O0ObgBJIeHUE

B caenyrongyio narauiyy AnToHa He Oyzer, s poBeay o6e mapbl (¢ JBYX YacoB JHs, Kak
o6bran0). Ha nieproii nape 6yier KoHTpoJsibHas paboTta, Ha BTOpoii — pa3bop U elie KaKue-To
upumMepbl. Ecin Bee moitier Kak HaJ0, TO I PACCKaXKy KaK CTPOUTDH JOBEPUTE/IbHbIE HHTEP-
BaJIbl B “CJIOKHBIX  CJIyYasX.

Konrpossnag pabora Oyier coctosath u3 5 3ajad. [lepBble JiBe 3ajauu — MOCTPOEHUE
OIIEHOK W mccjenoBaHne ux cpoiicTB. Tunmunbiit npumep: “Iloctpouts OMII-onenky mrst
pacnpegesenust U[0, 0] u uccinenosars ee na Hecmenienocts’. Eme jBe 3ajaun — joBepu-
TeJIbHBbIE UHTEPBAJIbl (JjIsi HOPMAaJIbHOH Mojen u Jyisi GuHOMua LHON). HyKHO moMHUTD
gt (opmyn =). [Mocieausia 3amada — mo Teopsepy, OOHyCHast. 3aMeHsieT JIIOOYI Hepe-
IIEHHYIO 3a/a4y U3 OCHOBHOro Habopa. Ckopee Bcero oHa OyaeT mjeitHasi, “Ha IMOHUMaHME,
a HE TeXHUYEeCKad.

Ha pabore MOKHO MOTb30BATHCS JIIOOBIMU NACCUSHBIMY TCTOTHIKAMEA. T.e. MOXKHO UMETh
JIIOObIe KOHCIEKThI, KHUTH, T'YIJINThb, HO HEJIb3sl CIpalliuBaTh y cocejla WX B daTuke. Pac-
CUNTBIBAIO Ha BaIlly Y€CTHOCTb.

,ZLOM&H.IHGG 3alaHne

ﬂﬂﬂ Ha4daJla, HEKOTOPLIC ITO2KE/IaH A 110 IIPHUCBIJIAE€MbIM 3a/la9aM:

1. IlpucbuiaTh He TOJIBKO KOJI, HO U KAKHe-TO MBICJIU 110 Pe3y/IbTaTaM ero paboThl. ¥ 1a10Ch
JIM YTO-TO TIOJITBEP/IUTD, OITPOBEPTHY Th, YTO-TO HE TOJIYINJIOChH, PE3YJ/IHTATHI CDaBHEHU S
Takue-To. . .

2. IlpuknagpiBaTh K KOy Pe3y/braT ero padboTbl — Tabymisl u rpacdukn. [Iporpammbr
JacTo paboOTAIOT JIOJr0, Y MEHsI HET BO3MOXKHOCTH 3aIlyCTUTh KayKIyIo.

Ha siexiium 6bL70 BBeJIEHO HOBOe HOHsITHE — ‘j0BepuTesibHBIN uHTepBan” (“confidence
interval”, “c.i.”). HamomHio, 9T0 J0BEpUTEIbHBIN HHTEPBAJ — 9TO HAPa OINEHOK {9\_, §+)} Ta-
KUX, 9TO HHTEPBAJ (5*, é\*) C 33/TaHHOI BEPOATHOCTBHIO Y HAKPBIBAET OIIEHUBAEMBbIit ITapaMeTpP
. v Ha3bIBaeTCs ‘ypoBHEM JI0Bepust’ u 0ObIIHO BhIOMpaeTcs pasHoit 0.95. Eciu BeposgTHOCTH
HAKPBITh MCTUHHOE 3HAaYeHNMe He PaBHA CTPOrO 7y, a CTPEMUTCS K Heil ¢ pocToM o0beMa
BBIOOPKN [V, TO TaKOil MHTepBaJ Ha3bIBAIOT aCUMTOTHYECKNM. KM MCHoab3yeTcs HEKOTO-
pas HeaCMMTOTHYEeCKas AIPOKCUMAIUs, TO TAKOHl MHTEepPBaJ HA3BIBAIOT MPUOJIMMKEHHBIM.
NurepBast, HaKPBHIBAIONINN OIEHKY C BEPOATHOCTHIO HE MeHee YeM 3aJIaHHOEe 7, HA3bIBAIOT
KOHCEPBATUBHBIM.

3amedy, ITO OIEHKOil (T.e. CIydailHON BeJMYUHOMN) 3/1eCh ABJIACTCS CaM HHTEPBAJ, a He
OIEHUBAEMBIil mapamMeTp @, Mo3TOMy rOBOPHUTH ‘OIEHUBAEMbIN TTApaMeTp TONaIaeT B HHTEP-
BaJI C TAKON-TO BEPOSITHOCTHIO” HE COBCEM KOPPEKTHO (M BBOJUT B 3a0JIy KJI€HNE, TTAPAMET]D
9TO KOHCTAHTA).

7.1 Integral C.I.

[TponokuM m3yvdars nHTerpupoBanne MetojgoM Monte-Kapsmo. Hamommio, uro maTerpas
BBIUUCJIAETCS KaK CpejHee OJIMHOYHBIX OIEHOK, TJie KaK/iasd OIeHKa MMeeT BUJT
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rae & — cilydaiinas BeJIMUNHA C IUIOTHOCTLIO g (Ha3bIBaEMOil “HHTErPUPYIOIIast IJIOTHOCTD ).

Kax Mbl BblICHWIN paHee, OT MHTErPUPYIONIEH IJIOTHOCTU 3aBUCUT KaK IOPSJIOK, Tak
U CKOPOCTH cXojamMocTH. B wgacrtHocTH, onTUMAa/bHAs CKOPOCTb JOCTUTACTCHA TOTJA, KOTJA
IJIOTHOCTD HIOBTOPSIET ITOBeJIeHIEe MOyl HHTerpupyemMoii pyHkinuu. OcodeHHO 9TO KacaeTcs
HOBE/IeHNs Ha GECKOHETHOCTH U B OKPECTHOCTHU IOJIOCOB (0COGEHHOCTEN ).

Pacemorpum unTerpait fol(sin x)~3/4dx. Tounoe ero 3HaueHMe MOMKHO HOJIYYHTh, HAIPH-
Mep, ¢ nomotbio dyHkImn integrate() B R mim scipy.integrate B Python. 9ror unre-
I'paJl MOYKHO OIIEHUTBH ¢ IToMoIIbio MeToja Monre-Kapiio, ncrosns3sys cie/yoriye I0THOCTH:

1. PaBromepHoe pacnpe/ieierne (MOXKHO CMOTPETH Ha PABHOMEPHOE DACIPE/ICTICHNAE KaK
na Bera-pacupenenenne B(1,1))

2. Bera-pacupenenernne B(1/4,1)
3. Bera-pacupenenenne B(1/2,1/2)

V2Ke OBbLIO TTPOJIEMOHCTPUPOBAHO, YTO IEPBas IJIOTHOCTD JAeT ILJIOXOW MOPSJIOK CXO/IH-
MocTH ([OTOMY YTO JJIeMEeHTapHasl OIeHKA He MMeeT JUCIEPCHH), BTopas W TPEThbsl JaioT
OJIMHAKOBBI MOPAIOK (KaKOi?), HO CHJIBHO OTJINYAOILYIOCS CKOPOCTh.

CobcrBenno, 3a/lanue: Jjisi BTOPOI U TPETbell IJIOTHOCTEN OTJ/IE/JbHO, HYZKHO IIPOMO/Ie-
muposath N = 107 sjileMeHTapHbIX OIEHOK U HOCTPOUTDH rpadiK HaKOIJIEHHbLIX OIEHOK (Ha-
KOILJIEHHBIX cpeiHnX). Ha 9moM rpaduke mocTpouTs /Ba THIA JTOBEPUTEIbHBIX HHTEPBAJIOB
B HOPMAaJIbHOII MOJIEJIM: UCIOJIb3Yd U3BECTHYIO JUCIEPCHUIO 3JIeMEHTAPHOI OIleHKN U UCIIOJIb-
3ysl HAKOILJIEHHYIO OIEHKY JIMCIIEpCUU. Y POBEHb JjioBepus 7y ciemyer B3aTh 0.95. Takke na
rpadukax n300pasuTh B BUJE TOPU3OHTAILHON JIMHUK TOYHOE 3HAYEHUE MHTerpaja — Tpa-
eKTOPHS JIOJKHA K HEMY CTPEMUThCA. Pexomendyro npu nocmpoenuu 2padura npu nodbope
macwmaba no uzpek-ocu uznopuposams nepevie 10% mouex, nomomy wmo 6 mauase mpa-
EKMOPUA HAKONAECHHDIT OUEHOK 0%EHb HEYCMOoUUsa U UMeem 0uers boabwWYo amMniumydy,
MOIHCHO HE Pad2nademdb nosederue 6 KoHue

Hanomwunaro, 4To jucriepcust OMHOYHBIX OIEHOK HAXOIUTCs 110 (hopMyJie

f(x)?
pe()

Hakorutenubie cpejinre MOXKHO MOCUYATATH Yepe3 HAKOILIeHHbIe cyMMbl — cumsum() B R
u numpy . cumsum() B Python.

Dn=

dx — /f(x)d:v 2.

7.2 Binomial

Paccmorpum 6pocanne MOHETKH, T.€. HCIIBITAHUA DepHyJLIH.

PukcupyeM HEKOTOPOE p — CTelleHb F’HYTOCTH MOHETKH, BEPOATHOCTD BbITaeHus 1, (huk-
cupyeM HekoTopoe M — uucyo cepuit bpocanus u N — 1ucjo 6pockoB B cepun. M pazymHO
B3aTh 1000, a N Mbl Oyiaem nepebuparh B reoMeTpuueckoil mporpeccuu: 10,100, ..., 105,
JLna KaxKo0it cepun OPOCKOB CUUTaeM KOJIMYECTBO OPJIOB U 110 HEMY CTPOUM JIOBEPUTETHHBIIM
MHTEPBAJI JIJIs1 P Y€TBIPbMs PasHbIMU criocobamu (ypoBeHb JoBepus dukcupyem v = 0.95).

Xunm. He obazameavro 6pocamsv MOHEMKY HENOCPEICTNEEHHO U CHUMAMD 0pA0s. Mootc-
HO CPa3y NPOMOJCAUPOSAML OUHOMUAALHOE pacnpedesenue. Imo bvicmpee

Nrak, noxyamnmu M noBepuTe/ibHBIX MHTEPBAJIOB KayKJIOTO THUIIA JJIS KaXKJION JIJTHHBI
BeIOOpKU N. [locumTaem cpeIHIOI0 UPUHY JOBEPUTETHHOIO UHTEPBAJIA, BLIDOPOYHOE CTAH-
JIApTHOE OTKJIOHEHUE IMUPUHBI U peasIbHbIIl SMIUPUIECKUI YPOBEHD JIOBEPUS, T.€. JOJI0 TeX
cIydaeB, KOI/la MHTEPBAJ B CAMOM JleJie HaKPbIJI HCTHHHOE 3HAYEHUE D.

2



[IponensiBaem Bee sTo st p = 0.5,0.75,0.99. BeiBogum KpacuBo B TaOJIUUKY U Jie/IaeM
BbBIBO/bI.
Tunb! 10BEPUTETLHBIX UHTEPBAJIOB CJICLYIOIIHUE:

1. YecTHbIiT-4ecTHBIN JTOBEPUTE/IbHBIN nHTEpBaJ 1epe3 obpairnerne OP g Ounomualib-
Horo pacupezernenusi (aka Clopper-Pearson, sywme ncronbszoBars Buj depes bera-
KBaHTUJIN);

2. HopMmaJsibHbIH aCHMTOTHYECKNil JTOBEPUTEILHBIN HHTEPBAJ C DEIIeHreM KBa[PATHOIO
uepasencrsa (aka Wilson score);

3. HopmaJibHBIIT acCHMTOTHYECKUIT JOBEPUTE/IbHBII HHTEPBAJI C IIPOCTOH OIEHKO JIrciep-
cun (aka normal approximation);

4. KoHcepBaTUBHBIN JOBEPUTE/IbHBIN HHTEPBAI B HOPMAJILHOI alllipOKCHMAINH (CINTaeM
jucriepento pauoit 0.25).

HpO BCe 9T MHTEePBaJibl MOXKHO IIOYUTaTh Ha BUKHIICINU. q)OpMyJIKI/I BCe TaM €CTb.

KoHncmekr

Bagada (3ajada u3 BCTYyNUTENbHO KOHTPOJIbHOI). CTymeHT mosydaeT Ha SK3aMeHe b ¢
BepoaTHOCTHIO (.2; 4 ¢ BepoaTHOCTHIO 0.4; 3 ¢ BepoaTHOoCcThIO (0.3 M 2 ¢ BepoaTHOCTHIO (.1.
3a Bpems obyuenus on caaer 40 sk3ameHoB. ONEHUTDb PeIeibl, B KOTOPBIX ¢ BEPOITHOCTHIO
0.95 nexkuT cpenumii 6aT CTYICHTA.

Pemenne. Ha mepBoiit B3rIs1, 3a/1a4a BRIVISAAT Kak ‘‘3ajlada Ha JOBEPUTEIbHBIN HHTEP-
Ba/l. DTO BIleYAT/ICHHE OOMAHYUBO, JOBEPUTEIbLHOE OICHUBAHUE IIPEJIIoJaraeT Hajudne
HEU3BECTHOT'O ITapaMeTpa, Jjisd KOTOPOro JOBEPUTEIbHBIN HHTEPBaJI CTPOUTCS. 3ECh YKe BCe
U3BECTHO, HYKHO IIPOCTO OIEHUTH KBAHTUJIU PACIPEIe/ICHNAs] CPETHEr0 DaslIa.

Bajia1y MOKHO PEIUTb TOYHO, Hafis pacipejiesieHne CpeiHero asiia Kak pacipeie/ie-
HUE CyMMbI HE3aBUCUMBIX CJIyYafHBIX BEJIUIHH. ¥YI00HO BOCIIOJIb30BATHCA JIjId 9TOTO alllla-
paToMm xapakTepuctuiecknx (pynknuii. Ho KBaHTHIM He BhIPaXKaIOTCsd 9epe3 XapaKTePUCTH-
qeCcKyI0 (PYHKIUIO, IPUJIETCA BO3BPAIIATHCA K BEPOATHOCTIM OTAEIbHBIX UCXOJIOB. . .

MozKHO permmTh 3a/1a49y ¢ MOMOIIBIO MojeanpoBanus. [IpocumymnpoBaTh CIOXKeT 3a1a9n
MHOI'0 pa3, MOJIYyYUTh BBIOOPKY M3 CPEIHUX OAJIIOB, IOCTPOUTDH JOBEPUTEIbLHBIN MHTEPBAJ
JIUTst BBIOODKU (HAIIpUMED, B3siB BBIOOpOUYHBIE KBAHTHIN). TpynoeMKuii, HO yHUBEDPCAJIbHBIIT
U TOMYJISIPHBINA Ha IMPAKTUKE TTOIXOJ.

Ho mnpome Bcero BocriosibzoBarhed HIIT. Peus uper o pacnpenenennu cpeanero. 40 —
BIIOJIHE JIOCTATOUHBIH 00beM BBIOOPKHU, UTOOBI 1mojib30BaThest LIITT.

Haiinem mMaroxkumanme U QUCIEPCUIO pacipeaesaeHus & — OIEeHKH 3a i-if SK3aMeH:

E€= pia;=02-5+04-4+03-3+01-2=3T,

D¢ =Ee? — (E€)? = 0.81 = 0.9%
Cornacuao LIIT:

TR

CJIeIOBATEBHO, E npubIMzKeHHO pactpeenedo Hopmaiabao N (3.7,0 = 0.9/1/40). Haiigem
KBAHTUJIN JIJIsi 9TOTO PACIIPEIeICHUS:


http://en.wikipedia.org/wiki/Binomial_proportion_confidence_interval

> gnorm(c(0.025, 0.975), mean = 3.7, sd = 0.9 / sqrt(40))
[1] 3.421092 3.978908
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