MatremaTnka u craructuka. Jacts II. [Tommrostorus, 1 Kypc

1 /loBepurejbHble THTEPBAJIbI.

[IpescraBbre, YTO HAM HEOOXOIMMO OIEHUTH J0JII0 Jiojeit B Poccun, koTopbie JI004T paHo BCTaBATD
o yrpam. Beex xuteseit Poccun onpocuTh He TOJIyYINTCs, HO MBI MOYXKEM CJIy9IallHBIM 00Pa30M BbI-
oparb 100 4e/loBeK, IIPOBECTU OMPOC U BBIICHUTDL, CKOJILKO CPEIU HUX JIIOOUTE el BCTABATD 110 YTPaM.
Honyctum, nnrepecyrornas nac jioss pasua 0.17. Yerpout i Hac Takas ornenka? C oHOI CTOPOHBDI,
YCTPOUT: BBIOOPKA XOPOoIas U JOCTATOYHO OoJibinasg. C Apyroi CTOPOHBI, KaKas Obl BEIDOPKa He Obl-
JIa, MbI HE MOYKEM OJIHO3HAYHO YTBEpkKJaTh, 4To 17% poccusiH J00AT BCTaBaTh 110 yTPaM, HOTOMY
YTO, KOTJIA MbI OIIEHUBAEM JIOJIIO 110 BBIOOPKE, MBI MOJIyYaeM 3HaUCHUE ¢ HEKOTOPOil IMMOIPEITHOCTHIO.
Yo ke MBI MOXKEM B TAKOM CjIydae c¢learh! 3adUuKCHpoBaTh YPOBEHb YBEPEHHOCTHU B HAIIUX Pac-
JeTaxX U BMECTO OJIHOTO 3HAYEeHWs IS JIOJIN ONpPeeTNTh HHTEPBAJI, B IpejeaX KOTOPOTO 3Ta IO
HaxouTcd. JIpyrumu ciioBaMu, Mbl MOYKEM ITOCTPOUTH JOBEPUTEJIbHBIN MHTEPBAJI.

[TocTpoenue J0BepUTEILHOTO UHTEPBaIa OOBIYHO BBIIVISIUT CJIEIYIONIUM 00pa3zoM. Y HAC eCTh
napamerp O (Hampumep, 1015 JIIojiell, JoBAIIMX BCTaBaTh 10 yTpaM, 1o Beeit Poccun), KoTopblit Mbl
HEe 3HAEM, HO XOTUM OIeHuTh. OIEHBAEM €ro 0 BBIOOPKE (é) U JieJlaeM 9TO € KaKOH-TO Torper-
HOCTBIO. MBI JIOIIyCKaeM, 9TO MpU OIeHUBAHWK ITapaMeTpa IO BBIOOPKE MAKCHMYM, 9TO MbI MOYKEM
MIO3BOJIUTH — 9TO OTKJIOHUTHCS OT HCTUHHOI'O 3HAYEHUs ITapaMeTpa Ha HEKOTOPYIO BeJIMUNHY, KOTOPas
Ha3bIBACTCs MIPEJIeIbHO OMIMOKOI BHIGOPKY ().
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Buauenue Npee/bHOfl OMMMOKN 3aBUCAT OT YPOBHSI JOBEpHsi, KOTODBIl Mbl BhiOupaem (7).
OO6BLIMHO B UCC/IEIOBAHUAX UCIOJb3yeTcsd yposeHb gosepud 95%, unorma 90% u 99%. Yro osnaga-
eT ypoBenb goBepusi? CreleHb yBEPEHHOCTH B OIEHKaX, KOTOPbIe MblI OyJIeM IOJIydaThb Ha HAIIAX
naHHbIX. Ecmu Mbl Oy/eM MOBTOPSTH aHAJOTUYHOE UCCJIeJI0BAHUE MHOI'O Pa3, HE3ABUCUMO JIPYT OT
npyra, B 95% ciaydaes ncTuHHOE 3HAYEHME IIapaMeTpa OyJIeT MolajgaTh B JOBEPUTEILHBI HHTEPBAIL.
Hanpumep, Mbr 3axoresn nocrpoutsb 95%-HbIi 10BepuTEILHBIN HHTEPBAJ I 101 oaeil B Poccun,
KOTOpBIe JII00AT BeTaBaTh 10 yrpam. Oupeae/nim, 9To mpejeibHast omubka Boioopku € = 0.07. DTo
O3HAYAEeT, UTO €CJIN MbI OyIeM IPOBOAUTHL aHaoruvdnoe ucciaegoBanue 100 pas, B 95 ciaydadx jo/is
JiiobuTesieil paHO BCTaBaTh, MOCYUTAHHAS 110 BBIOOPKE, OY/IET OTKJIOHATHCS OT JIOJIN JTIOOUTEIel PAHO
BcTaBarh 1o Beeit Poccun we Gosbine, dem Ha 0.07 (cumrasi, 9ro mpejiesbHas OMmOKa BBIOODKU HE
M3MEHSETCs OT BBIOOPKH K BBIGOPKE, TO €CTh OT UCCJIEJOBAHUS K MCCIIEOBAHMIO).

Kaxk cunraercs npeaeabHas ommoOKa?

€ = const - se,

r7ie const — 3TO HEKOTOPOE |UHCJI0, KOTOPOE 3aBUCUT OT BRIOPAHHOTO YPOBHS JIOBEPUSI, & S€ — 3TO CTaH-
napTHas ommnOka. CTaHagapTHAasI OINIMOKA — 3TO CTaHIapPTHOE OTKJIOHEHHE OIeHKN, ITOCINTAHHOE 10
BBIOOPKE. [Ij151 ynobcTBa pazbepeM Ha IpUMepe OIEHKH CPEJIHEro 3HAUEHUS.

MpbI 06Cy 2K ga/1i, ITO OlEHKA CPEIHEro 3HAYeHHsT NeHePaIbHON COBOKYIIHOCTI — CJIydaiiHast BeJIU-
YnHa, KOTOPad uMeeT IPUMEPHO HOPpMaJIbHOE pacCIIipeae/ICHuEe CO CpeJIHUM a 1 CTaHJIaPpTHBIM OTKJIOHE-
HUEM \/iﬁ, IJIe @ U 0 — 3TO CpeJiHee 3HAYCHNE U CTAHIAPTHOE OTK/IOHEHNE NeHePAJIbHON COBOKYITHOCTH,
a n — 9ucjo HabJoieHnit B Bbioopke. OOBITHO CTaHIaPTHOE OTKJIOHEHUE TeHepaIbHON COBOKYITHOCTH
HaM HEM3BECTHO, HO MbI MOYKEM €r0 MPUOJIM3UTH C MTOMOIIBIO CTAHIAPTHOIO OTKJIOHEHHS 110 BEIDOPKE:

riae T — BBIOOPOYHOE CpejiHee, N — YUCI0 HaOJIoAeHn B BhIOOpKe. Torma cramgapTHast OmmOKa, JIJIs

HallleT'o CJry4dad (86) — 9TO \/iﬁ’ €€ MbI MO2KEM IIOCHHUTaTL IIO BbI60pKe n II0JCTaBUTL B (bOpMyﬂy

1 Do GykBa «raMmas, IPOCTO HeYATHAS U IIPOMUCHAS OYKBbI BBLIVIAIAT HO-PA3SHOMY.
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JJ1gd JOBEPUTE/JIbHOI'O HHTEepBaJla. OCTa.HOCb IIOHATDH, KaK OIIpeJe/IidTh, KaKoe Y1CJIO 6paTb B Ka4deCTBeE
const B dopmysie. Ho s1o stydirie obcy»k1aTh Ha KOHKPETHBIX ITPUMeEpax.

2 JloBepuTeJbHbIII MHTEPBAJ AJd J0JIN.
1. Hac nHTEepecyeT HEKOTOPad A0JId B FeHepaHbHOﬁ COBOKYIIHOCTHU P, €€ MbI HE 3Ha€M, HO XOTUM
ONEeHUTH. MOYKHO TOBOPUTH, UTO JIOJIS P — BEPOATHOCTD yCIIEXa.

IIpumep: doasn ardeti, mMmobawur ecmasams no ympam, cpedu ecex scumeneti Poccuu.

2. ¥V Hac ectb BbIOOpKa u3 n HabswoaeHnii. HaMm n3BecTHa BBIOOpPOYHAsT H0JIA P, OIEHKA JTOJH B
reHepaIbHON COBOKYITHOCTH; BEPOSITHOCTD yCIIeXa, MOCUYUTAHHAS 110 BHIOOPKE.

IIpumep: doasn arodeti, MobAWUT 6CMABAMd NO Yympam, cpedu 6cex atdeti 6 svbopke.

3. Hawm uzBecTHa BBIOOPOUHAS JI0JId § — BEPOATHOCTH HEYJIauH, TOCUUTaHHAs 110 BEIOOPKe, § = 1—D.

IIpumep: doas arodeti, He MODAWUT BCMABAMB NO YMPam, cpedu 6cex A10detl 6 bbopke.

Toryia rpaHUIbl IOBEPUTETHHOIO UHTEPBAJIA ONPEJIEIAIOTCS CJIEIYIOIIIM 00Pa3oM:

A A A A
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rae z* — 3HaYeHue Z-CTaTUCTUKHU, COOTBETCTBYIOIIEE BbI6p&HHOMy YPOBHIO JOBEPUA Y.

e 95%-HbIil nOBepuTesibHbI nHTEpBa (7 = 95%)

['pacduk mI0THOCTH CTAaHIAPTHONO HOPMAJIBLHOI'O PACIIPEIE/IeHHsI, Ha KOTOPOM 3aIllTPUXOBaHA
006J1aCTDb, cooTBeTcTBYIOmadA 95% I0BEpUTEIHLHOMY MHTEPBAILY, BBILJIAIAT CJIELyIOIIUM 00Pa30M:

S=0.975

Bujiro, 9ro eciu Mbl 3aITpuxyeM 00JIaCTh, COOTBETCTBYIOILYIO YPOBHIO J0Bepust (BCErIa CHM-
MeTPUIHA OTHOCUTENBHO 2z = (), TO y HAC OCTaHyTCsI JIBa OJMHAKOBBIX «XBOCTa» C BEPOSITHO-
crsivu 110 0.025. MaTepecyroriee Hac 3HaveHne z* spisiercss KBaHTibio yposas 0.975 (0.95 u
neBblii «xBocT» B 0.025).

HaxoauMm 3nadenue B Tab/uIe CTaHIAPTHOTO HOPMAJILHOTO paciipeiesienusd: 2* = 1.96.

e 90%-HbIit nOBepuTesibHbI nHTEepBaa (7 = 90%)
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Unrepecytoree Hac 3HadeHne z* siBisiercst KBaHTUIbio ypoBHst 0.95 (0.90 u jeBBIil «XBOCT» B
0.05). BHauenune mo TabJIUIE CTAHIAPTHOIO HOPMAJIBHOIO pacupejenenus: z* = 1.65.

e 99%-ubIii moBepuTesbHBINA nHTEPBA (7 = 99%)

Uurepecyrolnee Hac 3HadeHue z* sipjsieTcst KBaHTHIb0 ypoBHst 0.995 (0.99 u jieBblii «XBOCT» B
0.005). BHauenune 1o TabJIUIE CTAHIAPTHOIO HOPMAJIBHOTO pacipejenenus: z* = 2.58.

3 /loBepuTejbHbIII UHTEPBAJ AJs CPEJHETO.
1. Hac unTepecyer cpejiHee 3HaveHne reHEPAIbHON COBOKYITHOCTH (4, €T'0 MbI He 3HaeM, HO XOTUM
OTIEHUTD.

Hpumep: cpednuti pocm cmydenmos MoCKkOBCKUL 6Y306.

2. ¥V nac ectb BbIOOpKa u3 n Habsonenuii. HaM n3BecTHo BBIOOpOUHOE cpejHee T U BHIOOPOYHOE
CTaHIAPTHOE OTKJIOHEHUE .

Ipumep: cpednuii pocm cmydenmos 6 6blbopKe U CMaHIAPMHOE OMKAOHEHUE 3HAUEHUT POCMma
cmydenmos 6 6ulbopke.

Torma rpaHUIbl JOBEPUTETHFHOIO NHTEPBAJIA OIPEIEIAIOTCS CAETYIOMNUM 00Pa3oM:

S .S
<< T =

v v

rje t* — 3HavYeHue (-CTATUCTUKM, COOTBETCTBYIOINIEE BLIODAHHOMY YPOBHIO JIOBEPUS 7.

z—t

Buauenue t-cratuctuku 6epercs u3 pacupejesenust Crbiojenta (t-pacupesesenus). I'paduk mioTHo-
ctu pacupeenenns: CThIOJEHTa MTOX0XK Ha I'PadUK IJIOTHOCTH CTAHIAPTHOTO HOPMAJIHLHOT'O PACIIPEIe-
JIEHUS, TOJTBKO O0Jiee «IIJIOCKHiT» U ¢ 60Jiee TOJICTBIMU «XBOCTaMU». [ J1aBHOE OT/INYMe pacIpe/ie/IeHus
CrbIoZieHTa OT HOPMAJILHOTO PACIPEICTIECHNs 3aKII0IAeTCsI B TOM, 9TO Y HEro eCTh CHernuIecKuii
apaMerp — 9ucJio crerneneii ceobosbl (df ). Hueso creneneit cBobobl onpeesisier hbopmy paciipe/iesie-
HUsl; 9eM OOJIbIIe YUCI0 cTereHei cBoOoIbI, TeM OJimKe paciipeiesienre CThIoJeHTa K CTaHIaPTHOMY
HOPMAJIBHOMY PaCIIPEIeIeHIIO:

o
df =1

N(0,1)

O._______________
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t* s yposast mosepust 95% — kBanTHb ypoBHs 0.975 (Ta XKe JOTHKA, 9TO U JJIst 2*), TUCII0 CTeneHei
¢B0OOBI df = n—1, T/1e N — YUCIIO 3JIEMEHTOB B BBIOOPKe. AHAJIOTUYIHO /Tl IPYTUX YPOBHEN JTOBEPHSI.

Hanpumep, mis Beibopku B 25 Habmonenuit, t* = t(p = 0.975,df = 24) = 2.064.

NB: eciiu BAPYT HY:KHOIO YHCJIa CTeneHell cBoboIbl HeT B TabJiuie pacupeseienus (He Bee TabmIbl
JIOCTATOYHO TOJIPOOHBI), OepuTe OimrKaiiliiee IUCIO cTerneHeil cBoGObl, KOTOpoe B TabJIUIe eCTh U
YKaSBIBafITe, KaKoe 3HaueHue cTelleHeil CBO60,ZH)I B UTOI'€ UCIIOJIB3YyETCidA B pacdeTax.

4 UVnTepnperaliug JTOBEPUTEJIbHOTO NHTEPBAJIA.

95%-nwiii dosepumenvroill unmepsan oaa doau adeti, aobswur ecmasams no ympam: [0.1; 0.24].

C 95%-H0i1 yBepEHHOCTHIO MBI MOXKEM YTBEpKIaTh, 9TO JOJA JIOJAEH, JIOOIIUX BCTaBaTh 110
yTpaM, CpeJid BceX poccusiH, jiexkuT B uHTepBase or 0.1 jgo 0.24. Eciu mbr OyaemM mpoBOAUTL aHa-
JIOTUYIHOE UCCJeI0BaHie Ha BBHIOOPKAX OIHOTO M TOTO K€ pa3Mepa MHOTO pa3, He3aBHUCHUMO JIPYT OT
npyra, 95% noBepuTeIbHLIX THTEPBAJIOB Oy/1yT BKIIOYATH HCTUHHOE 3HAUCHUE JIOJIH JIIOOUTEIeH paHo
BCTaBaTh.

Ecim Mbr OyjieM TpOBOIUTH AHAJIOTUYHOE UCCJIEIOBAHUE Ha BHIOOPKAX OJIHOIO U TOT'O YK€ pa3Mepa
MHOI'O pa3, He3aBUCHMO JIPYT OT apyra, B 95% ciaydaeB MCTUHHOE 3HAYEHHE JOJIU JIIOOUTEIeil paHo
BCTaBaTh Oy/er Jiexkarhb B mpejenax ot 0.1 10 0.24 (B IpemnosiozKeHnn O TOM, 9TO MpejieibHast Ommb-
Ka BBIOODKH /cTaHIapTHas OMubKa He M3MEHSIETCS OT BBIOOPKH K BBIOODKE).

XC BepodTHOCTHIO (.95 mcTuHHAS 70/ JIIOOUTE el BCTaBaTh 10 yTpaM CPEIN BCEX POCCHUSTH JIEXKHUT
B nHTepBaJsie oT 0.1 ;10 0.24.

? B wnr Oy/eM TTPOBOJIUTH aHAJIOTUYHOE MCC/IeI0BAHNE Ha BBIOOPKAX OJIHOIO U TOI'O YKe pa3Mepa
MHOI'O Pa3, HEe3aBUCHMO JIPYT OT zpyra, B 95% ciaydaeB MCTUHHOE 3HAYEHHE JOJIU JIIOOUTE el paHo
BCcTaBaTh OyjeT Jexkarhb B npejenax ot 0.1 go 0.24.

VTBepKIeHUSA COJIEP2KAT YHUBEPCAJIbHYIO MHTEPIIPETAIINIO JIOBEPUTEIHHOIO MHTEPBaAJIa U 00bsICHE-
HUE TOTO, YTO O3HAYAeT BLIOPAHHBIN YPOBEHD JIOBEPHSI.

IToyemy Tperbe yTBepKJeHHE HE COBCEM KOPPEKTHO?

VBEPEHHOCTh — HE TO K€ CaMoe, 9TO BEePOATHOCTb. Korma Bbl ropopute, uTo Ha 95% yBepeHbl, 9To
CJIaJINTE 9K3aMeH, He TOTOBACH, Bbl, BO3MOXKHO, 3HaeTe U3 IIPEIbIIYIIEro ObITa, 9TO B 19 ciaydadax us
20 BBI JIEHCTBUTENIBHO CIAJIU SK3aMeH, He roToBsicb. Ho 9T0 He 0o3HadaeT, 4TO ¢ BeposTHOCTHIO (.95
CIIaJIATe CJIeIYIOMUil 9K3aMeH, He TOTOBsICh. Bbl MoxKeTe ero ¢iaTh (U TOrja OleHeHHas MOCye CIadn
BEPOSATHOCTH OyzieT 1) mwin 3aBajnTh (OIEHeHHAs TIOCJIe CIadn BeposTHOCTb Oyer (). Anasormanast
CUTyaIldsl C JIOBEPUTEHLHBIMU WHTEpBagaMu. MBI cauTaeM JIOBEPUTE/IbHBI WHTEPBAJ Ha OCHOBE 00-
HoT BBIOOpKHU. U mcTHHOE 3HAYUEHUE JI0JIH JII0OUTE el paHO BCTaBaTh JIUOO BOMJIET B 9TOT MHTEPBAJ
(BeposiTHOCTH TONa[aHus paBHa 1), b0 He BOiijieT (BepOATHOCTD momaianus paBHa ).

NB: CymiecTByoT pasHble MOAXObI K OIPEIE/IEHUI0 BEPOITHOCTH. B CBA3M C 9TUM HEKOTODBIE UC-
CJIEJTOBATENIN CIUTAIOT TI0JJ00HbIE HHTEPIIPETAIINH JIOBEPUTEILHBIX MHTEPBAIOB (CO CJIOBOM «BEPOSIT-
HOCTB» ) donycmumoimu. Ho Bo m3bexkanne HeJJ0pa3yMeHHii JTydIlie TOBOPUTH O CTEIIeHN YBEePEeHHOCTH,
TaK KakK 3Ta MHTepIpeTallisd TOYHO He BbI3bIBACT COMHEHUIA.

Ilouemy mociienHee yTBep>KAeHNE MOXKET BBI3bIBATH BOMPOCHI?

Korma mbl roBopum 06 yposHe mosepust 95% MBI Ha caMoOM Jiejie MMeeM B BUJY CJIeIyIOIee: eCIIn
ObI MBI IIOBTOPHO IIPOBOJIU/IN AHAJOTHIHOE UCCIEIOBAHUE Ha BBIODOPKAX TAKOI'O Ke pa3Mepa, Mbl B
95% caygaes nosrydaau Obl OIEHKH JIOJIM, KOTOPbIE OTKJIOHAIOTCS OT MCTUHHOIO 3HAYCHU JOJIA He
bosbIie, geM Ha BequmanHy 1.96 - se. A BesmanHa CTaHIAPTHON OMMUOKN JJIST KAaXKI0i BHIOOPKH CBOs!
OauH nceregoBaTeb BO3bMeT OHy BhIOOPKY B 100 4enoBeK, BBIACHUT, 9TO B Heit 17% moneit mobar
BcTaBarh 10 yrpam (se &~ 0.07), apyroit BosbMeT JApyryio BbIOOPKY B 100 4esioBeK, BBIICHUT, YTO
B Heit 25% mrozeit sirobsT BeraBarh 1o yrpaMm (se &~ 0.09) u rak jganee. Takum obpazom, KazKIblit
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MCCJIeTOBATED TIOJTYIAT CBOU JIOBEPUTENBHBIN WHTEPBAJI, BO3MOXKHO, OTJIMYHBIN OT JAPYyruX, HO B 95
caydagax m3 100 atu pa3Hble J0BepUTETbHbIE HHTEPBAJIBI OYYyT HAKPBIBATH HCTHHHOE 3HAYEHUE JTOJIH
JIIobuTE el paHO BCTaBaTh.

NB: O6br4H0 j101yCcKaeTcsi, 9TO ITpejieibHast/CTaHIapTHast OMMOKa He M3MEHsIeTCs OT BBIOOPKH K
BBIOOpKE. B TakoMm ciiydae 9TO yTBep:K/ieHnEe HUYEeMY He IIPOTUBOPEYUT.

NurepripeTnpoBaTh JTIOBEPUTEIbHBIN NHTEPBA TaK MOXKHO, HO KEJATETbHO YKa3aTh COOTBETCTBY-
folriee JIOMyIIeHre O MpeJIeJIbHOl /cTan apTHOM omubKe (Kak BO BTOPOM YTBEDK/ICHUN ).

Yr100bI OKOHYATEIHEHO YOS IUTHC, MOXKHO IIOCMOTPETD 3Ty BU3yau3alnio. B neit hukcupyercs cpeji-
Hee IeHepasIbHON COBOKYITHOCTH (KOTOPOE MbI OOBIYHO HE 3HAaeM, HO OlEeHUBaeM), Gepyrcest BIGOPKU
OJIMHAKOBOI'O Pas3Mepa M3 9TOH COBOKYIIHOCTH, II0 KazK/10il BLIDOPKE CUNTAETCSA CPEIHEe, CTPOUTCS J10-
BepI/ITeJIbeIﬁ nHTEepBaJI 1 CIUTaETCAd, CKOJIbKO pa3 JOBE€pUTE/IbHbIE MHTEPBaAJIbl BK/IIOYUJIN CpeIHeE,
a CKOJIBKO pa3 «IIPOILIA MIMO» HEro.
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