BBeneHue

[Tpu BHIMOJHEHUH KYpPCOBOT'O MPOEKTa MO MAaTEMaTUYECKOW CTaTHCTUKE
BO3HUMKAET MHOI'O BONPOCOB KaK IO IMOBOAY TEOPETUYECKOTO OOOCHOBAHMSI
NPUMEHSEMBIX TPOIEAYpP, TaK U MO MOBOJY MX MPaKTUYECKOH peanusanuu. B
JAHHOM MOCOOUHU JAIOTCSI ONMCAHMSI TEOPETUUYECKUMX OCHOB MPUMEHEHUS 3THUX
nporeayp. CxeMmbl BBIUHCIACHHM B paMKax MOMYJISIPHOTO KOMITBIOTEPHOTO
npunoxkenuss MS Excel npuBemenst B mocobuu [4]. Ilo cooOpaxeHusM
HOJHOTHI KapTHHBI, K COKaJCHUIO, MPUIIOCH paclIMpUTh 10 16 obiuee yuciio
3aJlaHui — NPUOIU3UTEIBHO 10 OJTHOMY Ha KaXIyl0 HEJIeI0 ceMecTpa.

PaboTy Ham KypcOBBIM MPOEKTOM CEeAyeT HauaTh C H3yU€HUs TIJIaBbl
“IlpenBapuTenbHble TOHSATUS M OIpejeneHus”. JTa TiaBa OyAeT BechMa
1oJIe3Ha IpPU IMOATOTOBKE OTBETOB HA KOHTPOJIbHBIE BOMPOCHL. BbImonHeHue
KOKJIOr0 3a/JlaHusl JIyyllle BCEro HA4YMHATh C HW3YYEHUSI TEOPETHYECKOTro
00OCHOBaHUsI T€X MNpPOLEAYp, KOTOpPblE paccMaTpuBalOTCd B ITOM 3aJlaHUU.
[Ipyuem »xkenaTeabHO W3YYUTh BECh MaTepual 3apaHee, /0 MPOBEACHHUS
COOTBETCTBYIOILIETO 3aHATUSI B KOMIIBIOTEPHOM KJ1acce.
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3agaHus

Bbluuciuth  BBIOOpOYHBIE  XAPAKTEPUCTUKU —  CpEJHEE,
JUCIIEPCUI0,  CTAaHAAPTHOE  OTKIIOHEHHE,  AaCHUMMETPHUIO,
JKCLECC.

[locTtpouts  rucrorpamMmmy  BBIOOPDKM €  [OJOTHAHHOMN
HOPMAaJIbHOM (paBHOMEPHOIA, AKCIIOHEHIIUAIBHOM)
IJIOTHOCTBIO.

[locTpouTs  >MIUPUYECKYH0  (QYHKLIHIO  paclpeesIeHHs
BBIOODKM C TOJOTHAHHOW HOpMajabHOW (paBHOMEPHOM,
AKCHOHEHIMATBHOMN) PyHKIMEH pacipeeneHusl.

[TpoBepuTh  THIOTE3y HOPMAJIBHOCTH  (PaBHOMEPHOCTH,

IKCHIOHEHIMATHLHOCTH) BEIOOPOYHBIX TAHHBIX.

[IpoBepuTh runoTe3y OJHOPOAHOCTH IO OJHOBBIOOPOUHOMY
kpurepuro CTbIOJIEHTA.

[IpoBepuTh runoTe3y OJHOPOIHOCTH 110 KPUTEPHUIO 3HAKOB.
[IpoBepuTh rumoTe3sy OAHOPOJHOCTU MO JIBYXBBIOOPOUHOMY
kpurepuro CTbIOJIEHTA.

[IpoBepuTh  rUNOTE3y  OJHOPOJHOCTH IO  KPUTEPUIO
BunkokcoHa.

IIpoBepuTh runoTe3y paBeHCTBa AUCIIEPCUN.

IIpoBepuTh ruUIOTE3y OJHOPOJHOCTH IO KPUTEPUIO XHU-
KBaJApar.

[TocTpouTh KOBEPUTENBHBIE TPAHULIBI I CPEAHETO 3HAYCHUS

HOPMAJIbHOT'O PaClIpCACICHUS.

[TocTpouTh JOBEpUTENIbHBIE TpaHULBl JJIs1  JUCIEPCUU
HOPMAaJIbHOTO pacipeaesieHusI.

[TocTpouTh J1I0BEpUTENIbHBIC TPAHUIIBI JJISI BEPOSTHOCTHU
ycrexa.

[IpoBepuTh ruUINOTE3y HE3aBUCUMOCTH  MPU3HAKOB IO

KPUTEPHIO CONPSKEHHOCTU XU-KBAAPAT.



3apaHuve 15. IlpoBepurh THIOTE3Yy HE3aBUCHMOCTH IO  KPUTECPHUIO
CThI0/ICHTA.
3apaHue 16. IlocTpouTs JIMHUM PETPECcCU.



'naBa |. [MpepBaputenbHbIe
MOHATUA U onpepeneHuUs

BEINIoJIHEHHE KypCOBOI'O MPOCKTA [0 MaTeMaTHYECKOW CTaTHCTHUKE TpeOyeT OT
CTYJICHTA 3HaHMsI HEKOTOPHIX OCHOB TEOPHH CTaTUCTHYECKOIO BBIBOJAA. B 3T0i
TJIaBe B KpaTKoi hopme OyIeT TaHO M3JI0KEHHUE STUX OCHOB.

§ 1. Bbibopka

[Ipennonoxum, 4To B SKCIIEPUMEHTE HAOIIOJAETCS peanu3anuss X HEKOTOPOM
ciydaiinoit Benuuunsl (¢.B.) X. PacnpeaesieHue 3Tou C.B.

F(x)=P{ X <x}
HEM3BECTHO WJIM M3BECTHO C TOYHOCTBIO JI0 HEKOTOpPOoro (BO3MOXKHO,
BEKTOPHOI'0) TmapameTpa 0. F(X)=F9(X):F(x|6?). Bowibopkot odbemMa N
HaspBaercs Bektop X = (X, X,) HE3aBUCHMBIX peanu3anuii c.B. X. bosnee

TOYHO CJIEAYEeT TOBOPUTH O pPeaau3aldh HE3aBUCHUMBIX  OJMHAKOBO
pacnpenesneHHbelX ¢.B. Xi,..., X,. B ¢BI3u ¢ 3TUM BO3HHMKAeT BO3MOXHOCTb

BBIYKCIICHUS] BEPOSTHOCTEH TEX WM MHBIX COOBITHH, CBSI3aHHBIX C BHIOOPKOM.
Tor ¢akr, 4To 3Ta BEpPOATHOCTH (MM COOTBETCTBYIOLIUE BEPOSTHOCTHHIC
XapaKTePUCTHKHU) BBIYMCIIACTCS NMPU MCTUHHOM 3HAYCHHUM IMapaMeTpa, PaBHOM
¢, Oyner o003HauaTbCcs 3HAYKOM ¢ 'y CHUMBOJIOB BeposiTHOCTH P,
mar.oxuganus E,, nucnepcun Dy, ... .

3a0aua CTaTUCTUYECKOTO aHalu3a COCTOMT B MPUHATHH PEIICHUN
OTHOCUTETIBHO pactpenenenus F,(X) HaOmromaemoit B akcnepumMeHrte c.B. X.
Yamie Bcero 3ta 3agava GpopMyaupyercss B TEpMHHAX HEU3BECTHOTO 3HAYEHUS

napamerpa 6. PemeHue O0OBIYHO NPUHUMAETCS HA OCHOBE HEKOTOPOId

cmamucmuxku T =T(X(n)) — (YHKIIUU BBIOOPOYHBIX JTAHHBIX, MPUHUMAIOIICH

3HaUEHUsT B NPOCTPAHCTBE BO3MOXKHBIX PpEUICHUA M HE 3aBHUCSIIEH OT
HEU3BECTHBIX MapaMeTPOB BEPOATHOCTHOM Mojenu. PaccMmorpum Haubosee
NOMYJISIPHBIE CTATUCTUYECKUE 3a/1a4U — IPOBEPKY TMIIOTE3 U OLICHUBAHUE.
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§ 2. [Iposepka cunomes3

¢ I'unore3sa.
ITpexxne Bcero, BelaBuraercst cunomesa Hy o Tom, 4dro pacnpenencuue F

YJOBJIETBOPSIET HEKOTOPOMY CBOMCTBY. Ilpu 3TOM, €ciii €CTh BO3MOYKHOCT,
KEJIATEJIbHO Cpa3y KOHKPETU3UPOBATh albTEPHATUBHOE YTBepxkaeHue H,

otHocuTenbHO F . Hanpumep,
1) Hy:F=F, - pacnpeaenenue F B TOYHOCTH COBNAAAET ¢ HEKOTOPHIM

U3BECTHBIM pacnpeneneHueM Fo. Tak, BIIOJIHE yMECTHO pPacCMOTPETh
TUIIOTE3Y O TOM, YTO ClydaiHble 4uclia, BbliaBaeMble QyHkinuedr Random
si3pIKa MporpaMMmupoBanus Pascal, TelcTBUTEIEHO UMEIOT paBHOMEPHOE Ha
otpeske [0;1] pacnpenenenue;

i) Hy:Fe¥Y- pacnpenenenue F OPUHAJICKUT HEKOTOPOMY
U3BECTHOMY cemelcTBy pacnpeaenenuin Y. BecemMa mnonyispHa Ha
IPaKTHKE TUIIOTe3a O TOM, 4TO HaOJiojgaeMas B JKCIIEPUMEHTE BBIOOpKA
UMEET HOPMAJIbHOE pachpelieieHue ¢ HEKOTOPHIMH  HEU3BECTHBIMHU
3HAUYEHMSIMU CPEIHEro M jaucnepcud. Bapuantel anprepHatuB H, kak B

9TOM, TaK U B NIPEABLIYIIEM IPUMEpPEe OYCHb Pa3HOOOpa3HbI U 3aBHUCAT OT
OpeanoYTeHuil uccienoBareis. Haubojee ecrecTBeHHas ajabTepPHATHBA
3/1€Ch — CEMEMCTBO BCEX BO3MOXKHBIX PACIpPEICICHUN HA YUCIOBOW MPSIMOU
(B mpenpiayIieM npumepe — Ha otpeske [0;1]);

i) Hy:0€0®, - 3HaueHHe HEW3BECTHOrO Mapamerpa ¢ NPUHAICKHUT
HEKOTOPOMY TIOAMHOXKeCTBY ®,. B KkadecTBe mnpumepa 3/ech MOXHO

MPUBECTU 3aJa4y MPOBEPKU TMIOTE3BI O TOM, YTO BEPOSITHOCTH POKJICHUS
MajbuMKa OoJibllie ? , IPHU aJbTEPHATUBE — MEHbBIIE WM paBHA 2. Jlpyroii
puMep, CBSI3aHHBIA ¢ MEUIIMHOMN, — UccieqoBaHue 3P HEKTUBHOCTH HOBOT'O
npenapara Mpu JICUCHUM [MAlMEHTOB C TMOBBIIIEHHBIM apTepUalbHbIM
JIABJICHUEM B CPABHEHUU CO CTAHJAPTHOM METOJMKON JIeYeHMs. 3]eCh B
KAaueCTBE TUIOTE3bI JIyUIllle BBIABUHYTh YTBEPAKIACHUE, YTO HOBBIN Ipernapar
UJICHTUYEH CTApOMY, MPU AIbTEPHATUBE, YTO HOBBIN JIyYlIE CTAPOrO.

¢ Kpurepnii.
ITociie BBIABMIKEHMSI TUNIOTE3bl CTPOUTCS KPUTEPUM NMPOBEPKU DTOU T'HIIOTE3BI.

Kpumepuii — dynxupst Beiopounsix nauusix @(X™), mpUHAMAaOIas 3HaYeHHE
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1, eciiu runoTe3y ciexyeT OTBEpPrHyTh, U 3HaueHue O, ecnu rumnoresy cieayer
NPUHATH. BMECTO KpUTEPUS 4aCTO CTPOAT Kpumuueckyro ooiacmes A — 001acTh,

IpU MONa/laHuU B KOTOPYIO BHIOOPOUYHBIX IaHHBIX TMIIOTE3a OTBEPraeTCs.
OOBIYHO KpPUTEPU CTPOUTCS C MOMOUIBIO HEKOTOPOHl mecmosoi

CmMamucmuKku T(X(n)) , 1 B 9TOM Cllydae THIOTe3a OTBEPraercs, €Cju 3HAaUCHHE

cTaTUCTUKU Oojblie (WM MeHbIe) kpumuyeckol koncmanmol Cypyr. Bennuuna

KOHCTAHTHI BI)I6I/Ipa€TC$I B COOTBCTCTBHUU C Tpe6OBaHI/IHMI/I Ha Ka4d€CTBO

KpUTEPHUSL.

¢ Omunokmu.
KauectBo kputepusi (KpUTHYECKOW 00J1acTH) XapaKTepU3yeTCs  ABYMs
BEJIMYMHAMU — BEPOSITHOCTIIMU OIIMOOK EPBOTO U BTOPOTO POJIA.

1) Beposmnocmov owubky 1-020 poda — BEpOATHOCTh OTBEPTHYThH THIIOTE3Y,

€CJIM Ha CaMOM JieJie OHa BEpHa.
Beposamnocmo owubku 2-020 poda — BEPOATHOCTh MPUHSTH TMIOTE3Y,

€CII Ha CaMOM JieJie BEpHA ajbTepHATHBA. [IOHSITHO, YTO €CJIU abTepHATHBA
HE KOHKPETHU3UPOBAaHA, TO BBIYMCIUTH 3Ty BEPOSATHOCTH HEBO3MOXKHO.
[TosTOMY Hallle BCEro KOHTPOJIUPYETCs TOJIBKO OIIMOKA MEPBOro POja.

1) MakcumanbHass BEpOATHOCTh OImMMOKM 1-TO poma cpeaud  Bcex
“THIOTETHYECKUX” pacrpeaeieHuii (pacupeaeneHui, yaI0BICTBOPSIONIINX
TpeOOBaHUSIM MPOBEPSAECMOI THIIOTE3bI) HA3BIBACTCS pA3MepOoM KPUTEPHSL.

lii) Kputepuii, pasMep KOTOpPOro He IPEBOCXOJUT HEKOTOPOIO Harepen
3aJ]aHHOTO MAJIOr0 3HAYCHHMS «, HA3BIBACTCS Kpumepuem YposHs o, a

3aJldHHas 3apaHCeC KOHCTAHTA <« HA3bIBACTCA VPOBHEM 3HAYUMOCHIU.

Takum 0Opa3om, Uit KpUTEPHUsl YPOBHS @ MaJlOBEpOsATHO (He OoJblie o )
OTBEP>)KEHUE CIIPABEIJIMBOUN T'MIOTE3bI:

P-{ H, otBepraercsi} <o s Bcex F e H,,.

[TockonbKy Ha TMpakTUKE 4dalle BCErO KOHTPOJIUPYETCS TOJBKO
BEpOSITHOCTh OmuOKKA 1-rO0 poma, TO B KayecTBE HYJIEBOW THMOTE3bI CIIEAYET
BBIOUpaTh YTBEp)KIEHUE, MPOTHBOIOJIOKHOE OXuaemMoMy. Hampumep, mpu
UCCJIEJOBAHUM HOBOTO JIEYeOHOIO mperapara cleayeT NpPOBEpsITh TMIOTE3Y O
ero noyiHo HedpdekTuBHOCTU. B ATOM ciyuae Kputepuil ypoBHS o OyjeT
o0ecreynBaTh HU3KYIO BEPOSITHOCTh NMPUHATHS HEI(DPEKTUBHOTO Mpernapara.



Yem MeHbIIE YpPOBEHb 3HAYUMOCTH, TE€M BBIINIE HAJEKHOCTbH
CTaTHUCTHYECKOro BbIBOAA. OJHAKO CIMIIKOM Maible 3HAYeHHs « MOTYT
MPUBECTU K CJUIIKOM YacTOMY IPUHATUIO HEBEPHON TUIOTE3bl, TO €CTh K
YBEJIMYECHHUIO BEPOSITHOCTU OUIMOKU 2-0ro poja. UToObl KOHTPOIMPOBATH 00€
ATU OLIMOKH, 4acTO TpeOyeTcs MpoBeAeHHE OOJBIIOTO YKcia HaOII0ICHHH, YTO
HE BCEr/a JIOMyCTHMO.

Haubosnee mnonynspHoe Ha mnpaktuke 3HadyeHue o =0,05 (- 5%-brit

ypOBEHb 3HAYMMOCTH). MHOrma paccMaTpuBalOT 3HAYCHHMS a=010 u
a =0,01.

¢ TecroBas craTMCTHKA.
Ecau kputepuil mocTpoeH HA OCHOBE CTATUCTUKU T =T(X") u KpUTHYECKAs

00/1aCTh HMMEET BUJ T>C TO KPUTHYCCKAsdA KOHCTaHTa BBI6I/IpaeTCH H3

KpUT !
YCIJIOBHSI HA BEPOSITHOCTH OIMOKU 1-ro poaa
P{T(X")>C,,.} <a, (*)

KOTOpPO€  JIOJUKHO  BBINOJIHATBCA  JJI8  BceX  pachopenenenuit F
YAOBJIETBOPSIOUIMX MpeAnojoxeHusm runore3sl H,. Ecau pacnpenenenue

CTaTUCTUKHU T(X(n)) U3BECTHO, TO 3HAYEHUE KPUTHUECKOW KOHCTAHTHI JIETKO

HalWTU W3 TabiUIl 3TOro pacrnpezaeneHus. Takum o0pa3om, A MOCTPOCHHUS
KpUTEPHS IPOBEPKU TMITOTE3BI HEOOXOIUMO

|) BBIOpaTh TECTOBYH) CTATUCTUKY | W BUJ KPUTHUYECKOH 00JacTu

(mampumep, T >C

KpHT);

Il) HaliTu kpuTH4eckyro koHcTanty C_ 1o Tabmuie pacupeneneHus 1T u3

KPHT
ycioBus (*) Ha BeposTHOCTH omuOKu 1-ro pona,;
Ill) mocie TpOBEACHHUS CTATUCTUYECKOTO DSKCIEPUMEHTAa W BBIYHCICHUS

snauennss T =t, ., mpunsre (ecmu t,., <C ) nin oTBepruyTh (eciu
ten >C

OKCII KpUT )

IIPOBEPSEMYIO TUIIOTE3Y.

3ameyaHue. He 3nas C HEJb3s1 IPOBEPUTH TUIIOTE3Y, KaK Obl HE OBLIO

KpUT !
co0JIa3HUTELHO 3HAaYeHHEe T , MOJydeHHOE B 3KcnepuMmeHTe. Hampumep, eciu
U3 JBYX 0ackeTrOOJMCTOB OJMH momnan B 25% OpOCKOB ¢ UIphl, a BTOPOil — B
50%, To el HeNb3sl CKa3aTh, UTO MEPBbIA 0ACKETOOUCT Xy>Ke BTOPOro, TaK Kak
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A7 1O0J00HOro BhIBOJA Hamo 3HATh (4T0ObI BeMUCIUTE C ) KOJMYECTBO

KPHUT

OpPOCKOB KaKJIOr0 U3 UTPOKOB.

¢ Kpurnuyeckuit ypoBeHb 3HAYUMOCTH.

I[pyroﬁ CIoco0 IMPOBCPKHU T'HIIOTC3bI COCTOUT B BBIYHMCJICHUU KPUMUYECKO20

VPOBHA _ 3HAYUMOCHU, KOTOPbIA TECHO CBA3aH C BHJIOM KpUTEpUS W

INPUMCHHUTCJIIbHO K PaCCMOTPCHHOMY BBIIIC KPUTCPUIO paBCH
=sup P{T >t

FE}{O

aKpI/IT 9KCI }

(gacTo oO03HAUaeTCs Yepe3 P W HA3bIBACTCS [ -3HAYeHUEM).

I'nnore3a H, orBepraercs, eciu a <a.

KpUT
Jpyrumu cioBaMH, KPUTHYECKUH YpOBEHb 3HAYMMOCTH PaBEH pa3Mepy
KpUTEPHS, IPU BHIYMCIICHUH KOTOPOTO KpuTHueckas koncranta C — 3aMeHeHa

KpPHUT

IMNOJIYYCHHBIM B 3KCIICPUMCHTC BI:I60p0‘-IHLIM 3HAQYCHUEM CTAaTHUCTHUKU | = taKcn'

Ecau BcnoMHMTH OIIPCACIICHUC KOHCTAHTBI C TO KpI/ITI/ILICCKHﬁ YPOBCHb

KpHUT !
SHAYMMOCTHU MOKHO OIIPCACINTD KaK

HAuMeHbUULL YPOBEHb 3HAYUMOCIU, NPU KOMOPOM _2UNOme3a 0meep2aencs.

B 06HI€M cilydac « MOKHO IIOHHUMAaTb KaK BCPOATHOCTbL TOI'0, 4TO

KpUt
TECTOBAasl CTAaTUCTHKAa | MOPUMET 3HAYEHUE ‘“‘XyXkKe€”, YeM IOJIyYEHHOE B
skcnepuMmenTe. CloBO  “XyKe” 03HayaeT, 4YTO TAaKUE 3HAYCHUSI CTAaTUCTUKH
CBUJICTEJILCTBYIOT OOJIbIIIE B TMOJIb3Y albTEPHATUBBI, YEM TUNOTE3bl. Takoe
MMOHMMAHHUE TOMOXET NPABWJIBHO COPUEHTHUPOBATHCS B OINPEACICHUUA BUAA
T<t wim |T >t

JKCI ! JKCIT

Kkputudeckoi odmactu (T >t ) IPH BBIYHUCIICHUU

OKCII

P -3Ha4yCHUs.

OCHOBHOE  MPEMMYIIECTBO 3TOro  crmocoba (KpoMe  OYEBHJIHOTO
MPEUMYIIECTBA, CBSI3AHHOTO C BBIYUCICHUEM MIPSIMOM, a HE 00paTHON PyHKIHUU
pacrpeieieHns1) COCTOUT B TOM, YTO MBI MOXEM HE JIeJIaTh JKECTKUX BBIBOJIOB
TUMA “‘[1a, TUIOTE3a BEpHA™ WM “‘HET, TUIOTE3a HE BEpHA”, a MPUHSITH OoJee
rubkoe peiieHue. 37ech MOXKHO MPEJIOKUTh  CIEAYIOUIYI0 TpaJlaluio
BBICKA3bIBAHUH O CHPABEIMBOCTU TMIIOTE3BI:

0.15< — XOpOIIEE COTJIACUE C TUIIOTE30M;

KPUT

0.10<¢«,_ . <0.15 — HET OCHOBAHUM OTBEprarh ruroTesy;

KpUT —
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0.05<aypy; <010 — ;1200 3HAYMMOE PACX0KJIEHUE C TUIIOTE30H;

0.01< oy, <0.05 — 3HaYMMOE PACXO0KJEHUE C TUIIOTE30H;

Oyepnr < 0.01 — BBICOKO 3HAYMMO€ PACXO0KJIEHUE C TUIIOTE30M.

Cnenyer mpenocTepeyb, YTO Y4Y€T TOJBKO OIMMOKM 1-r0 poja MOXKET
NPUBECTH K BeCbMa TMapaJOKCATbHBIM pe3ynbTaTaM. MOXKHO TMPEIT0XKHUTh
MPOCTOM KpPUTEPHUid, KOTOpHIA OyaeT UMEeTh 3aJlaHHBbId YPOBEHb 3HAUYUMOCTH
cpa3y A Bcex runotes. JJist 3Toro, HarmpuMep, A0CTaTOYHO S pa3 noAOpOCUTh
NpaBUIbHYI0 MOHETY M OTBEpraTh I'MIOTEe3y, €ClU BCce D pa3 MOHETa ymnajaer
“repGom™ BBepX. JIETKO MOHATH, YTO BEPOSITHOCTH 3TOTO COOBITHS paBHa 1/2°.
CrnenmoBaTenbHO, pasmep Takoro (Hy, OYEHb CMEIIHOTO) KpPHUTEpHs
npubausurensHo paseH 0.03, 4To, KOHEYHO, MOKHO CUUTATh OYE€Hb XOPOIIHM
3HaueHueM. [loguepkHeM, YTO ATOT KpUTEPUH MOXKET OBITh MPUMEHEH K
MIPOBEpPKe JTF000W TUITOTE3bI, HAIIPUMEP, TUIIOTE3Bl O TOM, 4TO Ha JIyHE ecTh
Ku3Hb. UTOOBI M30€XKaTh MOJOOHBIX HEJENbIX CUTyalud, HEOOXOIUMO JIMOO
MPUMEHSITh KPUTEPHH, Y KOTOPBIX Masia omuOKa 2-TO poja, BEIYMCICHHAS XOTS
Obl JJIs1 HEKOTOPBIX Oojiee WM MEeHee MPaBAoNoA00HbBIX albTepHATUB, J10O0, B
KpaiiHeM cllydae, UCIO0JIh30BaTh TECTOBBIE CTATUCTUKH, CBHUJICTEIHCTBYIOIINE B
TOH WJIM MHOM CTeneHW O OJM30CTH JaHHBIX K rumnoreze. Hampumep, eciu B
AKCIIEPUMEHTE MOICYMTHIBACTCS YaCTOTA POXKACHHS MaTbIMKOB, TO TOCTATOYHO
OOJIbIIIOE  OTKJIOHEHHWE JTOM YacTOThl OT ? HECOMHEHHO OyJeT
CBUJIETEILCTBOBATh MPOTUB THIOTE3bl O PABEHCTBE BEPOSTHOCTEH POKICHUS

MaJIbYUKOB U JCBOYCK.

§ 3. ToyeyHoe oyeHuUsaHue

Ouyenkoii mapameTpa €, XapaKTepHU3yIOILIEro paclpeeseHue Ha0Io1aeMoil B
HKCIIEPUMEHTE BBIOOPKH, HA3bIBAETCS CTATUCTHKA é:é(x(”)), [IPUHUMAKOLIast
3HAYEHUS B NPOCTPAHCTBE BO3MOXKHBIX 3HAYEHUW 3TOro mnapamerpa. Cpeau
CBOMCTB OLIEHOK BBIJIEJISIIOT OOBIYHO TP OCHOBHBIX —

¢ HECMEILIEHHOCTD;

4 COCTOSTEJIbHOCTE,

4 ONTUMAJBHOCTD.
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* HecMemeHHOCTD.

O]_ICHKa 6 Ha3pIBaeTCs HecmemeHHoﬁ, CCJIN OJI1 BCCX 3HAYEHUN HEWU3BECTHOI'O

napamerpa 6
E,60=0,

r7ie, Kak OObIYHO, MHJIEKC Yy 3HaKa MaTEMaTHYECKOIro OKHMJIaHHUS O3HA4YaeT, 4ToO
BBIYKCIICHUS TTPOU3BOATCS NMPU MCTHHHOM 3HAYEHWHW TapaMeTpa, paBHOM 6.
JIpyruMu CJIOBaMH, HECMEIIEHHOCTh O3HA4yaeT, YTO OIICHKA, H3MEHSSICh OT
OKCIIEPUMEHTa K OKCIEPUMEHTY, OyAeT NPUHUMATh 3HAYEHUS, B CPEIHEM
COBMA/IAIOIINE C ICTUHHBIM 3HAYCHUEM OIICHMBAEMOTO Mapamerpa. Paccmorpum
PUMEDHI.

1) BriOopounoe cpemaHee X ecTh HECMEIICHHAs OICGHKA HCTHHHOTO
CpPEAHEro 3HAYEHUs pactpenenenus pu=E X'

E, X=u.
BcrioMHMM 10 3TOMY NMOBOAY HM3BECTHYHO PYCCKYHO IMOTOBOPKY: “‘C€Mb pa3
OTMEPh, BEIYUCIIH CPEJIHEE apUPMETUUECKOE U OTPEKD” .
1) OTHOCUTENBbHAs 4YacTOTa OCYIIECTBICHUS HEKOTOPOro coObiTHs A

(konmuyecTBO Vv TOSBIIEHHIA COOBITHS B BEIOOPKE, J€JICHHOE Ha 00IIee YiCIIo
BBIOOPOYHBIX JJAHHBIX N) €CTh HeCMEICHHAs OIIEHKA BEPOSTHOCTH COOBITHUS

p=P{A}:

14
E,—=p.
P n
iii) BbiGopounas aucnepenss S — cMEIEHHAs OLEHKA HCTHHHOMN JIUCIICPCHH
o?=DX =E(X - u)%:

Ha ITPAKTHUKEC Jall€ BCCIrOo paCcCMATpUBAIOT TdK HA3bIBACMYIO HMCIIPABJICHHYTO

YL
Ha HECMEIIEHHOCTh BEIOOPOYHYIO JUCIIEpCUI0 S° = —18 :
n —

Jlnst Gonee CIIOKHBIX XapaKTEPUCTUK pachpesiesieHusi B OOJIbIIMHCTBE CBOEM

OLICHKH MOJIy4aloTCs CMEIICHHbIMU. B 3TOM cllyyae Ha MPUMEHSIEMYIO OLIEHKY

HAKJIaIbIBAIOT YCIOBUE acuvmnmomuieckol Hecmewennocmy. [IME,6=6.
nN—o0
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OToMy TpeOOBaHUIO YJOBJIETBOPSIOT YXKE IIOYTH BCE WHCIOJIb3yEMbIE Ha
MPAKTUKE OIEHKHU.

¢ CoCTOATEJIBLHOCTD.

Onenka 6 Ha3bIBae€TCs cocmosimenvHol OLEHKOW mMapamerpa 6, eciu npu

VMCTUHHOM 3HAYEHUU NIapaMeTpa, paBHOM €, U pu 00bemMe BBIOOPKUA N —> o0
0—0.

JlpyrumMu ClOBaMH, COCTOSITENbHAs OLEHKA C POCTOM 00BbEMa BBIOOPKH

npuOIMKAETCsl K MCTUHHOMY 3HAUEHHUIO OLIEHMBAaeMoro napaMerpa. B ciyuae,

€ClIi HMMEET MECTO CXOJMMOCTb II0 BEpPOSITHOCTH, TOBOPAT O ci1aloil

COCTOSITEJIBHOCTH, MPU CXOAMMOCTH IIOYTH HABEPHOE TOBOPAT O CHIIBHOM

COCTOSITEJIBHOCTH.

BONBIIMHCTBO OLIEHOK BBIYUCIAETCS JIMOO HEMOCPENCTBEHHO KaK CymMma
HEKOTOPBIX (YHKIUI OT BHIOOPOYHBIX HAOMIOJAEHMH, MO0 Kak HempepbIBHAs
(GyHKIUS OT Takux cymMm. [lig uccieqoBaHMsl COCTOSITENBHOCTH IOJ0OHBIX
OLICHOK IIOJIE3HA TEOpEMa, W3BECTHAs B TEOPUM BEPOSATHOCTEH Kak 3aKOH
bonbmux Ywucen, yrBepxaaromias, 4ro cpeiHee apupMETHUYECKOE C POCTOM
qucia ClIaraeMblX CTPeMHUTCs (10 BEPOSATHOCTH WM TIOYTH HABEPHOE) K
TEOPETUYECKOMY CpPEJIHEMY CBOMX cllaraeMbiX. Bce BbllIepacCMOTpPEHHBIE
OLIEHKH OYIYT COCTOSATEIbHBIMH MMEHHO B CHIJIy 3aKOHa OOJbIIMX yucel. B
KayecTBE JIOMOJHUTEIBHOIO MNpHUMEpa MOXXHO €LIE HPHUBECTH BBIOOPOYHOE

CTaHJapTHOE OTKJIIOHEHUE S=+4S?. D OIICHKA, OYEBUIHO, OyaeT

COCTOSITCJILHOM JIJII ICTUHHOTO CTAaHAAPTHOI'O OTKJIOHCHHSA O .

¢ OnTumMajJbHOCTD.
ToYHOCTH OIIEHOK XapaKTepU3yeTcs BEIMYMHON prcka. Hanbomee nccieqoBaHo
CpPaBHEHHE OLICHOK HA OCHOBE CPEOHEeK8A0PaAmuecko20 pucka:
"N A 2
R(@|0)=E,(@-6)".

I[JIH HCCMCHICHHLIX OLICHOK PHUCK €CTh HEC YTO MHOC, KaK JUCIICPCHUA OLICHKH.

HOHSITHO, qTo MpCANOYTUTCIILHCE BBI6I/IpaTB OILICHKH, Y KOTOPBLIX PHUCK
INPUHUMACT HAMMCHBIICC 3HAUYCHHUC CPCAUM BCCX JOIYCTHUMBIX OICHOK. K
COXAJICHUIO, 3TO TPYAHO AOCTUKUMO, @ TOUYHCC — HHUKOI'/JJa HC NTOCTUXUMO. B
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KQuecTBE J0Ka3aTebCTBa ATOTO TMOJIOKEHUSI PACCMOTPUM OLIEHKY és7.5,
KOTOpasi, KOHEUHO, UMEET TIOXON puck mpu € # 7.5, ogHako B Touke 6 =7.5
e€ pUCK paBeH HYJIO, YTO HEBO3MOXKHO YJIy4IIuThb. B CBs3M C 3TUM 3aaady
MOCTPOCHUS OLIEHKW C HAWJIYYIIIMM PUCKOM pPacCMaTpUBAIOT OOBIYHO B KJlacce
OIIEHOK, YJOBJICTBOPSIOIIMX HEKOTOPOMY  JOIOJHUTEIBHOMY  CBOMCTBY,
HarpuMep, CBOMCTBY HeCMElIeHHOCTH. Jloka3zaHo, 4TO isi OOJBIIMHCTBA
MPAKTUYECKH TOJIE3HBIX BEPOSITHOCTHBIX MOJIEJEH BCE PACCMOTPEHHBIE BBIIIE
HECMEIIICHHBIC OLIEHKU OyAyT UMETh MUHUMAJIbHYIO JTUCIIEPCHUIO.

HNutepecHo OTMETUTH 371€Ch, 4TOo c TOYKHU 3peHUs

o 2
CPCAHCKBAIPATUICCKOIO pUCKAa KAa4YCCTBO CMCIICHHOM OLCHKHN OUCIICPCUU S

BBIIIIE KA4eCTBA €€ HECMENICHHOTO BapHaHTa S?. Tak qTO0, KakK II0E€TCI B
W3BECTHOM MECHE, — “IlyMalTe camMu, pPElIalTe CaMu UMETh, HECMEIICHHOCTb

WJIA HE UMETH .

§ 4. JoeepumesnbHOe oyeHueaHue.

Todyeunast oueHka HeceT ONPEJCICHHY0 HMH(MOPMALUI0 O BEJIWYMHE
HEU3BECTHOr0 napamerpa. EcTecTBEHHO, 3/1€Ch BO3HUKAET BOIPOC O TOYHOCTH
3TOW OlEHKU. OTBET Ha 3TOT BONPOC JAKOT TaK HA3bIBAEMBIE WHTEPBAJbHBIC

OIIEHKH UIIH JIOBEPUTEILHBIE MHOKECTBA.
Myers x™W = (Xq,--.,X,) — ciydaiiHas BEIOOpKa, pacipe/eneHie KOTOpOoi
Fo(X) 3aBHCHT OT HEKOTOPOTO HEM3BECTHOro apamerpa 6. Warepsan (6;6) ¢
rparuamu (6 (X);8 (x™)), saBucsmuME 0T BHIGOPOUHBIX JAHHDBIX, HA3bI-
Baercs (l— ) -dosepumenvrviv unmepeanom nis mapameTpa 6, eciu
P{0<60<0}>1-a. (1)

Bennunna Q = (1-2)-100% Ha3bIBaeTCs Hadedchocnmvio WHTEPBaJa U BHIOU-

paetcs 00b19HO B ipeenax ot 90% mo 99% (cranmaprHoe 3HadeHHE — 95%).

Craructuka € HaszbiBaeTcs eepxueil (1— o) -dosepumenvioil epanuyeti

Uil mapameTrpa @, eciu
P9{¢9<§} >1l-«.

Cratuctuka 6 HazwiBaercs Huoichel (1— a)-dosepumenvhoii epanuyeti

U1l mapamerpa 6, eciu
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P{0<68}21-a.
Ecnu ykazaHHble B 3THX ONpPENEJICHUSX HEPABEHCTBA BBHIMOJIHAIOTCS B
npejene Npu YBEIMYEHUU 0O0bemMa BBIOOPKUM 10 OECKOHEYHOCTH, TO TaKHe

AOBCPUTCIILHBIC MHTCPBAJIbI HA3BIBAXOTCA aCcumMnniomu4eCKuMu.

boiee HOI[pO6HO BOIIPOC TIIOCTPOCHUA HOBCPUTCIBHBIX MHOKCCTB
paccMaTpruBacTCs B I'/IaBC, MOCBSIICHHOMU HHTCPBAJIbHBIM OLICHKAM.

§ 5. BepossmHoCcmHblIe modenu

Kak BHAHO M3 BBIIIEU3I0KEHHOIO, KAa4eCTBO JIOOOM OLIEHKH U JH0O0ro
KPUTEPUST MOJKHO  BBISICHUTH, TOJBKO €CJIM M3BECTHO TOYHOE WM
ACUMIITOTUYECKOE PACHPENICIIEHHE COOTBETCTBYIOIIEH CTATUCTUKU. 31€Ch MBI
onuuieM  HauOojiee  YacTO  BCTpPEUAIOIIMECss HA  OPAKTHUKE  MOJENH
pacrpenencHui.

¢ Pacnpenenenue.
Dyuryuell pacnpedeienus CIydaitHoN BenuuHbl X Ha3bIBaeTCs QyHKIIHS

F(x)=P{ X <x},

TO €CTh BEPOSTHOCTh NOMAa/IaHus JieBee (PUKCUPOBAHHOTO 3HAYEHUS X .

OyHKIUA pacupeneseHus
usmMensiercs ot O (mpu X — —o0) 10 1
(mpu X — +©), HUTJAE HEe yOBIBaeT H
HeTpepbIBHA CJIEBA.

Ckavok byHKUIAU
pacripesieieHusi BO3MOXKEH JIMIIb B

TOYKC XO’ BCPOATHOCTD IIOINAJAHUA B / x

KOTOpYIO C.B. X HE paBHA HYJIIO: X
P{ X =X} =p,>0.
Bennunna ckayka paBHa .

®ynkmus F (X) =1-F(X), To ecThb BepoOSATHOCTb MOMAAAaHUSA C.B. X

npaBee 3HAYEHUs X, HA3BIBACTCS (QVHKYUEl HAJeHCHOCHU. DTO ONpeeIeHHe

CBSI3aHO C TE€M, YTO, €CJIM C.B. OMUCHIBAET BpeMsl CIyKObl HEKOTOPOro mpudopa,
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10 QyHkums F(X) paBHa BEPOSTHOCTH TOrO, YTO STOT MPUOGOP IPOCIYHKHUT

J0JIBIIIE 3aJJaHHOTO BPEMEHU X.
Eciu QyHknust pacnpeneneHuss nOpeacTaBUMa B BHUJAE HHTErpala

X
F(X) = If (t)dt, To pacnpenenenne Ha3bIBa€TCsS aOCOIIOTHO-HETIPEPHIBHBIM, a

—0o0

dyuxkuus (X))  @yuxyueri  nnomnocmu. Jng  TPAKTUYECKU — IOJE3HBIX

pacnpenieieHud TUIOTHOCTh paBHA MPOU3BOJHON (DYHKIIMU pacrpesieieHus
f(xX)=F'(x).

®ynkius wiotdoctu T (X) o0amgaer cienyromuMu CBOMCTBAMU:

(i) f(x)>0 u nomHBI HHTETPAIT If (X)dx=1;

—o0

(i) ecnu ¢ynmkuus f uernHa, To pacnpeneneHHe CHMMETPUYHO OKOJIO
aymsti: F(=X)=1-F(X), wuHsiMu crnoBamu, rpaduk QyHKIHHA
pacnpeseienus cummeTpudeH okoso Touku (0,? ).

(iii) 3mauenue QpyHKUMU pacnpenese- St
nust F(X) paBHo mimomaau mox

Fix)

rpadukoM (YHKIIMH TUIOTHOCTH
B MHTEpBAJE OT — 00 JI0 X:

X 1

CaotictBo (i) 9acTO HCIOJB3YIOT MPU IMOCTPOSCHUU TAOJMI] pacIpeicIICHHUS,
OrPaHUYHUBASICH JIUIIH TOJOKUTESIIEHBIMU 3HAYCHUSIMU apryMEHTa.

¢ KBaHTH/IM — NPOLIEHTHBIE TOYKH.
Perienne ypaBHEHUS F(t)=p Ha3bIBAIOT P -KEAHMUILIO
pacupenenenus F,aypasuenus 1-F({)=p eepxnen  p-xeanmunvio.
Ecnu 0603HAaYNTh BEPXHIOK P-KBaHTUIB depes t P, To, oueBHaHO, P-KBAaHTHIE
1-p
Oyner paBHa U~ . Ecnu QpyHKuMs pacupenesieHus uMeeT 00paTHYIO, TO
p_r-1 _E1
t"=F"Q-p)=F "(p).

['padudeckr KBAaHTHIM PACIIPEIEIICHUS MOXKHO MPEICTABUTh CJIETYIOIAM

obpa3om (cM. cBOMCTBO MmIoTHOCTH (ii1)):
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Jlns cummeTpudHbEIX pacnpenencHnii t+ P =—tP. ITostomy mas Takumx
pacnpeaeneHuil TabIMIB COCTABISIOTCS UL 11 3HaueHnid P <1/2.

BepxHue KBaHTMIM Uil BEPOATHOCTEW, BBIPAXKEHHBIX B MNPOLEHTAX

(Q= p-100%), yacTo HA3BIBAOT NPOUECHIMHBLMY NMOYKAMY PACTIPEACICHUS.

¢ HopmaabHoe pacnpenesneHue.
CiyyaiiHas BelMduHa X HMEET HOpMAlbHOe pacnpedeieHue ¢ TapaMeTpamMu

(u,0?) (kopotko X ~ N(u,62)), ecnu e QyHKIMS pacpenencHus paBHa

202

FO) =24 'fexp(— (40" )dt .

[110THOCTE HOPMAJILHOTO pacHpeIeICHUs] paBHA

(x—u)?

f(X)=F'(x)= ﬁexp(— ?)

[Tapametp i paBeH cpeHEMY 3HAUYEHMIO C.B. X : u=EX.

[apameTp o paBeH AuCIEpCHH C.B. X o?=DX =E(X - u)°.

[I1poKyro pacrnpoCTPpaHEHHOCTh HOPMAJIBHOTO 3aKOHA B IPUPOJIE MOKHO
o0bsicHuTh, ucxoas u3 Llentpanbnoii Ilpenensnoit Teopembl. IlpencraBum
cebe, YTO Mbl MHOTOKPATHO U3MEPSEM HEKOTOPYIO XapaKTePUCTUKY U3ydaeMOro
00BEKTa MOCPEACTBOM OYEHb TOYHOTO IMpuoOopa. fICHO, 4yTO pe3ysbrar OyAer
CIIy4allHO H3MEHATBhCA OT H3MepeHus K usMepeHuto. Cliy4yallHOCTb 3TOro
U3MEHEHUS] OOYCJOBJIIEHa CYMMApHBIM BIIMSHHEM OOJBLIOTO KOJIMYECTBA
daktopoB. Ecinum kaxaplii u3 3TUX (QAKTOPOB HE OKAa3bIBACT PEIIAIOLIETO
BJIUSIHUS Ha OKOHYATEJIbHBIN PE3yJIbTaT U3MEPEHHUs], TO MOKHO MPEIIOIOKHUTH,
YTO TIOKa3aHUs TNpudopa — CYTh pealu3alud HOPMaJIbHON CIy4aiiHOM

BCINYUHBI.
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HopmanbHEIH 3akoH ¢ mapamerpamu =0 u o°=1 (10 ecTh

X ~N(0J1)) HaspBaeTcss cmandapmusiv, €ro QYHKIHUS pacupeeICHUs

obosnavaercs D(X) (“pu” wmm, mo-crapopyccku, “depr”), a (yHKIHS

mnotHocTH  @(X). OOmias (yHKIHMS pachpeielicHdss HOPMajbHOIO 3aKoHa

X—
o

MOKET OBITH 3amucaHa dYepe3 CTaHIAapTHYIO: F(X):q)( ) AHAJIOTHUYHO

3anuChIBaeTcsa  o0m@as  (QyHKOMS  [JIOTHOCTH  HOPMAIbHOIO  3aKOHA:
st
f(X)=>0l=L).
[TpakTryecku 000M CHPABOYHMK [0 MATEMATHYECKOM CTATUCTUKE
comepxut Tabmunel GyHkuuun D(X) u eé kBanTmied. Tak Kak CTaHIAPTHOE

HOpMalIbHOE paclipeie]ieHHe CUMMETPHYHO, TO 3TH TAaOJUIIBI COCTABIISIOT JUIS
sHagenuidi X >0 u p<1/2. Ilpusenem pparmedt Tabauipl U3 cOopauka [1].

CneBa B Tabiuue NpeCTAaBIEHO BXOAHOE 3HAY€HUE X C TOYHOCTHIO JI0
BTOPOI'0 3HaKa II0CJIe 3ansATOl. TpeTuii 3HaK yKa3aH B CaMOM BEPXHEU CTPOKE
Tabnuibl. C 1eNbl0 MPEACTABICHHS HA OJIHOM JIMCTE M0 BOBMOXHOCTH OOJIbIIEH
uH(popmanuu, Tabnuia pa3duta Ha O0yoku (OTAEJICHHBIC YEpPTOii), B KOTOPBIX
YHUCJIa UMEIOT HECKOJIBKO OJJMHAKOBBIX NEPBBIX HUPP. DTH COBNAAAIOUIUE YACTH
NPUBEJICHBI TOJBKO I OJAHOTrO 3Ha4YeHHs (B CTOJIOIE MMOJ BEpXHEH MepBOi
staeiikoit ¢ nugpoit 0).

Taboauna 1.1. @ynkuust HOpMaabHOro pacnpeneaeHuss O(x)

X 0 1 2 3 4 8 9
2,05 0,97 9818 9867 9915 9964 0012 0205 0253
06 0,98 0301 0349 0396 0444 0491 0680 0727
07 0774 0821 0867 0914 0960 e 1145 1191

Tak, nanpumep,
®(2,052) = 0,97 9915, d(2,058) = 0,98 0205, d(2,074) = 0,98 0960.
JUiss HaxOXJAEHUS KBAaHTWJIEH MOXXKHO HCIHOJb30BaTh TaOJIUIly HMCXOJHOM
GbyHKUMU pacnpeqieseHus, OTBICKMBAsI 3HAUEHUE BEPOSITHOCTH BHYTPHU TaOIMIIbI
U HaXOJs COOTBETCTBYIOLIEE eMy BxojiHOe 3HaueHue. Hampumep, npu p = 0,02

BEPXHSS P-KBaHTWIb (TO ecTh perieHue ypaBHenus ®d(x)=1- p=0,98) Oyzaer

-18-



HaxoAuThes rae-to Mexay 2,053 u 2,054, rak kak ®(2,053) < 0,98< ©(2,054).

. 2
[IpocTas nuHelHas annmpoKCUMAIUs JaeT %% ~ 2 0537.

B sTom e cOopHuke [1] umeeTcs Tabnuma 3HaYeHUH 0OpaTHON (PyHKIIMU
HOPMAJIBHOTO pacIpejieiCHHs, UHBIMUA CIIOBaMH — Ta0JMIa P-KBaHTWICH (He
BEPXHUX).

Tadoauna 1.3. @ynkumusi, oopaTHasi pyHKIIUM HOPMAJTBHOTO pacrnpeaeaeHust

p 0 1 2 3 4 8 9
977 1,9 9539 9723 9908 ‘ 0093 0279 1030 1219
978 2,0 1409 1600 1792 1984 2177 2957 3154
979 3352 3551 3750 3950 4151 4964 5169
0,980 5375 5582 5790 6000 6208 e 7056 7270

Takum oOpa3zom, t0’02:®_1(0,98)=2,05375, 4yTO BEChbMa OJIM3KO K

MOJIYYEHHOMY BBIIII€ MPUOIMKEHHOMY 3HAYEHHUIO.

¢  Xwu-KBaapar pacupejesieHue.
Ecnu ¢.B. MOXHO TPEACTaBUTh B BHUJAE CyMMbI KBaJPAaTOB [T HE3aBUCHUMBIX

CTaHJapPTHBIX HOPMAJIbHEBIX C.B. —

2 2 2
&+ &+,

TO 3Ta C.B. OYJIET UMETh pacnpedenenue xu-keaopam ¢ M cmeneusimu c60000bl

(urcno creneHei cBOOOJBI COBMNAZAET C YUCIOM cjaraembiX). EE mpuHsTO

2
0003Ha4aTh CUMBOJIOM Y. i 0co00 IH0OO3HATEIBHBIX CKaXX€M, YTO XH-

KBaJparT paclpeacjaICcHUC COBIIAAacT C raMma-pacinpecacjiCcHucM C IapamMmeTpamMu

(™5, %) . ©yHKumA pacnpeeneHus ;(r%] BeIpaXKaeTcst hopMyJIoi

X
Kn(X) =H{ Zr?n <X} = _[m ym/2—1 exp(—%) dy, x>0,
0

rae ['(p) — ramma-dynkims Ditnepa; eciu X< 0, to K (X) =0.

COopuuk Tabmwi [1] comepkuT 3HAYCHMS TaK HA3BIBAEMOTO LHME2PALd

geposimuocmel xu-keadpam — B Halle TEPMHUHOJOTHMU 3TO MPOCTO (PYHKIHUSA

nagexnoctn K (X)=1— K (X). Tabnuma uMeeT aBa BXOja — MO HHCIy
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crerneHeld cBoOOABI (BEpXHsS CTpOKa) W MO aprymMeHty QyHkmuu (JIeBbIi
croJjoer).

. 2
Tabauua 2.1a. Uuterpan BeposiTHocTel )

X m=16 m=20
P -A o P -A
15','6 0,52464” 3627 0,7764i” 2929
5 48837 3541 . 74712 3050

3nmech, KpoMe 3HaueHus (GyHKuMu pacnpeencHus (crojderr P), mpHBEICHBI
TaKXKe IepBble pa3HOCTH dToW (yHKIMHM (cTonbern -A), TOYHEe, TOJNBKO 5
3Hayalmux 1udp mociae 3amaroil 0e3 mepBeIXx Hysed. TakuM oOpasom,
Kle (15,5) - K16 (15,0) =—-0,03627 (moce 3ansTOM MOCTABJICH OJUH HOJb, YTOOBI

nonyuuiaoch maTh mudp). Ecmm X, m X — 7ABa psaoM crosime 3HAYEHUS

aprymeHTa, TO JJIsl HaXO0XKJIeHUs 3HAYeHUs! (PYHKIMU B MPOMEKYTOYHOU TOUKE

X €[Xg; %] MOKHO MPUMEHHUTH ANIMPOKCHMALIUIO Kn(X) = Ky (%) = A- ;:?o B

IPUBEICHHOM HAMH (parmenTe X —% =0,5. [TosTOoMy
K5(15,2) =~ K;4(15,0) - 0,03627- 2-0,2 = 0,510132.

3Hauenus BepxHuX P-kantuieit tP =tP(m) =K '(p) pacupenenenns xu-
KBaJIpaT cojepkarcs B ceaylomiei tadnmie Ha ctp.166 coopHuka [1].

2
Tadnauua 2.2a. [IpoueHTHbIE TOUKH pacnpesejieHust

Q

m 97,5% 95% 5% 2,5%
19 8,907 10,117 ... 30,144 32,852
20 9,591 10,851 ... 31,410 34,170

Bxon B Ta0muily OCylIecTBISIETCS IO YUCIy CTeneHei cBoOojabl (M B JeBOM
CTOJIOIE) M TI0 BEPOSTHOCTH, BhIpakeHHOMW B mporieHTax (Q B BepXxHeil CTpoke).

Takum obpa3zom, L (19) = 30,144, t0’025(20) =34170.

¢ Pacnpeaenenue CTbroaeHTA.

-20-



Ecnu c.B. Tk MOJKHO IPEACTaBUTH B BUJIE€ OTHOIIECHUS Tk = %\/E ,
Xk

rie & — crangaprHas HopmanbHas (0,1) c.B.,

2
Xk — XM-KBaJpar C.B. C K crenensmu cBo6OIbI, HE 3aBUCsIas OT &,

t0 T, Oymer umerb pacnpedenenue Cmuviodenma ¢ K cmenensmu ce0600ei.

Oynkuus pacapeaeeHuss CTbloJIeHTa UMEET BU/T

t (k+1)
N N r'(n+1)/2) 212
%(t)—P{Tk <t}— m(l'FuT) du,

—0
rne ['(p) — ramma-pynknus Diinepa. Tak kak (yHKIUS TUIOTHOCTH 3TOTO
pactpenenenus (moAbIHTErpadbHas (YHKIUSA) 4YEeTHA, TO paclpeleieHue
Crpronenta cummerpuaHo: S (—t) =1- S (t).

2
Jlerxo BUIETH, YTO, TAaK KaK C.B. J) €CThb CyMMa KBaJpaTOB CTaHIAPTHBIX

2
HOpMaJIbHBIX C.B., TO OTHOIICHUC }\ /k CTPCMHUTCA 110 BCPOATHOCTHU K 1.

[TosroMy mnpu OONBIIOM 3HAYEHHHM CTENEHH CBOOOABI K pacmpenesnenue
CtplojieHTa  MOXET  ObITh  ammpokcuMupoBanHo  HopmainbHbiM  (0,1)
pactpenencauem (kak y yucaurens & ).

TaGnuusl  pacnpenenenus CTpIOJEHTa TakXKe HUMEIOTCS B JHOOOM
CTIpaBOYHMKE 10 MaTeMaTU4eckoil cratuctuke. [IpuBenem 3mecy ¢pparMeHT co-
OTBETCTBYIOIICH TaOIUIbl u3 cOopHUKa [1].

Ta6auuna 3.1a. ®yuxkuus pacnpenesennss CTbHOaeHTA

k
i 11 12 19 20
2,0 0,9646 0,9657 ... 0,9700 0,9704
9702 9712 ... 9753 9757

Dta TabyuIa UMEET JBa BXOJa — YHMCIIO cTeneHeil cBo0oasl K (BepxHss cTpoka)

u aprymedT ¢yHknuu t (7eBwiit ctos0er)). M3 3Toi TaOMUIBI HAXOIUM, YTO
S,(2)=0,9657, S4(21)=0,9753. Ilpu crenensx cBoboas! 6oubie 20 MOKHO

BOCIIOJIb30BaThCsl HOpManbHbIM npubmmkennem: S (t) = O(t),k > 20.
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Cnenyromas Tabnuma ykasaHHoOro cOopHuka [1] comepxuT 3HaUYeHUS
BepxHux P-kpantmieit tP=tP(k) =S (p). Dra Tabnuna Takke MMeer jBa

BXOJa — 4YHCIO cTeneHeld cBoOoabl (JIeBbI CTOJOEN) W BEPOSTHOCTH B
nporentax Q= P-100% (Bepxusist ctpoka). JIass HATJSIAHOCTH IEJIbIe YacTH

BMECTE C 3amlsTOMu IMPUBCACHLI TOJIBKO IJIXI BEPXHHUX YHCCII B 0JI0KEe W3 NIATH
YUCCII.

Ta6auua 3.2. [IpoueHTHbIe TOUKH pacnpenejenus CTbroaeHTa

K Q 10% 5% 2,5% 0,05%
19 1,3277 1,7291 2,0930 ... 3,8834
20 3253 7247 0860 ... 8495

Taxum oGpasom, t21(16) =1,3368, t*%(17) = 2,1098.

¢ Iloka3artenbHoe (AKCIMOHEHIMATBbHOE) paclpenaeieHne.
Ecinu npo HeKOTOpBIH 00beKT (MpUOOP) MOKHO YTBEPXKIaTh, YTO BEPOSITHOCTH
BBIXOJIa €r0 M3 CTPOs 3a BpeMst | He 3aBHCHUT OT TOrO, CKOJIBKO 3TOT OOBEKT
yKe mpocaykusl (3GGEKT OTCYTCTBHUS MOCTCACHCTBUS), TO 0OIIee Bpems
CIy’)KObI Takoro oObekTra | OyaeT MOMYMHEHO HOKA3AMENbHOMY 3dKOHY C

byHKIMEN pacnpeaeieHus
Ft)=P{T<t}=1-e"*t>0.
@OyHKIMS IOTHOCTH MOKA3aTEeJIbHOTO 3aKOHA paBHA
_ 1t/
f)=L1e"* t>0.
Kosdduuuent A (> 0) HasbiBaeTCs HMHTEHCHMBHOCTBIO OTKa3a M HECET

UHPOPMALIMIO O KOJMYECTBE BBIMIEIUIMX U3 CTPOsS OOBEKTOB B EAMHHUILY
BPEMEHU Cpeau BceX OOBEKTOB, MPOCIYXKUBIIMX JaHHOe Bpems L.
[TokazaTenpHOE pacmpeseieHue UMeeT MOCTOSHHYIO (He 3aBUCSIIYIO OT CpOKa
CIy k05l ) HHTEHCUBHOCTH OTKA3a.
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,HJ'I?I IMMOKa3aTCJIbHOI'O pACIIpCACJICHUA XapPAKTCPHO COBIIAJICHHUC CPCAHCTO
3HAYCHUA U CTAHAAPTHOI'O OTKJIOHCHHSI.

A=EX=4DX.

OTO CBOMCTBO 4YacTO MCHOJB3YIOT MJII MNPOBEPKH COIVIACHS BBIOOPOYHBIX
JAHHBIX C HKCIOHEHIIUAJIBHONW MOJIEBIO PACIIPEACICHUS.

¢ PaBHoMmepHoe pacnpenesienne Ha [O; 1].

C.B. X, a8 KOTOpOM BEPOATHOCTh TNONaJaHus B J0OOH HMHTEpBAI
NpOMOpIMOHANIbHA  JUIMHE  OTOrO0  WHTEpBaja, HMEET  pPaBHOMEpPHOE
pacnpeaenenue. Yame Bcero paccmarpuBaiorT paBHoMmepHyro Ha [O; 1] c.B. B
ITOM city4ae QyHKIIMsS pacrpeaeaeHuss U QyHKIUS MJIOTHOCTH X pPaBHEI

0, a&iee x<0, 1
F(X)={x, afee 0<x<]
FYUN . X
1 anée x=>1, o 1
o 1
0, anée x<O0 eeé x>1,
f(x)= o n
1 anée 0<x<1l X
0 1

PaBHOMepHOE pacnpeneneHue ecth 0000IeHne Ha HEMPEPHIBHBIN ciiyyai
KJIaCCUYECKOM CXEMbl BbIOOpa M3 KOHEUHOM mnonyisinuu. Tak, Hampumep,
JaT4UK  CIAydYaWHBIX  4YHWcesll JIIoOOro  si3blka  MPOrpaMMUPOBAHUS B
JCHCTBUTEILHOCTH BBIOMpPAET ¢ PABHOW BEPOSATHOCTRIO Tieibie yncia K ot 0 1o

N (ckaxem, N =10°%). “HenpepsiBHble” paBHOMEpHbIE uncia X u3 orpeska [O;
1] momyuaroTcst mytem npoctoro npeodpazoBanust X =K/ N .

¢ buHoOMHanbHOE pacnpeae/ieHue.
PaccMoTpuM N HE3aBUCUMBIX HKCIIEPUMEHTOB, B KaXJAOM U3 KOTOPBIX
HaOI01aeTCsl HeKoTopoe (hUKcHpoBaHHOE coObITHe A (Hampumep, MOpaKeHUE
nenu npu crpeiabde). Eciau BeposTHOCT 3TOro COOBITHS [P HE M3MEHSETCS OT

OKCIICPUMCHTA K OKCICPpUMCHTY, TO CJI.B. X, paBHasA 4YHUCIIY YCICHIHBIX

peanuzanuii coObITUst A, UMEET OUHOMUAIbHOE pacnpedelierue C TapaMeTpaMu

(n, p):
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x-1
P{ X <x}:=Bin(x|n,p)=>Y Cip“L-p)"*, x=0L..,n+1.

k=0
[Tpu OosbIMX 3HAYEHHUSIX N U HE OYEHb MAJICHbKUX 3HaYeHUX P(l— p)

OMHOMUAJILHOE pacnpeaciacHuc MOXcET OBITh ANIIPOKCUMHUPOBAHO HOPMAJIbHBIM.

Bin(x|n, p) ch(%)

JlpyruMu  clioBaMHM, MOXKHO CKa3aTh, 4YTO OWHOMHUAJbHAas C.B. X HMeeT
npuOJIMIKEHHO HOpMalibHOE pacnpeenenue ¢ mapamerpamu (Np,np(l- p)).

[Ipy OompmMX 3HAYCHHMSIX N M MalbiX 3HadeHUsXx P (wm 1-p)

OMHOMHATBHOE  pacIpe/esieHue anmnpOKCUMUPYETCS IIyaCCOHOBCKHUM
pacrpeieieHueM:
; x-1 ﬂ,k
Bin(x|n,p)=€*> =, x=01.., &4 1=np.
kl
k=0 K
Jlns OmHOMUANBHOM ¢ mapameTpamu (N, p) ¢.B. X
cpeiHee 3HaYeHUE PaBHO np,

JAMCIIEPCHS paBHA np(1l- p).
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10.

11.

12.

Koumponvnvie éonpocoi.

Yro takoe ¢yHKIUs pactipeaencHus (QyHKINS MIOTHOCTH)?
OtBet: cm. cTp. 14

Yro Takoe GyHKIHS HAICKHOCTH ?

OtBer: cm. cTp. 14,

Kakass crmywaiiHas BeaMYMHA WMEET HOPMAJbHOE pacIpesie/ieHue
(moka3zaTenpHOE, PaBHOMEPHOE, OMHOMMAJILHOE, XHU-KBaJpar,
CrelosieHTa)?

OtBer: cm. cTp.  16-22.

3anumute GopMyay st GYHKIKUU pacrpeeeHuss HOpMaJIbHOTO 3aKOHa
(PKCIIOHEHITAITLHOTO, PABHOMEPHOT'0, ONHOMHUAJIBHOTO).
OtBeT: cM. cTp. 16-22.

Kakoil cmpicn HecyT mapaMeTpbl HOPMAJIbHOIO pachpeeseHus
(9KcTIOHEHITATEHOTO, ONHOMHAIILHOTO, XU-KBaapaT, CThI0eHTA)?
OtBer: cM. cTp. 16-22.

Yemy paBHBI cpefHee 3HAYCHUE M JUCIEPCHUS DKCIMOHEHIUATHHOTO
pacnpezeneHus (HOpMalIbHOro, OMHOMHAILHOT0)?

OtBet: cM. cTp. 16-22.

Yro Takoe KBaHTHJIb (BEpXHSS KBAHTHIIb) paclpeac/icHus ?
OtBet: cm. cTp.  15.

Kak cBs3anbl pyHKITUS pacipeieieHUs U €€ BEPXHSSI KBAHTUIIb ?
OtBer: cm. cTp.  15.

Haiinure mno Tabmuue 3HaueHue BepxHedl [%-il KBaHTWIA IS
pacripeliesieHusi  XM-KBaapar npu 15 creneHsx cBoOOmbl (s
HOPMAaJIBHOT'O pacrpeaeiieHus, s pacupenencaus CThIOICHTA).

OtBer: cm. cTp. 17-22.

Yro Takoe BbIOOpKA?

OtBer: c™m. cTp. 5.

Yro Takoe o1eHKa?

Otser: cm. cTp.  10.

JlaiiTe ompeneneHrue COCTOSITEIbBHOCTH OIEHKH W MPOUHTEPIPETUPYUTE
CMBICIT ATOTO OIpPEAEIICHHUS.

Otset: cm. cTp. 12
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

MoxxHO 51 CcKa3aTh, 4YTO COCTOSITE€JAbHAs OLIEHKa Jydlle He
COCTOSITEILHOM OLICHKH ?

JlaliTe onpeaeneHre HECMELIEHHOCTH OLEHKU U MPOUHTEPIPETUPYUTE
CMBICIT ATOTO OINpPEAEIICHHUS.

Otger: cMm. cTp. 10.

MoXHO 1M cKa3aTh, YTO HECMEIIEHHAas OIEHKA Jydlle CMEICHHOU
OLIEHKU?

Kak cnenyet BoIOUpaTh HYJIEBYIO TUIIOTE3Y?

OtBert: cm. cTp. 7.

Kak onpenensiercst BeposTHOCTh omuOku 1-ro poma? Uto Takoe pasmep
KpUtepusi?

OtBert: cM. cTp. 7.

Yro Takoe ypoBE€Hb 3HAUUMOCTH ?

OtBert: cM. cTp. 7.

Kakoit ypoBeHb 3HaUMMOCTH J1yuliie BeiOpath — 5% , 10% unu 1%7?
OtBert: cM. cTp. 7-8.

Kak vacto mbl Oynem omwubathbes, eciu OyJieM NPUMEHATh KPUTEPUid
ypoBus « =0,03.

OtBeT: cM. cTp. 7.

Kak mocTtpouth KpuTepuil 3aJaHHOTO YpPOBHS, OCHOBBIBAasCh Ha
3HAYEHHUSIX HEKOTOPOU CTAaTUCTUKU T ?

OtBeT: cM. cTp. 8.

MOKHO 1 MpU3HATH HOBBIA METOJI JICUEHHMs JIydllle CTApOro, €Ciau npu
KIMHAYECKUX  WCIBITAHUSAX  PE3yJbTaTUBHOCTH  HOBOTO  METOJA
coctaBusia 85%, a craporo — 70%? Uto emé HYXHO 3HATh, 4YTO OBl
MPaBUJIHLHO OTBETUTH HA ATOT BOIIPOC?

OtBert: cM. cTp. 8.

Yro Takoe KpUTUYECKHI YPOBEHb 3HAUMMOCTU? UeM OH OTJIMYaeTCs OT
YPOBHSI 3HAYUMOCTH ?

Otset: cM. cTp. 7, 9.

Kak mpoBeputh TWnore3y, OCHOBBIBASICh HAa 3HAYEHUU KPUTHUYECKOTO
YPOBHSI 3HAYMMOCTH ?

OtBert: cm. cTp. 9.
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naBa |l. [lepBUYHbLIN CTAaTUCTUYECKUN
aHanus

B 5T10M rnaBe npuBOAATCS ONMMCAaHUS NEPBLIX TpexX 3aJaHuil. PaccmarpuBaeMble
34€ch INPOLELYphl MNPEABAPSIOT, KakK IpaBWiIo, JTHO0YyH CTaTHCTUYECKYIO
00pabOTKy JaHHBIX.

3ananue 1.

Bb10opouHbIe XapaAKTEPUCTUKH.

[lTocmaHoeka 3adavyu.

BBIMHUCINTH OCHOBHBIE CTATUCTUYECKUE XaPAKTEPUCTUKU BEIOOPOYHBIX TAHHBIX:
7 Cpennee apudmernueckoe.
7 Hucnepcuro.
7 CrangapTHOE OTKJIOHEHHUE.
7 Kosdduuuent acummerpun.
7 Koaddunment akcuecca.

Teopemu4yecKkue OCHOBHI.

CraTuCcTHYECKU  aHaIu3 BI)I60pO‘IHBIX JaHHBbIX HA4YWHAIOT OOBIYHO C

BBIYMCJICHUS BBI60pO‘-IHbIX MOMCHTOB.

7L Cpeonee
o 1<
X="2.%
Nic
(unTaercs “HKC C dYepTO’) — HECMEIIEHHAss W COCTOSATENIbHAs OIlleHKa

VMCTUHHOTO CPEJHETO 3HAYEHUS (. BennunHa g XapakTepHu3yeT pacloJIOKEHHE
HaOmomaemoil c¢.B. X. O4eHb 4YacTO CpaBHEHUE PA3JIMYHBIX COBOKYIHOCTEM
IPOU3BOJAT KaK pa3 no cpeaHeMy. OqHako, HaJl0 UMETh B BUlY, YTO 3TO UMEET
CMBICIT TOJIBKO B CJIy4ae, €CJIM, BO-MIEPBbIX, INIOTHOCTh pacnpeaeneHus X HMeeT
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OJIMH JIOKAJIBHBIX MAaKCUMYyM U, BO-BTOPBIX, JUCIIEPCHU HAOIIOIAEMBIX C.B. (CM.
HIDKE) BO BCEX TPYINaxX “TOYTH” OJMHAKOBBI.

7L égucneggcuﬂ
Nni=g Nz

— COCTOSITENIbHAS. M “IIOYTH HECMEIIEHHAs OLEHKAa MCTUHHOM IUCIEPCUU o°.
CaykuT Mepoil pazdopoca c¢.B. okoJio €€ cpeaHero 4. Ilo uzBecTHOMy mpaBuiIy

TpPEX CUTM C BEPOSTHOCTHIO, Oosbmieit 90%, ciemyeT okuaaTh 3HAYCHUE C.B. B
npeaenax =+ 3o . UHTepecHo, 4TO HOpMaJibHasl C.B. C BEPOSITHOCTHIO, OOJIbIIIEH
95%, npuHUMAaeT 3Ha4YEHUs B MHTEpBale i+ 20 .

Jlucriepcusi U3MEPUTEIHLHOTO MPUOOPa XapaKTEPU3yeT €ro TOUHOCTb.

Hapsinty ¢ nucnepcueit, Bcerjia BoIYUCISETCS

’ 2
fCI?’ZClH@ClDI’I’lHO@ OMmMKJIOHeHUue S=+NS .

3alerasi BIepel, CKa)XE€M, 4YTO TOYHOCTh JIOBEPUTEIBHOIO HHTEpBAJIA JUIs
VCTUHHOT'O 3HAYEHUS! CPEIHEr0 L MPSIMO MponopuuoHanbHa S. ['pybo rosops,

WCTUHHOE 4 JIEKUT T/Ie-TO B Mpenenax + %S OT BBIOOPOYHOTO CpeHEro X.

7L Kosdduuuenm acummempuu
1
S

1 n <\ 3 ln 3 _1n 2 o3
I S (x - = = I3 3% 2 %24 2%
0 nsgé(x ) néx ni§:1,>9+

— COCTOATCJIbHAsdA, HO CMCHICHHAsA OLCHKA HWCTHUHHOI'O KOB(i)(I)I/IHI/ICHTa

X -
aCUMMETpUU 7, = E(T”)3 Hecer wuHpopManuio 0 CUMMETPUYHOCTH
pacmoioXKeHus:  JaHHBIX ~ OTHOCUTENbHO 1eHTpa X. Ilpu  OGoapimx
HOJIOKUTENBHBIX 3HAYEHUSIX J; paclpeseieHue C.B. OyIeT HuMeTb OoJee

“TshKenbIn” mpaBbiid “xBocT”. Eciu rpaduk MIOTHOCTH TaKOTo pacrpeseieHus
“HacaauTh”’ HA BEPTUKAIBHBIA IITHIPh B TOYKE JIOCTHXKEHUS MAKCUMyMa, TO
rpaduk “ymnaaer”’ BIpaso.

Be100opouHbIil KOAXQOUIMEHT §; MOXKHO HCIOJIb30BATH Ul NPOBEPKU
corjacusi JIaHHBIX BBIOOPOYHOTO OOCJENOBAaHUS C HOPMAJIBHON MOJIEIbIO
pacrnpeeneHus. boabime abCOJIIOTHBIE 3HAYECHUS (o) OynyT
CBU/JIETEJILCTBOBATh IPOTHUB TMIIOTE3bl HOPMAJIBHOCTHU PacipeesieHus, KaKOBOE,
KaK W3BECTHO, cuMmmeTpuyHo. [Ipu oGbeme BbrIOOpKkM N, Gauszkom k 100, u
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ypoBue 3Hauumoctd « = 0,10 rumoresy HOPMaIbHOCTH CIIeAyeT OTBEpPrarh,
eciM BBIOOPOUHBIH KO3(GGUIUEHT acUMMeTpun (; He Homnajgaer B uHTepBal (-
0,389; 0,389) (cM. coopuuk Tadmui [1], ctp.258). ['paHuIel 3TOrO0 MHTEpPBajIa
MIOCTPOCHBI TaK, YTOOBI BEPOSATHOCTH OMMMOKHK 1-0r0 poja, TO €CTh BEPOSITHOCTH
OTBEP)KEHHUS THUIIOTE3bl HOPMAJIBLHOCTH B Clydae, KOIrjJla OHa BEpHA, HE
IPEBOCXO/IUIIA 33 JaHHOTO YPOBHS ! .

7L Kooppuyuenm sxcyecca

1< 4 113 4 13 s 213 2 o4
gZ:n—S42(xi—x) -3 = & =Y x'—4x HZX‘ +6X Ein -3%x" -3
i=1

Nz i-1 i-1

— COCTOSITEJIbHAS, HO CMEIIICHHAsl OLIEHKAa UCTUHHOIO KoA(d@uIilMeHTa sKkciecca

X — o
Y, = E(T”)A—?,. Ciny>)XKuT Mepoil  COCPEJOTOYEHHOCTH JAaHHBIX  OKOJIO

cpenHero. Y HOpMaibHOro pacnpeneneHus y, =0 (a1 3Toro u BblUUTaETCA
Tpoiika). [IpM TONOXUTENBHBIX 3HAYCHUSX ), IUIOTHOCTH paclpeieleHus

OyzeT uMeth 0oJiee OCTPBIM, YeM y HOPMAJIBHOTO paclpeeieHus], MUK OKOJIO
cpeaHero. COOTBETCTBEHHO, IpU OTpULATENBHBIX ¥, NHUK Oyner Oonee

miockuM. MHorma, mo aHamoruu ¢ BUAOM HOPMabHOW (PYHKIIUU TIJIOTHOCTH,
KOO((QUIUEHT ), HA3bIBAIOT KOOPPUIUEHTOM “KOJIOKOIO00pa3HOCTH .

7> 0

3 2 -1 3 2 -1 0 1 2 3

Ha »TOoM pucyHke npuBeeHbl rpaQMKH TPEX INTOTHOCTEM:

1) HopManbHOTO pacnpeaenenus — ¥, =0,
2) TpeyroiapHOTO pactpenenenus — ¥, <0, u
3) IBYXCTOPOHHETO YKCIIOHEHIIMATBHOTO pacipenenenus —  y, > 0.

BeiOopouHblli  KO3QPUIMEHT (, TaKKe MOKHO MCIOIb30BaTh IS

IPOBEPKHU TUIoTe3bl HopManbHOCTH. [Ipu o6beme BriOOpku N, 6mu3kom k 100,
u ypoBHe 3Hauumoctu o = 0,10 rumoredy HOpMalbHOCTH CJEIyeT OTBEprarh,
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ecin kodddumnment skcnecca ¢, He nomagaer B uutepsan (-0,65; 0,77) (cm.
cOopuuk Tabui [1], cTp.259).
3ananue 2.

I'mcrorpamma BbIOOPKH.

lTocmaHoeka 3adavyu.

[Toctpouts rpaduk TrUcCTOrpaMMbl BBIOOPKHM C TMOJOTHAHHOW OXKUJAEMOA
(GyHKUIMEH MJIOTHOCTH.

Teopemu4yeckKkue OCHOB@8HI.

7L L'ucmoepamma — CTylICHYaTasA KpuBasA, BbICOTA CTYIICHCK KOTOpOﬁ

IPONOPLUMOHANIbHA KOJUYECTBY BBIOOPOUHBIX JIaHHBIX, MONABUIMX B 3a/JaHHBIE
UHTEpPBAJIBI  YMCJIOBOM  mOpsMoi.  ['mcrorpamma  ucnoae3yercs I
r€OMETPUYECKOTO MPEJICTABICHUS AAHHBIX. B HEKOTOPOM CMBICIE €€ MOXKHO
CUMTATh OLICHKOW (DYHKLIMHU MJIOTHOCTH. BeposTHOCT nmonaiaHusi B BHIOpaHHBIH
MHTEPBAJ MOXET OBITh OLICHEHAa OTHOCUTEJIBHOM 4acTOTOW IMomajaHusi B 3TOT
uHtepBall. [loaTomy (M B cHIy TEOpPEMBI O CpelHEM 3HAUYEHHH) OTHOCHUTEIIbHAS
yacTtoTa, JEJIEHHas Ha JJJIMHY UWHTEpBaja, SBISAETCS OUEHKOM (yHKUUU

IJIOTHOCTH B HEKOTOPOU CpEeAHEN TOYKE ITOTO UHTEPBAJIA:
a+A

1
=< JEO) A= f (Xpo)s  Xepous € (@ FA).

1%
nA
B nanbHeiilieM Ha OCHOBE THCTOIpPaMMbl OYJET MOCTPOCH KpUTEpHUit
MPOBEPKU TMIIOTE3bI COTIACHUS C TUTOTETUYECKUM PACPEICIICHUEM.
J1J1s TOCTPOEHUS TUCTOTPAMMBbI HEOOXOTUMO
|) pa30duTh oONacTh 3HAYEHW BBHIOOPKM Ha 3aJaHHOE dYHuCIO K
UHTEpBaIOB (cunTas 00a OECKOHECYHBIX KpaHUX MHTEpPBAJIa);

1) nmns xaxgoro j=1,...,K moacuuMraTh KOJIMYECTBO Vi BBIOOPOYHBIX

JTAHHBIX, TIOMABIIUX B | -bIii HHTEPBAJ,
II1) mocTpouth rpaduk CTymeHYaTOH KpHUBOW, Yy KOTOpPOW BBICOTA

CTYNEHBKH HaJl | -bIM MHTEPBAJIOM NPONOPLHUOHAILHA V]

V) HanoxuTh Ha rpaduk THCTOTpaMMbl rpaduk (QYHKIUH IJIOTHOCTH
IpenoaraeMoro pacnpezenacHus (Hanpumep, HOpMajabHOTO).
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Paz6epeM 1o mopsiiKy KaxKblil U3 3TUX MTyHKTOB.

|) Yame Bcero Bce BHYTpEHHHE KOHEYHBIC HWHTEPBAJIBI BHIOMPAIOTCS
OJIMHAKOBOM JIJTMHBL. [1oaTOMY 117151 MOCTpOEHUsT pa30MeHUsl TOCTaTOYHO CHaydasia
BbIOpaTh MpaByl0 TIpaHuly 1-ro uHTEepBasa @ M JIEBYK TIpaHULy & 4
nocieaHero K-ro uareppana. OcTaabHbIe TPAHUIIBI BEIYUCIIAIOTCS IO (opMyJie

a =a+A*j, j=2..,k-1

c marom A=(a _;—&)/(k—2). JleBas rpanuna 1-ro uWHTepBaia paBHA
a, = —00, IIpaBasl rpaHMLIA MOCJIEHETO UHTEPBaNa &, =+oo. [lo noBoxy BeIOOpa

KOJINYECTBA HMHTEPBAJIOB K M TepBOil TIpaHUIBI @; CYIIECTBYET MHOXKECTBO
Pa3IMYHBIX MHEHH. 3/1eCh HEOOXOUMO YUUTHIBATh KaK KAYECTBO BU3YaJIbHOTO
IIPEACTABICHUs], TAK U JaJbHEWIEee MCIOJIB30BAHUE 3TOW TMCTOIPAMMBI IS
IPOBEPKU THUIIOTE3 M OLEHKH BEpPOSITHOCTEW NOMNaJaHusl HaOI0JaeMoil
Clly4aiiHO# BeJIMUYMHBI B pa3inyHble 00JacTH. Eciau rucrorpamma UCHosb3yeTcs
TOJIBKO JIJIsl BU3YaJIbHOTO CPaBHEHHUS ¢ (yHKUMEH MJIOTHOCTH, TO, KAK BapUaHT,
MOKHO B35Th YUCIIO MHTEPBAIOB K paBHBIM NPUOIM3UTENBEHO JECATOW YacTH

BBIOODKH,  IEpPBYH0 TIpaHuly & = Xp,n+A/2, a mnocneqHiow rpaHUIly
A1 = XKnax — Al2, tne X j,— MHUHEMAIBHOE, Xmax — MAKCUMaJIbHOC 3HAYCHUS
BBIOOpKH, AJMHA BHYTpeHHHX uHTEpBadoB A = (X . —X.in)/(K—1). Kpome

TOro, yJl00Hee BbIOMpPATh TPAHMIIBI TaK, YTOOBI OHU HE COBMAJANIA C JIAHHBIMH.
JUist TOro MOKHO, HalmpuMep, TPaHULIbI 3a7aBaTh ¢ OOJbLIEH TOYHOCTHIO, YEM
TOYHOCTh BBIOOPKU. B 1ensx ynpoileHusi, KOJUYECTBO MHTEPBAJIOB, INEpBas
rpaHulia U JJIMHA UHTEPBAJIOB OYyIyT 3aJaHbl KaXK/I0MY U3 CTYAEHTOB OTAE/IbHO
(nnu B ¢aiiyie mepCOHANBHBIX JaHHBIX, WM MTPETIOIaBaATEIIEM).

II) Iloacuer koiMyecTBa IONAJaHUKA B KaXAbIH HWHTEPBAT MOXKHO
OCYILIECTBUTh 0€3 HCIIOJIb30BaHUs KoMIbioTepa. [[1s 3Toro HeoOXoaumMo Ha
aucTe OyMmMardm HA4YepTUTh CXEMY pacIOJIOKCHHsS HHTEpBajaoB (MOXKHO O3
coOII0IcHUsT MaciTaba) M TOCIEAOBATEIbHO MIPOCMOTPETh Bee JaHHBIC. [Ipu
TIOIMaJJaHUM OYEPETHOTO YKCIIA B | -bI MHTEPBAJ HY)KHO IOCTAaBUTH HAJ[ dTHUM
MHTEPBAJIOM TOYKY. KOJMYECTBO TOYEK HAJA KaXJIbIM W3 HHTEPBAJIOB IO
OKOHYaHUU MPOCMOTpa U OyJIeT paBHO UCKOMOW uactote. [lj1s aBToMaTu3anuu

-31-



nojcuera 4actor B EXcel MOXHO BOCIOIB30BaThCS BCTPOCHHOH (yHKIHMEH

YacToTa.

[11) [Tpy mOCTPOEHUM TUCTOTPAMMBI BBICOTY CTYNEHBKA HEOOXOIMMO
BBIOMpaTh paBHOH V;/(NA), 4TO macT B pe3ynbTaTe KPUBYIO, IIOWIAIbL MOJ

KOTOPOHM paBHA €UHUIIE — aHAJIOT CBOMCTBA (DYHKIIMU MIOTHOCTH. [ToCcKOIBKY
BCE paBHO IMPUXOJUTCS BBIOMpPATh HEKOTOPHIA MaciiTad MpeAcTaBICHUS
rpaduka, TO B Cily4ae COBMAJICHUS JIJIMH BCEX BHYTPEHHUX MHTEPBAJIOB MOMXKHO

TOJIOXKUTB BBICOTY CTYIICHBKH PABHOU V| .

V) Kak yxe ObLIO CKa3aHO, THCTOrpaMMa IPEJACTaBIsET cOOOH HEKYIO
OLICHKY (PYHKIIMU MIOTHOCTH. [103TOMY €CTECTBEHHO MOMBITATHCS COMOCTABUTH
rpa¢uk rucrorpamMmel ¢ rpadukom oxumaemoii mioraoctu f(X). B upgeane,

€CIIM JaHHBIE MOJyYeHbl U3 pacmpenenenus ¢ miotHocteio f(X), To rpaduk
Gyuxuun f (X) momken nepeceys Kakayro CTYNEHbKY rpapKa THCTOrPAMMBI.

Yame Bcero oxugaercs HOpMalabHOE pacnpenenenue. W3 apyrux
NOMYJIIPHBIX PACIPEACICHU MbI BBIJICIMM [IOKa3aTeIbHOE pACIpE/IeICHHE
BpEMECHHM CIIyObl M paBHOMepHOoe Ha otpe3ke [0;1]. Tak kak 0OBIUHO
IPEANOIaraéMoe paclpeiesieHHe 3aBUCUT OT HEKOTOPBIX HEH3BECTHBIX
napamMeTpoB, TO HpPH MOCTPOEHUU Tpaduka IUIOTHOCTHU HEOOXOAMMO ITH
napaMmeTpbl OLEHUTh. [l HOpMalabHOrO 3aKOHAa HEHU3BECTHOE CpejHee [

OLICHMBAETCSl BBIOOPOYHBIM CPEIHUM X, a AUCHEPCHS o? - BBIOOPOYHOMI
nucnepeneit S, JIIs I0Ka3aTeNbHOr0 3aKOHA MHTEHCHBHOCTH OTKA3a A paBHa
CpeIHeMy 3HAYEHHIO, MOITOMY A TaKKe MOXKET ObITh OIEHEHO MOCPEICTBOM
X.

[Ipy OJHOBpEMEHHOM MPOPUCOBBIBAHUM TpavKa THCTOrPAMMBI U
(GYHKOMM  IJIOTHOCTH  CJEIyeT IOMHUTb O  BbIOpaHHOM  Maciutade
peACTaBiIeHUs. pyruMu CI0BaMH, €CJIM MPU BBIYMCIEHUN BBICOTHI CTYIIEHBKU
Mbl 3a0bLIM HOJENUTH Ha NA, TO NPUAETCS HAa KOHCTAHTY NA yMHOXHTb

KaXJ0e 3HaueHHe (QYHKIUU IUIOTHOCTH: NA* f(X). UTOOBI MOCTPOUTH IO

BO3MOXKHOCTH 0OoJiee TOYHBIH TrpaduK IIJIOTHOCTH, 3HAYCHHUS (QYHKIHUH
INIOTHOCTH HEOOXOIUMO OBLIO OBI BEIYUCIUTE B OOJIBIIOM 4YHciIe TOYEK. OIHAKO
BO3MOXKHOCTH Makera EXCEl mo3BoiSiOT MOCTpOUTh TrpauK IUIOTHOCTH C
JOCTAaTOYHOM CTENEHbI0 TOYHOCTH, €CJU ITU BHIYMCIICHUSI POU3BECTHU TOJIBKO B
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CpeaAHHUX TOYKax BI)I6paHHBIX HHTCPBAJIOB, IIOCJIC YCTO0 IMPHUMCHUTHL OIIIUIO
CrjlaXuBaHUs.
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3aganue 3.

IMnupuyeckas PyHKIUA pacnpeaeaeHus.

lTocmaHoeka 3adayu.
[TocTpouThs rpadguk 3MNUpUYECKOrd (GYHKIUHU PACIPEECICHUS C MOJAOTHAHHOM
OXKuJaeMol QyHKIUEN pacnpeaesieHusl.

Teopemu4yecKkue OCHOB@8HI.

7L Imnupuyeckas (QYHKUUSL pacnpeoeieHusl.

qHuCII0 BI)I6OPOIIHI>IX JAaHHBIX X, IJI1 KOTOPBIC X < X

Fn(X) = n

OHa CIy)XHT OIEHKON HMCTUHHON (GYHKIHMH PACHpPEACICHUS M IPEACTABIIACT
coboit Bo3pacratomryto ot O 10 1 crynendarywo ¢ynkiuio. M3menenus F,(X)

MPOUCXOMIT CKAYKOM B TOYKAxX X, COBMAJAIOMIMX C KaKUM-JTMOO BBIOOPOUYHBIM
3HaUe€HWEeM X. BhIcoTa 3TOro ckadka paBHA YUCIY BBIOOPOYHBIX JAHHBIX,
paBHBIX X;, MOJICIGHHOMY Ha oOImMi o0beM BBIOOPKM N. BHyTpu mo6oro
WHTEpBaja 3HAYCHUN X, HE COJEp)KAIIEero BBIOOPOYHBIX JAaHHBIX, (YHKIIHS
F,(X) ocraercsi HEW3MEHHO.

B otnuume ot rucrorpammel, ODP gBasieTCs 1OCTAaTOYHOW CTATUCTUKOM,
TO €CTh COXpaHseT BCIO MOJHOTY HHpopManuu BbIOOpkH. Kpome Toro, mpu
yBEIMYEHHUH OObeMa BBIOOPKM OHA CXOAMUTCS K HUCTUHHON (yHKIMH
pacnpenenenus F(X):

D =sup|F, ()~ F(x)[->0, n— 0. *)

JIpyrumMu CJIOBaMH, OHAa SBIIIETCS COCTOSATEIbHOM oueHkoi F(X). Jlerko
nokasath, uto D®P Takke u HecMmeleHHas ouenka F(X).

Jns moctpoenust DOPP HeoOX0MMO cHavalia MOCTPOUTh TaK Ha3bIBa€MbIH
BAPUAYUOHHDILL _ piad —  PSJ YHOPSIJOYEHHBIX  BBIOOPOYHBIX  JaHHBIX

Xy S X2y <= Xy - OOpaTuM BHHMMAaHME 3/IeCh HAa pa3jvyue B HAIHUCAHUU

UHJIEKCOB B MCXOJHON BBIOOPKE X; M B BapMALlUOHHOM DALy X;). B mepBom
cillydae MHJEKC YKa3blBaeT Ha HOMEpP B MOPSJIKE MOCTYIUIEHUS BBIOOPOYHOIO
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3HAYEHUS, a BO BTOPOM Cllydae — Ha €ro PaHr, TO eCTh Ha MECTO, KOTOPOE ITO
3HAYCHUE 3aHMMAET B PAHXKHPOBAHHOM I10 BO3PACTAHHUIO PSAYy BBIOOPOYHBIX
naHHbIX. CIe0BaTEeNbHO, BCEraa X(1) — MUHUMAIbHOE 3HAYEHUE BEIOOPKH, X —
e€ MakCUMallbHO€ 3HayeHue Mpu oObeMe BbIOOpkH N. Jljig 3HAYeHHH X,
NOMAJAIIMX B HHTEPBAT MEXKIY K-biM  ® (k+1)-pIM 3HAYCHUSAMU
BAPUAIMOHHOTO PANA, — Xy < X< X4y, ODP  F (X)=k/n. B wactnocry,

3aMETHM, YTO €Ciu X1y < Xy, T0 F (X)) =(k=1)/n.

B kauectBe mpumepa paccmoTpum DDP, mocTpoeHHy0 Mo 6 JaHHBIM,
cpeau KOTOphIX -1 BcTpeuaercs aBa pas3a, 1 — Tpu pasa, a 4 — oaun pas. ['padux
D®P Oyzer BbIMISIAECTH CAEAYIOIMIMM 00pa3om

A
1+
—
e T
2/
1 1 4

Kak u npu nocrpoenun ructorpaMmmsl, rpadux IDP none3Ho cpaBHUTSH C
rpaMKOM MpENoIaraeMoro pacrpeneieHus (Hanpumep, HopMajiabHOro). Ilpu
3TOM  HEKOTOPYI0 HMH(OpMAnuio0 O CTENEeHH JOCTOBEPHOCTH  ITOTrO
pacnpenesieHdss — NPaBUIBHOCTH BBIABUHYTOIO MPEANOJIOXKEHUS O BHUJIE
pacripeiesieHuss — OyJIeT HECTH BeJIMYMHA pacxoxkaeHusi D, BbruuciaeHHas 1o
dopmyie (*). HeusBecTHbie mapaMeTpbl MOJICIM MOYKHO OIEHHTBH MO BBIOOPKE.
B HOpMasibHOUM MOAENH CpelHeE [/ OLICHUBAETCS BHIOOPOUYHBIM CPEIHUM X, a

nucnepenst 6> — BBIGOPOUHON aucnepereil S2. JUIs OKA3aTeIbHOTO 3aKOHA
MHTCHCUBHOCTh OTKa3a A TaK)Ke MOXKET ObITh OIIEHEHA MMOCPECTBOM X .

Ecnu 661 mpeamonaraemoe pacrpesenenre ObljI0 U3BECTHO MOJHOCTBIO U
HE HaJ0 OBLIO OLIEHMBATh HEM3BECTHBIE MapaMeTphl, TO Ha OCHOBE 3HaueHui D
MOXHO OBLIO OBl TOCTPOWTH KpPUTEPUH MPOBEPKH aJEKBATHOCTH 3TOTO
pacrnpeneneHus BBIOOPOUHBIM JAHHBIM — TaK Ha3bIBaeMblil kKputepuit CMUpHOBa
(cm., Harmpumep, cOopHuK Tabmuil [1]). [IpuMeHSTh ATOT KpUTEpHid K MOACIISIM C
HEM3BECTHBIMHM THapaMeTpaMH HeJNb3sl, TOCKOIbKY BEpOSTHOCTh OHMOKH 1-ro
poJia TaKOTO KpUTEepus OyAeT 3aBUCETh OT HEM3BECTHBIX MAPAMETPOB.
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'maBa Ill. NMpoBepka runoresbl 0 TUMNE
pacnpeneneHus

3nech OmnuChIBaeTCs HauOolsiee MNOMYJSIPHBIM METOJ MPOBEPKH COIJIACHs
BbIOOPOYHBIX JAHHBIX C TUIIOTE30M O TUIE pacHpeeICHuUsI.

3ananue 4.

KpuTepuii cornacusi Xu-kBajapar.

lTocmaHoeka 3adayu.
TpeOyercst MPOBEPUTH THUIIOTE3Y Hyo:Fe¥Y o T1oM, uro QyHkus

pacrpeieieHus: BBIOOPOYHBIX JaHHBIX F MpUHANICKUT 3aJTaHHOMY CEMEUCTBY
pacnpenenenuii ¥ (HopMaabHOMY, SKCIIOHEHITMAIEHOMY WJIH PaBHOMEPHOMY).

Teopemu4yecKkue OCHOB@HI.
B kauecTBe KpuTepus MNPOBEPKU TAKOW THMIOTE3bl 4Yalle BCEro BLIOMPAIOT
KpUTEpUil corjacusi Xu-KBajapar. [ NpUHSITUS PEUIEHUST B COOTBETCTBUU C
ATUM KPUTEPUEM HEOOXOIUMO:

) BwaBunyts runoresy Hy:Fe¥ o Bume pacnpenenenus

BBIOOPOYHBIX JaHHBIX F .
[1) Pa30uth 00acTh 3HAYCHUI HAOIFO1a€MOM C.B. HA I HMHTEPBAJIOB.
[11) [lo N BBIOOPOYHBIM JAaHHBIM NOACYMTATh TAOIUIy YacTOT Vi,

aHAJIOTMYHYIO0 TUCTOIPaMMHOM Tabnule.
V) Jlnst kaxaoro WHTEpBajia BBIYUCIUTH TEOPETHUECKUE BEPOSTHOCTH

pi morajgadHuvs B 5TOT HHTCPBAJI.

V) BbIYHCIUTE TECTOBYIO CTAaTHCTUKY

r 2
X2 = (vy-np) ’
; np
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OPEACTaBISIONIYI0 COOOM HEKYI0 MEPY PAaCXOXKICHUS MEXKIY

OXHJIAeMbIMU (TEOPETHYECKMMH) YaCTOTaMU N P, ¥ BEIOOPOYHBIMU

(Moy4YeHHBIMH B DKCIIEPUMEHTE) YaCTOTaMH V.
V1) BbruucnuTh KpUTUIECKUY yPOBEHD 3HAYUMOCTH O,
VII) IlpuHATH pelnieHre O CTAaTUCTUYECKOW 3HAYMMOCTH IPOBEPSEMOMA

TUIIOTE3BI.
PazbepeM Kaxkiblil MyHKT MO MOPSIKY.

) UYame Bcero Ha NpaKTHKE BO3HUKAET 3ajiada MPOBEPKU THITOTE3bI
HOpMalbHOCTH. B 3TOM ciywae cemelictBo W ecTh cemMeiiCTBO HOpMalIbHBIX

pacnpenenenuii  F(X) = CD(X_—ﬂj , ueR,o>0, rue
o

1 y _72/2
D(X)=—= [e*'%dz -
N21 o
CTaHAapPTHOC HOPMAJIBbHOC pPaCIpCACICHUC, a (,U,G) — J1Ba HCHU3BCCTHLIX

napameTpa.
Ecim TpeOyercst MpoBEpUTh TMIIOTE3Y O PABHOMEPHOM pacIpe/ie/ICHHH Ha
orpeske [0; 1], To cemeiictBo W Oyzaer cocrosTh BCEro M3 OJHOIO
pacnpenenenust Fy(X) =X, 0< x<1.
Ecim  mpoBepsiercss  rumoTre3a 00  OKCIOHCHIHMAJIBHOM  THIIC
pacmnpeneienus, To cemedictBo WV cocrour w3 QyHKIMA  Buaa

F(X) :1—exp(—§), x>0,41>0.

[1) Ctporo roBopsi, pa3doueHue YUCI0OBOM MPSIMON HA UHTEPBAJIbI (KaK U
YHCIIO 3TUX MHTEPBAIOB) HEOOXOIMMO BEIOMpATh HE3aBUCUMO OT HAOIOIEHHBIX
B JKCIIEpUMEHTe 3HauyeHWi. OJHAKO MPAKTHYECKH 3TO TPeOOBAHHME MOYKHO
peanu3oBaTh, TOJBKO €CIM THIIOTETUYECKOE paclpefielieHue H3BECTHO
MOJIHOCTBI0. B TPOTUBHOM cjTydae odeHb 9acTo OyJeT HaOII0IaThCs CUTYaIus,
Korja OOJBIIMHCTBO BBIOOPOYHBIX JIAHHBIX TIOMAAyT B OJWH HHTEpBaI.
[ToaToMy Ha TpaKkTUKE WHTEPBAJbl CTPOSAT B COOTBETCTBUM C BBIOOPOUYHBIMH
JaHHBIMH. B KauecTBe OJHOTO M3 BO3MOXKHBIX CIOCOOOB TAaKOI'O MOCTPOCHMSI

(13 99
npeayaraeTcs MpocTo pazdouTh “pasvax” BHIOOPOYHBIX NAHHBIX (0T X, MO
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Xmex ) HA [ PaBHBIX HHTEPBAJIOB C MOCIEAYIOMIUM PACIIUPEHHEM JBYX KpaHUX

MHTEPBAJIOB J10 + 0.
IIpedoocmepesicenue. Tak nenatb HeAb3s. W yK, €clii O4€Hb XOYETCs, TO —
MOXXHO. VmeeTrcss B BUIy, 4TO Tak OOBIYHO W JIENIAlOT, HO KOPPEKTHOCTh
CTATUCTUYECKOTO BBIBOJIA B 3TOM Cliydae TpyJHO OyJeT 000CHOBATh.
C npyroit CTOpoHbI, HEOOXOAUMO CIIEIUTh, YTOOBI BELIOOPOYHBIE 3HAUCHUS
HE Momajajv Ha TPAHUIy MEXJIy HHTEpBajJaMHU. DTO JOCTUTaeTCs MyTEeM
3aJIaHUsl 3HAYEHUN TpaHUl] UHTEPBAJIOB C TOYHOCTHIO HAa €AUHUILY OOJBIIYIO,
4eM TOYHOCTh BHIOOPOYHBIX JaHHBIX. [IpH BBIMOJHEHUN KYPCOBOTO MPOEKTA MBI
MOCTYIHUM Ipolle. A UMEHHO, BOCIIOIb3yeMCs pe3yibTaTaMu 3a7aHus 2.

[11) TToctpoeHue TaONMIBI YAaCTOT ONMKCAHO B 3aJaHWM Ha MOCTPOCHHUE
TUCTOTPAMMBL.

V) BeposTHOCTP TMOMaganust B i—blil HHTEpBa [X_4; X ) paBHa
P = Fo(X) = Fo(X_1),
rae ¢yHkuus pacnpenenenus Fy; 1mbo coBmamaer ¢ TEOPETUUECKOM, €CiH

MpOBEPSIETC MPOCTasi TUNoTe3a, JU0o NIl €€ BBIUYUCICHUSI B TUIIOTETUYECKOM
pacnpeniesieHud HEU3BECTHbIE MapaMeTphl 3aMEHSIOTCS OlleHKaMu. B kadecTBe
OLICHOK MapaMeTpPOB HOPMAaJIbHOTO PACHpPEAC/ICHUs] MOXKHO B3ATh BBIOOPOYHOE

-~ ~2 _ 2
cpenHee p =X W BRIOOpPOUYHYIO AucHepcuto o = S°. B aToM ciydae

Fo(x):cD(X_Xj.

S

Jlnst nByx KpaitHux wuHTepBanoB (—o0;%) u (X,_;;90) BEpOSTHOCTH

paBubl P, = Fy(X) u P, =1— Fy(X,_;), cooTBeTCTBEHHO.

V) [Ilporecc BbIUUCIICHUS CTATHCTUKUA XHU-KBajpaT B cpene Excel

ornucaH B mocobuu [4] Ha mpumepe MPOBEPKU THITIOTE3bI HOPMAJTBLHOCTH.

V1) [lnst BbIYMCICHHS] KPUTHYECKOTO YPOBHS 3HAYMMOCTH HEOOXOIUMO

3HaTh QYyHKIHIO pacupeneneHus G(X) TeCcTOBOW CTaTUCTUKH X 2. Eciu 6l
THIIOTETHYECKOE pacmpesesienne ObUIO HM3BECTHO TOYHO, TO €CTh OBbUIH OBl
U3BECTHBI BCE MapaMeTphl MPOBepsieMoit Mojien (Kak MpU MPOBEPKE THIIOTE3bl
PaBHOMEPHOCTH), TO TP OOJIBIIIOM 00beMe BBIOOPKU QyHKIMIO G(X) MOXHO
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ObUTO OBl aMMPOKCHUMUPOBATh XHM-KBajapaT pacupenenenuem K, i(X) c (r-1)-oii
CTENEHbIO0 CBOOOIBI. B 3TOM ciiydae KpUTHYECKUI YPOBEHb 3HAYMMOCTH

~1-K 4 (x),

aKpI/IT

rae X% — noaydensoe 3Hauenue cratuctuku X 2. Ecau mapamerpbl MOZenH
OLIEHUBAIOTCS 110 BBIOOPKE, TO (yHKuUs G(X) HauMHAET 3aBUCETH OT JTHX
napamMeTpoB. M3BECTHO, OJHAKO, YTO €CId M  HEW3BECTHBIX I1apaMETPOB
OIIEHUBAIOTCS O METOAY MAKCUMAJILHOIO MNPaBAONOAOOHs, TO IpH N —> o0
CIIPaBeIIMBO HEPABEHCTBO
Kr—l(X) < G(X) < Kr—l—m(x)-

[TooTOMY, HAIPUMED, MIPHU TIPOBEPKE TMIIOTE3BI HOPMAIBHOCTH (MOJIEND C JABYMSI
HEU3BECTHBIMU [IAPAMETPAMHK) HEOOXOAUMO BBHIUMCIIUTH [BA 3HAUECHHUS:
ar1=1— Kr-l(Xz) H Or3= 1_Kr-3(X2)- JIOKRAMNTE, uTO 04r3< Olpeq

Kcrary, ecitd rpaHuIlbl HHTEPBAIOB BLIOUPATh B 3aBUCHMOCTH OT JIAHHBIX,
T0 moBenenne (yHkiuu pacnpenenenus G(X) cranosurcs eme Gosee

HECTIPCACKA3yCMbIM.

V1) BbIBOBI O CIIPaBEUIMBOCTH THIIOTE3bI ACTAIOTCS B 3aBUCUMOCTH OT

PacCMoOIOKEHUS Ol-1-m, O-1 OTHOCUTEIBHO BBIOPAHHOTO YPOBHSI 3HAYUMOCTH OL.

Ecnu
> Oprm>o - TUIIOTE3a IPUHUMAETCH € Olpyr = Obr-1-m ;
> o <a — TUIIOTE3a OTBEPrae€TCsa € Olpyur = Oly-1 :
> oam<oa<op — HET JOCTAaTOYHBIX OCHOBAHMH 1A
MPUHSATUS KAKOTO-THO0 PEIeHus (Olgpur = OL).
3aMeuaHue. Kpurepuii xu-kBagpaT HOCUT Ha3BaHHE KPUTEPHUs COIJIACHS,

IIOCKOJIBKY IIPY €r0 IIPUMEHEHUU HE YUUTHIBAETCS BUJ AJIbTEPHATUBBI U BBIBOJ,
KOTOPBI HpPU O3TOM JIENAeTCs, O3HAYAeT TOJbKO, YTO WM MBI TUIIOTE3Y
IIPUHUMAEM — JJAHHBIE COIJIACYIOTCS C TMIIOTE€30M, UM OTBEPraeM — JAaHHbBIE HE
COIJIACYHOTCS C TUIOTE30M.
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naBa |V. MpoBepka rmnoTe3bl
OAHOPOAHOCTU

B mpakTuke mpuMeHEHHUs] METOJIOB CTAaTHCTUYECKOTO aHanu3a Haubosee BOC-
TpeOOBaHbl METOJ/Ibl CPAaBHEHHUSI PAa3JIMYHBIX COBOKYIHOCTEH BBIOOPOUYHBIX
JAHHBIX C 1IETbI0 BBISICHEHUS UX OJHOPOAHOCTU. Hanmpumep, npu uccienoBaHUH
Je4eOHBIX CBOWCTB HOBOTO MpenapaTa 4acTo TpedyeTcs

a) CPaBHUTH BO3JICHCTBHE ATOTO MpernapaTa Ha HEKOTOPYIO XapaKTePUCTUKY
3I0POBbSl B OJIHOW TpymIe MalueHTOB (— mepBasi BHIOOpKA) ¢ BO3IEHCTBHEM
CTaporo mpernapara Ha Ty )K€ XapaKTepPHCTUKY B JPYTOd TPYyIIe MalueHToB (—
BTOpasi BBIOOPKA), UK

0) CpaBHUTH XapaKTEPUCTUKU 3JIOPOBHSI Y MAIIMEHTOB OJHON TPyMIBI 10
adcueHuss (— mepBas BBIOOpKA) W IIOCIC JICYCHMs MpenaparoM (— BTopas
BBIOOpKA), WK

B) CPaBHHTBH JIOJIIO BBI3JIOPOBEBIIMX MAIMEHTOB MPU PA3IHMUHBIX CIIOCOOAX
JIeYEHUsI.

B o6uieM Buje 3a1auy MOKHO ¢POpMYTUPOBATH CIEIYIOLUIUM 00pa3oM.

Hmerorcst 1Beé COBOKYIMHOCTH BBHIOOPOYHBIX JAAHHBIX. TpeOyeTcsi CpaBHUTH
UX MEXKY COOOM.

Cnyudaiinple BBIOOPKM MOXKHO CPaBHUTh TOJBKO MO UX (QYHKIUIM
pacnpenenenus. Takum 00pa3oM, COBIMAJCHHE COBOKYITHOCTEH O3HAYAET, YTO
OHU UMEIOT OJIMHAKOBOE paclpe/iesieHue Wid, APYTUMU CII0BaMH, OJJHOPOJIHBI.

31eck MBI U3y4yuM 6 KpUTEpHEB CpaBHEHUS COBOKyMHOCTei. Ha mpakTuke
BbIOOP TOrO0 WMJIM HMHOTO KpPUTEpHsl 3aBUCUT OT OTBETa Ha CieayloUIMe JBa
OCHOBHBIX BOIIPOCA.

1) Mmerot 11 BEIOOPKH HOPMAJIbHOE pacrpeieacHue?
2) MOXXHO JM CUHMTaTh HAONIONEHUS B PA3IUYHBIX BBIOOpPKaAX
HE3aBUCUMBIMU ?
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3amanme S.
OnHoBBIOOPOUYHBbIHM KpuTepuil CTHIOIEHTA.

lTocmaHoeka 3adavyu.

JIBYyXBbIOOPOUHBI BapuaHT. Vmerorcst aBe BBIOOPKH (Xi,.-.s X)), (Visees Vi)

OJIMHAKOBOro oObema. M3BeCTHO, YTO pacmpeleieHHs B O3THX BBIOOpKaX
HOYMHEHBI HOPMAIILHOMY 3aKOHY M, KPOME TOT0, K&KA0€e | -0oe HaOIoAeHue X
B 1-0ii BEIOOpKE 3aBUCHT (B BEPOSITHOCTHOM CMBICJIE) OT COOTBETCTBYFOIIETO | -
oro HaOmoJeHHs Y, BO BTOpoi BbIOOpke. TpeOyercsi mpoBEpPUTH TMIIOTE3Y
OJTHOPOJHOCTH BbIOOpOK. TouHee, TpeOyeTcsl MPOBEPUTH THIIOTE3Y O TOM, YTO
Cpe/lHee 3HAueHHE PA3HOCTH BHIOOPOK paBHO HYyMO (MEHbINE HYJsS, OOJbIIE
HYJIS).

OaHOBBIOOPOYHBIM BapuaHT. Fmeercss oaHa BbIOOPKA U3 HOPMAJIBHOIO
pacnpenenenusi. TpeOyeTcst IpOBEPUTH IMIIOTE3Y O TOM, YTO CPEJIHEE 3HAUYEHUE
ATOrO paclpeaeieHusl He IPEBOCXOAUT 3aJaHHON BeanuuHbl C

HOpM "

Teopemu4yecKkue OCHOB@8HI.

rIOCKOJIBKy KaXXJ10€ 3HAYE€HUE X; B OJHOHN BBIOOPKE 3aBMCHUT OT 3HA4€HUs Y, B
apyroit BeIOOpKe (Hampumep, o0a 3HAYCHHS CYTh M3MEPEHUsS OJHOW M TOH XKe
XapaKTepUCTUKH y OJHOTO MAalMeHTa), TO BMECTO ABYX M3MepeHud X, Y
paccMaTpHUBarOT UX pa3sHOcTh Ui = X —Y:. Takum oOpa3om, eciu 00e BEIOOpKU
MOJIy4YeHbl U3 HOPMAJIBHOIO pacHpelesieHus, TO TUIOoTe3a OAHOPOIHOCTHU
BBIOOPOK MOJKET ObITh C(HOPMYTUPOBAHA B BUJIC
Hy:u=0,
rne M= {4y — [, — Pa3sHOCTb CPEIHHUX 3HAYEHWN MEPBOM M BTOPOU BBIOOPOK.

AJlbTepHAaTHBA K HYJIEBOM THMIIOTE3€ 4Yallle BCErO COBMANAET C OXUIAAHUSIMHU
sKcriepuMenTaTtopa. Hampumep, ecnu  BbIOOPKHM — NPEACTABISIOT  COOOM
U3MEPEHUSI BEPXHEr0 apTEPUATIBHOTO JABJIEHUS A0 W MOCIE JICUEHHS HOBBIM
penaparoM OT TMIIEPTOHUH, TO €CTECTBEHHO 0XKHUAATh, YTO BO BTOPOM BBIOOPKE
3HaueHus OyIlyT HUXKE, YeM B MepBoil. B 3TOM ciiyuyae anbTrepHaTHBa JODKHA
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umerb Bua  Hy:gy —p, >0. C npyroit CTOpOHBI, €Cli SKCIEPUMEHTATOPY

BaXKEH JIMIIb caM (aKT OTJIMYMS OJHOW BBIOOPKH OT JIpYroil, TO clieayer

BBIOMpATh IBYXCTOPOHHIOK ajibTepHaTuBy Buaa Hy @y —u, #0.

Craructuka o JHOBBIOOpOUHOTO KpuTepusi CThIOJIEHTa paBHA
u
T=—4/n-1,
s,

rae U— BeiOopouHOe cpenHee, S, — BblOOpouHas aucnepcus (CMelIeHHas
OLICHKA), BBIYMCJIEHHBIE IO pasHOCTAM U, =X —VY;, N — 00beM BBIOOPKH.
Ecnu cnpaBeanuBo mpenooKeHue 0 HOPMadbHOCTU pachlpesie/ieHusl U BepHa
HyJeBasi TUIOTE3a, TO CTAaTUCTHKA | wuMmeeT pacnpenenenue CThIOJeHTa
S,1(t) ¢ (N—1)-oit cremenbto cBOGO B! (cM.BBeIcH E). B mro6oM yueOHuKe MO
MaTEMaTUYeCKON CTAaTUCTUKE HMEITCS TaOJMIbl 3TOr0 pacrpeaeieHus.
Cnenyer moMHUTH, uTo pacnpenenenue CTplOJIeHTa CHUMMETPUYHO —
S, 1(-t)=1-§, (), nosTomy Tabauubl MOCTPOCHBI OOBIYHO JHIOb JUIs
BXo/HbIX 3HaueHuit t > 0. Takum oOpasom, ecnu t — pe3ysbraT BbIYMCICHUI

CTATUCTUKU | 110 OKCIICPUMCHTAJIbHBIM JdHHBIM, TO KpI/ITI/I‘-IeCKI/Iﬁ YPOBCHDb

SHAYMMOCTH paBCH

allbTepHATUBA KPUTUYECKUN YPOBEHb 3HAYMMOCTHU | TOSACHEHUS
Hylpy— 1, >0 Ao = 1= G4 (1) =P{T >t}
Hyfpy— 1, <0 Ao = S (1) =P{T <t}
Hyt—p, #0 A = 2(1= S, 4(1)) =P{|T|>t}

N3 onkiTa IMPUMCHCHUS 3TOr0 KPpHUTCPHA 3aMCUYCHO, YTO OYCHL 4YaCTO IIPH

BBIYMCIICHUM  Pa3HOCTEH  MEpecTaBIsIOTCS  BBIOOpPKH  (BMecTo X — VY,
BBIYMCISCTCS Y, — X ), 4TO He siBigeTcs KpuMmuHaioM. HeoOxoxumo muiib

CIeIUTh 3a AJE€KBATHOCTHIO BBIJIBUHYTOM OJHOCTOPOHHEW alIbTEPHATUBHI U
u30paHHoro  crnoco6a  BbruuciieHus — cratuctuku  CrprogeHta. s
JIBYXCTOPOHHEH aJIbTepPHATUBBI CIOCOO BHIUMCICHUSI HE TPUHIIUITHAJICH.

3ameyaHue. Kpurepuii noroMy 1 Ha3bIBaeTCsi OJJHOBBIOOPOYHBIM, YTO IO
CBOEH CYTH MpPEIHA3HAYEH JUId CPaBHEHUs CPEAHEr0 3HAYEHUs OJHOU
HOpMaJIbHON BBIOOPKU ¢ HEKOTOpO HopMoil C

HOpM *

OnucaHHYIO BBILIE CXEMY C
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OUYEBUIHBIMU M3MEHEHUSIMH MOXKHO NMPUMEHUTh UM B 3TOM ciiydae. Hampumep,
eclii  Tepe]  WCCleloBaTeleM  CTosla  3ajada  TOJHOTO  H3JICYCHHS
TUIEPTOHUYECKUX OOJIbHBIX, TO HEOOXOIUMO OBbLIO OBl MPOBEPUTH TUIOTE3Y O
TOM, YTO CpEJHEE 3HAUCHUE BEPXHETO apTepUaTbLHOTO JABJCHUS y MAIMEHTOB,
MPOIIEIINX KypcC jedeHus, Oyaet Oonbiie 125 npu anpTepHaThBe MeHble 125.

Otrianune 3aKII04YaeTcs TOJbKO B TOM, YTO BMECTO pasHOCTEd Ui =X —Y,
ClIelyeT pacCMOTPETh pa3HocTH U, = X —C

HOpM *

3axanue 6.

Kpurepuii 3HaKoB.

lTocmaHoeka 3adauyu.

JByxBbIO0OpOuHbIit BapuaHt. Mwmetorcst aBe BBIOOPKH (Xq,..rs Xp)y (Viser Vi)

OAMHAKOBOTO oObeMa. 3BecTHO, uTO Kakmoe |-oe HaOmoxeHwe X B 1-oif
BBIOOpKE 3aBUCHT (B BEPOSTHOCTHOM CMBICIE) OT COOTBETCTBYIOIIETO | -Oro0
HaOroieHust Y, BO BTOpOM BbIOOpKe. PacnpeneneHue BBHIOOPOK HENU3BECTHO.

TpebdyeTrcst IpOBEPUTH TUIIOTE3Y OJHOPOAHOCTH BHIOOPOK.

OaHOBBIOOPOYHBIM BapuaHT. Fmeercs oaHa BeIOOpka. Tpedyercs mpoBEpUTH
TUIIOTE3Y, YTO HEKOTOPOE (PUKCUPOBAHHOE COOBITHE MPOUCXOAMT YallE, YEM
IPOTHBOMOJIOXKHOE K 3TOMY COOBITHIO YTBEpXKACHUE (HApuMep, JIeYeHHE Jalie
IPUBOJINUT K BBI3IOPOBJICHUIO).

Teopemu4yecKkue OCHOB@8HI.

Ecnu uccnenoarens uHTepecyeT aullb (HakT Haauuus 3(dexra Bo3ACUCTBUS U
HET OCHOBAHMI TMpeanonaraTh HOPMAIBHOCTh pAacHpeeieHus BBHIOOPOK, TO
MOXHO KaXIyI0 Mapy HMCXOAHBIX MaHHBIX (X ,Y,) 3aMEHUTh BEJIUYHHON Z,
OPUHUMAIOLIEN BCEro JABa 3HaueHus: z =1, eciau adpdext ectb, u Z =0, ecau
addekxra Het. Ilox sdpdekToM MOXKET MOHUMATHCS, HANPUMEP, YMEHBIIICHHUE
apTepuajIbHOTO JAaBJCHUS TOCJE JICUCHUS WA YBEIWYEHHUE JOJIM TOJIE3HBIX
BEIIECTB MOCJE CTepWIu3aluu. ECIu MpeamnojoXKuTh, YTO BO3JICHCTBUE HE

obnagaer HUKaKuM 3(QeKkTom, TO BeauuuHa Z, OyJIeT UMETh paclpe/iecHue

bepHyu ¢ BepositHocThIO yenexa P = 0,5 (— nmpubnusurensio B 50% cirydaes
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nomkeH Habmonarbest d¢ddekr). HccrmengoBarento Obulo Obl  MHTEPECHO
IPOBEPUTH TUIIOTE3Y

Hy: p<05 —»sddexr oTcyrcTByeT nnm HampapieH NPOTHBOIOIOXHO,
npu ansrepHaruse H,: p>0,5.

JlJ11 IpOBEpPKH TUIOTE3 MOI0OHOr0 poJia MOKHO MCHOJIb30BATh KPUTEPHIA
3HAKOB, CTaTHUCTHKA KOTOporo M paBHa unciay 6J1IaronpusiTHBIX UCXOJI0B!

M=>1z.
=

W3 onpenenenus BuaHO, 4yTo M wHMeeTr OMHOMHANIBHOE pacHpeeieHUuE C
napametrpamu (N, p). HymeBas rtwHmoTe3a JOHKHA OTBEPrarbes, €CIH
BBIOOpPOYHOE 3HAueHWe M cTtaTUCTUKM M OyaeT J0CTaTOYHO OOJIBIINUM.
Kputndaeckuii ypoBeHb 3HAYMMOCTH TaKOTO KpHUTEpHs paBeH (1o dGopmysie s
OMHOMHAJIBHOI'O PACIIPEICIACHHMS)
n
e = SUP P{M =m0, p} = sup > Crp*(1-p)"*.
p<0,5 p<0,5 k=m

HeTpynHno moHsiTh, 4TO SUPrEMUM B MOCHAEAHEM BBIPAKEHUU JTOCTUTAETCS Ha
rpanuie Mexay rumnoresamu npu P = 0,5 (dem Oosbmme P, TeM Oosblme

oxkugaemoe 3HadueHue M ). Takum o00pa3oM, Mpu BBIOOPOYHOM 3HAYCHHUH
M=m

1 &~k
- *
i = 2.Cn - *)
k=m
3aMeyaHue. OHI/IC&HHy}O CXCMY MOKHO IIPUMCHATL TAKXKC IJIS IIPOBCPKU

TUIOTE3bl O BEPOSATHOCTH ‘‘ycrexa” NpH OWHOMHUANBHBIX MCHBITAHUAX —
OJIHOBBIOOPOYHBIN BapuaHT KpuTepus. B kadecTBe mpumepa paccMOTpUM
CUTYaIlMI0, KOTJa TMPU COCTABIICHUM JOTOBOPA KYIUIM-TIPOJAKUA 3aKa3UUKOM
OblJla OroBOpeHa HIKHSAA TpaHuna B 92% s gonau 100poKavyeCTBEHHOM
npoaykiuu. [lpuw mocTymjaeHuu TOBapa 3aKa3duMK MPOBOJUT KOHTPOJBHBIC
U3MepeHus N eauHuI] npoaykuuu. [lo pe3ynbrataM UCIBITaHU, OCHOBBIBASCH
TOJIBKO Ha KOJUYECTBE KOHJAMIIMOHHON TMPOAYKIUU, TPeOYyeTcs MPOBEPUTH
runoredy H,: p<0,92 (onsTh jxe runoTe3a MpOTHBOMOIOKHA OKUIAHUSIM).

Hpyroit mnpumep. C 1enbl0 TPOTHO3UPOBAHUS PE3yNbTATOB OYIYyIINX
BbIOOpOB Obu10 ompoimeHo 1000 pecrnonaentoB. Cpeau HHUX OKaszalioch 35
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CTOPOHHHUKOB maptuu «byner emé xyxe!» MOXKHO 1 yTBEp)KIaTh, 4TO 3Ta
napTus HE MOMaJIET B IyMy?

Ecnu cuutars 1000 pecnioHIeHTOB Karjieil B Mope Bcex u3Oupareneit u
0TOOp PECHOHIEHTOB MPOU3BOIUICS aO0COIOTHO CIy4ailHO, TO MOYKHO OIKCATh
HaIM HaOJII0IeHNsI KaK BRIOOPKY U3 pacripesiesieHrs bepHyuiu ¢ BepoSTHOCTHIO
ycnexa P, paBHOM J0JIE BCEX CTOPOHHHMKOB YKAa3aHHOW MapTuu. Eciau Mbl

HAXOJMMCSI Ha MO3UIMSIX MPOTUBHUKOB MapTUH «byeT emg Xyxe!», Mbl XOTenu
Obl, uTO OBI 3Ta H0Js Obuta MeHbie 0,05. [loaToMy B KauecTBe ajabTEepHATHBBI
MBI JJOJDKHBI BBIOpaTh yTBep)kaenue H,: p<0,05.

Urak, n=1000,m= 35, rpannuHoe 3HaueHue P, =0,05. Kpuruueckuii

ypoBeHb 3HauMMocTH paBeH «, - =P{M <m|p=0,05 =0,014.

KpUT
BeiBoj. Ckopee Bcero (¢ HanesxxHOCTRIO 98,6%), mapTus «byzaer emié
xyxe!» He npoiiaet B ymy.

3ananue 7.
JByxBb100po4HbIil KpuTepuit CThIOAEHTA.

lTocmaHoeka 3adavyu.

Wmetorcst e BHIOOPKH  (X,ees X )5 (Visees Vi, ), OTHOCSIIMECS K JIBYM

HE3aBUCUMBIM TpylnmnaM HaOJIOJeHUH OJHOM M TOM Ke XapaKTepUCTUKH,
MOAYMHSIONICHCS HOPMaJbHOMY 3aKOHY C OJMHAKOBBIMM JJII 00€UX BBIOOPOK
aucnepcusiMu. TpeOyeTcst MpOBEPUTH TUIIOTE3Y OJHOPOIHOCTH BHIOOPOK.

Teopemu4yecKkue OCHOBHI.

OHOPOHOCTH BHIOOPOK B MPENONIOKEHUH HOPMAJIBHOCTH MX paclipe/ieieHus
SKBUBAJICHTHA COBHAJICHUIO CcpenHux W aucnepcuil. Kpurepuit CrhrogeHTa
NPUMEHSIETCSI B TOM CJjydae, €CJId MOXKHO amnpuopd, MO TEeM WIM HHBIM
COOOpaKEHUSIM, MPEONIOKUTh, YTO JTUCHIEPCUHM OJIMHAKOBBI. Hampumep, onHa
U Ta € XapaKTEPUCTUKA U3MEPSETCs] OJHUM U TE€M e Nmpudopom, u pazdpoc
JAQHHBIX OOYCJIOBJIEH MCKJIIOUUTENIBHO OIIMOKaMu 3Toro mnpubdopa. Jlpyroii
npuMep, OOBIYHBIMA ISl MEIUIIMHCKOW IMPAKTUKU, — CPAaBHEHHUE MOKa3aTesieu
3MI0pOBbsl B JBYX TIpynnax MalMeHTOB, MOABEPTrHYTHIX JBYM pa3IMYHbIM
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METOJaM JICUEHHs], MPUYEM TpyNIbl chOPMHUPOBAHBI OJMHAKOBBIM 00pa3oM. B
ATOM Clly4yae€ THUIIOTe3a OAHOPOJHOCTM OSKBHUBAJIEHTHA PABEHCTBY CPEIHUX

Ho >ty = ps.
CrarucTrka IByXBbIOOpOUHOTO KpuTepus CThIOJICHTa paBHA
T___ X"V nn,(n +n, —2)
\/ NS + NS, N +n,

rie X,y — BbIOOpOYHBIE CpeAHHE, a S)% ,832, — BBIOOpPOYHBIC JUCIIEPCUU

(cMemieHHBIE OIIEHKH) MEPBOI M BTOPOH BBIOOPKH, COOTBETCTBEHHO. Ecmm 00e
BBIOOPKM MMEIOT HOPMAaJbHOE paclpese/ieHUe U BepHa HyJjeBas TuIioresa, TO

craructuka Crpiofenta T umeer pacnpenenenue CrbrogeHta S +n2_2(t) C

(N, + N, —2) crenenHsMu CBOOOMBI.
[To9TOMY KPUTHYECKHMI ypOBEHb 3HAYUMOCTU MPH OJHOCTOPOHHEH

anvrepHatuse Hi:gy <p, pasen o, =P{T<t}=§, ,, ,(t).

3anaunue. 3anumuTe  KPUTUYECKUM  yPOBEHb  3HAYUMOCTH IS

POTHUBOIOIOKHOMN aJIbTE€PHATUBHI U IBYXCTOPOHHEHN albTEPHATUBBI.

3ananmue 8.

Kpurepuii Bunkokcona.

lTocmaHoeka 3adavyu.

Wmetores  Be  BHIOOPKH  (Xq,ey Xy ), (Visees Yo, ), OTHOCAIIMECS K 1BYM

HE3aBUCUMBIM TIpynnaM HaOJIOJEeHUA OJHOM M TOM XK€ XapaKTepUCTUKH.
Tpebyercss nmpoBepuTh IMIOTE3Y OJHOPOAHOCTH BBIOOPOK B CHUTyalMH, KOrja
OKUJIAETCsl, YTO 3HayeHus1 B 1-il BbIOOpKE OyIyT MEHbIIE 3HAYEHHI BO BTOPOIA

BBIOODKE.

Teopemu4yecKue OCHOB@BHI.
OnurceIBaeMBbIi 31€Ch KPUTEPUI TPUMEHSETCS B TOM CIydae, KOoraa
a) pacupeelieHie BEIOOPKH HE MOAYUHICTCS HOPMaJIbHOMY 3aKOHY U

6) B KaQ4YCCTBC AJIbTCPHATUBBI OJHOPOJHOCTH BBI60pOK BbIABUI'aCTCs THIIOTE3a

H,: K (X)=Fy(x-A),A>0.
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Jlpyrumu cioBaMu, pacrpejielieHne MepBOoil BHIOOPKU (X-OB) CABHHYTO BJIEBO
OTHOCHUTEIILHO paclpesiesieHusi BTOpoi BBIOOPKH (Y-OB), TO €CTh OXHJaeMbIe
3HAYeHHs] X-OB JOJUKHBI OBITh MEHbLIE 3HaueHWil Y-o0B. Mpero kpurepus
BuiKkokcoHa MOXHO MPOMJITIOCTPUPOBATH HA CIEAYIOLIEM “KpailHEM ™ MPUMEDPE.
[Ipennomnoxum, 4To Bce BEIOOPOUYHBIE 3HAUEHUSI U3 2-0i BEIOOPKHU O0JIbIlE BCEX
3HaueHU u3 1-oif BeIOOpKHU. Takas cuTyaiusi BIOJHE OXKMJaeMma, €ClId BepHa
albTepHaTUBa. B 3TOM Cciiyuae, pacnonoxkuB o0e BRIOOPKH B OJAMH OOLIUH psf,
MBI BUMM, 4TO 1-as BRIOOpKA 3aHUMAET MEHBIIHUE 10 MOPSJIKY MecTa (paHru),
yeMm 2-asg BbIOOpKa. Eciaum ke o0Oe BBIOOpKHM paBHOMEPHO IepeMernaHbl (4To
€CTECTBEHHO, €CJIM BepHA TMIOTEe3a), TO CPEeIHUE paHTU i 00euX BBIOOPOK
JOJKHBI OBITh MPUOJIU3UTENBHO pPaBHBI. TakuMm 00pa3oM, Majible 3HAYECHMUS
CpeIHUX PAHroB 1-oii BBIOOPKM OYyIyT CBHUAETEIBCTBOBATH B  IOJIB3Y
aJIbTE€PHATHUBBI.

Jlnst moctpoenus kpurepuss BuikokcoHa Heo0XoauMo o0e BBIOOPKHU
PaCIOJIOKUTh B OJIMH OOIIUM psiji, YIIOPSAI0YEHHBIHN 110 Bo3pacTaHuto. [Ipu sTom
uHpopMaIusl O MPUHAAJIEKHOCTH KaKJIO0Tr0 3HAYEHUS! K TOM MM MHOM BbIOOpPKE
He J0/bKHa ObITh yTepsiHa. CtatucTuka BuikokcoHa paBHa

N2
W=>r,
i=1
rae  fp,...I,, — paHrd BCex 3HadeHui 1-oif BHIOOpKH (— Toit, Mg KOTOpOH

aanepHaTHBa HpennonaraeT CIABUT BHGBO) I{YHeBaH THUIIOTEC3a OTBepFaeTCﬂ,
€CIIH IS [TOJTyYEHHOr o B 9KcrepuMenTe 3HaucHus W = W
w<C

KpHUT *

Kputnueckas koncranta C KAaK BCErJa, HaXOAUTCs U3 YCIIOBUS

KpHT !
Po{W<CKpm} <a,
IZe BEpOATHOCTh P, BbhIUMCIEHA B NpENNONIOKEHHH, YTO BEpHA HyJeBas

runote3a. KonkperHoe 3nauenue C

«pur /U1 KOHKDETHBIX 3HAYEHUH OOBEMOB
BBIOOPOK N, U N, U YPOBHA 3HAUYMMOCTH (¢ MOXHO HaiiTu B Tabiuiax
MaTeMaTH4ecKoi cratucTuky (cM.coopuuk Tadmun [1]). Hanpumep, npu Ny, =8,
N, =10 u a = 0,05 kpuruyeckas koncranta C_ . = 56.

VkazaHHasg Ta0iMIa IOCTPOEHAa TakuM o0pa3oMm, 4yTo 00beM 1-0if
BBIOOPKM HE JOJDKEH ObITh Oosbllie oObeMa 2-0i BbIOOpKU. Eciam 310 He
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BBIITOJIHACTCA, TO KPpUTHUYICCKYIO KOHCTAHTY CICAyCT HU3MCHHUTDH Ha

Copur (N —Np)(N +1n, +1)/2. Takum oOpasom, npu Ny = 10, n,=8 u
o =0,05 wmakcumanpHOE 3HAYEHHWE CTATHCTHKM BHWIKOKCOHA, MPH KOTOPOW
TUIIO0TE3a OJHOPOJHOCTH OYI€T OTBEPraThCst paBHo,

Cepur= 72 (=56 + (10-8)*(10+8+1)/2).

Jpyras hopMa KpuTepus, Kak 0ObIYHO, CBsI3aHA C KPUTHIECKUM YPOBHEM
3HAYMMOCTH

A pur = Po{W <w}.

K coxanenuto, tabiumpl pacnpeaenenuss W tpyanogoctymusl. [loatomy

CI[I/IHCTBGHHBIﬁ IIYTb HAXOXKIACHUA aKpI/IT — BOCIIOJIB30BaTbCd aCHUMIITOTHYCCKHUM

(mpu Ny, N, — ) pacnpenenenuem craructuku W. M3BecTHO, YTO CTaTUCTHKA
W acumMnToTHYECKH HOpMaJlbHa
CO CPEIHUM ty =n(n+n,+D)/2+05
. 2
u qucneperein oy =N, (N +n, +1)/12.
To ectp, ecniu W — BbIOOpOYHOE 3HAYeHHME CTATUCTHKU W, TOTydeHHOE TI0
panram 1-oif BBIOOpKH, TO s anbrepHaTHBBl H,: «l-as BeIOOpKa CIBUHYTA
BJICBO», — KpUTHUYECKHIA YPOBEHb 3HAYMMOCTH PaBEeH
W_
“P{W<sw}~®| —LW |

2
Ow

aKpI/IT

rae @ — crangapTHas HopMajbHas (QYHKIHS paclpeaesiCHus.

Jpyras npobsema, cBs3aHHas ¢ IOCTPOEHUEM KpuTepusi BuikokcoHa —
coBmajaromue HaOmoneHus. Ecim 1nBa HaONMOAEHHS HMMEIOT OJHMHAKOBBIC
3HAYEHMs] U NPUHAJUIEkKAT K OAHOM TIpyIIe, TO CTaTUCTHKAa BuIKOKCOHa He
OyAeT U3MEHATHCS NPU ClydallHbIX EPECTAHOBKAX 3TUX HAOIIOAEHU B 00LIEM
psany nanHbIX. Eciam ke coBmajaromye HaOMIOJEHUS TPUHAAIEKAT Pa3HbIM
rpynmnaM, TO BCTaeT BONPOC, KAKOE€ W3 ITUX HAOIIOJEHUI cleayeT MOCTaBUTh
panbie? YToObl M30€kKaTh HEHYKHOIO 31E€Ch “BOJIOHTApU3Ma’, MOXKHO BCEM
COBIAJAKOUIMM 3HAYEHUSIM IIPUCBOUTH OJIMH U TOT YK€ PAHT, PABHBIA CpEeAHEMY
apu(METUYECKOMY MECT, Ha KOTOpBIX 3TH 3HayeHUs Haxojnsarcs. Hampumep,
€CJIM YeThIpe COBMAJAIOUIMX 3HAYEHMs 3aHUMAIOT Mecta ¢ 9-ro no 12-e, To Bce
onn mnonyvatoT panr 10,5. PacnpeneneHre W3MEHEHHOW TakuM 00pa3oM
CTaTUCTUKM BHIKOKCOHa OY€Hb TSKEJIO BBIYMCIHTH. B KadecTBe ‘“‘niepBOro
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OpuOIMKEHUsI” MOXKHO BOCHOJIB30BaThCS ONMCAHHOM BBINIE METOJUKOMN
HaXOXJEHUS KPUTHUYECKOM KOHCTAHTBl MO Ta0auuaM WIA METOAMKOM
BBIYMCJICHUS aCUMITOTHYECKOI0 YPOBHS 3HAYUMOCTH.

3amMeTuM, Kak YJIUMBUTEJIBHO TOYHO ‘“‘paboTaer” acUMIITOTHYECKAs
dopMmyna sl KPUTHUYECKOTO YpOBHS 3HauuMmoctu. [lpuBenem QparmeHt
tabmunbl bomemeBa JI.H., CmupnoBa H.B. [1] ¢ ToYHBIMH 3HaYeHHSIMH
KPUTUYECKON KOHCTAHTHI JUJIsl KpuTepusi BUIKOKCOHA!

o
0,001 | 0,005 | 0,01 |0,025| 0,05| 0,10
10| 42 47 | 49 | 53 | 56 | 60

n | N

Ecau Bocmosib3oBaThesi 3TOM Tabauuen st oOpaTHOM 3a7ayd HaXOXKJIEHUS
KPUTHYECKOTO YPOBHS 3HAYMMOCTU MO 3HAYEHUIO CTAaTUCTHKU BUIKOKCOHA, TO
JIETKO 3aMETUTh, 4TO Il W = 54 TouyHas BeJMYMHA KPUTUYECKOTO YPOBHS
3HaunMocTu Haxoautcs B uateppaie (0,025; 0,05), npuyem siBHO OJIrKe K €ro
JeBoMYy Kkparo. Acumnroruueckoe 3Hadenue pasuo 0,028.

3aganme 9.
Kpurepuit ®umepa. Kpurepuii cpaBHeHUs1 M CIIEPCHIA.

lTocmaHoeka 3adauyu.

Wmetorcst e BBHIOOPKA  (X,es Xy )y (Visees Vi, ), OTHOCSIIMECS K JIBYM

HE3aBUCUMBIM TpylnmnaM HaOJIOJEHUA OJHOM M TOM Ke XapaKTepUCTUKH,
NOAYMHSIIONICHCS HOpPMadbHOMY 3akoHY. TpeOyeTcs CpaBHUTH JUCIEPCUU

HAOJIIOICHUH B 3TUX TPYIII.

Teopemu4yecKkue OCHOBHI.

Yame Bcero TtpeOyeTcs BBISICHUTH, OOJIbIlIE WJIM MEHbIIE aucnepcus 1-oi
COBOKYIMHOCTH MO CPAaBHEHHUIO C JUCIIEpCUEN 2-0i1 COBOKYMHOCTH. B 3TOM
cilydyae HyJjieBas rurnores3a OyJ1eT UMETh BUJT
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<N

2 .0
U1k Ho.—2
Oy

JIns poBEpKU OTOM T'MIIOTE3bl NPUMEHSIOT Kputepuil dulinepa, TecToBas

=1.

CTAaTUCTHKA KOTOPOI'o paBHA
2
f = Sx / (nl _1)
—2 .
B Hp@)IHOJIO)KeHI/II/I HOpMaJ'II)HOCTI/I JAHHBIX U HpI/I CHpaBCHHI/IBOCTI/I Hy.]'[CBOﬁ

rUmoTe3sl cratuctuka | wmeer pacopemencame QOumepa F (X)) ¢

mapamerpamu K= -1 u mM=n,—-1. Tabauumsl 5TOro pacmpeneIeHus

UMEIOTCS B OOJIBIIMHCTBE CIPAaBOYHMKOB IO MAaTEMaTUYECKOW CTAaTUCTHKE.
Taxum 00pa3oM, KpUTUUECKH YPOBEHb 3HAYMMOCTH KpuTepusi Duiliepa paBeH:

AJIbTCpHAaTHBAa YPOBCHb 3HAYUMOCTH

HlO')f/O'BZI >1 aKpl/IT =1- I:k,m(f)

Hl:(f)%/(ff, <1 aKpI/IT: I:k,m(f)

2 2
H,: 05/0)2, 21 21-F n(f)),ecin s, > 5|,
KpUt 2 2
2F m(f), ecnu s, <.

3ameyanue. Bo MHOrmx y4yeOHMKax IO MaTeMaTHYECKOH CTaTHCTHUKE

PEKOMEHAYIOT  MpPEABapuUTh NPUMEHEHHE  JIBYXBBIOOPOYHOTO  KPUTEPHS
CTprOJIcHTa TPOBEPKOW THIIOTE3Bl O PABEHCTBE JUCIEpCUid B rpynmax. B
COOTBETCTBUM C TaKOW pEeKOMEHAAlMel JBe BBIOOPKM OyayT CUMTAThCA HE
OJHOPOJHBIMH, €CIU UM KpuTepuil dulepa OTBEPrHET PAaBEHCTBO JTUCIEPCUN
(o0o3HaunM Takoe coObiTHEe uepe3 F), mnm kputepmii dumepa npusHaer

C o
aucriepcun paBHbIMH (coObiTe F ), HO kpuTepuii CThIOJEHTa OTBEPrHET
THIIOTE3Y PABEHCTBA CpeAHHMX 3HaueHud (coObitme S). [lpyrumu ciioBamd,
rUnoTe3a OJHOPOAHOCTU OyJIeT OTBEPrarbCs, €CAu MPOU30UIET COOBITHE

F + F°S. Pa3mep Takoro kpuTepus paBeH BEPOSTHOCTH
P{F+F°S} =P{F}+P{F°S}.
Ecnu pasmep kpurepus duuiepa paBeH ¢/, a kpurepust CTbroieHTa — o,

TO TIepBOE cjaraeMoe B IIOCIEAHEM paBEHCTBE paBHO ;. [Ipo BTOpOE
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cllaraéMoe MOXKHO CKa3aTb TOJIbKO, YTO OHO He Ooibllle «,. Takum oOpaszom,
YPOBEHb 3HaYMMOCTU COCTAaBHOIO KpUTepHus < o4+ 5. JloCTUYb Ke1aeMoro
ypoBHss B 5% (BepHee, MeHblme, 4yeM 5%) B 3TOM ciydae MOXKHO, €CIIU

noJoXkuTh oy = a, = 0.025.

3aganue 10.

KpuTepuii oxHOpoAHOCTH XH-KBAAPAT.

lTocmaHoeka 3adayu.

Wmetorcst e BBIOOPKH  (X,es Xy )5 (Visees Vi, ), OTHOCSIIMECS K JIBYM
HE3aBMCHUMBIM TPYIIaM HaONIOJCHAN OJHOM M TOM K€ XapaKTePUCTHKH.
TpeOyercss NPOBEPUTH TUIIOTE3Y OIHOPOJHOCTH BHLIOOPOK B CHTyalldH, KOT/a

HEU3BECTHA MOJIEb paclpesiesieHus] BBIOOPOK U HET HUKAKOW MHpOpMaluu o
COOTHOIIEHUH MEXTY STUMU BEIOOpKaMHU.

Teopemu4yecKkue OCHOB@8HbI.

PaccmoTpum, HakoHell, CUTyalMio, KOrja HET HUKakoil uH(OpMAlMu HHU O
HOPMAJIBHOCTH PaCNpeesICHUs JaHHBIX, HU O COOTHOLICHUU MEXIY I'PyNIaMu
Thna “jeBee - mpasee”. B 3ToM ciydae MOXXHO BOCIOJB30BAaThCA HJIEEH
TUCTOrPAMMHOTO MPEACTABJICHUS JAaHHBIX M CPAaBHUTH YaCTOTHI IOMAJAaHUS
pe3ybTAaTOB M3MEPEHUM B PA3JIMYHBIX IPYIIAX B OJHU U T€ K€ HHTEPBAJIBI
YUCIIOBOW IPSIMOU.

Wrak, mycTh HMEIOTCS JBE TIPYyNIbl W3MEPEHUH 00BeMOB Ny H Ny,
COOTBETCTBEHHO, [UI KOTOPBIX MOACYMTAHBI YacTOTHl Vi =1..,r, #
Vip,0 =1...,I', monagaHus JaHHBIX B I OJIMHAKOBBIX HHTEpBaioB. Eciu rumoresa
OZHOPOJHOCTH BBIOOPOK BEepHA, TO OTHOCHTEIBHBIE YacTOTHl Vi /Ny u Vi, /N,

JOJKHBI OBITH OJIU3KK JAPYT K JApyry. OT0o cooOpakeHUE MPUBOJUT HAC K
CJIEIYIOLIEU TECTOBOM CTATUCTHUKE.
JIns kaxjaoro w3 wWHTEpBajoB 1=1..r, mnojacuutaeM oOIIee YHUCIIO

JaHHBIX Vio :Vi1+Vi2’ I[IOMaBIIUX B I3TOT HMHTCPBAJI. CraTuctuka KpUTCpusa

OJIHOPOJHOCTH XU-KBaJIpaT paBHa
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2
1
2 Vit Vio
x? =2 e
IIpu cnpaBeIMBOCTU THUIIOTE3bI OJHOPOAHOCTU PACHPEACICHUE CTATUCTUKU

2 .
X“ MOXHO anmpoKCUMHUPOBATL pacipeseicHueM xu-kBaapar ¢ (r-1)-oii
CTENICHBIO CBOOOIBI:

2
ﬂCHO, 4qTo IpUu CHpPaBCAIMBOCTHU T'HIIOTC3bl OAHOPOJHOCTH CTATUCTHKA
2 (13 2 2
X Oyner npuHUMATh “Maibie” 3HadeHus. [ToaToMy, eciid X° — MOACYUTAHHOE

2 o
IO 3KCIICPUMCHTAJIbHBIM AAdHHBIM 3HAYCHUC CTATHCTUKHU X , TO KPUTHICCKHUHU

YPOBEHb 3HAUMMOCTH KPUTEPUS XU-KBaJIpaT OyJeT paBHITHCS

Ao = P{ X% > X7} 2 1=K, 4 (X%).

3ameuanue 1. Kpome BbIBOZa 00 OJHOPOJHOCTH WM HEOJHOPOAHOCTH

rpymnm, 37€ch MOJEe3HO BU3YaJIbHO CPaBHUTH paclpeneieHusl B rpymnmax. [
TOr0 MOYKHO COBMECTUTh THUCTOrpamMMbl 00euX BBIOOpOK. ClieqyeT TOJbKO
MOMHUTh, YTO, IOCKOJbKY OOBEMBI BBIOOPOK MOTYT OBITh pa3IWYHbI, TO
THCTOTPAMMBI JIOJDKHBI OBITH TOCTPOEHBI MO OTHOCUTENILHBIM (JIEJIEHHBIM Ha
00bEMbI BEIOOPOK) YaCTOTAM.

3ameuyanue 2. [TocTpoeHHbIl KpUTepUil HE 3aBUCUT OT cIoco0a, KaKuM

ObUIM TOJIYYEHbl YacTOTbl. DTOT KPUTEPUM MOMXHO HCIIOJIB30BATh U IS
POBEPKHU OJJHOPOJHOCTH JBYX BBIOOPOK, KOI'/Ia YACTOThl MPEACTABIIAIOT COOOI
KOJIMYECTBA BBIOOPOYHBIX  JIAHHBIX, YAOBJETBOPSIOLIMX MPOU3BOJILHBIM
B3aMMOMCKII0YaomuM yenoBusiM. Hanpumep, B nocobuun “KypcoBoil mpoekt
...” [2] paccmaTpuBaeTcs 3ajada CpaBHEHUS ABYX OOIIWH IO TpymmaM Kposw (I
= 4). Jlpyroii mpumep. B MeaMIIMHCKOW NpakTHKE OYEHb 4YacTo Tpedyercs
CPaBHUTH HOBYIO METOJUKY JIEUEHMsS CO CTAPOM METOAMKOM MO pe3ysbTaTaM
KJIIMHUYECKUX HaOmoAeHuil. [lpu 3ToM manumeHToB, NpolEeAIINX KypC J€UEeHUs
HOJpa3AessioT, HalpUMep, Ha 3 TPYIIIBI — a) He BBI3OPOBENH, 0) BBI3IOPOBEIH,
HO yepe3 roj 0oJje3Hb MOBTOPWIIACH, U B) BBI3JIOPOBENM 0€3 MOCIEIyIOIIEro
peuuauBa.
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Bonblue aByx BbIOOPOK.
Kpurepuii oqHOPOAHOCTH XU-KBaApaT MOKET OBITh IPUMEHEH U B Cllydae, eclln
YKUCII0 BBIOOPOK Gosbuie aByX. IlycTh v — 9MCIIO MCXONOB B | -Oif BBIOOpKE

(j=1...,8), nomaBmux B I-b1ii wHTepBan rpynnupoBku (i =1...,r). Takum

o0pa3oM, JaHHBIE MOTYT OBITH IPEICTABICHBI B BUJIE TAONMIBI, TAC , KaK U
paHbIlle, TOYKa Ha MECTE OJHOTO U3 MHJEKCOB 03HAYAET CYMMUPOBAHUE JTAHHBIX
10 3TOMY HMHACKCY NpHU (PUKCHPOBAHHOM JPYyroM HHJAEKce. Tak, Hampumep,
oO11uii 00beM BEIOOPOK paBeH N=V,,.

Boibopka| 1 |...| S
Bcero
NurepBan
1 Vig | oo | Vis Vi
r Vi | oo | Vs Vi
Bceero Ve | oo | Ves | N=V,,

B MMPCAIIOIOKCHUAX TUITIOTE3bI OJHOPOAHOCTH CTATHUCTUKA

ji=1i=1VieVe]

v2
1 _ 1

UMeeT acCMMITOTHYECKOe XH-KBajupar pacmpeaeneaue ¢ v =(r-1)(s-1)
CTEIEHSIMUA CBOOOIEI.
2
P{X“<x=K, (X), n—>w.
[TosTOMY rUmoTe3a OAHOPOJAHOCTU BCEX S BBIOOPOK JOJKHA OTBEPrarhesi, €CIu

KPUTUYCCKUH yPOBEHb 3HAYMMOCTH
2
~1-K, (X%)

axpm

MEHbIIE BEIOPAHHOTO YPOBHS 3HAUUMOCTU .
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naBa V. UHTepBarnbHble OLEHKMU

Teopemu4yecKkue OCHOBHI.
Myers X" = (Xs---yX,) — ciydaiiHas BBIOOpKa, pacmpejelicHHe KOTOPOH
Fo(X) 3aBUCHT OT HEKOTOPOTO HEU3BeCTHOTro mapamerpa 6. Hurepsan (6;60)

¢ rpannuamu (6(x™);8 (X)), saBucsimmMu OT BEIGOPOUHBIX JAHHBIX, Ha-

3bIBACTCsL

(1-a)-dosepumenvHoim unmepsanom Ais mapameTpa €, eciu
P{0<0<0}>1-a. *)

Crarucrtuka ¢ Ha3pIBacTCA

sepxuell (1-a)-0osepumenvrHot epanuyerl s mapameTpa €, eciu
P{0<60}2>21-a.

Craructrka € Ha3bIBaeTCs

nudcnell (1-a)-dosepumenvhoil epanuyen ais napaMerpa 6, eciu

P{0<0}>1-a.

MHmepnpemauus.

CMBICIT 3THX OMNpPECICHUN JIETKO MOHSATh, €CJIM BCIOMHUTHL, YTO HHACKC 6,
CTOSIIIMI Yy 3HaKa BEPOATHOCTH P,, yka3plBaeT Ha HCTHMHHOE 3HAYCHHE
HEeW3BECTHOTO napamerpa. [loatomy ¢opmyna (*), Hanpumep, 03HAaYaeT, YTO C
OOJBIION BEPOSTHOCTBIO JOBEPUTENIbHBIA WHTEpPBAl  HAKPOET  HCTHHHOE
3HaYEHUE OlLIEHMBaeMoro rmnapamerpa. Ha mnpakrthke O0OBIYHO Jenaercs
HECKOJIbKO BOJIBHBIM BBIBOJl, YTO C OOJIBIIOW J0JIEH BEPOSTHOCTH CIEAYET
OKMJaTh 3HAYEHHE OIICHMBAEMOI'O MapaMeTpa, MPUHAJICKALIEE WHTEpPBaIy
(0;0). B TakoM YTBEPKIEHHH “CKPHITHO” MPHUCYTCTBYET MPEATIONOKEHHE O
CIy4aiHOCTH M3MEHEHHs mapaMeTpa & OT 3KCIepuMeHTa K 3KCIepUMEHTy. B
JNEUCTBUTEIIbHOCTH, OLICHUBAEMbIN MAapaMeTP HE CIy4acH, a UMEET HEKOTOPOE
(bUKCHUpPOBaHHOE HEU3BECTHOE 3HAUYCHHE.
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TouyHocmb U Ha0exXHOCMb UHMepsarna.

Bemnmunna Q = (1-¢)-100% Ha3biBaeTCsl HadescHocmbilo WHTEPBAIA U BBIOH-

paetcs o0braHO B npepenax or 90% mo 99% (cranmaptHOe 3HadeHue — 95%).
Ha mepBblii B3MJISI1 KXKETCS, YTO YeM BBIIIE 3HAUCHUE HAJCKHOCTH, TEM JIyUIIe
OymeT MOCTpOCHHBIM HHTepBaa. OQHAKO 3/1€Ch HAAO0 YYHMTHIBATH, YTO YEM
Oonpiie BeauuuHa Q, TEM IIUpE MOJYYUTCS JTOBEPUTENbHBIA HMHTEpBal (B

npesene npu =0 oH Gyxer coBmajath ¢ R'), TO ecTh YMEHBIINTCS €ro
TOYHOCTh. 3ajadya IOCTPOCHHUS JIOBEPUTEILHOIO MHTEpBala C 3aJaHHOM
TOYHOCTBbIO M HAJIEKHOCTBIO MOXET OBITh pelleHa TOJbKO MPH JOCTATOYHO
00JIbIIIOM 00bEME BHIOOPKH.

LlsyxcmopoHHul uHmepesars Yepel3 0ogepumeribHble epaHuUbl.

Jlns moctpoenus (1-a)-moBepurenbHoro uHTEpBana (6;6) MOXKHO MOCTPOUTH

OT/IETTFHO BEPXHIOK & U HWKHIOKW @ TpaHUI ¢ HafexHOCThio (1-a/2)-100%.

Ces3b ¢ 3a0ayvell NnposepKU aurnomes.

Iycrs B(X™) — nexoe (1-@)-noBeputensHoe MHOXkecTBO. Torna KpUTEpHi,

orepratoumii rumoresy, ecnn  B(X™) momHOCTBIO moOmamaer B 06IaCTb
JIbTEPHATHUBBI, OyAEeT UMETh YpoBeHb « . Tak, npu anerepHaruse H,:0 > 6,
TUIIOTE3Y CIIEAyeT OTBeprarb, €Cid HWXKHAd rpanuna 6 >6,. Eciu xe

OIMOOYHO NPHUHMMATh THUIIOTE3Yy, KOIJa JOBEPHUTEIBHOE MHOKECTBO
NOJTHOCTBIO TOMajgaeT B 00JjacTh TUNOTe3bl (HarpuMep, BEPXHsSl TpaHHIIA

6 <6,), To Tako# KpuTepuii OyaeT UMETh BOBCE ““HENpHeMIIeMblii” ypoBeHb 1-
¢, BMECTO 0’KHUJIA€MOTO YPOBHS (1.
OOpaTHO, pacCMOTpPUM 3aJady MPOBEPKH NPOCTOW rumoressl Hy:0=9 o
napamerpe € pacrpeneneHus HaOMOJaeMON CaydaiHOW BenudyuHbBI. IlycTh
. n
A9 x™) — kpuruueckas obmacts ypoBHs « (06MacTb, rie IMIOTE3a
T B(x" i 9
orBepraercs). Torga MHokecTBO B(X'”) Tex 3HaueHwil mapamerpa 4, npu

KOTOPBIX I'MIIOTC3a ng MMPUHUMACTCA, —

B(x™)={3:x" & A(9; x"M)},
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o6pasyer (1-@)-noBepurensroe MHOkecTBo. MHOoxkectBo B(x™) ompenenser

d) HIKHIOI I'paHMILY, €CJIM aJlbTePHATHBA UMEET BT K:0>39;
b) BepxHIOIO rpaHUIly, €CITU aTbTEPHATHBA UMEET BUJI K:8<9;
C) IBYXCTOPOHHHUI MHTEpBal, I allbTEePHATHUBBI BU1A K:0#89.
1) TIpouHTEpIIPETUPYIHTE CMBICIT orpeseaeHu OJTHOCTOPOHHHUX

JOBEPUTEIIbHBIX TPAHULL.
2) JlokaxkuTe, 4TO KpPUTEpHid, OCTpOoeHHbIH 1o (1— o) —moBepuTensHOMY

MHOKECTBY, UMCCT YPOBCHb (X .

MemoOkI nocmpoeHus.
|. Memoo onopuoui yukyuu. Ilycts m1s8 HEKOTOPOH CTaTHCTHKU

T =T(X(n)) CYILIECTBYeT MOHOTOHHOE 110 mapamerpy & mnpeobpaszoBanue G (i,
€) (Tak Ha3pIBacMasi onopras Qyukyus), A KOTOporo GyHKIUS pacrpeaese-
aust F(X) = P,{ G(T,0) < X} ne 3aBucur or 6. Torna, BeiOupas A u3 COOT-
nomenus F(A)=1-a u paspemas nepasencrso G(t,0) < A orHoCHTENBHO €

PU MOJIYYEHHOM 3KCIEPUMEHTATIBbHOM 3HAYEHUU CTaTUCTUKU T =1, mosiydaem
BEPXHIOI WJIM HIDKHIOK (B 3aBUCHMOCTH OT HampaBjieHUS MOHOTOHHOCTH ()
JOBEPUTENBHYIO TpaHully A 6.

DTOT METOJ NPUMEHSETCS NPU MOCTPOECHUM JIOBEPUTENIbHBIX TPAHMI] IS

CPCAHCTO 3HAUCHUSA U JUCIICPCUHU HOPMAJIBHOT'O PACIIPCACIICHUA.

Il. Memoo, ochosanubwlii Ha PyHKYuU pacnpedenetus oyeHKu. IycTnb

pacnpenenenne F(t,60) =P,(T <t) crarucrukn T =T(x™) HenpepbiBHO
yObIBaeT ¢ poctoMm mnapamerpa 6. Torna, eciu sKCepUMEHTaIbHOE 3HAYEHHE
cratuctuku T1=t, To 3HaueHue HuxkHeH (1-a)-moBepuUTENbHON TpaHUIb 6
MOYKHO TMOJIyUYUTh Kak perieHue ypaBHeHus F(t,0)=1-a. Bepxusas (1-a)-
JOBepUTENIbHAS ~ TpaHUIla  MOJIydaeTcsl  KaK  pElIeHHe  ypaBHEHMs
PAT >t} =1-q.

OTOT METOJi MPUMEHSETCS MPU TMOCTPOECHUU JOBEPUTEIHHBIX TPAHMUIL JIsI
BEPOSTHOCTU HAOJI101a€MOTO COOBITHS.
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II.Memod, OCHOBAHHBIU _HA _ACUMNMOMUYECKOM pacnpedeﬂeHuu

OYEeHoK. DTOT MeToJ Onu30K K mepBoMy MeToay. Eciu u3BecTHO
ACHMIITOTUYECKOE paclpeieICHHe HEKOTOPOM CTaTHCTHKHA |, TO, OILIEHUB
MEIIAIoMe MapaMeTpbl, MOKHO MOCTPOUThH OMOPHYIO (YHKIIMIO, TpPeeIbHOe
pacmpesenieHie KOTOpod He OyAeT 3aBUCETh OT HEW3BECTHBIX IapaMeTpOB.
Jlanee, moctymas Kak W B MeToae |, MOKHO TOCTPOUTH JIOBEPHUTEIHHYIO
IpaHUIly JJIs HEU3BECTHOrO mapamerpa. HameXHOCTh Takoro JOBEPUTEIHHOTO
YTBEPXKACHUS C POCTOM 00beMa BEIOOPKHU OyJeT MPUOIUKAThCSI K HOMUHATBHON
HajexxHocTu Q.

DTOT METOJ TaKKe MPUMEHSETCS MPHU MOCTPOSHUU JTOBEPUTEIBHBIX TPAHUI]
JUISI BEPOSITHOCTH HAOJI0/1aeMOT0 COOBITHSI.

3aganune 11.

IMocTpouTh NHTEPBAJIBLHYIO OLIEHKY /ISl CPEHEro

3HAYeHHsI HOPMAJbHOI0 pacnpeae/eHusl.

lTocmaHoeka 3adauyu.

Nmeercst BBIOOpKA (X,..., X,) U3 HOpMalbHOTO pacnpeneneHus. TpeOyercs

noctpouth 95%-n0BepUTEIbHBIN HHTEpBaAl (BEPXHIOI TPaHMILY, HHKHIOK
I'paHUILy) JJIs1 HEU3BECTHOTO CPEHETO £/ ATOTO paclpe/IeIeHus.

Teopemu4yecKkue OCHOB@8HI.

[Iycth X - BBIOOpPOYHOE CpeaHEE, % - BBIOOpPOYHAsl AUCHEPCHS, BEIYUCIECHHBIE

10 BEIGOPKE W3 HOPMAIBHOTO PACIIPEIEIICHNS CO CPEHIM 4 U AHCIIepCHeil o2,

OnopHast yHKIIUS

g=-=X ; £In-1
MOHOTOHHO yOBIBaeT mo 4 W umeer pacmpenenenue Cteromenta S, 4(t) ¢ (n-

1)-oit crenensio cBoGoabl (cM. BBeaenne). Ilycrs t% =t*(n-1) =S4 (1-«a) -
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BEpXHAS Q-KBaHTWJIb pactpenenenus S, ;(t) (to ects, pemeHue ypaBHEHUs

S,1(t) =1-«), Torma c HanexxHocThIO (1-2)-100%

a) pu=X- J_]. t¥ - HUOKHSS JOBEpUTENLHAS TPAHUIIA IS CPENHETO;
n —

S
Jn-1

Kak BuaHO U3 GopMyn Ajid JOBEPUTEIHLHOTO MUHTEpBaja, MIMPUHA ATOTO

0) u=X+

t% - BepxHss JOBEpUTEIbHAS TPAHKIIA IS CPETHETO.

MHTEpBajJla MpONOPHUOHaibHa oOTHOomeHnto S/4/N—1. D710 oTHOIIEHHKE

HAa3BIBAETCS CMAHOApmMHOU OwuOKoU cpedre2o, 0003Ha4YaeTcsi 00bIYHO OYKBOI

M ¥ BecbMa OPUTHHAIBLHO YUTAETCS — “OM Mayioe”. B MeIUIIMHCKON MpaKTHKE
OPUHATO pe3yJibTaThl BBIYMCIICHUN 3anuchiBaTh B Buje 4,366+0107, rae

IEPBOE CJIaraeMoe €CTh CpeliHee apupMeTHYecKoe X, a BTOPOE CllaraeMoe —
omuOKa CpeHero m.

KBantune pacnpeneienus t* wame Bcero Haxomar mo Tabaumam. Bo
BBEJCHWU MBI HallId, 4To mpu oObeMe BeiOopkum N =20 Bepxuss 95%-as

KBaHTWIb pactpenenenus Crorogenta pasaa tO%(19) =1,7291. D1y koxcranty

OPUMEHSIOT JUIs TOCTpOeHHUs 000N oaHocTopoHHEH 95%-10BepuTenbHOIM
rpanuiel npu 20 HabmoaeHusix. s moctpoeHus aByxcropoHHero 95%-

2
JIOBEPUTENBHOTO HHTEpPBAIA IPUMeEHseTCs KoncTanTa o 02> (19) = 2,0930.

3ananue 12.

ITocTpouTh HMHTEPBAJBHYI0 OLEHKY ISl JAMCHEPCHU
HOPMAJIBHOI'O pacnpeaejieHus.

lTocmaHoeka 3adauyu.

Nmeercst BBIOOpKA (X,..., X,) U3 HOpMalbHOTO pacnpeneneHus. TpeOyercs
noctpouth 95%-0BepUTEIbHBIA HMHTEpBaA (BEPXHIOI T'PAaHUILy, HIDKHIOKO

IpaHHILly) U1 HEU3BECTHOM JUCIIEPCHH 0> BTOTO PACIIPE/ICIICHHSI.

Teopemu4yecKkue OCHOBHI.
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ITycTh, Kak U BhIIIE, s? — BBIOOpOYHAs IUCTIEPCHs], TOCTPOEHHAS IO BEIOOPKE U3
. . 2
HOPMAaJIbHOTO PaClpeieieHUs ¢ HEM3BECTHOM JUCIEPCUEN O, TOraa ONOpHas

2
by G=n=- wumeer pacnpenenenue xu-kBaapar K. ,(X) ¢ (n-1)-i
O

CTEIEeHbI0 cBOOO/TbI (CM. BBeIeHHE). Takum 00pa3om,

» ns’
a) 0" =——— — "ok (1-«)-noBepuTebHas TPAHHMIIA;
t“(n-12)
ns’
6) &°= —tl_a( 5 — BepxHss (1-a)-noBepuresbHas IpaHUIIA,
n —

rne  tP(n—1) =K % (1- p) — BepxXHsA KBAaHTHIb PacHpeeIeHNs XU-KBaIpar,
KOTOpasi MOKeT ObITh HaiijeHa mo Tabmumam (cMm. ['maBa I, crp. 19). Takum
o6pasom, mpu 19 crenensix ceoboasr t%°(19) = 32,852, t%9°(19) =8,907.

3aganune 13.

I[locTpouTh HHTEPBAJBLHYIO OLIEHKY JIsI
BEPOSITHOCTH ycIexa

lTocmaHoeka 3adavyu.

B skcriepuMeHTe MOACYUTHIBAIOCH YMCJIO YCHEUIHBIX peain3aluii HEKOTOPOro
coObITHSl  (Hampumep, 4YHCIO JAOOPOKAYECTBEHHBIX wu3Aenuii). TpeOyercs
HOCTPOUTH JOBEPUTENIbHYIO TPAHULLY Il BEPOITHOCTH [ 3TOrO COOBITHSI.

Teopemu4yecKkue OCHOB@8HbI.

Mpbl HauHeM ¢ Haubojiee MPOCTOr0 aCUMMOTOTHMYECKOIO METOAA MOCTPOEHUs
rpanull (merox I11). O6o3HaunM yepe3 T cCily4aiiHyIO BEJTUYHHY, PABHYIO YUCITY
ycrnexoB B N He3aBUCUMBbIX HaOmoaeHusx. Ilo usBectHol Teopeme MyaBpa-
Jlarytaca cratuctuka | B mpenene mpd N —> 00 HUMEET HOPMAlIbHOE
pacrnpenesieHue co cpeaauM NP u aucnepcueir NP(l— p). Takum o6pazom,

-59-



T-np
Jnp(1- p)

-1
[To0kKB B moOCeaHeM COOTHOImEHHH X=X* =® " (1—a) u paspeuus

<Xp— D(X).

HEPABEHCTBO MOJI 3HAKOM BEPOSTHOCTH OTHOCUTEIBHO [, MOJIYYUM HUKHIOO
rpanuiyy Juis P. Takol crnoco0 CAMIIKOM CIOXeH (HaZo BIaJeTh IIKOJIbHBIMH
METOJIaMH PEILICHHs] HEPABEHCTB ¢ pajukaiamMu ©), Mo3TOMy MBI OCTaBHM €r0 B

KauecTBe caMocTosiTesibHoro 3a80aHWA, a camu noijaem no 6ojiee IPOCTOMY
NyTU. A MMEHHO: B BBIPAXKEHUM JJI1 aCUMOTOTUYECKOW JTUCIIEPCUM 3HAYEHUE

HEM3BECTHOIO IapameTpa [J oueHMM BequmuuHoii pP=t/n, rme t -

HaAO0II0IEHHOE B SKCIIEPUMEHTE YUCIIO YCNEIIHbIX peanu3auuid coobitus. Toraa
MOXHO YTBEpXJaTh, 4YTO C BEPOSATHOCThIO, Omm3koii k l1—a, Oyx;er
BBINIOJIHATHCSI HEPABEHCTBO

[IpaBasg 4acTh 3TOr0 HEpPaBEHCTBA JaeT HWXKHIOW rpanuny s P. Kcrarwy,

3aMETHM, 4TO COMHOKHUTENb 4/ P(1— P)/N Take HasbBarOT cmandapmioli

e 9

owndkor. (OYEBUIHO, BEPXHSSl T'PaHUIA MOJYUYUTCS, €CJIM 3HAK nepen
CTaHJAPTHOM OIMMUOKOM 3aMEHUTh Ha “+”.

HanexxHOCTh TOJIBKO YTO MOCTPOEHHBIX TpaHUIl MPU MaJbIX 00beMax
BBIOOPKH BBI3BIBAET HEKOTOpPOE cOMHEHHe. K cuacThio, B JaHHOM ClTydae MOXKHO
MPUMEHUTH TOYHBINA MeTO | 1.

Ilycth, KaK ¥ BbIIE, | — YUCIO YCIHEUIHBIX peau3alui HUCCIIEaYEMOTO
coObITUs. M3BecTHO, uTo T pacnpeeneHo no OMHOMUAIBHOMY 3aKOHY C mMa-

pamerpamu (N, p): P{T <t} =Bin(t|n,p), tne P — BeposTHOCTL 3TOrO

COOBITHS MPU OJHOKPATHOM HAOJIOJIEHUU. DTO pacrpeiesienue yObIBaeT ¢ poc-
toM P. Iloatomy, ecinu t — sKcrepuMEHTaIbLHOE 3HAYCHUE CTATUCTHKU |, TO

a) HmxHss (1-a)-noBepurenbHas TpaHUlla P IS BEPOSTHOCTH ycIiexa
p ecTh pemieHue ypasuenus Bin(t|n, p)=1-«;

0) Bepxwuss (1-@)-moBepuTenbHas TpaHUIa P IS BEPOSTHOCTH ycIiexa

p ecTh pemieHue ypaBuenus Bin(t+1|n,p)=«.
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J171st 0c060 THOOOMBITHRIX TPUBEIEM

doKa3amesibCmeo KoppeKkmHocmu memoaoa ll.
IMycts @ =0(t) - pemenue ypasnenus Py{T <t} =1-«, u koucranra
t(@) =sup{t: P{T <t} <1-a }.
B CHIy HeNpephbIBHOCTH ciieBa (DYHKIMM pAacIpeieseHds, B TOUKe t Takke
eimonasiercs HepasenctBo  P,{ T <t(#)} <1-a. C mpyroii cropomsI, s
HempepbiBHO#  cnpaBa  ¢yakimun P, {T <t}  wumeer wmecro oO6paTHOE
HEPaBEHCTBO
PAT <t(®)}>1-«. *)
Takum oOpaszom, cipaBe yiMBa ciaeayromas enoyka COOTHOEHUN:
o)< o P T<t}<l-a <« t<t(o).

[lepBasi 5KBUBaJIEHTHOCTb 3/I€Ch CIPABE/JIMBA B CHIIy MOHOTOHHOTO yOBIBaHUS
(GYHKIMU pacrpeseeHus Mo mapamerpy W Mo ompeieieHuo ¢, Bropas — B
cuny ompezenenus t . CoorHomenue (¥) rapaHTHpyeT Temepb, UTO BEPOAT-
HOCTh mepBoro HepasenctBa P,{ 9(T)<0}=P,{T<t(d)}>1-a, uto 1

TpeOOBaNIOCh J10Ka3aTh. AHAJIOTMYHO JIOKAa3bIBAECTCA YTBEPKACHUE JJis1 BEpXHEH
TPaHUIIBI.
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naBsa VI. UccnepoBaHue
3aBUCMMOCTU MeXxAay AOByMmS
XapaKTepucTukamm

OdeHp YacTOo B OHKCHEpUMEHTE HaOJIOJaeTcs HE OJHAa, a HEeCKOJIbKO
XapaKTePUCTHK OJHOTO M TOTO K& 00beKTa (HalpuMmep, pOoCT M BEC UCIIOBEKA,
YPOKaWHOCTh 3€pHA W KOJUYECTBO BHECCHHBIX YyJIOOpPEHUH H  T.IL.).
[Ipenmonaraercsi, 4To 3HAYEHUS XAPAKTEPUCTUK HU3MEHSIIOTCS OT OOBEKTa K
00BeKTy cilydaliHbIM 00pa3oM. Tpebyercs
1) BBISCHUTH, HWMEETCS JIM  3aBUCHUMOCTh  MEXIYy  HCCIIEeTyeMBIMHU
XapaKTEPUCTUKAMU;
2) TIOCTPOWTH YpaBHEHHE HAMITYYIIETO MPOTrHO3a OJTHOM XapaKTEPUCTUKH TI0
3HAYCHUSAM JPYTrOM.

Teopemu4yecKkue OCHOB@8HI.

O06o03HaunM vepe3 X ,Y HaOIr01aeMble B 9KCIIEPUMEHTE ClTydaitHbIC BETUYHHBI.
[TonbiTaeMcs CHaYasa CpOrHO3MPOBATh BO3MOYKHOE 3HAYEHHE XapPAKTEPUCTUKH
Y, ecnu uW3BeCTHO HaOMIOAEHHOE 3HavyeHHWe Xxapakrepuctuku X = X. Ecnu
IPOTHO3 OCYILNECTBISETCS C MOMOINBI0 HekoTopoit ¢pyHkuuu Nh(X), To Mepoii

KauecTBa TAKOTO IMPOrHO3a CIY>KUT  CpPEIHEKBaJpaThuyeckas  oluOKa
E(Y-h(X))?. ®ymkumo h (X), m11 KOTOPOH HOCTHraeTcs MHHHMYM
CpPEeIHEKBAIPATUUECKOM OINMOKH, Ha3bIBAIOT (QyHKIUeH peepeccuu Y Ha X.
Teoperndeckuii BU 3TOM PyHKIIMHU BeCbMa MPOCT:
h'(x)=E{Y| X =% — ycnoBHoe cpenee Y npu GUKCHPOBAHHOM
3Ha4YeHuH ¢.B. X = X,

Ha npakTuke noctpoeHne XOpouIei OLEHKH 1711 HE€ BO3MOKHO JIUIIb JJIS
nuckpetHbiX ¢.B. X. [To3TOMy OOBIYHO pacCMaTPUBAIOT PETPECCHI0 HE CPEeIU
BCEX BO3MOXHBIX (YHKIMH, a TOJIBKO CPEU JUHEUHBIX. Y PaBHEHUE JUHELHOL
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CpelHEeKBaApaTuYecKon peepeccuy Y Ha X — JUHEHHOW (QYyHKIHH,

MUHUMU3UPYIOLIEH CPEAHEKBAIPATUUECKYIO OIIUOKY, UMEET BUT

O
Yy =ty + p—(X— 1),

Ox
2
rae Uy ,0% — CpejiHee 3HaYeHUe U qucrepcus ¢.B. X,
2
Ly, Oy — cpeHee 3HAYeHUE M JUCIepcHs ¢.B. Y,

D= E{ (X =, )(Y — 1)}

— k03 pureHt koppensyuy Mexay Y u X.
Ox Oy

Koadduument xoppensuuu p YacTo Ha3bIBalOT KOd(PhHUIIMEHTOM

JUHENHON cBs3HOCTH. Takasi uWHTepnperanus OOYCIOBIEHA CIEAYIOMIUMHU

CBOMCTBaMU ATOr0 KO3(PPHUIIUEHTA.

1)

2)

3)
4)

5)

6)

On npuHuMaer 3HayeHus oT -1 no 1 u He 3aBHcHT OT MacuTaba
U3MEPEHUM.

Ecmu p =41, 1o Mmexay c.B. Y u X CyIIeCTBYET TOYHAs JMHEHHAas
CBsI3b, MNpuYeM 0pu p=1 23Ta CBSI3b HMMEET MOJIOKUTEIbHYIO
HAMpaBJICHHOCTh (C POCTOM OJIHOW XapaKTEePUCTUKU, pacTeT |
apyras), a ipu p = —1 — OTpUIIATEIbHYIO.

Ecmuc.B. Y u X mezaBucumser, o p =0.

JInsi  HOPMaJBbHOTO  CIY4YallHOTO  BEKTOpa PaBEHCTBO  HYJIIO
K03(hGHUIMEHTa KOPPENAIUH YKBUBAICHTHO HE3aBUCUMOCTH C.B. Y H
X.

MuHuManbHas CpeHeKBapaTHIecKast OmnuOKa JTMHEHHOro POrHo3a
XapakTepucTuku Y [0 3HAYCHWSIM XapakTepuctuku X paBHA
ov(1-p?).

Eciu p =0, To Hauny4muid nporHo3 c¢.B. Y — 3TO ee CpeHee i, a
nuaust  perpeccud Y Ha X OpeAcCTaBIsSeT CcoOOH  mpsSMYyio,
napasuienbHyro ocu OX.

CBOICTBO 5) MPUMEHSIOT NPU ONMCAHWH CTETIEHU 3aBUCHMOCTH MEXIY

. 2
caydaiiHpIMH BenuumHamu. Cumtaercs, 4ro pasbpoc ¢.B. Y Ha p°-100%

oGycrnoBneH BiusHueM Ha Hee c.B. X u Ha (1—p?)-100% BHYTpEHHUMH
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(akTopamMu, NPUCYIIMMU CcaMoOi C.B. Y, WIM JPYTUMH HEYYTCHHBIMH
dakTopamu.

HeusBectHble napaMeTpbl JIMHEMHOW PETPECCUU JIETKO OLICHUBAIOTCS

CBOHUMMU BI)I60pO‘-IHI>IMI/I AHAJIOTaMHU.
2

X, S, — CpeHMM 3HAYeHHUEM M JUCIIepCHel BEIOOpKU X
Y, 33 - CPeIHUM 3HAYCHHUEM U JAHMCIIePCUEH BRIOOPKH Y ,
n
1 — —
22 06=X(Yi -Y)
r=—=t — BBIOOPOYHBIM KOYPHUIIUEHTOM KOPPEISIIUU.

ScSy
3aMeTuM, 4YTO MOCIETHUN KOIPPUIIMEHT SIBISETCS COCTOSITENBHOM, HO
CMEIICHHOW OLIEHKOM UCTUHHOTO KO3 (UILIMEHTA KOPPEISALHHA O .
Takum o00Opa3oM, OILEHKY ypaBHeHUs perpeccur Y Ha X MOXHO
3alKucaTh B BUAC

y=y(x)=y+ by/x()(_;()
¢ kodbdunmentom perpeccun by, =18, /S,. Jlns sroit muHuuM pocTuraeTcs

MUHMMYM CyMMBbI paccTossHuii o ocu QY Mexay BbIOOPOYHBIMM TOUYKAMU U
rpauKOM JTUHUU PErpeccuu, KOTJla MUHUMYM HIIETCS CPeau BCEX JMHEWHBIX

GyHKIUI:

> 1%~ YR =

)

in Y[y, - (0% +0)°

[Ipu moctpoenun perpeccurn X Ha Y MOXKHO MNPOCTO B ypaBHEHUU
perpeccuu Mpou3BeCTU NEPECTAHOBKY NEPEMEHHBIX X <> Y

x=X(y)=x+by (y=Yy), rae b,y =r-s/s,.
JIst 3TO# IMHUM OCTUTAETCS MUHUMYM CYMMBI paccTosiHuid o ocu OX Mexay
BbIOOPOYHBIMU TOUKAMU U TpadukoM JuHUM perpeccuu. [locneanee ypaBHenue
UCTIONIb3YETCSl TIPU OTHICKAHMHM HAWIYYIIEro MPOTHO3a XapaKTePUCTUKU X 10
HaOmoaéHHOMY 3HaueHuto Y . JIjis moctpoeHus: rpaduka yaoOHee MPUBECTH
3TO YpaBHEHUE K BULY

1 _
=V+ X—=X).
yyb( )

xly

-64 -



Takum oOpa3oM, 00€ JIMHUU PErpeccu MPOXOJAT Yepe3 TOUYKY C
xoopaunaramu (X,Y) W oraMyarorcs Juib Ko3(GOUIMEHTOM HakI0Ha. MOXKHO

MO0Ka3aTh, YTO B MPUBBIYHON CHCTEME KOOpAMHAT ( X — Mo ocu abciuce, Y — 1o

ocu opauHaT) perpeccuss X Ha Y mpoxoaur kpyde perpeccun Y Ha X.
Cxemy noctpoenusi perpeccuid Y Ha X u X Ha Y WIUIIOCTPUPYET CICAYIOLINN

PHUCYHOK.

Y Y 2(y)

71 y %= 203
-

O X X O e

Eciu BbIOOpOUHBIM KOA(QGUIUEHT KOppensiuuu I OJUM30K K HYJIO0, TO
JUHUM perpeccur OyAayT OJM3KM K B3aMMHO MEPHEHIUKYJSIPHBIM IPSIMBIM,
IPOXOJAIIMM NapajlyIeNIbHO OCSAM KOOpJAMHAT, pudeM perpeccus Y Ha X Oyzer
napasenbHa ocu OX. Ecniu ' mo moayno Oiu30k K 1, TO yroi Mexmy
JVHHUSIMHA PETPEecCUd CTAaHOBHUTCS OJU3KUM K HYJIO, U B npexaene (npu |[r| = 1)
o0e JIMHUM COBMAYT.

Ha npakruke wyame Bcero cBoicTBO 4) Kod(pQUIMEHTAa KOpPEIsIuu
NIEPEHOCST Ha BCE BEPOSTHOCTHBIC MOJICIU M HHTEPIPETUPYIOT PAaBEHCTBO HYITIO
kod(pdunreHTa KOppeJsiuu KakK HE3aBUCUMOCTh Ha0J110/1aeMbIX
XapaKTepUCTHK, 4YTO HE BCerza BepHO. B olmem ciydae HE3aBHCUMOCTh
caydaiiHpIX Beandud X v Y 03HAyacT, 9To

P{XeAYeB} = P{XeA}-P{YeB} *)
s o0bIx coObituii A w B w3 obGmactu 3Hadyenuit ¢.B. X u Y. Ecim
U3BECTHBI COBMeCTHOe pacmupenenenne F(X,y) Bektopa (X,Y) u dYacTHBIC

pactipenenenuss Fy(X) m K, (y) ero KOMIOHEHTOB, TO Ui MPOBEPKU

HCE3aBHUCUMOCTHU N0CTATOYHO IMPOBCPHUTH BBIITOJIHCHUC PAaBCHCTBA

F(xy) =Fx ()R (y).
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Ecnu cnyyaitneiit Bektop (X,Y) uMeeT He HOpMaJIbHOE paclpe/ieiieHue,

TO JUIsl POBEPKHU TMIOTE3bl HE3aBUCUMOCTH €r0 XapaKTEPUCTHK HEOOXOAMMO
TEM WJIM UHBIM CIIOCOOOM MPOBEPUTH BBHITIOJHEHHE COOTHOIIEHUS (*).
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3apanue 14.

IIpoBepuTth HE3AaBUCUMOCTD IBYX XapPAKTEPUCTUK
M0 KPUTEPHUIO CONMPSKEHHOCTH XU-KBaApPaT

lTocmaHoeka 3adavyu.

[To BeiOOpKe (X, Yy)s-..,(X,,Y,) H©3 JABYMEpHOro pacmpejeicHus (He
00s13aTeIbHO HOPMAJIBHOT'0) POBEPHUTDH THIIOTE3Y HE3aBUCUMOCTH KOMIIOHEHTOB
HaOro1aeMoro ciydaitHoro Bekropa (X,Y).

Teopemu4yecKue OCHOB@BHI.
[Ipu oTcyTcTBUM HOpManbHOCTH pactpeaenenus Bektopa (X,Y) st npoBepku

HE3aBHCUMOCTH €TI0 KOMIIOHCHTOB MPUMEHSIETCSI KPUTEPUIN COMPSIKEHHOCTH XU-
KBajpar. [Jis mOCTpoeHHs 3TOro KpUTEepHs HEOOXO MO
1) oOnacte 3HaYeHWd mnpuszHaka X pa3duTh Ha I HMHTEPBAJIOB
X X X o
A LA ,..., A", a obnacts 3HaYeHHil npu3Haka Y Ha S HMHTEPBAJIOB
y RY y
B/,BJ,....BJ.
2) Jns  xaxnoro coderanms (i) moacuuTaTh  KOJIM4eCTBO M
BBIOOPOYHBIX JIAHHBIX, JJISI KOTOPBIX, OJHOBPEMEHHO, MpPU3HAK X

H ~ X (v
nomnasaet B i-biii uHTepBan A, a npusHak Y — B Mrbiif unteppan BY.

PesynbTaThl IOACYETA CBECTH B mabiuyy CONps’CeHHOCHU
NPU3HAKOB6
Y 1-i S B
-i ... 5 cero
X

1-it Ny My .

I’-f/i nrl e an nr °

Bero N, ... N,o n,, =N

re, Kak OObIYHO, TOYKAa ® Ha MECTE OJHOI'0 U3 MHIAECKCOB O3HAYaeT
CyMMY BCEX YHUCEJI [0 ITOMY UHAEKCY ¢ (PUKCUPOBAHHBIM 3HAYCHUEM
BTOpOoro wuHzekca. Ilpomie roBopsi, HYXKHO HIPOCYMMHPOBATh
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3HAYEHMS 110 BCEM CTOJIOIaM M CTpoKaM Ta0uIbl (CTon0er U CTpoka
“Bcero”). Uucimo B mnpaBod KpailHeW HIDKHEH SYEHKEe JTOJDKHO
paBHATHCS 00IIEMYy 00beMY BHIOOPKH N.

3) BBIYHCIUTDH CTATUCTUKY KPUTEPHUS CONMPSHKCHHOCTH XU-KBapar

r Nim _ Nie Nem

T i—im=1 NN,y

[Tpu crnpaBeqIMBOCTH THUMOTE3bl HE3aBHUCUMOCTH pacIpeeiicHue
CTaTUCTUKU X?  Moxer  ObITb anMmpPOKCUMHUPOBAHO
pacnpenenenmem xu-kBaapat K (X) ¢ v=(r-1(s-1
CTEIICHSIMUA CBOOOIEI.

P{X*<x}~K, (X) (n— ).
CrnenoBaTesibHO, €CJIM TMIIOTe3a HE3aBUCMMOCTU OTBEpraercs npu

2
GOJIBINNX 3HAYEHMSX cTaTHCTHKH X~ , To mpu X 2 = X°

. 2
4) KpUTHYECKH ypOBEHb 3HaUMMOCTH .. =1— K (X°).

KpUT

5) [Ilpusnaku ciemyer NpU3HATH HE3aBUCUMBIMH €CIH &, > X .

KpUT

Wnest kputepus CONPSIKEHHOCTM OCHOBaHa Ha TOM, YTO IO 3aKOHY
OOJBIINX YUCEN OTHOCUTEINIbHAS YacTOTa
Nim
n
a 4aCTOTBI
M N

n n

— €CThb COCTOsATENbHAs oLieHKa BepositHocth P{ X € A*,Y e B'},

— cocrositelbHbIe oneHku BepositHoctein P{ X € A*}, P{Y e B)}.

ni ni .

n n n

M

HOBTOMy MOKHO OXHWJAATh, YTO AJIsI HC3aBUCUMBIX ITPHU3HAKOB

2
Y [M03TOMY 3HAYEHHUE CTATUCTUKU X ° OyJeT “He CIUIIKOM’ OOJIBIINM.

3ameuanue 1. Kak Bcerma, B KpUTEpUSX XU-KBaJpaT YUCIO HHTEPBAJIOB

pazOueHusi M TpaHUIBl pa3OMeHUs JODKHBI BBIOMpAThCS 3apaHee, 0
MPOBEICHUS] CTAaTUCTUYECKOTO OKCIIEPUMEHTa. B  I1esX yHpoIeHUus MBI
BbIOEpEM 110 000MM MpU3HAKaM 10 4 UHTEpBaia

(—»0;z], (z;z+d], (zy+d;z+2d], (z+2d;x).
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3HaveHKe NepBOii TPaHuUIbl Z; U 1mar pa3ouenus d OyayT aHbI B 3aJJaHUU.

3ameuanue 2. Kpurepuii “Oe3paznuuen” K cnoco0y MOJydeHHUs TaOIHIIbI

conpspkeHHOCTU. OuYeHb 4YacTO JaHHBIE cpa3y HMMEIOT BUJI TaKOW TaOJMIIBI.
Hanpumep, B mocodun “Kypcopoii mpoekt ...” [2] paccmarpuBaeTcs 3amada
MPOBEPKU T'MIOTE3bl HE3ABUCUMOCTU YPOBHS 00pa30BaHusl OT KOJUYECTBA JIETEH
B ceMbe. J/laHHbIe MOJy4YeHbl MyTeM 00C/IeIOBaHUS HEKOTOPOW COBOKYIMHOCTH
CeME, CrpyIIMPOBaHHON 1O JBYM IpPHU3HAKaM: YypOBeHb oOpa3zoBaHUs (aBe
rpajanu, I = 2) 1 4icio aeTei (deTpipe rpaganuu, S = 4).

3aganuna 15-16.

IIpoBepuTH HE3ABUCUMOCTD ABYX XapPAKTEPUCTUK
no kputepuio CTbIOEHTA.

ITocTpouTh JIMHUU Perpeccum.

lTocmaHoeka 3adauyu.

[To BeIOOpKE (X, Y;),---s(X,,Y,) M3 ABYMEPHOTO HOPMAIILHOTO PacIpe/ieeHusI
IPOBEPUTH TUIIOTE3Y HE3aBUCUMOCTH KOMIIOHCHTOB HA0JII0IJaeMOT0O CITy4aitHOTO
Bektopa (X,Y). IlocTpouTh IMHUU PETPECCHHM OJHOTO W3 TPHU3HAKOB IIO

Apyromy Tnpu3Haky. HailTu Haunmydmmii m0porHo3 mnpuszHaka Y  OpH
(UKCHUpOBaHHOM 3HaueHuu npu3Haka X =120.

Teopemu4yecKkue OCHOB@8HI.
Ecmu Bektop (X,Y) HMMeeT HOpMalbHOE paclpeiesieHue, TO HE3aBUCHMOCTh
€ro KOMIOHEHTOB SKBUBAJICHTHA PABEHCTBY HYJIO KO3(pPUIIMEeHTa KOPPEIsLUU.
[TosToMy 17151 TPOBEPKHU THIOTE3bI HE3aBUCUMOCTH MOXKHO MPOBEPUTH THUIOTE3Y
Hy : p =0 o xoaddunmente koppensiun o .

[IpeoOpazoBanue CThIoJi€HTA AJI1 BHIOOPOYHON KOPpEsUU

T=—1_Vn-2

1—r?
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opu BBIOOpE U3 JBYMEPHOTO HOPMAIbHOIO paclpesesieHuss U B YCIOBHUSX

runote3sl  H, wnmeer pacnpemenenne Creromenta S ,(1) ¢ (nN-2)-ms

cTeneHs MU cBOOObI. TakuM 00pa3oM, €CM HyJIEBYIO TMIIOTE3Y OTBEpraTh MpU
3HAYEHHSX CTAaTUCTHKKH CTHIOZICHTA, B TY WM HHYIO CTOPOHY (B 3aBUCIMOCTHU OT
AIbTEPHATHBBI) OTJIMYAIOIIUXCS OT HYJIS, TO KDUTHYECKUI YPOBEHb 3HAYUMOCTH
MOJKET ObITh HalJIEH MO CIEAYIOIIEH CXEME:

AﬂLTepHaTHBa QMMT INOSCHCHUC
Hiip=0 2(1-S, (1)) P{IT >t}
H,:p<0 1-S,_,(t) P{T >t}
3ameuanue 2. 3nech cienyer MMOAYEPKHYTH pasnnyue MEXY

cmamucmuyeckou W NpaKmuyeckou — 3Hayumocmvlo KO3 dUIEeHTa
Koppemsiiuu.  CratucTuyeckass 3HAYUMOCTh  KOd(pUIMEHTa KOPpEsLUU
O3HAuaeT JuIllb, YTO HAMIMUX JAHHBIX JOCTATOYHO I TMOJATBEPKICHHUS
3aBHUCHMOCTH MEXy HCCIeAyeMbIMU Npu3Hakamu. [IpakTuueckas 3Ha4UMOCTb
opu 3ToM OyJeT 03HauaTh, YTO STU MPU3HAKU MOTYT OBITh JIOCTATOYHO TOYHO
CIPOTHO3UPOBAHKI OJIUH MO JApyromy. Takum oOpa3om, eciu i IpaKTUIECKOM
3HAYUMOCTH HE0OXOAMMO, YTOOBI UCTUHHBIA KOA(DPUIIMEHT KOppeasiuuu ObLT

oueHb OonbiuM (£ 0,7 ¥ BBIIIE), TO IS CTATUCTUYECKON 3HAYUMOCTH MOXKET

OKa3aThCsl JOCTATOYHBIM MPOBEACHUE OOJIBIIIOTO YKciia HAaOIIOCHUH TPH OYEHb
MaJIeHbKOM KOA((UITMEHTE KOPPEISAIUH.

[TpounmtocTpupyeM 3TH MOJOXKEHUS HA MMPUMEPE NaHHBIX W3 3a1anus 16,
oOpaboTaHHbIX B mocobuu [4]. B aTrom nmocoOuu mpu BBINOJHEHUH 3afaHus 16
noyiydeHo 3HadeHue I =-0,5 npu oobeme BbiOOpku N=101. Takum oGpazom,

KpPUTHYECKUH ypoBeHb 3Hauumoctu «,. . < 0,001, yto cBuUAeTEILCTBYET 00

KpUT
OYeHb BBICOKOW CTAaTHUCTUYECKOW 3HAYMMOCTH, OJJHAKO B ITOM CJydae TOJBKO
25% W3MEHYUBOCTH KaXKJI0ro M3 IpHU3HAKOB (CM. CBOMCTBO 5 koadduimeHTa
KOppENSIIAA) MOXHO OOBSCHUTH BIUSHUEM HAa HETrO JPYyroro mpH3HAKa.
JIpyruMu clioBamMH, XOTSI 3aBUCUMOCTh MEXKy PpU3HAKAMU U €CTh, OJJHAKO OHA
UMEET HU3KYI0 TPAKTUYECKYIO 3HAUUMOCTb.
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I'paduyecku 3TO MOXKHO IPOUJUIIOCTPUPOBATH CIEAYIOIIAM 00pa3oM.
[IpoBenem Ha rpaduke JUHUI PErpeccMyd BEPTUKAIbHYIO JIMHUIO U3 TOYKH

x=120 (cM. pUCYHOK HHXKE).

62 o

60 4

589 viw

L
Lh

4 S T T T T T T i
117 118 119 120 121 122 123 124 125

Touka nepecedyeHust 3TOM JIMHUM ¢ NpAMON perpeccuu Y Ha X AacT HAWITy4UIMi

IPOTrHO3 3HAYEHUs NTPU3HaKa Y NpH 3HaueHuM npusHaka X=120:
Y=-0,961*120+170,817 = 55,4.

PeanbHbie 3HavyeHus, OnM3KkMe K BepTUKaIbHOU JwHMM X=120 (TOYKM Ha

pucyHKe, 00Be/IeHHbIE TPSIMOYTOJIbHBIM KOHTYPOM), HMEIOT OOJIBIION pa3dopoc

110 BEPTHUKAJIH, YTO TOBOPHUT O IJIOXOM Ka4yeCTBE IMPOTHO3A.
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