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PACUHETHO-TPAOUYECKASA PABOTA Ne3
1. MIEPBUYHAS OBPABOTKA PE3YJIBTATOB HABJIIOAEHUI

1.1. BapuauMoHHBINA M CTATUCTUYECKHUIA PAIBI

[lycte i W3ydeHHs HEKOTOPOTO KOJMYECTBEHHOTO MpH3HAKa X U3 Bce
oobema N reHepaibHONH COBOKYITHOCTH OJHOPOJHBIX OOBEKTOB M3BJIEYCHA BHIOOPKA
oobema N. HaOmopgaBmmecs 3HaYeHUA X, X,,...,X, HpH3HaKa X Ha3bIBAIOT

gapuanmamu, a TIOCIEIOBATEIFHOCTh BapHUaHT, 3alMCaHHBIX B BO3paCTAIOIIEM
TIOPSIIIKE, — 8APUAYUOHHBIM PAOOM.

Cmamucmuueckum pacnpedenenuem (psoom) 6blO0pKU HA3BIBAIOT TEPEUYEHb
BapUaHT X, BapUALlMOHHOIO Psiia U COOTBETCTBYIOIIUX UM YacTOT N. (CyMMa BCeX

YacTOT paBHa OO0BEMY BBIOOPKH N) WIM OTHOCHTENBHBIX 4acTOT W, =n,/n (cymma

BCEX OTHOCHUTEJIBHBIX YaCTOT PaBHA CAMHHUIIC).
Paznuyuator ouckpemmuwiii (moueunviil) u UHMeEPBAIbHLIU (CCPYRNUPOBAHHDIL)
CTaTUCTUYECKUU P,

NHTepBaibHbIA CTATUCTHYCCKUN PAN

Ecnu nmeeTcst BBIOOpKA 3HAYEHUHN HenpepbligHo20 KOMMUYECTBEHHOTO MPU3HAKa,
IIE  4YMCJIO BapHaHT OYEHb BEIMKO, TO COCTaBIIETCA  C2PYNNUPOGAHHbIU
(unmepsanvuwlll) cmamucmuyeckuil pso. JJis ero moiiydeHus wuHTepBan (@, b),
COJICp KAl BCC BapUaHThI, ICIUTCA Ha K paBHBIX yacTed JUIMHBI N, U B KauecTBe
aOCOJIIOTHBIX YacTOT BBICTYNAIOT KOJMYECTBA BapHaHT, MOMABIIMX B JaHHBIN
UHTEPBAJ.
Konuuecmeo unmepsanos K cienyer BelOMpaTh Tak, 4TOOBI TIOCTPOCHHBIN PsJI
He ObUI TPOMO3AKHUM, HO B TO JK€ BpeMs TIO3BOJSI BBIBIATH XapaKTEpPHBIC
W3MEHEHHS CIIyYallHOW BEJIMYHHBI.
Jlnst BerauciieHust K pexoMeHryercst ucnoib3oBaTh hopmyiy Crepmxeca:
k=1+log,n wm k=1+log,10-lgn, roe log,10~ 3,322 (1)

C OKpyrJieHHeM K 10 OJrKaiIero meaoro 3Ha4eHusl.

Heo6xoaumo, utobbsl uHTEpBan (a, b) crarmcrtudeckoro psima anweabl Kh €
HeOONbIIUM  "HaxjiecToM" TMepeKphiBal BapHALMOHHBIA pa3Max HabJ10/1aeMOro
MpU3HaKa
T.e. Y4TOOBI a < X

kh=b—-a>x,, —X b>X. ... (2)

IMIO3TOMY AJIMHY YaCTHOT'O MHTCPBAJa BBI6I/IpaIOT N3 HCPABCHCTBA

min ° min !

Xoo — X
hZ max min ’ 3
R e ©

2



rae X X — HauOOJIbIIICe ¥ HAUMEHbBIIIEE 3HAUCHUS IMIpHU3HAaKa.

max ? *min
HOCJIG HaXO0XKXIACHUA YaCTHBIX I/IHTepBaJ'IOB OHpeI[CJ'IﬂCTCH, CKOJIBKO 3H3‘I€HHI>1

CIIy4YalHOM BEJIMYMHBI TIOMAJIO0 B KAXK/IbI KOHKPETHBIA HHTEPBAI
[x,x +h), i=12,..k, 4)
rje K — 4nciI0 HHTEpBaIoB.

[Ipy 3TOoM B MHTEpBal BKJIIOYAIOT 3HAYEHUs, OOJbIINE WIM paBHbIE HUKHEU
IPaHULE U MEHBIINE BEPXHEN IPAHULIBI.

JUia  HarasgHOro  IpPEJCTaBICHMs — paclperiesieHuss — HaOIroaaeMoro
HENPEPBIBHOTO MpU3HAaKa X, HCCIeIyeMOoro 1O BBIOOPKE, HCIOIb3yeTCA
sucmozpamma — croin0yaras Jguarpamma, COCTOsILas U3 MPSAMOYTOJbHUKOB,
OCHOBAHHSI KOTOPBIX — YaCTHUYHBIC MHTEPBaJbl JUIMHBI N, a BBICOTHI — IUIOTHOCTH

abcomoTHBIX N, /h WIM OTHOCHTENBHBIX W, /h dacToT (dactocrteit). I'mcTorpamma

ABIICTCA CTATUCTHUYCCKHM aHAJIOTOM INNIOTHOCTH PACIIPCACIICHUA f(X), IIpu 5TOM
o61ua;[ mIomanab ruCTorpaMmMbl OTHOCHUTCIIbHBIX YaCTOT (‘IaCTOCTeﬁ) paBHa CAWMHMUIIC,
d TUCTOI'PaAaMMBI a0COJIFOTHBIX YacTOT - O6’b€My BLI60pKI/I.

OMnupudeckas (QyHKUUs —pacnpeneienus F (X) s MHTEpBaIbHOTO

CTAaTUCTHUYCCKOI'O psAda ABJIACTCA KYCOLIHO-J'II/IHGI\;IHOI‘/JI. HpI/I 9TOM, OHA pPaBHa HYJIO B
HavdaJIC IICPBOIO0 YaCTHOI'O MHTCpBAJIda, 4 B KOHIC KaAXKAOI0O YaCTHOT'O HHTCPBAJIA i

INPUHUMAET 3HAaYECHUsI COOTBETCTBYIOIIUX HAKOIICHHBIX YacTocTell W' ™ .
Mpumep 1.2. OrtkioHeHue guaMeTrpa Baja Tmocie HUTMGOBKH — OT
HOMUHAQJIBHOTO 3HA4Y€HUs B MM IMPEJCTaBICHO CieAyroIliel BbIOOpKON (00BeMOM

n==69):

-0,84 0,26 0,88 -0,33 0,72 -0,44 0,93

-0,14 0,71 -0,99 1,21 0,31 -0,29 0,79

0,34 0,38 -0,54 1,81 1,13 0,28 1,22

0,79 -0,89 0,89 -0,49 -0,03 0,44 -0,35

-0,3 1,34 -0,8 -0,32 1,15 -0,41 0,76

0,25 -0,18 -0,41 0,96 -0,63 0,86 0,8

-0,61 -0,65 -0,03 1,72 1,96 0,45 -0,6

1,15 0,19 0,35 0,5 0,77 0,91 -0,26

0,51 1,36 -0,01 0,42 0,63 -0,14 0,1

-0,08 -0,97 0,55 0,38 0,86 -0,57




HeobxoaumMo MmoCTpoUTh MHTEPBAJIbHBIA BAapUALMOHHBIN psifl, THUCTOTPAMMY
OTHOCHUTEIBHBIX YaCTOT U AMIUPHUUCCKYIO QYHKITUIO paclpeaesieHus (KyMYIITY).

Pewienue.
1. OmnpenenuM KOJIMYECTBO YACTHBIX MHTEPBAIOB 10 popmyire (1):
k=1+log,n=1+log,69=7,108524. Ilpumem k=7.

2. BBINOJIHUM paH)KUPOBaHUE BAPUAHT B TIOPSIKE BO3PACTAHHSI.
3. Omnpexnenum JUTMHY YaCTHOTO WHTepBaia mo Gopmyie (3):
X =1,96; x. =-0,99;
Xinax ~ Xmin _ 1’96 — (_0’99) _ 2’95
k 7 -

4. TlpoBepuM BBIMOJIHEHHE yCI0BHS (2):
Kh> X, —Xuni  7-0,43>1,96—(—-0,99); 3,01>2,95.

AualiasoHa CTATHUCTHYCCKOIO psaga COCTaABJLACT

h> =0,421. IIpumem h=0,43.

[Ipu »>tomM, "Haxject"
3,01-2,95=0,06. Dto 3HaueHHe ompeaeiseT MAKCHMAJIbHOE CMEIICHHE BJIEBO OT

X, Hadaua uHTepBaia (a, b) craructuueckoro psga. B paccmarpuBaemom mpumepe
cmernienue yaoono npunsats 0,01, T.e. ieByro rpaHully npuMem
a=-1<x_. =-0,99,

min

TOrAa npasasd rpanuna b=a+kh=2,01>x_,, =196.

5. Onpenenum rpaHuUIlbl YACTHYHBIX HHTEPBAJIOB 10 hopmyie (4):

-1 -0,57 -0,14 0,29 0,72 1,15 1,58 2,01

6. HO}IC‘II/ITaB KOJIMYCCTBO BApHUAHT, ITOIIABIINWX B COOTBCTCTBYIOIINEC NHTCPBAJIbI,

IIOJIyYUM UCKOMBIA HHTEPBAJIBHBINA CTATUCTUYECKUAN PSIA:

Tabmuma 1.2

i 1 2 3 4 5 6 7

X | [-1,00;-0,57) | [-0,57;-0,14) | [-0,14;0,29) | [0,29;0,72) | [0,72;1,15) | [1,15;1,58) | [L,58;2,01)

n, 9 13 11 13 14 6 3
n; 9 22 33 46 60 66 69

W, 0,130 0,188 0,159 0,188 0,203 0,087 0,043
w, /h 0,303 0,438 0,371 0,438 0,472 0,202 0,101
W 0,130 0,319 0,478 0,667 0,870 0,957 1




7. Wcnonp3yst MHTEpBaIbHBIN psifl (CM. Tabu. 1), HOCTPOUM THCTOTpaMMy
IUNIOTHOCTEN OTHOCUTEIBbHBIX 4acTOT W, /h, 1 aMIupudecKyto QyHKIHIO

pacnpenenenust F. (X), KOTOpble MPECTAaBIEHbI HA pUCYHKE 1.2.
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Pucynox 1.2 - 'ucrorpamMmma u smnupudeckast QyHKIHs pacrpeaesieHUs

1.2. TlepBuunasi o6padoTka B Excel

[locne BHeceHuss uHGOpPMAIUU B JJICKTPOHHYIO TaOJIUIy HEOOXOIUMO
ONpPEICIUTh MUHUMAJIbHBIA U MaKCUMaJIbHBIM BapUaHThI, pa3Max BapUallMOHHOTO
psiza, KOJTUYECTBO BAPUAHT M YHUCJIO YACTHBIX MHTEPBAJIOB, Hampumep mo Gopmysie
Crepmxeca, 1 UX TpPaHULBL. 3aTEM BBIYMCINUTH YACTOTHI Nj. DTHU omepauyuu MOKHO
cAenaTb C TIOMOIIBI0 OOBIYHOM COPTHPOBKH. CyIIECTBYIOT TakKe BCTPOCHHBIC
CIICMAIbHBIC CTATUCTUYECKUE (PYHKIIUH.

Jna eviyucnenun wacmom N; MOXHO UCNIONb30BaTh hynkuurw YACTOTA,
oOparieHue K KOTOpoil UMeeT BU:

=YACTOTA(maccus oanuvix,maccus unmepeaos),

rac MCICCM@_aClHHbZX — aapeca A4€€K, A KOTOPBIX BBIYHCIACTCA YacToTa N, -

KOJIMYECTBO BapHUaHT, MCHBIIINX 500041 PaBHBIX IrpaHUIHOMY 3HAa4YCHHUIO

(z.;7], 1=12,...,k+1 (cpaBHute c (4)); Mmaccueé cpanuy — aapeca sUEeK, B
KOTOPBIX  Pa3MEIIAlOTCs  YIOPSAJOYEHHBIE [0  BO3PACTaHUIO  3HAYCHUS
z, 1=12,..,k+1, tne K — 4nciio uHTEpBAIIOB.

Ocobennocmu.

KonudecTBo 351eMEHTOB B BO3BpaIlacMOM MAacCCHMBE HAa €IMHUITY OOJIbIIIE YuCia
JJIEMEHTOB B MaccuBe 'maccueé ummepeanos". JlONOMTHUTENBHBIA JJIEMEHT B



BO3BpAIllAEMOM MAaCCHUBE COJEPKHUT KOJIMYECTBO 3HAYEHUW, MPEBBIIIAIOIINX
BEPXHIOIO TPAHUIy HHTEPBaJIa, COJAEPKAIIECT0 HANOOIBIIINE 3HAYCHHUSI.

Oyukiuss YACTOTA BBoautcs kak ¢opMysia MaccuBa, T.€. IPEIBapUTEITHHO
BBIJICISICTCSI MHTEPBAIT SIYE€EK, B KOTOPHIH OYIyT MOMEIICHBI BHIYMCICHHBIE YaCTOTHI
(uncio siueek JOJDKHO OBITh Ha 1 OOoJIbINE YMclia TPAaHMIT), 3aTEM BBOJIUTCS (PYHKITHS
YACTOTA ¢ COOTBETCTBYIOIIMMH apryMEeHTamMH, IIOTOM OJHOBPEMEHHO
Hakumarotcs kiasumu [Ctrl] + [Shift] + [Enter].

@ynkyun MAKC BbplUMCISET MaKCUMAJIbHOE 3HAYEHUE W3  3aJJaHHBIX
aprymenToB. OOpallieHre K Hell UMeeT BU/I;

=MAKC(apel; ape2; ...; ape255),

rae apel; apel; ..., ape255 — 4YHCIIOBBICE KOHCTAaHTHI WIIM ajipeca sueek,
coJiep KalIiX YHCIOBHIC BEITMYUHEI.

@Dynkyua MHUH BbpUUCISAET MHUHUMAIBHOE 3HAUYEHUE U3  3aJaHHBIX
aprymenToB. O0OpalieHue K Hei uMeeT BUJI;

=MWUH(apel; ape2; ...; ape255),

rae apel; ape2; ..., ape255 — 4YHUCIOBBIE KOHCTAHTHI WJIHM ajpeca S4YeeK,
coJiep KalluX YUCIOBbIC BEJTMYUHBI.

Jlns mojcyera KOJMYECTBA DJIEMEHTOB BBIOOPKH (T.e. 00ObeMa BBIOOPKHU)
ncronb3oBanack gyuxyua CUET, o6pamenne kK KOTOpOil HMeeT BH:

CUET(maccus oannwix),

TJIe Maccu8_OaHHbIX — afipeca SUeeK WU YHCIIOBbIE KOHCTaHTHI.

Ilocmpoenue 2ucmozpammepl 4YacTOT W YACTOCTEH BO3MOXKHO Kak C
UCIIOJIb30BaHUEM CTaHAapTHBIX HHCTpyMeHTOB EXCel (BcraBka-I'uctorpamma), Tak u
C TIOMOIIBIO CIENUATBHOTO HMHCTPYMEHTA W3 BKIAAKU /launHble-Ananus OaHuHuIX, B
KOTOpO# ciielyeT BhIOpaTh MyHKT [ ucmozpamma.

[TosBUTCS OKHO THCTOTPaMMBI, TTOKa3aHHOE Ha pUCyHKe 1.3.

N7

FmecTorpamma E\a

BXOAHBIE ASHHEIE

BXOAHOM MHTEpEAN: 43:457

WHTEpBEN KapMaHOB ! $B$3:$B$10 -

] e

MapameTpel BEEOAR

(8) BuixoaHoi WHTEpBAN: c3 EY

() Hoewiit paBioumin et :

() Hogas pafiouan kira

[[] napero (oreoptipoeanHas rucTorpamma)

VHTErpansHeli NpoUeHT

Pucynox 1.3 - JIluanoroBoe okHo pexuma I ucmozpamma
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B oxHe 3amatoTcs cienyromnye napaMmeTphl:
Bxoowoii unmepsan: — anapeca siaeek, coJiepikaliie BhIOOpOUHbIC JaHHbIE.
Hnmepesan kapmanos: (HeoOs3aTENbHBIN MTapaMeTp) — aJipeca siueekK, coaepKaiiue
TpaHUIBI HMHTEPBAIOB (KapMaHa). OTH 3HAYCHHUS JIOJDKHBI OBITh BBEJCHBI B
BO3paCTAIOIIEM MOPSIKE.
Ecnu rpaHumbl MHTEpBAJIOB HE 3aJaHbl, TO aBTOMAaTHYECKH OyAET CO3/aH
Ha0Op MHTEPBAJIOB C OJIMHAKOBOU JIJTUHOM

Xmax — Xmin

[k]-1

rae [K] — nemas vacts Bemuunaer K =1+3,322-1gn, N — 00beM BEIOOPKH.

Memku — Quaxkok, BKIIOYAEMbIil, €CIM NepBas CTPOKAa BO BXOJHBIX JAHHBIX
COJEPKUT 3arojioBKU. Ecau 3arojoBKHM OTCYTCTBYIOT, TO (PJIaxkoK cleayer
BBIKJIFOUHTb.

Ilapemo (omcopmuposannas eucmoepamma) — YCTaHABIMBACTCS B aKTHBHOC

COCTOSHHC, YTOOBI OpeacTaBuTb W, B IIOPpAAKE HUX Y6LIBaHI/I$I. Ecan ImapamMceTp
BBIKJIFOYCH, TO W, IIPUBOJAATCA B IIOPAAKE CICAOBAHNSA HHTEPBAJIOB.

Hnumeepanvuwiii npoyenm — yCTaHABINBAETCS B aKTUBHOE COCTOSIHUE JIJISl pacyeTa
BBIPOKCHHBIX B MPOICHTaX HAKOIJICHHBIX OTHOCHUTEIBHBIX YaCTOT (MPOIIEHTHBIM
aHaJIoT 3HaYeHUN BHIOOPOUYHOU (DYHKIIMU paclpeieTICHusI.

PesynpraTrom HMCHONB30BaHUS  OMUCHIBAEMOTO HWHCTPYMEHTAa ISl JTaHHBIX
npumepa 1.2 sBusercsa TUCTOrpaMMa, MpeJCcTaBlieHHas Ha pucyHke 1.4 (cpaBHUTE
ATOT pe3ynbTart ¢ Tabnuieit 1.1 u pucynkom 1.2).

Ta6muma 1.2

h Yacmoma | UHmezpanbHbili %
-1 0 0,00%
-0,57 8 11,76%
-0,14 13 30,88%
0,29 11 47,06%
0,72 14 67,65%
1,15 15 89,71%
1,58 4 95,59%
2,01 3 100,00%
Ewe 0 100,00%

Ocobennocme.



CronOupl tuctorpamMmbl U "VHTerpanbHblid %" CTpoOSITCS MO cepearHam
YaCTHBIX UHTEPBAJIOB.

[locTpoeHHass  rucrorpaMma  SIBISIETCSI ~ HEHOPMHUPOBAHHOW:  BBICOTHI
MPSIMOYTOJIBHUKOB B HEH paBHBI YaCTOCTAM W., a HE MX IUIOTHOCTSIM W, /h. B aTom

cllydae €IWHHUIIE paBHA CyMMa BBICOT BCEX MPSMOYTOJbHHUKOB, a HE CyMMa HX
wiomaaei. [loaromy HeHOpMUpOBaHHAs! THCTOrPaMMa HE MOKET CIY>KUTb OLEHKOU
JUTSl TUIOTHOCTH PAacIpeAesIeHHs] CIIy4ailHOW BEJIMYMHBI, U3 3HAYEHU KOTOpOW ObLIa
chopMupoBaHa BEIOOpKa (0OCOOCHHO B CiIydae HepaBHBIX JJIUH HHTEpBaoB) [5].
[TosToMy mjis TOCTPOCHHS THCTOTPAaMMBbl M AMIUPUYECKON  (PyHKIUU

pacrpeeieHus] peKOMEHIyeTCs HCII0JIb30BaTh CTaHIapTHBIC HHCTPpYMEHThI EXcel.

16 120,00%
14 100,00%
12
0,

10 80,00%

60,00%
40,00%
20,00%
0,00%

O N b OO X

-1 -057 -0,14 0,29 0,72 1,15 1,58 2,01 Euwe

Yactota === WHTerpansHbIn %

Pucynox 1.4 - I'padmk moCTpOCHHON THCTOTPAMMBI
2. OHEHKHU MTAPAMETPOB PACIIPEJIEJEHUSA

2.1. TpeOoBaHuA K OLlEHKAM

Jlrobass omeHka (NMpUOMIDKEHHOE 3HAYCHHWE) TapameTpa pacrupeaeicHus
BBIYMCTISICTCS B CTAaTUCTUKE Kak (QYHKIUS CIy4ailHBIX BapHaHT HaOII0JaeMOTO
IIPU3HAKA, a IOTOMY Ccama SIBJISICTCS B ONPEICIICHHOM MEpE CIIy4YalHOM.

K cratuctrueckum omeHKam 0OBIYHO TIPEIBABISIOTCS TPEOOBAHMS:

- cocmosmenvHocmy - TPU YBEJIMYEHUU 4YKcia HaOMIOACHUH N OHA JOJDKHA
npUOIMAKATHCS (CXOAUTHCS MO BEPOSATHOCTH) K ICTUHHOMY 3HAUEHUIO MapaMeTpa;

- HeCMeweHHOCmuU - €€ MAaTEeMaTUYeCKOe OXXHJIAHHUE JIOJDKHO pPaBHATHCS
3HAYCHUIO MapaMeTpa (OTCYTCTBUE CHCTEMATUYECKON OMUOKH);

- aghpexmusrHocmu - Cpelld BCEX HECMEILCHHBIX OLICHOK BhIOpaHHAs JTODKHA

o0nagaTh HAMMEHBITICH TUCTIEPCUEH.



2.2. Toueunble onenku M(X) u D(X)

[To nmeromeiicss BBIOOPKE MOYKHO J1aTh OLEHKY MaTEMaTHYECKOIO 0XKMJIaHUS U
JUCIIEPCUN T€HEPAJIbHOM COBOKYITHOCTH. HecMeneHHoN OEHKOW MaTeEMaTHIECKOTO
OKHJIaHUs CIIy’)KUT 6bl0OPOUHOE CpeoHee

o X X N

1
X, - :ﬁznixi’ N=n+n,+..+n, (5)

TO €CTh Cpe/iHee apu(hMETUIECKOE BCEX DIIEMEHTOB BHIOOPKH.

O1eHKON AUCTIEPCUU MOXKET CITYKUTh 8b100POUHAA OUCnepPCUs

DB:ini(xi;YB)zz(x_iB)zl (6)
i=1
Bonee ynobna gopmyna - cpednuti keadpam mMuryc K8aopam cpeoHe2o:.
DBzzk“niTXiz—iB:P—(iB)z. (7)
i1
Breibopounast gucmepcusi - CMEIIEHHas B CTOPOHY 3aHIDKCHUS OIICHKA
n-1

reHepanbHOu aucnepcun D

., 1 ee MaremMaruueckoe oxupanue M (Dy) :TDF'

[TosToMy BBOJIUTCSI HECMEIIICHHAS OIleHKA T'eHEPaTbHON JUCTIEPCUN — UCHPABICHHAA
8b100pOUHAA Ouchepcus
2 n
s*=——-0D>D;. (8)
n-1

COOTBETCTBEHHO SZ\ISZ SABIIAACTCS UCHPAB/IEHHbIM 8b160p0qulM cpeonum

Keaopamuyueckum OmK10OHEHUEM.

3ameuanme 1. Ecnu nepBoHauanbHble BapUaHTBl X, — OOJbIIME YHUCIA, TO
JUTSL YIIPOILIEHMSI pacueTa Leaecoo0pa3Ho BbIUECTh U3 KaK/I0H BapUAHTHI OJTHO U TO
ke yucno C, T. €. NepedTH K ycrosHvim eapuanmam U, =X —C (B kauectBe C
BBITOJIHO MPUHSTH YUCIIO, OJIU3KOE K BHIOOPOUHOM CPE/IHEH; MOCKOJIbKY BHIOOpOUYHAs
CpenHsisi Hem3BeCTHA, Yuciio C BRIOMPAIOT «HA TI1a3»).

Toraa i BBIOOPOYHOT'O CPEAHETO CIPABEAINBO

= 1 - S
Uu=%x-C — X =C+=>nu mm X;=C+(x-C); (9)
n=
BBIOOPOYHAS TUCTICPCHS ITPH 3TOM HE U3MECHHUTCS

Ui:Xi_C - DB(X):DB(U):E_(G)Z (10)



3ameuanne 2. Eciu mnepBoHaudalibHbIE BAapUAHTHI SBISIOTCS JIECITUYHBIMHU
ApoOsiMu ¢ K TecITHIHBIMA 3HAKAMU TIOCJIE 3aIIATOM, TO, YTOOBI N30eXkKaTh JACHCTBHIA

k
C ApoOsMH, YMHOXAIOT TIEpBOHAYAILHBIE BapUaHThI Ha mocTtosiHHoe yncio C =107,
T.€. IEPEXOJAT K ycnoeHbiM eapuanmam U, =C - X . IIpu 3ToM BBIOOpOYHOE cpenHEee

2
yBenmuntcs B C pas, a qucnepcnst - B C° pas, MOATOMY CIpaBe/JINBbI BEIPAKCHUS:

T} D, (u
u=C-x - Xy=—=; DB(X):#.
C C (11)

Ilpumep 2.1. Haiitu BBIOOpOYHOE CpeaHEe, HCIPABICHHYIO BBIOOPOUHYIO
AUCIICPCUIO N UCITPABJICHHOC BBI60pO‘—IHO€ CpeaHCC KBAAPATHICCKOC OTKIIOHCHHUC AJIA

BBIOOPOK, 3a7jaHHbIX B ipuMepe 1.1.

X 3,2 4.4 5,0 6,7 75 8,1

n 3 5 3 5 1 3

W, 0,15 0,25 0,15 0,25 0,05 0,15
Pemenne.

y 323+445153167.5+751+81.3 ¢ (oo
20
J— 2 . — 2 .
5 = (3,2-559) 31‘)"*(8 5:59)" -3 _ ) 84; 5= /2,84 =1,69.

3amevanue. B HHTCPBAJIBHOM CTATUCTHYCCKOM PAAC BapHAHTAMH CIICAYCT CUHTATDH
CCPCANHBI HAaCTUYHBIX MHTCPBAJIOB.

JIpyrue xapakTepuCTHKH BApUMAIIMOHHOI0 Psijia

Kpome BBIOOpOYHOI CpenHel W BBIOOPOYHOW MUCIIEPCUM TPUMEHSIOTCS U
IPYTHUE XapaKTEPUCTUKN BAPUALIMOHHOTO pAa. Y KAKEM IJIaBHBIE U3 HUX.

Meauanoin Me Ha3pIBalOT BAPUAHTYy, KOTOpas JIEJIWAT BapUALMOHHBIN psij Ha
JIBE YaCTH, PaBHbIC TI0 YUCITy BapuaHT. Eciu 4KMCciI0 BapuaHT HEYETHO, T. €. N=2K+1,
10 Me =X,,,, ecin 4eTHo, T.e. N = 2k, T0 Me =(X, +X,,,)/2.

Juist mpumepa 1.1: n = 20, k=10, Me =(x,, +X,,)/2=(6,7+6,7)/2=6,7.

/N MHTEpBAJBHOrO psAda MEIWAaHE COOTBETCTBYET 3HAUYEHUE KYyMYJISATHI
yacTocTelr paBHoe 0,5, mo3ToMy HCHoib3yoT Gopmyny (12), koTopas moiyveHa u3
0100Ms TPEYTOJILHUKOB, TOKa3aHHBIX Ha puc. 2.1
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0’5_WHaK
= Me =X, +2;

Me = X, +pdoWG (12)
W

rae X, - HadaJio MHTE€pBaJia, COACPIKALICTO

HAK

| > Meauany, W, W, - 4YacTocTb H
%o M e X HAKOIUICHHAsA 4YacTOCTh MEIWAHHOTO U
npeaMCcaInaHHOT O HHTCPBAJIOB
Pucynok 2.1 - K onpenenennto menransl Me
COOTBCTCTBCHHO.

s mpumepa 1.2 (cM. 1a6:1.1.2) moayuum mo ¢popmyite (12):

Me=029+0432°=0478 44,
0.188

Mopoii Mo Ha3bIBaIOT BapuaHTy, KOTOpasi UMEET HAaUOOJIBIIYIO YaCTOTY.
Jl7ise MHTEPBaTIBHOTO psiia UCHob3yT Gopmyny (13), koTopas momydeHa U3
no100usl TPEYTrOJIbHUKOB, MOKAa3aHHbBIX Ha pUc. 2.2.

1) D wow,
i WI h (Wi _Wi—1)+(Wi _Wi+1)
I W|+1 MO - XO +2 !
1 W, — W,
W. 7! M. = h i i-1
i1 |/Z =X + , (13)
‘ ’ ° 2Wi —Wig = Wiy
S h } 74
| IJIe X, - Ha4ajao MHTEpBaja, COACPKaIICro
. > Moxy; W.,, W, W, - 4YacTOTBI
XO Mo X
peaMOaaIbLHOIO, MOJAJILHOT'O u
Pucynok 2.2 - K onpenenenuto monst Mo NOCTMOJAJIBHOI'O HHTCPBAJIOB
COOTBETCTBEHHO.

B npumepe 1.1 nmeercst ie moust My , =4,4; M, ,=6,7.

s npumepa 1.2 (cm. tab6ma.1.2) monyunm o ¢popmysie (13):
0,203-0,188 B
2-0,203-0,188-0,087

Pazmaxom BapbupoBanusit R Ha3pIBaloT pa3HOCTh MEXAY HauOOJIbIIEH U

M,=0,72+0,43 0,769.

HAaUMEHbIIEH BapUAHTAMMU:
R= Xnax ™ Xemin -
Koa¢ppuuuent Bapuammm V - Oe3pasmepHas BeJIMYMHA, KOTOpas
XapakTepu3yeT B MporeHTax 100 BeioopouHoro CKO oT BEIOOPOUHON CpEenHEiH:

11



Vv =28100%.
X

2.3. BbluucieHnune ToueuyHbIX oneHOK B Excel
JIIs  BbIUMCIICHHS BBIOOPOYHOTO cpenaHero (5) wucCmonb3yercs @yHKyus
CP3HAY, obpaiiieHre K KOTOPO MMeeT BHI:
=CP3HAUY(apel, ape2; ...; ape255),
rae apel; ape2; ..., ape255 — uucma wnm anpeca sdueek (He Oomee 225),
coJiepKallluX YUCIOBbIe NaHHble. Eciu sueiika cOAepUT TEKCTOBBIE, JIOTUYECKUE

3HAYCHMS WJIU AYENKA MyCTa, TO TAKUE TYEUKU UTHOPUPYIOTCS.

Jlns  BbuucieHus: BeiOopouHoW (6) W wucmpaBnenHou — (8) amcmepcuii
ucnons3ytorcs @yukyuu JJHCIIP v JIHCII coomeemcmeenno, oOpaiieHue K
KOTOPBIM UMEET BH/I:

=JIUCIIP(apel; ape2; ...; ape255);
=JIUCI(apel; ape2; ...; ape255).
JInst BBIUKCIIEHHUS] CYMMBI KBaJIpaTOB OTKJIOHEHUI Z(Xi —X,)° Hcronk3yercs
i1
¢ynkyus KBA/IPOTKJI, oGpaiiieHre K KOTOPOM UMEET BUI:
=KBAJIPOTKJI(apel; ape2; ...; ape255).
[ns BbluUCieHUA 6@vlOopounozo u ucnpagiennozo CKO wucnonb3yrorcs
COOTBETCTBEHHO (DYHKITUU:

=CTAHJOTKIJIOHII (apzl; ape2; ...; ape255);
=CTAHIOTKJIOH (apel; ape2; ...; ape255).

Haxonat npuMeHeHune Takke Ciaeayolue BCTPOCHHbIE (DYHKIIMH.

Dynxyua IKCIHECC BbIYUCHSAET OLECHKY

n(n+1) %% © o 3n-1y
(n-)(n-2)(n-3) =\ d (n-2)(n-3)

6

IUI XapaKTEPUCTUKH 9Kcyecc M—j — 3, KOTOpast ONpeesieT OCTPOBEPIIUNHHOCTD HJIH
o)

IJIOCKOBEPIIMHHOCTD INIOTHOCTH PACIIPEICICHUS.
Dynkyusa MO/JA BeraucnseT HaubOojiee YacTO BCTpPEUaAOIIeecs 3HAYEHUE B
3aJIaHHBIX apryMeHTaX (YHKIUH, T.€. 3HAYCHHE, BCTPEUaIoImeecss B BBIOOPKE C

MaKCUMaJIbHOM 4YaCTOTOM.
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Ecnu B 3a1aHHBIX 3HAYEHUSAX apTYMEHTOB Hem NOGMOPAIOWUXCA 3HAYEHUIL, TO
(GyHKIHMS Bo3BpalaeT npusHak ommoku #H//I.

Dynukuyua ME/THAHA BbluuCIIeT 3HAUYCHUE BBIOOPKH, TMPUXOAAIICECS Ha
CEepeNUHy YIOPSAIOYCHHOW BBIOOPOYHOM COBOKYMHOCTH. Ecmu BbeIOOpKA HMeeT
YETHOE YMCIIO AJIEMEHTOB, TO 3HaueHue (PyHKIMU OyneT paBHO CpeIHEMY IBYX
3HAYEHHUW, HAXOIAIIUXCS [0 CEPEANHE YIOPSTOYEHHON BBIOOPOYHONW COBOKYITHOCTH.

Dynkyusa CKOC BbIUUCIAET OLECHKY

n Z”:(xi—ig)

302
-D(-2)& o
U o
NI XapaKTEPUCTUKH aCHMMETPUM —;, KOTOpas Ui CHMMETPUYHOH IJIOTHOCTH
(6)

pacnpenenenus pasHa 0.

OcCHOBHBIC XapaKTEPUCTHKH TTOJIOKEHHUS, pa30dpoca U aCHMMETPUH MOKHO TaKKe
BBIYUCIIUTD, UCIONb3Yys BKIAAKy /annvie - Ananu3z oanuunvix - Onucamenvhasn
cmamucmuKka naKema aHauu3a.

B nosBuBmeMcs jguanoroBoM okHe OmnucaTenbHas CTAaTUCTHKA IapaMeTp
Vpoeenv nadesicnocmu BKITIOUAETCS, €CIIM HEOOXOIMMO BBIUKCIUTH JTOBEPUTEIbHBIN
WHTEpBAJl JIJI1 MaTeMaTHYeCKOro OXHJAHUS ¢ 3ajaBaeMbiM (6 %) ypoBHEM
HaJIe)KHOCTH Y. Ypoeenv nadesicnocmu — onpenenser BeIUYUHy A,, OT KOTOpPOii
3aBUCHUT JIOBEPUTEIBHBIN UHTEPBAJ JJII MATEMATHUECKOTO OXKUAAHUS, HMEIONTUN BUT

[X, — AL X, + A,
rae X, — BeIOopouHoe cpeaHee (moapoOHee cM. VIHTepBaIbHBIC OLIEHKH).

HasznaueHnue octajbHBIX napaMeTpoB AOCTATOYHO OUCBU/IHO.

2.4. HUHTepBaJbHbIE OLIEHKH

TodeuHass oOlEHKa MNpU MajJoM OObeMEe BBIOOPDKM MOXKET CYIIECTBEHHO
OTJIMYATBCS OT OLIEHUBAEMOIO Mapamerpa, IO3TOMY BaXKHO 3HATh, HACKOJIBKO
VCTUHHOE 3HAYECHUE IapaMeTrpa MOMKET OTKIOHATHCA OT HAWJAECHHOM TOYEUYHON

oneHku. Muartepsan Buga |0—0 |<§, rae O - UCTHHHOE 3HAYEHHE OLIEHMBAEMOIO

InapamMeTpa, a © - ero ToucyHas OIICHKA, Ha3bIBACTCA doeepumeﬂbﬂbm UuHmepeaiom,

a BEpPOSTHOCTh 7Y = p(|9—6 < 8) - 008epUMENbHOU  BEPOSMHOCbIO  WIIN

HAOEIAHCHOCMBIO.
['paHuIIBI TOBEPUTEIHLHOTO MHTEPBAIA SIBISIFOTCS CIydYalHBIMU BETUYHMHAMH U

C BCPOATHOCTLIO Y HAKPBIBAIOT HCTHHHOC 3HAYCHHUEC OLICHUBACMOI'O ITapaMeETpa.

13



I[J'ISI IMOCTPOCHUA HOBCPUTCIBLHOI'O HHTCPBAJa Tpe6yeTc;1 3HAaTb 34aKOH

pacnpeneneHnss HUCCICAyEMON CIIy4YallHOM BEJIMYUHBI f(e ), Kak TIOKa3aHO Ha

puCyHKe 2.3.

2 1(0°)  y=p(jer-6]<s)

Pucynok 2.3 - K onpeneneHuio HHTEpBaIbHON OIIEHKH O

HuTepBaibHbIe OLEHKH MATEMATHYECKOIr0 OKHIAHHS HOPMAJLHOIO
pacnpeneieHus

ITycTh reHepanbHasi COBOKYIHOCTh X pacipeneieHa Ho HOPMAIbHOMY 3AKOHY

N(a,o), npuueMm napamemp G wu3zeecmen, a mapamerp a=M(X) tpebyercs

OLCHUTL C HAACKHOCTBHIO 7. IIo TCOPCMC O pacIpcaciIICHUN BI>I60p0‘{HBIX

(X, -

XapaKTepUCTHK CiIy4yaiHas BeIWYMHA Z =-—————— paclpeaeseHa Mo 3aKOHY
c

N

z

N(0,]) ¢ IUIOTHOCTBIO BEPOSTHOCTEH 2 W HaspIBacTCAd Z-

f(z):%e

CMamucmuKkou.

Ha pucynke 2.8 u3o0paxeHsl rpauKy INIOTHOCTEN CIIy4aiiHOM BEIMYMHBI X,

. c .
pacnpeaeneHHon mo N (a,—) U Z-cmamucmuxu, pactpenaeacHaon mo N (0,1).

N
M (X,) N(O1) 41(2)

) /Nﬁ Y 2

0—5y a 57 -z, 0 Z,

Pucynok 2.8 - K mocTpoeHHI0 T0BEPUTEIIBHBIX HHTEPBAJIOB
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3amanuMcs TpeOyeMoil HaJeKHOCThIO Y OICHKHU a W, MoJIaras M3BECTHBIMU G

1 00beM BBIOOPKH N, ONMPEICIMM TOYHOCTH OLCHKH O, - IINPHHY JOBEPHTEIBHOTO

HHTCpBAJIa

-Qgifl£i<qﬁﬁ-=PQA<zQ, (14)

=P(|X.-a|<5,)=P . .

(0} o o
rac 8Y = ZY T - HCKOMBIN JOBCPUTCIbHBIN MHTCPBAJL.

Bripaxkenue (14) 5KBUBAJICHTHO CIIEAYIOIIEMY

P[Yg—zyjﬁ<a<xg+z J_J (15)

KOTOPOE ONPENEISET 008epumeibHolii UHMePEan (UHMEPEAIbHYI0O OUEHKY)

0)
O/l MAMEMAMUUECKO20 0HCUOAHUA A C TOUHOCTHIO Sy = ZY T N HAACKHOCTBIO 7V .
n

3Ha4YeHHE Z =27, HaXOQWUTCS C HCIOJIB30BAHMEM WHTErPaIbHON (QYHKIHMH

JTamumaca @(z) , npencrasinennoii B Ipunokennu 2. J{eficTBUTENBHO,

P(-z<N(0,) <z)=@(z) - @(-z) =2&(z) = . (16)
[To ta6un. I12 onpenensiem 3HaUEHUE Z, YAOBIECTBOPSIOIIEE YPABHEHHUIO
Y. 1l Y
D(z2)==;, 1= 7| =|. 17
-t 2-0(}) "

Ipumep 2.1. Jlana BwIOOpKa 3HAYEHUW HOPMAIBLHO paCIpEICIICHHON
CIIy4ailHOM BenMWuuHbL: 2, 3, 3,4,2,5,5,5,6,3,6,3,4,4,4,6,5,7,3,5. Haiitu c
JIOBEPHUTEIBHOM BEPOSTHOCTBIO ¥ = 0,95 rpaHUIbI JOBEPUTEIbHBIX MHTEPBAJIOB IS
MaTeMaTHYeCKoro oxkuaanus, eciu u3BectHo CKO pacnipenencaus o =1,37.

Pewenue.

[TockonbKy pacmpeneieHie HOPMAalbHOE M JWCIEPCHS  HM3BECTHA
o’ =1,37>=1,88, To /15 OLEHKH X, WCTIOJNB3yeM Z-pacnpenencnue. Haiimem n=20,

X, = 4,25. Ilo tabmuue Ilpun.2 ompenenum aprymeHTt z=1,96, mpu KoTOpoM

¢dyukuuu Jlamnaca @(z) = 0—295 =0,475 . Torna u3 dpopmysl (15)

4,25— 196137<a<4 25+ 196137

V20 V20

4,25-0,6<a<4,25+0,6; 3,65<a<4,85.
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Munumanvnolit 06vem 6b1060pKu N, TPU KOTOPOM OLEHKY MaT€MaTHYE€CKOIrO
OJKH/IaHHUSI d MOXKHO TOJTYYHTH C 33 [aHHON HAJIC)KHOCTBIO Y U TOYHOCTBIO O, .

I/IHTepBaJ'H)HaH OICHKAa a 3aBHUCUT OT TPEX B3aWMMOCBA3AHHBIX IIaPaMCTPOB:

HAJIEKHOCTH Y, TOYHOCTH O, M 00beMa BHIOOPKH N. 3a1aBasiCh IBYMs U3 HUX MOKHO
OIPEIEIIUTH OCTABIIUICS.

[TycTh SY:‘Xg—a‘. Tornma wa ocHoBanuu (opmyisl (14) munumanvHsiii

00vem 6b160pl<'u n, FapaHTI/IPYI-OHII/Iﬁ OOCHKY MATCMATHUYCCKOI'O OXHUIAHUA a C
SaHaHHOI?I HAaAC)KHOCTBIO Y W TOYHOCTBIO 8‘/ OIIpCACIIACTCA HCPAaBCHCTBAMU

2
z
8y«/ﬁkzyc, n>|oc—-—L|. (18)

o
V' :

>
0,22 5
IIpumep 2.2. HailTu MUHUMAJIBbHBIA OO0BEM BBIOOPKH, IMPU KOTOPOM C
HaJIeKHOCThIO (0,95 TOYHOCTH OIICHKHM MATeMAaTHYECKOTO OXKUJIAHWS @ TeHEepabHOM
COBOKYITHOCTH 1O BbIOOpouHO#l cpeaneit paBua 0=0,5, ecnmu wm3BectHo CKO
o =1,37 HOpMasIbHO pacHpeAeICHHON reHepaTbHON COBOKYITHOCTH.

Pewenue.

[To Ttabmume Ilpun.2 onpenenum aprymeHT z=1,96, mpu KOTOpOM (PYHKIIMU

Jlanmaca @(z) = 0—295 =0,475 . Torma o ¢popmyie (18)

2 1,96’
nz|ot | =\ 137 =(5,37)"=28,84. T.o., n,, =29.

Y

Ilpu neuzsecmuom CKO u ooveme évtoopku N < 30, nius HopmaiasHoro 3P, Ha
ocHOBaHuU TeopeMbl Ommnodka! UCTOYHUK CCHUIKU He HAWIeH. UMEEM
(X, -a)Vn
S
[TosTOMYy HOBEpPUTENBHBIM WHTEPBAI JII MAaTEMaTUUYECKOTO OXKHUIAHUS TMPU

=T

n-1"*

3aIaHHOM HAJIKHOCTH y ONIPEACIISIETCS TaK:

_ts _ts
Xg —— <a<xB+—\j_.
n

31ech S — WCHPABICHHOE BBIOOPOYHOE CPEIHEE KBAApPATHUECKOE OTKIOHCHHE, a

(19)

t, =t (y,k)— xpurmueckas touka pacnpenenenus CTbIOJEHTa, oONpenenseMas
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BBIPAXKECHUEM P(‘Tk‘ <t(y, k)) =y, rme K=n-1 — KoIM4YeCTBO CTENEHEeH CBOOOJIBI.
3Ha4eHust t, MOXKHO HaWTH U3 TaOINLBI [ IPHITOXKCHHUS 3 110 M3BECTHBIM 71 U ).

Ilpu neuzeecmnom CKO u oéveme evtoopku n>30, mis HopMmaibHOTO 3P,
nojararor, 4ro pacmpeaeneHue CTBIOJICHTa HECYIIECTBEHHO OTIUYAETCS OT
HOpMaJIbHOTO. [l03TOMY 1711 OIEHKM MaTEMaTHYECKOTO OKUIAHUS MPUMEHSIOT
dopmyiy (15), rae BMECTO G HCIONB3YIOT S.

Ilpumep 2.3. Jlana BbIOOpKA 3HAYEHUH HOPMAIBHO pPACHPEACICHHOM
clyyailHOW BenuuuHbl: 2, 3, 3,4,2,5,5,5,6,3,6,3,4,4,4,6,5, 7,3, 5. Haiitu ¢
JOBEPUTEIBLHOM BEpPOSATHOCTHIO Y = 0,95 rpaHuIlbl TOBEPUTEILHOIO MHTEpBana JJs
MaTeMaTUYECKOTO OKUJIaHMUS.

Pewenue.

[Tockonbky 00BbeM BBIOOpKH HeOOJbIION 7 = 20 U IUCTepcHsl He U3BECTHA, TO
IUI OLIEHKM X, Hcroib3yeM pacnpenenenue Cterogenra. Haiinem x, = 4,25, s =

1,37. ITo tabauue Ipun.3 onpenennm t, (0,95; 19) =2,093. Toraa o dhopmyite (19)
- 2,093-1,37 < 2,093-1,37

V20 V20

- I[OBepHTCHBHBIfI HHTCPBAJI AJISI MATCMAaTHICCKOT'O OKUAaHNA.

4,25 <4,25+ 3,64 <a<4,86

HNHuTepBajibHbIE OLIEHKH IMCIIEPCUM HOPMAJIBHOIO pacnpeaeieHust

Kak 1 npy noCTpOE€HUM MHTEPBAIBHBIX OLICHOK JUIsl MATEMAaTHYECKOIO OKM1a-
HUA, B JAHHOM CJIy4yae TaKXe HEOOXOJUMO OMpPEAeNUTh CTAaTUCTUKY ((PYHKUIHUIO OT
HAO0JII0TAeMBIX BApUaHT), paclpeieieHue KOTOpOoH ObUIO Obl M3BECTHO M BKIIIOYAJIO
OBl OIIEHMBAEMBIH MapaMeTp © .

B cooTBeTcTBUM C TEOpEMOW O pacHpeelIeHUHd BbIOOPOUHBIX XapaKTEPUCTHK
Ommoka! McToyHMK CCHUJIKH He HaiijleH. TakOW CTaTUCTUKOW MOXKET ObITh

_ 2
nng U (n ];)S
c o

clly4aiiHas BEIMYMHA , pacrpesieyieHHas 1o 3akoHy ¥, ¢ (n—1)

CTETeHsMH CBOOOABL. 3aMeTUM, 4YTO pachpeielNeHue Y°, B OTIHYHE OT

pacinpcaciaiCHuAa CTBIOI[GHTa, HC BJEICTCA  CUMMCTPUYHBIM, IIO9TOMY  JUJIA

JIOBEPUTEIILHOTO MHTEpBaJia Iejaecoo0pa3Ho BeIOpATh JIBa Mpejeiia Xiew u Xip,y TaK,
o
YTOOBI IUTOIIAIN "XBOCTOB'" OBLIM PaBHBIMU > [5]
2 2 2 2 o
P(Xn—l < Xﬂee,y) = P(Xn—l > an,y ) = E ' (20)
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rae a=1-7v, o,y— ypoBEeHb 3HAYUMOCTH U HAJICKHOCTH OIICHKH,

2 2
Xwesy — KPUTHYCCKAs TOYKA ) ,-PaCIpe/ieNCHUS YPOBHS 1-a/2 (wm

2

i, — KDHTHYECKAs TOYKA YPOBHS o/2 (WM KBaHTHIIb

KBAaHTWIb YPOBHA o/2), Y

ypoBHsi 1—0/2). Tabmuia KpuTH4ecKuX To4eK npezacraieHa B [Ipunoxenun 4.

Pucynok 2.9 - K noctpoenuto
JIOBEPUTEIbHBIX HHTEPBAJIOB

nD
<—*< Xftp,y) =y wm P nzDg >0 > ni:)g =y, (21)
G Xﬂee,y an,y
UHTEPBaI
n-1 n-1
nPS o’ < nzD(‘ WITH > s’ <o’ < > s (22)
an,y Xﬂee,y an,y Xﬂes,y

. . 2
A6NAEMCA UHMEPBAIbHOU OUEHKOIL 0711 G° ¢ HAOEHCHOCHbIO 7 .
['panuiiel  uHTEpBANOB (22) SBIAIOTCA CIydalHBIMH  BCIMYMHAMH H  C

2
BCPOATHOCTBIO Y HAKPBIBAOT HCU3BCCTHYIO AUCIICPCUIO G .

Ipumep 2.4. Tlo BeiGOpke oObema n = 20 U3 HOPMATBHO pacHpeneTeHHON
TeHEPAIbHON COBOKYITHOCTH BBIYHMCIICHO 3HaUYe€HUE BbIOOpOUHON aucnepcun D, =15
. TIocTpOHTH MHTEPBANBHYIO OLEHKY JUIS apaMeTpa G- ¢ HaAeXHOCThIo ¥ = 0,96.

Pewenue. 3nauenus x>, , ¥., Haxomum u3 ycnosuii (20):

a=0,04; P(xk>7,)=098 P(%5>x2,,)=002.

2
nes,y

Te. 7y ecTh KPUTHYECKass Touka ¥’ -pacmpesenenus c¢ 19 cTemeHAMH

cBoOo61 ypoBHs 0,98, a ij — kpuTndeckas Touka yposHus 0,02.

ITo Ta6m. [TpunoxeHns 4 KPUTHUECKUX TOUEK > -pacTpe/ieeHNs HaXOIUM

xz =8,6; xz =33,7.

nes,y np,y

Tor/a MHTEpBANbHAS OLIEHKA G- MpPHHUMaeT BU1 (22)
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20 20
37" 86
[ToncraBiss BeMUCIEHHOE 3HaueHHe D, =15, moayyaem
0,89 < c* < 3,488,
orkyna onenka CKO 0,94 <o <1,868.

D, |=(0,59D,;2,33D,).

I/IHTepBaJILHaH OLICHKA BEPOSITHOCTH cOObITHS

ToueuHOH OIEHKON BEPOSITHOCTH p COOBITHS SBISCTCS YaCTHOCTH W=m/n,
/1€ 71 — 00IIIee YUCII0 He3aBUCUMBIX UCTIBITAHUH, @ M — YHUCIIO UCTIBITAHUN, B KOTOPBIX
IIPOM3O0IILIO COOBITHE A.

3amanmuMcs HaJIeKHOCTHIO MHTEPBAIBHOM OIEHKH Y W HaWgeM 4Yucia [

nes,y !

pnp v TaKHce, YTOOBI BBIIOIHSJIOCH COOTHOIIICHHE

P(Pruy <P<P,, )=7. (23)

Hnmepeaﬂbnaﬂ OUEHKa eéeposimHocmu npu O0onvuiom uucne ucnvlmaHuil.
m

Ecmu n>30 u np>10, To pacnpeneneHue ciydaiitHON BENIWYMHBI W =-— MOXXHO
n

anMmpoOKCUMHUPOBATh HOPMAJIBHBIM pacrpencicaneMm N ( P,+/ PQ / n). CrnenoBaresnbHO,

(w-—p)
Jpa/n
C HYJ'ICBBIM MATCEMATHUYCCKUM OKHUIAHUECM U CI[PIHPIIIHOP’I J:[I/ICHCpCI/Ief/'I, T.C.

wW-p

Jpa/n

Ilo ananorun c (14), naiiem Takoe 4MCIO Z,, IUIi KOTOPOTO CIPABEIJIMBO

IMIPpHU 3THUX KC YCIOBHAX PACIIPCACICHNC BCINYNHBI OIU3KO K HOpMAaJIbHOMY

=N(0,1).

PaBEHCTBO

pl-z < ¥_P _, =Y. (24)

CoJpa/n

OTo uKcno Z, ABiseTcs KopHeM ypasHenns ®(z,)=v/2, rae ®(z) — dynkims

Jlannaca, ¥ KOpeHb MOXKET OBbITh HalJIeH ¢ TOMOIILI0 Ta0. 112.
HepaBeHcTBO, cTosiiiee B CKOOKax BeIpaskeHus (24), pa3peimM OTHOCUTEILHO
p. My 9TOro HEpaBEeHCTBO TEpENuIleM B BHUAE SKBUBAJEHTHOIO HEPABEHCTBA
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pA-p) 2

<z. Bo3BeneM B KBajpar, B pesyabrare momydum (W-— p)° < -———2 77,

wW-—p
Jpa/n

Jlanee, Bo3Beas B kBaapar (W— P) ¥ epeHecs BCe WICHBI BIEBO, MTOTyYUM

z° z°
[1+—j pz—(2w+—]p+w2 <0.
n n

KOpHI/I p, ¥ P, DOTOr0 KBAAPATHOI'O TPEXYIICHA AGAAIOMCA ZpaHuUUAMU

unmepeanvhou ouenku (23) eepoammocmu coobimus U OINPEICIIIOTCS
BLIpEDKGHH}IMH
2
0 =p n w+22 , W(l—W)+ i
b My 224 2n n on) |
(25)

B o W+22+Z W(l—W)+ 7z Y
Po =Py =72 2n n on) |

rae N — o0Iee YKCI0 MCIBITAaHWM; M — YHCIIO MOSBICHUN COOBITHSI, W —
OTHOCHTENIbHAS YacTOTa; Z — 3Ha4YeHHUe aprymenTa Gpynkuun Jlammaca (mpuioKeHue

2), npu kotopom ®(z)= % (y — 3amaHHas HaJEeKHOCTD ).

Z
Ecmu n >> 100, To B dopmynax (25) ciaracMbim on MOJKHO TIpeHeOpeYb,
n

TOrJa Ui BBIYHMCIEHHS P, P, MOKHO HCIIOJB30BaTh MPUOIMKEHHBIE (HOPMYIIHI,
aHayornyubie (15):
w(l-w) w(l-w)
p=W—2,—, p,=W+Z,|[—.
n n (26)

IMpumep 2.5. CoObite 4 B cepun u3 n = 100 ucnpiTanuii mpousonuio m = 78
pa3. IlocTpouTh WHTEPBAIBHYIO OIICHKY JUIS BEPOSATHOCTH p COOBITHS C
HagexHocTeio Y =0,9.

Pewenue.  3Hauenne  TOYEYHOW  OIICHKHM  BEPOSITHOCTH p  PABHO
w=78/100=0,78. ITo tabxn. 12 onpenensem us (D(z) =0,9/2=0,45 z=164 u
BhlUMCIHIeM 1o  Qopmynam  (25) 3Hawenus  p,p, npu W=0,78:
p,=0,705 p,=0,848. Takum o00pa3oM, JOBEPUTEIbHBI HWHTEpPBAI Ul

BEPOSTHOCTH p coObITHs A cnenyromuii: (0,705; 0,848).
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Humepesanvhana ouenka 6epoAmMHOCHMU RNPU MAIOM YUCAE UCHLIMAHUI
(n<30). Ilpm mamoM umHCIC HCHBITAHWA 7 TPEANOJIONKECHHE O MNPUOIKEHHOM
pacupeneneHuy ClIy4yalHOM BEIMYHMHBI M [0 HOPMAJIbHOMY 3aKOHY CTaHOBHUTCS
HecnpaBeIUBbIM. JIJisl  omucaHus pachpesiesieHds BeJWYMHbBI M HeoOXOoAMMO
UCIOJIb30BaTh (hopMyiy bepnymmu:

Pm=x)=C’p*(l-p)" ", x=01..,n.
MoXHO TIOKa3aTh, YTO TIpPaHUYHbIC TOYKH HHTEPBaAIbHOM oueHku (23)
SBJIAIOTCA pCIICHUAMM CJICAYIOMINX HEJIMHEUHBIX ypaBHeHHﬁI

m-1 o . 1+
ZCH p.rzeg,y (1_ pﬂem) = _’Y .
x=0

2 ’ ZC:P,);W (1_pnp,v)n_x =
x=0

rac Y — HaaACKHOCTb HHTCpBaHBHOﬁ OLICHKM.

1-v
2

KopHu 3TuX ypaBHEHUI MOTYT OBbITh HailIeHbl OJTHUM W3 YHCIEHHBIX METOJIOB
pelIeHNsT HENWHEHHBIX YypaBHEHUMU. Kpome 3TOro, CymecTBylOT CHELNUAJIbHBIE

Ta6J'II/II_[BI JJIA HAXOXIACHUA pﬂee v p .B JaHHOM IMOCOONH OHH HE IIPHUBOOSTCAL.

npy

2.5. BbluucieHMe rpaHMIl I0BepUTEIbHBIX HHTepBaIoB B Excel
Boiuncienne BeJIMYHHBI Z , BXOJSIICH B JOBCPUTCIBHBI HHTEPBAI
P(|Z| < Zy) OIICHKM MaTeMaTH4ecKoro oxxuaanus (14).

B Excel peamuzoBana ve ¢ynkims Jlamaca (cm. [Ipun.2), a mHTerpambHas
(GYHKIMM CTaHIAPTHOTO HOPMAaJbHOTO pachpenenenus F(z)= P(Z < Z), rae

(—5<Z<5). [ooromy Benmunna 2z, (14) BerumCIsSETCS € TOMOWIBIO (QyHKIMM

HOPMCTOBP(p) crnenyroium oOpazom:
z,= HOPMCTOBP(1—-0/2), rae Y — Hafe:,KHOCTb HHTEPBATLHON OLICHKH.

o)
BolunciieHue BeJUYUHBI Sv:ZvT (15) ocymecTBusieTcss ¢ TIOMOIIBIO
n

¢bynknuu JJOBEPUT:

5, =7 —

Y YJH

rae a=1-7y, 6 —mBectHoe CKO, N — 00beM BBIOOPKH.

= JIOBEPUT(a; o3 n),

Boruncienne t (v,k) xpurnueckoii Touxku pacnpenenenuss CTbiofenta
(19), ompenmensieMoii  BBIpa)KEHHEM P(‘Tk‘<t(y,k)):y, OCYLIECTBIIAIOT €

ucnonb3oBanueM pyukmun CTBIOJIPACIIOBP, obpamenne k KOTOpoi UMeeT BU/L:
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t, (v,k) = CTBIOJIPACIIOBP (0 k),
rae ao=1-7y, K=n-1—uucno cmeneneii c60600si.

BbiuuciieHue KpUTHYECKUX TOUeK pacnpenenenus Ilupcona Xfm v X,%p -

o 2
BXOJSIIIUX B JIOBEPUTEIIbHBIA MHTEpBaN (22), /UId TUCIEPCHH G° BBIMOJIHICTCS C
ucnosib3oBanueM pyukunu XM2OBP:

Xiee,y :XI/IzoBP(l_a/Z,k) ; Xl%p,y =XI/IZOBP(a/2,k) )

rae oo =1-7y, Y — HAIEKHOCTh HHTEPBAIBHOM OIICHKH.
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Tunosoi BapuaHT 3a1aHMs

1. llepBuunas o6padoTka uHpopMmanuu. OEeHKN NAPaAMeTPOB.

1.1. i-My BapWaHTy COOTBETCTBYIOT TOJBKO 3JIEMEHThI BbIOOpKH "X
COOTBETCTBYIOMICH CTPOKH (00beM BEIOOPKH IIpu 5ToM N =16).

1.2. TloctpouTs  WHTEpBaIbHBIA  BAPUAIMOHHBIA  psAl;  THCTOTpaMMy
OTHOCUTEJIBHBIX YaCTOT; SMIUPUUECKYIO QYHKIIUIO pACTIPECICHHUS.

1.3. Ompenenuth BBIOOPOYHOE CpeaHEE, BHIOOPOYHYIO U HCIPABICHHYIO
mucnepcun, CKO, Mmony, Mmeauany, BapuallMOHHbIN pazMax U KodhUireHTt
BapHaIiu.

1.4. Tlomaras 3akOH  paclpeielieHHss BapuaHT  HOPMaJIbHBIM,  HaWTH
UHTEPBAIBHYIO OLICHKY MAaT€MaTU4YECKOIO OXKUAAHUSA C HANEKHOCTBIO Y
(cM. TabmmIIy).

1.5. Haiitu MyHMMaTBHBIA OOBEM BBIOOPKH, OOCCTICUMBAIOLMN C HAIEKHOCTBIO Y
TOYHOCTb O, OLEHKM MATEMaTHIECKOTO 0>KAJaHMU.

1.6. Haiitu wunTepBanbHbie oneHkun gucnepcun u  CKO  renepanbHOi
COBOKYITHOCTHU C HaJI€KHOCTBIO Y, (CM. TAOIMLLY).

Bapuant Howmep usmepenus
1 2 3 4 5 6 7 8 9 |10 | 11|12 | 13 |14 | 15| 16

X 2321|4649 (37| 5 (28|16 |48 |37 |11|24|43 453224
WNurepsan. om. [IpoBepka runores

Y G Yo On |3H] & D, s

0,95 0,16 0,95 0,05 <4,8 0,75
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