATTS
YIPaBIiHCHKUX PIlICHb.

-Coyionoeis: aHami3 pe3yJbTaTiB ONMHUTYBaHb, BUBYCHHS COI[iaJIbHUX
TEHICHIIIH.

-Ilcuxonozis: 06poOKa JaHUX TICUXOJIOTIYHUX TECTIB, BUBUEHHS BILTUBY
PI3HUX YNHHUKIB MTOBEJIHKH.

-bionoeis: onpaitoBaHHsS pPe3yJbTaTiB Oi0JIOTIYHUX EKCIICPUMEHTIB,
aHaJIi3 TeHEeTUYHHX JaHUX.

-Ingpopmamuxa: aHaNi3 JOaHWX, MAIIMHHE HABYaHHS, IITYYHUH
IHTETIeKT.

CTy1eHTH BHKOPHCTOBYHOTH MATeMATHYHY CTATHCTHKY Yy Pi3HHUX
acmeKTax CBO€l HABYAJIBLHOI Ta JOCTIIHNUBLKOIL AissibHOCTI. Hanmpuknan:

Hanucanns xypcosux ma ouniomuux(keanigpikayitinux) pooim:

CryneHTH, SKi 3aiiMarOTbCs JOCHIDKCHHSIMH Y PI3HUX Taly3sx
(comionoris, TCHXOJIOTis, €KOHOMiKa, OioJioTis Ta iH.), 3aCTOCOBYIOThH
METOJIM MaTEMAaTHYHOI CTATUCTHKH [Tl aHAJTI3Y 310paHuX TaHUX, EPEBIPKU
rinoTe3 Ta OTPUMAaHHS JIOCTOBIpHUX PE3yJIbTATIB.

BoHu BUKOPUCTOBYIOTh CTATHCTUYHI METOIH JUIst OOPOOKU pe3yIbTaTiB
OIUTYBaHb, EKCIIEPUMEHTIB Ta CIIOCTEPEIKEHb.



Ananiz 0anux y Ha8UAIbHUX NPOEKMAX:

VY GaraTh0X HaBYAITBHUX Kypcax CTYJIECHTH BUKOHYIOTh IIPOEKTH, SIKi
noTpeOyIoTh aHamizy naHux. MaTeMaTH4YHa CTAaTUCTHKa JONOMarae im
BUSIBIIATA 3aKOHOMIpHOCTI, OyAyBaTh Mojeni Ta pOOUTH BUCHOBKM Ha
OCHOBI JaHUX.

Hayxkogi 0ocnioscenns:

[Tig yac mpoBeneHHS HAYKOBUX JOCHIKCHb CTYJCHTA TIOBHHHI BMITH
MpaBWIBLHO 3i0paTH, 00poOWTH Ta TpoaHali3yBaTH AaHi. MaremarndHa
CTaTHCTHKA Ha/Ia€ HEOOXITHUNA IHCTPyMEHTapi.

3arajoM MareMaTHyYHA CTAaTUCTUKA € BaXJIMBUM 1HCTPYMEHTOM JIJIS
CTYJICHTIB, IO JTO3BOJISE IM MPOBOIUTH SKICHI JOCIHIPKCHHS, aHai3yBaTH
JlaHi Ta poOUTH OOTPYHTOBAHI BUCHOBKH.

ABTOp  BHCJIOBIIIOE TIOJSKY  PEICH3CHTaM  JOKTOPY  (hi3uKO-
MaTeMaTHYHHX Hayk, mpodecopy TyposueBy [. B., mokropy TexHIYHHX
HayK, ipocdecopy ['pedertoky C. M. 3a KOPUCHI 3ayBaKEHHS Ta MOPA/IH, IO
CHPUSUIN TTOKPALICHHIO [IbOTO BUIAHHS.



EJEMEHTHA MATEMATHUYHOI CTATUCTHUKHA

1 TloHATTH reHepajibHOI CyKymHOCTIi Ta BuOipku. BubdipkoBuii
MeTo/

Ionsarrss  remepampHoi  cykymHocti (I'C) Ta  BuOipkm €
(GyHIAMEHTaTPHUMH Y  CTaTHCTHII  Ta  JOCIIDKEHHSIX. Bonu
BUKOPHUCTOBYIOTBCSA JUISI MPOBEICHHS aHaiizy Ta (OpMyBaHHS BHCHOBKIB
PO BEJHUKI TPyNH O0'€KTIB YM SIBUIL, KOJIA BUBUCHHS KOXKHOTO C€IIEMEHTa
HEMOXKITUBE UM HEJIOIIITbHE.

Osnauennn 1.1. ['enepanvua cyxynnicme (anria. population) (abo
CMamucmuyHa CyKynHicmes) — e 0e3mid yciX 00'€KTIB, OJMHUIL UM
CIIOCTEpPEKEHb, LIOAO SIKUX MepeadadyacTbesi pOOUTH BHCHOBKH Yy MeEKax
KOHKPETHOTO JOCIi/IKEHHSL.

OO6'exTH, WO BXOIATH y T'eHEPaJbHY CYKYIHICTb, Ha3WBAlOTHCS il
enemenmamu, 3arajgbHa KUIBKICTh AKuUX 4yucino N — ii obcseom. Ilouarts
TeHepaNTbHOI CYKYITHOCTI Y IIEBHOMY CEHCI aHAJIOT19HE MOHSTTIO BUMAIKOBOT
BEJIMYMHU (3aKOHY PO3IOMAITY WMOBIPHOCTEH, iIMOBIPHICHOMY TPOCTOPY),
OCKITBKH IIJIKOM 3yMOBJIEHO TICBHUM KOMIUIEKCOM YMOB.

Knouoei xapaxmepucmuxu cenepanvHoi cykynnocmi:

* Bceocaxcnicmy: BoHa Bkimouae aOCONIOTHO BCi €JIEMEHTH, LIO
BOJIOJIOTH 33JJAHUMU XapaKTEPUCTUKAMH, SIKi € IPEMETOM BUBUCHHSL.

* ['inomemuunicms: YacTo reHepanbHa CyKYIHICTD € TIMTOTETUYHO0 YK
HAJTO BEINKO¥0, 1100 11 MOkHA OyJo OBHIicTIO Hociinutu. Hampukiraz, "Bei
skureni 3emuti" ado "Bei MOXKIIMBI HACIIAKY KUJIKA MOHETH".

* Busnauaemvca memoio Oocnioxcennsa: Te, mo Oyne TeHepaIbHOIO
CYKYIHICTIO, O€3M0CepeHb0 3alIeKUTh Bl IOCTABICHOIO 3aBJaHHS.
Hanpuknan, sxmo wmu BuB4aeMo naymky crynedtis HY "3II", To
TeHepaJbHOI CYKYIHICTIO OyayTh yci crynentd HY "3I1". fAkmo x mu
BHUBYA€EMO JYMKY CTYACHTIB 1O BCili YKpaiHi, TO TeHEpaILHOI CYKYITHICTIO
OyayTb yci CTyA€HTH YKpaiHU.

[Mpuknany reHepanbHOI CYyKYITHOCTI:
* Yci opociti )KuTeli MicTa 3anopizoks.



* Yci TOBapW IEBHOTO THUIy, BHUPOOJEHI HA KOHKPETHOMY 3aBOJi
HPOTSATOM POKY.

* Yci MeAMYHI KapTy MALi€HTIB 13 IEBHUM 3aXBOPIOBAHHAM Y JIIKapHi.

* Yci MOXKIIHMBI pe3ynbTaTH €KCIIEPUMEHTY 3 MiJKUAAHHS TPaTbHOTO
KyOwWKa.

Osnauennsn 1.2. Bubipxa (aurn. sample) (a00 eubipxosa cykynnicms) —
IIe YaCTHHA TeHEPalIbHOI CYKYITHOCTI, SIKa OXOIUTFOETHCS CKCIICPUMEHTOM,
CTIIOCTEPEIKEHHSIM, OMTUTYBAHHSAM YU iHIITUM METOJIOM JOCIiIPKSHHS.

e migmMHOXHMHA 00'€KTIB (EIEMEHTIB), IO (PAKTUIHO BHBYAETHCS, IIO0
3pOOHUTH BHCHOBKH TIPO BCIO T€HEpaJbHY CYKYMHHicTh. KinbKicTh 00'€KTiB
(eneMeHTIB) n y BUOIpIl HA3UBAETHCA 11 0Ocseom (abo 06 emom).

Bubipku noainsioTs Ha MOBTOPHI 1 OE3MOBTOPHI.

O3nauennsn 1.3. Iloemopna eubipka - ue BUOipKa, KoMK BimiOpaHMid
BHUIIAJKOBUM YHHOM O0'€KT OOOB'I3KOBO TOBEPTAETHCS Y TE€HEPAIbHY
CYKYIHICTb Tepe]] BiOOPOM HACTYIHOTO 00'€KTa.

O3nauennsn 1.4. be3nosmopua 6ubipka - e BUOIpKa, KOIU BiiOpaHuii
BUTIAJKOBIM YHHOM O0'€eKT Oiibllle y TeHepallbHy CYyKYITHICTh He
HIOBEPTAETHCS.

Krouoei xapaxmepucmuxu subipxu:

* Yacmunwa ['C: Bubip 3aBkau € TiJIMHOXXAHOK TE€HEpaIbHOI
CYKYITHOCTI.

* Mema — penpeszenmamuenicms: I'0noBHa MeTa POpMyBaHHS BUOIPKU
— 00 BoHa OyJa penpe3eHTaTuBHOM. Lle 03Ha4ae, 10 BUOipKa MOBHUHHA
BiZIoOpakaTH OCHOBHI XapaKTePHCTHKH T'€HEpPaTbHOI CYKYITHOCTI Y THX
camMHx mponopuisx. Hampuknan, SKmo B reHepaibHiId cyKymHocTi 55%
KIHOK 1 45% 4O0IOBIKIB, TO  y penpe3eHTaTHBHIN BUOIpI Mae OyTH Take
came CHiBBiZIHOLICHHSI.

* Bukopucmogyemuvcs 015 6UCHO6KIG: AHai3yl0ul JaHi, OTpUMaHi 3
BUOIpKH, JOCIIIHUKU MPAarHyTh 3pOOUTH y3arajlbHEHHS Ta BUCHOBKH, SIKi
OyZayTb 3aCTOCOBHI /10 BCi€l reHepaabHOI CYKYITHOCTI.

Hapani 6ynemo posriisigati 6e3MoBTOPHI i perpe3eHTaTHBHI BUO1PKH.



[[{o6 Bubipka Oymna penpe3eHTaTHBHOI0, BHKOPHUCTOBYIOTH Pi3HI METOTU
¢dopmyBanHs BuOipku. OCHOBHI MPUHIINIIH:

* BunaakoBicTh: BHOIp eleMeHTIB y BUOIpKY Mae OyTH BHUIAIKOBUM,
o0 KOXKEH EJIEMEHT T'eHepajbHOI CYKyNHOCTI MaB piBHI LIaHCH OyTu
BKITFOUeHUM. Lle qonoMarae yHUKHYTH YIepeKEHOCTI.

* Posmip BuOipkm: JlocTtaTHiH po3Mip BHOIPKH € BaXXITHBUM IS
OTPUMaHHs CTATUCTUYHO 3HAYYIIUX pe3yJbTaTiB. 3aHaATO MajleHbKa
BHOIpKa MOXKe He BioOpakaTh pisHOMAaHITHICTh T€HEPATbHOI CYKYITHOCTI.

* Crparudikamiss (3a morpebm): Km0 reHepanbHa CYKYIHICTH
CKJIaJa€ThCs 3 PI3HUX MIATPYM (CTpaT), SIKi MalOTh BaXIIMBE 3HAYCHHS IS
JOCITIDKEHHS (HAIIPUKIIad, 3a BiKOM, CTAaTTIO, JIOXOJ0M), TO BUOIpKa MOXKE
Oytu crparudikoBaHoro. e o3Hadae, M0 3 KOXKHOI CTpPAaTH BiIOMPAETHCS
NEeBHA KIiJBbKICTh €NEMEHTIB MpOMOpIiiHHa X dYacTUi B TeHEpabHil
CYKYIHOCTI.

Memoou ¢opmysannsa eubipxu: IcHytOTh pizHI MeToau (OPMYyBAaHHS
BUOIPKH, SKI TMOMUISIFOTHCS Ha UMOGIpHicHI (BUTIAJKOBI) Ta HeUMOGIPHICHI
(HeBUMAIKOBI).

Imosipricni memoou (3a0€3MeUyrOTh PENPE3CHTATUBHICTD):

* [Ipocra BumankoBa Budipka: KoskeH eneMeHT reHepanbHOl CyKyITHOCTI
Ma€ piBHI HIaHCH ToTpanmuTh y BUOIpKy. Lle mMoxe Oyt peamizoBaHO 3a
JIOIIOMOT' 00 TeHepaTopa BUMAAKOBHUX YHcell abo JioTepei.

* CucrematnuHa BuOipka: BuOupaeTbcsi KoxeH k- eleMeHT i3
BIIOPSIIKOBAHOTO ~ CITUCKY TEHEpaNbHOI CYKYMHOCTi, TIOYMHAIOYH 3
BUITJIKOBO BHOPAHOT TOYKH.

* CrparudikoBana (turmosnoriuna) BuOipka: ['eHepanbHa CyKyIHICTH
NOJUIAEThCS HA OJHOPIJHI MiArpymu (CTpaTH), a MOTIM i3 KOXKHOI cTparu
BUIIAJKOBO BiIOMpPAIOThCs eneMeHTH. Lle rapaHTtye mpeacTaBHUITBO BCIX
Ba)KJIMBUX TPYII.

» KinactepHa (ruiznosa) Bubipka: I'eHepaibHa CYKyIHICTh IIJTUThCS HA
KJactepu (IpyIu), a TOTiM BUIIaJKOBO BUOMPAIOTHCA KUIbKa KJIACTEPIB, 1 BCi
€JIEMEHTH BCEPEIMHI IUX BUOpAaHHMX KIAcTEPiB BKIIOYAIOTHCS y BUOIPKY.
EdexTrBHO 1151 BeMUKUX TeorpadivHo PO3MOIIIEHUX CYKYITHOCTEH.

Hetimogipnicni memoou (He 3aBXIU TapaHTYIOTh PEIPE3eHTATUBHICTD,
ajie MOXXYTb OyTH KOPUCHI y MOLITYKOBOMY AOCIIiPKEHH1):

* 3pyuyHa (BumaakoBa) BHOipka: BuOuWparoThCs Ti eleMeHTH, sKi €
HAMOLIBII JOCTYITHUMH Ta 3pYYHUMH JJIs JIOCITiTHUKA.
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* llinpoBa (mepenbauyBana) Bubipka: JocmigHUK BHOHWpae eleMEeHTH,
AKi, Ha OT0 JyMKY, HalKpalle BiJIOBIIAI0Th IIIAM JOCITIKSHHS.

» KBotHa BuOipka: JlOCHiAHUK BCTAaHOBIIOE KBOTU AJISI PI3HUX TPyIl
HaCeJICHHsI Ta HaOupae HEOOXiTHY KiTbKICTh PECIOHACHTIB JJIs KOXKHOI
KBOTH.

* BuGip "cuiroBoi rpyaku": Ilepmri pecnoHAEHTH BHOHUPAOTHCS
BUIIAJIKOBO, a TIOTIM BOHH PEKOMEHIYIOTh IHIIMX PECHOHACHTIB 3 Ti€l X
rpynu. BUKOpUCTOBY€EThCS ISl HEJOCTYITHHUX TPYII.

[Ipuknaau BUOIpKu:

* 500 BUIIaIKOBO OOpaHUX OPOCTUX MEIIKAHIIB 3aITOPiHOKsl, OMUTAHUX
npo TXHE CTaBJICHHS 10 MiCIIEBUX HOBHH.

* 100 BumamkoBUX 3pa3KiB TOBapiB i3 BUPOOHWYOI JTiHIiI, IepeBipeHi Ha
nedexTy.

* Meanuni nani 30 mamieHTiB, sIKi Opaiy yd4acThb y KIIHIYHOMY
BUTIPOOYBaHH1 HOBUX ITiKiB.

Bzaemoss'azok cenepanvroi cykynnocmi ma 8ubipku

B3aeMO3B'I30k MK TEHEPaJbHOKW CYKYIHICTIO Ta BHOIPKOIO €
OCHOBHUM Y CTaTUCTUYHOMY aHaJi3i:

1) Bubipka sumsazyemucs 3 eenepanvhoi cykynnocmi: [{st mpoBeIeHHS
JOCIIKEHHS, KOJA HEMAaE MOXKIMBOCTI UM HEOOXIJHOCTI BMBYATH BCIO
TeHepalIbHYy CYKYIHICTh, 3 Hel GOpMy€eThCs BUOIpKa.

2) Bucnosxu npo I'C pobnsmves 3 ypaxysanusm eubipxu: Mera
BHUBYEHHS BUOIPKH — OTPUMATH iH(OpPMAIIito, IKY MOKHA €KCTPAIOIIOBATH
(nmepeHecTH) Ha BCIO T€HEPATBHY CYKYITHICTb.

3) Penpezenmamuenicmv — K04 00 0docmogipHocmi: Uum
pENpPe3eHTATUBHO € BHUOIpKa, TUM TOYHIMIMMHU Ta HaNiWHIIIAMHA OYAYTh
BHUCHOBKH, 3pOOJIeHI TpO TeHEepalbHy CYKYIHICTh. SKkmo Bubipka
Hepenpe3eHTaTUBHA (3MIIlIeHa), BACHOBKH MOXYTh OyTH TOMUJIKOBUMH.

BubipkoBuii MeTon

Haiiuacrime, npu BHBUYEHHI SIKOICh XapaKTEPHUCTUKU BEIHKOI TPYyIHU
o0'ektiB (Jrozel, TOBapiB, TOIH), 3BaHOI TeHEPAIBHOI CYKYITHICTIO,
HEMOXKIIMBO YU HEJOUIIBHO JOCHTIDKYBaTH KOKeH o0'extT. Hampukmnan,
HEMOXXJIMBO HPOTECTYBaTH Ha MILHICTh yci BUpOOJIeHI JaMIoyku (ue ix
3pyliHy€e). Y TaKuX CUTYyaLisiX Ha JOMOMOTY IPUXOANUTH BUOIPKOBUI METOA.
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Osnauenns 1.5. Bubipkoguti memoO — 1€ CTaTHCTUYHUN METOT
JOCHIJDKEHHSI  3arallbHUX BJIACTHBOCTEH TIeHepalbHOI CYKYIHOCTI 3
ypaxyBaHHSM BUBYCHHS BJIACTUBOCTEH JIUIIIC YACTHHU ITUX 00'€KTIB, 3BaHOT
BUOIPKOIO.

BubipxoBwuit MeTo oTpiOEeH IJIs:

* Exonomis pecypcig: JIoOCTiIUTH BCIO CYKYIHICTD YacTO YK€ J0POro
Ta TPYAOMICTKO.

* Exonomis yacy: OTpuMaHHS TaHUX 3 yCi€l CyKYITHOCTI MOYKE TPUBATH
HazaTo Oararo 4acy.

» [lpaxmuuna wuemooiciugicmy: Y JESIKUX BUIAIKaX TreHepaibHa
CYKYITHICTh MOX€ OYTH HECKIHUYCHHOI ab0 IOCTyH 10 Hel OOMEKeHHit
(HampukIam, TECTyBaHHA JIKiB HA BCIX JFOASX Y CBITI).

* Pytinienuti konmponv: THOMI MOCIiIKEHHST 00'€KTa MPU3BOAMTH [0
foro nicyBanHs 200 3HUIICHHS (HAPHUKIIAI, TIEpEeBipKa SKOCTI JIAMIIOYOK Ha
TEPMIH CITyXKOH).

* Penpezenmamugnicms eubipku: Jlyxke BaximBo, mo0 BubOipka Oyia
pEeNpe3CHTaTUBHOI, TOOTO  aJeKBaTHO  BijoOpaxkaja  BIACTHUBOCTI
reHepanbHOl CyKymHOCTi. SIKmo BuOIpKa HE € penpe3eHTaTHBHOIO,
BHCHOBKH, 3p00JIeH] Ha 1i OCHOBi, MOXXYTh OyTH TTOMUJIKOBHMH.

OcHosHi nonamms 8ubipKo8020 Memooy:

* ['enepanpHa cykynHicth (I'C): Best cykymHicTh 00'€KTiB, sBUIL 200
TOJIi}, TIPO AKi MM XO4YeMO 3pOOUTH BUCHOBKH. 1i 06csar N 3a3Buuail 1yxke
BEJIMKUN Y1 HECKIHYCHHHH.

» Bubipka (BuOipkoBa CYKYITHICTh): YacTHHA O0'€KTiB, BigiOpaHuX i3
reHepaTbHOi CyKyITHOCTI /i1 Ge3M0ocepeIHLOr0 BUBYEHHS. 11 06CAT 71 3HAYHO
MEHIINH 3a N.

* PenpesenraruBHicTh BuOipku: Lle BracTuBicTh BHOIpKH, 110 O3HAYAE,
IO BOHA aJIeKBaTHO BIJIOMBAa€ CTPYKTYpy Ta BIIACTHBOCTI T'e€HEPaIbHOI
CYKyHHOCTI. SIKijo BubipKa penpe3eHTaTHBHA, TO BUCHOBKH, 3p00iieHi Ha ii
OCHOBI, MOXXHa 3 JIOCTaTHHOIO MIPOI0 BIIEBHEHOCTI IMOIIUPUTH HA BCIO
reHepalbHy CyKymHicTh. [l 3a0e3medeHHs  penpe3eHTaTHBHOCTI
BUKOPUCTOBYIOTh PDi3HI MeToau ¢opMyBaHHsS BHOIpKHM (HampHKIas,
BUIIAIKOBHH Bif0ip, cTparudikoBaHui Binodip i T.4.).
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1]ini subipxosoeo memooy:

* OTpuMaHHS JOCTOBIpHOI iH(OpPMAIIil TTPO reHepaIbHy CYKYITHICTh 3a
MiHIMaJIbHUX BUTpAT Yacy, pecypciB Ta 3yCHIIb.
* MOXIIMBICTh BUBYEHHS pYHHIBHUX 00'€KTIB.

[Ipukman BHUKOPUCTaHHA BUOIPKOBOTO METOMY: BEIHKHH BHUPOOHHUK
YiNCiB X04Y€e OIIHUTH CEPeAHI0 MAacy YillCiB y IMadlli, 0 BHUITyCKAE€ThCSA Ha
KOHBe€epi. BUpoOIIOTECS MiJIBIHOHH AYOK HA JICHb.

Toni

* TeHEepaJIbHA CYKYITHICTh: yC1 MAYKH YiIlCiB, BUPOOJIEHI POTITOM JHS
(4u meBHUI TIEepiox);

* pobJieMa: HEMOXKJIMBO 3BKUTH KOXKHY TAUuKY;

* BHOIpKOBHH METOJ: BUPOOHHWK BHOWpae (HAIMPHKIAM, BUMAIKOBO,
koxkHy 100 mauky) 1000 madok 4incis i3 3arajJbHOTO MOTOKY.

* BuOipka: i 1000 mavox.

* BUBYCHHA BHOIpKHU: 3BaXKyeThCs KoxkHA 3 1000 mavok, po3paxoByeEThCS
cepenHs Maca, PO3KH] 3HAYCHb.

Ha ocHoBi ganux mo mux 1000 maykax poONATHCS BHCHOBKH IIPO
CEepeqHI0 Macy Ta MIHJIMBICTh MacH IS BCiX BHPOOJIEHUX MAYOK, a TAKOXK
PO Te, UM BiAMOBITAIOTH BOHA BCTAHOBIICHUM CTaHAapTaM. SIKmio BUOipka
OyJs1a penpe3eHTaTUBHOIO, Il BACHOBKU OYIYTh JIOCUTh TOUHUMH.

2 Cnoco0u 30upanHs iHdopmanii

CrniocoOu 30upanHs iH(opmanii — e ocHoBa OyJb-IKOi CTaTUCTUYHOI
po0OTH, a/pke NaHWX HeMae 1 cTaTucTukd. Bubip meromy 300py AaHuX
KPUTUYHO Ba)KJIUBUH, OCKUILKHM BiH BIUIMBA€ Ha SIKICTh, JOCTOBIPHICTH Ta
3aCTOCOBHICTh OTPUMAHUX PE3yIIbTATIB.

VY martematuuHiil cratucTuui (1 HE TiNBKKM) BUKOPHUCTOBYIOTHCS Pi3HI
MeTOo U 30upaHHs iH(OpMAIlii, SIKI MOXHA PO3MIJIMTHA Ha KiJIbKa OCHOBHHUX
KaTeropii:

1) Cnocrepe:xeHHst

Osnauenns 2.1. Cnocmepedicenns — 1ie IIJICCIPAMOBAHE, MIAHOMIPHE
Ta CUCTEMATUYHE CIPUHHATTSA SBHUIIL, MPOIECiB Ta (PAKTIB ISl OTPUMAHHS
TIEPBUHHUX JITAHUX.

Bono moxe OyTu:
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» besmocepenne crnoctepeskeHHs. JlocTimHUK 0COOMCTO TMPHUCYTHIHN i
¢ikcye Te, mo BimOyBaeThcs. Hampukiaz, criocTepe:keHHs 3a MOBEAIHKOO
NOKYNIIB y MarasuHi; MiApaxXyHOK KIUIBKOCTI aBTOMOOINIB, sKi
NPOTKIKAIOTH Yepe3 MeBHE MepexpecTsi; eTHorpadiuHi JOCTiHKEHHS, KOIH
BUCHUH JKUBE cepejl IPYITH, 0 BUBYAETHCS.

* OmocepeakoBaHe CIOCTEPSKCHHS. 30ip MaHWUX 3MIHCHIOETHCS HE
Oe3mocepeIHbO, a uepe3 MpUIIaay, 3aliucH 4YM iHII Jpkepena. Hampuknan,
30WpaHHs JaHUX PO TEMIIEPATYpPY MOBITPS 3 METEOCTaHIIiil; BAKOPUCTAHHS
BiJleoKaMep Ui aHami3y Tpadiky; aHalli3 JaHUX 13 JepKaBHUX PEECTPIB UH
0a3 naHuXx.

Ilepesacu: Jlo3BONIIE OTpUMATH JaHI MPO pealibHy IOBEIIHKY 0e3
BIUIMBY Ha O0O0'€KT, IO CIIOCTEpIraeThCs, YacTo Hagae O00'€KTUBHY
iH(popMallito.

Heoonixu: TlacuBHMI METOJ, IO HE JIO3BOJISE BHSIBUTU IPUYHHHO-
HACJTiJTKOBI 3B'SI3KH, MOXKE OYTH TPYOMICTKHIM 1 BUMaratu 06araTo Jacy.

2) ExcnepumeHT

O3nauennsn 2.2. Excnepumenm — 1e aKTHBHAW MeETOHN 30MpaHHS
iHpopMalii, y SIKOMY IOCTITHUK NIJIECIPSIMOBAHO CTBOPIOE UM 3MiHIOE
YMOBH BHUBYCHHS BIUIMBY IIMX 3MiH Ha 00'ekT um sBumie. Merta
EKCIIePUMEHTY — BCTAHOBUTH MIPUYNHHO-HACIIAKOBI 3B'SI3KH.

Hanpuxmazn, kiniHiuHI BUIIpoOyBaHHS HOBUX JIKIiB (KOHTPOJbHA Tpyma
OTpHUMYE TIane00, eKCIepuMeHTaIbHA — MPerapart); 3MiHa OJIHi€T 3MiHHOT Y
BUPOOHMYOMY TIPOIIEC] /Il BU3HAYCHHA ii BIUIMBY HA SIKICTH MPOIYKIL;
MapKeTHHIOBUI €KCIIEPUMEHT, KOJIHM Yy PI3HUX PErioHax TECTYEThCS pi3Ha
peKiIaMa MpoyKTy.

Ilepesacu: J103Boisie BUSIBUTH NPUYMHHO-HACIIAKOBI 3B'SI3KH, BHCOKY
KOHTPOJIbOBaHICTh YMOB.

Heoonixu: MoXyTh OyTH €TUYHI OOMEKEHHS, IITyYHI YMOBU MOXYTh
CIIOTBOPIOBATH PE3yJbTAaTH, CKIAHICTh Y BIITBOPEHHI PealbHUX YMOB.

3) OnutyBaHHA
O3nauennsn 2.3. Onumysanus — 1ie MeTo]1 300py MEPBUHHOI iHQOpMaIIii

HUIAXOM 3'ICyBaHHS JYMOK, 3HaHb, ySIBJIICHb Ta YCTAHOBOK JIIOJICH 3 MMUTaHb,
IO I[IKaBJIATH.
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OnuryBaHHS MOXYTh OyTH:

* VYcui (iareps'to). Hampuxmam, ocobucre iHTepB''o (po3moBa 3
PECIIOHJCHTOM Bid-Ha-Bi4; TeledoHHE IHTEPB'I0 (CHIJIKyBaHHS IO
Tenedony).

Ilepesacu: THYYKICTh, MOXJIMBICTh YTOYHCHHS MHUTaHb, BHCOKA
rbuna iHGopMarii.

Heoonixu:  JlopokHewa,  TPYAOMICTKICTh,  MOMJIMBHHA  BIUIUB
IHTepB'toepa.

* [IucemoBi (ankeryBanHs). Hampukian, manepoBi aHketn (JIyHArOTh
abo pO3CHIIAIOTBCS TIOIITOK); OHJAWH-ONUTYBaHHS (Yepe3 BeO-hopmu,
€JIEKTPOHHY IOIITY, COLiaIbHI MEPEXKi).

Ilepesacu: OXOIUIEHHS BENHMKOI ayAWTOpii, AHOHIMHICTH (MOXe
MIiBUIIUTH YECHICTH BiJIMIOBi/IeH ), EKOHOMIYHICTb.

Heooniky: HU3bKHIA BIICOTOK TIOBEPHEHHS, HEMOXKIIUBICTD YTOUHEHHSI,
PH3UK HETIPAaBUIIBHOTO PO3YMIHHS ITUTaHb.

* Tunm nmwmranes y onuryBaHHsAX. Hampukian, 3akpuri (3
3allpOMIOHOBAaHMMHK BapiaHTaMM BiINOBiAeH (Tak/Hi, BHOIp 31 CIHCKY);
BiJIKpUTI (BUMararTh pO3rOPHYTOI BiATIOBiI1).

4) AHaNi3 JOKYMEHTIB (KOHTEHT-aHaJi3)

O3nauennsn 2.4. Auwaniz 0oxymenmie — 1e MeTOJ 30UpaHHS JaHUX
NUISIXOM BHBYCHHS ICHYIOUMX NMHUCHMOBHUX, JPYKOBAaHUX YHM €JICKTPOHHHUX
Joxepen iHdopMartii.

Hanpukman, anamiz QiHaHCOBMX 3BITIB KOMIIAHIH  (BUBYEHHS
MPOTOKOJIIB 3acijiaHb, CTEHOIPaM, 3aKOHOJAaBYMX AaKTIiB); KOHTEHT-aHaJi3
HOBHHHMX CTaTeH, MOCTIB y COIIATbHUX MEPekax Jilsl BUSBICHHS MEBHUX
TEHJIEHIIIH Y1 TOHAJILHOCTEH; TOCTIKEHHS! MEJUYHIX KapTOK Halli€HTiB.

Ilepesaeu: JIOCTYNHICTh JaHUX, 4YacTO JCHICBINA 3a IHINI METOMH,
MOJKJIMBICTh BUBUEHHS ICTOPUYHMX JTaHUX.

Heooniku: JIOKyMEHTH MOXYTh OYyTH HEMOBHHMHM, 3aCTapiIUMH,
yHepeKeHUMH a00 He BIAMOBIAATH IILISIM TOCIIKEHHS.
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5) laneabHi QOCTiTKEHHS

Osnauennsn 2.5. Ilanenvui Odocnioxcenns — 1me Oaratopa3oBuil 30ip
iHpopmalii B oaHiel i Tiel rpynu 00'exTiB (MaHesni) yepes MeBHi MPOMIKKH
yacy. Jlo3BomsAlOTH BiACTEXyBaTh 3MiHM Ta JAWHaMiKy. Hampuknan,
OTMHUTYBAHHS OJHIEI 1 Ti€l XK TPYNMH MTOMOTOCIOAAPCTB MPO IX CHOXKHUBYI
3BUYKH MIPOTITOM POKY; MOHITOPHHT CTaHy 3[I0OPOB'SI THX CAMUX ITaIli€HTIB
MPOTATOM KiIbKOX POKiB.

Ilepesacu: Jlo3Bonse aHamizyBaTH AWHAMIKY, BUSIBIATH TEHJEHINI Ta
MPUYUHHO-HACIIKOBI 3B'SI3KH Y Yaci.

Heoonixu: "3venmenns" naneni (BTpara y4acHUKIB), edekT "crapiHHs"
TaHelli, BUCOKA BapTICTh.

6) PeecTpanis nanux (aBromaTuzoBanmii 30ip)

3 PO3BUTKOM TEXHOJIOT1H JIealli aKTYaJIbHIIITUM CTa€ aBTOMAaTU30BaHUIN
30ip maHux. Hampuknan, JaTyukyd y BHPOOHHYOMY YCTaTKyBaHHI, IO
30uparoTh naHi mpo poboTy MammH; BeO-aHarituka (Google Analytics), o
30upae maHi MIOAO TOBENIHKM KOPUCTYBAYiB Ha caiiTi; maHi 3 QiTHec-
TpeKepiB, PO3yMHOTO TOAMHHHKA; TPAaH3aKIIiiHi AaHi 3 0aHKiBCHKHX CUCTEM
abo cUCTeM MPOJAKiB.

Ilepesaeu: Bucoka TOYHICTh, BENUKHHA OOCSAT JaHWUX, Oe3MEepepBHICTH
30MpaHHs, MiHIMAJIbHE JIFO/ICEKE BTPYYaHHSI.

Heoonixu: HeoOxiaHicTh y crieniianbHOMY ycTatkyBaHHi / [13, nuranHs
KOH(IJCHIIIIHOCTI JaHUX, PU3UK TEXHIYHUX 3001B.

Bubip meromy 360py iHpOpMAIIii 3aeKUTh BiJI:

* [ineit mocmimkenns: [llo came Bu xouere gizHaTHCS?

*» XapaxTep 00'exTa, 110 BUBYAETHCSA: SIKi TaHi TOCTyIHI?

* HasHi pecypcu: Yac, GromkeT, iepcoHal.

» HeoOxi1Ha TOYHICTH 1 IIIMOUHA JAHUX.

Yacto B 0JIHOMY JOCIIIKEHHI BUKOPUCTOBYIOTHCSI KOMOIHAIT KITbKOX
METO/IB JJIsl OTPUMAaHHS MOBHIIIO] 1 JOCTOBIPHIIIOl KAPTUHH.

3 CratucTuyHe 00po0JieHHA pe3yJILTATIB CIOCTEPeKeHb

Hexait st 00'eKTiB reHepaIbHOT CYKYITHOCTI BU3HAYEHO MEBHY O3HAKY
YM YUCIIOBY XapaKTEPUCTHUKY, AKY MOKHA 3amipaTu. L xapakrepuctuka —
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BUTIAJIKOBA BelnurHa X , M0 IPUHAMAE Ha KOYKHOMY 00'€KTi IIEBHE YUCIIOBE
3HaueHHS. 3 BHOIPKH 00CITy 7 OTPUMYEMO 3HAYEHHS I[i€l BHUIAAKOBOI
BEJIMYMHU Y BUTIISII PSLY 3 1 UUCEI:

X1, X2y +.ny Xn. 3.1

3Ha4yeHHs Xi BUOIPKU HAa3UBAIOTHCS 6APIAHMAMU.

O3nauennsn 3.1. Cmamucmuunuti pso po3nodiny (ado eapiayitinuil pso)
— I CIOCIO MPeICTaBICHHS JaHUX, SKUH IMOKa3ye, K OJMHULI CYKYITHOCTI,
10 BUBYAETHCS, PO3NOUISIOTHCS 32 3HAYCHHSIMH TIEBHOT O3HAKHU.

BiH cknagaeThbcs 3 BOX OCHOBHHX €IE€MEHTIB:

1. Bapiantu (3Ha4eHHA O3HAKHW): 1€ OKPEeMi 3HAYEHHS O3HAKH, IO
BapiroeThCs (3MIHIOEThCsT). Hanmpukian, sSIKIIo Mu BUBYAEMO 3DiCT CTYACHTIB,
BapiaHTamMu OyAyTh KOHKpeTHI 3HaueHHs 3pocTy (170 cm, 175 cm, 180 cm
TOIIIO).

2. Yactot (4M UYMCENBHOCTI): W€ KIUIBKICTh pa3iB, CKUIBKU
3yCTPIYaETHCS KOYKHE KOHKPETHE 3HAUCHHS O3HAKH Y 11 CYKyMHOCTI. SKIo
5 crynentiB maroTth 3pict 170 cM, To dWactora mns BapianTta "170 cm"
JIOpIBHIOBATHME 5.

Takox MOXYTh BUKOPHUCTOBYBATHCS BiIHOCHI 4acToTH (200, 30KpeMa,
OKpeMmi BHIIaAKM ab0 €JIeMEHTH B paMKax 3arajlbHOi CTaTHCTHYHOI
CYKYITHOCTI, SIKi PO3TIISIAIOTHCS IS OUTBIN IETAIEHOTO aHaJi3y, a TaKoX
"qyacTHHH" MOXXYTh BKa3yBaTW Ha KOHKPETHI acleKTH ab0 O3HaKH, IO
XapaKTepU3yIOTh IIi EJIEMEHTH) - I1€ YACTKa KOXKHOI YaCTOTH BiJl 3aralbHOTO
00cATYy CYyKYITHOCTI, BUpa)KeHa B YaCTKaX OJIMHHUIII.

CraTuCTHYHI PN PO3NOAITY MOXKYTh OyTH:

* JIuckpeTHUMH: KO O03HaKa HaOyBae OKPEMUX 130JIbOBaHUX 3HAYCHb
(Hampukam, KUTbKICTh MiTel y ciM'T).

* [HTEpBaNBHI: KOJM O3HAKA € HEEPEPBHOIO 1 ii 3HAUEHHSI TPYIYIOThCS
B iIHTepBaH (HANPUKIIA, BIK JIFOJIEH, 3rpyNoBaHuii 3a iHnTepBanamu: 18-25
POKiB, 26-35 pokiB Tomio). Y LBbOMY BHIIQJKy BKa3ylOTHCS IHTEpBAIU Ta
BIJITOBI{HI YaCTOTH.

Oznauenns 3.2. Cmamucmuunuii po3nooin eubipxu — 11, 1o CyTi, Te

came, SIK i CTATUCTUYHUI PSJ] PO3IOJIiTY, ajleé CTOCOBHO BUOIpKU (YaCTHHU
reHepaJibHOI CYKYITHOCTI), a He J10 BCi€l reHepaibHOl CYKYIMHOCTI.
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Konmu My mpoBOIMMO JOCII/KEHHS, 9YaCTO HE MO)KEMO BHBYHTH BCIX
MIPEJICTABHUKIB TEHEepaJbHOI CYKYMHOCTI (HampuKiIad, YCIX JKHTEINIB
kpainm). Hatomicte Mu Oepemo BuOiIpKy — MiIMHOXKHHA TeHEpaabHOI
CYKYIHOCTI.

CraTuCTHYHUI PO3MOMIN BUOIPKH Ja€ HaM IOYAaTKOBE YSBICHHS IIPO
3aKOHOMIPHOCTI, BIACTHBOCTI T€HEPaIbHOI CyKYITHOCTI, BUXOSYHN 3 JaHHX,
OTPUMaHHUX i3 1i€i BUOIpKH.

Bin Takox sBIIIE cOOOIO TEpeliK BapiaHTIB (3HAYCHb O3HAKH, IO
CITOCTEPIraroThCsl) 1 BIAMOBIIHUX M 9acTOT a00 BiTHOCHUX YaCcTOT, 3a3BUYAM
y BuDsiai  Tabmumi. Mera Horo mnoOymoBM — y3arajJlbHUTH Ta
CHUCTEMAaTHU3yBaTH JaHi, OTPHMaHI B pe3yJbTaTi CIOCTEPESIKEHHS, 00
BUSBUTH OCHOBHI TEHJEHIIi Ta OCOONMBOCTI pO3MOMITY O3HAKH ¥
JIOCITIKYBaH1M BUOIpIII.

VY3aranpHeHHS:

* CTaTHCTUYHHN pSI PO3MOAITY — I 3arajlbHUA TEpPMiH IS
BIIOPSIAKOBAHOI'O MPEACTABJICHHS AAaHUX NPO PO3MONIT O3HAKH, UM TO B
TeHepaIbHIN CYKYITHOCTI, Y1 y BUOIpII.

* CratucTryHe pO3MOMICHHS BHOIDKM — IIe KOHKPETHHH BHUJ
CTaTHCTUYHOTO Py PO3IOALTY, TOOYAOBaHUI Ha OCHOBI JaHUX, 310paHUX
3 BUOIpKH 3 TeHEPaIIbHOT CYKYITHOCTI.

OOumBa TOHATTA €  (QyHAAMEHTAJIBHUMHU  JUIS  I[OJAJIBIIOTO
CTaTHCTUYHOTO aHaji3y, OCKUIbKH JO3BOJISIFOTH Bi3yami3yBaTH Ta
aHaJli3yBaTu CTPYKTYPY JaHUX.

Komn w™mu orpumyemo pgaHi BHOIpKM (HampuKIaj, pe3yiabTaTH
OIUTYBaHHS, BUMiPIOBAHHS 3pOCTY JIFOAEH, OIIHKU CTYJCHTIB), BOHH 4aCTO
€ HecrpynoBaHuM Habopom uncen. Cepexn uucen psny (3.1) MoxyTs OyTn
onHakoBi uwmcia. I[o0 mi pgaHi cranmu 3poO3yMiIMMH, HAOYHUMH Ta
MPUIATHUMH IS TIOJANIBIIONO0 aHalli3y, IX HEOOXIHO 3rpyIyBaTH.

Hexaii BunagkoBa BennunHaa X HaOyBae 3HaYEHbB X1, X2, ..., Xk, IPUIOMY
3HAYCHHS X| CIIOCTEPIrayiocs 1| pa3, 3HAYCHHS X2 — N2 Pa3, ... 3HAYCHHS Xk —
n pas (mi+ not...+m=n — 00csr BUOIpKH).

VYrpynoBaHHs BHOIPKOBUX NaHMX — L€ HPOLEC YNOPSAKYBaHHS Ta
cucTeMaru3alii BUXIOHUX JaHWX 3 METOI0 BHSBJICHHS 3aKOHOMIpHOCTEH,
CTPYKTYPH Ta PO3MOALTY O3HAKH, 1[0 BUBYAETHCS.

Bono no3Bouse:

* 3MEHIINUTH 00CAT JaHUX AJIS 3pYYHOCT] CIPUMHSTTSI.
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» HaouHO ysIBUTH pO3MO/IiT O3HAKH.

* BusiBuTH OCHOBHI TeH/IEHIII] Ta 0COOIMUBOCTI Y TaHUX.

* Po3paxyBaTu pi3Hi CTaTHCTUYHI TOKa3HHKH (CEpeIHI 3HAuYCHHS,
JIUCTIEPCIIO TOIIO).

Bapiariitai psau 1ar0Th MOXKIIMBICTh BU3HAYUTH XapaKTep PO3MOILTY
BapiaHT CYKYyITHOCTi 3a TI€I0 YH IHIIOIO KiTBKICHOIO O3HaKomw. Bapiariiiai
pSAIM  PO3MOALTY 3aJieKHO BiA TPYHMyBaIbHOI O3HAaKW MOAUISIIOTH Ha
PAHICOBAHT, OUCKPEMHI T [HIMEPBAIbHI.

Osnauennsn 3.3, Pawnocosanuil eapiayitinuii pso — Te  PAn
BIIOPSIKOBAHMX BapiaHT CYKYIHOCTI B TOPSJAKY 3POCTaHHS YU CIIaJaHHS
03HaKH, IO JOCIIKY€EThCS.

3.1 luckpeTHuUii BapiauiiHuii psj

JuckpeTHuil BapiamiiHUA psii BAKOPHCTOBYETHCS, KOIHM O3HAKa, IO
BUBYAETHCA, INMpHHMAae KiHIEBY a00 JYWIbHY KUTBKICTh 3Ha4eHb, SKi
3a3BUYall € I[IMMH 4YHClIaMHd a0o0 diTKO (PIKCOBaHMMH KaTeropisiMu
(Hampukan, KigbKICTh HiTel B ciM'i, Oamu Ha icruTi, 9ucio nedekTiB B
napTii ToBapy).

Osnauennsn 3.4. Jluckpemuum eapiayitinum psaoom (eapiayiero)
HA3WBalOTh YIOPSAKOBAHY 32 3pOCTAHHSIM 3HAYEHb X; TIOCIIIOBHICTh BapiaHT
13 BKa3iBKOO 1X BIIMOBIAHHUX YacCTOT #; 200 BIIHOCHHUX YacTOT W; 1 MOaHy Y
BUTJIAA] TaOJIULI.

O3nauennsn 3.5. Yacmomoio (Frequency) abo abconiomuoro uacmomoro
n; HA3WUBAIOTh YMCIIO, IO TOKa3ye€ CKUIbKM pa3iB TMEBHE 3HAYCHHS 4YH
KaTeropisi 3ycTpivaeThest y HabOpi TaHUX.

[HIIMME c1oBaMu, 11e MPOCTO MiJPaxyHOK TOTO, CKUTBKU Pa3iB CTanacs
Ta uu iHma noxisi. Hanpuknan. Sxmo npu onutyBanHi 20 ocid mpo ixHii
yIt00JICHUH KOJIIp 5 3 HUX Ha3BaJM KOBTHUH, TO 4acTOTa s KOBTOIO
KOJILOPY JOPIBHIOE 5.

O3nauennsn 3.6. Bionocna uacmoma (Relative Frequency) a6o
yacmocms w; — 1ie 4acTKa YU BiJICOTOK, SKHI TIEBHE 3HAUCHHS YH KaTeropist
3aliMae BijI 3arajibHOI KiJIBKOCTI CIIOCTEPEKEHb.
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BinHocHa gacToTa (4acTOCTh) MOKAa3ye, SIK 4acTo MO BiIOYBAa€THCS
IOJI0 BCHOro HaOopy nMaHmX. BoHa poO3paxoBYeEThCS SK BiJHOIICHHS

a0COJIOTHOT YaCTOTH 7; 10 3aTATBHOTO YHCIIA N CTIOCTEPEKEHb: W; = —- .
n
Hampuxitag. Y nonepenasoMy mpukiani, axkmo 5 i3 20 oci® Ha3Bamn
JKOBTHIA, TO BITHOCHA YacTOTa JKOBTOTO Koubopy Oyme 5/20=0,25 abo 25%.
[Ipu BuBYeHHI BapiauifHUX PAOIB MOPSA 13 TOHATTAM YacTOTH

BUKOPHUCTOBYETHCS TMOHATTSI HAKOMTUYEHOT YaCTOTH (TTO3HAYAEMO 7;').

Osnauennn 3.7. Haxonuuena wacmoma (Cumulative Frequency) abo
KyMyIsimuena yacmoma n;' — e CyMa 4acToT ISl JAHOTO 3HAYEHHS Ta BCIX
MOTIEpE/IHIX 3HAa4YeHb (200 KaTeropiil) y BHOPSAIKOBAHOMY HaOOpi JaHUX,
TOOTO 1 X<X;.

Bona mokasye 3aranbHY KiNBKICTh CIOCTEPEXEHb, SKi MEHII abo
JIOPIBHIOIOTh TICBHOMY 3HAYEHHIO. BiominHicmb 6i0 uwacmomu: 4YacToTa
MOKA3y€e CKIJTBKU pa3iB 3yCTPiYaeThCsl KOHKPETHE 3HAYCHHS, B HAKOIMYEHA
YacTOTa TOKa3y€e CKUTPKH pa3iB TPAIUIAIOTHECSA BCi 3HAYEHHS 1O TEBHOTO
BKITIOYHO.

Hanpuxiiag. Maemo nani Ha 12 moaeit Bikom 10, 20, 30 poki Ta ix
gacrotd: 3, 5, 4 BignosigHo. Tomi marmmemo. Bik 10: wacrora 3,
HakonuueHa yactora 3. Bik 20: yacrora 5, Hakonu4eHa yactoTa 3+5=8 (1ie
o3Hauae, 1m0 8 ocid MaroTh Bik 20 pokiB adbo Meniie). Bik 30 gacroTa 4,
HaKOIHWYeHa yacTtoTa 8+4=12.

Osnauennsn 3.8. Hakonuuena sionocna uacmoma (Cumulative Relative
Frequency) abo naxonuuena yactoctb w;' — 1€ CyMa BiJHOCHUX YacTOT JUIsI
JIAHOTO 3HAa4YeHHA Ta BCIX TONEpenHiX 3HadeHb (abo Kareropiil) y
BITOPSAIKOBAaHOMY Ha0Opi NaHUX, TOOTO st X<x;.

! !
Bona po3paxoByeTbest K W, = % a6o B HPOLICHTAX W, =% 100% i

n n
MOKA3y€ YaCTKy Y BiJICOTOK CIOCTEPEKEHb, SIKi MEHII UM PiBHI ICBHOMY
3HaueHH0. OCTaHHE 3HAYEHHS B CTOBIILI HAKOIMYEHOI BIJHOCHOI YaCTOTH

3aBxau popiBHIOBaTHME 1 (260 100%).

Hanpuxnan (mponosxytoun nomnepeaniid). Bik 10: BimHOcHa wactoTa
3/12=0,25, nakonuyeHa BigHocHa 4yactora 0,25. Bik 20: BigHOCHA 4acTOTa

5/12=0,4167, nakonuueHa BimHocHa dvacrora 0,25+0,4167=0,6667 (ue
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o3Hayae, mo 66,67% oci6 marote Bik 20 pokiB abo menmie). Bik 30

BigHocHa 4actota 4/12~0,3333, mHakomuyeHa BIJHOCHAa  YacTOTa
0,6667+0,3333=1,0.

Hakxonunuena yactora Ta HAKOMMYEHA YaCTOCTh B OMKMCOBIH CTaTUCTHLI,
JO3BOJISIIOT 3PO3YMITH KyMYJISTUBHUN PO3MOJUT NaHuX. BoHM MOKa3yIoTh,
CKIJIBKM YM $IKa YacTKa CIIOCTEpPEeXeHb INepeOyBae HIKYE YU JOPIBHIOE
MIEBHOMY 3Ha4EHHIO.

Jle 3aCTOCOBYIOTBCS IIi TIOHSTTS:

1) Hakommdena yactoTa Ta HaKOIMWYEHA YaCTOCTh OCOOJIMBO KOPHCHI
JUTsL: a) o0y I0BH eMIipHyYHOi (YHKIIT po3Moainy (J03BOJISIOTH 3p03yMITH,
K PO3IOAUIEHI AaHi 1 SKa WMOBIPHICTH TOTO, IO BHITAJKOBA BEIMYWHA
HaOyZe 3HAa4YeHHs, IO He MEPEeBHINyE MEBHWA MOpir); 0) BHU3HAYCHHS
MeJliaHu, KBapTHIIIB Ta iHIIMX MPOLEHTUIIB (32 X JOMOMOTOI0 JIETKO 3HAUTH
3HAYCHHs, HH)KYC SAKHX 3HAXOIHUTHCSA NEeBHUN BiI[COTOK JaHuX, HAIIpUKJIamd,
50% HakONMYEeHOI YacTOTH BKa3ylOTh Ha MeHAiaHy); B) TOPiBHSIHHA

PO3MONLNIB (IO3BOJISIFOTH TOPIBHIOBATH, SIKA YacTKa NAaHWX 3HAXOAUTHCS
HIDKYE 32 TIEBHUI piBeHb Y Pi3HUX HaOOpax JaHuX); T) KOHTPOJIb SKOCTI Ta
CTaTHCTUYHOTO YIIPABIiHHS MIpoIiecaMy (BUKOPHUCTOBYIOTHCS IS TOOYTOBH
KOHTPOJIHUX "3HA4YeHB" Ta OILIHKH CTaOUTFHOCTI TIPOIIECIB).

2) YacToTa Ta BiIHOCHA YacTOTa BUKOPHUCTOBYIOTHCS JUIS: &) OIHCY
JaHuX (HaroTh 0a30Be YSBIGHHS TMPO Te, sSKi 3HAYEHHS 3YCTPIYarOThCS
Haitvacrimre); 0) moOyI0BH riCTOrpam Ta CTOBITYACTHX JiarpaM (Bizyalizamis
pO3MONITY JaHWX); B) PO3PaxyHKYy OCHOBHHX CTaTUCTHYHHMX TOKa3HHUKIB
(cepenmHe 3Ha4eHHS, JUCIEpCii TOIIO); T) OLIHKK WMOBIPHOCTI (BiJHOCHA
4acTOTa € EMIIPUYHOI0 OI[IHKOK0 HWMOBIpPHOCTI MOAii: 4WM Oiibiie
CIIOCTEPEIKEHb, TUM OJIMKYA BIJIHOCHA YaCcTOTA JI0 ICTUHHOT MMOBIPHOCTI).

Takum 9MHOM, SIKIIIO YacTOTa Ta BIJIHOCHA YAacTOTa JAIOTh "MUTTEBUI
3HIMOK" PO3MOALTY, TO HAKONMYEHI MOKAa3HWUKU JAl0Th "KyMyJSTHBHHN"
NOTJISA, JO3BOJIAIOYM 3PO3YMITH, CKIJBKH JaHMX JIEKHUTh O IIEBHOTO
"3HaueHHA".

Cmpyxmypa Ouckpemuo2o eapiayitino2o psaoy:

Tabnuis, $KOI BU3HAYAETHCS AMCKPETHUH BapiamiiiHui  psiz,
CKJIaJIA€THCS 3 IBOX 200 TPHOX PSIJIKIB:
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1) BapianTa (x;): 3Ha4ueHHS 03HAKH, PO3TAIIOBAHI B IOPSIKY 3pOCTaHHSI.
2) Yacrora (n;): Cyma BCiX YacTOT IOBHHHA JOPIBHIOBATH OOCSTY

k
BUOIpKU: ) X; =n (1abm. 3.1).
i=1
3) BigaocHa gactoTa (w;) (OmIIiOHATBHO, TOOTO HE € 00OB'SI3KOBUM, a
HaJaeThCsl HAa BUOIp abo 3a OakanusMm): CyMa BIZHOCHHX YacTOT TIOBHHHA
k
nopisuroaru 1: Y w; =1 (tabun. 3.2).
i=1

Taommms 3.1
Bapianra x; X1 X2 ... Xk
k
Yacrora BapiaHTH 11; | Hi n Nk QX =n
i=1
Taommus 3.2
BapianTa x; X1 X2 ... Xk
k
BigHocHa yacToTa wi | wi Wy " Wi >w =1
i=1

Hpukaag 1. Onuranmu 20 CTyAEHTIB 0pO KUIBKICTh IM'ATIPOK,
OTPUMAaHHMX 32 CEMECTp, Ta OTPUMAIIH Taki maHi: 3, 2,4, 3, 5,2, 3,4, 3, 3,5,
2,4,3,3,2,4,5, 3, 4. [loOynyBaTi TUCKPETHUI BapialliiHui psjl.

Po3é’a3anns. Briopsnkyemo naHi (HE0OOB'SI3KOBO, ajie KOPUCHO): 2, 2,
2,2,3,3,3,3,3,3,3,3,4,4,4,4,4,5, 5, 5. llinpaxyemMo 4acToTy KOKHOT
BapiaHTH: «JBI M'ATIpKU»: 4 CTYAEHTH, «TPU I'ATIPKH»: 8 CTYJIEHTIB,
«HOTHUPH M'ATIPKI»: 5 CTYJIEHTIB, «I1’ATh M'SITIPOK»: 3 CTYJCHTH.

OCKiNTbKM JTUCKPETHWUH BapialliiHuii psf BU3HAYAETHCS Y BUTISIL
TabsuIl, To cKiIamemMo ii (tabma. 3.3):

Taomums 3.3
KinbKicTh I’ ATIPOK X; 2 3 4 5 Paszom
Yacrota n; 4 8 5 3 20

Bimmocna wactora w, =—= | 02 | 0,4 | 025 | 0,15 | 1
n
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3.2 InTepBanbHuii BapiamiiiHuii psig

IaTepBanbHMIA BapialitHUN PsiT BUKOPUCTOBYETHCS, KOJIM O3HAKa, II0
BUBYAETHCSA, € HENEPEePBHOIO (HANpHUKIAJ, 3picT, Bara, MAOXiJ, dac,
TEMIIEpaTypa) i MOXKe MPUHHATH OyIlb-sSKe 3HAYCHHS 3 JISIKOTO MPOMIXKKY
a00, KOJIM KUTBKICTh PI3HUX 3HAYCHBb AUCKPETHOI O3HAKW 3aHAITO BEIIHKE,
0 POOUTH AUCKPETHUH PSI TPOMIZIKHAM 1 HEIHPOPMATUBHUM.

Y 1poMy BWIIAIKy 3HA4YCHHs BapiaHT TPYIYIOTh 3a IMPOMDKKaMU
(inTepBayiamu) (3a3BWYall OMHAKOBOI JIOBXKHWHH), y TIEPIIOMY PSIAKY
BKa3y€ThCS POMIXKKH, & y APYTOMY — YHCIIO CIIOCTEPEKEHbB, 1[0 TOTPAITHIN
B JaHUH MPOMIKOK. Moke OyTH 1 TpeTili psIOK — 4YacTKa iHTepBaly B
3araJbHOMY 00Cs31 BUOIpKH.

Cmpyxkmypa inmepeanbHo20 6apiayitino2o psaoy:

SBisie cOO0r0 TAOJHUIIIO, 1110 MICTUTh PSIIKHU:

1) InTepBan BapitoBaHHS — I Jiama3oH 3HAYCHb BAPIAHTH [Xmin}Xmax].
[aTepBamu [o1;02), [02;03),. . ., [0k-1;04) MAIOTh OyTH CYMI>KHUMU Ta ITOBHICTIO
OXOILTIOBAaTH BeCh po3Max BapiroBaHHA. Lle 03Hauae, M0 MOYaTOK MEpIIoro
MPOMIXKKY ¢ 1 KiHeIb OCTAaHHBOTO () HE OOOB’SI3KOBO 30IraroThCs
BIJIMIOBIZIHO 3 Xmin 1 Xmax. BapiaHTa, sika 30ira€ThCsi 3 BEPXHBOIO MEXKEIO
IHTEpBaJly, BIJHOCHUTBCS JO HACTYHHOTrO IHTEpBaly. SKIIO G=Xmax, TO
OCTaHHI{ IHTEPBA € BiAPI3KOM.

2) YacroTa (n;) — 1le KUIBKICTh 3HaYCHb i3 BUOIPKH, IO MOTPAMUIN B
inTepBasl. Cyma BCiX 4acTOT IOBUHHA JIOPIBHIOBATH 00CSTY BUOIPKH.

3) BignocHa uwacrota (w;) (OMIIIOHAIEHO) — II€ YacTKa IHTEpBaly B
3arabHOMY 00Cs31 BHOIPKH.

Hanpuxiiaa, Bubipka po30uTa Ha k IHTEpPBAJIIB, SAKi HE MEPETHHAIOTHCS 1
[-i 1HTEpBaNl MICTHTh BapiaHTH BHUOIPKA Yy KIUTBKOCTI 7; 3 BiJHOCHOIO

n; . NV
4acTOTOK W; =—. I[HTepBalbHUI BapiamifiHuil psia MaTUMe BHIJIAA

n
(tabin. 3.4).
Tabmuus 3.4
IHTepBan o1<x<ag 02x<03 .. O 15X <0l
YacroTa n; n n ... Nk
BigHocHa
%! wr e Wk
4acToTa w;
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3a BEIMYHMHOIO PO3PI3HAIOTH MPOMDKKH (IHTEpBalM) PiBHI 1 HEPIBHI.
PiBHiI iHTEepBasM 3aCTOCOBYIOTH TOZi, KONH 3MIiHH KITBKICHOI O3HAKU
BCEPEAMHI CYKYIHOCTI BiI0OYBatOTbCA PiBHOMIPHO.

O3nauennsn_3.9. Posmaxom e6ubipku Ha3WBAaIOTh BIJICTaHb MiX
HaMEHIITUM Ta HAHOILIBIITNM 3HAYCHHSAM BapiaHT mi€l BUOIpKH:

R:.Xmax_ Xmin- (3.2)

I[Ipu mnoOynoBi iHTepBasbHOTO pALy (YIpYNOBaHHS — JaHUX)
BUKOPHUCTOBYIOTH Pi3HI MiAXOIH IS BU3HAYCHHS TOBXHWHU iHTEPBaJiB.

1. Memoo 6e3 "xopueysanns' — HAUTIPOCTIMINH MiXi/, KOJIH iHTEpBaIN
BUOMPAIOTBCSL JIOBUTBHO a00 iHTYiTUBHO, 0O€3 BUKOPHCTAaHHS CTPOTHX
dhopmyi.

3aCTOCOBYEThHCSI:

- KONM JaHi BXKE MAarOTh YiTKO BH3HAYCHI KaTeropii abo MUCKpETHI
3HAYCHHS,

- TIpH HEBEIHKOMY O0CS31 [MaHMX, KOJIM CKIaTHHH pPO3PaxyHOK
IHTEpBaJIiB HEIOIIbHUH;

- Y BUMNAJIKY, KOJIX HEOOX1THO NIBUJKO OTPUMATH IIEpIIe YSIBICHHS PO
PO3MOILT JaHHUX, HE 3aTTNOIIOI0YUCH Y JIETaTi;

- KON MeTa aHalli3y He BMMara€ BHUCOKOi TOYHOCTI y BH3HAYEHHI
IHTEpBaJIiB 200 KOJIU JIaH1 IPUPOIHO TPYITYHOTHCSI.

Busnauenns oosoxcunu inmepesany oesz "kopucysanus” (0osintbruil uu
iHmyimueHuil nioxio)

Sk ckazaHo BuIle, ""6e3 KOpUTyBaHHS" 03HAYAE, M0 HEMAE CyBOPOT

MaTeMaTHyHoi (opMynu, sKa aBTOMAaTHYHO BH3HAYa€ ONTUMAIbHY
KUTBKICTh iHTEpBaIiB 200 iX TOBXHHY.

VY upoMy BHIIAIKY TOBKWHA iHTEpBATy MOKe OyTH oOpaHa Ha OCHOBI:

» Jlocsio i 300posuii 2ny30: SIKIIO € BioMi Jiana3o0HU 3HA4YCHb abo
KaTeropii, skl MarOTh CEHC IS AoCmikeHHs. Hanpuknan, mig yac aHatizy
Biky MokHa BuOpatH intepBasin 0—10, 10-20 pokis Torio.

* 3pyunocmi nooawnnus: SIkio noTpiOHA NeBHA KUIBKICTh IHTEPBAJIIB IS
Hao4HOCTI (Hanpukiaj, 5—10 iHTepBatiB IS TICTOrpaMu).
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* Bumocu 0o mounocmi: IHOAml mHMpIIi IHTEPBAaTM MOXYTH OyTH
MPUHHATHUMH JIJIS TTOTIEPETHBOTO aHalli3Yy, a sl OLIBII AeTaabHOTO — OLITBIIT
BY3bKi.

3ayeaycennn 3.1. ®opmyna Ans 3HAXOIKEHHS JOBXKHHHU iHTEpBaTy
(3aranpHa, MicIs BU3HAYCHHS YMCIIA IHTEPBAJiB):

h=—, (3.3)
ne R — po3max BuOipkH, k— 9HUCII0 iHTEpBaTiB.

Mpuxnan 2. Maemo aaxi npo goxoau 10 oci6 Ha micsip (y THC. TPH.):
{8,12,15,18,20,22,25,30,35,40}. IloOyayBaTu iHTepBaJbHUN BapialliiHUN
psix 6e3 "KopuryBaHHA".

Po3é’azanna. 3HaxoguMo MiHIMAJbHE Ta MaKCHUMallbHE 3HAUCHHS:
MIHIMATIBEHE 3HAYEHHS Xmin=8, MAKCUMAJILHE 3HAYEHHS Xmax=40.

O6uncmroeMo po3Max R: R=Xmax—Xmin=40—8=32. BusHauaemo OaxaHy
KibKicTh iHTepBamiB k. Hanpuknan, k=4 intepBanu (q0BiTsHUI BHOID).

OOYHUCITIOEMO TOBKHUHY IHTEpBAITY /i

poR_32_
k 4

BinmoRiap: iHTepBaNbHMUI BapialliiHuil psjg 0e3 "kopuryBaHHS" Mae

Burian [8;16), [16;24), [24;32), [32;40].

8.

3ayearcennn 3.2. llpu ¢opmyBanHI iHTEepBaniB mMOTpiOHO OyTH
VBOKHUM JI0 TOTO, SIK BKJIIOYAIOThCS MEXi. 3a3BHuail JliBa Mexa
BKITIOYAETHCS, a TIpaBa Hi (KpiM OCTaHHBOTO iHTEPBAITY, IKHH BKIIFOUAE MPaBY
MEXKY) JUIsl HelIepEepPBHUX JTaHUX.

2. Memoo i3 "xopueysanusim” (3 BukopuctaHHsIM Gopmyn): Ilig
"KOpUTYBaHHSAM" TYT PO3YMIEThCS BUKOPHCTAHHS CTATUCTUYHUX (HOpMYI
JUIE BU3HAUCHHS ONTHUMAaJbHOI JIOBKMHHM Ta KUIBKOCTI I1HTEpBaliB, SKi
HalKpalle BiioOpaxaroTb CTPYKTYPY JAaHUX Ta iX PO3MOILIL.

Hait6inem Bimomi Qopmynu: Crepmxecca, Ckorra, @pimmana-
Husikonuca ta inmi. Cami i GpopMyiu Bxke 1O cyTi € ""CKOpUroBaHUMHU" Y
TOMY CEHCI, 110 BOHH BPaxOBYIOTb XapaKTEPUCTUKH AaHUX (po3Mmax, o0csr
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BHOIpKH, CTAaHAAPTHE BIIXWICHHS) AT BU3HAYCHHS ONTUMATBHOT KUTBKOCTI
IHTEpBaJIB Ta X TOBXUHH.

1) @opmyra Cmepooicecca. 3aCTOCOBYETHCS ISl TAHUX, OJU3BKHUX JIO
HOPMaJILHOTO PO3MO/LTY, OCOONMBO MPH HEBEIMKUX Ta CEpeAHIX o0cArax
BHOIpKH (n < 200).

KinpkicTs piBHUX iHTEpBaTiB BU3HA4A€ThHCS 3a popmynoro CTepkecca:

k=1+43,3221g(n), 34
ne k — uncio inTepBaiiB (OepeThes HarOmwKkye e no 1+3,3221g(n)), n —
o0csr BUOIPKH.

BennunHa (noBxnHA) iHTEpBaAITy 0OYUCITIOETHCS 32 GOPMYIIOIO:

R Xmax min
—=— 3.5
p (3.5)

3aysaxcenns 3.3. SIkuio B pe3ynbrati o0urcaeHHs 3a Gpopmynoro (3.5)
JOBXKMHA iHTEpBally /i BHUIAE JPOOOBHM YHCIIOM, TO HOTO OKPYTISIOTH 10
3pYy4YHOrO JJIsi YUTAHHS YUCIa (HANpPHKIAZA, J0 IiJoro abo J0 IeBHOI
KUTBKOCTI 3HaKIB MicIist KOMH). Takok, MOYaTKOBa TOYKA MEPIIOTO iHTEPBAITY
MOke OyTHM TPOXHM MEHIIOI BiJ MIHIMAQJbHOrO 3HAYEHHS, 1100 yCi JaHi
TOYHO TIOTPAIIIIN B IHTEpBAIIH.

Mpuxnax 3. Maemo gani po goxoau 10 ocid Ha micsib (y THC. TPH.):
{8,12,15,18,20,22,25,30,35,40}. IloOynyBaTu iHTEpBaJbHUN BapialliiHUN
psa i3 3acTocyBaHHsAM Gopmyau CTepipkecca.

Po3é’azanna. n=10, R=32. BuzHayaeMo KiJBKICTh IHTEpBaIIB k 3a
dopmynoro (3.4): k=143,322-1g(n)=1+3,322.1=4,322.

OxpyriaroeMo k. 3a3BU4aii OKPYTIISIOTH 0 HAHOIMKYOTO I1JIOTO YMCIIa.
V maHoMy BUIAJKy MOXHA OKPYIJIMTH 10 4 abo 5. YacTiiie OKpyIiisoTh y
OiJIbIIy CTOPOHY, OO0 YHUKHYTH 3aHAJTO IIUPOKHUX IHTEPBaIiB, ajle 1HOI
OKPYIJIAIOTH 1 B MEHIITY, 11100 30eperTH O1IbIll 3arajibHe ysaBiacHHs. BizbMeMo
k=5.

OOuncnroeMo  JOBXKMHY 1iHTepBady h 3a  ¢dopmyrnoo  (3.5):
h=R/k=32/5=6.4.
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BinmoBiab: iHTepBaNbHAN BapialiitHAN s i3 3aCTOCYBaHHIM (HOPMYITH
Crepmxkecca Mae surisin [8;14,4), [14,4;20,8), [20,8;27,2), [27,2;33,6),
[33,6;40].

2) @opmyra Cxomma. 3acTOCOBYETbCS AN JAHHUX, ONM3BKHX [0
HOPMAJBHOTO PO3MOJiTy, aje 4YyTIWBimIa OO0 BUKHIIB, HDK Qopmyia

®pigmana-/liakonica.
Bennunna (1oBKuHA) iHTEpBaIy 0OYUCITIOETHCS 32 (PopMYIIOIO:

(3.6)

ne n — o0car BHOIpKH, ¢ — CTaHAapTHE BIIXWIEHHS BHOIpKH

1 n
La:\/ 1 Y (x —x) J X — CepejiHe 3HAUEHHS (x— Zx)
n—1

i=1

KinpkicTs iHTEpBajiB BUZHAYAETHCS 32 POPMYIOIO:

R
k=—. .
P (3.7

Mpuxnan 4. Maemo aai npo goxoau 10 oci6 Ha micsib (y THC. TPH.):
{8,12,15,18,20,22,25,30,35,40}. IloOyayBatu iHTepBaJbHUN BapialliiHUN
psix i3 3actocyBaHHSAM Gopmynn CKOTTa.

Po3é’azannn. n=10, R=32. O0UHCIIOEMO CTAaHIAPTHE BiIXUICHHS 0 JISI
na”oi BI/I6ipKI/I 3HaXOI[I/IMO CepeIHE 3HAUYCHHS

xz—Zx— (8+12+15+18+20+22+25+30+35+40) 225.

Tlucniepcis s — Z x;—x)? = ((8 22,5F +(12-22,57 +
+(15-22,5) (18 22,57 +(20-22,5) +(22-22,5) +(25-22,5)*+

+(30-22,5) +(35-22,5) +(40-22,5) ) % ~103,1667.

CranaapTHe BiIXHJICHHS
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n —
a:\/L-Z(x,-—x)z =J103,1667 ~10,16.

n—1 ;5
OO0uHnCITIEMO TOBXKHHY iHTEpBay /1 3a hopmyiioro (3.6):

h=35-L =350 55 1010 554 9150~165.

An 3o 2,1544
OO0OYHUCITIEMO KUTBKICTh IHTEpBaJIiB k 3a popmysoro (3.7):
R 32

k=—=—-=19%4.
h 165

Oxpyrnsgemo k: k=2.

Biamnogiab: iHTepBaNbHUIN BapialliitHUN Psijl 13 3aCTOCYBAaHHIM (OPMYIIH
Ckortra Mae Burin [8;24,5), [24,5;41].

3a ¢dopmymnoro CkoTTa BUXOOWTH HEBEIHKA KINBKICTh MIMPOKHX
inTepBaniB. lle wacrto BimOyBaeThCs 3 HEBEIMKMMH BHUOIpKamu, Je
CTaHJapTHE BIAXUICHHS MOXeE OYTH JOCUTH BEJIMKUM.

3) @opmyna @piomana-/Jiakonica. Haibinei pobactHuif MeToa, TOOTO
30epirae cBOIO E€(EKTHBHICTh 1 JIOCTOBIpHICTH pe3yNibTaTiB HaBiTh 3a
HasBHOCTI "moraHWx" naHMX a00 TpPH HEBEIUKUX 3MiHAX y BHXITHHUX
yMOBax, € CTIHKHM J0 BHUKUIIB Ta AacCHUMETPHUYHUX PO3IOJILIIB.
PexoMeHyeThCsI, SKIIO € MiTo3pa Ha HasIBHICTD BUKHUIB y JaHUX.

Bennunna (I0B)KHHA) IHTEPBAITY OOYMCIIOETHCS 32 TaKOK0 (POPMYIIOIO:

heo IOR (3.8)

3 2

N
ne n — obcsr BuOipku, IQR — MibKkBapTHIIEHUH po3max: IQR=03—Q1, ne O,
(O3 — IPOLIEHTHJII.

3ayeaycenna 3.4. [Ipoyenmuns abo nepyenmuip — 11e TTOKa3HUK, SKAN
BKa3ye Ha MiCIle IIEBHOTO 3HAYEHHS y BiJICOPTOBAHOMY 3a 3pOCTaHHSAM P
naHux. BiH mokasye, sSsIkdil BiJICOTOK 3HaueHb y HAOOPI JaHUX MEHIIHH abo
JIOPIBHIOE JaHOMY 3HAYCHHIO.

Hanpuxman, Qi (25-if mpoueHTWiIb) — L€ 3HAYEHHs, HWKYE SIKOTO
3HaXOAMUThCS 25% uncen y cuucky; Q3 (75-i NpoLeHTHIb) — L€ 3HAYCHHS,
HIDKYE SIKOTO 3HAXOMUTECS 75% Yucen y CIHUCKY.
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3ayeaycenna 3.5. Habip manmx MokHa posmiauta Ha 100 piBHEUX
YacTHH 3a OTIOMOTOI0 IPOMEHTHIIB. SIKIMO X AUIMMO maHi Ha 4 piBHI
YAaCTHUHU, TO OTPUMYEMO K8APMUII.

Tobro, xeapmuni — 1ue OKpemi BUMNAIKK NPOLEHTHIIB: nepuiull
keapmuav (Q1) — e 25-i MPONEHTHIIb, Opyeutl keapmuasb (Q2) — ne 50-i
MPOLEHTUIIb a mpemiti keapmuasb (Q3) — 11e 75-i nponeHTuib. I{e 3HaueHHs,
HWKYE SIKUX BIAMOBIIHO JEXUTH 25%,50%,75% nauux.

[[{o6 3HaiiTm mNPOUEHTHWIH [UIA BHOIPKH, TOTPIOHO CIIOYATKY
BIIOPSAIKYBATH JIaHI 3a 3pOCTaHHSAM, a TMOTIM OOYHCIIMTH TIO3WIII0, SKa
BIJINIOBi/Ia€ 3a1aHOMY MPOLEHTITI0. DopMyna A1 3HAXOKEHHS I-TTO3UIIIT
k-TO TIPOLICHTHJIS:

i=* (1),
100
ne k — 11e HoMep TpOoeHTWIS (HapuKiIam, 25 Aid 25-ro IPOLUEeHTUIs), a n —
3arajgbHa KUTbKiCTh 3HAYEHB Y BUOIPII.

SKMo i — mijge 4ucio, TO 3HAYCeHHS k-I'0 MPOICHTUIIS — [I¢ 3HAYCHHS
JIaHUX Y IIH TO3UIIl.

Axmo i — He IiJie YKMCI0, TO HEOOXIIHO OKPYIJIMTH HOTO 10
HaWOMMKYNX IUHX dncen (Bropy — mo3uiis (m+1) i BHU3 — no3uis (7))
Ta 3aCTOCYBATH METOJ] IHTEPIOJIAIIIT 11100 OTpUMaTH HAOIM)KEHE 3HAUYCHHS
MPOLICHTHJIS:

a) KOO0 Jpo0OBa dYacTWHA OOYHMCIEHOI MO3MINI [ TPOICHTHIIIO
nopisHioe 0,5, TO ycepeTHIOEMO 3HAYCHHS JIAHUX, [0 3HAXOJSATHCS Ha IIUX
JIBOX MO3HIISIX Y BUOIPIIL: (Xms1+Xm)/2;

0) skmo apoOoBa dYacTWHA OOYHUCIEHOI TO3WIi TPOICHTHIIO
Binmpi3Hserbes Big 0,5, To 3acrocoByemMo Gopmyny JuIA  JTHIHHOT
IHTEPITOJISIIIT:

Ok =X, + (X —3,) - f (3.9)

ne Qx — 3HAYCHHS MPOLICHTWIIA, SKE MU IIYKAEMO, i — TO3MIIis, Ky MH
po3paxyBaiu (Moxe OyTH HEUITUM YUCIIOM). [i] — IIijla YacTHHA TO3HIIii i,
f— npoboBa wactuHa mo3utlii i (To0TO, i—[i]), X» — 3HAUESHHS JAHUX TIO3MIII1
m (y BiACOPTOBAaHOMY HaOOpI MAHHUX), Xm+ — 3HAYCHHS JTAHUX HA ITO3MUIIT
m+1 (y BijicopToBaHOMy HaOOpi IaHUX) MPU [bOMY m<i<m+1.
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IpouenTui KOpUCHI [isl aHANi3y PO3MNOALLY [aHUX Ta BHSBJICHHS
BUKHMIB. IX wacTo BUKOPHCTOBYIOTh Y CTaTUCTHIII, TECTYBAHHI Ta 1HIINX
rajy3sx, Jie MoTpiOHO MOPIBHIOBATH 3HAYCHHS.

KinbkicTh iHTepBaIiB BU3HAYAETHCS 3a hopmyroro (3.7).

Hpuxnag 5. Maemo gani npo goxoau 10 oci6 Ha micsb (y THC. TPH.):
{8,12,15,18,20,22,25,31,35,40}. IloOyayBaTu iHTEpBaNbHUN BapialliiHUI
psn i3 3acTocyBanHAM Gopmynu Ppinmana-Jliakonica.

Po3zé’azanna. n=10, R=32. 3uaxogumo Q; ta Q3.

Jna BropsakoBaHoro psamy {8,12,15,18,20,22,25,31,35,40} Q1 (25-#
MPOLEHTHIIB, TOOTO k=25).

. .k 25

Busnauaemo mosutiro 3a (HopMyInorw i 100 (n+1) 100 -11=2,75.
Ockinpku 2,75 HE € TiTUM YUCIIOM 1 IpoOoBa HOTO YacTHUHA BiIMiHHI BiJl
0,5, To okpyrimoemMo #oro 1o m=2 ta m+1=3. 3HaueHHsa y 2-H MO3UIi —
xn=12, a y 3-i — xua=15, f=2,75-2=0,75. Po3paxoByemo 3HaUEHHS
npoueHTuis 3a hopmynor (3.9):

0, =12+(15-12)-0,75=12+3-0,75=12+2,25=14,25.

Amnanoriuno 3Haxoaumo Qs (75-i nponeHTHIb, TOOTO k=75).

) k 75
Busznauaemo mosuiio 3a opmyioro i=——-(n+1)=——-11=8,25.
1 dopmy. =100 =150

Ockinbku 8,25 He € WiNIUM YHUCIOM, TO OKPYTJIIEMO Horo a0 m=8 Ta
m+1=9. 3nauenns y 8-it no3uuii —x,=31, ay 9-if — x,,+1=35, /=8,25-8=0,25.
Po3paxoByemo 3HaueHHs MpoueHTuIs 3a hopmysior (3.9):
0, =31+(35-31)-025=31+4-0,25=31+1=32.
3HaX0IMMO MIXKKBAPTHIILHUI po3Max 3a (hOpMyJIIOr0:
IOR=0; -0, =42-1425=17,75.
OGUHCITIOEMO JIOBXKHUHY iHTepBany 1 3a Gpopmystoro (3.8):
he?. IOR . 17,75 _5 17,75

a3l 21544

OO0UHnCITIEMO KUTBKICTh iIHTEpBAIIiB k 32 popmyoro (3.7):
k= R__32 ~1,94.
h 16,48

~2-8,24~16,48.

Oxkpyrisemo k: k=2.
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BinmoBiab: iHTepBaNbHAN BapialiitHAN s i3 3aCTOCYBaHHIM (HOPMYITH
®pigmana-/liakonica Mae Burizn [8;24,48), [24,48;40,96].

Sk 1y Bunaaxy 3 popmynoro CKOTTa, 1uis HEBEIHMKOI BUOIpKH popMyIia
Opigmana-/liakoHica TakoX MOXKE 1aBaTH HEBEJHMKY KiIbKICTh iHTEpBalIiB.

[opsn i3 3actocyBanusim ¢dopmyn Crepmkecca, Cxorra, Opigmana-
Jusikonnca i BU3HAYeHHS £ 1 7 ipy ToOyTOB1 BapiallifHOTO PSAy MOXKHA
3aCTOCOBYBATH Ul MEX IHTEpBaJiB TPYMyBaHHs MiIXill 6e3 KopueysauHs
MediC Nepuiozo i OCMAHHbO20 IHMEPBANIB 1 3 KOPUSYBAHHAM MENC NEPULOZO |
OCMAaHHbLO2O THINEPBAIS.

1) IToOynoBa BapialliiHOTO PANY 6€3 KOPUSYBAHHS MENC NEPULo2o Ui
OCMAHHL020 [HMEPBalie, TOOTO NEPIIMA IHTEPBAT [Xmin}Xmint/), SKHI
MMOYUHAETHCS 3 Xmin, B 3aKIHIYETBCS Xmin+h. HacTymmHI iHTEpBamy BUXOIATH
JOJAaBaHHSAM 70 KiHIS TMONEPEAHbOr0 IHTEpBaly MOBXHHU iHTEpBany h:
Xini=xi+h. TloTiM migpaxoByeMo KiJbKICTh BapiaHT, MIO MOTPANWINd Yy
KOXKHHI iHTepBal.

2) IloOymoBa BapialifHOTO DALY 3 KOPUSYBAHHAM MeXNC Nepuio2o ma
0CMAaHHbL020 iHmMepsanie, MO0 X1 1 X, MOTPAITMIN BCEPEIUHY IEPIIOrO Ta
OCTaHHBOTO 1HTEpBAJIB TpymyBaHHs. /I bOTO MOYATOK (HIDKHIO MEXKY)
MEPIIOTO IHTEPBAy PEKOMEHIYEThCS OpaTth K Xi=Xmin—h/2, a KiHElb
OCTaHHBOTO IHTEPBAILY MK Xp=Xmax+h/2. [IpomixkHI iHTEpBaNIM BHUXOIATH
JOJJAaBaHHSM JI0 KiHIS TIONEpPEJHBOr0 iHTEpBally BEJWYHHU 1HTEpBaly h:
Xini=xi+h. TloTiM TizpaxoByeMO KIJIbKICTh BapiaHTIB, HI0 MOTPANWIN Yy
KOXXHHI iHTepBal.

3arajioM, TaKUi MiOXiJ NPUIYCTUMHUM 1 HaBiTh PEKOMEHIYETHCA B
JeSIKUX BUIAJIKaX, ajle He € YHIBEpCATbHUM Ta Ma€ CBOi HIOAHCH.

OOrpyHTYBaHHS TaKOTO MiAXOY:

Obnix  menepepsnocmi: SIKIO O3HaKa, SKy MH TPYIYEMO, €
HemnepepBHOIO (HanpuKia, 3picT, Bara, TeMneparypa), ii 3Ha4eHHI MOXXYTh
Oyt OyIb-SIKHMH B MeEXaxX TEBHOTO Jiana3oHy. BUKOPUCTAHHS Xmin SIK
TOYHOI HW)KHBOI MEXIi MEPIIOro iHTEPBAIY 1 Xmax SIK TOUYHOT BEPXHBOT MEXi
OCTaHHBOTO IHTEPBAITY MOYKE CTBOPHTH BPaKEHHSI, IO JIaHi TOYUHAIOTHCS 1
3aKIHYYIOTBCS CaMe B ILMX TOYKaX, I0 HE BIANOBIZAE PEANbHOCTI IS
HenepepBHUX JaHuX. JlogaBanHs h/2 10 BEpXHBOI Ta BigHIMaHHS h/2 Bifg
HIDKHBOI MEXi foromarae "po3TsrHyTH" iHTepBay, 1100 BOHH OXOIUTIOBAIIN
BECh Jl1alla30H MOKJIMBUX 3HAYEHb, & HE TUILKH CIIOCTEPEKYBAHHX.
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Bizyanizayia (cicmoepamu): Komm OymyeTscsi TicTorpama, BaXKIIHWBO,
00 CTOBMYMKH MOYMHAINCS Ta 3aKiHIYBAIHCA JIOT19HO. SIKIO iHTepBamm
CTPOTO Bill Xmin A0 Xmax, KPaiiHi CTOBITYMKH MOXYTh OyTH "ypizanumu" abo
HECUMETPUYHUMH, OCOOJUBO SKIIO Xmin 1 Xmax € BUKHJAMU a00 KpalHIMU
3HAYEHHSAMH, a OITBIICT, [aHUX 30CEPEeKEHO ONMK4Ye M0 IICHTPY.
HeBenmke po3mupeHHs MeX MOXKe 3pOOMTH TicTorpamy  OimbIn
30aJ1aHCOBAHOIO Ta €CTETHYHOIO.

Ynuxnenus empamu danux: SIkmo h 00YNCICHO TaKMM YHHOM, 10 R/k
HE € UM abo "3pydHUM" YHCIIOM, 1 MU OKPYTJISIEMO /1 y MEHIITy CTOPOHY,
a00 SKIIO Xmax TOYHO 30ira€ThCs 3 BEPXHBOIO MEXKEI0, IIe MOXKE TPU3BECTU
JI0 TOTO, IO Xmax HE TIOTPANIUTD B YKOJHHI iHTEpBall (SIKIIO 3aCTOCOBYETHCS
mpaBmwiio "miBa Mexa' BKIIIOYHO, TpaBa — Hi). PosmmpeHHs mianma3onHy
rapaHrye, o BCi JaHi OyAyTb BKIIOUECHI.

Konu ye ocobauso axmyanvro: npamo0yy 3 HENEPEPBHUMH JaHUMH,
mpu o0y IOBi TiCTOTpaM JUI Bi3yalbHOTO aHAJi3y PO3MOILTY.

Konu mooice Oymu menws akmyanshum abo ne sacmocogysamucs: Ilpu
po0OTi 3 AMCKPETHUMH JTAHUMH, JI¢ 3HAYCHHS MAIOTh YiTKi, PO3/IIICHI MEXi
(Hampwkan, KimbKICTh AiTeH, KUMbKicTh aBTOMOOLMIB). TyT "posmupenHs"
MeX Moxke OyTm Oe3rmy3muM. SIKIo Mera aHajizy BHMara€ CTpPOTOTrO
JOTPUMaHHS Jiana3oHy, 10 CIOCTEPIracThesi 0e3 Oyab-IKUX IMPUITYIICHb
PO 3HAYEHHS 3a KOr0 MEXaMHu.

Hpukaang 6. 3Haoun a1 BUOIPKH Xmin=10, Xmax=50 1 po3paxoBany
JOBXKHUHY iHTepBaiy h=8, OTpUMaHO IHTEpBaJbHUN BapiamiiHUA psin Oe3
KOPUTYBaHHSI MEK TEPIIOrO i OCTAHHBOTO iIHTEPBAIB:

[10;18), [18;26), [26;34), [34;42), [42;50].
3anucatyu iHTEpBaNbHUI BapiallifHUNA psif] 3 KOPUTYBAHHSAM MEX MEPLIOTo i
OCTaHHBOTO IHTEPBAIiB.
Po36’a3annn. 3acToCyeEMO KOPUTYBAHHS MEX MEPIIOTO T4 OCTAHHBOTO
iHTEepBaJIiB:
X1 "=Xmin—1/2=10-4=6, X,,'=Xmax+h/2=50+4=54.
Toni mrykanuii iHTepBaILHUN BapialliiHAN psil MATHME BHTIISI:
[6;14), [14;22), [22;30), [30;38), [38;46), [46;54].

KinekicTs iHTepBaniB 30iunpmmiacs. Lle cramocs ToMy, o BHXiIHUI
po3Max R 3MiHUBCS Ha R+/.

BinmoBiap: iHTepBaJILHUEN BapiallidHUN psn MatuMe BUTISA [6;14),
[14;22), [22;30), [30;38), [38;406), [46;54].
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PosrisiHeMo, SK y3ro/KyeThes MOOYA0Ba iIHTEPBAIHLHOTO BapialiitHOTo
pSAAy 3 KOPUTYBaHHAM MEX TNEpIIoro 1 OCTaHHBOTO IHTEpBAIIB i3
3actocyBaHHsIM popmyn Crepmxkecca, Ckorra, @pingmana-luskonuca mis
BU3HAYCHHS k 1 .

Lle mBa mocIiOBHI eTanw, sSKi J0Ope y3romKyIOThC:

1) Cnouatrky BukopuctoByemMo ¢opmynn (Crepmkecca, Ckorra,
Opiamana-/luskoHica) A BU3HAYCHHS ONTUMAIbHOI KUIBKOCTI iHTEpBaIIiB
k Ta iX TOBXUHU .

i ¢opmynm opieHTOBaHI Ha BHYTPIIIHIO CTPYKTYpYy AaHUX (po3Max,
o0csr BHOIpKH, CTaHIAPTHE BIAXHWIICHHS, MDKKBAPTHIBHHN PO3Max) JUis
BUOOPY BiJIOBITHOTO K 1 /.

Baoicnuso. Ha npomy etami h 3a3Budail po3paxoByeThes siKk h=R/k, ne
R=Xmax—Xmin.

2) Iicas Toro, sk k 1 h BU3HAYEHI, MOXKHA 3aCTOCYBATH KOPUTYBaHHS
MEX TEPIIOTO Ta OCTAHHKOTO iHTEPBATIB.

Lle xopuryBaHHS HE 3MIHIOE /i, ane PO3MINPIOE 3arajbHUM Jiana3oH,
KU TIOKPUBAETHCS 1HTEPBAJIAMH.

Hogwuii po3max asst iHTepBamiB GakTHIHO CTAE

(dex+h/2)_(Xmln_h/z):.X:mdx_.X:mln"l'h:R"l'h .

BiamoBigHo, SKIIO MU PO3MIMPIOEMO Jiana3oH Ha h, a JOBXHHA
KOXKHOTO 1HTEpBally 3aJIMINAETBCS /i, TO KIJBKICTh iHTEPBAJB TaKOX
30UTBIIATECA Ha 1. SIKIIO MOYaTKOBA KiNBKICTH iHTEpBaNiB Oyia k, TO HOBa
e(eKTHBHA KUIBKICTh 1HTEPBATIB JUIsI OXOIUICHHS PO3LIMPEHOTO Jiarna3oHy
Oyne k+1.

Bucnosoxk. 1ligxia i3 KOpUryBaHHAM MeX HE CYNEepeduTh (PopMmyrnam
Crepmxecca, Ckorra, @pinmana-/{uskonica. HaBmaku, BiH JIOMOBHIOE iX,
NPOTNOHYIOUH crioci® GopMyBaHHs (iHATEHIX MEX iHTEPBAJIB IICIIS TOTO,
SIK ONTUMAaJIbHI k Ta h Oynu Bu3HaueHi. Dopmynu nawth "igeansHe" k ta h
Ha OCHOBI BiacTHBOCTEH JaHuX. KopuryBanusa mMex (po3mupeHHs Ha h/2 3
KOXKHOTO OOKy) — IIe MPakTUYHUA KpPOK Juis 3a0e3leueHHs TOoro, Iod
ricrorpaMa abo iHTepBaJIbHUN PSIJI BUTIISIAIH 3aBEPIICHUMH, OXOIUTIOBAIIN
BeCh Jliana3oH JnaHux (i1 HaBiTh TPOXM 3a HOro MeXaMu s Bizyauizamii
HETEePEPBHOCTI) 1 BKIIIOYAJIM BC1 3HAYEHHS], IO CIIOCTEPIiratoThesl, 0COOIUBO
npu poOOTi 3 HETIEPEPBHUMU JIAHUMHU.
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Basicnuso  nam'smamu. SIKIo 3aCTOCOBYETHCS KOPUTYBAHHS MEX
X1'=Xmin—/2 Ta X;'=Xmax+h/2, TO (HAKTHUIHO TPAITIOEMO 3 HOBHM PO3MaXOM
R'=R+h. BiamoBinHO, KiIBKICTh iHTEpBajiB, siki OyayTb chopmoBaHi B
IbOMY HOBOMY pO3Maxy 3a Ti€l K JOBXUHHU /1, Oyze

’

R _R+h :£+1:k+1.
h h h

TobTo (akTHIHO KITBKICTH IHTEpPBAIiB 301MBIIMTHCT Ha omuH. lle
MOTPiOHO BPaxOBYBATH IIiJ] Yac iHTepIpeTAaIlil pe3ynbTaTy.

Y neskux BHUMNAIKax 3aMIiCTh CTPOTOTO BHKOPUCTAHHS Xmin—h/2 1
Xmax+h/2 TipocTO BUOMPAIOTH 3pYy4Hi "KpacuBi" 4Hcia, SKi TPOXU BUXOMAATH
32 MEXK1 Xmin 1 Xmax, 100 THTEPBAIH TOYMHAIHCS 1 3aKIHIYBAIHCS Ha KPYTIIAX
3HAYCHHSX.

k!

TakuM YMHOM, KOPUTYBaHHS MEXK € THYYKHUM iHCTPYMEHTOM, KU
JorioMarae TMOKPAIIUTH TOJAaHHS I1HTEPBAJIBHOTO psIy, OCOOJIMBO ISt
HENepepBHUX MaHWX Ta TOOYJOBH TICTOTpaM, 1 3aCTOCOBYETHCS IiCIS
pO3paxyHKy k Ta i 3a JIOIIOMOTOI0 CTATUCTHYHUX (HOPMYJI.

Mpuxnan 7. {ns BuGipku {10,15,20,25,30} noOyxyBatu iHTepBaIbHUN
BapialiiHuid  psxp, 3acrocoBytoun ¢opmyrny  Crepmkecca, a) 0e3
KOPUTYBaHHSI MEX TIEpIIIOTO Ta OCTAHHLOTO 1HTEPBATIB, 0) 3 KOPUTYBaAHHIM
MEX MEPIIOro Ta OCTAHHBOTO IHTEPBAIB.

Po3zé’azannsa. Maemo n=5, xmin=10, Xxmax=30, R=Xmax—xmin=30—-10=20.

a) BusHauaemo KinbKicTh iHTepBamiB k 3a dopmysoro Crepmkecca:
k=1+3,3221g(5)=1+3,322:0,69897=3,322. Oxpyratoemo k: k=4.

OOuncnroeMo  NOBXKMHY iHTepBay h 3a  ¢dopmyrnoo  (3.5):
h=R/k=20/4=5.

IHTepBany 6e3 KOpUTYBaHHS MEX (CTaHAAPTHUHA MiAXin):

[10;15), [15;20), [20;25), [25;30]
(abo [25;30) Ta octanHiit inTepBan [30;35), SAKIIO Xmax TOTPAIUILAE HA MEXY,
100 Xmax OYB BKIIFOUCHHIA).

0) 3acToCyeMO KOPUTYBaHHS MEX IEPIIOro Ta OCTAHHBOT'O 1IHTEPBAIIB.

3HaxoaUMO
X1=Xmin—h/2=10-5/2=7,5, Xy=Xmax+h/2=30+5/2=32,5.

Maemo HOBHI "po3TarHyTHH" posmax: 32,5-7,5=25. Tlpu moBxuHi
iHTepBaJly h=5 KUIBKICTh iHTEpBaliB, HEOOXiIHE I MOKPUTTS LBOTO
HOBOTO po3Maxy, oyzae 25/5=5. Tooto k 30inbmmnocs 3 4 1o 5.
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[HTEepBaNH 3 KOPUTYBaHHIM MEX:
[7,5:12,5), [12,5;17,5), [17,5;22,5), [22,5;27,5), [27,5;32,5].
BinmoBiap: a) iHTepBanmm 0e3 kopuryBanHs Mex [10;15), [15;20),
[20;25), [25;30]; 6) inTepBanu 3 KopuryBaHnus mex [7,5;12,5), [12,5;17,5),
[17,5;22,5), [22,5;27,5), [27,5;32,5].

Sximo B iHTepBaJbHHOMY BapiallifHOMY psli B KOXKHOMY I1HTEpBai

. . ot .
y35TH CepedHE 3HAa4YeHHA IHTepBaly: x; =———©-, |i=1,k—-1), TO

iHmepganvHull éapiayiinuil PSIJ MOXHA YMOBHO TOJATH OUCKDEMHUM
sapiayivinum pIOM.

Le 3pyuHO poOUTH y THX BUNAAKaX, KOJIH:

1) Indopmariii mpo okpemi 3HaUEHHS BapiaHTH JOCTATHHO JJIS aHATI3Y,
1 BTpaTa TOYHOCTI IIPH MEPEXOAl 10 AUCKPETHUX 3HAYCHb HE € KPUTHYHOIO.

Hampuxiag. BuBdaemo po3nofin 3pocty cTyaeHTiB y rpyii. CriodaTky
3i0pani mani (y cMm) 3ammcanu iHTepBanbHUM psgom: [160;165), [165;170),
[170;175) (Tabun. 3.5).

OpHak, SKIO JJIs MOAABIIOT0 aHali3y HaM JJOCTATHhO 3HATH CEPeIHII
3piCT B KOXKHOMY iHTepBaJli a00 4acTOTy KOHKPETHHX 3HAYEHb (HAIpUKIal,
163 cm, 168 cm, 173 cMm), TO MOXEMO TMEpPeUTH 0 AUCKPETHOTO pSAY,
BUKOPHCTOBYIOUH, HAITPUKIIAJ, CEPEIMHU iHTEepBaIiB (Ta01. 3.6).

Tabnus 3.5 BuxinHuil iHTepBANBHAN DS
3pict (cMm) [160;165) [165;170) [170;175)
Yacrota 10 15 12

Tabnuus 3.6 [lepeTBopeHMid AUCKPETHUH PsIIT
(3 BUKOPHCTAHHSIM CEPE/IH iHTEepPBaJIiB)

3pict (cM) 162,5 167.,5 172,5
Yacrota 10 15 12

Leit minxin 3py4Huid, KOJM AJIS1 MOJANBIINX PO3PaXyHKIB (HalpuKian,
Cepe/IHLOTO 3HAYEHHS, AWUCIEpCi]) MU MOXKEMO OIlepyBaTH CepeqHIMH
3HAYCHHSIMH 1HTEPBAJIIB.
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2) BuxigHi iHTEepBaJM € OOCHTH BY3BKHMH, 1 3HAUEHHS BapiaHTH
BCEpEINHI KOKHOTO 1IHTEPBATy BBAKATUMYTHCS MPUOIN3IHO OTHAKOBUMHU.

Hanpuxian. Bumiproemo Ttemmeparypy TOBITPS IIOTOAWHH Ta
rpynyemo naHi 3a intepBasamu B 0,5°C: [20;20,5), [20,5;21) Tormio
(tabxn. 3.7). Sxmo nHeoOximHo moOymyBaTH Tpadik 3MIHH TeMIEpaTypH
MIOTOJUHM, TO IS 3PYYHOCTI Bi3yallizamii Ta aHaizy MOXKeMO NPUHHITH
CepeuHY KOXHOTO 1HTEPBAITy SIK MPEJACTAaBHUIIbKE 3HAYCHHsI. Pi3HUIT Mixk
CepeanHOI0 IHTepBaTy Ta (DaKTHYHUMHE 3HAUYEHHSIMH BCEPEIHI HHOTO Oye
HE3HAYHOIO, 1 AUCKPETHHUH psT T00pe BigoOpakaTuMe TeHaeHIii (Taba. 3.8).

Tabnuus 3.7 Buxigauii iHTepBaIbHUAN s

Temmepatypa (°C) [20;20,5) [20,5;21) [21;21,5)
Yacrota 5 8 10
Tabmurs 3.8 [lepeTBopeHuit TUCKPETHUN PSIT
Temmnepatypa (°C) 20,25 20,75 21,25
Yacrota 5 8 10

3) Mera aHami3y MOJsrae y CHPOINEHHI MPEICTaBICHHS NaHUX IS
noOyZ0oBM mMeBHUX TpadikiB (HANPHUKIAA, TONIMOHY YacToT) abo s
MPOBEJICHHS PO3PAXYHKIB, SIKi MOTPEOYIOTh JUCKPETHUX 3HAYCHb.

Hampuxmag. [Ins moOymoBu moNiroHy dvactoT (i1amaHoi JiHIii, IO
3'€JIHY€ TOYKH, KOOPJAMHATH SIKUX — CEPEIMHHU IHTEPBAIIB Ta YaCTOTH)
MOTPIOHI  JUCKPETHI  3HAYEHHSA. [HTEpBaIbHUM psig  JUIS  1[OTO
Oe3nocepeHbO HE MiIXOAUTh. Y I[OMY BUIQJIKY, HEOOX1THO TIEpPETBOPUTH
IHTepBAILHUI PsiJl HA JUCKPETHUM, BAKOPUCTOBYIOUN CEPEMHU IHTEPBAIB,
110 JI03BOJISIE HAOYHO YSIBUTH PO3IOJLT JIaHUX.

4) BuximHi iHTepBamM MalOTh (PIKCOBaHY JOBXHHY 1 € TPHUPOJIHA
cepeanHa abo MpeACTaBHUIIbKA TOUKa JJIsl KOXKHOTO iHTEpBay.

Hanpuxmaz. Skiio aHanizyBaTy BiK JIFOJIEH, 3rpyHOBaHHMN 3a S-piYHHUMHA
intepBanamu: [0;5), [5;10), [10;15) i Tak maji, TO A1 MOJAIBIIOTO aHATI3Y
MoyKe OyTH 3pyYHO BUKOPHUCTOBYBATH CEpeAMHY iHTEepBamiB: 2,5;7,5;12,5;. ..
K JUCKpeTHI 3HadeHHs. lle mo3Boiisie mpaioBaTH 3 JaHUMH 5K 13
JUCKPETHUMH, HE BTpAuYalo4d IMPH IbOMY 3aralibHy KapTHHY pPO3MOALTY
BIKY.

3ayeaycennn 3.6. llepexia Bia IHTEPBaJIBHOTO 10 AUCKPETHOTO PSIY
3aBX/IM TOB'I3aHUI 3 JeSKOI0 BTpaTtoro iHpopmarii. Brpayaemo TouHicTh
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moa0 (GakTHYHUX 3HAYEHb yCEpPEAWHI KOXKHOTO iHTepBaimy. Tomy Take
MIEPETBOPCHHS BHIIPABIAHE JIMINE TOII, KOJHM I BTpaTa iHpopmarii He
CIIOTBOPIOE PE3YJIbTATH aHATi3y Ta HE BIUIMBA€ HA BUCHOBKH. Y BUMAJKaX,
KOJIM TIOTPiOHA MaKCUMaJIbHA TOYHICTH 00 KOJIM PO3KHUJ 3HAYCHB YCEPEIUHI
IHTEPBaJIB BEJIUKHUN, IHTEPBATBLHANA PsII Kparile.

3.3 IloGynoBa nMoJiroHy Ta ricTorpaMu CTaTUCTUYHOTO PO3MOAITY
[MouiroH i ricrorpama — Iie JBa OCHOBHI rpadivHi CIIOCOOU MOJaHHS

BapiallifHUX PAIIB, SKi TOTMOMAararoTh HA0YHO 300pa3sUTH PO3MOIIT YaCTOT
a00 BITHOCHUX YacTOT O3HAKHU.

O3nauennsn_3.10. Ilonicon uacmom — 1e rpadivyHe 300paKCHHS
CTATHCTMYHOTO pO3MOAITy Yy BUIIAAi JamaHoi JiHii. [i BepumHM
po3TaioBaHi B TOUKax (X;; 7;), I X; — BapiaHTH BUOIPKH, 1; — BIAMOBITHI iM
YaCTOTH.

Osnauennsn 3.11. Ionicon 6ionocHux wacmom — aHAJIOTIYHA JIiHIA,
noOymoBaHa Ha TOYKax (x; w;), A€ X; — BapiaHTH BHUOIpKH, w; — BIAIOBITHI
iM BIOZHOCHI YaCTOTH.

[oniron wactot (a0 MOJNIrOH BIIHOCHUX YacTOT) 3aCTOCOBYETHCS SIK
JUISL TUCKPETHHX, TaK HellepepBHUX AaHuX. ['padiune 300pakeHHs:

* Jliia nuckpeTHUX aaHuX: Touky Ha Tpadiky BiAMOBIAAIOTh 3HAYCHHIM
03HaK| 1o oci X Ta ix yacroram (abo BiAHOCHWM uactoTaMm) mo oci Y. Lli
TOYKH TOTIM 3'€THYIOThCS BiApi3kamu namanoi miHii. s auckpeTHHX
JIAHUX TIOJIITOH TIOKa3y€e 4aCTOTy KO’KHOTO KOHKPETHOTO 3HAUCHHSI.

» Jlns HenepepBHUX agaHuX: TOYKM Ha Tpadiky BigNOBIAaOTh
cepeIrHaM IHTEepBaJliB yrpyroBaHHs Mo oci X 1 yactoram (abo HIiIBHOCTI
4acTOT) IMX iHTepBasiB Mo oci Y. [loTiM Ii TOYKM TaKoX 3'€THYIOTHCS
JaMaHoo JiHi€ro. s HemepepBHUX NaHMX MOJIrOH anmpokcumye hopmy
po3noziny.

ITomiron dacToT MOXHA po3riAgaT  SAK  3TJIAPKCHE  YABJIICHHA
I‘iCTOI‘paMI/I, 0COOJIMBO I HETICPCPBHUX JaHUX.

Mpukaang 8. Tlpoeenu omnuryBanHs 20 CTYJIEHTIB NPO KUIBKICTh
NPOTMYIIEHNX HUMH 3aHSTh 3 MATEMATHUKU 32 OCTAHHIA MicAIlb 1 OTpUMANN
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taki mami: 0,1,2,1,0,3,2,0,1,1,2,0,1,0,3,1,0,2,2,1. IloOGyayBaTté mOIIroH
JacTOT 1 ITOJTIrOH BiTHOCHUX YaCTOT, CKJIABIIH AUCKPETHHHA BapialitHuit psi
JUTSL BUTIAJIKOBOI BETMUMHU X — KUTbKICTh TIPOMYIIICHUX 3aHSATh.

Po3e’azannsa. 3poOUMO paHXXyBaHHS [aHHUX: YHOPSOKYEMO iX 3a
3pOCTaHHSIM Ta BU3HAYMMO, CKUTBKH pa3iB 3yCTPIYA€ThCS KOXKHE 3HAUEHHS
0,1,2,3 cepen orpuMaHux, TOOTO 3pOOMMO MiAPAXYHOK YaCTOT 1 BITHOCHUX
yactoT. Cxiagemo Tabmuio 3.9:

Tabnums 3.9
KitbkicTs npomyckis Yacrora n; BigHocHa yacTota w; = ]
3aHATh X; n
0 6 0,3
1 7 0,35
2 5 0,25
3 2 0,10
Pazom 20 1,00

Byayemo Tmomiron 4acToT 1 TONITOH BiTHOCHMX YacTOT: Ha
TOPU3OHTANBHIM OCi BIAKIAJAIOTBCS 3HAYEHHS X;, HA BEPTHKAIbHIN
BIZINOBi/HI 71; 200 w;. ToukH 3'€IHYIOTHCS BiJpi3KaMU: JUIs IOJIrOHA YacTOT
(0;6), (1;7), (2;5), (3;2); mns momirona sigHocHux yactoT (0;0,3), (1;0,35),
(2;0,25), (3;0,1).

I'padiku mosiroHa 4acToT i MOJIrOHa BIIHOCHUX YaCTOT MalOTh BUTJIS]

(puc. 3.1).

4 W 4

T 0,351

61 0,31

57 0,251

21 0.101

o 1 2 3 «x o 1 2 3 «x
Pucynok 3.1
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lNicrorpama ciy’)xuTh TIIBKKM UIA  300payKEHHS  IHTEpBaJIbHHX
BapialiiHUX PSIiB

O3nauennn 3.12. [icmocpama — 1ue cToBmYacTa Jiarpama, sKa
BUKOPHUCTOBYETHCS IJIsl TpadiuHOro MpeACTaBICHHS YaCTOTHOTO PO3IOALTY
HerepepBHOi (a00 JUCKPETHOT 3 BEIMKUM YHCIIOM 3HAYCHB) 3MiHHOI.

[Ipu3HadeHHs Ta IHTEPIIPETAITis:

* Bizyanizayis ¢hopmu po3noodiny: N03BOJISE MOOAYUTH, YH € POIIOJLT
CUMETPUYHHAM, CKOIIEHUM (aCHMETPUYHUM), YHIMONAIbHUM (3 OIHHUM
MiKOM), OiMOTaILHUM (3 TBOMA ITKaMH) TOIIO.

* Busgnenns euxuodi¢: HE3BUYAHHO pO3TAIIOBaHI CTOBIMII MOXYTh
BKa3yBaTH Ha BUKHU/IH.

* Oyinka winbHocmi po3nodiiy: YAM BHINE CTOBIENb, THM OiNbIIe
JAHWUX y BOMY iHTEpBAJIL.

* [Nicrorpama fae ysiBIeHHS PO eMITipUYHY TYCTHHY PO3IMOJIUTY JaHHX.

Bona moxka3sye, sk 4acTO 3HAYCHHS MOTPAIUISAIOTH y MEBHI IHTEPBAIH.
[Tnoma ricTorpamMu MPOMOPIIiHHA 3aralbHOMY YHCITY CIIOCTEPEKCHb.

O3nauennsn 3.13. licmoepamoro uacmom Ha3UBAETHCA CYKYIHICTB
NPSMOKYTHHKIB, OCHOBAMH SIKUX CITy)KaTh YaCTKOBI IHTEPBAIU JIOBXKHUHOIO

) n;
Axi=Xi+1—X; 1 BUCOTAMHU h, = ——.
Ax;

Oznauennsn 3.14. I'icmozpamoro ioHOCHUX Yacmom Ha3UBAETHCS
CYKYIHICTh MPSIMOKYTHHKIB, OCHOBAMH SIKUX CIYXaTh YaCTKOBI 1HTEPBAIH

) \
JOBXKHUHOI Axi=x;;1—X; 1 BUCOTaMH h; = ——.

Ax;

[To1ma Beiei ricrorpaMu 4acToT TOPiBHIOE 11 (00CATY BUOIPKH), a TUTOINA
BCI€l TicTOrpaMu BiTHOCHUX 4acTOT JIOPiBHIOE 1.

I'padiune 300paskeHHS TicTOrpaMH YacTOT (TicTOrpaMH BiJHOCHHX
4acTOoT): HAa TOPU3OHTAIBHIN 0ci X BiJKJIaAal0ThCs IHTEpBAIN YTPYIIOBaHHS,
Ha BEPTHKAaJBbHIN Oci ¥ — yacToTn (a00 BIIHOCHI YaCTOTH).

[pssMOKyTHHKH OYYIOTBCS TaK, IO IX OCHOBH BiJIIOBIIal0Th JIOBXKHWHI
iHTepBaJly, a BUCOTa — 4acToTi (200 BIAHOCHOI YaCTOTH) MOMNaJaHHs 3HaYCHb
JI0 IIbOTO 1HTEpBAIy.
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INicTorpama i moJIiroH MOXYTb CIIY)KUTH ACIKAM HaOIMKEHHAM rpadika
HEBIIOMOI IIUIBHOCTI po3moAiry f(x) BumaakoBoi BennduHU X. TOYHICTH
HaOJIMKEHHsT 3pOocTae 31 3pOCTaHHAM 00cAry BHOIpKM Ta KIUIBKOCTI
YaCTKOBHX 1HTEPBAiB.

Sxmmo 3'eqHaTH CepenrHU BEPXHIX OCHOB NMPSMOKYTHHUKIB BiApi3Kamu
MPSIMOi, MOKHA OTPUMATH TOJIITOH TOTO K PO3TOALITY.

Hpukaan 9. [Iposenu onutyBanusa cepen 30 BUNaIKOBUX MEIIKAHIIIB
CTOCOBHO TOTO, CKUTBKHM KOIITIB (y TPUBHSX) Ha MICAIlb BOHA BUTPAYAIOTh
Ha MOOiMpHUH 3B's130K. OTpuManu HacTymHi mani: 311,285,235,275,190,
244,242.204,210,180,391,167,355,259,356,156,381,231,284,427,507,264,
453,246,402,222,346,311,235,361. IloOyayBaTtu ricTorpamy 4YacTtoT 1
TicTOrpaMy BiIHOCHHX YacTOT.

Po3¢’a3anns. Cxitanemo iHTepBalIbHUH Bapianiiaui psix. Maemo n=30,
Xmin=156,  xmax=507. Po3max BHOIpKH: R=Xmax—Xmin=307—156=351.
Busnadaemo kinbKicTh iHTepBatiB k 3a hopmynoro Crepmkecca:

k=1+3322-1g(30)=1+3,322-1,447 ~ 1 +4,908 ~ 5,908 .

Oxpyrmoemo k: k=6. OO4YHCHIOEMO [OBXHWHY iHTepBaly h 3a
dopmynoro  (3.5): h= % = % ~58,5. BusHauaeMo MexXi iHTepBaliB:
[156;214,5),[214,5;273),[273;331,5),[331,5;390),[390;448,5),[448,5;507].
Pobumo migpaxyHOK 4acToT, BIJHOCHHX YacCTOT JUIsi KOXKHOTO iHTEpBaly.
Cknanemo taosumro 3.10:

Taomuus 3.10

Tnrepanm acy YacroTa n; BigrocHa yactora w; = wa

(cex.) '
[156;214.,5) 6 6/30~0,2
[214,5;273) 7 7/30=0,233
[273;331,5) 7 7/30=0,233
[331,5;390) 5 5/30=0,167
[390;448,5) 3 3/30~0,1
[448,5;507] 2 2/30~0,067

Pasom 30 1,000

I'padixu ricrorpamu yacToT (puc.3.2) i rictorpaMu BiJHOCHUX 4acTOT
(puc. 3.3) MarOTh BUTIISIL;
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O3nauennsn 3.15. 1linbHiCT, YacTOTH a0 MIUIBHICTh WMOBIPHOCTI
(emmipuyna) H; — 1l BIIHOCHA 4YacTOTa, fKa MPUIAZAE€ HA OJUHUIIIO

. w; —
JIOBKHHH iHTepBay. O6uncmoeTses 3a popmynoro: H; = 7’ , (i =Lk )

Bennunna H,; Bifiirpae KIIIOYOBY pOJIb Y CTBOPEHHI TiCTOIPaMH T'YCTHHU
(abo HOpMOBaHOI TicTOrpamm).
3a3Ha4MMO JIONUIBHICTD 11 BUKOPUCTAHHS:

1) Hopmamizanis momti ricrorpamu 1o 1 (a6o 100%).
w:
OcHOBHa MpHWYKMHA BUKOpHCTaHHS H; =7’ [oJIATaE B TOMY, 100

oA KOXKHOTO TIPSMOKYTHUKA TICTOrpaMy JIOPIBHIOBAJIA BiJTHOCHOT
YaCTOTI BiATIOBITHOTO iHTEpBaIY.

Sxmo moOymyBaTH TicTOrpaMmy Tak, IO BHCOTa TPSMOKYTHUKA
JIOPIBHIOBATHME NPOCTO BIAHOCHIHN YacTOTI, a IOBKUHA — A, TO ILUI0IIa Oy 1e
hw;. Le He 3aBXIH 3py4HO, 0COOJIMBO IIPU MOPiBHSAHHI PO3MOALTIB 13 Pi3HOIO
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JIOBKUHOIO iHTEPBAJIiB.

SIKI0 BUKOPUCTOBYBATH H; SIK BUCOTY, TO IUIOIIA MIPSMOKYTHHKA Oyie
JOPIBHIOBATH BiAHOCHI 4YacTOTi. TakuM 4YMHOM, CyMa IUIom YCiX
NPSAMOKYTHHKIB TiCTOrpamMy JOpiBHIOBaTUME | (AKIIO BiTHOCHI YacTOTH B
cymi natoth 1) a6o 100% (K110 BUKOPUCTOBYIOTHCS BiIcOTKH). Lle mo3Bosie
IHTEpPIIPETYBaTH TiCTOrpaMy SIK rpadigHe MogaHHS NIUTFHOCTI HMOBIPHOCTI.

2) IopiBHSHHICTD PO3MOiNIB i3 PI3HOIO TOBKUHOIO IHTEPBATIB.

Maemo aBa HabOpH AaHUX, I SIKUX Tpeba moOyayBaTu ricrorpamu. B
OJTHOMY BMIAJKy BHKOPHUCTaHI IHTE€PBAIM NOBXKWUHOIO 5 OIMHMI, a B
iHmomMy — 10 oiMHUIIG.

SIKIO BHKOPUCTOBYBAaTH BiJHOCHI YacTOTH SK BHUCOTH, TO Y pasi
momx iHTepBamiB (10 OAWHMIE) CTOBMYMKKA MOTIH O 31aBaTvcs
"HWKUYMMU", HaBITh SKINO INMUIBHICTh JaHWX Y HUX Taka x a0o Bumie. Lle
1030aBUIJIO MOKJIMBOCTI TIOPiBHSTHHSI.

Buxopucranns H; HiBemroe 1110 ipobnemy. Bucota H; Teniep Bimobpaxkae
"KOHIEHTpaIlifo" JaHWX B IHTEpBaJli HE3aJeXXHO Bij Horo moBxkuHU. lle
JIO3BOJISIE TOPIBHIOBATH (OPMHU PO3MOJALTY, HABITh SIKIIO iHTEpBaIX Oyiu
o0paHi 1mo-pizHOMY.

3) BimoOpaskeHHS MiIBHOCTI PO3MOILTY.

Komn wmoBa #ije mpo MIbHICTE WMOBIPHOCTI Uil HEMEpPEepBHHUX
BUTIAJIKOBUX BEJIMYUH, TO MAaEMO Ha yBa3i (YHKIIiIO, SIKa OMUCYE BiTHOCHY
HAMOBIPHICTB TOTO, 1110 BUIIAKOBa BEIMYMHA HAOyAe 3HAUYEHHs B IIEBHOMY
niamazoHi. [icTrorpaMa HIiBHOCTI € eMIIPUYHUM (3aCHOBaHUM Ha JIAHHX )
HaOJIMKEHHSIM 11i€1 QYHKIIT IITBHOCTI.

Bucota H; B 11bOMY BUIIAJIKY iIHTEPIIPETYETHCS K €MITIPUYHA II{ITHHICTb.
Ywum Bute H;, THM "IIUTBHIITUME" € PO3TAIIOBaHI CTIOCTEPEXKEHHS B TaHOMY
iHTEepBaJIi.

4) [ligroroBka /10 Mo0OYI0OBH KPUBOT IIIJILHOCTI.

lNcrorpama MiNBHOCTI YacTO € MEPIIMM KPOKOM A0 MOOYJOBU KPUBOI
niiyibHOCTi. KpuBa MHIIBHOCTI € OLIbII TJIAAKUM HAOJMKEHHSIM 10
CIIPABKHBOTO PO3IO/LIY, 1 BOHA OyIyEThCS Ha OCHOBI KOHICTILIT IIIJILHOCTI,
AKy BinoOpaxae H;.

I'padiune 300paxkeHHs ricTOrpaMu LIIBHOCTI: Ha TOPH30HTAIBHIN OCi
X BIAKIANAIOTBCS IHTEpBAM YTPYIOBaHHs, Ha BEPTUKaIBHIA oci Y —
BIJIKJIaIa€MO ILIUIBHICTE YacToTh H.,.
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BynyeMo npsMOKYTHHKH: JOBXHHA KOYKHOTO MPSIMOKYTHHKA JOPIBHIOE
JMOBXKHHI 1HTEpBay A, a BHCOTa KOXKHOTO TPSIMOKYTHHKA JOPIBHIOE
HIUIBHOCTI 4acToTh H; ans BiamoBigHoro iHTepBaiy. Ilmomia koxHOTO
MPSIMOKYTHHKA BIAMOBITA€ BiIHOCHIM YacTOTI CIIOCTEPEKECHb y IOMY
iHTepBaji. 3arajibHa IUIOMA i TiCTOTPaMOIO JOPIBHIOE 1, IO TO3BOJISIE
IHTEPIIPETYBATH ii K eMITIpHIHUIN PO3MOLT MIITFHOCTI HMOBIPHOCTI.

Hns moOynoBu ricTorpamu
tabmumo 3.11:

IIIiJ'II)HOCTi 3pYy4YHO BHKOPUCTOBYBATHU

Taomwms 3.11

Cepenuan IaTepBanbHi BignocHi | HinbHICTB
InTepBanu iHTEpBaiB YaCTOTH H; 4aCTOTHU 4aCTOTH
(ai;0i41) oo Fit i (KIJIBKICTB X; —) gV
! 2 B IHTEpBAaJi) 'n h
[a1;02) x't ni wi H,
[a2;03) x" 12 w2 H,
[ou—1;00] Xkl Pkl Wi Hi
k-1 k-1
i=l i=1

Hpukaang 10. [punyctumo, mo € BuGipka 3 20 BUMIpIOBaHb Hacy
peakii (y cekyHnax) y gociipkysanux: 12,5; 10,2; 11,8; 13,1; 10,5; 12,0;
11,5; 13,5; 10,8; 12,8; 11,2; 12,3; 11,0; 13,0; 11,7; 10,0; 12,1; 13,2; 11,4;
12,6. HeoOxigHO MO0y myBaTH ricTorpamy iiIkHOCTI YaCTOTH.

Po36’azanns. BuzHaunMo Jiamma3oH JaHUX Ta KUTBKICTh IHTEpBAIiB.

Maemo n=30, xmin=10, xmax=13,5.

Posmax BuOipku: R=xmax—xmin=13,5-10=3,5.

BusHauaemo KiJibKicTh iHTEpBaiB k 3a hopmyioro Crepkecca:

k =1+3,322-12(30)=1+3,322-1,301 ~ 1+ 4,322 ~ 5,322.

Oxpyrioemo  k:  k=5. OOuMciIIOEMO [OBXMHY iHTepBay h 3a

R 35
opmyoro (3.5): h= TS 0,7.
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Busnagaemo wMexi inTepBamis: [10;10,7), [10,7;11,4), [11,4;12,1),
[12,1;12,8), [12,8;13,5]. PobumMo mimpaxyHOK YacTOT, BIJTHOCHUX YacTOT i
IIUIBHOCTI YaCTOTH YIS KOYKHOTO 1HTepBaIy.

st moOymoBH ricTOrpaMu LUIIBHOCTI CKIIagaeMo Tadmumo 3.12

Taomums 3.12

[HTepBaIbHI BigHocHi HlinbHICTD

InTepBan yacy YacTOTH 1; JacTOTH JacTOTH

o | et | |y
[10;10,7) 3 3/20=0,15 0,15/0,7=0,214
[10,7;11,4) 4 4/20=0,2 0,2/0,7~0,286
[11,4;12,1) 5 5/20=0,25 0,25/0,7=0,357
[12,1;12,8) 4 4/20=0,2 0,2/0,7~0,286
[12,8;13,5] 4 4/20=0,2 0,2/0,7~0,286

k=5 ini =20 Zs:wi =1
i=1 i=1

I'padik rictorpamu miabHOCTI Ma€e BUTIsA (puc. 3.4):

HI- &

0,357
0.31 0.286 0.286 0,286
0214
0.24
0.1-
of 10 107 114 121 128 135 ‘T

Pucynok 3.4
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3.4 IlodynoBa emmipu4yHoi ¢yHKHii po3nmoaily Ta KyMyJSITUBHOI
KpUBOI

Oynkuis po3noainy (iHTerpaidbHa (YHKLIS PO3MOIiNTY) — Ie OJHA 3
KITFOYOBHX XapPaKTCPUCTHK BHUITAJIKOBOI BEJIMUUHHU, sIKa OMTUCYE HMOBIPHICTH
TOTO, III0 BUITAJIKOBA BEIMYMHA HAOye 3HAUCHHS, sIKe MEHIIe abo TOpiBHIOE
3aJJaHOMY YHCITY.

O3nauennsn 3.16. Teopemuuna @ynxyis posnodiny F(x) (inmeepanrvna
@yHryia posnodiny abo ¢yHKyia po3noodiny 2eHepanbHoi CYKYRHOCHI)
BimoOpakae HaKOMUYEHY WMOBIPHICTH TOTO, IO BHITAKOBAa BeMU4HHA X Y
pe3ynbTaTi BUIIPOOYBaHHSI BUSIBUTHCS MEHIIOIO 32 (DIKCOBAaHE 3HAYCHHS X:
F(x)=P(X<x).

Bona HaneXxuTh 10 reHepantbHOI CYKYITHOCTI (YM TEOPETUIHOT MOZEIi
po3MoiNy), a He 10 KOHKpeTHOI BUOipku. TeopeTnuHa QyHKIIsI po3moaiTy
BU3HAYAETHCS I BUMIAAKOBOI BETUYUHY (IMCKPETHOI YU HEMepEPBHOT) Ha
OCHOBI 11 WMOBipHiICHOT Momeni. s MUCKpeTHHX BOHA CTYIIHYACTA, JJIS
HENepepBHUX — TNajKa. li BIACTMBOCTI Ta OOUMCIEHHS JUIS JUCKPETHOI i
HeTepepBHOI BUMAKOBOT BeJTMUMHA X PO3IIISTHYTI B TeOpil HMOBIpHOCTEH.

Osnauennsn 3.17. Cmamucmuynoro abo emMnipuuHow @yHKyicio
pO3n00diny BWIAAKOBOI BeMWMYMHU X 32 HAsBHOIO BHOIPKOI 00CATY 7
HasuBaeThC QYHKIS F(X), M0 JOPIBHIOE BiTHOCHIH yacToTi momii (X<x):

Frx)=2x (3.10)
n

JI€ N — YUCIIO BapiaHT y BUOIPIIi, MEHIIINX X.

KitouoBa pi3HUIS MiX IMMH XapaKTEPUCTHKAMH TOJsTae y dopmi
OLIIHIOBAaHHs: SKIIO TeopeTHuHa (QyHKIis Oa3yeTbcs Ha anpiopHii
IMOBIpHOCTI IOSIBM 3HA4€Hb, TO eMITipHYHa (CTaTHCTUYHA) OYAyeEThCS Ha
(bakTUYHO OTpUMaHili BiIHOCHIK wdactoTi momii X<x. Posrmsmaerbes
KOHKpETHa BUOIpKa JaHHX.

3a Teopemoro bepHymIi BiZHOCHA dYacToTa TMOSBH TMOJii A B n
HE3aJIeKHUX J0CIIIaX CXOAUTHCS 3a HMOBIPHICTIO 10 HMOBipHOCTI P(X<X)
i€l moaii 31 30inbpmenHsaM n. OTxe, 32 OLTBIIMX 00CSTIB BUOIPKH eMITipUIHa
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¢ynkuis posnoainy F(x) 6amu3pka 10 TeOpeTHdHOi GpyHKIIT posmominy F(x).
Tounime, Mae mictie Teopema I miBenka—Kanreni.

Teopema 3.1 (I'niBenka—KanTeni). s Oyab-aKoro JiHCHOTO YHCIa X

Ta Oyab-skoro >0
im P(F*(x)- F(x) > )=0.
n—0

Omxe, mo GyHkii F(x) MOXKEMO OTpUMATH IPUOIU3HO GyHKIIIO F(X),
T06TO QyHKIIs F(x) € ouinkoro F(x).

BnactuBocTi eMmipuuHOi PyHKIIIT pO3MTOTiTy aHAIOT1YHI BIACTHBOCTSIM
TeopeTHIHO1 PyHKIIT po3moairy F(X) AMCKPETHOI BUMIAJAKOBOIT BETHINHH X:
F'(X) HalexuTh 10 KOHKPETHOI BUGIpKH nanux; F(x) — Hecnaana QyHKIis;
0<F"(x)<l; saxmo x; — HaliMeHma BapianTa, To F"(x)=0 mpu x<x, AKIIO X —
HalibinpIa Bapianta, To F(x)=1 mpu x> xx.

Emnipuuna QyHKITiS po3moniay BU3HAYAETHCS 32 POPMYIOIO:

0, x<xq,
: 1
F'(x)= ;an, X <X< Xjpp, (3.11)
j=1
1, X >Xx,

JIe X; — BapiaHTH BapialliitHoro psmy.
Metoa noOymoBu emmipudHoi (YHKIT pO3MOAUTY YHIBEpCAIBHUH i
OJTHAKOBHH SIK JUISl TUCKPETHHX, TaK HETICPEPBHHUX JTaHHX.

VY BUmangKy IOUCKPETHOrO BapiallifHOro psAay eMHipuuHa (QYHKIIS
posnoainy F'(x) € cryningactoro ¢pynkuiero (ii "cTpubku” BinOyBaroThes B
TOYKAxX, IO BIJIOBIJAIOTh 3HAYCHHSAM BapiaHTH, a BEJIMYMHA CTpUOKa
JTIOPIBHIOE BiTHOCHIHM YacTOTi BapiaHTH), OCKIIBKY JIaHi JUCKPETHI 32 CBOEIO
PHUPO,1I0F0 (KiHIIEBA KUIBKICTh CIIOCTEPEKEHB) (pHC. 3.5).

Jiist iHTEpBaJIbHOTO BapialiiHOTO PsY, K 1 y BUNAJIKY JTUCKPETHOTO
Bapiauiiinoro psay, rpadik emmipuynoi ¢GyHkuii posmominy F'(x) — ue
CTymiHuyacTta JiHiS i3 cTpuOKaMuM Ha Mexkax iHTepBasiiB (moTiM i
3raamKyoTh). Jid  1poro  emmipuuHa  (QyHKIiS  posmomity  FU(x)
BU3HAYAECTHCS TiNBKH HA KiHIAX iHTepBany. [i 300pakyroTh JTaMaHOIO, IO
IPOXOAUTH uepes Touku (o F (o)), i=1,k . pu mpomy F'(a1)=0, F (ox)=1
(puc. 3.6).
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EmnipuunnM anamorom rpadika iHTerpanpHOi (QYHKINT pO3MOILTY €
Kymyaisamuena kpusa (Kymyiama), SKa BIZHOCUTBCA OO rpadidgHOro
NpECTAaBICHHS. HAKONMMYCHWX 4acToT abo dactocted Oynb-sSKOTro
napamertpa. Lle oamH i3 cmocoOiB Bi3yamizamii po3NOJUTYy NaHWX, SKHN
JO3BOJIIE 3PO3YMITH, SIK 3HAUYEHHS O3HAKM HAKONMHMYYIOTHCS B Mipy iX
301IBIICHHSI.

KymynsatuBHa KprBa NOKa3ye cyMy 4acToT (200 BiJICOTKOBHX 4acTOT)
BCiX 3HaY€Hb, SIKi MeHII a00 TOpiBHIOIOTH IEBHOMY 3HaYeHHIO X. To0To, 11s
KOXKHOTO 3HAYEHHS O3HaKM BOHA BiOOpakae YacCTKy CIIOCTEPEKEHb, SIKi
NOTPAIUIAIOTh Y LieH fiana3on abo HIKYe 3a Hhoro. BoHa Moxe OyayBarucs
K JUIsl AUCKPETHUX, TaK HETIEPEPBHUX AAHUX.
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3arajgoM, KyMyJISTHBHA KPHBA YacTillle BUKOPUCTOBYETHCS B OIHCOBIH
CTaTUCTHII I Tpad)igHOTO MPEACTABICHHS EMITIpUYHUX JaHUX (BUOIPKH) i
€ TIOTYXHHM 1HCTPYMEHTOM JUIs aHali3y Ta Bi3yallizalii po3moJiny JaHuX,
JO3BOJIIIOYM LIBHJKO OLIHUTH OCHOBHI XapaKTEPUCTHKH CYKYITHOCTI Ta
3poOUTH BUCHOBKH Tpo ii cTpykTypy. Lle mamana miHis, mo Bi3yalbHO
BiToOpakae HAKOTMYECHHS 4acToT (a00 BiTHOCHHUX YacToT).

KymynatuBHa kKprBa BUKOPUCTOBYETHCS TSl TAKUX IILICH:

1) Oyinka poznodiny danux. BoHa 103BoJjsie HAOYHO TOOAYHTH, SK JIAHI
PO3MOIiIIEH], 1 Ie 30ceperKeHa IepeBakHa OLIBINICTh CIIOCTEPEIKEHbD.

2) Busznauenns medianu ma xeapmunie. 3a KyMyJISTUBHOIO KPHUBOIO
JIETKO 3HAWTH MezliaHy (3HAYCHHS, sIKe TIOJIISIE 1aHl Ha JBi PiBHI IOJOBHHU,
mo BiamoBigae 50% HakomMYeHOI YacTOTH) Ta iHmI KBapTwii (25%, 75% i
T.J.).

3) lopisuanna po3nodinie. MoxxHa MOPIBHIOBATH KyMYJISATUBHI KPHBI
PI3HUX TPYH IaHUX, 00 3p03yMITH BIAMIHHOCTI Y pO3MOIiMTI.

4) Bisyanizayis npoyenmuux yacmox. KpuBa Ha0YHO MOKa3ye, SIKHii
BiJICOTOK JIaHUX 3HAXOJIUTHCS HUXKYE 32 TICBHUI MTOPIT.

5) Ananiz npoyewmunei: J|03BONS€ BHU3HAYUTH, SIKOMY 3HAYCHHIO
BIJIMIOBi/Ia€ TOW 4M iHINI MponeHTIb. Hanprkinan, MokHA Jdi3HATHCS, SKe
3HAYEHHS 03HAKHM 3HAXOAUTHCS Y 90-My MPOIEHTHIII.

6) Konmpono saxocmi. Y HesKuX 00JacTSIX, TAKUX SIK KOHTPOJIb SIKOCTI,
KyMYJSTHBHI KPUBI BHKOPUCTOBYIOTHCSI JJISI MOHITOPHHTY TIPOIIECIB Ta
BUSIBJICHHS BiJIXUJICHb.

Ax 6yoyembvcst Kymyasma 05 pisHUX munie psois:

1) st AUCKPETHOTO PATY:

Kymynsta OymyeTses IUISIXOM 3'€JTHAHHS TOUYOK, Jie X-KOOpInHATa — 1€
3HAYeHHS (BapiaHTH) O3HAKH X;, a Y-KOOpUHATA — HAKOTMYEeHa YacToTa (abo
HAaKOIMWYEHa YacTOCTh) ISl IIbOTO 3HAYCHHS X;.

Hanpuxiaz, sxmo e guckpetauii psin (Tadm. 3.2), To Kymyssita Oyze
3'emHyBaTH TOUKHU: (xi;11"), (osm2), (x3;m3”) 1 1.0 (pue. 3.7) abo (xi;w1),
(x2;w2"), (x3;w3") 1 T.0. (puc. 3.8).

VY BUManKy JUCKPETHOTO Psily, Taka KyMyJsTa (JlaMaHa JiHisl) TAKOX €
Bi3yaJIbHUM MTOJaHHAM a00 anpoKCcHMAali€lo, ajie CTpora eMIipuiHa QyHKLis
PO3MOALTY JUIsl AUCKPETHOTO PsIy BCE OHO Oyze CTYHNIHYACTOIO.
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2) [y iHTepBaIBLHOTO PSLY:

[Tpu moOy10B1 KyMYJISTH IJIsl iIHTEPBAIILHOTO PSATy HAKOITMYEHI 9YaCTOTH
(abo gacTocTi) BiTHOCSTH 0 BEPXHIX MEX IHTEPBAIiB.

KymynsTa OyayeTses IUTSIXOM 3'€JTHAHHS TOYOK, Jie X-KOOpInHaTa — 1€
BEPXHs MeXa iHTepBally, a Y-KOoOpAMHATa — HaKoNW4eHa yactoTa (abo
HaKONMYEHa YacToCTh) A wLiei BepxHbOi Mexi. Hampuxmag, skmo e
iHTepBaILHUI psizt (Tab:. 3.3), To KymyIsiTa Oyne 3'eIHyBaTH TOUYKH: (a2;n, "),
(azm2)), (agns’) 1 1o (pue. 3.9) abo (axwi), (azw2’), (as;w3’)
i T.0. (puc. 3.10).

YacTo 101aTKOBO IS TTOYATKY KPUBOI JOJAI0Th TOUKY (0:1;0), 1e o —
"HIDKHSL MeXa Ieplioro iHtepaixy. Y I[bOMY BHUNAIKy KyMyJsTa €
ANPOKCUMALIIEI0 ICTUHHOI CTYMIHYACTOT eMIIpU4HOl GYHKLIT pO3MOAiTY IS
IHTEPBAILHOTO PSITY.
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Hpukaan 11. [{ng anamizy HagiiHOCTI poOOTH TeiedoHHOI cTaHIil
OyJ0 TIPOBEICHO CEPIF0 CIOCTEPEKEHb 32 YacTOTON BUHUKHCHHS
noMuITKOBUX 3’emHaHb (X). [Iporsarom ronuau (hikCyBaBCsS CTaH CHCTEMHU 3
JIBOXBUJIMHHUM IHTEPBAJIOM, y PE3yJIbTaTi 40T0 OyI0o copMOBaHO BUOIpKY
330 3nauens: 3,2, 1,0,1,2,3,4,3,1,5,2,4,3,1,2,4,0,1,2,2,1,0, 1, 2,
3,1,0, 2, 7. llobynyBatu eMiipiudHy (YHKIIIO PO3MOALTY 32 OTPUMaHIUMH
JaHUMHU.

Po3¢’azanna. OueBUAHO, MO 4YUCIO X € BHUIAJKOBOIO JUCKPETHOIO
BEJIMYMHOIO, @ OTPUMaHIi JaHi € 3HAYCHHS 11i€] BUMaIKOBO1 BenmumuuHu. O0csr
BuOipku n=30.

Briopsiikyemo maHi Ta miapaxyeMo YacTOTy KOXHOI BapiaHTH. Y
MiJICYMKY MAEMO CiM 3HauYeHb BUIAAKOBOI BenuuuHu (Bapianth): 0, 1, 2, 3,
4, 5, 7. llpu upomy 3Hadenns 0 y wiil rpymi 3ycTpidaerbes ni=4 pasd,
3HaueHHs | — ny=8 pa3iB, 3HaUeHHs 2 — n3=8 pa3iB, 3HAYCHHS 3 — ny=5 pasis.,
3HaueHHA 4 — ns=3 pa3u, 3HadeHHs 5 — ne=1 pas, 3HaueHHsa 7 — ny=1 pas.

CxiiaieMO TaOJUII0 JUIsi  JUCKPETHOrO BapiallifiHOro psay 3
00YHCICHUMH 3HAYCHHAMH YacTOT 1 BiTHOCHHUX YacToT (Tabm. 3.13):

Tabmuus 3.13

KinbkicTb
HEeNpaBUIbHUX 3'eHaHb | 0 1 213 4 5 7 | Pazom
Xi
YacroTa n; 4 8 8 5 3 1 1 30
BinmHocHa wacrora
W= i 4/30 (8/30 |{8/30(5/30 |3/30|1/30 | 1/30 1
;=
n
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O6uncnmuMo emmipuyHy (QYHKIiIO posmoainy 3a ¢opmymnoro (3.11),
BUKOPHUCTOBYIOUH CKJIAJICHUHA JUCKPETHUI BapialliitHUH psia:

0, x<0
0,13, 0<x<l1
04, 1<x<2
F ()= 0,67, 2<x<3
0,84, 3<x<4
094, 4<x<5
0,97, 5<x<7
1,0, x>7

I'padix emmipuynoi GpyHkHii posmoainy Mae Burisig (puc. 3.11):

Fs (.‘L'J“ 0o 10
1.0 1 094 —— %

] 0,34

0.8 4 I

7 0.67

E:E i —

.4 1 -—

L 1 L 1

0 1 2 3 4
Pucynok 3.11

LA
“y

Mpuxnag 12. Tect 3 maremaTuku ouiHtoeThes B 20 OamiB. 3naBanu
fioro 20 cTymeHTiB, ki oTpuMaiu HactymHi 6amu: 10, 12, 8, 15, 10, 12, 18,
15, 8,10, 12, 20,15,8,18,12,10,15,20,12. [TobyayBatu rpadik KyMyJISTHBHOL
KPHUBO1 (KYMYJIATH).

Po36’azanns. BriopsyikyeMo JaHi Ta TiIPaxyeEMO YacTOTy KOXKHOI
BapianTH. IS JHMCKPETHOrO BapiallifHOTO psty 3  OOYMCIICHUMHU
3HAYCHHSIMH YaCTOT, HAKOITMYCHUX YACTOT 1 HAKOIMMYCHUX YaCTOCTEH
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CcKJIageMo Taomuio 3.14:

Taomums 3.14

HakomnnyeHna 4acTocThb
No bamn | Yacrora | Hakommuena '
. 2 n;
BapiaHTH | X; n JacroTa n;’ wi=—+-100%
n
1 8 3 3 (3/20)'100%=15%
2 10 4 3+4=7 (7/20)'100%=35%
3 12 5 7+5=12 (12/20)100%=60%
4 15 4 12+4=16 (16/20)100%=80%
5 18 2 16+2=18 (18/20).100%=90%
6 20 2 18+2=20 (20/20)'100%=100%

ITo oci abcume (X) BimkiamaemMo 3HadeHHs o3Haku (Oamum x;). Ilo oci
opauHat (Y) BiAKIIaZa€MO HAKOMMYEHY YacTOTy (200 HAKOMUYEHY YaCTUHY
y BifcoTkax). JJis KOXXHOTO 3HAa4YeHHS Oayly BiJ3HAYAEMO TOYKY, IO
BIJIMIOBila€ HOTO0 HAKOMWYEHIH YacTOoCTi. 3'€MHYEMO OTPHUMaHi TOYKH
JIAMaHOIO JTHIETO.

I'padix kymymsTUBHOT KprBOi Mae BUrIIAL (puc. 3.12):

I
204
184
16;

]

1
1

wiag O

.

o

T8 1012
Pucynoxk 3.12

‘15 18 20

X

Mpukaan 13. Ilpoenu onmrtyBaHHS cepen S50 maimieHTIB TiKapHi
CTOCOBHO iX BiKy. 3a OTPUMaHUMHM JaHUMH CKJIaJIH iIHTEPBAIBHUNA P

[HTepBaNN

[15;25)

[25;35)

[35:45)

[45;55) | [55;65]

YacroTa n;

7

12 18

8 5

[ToOynyBatn rpadik KyMyJIITUBHOI KPHUBOT (KYMYJISITH).
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Po36’azannsa. Bu3HAauMMO HAKOMHMYCHI 4YacTOTH Ta HAKOIUYCHY
qactocTh. Ckiaamemo tabmumro 3.15:
Tabmuus 3.15

HakomnudeHa 4acTocTh
Iarepsamun | Yacrora n; Haxomwiera ,on
JacTora n;’ w; =—-100%
n
[15;25) 7 7 (7/50)100%=14%
[25;35) 12 7+12=19 (19/50)100%=38%
[35:45) 18 19+18=37 (37/50)100%=74%
[45;55) 8 37+8=45 (45/50)'100%=90%
[55;65] 5 45+45=50 (50/50)'100%=100%

ITo oci abcumc (X) Bimkimamaemo BepxHi Mexi iHTepBaiiB. [lo oci
opauHart (Y) BigkiagaeMo HaKOMUUEHY YacTOTy (200 HAKOIMMYEHY YacTOCTh
y BigcoTkax). [lis KO)KHOiI BEpXHBOI MeXi 1HTEpBaIly BiA3HAYAEMO TOUKY,
1[0 BIAIIOBIIA€ HAKOIMYEHIH YacTOTI.

I'padix kymymsTuBHOI KprBOi Mae BUrsn (puc. 3.13):

&

00 15 25 35 45 355 65 X

Pucynox 3.13

Hpukaag 14. OtpumaHo 1aHi PO KiJIBKICTh MOOYTOBOT TEXHIKH, IO
MPOJAETHCS MIOPIYHO B MarasuHi npotsromM 25 nHis: 14, 16, 12, 15, 15, 23,
9,13,15,14,14,15,21,14,17,15,27,16,12, 16, 19, 14, 16, 17, 12. Cknactu
IHTepBAIILHUM CTATUCTUYHUHN P, eMIIPHUHY (YHKIIIO A7l iIHTEPBAIBbHOTO
pszy Ta ricTorpamy BiTHOCHHMX YacToT.

Po36’azanns. BuzHaYMMO KUTBKICTh IHTEpPBAIiB.
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Maemo n=25, xmin=9, Xmax=27. Po3max Bubipku: R=xmax—xmin=27-9=18.
Busnauaemo kinmpKicTh iHTEpBaiB k 3a (hopmynoro Crepaxecca:
k=1+3,322-12(25)~1+3,322-1,398 ~ 1 + 4,644 ~ 5,644 .

Oxpyrimoemo k: k=6. OO4YMCHIOEMO [OBXHMHY iHTepBaly h 3a
dopmymoro (3.5): h=R/k=18/6=3.

Busnauaemo mexi intepBanis: [9;12), [12;15), [15;18),[18;21), [21;24),
[24;27] Ta KibKiCTh 3HAYEHb MPOAYKIII s KOkHOTO 3 Hux: 1,9,11,1,2,1.

3HaiigeMo 3HaueHH HAKOIIMYEHOI YaCTOTH 71;' Ta HAKOITMYEHOT 4acTOCTI
w;' st KoxxHOTO iHTepBany. Ckiagemo tabmuio 3.16:

Tabmuusa 3.16

Tnreppamn | [9:12) [[12:15) [[15:18) [[18:21) [[21:24) [[24:27]
Yacrora n 1 9 11 1 2 :
BigaocHa 0,04 0.36 0,44 0,04 0,08 0,04
4acToTa W

HaKOHI/I‘IeI’{a 1 10 71 22 24 25

4acToTa n;

HaKOHquHe} 0,04 0,4 0,84 0,88 0,96 1

4aCTOCTh Wi

I'padix emmipuuHOi GYHKIIT AJS IHTEPBAIBHOTO PSIy Ma€ BUIIIAL
(puc. 3.14):

F ()}
1.0

0.8 -

0.6

0.4

o & 12 15 18 21 24 27 «x
Pucynok 3.14

Ockinbku emmipudna QyHKIiA po3nominy F'(x) BU3HadaeTbes 3a
¢dopmymoro (3.11), To BIATIOBIAHI CyMy — 11€ 3HAYSHHSI BiAMTOBIAHOT
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HAKOMMYEHOI YacTOCTI /I BiAMOBIAHOTO iHTEpBaly. ToMy mpu moOyIoBi
emmipnaHoi (yHKIIT Tpeba 3'emHaTH TOYKHM Tpadika, IO BiAMOBIAAOTH
KIHIIIM 1HTEPBAJIiB Ta BIJMOBITHOI HAKOMUYEHOI YacCTOCTI, Biipi3Kamu
IPsIMO].

I'padik ricTorpamMu BiTHOCHHUX 9acTOT Ma€ BUTILAA (puc. 3.15):

W 4
J 044
0,44
0,36
0.31
0.2
0.1 0,08
0,04 0,04 0.04
.,
0 9 12 15 18 21 24 27 =x
Pucynox 3.15
3.5 3aBxaHHA AJ19 caMoCTiifHOI po6oTH
3aBagaHHS Biamosigs
1. YTBOpUBIIK JUCKPETHUI A . oA
Bapiarfifinuii psi as Bubipku: {5,3,7, w;:0,2;0,067;0,133,0,2;
10,5,5,2,10,7,2,7,7,4,2,4}, BU3HAUUTH 0,267;0.,133.

BIIHOCHI YaCTOTH BapiaHT.
2. 3aJaHO JUCKPETHUH BaplalliHUN
pan:

xi |2 15 |7 n;:59,12.
n |5 1413
3HaWTH HAKOTIMYEHY YacTOTY.

3. 3HalT HAKOIIMYEH] YaCTOCTI 1010
JTAHOTO PO3IOJILTY BUOIPKH:

x (15 [20 [25 [30 |35 wi:0,1; 0,25; 0,55; 0,75; 1.

n; (10 |15 (30 (20 (25
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3aBmanHs Binmosinb
4. 3HaliTH eMITipu4YHy (YHKIIIO 100 0 x<1
JTAHOTO PO3IOJILTY BUOIPKH: ’ -
X; 1 5 9 F*(x) _ 0,3, 1<x<5
n; |15 [10 |25 0,5, 5<x<9
1, Xx>9

5. Jlns 3anaHoi Bubipku: {5,8,10,12,
14,15,16,18,19,20,21,23,25,27,30}
i 1o0ynOBU  IHTEPBAIBHOTO Sy
BU3HAYHUTH po3max, KIJIBKIiCTh
iHTepBais 3a popmynoro Crepmkecca
1 JIOBXKHHY.

R=25 k=5, h=5.

6. L1t 3aaHoi BUOIpKku: {2,3,6,3,5,
4,5,6,4,5,3,7,6,4,5,4,8,6,5,6,5,7}
o0y IyBaTH MOJITOH YacTOT.

L=

F-

beJ

4. CTaTuCTHYHI OLIIHKYM MapaMeTpiB po3noaiay

B maTtemartnyHiii craTucTHI OyBae CUTYaIlisl, KOJIU MMOTPiOHO JTi3HATUCS
JesIKi XapaKTepUCTUKHU (TTapaMeTpH) TeHepallbHOI CYKYMHOCTI (TOOTO BCi€i
CYKYITHOCTI 00'€KTIB 4M JaHMX, SKi HAC IiKaBJATh). Hanpuknan, cepenaniit
3piCT BCiX YOJIOBIKIB y KpaiHi, cepeHiil 0an CTyleHTIB yHiBepcUTeTy, abo

BiJICOTOK OpaKkoBaHOI IPOAYKITii Ha 3aBO/I.

[Ipore, 3a3BM4Yaii, HEMOXIJIMBO YU HEIOLUILHO JOCITIJKYBAaTH BCHO
reHepalbHy CYKYNHiCTh. HaToMicTh MOXKHA B3SITU BHOIPKY — MiIMHOXKHAHY
reHepanbHOi cykynHocTi (I'C), siky MOXKEMO criocTepiraTé Ta BUMIPIOBAaTH.

. * .

Osnauennsn 4.1. Cmamucmuyna oyinka 0 napamempa 6 — e GyHKITis

BiJl €JIEMEHTIB BHUOIpKH, Ky MOOYAOBaHY 3a TUM CaMHUM 3aKOHOM, SIK 1
omintoBanuii mapamerp I'C i sika BHKOPHUCTOBYETHCS ISl OI[IHFOBAHHS

HEBIIOMHX MapaMeTpiB reHepaibHOl CYyKYIHOCTI.
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Hampuknan, sxmo Tpeba mi3HATHCS CepemHiil HOXiJ HaceeHHS
(mapameTp TeHepambHOI CYKYIHOCTi), TO OepeMo BHWIAJAKOBY BHOIpKY
JIOJICH, pO3paxoByeEMO IXHIW cepemHid moxin (e i Oyae craTucTHYHA
OIliHKA) 1 BUKOPUCTOBYEMO I1¢ 3HAYCHHS K HAOJIMKEHHS JI0 CIPABKHBOTO
CEpPEeIHBOTO JI0XOIy BChOTO HACEICHHS.

BaxnmBo posymith, mo oriHka, Oyaydn (yHKIE Bil BUIAJAKOBHX
BEJIMYMH (CMOCTEPEIKEHb BHOIPKH), TEXK € BUMAJAKOBOI BEIHMUUHOKW. Tomy
BOHAa Ma€ CBOI BJIACTMBOCTI (HAIPHKIAI, HE3MIIIEHICTh, CIPOMOXKHICTD,
e(heKTHUBHICTB), SIKi TOKA3yIOTh, HACKUIBKY "AKicHA" I OIliHKA.

O3nauennsn 4.2. He3miujenor Ha3uBaIOTh TaKy CTATUCTUYHY OI[IHKY
*

60 , MaTeMaTH4HE CIIOAIBaHHA SIKOI TOYHO 30iraerbCs 3 1CTHHHUM
3HAYEHHM JIOCHIHDKYBAaHOTO mapaMeTpa § npu Oyab-sKoMy 00csi3i BUOIpKH
n. lle cBiqUHTH MPO BIJCYTHICTH CHCTEMATHYHOI MOMWJIKH y TPOIETypi

ouiHroBaHusa: M 0 )=06.

Tob6to, sxmo 3 omniei I'C yrBOopuTH Oarato BHOIpOK 1 TSI KOXKHOI
BU3HAYUTH 3HAYCHHS OIIHKH, TO Y BUMAJKY 1i HE3MIIIIEHOCTI B CEPEIHHOMY
3HAYEHHS LUX OLIHOK OymyTh 30iraTWcs 3 CHpaBXHIM (HEBIJOMHUM HaM)
3HaueHHsaM mapametpa ['C.

He3smimeHicTh rapanTye BiICYTHICTb CUCTEMAaTHYHOI TIOMWIIKH. SIKIIO
OIIIHKY 3MiIlleHa, BOHAa IIOCTIHHO 3aHWKyBaTHUME a00 3aBHUIIYBaTHUME
CIIPaB)KHE 3HAYCHHS TTapameTpa.

. *
Osnauenns 4.3. Ouinka € mnapaMerpa ¢ Ha3UBAETHCS CHPOMOJICHOIO,
SKIIO 31 30UTBIIEHHSIM 00CSTY BUOIPKH /1 CITPABEIIMBO, IO JJIS OYIb-TKOTO

CKUIBKM 3aBroguo maioro ¢ >0 km P 0 -0l<el=1.

n—>oo

Takum umHOM, 31 30UIbIIEHHSAM 00csATy BHOIPKM MNPaKTHYHO

JIOCTOBIpHUM € Te, o 6 ~ 6.

Teopema 4.1. Slxmo omiHka g napamerpa 6 € He3MIleHO 1

Ed . sk
D(6’ —0 npu n—oo, TO o1iHKa & € CIIPOMOXKHOIO.

57



SIKIo oIiHKa HEeCIPOMOJKHA, HaBITh 301IbIIEHHS 00CATY BHOIPKH HE
rapaHTye, 10 OIliHKa Oy;e OIM3bKa 10 CIIPaBKHBOTO 3HAUYEHHS.

O3nauennn 4.4. Cepen MHOKMHU HE3MIIIEHUX OLIHOK mapamerpa 6
ehekmuHOl BBAXKAETHCA Ta OIiHKA O , sKa Mae MiHIMAJIbHO MOXIHBY

Jcrepcito, Tooto D (9* )—)O P 1—0,

ToOTo, SKIIO MaeMO KijJbKa HE3MIIEHMX OIL[HOK I TOI0 CaMoOro
napaMeTpa, To HalleeKTuBHIIa 3 HUX Oyne "Kpamio' B TOMY CeHCI, mo il
3Ha4YeHHS OyIyTh HaWMEHII PO3KHIaHI HABKOJIO CHPABXHBHOTO 3HAYCHHS
napamerpa. lle o3Hauae, 1Mo BoHa nae HaiOiIbm "TouHi" YK "KOMITAKTHI"
pe3yIIbTaTH.

EdexTuBHiCTh 03BOJsIE BUOpATH HaMKpaily 3 KUIbKOX HE3MIIICHHX
oriHoK. OIliHKa 3 MEHIIIOIO JUCIIEPCIEI0 BUMAra€ MEHIIIOT0 00CATY BUOIPKU
JUTSL TOCATHEHHS Ti€1 )K TOYHOCTI, YUM MEHII e(peKTHBHA OIliHKA.

Po3pi3HAIOTH ABa OCHOBHI THUIH OI[IHOK: TOYKOBA OIliHKA 1 iHTEpBaJIbHA
OIIiHKa (JIOBipUMil iHTEpBA).

ToukoBi Ta IHTEpBANBHI OIIHKH BIAHOCIATBCS 1O IapaMeTpiB
TeHepaNbHOI CYKYITHOCTI, aje OOYMCIIOIOTHCS 3a JaHUMH BHOIpKu. Mera
CTaTUCTHYHOI OIIIHKH (SIK TOYKOBOI, TaK 1 IHTEpBAIBbHOI) — OTPHUMATH
iHpopMmallito came mpo 1i HeBigomi mapamerpu ['C.

O3nauennsn 4.5. Touxosa oyinka — 1€ OJHE YUCIO, SIKE € HAUKpaLIUM
HAOJIMKCHHSM JJIs HEBIZIOMOTO IapaMerpa.

ToYKOBI OIIHKYA BUKOPHCTOBYIOTHCSI, KOJIH:

1) Jlns mBuakoro i Kopotkoro yseieHHS. Komn moTtpiOHO mBHIKO
OTPUMATH YSIBICHHS PO BEJUYMHY Napamerpa 0e3 OeTajlbHOro aHamlizy
TouHOCTi. Hanpukian, cepenHiii 3picT CTYACHTIB y TpyIli CTaHOBUTH 175 cM.

2) Jlns momepeiHLOro aHamily JaHux. Ha movaTkoBHX —eramax
JOCHI/DKEHHS, KON (OPMY€EThCS 3arajbHe YSBICHHS NpPO AaHi, TOYKOBI
OIIIHKK MOXYTb OyTH KOPUCHUMH. AK 6XiOHi Oaui O NOOANbULUX
po3paxyukie: Touko6i oyinKu 4acmo GUKOPUCIOGVIOMbCA 5K GIONPAsHA
MOYKA 08 CKAAOHIWUX CIMAMUCIMUYHUX Moodenell abo po3paxyHkie, oOe
nOmMpiOHO 00He YUCTIO
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3) Jlnsa mopiBusHHES: Konmwm Xo4eMo MOPIBHATH cepeaHi 3HA4YeHHS abo
YaCTKM MIDK PI3HUMH TpylMaMd, TOYKOBI OIIIHKA 3py4HI s
0e3mocepeTHBOro MOPiBHIHHS.

4) Y TOBCSKICHHUX 3BiTax Ta 3BEJACHHSX: J[JIs MpOCTOTH CIpUHAHATTS
Ta CTHCIIOCTI.

5) Ipu oyxe Benukux BUOipkax: SIk OCHOBY IS IHTEPBAIIBHUX OI[IHOK
Ta 1HIIUX CTATUCTHMYHUX Tporeayp. To4koBa OIiHKA 3a3BUYail Oyae dyxe
0JIM3bKa JI0 CIIPaBXHBOTO 3HAYEHHS IMapaMeTpa i i TOUHiCTh Oy1e BUCOKOIO.

Ilna  mouxosux OyiHOK Gadxdcausi maxi eumozu: HE3MIIMEHICTb,
CIIPOMOIKHICTh, €()EKTUBHICTh, TOCTATHICTh, POOACTHICTH.

Obmedicenicmob moukosux oyiHok. I'0IOBHUI HETOMIK TOYKOBUX OI[IHOK
TIOJISAITaE B TOMY, III0 BOHU HE JTAIOTH KOIHOI iH(pOpMAIIii 00 TOYHOCTI i€l
ominkd. ToykoBa OIliHKa Mai)ke HAIlleBHO HE JOPIBHIOE CIIPaBKHBOMY
3HAYCHHS MapaMeTpa, i MU He 3Ha€MO, HACKIIBKH BOHA OJIM3bKa JJO HHOTO.

4.1 ToukoBi OiHKH MapaMeTPiB reHePaTbHOI CYKYIMHOCTI

Osnauennn 4.6. llapamempu eenepanvHoi cykynHocmi — 1€ YNACIIOBI
XapaKkTepUCTUKH, 10 OIMHUCYIOTh BCIO JIOCHIDKYBaHY TEHEpaIbHY
CYKYITHICTb.

Bonu a) onucyroms 6cio cyxkynnicmv, TOOTO BIIHOCSTBCA /O BCIX
00'exTiB a00 SIBHMIIL, 1[0 CTAHOBJIATh IHTEPEC VIS JOCHIHKCHHS; 0) hixcosani
ma yHiKaibHi, TOOTO JUIA 1€l reHepalbHO1 CyKYITHOCTI 3HAYEHHsI TapameTpa
€ OJIHUM 1 HE3MIHHHUM; B) wacmo Hesidomi, TOOTO Ha TPAKTHUIIl BUMIpPATH
KOXKEH eJIEMEHT TeHepalilbHOI CyKYMHOCTI HaidacTillle HEMOXIUBO abo
HEJIONUIBHO (HAMPHUKIIAMA, Yepe3 BEJIUKUN pO3Mip, BapTiCTh a00 pyHHIBHHI
XapakTep BUMIPIOBaHHS); T') € ILIBOBOIO OIIHKO0, TOOTO came Il mapaMeTpu
HEOOXiZHO OLIIHUTH, BAKOPHCTOBYIOUH JIaH1 3 BUOIPKH.

Mapamerpu I'C — e nocmiini eruyunu, siKi He 3MIHIOIOTBCS, SKIIO
cama reHepabHa CYKYITHICT 3aJIUIIA€ThCS HE3MIHHOO.

Posrnsiremo Haituacrime BukopuctoByBaHi napametpu ['C.

Oznauennsn 4.7. I'enepanvHoro cepeonvoio (Xr) Ha3UBAETHCS CEPEIHE

apudmMeTryHe 3Ha4YeHb O3HaKW TeHepanbHOi cykymHocti (I'C), sxa
00uHCITIOETHCS 32 (HOPMYIIOLO:

59



SIKIITO X; Pi3HI

X =

1 N
N-in, 4.1
i=1

ne N — obcsr I'C, x; — i-e cioctepeskenns y ['C;

SIKIIO JaHi 3TPyToBaHi (x; MatoTh 9acToTu N;, i =1,k )

X =

k
%-Zx‘ 'N,. (4.2)
i=1

O3nauennsn 4.8. /lucnepciero eenepanvroi cykynnocmi (Dr) Ha3UBaIOTh
CTAaTUCTUYHHUN IIOKa3HHWK, IO OOYMCIIOETbCA SIK CepedHid Kmaapar
BIIXHWJICHHS 3HAuYeHb JOCIIDKYBAHOI O3HAKM BiJ] IXHBOTO 3arajbHOTO
CepenHbOro 3HaUeHHs. MareMaTH4HO Iieil mapaMeTp BimoOpaxkae CTyITiHb
HEOTHOPIAHOCTI TeHePaTbHOT CYKYIMHOCTI 1 00UMCITIOETHCSA 32 HOPMYIIOH0:

SIKIIO X; Pi3HI

1 X 2

D, =—->(x —x.), (4.3)
N o

ne N — obcesr I'C, x; — i-e criocrepesxxenns y ['C;
SIKIIIO JIaHI 3rpyroBaHi (x; MaroTh 4actotu N;, i =1,k)

1 & 2

D, =—-Y(x;=x.)" - N,. (4.4)
N 5

JoaaTkoBOIO MiporO BapiaTUBHOCTI JaHUX Y T€HEpaIbHIH CyKYITHOCTI €
cepenHe KBaJpaTWyHe BinxwieHHa (or). Ha BimmiHy Bij mucmepcii, e
napaMeTp BUMIPIOETHCS B THX CaMUX OJMHUIIAX, IO ¥ cama JTOCIipKyBaHa
O3HaKa.

Oznauennn 4.9. I'enepanvhum cepeoHe KEAOPAMUYHUM BIOXUTIEHHAM
(0v) Ha3WBAETHCS KOPIHD KBaJPAaTHUH 13 TeHepalibHOT IUCTIePCii:

o, =D, . 4.5)
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4.2 ToukoBi OLIHKU MapaMeTpPiB BUOipKH

Osnauennsn 4.10. Iapamempu subipku (a0 6ubipxosi cmamucmuxu) —
1€ YHCJIOBI XapaKTEPUCTHKH, OOYHMCIICHI Ha OCHOBI AaHuWX, 3i0paHux i3
KOHKpPETHO1 BHOIPKH, SIKa € M AMHOKHHOIO TeHEPANbHOI CYKYHOCTI.

Bonu a) onucyrome nuwe 6ubipxy, ToOTO HamexaTh JHUIIE A0 THX
€JIEMEHTIB, sIKi OyJIH BKITIOYEHI 1O KOHKPETHOI BUOIPKH; 0) sapitoromscs 6i0
8UOipKY 00 8ubipKu, TOOTO, SIKIIO B3ATH 1HIIY BUIAAKOBY BUOIPKY 3 Ti€l
TeHepanbHOI CYKYITHOCTI, 3HAYEHHS BUOIPKOBUX CTATUCTHK, IIIBHU/IIIIE 32 BCE,
TPOXH BIAPIZHATUMYTHCS; B) 3a824cou gioomi (IMicist 300py AaHUX ), TOOTO ix
MOJKHA OOYMCIIMTH, MAFOYUH JIaHI II0A0 BUOIPKU; T) SUKOPUCHOBYIOMbCSL OIS
OYIHKU napamempis 2eHepanvbHoi cyKynHocmi, TOOTO MeTa OOYMCIICHHS
BUOIPKOBHUX CTaTHCTHK — OTPUMATH YSABIEHHS TPO HEBIIOMI MMapameTpu
TeHePaIbHOI CYKYIHOCTI.

BubipkoBi CTaTUCTUKA BHUKOPUCTOBYIOTHCS SIK TOYKOBI OLIIHKH
BiJIMIOBITHUX MapaMeTpiB reHepaIbHOI CYKYITHOCTI.

PosrissreMo Haiiyacrime BUKOopucToBYBaHI nmapamerpu ['C i Bubipkw.
Hexait maemo I'C o6csary N i mist Bupuenns: ['C BuirydeHo 3 Hei BHOipKy
obcsry n.

O3nauennsn 4.11. Bubipkoeorw cepednboro ( Xy ) HA3UBAETHCS CEPEITHE
apudMeTHyHe 3HaYeHb O3HAKH BUOIPKOBOT CYKYITHOCTI (BUOIpKH).

BubipkoBa cepeiHs BU3HAYAETHCS 3a POPMYJIOHO:
a) JUIsl TUCKPETHOTO BapiamiiHOTO psay

SIKIIO BCI X; pi3Hi
—_ 1 n
XB Z_le N (46)
o

SIKIIIO JIaH1 3rpyroBaHi (x; MarOTh YaCTOTH 1y, i =1,k )
Xp =D X 4.7)

0) s iHTEPBANBLHOTO BapialliitHOTo psity
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— 1k — k _
Xp=— D Xi ;=Y Xi-W, 4.8)
1 =1 i=l

I€ Xx; — CepeluHa i-ro inTeppany, i =1,k .

3a3HauynMO, IO OCHOBHI BJIACTHBOCTI BHOIPKOBOi CEepeaHBOI,
aHAJIOTIYHI [0 BJIACTUBOCTEH MATEMaTHYHOTO CITOJIIBaHHS BHIIaIKOBOI
BEJIMYMHU.

BubipkoBy cepenHro npuitmMaioTs Sk OmiHKY it ['C, 1 ms omiHka €

HE3MIILEHOI0, TOOTO M(xB)zxr. Bona € Takox 1 crmpomoxHowo. [Ipu
301/1bIIeHH] 00CATy BUOIPKU X —> X, 1 A7 pisHUX BUOIpok 3 oxHiei I'C

3HAYeHHS Xp MPHUOIHU3HO JOPIBHIOIOTH MiXK COOO0.

CraTucTHYHUA PO3KH] KITbKICHOT 03HaKK X BiTHOCHO IEHTPAIBHOTO
3HaueHHS (PIKCYETHCS 3a TOTIOMOTOI0 TIOKa3HHKIB AUCIIEPCii.

OriHka BapiaTHMBHOCTI JaHUX MPOBOJUTHCS HA JIBOX PIBHAX: IS
KUTBKICHOTO ONMUCY pO3KHIY 3HAuYeHb Yy MeXax Ycie€i TreHepaibHol
CYKYITHOCTI 3aCTOCOBYIOThb 2eHepaiibHy Oucnepcito, TOII SK IS aHami3zy
MIHJIMBOCTI O3HaKuW Oe3locepe]HbO Yy BHUOIPII BUKOPUCTOBYIOTH i
MPAKTUYHUIN aHAJIOT — GUOIPKOBY OUCNEPCito.

Osnauennn 4.12. Bubipxosa oucnepcis (D;) — 1e CTaTUCTUYHHUHA
MOKAa3HMK, II0 XapaKTEePHU3ye CTYIiHb PO3CIIOBaHHS 3HA4Y€Hb YCEpeAMHi
BUOIpkH. BoHa OOYMCIIOETHCS K CEpeHiM KBaapaT BIAXHIICHHS KOXKHOI

BapiaHTH BiJ BUOIPKOBOTO CEPETHHOTO 3HAYCHHS Xp .

BubipkoBa qucrepcis OIiHIOE AUCTIEPCII0 FeHEPAIbHOT CYKYITHOCTI Ta €
3MIilIeHOI0  omiHkoroo.  "3mimena" — BuOipkoBa  gmcmepcisi Dy
BUKOPHUCTOBYETHCS JIJISI ONIMCY PO3KHILY Y BUOIPIIi.

BubipkoBa qucrepcis BU3HAYA€ThCS 3a POPMYIIOHO:

a) JUIsl IMCKPETHOTO BapiauiiHOTO psxy

SIKILIO BCi X; Pi3Hi

D, = -i(xl- —x8)%, (4.9)
i=1

S |-
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SIKIIO aHi 3rPYyMoBaHi (X; MalOTh 9aCTOTH 1, i =1,k )

D, =

S |-

k —

(g —xs)? onys (4.10)
i=1

0) A7s1 iHTEpBANBHOTO BapiallifHOTO psLy

k _ _
Dle-Z(xi—xB)z-ni, (4.11)
ni=

1€ X, — cepenuna i-ro intepsany, i =1k .
Oxpim aucmepcii, AN OLWIHKA PO3KHAY MaHUX Y MeXKaxX BHOIPKH
BUKOPUCTOBYIOTh BHOIpDKOBE CepelHE KBaJpaTWiHe BigxwieHHs. Llei

MOKA3HUK € 3PYYHIIIAM JJIsl iHTEpIIpeTaii, OCKITEKH Ma€ Ti caMi OJUHHUIIL
BHMIPIOBaHHS, 10 1 IOCITIKyBaHa O3HAKA.

O3nauennsn 4.13. Bubipxosum cepeOHim K8aopamuiHum GiOXULEHHIM
(0s) HazuBaeTbcs apu(METHYHWN KBaJpaTHUH KOpiHb 13 BUOIpKOBOI

JucTepcii:
o, =+D; - (4.12)

[Ipu oOumcnenHi mucmepcii reHepaidbHOi ab0 BHOIPKOBOI 3PY4YHO
BUKOPHCTOBYBATH (popMyITy:

D=x>—(xf. 4.13)

Ockinbky BUOIpKOBa UCTIEPCisl € 3MIIIEHO0 OI[IHKO, TO ii cepelHe
3HAYeHHs (MaTeMaTH4He CIIOIiBaHHsI) He 301racThCs 3 ICTHHHOI IMCTIEPCi€l0
reHepabHOI CYKYIHOCTI. BUSBIAETHCS, 110 BOHA CHCTEMATUYHO 3aHUXKYE
ICTHHHY AMCHEPCilo.

@opmyna gucmepcii MICTUTH CyMy KBaJpaTiB BIAXWJIEHb Bif
cepennboro. Koy mpairoemo 3 BUOIpKOIO, TO BHKOPHCTOBYEMO BHOIpPKOBE
cepenHe (X ), a HE ICTUHHE CepeJHE TeHEPAITBHOI CYKYITHOCTI (X), K€, SIK
npaBwio, Hepimome. Cyma KBajpaTiB BIAXWIEHb BiJ BHOIPKOBOTO
CepeHBOro 3aBXAW OyAe MEHIIOW abo JOpiBHIOBATHMME CyMi KBaJpariB
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BiIXHWJICHB BiJl OyIb-SKOTO 1HIIIOTO 3HAYCHHS (BKJIFOYAIOYH ICTHHHE CePETHE
reHepanbHOl CyKyImHOCTI). Uepes 11e ijIeHHs Ha 71 TPU3BOJUTH JI0 3aHMKEHOT
OLIIHKH.

{00 oTpMaTH HE3MILLIEHY OLIHKY AUCHEPCii TeHepanbHOI CYKYMHOCT,
BUKOPHCTOBYETHCSI BUIIPaBIIeHAa BHOIpKOBa nucIiepcis (TakoXK BigoMma sK
He3MimeHa aucnepcis). BoHa Bifpi3HSAEThCSA BiJ 3BUYAWHOI THM, IO Y
3HAMEHHUKY BUKOPUCTOBYEThCA 11— 3aMiCThb n.

Osnauenna_4.14. Bunpasnena eubipkoéa oucnepcis (s*) — ne
He3MIlleHa Ta OOTPYHTOBaHA OIlIHKa TUCTepCii BHUITAAKOBOI BEITMYHHU B
TeHepaTbHIl CYKYITHOCTI, SIka HalvacTille BUKOPUCTOBYETHCS Y BUCHOBKAX,
IO CTOCYIOTHCSI TEHEPAILHOI CYKYITHOCTI.

Bona obunciroeTbes 3a hopMyIor:

. (4.14)

O3nauennsn 4.15. CepenHe KBaApaTHIHE BiIXUIEHHS, K€ PO3paxoBaHe
Ha OCHOBI HE3MILICHOI AWCHepCii, HA3UBAETBCSA GUNPABICHUM CEePeOHiM
K8AOPaAMmuyHUM GIOXUNEeHHAM (S).

Bunpasnene BuOipkoBe 3HaU€HHs (s) 3aCTOCOBYIOTH JJISI OTPHMAaHHS
HAWOUTBII TOYHOI Ta HE3MIIIEHOI OIHKH CEePeIHhOTO KBAAPATUIHOTO
BIIXWJICHHS B TeHepaibHil cykymHocTi. Lle m03BOJsiE KOMIIEHCYBaTH
CHUCTEeMAaTUYHY MOXHUOKY, SKa BHHHUKAE MPH aHAJ31 MaauX OOCATIB JaHUX.
BoHo o6uuncmoeTses 3a GopMyInoro:

s=s? | (4.15)

Xo4a BHUNpaBICHE CEPEIHE KBAJPaTHYHE BIIXWICHHS TEXHIYHO €
3MILEHOIO OL[iHKOIO, OAHAK, Ha MPaKTUIl HOro BBaKalOTh HAaWKpaIloo
OIIIHKOI0, OCOOJIMBO JUISI HEBEIMKUX BHOIPOK, 1 PI3HUIST 3MEHIIYETHCS 3i
301IBLIIEHHSM PO3Mipy BUOIpPKH.

Po3rnsiHyTi BHIE Mipu PO3CiIOBaHHS € pO3MipHUMH BeTHYHMHAMH. Tomy
MOXYTh BHHUKATH TPYAHOIII TPU IX TMOPIBHSHHI JUIS BUOIPOK i3 pi3HUX
reHepalbHUX CYKyMHOCTEeH. HalOiibin mommupeHown 0e3po3MipHOI0 Miporo

. . . . vee *
po3citoBaHHs € KoedinieHT Bapiamwii V.
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Osnauenns 4.16. Koegiyieum sapiayii (V*) — Ie BiTHOCHAa Mipa
MIHJIMBOCTI a00 PO3CilOBaHHS JaHUX, KA [MOKA3y€, HACKIIBKU 3HAYCHHS Y
BUOipmi ab0 TeHepalmbHIl CYKyMHOCTI BIAXWIAIOTBCA BiT IXHBOTO
CEpPEeIHLOTO 3HAYCHHSI.

Bin BupaxaeTbCsl y BiICOTKax i1 J03BOJISIE TOPIBHIOBATH CTYIIiHBb
PO3KUAY HNaHWX y PI3HUX CYKYITHOCTSX, HaBITh SKIO CEpPEIHI 3HAUYEHHS
CHJIBHO BiAPI3HIIOTHCA.

dopmyna 11 po3paxyHKy KoedimieHTa Bapiarii:

vi=2

X

Je § — BHIpABICHE CEpeIHE KBaJPATHUHE BiIXWICHHS, x — CEPEIHE

apudmernyre BuOipku. Lli mapaMeTpru po3paxoBYIOTHCS B 3aJIEKHOCTI Bif
TOTO, IKMM YHHOM TIpeACTaBIIeHI aHi.

Tpeba 3BepHyTH yBary, o0 3Ha4eHHs X; OyIU TOJaTHUMH.

KoeiuieHT Bapiallii BAKOPUCTOBYEThLCS 3 METOIO OLIIHKH OJHOPIIHOCTI
BuOipku. Skmo koedimieHT Bapiamii MeHmuit ado mopiBaOE 33%, TO
BUOIpKa BBaXXKA€ThCS OTHOPIAHOI, TOOTO PO3KHUI JaHUX BiTHOCHO
HEBEIMKUI, a cepeHE 3HAYCHHs JI0OpE XapaKTepU3y€e BCIO CYKYITHICTb.
Sxmo xoedimienT Bapiamii mepesuinye 33%, To BuOipKa HeogHOpiAHA. Y
bOMY BHITIQJIKy PO3KWJI JaHUX 3HAYHHH, 1 CEpelHE 3HAUCHHS BXKE HE €
Ha/IiIfHUM TTOKa3HUKOM, 1110 XapaKTepH3ye BCIO CYKYIHICTb.

[HOMI BHMKOPUCTOBYIOTH TEepMiH "KOMIAakTHa BHOIpka", SKHl HE €
3araJbHONPUHHATHM CTaTHCTHYHAM TEPMIHOM 1 YacTO BUKOPHCTOBYETHCS
SK CHHOHIM "oHOpiiHOT BUOiIpKK" Yy KOHTEKCTI KoedillieHTa Bapiamii — 1e
BUOIpKa, B SIKili IaH1 IJILHO 3rPYyMOBaHi HABKOJIO CEPETHHOTO 3HAUCHHSI.

-100%, (4.16)

3HaueHHs KoedilieHTa Bapiamii, MO He BUXOAATH 3a Mexi 10%,
NPUAHSITO BBAXKATH KOMITAKTHHMHU.

Mpuxnan 15. [yis 3a1aHOr0 AUCKPETHOTO BapialliiHOTO PSAAY
Xi 2 3 4 5
ni 4 8 5 3
3HaiiT BUOIPKOBY CEpEelHIO Xg , BUOIpKOBY aucnepcito Dy, BUOipKOBe

CepeHE KBaIpaTUUHE BIIXUIECHHS 05 Ta BUIPABIEHY BUOIPKOBY JUCIIEPCiIO
2
57

65



4
Po3e¢’azannn. O6csr Bubipku n= Y n; =4+8+5+3=20. BubipkoBy
i=1

CepeIHI0 Xp 3HAXOAMMO 3a hopmyioro (4.7):

}B:i(2-4+3-8+4-5+5-3)=i-67:3,35.
20 20

BubipkoBy aucniepciro D, 3HaxX0aA1MO 32 hopmyoro (4.10):

D ((2—3,35)2 -4+(3-335)* -8+(4-335)* -5+(5-335)" -3):

_ L
® 20
= %-(1,8225-4+O,1225-8+O,4225-5+ 2,7225-3)= 2io-(7,29+0,98+

+2,1125+8,1675)= 2% -18,55=0,9275

BubipkoBe cepenHe KBaJpaTH4YHE BIIXWJICHHS O 3HAaXOAUMO 3a

dopmynoro (4.12): o, =4/0,9275=0,963.
Bunpagneny BuGipKoBy AUCIEPCIiIO 57 3HAXOAMMO 32 (popMyIok0 (4.14):

5% = % .0,9275~0,9763.

Bimnosiae: x5 =335; D, =09275; o, ~0,963; s> ~09763.

Mpuxnan 16. [ 3a1aHOTO iHTEPBAIBHOTO BapialliiHOTO PSAY

IaTepBanmm [10;15) [15;20) [20;25)  [[25;30]
ni 6 7 8 2

3HaiiTh BUOIPKOBY CepemHI0 Xy, BHOIpKOBY aucrepciro D, Ta
BUOIPKOBE CEpeTHE KBAIPATUIHE BiIXMIICHHS 0.
Po3e’azanns. Obcsar Bubipku n=6+7+5+2=20. Busnaunmo cepenuHu

— 4+
1HTEepBaJIiB 32 POPMYJIOI0 X; = % . Matumemo
Xi 125 | 17,5 | 225 | 275

BubipkoBy cepenHio Xn 3HaX0UMO 3a (hopMmyoro (4.8):
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X :l(12,5-6+17,5-7 +22,5-5+27,5- 2):i-365=18,25.
20 20
BubipkoBy mucnepcito D, 3Haxomumo 3a dopmynoro (4.13):

D, = xg - (x_B)2 . 3HalineMo

xp :%(12,52 6+17,5%-7+22,5%-5+27,5” -2): %-7125: 356,25.

Toni Ds=356,25-18,25°=356,25-333,0625=23,1875.
BubipkoBe cepenHe KBaJpaTH4YHE BIAXWJICHHS O 3HaXOAWMO 3a

bopmymoro (4.12): o, =+/23,1875~ 4,8153.
Bimnosiae: x5 =18,25; D, =231875; o, ~4,8153.

Mpuxnag 17. MaemMo maHi mpo BiK CIIBPOOITHUKIB HEBEIUKOTO
kaderepis: 28,25,27,26,24. 3'acyBat, 9 € BiK MPAIIOIOYHX, XOPOIIUM
MOKAa3HUKOM JJIS IIbOTO 3aKIIaay.

Po36’szanna. O6uncinmo cepenre apudmerndse (x) 3a GOPMYION0
(4.6), OCKITBKHE MaeMO IVICKPETHUH BapiamiiHUHN psj, y SKOMY BCi X; pi3HI
(n=5): x=(28+25+27 +26+24)/5=130/5=26.

OO04YncIMMO BHIpaBICHE CEPEIHE KBaJpaTWYHE BIAXMICHHS ().
CnovaTKy 3HalIeMO CyMy KBaJIpaTiB BiJIXHIICHb:

i (x; —x)2 =(28—26)% +(25-26)* + (27 -26)* + (26— 26)* +
i=1

+(24-261 =22 + (=1 +12+0% +(=2)* =4 +1+1+0+4=10.
Bunpasneny  gmcnepciro  (s?)  3HalizeMo 32 (hOpMYJIOHO
2 1 -2, 2_ 10
st=——) (x; —x)" 8T =——
n—1 ;( i =) 5-1
BunpasieHnM cepeHe KBaApaTHIHUM BIIXVIICHHSM (s):

s=4/2,5 ~15811.

Toni koedimienT Bapiawii V" 3Haxomumo 3a ¢dopmynoro (4.16):

VARSI 6,08% .
26

=25.

BigmoBigk:  Ockinbku  6,08%<33%, TO BUOIpKa BBaXA€ETHCS
OJTHOPiHO (KOMIAKTHOIO). Lle 03Hauae, 1o Bik CHiBPOOITHUKIB TyXe
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ONM3BKHI 10 cCepeaHBOTO 3HAYCHHS 26 POKIB.

Mpuxaax 18. MaeMo gaHi Ipo Bik CiBpOOITHHKIB BETTUKOT KOPITOpaIlii,

10 BKITFOYAE SIK CTAXKHCTIB, TaK 1 KEPIBHUKIB: 22,23,24,55,60 .3
9H € BiK MPAITIOI0YNX, XOPOIINM ITOKa3HUKOM IS IIi€1 KOpIopartii.

SCyBaTH,

Po3é’azanna. O6uncinmo cepenue apudmerndne (x) 3a GopMyIIO0
(4.6), OCKINIBKM MaeMO JHCKPETHUH BapialliiHU psif, Y sIKOMY BCi X; pi3Hi

(n=5): x=(22+23+24+55+60)/5=184/5=368.

OO0uHMCcIIMO BHWIIpaBJIiCHE CEpPEAHE KBaJpaTHYHE BIAXWICHHS ().
CriouatKy 3HaiiJleMO CyMy KBa/IpaTiB BiJXUIICHb:

5 —
3 (x; —x)* =(22-368)° +(23-36,8) + (24 -36,8)> +(55-36.8)" +
i=1

+(60-36.8)* =(-14.8)* +(~13,8)* + (—12.8)* +(18,2)* +(23,2)* =
= 219,04 +190,44 +163,84 + 331,24 + 538,24 = 1442 8 .
Bunpasneny  amcmepcito  (s?)  3HalizeMo  3a () OpMYJIOHO
n - 1442.8
! 3 (x; —x)?: 52 =
n—-1i5 -

s2 = =360,7 .

BurnpasieHnm cepeHe KBaApaTHIHUM BiIXMIICHHSM (S):
5 =4/360,7 ~18,9921.

Toni xoedirmient Bapiamii V" sHaxomumo 3a hopmymoro (4.16):
V= 18,9921

-100% =~ 51,61% .

BigmoBiab: Ockinbku  51,61%>33%, 1O BuOipka BBaXKAETHCS
HeotHOpiAHOKO. Lle 03Havae, o cepeHiii Bik y 36,8 poKiB HE € XOpOLIUM
MTOKa3HUKOM JJIs1 BCi€l KOpIiopailii, TOMy IO B Hill € sIK JTy>K€ MOJIOJI, TaK i
JIOCHUTB JIITHI CIIIBPOOITHUKH.

Yacmka zenepaibHoi CyKynHocmi ma éuoipku
Osnauenns 4.17. Yacmxa (nponopyis) zenepanvroi cykynnocmi (p) —

1Ie BIJHOIICHHS KIIBKOCTI O0'€KTiB, 10 MAalOTh IEBHY BIIACTUBICTH, IO
3arajibHO1 KUTBKOCTI 00'€KTIB y TeHEpaIbHil CYKYITHOCTI.
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Bona mokasye, sika 9acTWHa CYKYITHOCTI BOJIOJI€ 3aJaHOI0 O3HAKOIO.
ITo3HauaeThcs 3a3BUYAM JiTeporo p (a00 7, KOIM WIASTHCS PO TapaMeTp
CYKYIHOCTI). 3aCTOCOBY€ThCS Y CTaTHUCTHUIII JUIS OMKCY Ta aHAJi3y JaHHX, a
TaKOK JJIs OLIIHKK MapaMeTpiB CYKYTHOCTI Ha OCHOBI BUOIPKOBHUX JaHUX Ta
00YHCITIOETRCS 32 POPMYIIOIO:

p=—, (4.17)
N
ne N — obesar I'C, k — kinbKicTh 00'€KTiB y TeHepasbHIH CYKYITHOCTI, 10
MAalOTh MIEBHY O3HAKY.

[puknann BUKOpHCTaHHS (KOJIU p BiioMa a00 BBaXKA€ThCsI BIJOMOIO):

1. Konmponwv sikocmi na supobruymsi. Hanpuxnan. BupoOHuva miHis
BUPOOJIIE JleTasli, 1 BU3HAYECHO, IMO0 5% BCiX BHPOOJICHHMX JCTalCiH
nepektaumu. Tyt p=0,05. Lsa indopmaliss BUKOPHCTOBYETHCS IS
BCTAaHOBJICHHS CTaHAAPTIB SIKOCTI, NMPOTHO3YBaHHS KITHKOCTI Je()EeKTHHUX
BHPOOIB Ta MIaHyBaHHS 00CTyroByBaHHs o0nanHaHHs. To0To, Ko BigomMa
yacTka JepeKTHHX JeTaned B TIeHepalbHIM CYKYIHOCTi, MOXHa
pO3paxoByBaTH Ha TEBHHH piBeHb Opaky Ta MpHMMAaTH PIlICHHS PO
MOCTaYaHHSA, TAapaHTIHHI 3000B'S3aHHS Ta HEOOXIAHICTH TOOIPAIFOBAHHS
BUPOOHHUYOTO MPOIIECY.

2. Enioemionozis (mommpeHicTh 3axBoproBanHs). Hanpuknan. Binomo,
mo 10% nacenenHs € Hocismu meBHOro Bipycy. Tyt p=0,1. Lle 3naHHA
JOIOMarae IUIAaHYBaTH OXOpPOHY 3J0pOB'S, PO3HOAUIITH pecypcH,
Oprafi3oByBaTH Kammasii 3 BakiuHaiii. ToOTO, 3HAIOYM CIPaBXKHIO
MOMIUPEHICTh (YacTKy) 3aXBOPIOBaHHA, MOXHA OIIHUTH TMOTpedy B
MEINYHOMY TIEPCOHAJI, KITBKOCTI JIIKiB Ta JIKapHSIHUX JIKOK.

3. Hemoepaghis (cniiBBiHOIIEHHS cTaTel, BikoBi rpymnu). Hanpukman.
3a TaHVMU TIepenicy HaceleHHs, 4acTKa )KIHOK Y MiCTi cTaHOBUTH 53%. Tyt
p=0,53. Ls indopmariis BHKOPHUCTOBYETHCS IJII MiCHKOTO IIaHYBaHHS,
PO3pO0JICHHS COLia/IbHUX MPOrpaM, MapKETHHIOBHX JOCHIDKEHb, T0o0TO,
3HAIOYM TOYHY YaCTKY *KIHOK, MIiCIIeBa BJIaJia MOYKE IIaHyBaTH Oy 1iBHUIITBO
HIK1JT, JUTSYUX CAJKiB, COLIaIbHUX IIEHTPIB, BPAXOBYIOUH MOTPEOH MEBHOT
TpyNy HACEIEHHS.

O3nauennsn 4.18. Yacmra subipku ([_9 ) — 11e TIPOTIOPLIisl EJIEMEHTIB, 110

MaloTh IEBHY O3HAKy, y BHIAIKOBO BimiOpaHiii BuOipui 3 reHepasbHOI
CYKYIHOCTI.
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Bona BHKOpPHCTOBYETBCS 3 METOIO OIHKH HEBIJOMOI YacTKH
reHepaTbHOI CYKYIHOCTI Ta O0YHCITIOETHCS 3a (popMyIIoro:

p==, (4.18)

S | =

nie n — o0csr BUOIpKH, kK — KITBKICTh BapiaHT y BHOIPIN, 0 MAlOTh NIEBHY
O3HAKYy.

ITpuxnaayn BUKOpUCTAHHS:

1. Coyionoeiuni onumysanns ma noaimuyni oocioxcenns. Hanpukmia.
[Mepen Bubopamu mpoBoauthest onutyBaHHs 1000 BubopmiB, i3 skux 450
BUCIIOBIIIOIOTh  MIATPUMKY  KaHgumaty  A.  Yactka  BuOipku

1_9 =450/1000 = 0,45 (abo 45%). ToOTO Ha OCHOBI L€l BUOIPKOBOT YaCTKH

CTBOPIOIOTBCSL JOBipYi 1HTEpBadM JUIS OLIHKA CHPaBXXHBOI YaCTKH
NiIATPUMKHA KaHauaaTta A cepel ycboro HacenenHs. Lle momomarae
KaHIUJaTaM Ta iXHIM mTadam MpuiiMaTy CTpaTeTiuHi pillleHHS.

2. Maprxemuneoei Oocnioxcennsi. Hanpukman., Kommanis xoue
JII3HATHUCS, IKUH BiJICOTOK MOTCHI[IHHUX MOKYIIIIB 3aI[iKaBJICHUH Y HOBOMY
npoaykri. IIpoBomare ommryBamas 500 oci6 i3 sxwux 150 BucmoBHIH

3aunikasieHicTb. Yactka Bubipku p =150/500=0,30 (abo 30%). TobTo Ha

OCHOBI I1i€l BHOIPKOBOI YaCTKM MOJXKHA OIIHUTH PUHKOBUH IOTCHINAT
MPOAYKTY, Mepe0aunTH 00CIT POy Ta BUPIIIUTH, YA BAPTO 3aMyCKATH
MPOJIYKT HA PHHOK.

3. Meouuni Oocniosicennsi (€PEKTHBHICTH HOBOI'O Mpemnapary).
Hanpuknaz. s ok e)eKTUBHOCTI HOBHX JIIKIB BiJI BACOKOTO THUCKY, X
narote 200 marieaTaM, i3 askux 160 MoBiJOMIISIOTH PO MOJIIIIEHHS CTaHYy.

Yacrka BuOipku ]_7 =160/200= 0,80 (a6o 80%). TobTo 1151 BUOIpKOBA YACTKA

JIO3BOJISIE 3pOOUTH BHCHOBKHM HIOZ0 €(EKTUBHOCTI Tpemapary Ui BCiX
NAlli€HTIB 3 BHUCOKMM THCKOM. IIpoBOASTBCS CTAaTHCTH4YHI TecTH, 100
BU3HAYUTH, YU CIIOCTEPIra€ThCsI MOJIMIIEHHS] CTATUCTUYIHO 3HAYNMUM.

4. Koumponv saxocmi (BUOipkoBUH KOHTposb). Hampuxian. Ha
HiANPHEMCTBI, 0 BUpoOise namnodky, 3 maptii 10000 mTyk BUDaIKoBO
BinOupatots 100 nammodox s mepeBipku. Buspiserscs, mo S5 i3 HUX €

OpaxoBani. Yactka Bubipku p =5/100=0,05 (ab6o 5%). Tob6To Ha OCHOBI
i€l BUOipKOBOI YaCTKH POOUTHCSI BUCHOBOK PO SIKIiCTh yciel mapTii. ko
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5% nedeKTHUX JaMIl € IPUHHATHAM piBHEM Opaxy, TO MapTii Moxke OyTh
BigmpasieHa. B iHmoMy BHUManKy BCs MapTis Moke OyTH IOBEpHEHa Ha
MiATPHEMCTBO.

OcHo6Ha BIOMIHHICIb MA 83AEMO36 130K
» YacTka reHepaibHOI CYKYIMHOCTI (p) — 1€ CIpaBXHE 3HAUYEHHS IS
BCi€l TPy, SIKE 9aCTO HEBIAOME 1 € METOIO TS OIiHKH.

» YacTtka BuUOIpKH ( p ) — 1€ OILIHKA p, OTpUMaHa Ha OCHOBI JaHHX,
3i0panux i3 miaArpynu (BUOIpKM) HaceIeHHS.
P BHUKOPUCTOBYEMO AJISl TOTO, 1100 POOHUTH BUCHOBKH PO P, OCKUIBKH

YacTO HEMOXIJIMBO YW HEAONUIBHO JOCHTIUKYBaTH BCIO TeHEpalbHY
cykymHicTh. UnM Oinbina i penpe3eHTaTHWBHIiNA BHOIpKa, THM TOYHIIIE

yacTKa BUOIPKH p HAOIMKATUCS 10 YaCTKU IeHEPaIbHOI CYKYITHOCTI p.

CmpykmypHi cepeoni

Jlo BHOIpKOBHX XapaKTEPHUCTHUK HAIEXKATh TAKOXK MOJa Ta MeJiaHa, sKi
Ha3MBAIOTh IIIe CTPYKTYPHUMH CEPEIHIMHU.

Osnauenns 4.19. Medianow (M : ) BapiamifHOTO pSATy HAa3HBAETHCS

cepenuHHA TOYKa B BapiallifHOMY psiay, SKa JUIATH BapialiifHAN psifl Ha /1B
PiBHI 3a KiJIbKICTIO WICHIB YaCTHHH.

Jlyig BapialliitHOro psity Me/iaHa BU3HAYAETHCS 3aJICHKHO BiJ TOTO, YU €
o0csr BUOIPKHU /7 YMCIIOM TTApHUM a00 HETIapHHM:

" Xm + Xm+1 _
Mi=]T 5 o nEm (4.19)

Xyt n=2m+1.

Jiist iHTEepBaNbHOTO BapiallifHOTO pSJAY MeJiaHy BU3HAYAIOTh TaK:
a) 3HaXO/ATH iHTEpBaJl YIPYINOBaHHA, B SKOMY MICTHUTHCS Me/liaHa IIISIXOM
HiipaxyHKy HAaKOITMYEHUX YacTOT a00 HAKOIIMYEHUX BIIHOCHUX YacTOT — 11e
IHTEepBaJI, B IKOMY HAKOITMYEHA YacTOTAa BIEPINE BUSBUTHCS OLIBINOO 32 1/2
a00 HaKoMUYeHa YacToCTh Oyje Oibie 0,5.
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YcepenuHi MeIiaHHOTO IHTEPBANY [XmiXm+1] MelliaHa BU3HAYAETHCS 32
TaKoio (OpMyIIOr0:

RS L 1S Y (P § (4.20)

=X
ny

Jie 1 — 00CST BUOIPKU; Xm — HUXKHS MEXa MEAIaHHOTO IHTEPBAIY; (Xm+1—Xm) —
JIOBKMHA MEJIIaHHOTO IHTepBally; n,, ; — HaKOIMYEHA 4acToTa iHTepBaly,
MOTIEPETHBOTO MEIaHHOMY); 7,, — 9aCTOTa MEIIaHHOTO 1IHTEPBAITY.

* o o .
Osuauennsn 4.20. Mooa (M) — HaiiOUIbIl MMOBIpHE 3HAYEHHA Y

BUOipmi (BapiaHTa 3 HaHOUIBIIOI YAacTOTOI), TOOTO 1€ Take 3HAYCHHS
BapiaHTH, IO TOMEpETHE 1 HACTYIHE 32 HUM 3HA4YCHHS MaloTh MeEHIIN

* .
4acToTH, B caMe M = x; IIpH yMOBI, IO n(X;)=max.

Jus  iHTepBaiNbHOrO BapiallidHOTO PpALy 3HAXOASATh  IHTEpBaj
VIPYHOBaHHA 3 MaKCHMAJIbHOIO 4YacTOTOK (MOJANbHHN iHTEepBa).
. . *
Bceepenuni MOAanbHOrO iHTEpPBANY [XmiXm+1] Momy (M) 3HAXOAATH 3a
hopmyJior0:

* n, —n -1
g (e — ). (42D)
Ny =M1 = Mg

JI€ Xm — HIDKHA MeXa MOIAJIBHOTO IHTEPBANY; (Xm+i—Xm) — JIOBKHHA
MOJIQJIBHOTO IHTEPBAILY; 7, — Y4CTOTA MOJAIBHOTO IHTEPBAIY; Mim-1 T Hyel —
YaCTOTH BIJIIMOBIJHO TONEPEIHBOr0 Ta HACTYIHOTO 33 MOJaJbHUM
IHTEepBaIiB.

Hpuxnan 19. [ 3a0aHOr0 AUCKPETHOTO Py

Xi 0 1 2 3 4
n; 21 46 34 14 9

3HaNTH MOy [IJ1s1 AAHOTO PSAY.
Po36’azanns. 3a 03HAYCHHSM MOJIa JIOPIBHIOE BapiaHTi 3 HAHOLIBIIO0

. * . v . o
YacTOTOI0. Y JaHOMY IMPpUKIIaAl1 MO =1 , OCKUIbKH 1M B1AIIOB1JAa€ HaKO1NbIIa
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qacrtora n;=46.

Binnosins: MZ =1.

Mpuxnax 20. Maemo nBa psau posnoziny: a) 18,22,23,28,35,40,42 1
0) 5,8,18,22,28,35,40,42. 3naiiTn MeniaHy U KOXKHOTO PALTY.
Po3é’azanna. a) OCKITBKH pAI MICTUTh HEMApHY KiJIbKICTh UICHIB

(n=T), 10 32 popmymnoro (4.19) M, : =x3 = 28. 0) 3amanuii psaa Mae napHy

KUTBKICTB YIICHIB (n=8), TO 3a thopmyoro (4.19)
M::.)C4+XS:22+28:25.
2 2

Bimmosins: a) M, =28,6) M, =25.

Mpuxnax 21. [IpoBenu nociimKeHHS BiKy IMpAaIiBHUKIB HEBEITUKOTO
i AIPUEMCTBA, PO3IMTOAUIUBINY HA I’ ATh BIKOBUX TPpyIl. OTpuMaly HaCTYIIHI
pe3yIbTaTH:

Bikogi rpymu (x;) |[18;28) |[28;38) [[38;48) | [48;58) | [58;i crapie)
KinpkicThb
MPAIIOIYHX 71;

14 22 34 28 12

3HaliTH MOJy 1 MeJliaHy JUIsl JAHOTO iHTEPBAILHOTO PSLY.

Po3z¢’sazannsn. OO6csar BubOipku n=110. Jlnsg 3HAXOPKCHHS MOJIH
3actocoByeMo dopmyny (4.21). s miporo 3HaiAeMO MOJAIEHUH 1HTEPBAIL.
Ile imtepBan [38;48), mist sxoro dwacrora HaiOimpma (n=34). Tomi y
hopMyJTy MIACTABUMO: Xim=38, Xm+1=48, nn=34, ny1=22, nm+1=28,

4 —22 12

3—-(48—38):38+—-10z44,67 :
2-34 -22 -28 18

Jiist 3HaXOKEeHHST Me/liaHu 3acTocoByeMo (opmyiy (4.20). 3Haiigemo
HAKOIMYEHI YaCTOTH JJIs1 KOXKHOTO iHTepBany. CkiazgemMo Taduio 4.1:

M, =38+

Taomuus 4.1
Bikosi rpymu (x) |[18;28) |[28:38) [[38:48) | [48:58) | [58;i crapuue)
Kimsxicrs 14 22 34 28 12
MPAIIOIOYHX 7;
| 14 36 70 98 110

73



3naxoaumo Memianaui iHTepBan. Ockimbku n/2=100/2=55, To MexiaHHIM
Oyne intepsan [38;48), n1s sixoro 1;>n/2 , T06T0, 70>55. Toxi y popmyy
MiJICTaBUMO: Xin=38, Xm+1=48, n,=34, n,,_, =36.
M, :38+w-(48—38)=38+£~10z43,59.
34 34
Bignosins: M :: ~44,67; M : ~43,59.

Y3acanvneni uucnoei xapaxmepucmuxu eapiauiiinozo paoy.
Acumempisa i ekcyec

BubipkoBa cepemnst Ta BHOIpKOBa IUCIIEPCis € OKPEMHUM BHITaJIKOM
O1ITBIII 3arajIbHOTO MOHSTTS — MOMEHT CTATUCTHYHOTO psiay. MOMeHTH — 11e
y3arajibHeHI 4YHCJIOBI XapaKTEPUCTHKH, IO OMHUCYIOTh PO3MOAUT JaHHX.
BpaxoByroun 11i 0cOONMHMBOCTI, MOKHA 3amucaTd 3araibHi (HOpMymH s
o0umcieHHs] BUOIPKOBUX MOYATKOBHUX V;: 1 TIEHTpaTbHAX ,u;: EeMITIPUIHIX

MOMEHTIB BHIIAJKOBOI BEJINYNHH.

Oznauennsn 4.21. [louamrxogum ubipkosum MoMeHmMom nopsioxy k (vk )

HAa3UBAE€THCA CEPCAHE apI/I(I)MeTI/ILIHe k-x cTemneHiB 3HAYCHb BHUIIAJKOBO1
BCJIIMYMHHU, IO CHOCTepiFaIOTBCH.

[NouatkoBuii BUOIPKOBUH MOMEHT TOPSAAKY k BH3HAYAETHCA 3a
hopmyJioro:
a) JUTsl TUCKPETHOTO BapiaIliitHOTO psiTy

SIKIIIO BCI X; Pi3Hi

1 &
vi=—>(x), (4.22)
=1

SIKIIIO JIaHi 3TrPYMOBaHi (X; MAlOTh 4aCTOTH H;, i =1,1 )

#
sz

S |-

l
Z(xl- )k n; (4.23)
i=1

0) A7s1 iHTEepBAILHOTO BapialliftHOTO psiy
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" 1 l [
Vi =—Z(xiy( ‘n;, (4.24)
n .
ne x ; — CepeaMHa I-To iHTepBay, i=11.

O3nauennn 4.22. llenmpanvuum udipkogum MOMeHMOM NOpSOKy k

* . .
(,Uk) Ha3UBAETHCA CECPCAHE apI/I(bMeTI/I‘IHC k-X cTeleHiB B1IXUJICHb 3HAYCHb

BUTIAJIKOBOI BEIMYWMHHW, MO CIHOCTEPIraloThcs, BiJ I1X CEPeIHBOrO
apu(hMETHIHOTO.

HentpansHuii BHOIPKOBHI MOMEHT TMOPSAKY k BH3HAYa€ThCs 3a
hopmyJior0:

a) JUTsl TUCKPETHOTO BapiaIliitHOTO psiTy

SIKIIIO BCi X; Pi3Hi

i =23 —vi f on, (4.25)
n =

* v
J€ V| — [I04YaTKOBUI MOMEHT NOPAIKY k=1;

SIKIIO JIaHi 3TPYTOBaHi (X; MAlOTh 4acTOTH n;, i =1,1 )

i =3y f o (4.26)

i

0) IUIs iIHTEepBaJIHLHOTO BapialiifHOTO PAY

My ZZZ(xj -V yc ‘n; ., (427)
i=l
e ;i — CepeinHAa i-T0 1HTepBally, I =1,_l .

3B'SI130K Mi)kK MOMEHTaMHU:
* - *
v, =x — cepenHe apudpmernyne, 1y =0,

* * % \2 .
My =V, — V| | — nucnepcis,
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* * k% % \3
/,13 :V3 _3V2V1 +2(V1) s

* * * % * % \2 x4
,l,l4 :V4 _4V3V1 +6V2 (Vl) _3(V1) .

Ha ocHOBI IeHTpaJIbHIX MOMEHTIB OOYHCIIOIOTHCS KoeiIlieHTH, 110
OMHCYIOTH POPMY PO3IOALTY JaHHX.

Koedghiyienm acumempii  (acumempuunocmi) A, BU3HAYAETbCA 3a
¢dhopmyoro:

A, =2 (4.28)

* v
I€ {3 — LUEHTpaIbHUN MOMEHT 3-ro MOpAAKY, 0 — CEpelHE KBaJpaTH4HE
. *
BIIXWICHHS | O =1/ [y |.

Bin moka3sye, K pO3MOIiN BIOXWISETHCA Bifi CHMETPUYHOTO. SIKIIO
A=0, 1O po3nomin cumerpuuHuii. Skmo A,>0, TO po3momia Mae
MIPaBOCTOPOHHIO ACUMETPIiI0 (CKOIIEHH BIiBO), TOOTO OUIBIICTE 3HAYECHD
30cepeKeHa JIiBopyY BiJl cepenHboro. Akmo A<0, To po3noain mMae JiBy
acUMeTpito (CKOUICHUH BIIPaBo), TOOTO OULIBIIICTH 3HAYEHH 30CEpeIlKEeHA
NpaBoOpyY BiJl CEPEHBOTO.

Koedghiyienm excyecy (kpymocmi) E Bu3HauaeTbcs 3a HopMyIIoLo:

E, =t%_3, (4.29)

* v
e f, — USHTpaJbHUNH MOMEHT 4-ro NOpsAKY, 0 — CEepelHE KBaJpaTH4HE

BigxwieHHs. Bigximanus "3" 0OyMOBIEHO THM, IO JJISI HOPMAJIbHOTO
E3
Hy 3.

po3noainy — =
o

BiH moka3ye, HacKiIbKM TOCTPOBEPIIUHHAM 200 TUIOCKOBEPITHHHUM €

MOTOYHHI PO3IOJILN Y MOPIBHSHHI 3 €TAJIOHHUM HOPMAIBHUM PO3IOJIIIOM.
Axmo E=0, To MaeMo Me30KypTHYHMH posnonii. Jani posmozineni
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CUMETPHYHO 1 TOMIPHO KOHIIEHTPYIOTHCS HABKOJIO IIEHTPATHHOTO 3HAUCHHS.
Sxmo E; >0, To MaeMo JenToKypTHUHUI po3noain. lle Bkasye Ha CHIBHY
KOHIIGHTPAIiI0 JaHUX HABKOJIO CEPEeJHBHOTO 3HAUCHHS, aje MPH LbOMY
CYIIPOBO/DKYETHCS «BaKKMMH XBOCTAMH» — IMiJBHIIEHOI HMOBIPHICTIO
MOSIBY PIAKICHUX EKCTpEeMaJbHUX BiIXwmiIeHb (BHKUAIB). Skmo Er >0, To
Ma€EMO IUIATUKYpTHYHUA posnoxin. Ilik BupaxkeHnuit cmabo, a maHi
PO3MOiIeHi 0 Aiana3oHy piBHOMIipHilIe, HK y HOpMaJIbHOMY 3aKoHi. Jlyis
TaKOTO pO3MOUTY XapaKTepHI <JIeTKi XBOCTH», TOOTO eKCTpeMallbHi
3HAYCHHS TPAIUISIOTHCS JTYKE PIKO.

Mpukaan 22. 3HaiiTy KoedimieHTH acUMETPil Ta eKciecy s 3a1aHOT0
JUCKPETHOTO PSLLy:

Xi 2 4 5 7 9
ni 4 6 7 5 3

Po36’azanns. Kinbkicth inTepBaiiB /=5. 3HaiineMo o0csr BUOipKH:

5
n=)n=4+6+7+5+3=25.
i=1
3HaiiieMo cepeaHe apupmeTndne 3a hopmyiioro (4.7):

_ [
x:lzx,. n; =i-(2-4+4-6+5-7+7-5+9-3)=i-129=5,16.
nsg 25 25

3HaxX0AMMO LIEHTPaIbHI MOMEHTH ,u; , ,u; , ,u: 3a (hopmyIoro (4.26).
! -
P (i %-((2—5,16)2 41(4-5160 -6+ (551617 +
i=1

+(7-516) -5+(9-5,16)* -3): 2%(9,9856-4 +1,3456- 6 +0,0256 -7 +

+3,3856-5+14,7456- 3) = 2LS -109,3608 ~ 4,3744 ;

=+ 1ty =+/43744 22,0915

. l _
i =lZ(xl~ —x)3 ‘n =2i5((2—5,16)3 4+(4-516) -6+(5-516) -7+
n.
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+(7-516) -5+(9-516) .3)z Zis(— 31,5545-4-1,5609- 6 — 0,0041-7 +
+6,1279-5+56,6231-3)= % 64,8967 ~ 2,5959 ;

l —
1y =lz(x,. —x)4 ‘n =2i5((2—5,16)4 4+(4-516)" -6+(5-516)" -7+
n .
+(7-516)" -5+(9-516)" .3)=2is(99,7122.4 +1,8106- 6 +0,0006- 7 +

+11,2753-5+217,4327 - 3):% -1118,3912~ 44,7356 .

3naiizeMo koedilieHTH acuMeTpii Ta ekcuecy 3a Gopmynamu (4.28) i
(4.29) BiamoBiaHO:

M 25959 25959
Yot (209157 9,149

~0,2837;

b m 5 447356 44,7356
k= 0% —ox
ot (2,0915)* 19,1351
Ockinbku A, >0, TO po3MOIiN Ma€ MPaBOCTOPOHHIO aCUMETPit0, TOOTO
OlMBIIICTH 3HAYEHb 30CEpeIKeHa JIIBOPYY Bill cepedHboro. OCKiUIbKH

By < O, TO PO3MOJILT OUTBII TNIOCKOBEPUIMHHIN, Hi’)K HOPMaJTbHHH.
Binnosine: A, =0,2837; E;, =~—0,6621.

-3~-0,6621.

Mpuxnang 23. Hexait 50 BumaakoBo 00paHuX CTPUIBIIB OEpyTh y4acTh
y 3maranHi. Koxen 3 Hux poouts nmo 100 moctpinis. Y Tabmaulll HaBeISHO
KUTBKICTh OYOK, OTPUMAHHUX KOYKHUM CTPUIBIIEM:

75 | 54 | 67 | 62 | 88 | 55 | 65 | 46 | 68 73
62 | 46 | 64 | 55 | 68 | 72 | 58 | 73 | 88 62
58 | 73 | 54 | 62 | 65 | 68 | 55 | 62 | 77 79
55 | 83 | 64 | 53 | 72 | 68 | 79 | 46 | 64 73
62 | 46 | 54 | 72 | 55 | 62 | 65 | 79 | T2 88
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BpaxyBagpim, 1o BUNaAKOBa BeMHMYWHA X — KUTBKICTh BUOUTHX OYOK,
HEOOXITHO: a) 3amrcaTH AUCKPETHUH Ta IHTCPBAIBHWNA BapiamiiHi psiau;
0) moOyayBaTu ricTorpamy, MoJIiroH 4acToT; B) Tpadik eMmipuiHoi GyHKIiT
pO3Moniny TpynoBaHoi BUOIPKH; T') 3HAWTH BHOIPKOBE cepeiHE 1 BUOIpKOBE

CcepeHE KBaApaTUIHE BIAXUIICHHS Ta KOeQiIlieHT Bapiarrii V*.
Po3¢’a3annn. a) 3HaueHHS KUTBKOCTI OYOK Y BUOIPI 3MIHIOETHCS Bij
46 mo 88, ToOTO BHmamkoBa BenmmunHa X mpuitmMae 43 3HadeHHs. OOcsr
BuOipkH n=>50 ocib.
VYnopsakyemo fnaHi BHOIpKH 3a 3pOCTaHHSIM (pPaHXHUPYEMO BHUOIpPKY)
(Tabim. 4.2):
Taomuus 4.2
46 | 46 | 46 | 46 | 53 | 54 | 54 | 54 | 55 | 55
55 | 55 | 55 | 58 | 58 |62 | 62| 62| 62| 62
62 | 62 | 64 | 64 | 64 | 65 | 65 | 65 | 67 | 68
68 | 68 | 68 | 72 | 72 | 72 | 72 | 73 | 73 | 73
73075 | 77 | 79 | 79 | 79 | 83 | 88 | 88 | 88

3anmcyeMo TUCKpETHHH Bapiamiitanii pan (tadi. 4.3):

Tabnuus 4.3
Xi 46 53 54 | 55 | 58 | 62 | 64 65 | 67

ni 4 1 3 5 2 7 3 3 1
Xi 68 72 1 73 175 | 77 | 79 | 83 | 88
n; 4 4 4 1 1 3 1 3

CxJiazieMo iHTEepBaJIbHUHN BapiariiHuii psjg. MaeMo Xmin=40, Xmax=88.
Posmax BHOIPKH: R=Xmax—Xmin=88—46=42.

BusHauaemo KiibKicTh iHTEpBaB k 3a (hopmyiioro Cteppkecca:

k=1+3,322-1g(50)=1+3,322-1,699 ~ 1 + 5,644 ~ 6,644 .

OxpyriroemMo k: k=7. OGUHCITIOEMO JOBXKUHY iHTEpBaIY £ 32 (OPMYIIOr0
(3.5): h=R/k=42/7=6.

Busnauaemo Mmexi iHtepBanmiB: [46;52), [52;58), [58;64), [64;70),
[70;76), [76;82), [82;88].

JIns KOKHOTO iHTepBaldy, BU3HAYAEMO: CEPEJAMHM IHTEpBAIiB Xx;,

YacTOTH 7, BIIHOCHI 4aCTOTH W;, HAKOIIMYEH] YaCTOTH 7, Ta HAKOIMYEHI
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gactocTi w; . Cknagaemo tabmuuro 4.4.

Taommus 4.4
Cepennan BigHocHa Hakonmiena
inTepBaniB  Hacrora | 4actora HakomuueHa | 4acTOCTh
InTepBanu , '
' xi + xi+1 ni nl qacToTa ni ' l’ll-
X == w; =— wi=-L
2 n n
[46;52) 49 4 0,08 4 0,08
[52;58) 55 9 0,18 13 0,26
[58;64) 61 9 0,18 22 0,44
[64;70) 67 11 0,22 33 0,66
[70;76) 73 9 0,18 42 0,84
[76:;82) 79 4 0,08 46 0,92
[82;88] 85 4 0,08 50 1

0) 3a pe3ynbpTraTaMu CKJIAJeHOI TAOIUIll OyIy€eMO TiCTOrpaMy 4YacToT.
Ha ropusoHrtanehiii oci X BigkiIagaeMo iHTEpBalM YrpyMoOBaHHS, Ha
BEPTUKANBHIN oci Y — yacTtoT n;. ByayemMo mpsSMOKYTHHUKH, OCHOBH SIKHUX
BiJIMIOBIIAI0OTh JTOBXUHI iHTEPBAIy, a BUCOTa — 9acToTi (puc. 4.1).

M. &
11

;'"Hr

=
e
(=31
LA
ka
LA

g G4 10 76 82 88
Pucynox 4.1

3'eqHyoud  BiApI3KaMH  JlaMaHOI  CEPeJMHHM  BEPXHIX  OCHOB

MPSIMOKYTHHKIB, 3 SIKUX CKJIAJIAEThCS OTPHMaHa TiCTOrpama, OJEpKYeEMO
MOJIITOH 4acToT (puc. 4.2).
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B) 3HAO4M CEpe/MHM IHTEPBANiB x; 1 HAKONMYEHI YacToCTI w.

L
1
1
1
1
1
|
0

!
|
L
I
|
I
:
6

)
b=}
(=)

[ 2]
(<=1 =
LA
[==]
[==]

46 40 32 35 38 61 64 67 TO T3 7

Pucynok 4.2

’
i

3HAlileHl Ui KOKHOTO iHTepBaly, eMmipuuHa QYHKIS PpO3MOALTY
BU3HA4YaeThes 3a (Gopmynoro (3.11), sk i AMCKPETHOTO BapialiiiHOTO
psny. EMmipuana GyHKIiSI po3HOIiTy MaTUME BUTIISI:

0, x <49,
0,08, 49<x<55,
0,26, 55<x<6],
0,44, 61<x<67,
0,66, 67<x<73,
0,84, 73<x<79,
0,92, 79<x<85,
1,0, x> 85.

Fi(x)=

I'padix emmipuyanoi GpyHKIIT po3noxiny Mae Buriisiy (puc. 4.3):
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Folx|#

1,0
1.0 1 082 #———
084
0,8 —
0,66. 1
E:E ] I,-_-_,_
| -

0447

0.4 1 -
0,26 4"

E ) ‘+I
0 0.08. 1"

0| 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 N

Pucynok 4.3

OCKinbKM IHTEpPBAIGHUN psA  Ja€ OUCKPETHY iH(opmamio Tpo
HAKOIMYEHI YaCTOTH JIUIIC Y BY3JIOBUX TOUYKax (MEXax iHTEPBAJiB), IS
nobynoBu rpadiky ¢ymkuito F'(x) moBu3HauaroTh JiHikiHO. Ilporec
3’ €IHaHHA TOYOK (X;, F(x;)) BiApi3KaMu IEPETBOPIOE CXiquacTy GyHKIIiO Ha
JaMaHy, SIKa yTBOPIOE KyMyJISTY — rpadidHy MOJIeNIb HAKOIIMYECHHS 03HAKA
(Ha rpadiky myHKTHpHA JiHif).

r) OCKUIBKK MaeMO iHTEpBaJILHUI BapiallifHUM psizl, TO 3aCTOCOBYEMO

JUTSL 3HAXOJDKEHHS BUOIPKOBOTO cepeTHbOro X (hopmyny (4.8):

- k

Xg =12x; n; =5—10-(49-4+55-9+61-9+67-11+73-9+79-4+85-4)=
N iz

:%-(196+495+549+737+657+316+340):%:65,8.

Jliis 3HaxopKeHHsT BUOIpKOBOI jmucnepcii Dy 3acTocoByeMo (opmyiny
(4.13):

D, =x>~(x,f =%é(x;)2-n,.—(g)2 =5—10-(492-4+552-9+612-9+

+67% - 11+73%-9+79% - 4+ 85 -4)—(65,8)2 =5—1O-(2401-4+3025-9+
-|-3721-9-|-4489-11+5329-9+6241-4+7225-4))—4329,64:

= 5_10 (9604 + 27225 + 33489 + 49379 + 47961 + 24964 + 28960) ~
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—4329,64 = % —4329,64 =4430,44 — 4329,64 =100,80 .

BI/I6ipKOBC CCPeAHE KBAAPATHYIHC Bi):[XI/IJ'ICHHH Oz 3HaxoauMoO 3a

bopmymoro (4.12):
o, =+ D, =+/100,80 ~10,0399.
Bunpasneny BUGipKOBY AUCIEPCIIO 52 3HAXOAMMO 32 (popMyIor (4.14):

2= p =22.10080~1028571.
n—1 49

Bunpapiene BHOIpKOBE cepeaHE KBaapaTUYHE BIIXWICHHS §
3Hax0IUMO 3a hopmynoro (4.15):

s = \/s_2 =4/102,8571~10,1419.

Koedimient Bapiarmii V" sHaxomumo 3a tdhopmymoro (4.16):

v =2 1009 = 01419 L0 ~15.41%.
65,8

Xy )

. « . . “ee * o . .
Ockinbku koedimient Bapiamii V- meHmuit Hix 33%, TO BUOipKa
BBKAETHCS OJHOPIAHOIO, TOOTO PO3KHJA JaHWX BITHOCHO HEBEIHKHH, a

CepeslHe 3HAYCHHS Xp J00pe XapaKTepu3ye BCIO CYKYIHICTb.

Bimmosims: Xz =658, o, ~10,0399, V" ~1541%.

4.3 CopomeHnuii cnocid po3paxyHky BHOIPpKOBOI cepeaHbOI,
aucnepcii Ta BUOIPKOBUX MOMEHTIB

vV Tmx BUIIaJKaX, KOJIHX eKCHepI/IMeHTaJ'ILHi ILaHi HpeI{CTaBJ’IeHi

BCIIMKUMHA YHCIIAMH, OOYHCITEHHS BI/I61pKOB01 CEpPEAHBO1 X, MUCIIEPCIl O |

Ta BHUOIPKOBUX MOMEHTIB YCKIQJIHIOETHCS TPOMI3IKHMHU OIEPAIlisIMH.
Haii6inpm momwupenuM "criporeHum" crmocoboM po3paxyHKy BHOIPKOBOT
cepenHboi Ta jaucnepcii € Merox MoMeHTiB (abo MeToJ] YMOBHHUX
BapiaHT/BIAXWJIEHb) 3 BUKOPHUCTaHHSAM '"yMOBHOTo HyJs" (abo "poGouoi
cepenuboi”). Lle#t MeTo 3HAYHO CIPOILyE OOYUCIIEHHS, 0COOJIMBO ITiJ] Yac
poOOTH 3 BENUKUMH 4YHCIaMH, OCKUIBKH IpH OOYHCIeHHI BHOIpKOBOI
cepefHboi X Ta aucrepcii O')% BapialifHOTO psily BUKOPUCTOBYIOTHCS HE

NepBICHI BapiaHTH X; (i = l,n), a HOBI BapiaHTH u;.
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IcHye BimMIHHICTD Y po3paxyHKy BHOIpKOBOI cepeaHbOi Ta mucmepcii
JUTSL TUCKPETHOTO BapialliifHOTO psIy Ta IHTEPBAILHOTO BapialiitHOTO pAy.
OcHOBHa BIIMIHHICTP y TOMy, IO MAJSl 1HTEPBAJBHOTO psdy TNepen
PO3paxyHKOM HEOOXiHO 3HAWTH CepelvHH iHTepBalmiB (X;), fKi y
MOJANBIINX PO3PaXyHKaX BUKOPUCTOBYIOTHCS K BapiaHTH.

Qopmyrna I po3paxyHKy BHOIPKOBOI CepeqHbhOi X 3a METOI0M
MOMEHTIB Ma€ BHTJISI]I;

PRI U

2n

Jie X — mIykaHa BHOIpKoBa cepemHs; ¢ — "yMOBHHU Hynb" (abo "poboua
cepenus"). BuOupaerbes sk cepenuHa iHTepBany (abo BapiaHTa x;) 3

, (4.30)

HaliO1IBIIO YaCTOTOIO 1; (TOOTO MOLY); u; = % — YMOBHI BapiaHTH; X;
— BapiaHTH (JUIs1 IMCKPETHOTO BapialliifHoro psity) i cepeIMHY iHTEpBAIIiB X;
(mnst iHTEpBaNBHOTO BapiallifHOTO psAy); #; — 4YacTOTH; h — BEIMYUHA
(moB>xuHA) iHTEpBAY (U1 IHTEPBAILHOTO PsALY) a00 KPOK MK BapiaHTaMu
(K110 BiH € TOCTIHHUM). SIKIIO KpOKy Hemae abo psij Bapiatiitamii, To A=1
i /ioro MOJKHa He MUCaTH; Y /1; =N — 3arajlbHuii 00CAT CyKyITHOCTI.

3ayearcennn 4.1. SIxo cepenHix iHTEpBaiB Ba (IIPU MAPHOMY YHUCIi
IHTEpBaJIiB), TO B SIKOCTI ¢ PEKOMEHYEThCS B3SITH CEPEIUHY OJIHOTO 3 IIUX
IHTEepBaJIiB, HATIPUKJIA]], 0 Ma€ OLTBITY YaCTOTY, a SIK /i B3ATH HAOIbIIHIA
TTBHHK Pi3HULI (X—c) a00 TaKe YnCIIo, IKe JO3BOIWIO 030y THCS APOOiB.

. 2 . .y
PospaxyHok aucnepcii oy 3a METOJOM MOMEHTIB 3/iHCHIOETHCS 32
dhopmyIoro:

2
o2 =h2. Z”iz'ni _ Ui

' Z”i Z”i ’

4.31)

ne o % — WIyKaHa JUCTepCist; u;, i, h, Y n; — Ti cami 3HAYEHHS, MO i y

dopmymi (4.30); D u;-n; — cyma moOyTKiB yMOBHHX BapiaHT Ha YacTOTH
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(BUKOPHCTOBYETHCSI AJISl PO3PAXyHKY CEPEIHBOrO); Zuf -n; — cyma

JIoOYTKiB KBaApaTiB yMOBHHX BapiaHTiB Ha YaCTOTH.
BigMiHHOCTI y pPO3paxyHKy Ui IUCKPETHOTO 1 iHTEpBAJILHOTO
BapiamiifHux psAAiB HaBeneHi y Tabmumi 4.5.

Taomuus 4.5
HCKpeTHUH Baplawiiinnii |[HTepBanbpHii BapialiiHUN
XapakTeprucTuka Huckp plat p plat
psiz (3 yacToTamMM) pan
. . . . TaTepBamm [x;; xiv1) 1
Buxigni gani BapianTu x; 1 yactoTu 1;
YacTOTH H;

Heo0OxigHo 3HaiiTH

. He notpi6ro. CepeIMHM iHTEPBAIliB
IlinroroBka nanux | BukoOpuCTOBYIOTBCA X;
r X + X

6e3nocepeIHbO X; 5

. Bennunna iHTEpBAILY:
h=1 (abo KpOK MiX X;, pBaty

Kpox & . . h=x;.1—x; (Ipx yMOBI
SIKIIIO BiH CTaNMi) . - .
pIBHUX IHTEPBAJIiB)
BuGip ¢ Bapianra x; 3 Hait6insmoro | Cepenuna inteppany x; 3

4acTOTOIO 7; HaWOUIBIIOK YaCTOTOXO 71;

Takox Uil IMCKPETHOTO BapialiiHOTO psiy MOYKHA 3aCTOCOBYBATH
TIePexia 0 YMOBHUX BapiaHT:

Ui=xi—C. 4.32)

Sk ¢ BuUOHMparoTh 9ncIio, O1IM3bKe 10 BUOIPKOBOTO CEPETHHOTO YU 1HIIIE
YHUCIIO HAa BIAcHUH po3cyn. JloCHTh 4YacTo pe3yibTaTH CIIOCTEPEKEHb
MpEeJICTaBICH]I Y OpPMi JECATKOBHX JIPOOiB 13 (DIKCOBAHOKO KUIbKICTIO 3HAKIB
(k). Taka pO3psAHICT, JaHUX BUMAra€ BIAMOBIAHOI TOYHOCTI MpH
BU3HAUEHHI MEX IHTEpPBaJiB Ta PO3PaxyHKy KpOKy Bapiauii. Y mnpomy
BUTIAJIKY 3pYYHO IMEPEUTH JO YMOBHHUX BapiaHTIB BHUILY:

w, =i (4.33)

ne h=10"% . Moni6ua 3amina BUKOPUCTOBYETHCS 1 y BUNIAJIKY, KOJIH JIaHi

MaroTh Hactynmuui surisia: 2000,4000,6000,8000 [Mpuitaspuin h = 10° ,
OTpUMAaEMO TepeTBOpeHi naHi 2,4,6,8.
J1J1s 3amIpONOHOBAaHUX IEPETBOPEHB 3HAYCHHS BUOIPKOBOI CepeIHbOT Ta
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IUcIiepcii mpeacrasieHi B Tabmuiti 4.6:

Taommuus 4.6
. - . 2
3amiHa Cepenne, x Hucnepcis, o
ui:xi_c X=u-—+c U)%:O-If
X _ _
u; =—- x=h-u ol=h*.c?
h
X:—C — —_
u; = lh x=h-u+c ol=h*.c?

3Ha4yeHHs u 1 O'M2 004HCITIOIOTHCS 3a (HOpMyTIaMu:

S |~

—_ 1 n n —_ 1 n —
u=—>u, ol==-Sw—u)l=—Yul —w)?. (434
n = i=1 noj=1

i

PospaxyHok koedimientiB acumetpii (A;) 1 ekcuecy (Ex) ans
JMUCKPETHUX Ta IHTEPBAIBHUX PSIIIB 3 BUKOPUCTAHHSIM YMOBHUX BapiaHTIB
(MoMeHTiB), MOTpeOye 00UYHCICHHS EHTPAIbHUX MOMEHTIB JI0 YETBEPTOTO
nopsaky. Lleit meronm chpoirye oOYHMCICHHS, OCOOJMBO MPH poOOTI 3
BEJIMKUMH YUCIIAMH.

Juis mporo HEOOXiTHO 3aMiHWTH BHIXIJHI BapiaHTH X; Ha yMOBHI
BapiaHTH u;. Bubip "yMOBHOro HYJIsI" pO3TIISIHYTHH BHIIIE.

1) Po3paxyHOK yMOBHUX BapiaHT u;:

JUIsL AMCKPETHOTO BapiallifHOTO PALY: Ui=X—C;

: . . x;—c¢
ISl IHTEPBAJIBHOTO psifly (3 pIBHUMM iHTepBanamu h): u; = —

, AC

X; — cepeaHa inTeppaiy X, . lle poOUTb yMOBHI BapiaHTH L[LTMMH YUCIIAMH,
IO CIPOIILY€E OOYHCIICHHS.
v !
VY MoBHUI MOMEHT k-0 NOPAAKY ( L ) PO3PaXOBYETHCS 32 POPMYIIOLO:

k
u. . .
7 =—z -, (4.35)
JIe u; — YMOBHI BapiaHTH; n; — 9aCTOTA BapiaHTH X; a0 4acTOTa iHTEpBAIY;

> n; =n — 3araipHUR 06CAT CyKYIHOCTI.

115t po3paxyHKy acuMeTpii Ta eKclLiecy HaM 3Ha{00IAThCSl MOMEHTH 10
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4-ro MOpAIKY: K, My, My, My

LenTpanpHi MOMEHT k-TO MOPSAIKY ,u;: — II¢ MOMEHTH BiJHOCHO
BHOIPKOBOI cepeaHbOl x. Bomu PO3paxoOBYIOTECS Yepe3 YMOBHI MOMEHTH
H:
UEHTPAJIbHUM MOMEHT 1-ro MOpsIIKy ,uf =0 (3a O3HaYCHHSIM),
LeHTpAIbHIIT MOMEHT 2-T0 OPAIKY L = 14y — (1] )2 (mucrmiepcis),
HEHTPATBHUIA MOMEHT 3-TO MOPSIIKY y; =15 =3 + 2(/11’ )3 ,
LeHTPAILHIIT MOMEHT 4-T0 TOPAIKY 11y = 1}y — 4 g 1] + 6 115 (11] )2 - 3(;/)4

BuxopuctoByroun po3paxoBaHi IEHTpalIbHI MOMEHTH, MOXHA
o0unMcnuTH  KoedillieHTH  acuMeTpii Ta  ekcuecy. Y  BHNAAKY

Xi

BUKOPHCTOBYBAHHA YMOBHHUX BapiaHT u; = OTpHMaHi LEHTpalbHI

MOMEHTH BIAHOCSTBCS 1O u;. J{isl OTpuMaHHS CIpaBKHIX MOMEHTIB (11010

. o .F k
X;) HEOOXi/IHO TOMHOXKUTH 3HaWIeH] 4 Ha h' .

Koegiyienm acumempii  (acumempuunocmi) A,, 3aCHOBaHUH Ha
MOMEHTaX, JOPiBHIOE:

s
A = = (4.36)
o
. . *
JIe 0 — CepeHE KBaIpaTUYHE BIIXMICHHS, IKE IOPIBHIOE O =4/ L) .
SAxmo A~0, TO PO3MOALTT CUMETPUYHAN YU OIU3BKHUHA 10 HBOTO. SIKIO

A;>0, TO pO3MOIisl Ma€ MPaBOCTOPOHHIO acHMeTito. SKIo A <0 To po3moin
Ma€ JTIBOCTOPOHHIO aCHMETPIIO.

Koedgiyieum excyecy Er Bu3Ha4aeThes 3a GOpMYJIOLH0:

E =t _3-_H4__3 (4.37)

o' (wf

KoediwieHT exciiecy moka3ye rocTpoBepXicTh a00 IIOCKOBEPIINHHICTh
po3Moniy B TOPIBHAHHI 3 HOpMaubHUM: skmo F>0, posmomin e
rocTpoBepXuM; Ko Fx<0, po3mnoaia € miIocKOBepIINHHNM; Ko Ex=0, To
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O30T HOPMATEHUH.

3aysaxycennsa 4.2. Y BUNAIKY 1HTEPBAIBHOTO PSLY IS ITiIBHICHHS

TOYHOCTI PO3paxyHKiB Koe]illieHTiB amcrepcii (,u;) Ta eKcIecy (,uZ)

2
3aCTOCOBYIOTHCS IIOIIPaBKU IlTenmappa: ,uv‘(cmp) ,u; ?2
oo B TRt : ,
Hy(cxop)= M4 —7- Ho +% , Je h — BenmnumHa 1HTepBany. L1 mompaBku

BHUKOPHCTOBYIOTHCS TSI TOJAJIBIIIONO PO3PaxyHKyY Ay Ta Ej, ane mpakTHIHO
YaCcTO OITyCKAIOThCH, AKIIIO IHTEPBAIN JTOCUTH Mai.

Mpukaag 24. [IpoTsaroMm NEBHOTO 4Yacy y B3YTTEBOMY MarasuHi
¢dikcyBaBCsS pO3MIp B3YTTA, sIK€ KyIMyBalW TMOKYII, [UIsi BHU3HAYCHHS
CEePeIHBOTO PO3MIpPY HOIOBIYOTO B3YTTS, HAa KWK MOTPIOHO Opi€HTYBaTHCS
MIPY ONTOBUX 3aKymiBIsiX. [loeqHYIOYHM OTHAKOBI 3HAUEHHS PO3Mipy B3YTTA,
OTpHMAaJH HACTYITHUH 3rPyIMOBaHNUN BapialliiHUi psi:

Xi 38 39 40 41 42 | 43 44 45 46
ni 1 4 8 12 13 12 6 3 1

OOYHCIUTH TUCTIEPCII0 PO3MIPY B3YTTSL, SIKUI Ma€ MOMUT Yy HACEJICHHS.

Po3z¢’szannsn. Cropucraiitecs dopmynoro (4.32). Bubepemo ¢=42 i
po3rasHeMO BenuuuHy U=X—c=X-42. 3anummmo [uid Hei 3rpyloBaHUMN
Bapiariitanii ps;

u=x—c | 4 | -3 -2 -1 0 1 2 3 4
n; 1 4 8 12 13 12 6 3 1

3Ha171z[eMo Jqucrepcii O'f 3a opmyiioro (4.31). Maemo h=1, n=60. Toxi

zu oy =(=4)1+(=3)-4+(=2)-8+(=1)-12+0-13+1-12+2-6 +

+3-3+4-1:—4—12—16—12+O+12+12+9+4:—7,

— Zu n € ( 7)=—l.

" 60 60

9
Su?- ,.=(—4)2-1+(—3)2-4+(—2)2-8+(—1)2-12+0-13+12-12+

S
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+22.6+43%2.3+42.1=16+36+32+12+0+12+24+27+4=163,
9
l.zuf.ni:i.lﬁzg_
n = 60 60
2
G)g:@_i _163 49 9B 503,
60 | 60 60 3600 3600

Biamnosias: 0')% =2703.

Mpukaang 25. Ha mniampuemcTBi mpoaHamizyBadu MAaHi PO BiK
CHiBpPOOITHHKIB (Y pOKax) Ta CKIIAIHA TaOJIHUITIO

Bixogi rpymu (x;) |[20;30) |[31;40) |[41;50) | [51;60) | [61;70]
KinpkicTh
MIPALIOIYHX H;

4 10 15 7 4

OO6uncnautn BUOIPKOBY CEpEIHIO, AUCIEPCI0, aCUMETPil0 Ta EKCIIeC,
BUKOPHCTOBYIOUH CIIPOIIEHHUH CIIOCIO pO3paxyHKy.
Po36¢’a3anns. 3aranbHuil 00CAT CYKYITHOCTI:

5
n=Yn=4+10+15+7+4=40.
i=
Bennunna intepBanmy h=10. 3HaiizeMo cepenuHH IiHTEpBaJIiB 3a
;XX ,  20+30 , 31440
dopmynoro  X; = % ox = =25, xy= =35,5;

41+50:45’5; % :51;60:55’5; o= 61+70

Xy = =0655.
Bubupaemo "ymMoBHHI HYIIB" ¢ — cepelMHy IHTEpPBAIY i3 HAHO1IBIIO
gacToToro (n;=15), To6TO c=45,5.

!/

. . X, —c
PO3an0By€MO YMOBHI Bap1aHTH U; 3a (bOpMy.]'IOIO u; = lh :
B85 0e, 3550455 455455
10 10 10
4y 2335455 o 6552455
10 10

Ji1st 3pyYHOCTI CKIIaIeMO PO3paxyHKOBY Tabmuio 4.7.
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Taommus 4.7

X; n; Ui Uuin; u,-z -1 u? -1y ”i4 -y
25 4 | 2,05 | 82 | 16,81 | —34,4605 | 70,644
355 | 10 | L0 | —10 10 -10 10
455 | 15 0 0 0 0

555 | 7 1,0 7 7 7
655 | 4 2,0 8 16 32 64
T 40 3,2 | 49,81 | 54605 | 151,644

3Haii1IeMo BUOIPKOBY CEpPEIIHIO X 32 dhopmyioro (4.30):

x=455+—% —3,2 -10=44,7 .
40

Hucnepciro Gi 3HalaeMo 3a opmynoro (4.31):

2
=100- DOI1_(=32 =123,885.
40 40

3HalIeMO YMOBHI MOMEHTHU 1), i, i, iy 33 Gopmyroro (4.35):

i = =32 _ _0,08: 1 = 81 24505 s = —34005 _ 1365125,
40 4
m :%:3,7911-

40

Jdnst  po3paxyHKy IIEHTPalbHUX MOMEHTIB ,uf , y;, /4; , ,uZ
BUKOPUCTOBYEMO (POPMYJIH MEPEPAXYHKY:

1, = 1t — (1] ) =1,23525—(~0,08)* =1,23525—0,0064 =1,22885 ;
1 = by =3 bt +2(1d] P =01365125-3-1,24525-(~0,08)+2 - (=0,08)° =
=0,4343485;
* ' "o ' \2 N4
sy =y — A + 612 (1Y =3(2)* =3,7911—-4-0,1365125-(~0,08) +
+6-1,24525-(~0,08)* —3-(-0,08)" =3,88247872.
3Haiiemo koedilieHTH acumeTpii Ay Ta ekcuecy Ej.
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. . . Xj—c
OckinbKd  BMKOPHCTOBYBAIM yMOBHI BapiaHTH u; = — , TO

h
OTpHMaHi LEHTPaJbHI MOMEHTH BiTHOCSATBCA A0 u;. s OTpuMaHHS

CIIPaBXKHIX MOMEHTIB (IOJ0 X;) HEOOXIIHO TOMHOXUTH L/, Ha h*

MowmenT | BinHocHo u; CrpaBxHiit ,uZ (B1THOCHO X;)
1 1,22885 1,22885:10°=122,885
y; 0,4343485 0,4343485:10°=434,3485
m 3,88247872 3,88247872:10%=38824,7872

CepenHe KBaZpaTUYHE BIIXWICHHS: T = \/;; =,/122,885 ~11,08535.
3HaiiieMo KoedillieHTH aCUMETPil Ta eKclecy
M3 4343485 4343485
o (11,08535)’ T1362,2231

£ _,u_z 3 38824,7872 , 38824,7872
ot T (1108535 151007194

Ockinbku A,>0, o3IO Mae HEBEJIMKY IPABOCTOPOHHIO aCUMETPIIO.

Ockinbku Ex<0, po3moii € MmIOCKOBEPITUHHUM ITOPIBHSHO 3 HOPMAIBHUM.

Bianosins: x =44,7; o> =123,885; A,=0,3189; Ex=—0,4289.

0,3189;

3~-0,4289.

4.4 MeToay 3HAXOIKeHHS TOYKOBHX OLIIHOK

TouKOBi OILIIHKM BUKOPUCTOBYIOTHCS, KOJTM MU ITOBHHHI OTPUMATH OJIHE
KOHKpETHE 3HAUeHHs JUI1 HeBigoMmoro mapamerpa. Lle HeoOXimHO y Takux
BUIIAJIKAX:

* [Ipoenosu ma nepeobauenns: Skmo Bu Oymyere MOAENb IS
NPOTrHO3YBaHHs, HAPUKJIa] MalHOYTHIX MTPOAAXiB, BaM NOTPIOHO OTpUMAaTu
TOYKOBE 3HAUEHHSI, 100 3pOOUTH KOHKPETHUM MPOTHO3.

» Vxsanenus piwens: Komu pilleHHS Mae IPyHTYBaTHUCS HA OJHOMY
3HAYCHHI, HATIPUKJIA, ""cepeHs 3apIiaTta B KOMIaHii ckiagae X"

»  Ilopisuanuss  mooenei: ToukoBi  OWIHKM  HapameTpiB
BUKOPHUCTOBYIOTBCS JIJISI TIOPIBHSIHHS €()EKTUBHOCTI Pi3HUX CTATHCTHYHUX
MOJEIEH.
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IcHYIOTH TP OCHOBHI METOIM OTPUMAHHS TOYKOBHX OIIIHOK ITapaMeTpiB
TeHepaTbHOI CYKYIMHOCTI: METOJ] MAaKCHUMAaJBFHOI MPaBIOMOAIOHOCTI, METOT
MOMEHTIB Ta METOJ] HAUMEHIIINX KBapaTiB.

4.4.1 Metoa MakcUMAJIbHOI IpaBAoNoOAiOHOCTI

Meton wmakcumanbHOi mpapaononionocti (Maximum Likelihood
Estimation, MLE) — e oauH i3 HaWNONMIMPEHIMIMX MiIXOAIB IS OI[iHKH
napaMeTpiB CTaTUCTHIHOI Mozelni. OCHOBHA ifiesl TOJIATA€E Y TOIIYKY TaKuX
3HaYeHb MapaMeTpiB, MO0 MaKCHUMI3yIOTh (YHKIIIIO TPaBIOMOAiIOHOCTI.
OyHKIis mpaBAONoAiOHOCTI BUMIpIOe "HMOBIPHICTB" CHOCTEpPEIKEHHS
HasSBHUX JAHUX 3a TICBHUX 3HAYCHb MTApaMETPIB.

MeTo MaKCHMaJIbHOI TPaBONOAi0HOCTI YaCTO BUKOPUCTOBYIOTh JIJIS
3HAXOJUKCHHS TOYKOBMX OILHOK MapaMeTpiB 3aJaHoro posmominy. Moro
aNropuT™M Tependavae JOCHLKeHHS (QYHKIOII omHOro abo KiIbKOX
HEBIIOMHX MapaMeTpiB Ha MAKCHMYM.

PosriissHeMo BUOIpKY CIIOCTEPEIKEHD X1, X2, .. ., Xn BUNIAJKOBOT BETUYMHU
X, 3aKOH PO3IOLTY SKOI MICTHTH HEBiIOMU# mapameTp 6.

O3nauenun. 4.23. @yukyis npagoonodionocmi L(x1,x2,....x:;0) — 1€
CHiJIbHA IIUIBHICTh HMOBIPHOCTI (200 HMOBIPHICT) OTPUMaHHS BUOIPKH X1,
X2, ..., Xn, IO CIIOCTEPIra€ThCA, TIPU JAHOMY T1apaMeTpi 6.

Skmo  BumagkoBa  BedMyMHa X JMCKPETHa, TO  (DyHKIIis
paBaoONoaiOHOCTI L(Xx1,x2,...,xn;0) BU3HAUAETHCS (DOPMYJIIOHO:

L(xy, X550, %,50) = p(x150) - p(x2;0) ... p(x,,;0) =

= H P(xii ‘9)’
i=1

(4.38)

ne p(xi, ) — AIMOBIpHICTB TOTO, IO B Pe3y/IbTaTi BUNIPOOyBaHHS BeHYMHA X
[IpUiiMe 3HAYEHHS X;.

Sxmo BumagkoBa BenmmuMHAa X HENMEpepBHa, TO  (PyHKIA
MpaBIONOAIOHOCTI L(Xx1,x2,...,xn;0) BU3HAUAETHCS (DOPMYIIOFO:
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L(x),X5,...%,50) = f(x150) - f(x250)-...- f(x,;0) =

= f[ f('xi" 9)7
i=l1

(4.39)

ne f(xi, ) — WinbHOCTI IMOBIPHOCTI KOYKHOTO CHIOCTEPEIKEHHS X;.

3a oWiHKYy HeBimoMoro mapamerpa € NPUAMAIOTH TAaKE YHCIO
0'=0"(x1,X2,...,X1), IPH IKOMY (QYHKIisS NPaBAONOMIOHOCTI L(x1,X2,. .., Xn;0)
apryMenry 6 10csarae MakCUMyMYy.

3aysaxcenns 4.3. Jlns CpolIeHHsS MaTeMaTHYHUX BHKIAIOK 3aMiCTh
IpsSMOTO JOCHiKeHHsT PyHKIIT L Ha MakCHMyM aHalli3yroTh ii jgorapudm
InL. Taku#i maXia € MITKOM KOPEKTHUM, aJKe 0OUIBI (PYHKIII{ JOCATAIOTH
EKCTPEeMaJbHOTO 3HAYEHHS 3a OJHOTO W TOrO caMoro mapamerpa 6, mpote
poborta 3 jJorapuMoM CyTTEBO 3HHIKYE CKJIAIHICTh OOUMCIICHD.

Hanpuxian, norapupmyemo gpyukiiro (4.39):
I L(X), X000 %,50) =0 (£ (x130) - f (x250) ... f (x,,50)) =

=S £(x:6) (440
i=1

11106 3Haiity 3HaueHHs 6, sxe MakcuMmisye (yHkiioo (4.40), po6umMo
HACTYIIHE:

a) 3HaXOMMO TOXiTHY Bif InL(x1,x2,...,x,;6) 110 6:

dIn L(x;,%5,..,x,50)
deo ’

0) pupiBHIOEMO 11 10 HYJIS:

dIn L(x;,%,,..,%,;6)

=0 4.41
70 (4.41)

. P . . * .
1 pO3B’sI3yeEMO OTpUMAaHE DiBHSIHHSA, KOpiHb sikoro € 6. PiBusuus (4.41)
Ha3UBAIOTb PIGHAHHAM HPAGOONOJIOHOCHI)

d? In L(x,x,,..,x,;60)
do?

B) 3HAXOJMMO JPYTy NOXiIHY . SIk1o BoHa npu
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0=0" Bin’emMHa, TO §° — TOUKA MAKCHMYMY.

Hpuxaag 26. 3HaWTH METOOOM MaKCHMAJIbHOI IPaBIOMOIiOHOCTI
OI[IHKY TTapaMeTpa A eKCIIOHEHITIaTbHOTO PO3IOILTY.

Po3é’s3anns. Hexaii x1, x», ..., X, — BUOIpKa CITIOCTEPEIKEHD BUITATKOBOL
BeMMYMHN X, sKa Ma€ CKCIIOHCHINIAThHUN pO3MOALT 3 HEBITOMHM

napameTpoM A, To610 P(X =x)=Ae *, x>0,
CxitaziemMo (yHKIIIFO TIPaBJONoNi0HOCTI, BpaXyBaBIIH, 10 H=A,:

L(X)s X000 X3 0) = P13 A) - P33 A) o p(x,3A) = [ [ A€ =
i=1

*iixi
=)".e ©
3Haifemo norapuMidHy QYHKIFO TPaBAONOIiOHOCTI:

n

in,-

lnL(xl,xz,..,xn;/l):]n(")+lne =l zn-hl/l—lixi.
i=1

Hudepentitoemo InL(xi,X2,. . .,X:;A) IO A 1 IPUPIBHIOEMO IO HYJIS:

din L(x,%xy,.,x,;1) n =n n n n n
dA A izl A = i=1
K . . ﬂ,* _ n 1 - 6.
OpiHb piBHsHHA A = — ; , Ie X — BUOIPKOBE CEPEJIHE.
in
i=1
. ) dzlnL(xl,xz,..,xn;l . .
3HaieMo APYTY TOXiTHY prs i mepeBipuMo 1i 3HAK MpH
. d21an,x s X, A n
A=\". Matumemo: (o 22 n:H) =——.
ax A
1 . .,
Ilpu A == nppyra moxigHa Bif’€MHA, OTXKE, IS TOYKA € TOYKA
X

MakcUMyMmMy 1 1 Tpeba TpPHHHATH SK  OIIHKY MaKCHUMalbHOT
MPaBIOMNOAIOHOCTI  HEBIJIOMOrO  mapamMerpa A  ©KCHOHEHI[aILHOTO
po3noziny.

Bigmnosias: A=

==
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4.4.2 MeTtox MOMEHTIB

Merox momenTiB (Method of Moments) — e oguH 13 HalCTapIMIUX i
HAHOUTBIT IHTYITUBHUX ITiIXOIB JIO OI[IHKY IapaMeTpiB. Bin 3acHoOBaHu Ha
NPUHIIMII, [0 TEOPETHYHI MOMEHTH PO3MOALTY JOPiBHIOIOTH BUOIPKOBUM
MOMEHTaM, PO3PaxOBaHUM 3a TaHUMHU.

Hexaif BimoMuit 3aK0H pO3MOIiTY BHITAKOBOI BETHYUHH X, IO MiCTHUTh
HeBizmomi mapamerpu 61, 6, ..., 6. Maemo BUOIPKY HaHUX Xi, X2, ..., Xn
BUTAAKOBOI BenManHU X 00CsATY 1. 3a METOJOM MOMEHTIB HeoOXimHo k
TEOPETHYHUX MOMEHTIB MPHPIBHATH 0 k MEPIINX BHOIPKOBMX MOMECHTIB
BUITaJIKOBOI BEJTMYMHHU X, 3HAIOUH, 1110 k-i1 TeOpeTUIHUI MOMEHT M| (X*) — e

MaTeMaTHyHe crojiBaHHs X', a k-ii BUOGIpKOBHMiI MOMEHT — 1€
» 1 &
v == (x; ). Marnmemo cucremy
ni=1
1 n
0 _1& o D(X) =Dy,
M (X )—;lei a60 (4.42)
i -
C 12 _
e, MX -(MX))H==>(x;, -0)F.
M(X )=—le- n,;_
ni=
3 OTpMMAaHOI CHCTEMH piBHAHB 3Haxomumo ouinku 60;°, 6", ..., O
napameTpiB 61, bs, ..., O

3rifHO 3 METOJOM MOMEHTIB, ISl OLIHKH €IUHOIO0 HEBIZIOMOIO
napamMeTrpa po3MoJiUly JOCTaTHBO WPHUPIBHATH TMEPIIMKA TEOpEeTHUHHN
MOMEHT (MareMaTuuHe crogiBanHs M(X)) 10 BIAMOBIIHOTO BHOIPKOBOTO

s
MOMEHTY [IE€PUIOro NOpAAKy v, . Matumemo

M(X)=xs. (4.43)

OcCKibKM MaTeMaTH4HE CIOJ[iBaHHS O€3MOCepeHhO 3aJCKUTh BiJ
napameTpiB po3MOAiTy, po3B’si3aHHs piBHSHHA (4.43) no3Bonse 3HATH
IIyKaHy TOYKOBY OI[IHKY.

VY curyariii, KOJM 3aKOH PO3IOJLITY BU3HAYAETHCS JBOMA HEBIIOMHUMU
napaMeTpaMH, METOJ MOMEHTIB mependadae MoOyJOBY CHUCTEMHU 3 JIBOX
piBHsHB. st 1bOTO JBa TEOPETHYHI MOMEHTH (3a3BHYaii MaTeMaTHYHE
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criomiBanHs M(X) ta mucriepcito D(X)) IpUpiBHIOIOTH 0 iXHIX BUOIPKOBUX

. . . . *
aHAJIOTIB BIAIOBIHOrO IOPSAKY — BHOIPKOBOIO CEepeaHBOro v, (Xp) Ta
. . s *
BHOIpKOBOI Jtctiepcii v, (D, ):

M(X)=xs, (4.44)
D(X)=D,.

OCKUTBKH JTiBI YacTHHH CGHOPMOBAHHX PIBHSHb € TEOPETHUYHUMU
(GYHKIISIME TTyKaHUX TIapaMeTpiB, po3B’si3aHHs cuctemu (4.44) mo3BoJsie
00YHCIIUTH KOHKPETHI 3HAYEHHS OI[IHOK.

Mpuxnaxg 27. BumagkoBa BenwunHa X PIBHOMIPHO pO3MOIiJICHA.
OtpumaHna BUOipKa JaHUX X; BUTIQAKOBOI BenmmauHu X oocsary n=100:

Xi 3 7 11 15 19
ni 21 16 15 26 22

3HAWTH OIIHKY MMapaMmeTpiB a i b PIBHOMIPHOTO PO3MOMITY METOIOM
MOMEHTOB.

Po3é’azannn. BpaxoByrouw, 10 BUMNAgKoBa  BennymHa X
HiAMOPSAKOBY€ETHCS 3aKOHY PIBHOMIPHOTO PO3IO/iTY, IMOBIPHICTH ii OsSBA
€ CTaJOl0 Ha BCHOMY MPOMiXKY [a, b]. Lle mo3Boise BUKOPUCTOBYBATH

YHUCJIOBI XapaKTEPUCTUKU BU3HAYAKOTHCS 3a opmynamu: M (X)= a;b -
. (b - a)2 . .
MaTeMaTu4dHe crogiBaHHsA, D(X)= T — aucnepcist. 3TiIHO METOIy
MOMEHTIB HEOOXiJTHO PO3B’SI3aTH CUCTEMY:
M (X)=xs,
D(X)=D,.
3Haiinemo Xp i D, 3a popmynamu (4.4) ta (4.10) BignoBigHO.
_ k
X =12xi n; =L-(3-21+7-16+11-15+15-26+19~22):L-1148=
nig 100 100
=11,48.

k —
D, =l-2(x,. —x5)’m :L-((3—11,48)2 21+ (7-11,48)* 16+
n 5 100
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+(11-11,48)* 15+ (15-11,48) - 26 + (19 -11,48) -22):ﬁ-3400,96 =

=34,0096.
[TincTaBnsemo B CUCTEMY Ta PO3B’A3YEMO 1
a+b
=11.48, a+b=2296,
(b— )2 = b= 267616 = a=13791 b=215809.
Vo4 _340096 (4TOTHIO

Biamogiap: oninku napamerpis: a=1,3791; b=21,58009.

4.5 3aBaanHs A5 caAMOCTiHHOI po6oTH

3aBaaHHs Binmosins

1. 3a BubGipkorw obcsary n=>50 3HaleHO 3MillleHy
OLIHKY D, =9,8 TeopeTH4HOi qucnepcii. 3HanTn )
BHIIPABIICHY OIIIHKY JHCIepCii TeHepalbHOl s©=10.
CYKYITHOCTI.

2. 3a cemecTp CTyIEHTaMU TPyIH 3 TpeaMera
«Buma matemarrnka» Oylio OTpHMaHO Taki Oaiw:
46,49,61,63,74,76,83,86,91,93. 3HaiiTn cepemHiii
0aJst 3a cemecTp JUIs L€l TPYIU CTYICHTIB.

xs =722

3. B pesynbrari mectn BUMIpiB Aeqkoi (izmaHOl
BEJIMYMHU OJHUM TMPHUJIaJIOM OTPUMaHi Taki X = 23333,
pesympTaT: 25, 23, 21, 26, 22, 23. 3HaiiTn 5
HE3MIIEH]I OIIHKM TIeHEePalbHOI CepelHbOi Ta s° =3,467.
TeHepaTbHOI JHcTIepCii BUMIPIOBaHb.

4. 3HaliTU OCHOBHI XapaKTEPUCTUKM 3aJaHOi |
BHOIpKH: xs =4, D, =18,

Xi 2 4 5 6 S2 — 1,86 )
n| 8|9 10]3
5. 3HallTH acUMETPIil0 Ta €KCLEeC IS 3aJaHOro
CTaTUCTUYHOTO PSIIY: A, =0,1352,
Xi 2,6 |3 |34 3,8 42 E, =-0,337.

ni |8 |20 |45 (15 |12
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3aBmaHHs Binmosinb
6. 3HaliTH TOYKOBI  OI[IHKK IapaMeTpiB s =391
reHePanLH01 CYKYITHOCTI Ui  1HTEPBaJIHHOTO D, 59,24,
paAay:
x| [25 [[58) [[&11) [[1114] D, = s* =60,45,
n; 9 10 25 6 o. =7,77.

7. 3 reHepanbHOI CYKYITHOCTI BUITy4€HO BUOIPKY,
MOJAaHy Y BHIIISAI JUCKPETHOTO PSLLY:
xi |6 |8 |10 |12 |15 |18 |20

s~423 M, =12,

ni |5 |7 |10 |14 |10 |8 |6 M:=12.
3HalTH  BUIPABICHE  CEPEOHBOKBAIPATUYHE
BIIXHMJICHHS, MEJIiaHy 1 MOJy.
8. 3HaliTu BUOIPKOBE CEpEIHE, HE3MIIICHY
BUOIPKOBY AMCIEPCiO Ta He3MimeHe BUOIpKOBE Y = 7.68
CepeqHe  KBaJpaTW4HE  BIAXWICHHS IS T
CTaTHUCTUYHOTO PSAY: s? =773,
x| 217 |9 |10 s~278.
n | 8 |14 |10 |18
9. 3nHaiiTh MoAy 1 MeJiaHy 3a JaHUMH .
IHTepBAJILHOTO PAAY: M, =1833,
xi [14;16) [16;18) |[18;20) ([20;22) [22;24] *
ni | 2 6 10 4 3 M =185
10. 3HaliTH METOJOM MOMEHTIB  OIHKY
napamerpa p (IMOBIpHOCTI) TE€OMETPUYHOTO
PO3IOIiTY P(X=x)=0-p)i'p, ne 1
X|sX55...,X,, — KUIbKICTb BUIIPOOYBaHb /10 MOSBU p _;
noJiii; p — IMOBIPHICTh MOSIBH TOJIl B OJHOMY
BUNPOOYBaHHI.
11. 3a naHUMHM PO KUTBKICTh MPOAAHUX TOBAPIB
3a JIeHb (X;) Ta BiJNOBIHY KUTBKICTh JHIB (11;):
xi [10[12 |14 |16 |18 A, ==-0,083,
n | 215 (12 |7 |4 E, =-0471.

3 BUKOPHUCTAHHSM YMOBHHUX BapiaHT 3HANTH
Koe(IIIEHTH aCUMETPIT Ta EKCIIECy.
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3aBgaHHs

Binmosinb

12. Psy po3noainy 3apo0iTHOT Tutat (y THC.TPH.)
pPOOITHUKIB  JESKOTO  I[eXy  MiJIpPHEMCTBA
HaBEJCHO Y TaOJIHIIi:

xi [[21,2;21,4) |[21,4;21,6) |[21,6;21,8)
ni 7 12 12

xi [[21,8;22,0) [[22,0;22,2]
n; 9 5

[ToTpibHO OoOuHMCIMTH KoedimieHT Bapiarii V .

VvV x115%.

MaKCHMAaJIbHO1
mapamerpa A

13. 3HaiiTn
MPaBAONOIOHOCTI

METO/IOM
OIIHKY
i
posnoxiny [lyaccona: P(X =x; )= ;e_ﬂ“ , e X1,
!
X2, ..., X, — BUOIpKa CIIOCTEPEKEHb BUIAJIKOBOI
BEJINYMHH X.

14. Po3nopin mpariBHUKIB 332 cTaxeM (y poKax)
3aJaHO IHTCPBAJIbHUM PAOOM:
lHTepBar | 3 135 |57 | 7-9 |9-11
CTaXy
n 5 12 18 10 5
3aCTOCOBYIOUM CIIPOIICHHH CIIOCIO PO3paxyHKY
3HAlTH BUOIPKOBY CEPEIHIO Ta JHUCIIEPCIIO.

x=5092:
o2 =49536.

15. 3acTocoBylouu  CHOpPOIICHHH  CIOCIO
pO3paxyHKy 3HAWTH CepenHil Oam Ta JAHUCIEPCiro
YCHIIIHOCTI CTYJICHTIB 3a TJAaHUMH Y TaOJIUIII:

ban, x; 12 |13 |14 |15 |16

KIHI)KI('BTI) 317 (1518 |2
CTYJICHTIB, 7;

x=1397;
o2 =0,999.

5 InTepBasbHi oninky mapaMetpis. JloBipdi iHTepBaan

ToukoBi OIIHKK HEBIZIOMOTO mapaMeTpa 6 3py4yHi SK MOYaTKOBI
pe3ynbTaTi 00poOKH criocTepekeHb. TOYKOBa OIIIHKA JIa€ HaM OJ[HE YHCIIO,
sKe, MIBHUJILIEC 32 BCe, HE CIiBHaJe i3 CHpaBXHIM 3HAUYCHHAM Napamerpa
reHepabHOI CYKYITHOCTI Yepe3 BUIIAJKOBICTh BUOIpkU. BoHa He mae Ham
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VSBJICHHS TPO T€, HACKUIBKM ISl OIiHKa To4HA. /{1 BHpIIIEeHHA Ii€l
MpoOJIeMH BUKOPUCTOBYIOTh IHTEPBAIbHI OIIHKH.

[HTEepBaIbHI OLIHKY BUKOPHCTOBYIOTHCS, KOJIH:

1) HeoOximHo oIiHUTH TOYHICTH OIliHKU. lle ToNOBHA mepeBara
IHTEpBAIFHUX OIIIHOK. BOHM NalOTh yABIEHHS MO T€, HACKIUIBKU HailHa
TOYKOBA OLIIHKA.

2) Konu BaxkIIMBa TOYHICT Ta HAIIHHICTD: Y HAYKOBUX JOCIIIXKCHHSIX,
MEINYHUX BUMPOOYBAaHHSIX, KOHTPOJI SIKOCTI, /1€ TIOMIUIKH MOXYTh MaTH
cepito3ni Hacminku. Hampukian, omiHka edeKTHMBHOCTI HOBUX JIIKiB, J€
B)XJIMBO 3HATH SIK CEpe/iHiN e(eKT, Tak i Jiama3oH, y KoMy el edekr,
HIBUJIIIE 32 BCE, IepeOyBac.

3) Ilpu manux Ta cepeqHix BuOipkax: SAKmo oOcsar BUOIpKH HEBETUKUH,
TOYKOBA OIlIHKA MOYE CHIJIBHO BiJpPI3HATHCS BiJ CIIPaBKHHOI'O 3HAUCHHS
napaMerpa. [HTepBaibHA OIliHKA Y I[bOMY BUIAJAKY JIa€ OUIBII peamiCTUIHE
VSIBIICHHS TIPO MOKJIMBHH JiaNa30H iCTHHHOTO 3HAYCHHSI.

4) [Jna po3yMmiHHS [iama3oHy MOXIIMBHX 3HAa4eHb MapaMmerpa.
[HTepBabHI OIIHKH MOKa3yIOTh, Y SKUX MEXKax, IMOBIpHIIlIe, € CIIPaBKHE
3HAYCHHSI, 1[0 OCOOJIMBO BAXKIIMBO, SKIO PO3KU JAHUX BEITUKHU.

5) Ilix gac myOmikarii HAyKOBHX pe3yJbTaTiB. Y HAYKOBUX CTATTAX Ta
3BiTaX, SK MpPaBWIO, MOTPIOHI i1HTEpPBaIBHI OI[iHKK, WHIO0 IOKa3aTH
Ha/IIHHICTh Ta CTATUCTUYHY 3HAYYILICTh OTPUMAHUX PE3yJIbTATIB.

s inmepsanvrux OYIHOK 6adCIUBi Maxi eumo2u: 3aJlaHUil pPiBEHb
JIOBipH, MiHIMaNbHa WIMPHHA IHTEpBAIY NpPU 33aJaHOMYy piBHI JOBipH
(mmprHa iHTEpBally MPONOpPHiiHA TOYHOCTI), CIPOMOXHICTh (K 1 JuIs
TOYKOBHX OL[IHOK), TPABHUJIbHE ITOKPUTTSL.

Ilepesacu  inmepsanvuux oyinox: IHTEpBaNbHI OLIHKH  OUTBII
iH(OpMAaTUBHI, OCKUIKH BOHH HAJal0Th Jiala3oH 3Ha4eHb Ta acolliiioBaHy
JIOBip4y WMOBIPHICTB TOTO, IO CIIPABXKHIH TApaMeTp 3HAXOAUTHCS B IILOMY
niamasoHi. Lle 103BosIsie€ OLIHUTH PU3HUK T2 HEBU3HAYEHICTb.

[ * w
Hexait cratuctuuHa XapakTepucThka 6 (Xi,X2,...,X,), 3HaigeHa 3a
JAHUMH BHOIPKH (X1,X2,...,X,), CIY)KUTh OLIIHKOK HEBIIOMOTO mapamerpa .
Ba)KaTHMEMO MMOCTIHHUM YHCIIOM MOJXKE TH 1 BHITaJIKOBOIO
B 0 0 0

BeMunHOI0). YuM Menmie |§—0°|, Tum Tounime §° Bu3HAaUae napamerp 0,
TOOTO |¢9—9*|< 9, ne 6>0. UuM MeHIIe O, TUM TOYHIIIIE OLIHKA.

O3nauennsn 5.1. Benuunny 8 HaA3UBAIOTh MOYHICINIO OYIHKU.
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Oznauenns 5.2. Inmepsanvna oyinka — 1e THTEPBAI, SKUH 3 TICBHOIO
HMOBIPHICTIO (IIOBIpYOI0 HMOBIPHICTIO) MICTHTHh HEBIIOMHUH mapameTrp 6
TeHEePaIbHOI CYKYITHOCTI.

Ockinbku |0-0°|< 8, To —8<6-0"< 8. 3Bincn maemo ' —5<H<H+3 abo
0 e (9* -5, 60 +5).

O3nauennsn 5.3. Haoitnicmio oyinku (006ipuoto  tiMogipHicmio,
Koeiyienmom 0o8ipu) HA3UBAETHCS WMOBIPHICTD ), 3 KO BUKOHYETHCS
HepiBHicTh [0-0'|< §, T06TO P(|0—0°|< 5)=y abo

P(e*—5<0< 49*+5):)/,0<y<1. (5.1)

3a3Buy4aii HaaiHICTh Y BUOMPAIOTh 3a3naneriap. Tumnosi 3HadeHHs: 0,9
(90%), 0,95 (95%), 0,99 (99%). Uum Giink4e y 10 OAMHUIL, TUM HaIIHHIIIE
OIIiHKA.

O3nauennn 5.4. Jlogipuum inmepeanom € TaKWid YUCIOBHIA TTPOMIKOK
(0'—3;0+3), y Mexi SKOTO 3 3aJaHOI0 HaMiHHICTIO (MMOBipHICTIO)
MOTPAIUISE CTIPaBKHE 3HAYEHHS HEBiIOMOTo mapaMeTpa 6.

O3nauenns 5.5. Bemmunman 0—8 ta 6'+8 Ha3mBaoThcs 0ogipuuMu
Mmedncamu: 0'—8 — HKHS Mexa, 6 +3 — BepXHs Meska.

Tpeba MaTm Ha yBasi, O JUId pi3HUX BHUOIpOK ofHiei 1 Tiel x
TeHepaTbHOI CYKYITHOCTI MOXYTh BUXOJIMTH Pi3Hi JIOBIpYi iHTEpBaIIH.

3Ha4YeHHS! MEX JIOBIPUOro iHTEpBaJly 3aJICKUTh BiJl 3aKOHY PO3HOILTY
napametpa 6", T06TO Mexi pi3Hi s pisHUX po3noiniB. JloBipunii iHTEpBa
Mae BHUINAAKOBHMII XapakTep i 3a posTamyBaHHsAM (BizHocHo 6), i 3a
MIUPUHOIO (OCKIJTBKK MEXI 3aJIeKaTh BiJl JAHUX BUOIPKH), OTKE HOTO MEXKi
€ BHIAJKOBUMH BEJIMYMHAMH. TOMY MPHHHATO TOBOPUTH HE TPO
HMOBIpHICTh TIOTIAJ]aHHS TlapameTpa 6 B Jeskuil MOOyJIOBaHUN JNOBipYHi
IHTEepBaJI, a PO Te, IO MO0y JOBAHUH JOBIPUHU IHTEpBAI TIOKPHE TTapaMeTp
0 3 HagilHICTIO ).

O3nauennsn 5.6. Pisnem 3nauyuocmi o, HA3UBalOTh KMOBIPHICTB, 3 SIKOIO

3HAYEHHS TapaMeTrpa He MOTpPAaIuIAe y JOBIpYMH 1HTEpBall i BU3HAYAETHCS
o=1—y.
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3a3Buuaii o 3agaerses gk 0,1; 0,05 ado 0,01.
Hampuxutan, s vagitaocTi 95% piBens 3Hauymocti o=0,05.

5.1 Jlesiki craTucTU4Hi po3nogiamn

I'enepanbHi CyKyITHOCTI 4aCcTO MalOTh HOPMaJIbHUH 3aKOH pO3NOALTY. Y

[IFOMY BHITaKy 0arato 3 BUOIPKOBUX XapaKTEPUCTHK, y TOMY YUCI Xg , D,
5%, BUPQXKaIOTHCS Yepe3 HEBEIMKY KUIBKICTh CHEliadbHUX po3MmofaimiB. Sk
MPaBIJIO, ¥ MAaTeMaTH4HIA CTaTHCTUIll BUKOPHCTOBYIOTHCS HE MIUTHHICTB
OUX PpO3MOMLTIB, a JesAKi YHUCIOBI XapaKTEpUCTHUKH, IMpeJcTaBiIeHi
tabyuisamMu. Haifuacriiie B SIKOCTI Takoi XapaKTEPUCTHKH BUCTyIHae abo
KBaHTWJIb PO3MOJLTY, 800 KpUTHYHA TOYKA PO3MOILTY.

O3nauennsn_5.7. Keanmunem pisens p (0<p<l) abo p-xeanmunem
6unaoxosoi eenuyunu X HA3UBAETHCS TaKe 4YUCIO dp, MO WMOBIPHICTH
p=P(X<d,) nopiBHIOE 3a/1aHii1 BETUYHHI p.

Osnauennsn 5.8. Kpumuunoro moukoio po3nooiny 6Unadkogoi eenudunu
X (mns mMpaBOCTOPOHHBOI KPUTUYHOI OOJIACTi) HA3MBAETHCS TaKe YHCIIO
Xip(t), IO HMOBIPHICTB 0=P(X<x«p(01)) TOPIBHIOE 33a/JaHI¥ BENHYNHI -PiBHIO
3HAYYIIOCTI.

PosrnsiHeMo Kinlbka po3NOAiIiB, SIKUM MiAIOPSIKOBYIOThCS BUOIPKOBI
XapaKTepUCTUKU Ta SIKi BUKOPHCTOBYIOTH JUIsl MOOYOBH 1HTEPBaIbHUX
OLIIHOK.

Posnopuin Iipcona (y>—xi kBaapar)

Hexaii X; (i =1,_n) HE3aJIeKHI, HOPMOBaHI, HOPMaJbHO PO3MOJIIICHI
BUMAAKOBI BemuunHU 3 mapamerpamu N(0;1), tooro M(X;)=0, D(X;))=1 nns

i=ln.

Osnauennsa_5.9. Posnoodinom y* (xi-kéadpam) Ilipcona i3 4mciom
CTETeHIB CBOOOIM 1 HA3UBAETHCS 3aKOH PO3IOALTY BUIIAJIKOBOI BEITUYHHH,
0 sBJsE COOOI0 CyMy KBaJpaTiB CyMH 71 HE3aJIEKHUX CTaHIaPTHUX
HOPMAaJIbHUX BEJIMYHMH, TOOTO
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=YX, (5.2)
i=1

ne X; eN(O;l), i=Ln.

3ayeaycennn 5.1. KinpkicTh cTemeHiB cBoOOOM N € €IUHUM
IIapaMeTpoM y>-pO3IOIiTy i 3HaueHHs ¥ HeBin eMHi, T00T0 P()*<0)=0.

X>-pO3IIOT 3 N CTENeHsMU CBOOOIM MA€ YMCIOBI XapaKTEPUCTHKH
M(*)=n, D(y)=2n. Jlns BeIUKHX n PO3MOILT BHUIIQJAKOBOI BEIMYUHH )
OMU3BKHUI 10 HOPMATBLHOTO PO3IOIITY 3 HapaMeTpaMu a=n, 6>=2n. SIKIo x>
i y2* — He3alneXHi BUNAAKOBI BEJIWYMHHM 3 CTENEHSAMH CBOOOMM n i m
BiIIOBIZHO, TO 1X cyMa y1’+y2? TAKOK Ma€ y>-po3MOoAia 3 (n+m) CTEIEeHIMU
cBOOOIH.

Po3znoain Cteionenta (¢-po3moia)

Hexait X eN (O; 1) — BHIIQJIKOBA BEIMYHMHA, [I0 MAa€ CTAHAAPTHHI
HOpMAaJBHAHN pO3MoAin 3 mapamerpamu a=0, o=1, a V —ue3anexna Big N(0;1)
BHITa/IKOBA BEJIMUMHA, KA MAE Y>-PO3IOILI 3 71 CTENEHAMH CBOOOIH.

O3nauennsn __ 5.10.  Posnodinom  Cmwviodenma  (t-po3MOJIIOM)
Ha3MBAETHCS PO3MO/ILT BUIAAKOBOI BEITMYMHI
X

T,=— 5.3
"= (53)

3 k=n—1 cTeneHsAMH CBOOOIN.

[Tpu manux 3HaYeHHIX 1 po3noaia CThIOJEHTa MOMITHO BiAPI3HIETHCS
BiJl CTAaHJIAPTHOTO HOPMAJILHOTO PO3MOJITY, OJHaK pH n>30 1l po3noaiiu
OIU3bKI.

Posmonin CrhrojieHTa 3al€XHUTh Bl OJHOTO TapamMeTpa — YHCIa
CTENEHIB CBOOOIH k.

Posmonin CrhiofieHTa BiJirpa€ BaKJIUBY pOJib B MaTeMaTHUYHIN

CTATHCTHI[, a caMe, SKIIO0 BUIAIKOBI BEIUYUHU X; (i =1,n) HE3aJCXKHI 1
OJIHAKOBO PO3MO/IiJICH] 38 HOPMaJILHUM 3aKOHOM N(a;0), TO BeIMYUHA
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T

n—1

M , (5.4)

S
ne X =— Z X, s°= —Z(X i —X )Z MiIOPSAKOBYETHCS  PO3IIOALTY
N n—1;5
CrorozenTa 3 k=n—1 cTerneHsMu cCBOOOIH.
Posnoain ®imepa-Cuenexopa (F-po3noain)

[Mpunyctumo, mo y*(ki) i y*(k2) — Lie He3aIEKHI BUIIAJKOB] BEJIMYUHY, 3
BIJIITOBITHAMH YHCIIAMH CTETICHIB CBOOOIH ki Ta ky.

O3nauennsn 5.11. Posnoodinom @iwepa-Credexopy (F-po3nofinom)
HA3MBalOTh 3aKOH PO3MOiTY BEJIMUMHY, 110 BU3HAYAETHCS SK BiTHOIICHHS
X Xi-KBaJpaT BEITWYHH, KOXKHA 3 SKUX MMOJLIEHa HA CBOE YHCIO CTETICHIB
CcBOOOIM:

1
;'Z (kl)
Fip gy = (5.5)
2
kf'l (kz)
2
Ockinbku Bunaakosi Bemuurnn y*(ki1)>0 i y*(k2)>0, 10 Fi1 40 >0.
Jis KOKHOTO 3 HaBEJEHHWX BHIIE PO3IOAUIB iCHYIOTHh CHEmialbHi
Tabuuili, HaBeneHi y Jlogatky A.

5.2 ITo0ynoBa noBipuMX iHTepBaJiB AJA Pi3HUX MapaMeTpiB

dopmynu 1S TOBIpUMX 1HTEPBAIIIB PI3HATHCS 3aJIEXKHO BiJl TOTO, SIKUH
napameTp reHepajbHOI CYKYITHOCTI OL[IHIOEMO, UM BijloMe HOro CTaHIapTHE
BIIXHMJICHHSI, 1 IKHI 00CAT BUOIPKH.

[MpunycTriMo, 1110 CHOCTEPIra€ThbCsl BHUIAAKOBAa BeauunHa X, sKa
pO3Mo/IiieHa 3a HOPMaabHUM 3aKoHOM N(a;0) 3 mapamerpamu a=M(X) —
MaTeMaTH4yHe CIoiBaHHA 1 0=0(X) — cepellHE KBaJpaTHYHE BIAXUICHHS.

Haiiminmorw He3MIIIEHO TOYKOBOK OIHKOK JUII MaTeMaTHYHOI'O

104



. . - 1 . .
CTIOMIIBAHHA @ € BUOIPKOBA CEPENHA Xz = — Y X; , 3HANJIEHA 32 BUOIPKOIO
ni=

(x1,X2,...,X,) 00csTy n. PosrmsiHeMo, sk OyIyroThCS TOBipYil iHTEpBAIH UIA
HOPMAJIBHOT CYKYITHOCTI (Ha TIPUKIIA/Iax).

JoBipunii iHTepBag [Jsi MaTeMATMYHOIO CHOAIBAHHS a TpH
BifoMmiili 1ucnepecii

al\n .
PosrnstHeMo BUMAaAKOBY BEJIWYUHY , SIKa PO3MOJLIeHa 3a
e

3axoroM N(0;1). Bubepemo uwcio t,, mod

P —t7<M<zy =y, (5.6)
O

Iie n — obcsar BUOIpKH, y — 3a1aHa HATIHHICTb.

3HaueHHS f, 3HAXOUTHCS 3 BUKOPUCTAHHSM 1HTETPabHOI QYHKITT

1 X ,i
.[e 2 dz , ockinbku

’\/271'0

P(-1, < N(O:1)<t, J=@lt, ) - dl-1,)=20r, )= . (5.7)

Jlannaca (D(x) =

1 33/I0BOJIbHSE HETIHIHHOMY PiBHAHHIO @(f,)=)/2 Ta BU3HAYAETHCS 110
3ajaHiil HaaidHOCTI y 3a Tabnuieto A.2 (nuB. Jlogatok A).
. bo—apn o
Ockinbku ¢>0, T0 —t,< 1 JOBIpuMid iHTEpBAI Mae

e o 7

BUTJISIT:

Xp — <a<xs +1, (5.8)

" ot

OtpumaHnuii NOBipuMil iHTEPBA CUMETPUYHUH MOJ0 X .
dopmyia (5.8) He BiIPI3HAETHCS IS AOBIpUYMX IHTEpBaIiB rpu n>30 i
n<30.

Oznauennsn 5.12. Tounicmio oyinKy HA3UBAETHCSA BETUUMHA
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S, =t, % (5.9)

InTepBanbHa OIiHKA 3aJICKUTH Bl TPhOX MapaMeTpiB: HAIIWHOCTI 7,
TOYHOCTI OIIHKH J, 1 00CATY BUOIpKH A.

3 ananizy popmymnu (5.8) MoxKHA 3pOOUTH TaKi BUCHOBKH:

a) mpu 30inbIIeHH] 00cATY BHOIPKH 71 TOYHICTH iHTEPBAIBHOI OIIHKH
301IBIIYETHCS, OCKIIBKM BENUYWHA J, 3MeHIIyeTbes. llpum Benmumkux n

HAMTIIIIOI OLIHKOIO IS @ CTA€ Xp , TOOTO TOUKOBA OLIIHKA;

0) B cuiy Toro, mo QpyHkmis @(x) € HEeCNaaHOw, MPU 301IbIICHH]
HAJIHOCTI y 3pOCTa€ BENMYNHA J,, TOOTO 3MEHIIYETHCS TOUHICTH (iIHTEpBal
CTa€ MIUPIIAM);

B) Iuis (iKCOBaHMX 3HAYCHb HANIWHOCTI y=1—a Ta TOYHOCTI J, 3
dopmynu (5.9) MokHA BH3HAUMUTH HEOOXimHHMN oOCAT BUOIpKH, IO
3a0e3meuye 3a1aHe 3HAYCHHA y=1—a Ta J,.

Crnin mam'statd, IO TPH HE3MIHHOMY 0OCSTYy BHOIpKH OIHOYACHO
301JIbIIYBATH TOYHICTb 1 HAAIMHICTh OLIIHKHA HE MOXKHA.

O3nauennn 5.13. Minivanvnui ob6cse 6ubipku n, O TapaHTYE OIIHKY
MaTEMAaTUYHOI'O CIIOAIBAHHS d 13 3a1aHOI0 HaﬂiﬁHiCT}o ¥ 1 TOYHICTIO OLIIHKH

0y, BA3HAYAETHCS 3 HEPIBHOCTI &, >t

Y=y \/_
nx|lo--L|. (5.10)

JoBipunii iHTepBag [aJsi MaTeMATMYHOIO CHOAIBAHHS a TpH
HeBigoMmiil Aucnepcii

Hns obcary BuOipku n<30 poO3MIITHEMO BHUIAAKOBY BEIHYHHY

Xg —ajNn .
\/_ , sika posmnonineHa 3a 3akoHoM CrteiogeHTa T,-1. llpm
D
B

5

3aJ]aHOMY 3HA4YeHHI HAJIWHOCTI y, KOpPHUCTYyloUHch Tabimiero A.3 (IuB.
Honatok A), obuncnumo 3HaueHHs (), n—1) 3 yMOBH
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Pl=t(yn—t)< o zaNn=l o 1=y, (5.11)

3ayBaxumo, mo k y tabmumi A.3 03Hadae YHCIO CTETeHIiB CBOOOMM,
TO0TO k=n—1.

3 ymoBu (5.11) oTpuMyeMO iHTEpBalbHY OLIHKY HaXiHHOCTI y AJs
HEB1I0MOI TeHepaIbHOI CEPETHBOI d:

- t(y,n-1){D, —, trn-)yD,

Xp———————< a <Xz +
n—1 n—1

Bupasumo Mexi inTepBaily 4epes BUIPaBJIeHy AUCHepCito s°. OCKinbKu

s DTO\/_
Jn-1 \n’

Tom JOBIpUWil 1HTEpBaj JUIsl MAaTEMATUYHOTO CHOJIBAHHSA a TPH
HEBIJOMIN AMCIIEPCii MAaTUME BUIJISI:

- s - s
tly,n-1)—=<a <xg+tly,n-1)—, (5.12)
(ren=) <a <xur (=1
a TOYHICTbH OI[IHKY BU3HAYAETHCS CIIBBIAHOIIEHHIM
s
o=tly,n—-1)—. (5.13)
(ron=1)- -

Takoxx mpu MmMOOyMOBI JOBIpYOTO iHTEpBANY IS MATEeMATUIHOTO
CIIOMIBAaHHA d HOPMAJIBLHO PO3MOIIICHOI CYKYITHOCTI 3 HEBIJOMOIO
JIUCIIEPCIEI0 BUKOPUCTOBYIOTH f-po3monin Creromenta. Lleit posmomin
3aJIeXKUTh BiJl OJJHOTO IIapaMeTpa YKcia cTeneHiB cBoooau k=n—1. Y mpomy
Bunajky gopmyna (5.12) maTume BUTTISA:

- N - S

XB_ta/z;n_l‘ﬁ<a <XB+ ta/z;n_l'ﬁ, (514)
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€ 4201 — KBAaHTHIIB £-po3nioairy CteroieHTa 3 k=n—1 crenensimu cBoOOIH,
SAKUH BiAMOBimae 3HaueHHIO 0/2 (me a=1—y — piBeHb 3HAYYIIOCTI, a y —
HAAIMHICTE). 3HAYCHHS l2,-1 3HAXOAMMO 3a Tabmunero A4 (nuB.
Homatok A).

3ayeaycenna_5.2. Ockinpku B Tabmumi A.4 — KpuTuUYHI TOYKH
posnoainy CTpiofieHTa € To3Ha4uku "PiBeHb 3HAYyMIOCTI ¢ (ABOCTOPOHHS
KpuTH4Ha 007acTh)" Ta "PiBeHb 3HAUyHMIOCTI 0 (OJHOCTOPOHHSI KPUTHYHA
0011acTh)", TO 3HAXOAMMO f42:x 111 OTHOCTOPOHHBOI KPUTUIHOT 00JIaCTi.

Hus  oOcsiry  BuOipku  n>30  posmozain  CThIOAEHTa HECYTTEBO
BIJIPI3HAETBCS BiJl HOpMalbHOTO, OMu3bkuit 10 N(0;1), TOMy IJis OLIHKH
MaTEeMaTHYHOI'O CIOJIBaHHs 3aCTOCOBYIOTH (opmyiy (5.8), ne 3amicth o
BUKOPHCTOBYIOTH § 1 JJOBIpYHIA iHTEpBaJl Ma€ BUTIIS:

- S

XB—[},'T
n

<a<Xptt, —— (5.15)

T

A 1 n —
ne n — obcsar Bubipku, s=_[—— > (x; —x)? — BHIIpaBIEHE CEpEIHE
i=1

KBaJ[paTHYHE BIAXWICHHS, t, — 3HaYCHHs apryMeHTty ¢yHkuii Jlanaca @(t,),
npu skomy @(t,)=y/2, 1 BU3HAYAETHCS TO 3aJlaHiil HamidHOCTI y 3a
tabmurero A.2 (auB. Jlogatok A).

JNosipumii  inTepBan pas  aucnepcii 6> npu  Bigzomomy
MaTeMATUYHOMY CHOAIBAHHI

Hexaii BunagkoBa BenyrHa X poO3IOJiICHa 32 HOPMAJIbHUM 3aKOHOM
N(a;o) 3 Bimomum mnapamerpoM a=M(X) — MaTeMaTuU4HE CIOJIBaHHS, a
JMCTIEpCis 0> HEBigOMa.

JUist OLHKK 0 BUIIYYEHO BHOIPKY (X1,X2,...,%;) 0OCATY 1. 32 TOUKOBY
ouminky naucnepcii D(X) BHKOPHCTOBYEMO BHOIPKOBY  JHCIIEPCitO

n
21 -
o =—Z(xl- —xB)Z ,
M=

I[Mpu mnoOynoBi JOBipUOro IiHTEpBALY JUIS JUCIEPCii PO3TIISTHEMO

Oy
2
o

2 N .. .
CTaTUCTUKY y = , 10 Mae€ )(z—p03HO,Z[1J'I i3 YHCJIOM CTEIeHIB CBOOO U
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7 HEe3aJEKHO BiJ 3HAYEHHS IapaMerpa o°. 3aJaMo HeoOXigHuii piBeHb
3Hagymocti o=1—y (y — HaxiiHicTh). Tomi, BUKOPHUCTOBYIOUN TaOIHUITIO
KPUTHYHUX TOYOK )>-PO3MOILIY, 3HAXOJUMO KPUTHYHI TOUKH Y120 1 ) w2,
JUTSI SKUX BUKOHYBAaTUMEThCSI PIBHICTb:

P(le—alz;n <l2 <Z62(/2;n)=1_a’ (516)
n-o?
[TincraBumo B (5.15) 3amicThb x> 3HAYEHHS zB . MaTtumemo
c

Oy

2 2 _
P Zlfa/2;n< <za/2;n =l-a.

3BiaKK 1OBipYMi iHTEPBAT JUIS AUCTIEPCIT 07

2 2
n-o n-o

il WP <—3 (5.17)
2 2

Xal2n Xl-ai2;n

ne n — o0car BUGIPKH, x*1-w2:n 1 2w — KPUTHYHI TOUKH )>-PO3MOJIIILY IIPH
3a/IaHOMY PiBHI 3HAYYIIOCTI @ 3 71 CTETIEHSMHU CBOOOTH, K1 3HAXOAUMO 32

tadiuiero A.5 (muB. JJomatok A).

JNosipumii inTepBan aas  aucnepcii 6> npu  HeBigoMomy
MaTeMAaTUYHOMY CHOAIBAHHI

[Ipu moOynoBi moBipUoro iHTEpBaNY I IUCHEPCii PO3TIISTHEMO

(n—l)s2

2 .. .
BCIIMYUHY § = 5 , 11O Ma€ ){z-p03HOIL1J'I 13 YHMCJIOM CTCIICHIB CBOGOILI/I
o

k=n—1 He3alexHO BiJ 3HAYEHHS APAMETPa ¢°. 3a1aMO HeOOXiqHUI piBEeHb
3Ha4ymocti o=1—y (y — HaxidHicTh). ToJi, BUKOPUCTOBYIOUYH TaOJIHIIIO
KPHTHYHUX TOYOK ) -pO3IMOIiITy, HEBAXKKO BKA3aTH KPUTHYHI TOUKH )1 o/25n-1
i P21, JUISL AKUX BUKOHYBATUMETHCS TaKa PIBHICTb:

P(Ilz—a/2;n—1 < 12 < Z;/Z;n—l)zl_a’ (518)

109



(—1)2

[TincraBuiuu B (5.17) 3aMicTh ¥ 3HaUYEHHS , OTPUMAEMO:

o’
2 n—l)s2
Pl xigiong <———< Xaroni
o

3BiaKK TOBipUMH iHTEPBA IS AUCTIEPCii 07

B

2 2
(n=1)s* < o?< (’;_ﬁ (5.19)
Xal2:n—1 Xl—a/2;n-1

. 2 - .
ne n — obcsar BUOiIpKH, § Z—Z(Xi —XB)Z — BUIIpaBJeHa JUCHepCis,
n—1:
w1 1 w1 — KPUTHYHI TOYKH y>-PO3MOJLNY TIPU 33JaHOMy PiBHi
3HAUymocTi « 3 k=n—1 cTenmeHs sMH CcBOOOIM, SKi 3HAXOAUMO 32
tabmurero A.5 (auB. JlogaTtok A).
JoBipuuii inTepBaJ 1151 cepeTHHOr0 KBAAPATHYHOI0 BiIXUJIEHHA ¢
IIpu obcsry BUbiIpkM n<30 noOyBmm KopiHb 3 HepiBHOCTI (5.19),

OTPHMAaEMO  JIOBIpYMH 1HTEpBajd Ui CEPEelHBOrO  KBAJPATUYHOTO
BIIXWICHHS O

n—1

—> (5.20)
Xl-a/2;n—1

n —_

e n — o0csar BUOIpKH, s = \/ L Do(x;— xs)? — BHIIPABIIEHE CEPEIHE
—1 iz

KBaJIPATUYHE BiIXUIEHHSA, Y 1-w2in1 1 Y a/2:n-1 — KDUTUYHI TOUKH y>-PO3MIOMLIY

TIpH 331aHOMY PiBHI 3HaUymOCTi a=1—y (y — HaniliHICTh) 3 k=n—1 cTerneHsIMu

cBOOOIH, SIKi 3HAXOIUMO 32 Tabnuiero A.5 (auB. Jlomatok A).

MoxHna cripoctutu Gpopmyiry (5.20), SKIIO MO3HAYUTH:

n-l (5.21)

2
Il—a/Z;n—l
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Tomi y; 1y, 3HaxomuMo 3a Tadymmero A.6 (muB. JomaTok A).
JloBipumii iHTEpBaN IS CEPEOHLOTO KBAIPATUIHOTO BIAXWICHHS ©
MaTHUME BHTJISI

V18 <o<y,-Ss. (5.22)

VY Bunanky Benukux BHOIpok (n>30) goBipuwit iHTEpBanm A
CepeTHbOro KBaPATHIHOTO BIIXMWICHHS 0 MO)KHA BU3HAYUTH 32 (POPMYJIIOI0

S-~/2n S-~/2n
<o

, 5.23
J2n-3+1, <\/2n—3—t7 02

Jle 3HA4YeHHs [, 3aJOBOJIGHAE HEJNiHIHOMY piBHAHHIO @(f,)=y/2 Ta
BH3HAYAETHCSA IO 3aJ[aHi HAAIHHOCTI y 3a Tabmumero A.2 (nuB. JlomaTok A).

IcHye 1 iHmWMIA crnoci0 BH3HAUCHHS MEX JIOBIPYOro 1HTEPBAIY
CEPeIHBOr0 KBAJIPATHYHOTO BIIXHIICHHS 0, B OCHOBI SIKOTO JIC)KHUTH BHOIp
JIOBIPYOro iHTEpBaly, CHMETPMYHOIO I0A0 o-. JloBipumii iHTepBan mjis
CEPeIHBOr0 KBaJPATUYHOTO BIAXWICHHS ¢ y TAKOMY pa3i MOXKHA 3HAWTH,
3HAIOYU HAJIIHHICTH Y 1 YUCIIO CTEIICHIB CBOOOIH 1, 33 (hOPMYJIOH0

s-(l—q)<0'<s-(l+q), (5.24)

1)
e q= q(y, n) = — — JIesIKe YMCIIO, AKe 3HAXOAUMO 3a Taduuieio A.7 (1uB.
s

Honatok A). [Ipuuomy, sikio 1—¢<0, To iHTEpBaJl Ma€ BUTIIS
0<o<s-(1+q). (5.25)

JoBipunii inTepBa aJst iMoBipHOCTI yemixy y cxemi bepayoui

[loGynoBa poBipuoro iHTepBady Uil KMOBIPHOCTI  (YacTK,
NPOTIOPIIiT) — 1€ BaXKIMBE 3aBJaHHS B MaTeMaTW4HId CTATUCTHIN, IO
BUKOPUCTOBYETHCS, KOJIM TOTPIOHO OLIHWUTH CIPAaBXHIO HMOBIPHICTH p
(J4acTKy O3HAKM B reHEpajibHI CYKYIHOCTi) Ha OCHOBi BHOIpKOBOI 4acTKU

p-
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BubipkoBy wactky p y ¢dopMmyni IOBipYOro iHTEpBAay IS
WMOBIpHOCTI (32 METOIOM HOPMAJIBHOTO HAONIKECHHS) MOXKHA BBaKATH
BiTHOCHOIO YacTOTOIO W 3a (hOpMyJIOIO:

m

p=w=—, (5.26)
n

ne p (BuOipkoBa yacTka) — 1€ OLIHKA iICTUHHOI MMOBIpHOCTI p momii 3
ypaxyBaHHSIM HasBHOI BHOIpKH (pe3ysbTaTiB BUNPOOYBaHb), w (BiIHOCHA
4acTOTa) — 1€ BiTHOIMICHHSI YMCIIa M HACTAHHS MOii T0 3arajabHOI KiJTbKOCTI
7 BUIIPOOYBAHBb).

[Ipu nobymoBi noBipdoro iHTepBany, TepMiHM (BUOIpKOBa YacTKa Ta
BiTHOCHA YacTOTa) (paKTUYHO MO3HAYAIOTH OJHE W TE€ caMe 3HAYeHHS,
po3paxoBaHe 3a TaHUMHU BHOIPKH.

Hexaii n — yrcno He3zanexxHUX BUNPOOYBaHb, 71 — YUCIO HACTAHHS MOIT
A B 1ux BUNPOOYBAaHHSX, p — WMOBIPHICTh HACTAHHSA IMOJIi A B KOKHOMY
OKpeMOMY BUIIPOOYBaHHi, PUIOMY Il HMOBIPHICTh HEBiOMA.

Henonik TOYKOBOI OI[IHKH MOJISATA€ B TOMY, 1110 BOHA MOYE BUSBUTHUCS
JAJIEKOI0 BiJ iCTHHU (OCOOJIMBO, NPU MallOMy 71) 1 TOMY HMOBIpHICTBH p
BUT1THO OIIHUTH IHTEPBAJIOM:

m m
——0<p<—+0, (5.27)
n n
KU 13 3a3/1aJ1€erih 00paHOr HAIWHICTIO Y HAKPHUE CIIPABKHE 3HAYESHHS P,
0 — TOYHICTH OLTIHKH.
Buieza3nadene MoXKHA 3aMMCaTH:

ﬁ—p <o | =y.
n

P

o . . . m . .
He HUMOBIPHICTE TOr'0, 110 BIJHOCHA 4aCcTOTa W =-— BIIXWJIUTHCA B1J
n

HAMOBIPHOCTI p MEHII HIX Ha J.

SKmo KiuTbKicTh BUNPOOYBaHb 7 AOCUTH BenMKa (OJIM3BKO COTHI 1
OinbIIe) 1 3HAUCHHS p HE HAJATO Maye (He JyXe OJM3BKO JI0 HYJS), TO JUIs
noOyJIOBU JIOBIPYOTO iHTEpBATY JJIsi HMOBIPHOCTI 3aCTOCOBYIOTH MeEmOO
HOpMAanbHo20 HabnudicenHs. lled Merton 3acHOBaHMN Ha HAOMKEHHI
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OIHOMHOTO PO3IONITY HOPMAaJbHUM pO3IMOIIJIOM TPH BEIHKOMY 00Cs3i
BHOIPKH 7.

Ymosu 3acmocysanis HopmanbHo20 HAOTUICEHHS.

Hopmanbauii po3nofisi MOXXHa BHKOPWUCTOBYBATH, SIKIIO BHUKOHAaHI
YMOBH, 5IKi 3a0€3MeYyIOTh JOCTATHIO CXOXKICTh OIHOMIQIBHOTO PO3IMOILTY 3
HOPMaJIbHHUM:

1) Benukwuii o6csir BuGipku (1): 4uM Oiniblie 71, TO Kpalie apoKCUMAaLlisl.

2) HocraTHs KinbkicTs "ycmixiB" Ta "HeBaad": YacTo BUKOPHUCTOBYIOTH

IPaBUIIO, 110 KiMbKicTh "ycmixiB" |n- p| Ta kinbkicts "HeBmau" \n-\l1— p))
Mae Oytu He menmie 10 (iHoxi 5).

SKIo 11 YMOBH BHKOHYIOTBCSA, TO BHOIpKOBA YacTKa p MPHUOIH3HO

PO3MOTIiIeHa 32 HOPMATBHHM 3aKOHOM: p~ N (p;n p (1— p)) Came wne

HaOJIM)KEHHS I03BOJIsIE BUKOPUCTOBYBATH HOPMAJIBHHI 3aKOH Ta CTAHIAPTHI
KPUTHYHI 3HAYECHHS 1,/ IJI1 TOOYIOBY iHTEPBAIY.
JoBipuuii iHTepBa sl KIMOBIPHOCTI p MaTHME BUTIIS]

Wt MT_w<p<w+t},/2- W(IT_W (5.28)

m ) ) .
Jle w=— — BiTHOCHa "acToTa (BHOipKOBa YacTKa), n — 00CST BUOIpKH, m —
n

KiTbKicTh "ycmixiB" (KUTBKICTh BapiaHT y BHOIpII, IO MAarOTh IEBHY
03HaKy); 1-w — BuOipKoBa vacTka "HeBnad'"; t,, — 3HAYCHHS apTyMEHTY
¢yukii Jlammaca @(t,2), npu sskomy D(t,/2)=y/2, i BA3BHAYAETHCS 110 3aaHIi
HaAIMHOCTI y 3a Tabmunero A.2 (muB. JlomaTtok A).

To4HICTH OLIHKA BU3HAYAETHCS CITIBBIIHOILIEHHAM

(5.29)

3ayeaycennsn 5.3. OcKilbKU BUOIPKOBY YacTKy p MOXKHA BBaXKATH

BiJTHOCHOIO 4aCTOTOIO W, TO JUIsi BUKOPUCTaHHs GhopmyH (5.28) HeoOXimHO
BMKOHAHHs yMOBH: Min (n “Win- (1 - W))Z 10.
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VY HeBenmmKuX BHOIpKax HOpMallbHE HAOIMKEHHS MOXe OyTH He JTyxe
TouHMM. IHOMI 3aCTOCOBYIOTH nonpasxy Henepepsnocmi Hetimca nns
MOKpAaIlleHHS TOYHOCTi, 0COONMBO KOJH KUIbKICTh "ycmixiB" abo "HeBmay"
maina (MeHme 10).

1 . . .
HonpaBKa 2— AOHAETHCA 10 I'PaHUYIHO1 ITOMUJIKA (TO'-IHICTI) OHIHKI/I)
n

w-l—w 1 1
o=t,,, +.|——~ . Hanpuknan, n=100, — =——=0,005.
72T, pricTat 2 200

JoBipunii iHTepBas A1 WMOBIPHOCTI p 13 MONPABKOIO HEMEPEPBHOCTI
UetiTca MaTUME BUTIISL;

wil—w 1 wil—w 1
w—|t L+ — (< p<WH+| T N, 5.30
r/2 n 2n P ri2 n 2n ( )

MeTo 1 HOpMaIbHOTO HAONKEHHSI MOXKE JTaBATH HETOYHI Pe3yJbTaTH,
0co01mBo Ko w 6mu3pko A0 0 abo 1, abo KoM KiTbKICTh BUMIPOOYBaHb 7
Masna. Y [bOMY BUMNAAKy JUIs MOOYIOBH JIOBIpUOTO iHTEpBaly JUist
HMOBIPHOCTI ~ 3aCTOCOBYIOTb  inmepean  Aepicmi-Koyan, skuii €
Mou(ikari€ero, Mo aae OiIbII HAMIHHI Pe3yIbTaTH Y IUX BUTIAJIKAX.

Ines nonsirae B ToMy, o6 gonatu ¢GiKTUBHY KUTBKIiCTh "ycIixiB" Ta
"HeBaa4d" 10 AaHUX. 3a3BUUail i HaAiHHOCTI 95% nipu o0y I0BI TOBIpYOTO
iHTEpBay AofaroTh 2 "yemixu" i 2 "HeBmaui" (BChOTO 4 CITOCTEPEIKEHHS).

Croyatky po3paxoBylOTh "CKopuroBaHuii" oOcar BUOipKH 71,
"ckopUroBaHy" KinbkicTh "ycmixis" M Ta "ckopuropaHy" BHOIpKOBY
YaCTKy W . Hexait t,» — KpUTUYHE 3HA4YeHHs (17151 HaiiHOCTI 95% 11e 1,96).

CkopHUroBaHi 3HaUCHHS:

(5.31)

ﬁ=n+(t},/2)2, ’%=m+0,5‘(t},/2)2, ‘7{/:

(5.32)

Hpuxaax 28. BumagkoBa BenmmunHa X pPO3MNOAIICHA HOPMAJIbHO 3
HEBIiIOMMM MaTE€MaTUYHUM CIOIIBaHHAM d i BiOMOIO aucnepcicro o°=25.
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3a BUOIPKOIO (X1,X2,...,X100) 00csry n=100 obuncieno BuOIpKOBE cepemHe
_ 1 100 L ]
Xy =— > x; =1423. Buznauutit  nmoBipuwmii iHTepBan I
100 ;5
MaTeMaTUYHOTO CIIOAIBaHHS a 3 HagikHicTIo y=0,95.
Po36’a3anna. 3a yMOBOIO NPHKJIALy AUCHEPCisS o° Bimoma. 3HalmeMo

JTIOBIpYMI IHTEPBAJ JJIsl MATEMAaTUYHOTO CIIOIBaHHs @ 3a dopmyoro (5.8),
B Ky mificTaBUMO 0 =+/25 =5, n=100, a Takox t,=ty95=1,96, 3HalaeHe 3a
tabnunero A.2 (muB. JJonatok A). Toni

5 5
142,3-1,96-
~100

<a<1423+196- —

V100

T00TO 141,32 < a <143,28.
Bigmoriae: 3 HagidHicTIO ¥=0,95 HEBiZIOME MaTeMaTHUYHE CIIOJIIBaHHS

a e (141,32; 143,28).

Hpuxaax 29. BumagkoBa BenmmunHa X pPO3MOIiICHA HOPMAIbHO 3
HEBIIOMHM MaTeMaTUYHUM CIOAIBAHHAM d i HEBIIOMOIO TUCIIEPCiero o°. 3a

. .. . - 120 .
BUGIPKOIO  (X1,X2,...,X20) 3HalifieHi oOWiHKM: Xp=— X; =56,85 i
i=1
) 1 20 _ 2
s = —Z(x,- — xB) =26,1. 3HaUTH TOBipYi iHTepBaIN JUTS

1935
MaTeMaTHYHOTO CIIOAiBaHH a 1 aucnepcii o npu HaaikHocTi y=0,95.

Po3e’azanns. Ockinbk a i ¢® HeBigomi 1 n=20<30, 3HaligeMo 10BipUMil
IHTEepBaJ JUII MaTeMaTUYHOTO CIOAiBaHHS a 3a gopmynoro (5.12), B sky

MICTaBUMO )_cB =56,85,n=20, s =4/26,1 25,109, a Takox 1J1s1 HaAIHHOCTI
y=0,95, kopucryrounuch Tabmuueo A.3 (muB. Hdomarok A), o0uuciuMo
spauennd 1(0,95;19)=2,093, ockinekn n—1=19. Toxni

56,85—-2,093- 2109 <a<56,85+2,093-

J20

5,109

J20

TOOTO 54,459 < a <59,241 .

JloBipunii inTepBan s o° 3Haiinemo 3a ¢popmynow (5.19), B sKy
nigcraBumo n=20, s°=26,1, a Takox 3HaligeHi 3a Tabmuuero A.5 (quB.
Honatok A) 3HaYeHHS, Y w2n-1 Ta Y 1-w2n-1. Maemo o=1-y=1-0,95=0,05;
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0/2=0,05/2=0,025; 1-0/2=1-0,025=0,975; k=n—1=20-1=19. Orxe,
Z§,025;19 =32.852, 1&975;19 =8,907.
Takyum 4YMHOM, MAEMO
20-1 26l<o? < 20-1
32,862 8,907

T06TO 15,09<0°<55,675.
BigmoBiae: 3  HamidiHicTiO  y=0,95 goBip4i  iHTepBamM NS
MaTEMAaTHUYHOIO  CIOMAIBaHHA d € (54, 459; 59, 241) i gucnepcii

o? € (15,09; 55,675).

26,1,

Hpuxnag 30. 3a Bubipkoo o0ciary n=18 HOPMaIBHO PO3MOAINICHOT
TeHEPAIbHOI CYKYITHOCTI OOYMCJICHO 3HAYCHHsS BHOIPKOBOI AMcrepcii

o2 =1,4. Tlo6ynyBaTu [0Bipumii iHTEpBas 171 MapaMeTpa o> 3 HaMiHHICTIO
1=0,99.

Pose¢’azanna. Jlosipuwii inTepBan s aucrepcii o° 3Haiizemo 3a
dopmynoro  (5.17). PiBens 3mHauymocti a=1—y=1-0,99=0,01. Tomui
a/2=0,005; 1-0/2=0,995. KpuTu4Hi TOYKHU y>-pO3IOIITY ;(&005;1 g 1 ;(&995;18
3HaxoguMo 3a Tabmmmero A.5 (mmB. Jomatok A). MartumeMo
000518 =37.156 1 XGg0s15 =6,265. Toxi nosipunii inTepsan s
JUCIEPCIi 67 MOXKEMO 3aIUCaTH Y BUTIIAI:

18-1,4 > 18:14
—— < o< ——
37,156 6,265
Binnosine: o* €(0,6782; 4,0223).

abo 0,6782 < o> < 4,0223.

Mpuxaag 31. Cepen 35 HOBOHAPOKEHUX BUSABHIOCS 18 XJIOIMIUKIB.
3HaliTH JOBipUMil iHTEpBaN JUIsT HMOBIPHOCTI p HAPOKEHHS XJIOITIHUKA MTPH
HaxiHoCTi =0,99.

Po3é’azannna. 3a ymoBorw mnpukiany n=35, m=18, y=0,99. Tomi

1 .
w=" = —2 ~0,5143, 1-w=0,4857. IlepeBipUMO BHKOHAaHHS YMOBH:
n

min (- w3n-(1—w))> 10 Maemo min(18;17)>10,r06T0 17>10. Jlosipuuii
iHTepBa) AJis p 3HaigeMo 3a dopmyioro (5.28), B Ky migcraBUMo n=35,

116



m=18, y=0,99, w=0,5143, 1-w=0,4857, a 3 Tabmmmi A.2 (auB. [{omaTtok A)
MaTHMEMO 1 495 ~ 2,575 . OTpumMaemo

0,5143 — 2,575 - w < p <0,5143 +2,575 - w’

T00TO 0,2368<p<0,7318.
Bignosine: 3 HagiiicTio y=0,99 noBipuuii iHTepBaN 1 HMOBIPHOCTI

p €(0,2368; 0,7318).

Hpuxnag 32. [Ipasninas OCBb 0axxae Ha OCHOBI BHOIpKH OLIHWUTH
cepeqHl BHECKH Ha YHIPAaBIiHHS OYIMHKOM JJIsi TPUKIMHATHHX KBapTHp 3
HajailHicTIO TIoOHaiMeHme 99% 1 mnoxubkoro, MeHmow 120 rpH.
[TepenbauaeThbces, 1110 BHECKU HA YIIPABIiHHS OYAMHKOM MarOTh HOpMallbHHUH
PO3MOLN i3 cepeqHiM KBaApaTUYHUM BIAXWICHHSM, IO HE TEPEBHUIIYE
400 rpH. HeoOXxiiHO 3HAWTH MiHIMAILHUI 00CST BUOIPKU.

Po3e’azannn. Jng 3HaXOMXKEHHS MiHIMaIbHOTO 00CSTY BHOIpKH 7,
3actocyemo ¢opmyny (5.10). 3a ymoBoro 3amaui Hapgiimicts p=0,99,
moxuoka d,=120, cepenne kBaapatnyHe BiaxuieHHs 0=400. 3 Tabmmmi A.2
(muB. Jonatok A) MaTumMeMo fo495~2,575.Tomi

2 2
n=| o =(400-@) ~(8,583)% ~ 63,67
S, 120

OckinbKHy 31 3pOCTaHHSAM y Ta 3MEHIIEHHSIM J, 3pOCTaE 1, To n=>63,67 1
Nmin=04 (3ayBaKMMO, MO0 TPH 3MEHIICHHI BEpPXHHOI Mexi Oyne
3MEHIITYBATUCH 1 Mmin).

BimnoBinp: nmin=64 KBapTUpH.

Hpuxnaxg 33. Ilix vac mepesipku 120 neraneiét 3 Benmkoi maprii
BUSBIICHO 15 OpakoBaHux jaeranei. 3 HamiiHicTIO 95% 3HaiiTH NOBIpuYUit
IHTepBaJI YacTKW OpakOBaHWX JieTalie y Bcidl mapril. Skuil MiHIManbHHN
oOcsr BUOIpKH CiTiJl B3SITH 17151 TOTO, 11100 13 HaailHicTIO 95% cTBepaKyBaTH,
10 YacTKa OpakoBaHMX JeTajell y BCid mapTii Bigpi3HSAETHCS BiJ 4aCTOTH
MOSIBM OpaKOBaHUX JieTaliell y BUOIpIl Tpoxu Ouibiie, Hixk 1%.

Po36’azannsn. 3a yMOBOIO NpuKiamy oocar Bubipku n=120, OpakoBaHux
neraneid m=15, Haniitnicts y=0,95, a y/2=0,475. JloBipunii iHTEpBal YaCTKH
OpakoBaHuX Jetainell 3HainemMo 3a popmyroro (5.28), OCKUTBKH KiJIbKICTh
BUTIPOOYBaHb 11 JIOCUTH BEJIMKA.
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BizHocHa uactoTa w=ﬂ=%%=Qni a  1-w=0.875. 3a
n

tabyunero A.2 (muB. Jlonatok A) MmaTUMeMO f475=1,96. Toxni

0,125 — 1,96 - 01250875 < p<0,125 +1,96- M
120 120

t00TO 0,0658<p<0,1842.
J1a 3HaXO0KEeHHS MiHIMAITBHOTO 00CATY 72 BUOIPKH MOTAEMO IOBIpUU
iaTepBan  (5.28) y  BUTIAOI HEPiBHOCTI |w—p|<a, TOOTO

w-l-w o .
|w=p|<t,, -\|[—— , sKka BuKOHyeTbcs 3 HmoBipHicTIO 7=0,95.
n

Ockinbku 3a yMOBOIO 3a1adi [w—p|<0,01, To Ay BU3HAYCHHS 1 OTPHMAEMO

.. w-l—w .
HEPIBHICTH Ly y|—— <0,01. 3B1JICH BUILINBAE, j11(0)
n

1,96 1/m <0,01. 3 mepiBHOCTI MaTHMeMO n>4201,75.
n

OT1xe, MIHIMAJILHUIN 00CST BUOIPKHU Fimin=4202.
Bimnosias: p € (0,0658; 0,1842), npi=4202.

Mpukaan 34. IIpu onuryBanHi 100 oci6 BusBuiam, mo 30 3 HUX
KOPUCTYIOTbCS IIEBHUM MOO1IbHUM nonaTtkoM. [lobynyBaru 95% noBipunmit
IHTEepBaJI 7S CIIPAaBKHBOT YACTKHU KOPUCTYBAYiB UM MOOITBHUM JI0JIATKOM
Ta NepPEeBiPUTH 3aCTOCYBAHHSAM IIONPABKU HenepepBHoCTi Meiitca.

Po3zeé’azannna. 3a ymoBo npukiagy obcar BuOipkum n=100,
KOpHCTyBaudiB MOOiTEHUM AonatkoM m=30, HanidHicTh y=0,95. JloBipuuit
IHTepBaJI YaCTKW KOPUCTYBadiB 3HaiaeMo 3a Gopmyioro (5.28), ocKiIbKH
KUTBKICTh BUTIPOOYBaHb 71 JIOCHTH BEITHKA.

. . m 30
BubipkoBa yacTka (BiTHOCHA 4acTOTa) W = — = 100 =0,3,a1-w=0,7.
n
3a tabmurero A.2 (muB. JlogaTok A) KpUTHYHE 3HAYCHHS f0475=1,96.
['pannyna noMmiika (TOUHICTH OLIHKM) BUOIPKOBOI YaCTKH

S=ty,- /W— (l—wj —1,9 - /M =1.96- /% —1,96 - /0.0021 ~
n 100 100

~1,96-0,0458 ~ 0,0898.

Toni noBipunit iHTEpBaNT W—J0<pP<W+J MaTHME BHTIISII;
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0,3—0,0898<p<0,3+0,0898 abo 0,2102<p<0,3898.

3HaiizeMo  JmOBipuMii  IHTEpBa, 3aCTOCOBYIOUM  TOMPABKY
RV . 1 1
uernepepBHocTi Uetitca. Ockinmbku n=100, To mmompaska 5, = 300 =0,005.
n
Jomaemo mompaBKy 10 TPAaHWYHOI MOMHIKKA (TOYHICTH OINHKH) O:
1

o+ 5. 0,0898 + 0,005 =0,0948. 3actocyemo dopmyny (5.30) s
n

3HaXO/)KCHHA I[OBip‘lOFO iHTepBaJ’Iy, SAKY 3aIlMUCYEMO Y BI/II‘J'DII[i:

W_[5+Lj<p<w+[5+ij'
2n 2n
Matumemo 0,3-0,0948<p<0,3+0,0948 abdo 0,2052<p<0,3948.

Binmosigs: p 6(0,2102; 0,3898), TOOTO 3 95%-10 BIIEBHEHICTIO MOXHA

CTBEP/KYBaTH, IO CIPAaBXKHA YacTKa KOPHUCTYBadiB IHUM MOOITHHUM
JOJATKOM Yy TeHEepabHill CyKYITHOCTI 3HaXOUThCS B Aianaszoni Bix 21,02%
o 38,98%. 3actocoByroun mompaBKy HemepepBHOCTI MeiiTca orpumanu

mmpumii inrepsan p €(0,2052;0,3948).

Hpukaag 35. Y xoxi BUOGipkoBOro KOHTPOJIO MEPEBIPEHO 9 neTajel.
BBaxaroun, 110  TOMWIKA  BUTOTOBICHHS  IiIIOPSAKOBYIOTHCS
HOPMaJIbHOMY 3aKOHY PO3MO/iTy, P BiIOMOMY BHOIPKOBOMY CEPEIHHOMY
KBaJpaTUYHOMY BIIXWICHHI 0,=5, 3HaiiTh 95% poBipumii iHTEpBanm st
HEBIJJOMOT'0 IapameTpa o.

Po3e’azannn. 1 cnocio. 3a ymoBow oOcsr BUOIpKH n=9, HamIHHICTH
y=0,95. Toxai piBenp 3Hauymocti a=1—y=0,05. Ockinbku n<30 i BigOMO
BUOIPKOBE cepelHE KBaJApaTUYHE BIIXWICHHS 0,=5, TO 3aCTOCYEMO
¢dopmymy (5.20), 3aMiHHBIIH B Hill § HA 03

n n
Oy |5 <0<0y 5.
Xal2:n—1 Xl-a/2;n-1

Yucno creneHiB cBo0ou k=n—1=8. 3HaiiieM0 3HaYeHHS HMOBIPHOCTEH

0,05 ,

JUIst 0=0,05 P(;(2 > Zozz/z;n—l): % = 5 =0,025 i
0,05

P(;(2 > ;(1270[/2;”7] )= 1 —% =1- - = 0,975. 3a Ttabmunero A.5 (uuB.

Jlomatox A) 3Ha4€HHsI KPUTHIHHUX TOYOK )>-PO3IOILTY
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2 _ .2 _ ) ) _
Xiai2n-1 = X09758 = 218 1 X5 /2.01 = X0,0258 =17,535.
JloBipumii iHTEpBaI I HEBIJOMOTO TTapaMeTpa o MaTHME BUTJIIS

5- 2 <o <5 2 ab6o 3,5821<0<10,1593.
17,535 2,18

2 cnocib6. 3Haitnemo BUIIPABJICHY JUCTIEPCIIO

=62 =252 Z 98125 smincu 55,3033,
n—1 8

Hns  3HaXODKEHHS  JIOBIpYOTO  IHTEpBaldy A CEPEIHBOTO
KBa[paTHYHOTO BiAXWIEHHS o 3actocyemo (Qopmyny (5.22). 3a
tabmuuero A.6 (nus. Jomatok A) 3Haiinemo y; 1 y2 3a HagiinicTio y=0,95 Ta
YHUCIy CTENEHIB cBoOOmu k=8: HwkHsS Mexa p=0,675 1 BepxHsA Mexa
1,=1,916. [IoMHOXHMBIIM OTPUMAaH1 3HAUEHHS }| 1 Y2 HA S, 3HAWJEMO TOBIpYHiA
IHTEpBAJ A7 0

0,675 -5,3033 <o <1,916 -5,3033 ab6o 3,5797 <o <10,1611 .

3 cnoci6. JIns 3HaXOMKEHHS AOBIPUOTO iHTEpBally AJIsi CEpelHBOTO
KBaJIPAaTHYHOTO BIOXWJICHHA ¢ 3actocyeMo (opmyny (5.24). Bumpapnene
CcepenHE KBaapaTHYHE BiaxwieHHs $<5,3033. 3a Tabnunew A.7 (nuB.
Honarok A) 3Haiimemo 3HaueHHs1 g=q(y,n) 3a HafilHicTIO y=0,95 Ta Yncmy
creneHiB cBoboau n=9: ¢=0,71. [linctaBuMo 3HaMaeHi 3Ha4eHHT ¢=0,71 Ta
$=5,3033 y dpopmymy (5.24). HoBipuwii iHTepBai Uisi G MATUME BHUTJISI

5,3033-(1-0,71) < o <5,3033-(1+0,71) a6o 1,538 < & < 9,069 .

Sk BUAHO 3 0OYHCIICHD, BEJIMYMHA JOBIPUOTO IHTEPBATY 3AJIC)KHUTH BiJ|
crioco0y #oro moOymoBu Ta nae OMU3bKI MK CO0OM0, ajie HEOIHAKOBI
pe3yJbTaTy.

Bimmosims: 1) o €(3,5821;10,1593), 2) o <(3,5797;10,1611),

3) o <(1,538; 9,069).

Hpukaan 36. Ha mincraBi BUOIPKOBHUX CHOCTEPEKEHD TPOIYKTUBHOCTI
npai 15 poOiTHHUIE KOHAUTEPCHKOi (abpuku OyJIO BCTaHOBJIEHO, IO
CepeHE KBaapaTH4yHE BiIXWJICHHS J000BOr0 BHPOOITKY CTaHOBHTH 9
KOpOOOK ILykepok Ha roxuny. Ilpumyckaroum, mo NpoayKTHUBHICTB IMpari
POOITHHUII Mae HOPMaJbHHUH PO3MOJLI, 3HAWTH 3 HamikHicTiIo 0,9 moBipul
IHTepBIM Ui TEHEepaIbHOI JucHepcii Ta CcepeiHe KBaJIpaTHYHOI'O
BiIXMJIEHHS JOOOBOro BUPOOITKY POOITHHUIID.
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Po3é’azannn. 3a yMmoBoro obOcar BUOIpKH n=15, cepenHe KBaapaTHIHe
BimxmwieHHs s=9, HamiiHicTs 7=0,9. Tomi dYHMCIO CTEMeHIB CBOOOIU
k=n—1=14, a piBens 3HauymocTi a=0,1.

JloBipunii inTepBan mis aucnepcii o> 3HakgaeMo 3a Gpopmyinow (5.19).
KpuTruni TOuKH y*-po3Hoiny Ipu 3agaHoMy piBHI 3Hauymocti o=0,1 3
k=14 creneHsMu cBOOOM 3HAXOAUMO 3a Tabnwurero A.S (muB. Jlogatok A).
Marumemo ;(&05;1 4 =23,6851 ;(3595;14 = 6,57 . Toni noBipunii inTepBan s
JUCTEPCii 6> MOYKEMO 3aIIUCATH Y BUIJISIL:

14-92 5 14-92
< o°<
23,685 6,57

HoBipuuii iHTepBan IJisi CEpelIHBOrO KBAAPATUYHOTO BiIXWICHHS o

MaTHME BUTJIS;

V478784 < 0 </172,6027 abo 69194 < o < 13,1378 .

Bimmosins: o2 (47,8784; 172,6027), o <(6,9194; 13,1378).

abo 47,8784 < &% < 172,6027.

Mpuxnag 37. Ilpu 06pob1Ii exciepuMeHTaTbHIX JaHUX 00csary n=100
oTpuMaHe BHOIpPKOBE CepeiHE KBaJpaTW4HE BIIXWICHHS 03=2,3237. Y
NPUNYHIEHHI TPO HOPMAIbHHUN PO3MOJIIT TeHepaJbHOI CYKYMHOCTI, 3
HaziHicTIO y=0,9 BU3HAYNTH TOBIpUYM IHTEPBAJ U1 OI[IHKU T€HEPAITBHOTO
CEpeIHbOTO KBAJPATHYHOTO BiIXUJICHHS 0.

Po3¢’azanna. 3HalijleMO  BUIPaBI€HE CEpeAHE  KBaJIpaTUYHE

pimemenms s = | —— o, = [100.2,3037 ~ 23354 .
n—1 99

Ockinbku n=100>30, To moBipuuMii iHTEpBaN IS OLIHKA I'€HEPAITLHOTO
CepeHbOTO KBAJAPATUIHOTO BIIXHUIICHHS ¢ 3HaiineMo 3a gopmysoro (5.23).
3HaueHHS £, BA3HAYAETHCS 110 3aJaHiil HaliiHOCTI y 3a Tabswuieo A.2 (IuB.
Honarok A). Marumemo t,=1,64. Toni

2,3354-/200 oo 23354 V200
J197 +1,64 J197 —1.64
ykanuit inTepBan 2,1069<0<2,6644.
Bignosigs: o 6(2,1069; 2, 6644).

Mpuxnax 38. I[epepipusiiu 20 BUpOOiB, BUABWIM, 10 15 BUPOOIB
nepmioro copty. Ilpumyckaroun, mo Mae micie OiHOMiadbHHMA PO3IOL,
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nmoOyMyBaTH IHTEPBANBHY OIIHKY JUII WMOBIPHOCTI p TIEPIIOCOPTHHUX
BHpOOIB 3 HamiiHICTIO 0,95.

Po3e’azannn. 3a ymoBow oOcsr BuOipku n=20, KiJIbKiCTb BUPOOiB
nepuoro copry B BuOipui m=15, HamidHicth y=0,95. Ockinbku o0csar
BUOIPKM n Malui, TO JUIS 3HAXO/KEHHS JOBIPYOTO IHTEpBaly [UIs
HMOBIPHOCTI p TEPHIOCOPTHUX BHUPOOIB 3acTOCYEMO iHTepBan ATpICTi-
Koynn.

BusHaunmo ckopuroBaHi 3HaYeHHS A1 00CATY 7, KUTBKOCTI BUPOOiB
MIEPIIOTO COPTY M Ta BIHOCHOI YacTOTH IOSBU TEPIIOCOPTHOTO BHUPOOY

m .o .
w=—. na "HagiitaocTi y=0,95 KxpuTHuHE 3Ha4EHHS 1,,=1,96.
n

CkopuroBani 3HaueHHs 3a popmynamu (5.31):

ii=n+(t,,f =20+(1,96) = 2338416,
m=m+05-(t,,f =15+0,5-(196) =169208 ,
_ @ 169208
W=—_—=
i 238416

JloBipuwmii iHTEpBaJ JUIsi KMOBIPHOCTI p 3a dopmyior (5.31) matume
BUTJISI;

~0,7097.

0,7097-(1-0,7097)
23,8416

a6o 0,5275<p<0,8919.
Bimnosims: p (0,5275; 0,8919).

0,7097-(1-0,7097)
238416

0,7097- 1,96 \/ < p<0,7097 +1,96 \/

Mpuxnaxg 39. BupoOHMK MOpo3wBa Xode OIIHUTH CepelHiil obcsr
MOpIIii, MO MPOAAEThCSA Y KiockaX. BiH B3sB BUMankoBy BHOIpKY 3 n=15
nopitii 1 orpumas Taki oocsru (min): 205, 198, 202, 200, 199, 201, 203, 197,
204,200, 201, 196, 200, 202, 199. [To6yxyBatu 90% n0BipuMii iIHTEPBAI IS
CHPaBXHBOTO CEPEAHBOTO 0OCSTy MOPLii a.

Po3é’sazanns. 3a ymoBoro o0csr Bubipku n=15, nagiixicts y=0,90.

O0uncaroeMo BUOIPKOBE CEPETHE

N

X; =%-(205+198+202+200+199+201+203+197+

1
Xgp =—*
n -

1

+204 + 200+ 2014196 + 200 + 202 + 199) = % 3007 = 200,47 (m).
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3HaliieMo He3MilleHy BHMOIPKOBY MHMCIIEPCiF0 §° Ta CTaHAapTHE
BIIXWJICHHS §:
1

! 3 (xi - }B)Z = ((205 ~200,47) +(198—-200,47)* +

n-15 15-1

+(202-200,47)* + (200 - 200,47)* + (199 — 200,47)* + (201 —200,47)* +

+(203-200,47)* + (197 —200,47)* + (204 —200,47)* + (200 — 200,47 * +

+(201-200,47)* + (196 —200,47)* + (200 —200,47)* + (202 — 200,47 )* +
)

S2=

+(199-200,47 2)z i 187,733~ 6,267

Toni s=4/6,267 = 2,503 (m1).

PiBens 3Hauymocti a=1—y=0,1 i @/2=0,05, a yrcno cremneHiB cBOOOIN
k=n—1=14. Kopucrytouncs tadmunero A.4 — KpuTHuHi TOUKH #-po3noiry
Creronenta (muB. Jlogatoxk A), OOYMCIMMO 3HAYCHHS fo0s:14=1,761,
3acTocoBytoun "PiBeHb 3HaUYyMOCTI 0 (OTHOCTOPOHHS KPUTHIHA 00JI1acTh)".
[lincraBumo 3HaiineHi 3Ha4eHHS B hopmymy (5.14). Matumemo

200,47 -1,761- 2,503 <a <200,47+1,761- 2,503
Jis Jis
a60 199,332<a<201,608.

Bignogiae: 3 HapirHicTiO y=0,90 MOXEMO CTBEPIXKYBATH, L0 CIPABKHIN
cepenHiii po3mip mTopIii Mopo3uBa KomuBaeThcs Bim 199,332mnm  mo
201,608 mur.

5.3 3aBnanHsA A9 caMocTiitHOI po6oTH

3aBaaHHs Binnosigb

1. BunankoBa BenuuMHa X  DORNOIIIEHA
HODMAJILHO 3 HEBIIOMMM  MAaTeMaTHYHUM
CIIOIBaHHAM a i Bigomoro aucnepciero o°=1,88.
3a Bubipkoro obcsry n=20 obuncieHo BubipkoBe ae (3’ 65:4, 85).
cepene  xg =4,25. Busnauntu  goBipuuii
iHTEDBAN NI MATEMAaTUYHOIO CIOAIBaHHA a 3
JIOBIpYOI0 HMOBIpHIicTIO y=0,95.

3aBmanHs Binnosias
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2. 3pobaecno 20 pgocmimiB HajJ BHIAAKOBOIO
BEJIMYHUHOK X, PO3MOIIICHOK 3a HOPMaIbHUM
3akoHOM. [loOymyBaTh HOBipYi IHTEPBATH IS
MAaTeMaTUYHOro0 CIOJIBaHHSI Ta AMCIEpCii, M0
BiANOBIAar0Th Hafifinocti 0,98, gkiio 3HalgeHi

ominku x5 =10,78 i s=0,064.

€(10,637;10,924),
o? €(0,0336;0,1594).

3. 3HalTH TOBIPYMH IHTEPBAJ U1 MATEMATHIHOTO
CIOMIiBaHHS (CEpelmHBOT0) JiamMeTrpa Bally 3
HamifgicTIo 99%, skmo n=9, xz=30 MM i
§2=9 Mmm2.

< (26,64; 33,36).

4. Tlo n=10 piIBHOTOYHMM BHMipaM 3HAHJICHO
BUTIPABJICHE CEPEJHE KBaJpaTHYHE BiAXWICHHS
s=0,76.  Ilpunyckaro4ym, 110  pPE3yJIbTATH
BUMIpIOBaHb po3I0o/iIeH] HOPMAJIbHO,
noOyJyBaTH JOBIpYWil 1HTEpBal JUIS OIIHKH
CIPaBRKHBOTO  3HAYCHHSA ¢  (TCHEPAIbHOTO
CTaHJApPTHOTO BiOXWIIEHHS) 3 HaxiiHicTIo y=0,95.

€(0,52;1,39).

5. 3po0seno BuMiproBaHHs 3pocTy 20 CTyIeHTIB
IEPIIOr0 KypCy YHIBEPCUTETY Ta OOYHCIIEHO
He3MilleHy OLIHKY TICHepalbHOI  JHcrepCii

5?=0,002. TloOynysaru JIOBIPYMIA THTEpBAT IS
CEPeIHBOr0 KBAJPATUYHOTO BIIAXHIICHHS 3POCTY
BCIX CTYACHTIB IEPIIOr0 KypCy YHIBEPCHTETY 3
HazaiduicTio 0,95, BBaXkarouu, 1110 3pOCTaHHS Mae
HOpPMAJIBHUAN PO3IOJIII.

(0,0342; 0,0657).

6. J1i1st KOHTPOJIIO TEPMIHY CITyKOH eJIeKTpOoIamIl
i3 Bemukoi maptii Oymo  BimiOpano 17
enektponamn. B pesynbrari  BUIpoOyBaHb
BUSIBUJIOCS, IO CEPENHi  TepMmiH  CiyxOu
BlI[l6paHI/IX JIaMIl JIOPIBHIOE 980 ron, a cepenne
KBaJpaTHYHE BIJIXUICHHS X TEPMiHY CTyxk0m — 18
rog. HeoOXigHO BH3HAYMTH MEXI, B SIKHX I3
imoBipaicTio 0,95 yknajeHo cepeﬂHiﬁ TEepMiH
CITy>KOU J1aMmIl y Beiit napTii.

€(970,5;989,5).

7. llpumyctumo, BIIOMO, [IO0 4Yac BIAIMOBIAL
cepBepa HOPMAJILHO PO3MOAUIEHUH 3 BiOMUM
CTaHJapTHUM  BigxwieHHsM  0=50 Mmc. 3a
BUTIAJIKOBOIO BHOIpKOIO o0csry n=100 3amuTiB
BUSIBUIM, IO CEPEOHIN dYac BIAMOBIII CKJanae

x =320 mc. [ToGynysatu 95% noipunii iHTepBa
JUTSI CITPaBKHBOTO CEPETHLOTO ¢ Yacy BiIIOBIII.

€(310,2;329,8).

3aBga"Hs

Binnosins
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8. Bu3HaunTH MIHIMAIBHHK OOCST BUOIPKH IJIs
3aJaH01 TOYHOCTI OIIHKHU 0,=0,2 MaTeMaTHYHOIO
CITOXIBaHHS HOPMAIBHO PO3IMOIIEHOT CYKYITHOCTI

Ta AoBipuoi MMoBipHOCTI 0,925, gKIIO Bigome n=179
CepelHE KBaJpaTHYHE BiIXHIICHHS TEeHEpalbHOI
CYKyMNHOCTI 0=1,5.

9. Jlns oOcTexeHHS BeNMKOI mapTii BUPOOIB
BimiOpano wHaBmamas 900 mTyk. IlepeBipka
nokasana, mo y Tomy umcai 810 cranpapThi. pe(0,8004;0,9186).
[ToGynyBaTn nOBipuYMH iHTEpBan 3 HAMIMHICTIO
0,95 n7st yacTku cTaHAAPTHUX BUPOOIB y MapTii.

10. 3a BubIpkoro 06csary n=20 13 HOpMaabHO
PO3IOALIEHOT [CHEPAbHOT ~  CYKYIHOCTL
062‘II/ICHGHO 3HAYCHHS BI/I.61pKOB(.)1 aucnepeii | 2 (0.89:3,488)
o, =1,5. IloOynyBatun noBipuwmii iHTEepBan UISA
napaMerpa o> 3 HaiknicTio 0,96.

11. 3a Bubipkoro o0csary n=16 i3 HOpMalbHO
PO3MOiIeHO] TeHepalIbHOI CYKYITHOCTI 3HaiineHi
BUOipkoBe cepeane xz =50 1 BuOipKoBe
BHIIPABJICHE CEPEJHE KBAJPaTUYHE BiIXWICHHS | 4 6(48,247;51,753)
s=4. Ilobynysatn 90% moBipumii iHTEpBal IS
CIIPaBKHBOTO  CEPEAHBHOIO0 d 3  HEBIIOMOIO
JIACIEPCIETO.

6 IlepeBipka cTATUCTUYHMX rinoTe3

6.1 IloHaTTd cTaTHCTU4YHOI rimore3u. OCHOBHI eTanu mepeBipkH
rinmore3un

[Ipu BupilIeHHI MPAKTUYHUX 3aBJiaHb, MOB'I3aHUX 13 3aCTOCYBAaHHIM
METO/IIB MATEMaTHUYHOT CTATHCTUKHU, YaCTO BUHHUKAE MIMUTAHHS: YA MOXE Ha
MiZICTaBl JaHWUX JNesAKoi BUOIpKM OyTH mpuitHiATe a00 BIAKMHYTE TEBHE
MPUIyIIeHHA (TimoTe3a) MI0J0 TeHepalbHOI CcykymHocTi. Hampukian,
BUIIPOOYBAaHO HOBY METOAMKY HaBuaHHS. UM MOXHA 3a pe3ysibTaTaMH
BUIIPOOYBaHHSA 3pOOMTH OOIDYHTOBAHHMI BHCHOBOK IIPO Te€, IO HOBA
METOJIMKa TOPIBHSHO 3 TIONEPeIHBOI0 e(heKTHBHIIMIA (Ma€e Kpallli OIliHOYHI
MOKa3HUKH). AHAJIOT1YHMIA TUTAaHHS BUHHUKAE 1 32 anpoOarlii HOBUX JIKiB, 32
BIIPOBAKCHHSI HOBHX TEXHOJIOTIH TOIIIO.

Osnauennsn 6.1. Ilepesipxoro 2inome3 HA3UBAETbCA TPOLEAYpA
NOPIBHSIHHS BUCJIOBJICHOTO MPUIMYIIEHHS (T1I0Te3H) 3 JaHUMHU BHOiPKH.
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s mponenypa momnsirae y HactynmHoMy. 111010 reHepaibHOT CyKYITHOCTI
BHCIIOBJTIOETHCSL TIEBHA Timore3a (YW KimbKa Timore3). 3 TEeHepalabHOL
CYKYIHOCTI BHTAITYeThCS BUOipKa. [loTpiOHO BKa3zaTH mpaBHIIo, SIKE AaBajio
0 BIJIOBIIb HA 3aITUTAHHS: UM CJIiJI BIAXHIUTH TiIOTE3Y (ICsIKi TimoTe3n) abo
npuiHATH i (OmHY 3 HUX). 3a3HAYNMO, IO CTATHCTHYHUMH METOIaMH
JIOBECTH TIMOTE3y HE MOXHA. € JHIIIe MOXXIUBICTH CIPOCTYBATH YH HE
CIIPOCTYBATH 1i.

Oznauenns 6.2. Cmamucmuynoio 2inome3or0 Ha3HBAETHCI OyIb-IKe
TBEP/KCHHS, BHCJIOBJACHE IIOJ0 HEBIJOMOr0 3aKOHY TIEHEpaIbHOI
CYKYMHOCTI a00 IIOJ0 YHCIOBUX XapaKTEPUCTHK MBOTO 3aKOHY (SAKILIO
BiJIOMHMIA 3aKOH PO3IOJILTY).

[lpukmaan  CTaTUCTHYHUX  TINOTE3:  TIEHEpalibHa  CYKYITHICTh
posmoniieHa 3rigHo 13 3akoHoM I[lyaccoHa, TeHepanbHa CYKYIHICTb
po3MoijiecHa 32 HOPMaJbHUM 3aKOHOM, JHCIHEpCii JBOX HOPMAaIbHHX
3aKOHIB PiBHI Ta iHIII.

O3nauenns 6.3. Ilpomec yxBajieHHS PIlIEHHS IMOAO CTaTUCTHYHOI
TiMOTe3W HA3MBAETHCS CMAMUCTHUYHOIO NEPeGIPKOI0  CIAMMUCTHUYHUX
cinomes.

O3nauennsn 6.4. [lapamempuunoro Ha3UBAETHCS CTATHCTUYHA TIMIOTE34,
SKIIO B HIA MICTUTBCSA JEAKE TBEP/DKCHHS IOAO0 OJHOTO YM KIJIBKOX
napaMeTpiB FeHepaNbHOI CYKYITHOCTI, PO3MOALI SKOT BBOXKAETHCS BIJIOMHUM
(200 OIM3BKKM /IO BiZIOMOTO0), HAWYACTIIIE HOPMATHLHUM PO3IIOIIIOM.

KirouoBi ocobamBoCTi.

Bumozeu 0o danux: naHi MaroTh OyTH BUMIpSIHI y KUIBKICHUX MIKajdax
(iaTepBanbpHA 200 MIKaa BiAHOIICHB).

Ilpunywenns: BUMaraloTh BUKOHAHHS CTPOTMX YMOB, TaKHX SIK: JaHi
He3aJIeKHI; J]aHi y TeHepallbHIi CYKYITHOCTI MaroTh HOPMAaJIbHUN PO3MOJILT;
JUTSL IBOX 1 OijibIlie BUOIPOK: PIBHICTH AUCTIEPCIH.

[Ipy BUKOHAHHI BCiIX yMOB MapaMETPUYHi TECTH MAarOTh BHILY
HMOBIpDHICT,  BIAXWIUTH  XHOHE  TBEP/UKEHHS  MOPIBHSHO 3
HeTapaMeTPUIHUMH.
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OO0'eKTH TMapaMeTPUYHHX TIMMOTE3 — 1€ CepelHl 3HAYCHHS, AWCIEPCii,
koedimierTn kopenii ITipcona Tomro.

O3nauennsn 6.5. Henapamempuuyni cinomesu — 11¢ TBEPIKEHHS, SIKE HE
pPOOHTH JKOPCTKUX TNPUIYIIEHb PO BHUINISL PO3MOAUTY TeHepalbHOi
CYKYITHOCTI (TOOTO, BOHH BUTBHI BiJl PO3MOILTY).

HemapamerpudHi  TimoTe3W  3aMicTh  IMapaMeTpiB  TeHEPaIbHOI
CYKYIHOCTI HEPiJIKO 30CEepelKYIOTbCA Ha MeJiaHax, paHrax abo 4acToTax
po3mozminy.

KittouoBi oco6mmBOCTI.

Bumoeu 0o oanux: MOXyTh BHKOPUCTOBYBATHCS 3 TaHUMHU, BUMIPSHUMHU
y TIOPSIIKOBIH (paHroRBiil) Yu HOMIHAJBHIN IIKajlaX, & TAKOXK 3 KUTbKICHUMHU
JTAHUMH, SIKi HE MalOTh HOPMAaJIBHOTO PO3MOILTY.

IHpunywenns: BuMaraioTs HabaraTo MeHIIE MPUIYLICHb (HAPHUKIA,
HE3JIeKHICTh CIIOCTEPEIKEHD ).

3acTOCOBYIOTECS, KONMM 0OCAT BHUOIPKM 3aHAATO MaJUi YU KOJH
MOPYIIYIOTBCS YMOBH TMAapaMETPUYHUX TECTIB (HANPHUKIAA, CHJIbHA
ACHMETpIis TaHUX).

O0'exTH rinoTe3 — 1€ Me/IiaHu, PAHTOBI CYMH, PO3IIOLITH, 3B'I30K MiXk
KaTeropialkHUMH 3MIHHUMH.

['inoTe3u No3HAYar0THCS BEJIMKUMU JIATUHCHKUMH JiiTepamu Ho, Hi, ...

O3nauennsn 6.6. Hynrvogor (ocnosHow) cinomesow Hy Ha3HBAETHCS
NPUMYIICHHS, TKOT0 MU JIOTPUMYEMOCS CTIOYATKY, TIOKH CIIOCTEPEKECHHS HE
3M}/CHTL HaC BU3HATU HpOTI/IJIe)i(He.

Oznauennsn 6.7. AnomepnamusHnoro (Koukypylouoio) ecinomesoio Hi
HA3UBAETHCS TiMOTE3a, KA cynepeunuth Ho i SIKy MU NpUAMaEMo, SKIIO
BIJIXHJIIEMO OCHOBHY TiITOTE3Y.

HynboBa rinoresa 3aBxIu OJHA, a AJIbTEPHATUBHUX MOXE OYTH
JIEKIJIbKA.

O3nauennsn_6.8. Ilpocmor einomesoio HA3UBAETBCS CTATUCTHYHA
rinoresa, sIKI0 BOHA MICTUTh JIMILIE OJ{HE MPHUITYIIICHHS.
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Hampuknan, rimore3a "MareMaTWdHe CHOJIBaHHS TEHEpaIbHOL
CYKYITHOCTI JJOpiBHIOE 6" — mpocTa TimoTesa.

Osnauennsa_6.9. Crxuaoworo 2inomesor0 Ha3UBAETHLCS CTAaTUCTUYHA
rinoTe3a, Mo CKIAIAEThCS 3 CKIHYCHHOTO UM HECKIHYEHHOTO YHCIa TPOCTHX
rimores.

Hampuknan, rimoreza "MareMaTWdHe CHOJIBaHHS TEHEpaIbHOL
CYKYIHOCTI MeHIIe 6" BKIIIo4ae B co0i HECKIHUEHHY KibKICTh MPUITYLICHb
Opo Te, YOMY JK JIOPIBHIOE MaTeMaTHYHE CIIOJIBaHHS T'€HEPAIBHOI
cykymHocTi. Lle ckiagHa rinoresa.

lnote3y mepeBipsAOTh BUXOASYHN 3 BUOIPKH, OTPHMAHOI 3 TeHEPaITbHOL
CYKynHOCTi. Uepe3 BUNIaIKOBICTh BUOIPKH B pe3yJIbTaTi EPEBIPKH MOKYTh
BUHUKHYTH TIOMHJIKH Ta IPUHMAIOTHCS HETPABIIIBHI PillICHHS.

Homunxu nio uac nepesipxu cinomes

Ockinbku OyIb-fiKe MPUITYLICHHS Mae€ WMOBIpHICHHH XapakTep, TO
MOJKJIMBI TaKi CHTYaIlii:

1) rimote3a Hy mpaBuiIbHA, 1 i 9ac MepeBipKyA BOHA MPUUMAETHCS,

2) rinote3a Hy mpaBuIiIbHA, ajie Mij] Yac NepeBipKH BOHA BiIXHUIISETHCS,

3) rimoTe3a Hy HempaBWIIBbHA, 1 ITiJ] 9ac TIepEBiPKH BOHA BiAXUIISIETHCS;

4) rimote3a Hy HenmpaBuIIbHA, aJie i1 9ac epeBipKy BOHA IPUHMAETHCA.

P03pi3HAIOTH TOMIJIKH MEPIIOTO Ta JAPYTOTO POIY.

Oznauennsn 6.10. Illomunxoro neputoeo pody Ha3uBaIOTh IOMIIIKY, SKa
MIPUNYCKAETHCS Y BUMAJKY, KOJIU BiIXWUJICHA MPaBHIbHA OCHOBHA TiMOTE3a
Hy i npuitHATO KOHKYpYIOUy rinore3y H.

O3nauennsn 6.11. IMOBIpHICTh TIOMWIIKA TIEPIIOTO POJY HAa3MBAIOTh
pisHem 3nauywjocmi Ta Io3Ha4aroTh o P(H1/Ho)= a.

O3nauennsn 6.12. Benmuuuny y=1—o, TOOTO WMOBIPHICTh TPUHHSATH
MPaBWIbHY TIIOTE3y, HA3UBAIOTh pigHem 006ipu (008ipuuM pieHem).

Oznauenns 6.13. Ilomunxoro 0py2o2o pody Ha3UBAIOTh MMOMUJIKY, SIKa
MIPUITYCKAETHCS B Pa3i MPUAHATTS HENMPaBUIHLHOI OCHOBHOI rinoTe3n H.

IMOBiIpHICTh MOMHJIKH JJPYTOTO POy TTO3HAYAIOTH f3.
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Oznauennsa 6.14. Cmamucmuynum Kpumepiem Ha3HBAIOTH IPABHIIO
VXBJICHHS PIIICHHS, 3TiMHO 3 SKAM NPHAMAETBCS a00 BiIXUISAETHCS
OCHOBHa rinote3a Ho.

Knacugixayis cmamucmuunux xpumepiie 3a suoamu:

o Kpumepii 3200u. IlepeBipka NpUITyIIEHHS Y TOMY, IO JOCIIiPKyBaHa
BUTIAJKOBA BEIWYMHA IIMOPSAKOBYETHCS TepeAdadyBaHOMY 3aKOHY
po3mozminy.

o Kpumepii 3nauywocmi. J103BONSAIOTH MATBEPAUTH a00 CIIPOCTYBAaTH
MIPUITYIIEHHS PO MTapaMETPH PO3IOILITY.

o Kpumepii na oonopionicmw. JlOCHiDKEHHS KUTbKOX BHOIpOK Ha
MpeaMeT IXHBOI HAJICKHOCTI /10 OJHOTO U TOTO CaMOro 3aKOHY PO3MOIiTY.
Kpurepii ogaopiaHOCTI € hyHIAMEHTOM JUCIIEPCIHHOTrO aHaji3y, OCKUIbKA
BOHH [IO3BOJISIIOTH BCTAaHOBUTH, 4YH BIUIMBAa€ TMEBHUUA (akTop Ha
JIOCITIDKYBaHY BEJIMYMHY, UM BUSBJICHI PO301XKHOCTI € CYTO BUITaIKOBUMU.

Leit moain yMOBHMIA, 1 Ha4acTilIe OMWH 1 TOW caMUil KpUTEPid MOXKe
OyTH BUKOPUCTaHHUN y PI3HUX SAKOCTSIX.

YacTo [u1s1 CIIpOILICHHS K HyJIbOBA TIMOTE3a PO3IISAAETHCS KOHKPETHE
NPUIYIICHHS, a SIK albTePHATHBHA, PEITa IPOCTOPY MOMKIIMBUX BapiaHTIB.

Oznauennsn_6.15. Ilomyoxcuicmo cmamucmuunozo Kpumepio — 1
MOJKJIMBICTh BiXHJIUTH TTOMUJIKOBY allbTEPHATUBHY TilOTe3y (TIOTYXHICThH
KpPHUTEPIit0 JOpiBHIOE 1—f).

3ayeaycennn _6.1. UYum Oinplia MOTYKHICTh KpUTEpilo, THM
HAMOBIpHillle, 110 BiH BUSBUTH OMHJIKOBICTb albTEPHATUBHOI TimoTe3u. 3i
3MEHIIIEHHIM PiBHS 3HAYYIIOCTI Majja€ MOTYKHICTh KPUTEPIFO.

O3nauennsn__ 6.16. Bunankosa BenuuuHa K, 1n00yaoBaHa 3a
CIIOCTEPEIKEHHAMH JJII TIEPEBIPKU HYJIBOBOI TimoTe3u Hop, Ha3WBAETHCS
CIMamucmuKor Kpumepiro.

[Mpu npoMy mnependadacThCsi, MO PO3MOAUT CTATHCTHKH KpPUTEPIIO
BIJIOMHMIA 3a CIIPaBEUIMBOCTI rinore3u Ho.

Cxema 1moOyoBY KPUTEPilO Taka: BECh BHOIPKOBHIA MIPOCTIP AITUTHCS
Ha JIBl B3aEMOJOIOBHIOKOYI 00jacTi: 007acTh BIIXHJICHHS OCHOBHOIT
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rimote3n Hy — kxpumuuna obaacmo S 1 0051aCTh IPUHHATTSA ITi€1 TIIOTE3W —
oonycmuma obracmo S .

O3nauennn 6.17. Kpumuunumu mouxamu ki, € TPaHUYHI 3HAYCHHS
CTaTHCTUYHOTO KPUTEPIiIO, SKi po30UBalOTh MHOKHAHY BCiX HOTO MOXKIIMBUX
3HA4YCHb Ha JIBI HEMIEPETHWHHI 00nacTi: 00JacTh MPUHHATTA Tinote3u (Ie
BIIXWJICHHS BBaXAIOTHCSI BUMAJKOBHMH) Ta KpPUTHYHY oOmacts (e
BIIXWJICHHS BW3HAIOTHCA CTATUCTHYHO 3HauymuMmu). Came Ii TOYKH
BU3HAYAIOTh MOPIT, 3a SIKUM HYJIbOBA rinoTe3a Hy Mae OyTH BiIxuiicHa.

[cHYIOTB TpHW BUIIM KPUTHYHHUX 0OJacTel:
NiGOCMOPOHHA KDUMUYHA 001aCMb BU3HAYAETHCS 3 PIBHOCTI:

P(K <kg)=c 6.1)

T00TO, IpH K<k, HYJIbOBA TIMOTE3a BIAXUISETHCS (pHC. 6.1):

K<y O6nacte npuiEaTTa 7 |
Kap
Pucynok 6.1
RPABOCMOPOHHA KDUMUYHA 0071aCMb BU3HAYAETHCS 3 PIBHOCTI:
P(K > kg)=cr, 6.2)
T00TO, IpH K>k\p, HYJIbOBA TIMIOTE3a BIAXWISETHCS (pHC. 6.2):
Ofnacts npmimatra [ K>y
Rp
Pucynok 6.2
080CMOPOHHA KPUMUYHA 001aCMb BU3HAYAETHCS 3 PIBHOCTI:
P(K <k )+ P(K > k)=, (6.3)

1€ kip1, kp2 — BIITIOBIJTHO JTiBa 1 TpaBa KPUTHYHI TOYKH, TOOTO, IPpH K<kip1 1
K> k2 HyBOBa TinOTE3a BiIXWIsieThest (puc. 6.3):
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K« -'.Gq;'_ (EnacTe DpHiEATTA {1 K= gl

Mapl T2
Pucynok 6.3

Haifuactime JOBOCTOPOHHIO KpUTHYHY 00JacTb OyAyIOTh  fK
CUMETPUYHY, BU3HAYAIOUH Kip1 1 kip2 BIATIOBIAHO 3 PiBHIHD

P(K<kp)=a/2 i P(K>kup2)=12. (6.4)

Ha mpaktuni mpu mepeBipui rinoTte3 3aJaeThCsl piBEHb 3HAYYIIOCTI
0={0,1; 0,05; 0,01; 0,025; 0,005; 0,001}. JIns KOXHOTO KPUTEPif0, TOOTO
BiJIIOBITHOTO PO3MOIiTY, 3a3BUYal CKIIIeHI TaONIHII, 33 TKUMHU 3HAXOSATh
KPUTHUYHI TOUKH Kip.

O3nauennsn 6.18. Cnocmepesicysanum (emnipuurum) 3Ha4eHuaM Kenoer
HA3WBalOTh 3HAYCHHS KPUTEPit0, 00UHCIIeHE 32 BUOIPKOIO.

OCHOBHHMI TPHUHIMIT TEPEBIPKH CTATUCTUYHHUX TilOTE3 IIOJISITAE B
HACTYIHOMY: SIKIIO 3HAYCHHS Kcnoer IOTPAILISIE B KPUTHYHY 00JACTh S, TO
OCHOBHY rinote3y Ho BIIXWISAIOTH i MPUIMAIOTh albTePHATHBHY TiMOTE3Y

Hi, KO Kenocr HAJIEKHATH 00JaCTI MPUMHATTS Timote3n S, To rinoresy Ho
MPUIMAIOTh, a TinoTe3y Hi BIAXWISIOTh.

PosriisHeMo napaMeTpuyHi rinoTe3u. SIKIno napaMerp € CKaasipoM, TO
HJeThCsl MPO OJHONAPaMETPUYHI TilOTE3H, SIKIIO BEKTOPOM, TO TIPO
OaraTormapaMeTpuyHi TiMOTe3H.

Ocnoeni emanu nepegipku 2inomesu

[epeBipka mapaMeTpu4HOi CTATHCTUYHOI TIMOTE3M 3a JIOTIOMOTOIO
KPHUTEPIiI0 3HAYYIIOCTI MOKE OyTH po30UTa HA HACTYIIHI €TaIlH:

1) dhopmymroBanHs iepeBipsemoi Hy Ta anpTepHaTUBHOI H| TiNOTE3;

2) oOpaHHs 3a 3MICTOM TillOTE3U PIBHSI 3HAYYHIOCTi 0. — HMOBIPHOCTI
MOMHWJIKOBOTO BIIXWMJICHHS HYJTbOBOI TirnoTe3u Ho. Lo BennunHy Ha3MBaoTh
TaKOXX PO3MIpOM KpuTepiro (Tecty). Bubip BenmuumHM piBHS 3HAYYIIOCTI
3aJIeKUTh BiJl pO3MIpY BTpAT, SIKi IOHECEMO y pa3i MOMUIIKOBOT'O PillIeHHS.
Haii6inpin nmomupeHoro € BesimunHa piHs 3Hauymocti a=0,05 (5%), a=0,01
(1%) (saxmo 0=0,05, To y cepennboMy B m'saT Bumaakax 3i 100 Oyne
MOMMJIKOBO BiJXWJIEHO BUCIIOBJIEHY TiIIOTE3Y);

3) Bubip cratuctuku K (Hanpuknaz, y>-posnozin IlipcoHa, -po3noin
Creronenra, F-posmoxpin ®imepa-CHenekopa Ta iHII), PO3MOMIN SIKOi
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BITOMHIA Ta 3aJIEKUTH BiJ MapaMeTrpa, KU MepeBipsAEThCS, 32 YMOBH, IO
npaBwiIbHA Tinore3a Hy. Bubip kputepito 3a1eXuTh Bif: TUILY TiOTe3H (TIpo
CepefHe, MpO MAWUCHEpCiI0 TOIo), BHIY po3moniny (mepeabavaeTbes
HOpPMaJIbHHI), 00CsTy BUOIpKY;

4) 3a maHUME BUOIPKH PO3PaxOBYETHhCS (paKTUUHE (CIOCTEPEKyBaHE)
3HAYCHHSI 00OPAHOTO CTATUCTHYHOTO KPUTEPIFO Kcnocr;

5) 3a Ta0muIero, BIJMOBITHOK PO3MOJAULY OOPAaHOTO KpPUTEPito,
HEOOX1THO 3HAUTH KPUTHIHY TOUKY Kip IJISI IPUHHATHAX PiBHS 3HAUYIIOCTI O
1 00csaTy BHOIpKH 1 200 KIJIBKOCTI CTETIEHIB CBOOOAM;

6) 3amexHO BN (QOPMYINIOBaHHS ajbTEpPHATHBHOI rinotesn H,
BU3HAYUTH KPUTHUHY 00J1acTh S OJHI€I0 3 HepiBHOCTEH: K<k, K>k ab0
CYKYIHICTIO HepiBHOCTEN K<kip 1 K>kip2;

7) nopiBHATH Kcnoer 3 kip Ta MPUHHATH DILICHHS, 3TIAHO 3 YMOBaMH
(6.1)—(6.3), wnHampuknanm, mIs TPABOCTOPOHHBOI 1  JBOCTOPOHHBOT
CUMETPUYHOI 00NacTeld BHUKOHAHHS YMOBH Kcnoerkip € TIACTABOIO IS
BIAXWICHHS Tinotesn Hy, IO HE Y3TOKYEThCS 3 pe3yiabTaTaMu
CIIOCTEpEeXKEHb, a HE BHKOHAHHS — JJS NPUUAHATTS Timote3u Hy, TOOTO
BBa)KaTH, 11O rinore3a Hy He CylepeynTh pe3ysibTaTaM CIIOCTEPEKEHb.

6.2 IlepeBipka HemapaMeTPUYHUX CTATHCTUYHUX rinmores

OyHIaMeHTANbHUM ~ 3aBAaHHSIM  MaTEMaTH4YHOI  CTATHUCTUKU €
IZICHTU]IKALIiSI TEOPETHYHOTO 3aKOHY PO3IOJILTY BUTIAIKOBOT BEJTMYMHH 3a 11
eMITIPUYHUMH JTAHUMH. SIKIIO BHUTIISI TeHEPATBHOTO PO3IOALTY HEBIIOMUIA,
TO (HOPMYIIOETHCS MPUITYIIEHHS PO HOTO MaTeMaTHYHY MOJIE)b. 30KpeMa,
0a30BOI0 TiMOTE30l0 y 0araThbOX JOCTIDKCHHSX € MPUIYHICHHS TIpO
HOPMAJIBHICTB PO3MOJILTY JOCIHIKYBaHOI O3HAKH.

3ayeaycennna 6.2. llpu nepeBipui rinmoTe3 Npo 3aKOH PO3MOAUTYy Ha
3aJ]aHOMY PiBHI 3HAYYIIOCTiI KOHTPOJIFOETHCS JIUIIE TOMUIIKA ITEPIIOTO POLY,
aje He MO)KHA 3pOOHUTH BHCHOBOK MO PiBEHb PHU3UKY, MOB’S3aHOTO 3
NPUAHATTSAM HENPaBWIIBHOI TiMOTe3u, TOOTO 3 MOXJIMBICTIO 3MiHCHEHHS
MIOMUWJIKH JIPYTOTO POIY.

O3nauenns_6.19. Kpurtepii, 110 BCTaHOBJIOIOTh 3aKOH PO3IMOILTY,
Ha3UBAIOTHCS KPUMEPIMU 3200U.

Otxe, KpuTepill 3roau — e CTATUCTUYHUHN IHCTPYMEHT, IPU3HAYCHUI
JUIsl  TIEPEBIPKM  BIJANOBITHOCTI  €MIIPUYHUX  JAHUX  TEOPETUYHO
nepeadadyBaHOMYy 3aKOHY po3mofiry. Y MaTeMaTH4HIM CcTaTHCTHLi
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Hal6ibII MOIIMPEHUMH € Taki Kputepii 3romu: x> (xi-kBaxpar) Ilipcona
(yHiBepcaslbHUH KpUTEpidl A JUCKPETHUX Ta HEMEPEPBHUX BEINYHH),
kputepiii KommoropoBa (0a3yeTbcsi Ha TOPIBHAHHI eMIIIpUYHOI Ta
TeopetnuHoi  QyHKUOiH  posmominy), Kpwurepiii Mizeca-CMupHOBa
(BUKOPHCTOBYE KBaAPATH BIIXHIIEHB JIJISI OIIHKHU 3TOIH).

6.2.1 Kpurepiii 3roau y>-Ilipcona

Kpurepiii 3romu y>-Ilipcona € OmHMM 3 HAWOLIBII TMOMIMPEHUX
KpUTEpIiB TEpeBipKH TimoTe3 IMpOo BHJ 3aKOHY PO3MOAUTY BHITaTKOBOL
BEJIMYWHHU, IO BUBYAEThCA. Lledl kpurepii mO3BONIsIE TIEPEBIpUTH
3HAYYIIICTh ~ PO3ODKHOCTI  eMIipuyHHX (IO  CIOCTEpIraloThes) i
TEOPETUYHUX (OUiKYBaHHX) YacTOT. TakuM YHHOM, 32 JJOTIOMOTOIO0 JaHOTO
KPUTEPII0 MOXXKHA TEpPEeBIPUTH TINOTE3y IMPO HAIEKHICTh BHOIPKH, IO
CIIOCTEPITaEThCs, IESIKOMY TEOPETUIHOMY 3aKOHY PO3MOALTY.

IlepeBipka rimoTesw 3a  JONOMOror  kpurepito  y>-Ilipcona
3MICHIOETHCS 32 HACTYITHOO CXEMOIO.

1) Hexaif 3 reHepaibHOI CYKYITHOCTI YTBOPIOEThCS BUITAIKOBA BUOIpKa
X1,X2,. ..,X, CIIOCTEPEIKEHb BHIAAKOBOI BenunHu X 00csrom n. Ha i ocHOBI
POOHTHCS MPUIYLIEHHS PO HOPMaJbHUH 3aKOH po3noainy. BucyBaerbes
rinore3a Hy: "TeHepanbHa CyKyITHICTh PO3IO/IiJIeHa HOPMAJIBHO .

2) OO6macTe MOXIMBHX 3HAYCHb BHUMAJAKOBOI BEIMYMHUA X, IO
criocTepiranucs, po30UBAETbCS HAa ¢ IHTEPBANiB, MO0 CKIAIAAIOTHCS 3
OKPEMUX 3HAYCHD JJIs TUCKPETHOI BUMAKOBOT BETHUUHU X.

Ix  kimpkicte  Bu3HauaeThcs 32 (opmynoo  Crepmkecca:
q=1+43,3221g(n), ne n — obcar BuOIpkU (¢ — 1e HaHOMIKYe wLiTe [0
1+3,3221g(n)).

JloBxkrHa 1HTEpPBAITY OOUNCITIOETHCS 32 (OPMYIIOH0:

X X

h= max__

min , (65)
q

Hexait n; — uncno enemMeHTiB BUOIpKH, IO HAJEXaTh i-My iHTEpBaILy

(i=1,2,...,9). Toni w; =— — 3Ha4YeHHs BIiTHOCHHUX YacCTOT AJISl KOXKHOTO
n
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4 q
inreppany (i=1,2....,q). OueBuaHO, O Y. 1; =1, a >ow;=1.

Cknanemo tadmuio 6.1:

i=1

i=l1

Tabmus 6.1
InrepBanu [x1,x2) [x2,x3) [x4.Xq+1]
CepennHa iHTEpBaITY
’ ! ’
,_xi+x,-+1 X Xy Xg
X; = —2
YacroTu n; n n Ny
BignocHa yacrora
n. W W w
w; = L 1 2 q
n

Emnipuana dyHkiis posnoginy F*(x) = %x e n, — uncno BapiaHT,
n
MEHIIUX X; 71 — 06car BUOIpKH, F(x)=0 mpu x< Xmin 1 F(x)=1 IPH X >Ximax.

3) 3a BUOIPKOIO CIIOCTEPEKECHb 3HAXOJATh OIIHKH HEBIIOMHUX

napaMeTpiB (HampUKIAA, Xp, 0s) HepeadadyBaHOTO 3aKOHY PO3MOILTY
BHUIIAAKOBO1 BenUUuHA X.

UwncnoBi XxapakTepUCTUKH BUOIPKH 3HAXOTUMO 32 (hOpMyJIaMHu:
a) Bubipkoee cepeone:

JUISL AUCKPETHOTO PSTY

- 14 q

Xp ==X M =D X W (6.6)
JUIsL THTEPBAJILHOTO PSLy

— 1 q ] q '
Xp ==X =D X W (6.7)
niq i=1

0) Bubiprosa oucnepcis.
JUTSL TUCKPETHOTO PSIy

(= x)” W ; (6.8)

M=

1 -
D, Z—Z(xi —xg)"m; =
ni- 1
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IUTS IHTEPBAJIBHOTO PSIITY
1 q — q i 2 —
DB:;Z(xi)z'ni_(xB)Z:Z(xi) Wi_(xB)z- (6.9)
i=1 i=1

B) Bubipxoge cepeone kgadpamuune 8iOXUNEHH:

o, =D, - (6.10)

BiamoBigHo [0 rimoTe3w, MITBHICTH PO3MOALTY WMOBIPHOCTEH Mae

BUTJISA;
- \2
=

1 202
= B . 6.11
FO=5se 610

B
I'padik miei GpyHKIIT HA3UBAETHCS BUPIBHIOBATILHOIO KPUBOTO.

4) OOUYHCTIOIOTHCS TEOPETHYHI YaCcTOTH.
a) [Ina nquckperHoro psany

=" o), (6.12)
O-B

e n — obcsar BUOIpKH, h — PI3HUIM MK JBOMa CYCiJIHIMA BapiaHTaMmH,

— 2
X; — Xg 1 -
u; = , 3HAUCHHS (o(u)= e 3HaxoauMmo 3a Tabmuier A.l
oy N2
(muB. Jlomatok A).
0) [nst iHTepBaNBHOTO PATY
n=n-p;, (6.13)
Ie n — o0car BUOIpKH, p; — TEOPETHYHI KWMOBIPHOCTI MOTPAIUITHHS

BUIAJKOBOI BEJIMYUHHM Y BIAMOBIIHUM IHTEpBad 1 OOYHCIIOIOTHCS 3a
dhopmyioro:

p; =P, <X <x,,)= @(Mj - @{MJ , (6.14)
O-B O-B
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ne @(x) — iaTerpanpHa (yHkmis Jlamraca, 3Ha4eHHS SKOI 3HAXOAMMO 3a
tabmurero A.2 (auB. Jlogatok A).

4) 3HaxoOuThCS CIOCTEpeX)eHe 3HadeHHs kpurepito Ilipcona 3a
hopMmyoro

Ler f(" —m)” (6.15)

5) 3a TabNUIEI0 KPUTHYHHUX TOYOK )*-PO3MOJLITY, 3a 3aJ1aHUM PIBHEM
3HAYYIIOCTI ¢ Ta YUCIOM CTENeHiB cBOOOAN k=¢—3 (¢ — 9WCIO TpyH A
JUCKPETHOTO psify a00 YWCIIO IHTEpBaNiB il 1HTEPBAJBHOTO pSAY)

3HaXOIATh KPUTUYHY TOYKY lep (a; k) TPpaBOCTOPOHHBOI KPUTHYHOI

obmacri (Tabmurt A.S, nuB. JlogaTok A).

2 2 . . .
6) JKIO Xcnoer < Xip » TO HEMAE IIACTAB BiAXHIUTH rinote3y Ho mpo

HOPMaJIbHUH  PO3MOJIN TeHEepaldbHOI CYKyNMHOCTI. [Hakiie Kaxydd,
. .. . . 2 2

eMIIIPHYHI 1 TEOPETHYHI YACTOTH PISHATHCS HE3HAYHO. SIKIO ¥inoer = Kip »

TO rinoTe3y Ho Ipo BUI PO3MOALTY BiIXHIISEMO.

3ayeayycenna 6.3. g KOPEKTHOrO 3aCTOCYBAaHHSA CTAaTUCTUYHHUX
METOJIIB HEOOXiqHO, MO0 YacToTa B KOXXHOMY IHTEpBaJli CTaHOBHWJIA HE
MeHIIe Hix 5 (n; >5). SIKio B IEBHOMY iHTEpBai KiJbKiCTh CIIOCTEPEKEHD
n; <5, TO JOUITBHO O0O0’€AHATH WOTrO 3 CYCIAHIMH JO JOCSTHEHHS
HeoOXiHOro MiHiMymy. ToMy mpu OOYMCIIEHHI YHCIIa CTENEHIB cBOOOAN
BeJMYMHA ¢ OEpeThCs BIJMOBIJHO 3MEHIICHOK Ha YHCIO 00'€IHAHUX
IHTEpBaJiB, TOOTO JOPIBHIOE YHCIy IHTEPBAIIB, IO 3aJTWIIWIACS IiCIIS
00’ € JHaHHS.

Mpukaan 40. Y pezynbrati nepeBipku Ha HecTanaapTHICTh 200 SIIUKIB
KOHCEPBIB OTPUMAHO HACTYIHUI eMIipUYHUE po3noait (Y HepIIoMy psaKy
BKa3aHO KUIBKICTb X; HECTAaHIAPTHUX KOPOOOK KOHCEPBIB B OTHOMY SIIIHKY;
y IpyroMy psKy n; — 4acToTa, TOOTO KIJBKICTh SIIWKIB, IO MICTSTh
KOpOOKH HECTaHJApTHUX KOHCEPBIB):

Xi 5 7 9 11 | 13 | 15 | 17 | 19 | 21
n; 14 | 25 | 28 | 30 | 26 | 22 | 23 | 19 | 13
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[TotpibHO 32 piBHA 3HauymocTi 0,05 mepeBipuTH 32 KpUTEPIEM 3roIH
Ilipcona 4m y3romkyerbes rimoresa Hy Tpo HOPMAIBHUN PO3MOMLT
TeHEePAITBbHOT CYKYITHOCT1 X — YUCJIO HECTAaHIAPTHUX KOPOOOK 3 EMITIpUYHUM
PO3MOITIOM BHOIPKH.

Po3zé’azannn. 3a ymosoto n=200, g=9. OCKiIbKH MaeEMO JUCKPETHHH
psin, TO AT 3HAXOKCHHS BHOIPKOBOT'O CEPEIHBOTO Ta BUHOIPKOBOL
Jucnepcii, ckopuctaeMmoch hopmyinamu (6.6) ta (6.8):

— q
= om = (51447-2549-28+11.30+13-26 41522+
n 200

£17-23+19-19+21.13)= 2220 _ 126
200
12 -2 1 2 2
D, == (x; —xs)? - =——\(5-12,6)" - 14+ (7 -12,6)° - 25+
nig 200

+(9-12,6) - 28+(11-12,6)*-30+(13-12,6) - 26+ (15-12,6)* - 22+

4304

+(17-12,6) - 23+ (19-12,6)* - 19+ (21-12,6)* -13) 5 =212

Toni BuOipKOBe cepeHe KBapaTUIHe BiAXWIeHH: 32 popmynoto (6.10)

0, =D, =/21,52~4,639.

OO0YMCIUMO TEOPETUYHI YacTOTH 3 orjsiay Ha Te, mo n=200, =2, 3a
dopmyiioro (6.12)

"zf:n.h'(ﬂ(“i)

B

_200-2 )= - olu, i
T olu;)=86,2255 - (u; ), ne u; —

Jiist 3py4HOCTI OTpUMaHi Pe3yNbTaTH MOJAMO Y BHUIJISJII HACTYITHOI
Tabmumi 6.2:

Taomuus 6.2
—x 2
X | =T UBXB o) | n n|n=n |(n,—n)? %
5 | —-1,638 |0,104 8,967 14 5,033 25,331 2,8249
7 | —-1,207 10,1919 |16,547 | 25 8,453 |71,453 4,3182
9 | =0,776 10,2943 125,376 | 28 2,624 | 6,885 0,2713
11 | —0,345 |0,3758 {32,404 | 30 —2,404 5,779 0,1783
13 0,086 0,3975 34,275 | 26 —8,275 168,476 1,9978
15| 0,517 0,3485 {30,05 |22 —8,05 |64,803 2,1565
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[Tpomosxenns Tabmutti 6.2

2

X; — Xp ' (n.—nf)

Xi U= (0(”1') n; R A N e s
A n;

17 | 0,948 10,2541 |21,91 |23 1,09 1,188 0,0542

19 1,38 0,1539 [13,27 |19 |5,73 32,833 | 2,4742

21 | 1,811 0,0775 16,682 | 13 6,318 39,917 |5,9738

2

D 200 Xcnoer =
=20,2492

3 po3paxyHKOBOI TaONWIlI 3HAXOJUMO CIIOCTEPEXKEHEe 3HAUEHHS
kpurepito Ilipcona: y2 . =202492.

3a tabauuero A.5 — Kpurununi toukm posmominy Ilipcona y* (aus.
Homatok A) mpu piBHi 3Hauymiocti 0=0,05 Ta 4ucnay cTeneHiB cBoOOIU

k=g—3=9—3=6 3HAXOAMMO KPUTHUYHY TOUYKY Z;%p (0,05;6) =12,592. TobT0

2 2 . o . .
Xenoer > Xp — OTKE, TIIOTE3y HPO HOPMaIbHAN PO3MOALI IeHEpalbHOI

CYKYIHOCTI BiIXWJIAEMO. [HaKIIe KaXKydn, eMITIpUYHI 1 TEOPETHYHI YaCTOTH
PI3HATBCS 3HAYUMO.

BigmoBigp: T'imotesy Ho mpo HOpMaNbHHN PO3MOII TeHEpaIbHOI
CYKYMHOCTI X — YMCIIO HECTAaH/IAPTHIX KOPOOOK BIAXHIISIEMO.

Mpuxnaxg 41. /laHO CcTaTUCTUYHE PO3MOAUICHHS TEPMIHY CIIyKOU
IHCTPYMEHTY IO BUXOJy 32 M€Xi TOYHOCTI (Y MICAIIAX):

IaTepBanm — Tepmin
CI1yKOH y MicAAX [15,20) [[20,25) |[25,30) |[30,35) [[35.40) |[40,45]

n; — 4acToTa 6 9 24 35 16 10

[epesiputu rinoresy Ho mpo HOpMaTbHHUN PO3IO/ALT TEPMiHY CIyKOU
IHCTpYMeEHTY 3a Jornomoroto kpurepito [lipcona (%) npu piBHI 3Ha4yIIOCTI
a=0,05.

Poseé’sazannsa. 3a ymoowo n=100, g=6. OCKiIbKA MAEMO 1HTEPBAIbHHIA

. . . . X+ Xy
psn, TO 3HAWOEMO CepeiWHH iHTepBaliB 3a (GOpPMYION X; = -

CknazeMo TaOJIHIIO:
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IaTepBanu — TepMiH

CITyKOHU y MiCATIX [15,20) |[20,25) {[25,30) ([30,35) |[35.,40) |[40,45]

Cepenuna
) , 17,5 22,5 27,5 32,5 37,5 42.5
iHTepBaly X;

— gacToTa 6 9 24 35 16 10

st 3HaX0mKeHH BHOIPKOBOTO CepeJHHOT0 Ta BUOIPKOBOI qucepcii,
ckopuctaeMock Gopmyrnamu (6.7) Ta (6.9):

— 9
szle,. n=— ! (17,5-6+22,5-9+27,5-24+32,5-35+37,5-16 +
nig 100
+42,5-1o)=w=31,3
100

D =—i(x,-)2 S Py ﬁ-((lw)2 -6+(22,5) -9+ (27.5) - 24+
n .

102075

+(32,5) -35+(37.5)* - 16+ (42,5 -10) (313)* =
=1020,75-979,69 = 41,06.

Toni BOipKOBE cepeiHe KBapaTUIHE BiAXMIEHHS 3a popmyoro (6.10)

o, =+ D, 36,4737 = 6,4078.

OGYHMCITMMO TEOPETHYHI YacTOTH 71 3a hopmyJtoro (6.13), a TeopeTnuHi

-979,69 =

HMOBIpHOCTI p; 3a popmyioro (6.14). s 3pydHOCTI OTpUMaHi pe3yIbTaTi

. . X; ] —Xs . X;—X
oaaMo y BUIIIsAAi Tabmumi 6.3, e 7, = — 2> j 7, =12
B GB
Tabnuns 6.3
Xi | Xi+l Zi Zi+l d)(Zi) CD(ZH]) Di npi

15 (20 |-2,54 |-1,76 |-0,4945 |-0,4608 |0,0337 3,37
20 |25 |-1,76 |-0,98 |-0,4608 |-0,3365 |0,1243 12,43
25 (30 |-0,98 |-0,20 |-0,3365 |-0,0793 |0,2572 2572,
30 |35 |-0,20 | 0,58 |-0,0793 |0,2190 |0,2983 29,83
35 140 | 0,58 | 1,36 | 0,2190 | 04131 |0,1941 19,41
40 145 | 1,36 | 2,14 | 0,4131 | 0,4838 |0,0707 7,07
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3HalizeMo crocTepekeHe 3HayeHHs kpurepito [lipcona ;(CZHOCT 3a
dopmyoro (6.15).
JIJ1s IbOT0 CKJIAIEMO HACTYITHY PO3PaxyHKOBY TaOJUIlO 6.4:

Taomuus 6.4

. ' ’ 2 (ni _n;)2
i n; n; ni—n; (ni—n;") —
1 6 3,37 2,63 6,9169 2,0525
2 9 12,43 -3,43 11,7649 0,9465
3 24 25,72 -1,72 2,9584 0,1150
4 35 29,83 5,17 26,7289 0,8960
5 16 19,41 -3,41 11,6281 0,5991
6 10 7,07 2,93 8,5849 1,2143
) 100 97,83 Keocr =

=5,8234

3 po3paxyHKOBOI TaONWIlI 3HAXOJUMO CIIOCTEpEXKEHEe 3HAUEHHS
kputepito [lipcona: y2 . =58234.

3a tabmuuero A.5 — Kpuruuni Touku y*-posmoxiny Ilipcona (mus.
Honmatok A) mpu piBHi 3Hauymiocti 0=0,05 Ta 4ucnay cTeneHiB cBoOOIU

k=g—3=6—3=3 3HaAXOAUMO KPUTHYHY TOUYKY Z;%p (0,05;3) =7,815. Tobto

2 2 . . .
Xenoer < Xip — OTKE, HEMae INJACTaB BIIXWIMTA rinmotesy Ho mnpo

HOPMAJIBHUN PO3IOJIIT TEPMIHY CITy>KOM iHCTPYMEHTY.
Bianogiae: I'inoresy Hy mpo HOpMalIbHUH PO3MOIII TEPMIHY CITYKOH
IHCTPYMEHTY HE BiIXHIISEMO.

Mpuxnag 42. CdopMoBaHO paHXKOBaHYy BHUOIPKY IO M'STIECATH
CHIBPOOITHUKAM BUPOOHHUYOI JIISIHKH, 110 BigoOpaxae iX iHAMBIIyalbHY
Pe3yJbTAaTUBHICTh Y MOTOYHOMY IEPiOAl y BIJCOTKAxX IMOAO IMOKa3HUKIB
MUHYJIUX POKiB. JlaHi BHeceHi B Tabmuio 6.5.

Taomuis 6.5
92 1 93 | 94 | 97 | 98 | 99 | 100 | 101 | 102 | 103
104 | 104 | 105 | 106 | 106 | 107 | 107 | 107 | 108 | 109
109 | 110 | 110 | 110 | 111 | 111 | 112 | 112 | 112 | 113
113 | 114 | 115 | 116 | 116 | 117 | 117 | 117 | 119 | 119
119 | 121 | 122 | 124 | 124 | 125 | 127 | 128 | 132 | 134
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[TepeBipuTu rinoresy Hy mpo HOPMAIBHHUHN PO3IOIALT TOCTITHUX JaHUX
3a mormomororo kputepiro Ilipcona (%) mpu piBHi 3Hagymocti 0=0,05.

Po3e’azannn. CkinagemMo iHTepBalbHHN BapiaumidHuii psg. Maemo
Xmin=92, Xmax—=134. Po3max BUOIPKU: R=Xmax—xmin=134-92=42. Buznauaemo
KUTBKICTB iHTEpBaiB ¢ 3a hopmyinoro Ctepaxkecca:

q=1+3322-1g(50)=1+3322-1,699 ~ 1+ 5,644 ~ 6,644 .

Oxpyrmoemo ¢g: g=7. OGUHCIIOEMO AOBXHUHY iHTepBaIy /i 3a (HOpMyIIOr0:
h=R/q=42/7=6.

Busnauaemo mexi iHTepBaiiB: [92;98), [98;104), [104;110), [110;116),
[116;122), [122;128), [128;134]. JIns KOXHOTO iHTEpBANTy, BU3HAYAEMO:
CepeIMHHU IHTEPBAIB X;'=(X+Xi+1)/2, yacToTH n; CKiIagaemMo Tadiuio 6.6.

Tabmuus 6.6
[92;98) ([98;104)([104;110) [110;116) |[116;122) [122;128) |[128;134]

xi' | 95 101 107 113 119 125 131
n; 4 6 11 12 9 5 3

OCKiJIbKY MaeEMO 1HTEpBAIBHUIN BapialliiHUA psiJl, TO 3aCTOCOBYEMO IS
3HAXOJKEHHS BUOIPKOBOTO CEPEAHBOTO x5 (popmymy (4.8):

- q
szlelf-ni :5—10-(95-4+101-6+107-11+113-12+119-9+125-5+
n =1

5608

+131.3)= (380+606+1177+1356+1071+625+393):W=112,16

1
50

Jliis 3HaxopKeHHsT BUOIpKOBOI mucnepcii Dy 3acTocoByeMo (opmyiny
(4.13):

D,=x" (x| =%§i(xlf)2-ni—(x_3)z =5—10-(952-4+1012-6+1072-11+
‘

+113%-12+119% -9 +125% -5 +131 -3)— (112,16)* = 5—10-(36100+ 61206+

+125939+153228+127449+ 78125+ 51483)— 12579,8656 = 633530 _

—12579,8656 =12670,60—12579,8656 = 90,7344 .

BubipkoBe cepenHe KBajJpaTW4HE BIJXWICHHS O 3HAXOJUMO 3a

bopmyioto (4.12): o, =4/ D, =4/90,7344 ~95255.
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O6uncnuMo TeopeTHdHI dYacToTH np; 3a ¢opmynow (6.13),
TEOpeTHUIHI HMOBIPHOCTI p; 3a hopmymoro (6.14).

J71st 3pydHOCTI OTpUMaHi pe3yabTaTH MOAaMo y BUTIsIAI Tabnui 6.7:

a

Tabmuis 6.7
Xi Xi+1 n; pt npt (nl npl) n-p;
92 198 |4 0,0511 | 2555
98 104 61 0,1268 6.34 8,895 1,221 0,1373
104 110 |11 | 0,2141 10,705 0,087 0,0081
110 116 |12 | 0,2464 12,32 0,102 0,0083
116 |122 | 9 0,1931 9,655 0,429 0,0444
122 128 |5 0,1030 | 515
8 7,025 0,951 0,1354
128 (134 3 0,0375 1875
2 _
2 50 | 0972 48,6 Fenoer =
=0,3335
3 pO3paxyHKOBOI TaONMIII 3HAXOJUMO CIIOCTEPEIKEHE 3HAUCHHS

kputepiro Ilipcona: y’noer=0,3335.

Ockinbkr B EMHIPUYHOMY PO3IOIALTI KUIBKICTh CIIOCTEPEKEHb Yy
NepuioMy i OCTaHHBOMY iHTepBanax (mi=4, n;=3) MeHma 3a 5, s
KOPEKTHOTO 3aCTOCYBaHHs KpuTepito y>-Ilipcona wi inTepBanmu Oyio
00’eHaHO 13 cycigHimMu (auB. Tadu. 6.7). [licns meperpymyBaHHS KiJIbKICTh
IHTEepBaJIiB CTAHOBHUTH ¢=5 1 UMCIIO CTENEHIB cBoOOaM k=¢— 3=5-3=2.

3a Tabmunero A.5 — Kpurnuni touku y*-posnoginy Ilipcona (mus.
Honmatok A) npu piBHi 3Hauymocti 0=0,05 3HAXOIUMO KPUTHYHY TOUYKY

7 (0,05,2) =5991.

. 2 2 . . .
OcCKUIbKH Xcmoer <ZKp’ TO mAcCTaBu [JIA BIAXWIICHHA HYJIBOBO1

rinotesn Hp BigcytHi. OTxe, NPHITYCKAEThCSA, IO EMITIPUYHI JIaHi
PO3MOAiIeH] 32 HOPMAJIbHUM 3aKOHOM.

Bigmogiae: I'inmoreza Hy nmpo HOpMaJIbHUH PO3MOILT Y3TOIKYETHCS 3
JOCHIIHUMH JaHUMU.
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6.2.2 Kpurepiii 3ronn Kosmoroposa

Kpurepiti 3romn  KomMoropoBa (WacTo  3BaHHH  KpPUTEpPiEM
KonmoropoBa-CmupHoBa u1st ofHi€l BUOIpKH) J03BOJISIE MEPEBIPUTH, YU
BIMOBiAae eMmipUUHUA  (peajbHHH) PpO3MOALT JaHUX  SKOMYCh
TEOPETUYHOMY 3aKOHY (HANpWKIaA, HOPMAIbHOMY, DPIBHOMIPDHOMY YH
eKCIIOHECHIIITHOMY).

Kpurepiit KommoropoBa AOCHTH 4YacTo 3aCTOCOBYETHCS MPAKTHYHO
3aBASKH CBOiN TpocToTi. HaiiBaknmuBinma ymMoBa 3aCTOCYBaHHS KPUTEPIO
3rogn KomMoropoBa — 1ie HellepepBHI BHUIIAAKOBI BEIMYWHHU (Bara, 3picr,
yac, noxim). s TuckpeTHUX JaHuX (KUTBKICTh AiTeH, KUAKH KyOuka) BiH
NpaIioe HEKOPEKTHO. Y KJIACHYHOMY BUTJISAI KpUTEpi BuMarae, 1mod
3a3maleriap Oyiau BioMi MapaMeTpu po3moAury (HampHKiIand, HE MPOCTO
"HopMmanbHUER", a "HopMansHHH 13 cepenHiMm 0 1 BimxmienHsM 1"). Tobro
HOro 3acTocyBaHHS MOXIIMBE JIMIIE TOJi, KOJIM TEOpeTH4Ha (YHKIis
posnoziny Fo(x) 3amana mOBHICTIO. SIKIIO mapamMeTpu (cepenHe, TUCIepcis)
OIIIHIOIOTBCS 32 CaMOl  BHOIPKOIO, TOTPIOHO  BHKOPUCTOBYBATH
moaudikamio — kpurepiit Jlisutiedopca. Bin Tounimte, Hik Kputepii y-
[Tipcona npu HEBEMMKUX 00CATaxX JaHUX, TOMY IO HE BUMArae yrpyrnoBaHHS
JAaHUX B iHTepBanu (TIpH AKiA BTpadaeTbes iHGOpMAILis).

Hesanexxno Bim po3mnojity (OpMyIIIOEThCS HyJbOBa rinore3a Ho:
Fu(x)=Fo(x) 1 amprepHatmBHa Trimote3a Hi: Fu.(x)£Fo(x), ne Fo(x) -
TeopeTHIHa (YHKIIisI po3noAiy, F,(x) — eMmipu4Ha GyHKIIS pO3MNOILTY.

Cytb xputepito KommoropoBa mojsirae y TOPIBHAHHI TEOPETHUHOL
¢byHkuii posmomity Fo(x), 1O BiANOBiae NPUMyHIEHIH TimoTe3i, Ta
emmipuaHoi (GyHKIIT Fi(x), moOymoBaHOI HA OCHOBI BHOIPKOBHX JaHUX.
Miporo po30i’KHOCTI MiXK HAMH € CTaTUCTHKAa D, sIKa BU3HAYAETHCS SIK
MakCUMaJlbHEe 3HaueHHS aOCOJIIOTHOI PI3HHIN MDK TEOPETHUYHOK Ta
eMIIpUYHOI0 QYHKIIISIMH PO3MOJILTY B ycili o0nacTi Bu3HadeHHs. Kpurepiii
IIYKa€ MAaKCUMaJIbHY BEPTUKAJIbHY BiJICTAHb MK LIUMH JJBOMA KPUBUMH.

Ls BificTaHb IO3HAYAETHCS SIK

D, = max|Fn (x)- Fo(x) (6.16)
X
1 Ha3UBAETbCA cmamucmukor Kpumepiio Konmozopoea.

KosnmMoropoB 10BiB, 10 HpH 7—00 3aKOH PO3IMOIIITY BHIAAKOBOT
BEJIMYVHU
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A=D,-n (6.17)
He3aJIe)KHO BiJl BUAY PO3MOALITY BUIIAIKOBOI BETHYUHH X MPSAMYE 10 3aKOHY

po3noainy Kommoroposa.

3ayearcenna 6.4. [lnsa manux BUOipok, To0TO mpu n<40 (y nesKux
oKepenax n<25), po3moaul CTAaTUCTHKH D, 3alleUTh BiJl KOHKPETHOTO
YHCIa CIOCTEPeKEeHb. Y LbOMY BHUMAIKy BHKOPHCTOBYEThcS "TabOmwiis
KPpUTHYHUX  3HaueHb  D,, kputepito  Kommoroposa-Cmupnosa"
(Tabmums A.8, muB. JlomaTok A).

3aysaxcennsa 6.5. Jlns Benmukux BUOIpoOK, TOOTO mpu n>40, KOIU N

3pocrae, BenuuyuHa D, n Mepecrae 3ajJekKaTH Bifl n 1 TOYHHAE
HiAMOPSAAKOBYBATUCS 3aKOHY po3mnoainy Kommoroposa. Y mboMy BHIAAKY
BUKOPHCTOBYETBbCS CTaTUCTMKa A =D, An i "Tabmaus KPUTUYHUX
3Ha4YCHb A, po3noaury Konmoroposa" (tabmuis A.9, nue. lomatok A).

1. Ilepegipxa cinomesu npo HOPMANLHULL 3AKOH PO3NOOINY 3a
donomoezoio Kpumepiro 3200u Konmozoposa 30ilicHI0OEMbCa 34 HACMYNHOIO
cXemoro:

1) st Bubipku Mayioro oocsry:
a) 3HAXOJMMO eMIipu4Hy (YHKII0 po3nomairy Fn(x) 3a dhopmymnoro

l . . . .o N
Fn ()Cl- ) = ; , A€ 1 — MMOPAAKOBUU HOMEP CJICMCHTA X; Y BIICOPTOBAHINU BI/I61pI_I1

Ta 3HAYeHHA TeopeTHdHOi PyHKIT Fo(x), IKa BHKOPUCTOBYETHCS B KPUTEPil
KomnmMoroposa, — 11e Hakommu4eHa WMOBIPHICTB Bif —oo 10 x. BoHa HEe Moxe
OyTH BiJl’€MHOIO Ta 3aBXKIU 3HAXOAUThCS B Mexax Bif 0 10 1. 11 KOKHOTO
3HAaYeHHS X; BHOIPKM 3HAXOIMMO WMOBIPHICTH 1I€aTBHOTO HOPMAIBHOTO

X;—a

posnoniny 3a ¢opmymnoro FO(xi):0,5+q§( j, ne @O(x) — 3HauCHHSA

¢yukiii Jlamaca, sike 3HaxoauMo 3a Tadnuiero A.2 (muB. JJomatok A);

0) BU3Ha4aeMo Mipy po30ikHOCTI D, MK TEOPETHYHHUM Ta EMIIPUYHUM
posnoninamu 3a Gopmysoro (6.16);

B) 3a Tabmuus A.8 (auB. Jlomatok A) 00uucioTh Dy, 32 3aJaHUMHU 711
Ta piBHEM 3HAYYILOCTI 0.
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Axmo D,<D,,, TO BBaXaroTh, IO TimoTe3a Hy HE CyNepednTb
JocaigauM gaauM. Skio D,> D, ., To rinmote3a Ho, 110 BUTaIKOBa BEIHIHNHA
X Mae 3a1aHUl 3aKOH PO3MOILTY, BIIXWISETHCS.

2) Inst BUOIpKH BETUKOTO 00CHTY:
a) CKJIaIaEMO iHTEpBATLHUN P,
0) 3HAXOAMMO HAKOMWYEHI YacTOTH #7;' I KOXKHOTO IHTepBamy i

!
BU3HAYAEMO eMIipuyHy (QyHKLio posnominy F, (x,-)z —L Ta UId KOXXHOIrO
n

3HaYeHHS PaBOi MEXI1 IHTEpBAITY X; 3HAXOANMO NiepedadyBaHy TEOPETHIHY
X, —a

dyHkuio posnominy Fy(x;)=0.5+ d{ j , e O(x) — 3HauCHHS QYHKIII]

Jlammaca 3naxoaumo 3a Tabmurero A.2 (quB. Jlogatok A);

B) BH3HAYA€EMO Mipy po30iKHOCTI D, Mi>K TEOPETUIHUM Ta €MITipUIHAM
po3nojinamu 3a dpopmysaorw (6.16);

r) 3a Tabmumero A.9 (muB. JlomaTtok A) OOYHCIIOIOTH A, 32 3aJaHUM
piBHEM 3HauymocTi a (e Agp). 3HAXOAMMO KpUTHYHE 3HaueHHS D, 3a
hopmyIior0:

D, =la (6.18)

P Un
SAxmo D,>Dxp, TO TinoTe3a Ho, 110 BUNiaIkoBa BelnvrHa X Mae 3aJlaHAi
3aKOH pO3MOLNY, BiAXuseThes. ko D,<Dyp, TO BBRXKAIOTh, IO TillOTE3a
Hjy He cynepednThb AOCHITHUM JTaHUM.

2. llepegipka  cinomes npo  3aKOHU  pPO3NOOINY:  PIGHOMIDHUU,
excnonenyianvnui ma Ilyaccona 3a Oonomozoro Kpumepilo 3200U
Konmozcoposa 30iticnioemuvcs 3a HACMYNHOIO CXEMOIO:

1) 3agany BuOipKy X; (i =1,_n) 00csry n BiICOPTYEMO 32 3POCTAHHSIM:
X100 . SX.

2) 3HaxoIUMO 3HaYeHHsI eMITipHuIHOT QYHKIIT F,(X) JUIS KOKHOTO i-TO
enemeHTa BuGipku: F, (xi) =iln.

3) 3HaxoauMo 3HaueHHSA TeOopeTW4HOI GYHKUIT Fo(x) I KOXKHOTO X;
BUOiIpKM 3a (OPMYJIOIO BIAMOBIZHOTO 3aKOHY PpO3MOALTY (TOHepeIHbO
OOYHCIIMBIIH 32 BUOIPKOIO MapaMeTpH TUITY A):

Jiist piBHOMIPHOTO 3aKOHY Ha [a;b]:

145



a) 3HAXOJUMO MEXKIi: A=Xmin (TIEPIIIC TUCIIO X1 ), b=Xmax (OCTAHHE YHUCIIO
Xn);

X:

i —a

6) Teopetnuna Gyuxuis Fy(x;)= b
—a

JUIsl eKCIIOHEHIIIATILHOTO 3aKOHY:
a) 3HAXOIMMO CEPEIHE y — I X
n .

i
6) 3Hax0aMMO TapameTp A: A =1/x;
B) TeopeTu4Ha QyHkuis F (xl- ) =1-e ™%,
g 3akony [lyaccoHa, OCKUTBKH BiH TUCKPETHUH:
a) 3HaXOMMO CEPEITHE x — 1 X
n<

1
6) 3HAXOMMO TIapaMeTp A: A = x ;
B) mmsi KokHOro timoro k(0,1,2...) 3HaXoammo WMOBiIpHOCTI:
AKe?
P(k)= ;
k!

r) TeopeTndHa QyHKIis Fo(X;) — e HAKOMUYEeHa CyMa HMOBIpHOCTEH

P(k) nns Beix k<x;.

4) Hlykaemo HaWOLIBITY PI3HALIO |Fu(X)—Fo(x)|.

3ayeaycenns 6.6. Ockinbku QyHkist F,(x) — e CXOIMHKA, TO PO3PUB
MOTPIOHO TepeBipATH Yy JMABOX TOYKax: "Ha IIOYATKy CXOJUHKH"' Ta
"HanpukiHmi". ToMy muBUMOCS Pi3HHLIO Fo(X;) 3 TOTOYHUM 3HAYCHHSIM i/ n

Ta 3 MONEePeTHIM (i - 1)/ n.

JJ1 3pydHOCTI CKITaITaEMO PO3PaxXyHKOBY TaONHIIFO 6.8:

Taomuus 6.8
Fo(xi)
| Fu(x)= | Fa(xi1)= F () Fo(x Flo e Folr
Lo Xi =iln =(i-1)/n (38. ‘n(xz) O(Xz] ‘n(xl,l) ()(sz
TEOopi€r0)
1 |x 1/n 0
2 | x 2/n 1/n
n |x, 1 (n-1)/n
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5) oOuucnuT MaKCHUMallbHe BIOXWICHHI D, MDK eMIIipHIHOIO
¢yskmiero F,(x) Ta TeoperndHoro Fo(x). IS mpOro BHUKOPHCTOBYEMO
bopmyuy:

i

J} (6.19)
n

FO(xi)__

i—1
D,, = max{ max FO(xi)——,
1<i<n n
TobTo, 3 ABOX OCTaHHIX KOJIOHOK Tabmuii 6.8 BuOMpaeMo HaiOinblie
3HaueHHs. BOHO 1 € MakcUManbHUM BiAXUICHHAM — D,

6) 3a Tabimmero A.8 (muB. JlomaTtok A) o0UUCITIOOTE Dy, 32 3aaHAMU
n Ta piBHEM 3HAYYIIOCTI a.

Axmo D,<D,,, TO BBaXarOTh, IO TimoTe3a Hy HE CyNEPEUYHTH
JocigHUM AaHuM. SAKmo D,>Dy ., TO TinoTe3a Ho, 110 BUMagKoBa BeTUYNHA
X Mae 3a1aHAN 3aKOH PO3MOILTY, BiIXIISETHCS.

Mpuxnanx 43. Ha 3aBoxi Bepcrar (acye mykop y maketu mo 1000 rp. 3
JIOCBIly MUHYJIHX POKIB BiJJOMO, IO TOXHMOKa BepcTara pO3MOJiIeHa
HOpMabHO 13 cepenniM a=1000 i crangapTHIM BiAXWICHHSIM 0=5. bepyTh
BUNIAMKOBY MpoOy 3 10 makeTiB 1 MepeBipsiOTh: YU He 30MIHCA
HanamTtyBaHHs Bepcrata? OTpuManu AaHi (Bara B rpaMax):

992,998,1002,1005,1001,999,1003,1000,995,997.

[epeiputu rinore3sy Ho, 1o JaHi po3noAiieHi HOpMaabHO 3 3aJaHUMU
napamMeTpaMy, BUKOPUCTOBYIOUH KpuTepiii 3romu Kommoroposa 3 piBHeM
3Hagymocti a=0,05.

Po3e’azannsa. Maemo BubipKy manoro oocary. CopryeMo 3Ha4YeHHS
BUOIPKH 32 3pOCTaHHSM:

992, 995, 997, 998, 999, 1000, 1001, 1002, 1003, 1005.
3HaxoguMO 3HaueHHs emmipuuHoi ¢yHKUii F,(x) 1 3HaYeHHS

. l . o
teopetnuHoi ¢yHkuii Fo(x): F, (xl-)z—, ne [ — TOpS/AKOBUM HOMeEp
n

X;—a

eneMeHTa X, Fy(x;)=0,5+ (p[ j , 1e O(x) —3nayeHHs GpyHkii Jlamaca,

sIK€ 3HaX0IUMO 3a Tabnuiero A.2 (muB. HomaTox A).

3Haiimemo cratuctuky D, 3a ¢dopmysorw (6.16). 3HaxoauMo Pi3HUIL
|Fn(x,')— Fo(x,')l Ta |F,,(x,-_1)— Fo(x,')l.

Cxiamaemo tabmuiro 6.9.
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Taomuus 6.9

Xi 992 995 997 998 999
Fu(xi) 0,1 0,2 0,3 0,4 0,5
Fo(x) 0,0548 10,1587 |0,2743 |0,3446 |0,4207

|Fu(xi)—Fo(x)| | 0,0452 |0,0413 | 0,0257 |0,0554 |0,0793
|Fu(xi-1)—Fo(xi)| | 0,0548 |0,0587 | 0,0743 ]0,0446 |0,0207 |
[Ipomosxenns Tabmurti 6.9

Xi 1000 1001 1002 1003 1005
Fa(xi) 0,6 0,7 0,8 0,9 1,0
Fo(x:) 0,5 10,5793 10,6554 |0,7257 [0,8413

|F(xi)—Fo(xi)] 0,1 0,1207 10,1446 |0,1743 10,1587
|Fa(xi-n)—Fo(x))| 0 0,0207 10,0446 |0,0743 | 0,587

Bubupaemo HaiiOiIbIIe 3HaUSHHS 3 OCTaHHIX ABOX psAAkiB. Lle 1 Oyme
cratuctuka D,=D¢=0,1743.

3a Tabmurmero A.8 (muB. JlogaTok A) 3Haxommmo Do s;10=0,40925 ta
MOPIBHIOEMO 3 OTpuMaHUM 3HadeHHsM D10=0,1743. Ockinbku D1o< Do ps:10,
TO rinote3y Ho 110 JaHi 3 3aJJaHUMU TIapaMeTpaMu PO3I0IiJICHI HOPMaJIbHO
HE BIAXWIAEMO.

Bignosings: 3 iMoBipHicTIO 95% MOXHA CTBEPIKYBATH, IO MMOTOYHI
HaJIAINTYBaHHs 00JIaJHAHHS BiJIIOBIIAI0Th 33J]aHUM CTaHIapTaM TOYHOCTI.

Mpukaan 44. Bepcrar Burotomse netaii. [lepeBipsioTs KaniOpyBaHHsS
Bepcrara, B3y 100 neranei, 3rpyrnoBaHuX B iHTEPBAIH:

TuTepsamn ([988;992)([992:996)|[996:1000) [1000;1004)([1004;1008]
ni 7 15 28 30 20

[Ipunyctumo, mo moxuOka BepcTaTa PO3NOAUIEHA HOPMabHO i3
cepenHim a=1000 i cranmapTHUM BiaxwieHHsM o=5. [lepeBipuTH rinoresy
Hy nipo HOpMaNbHHUN PO3MOJILUT Baru JeTanel, BAKOPHCTOBYIOUM KPHUTEPii
sroau KonmMoropoga 3 piBHeM 3HauyiocTi a=0,05.

Po36’azanns. 3Haxo1uMo 3Ha4eHHS eMitipuyHoi QyHkmii F,.(x). Bona
OOYHUCITIOETECS K BIJIHOIIEHHS HAKOIIMYEHOI KUIBKICTI aeTaneid n;’ s
PO3IJIsAYBAHOTO IHTEPBAITY 0 3arajibHOI ix KiibKicTi 7 (n=100). 3Hax01uMO0
3Ha4YeHHs1 TeopeTndyHol pyHkuii Fo(x). Jna xoxkHOrOo 3Ha4YeHHs x; (mpaBa
MeXa 1HTepBaly) HOTPiOHO 3HAWTH MMOBIPHICTH 11€aTbHOTO0 HOPMAJIBHOTO

148



X;—a

posnoainy 3a (popMyIoro: Fo(xi):0,5+<p[ J, ne @(x) — 3HauYeHHA

¢ynkuii Jlanmaca 3Haxoanmo 3a tadbnunero A.2 (auB. lomatok A).
3HaiieMo 3Ha4deHHs pisHULi |F,(x)—Fo(x)| A1 KOXKHOTO 3HAYCHHS X;
(mpaBa Mexa iHTepBaiy) Ta ckiaaeMo Tabmuito 6.10.

Tabmunsa 6.10

Hakonnue . [[IpaBa . .
Trepsanu Yacrora Ha YacToTa DyHKL1SA MeKa Oyukuia | Pizaung
n; l’li’ Fn(x) x; F()(x) |Fn(x)—Fo(x)|

[988:992) 7 7 0,07 | 992 | 0,0548 | 10,0152
[992,996) | 15 22 022 | 996 |0,2119 0,0081
[996;1000) | 28 50 0,50 | 1000 [ 0,5 0

[1000;1004)| 30 80 0,80 | 1004 | 0,7881 0,0119
[1004;1008]| 20 100 1,0 | 1008 | 0,9452 0,0548

Bubupaemo wmakcumanbHy pisHumo: D,=0,0548 (maitOinbme B
OCTaHHBOMY cTOBIIN). 3a Tabnumero A.9 (muB. JlomaTtok A) 3HaAXOAMMO
KPUTHYHE 3HAYSHHS A, 32 33JJaHUM piBHeM 3HadymocTi 0=0,05: Ap=1,358.

1,358 1,358
3a popmynoro (6.18) snatinemo Dy, = m = ’1—0 =0,1358.

Ockinbku pospaxynkose D,=0,0548 meniie kputuuHoro Di,,=01358, To
POOMMO BHCHOBOK, IO rinoTe3a Hy po HOpMaJIbHUH PO3IIO/IiJ Bar IeTanei
HE BIIXWIAETHC. BepcraT mpaitoe KOPEKTHO BIAMOBITHO 10 HOPMAJILHOTO
3aKOHY.

Binmogine: 'inoreza Hy mpo HOpManbHHUI PO3MOJLT Bark JeTaneid He
BIAXUIIACTHCA.

Mpuxnag 45. [lacaxup, SKUH TPUXOAUTH Y BUTIAJAKOBI MOMEHTH Yacy
Ha 3yNHMHKY aBToOyca, MPOTATOM I'SITH MOi30K (iKCyBaB yac OUYiKyBaHHS
aBroOyca: 5,1; 3,7; 1,2; 9,2; 4,8 (xpwiuH). [lepeBiputH TimoTe3y, 1o 4ac
OUiKyBaHHS PiIBHOMIPHO pO3IOJIIEHO Ha Binpi3Ky [0;10], BUKOpHCTOBYIOUH
Kkputepiii 3rogu Konmmoroposa 3 piBHeM 3Hauymocti a=0,05.

Po3e’azanns. leperipsemo rinoresy Hy: "Hac o4ikyBaHHS PiBHOMiIpHO
posmonieno Ha BiApisky [0;10]". Tomi anprepHaTmBHa rinore3a Hi:
"Po3nozin wacy oOuiKyBaHHA BiIMiHHMI BiJ PIBHOMIPHOTO Ha BiApi3Ky
[0;10]".
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Juia piBHOMIpHOTO PO3MOALTY HA BiAPi3KY [a;b] TeoperndHa QyHKITIS

0, x<a,
. xX—a
posnoniny Fo(x) mae Burisin: Fy (x) = b a’ a<x<bh,
-a
1, x>b.
3a ymosoto a=0, b=10. Tomy w1 x €[0;10] matnmemo F, (x)= % .

CriodaTky yHmopsSAKyeMO JaHi IOAO 3POCTaHHA (BapiamiiHUN psn):
x1=1,2; x2=3,7; x3=4,8; x4=5,1; x5=9,2.

[oTpiOHO OO0UMCIUTH MaKCUMallbHE BiIXWICHHS D, MiXX eMITipHYHOI0
¢yskmiero F,(x) Ta TeopernyHoro Fo(x). s 1mBOro BHUKOPHCTOBYEMO

(opmymy:

D, = max{max[ Fo(xl-)—i, Fo(xi)—i]}.
1<i<n n n
Cxnagemo HacTynHy Tabauiro 6.11, BpaxoByroun, mo n=5, F, (xl-) = f—(’)
. i—1 i
i D, =max(F0(xi)—?, Fo(x,.)_gj.
Tabmuus 6.11
i | xi | Fo(x) [i=1)/5 | i/5 ||Fo(x))—(i—1)/5|||Fo(x)—i/5||  D;
11,2 0,12 0 |02 0,12 0,08 0,12
21371037 | 02 |04 0,17 0,03 0,17
3148 (048 | 04 (0,6 0,08 0,12 0,12
4 151 ]0,51 0,6 (0,8 0,09 0,29 0,29
51921092 | 08 |1,0 0,12 0,08 0,12

3HayYeHHs CTaTHCTHKH, L0 CIIOCTEPIraeTbcsa: Ds = max (D,-): 0,29. 3a
1<i<5

tabnuiero A.8 (nuB. Jlogatok A) 3Haxoaumo Do s;s=0,563 Ta nmopiBHIOEMO
3 oTpuMaHuM 3HadeHHIM Ds=0,29. Ockiabku Ds<Dgps;5, TO HEMA€ IiJICTaB

BiaxumutH rinoresy M.

Binnosins: lani He cynepedats rinotesi Ho mpo Te, 1110 Yac 04iKyBaHHS
piBHOMIpHO po3noaineHo Ha Biapizky [0;10] mpu piBHi 3Hauymocti a=0,05.
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6.2.3 Kpurepiii Jisutiepopca

Kpurepiit Jlimmedpopca — e momudikaris kpurepito Kommoropora-
CMupHOBa AJ1s IEPEBIPKH BiANOBIAHOCTI EMITIPUYHHUX JaHUX HOPMAJIHLHOMY
3akoHy. OcoOIMBICTh BOTO MIIXOAY MOJIATAE Y BUKOPUCTaHHI BUOIPKOBHUX
OIHOK Uit 1OoOymoBH TeopeTnyHOi Moxeni. OCKITbKH —mapamMeTpu
po3mnoiry OOYHCIIOIOTECS O€3MMOCepelHhO 3 HAasBHOI BHOIPKH, METOI
BUKOPHUCTOBYE CHeun@iuHi TaOMUIl KPUTHYHUX 3HA4YCHb. TecT OIiHIOE
MaKCHMaJbHY DI3HHUIIO MK HaKOMMYEHOIO YACTOTOIO CIIOCTEPEKEHb Ta
TEOPETHYHOI0 (YHKITIEI0 PO3MOALTY, IO JJO3BOJAE MiATBEPIUTH abo
CIPOCTYBaTH HYJHOBY TiOTE3Y.

Moro 3acTOCOBYIOTH Ul MAJTHX Ta CepeHix BUOipKax (4<n<50).

Aneopumm nepegipku HopmarbHocmi 3a kpumepiem Jlinnieghopca.

1) Jani 3aganoi BUOGipKkH 00CSTY 7 PO3TIIOBYEMO Y TIOPSAKY 3pOCTaHHS
3HAUCHb.

2) ®opmymroemo rinoresn: Hy — gani posmopineHi HopManbHo, Hi —
PO3MOILT BiPi3HAETHCS BiJl HOPMAJIBHOTO.

3) PoOumo oriHKy mapaMmeTpiB Ta craHaapTu3aiii (HeOOXiTHO
NPUBECTH JaHi A0 MaciuTaly CTaHAapTHOTO HOPMAJIBHOIO PO3MOALTY
N(0;1):

a) 3HAX0JIMMO BHOIPKOBI XapaKTEPUCTUKU: CEPETHE Xp 1 BUIPABIICHE
CTaHJapTHE BIAXWICHHSA § 32 POpPMYJIaMH:

X =lle. : (6.20)
1o
1 & -,
5= Do(x;—x8)° . (6.21)
n—1;5

6) 3HaxoaAuMo Z—HepCTBOpCHHSIZ JJII KOXKHOI'O 3HAQUCHHA X;

.xl —XB .

pPO3paxoByeEMO CTaHJApTH30BaHE B3HAYeHHS Z; =——— . Tenep naHi
N

HaBeJleH1 1o MacTady cTaHAapTHOro HopManbHOro po3noairy N(0;1).
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3aysaxycenna 6.7. Jlns po3paxyHKy Z-OIIHOK BHUKOPHUCTOBYETHCS
BHIIPABJICHE CTAHIAPTHE BIOXMJICHHS §, OCKUIBKH BOHO € HE3MIIIEHOIO
OLIIHKOIO MapamMeTpa TeHepalIbHOi CYKYMHOCTI. Lle KpUTHYHO BasKIMBO IS
KOPEKTHOTO TOpIBHSHHS OTPHUMAaHOi CTaTUCTUKA D 3 TaOIUYHUMHU
KpUTHYHUME 3HaueHHsMH Jlimtiedopcy.

4) 3raxomumo 3HaYeHHS (PYHKITIH pO3MOIITY.

a) TeopetnyHa QyHKUisE Fo(z): A7 KOKHOTO Z; BUOIPKH 3HaXOAUMO
WMOBIPHICTH  1/I€aIBHOTO HOPMAJBHOTO PO3MOAITy 3a  (OPMYIIO0
Fo(z))=0,5+D(z;), ne @(z) — 3nauenns pynkuii Jlanmaca, ske 3HaxX0qUMO 32
tadymnero A.2 (muB. Jlonatok A);

0) emmipruHa QyHKIIA S,(X): po3paxoByEMO HAKOTIMYCHY YaCTOTY.
. . i . .
* SIKIO 3HAYEHHS X; YHIKalbHi, TO S, (x,-)z —, e i — MOPSAKOBUI
n

HOMED eJIEMEHTA X; y BiZICOpPTOBaHiil BUOipIIi;

* SKILIO € TIOBTOPH, TO AJISl TPYIH OJHAKOBHX 3HA4YCHb S, JOPIBHIOE
BiTHOIIIEHHIO KITBKOCTI BCIX €NIEMEHTIB, IO HE TMEPEBHINYIOTH JaHe
3HAUCHHS, J0 3arajJbHOrO YKCa .

5) PospaxoByemo craructuky Jlimmiedopca (D)

JJ1st KO’KHOTO CIIOCTEPEKEHHSI HeOOXiTHO 3HANTU BIAXMICHHS y JBOX
TOYKax (Ha KpasX «CXOJTUHKNY):
i—1

FO(Zi)_é Fo(z,-)—T .

[MincymkoBa cratucTuka D — 1e MakCUMalbHe 3HAa4YeHHS 3 YCiX

pisHuni «3Bepxy»: D, = Ta «3HU3Y»: D; =

obumcnenux Bijxuwiens D, i D; no Bciii Tabnuii.

6) 3a tabmuuero A.10 (muB. Jlomatok A) 3HAXOIUMO KPUTHUHE
3HadeHHs1 Dy, kpurepito Jlimmiegopey 3a 3a7aHuM piBHEM 3HAUYHIOCTI o
(3a3Buuait 0=0,05) Ta 0O6carom BUOIPKH A.

SAxmo D<D.p, To rinote3a Hoy, MO JaHl poO3MOJiIeHI HOpMAIBLHO, HE
BimxwiseTbes. ko D>Dy,, TO rinote3a Ho, BiTXWiseTbes (PO3IMOJIT HE €
HOPMAaJIbHUM).

Hpukaag 46. Bumipsimm 3pict 10 cryaentiB. Orpumanu aai (B cM):
170,172,175,178,180,182,185,188,190,195. IlepeBipuTu rinotesy, 1o 3pict
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CTYNEHTIB y BHOIPI pO3MOMIIEHO 33 HOPMaJbHUM  3aKOHOM,
BUKOPHCTOBYI0UM Kputepiit Jlimmiedopca 3 piBHem 3Hauymocti a=0,05.

Po3é’szannsn. bynemo mnepesipsatu rinoresy Ho: "ani 3pocTaHHS
CTYZCHTIB BiAMOBIJAIOTh HOPMAJIBHOMY PO3IOALTY".

Maemo BuOipky o0csary n=10, B sKili JaHi pO3TAIIOBaHI B MOPSIKY
3pOCTaHHS 3HA4YCHb 03 TTOBTOPEHHSI.

3Haiinemo cepenHe X 3a hopmyioro (6.20) i BUIIpaBiieHe CTaHIAPTHE
BiIXHJICHHS s 3a popmynoro (6.21).

Xg =lei =%-(170+172+175+178+180+182+185+188+190+
n .

f(x,. —x5)> =(170-181,5)* +(172-181,5) +(175-181,5) +
i=1

+(178-1815) +(180—181,5)* +(182—181,5)* +(185-1815) +
+(188-181,5)* +(190—181,5)* +(195-181,5)* = 588,5;

5= \/LZ(xi —x5)? =1/é -588,5 ~ /65,3889 ~ 8,0863 .

n—1;5

3Hax0AMMO 3Ha4eHHS eMIipu4Hoi QyHKIIT S, (x):
i . .
2\X; )=—, 1e i — mopsIKoBUIl HOMEp eJIeMeHTa X;.
S n

3HaxoAMMO 3HAuYeHHS TeopeTHYHOl (yHKUii Fo(z) VI KOXKHOTO

X; — Xg

Z; BuOipku: Fo(z:)=0,5+D(z;), ne @D(z) — 3HaueHHS QYHKIII

Ky
Jlamnaca, sxe 3HaxoauMo 3a Tabdauieio A.2 (nuB. Jlogatok A).

Bpaxosytoun, mo n=10, xz=1815 1 s=8,0863, ckmamaemo
x; —1815 .

i
0 6.12, e z; = S,lx)=—.
TaOIHIII0 ae 8.0863 i8,(x) 0
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Taomunsa 6.12

| X % Fo(zi) | Su(xi) | [Fo(z)=Sa(xd)| | |Fo(zi)—Sa(xi1)|
1 170 |-1,422 | 0,0778 | 0,1 0,0222 0,0778

2 172 |-1,175 | 0,1190 | 0,2 0,0810 0,0190

3 1175 |-0,804 | 0,2119 | 0,3 0,0881 0,0119

4 178 |-0,433 | 0,3336 | 0.4 0,0664 0,0336

5 1180 [-0,185 | 0,4247 | 0,5 0,0753 0,0247

6 |182 0,062 | 0,5239 | 0,6 0,0761 0,0239

7 |185 (0,433 | 0,6664 | 0,7 0,0336 0,0664

8 188 | 0,804 | 0,7881 | 0,8 0,0119 0,0881

9 1190 | 1,051 | 0,8531 | 0,9 0,0469 0,0531
10 195 | 1,669 | 0,9525 | 1,0 0,0475 0,0525
3a Bu3HaueHHSAM cratuctuka D kputepito Jlintedpopca — e

MakCHMalbHE a0CONIOTHE BIIXWICHHS MIDK TEOPI€I0 Ta MPaKTHKOI.
IlepernsHyBIIM ABa OCTAaHHI CTOBILI, 3HAaXOAUMO, ILI0 MAaKCHUMAaJbHE
3HAYCHHS JJOCATAETHCS Y KUTbKOX TOUKaX, aje HanoOumbmmi: D=0,0881.

3a Tabmuuero A.10 (quB. Jomatok A) 3a 3a1aHUM piBHEM 3HAYYIIOCTI
0=0,05 ta 06csrom BuOipku n=10 3HaXOAMMO KPUTHYHE 3HAYCHHS KPUTEPIFO
Jlinnmiedopey Dip=0,262.

Ockinbkn po3paxyHkoBe 3HaueHHs D=0,0881 3HauHO MeHIIe
KpuTHIHOTO D\(;=0,262, TO HEMAE ITi/ICTaB BIAXWINTH HYJIBOBY Tinore3y Ho.

BinmoBigp: [laHi 3pocTy CTyAEHTIB BiANOBINAIOTE HOPMAIBEHOMY
po3noziny.

6.3 IlepeBipka mapaMeTPHYHHUX CTATHCTHYHHX TimoTe3

[TapameTpryHa rinmoTe3a — [€ CTaTUCTUYHA TiNOTE3a, SKa POOHTH
NPUMYHICHHS MO0 apaMeTpiB BigoMoro abo nependadyBaHOro pO3MOILTY
TreHepalibHOI CYKYMHOCTI (HaNpHKIaa, Mpo MareMaTW4He CIIOJAiBaHHS 4,
JUCTEPCiIO > ab0 YacTKy p).

Jns mepeBipkd MapaMeTpUYHUX TinoTe3 HeoOXimHo, w00 gaHi
BIJINOBIIaJIM TICBHOMY 3aKOHY pO3MOJily (HaidacTiiie HOPMaabHOMY
po3noiny).

[TapameTpuuni rinotesu 3a3Bu4aii GOPMYIIOIOTHCS SIK Mapa:

154



HynwoBa rinoreza Ho: OCHOBHe TPHITYIIEHHS, SKE TEpPEBIPSIETHCA.
3a3Bu4aii pOPMYITIOETHCA K TBEPKEHHS PO BIACYTHICTD BiIMiHHOCTEH Y1
PiBHICTH apaMeTpa AesKOMY 3HaYEeHHIO.

AnbrepHaTHBHa (KOHKypyroda) rimore3a H;: [inmore3a, mio
MPUAMAETHCS Y pa3i BIIXWIEHHS HYJIHOBOI TimoTe3u. DOpMyIIOeThCs K
TBEPUKEHHS PO HASBHICTH BiIIMIHHOCTEH Y1 HEPIBHICTb.

Hanpuxmnaz, (tabmuns 6.13)

Taomums 6.13

Tun napameTtpa,

. Hynrposa rinore3a Hy | AnbprepHaThBHa Tinoresa H,
110 NEPEBIPSAETHCS

a=ao (cepenne a#ao (1BOoCcTOpOHHS) 200 a>ao
IIpo cepenne a | mopiBHIOE 33aHOMY | (IIPaBOCTOPOHHS), 00 a<dgy
3HAYCHHIO ) (J1iBOCTOpPOHHSN)

o’=0¢* (nucrepcis
[Ipo mucnepcito o° | TOpiBHIOE 3a1aHOMy | 0°F00° 460 6°>00%, a00 0°<0)’

3HAYCHHIO )
IIpo piBHiCTE  |ai=a» (cepemHi y ABOX
pop . (cep y. . ai#a; abo a;>ay, ado a;<az
JIBOX CepeHIX CYKYITHOCTSIX PiBHI)
[lepeBipka mapaMeTpU4HOI TINOTE3W — 1€ MPOLEC MPHUHATTI

CTaTHCTHYHO OOIPYHTOBAHOT'O PILICHHS NP0 BIIXWIEHHS a00 yXBaJICHHS
HYJBOBOI TIMOTE3W Ha OCHOBI JaHUX BHOIPKU.

Ilepesipka napamempuunux 2cinomes 30iliCHIOEMbCA 34 HACMYNHONO
cxemoio:

1. ®opmymntoBanHs rinmote3. Croyatky (GopMyIoloThCs rinotesu Ho i
H\ mono mapaMeTpa, SKHil mepeBipsSeThes.

2. Bubip piBHs 3HaYymIoCTi .. PiBeHb 3HAYYIIOCTI — IIe MAaKCUMAaIBHO
MPHUITyCTHMa HMOBIipHICTh momMmiiku | poxy (Bimxunutu rinoresy Ho, komu
BoHa BipHa). Hailfyacrime BukopuctoByBani 3HaueHHS: a=0,05 (5%),
0=0,01 (1%).

3. Bubip cratuctuuHOro KpuTepito. BuOupaerbcs cneunianbHa
CTaTUCTHKA (HaNpHKIaja, Z-KpuTepil, -kputepit CtblogenTa, F-Kpurepii
dimepa, y>-KpuTepiii), PO3MOLT AKOT BiIOMHI 1 3aIEKNTH BiJ IapameTpa,
1o nepesipsieThest, 1 Ho. Bubip kpuTepiro 3a1euTh Bill: TUITY rinoTe3u (Tpo
CepefHe, MpO JAUCHEPCiI0 TOIIO); BHULY po3noniry (mepeabadaerbes
HOpPMAaJIBHUN ); 00CSIT BUOIPKH.
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4. Po3paxyHOK CIIOCTepE)KYBAaHOTO 3HAU€HHS KPHUTEPIt0 Tenoer 32
JAHUMH BUOIPKH PO3PaxOBYEThCS (paKTUUHE (CIIOCTEPEKyBaHE) 3HAUCHHS
00paHOTO CTATUCTUYHOTO KPHUTEPIIO.

5. Bu3zHaueHHS KpUTHYHOI 00NacTi Ta KPUTUYHOTO 3HAa4eHHS T, Ha
OCHOBI 00paHOT0 PiBHA 3HAYYIIOCTI ¢ TA PO3NOILTY KPUTEPit0 BU3HAYAETHCS
KpUTHYIHA 00yacTh (0071acTh, Ae rirmoTe3a Hy BITXWiIsIeThes). Mexxamu miel
o0macTi € KpUTHYHI 3HAYCHHS T p.

6. Ilpwitasitts pimenHs. [lopiBHIOETbCS 3HAYEHHS KPUTEPItO Tenoer 3
KPUTHYHUME 3HAUYECHHAMH 1 p:

SKIO Tenoer MOTpAILIsiE Yy KpuTHUHY o0nactb (200 |Tenoct|>Tip), TO
rinore3a Hy BIIXUISETbCS HA KOPUCTH rinore3u Hi;

SKIMO Tenoer HE TIOTPAIUISIE B KPUTHYHY OONACTh, TO HEMAeE TMiJCTaB
BIIXWJIUTH Tinore3y Ho.

6.3.1 IlepeBipka mnpaBWIBLHOCTI HYJBLOBOI rimoresm Hy mnpo
3HAYeHHS FeHepPaJIbHOI cepeIHbOL

[lepeBipka rimoTe3u Mpo reHepaIbHy CEPEaHIO JO3BOIISE 3PO3YMITH, U1
€ OTPUMaHUH pe3yJIbTaT 3aKOHOMIPHICTIO 200 BUIIAJIKOBUM.

3azanvruil aneopumm nepesipku cinomesu:

1. ®opmyroBaHHS TiMOTE3.

Hynwoga rinoreza Hy CTBEPIIKYE, 10 CEPEIIHSA d JIOPIBHIOE
JIeSIKOMY €TaJIOHHOMY 3HA4€HHIO do, T00TO Ho: a=ao.

AnbTepHaTHBHA TinoTe3a H| cynepeynTs HyIbOBiH rinore3i Ho i Moxke
OyTH IBOCTOPOHHBOIO: a#dp a00 OJHOCTOPOHHBOIO: a>dy UM d<dy.

2. Bubip piBHA 3HauymocTi a. lle WMOBIpHICTE 3pOOUTH TMOMUIIKY
NepUIoTo poy (BiAKWHYTH MPaBUIIBHY HYJIBOBY TimoTe3y). Haiiyacrimie

obuparotb 0=0,05 (5%), a=0,01 (1%).

3. Bubip craructuyHoro kputepito. Bubip 3anexuts Bim Toro, um
BiJJOMa JIUCIIEPCIst 0 TEHEPATBLHOI CYKYITHOCTI:

a) 3aCTOCOBYEMO Z-KpPHTEpili, AKIIO AUCHEPCis ¢ BioMa s BChOTO
mporiecy abo o0csr BHOIPKH BEIHKHIA (n > 30) i mucnepcis ¢® Heigoma (o

3aMIHIOEMO Ha §):
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z. =" (6.22)

CIOCT — 0/\/;

3ayearcenna 6.8. SIxkmo obcsar Bubipku n<30, BUKOPUCTOBYBAaTH Z-
KpUTEpid MOXHA TIIbKM B OJHOMY BHIIQJAKY, SKIIO BIICBHEHI, IO
reHepaibHa CYKYIMHICTh pO3MOAiIIEHA HOPMaJbHO, 1 TOYHO BigoMa
reHepanbHa gucnepcis 2. OHaK Ha OPaKTHI o> Maike HIKOJIM HE BioMa.
Tomy, skmo n<30, cTaHZApTHUM pIilIEHHSIM € TMepexill 0 f-KPHUTepito
CrprozieHTa.

0) 3acTocoBy€eMO f-kputepiii CThIOJEHTA, SKINO JUCIIEPCis o> HEBiIOMa
(1o Haiyacrime) i BuOipka mana (n<30):
Xg—a
fypoey = ———0 (6.23)

CHocT — S/\/Z

SAkimo crapgapTHe BHOIPKOBE BIAXWICHHS s HEBiloMme, TO Horo
HEOOXIIHO pPO3paxyBaTH 3a HAsBHUMHU JaHUMH BHOIpKH 3a (OPMYJIOHO
(6.21).

4. BuzHaueHHs KpUTHUYHOI oOsacTi. 3a TabnuIsIMu (Z 9u f) 3HaX0JUMO
KPUTHUYHE 3HAUYECHHSI TS 0OpaHOTO PiBHS 3HAYYIIOCTI ¢ Ta CTETIEHIB CBOOOIH
k=n—1: Zip 9 tp.

1) 3Hax0[KEHHS] KpUTUYHOTO 3HAYECHHS Zyp.

Haituacrtimi 3HaueHHs1 Zy, IUIs1 TBOCTOPOHHIX TilloTe3 Yepe3 QYyHKIIiI0
Jlanmaca Oepemo 3 Tabwii 6.14:
Taomuus 6.14

PiBens 3HauymocTi a Kpuruune 3HaueHHA Zy,
0,10 (10%) 1,645
0,05 (5%) 1,96
0,01 (1%) 2,576

J11st OJHOCTOPOHHBOI TIIIOTE3U MPABUIIO MOIIYKY Zyp TAKE:

a) 3HaxouMo 3HaueHHs D(Z,)=0,5—a;

0) mykaemMo OTpPHUMaHE 3HAuYCHHS BCepeAuHi Tabmuui A.2 (IuB.
Jonarok A) Ta TUBUMOCS, SIKOMY apryMeHTy X BOHO Bifnogigae. Lle i Oyxe
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KPUTHYHE 3HAYCHHS Zgp. SIKIIO KPUTHYHA OONACTh 3HAXOIMTHCS 3 JiBOI
CTOpOHH, O€peMOo 3HAYECHHS 31 3HAKOM «MIHYCY.

Haituacrtimi 3HaueHHs1 Zg, 47151 OMHOCTOPOHHIX TiMoTe3 4epe3 (pyHKII0
Jlamnaca 6epemo 3 Tabmuui 6.15:
Tabmums 6.15

PiBens 3Hauymocti o | DP(Zyp)=0,5—0 | Kpurnune 3HaueHHS Zp
0,10 (10%) 0.4 1,28
0,05 (5%) 0,45 1,645
0,01 (1%) 0,49 2,33

2) 3HaXOKEHHS KPUTHIHOTO 3HAYCHHS ficp.

J1s IBOCTOPOHHBOI TIMMOTE3W 3HAXOTUMO I 32 Tabmuiero A.4 (nuB.
Honatok A) 3 uymcioMm creneHiB cBoboau k=n—1 1 3amaHuM piBHEM
3HAYYIIOCTI .

JI1st OTHOCTOPOHHBOT TIMOTE3H, SKIIO KPUTUYHA 00IaCTh 3HAXOIUTHCS
3 JIiBOT CTOPOHH, TO 3HAXOJUMO fp 3a Tabmuieto A.4 (nuB. Jlomatok A) 3
YHUCIIOM CTeIeHIB cBoOomu k=n—1 Ta 3aJaHUM pIBHEM 3HAYYIIOCTI o 1
OepeMo HOTo 31 3HAKOM «MIiHYC.

5. SIKmo po3paxyHKOBE 3HAUEHHS KPUTEPIIO MOTPAILIE Yy KPUTHUHY
o0nacte (30HY BIIXWICHHS), TimoTe3a Ho BIIXWISETHCS,  SIKIIO
pO3paxyHKOBE 3HAUYEHHS NlepedyBae y I0BipuOMy iHTepBadi, rinoreza Hy He
BIIXWISETHCA.

3ayeaycennsn 6.9. He 3Hatoun BUOIpKOBE CTaHIAPTHE BIIAXMICHHS §
(ab0 0e3 reHepaJIbHOTO ¢) MEPEBIPUTH TIMOTE3Y PO CEPEIHI0 HEMOXKIIHUBO.

ko moTpiOHO HE MPOCTO BIATOBICTH HA 3alUTAHHS «TaK YU Hi»
(BiIKMI2€EMO TIMIOTE3y Y Hi), & OI[IHUTH CIPaBXHE 3HAUCHHS Mapamerpa 3
MEBHOKD TOYHICTIO, TO 3aCTOCOBYIOTH MiAXia 13 MOOYIOBOK JJIOBIPUOTO
iHTEepBay.

Le#i migxix kpammii 3a TIEPEBIpKU TilMOTe3, KOJIM IMOTPiOHA OIliHKa
BEJIMYMHH (HAPHUKJIAI, 32 TIIOTE3010 BIAMOBIJAEMO «TaK UM Hi», & TOBIpYHit
IHTEpBaJl BKa3ye 3 3aJaHOI0 HAIHHICTIO HAJICKHICTh CEPEIHBOT «BiJ 1 0%,
mo jae Habararto Oinmbine iH(opMmamii [UIs yXBaJleHHS PilleHb); KOJIU
NOTPiOHO OIIHUTH TOYHICTH BUMIPY: YUM BYKUHU 1HTEpBaJ, THM TOYHIIIe
JlaHi, a AKIIO IHTEPBaJl BEJIMUE3HUH, TO BUOIpKa JAy»Ke MaJia ado JjaHi 3aHaATO
PO3KHJIaHi; IpU JOBFOCTPOKOBOMY MOHITOPHHTY (HAaIpHKIaJA, B €eKOHOMILl
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Y MEAWIHHI YacTO AWBIATHCS, SIK JOBIpYMI IHTEpBal 3MIIIYEThCS 3i
Jacom).

JoBipumii iHTepBan 3py4YyHWH I HAYKOBUX JOCHIKCHb Ta
MPOTHO3YBaHHsI, OCKUILKA BiH TIOKa3ye Jiana30H MOXJIMBHX 3HA4YCHb Ta
CTETiHb HAIIOi HEBU3HAYEHOCTI.

3azanvruil ancopumm nob6y008u 008ip1020 iHMepeay.

1) Bubip mouxoeoi oyinku: Po3paxoByeMO 3HAYCHHs 332 BHOIPKOIO

(mampukman, BubipkoBe cepente X ). Lle nenTp inTepBaiy.

2) Bemanosnenns Haoiinocmi y: 3aqaeMo MMOBIpHICTH (3a3Bu4aii 0,95
a60 0,99).

3) Busnauenns 3axony posnodiny: BupiityeMo, 1110 BUKOPHUCTOBYBATH Z
(mopmanbue) abo ¢ (CrplogeHra). 3HaXOOUMO KPUTHYHY TOYKY. 3a
tabmmureto (CtproneHTa uu Jlammaca) 3HaX0qUMO 3HAYEHHS f, 200 Zp IS
00paHoOi HaAIHHOCTI y Ta CTeneHiB cBoOoau k=n—1.

4) Pospaxymox epanuunoi nomunxu A: 3HAXOAMUMO «PO3MaxX»»
IHTEpBaIy:
SIKIIIO ¢ BigoMme (a6o n>30), To

A=Zg % : (6.24)
SIKIIO ¢ HeBijioMe (BUOipka Maia), To
A=t =, (6.25)
Jn

Jie s— BUOIPKOBE CTaH/IapPTHE BiAXWUICHHS.

5) Bydyemo Oosipuuii inmepean:

SKIO TIEPEBIPSIETHCS JIBOCTOPOHHS THUIOTE3a, TO JOBIpUMH iHTEpBal
l)_cB —A;)_CB +AJ;

SKIO TEpeBIpseEThCS Tirmore3a «Oumble HIK» a>dp, TO JOBipUMil
IHTEpBaJI ;CB —A;+o0);

SIKIIO TIEPEBIPSIETHCS TIMOTE3a «MEHIIE HiXK» a<do, TO JIOBIpYHIA
IHTepBaj |—00; xa+A[

159



6) HpuuMaemo plmeHH}l

SKIIO g €| Xp —A; X + AJ TO rinoTesa Hy npuiiMacTbes. BiMIHHICTD
MIX CEepeJHIM Ta HOPMOK BHMAJIKOBa (I OJHOCTOPOHHIX TimoTe3
aHaJIOTI4HO);

AKIIO a & ;cB — A;}B +A ], TO rinore3a Hy BiaxuiseTbes. BigMiHHICTD
CTaTHCTUYHO 3HAYYINa (715 OHOCTOPOHHIX TINOTE3 aHAJIOTIYHO).

Hns moOynoBHM JOBipUMX IHTEpBaTiB NpPW BUKOPUCTAHHI 3aKOHY
posnominy Z (HOpManbHE), MOXHA KOPHCTYyBaTuch Tabmuiero 6.16 i
tabnumero 6.17:

Tabmuus 6.16

Tun rinore3u Iarepan Dopmyrna
a#ao » - o)
(nBocToponHst) | ABOCTOPOHHIN X8 Zyip —\/—
n
a>aop OJTHOCTOPOHHIH _ o
(TIpaBOCTOPOHHS) | «OijbIIE HIXY Xg —Z, 'T; + 0
a<ap OJTHOCTOPOHHIH
(JTIBOCTOPOHHS) | «MEHIIIE HiXK —©; Xp + Z, \/—

Tabmuusg 6.17

Haniitnicts Pigers ) Zan N Za .
3HauymocTi a |([IBoctoponHiit) | (OmHOCTOPOHHIIH)
90% 0,10 (10%) 1,645 1,28
95% 0,05 (5%) 1,96 1,645
99% 0,01 (1%) 2,576 2,33

3aysaxycennsn 6.10. Konu BukopucTatu To 4u iHImUN MeTon? SKino
MOCTaBJIeHa MeTa TPHUHHATHA PINICHHS, TO BHKOPUCTOBYEMO NEpPEBIpKY
rinote3 (Ho) 1 pe3ynbTat Oyje BUrisiaTy tak: "BigMiHHICTD He 3HauyIa, Ho
He Biaxwiena". SKII0 NOCTaBieHa MeTa OLIHUTH PEaJbHICTh, TO
BUKOPUCTOBYEMO JIOBipYMI iHTEpBal 1 pe3ynbTaT OyAe BUTIISAATH Tak:
"CripaByKHE 3HAYEHHsI JIOKHTh MK «HIDKHS MEXa» Ta «BEPXHS MEXay
JIOBipYOTO iHTEpBAITY".
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Ipuxnax 47. 3aBox BHUITyCKae JAeTaii, CepelHsl AOBXKHHA SKUX Mae
oytu ao=100 mm. Bimomo, mo cTaHmapTHE BIAXWIEHHS MPOIECYy 0=2 MM.

[Mepeipuau 100 geraneit Ta oTpumanu cepeanto noxuny Xxp =100,5 Mm.
Uwm cBiguuTh 1€ Tpo 301 y HajamTyBaHHAX BepcTara (MPUHHSTH piBEHb
3Hauymiocti a=0,05)?

Po3zé’azanna. Cohopmymoemo rtimoresu: Hp: a=100 ("Cepenns
JIOBKMHA JIeTalll BimoBimae ctaHmapty i mopiBHioe 100 mMm. Bigxuienss,
o criocrepiraerses, B 0,5 mm Bunaakoso”), Hi: a#100 ("Cepemas qoBxuHa
JIeTalli 3HAYHO BiJIPI3HAETHCS BiJI CTAaHAAPTY. Y CTaTKYBaHHS BUUIILIO 3 Tay"
— IBOCTOPOHHS TilOTE3a).

Maemo Bubipky o6csary n=100>30 i gucnepcis ¢° Bimoma (c°=4). 3a
hopmyiioro (6.22) po3paxoBYEMO Zcrocr:

,  _xa—ay_1005-100 05 _

et = yJdn . 2/4100 02

O piBast 3HauymocTi a=0,05 3a Tabauuero 6.14 BusHauaemMo Zg=1,96.
OCKUTBKA Zcnoer> Zip (2,5>1,96), TO TimoTe3y Ho BiIXmisseMo, TOOTO BepcTaT
MOTPiIOHO TIepeHANAIITYBATH.

Binnosigs: BepcraT motpiOHO nepeHanamTyBaTH.

25.

Mpuxnan 48. depmep cTBEPIKYE, IO CEPEHIN BpOXKAN ISTKOTO COPTY
TMIIeHAITI CTaHOBUTH ao=40 11/Ta. JlochigHuk nociss mei copt Ha 16 minsHkax

Ta OTPHMaB CEpPEeHI0 BPOXKAWHICTH Xp =381/ra TpH BUOIPKOBOMY
BUIIPABIIEHOMY CTaHIapTHOMY BinxwieHHI s=4 1/ra. Yu crpaBai cepemHs
BpOXKaWHICTh HIDKYA 32 3asiBlieHY (MMPUHAHATH piBeHb 3HauymmocTi 0=0,05)?

Poze’azannsa. Chopmymoemo rinoresu: Ho: a=40 ("BpoxaiiHicTb
Bignosinae 3asmieHii"), Hi: a<40 ("BpoxaiiHiCTh 3HAYHO HWXKYA 3a
3asiBJIeHY" — JIIBOCTOPOHHS TiNOTE3a).

Ockinbku obcar Bubipku Mamuii n=16<30 i aucnepcis 6> HeBigoMa, TO
3acTocoByeMO f-kputepiit CtpronenTa. 3a ¢popmynoro (6.23) po3paxoByeMo

tCl'lOCT:

Xp—ay 38-40 -2

T i ale 1

Hns  ogHoctopoHHbOi Timore3n (Hi: a<40) xputmuHa o0JacTh
3HAXOUTHCSI JIMIIIE 3 JTIBOI cTOpoHH. 3a Tadauie A.4 (nus. Jomatok A) 3
YHUCIIOM CTENeHiB cBobomu k=n—1=16—1=15 Tta a=0,05 3HAXOIMMO

t
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KPUTHYHE 3HAYEHHS fp=1,753. OCKIIbKH MepeBipsseMO JTIBOCTOPOHHIO
rimoresy, 0epeMo HOTOo 31 3HAKOM «MIHYC»: fp=—1,753.
OTKE fenoer<tip (—2<—1,753), Tomy rinote3y Ho BiOXWIsL€EMO, 3HAUCHHS
MOTPAIUIIO JO KpUTHIHOI oOnacTi. epmep nepedibIINB MOKa3HUKH.
BignoBime: CepemHss BpOKaWHICTH 3HAYHO HIKYA HDK 3asBICHA
dbepmepom 40 1/Ta.

Mpukaan 49. BupoOHUK 3asBIsi€, IO cepenHiil TepMiH cIy»k0H HOBOI
MozelN JamMImodok cTaHoBHTH do=1000 rommu. IlepeBipmim 25 mamm Ta

oTpuManu BuOipkoBe ceperane Xz =980 ronuH, BUOIpKOBE CTaHIApTHE
BimxmineHHs s=50 rogmH. Bimomo, mo TepMiH CiyXOM JIaMIIO4OK Mae
HOpManbHUK posnofin. [lepeBipuTu TBEpIKEHHS BUPOOHHMKA (MIPUHAHITH
piBenb 3Hauymocti a=0,05).

Po3zé’azanna. Chopmymoemo rinmoresu: Ho: a=1000 ("Cepenniit
tepmiH ciryx6u gopiBHioe 1000 roguna"), Hi: a#1000 ("Cepenniit TepMin
ciyx0u BifpizHseTbes Bia 1000 roquH" — TBOCTOPOHHS TioOTE3a).

OCKinbKH TepeBipsSeMO cepeHE NpH  HEBiIOMi aucnepcii o
TeHepalbHOI CYKYITHOCTI Ta wMaimoMmy o00csa3i BuOipku (n=25<30),
3aCTOCOBYEMO #-KpuTepiih CThIOJICHTA.

3a popmyoro (6.23) po3paxoByeEMO fenocr:

_xw—a, 980-1000 -20 -20
et ordn 50/+/25 50/5 10

3a tabmunero A.4 (muB. [Jomatok A) Iutsi TBOCTOPOHHBOI KPHUTHYHOI
001aCT1 3 YUCIIOM CTeNeHIB ¢cBo0OaM k=n—1=25—1=24 ta ¢=0,053HaXx011MO
KPUTHYHE 3HAUYEHHS fp=2,064.

[TopiBHIOEMO a0COMIOTHE 3HAYCHHS fenocr 3 fip: |fenoct|=|—2|=2 1 £:p=2,0064.
Ockinbku 2<2,064, TO fenoer HE TIOTPAILISiE B KPUTHYHY O0JIACTH, TOMY HE
MOYKEMO BiIXWJIIMTU HYJIbOBY rinore3y H.

Bigmoriae: Ha piBHi 3Hauymiocti 5% HeMae mOCTaTHIX MiJACTaB
CTBEpAKYBaTH, 110 CEpeAHIN TEPMiH CIyKOM JTaMIIOUOK BiJpPi3HSAETHCS Bix
1000 roauH.

t

Mpuxnang 50. 3a gaHMMH KOHAMTEPCHKOi (haOpuku cepeaHs Bara
IUIMTKK 1I0KOJiaay cTaHoBUTh ao=100 rpamie. Kymuaun n=10 mimurok
IIOKOJIay Ta 3BXKWIH iX Ha TOYHHX Tepe3ax. OTpumanu nasi (y rpamax):
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98, 102, 97, 99, 101, 96, 100, 98, 97, 99. IlepeBipuTH UM BiAIOBiIa€E Bara
HOpMI (puitHATH piBeHb 3HauymocTi a=0,05).

Po3ze’azannn. 1 memood: BUKOPUCMOBYEMO NepesipKy  2inomesu.
Cdopmynroemo rinoresu: Ho: a=100 ("Bara Binnosigae Hopmi"), Hi: a#100
("Bara Bimpi3HSAETHCS BiJ HOPMH, TBOCTOPOHHS TEpeBipKa" — ABOCTOPOHHS
rirmoTe3a).

3HaiiieMo BUOIPKOBI XapaKTEPUCTUKU: CEPEIAHE X 1 BHIIPABJICHE
CTaHJapTHE BiAXWIeHHA s 3a popmynamu (6.20) 1 (6.21) BignosiaHo:

12 (98+102+97+99+101+96+100+98+97+99) 98,7;
n;_

(x; —x5)> =(98-98,7)* +(102-98,7)* + (97 -98,7)* +(99-98,7)* +

M:

i=1
+(101-98,7)* +(96—98,7)* + (100—98,7) +(98—98,7)* + (97 —98,7)* +
+(99-98,7) =32.1;

:Jnl

n —
1Z(x,. —xs)? = 5-32,1 ~ /3,5667 ~1,8886.
—ti=l

Ockinbku o6car Bubipku Manuit n=10<30 i TouHa aucmepcis Bciel
¢Gabpuku HeBijioMa, BUKOPUCTOBYeEMO f-kpuTepiii CrblofeHta. 3a
dhopmymoro (6.23) po3paxoBYEMO fcnocr:

; _xg—ap  98,77-100  -13 ~ 218
et g/dn 18886/410 05972

3a tabmunero A.4 (muB. [Jomatok A) Iutsi TBOCTOPOHHBOI KPUTHYIHOI
o0macTi 3 uncioM cTeneHiB ¢cBoboau k=n—1=10—1=9 ta ¢=0,05 3uaxoaumMo
KPUTHYHE 3HAUYEHHS fp=2,262.

[TopiBHIOEMO aGCONIOTHE 3HAYCHHS fenoer 3 fip: |fenocr|=[—2,18|=2,18 i
1p=2,262. OTKE |fenoer|<fip (2,18<2,262). Po3paxyHKOBe 3HA4YEHHS HE
MOTPAIKIO 10 KPUTHUHOT 00J1acTi (X04a 0yI10 ayske OJIM3bKO).

Binmoiae: HegocraTHpo mijgcTas, mo0 BiAXWINTHA HYJIHOBY TillOTE3Y.

HesBakaroun Ha Te, O cepe/iHs Bara B Hamnii BHOipi xs = 98,7 meHma 3a
100, craTUCTUYHO Lie BiIXWIICHHS MPH Takiil ManeHbKiil BuOipui Moxxe OyTu
BunaikoBrM. ®abpuka «BHUINIpaBIaHaY.
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2 memoo: BuKopucmogyemo 0ogipuutl iHmepgan. CKOPHCTAEMOCS
JAaHUMH, OTpUMaHMMH Bumie: Xz =98,7; s=1,8886; n=10; t,=2,262
(3Haiimene 3a Taommmero A.3 (mmB. domatok A) mis k=n—1=10—1=9 i
y=1—a=1-0,05=0,95).

3HaxXoMMMO TpaHWYHYy MOMWIKY A BUOipku 3a ¢opmynor (6.25),
OCKITBEKH o HEBiZoMe 1 BHOIpKa Maja.

1,8886
A=ty —==2262-7"222
n V10
Bynyemo noBipuuii inTepBa: [)_CB —Aixs +A ] Maemo
(98,7 -1,35;98,7 +1,35) = (97,35,100,05).
Ockinbku rinmoTetnuHe 3HaueHHA do=100 moTpamisie BcepeauHy
JIOBIpYOTO IHTEpBay, TO HYJIbOBA TinoTe3a Ho MpUAMaEThCS.
Bignosins: Ha piBei HamiiiHocTi 95% Hemae nocrtatHix miacTas
3BHHYBadyBaTH (paOpUKy B OOMaHi OKYIIIIiB.

~2,262-0,5972=1,35.

Mpuxnaxg 51. Bigomo, mo Ha BUPOOHMITBI OaTapedok cTape
obnamHaHHS BHmae cepenHid 3apsn ao=100 oguHUIE 13 CTaHJAPTHUM
BiIXWieHHIM o=5. Kynwin HOBy aeraib jis BepcTara 1ol 30uIbIImia
cepenuiii 3apsia. [lepepipunm n=25 Oatapeliok 1 OTpUMANId CEPEIHE
xpg =103 opuuui. TlepeBiputn eheKTHBHICTh MPUIOAHOT JeTali 3 piBHEM
3Haugymocti a=0,05 Ta BH3HAUMTH Aiama3oH 3 HafiiHICTIO 95%, B sKOMY
Ternep 3HAXOUTHCS 3aps HACTIPABI.

Po3zé¢’sazanns. Chopmyimoemo rinoresu: Ho: a=100 ("CepenHiii 3apsia
nopiBatoe 100 omunuip"), Hi: a>100 ("Cepenuiéi 3apsg  Oiibiie
100 oguHULE"— IPaBOCTOPOHHS TilOTE3a).

Ockinbku o6car Bubipku mamumii n=25<30 i mucnepcis ¢ BigoMa
(6?=25). 3a popmyi1010 (6.22) PO3PaXOBYEMO Zenocr:

xg—a, 103-100 3 _3

ZCHOCT O'/\/Z 5/\/2_5 1

s piBas 3HauyimoctTi a=0,05 3a Tabaunero (tadn. 6.15), oCKiIbKH

rinore3a OJHOCTOPOHHS, BU3HAYAEMO Zp=1,645. MaeMo Zcnoer>Zip
(3>1,645), Tomy rinore3y Ho Biaxuisiemo. 3apsia Bupic.

3HaiizieMo Jiana3oH, B SKOMY HaclpaBJli Telep 3HAXOIUThCS 3apsi 3

HazgiuicTio y=0,95 (95%). JloBipumii iHTEpBaN OJHOCTOPOHHIH (HHUYKHS
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MeXa), OCKUTbKH HAC I[IKaBUTh, HACKUTBKH MIHIMYM 3pic 3apsi. 3HaX0IUMO
HIDKHIO MEXY JOBIpYOTO iHTepBaIy.
Hnst uporo 3a ¢popmynoro (6.24) 3HAXOAUMO IpaHUYHY TOMHIIKY A:

o 5
—=1,645-— =1,645.
T Jn

J25

Bynyemo moBipuwmii iHTEpBan AOBKOJA CBOTO BHOIPKOBOTO CEPETHBOTO

A=Z

xg =103: [ xz —A; +o0). Maemo
[103-1,645;+0) = [101,355; +0).

Ha 95% ymneBHeHi, mo micias MOAEpHi3allii BEpCTaTiB CIpaBXHiA
cepenHiii 3apsan Oatapeit cranoBUTh He MeHIIe 101,355 onuHUIS.

Ockinbku cTape 3Ha4YeHHs ao=100 He moTparuisie 10 I[bOT0 IHTEPBAITY
(BOHO MeHIIE HIKHBOI MEXi), TO TMiITBEPAKYEMO BHCHOBOK: 3MiHH
CTaTHCTUYHO 3HAYYIII, 1 3aps/ peaibHoO 3pic.

Binmoine: HympoBy rimoresy Hy Biaxumsgemo. 3aps 6aTapeiiku BUpIic
1 3HAXOUTHCS B Jlana3oHi [101,355; + oo) .

6.3.2 IlopiBHSAHHS IBOX Cepe/IHiX reHepaTbHUX CYKYIHOCTe

YacTto 3ycTpivaroThCs CUTYaIlil, KOJH CEePeTHE 3HAYSHHS JJAaHUX OJTHOTO
EKCIICPUMEHTY BIIPI3HSIETHCSA BiJl CEPEIHBOTO 3HAYCHHS JAHUX IHIIOTO
EKCIICPUMEHTY, 110 MPOBOJUTHCS 3a THUX CaMUX yMOB. TOJi BUHHKAE
MUTaHHA, Y4 MOXKHAa BBA)KaTH IO PO301KHICTH HE3HAYHOI, TOOTO CYTO
BUMAJKOBOIO, a00 BOHA BHKJIMKaHA CYTTEBOIO BIIMIHHICTIO JIBOX
TFEHEPAIIBHUX CYKYITHOCTEM.

Bubip kputepito 118 mepeBipKH 3aJIEKHUTh Bijl TOTO, IO BiZOMO TIPO
reHepaibHiI CYKYITHOCTI Ta SIKUM o0car maHuX. SKmo Bimomi mucmepcii
TeHEpaTbHUX CYKYIHOCTEH, TO 3aCTOCOBYIOTH Z-KpUTepill (Hampukiam, y
BHUCOKOTOYHOMY BHUPOOHUIITBI). SIKIIO TeHepasbHi Jucrepcii HeBigoMi
(HalfuacTimMi BUMAIOK), TO 3aCTOCOBYEThHCS f-KpuTepiit CThIO/ICHTA.

1. 3acmocysannus Z-mecmy 01 nepesipku 2inomesu npo piHICHb
cepeoHix 3HaueHb

3acrocyBaHHS Z-TecTy OOIPYHTOBAHO y TAKMX BUIAIKaX:
1) Bigomi nucnepcii npu Oyab-aKkoMy 00csi3i BUOIPKH.

Sxmo nucnepcii 012 i (722 TeHepaJbHUX CYKYITHOCTEH BigoMi
3a3janeriip (3 TCOpeTUIHUX MOAETIeH, CTaHIapTiB 00 MUHYJINX
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MacCIITa0HMX JOCIIHKEHB), TO Z-TECT € HAHOIIBIII TOYHAM IHCTPYMEHTOM.

3aysaxcenns 6.11. ITpn manomy o6c¢s3i Bubipku (n<30) 000B'I3K0BOIO
YMOBOIO € HOPMaJIBHUH PO3MOJiN JOCTIPKYBaHOI O3HAKW y T'CHEpaJIbHIN
CYKYITHOCTi. Y I[bOMY BUNAJAKY Z-CTaTHCTUKAa CYBOPO JOTPUMYETHCS
CTaHJAPTHOTO HOPMAILHOTO PO3IIOJILTY.

2) Benuka Bubipka (He3aJIexKHO Bifl pO3MOILTY)

[Ipu ob6cary BubGipku n>30 (y nmeskux mxepenax n>50 abo n>100)
BUKOPHCTAHHS Z-TECTY JIOITyCTHME HaBITh Y TOMY BHITQ/IKY, IKIIO AUCTIEPCis
TeHepaNbHOI CYKYITHOCTI HEBiloOMa, a BHXIIHWH PO3MOALT HaHHUX
BiZIPI3HAETHCS BiJl HOpMabHOTO. OCKITBKY PO3NOiT BUOIPKOBUX CepeaHIX
HaOJIMKAETBCS 10 HOPMABHOTO 31 30UMbIICHHSIM 00csAry BHOIpKH, TO
BUOIPKOBa JUCIEPCis s> CTa€ JOCUTh TOYHOK OIIHKOK T'eHEPalbHOI
aucrepcii ¢°, 1O J03BOJISIE BHKOPMCTOBYBATH KPHUTHYHI 3HAYEHHS
HOPMAJIBHOTO PO3IOJIiTY.

3a3Buyaifi MpU TEPeBipIli PIBHICTI CepeaHiX [BOX TeHepaTbHUX
CYKYITHOCTEH TiITOTe3H 3aMiCyIOThCS TaK:

a) /leocmoponns cinomesa.

HynwoBa rimotesa Ho: ai=a> ("CepenHi reHepadbHHX CYKYIMTHOCTEH
piBHI, 3HAYHUX BiIMiHHOCTEH HeMae").

AnprepHatuBHa Timoresa H;: ai#a» ("Cepemni He piBHI" -—
JIBOCTOPOHHST).

0) l[Ipasocmoponns cinomesa (3p0CMAanHs NOKA3HUKA).

Hynwoga rinoresza Ho: ai=a abo ai<a.

AnbrepHaTHBHA rinote3a Hi: ai>ao.

B) Jlieocmoporus cinome3sa (3HUNCEHHS NOKA3HUKA).

Hynwoga rinoresa Ho: ai=a» abo ai>ao.

AnbrepHaTHBHA rinorte3a Hi: ai<ao.

dopmyna Z-CTaTUCTUKU TIPU TOPIBHSHHS JIBOX HE3aJEKHUX BHOIPOK
Ma€ BUTIIAL:

) (6.26)
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Iie ni, ny — o0CsITH BUOIPOK; Xp), Xpp — BHOIPKOBI CepeiHi JBOX BHOIpOK
(3amani 3a ymMoBOow0 a00 3HaxonsAThca 3a (Gopmynoro (6.20) mmus KoXHOT
. 2 2 N
BUOIpKM); O], 05 — Jaucnepcii TIeHepalbHUX CYKYIHOCTEH Binomi
3a3asnerias ado mpu n>30, KO0 BOHU HEBIJIOMI 32 YMOBOIO, TO 3HAXOUMO
. . 2 2 2 1 Z - 2
BUOIpKOBa aucmepcis s;, s, 32 QOpMyJon s =T12(xi_x3) TUTS

i=1

KOXKHOI BUOIpKU 1 3HaiiieH] 3HaYeHHs OepeMo 3a 012 , 022 .

[licas po3paxyHKY 3HAaYeHHA Zcnoer HOTO TOTPIOHO TOPIBHATH 3
KPUTHYHUM 3HAYCHHS Zyp, IKE€ OepeThCs 3 TA0NHIlI HOPMAITBHOTO PO3MOILTY
JUTsl 00paHOTO PIBHS 3HAYYIIOCTI ¢ . MOXHa I IBOCTOPOHHBLOI TiNOTE3U
KopucTyBatuch Tabmumero 6.14, a jand  OJHOCTOPOHHBOI TIMOTE3H
KOPUCTYBaTHUCh Ta0bmuIro 6.15.

SIKIIO |Zenoer|>Zip, TO HynbOBa rimorte3a Hy BiIIXWISETBCS HA KOPHCTH
aTbTePHATHUBHOI rinobe3u Hi. BiIMiHHOCTI CTATHCTUYHO 3HAYYIIIL.

KO  |Zenoet|<Zxp, TO HynpoBa rimoresa Hy HE BIAXWISETHCS.
BigMiHHOCTI BBOXKAKOTHCA BUNAIKOBUMU.

Tabmuns mopiBHSIHAS KpUTHYHUX 3Ha4eHb 1t o=0,05 (Tabmn. 6.18).

Tabmuus 6.18

Tun rinoresu H, | Kputnune 3HadeHnst Zq, | O6macts Bigxunenus Hoy
611?5612 1.96 ZCHOCT>1796 abo
(1BOCTOpPOHHS) ’ Zenoer<—1,96
@> 1,645 Zenoer> 1,645
(TIpaBOCTOPOHHS)
<
| dva ~1,645 Zenoer<—1,645
(J1IBOCTOPOHHS)

Hpukaag 52. € gBi rpynu CTYIEHTIB, 5K 3alMarOTbCA 32 PI3SHUMHU
MeToauKaMu. Y nepiiiid rpyni 7;=20 cTyeHTIB i cepeqniil 6an xg =82,y
Ipyrii rpymi n;=18 cTyzaeHTiB 1 cepenuiit 6an xpy =78. 3 OaratopiuHOi
CTaTUCTUKM BiJOMO, LIO AMCIepcis OaliB 3a TakUX TECTIB OJHAKOBA

0'12 =O'% =25 gmns obox wmeromuk. OOWABI TeHEpalbHI CYKYIHOCTI
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po3mofineHi HopManbHO. 3a piBHeM 3Hauymiocti 0=0,05 mnepesiputn
rimoTesy, o cepeaHi Oanu rpym OTHAKOBI.

Po36’azannn. JIns nepeBipKH TiMOTE3W MPO PiBHICTH cepelHix OaiiB
obupaemo Z-kpuTepii, mompu Manuii oocsr Bubipok (n1=20, n,=18). Llei
BHUOIp METOMOJNOTIYHO OOTPYHTOBAHWH THM, IO TapaMeTpH TeHEepaIbHOI
aucrepeii ¢° € BiIOMUMHM BEIMYMHAMH, BCTAHOBJICHMMH 3 06araTopidHOi
CTaTUCTUKH. [l0JaTKOBOIO YMOBOIO JIETITHMHOCTI TECTy € MpUHHSITE
MIPUITYIIEHHS PO HOPMAIBHUM PO3MOILT MOCTiHKYBaHOT O3HAKH B 000X
TeHEePaTbHUX CYKYITHOCTSIX.

Cdhopmynroemo rinoresu: Ho: ai=a» ("Cepenni O0anu rpyn ogHaKoBi'"),
Hi: ai#a, ("Cepenni 6amu po3pi3HIIOTHCS" — JBOCTOPOHHS TIIOTE3a).

3HaAMIEMO Zenoer 32 POpMyIIORO (6.26).

croer — 8278 ~ 4 ~ 4 X 4 ~2,4623.
25 25 J125+13889  /2,6389 1,6245
20 18

3a Tabmunero 6.18 3HAXOAMMO KPUTHYHE 3HAYEHHS Zg, A
JIBOCTOPOHHBOI T1IIOTE3H 3 piBHeM 3HauyIocTi a=0,05: Zq,=1,96.

OCKINbKH BUKOHYETBHCSI YMOBA Zenoer>Zip (2,4623>1,96), To HynboBa
rinote3a Hy Bigxwiasgerbed. Pizaung B 4 Oand MDK METOAUKAMH €
CTaTHUCTUYHO 3HAYYIIIOIO.

BinmoBigp: Cepenmni 6amu po3pi3HAOTHCA. PisHUIS y 4 Oamm Mix
METOJUKAMH € CTATUCTUYHO 3HAYYIIOKO.

Mpuxnax 53. HeoOXigHO MOCHIIUTH MIIHICTH JBOX BHJIB HHUTOK.
Otpumanu BUOIpKy Jis mepmioro Buy HUTOK: 15,18,16,17,19 (n:=5), a s
npyroro Bumy HuTok: 14,13,15,14 (n,=4). BiamoBigHO 10 HOpPMAaTHBY,
JICTIEPCI MIIHOCTI TaKWX HHMTOK 3aBXAM JOpiBHIOE o°=2. Ilpuiinsre
NPUNYHICHHS MPO HOPMaJbHHUW PO3MOMALT JOCHIIKYBAaHOI O3HAKHW 000X
TeHepalbHUX CYKyMHOCTeW. llepeBipuTH, 4 € 3HAUYYIIi BiAMIHHOCTI MiX
cepeaHiMu MpH piBHI 3Hauymocti a=0,05.

Po3é’a3anna. 3aznaneriip MPHUITYCKAEMO, IO HUTKH TEPIIOTO BUIY
MinHimi, HiX apyroro. Chopmynroemo rimoresu: Ho: ai<ar ("MinHicTb
HUTOK IIEPLIOro BUAY HE BHILE MIITHOCTI HUTOK Apyroro Buay'), Hi: ai>ax
("HuTtku nepiroro Buay 3HaAYHO MilHIII").

Po3paxyemMo cepeiHi 3HaYCHHS 32 BUOIpKaMH:

- 15+18+16+17+19 85 - 14+13+15+14 56
XB| = 5 2?217, XB2 = 4 =T=14.
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3HAMIEMO Zenoer 32 POpMyIIORO (6.26).

Zepoen === 231622,
\/2 L2 V04505 09 09487
5 4

3a Tabmumero 6.18 3HaxXomMMO KpPUTHYHE 3HAYCHHS Zg IS
OJTHOCTOPOHHBOT (IIPAaBOCTOPOHHBOT) TMOTE3HU 3 piBHEM 3HauymocTi 0=0,05
MaeMo Z,=1,645.

OCKiNbKH BUKOHYETHCS YMOB2 Zcnoer> Zip (3,1622>1,645), To HynboBa
rimore3a Ho Bigxwiserscsa. llinTBepmKyeMo, M0 HUTKH IIEPIIOTO BUAY
3HAYHO MIIHIIII 32 HUTKYU JIPYrOro BUAY.

BinmoBinp: Hutku mepimioro Buay 3HaAYHO MIIHIMII 32 HUTKH JPYTOTO
BUITY.

Mpukaang 54. YV xoai KIiHIYHUX BUIPOOYBaHb TOCTIIKYBABCS BILIHMB
IBOX TpernapaTiB (A Ta B) Ha piBeHb Ba)XJIMBOTO OioMapkepa y KpoBi. Y

rpym A (n,=100 naiieHTiB) cepemHiii mokasHuk ckiaB Xz =250007. 3i
cragnapTHuM BiaxwieHHsM s1=500. Y rpymi B (n.=120 mamieHTiB) cepenHiit

MOKa3HUK CKIaB Xy = 270001, 31 cTaHAapTHUM BiaxuneHHM 5,=600. s
piBHs 3Hauymocti 0=0,01 mepeBiputH, um mpenapar B He OuIbII
e eKTHBHUH 3a mpemnapart A.

Po3z¢’sazanns. Chopmymoemo rinoresu: Ho: ai>a» ("lIlpenapar B He
Oimpm edexktuBHMA 3a mpemapatr A"), Hi: ai<a» ("llpemapar B
e(heKTUBHIIIMI 3a rpemnapar A").

Ockinbkn BuGipku Bemuki (n1>30, n2>30), BHKOpUCTOBYEMO Z-

KpuTepid. 3HAHAEMO Zcnocr 3aMIHUBIIH B (hopmMyiti (6.26) 0'12 , 0'22 Ha slz , s% :
, _Zp-xm _ 2700-2500 _ 200 _ 200

CIIOCT = ~
\/slz_'_s% \/5()()2 . 6002 V5500 74,162

~2,6968.

100 120

3a Tabsunero 6.17 3HAXOAMMO KPUTHYHE 3HAYEHHS Zgp M
OJTHOCTOPOHHBOT (IPaBOCTOPOHHBO1) Ti1I0TE3H 3 piBHEM 3HauymocTi a=0,01:
Zp=2,33.

OCKUIbKH BUKOHYETHCS YMOBA Zcnoer>Zip (2,698>2,33), To HynboBa
rinore3a Hy Bigxuisierbes. [Ipenapar B 3HauHO Kpalluii 3a mpenapat A 3
HaniinicTIo 99% .

o np
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Bianosine: [Ipenapar B 3Ha4HO KpaIiwii 3a mpenapar A 3 HaIiiHICTIO
99%.

2. 3acmocysauns t-mecmy OJid NepesipKu 2inomesu npo PIGHICMb
cepeonix 3HaueHs

t-xputepiii CTpiofieHTa (HaW9acTIlINi BHITAJOK) BHKOPHCTOBYETHCH,

. - . . 2.2
KOJIM 3arajbHi AUCHepcii HeBIOMI (OLIHIOEMO iX 3a BUOIPKOIO SIK i 1 §5 ).
Sxmo Bubipka Mama (n<30) i yMOBH 3acTOCyBaHHSI Z-CTaTUCTHKH HE
BHKOHAHI, TO BUKOPHUCTAHHS t-KpuTepito CThIOEHTa 000B'SI3KOBE.

[Ipu mepeBipii TimoTe3n MPO PIBHICTH CEPEAHIX JIBOX HE3aJICHKHHUX
BUOIPOK 13 HEBIIOMHUMH TEOPETHYHMMH AHUCHEPCISIMH MEPIIOYEepPrOBUM
3aB/IaHHSM € OIliHKa OJHOPITHOCTI iX BUOIPKOBMX aHAIIOTIB.

Ockinbku nucnepcii y reHepallbHUX CYKYITHOCTSIX HEBiJOMi, TOMY
BUKOPHCTOBYIOTBCS BHUIPaBJIeHI BHOIPKOBI Amcriepcii 512 i s%. Big ix

3HauYeHb 3aJIEKHUTH BUOIp TUIy f-KpuTepis. PosrissHeMo THIH f-KpHUTEpiiB
(Tabm. 6.19).
Tabmuus 6.19

Curyauis Tum Tecty Oco0nmBOCTI
[TopiBHSHHS . .
" ,I,) e N AHaizyeMo pi3HUITIO TAPHUX
Ho" 1 "Ilicna [TapHuit -Tect SHAUCHE
(ogHa rpyna) '
JBi pi3Hi rpynu BukopucroByeTbest 00'eJHaHA

t-tect CThIOAEHTA .
OIliHKa JTUcTepcii.

(mucniepcii piBHIi)
JBi pi3Hi rpynu
(mucnepcii He t-Tect Yemda

piBHI)

Haitnagiiigimmii Ta
YHIBepCATbHUN METO/I.

1) Ilapnuu t-mecm.

Konu BUKOpHCTOBY€ETHCS MapHU TeCT?

a) Y MenuiuHi Ta (hapMakoIIorii — e OCHOBHHUM IHCTPYMEHT KIIHIYHUX
BUTNIpOoOYyBaHb (HANPUKIAJ, TepeBipKa Ma3zl BiJ ajeprii: Ha JiBy pyKy
namieHTa HaHOCATH Npenapar, Ha NpaBy — HEIKIIMBY pPEYOBHHY,
NPUTOTOBJICHY Y BUTJISIIL JIKiB).

Yomy mapHuii? B opHi€l mOAWHW peakilis MIKIpW Moxe OyTH
OypxymBoro, B iHmOI — cnabkoro. Skmio mopiBHiOBatH "rpymy A" i
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"rpymy B", mi BiIMIHHOCTI BC€ 3aIUTyTarOTh. AJie MOPIBHIOIOYH Bl PYKH
OJHI€T TIOIUHN, MU 0aYUMO YUCTHH edeKT Ma3i.

0) B IT ta UX-nocnimxkenns (A/B tectu BcepenuHi KOPUCTYyBaya).
Hanpukian, BumiptoBaHHS IIBUIKOCTI pOOOTH Y IBOX BEpCisiX iHTEpEiiCy.

Yomy mapuuii? OnuH KopuctyBad — "mpodi" 1 Kilikae MBUIKO, 1HIIAN —
HOBa4oK. Skmo mamo «mpodi» Bepcito A, a HOBa4YKOBiI Bepcito B, TO HE
3po3yMieMo, 10 Kpamle. A SKIIO AaMO KOKHOMY crnpoOyBaTH oOHABi (Y
pi3HOMY TOPSIZIKY), TO/I MOPIBHAEMO iXHiM 0COOMCTHIA TIpOTpEC.

B) B exonowmimi Ta comionorii (HampuKiaj, BIDIMB KypCiB MiABUIICHHS
kBajidikamii Ha 3apmiary).

Yomy nmapHuii? Mu nopiBHIOEMO 3apIijiaTy OJHOTO K TOTO K YOJIOBiKa
JIo KypciB Ta micist Hux. Lle Habarato TouHime, HiXX TOPIBHIOBATH Pi3HAX
JIIOJIEH.

Ko He MoxHa 3acTocyBaTH apHHU TECT?

[Napawnii TecT HEMOXKJIMBHH, SIKIIO "BIUIMB" HE MOXKHA BiAIrpaTv Ha3as
abo 3acToCcyBaTH MapajielbHO (HANpWKIaA, He MOXKHA TEpPEBIPUTH BIUIHB
CTaTi Ha IHTEJCKT (JIF0JUHA HE MOXKe OyTH OJJHOYACHO 1 YOJIOBIKOM, 1 KIHKOIO
HEMae Mapu); He MOXHA MepeBipuTH e(PEKTHBHICTH ABOX METO/IiB HABUYAHHS
Ha Til caMild JIOJUHI, OCKUTBKH TEPIINiA METOA BXKE JaB SKiCh 3HAHHS —
e(eKT nepeHeceHHs ).

[apHuii #-TecT 3acTOCOBYETHCS, KOJIU JOCIHIPKYEMO OJWH 1 TOW XKe
o0'ext nBivi ("m0" 1 "micns"). Hampuknaza, nmpu A0CIHiKEHH] BIULTUBY HOBOTO
npenapary JIOoCHiKYIOTh OJHY ¥ Ty camy rpymy ocid "no" i "micist" Horo
npuiiomy.

[TapHwuii #-TecT 3acTOCOBYETHCS AJIS MOB'SI3aHUX BUOIPOK 00csTy 7.

dopmytoBaHHS TinoTes.

a) /IsoctopoHHs rinoresa.

[epesipsiemo, uu € sKulCh eeKT, He YTOUHIOIOYHN 3a3/aJIeTi/ib, Y SKUH
OiK.

Hynwora rinoreza Hyo: d =0 ("Cepeznst pi3HHUI TOPIBHIOE HYJIIO").

AnbrepratuBHa rinote3a Hi: d #0 ("CepenHs pi3HHIS HE JOPIBHIOE
HyJI0").

0) [IpaBocTOpOHHS TinoTe3a (3pOCTaHHS OKA3HUKA).

BUKOpUCTOBYETHCS, KOJH YCIIiX 1€ 3pOCTaHHS MTOKA3HUKA.
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Hynposa rinoresa Ho: d =0 abo d <0.

AnprepHatuBHa Timote3a Hi: d >0 ("Cepemne "micimsa" wmeHIre
cepeanboro "mgo" ).
B) JIiBOCTOpOHHS TirmoTe3a (3HMKEHHS MTOKA3HHUKA).

BuxopucTtoByeThCs, SIKIIO OYIKYEMO, IO 3HAUYEHHS 3MeHIiIHcs (abo
Jpyra 3MiHHa Oibla 3a mepiry).

Hynrwosa rinore3a Ho: d =0 abo d >0.
AnprepHatuBHa Timote3a Hi: d <0 ("Cepemne '"micma" Oinbime
cepeanboro "mo" ).

Bubip cropoHm rimore3m BIUIMBaE Ha Te, Ae Oyae 3HAXOAWTHCH
KpUTHYHA 001acTh (007acTh BimXwiIeHHs rinore3n Ho):

Hexait MaeMo 00’ €KT JOCTIHDKEHHS I SKOI'O BIIOMI # MOKA3HUKIB X;

(l =1,n) "no movatrky" IOCHIKEHHsI 1 7 TOKa3HHKIB Y (i:I, n) "micis

3aKiHYeHHA". Y [aHOMY BHIAAKy BaXKIMBA PI3HULS d; OIS KOXKHOTO
MOKA3HUKA, Ky 00YHUCIIIOEMO 32 (HOPMYIIOHO:

d;=x—y;. (6.27)

3HaXOAMMO CEPEAHIO PI3HULII0
— 12

d=->d,. (6.28)
ni=1

3HaXOI{I/IMO BUIIPABJICHE CTAHAAPTHE Bi,Z[XI/IJ'IeHHSI Sd pi3HI/ILIL

sq= | (a,-af . (6.29)

n—1;5

Po3paxoByeMO fenocr 151 HAPHOTO #-TECTY:

d

tCHOCT = :
S d / \/Z

(6.30)

3a tabmunero A.4 (muB. Jlogatok A) miIg creneHiB cBoboau k=n—1 ta
3aJ]aHUM PiBHEM 3HAYYIIOCTI o 3HAXOJAUMO KPUTHYHE 3HAYCHHS ficp.
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[Ipu TOPIBHIOBAHHI fcnoer 3 fip BAXKIIMBO BPaxOBYBAaTH 3HAK, OCKIIBKU
pi3HUI MOXe OyTH BieMHOI0. [IpaBrito MOpIBHSHHS BUTIISIAE TAK:

Jnsi 1BOCTOPOHHBOI TIMOTE3W: MOPIBHIOEMO aOCOJIOTHE 3HAYECHHS
(MOZYNB) |fenoer| 3 fp: AKIIO  |fenocr|>fip, TO Bimxwisemo rimotesy Ho
("Pe3ymnprar 3HAUNMU").

Jlnsg  MBOCTOPOHHBOI TiMOTe3W (3HIKCHHS TIOKa3HWKA):  SIKIIO
sHaxoqwin pizHuIo sk d="Ilicna"—"/1o", TO OYiKyeMO, WO fenoer OYIC
BiZl’€MHHUM. SIKIIO ferocr<—txp, TO BIIXUISIEMO TinoTe3y Ho.

Jlns  TIpaBOCTOPOHHBOI TiMOTE3W (3pOCTaHHA TOKAa3HUKA): SKIIO
fenocr=>tkp, TO BIAXUIIAEMO TinoTe3y Ho.

2) t-mecm Cmowrodenma

Komnm 3acrocoByetbes -xputepiit CThromeHTa?

a) Hepimoma mucnepcis: y 99% peanbHuX 3aBiaHb HEBiJOMa TOYHA
JIUCTIEPCis ¢ BCi€T reHepabHOI CYKYIHOCTI, 8 MAEMO JIMIIE ii OLIHKY s° i3
BUOIPKH.

0) Manuit o6csar Bubipku: SIkmo obcar BuOipku n Manmumii (3a3Buyait
n<30), To f-pO3MOJIiT BPaXOBY€ PU3HK MOSBU EKCTPEMAIbHUX 3HAYCHD Uepe3
Opak naHmXx.

B) KoHcepBaruBHicTh: HaBiTh Ha Bennkux BHOIpKax f-TECT Ja€ Maibke
TOW caMHi pe3ynbTar, 1o 1 Z-TecT, ae BiH 0i1b cTporuil. ToMy y cydacHiit
HayIIi #-TeCT BBAKAETHCS CTAHAAPTOM 32 YMOBUYAHHSIM.

AnroputMm  3acTocyBaHHS  f-Tecty ~ CTbIOJEHTa  aHAJIOTIYHUI
3aCTOCYBaHHIO Z-TECTY.

Po3paxoByemo t-ctatucTuky CThIOJEHTA JIJIS HE3AICKHUX BUOIPOK i3
OJIM3PKUMH JTUCTIEPCISIMU 32 POPMYIIOIO:

xB] _XBZ

fooor = 2L 2P2 (6.31)

Jie ni, ny — 00CsIru BUOIPOK; Xs|, Xzy — BHOIPKOBI Cepe/iHi ABOX BHOIPOK
(3amani 3a ymoBOIO a00 3HaxXonAThCS 3a (opmynor (6.20) g KOKHOI

BUOIpKN); s12 , sg — BuOipKOBi Aucnepcii ABoX BUOIPOK (3a7aHi 32 YMOBOIO

n —
> (x; — x5)? JUIA KOKHOT

a00 3HAXOATHCS 32 POPMYIIO 52 =
n—1:;5
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BHOIpKH).

Uwcno creneniB cBOOOIM 3HAXOIUMO 3a (DOPMYIIOIO:

3a tabmuuero A.4 (muB. Hdomatok A) ans cremeHiB cBoOomu k Ta
3a/IaHOTO PiBHS 3HAYYIIIOCTI 0 3HAXOANMO KPUTUIHE 3HAUCHHS fyp.

J11st TBOCTOPOHHBOT TITIOTE3H TMTOPIBHIOEMO a0COTFOTHE 3HAYCHHS fenocr 3

tip. SIKIIO |fenoct| <fip, TO TinoTe3a Ho HE BIAXWISETHCS. JIIsl OTHOCTOPOHHIX
rinoTe3 MpUMaeMO PIlIEeHHS aHAJIOTIYHO PO3TITHYTOMY BHIIIE.

3aysaxycennsa 6.12. Slxkmo oOcsru BUOIPOK pi3HI ni#n,, BUOIPKOBI

qucnepcii IBOX BHOIPOK slz, s22 ONM3BKi 32 3HAYEHHSM, 3aCTOCOBYIOTH

00'eTHaHy TUCTIEPCitO slz, , IKY 3HaXOAMMO 32 GOPMYJIOI0:

s

(=0 =) .
n+n,—2

a t-craTucTUKy CTBIOJICHTA PO3PaXx0OBYEMO 32 (OpMyIIOr0:

XB] — XB2

(6.34)

UYucro creneHiB cBo0O M 3Hax01uMo 3a hopmyiioro (6.32).
3) t-mecm Yenua

t-rect CThroZIeHTa (PO3IJISIHYTHH BUILE) BUMarae JOTPUMAaHHS YMOBH
piBHOCTI Aucnepciit B 000X rpymnax. Ane Moxke OyTH, 1110 0J{Ha TPyIa € JyXKe
OJTHOPIIHOIO, a JIpyTa Ma€ BeJIMYE3HUH PO3KU, TOOTO aucnepcii pi3Hi. -TecTt
VYenua 103B0JIsiE KOPUTYBaHHS i€l cUTYaLii.

PospaxoByemo r-cratuctuky Yemnua 3a popmysoro (6.31).
VY t-recti VYemda 4HCIO CTENEeHIB CBOOOJM pO3PAxXOBYETHCS 3a
¢dopmynoro Carrepryeiita. BoHO Maiike 3aBKAM BUXOIUTH IPOOOBUM:
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1)
. non, ‘
(slz/nl)z N (s%/nz)z

n—1 n, —1

(6.35)

[Ipuiinsaro 3HaliieHe 3HA4YEHHS K OKPYIVIATH B MEHIIY CTOPOHY IO
LJIOTO 3HAYEHHSI.
IHmmi #if aranorivai po3rmaHyTHM A7 f-TecTy CThIO/IeHTA.

Hpuxnaxg 55. IlpoBoasre TecTyBaHHS HOBOrO Ipemapary Ul
3HW)KEHHS apTepialibHOTO THCKY. J{J1st TpynH 3 n=06 nami€HTiB OTpUMaIy AaHi
(cucTomiyHUIA THCK, MM PT. cT.) "m0" mpuitoMmy mpemnapaty x;: 150, 165, 140,
180, 155, 160 Ta "micns" 3akiHgeHHs Kypcy nputiomy yi: 140, 158, 135, 170,
148, 151. HeoOximHo 3’sicyBaTh e(EKTUBHICTH Mpemapary INpH piBHI
3Hauymocti a=0,05.

Po3é’azannn. JlocnimkyoTe ogHy W Ty caMmy Tpymy ocid (n=6) Ha
BIUIMB HOBOTO TMpenapary IJisi 3HWKEHHS apTepialibHOro THCKYy "mo" i
"micns" Horo NpuiioMy, TOMY 3aCTOCOBYEMO TTApPHUH 1-TECT.

Cdopmymnroemo rinore3n. MaemMo ABOCTOPOHHIO TillOTE3y, OCKIJIBKH
NepeBipSIEMO, U € SIKUIich e(eKT BiJ NPUHOMY Ipenapary, He yTOUYHIOIYN

3a3manierias, y skuwii Oik. Hymboma rimoresa Hop: d =0 ("llpenapat He
BIUIMBAaE Ha apTepiayibHUM THCK"). AJbTepHaTHBHa rinoresa Hi: d #0
("Ilpenapar Mae 3HAYHUI BIUTMB Ha THCK (y Oyab-sikuit Oik)").

3HaiiiemMo pi3HuIlio d; 3a hopmyioro (6.27) Ta CepeIHIO PI3HUIIO d sa
dopmymoro (6.28). s 3pyunocTi ckiaaneMo tadbmuio 6.20:

Tabmuus 6.20
i Xi Vi d; (d—d )*
1 150 140 10 4
2 165 158 7 1
3 140 135 5 9
4 180 170 10 4
5 155 148 7 1
6 160 151 9 1
n=6 d=8 | ==20
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3HaXOOUMO BHUIIPABJIICHE CTaHOAPTHE BIAXWICHHS S; PI3HHIL 32

bopmymoro (6.29):
s; =+20/5=2.
Po3paxoBy€eMO fcnocr TSI TAPHOTO £-TECTY 32 (hopmyioro (6.30):

~d 8 8
WO s 1n 2146 2/2,4495

3a Ttabmunero A4 (muB. [omatoxk A) mis cTemeHiB cBoOoIu
k=n—1=6—1=5 Ta 3amanum piBHeM 3Hauymocti 0=0,05 3Hax0AMMO
KPUTHYHE 3HAYCHHS fp=2,571.

[lopiBHIOBAEMO  fenoer=9,798 3 1:p=2,571. OCKUIBKH fenoer>tp, TO
BiIXWIIsieMO HyNboBY Timotesy Ho. [lpenapat mpamtoe. EdexT 3HMmKEHHS
THUCKY Ha § OJMHMUIIb 32 TAKOTO HU3BKOTO PO3KUIY JaHUX (S,/~2) MOXe OyTH
BUITAIKOBHM.

Bimnosins: [Ipenapat ehekTHBHHNA.

t ~9,798.

Mpukaan 56. [IpoBoasTh TECTYBaHHS HA MIIJHICTh JBOX BHJIB OCTOHY
i A i tan B. OckinbKu HEMae MOXKIMBOCTI 3pOOUTH COTHI 3pa3KiB, TOXK
BUOIpKM MajeHbki. Jyig Trmy A OTpUMalid HACTYIIHI JaHi: n1=5 3pa3KiB,

cepemHs MinHicTh Xz =42 MIla, Bunpasiena mucrepcis s,°=10, a ms

tuny B: n,=7 3paskiB, cepeaHs MilHICTh Xpp=46 MIla, BumpaBieHa
aucriepeis s2’=12. HeoOximHo 3’sCyBaTv iIE€HTHYHICTH 110 MIiLTHOCTI IHX
TUNIB OETOHY MpH piBHI 3HAUymocTi a=0,05.

Posze’azannn. ChopmymoeMo Timore3n. MaemMo JABOCTOPOHHIO
rinoresy.

Hynwoga rinore3a Ho: ai=a» ("MiHicTh ogHakoBa"). AJIbTepHATHBHA
rinore3a Hi: ai#a> ("MitHICTh pi3HA" — TBOCTOPOHHS TinoTe3a).

3actocoByemo f-tect CThIOJIEHTA JUIsl BIATIOBIAI PO iIEHTHYHICTH 110
MIILIHOCTI JOCITII)KYBaHUX TUIIIB OCTOHY.

PospaxoByemo t-cratuctuky CThiofeHTa 3a popmyiioro (6.31):

42-46 -4
= ~ ~—-2,0755.
o 120 2427143
507

Yucio creneHiB cBo0O I 3Hax01umMo 3a hopmyiioro (6.32):
k=ni+n>-2=5+7-2=10.
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3a tabmumero A.4 (muB. HomaTtox A) mis cremeHiB cBobomu k=10 ta
3amaHoro piBHA 3Haudymocti 0=0,05 3HaXOAMMO KpHUTHYHE 3HAYCHHS
tp=2,228.

Jlis  TBOCTOPOHHBLOI TiMOTE3UW TMOPIBHIOEMO aOCONIOTHE 3HAYCHHS
|fenoer|=[-2,0755|=2,0755 3 £4=2,228. OCKiINBKH |fecnocr|<twp, TO HyITBOBa
rinore3a Hy HE BiAXUISETHCS.

Binmogiae: Hyneosa rinoreza Hy He BiaxuisieTbes. Pizuuis B 4 Mlla
MIPH TAaKWX MaJiX BUOIpKax Ta pO3KUAAHHI JaHUX MOXKE OYTH BHITQJKOBOO.

Hpuxaag S57. IlopiBHIOIOTH IBI METOAWKH HaBYaHHS IIIBHAKOCTI
YUTaHHA IBOX Ipym Aiteil. OTpuManu pe3ynbpTaTy s Aitel (n1=5) rpymu A
(meromuka Nel): 40,42,38,41,39 (cmie/xB), mns gited (nm2=3) rpynu b
(metommka Ne2): 35,33,34 (cni/xB). IlepeBiputu mpu piBHI 3HAYYIIOCTI
0=0,05 uu BrIMBa€e BUOIp METOAUKU Ha PE3yJIbTAT.

Po3e’azanns. Chopmynroemo rinmoresu. Hynwbosa rinoresa Ho: ai=ax
("CepenHs UIBUAKICTh YUTAaHHA B 000X TpyIax ogHakoBa. Bubip metonnku
He BIUIMBA€ pe3ynbTar'). AnmpTepHaTHBHA TimoTte3a Hi: ai#a, ("Cepemus
HIBUJKICTh YHTaHHA Yy TPyHax 3HAYHO BiJApi3HAETHCA" — ABOCTOPOHHS
TirmoTe3a).

3acTocoByeMo f-TecT CThIOIGHTA ISl BUPIIICHHS MUTaHHS 1IPO BIUIUB
METOAUK Ha IIBUAKICTH YATAHHS JTITEH.

3a naHuMH BUOIpKaMu 3HaNAEMO JUIS KOXHOI TPYIU JiTed cepenHi 3a
dopmymoro (4.6) Ta BubipKoBi auctiepcii 3a hopmyoro (4.14).

I'pyma A: cepenne xg; =(40+42+38+41+39)/5=200/5=40, BubGipxoBa
mucniepcis s¢ = (0+2% +(2)2 +1+(-1)*)/4=25.

I'pyna b: cepenne xpp =(35+33+34)/3=102/3=34, BubipkoBa aucnepcis
53 =(1+(=D*+0)/2=10.

e 2 2 . .
Hucnepcii s; =2,5 ta s5=1,0 nocuth OaM3bKI (PO3PI3HAIOTHCS MEHII
HIK y 3 pa3u), TOMy BUKOPUCTOBY€EMO 7-TecT CTbIoJIeHTa 3 00'€IHAHOI0

. 2
JHMCIEPCIEIO S, , AKY 3HAXOMMO 32 popmyJioro (6.33).

» (5-1)}25+(3-1)}1 12
s, = =—=2.
5+3-2 6

t-cratucTiKy CThIOIeHTa pO3paxoByeMo 3a ¢popmyioro (6.34). Toxi
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L 40-3 6 _ 6 _ 6
eneet \/2 [1+1j J2-0,533 /1,066 1,032

5,814
5 3

3HaliIeMOo YKCII0 CTETNeHiB CBOOOIM k= +1,—2=5+3-2=6.

3a Tabmurero A.4 (muB. Jlomatok A) mis cTemeHiB cBoOoau k=6 Ta
3amaHoro piBHA 3Haudymocti 0=0,05 3HaXOAMMO KpHUTHYHE 3HAYCHHS
to=2,447.

OCKITBKH fenoer>tp (5,814>2,447), TO BigxunsieMo HyIbOBY rinoresy Ho.

BinmoBige: HympoBa rimotesa Ho BimxwminseTscs. PisHHIS Mix
METOAMKAMHU CTATUCTUYHO 3Hauymia. [{iTi 3 Tpynu A 4uTar0Th TOCTOBIpPHO
HIBH/IIIIE, 1 [IE HE MOSICHIOETHCS IPOCTOI0 BUTIAIKOBICTIO.

Mpuxaag 58. ITopiBHIOIOTE Yac poOOTH OaTapelioK ABOX BHPOOHMUKIB.
VY mepmoro sKicTe cTabinbHA, y APYroro — <K TOMIACTUTHY» (BHCOKHMA
po3kun). Jns mepiroro BUpoOHUKA OTPUMATIH JaHi: oocsar Bubipku n1=10,

cepenne xg =100 rox., mucnepcis si>=5. Jns apyroro BUpoOHHKA: 00CAT

BUOIpKH 1,=8, cepenne xr;=90 rox., mucmepcis s:°=40. HeobxixHo
3’CyBaTH 1IEHTHYHICTh CEpPEAHBOr0 dYacy poboTu Oarapelok aBOX
BUPOOHMKIB TipH piBHI 3Hauymocti a=0,05.

Po3¢’azanns. Piznuns cepennix Xxs)—Xsp=100-90=10, a cranmapTHi
BIIXWJICHHS CYTTEBO PI3HATHCS: §1~2,236 1 526,325 (Maiixe B Tpu pazn). Y
IbOMY BHUIAIKYy Kpalle 3acTocoByBaTH f-TecT Yemua. Cdopmymoemo
rifnoTesu.

Hynsosa rinoresa Ho: ai=ax ("Cepenniii yac po6oTu Gatapeiok IBOX
BUpOOHUKIB oaHakoBuil. CroctepexxyBaHa pisHuisd B 10 ToamH €
BMIIAJIKOBOIO.").

AnbrepHaTtuBHa rinoresa Hi: ai#a, ("Cepenniil uac pobotu 6arapeiiok
NEePIIOT0 BUPOOHHMKA CTATHCTUYHO 3HAYHO IIEPEBHILYE CEpEIHIN Yac podboTH
Oartapeiiok  JIpyroro  BUpPOOHHMKA. Pi3Huils  0OyMOBJIEHa  SIKICTIO
BUPOOHUIITBA, a HE BUIIAIKOBICTIO BUOIPKHU." — IBOCTOPOHHS TiIIOTE34).

PospaxoByemo r-cratuctuky CTtbroneHTa 3a ¢popmyiioro (6.31):

; _100-% 10
croet \/5 +@ \/0,5+5
10 8

~ 4,264.
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Uwcro cTerneHiB cBOOOIM pO3paxoByeThes 3a (hopmyoro Carrepryeiita
(6.35):

_ (5710+40/8 55’ L3025 oo
(5/10P (40/8) 00278+35714 35992
o 7

3Haii/leHe 3HA4YeHHS k OKPYTIIOEMO B MEHIIYy CTOPOHY IO IIIOTO
3Ha4YeHHd: k=8.

3a tabmunero A.4 (muB. JomaTtox A) asns 3aAaHOTO PiBHA 3HAYYIIOCTI
0=0,05 Ta cTeneniB cB000IM k=8 3HAXOAUMO KPUTHYHE 3HAYEHHS t,;=2,300.

OCKIIBKH fenoer> tp (4,264>2,306), TO BIIXUIISIEMO HYJILOBY Trinotesy Ho.
[Mepimii BUpOOHUK IEMOHCTPYE HE TUTbKU CTaOLIbHINLY, a i BUILY CEpEIHIO
AKICTh POOOTH.

Bianoriae: HynboBa rinmoreza Ho BIAXWISETHCS. Y TIEPIIOTo BUPOOHUKA
AKICTh TIPOJYKIi CTa0iIbHA.

6.3.3 IlepeBipka mnpaBuiIbHOCTI HYJBOBOI rimoresu Hy mnpo
3HA4YeHHS Jucnepcii

Jns mepeBipku TimoTe3w mNpo AucHepciro onxHiel BuOipku (npu
NOPIiBHAHHI il 3 SAKMMOCH €TaJOHOM YHM HOPMATUBOM) )*-KPHUTEpii €
OCHOBHUM 1 3araipHONpUHHATAM. [IpoTe BaxnmmBo mam'staT: el TecT
JIye YyTJIMBUI 10 HOpMaIBHOCTI po3moairy. HeoOximHo matu BUOIpKY
o0cAry n, naHi K01 MarOTh OyTH PO3MOIUICHI HOPMAJIBHO, T4 3HAYCHHS
aucnepeii oo (3 Tex3aBanHs a60 MUHYJIOTO JI0CBIiY), 3 SKUM HOPiBHIOETHCS
OTPUMAaHWIA Pe3yabTAT MIPH NEPEBIPKHU TIIIOTE3H.

3azanvHutl ancopumm nepegipku cinomesu npo 3HAYeHHs OUCNePCii:

1. ®opmymoBaHH rinoTe3. Bubip TecTy B 3a1€KHOCTI BijI TUTaHHS, IO
TepeBipseEMO.

a) JIBocTopoHHi#t TecT.

HynwoBa rinoresa Ho: o°=0y
3HAUEHHI").

AnbreprHarusHa rinotesa Hi: 6°#0o’ (" lucnepcis sminuacs y 0y1b-saKy
CTOPOHY" — JABOCTOPOHHS T1IIOTE3a).

0) IIpaBocTOpOHHI TeCT.

HynwoBa rinoresa Ho: 6*=a¢”.

> ("lucnepcis JOpIBHIOE 3aJaHOMY

179



AnerepHatuBHa rinotesa Hi: o°>00> ("Poskup cTaB  GinbImM,
CTaOUTHHICTE 3HU3WIACE" — IIPABOCTOPOHHS TiIOTE3a).

B) JliBocTOpOHHI# TecT.

HynwoBa rinoresa Ho: 6°=a¢”.

AnbrepratusHa rinoresa Hi: 0°<oo* ("PO3KHI 3MEHIIMBCS, TIPOLIEC CTAB
TOYHIIHAM" — JTIBOCTOPOHHS TilTOTE3a).

2. Bubip piBHs 3HauymocTi a. Haliuacrimme obuparote a=0,05 (5%),
0=0,01 (1%).

3. Po3paxyHOK KpHTepito, o crocTepiraerbes ( ;(czmm) 3a (hopMyIIOIO:

n-1)-s
ZC21'IOCT = ( 2 > (6.36)
Oy

ne n — o0car BUOIPKH, s>— BUIpaBJIEHa BUOIPKOBA JIUCIIEPCIs, 0y — 3a]aHe
3HAYeHHS Aucrepcii (3 Tex3aBaaHHS ab0 MUHYJIOTO IOCBiAYy), 3 SKUM
MOPIBHIOETHCSI OTPUMAHUI Pe3yNbTar.

4. Bu3HaueHHS KPUTHYHOI 00JIaCTi.
3a Tabmumero A.5 — Kputnuni Touku posmoxainy Ilipcona ;(02[ ¢ (auB.
Honatok A) auist crenieHiB cBoO0oau k= n—1 Ta 3a1aHOTO PiBHS 3HAYYIIOCTI o

2
3HAXO0ANMO KPpUTUYIHC 3HAYCHHSA ZKp = Z;k .
q 2 N 2 : : Ho:
K110 ZC]‘IOCT le , TO BIAXWIKIEMO HYJIBOBY T110TE3Y 0, SAKIIO

2 2 . .
Xenoer < Xxp » TO HYJIBOBY Tinote3y Ho npuiimMaemo.

Mpukaan 59. Orpumana BuGipka n=10 3aMoBJIeHb. Yac BiIXHIICHHS BiJ
rpadika JOCTaBKM CTAaHOBUTH: 2, 5,4, 8, 6,3, 7,5, 4, 6 (xB.). CepBic JoCTaBKH
CTBEPIXKYE, 10 PO3KHUJ (IUCTIEpCisl) yacy NOCTaBKM B CHAJbHHUN palloH HE
nepesuinye 25 (cTaHmapTHe BiAXWIeHHS o=5 XBWinH). HeoOximHO
NepeBipUTH TIpH PiBHI 3HaUyHocTi 0=0,05, yu He cTaB pO3KU OLIbILE.

Posze’sazanna. Tlepenbauysana mucrepcis 6o’=25. ChopMyroeMo
rinoTesu.

Hynbosa rinotesa Ho: 0?=c¢* ("Jlucniepcist 1opiBHIOE 3asBiIEHIN.").

AnbrepuaruBHa rinoresa Hi: 6>>ao* (" [ucnepcist Ginblie 3asBieHol." —
MPaBOCTOPOHHSI TiNOTE3A).

180



3HaiizeMo BUOIPKOBI XapaKTEpPUCTUKU: CEPETHE Xp

- 1 1
Xy =— DX =—(2+5+4+8+6+3+7+5+4+6)=@ =5
n;_1 10 10

i BUGiIpKOBY aucHEpCito s>

f;(xi )2 =(2=5P +(5-5P +(4—=5P +(8=5P + (65 + (3-5) +

+(7-5 +(5-5 +(4-5F+(6-5)* =30.

n —_

2 =L 3 (o —xe)? =1 -30~3,333.

_1121 9

Po3zpaxoByemo Zczmm 3a popmyoro (6.36):
> _9-3333 30 _

ZCHOCT - 25 5
3a Tabmurero A.S (nuB. Jlogatox A) st cTeneHiB cBoboau k=10—1=9
Ta 3aJaHOro piBHA 3HauymocTi 0=0,05 3HAXOAMMO KPUTHYHE 3HAUCHHS

Ty =16,919.

6.

Ockinbku ;(CZHOCT < Z;%p (6<16,919), To HympoBy rimoresy Ho

npuiiMaemo. [laHi He Jar0Th MiJCTAaB CTBEPIXKYBAaTH, IO PO3KUI Yacy
JIOCTaBKH MEPEBHUIIYE HOPMY.

Binmoine: HyneoBa rimotesa Hy npuiiMaetbes. JlaHi He natoTh mijicTaB
CTBEP/IKYBATH, 1[0 PO3KHUJI YaCy JIOCTABKH IEPEBUIILYE HOPMY.

6.3.4 IlepeBipka npaBWJIBHOCTI HYJ1bOBOI rinote3u Hy npo piBHicTH
ABOX JAUcHepcii

Jis  BW3HAUEHHS CTATHCTUYHOI 3HAYYIIOCTI BIAMIHHOCTEH MiXK
JICTIEPCISIMU JIBOX HE3AISKHUX BHOIPOK 3aCTOCOBYETHCS F-TecT (KpuTepiii)
Oimepa. [Ipu npoMy A1 KOPEKTHOCTI CTATUCTUYHOTO BUCHOBKY MOTpiOHE
BUKOHAHHS HACTYITHUX BUMOT

Ocnoeni ymosu (npunywenns). JaHi y KOXHIM 13 HOPIBHIOBaHUX
BHUOIPOK MOBHHHI MiATIOPSAKOBYBATHCH 3aKOHY HOPMaJIbHOT'O PO3IOILIY.

Hezanesxcuicmo 6ubipox: O0'ekth B rpymax MaroTb Oyt oOpaHi
BUIIAJKOBO Ta HE3aJISKHO OAMH Bix oAHOro. CIIOCTEPEIKEHHS B MEPIIiid
BUOIpIII HE TMOBWUHHI OyTH TIOB'3aHI 31 CHOCTEpEKEHHSIMH B JIPYTid
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(Hampukian, 1e He MOXKYTh OYTH pe3yNIbTaTH THX CaMHX BHUIIPOOYBaHb [0 i
TICIIS eKCTIEPUMEHTY ).

Kinvxicnuti mun oanux: Jlani MaioTe OyTH MOJaHi B KiNBKICHIN HIKaui
(iHTepBasbHil 200 MIKaJi BiTHOCHH).

3acanvHutl  aneopumm nepesipku  2inomesu npo  PiGHICMb 080X
oucnepcii:

1. ®opMyTIOBaHHSA TiMOTE3.

HynwoBa rinoresa Ho: 1*=0,* (" ducnepcii pisui'").

AnerepnatuBHa rinoresa Hi:  o1*#02*  ("Jucmepcii  3HauHO
BiZPI3HSIOTBCS").

2. Po3paxyHOK BUGIPKOBHX JUCIEPCiH §1% 1 $221BOX BHOIPOK 0OCHTIB 71
1 12 BIATIOBITHO, SKIIIO BOHHU HE 3a/1aHi 32 YMOBOIO.

3. O0uUHuCTIOEThCS F-CTAaTHUCTUKA K BiTHOLICHHS TBOX JUCIIEPCIi:

Fenoer = - (6.37)

3ayeaycenna 6.13. Ilpu po3paxyHKy Femoer Y YHUCENBHUKY 3aBXKIU

3aMUCYIOTh OLIBIY JUCTIEPCitO ( 512 > s% ), 100 3HaUEHHS Fcnocr OYI10 OlITBIIIE
abo npopiBHIOBAIIO 1.

4. BuznauaeMo creridi csodonu: ki=ni—1 1 kr=n—1.
5 3a tabnurero A.11 (nuB. Jomatok A) s creneHiB ¢cBOOOIH ki 1 k> Ta
3a/IaHMM PIBHEM 3HAYYIIOCTI 0 3HAXOIUMO KPUTHYHE 3HAYCHHS Fip.

3ayearcennn 6.14. IIpu KoprucTyBaHHI TaOJIUIEIO BPaXOBYEMO, 1110 TI0
TOpU30HTAMI (BEpXHiH pANOK) — 1e ki (CTemiHb CBOOOIM st BUOIPKH 3
aucriepeiero §1%), a 1Mo BepTHKam (IepIIuii CTOBIENb) — He ko (CTemiHb
cB00OIM 11 BUOIPKH 3 JUCIEPCIEr0 s52°). SIKIIO peabHe YMCiIO CTENEHIB
cBOOOAM BiAICYTHE y TaOMuIl, 3a3BHYail BUKOPHCTOBYIOTH OJHMH i3 JIBOX
NUISXiB: a) OepyTh HaWOJIM)KYe MEHIe 3HAYEHHs 3 TaOJUIN J0 3aJJaHoTo,
OCKIJTBKH 1I€ JIa€ TPOXH CYBOPINIMN KPUTUYHUK MOpIT (3amac HaJIildHOCTi);
0) BUKOPUCTOBYIOTh JIHIHHY 1HTEPHOJALII0 MK JABOMa 3HAUYEHHSIMH MiX
SIKMMH 3HAXOJIUTHCS peallbHEe YHCIIO CTETNICHIB CBOOO/IH.

Ao Fenoer<Fxp, TO HymbOBa TinoTe3a Hy npuiiMaeThes (BiAMIHHOCTI
CTaTHCTUYHO HE 3HAYYIITI).
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Ao Fenoer>Fip, TO HYTBOBY Tinoresy Hy Biaxwisiemo (mucmepcii
PI3HATHCS 3HAYHO).

Mpukaang 60. InBectop 30upaeTbess KymyBaTH akiii JBOX KOMIIaHIH.
[opiBHIOE pu3uk ix npuadanusa. Jlucnepcis mpuOyTKOBOCTI — 1€ Mipa
pusuky. Jms mepmroi KoMmmaHii OTpUMaliM HACTYIHI JaHi: n1=21 AcHb
CIIOCTEPEkKEHD, MUCTepcis s1°=12, a aua apyroi Kommadii: 7,=16 1eHb
CIIOCTEPEXKEHD, NUCTIEPCis 52°=4. BusHauntu npu piBHi 3Hauymocti a=0,03,
HACKUTBKH PU3UKH TIPUAOAHHS aKIlii KOMITaHiH pi3Hi.

Po3é’azanna. CHopMyIoeMo TinoTe3u.

Hynbosa rinotesa Ho: 01*=0>* ("Pusuku ogHaxkosi").

AnbrepnatuBHa  rinoresa  H;:  01’#02>  ("Pusukum  3HauHO
BiJIPi3HSIOTHCS ).

3HaineMo Fenoer 32 Gopmysioro (6.37) (binblny gucnepciro ATMMO Ha
MEHIITY ):

CIocT S% 4

Busuaunmo cremidi cBoboau: ki=n1—1=21-1=201 ko=n>—1=16-1=15.

3a tabmmmero A.11 (guB. JlomaTtok A) mia cteneHiB cBodomn k=20 i
k=15 Tta 3amanum piBHeMm 3HauymocTi 0=0,05 3HAXOAMMO KpPUTHUYHE
3HaYeHHs Fip~2,33.

OckinbKH Fenoer> Fip (3>2,33), To HynbOBY Tinore3y Ho Biaxuisiemo.

BinmoBine: [Ipuabanus akiiiii mepmoi KOMIIaHii CTATHCTUYHO 3HAYHO
O1ITBIII PU3UKOBAHO, HIK aKIiil qpyroi KoMmaHii.

Mpukaang 61. [IpoBoasTh eKkcriepUMEHT, MOOM MOPIBHATH TOYHICTH
nBox mpunaniB. s mepmoro mnpwiany mnposenu ni=11 BuUMIpiB Ta
BM3HAYMIIM JuCIiepcito s1°=4,5. Jis apyroro npuiagy IpoBend no=25
BUMIpIOBaHb Ta BHM3HAUWIM JUCHEPCiO  s2°=2,1. Bceranosuru um
BIZPI3HAIOTHCS Wi aucnepcii npu piBHi 3HauymocTi o=0,05.

Po3é’azannn. ChHopMyIoeMo TinoTesu.

Hynbosa rinoresa Ho: o1*=0,* ("Jlucniepcii pisni").

AnbrepHatuBHa  rinoresa  Hi:  o1’#0,®>  ("ucnepcii  3Ha4HO
BiJIPi3HSIOTHCS").

3HaiteMo Fenoer 32 Gopmysioro (6.37) (binblny aucnepciro AiIMMO Ha
MEHIITY ):
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s12 4,5

9
CHOCT — 2 A4 214.
S2 9

Busuaunmo cremini cBoboau: ki=n1—1=11-1=10 1 ko=n—1=25-1=24.

3a tabmmmmero A.11 (guB. JlomaTtok A) mis cteneniB cBodomu k=10 i
k>=24 Ta 3amanum piBHeM 3HauymocTi 0=0,05 3Haxomumo Fi,=2,25.

OckinbKU Fenoer<Fip (2,14<2,25), TO HynbOBY Tinote3y Hy npuiiMaemo.
BiaMiHHICTE MiX JUCTIEPCISIMH CTATHCTUYHO HE3HAuHA (BOHA OOYMOBIICHA

BHITAIKOBIMH (PaKTOPAMH).

BinmoBiapk: BiaMiHHICTE MiX JUCIEPCISIMM CTAaTUCTUYHO HE3HAYHA

(BoHa 00YMOBJICHA BHITaJIKOBUMH (DAKTOPaMHU ).

6.4 3aBraHHA AJ19 caMocCTiitHOi po6oTHn

J0TIOMOTror0 Kputepito [lipcoHa mpu piBHI 3HAYYIIOCTI
0=0,05:

3aBnaHHsA Biamosigs
1. Jlngs  IHTEDBAILHOTO  CTATHCTUYHOTO DSV —3.9955
MENERIDUTH TIMOTEIV TINO HODMATLHWI nO3MOmin 3a | Aemoer = 2 ’

X (0.05;2) = 5,991

BUKODHCTOBVIOUM  KpuTeniii [lincona. mnenesinuTh
TiMOTE3V MDO BINTOBIIHICT CTATHCTHYHOTO PO3MOALITY
HOPMaIbHOMY 3aKOHY MpH plBHl 3Hauymocti 0=0,01.

Mexi lnorezv Hn oo
. .| 5=717-9 |9-11 {11-13|13—15|15-17 HODMAThHAI
IHTCpBAJIIB DORMOMIIT
n; 8 14 | 40 26 6 4 IPUIAMAEMO.
2. JIns 3agaHoro BapiamiftHOTO PSTy 22 =7017,
Xi 2 5 8 11 14 | 17 | 20 ng(o,m; 3)=133
n; 14 | 25 | 28 | 30 | 26 | 22 | 23 Cinoreav Ha oo

HODMAJILHUN
DO3MOITIN
MIpUKUMAEMO.

3. IlepeBipsIOTh E€KOJIOTrIYHICT OYMCHUX CIOPYH. 3a
HOPMOIO CEPEIHI BMICT MIKIJJIMBOi PEYOBUHU HE
nmoBHHEH nepesunyBatu 50 mr/i. ucnepcis Bimoma 3
HacrnopTa ycTaTKyBaHHs: ¢°=16. 3po6unn 16 BUMIpIB i

OTpUMAITH cepelHe 3HadeHHs Xp =352 wmr/i. [lotpibHO
3pO3yMITH: YM II€ BHIIAJKOBE KOJHMBAaHHSA, YH MH
peasibHO TOpymryemMo HopMmu? IloGyayBaTi BEpXHIO
MEXKY AOBIpPUYOTo 1IHTEpBaILy AJs piBHA HagiiHOCTI 99%.

(—0;54,33)
CrpapxHii
cepeHill BMICT
JIOMIIIIOK HE
TIEPEBHIIYE
54,33 Mmr/a
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3aBmanHs Binnosins
4. Bumipsmu Bxignui omip 130 e€1eKTpOHHMX IamIl B
Owm. JlaH1 3rpyItyBajiy 1 OTpUMAaIN: Xenoer 8,395

xi 34,2 §B2-48 4,854 5,4-6,0 6,0-6,6 6,6-7,2 ){I%p 0,1;3)=6,25.

n| 11 | 11 20 | 27 [ 36 | 25 T'inoresa npo
Y nepiwoMy iHTepBaji 00’ €HAIM NTBa. OCKUIBKH 11=3, HOpMaJIbHIH
n=8. IlpmiinaBmM  piBeHb  3Havymocti  10%, POSIOALI BXLIHOTO
TNEPEBIPUTH TINOTE3y MPO Te, WO JaHi OTpPUMaHi 3 B?;I?Ifgaggfgl
HOPMAaJTLHO poznozuneHm TeHEPATBHOT CYKYIHOCTI. :
5. JIBi aBTOMaTI/I‘IHl niHil (hacyrTh qai. 3 TEXHIYHUX Zcroci=4,72,
MacIopPTIB BiJIOMO, 0 CTaHJapTHEe BIAXUIEHHS MacH Zp=1,96.
MayKyM 4Yar Ha mepuiii yinii cranosuts 01=0,8 T, Ha Piznung B

Apyriit — oo=1,2 r. Jlnst mepeBipku poOOTH JiHIA 6ynn
BITiOpaHi npo61x1 Ha mepmnid miHIl 7;=40 maJok,

cepenHiii Basi
MayoK Ha JBOX

cepenns Bara Xxp) =102r; Ha Apyrii ninii 7,=50 navox, JIHDIX €
- CTaTUCTHYHO
cepenHss Bara xpp=101Ir. HepeBlpI/ITI/I Ha piBHI [3HauymIol0 (Iepiia
3HauymocTi a=0,05, 44 CyTTEBO BiAPi3HAECTHCS CEPEIHS JiHiA B
Bara nayok Ha WX JiHifX. CepeTHbOMY
MaKye OipIe Yaro
HIX ApyTa)
6. 3a 6 po0OOYMX IHIB MOMNUT Ha AEAKMHA ToBap D=0.253:
cranorur: 104, 80, 96. 120. 113. 82. Ha nirni D,=0.473.
smauvmocti  ¢=0,] 3a  JONOMOTOK  KPHTEPIM | [inurcsa 1po
Konmoroposa nepeBiputy rinoresy npo Te, o MONUT | pipHoMipHHIA
PIBHOMIPHO PO3IOALIEHO Ha BiAPi3Ky [75; 125] po3moin
IPUIMAETHCS
7. BuMipsiiu yac O4iKyBaHHS BIAIOBII orepaTopa y 5
kmentie: 10, 12, 11, 9, 13 xBuaun. Hopmatus —
10 xBunuH. [lepeBipuTH, YW  BigpPI3HAETBCS  BiJ fenoer=1,41;
HopMatuBy B 10 xBuimH 3a piBHA 3Hadymocti 5% tp=2,776;
cepenHi dYac ouikyBaHHA. [loOymyBaTul mOBipUiid (9,04;12,96).
iHTepBaJI 47151 HOPMATUBY 3 HafilHICTIO 95%.
8. Kommanis 3aliMa€ThCs JOCTABKOIO TOTOBOI 1XKI o — 901
MmictoM. [TOpiBHSIIM MIBUAKICTH TOCTaBKH 1K1 B LIEHTPI °”t°°T__2 D
Ta B criaJlkHOMY paiioni. Otpumainu nani: ueHtp ni=10, CratHOTHaHO
cepemniii wac xg;=100xB., 5:>=9, a I CHAIBHOTO 3HAUUMUX
paiiony: n,=12, cepemniil yac xz,=35xB., mucnepcis | BUMIHHOCTCH Y
$2*=64. 3’sCyBaTH iIE€HTHYHICTH CEPENHBOTO Yacy BHKOCTI
JOCTaBKH TOTOBOi TKi B LIEHTP Ta B CHAJBHUI paiioH Hg;;iﬁléﬁ(;{'e

npu piBHi 3HauymocTi 0=0,05.
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st boro BuOpanu 9 neraneit Ta oTpuMan 3HAYCHHS
x5 =98.,5. [Ipwuiiasaru piBeHs 3HauymmocTi a=0,05.

3aBmanHs Binnosins
9. 3aBoj BUITycKae neTajil. Bimomo, IO cTaHAapTHE Zenoer=2,25;
BIAXHIICHHS Bard JeTalli CTAHOBUTH 0=2 T. BripoBaauiu Zp=—1,645.
HOBY TEXHOJOTi0O 1 Tpeba TepeBipUTH, YU CTajia JloCcTaTHBO
cepeHs Bara jJeTajii MEHIor, Hik crtannaptai 100 r. IiCTaB

CTBEPIXKYBATH, 10
cepeaHs Bara
meraim
3MEHINIIACH.

10. HeoOxigHO TOPIBHATH CTaOUIBHICTh TOCTaBKH
3aMOBIICHHSI JI0 IIEHTPY Ta CIAIBHOTO pPaioHy MicTa
npu piBHi 3HauymocTi 0=0,05. Otpumano nani
JIOCTaBKHM 3aMOBJICHHS JUTS IIEHTPY: 71=0 3aMOBJICHb,
BUIpaBieHa aucnepcis s1>=100; nng paiiony: n=11
3aMOBIICHb, BUIIPABIICHA JUCIIEPCis 52°=25.

Fonoer=4; Flcp:3,33-
Pozkup vacy
JIOCTaBKH Y LIEHTPi
CTaTUCTUYHO
3HAYHO BHIIIE, HIXK
y CaJIbHOMY
paKoHi.

11. 3a nBOMa He3aJIKHUMH BUOIpKaMH oOcsiramu 11=9
1 n=16, oTpuMaHUMHM 3 HOPMAJIBHO PO3MOIIIEHUX

FCHOCT=12’8; Fxpz4-
Hemae mincras

TeHepalbHUX CyKymHocTeli X 1 Y, po3paxoBaHO BiJIKUHYTH
BHIIpaBIIEHi BUOIpKOBI mucniepceii 51°=34,02 Ta s,’=12,5. |  rinoresy 1mpo
Heobxigno mpu piBHi 3HagymocTi o=0,01 mepeBiputu PIiBHICTB
HYIBOBY TimoTe3y Ho: TpO piBHICTh TEHEPAIBFHUX | TEeHEPATbHUX
JIACTIePCiii. JTACIIePCii.

12. 3a BubOipkowo o00csry n=16, oTpUMaHOW 3
HOPMAaJIbHO PO3MOJUIEHOI TEHEepaIbHOI CYKYITHOCTI,
3HaliIeHO BUOIpKOBe cepenHe X =12,4 Ta BUTIpaBlIcHE
cepenHe KBaapaTuuHe BiaxwieHHs s=1,2. HeoOximHo
npu piBHi 3HauymocTi o=0,05 nepeBipuTH HYILOBY
rinotesy Ho: a=11,8 mpo piBHICTH T'€HEPAIBLHOTO
CEPeTHBOTO 33JaHOMY YHUCITY.

tCl‘lOCT=2; th:2’13-
Hemae miacras
BiIKHHYTH
HYJIBOBY TiIIOTE3Y.

13. TouHicTh pobotu BepcTaTa-aBTOMaTa
nepeBipsIeThC 32 JUCIIEPCIEI0 PO3MIpiB BUPOOIB, sKa

Ma€ He NEPEBHIYBAaTH 0'3 =0,01(mm?). 32 BUGiIpKOIO 3
n=25 BUPOOIB OTPUMAHO BUIPABJIEHY BUOIPKOBY
mucnepeio s=0,02(mm?). Ha piBai sHadymocti a=0,05
MEePEBIPUTH, YW BepcTar 3ade3medye HEoOXigHy
TOYHICTb.

Zcznom =48;

7 (0,05,24) =364
Bepcrar He
3a0e3neuye
HeOoOX11HOT

TOYHOCTI.

7 EneMeHnTH KopesiniifHO-perpeciiiHOro anajisy

IcHYIOTB pi3HI THIIH 3aJISKHOCTEH MIXK BUIIAJKOBUMHU BeTMUUHAMK X Ta
Y, Hanpuxnaza, pyHKIioHaNbHA (>KOPCTKO JETEpMIHOBaHA) Ta CTAaTHCTUYHA

(cTOXacCTUYHO IETEPMiHOBAHA).
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QOyHKIiOHABHA (JeTepMiHOBaHA) 3aJIEXKHICTD — I1€ 3AJIeKHICTD, 32 K01
KO)KHOMY 3HAa4YeHHIO OfHi€l 3MiHHOI (He3ayexHoi, X) CyBOpO BiIOBinae
onHe (abo Kinbka) meBHE 3HAueHHs iHIIOI 3MiHHOI (3anexHoi, Y). Taki
3aJIeKHOCTI OMMCYIOTHCS TOUHHUMU MaTeMaTHUYHUMHU (popMynamu, y SIKHX
HeMae Micls BUnaakoBocTi. Hanpuknaz, 3akon Owma, Turomma Kpyra Ta iHIi.

CraructrnyHa (CTOXAcTHYHA, KOPEJAIIMHA) 3aleXKHICTH — IIe
3aJICKHICTh, 32 SIKOi 3MiHa OJHiel 3MiHHOT (He3alexkHOI, X) TArHE 3a COO0r0
3MiHy CepeHbOTO 3HAUYEHHS 1HIINI 3MIHHOI (3aJIeXKHOI, Y), alle He KO)KHOTO
il okpemoro 3HadeHHS. L5 3a5Ie)KHICTh HE € JKOPCTKOO 1 TOYHOI0, OCKITEKH
Ha 3aJIeXKHY 3MiHHY, KPiM JOCITIKyBaHOTO (PakTOpy, BILTUBAIOTH BUIMAAKOBI
(neBpaxoBani) (hakropu. Hanpukian, 3aeXHICTh MiXK 3pOCTOM JIFOJIUHU Ta
il Baroro, 3aJI€KHICTh MK BHTpaTaMd Ha PEKJIIaMy Ta OOCSITOM TpPOJaxiB,
3aJISKHICTh MK PIBHEM OCBITH Ta JOXOJOM Ta IHIII.

KirouoBa BIAMIHHICTP MDK HHMH IIOJSTa€ B TOMYy, MO B
(GYHKIIOHATBHIN 3aJIKHOCTI, 3HaI0UH X, MOJKHAa TOYHO IIPOTHO3YBaTH Y, a
B CTAaTHCTHYHIA 3aJCKHOCTI, 3HAIOUM X, MOYKHA IEpel0aYnTH CEepeIHE
3Ha4YeHHs Y a0o niama3oH ii 3HA4YCHb, ajie 3aBXKAU IPUCYTHIH CIEMEHT
BUTIAJKOBOCTI.

Kopensmifino-perpeciiinuii aHamiz — me MOTYXHHHA 1HCTpyMEHTapii
MaTeMaTHYHOI CTAaTUCTUKH, SKHH BUKOPUCTOBYETHCS JJISi BHBUCHHS
B32€MO3B'S3KIB MK 3MiHHUMHU.

Bin 103BOJS€ KINTBKICHO BUMIPSTH TICHOTY, HaIpPsIMOK 3B'S3KY
(kopensiiHUK aHai3), a TaKOX BCTAHOBHUTH AaHANITUYHE BUPAKCHHS
3aJIeKHOCTI PEe3yNIbTaTy BiJi KOHKPETHHX (DaKTOpPIiB 3a CTaJOCTI pelTu
JIIIOYUX Ha pe3yNbTaTHBHY 03HAKY (DaKTOPHUX O3HAK (perpeciiiHmii aHai3).

ToOTo BiH 103BOIISIE HE TUTLKA BU3HAYUTH HASIBHICTD 1 CHITY 3B'SI3KY, a i
noOyyBaTH MOJIEITb, SIKa JI03BOJISIE IPOTHO3YBATH 3HAUEHHS OJTHIET 3MiHHOT
3 ypaxyBaHHSIM IHIIUX.

7.1 Kopensiniiinmii anaJi3

Meta KOpeJsIiiHOTO aHalli3y — I OIIHWUTH HASBHICTH, HANpPsM i
TICHOTY (CHJIy) CTATUCTHUYHOTO 3B'SI3KY MiX JBOMA YU O1JIbIII€ BUIIaIKOBUMHU
BEJIMYNHAMM.

3ayeaycennn 7.1 Kopensauiss He o3Hauya€ NPUYMHHO-HACIIAKOBOTO
3B's3Ky. [IBi 3MiHHI MOXYTb OYTH CHIIHO KOPEIILOBaH1 MPOCTO TOMY, IO Ha
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HUX OJTHOYACHO BIUIMBA€E TPETs, INPUXOBaHA 3MiHHA, ab0 Ie CyTO
BUIAIKOBUH 30iT.

Kopensiifina 3ajleKHICTh — 1€ OKPEMHd BHUIAJO0K CTaTHCTUYHOI
3aJIC)KHOCTI.
Osnauenns 7.1. KopemsmiiiHa 3aleXHICT — 1€ CTaTHCTHYHUH

B3a€MO3B'I30K MK JBOMAa 4Y{d OUJIbIlE BUIAAKOBHMH BEJIWYMHAMHM, KOIU
3MiHA 3HA4YCHb OJHI€I YW KIUIBKOX 13 LMX BEIWYHMH CYNPOBOIKYETHCS
CHCTEMAaTHIHOIO 3MIHOIO CEPEIHBOT0 3HAUYCHHS 1HIOT X 1HIITNX BETHIHH.

KitouoBi MmomMeHTH:

Cmamucmuuna npupooa: 1le He )KOPCTKHIA, a IMOBIPHICHUH 3B'S30K.

3mina cepenuboro: [Ipu 3miHi pakTopy X 3aKOHOMIPHO 3MIIIY€ETHCS HE
KOXKHE IHIWBiMyanbHe 3HA4YeHHS Y, a CepelHe 3Ha4deHHs (YMOBHE
MaTeMaTH4YHE CIIOAIBaHHS).

Heoonosnaunicms: IIpy omHOMY 1 TOMY K 3Ha4€HH1 ()aKTOPHOI O3HAKH
MOXYTh CIIOCTEpIraTHUCs pi3HI 3HAYEHHS pPE3YJIbTaTUBHOI O3HAKH, IO
MOSICHIOETHCS BIUTMBOM O€311i4i iHIITNX, He BpaXOBaHUX (haKTOPIB.

Hepisnosnaunicme peepecii: Ha BingMmiHy Big perpecii, e MU YiTKO
BULIIEMO 3anexHy (Y) Ta HezanexHy (X) 3MiHHI, B KOpeIsIii 4acTo o0uaBi
3MiHHI MOXYTh PO3TIIAAATUCS K B3a€MOIIOB'A3aH1 0€3 CTPOroro NpuYHHHO-
HACIT1IKOBOTO 3B'AI3KY (X04a iHOJ[i MPUYMHHICTh OUEBUIHA).

Kopensiis BianoBinae Ha nutaHHsS: "HacKiNbKH CHJIBHO 3MiHHI
noB's13aHi?", TOIl SIK perpecis BiANOBiAae Ha muTaHHA: "SIk OmHA 3MiHHA
NPOPOKYE iHry?".

Teopis kopesiii BUpIIIye [Ba OCHOBHI 3aBIaHHS:

1) Busnauenns ¢popmu 38'a3xy (6uo ¢ynxyii peepecii):

- Le 3aBJaHHs IIOJSra€ y BCTAHOBJICHHI MareMaTW4Hoi (yHKIil
(piBHSIHHS perpecii), sika HalKpalle OMUCYE B3a€EMO3B'SI30K MK 3MIHHUMU;

- e Moxe OyTH JiHiliHa (MOke OyTH OmnHcaHa MPSIMOIO JIIHIE) Ta
HelniHifiHa (Moke OyTH OomucaHa KBaJAPaTUYHOIO, MOKAa30BOI0 a00 iHIIOIO
HEJTHIHHOI (PYHKIIIEH0);

- BidyasibHO (hopMYy 3B'SI3KY MOXHA TIOTIEPEHBO OI[IHUTH 32 JiarpamMoro
po3citoBaHHS (KOpENSIIHHOMY TIOJIF0), J€ KOKHA TOYKa BiAIOBifae mapi
3Ha4YEHb (X;,Vi).

2) Oyinxa micnomu (cunu) 36'sa3Ky:
- e 3aBJaHHA CHPSAMOBAaHO Ha KUIbKICHMH BHMIip CTENEHs OJM3BKOCTI
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MDK (DaKTHYHHMHM 3HAYCHHSAMH 3aJIKHOI 3MIHHOI Ta 3HAYCHHSIMH,
nependadYeHUMHU PiBHSAHHAM perpecii, ToOTO, HACKIIBKH IIIJILHO TOYKH Ha
KOpeJALiHHOMY TIOJi 3rpyNoBaHi HaBKOJIO JIiHiil perpecii.

- 17151 [OTO BUKOPUCTOBYIOTHCS KoeimieHTH Kopessinii. Yum Ommkye
3HavYeHHs KoedirieaTa 10 adbcomoTHOi onmaMi (+1 abo —1), THM TicHimEe
3B'5130K. UM Giikde 70 HyJIsl, TUM cIa0mInii 3B'130K a00 BiH BiACYTHIM.

- HampsIMOK 3B'A3KY: MPSIMUHA (IOJATHHIA) 3B'I30K (301IbIICHHS OJHIET
3MIHHOI CyNPOBOKYETbCA 30UTBIICHHAM 1HINOI (I HaBMakW), KoedimieHT
Kopensmii Oyde MomaTHWI), HANpPWKIAA, 3pICT Ta Bara; 3BOPOTHHIMA
(Bim’emMHMIA) 3B'A30K (30UIBIICHHS OJHIE] 3MIHHOI CYIPOBOJKYETHCS
3MEHIIEHHSM iHIOI (I HaBMaku), KoeilieHT Kopesuii Oyne Bia’ eMHHM),
HANPHUKIIA, I[iHa TOBApy Ta MOMHKT Ha HHOTO.

Bunu xopensiiifHoro 3B's13KY:
Knacudikarniss KopensIifHUX 3B'S3KIB TIPYHTYEThCS Ha KIJIBKOCTI
JOCTTDKYBaHUX 3MIHHUX Ta OPMi B3aEMO3B'SI3KY.

1) 3a KiTBKiCTIO O3HAK, IO KOPETOIOTHCS:

a) Ilapna xopenayis (npocma):

BuBuae B3aeMO3B'I30K MK JBOMa 3MiHHHMH (OZHHM (haKTOPHUM Ta
OJTHAM PEe3yJITATUBHUM 200 IBOMA PiBHOZHAYHHUMH).

Hanpuxiaz, 38'130K MiXk JJ0X0JIOM Ta BUTPAaTaMH, MiXX piBHEM OCBITH Ta
3apIUIaToIo.

Jis BUMIprOBaHHS TICHOTH TMAPHOTO JHIHHOTO 3B'I3Ky HaldacTiiie
BUKOPHCTOBYEThCS KoeDilieHT JiHiHOT kopessii [Tipcona (ryy).

0) Mnoowcunna xopenayis:

Busyae B3aeMO3B'SI30K MK OIHIEIO 3aJI€KHOI0 3MiHHOO (Y) Ta IBOMA
a0o0 OiIbIIIe He3TCKHUMHU 3MIHHUMH (X1, X2, ..., Xk) OTHOYACHO.

Jo3Boiisie  OLIHUTH CYKYNHHMH BIUIMB KUIbKOX (hakTopiB Ha
pe3yIbTaTHBHY O3HAKY.

Hanpuxkmnazn, BriuB 1ocBigy poO0oTH, OCBITH Ta BiKy Ha 3apIUIaTy; BILIUB
TeMIIepaTypH, BOJIOTOCTI Ta OCBITICHOCTI Ha 3pOCTaHHS POCIIHH.

Jiisi BUMIpIOBAaHHSI TICHOTH MHOKWHHOTO 3B'SI3Ky BHKOPHCTOBYETBCSI
KoedillieHT MHOXXHHHOI KopeJsiii (R). Bin 3mintoeTses Big 0 1o 1 1 mokasye,
K 700pe KiJibKa HE3aJIeKHUX 3MIHHHMX MOSCHIOIOTH Bapialilo 3aieKHOi
3MIHHOI.

B) Yacmxkoea xopenayis:
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BuBuae TicHOTY 3BSI3Ky MiX IBOMa 3MiHHUMH, BHKIO4Yaroun (abo
"(hikcyroun'") BIUIMB iHIINX 3MIHHHX.

Hanpukmazn, 3B'S30K MiK I[IHOIO Ta TOMUTOM, BUKITIOYMBIIY BILJIHB
peKJIaMH Ta TOXOAY HaCEJICHHS.

BukopHuCcTOBYIOTHCS 4aCTKOBI KOE(IIIEHTH KOPETIAIIii.

2) 3a popmoro (xapakTepom) 3B'I3KY:

a) Jlinitina xopenayis:

[lepenbadaeThest, MO 3AIEKHICTh MK 3MIHHIMH MOXKe OyTH ommcaHa
a7IeKBaTHO TIPSIMOTO JIIHIE€H0.

3miHa opHi€l 3MiHHOI Beae J0 MNponopuidHOi (abo Maibke
MPOMOPLIHHOT) 3MiHU cepeTHHOr0 3HAYCHHS 1HIIIOT 3MIHHOT.

I'padix posciroBaHHS Oyae HaragyBaTh XMapy TOYOK, BHUTSITHYTY
B3JIOB3K MPSIMOI JIiHil.

Hanpukiiaz, 3B'30K MiXk KiJIbKICTIO CTIOKMBAHOT %K1 Ta HAOpaHOIO Bary.

Jis BUMIpIOBaHHS TICHOTH HENIHIHHOTO 3B'S3KYy BHKOPHUCTOBYIOTH
koedirmient [ipcona (

0) Heninitina (Kpusoniniina) Kopeusiyis.

[lepenbadaeThest, MO 3aMEKHICTH MK 3MIHHUMH OMHUCYETHCS KPHUBOIO
niHiero (mapabooro, TinepooI0t0, eKCIIOHEHTOO TOIIID).

3MmiHa OfHi€el 3MIHHOI BeJe 0 HEMPOIMOPIIMHOI 3MIHM CEPEAHBOIO
3HAYEHHS 1HIIOKO.

I'padik po3ciroBaHHs Oy/ie HaraAyBaTH BUTHYTY XMapy TOYOK.

Hanpukmazn, 3anexHiCTh MPOAYKTHBHOCTI Mpalli BiJ CTaxy poOOTH
(coyatky 3pocTae, MOTIM CTaOUTI3YEThCS 1 HABITh MANa€);, 3aJCKHICTH
YpO>KaifHOCTI BiJl KUTBKOCTI TOOPHB, 1[0 BHOCATHCS (710 TIEBHOT MEXKi, TIOTIM
MOYKE 3HIKYBATHCH).

Jlyis BUMIpIOBaHHS TICHOTHM HENIHIMHOTO 3B'S3KYy BHKOPHUCTOBYIOTh
kopensuiiHi BigHocuuu (7). Koedimient [lipcoHa muist HemiHIAHOTO 3B'3KY
MOke OyTW OJIM3BKUM J0 HYyJs, HaBiTh SKIIO 3B'I30K CUJIbHHIA (aie
HeniHiitani). KopensuiiiHe BiqHONIEHHS # HE YyTiuBe 10 GOpPMH 3B'SI3KY i
3aBXKIU Bij €MHE.

Maemo BuOipKy (xi,y:), i=1,2,...,n. Jns Toro, moO pe3ynbTaTtu
KOpeJALiHOro aHasi3zy Oy J0CTOBIpHUMH, BUOipKa HOBMHHA BiINOBIAaTH
psLy KpUTEPIiB:

Penpesenmamuenicms: BuOipka Mae aaekBaTHO BimoOpaxkaTtu
BJIACTHBOCTI BCi€i reHepallbHOI CYKYITHOCTI.
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Bunaoxosicms: KoxHa OOWHHAIL CYKYITHOCTI TIOBHHHA MaTH PiBHHMA
[IaHC TTOTPANUTH Y BUOIPKY.

Hopmanvricmos posznooiny: Knacuunuii koedimient [lipcona Bumarae,
mo6 3miHHI X Ta Y Oynu po3nofiiieHi 3a HOpMaJbHUM 3akoHOM (abo
OJIM3BKHM JI0 HBOTO).

Obcse eubipxu (n): J71s MHIHHOT KOpEAIii 0aXkaHO MaTH IIIOHAWMEHIIIE
20-30 cnoctepexxenb. Ha manux BuOipkax (HampuKian, n=5) BUCHOBKH
MAarOTh IIBU/IIIIC LTIOCTPATHBHUI XapakTep.

7.1.1 KopeasuiiiHe moJjie Ta KopeJsuiiiHa TA0 A

Kopensiitine nosie Ta KopessiiiiHa TaOauIs € JOMOMIKHAMY 3aC00aMu
MiJ] Yac aHaji3y BUOIPKOBUX JaHUX.

[lepm Hi>XX mepexoauTH A0 (OPMYN, TEOPETUYHO 3aBXKIH 3rafylOTh
rpadiuHuil MeTox — moOy0Ba MO KOPEIISIii.

[Ipu HaHeceHHI Ha KOOPAMHATHY TUIOIIMHY BHOIPKOBHX TOYOK (X:,);)
OJIEPXKYIOTh Kopeiayitine nose abo noje Kopeaayii.

Bizyamizattis kopensmiiHoro mois (miarpaMa po3ciroBaHHS) A€ 3MOTY
BUCYHYTH TMPHITYyIIEHHS I0M0 (OpMH 3B’SI3KYy MK JOCIiIKYBaHHUMU
nmokazHukaMu X Ta Y. 3a XapakTepoMm aHAIITHYHOTO BHUpPa3y KOPENIiiHi
3aJIeKHOCTI MOAUIAIOTH Ha JiHiHHI (puc. 7.1) Ta HemiHiitHI (puc. 7.2).

Ta Th

i -
Pucynoxk 7.1 Pucynok 7.2

[pu niHikHIA 3a71€KHOCTI 00BiJHA KOPEJSAIIHHOIO IMOJI Ma€ BUTIISL
OB MEHII MPaBWIBHOTO eIinca 31 3TyHIeHHSM TOYOK y LEeHTpi Ta
MOPIBHSIHO PiIKICHUM iX po3TanryBaHHs Ha mepudepii (KUIBKICTh map
crioctepexxenb Besuka: n>100). Bigxunennst oceid einca BiJ KOOpIUHATHUX
HanpsIMiB BKa3ye Ha HasBHICTb Kopemulii. Butsarayrticte ke enimca He
3aBXAH € i1 00'€KTUBHUM MMOKa3HUKOM, OCKIJIBKHM 3aJICKHUTh BiJ] NPUHHATHX
MaciTadiB 1Mo ocsx KoopAuHaT. [1o KopensuiiHOMY MOJTI0 MOXKHA OyayBaTu
BUCHOBKH NP0 (OPMY 1 TICHOTY 3B'SI3KY.

JIiHIHUIT B3a€MO3B'SI30K MIXK JBOMAa BMIIQJKOBUMH BEJIUYMHAMU
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XapaKTepU3y€eThCS THM, IO TPH 3MiHI OAHIE] 3 HUX IHIIA BHABISE
TEHCHII0 70 3pocTaHHs (abo crmafaHHA) 3TiTHO 3 JNIHIHHOK (QYHKIIEIO.
BusiBiieHHs: pOpMH CTATHCTUYHOI 3aJIC)KHOCTI € HEOOXITHUM 1T BUOODPY
METO/Y OLIIHKH TICHOTH (CHJIN) B3a€MO3B'SI3KY.

HampsMieHicTs € D0maTHOIO, SKIIO 30UTBIICHHS 3HAYCHHS OJHIET
O3HAaKM TPU3BOIUTH JO 30UTBIICHHS 3HAaYeHHA iHmoi (puc. 7.3).
HampsimiieHicTh € BiJl’éMHOIO, SIKIO 3017bIIEHHS 3HAYCHHS OJIHIET O3HAKU
MPU3BOIUTE 10 3MCHINEHHS 3Ha4YeHHs iHMIOl (puc. 7.4). 3aleKHICTh MOXKE
HE MaTH HaIPSIMIICHOCTI.

Th Th

- -
Pucynok 7.3 Pucynok 7.4

Jus  Bu3HAYGHHA JIIHIKHOCTI 3B'I3Ky HEOOXITHO HacaMIlepen
noOyayBatu rpadik mporo 3B's3Ky. it mporo Ha rpadik y NpsMOKYTHiH
CUCTEMI KOOPJMHAT HAHOCSTH y BUTJISA/I TOUKH JaHi KOXKHOT ITapy 3HAYCHb X
1 y. I'padix kpim opMmu 3B'3Ky J03BOJISIE TOOAYNTH 1 TICHOTY 3B'SI3KY.

Hnst uncensHOi 00poOKM pe3ynbTaTd BUOIpKM 3a3BUYAll TPYIYIOTH i
PENPE3CHTYIOTh Y POpMI Kopensyitinoi madauyi.

Hexaii B pe3ysipTari He3aueKHUX CIIOCTEPEXEeHb HaJl BenIuHamMu X 1 Y
3 TeHEepaIbHOI CYKYITHOCTI OTpUMalH BUOIpKy o0csry n<30, mpuaomy odcsr
BHUOIPKOBOI 72 CYKYITHOCTi BU3HAYAETHCS K KiJIBKICTh HASIBHHUX y BHOIpIIi 11ap
(xi,y), i=1,2,...,n. Toxi s 3amaHuX 3HaYEHb BXiTHOI 3MiHHOI X Ta 3HaYCHb
BUX1IHOI 3MIHHOT Y CcKIIagarTh Tadmumo 7.1:

Taomms 7.1
X X1 Xn
Y Y1 vee Yn

TyT x; mo3HaYa€ He3anexkHy 3MIHHY (apTyYMEHT), a y; — 3aJIeKHY 3MiHHY
(pynkuito ), i — Oynp-IKuid MOPSAKOBUN HOMEp x abo y, Bin 1 mo n, n —
3araljibHa KiJIbKICTb Tap CIIOCTEPEKEHb X 1 ).

[Ipu Benukiili KUIBKOCTI criocTepexeHb (Hanpukiag, #>30) npoBoaaTh
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CHCTeMAaTH3aIlil0 JaHUX [UIAXOM IX YIPYHNOBaHHA Ta TOOYIOBU
Kopenayiunoi mabauyi (tabm. 7.2), He 3a0yBalOyM TpPH IHOMY, IO
TpyNyBaHHS BHOCUTH MOXWMOKH B pe3yibTaTd obuucieHb. KopemsuiiiHa
TabnMLA OyAy€eThCs 3a iHTepBalaMH 3HA4YeHb X 1), 00paHUMH CaMOCTIHHO.

Hexaif BenmmumHa X y BHOIpII mpuilMae 3HAYEHHS X1,X2,...,Xk, € k —
KUTBKICTh 3HaU€Hb II€] BEIMYUHH, IO PI3HATHCS MK COOOI0, MPHYOMY B
3arajJbHOMY BHIQJKy KOXKHE 3 HHMX y BHOIpLi MOXXE MOBTOpPIOBAaTHCS, a
BeJWUMHA Y y BUOIpI mpuiiMae 3HAYEHHS Yi,Y2,...,Ym, J€ M — KIUIBKICTh
3Ha4YEeHb I[i€] BEIMYMHM, IO PI3HATHCS MK COO0I0, TPUIOMY B 3aTalIbHOMY
BUTIAJIKY KOKHE 3 HUX Y BUOIpLI TaKOXX MOX€E MMOBTOPIOBATHCSI.

[pumnyckatoun, M0 TOBKWHH IHTEPBATiB YrpyHoBaHHS (IO KOXHiH 13
3MIHHHX X Ta y) piBHI MiX COOO0, IPOBOIUTHECS BHOIpKa MaHUX MO IHX
iHTepBanax: Ax; Ta Ay; (i=1,2,...,k; j=1,2,...,m). B pe3ynbTari 0AepKyIOTh
gactoty ny (i=1,2,...,k; j=1,2,...,m) moeaHaHb 3HAYCHB X Ta ) JJIS TIEBHUX
IHTEpBalliB, TOOTO HAa TMEPETHHI KOXXHOTO BEPTHUKAIBHOTO CTOBIIS i
TOPU30HTAIBHOTO PS/IKA 3AIHUCYIOTh YaCTOTY Ajj, IO TIOKa3ye CKUTBKU pa3iB
npy JAaHOMY 3Ha4yeHHi Xe€Ax; 3ycTpidanucsi BKa3aHi 3Ha4eHHs yeAy; abo
HaBITaKH.

SK OCHOBYy [UIsi pO3paxyHKiB TaOJHWII0 CIPOIIYIOTh, BUOpaBIIH
cepenunu x; Ta y; (i=1,2,...,k; j=1,2,...,m) uUX IHTEpPBaIIB Ta 4UCIA M.
Tabnuiro  JOMOBHIOOTH, BIOHCYIOYM B TIEPENOCTAaHHIM  PSJOK  Ta
HepeOCTaHHI CTOBIEIb CYMHU YacTOT Ay TIO CTOBIIISIM Ta PSIIIKAM 71y

k m
ne=3n,, ny= 2y (7.1)
i=1 J=1
ne
n, = >n ; — 4acToTa O3HAKHM X;, (7.2)
Jj=1
k
=).n;; —9acToTa O3HAKM ), (7.3)

i=1

a B OCTaHHIH pAnIoK i OCTaHHII/I CTOBIICIb BIIHCYIOTh 3BaXKEHI 38 YaCTOTaMHU
YMOBHI cepeiHi ( Vi, i x) ) 3HAYEHb Y 1 X MO CTOBIILISIM 1 PSIIKAM:
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m _ k
Z yin; (i=1,2,....k), xyj=L2xinl.j(j:1,2,...,m). (7.4)

ny/- i=l1

CyMu BeNMWYWH, 10 CTOSTh Y MEPEAOCTAHHBOMY PSAKYy Ta
MEPeI0OCTAaHHLOMY CTOBIIII, ITOBHHHI JOPIBHIOBATH 3arajbHIiil KiJIbKOCTI
CTIOCTEPEIKEHD 1

3

k k m
Z => Z”ij . (7.5)
i=1 i=1j=1

}
1

J

Y nmepemocTaHHI KIITHHU OCTaHHBOTO PsIIKa Ta OCTAHHBOTO CTOBIIIIS
BITMCYIOTh MiJpaxOBaHi 3arajbHi cepelHi BUBa)XEHI 3HAYEHHA BCIX ) 1 X,

ToOTO y Ta X. BoHM MOXyTh OyTH OOUYHMCIEHI SIK cepeiHi Bcix y abo X,

3Ba)KEH1 3@ YaCTOTAaMH 1, 00 K CEPeaHi 3 y, 1 Xy , 3BaKEHI 32 YaCTOTaMH

nye abo ny:
— 1k m
y=—=>.>m;y; abo y== Zn yx ; (7.6)
=1 j=1 Ni=1
- 1k m - 1nm _
x=—=2 2 mx; abo x=—=)n, -xy.. (7.7)
ni=lj=1 njo
Taomuus 7.2
C InTepBan Ax
IaTepBan iHeTF; ez};:i{a Ax, | Ax> | | Axy . :
Ax Xy Y CepenuHa inTepBany Ax Y &
X1 X2 Xk
Ay1 V1 nii nai Nkl ”lyl Xy,
Ay» » ni2 n ni2 ny, )_Cy2
Aym ym Nim Mom cee Nkm nym ;ym
nx nxl nxz nxk n ;
Va, Yo | Vx Y, y
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3a po3TanryBaHHIM 3aIIOBHEHUX KIITHHOK y TaOJHUIll MOKHA TTO0AYNTH
HaNpsIMOK 3BI3KY: SIKIIO 3HAYEHHsI KOHLEHTPYIOTHCS B3AOBXK JiaroHaii 3
BEPXHBOTO JIIBOTO KyTa B MPaBUi HIKHIH (TIpH 3011bLICHH] X 301IbIIYETHCS
¥), TO 3B'I30K MPSMUH; SKIIO 3 JIIBOTO HWXKHBOTO 0 MPaBOrO BEPXHBOTO
(Tpu 361TBIIIEHH] X 3MEHIIYETHCA V), TO 3B'SI30K 3BOPOTHHH.

7.1.2 KoediuienT Jginiiinoi kopensiuii [lipcona Ta iioro BjacTuBocTi

OCKITBKH Ba)KJIMBA HE cama 3aJeXKHICTH OAHIET 3MIiHHOI Bij 1HIIOI, a
caMe XapaKTepPHCTHUKa TICHOTH 3B'A3Ky MK HHUMH, TO caMe€ BHOIpPKOBHM
koedimiedaT miHiHHOT Kopemsamii IlipcoHOM oOmiHIOE TICHOTY IiHIHHOI
KOPEJSLIAHOT 3aJIe)KHOCTI 1 BKa3ye i1 HanpsM (MpsAMuil 4u 3BOPOTHUH).

1. Bunagok HecrpymnoBaHux JaHux (Tadm. 7.1).

1) Koegiyienm eubiprosoi xosapiayii (kopenayitinuti momenm) (Kxy
a0o0 cov(X,Y)) Bu3HayaeTbcs HopMyJIoH:

n

1 — —
Kyy =cov(X,Y)=;Z(xi -0 =), (7.8)
i=l

Je X, y —BHOIPKOBI cepeHi BUNIAIKOBUX BelU4nH X Ta Y-

X=—-2 X, y=—-:2 (7.9)
noj=1 noj=1
abo
Kyy=xy-x-y, (7.10)
e
JE— l n
Xy=—:2X;*Y; - (7.11)
n=)

Kopensauilinnii MOMEHT BimoOpaxae xapakTep B3a€EMO3B'SI3Ky Mixk X Ta
Y. Sxmo Kxy>0, To B3aeMo3B's130K mpsmuid. Ao Kxy<0, TO B3a€MO3B'SI30K
3BopoTHHIL. [Tokasye HampsaMoK 3B's3Ky (oxaTHHiT aGo Bix emuuit). Moro
HENOJIK — 3aJIeKHICTh Bil OAMHUIL BUMIPY 3MIHHHX, IO YCKJIaJHIOE
MOPIBHSIHHS CHJIM 3B'A3KY MK PI3HUMH IapaMH 3MiHHUX.

2) Bubipkosuii xoeghiyienm ninitinoi xopensyii Ilipcona (ry, abo rs)
3HAXOJIUTHCS 32 POPMYIIOLO:

195



cov(X,Y) _ Kyy

T = =
Xy 9
0,0, 0,0,

Jie ox Ta 0, — BHOIPKOBI CepeIHBO KBAAPATUYHI BiIXWJICHHS BUIAJKOBHX

BeanuuH X Ta Y-
L 3Py N (R o (7.13)
e
/% i Jy _ (7.14)

®opmyay (7.12) MoXXHA 3aITUCATH y BATIISI

n Zx yi— ZX Zy,
o= i=1 i=1 (7.15)

P [

n

3 (5~ 00— ) 3" Ax- Ay
Fey = izl = = , (7.16)

xy n — n — n n
\/Zm -x)? -\/Z@i -»)? \/zmxf -\/zmy)2
i=1 i=1 i=1

i=1

(7.12)

abo

ae Ax =x; —x, Ay= Vi —y.
2. Bumagok crpynoBanux naHux (tadum. 7.2).

1) Koedghiyienm eubiproesoi xoeapiayii (kopensyiunuti momenm) (Kxy
a00 cov(X,Y)) Bu3HauaeTbcs GopMyIIor:

KXY:—Zny] ¥ Xy, (7.17)
11]1

Je X, ; — cepenHi apudMeTHyHI:
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1 - 1
x:_'zxi 'nxl-’ y==
n n

i=1

. Zyj ny (7.18)
J=1

a X;, yj — CEpeANHY BiIMOBITHUX 1HTEPBAiB; Ry N, —YacTOTH

MOTPAIUIIHHS BHITAIKOBUX BenmndnH X Ta Y (BIAMOBIAHO) y 3a3Ha4YeHi
IHTEepBaIN.

2) Bubipkosuii xoeghiyienm ninitinoi kopenayii Ilipcona (ry, abo rs)
3HAXOJUTHCS 32 POPMYIIOIO:

1 k m R
*szi)’j”ij_x‘y
=) j=1

ry = , (7.19)
o, -0,
k m
pen=>y >n ; » 0x Ta 6, — BUOIPKOBI CEPE/IHBO KBAPATHYHI BiTXMIICHHS
i=1j=1

BHUIIAJKOBUX BeauuuH X Ta Y:

S T O I e

3acmocyeannsa yMoGHUX éapianm

Jnst  crpolleHHsT PO3paxyHKiB 4YacTO BHKOPUCTOBYIOTHCS YMOBHI
BapiaHTH, sIKI BU3HAYAOTHCS 332 (DOpPMYJIaMHu:

u=(xi—C)/hy, vi=(y—C2)/ha, (7.21)

ne Ci, C, — "xubHuii mouarok”, Hy/i (3a3BUuYail BUOMparOThCs); hi, hy —
PI3HUII MK CyCiZIHIMU 3HaYeHHsIMU X Ta Y.

Hns  copomeHHs — po3paxyHKiB — KoedilieHTa  Kopemsiuii  mnpu
BUKOPUCTaHHI yMOBHMX BapiaHTiB, 3HaueHHA C (XuOHMII TOYATOK)
PEKOMEH]Ty€ThCSI BHOMPATH, BUXOSYH 3 HACTYITHUX MPIOPUTETIB!

1) Ilpiopumem maxcumanvroi vacmomu: Ik C BUOUpPAETbCS cepearHa
TOTO IHTEpBaly, IKHH Mae HaWOUIbIIy 4acToTy (72x a00 71y), OCKIJIBKH MPH
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MHOKEHHI 4aCTOTH Ha YMOBHHHU BapiaHT (7; #; ) y UBOMY PSAKY/CTOBIII
Buiizae 0, o BUKITIOYae HAHOUTBIIN Yrciia 3 TOJATBIINX PO3PAaXyHKIB.

2) Ilpiopumem yenmpanvbHo2o noaoxcenuss: SIKIIO 4aCTOTH B KiJIBKOX
IEHTPAIbHUX IHTEpBaJIaX OJIM3bKI 3a 3HAYCHHSM (Hampukman, 29 i 27),
repeBara BiITa€ThCS TEOMETPUIHIN CepeUHI BapialliifHOTO PsITy, OCKITBKH
11e pOOUTH PSIJT YMOBHHX BapiaHTiB CUMETpUYHAM (Hanpukiam, —2,—1,0,1,2),
IO CIIPOILY€ TiICYMKOBE IiJICYMOBYBaHHS Ta MIEPEBIPKY PO3PaXyHKIB.

Hampuknan, 5 inTepBamiB (HemapHO), TO BHOWpArOTh 3-U iHTEpBa,
SIKIIO MOT0 4acTOTa OJHA 3 HAUBULIUX.

Hanpuxnaz, intepBaniB 6 (mapHo), TO MOPIBHIOIOTH YaCTOTH 3-TO Ta
4- To iHTepBaNiB i BUOMPAIOTH TOM, Jie YacTOTa OlIbIIA.

Sx1mo € mik (aHOMaJIbHO BUCOKA YacTOTa), TO BUOMPAIOTH 1IeH 1HTEepBaI
3a C, HaBITh SKIIIO BiH 3MIIICHUH 11I0JI0 LICHTPY.

115t po3paxyHKy BHOIPKOBOT'O KoeillieHTa KOpeJsiiii y IboMY BUTIAIKY
BUKOPHCTOBYIOTHCS (hopmyra:

n MV—H';'\_/’
S,

Ty , (7.22)
n-o,-o,
-1 - 1 . .
ne u=—-y.n,-u, v=—-y n, v — CepeHi 3HAYCHHsS yMOBHHX BapiaHT;
n
0w, Oy — CEpelHI KBaJgpaTH4YHI BIAXWICHHS YMOBHHX BapiaHT:

03:%.21/1” .uz—(ﬁ)z, a‘?:%-va .vz—(\_/)z

BiamnogriaHo, Jyisi 3BOPOTHOTO MEPEX0.TY 3aCTOCOBYIOTHCS BUPA3H:

x=hru+Ci, yj=h2'Vj+C2,
x=hru+Ci, y=hyv+C,,
ox=hroy, o=hy0,.

OcnoeHni enacmueocmi eudipk0602o Koeiyicnma nininnoi Kopenayii

Axmo koedillieHT KOpensiii JBOX BEIHYUH ry~t1, TO Maemo
i7lea’bHAN MPSIMHI JITHIHHKAHN 3B'S130K Y pa3i 3p0ocTaroyoi 3aJ1eKHOCTI.

Skmo KoedilieHT Kopensiii JBOX BEJIWYHH Fy, =—1, TO MaeMmo
i7lea’bHA 3BOPOTHUH JIHIHUHI 3B'S130K y pa3i cragHol 3aJeKHOCTI.
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k1o ry, =0, TO MiHIHWIA 3B'130K BiACYTHIH (11€ HE O3HAYAE BiICYTHICTD
OyIb-SIKOTO 3B'SI3KY, BIH MOYKE OyTH HEJHITHIM).

SKI0 ABi BETUYMHU MOB'I3aHI JIIHIHHOK KOPEJSAIINHOK 3aJIe)KHICTIO,
TO aOCOJNIOTHA BenW4HMHA KoedilieHTa Kopessmii 3a10BOJIbHSIE HEPIBHOCTI
0<fr|<l. Ilpm mpomy Koe(imieHT KOpPEJAMil AOJATHUN TPH 3POCTAIOUii
KOPEJLIIIHHIA 3aIe)KHOCTI 1 BIM'€MHHUH, SKIIO KOpEJAIiHA 3aJCKHICTH
criagHa.

UnmM Ommkde 3HaYeHHS 7y, 10 +1 abo —1, TMM cuibHIMUN JTiHIHHANA
3B'S130K 1 TUM O1JIBIIIE IPSMOITIHIITHA KOPETIAIiS MIXK BernarHaMu X 1 Y.

J7ist OLliHKM CUJIM 3B'SI3KY 3a3BHYail BUKOPHCTOBYIOTH IIKaly Yenmoka
(Tabmn. 7.3):

Taomuus 7.3
XapaxTep 3B 3Ky
Cuna 3B 3Ky
[psamuii (+) 3BOPOTHIH (—)

IToBHa 1 -1
Hyxe cuibHa Big 0,9 mo 0,99 Big —0,9 1o —0,99
CunbHa Big 0,7 mo 0,9 Big —0,7 1o —0,9
Cepenns Big 0,5 mo 0,7 Big —0,5 mo —0,7
Cnabxka Bix 0,3 10 0,5 Big —0,3 o —0,5
Hyxe cnabka Bix 0,01 1o 0,3 Big —0,01 10 —0,3

3B’S130K BIICYTHIH 0 0

Ilepesipka 3nauyuiocmi koeghivicnma xopenayii

Jia mepeBipku 3HAYYMIOCTI KOe(illieHTa KOPENAIii BUKOPUCTOBYIOTh
t- kputepiit CThIOAEHTA.

3acanvuuti  aneopumm  nepegipKu - 2inomesu  npoO  ZHAUYWICIND
Koeiyienma xopensyii:

1. ®opmymroBaHHS TiMOTE3.

Hynsosa rinoresa Ho: p=0 ("3B'I3Ky B reHepalibHiil CyKyITHOCTI HEMaE,
pe3ynbTaT BUMAIKOBUIL").

AnprepHatuBHa rinoresa H: p#0 ("3B'130K CTATUCTUYHO 3HAUYLIHH ).
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p —TIO3HAYEHHS CIPaBXHBOTO Koe(ilieHTa KOpENsIii B TeHepalbHiM
CYKYITHOCTI, SIKH{ 3a3BHYail HEB1TOMUIA.

2. PospaxyHok BubOipkoBoro koediumieHty kopensuii Ilipcona (7.,) 3a
dhopmyoro (7.12).

3. O6uuncnroeTbes haKTUIHE 3HAYCHHS -KPUTEPito 32 POPMYIIOI0:

Nyl VR —2

PR i (7.23)

=l

JIE Iy — PO3paX0OBaHUI BUOIPKOBHUI KOS(DIIIIEHT KOPEIAILIil, 7 — 00CAT BUOIpKH
(KiJTBKICTB TIap NaHUX), n—2=k — YHUCJIO CTETIeHIB CBOOOIN.

3a Tabmumero A.4 (muB. Jlomatok A) mis CTemeHiB cBoOOAM k Ta
3aJjaHUM piBHeM 3Hauymocti o (3a3Buuaii 0,05 a6o 0,01) 3Haxommmo
KPUTUYIHE 3HAUCHHS fyp.

KO fpacr>tep, TO Bimxummsgemo rinmoresy Ho ("3B'S30K CTaTUCTHYHO
3Hauynuin"). SKIMO fpaa<typ, TO TmpHiiMaeMo rinoresy Ho ("3B'I30k
BUTIAJAKOBHIA, JOBIPATH KOS(IIIEHTY Fyy, HE MOXKHA").

3aysaxycennsa 7.2. llepeBipuTu 3HAUyMIICTh Koe(imieHTa KOpeIsLii
MOXHa Tak 3BaHMM "[mkeHepHHM MeTojoM". SIKIO HE 3aCTOCOBYBATH
t- kputepiit CTbI0JIeHTa, TO € crpolieHa GopMyia sl KPUTHYHOT TOMHUIIKH
KoedilieaTa Kopemnsii (1,):
l—(r xy)z

m,=—270_ (7.24)

Jn

Ilpasuno Haditinocmi: K0e(PIIEHT KOPENAIii BBOKAETHCA 3HAUYIIHM,
SKIIO BiH MIEPEBUIIYE CBOIO MTOMUJIKY IIOHANMEHIIIEe B 3 pasu.

Koegiyicnm oemepminauii R?

Jnst omiHKM dYacTKM Bapiamii (3MiHHM) pe3yJbTaTUBHOI O3HAaKH Y,
0o0yMOBNIeHOT BIUIUBOM  ¢akTopy X, pO3paxoBYeThCS KOeQilieHT
netepminanii R,

st BUMaaKy JiHIHHOT 3aJIeKHOCTI KOe(illieHT AeTepMiHauii JOPiBHIOE
kBagpaty Koediuienta kopessuii [lipcona:

R2=(ry). (7.25)
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ExoHOMIYHMII Ta CTATHCTUYHHN 3MICT: SKIO, HAMPHUKIAL, Fyn=0,9
(BUCOKHIi 3B'130K), TO R?=0,81. Lle o3Hauae, mo 81% 3MiH 3a1€KHOi 3MiHHOT
(Y) o6ymoBneHo BrinBoM dakTtopy X, a 19%, 1110 3anumuimcs, npunagamoTh
Ha YacTKy iHIIMX (aKTopiB, HE BpaxOBaHUX B Mojeli (MOMHIIKa MOAE,
BHITaJTIKOB1 KOJINBAHHS).

Koedimienr nmerepminariii OiIbII HATJLIAHWHA, OCKIIBKH BiICOTKH
cnpuiiMaloThCs Jerme, Hixk adcTpakTHi koedinientu Bix —1 mo +1. Takox
J03BOJISIE 3pOOMTH OWIHKY sAKOCTI Mozeni (y perpeciiinoMy amanmisi R? €
OCHOBHHM KPHTEPIEM TOTO, HACKUTEKH BIAJIO MiTiOpaHO PIBHSHHS perpecii:
yuM Omwkue R? 1o 1, TMM BuIIEe IPOTHOCTUYHA 3JATHICTH MOJEN)

(Tabmn. 7.4).

Taomnuus 7.4
3nauyeHHs R? | SIkicth Moneni
>0,8 Jyxe xoporra
0,5-0,8 Xopora / [TpuiinaTHa
<0,5 Huzsbka (MoJienb BUMarae JOOMpaIoBaHH)

7.1.3 Koediuient panrooi kopessinii Ciipmena p

KoedinienT panrosoi kopessiuii CripmMeHa — CTaTUCTUYHUI KPUTEPIH,
KW HalvacTillle BHKOPUCTOBYETHCS MPH 00poOIli eMIipniHux naHux. Llei
KpUTEpil HAJIeKUTH JI0 TUIY HElapaMeTpUYHUX 1 He BUMarae, Moo JaHi
OyJi pO3IMOIiIeH] 32 HOPMAJILHUM 3aKOHOM. J[0CTaTHBO, SIKIIO TTOKa3HUKU
NpeZICTaBIeH] B TOPSIKOBIH MIKalli, TOOTO BPaxOBYETHCS JIUIIE TOH (aKT,
110 OJIMH MMOKA3HMK O1IBIITHI a00 MEHIIIH, HIXK 1HIITHI.

Koedimient [lipcona mrykae cTporuii TiHIHHWUHA 3B'130K (TIPSAMY JTiHIFO),
a koedimient CripMeHa HabaraTo rHydkimui. BiH OIiHIOE MOHOTOHHICTb:
YH POCTE OJJHA 3MiHHA NP 3POCTaHHI 1HIIOT, HEBAXIIMBO, IO MPsiMili 200 1O
KpUBIH.

Ko BukopucroByroTs koedinient CripMeHa:

- IaH1 HE PO3MOiIEHI HOPMAJIBHO;

- € oueBuAHI Bukuan (CripMeH ix maibxe He 00iThCS).

-JlaHl MpeICTaBeH] Y BUTIISII PaHTiB (Miclsl Y peUTHHTY) a00 SIKICHHX

OIIIHOK (HU3BbKUH, cepeiHiil, BACOKHUH).

3ayearxcennsn _7.3. Koedimienr panroBoi xopemnsmii CrhipmeHa
3aCTOCOBYIOTh y BUIAJKY, KOJIK 00CST BUOIPKM HE MEHIINH 5, OCKUIBKH MIPU
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n=5 Oynp-sKa BHCYHyTa TimoTe3a, IIBUAINIE 3a Bce, Oyae BH3HaHA
«HE3HAYHOIO», HABITh SAKIIIO 3B'SI30K HACIIPABII €.

Jns migpaxyHKy paHroBoi Kopesiuii HEOOXiAHO MaTdh JiBa psIu
3HAYEHb: BEMUUMH X, siKa MpUHAMAe 3HAUYEHHS X1,X2,...,Xy, J€ 1 — KUIBKICTB
3HAUCHb Ii€] BEJIMUUHH, Ta Y, AKa NMPUHAMAE 3HAYCHHS Y1,)2,...,Yn, 1€ N —
KUTBKICTh 3HaUEHb ITi€] BETMYMHM, SIKi MOXKYTh OyTH mpopamxoBaHi. Tpeda
NepeiTH Bi peajJbHUX 3HAUYEHb JI0 OPSIIKOBIX HOMEPIB (PaHTiB).

Juia pamxyBaHHS HEOOX1IHO 3HAYEHHS ISl O3HAKA X PO3TAITyBaTH BiJ
MEHTIOT o 110 OinbIioro. HalimeHine 3HadeHHS oTpuMye paHr 1, HacTymHe — 2
i T.1. Te % caMe BUKOHYIOTh 3 03HAKOIO Y.

Kparie 3acrocoByBatu KoedillieHT paHroBoi kopessiii CripMeHa Koju
obuaBa paHXoBaHI psad (BUMAnKoBI BenwmunHH X Ta Y ) MaioTh
MOCIIZIOBHICT, 3HAYCHb, IO He 30iratoThcs. [Ipu BeMUKilH KUTBKOCTI
OJIHAKOBUX PAHTIB MO OAHINA a00 000X MOPIBHIOBAHUX BEIMYUH HEOOXIITHO
BHOCHTH TIOTIPABKY HA OJTHAKOBI PaHTH.

3aysaxycennsa 7.4. SIkmo B pamKyBaHHI O3HaK X abo Y 3HaueHHA
OJIHAKOBI, IM HaIA€ThCsI CEPEHIM paHT (HAIPUKJIIAI, SIKIIO J1Ba YMCIIA JIUISATh
3 i 4 micIis, 00MIBa OTPUMYIOTE paHT 3.5).

IIpu 3acTocyBanHi koedimieHTa CriipMeHa po3rIiAaoThCs THOTE3H.

HynpoBa rimoreza Hp: "CTaTUCTHYHO 3HAYYIMIA B3a€MO3B'SI30K MiXk
o3Hakamu X Ta Y BificyTHiH (koedimieHT Kopesiii gopiHIoe 0)".

AnprepHaTuBHa Timote3a Hi: "IcHye cTaTHCTHYHO 3HAYyIIUH
B3a€MO3B'30K MK o3HakaMu X 1 Y (koedillieHT Kopesmii 3HauyHO
Bizpi3HsaeThes Bix 0)".

Jig migpaxyHKy paHrOBO1 KOpeIsiiii HeoO0XiTHO BU3HAYHTH pi3HHII (d)
MIX paHTaMu, TOOTO JUIsl KOXKHOI Tapu Tpeba BiHATH 3 paHTy X paHr Y-

d=R.R,. (7.26)

Ilepesipoune npasuno: cyma Bcix d (0e3 KBajpara) 3aBKIAW MOBHHHA
nopiBHtoBatu 0. SIKIII0 HE HyIb, TO JIECh IIOMUIIKA B BiJHIMaHHI.

106 mo36yTucs MinyciB, orpuMane d Tpeda migHecTH 10 kBaapary (d?)
Ta MiIpaxyBaTH CyMy 3Ha4€Hb d°.
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3a HasBHOCTI OJIHAKOBUX PAHTIB HEOOXITHO PO3paxyBaTH MOMpaBKH [’
JUTSE KOXKHOTO pany (X1 Y) 3a popmyroro:

r

—t
T=Yy4 %, (7.27)
= 12
et — CKUIBKU pa3iB IMMOBTOPHOETHCA OAHAKOBE 3HAYCHHA PAHT'y O3HAKHU.

KoeimienT paHroBOi KOPETAIIIT pgacr PO3PAXOBYETHCS 32 (POPMYIIOIO:
a) 3a BIICYyTHOCTI OJIHAKOBUX PaHTIB

Popaser = 1= 6-—F——, (7.28)
n\n-—1

Jie 1 — KUTbKICTB Map JaHuX, M0 Opalli y4acTb y PaHKUPYBaHHI.
0) py HAsSBHOCTI OJTHAKOBUX PAHTIB

n

Nd? +Ty +Ty
_ i=1
Popar =1-6- py e (7.29)

ne Tx, Ty — e morpaBka Jiist KOKHOTO psay (X Ta Y)
Sxmo 36iriB Oarato (Oinbme 25% BHUOIpKHM), TO BUKOPUCTOBYIOTH

po3iupeny Gopmyy:

3 n
n —n
6 _Zdiz_TX_TY
P =1=—= = : (7.30)
n —n n —n
\/ 6 o Tx \/ 6 =T

SKIO pgaxc>0, TO MOKAZHUKU 3POCTAIOTH Pa30M. SIKIIO Pgair<O, TO OIUH
3pocTae, a IHIIMK Craiae.

3a tabnunero A.12 (muB. JlogaTok A) Ui KUIBKOCTI 3HA4YeHb 1 Ta
3a/laHuM piBHEM 3HA4yIIocTi o (3a3Buyaii 0,05 a6o 0,01) 3HaxoauMO
KPUTHYHE 3HAYCHHSI Pip.
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AKIMO  ppac=pPip, TO Bimxwisiemo rimoresy Ho. Ilpuiimaerbes
albTepHATHBHA Tirmore3a H; TPO HAABHICT CTATUCTUYHO 3HAYYIIOTO
B32€MO3B'SI3KY.

SKIMO Ppaxr<prp, TO TpHUIIMaeMo rinore3dy Ho. ['imore3a mpo HasBHICTH
B3a€MO3B'A3KY HE MiATBEPIKYETHCS.

Sxmo BuOipka Benmka (n>40), To 3BHYAHI TAONWIN KPUTHIHUX
3HayeHb CripMeHa He3pyuHi. Y 1[bOMY BUIIJIKY MIEPEXOAITh 10 t-KPUTEPir0
CrprozieHTa.

[lepeBipseMo, HACKITEKH PO3PAaXOBAHUI KOEPIIIEHT Ppaxr BIAPISHIETHCS
BiJl YUCTOTO HYJISA (TOOTO BIJICYTHICTB 3B'S3KY).

Po3paxoByeMo 3HAUCHHS fpaxr 38 HOPMYIIOIO:

n—2
t =p —F—,
ta 5

JIe 1 — KUIbKICTh 3HA4Y€Hb, p — PO3PAXOBaHUHN KOSDILIEHT Pgpaxr-

3a tabnurero A.4 (muB. Jlomatok A) IS cTEIeHiB cBOOOIN k= n—2 Ta
3aJjaHUM piBHeM 3Hauymocti o (3a3Buuaii 0,05 a6o 0,01) 3Haxommmo
KPUTHUYHEC 3HAYCHHS fyp.

Sko |tq,aKT|>t.<p, TO 3B'I30K CTaTHUCTUYHO 3HAYyIIWHd (1€ He
BUTIAAKOBICTB). SKINO |fpacr|<tep, TO 3B'I30K BHUIAJAKOBHIA, HABITH SKIIO
KOCQIIIEHT 3/IA€THCSI BEJTUKUM.

(7.31)

7.1.4 KopeasuiiiHe BigHOLIEHHS #

JIJtsi OLIHKH TICHOTH Ta XapakTepy B3a€MO3B'3Ky MiX MMOKa3HHKaMH
BUKOPHUCTOBYETHCs KoedinienT kopensuii (ITipcona/Crnipmena). Ha nonarok
JI0 HbOTO PO3PaXOBYETHCS KOPEISIiifHE BiIHOMEHHS (7).

Osnauennn 7.2. Kopenayitine ionowenns (1) — 1€ NOKA3HUK, SIKUH
BUMIPIOE TICHOTY 3B'SI3KY MK 3MIHHUMH 32 OyAb-K01 (POPMH 3aJI€KHOCTI:
SIK JTIHIFHOT, TaK 1 HeJTIHIHHOT.

CratucTUYHUN aHaJi3 B3a€EMO3B'SI3KiB IPOBOAUTHCS TAKUM YHHOM:

1) 3niiicHIOETBCS TIEpeBipKa PO3MOALTY O3HAK HA HOPMAJIbHICTb.

- BIAMOBIAHO [0 3aKOHY HOPMAaJbHOIO PO3MOIITY, JUIS OLIHKH
JIHIAHOTO 3B'I3KY 3aCTOCOBYEThCS KoedilieHT kopessiii [Tipcona (7).
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- ¥ pa3i BIAXWIECHHS PO3IOALTY BiJl HOPMAIBHOTO a0o0 Mij] 9ac poboTH 3
MOPSAKOBUMHE JTAHUMH BHKOPHCTOBYETHCS KOS(IIIEHT PaHTOBOI KOPETAIIil
Cripmena (p).

2) nst momaTkoBOi mepeBipku GopMu 3B'A3KY (JTiHiIHHA/KPUBOJiHIHA)
Ta OIIIHKK 3arajlbHOi JeTepMiHallii (BM3HAYMTH $KYy YacTKy Bapiarii
(MIHJIMBOCTI) 3aJIC)KHOT 3MIHHOT Y MOXKHA TOSCHUTH BILTHBOM HE3aJIeKHOL
3MiHHOI X) pO3paxoBYeTbCsl KopemsuiiiHe BigHomeHHS (7). [lopiBHSHHS
Koedirieara xopemsmii (rn, abo p) 3 KOPENAiHUM BiTHOIICHHAM (7))
JTO3BOJISIE MM ATBEPAUTH aIeKBaTHICTh 00paHO1 JIIHIHHOT Moei abo 3po0ouTH
BHUCHOBOK IIPO HAsIBHICTh CKJIaJHOI HETiHIHHOI 3aI€KHOCTI.

Po3paxyHOk KopenmsiiiHOTO BigHOLICHHS # 0a3yeTbcs Ha TpaBHIIL
ckiafaHHs mucnepciit. CeHe KOpensIiiHOrO BiAHONIEHHS 77 Y TOMY, 1100
MOPIBHATH JBa BUAM pO3KHAy (mucriepcii). Kopensiiiine BigHOIICHHS #
00YHCITIOETRCS 32 POPMYIIOHO:

— > (7.32)

—MIKTPYIIOBa JIUCIIEPCs, o - .y — 3arajbHa qucHepcis. X

2
e O 3ar

MDKTP

3arajbpHa qUcIepcis o2 MOKa3ye 3arajibHui PO3KH]I BCIX 3HAYCHb Y

3araix

110710 X 3arajkHOTO cepeHboro y . Po3paxoByemo i 3a hopmysioro:

n
2 1 -
=2 -3) (7.33)
noi=
JIe Vi — KO’KHE OKpeMe 3Ha4eHHs Y, y — 3arajbHe cepeHe apupMeTHIHE
BCIX 3Ha4YE€Hb Y, n — 3arajibHe YUCIIO 3Ha4YeHb Y (00cAT BHOIpKH).

MixrpyroBa aucnepcis ol MOKa3ye, HACKIJIBKU CHIIBHO PI3HITHCS

MDKTp
Mk co0010 cepelHi 3HaueHHs y rpynax, chopmoBanux pakropom X. Came
I YacTMHA AWCHepCii BBaKAETbCA «moscHeHoo» (akropom X. s ii
3HAXO/KEHHST HEOOX1IHO PO30HTH BCi 3HAUEHHSI Y Ha IPYITH 32 3HAYCHHSIMHU

X. 3HaiiTn cepepHe 3HAYeHHs Y BcepeauHi KOXHOI rpymu (y;) Ta

MOpaxyBaTH PO3KHU]I IIUX TPYIOBHX CEPEIHIX I[0JI0 3arajIbHOTO CEPEAHBOIO.
PospaxoByemo i 3a hopmyroro:
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k
O = 2y (7.34)

J=1
ne k — KUTbKICTh YHIKaNbHUX 3Ha4eHb (Tpym) (axrtopy X, n; — KiIbKIiCTh
CIOCTEPEKCHb B KOXHIH j-rpyni (4acrora), y; — CEpeAHE 3HA4YCHHS Y

Oe3mocepenHbO AJIS j-TPYNH, ) — 3arajbHe CepeaHe apupMeTHdHe BCiX
3HA4YEHb Y.

3aysaxcennsn 7.5. KopensiiiiHe BiTHOIIECHHS # aJCKBATHO IPAIIOE
TITBKU TOJi, KONU JaHi 3a (pakTopoM X MOXYTh OyTH 3rpymoBaHi (abo 3a
OJTHAKOBHMHU 3HaUYEHHSMH, a00 3a iHTepBaiaMu). SKIIo KoKHE 3HaYeHHST X
VHIKaJIbHE, TO KOpeJsliiiHe BiTHOUICHHS # 3aBXIH JOpiBHIOBaTUME 1, 1110
HE Ma€ CEHCY.

Kopensiifine BigHOMIEHHS # PO3PaxOBYEThCS, SKIIO € Tigo3pa Ha
HENiHIHICTE 200 Koe(illieHT KOPEsii # BUSBUBCS MiJO3PiI0 HU3bKUM.

Osnauenna __7.3. Pisuuus  (7*—1°) Ha3HUBAETBCA  NOKAZHUKOM
HeniuitiHocmi. SIKIO0 BOHAa BeNWKa, BUKOPUCTaHHS IHIMHHX Mopemneit
(perpecii) mpu3sBee 10 rpyOHX MOMIJIOK Y ITPOTHO3I.

I[MopisHIOEMO 77> Ta 1.

Skmo #*=r?, To 38'130K niHiinui (7°—r°<0,1). JIoCTaTHLO 3HAXOPKEHHS
koedirienra miniiHOT Kopemsnii Ilipcona. ms mepeBipku 3HAYYIIOCTI
KoediIlieHTa KOPEJSAIl 3aCTOCOBYIOTh f-KpuTepiit CThIO/ICHTA.

Sko #*>r? (cyTTeBa Pi3HUIIA), TO 3B'I30K HETIHIHHMIA. 3aCTOCOBYEMO
F-xpurepiit ®imepa. Lle cmocid mepeBipuTH, 4 CIpaBAi PI3HUI MiX
CepeIHIMU 3HAYCHHSIMHU B TPYIaX € CyTTEBOIO, UM II€ MPOCTO BUIIAKOBHI
PO3KHUI.

3Hax0auMO 3Ha4eHHS Fpacr 38 HOpMYIIOIO:

(7.35)

Je n — 3arajJbHUN oOcCsr BUOIpKM (3aralibHa KUTBKICTh BUIPOOYBaHb UM
CIIOCTEPEKEHD ), 7* — KBAJIPAT KOPEIALIHHOIO BiIHOIEHHS (TOKA3y€ YaCTKy
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JucTepcii, MOsICHEHY BILTUBOM (hakTopy), kK — KUTBKICTh TPy 3a (pakTopoM
X (KUTBKICTB PiBHIB HE3JIC)KHOT 3MIHHO1).

Ilo cyrti dopmynu: y 4YHCENBHHKY MAEMO «IOSCHEHY» (HaKTOPOM
YaCTUHY MIiHIMBOCTI (MiCTUTL 7% i MiNUTHCS Ha CBOI cTeneHi cBobou (k—1),
mo BigoOpaxae KiJIbKICTh MIDKTPYIIOBHUX MOPIBHSHB), a 3HAMEHHUKY —
«IIOMHIIKY», SIKa MOSCHIOCThCs (akTopoM (MicTuth 3ammmok (1-#%) i
IUIUTBCS Ha CBOI cTemeHi cBobomu (n— k), mo BigoOpaxkae KibKICTh
CTeTIeHIB CBOOOHM BCEpPerHI TPYII).

Yum Oinpire F, TUM CHIBHIIINH 3B'SI30K.

Jnst 3HaxoIKeHHS KPUTUYHOTO 3HaueHHs Kpurepito @imepa Fip,
HEOOXiZIHO 3HATU TPH NapaMeTpHu: piBeHb 3HauymocTi a (3a3puyaii 0,05 abo
0,01), gyucno creneniB ceodoau ki= k—1 1 k»=n—k.

3a Tabmuuero A.11 (amB. Jomatok A) mnst cremeHiB cBoboau ki
(ropusoHTans) Ta ky (BEpTUKaNb) 1 3aJaHUM piBHEM 3HAYYIIOCTI «
3HAXOJIUMO KPUTHYHE 3HaueHHS Fp. [l0sicnenns: cToBmi (k2) — 1€ CTETIeHi
cB0oOOaM, TIOB's13aH1 3 PakTOpoM (KiTbKicTIO TpyM): k —1, a psinku (ki) — e
CTETeHI CBOOOM, TIOB'SI3aH] 3 MOMHIIKOIO (KiJIBKICTIO CIIOCTEPEKEHB): n— k.

Axmo  Fgar>Fp, TO 3B'SI30K CTAaTUCTHYHO 3HAYyIIUK (1le HE
BUNAJIKOBICTB). KO Fpar<Fp, TO 3B'A30K HEIOBEACHUH (BIAMIHHOCTI MK
rpynamMy BUIIAJIKOBi, MOTPiOHO OifibIlie JaHHX).

3ayeaycennsn_7.6. Kputepiii ®imepa gyxe udymmBUi 10 00CSTY
BuOipku. Ha BenmmuesHmx BHOIpKax HaBiTh HIKYEMHHH 3B'SI30K MOXe
BUSIBUTHCS «3HAYYIIUM», TOMY 3aBXKIH Tpeda JUBUTUCH HA caM Koe(illieHT
n* (cuiy 3B'S3Ky).

[Ipu mocmimkeHHI MOXHA KOPUCTYBATHUCH TaOIHUIIEO 7.5:

Taomuus 7.5
. Crerneni
MerTo B’ SI30K Kpurepiit
A 3 PHTED cBOOOIM
. e . t-KpUATEPIN
ITlipcona (ryy) JIiH1MHMIA CTroz[eII){Ta n—2
. Panroswuii t-KpuTepin
Cripmena (p) . pHTED n—2
(MOHOTOHHWMIA) CrpionieHTa
Kopensuitine . o
. bynb-axui F-xpurepiit
BIJHOILICHHS YAl " p p ki= k-1, kp=n—k
) 3aKOHOMIpHHN ®dimrepa

207



HMpukaag 62. ocmimpkyoTh, SIK KUTBKICTh TOAWH CHY (X) BIUTHMBaE Ha
KoHIeHTpario yBaru (Y) 3a 10-6ampHOI0 MKaiow. ICHYe 6 miamocTiTHuX,
AK1 po30uTi Ha 3 TPYMH 3a KIIBKICTIO TOAMH cHY.OTpUManyu HaCcTYIHI AaHi
it tpynu 1 (4 ronunu cHy): 2, 4 (6anm); ans rpynu 2 (8 rogus cHy): 9, 10
(6amiB); most rpynu 3 (12 rogue cHy): S5, 6 (6aniB).

Po3é’azannn. 3a OTpUMAHMMH TaHUMH CKIaJeHO Tadiwmmio 7.6, 1e

Y; — CepeHe 3HaUYCHHs ¥ 6e3M0CEePEAHbO IS j- TPYIIH.

Taomuus 7.6
['pymna 3uavenns yarn | | PYTOBE CEPEHE | Kinpkicts oci6
(X, roz.) (¥ (y;) (1)
4 2,4 3 2
8 9,10 9,5 2
12 5,6 5,5 2

BusHaunTi TICHOTY 3B'I3Ky MK KIUIBKICTIO TOOWH CHY Ta
KOHIICHTPAIII0 YBaru i SKUi came 3B'S30K.

Po36’a3annn. 3HaX0AMMO 3arajbHE CEpeIHE )_/ 3a popmynoro (7.9):

3 =(2+4+9+10+5+6)/6=36/6=6.
3araspHy Aucnepciro 3Haxoanmo 3a ¢opmyioro (7.33)
0-323Tan _1 Z(yi _;)2 =((2-6)*+(4—6)*+(9—6)*+(10-6)*+(5-6)*+(6-6)*)/6=
n =
=(16+4+9+16+1+0)/6=46/6~7,6667.
MiXTpyIoBy JAUCIEPCIIO po3paxoByeMo 3a (opmyiioro (7.34), ne k=3,
ni=2 (j=1,2,3), y_j 6epemo 3 Tabmui (3, 9.5, 5.5). Toni

o2 =(2:(3-6)2+2-(9.5-6)*+2-(5.5-6)2)/6=(18+24.5+0.5)/6=

MDKTP
=43/6=7,1667.
[lincraBnsemo 3HalAeHi 3HaYeHHs Y hopmymy (7.32) anst po3paxyHKy
KOPEJIALIHHOTO BiTHOIICHHS

71667
_ | LL00T 15,9348 ~ 09669 .
T=\7.6667

3unavenns 7~0,9669 cBiguuTh Npo AyKe CHIIBbHUIA 3B's130K. CoH Maibke
MIOBHICTIO BU3HAYa€ KOHIIEHTpaIi0. BucHoBok: Y pasi dakrop X moscHioe
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93,5% (n*100%) Bcici Bapiamii yBaru, ajne 3B'I30K HOCHTH HEIHiMHMI
xapaxrep.

Hns po3paxyHky koedimienta Ilipcona nmotpibui mapu (x,y). Maemo 3
rpynu 1o 2 ocoou: rpyna 1 (x=4): y1=2, y,=4; rpyna 2 (x=8): y3=9, ys=10;
rpyna 3 (x=12): ys=5, y¢=6. 3a Qopmynoro (7.9) 3Haiimemo BHOiIpKOBI
cepeaHi X, ; BUMAJIKOBUX BeTMYUH X Ta Y-

)_c=(4+4+8+8+12+12)/6=48/6=8, ; =(2+4+9+10+5+6)/6=36/6=6.

Pospaxyemo Ax = x; — X, Ay=y, — )_/ Ta CKJIaAaeMOo TadmuIo 7.7:
Tabnunsa 7.7

X | Y [Ax [Ay |AcAy [ (A0)? | (Ay)
4 2 | 4] 4] 16 | 16 | 16
4 4 | 4] 2| 8 16 | 4
8 9 [0 ]3] 0 0 9
8 10]0] 4] 0 0 16
2| 5 [ 4] 4 ] 16 1
2] 6 |40 0 16 | 0
x=8 | y=6 T=20 | =64 | ==46

3a dopmynoro (7.16) 3HAXO0AUMO KOCPIIEHT JIIHIHHOT KOPEIAIii
[Tipcona
20 20 20

Iy = = R
Yoo Jed a6 2944 54,2586

Ockinbku koedinieHT niniiHOT Kopessuii [lipcona r,~0,3685 cyTTeBo
HIKYUU 3a KopensiiiHe BimHomeHHS #~0,9669, To miHiliHa Momenb
HEaJIeKBaTHO OTHCYE 3aJIeKHICTh. BUCOKe 3HAYEHHS 7 MPU HHU3BKOMY Fyy
BKa3y€ Ha HasSBHICTH CHIJILHOTO, aJIe KPUBOJIIHIIHOTO 3B'A3KY MiXK KiJIBKICTIO
CHY Ta KOHLIEHTPAI[I€I0 YBary.

Bignosigs:  #~0,9669; r,=0,3685. MK KiIbKICTIO CHY Ta
KOHIICHTPAIII€I0 YBary iCHY€ KPUBOJIHIMHUI 3B'SI30K.

~0,3686.

Hpukaag 63. € nani npo crax podotu (X, pokiB) Ta MPOAYKTUBHICTH
npaui (Y, wT./rox) anst n=8 cniBpoOITHUKIB, TIOAAH] Y BUIIAAI TaOIHUIIi:

i 112 13141516718
X34 162181719
Y| 71101116 |4 14|13 ]15
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3Halitn BHOiIpKOBHH KoedimieHT IiHIHHOI Kopemsii Ilipcona Tta
TIEPEeBIPUTH HOTO 3HAYYIIICTE TpH piBHI 3HaTymocTi a=0,05.

Po36’azannsn. 3a yMOBOIO aHi HecrpynoBaHi. BubipkoBuii koedilieHT
niHifiHOI kopensuii [lipcona 3natinemo 3a popmyioro (7.16). Pospaxyemo

Ax=x; —x, Ay =y, —y Ta ckiaaemo Tadbauuo 7.8:

Tabmuisg 7.8
i X Y Ax Ay Ax Ay (Ax)? (Ay)?
1 3 7 -2 -3 6 4 9
2 4 10 -1 0 0 1 0
3 6 11 1 1 1 1 1
4 2 6 -3 —4 12 9 16
5 1 4 —4 -6 24 16 36
6 8 14 3 4 12 9 16
7 7 13 2 3 6 4 9
8 9 15 4 5 20 16 25
p) 40 80 81 60 112
x=5|y=I10
Toni
> Ax- Ay
T izl 81 81 988.

= ~ ~0
Y n V604112 819756
\/Z(Ax)z -\/Zmy)2
i=1 i=1
Otpumane 3HA4YEHHS 7,~0,988 TOBOPHUTH NMPO HASABHICTH MPIMOTO,
MPAaKTHYHO (YHKIIOHANBHOTO (JyKe BHUCOKOTO 3a IKajow Yesmoxa)

JHIHHOTO 3B'I3KY MiXK CTa)KeM 1 MPOAYKTHBHICTIO.

OCKiNbKH Ma€EMO JTiHIHHWIH 3B'A30K MIXK CTa)KeM 1 IPOJYKTHUBHICTIO, TO

3Halinemo koedilient nerepminaiii R? 3a popmysoro (7.25)
R*=(ry)*=(0,988)*<0,976.

Lle o3nauae, 1110 NPOAYKTUBHICTH Mpalli Ha 97,6% 3aleKuTh Bij CTAXY
pobotn mpaniBHuka. Jlume 2,4% 3MiH NPOOYKTUBHOCTI MOSICHIOIOTHCS
IHIIMMH TpPUYMHAMH (310POB'A, HACTPii, CKIAAHICTH KOHKPETHOI AeTaii
TOII0). MOKEMO 3pOOUTH BUCHOBOK, 1110 MOJIC]Ib MA€ BUHATKOBY TOUYHICTb.
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Jia mepeBipKM TIMmOTe3W NpO 3HAYYIIICTh KoedilieHTa KOpemsii
PO3TIITHEMO IBi TiTIOTE3H:

HynpoBa rinore3a Hp: "3B'I3Ky MiX CTakeM i MPOLYKTUBHICTIO MpaLi
HeMae, pe3yabTaT BUMIAAKOBUN".

AnpTepHaTHBHA TimoTe3a Hi: "3B'I30K CTATHCTHYHO 3HATYIITHI".

O6unciroeMo GpakTHIHE 3HAUYEHHS f-KpUTEPiro 3a popmyoro (7.23):

0988-48-2 09886

t AKT
M i-(0ossp 01545

3a tabmurero A.4 (muB. JlomaTtok A) s cTeneHiB cBoboan k= n—2=6
Ta 3a7aHuM piBHEM 3HA4yIIocTi a=0,05 3HAXOAMMO KPUTHYHE 3HAYCHHS
tp=2,447.

OCKITBKH fpac>tp (15,664>2,447), To Bigxmisiemo rinoresy Ho.

3 #imMoBipHICTIO 95% CTBEpIIKYEMO, IO 3B'I30K MDK CTaxeM 1
MPOAYKTHBHICTIO MpPalli CTATUCTUYHO 3HAUYIIUH.

BinmoBigp: r,~0,988. 3B'I30K MK CTaXeM 1 MPOAYKTHUBHICTIO TIpalli
CTaTUCTUYHO 3HAYYIIUH.

~15,664.

Mpukaan 64. JJocaikyoTh 3B'$130K MiXK BIKOM criBpoOiTHHKIB (X) Ta
ix mpomykTHBHICTIO y Oanmax (Y) Ha BenMKOMY MiANPUEMCTBI. 3araibHa
BubOipka n=100 oci6. [ani crpymyBanu 1o 5 iHTepBaliB sl KO)KHOT O3HAKH
Ta cKJlayu Tabauio 7.9:

Tabmuus 7.9
X(BIiK)

() 20-25 | 25-30 | 30—35 | 35-40 | 4045 .
Y(Gann) (22,5) | (27,5) | (32,5) | (37,5) | (42,5) Y
0

80-90 (85) - - 2 5 3 10
70—80 (75) - 4 12 10 4 30
6070 (65) 5 15 8 2 - 30
50-60 (55) 8 7 6 - — 20
40-50 (45) 7 3 - - — 10
Ry 20 29 27 17 7 n=100

3naiiTn BHOIpKOBUIT KoedilieHT iHIAHOI Kopemsuii [lipcona Ta
NEepeBipUTH HOTO 3HAUYILIICTh NpH piBHI 3HauymocTi 0=0,05.
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Po3é’azannn. B Tabmuiio 7.9 BHOCHMO 3HaYCHHS CEPEIHUH iHTEPBAIIIB
st X 1Y, sHaueHns n, Ta ny, > po3paxosani 3a dhopmynamu (7.2) i (7.3),

Ta 3HAYEHHS 1, Ta Ny, pO3paxoBadi 3a hopmyoro (7.1).

Jiist ciponieHHs po3paxyHKiB BBEZEMO YMOBHI BapiaHTH:
s X: Bubepemo uentp Ci=32,5 (cepeaunna), Kpok h1=5; qisa Y: sBubepemo
meHTp C,=65 (cepenuna), kpok /,=10.

Toni u=(xi—C1)/hi=(xi—32,5)/5 1 vi=(y;~C2)/ho=(y~65)/10.

st po3paxyHKy BHOipKOBOTO KoedillieHTa KOpesLii B IbOMY BUTIAKy
BUKOPHUCTOBYeMO hopmyry (7.22).

3HaiiieMo cyMu: Xn, v, n, u, n, v>, Ln, u’. CKIageMo nepeTBOpeHy
KOPEJAIINHY TaOJIUII0 3 YMOBHUMH BapiaHTaMH, B Ky BHECEMO 3HAYCHHS
Ny, Ny TA BIATOBiTHI 100y TKH (Tabm. 7.10):

Taomuusa 7.10

VU 21 -11]0 1 2 ny v | nev?
2 — — 2 5 3 10 20 40
1 — 4 12 | 10 4 30 30 30
0 5 15 8 2 - 30 0 0
-1 8 7 5 — — 20 -20 20
-2 7 3 — — — 10 -20 40
ny 20 29 | 27 | 17 7 | n=100 | =10 | X=130
mu | 40| -29 | 0 17 | 14 | X=-38

nau® | 80 29 0 17 | 28 | X=154

Tom m=21. 3 n, -u=-38/100=-038; v= 1 3 n, -v=10/100=0,1
n n
o2 = % Sy u? (] =154/100-(-0,38)=1,54-0,1444=1 3956; 5,<1,18

ol = 1 S, v - (;)2 =130/100—(0,1)>=1,3-0,01=1,29; 5,~1,1358.
n

D n, uv=>5-1-243-2-244-(-1) 1+10-1-144-2:1+8:(-2) (-1)+7-(-1) (-1)+7
(-2) -2)+3 (-1) (-2)=93.
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L _Xmywvoneuv 93-100-(-038)-01 968
® n-c,-o, 100-1,18-1,1358 134,0244

Otpumane 3Ha4YCHHS ry~0,72 3rigHo mKanu Yeqmoka CBITYUTH PO
BHCOKHH (CHJIBHUI) TOMaTHAN JIHIHHAN 3B'SI30K.

OCKiTbKM Ma€eMoO JHIHHUHN 3B'A30K MK BIKOM 1 MPOIYKTHBHICTIO, TO
3HaizeMo koedinienT nerepminanii R? 3a Gopmyioro (7.25)

Rzz(rxy)2=(0,72)230,5 184.

’

Ie o3Hauae, mo nMpoAyKTUBHICTH mpaii Ha 51,84% 3anexxuTh Big BiKy
npaniBauka. [Hmi 48,16% npunagaioTs Ha QakTopu, HE BpaxoBaHi B JaHil
Mojeni (cTa)k Ha KOHKPETHIM mocafi, piBeHb OCBITH, IHIMBITyalbHI
ncuxodizionoriyxi 0coOIMBOCTI Ta iHIIE).

[lepeBipumo 3HauymicTe Koedimienra xkopemsmii. Cdopmynroemo
TimoTe3 .

HymeoBa rinoreza Hp: "JliHiHHWI B3a€MO3B'I30K MK BIKOM
CHiBpOOITHUKIB Ta iX TMPOMYKTHBHICTIO Y TeHEpaJbHI CyKyIMHOCTI
BiZICYTHIN".

AnbrepHaTHBHA rinorte3a H,: "[cHye cTaTUCTUYHO 3HAYYIIWH JTiHIHHIA
B3a€EMO3B'SI30K MK BIKOM CIIBPOOITHHKIB Ta iX MMPOTYKTUBHICTIO".

OO0uunci0eMo (GakTUUHE 3HAYCHHS [-KpUTEPiro 3a hopmyiioro (7.23):

_072:100-2 _0.72-J98 _7.1276
J1-(0,727 V04816 0,694

ne ry=0,72 — po3paxoBanuii BUOipKkoBHi KoedinieHT kopesii, n=100 —
o0csT BUOIpKH (KIJBKICTh TIap TAaHHX).

3a Tabmurero A.4 (muB. JlogaTok A) s cTeneHiB cBoboan k= n—2=98
Ta 3aJIaHUM piBHeM 3HauyIocTi a=0,05 KpUTHIHE 3HAYCHHS t, 3HAXOUTHCS
B inTepBai [1,98;2,00].

OCKUIBKH fpacr 3HAUHO TIEPEBUIILYE BEPXHIO MEXKY JIAHOTO THTEPBAILY, TO
BiIXmiisieMo rinotesy Hp. 3B'I30k MK BIKOM Ta MPOIYKTHBHICTIO
CTaTUCTUYHO 3HAYYIIHH.

BimnoBins: r,~0,72. 3B'I30k MiX CTaXXeM 1 MPOAYKTHBHICTIO Tpari
CTaTUCTUYHO 3HAYYIIHH.

~10,27.

(axr

Hpuxmag 65. s 100 apromo6imB Hissan Juke 3 aBurynom 1,6 i
(mepenuponpuBigHa Bepcis) Ta Bapiatopom CVT mocmiguiaw BUTpaTh
nanpHOrO (Y, 1/100 kM, Oenszun A-95) Bim mBuakocti (X, km/ron.) mpu
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imeanpbHUX yMmoBax (0Oe3 BiTpy, MaHeBpiB Ta mimiomiB). Tpeba 3HaiiTH
BHOIpKOBHIA KoedillieHT JiHiHHOT Kopemsmii Ilipcora Ta mepeBiputH ioro
3HAYYIIICTh MpH piBHI 3HauymocTi a=0,05.

Po3e’azannn. 3a nanumu ckiagaeMo Tabimimio 7.11, B AKy BHeceMo
SHAUEHHA 1, , n, , PO3PAXOBAH 32 dhopmynamu (7.2) 1 (7.3), Ta 3HaUEHHS

ny 1 ny, po3paxoadi 3a popmymoro (7.1).
Tabmuis 7.11

Y 40 | 60 | 80 | 100 | n,
5 6 4 - — | 10
55 | 5 10 | - ~ | 15
65 | - | 10 ] 20| 5 | 35
75 | - s |15 | 20 | 40
ne | 11 | 29 | 35 | 25 | 100

BubipkoBuii xoedimienTt miniHOT Kopemnsmii Ilipcona 3Haiimemo 3a
dopmyioro (7.19). Bubipkosi cepenni x, ;1 BUIAJKOBHUX BEJUYHMH X Ta Y
3HaXOI[I/IMO 3a hopmyiiamu (7.18), ne k=m=4.

=— z -x; =(11-40+29-60+35-80+25-100)/100=7480/100=74,8.

; y;=(10-5+15-5,5+35-6,5+40-7,5)/100=660/100=6,6.

3|>—~ N

H'ME ‘

BI/I61pKOB1 Cepe/IHbO KBAJPAaTHUHI BIAXWICHHS Oy, 0, BHIIQJKOBUX
BeanuuH X Ta Y 3Haxoaumo 3a popmynamu (7.20), ne k=m=3.

k
l-an_ -xi2 =(11-1600+29-3600+35-6400+25-10000)/100=
n ; !
=586000/100=5860.
l- Znyi -y? =(10-25+15-30,25+35:42,25+40-:56,25)/100=
n J

=4432,50/100=44,325.

o = L.y —(x = /5860 —5595,04 = /264,96 ~ 16,2776 .
X z 1 X,
n 1
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o, = \/l- S92 ny ~(f =44325-4356 = /0765 ~ 0.8746.
n j=1

k m
3maiiiemo cymm m06yTKiB (D> x;y;n;; ). TloTpiGHO MepemHoXUTH
i=1 j=I

X-y-n I KOXKHOI 3alIOBHEHOI KJIITHHU TAOJINIII:

k m k m
i=1j=1 i=1 j=1
+6,5-10+7,5-5)+80+(6,5-20+7,5-15)+100+(6,5-5+7,5-20)=40-57,5+
+60-177,5+80-242,5+100-182,5=2300+10650+19400+18250=

=50600.
1k m
Tomi — 2. > x;y ;n;; =50600/100=506.
- j=1
BubipkoBwuii koedittieHT JiHiitHOT Kopemsmii [lipcona
P 506-74,8-6,6 506—493,68 12,32
Y 716,2776-0,8746 142364 142364

OTtpuMaHe 3HaYCHHS Fy~0,865 3rigHo mkamu Yemnoka CBIIYUTH PO
BHCOKHH (CHJIBHUI) TOJaTHUN JIHIHHUN 3B'SI30K.

Ockinbkn MaeMo JIIHIMHMN 3B'I30K MK BHUTpaTaMH MajbHOTO 1
IIBMIKICTIO, TO 3HaiineMo koedimieHT nerepminanii R? 3a popmyinoro (7.25)
R*=(ry)*=(0,865)?~0,7482.

Lle o3nauwae, mo BuUTpaTH manbHOrO Ha 74,82% 3amexarTh BilI
mBuaKocti. [ami 25,18% npunanatoTe Ha (akTopH, HE BpaxoBaHi B JaHil
MoJIeNi (piK BUITYCKY, TUCK Y IIUHAX, 3aBaHTAKCHHS Ta 1HIIIE).

[lepeBipumo 3Hauymicts koediuienta xopensauii. Cdopmymaroemo
TimoTe3 .

Hynposa rinoteza Ho: "3B'13Ky MiX HIBHIKICTIO Ta BATPATOIO MAILHOTO
Hemae'".

AnprepHatuBHa rinore3a Hi: "IcHye cTaTUCTHYHO 3HAYYIIWH TiHIHHUA
B32€MO3B'SI30K MIXK IIBUKICTIO Ta BUTPATOIO MAJIBHOTO".

Oo6uncnroeMo (hakTUUHE 3HAYESHHS f-KpUTEpito 3a hopmynoro (7.22):

 0,865-/100-2 0,865-/98 _ 8563

t ~ ~
e fi—(0sesp  0.2518 05018

~(,865.

~17,065.
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ne ry,=0,865 — po3paxoBanuii BubipkoBuit koedimieHT Kopesii, n=100 —
00csr BUOIpKH (KITBKICTH IMap JaHWX), 1—2=k — 9UCIIO0 CTEIICHIB CBOOOIH.

3a tabmunero A.4 (nuB. JJomaTok A) miis cTeneHiB cBoOOU k= n—2=98
Ta 33JIaHUM piBHEM 3HAUYIIOCTi ¢=0,05 KpUTHYHE 3HAYCHHS t,y 3HAXOUTHCS
B iHTepBaii [1,98;2,00].

OCKITTBKH fpacr 3HATHO TIEPEBHIILYE BEPXHIO MEXY JAHOTO iHTEPBAJY, TO
BIIXWJISIEMO TirmoTe3y Ho. 3B'SI30K MiXK IMIBHIKICTIO Ta BUTPATOIO MAJIBHOTO
CTaTUCTUYHO 3HAYYILUH.

BinmoBigb: r,,~0,865. 3B'S130K MiXk MIBHIKICTIO Ta BUTPATOIO MaJIHHOTO
CTaTHCTUYHO 3HAYYIIUH.

Mpuxnaxg 66. IIpoBoasre TecTyBaHHS n=6 CTYIEHTIB: OJIWUH TECT
(BemmumHa X) HA JOTIKY, iHIIWH (BedndnHa Y) — Ha yBaXHICTh. s Tecty
Ha JIOTIKY OTPHMAJIH JaHi [uist ctyneHTiB (y 6anax) x;: 20, 55, 30, 60, 40, 65.
Jl1st TeCTy Ha YBa)KHICTh OTPUMAJIH JaHi Ui cTyeHTiB (y 6anax) yi: 15, 40,
10, 50, 35, 55. [loTpibHO 3'siCcyBaTH, YU € 3B'SI30K MK ITAMH HABUIKAMU TIPH
piBHi 3HauymocTi a=0,05.

Po3z¢’szannsa. Ockimbku naHux n<40 (n=6), TO I 3'ACyBaHHS
HAsBHOCTI 3BSI3KYy MIDXK HaBHYKAMHU 3aCTOCYeMO KOe(]iIi€eHT paHTOBOI
kopensii CnipmeHa. Pamkyemo 3HaueHHs BenuunHa X Ta Y. [l 3py9HOCTI
CKJIaieMo Taduuirio 7.12.

Tabmuusa 7.12

Ctynent Te(?T Ha TeCT. Ha - panr R, | Panr R, |d=RR, &’
JIOTIKY X; | yBasKHICTb y;
1 20 15 1 2 -1 1
2 55 40 4 4 0 0
3 30 10 2 1 1 1
4 60 50 5 5 0 0
5 40 35 3 3 0 0
6 65 55 6 6 0 0
)y 0 2

Po3paxoByeMo KoedilieHT paHroBOi KOPENSUil pPpacr 32 (HOPMYIIOO
(7.28), oCcKiIbKM OZJHAKOBI paHTH BiJICYTHI:
2 2

=1-6- =1-—=%094.
pq)aKr 6'62—1 35
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Koegimient 0,94 roBoputh mpo Ayke BHCOKWN AOAAaTHUH 3B's30K. Lle
03HaJae, Mo Ti, XTO 100pe po3B’sA3ye 3aBAAaHHS Ha JIOTIKY, MaikKe 3aBXKIH
MOKa3YIOTh BIIMiHHI Pe3yJIbTaTH i B TECTaX HA YBAXKHICTD (Ppacr>0).

Cdopmynroemo rimoresu.

HynweoBa rimote3a Ho: "CTaTUCTHYHO 3HAYYIINI B3a€MO3B'SI30K MIXK
o3Hakamu X Ta Y BinCyTHIN".

AnprepHaTuBHa TimoTe3a Hi: "IcHye CTaTHCTUYHO 3HAYyIIUH
B3a€MO3B'A30K MK O3HaKamu X 1 V"

3a Tabmumero A.12 (muB. JlomaTtok A) It KiTBKOCTI 3Ha4YeHb n=6 Ta
3aJjaHUM piBHEM 3HauyIocti 0=0,05 KpuTHIHE 3HAYCHHS p1p=0,85.

OCKIIBKU  Pgar>Prp, TO Biaxunsgemo rinoresy Ho. [lpuiiMaershcs
anbTepHATHBHA Tinote3a Hi| Mpo HAsIBHICTH CTATHCTUYHO 3HAYYIIOTO
B32€EMO3B'SI3KY.

Biamnogiab: B3aeM03B'I30K CTATUCTHYHO 3HAYYIIIHIM,

Mpuxkaag 67. JocnimKyiOTh BIUTUB OTPUMAHHUX 0aiB 3a TECT 13 PO3IiITY
«Marcratuctukay (Makc. 40 0OaniB) Ta dacy, BHUTpadyeHOTO Ha #oOro
BUKOHaHHS (y XBWiIMHAx) Jias 6 cryaeHrtiB. Orpumanu naHi aas X:
10,20,20,30,30,40 1 gms Y: 5,15,10,20,15,20. HeoOXximHO BCTaHOBHUTH
HASBHICTH Ta BUJ 3B'A3KY MiXK OTPIMAaHUMH OallaMy Ta BUTPAYEHUM YacOM
npu piBHi 3HauymocTi 0=0,05.

Po3ze’azannn. Ockinbkun panux n<40 (n=60), To g 3'ICyBaHHS
HasBHOCTI 3B'I3Ky MDK OTpPHMaHMMH OalaMd Ta BHUTPAYCHUM YacOM
3actocyeMo koedimieHT panroBoi kopensmii CroipmeHa. Pamxkyemo
3Ha4YeHHs BeauumHa X Ta Y. i 3pyuyHocTi ckiageMo Tabmumiro 7.13, 3
ypaxyBaHHSM IOB'SI3aHUX PAHTIB.

Taomuusa 7.13

Tect Panr Yac Panr
Ne (X, 6amm) | R, (Y, XBUIIMHN) R, d=R—R, | &
1 10 1 5 1 0 0
2 20 2,5 15 3,5 -1 1
3 20 2,5 10 2 0,5 0,25
4 30 4.5 20 5,5 -1 1
5 30 4.5 15 3,5 1 1
6 40 6 20 5,5 0,5 0,25
) 0 3,5
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Ockinbku Maemo IS Ry 1 Ry TIOB'SI3aHI paHTH, TO BBOAMMO ITOIPABKH
noripaBky Tx 1 Ty, po3paxoBaHi 3a ¢opmysoto (7.27):

Jis X: nBi rpynu o 2 nosropu (20, 20 ta 30, 30).

Tx=(23-2)/12+(2°-2)/12=0,5+0,5=1.

Jua Y: aBi rpymu o 2 mostopu (15, 15 Ta 20, 20).

Ty=(2>-2)/12+(23-2)/12=0,5+0,5=1.
3a HasgBHOCTI OJIHAKOBHX PAHTIB KOe(DiLiEHT PaHTOBOI KOPENALIl ppaxr
po3paxoByemMo 3a Gopmysoro (7.28):
35+1+1 5.5
Ppacr =16 6-(36 ~1) 1 25~ 1-0,1571 =0,8429 .
3HAYCHHS Pparr =0,8429 CBITUUTE PO BUCOKHUH JOMATHUH 3B'SI30K.

J1y1g mepeBipKy iCHYBaHHS HENIHIHHOTO 3B'SI3KY, 3HAMIEMO KOpESIiiiHe
BimHOmEHHS 3a (hopmynoro (7.32). BoHO mokasye, sKy 4yacTKy Bapiarii
3aIeHOI 3MIHHOI Y TosICHIOE yrpynoBaHHS (pakTopoM X. [l po3paxyHKyY
MOTPiOHO 3rpyIyBaTH Y 3a 3HAYSHHIMH X:

X=10: Y={5},
X=20: Y={15, 10} (cepenue 12.5),
X=30: Y={20, 15} (cepenue 17.5),
X=40: Y={20}.
3HaxoAMMO 3arajibHe cepeHe y 3a Gpopmyioro (7.9):

)_/ =(5+15+10+20+15+20)/6=85/6=14,17.

3Haii1IeMo CyMU Il YUCENbHUKA 1 3HaMeHHUKa Gopmyiu (7.32) (n=6,
k=4):
n —_
Z(yl- - y)z =(5-14,17)*+(15-14,17)*>+(10-14,17)*>+(20-14,17)*+
i=1
+(15-14,17)’+(20-14,17)°=84,0889+0,5889+17,3889+33,9889+0,6889+
+33,9889=170,8334.

k —
an -(yj - y)z =1-(5-14,17)*+2-(12,5-14,17)*+2-(17,5-14,17)*+
j=1

1-(20-14,17)*=84,0889+5.5778+22.1778+33,9889=145,8334.
[lincTapissemo 3HaijeHi 3HaYeHHS cyMm y Gopmyny (7.32) mus
PO3paxyHKy KOPEJSIIHHOTO BiTHOIIECHHS:

145,8334
~4/0,8537 = 0,924.
170 8334
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3HauenHs #7~0,924 cBigUATP TPO MPAKTHYHO (YHKI[IOHATIHHY
3aJIEIKHICTb.

[epeBipuMo 3HAUYNIICT KOPETALIMHOTO BiIHOLICHHS 3a F-KpUTEpieM
Oimepa. CHopMym0eEMO TrinOTE3H.

HynmeoBa rimotesa Ho: "KopemsimiiiHe BiIHOIIEHHS B TeHEpaIbHIN
cyKymHOCcTi JopiBHIoe Hym0 (#=0). BmmuB dakropy X (bamm) Ha
pesynbraTiBHy 03Haky Y (Yac) y reHepanpHiil CYKymHOCTiI BiACYyTHiH
(3B'SI30K BHITaIKOBHI)".

AnprepHatuBHa Timoresa H;: "KopensmiiiHe BiZHOIIEHHS CYTTEBO
BiMiHHO Bif HyJs (77£0). BIuMB GakTopy X Ha ¥ CTAaTHCTUYHO 3HAYYIIMIA" .

3naiizeMo 3Ha4eHHS Facr 32 hopMmydoro (7.35):

_0924°-(6-4) 085382
P {1-0,9242)-(4-1)  0,1462:3

Jus piBas 3Hauymocti 0=0,05 i creneHiB cBoOomu ki=k—1=3 (Mix
rpynamu) Ta kr=n—k=2 (BcepemuHi rpymn) 3a Tabmumero A.l1l1 (guB.
Honatok A) 3HaX0OMMO KpUTUYHE 3HaUYeHHS Fip=19,16.

Ockinbk# Fpaa<Fyp (3,89<19,16), naHi, 1o crocTepiratoThcs, He JAIOTh
MiJICTaB JUIsS BiIXWJICHHS HYJIbOBOI rinore3u Ho.

[I{o6 3’sicyBaTH HACKINIBKH 3B'SI30K BIAXWISIETHCSA BiJ MPAMOI JIiHII,
po3paxyemo koedimieHT kopensmnii [lipcona ry, Ta MOpPIBHIEMO HOTO 3
KOpEeJAIIHHUM BigHOmEeHHIM 7=0,924.

~3,89.

3Hax0IMMO 3arajibHe cepesiHe X 3a Gopmyioro (7.9):

x=(10+20+20+30+30+40)/6=150/6=25.
3HaX0IMMO CyMy KBaJpaTiB BiIXUICHb X:

3 (x; = x)% =(10-25)%+(20-25)*+(20-25)>+(30-25)+(30-25)*+
i=1
+(40-25)%=225+25+25+25+25+225=550.

Cyma KBaipaTiB BiIXWJICHD Y 3HalICHA BUIIIE Z( ; )2 =170,8334.
i=1

3Hax0AMMO CyMy JOOYTKiB BiAXHJICHb:
3 (x; = x)(y; — ) =(10-25) (5-14,17)+(20-25) (15-14,17)+

+(20-25) (10-14,17)+(30-25) (20-14,17)+(30-25) (15-14,17)+
+(40-25) (20-14,17)=137,55-4,15420,85429,1544,15+87,45=275.
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Koedoimient xopemnsii [lipcona 3aaxomumo 3a hopmymnoro (7.16):
275 275 0.897

" T /5501708334 | 306,5263

[opiBasiemo #=0,924 (3arampHa TiCHOTA 3B'SI3KY, OyAb-AKOi (OpMH) Ta
rv=0,897 (ticHOTa TinbKM mniHiliHOro 3B'A3Ky). 7°=0,854, r*,=0,805, a
pizuuns 0,854-0,805=0,049 nerenuka (3arasmom 0nmmu3bko 5%). Lle o3nauae,
0 3aJIe)KHICTh y AaHWX ONMM3bKa N0 JiHIHHOI. Xod4a TpymnoBi cepemHi i
OTUCYIOTH JaHi TPOXU TOYHILIE (77> 7y), IPOCTA TpsMa JIiHiS TAKOXK Aa€ AyKe
BUCOKHH KoedinieHT nerepminaiii (80%). ¥ craTHCTHL Taky pi3HUIIO Ha
MaJICHbKMX BHOIpKaX 3a3BHYail BBaXKalOTh HECYTTEBOK. To0TO, SAKIIO
TOBOPHTH, WIO 3B'A30K IIHIAHWIA, TO BENWKOI TMOMWIKH He Oynme, aie
(¢opManbHO 3HAYCHHS # JIHCHO CBiMYaTh MPO HEBEJIUKI HEJIiHINHI
KOJIBaHHS.

Hespakatoun Ha BHCOKE BHUOIPKOBE 3HAYCHHS KOPEJSIIHHOTO
BigHommeHHs (7=0,924), Ha piBHI 3HauymocTi 5% 3B'SI30k MK Oamamu Ta
YacoM BH3HAEThCS CTATUCTHMYHO He3HauyHWM. OTpUMaHUl pe3ynbTar
MOSICHIOETHCSL MallUM 00caToM BUOiIpKkH (n=6), TIpU SKOMY HaBiTh CHIbHA
30BHIIIHS CXOXICTh 3aJ€KHOCTI HE JIO03BOJSIE BUKIIOUUTH (akTop
BUTIAJIKOBOCTI.

BinmoBige: Ha mocmimkyBaniii BUOIpII CIIOCTEPIraeThCsl CHIIBHA,
MEePEBAXKHO JIiHIHHA 3aJIEKHICTb 13 JIETKUM HeJiHIHHUM XapakTtepoM. OJHaK,
yepe3 KpUTHYHO Manui oOcsir BHOIpkH (n=6), BUSBICHUI 3B'I30K HE €
CTaTUCTHYHO 3HAYYIIUM Ha PiBHI 5%.

7.2 Perpeciiinuii anai3

Kopensuilianii ananiz 3’sCOBYye HasBHICTh 3B’S3KYy MIDK OJHI€IO
3MIHHOIO (3aJIe)KHOI0 Y) 1 1HIIOI 3MiHHOK (HE3aJeKHOK X) Ta TICHOTY
I[LOT0 3B’SI3KY, & perpeciiiHuil aHaIli3 BU3HAYAE SIKUI BILTUB OJ[HA 3MiHHA Ma€
Ha IHITY 1 JTO3BOJISE MepeadadaTh 3HAUCHHS 3aJIe)KHOI 3MiHHOI Y 3a Oy/Ib-
SIKOT0 33JaHOro 3HadyeHHs ¢akrtopy X. SIKIIO KOpensiis CTaTUCTUYHO
He3HaunMa (Osm3bka 70 0), To OyAyBaTH perpeciiiHy MoJIellb HeMa€ CeHCY,
OCKLTBKY BOHA HE MaTUMeE Iepen0adyBaHoi CHIIH.

O3nauennsn_7.4. Peecpecis — 1ne marematudHa MoOJeNb (piBHSHHS
perpecii), sKka ONHCyE 3aJCKHICTh OJHIE]T 3MIHHOI  (3aJICKHOI,
pe3yNbTaTUBHOI, Y) BiJ OJHIET YM KUTBKOX IHIIMX 3MIHHHUX (HE3aJICHKHUX,
¢baxTopHuX, X).
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OcHogHi 3a80aHHA:

1) Bcranosnenns ¢hopmu 3B's13Ky: BHOIp BUIY PiBHSIHHS (MaTeMaTHIHOT
¢byHKLIT), M0 HaHKpalle OMUCYE B3a€MO3B'SI30K MK 3MiHHMMHU (JTiHiiHa,
napaboJiyHa TOLIO).

2) OmiHEKa mapaMeTpiB: 3HAXOIKEHHS KOCQIMIEHTIB PIBHSIHHS
(3a3BHYail muITxoM HaliMeHX kBaapatiB — MHK).

3) [Iporuo3: nepeadaucHHs 3HAYCHHS Y pH 3a1aHOMYy X.

4) OIiHWUTH BIUTUB: BU3HAYHTH, HACKUIBKH CHJIBHO Ta y SIKOMY
HaANPAMKY (I0JaTHOMY 9H BiJl’EMHOMY) 3MiHa HE3aJIeKHOI 3MIHHOI BILTUBAE
Ha 3aJICKHY.

Buou piensine peepecii (3a KUIbKICTIO HE3aJICKHUX 3MIHHUX Ta (POPMOIO
3B'SI3KY):

3a KUIbKICTIO HE3aJIe)KHUX 3MiHHHX:

1) Mapua (mpocta) perpecis: OngHa 3anexHa 3MiHHa Y Ta oxgHa
He3aJIe)KHA 3MiHHA X.

2) MuoxwunHa perpecis: OgHa 3anexHa 3MiHHa Y i Bl abo Oinbime
He3alIeXKHUX 3MIiHHUX X1, X0, ..., Xk.

3a ¢opmoto 3B's3KY (JiHIT perpecii):

1) Jliniiina perpecist: 3aJeKHICTh ONMUCYEThCS MpsIMOIO JliHi€ew. Lle
HAUMPOCTIIINIA 1 HalYacTille BAKOPHUCTOBYBAHUH BH/I.

2) HeniniitHa perpecis: 3a1exXHIiCTh OMUCYETHCS KPUBOIO.

7.2.1 Jliniiina perpecis

Oznauennsn 7.4. Jliniiina peepecis — 1ie CTAaTUCTUYHUNA METOJ, SKUH
BUKOPHCTOBYEThCS JUIS MOJICJIIOBAHHS B3a€MO3B'SI3KY MDK  OJIHIEIO
3alIe)KHOI0 3MIHHOIO (SKy MH XO4YeMo mependadynTH abo IMOSCHUTH) Ta
OJTHIEIO YW JIEKiITbKOMA HE3aJIC)KHUMH 3MIHHUMHE (SIKi BUKOPHCTOBYIOTHCS
JUTS Tiepei0aueHHS/TIOSICHEHHST ).

Iamysi 3acTocyBaHHS:

Inoicenepin: IlporHo3yBaHHS 3HOILIYBAaHHS MaTepialliB, ONTHMi3allis
BUPOOHHYHUX ITPOIIECIB.

Cinvcvke 2ocnodapcmeo: TIporHo3yBaHHs BpOXKANHOCTI 3 ypaxyBaHHIM
KUJIBKOCTI 10OpUB, TeMIepaTypH, ONaiiB.
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Meouyuna ma oxopowa 300pog's:  IIporHO3yBaHHS  PHU3HKY
3aXBOPIOBaHb HAa OCHOBI (JaKTOPIB KUTTS, OI[iHKA €(PeKTHBHOCTI JIIKyBaHHSI.

bisnec ma exonomixa: IIporHO3yBaHHS MPOAAXiB, OILIHKA BIUIUBY
iHOBOI MOJIITHKH Ha MONuUT, nporHo3 BBIL

Qinancu: OUiHKa pU3UKY IHBECTHUIIiH, TPOTHO3YBAaHHS IiH aKIIiH.

Coyionocisa ma ncuxonozis: BUBYeHHS BIUIMBY OCBITH Ha JIOXi/l, 3B'SI3KH
MK prcaM# 0COOMCTOCTI Ta MOBEAIHKOIO.

Y HaWmpocTimoMy BHWITaKy NpPOCTa JiHIHHA peTpecis AOCHIIKYE
3B'130K MDK JBOMa KIUIBKICHUMH 3MIHHUMH. llepembadaerses, 1o
B32€MO3B'S30K MK 3aJIS)KHOI 3MiHHOKO (Y) Ta He3ajae:KHOK 3MiHHOK (X)
MoKe OyTH alpOKCHMOBAHUH NPSAMOIO JTiHi€l0. MeTa — 3HalTH piBHSHHS L€l
npsMOT, sike HaHKpaIle ONUCYE JaHi.

JliniliHa mapHa perpeciiiHa MOJeNlb Ma€ BUTJIS:

YTeop=b0+bl X+e, (736)

ne: Yiop — TmepembadeHe (OWiKyBaHE) 3HAYSHHS 3aliekHOI 3MiHHOI; X —
He3aJe)kHa 3MiHHA (3MiHHA, IO TOSCHIOE); by (BUTBHUI YJIeH) — MEPETHH:
OuiKyBaHE 3HAUYEHHSI Yreop, KONU X mopiBHIOE 0. Lle Touka, e miHis perpecii
nepeTruHae Bich Y; b1 (koedimieHT perpecii) — koeimieHT HAXWITy: TIOKa3ye,
HACKIJIbKY B CEPETHBOMY 3MIHUTBCA Yicop ITPH 3MiHI X HA OIHY OUHUITIO. Ll
"maxwn" minii perpecii. Akmo b1>0, To 3B'130K npsmuit. Akmo 51<0, To
3B'SI30K 3BOPOTHUIL; & — IOMIIIKA: € BUMIAIKOBOIO, HE3PO3YMLIOK0 YaCTUHOIO
3MIHHOI Yreop, SIKA HE MOXKE OyTH MOsICHEHA 3MiHHOO X. BKITIO9ae BIITMB BCixX
IHImMX (aKTopiB, AKi HE BPAXOBaHi B MOJIEN, a TAK0XX BUTIAAKOBHUH IITYM.

Oyinka sixocmi modeni (Haditimocmi) perpeciinoi Moaeni (st mpocToi
JNiHilHOT perpecii) Bu3sHauaeThes Koediniearom nerepminanii (R?):

R’=r?, (7.37)

sskuit HaOyBae 3HaueHHs Bix 0 10 1 (ryy — koedimient kopensmii [TipcoHa).
Bin moka3ye, ska yactka Bapiamnii 3ayie)xHoi 3MiHHOI (Y) TOSICHIOETHCS
Bapialfi€ero He3aJuexxHOI 3MiHHOI (X) 32 JOMOMOTOI MOOYJ0BaHOT MOJEITI.
Yum Omamxue 3HayeHHS R? 1o 1, TUM TOYHilEe MOJENb MiAXOAUTH VIS
nporsosyBanns. Hampuknan, sxmo R?=0,88, To me osHauae, mo 88%
Bapiarlii ¥ mosicHrOeThCs Mozieito, a 12% — Bunaakosumu axtopamu abo
IHIITMMH 3MiHHAMH.
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Hus Ttoro mo0 mimiifHA perpecis Oyna KOpPEKTHOK, TTOBHHHI
BUKOHYBATHCS HACTYITHI YMOBH:

JIiHIMHICTB: 3QJICKHICTh MK 3MIHHUMH Ma€ OyTH Bi3yallbHO OJIU3bKa JI0
MPSIMOT JTiHIT (TIEPEBIPSAETHCS TIO MO0 KOPEIISAIIT).

HezanexHicTh criocTepeXeHb: AaHi MO0 OIHI€] 3MIHHOI HE TTOBUHHI
3aJIeXKaTy BiJ] TaHUX MO0 1HIIO].

Poskun (mucnepcisi) mOMHIOK Mae OyTH NMPHOJIM3HO OJHAKOBUM Ha
BCHOMY Jiama3oHi 3HaYCHb X.

HopMmanpHicTh: TOMHIKKM MOJENi MarloTh OyTH pO3MOAiIeH] 3a
HOPMAJIBHUM 3aKOHOM.

MeTton naiimenmux kBaapatis (MHK)

Haii6inpimn mommpennii MeTo1 3HaX0oKeHHs KoedimieHTiB perpecii (bo,
by TOIIO) — 116 Memod natimenwux keadpamie (MHK). Moro cyTs nonsrae y
3HAaXOJDKCHHI Takol JiHii (200 KpuBOi), skKa MiHIMI3ye CyMy KBaJparTiB
BiIXWJICHb ()aKTUIHUX 3HAYCHbD Y; Bi/I TEOPETUYHUX (JIEKAYNX HA JIHIT) Yrcop:

Q:i(}’l _YiTeop)2 — min , (7.38)
i=l

ne O — minboBa (YHKIIiS, BUTIISI SIKOi 3aJIeXKHUTH BiJl CITOCOOY IMOJAHHS
JIaHUX.
Oninkoro Mozeli (7.36) € piBHAHHS JIiHIMHOT perpecii ¥ Ha X

Y=bo+b;-x, (739)

ne by — BubipkoBwmii koedimieHT perpecii. Koedimient perpecii b (iioro
HA3WBalOTh KYTOBUM KOEQilliEHTOM) TIOKa3ye CEpelHE 3MiHIOBaHHS
pe3yibTaTUBHOT O3Haku Y 31 30uIblIeHHSM (akTopHOi o3Haku X Ha
onuHUIO 11 BUMipy. Sxmmo b;>0, To 3B's130K npsmMuid, ko b1<0 — 3B's130k
3BOPOTHUI.

Jiis 3Haxo/pKEeHHs KoeillieHTiB JHIHHOT perpecii by 1 bi 3acTocyeMo
Mmeto HaiMeHmux kBajaparis (MHK). CyTs MeToly HaMEHIITNX KBaJIPATiB
(MHK) 3anuimaerbcst HE3MIHHOKO: MiHIMI3aIlis CYMH KBaJIpaTiB BiIXUIICHb.
Opnak hopMa 3anucy JaHuX 3MIHIOE Te, SIK MIJCYMOBYIOTBCS 111 BIAXUJICHHS.

LinsoBa ¢yHKIist Q BU3HAYAETHCS HOPMYIIOHO:
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O(by, b)) = i()ﬁ' - Yi)2 => (v — (b +byx; ))2 — min, (7.40)
izl i1

ae n — obcar BuOipkH, Y; — po3paxyHKOBa OpAMHATA, ); — 3a/aHa
(excriepuMeHTaNbHA) OpAMHATA.
Jua 3naxomkeHHs MiHiMyMy GyHKIIT Q(bo,b1) HEOOX1AHO, TIEpII 32 BCe,

MIPUPIBHATH HYIO 1 YacTWHHI MOXigHI 1m0 bo 1 bi: 6—Q:O 1 a—Q:O.
ob, ob,
OTpuMaemMo CUCTeMY PIBHSHB I BU3HAYEHHS by 1 b1:
b-Y X% 4by-Y X =Y XY
1 Z 0 Z Z > (741)

Cucremy (7.41) Ha3WBalOTh CHCTEMOK) HOPMANBHHUX DIBHSHB 3a
METOJIOM HaWMEHIIUX KBaJIPATiB JUIsl BU3HAUCHHS MapaMeTpiB by Ta b.

PosrnsmemMo BUmagku AN AaHWUX MOAaHUX HabopoMm map (x,y) i
KOPEISIIHO0 TabIuIIeto.

Hexaii B pe3ynbTati IpOBEICHHS 1 CIIOCTEPEKEHb MaeMO BHOIPKY 3 1
nap uucen (x;,y:), i=1,2,...,n 1 KOXKHa 3 HUX YHIKaJbHa:

Xi X1 X2 . Xn
Yi )1 Y2 Yn

Toni cucrema piBasIHB (7.41) ni1s BU3HaUeHHS by 1 by Ma€ BUTIIAL;

n 2 n n
by X +by D% =2 %y

i=1 i=1 i=1

- ) (7.42)
by Y xi+byn=>y,.

i=1 i=1

Po3B’s3ytoun ii, 3Haxonumo koedilieHTH JIiHIAHOT perpecii by 1 by 3a
dbopmynamu:
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”'inyi - in 'Z)’i
bl — i=1 i=1 i=1 , (743)

i=1

L=y pox, (7.44)

— 1 n . —_ 1 n . . .
e x=—-2xi i y=—-) y; — BuOipKoBi cepenHi BenmunH X Ta Y
n - n i
BIIITOBIIHO.

[Tincrapnsroun 3Ha4eHHA b =)_/—bl X B piBHsiHHS perpecii (7.39)
OTPUMYEMO:

Y—y=b-(xr—x). (7.45)

Koedinient b B piBHsHHI perpecii (7.45) € BubipkoBUM KoedilieHTOM
perpecii Y Ha X 1 H03HAYAETHCS pyy. TOJI perpecito Y Ha X MOXKHA 3aIUCcaTh
Y BUIJISIII:

Y=3=p(x-X). (7.46)

AHaNOTIYHO MOKHA 3HAWTH BHOIPKOBE PiBHSHHS MPSAMOI JiHii perpecii
X Ha Yy BUTIAL:

X=co+c1y, (7.47)

Jie ¢1 — BUOIpKOBHIA KoedimieHT perpecii.

Hnst 3HaxomkeHHA KoeQilieHTiB JiHiIMHOI perpecii co 1 ¢1 MOXHa
NPOBECTH IEPETBOPEHHS, aHAJOTIUHI THUM, 1O OyaM BUKOPHUCTaHI Npu
3HaXOJKEHHI bg 1 bi. OTpuMaemMo GhopMyJiu:

225



n n n
n- inyi - Z)’i 'in
¢ =—=1 =l =l (7.48)

n-iyf—[i]yi}

i=1

n 2 n n 7l
ZYi ‘in —Z)’i ‘inyi
co = i=1 i=1 i=1 i=1 . (749)

z(z)

i=1

PiBusiHHs perpecii (7.47) MOKHa 3aIMCcaTH Y BATIISII:

X-x=q¢ -(y—}). (7.50)

Koedimient c; B piBHsHHI perpecii (7.50) € BubipkoBuM KoedillieHTOM
perpecii X Ha Y 1 mo3HayaeThes pyy. ToMi perpecito X Ha Y MoxKHA 3amucaTu
Y BUTJISL:

X-x=p, =), (7.51)

Otxe, Y=bot+bi-x 1 X=co+c1-y — pi3Hi npsami. [lepira npsma BUXOIUTD y
pe3ynbTaTi po3B'sA3aHHA 3a/1a4i PO MiHIMI3aIlil0 CYMH KBaIpaTiB BiIXMIECHb
M0 BEPTHKAI, a Apyra — Mpy PO3B'A3aHHI 3ajadi PO MiHIMI3aIliI0 CyMH
KBaJ[paTiB BIIXWJIEHb 10 Topu3oHTali. L{i mpsiMi mepeTHHAIOThCS y TOYIN 3
KoopauHatamu M (x; y).

JoOyToxk koedimieHTIB perpecii b1 1 ¢1 TOPiBHIOE KBapaTy KoedilieHTa
KOPEJIALIi.

Hpukaan 68. 3naiiTu piBHAHHA JiHIMHOT perpecii Y=bo+b-x MeTOTOM
HallMEHIIMX KBaJpaTiB Ta moOyayBaTH rpadik A1 HACTYIHUX JaHUX:

Xi 1 3 4 5 7
Vi 1,3 3,2 6.5 9,6 12,1

Po3e’azanna. [ 3Hax0pKeHHs KoeilieHTiB NiHiIHHOT perpecii bo 1 by
3acrocyemo dopmynu (7.43) 1 (7.44). Maemo n=5 3HauyeHb 3MiHHOI X 1
3MIHHOI Y. 3HaiigemMo
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5 5
D x; =14+3+4+5+7=20; >y =1,343,246,5+9,6+12,1=32,7,

i=1 i=1

5
3 x;y; =1-1,3+3-3,244-6,5+5-9,6+7-12,1=169.6;
i=1

5
3 x7 =1243%44245%47°=100.
i=1
3HalizieHi 3HauYeHHS TiACTaBUMO y (HOpMYIIH:
- 5-169,6—20-322,7 2%21’94;
5-100—(20) 100
~100-32,7-20-169,6 3270-3392 122
*" 5.100-(20) 100 100
Haiikpama mpsima, moOymoBaHa 3a METOJOM HalMEHIINX KBaJpaTiB,
Mae BuTIan: Y=—1,22+1,94-x.
[MoGynyemo rpadik mpsmoi minii perpecii Y=—1,22+1,94-x (puc. 7.1)

=-1,22.

Y A
12,1f === === m e mmm e m e m e m oo ’
| r 1
1
1
e e ’ !
1 1
| |
1 1
6,5f - mmmmmmmmmomomnoooo , ! !
| | |
1 1 1
1 1 1
e . | | |
1 1 1 1
13F------ | | | |
: : 1 1 1 1
0 ] 3 & 3 T x
Pucynoxk 7.1

Binmogiab: PiBHsHHS diHiiHOT perpecii Y= —1,22+1,94-x.
VY knacuyuHii niniiaid moxeni MHK y; 6epemo 6e3mnocepeiHbo 3 JaHuX.

OpHak, SKIIO € JaHi y BUTJISAAI BUOIPKU 3 4aCTOTaMH, TO B I[bOMY BHUIIAJIKY
3aCTOCOBYETHCSl 3BaKEHUI MeTon HaiMeHmmx kBazapatiB (3MHK), ne
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KOKHa TOYKA JTAHUX 3BAXYETHCS 3aJeXHO Bif i1 "actoru, T06T0 3MHK
BUKOPHUCTOBYETHCS, KOJIM MAEMO TPYIIH CIIOCTEPEKEHb, 1 KOXKHA TpyIa Mae
cBoro '"Bary" abo wyacrtory. OCHOBHa ifes TIONsITae B TOMY, 100
CIIOCTEPEIKEHHS. 3 OLIBII BHCOKOK YacTOTOI OUIbIl BIUIMBAIM Ha
MiJCYMKOBUH PO3B’s130K. SIKII0 BHOipKa /U BEMWIMHA X Ma€ 4acTOTH, Iie
03HaYae, 10 KOJKHE 3Ha4eHHA X CIIOCTepiraiaocs MmeBHy KiUTbKICTh pasiB. Lli
4acTOTH i OyayTh y poii "Bar".
Hanpuxknan, MmaeMo 3Ha4YECHHS:

3naueHus X X1 X2 ... Xk
YacroTa n; n n ... Nk
3HaueHHs ¥ | yi V2 Vi

TyT yi — e cepeHe Y TUTIOBE 3HAYCHHS Y IS KOJKHOTO X;, a 71; — 11e
4acTOTa, 3 SIKOI0 3yCTPIYaeThes mapa (X, yi).
3MHK wiHiMi3ye 3BaXKeHy cyMy KBaJpaTiB 3aJIUIIKIB:

k
Q(by,by) =Y n; - (y; = (b +byx; ) — min . (7.52)
i-1

Dopmynu ISl 3HAXOKEHHS KoeilieHTiB JiHIMHOI perpecii by 1 by
MarOTh BUTJISII

k k k k
Z”i 'Znixiyi - Znixi 'Z”i Vi
i=1

by ==L 5 i=1 5 i=1 - — (7.53)
2
PREDIE A DNE
i=1 =1 =1
k k
Z”i yi=b ‘Z”i X o
by =HF——— " —=y, —bx,, (7.54)

Jc x

k k
21 X; o 21 Yi
i=1

_ i=1 . =
== 1y,=
Z”i
i=1

k
Z”i
i=1

- — 3BaYKCHE CEPEJIHE X 1 Y BIAMOBIIHO.
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Buxopucranss 3saxxenoro MHK 3 yactotamu 103B0OJIsIE BpaxyBaTH, IO
JIesiKi TTapy 3HAYeHb (X;, y;) 3yCTPIYArOThCS YacTimie, i TOMy ITOBHHHI MaTH
OiMpIIMA BIUIMB Ha BHM3HA4YeHHs JiHii perpecii. Lle poOuth Momensb
a/IeKBaTHIILIOO JIs1 HASSBHUX AaHUX.

Mpukaag 69. 3HaliTH piBHIHHS JiHIHHOI perpecii Y=bo+bi-x MeTonoM
3BOKCHHUX HAUMEHIINX KBaJPATIB JUISl HACTYITHUX JaHUX:

xi |3(214|3(5]2|3|4]3[3|5(2[4|3|3[2|4|5|3|4
yi |5|5(12|4|14(3|5|3|4]6(3|4(4]2|4(4]3|8|2]|3

Po3é¢’a3anns. BiopsakyeMo JaHi x;:
2,2,2,2,3,3,3,3,3,3,3,3,4,4,4,4,4,5,5,5.
Hua 3acrocyBanHs MHK i3 wacroramu HeoOXimHO MaTH TaOIHIFO 3
VHIKaIbHHUMU X;, iX 9ACTOTaMH 7; Ta cepeaHimu y;. [linpaxyemo ix:

x1=2, m=4, y :i(5+3+4+4):?:4;

x2=3, =8, y, =%(5+4+5+4+6+2+4+2)=3§2=4;
x3=4, n3=3, y; =%(2+3+4+3+3):1?5:3;

X4=5, n4=3, Va4 =%(4+3+8): ? =5.
Jiist 3py9HOCTI 3HAXOPKEHHS CYM CKJIazieMo Tabmwuio 7.14:

Taomuus 7.14

xXi |yi ni niX; niyi nixi niXiYi
2 |4 4 8 16 16 32
3 |4 8 24 32 72 96
4 |3 5 20 15 80 60
515 3 15 15 75 75
4 4 4 4 4
S =20 | Ynx; =67 | Yy, =78 Znixiz =243 |Y.n;x;y; =263
i=1 i=1 i=1 i=1 i=1
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4 4 4 4
Maemo  Ym; =20, Smx; =67, Yny =78, Snxi=243,
i=1 i=1 i=1

i=1
4
i=1

KoedinienTn miniinoi perpecii by 1 b1 3HaxoammMo 3a hopmynamu (7.53)
i(7.54).
20-263-67- 260—522 4
- 0-263-67 72825 60-5 6=3—z0,0916;
20-243 — (67) 4860—4489 371
_78-0,0916-67 71,8628
20 20
PiBHsIHHSI 3BaXKeHO] JTiHIKHOIT perpecii, OTpuMaHe METOJI0M HaMEHIIIHX
KBazparis, Mae Burisia: Y=3,5931+0,0916-x.
BinmoBine: PiBasaES niHiitHOI perpecii Y=3,5931+0,0916-x.

by ~3,5931.

PosrnsiHeMo BUNAMOK, KOJMHM KiJIBKICTB CIIOCTEPEXEHb n Benmuke. Jlis
CHPOIICHHS PO3PaXyHKIB eKCIIEpUMEHTaNbHI JlaHl TpYIylTh, TOOTO
OyIyroTh KOpemnsalidHy Tabmuio 7.15, ne Bka3yroTs yactoth n; (i=1,2,....k;
Jj=1,2,...,m) — CKiJIbKHU pa3iB 3ycTpijacsa KoMOiHallig KOHKPETHOTO 3HAYCHHS
xi ((=1,2,....k) Ta y; (j=1,2,...,m).

Taomuus 7.15

X
Y X1 X2 Xk I’ly
» ni nai Mk1 ny,
» ni2 N M2 ny,
Vm Nim nom Nim nym
Ty My, My, N n

Axmo B Ta0uuili JaHi CrpyHoOBaHI 3a iHTEpBaJIaMH, TO TaOIHUIO
CIPONIYIOTh, BHOpaBImM cepenuHu x; Ta y; (i=1,2,....k; j=1,2,...,m) mmx
IHTEpBAJIIB Ta YUCIIA 1.

VY Bumaaky KopemauidHoi Tabmuui ¢opmyna MiHiMiI3alil LiTBOBOT
¢byHkuUii O Mae BUTIIAA:
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k m
Oby,b) =Y Y il —(by +byx; )f — min . (7.55)
i=1j=1

Jua 3HaxomkeHHsT Koe(imieHTIB perpecii by 1 b1 3a 3rpynoBaHUMHU
JaHuMU GopMynH aHanoriuHi popmynam (7.42)—(7.43) nnst He3rpymnoBaHUX

n n n n n
JAHHX, ale CyMH DX, D.¥i» DXy, X7, Dy’ 3aMiHI0OTH
i=1 i=1 i=1 i=1 i=1
k m k m k ) m
BI/IMOBITHO Ha X X; ‘1, , DY, DIDI ALY X Zyjz o
i=1 j=1 i=1j=1 i=1 j=1
Toni popmynu 1iist 3HAXOMKEHHS KOSIIIEHTIB by 1 by MiHIIHOT perpecii
MAalOTh BUIJIS:
k m k m
n-y. zxiyjnij =2 My, Zl)’j Ny,
=

b = i=1j=1 i=1 ’ (7.56)

ko, 2
R IE AN
i-1

k k k m
inz Ny, 'Z)’j Ny, - 2% My, ’sziyj”ij

by = i=1 j=1 i=1 i=l1j=1 ’ (7.57)

k
2 . —_ .
Xj cny Xp N,
i=l

n- i

VN

i=l1

3a oTpUMaHUM PIBHAHHSAM perpecii MOKHa 3pOOUTH TMPOTHO3 HIOAO
3HAYEHHS 3aJIeKHOT 3MIHHOI IMPH KOHKPETHOMY 3HAUYCHHI HE3aJeXKHOT
3MIHHOI, MIiJCTaBUBINK ii 3HAYEHHS B DIBHSIHHA perpecii. Baxkmueum i
NPaKTUYHO 3HAYYLIUM PE3YJIbTAaTOM JiHIHHOI perpecii € Te, II0 BOHA
JTO3BOJISIE «TIepeadadaTHy 3HAUYCHHS 3aJICKHOI 3MIHHOT HAaBITh JUISI TaKHUX
HE3aJIe)KHUX 3HAYEHb, SIKi PealbHO HE CITOCTEPIraucs.

Omninka saKocTi MoaeJti

Hexait B pe3ynbTari IpOBEJEHHS 1 CIIOCTEPEKEHb MaEMO BHOIPKY 3 1
nap uucen (x;,y:), i=1,2,...,n 1 KOXKHa 3 HUX YHIKaJbHa.
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KoedinienT nmerepminanii K> — 1e NOKa3sHUK SKOCTI (HamiHHOCTI)
perpeciiiHoi Moxeni. BiH moka3ye wacTky Bapiartii (po3Kumy) 3aliexHOL
3MIHHOI Y, siKa MOSICHIOETHCS BIUTMBOM (hakTopy X Y MEXKax IIi€i MoIei.

KoediuienT nerepminanii Habysae 3nauenns Big 0 1o 1.Yum 6mmxue R?
1o 1, TUM TOYHIIIIE MOZEIb IMiIXOIUTE IS POTHO3YBAHHS.

Jlns niHiiHOT perpecii koe(imieHT nerepminanii R? 1opiBHIOE KBaapaTy
xoediienTa niniiinoi kopensuii [lipcona ry: R*=ry>.

V 3aranpHOMy BHNaJIKy Koe(imicHT nerepMinamii R? 06GUHMCITIOETECS 3a
¢dhopmyoro:

M=

= |L

_v. )
2_b]~cov(X,Y)_1_, O =1)

0-5 ()’i - ;)2

R (7.58)

Il
—_

JIyisi BUCHOBKY CTOCOBHO SIKOCTi MOJEJNI 3a 3Ha4Y€HHAM R’ MpuiiHATO:
R?¢[0,9;1,0] — sixicTh xyKe BUCOKa (MozeNb Maibke ineansna); R*[0,7;0,9) —
AKICTH BHCOKa (Xopolla Mojelb ajis NporHosy); R%€[0,5;0,7) — sxictb
noMmiTHa (MOJENbL ONUCYE OCHOBHI Tpenu); R2<0,5 — KicTh HU3bKa (MOIeITi
He BUCTaYae BAXIUBHX (GakTopis). ToOTO a1 rymMaHiTapHux Hayk R*>0,5 —
TOYHICTH MOJIEN] IPUIHATHA, a JUIsS TEXHIYHMX HayK R*>0,8 — BinMmiHHa.

Hanpuknan, R?=0,92. Lle o3nauae, mo 92% Bapianii Y moscHIOETbCS
MoiesuTto, a 8% — BUNaAKOBUMHU (hakTOpaMu ab0 iHITUMH 3MIHHUMU.

Skmo pospaxoBaHuii KoedimieHT nerepmiHaiii R’ TO HACTYIHHM
JIOTiYHUM KpokoM Oynie mepeBipka F-kputepito Dimepa, mob nepeBipuTu
un R? filicHO BimoOpakae 3aKOHOMIPHICTb a00 11€ MPOCTO BUIIAJKOBICTb.

Ouninka 3HAYyIIOCTi MoaeJIi

[lepeBipka 3HAYYIIOCTI PIBHSHHS perpecii monsrae y BCTAaHOBIEHHI
aJICKBaTHOCTI 00paHOi MaTeMaTW4yHOi Mojemi (aKTHYHUM JaHuM. Lls
npolenypa J03BOJIsIE BU3HAUWTH, YM JIOCTATHHO BPAaXOBaHMX Yy MOJEINi
MOSACHIOIOYMX 3MIHHUX JISi TOTO, II00 CTAaTHCTHUYHO 3HAYYLIO OINHUCATH
TIOBE/IIHKY 3aJIE)KHOT 3MiHHOI.

OriHKa 3HAYYIIOCTI PIBHSHHS perpecii MPOBOJUTHCS YIS TOTO, MI00
3’CyBaTH, Y1 MOXKHA OTPHMaHE PiBHSIHHS perpecii BUKOPHUCTOBYBATH IS
IPAKTUYHOTO 3aCTOCYBAHHSA, HE € YU Hall R* pe3yibTaroM BAAJIOro 30iry
o0cTaBuH.
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JIst IepeBipKy 3HAYYIIIOCTI PIBHSAHHS perpecii 3arajioM 3aCTOCOBYIOTh
F-xpurepiit @imepa. Jlns mepeBipky 3HAYYMIOCTI OKpeMHUX KOedilli€HTiB
3aCTOCOBYIOTH f-KpuTepiii CThIOJeHTa.

[Tpu 3actocyBanHi F-kputepis Dimiepa nepeBipsrOTh TiMOTE3u:

HYJIbOBA TinoTe3a Hy: "Moiens cTaTHCTHIHO He3HauyIa (KoedimieHTn
npu (hakTOpax MO piBHI HYIIO, ()aKTOPH HisIK HE BILUTUBAIOTH Ha Y)";

anpTepHaThBHA TimoTe3a H;: "Mopenp 3Hauyma (xoua O onuH
koedimienT mpu gakTopax Moaesi BiIMIHHAN Bix HYII)".

Juisa moneni mapHoi perpecii (hakTHIHE 3HAYCHHS F jacr BU3HAYAETHCS 32
(hopmyJioro:

2 72
Fioer = R sy (n=2)=+"5(n-2), (7.59)
il -R ) 1-r
xy
ne n— obesr BuOipKH, R* — KoedillienT qetepMinaii (mokasye, skuii % 3Min
Y [OSCHIOETBCS OTPMMAHMM DPIiBHSHHAM perpecii), rn> — KBaapar
koedirierTa niniiHOT Kopesmii [lipcoHa.

Kputnune 3Hauenns F-kpurepito @imepa Fy, 3Haxoaumo 3a
tadyunero A.11 (muB. Jlogarok A) mjs creneHiB ¢cBoOOAM: ki (TOPH30HTAIIB)
ki=1 nns Mmozeni mapHoOi perpecii, k» (BepTukanb) ko=n—2 1 Mozei mapHoi
perpecii Ta piBHIO 3HauymocTi a (3a3suuait 0,05 ado 0,01).

Ao Fpae>Fip (B35T0 3 Tabnuii posnoziny dimepa s 3aaaHOro
piBHs 3HauymocTi, Harpukiay, 0,05), To rimotesy Hy BiAXWiseMo, MOJENb
BB2XAEThCS CTATHCTHYHO 3Hauymor. lle o3Havae, mio 11 MOXHa
BUKOPUCTOBYBATH LIS MPOTHO3YBaHHS. AKIMIO Fyar<Fip, TO TinOTE3Y Ho HE
BIJIXWJIIEMO, MOJIENb CTATUCTUYHO HE3HAUYIIA.

Skmo Mozenb perpecii BUSBISAETHCS 3HAYYIIO, TO, BAKOPUCTOBYIOUH
t- xputepiit CThIOZIGHTa, MOKHA 3'ICYBaTH HACKIJIBKHM 3HAYYIIUM € BIUIUB
He3aJIe)KHOT 3MiHHOI X Ha mapameTp Y.

He3MileHO0 OIIHKOK qUCEPCii 0> € BenuunHa S, sKa BU3HAYAETHCS
3a popmyroro:

§%= i(yi -Y). (7.60)

O3nauenns 7.5. BenuunHa S Ha3UBA€ETLCS CIMAHOAPMHON NOMUTKOIO
peepecii 1 € MipoI0 PO3KUAY 3aJIeXKHOI 3MIHHOI 0171 JIiHii perpecii.
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Tomi cranmapTHI MOMUIKH KoeimieHTiB perpecii by 1 b1 BU3HAYAIOTHCS
dhopmynamu:

(7.61)

3HaMEHHUK TIOKa3ye Bapiamito camoro (akropy x. UuM OibIme
PO3KHIAHHUH X, THM TOYHIIIE 3MOKEMO BH3HAYUTH HAXHJI MIPSIMO].
Bemuunuu S, Ta S;, BHKOPHCTOBYIOTHCS UL noOyAOBU JOBIpUMX

IHTEpBaJliB, KM HAJIe)KaTh MapaMeTpH ICTHMHHOI perpecii Ta MepeBipKh
3HAYYIIOCTI KOe(illiEHTIB perpecii.

Ockinbku KoedilieHTH perpecii bo 1 b oTpuMaHi 3a BUOIpKOIO, TO BOHH
€ BHUIAJKOBHMH YHCJIaMH, TOOTO iX 3HAYEHHS MOXYTh OyTH JHIIe
BHITAIKOBO BiAMIHHI Biag Hyns. ToMy IPOBOIATH MEPEBIpKY 3HATYIIOCTI
KoeilieHTiB perpecii, TOOTO MepeBipKy TOro, Y 3HAYMMO BOHH BiJMiHHI
BiJ] HYJIS.

Jlns 1bOro BHKOPHCTOBYIOTH TIEPEBIPKY TilMOTE3 3a [-KPUTEPiEM
CreronienTa. IlepeBipumo 3Hauymiicth Koeditienta bi. ChopmyioeMo
rimoTesu:

HynsoBa rinore3a Ho: "KoedimieHT b1=0 — KoedillieHT CTAaTHCTUIHO
HesHauumuid. [le o3Hauae, 1m0 Gakrop X HisIK HE BIUTMBAE HA Y, a T€ YHCIIO,
SIKE OTPUMAJIH TIPH PO3PAXYHKY, — IPOCTO BUITAIKOBICTh Yepe3 0COOTUBOCTI
BUOIpKH";

anpTepHathBHAa Tinmore3a H;: "Koedimiear b1#0 — xoedimieHT
CTaTUCTUYHO 3Hauymuid. DakTop peanbHO BIUIMBAE HA PE3YJNBTAT, HOTrO
3B'SI30K 3 Y MiATBEPIKEHO MAaTEeMaTUIHO" .

Jns mMoxenmi mapHOi perpecii po3paxyemMo (akTuuHe 3HAYCHHS
{- CTATUCTHKH 3a POPMYJIOIO:

t =—. (7.62)
(akr S
by

o cyTi, nepeBipsemMo, y CKiIbKH pa3iB KoeillieHT by OB 3a CBOIO
BJIACHY IOMUJIKY.
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Kputnune 3maueHHs ¢-xpurepito CTpIOJEHTa fq 3HAXOAWMO 3a
tabmurero A.4 (muB. Jlomatok A) ajis cTerneHiB cBOOOIM k=n—2 Ta 3aJaHUM
piBHeM 3HauymocTi a (3a3Buuaii 0,05 ado 0,01).

SIKIO  |tyac|>tp, TO TimoTesa Hy mpo piBHICTE mapamerpa bi=0
BIIXWISETHCS, TapaMeTp b; ICTOTHO BIAMIHHWEN Bim HyIA, KoedirieHT
3HAYYIUH, a He3alexHa 3MiHHa X crIpaB/i BIUTMBAE HA TapaMeTp Y.

SIKIO  |tpacr|<txp, TO Timoresa Hy upHiiMaeThes, Koe(ilieHT by
HEe3HAYyIINY 1 He3ane)xHa 3MiHHa X He BIUTMBAE Ha mapametp Y.

JoBipuwmii iHTepBan KoedimieHTa perpecii b1 BU3Ha4a€eThes HOPMYIIOLO:

byt S), . (7.63)

3aysaxycenna 7.7. AHAIOTIYHO TEPEBIPSIETHCS 3HAUYINICTh BIIHHOTO
uneHa bo y piBHSHHI perpecii. [[ns mboro OOYHCIIOETHCS t-CTaTUCTHKA
b

Lpar = — | 3payeHHs KO MOPIBHIOETHCS 3 KPUTUYHUM (TaOIUYHUM) MIPH
Sty

k=n—2 crenensx cBoOomu. Takoxx OyIyeThCs MOBipUMi IHTEpBaN IS

koediuieHTa perpecii b ttyp Sy, - KO Hyms mnoTparuisie B MeEXi

JIOBIpYOTO iHTEpBaTy (HIDKHS MeEXKa BiJl’€MHA, a BEPXHS — JOJaTHA), TO
BIJMOBITHUI TapaMeTp BBAKAETHCS CTATUCTUYHO HE3HAUYIIUM, OCKLIBKU
OTpHMaHi J1aHi He JI03BOJSIOTH BIIKMHYTH TPUIYIIEHHS PO HOTO PiBHICTH
HYJIIO.

3aysaxcennsn 7.8. Y 3aranbHOMY BUTIISII I BUOIPKY Ta TaOIUIl TIPH
3HAXO/KCHHI Ifpaer A1 Koe(illieHTiB perpecii bo 1 b1 BHKOPHCTOBYIOTH

dhopmyu:

b
— ﬁ (7.64)
1
2 n 0'2-(1—R2)
em, = £ §2= Y — 3aJIMIIKOBA JIUCIIEPCIS;
i b 2 Mg _9 pi P 5
n-o n
b
! parcr =ﬁ, (7.65)
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S2.3 n x?

n-an(x—)_c)z

CHpaB)I(H€ 3HAYCHHS by JICKUTH Yy HdiarasoH1 bO ile ~mb0 , 4 JOBIpYHNHN

ae my = abo my, =

iHTepBan Koediuienra perpecii bi: by ti,, “ny, .

IIporno3yBaHHsi Ha OCHOBI JiHilHOI perpecii

Axmo 3a Bubipkoo obcsary n 3HaipeHo piBHAHHS (7.39) miHiitHOI
perpecii, TO 3a JONOMOIO0 HOTO MOXHA TMPOTHO3YBAaTH 3HAYCHHS
pe3ynbTaTy Ympor 3@ TEBHOIO MPOTHO3HOTO 3HAYCHHS (aKTOPY Xupor-
3HAYEHHS Xmpor MIACTABIIAIOT y PiBHIHHS (7.39).

OCKIUIBKH TOYHE PIBHSHHS perpecii HEBiOMe, TO TOYHHH IPOTHO3
pobutn He MokemMo. MoOKHa TUIBKM CTBEpIKYBaTH, IO IPOTHO3HE
3HAYCHHS PE3YJIbTATY Yipor IPH JAHOMY Xppor 13 HMOBIPHICTIO Y IOTPAIIUTh Y
TOBipumil iHTEPBAI Yipor. IMOBIPHICTH y Ha3WBAETHCS PiBHEM HATIHHOCTI.

IMoMuka MpoOrHo3y BU3HAYAETHCS 332 (HOPMYIIOHO:

tior =9+ |1+ —4+—F, 7.66
por T (7.66)
2l —x
i=1
nie S BuU3HavaeThes 3a popmysoro (7.60).
dopmysia Juist IHTEpBaTy IPOTHO3Y Ma€ BUIJIS:
Yl‘IpOl':l:th' tnpor- (767)

Ouinka TOYHOCTI perpeciiiHMX MojeJIei

J1J1g OIliHKM TOYHOCTI perpeciiHoi MOeNi AOIIIBHO BUKOPHUCTOBYBATH
CEepEJIHIO BiJIHOCHY MOMMUJIKY alpOKCUMAIIIi.

Osnauennsn 7.6. CepeoHs nomuaka anpoxcumayii — 1€ CepemHe
BiZIXMJICHHS PO3PaxyHKOBHX 3HAYEHb BiJ] (PaKTHUHUX:

n

- Y,
A=1.3122 009 (7.68)
no=| Vi
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UuM MeHIe pO3CIIOBaHHS EMITIPUYHUX TOYOK HABKOJIO TEOPETHUHOT
JIHIT perpecii, THM MEHIIIa cepeaHs ITOMIIKA alTpOKCHUMAITii.

B exonomerpumi mpuitHATI Taki Mexi mut A: A<10%, To Momenb
BB2XXAEThCS ~ BHUCOKOTOYHOIO 1  MPHUJATHOW  JUISI  MPaKTUYHOTO

MIPOTHO3YBAHHS; ZE[IO%;ZO%) — TOYHICTH XOPOIIIa; A €[20%;50%) —
TOYHICTB 3am0BUIbHA; A >50% — TOYHICTH HE3aI0BIIbHA.
B imkeHepHUX po3paxyHKaxX MPUHHATI Taki Mexi 4: A €[1%;3%) —

MOJCINb 1IeaqbHO BH3HA4Yae TeXHIUHWU Tiporiec; A €[3%;7%) — BHCOKa
TOYHICTH (CTAaHAAPT JJI OUTBIIOCTI IHKEHEPHUX PO3PAXYHKIB Ta MPOCKTHUX

pimens); A €[7%;15%) — npuiAHATHA TOYHICTH (IOIMyCTHMA IS TTOTICPETHIX
€CKi3HUX pO3paxyHKiB a00 CKJIATHUX CHCTEM 3 BEITUKOIO KUIBKICTIO IITyMIB);

A>15% — Hu3bKa TOYHICTH (B IH)KEHEPHIN TaKy MOJIENb 3a3BUYail OpaKkyoTh
Ta IIYKalOTh HEBPaxoBaHi ()aKTOPU YW IOMUJIKH Y BUMIpPax).

KoedginienT exactuunocti

Y  JOCHIDKCHHSX INUPOKE 3aCTOCYBaHHS 3HAXOIUTh Koe@iyicHm
elacmuyHocmi.

Koedimiear emactnunocti E TOKa3sye, Ha CKIIBKH BIJCOTKIB B
CepeIHbOMY 3MIHUTHLCS PE3YJIbTaTUBHA O3HAKA V ITPH 3MiHi (hakTopy x Ha 1%
BiJl CBOIO HOMIiHaJbHOTO 3HaueHHs. J[ius miHilHOT perpecii y=bo+bi-x
KOeQiIlieHT eTaCTUIHOCTI TOPIBHIOE

E=b-=, (7.69)

X
y
Mpuxaag 70. Jns 8 crniBpoOITHHUKIB MIATPHEMCTBA JOCIIIWIA BILIUB

IHBECTHI[Ii B aBToMaTm3amiro (X, MJIH IpH.) Ha BHPYYKY BiJl OJHOTO
cniBpoOiTHHKA (Y, MIIH TpH.). 32 OTpUMaHUMU JJAHUMH CKIIAJIN TAOIUIIO:

i 1 |2 31415 6 7 8
X 122]30[35]40[48] 54 160 190
Y | 6717217319198 ]10,7]12,1 124

Tpeba 3naiiTi BUOipKoBUi KoedimieHT niHiitHOT Kopesiii [Tlipcona ta
NEepeBipUTH HOro 3HAYYLIiCTh NpH piBHI 3HauymocTi a=0,05. [loOyayBatu
piBHSHHS  perpecii Ais OPOTHO3YBaHHA BIUIMBY  iHBECTULIH B
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aBToMartn3amifo (X) Ha BUPYUKY BiJ OHOTO criBpoOiTHHKA (Y) Ta OmiHUTH
SAKICTh MOJIETI.

Po36’azannsn. 3a yMOBOIO laHi HecrpynoBaHi. Bubipkosuii koedimieHT
niHifiHOI kopensuii [lipcona 3Hatinemo 3a popmyioro (7.15). Pospaxyemo
3Hauenns X2, Y2, X-Y Ta ix cym.

Jig 3pydHOCTI TOJANBIINX OOYNCIIEHB CKIIaieMo TabmuIro 7.15, B Ky
BHECEMO 3HalICHI 3HAUCHHSI.

Tadmumsa 7.15
2 2

i Xi Vi Xi Vi Xi'Yi

1 2,2 6,7 4,84 44,89 14,74

2 3,0 7,2 9,00 51,84 21,60

3 3,5 7,3 12,25 53,29 25,55

4 4,0 9,1 16,00 82,81 36,40

5 4,8 9,8 23,04 96,04 47,04

6 5,4 10,7 29,16 114,49 57,78

7 6,0 12,1 36,00 146,41 72,60

8 9,0 12,4 81,00 | 153,76 | 111,60
> 37,9 75,3 211,29 | 743,53 | 387,31

3Hax0AMMO cepe/iHi 3HaueHHd X, y 3a popmynamu (7.8):

x=37,9/8=4,7375; y=75,3/8=9,4125.
Hus  dopmymu  (7.15) pospaxyemMo 3HA4Ye€HHS YHCEIbHUKA U
3HAMEHHUKA:
yrcenbHuK 8-387,31—(37,9-75,3)=3098,48—2853,87=244,61;
3HaMEHHUK (BHPa3H il KOPEHIMH)
8-211,29-(37,9)’=1690,32—-1436,41=253,91;
8-743,53—(75,3)’=5948,24-5670,09=278,15.
Tomi
P 244,61 < 244,61
Y [25391-,/27815 2657538
3rigHo 3i mkajgow Yenmoka, 3HaueHHs 0,9204 roBopuTh MPO IyKe
BUCOKY (CHIIbHY) MPSIMY JIHIHHY 3aJI€XKHICTb.
3pocTaHHs IHBECTHIIIH B aBTOMATH3allil0 Ha MIIIPHEMCTBI Bele 0
ICTOTHOTO 30UIBIICHHS BUPYYKH, 1[0 IPUIIAJa€ Ha OAHOIO MPaI[iBHUKA.
Jiist mepeBipKy TIMOTE3W NMPO 3HAYYIIICTh KoedilieHTa KOPENsIii 7y
PO3TISTHEMO JIBi TiMIOTE3H:

~0,9204.
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HymnpoBa rinmote3a Ho: "3B'SI3Ky MiX 1HBECTHIIISIMA B aBTOMATH3AIIIIO i
BHUPYYKOIO BiJI OTHOTO CITIBPOOITHIKA HEMAE, PE3yJIbTAT BUITAJKOBU .

AnprepHaTHBHA rinote3a Hi: "3B'I30K CTATUCTUYHO 3HAUYIIUHA "

OO0uuciroeMo GakTUUHE 3HAYCHHS f-KpUTEPiro 3a popmyioro (7.23):

. 09204-48-2 092046

1-(0.9204) 0,391

3a tabmunero A.4 (nuB. JJomaTtok A) Juist CTeneHiB cBoOoIU k= n—2=6
Ta 3aJaHuM piBHeM 3HauymocTi ¢=0,05 3HaX0AMMO KPUTHYHE 3HAYCHHS
tp=2,447.

OCKITBKH fpaer>tp (5,766>2,447), T0 Biaxuisgemo rinoresy Ho.

3 niMoBipHiCTIO 95% cTBEepmKyeMO, IO 3B'SI30K MK IHBECTHIISIMHA B
aBTOMATH3AaIliI0 1 BUPYYKOIO BiJl OJHOTO CITIBPOOITHUKA CTaTHCTHYHO
3HAYYIIUMN.

OckinbkH Maemo TpsMY JIiHIHHY 3aJIeXKHICTh, TO PIBHSHHS perpecii
srigHo popmynu (7.39) mae Burman Y=be+bi-x. Koedimientn miniiHHOT
perpecii by i b; 3HaX0AMMO MeTOOM HaliMeHIX kKBaapatiB (MHK).

Cucrema piBassab MHK 3a dopmymnoro (7.41) mae Burmsiz (miacTaBuMo
CyMH 3 TaOIHII):

~5,766.

(akr

211,29-b +37.9-b y=387,31,
37.9-b+8-by=T753.

Po3B’s130k cucremu: b1=0,963 (e o3Hadae, MO KOXKEH BKJIAJICHHHA B
aBTOMATH3AIlII0 MiTbiioH mpuHOCHTh +0,963 MiH. BuUpyukn); bo=~4,849
(6a3zoBa Bupy4Ka 0e3 ypaxyBaHHS IHBECTHIIIH B aBTOMATH3AIIIIO).

PiBHsIHHS perpecii Mae BUTIISI:

Y=4,849+0,963-x.

OTtpumane piBHSIHHS perpecii MO>KHa 3aCTOCOBYBATH ISl IPOTHO3Y TIPO
BUPYUYKY MiJNPUEMCTBA TIPU BKJIAJCHHI 1HBECTHI[Ii B aBTOMAaTH3aIlilo,
HanpHuKiag, 5 MitH rpa. OTpuMaeMo po3paxyHOK:

Y=4,849+0,963-5=4,849+4,815=9,664 MIIH IpH.

Jdnust  OIHKH  SIKOCTI ~ MOJeNli  BUKOPUCTOBYEMO  KOEQIIli€HT
nerepminanii R>. Bin  gopiBHioe KBajgpary KoedilieHTa KOpesiii
ITipcona ry?, T006T0 R*=r\,*=(0,9204)’~0,85 (abo 85%). Bin mokasye, 1m0
85% Bapiallii BUPYUKH TOSCHIOETHCS caMe PiIBHEM aBTOMAaTH3allii.

Biamnogiab: 7,~0,9204. 3B'130K MiX IHBECTHIISIMU B aBTOMATH3AIIII0 Ha
HiATPUEMCTBI BeJle A0 iCTOTHOTO 30iNIbIIeHHs BUPYUYKHU. PiBHSHHA perpecii
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Y=4,849+0,963-x, xoedimienT merepminamii R><0,85. Mogens Ha 85%
MOSICHIOE 3MiHY BHPYYKH (DaKTOPOM iHBECTYBaHHS B aBTOMATH3AIIIfO.

Mpuxnax 71. 3a 7aHUMU MPOBEICHOTO OMMTYBaHHS 8 ciMed Bimomi
3B'SI3KM BUTpAT Ha MPOAyKTH xapuyBanus Y: 0,8 1,1 1,72,12,42,73,13,5(y
THC. TPH.) Ta piBHeM goxoxiB ciMi X: 1,03,15,27,19,4 11,3 14,1 18,2. (y
THC. TpH.). Tpeba 3HANTH PIBHAHHS MApHOI perpecii. 3poOUTH OIIHKY SKOCTI
piBHSHHS perpecii B IJIOMy Ta OI[IHKY CTaTHCTUYHOI 3HAYyIIOCTI
koe(imieHTiB perpecii Ta Kopemsmii 3a -kpurepieM CThIOACHTa IIPH PiBHI
3ragymocti a=0,05. CkiacTu 1OBipUnii iHTEPBAI POTHO3Y JUIS CEPEIHBOTO
noxony. [ToOymyBaTu rpadik nmpsmoi JiHii perpecii.

Po3é¢’szannsn. PiBHsHHsA perpecii 3Haiimemo 3a dopmynoro (7.39).
Koediuientn miniiHOi perpecii by i by 3Haxommmo 3a MHK. Cmouartky
3HaWUJIEMO HEOOXIHI CyMH ISl CHCTEMH HOpMaJIbHHX PiBHSHB (7.41).

Pospaxyemo 3mauenns X?, Y? , XY ta ix cymm. Jlng 3pydsocri
MOATBIINX OOYHCIICHD CKJIaeMo Tabiumo 7.16, B AKy BHECEMO 3HaWeHi

3HAYEHHS.
Tabmuus 7.16

i Xi Yi x;2 yi® Xi'Yi
1,0 0,8 1,0 0,64 0,8
3,1 1,1 9,61 1,21 3,41
5,2 1,7 27,04 2,89 8,84
7,1 2,1 50,41 441 14,91
9.4 2,4 88,36 5,76 22,56

11,3 27 | 127,69 | 729 | 30,51
14,1 31 | 19881 | 9,61 | 43,71
18,2 35 | 33124 | 1225 | 63,

694 | 174 | 834,16 | 44.06 | 188,44

x =8,675| y =2,175

Mloo|Q|an|n||w|[o|—

Pospaxyemo koedinienT b 3a popmyioro (7.43):
_3-18844-694-174 299,96 _
8-834,16—(69,4)°  1856,92

Po3zpaxyemo koeditieHT by 3a popmyoro (7.44):
bo=17,4/8-0,162-69,4/8=2,175-0,162-8,675=0,77.
PiBusirHg perpecii mae Burisia: Y=0,77+0,162-x.

2
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JlomaTkoBO CKJIaIeMO HACTYNMHY Taonumio 7.17 3 BeIMYMHAMH,
MOTPIOHUMH TSI IOJANTBIITNX PO3PaXyHKIB.
Tabmuis 7.17
Vi 0,8 1,1 1,7 2,1 2.4 2,7 3,1 3,5
Xi 1,0 3,1 5,2 7,1 94 | 11,3 | 14,1 18,2
x—x |-7.675 |-5,575 |-3,475|-1,575 0,725 |2,625 | 5,425 |9,525
Y, 10932 | 1,272 | 1,612 | 1,92 | 2,292 | 2,60 | 3,054 | 3,718
y~Y: 0,132 |-0,172 | 0,088 | 0,18 | 0,108 | 0,1 | 0,046 |-0,218
(v~Y)?* 10,0174 10,0296 [0,0077 0,0324 10,0117 |0,01 [0,0021 |0,0475

[Tobymyemo rpadik mpsiMoi niHii perpecii (puc. 7.2).

y=077+0,162x

._.
-

T

1

1

1

1
F------®

o
(=]
T
1
—loo-- b

iy

31 71 54 113 141 18,2

LA
%]

Pucynok 7.2

Jdnst  OIHKH  SIKOCTI  MOJeNi  BHKOPUCTOBYEMO  KOEQiIli€eHT
nerepminarii R,
BubipkoBuii xoedimienTt miniHOT Kopensmii Ilipcona 3Haiimemo 3a
dopmyioro (7.15).
8-188,44-69,4-17,4 299,96

rxy = =
8-834,16— (69.4)% -/8-44,06— (17,4 V185692 -1/49.72
3B'S130K Jy’K€ BUCOKHUH 1 MPSMHIA.
R*=r,,*=(0,9872)’~0,975.
e o3nauae, mo y 97,5% cimeil Bapiauist BUTpaT Ha XapyyBaHHS
MOSICHIOETHCS piBHEM JI0X01y. MoJjiens Jiyxe sKicHa.

~0,9872.
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[TepeBiprMO CTAaTHCTHYHY 3HAUYIIICTh KOSHIIIEHTA KOPEIISALIT 75y
O6unciroeMo pakTHIHE 3HAUYEHHS f-KpUTEPiro 3a popmyoro (7.23):

09872-4/8-20,9872-4/6

Lo = ~
" J1-(098727 01595

3a tabmurero A.4 (muB. JlomaTtok A) s cTeneHiB cBoboan k= n—2=6
Ta 3aJaHuM piBHEM 3Ha4ymocTi ¢=0,05 3HaXOJUMO KPUTHYHE 3HAYCHHS
to=2,447.

OCKITBKH  fpac>tp  (15,16>2,447), To KoedimieHT KOpemsmii
CTaTUCTUYHO 3HAYYIIHN.

=15]16.

Jns moBHOI OIHKHM SIKOCTI DIiBHSHHS perpecii 3arajoM HEOOXiZHO
BUKOPHUCTOBYBaTH F-kputepiit Pimepa. OCKiIbKKA MOJENb perpecii mapHa,
TO pakTHIHE 3HAYCHHS F jaxr 3HAXOTUMO 32 (hOpMyIOF0 (7.59): Fpar=234.0.

Kputnune 3Hauennss F-kpurepito @imepa Fy, 3Haxoaumo 3a
tabmumero A.11 (quB. Jomatok A) st cTeneHiB cBoOoau: ki (TOPU30OHTAIIb)
ki=1 mms mozxeni mapHoi perpecii, k» (BepTHKaib) ko=n—2=6 nmus mozeni
napHoi perpecii Ta piBHio 3HauymocTi 0=0,05. F(,=5,99.

Ockinbku  Fpaer>Fip (234,0>5,99), piBHAHHS perpecii BU3HAETHCS
CTaTHCTUYHO 3HAUYYIIUM B IIOMY. IMOBIpHICTH TOTO, IO TaKa 3aJIEKHICTh
OTpUMaHa BUIAKOBO, JTy)KE Maja.

Kpim F-kpurepiro, SIKICTh MOJIE XapaKTEPH3YIOTh: CEPE/IHS MOMUIIKA
anpoKcuMalii 4 Ta cTaHAapTHA MOMIJIKA S perpecii.

CepeHIo MOMUIKY anpokcumaiiii 4 3Haxoaumo 3a Gopmyoro (7.68).
3HaleMO CyMH:

i yi ~ Y
=1 Vi
Tomi 4=0,618/8-100%=17,7%.
Ockinbku  3HaueHHss A  wmenme 10%, Moaens  BBaKA€ThCS
BHCOKOTOYHOIO 1 MOKE 3aCTOCOBYBATHCH y MTPAKTHYHUX PO3PaXyHKaX.
CranaapTHy HOMUJIKY S perpecii 3HaxoauMo 3a (HopMyIIo

S:\/ 12§()’i_Yi)2-

n—=2,q

=0,165+0,156+0,052+0,086+0,045+0,037+0,015+0,062=0,618.
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1 8
3HaiieMo P > (y,- -Y, )2 =(0,0174+0,0296+0,0077+0,0324+0,0117+0,01+
i=l
+0,0021+0,0475)/6=0,1584/6=0,0264.
Tomi S =/0,0264 =0,162 (Tuc. rpH.).

Le cepenne BigxuaeHHS peabHUX BUTPAT Bifl pO3PaXyHKOBHUX.

3pobuMo OIIHKY SIKOCTI Koe]ilieHTiB perpecii by 1 bi.
1) Po3paxyemo ctangapTHy MOMMIKY KoediumieHTa by 3a (OpMYIIOH0

8 -
(7.61). 3naiinemo Z(xi —x)z =232,115 i miacraBumMo B popmyry
i=1

S, =0162- Lmzo,162~0,67z0,1085.
0 8:232,115

3HaxoauMo (hakTHUYHE 3HAUCHHS f- CTATUCTUKH JJIs by 32 popMyInoro
b 0,77
L parr = 2 - = ~7,097.
Sy, 0,1085
[TopiBHSIEMO 3 TAOJUYHUM 3HAYCHHSIM f=2,447 (3HAWICHO BHIIE).
OCKUTBKHA tgair>tip (7,097>2,447), To KOeii€HT by CTATUCTHYHO 3HATYIIIUH.
Ile o3Hauae, M0 HaBITH 32 MIHIMAIBHOTO JOXOAY ICHYIOTh NEBHI 0a30Bi
BUTpATH Ha XapuyBaHHs, IKi MOJIENb (PiKCY€E KOPEKTHO.
2) Po3paxyemo cranmapTHy MOMIIKY KoedilieHTa by 3a (HopMyroro
(7.61).
1
232,115

3HaxoauMoO (haKTUYHE 3HAUEHHS f- CTATUCTUKHU Ui b 3a (HOpMYIIOr0
(7.62)

Sp, =0,162- ~0,162-0,0656 ~ 0,0106 .

tpar=0,162/0,0106~15,283.

ITopiBHSEMO 3 TAOIMYHHUM 3HAUCHHAM tp=2,447. OCKIIBKH fpair>tip
(15,283>2,447), To koeditieHT b craTucTyHO 3HaUYyIwii. Lle o3Havae, mo
JIOX1J BIUITMBA€ Ha BUTPATH.

CxkiiaZieMO JOBIpYMi I1HTEpBaJl IPOrHO3Y IS CEPEIHBOrO JIOXOIY
X =8,675. CranjapTHa MOMMIJIKA MTPOTHO3Y S 3aJIEKUTH BiJ] TOTO, HACKIITBKH
JIAJIeKO X 3HAXOAMTHCS BiJ cepeaHboro x . JloBipuuii iHTEpBaj MPOrHO3Y
3HaxoAuMO 3a (opmyroro (7.67). Hampuknan, Bi3bMeMO 3HAYCHHS TOXOIY
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Xupor=20. Tomi Yipor=0,77+0,162-20=4,01. [lomrika mporHO3y BU3HAYAETHCS
3a popmymoro (7.66):

2
tnpor:o,m.JHLM 0,162 JT§776 ~0,2098.
8 232,115
Toni onist iHTEpBaTy IPOTrHO3y MAaTHMEMO
Ymin=4,01-2,447-0,2098=3,4966; Ymax=4,0142,447-0,2098=4,5234.

3 iiMoBipHICTIO 95% MOXXHA CTBEpKYBATH, IO TPH PiBHI JOXOIY CiM'T
20 THC. TPH., BUTPATH Ha Xap4yBaHHS CTAHOBUTUMYTh MpuOIM3HO Bix 3,50
10 4,52 Tuc. rpH.

BigmoBinb: r,~0,9872, koedillieHT KOpesIii CTATHCTUYHO 3HATYIITHI
(tpacr=15,16); Fya=234 — piBHsAHHSA perpecii (Y=0,77+0,162-x) cTaTHCTUIHO
3Ha4Yylie B [UIOMY; KoediieHT bo=0,77 CTaTUCTHYHO 3HAYYIIHHA
(tpa=7,097); xoedimient b1=0,162 craTUcTUIHO 3HATYIIUHN (fpa=15,283);
IHTepBaJl IPOTHO3Y ISl CepelHbOro noxony [3,4966;4,5234].

Mpukaan 72. BUB4aloTh 3aJI€KHICTD MK 06aJ710M 3a TECT 3 MATEMAaTHK!
(X) Ta 6anom 3a Tect 3 dizuku (Y) y rpynu 3 50 crynenris (n=50). Orpumani
JaHI ToIaHI y BHIVIAAI KopensmiitHoi Tabmumi. Tpeba 3HAHTH piBHIHHS
nmapHoi perpecii. 3poOHUTH OLIHKY CTaTUCTHYHOI 3HAYYMIOCTI KOE(IIliEHTIB
perpecii 3a t-kpurepiem CTbloJieHTa npu piBHI 3HauymocTi a=0,05.

Po3zé’sazanna. JloOaTKOBO PO3PAXOBYEMO MyX, NeX’, Myy, Myy® 1
BHOCHMO X 3Ha4eHHS y Ta0muiro 7.18.

Tabnuns 7.18

X
v 1(F) | 2(FX) |3(D-E) |4B-C)| 5(A) | n, | nyy | nyy?
1F) | 5 2 0 0 0 7 7 7
2FX) | 1 6 3 0 0 | 10 | 20 | 40
3D-E)| 0 2 10 4 0 | 16 | 48 | 144
4B-C)| 0 0 2 8 2 | 12 | 48 [ 192
5A) | 0 0 0 1 4 5 | 25 | 125
n, | 6 | 10 15 13 | 6 |n=50]| 148 | 508
nex | 6 | 20 | 45 52 | 30 | 153
nex> | 6 | 40 | 135 | 208 | 150 | 539

Po3spaxoByemo miis X1 Y cepenni 3a hopmyiioro (7.18):
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x=153/50=3,06; =148/50=2,96

) 1 75 (2. 1 =5 [~
Ta qucnepcii 3a Gpopmynamu Gf:—-xz—(x) 10'52—')/ —(y)2:
n n

)? =539/50=10,78; o-f =10,78—(3,06)>=10,78-9,36=1,42;

y 2 =508/50=10,16; 6}2/ =10,16—(2,92)*=10,16-8,76=1,40.

PospaxoByemo cymu )y njxi*y;. bepeMo K0xHY KIIITHHKY, Jie 4acToTa
n;; OLBIIA 32 HYJIb 1 YTBOPIOEMO TOOYTKH:
(1-1-5)+(2-1-2)=5+4=9; (1-2-1)+(2:2-6)+(3-2:3)=2+24+18=44;
(2:3:2)+(3-3-10)+(4-3-4)=12+90+48=150;
(3-4-2)+(4-4-8)+(5-4-2)=24+128+40=192;
(4-5-1)+(5-5-4)=20+100=120.
Pazom Y'Y nijxiry=9+44+150+192+120=515. Toxmi xy=515/50=10,3.
cov(X,Y)=10,3—(3,06-2,96)=10,3-9,0576=1,2424.
Koeinientn perpecii MoxxHa 3HaiTH 32 hopmymamu:
bi= cov(X,Y)/0:’=1,2424/1,42~0,875; bo= y — by- x=2,96-0,875-3,06=0,283.
PiBHsIHHS perpecii Mae BUTIISA
Y=0,283+0,875-x.
KoedimienT kopensuii 3Haiaemo 3a hopmysoro (7.12)
1,2424 11,2424

T a2 Ji40 | L4l

3BSI30K MK TecTaMH CHIBHUHU (r,—0,88), TOuHICTH MOJENi BHCOKA,
ockinbku R’=r,?=(0,88)%<0,77 (77% Bapiawii 6ajiB 3 (i3UKH MOSCHIOETHCS
0aJyIoM 3 MaTEeMaTHKH).

[TepeBipUMO CTaTHCTHYHY 3HAYYIIICTh KOSHIIIEHTA KOPEIIALIT 7y

O0uunciI0eMo GakTUUHE 3HAYCHHS f-KpUTEPiro 3a Gopmyiioro (7.23):

_088-50-2 08848 .,
Ji-(088)  /0.2256

Kputnune 3HaueHHs f-kputepito CThIOJIGHTa fp 3HAXOJUMO 32
tabnuiero A.4 (nuB. Jlonatok A) miist creneHiB cBodoau k=n—2=50-2=48 ta
3agaHuM piBHeM 3HauymocTi a=0,05: £,~2,021.

OCKUTBKH fpacr>tip (12,87>2,021), TO 3B'I30K BU3HAETHCS CTATUCTHYHO
JIOCTOBIPHHM.

3pobuMo OIiHKY SAKOCTI KoediienTa perpecii b1. Po3risaemo rinoresu:

~0,88.

l takr
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Ho: "ban o mpenmerty X He BruinBae Ha 0ai 3 mpeameTa Y (3B'I3Ky
Hemae)"; Hi: "IcHye nmiHiiiHa 3a51€XKHICTh MIX ycmixamu B TecTi X 1 Y.
3Hali1eMO 3aIMIIKOBY TUCTIEPCiIO

om0 (1-”*) _50-1.40-(1-0.77)
d (n-2) 48
CrannapTHa MOMUIIKA my, KoedilieHTy perpecii bi:

2
my 552 _ [ 0335 _ 0,0047 ~ 0,0686.
" Vnoo?  V50-1.42

3HaxoauMoO (haKTUYHE 3HAYCHHS f- CTATUCTUKHU ULl b 3a (HOpMYIIOr0
(7.64)

~0,335.

tpaci=0,875/0,0686~12,755.

Kputnune 3nauyenHs t-kpurepiro CThIOfEHTa 1=2,021 (3HaiimeHO
Bule). OCKUIBKHU fgacr>tp (12,755>2,021), TO 3B'I30K MiX MpeaMeTaMH
CTaTUCTUYHO 3HAYYIIIUM.

3poOuMO OILIIHKY SIKOCTI KoedilieHTa perpecii bo. Po3risHemo rinoresu:

CranzapTHa OMHIKA 1, KOCILI€HTY perpecii bo:

s2.x>  [0335-10,78
- ~ J0,0509 ~0,2256.
) 501,42

3HaxoauMoO (haKTUYHE 3HAUEHHS f- CTATUCTUKHU UL by 3a (HOpMYIIOr0

(7.65)
tpar=0,283/0,2256~1,254.

OCKINBKH fpacr<tip (1,254<2,021), TOo KoedillieHT by CTATHCTHYHO HE
3Hauynuii. Lle o3Havae, 1110 npsMa IPoXOAUTh AOCUTH OJIM3BKO 110 TOYATKY
KOOPJIMHAT, 1 HE MOYKHA BIIEBHEHO CKa3aTH, III0 BOHA TIEPETHHAE BiCh Y came
B Touri 0,283, a He B 0.

Bigmosiae: Y=0,283+0,875-x, koedimient 5;=0,875 cTaTHCTUIHO
3Hauynwi, koediieHT hp=0,283 cTaTHCTUYHO HE 3HAYYIIIHIA.

7.2.2 Heninilina perpecis
Barato mporieciB mo cyti He € JiHiAHMMH. CIiBBIIHOLICHHS MIX
3MiHHUMHM X Ta Y HE 3aBXIU MOXKHA aJEKBATHO OIMCATH 3a JOIIOMOIOIO

JMHIAHUX MOJEeNel, OCKUTBKY 116 MOXEe MPU3BECTH JI0 3HAYHOTO 3MIIlEHHS
OIIHOK. THIOBMMHU NMPHUKJIAaMU HETIHIMHUX 3aJIeKHOCTEH € 3B’SI30K MiX
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00CATOM BHWITYCKY MPOIYKIi Ta BUPOOHWYUMH (akTopamu (BHPOOHWYI
(yHKIIIT), a TAKOX 3aJIEKHICTH MMONMUTY HAa TOBAPH BiJl PIBHA LIH YH TOXO/IB
HacelneHHs  (QyHKIii  emacTHYHOCTI) TOomo. Y  TaKuUX  BHITAIKax
BUKOPHUCTOBYIOTh HEJIHIIHY perpecito, Uit SKOi y 3arajlbHOMY BHIIAIKY
PIBHSHHS MOXHA ITOATH Y BUTISAL y=f(x).

Po3pi3HAIOTH MBa KIIacH HEMHIHHIX MOACIICH:
1) Perpecii, HemiHilHI 3a MOSCHIOYMMHU 3MIHHUMH, ajie JiHIHHI 3a
OITIHIOBAaHMUMH TapaMeTpamu. [IprukiramaMu Takux MOJIEIeH €:
- TMIOJTIHOMH Pi3HHX CTeNeHiB y=bo+b1-x+byx?, Y=bo+b -x+byx*+b3-x>
Ta 1HIIII;
- pIBHOCTOpPOHHSI rinepOona y=bo+bi/x;
- HarmiBnorapudmigHa QyHKIiT y=bo+bi-In x.
2) Perpecii, HemiHiliHI 3a OIliHIOBaHUMH TapameTpamu. Jlo HHX
HaJle)KaTh Taki QYHKIIT, sIK:
- CTEIIEHeBa y = b, Xt
- OKa3HHUKOBA y =by-b";
- eKCTIOHeHIanbHa y = e
Jis oliHIOBaHHS MMapaMeTpiB HENiHIMHUX MOJENed y CTaTHCTHUIl
3aCTOCOBYIOTH JIBa OCHOBHI ITiJIXOJIH.

[epmmit migxin. Memoo nineapuzayii (aHANITUYHE TIEPETBOPEHHS): 32
JIOTIOMOTOr0 JlorapudMyBaHHS a00 3aMiHM 3MIHHUX HeIiHiiHAa MOJehb
3BOJIUTBCSL A0 JiHiMHOTO BHUrIALy. Lle [103BOJsiE BHKOPHCTOBYBAaTH
KIIAaCMYHUH MeToy; HaiimeHmmx kBazaparie (MHK) s 3HaxomxeHHS
rapaMeTpiB..

Hpyrwii miaxin. [psami memoou HeainitiHo20 OYiHIO8aHH: IKIIO MOJIEINTh
HEMOJJIMBO JIiHEapu3yBaTH (HANPUKIIAA, BOHA € ICTOTHO HEJiHIHOIO 3a
napameTpamu), BAKOPUCTOBYIOTh iTepalliifHi YucelbHI MeTOAU (HAIPUKIIA],
meron l'aycca-Hpioroma abo MeTon Tpaji€eHTHOTO CIYCKY) JUist
Oe3nocepeHbOT MiHIMI3AIIT CyMH KBaJpaTiB BiAXUICHb.

Merton naiimenmux kBagpaTiB (MHK) 3actocoByerbes He TibKH 10
JMHIAHAX Momenei, a W [0 OIIBIN 3arajJjbHUX BHIAAKIB, BKIIOYAIOYH
HEJTiHIiHI MOJIENI Ta MOJIEITi 3 KiTbKoMa 3MiHHUMH. [IpuHIMI 3anumniaeTbes
TUM CaMHUM: MiHIMi3alis CyMH KBaJIpaTiB 3aJIMIIKIB.
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PosrasaeMo aeski mapHi HENMHIHHI piBHSIHHS pETrpecii, Mo BiTHOCATHCS
JI0 TIEPIIOTO Kiacy, SKi MOXHA 3BECTH [0 MapHUX JIHIWHUX NIITXOM
BIJIMOBIAHUX TEPETBOPEHb 3MIHHUX Ta MapaMmeTpiB BHUXIAHUX DPiBHIHb
perpecii

a) IonminoM apyroro crenens y=bo+b;-x+by-x* 3BOAUTHCS 10 JTiHIHHOTO
BUIUIULY IUIIXOM 3aMiHM: X=X, X’=X,. BiH 3a3Buuall 3aCTOCOBYETHCS B
BUTIAJKAX, KOIW JJIsl TEBHOTO IHTEpBANly 3HA4YeHb (PAKTOPY 3MIHIOETHCS
XapakTep 3BSI3KY PO3IJISAYBAHMX O3HAK: MPSIMUU 3B'SI30K 3MIHIOETHCS Ha
3BOPOTHIH, YW 3BOPOTHIH — Ha npaMuii. B pesympTaTi OTpMMaeMo
IBO(GAKTOPHE PIBHAHHA y=bo+bi-X1+b2x2 (3HAXOIKCHHS KOoe(DillieHTIB
[IFOTO PIBHSHHS PO3TIITHEMO HIDKUE Y po37imi « MHOXHWHHA pEerpecisn).

Jlns  piBHsHHA perpecii  y=bo+bi-x+brx*> MOKXHa 3aCTOCOBYBAaTH
6e3nocepenaro MHK, ockiTbky BOHO € JTiHIHHNM 3a apamerpamu bo, b1, bs
HE3BAKAIOYM Ha HENIHIWHY 3aJeKHICTh B 3MiHHOI Xx. Po3rmsHemo mis
uporo MHK.

Maemo KBagpaTHy MOJIETh PETPecii Mae BUTIIS:

y=bo+b1-x+b2-x2, (7.70)

ne bo, b1, b, — HeBioMi koedilieHTH perpecii.
3a MeTOZI0M HaWMEHIIHMX KBaJIpaTiB HEOOXIMHO MiHIMI3yBaTH CyMy
kBapariB 3amuiKiB Q(bo,b1,bs):

n
2 .
Q(bo,b],bz):Z(yi—(b0+b1xl-+b2xl- ) — min . (7.71)
i=1
Jus 3HaxomxeHHs by, bi, b, 3HAXOMUMO YACTHHHI MOXimHI (DyHKITT
Q(bo,b1,b2) IO KOXKHOMY 3 IUX TApPaMETPiB, MPHUPIBHIOEMO IX A0 HYIS,
MPUBOJIUMO TOAI0HI 1 PO3B’SI3yEMO CHCTEMY 3 TPHOX JIHIHHUX PiBHSHb:

n n n
bo'n+b1 le-i-bzlez :Zyl’
1=1 1=1 1=1
n

by Do +by 2x7 by i =Y (i), (7.72)
1=1 1=1 1=1 1=1

n n n n
b, lez +Db, ZXE’ +b, fo' =Z(yi xlz)
1=1 1=1 =1

1=1
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Po3p’s3yroun cucreMy piBHsAHB (7.72) oTpuMaeMo OWIHKH by ,b; ,b,

napameTpiB by, b1, ba.

0) limepOona y=bo+bi/x 3BOAUTHCS 1O JIHIMHOTO BUTIIALY IIISTXOM
samiam: z=1/x. Toni MmaTumMeMo y=bo+bi-z, TOOTO MiX y 1 7 iCHY€E JIHIHHAN
3B'130K. Cucrema JiHIHHUX piBHSHBL mpu 3actocyBanHi MHK Oyne matu
BUTJISII:

n 1 n
b() -n+b1 -Z;zZyi,
i=l1 i=1 (773)

| noq n y;
— l
Y
i=1X i=1 X, i=1%
B) HamiBnorapudmiuna QyHkmist y=bo+b;-In x 3BOJUTHCS A0 NiHIHHOTO
BUTIIATY IUISTXOM 3aMiHu: z=In x;

Takoxx JuIsl HeNiHIAHOT perpecii, 10 BIIHOCHTBCS IO APYroro Kjiacy,
MO’KEMO 3aCTOCYBAaTH JliHeapu3amiro Mmoaeni. Hampukman:

a) CteneneBa y = b, axh Jlorapudmyemo piBHSIHHS 3a OCHOBOIO €:
I y=In (b -x" )=In by +bIn x.

3pobumo 3aminy 3miaHEX: X =In x, Y=Iny, A¢=Inbo. Maemo niniiiHy
Mozenb: Y=Ao+b:1X. 3actocoByemo MHK st 3HaxomkeHHs Ao Ta bi.
Cuctema niHiiiHUX piBHSIHB IpH 3actocyBanHi MHK Oyne matu Bursn:

n n
1=l 1=l (7.74)

n

Ay -i]n x; +by -3 (In Xi)z =
1=l 1=1

(lnxi -In )’i)-

M=

—_
I

1

IToriM 3HaXOIUMO bozeAO .
6) [ToxasuukoBa y =by-b," . JlorapudMyeMo piBHSHHS 32 OCHOBOIO €:

3pobumo 3aminy 3MiHHUX: Y=Iny, Ai;=Inb, A¢=Inby.
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Maemo miHifiHY wMogmenb: Y=Ao+Aix. 3acrocoByemo MHK mus
3HAXOMXKeHHS Ao Ta A|. CrucreMa JiHIMHUX piBHSAHB pu 3acTocyBanHi MHK
Oyne MaTu BUTIISA:

n n
Ay -n+ 4 -in =Zln Vi
== (7.75)

n n n
Ay X+ 4 lez ZZ(Xi “In yi)‘
1=1 1=1 1=1

3a [JOMOMOTOI 3BOPOTHHX IEPETBOPEHb 3HAXOAWMO  BHXIiJTHI

napaMmeTpu b0=eA° , by e,

by+byx

B) ExcnioHeHmianbHa MoJens y =e . Jlorapudpmyemo piBHIHHS 32

OCHOBOIO €:
ny=Mh (eb°+b‘x)=b0 +bx.
3pobumo 3amiHy 3MiHHUX: Y=Iny.
Maemo miHiiHY Mozenb: Y=bo+bi-x. 3acrocoByemo MHK mis
3HAXOKEeHHS by Ta bi. Cuctema NiHIHUX piBHAHB IpH 3acTocyBanHI MHK
OyJle MaTu BUTJISI:

== (7.76)

n

by - x; +b lez =Z(xi ‘In yi).
1=1 1=l 1=1

SKI10 MOIETTh HEMOKIIMBO JIiHEapi3yBaTH, BUKOPHUCTOBYIOTH iTE€paIliiiHi
merou. L{i MeToau MOYMHAKOTHCS 3 MOYATKOBUX 3HAYCHb NMapaMmeTpiB i
MOCTYNOBO KOPUTYIOTh iX, 100 3MEHIIMTH CyMy KBaJpaTiB MOMHIIOK.
[lpuknagom Ttakoro merony € anroput™ layca-HeloTona um wmetox
JleBenOepra-MapkBapara. BoHu BumaraioTh Oiblie 0OYHCIIIOBATBHUX
PECYpPCIB Ta MOXKYTh He 30iraTUCS 10 €MHOIO PO3B’SI3KY.

Oznauennsn 7.7. Ticnomy 38'a3ky midc @enuuunamu Ijisl HEIIHIHHOI
perpecii OLIHIOIOTh 32 BEJIMYUHOIO KOPEJSILIMHOTO BiTHOLICHHS Py, (iHOeKC
Kopenayii):
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= [1— S, (7.77)

2 3 2 . .
I€ o, — 3aJMIIKOBA JUCIEPCls, o, — 3arajibHa AUCIEPCid Pe3yIbTaTUBHOL
o3HaKu Y.

IaTepBan 3minn KopesmiiiHoro BigHomeHHS: 0<p,<1. Uum Ommxde
3HAYCHHS 1HJEKCY KOpeNslii 110 OJWHMIN, THM TICHIIIE 3B'A30K
PO3TIISIAYBAaHUX O3HAK, THM OUTBIN HaIidHO piBHsHHS perpecii. [Ipu py=1
3B'SI30K CTa€ (QYHKI[IOHATFHUM, TOOTO CITiBBiHOIIEHHS Yy=f(X) BUKOHYETHCS
JUTSL BCIX CTIOCTEPEIKEHb.

O3nauennsn 7.8. Indexcom demepminayii Ha3UBAIOTh KBaApaT 1HACKCY
Kopensmii. BiH xapaktepm3ye dacTKy HAWCIepcii, IO TOSCHIOETHCS
perpeciero, y 3aranpHiil qucnepcii pe3yaIbTaTHBHOI O3HAKH Y 1 BU3HAYAE€ThCS
hopMyJoro

R=p.,>. (7.78)

Uwum Omikye KoedillienT qeTepMiHariii 10 1, TUM BUINA SKiCTh PiBHSIHHS
perpecii. lagekc nerepminamii p,,° MOXKHA MOPIBHIOBATH 3 KOe(illi€HTOM
JeTePMIHALi 7y’ U1 OOIPYHTYBAaHHS MOKIMBOCTI 3aCTOCYBaHHS JIHIHHOI
¢ynxkuii. Ynm Ginbla KpUBU3HA JIiHIT perpecii, THM BEIUUYMHA Fyy> MEHIIA 32
Pr’. A GIM3BKICTH IUX TOKA3HUKIB BKa3ye Ha Te, 0 HEMae HEOOXiIHOCTI
ycKIIaaHIOBaTH (opMy pIiBHSHHS perpecii 1 MO)XHa BHKOPHCTOBYBATH
TiHIAHY (YHKIIITO.

Innexc merepmiHamii BUKOPUCTOBYETHCS ISl MEPEBIPKH 3HAYYIIOCTI
piBHsHHS perpecii 3a F-kputepiem ®imepa. @aktuune 3HaUeHHS Faxr IS
MOJIejIl BU3HAYAETHCS 32 (DOPMYIIOFO:

F(paKr = (1 —p)%y). " > (7.79)

ne pn? — IHIEKC JIeTepMiHAlii, 7 — YUCJIO CIIOCTEPEKEHb M — YHCIIO
napameTpiB pH 3MiHHIHN X.
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3rigHo 3 F-kputepiem Dimepa, BUCYBAEThCS HyIbOBA Tinore3za Hy mpo
CTATUCTUYHY HE3HAUYIIICTh PIBHIHHS perpecii.

@daktnyHe 3HAUYCHHS Fyaer MOPIBHIOIOTH 3 KPUTHYHUM 3HAYCHHSIM
kputepiro dimepa Fip, ke 3Hax0auMO 32 Tabauuero A.11 (nuB. Hoxatok A)
MpH piBHI 3HAYYMIOCTI ¢ 1 9YHCHI CTemeHiB cBobomwm ko=n—m—1 (mis
3QJIMIITKOBOI CYMH KBanpaTiB) Ta ki=m (a1 (aKTOPHOI CyMU KBaJIpaTiB).

Ao Fpaxr> Frp, TO BUBHAETHCS CTATUCTHYHA 3HAYYIIICTh PIBHSIHHS
perpecii y minomy.

CepenHI0 TOMIWIKY anpokcumaitii 4 Bu3HadaeMo 3a opmyiioro (7.68).
Sxmo nmomunka anpokcumanii Menuie 10%, To e cBiZUYUTH NP0 XOPOLINA
mig0ip piBHAHHS perpecii 0 BUXITHUX JaHHX.

SIKIII0 3aJIeKHICTh MIXK 3MIHHUMHU X 1 Y Ma€ BUIJISLI y=f(x), TO KOE(IIiEHT
€IaCTUYHOCTI £ 004YHCIIOEThCS 32 HOPMYIIOH:

E= f'(x)-%, (7.80)

Koedimiear emactnunocti E ToOKa3zye, Ha CKIIBKH BIJACOTKIB B
CepeIHbOMY 3MIHUTHCS PE3yIbTaTHBHA O3HAKA Yy TIPH 3MiHI pakTopy x Ha 1%
BiJ CBOrO HOMIHAJIBLHOIO 3HAYEHHS.

KoedimienT enactuuHoCcTi £ B 3arajJbHOMY BHIAJKYy 3aJI€XKHTh Bif
BEJIMYMHU X 1 € BeNMWYMHOIO 3MiHHOI. [1l00 BUKIIOUHTH 10 3aJIEXKHICTB,

3aCTOCOBYETBCS CcepedHill KoehiyieHm enacmudHocmi E:
E=fx)Z, (7.81)
y

SIKMH € BEJIMYUHOIO CTaJIOKO.

Cepenniii koeimieHT emacTHIHOCTI £ TOKa3ye, Ha CKUTbKH BiJICOTKIB
y CEpEeIHBOMY 3a CYKYITHICTIO 3HAYCeHb (PAKTOPY X 3MIHUTHCS Pe3yJIbTaTUBHA
03HaKa y TIpH 3MiHi pakTopy x Ha 1%.

Hpukaan 73. 3a ganuvu npukaagy 71 3HaUTH: PIBHSIHHS KBaApaTHOL
perpecii, KopelsIiliHe BITHOIICHHS, IHAEKC JIeTepMiHAllli, CEepeIHIO
NMOMWJIKY ~anpoKcuMarii Ta cepeiHid Koe(illileHT eJNacTHYHOCTI Ta
MePEeBiPUTH 3HAYYIIICTh MOJIeNI pH piBHI 3Hauymocti 0=0,05. [ToOyayBaTn
rpa¢ik KBagpaTHOI perpecii.
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Po3é’azannn. 3a yMOBOIO OTpHUMAW JaHI ONHUTYBaHHA & ciMmeit
CTOCOBHO BUTpAT Ha MpoXyKTH XapuyBanus Y: 0,8 1,1 1,7 2,12,42,73,13,5
(y tuc. TpH.) Ta piBHeM ix moxoxiB X: 1,0 3,15,27,19,4 11,3 14,1 18,2. (y
THC. TPH.).

PiBusHHA ToNMiHOMIANBHOI (KBaApaTH9HOI) perpecii 3Haiimemo 3a
dopmymoro  (7.70). KoedimienTn kBagpatudHOi perpecii  bo, b1, b>
3Haxoaumo 3a MHK, po3B’sa3aBmm cucremy (7.72), ckianeHy 3a JaHUMHU
npuKiIany. st 3pyqHOCTI MOAaNBIINX OOYUCIIEHb CKIIafeMo Tadmmiro 7.19.

Tabmunsa 7.19

i Xi Vi Xi 2 xi3 xi4 Xi* Vi Xi 2‘)/1'

1] 1,00 0,80 1,00 1,00 1,00 0,80 0,80

2| 3,10 1,10 9,61 29,79 92,35 341 | 10,57
3] 520 1,70 27,04 | 140,61 731,16 8,84 | 45,97
4| 7,10 2,10 50,41 | 357,91 2541,17 | 1491 | 105,86
5| 940 2,40 88,36 | 830,58 7807,49 | 22,56 | 212,06
6| 11,30 2,70 | 127,69 | 144290 | 16304,74 | 30,51 | 344,76
7| 14,10 3,10 |198,81 |2803,22 | 3952542 | 43,71 | 616,31
8| 18,20 3,50 331,24 16028,57 [109719,94 | 63,70 |1159,34
| 69,40 17,40 | 834,16 |11634,58 |176723,26 | 188,44 |2495,68

x~8,675 y=~2,175
[TincTaBUMO CyMH 10 CUCTEMH PiBHAHB (7.72):
8by +69,4b + 834,16b, = 174
69.4b, +834,16b; +11634,58b, = 188,44

834,16b, +11634,58b, +176723,26b, =2495,68

Po3p’si3yemo cuctemy (3a3Buuail Metosiom l'ayca abo 3a dopmynamu
Kpawmepa), orpumyemo koedimieHTH:

b¢=0,501; b1=0,248;

PiBHsiHHA KBagpaTuuHoi perpecii ¥=0,501+0,248-x-0,0045-x>.

Ockinbku  xoedimient mpu x> Bix'emumit (—0,0045), napaGona
CIpsiIMOBaHa BiTKaMH JOoHU3Y. Lle JoriuHo: 31 3pOCTaHHSAM JOXOJIB YacTKa
BUTpAT Ha Ky 3a3BUYali IOYHHAE CIIOBITbHIOBATHUCH.

Ockinbku 7151 TOJANBIIUX PO3paxyHKIiB NMOTPiOHI 3HaueHHs Y(X;), TO
ckaazeMo Taoumiro 7.20.

b2=—0,0045.
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Taomunsa 7.20

Xi Vi Xi 2 Y (yi — ;)2 ()/ﬁYi)z (Yl — ;)2
1,00 | 0,80 1,00 |[0,7445 | 1,8906 |0,0031 | 2,0463
3,10 | L1I0O | 9,61 |1,2266 | 1,1556 |0,0160 | 0,8995
520 | 1,70 | 27,04 |1,6689 | 0,2256 |0,0010 | 0,2561
7,10 | 2,10 | 50,41 |2,0350 | 0,0056 |0,0042 | 0,0196
9,40 | 2,40 | 88,36 |2,4346 | 0,0506 |0,0012 | 0,0674
11,30 | 2,70 127,69 |2,7288 | 0,2756 |0,0008 | 0,3067
14,10 | 3,10 [198,81 |3,1032 | 0,8556 |0,0000 | 0,8615
18,20 | 3,50 |331,24 |3,5240 | 1,7556 |0,0006 | 1,8199

69,40 | 17,40 |834,16 [17,4655 | 6,2150 | 0,0269 | 6,2770
y 2,175

~.

M|l Q||| |W[(N|—

3HaiiieMo KopensiiitHe BimHOmEeHHs 3a popmynoro (7.77):

= 1_0,0269 _ |6.1881 ~0.9978 .
6,215 6,215

Toni immexc nerepminaiii 38 dopmynor (7.78) R*=0,9957. Bin
MOKAa3ye, sKa YacTKa Bapiallil y MOSICHIOETHCS MOJICILITIO.

Maemo, 110 3B'I30K MiX JIOXOJOM Ta BHTpPaTaMd MPAKTUYHO
(byHKIIOHANBHUH (YK€ CHIBHUN).

3HaliIeMO CepeqHI0 NMOMMJIKY almpOKCHMallil, sika MOKa3ye CepeiHE
BIIXWJICHHSI PO3PaxXyHKOBHX JaHUX BiJ (aKTHYHMUX Yy BiJCOTKaxX. 3a
dopmyioro (7,68)
A~(6,94+11,51+1,83+3,10+1,44+1,07+0,10+0,69)/8=
=26,68/8~3,34(%).
Ockinpku A <10%, TO AKICTH MOJENI OIIHIOETECS K «BiAMIHHAY.

3HaiiIeMo cepeHii KoedillieHT eNacTUIHOCTI E 3a dhopmymoro (7.81).
Maewmo Y'=0,248-2-0,0045-x, x =8,675, y =2,175. Toni

E =(0,248+2-(—0,0045)-8,675)-8,675/2,175~0,17-3,98=0,677(%).
TobTto mpu 30inbmIeHHI A0X0Ay ciM'i Ha 1% BUTpaTH HAa TPOIYKTH

XapuyBaHHS B cepegHboMy 3pocTtatoTh Ha 0,68%. Ockinbku E <1, me
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MIATBEPIKYE CTATyC TMPOMYKTIB XapuyBaHHS SK TOBapiB TepIIoi
HeoOXimHoCTI (iXHS YacTKa B OFODKETI Taja€e MpH 3pOCTaHHI TIOXOMIB).

[NepeBipumo 3HauymicTs Moaeni. CPopMyTI0EMO TiNOTE3H.

Hynbosa rinoresa Ho: R?=0. "PiBHAHHS CTaTHCTUYHO HE3HAYHE, PaKTOP
noxony X He BIUTMBA€E BUTpaTH Y.

AnprepnatuBHa rinoresa Hi: R*#0. "PiBHAHHA 3HA4MMO, MOJEIb
aJICKBaTHO BU3HAYAE 3aJICKHICTD".

3HaiiieMo GakTUIHEe 3HAYCHHS Fpacr A1 MOIETI 32 opmynoto (7.79),
e py’=R?=0,9957, n=8, m=2 (aucyno (GaxTopis 1mpu x Ta x°):

09957  8-2-1 248925
b T (1-0,9957) 2 0,0043

~5789.

Kputnune 3nHauenHs kpurepito ®Dimepa F 3HaXoAuUMO 3a
tabymnero A.11 (muB. Jlomatok A) npu piBHi 3Hauymocti a=0,05, creneHis
cBoOoOI: ki=2 1 kr=5. Fiy=5,79.

OCKINBKH F o> Fip (578,9>4,79), To Tinote3y Ho BiIXMISIEMO, MOACITH
BBAXA€EThCS CTATHUCTUYHO 3Hauyuioro. lle o3Hawae, mo 1i MoOXKHaA
BUKOPHCTOBYBATH JIJIsl TIPOTHO3YBaHHSI.

[Tobymyemo rpadik kBampaTndHoi perpecii (puc. 7.3).

3ANe#HEICTE ENTPAT HA XapuYEAHHA Eif JOXOOE ciMI
4,00
350 y=-00043x" +0248x + 0301
' Rz =1029937

3.00
=250
= 2,00
)
m 1,30

1,00

0,50

0,00

0,00 5,00 10,00 15.00 20,00
Joxomi X
Pucynok 7.3
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Bigmosige:  ¥=0,501+0,248-x-0,0045-x%, p,=0,9978, R>=0,9957,
4 =3,34%, E =0,677%, Fpax=578,9 Mogens cTaTUCTHYHO 3HAYYIIA.

7.2.3 MHo:xuHHA JiHiliHa perpecis

OpHak y mepeBaxxHiil OUIBIIIOCTI BUMAKIB JOBOJUTHCS MaTH CIPaBY 3
eKCIePUMEHTAILHIMHU JaHHMH, 10 CTOCYIOTBCSI BIUIMBY OibII HiX OJHOTO

dakropy.

O3nauennsn 7.9. llporHo3yBaHHS €IIMHOI 3MIHHOI Y BUXOJSTYH 3 KLTBKOX
3MiHHEX X; (1=1,2,...,/1) HA3UBAETHCS MHONCUHHOIO pecpeci€ro.

l'onoBHa MeTa MHOKMHHOT perpecii mossirae y CTBOpeHHI MaTeMaTHIHOT
MOJIei, sIKa BPaxOBY€ OJJHOYACHHN BILTUB JCKITHKOX HE3AICKHHIX 3MiHHAX
(dakTopiB) Ha pe3yIbTATUBHUHN MOKa3HHUK. KITOWOBOIO mepeBaror IbOro
METOJIy € MOXJIMBICTh OIIIHUTH "4YUCTHH" BHECOK KOKHOTO OKpPEMOTO
(akTopa 3a YMORBH, IIIO iHII 3MiHHI 3aJIUIIAIOTHCS HE3MIHHUMH, & TAKOX
BU3HAYUTH 3arajilbHy 4YacTKy Bapiaimii pe3ynbTaTy, 3yMOBJIEHY BCI€O
CYKYITHICTIO BKIIIOYEHUX Yy Mozenb (akTopiB. Y TI[HOMY BHITAIKY
MaTeMaTHYHa MOJelb MPOIeCy MPEJCTABISETHCS K PIBHSIHHS perpecii 3
KiJIbKOMa 3MIHHAMH BEIWYHMHAMH, TOOTO Y=f(x1,x2...,X,). PIBHIHHA
MHOKWHHOI perpecii 3a3Bu4ail HamararoTbCs MomaTH y Qopmi JiHIHHOT
3aJIeXKHOCTI.

MHoXHMHHA JTiHIlHA perpecis 103BOJsIE HE TUILKU Mependadyaru, aie i
PO3YMITH BiIHOCHHI BIUTUB Pi3HUX (PAKTOPIB Ha PE3yNbTAT, IO IiKABHTh.
Lle poOuTh 1i HE3aMiHHUM THCTPYMEHTOM JUIS YXBaJeHHS OOIPYHTOBaHUX
pileHb.

MHoOXWHHa JiHIHA perpecis 3acTOCOBYETHCS MPAKTUYHO Y BCIX
obnacTsx, e MOTPiIOHO 3pO3YMITH 3B'I30K MiXK 3MIHHHMH YU 3pPOOUTH
nporxo3. Hanpuknan:

- Bupobnuymeo: OniHKa SKOCTi TOTOBOT MPOIYKIii B 3aJICKHOCTI Bix
yMOB i1 BUPOOHMIITBA; TP BUBUEHHI (DYHKILI] BUTpAT BUPOOHULITBA.

- Exonomixa ma ¢inancu: IIporao3 BapTocTi HEPYXOMOCTi Ha OCHOBI
IUIOIIII, PaliOHy, POKY OYJIBHHUIITBA Ta BiJCTaHI JI0 METPO; MPOrHO3YyBaHHS
(OHIIOBUX 1HJEKCIB HA OCHOBI MaKpOEKOHOMIUHUX ITOKa3HUKIB; OIliHKA
BIUIMBY 1H(QJIALIT, NPOLEHTHUX CTaBOK Ta 0Oe3pobitTs Ha BBII;
MO/ICITIOBAHHSI KPEITUTHOTO PU3HKY.
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- Mapxemune ma 6i3nec-ananimuka: BusHadeHHS GakKTOpiB, IO
BIUIMBAIOTh HA JIOSUTHHICTH KIII€HTIB; MPOTHO3YBaHHS BIATOKY KIIIEHTIB,
ONTUMI3allisl peKIaMHHUX OIOJDKETIB; aHali3 e()eKTHUBHOCTI Pi3HUX KaHaIiB
NpoJAaXy; aHajli3 MPOJaXKiB MPOIYKTY 3aJie)KHO BiJl BUTpPAT Ha peKiIaMmy,
3HIKKH TOIIO.

- Meouyuna ma enidemionocia: BuBueHHS (HaKTOpIB PH3UKY
3aXBOPIOBaHb (HAIIPHUKIIA/, BIUIUB KypiHHS, BiKY, CIaAKOBOCTI Ha PO3BUTOK
CEePIIeBO-CYAMHHUX 3aXBOPIOBAHb); OIIHKa  JO3yBaHHSI JTKiB;
MIPOTHO3YBaHHS HACIIKIB JIIKyBaHHS.

- Coyionocis ma ncuxonoeis: AHani3 (pakTopiB, IO BIUIMBAIOTH Ha
piBEHB OCBITH, I0XO/IiB, MOJICITFOBAaHHS BHOIPKOBOT TOBEIHKU.

- Micvke naamysanns ma exonoeis: IlporHozyBanHs Tpadixy poboTn
MICBKOT'O TPAaHCIIOPTY Ha OCHOBI KUJIBKOCTI OTO OJTMHUIIb, MAPLIPYTY, 4acy
Jo0OU; OLIIHKA BILIMBY 3a0pyIHIOKYUX PEUOBUH JIJIS 37I0POB'sT HACCICHHSI.

- Cnopm: AHani3 YMHHUKIB, SKi BIUIMBAlOTh HA CIIOPTUBHI PE3yIIbTAaTH
TPaBIIiB YU KOMaH].

CyTb MHOKHHHOT JTIHIHHOI perpecii mosirae y mouryKy MaTreMaTu4HOro
piBHSHHS Y (hopMi JTiHIIHOI 3aI€KHOCTI, SKa HAHKpaIIe OMUCYE 3aIeKHICTh
onHi€T 3a1exKHOT 3MIHHO] Y Bifl KITBKOX MOSICHIOIOYMX HE3aJIEKHUX 3MIHHUX
X1,X2,..., Xk

Mojens MHOKUHHOT JIHIHHOT perpecii MOKHa MPECTABUTH Y BUTJISIIL

Y=bo+b:1 X1+b:Xo+. .. +bi Xi+€ (7.82)

ne bo — BUIbHUH uiieH (a0o 3CyB), Iie 3HaYEHHS Y, KOJIM BCi X JOPIBHIOIOTH
HyJ0; b1,bs,...,by — napameTpu (KoedillieHTH perpecii), sSKi MOKa3yTh, K
Yy CepeIHbOMY 3MIHUTHCS Y 31 30UIBIICHASM BiNOBITHOTO X HAa OJWHUITIO
(32 yMOBH, IO iHII He3aNeKHI 3MiHHI 3aIHIIAIOTHCS HE3MIHHUMH — II€
Ba)KJIMBA BIJIMIHHICTB BiJ TPOCTOI perpecii); & — BUMIAIKOBA TIOMUIIKA, SIKY
MO/JIENTb HECTIPOMOKHA MOSICHUTH.

[Ilo6 Mogens Oyna ameKBaTHOIW, HEOOXiAHO OTPUMYBATHUCDH
HACTYITHUX YMOB:

1) Jlinitinicmo: 38'130K Mk (hakTOpaMu Ta pe3yJIbTaTOM Ma€ OyTH Xo4a
0 mpuOIU3HO JMiHIHHUM.

2) Biocymuicms mynvmuxonineapuocmi: Hesanexni 3MiHHI X He
MOBMHHI OYTH CHJIBHO ITOB'A13aHi OJIHA 3 OJIHOIO, III00 HE BUHUKAJIO TUTAHHS:
AKUK 3 (aKTOPiB BAKIMBIIIUHA, OCKIJIbBKM BOHM OyAyThb AyOJIOBaTH OJHA
OJIHY.
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3) Hopwmanpricts 3ammmkiB: I[lomunkm wmozenmi & MaroTh OyTH
PO3MOIIICHI BUMAJAKOBUM YMHOM. SIKIIO B MOMMIIKAX BHJHO CHUCTEMY, TO
MOJIEIb IOCh YITYCKAE.

[Tpu anami3i piBHSHHSI MHOXHHHOI perpecii (K y pa3i mapHoi perpecii)
BUKOPHCTOBYETBCSI TaKe IMOHATTS, K NOMUIKA NpOcHO3V8aHHA Ay, sika €
PI3HHUITI0 MK pO3paxOBaHWM (TEOPETHYHUM) 3HAYCHHSM (QyHKIii Y; Ta ii
BUMIPSHUM (JOCITiTHUM) 3HAUYEHHSIM Y;, TOOTO Ay=Yi—y;.

Haifgactime sl 3HAXOKEHHS TIapaMeTpiB  JIHIHHOI  Mozemi
MHOKHHHOI perpecii 3aCTOCOBYIOTh METO/ HaiiMmeHmux kBaapatie (MHK).
Bin no3Bonse€ OoTpEMaTH TakKi OLHKH TapaMeTpiB, MI00 cyma KBaJApaTiB
BIIXWJICHb peaIbHUX NaHMX BiJ TUX, IO Mepeadadnia MoOjeb, Oyia
MIiHIMaJIBHOIO:

Q(by.by by )= (y, - Y, — min . (7.83)
i=1
®opmyay (7.83) MOXKHA 3aITUCATH y BATIISAI

Q(b()’bl ,b2,...,bk) :Z(yl _(bo +b1xl~1 +b2xi2 +...+bkxik ))2 —)mlIl .
i=1

(7.84)

[omryk miniMymy Qyukii Q(bo,b1,ba,...,bx) 3BOTUTHCS 10 OOUNCICHHS
YaCTUHHUX MOXIJHUX 110 KOKHOMY KOeIli€HTY b; i MPUPIBHIOBAHHIO iX JI0
HyJs. MaTtuMemo cucteMmy i3 k+1 uniHiliHOrO piBHsSHHS (iX HA3UBaKOThH
HOPMaJIbHUMH DIBHSHHSAMHM). PO3B’SI30K 1i€l cHCTEMH Ja€ 3HAYCHHS
KoeiIlieHTiB, sKi 320€31Meuy0Th HallKpaly alpoKCUMAIIiIO TaHUX.

s Toro, mo0 cucrema piBHsHb MHK Majna po3B’s30k, HEOOXigHO,
o0 KiTBKICTh cIOcTepekeHb m Oylia OUTBIION 3a KiJbKICTh OILIHIOBAHUX
napameTpiB k+1.

CucreMy JHIHHUX PIBHSHb MOXKHA 3aIACATH Y MATPHYHOMY BHUIJISIII:
y=X-b,

ne X — marpuus 3Ha4eHb HE3JISKHUX 3MIHHUX; y — BEKTOP 3HAuYCHb
3aJIe)KHOT 3MIHHOT; b — BEKTOp LIYKaHUX KOEQIIIEHTIB perpecii.

Martpuiis X mMae po3MipHICTh (mxk), Ae m — YHUCIO CIOCTEPEIKEHDb
(psnxiB), a k — uyucno mapameTpiB (CTOBILIB, BKIIIOYAIOYH OJWHUYHHUN
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CTOBIEIL IS bo). OCKUIBKM JaHUX 3a3Buyaii HabaraTo OibINe, HiX
dakTopiB (m>k), To MmaTpuis X HE € KBaIPATHOIO.

1106 3HaWTH PO3B’SI30K CHCTEMHU, MHOXXHMO OOU/IBI YACTHUHH PiBHSHHS
3j1iBa Ha TpaHcrnoHoBany X Marpuiio. OTpUMaEMO PiBHIHHS:

XTy=(X"-X) b.

Posmipuicts 106yTKY (X'-X) — (k*k), ockinbku po3mipaicts X — (kxm),
a X — (mxk). Marpuus (X-X) kBaaparHa, Juis Hel iCHye 0OepHeHa MaTpHIIs
(XT-X)!. TloMHOXHMO OOM/IBI YaCTUHU PiBHSAHHSA Ha OOGEPHEHY MATPHMIIIO.
MartuMeMo pPo3B’SI30K CHCTEMHU:

b'=(XT-X)"! X-y. (7.85)

Jdnst po3paxyHKy PpIBHSHHS MHOXHHHOI perpecii 3 k ¢axTopamu
(apryMeHTamM#) CKJIQNA€ThCsl PO3IIMPEHa MATPUI JAaHUX Y BUTISAL
Tabmmmi 7.21:

Tabmuusa 7.21

Homep
BUIIPOOYBaHHS Xo X X2 o Ak Y
1 1 X11 X12 ves X1k V1
2 1 X21 X22 ... X2k V2
m 1 Xml Xm2 .. Xmk Vm

o6 3HaifTM BimbHWIA wWieH by, A0 TabnwIi TOMAIOTh (iKTUBHUH
cToBrienb Xo, IKUH 3aBXKIU JTOPIBHIOE 1.

Koxen psok Ta0nuili € pe3yjbTaToM OJHOTO BHIIPOOYBaHHSI.
CrioctepekeHHsT pO3pI3HAIOTHCS YMOBaMHU IXHBOTO mpoBezeHHs. 1100 He
3aIUTyTaTUCST B TIO3HAYCHHSX, KOPHCHO PO3MUISATH MBI BEIMYMHU: m —
KUTBKICTh TOYOK (PSIIKiB) (UMM Oinblie m, THM HaJiiHiIIe OyIyTh OIliHEeHI
KoediieHTn); kK — KiJbKICTh (akTopiB (CTOBMIIIB X).

3Hatoun piBHSAHHA JIiHIHHOI perpecii, HEOOXiIHO meEpeBipUTH
a/IeKBaTHICTb OTPUMAHOI MOZENi. Y MHOXUHHI perpecii nepeBipka e 3a
TPbOMa OCHOBHUMH HAIPSIMKaMHU: TIepeBipKa 3HAYYIIOCTI PIBHSIHHS 3arajioM
(F-trect @imepa), mnepeBipKka B3HAYYLIIOCTI OKpEeMHX KOE(]ili€HTIB
(t- xpurepiii CThIOIEHTA), OLIIHKA IKOCTI 3a KoedilieHToM aeTepMinarii R,
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KoegiuienT nerepminanii R>

V MHOXHMHHIKM perpecii R’ mokasdye 4acTKy 3araibHOI JHMCIEpPCii
3aJIe)KHOT 3MIHHOI Y, SIKy BCi HE3aJIS)KHI 3MiHHI X; pa30oM MOSCHIOIOThH. Yum
Omwkye R? 10 1, TUM Kpaiie MoJieNb NOSICHIOE Bapiariio Y.

Koeginient nerepminanii R? 3HaX0aUTHCA 38 (OPMYIIOKO:

Z()’i _Yi)z (Y J’)z
R?>=1-1 = i=l (7.86)

S0 $ho)

k _ 1m

ne Y; =by+ ijxij’ y==>Y-
j=I1 m;_
ITo3naunmo

m
2 2 L
O =Z(yl-—Y,-) — 3anuIIKoBa Bapiamisi. BoHa Xapakrepusye
i=1
BEIMYMHY CYMH  KBaJpaTiB  BigXWwieHb  (akTUYHOIO  3HAYCHHS
pe3yIbTaTUBHOI O3HAKH BiJI il pO3paxyHKOBOTO 3HAYCHHSI.
m —
2 _ Z _ . . B
Our =2 \v; —¥| — 3aranpHa (noBHa) Bapianis. BoHa xapakTtepusye
i=1
BEIMYMHY CYMH  KBaJpaTiB  BiOAXWIeHb  (AKTUYHOIO  3HAYCHHS
pesynLTaTI/IBHo'l' 03HAKH BiJ] 3arajibHOI CEPEIHBOI.
perp (Y y)z — perpeciiiHa (mosicHeHa) Bapiamis. Bona
XapakTepu3ye BEIMYMHY CyMU KBaJpaTiB BiAXWICHb PO3PaXOBAHOTO
3HAYCHHS PEe3yJIbTAaTHBHOI O3HAKH BiJ 3arajibHOT CepeIHbOI.
BoHM 110B’13aHi CITiBBITHOMEHHAM: Gsar’=0sa:>+0perp -

SIKII0 B MOJIENTB IOIAKOTH a0COJIIOTHO BUIIAAKOBUI (akTop, To R* Moxe
301IBIINTUCE 00 3AIMIIKUTHLCS THM CaMHUM, ajie HIKOJIM He 3MEHIIUThLC. Lle
CTBOPIOE 11103110, 110 MOJIENIb CTa€ KPaIllOk, X04Ya HACIPAB/i BOHA IPOCTO
MiAraHsAeTbCS TiJ BUNAIKOBUU 1myM. s BupimeHHs 1€l mpobiemu
BHKOPHUCTOBYIOTh CKOpHIoBaHuil R, CeHC SKOro y TOMY, IO SKIIO HOBHIA
(akTop HE pOOUTH ICTOTHOTO BKJIAAy B MOSCHEHHS Y, TO pi0 3011bIINThCS,
i ckopuroBanmit R? 3MeHmmTHCs. POpMyIIa CKOPUroBaHOTO R? Mae BUIJIAL:
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e :1—(1—R2)-m”_1—;1_1, (7.87)

JIe m — KUTBKICTB CIIOCTEPEKEHB, kK — KITBKICTh (PAKTOPIB.

Jua mepeBipku 3HAUymOCTi (MPUIATHOCTI) OTPUMAHOTO PiBHSHHSI
perpecii (aAeKBaTHOCTI MOJIeNi) 3aCTOCOBYIOTh KpuTepiii ®imepa, sxuii
MepeBipsie y CKINBKM pa3iB TipIie TOPIBHSHO 3 JOCITIIOM Mepemdadae
pe3yIbTaT MOJETIb.

Jns mepeBipku 3HAYYIIOCTI pPiBHSAHHSA perpecii 3aramom (F-tect
dimepa) chopMyITIOEMO TIlIOTE3H.

HymwoBa rimoresa Ho: "Yci koeditientu bi,bs,...,br piBHI HYIIO.
®daxTopH HE MOSICHIOIOTH Bapiallito 3aJIeKHOI 3MiHHOI. MOJIebh CTATUCTHYHO
He3HauyIa'".

AnbTepHaTHBHA rinote3a Hi: " 3b ;#0 ( j= l_k) TOOTO X04a O OJMH 13

koedimieHTiB perpecii (mpu ¢axTopax) He IOpiBHIOE HyIO. Monenb
CTATUCTUYHO 3Hauyma".

VYHiBepcanbHa popmyna BU3HaYCHHS (DAKTHIHOTO 3HAYCHHS Fpacr IS
Mozeni 3 k hakTopaMu (HE3aJICKHUMH 3MIHHUMH) Ta 1 CIIOCTEPEIKCHHAMU
(obcsr BUOIpKH) Ma€ BUTIISIA:

R? m—k—1
Fpar = (1—R2)' P (7.88)

ne R* — koediieHT aeTepmiHatii.

Kputnune 3HauenHs kpurepito @Dimepa Fy 3HaXoAuUMO 3a
tabmmreto A.11 (muB. logarok A) st cTereHiB cBoOOIM: ki (TOPU30HTAIB),
JUTSE MHOXKUHHOIT Mozeni ki=k, ae k — KiTbKicTh (pakTopiB, k> (BEpTHKAIb) —
e PI3HUIM MDK 3arajbHUM YHCJIOM /M CIIOCTEPEXKEHb 1 KUIBKICTIO
napaMeTpiB MO, [0 OIIHIOITHCS kry=m—k—1 Ta pIBHIO 3HAYYLIOCTI O
(3a3Buuaii 0,05 a6o 0,01).

Ao Fae>Fip (B31TO 3 Tabnumi posnoginy dimepa g 3aaHOTO
piBHs 3HauymocTi, Hanpuknan, 0,05), To rimoresy Hy BIAXMISEMO, MOJIEIH
BBAKAEThCA CTAaTUCTHYHO 3Hauymor. lle o3Hauwae, mo il MoxHa
BUKOPHCTOBYBATH IS MPOTHO3YBaHHS. AKIO Fpacr<Fp, TO TiMIOTE3Y Ho HE
BIIXHJIIEMO, MOJICJIb CTATUCTHYHO HE3HAYYIIIA.

PimenHs mpo amekBaTHICTH MOJENI MOXeE IMPUIMATUCh Ha OCHOBI
xoedimienTa nerepminanii R2. Jlus mporo 3HaiieHe 3Ha4eHHs KoedimienTa
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neTepMinanii R? MOPiBHIOIOTH 3 TAOAMYHKUM (KPUTUYHUM) 3HAYEHHAM Ry,
3HaiinernM 3a Tabmuiero A.13 (muB. JlomaTok A) i 3agaHOTO PiBHS
3HauymnocTi a (3a3Buuaii 0,05 a6o 0,01).

Sxkmo R*> R?, 10 (Hampuknaz, o=0,05) 3 iimMoipHicTIO 95% MOXHA
CTBEP/IKYBAaTH, [0 aHATI30BaHA PErPecis € 3HAUYIIO0.

Ilepesipka Ha mynbmukoniHeapHicmb IO3BOJSIE 3PO3YMITH, SK came
(hakTOpH BILTMBAIOTH Ha PE3YNIBTAT (PO3MIITHEMO Ha TPUKIIa/l IBOGAaKTOPHOT
MoeI JiHiHHOI perpecii).

[licas miaTBEepMKEHHS 3HAYYIIOCTI MOJIENi B IIUIOMY, HACTYITHHM
eTaroM € OIiHKa pOoJii OKpeMHuX (akTopiB 3a IOMOMOTOK t-KpHUTEpiiB
Creiogenta. Lle 103BoJisi€ BU3HAYUTH CTAaTUCTHYHY 3HAYYIIICTh BILIMBY
KOXHOI 3MiHHOI X; Ha pe3ynbTar Yy "uncromy" Burisai. Takuit anamiz qae
BIJINIOBi/Ib HA TTUTAHHS: YU € BIUIUB KOHKPETHOIO (haKTOpa BaroMuM, SIKILO
NPUNYCTHTH, WO Bei iHIII 3MiHHI Xi (j#k) B Momemi 3adikcoBaHi Ha
HE3MIHHOMY PiBHI.

IIpu 3acrocyBanHi f-kputepiii CTbIomeHTa (IEepeBipka 3HAUYIIOCTI
OKpeMHX Koe(DiIieHTIB IpHu (hakTopax MOJIENI) AJis KOKHOTO KoedilieHTa b;
(pu daxropi X; Moaeni) GopMyIIIOIOTh CBOIO Tapy rinores Ho i Hi:

HynboBa rirmote3a Ho: "KoedimienT b=0 — koediIlieHT CTaTHCTHYHO
He3Hauyimid. 1le o3Havae, 1mo GakTop X; HisK He BIUIMBAE Ha Y,

anprepHaruBHa Tinmoreza Hi: "Koedimientr b#0 — KkoedimieHT
CTaTUCTUYHO 3Hauymuid. dakrop X; peaJbHO BIUIMBA€E HA PE3yJbTar, Horo
3B'SI30K 3 Y MiATBEPIKEHO MAaTEeMaTHUIHO" .

Hesmiweny oyinky 3anuukooi Oucnepcii  Sip,® BH3HAYAEMO 32
hopmyIoro:
Sga_n2=0-33_r12/(m7k7 1).

Cmandapmuy nomuKy piBHSHHS 3HAXOJUTHCS 32 (POPMYIIOO:

2
S=+/San -

Cmandapmui nomuaxu Sbj Koeghiyiecnmie pecpecii BU3HAYAIOTHCSA

CITIBBITHOIIEHHSAMU:

(7.89)
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-1 . . .
ne [(X ¢ ) ] — niaronanbHui enement matpuii (XT-X) 1. Ile 3naueHns
bj

o T Il Ajj .
MokHa 3HaWTH sk [ (X - X } = (4 — anrebpaiune
[( ) i dedxT . x)

JIOTIOBHEHHS /10 eieMenTy jj Marpui (X'-X).

3ayeaycenna 7.9. Jlna 3HAXODKEHHS CTaHIApTHUX IOMMUIOK S,
J

KoediIieATIB perpecii MO)kHa BUKOPHCTOBYBAaTH

(7.90)

— KoeilieHT

(x,-j Y

i=1

aerepMiHawii npu perpecii 3MiHHOI X; Ha BCI 1HIII MOSCHIONYI 3MiHHI, X; i

3HaueHHS GakTopy X, TependadeHi 3 ypaxyBaHHSAM iHIIMX (HaKTOpiB.
PiusiHHS (7.89) MOXKHA CIIPOCTHTH 1 3aIIUCATH Y BUTIISIL:

2
S, = S . (7.91)

j (o, = -(-#3)

Jus  xoxHoro xoedirieHta b; (BKIIOYAHOUM BUIBHUE wWieH bo)
PO3paxoByeEMO 0coOHCTe (DAKTUYHE f-3HAUCHHSL:

VR

1]
—

bj
tbj,cparcr :T . (7.92)

b;
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ToOTo nimmmo 3HaYeHH MOy KoedimienTa b; Ha fioro moMmiKy. Yum
Oinbre I, pascr » TAM HATIHHIIIIH KOE(IIIEHT.

Kputnune 3HaueHHs f-kpuTepito CThIOAEHTa fp 3HAXOOUMO 32
tabmurero A.4 (nuB. Jlomatok A) mutst cTereHiB cBoOo M m—k—1 Ta 3amaHuM
piBHeM 3HauymocTi o (3a3Buyaii 0,05 a6o 0,01).

Skmo mns koedimieHTa b; BUKOHYETHCH |fpaxt|>fp, TO Timoresa Ho
BIIXWIIETHCS, KoeimieHT bj cratucTrnaHo 3HadyImwi. daktop X; peabHo
BIUIMBAE HA PE3YIJIbTAT, HOTO 3B'I30K 3 Y MATBEPIKEHO MATEMATHIHO.

Skmo s koedirieHTa b; BHKOHYETBCS |fpact|<fxp, TO Timoreza Ho
npuiMaeThest, KoeilieHT b; He3HaUYIKH 1 GakTop X; HiK HE BIUTUBAE HA
Y.

HoBipuwnii inTepBain koedilienta perpecii b; BU3HaUaeThCs GOpMyIIOLO:
bttty S, . (7.93)
J
Cepeonsa nomunka anpokcumayii OOINCITIOETHCS 32 HOPMYIIO0

27V 009 (7.94)
Vi

A=

IR

Il
—_

1
m

Bona nae MOXIHBICT TIEPEBIPUTH, HACKLTBKH MOJIENb € 3PYYHOIO IS
npakTuku. Skmo 1 3HaueHHs MeHie 10%, TO MOJEnb BBaXaeThCA
BIAMIHHOIO.

Cepeoni koegiyiecnmu enacmuunocmi E j 1ns NiHIAHOI 3aJ1€KHOCTI
BH3HAYAEMO sl KOXKHOTO KoeditieHTa b; perpecii, okpim by, 32 HopMyIor:

Ej=b~'

=, (7.95)

&

CepenHi koedillieHTH €laCTUYHOCTI FE'; IMOKa3ylTb CUILy BILUIMBY
KOHKpETHOTO (hakTopy Ha pe3ynbtat. IlIpu 3miHi pakTopy x; Ha 1% 3anexHa

3MiHHA Y 3MiHHTBCS B c€pelHbOMY Ha E j BIJCOTKIB.
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Po3zznanemo anzopumm nooyoosu 060¢axmopHoi moodeni niHiliHOT
pezpecit.

JBodakTopHa Mopaenb JiHIHHOI perpecii Omucye 3aleXHIiCTh OIHIi€l
3aJ1€KHOI 3MIHHOI Y BiJ JBOX MOSICHIOIOYHX HE3adeKHHMX 3MIHHHX X 1 Xo,
SIKi MafOTh IO /11 3HAYeHb. BU3HAYMMO pIBHAHHS perpecii HaCTyITHOTO BUAY:

Y=bo+b1X1+b:X>,

(7.96)

Ie bo — BiIbHUH wiieH (3Ha4eHHs Y, Ko Bci X TOpiBHIOIOTH HYJIO); b1, by —
KoedillieHTH perpecii.
3a JaHUMHU CKJIageMo Tabaumo 7.22

Tabnunsa 7.22
Howmep BunpoOyBanus | X, Xi Xo y
1 1 X11 X12 VI
2 1 X21 X2 2
nm 1 Xml Xm2 Vm

1) 3naxooumo roegiyienmu b;, 3actocoByroun MHK. [lis noganbimx

PO3pPaxyHKIB CKJIAZIEMO JIOJaTKOBY Ta0IuUI0 7.23

Taomuus 7.23
Nl X1 | Xa |y X2 | X2 XX, Xiy | Xoy y2 (X17§1)2(X27}2)2
1| x| X2 |1
2| x21 [X22 | )2
M| Xml [Xm2 | Ym
z

Jis BusHaueHHst koedilieHTIB b; ABO(AKTOPHOTO PIBHSHHS perpecii
HEOOXIIHO PO3B’s3aTH CUCTEMY HOPMAIBHUX PiBHSHB:

bym+b Y X +b,> X, =3y,
by X, +b Y X{ +b,Y X, X, =Y Xy,
by X, b ) XX, +bsz22 => X,y

Po3B’s13y104n cucteMy OTpUMaeMO 3Ha4eHHS KOe(illieHTIB b;.
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3aysaxcenna 7.10. JlomatkoBO IS pPO3paxyHKIB MOJKHA CKIIACTH
TaOIHNIIIO:

AR R A e
l

1 V1

2 2

m\| Vm

p))

2) lIlepesipscmo adexsamuicmo mooeni (F-xputepiit dimepa).
3naxoaumo Koedimient aerepminaiii R* 3a popmymnoro (7.86) i pakTuune
3HauCHHS Fpacr 32 popMyInoro

2
R m-—3
Fyor = —_ (7.98)
akr 1— R2 )

3a tabmunero A.11 (muB. Jonatok A) 3HaXOANMO KpUTHYHE 3HAUEHHS
kpuTtepito Dimmepa Fip, 115 creneHiB cBodomu: k=2 (ropu3oHTaNb), ko=m—3
(BepTHKaNb) Ta 3agaHWM piBHEM 3HauymocTi a. Ilepesipsiemo
crpaBeIMBICTh Tinmote3 Ho i Hi CTOCOBHO 3HAYYIIOCTI OTPHUMAaHOTO
PIBHSHHS MOJICIII.

3) Pospaxosyemo cepednio nomunxy anpoxcumayii A 3a GHopMynoro
(7.94). [i 3HaueHHS 1a€ MOXKIIMBICTH 3pOOUTH BUCHOBOK ITPO SIKiCTh MOJIEINI.

4) Busnauaemo cepedui koegiyicnmu enacmuynocmi Ej s
koedirieara by i by momeni perpecii 3a popmynoro (7.95), mob GaunTn
BIUIMB KOHKPETHOTO (DaKTOpy Ha pe3yibTar.

5) Ilepesipxa paxmopie na myaspbmuxonineapricmo. JIns mepeBipKu
HesaJiekHOCTi (akTopiB X; Ta X2 po3paxoByeMO NapHUM KoedilieHT
kopensii [lipcona 3a hopmynoro:

m'ZXIXZ_ZXI'ZXZ ] (7.99)

X (SXF A X2 (EX.)

rx1x2
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Jlns  OIiHKM HAsSBHOCTI MYJIBTHKOJIIHEAPHOCTI BHKOPHUCTOBYETHCS
MpaBmwiio: (PaKTOpH BBAXKAIOTHCS KOJIHEAPHUMH (AyOIFOI0UYMMH  OIHH

OJIHOTO), SIKIIO |r

x| 20,8 . B IHIIOMY BHIAJKy MYyJIbTHKONIHEAPHICTH Yy

MOJIENTi BIICYTHS, 110 MiATBEPKYE KOPEKTHICTH BKIIOUEHHS 000X (QaKkTopiB
y PIBHSIHHS perpecii.

KopucHo 3HalTH mapHi KoedillieHTH KOpesii: Mixk Y 1a X; 1 Y ta X3,
AKI BUMIPIOIOTh TICHOTY 3B'3Ky, BH3HauyaroThb BIIMB X; 1 X> Ha Y.
3HaxoauMo r,, Ta r,.  3a GopMyaamu:

rx Bo%)
r — szly_ZXIZy (7 100)
yxy ’ ’
Um S X2 (E X, P m (S )

P e (S Am Sy (S

st aHanizy cuid 3B'A3Ky BUKOPHCTOBYIOTH IKany Yeanoka.

6) Ilepesipsemo 3nauywicme rKoeghiyienmie pisHAHHA pezcpecii 3a
t- kpurepieM CThIOJIEHTA.

s koxHOro koeditienta b; (mpu daktopi X; Mojeni) GpopmyroemMo
rinore3u Ho i Hi:

HynsoBa rinoresza Hy: "KoedinienT b=0 — cTaTUCTUYHO HE3HAUYIIHH.
Ile o3Hauae, 110 ¢akTop X; HisK HE BIUIMBAE Ha Y™,

anprepHaruBHa rinore3a Hi: "Koedimienr b7#0 — craTUCTHYHO
3Hauyuil. @akTop X; peanbHO BILUIMBAE HA pe3ybTaT, HOro 3B's130K 3 ¥
MiJTBEP/PKEHO MaTeMaTHYHO' .

Po3spaxoByemo dakTiuHe ¢-3HaueHHs 4 b 1 by 32 hopmyIoro:

b;
Ip, o = (7.102)
mb]_
S 2 I < 2
ne my, = ,O'gaﬂ=m'2(yz—yz)
- i=1
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3a tabnunero A.4 (muB. JlonaTokx A) 3HAXOIUMO KPUTHYHE .y 3HAUCHHS
t-xputepito CThIOJEHTA UIS CTETCHIB CBOOOIM m—3 Ta 3aJlaHUM PIBHEM
3HAYYIIOCTI .

Sxmo mns koedimieHTa b; BUKOHYETHCH |fpaxt|>fyp, TO Timoresa Ho
BIIXWIIETHCS, KoeimieHT bj cratucTrnaHo 3HadyImwi. daktop X; peaqbHO
BIUIMBAE HA PE3YJIbTAT, HOTO 3B'I30K 3 Y MATBEPIKEHO MATEMATHIHO.

Skmo s koedirlieHTa b; BUKOHYETHCS |fpact|<fip, TO Timoreza Ho
MpUMaEeThCS, KoeilieHT b; He3HaUyI il 1 pakTop X; HIAK HE BIUTUBAE HA
Y.

[epeBipsiemo 3HauymiicTe KoedilieHTa by piBHSAHHA perpecii 3a
t- kpurepieM CThIOJICHTA.

dopmymroemo rinmore3n Ho i Hi: HymsoBa rinotesa Ho: "bo=0 — BisHUI
YlieH He3Hauyluii"; ajdbTepHaTHBHA rinore3a Hi: "bo#0 — BUTbHHI 4JIcH
3HAYYIIUN".

PozpaxoByemo aktuuHe t-3HaUCHHS U bo 32 hopmymoro (7.102).

Hns  nBodakTopHOi Momeni perpecii  IOMHIKa m, A bo

PO3paxoBy€EThCS 32 POPMYIIOHO:

=2 =2 - = 1
m

TX-T X

mbo = S??an E'}‘ s

(7.103)

ae S, :Z(Xl —}1)2 , S, :Z(XZ —}2)2.

[lepeBipky MPUIHATTS TIMOTE3 )i by 3MIMCHIOEMO aHAJIOTIYHO, SIK JJIs
KoediIieHTiB b 1 bs.

Cepeoni koegiyicnmu enracmuunocmi E j nns miHIKHOT 3aJI€KHOCTI
BHU3HAYAEMO ISl KOXKHOTO KoeditieHTa b; perpecii, okpim by, 3a hopMyJior0:

Ej=b;

J

A (7.104)
y

Cepenni koedilieHTH enacTUYHOCTI E'; TOKa3yloTh CWIIy BIUIMBY
KOHKpPETHOTO (hakTopy Ha pe3ynbTaT. [Ipu 3miHi GakTopy X Ha 1% 3anexna
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3MiHHA Y 3MIHMTBCS B CEPEHbOMY Ha E ; BIIICOTKIB.

Hpuxaag 74. JloCHiDKyIOTh 3aJCKHICTP MIIHOCTI  O€TOHHOL
KoHCTpyKUii (v, MIIa) Bix wacy 3arBepainus (X, Hi) Ta BMiCTY 3MilHIOIOYO1
mooaBku (X2, %). Ortpumamm 7 panux: y: 15,22,28,35,46,55,62; Xi:
3,7,10,14,21,28,30; X»: 1,1,2,2,3,3,4. Ckiactu piBHIHHSA IBOGAKTOPHOI
MoJeni JiHIHHOI perpecii, 10 omHCye OaHy 3alexHicTb. llepeBipuTh
azieKkBaTHICTh Mojeli (F-kpurtepiit dimepa) npu piBHi 3Hauymocti a=0,05.
3HalTH cepemHi0 TMOMWIKY amnpoKCHMarlii Ta cepemHi KoedimieHTn
eITacCTUYHOCTI s KoedirienTa mofem perpecii. llepeBiputn HasBHICTH
MYJIbTHKOJIIHEAPHICTI Ta 3HAYYIIICTh KOXKHOTO KoedillieHTa MOJIeIi perpecii
3a t-kputepiit CTeiofeHTa npu piBHI 3HauymocTi a=0,05.

Po3é’azanna. JIns mogansmmx po3paxyHKIB CKIIaeMo Tadnumro 7.24.
Tabnusa 7.24

Nl X (X |y | X212 GX [ Xy Xy | )P (X1—7(1)2 (Xz—}z)z
113 1 [15] 9 1 3 45 |15 | 225 |172,738| 1,654
2|7 1 (22149 1 7 154 | 22 | 484 83,594 | 1,654
3110 |2 |28 ]100 |4 |20 |280 |56 | 784 |37,736 | 0,082
4114 |2 |35|196 |4 | 28 [490 | 70 | 1225 | 4,592 0,082
5121 |3 |46 (441 |9 | 63 |966 |138 | 2116 {23,590 | 0,510
628 | 3 |55]784 |9 | 84 |1540 |165 | 3025 {140,588 | 0,510
7130 |4 |62(900 |16 [120 [1860 |248 | 3844 (192,016| 2,938
X 113 | 16 263 [2479 |44 | 325 (5335 |714 (11703 | 654,86 | 7,43

Maemo y =37,571, X1~16,143, X 2~2,286.
PiBHsiHHS [BO(DAKTOPHOT MOJIENI JTiHIWHOI perpecii Mae BUTIISIL
Y=bo+b1X1+b2X2.
Koegiuientie b; 3naiizemo MHK, po3s’s3aBimim cuctemy JiHIHHHX
piBHSHB 32 popmyioro (7.97), B Ky IiJICTABUMO JaHi 3 Ta0muIl 7.24:
7by +113b, +16b, =263,

113b,, +2479b, +325b, = 5335,
16b, +325b, +44b, =714.

Po3p’s30k cucremu: bp=8,818; b1=1,362; b,=2,96.
PiBHsiHHS nBOaKTOPHOT MOAENI JTiHIKHOI perpecii:
Y=8,818+1,362-X,+2,96-X;.
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HonaTkoBo ckmagemo Tabmuiro 7.25.
Tabmuusa 7.25

> i ()’i —;)2 Yo’ (Yi _;)2 yi i

Yi
15 | 15,864 | 509,450 0,746 | 471,194| 0,0576
22 | 21,312 | 242,456 0,473 | 264,355| 0,0313
28 | 28,358 91,604 0,128 84,879 | 0,0128
35 | 33,806 6,610 1,426 14,175| 0,0341
46 46,3 71,048 0,090 76,195| 0,0065
55 | 55,834 | 303,770 0,696 | 333,537| 0,0152
62 | 61,518 | 596,776 0,232| 573,459| 0,0078
X 263 |262,992 | 1821,714 | 3,792 | 1817,795| 0,1652

~.

N[NNI

3uaiinemo koedimient gerepminanii R? 3a hopmyioro (7.86).

Ry 3792 _1817.795
1821714 1821,714

0,9978.

Busnaunmo daktrune 3HaueHHS Facr 32 GopMyttoro (7.98):
_ 09978 7-3
T T (1-0,9978) 2

~907,01.

3a tabmumero A.11 (muB. JlogaTtok A) mis CTeNeHiB cBoOomM: k=2
(ropuzonTaie), k,=4 (BepTHKaJb) Ta piBHEeM 3Hauymocti a=0,05 3Hax0aumMo
KPUTHUYHE 3HaueHHA Kputepito Dimepa Fi,=6,94.

Ockinbk Fpaer> Fip (907,01>6,94), To piBHSAHHS perpecii CTaTUCTUIHO
3HAYYIIE.

Po3paxoByemMo cepeqHIO MOMMIIKY anpoKcuMaii 4 3a bopmynoro
(7.94).

A4=0,1652/7-100%=2,36%.

Ockinpku A <8%, TO TOYHICTE MOJIEN OLIHIOETLCS K BUCOKA. PIBHAHHS
perpecii aJeKBaTHO BifoOpakae pealbHy 3aJIeKHICTh MIIIHOCTI OCTOHY Bij
BUOpaHuX (hakTopis.

BusHaunmo cepeiHi KoedilieHTH eIacTHYHOCTI E j Ui KoedinieHTa
b1 1 b, mogeni perpecii 3a ¢popmysioro (7.95).
3a gacom 3atBepainns Xi: E1=1,362-16,143/37,571=0,585(%). [1pu
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301TBIIeHH] Yacy 3aTBepAiHHS Ha 1% MinHicTh 3pocTae Ha 0,585%.

3a BMICTOM 3MIITHIOFOYO1 00aBKH Xo:
E> =2,96-2,286/37,571~0,18(%). I1pu 30inbmieHHi BMicTy 100aBku Ha 1%
MinHicTh 3poctae Ha 0,18%.

3pobumo mepeBipKy (HaKTOpiB Ha MYJIBTHKOJIIHEAPHICTh: 3B'I30K MIiX
gacoM X; Ta 1o06aBkoro Xo. 3actocyemo Gopmyay (7.99):

7-325-113-16 467
0,957.
P 72479 (113)2 7 44— (16)F 4384 52
3a po3paxyHKOM 1, . ~0,957 — 1me noyxXe BUCOKHH MOKa3HUK.

Ockinbku Koe(ilieHT napHoi Kopesuii Mixk pakTopaMu X Ta 100aBKOIO X>

rx1x2

> 0,8, To B MOZETI € CHIIbHA MYJIbTHKOIIHEApHICTh. Yepes Te, mo X i

X> 3pOCTarOTh y TaOMUIl MPAKTHYHO CHHXPOHHO, MATEMaTHYHO BaXXKKO
«pO3AUTUTHY, SIKUH came (DaKTOp BILITMBAE HA YCIiX Y 3pOCTaHHI MIITHOCTI
oerony. Lle i € HACIiAKOM MYJIBTHKOJIHEAPHOCTI.

Jlnst mporuo3y Y (MiIHOCTI) MOZEb MpHUaaTHA 1 JaBaTHMe AyKe TOYHI
pe3yNbTaTH TUTBKHU TOIi, JOKH 30€pIira€ThCs caMe Taka 3aJIe)KHICTh MK X 1
Xo, SIK 32 YMOBOIO TIPUKJIaTy, IPOTHO3 Oy/ie 1/1eabHIM.

AJie JUis KepyBaHHS IPOILIECOM MOJICNIb HENpUAaTHA, OCKUIBKH HE
MOKEMO TIPUITYCTUTH, 110 OyzAe 3 Y mpu 3MiHI 3HaueHb (akTopiB Xi i X>
Mojieni. Mojienb BUIACTh 3HAYCHHS, e BOHO Oy/ie HeJTOCTOBIpHE, OCKITbKU
koedimieHTH by i b, yepes KoJiHeapHiCTh MOXKYTh OYTH 3MillIeHi.

3HAXOMMMO 7y, Ta Iy, 32 ¢dopmynamu (7.100) ta (7.101):

X pLy)
~ 7-5335-113-263 ~ 7626 0,997
r 2 > Jassa 12752
7-2479—(113)* -{/7-11703—(263)
7-714-16-263 79 0970

* " Jraa—(6) 711703 (263f V52412752

[lepeBipsemo 3HauymiicTh KoeillieHTIB pIBHAHHA perpecii 3a
t- kputepieM CThIOJIEHTA.

s koxHOro koeditienta b; (mpu daktopi X; Mojaeni) GpopmyroemMo
rinore3u Ho i H;:

HynboBa rinoreza Hy: "KoedinienT b=0 — cTaTUCTUYHO HE3HAUYIIIHU.
Ie o3nauae, 110 ¢akTop X; HisK HE BIUIMBAE Ha Y,
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anpTepHatuBHA Timote3a H;: "Koedimienr b#0 — cTaTUCTHIHO
3Hauymmii. @akTop X; pealbHO BILIMBAE Ha Pe3yibTaT, HOro 3B'A30K 3 Y
MiJTBEPPKEHO MaTeMaTHYHO" .

3maiinemo: 1-r7, =1-0957> ~0,084; 03, = % -3,792=0,948 ;

m, = 0,948 < 0,948 ~0131;
654,86-0,084 55,107

m, :\/ 0.948 N\/0,948 ~1232.

7,43-0,084  \ 0,624
PozpaxoByemo haxktruHe t-3Ha4eHHS U b1 1 by 32 popmymoro (7.102):
1,362 2,96
t =——=10,397, ¢ =——~2403.
o 0131 Prdar T 53)

3a tabmurero A.4 (nuB. JlonaTtok A) uist cTenieHiB cBoOoaU k=4 1 piBHIO
3Hagymocti 0=0,05 3HaX0AMMO 3HaYeHHS f-KpuTepito CThIOACHTA t(p=2,776.

JInst by: OCKIIBKY |fpai|>Tip (10,397>2,776), To rinoresy Hy BigxuuseMo,
koedimieHT b, craTHcTHUHO 3Hauymuid. DakTop wacy 3arBepHiHHS X|
peanbHO BIUIMBAE HA PE3yJIbTAT.

JUtst bo: OCKUTBKH |fgar| <t (2,403<2,776), TO rinore3y Hy npuiimaemo,
KoeQiIieHT by He3HAUYIIUH 1 (HAKTOP BMICT 3MIIHIOIYOI 00aBKH X» HisIK
He BruiMBae Ha Y. Jlanwii pe3yiabTar OOYMOBJICHUH  CHJIBHOIO
MYJIBTUKOIIIHEAPHICTIO (PaKTOPIB, IO YCKJIATHIOE TOUT BKJIAMy 4Yacy Ta
J00ABKH Y MiJICYMKOBY MIITHICTb OETOHY.

[epeBipumMo 3HauymIiCTh KOedilieHTa by piBHSIHHS perpecii. 3HaineMo
3HAYCHHA MOMMIKH 7, 32 ¢dopmynoro (7.103), migcTaBUBIIM CyMH 3

Tabauni 24 1 Tabaur 25:
X 1%260.596, X 25,226, S1=654.86. S,=7.43. 2X1 X 2~73.806,

3 X, X, =325, %lezxz ~258,286.

1 260,596-7,43+5,226-654,86 — 73,806(325 — 258,286)
m, = [0948.| =+ =
0 7 113-16-0,084

=./0,948- l+w ~4/0,948-2,565 =~ 1,56.
7 151,872
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PozpaxoByemo mis by hakTHIHE 3HAYCHHS farr 32 OpMyITOIO (7.102):

Ty et = b0 _8818 ~5,653.
my, 156

Kputnune ¢, 3HaueHHs t-kputepito CThIOACHTA I CTENEHIB CBOOOIN
k=4 1 piBHto 3Hauymocti a=0,05 3HaiineHo BuIE: fp=2,776.

OCKINBKH  [fgare|>tp  (5,653>2,776), TO rinoresy Hy BiAXHIsSEMO,
KkoedimieHT by craTHCTHYHO 3Ha4yymui. Lle o3Hauae, MO0 TMpU HYIBOBUX
3HaueHHIX (akTopiB X 1 X» 3HAUeHHS Y OOTpYHTOBAHO BiJIPI3HAETHCS BiJl
HYJIsI 1 AOpiBHIOE TprOnn3HO §,818.

Bignosigp: Y=8,818+1,362-X1+2,96:X2; F4aa=907,01 — piBHIHHSA
perpecii CTaTHCTUYHO 3HAYYIIE, CEpeAHI0 TOMWJIKA arpoKCHMAIlil

A =2,36%p,,=0,9978; cepenHi Koe]illiecHTH eTaCTHYHOCTI l_?l =0,585%,

E2=0,18%; B Moaeni € cuiibHa MyJIbTHKOJIIHEAPHICTb.

7.3 3aBaaHHA AJ19 caMoCTiitHOi po6oTHn

3aBnaHHsA Biamosigs

1. IlepeBipuTH 4M ICHy€ JIHIMHA 3alEKHICTh MK r~0,997.
KUIBKICTIO  peknamuux Butpar (X, tuc.ym.on) Tta | IcHye cuphunid
o6csrom nponaxis (Y, O,Z[I/IHI/II_IB) AJIs IEKO1 KOMIIaHii, | IpAMUi IHIAHUN

a TAaKOX OLIHWUTH TICHOTY 3B'SsI3Ky. OTpuMau AaHi ais 3B'I30K MiX
X:10,12,15,13,18. s Y2 100,110,130,120,150. PiBeHs PEKJIaMHUMHU
3Haqym00Ti a:0,05. BUTpaTaMH Ta

00CSATOM TIPOJIAXKY.

2. JIocmmKVIOTh 3B'130K M1k yacoM (X) mnrotoBku 20
CTVIEHTIB JTO eK3aMeHV Ta mincvMkoBumM danoMm (V). 3a
pe3ynbTaTaMM CKIIAJINA KOPEJSIIHHY TaOJIHITHO:

v X 516 |7 |8 |9 |10 |n r~0,913.

90 —_ = 1=1=1T1 12 |3 3B'I30K MiXK
4acoM IiJATOTOBKH

80 - |- 1 [2 12 |1 |6 Ta MiJCYMKOBUM

70 - |1 |3 |1 |- |- 1|5 Oanom

60 4 |2 |- |- |- |- 1|6 CTaTHCTHYHO

e 4 (3[4 [3 ]33 |2 SHAHYILIH.

3HalTH BUOIDKOBUH KOeMIINEHT JMHINHOT KODEJSIIT
Ilipcona Ta mepeBIDUTH HOro 3HAUYIIICTH IPHU PIBHI
3Hauymocti a=0,05.
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OOuncnuty panroBuii koediuieHT Kopessiuii Cnipmena
Ta MEPEBIPUTH HOTO 3HAYYIIICTh NP 0= 0,05.

3aBmanHs Binnosins
3. JlocmIKyIOTh 3aJIeXHICTh MK JOCBIIOM POOOTH Y
poxkax (X) Ta KUTBKICTIO 00pOOITEeHNX RasTROK HA TIeH k (V)
mrs 100 crmiBpoOITHUKIB. 3a pe3yibTaTaMu CKIIAJIH
KOPEJSIIHHY TaOIuIIo:
X
() 04|48 [8-12 12-16 [16-20|
Y ) |6 [(10) | (14) | (18) | rn~0,693.
D) Hocsin pobotu
_ — | — CIpaBJli BIUIMBAE
40-50 (45) 2 6 7 15 HA KUILKICTE
30—40 (35) - 5 15 10 5 35 O6p06J'I€HI/IX
20-30(25) | 5 |10 | 10 5 30 3asIBOK.
10-20(15) | 10 | 5 5 - - 20
Ty 15 |20 | 32 21 12 |n=100
3HalTH BUOIDKORWI Koehirment miHIAHOT Konemamil
[lipcoHa Ta mepeBiDUTH HOrO 3HAYYINICTH MPH PiBHI
suauyirocti 0=0,05.
4. 3 HOpMaJbHOI T'CHEePaAILHOI CYKYIMHOCTI BHJIYYCHO tpa=4,79;
BUOiIpKy o00carom n=122. 3HaiifeHo BUOIpKOBUI t =198
koeiuienT Kopensuii r.,=0,4. Tlepesiputu Hynb0BY N
rimotesy  Ho: PlBHlCTL HYII0  T€HEPAIbHOro HYHPOBY TI0TE3Y
koedimieHTa kopensaii" npu pieHi 3Hauymocti a=0,05. BiJIXUJISIEMO.
5. CTyneHTH CKJIaJalOTh ICIHT 3 JBOX JAMCILHUIUIIH: ~0.755:
mareMaTuku (X) Ta TeopernmuHoi mexaHiku (Y). 3a p‘baKT~3 26:
HabOpaaumu Oagamu 10 CTYISHTIB OTpUMAIH PaHTH: t‘;’a‘“_z 51
X|2(4(5](1(75(7.5(7.5(7.5]3 |10 3B'M30K Mix
Yy [25/6 |4 ]1[25/7 8195595 OILIHKAMH JIBOX
JUCIUTUTIH TOCUTh

TICHUH.

6. JlocmuKylOTh BIUIMB piBHA MoTHBauii (X, Oanu) Ha
€()eKTMBHICTh BUPILIEHHS CKJIA[JHUX JIOTIYHUX 3aBJIaHb
(Y, kimpKkicTh) mId 5 CTy,ZleHTlB OTpumMany JaHi:

X={10,20,30,40,50} i ¥Y={(10,20,30,20,11}.

OGchnHTH paHroBUH KoeqnmeHT kopenii CripmeHa
Ta BCTAHOBUTH XapaKTep 3B'SI3KY.

p(baKT:OaQ'SS ;
1~=0,98.
HasBricTh
CHIJIBHOTO
KPUBOIIIHIHHOTO
3B'SI3KY.

7. lns 6 poOITHUKIB HIAMPHUEMCTBA OTPUMAJIH JAaHI IIPO
nocBin pobotu (X, pokiB) Ta piBeHb goxony (Y,
yM. ox.). Hani mna X: 1,2,3,4,5,6 1 nns Y:2,4,5,7,9,11.
Crxilactu piBHSIHHA perpecii Ta JaTH OIIHKY SKOCTi
KoedilieHTy perpecil.

Y=0,135+1,77-x.
fpacr=21,3.
KoedirienT
perpecii
CTaTUCTUYHO
3HAYYIIUH
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3aBmanHs Binnosins

8. 3HalTH mapaMmeTpu a 1 b miHIHHOI perpecii y=ax+b
3MHK 151 HACTYITHUX TaHUX:

xi |1 ]2 |3 |4

yi |3 15 |6 |8 a=1,61; b=1,55.

n |2 13 |1 |4
JIe X;— 3HAYCHHSI, 1; — YaCTOTA. 3HAUCHHS y; € CEPEIHIMU
JUTSL KOXKHOTO X;.
10. 3HaifTu OLIHKY MapaMeTpiB a 1 b JiHIAHOI perpecii
y=ax+b MeETOJOM HaWMEHIIUX KBaJpaTiB  JyIs
HACTYITHUX JaHUX: a=1.9: b=0.9.

xi |1 12 |3 |4 |5
yi |3 |5 |6 |8 |11

11. BuB4aroTh 3aie)KHICTh BUTpaTH naiusa (Y, JiTpu) )
Big mBHaKocTi (X, km/rox) mo 5 Bumipax. OTpumanu ~0,92.
nmani st X: 60,80,100,120,140 1 st Y: 6,7.5,9,10.5,12. Fpaar=32,5.
ITpu piBHi 3HauvmocTi a=0.05 neneBinuTH NI MOAEI: =459
axicth (R?), 3uaunmicts (F-kpurepiii), Tounicts ( 4). o
12. 3pobneno excriepument. Otpumano 10 nap gaHux.
UYac tpenyBanns (y % 10 HOMiHanbHOTO), Xi: 70, 120, ¥=18,265+0,867-x;
140, 90, 150, 100, 130, 60, 110, 80. Yac 6e3BigMOBHOT Fpaa=54,02;
pobotu (y % 1o rapantiiiHoro), yi: 78, 135, 138, 108, Lpaa=8,42.

142, 110, 138, 74, 98, 72. Cxnactu plBHHHHH JIHIAHOT
nernecifi. HpH plBHl 3HAYYIIOCTl = 0,05 3a F-

PiBHsIHHS MOzenl 1
koedimenT by

KpI/ITel‘)IFM ]Tel’)eBlpI/ITI/I 3HAYyUI1CTh plBHHHHﬂ MO):[eJ]l CTATUCTUYHO
3a - XPUTEDiEM TIENEBIPUTH 3HAYYIIICTh KoedilienTa 3HAYYIL.
b1 piBHSIHHS perpecii.
13. IlpoBenn nocii/pkeHH s BIUIMBY BUTPAT Ha pexiamy | Y=8,44+1,34-X,—
(X1) 1 cepennboi wmiHu TOBapy (X2) Ha obcar -1.31-X>:
npoaaxis (Y). 3a oTpuMaHuMu JaHUMH 6 TOCIIIB JJIst Fiae~0.98:
Y: {10,12,15,18,20,22}, X {2.4.5.7.8.101. Momenn
X>:1{5.4,3,2,2,1} cknacTu piBHAHHSA JBO(QAKTOPHOI CTATHCTHYHO
Mozenl JiHiiHOT perpecii. [lpu piBHI 3HAYYIIOCTI HEe3HAYHA
0=0,05 3a F-xpurepieM TepeBIPUTH 3HAYYILICTH .

5 | (amexkBaTHICTh He
DIBHAHAS  Monemi. 3HalTH  cKoperoBaHWi R, | TIATBEDIDKEHA).
[NeveBipuTH 3HAYVIITICTH KOXKHOTO KoebillieHTa Moiel =2
perpecii 3a f-koutepiii CrThlogeHTa TpU  piBHI ~~0,006.
3nauymrocti a=0,05. Do: tpai=0,83:

bi: l‘anKT:l,162

b2: l(haszo.S?):
XKonen dakrop He
BU3HAHUH

3HaYHUM
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3aBgaHus

Binnosins

9. HocmmKyroTh 3aI€XKHICTb 3HOCY AeTanl (Y, MM) Bix
gacy pobortu (X, cotHi rogus). OTpUMaiu NaHi As
X:1,2,3,4.51 ma Y: 015, 0.28, 042 0.58, 0.72.
3Haittn Koeq)uneHT KOpeJIsii HlpCOHa Fiys Koeqnmem
nerepminarii R*. Ipu pieui 3uadymocti 0=0,05 3a r-
kputepieM  CThIOJIEHTa IEPEBIPMTH  3HAYYIICTh
OTpPHMaHHX PE3yJIbTATIB.

14 xi'\’o 999
~0,998;
t(baKT~38 7
OTpumaHi
pe3yabTaTi
CTaTUCTUYHO
3HAYYIII.

14. Ha 10 gochimHUX AUISHKAaxX OJZHAKOBOTO PO3MIPY
OTPHUMAHO TaKi JaHi Mpo BpoxkaiHICTh X (T) Ta BMICT
oinka Y (%) mtst nesikol KyJIbTypH:
X:9910,211,011,6 11,8 12,5 12,8 13,5 14,3 14.,4;
¥:10,710,8 12,1 12,5 12,8 12,8 12,4 11,8 10,8 10,6.
Cknactv  pIBHAHHSA KBaJIpaTHOi perpecii. 3HaWTH
KODEIAUIMHE  BIHOWIEHHS Py 1 KoedilieHt
neTepMinaii R,

Y=-50,02+10,309-
x—0,4237-x2.

p~0,99; R*~0,98.
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JTIOJATOK A

Tabmuus A.1 — 3nauenns pynkuii @(x)

x2

——e 2.

2z

6

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

3697

0.4

3683

3668

3652

3637

3621

3605

3589

3572

3555

3538

0,5

3521

3503

3485

3467

3448

3429

3410

3391

3372

3352

0,6

3332

3312

3292

3271

3251

3230

3209

3187

3166

3144

0,7

3123

3101

3079

3056

3034

3011

2989

2966

2943

2920

0,8

2897

2874

2850

2827

2803

2780

2756

2732

2709

2685

0,9

2661

2637

2613

2589

2565

2541

2516

2492

2468

2444

1.0

0,242

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

1582

1561

1539

1518

1,4

1497

1476

1456

1435

1415

1394

1374

1354

1334

1315

1,5

1295

1276

1257

1238

1219

1200

1182

1163

1145

1127

1,6

1109

1092

1074

1057

1040

1023

1006

0989

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

2,0

0,054

0529

0519

0508

0498

0488

0478

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

24

0224

0219

0213

0208

0203

0198

0194

0189

0184

0180

2,5

0175

0171

0167

0163

0158

0154

0151

0147

0143

0139
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[Tpomosxxenns Tabmui A.1

5

6

7

8

9

2,6

0136

0132

0129

0126

0122

0119

0116

0113

0110

0107

2,7

0104

0101

0099

0096

0093

0091

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

32

0024

0023

0022

0022

0021

0020

0020

0019

0018

0018

33

0017

0017

0016

0016

0015

0015

0014

0014

0013

0013

34

0012

0012

0012

0011

0011

0010

0010

0010

0009

0009

35

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

0003

0003

0003

0003

3.8

0003

0003

0003

0003

0003

0002

0002

0002

0002

0002

39

0002

0002

0002

0002

0002

0002

0002

0002

0001

0001

Tabmuus A.2 — 3naueHHs QyHKil @(x) =

Lj,
amy

2
Z

24

X

D(x)

X

D(x)

X

D)

X

D(x)

0,00

0,0000

0,11

0,0438

0,22

0,0871

0,33

0,1293

0,01

0,0040

0,12

0,0478

0,23

0,0910

0,34

0,1331

0,02

0,0080

0,13

0,0517

0,24

0,0948

0,35

0,1368

0,03

0,0120

0,14

0,0557

0,25

0,0987

0,36

0,1406

0,04

0,0160

0,15

0,0596

0,26

0,1026

0,37

0,1443

0,05

0,0199

0,16

0,0636

0,27

0,1064

0,38

0,1480

0,06

0,0239

0,17

0,0675

0,28

0,1103

0,39

0,1517

0,07

0,0279

0,18

0,0714

0,29

0,1141

0,40

0,1554

0,08

0,0319

0,19

0,0753

0,30

0,1179

0,41

0,1591

0,09

0,0359

0,20

0,0793

0,31

0,1217

0,42

0,1628

0,10

0,0398

0,21

0,0832

0,32

0,1255

0,43

0,1664
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IIponosxenns Tabmmmi A.2

X D(x) X D(x) X D(x) X D(x)
0,44 | 0,1700 | 0,74 | 0,2703 | 1,04 | 0,3508 | 1,34 | 0,4099
045 | 0,1736 | 0,75 | 0,2734 | 1,05 | 0,3531 | 1,35 | 04115
0,46 | 0,1772 | 0,76 | 0,2764 | 1,06 | 0,3554 | 1,36 | 0,4131
0,47 | 0,1808 | 0,77 | 0,2794 | 1,07 | 0,3577 | 1,37 | 0,4147
0,48 | 0,1844 | 0,78 | 0,2823 | 1,08 | 0,3599 | 1,38 | 0,4162
0,49 | 0,1879 | 0,79 | 0,2852 | 1,09 | 0,3621 | 1,39 | 0,4177
0,50 | 0,1915 | 0,80 | 0,2881 | 1,10 | 0,3643 | 1,40 | 0,4192
0,51 | 0,1950 | 0,81 | 0,2910 | 1,11 | 0,3665 | 1,41 | 0,4207
0,52 | 0,1985 | 0,82 | 0,2939 | 1,12 | 0,3686 | 1,42 | 0,4222
0,53 | 0,2019 | 0,83 | 0,2967 | 1,13 | 0,3708 | 1,43 | 0,4236
0,54 | 0,2054 | 0,84 | 0,2995 | 1,14 | 0,3729 | 1,44 | 0,4251
0,55 | 0,2088 | 0,85 | 0,3023 | 1,15 | 0,3749 | 1,45 | 0,4265
0,56 | 0,2123 | 0,86 | 0,3051 | 1,16 | 0,3770 | 1,46 | 0,4279
0,57 | 0,2157 | 0,87 | 0,3078 | 1,17 | 0,3790 | 1,47 | 0,4292
0,58 | 0,2190 | 0,88 | 0,3106 | 1,18 | 0,3810 | 1,48 | 0,4306
0,59 | 0,2224 | 0,89 | 0,3133 | 1,19 | 0,3830 | 1,49 | 0,4319
0,60 | 0,2257 | 0,90 | 0,3159 | 1,20 | 0,3849 | 1,50 | 0,4332
0,61 | 0,2291 | 0,91 | 0,3186 | 1,21 | 0,3869 | 1,51 0,4345
0,62 | 0,2324 | 0,92 |0,3212 | 1,22 | 0,3883 | 1,52 | 0,4357
0,63 | 0,2357 | 0,93 | 0,3238 | 1,23 | 0,3907 | 1,53 | 0,4370
0,64 | 0,2389 | 0,94 | 0,3264 | 1,24 | 0,3925 | 1,54 | 0,4382
0,65 | 0,2422 | 0,95 | 0,3289 | 1,25 | 0,3944 | 1,55 | 0,4394
0,66 | 0,2454 | 0,96 | 0,3315 | 1,26 | 0,3962 | 1,56 | 0,4406
0,67 | 02486 | 0,97 | 03340 | 1,27 | 0,3980 | 1,57 | 0,4418
0,68 | 0,2517 | 0,98 | 0,3365 | 1,28 | 0,3997 | 1,58 | 0,4429
0,69 | 0,2549 | 0,99 | 0,3389 | 1,29 | 0,4015 | 1,59 | 0,4441
0,70 | 0,2580 | 1,00 | 0,3413 | 1,30 | 0,4032 | 1,60 | 0,4452
0,71 | 0,2611 | 1,01 | 0,3438 | 1,31 | 0,4049 | 1,61 | 0,4463
0,72 | 0,2642 | 1,02 | 0,3461 1,32 | 0,4066 | 1,62 | 0,4474
0,73 | 0,2673 | 1,03 | 0,3485 | 1,33 | 0,4082 | 1,63 | 0,4484
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IIponmosxenus Tabmmmi A.2

X D(x) X D(x) X D(x) X D(x)
1,64 | 0,4495 | 1,94 | 04738 | 2,24 | 0,4875 | 2,54 | 0,4945
1,65 | 0,4505 | 1,95 | 0,4744 | 2,25 | 0,4878 | 2,55 | 0,4946
1,66 | 04515 | 1,96 | 0,4750 | 2,26 | 0,4881 | 2,56 | 0,4948
1,67 | 04525 | 1,97 | 0,4756 | 2,27 | 0,4884 | 2,57 | 0,4949
1,68 | 0,4535 | 1,98 | 0,4761 | 2,28 | 0,4887 | 2,58 | 0,4951
1,69 | 0,4545 | 1,99 | 0,4767 | 2,29 | 0,4890 | 2,59 | 0,4952
1,70 | 0,4554 | 2,00 | 0,4772 | 2,30 | 0,4893 | 2,60 | 0,4953
1,71 | 04564 | 2,01 | 04778 | 2,31 | 0,4896 | 2,61 0,4955
1,72 | 04573 | 2,02 | 0,4783 | 2,32 | 0,4898 | 2,62 | 0,4956
1,73 | 0,4582 | 2,03 | 0,4788 | 2,33 | 0,4901 | 2,63 | 0,4957
1,74 | 0,4591 | 2,04 | 0,4793 | 2,34 | 0,4904 | 2,64 | 0,4959
1,75 | 0,4599 | 2,05 | 0,4798 | 2,35 | 0,4906 | 2,65 | 0,4960
1,76 | 0,4608 | 2,06 | 0,4803 | 2,36 | 0,4909 | 2,66 | 0,4961
1,77 | 0,4616 | 2,07 | 0,4808 | 2,37 | 0,4911 | 2,67 | 0,4962
1,78 | 0,4625 | 2,08 | 0,4812 | 2,38 | 0,4913 | 2,68 | 0,4963
1,79 | 0,4633 | 2,09 | 0,4817 | 2,39 | 04916 | 2,69 | 0,4964
1,80 | 0,4641 | 2,10 | 0,4821 | 2,40 | 04918 | 2,70 | 0,4965
1,81 | 0,4649 | 2,11 | 0,4826 | 2,41 | 0,4920 | 2,71 0,4966
1,82 | 0,4656 | 2,12 | 04830 | 2,42 | 0,4922 | 2,72 | 0,4967
1,83 | 0,4664 | 2,13 | 04834 | 2,43 | 0,4925 | 2,73 | 0,4968
1,84 | 0,4671 | 2,14 | 04838 | 2,44 | 0,4927 | 2,74 | 0,4969
1,85 | 0,4678 | 2,15 | 0,4842 | 2,45 | 0,4929 | 2,75 | 0,4970
1,86 | 0,4686 | 2,16 | 04846 | 2,46 | 0,4931 | 2,76 | 0,4971
1,87 | 0,4693 | 2,17 | 0,4850 | 2,47 | 0,4932 | 2,77 | 0,4972
1,88 | 0,4699 | 2,18 | 0,4854 | 2,48 | 0,4934 | 2,78 | 0,4973
1,89 | 04706 | 2,19 | 0,4857 | 2,49 | 04936 | 2,79 | 0,4974
1,90 | 04713 | 2,20 | 0,4861 | 2,50 | 0,4938 | 2,80 | 0,4974
1,91 | 04719 | 2,21 | 0,4864 | 2,51 | 0,4940 | 2,81 0,4975
1,92 | 04726 | 2,22 | 0,4868 | 2,52 | 0,4941 2,82 | 0,4976
1,93 | 04732 | 2,23 | 0,4871 | 2,53 | 0,4943 | 2,83 | 0,4977
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[Ipomosxenns Tabmumi A.2

X D(x) X D(x) X D(x) X D(x)

2,84 | 04977 | 3,14 | 0,4992 | 3,44 | 04997 | 3,74 | 0,4999

2,85 | 0,4978 | 3,15 | 0,4992 | 3,45 | 0,4997 | 3,75 | 0,4999

2,86 | 0,4979 | 3,16 | 0,4992 | 3,46 | 0,4997 | 3,76 | 0,4999

2,87 | 04979 | 3,17 | 0,4992 | 3,47 | 04997 | 3,77 | 0,4999

2,88 | 0,4980 | 3,18 | 0,4993 | 3448 | 0,4997 | 3,78 | 0,4999

2,89 | 0,4981 | 3,19 | 0,4993 | 3,49 | 0,4998 | 3,79 | 0,4999

2,90 | 0,4981 | 3,20 | 0,4993 | 3,50 | 0,4998 | 3,80 | 0,4999

291 | 04982 | 3,21 | 0,4993 | 3,51 | 0,4998 3,81 0,4999

2,92 | 04982 | 3,22 | 0,4994 | 3,52 | 0,4998 | 3,82 | 0,4999

2,93 | 0,4983 | 3,23 | 0,4994 | 3,53 | 0,4998 | 3,83 | 0,4999

294 | 04984 | 3,24 | 0,4994 | 3,54 | 0,4998 3,84 | 0,4999

295 | 04984 | 3,25 | 0,4994 | 3,55 | 0,4998 3,85 | 0,4999

296 | 04985 | 3,26 | 0,4994 | 3,56 | 0,4998 3,86 | 0,4999

2,97 | 04985 | 3,27 | 0,4995 | 3,57 | 0,4998 | 3,87 | 0,4999

298 | 0,4986 | 3,28 | 0,4995 | 3,58 | 0,4998 | 3,88 | 0,4999

2,99 | 0,4986 | 3,29 | 0,4995 | 3,59 | 0,4998 3,89 | 0,4999

3,00 | 0,49865 | 3,30 | 0,4995 | 3,60 | 0,4998 3,90 | 0,4999

3,01 | 0,4987 | 3,31 | 0,4995 | 3,61 | 0,4998 | 3,91 0,4999

3,02 | 0,4687 | 3,32 | 0,4995 | 3,62 | 0,4999 | 3,92 | 0,4999

3,03 | 0,4988 | 3,33 | 0,4996 | 3,63 | 0,4999 | 3,93 | 0,4999

3,04 | 0,4988 | 3,34 | 0,4996 | 3,64 | 0,4999 | 3,94 | 0,4999

3,05 | 0,4989 | 3,35 | 0,4996 | 3,65 | 0,4999 | 3,95 | 0,4999

3,06 | 0,4989 | 3,36 | 0,4996 | 3,66 | 0,4999 | 3,96 | 0,4999

3,07 | 0,4989 | 3,37 | 04996 | 3,67 | 0,4999 | 3,97 | 0,4999

3,08 | 0,4990 | 3,38 | 0,4996 | 3,68 | 0,4999 | 3,98 | 0,4999

3,09 | 0,4990 | 3,39 | 04997 | 3,69 | 0,4999 | 3,99 | 0,4999

3,10 | 0,4990 | 3,40 | 04997 | 3,70 | 0,4999 | 4,00 0,5

3,11 | 04991 | 341 | 04997 | 3,71 | 04999 | x>4 0,5

3,12 | 04991 | 342 | 04997 | 3,72 | 0,4999

3,13 | 04991 | 343 | 04997 | 3,73 | 0,4999
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Tabmums A.3 — 3nadeHss #(y,k)
y — Ha@iHHICTB, k=n—1 — 9HUCII0 CTETeHIB CBOOOIH

OIHOCTOPOHHS KPUTHYHA 001aCTh

0,75

0,80

0,85

0,90

0,95

0,975

0,99

0,995

),9975

0,999

),9995

I[BOCTOpOHHH KpUTUYHA O

0J1aCTh

0,50

0,60

0,70

0,80

0,90

0,95

0,98

0,99

0,995

0,998

0,999

1,000

1,376

1,963

3,078

6,314

12,71

31,82

63,66

127,3

318,3

636,6

,816

1,080

1,386

1,886

2,920

4,303

6,965

9,925

14,09

22,33

31,60

, 165

978

1,250

1,638

2,353

3,182

4,541

5,841

7,453

10,21

12,92

0,741

0,941

1,190

1,533

2,132

2,776

3,747

4,604

5,598

7,173

8,610

0,727

0,920

1,156

1,476

2,015

2,571

3,365

4,032

4,773

5,893

6,869

0,718

0,906

1,134

1,440

1,943

2,447

3,143

3,707

4,317

5,208

5,959

711

,896

1,119

1,415

1,895

2,365

2,998

3,499

4,029

4,785

5,408

,706

,889

1,108

1,397

1,860

2,306

2,896

3,355

3,833

4,501

5,041

(R QA | D[N0 |- =

0,703

0,883

1,100

1,383

1,833

2,262

2,821

3,250

3,690

4,297

4,781

it
<

0,700

0,879

1,093

1,372

1,812

2,228

2,764

3,169

3,581

4,144

4,587

[
[

0,697

0,876

1,088

1,363

1,796

2,201

2,718

3,106

3,497

4,025

4,437

e
(9]

,695

873

1,083

1,356

1,782

2,179

2,681

3,055

3,428

3,930

4,318

[
w

,694

,870

1,079

1,350

1,771

2,160

2,650

3,012

3,372

3,852

4,221

[
N

,692

,868

1,076

1,345

1,761

2,145

2,624

2,977

3,326

3,787

1,140

[
9]

0,691

0,866

1,074

1,341

1,753

2,131

2,602

2,947

3,286

3,733

4,073

it
=)

0,690

0,865

1,071

1,337

1,746

2,120

2,583

2,921

3,252

3,686

4,015

oy
|

0,689

0,863

1,069

1,333

1,740

2,110

2,567

2,898

3,222

3,646

3,965

ik
=]

0,688

0,862

1,067

1,330

1,734

2,101

2,552

2,878

3,197

3,610

3,922

[
o

0,688

0,861

1,066

1,328

1,729

2,093

2,539

2,861

3,174

3,579

3,883

[}
<

0,687

0.860

1,064

1,325

1,725

2,086

2,528

2,845

3,153

3,552

3,850
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[Tpomosxenns Tabmuiti A.3

OIHOCTOPOHHS KPUTHYHA 00JIaCTh

0,75

0,80

0,85

0,90

0,95

0,975

0,99

0,995

),9975

0,999

),9995

JBOCTOpOHHS KpUTHYHA 001aCTh

0,50

0,60

0,70

0,80

0,90

0,95

0,98

0,99

0,995

0,998

0,999

21

0,686

0,859

1,063

1,323

1,721

2,080

2,518

2,831

3,135

3,527

3,819

22

0,686

0,858

1,061

1,321

1,717

2,074

2,508

2,819

3,119

3,505

3,792

23

,685

,858

1,060

1,319

1,714

2,069

2,500

2,807

3,104

3,485

3,767

24

,685

,857

1,059

1,318

1,711

2,064

2,492

2,797

3,001

3,467

3,745

25

0,684

0,856

1,058

1,316

1,708

2,060

2,485

2,787

3,078

3,450

3,725

26

0,684

0,856

1,058

1,315

1,706

2,056

2,479

2,779

3,067

3,435

3,707

27

0,684

0,855

1,057

1,314

1,703

2,052

2,473

2,771

3,057

3,421

3,690

28

,683

,855

1,056

1,313

1,701

2,048

2,467

2,763

3,047

3,408

3,674

29

,683

,854

1,055

1,311

1,699

2,045

2,462

2,756

3,038

3,396

3,659

30

,683

,854

1,055

1,310

1,697

2,042

2,457

2,750

3,030

3,385

3,646

40

0,681

0,851

1,050

1,303

1,684

2,021

2,423

2,704

2,971

3,307

3,551

50

0,679

0,849

1,047

1,299

1,676

2,009

2,403

2,678

2,937

3,261

3,496

60

0,679

0,848

1,045

1,296

1,671

2,000

2,390

2,660

2,915

3,232

3,460

80

,678

,846

1,043

1,292

1,664

1,990

2,374

2,639

2,887

3,195

3,416

100

,677

,845

1,042

1,290

1,660

1,984

2,364

2,626

2,871

3,174

3,390

120

,677

,845

1,041

1,289

1,658

1,980

2,358

2,617

2,860

3,160

3,373

0,674

0,842

1,036

1,282

1,645

1,960

2,326

2,576

2,807

3,090

3,291
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Tabmuus A.4 — Kpuruani Touku posnoainy CTeioneHTa 7,

k=n—1 — 9ucyo creneHiB cBo6oaH, o=1-y,
JIe ¥ — HAIIHHICTB,

PiBeHb 3HaUyHOCTI 0 (IBOCTOPOHHS KPUTHYHA 00JIACTh)

k 0,001 | 0,002 | 0,01 0,02 0,05 0,1 0,2

1 | 636,619 (318,310 | 63,657 | 31,821 |12,706 | 6,314 3,078
2 131,598 122,326 | 9,925 | 6,965 | 4,303 | 2,920 1,886
3 12,941 10,213 | 5,841 | 4,541 [3,182 | 2,353 1,638
4 8,610 | 7,173 | 4,604 | 3,747 |2,776 | 2,132 1,533
5 6,859 5,893 | 4,032 | 3,365 |2,571 | 2,015 1,476
6 5,959 5,208 | 3,707 | 3,143 | 2,447 | 1,943 1,440
7 5405 4,785 | 3,499 | 2,998 |2,365 | 1,895 1,415
8 5,041 4,501 | 3,355 | 2,896 |2,306 | 1,860 1,397
9 4,781 | 4297 | 3,249 | 2,821 |2,262 | 1,833 1,383

10 | 4,583 | 4,144 | 3,169 | 2,764 |2,228 | 1,812 1,372

11 | 4,437 4,025 | 3,106 | 2,718 | 2,201 | 1,796 1,363

12 | 4,318 |3930 | 3,055 | 2,681 |2,179 | 1,782 1,356

13 | 4,221 | 3,852 | 3,012 | 2,650 |2,160 | 1,771 1,350

14 | 4,140 | 3,787 | 2,977 | 2,624 | 2,145 | 1,761 1,345

15 | 4,073 | 3,733 | 2,947 | 2,602 | 2,131 1,753 1,341

16 | 4,015 |3,686 | 2921 | 2,583 |2,120 | 1,746 1,337

17 | 3,965 | 3,646 | 2,898 | 2,567 |2,110 | 1,740 1,333

18 | 3,922 | 3,610 | 2,878 | 2,552 | 2,101 1,734 1,330

19 | 3,883 | 3,579 | 2,861 | 2,539 |2,093 | 1,729 1,328

20 | 3,850 | 3,552 | 2,845 | 2,528 |2,086 | 1,725 1,325

21 3,819 |3,527 | 2,831 | 2,518 |2,080 | 1,721 1,323

22 | 3,792 | 3,505 | 2,819 | 2,508 |2,074 | 1,717 1,321

23 | 3,767 | 3485 | 2,807 | 2,500 |2,069 | 1,714 1,319

24 | 3,745 | 3467 | 2,797 | 2,492 2,064 | 1,711 1,318

25 | 3,725 | 3,450 | 2,787 | 2,485 |2,060 | 1,708 1,316

26 | 3,707 | 3,435 | 2,779 | 2,479 ]2,056 | 1,706 1,315

27 | 3,690 | 3,421 | 2,771 | 2,473 12,052 | 1,703 1,314

28 | 3,674 | 3,408 | 2,763 | 2,467 2,048 | 1,701 1,313

0,0005 | 0,001 | 0,005 0,01 10,025 0,05 0,1

PiBeHb 3HaUyMOCTI 0 (0THOCTOPOHHS KPUTHYHA 00JIACTB)
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[Iponmosxenns Tabmumi A.4

PiBensp 3HaUyIIOCTI 0 (TBOCTOPOHHS KPUTHYHA 00JIACTB)

k 0,001 | 0,002 0,01 0,02 0,05 0,1 0,2
29 | 3,659 | 3,396 | 2,756 | 2,462 | 2,045 1,699 1,311
30 | 3,646 | 3,385 | 2,750 | 2,457 |2,042 1,697 1,310
40 | 3,551 3,307 | 2,704 | 2,423 | 2,021 1,684 1,303
60 | 3,460 | 3,232 | 2,660 | 2,390 | 2,000 1,671 1,296
120 | 3,373 | 3,170 | 2,617 | 2,358 | 1,980 1,658 1,289
0 3,291 3,090 | 2,576 | 2,326 | 1,960 1,645 1,282

0,0005 | 0,001 0,005 0,01 0,025 0,05 0,1
PiBeHb 3HaUynIocTi o (0JHOCTOPOHHS KPUTHYHA 00JIACTB)
PiBens 3HaUymOCTI 0 (IBOCTOPOHHS KPUTHUYHA 00JIACTH)

k 0,3 0,4 0,5 0,6 0,7 0,8 0,9

1 1,963 1,376 1,000 | 0,727 |0,510 | 0,325 0,158

2 1,386 1,061 0,816 | 0,617 |0,445 | 0,289 0,142

3 1,250 | 0,978 | 0,765 | 0,584 |0,424 | 0,277 0,137

4 1,190 | 0,941 0,741 | 0,569 |0414 | 0,271 0,134

5 1,156 | 0,920 | 0,727 | 0,559 |0,408 | 0,267 0,132

6 1,134 | 0,906 | 0,718 | 0,553 |0,404 | 0,265 0,131

7 1,119 | 0,896 | 0,711 | 0,549 |0,402 | 0,263 0,130

8 1,108 | 0,889 | 0,706 | 0,546 |0,399 | 0,262 0,130

9 1,100 | 0,883 0,703 | 0,543 0,398 | 0,261 0,129
10 | 1,093 | 0,879 | 0,700 | 0,542 |0,397 | 0,260 0,129
11 1,088 | 0,876 | 0,697 | 0,540 |0,396 | 0,260 0,129
12 1,083 | 0,873 0,695 | 0,539 |0,395 | 0,259 0,128
13 1,079 | 0,870 | 0,694 | 0,538 |0,394 | 0,259 0,128
14 1,076 | 0,868 | 0,692 | 0,537 |0,393 | 0,258 0,128
15 1,074 | 0,866 | 0,691 | 0,536 |0,393 | 0,258 0,128
16 1,071 0,865 0,690 | 0,535 |0,392 | 0,258 0,128
17 1,069 | 0,863 0,689 | 0,534 |0,392 | 0,257 0,128
18 1,067 | 0,862 | 0,688 | 0,534 |0,392 | 0,257 0,127
19 1,066 | 0,861 0,688 | 0,533 | 0,391 0,257 0,127
20 | 1,064 | 0,860 | 0,687 | 0,533 | 0,391 0,257 0,127

0,15 0,2 0,25 0,3 0,35 0,4 0,45

PiBeHp 3HauymocTi o (0THOCTOPOHHS KPUTHYHA 00J1aCTh)
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[Iponmosxenns Tabmumi A.4

PiBeHp 3HaYYyIIOCTI o (IBOCTOPOHHS KPUTHYHA 00JIACTh)

0,3 0,4 0,5 0,6 0,7 0,8 0,9

21 ] 1,063 | 0,859 | 0,686 | 0,532 |0,391 | 0,257 0,127

22 ] 1,061 | 0,858 | 0,686 | 0,532 |0,390 | 0,256 0,127

23 ] 1,060 | 0,858 | 0,685 |0,532 |0,390 | 0,256 0,127

24 ] 1,059 | 0,857 | 0,685 |0,531 |0,390 | 0,256 0,127

25 ] 1,058 | 0,856 | 0,684 | 0,531 |0,390 | 0,256 0,127

26 | 1,058 | 0,856 | 0,684 | 0,531 |0,390 | 0,256 0,127

27 | 1,057 | 0,855 | 0,684 | 0,531 [0,389 | 0,256 0,127

28 | 1,056 | 0,855 | 0,683 | 0,530 [0,389 | 0,256 0,127

29 | 1,055 | 0,854 | 0,683 | 0,530 [0,389 | 0,256 0,127

30 | 1,055 | 0,854 | 0,683 | 0,530 [0,389 | 0,256 0,127

40 | 1,050 | 0,851 | 0,681 | 0,529 0,388 | 0,255 0,126

60 | 1,046 | 0,848 | 0,679 | 0,527 [0,387 | 0,254 0,126

120 | 1,041 | 0,845 | 0,677 | 0,526 |0,386 | 0,254 0,126

0 1,036 | 0,842 | 0,674 | 0,524 0,385 | 0,253 0,126

0,15 0,2 0,25 0,3 0,35 0,4 0,45

PiBens 3HauymocTi o (0THOCTOPOHHS KPUTHUYHA 00JIACTH)

Tabmums A.5 — Kputnuni Touku posmnoginy [lipcona ;(02[; k

k — 4auciio crerneniB cBOOOIU

k PiBeHp 3HAUyIIOCTI @

0,999 0,995 0,99 0,98 0,975 0,95 0,9
1 | 0,05157/0,000039 | 0,00016 {0,03628 |0,00098 | 0,00393 | 0,0158
2 1 0,00200( 0,0100 0,0201 | 0,0404 | 0,0506 | 0,1030 0,211
3 10,0243 | 0,0717 0,1150 | 0,185 0,216 0,352 0,584
4 | 0,0908 | 0,207 0,297 0,429 0,484 0,711 1,064
5 | 0,210 0,412 0,554 0,752 0,831 1,145 1,610
6 | 0,381 0,676 0,872 1,134 1,237 1,635 2,204
7 | 0,598 0,989 1,239 1,564 1,690 2,167 2,833
8 | 0,857 1,344 1,646 2,032 2,180 2,733 3,490
9 | 1,152 1,735 2,088 2,532 2,700 3,325 4,168
10 | 1,479 | 2,156 2,558 {3,059 |3,274 | 3,240 4,865
11 | 1,834 | 2,603 3,053 | 3,609 | 3,816 | 4,575 5,578
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[Ipomosxenns Tabmurti A.S

PiBens 3HaUyIIOCTI O

k 0,999 0,995 0,99 0,98 0,975 0,95 0,9
12 | 2,214 3,074 3,571 4,178 4,404 5,226 6,304
13 | 2,617 3,565 4,107 4,765 5,009 5,892 7,042
14 | 3,041 4,075 4,660 5,368 5,629 6,57 7,790
15 | 3,483 4,601 5,229 5,985 6,262 7,261 8,547
16 | 3,942 5,142 5,812 6,614 6,908 7,962 9,312
17 | 4,416 5,697 6,408 7,255 7,654 8,672 10,085
18 | 4,905 6,265 7,015 7,906 8,231 9,390 10,865
19 | 5,407 6,844 7,633 8,567 8,907 10,117 11,651
20 | 5,921 7,434 8,620 9,237 9,591 10,871 12,433
21 | 6,447 8,034 8,897 9,915 10,283 11,591 13,240
22 | 6,983 8,643 9,542 10,600 | 10,982 12,338 14,041
23 | 7,529 9,260 10,196 | 11,293 | 11,688 13,091 14,848
24 | 8,035 9,886 10,856 | 11,992 | 12,401 13,848 15,659
25 | 8,649 10,520 11,524 | 12,697 | 13,120 14,611 16,173
26 | 9,222 11,160 12,198 | 13,409 | 13,844 15,379 17,292
27 | 9,803 11,808 12,879 | 14,125 | 14,573 16,151 18,114
28 | 10,391 | 12,461 13,565 | 14,847 | 15,308 16,928 18,937
29 | 10,986 | 13,121 14,256 | 15,574 | 16,047 17,708 19,768
30 | 11,588 | 13,787 14,953 | 16,306 | 16,791 18,493 20,599

K PiBeHp 3HAUYIIOCTI O

0,80 0,75 0,70 0,50 0,30 0,25 0,20

1 | 0,0642 | 0,102 0,148 0,455 1,074 1,323 1,642

2 1 0,446 0,575 0,713 1,386 2,408 2,773 3,219

3 | 1,005 1,213 1,424 2,366 3,665 4,108 4,642
4 | 1,649 1,923 2,195 3,357 4,878 5,385 5,989

5 | 2,343 2,675 3,000 4,351 6,064 6,626 7,289

6 | 3,070 3,455 3,828 5,348 7,231 7,81 8,558
7 1 3,822 4,255 4,671 6,346 8,383 9,037 9,803

8 | 4,594 | 5,071 5,527 | 7,344 | 9,524 10,219 | 11,030
9 | 5,380 5,899 6,393 8,343 10,656 11,389 12,242
10 | 6,179 6,737 7,267 9,342 11,781 12,549 13,412
111 6,989 7,58 8,148 10,341 12,899 13,701 14,631
12 | 7,807 8,438 9,034 11,340 14,011 14,845 15,812
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[Ipomosxenns Tabmurti A.S

PiBeHp 3HAYYIIOCTI O

0,80 0,75 0,70 0,50 0,30 0,25 0,20

13 | 8,634 9,299 9,926 12,340 | 15,119 15,984 16,985
14 | 9,467 10,165 10,821 13,339 16,222 17,117 18,151
15 | 10,307 | 11,036 11,721 14,339 17,322 18,245 19,311
16 | 11,152 | 11,912 12,624 | 15,338 | 18,418 19,369 20,465
17 | 12,002 | 12,892 13,531 | 16,338 | 19,511 20,489 21,615
18 | 12,857 | 13,675 14,440 | 17,338 | 20,601 21,605 22,760
19 | 13,716 | 14,562 15,352 | 18,338 | 21,689 22,718 23,900
20 | 14,578 | 15,452 16,266 | 19,337 | 22,775 23,828 25,038
21 | 15,445 | 16,344 17,182 | 20,337 | 23,858 24,935 26,171
22 | 16,314 | 17,240 18,101 | 21,337 | 24,939 26,039 27,301
23 || 17,187 | 18,137 19,021 | 22,337 | 26,018 27,141 28,429
24 | 18,062 | 19,037 19,943 | 23,337 | 27,096 28,241 29,553
25 | 18,940 | 19,939 20,887 | 24,336 | 28,172 29,339 30,675
26 | 19,820 | 20,843 21,792 | 25,336 | 29,246 30,434 31,795
27 | 20,703 | 21,749 22,719 | 26,136 | 30,319 31,528 32,912
28 | 21,588 | 22,657 23,617 | 27,336 | 31,391 32,620 34,027
29 | 22,475 | 23,567 24,577 | 28,336 | 32,461 33,711 35,139
30 | 23,364 | 24,478 25,508 | 28,336 | 33,530 34,800 36,250
I PiBeHb 3HAUYIIOCTI O

0,10 0,05 0,025 | 0,02 0,01 0,005 0,001
1 {2,706 3,841 5,024 5,412 6,635 7,879 10,827
2 4,605 5,991 7,378 7,824 9,210 10,597 13,815
3 6,251 7,815 9,348 9,837 11,345 12,838 16,268
4 17,779 9,488 11,143 11,668 (13,277 14,860 18,465
5 19,236 11,070 12,839 13,388 |[15,086 16,750 20,517
6 |10,645 12,592 14,449 15,033 (16,812 18,548 22,457
7 112,017 14,067 16,013 16,622 [18,475 20,278 24,322
8 13,362 15,507 |17,535 18,168 {20,090 21,955 26,125
9 14,648 16,919 (19,023 19,679 (21,666 23,589 27,877
10 | 15,987 18,307 (20,483 |21,161 |23,209 25,188 29,588
11 17,275 19,675 21,920 (22,618 |24,725 26,757 31,264
12 | 18,549 21,026 (23,337 24,054 (26,217 28,300 32,909
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[Ipomosxenns Tabmurti A.S

PiBeHp 3HAYYIIOCTI O

k 0,10 0,05 0,025 | 0,02 0,01 0,005 0,001
13 19,812 (22,362 |24,736 |25,472 |27,688 {29,819 34,528
14 |21,064 (23,685 (26,119 |26,873 |29,141 (31,319 36,123
15 (22,307 (24,996 |27,488 {28,259 |30,578 (32,801 37,697
16 [23,542 (26,296 (28,845 (29,633 |32,000 |34,267 39,252
17 |24,769 (27,587 130,191 {30,995 |33,409 |35,718 40,790
18 25,989 (28,869 |31,526 |32,346 |34,805 |37,156 42,312
19 27,204 {30,144 {32,852 |33,678 |36,191 |38,582 43,820
20 28,412 (31,140 |34,170 |35,020 |37,566 |39,997 45,315
21 (29,615 (32,671 |35,479 36,343 |38,932 |41,401 46,797
22 130,813 (33,924 (36,781 |37,659 40,289 (42,796 48,268
23 132,007 (35,172 |38,076 |38,968 |41,638 |44,181 49,768
24 133,196 (36,415 (39,364 |40,270 42,980 |45,558 51,170
25 34,382 (37,652 |40,046 |41,566 |44,314 146,928 52,620
26 |35,563 (38,885 41,923 42,856 (45,642  |48,290 54,052
27 136,741 |40,113  |43,194 |44,140 |46,963 149,645 55,476
28 37,916 |41,337 |44,461 |45,419 |48,278 |50,993 56,893
29 39,087 |42,557 |45,722 |46,693 49,588 |52,336 58,302
30 | 40,256 43,773 146,979 47,962 50,892  |53,672 59,703

Tabnuis A.6 — JloBipuuii iHTEpBA I 0 Y1'S< 0 <p2'S, JIe

n-1 . n-—1
= |——— —HWKHAMEeXal y, = 3 — BEPXHsI MEXa,
V KXol 2;n-1 Xl-a/2;n-1
1 & -\
s = x;—xg)] , k=n-1
y 0,99 0,98 0,95 0,90
k Y1 V2 Y1 V2 Y1 P2 Y1 V2
1 0,356 | 159 | 0,388 | 79,8 | 0,446 | 31,9 | 0,510 | 15,9
2 0,434 | 14,1 | 0,466 | 9,97 | 0,521 | 6,28 | 0,578 | 4,40
3 0,483 | 6,47 | 0,514 | 5,11 | 0,566 | 3,73 | 0,620 | 2,92
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[Tpomosxenns Tabmuiti A.6

Y 0,99 0,98 0,95 0,90

k g P2 7 P2 7 y2 g y2

4 0,519 | 4,39 | 0,549 | 3,67 | 0,599 | 2,87 | 0,649 | 2,37
5 0,546 | 3,48 | 0,576 | 3,00 | 0,624 | 2,45 | 0,672 | 2,090
6 0,569 | 2,98 |1 0,597 | 2,62 | 0,644 | 2,202 | 0,690 | 1,916
7 0,588 | 2,66 | 0,616 | 2,377 | 0,661 | 2,035 | 0,705 | 1,797
8 0,604 | 2,440 | 0,631 | 2,205 | 0,675 | 1,916 | 0,718 | 1,711
9 0,618 | 2,277 | 0,644 | 2,076 | 0,688 | 1,826 | 0,729 | 1,645
10 0,630 | 2,154 | 0,656 | 1,977 | 0,699 | 1,755 | 0,739 | 1,593
11 0,641 | 2,056 | 0,667 | 1,898 | 0,708 | 1,698 | 0,748 | 1,550
12 0,651 | 1,976 | 0,677 | 1,833 | 0,717 | 1,651 | 0,755 | 1,515
13 0,660 | 1,910 ) 0,685 | 1,779 | 0,725 | 1,611 | 0,762 | 1,485
14 0,669 | 1,854 | 0,693 | 1,733 | 0,732 | 1,577 | 0,769 | 1,460
15 0,676 | 1,806 | 0,700 | 1,694 | 0,739 | 1,548 | 0,775 | 1,437
16 0,683 | 1,764 | 0,707 | 1,659 | 0,745 | 1,522 ] 0,780 | 1,418
17 0,690 | 1,727 | 0,713 | 1,629 | 0,750 | 1,499 | 0,785 | 1,400
18 0,696 | 1,695 | 0,719 | 1,602 | 0,756 | 1,479 | 0,790 | 1,385
19 0,702 | 1,666 | 0,725 | 1,578 | 0,760 | 1,460 | 0,794 | 1,370
20 0,707 | 1,640 | 0,730 | 1,556 | 0,765 | 1,444 | 0,798 | 1,358
21 0,712 | 1,617 | 0,734 | 1,536 | 0,769 | 1,429 | 0,802 | 1,346
22 0,717 | 1,595 | 0,739 | 1,519 ] 0,773 | 1,416 | 0,805 | 1,335
23 0,722 | 1,576 | 0,743 | 1,502 | 0,777 | 1,402 | 0,809 | 1,326
24 0,726 | 1,558 | 0,747 | 1,487 | 0,781 | 1,391 | 0,812 | 1,316
25 0,730 | 1,541 | 0,751 | 1,473 | 0,784 | 1,380 | 0,815 | 1,308
26 0,734 | 1,526 | 0,755 | 1,460 | 0,788 | 1,371 | 0,818 | 1,300
27 0,737 | 1,512 ) 0,758 | 1,448 | 0,791 | 1,361 | 0,820 | 1,293
28 0,741 | 1,499 | 0,762 | 1,436 | 0,794 | 1,352 | 0,823 | 1,286
29 0,744 11,487 ] 0,765 | 1,426 | 0,796 | 1,344 | 0,825 | 1,279
30 0,748 | 1,475 | 0,768 | 1,417 | 0,799 | 1,337 | 0,828 | 1,274
40 0,774 | 1,390 | 0,792 | 1,344 | 0,821 | 1,279 | 0,847 | 1,228
50 0,793 | 1,336 | 0,810 | 1,297 | 0,837 | 1,243 | 0,861 | 1,199
60 0,808 | 1,299 | 0,824 | 1,265 | 0,849 | 1,217 | 0,871 | 1,179
70 0,820 | 1,272 ] 0,835 | 1,241 | 0,858 | 1,198 | 0,879 | 1,163
80 0,829 | 1,250 | 0,844 | 1,222 | 0,866 | 1,183 | 0,886 | 1,151
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IIponoskenns Ta6mmmi A.6

y 0,99 0,98 0,95 0,90

k 4! V2 4! V2 4! V2 V1 V2
90 0,838 | 1,233 ] 0,852 | 1,207 | 0,873 | 1,171 | 0,892 | 1,141
100 0,845 | 1,219 0,858 | 1,195 | 0,878 | 1,161 | 0,897 | 1,133
200 0,887 | 1,15 10,897 | 1,13 ] 0912 ] 1,11 | 0,925 | 1,09

Tabmums A.7 — 3naderss g=q(y,n)

n L n L

0,95 0,99 10,999 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 1,45 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
Tabmunss A.8 — Tabmumsd KpuUTHYHUX 3Ha4YeHb D,, KPHUTEPIO

Konmoroposa
n — o0csAT BUOIPKH, 0 — PiBEHb 3HAYYIIOCTI
- o 0.001 0.01 0.02 0.05 0.1 0.15 0.2

1 0.99500 | 0.99000 | 0.97500 | 0.95000 | 0.92500 | 0.90000
2 0.97764 | 0.92930 | 0.90000 | 0.84189 | 0.77639 | 0.72614 | 0.68377
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[Ipomosxenns Tabmurti A.8

i i 0.001 0.01 0.02 0.05 0.1 0.15 0.2
3 0.920632 [ 0.82900 | 0.78456 | 0.70760 | 0.63604 [ 0.59582 | 0.56481
4 0.85046 | 0.73421 | 0.68887 | 0.62394 | 0.56522 | 0.52476 | 0.49265
5 0.78137 | 0.66855 | 0.62718 | 0.56327 | 0.50945 | 0.47439 | 0.44697
5] 0.72479 [ 0.61660 | 0.57741 | 0.51926 | 0.46799 | 0.43526 | 0.41035
7 0.67930 | 0.57580 | 0.53844 | 0.48343 | 0.435607 | 0.40497 [ 0.38145
8 0.64098 [ 0.54180 | 0.50654 | 0.45427 | 0.40962 | 0.38062 | 0.35828
9 0.60846 (0.51330 | 0.47960 | 0.43001 | 0.28746 | 0.26006 | 0.33907
10 0.58042 | 0.48895 | 0.45662 | 0.40925 | 0.36866 | 0.34250 [ 0.32257
11 0.55588 | 0.46770 | 0.43670 | 0.39122 | 0.35242 | 0.32734 | 0.30826
12 0.53422 ( 0.44905 | 0.41918 | 0.37543 | 0.33815 | 0.31408 [ 0.29573
13 0.51490 | 0.43246 | 0.40362 | 0.36143 | 0.32548 | 0.30233 | 0.28466
14 0.49753 (0.41760 | 0.38970 | 0.34890 | 0.31417 | 0.29181 | 0.27477
15 0.48182 ( 0.40420 | 0.37713 | 0.33760 | 0.30397 | 0.28233 | 0.26585
16 0.46750 ( 0.39200 | 0.36571 | 0.32733 | 0.29471 | 0.27372 [ 0.25774
17 0.45440 ( 0.38085 | 0.35528 | 0.31796 | 0.28627 | 0.26587 [ 0.25035
18 0.44234 [ 0.37063 | 0.24569 | 0.309306 | 0.27851 | 0.25867 | 0.24356
19 0.43119 [ 0.36116 | 0.33685 | 0.30142 | 0.27135 | 0.25202 | 0.23731
20 0.42085 | 0.35240 | 0.32866 | 0.29407 | 0.26473 | 0.24587 [ 0.23152
25 0.37843 [ 0.31656 | 0.30349 | 0.20404 | 0.23767 | 0.22074 [ 0.20786
30 0.34672 | 0.28988 | 0.27704 | 0.24170 | 0.21756 | 0.20207 | 0.19029
35 0.32187 [ 0.26898 | 0.25649 | 0.22424 | 0.20184 | 0.18748 [ 0.17655
40 0.20169 [ 0.25188 | 0.23993 | 0.21017 | 0.18939 | 0.17610 | 0.16601
45 0.28482 | 0.23780 | 0.22621 | 0.19842 | 0.17881 | 0.16626 | 0.15673
50 0.27051 [ 0.22585 | 0.21460 | 0.18845 | 0.16982 | 0.15790 | 0.14886
= 50 194047 | 162762 | 151743 | 134810 | 122385 | 113795 | 107273
fn An Jn An n n n
Tabmuus A.9 — Kputnuni 3HaueHHs A, posnofiny Konmoroposa
PiBeHp 3HaUyMIOCTI O 0,2 1010|005 ] 0,02 0,01 {0,001
A 1,073 {1,224 | 1,358 | 1,520 | 1,627 | 1,950
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Tabmums A.10 — Kputnani 3nauenns D kpurepiro Jlimtiedopcy
n — o0csT BUOIPKH, o — PiBEHb 3HAYYIIOCTI

o
0,10 0,05 0,01
n
4 0.352 0.381 0.417
5 0.315 0.337 0.405
10 0.239 0.258 0.294
15 0.201 0.220 0.257
20 0.174 0.190 0.231
25 0.158 0.173 0.200
30 0.144 0.161 0.187
30 0,805 0,886 1,031
Jn Jn Jn

Tabmunst A.11 — Kputuuni touku posnominy ®imepa-CHenekopa
(F- po3nofin)

TiepIlie 3HaYeHHA BiAMOBigae piBHIO 3HauymocTi a=0,05, apyre — piBHIO

3Hauyniocti 0=0,01; k| —4nCII0 CTENEeHIB CBOOO M YKCeIbHUKA (OlIbIIa

qucnepcis), k» — YHUCIO CTENeHIB CBOOOAM 3HAMEHHHMKa (MEHIIa

JucTepcis).

ki

161,4]199,5|215,7|224,6|230,2 |234,0|236,8|238,9 | 240,5 | 241,9
4052 | 4999 | 5403 | 5625 | 5764 | 5859 | 5928 | 5981 | 6023 | 5056

18,51]19,00|19,16|19,25{19,30(19,33|19,35|19,37|19,39| 19,40
98,49199,01|00,1799,25(99,30(99,33|99,36 | 99,36 | 99,39 | 99,40

10,13} 9,55 | 9,28 | 9,12 | 9,01 | 894 | 8,89 | 8,84 | 8,81 | 8,79
34,12 30,81|29,46|28,71 (28,24 27,91 |27,67|27,49 |27,35| 27,23

7,71 | 6,94 | 6,59 | 6,39 | 6,26 | 6,16 | 6,09 | 6,04 | 6,00 | 5,96
21,20|18,00| 16,69 15,98 | 15,52 (15,21 | 14,98 | 14,80 | 14,66 | 14,55

6,61 | 5,79 | 541 | 5,19 | 5,05 | 495 | 4,88 | 4,82 | 4,77 | 4,74
16,26 |13,27|12,06|11,39{10,97 | 10,67 | 10,46 | 10,27 | 10,16 | 10,05
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[Ipomomxenns Tabmuri A.11

ki

ka
1 2 3 4 5 6 7 8 9 10
6 5,99 | 5,14 | 4,76 | 4,53 | 4,39 | 428 | 4,21 | 4,15 | 4,10 | 4,06
13,74110,92| 9,78 | 9,15 | 8,75 | 8,47 | 8,26 | 8,10 | 7,98 | 7,87
7 5,59 | 4,74 | 435 | 4,12 | 3,97 | 3,87 | 3,79 | 3,73 | 3,68 | 3,64
12,251 9,55 | 845|785 | 7,46 | 7,19 | 6,99 | 6,84 | 6,72 | 6,62
g 5,32 | 4,46 | 4,07 | 3,84 | 3,69 | 3,58 | 3,50 | 3,44 | 3,39 | 3,35
11,26 8,65 | 7,59 | 7,10 | 6,63 | 6,37 | 6,18 | 6,03 | 5,91 | 5,81
9 5,12 |1 4,26 | 3,86 | 3,63 | 3,48 | 3,37 | 3,29 | 3,23 | 3,18 | 3,14
10,56 | 8,02 | 6,99 | 6,42 | 6,06 | 580 | 5,61 | 5,47 | 5,35 | 5,26
10 496 | 4,10 | 3,71 | 3,48 | 3,33 | 3,22 | 3,14 | 3,07 | 3,02 | 2,98
10,04 7,56 | 6,55 | 5,99 | 5,64 | 5,39 | 5,20 | 5,06 | 4,94 | 4,85
1 484 | 398 | 3,59 | 3,36 | 3,20 | 3,09 | 3,01 | 2,95 | 2,90 | 2,85
9,65 | 720 | 622 | 5,67 | 532|507 |489|4,74 | 463 | 4,54
12 475 | 3,88 | 3,49 | 3,26 | 3,11 | 3,00 | 2,91 | 2,85 | 2,80 | 2,75
9,33 16,93 | 595|541 | 5006 | 482 | 4,64 | 4,50 | 439 | 4,30
13 4,67 | 3,80 | 3,41 | 3,18 | 3,02 | 292 | 2,83 | 2,77 | 2,71 | 2,67
9,07 | 6,70 | 5,74 | 5,20 | 4,86 | 4,62 | 4,44 | 4,30 | 4,19 | 4,10
14 4,60 | 3,74 | 3,34 | 3,11 | 296 | 2,85 | 2,76 | 2,70 | 2,65 | 2,60
8,86 | 6,51 | 5,56 | 503 | 4,69 | 4,46 | 428 | 4,14 | 4,03 | 3,94
15 4,45 | 3,68 | 3,29 | 3,06 | 2,90 | 2,79 | 2,71 | 2,64 | 2,59 | 2,54
8,68 | 6,36 | 5,42 | 4,89 | 4,56 | 4,32 | 4,14 | 4,00 | 3,89 | 3,80
16 441 | 3,63 | 3,24 | 3,01 | 2,85 | 2,74 | 2,66 | 2,59 | 2,54 | 2,49
8,53 16,23 | 529|477 | 444 | 4,20 | 4,03 | 3,89 | 3,78 | 3,69
17 4,45 | 3,59 | 3,20 | 2,96 | 2,81 | 2,70 | 2,61 | 2,55 | 2,49 | 2,45
8,40 | 6,11 | 5,18 | 4,67 | 4,34 | 4,10 | 3,93 | 3,79 | 3,68 | 3,59
13 441 | 3,55 | 3,16 | 293 | 2,77 | 2,66 | 2,58 | 2,51 | 2,46 | 2,41
8,28 | 6,01 | 5,09 | 4,58 | 4,25 | 4,01 | 3,84 | 3,71 | 3,60 | 3,51
19 438 | 3,52 | 3,13 2,90 | 2,74 | 2,63 | 2,54 | 2,48 | 2,42 | 2,38
8,18 | 5,93 | 5,01 | 450 | 4,17 | 3,94 | 3,777 | 3,63 | 3,52 | 3,43
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IIpomosxxenns Tabmuri A.11

ki
k>

1 2 3 4 5 6 7 8 9 10

20 4,35 13,49 | 3,10 | 2,87 | 2,71 | 2,60 | 2,51 | 2,45 | 2,39 | 2,35

8,10 | 5,85 | 4,94 | 443 | 4,10 | 3,87 | 3,70 | 3,56 | 3,46 | 3,37

’1 4,32 | 3,47 13,07 | 2,84 | 2,68 | 2,57 | 2,49 | 2,42 | 2,37 | 2,32

8,02 | 5,78 | 4,87 | 4,37 | 4,04 | 3,81 | 3,64 | 3,51 | 3,40 | 3,31

” 4,30 | 3,44 | 3,05 | 2,82 | 2,66 | 2,55 | 2,46 | 2,40 | 2,34 | 2,30

794 1572|482 |431|399|3,75]|3,59 | 3,45 | 3,35 3,26

4,28 |1 3,42 | 3,03 | 2,80 | 2,64 | 2,53 | 2,44 | 2,38 | 2,32 | 2,27

23 7,88 |1 5,66 | 4,76 | 426 | 3,94 | 3,71 | 3,54 | 3,41 | 3,30 | 3,21

4,26 | 3,40 | 3,01 | 2,78 | 2,62 | 2,51 | 2,42 | 2,36 | 2,30 | 2,25

24 7,82 15,61 |4,72 422|390 3,67 | 3,50 |336| 3,26 | 3,17

4,24 1 3,38 1 2,99 | 2,76 | 2,60 | 2,49 | 2,40 | 2,34 | 2,28 | 2,24

25 7,77 15,57 | 4,68 | 4,18 | 3,86 | 3,63 | 3,46 | 3,32 | 3,22 | 3,13

4,22 | 3,37 | 298 | 2,74 | 2,59 | 2,47 | 2,39 | 2,32 | 2,27 | 2,22

26 7,721 5,53 | 4,64 | 4,14 | 3,82 | 3,59 | 3,42 | 3,29 | 3,18 | 3,09

4,21 |1 3,35 1296 | 2,73 | 2,57 | 2,46 | 2,37 | 2,30 | 2,25 | 2,20

27 7,68 | 549 | 4,60 | 4,11 | 3,78 | 3,56 | 3,39 | 3,26 | 3,15 | 3,06

4,19 | 3,34 |1 2,95 | 2,71 | 2,56 | 2,44 | 2,36 | 2,29 | 2,24 | 2,19

28 7,64 | 5,54 | 4,57 | 407 | 3,75 | 3,53 | 3,36 | 3,23 | 3,12 | 3,03

4,18 |1 3,33 12,93 | 2,70 | 2,54 | 2,43 | 2,35 | 2,28 | 2,22 | 2,18

29 7,60 | 542 | 4,54 | 4,04 | 3,73 | 3,50 | 3,33 | 3,20 | 3,09 | 3,00

30 4,17 13,32 1292 | 2,69 | 2,53 | 2,42 | 2,33 | 2,27 | 2,21 | 2,16

7,56 | 5,39 | 4,51 | 4,02 | 3,70 | 3,47 | 3,30 | 3,17 | 3,07 | 2,98

40 4,08 | 3,23 | 2,84 | 2,61 | 2,45 | 3,33 | 2,25 | 2,18 | 2,12 | 2,08

7,31 5,18 | 431 | 3,83 |3,51|329|3,12|299|2,.89 | 2,80

60 4,00 | 3,15 | 2,76 | 2,52 | 2,37 | 2,25 | 2,17 | 2,10 | 2,04 | 1,99

7,08 | 498 | 4,13 | 3,65 | 3,34 | 3,12 | 295 | 2,82 | 2,72 | 2,63

120 392|307 |268|245]229 2,18 |2,09]|202]| 19 | 191

6,85 | 4,79 | 3,95 | 3,48 | 3,17 | 2,96 | 2,79 | 2,66 | 2,56 | 2,47
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IIpomosxenns Tabmuri A.11

o 3,84 1299|260 | 237|221 209|201 1,94 | 1,88 | 1,83
6,64 | 4,60 | 3,78 | 3,32 | 3,02 | 2,80 | 2,64 | 2,51 | 2,41 | 2,32
ki
k>
12 15 20 24 30 40 60 120 o0
1 243,91245,95248,01249,051250,09 251,14 252,20(253,25(254,32
6106 | 6157 | 6209 | 6234 | 6261 | 6287 | 6313 | 6559 | 6366
’ 19,41(19,43(19,45|19,45|19,46| 19,47 | 19,48 | 19,49 | 19,50
99,42199,43199,45|99,46|99,47| 99,47 | 99,48 | 99,49 | 99,50
3 8,74 | 8,70 | 8,66 | 8,64 | 8,62 | 8,59 | 8,57 | 8,55 | 8,53
27,05|26,87(26,69(26,60|26,51| 26,41 | 26,32 | 26,22 | 26,12
4 591 | 5,86 |5,80|577 |575| 572 | 5,69 | 5,66 | 5,63
14,371 14,20|14,92113,93 (13,84 | 13,75 | 13,65 | 13,56 | 13,46
5 4,68 | 4,62 | 456 | 4,53 |1450| 4,46 | 443 | 440 | 4,37
9,891 9,72 19,55(9,47 {938 | 9,29 | 9,20 | 9,11 | 9,02
6 4,00 | 3,94 | 3,87 | 3,84 | 3,81 | 3,77 | 3,74 | 3,70 | 3,67
7,72 | 7,56 | 7,40 | 7,31 | 7,23 | 7,14 | 7,06 | 6,97 | 6,88
7 3,57 | 3,51 | 3,44 | 3,41 | 3,38 | 3,34 | 3,30 | 3,27 | 3,23
6,47 | 6,31 | 6,16 | 6,07 | 599 | 591 | 582 | 5,74 | 5,65
3 3,28 | 3,22 (3,15 (3,12 | 3,08 | 3,04 | 3,01 | 2,97 | 2,99
5,67 | 5,52 5,36 (528|520 512 | 5,03 | 495 | 4,86
9 3,07 | 3,01 | 294|290 2,86 | 2,83 | 2,79 | 2,75 | 2,71
5,11 | 496 | 4,81 | 4,73 | 4,65 | 4,57 | 4,48 | 4,40 | 4,31
10 291 | 285|277 2,74 |270 | 2,66 | 2,62 | 2,58 | 2,54
4771 | 4,56 | 4,41 | 4,33 | 425 | 4,17 | 4,08 | 4,00 | 3,91
1 2779 | 2,721 2,65 | 2,61 | 2,57 | 253 | 249 | 245 | 2,40
4,40 | 425 | 4,10 | 4,02 394 | 3,86 | 3,78 | 3,69 | 3,60
12 2,69 | 2,62 | 254|250 (247 | 243 | 2,38 | 2,34 | 2,30
4,16 | 4,01 | 3,86 | 3,78 | 3,70 | 3,62 | 3,54 | 3,45 | 3,36
13 2,60 | 2,53 | 246|242 (238 | 2,34 | 2,30 | 2,25 | 2,21
3,96 | 3,82 3,66 | 3,59 |3,59| 3,51 | 3,43 | 3,34 | 3,16
14 253 | 246|239 (235|231 | 227 | 222 | 2,18 | 2,13
3,80 | 3,66 | 3,51 | 3,43 | 3,35 | 3,27 | 3,18 | 3,09 | 3,00
15 248 | 2,40 | 2,33 12,29 | 2,25 | 2,20 | 2,16 | 2,11 | 2,07
3,67 | 3,52 (3,37 13,29 | 3,21 | 3,13 | 3,05 | 2,96 | 2,87
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[Ipomosxenns Tabmuri A.11

ki
T 05 [ 20 [ 24 [ 30 | 40 | 60 | 120 | w
16| 2421235228 (2,24 (219 2,15 | 2,11 | 2.06 | 201
355 | 3.41 | 3.26 | 3.18 | 3.10 | 3.02 | 2.93 | 2.84 | 2.75
1712380231223 2,19 [2,15 [ 2,10 | 2,06 | 2.01 | 1.9
3.45 | 331 | 3.16 | 3,08 | 3.00 | 2.92 | 2.83 | 2.75 | 2.65
18| 234227 [ 2,19 [2,15 [2.11] 2,06 | 2,02 [ 197 | 192
337 | 3.23 | 3.08 | 3.01 | 2.92 | 2.84 | 2.75 | 2.66 | 2.57
1ol 231223 (2,16 [2,11[2,07 [ 2,03 | 198 | 193 | 1,88
330 | 3.15 | 3,00 | 2.92 | 2.84 | 2,76 | 2.67 | 2.58 | 2.49
2ol 2:28 2,20 (2,12 2,08 (2,04 [ 199 [ 1,95 [ 1,00 | 1,84
323 | 3.0 | 2.94 | 2.86 | 2.78 | 2.69 | 2.61 | 2.52 | 2.42
511225 [ 218 2,10 (2,05 [ 2,01 [ 1,96 | 1,92 | 1,87 | 1,82
3.17 | 3.03 | 2.88 | 2.80 | 2.72 | 2.64 | 2.55 | 2.46 | 2.36
o223 [ 2,15 (2,07 [2.03 [ 1,98 194 | 1,89 | 1,84 | 1,78
3.12 | 2.98 | 2.83 | 2.75 | 2.67 | 2.58 | 2,50 | 2.40 | 2.30
231220 [ 2,13 [2.05 [ 2,01 [ 1,96 | 191 | 1.86 | 181 | 1,76
3.07 | 2.93 | 2,78 | 270 | 2.62 | 2.54 | 2.45 | 2.35 | 2.26
Ja 218 [ 2,11 [2,03 [ 198 (1,041 1,89 | 1,84 | 1,79 | 1,73
3.03 | 2.89 | 2,74 | 2.66 | 2.58 | 2.49 | 2.40 | 2.31 | 2.21
25216 [2,00 [2.01 [ 196 1,92 187 | 1,82 [ 1,77 | 171
2.99 | 2.85 | 2,70 | 2.62 | 2.54 | 2.45 | 2.36 | 2.27 | 2.17
2oL 215 [ 2,07 [1,99 [ 1,95 [ 1,90 | 1,85 | 1,80 | 1,75 | 1,69
2.96 | 2.82 | 2.66 | 2.58 | 2.50 | 2.42 | 2.33 | 2.23 | 2.13
71213 (2,06 1,97 [193 [ 1,88 184 | 1,79 | 1,73 | 167
2.93 | 278 | 2.63 | 2.55 | 247 | 2.38 | 2.29 | 2.20 | 2.10
2ol 212 [ 2,04 [1.96 [ 191 1,87 | 1,82 | 177 | 1,71 | 165
2.90 | 275 | 2.60 | 2.52 | 2.44 | 2.35 | 2.26 | 2.17 | 2.06
2ol 210 [ 2,03 [ 1,041,00 [1.85 [ 181 [ 1,75 | 1,70 | 1,64
287 | 273 | 257 | 249 [ 241 | 233 | 2.23 | 2.14 | 2.03
ol 2:09 2,01 [ 193 [ 1,89 [1,84 [ 1,79 | 1,74 | 1,68 | 1,62
284 | 270 | 255 | 2.47 [ 239 | 2.30 | 2.21 | 2.11 | 2.01
4ol 200 [ 1927104 1,79 (1,74 [ 1,69 [ 1,64 | 1,58 | 151
2.66 | 2.52 | 237 | 2.29 | 2.20 | 2.11 | 2,02 | 1,92 | 1.80
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[Ipomosxenns Tabmuri A.11

ki
T 05 [ 20 [ 24 [ 30 | 40 | 60 | 120 | w
ool 192 [ 1,84 [ 175 [ 1,70 [ 1,65 | 1,59 | 1,53 | 147 | 1,39
250 | 2.35 | 220 | 2.12 [ 2.03 | 194 | 1.84 | 1,73 | 1.60
1o L83 [ 175 [ 1,66 | 161 [ 1,55 | 1,50 | 143 | 1,35 | 15
234 2,19 | 2,03 | 1,95 | 1.86 | 1,76 | 1.66 | 1,53 | 1.38
175167 [ 157 [1.52 [ 1.46 | 139 | 132 | 1,22 [ 1,00
2.18 | 2,04 | 1.88 | 1,79 | 1.70 | 1,59 | 1.47 | 1.32 | 1,04

Tabmuus A.12 — KputnuHi 3HaueHHS KoedilieHTa paHToBOi KOpEsIii

CripmeHa pip
n Pxp n Pxp n Pip
0=0,05 [a=0,01 0=0,05 |a=0,01 0=0,05 [0=0,01
5 0,94 - 17 0,48 0,62 29 0,37 0,48
6 0,85 — 18 0,47 0,60 30 0,36 0,47
7 0,78 0,94 19 0,46 0,58 31 0,36 0,46
8 0,72 0,88 20 0,45 0,57 32 0,36 0,45
9 0,68 0,83 21 0,44 0,56 33 0,34 0,45
10 0,64 0,79 22 0,43 0,54 34 0,34 0,44
11 0,61 0,76 23 0,42 0,53 35 0,33 0,43
12 0,58 0,73 24 0,41 0,52 36 0,33 0,43
13 0,56 0,70 25 0,39 0,51 37 0,33 0,43
14 0,54 0,68 26 0,39 0,50 38 0,32 0,41
15 0,52 0,66 27 0,38 0,49 39 0,32 0,41
16 0,50 0,64 28 0,38 0,48 40 0,31 0,40

Tabmns A.13 — Kputnuni 3Ha4eHns R? Juist piBHS 3HAYYLIOCTI ¢, 9MCIa

3MIHHUX X Ta KUJIBKOCTI JTOCJIIB

a=0,1 0=0,05 a=0,01
1 2 3 1 2 3 1 2 3
m
3 10,976 0,994 1,000
4 10,810 [0,990 0,902 10,997 0,980 [1,000
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IIponosxenns Tabmmmi A.13

0=0,1

0=0,05

0=0,01

2

2

0,649

0,900

0,994

0,771

0,950

0,998

0,919

0,990

1,000

0,532

0,785

0,932

0,658

0,364

0,966

0,841

0,954

0,993

0,448

0,684

0,844

0,569

0,776

0,903

0,765

0,900

0,967

0,386

0,602

0,759

0,499

0,698

0,832

0,696

0,842

0,926

0,339

0,536

0,685

0,444

0,632

0,764

0,636

0,785

0,879

0,302

0,482

0,622

0,399

0,575

0,704

0,585

0,732

0,830

[ ot
= INSCIRIENTIE

0,272

0,438

0,568

0,362

0,527

0,651

0,540

0,684

0,784

12

0,247

0,401

0,523

0,332

0,486

0,604

0,501

0,641

0,740

13

0,227

0,369

0,484

0,306

0,451

0,563

0,467

0,602

0,700

14

0,209

0,342

0,450

0,283

0,420

0,527

0,437

0,567

0,663

15

0,194

0,319

0,420

0,264

0,393

0,495

0,411

0,536

0,629

16

0,181

0,298

0,394

0,247

0,369

0,466

0,388

0,508

0,598

18

0,160

0,264

0,351

0,219

0,329

0,417

0,348

0,459

0,544

20

0,143

0,237

0,316

0,197

0,297

0,378

0,315

0,418

0,498

22

0,129

0,215

0,287

0,179

0,270

0,345

0,288

0,384

0,459

24

0,118

0,197

0,263

0,164

0,248

0,317

0,265

0,355

0,426

26

0,109

0,181

0,243

0,151

0,229

0,294

0,246

0,330

0,396

28

0,101

0,168

0,2225

0,140

0,213

0,273

0,229

0,308

0,371

30

0,094

0,157

0,210

0,130

0,199

0,256

0,214

0,289

0,349
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Hasuanvhe suoanms

KNWJIMMHUK Ipuna MuxaiiiiBHa

MPAKTUKYM 3 EJJEMEHTIB MATEMATHUYHOI
CTATUCTHKHA

Haesuanvruti nocionux

Komm’rorepuwnii HaOip: Kuaumuux .M.
Komn’rotepHa Bepetka: Jauenxo O.O.

[Mignucano 1o apyky 27.05.2026. dopmar 60x84/16. YM. npyk. apk. 14,9.
Tupax 100 nmpum. 3am. Ne 385.

HanionaneHuii yHiBepcuTeT «3anopi3pka MOoIiTEXHIKa
VYkpaina, 69063, M. 3anopixcksi, ByJ1. YHiIBepcHTETChKa, 64
Ten.: (061) 769-82-96, 220-12—-14

CaizmontBo cy0’ekta BugaBHuuoi cripasu JJK Ne 6952 Bing 22.10.2019.

302



